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Optical bistable elements fabricated from gallium arsenide (GaAs) have
demonstrated potential as optical logic elements for use in optical parallel
processing systems [1]. In previous experiments, the devices have consisted of
small, uniform slabs of active material, either bulk GaAs or GaAs-AlGaAs
multiple-quantum-well structures [2]. These were placed between mirrors to
form nonlinear Fabry-Perot etalons. The active regions of these earlier devices
were grown with top and bottom "windows" of AlGaAs to reduce the exciton
surface-recombination rate. The overall switching time of these devices was
limited by the carrier relaxation time to several nanoseconds. The present
devices were produced from a l.5-um-thick GaAs layer, grown by molecular beam
epitaxy (MBE) on a single-crystal GaAs substrate with an underlying O0.2-um-
thick Alg, 4Gag ¢As etch stop layer, but no top window. The absence of the window
resulted in an order—of-magnitude reduction in the recovery time [3]. Some of
the wafer was etched to form arrays of small GaAs mesas or "pixels” on a single
substrate. The etched surface structure served to further reduce the recovery
time, as well as producing an array of separated devices on a single substrate
[4]. Each individual pixel of the array measured 9 um x 9 um, and the pixels
were spaced 20 um apart from each other (Fig. 1). Individual samples of the
array, as mounted in etalons, typically contained several thousands of pixels.
However, the fabrication process used for these devices can be easily scaled to
larger sizes. Large arrays of optically bistable elements may become important
components of powerful optical parallel processing systems. Such processors
could make efficient use of the inherent parallelism of optics.

To produce the array samples, pieces of the wafer were coated with
photoresist. The pieces were then contact-printed with a custom-designed
photomask and developed to produce an array of photoresist squares on the GaAs
surface. The wafer was then etched in a reactive-ion—etch system with a Freon
12 (CC12Fj), helium and oxygen mixture [4,5]. The selective etch process stopped
at the AlGaAs layer, resulting in an array of sharply defined pixels. The photo-
resist pattern was then removed with an oxygen plasma in the reactive—ion-etch
system. The GaAs substrate layer of all the samples was removed, first by
grinding the sample thin, and then by a selective wet-chemical etch [6].

Several methods of mounting the samples between mirrors to form etalons
were tried. The devices used for bistable and logic-gate operation were glued
between dielectric—-coated glass microscope coverslips. Some etalons were formed
by direct deposition of the dielectric coatings on both sides of the GaAs arrays.
The spectral transmission of the latter etalons was measured at various points
to obtain some measure of the wuniformity of the GaAs material. Regions
containing a few tens of etched pixels had most of the pixels with transmission
peaks within one instrument width of each other. Larger areas exceeded this
spread because the sample thickness was wedged, probably resulting from the
removal of the substrate.
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Fig. 1. Photomicrograph of 2-D array of 9-um x 9-um pixels prepared
by reactive—ion etching.
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Fig. 2. Streak camera traces of the temporal evolution of the input
pump pulse and the cw probe transmission for AND-gate and NOR-gate
operation using one 9-um x 9-um pixel of the windowless GaAs etalon.
The base lines are taken with the probe beam blocked.
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An array etalon and an unpatterned etalon were operated as NOR and AND
gates in a pump-and-probe_ experiment. The pump pulses were of 180-ps duration
with 1-nJ energy at 5145 A. The probe pulses were tuned below the bandgap, and
their transmission was monitored by a streak camera [3].

For a single pixel of the array, a gate recovery time of less than 200 ps
was observed. The arrayless sample, with the same 10-um spot size, showed a
gate recovery time of 300 ps (see Fig. 2). The enhanced surface recombination
rate apparently accounts for the short relaxation times in the devices. The
faster recovery time in the array compared with the arrayless device may be due
to the shorter average carrier diffusion distance to a surface and to possible
etch damage [4].

Both the array and unpatterned devices have been operated as bistable
devices. The devices were cooled to 150 K to be compatible with the tuning range
of a Nd:YAG pumped dye laser. Operation was with 10-ns pulses and relatively
low peak power values of 5 mW. Switch-off times were around 1 ns [7].

In summary, GaAs bistable devices have been fabricated in large arrays. By
removal of the customary top AlGaAs window, fast logic-gate operation has been
demonstrated. These results show promise for the fabrication of arrays of
optical gates capable of handling parallel logic operations at high data rates.
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