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Arrays offast optical bistable devices (OBD's) hold excellent promise in the implementation of 
parallel optical computation systems. The fabrication of an array of9 X 9 pm pixels ofOBD's on a 
GaAs/ AlGaAs molecular beam epitaxial layer is reported here. The pixels were defined by 
reactive ion etching in a freon, helium, and oxygen gas mixture. The array, consisting of over 
lOOX 100 devices, formed good quality, uniform interferometers, exhibiting a single fringe in 
transmitted light. Gate recovery times were reduced by eliminating the top AlGaAs window and 
by etching 9 X 9 pm pixels in an array . Uniform arrays of such high quality optical gates or 
bistable devices could handle thousands of parallel channels at a rate of several gigahertz per 
channel. 

In the last decade there has been a surge in the interest in 
parallel processing architecture and optical parallel process
ing in particular. l

-4 A large optical array processor with 
modest switching speeds per device may be able to handle a 
large number of bits per second. For example a l000X 1000 
array of devices with nanosecond switching speed is capable 
of processing 1015 bits/second which is almost a million 
times better than the fastest serial processor available today. 
There is a clear need 1,3.4 for arrays of optical switches capa
ble of processing information since light has the inherent 
advantage of parallelism and interconnectivity. Optical bi
stable devices offer an exciting possibility as an opticallogi
cal element activated by light, and an array of these devices 
may enable the realization of powerful nonlinear optical 
computers. The recent spurt in developing algorithms for 
parallel computing architecture2

-4 (e.g., Hopfield neural 
network model) may make these arrays of utmost impor
tance, particularly for image processing. 

Discrete optical bistable elements have been demon
strated in a host of materials,s including III-V semiconduc
tor materials. The most successful work to date has been 
with molecular beam epitaxially (MBE) grown materials 
which enable the fabrication of high quality interferometers. 
Bistable switch-on speeds as short as a few picoseconds6 

have been demonstrated although turn-off speeds as long as 
several nanoseconds have been the speed limitation of these 
devices. Successful all-optical signal processing in an optical 
fiber link7 as well as nanosecond-speed logic operations8 has 
been demonstrated with these devices. In terms of tailoring 
the operating wavelength, uniformity, reproducibility, and 
ease offabrication the III-V MBE grown materials have be
come the material of choice. 

In the past all the MBE grown devices consisted of an 
active layer sandwiched between two AlGaAs layers. The 
bottom AlGaAs layer was a stop-etch layer needed in the 
removal of the substrate and the presence of the AlGaAs 
windows on either side of the active layer was believed to 
reduce the surface recombination rate of the carriers. In the 
present work the top window layer was eliminated with the 

hope that this might enhance the switch-off speed; indeed 
that was the case, as will be shown. An MBE layer of 1.5-pm
thick GaAs (undoped) was grown over a AIo.4 Gao.6As lay
er (undoped) ::::: 0.2pm thick. The substrate consisted of a Si
doped GaAs substrate (Cr-doped substrates etch better). 

The fabrication sequence for the bistable array is shown 
in Fig. 1. The top MBE layer was lithographically patterned 
using a standard photoresist. Subsequently, the wafer was 
etched in a reactive ion etch station (Cook model C-71-3MJ
SB-D) using a gas mixture9

,l0 of freon 12 (CCI2F 2)' helium, 
and oxygen in the ratio of2: 1: 1. The etch pressure was ~ 10 
mTorr, and the rf power was ~0.25 W /cm2

. Typical etch 
rates of 0.2 pm/min were observed with good anisotropy. 
The etch stopped at the AlGaAs layer with a total etching 
time of ~ 10 min. An array of sharply defined pixels results 
(Fig. 2). The wafer with 9X9 pm2 pixels was then glued, 
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FIG. I. Schematic of the various processing steps involved in the fabrication 
of the optical bistable device array. 
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FIG. 2. View of part of a typical array without mirrors. 

pattern side down, to a quartz plate with a thermosetting 
cement (crystal bond), and the back side lapped to a thick
ness of ~20 Ilm. The patterned wafer was then unglued from 
the substrate and then glued to a glass substrate with a high 
reflectivity coating on it. An optical cement (Nordland ce
ment) was used to bond the high reflectivity side of the glass 
substrate to the patterned side of the MBE wafer. Care was 
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taken during the curing to prevent the formation of any air 
bubbles between the two surfaces. The wafer was then 
turned over with the substrate side facing up and was selec
tively etched in a hydrogen peroxide-ammonia jet to the 
AlGaAs stop layer. 11 Thus, when the AIGaAs stop-etch lay
er is reached, a smooth surface results. For reasons not well 
understood we have more success in this step using Cr-doped 
substrates than Si-doped substrates which do not show a 
uniform etching. After the complete etching of the substrate 
layer another reflectively coated glass window is glued onto 
the substrate side. This entire processing sequence is highly 
compatible with the fabrication of I X I cm 2 arrays, and with 
a pixel size as large as 10 Il m one can have 1000 X 1000 arrays 
relatively easily. In the smaller array that we made 
~100X 100 devices were on the array, and over the entire 
array the flatness of the interferometer was good. In trans
mitted light only a single fringe was observed over the entire 
array demonstrating the uniform thickness of the interfer
ometer array. Figure 2 shows part of a typical array without 
mirrors. 

The devices in the array were tested in a standard NOR/ 

AND gate operation described in detail in Ref. 12. The tech
nique consists of having a weak probe beam (of below band
gap wavelength) incident on the device on resonance (for 
NOR operation) or off resonance (for AND operation). With 
a picosecond pulse of sufficient energy density, the peak 
wavelength is shifted away from (NOR) or on to (AND) the 
probe wavelength. This gating of the probe beam gives an 
idea of the switch-on and off speeds of the device. The probe 
(A. = 883 nm) and gating pulses (A. = 514.5 nm) were fo
cused to spot sizes of :::: 10 Ilm on individual pixels. In Fig. 3 
are shown the detector response (a) and the results for three 
cases; (b) a large area device with both top and bottom 

FIG. 3. (a) Detector response. (b)-Cd) 
Probe signal in AND gate operation at A. = 883 
nm for (b) a large-area device with both 
AIGaAs windows (I ns/div), (c) a large-area 
device without top AlGaAs window (200 psi 
div), and Cd) a 9X9 pm pixel without top 
AlGaAs window (200 ps/div). 
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AIGaAs windows, (c) a large area device without the top 
AIGaAs window, and Cd) a 9 X 91lm pixel in an array with
out the top AIGaAs window. 

The large area device with both windows shows a fast 
switch-on but a slow switch-off time;:::: 10 ns. The windows 
significantly reduce the surface recombination time of the 
excitons. As a result, in the large area device without the 
window [Fig. 3 (c)] the switch-off time is dramatically re
duced to 350 ps. The switch-off time is further reduced to 
200 ps in a windowless 9 X 9 pixel. 12 While the switching 
speed data in Fig. 3 are detector response limited, careful 
streak camera measurements 12 clearly support the above re
sults. 

These results are very encouraging for the fabrication of 
optical bistable arrays as one sees improvements in the de
vice speeds due to the miniaturization. While the effect of the 
top window on the switch-off speed is expected, the speed 
increase due to etching the pixel is not so obvious. The diffu
sive loss of exciton would be enhanced by the additional sur
faces created by the etching of the pixels. Further, it is 
known that low-energy ion bombardment during reactive 
ion etching leads to surface damage, generation of point de
fects, and possibly extended defects I3

•
14 which may increase 

the recombination velocity of the excitons. However, these 
effects are restricted to a depth of only -100 A from the 
surface and further only the sides would be damaged as the 
top surface was protected by a resist layer. Thus further 
work needs to be done to understand the cause for the in
crease in the switching speeds. While optical bistability has 
been seen in individual devices, we are yet to demonstrate 
simultaneous operation of more than one device in the array. 
Work is in progress to accomplish this. 
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In summary, we have shown that elimination of the top 
AIGaAs window layer decreases the recovery time of optical 
AND and NOR gates by more than an order of magnitude. 
Further increase in switching speed is obtained by reactive 
ion etching a 9 X 9 Ilm2 pixel array. These results indicate 
great promise for the fabrication of arrays of optical gates 
capable of handling parallel logic operations at gigahertz 
rates. 
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