
a level of sophistication al lowing for a significant lev
el of engineering effort in developing optical comput
ers that can be inserted in operational systems. Thus 
the technology w i l l come to a ful l cycle, expanding 
into newer areas and bui ld ing upon the concepts and 
technologies developed in this period. 
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I n this article I would l ike to discuss several impor
tant issues in optical comput ing research. The 
views I express are personal. Feedback from you 

wi l l be welcome, whether you agree with me or not. 

Passive optical devices 
Among the most versatile passive optical devices 

are computer-generated holograms (CGHs) . Impor
tant application areas include optical testing, optical 
interconnects for very large scale integration (VLSI), 
spatial filters for pattern recognition, 3-D display of 
biomedical objects and diffractive optics for SDI. 

Although there are many sophisticated encoding 
methods already developed today, the computer de
sign tools for C G H remain non-existent or very much 
scattered in different research laboratories. A stan
dard C A D workstation on which the computer graph
ic tools for C G H design can be developed is very 
much needed. There is also need for a C G H foundry, 
which is as important to C G H fabrication as the si l i 
con foundry is to V L S I fabrication. 

G iven an array of complex numbers, the C G H de
sign workstation should be able to calculate the histo
gram of the data and adjust its dynamic range accord
ingly, encode the data in any one of the known meth
ods (pixel oriented or cel l oriented, Lohmann's or 
Burkhard/Lee's method, and so on) as selected, and 
estimate the C G H writ ing time, diffraction efficiency, 
and signal-to-noise ratio of reconstruction. Different 
encoding methods can therefore be compared with 
respect to their performance, before the C G H is actu
ally produced. The best encoding method can then 

be selected and a tape generated for the C G H found
ry. 

A foundry dedicated to C G H fabrication is not only 
convenient but also cost-effective for serving many 
users. Furthermore, special fabrication methods can 
be researched. For example, in addition to producing 
b inary ampl i tude holograms, var ious fabr icat ion 
methods for surface-relief holograms on different sub
strate materials can be researched. Us ing multiple 
masks, one can investigate producing multi layered 
holograms. 

Active optical devices 
Active optical devices are essential to the realiza

tion of any optical computing system. To help device 
researchers, a wish list for ideal devices is sometimes 
offered by architecture and algorithm researchers. In
tentionally, the min imum is requested in the wish 
list, helping to simplify the tasks of device research
ers. 

Unfortunately, the wish list is at times misinterpret
ed. For example, it has been said that devices need 
not have bistable characteristics. What the statement 
actually means to me is that it is necessary to have 
devices with thresholding characteristics for optical 
computing, but devices with optical bistable charac
teristics are also very much welcome because they 
can do more than thresholding. 

In another example, it was pointed out that in de
signing digital logic devices, one should avoid pho
ton-electron-photon conversion. This suggests that it 
w o u l d be i dea l to f i nd dev ices that w o u l d work 
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Digital optical computing system 

There is no viable alternative to 
designing and constructing real digital 

optical computing systems. Without 
real systems, digital optical computing 

is a field of limited real usefulness. 

through direct interactions between photon and pho
ton; but it would be good enough to find devices 
which perform wel l in speed, energy consumption, 
and contrast, and are easily manufacturable, even i f 
they work on photon-electron-photon conversion. 

This situation is similar to that for V L S I electronics, 
where its speed would be faster i f it could be made in 
gall ium arsenide. But, it is made in si l icon because it 
is more manufacturable. 

There has been a significant amount of research in 
nonlinear optical devices for logic operations, e.g., 
l i qu id crystal, Pockels readout optical modulator 
( P R O M ) , m i c r o c h a n n e l spat ia l l i gh t modu la to r 
( M S L M ) , s i l i con /PLZT S L M , photorefractive crys
tals, and GaAs mult iple quantum wel l structures. Re
cently, an increasing amount of attention has been 
paid to algorithm and architecture research. 

However, to date there has not been much system 
research reported in the literature. To determine the 
cascadability of devices, the size of required optical 
memory to implement a known algorithm, the stabil
ity or robustness, the physical size and cost of the op
tical system as we l l as to demonstrate the advantages 
of optical interconnect and 2-D optical input/output, I 
believe that there is no viable alternative to designing 
and constructing real digital optical computing sys
tems. Without real systems, digital optical computing 
is a field of l imited real usefulness. 
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Twenty years from now, the central processor of 
the most powerful and fastest computers may 
be filled with optical pulses rather than electri

cal pulses. Already ultrashort pulses are generated 
and transmitted much more easily optically than elec
trically. O f course, plenty of electronics and electro
mechanical peripheral equipment w i l l stil l interface 
to humans, machines, detectors, control equipment, 
and laser arrays. But the heart of the computer— 
where most of the decisions are made, where the 
computations are carried out, where the answers to 
complex problems are found—could very we l l be al l-
optical. 

Al l -opt ical computers w i l l be paral lel machines 
that carry out mil l ions of operations simultaneously, 
thus greatly enhancing the current computing power. 
A 2-D array of optical transistors (an optical chip) may 
contain one mi l l ion transistors in a 1000-row-by-1000-
column configuration. Answers from one decision

making plane (an array of optical transistors or optical 
logic gates) are carr ied to the next plane by l ight 
pulses. The input to a given decision-making pixel on 
a decision-making plane may be light pulses from 
one, two, or hundreds of other pixels and light from a 
laser. 

The laser light is analogous to the direct-current 
electrical power suppl ied to an electronic transistor. 
It injects optical power into the decis ion-making 
pixel so that there w i l l be enough power to actuate 
subsequent pixels in spite of losses in the optical tran
sistor and interconnection optics. 

Qualifying "all-optical" 
However, one must qualify "all-optical computer." 

It could be "al l -opt ical" in the sense that the central 
processing unit operates with laser beams, lenses, 
mirrors, and other optical components, but interface 
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