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Optical Logic Array by Use of Wavefront Superlmpos1t10n
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3-4-1, Okubo, Shinjuku-ku, Tokyo 169

An optical implementation of a logic array by use of a holographic filter is presented, and
its extension to a multiple logic array is presented. Multiple operations can be performed

simultaneously to multiple inputs.
this proposal has been implemented.

For demonstration, an optical half-adder array based on
In ‘order to estimate the system capability, possible

density of multiple data which can be processed simultaneously is discussed.
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Fig. 1 Operating principle of an optical logic
operation by use of wavefront superimposition.
(a) filtering system that conducts wavefront
superimposition, (b) reconstructed image of a
holographic filter by one input, (¢ )superimposi-
tion of reconstructed images by three inputs.
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Fig. 2 Optical logic array that performs single logic operation.

Single operation F is

performed simultaneously to input pairs (zu, yu), (Z1, ¥12), (z21, ¥21), and (z22, Y2).
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Fig. 3 Operating principle of multiple optical

logic operations by use of wavefront superim-

position.  (a)reconstructed image of a holo-

graphic filter by one input, (b )superimposition

of reconstructed images by three inputs.
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Fig. 4 Optical logic array that performs multiple logic operations. Operations Fii, Fi2, Fa1, and
F22 are performed simultaneously to input pairs (z11, yu), (212, ¥12), (221, ¥21), and (z22, ¥22).
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Fig. 5 Circuit of a half-adder. Two inputs, X
and Y, are added to produce a carry output C
and a sum output S.
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Fig. 6 Operating principle of an optical half-
adder array. (a)reconstructed image by one
input, (b)output powers for four possible com-
binations ‘of input X and Y.

INPUT LENS HOLOGRAPHIC LENS OUTPUT
PLANE FILTER PLANE

Fig. 7 Experimental setup of an optical half-
adder array.
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Fig. 8 Magnified pattern of a holographic filter
made by Lohmann type binary CGH.
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Fig. 9 Experimental results of an optical half-
adder for single data. Left four patterns show
input combinations, and right four photos show
outputs. (a)corresponds to X=0, Y=0, (b)
corresponds to X=0, Y=1, (.c)corresponds to
X=1, Y=0, (d )corresponds‘to X=1, Y=1.
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Fig. 10 Experimental result of an optical half-adder array for multiple
data. Four input pairs are processed simultaneously.
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Fig. 11 Limit of the density of multiple data
processing. (a) size of reconstructed image,
(b)size of superimposed images by three inputs.
(c)the highest density arrangement.
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