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Future So Blue _ _
Materials research brings commercial blue laser diodes closer to market

to produce short wavelengths
of shout 450 nanometers (nm),
but it has proven very difficult
Lo work with, Gal usually
separates into its constitwent

miliL:ary uses, manufacturers
have been slow 1o bring the
devices to market, Now, a year
after the first commercial blue/
violet laser diode was intro-
duced, it is still alone on the
market. The gap—which some-
times resembles a chasm—
hetween the potential of blue
laser diodes and the capabilities
of todays technology, remains.
Onee we avercome the difficul-
ties associated with making
and manipulating the materials
needed for blue light, the
benefits will extend beyond
the commercial blue laser di-
ode marlket, That is why BEMDO
helps fund materials research at
a number of companies whose
various technelogies are leading
the way 1o blue laser dicdes.

Three years ago, blue laser
diodes were being touted as
the next big thing, a hely grail
within reach. We seerned just
months away from a revolation
that would quadruple the

" amount of information we
could store on an optical disc,
itnprove the accuracy of med-
ical devices and the quality of
deskrop printers, and make
possible reliable aptical com-
munication with submerged
submarines. Analysts even
predicted the blue laser diode
market would reach $2 billion
by 2006, But in 2000, the
marlet is still in irs infancy
and cannot grow until there are
laser diodes to meet demand.

BMDO alsa has a keen
interest in blue laser diodes,
Blue light has a shorter wave-
length that allows it o carry
much more information than
red or infrared (1R) light. This
could significantly enhance
BMDO networking, data stor-
age, and optical communica-
tions capabilities, which would
in turn impeove missile defense
systerns. For exaraple, an opti-
cal disc based on a blue laser

elements when heated, so
researchers had 1o develop

The Trouble With Blue

The hasic design for a laser
dicde was established with red
and TR devices in the 1960s,
bt the marerizls needed to cre-
ate blue light have complicated
the production of blue laser
diodes. A laser dinde is essen-
tially a light-emitting diode
(LED] with an optical cavity in

EBase player, Cree’s bue laser diodes will
consist of Gal active regfons an o SiC
subsirate (Dictured above), BMDO funded
Cree’s garly rescarch in SIC for wse in elec-
frowic devices.

a relisble process [or keeping

teday’s IR-based systems,
gigabytes.

and potential of blue laser
diodes for commercial and

diode could store 15 gigabytes
ol sensor data, compared with

which are limited to just 0.65

Despite the great demand

which light is reflected back
and forth and amplified until
lasing is stimulated, The color
of the light produced depends
on the energy bandgap of the
emicenducter that constitutes
the device. Gallium nitride
(Gal) has the ideal bandgap

the elements together during
heating and crystallization. The
crystal mnust then have [ew
deflects, or a low defect density
Still, to ger the semiconductor
to praduce light, it must be
Continued on paga 2
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Bine beginnings.
Cermet bas begun
selling T-em? sampies
@icmm:d aboved of its
Zn0 substrate wafErs.
It is working with
anather company o
develop the subsivates
into blue laser diodes,

BRACO-furndied

maier

research
is shaping the future

of biue iaser diodes.

Future So Blua from page 1

deped to create a p-n junction.

It was not until the 1990s that

Gal was suceessfully p-doped,
One additional obsta-
cle remained—and
still remains—in the
path to a blue laser
diode: Gal cannot be
grown without another
material serving as a

" substrate.

Sapphire and silicon car-
bide (5iC) are currently the
substrates most olten used, but
each has its own shortcomings.
Sapphire is inexpensive and
readily available, but it is nei-
ther a close lattice nor thermnal
match with GalM. The stresses
created by these mismatches
cause fractures that can render
the GaN active regions useless,
Sapphire’s inability to conduct
electricity means that an electri-
cal contact canmot be placed on
the device botom, unless the
expensive step of etching
through the sapphire is added.
AT is a closer match to the lat-
tice and thermal properties of
GaN, but still not perfect, and
it is very expensive to produce.
The ideal blue laser diode
would he made entirely of
GaN, but that &till requires an
initial substrate on which 1o
grow the device layers.

Overcoming Today's Obstacles
EMDO has been funding,
al several companies, materials
research that will have a direct
impact on the furure of blue
laser diodes. Researchers at
MNaorthwestern University have
come up with a novel way 10
decrzase the defect densities
that result from the mismatch
of sapphire and GaM. Cree, Inc.,
is working te overcome the
mismaich problems associated
with SiC, Cermet, Inc., on the
other hand, has moved on o

The BMDO Update

a different substrate entirely,
creating walers of zine oxide .
{Zn0).

Northwestern University’s
Center for Quantum Devices
The Center for Quanum
Devices (COD) at Monbwestern
University (Evanston, 1L) has
1aken a signilicant step in over-
coming the limitations imposed
by a sapphire substrate. Re———-
searchers at Northwestern have
designed a very simple struc-
ure that uses a gallium indium
nitide (GalnM¥GaN muli-
quantum well, rather than alu-
minum gallium nitride (AlGaM)
layers. AlGal is often used
hecause it has a higher bandgap
and a lower refractive index
than Gal and Galni, which
leads wo better electrical and
optical confinerment. Howewver,
the addition of AlGaM layers
also results in defects at inter-
faces with GaN and Galnl¥;
and the AlGal layers canse
gher series resisiance, which
n turn leads w device heating,
The team recently demonstrated
a laser diode that operated in
continuous-wave mode at room
temperature, with a wavelength
of 405 nm. The kser diode life-
time was over 160 hours, stll
not the 10,000 hours required
for a commercial device, but an
important milestone, nonethe-
less. Morthwestern received
funding through BMDOS
Innovative Science and Tech-
nology program for develop-
ment of high-quality group
I-nitride films for ultraviole

photodectors and other de-
¢5. The next step will be to
increase the lifetime of the blue
laser diodes. Morthwesterm'’s
CQD will be collaborating with
WP Technologies, LLC, 1o fur-
ther develop and cormmercialize
the nitride m{h:)olog}a

Cree, Inc.

- company believes the unigue—- |-

Cree, Inc, (Durham, NC),
as producer of most of th :
worlds SiC, has leaming curve .
and economy of scale advan- .
tages over its ch'mpeli:idn__ _Eol'._ .
example, Cree was the first U5
Eo‘mpan}f o annnunc& df_‘mo:l— -
stration of continuous-wave,
operation of a $iC and nitride-
based blue laser diede, The

characteristics of 5iC, including
its ability to function well ar-
high power and high tempera-
tare, make it more suitable
than other substrates for blue
laser digdes. The natural cleave
planes within SiC erystals make
possible smooth mirror sur-
faces, without excess polishing.
SicCs conductivity allows for a
wertical chip stucrare that
keeps chips small and reduces
manufacturing costs, In 1999,
Cree teamed with Microvision,
Inc., to develop blue and green
laser diodes for scanned beam
display systems. Cree received
BMDO funding through several
SBIR contracts to develop SiC
for electronic devices, including
blue laser diodes. )

Cermet, Ine.

Cermet, Ing, (Atlanta, GAJ,
offers an alternative substrate
ta sapphire and 5iC: 200, Like
5iC, ZnO has about a two per-
cent lattice mismatch with
Gan, which means fewsr
defects (comparad with sap-
phire) in the Gal active
regions. Zn is conductive,
which allows contacts 10 be
placed on both the top and
bottom of a device, Like Gal
lang before Zn0 reaches its
melting point, the elements
ate. Cermet developed a
ing system o keep
roughout the

ued on pags 3 #
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melting and crystallizing
process. They have recently
begun selling 1-square-cen-
timeter (cm?) wafers of their
7nD, and are working with
another company to develop
the substrates into Blue laser
diodes, Additienally, Cernet

is turning its attefition to pro-
ducing aluminum niride [ATN)
substrates. The company dermon-
strated the feasibility of the
new process lor making Zn0O
crystals with funding from a
BMDO SBIR contract. Through
a BMDO S5TTR contract, Cermet
and partner Georgia Tech Re-
search Corporation demon-
strated production of AIN
crystals. The company® next
milestone will be to create
one-inch, and eventually two-
inch, walers.

Tomarrow’s, Challenges

" Siill other research firms,
including Technologies and
Devices International, Inc., and
Crystal Photenics, Inc., are
looking ahead to the next gen-
eration of blue laser diodes,
which will likely be mass-pro-
duced and based on substrates
af GaM, The material continues
to be a reluctant participant in
the process, however, becanse
of its inherent characteristics.
But with the help of BMDO
SBIR cenrracts, researchers at
these two companizs are devel-
oping the technologies lor cre-
ating viable GaN substrates.

Technologies and Devices
International, Inc.
Technelegies and Devices
International, Ine. {TDI;
Gaithershurg, MD), is investi-
gating hydride vapor phase
epitaxy (HVFPE) for production
of multilayer GaN device strue-
tures and substrates, HVPE iz a
more cost-effective deposition

process than metal organic
chernical vapor deposition
(MOCVT), which is commonly
used in GaM growth. 1f TDI
can produce wafers of GaN,
homoepitaxial growth of device
layers will be possible. Horno-
epitaxial growrth, as opposed 10
heteroepitaxial growth, means
layers are grown on a substrate
of the same material. Homo-
epitaxial growth results in sig-
nificantly lower defect densities
and enhanced device quality:
The company has thus far
demonstrated it can produce
epitaxial walers of GaN and
AIN, as well as a range of alloys

©of the two materials, through

HWVPE. For its BMDO SBIR
contract, the company plans
to produce a 2-cm waler, and
hopes eventually o produce
2-inch wafers,

Crystal Photonics, Inc.

Crystal Photonics, Inc.
(Sanford, FL), has a novel idea
for growing single-crvstal sub-
strates of GaM. The company
is building a hybrid MOCVD/
halide vapor phase epitaxy
(IVPE) reactor that will grow
large, single crysal thick films
of GalN on lithium gallivm
oxide (LiGa(y,). GaM and
LiGa(, are very closely lattice-
matched, but nat entitely chem-
tible. To protect

ically comp
the LiG
of single crystal GaN film is
first grown on a LiGaQ; wafer
by MOCVD epitaxy, followed
by the fast but corrosive HVPE
process. The homaoepitaxial
grovwth of GaN on GaN limits
the defect density and also
rerains single crystal rather
than mosaic structure (which is
produced when GaM is grown
on sapphire or SiC with their
greater lattize mismatches).
The micro-boundaries found

330, surface, a thin layer

throughout 2 mosaic layer of
GaM are the primary sources
of defects, When the GalN

thick-film growth is
completed and cocled,
it easily separaces from
the LiGaO; substrate
hecause the bond het-
ween the LiGaC,; and
Gal is weak. The com-
pany hopes the BMDO
SBIR research will pro-
duce a flat Gal single-crystal
substrate that can be used for
mass production of blue laser
diodes similar to todays pro-
duction procedures for red laser
diodes using gallivm arsenide
{Gads) single-crystal substrazes.

Despite the many difficulties
that have delayed the produc-
.

tion of commercial blue
diedes, the potential payolf
keeps these BWDO-funded
cotnpanies striving toward their
goal—a furure in which blue
laser light will light our homes,
deliver our electronic messages,
store and read our data, and
treat our illnesses. And BWMDO
will have played a significant
role in helping these companies
get there.

—Jennifer Huerga

™ Contact Dr. Manijeh Razeghi
of COD at (847) 491-7251,

Fran Barsky of Cree at (919)

313-5300 Jeff Mause of Cermet
at (404} 351-0005, Viadimir
Dimitriev of TDT at (3010 208-
8342; or Bruce Chai of Crystal
Photonics at (407) 328-9111.
01, on the request card, check
2801 for CQDy, 2802 for Cree,
2803 for Cermet, 2804 for TDI,
and 2805 for Crystal Photonics.
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The journey begins.
Lising bydride vapor
Phase epitay, TN

5 locking to creale
maltilayer GaN
wafers for blue laser
diodes, The company
already bas taben it
Jivst stepy toward Hhis
poal—producing GaN
ard AIN epitaxial
wiefers, as piciured
alove,
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