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The processing power of silicon chips and the
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combination. John McCrone says computer
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gigabyte (107 bytes) a second. The differ-
ence would be like that bebtween a drip-
ping tap and a firehose, greatly speeding
up existing computer designs by keeping
the processor fed to capacity with data it
would also allow the development of
more commumication-intensive designs
such as nmeural networks or parallel-
processing machines.

Accurcling to Andrew Kirk of the pho-
tontes grioup at MoGill University in
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Montreal, the computer industry has sud-
denly woken up to the potential of free-
space optics. He believes that the ma-
chines of the future will use some kind of
aptical /silicon hybrid technology. "Some
people are even talking about using optics
inside actual chips. The fme it takes for an
electrical signal to cross a micToprocessor
is becoming critical, sa it'd be useful to be
able to h-;lF; over areas of silicon with an
optical link,” he says
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The problem with swiring arises trom
the way that computers are built, Each
pontains many subunits, mcluding proces-
sor chips which are connected to memory
chips, disc drives, the keyboard and other
components. These parts chatter con-
stantly to each other along copper wires
exchanging streams of information as
elevtrical pulses that represent binary 1s
and (s. As processors become Faster,
making a greater number of calculations



a second, data must be moved backwards
and forwards more quickly than before to
keep the processor fully occupied.
Designers know that there is a [imit to
the rate at which they can move electrical
signals along wires. As data bils are trans-
mitted faster and faster, the signals begin
ta blur. Send them too fast and the differ-
ence between 1s and 0s begins to disap-
pear altogether. Wires also start fo act like
tiny radio antemnae, broadcasting their
signals to nearby wires. 5o wires must be
shielded if they are bo carry data at high
speeds without interference, making them
bulky and expensive. Problems also accur
when designers use narrower wires in an
attempt to cram more connections around
chips. Thinner wires impede data trans-
mission since their resistance to current
How increases. To break through these
physical barriers, Kirk befieves that com-
puter engineers must abandon themselves
to pure free-space optical comnections,
The principle of a free-space connecton
is simplicity itself. First, the electronic
pulses inside a silicon chip are converted

inta a pencil-thin beam of winking lighe,
“on® for 1, “off” for 0. This stream of bits
is projected through a network of mirrors
and prisms to where the data are necded.
At the receiving end, lenses focus each
beam onto a microscopic photocell swhich
converts the flashes back into a series of
glectronic pulses.

Laser on a wafer

[he main requirements are that these
optoelectronic comverters should use litthe
power and be small, cheap and easy to
manulacture. tried
many optons, mcluding light-emitting
diodes (LEDs), but the best candidates are
multiple quantum well (MOW) devices—
a kind of electrically switched shutber
and a microscopic laser known as a verti-
cal cavity surface-ermitting laser (VICSEL,
pronounced vixel). Both devices are made
from semiconductor compounds such as
gallium arsenide, giving them the adwvan-
tage that, like silicon chips, they can be
mass-produced on walers

MOW devices were pioneered by Bell

Researchers hawve

Laboratories in New Jersey, and were orig-
inally intended to be the basic switching
component of a true optcal computer—
ane in which much of the processing and
data communication were carried out by
photons. It now turns out that they may do
very nicely as the optoelectronic convert-
ers for silicon-based machines

[n essence, an MOW is a stack of semi
conductor lavers which together form a
minute reflective shutter. This can be
rapidly switched from shiny to opaque
under the control of an electric current
(see [Hagram). Any hight atmed at it will
b reflected only when the MOQW is in
::|1-|||_.|..- mode, so ;5|,-_-|1|.‘.|L1“|§.! a visible “1" to
the photocel] on another chip. Each MW
device also has a “window”, a small pho-
tocell which can be tripped by incoming
light pulses, converting them to electrical
prulses.

The original idea was to create the
optical equivalent of a transistor gate,
with light inputs switching straight
through to light outputs, But in a hybrid
systemn, an MOW made from
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Light signals: multiple quantum
well devices, which are made from
altemating layers of aluminium
gallium arsenide (AlGaAs) and
indium gallium: arsenide (InGaAs)
samiconductors, are normally
transparent to infrared fight: In this
state, light passes straight through
and is reflected off the mirror. But
applying a voltage across these
devices changes their electronic
structure, making them absorly the
light, and preventing reflection.
Connect the output of the silicon
chip to the device and you can
convert an electrical signal into light
pulses. You can also use the same
device to build a photadiode.
Measure the tiny voltages that ane
generated in the semiconductor
when it absorbs light, and you can
convert light pulses back into
electrical signals

arsenide is soldered to the back of a sili-
con processor chip so that the output
channels of the chip drive the shutter di-
rectly. The photocell window is the opti-
cal input for the chip, converting light
pulses to electrical pulses, More than a
thousand of these MOQW devices, dach
about 15 micrometres across, have already
been attached to the back of a single sili-
con chip by researchers at Bell Labs.

The big drawback of MOQW devices is
that they need an external light source. In
Heriot-Watt's demonstration system, a
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large laser sits outside the com-
puter. Ik beam is split inko thou-
sands of smaller beams and a
series of lenses and mirrors then
aim each beam onto a MOW win-
dow. With a 32-by-32 array of
WMOQWs, their latest machine has a
throughput of trillions of bitsa sec-
ond, eclipsing the latest Cray su-
percomputer, which can only han-
dle billions of bits a second. Dines
believes there is no reason why
such a setup could not work com-
mercially.

The alternative to MOW shut-
ters would be ko have a tiny solid-
stabe laser mounted on each out-
put channel, Until recently, the
smallest lazers were simply too
big. But advances in chip-making
technigques that much
smaller lasers can now be formed
as finger-like projections, each a
stacked-up tower of gallium and
aluminium arsenide poking up
vertically from the semiconductor
surface like a microscopic Man-
hattan skyline {"How chips build
better lasers™, New Scientist, 11 Jan-
uary 1992, p 25l

VICSEL lasers are still fasely
J,'n';.;..:-—.ﬂ:-uul 2500  micrometres
acroes compared with between 10
and 20 micrometres for an MOW,
But scientists at Bell Labs and
ather research institutions have
already proved that such lasers
can be made just as small as an
MOW, And like MOWSs, VCSEL=
could be atched as a single block of
circuitry and soldered straight
onta the back of a chip, making
them a cheap way to add an opti-
cal output to silicon chips.

The optics used to guide light
beams frem one chip to anather are also
borrowing the 1|:‘-C|'i'|1i:t‘|l]t.-’h of chip manu-
facturing. At the integrated photonics lab-
oratory of the University of California at
Los Angeles, researchers are working with
lenses only a few hundred micrometres
acrioss and other Lilliputian optical
devices. The shape of each component is
first etched onto the surface of a block of
silicon, just like a printed circuit. But each
part has a hinge on one edge so that, once
acid has eaten it free of its silicon base, it
can be Hipped upright. Supporting struts,
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alsa etched onto the silicon, are then
clicked up to lock the lens or mirror into
place. In this way, all of the optical com-
poments can be made cheaply, accurately
and extremely small, ready o be monted
between the lasers and photocells.

However, the big issue is whether such
delicate technology can stand up to the
bumps and insults of everyday use. With
thousands of crisscrossing shafts of light,
each just a few micrometres wide, aimed
at phntm_-r:ll_s which are themselves cnly
micrometres across, the ramble of a pass-
ing truck or hot sun swelling it casing
could crash the computer,

Self-aligning beams

Prototypes now being buill at Heriot-
Watt, McGill and other laboratories
around the world are showing what a
hybrid computer might look like. The
parts have to be laboriously aligned by
hand, with only strong magnets to hold
them in place. “The system can be happy
for weeks or sometimes months,” says
Dines. "Hut obviously that's not much
good for mass-production.” ldeally, he
says, the optics would be clicked into
place at the factory, sealed to keep out
dust, and never touched again. But, Dines
believes, in practice some sort of active
alignment system will have be built into
every free-space oplical computer. Sen-
sors would monitor each channel to detect
when a light beamn has wandered from its
target. then tiny motors would tilt mirrors
to bring the connections back into align-
ment. "The system would have to have
the intelligence to check itself constantly.”
says Dines: “That would add to the cost
and complexity, but it would also give you
advantages. For example, vou would be
able to plug new cards into the system just
as you do with PCs at the moment. The
system would adjust itself.”

Thanks to the cameorder industry’s
attempts to deal with the problem of cam-
era shake, says Dines, the technology for
a self-aligning system iz far more
advanced than many realise. Some of the
latest video cameras can cancel out even
the vibrations of filming from a moving
car, They contain a small lquid-filled
prism that reacts to camera movement by
changing shape, rapidly expanding and
contracting like an accordion. The path
of light beams passing through the
prism is bent accordingly, keeping the

abandon themselves to pure free-space optical connections’
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Chip to chip: building
lasers and photocells directly
anto chips means that they can transmit

Laser beam
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data back and forth using light rather than wires,
Communication is faster and processors work maore efficiently

image steady on the video sensor.

MNot surprisingly, those involved in
research into free-space optics believe
their technology will spark a new com-
puter revolution. Having got over the
psychological barrier of using lizht beams
to maintain connections, designers will be
free to exploit the special properties of
photons more creatively. Kirk says the

ability to splita beam and broadcast a sin-
gle bit of data to any number of chip
Inputs, or to have many channels read ing

the same memary location simuliane-
ously, opens up the way to all kinds of
novel parallel pricessing and neural net-
work svstems.

For example, [ree-space optcs have
a4 bright future in mainframes and
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supercomputers. PetaFLOPS is an ambi-
tious project backed by NASA o build a
massively parallel computer by 2010 that
will be capable of a milllon billien caleu-
lations a second. NASA engineers have
concluded that optical connections are a
must. Such a machine would have to shifl
aboul 10 petabytes (100 bytes) of data
a second, A petabyte is the equivalent
of a billion books or 2300 years of
video footage.

All change

But FC makers could apl for a different
route to higher performance. Mark Bohe,
a research fellow at Intel, savs one solu-
ton to the communications bottleneck is
simply to cram more of the total system
on a single chip. This has already hap-
pened to some extent with today's micro-
processors, which have an onboard cache
memory o store frequently used infor-
mation, This lessens the need for slow,
wire connections between components, If
PC makers wanted to move to free-space
optics, warns Bohr, there would be huge
difficulties. "There are a lof of companies
making chips, and a lot of board manu-
tacturers and power supply manufactur-
ers. We would have to get the whole
industry shifting to a new kind of inter.
connect  technology  together, which
would be a big problem.”

But attitudes could change rapldly if
the trend towards more communications-
intensive compuling continues, Today's
PCs already need to be fast enough to
handle huge, high-resolution images and
Internet access, If they are to become
intelligent office assistants, the desktop
machines of the next few years will have
ta be capable of video conferencing and
even vision, taking their cues from what
is happening in the room whers they are
sitting. Kirk believes that within a few
years of [ree-space optics proving its
worth inside expensive special-purpose
computers, it will make its way down the
scale to PCs.

As a sign of how Fast things change,
Kirk notes that a few vears ago nobody in
the indusiry was showing the slightest
interest in free-space technology. Butata
research conference last spring, he found
engineers from [BM, Cray and Digital all
sidling up to quiz him. Suddenly it is no
longer a question of whether the free-
space aptics revolution will happen,
but when,

John McCrona is a freelance writer bysad
in London
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