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Delivering leading-edge process technology to our customers
and driving down the cost-per-die of dry plasma processes
has been the impetus behind the development of the new
'Pro' generation of equipment platforms from STS.

Key Features:

« Exceptional Process Capability « Remote Operation and
 Enhanced Reliability Diagnostics

 Reduced Maintenance * Improved User Interface and
» Smaller Footprint —unctionality

» Lower Cost of Ownership * Direct Manual Control

« Faster Installation « Improved job scheduling

Completely re-engineered and re-packaged with the latest
generation of SCADA/PLC control systems, the 'Pro
platforms provide uncompromising performance and
exceptional reliability.

Seeing is believing

—~—

MEMS  Photonics Wireless

Advanced Packaging Data Storage

The Pro range is available in the
following platform options:

* Multiplex - Single process chamber with

carousel loadlock

®* MACS"®? - Single process chamber with

atmospheric cassette handling system

® ASPECT " - Production cluster platform
configured with up to 2 vacuum cassette

handlers and 4 process modules

www.stsystems.com

e MEMS ePhotonics e Wireless e Advanced Packaging eData Storage

A
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Surface Technology Systems plc SURFACE TECHNOLOGY SYSTEMS

Imperial Park, Newport, NP10 8UJ,UK. Tel:+44 1633 652 400 Fax:+44 1633 652 405 email: Enquiries@stsystems.co.uk
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TriQuint and Lockheed Martin have made
good progress with GaN-on-SiC FETs p10

Blue Sky Research has started manufacturing
635 nm red laser diodes in house p13

Cree’s white LED lamp produces 1200 Im,
about the same as an incandescent bulb p20

NEwsS COVER STORY: LIGHT-EMITTING DIODES
(AR RT R NIRRT SIS S NG RN P P PO S N T S AR E R R T 2 SN D S e PR B L S e T S L s S P i e R B SR B e e s e e e s ]
5 Headline News GCS and GCTC form III-V foundry 20 Backlights, airports and vehicles boost
giant...Alcatel transfers InP HBT technology to Ommic | LED market
A i As chip manufacturers continue to improve the
S LED News Lighting workshop sets tough targets for li performance and reduce the cost of their products, new
LEDs...VPEC ships first WB-LED chips

| applications 1n areas such as airport lighting and car

; _ headlamps continue to emerge. Tim Whitaker reports from
10 Wide Bandgap News GaN HEMT features high

| prin: . the Intertech LEDs conference.
power density...APA Optics aims for commercial |
production of GaN-based devices |

23 HB-LEDs: the market drive towards
12 Silicon Compounds Soitec installs SSOI toolsets... ! so"d-..State ‘Ilghl_:mg ..
AmberWave sublicenses Agere’s patents | Growth in the high-brightness LED market will be fueled

| by illumination applications over the next five years as the
13 Opto News Blue Sky Research unveils red laser | price/performance characteristics of devices improve,

diodes...UK start-up company eyes Si optoelectronics ! writes Bob Steele of Strategies Unlimaited.

16 News from Asia Mitsubishi ramps up DVD laser 27 Any color, as long as it’s white
production...Lite-On purchases packaging equipment | [t 1s widely believed that general lighting will one day
|

| become a huge market for white-light LEDs. Bill Kennedy
18 GaAs & Wireless News Symposium considers | describes some of Toyoda Gose1 Optoelectronics’ recent
market recovery...IBM expands foundry services at chip | technological progress.
manufacturing facility

) : | | 31 Mirror adhesion technique boosts LED
39 Materials & Equipment IQE raises $32 m in share brightness

Pl Donald Huo and colleagues from Epistar Corporation
describe a new mirror adhesion technique for producing
high-brightness and high-power A1GalnP LED chips.

FEATURES

33 ICSCRM underlines good progress in SiC
technology

. e s  DEPARTMENTS
This year’s ICSCRM highlighted the significant steps that

have been taken recently towards broadening the range of | 36 Research Review I1I-Vs and nitrides feature at [IEDM
SiC devices available off the shelf. Jon Newey reports. :

 ADVERTISING SECTION
BPR ' 39 Product Showcase

4

On the cover: White LEDs are now being used to provide dayvtime running lights within headlamps (image courtesy of Hella) — see p20.

Compound Semiconductor s circulation
figures are audited by BPA International
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'Foundries gain ground as

‘consolidation continues

Recent weeks have seen more examples of consolidation among
compound semiconductor device manufacturers. Two foundry
companies, GCS of the US and GC'1'C of laiwan, are joining
forces to form Global Compound Semiconductor Corporation
(GCSC), which 1s likely to be the industry’s largest foundry
company. Offering a range of electronic and optoelectronic

device wafers together with access to a state-of-the-art 6 inch GaAs fab that 1s

also capable of producing SAW devices, the company hopes to emulate the
success of giant foundries such as TSMC and UMC in the silicon industry.

Meanwhile, both Raytheon and Celeritek recently decided to quait the
commercial GaAs business, concentrating instead on defense markets.

Raytheon sold 1its commercial GaAs business, including its stake in another
Taiwanese foundry, WIN Semiconductors, to Fairchild. Both Raytheon and

- WIN will now provide foundry services to Fairchild.

- A new editor

At another level of the industry, two fiber-optic component manufacturers
concentrating on mtegrated InP-based devices have also merged. T hreelive
Photonics of the Netherlands was eftectively saved from bankruptcy by its
merger with the New Jersey start-up ASIP. Interestingly, T hreeFive’s original
venture capital backers were sufliciently impressed with the potential of the
merged entity that they provided it with further funding, although they
hadn’t been prepared to continue to support Threel'ive on its own.

T'his editorial column, which 1s only the second I have written in more than
four years as editor of Compound Semiconductor, 1s also my last. At the start of

- 2004, Michael Hatcher takes over as editor of the magazine. Michael 1s an
excellent journalist who has written extensively for our sister publication,
Opto & Laser Europe, on a range of subjects. I'm sure that this magazine will
benefit from Michael’s fresh approach, and that he will continue to keep

- Compound Semiconductor 1n 1ts pre-eminent position as the industry’s leading

source of news and information.
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LASER DICING LOOMIS SCRIBE DICING ‘
reduces LED brightness doesn’t.
by up to 15%.

o e
= L*'—r--ql'
Jalaisd ity
e ol ) i
= L pa 5 5
. Brd % | L%
&y 'ﬁ‘l' L4 "'i i :'_'.: ",I"! rhi =
#iy o ML L r -
ey P -
F L ot X " el 5 |y
: e 3. rereiie
Y At o o ey e o
i : am L. o A B Rl A o g ?‘-..‘.____.
AT S P A R e
. J"% _‘_1'.. S o o e = - i o e "
"l-‘.'..“ 3 - o ] o i * i P ' W .l|.;.l|
= e - s e e iy et ey g ek e H Aty 1] A gy s
W " = -
3 A T ‘. :Ffl;i Ay ey ﬁ
¥ il ol k.
e, " = ¥ & b - o " N e
A - | g il .'F"" *"5-. e
& et . iy e n 1 ] - =y
M g, s i =, ¥
. T 'L‘ ol l'lﬁ"'p 3 S = - - ¥
e - il ¥ n/ o = o
N F a ~ A % % = Y =
r e S ) o T 2 8 g
. s iy : >
33 Tesi ety : saryy o
tt :- fede . T l"-. o s :" ¥ "
fa k. - =y Ao L 3 -u.\‘
4 ™ i ot E:. b . =
F ' o
ST 23T ites It :
L " o F
"1": @.ﬂi i . o -
: W p [ o a0 e
" - . .'It.l an » a ¥
A -| e s
- 4 now, y R
3 e o et 220 R ——
M ", w = "
e % 1139
P oo ) L
=~ N
- k.
. b
. T
&
.II. -
v .
L
g |

<
Wﬁl "I'u.f.iw -

LED mask on sapphire
Scribed @ LII-11/21/03
Yield = 98+%

Tool costs = $15.21

Your customers won't stand for a needless reduction in bﬁghhess. Neither should you. Loomis Industries has revolutionized
scribe dicing of sapphire and silicon carbide and made it available in an automated production machine. The result is a rote
LED dicing system without the light degradation associated with laser systems.

After all, your company didn’t spend millions in research and development on LED brightness to throw those precious lumens
away. Loomis scribe dicing gives your company competitive manufacturing and marketing advantages while letting all of your
hard work shine through in every LED you make. Now that's a bright idea.

For more information on our LED scribe dicing system and flexible financing options
call us at (707) 963-4111 - or visit us online at www.loomisinc.com.
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HEADLINE NEWS & ANALYSIS

compoundsemiconductor.net

GCS and GCTC form l1I-V foundry giant

By Tim Whitaker

Two of the leading compound semiconductor
foundry companies in Taiwan and the US are
to join forces. Global Communication Semi-
conductors, Inc (GCS), a water foundry based
in Torrance, CA, and Global Communication
Technology Corporation (GCTC), a III-V
foundry company based in Hsinchu, Taiwan,
will combine their operations to form the
industry’s largest foundry service provider.

The new company, Global Compound
Semiconductors Corporation (GCSC), will be
formed once the deal closes in early 2004. The
boards and shareholders of both companies
have already approved the agreement.

GCS and GCTC say that their merger com-
bines a high-volume, low-cost 6 inch manu-
facturing facility in Taiwan while maintaining
the Torrance facility, known for cutting-edge
technologies, and will therefore meet the
demands of various technology-driven, high-

performance markets.

The GCS facility in Torrance 1s ISO 9001 :
2000 certified and offers foundry services for
InGaP HBT, InP HBT, SAW and PHEMT
processes. It also provides optoelectronic
foundry services for QWIP detectors, mod-
ulators and pin diodes used 1n the surveillance,
security and fiber-optic communication mar-
kets. GCS says that several major compound
semiconductor device manufacturers, on three
continents, have qualified 1ts facility for vol-
ume manufacturing programs.

Meanwhile, GCTC operates an ISO 9001 -
certified facility in Hsinchu comprising a
state-of-the-art, cassette-to-cassette, fully
automated 6 inch wafer processing plant with
a Class | cleanroom.

“The low cost of labor and overhead asso-
ciated with Taiwan, and GCTC's location 1n
the Hsinchu Science-Based Industrial Park,
enables foundry customers to take advantage

of the mature infrastructure of related testing
and packaging companies clustered around

29

Hsinchu, said Don Brooks, recently elected
chairman of the board of GCSC.

“This 1s a very exciting time in compound
semiconductor foundry services and I am
reminded of my experience in Taiwan during
the formation of the silicon foundry industry,”
continued Brooks. “Like silicon in the early
1990s, we are now seeing growth in I11-V
foundries fueled by the expanding telecom-
munications and wireless markets and the
growth of fabless design companies.”

Sam Lee, currently CEO of GCS, will
become CEO of the newly formed GCSC. Lee
said: “GCSC customers will have immediate
access to the broadest process portfolio, lat-
est technologies, a worldwide customer ser-
vice organization, high-volume, low-cost
6 inch manufacturing and one-stop supply
chain management.”

By Michael Hatcher

Two leading developers of InP-based inte-
grated optoelectronic components, ASIP and
ThreeFive Photonics, have merged and at the
same time receirved $7.5 million 1n funding.
ASIP, which 1s headquartered in Somerset,
NJ, 1s developing products based on its
Asymmetric Twin Guide (ATG) technology,
a highly scalable platform for monolithic pho-
tonic integration.

ThreeFive Photonics BV, a Netherlands-
based fabless developer and supplier of mono-
lithically integrated InP-based optoelectronic
chips, filed a “suspension of payments’
request with a Dutch court in July 2003. This
1s the equivalent of a Chapter 11 bankruptcy
filing in the US. As a result of the merger with
ASIP, the suspension of payments proceed-
ings have been successfully concluded.

The combined company will be known as
ASIP, Inc, with ThreeFive Photonics BV oper-
ating 1n the Netherlands as a wholly owned
subsidiary. ASIP currently employs 33 peo-
ple, 11 of whom are based at ThreeFive.

At the same time as the merger, ThreeFive’s
existing investors, Atlas Venture and Gilde I'T

Fund, made a combined investment of

$7.5 million in ASIP. The new investment
completes ASIP’s Series C financing, bring-
ing the round to $23.5 million. The company’s

COMPOUND SEMICONDUCTOR DECEMBER 2003

ASIP and ThreeFive merge and receive funding

total funding to date 1s $31 million.

ASIP spokesperson Yass1t Moghaddam told
Compound Semiconductor that the merger
brings together the transmission expertise of
ASIP with the receiver side that ThreeFive has
concentrated on. ASIP will continue to target
subsystem and transceiver manufacturers with
its uncooled 1310 nm electroabsorption-
modulated lasers (EMLs) for 10 Gbit/s appli-
cations in the short term. The next products to
emerge from ASIP, said Moghaddam, will be
1550 nm EMLs for SONET applications.

Looking at the longer term, Moghaddan
said that the receiver components developed
by ThreeFive would be integrated to make
more sophisticated EMLs and to enable
smaller transceiver modules.

ASIP says that the $7.5 million will fund
product development and manufacturing
infrastructure, allowing the company to ramp
up production if necessary. ASIP already has
orowth capability and processing equipment.

ASIP customers will now have access to an
expanded product platform that includes
critical optical building blocks such as dis-
tributed feedback lasers (DFBs), electroab-
sorption modulators (EAMSs), high-speed
photodetectors (pin, APDs), semiconductor
optical amplifiers (SOAs) and ultra-low-loss
arrayed waveguides (AWGs).

Mike Decelle will continue as president and
CEO of ASIP. Wouter Deelman, formerly
CEO of ThreeFive Photonics., will become
ASIP’s general manager, Europe, and man-
aging director of ThreeFive Photonics BV.

“This merger joins two of the industry’s
most powerful innovators of optical integra-
tion technology,  said Decelle. “ThreeFive is
the acknowledged leader in the development
of InP-based AWGs, and combining this expe-
rience with ASIP’s ATG platform will enable
new classes of integrated devices that will dra-
matically reduce the cost of building next-gen-
eration fiber-optic systems.”

Commenting on the state of the still-
depressed telecom market, Moghaddam said
that there were signs of growth in the enter-
prise sector, with some investment trickling
down to the component level.

Cree raises estimates

Citing increased demand in 1ts LED
business, Cree raised its revenue target to
$72—73 million for the quarter ending
December 28, 2003, compared with its
previous target of $70 million.
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Alcatel transfers InP HBT
technology to Ommic

Ommic will become Europe’s first InP HBT
foundry after the transter of Alcatel’s InP-
based HBT technology to the Paris-based
MMIC and epitaxial wafer supplier. Ommic,
which already runs high-frequency GaAs
PHEMT and MHEMT processes, says that the
agreement will complete its commercial port-
folio of III-V technologies. “This InP DHBT
process fits in exactly with our strategy and
technology roadmap,” said Marc Rocchi,
Ommic’s CTO and COO.

The InP technology was developed at
Alcatel’s Research & Innovation department.
The process uses a double HBT structure,
which offers a cut-off frequency of more than
200 GHz and a breakdown voltage of over 5 V.
Alcatel says that 1t has already developed pro-
totype 40 Gbit/s chip sets based on the DHBTSs
with record-breaking performance. These cir-
cuits include full-rate D-type flip-flops, multi-
plex drivers and voltage-controlled oscillators.

Following the transfer, Alcatel designers
will have access to a qualified source to
develop 40 Gbit/s transmission systems for
core networks. Joelle Gauthier, VP of Alcatel

DMG Technologies, a manufacturer of opti-
cal subassemblies used in teilecom, datacom,
CATV and instrumentation systems, and
Adtech Technologies, a designer of semicon-
ductor-based optoelectronic devices, have
formed a partnership in order to establish
Netchip, an optoelectronic chip foundry.

Netchip, based in Los Angeles, CA, will
initially produce distributed feedback (DFB),
Fabry—Perot, and coarse wavelength-division
multiplexing (CWDM) lasers, as well as
avalanche photodiodes (APDs). While some
of the production 1s designated for use in
DMG’s line of optical subassemblies, Netchip
1s already filling subcontract orders for other
international laser manufacturers.

The new firm will utilize DMG’s packag-
ing, marketing and distribution resources,
according to DMG’s CEO, Malcolm McLean.
“Netchip will make high-performance, high-
quality, low-cost optoelectronic chips,” he

OMMIC

DMG and Adtech Technologies
form optoelectronics foundry
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A reshaper IC manufactured using InP HBT
technology, now licensed by Ommic.

Research & Innovation, said: ““To prepare for
the deployment of 40 Gbit/s systems, Alcatel
has to secure the industrial availability of all
required technologies, and we feel InP DHBT
1s one of them. Ommic’s commitment to

compoundsemiconductor.net

Bridgestone set to
produce SiC wafers

Bridgestone, the Japanese company best
known for its range of tires and other rubber

- products, 1s joining the growing number of

businesses to offer S1C substrates. The com-
pany says that it has been developing S1C bulk
growth technology and can now produce
high-quality S1C waters, which 1t plans to
begin sampling to customers in 2004.

The company 1s using a powder sublima-
tion growth method and 1s now producing
wafers with fewer than 10 micropipe defects
per cm”. Currently Bridgestone’s pilot line can
produce up to 1000 2 inch waters per month.,

~ but it expects to be able to expand this to

10,000 per month by 2010 as demand for S1C

 substrates takes off. It is also developing 3 and
' 4 inch wafers, which are required by SiC
- device manufacturers as they seek to reduce

develop the process is very good news forus.” |

Ommic now joins Vitesse, Northrop

conductors as one of the few companies in the
world offering InP HBT foundry services.

said. “In fact, we intend to deliver what the
market demands — Japanese quality, American
service, and Chinese pricing.”

McLean says that Netchip will be able to
control prices at the chip level. “Control of the
chip cost allows DMG to have tighter control

of the module cost,” he explained. “This | The format, which has been advocated by the

means further production savings, which we
fully intend to pass on to our customers.”

DMG, will also act as CTO of Netchip.
“Netchip has assembled an outstanding team

neers from such firms as Nortel, Agere,

Fujitsu and Hitachi, he said. “We are confi-

dent that we can deliver superior technology
at an affordable price.”

DMG Technologies was founded in August
2003 when 1t acquired the assets and IP rights
of the Demeter Modu!

optic equipment supplier Finisar.

their production costs and compete more
effectively with Si-based high-power devices.

The market for high-power devices 1s cur-
rently dominated by Si1, but as S1C devices
mature and become more readily available at

lower prices, S1C will begin to grab market
Grumman and Global Communication Semi- ;

share. Bridgestone says that S1C devices will
account for 20% of the total market for high-

5 power electronics by 2010, at which point 1t
- expects 1ts S1C substrate sales to be ¥10 bil-
- lion (8§91 million) per year.

DVD Forum OKs

blue laser format

- The 220-member DVD Forum of electronics

e Group from fiber- |

manufacturers and movie studios has adopted

~anext-generation recording format based on

blue laser diode technology, according to
Japan’s Nihon Keizai Shimbun newspaper.

Japanese firms NEC and Toshiba, is arival to

~ the Blu-ray disc format already being mar-
Toshi Makino, recently appointed CTO of |

keted by fellow electronics manufacturer
Sony and supported by a small group of com-

~ panies including Philips and Samsung.
of semiconductor design and process engi- |

The NEC-Toshiba standard is designed to
record high-definition (HD) digital broadcasts.
Unlike Blu-ray, the format is said to be com-
patible with existing DVD drives. According
to the developers, it will be able to record 2 h

- of high-resolution broadcasts onto a disc.

Toshiba will start marketing a HD-DVD
recorder in December 2004, while NEC plans
to sell HD-DVD drives for PCs in late 2005.
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LED NEWS

By Tim Whitaker

The US Department of Energy (DOE) has set
aggressive targets for solid-state lighting
(SSL) that should lead to massive reductions
in energy consumption in the future, as well
as enhancing the quality of electrically Iit
environments. By 20135, 1t plans to develop
advanced SSL technologies that, compared
with conventional lighting technologies, are
much more energy efficient, longer-lasting

and cost-competitive. The DOE 1s targetinga

product system efficiency of 50% with light-
ing that accurately reproduces the full spec-
trum of sunlight.

These goals were announced in November

at a workshop in Washington, DC, sponsored
by the DOE’s Building Technologies pro-
oram, which was attended by experts from
industry, universities, research institutions,
trade associations and national laboratories.

The workshop was held to launch a con-
certed effort by DOE to accelerate advances
in SSL technology using both LEDs and
OLEDs. The DOE will consist of a Core
Technology Research thrust, involving acad-
emia, national laboratories and research insti-
tutions, and a Product Development thrust,
conducted by industry. A government—indus-
try partnership will also be established to iden-
tify core technology needs. As a precursor to
this, various sessions were held at the work-
shop to clarity and prioritize research needs
and objectives. The DOE, which already
funds a number of R&D projects relating to
both LEDs and OLEDs, expects to release
competitive solicitations in the near future.

At the workshop, David Garman, assistant
secretary for renewable energy and energy
efficiency, released two new DOE reports
authored by Navigant Consulting. One study
analyzes the energy savings that can be
achieved by using LEDs in a range of niche
applications, such as traffic signals and auto-
motive, while the other estimates the poten-
tial future energy savings from the use of SSL
in general 1llumination.

Garman said that lighting currently accounts
for 8% ot US energy consumption, and 22%
of the electricity. If SSL achieves its price and
performance targets over the next two decades,
this will remove the need for more than 30%
of the estimated lighting energy consumption.

Lighting workshop sets
tough targets for LEDs

DOE

compoundsemiconductor.net
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An investment of $100 million per yearin
solid-state lighting could result in a drop of
one-third in the amount of energy
consumed by lighting in the US by 2025.

[n turn, this will represent billions of dollars
of savings for consumers.

According to the niche applications study.
energy savings to date from LEDs exceed the
power produced from one large electric power
plant — more than 8 terawatt-hours (TWh).
The use of LEDs in automotive lighting appli-
cations saves 41 million gallons of gasoline
and 142 million gallons of diesel fuel annu-
fleet of automo-

tto LED
ine and

ally. However, if the entire
biles, trucks and buses were
lighting, 1.4 billion gallons of gaso
1.1 billion gallons of diesel fuel could be saved
each year. In gasoline, that is the energy equiv-
alent of 30 days of oil flow in the Alaskan
pipeline at full capacity; and, in diesel, 1t rep-
resents 12 days of national consumption.

When SSL technology penetrates the gen-
eral illumination market, the savings become
even more significant. The report considers
two scenarios — one where the technology
receives a moderate national investment of
$50 million per year, and an accelerated sce-
nario based on an investment of $100 million
per year. SSL achieves different cost, efficiency
and durability targets under each scenario.

Under the moderate investment scenario,
in 2025 the energy saving associated with SSL
will total approximately 114 TWh, or the
equivalent electrical output of about 14 large
power plants. Under the accelerated invest-
ment scenario, 1n 2025 the total energy sav-
ing is nearly three times higher, at 326 TWh.

From 2005 to 2025, the cumulative energy
savings under the moderate and accelerated
scenarios are 505 and 1848 TWh, respectively.
This latter figure equates to electricity bill
savings of more than $120 billion.

O convel
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RADIANT IMAGING
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VPEC has started to ship high-brightness
AlGalnP chips wafer-bonded to a silicon sub-
strate, marking the first time that the Taiwanese
epiwater supplier has shipped chips to its cus-
tomers. Michael Yang, CEO of VPEC, said:
“We are responding to customers’ strong
demand to continuously increase the bright-
ness and life for higher-performance appli-

cations. VPEC 1s now in the process of

expanding its production capacity.

VPEC’s water-bonded LED (WB-LED) 1s
based on the company’s patented technology
in which the AlGalnP LED i1s bonded to a sil-
Icon substrate with a metal surface, and the
original GaAs substrate 1s subsequently
removed. VPEC says that the metal mirror has

LED NEwS

VPEC ships first WB-LED chips

a higher effective reflectivity and broader

reflectivity angular bandwidth than the alter-
native using a multilayer DBR, and reflects
the light towards the front surface to signifi-
cantly improve the total light emission effi-
ciency of the LED. Moreover, since the
thermal conductivity of the silicon substrate
1s higher than that of GaAs, heat dissipation
has been greatly improved.

VPEC’s first WB-LED productisa 625 nm |
red LED with more than 4 Im of'total flux and |

a forward voltage of less than 2.4 V at 70 mA.
More new products are expected in 2004.
Yang expects the WB-LED to become

VPEC’s second major product, alongside its |

HBT epiwaters.

Radiant Imaging Inc has developed a
system, based around a CCD imager, which
IS capable of carrying out on-site calibration
and correction of large LED screens such
as this one in the Seattle Seahawks football
stadium (the screen measures 12 x 14 m;
only a quarter of it is illuminated in the
photograph). The company described its
work at the recent Intertech LEDs 2003
conference in San Diego (see p20).

UEC claims record

red RCLED efficiency

United Epitaxy Company (UEC)
announced a new 650 nm high-power reso-

nant-cavity (RC) LED for plastic optical fiber |

(POF) applications. The company claims that,

with epoxy encapsulation, the devices gavea |

record high wall-plug efficiency of 129 and

also yielded an output power of more than

3.5mW at 20 mA.
The device has an emission window with
a diameter of 84 um, which allows the output

'Sandia UV LEDs emit

has |

to be easily coupled into the POF. Data links

using POF are being employed in automotive |

applications, as well as to connect multime-
dia devices. UEC says that the devices are

suitable for transmitting data at a rate of

250 Mbits/s over 100 m. The power variation

between 20 and 85 °C of the POF-coupled
emission was approximately 2 dB at 20 mA |

forward current.

The company also says that the RCLED
has a long lifetime 1n a high-temperature envi-
ronment. UEC started to ship this product dur-
ing the fourth quarter of 2003.

COMPOUND SEMICONDUCTOR DECEMBER 2003

record high power

Researchers at Sandia have demonstrated two
record-breaking deep-UV emitters, one pro-
ducing 1.3 mW of optical power at a wave-
length of 290 nm, and the second producing

0.4 mW at 275 nm. Both devices emit lightin

CW mode under DC operation. The devices

are based on AlGaN structures grown on sap- |

phire, and the 275 nm device contains layers

with about 50% aluminum. Increasing the |
aluminum content shortens the output wave-

length, but makes the devices harder to grow.

A tlip-chip packaging approach was used |
with emission through the substrate. This pre- |

vents light from being blocked by the opaque
top contacts, and also permits more efficient
heat sinking.

Sandia’s work was funded by DARPA’s |

Semiconductor Ultraviolet Optical Source
(SUVOS) project. The LED devices are
already being supplied to DARPA program
participants making both non-line-of-sight
(NLOS) covert communication systems and

. bio-sensor test beds.

The world’s largest
supplier of
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» Purchase the highest quality
replacement MBE and MOCVD
parts without an OEM mark-up

» Schwarzkopf Technologies Corporation
(STC) is the US affiliate of Plansee, the
world largest refractory metals
company

 STC, together with Plansee, is the
leading supplier of Ta, W and Mo
refractory metal replacement parts
and materials for use in MBE and
MOCVD

SCHWARZKOPF TECHNOLOGIES Corporation
115 Constitution Blvd = Franklin, MA 02038
Phone: 508-553-3800 ext 222 « Fax: 508-553-3823
Toll Free: 800-STC-MOLY (800-782-6659) ext 222
www.stcmetals.com

E-mail: stc.sales@stc-ma.com
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WIDE BANDGAP NEWS

A GaN HEMT developed by TriQuint and
Lockheed Martin has achieved record values
of power density, power-added efficiency and
RF lifetime, say the companies.

The high-performance transistor, which
was fabricated using an “advanced gate
process , features nearly 12 W/mm CW
power and more than 50% power-added eff1-
ciency at 10 GHz.

The improved performance and reliability
should enable significant size and weight
reductions in radar-based defense applications.

Gailon Brehm, TriQuint’s military busi-
ness unit manager, said: *“GaNlN has capabili-
ties from L-band up to W-band, making it a
very exciting technology for the future of mil-
limeter and microwave applications.”

The device’s increased power density could
simplify radar power distribution in large sys-
tems and greatly reduce operational electri-
cal current. This may lead to significant

TRIQUINT
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A 2inch GaN on SiC wafer fabricated using
TriQuint’s proprietary advanced process.
The wafer consists mostly of large FET
transistors for test and evaluation purposes.

compoundsemiconductor.net

GaN HEMT features high power density

weight and size reductions in shipboard sys-
tems and land-based applications.

TriQuint says that its proprietary process
increases GaN HEMT power density 50%
beyond that of more conventional E-beam
T-gate devices. In addition, power-added effi-
ciency 1s 10—15 points higher, allowing the
devices to function with reduced power dis-
sipation and at a lower operating temperature.

Improved RF lifetime has also been
demonstrated with the advanced high-voltage
gate structure, thanks to reduced gate leakage
and a lower electric field in the drain region.

Mahesh Kumar, director of research and
technology for Lockheed Martin Maritime
Systems and Sensors, said: “GaNwill rede-
fine what is possible by giving our customers
the reliable, compact, high-powered technol-
ogy they need to field solid-state phased array
radar, space systems and missiles to protect
against emerging threats.”

APA Optics aims for commercial
production of GaN-based devices

APA Optics of Minneapolis, MN, 1s set to
move into commercial production of GaN-
based photodetectors and transistors follow-
ing its purchase of an MOCVD reactor.

The Veeco system (following Veeco's
recent acquisition of Emcore’s MOCVD
product line) 1s capable of handling six 2 inch
diameter wafers at a time.

Anil Jain, APA’s CEQO, said: “MOCVD
material growth capability is at the heart of
the company’s activities 1in GalN, and the
acquisition represents APA’s commitment to
move from the R&D mode to commercial-
1zation of GaN-based products.” He added

Nitronex releases high-voltage GaN devices

Nitronex says that it has achieved new
performance levels with 1ts GaN-based RF
power transistors. The devices, which have
a higher linearity and operating voltage than
conventional silicon transistors, are being
targeted at power amplifier designers 1n the
3G wireless market.

Based on Nitronex’s patented Sigantic
technology, devices for 3G applications with
an operating voltage of 34 V are available for
sampling. These will be available in 10 and

10

that the aquisition will make APA a *“fully
viable, competitive supplier in this market™.

capacity for wafers used in APA’s SunUV

ultraviolet light monitor as well as the com-

pany’s HFET power transistor wafers.
According to APA, wafers grown to the

formance regarding mobility, which was as

high as 1900 cm~/Vs, and a carrier concen- |

tration of 1.14 x 10"° cm ~. These results, prior
to any on-site optimization, approach the best
results achieved with the current reactors mak-
Ing one wafer at a time, says APA.

operating at 38 V will be released in the near
future, says the company.

“The higher operating voltage characteris-
tics that we are now seeing promise to bring
a new dimension in the design of RF power
amplifiers,  said Paul Williams, Nitronex’s
managing director for Europe. “Increased
operating voltage allows designers to take
advantage of design techniques not possible
with traditional devices.”

ATMI reduces GaN

wafer defect density

~ Materials supplier ATMI, Inc of Danbury, CT,
~ says that it has shipped improved 2 inch diam-

 eter GaN substrates to ““major consumer elec-
The new reactor will increase production

tronics companies’ .

The company says that unlike other GalN
wafer products that only have a low disloca-

~ tion density in select regions, its new free-

- standing GaN substrates have a uniform
company’s specifications had very good per- |

dislocation density of 10°cm ~.

“We’ve delivered our GaN wafers into
every major semiconductor region in the
world, and the early feedback is very good.,
with customers obtaining improved device

performance on our substrates, said George

Brandes, director of ATMI’s GaN venture.
“We are confident that GaN wafers will
help to allow full realization of the enormous

- benefits of blue laser capabilities, and we are
20 W versions (W-CDMA Power). Devices |

producing [these] wafers in large volumes,
said Bob Vaudo, manager of ATMI GaN
Substrates.

“Our improved growth process reduces dis-
location density by an order of magnitude. The

- watfers now meet the critical parameters

needed to extend laser lifetime and perfor-
mance. In high-performance electronics, we
have developed semi-insulating GaN wafers
and are beginning to ofter them to select R&D
customers in engineering quantities.

COMPOUND SEMICONDUCTOR DECEMBER 2003



A P e

:
A o
-

i R P A A

o

"
=

o

o

- ” -l T e
S S B P S
e

b P

B W
e a Ll S A

VERSALOCK, Volume etching and PECVD
LLS EVO, Physical Vapor Deposition

R A
£ \ : - ;E ﬁ&“"‘“ - . : :
LV I L I VI and microdevice manufacturing, Unaxis
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superior process technologies are designed to enable your future
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B High rate deep silicon etching (DSE™)

® A wide range of ICP etching of quartz and other films
2 PECVD deposition of dielectrics

® PVD and evaporation of metals, dielectrics and
plezo electric materials

Secure your success in the MEMS and Microtechnology Market
with process solutions and the support of our experienced Unaxis
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SILICON COMPOUNDS

Silicon-on-insulator (SOI) specialist Soitec
of France has expanded 1ts manutacturing
capability to ensure broad industrial avail-
ability of strained SOI (SSOI) waters. The
company is installing epitaxial equipment in
1ts pilot line facility and a full strained-S1Ge-
on-insulator (SGOI) and SSOI manufactur-
ing line at its Bernin II site in France.

SGOI production 1s due to commence 1n
the fourth quarter of 2004. At full capacity, the
new line will run more than 60,000 200 mm-
equivalent wafer starts per year.

Soitec installs SSOI toolsets

“SSOI appears to offer the greatest poten-
tial for improving the performance of ICs at
65 nm and below,” said Andre Auberton-
Herve, Soitec’s president and CEO. ““Adding
these new capabilities, particularly the epitaxy
process in our own production facility, will
help ensure that we can rapidly deliver vol-
ume quantities of high-quality SSOI wafers.”

Through its partnership with ASM Interna-
tional, Soitec 1s fine-tuning the epitaxial
processes to accelerate time-to-market for
200 mm and, ultimately, 300 mm SSOI wafers.

AmberWave sublicenses Agere’s patents

Strained Si1 specialist AmberWave Systems
has secured exclusive rights to sublicense nine
strained Si patents from Agere Systems.
One patent covers methods for growing
low-defect-density S1Ge buffer layers onto
which strained Si channels can be formed for
high-mobility FETs. This patent was granted
in 1991 to a team of scientists working at Bell

Labs, including Gene Fitzgerald, one of .

AmberWave’s founders.

“By combining patents from Agere, patents
licensed from MIT and our own [P, Amber-
Wave ofters the industry a true end-to-end
technology solution for strained S1 wafer man-

ufacture,  said Richie Faubert, president and
CEO of AmberWave Systems.

compoundsemiconductor.net

Communicant SiGe
project collapses as
funding dries up

After months of uncertainty surrounding the
future financing of Germany-based Si1Ge
foundry Communicant Semiconductor, it
seems that the company will be disbanded.

Communicant was set up with investment
from Intel, Dubai’s Airport Free Zone
Authority, the Brandenburg regional govern-
ment and the German federal government.
Construction of the company’s fabrication
plant in the Brandenburg region has now
stopped.

The venture’s principal investors in Dubai
appear to have been unwilling to put the
necessary funds into Communicant. Dubai 1s
currently planning major investment in semi-
conductor manufacturing infrastructure
within its own borders at the so-called Dubai
Silicon Oasis. The very slow review process
required by the European Union has also been

STRATEG 11::. 5.

c1ted asareason fm nv estors ge etting cold feet.

Charting New Directions
in High-Brightness LEDs

The 5th Annual STRATEGIES IN LIGHT 2004 conference will tune you
In to the future of high-brightness LED applications. Lighting, displays,
signs, signals and automotive applications are shaping the future of the

market. Attend this executive-level conference and you'll not only
glimpse the future - you'll shape it.

At the longest-running LED conference in the industry, you'll gain

insights from companies pioneering new LED markets, and engage in
comprehensive discussions about the

technology evolution required to

penetrate the large-scale lighting
market.

PLUS: Market update and forecast
presented by Strategies Unlimited

... the world's experts in LED market
research.

201 San Antonio Circle, Suite 205, Mountain View, CA 94040

Phone: +1 650.941.3438 ® Fax: +1 650.941.5120 f—-ﬁu
A Research Unit of w‘e
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www.strategies-u.com ® info@strategies-u.com
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OPTO NEWS

Blue Sky Research releases first red

compoundsemiconductor.net

laser diodes manufactured in house

California-based laser manufacturer Blue Sky
Research has released three new 635 nm red
laser diodes, the first to be made at its in-house
semiconductor foundry.

Availablein 5. 10 and 15 mW versions, the
BRLD-635 family of semiconductor lasers
feature low operating current, a wide operat-
Ing temperature range, and an estimated
MTTF (mean time to failure) of more than
150,000 h at 25 °C. Each laser 1s housed 1n a
compact DVD-grade 5.6 mm TO can with
integrated monitor photodiode, hermetically
sealed for high reliability. Applications for the
BRLD-635 include construction and align-
ment equipment, biomedical and metrology
instrumentation, and bar code readers.

“Therelease of our BRLD-635 laser diode
marks a significant expansion of capabilities,
said Al Shugart, chairman of Blue Sky Research.
“[Blue Sky] 1s one of a select few US-based

BLUE SKY RESEARCH
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Blue Sky Research says that it and Hitachi
are the only two companies currently
making 635 nm laser diodes in house.

laser manufacturers with integrated facilities
for everything from semiconductor fabrica-
tion and optical systems development, to con-
trol system design and electronic packaging.

Blue Sky says that the BRLD-635 red laser
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diodes employ a unique design and structure
that maximizes power output over lifetime
while increasing device reliability via low
operating current.

Test results demonstrate 5, 10 and 15 mW
power output at operating temperatures up to
50 °C with a minimum MTTF of 10,000 h.
This equates to more than 150,000 h at 25 °C.

“We can now develop customer-specific
lasers quickly, fab the chips internally, and
Integrate them 1nto any platform the client
requires. Combined with our partnerships
with high-volume manufacturers, we are able
to cost-eftectively span the range between
limited quantity, R&D volumes, or large OEM
quantities,  said Shugart.

Blue Sky Research says that 1t will continue
to expand its in-house laser capabilities to
include wavelengths from visible to near-

infrared.

nLight Photonics wins $5 million DARPA contract

nlLi1ght Photonics of Vancouver, WA, has been
awarded a $5 million research and develop-
ment contract by the Defense Advanced
Research Projects Agency (DARPA) as part
of its super-high-efficiency diode source
(SHEDS) program. The contract will enable
nLight to take a dramatic step forward in high-
power laser diode efficiency, and follows a
similar award of $3.9 million to Alfalight
under the same program (Compound Semi-
conductor November 2003 p19).

BTG, a technology commercialization com-
pany based in London, UK, has acquired the
exclusive rights to license strain-compensated
multiple quantum well (MQW) VCSEL tech-
nology developed at the Cornell Research
Foundation in Ithaca, NY.

“The telecoms market 1s looking for a next-
generation technology that will replace costly,
low-yield devices, such as distributed feed-
back (DFB) lasers at 1300 and 1550 nm, " said
Jay Kshatri, vice-president of BTG’s Semicon-
ductors and Optoelectronics business unit.
“We believe that the strain-compensated

COMPOUND SEMICONDUCTOR DECEMBER 2003

The aim of SHEDS 1s to continue the
improvement of laser diodes with a goal of
converting more than 80% of their input elec-
trical power into output optical power. This
level of efficiency will enable lasers with up
to 100 kW of output power to be deployed on

mobile military platforms.
“This program will enable nLight to take a

quantum leap forward in high-power laser
diode performance,” said Jason Farmer, vice-
president of advanced technology at nLight.

VCSEL i1s that technology, and we are actively
seeking licensees who are interested 1n inte-
grating this technology into their commercial
products.

The Cornell-developed devices overcome

the critical thickness constraint on the quan-
tum wells used in conventional VCSELSs by

using strain compensation. This allows many
quantum wells to be stacked to form the gain
medium without undue strain build-up, which
1s said to dramatically improve the pertfor-

mance of the VCSEL.
VCSEL-based transceivers operating at

“Both output power and reliability of high-
power laser diodes are critically dependent on
operating temperature. With current packag-
ing technologies, every watt of heat generated
corresponds to a particular rise in operating
temperature. The key 1ssue for reliable high-
power laser diodes is therefore optimizing the
ratio of optical power generated to heat
deposited 1n the package. Today, this ratio is
roughly 1:1. The technology to be developed
on this program will increase the ratioto 4:1.”

UK firm acquires Cornell VCSEL technology

850 nm have become the dominant source for
high-speed, very-short-reach optical inter-
connects, such as Gigabit Ethernet and Fibre
Channel.

With the advent of longer-wavelength
VCSELs operating at 1300 and 1550 nm, the

sources may increasingly appeal to compa-
nies developing transceiver products for short

and intermediate reach SONET/SDH and

fiber-to-the-home applications.
Parallel VCSEL transceivers are said to be

particularly attractive for back-plane inter-
connect applications.
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OPTO NEWS

compoundsemiconductor.net

UK start-up firm eyes
silicon optoelectronics

By Jon Newey
Another company has joined the race to

~develop and commercialize light-emitting

devices based on silicon. Si-Light Technol-

~ ogles, a start-up company 1n Guildford, UK,
- was founded by academic staff from the

University of Surrey. It 1s investigating the
low-cost applications of 1ts patented disloca-

- tion engineering technology, which enables

].1-1.6 um light emission from silicon.
Si-Light Technologies plans to exploit its

- 1ntellectual property through a mixture of con-
~ sultancy, licensing and fabless manufacture

of products for niche markets as and when
these are 1identified. The company 1s receiv-
ing financial backing from the UK govern-
ment’s Department of Trade and Industry to
evaluate potential applications and to conduct
an early partner search for commercialization
routes. Potential applications include IC opti-
cal interconnects, silicon-based optoelectronic
[Cs, MEMS, lab-on-a-chip, and sensor sys-
tems, with the benefit of significantly reduced
manufacturing costs compared with conven-
tional hybrid I11-V/silicon approaches.

Si-Light says that its light-emitting devices
have efficiencies comparable with those
achieved in conventional I1I-V devices, and
that in contrast to alternative approaches for
fabricating light-emitting devices in silicon,
its devices are robust and highly reliable.
requiring low drive potentials. The company
also claims that 1ts devices are wavelength-
tunable. “Our devices are essentially forward-
biased p-n junctions, so they turn on at under
| V and we can inject large currents without
difficulty,” said Russell Gwilliam, one of the
academic statt from Surrey University who
set up Si1-Light Technologies.

In October 2002, ST Microelectronics
announced that it had developed silicon light
emitters using a technology in which silicon-
enriched S10, 1s implanted with rare earth ele-
ments. ST expects to have an all-silicon
optocoupler on the market in 2004. Given that
ST’s devices require pumping of the active
region through a resistive oxide, the drive
potentials of 1ts devices are likely to be sig-
nificantly above Si-Light’s figure of 1 V.

In silicon, carrier diffusion to point defects
1s the non-radiative recombination route that
dominates over radiative recombination. Si-

Loop LED device

Al

db adadbTE>aTEy;

AuSb

N-Si
substrate
Si-light believes that its silicon-based light
emitters could find applications in optical
iInterconnects, MEMS and sensors.

Light’s technique enhances the radiative
recombination route by suppressing carrier
diffusion. By introducing dislocation loops
through boron implantation, a localized three-
dimensional strain field is introduced into the
material. This strain causes band bending,
which introduces a blocking potential that
confines the carriers, allowing them to recom-
bine radiatively.

Non-radiative recombination in semicon-
ductors is thermally driven, so that radiative
emission in suppressed as temperature
increases. Decoupling the radiative combi-
nation from the non-radiative route has the
benefit that as temperature increases the emis-
sion intensity also increases, becoming most
efficient at about room temperature.

Implanting boron into n-type silicon per-
forms two functions — introducing the dislo-
cation loops and creating the required p-n

junction. An alternative route is to use CVD

to deposit the required doped silicon layer
onto a silicon substrate to form a p-n junction,
before implanting with silicon to create the
dislocation loops. Both methods are wholly
compatible with the tools and methods used
for standard silicon processing.

Correction

In the November issue of Compound
Semiconductor, we incorrectly stated that
Nanosemiconductor (NSC) had fabricated
a1.5umQD VCSEL. NSC’s 1.5um QD
laser is in fact an edge-emitting device. We
apologize for this error.

COMPOUND SEMICONDUCTOR DECEMBER 2003



/)
-
2
& .
gy S
) =
¥ gy ~
-
o = | ;
ﬁ .-.._.,.r,_._ﬂ....._ua.“..;_.m | -
o . 2
E 7
% ey m S S
- 00 Sy
b Bose S
1 e S s —
c m o m e KUl
.I.._lﬂ N 2 -
O Q W: @ e 4
r e u h a L -m N
D e e R SR
TR = » WS < SRR e
& O
ey O e AL e e o =
b B o R =l
> JiE O o @
) S el g ga s
S e
o SRR MR [ B o e
(@ (O T o =
m b i H M m w lm Lﬁl\.m n e " —
o e s D= ©
EpaFeEa . o
T omaipih s D o S
h QO s 2 g — (ab)
c s SR | i ._“ — < 2 W
T O (T ) =
Bpti o b o (- e
s O T e E ©
s T Z = .
o e mm w O & & 2 8
n »n m 2 @ o0 R o b = S
3 By e i e m e W.u; o W =
e = e T o ®
X i = 0 SO o T
= e S iy i
P TRt s S e A e~
= o PN Bl L ST =
<L e Y o YOO o= I Lo S
m S #| ey ey e O W — o 2
t WY e V] B S e g
¥ e

A._ZZn: bauﬂ._on_m._ [euoljepn Jsamyuiop ajioed ‘slaquieyn 303§ 1Q “>w3._=ou

T
o - "

e
.




NITRIDES GROWTH!!
THE VALVED RFSOURCE

PROVIDES RAPIDAND
REPRODUCIBLE FL

MODULATION
UNSURPASSED FLUX UNI-

FORMITY OVER
- LARGE WAFERS

A[Iows“ a nwrhamca! contml over

the useful range of N concentration in
-GaAsN while the .somu? parameters

rémams constant.

O Permit to stop or to use Zhr? N S]?é’tii'ﬁ’ S

with no (]c*la y.
': * Umurﬁasl sed N zmdorm:ty

© Permit to use a well dega: s*sed source
at any ZH’H(’ durmg the gmwth perwd 5

OModels for Nitrogen. O. ggen, oo

- Ammoniac, Hvdmgen_... Fse
| C [',a sy 10 msfall ona DN6 ?Cf'( "

. OPv wered b y smndcz r*d c z,m f om&'r an;{

C ompenmr elec [ onics.

Valve aperture
(a.u.)

Valve closed

oA

R

T R e B R . s

_________
2i —rhe o

E.l::— qqqq

i, il c

"‘ T E‘ T :E-.: _.--_--'. i ] l-"LL.-Tilll |.-="| I.:‘-;-'l "l:‘E T |.1'.:IE T 'El"'l-:glll" = :\":E._-'r?'f'-n

iR i LR Sl e T T [T A s T 18N "ill"l

%*mﬂ wh' l” 4‘1. :‘Th [’-5"'1"“-".'.'1‘1" Ny itk "'.I'-- 8-S S T ALY e T
AN
.i. ', JLH !'gf o

Lf. {\_ "'i -:_;.-L.'Il_j__.ﬁ'-'j A%

i[' Al o f""l.:,l"'r"r.rl-"f.'.l."ez"'l-' I'|' 'Iu' J"ﬂ"'f" 'l J "' *

'l,,] ’“a.h

o

i
e

gl 18] 12 .l._
i
T ee

1
L} ol -r
E™ h

- -
- EH i
-"|,-:|;'.'.'!r=_=...'l Y,

Lol o T = | e gl E
) . % -.|r, . .r - FAL T (e i .:_ =l .- 1
e S '1" - iy AR W SRR B
.||_F- Ik I-I-_:"'| H-‘ :;1 I*Ii a ¥ = -_' - ' e L - " 3 | |
= "BE= 'l'""T'lI" | ' i, ¥ -
e ';).'-'u'l'.'.'-rll Tl 1 e i T I I T A
™13 k L1 F .
3 ?'. : ‘|- = : Tl i £ o TR
; _|" L .:I S - j i ] i ol | i I

-

ehr“r

T AT

;ang&?{

Model § jm RcKD amf -:__Emduc z‘un l

2x10! SCm-?’) .

Al . | 1
1 . il I ! 1 ! & I ! 1
JLL Al i - H - L iR | i r
. & = i I e =1, o . L | N
- IF T kot T b = Ry 1 A R T LT g ’ ¥
(TG Rl T s _':.-l 1 g s il 5':,,", v A == e T o[ T R T | S S Sl it g *
'|I I.| ilﬁf I.Ir i Lal. r: Iif"!'.‘ k rl:_ I.I. :|||i _I.'. I.I--I "'LHI'I '"Irill'|| i g e 'q.-';,ll T i Y A ; e 1
u,'ln"l- "“1.-. ': .-_:“ '5-1 : e e B S TE e LY .
1 N AUERL e T A '
y i (1 I i [y *li

Rttt NEWS FROM ASIA

Mitsubishi Electric plans to increase its red
laser diode production by 40%, according to
Japan’s Nihon Keizai Shimbun newspaper.
The report says that although the company has
already ramped up production from I million
to 3.5 million units per month this year, this is
insufficient to meet the demand created by the
rapid adoption of recordable DVD drives.
From next March, Mitsubishi will produce

IN ASSOCIATION WITH OPTOTECH MAGAZINE

Mitsubishi ramps up DVD
laser diode production

5 million units per month. The diodes will be
packaged by a Taiwanese firm before ship-
ment to optical pick-up module manutactur-
ers. Mitsubishi estimates that i1t currently holds
around a 70% share of the global market for
lasers used in recordable DVD drives. It
expects to achieve sales of around ¥20 billion
($183 million) from its DVD laser business 1n
fiscal 2004.

Mitsubishi Cable
Industries licenses
UV LED technology

Taiwan’s P& U Group, which includes mem-
ory chip manufacturer Powerchip Semicon-
ductor, has signed a memorandum of
understanding to license manufacturing tech- |
nology tor UV LED chips from Mitsubishi
Cable Industries. The licensed technology was
developed under Japan’s Light for the 21st
Century program, which was funded by
NEDQO, and relates to substrates, epitaxy and
chip processing.

A spokesperson for Powerchip told
Compound Semiconductor that “there will be
an independent new company to produce
[LEDs", and that details of the business model
are currently being developed.

Lite-On purchases
packaging equipment
from Fairchild

Lite-On Technology has purchased a large
amount of packaging equipment from US
company Fairchild Semiconductor, which 1s
closing its factories in Wuxi, China, and Kuala
Lumpur, Malaysia. The acquisition will allow
Lite-On to increase its production capacity for
infrared modules, optocouplers and alphanu-
meric LED displays.

Lite-On 1s now the world’s second largest
producer of optocouplers and the largest pro-
ducer of alphanumeric displays. The equip-
ment will be moved to Lite-On’s factories in
Thailand and China. In a separate agreement,
Lite-On will manufacture the three different
types of component for Fairchild.

e Nichia is developing a blue-violet CW
laser with an output of 100 mW, according
to news released at the Ceatec Japan 2003
show. The product will replace mercury

lamps used in the manufacture of high-
density PCBs.

® New Japan Radio has launched a

2.1 GHz LNA GaAs MMIC designed for
use in W-CDMA handsets. Incorporating
inverter circuitry, the product permits
switching between high-gain and low-gain
modes. The current consumption is 2 mA in
the high-gain mode, with 1.6 dB noise and
14.7 dB gain, while the low-gain figures

are 2 UA current consumption, 4 dB noise
and —4 dB gain.
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® InGaAs laser diodes have been used as
the light source in laser-welding robots
developed by two Japanese companies,
Marubun and Yaskawa Electric. The laser
system has a power output of 1.6 kW and
an efficiency of 35%, and is being used as a
braze welder for manufacturing automotive
bodies and motorcycle gas tanks.

® Chinese telecommunications companies
are to begin high-speed 3G cellular phone
services in major cities next spring, and
will expand the services throughout China
by the end 0f 2004. China already has more
than 250 million users of cell phones, and
this number will double by 2008, with half
the total using 3G services.
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> Quantum Dot structures for SOAs and gain chips
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Visit us at Photonics West 2004, San Jose
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Symposium considers market recovery

By Michael Hatcher and Tim
Whitaker in San Diego

The big question that industry analyst George
Bechtel was considering in his GaAs IC
Symposium plenary talk was one of the key
themes at a quieter-than-usual event — market
recovery. Bechtel estimated that the market
for GaAs ICs was worth around $3 billion 1n
2003, and he predicted that it should grow to
around $4 billion 1n 2006. Signs of a market
recovery were mixed, he said. On one hand,
the general semiconductor market was up
(recent figures from the Semiconductor
Industry Association show a 23.3% rise 1n
semiconductor sales from October 2002 to
October 2003), but on the other hand, telecom
carrier debt is still high and restricting spend-
ing. “In 2004, the recovery may begin, was
as much as Bechtel would speculate.
Driving any recovery in the wireless mar-
ket will be two key applications, said Bechtel.
The most important 1s wireless handsets, and
the emergence of 3G networks 1n Japan this
year 1s fueling hope that the advanced tech-
nology will soon spread throughout the world.
The second driver will be wireless networks
in the home. Bechtel expects 30% compound
annual growth in this application sector over
the next few years, but he warned that the
home WLAN market would never be as large
as the cellular market. Other applications
holding out some hope for beleaguered device
manufacturers are millimeter-wave automo-
tive radar systems and smart military sensors.
Also in the plenary session, Phillip Smith
of BAE Systems reported the first multiwatt
metamorphic HEMT MMIC PA. The 3 W,
32 GHz Ka-band device represents a signifi-
cant advance in power-added etficiency (39%)
over current GaAs PHEMTs, said Smith. He
added that the high gain per stage (20 dB
power gain) was another record, meaning that
the two-stage MHEMT PA offers a gain equiv-
alent to a three-stage PHEMT. Higher indium
content in the MHEMT channel (53%) means
that it must be operated at a lower voltage.
Robert Eye from TriQuint Semiconductor
reported an improved 77 GHz low-noise
amplifier (LNA) based on a three-stage
microstrip GaAs PHEMT. The device 1s
designed for automotive radar applications.
Although active cruise control and collision-
avoldance radar are now available in high-end
models, Eye said that his team’s latest LNA
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This GaAs-based low-noise amplifier could
reduce the cost of automotive radar.

could allow the technology to be incorporated
into lower-cost vehicles. This 1s because the
LNA developed by TriQuint allows a simpler
radar design. “MMICs will support the high
volumes and low costs that will make this
safety and convenience feature available for
average-priced automobiles,” said Eye. He
added that the TriQuint LNA had a smaller die
size, better output power and higher sensitiv-
ity than devices used 1n a typical radar front-
end. At slightly under 4 dB, the noise figure,
at 77 GHz, 1s thought to be the best to date.

In the “late news session, two teams
reported record speeds for frequency dividers.
The first was based on InP/InGaAs double
HBT devices from NTT Photonics Labora-
tories. The dynamic divider IC, which had a
record operating speed of 150 GHz, was based
on a clocked-mverter feed-forward configu-
ration. It was fabricated using InP DHBTs
withan f,0f 240 GHzandan f .. of 370 GHz.

Meanwhile, researchers at the IBM TJ
Watson Research Center in New York reported
a static frequency divider based on SiGe bipo-
lar technology. The device featured an f, of
210 GHz and operated at 96 GHz, the fastest
speed yet reported for an SiGe static divider.

Among the talks on emerging technology
was a presentation by Mark Rosker from
DARPA on the promise of antimonide tech-
nology. With a lattice spacing of around 6.1 A.
antimonide-based devices feature very high
mobilities and other important features, and
have already been used to demonstrate ICs

with very low power consumption. Rosker
described DARPA’s Antimonide-Based

Compound Semiconductors (ABCS) pro-

gram, which has three major contractors: HRL
Laboratories, Northrop Grumman Space

Technologies (NGST) and Rockwell Scientific
Company (RSC). Major challenges include

compoundsemiconductor.net

the development of a suitable low-defect sub-
strate; the integration of 5000 devices per cir-
cuit; and circuit design to achieve low noise
performance at 0.5 V operation.

Earlier this year, RSC, in collaboration with
the University of California at Santa Barbara,
demonstrated the first AISb/InAs HEMT-
based MMIC. A more recent result from HRL
1sa D-mode HEMT with an t, of 308 GHz, a
record for an InAs channel device (see
Research Review, p36).

According to Roger Tsa1i of NGST, HEMTs
with InAs channels have demonstrated 5—10

times lower power dissipation for equivalent
f, over conventional InAlAs/InGaAs lattice-
matched HEMTs and MHEMTs. NGST
grows 1ts AISb/InAs structures by MBE on
3 inch GaAs substrates, using a 2 um AISb
butter. The growth technology was transferred
from the Naval Research Laboratory. NGST
has fabricated HEMTs with 0.1 um metal
gates, t, values above 200 GHz, and f_ ., val-
ues approaching that figure. Very-low-power
X-band (12—-14 GHz) LNA MMICs have been
fabricated, with a record peak gain of more
than 7 dB per stage for a DC power dissipa-
tion of only 6 mW/stage. NGST expects Sb-
based ICs to significantly reduce the size,
welght and cost of millimeter-wave phased-
array receiver systems.

Dutch center allies with
UMS and WIN

Taiwan-based GaAs RFIC/MMIC
foundry WIN Semiconductors and United
Monolithic Semiconductors (UMS) of
France are both teaming up with the
Netherlands Organization for Applied
Scientific Research (TNO).

WIN and TNO have signed a
memorandum of understanding to co-
operate on design services for third-party
customers, coupling WIN’s process
technologies with TNO’s expertise in
MMIC design.

Meanwhile, GaAs foundry services and
MMIC specialist UMS has set up a
strategic alliance with the lab to focus on
improving the performance and
functionality of MMICs.
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IBM expands foundry services

at chip manufacturing facility

IBM 1s to ofter foundry services for three new
process technologies for wireless applications
through 1ts chip manufacturing facility in
Burlington, VT. Called CMOS 7RF, BICMOS
7WL and BICMOS 7HP, the new processes
span CMOS and S1Ge-based bipolar tech-
nologies and extend down to the 180 nm level.

Chips can be designed 1n these processes for

use 1n applications such as cell phones, wire-
less networks, automotive radar sensors and
storage devices. Industry analyst 1Suppli esti-
mates the market for RF and mixed-signal 1Cs
to be worth more than $30 billion 1n 2003, and
predicts that it will command an 18.8% share
of the total semiconductor market by 2007.

[BM says that its CMOS 7RF process 1s
ideal for low-cost wireless applications such
as Bluetooth, handsets and RF 1dentification
tags. The transistors support analog RF-
compatible models. This technology offers
a wide range of optional passive features to

enable analog designs.

The BICMOS 7WL process uses IBM’s
S1Ge technology with deep trench 1solation
and a partially self-aligned bipolar structure.
The technology 1s best suited for higher-
performance wireless applications such as
local-area networks and cell phones. Copper
wiring at the first metal level and aluminum
wiring at the remaining metal levels reduces
the product complexity and processing time
compared with standard BICMOS products.

[IBM’s BICMOS 7HP process incorporates
a high-performance S1Ge bipolar device opti-
mized for high-speed or low-power applica-
tions. It includes a fully self-aligned structure,
a buried n+ doped subcollector and a base pro-
file optimized for maximum operating fre-
quencies. It 1s 1deally suited for 40—100 GHz
applications such as fiber-optic transceivers,
test instrumentation and proximity sensors for
automobiles.

GaAs & WIRELESS NEwS

Mimix Broadband
raises additional
$8 million in funding

Fabless wireless ICs supplier Mimix Broad-
band of Houston, TX, has secured an addi-
tional $8 million investment in its second
round of institutional financing. Cash from
Gefinor Ventures and individual investors
completed the latest round, with ongoing sup-
port from 31 and First Capital Group.
Getfinor Ventures managing director Greg
Carlisle will now join Mimix Broadband’s
board of directors. “We have been impressed
by the quality of the Mimix team, their MMIC
technology, and key customer wins 1n the
competitive microwave semiconductor mar-
ket, said Carlisle, a 20-year veteran of high-
technology start-ups, software development
and consulting.
@ Mimix has also been recommended for
registration to the ISO 9001:2000 quality
standard by Det Norske Veritas (DNV)
Certification, Inc.
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Epitaxial Services

MOCVD Experts — 20 Years Experience

Our extensive MOCVD experience and
capacity enable us to grow a wide range of
GaAs and InP epitaxial structures to our own
or fo customer's designs.

e GoAs and InP-based materials

e 2" 3" 4" Custom Epi-Wafer Capability
® Excellent Uniformity & Reproducibility
® Production & Development Quantities

Foundry Services

We design the process steps and conditions to
meet the desired device characteristics and
implement the process in our fab. Process
equipment intlucres:

e PECVD
e Metallization

e Wet & Dry Eich

® Photolithography

® Dielectric & Optical Thin Film Deposition

® Wafer Polishing, Lapping, Dicing & Cleaving
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Backlights, airports and v

As chip manufacturers continue to improve the performance and
reduce the cost of their products, new applications in areas such
as airport lighting and car headlamps continue to emerge.

Tim Whitaker reports from the Intertech LEDs conference.

he LED market continues to expand.

driven not only by existing applica-

tions such as signage and backlights

for mobile appliances, but also by the emer-

gence of new applications. Examples such as

car headlamps, airport lighting and dental cur-

Ing tools were among the many subjects cov-

ered at the recent LEDs 2003 meeting, which

also included details of the progress being
made by leading device manufacturers.

Backlighting drives market growth
According to Jagdish Rebello of market
research company 1Suppli, the total LED chip
market will reach $3.4 billion 1n 2003, com-
pared with $3 billion in 2002. Rebello also
said that the compound annual growth rate
(CAGR) will be 12% between 2002 and 2007,
and the market will exceed S35 billion by the
end ot that period. The high-brightness (HB)
segment (1Suppli detfines HB-LEDs as hav-
Ing an output of more than 500 mcd) will be
about 4‘?“ o 0f the total market in 2003, and
about 57% 1n 2007.

In a number of applications. long lifetime
1S a key factor 1n the adoption of LEDs.
However, while there may be a high initial
demand tor LEDs, their long lifetime means
that LED-based products have a long replace-
ment cycle, which can slow market growth.
1o, 1t 1s imperative for
find new applications

Theretore, says Rebe]
LEDs to continue to
in order to stimulate further growth in the

overall market.

Figure 1 shows the 2002 LED market by
application. Backlighting and signage com-
prised 17% and 10.3% of the total LED mar-
ket respectively, and these segments, which
mainly use HB-LEDs, offer the highest growth
potential. The largest segments for standard-
brightness LEDs were for status indicators
7.5% ot the total

e

"'L

and alphanumenc displays (3
market) and IR transmutters (2
Rebello says that LEDs are p.micul..lrl} well

suited tor backlighting small LCD panels 1n

0).

20

cell phones, PDASs, digital cameras and cam-
corders. The market for larger panels —tablet
PCs, laptop screens — is several years out, with
the barrier being uniform illumination across
large areas. The human eye requires a color
uniformity of at least 95%.

1ISuppli estimates that the backlighting mar-

ket for LEDs will grow ata CAGR of 18%
from around $500 million in 2002 to more
than $1.1 billion 1in 2007. The market should
be around $700 million 1n 2003. In handsets,
the average number of LEDs per display 1s
decreasing as LED pertormance improves:
however, some phones now have more than
one screen. The introduction of higher-quality
cameras in phones might reduce the demand
for stand-alone digital cameras. which would

in turn reduce the demand for LED backlights
in the latter application.

Osram’s thin-film technology

Numerous techniques have been developed
to enhance the extraction efficiency of LEDs,
and several of these rely in part on the emis-
sion from the sidewalls of window layers and

transparent substrates. In some cases. notably
Lumileds” TIP-LED and Cree’s XBright
device, the chips are shaped. Sidewall emis-
sion becomes less effective when the chip area
1S Increased, so that in larger chips the extrac-
tion etticiency and hence the luminance
(which correlates to brightness) 1s reduced.
Osram Opto Semiconductors has developed
a new approach that does not rely on sidewall
and allows the luminance to be

emission.
scaled with chip area.

Osram’s “Thin Film 't
bonding the LED structure to a metallized car-
ate, after which the original epitax-
s removed by laser lift-oft
(Comp lucror June 2003 p29).
I'he company has m 111111'..14..111r..d prototype
S mm radial blue (460 nm) LEDs with an out-
putof 16 mW at 20 mA.

LPLAR
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2002 LED chip market

status indicators and
alphanumeric displays 37.5%

other illumination 1.4% —
decorative lighting 1.4%

IR transmitters 21.3%

backlighting 17%
signage 10.3%

transportation 4.3%
automotive 6.7%

total 2002 market: $3 billion

Fig. 1. Indicators/alphanumeric displays
and IR transmitters, the largest LED chip
markets, are served by standard-brightness
devices, while backlighting and signage are
the biggest markets for HB-LEDs.

described the tabrication ot AlGalnP Thin
Film devices, a process carried out using
4 inch wafers. After growth, microprisms are
etched into the epitaxial layer structure, and
the surface 1s coated with 1solation and met-
allization layers. This structure 1s bonded to a
metallized carrier betore removal of the orig-
inal GaAs substrate. In the final device struc-
ture, shown 1n figure 2a, a p-contact is formed
at the top of each microprism. Light emission
takes place from the active layer within each
microprism, but does not take place in the area
directly underneath the n-contact bond pad.
Furthermore, the geometry of the microprisms
causes light to be efficiently reflected towards
the top surtace. As shown in figure 2b, each
device contains a number of microprismes.

According to Streubel, 618 nm Thin Film
devices have demonstrated an extremely high
luminous efticacy at 20 mA of 96 Im/W, with
a wall-plug efficiency 0f 33%. At 10 mA, the
etticacy was slightly higher at 98 Im/W. The
300 x 300 um- devices had an output of 12 Im
at /0 mA. Streubel also reported yellow LEDs
(395 nm) with an efficacy of 49 Im/W at
20 mA and an output of 7 Im at 70 mA.

In comparison, Lumileds has reported an
etticacy of 100 Im/W for its 605 nm TIP-LED
has a much larger size of I x | mm-.

chip. which
The above results have been generated with

COMPOUND SEMICONDUCTOR DECEMBER 2003
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iehicles boost LED market
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Fig. 2. Cross-section of Osram’s third-generation Thin Film device (a), and a top view of the chip measuring 320 um per side (b). The
hexagonal areas in the chip photo are the microprisms, the only regions from which light emission takes place.
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Flg 3 Thns whlte Iamp produced 1200Im
about the same as an incandescent bulb,
but with twice the efficiency.

Osram’s third-generation Thin Film devices,
while first-generation devices have been com-
mercially available for about a year. Ata cur-
rent of 600 mA, large first-generation devices

measuring I x I mm~ generated an output of

44 Imat 615 nm.

Cree pushes white LEDs to limit
Cree continues to make improvements to its
blue LEDs, and Bernd Keller described blue
(460 nm) LEDs that have an output of 19 mW
when driven at 20 mA, with 35% quantum
efficiency and 29% wall-plug efficiency.
These chips enable very-high-efficiency white
LEDs that provide 4.7 Im when driven at
20 mA, with an efficacy of 74 Im/W.

Keller reported that Cree 1s working to
increase the efficiency, operating power den-

COMPOUND SEMICONDUCTOR DECEMBER 2003

Fig. 4. White LEDs are now being used to
provide daytime running lights within
headlamps (a), while full headlamp
prototypes have also been developed (b).

sity and yield of 1ts LEDs, and to move to
larger wafer diameters (LEDs are currently
produced by Cree on 2 inch S1C wafers). “The
industry 1s now capable of producing about
300 times the number of lumens per wafer
compared to the first commercial blue LEDs,”
he said. By 2010 this factor 1s anticipated to
increase by about 15,000 times, 1.e. 50 times
from today.” The actual lumen/wafer value is
dependent on packaging and other factors.
Cree has also been developing high-flux
[LEDs that measure 900 x 900 um and have an
output of 250 mW when driven at 350 mA.
These blue chips have been packaged with a
commercially available phosphor to make
white LEDs with an output ot up to48 Im at a
color temperature of 6000 K, and an efficacy
of 40 Im/W. Further increases 1n the flux per

HELLA

chip can be made by increasing the operating
power, which 1n turn increases the need for
innovative packaging solutions that minimize
thermal resistance and remove heat from the
LED junction.

Keller also described an R&D lamp mod-

ule that has an output exceeding 1000 Im. The
multichip lamp (figure 3) produced 1200 Im
when driven with an electrical power of
37.5 W, giving an efficacy of 32 Im/W; this 1s
about twice the efficiency of incandescent
lamps with a similar lumen output.

Automotive applications

LEDs are already established in some aspects
of the automotive lighting market. Derek
Mallory, representing automotive lighting
supplier North American Lighting, estimated
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that in the North American market around
40% of CHMSLs (center high-mounted stop
lights) and 2% of rear combination lamps
(RCLs)use red LEDs. Around 500,000 RCLs
will be installed on North American cars 1n
2004, while a much smaller number of amber
LEDs are currently being utilized.

As performance improvements continue,
LEDs should be able to penetrate all the light-
ing applications in vehicles, even front head-
lamps. Karsten Eichhorn of Hella, a German
supplier of automotive lighting and electronic
parts, described the use of white LEDs 1n
headlamps. Examples ranged from daytime
running lights (DRLs; figure 4a) to full head-
lamp prototypes (figure 4b). These have
already appeared on a number of concept cars
displayed at motor shows around the world.

LEDs offer design and styling options as
well as long lifetime which leads to low or
zero maintenance. Other factors valued by
vehicle OEMs are space savings and effi-
ciency, while customers appreciate added
safety, higher performance, cost reduction and
relhiability.

White LEDs are already being used as park-

ing lights and as DRLs within headlamps. conference indicated that the latter figure 1s
Eichhorn described a DRL that employs five  around 10 Im/$ today.

LED chips each producing 30 Im; by 2006,

this is expected to migrate to two chips at LED lights for airports

70 Im each. Other applications such as fog ~ Anumber of other applications for LEDs were
lamps and the main headlamp function are

discussed at the conference, one of the most
even more demanding, requiring large num-

exciting being airport lighting. According to
bers of chips, sophisticated heat sinking and Pamela Whitley of the US Federal Aviation
special optical concepts to achieve stringent ~ Administration (FAA), functions include nav-
light distribution patterns. Eichhorn estimated  1gational aids for pilots, airfield lighting to

that low-beam headlamps can require alumi- delineate runways and taxiways, and obstruc-
nous flux ranging from 350 to 1000 Im, which  tion lights for towers and transmission lines.
means about 45 LED chips today, and 19 chips The FAA 1s currently developing new stan-
in 2006. Multichip LED arrays will lead to  dards and specifications to accommodate
headlamps incorporating functions suchas LEDs, including the power supply infra-
the ability to illuminate around corners asthe  structure. LED-based blue runway edge lights
vehicle turns. However, the introduction of and red obstruction lights are already 1in use

LED-based headlamps 1s dependent on leg- at some US airports. Green taxiway center-

1slative, as well as cost/performance, 1ssues.  line lights and threshold |

lights are also being
Mallory concluded his talk with a summary  tested, and standards are being developed for

of requirements for LEDs in automotive appli- yellow runway guard lights. Color, chro-
cations. Red LEDs are expected toreacha maticity and variation with time are closely
luminous flux of 100 Im at a cost of less than  controlled by FAA regulations, and airport
$2, while amber needs toreach 240 Im atless  lights must also operate in extreme weather

than $4. White LEDs need to reach targets  conditions and under exposure to hazards such
of 150 Im and 100 Im/S; other speakers at the  as snow ploughs and de-icing fluid. #
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HB-LEDs: the market drive
towards solid-state lighting

compoundsemiconductor.net

Growth in the high-brightness LED market will be fueled increasingly by illumination applications
over the next five years as the price/performance characteristics of devices improve. Bob Steele
of Strategies Unlimited analyzes the development of the solid-state lighting marketplace.

apid advances 1in high-brightness LED
(HB-LED) technology have opened
up the possibility of using LEDs as
sources of general 1llumination in the not-too-
distant future. Remarkable progress in LED
efficiency, lifetime and total lumen output has
enabled an early market in niche lighting
applications, and has given encouragement to
those who believe that LEDs could have a si1g-
nificant impact on the lighting market within
the next 10 years.

Reflecting the enthusiasm surrounding this
technological progress, national programs to
promote and develop LEDs for lighting (gen-
erally known as solid-state lighting) are under-
way 1n the US, Japan, Taiwan, Korea and
China. Because lighting accounts for approx-
imately 20% of total electricity consumption,
the main motivation for these programs 1s
large-scale energy savings, along with the
associated benefits of reduced o1l imports,
lower greenhouse gas emissions, and lower
energy costs to consumers.

The development and commercialization
of solid-state lighting 1s dependent on a robust
HB-LED industry that can generate the rev-
enues and profits to support the R&D required
to improve LED performance and lower the
costs. Despite a flattening in 2001 due to the
worldwide economic slowdown, the history

of the HB-LED market shows a CAGR of

more than 47% from 19935 through 2002. It
reached $1.8 billion 1in 2002. and 1s forecast
to exceed $2.5 billion 1n 2003.

Current HB-LED applications
The current HB-LED market can be conve-
niently divided into six major application cat-
egories, and associated subcategories. These
are given in Table 1 along with figures show-
ing the size of each market in 2002.

As Table 1 shows, the use of HB-LEDs 1n
1llumination applications (solid-state light-
Ing) accounted for just 5% of the market
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Current applications of high-brightness LEDs

Application Market size in 2002
mobile appliances $716 M (40%)
sSigns $422 m (23%)
automotive $332 M (18%)
llumination $85m (5%)
‘signals $44 m (2%)

other $221 m (12%)

lypical uses

cell phone screen and keypad

pbacklights; PDAs; digital cameras
single-color (highway VMS, moving
message panels); full color (large

video screens)

car interior (instrument panel lighting,
map lights); car exterior (CHMSL,

stop, turn, tail); truck and bus exterior
(marker, stop, turn, tail)

machine vision; architectural lighting;
specialty lighting; channel letters; contour
lighting; flashlights; marker lights, etc.
traffic signals; pédestrian Crossings;
railroad; aviation

indicator lamps in commercial, industrial
and consumer electronics; entertainment;
iINndoor displays; miscellaneous

Table 1. Mobile appliances like cell phones and PDAs currently dominate the market for

HB-LED applications, with illumination responsible for just 5% of the overall revenue base.

($85 million) in 2002. However, it 1s one of
the fastest-growing applications, and the one
that 1s driving a great deal of the current inter-
est in HB-LED technology.

The current and potential future market for
LEDs 1n lighting applications exists only
because LED technology offers real, often
quantifiable, benefits in these applications.
Whereas LEDs have several years of history
In some lighting applications, such as machine
vision and architectural/theme/retail applica-
tions, in many other areas lighting system
designers are just beginning to understand
their properties and experiment with LEDs as
new lighting tools.

Designers are attracted by the design flex-
1bility accorded by a directional light source
that i1s capable of saturated color, and most
applications in lighting to date have been for
colored LEDs. The combination of red, green
and blue LEDs provides a far greater selec-

tion of color and grayscale (16.7 million vari-
ants) than any other light source. Approxi-
mately 80—90% less energy 1s consumed than
with conventional filtered white-light sources,
and the light beam produces no heat.

Compact solution

The solid-state compact nature of HB-LEDs
1s one of the primary drivers behind their use.
Compact, digitally addressable LED arrays
can be assembled so that a large variety of col-
ors can be produced using programmable con-
trols. Similarly, long linear strips of LEDs can
be assembled for use in contour lighting and
channel letter lighting.

The long litetime of LEDs relative to con-
ventional light sources has been a key attribute
in their adoption, especially 1n applications
where a high premium 1s placed upon relia-
bility, or where maintenance costs are high.
For example, in machine vision, the cost of
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Fig. 1. According to Strategies Unlimited,
the illumination applications sector will
make up an increasing proportion of the
overall HB-LED market over the next five
years, rising to $522 m (12%) in 2007.

downtime on a manufacturing line due to lamp
failure 1s much higher than the cost difference
between LEDs and conventional sources.

In white-light applications, LEDs are more
than twice as efficient as low-wattage incan-
descent and halogen lamps, and the best white
LED technology 1s significantly more efti-
cient than standard 60—100 W incandescent
lamps (17 Im/W). White LEDs demonstrated
in the laboratory are now approaching the effi-
ciency of fluorescent lamps (80 Im/W) (see
Compound Semiconductor June 2003 p31).

The main disadvantages of LEDs are their
much higher cost than conventional light
sources, and their low lumen output per
device. Both of these problems are being vig-
orously addressed by the LED industry, and
dramatic progress has been made 1n the past
few years. For commercial white LEDs, using
large-area chips and special packaging has
increased the lumen output per package by a
factor of 100. The cost per lumen has decreased
by a factor of five. Even greater performance
and cost improvements are imminent in prod-
ucts that have been announced. but are not yet
fully commercial.

Much additional progress must be made
before LEDs can effectively penetrate the
large-scale general illumination market, but
substantial penetration into lighting applica-
tions can still be expected in the next five
years, based on the attributes described above.

Near-term illumination markets

The key to the near-term adoption of HB-
LEDs 1in lighting applications is not to use
them in applications where traditional light
sources (fluorescent, halogen and incandes-
cent) are firmly entrenched, much lower in
cost, and where maintenance and replacement
costs are low. The greatest driving force in the
1llumination market for LEDs is their use in

24

® Channel letter/

e Consumer portable

compoundsemiconductor.net

e Accent/marker/

contour lighting flashlights decorative

key lights colored accent lamps

e Architectural/retail/theme novelty items marker lights

“architainment” path lights
uplighting e Maintenance retrofit string lights
downlighting socket-compatible
color wash replacement lamps e Specialty illumination
neon replacement aircraft interior lighting
decorative outdoor e Safety/security task lights

exit signs
® Machine vision

The main

disadvantages of LEDs
are their much higher
cost than conventional
light sources, and

their low lumen output
per device.

new applications where traditional lighting
has significant disadvantages and where
LEDs provide some true added value, or
where a factor such as reliability 1s particu-
larly important.

The major uses of LEDs 1n lighting appli-
cations currently are listed in the box above.
These niche applications are being developed
primarily by lighting systems companies that
are manufacturing lighting fixtures (lumi-
naries) or other products. including control
electronics and optics, using the devices pro-
vided by the LED manufacturers to address a
specific lighting task. By and large, these com-
panies are not the mainstream lighting system
manutfacturers (although there 1s some par-
ticipation by such companies), but smaller,
specialized companies focused on the devel-
opment of LED lighting. Such companies
include pioneers 1n the field such as Color
Kinetics, TIR Systems, Permlight Products,
Boca Flasher, and many others.

However, mainstream lighting companies
are beginning to evaluate the potential of
LEDs and a number of them have even devel-
oped LED-based products. At lighting indus-
try trade shows —such as LightFair, the largest
in North America — a significant number of
exhibit booths have displayed LED-based
products in recent years.

These specialized lighting applications rep-

low-wattage applications

emergency lighting

resent one of the fastest-growing markets for
HB-LEDs. While they are relatively limited
compared with the $12 billion general illu-
mination market (for all types of lamps) that
is envisioned as the “holy grail” of the HB-
LED industry, they nevertheless constitute a
transition stage that will provide a point of
entry into this larger market. Moreover, these
applications are being developed based on
the current price and performance character-
istics of LEDs, whereas the development of
the general 1llumination market will require
much lower prices and much higher perfor-
mance than is available today. As the
price/performance characteristics of HB-
LEDs continue to improve, and as the light-
ing industry becomes more familiar with the

attributes of LEDs, this market will continue
to expand.

Future forecast

Figure 1 shows Strategies Unlimited’s fore-
cast for the overall HB-LED market and that
for HB-LEDs used in the illumination sector.
The overall market is forecast to grow at an
average annual rate of 21% to reach $4.7 bil-
l1on 1n 2007. Meanwhile, the market for HB-
LEDs 1n illumination is forecast to grow at
44% per year, double the overall rate, to reach
$520 million in 2007. In that year, illumina-

tion applications are projected to account for
12% ot the HB-LED market, compared with

just 5% today. Beyond 2007, the market for

HB-LEDs in illumination is expected to

continue to grow, resulting in the capture of

a significant fraction of the world lighting
market after 2010. B

Robert V Steele is director of optoelectronics

at Strategies Unlimited, 201 San Antonio

Circle, Suite 205, Mountain View, CA 94040.
USA. E-mail rsteele@strategies-u.com.
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EADERSHIP. Honeywell Electronic Materials (HEM) is a world leader in the

manufacture of sapphire substrates and custom sapphire fabrications.
Our state-of-the-art facility in Victoria, British Columbia utilizes the
Czochralski (Cz) growth method to generate the highest levels of consistency

and uniformity to produce 50.8mm, 76.2mm and 100.0mm diameter EPI
polished, scratch-free substrates.
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XPERTISE. HEM is a vertically integrated supplier of substrates used to
make High Brightness LEDs. We are an industry leader in the design,
development and [5S0-9001:2000 certified manufacture of the highest

quality sapphire materials used to produce substrates, rod stock, sapphire

fabrications for aerospace applications such as missile domes, as well as
specialty window applications.

ELIVERY. You can depend on HEM for more than high quality —

we maintain superior standards for on-time delivery and consistently
achieve the mark.

ERVICE. We offer global support and direct representation within all

LED markets. Our products and processes are monitored through Statistical
Honeywell offers Czochralski grown Process Control (SPC) and data collection systems within a rigorous

wafers of 100.0mm, 76.2mm and Six Sigma culture. This commitment to service and quality is a foundation
50.8mm diameter for us...from layer one to package done.™

www.electronicmaterials.com Hone)(‘n{ell
408-962-2055
© 2003 Honeywell International Inc. All rights reserved. "It All Begins

Here" and “From Layer One to Package Done" are trademarks of 721 Vanalman, Victoria, BC ® Canada, V8Z 3B6 ® 250-479-9922
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LIGHT-EMITTING DIODES

Any color, as long as it’s white

compoundsemiconductor.net

It is widely believed that general lighting will one day become a huge market for white-light LEDs.
Bill Kennedy describes some of Toyoda Goseil Optoelectronics’ recent technological progress.

hy use LEDs 1n general lighting?
The problem with incandescent
lamps 1s well documented. Their
efficiency, in terms of photon propagation,
1sn’t very good. They produce maybe 15 Im
per W of input power, with a high degree ot
wasted energy given off as heat. And while
fluorescent bulbs can produce up to 100 Im/W,
their high operating voltages require expen-
sive transformers. At peak efficiency, fluo-
rescent sources also produce poor color
rendering, while their mercury content 1s an
environmental concern.

LEDs offer the best of all worlds: ultra-
efficient, environmentally friendly, low-
power lighting. Many countries are now
recognizing LEDs as a “‘strategic technology .
as evidenced by Japan’s Light for the 21st
Century program, the US Government’s Next
Generation Lighting Initiative (NGLI), and
similar schemes in Europe, Taiwan and Korea.

For these programs, white-light LEDs are
the key technology. But what exactly 1s white
light? Light possesses no specific “color until
it 1s processed by the human brain. What we
call “white light " is a sensorial phenomenon
that doesn’t exist until it is processed and 1s
perceived by the individual. There 1s no sin-
gle kind of white light — there are in fact many
kinds, each with a subtly different hue (see
the table “Types of white light”, right). With
LEDs a whole new type of light source has
become available; one that can both mimic
many of the characteristics of older lighting
technologies and provide a wealth of new
lighting capabilities.

Degrees of “whiteness”
Technically, the color temperatures detailed
in the table only apply to blackbody sources,
and, as such, the figures are a specification of
both the degree of “whiteness  and the spec-
tral composition of the source. However, the
term “apparent color temperature is often
used to specify the degree of whiteness ot all
types of light sources, including LEDs.

All possible colors, including all types of
white light, can also be designated on the chro-
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Which white do you need?

The diagram shows the
International Comission on
lllumination (CIE) x/y
chromaticity chart. The
visible light of the sunis an
additive color mixture of all
of the hues associated with
its radiation in the

380-780 nm wavelength
range. In terms of black-
body temperature, it is
~5400 K. Similar spectra
are referred to as equal
energy white (EEW) light.
EEW is important, asitis
the nominal color
temperature that the
human eye has adapted to,

Types of white light

Type of “white” light
sunlight (EEW)
candle/fire
low-wattage tungsten lamp
incandescentlamp

_TVjs_tu'dié f!bod!ighj

and as such, is seen as the
Ideal “white light”.

Black-body temperature (K)

5400
4700
BT 6 0 e

2600-3000

e — e —— ———

3100-3400

“warm” fluorescent light
““cool” fluorescent I_ig b

““daylight” fluorescentlamp
“analog” white-light LED

maticity chart established by the International
Commission on Illumination (CIE) in 1931
(above in box). The x/y chart, which was
based on a number of research programs dat-
ing from at least as early as Maxwell’s work
in 1854, defines the color-matching charac-
teristics of a standard observer. It has estab-
lished a framework for the specification of
colors in coordinates defined for virtually all
wavelengths associated with visible light.
Superimposed upon this chart 1s the

3000
14000

P — e —— e T E ST

6500-7000

Plankian Curve (black-body locus). which
1s also used to establish a definition of white
light, including equal-energy white (EEW).
through x/y plotting. The information col-
lected for this chart includes pure spectrum
colors. This chart is the lighting and LED
communities’ standard tool for the definition
of chromaticity, including the many different
shades of white light.

The development of high-brightness white
[LEDs has already led to new approaches for
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Toyoda Gosei’s recent white LED developments

sapphire substrate

n-GaN
emitting layers o e
electrode

p-GaN
reflective p-electrode

—= e e

VBB e

"}
. S—

oump base material

Left: TG’s flip-chip GaN-on-sapphire LED leads to improved thermal management and
package designs. Right: the full-spectrum polychromatic white LED technology, the
first of its kind in the industry, is based on a purple LED and an RGB phosphor.

2001

e G White Hi: based on
high-brightness blue LED
and new yellow phosphor,
giving a more consistent

color uniformity and a higher
luminosity.

2002
e 1G White MP: a

trichromatic white source,

lighting, and will eventually significantly aftect
the type, style and quality of general illumina-
tion. The key here 1s that most traditional light
sources never really provided a close approx-
imation to EEW. Among the common types
of non-solar white light that people encounter
are: the cool “bluish” white from fluorescent
lamps ubiquitous in many office buildings;
incandescent “yellowish™ white seen in resi-
dential lighting; the brilliant “blue-white” of
mercury vapor and metal halide lamps seen
In most warehouses, manufacturing, assem-
bly and repair facilities; and the “yellow-
white” of high-pressure sodium street lamps.
With white LEDs, emissions that approxi-
mate incandescent. fluorescent and — more
importantly — EEW, can be produced. Indeed,
the whole definition and quality of such light
can be changed and/or redefined by LEDs.
LEDs offer a number of solutions to creat-
ing white light, ranging from bichromatic
(two-color) to full-spectrum polychromatic
sources. The two basic techniques for LED
white-light propagation can be described sim-
ply enough, but to really define this technol-
ogy, we must look at the two in more detail.
The first technology is “analog white ™. This
1s the term used to describe white light pro-
duced by efficient blue or violet GaN-based
LEDs coupled to phosphors. Analog white

28

comprising red, green and
blue phosphors all illuminated
by a purple flip-chip LED.
Provides greater color-
control and stability despite
temperature variations.

e [rue-White Hi: has much
higher optical power

(265 mcd) than the White Hi.
Also powered with a flip-
chip purple LED. Produces
a broadband white light
similar to EEW, and virtually
eliminates off-angle color
variation and halo effects.
Currently available in
sample quantities, it emits
1-2 Im per package.

products that provide bichromatic, trichro-

matic and full-spectrum polychromatic white
light are 1n production.

Color combinations

The first “white” LED, introduced in 1996.
featured a blue LED 1n combination with a
yellow phosphor. In this device, blue LED
light combines with the yellow light that it
stimulates in the phosphor to generate a
whitish light. Now available from many sup-
pliers in a standard “T" type package, this
source 1s typically powered by a 460—470 nm
LED thinly coated with a certum-doped YAG
(yttrium aluminum garnet) phosphor compo-
sition that emits around 598 nm.

In the human vision system, these two col-
ors combine to create the perception of white
light. The devices have color temperatures
ranging from 6500 to 7000 K (=500 K) and
are provided 1n various formats and chro-
maticity binning regimens. Many users think
of this type of LED as a “standard” and the
only alternative to obtaining a true “white
LED”, but in actual fact the bichromatic spec-
trum of white light created by these devices is
insufficient in many regions to generate a
good color rendering index (CRI): near-UV
(<430 nm), cyan-green (480—540 nm) and
deep red (>640 nm) are all absent from their

compoundsemiconductor.net

€emission spectra.

Bichromatic analog technology gives a typ-
ical on-axis color rendering index of 60-70.
However, the “whiteness ofthe emitted light
changes due to variations in LED optical
power, peak emission wavelength, drive cur-
rent, temperature and symmetry, as well as the
thickness of the phosphor coating and the
phosphor quality. Depending on these vari-
ables, the actual color produced can appear
too blue or too yellow.

The most common problems for this type
of LED system are the “halo” and “blue cen-
ter effects, where the LED emits blue light
in the center and along the package axis pret-
erentially and the phosphor emits yellow light
in a more 1sotropic tashion. In addition, these
products suffer from package-to-package
variations. Reliability and durability also vary
greatly with manufacturer. Radiation from the
blue LED causes degradation of epoxy encap-
sulants, die-attach adhesives and phosphor
binder materials, shortening the useful life-
time of the lamp. Some suppliers bin and test
each individual white LED to ensure compli-
ance, while others offer limited or no binning
options.

Despite these problems, this “standard”
white LED has carved out a successful mar-
ket and the momentum is growing. Many new
types of bichromatic, trichromatic and full
polychromatic analog white LEDs are now
available, each offering distinct attributes.
Today there are a variety of new bichromatic
white LEDs available from several compa-
nies, and being licensed to others, including
“warm white” devices (rated at 2500—-3500 K)
that are being marketed to mimic the old stan-
dard as “the incandescent lookalike™. Other
white LED products include specialized
devices for corporate clients who want a spe-
cific Pantone color.

The second technology is called “digital
white". In this scheme, light from monochro-
matic LEDs is combined to make high-bright-
ness and dynamically adjustable white and
other color sources. Bichromatic, trichromatic
and tull-spectrum polychromatic white-light
products based on this technology are also n
production and can be found in many formats.

The digital solution offers many advanced
technical features and performance parame-
ters when compared with the analog technol-
ogy described above, including wide dynamic
color control with white-point tuning and full
dimming capability without color variation.
Bichromatic versions that exhibit metameric
(1.e. colors that look identical but have differ-
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ent spectra) white color are now 1n full pro-
duction, with the technology extending to
RGB trichromatic and full polychromatic
white lighting. The packaging formats offered
are also proliferating, with a variety of 2-in-
[, 3-1n-1 and higher counts available to light-
ing designers and integrators. A similar
development of elegant broadband or RGB
sensors, LED drivers and address and control
devices support “color management’ in these
versions of the technology.

Power increase needed

However, for GaN-based LEDs to become
more competitive with traditional lighting
sources, an increase in optical power 1s
needed. Both internal and external quantum
efficiency improvements are being vigorously
pursued by the industry at large. Many 1inno-
vative new epitaxial processes, designs and
materials are being developed to achieve
11gher internal quantum efficiencies. Die
fabrication, finishing, shaping and wafer-
bonding processes are also being developed
to enhance external quantum efficiencies.

One of the biggest new changes 1s the GaN-
on-sapphire flip-chip LED pioneered by
Toyoda Gosei (TG), as well as the addition of
many new flip-chip sizes both smaller and
larger than the 320 um standard. GaN flip-
chip technology provides a new way to opti-
mize thermal efficacy and improve package
designs with regard to space saving and optics.

Larger LED die sizes are also proving quite
popular. Producers are supplying larger die
formats and developing more complex
geometries to accomplish this. Other techni-
cal 1ssues receiving attention include elimi-
nating encapsulant degradation through

“epoxy-free” packaging and increasing phos-
phor efficiency in the red spectrum. Increasing
the optical efficiency of packaging and
advancing thermal management to enable
higher LED drive currents in a variety of
device formats, including advanced surface
mount device (SMD) designs suitable for
automated assembly techniques, are also
under investigation.

For comparison, a typical 5 mm GaN white
LED lamp contains a 340 um LED die, has a
thermal resistance of 150 °C/W, and an output
of 1 Im/package. In contrast, the new high-
power “True White” LED from TG (intro-
duced at the CEATEC show in Japan 1n
October), uses a 1000 um die flip-chip pack-
aged with superior optics and thermal man-
agement in an SMD format. It yields
20 Im/package with a color rendering index
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of 90. These powerful lamps benefit design-

ers and manufacturers by requiring far fewer

LEDs and occupying less space.

Market share

LEDs have a long way to go before they
command a big market share. However, a
10% share looks like a realistic figure later in
this decade. LEDs that solve color render-
ing and color temperature differences that are
commonly found with competing technolo-
gies have been demonstrated, and these are
now 1n production. Color consistency issues
and extended lifetimes are also being
resolved. Specialized varieties of “white”
light LED that mimic traditional lighting
sources are in production. LED efficiencies
are also increasing while their cost 1s decreas-
ing quickly.

The benetits of LED-based lighting include
energy savings and greatly increased relia-
bility and durability. However, the speed with
which LED technology 1s adopted depends
on the general lighting industry, legislation
and funding 1ssues. Standards are being devel-
oped, and industrial, societal and govern-
mental organizations such as the National
Electronic Manufacturers Association, the
Underwriters Laboratory, the National
[Institute of Standards and Technology and
others are defining more appropriate quali-
fication procedures. Psychophysical research-
ers are investigating the new technology and
beginning to understand how it can be used in

a variety of applications ranging from color

blindness to inducing sleep. Designers and
integrators are taking a closer look at how best
to apply LEDs as compared with conventional
light sources. This key area, more appropri-
ately defined as “do not integrate an LED in
the same way as you do a lightbulb and expect
low-cost, high-brightness, long-life product
solutions’, needs concentrated industry, asso-
ciation and government attention, focus and
change as compared with utilizing conven-
tional solutions.

At last year’s LightFair International, the
lighting industry’s leading showcase, at least
10% of some 600 exhibitors featured LED
lighting devices (Compound Semiconductor
July 2003 p23). Market penetration looks cer-
tain to increase at next year’s LightFair exhi-
bition, which 1s scheduled to take place at the
end of March 1n Las Vegas. &

Bill Kennedy is General Manager of
Optoelectronics for Toyoda Gosei Co., Ltd. in

North America.
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and preference in the fabrication of LED and other GalN-based
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with proprietary ES2 " sapphire technologies.

Evolving Science. Evolving Solutions. Our ES2-GSA™ single crystal growth
technology sets a new level of excellence, producing large-diameter, low-EPD,

crystal sapphire. Our ES2-PSA™ epitaxial polishing technology redefines
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latest metrolog oy equipment assure results. And new single crystal growtn

technologies and new polishing technologies are already In development.

he world of material science is evolving. The solutions provider that
pursues continuous improvement is the one that will own the future
Rubicon Technology's evolving science results in evolving solutions for

Increased Yields, decreased costs, and improved device performance.

Substrate Offerings
* 2- and 3-inch diameter
Standard and off-angle orientations

* Low EPD (Etch Pit Density)

tra-clean surface
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9931 Franklin Avenue, Franklin Park, lllinois 60131
Phone 847.295.7000 Fax 847.295.7555
sales@rubicon-es2.com



LIGHT-EMITTING DIODES

Mirror adhesion technique
boosts LED chip brightness

compoundsemiconductor.net

Donald Huo and colleagues from Epistar Corporation describe a new mirror adhesion technique

for producing high-brightness and high-power AlGalnP LED chips.

ne of the main reasons that high-
brightness LEDs have yet to pene-
trate a variety of new applications 1s
that the cost per lumen 1s still too high. There
are two ways to expand the market: improv-
ing the external light efficiency; or reducing
the manufacturing cost.

[mprovements in epitaxial growth and
device processing have pushed LED internal
quantum efficiencies close to the limit, par-
ticularly for AlGalnP devices. Extracting
more internally generated light from the
device 1s the major challenge for the tuture.

There are many ways to improve extraction
efficiency in AlGalnP devices. These include
replacing the absorbing GaAs substrate with
a non-absorbing substrate such as GaP, chang-
ing the chip geometry, using surface textur-
Ing or growing a semiconductor DBR.

Although DBR layers can reflect most of
the light normal to the incident direction, they
are non-reflective at oblique angles of inci-
dence, which results in optical losses.

Besides such light trapping issues, AlGalnP
and AlGalnN LED epitaxial films are grown
on GaAs and sapphire substrates, respectively.
These are poor materials for thermal dissipa-
tion, limiting the device’s drive current and
1ts resulting light output.

In 1994, Hewlett-Packard introduced the
first commercial AlGalnP LED on a trans-
parent GaP wafer fabricated using direct water
bonding. Since then, several interesting metal-
bonding techniques have been successfully
developed by Osram, Sanken, Oriol, VPEC
and UEC. These involve the transfer of epi-
taxial layers to an electrically and thermally
conductive substrate.

However, very few of those devices are in
mass production and commercially available.
The problems may be due to the difficulties
In preventing reactions between the retlector
metals, the solder materials and the epitaxial
layers, while at the same time overcoming
adhesion problems.
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Comparison of wafer-bonding techniques

Direct wafer
bonding
pbonding temperature high
bonding agent none
film bonding pressure_ ' 'higﬁ' iy
substrate e R
reflector A none
reaction between reflector s

and bonding agent

Eutectic metal Omnidirectional mirror
bonding adhesion (OMA)
relatively high medium

soldering metal org'_ani_c_dielec_tri_c_ hR
B i hiph TR e
“conductive silicon silicon

metal metal '

POSSIbly gle

Table 1. Epistar’'s OMA technique uses an organic bonding layer to prevent problems that
can occur in alternative eutectic metal bonding processes.

LED epilayers o
ITO
bond ]
interface organic layer

* 'l
Al mirror

Si substrate

Fig. 1. Cross-sectional view of the AlGalnP
high-brightness OMA chip.

Omnidirectional mirror adhesion
Epistar Corporation has recently developed a
novel technique, omnidirectional mirror adhe-
sion (OMA), to mass-produce a new type of
AlGalnP LED. The extraction efficiency of the
new device 1s improved by reflecting the down-
ward light using a metal mirror. OMA LEDs
are made using existing equipment and there
is virtually no restriction on output capacity.
To eliminate the chance of reactions
between the reflector metal and the solder
materials, a high-temperature stable organic
film is used as the bonding agent instead of a
solder metal. Also, n and p ohmic contacts are
fabricated on the same side of the chip to pro-

0O« r | ! |

flux from packaged device (Im)

53,50 |
100 150 200 250

drive current (mA)

O S0

Fig. 2. L-l characteristics of the 615 nm
high-brightness AlGalnP OMA chip,
compared with a standard absorbing-
substrate (AS) device. Both chips measure
12 x 12 mil? (approximately 300 x 300 pm>).

vide more freedom of substrate selection and
to build a platform for flip-chip applications.

Table 1 compares direct wafer bonding,
eutectic metal bonding and OMA techniques.
One of the key advantages of OMA i1s the rel-
atively low bonding temperature.

Figure 1 shows an OMA high-brightness
AlGalnP LED chip. To fabricate the device,
an ITO film with a thickness of 3000 A is
deposited on top of the AlGalnP-on-GaAs epi-
wafer. Then a film of commercially available
organic material 1s laid on top of the ITO layer.
This wafer is then bonded to a silicon substrate
covered with an Al layer that acts as the reflec-
tor. After bonding, the light-absorbing GaAs
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High-power OMA AlIGainP LEDs
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LIGHT-EMITTING DIODES

LED size Light output Saturation
(mil) (LUm) Flux (Im) Forward current (mA) current (mA)
12x12 300 x 300 6.5 A8 | 200
22 x 22 560x560 14.4 Soohe T 550
40 x40 1020 x 1020 44.5 N 500 1500

Table 2. Epistar’s production 300 x 300 um? devices produce 6.5 Im, while larger devices
have been developed with a much higher light output.

substrate 1s removed by chemical etching, and
a 3000 A thick ITO film is deposited to form
the n-side transparent electrode. The p con-
tact area 1s then patterned and etched to stop
at the I'TO layer. The p and n ohmic and bond-
ing metals are then deposited. After probing,
the bonded device wafer 1s sawn into indi-
vidual discrete devices.

The advantage of the OMA technique 1s that
the reflectivity of the metal mirror 1s extremely
high, even after bonding and ohmic contact for-
mation. With metal bonding, on the other hand,
the reflectivity of the mirror may be reduced
during the bonding process. As aresult, OMA
improves the light extraction efficiency.

Device characterization
Figure 2 shows the L—I (luminosity—current)
characteristics of a high-brightness OMA
AlGalnP LED chip with a size of 12 x 12 mil°
(approximately 300 x 300 um®) together with
a standard absorbing-substrate (AS) device.
The light output of the OMA chip, which sat-
urates at around 200 mA, 1s 3 times brighter
than the AS type, which saturates at around
[60 mA. On the other hand, an AlGalnP LED
chip with a semiconductor DBR has a light
output 1.7 times higher than the AS-type chip.
The reliability of OMA chips was tested at
S0 mA and 55 °C for 1000 h; the results were
comparable to standard AS-type chips with
only slight changes in light output after 1000 h
operation. Epistar has also performed harsh
thermal cycle testing for evaluation of the
bonding interface. The results indicate that
despite the use of an organic adhesion layer,
the bonding interface is very robust and no

failures have been observed.

Large-area chips

Recently, large-sized power LED chips have
also attracted lots of attention. They have
found applications in outdoor signage, traffic
signals, automotive exterior lighting, and
medium- to large-sized LCD backlighting.
They will eventually be used in general illu-
mination. Epistar has just completed the
development of two different sizes of LED
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Fig. 3. Top view of two large AlGalnP high-
brightness OMA chips. (a) A 22 x 22 mil?
chip driven at 0.2 mA. (b) A 40 x 40 mil® chip
driven at 1.0 mA. Low drive currents were
used in order to demonstrate the quality of
the illuminated areas of the chips.

chip with areas of 22 x 22 mil* (approximately
560 x 560 um?) and 40 x 40 mil* (approxi-
mately 1 x | mm?). Figure 3 shows the top
view of two OMA high-power AlGalnP LED
chips, driven with a low current to show the
quality of the lighting areas.

Table 2 shows the luminosity of the high-
power AlGalnP LEDs at three different chip
sizes. The largest chip (1 x 1 mm?) generated
a light output of 44.5 Im at a drive current of
500 mA, and had a saturation current of 1.5 A.
In reliability tests, the 22 x 22 mil* OMA high-
power chips were driven at 150 mA on a PC
board at 25 °C tor 1000 h. The results again
showed excellent behavior, with the light out-
put dropping to 95% after 100 h operation and
to about 92% after 1000 h.

Future work

Having successtully developed this high-
power AlGalnP LED chip technology, Epistar
commenced mass production of the devices
in the fourth quarter of 2003. To further
improve the drive current limitation, the com-
pany has modified the OMA technique to
replace a large portion of the silicon substrate
with plated copper:; this improves the thermal
conductivity for higher-power applications.
The new AlGalnP high-power LED devices
with copper-plated silicon substrates will be
ready for sampling in early 2004. £2

Donald Huo, M-H Hsieh, W-H Lin, T-F Tseng, J-S
Wang and M-J Jou are with Epistar Corporation,
Hsinchu, Taiwan. Web: www.epistar.com.tw.
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ICSCRM underlines good

progress in SiC technology

This year’s ICSCRM highlighted the significant steps that have been taken recently towards
broadening the range of SiC devices available off the shelf. Jon Newey reports.

he recent International Conference on
S1C and Related Materials (ICSCRM
2003) 1llustrated very well that two
years 1s a long time for a fledgling technology.
Many of the 500 delegates gathered in Lyon,
France, over October 5—10, 2003 were at the
last ICSCRM 1n Japan in 2001, when Infineon
and Cree had just begun to compete as the
first two companies to commercialize S1C
Schottky diodes. Since then, successive gen-
erations of S1C Schottkys have been released,
handling greater levels of power. Rohm 1s just
about to enter into S1C Schottky production,
and Cree and Rockwell Scientific have
released commercial SiC MESFET products.
Behind the scenes there has been rapid
progress in S1C R&D labs. Bulk and epitax-
1al material quality has improved, something
that device developers have taken full advan-
tage of, and new processing strategies are
helping to overcome old barriers to progress.
Given the still limited commercialization
of S1C devices, the fact that so many delegates
attended 1llustrated the strong level of fund-
ing being invested in S1C R&D. The funding
given to S1C and other wide-bandgap semi-
conductors by the US Department of Defense
was perhaps reflected in the fact that more
than 100 delegates were from the US, with
Japan having a similar number, and France
and Germany accounting for 90 and 60 respec-
tively. As well as established Si1C players such
as Cree, II-VI and Okmetic, the exhibit fea-
tured some new faces, including SemiSouth,
Bandgap Technologies and Dow Corning,
which acquired S1C substrate manufacturer
Sterling Semiconductor in January 2003.

Micropipes are history

Cree’s Don Hobgood gave the opening talk of
the conference, bringing the audience up to
date on the state of the art in SiC substrates,
the impact this has had on devices, and the
Issues that are now being tackled. Micropipes
have been the main issue for substrates for
somie time, but recent progress 1s changing

COMPOUND SEMICONDUCTOR DECEMBER 2003

CREE

Pout (dB), gain (dB)

15
Pin (dBm)

20

Fig. 1. Cree’s AlGaN/AIN/GaN HEMT uses
field plate technology and an AIN barrier
which increases mobility in the GaN
channel. Operating at 4 GHz and V4 of 82V,
the maximum output power density Is
20.4 W/mm with 51% PAE.

this. Cree’s best result was a 75 mm 4H wafer
with just 10 micropipes. To put this in per-
spective, 10 A Schottky diodes fabricated
using 75 mm wafers with a micropipe density
of 0.45/cm” would have a yield of 97%, and
the yield for larger 100 A devices would be
79%. The current best micropipe density for
100 mm 4H-SiC wafers is 22/cm*. While 10 A
device yield on such a wafer would drop to
67%, 1t would still provide 970 good devices,
far more than the very best 3 inch material. The
economics of manufacturing may well dictate
that large-area watfers with more micropipes
are good enough for many device types,
although material scientists might not be
happy until micropipes are a thing of the past.

Given the problems of forward voltage drift
in bipolar devices (see “Bipolar devices over-
leat), basal plane dislocations are replacing
micropipes as the enemy on the battlefield.
The density of these defects 1n current best
material is 10°—10%/cm?, and their presence in
epilayers has been linked to the formation of
stacking faults in the thick epitaxial drift lay-
ers of bipolar devices under stress conditions.

The best-performing AiGaN/GaN HEMTs
have been those fabricated on S1C substrates

thanks to their high thermal conductivity and
closer lattice match to GaN than sapphire or
S1 substrates. Highlighting the link between
good substrates, high-quality epitaxy and
device performance, Hobgood described

some 1mpressive figures from an AlGaN/
AIN/GaN HEMT grown on a 75 mm semi-

insulating S1C wafer. The sheet resistance of
the ep1 structure grown onto a Fe-doped butter
was 280 €2/C1 with less than 1% standard devi-
ation across the wafer. The HEMT, fabricated
using a field plate on the gate electrode and an
AIN barrier layer above the GaN channel,
operated at 4 GHz and had a current density
of 20.4 W/mm with 51% PAE at 82 V (fig-
ure 1). If GaN-based devices can handle such
power density, why 1s there such interest in
S1C? John Palmour, Cree’s executive VP of
advanced devices, put the case for S1C suc-
cinctly in the Industrial News session: “Si1C
1s very reliable at high powers, but the relia-
bility curves for GaN devices are still horri-
ble. We are interested in both materials, but in

the meantime we need to sell something.

MOSFETs and channel mobility
The development of S1IC MOSFETSs has been
hampered by poor oxide reliability and low
channel mobility. The low channel mobility
1s mainly the result ot a high density of inter-
face states near to the conduction band., which
trap or scatter the carriers. The subject of
MOSFETs and the oxide/S1C interface was
widely discussed and fortunately reflected
some good progress since ICSCRM 2001.
Dietrich Stephani of SICED 1n Germany
cave a plenary talk reviewing the progress,
outstanding 1ssues and current state of MOS-
FET development at S1ICED, which has
resulted in the demonstration ot a vertical
device with a blocking voltage of 3 kV. In
blocking mode, the normally off device
showed a leakage current of <10 uA at 3 kV
and <10 nA at 2 kV. The on resistance of the
2.4 mm- device was 3 Q at 25 °C, rising to
4.9 QQ at 150 °C where such a device would be
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likely to operate.

Cree’s Mrinal Das discussed recent advan-
ces in MOS device performance that have
come about through oxidation techniques and
post-oxidation N>O or NO anneals. Nitrida-
tion i1s thought to increase mobility through
the passivation of interface states. Post-
oxidation nitridation anneals also result in the
oxidation of the underlying S1C surface, and
eventually the passivation effect 1s offset by
increased disorder at the SiC—oxide interface.
Das described the development at Cree of
what he called “pure nitridation, whereby the
oxidation of the S1C 1s suppressed. This has
resulted in the density of interface traps (D))
falling below 10"/eV/ecm”. Lateral MOSFETs
fabricated on the (0001) face using the pure
nitridation process showed greatly enhanced
performance over those with the standard N,O
nitridation. This included lower threshold
voltages and a channel mobility of 73 cm?/Vs.
Das expects that a further optimization of the
nitridation now under way will result in a
mobility figure of 100 cm?/Vs. Accelerated
lifetime tests on MOS capacitors using this
process indicated >100 years of reliable oper-
ation at 300 °C.

Continuing the nitridation theme, Einar
Sveinbjornsson of Chalmers University in
Sweden discussed the development of a 4H-
S1C device with channel mobilities up to
150 cm*/Vs. The oxide was grown in an N,O
ambient and devices without the N,O-grown
oxide were also made for purposes of com-
parison. D, figures extracted from C-V curves
for the two types of devices showed that the
oxide growth in N,O halved the D,,. It was
unclear 1f the growth in N,O passivated the
traps or if it lowered the probability of traps
forming. Interestingly, the group observed that
a post-oxidation anneal in N,O increased D,
perhaps backing up the theory of increased
disorder at the SiC—oxide interface mentioned
in Das’s talk. D;, was also seen to increase fol-
lowing the RTP of ohmic contacts, although
a later slow anneal had no effect. The fast tem-
perature ramp in the RTP possibly has a detri-
mental effect on the S1iC—oxide interface.
Devices without the RTP of the contacts
showed up to 150 cm?/Vs mobility, but the
contact resistivity was two orders of magni-
tude above that of contacts formed using a
normal RTP step. The group 1s now working
to simultaneously achieve the high mobility
figure and good ohmic contacts.

Apart from nitridation, processing devices
on alternative crystal faces to the normal
(0001 ) has been shown to increase mobility
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Fig. 2. The distribution of interface state
density (D;) for 4H-SiC (0001) and (1120)
n-type MOS structures.

One of the
outstanding issues
facing bipolar devices
and a key to their
commercialization
Is reliable junction
termination.

through the reduction of interface traps
(figure 2). Much of this work has been on
low-doped material with mobilities over
200 cm~/Vs reported. Y Kanzaki of Kyoto
University described his group’s studies on
4H-SiC (1120) channels combined with N,O
annealed oxide and using highly doped
material which is required for high-power
devices such as the 3 kV devices described by
Stephani. MOSFETs were made on (1120),
(0001) and (0001) epilayers with p-type dop-
ing in the 7 x 10> — 2 x 10'"/cm? range. In
(0001) channels mobility was low at 17 and
8 cm”/Vs for doping of 10'® and 10'/cm?. In
contrast, the 1120 devices showed high mobil-
ity even for high doping, with mobilities of 70
and 54 cm*/Vs for doping at 10'° and 10'"/cm?
respectively. It 1s thought that electron trap-
ping and scattering 1s more pronounced at high
doping levels, meaning that the much higher
D, near to the conduction band in (0001 ) mate-
rial results in much lower mobility than for
the (1120) material, which exhibits fewer
interface states near to the conduction band.

Epitaxial growth

Epitaxial growth featured in three dedicated
sessions. Phil Neudeck of NASA gave the del-
egates an update on his group’s development
of atomically flat on-axis epitaxial layers

compoundsemiconductor.net

using a mesa and cantilever growth method.
This 1s now producing step-free mesa surfaces
up to 0.4 x 0.4 mm-. A Shoji of the Kyoto
[nstitute of Technology in Japan discussed the
growth of 3C-S1C on silicon using pendeo
epitaxial growth, a technique already estab-
lished for growing high-quality GaN on non-
native substrates.

While off-axis growth has become well
established for high-quality epitaxy, 1t 1s not
1deal as fewer off-axis substrates can be cut
from a boule, and the high density of growth
steps on the surface of an off-axis substrate
increases the probability that the epilayer will
copy crystal faults in the substrate. Christer
Hallin of Linkoping University in Sweden
reported on the development of a method for
on-axis growth of S1C on 4H- and 6H-S1C
substrates, which has resulted in 30 um thick
epilayers on 4H and 6 H material with com-
parable surface quality to layers grown on ott-
ax1s substrates.

Bipolar devices

One of the outstanding issues facing bipolar
devices and a key to their commercialization
1s reliable junction termination. Good edge
termination means that a thinner i1-layer (drift
layer) can be used to withstand a given block-
Ing voltage. [gor Sankin of SemiSouth Labor-
atories 1n Starkville, MS, reported on work to
fabricate 4H-S1C pin diodes with junction ter-
mination extensions (JTEs) formed by
implantation of B" or Al .

The diodes had 10 um epitaxial drift layers
and p epitaxial anodes. Devices with 100 and
200 um JTEs were fabricated. Both B- and Al-
implanted JTEs showed sharp breakdown
with yields above 80% at over 1.7 kV. Current
density was 1.2 kA/cm” at a forward voltage
(Vpof5V,and 6.5 kA/cm” at 8 V. The reverse
leakage current at low to medium voltages
was proportional to the perimeter of the JTE
region. At higher voltages (<1000 V), the leak-
age became a function of the entire device
diameter. The performance of A1 JTE devices
with various epitaxial layer parameters
matched simulated results, indicating the
reproducibility and scalability of the JTE
process.

Great advances have been made in the qual-
ity of the epitaxial layers required to grow drift
layers up to 200 um thick in high-voltage pin
diodes. High-quality epitaxy results in bet-
ter V¢stability, reduced reverse leakage and
higher carrier lifetimes. Cree’s Das discussed
the problems of V;drift, widely accepted to
be the result of stacking fault generation and

COMPOUND SEMICONDUCTOR DECEMBER 2003



compoundsemiconductor.net

CONFERENCE REPORT

-,

L

i
£
i- )
":..
%

-
b= A
I. ) e -
e .
B A
- L]
L | r,
AT <
1 o - P i
] ¥ .
® :\: ; .
4 N W,
N Eaw =
- - - a"
v . 5 il
] " a
- & - -
- " &
- R .
< ol
. S -
4 S e
-
= e .

Fig. 3. Electroluminescence of stacking fault generation during the turn-on of a pin device with a 100 um drift layer. The images from left to
right represent start-up, 0.25, 0.5 and 0.8 A and the forward voltage drift is 6-12 V.

propagation through the drift layer, which
increases resistance and therefore results in a
higher voltage drop (figure 3). He described
devices with high-quality 100 wum drift layers
and 2 um p anode layers, and B-implanted
JTEs on (1120) and (0001) material. The
(1120) devices under 100 A/cm? stress for
100 h showed a V;drift of less than 100 mV,
but breakdown strength of material on this ori-
entation is poor. Large-area 7.5 A devices on
(0001 ) material gave 10 kV blocking voltages.
At 7.5 A the forward voltage was a record low

at 3.74 V. Packaged devices were stressed for
50 h with 20% of the devices exhibiting V;
drift of less than 100 mV.

Epi quality and stacking faults came under
further scrutiny from Bob Stahlbush of the
Naval Research Laboratory in Washington,
DC. The origin and development of stacking
faults was tracked using light emission images
under low-current conditions (0.1 A/cm?~).
with each image taken after 0.2 s periods of
stress at 34 A/cm”. Stahlbush showed a movie
of the formation and development of these

faults, and from a careful analysis of the image
was able to draw conclusions on the mecha-
nism for propagation. An important conclu-
sion was that stacking fault growth 1s driven
by the response of dislocations to internal
stresses, and not by the lowering of electronic
energy as the stacking fault grows, as has been
previously suggested. The observation from
the images that the faults move at different
rates was attributed to their natural response
to mechanical tensile and compressive
stresses 1n the Si1C. &
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111-Vs and nitrides feature at IEDM
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Fig. 1. The double-deck gate structure in this
HEMT reduces gate fringing capacitance by
heightening the gate foot.

Although dominated by papers covering advances in silicon-based
devices, the International Electron Devices Meeting (IEDM), held
December 810 in Washington, DC, also included contributions from
the [II-V and IlI-nitride communities.

Researchers are paying particular attention to the elimination of par-
asitics in [1I-V HEMTs as the reduction of gate length on 1its own 1s no
longer enough to keep the performance of these devices advancing.
There were two papers devoted to the subject which put torward novel
HEMT architectures for minimizing parasitics in sub-0.15 um devices.
A paper from Dae-Hyun Kim and colleagues from Seoul National
University in South Korea described a double-deck 0.13 um T-gate
HEMT which significantly reduced gate fringing capacitance. This
was achieved by making the pedestal of the T-gate higher through the
etching of an additional 200 nm InGaAs capping layer which was
deposited on top of the usual 20 nm InGaAs cap with 4 nm InP etch-
stop layers above and below i1t (figure 1). The thick cap was covered
in Si1N before being etched to create a SiIN overhang (figure 2). By
etching through the lower InP etch stop, the device could be made to
work 1n a quasi enhancement-mode which suppressed the gate-hole
current generated by impact ionization. The low gate-hole current
resulted 1n an increase 1n on-state breakdown voltage. Compared with
InGaAs/InP devices with a standard gate design, the reduction 1n gate
fringing capacitance in the double-deck structure resulted in a 22%
improvement in f, to 220 GHz.

Kozo Makiyama and colleagues from Fujitsu Quantum Devices
also tackled gate parasitic capacitance to improve the operating speed
of an InAlAs/InGaAs-based flip-flop circuit. To do this, the dielectric
material that usually surrounds the gate electrode was removed, leav-
ing the 0.1 um gate in a cave of empty space bridged by the source and
drain interconnect dielectric (figure 3). As a result, the gate-drain and
gate-source capacitance that results from the gate encapsulating dielec-
tric 1s significantly reduced. Compared with the standard structure, it
was estimated that gate capacitance was 50% lower in the cave struc-
ture, which resulted in a 10% improvement in f, to 270 GHz. A flip-
flop IC using 100 HEMTs with the cave structure operated at 90 GHz,
amore than 10% improvement over the same IC fabricated using con-
ventional 0.1 um HEMTs.

HEMTs with InAs channels are candidates for low-voltage MMICs
and logic devices because of the high electron mobility and velocity in
InAs. Y Royte and colleagues from HRL Laboratories reported a new
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200 nm
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Fig. 2. An SEM image of the etched gate
recess with overhanging SiN layer shown
before the metal gate is formed.

FUJITSU QUANTUM DEVICES

Fig. 3. ATEM cross-section of the cave-
structure HEMT with the dielectric removed
from around the gate.

structure which has yielded a peak f, of 308 GHz (the highest yet reported
for InAs devices) at V,,=0.7 V. The metamorphic structure, grown
onto an InP substrate, allowed lattice-matched growth of an InAlAs
barrier layer before the InAs channel was grown. Using such barriers
improves hole confinement compared with the AISb barriers normally
used, leading to higher breakdown voltages and output conductance.

More speed and power from lll-nitrides
New device structures are also pushing up the performance of
AlGaN/GaN HEMTs. Field-plate structures have helped to increase
the breakdown voltage of these HEM'Ts, but at the expense of gain due
to increased capacitance (Compound Semiconductor August 2003
p21l). Ando and colleagues from NEC in Japan reported a field-plate
structure with the gate recessed into the AlGaN layer, which helped
to maintain the gain figure and also improved transconductance. For
comparison, planar field-plate devices were also fabricated. Trans-
conductance 1n the recessed device was 200 mS/mm compared with
|30 mS/mm in the planar device. Power measurements for | mm wide
packaged devices showed that the recessed device at 2 GHz with a
drain bias of 66 V had a saturated output power of 12 W/mm with lin-
ear gain of 21.2 dB and a PAE 0f48.8%. The 12 W/mm 1s thought to
be the highest yet reported for GaN-based FETs at this frequency. The
planar device at the same bias had a saturated output power of
10.3 W/mm, gain of 18 dB and a PAE 0t47.3%. Gain was 3—7 dB higher
for the recessed device over the entire range of drain bias (~10—-66 V).
There 1s increasing effort being devoted to AlGaN/GaN devices
operating at frequencies well above those required for cellular base
stations (Compound Semiconductor November 2003 p38). Ruediger
Quay and colleagues from the Fraunhofer Institute in Germany dis-
cussed how AlGaN/GaN HEMTSs on Si1C are showing early promise
for operation in the V-band (50—75 GHz). The idea 1s that GaN can step
In at these frequencies for applications where the output power of GaAs
and InP devices 1s insufticient. The Fraunhofer group has developed
dual-gate AlGaN/GaN HEMTs with 150 nm gate lengths, optimized
for V-band operation. At a drain-source voltage of 8 V, the transcon-
ductance was 371 mS/mm and the maximum drain current was
1300 mA/mm. At 60 GHz, the dual-gate devices had gains of between
3.5 and 12.5 dB for gate widths between 0.18 and 0.27 mm ata V 4 of
14 V.A0.18 mm wide gate deviceata V  of 15V operating at 60 GHz
had an output power density of 0.5 W/mm with an efficiency of4.2%.

COMPOUND SEMICONDUCTOR DECEMBER 2003



ey

=
|
e

"}i‘!‘ F:h:l
# -fb'-‘_"'
. -

oy,
l.l_l-_ ﬁ-

' e

CCS MOCVD Syst

Your future...

IS Our bus

'
i s iy g =
- r il 5"

W [

o ¥ .
1 ¥

- - L L]

b [

b

AT
l n e S S .
._'_.I._..-I .

e World leading supplier
of MOCVD solutions

- |, T
-.r__}..-u_.

e Unique Close Coupled Showerhead =

i"
ot 1',:"

o i

. e

L. -H:;:.h “"F"ha» |
s 5 " “ ‘:I\.‘_&' *a. '_ |.' .

[

® [ruly scalable reactor concept

® A range of Production and
R&D systems available

® Low cost of ownership

e High yield

® Proven for a wide range of kS, |

compound semlconductor matenaLs

o - . o
o

e Global service and support network

- - 8 @\ -y

o
o
_ﬂ
£

B

PRI

i

Thomas Swan Scientific Equipment Ltd

Anderson Road, Buckingway Business Park, Cambridge, CB4 5FQ. UK. Web: www.thomasswan.co.uk
Tel: 444 (0) 1223 519444 Fax: +44 (0) 1223 519888 email: sales@thomasswan.co.uk
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Effect change.

Industry-wide changes don't just happen on their own.

They happen when passionate people within an industry organize grou

DS and exchange 1deas to form policies,
set standards and advance technology.

R

Be one of the people who guide the global semiconductor, display, M

MS and related industries. Go to
www.semi.org and visit the Communities section today.
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IQE raises $32m in share placement

Water supplier IQE plc has raised £18 million
($32 million) through a placement of 125 mil-
l[ton new ordinary shares.

Despite suffering “poor visibility” in cur-
rent trading conditions, the UK-based com-
pany says that 1t has seen recent signs of
progress and secured several important con-
tracts. In November, two major Asia-Pacific
customers for laser epiwaters for optical stor-
age applications (both CD and DVD) placed
orders with IQE Europe for initial pilot pro-

duction quantities, and have indicated a pro-
duction ramp through 2004.

|QE also said that while the optoelectron-
1Ics market for communication devices has
remained depressed for a considerable period,
anumber of customers are now indicating that
iventory burn will be largely complete by the
middle of 2004. Re-ordering 1s expected to
begin 1n that time frame.

[QE’s US subsidiary, IQE Inc, has been
qualified over the last 12 months by four key

PRODUCT SHOWCASE

—_— e e

players in the wireless component supply
chain that supply directly to handset manu-
facturers. However, visibility throughout the
supply chain still remains relatively poor.
IQE’s substrate manufacturing subsidiary,
Water Technology, 1s seeing increasing
demand for higher-margin products such as
InP and InSb, and 1s currently expanding some
parts of its manufacturing organization.
e Each of the four IQE subsidiary companies
has now achieved ISO 9001:2000.

To advertise your product in this section, contact Luke Neel on tel: +44 117 930 1264, or e-mail: luke.neel@iop.org.

Thin-film characterization

k-Space

k-Space specializes in advanced, in situ thin-film characterization
products. The kSA BandiT uses band-edge absorption to monitor water
temperature, and is perfect for low-temperature processes where
pyrometers are not sensitive. Our Multi-beam Optical Sensor (MOS)
provides two-dimensional curvature and stress monitoring. The kSA 400
system puts the power of analytical RHEED at your fingertips. RateRat
Pro offers real-time reflectivity -
monitoring to measure deposition e
rate, film thickness and optical e
constants in a single package. "

Contact: k-Space Associates Inc,
3626 W. Liberty Rd, Ann Arbor,
MI 48103, USA

Tel: +1 734 668 4644

Fax: +1 734 668 4663

E-mail: info@k-space.com
Web: www.k-space.com

Dual Dopant Source

Dr. Eberl MBE-Komponenten GmbH

The use of the Dual Dopant Source DDS on one 4.5" flange increases the
capacity of your MBE system (e.g. GEN II, VG V80H) by only needing a
single port for Be and Si doping. Each cell has a conical 5 cm” PBN
crucible. A water-cooled shielding between the single cells reduces their
thermal interaction. Cross-contamination is minimized by the use of
individual shutters separated by a Ta shielding. Dopant sources for other
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dopants are available on request.
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Contact: Dr. Eberl MBE-
Komponenten GmbH.,
Gutenbergstr. 8, D-71263

Weil der Stadt, Germany

Tel: +49 7033 6937 0

Fax: +49 7033 6937 20

E-mail: sales@mbe-components.com
Web: www.mbe-components.com

GaNcat for safe abatement

BOC Edwards

Cree

SiC MMIC Foundry Services

GaNcat builds on the experience of single-cartridge systems by offering
increased flow capacity. GaNcat’s modular design means that any current
or future flow requirements can be accommodated and an integral
monitoring system automatically warns when cartridge replacement 1s
required. BOC Edwards also offers bulk and specialty gases, a wide range
of abatement and chemical dispense systems, vacuum equipment, and a
portfolio of services for the

LLL L Y

Contact: BOC Edwards

Tel: +1 978 658 5410 or

800 848 9800 (USA)

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

COMPOUND SEMICONDUCTOR DECEMBER 2003

compound semiconductor industry.

Cree, Inc 1s now offering S1C MMIC foundry services to US customers.
The MMIC process is similar to existing GaAs MMIC processes offering
thinned (100 mm) substrates, thin-film resistors, high-voltage MIM
capacitors and through-watfer vias. The process has demonstrated good
yield on large, high-power MMIC amplifiers suitable for high-power
radar, EW and COMM applications. Cree also offers a line of discrete SiC
MESFET transistors.

Contact: Jim Milligan, Cree, Inc.
4600 Silicon Drive, Durham.

NC 27703, USA

Tel: +1 919313 5564

Fax: +1919313 5696

E-mail: cree foundry(@cree.com
Web: www.cree.com
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EV Group and SiGen in bonding venture

EV Group (EVG), a manufacturer of MEMS
and semiconductor wafer-processing equip-
ment, and Silicon Genesis Corporation
(SiGen), a developer of silicon-on-insulator
and other engineered substrate technologies,
have announced a wide-ranging co-operation
in the field of low-temperature water bond-
ing based on a license of S1Gen’s NanoBond
patents and process technologies.

The companies will combine their exten-

KLA-Tencor and
Soitec join forces

KLA-Tencor and Soitec have announced a
partnership to improve the quality, yield and
cost of SOI wafers used to produce low-
power-consumption ICs. The program 1s
expected to provide water and IC manutac-
turers with the industry’s first water inspec-
tion system specifically optimized tor SOl and
meeting the sensitivity requirements for the

sive experience to commercialize production-
proven, next-generation low-temperature
bonding equipment and processes.

EVG has developed low-temperature and
dry-activated bonding equipment over the last
|5 years. S1Gen has developed plasma acti-
vation for ultra-clean bond applications and
1s contributing its plasma-bonding intellec-
tual property portfolio and related process
technologies to the agreement.

Tegal targets atomic
layer deposition

Tegal 1s to purchase the assets of Simplus

Systems, a privately held developer of

nanolayer deposition (NLD) cluster tools and
processes for barrier, copper seed and high-k
dielectric applications. Simplus offers a mul-
tichamber tool incorporating its patented NLD
and plasma-enhanced NLD processes that are
similar to atomic layer deposition, but with

compoundsemiconductor.net

Equipment sales

@ Epiwafer supplier Intelligent Epitaxy
Technology, Inc (IntelliEPI) has ordered
another Riber 6000 multiwafer production
MBE reactor.

@ West Virginia University (WVU) has
ordered an AIX 200/4 RF-S MOCVD
system from Aixtron. The machine will be
used to develop nitride-based materials,

UV emitters and detectors, biological
sensors and HEMTs.

@ The Department of Physics of the State
University of New York at Buffalo, NY,
has ordered a second Riber MBE 32 P
system to grow photonic materials and
ferromagnetic heterostructures.

® The loffe Technical Institute, located 1n
St Petersburg, Russia, has also ordered an
AIX 200. It will be used to grow

InGa(As)Sb material for mid-IR light
sources and detectors.

90 nm and 65 nm nodes. much higher throughput.

e e ————— =

INTENDED AUDIENCE

The TMS 46th Electronic Matenals Conference (EMC)
aims to provide the premier annual forum for presenta-
tions of current interest and significance to the preparation
and characterization of electronic materials. Prepare
today to submit an abstract and be part of the highly
dedicated electronic materials community making EMC
one of the most comprehensive information exchange
forums available.
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EXHIBITION:

The 2004 EMC will host an exhibition of electronic
materials-related technology and services. Make plans
now to meet over 500 key industry contacts at the EMC
2004 Exhibition. To reserve space for the Exhibition
contact wilson@tms.org, or visit: http://www.tms.org/

EMC.html

The TMS 46
ELECTRONIC
MATERIALS
CONFERENCE
AND EXHIBITION

TIMIS

June 23-25, 2004
University of Notre Dame

Notre Dame, IN

EMC/DRC

The EMC will be coordinated with the Device Research
Conference during the same week. June 21-23, 2004,
at the University of Notre Dame. The coordinated
efforts are made in recognition of the strong interaction
between electronic materials and device research.
This coordination provides for maximum exchange of
information between attendees of both conferences.

FOR GENERAL EMC INFORMATION,
PLEASE CONTACT:

TMS, Meeting Services

184 Thorn Hill Road
Warrendale, PA 15086 USA
Tel: (724)776-9000 ext. 243
Fax: (724)776-3700
E-Mail: mtgserv@tms.org
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TECHNICAL PROGRAM

Papers are solicited in the thrust areas listed below:
* Group I Nitrides: Growth, Processing, * Si-Based Heterojunctions and Strained
Characterization, Theory and Devices Si: Growth, Characterization, and

* Silicon Carbide: Growth, Processing, Applications
Characterization, Theory and Devices * Epitaxy

* Point Defect, Extended Defects. and * Narrow Bandgap Semiconductors:
Doping in Wide Bandgap Materials Antimonides and Other Materials

* Low-Dimensional Structures: Quantum o Silicon [n[egmﬁgn; Alternative
Dots, Wires, and Wells Dielectrics, Thin Oxides. Ferroelectrics,

* Nanoscale Characterization

* Molecular Electronics: Devices, Materials
and Contacts .

* Epitaxy for Devices

* Materials Integration: Water Bonding and
Alternative Substrates

* Non-Destructive Testing and In-Situ
Monitoring and Control

Metal Gates, and Epitaxial Oxides

Flexible Thin-Film Electronics

Organic Thin Film and Crystalline

Transistors: Devices, Materials, and

Processing

» Nanotubes and Nanowires

* (Chemical and Biological Sensors:
Materials, Interfaces, and Integration

* (Contacts to Semiconductor Epilayers,

Nanowires, Nanotubes, and Organic

Films

Dilute Nitride Semiconductors

* Spin-Dependent or Spintronic Electronic
Materials

* Epitaxy: Growth, Metamorphic and
Templates (other areas)

* Semiconductors: Processing and .
Oxidation

* Point and Extended Defects in
Mismatched Materials

Abstracts in all areas of electronic materials are welcome.

ABSTRACT SUBMISSION \INSTRUCTIONS

All prospective authors are mvited to submit a 450-word abstract by February 2, 2004, using
the TMS Conference Management System (CMS) web site at http://cms.tms.org/. If you have
questions or need assistance while using CMS, please contact TMS Technical Programming
Services at (724)776-9000 ext. 212.

Abstracts must reveal and demonstrate reasonable scientific content. Do not submit abstracts
describing work that has not been released for public disclosure. Please denote student
submissions.

COMPOUND SEMICONDUCTOR DECEMBER 2003



E s 5 = o
oL @
T .
o &=
= O i
S i
=S E S
s 0 w £ =
7 !
e e 2 88 -
8-S -
2 h -m .-l........ e VLT
= & = L —rl Y
T - o .
= RS O -
2 5 n e #
g B o M e
50 0O S < o £ g
. o gm o= 0 3m 5,
S = N = ® ® o
7 v © — =~ D g
- SN, = S o -
S 85 Q = o S o« To= 2
o & B35 oo - ™ b
T © O e p—~
e S = o 0° S
8.9 z 25 w8 §
E umMﬂ - %3ﬁm
o = 8 ma D+ T o~
- 0 ._.m__ B = 0 R ab
T m— X EQ
S — S
p b
— pr ~
= o= D & E o
= © L a =
_ =) g O
7 Yo =
e W g = A, "
. en % m S - O N .ILm
| g m m “ 18 % w .mm PR
17 a >~ D S i
% o S P = A, 5 o B
= P O % 8w & v
K7, Q .2 - = o =
= N i z ~
e B R 5 28
% VSN S = ¥ = e O o
A — - g R 88 <~ o
s E§ T gBES o 5F
/s e =
T ER28FE88.¢
M WS — % - ﬂ ﬁ o O m
rscudll,.“[tpm |
S 0, - ~ = g —t - o & [ AATAT
& O % oy m b T L= v U
~ d % h .__m — m w (ub e _fm = .,._.“._m..._....”ﬂ....,..._-.. \
a “..V. _p..“ p-l Q) O g "V_r__. n ._ “....h....,....._.....;.__._._.__.__.-
S L =~ ¥ i S R~ = B S vn
3 - sl - O O .._.“_..J.._,.. UA
R : xd O O s QO P Qoo gl SRR - ¥ / ..%ﬂ,__e..._,..._...._.r.....
s BERZ 282226 SR
| h R d - = S~
™~ :ﬂ Q) n,,m,. m m m a4 Q - wp
N - R s
nouoo.mna,,h c&zsp.m
ELR S & O Q8 &8
Ih@hnhauzmmm
z EEaEREN TS
# - v O

F*'hw-‘-' - e
i

'
L

i




TurboDisc MOCVD Is Now Part of Veeco

Veeco helps you visualize, measure, Atomic Force Microscopy
and create nanoscale features.

Atomic Force Profiling

. . : Optical Profil
Veeco provides the metrology and process equipment solutions that help b gl

make today’s—and tomorrow’s—advanced semiconductor devices faster, Stylus Profilers
smaller, and more cost-effective. Solutions like the only non-destructive 3D
measurement technology for 100nm and below. MOCVD and MBE for the

production of compound semiconductors. lon beam deposition and 3D

lon Beam Deposition

lon Beam Etching

AFM tor photomask production and metrology. To find out more, visit Molecular Beam Epitaxy

www.veeco.com/semi or call 1.888.24.VEECO, today. Metal Organic Chemical Vapor Deposition

Solutions for a nanoscale world. \/GGCO




