
MEETING BRIEFS 

Scenes From a Marriage-Of 
Optics and Electronics 
BALTIMORE-Exploring the common ground between optics and electronics, more than 
6800 physicists, spectroscopists, and engineers gathered here from 21 to 26 May at the 
joint meetings of the Conference on Lasers and Electro-Optics and the Quantum Electronics 
and Laser Science conference. Participants unveiled new technologies that have sprung 
up on this common ground, such as an imaging technique that can gauge the chemical 
composition of materials. They also described ways to broaden that ground, such as a 
novel approach for integrating lasers and silicon chips-a challenge that has slowed 
progress toward a new generation of high-speed computers and communications. 

Make Way for T-Rays 

It may not rival Superman's X-ray vision, but 
T-ray imaging still has a pretty penetrating 
gaze. Unveiled at the meeting by a pair of 
researchers from AT&T Bell Labs in Holm- 
del, New Jersey, the new apparatus, unlike 
the Man of Steel, can't see through steel 
vaults or under rivers. But it can peer into a 

enough clear signals to assemble an image 
required days. But by boosting the power of 
the T-ray generators, the sensitivity of the 
detectors, and the speed of the signal process- 
ing and analysis, the Bell Labs researchers 
shortened the time needed to create an im- 
age to minutes. 

To make the T-rays, the researchers fire 
ultrashort infrared laser pulses at a tiny semi- 

variety of materials to discern their water 
content and other details of chemical make- 

- 
'he inside story. 

Terahertz imaging re- 
veals the workings of a 
silicon chip. 

up-an ability that could be valuable for ac- 
tivities ranging from medical diagnosis to en- 
vironmental monitoring. 

"It's very promising," says David Auston, 
a T-ray spectroscopy pioneer and provost at 
Rice University in Houston, Texas. "It in- 
volves a totally new region of the [electro- 
magnetic] spectrum for imaging. So there's a 
good chance people will be able to get infor- 
mation using this technique not available 
from other imaging techniques." 

The technique, formally known as tera- 
hertz imaging, probes materials with short 
pulses of electromagnetic waves at a frequency 
of 0.1 to 3 terahertz, or trillions of cycles per 
second. These T-rays span the range from 
high-frequency microwaves to low-fre- 
quency infrared, well below the wavelengths 
of visible light. They are good for imaging, 
says team leader Martin Nuss, because "each 
material changes the terahertz pulse in a very 
characteristic way." Liquid water, for ex- 
ample, strongly absorbs high-frequency T- 
rays and stretches the pulse over time, giving 
it a characteristic shape, says Nuss. 

T-rays haven't been exploited for imaging 
until now because of limitations on signal 
strength and detector sensitivity; recording 

conductor structure known as a dipole an- 
tenna. As the lieht hits the semiconductor, it " 
generates an electric current that radiates T- 
rays from the antenna. A lens then focuses 
these T-rays to a fine point, which is then 
scanned over the material to be imaged. 
Another lens collects the rays as they emerge 
from the other side of the target and focuses 
them on a detector, which determines the 
shape of each T-ray pulse. Each ~ u l s e  shape is 
digitized and fed into a computer that com- 
pares it to stored templates to identify the 
chemical com~osition of the material at each 
point, or pixel. As the scan progresses over a 
cou~ le  of minutes. tens of thousands of ~ ixe l s  
are assembled into an overall image. 

Because water is such a strong absorber of 
T-rays, the technique can image water-rich 
materials such as biological tissues only in 
slices a millimeter or less in thickness, says 
Nuss. That means T-ray imaging isn't likely 
to replace X-rays and other scanners for 
whole-body imaging. But Nuss says he and 
his colleagues plan to investigate whether it 
could serve as a laboratory diagnostic tech- 
nique, distinguishing cell types based on wa- 
ter content. 

The researchers also believe T-rays could 
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analyze gases in industrial smokestacks and 
perform other environmental monitoring 
tasks. "Many gases are strong absorbers in 
this range," says Nuss, which should make it 
easy for T-rays to pick out trace amounts of 
many gases at the same time. That feat is 
beyond existing analytical techniques, so an 
imaging system that could accomplish it 
would be heroic indeed. 

Paint-On Lasers 

Many a technophobe knows the frustration 
of trying to hook up mismatched electronic 
components-and old-fashioned TV and a 
VCR, say. Optoelectronics researchers don't 
fear technology, but they do experience a 
similar frustration. They are developing tiny 
lasers and detectors that should speed the 
flow of electronic information between com- 
puter chips by converting it into light pulses 
and transmitting it optically. But because the 
optical components and silicon microchips 
are made of different materials, it can be dif- 
ficult and expensive to integrate them into a 
single structure. 

At the Baltimore meeting a team led by 
electrical engineer John S. Smith of the Uni- 
versity of California, Berkeley, and his gradu- 
ate student Jay Tu reported a finding that 
may ease the frustration. It's a faster, simpler 
way to hook up microscopic lasers to silicon 
devices: Just douse the silicon with a liquid 
camine the lasers and allow them to settle , - 
into place on the device's surface. "It's an 
intriguing process," says Kent Choquette, a 
lasermaker at Sandia National Laboratory in 
Albuquerque, New Mexico. "It looks like it's 
scaleable to making thousands of wafers [at 
the same time]." 

The frustration arises because semicon- 
ductor alloys such as gallium arsenide, which 
are the stuff of optical components, have a 
crystal structure that differs from that of the 
silicon in ordinary chips. This atomic-scale 
incompatibility makes it extremely difficult 
to grow the optical devices on the silicon 
chips as part of the same manufacturing pro- 
cess. The alternative-making the optical 
and electronic components separately and 
assembling the pieces one by one-is slow 
and expensive. 

The new technique, called fluidic self- 
assembly, gets around this problem with a 
solution reminiscent of the childhood game 
in which a player tries to steer a series of ball 
bearings into matching holes on a palm-top 
game board. In this case, the ball bearings are 
grain-sized semiconductor lasers that re- 
semble tiny pyramids with their tops lopped 
off; the holes are divots with a matching 
shape, cawed in a silicon wafer. 

To place these lasers in their slots, the 
researchers simply mix them with ethanol 
to make a slurry and swish it over the sili- 
con wafer for a few minutes. Bit by bit, the 



lasers drop into the holes. 4 
"When the 1- go in b 
~ m p r l ~ l  dyr stay: myr 
Smith. If they landon their 
sides or upside down, they 
d d t  sit flush and can.be 
swept out again by the 
moving &id+ Otlce dm la- . Metat 
p ~ l s ~ h p k % t h e h c ~  1 
stre heated, melting mem 
layers *on the floor of the. "m 
divots and the base of the, , 

I ~ c o r i d u c t h r e s i ~ c o n  

lasentobondthelasersin Snicon dcoxide 

place. Conventional semi- 
conductor p~ocessing tdmiqws then add they "&- all t h e m  in the little hole 
metal leads to cany electrical callmpulses from a d  get them to dn In past experiments 
the thip to the lasers. with dummy blocks instead of teal lasers, the 

still-, says Choquette, the Berkeley group researchers filled mure than 99% of the holes 
faces some hurdles, among them &owing with the blp of a pump designed to move the 

ethanol-block sluny across the openings. 1 
That device worked well when there was a ! 
lot of slurry d many openingsfor the bl* !~ 
to droD intp. But it couldn't be used in the 
current experiment* beta-we the expense of 
making the k r s  limited the researchers to 
using a smaller number of them-and thedore 
less slurry. At the same time, the chit, con- 
tained fewer holes, to give it a closer m m -  
bbnce to potential optoelectronic chips. The 
result was a much lower success rate: 10%. ' 

To improve their hole-filling rate, the re- 
searchen, are developing a new pump and 
uiaraMnic agitators to shake the fluid, says 
Smith+&@ same technique that improves 
the odik wi& bail bmhgs. Kthe g m p  suc- 
ceeds, integrating apt& and ekctronics may 
soon become child's play. 

-Robert F. Servict 
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R a d i o @ l a x i ~ ~ - : & & f " i ~ ~ & & m k ~ ~ u P S ?  i d i * . ~ ~ ~ t h ~ ~ , t h ~ ~ ~ m a d r e d p n d ~  
J ally into the black hole, generating brilliant 

he& in spuals. 'What attracts .me to [the light and other radiation. If the black hole is 
themy]," says Ehndford, "is that it makes epinning, according to Handtbrdand others, 

- ta&a strang contactwith the observations.' it can interact with magnetic fields gener- 
'$Vu sind Colben build on earlier ex- . ated by the disk to fire huge jets of +a 

&mat- d a by;k@ue af~rdkqdaxi~ into space along the spin a&, transforming 
of bt&&~&&qtir~ d- the AGN into the radio-toud variety. 

ters of galaxies aSaa pour out fk 6.W l i o t l s d ~ t + y e a r s ~ ~ ~ ~ a h t d ~  That picture kft w n  the question of 
their fair s h e  of v%& and u1m'~iolet as giant radio -,The jets, s q  where the apb canre &em. W h  and 
light and x-raps. Blandford and some other tbwiists, are me Colbert's new theory aies to fiH rhar gap by 

In some btaim~, these &snp ob- expression of the black holes, that are widely attributing the spin 20 i q ~  d i e r  c o l ~ o n  
j d e  brightest d which.= h e w n  as behved to power AGNs and quasars. In all between two AGNs, W h a & ~  re- 
quasarsemit int- ehfe& w g v ~  * d. AGNs, theory says, the black hole dtaw abed that black holes at the centers of col- 

liding spiral galaxies a u l d  be "spun ugn by 
theangular momentum created as theblack * 

- holes circled each other before merging. The 
:- Mack hole resulting from the merger 
4 then inherit the spin. 




