THE FIRST DECADE — QUANTUM DEVICES

Research sheds

By Jon Van
Univeesity of Illineis reseaschers in
Urbana put rust on advanced optical
computing chips o make them work
significantly berter, .

In Chicaga, University of Ilirois
faculty ecch 2 multitude af tiny hales
on the surines of silicon chips, making
them emin light, a development that
might have Faf—l’l:’.‘lchi.ng commergial
appliceicns,

And in Evanstan, Morthwestzrn Uni-
versity scientists have for the fiest o
puilt riny lasers made fror
materials ot a base of silicon, a dif-
ficuit technical feac chat could advance
the marriage of optics and electronics,

These achievements and
athers around the country
herald impressive advances
oy that combines part
with elestricity in making de

] devices that
process and communicale infaematian”
in denser packages and ai greater,
speeds,

Bul
scieneibic achievements may be, a nag-
ging guestion lingers in ihe back-
ground: When will these advances
make their impact in the markerplace? .

AL a time when policymakers in gov-
erpment and industry are taking a
mard look at their traditional relation-
ship with university-hased sclentists,
assessing how 0 might change to im-
prave American competitiveness,” the
opto-clectronics research experience
provides an instructive case sudy,

At least some seientists from indus-
try beligve their university colleagues
spend Lon much time chasing “gee
whiz” developments when i would be
mere helplul i they did some mun-
dane, bwt fundamental, work in
materials science and precess engi-
neering that would bring down costs
and turn scientific’ knowledge inte
marketable wchnology, -

For theic part, university scienfisis
aroue that Lﬁey are pushing out the.

fraomiess of knowledge and maining the =

next generation of researchess with their
work. Their breakthroughs paint the
way 1o new technology, but it is up 10
ndusicy 1o do the eesearch and develop-
ment nceded 1o take it to the market,

Mo one disputes that sciearists have |
become very adept gt using technology
enabling them 1o build tiny materials ai-
mail one atom at a ume, designing
structures unknown in mature that have
opuical and clectrical properies amena-
ble 1o new applications.

Tiny lasers already maks compact
disc players and long-distance telecom-
mumeations commﬁnplnc&.

Mew developments that promise to ef-
ficiently harness light partickes for tech-
nological work are accumulating with
dizzving regulanty. e

At Urbana, researchers in the Liniver
sity af Illinots -laboratory ™ headed by
Mick Helonyak Jro have found that by
stearning chips of gallivm arsenide, they
can introduce  oxides that prowvide a
useful way of ‘ontrolling the path of
fight panicles eatled photons generated
i wallium arsenide,

B

npressive as these fundamental

“~ glectronic one, -

"My objective
sachnigues to industry,”

Gallium arsenide is the semiconductor
matedat that is the leading candidate as
the saw matedial fet ‘optical technology,
It is readily combined with elements
that make lasers and has very fast
swiatching propertiss.

A smilar strategy-using axides in sil-
jcon was essential 1o making that mate-
mal the fundamental building block
electronics. Sa for, the discovery of how
to make oxides in gallium arsenide has
caused the woaversity to file for three
different parents, said Holenyak,

Dozens of companies are looking at
the diseovery and some have built pro-
totype devices usingthis echnalogy, he
said, - ¥

In the University of [llinais
microfabrcations applications laborato-
ry in Chicngo, David Maylor and col-
leagues are exploring ways 1o make sil-
icon an optical

By etching silicon with aeid as it con-
ducts electricity, researchers are able (o
create islands of silicon that emit light
when they conduct “electnicaty. MNaylar
said scientists don't-yet agree what caus-
&5 light emission, but several labs are
busily trying to seehow. efficiently and
reliably they: can make silicon light em-
iers, 0 AN e

If someone discovers how to make sil-
icon emit-light i iable, controllable

way, it woul ionize electronics
a5 we know it,” NEylor said.

Having a singlelmediiim. to carry elec-
tronic and phaténjéitraffic could rdi-

caily boest efficiencies for electronic de-
vices, he said. But“researth effons in
this field are only a few years old, and it
will rake a few -more years to learn
whether silicon_ has' any chance as a vi-
able light-emitting material, Naylor said.

At Morthwestern University’s conter

light on opt

is to attract American students to
" says Morthwastern University's Manilen Razeghi.

material as well as an

- L e
- .Tefoune choes by Am Ackiacn
learn and transfar thesa

for quantum devices, Manijer Razeghi

and colleagues have managed 1o buiid a

tiny laser made of indiuvm phosphide on

a silicon base, This is a difficult techai-

cal feat that also 2iens to better integrate

optically active materials with silicon,
the universal clectranics material,
Razeghi said that the technology she
uses o build the tiny lasers on silicon, a
type af chemical vapor deposition, is
widely used in induostry, By waching stu-
dents how to use this ool e make
lasers on silicon, she said, she is helping
industry by providing a skilled work

larce. S E

“My objective isn't just to do some-
thing so ilcun publish & paper on it
said Razeghi. “My objective 15 1o attract

American sudents 0 come and leam

and transfer (hese techniques to indus-
oLy . el
Using another technology” thar grows .
erystals almost one atom at a tme, mo-
|lecular beam cpitaxy, David MNolte and
colleagues ac Purdue University, have
produced optical chips that maximize
efficiencies o they cin operate with
light intensities much lower than those
commonly used today. .

The Purdue work could advance re-
search to produce oprical computers
that store information as -holograms,
Noite said. N

The fundamental technology needed
io build oplo-slectronic devicss atom by
aram has besn available for more then 2
decade,  Molte said.“Ag scientists get
mare proficent using- it “and -became
more ¢reative in thexr: goals, new and
cxotic discoveries proliferate,

Another factor working to advance
opto-electionics is federni funding, Sev-
cral agencies recogaize the usefuliess of
tight technolegies not only in defense
rescorch, but alwo or civilian applica-

- many people are just doing the ul
~and not hitting the bull's eye where it's
. Sw L oot

o-electronics

tions renging fram surgery o industrial
fabrication, said Lestsr Eastman, a Cor-
nell University professor of electrical eo-
ginesring, .
“It uzed ro be that electronics research
deminated zovernment support,” said
Eastman. “But now, these 15 3 mix be-
tween optics and electronics. The fund-

Cing people realize that this isn't 2 tech-

nalogy that is just limited to
telecormunications,”

Virually everyone involved in advanc-
ing apto-elecironics research talks about

“hew this work will benefit industry. But
‘at the world's premier industrial labora-
-tory, wheee the laser fsell was invented,

thers is some skepticism, :

David Lang, direster of the com-
pound semiconductor ‘device rescarch
tab at AT&T Dell Labs in Wurray Hill
NI, sid Be wishes some of his univer-

“sity coileagues would wm their atten-
ien 1o swch questions as making aptical
materials like gallium arsenide as de-

pendable and cheap as siicon,
"W""F 02N SOmME very impressive ad-
wances in basie research, really leading-

- edge stwif that catches peaple’s imagina-

tion,” said Lang. “Buor the real progress
in technology docsn't comte (rom these
breakihroughs s much 2s it comes
from mitty-gritey work," :

For the most part, Lang said, fun-
damental scieatific knowledge of silicon
hasn't changed much.in 30 years, but
silicon-based electronics has revelu-
ticnized the world in that tme. Prod-
wcis from digital watches 1o hand calcu-
lators to the personal computer, all
based on sficon, have had a profound
effect on people's lives, he said.

At the same timé, progress in optical
seiences known broadly as photanics
has been phenomenal, Lang said. But
apart from specialized applications such
as eompaet dise players and telephone
eransmission, pholonics has vet to have
a big impact on peoply’s lives.

“Wehve had a very interesting first @ra.
but now we've gol o oget the Costs
down,"” said Lang. “Oaly when optical
devices become cost effective will they
revolutionize our lives. "We've got to do
the muadane hard work. [ sy ‘mun-
dame’ in the view of a physicist. These
are really challenging materials and en-
gineering problems, k

“The challenge is to make simple
things that are robust” _

Ag chatrman of the American Physical
Sociery's commuttee on applicaions of
physics, Lang has been telling his uni-
versity colleagues that they need o de-
vale More attention 1o Mare -
sing questions and packaging. proble :

“This is basic research,” Lang 5
“but it's not the kind or}wl.whu.:smff_
that gets atenton. I'm:alraid %ﬁﬁ\‘gﬂﬁ_

stuli

needed. 5

AL Bell Labs, we 1y to do about 30
percent relevant studff, how to -
tems work, and 10 percent goe whiz [
am really concemmed thar a 1ot ol the
exotic lasers people are making out
there will never be reliable enough to
practical,”
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