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On the cover: Automated techniques to measure epiwafer doping concentration and to characterize different types of defects promise to aid the development of
GaN-based devices (image courtesy of Kopin Corporation/Beaupre & Co).
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¥ Editorial , _

GaN primed to come of age
under DARPA’s guidance

Whenever somebody touts a new technology as “the next big
thing”, you can be sure to find a wag nearby who'll quip: “"And
it always will be.” And, so often, that 1s the case.

One of the perennial next big things in the compound
semiconductor business 1s wide-bandgap microelectronics,

L& spe(:lﬁcall\f ICs based on GalN and S1C. But with the US
mﬂltan in the guise of the Defense Advanced Research Projects Agency
(DARPA) ploughing what may eventually amount to around $100 million to
transfer GaN out of the R&D laboratory and into military systems, there 1s a
areat chance that the material will avoid becoming the butt of cheap jokes.

The DARPA projects are highly reminiscent of the agency’s efforts to
develop GaAs MMICs in the early 1990s, which paved the way toward
cheap power-amplifier technology and the global modern phenomenon
that 1s the cell-phone industry.

The big winners in the GaN project to develop advanced millimeter-wave
and microwave ICs include Raytheon — which 1s aligned with Cree on a
$27 million project — as well as Northrop Grumman (recerving ftunding of up
to $53 million), TriQuint (receiving up to $32 million) and their various
collaborators. The notable absentees this time round appear to be HRLL
[Laboratories and Rockwell.

At the end of the projects, which should be around 20102011, US war
planes fitted with the new technology ought to be able to use their power
more efficiently and effectively in the form of better RF sensors,
communication links and the like.

But the true measure of success for the wider industry will come later, if
and when GaNN technology finds a way into commercial applications in the
same way that GaAs MMICs found a niche in the cell-phone market. And
that will be the time when we can truly say that GalN has come of age.

Michael Hatcher
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DARPA splashes the cash on initiatives

compoundsemiconductor.net

to fast-track GaN-I1C commercialization

By Michael Hatcher

The US military has moved to increase the
speed of development of GaN-based ICs with
a series of project awards worth tens of mil-
lions of dollars. Three separate initiatives to
develop the technology are being supported
by the Defense Advanced Research Projects
Agency (DARPA).

Northrop Grumman has received an initial
$16.5 million for its three-year effort on mil-
Iimeter-wave GaN HEMTs, which follows on
from a $5.1 million effort that began in 2002.
[f all the program options are exercised how-
ever, that figure could rise to $53.4 million.

Meanwhile, TriQuint Semiconductor 1s the
prime contractor 1n a second project valued at
$15.8 million initially, which could rise to
double that figure. Working with BAE Sys-
tems, Emcore, I[I-VI, Nitronex and LLockheed-
Martin, TriQuint plans to develop high-power,
wideband amplifiers and package technology
in the first phase of the effort. The third
DARPA-funded GaN project is believed to
involve Raytheon and Cree.

Dwight Streit 1s vice-president of founda-
tion technologies at Northrop Grumman
Space Technology (NGST). Streit told Com-

pound Semiconductor: “These awards offer
an opportunity for GaN to come of age.”

Streit says that the DARPA program for

GaN development 1s analogous to the
agency’s support of GaAs in the early 1990s,
and he hopes that just as that initiative
spawned a new industry and contributed
directly to the phenomenal success of the cell-
ular business, so the GaN project will lead to
a similar achievement.

“There have been great demonstrations of
GaN performance, but we don’t yet have the
production capability,  said Streit, stressing
that much of the NGST program will focus on
moving GaN into full-scale production.

While NGST will work with Northrop
Grumman Electronic Systems in Baltimore
(formerly Westinghouse when 1t participated
in the GaAs program of the early 1990s) to pro-
duce millimeter-wave devices and MMICs,
the TriQuint collaboration will be concentrat-
ing on the 2-20 GHz frequency range.

The initial phase of the TriQuint program
will cover the development of GaN material
and devices, as well as improvements in per-
formance and reliability. TriQuint says that its
program goals for the second, optional, phase
of the initiative call for the production of a
module with 100 W power and 30% power-
added efficiency.

“At the end of the program, TriQuint will
have a reliable, reproducible, stable GaN
process suitable for [defense] and commer-

cial applications, commented the Oregon-
based chip manufacturer.

“GaN offers a five-fold improvement in
power density compared with GaAs devices,
which makes it ideal for high-power radar and
communications, added TriQuint’s R&D
program manager Tony Balistrert.

Also involved in the TriQuint team are
Michael Shur from Rensselaer Polytechnic
Institute and Jesus del Alamo at Massachu-
setts Institute of Technology.

The implementation of GaN devices in mili-
tary aircraft, which is likely to be some six or
more years away, will give pilots and their
crews more flexibility with the power avail-
able to a war plane. “On an aircraft, power 1s
the number-one concern. The efficiency of the
power amplifiers is [critical],” said Streit. “The
more linear and efficient your power ampli-
fier i1s, the more things you can do with the
power available. The same 1s true 1n space. It
enables the system to accomplish more.™

Streit cites replacement of traveling-wave
amplifier tubes for space applications as one
use for GaN technology. The key advantage
of the material 1s i1ts higher power with bet-
ter efficiency. At the end of the newly funded
programs, DARPA will evaluate the progress
that has been made with each team and decide
which to continue to support financially.

By chipping away at the cell-phone power-
amplifier sector and taking market share from
smaller players in other GaAs device applica-
tions, Skyworks Solutions has drawn level
with RF Micro Devices (RFMD) as the indus-
try’s top supplier of GaAs devices.

Skyworks Solutions has stolen a march on
both its main rival and other companies in the
GaAs-manufacturing business over the past
year. And, according to a report from analyst
firm Strategy Analytics, Skyworks and
RFMD are now neck and neck, each holding
a 20% market share.

Asif Anwar, director of GaAs research at
Strategy Analytics, told Compound Semi-
conductor that the total GaAs device market,
including MMICs, discretes and digital ICs,
grew 9% in 2004 to reach $2.9 billion.

This growth was largely fueled by the
bumper year for cell-phone handsets, with

COMPOUND SEMICONDUCTOR APRIL 2005

GaAs-device revenue from this sector rising
20%. Skyworks was able to out-pace the over-
all market demand, and the Woburn, MA,
company saw 1ts own GaAs-device revenue
orow 31% year on year.

Although Anwar still believes REMD to be
the biggest supplier of GaAs PAs, he expects
Skyworks to continue chipping away at this
lead. Skyworks is said to hold the advantage
because of its expertise in modules, as well as
the digital, RF and mixed-signal silicon tech-
nology that it inherited from Conexant.

RFMD, on the other hand, has had to rely
more on external foundry relationships for key
process technologies such as PHEMT for
switches.

TriQuint remains the third-biggest supplier
of GaAs devices, thanks largely to its broader
product portfolio and its foundry operation.
Anwar also believes that Japanese GaAs-

Skyworks challenges RFMD for GaAs leadership

device suppliers have lost out to their top-tier
US rivals in emerging Asian markets such as
China and Taiwan.

All GaAs suppliers will have to deal with
slower growth this year, however. Along with
other market analysts, Anwar i1s expecting
only 8% growth in cellular handsets in 2005.
“The challenge now 1s for both companies
to ride out slower growth...and to develop new
products for new markets if there 1s to be a
clear winner in the market-place.”

Those new markets include dual-band
wireless LAN and potentially WiIMA X — pro-
vided that the latter uses a GaAs-friendly oper-
ating wavelength. Some momentum i1s also
returning to the fiber-optic market for GaAs
ICs, says Anwar.

@ The report A/l Change at the Top as
Skyworks Topples RF Micro Devices 1s avail-
able from Strategy Analytics.
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Kopin Corporation has reached a milestone
with the shipment of half a million of its GaAs
HBT wafers.

“Because our vertical-transistor technology
was so new 1n 1996, no-one could have imag-
ined that we would ship 500,000 HBT wafers,
generate several hundred million dollars of
revenue for Kopin and help create billions of
dollars of revenue for our power-amplifier cus-
tomers, said Kopin CEO John Fan.

The Taunton, MA, firm ships thousands of
4 and 6 inch wafers each week, and 1s devel-
oping the technology for emerging applica-
tion markets such as 3G phones and wireless
connectivity protocols such as WIMAX.

When it released 1ts fiscal year 2004 results
recently, Kopin said that revenue fromits HBT
wafers soared 33% year on year. Sales were
$36 million for the year ended December 25,
2004. Fan says that the strong showing was
due to the success of a long-term contract with
its largest HBT customer. ““The agreement has
allowed both parties to work together to reduce
costs and improve efficiencies,” he said.
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Phone: +1 (408) 734-0459
Fax: +1 (408) 734-0961

Kopin achieves wafer milestone

S -

Half a million and counting: Kopin estimates
that it has an 80% share of the merchant
market for GaAs HBT wafers.

Having disposed of its LED-manufacturing
wing through establishing an Asian joint-ven-
ture company, Kopin will be able to devote
more time and resources to i1its HBT-wafer
product line. The company 1s busy develop-
ing the next generation of wafers, which are
based on the quaternary GaAsInN material.

compoundsemiconductor.net

Mimix acquires final
assets of Celeritek

Houston-based GaAs MMIC supplier Mimix
Broadband 1s to acquire the remaining assets
of Celeritek for $2.8 million in cash.
Celeritek’s GaAs-component operation in
Santa Clara, CA, includes a portfolio of prod-
ucts such as low-noise amplifiers, gain blocks
and power-amplifier (PA) modules for both
commercial and defense applications.
Under the agreement, Mimix will also take
on liabilities of $6 million. The deal does not
include Celeritek’s remaining cash, cash equiv-
alents or certain other non-operating assets.
Celeritek exited the cell-phone handset PA
business and decided to concentrate on
defense markets in September 2003. That
decision came after Motorola stopped second-
sourcing its handset PAs from the company.
Shortly afterwards, Anadigics acquired the
Tavanza handset PA design business from
Celeritek. while the sale of its defense elec-
tronics business to Teledyne Technologies net-
ted shareholders $31.4 million, or $3 per share.
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SEMICONDUCTOR E&
WEEK 2005

Compound Semiconductor Week is a key event for the compound semiconductor industry. i
Encompassing the 2005 |IEEE Compound Semiconductor IC Symposium (CSICS), the
Compound Semiconductor Manufacturing Expo (CS-MAX 2005), the Key Conference and
an exhibition showcasing suppliers of equipment and materials, it provides the ideal opportunity
for your company to network across all levels of the supply chain — in one great location.

Palm Springs,
California, USA

CS October 30— November 2 2005 c a I I f o r a e r s
CSICS is where R&D and design p p
&) S engineers will hear first about state-of-
pos the-art electronic circuits, devices and If you would like to submit a paper for
technologies under development by the . ther CSICS
major compound semiconductor presenta lon at el er. ' or
industry. CS-MAX then please visit our
website for more information
October 31 — November 2, 2005 www.compoundsemiconductor.net/csmax

Dedicated to advancing the

T A manufacturing process, CS-MAX is a The deadline for electronic receipt
2[’]65*’ % forum for engineers and FAB managers ¢ - ctracts i May 2005.
to discuss the technologies and
techniques that will improve [I-V device
manufacturing and overall efficiency.

‘November1-2,2005

The Key

nferen - - | |
Conterence This event is an executive-level meeting

that will focus on the key technological
themes and market trends that will
dominate the future of the industry. Itis a
must for senior managers who
appreciate how vital it is to gain an in-
depth understanding of market
developments and competitor strategies.

PLUS the Compound Semiconductor Week Technolo_gy '
Exhibition will be open to all conference attendees free

of charge. Numerous vendors will be on hand to discuss

their products. This year’s event wrl! be held at the luxurious Hyatt Grand Champfons
P Resort and Spa in Palm Springs, California, USA.

To request more information please visit our website:
www compoundsemwonductor.net/csmax .
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The Global Mobile Suppliers Association

(GSA) has confirmed that the availability of

3G wireless technology has boomed 1n the
past few months.

According to the group, which is a forum
representing leading firms in the wireless
industry, 139 different 3G mobile terminals
are now available following the 3GSM World
Congress jamboree held 1n Cannes, France.

Last June, that figure stood at just 45 mod-
els, demonstrating the huge efforts being

made by manufacturers trying to entice con-
sumers into using the new technology. Some
25 different suppliers have now launched
wideband code-division multiple-access
(W-CDMA) terminals, says the GSA.

And GaAs IC manufacturers have devel-
oped a raft of new power-amplifier products
aimed at the 3G market.

W-CDMA 1s the most widely accepted 3G
mobile technology globally, and there are now
64 such networks offering commercial ser-

compoundsemiconductor.net

3G-terminal supply triples in 8 months

vices in 31 different countries. Despite only
13.6 million new W-CDMA subscribers sign-
ing up for the technology in 2004, this still rep-
resents a five-fold increase on the 2003 figure,
says the GSA.

The broadband mobile revolution is also set
to continue with the emergence of a high-speed
downlink packet-access protocol, the GSA
predicts. This largely software-enabled evo-
lution of W-CDMA technology is expected to
reach the market at the end of this year.

ABI predicts rise in power-amplifier prices

competition drive down PA prices year on year. | S

The advent of new wireless-communication
standards, such as EDGE and W-CDMA,
could halt rapid drops in the average selling
prices of power amplifiers (PAs), says mar-
ket-analyst firm ABI Research.

ABI believes that the latest standards,
which have more stringent linearity require-
ments, will drive up the price of handset PAs.
Alan Varghese, ABI’s principal analyst of
semiconductor research, explains that ven-
dors are using innovative methods, including
adaptive pre-distortion and switching ampli-
fier techniques, to increase efficiency with-
out sacrificing linearity.

Increasing PA prices would buck the trend
that has seen a combination of cellular-opera-
tor negotiating clout and intense vendor price

That would be good news for GaAs IC
manufacturers, which have struggled to make

profits despite booming handset sales.

Varghese also notes that for infrastructure
applications, silicon-based LDMOS compo-
nents are facing increased competition from
GaN, a technology that’s “finally getting on
the runway .

ABI adds that even 1f news surrounding
cellular markets 1s disconcerting, there will
still be growth opportunities 1n areas such as
broadband wireless, WIMAX, WLANs and
Ultrawideband.

More information is provided in ABI’s
latest report: RF Power Semiconductors:
Transistors, FETs, ICs and Power Modules.

‘Superior’ GaAs to become the technology

The transition from analog to digital television
will drive the GaAs-based semiconductor
content 1n cable television (CATV) from
$20 million in 2004 to $47 million in 2009.
That’s according to Asif Anwar, director of
Strategy Analytics” GaAs and compound
semiconductor technologies service.

The chips are used 1n system amplifiers and
line extenders to boost signals 1n cable net-
works. For this application, GaAs has advan-
tages over silicon in terms of linearity and
performance at high frequencies.

The superiority of GaAs will enable cable
operators to deliver a greater choice of chan-
nels as well as improved formats, such as
high-definition (HD) TV, says Anwar.

Signal amplification 1s achieved either with
GaAs-based MMICs or hybrid devices with
both silicon and GaAs content.
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of choice for cable-television operators

The North America and Asia Pacific
regions will drive CATV infrastructure roll-
out and account for 89% of new, digital CATV
subscribers 1n 2009.

“North America will lead the world 1n the
move to HDTV. Delivering this content via
cable will require an upgraded network,”
added Anwar. “Asia-Pacific will be driven
specifically by China, which has ambitious
targets for digital-TV rollout.”

According to Anwar, the take-up of GaAs
technology could hurt component suppliers
still biased toward silicon bipolar technology.
These suppliers could risk losing market share
unless they expand their GaAs portfolio.

Anwar predicts that the market for silicon

semiconductors in CATV will grow at a |

compound annual growth rate of only 3%
through 2009.

TR =
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Young K Sohn, president of Agilent
Technologies’ semiconductor product
group, is to leave the company. Dick Chang
(pictured above) — currently the division’s
senior vice-president of new business

- development and formerly the man in

charge - takes over on an interim basis.
Sohn, who joined Agilent in October 2003,
was due to leave by April 1. Agilent did not
detail any reason for Sohn’s departure.

Skyworks claims PA
dominance in Taiwan

Skyworks Solutions claims to have captured
56% of the power-amplifier (PA) market in
Taiwan. According to independent market-
research figures quoted by the Woburn, MA,
firm, Taiwanese handset makers have been
impressed with the ability of Skyworks to pair
PA technology with single-chip transceivers.

Skyworks says that companies such as
BenQ and Quanta are now migrating to higher-
value front-end modules required for EDGE
and W-CDMA applications. As recently as
2003, Skyworks 1s thought to have had just a
20% share of Taiwan’s PA market.

AGILENT
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Gartner predicts modest growth
in handset-sales volume in 2005

Analysts at market-research company Gartner
say that it remains to be seen whether the 2004
record-breaking level of replacement cell-
phone sales will continue through 2005.

Replacement sales in North America and
Western Europe were a key driver behind the
huge increase in sales volume recorded 1n
2004, which culminated in almost 200 mil-
lion cell phones being sold in the fourth quar-
ter of last year.

Gartner estimates that the final sales figure
for 2004 1s 674 million units, up 30% on 2003
—another record year. “The market exceeded
even the most optimistic forecasts in 2004,
said Ben Wood, Gartner’s principal analyst for
mobile-terminals research.

While Gartner predicts 8% unit growth to
730 million units in 2003, this will depend on
consumers 1n established and emerging mar-
kets continuing to buy new phones.

“In mature markets. it remains to be seen
whether the record-breaking levels of
replacement sales can be sustained, said
Gartner’s Hugues De La Vergne, who spe-
cializes in cell-phone sales in the Americas.
He adds that in emerging markets the key bat-
tleground will be sub-$50 phones.

Nokia consolidated its position as the mar-

RFMD to halt WLAN-chipset R&D

RF Micro Devices (RFMD) 1s to stop its inter-
nal development of wireless LAN (WLAN)
chipsets. However, the firm will continue to
work on transceivers, power amplifiers and
front-end modules for WLAN applications.

The move affects employees at REMD’s
San Jose location, while the company will also
be closing 1its Moscow, Russia, and Leuven,
Belgium, offices. While some employees will
now switch to more profitable parts of the
business, there will be some staff cuts.

Although the decision 1s expected to cost
RFMD 837 million—41 million up front,
including $3 million—4 million in cash due to
employee severance payments and building-
lease termination, 1t should have a positive
effect on future company operations.

No product revenue was associated with
the discontinued activity, and the move will
significantly reduce RFMD’s research and
development expenses. Overall, operating
expenses are expected to drop by $18 mil-
[ton—22 million per year. RFMD’s operating
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2004 rankings for sales of

phones to end-users
Company 2004 share (%) 2003 share (%)

Nokia 30.7 34.8
Motorola 15.4 145
Samsung  12.6 10.5
Siemens 23 7 i, 8.4
e Bas 5.0
_é_ony_f Ericsson 62 . 5.1
Other s e

Source: Gartner

ket leader in the most recent quarter witha |
339 share of all handset sales. That gave the
Finnish company a total share of 30.7% ina |
year that had started badly. Nokia’s share had
fallen below 29% in the first half of 2004. :
Meanwhile, Motorola has leapfrogged
Samsung to reclaim second spot in the hand-
set-sales rankings, thanks largely to the suc-
cess of its ultraslim RAZR V3 phone.
Samsung had claimed second spot from |
Motorola earlier in 2004, but Gartner analysts
now believe that the Korean company will |
need to change strategy and expand its line of
high-volume, low-margin products to regain
1ts momentum. |

profit in the first nine months of the current
fiscal year was $1.7 million. '
CEO Bob Bruggeworth says that REMD |
has struggled to get WLAN chipsets to mar- |
ket, something that the company believes 1s
generally one of its core strengths. |
“It’s never easy to let good people go, and |
this decision was not taken lightly,” remarked
Bruggeworth. “[But the decision] was made |
with the overall growth and profitability of |
the company in mind.” |
RFMD entered the WLAN-chipset busi- |
ness when it acquired Resonextina $133 mil- |
l1on stock deal two years ago, at which point ‘
it had planned to become the leading supplier |
of WLAN chipsets. |
While chipset activity has failed to live up |

to expectations, RFMD remains confident |

about its WLAN products in general, despite |
fierce competition and price erosion of |
15-20% per year. It struck a deal to supply |
GaAs HBT WLAN transceivers to Japanese |

gaming giant Nintendo last year.

compoundsemiconductor.net

e Anadigics is shipping production
volumes of its InGaP HBT power
amplifiers to LG Electronics for the
Korean firm’s V8000 CDMA phone.
President of LG Telecommunications
and Handset Company Mun Hwa Park
said: “The convergence of multimedia and
communication devices i1s exemplified by
the outstanding level of video content that
can be conveniently accessed by the
VX8000 over broadband speeds supported
by modern EV-DO networks.”
e US start-up Xindium Technologies,
based in Crystal Lake, IL, has introduced a
new power-amplifier (PA) module, the
XIN9166. The device 1s said to provide
GSM and GPRS handset makers with a
new source of market-leading PA
performance in the standard module size.
The XIN9166 1s a quad-band, 6 x 6 mm
GSM/GPRS InGaP HBT device with
integrated power control. It migrates
Xindium’s current offering to the 6 x 6 mm
footprint without compromising the
efficiency and ruggedness GSM/GPRS
handset makers have come to expect in
their latest products, says the firm.
Xindium is also working on InP-based
PAs for next-generation handsets.
e RF Micro Devices has released two
GaAs HBT pre-driver power amplifiers
targeted at cellular base-station
applications. The Greensboro, NC, firm’s
RF3807 amplifier gives 28.5 dBm output
power and 40% power-added efficiency
(PAE) in the UMTS band, while the
RF3809 provides 33.5 dBm at 43% PAE.
e TriQuint Semiconductor has launched a
power-amplifier module for GSM-EDGE
for its handset product line. According to
the firm, the device leads the market in
efficiency and RF performance over
extreme operating environments for linear
EDGE applications.
e Wireless component maker Skyworks
Solutions claims to have introduced the
world’s most highly integrated RF transmit
front-end modules for CDMA. Supporting
cellular and PCS frequencies, the
SKY 77408 and SKY 77409 combine the
firm’s power amplifier, filter, input/output
matching, power detector and duplexer
technology into a 5 x 8 mm laminate
package, saving handset developers
significant design time and board space.
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LED NEwS

By Tim Whitaker
The “big five  LED manufacturers, otherwise

known as Cree, Lumileds, Nichia, Osram
Opto Semiconductors and Toyoda Gosel,
assembled for a panel session at the recent
Strategies in Light conference to discuss
advancements in, and new applications for,
high-power LEDs.

Osram’s CEO, Rudiger Miiller, highlighted
four key areas of growth: miniature projec-
tion systems, flat-panel-display backlights,
automotive headlights and general lighting.
As well as reduced cost, key targets for these
applications are improved color uniformity
and increased surface brightness.

“LED technology will win where there 1s
proven value over conventional technology:
the battle 1s being fought application by appli-
cation, said Jason Posselt, product marketing
manager for Lumileds. A focus on light
sources, rather than discrete LEDs, will speed
the adoption of solid-state-lighting technology.

To address a number of applications,
Lumileds has announced a redesign of its
Luxeon high-power LED product, which,
when introduced this summer, will provide
65 Im at 350 mA and be more compatible with
lighting assemblies than the current genera-
tion of devices. The LEDs will also boast a
maximum junction temperature of 185 °C,
improved moisture resistance and they will
maintain their brightness for longer.

Breaking the barrier
For the longer term, Posselt highlighted cost

targets of less than 1 cent/Im, coupled with
hundreds or thousands of lumens per package.
When pressed to say when he thought the
| cent/Im barrier might be reached, he said,
“Not this year. Probably not next year, but def-
initely within five years.” Miiller agreed with
the three- to five-year estimate, saying it was
“inevitable” that production costs would fall.

While Cree acknowledges that its lab
demonstration of a 100 Im/W source (Com-
pound Semiconductor March p5) will need a
huge amount of work before it can be trans-
ferred into production, the result demonstrates
that roadmaps showing progress toward and
beyond the 100 Im/W barrier are not just wish-
ful thinking. Cree’s production white LEDs

are likely to move to 50 Im/W this year.
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‘Big five’ gather to discuss power-LED
roadmaps at Strategies in Light 2005
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Cree’s ongoing conversion to 3inch wafer
fabrication is one of the factors pushing up

its lumens-per-wafer metric.

Also on the panel, Cree’s marketing man-
ager Chris James showed a timeline detailing
the company’s progress in the lumens-per-
wafer metric for white LEDs. This metric
incorporates a number of factors, including
efficiency, current density, chip size, yield and
wafer diameter. James estimated that Cree’s
100 Im/W figure and its ongoing conversion
to 3 inch wafer production will bring it close
to the 1 million lumens per wafer mark.

Shuji Muguruma of Nichia outlined the
company’s application focus, which covers
four main areas: lighting, displays, automo-
tive and mobile, with a different product set
for each. On its product roadmap for lighting,
Nichia has a 5 W package producing 200 Im.
Muguruma also said that Nichia 1s expanding
its Rigel series of 0.5 W devices with products
Incorporating secondary optics, and others
targeting LCD backlights, as well as high-
power and RGB models.

For Toyoda Goset, Bill Kennedy presented
a range of products, including a new power
surface-mount LED, which 1s about to enter
production. The device has only three com-
ponents: a I x I mm chip, a phosphor and a
package measuring 3.4 x 2.8 x 1.2 mm. The
package provides “superior heat dissipation
through an inorganic submount, and Toyoda
Gosei claims it 1s the world’s smallest pack-
age capable of handling high current.

James said that over the next five years
LED manufacturers will need to supply prod-
ucts that are easy to use by new designer com-

compoundsemiconductor.net

munities, and that can be applied over wide
temperature and power-dissipation ranges.

When questioned about the attraction of
moving some of their operations to China,
panelists agreed that while some processes
benefit from low labor costs, areas such as
R&D and process development are best per-
formed in a “special”’ environment — in part,
this was a thinly veiled reference to the need

to protect intellectual property.
Miiller was more forthright: “In terms of

intellectual property, 1f you move to some
Asian countries you might as well post your
recipe on the Internet.” He later qualified the
remark with reference to the stability of R&D
workforces in Europe contrasting with the ease
with which many engineers switch jobs in

China, according to an Asian study.

Protecting property
Elsewhere at the conference, representatives

from organizations in Taiwan and Korea were
keen to stress their commitment to intellec-
tual-property protection. “Intellectual prop-
erty should be respected, ” said Pei-Jeh Wang,
president of Arima Optoelectronics, one of
Taiwan’s largest HB-LED producers. “Also,
MOCVD growth [of device layers] 1s an art.
[f you take some intellectual property and try
to reproduce the device-layer growth, you

won’t be able to make a product.”
Jed Dorsheimer, a semiconductor analyst

with Adams Harkness, said that Taiwan and
Korea should not be considered as “intel-
lectual property-unfriendly” countries. “Com-
panies, as well as organizations such as
Taiwan’s Industrial Technology Research
[nstitute, have their own intellectual property,”
he said. “There’s a lot of innovation, not just
‘me too’ products.” This includes high-power
LEDs from Asian companies outside Japan,
notably Cotco and Seoul Semiconductor.
Nevertheless, intellectual property remains
a contentious 1ssue throughout the LED indus-
try, and on the day of the panel session
Lumileds issued a warning to manufacturers
of mirror-substrate LEDs to check their posi-
tion on intellectual property or face the con-

sequences.

Tim Whitaker is editor of LEDs Magazine
(ledsmagazine.com).
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Lumileds, Agilent aim mid-power
LED range at exterior car lighting

Agilent Technologies and Lumileds Lighting
have launched a new range of low-cost, mid-
power LEDs designed primarily for automo-
bile exterior lighting.

The red, red—orange, and amber surface-
mount LEDs, dubbed the Envisium range,
combine high-performance transparent-sub-
strate AlInGaP chips from Lumileds with stan-
dard plastic-leaded chip-carrier (PLCC)
packages from Agilent.

Agilent’s existing PLCC LEDs typically
emit a power of up to 200 mW, while
Lumileds’ devices operate at 1 W and above.

In the Envisium range the LED die 1is
attached within the reflector cavity, and this
cavity 1s encapsulated by a proprietary epoxy
blend developed by Agilent.

Red LEDs 1n the new range emitting at
630 nm produce a luminous intensity of

630—-1000 mcd and a total flux of 2.6 Im. The
617 nm red—orange devices emit between
1000 and 1580 mcd and have a total flux of
4.3 Im, while the 592 nm amber LEDs are
rated at 630—1000 mcd and 3.0 Im.

As well as being usetul for exterior light-

ing applications in cars, such as center high- |

mounted stoplights, front turn signals and rear
combination lamps, the LEDs could also be

used in interior automotive lights and general |

lighting and signage applications.

Agilentand Lumileds originally announced

that they had begun working together on

mid-power LED technology in July last year, |
and had initially expected to release the first |
products from the collaboration in the final |

quarter of 2004.

e See “Automotive LED take-up hinges on |

cost reduction” p35.

Keypad backlighting is just one application area for Osram Opto Semiconductors’ PointLED.

Osram develops tiny
Thin-GaN white LED

Osram Opto Semiconductors has developed
a high-efficiency white LED that measures

just 2 mm 1n diameter and 0.775 mm 1n height.

The so-called PointLED 1s said to be the
smallest LED with an integrated reflector, and
1s compatible with both surface-mount tech-
nology and zero-height mounting. The circu-

APRIL 2005

lar, flat package can be completely sunk into

a printed circuit board and has a typical bright- |

ness of 800 mcd at a beam angle of 120 °.

Osram says that the tiny new source can be
used 1n a variety of applications areas, from |
the automotive industry to cell-phone keypad
backlights. The Regensburg, Germany, com-
pany adds that the device could be used in cell-

phone camera-flash systems, which 1s

regarded as one of the key growth areas for

[_.EDs in the short term.
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Price erosion puts brakes on Iaser—market growth

The laser-diode market continued to grow in
2004, but at a much slower rate than had been
seen 1n the previous year. That is the conclu-
sion of an annual review and forecast by mar-
ket-research firm Strategies Unlimited.

According to industry analyst Bob Steele,
who wrote the report, the overall market for
diode lasers used 1n applications ranging from
telecommunications to dentistry grew 4% last
year to reach $3.2 billion. That compares with
18% growth in 2003.

The major reason for the sluggish growth
appears to be a decline in price across almost
every diode-laser category. For example,
despite a large increase in unit shipments of
lasers used 1n optical data storage, the dollar
value of that segment remained flat.

“It 1s not often that decreases are so wide-
spread and of such magnitude in any given
year, said Steele. Optical data-storage appli-

cations represented a $1.84 billion marketin The market for high-power diode lasers used in materials-processing applications such as
2004, with 644 million units shipped. Much  automobile manufacture slumped 13% in 2004, largely due to a steep fall in selling prices.
of the production of devices used in applica-

tions such as DVD players and recorders has  while there was high growth in the 10 Gigabit in unit shipments. And after rapid growth in
now shifted to Taiwan and, to a lesser extent, Ethernet sector. Steele says that prices may sta- 2003, the medical market for diode lasers
mainland China, resulting in an annual price  bilize in 2005, and is expecting 20% growth slowed considerably, increasing just 7% to
erosion of as much as 35% 1n some cases. In revenue for transmitter lasers this year. $62 million.

However, the telecommunications market The third-largest market segment for diode Steele 1s optimistic about prospects for
for diode lasers did recover significantly in  lasers — high-power laser systems for mater- 2005, predicting overall growth of 12% to
2004, growing 21% to reach $943 million. 1als processing —saw revenue decline 13%to  about $3.6 billion. The largest sector — opti-
Transmitter-laser unit shipments were up 31%,  $110 million in 2004 — again, despite growth cal storage — i1s expected to grow 9%.

TRUMPF

High-power GaAs
laser outfit plans to

ramp up prOdl’lCtIon The Blu-ray Disc Association (BDA) spear-

Germany-based GaAs laser developer Jen- - - e o _ headed by Sony has received a major boost
optik Diode Lab 1s to increase production of § 2 --.._;_.,,. ”; —=—7 EEsa B with a decision by Apple to join the industry
its high-power chips in early 2006. The small P [ — ' group as a board membuer.

firm, which was set up three years ago as a The move should lead to consumers being
spin-out of the Ferdinand Braun Institute for able to create high-definition video and burn
High-Frequency Technology, will build a the content onto next-generation DV Ds.

Apple bolsters
Blu-ray board

tacility in Berlin-Adlershof to make the chips. Parent company Jenoptik Laserdiode will \ “Appleis pleased to join the BDA board as
The complex will include 500 m” of clean-  be the principal customer for Diode Lab part of our efforts to drive consumer adoption
rooms for 3 inch GaAs production, aswell as  when production of high-power GaAs  of high-definition [technology],  said Apple
In-house research and development labora- lasers begins early next year. ‘ chief Steve Jobs. *“ Consumers are already cre-
tories and offices. With the addition 0f 40 jobs, ating stunning high-definition content and are
the company’s workforce will swell consid- “The new [manufacturing] site in Berlin | anxiously awaiting a way to burn their own
erably from its current 8 employees. Work on  will allow Jenoptik’s photonics group toreact | high-definition DVDs.”
the site 1s due to begin this spring. more flexibly to market demand,” said the Blu-ray technology, which 1s set for a major

Diode Lab will principally be making company in a statement. However, Jenoptik | launch effort later this year, 1s rivaling the
lasers for its parent company Jenoptik Diode Lab will also be free to deliver com- | alternative high-definition DVD standard that

[Laserdiode, with the lasers destined for appli- ponents to external companies. ~ has been developed by Toshiba, NEC and oth-
cations in materials processing, medicine and Diode Lab sells 808, 915 and 940 nm laser | ers to gain market acceptance. Both formats
displays technology. bars with output powers of 40 W and more. | rely on GaN-based blue lasers.
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GaN-on-insulator wafers could be custom-made

Picogiga International, a French substrate sup-
plier, has made what is believed to be the
world’s first single-crystal GaN-on-insulator
substrate. According to the Soitec subsidiary,
the technology could lead to improvements
in the performance of GaN-based devices
such as blue and white LEDs and high-power
microwave components.
Silicon-on-insulator technology has already
penetrated the mainstream electronics market,
resulting in improved device performance.
Picogiga says that the substrates, which are
made using the commercial “Smart Cut’
process that Soitec employs to manufacture

I1-VI plans 100 mm
SIC scale-up with
$7.5 million funding

The wide-bandgap materials division (WBG)
of US substrate supplier II-VI plans to pro-
duce 100 mm diameter semi-insulating SiC
substrates for military and commercial uses.
With §7.5 million to spend on a three-year
project — largely funded by the US military —
[I-VI plans to address technical and manufac-
turing 1ssues to do with the development of sub-
strates that will be used to make wide-bandgap
chips for high-power radar applications.
[I-VI already sells SiC substrates commer-
cially, and will use the funds to scale up its

to produce the larger products. Systems based
on S1C should operate at higher power effi-
ciencies, with greater power-bandwidth RF
performance than current technologies, and
should require less supporting infrastructure.

“Next-generation [S1C] device develop-
ment will rely on 100 mm substrates, said
Andy Souzis, technology and program man-
ager for [I-VI’'s WBG group. “Currently, such
substrates are not commercially available and
suffer from inadequate quality.”

——

silicon-on-insulator wafers, will allow homo-
epitaxial growth of active GaN structures.
This will mean that devices based on the wide-
bandgap material will be of better quality, in
terms of dislocation density and stress, than
those grown using current hetero-epitaxy.

“The carrier material (backside wafer) will
be selected independently from the topside
layer,  said Picogiga. “That will allow the sub-
strate to be tailored and optimized for thermal
management, packaging and assembly, or
mechanical-stress management.

The procedure should help to reduce the
thermal Iimitations of bulk GaN material in

Nordic spin-out wins $26 million

RF transistors, while also helping to improve
LED efficiency.

Picogiga has so far produced only 2 inch
diameter GaN-on-insulator wafers, but says
that the technique will be suitable for larger
substrates as soon as these become available.
However, production quantities of GaN-on-
insulator waters will not be possible until bulk
(GaN substrates become more affordable and
widely used, with Picogiga not expecting
commercialization until 2006 or 2007.

On a positive note, the company did say
that 1t had several customers who were “‘eager
to try the engineered substrates.

‘investment in SiC development

- Norstel AB, a spin-out from Finland-based

silicon-wafer supplier Okmetic Oyj, has won
more than €20 million ($26.5 million) in ven-
ture and government funding to develop and
manufacture S1C wafers. Based in Linkoping,
Sweden, Norstel’s business is based on its pro-
prietary high-temperature CVD technology,
which was developed over 10 years through
Linkoping University, Okmetic and the
Swedish industrial giant ABB.

Nordic technology investor companies —
Creandum, Eqvitec Partners and Northzone

- Ventures —have added their financial muscle
advanced physical vapor transport technology |

to Norstel, which will receive €6 million
funding from the Swedish government over
the next three years.

Norstel will target 1ts waters at high-volt-
age and high-frequency applications of S1C
devices. Product development and manutac-
turing will be located in Norrkoping, Sweden,
with manufacturing expected to begin during
2006. Initially Norstel will employ about 50
people in manufacturing and advanced prod-
uct development.

Applications involving conversion, trans-

mission and management of electric power
are prime candidates for S1C chips, which are
expected to reduce transmission loss and
power consumption in domestic appliances
and industrial systems.

Similar applications to improve the power
performance of solar-power modules and
hybrid cars are also expected in the future.

And Norstel has already lined up what it
describes as a major contract to deliver S1C
waters for high-frequency transistors to be
used 1n a new, military radar system. The con-
tract 1s with the Swedish Defense Materiel
Administration.

According to Norstel CEO Asko Vehanen,
the spin-out company was the only European
source of S1C high-frequency wafers able to
meet stringent quality demands. Additional
business for Norstel will come from the jew-
elry sector, with US company Charles and
Colvard — a near neighbor and customer of
S1C specialist Cree in the Research Triangle
Park in North Carolina — placing a $4 million,
three-year order with Norstel for material to
be used 1n 1ts Moissanite jewels.

In brief

e Eudyna Devices, the Japanese company
formed a year ago by the merger of the
Electronic Devices Group of Sumitomo
Electric Industries and Fujitsu Quantum
Devices, says 1t will launch GaN-based
microwave devices this year. Fujitsu Labs,
the research wing of Eudyna’s parent firm,

has further developed GaN-based HEMTs
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by using an AIN film on a S1C substrate.

e Japanese electronics giant Furukawa i1s
to begin making 2 inch GaN substrates at
the end of this year, claims online business
newspaper Nikkei.net. The report says that
Furukawa will target next-generation DVD
applications when it begins production,
adding that it plans to manufacture

5000—-6000 units per month by 2008, which
1s expected to result in sales of ¥8 billion
(877 million) per year. In Furukawa’s
process, gaseous GaCl reacts with ammonia
to form GaN films. Test production has
reportedly begun, with the firm expected to
invest a further ¥900 million to expand its
production facilities.
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Avanex debuts opto chip-

manufacturing services

Avanex is to offer foundry services for custom
GaAs and InP optoelectronic chip making.

The Fremont, CA, firm, which acquired its
epitaxy and wafer-processing capability from
Alcatel Optronics and Corning back 1n 2003,
1s also launching a set of standard optoelec-
tronic InP and GaAs chips.

Backed by extensive Class 100 and Class
1000 cleanrooms, the foundry services on
offer include custom chip design, epitaxy,
wafer processing at a variety of wafer sizes,
optical- and structural-analysis techniques
and materials characterization. Other pro-

French car manufacturer Renault has wired
up one of its Espace models with a high-speed
plastic optical-fiber (POF) network that con-
tains resonant-cavity LED transceivers pro-
duced by Irish start-up Firecomms.

The proof-of-concept network pipes DVD
movies, digital TV, video games and GPS
maps to LCD screens mounted 1n the car’s
dashboard and rear seats. The driver and pas-
sengers can make individual choices of what
they want to view via a menu on the touch-
sensitive screens.

The Espace also features Consumer
Convenience Ports, which allow the driver
and passengers to plug their own electronic
devices such as MP3/CD players, video-game
players and laptops into the car’s network.

The network supports the IEEE 1394

————————

In brief

e Sunnyvale-based fiber-optic subsystem
vendor Finisar made sales of $73.1 million
in the quarter ended January 31— a record
high for the company. Revenue should
continue an upward trend in the next
quarter following Finisar’s recent
acquisition of part of Infineon’s fiber-optic
business unit.

e The brand, intellectual property, stock
and several pieces of equipment belonging
to UK business Kamelian, which entered
into receirvership in July 2004, have been
bought by Scottish firm Amphotonix.
Operating as a fabless company with initial
funding of $1.5 million, Amphotonix will
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Renault car gets a multimedia POF network

cesses available include electron-beam evap-

oration, sputtering, wet and dry etching and |

photolithography.

“We have more than 15 years’ experience
with InP and lithium niobate processes, and
four years’ experience in field-proven GaAs
technology,” said Avanex CEO Jo Major.

The transition should help the optoelec-
tronics industry move closer to the standard
electronic manufacturing model, something
that will be necessary if the cost of InP tech-
nology is to drop to meet the demands of the
emerging fiber-to-the-home market.

Firecomms resonant cavity LED
transceivers, which form part of the plastic
optical-fiber network, can transmit data at
speeds of up to 250 Mbit/s.

(Firewire) standard, which is used for trans-

ferring data between PCs and equipment such
as Apple 1IPODs and digital camcorders.

Quantum-dot
amplifier restores

40 Gbit/s signals

compoundsemiconductor.net

Japanese researchers claim to have developed
the first quantum-dot device capable of restor-
ing optical signals to their original quality
without electronic conversion. As well as re-
amplifying a degraded 1550 nm optical signal,
the semiconductor optical amplifier (SOA)
also suppresses noise (re-shaping) and reduces
timing jitter (re-timing).

Optical signals in current networks are usu-
ally restored only after being converted into
electronic signals. Fujitsu’s SOA, which was
developed under a Japanese government-
funded project, promises to shrink optical
regenerators in future networks.

According to the company, using an
improved InAs quantum-dot structure based

~ onan InP substrate accelerated the gain-satur-
~ ation response time of the SOA by a factor

of 1000. This improvement in response time

" means that the waveform 1s not degraded to
 as large an extent as normal during optical
 regeneration. According to Fujitsu, conven-

tional SOASs typically have a response time of

several nanoseconds, which makes them use-

~ the device 1s needed, however. For example,
 fluctuations seen during the off-cycle of the

less for all-optical regeneration.
Fujitsu admits that further development of

signal still need to be reduced.
As aresult, commercial deployment of the

~ technology is still a long way oft, with Fujitsu

believing that the SOA will only become a
practical technology for wavelength-division
multiplexing applications around 2010.

e — = —

have i1ts chip manufacturing carried out by
Compound Semiconductor Technologies
Global of Glasgow, UK, and module
assembly by Scottish firm Optocap. “We
have already re-established the product line
and are currently taking orders,  said
Amphotonix COO Craig Tombling.

e Optillion, the fiber-optic transceiver
maker based in Stockholm. Sweden, has
filed for bankruptcy. The organization,
which had a workforce of around 70,
specialized 1n transceiver production for
10 Gbit/s Ethernet applications.

e Bookham has licensed a portfolio of
silicon photonics patents to US company

Kotura on a non-exclusive basis. Kotura,

which was founded in 2003 through the

merger of Arroyo Optics and LightCross,
already owns a number of similar patents.
e US-based fiber-optics company K2
Optronics, which specializes in external-
cavity lasers, has been backed by chip-
maker Emcore 1n its latest funding round.
As well as joining the Series C round,
Emcore will partner K2 on developing
advanced technologies for next-generation
laser products to be used in broadband
applications, say the firms. Target markets
for these products will include fiber-to-the-
premises and cable-television applications.
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Precision profiler sets bar
for epiwafer doping gauge

Challenging the view that electrochemical measurements are
awkward to perform and are imprecise is a new profiler that
delivers a five-fold improvement in precision. Gyles Webster
detalls progress in electrochemical capacitance—voltage profiling.

lectrochemical capacitance—voltage

(ECV) profiling is a widespread

metrology technique that offers a ver-
satile and powerful approach to determining
doping levels at various depths within a semi-
conductor structure.

Most of the tools in use today hardly dif-
ter from the original ECV products that were
launched onto the R&D market in the 1980s.
This lack of evolution means that, compared
with other ubiquitous compound semicon-
ductor metrology techniques such as photo-
luminescence and X-ray diffraction, ECV has
failed to mature in terms of accuracy, repro-
ducibility and automation. However, we
believe that a new tool represents a step for-
ward 1in terms of ECV measurement perfor-
mance, with significant improvements in
repeatability and reproducibility.

ECV protfiling was invented 1n the early
1970s (Ambridge and Faktor 1974) at the
British Post Office Research Centre. The
researchers required a convenient, high-depth-
resolution method to reveal carrier-concen-
tration variations through complex epitaxial
layer structures. Their solution was an exten-
sion of the well-established CV technique that
calculates the average carrier concentration
from capacitance measurements across a

Schottky-barrier depletion region.

Automated profiling
The moditfied approach substitutes an elec-
trolyte for the conventional metal contact. By
formulating the electrolyte so that it produces
a well-defined electrochemical dissolution
reaction with the semiconductor material, the
researchers developed an automated ECV pro-
filing system with nanometer-etch-depth res-
olution across a dynamic doping concentration
range of 1 x 10" to 1 x 10°Y cm . Today, a num-
ber of electrolytes enables profiling through
most I1I-V, II-VI and group IV maternials.
The ECYV profile measures the “net electri-
cal effect” of the dopant atoms introduced into
the epitaxial layer during growth, hence the
effective depth resolution 1s limited to around
a Debye length, and 1s, therefore, inversely
proportional to the square root of the doping
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Fig. 1. (Left.) Manual loading, which has
formed part of the ECV measurement
process for the last 30 years, introduces
variability between measurements.

Fig. 2. (Above.) The ECVPro tool features
built-in automated electrolyte handling.
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Fig. 3. The ECVPro slashes the standard deviation for doping measurements in AlinGaP
from around 20% to only 4%, which ought to be of great benefit to LED manufacturers. A

total of 245 measurements were carried out by three operators over eight days.

concentration. The electrically active nature
of an ECV profile complements secondary-
1on mass spectrometry (SIMS), an accepted
but more expensive way to depth profile the
atomic distribution of dopant atoms.
Because they were originally designed for
an R&D environment, where tflexibility 1s
paramount, and manual handling of elec-
trolytes and wafers are secondary 1ssues,

today’s instruments are not suited to a volume-
manufacturing environment. Now the ever-
maturing compound semiconductor industry
demands greater accuracy, reproducibility and
ease of use, and this has mandated a fresh look
at the technique.

Many of the limitations associated with
ECYV profiling can be traced to the electro-
chemical cell design. ECV measurements
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Fig. 4. The ECV profiler can be used to analyze distributed-Bragg-reflector structures with
images recorded by the in situ camera monitor the effective oxide
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an etch flatness of about 5 nm. Sequential
film removal while etching through an AlGaAs/GaAs interface.
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Fig. 5. ECV (left) and SIMS (right) can determine the doping concentration and atomic concentration, respectively, in a GaN LED structure.

usually involve manually loading a sample
against a specially designed O-ring that
defines the electrolyte’s contact area on the
sample. The O-ring must be soft enough to
form a seal with variable semiconductor sur-
faces, but sufficiently rigid to precisely define
the Schottky contact area. Since sample load-
ing 1s operator dependent, this process
inevitably 1s subject to run-to-run variability.

Absolute accuracy of the carrier concen-
tration and etch depth depends on a precise
measurement of the contact area. This criti-
cally important calibration is often ignored,
and even 1f 1t 1s performed, it is not updated
frequently enough to track gradual changes
In area over time. Additional inaccuracies can
arise from bubbles in the O-ring or O-ring dis-
tortion and wear resulting from unintentional
variations in the pressure holding the sam-
ple against it.

Electrical-contact problems can also intro-
duce measurement variations. To determine
capacitance, an ohmic contact is formed either
via a back contact to a conducting substrate
or directly through a front contact to the epi-
taxial layers. Contact quality on older systems
can vary and lead to unreliable results. Other
Issues can arise from samples with too high a
series resistance for the over-simplified elec-
tronics and modeling of the semiconduc-
tor—electrolyte interface.

Sometimes the materials themselves require
etch-method improvements. GaN and its
ternary compounds, for example, present dif-
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ficult chemistry for ECV profiling that can be
overcome by pulsed etching, with sequential
film formation followed by removal. Although
older ECV tools include software features for
pulsed etching, they lack sufficient electrolyte-
circulation control and refreshment to carry
out this process effectively.

Eliminating the wet bench

Addressing these limitations, Accent has
launched a completely redesigned protfiler,
the ECVPro, which greatly simplifies sample
handling by allowing whole wafers to be
placed onto a horizontal stage (see figure 2).
The automated electrolyte handling reduces
operator contact with the chemicals and
eliminates the need for an adjacent wet bench.

To determine the doping concentration, the
wafer is positioned on the horizontal stage and
front-surface contacts are lowered to make an
ohmic contact. The stage 1s then raised to the
vertical position and the electrochemical cell
moves forward, applying a consistent pres-
sure between the wafer and the O-ring.
Electrolyte then circulates through the O-ring,
removing any trapped bubbles and preparing
the sample surface for profiling.

The electronics and modeling software
have also been dramatically improved, partly
through introduction of multifrequency capa-
bilities. To ensure traceability of results in a
manufacturing environment, the system now
automatically compares capacitance meas-
urements to a built-in traceable standard.

These refinements deliver a major improve-
ment in reproducibility, which has been veri-
fied externally. Data provided by a major LED
manufacturer show a standard deviation of
4% in measured carrier concentrations.
Variance was calculated for 245 measure-
ments taken with full load/unload cycles and
different operators (figure 3). To put this fig-
ure in perspective, identical tests using the pre-
vious generation of tools produced a standard
deviation of 20%.

To reduce errors resulting from an impre-
cise measurement of the contact area, a built-
in camera 1s incorporated into the ECVPro’s
etch cell. This camera gives a calibrated, high-
resolution image of the etch area after the pro-
file 1s completed. Software then calculates and
logs the contact area determined from the
camera image, maintaining a calibration his-
tory of the O-ring. Tool calibration then ceases
to depend on the operator, ensuring a high
level of accuracy and repeatability.

To test these capabilities, an epiwafer manu-
facturer provided a highly uniform GaAs
epilayer on a semi-insulating substrate. Non-
contact resistivity mapping confirmed the
water’s excellent uniformity. The resistivity
contour map revealed a circular pattern with
a shightly lower resistivity in the wafer center.

To evaluate the ECVPro’s repeatability, 50
ECV measurements were taken on the wafter.
roughly following the circular contours of the
resistivity map. The standard deviation calcu-
lated from all 50 measurements was 1.5%.
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However, variations in resistivity across the
wafer are probably due to changes in carrier
concentration rather than thickness fluctua-
tions, so the standard deviation describing
repeatability 1s actually less than 1%.

The built-in camera provides additional
benefits, such as dynamic observation of
bubble formation and removal, and the option
to view and record images of the elec-
trolyte—semiconductor interface throughout
the profile-etching process. When profiling
complex heterostructures, these images show
the physical interfaces between heterostruc-
ture layers that are reached during the etching
process (see tigure 4).

The images can also show material defects
revealed through localized changes in etch-
ing current densities, a particularly useful fea-
ture when profiling less mature material
systems, such as nitrides.

The III-nitride material system presents a
tougher challenge for ECV profiling.
Although n-type GaN, InGaN and AlGaN lay-
ers are reasonably easy to profile if the correct
electrolyte concentration and etching proce-
dure 1s used, p-type GaN 1s much more awk-

ward. Problems result from a combination of
poor conductivity, rough surfaces and high
defect densities. However, GaN-based LED
profiles are possible with a custom process
that uses lower measurement frequencies and
accurate electrical models.

An ECYV profile of a standard GaN-based
LED structure supplied by a European
MOCVD equipment supplier is shown 1n fig-
ure 5, alongside SIMS measurements on the
same sample. N-type layer measurements by
ECV and SIMS provide similar values for the
carrier concentration. However, the p-type
ECV carrier concentration level 1s one-tenth
of the atomic magnesium concentration
obtained by SIMS. This difference reveals the
complementary nature of the techniques; only
a fraction of the magnesium acceptors con-
tribute to the hole conductivity, and that pro-
portion can be determined by examining the
ratio of the two measurements.

ECV profiling is a flexible technique that
can be adapted to continually evolving mater-
1als systems. Despite its presence as a main-
stay characterization approach, ECV profiling
has always had a reputation as a troublesome

EPIWAFER CHARACTERIZATION

and highly operator-dependent technique. In
the GaN world 1t 1s widely believed that accur-
ate ECV profiling is just plain impossible.
However, we believe that the improvements
incorporated in the new generation of ECV
profilers enables ECV profiling as a viable,
accurate and highly reproducible technique.
equally at home in development and high-vol-
ume manufacturing environments.

ECV profiling provides powertul insights
into doping profiles and variations in simple
and complicated heterostructures across a
range of material systems. It represents a low-
cost and in-house alternative to SIMS that 1s
reliable and free of operator error. %

Further reading

T Ambridge and M M Faktor 1974

J. Applied Electrochem. 4 135.

P Blood 1986 Semicon. Sci. Technol. 1 7.
N F Jackson Semicon. Sci. Technol. T 686.

Gyles Webster is director of applications,
North America, for Accent Optical
Technologies. E-mail: gwebster@
accentopto.com
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Automated wafer inspection

Optical surface analyzers offer a fast method of examining
transparent substrate surfaces and classifying defect types.
Laurie Bechtler describes the technique and the insights it has
provided to researchers making GaN HEMTs at Hitachi Cable.

aN-based devices are currently pen-

etrating various markets, including

high-power electronics for military
and commercial communications, high-tem-
perature electronics for hostile environments
such as automotive applications, and LED-
based solid-state lighting. Performance, how-
ever, 1s not the sole driver for the wide-scale
adoption of GaN-based technology. Cost often
determines a product’s commercial success,
S0, Increasing production volume and reduc-
ing yield loss are critical to the GaN-wafer
manufacturing process.

To make the transition to volume manu-
facturing, standard metrics are required to
monitor and improve wafer quality. GaN epi-
taxial layers have various defects caused by
substrate and epilayer growth. Although these
defects can be catalogued by human opera-
tors using a microscope inspection technique,
this method 1s time-intensive, and, in practice,
can only be used to check part of the surface
of a handful of wafers. In fact, such sampling
can lead to erroneous conclusions about the
occurrence of process defects.

An automated, high-throughput technique
exists that reveals the size and type of defects
across a wafer’s surface by analyzing laser
light that 1s scattered or reflected from it.
[dentifying defect type 1s important; surface
particles can be cleaned off, but pits can dras-
tically cut the device yield. This inspection
process allows measurement of many more
wafers, early detection of some process prob-
lems, and an opportunity to investigate the
yield impact of different types of defects. The
technique was restricted to opaque wafers, but
now 1t has been extended to transparent mater-
1al systems, including those based on GaN.

Hitachi Cable in Japan, which manufactures
GaN HEMTs on both sapphire and silicon car-
bide substrates, has used an optical surface
analyzer (OSA) designed by KLLA-Tencor, of
San Jose, CA, to detect and classify defects in
various GaN epilayers. An OSA verifies sub-
strate quality prior to growth and assesses the

22

post-growth surface. This information has
shown that substrate scratches tend to be
smoothed out by the initial buffer epilayer, and
are consequently less problematic than other
types of defects, such as micropipes in SiC.

Disk-drive origins

The CS1 inspection tool used by Hitachi Cable
is one of a family of OSA instruments pro-
duced by KLLA-Tencor. The core technology
was first developed for the magnetic hard-disk-
drive industry and dates back to 1989 (Meeks
2000). The rapidly decreasing size of storage
bits on disk substrates drove the need to reduce
the occurrence of smaller and smaller substrate
defects, in a manner analogous to the silicon
IC industry. Candela Instruments, which was
acquired by KLA-Tencor in late 2004, was
founded to develop the CS1 automated tool.

The instrument had to be capable of inspect-
ing transparent materials, because the disk
industry had moved from using metal to glass
substrates, which have higher bit densities and
greater reliability owing to their stitfer,
smoother nature. The tool’s capabilities can
also be applied to other transparent materials
commonly used in the III-V industry, such as
sapphire, silicon carbide, lithium niobate and
lithium tantalate.

The OSA illuminates a4 x 8 um area of a
sample surface with linearly polarized light
from a 632 nm laser. It monitors reflections
with a combination of detectors to measure
specularly reflected intensity, phase shift, scat-
tered light and surface topography (figure 4).
The scattered-light detector 1s positioned
directly above the measurement spot, and a
separate assembly, containing the three other
detectors, sits in the path of the reflected light.

Measuring signals from several different
types of detector 1s important for defect clas-
sification, providing much more information
than a conventional scatterometer. Different
types of defect exhibit varying signal levels
in the different channels, resulting in signa-
tures that can be used to classify defects.
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Fig. 2. Comparing the two SZc signal images ofaSiCve
layers, reveals that the defects circled in (b) were notpe
processing , and were, therefore, generated during grow
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Fig. 1. The two images on the left are (a)
pre-growth and (b) post-growth SZc signal
magesof an Hitachi Cable GaN HEMT
struct deposited on a SiC substrate. The
Structuge, grown by MOCVD, consists of an
AIN buf'er layer, a GaN layer and an AlGaN
Surface |ayer. Visible in both images are two
rings resulting from a vacuum chuck.
Microppes — open-core dislocations that
extendthrough the depth of a wafer - can
also beseen. In (@), micropipes appear as
inear o~ V-shaped defects. On closer
Inspecion, a dark spot (low signal level) -
whichis a surface pit — is visible at one end,
locate¢ next to a bright line caused by
reflectinn from the full length of the defect
withintme wafer. All of the micropipes seen
in the bare substrate scan are still visible
through the epitaxial layer (b), and many of
the striaks in the post-growth layer scan
are seen originating from these micropipe
locatins. These streaks are caused by
changes in the physical properties of each
of thegpitaxial layers (either thickness or
refractive index), and reveal disturbances in
the growth process caused by micropipes.
The region at the edge of the wafer also
showspatches of high surface roughness,
possibly indicating polytype defects in the
substrite. Toward the bottom of (b),
interfeence fringes can be seen that are
caused by sudden changes in the thickness
of thegpitaxial layers near the wafer’s edge.
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faSiCyvafer (a) with and (b) without epitaxial
re notpesent on the substrate prior to
ring gowth of the epitaxial layer.
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Flg 3 The SZc image of the GaN HEMT structure (a) IS clearer

and more detailed than the corresponding microscope image (b).

Z channel detector scattered light

detector

-

laser source

specular and phase
shift detectors

Fig. 4. The optical surface analyzer’s four detectors record the
specularly reflected intensity, phase shift, scattered light, and a
signal that provides a measure of the surface topography.
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A spatial filter, or aperture, 1s used to pre-
vent the detection of laser light that 1s refracted
through the wafer surface and then reflected
off of the backside of the substrate before trav-
eling toward the detector. These backside
signals often prevent conventional scat-
terometers from measuring transparent
wafers, but the Candela tools are suitable for
transparent wafers as thin as 250 pm.

The entire wafer surface can be analyzed by
rotating 1t while a measurement head moves
from the wafer’s outer edge to 1ts center.
Thousands of data points are measured 1n a
typical scan, providing information about
defect types, sizes and densities. By assigning
brightness levels proportional to the amplitude
of the detected signal, output from the various
detectors can also be converted into images
similar to those produced by a microscope.

Defect classification

Hitachi Cable has used an OSA to investigate
the surface of a typical GaN HEMT contain-
ing an AIN buffer layer, a GaN layer and an
Al,-:Ga, -, N surface layer grown on a S1C sub-
strate. Figure 1 shows two images of an area
of a wafer, before and after epitaxial growth.
The images were generated by detecting SZc,
the magnitude of the deflection of the reflected
light. The SZc response 1s well-suited to defect
detection because of its sensitivity to varia-
tions in surface height and reflectivity.

An OSA can also determine the origin of
defects generated during the epitaxial process,
as demonstrated in figure 2. For example,
films, residues and particles on the substrate
can cause pitting at the original defect site (a
particle defect may not even be present at the
end of the process). Wafer yield 1s reduced 1f
particles fall on the substrate during the growth
process, resulting in pitting, and scratches on
a substrate can lead to deformed epitaxial lay-
ers that follow the outline of the scratch.

Other types of defect, such as stains and sur-
face particles, that do not disturb the epitaxial
layers, can also be 1dentified with an OSA.
Stain defects are revealed by the reflected light
signal, while surface particles can also be seen
in the scattered-light channel. Figure 3 shows
images of the GaN HEMT surface obtained
from a microscope and the SZc¢ signal from an
OSA. Figure 5 reveals the alternative per-
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SUBSTRATE CHARACTERIZATION

Fig. 5. The OSA enables defect identification by providing four complementary images: (a) specular reflectivity, (b) scattered light,

(c) circumferential topography and (d) radial topography. The pit highlighted in (a) has a particle embedded within it, as revealed by the
high (bright) scattering signal in (b). The large, central defect is roughly 650 um in diameter (1); its specular intensity signal (a) is affected
across a region approximately twice as wide (2), indicating variations in the epitaxial layer’s thickness and optical properties.

spectives provided by each image-acquisition
mode. Combining the information from the
various 1mages can distinguish between
defects generated by particles and those
formed by irregularities in the substrate.
Using an OSA to investigate the epiwafer
quality of GaN HEMTs has enabled defects
in the substrate, such as micropipes that cause
many surface defects, to be distinguished from
their epi-originating counterparts. This infor-
mation, which 1s useful in driving improve-
ments 1n the overall defect density, has led

to Hitachi Cable scanning all of its SiC sub-
strates before growth to screen out low-qual-
1ty wafers that are not suitable for production.

Although the work at Hitachi Cable has
shown that OSA images are suitable for trou-
bleshooting engineering processes, automated
defect detection and classification 1s more
valuable to a production environment. This
latter function 1s also possible using an OSA,
which can count and report defects 1n a stan-
dardized way, enabling comparison between
wafers, runs and process tools. W
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GROWTH TECHNIQUES

Migration-enhanced MOCVD
advances AlGaN performance

compoundsemiconductor.net

Reduced screw dislocation density and faster deposition than conventional MOCVD are just two of
the benefits of so-called migration-enhanced MOCVD. The technique shows impressive results
when it comes to AlGaN device fabrication, producing relatively efficient deep-ultraviolet LEDs and
improved transistor performance, reports Sensor Electronic Technology’s Remis Gaska.

hile both MBE and MOCVD have
\ ’\ /- proved successful film-growth
mechanisms for a variety of com-

pound semiconductor technologies, the two
techniques do have a number of drawbacks.

In particular, these mainstay film-growth
methods of the industry are not exactly ideal
for nitride deposition, an application area that
will inevitably become an increasingly impor-
tant part of the I1I-V business.

Now, a related technique known as migra-
tion-enhanced (ME) MOCVD promises to
solve some of the problems encountered with
MBE and MOCVD, especially for making
devices that have a high aluminum content,
including A1GaN HEMTs and UV-LEDs.

The key difference between ME-MOCVD
and conventional film growth is the way in
which gases are introduced into the reaction
chamber, which results in fewer collisions
between metalorganic and ammonia gas
molecules. The upshot is faster growth speeds
and a lower density of screw dislocations,
which are detrimental to device performance.

Transport mechanisms

When used for I1I-nitride manufacture, MBE
and MOCVD difter substantially in regard to
the source materials used, and fundamentally
in terms of their source-material transport
mechanisms. These different mechanisms can
be described by the so-called Knudsen para-
meter (K, ), which 1s the mean free path of the
gas to reactor dimensions ratio.

The mean free path of a gas 1s the average
distance traveled by a molecule or atom before
1t collides with another. For MBE, K 1s usu-
ally close to, and sometimes greater than, unity,
meaning that source molecules can reach the
reaction surface without experiencing any col-
lisions. This 1s possible because a low reac-
tor pressure 1s maintained during MBE.

On the other hand, K, for CVD is typically
in the 1072 to 10° range (for low-pressure
CVD) or 10 to 10°° (for atmospheric-pres-
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PONCE ET AL. (ASU)

Fig. 1. The high-quality ME-MOCVD-grown
AlN layer (0001) on a sapphire substrate has
a surface roughness of only 0.6 nm (RMS).

Fig. 2. ATEM section of ME-MOCVD-grown
n-AlGaN, AIN/AlGaN superlattice and AIN.

sure CVD). This means that a large number of
collisions will take place before a molecule
reaches the reaction surtace. As aresult, CVD
material transport 1s actually governed by
fluid mechanics. Important eftects include:
bulk transport toward the reaction surface by
diffusion; diffusion through a stagnant bound-
ary layer that 1s formed above the reaction
surface; and surface diffusion and incorpora-
tion/decomposition.

So, depending on the conditions used, film
orowth 1s Iimited either by gas-phase trans-
port or surface-reaction kinetics. Optimized
nitride growth with MOCVD is limited by

gas-phase transport, except for the low-tem-
perature deposition of the nucleation layer. In
this region the growth rate and layer compo-
sition can be controlled by adjusting the flow
of source material at the inlet.

The stagnant boundary layer plays an
important role in the transport process. Its
thickness directly aftects the source materials’
composition gradient in the stagnant layer,
which 1n turn determines the diffusion fluxes
of incorporation and decomposition. In short,
the stagnant boundary layer can effectively
alter film growth and decomposition rates.
Being able to play with the dimensions of the

stagnant boundary layer allows more growth
control in MOCVD than in MBE.

Problems with MOCVD

The small K, associated with nitride growth
by MOCVD can interrupt the epitaxial
process because of the increased propensity
for gas-phase reactions. The metalorganic
source materials, especially the widely used
trimethylaluminum (TMA), readily react with
ammonia molecules when collisions between
the two take place.

These reactions produce small particles that
may fall onto the reaction surface and then act
as new, unwanted nucleation centers that ter-
minate epitaxial growth. The result 1s surface
roughening and extended defect generation.
During AlGaN growth by MOCVD, the gas-
phase reactions clearly manitest themselves,
causing <V defects on the surface.

These reactions also limit the nitride growth
rate possible with MOCVD because increas-
ing the influx of source materials will result
in more surface defects. Another problem 1s
that the strong aluminum-—nitrogen bond
allows only a very short surface-diffusion
length. This greatly reduces the ability of alu-
minum and gallium adatoms to incorporate
Into energy-favorable sites, which leads to
random growth of 3D 1slands and deteriora-
tion of epilayer quality. =
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The thinking behind ME-MOCVD is to
separate ammonia and metalorganic mole-
cules, which ought to reduce the likelihood
of gas-phase reactions and enhance adatom
surface migration. At Sensor Electronic Tech-
nology (SET), we can optimize source wave-
forms and overlaps to refine material quality.
And unlike other flow-modulation growth
techniques, ME-MOCVD allows the freedom
to work with the stagnant boundary layer.

As mentioned earlier, the stagnant bound-
ary layer has a significant effect on material
incorporation and decomposition. The layer
thickness depends on the flow of gas into the
reaction chamber and 1s proportional to the
square root of the kinetic viscosity of the gas
divided by its velocity. During ME-MOCVD
AlGaN growth, ammonia has the greatest
modulated flow. So, AlGaN growth with
ME-MOCVD presents two options.

The first 1s to switch off the flow of ammo-
nia and simultaneously switch on a compen-
sation gas, for example nitrogen or argon. The
kinetic viscosity and velocity of the gas can
be changed to produce a consistent boundary-
layer thickness, or to make the layer thinner.
[fthe layer 1s made thinner, metalorganics can
diffuse through the boundary layer to reach
the growth surface more quickly, maintaining
a fast growth rate and greatly enhancing
surface migration. However, because the V/II1
ratio 1s vanishing and the stagnant boundary
layer 1s therefore becoming thinner, decom-
position 1s also enhanced. As a result, point
defects —mainly nitrogen vacancies — become
more likely.

The second option 1s to switch off the
ammonia flow without introducing any com-
pensation gas. This means that the main
chamber flow quickly becomes dominated by
hydrogen, which has a much larger kinetic vis-
cosity than the hydrogen/ammonia mixture
used in MOCVD and thus reduces the gas
velocity. This approach creates a thicker stag-
nant boundary layer, which can still enhance
surface migration (because of the vanishing
V/11l rat10), but at a lower decomposition rate.

Benefits for AIN and AlGaN
We have found ME-MOCVD to be efficient in
improving AIN and AlGaN material quality.
Under optimum growth conditions a step-flow
mode was used to grow AIN on vicinal (0001)
sapphire substrates (figure 1), which enhanced
aluminum-—adatom surface migration.

The growth rate for AIN with ME-MOCVD
was three times as fast as that seen with con-
ventional MOCVD under the same flow of
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Fig. 3. The 190 ps minority carrier lifetime of
ME-MOCVD-grown n-AlGaN indicates
better electro-optical conversion efficiency.
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Fig. 4. Sensor Electronic Technology
developed this structure for deep-UV-LEDs
in close collaboration with Asif Khan at the

University of South Carolina.

TMA. Comprehensive characterizations also
revealed a superior material quality and, 1n
particular, demonstrated a reduction in the
density of screw dislocations.

Figure 2 shows a TEM micrograph of
SET’s patent-pending UV-LED bufter struc-
ture, which consists of an ME-MOCVD-
grown AIN and AIN/AlGaN superlattice, and
a thick layer of silicon-doped AlGaN. The
screw dislocation density in the structure,
starting from the thin AIN layer, is only
3 x 10° cm ™. This is about one-hundredth the
screw dislocation density of conventional
MOCVD-grown, thin AIN.

S0, as well as faster deposition, AlGaN lay-
ers grown by ME-MOCVD clearly have bet-
ter structural quality. Among other evidence
that we have obtained through different char-
acterization techniques, the minority carrier

compoundsamiconductor.net

lifetime data is of great importance, since this
is directly related to the light-emission effi-
ciency of the device. Figure 3 shows a com-
parison between the lifetime measurement
data obtained through ME-MOCVD- and
MOCVD-grown AlGaN layers with an iden-
tical aluminum fraction and thickness.

The lifetime of A1GaN grown by ME-
MOCVD is about six times as long as that pro-
duced by MOCVD (190 ps versus 30 ps),
indicating a far lower incidence of non-radia-
tive-decay processes and consequently higher
light-output efficiency. At SET, we first devel-
oped ME-MOCYVD for a single 2 inch wafer
chamber. More recently, we have successfully
scaled this technology to a multiple-wafer
reactor (3 x 2 inch) set-up.

AlGaN device development

SET is actively working on III-nitride tech-
nology for two types of device, namely deep-
UV-LEDs (figure 4) and HEMTs. Although
these devices require different substrates, ME-
MOCVD benefits both in the sense that it
builds a much higher quality buffer on which
the device structures reside.

The high-quality AIN and AIN/Al1GaN
superlattices enhance the n-AlGaN mosaic
block dimensions (a larger mosaic size equates
to a better epilayer quality), which directly
reduces tensile strain between AlGaN blocks
and alleviates cracking in thick, conducting
AlGaN layers. This development has resulted
in increased power output from deep-U V-
LEDs, which have an emission peak at around
280nm ata drive current of 20 mA. SET began
shipping these LEDs in August 2004. The cur-
rent devices have a continuous-wave power
exceeding 1 mW at 20 mA. Our plan is to pro-
duce deep-UV-LEDs with a wall-plug-effi-
ciency of more than 2% 1n the next two years.

On the microelectronics side, we used ME-
MOCVD instead of MOCVD to fabricate the
AIN transition layer between a semi-insula-
ting 4H-S1C substrate and GaN. The A1GaN
cap layer has also been grown by ME-
MOCVD. Using the new technique greatly
improved HEMT wafer quality and device
performance. For example, the transistors
showed reduced drain-current collapse and
increased gate-drain breakdown voltage. SET
1s now capable of supplying 2, 3 and 4 inch
GaN HEMT watfers, and the multiple-wafer
ME-MOCVD chamber has greatly enhanced

our wafer-production capacity. ®

Remis Gaska is CEQO of Sensor Electronic
Technology. E-mail gaska@s-et.com.
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LED PROGRAMS
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Oil-free Korea prioritizes
solid-state lighting project

With no domestic oil supply, the Korean government is very keen on LED technology and is pouring
hundreds of millions of dollars into “LED Valley”. Richard Stevenson reports.
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The Korean and Chinese governments see LED-based lighting as a key part of their strategies to tackle rapidly rising energy consumption
and the reliance on oil. Much of Korea’s photonics innovation takes place at the KOPTI site (left) in Gwangju. An LED lighting system from
TIR Systems (right) lights up the 52 m (170 ft) high Full Moon Tower at Galaxy Park — a leisure complex in Tianjin, China.

nergy savings and the environment are
the key driving forces behind Korea’s
semiconductor-lighting national pro-
gram, explained Young Moon Yu, as he
addressed delegates at the recent Strategies in
[Light conference. Yu, who is the director of
the LED research and business development
division at the Korea Photonics Technology
Institute (KOPTI), and the organizer of the
national LED and semiconductor lighting pro-
gram, explained: “The Korean government
has a strong interest in energy savings,
because we don’t have any crude oil.”

In 2002 Korea consumed 278 TWh of elec-
tricity ata cost of $20 billion. More than 20%
of this energy was used for lighting.
According to Yu, if LEDs achieved complete
penetration of the lighting market they would
reduce the national power demand by the out-
put equivalent of three nuclear power stations.

“The Korean government wants to [adhere
to] environmental pollution agreements,
added Yu, who points out that reducing
Korea’s energy requirements would help to
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decrease carbon dioxide emissions and allow
the country to meet targets set by the Kyoto
Protocol. Yu also notes that an increased
dependence on LED-based lighting would
reduce the use of glass, phosphors and heavy
metals, and would help adherence to new
environmental regulations coming into force

on July 1, 2006.

Three-stage development
Korea’s LED industry has evolved 1n three
stages. Early research and development was
undertaken by LG and Samsung, the two
domestic companies that continue to domin-
ate Korea’s consumer electronics industry and
LED efforts, along with several universities
and a program organized by the Kore:
Research Institute for Standards and Science
that ran from 1993 to 1996. A business phase
followed between 1999 and 2000, with sev-
eral firms funded though venture capital and
initial production runs at LG and Samsung.
The current activation phase, which began
in 2001, has seen the number of companies

involved in the LED industry rise to more than
340. This has provided Korea with a research
and development manpower of about 1000 for
the I1I-nitride industry alone. Key research
topics now include high-efticiency and high-
reliability devices, UV-LEDs, GaN on silicon
and other non-sapphire substrates, ZnO LEDs,
high-power packaging and modules, and
phosphors for blue LEDs.

KOPTI 1s central to much of the current
development. The government-backed organ-
1zation is located in Gwangju, 1n south-west
Korea, and 1s devoted to the development of
the photonics industry. Its roles are to help
commercialize basic and applied photonics
technologies, to build an advanced technol-
ogy infrastructure and to implement a com-
prehensive industrial support system.

Housed in a 35,640 m~ building that
includes a 1789 m~ cleanroom, KOPTI owns
384 pieces of equipment that have a combined
value of $65 million, and has access to fund-
ing of $20 million each year. It employs 70
PhD-educated staft, a number that will rise to
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LED PROGRAMS
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Update on China’s five-year plan and LEDs

I O A R ¢ TSR R S LD e D TR N A o M LR O S PR N P I E R e

By Tim Whitaker

_ing Wu, director of the China Solid-State
|ighting Program office, told delegates at
Strategies in Light that China could save
100 billion kWh annually by 2015, provided
that LED efficacy reaches 150 Im/W and the
technology penetrates 40% of China’'s
incandescent lighting market. Such savings
would be more than the output of the
massive Three Gorges hydroelectric
project, she says (see Compound
Semiconductor December 2004 p25).

The China National Solid-State Lighting
Program kicked off in June 2004 when the
Ministry of Science and Technology pulled
together the activities of a number of
different regional development groups. The
program has already received
_RMB 140 million ($17 million) from central
government, with 15 research institutions
and more than 50 enterprises now involved.

Comprehensive strategy research,
Industry-standard preparation and
intellectual-property (IP) research programs
have already been initiated through the
effort, and a major investment in solid-state
lighting is expected when China’s 11th five-
year plan is unveiled in July.

In October 2004, a group called the China
R&D and Industry Alliance for Solid-State
_ighting was formed with the aim of making
China’s LED industry more competitive. The

150 1n 2008. Its facilities cover all aspects of
LED production, from InP, GaAs and GaN
epitaxial growth on 2 to 4 inch substrates,
through materials characterization and vari-
Ous processing stages, to packaging and per-
formance and reliability testing. The national
government meets 73.1% of KOPTI’s costs,
with Gwangju city (16.5%) and industry
(10.4%) making up the remainder.

Korea’s LED infrastructure 1s now bene-
fiting from the launch of a national program
for the display industry, in which Samsung
and LG are big players internationally. This
program covers development of LCDs, elec-
tronic paper and organic electroluminescence,
and runs from 2004 to 2008. In Gwangju,
which is also known as the “city of light”, a
mixture of national and local government and
private-sector investment has been funding
LED development since 2000.

Through the so-called LED Valley project,
the region will also receive $100 million
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alliance will develop mechanisms to share
resources such as technology and IP, while
encouraging regional collaboration and
international co-operation.

According to Wu, China is making
progress with its LED chips, with domestic
companies supplying 12 mm blue chips at
6-8 mW (20 mA) and power chips at
120 mW (350 mA). Packaging companies
are able to supply white LEDs rated at
20-25Im/W when using domestic blue
chips, and 30-35 Im/W using higher
brightness imported chips —which gives a
good indication of the status of China’s LED
industry relative to the rest of the world.

Of course, China is a newcomer: as
recently as 2002, the country's LED
packaging industry imported all of its blue
chips. Since then, the domestic chip
industry has ramped to supply 5% of the
demand in 2003. That figure grew to 20% in
2004, with Chinese companies also
supplying GaN-based epiwafers. The target
for 2005 has been set at 40%.

China’s LED industry had sales of
RMB 12 billion in 2004, up from
RMB 10 billion in 2003. Wu estimates that
more than 600 Chinese enterprises, with
more than 40,000 employees Iin total, are
now directly related to the LED industry.

Tim Whitaker is editor of LEDs Magazine.

between 2005 and 2008 toward high-bright-
ness (HB) LED development. This initiative
will involve the construction of 310,000 m? of
building space, while a solid-state lighting and
display center with research and development
support will also be established.

Gwangju is also set to receive a further
$430 million over the next four years, which
will be split between the second phase of a
photonics industry project investigating HB-
LEDs and a venture to deploy fiber-to-the-
home networks to 20,000 households.

With all this funding in place, Yu predicts
that the larger companies will first look to pen-
etrate television-backlighting application mar-
kets 1n 2006, before re-focusing efforts on
external car lighting 1n 2008. Domestic light-
ing applications are expected to follow at the
end of the decade. The smaller companies will
concentrate on municipal lighting applica-
tions, such as the illumination of bridges,
roadsides and other public spaces. @
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Extending X-ray analysis

to process development --.
for advanced materials

PANalytical's X’Pert PRO MRD XL is a PANalytical B.V.
breakthrough system that meets all the high- P.O. Box 13
resolution X-ray diffraction analysis requirements of 7600 AA Almelo
the semiconductors, thin films, and advanced The Netherlands

materials industries. Tel: +31 (0) 546 534 444

The X’Pert PRO MRD XL incorporates: Faﬁx: ‘+31 (0) 546 ?34 598

* complete mapping of wafers up to 200 mm and e-mail: info@panalytical.com
significantly enhanced mapping of wafers up to
300 mm,

* an automatic wafer loader option enabling the

X Pert PRO MRD XL to function as an ‘in-wall’

system.

www.panalytical.com

\/ PANalytical

With the X'Pert PRO MRD XL, X-ray analysis
becomes an advanced tool for materials research and
for process development in the area of advanced
materials.
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Eliminate TC drift. Industry’s most advanced
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temperature measurement capability.
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MBE System o
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Visit us at
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9-10 April / Direct, Dynamic, Real Time
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LED MARKETS

oday, automobile manufacturers are
I wooing customers with cars that are
safer, more environmentally friendly,
better designed and more fuel efficient than
ever. These new models must also conform to
the latest legislation, resulting in the imple-
mentation of new technology. In the US, for
example, by 2007 all new registered cars will
be fitted with a tire-pressure monitoring sys-
tem. Fulfilling the separate demands from
consumers and governments will require
greater optical content within the automobile.
The LED 1s one of the optical components
that will be increasingly used in cars, provid-
ing improvements to safety and design. While
significant market penetration has already
been seen through automobile internal light-
ing with standard LEDs (table 1), their high-
brightness counterparts will benefit from the
next big market opportunity: external rear-
and front-lighting systems, such as headlights,
low beams, turning lights, sidelights and day-
time lamps. This area 1s a fashionable research
topic, with emphasis directed toward decreas-
ing price and increasing performance.

Pluses and minuses

The low power consumption and long lifetime
of LEDs are attractive features for automo-
bile designers. For example, the typical LED
lifetime of 10,000 hours greatly exceeds the
3000 hours stipulated for low-beam lighting.
The spectral quality of white LEDs, with an
associated color-rendering index of 85, com-
bined with their small size — which creates
more flexibility for designers — ofters further
advantages. And LEDs, which have a 250 ms
faster lighting-up time than conventional
bulbs, can also prevent some car accidents:
the stopping distance of a vehicle traveling at
100 km/h following a car fitted with LED-
based brake lights 1s reduced by 7 m.
However, today’s LEDs still have a num-
ber of drawbacks. Most crucially, they don’t
deliver enough lumens per watt for external
lighting, while the high cost of white and blue
high-brightness (HB) LEDs prohibits signifi-
cant market penetration. Also, the operating
temperature of LEDs 1s restricted to below
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Automotive LED take-up
hinges on cost reduction

Tempting the car-buying public and meeting new regulations will
drive an increase in LED implementation in cars, particularly for
external use, says Eric Mounier of Yole Developpement.
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Osram Opto Semiconductor’s “ThinGaN” HB-LEDs, which boast an efficiency of 50 Im/W,

were chosen by Ford to provide the lighting source for the headlamps of the Shelby GR-1
concept car. According to the automotive industry, we will see the transition of HB-LEDs

from concept cars to production vehicles in 2007, although the Optoelectronics Industry
Development Association believes that the change will not occur until 2010.

100 °C, which 1s too low for automobiles and
well below the 200 °C figure of conventional
bulbs. The performances and prices of com-
mercially available HB-LEDs and the cost
requirements that must be met to enable
greater diffusion into the automobile market
are summarized in table 2.

According to the Optoelectronics Industry
Development Association, 1t will be 2010
before the cost-to-performance ratio falls to
the 10 $/klm (or 100 Im/$) level that is required
by car manufacturers. The car industry’s take
1s more optimistic, with HB-LEDs expected
to feature in high-end cars in 2007. The indus-
try claims that headlamps will require between
15 and 50 LEDs to achieve the necessary func-
tions. The lamps must comply with legislation
dictating that low beams and high beams,
which vary only in light-intensity distribution,
must deliver between 350 and 1000 Im.

Industry regulations present another ditfi-
culty: currently only the US permits LED
usage for front lighting. However, Japan and
Europe should follow suit, with Europe

expected to allow LED-based low-beam light-
ing 1n 2007. Audi has pioneered the use of LED
technology and last year it launched a new ver-
sion of the Audi A8 that was fitted with front

lights containing five Luxeon LEDs generat-
ing a total output of 350 Im — powerful enough

for daytime running lights, but insufficient for
low- and high-beam applications.

The HB-LED market for automotive exter-
nal lighting 1s 1n 1ts infancy, but we expect that
1t will expand at a compound annual growth
rate (CAGR) of 72% over the next four years
(figure 1). By 2009 the white HB-LED mar-
ket will be worth $90 million, with Lumileds,
Osram, Nichia, Toyoda Gose1 and Cree com-
peting for market share. By comparison, the
market for internal automobile LED lighting,
valued at $350 million in 2003, will increase
with a CAGR of only 5% through 2009.

LEDs are also suitable for rear-lighting
applications, such as center high-mounted stop
lamps (CHMSLs) and LED-based rear com-
bination lamps (LED-RCLs) incorporating
tail, stop, indicator and reverse functions.—>

35



If you need
dNSWeErSs
not SUrPrises

Cutting edge
technology demands
cutting edge control.

As the leader in the field of in-situ
epitaxy monitoring, LayTec offers
the most advanced real-time moni-
toring sensors available today for
MOCVD, MBE and other thin-film
processes. We provide customized
solutions for both R&D and high-
production industrial applications.

LayTec GmbH

Helmholtzstr. 13-14

D-10587 Berlin - Germany

Tel.:. 449 (30)39 800 80-0

Fax: +49 (30) 3180 82 37

Email: info@laytec.de
www.laytec.de
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LED MARKETS
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Table 1. LED categories

Conventional nitride LEDs HB-LEDs White UltraHB-LEDs
350 x 350 um die upto2x2mmdie  upto5x5mmdie
‘30mA, 3.5Vsupply 350mA, 3.5Vsupply S50M e
<200mWpower  upto1Wpower up to 5 W power

external quarﬁum |
sfficiency about 20%

> 30 Im/W

1-8Imgenerated
typical epoxy housing

‘external quantum
efficiency > 30%

5-30Imgenerated

épéﬁ:—if_ic_s paCkaging

external quantum_

efficiency > 30%

>50Im/W

>1000 Im generated
color—féhdefing index of 85
specific packaging

Although car manufacturers use conventional nitride LEDs for interior applications, brighter
HB-LEDs are required for applications such as headlights, turning lights and sidelights.

Table 2. LED cost per lumen

Color 2004 luminous 2004 cost (Im/$) Cost objective (Im/$)
efficacy (Im/W)

Red (633 nm) 108 200y 50

AborBIT o). 00 30 60

White §EFLT about 17 (0.06 $/Im) 100 to 150

Today’s lumen-per-dollar figure falls short of automotive-industry requirements, in
particular for white LEDs, which will require nearly a 10-fold improvement.

Today, red HB-LEDs are increasingly used for
rear lighting, and have already been fitted on
18% of new European cars. These LEDs were
first fitted into CHMSLs in the 1990s, and we
expect that by 2010 they will feature in brake
lights installed in more than half of all cars.

This year, Hella—a Germany-based manu-
facturer of electronics and lighting products
for the automotive industry — will launch the
first RCLs solely containing LEDs. We expect
that within five years, 10% of cars will be fit-
ted with LED-RCLs. The future will also see
the development of smart rear lighting. By
2010 we expect to see cars fitted with LED-
RCLs featuring brake-force display, a system
that will react to road and driving conditions
with actions such as the automatic activation
of hazard lights, increasing the lit brake-lamp
area, or flashing of the CHMSL.

Photonics 1s part of the solution for
increased safety, greater comfort for drivers

- and passengers and improved aesthetics 1n

cars. However, because any changes are
restricted by strong regulations within the car
industry, the typical time taken to implement
a new standard 1s at least five years. This slug-
gishness means that car, system and chip mak-
ers must work together to further HB-LED
deployment in cars. Actions such as Audi’s
launch of the first car with LED-based day-
time running lamps will, we hope, inspire
other manufacturers to investigate the poten-
tial of solid-state lighting. LED penetration

36

B total internal-light car market

B total external-light car market
QOO frrmmmmmmmm e T

80 f--rmmmmmm e mm e L TR el
o o
. ._"..: .-,: L
i : ;
Sl
7 O O P :
---------------------------------------- T
) -
Pl w s
L
T
. -_: .-"j :_-.
e
600 ................................... —— B
i
sl
..-:.-Ih -:.‘
o S ':_'- ::':-
5' ll l ........................................ :r:‘_
L R
g
-l.::i ---
iiiiiii o "r".
T
-, _-'.
- __
300 ------- e
L
o
- . .‘-;
e
o
------- .'::

$ millions)

. -
- o

market valu

- '-."\-. iiiii

2003 2000

year
Fig. 1. External lighting applications will grow
rapidly over the next five years, but interior-
use LEDs will still represent the majority of
the market for car-based LEDs in 2009.

has already been realized in rear lighting, with
a growing number of luxury cars now fitted
with integrated LED-based lamps. Cars with
LED-based rear combination lamps are
expected to impact the market shortly. %
@ The European Photonic Industry Consor-
tium and Yole Développement report Oppor-
tunities & Challenges for Photonics in the
Automobile 1s now available. E-mail David
Jourdan at jourdan@yole.fr.

Eric Mounier is project manager in MEMS and
Optoelectronics at Yole Developpement.
E-mail: mounier@yole.fr.
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The 20™ Edition of the International Conference
on Compound Semiconductor Manufacturing
Technology will be held at the beautiful Sheraton
New Orleans Hotel, New Orleans, Louisiana, USA
and promises to be the most exciting and informative

conference yet.

The Workshop teatures 12 sessions spanning 4 topics

streams:
—  Processing stream addresses photo-lithography,

metallization & dielectrics, wet & dry etch, and

backside processing.
— Networks stream provides an overview of

PAN’s, LAN’s, and MAN’s.

—  Cellphone stream covers standards, receivers and
filters, power amplifiers, and switches.

— Business stream addresses fab logistics and
accounting basics for engineers.

The Technical Sessions are truly outstanding with
strong international representation representing over

50 companies, universities and government
laboratories worldwide.

The  Plenary Session addresses compound
semiconductor (CS) market trends, technology

benchmarking and roadmaps and consists of 6

Plenary Talks:

— Paul Augustine, General Manager, Nokia
Product Line Director at RE Micro Devices,
focuses on Trends and Opportunities for GaAs in
Handsets.

—  Mark Rosker, DARPA, provides an overview of

wide bandgap technologies for microwave and

millimeter-wave applications.

Chuck Weitzel, Freescale Semiconductor, will

present performance comparisons for GaAs,

S1Ge, LDMOS, GaN and related technologies.

Sean McGrath, Philips Semiconductors, provides

an overview on benchmarking of achievements

and relative market opportunities 1n wide
bandgap technologies.

— Herbert Bennett, U.S. National Institute of

Standards and Technology, will discuss the role
of compound semiconductors in the context of
the 2003 International Technology Roadmap for

Semiconductors (ITRS).
— Asif Anwar, Strategy Analytics, will give an
overview of the CS supply chain and CS market

share gain opportunities.

2005 International Conference on Compound
Semiconductor Manufacturing Technology

April 11"-14", 2005
Sheraton New Orleans Hotel
New Orleans. [Louisiana. USA

The general Technical Sessions feature worldwide
leaders in their fields, addressing several key areas of CS

technology:
— . "HBT's, FET s, and HEMIS

—  Wide Bandgap RF Device Technology
—  Processing

—  Materials

— Rehiability

—liest

—  Optoelectronics.
This year’s Exhibits will again feature leading vendors of

manufacturing equipment, materials, and technology and
will include the popular Exhibits Reception.

As usual, there will be plenty of Seocial Functions
designed to provide opportunities to network and build

business relationships.

For more information, online conference and hotel
registration, and the Advance Program, visit

www.CSMANTECH.org.

Early Registration Ends March 15
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MATERIALS & EQUIPMENT NEWS

Veeco Instruments has completed its internal
investigation of improper accounting trans-
actions at i1ts TurboDisc business unit.
Recalculated revenue for the first three quar-
ters of 2004 1s $2.2 million lower than previ-
ously reported, and the company’s pre-tax loss
increased by $10.2 million.

Jefferson Wells, a forensic accounting firm
brought in by the audit committee of Veeco’s
board of directors, concluded that improper
entries were made by an individual at Turbo-
Disc whose employment had been terminated
before the investigation began. No motive was
uncovered and no evidence found of either
embezzlement or division of corporate assets.

The company restated i1ts revenue for the
first three quarters of 2004 as follows: quar-
ter 1: $90.9 million (down $3.6 million); quar-
ter 2: $99.2 million (down $3.6 million); and
quarter 3: $97.4 million (up $5.0 million).

“While revenue adjustments impacted indi-
vidual quarters, these adjustments 1n the
aggregate do not reduce TurboDisc revenue
recognized for the 2004 year,” explained
Veeco CEO Edward Braun. Despite the rela-
tively small impact on the top line, Veeco’s
earnings for the equivalent period were badly
hit, with adjusted pre-tax loss $10.2 million
worse than previously reported.

The turmoil at Veeco led to the dismissal of
the controller of 1ts TurboD1isc division. The
company has now appointed Richard
Wissenbach as general manager of the com-
pound semiconductor/epitaxial process equip-
ment group that includes both the TurboDisc

operation in Somerset, NJ, and the MBE unit
at St Paul, MN.

Low profit margins

“What 1s particularly disturbing about these
accounting errors, 1n addition to the control
problem at TurboDi1sc, 1s that they prevented
early awareness of the true profitability of the
business, added Veeco CFO John Rein. The
division had effectively been selling its
MOCVD equipment at a price too low for the
desired profit margin for most of 2004 (see
Compound Semiconductor March pS). “The
epitaxial group had a combined gross margin
ot 24% onrevenue of $93.6 million tor 2004.
These margin levels are completely unac-
ceptable and we have an aggressive plan to
attack the problem in the coming quarters.

COMPOUND SEMICONDUCTOR APRIL 2005

VEECO

Veeco plans ‘aggressive’ measures to
boost TurboDisc division profitability

compoundsemiconductor.net

Veeco’s investigation into improper accounting at its TurboDisc MOCVD division revealed
no evidence of embezzlement, but saw the division’s controller dismissed.

Rein explains that improvements to the
gross margin for the epitaxial division can be
achieved through progress in design effi-
ciency, better supply-chain management, stan-
dardization of product offerings, and reduced
warranty costs. Currently the TurboDisc prod-
ucts have an associated warranty expense
equating to 8% of revenue. According to Rein,
this figure should be only 2—-3%, a target that
he believes can be attained through changes
to just one or two components within the reac-
tor. He believes the improvement program
will increase the division’s gross margins from
25 to 34% over the 2004-2005 timeframe.

Veeco also reported its fourth-quarter fig-
ures, which Braun labeled *a disappoint-
ment . Revenue for the fourth quarter ending
December 31, 2004, was $103 million, up
$5.6 million sequentially, and a 34% increase
year on year. Operating loss was $6.7 million,
well up on the $3.5 million recorded for the
previous quarter.

However, Veeco’s order backlog improved
during the fourth quarter, rising 24% sequen-
tially to $99 million, driven primarily by
increased customer spending from the data
storage and silicon industries. Excess capac-
ity of epitaxial equipment 1s still a problem
for the company, particularly 1n the Asia-
Pacific region, and Veeco expects revenue

from this product line to fall between 20 and
24% 1n 2005. However, the sector 1s expected
to pick up again in 2006, as markets for high-
brightness LEDs expand from cell-phone
applications to incorporate backlighting tele-
vision screens, automotive applications and
general lighting.

Knock-on effects

Veeco’s recent financial difficulties have also
impacted Emcore, which sold the TurboDisc
division to Veeco in November 2003. The
original earn-out deal stated that Emcore
would receive 50% of all TurboDisc revenue
that exceeded $40 million in the two years
beginning January 1, 2004, with a maximum
payout of $20 million.

Since revealing the problems with the
TurboDisc accounts, Veeco has written to
Emcore with a preliminary earn-out state-
ment. The statement says that TurboDisc net
sales amounted to $64.9 million 1n 2004,
which would mean a payment of $12.5 mil-
lion to Emcore.

Veeco will be in contact with Emcore again,
now that 1t has restated 1ts financial results,
but at this stage 1t 1s unclear how much money
Emcore will receive. Based on Veeco’s 2005
outlook, Emcore does expect to receive the
earn-out balance 1n 2006.
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MATERIALS & EQUIPMENT NEWS

Trikon plans
Aviza merger

UK-based wafer-fabrication equipment pro-
ducer Trikon is intending to merge with Aviza
Technology, a supplier of thermal process and
atomic-layer deposition (ALD) systems,
headquartered in Scotts Valley, CA.

Aviza’s stockholders have agreed to the
consolidation, but the deal is still subject to
the approval of Trikon’s shareholders.

The new firm, also called Aviza Technology,
will have 700 employees and should generate

annual revenue in the region of $160 million.
Aviza stockholders will own 60% of the new

company, with Trikon stockholders account-

ing for the remaining 40%.

Aviza’s current CEQ, Jerry Cutini, and pre- |

sent CFO. Patrick O’Connor, will continue 1n
these roles at the new company, while Trikon’s
CEO, John Macneil, will be appointed CTO.

“Trikon’s product portfolio, consisting of
plasma etch, physical vapor deposition and
chemical vapor deposition systems, combined
with Aviza’s thermal processing and ALD
tools, will allow us to expand and provide a
broader solution set, said Macneil.

Substrate manufacturer AXT is cutting 100
staff from 1ts Beijing, China facility. The com-
pany cites ongoing efforts to reduce its cost
structure, as well as bringing capacity in line
with current demand., as the reasons for reduc-
ing the Chinese workforce by 15%.

The company will record a restructuring
charge of $0.1 million in its first quarter
related to the headcount reduction, which it
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AXT cuts staff numbers and appoints CEO

will complete in 2005. AXT expects that this
move will produce annual payroll and related

expense savings of $0.3 million.
The firm has also appointed Philip Yin as

CEO, effective from March 28, replacing |

Donald Tatzin. Yin was Aixtron’s general
manager for North America and has been

president of ATMI Epitaxial Services, and has i
held senior roles at Crysteco and Mitsubishi.
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Accurate Gas Control Systems

e Semiconductor manufacturing
equipment supplier Mykrolis has acquired
Extraction Systems for $25 million in
cash. Extraction Systems, which is based
in Franklin, MA, sells products that are
used to measure and remove airborne
molecular contaminants in the
semiconductor manufacturing process.

e UK-based pump supplier BOC Edwards
has signed a deal with MOCVD equipment
specialist Aixtron that will see the German
firm incorporate BOC Edwards pump and
abatement systems in deposition
equipment used for GaAs and InP growth.
e French MBE equipment provider Riber
has sold research machines to The Braun
Center for Submicron Research, which is
located at the Weizmann Institute of
Science in Israel, and the University of
Arkansas in Fayetteville.

e PVA TePla of Germany has reported
annual revenue for 2004 of €44.2 million
(559 million), up €5.3 million sequentially.

AGT354D Recirculator

SSTL Jacket

Precision Temperature Control from Source to Process

40

COMPOUND SEMICONDUCTOR APRIL 2005



S W ¥

September 18 - 22, 2005  Europa-Park Rust  Germany

The 3274 International Symposium on Compound Semiconductors (ISCS-2005) will be held September 18 - 22, 2005

in the Colosseo Hotel at the “Europa-Park”, Rust, 30 km north of Freiburg, Germany.
ISCS-2005 will address 111-V and II-VI compound semiconductors as well as SiGe, SiC, and related alloys.

Abstract Submission

Authors are mvited to submit

a two page (text + figures)
camera-ready abstract by E-mail

Topics of ISCS-2005 e

- Compound Semiconductor Materials | L G250

- Electronic Devices and Integrated Circuits

- Optoelectronic Devices and Circuits

- Nanostructures and Quantum Functional
Devices

- Sensors

A

Contact

[SCS-2005, Fraunhofer IAF

Tullastr. 72, 79108 Freiburg, Germany
Phone: +49 (0) 761 5159 - 800

Fax: +49 (0) 761 5159 - 677

E-mail: 1scs2005@iaf.fraunhofer.de

www.iscs2005.com

| F I ;
- : o L N T L P P T e e R e
L . ol P T gl T M R R = e T e i o "
LK s ELE r :._l:-.' "I".’:'I""H"q- IT-‘J..‘I-'J.J-':I?-_: ,;.:1._'|": B s S I M A | O N S O FTWA R E F O R
- | S e LT L g _;"'-l- r.. P oF :“'I.. in I'1J.|. fa i ot N
= IR R S U L I
i W 2 o S A T
2 N RN A LA s Fer s
S e S
-:. o ! F W ..-“:'1‘“ -.:.‘ 3 . 1

COMPOUND SEMICONDUCTOR
| DEVICES

PROCOM: MOCVD reactor simulation
software for binary/ternary/
quaternary compounds

Important Dates
June 3, 2005 Submission ot Abstracts
July 1, 2005 Notification of Acceptance
July 12, 2005 Conterence Pre-Registration
July 12, 2005 Hotel Registration

Large collec-
tion of material
parameters

such as AlGaAs,
APSYS: Device simulator for LED InGaAsP,

(with 2/3D ray tracing), HEMT, HFET, InGaAsAl,
HBT, APD, PIN, RTD, etc. InGaAsN,

PICS3D/LASTIP: Specialized InGaAlN,
simulator for Laser Diode, VCSEL, SOA | InGaN, AlGaN,
and Waveguide PD. e
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Measure all optical and electrical @ Luminous intensity {candela)
parameters of LEDs and other light @ Luminous flux {lumen)

sources in conformity to inter- @® Dominant wavelength {nm)
national standards accurately and @ color coordinates (x. v, 2)

within seconds. With equipment @ Spatial radiation pattern
from Instrument Systems — the
world leader in LED metrology.

J S .' 1 ; N
INSTRUMENT  phone +138345 % 43-9 CHOSl;tI‘ware lzl-c 202-3855 HENNING DR.
SYSTEMS (nfo@instrumentsystems.de Creators of award winning software ffer state-of-the:  BURNABY BC V5C 6N3 CANADA
W\ 0PTISCHE MESSTECHNIK  Www.instrumentsystems.de P tiee, bt chiries trapart, B8 vp  TEL:(604) 320-1704 FAX:(604)320-1734

band structure for zincblende materials, and 6x6 k.p www.crosslight.com

WE BRING QUALITY TO LIGHT theory for wurtzite structures.




Aixtron finalizes acquisition of Genus

Germany-headquartered MOCVD equipment
manufacturer Aixtron has finally acquired
US-based Genus, a supplier of atomic-layer-
deposition (ALD) technology to the semi-
conductor and hard-disk-drive industries.
Aixtron first announced the planned merger
with Genus back 1n July 2004, but the deal was
only clinched on March 10 at a special meet-
ing of Genus’ shareholders, where 61% of the
vote was 1n favor of the acquisition.
Genus’s shareholders have now been

MATERIALS & EQUIPMENT NEWS

issued with Aixtron American Depository
Shares (ADS), equivalent in value to Aixtron
ordinary shares. The Aixtron ADS started
trading on the NASDAQ stock exchange on

March 11.
“We would like to thank all of our share-

holders for their support on this very impor-
tant strategic move, said Genus CEO Bill
Elder. “In the combined companies’ porttolio,
Aixtron’s leading MOCVD equipment for the
production of LEDs, high-frequency chips

compoundsemiconductor.net

and lasers, and in particular their atomic vapor
deposition technology, will nicely comple-
ment Genus’s ALD technology, which is
required in the production of advanced semi-
conductors and hard-disk drives.”

Paul Hyland, Aixtron CEO, added: “This
transaction enables us to leverage the two com-
panies’ complementary strengths and gain the
critical mass required to successfully compete
in both the compound semiconductor and the
semiconductor-equipment industries.”

—— = e —

—

——— e ——

PRODUCT SHOWCASE

To advertise your product in this section, contact Luke Neel on tel: +44 117 930 1033, or e-mail: luke.neel@iop.org.

Magneto-transport measurements

Lake Shore Cryotronics, Inc

Hall effect measurements on dilute magnetic semiconductors and
compound semiconductors. Resistance ranges from 10 u€2 to 200 G€2,
fields to 9 T, and temperatures from 2 to 800 K. Quantitative Mobility
Spectrum Analysis software resolves individual carrier mobilities and
densities for multicarrier devices and compound semiconductors.
Anomalous Hall Effect measurements for spintronics and an AC
current option measures resistance down to 10 u€2, and increases
resolution to 10 ppm at 2 m<2.

Contact: Lake Shore Cryotronics
Tel: +1 614 891 2244

E-mail: marketing@
lakeshore.com

Web: www.lakeshore.com
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New lapping and polishing machine

Engis Corporation
The Microtech AM-15 is the newest machine from Engis capable of

performing repeatable precision surface preparation of compound
semiconductor materials. Equipped with a 15" platen and power pressure
plate system, its rigid and compact design makes it ideally suited for R&D
and pilot production. Combined with Engis CMP-D diamond slurries and
Engis application experience, you have one source that can develop and
support cost-effective processes for the most demanding applications.

== e

Contact: Engis Corporation,
105 W Hintz Rd, Wheeling,

[L 60090, USA

Tel: +1 847 808 9400

Fax: +1 847 808 9430

E-mail: info@engis.com

Web: www.engismicrotech.com
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Accel-RF Corporation

RF accelerated life testing can reveal a great deal about the reliability of
compound semiconductor devices. Although this testing traditionally
requires customized, sophisticated test instruments, there’s a better way.
Accel-RF’s tully integrated, automated, turnkey systems characterize RF
and DC performance degradation to predict median life expectancy and
performance degradation with time. Up to 32 in situ DUTs can be
iIndependently stimulated with
temperature, DC and RF.

Contact: Roland Shaw
Tel: +1 858 449 9750

E-mail: info@accelrf.com
Web: www.accelrf.com

MAccel-RF
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Reliability testing just got easier

Real-time arsenic analysis

TraceDetect

TraceDetect Inc revolutionizes arsenic monitoring with the SafeGuard™
Automated Arsenic Analyzer. The SateGuard™ system brings accuracy and
precision to on-site, real-time arsenic analysis. It can be used to pinpoint arsenic
levels before effluent discharge, for optimization of flocculant dosing rates, and
data logging allows report generation. Automated chemical handling ensures
operator safety and ease of use, and there 1s no need for vacuum or high purity
gas supplies. Proven accuracy with [CP-MS correlation, the SafeGuard™
delivers rapid and economic detection
to below 1 ppb 1n water matrices.
(GaAs Mantech Booth #512.)

Contact: TraceDetect Inc.

180 N Canal St, Seattle, WA 98103.
USA

Tel: +1 512446 7916

rax: +1 206 523 2042

E-mail: tomw(@tracedetect.com
Web: www.tracedetect.com
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HaveWide Banc

Material Needs?

We have globally integrated
solutions:

Omiprobe metrology tools

Optical Metrology Innovations

Optical Metrology Innovations manufactures the Omiprobe range of rapid
non-destructive characterization tools for epi and silicon wafer manufacturing.

The parameters measured and mapped include bandgap energy, strain levels,
interface effects, composition, band offsets and electric field. Detailed

characterization of these parameters facilitates continual yield enhancement in
[ —_— - an SPC environment. Three metrology tools
e are available: Omiprobe GaN for gallium

nitride metrology; Omiprobe I1I-V for
compound semiconductor metrology; and

B Highly skilled
technical experts worldwide

B Dedicated to meeting your
needs throughout the electronics
production chain — from substrates

Omiprobe SSi for strained silicon metrology. and fabrication to final assembly
i| Contact: 2200 Cork Airport Business Park, A
| Cork, Ireland R g it P
: Materials Services
Tel: +353 21 4316907 . .
| R : i ol SiC Wafers Materials Development
| E-mail: chris.russell@omi.eu.com |

: Passivation Custom Specifications
Web: www.{:}ptlcal—metrology.com Packaging AﬂﬁlYtiCH‘ Testing
Assembly  Production Management

Contact: dcsemi@dowcorning.com

UHV surface analysis and depth profiling Visit us on the webi: www dowcoming.com/ cormp o
iden Anal.ytlcal : Compound Semiconductor £2004 Dow Coming Corporation
Hiden Analytical presents MAXIM, a high-performance quadrupole Solutions Dow Coming and We help you invent the fisture
secondary-ion monitor designed for optimum sensitivity for UHV surface _ ol bt Tt e
analysis and depth-profiling applications. MAXIM features a 10-fold | (4SFM250
increase in detection capability to 106 counts per second per nanoamp for | | e

argon—aluminium, a mass range of up to 1000 amu, and positive- and | - = e
negative-ion detection through a dynamic range of seven decades. An |

internally generated raster scan is used for primary beam deflection '| 'M‘E }
which, together with the synchronous data-acquisition facility, enables Q/m
S e i precise surface mapping '| ELE“ E“' AL - 8
Contact: Hiden Analytical Ltd, |
420 Europa Boulevard, || A.ALYS. s
Warrington WAS 7UN, UK
0

ISO 9001:2000, 150 17025
Nadcap

Tel: +44 1925 445225 | f
Fax: +44 1925416518 |
E-mail: info@hiden.co.uk

Web: www.hidenanalytical.com | High Purity Materialsf Films’ and Coatings

i Trace Elemental Analysis by High Resolution Glow-Discharge MS

l High Performance NIST Method for Majors
CMP system ; Fractional Gas Analysis
Logitech Ltd |

The CDP system from Logitech Ltd (Semicon Europa, Hall A1, booth | Depth Pmﬁhng
number 010) 1s ideal for global planarization of I1I-V wafers and delayering
ICs/MEMS devices for fault analysis and reverse engineering. The fully
automated control panel allows process parameters to be stored for future
use, helping ensure end-result repeatability. This, coupled with a low cost
of ownership, makes the CDP particularly useful for testing new CMP

slurries, pads and templates for off-line analysis, and for off-line trials of
new CMP processes without stopping production runs.

| '

| HP braphite
Contact: Logitech Ltd, Erskine |
Ferry Road, Old Kilpatrick,

et sl SHIVA TECHNOLOGIES
Fax: +44 1389 890956 6707 Brooklawn Parkway

E-mail: info@logitech.uk.com Syracuse, NY 13211, USA

94, chemin de la Peyrette
Web: www.logitech.uk.com

31170 Toumefeuille, France

Ph +1.310431-3000 Fax: +1.310431-3800  Ph: 433561731520 Fax +33.561.7315 67
wiw.shivatec.com - sales@shivatec.com shiva_europe(@shivatec.com
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Rugged, compact 4H-SiC avalanche

photodiodes reach the quantum limit

A US research team has built the
first silicon carbide (S1C) aval-
anche photodiode capable of sin-
gle-photon counting (Elec. Lett.
41 212). The UV detector, pro-
duced 1n a collaboration between
Rutgers University, NASA,
Raytheon and United Silicon
Carbide, 1s smaller than today’s
commercial photomultiplier
tubes (PMTs) and has a wider
spectral range than solid-state sin-
gle-photon counters.

PMTs are often used for single-
photon counting due to their high
gain and relatively low dark-count
rate, but S1C has the edge in terms of ruggedness and compactness says
team member Jian Zhao of Rutgers University. Zhao explains that S1C
detectors are not only potentially more affordable than PMTs, but are

SiN,/SiO,

4H-SIC

Fig. 1. At 270 nm, SiC single-photon
avalanche photodiodes have a
peak quantum efficiency of 20%.

Swiss scientists boost quantity
of aluminum in AIGaN crystals

Researchers from ETH Zurich, Switzerland, have produced AlGaN
crystals that have an aluminum content of 27%, which 1s a 17%
improvement on all previously reported results (4Appl. Phys. Lett. 86
081908). These crystals, unlike those made from GaN, could enable
lattice-matched growth of aluminum- and indium-containing ternary

and quaternary compounds.
The team grew the AlGaN crystals in a cubic anvil cell loaded with

Al,O; dielectric layer improves GaN HEMT reliability

A team from Agere Systems, ASM America and Lehigh University
has improved the reliability of GaN-based HEMTs by using atomic-
layer deposition (ALD) to insert a 16 nm-thick Al,O; dielectric layer
below the gate contact (Appl. Phys. Lett. 86 063501).

The researchers compared the metal-oxide-semiconductor (MOS)-
HEMT device characteristics (see figure) with a typical GaN HEMT.
Under a 2 V positive gate bias the gate leakage current density of the
MOS-HEMT was less than one-millionth that of a standard HEMT.
The MOS-HEMT s breakdown voltage was also a vast improvement
over that of a standard HEMT, failing at 12 V instead of only 2 V.

The US scientists were the first group to investigate the benefits
of inserting an oxide layer by ALD: “I tried ALD grown HfO, and sput-
tering Al,O;, but neither one was as successful as ALD of Al,O;,” said
team member Peide Ye of Agere.

Compared with sputtering and electron-beam deposition, ALD offers
better film quality. It is a surface-controlled layer-by-layer growth
technique for thin-film deposition with atomic-level precision and is

44

also insensitive to magnetic fields, can operate across a wider temper-
ature range, have higher radiation tolerances, require lower bias volt-
ages and have a lower dark current.

SiC single-photon avalanche diodes (SPADs) also compare favor-
ably with detectors constructed from silicon, InGaAs and InP, which
have a poor spectral response in the UV region. Although GaN is suit-
able for UV detection, Zhao says that avalanche photodiodes produced
from this material “typically die after a few measurements’ .

The team’s 160 x 160 um S1C SPADs have a 74 x 34 um optical win-
dow and are produced by depositing 4 um n-doped, 0.2 um p-doped,
and 0.15 um heavily p-doped S1C epilayers on a 4H-SiC substrate. Nickel
and titanium form »- and p-type ohmic contacts, respectively.

The device has a peak quantum efficiency of 20% at 270 nm. At
longer wavelengths the indirect nature of the 4H-SiC bandgap leads
to a decrease in the detector’s response, and at shorter wavelengths
the quantum efficiency declines through surface-recombination effects.
According to the team, substantial improvements in efficiency — lead-
ing to photon-counting efficiencies in excess of 40% — could be
achieved by using separate absorption and multiplication structures.

liquid gallium, small pieces of aluminum and GaN powder to provide
the nitrogen source. Crystal growth, at 1750 °C and 30 kbar, took
between 12 and 60 hours and produced colorless and slightly brown
crystals in a variety of shapes ranging from needles to discs. The
aluminum fraction of 0.27 £ 0.02 was estimated from a combination
of mass spectrometry, single-crystal X-ray diffraction and photo-
luminescence measurements.

According to Peter Geiser, a member of the team, scaling this process
from the 0.6 x 0.4 x 0.2 mm crystals produced so far to sizes suitable
for commercial wafer production will require similar efforts to those
directed toward GaN growth over the last decade.

widely used by silicon-chip mak-

gate ers. ““The silicon industry’s semi-
Source a1 5 (16 nim) drain conductor roadmap supposes that
7 | ALD-grown high k-dielectrics

Al ,Gag gN (30 nm) z v

will replace all S10, manufacture
in 2008, explained Ye.

The GaN MOS-HEMT struc-
ture, grown by MOCVD on a
2 inch sapphire substrate, consists
of a 40 nm buffer layer, followed
by a 3 pm-thick undoped GaN
layer and a 30nm undoped
Al, ,Gay gN. The 16 nm-thick
Al,O5 layer 1s then deposited by
ALD at 300 °C, before the structure is annealed for 60 s at 600 °C.
Source and gain regions are defined with diluted HF etching, before
electron-beam deposition forms the metallic ohmic contacts.

undoped GaN (3 um)

e P E el e

In MOS-HEMTSs, an amorphous
Al,O; layer cuts the gate leakage
current density to one-millionth
that of standard HEMT devices.
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Global Phosphorus Solutions

If you want to visit the Indium Phosphide PTC and find

2 Innovative Reactors

In 1982, Riber develops the industry’s first phosphorus- out more about our global phosphorus solutions for
dedicated MBE research system. growth, characterization and maintenance, please
# Patented Phosphorus Sources contact us today at:
In 1992, Riber introduces the zero-burst valved
phosphorus cracker cell design that is now used by all RIBER
major component manufacturers. 133, bd National
# Full-Service Process Technology Center (PTC) 92503 Rueil-Malmaison Cedex / France
In 2002, Riber inaugurates the industry's first InP Tel: +33 (0) 1 47 08 84 35
Process Technology Center to accompany you from Fax: +33(0) 1 47 08 32 39
start up through full production of phosphorus- e-mail: info@riber.com
containing compound semiconductor materials. Web site: www.riber.com
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For high-volume epitaxial production,
there’s only one choice: Veeco.

Veeco MOCVD and MBE: highest throughput,
lowest cost of ownership, superior quality.

For high-volume production of compound semiconductors trom GaN LEDs to RF
integrated circuits, Veeco provides the world's leading epitaxial equipment and process
solutions. Higher throughput, pertormance and quality give you a clear advantage.
Coupled with our worldwide customer service, and complementary deposition, etch
and metrology solutions, these tools make Veeco your ideal production partner.

To learn more, visit www.veeco.com or call 1.888.24.VEECO today.

Solutions for a nanoscale world.

Compound Semiconductor
Solutions:
MBE, MOCVD, PVD, IBD, IBE
AFM and Optical Metrology

Process Integration Center

"-.._‘__.-" %

veeco




