THE FIRST DECADE — QUANTUM DEVICES

As Companies Race to Develop the Blue Laser, Universities

Join the Game

Michia Chemicals Industry Ltd. is still setting the pace, but more companies
and universities are heating up the competition,

0" movember 18, 1995, Michia Chemical Industries
Lad. in Japan produced the first nitride-based bloe
laser dicde. The team'’s lesdes, Shui Makamura, saxd in a
Wlarch 1996 CFX artick (page B) that they “odebrated by
drinking champagne and taking picturi * Thee pescarchers
wete cacited hecause they had Gnally proven that gallum
mitride [Ga™) can b used 1o crewie a Blue laser. While 1l
group reveled, word of their development reverbirated
around the workd, setting off a hence compsetition & omm-
pamics began scrambling to create this {58 lser that has
endless commercial applications for bghting, optical data
sorage, semicorkductors, and mone. The lwsers may also
privee iseful &5 & convpoment in malitary syetens

Mo, fwo years later. Michta t5 still in the lead,
annancing last Movember that they have demonstrat-
ed a GaM laser with an estimated lifetime of more than
10,000 hoars nnder ow aperation a1 2P Mo cHmpany
has even come close to this lifetime estimatian.
Althouwgh the Michia ressarchers have a head start on
the techmology, they ane no bonger the lone gatekeepers
ol the alasive blue laser prize. Since Michias discowery, a
bandful of LLS, and Japanese companies have succeeded
in pulsed operation of the mitrde-hased blue laser, and
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athers have schieved hlwe through additicnal methods,
same using pericdically paled Lthium niohkate (FPLKN]
diped with magnesiam oasde,

However, using gallium nitride to get a blue liser s
the preferred method acoording 1o TY, Fan, assistant
group leader in the quantum electronics group at MIT
Lincodn Laboratories. “I' the simplest way technolog-
cally to achieve blug, and also the cheapest.” says Fan,
“If you can satisly your requirements with the galliam
mitriche biserw, ir's the best solution.”

University success

Until recertly, primarily anly the commercial sl had
achieved success in developing Gal lasers. But, Meijo
Uniwersity in Japan has achieved a pulsed blue laser, and
umiversities have beem invalved with research efforts—
about 15 are currenily working on developing the
lasers, Uiniversities have also collaborated with industry,
For exanple, the U5, Defense Advanced Research Fro
jecns Agency (DARPA) famded a collaboration between
Brown Univ., Morth Carolina State Univ., and Cree
Eesearch 1ac {Morih Carclina). Cree was the firsg LS.
copnpany to develop a Gal blue laser, announcing it on
lune 9, 1997, Dher universities such & Boston Univ,
MIT, the Univ. af Mew Mevicn, the Univ. of Texas o
Austin, and the Univ. of Utah teamed up with Xeres
Corp, S0 Inc., and the Hewlenr Packard Co. in the
Bue BAMD 1 Comsartivm supportsd by DARPA. From
this effort, Xerox Corp, generated a blue divde laser
beam in kate Octaber 1997,

Bui oo Sept. 15, 1997, the Univ of California at Sama
Barbara (LUCS8E bocame the first LLS. unmsersiny e suc-
cessfully grow and fabricate blue Gal laser diodes on s
own. Since the university developed the laser without
industry infloence, the laser will be s primarily for
basic research. Mamy agree thar it s imparant to study
the laser from a sclentific perspective, and not just for
industry's sake, 1 think UCSB has dooe a good job with
thie bliee laser and since they are a university they will be
ahble io conoentrate on the scademic sady of the lasr,
wheneas hig companics hive 1o concentrate on e com-
mercialization of the laser” says Michia's Makarnura,
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sl Robert Byer, director of the Center for Nonlinear Opti-

cal Materials at Stanford Univ., agrees that having a uni-
versity make strides in this area is very important.
“Development of the blue laser is a very difficult mate-
rials research problem,” says Byer. “The most sane way
to move forward is to have a number of groups solving
these problems. Universities are great places to do
research. You can have a number of research groups
investigating a range of materials problems and when
there are breakthroughs, the knowledge is shared widely
and adapted by industry for commercialization.”

The UCSB researchers were able to grow, fabricate,
and test blue laser diodes that operated pulses for up to
six hours at room temperature. Sharp lasing spectra in
the blue (420 nm), peak output powers to 17 mW, and
a narrow coherent output beam were observed.

“From my viewpoint, we're discovering new phenom-
ena that the companies are not publishing,” says Steven
DenBaars, associate professor of materials at UCSB and
co-advisor to Michael Mack and Amber Abare, the grad-
uate students who performed the lab work. Even though
DenBaars could not go into specific details due to patent
negotiations, he says, “Were developing new techniques
to make materials different from what the companies are
doing. The way we grow the layers is different from
everyone else. Our ultimate goal is to make a device that
no one has made—the blue vertical cavity laser” UCSB’s
work is presented by the Materials Research Society
Nitride Internet Journal at http://msr.mij.mrs.org/2/41.

DARPA sponsored the UCSB research. “We need
universities to essentially develop the science aspect and
make sure we push the limits toward things industry
isn’t developing,” comments Anis Husain, assistant
director for the electronic technology office at DARPA
and program manager for the gallium-nitride optoelec-
tronics program.

“In UCSPB’s case, we want to be able to make the blue
vertical cavity laser with the same efficiency we have in
the infrared. This would be very attractive to the light-
ing industry, and we may some day be able to use
blue/green laser light in lightbulbs,” says Husain.

How far ahead is Nichia?

As noted, Nichia is considered to be the leader of this
industry. And with their announcement of 10,000 life-
time hours, the company is one step closer to develop-
ing the laser for applications in color scanners, data
storage, large TV displays, traffic lights, and more.
“Nichia is still very far ahead of all the competitors,”
says DenBaars. “So far nobody has closed the gap.”

“Nichia has a 5-10 year head start,” agrees Husain.
“We in the U.S. largely ignored this area. Nakamura had
been working on this 10 years prior to his announce-
ment, and really we had no major effort here. I think
the potential was there, but many people just didn’t
believe it could be done. Once it was, there was a
tremendous initiation of activity”

In addition to Xerox and Cree Research, other com-
panies such as Hewlett Packard, Toshiba, Fujitsu, and
Sony have also developed the blue laser.

This race is far from over, and one reason may be
because the blue laser is such a captivating phenomenon.
“It’s very exciting,” says Husain. “I think before you have
the laser, it’s like being in a black room with all the doors
shut. Once you have the laser, it’s a crack in the door and
you can see the light” DenBaars agrees and says, “You
don't realize how beautiful blue is until you see the color
shooting out of a crystal.” ¢

This justin. . . o

As OPN went to press, another university announced

a biue laser development. Researchers at North-

western Univ., under the direction of Manijeh

Razeghi, reported a 408-nm stimulated emission

from GalnN/GaN multi-quantum well lasers grown by
low pressure metalorganic chemical vapor deposi-

tion on basal plane sapphire substrates. The stimu-

lated emission was observed from the lasers with-

out high-reflective mirror-coating at threshold
current density of 1.5 kA/cm? for pulse operation

{duty cycle 0.1%) at 78 K. The llI-Nitride work at the

Center for Quantum Devices is jointly supported by

the Office of Naval Research, the Ballistic Missile

Defense Organization, and DARPA.
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