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I. Introduction

During the last six month period our efforts have been
aimed at sputtering zinc oxide films using our Veeco Micro
Etch Sysvem. We have also maede a substantial effort to
evaluate ti.e possibility of a spray-on technique based on
zinc choloride dissolved in an alcohol solution., The re-
sults on both of these techniques will be reviewed in this
report. We have also continued to refine our techniques
of making platinum silicide Schottky barrier junctions
essential. for comstructing the ultimate convolver structure.

Our experiments to date on sputtering zinc oxide have
not been conclusive, Our initial films were found to be
rich in chromium and iron, the result of a substantial
amount of sputtering of the stainless steel fixtures in-
side the vacuum system. After adjusting the geometry to
the extent possible, additional sputtering experiments
were performed. These zinc oxide films continued to be
opaque. Analysis revealed that they were zinc rich,
Obviously, the off-sputter from the zinc oxide target
is not occuring stoichiometrically, Our current efforts
are to attempt reactive sputtering through the introduction
of a small partial pressure of oxygen inside the vacuum
system, The hardware for these experiments has now been
asseribled and such experiments are now being conducted,
This work is decribed in Section V.

Concrrning the spray-on technique, a nuvmber of cexperi-
ments have been performed. Apparently, zinc oxide does

form on the heated substrate, but as the film grows it



deteriorates. Apparently, the growth of the film scrves as
an insulator preventing high enough temperatures from being
maintained at the growth interface. Strong illumination
from the top side of the experimental apparatus has now

been put in place in order to maintain the temperature,.

The status of this work is reviewed in Section IV,

The use of argon ion beam sputtering or organo-metallic
sprayv-on to form high resistivity, piezoelectric zinc
oxide are new technologies and, undoubtedly, it will take some
time to obtain definitive results. Sections of this report
deal with the details of the experiments and their results
up to this point ., Progress on both technologies has been
ctrong during this six month period. We expect to obtain
conclusive evidence on the applicability of these techniques
to our goal of fabricating a two-dimensional convolver
structure during the next sixth month period,

Sections II and III of the report describe results
on PtSi Schottky barrier diode arrays which we
have fabricated. While some improvements are necessary,
we have routinely produced useful diodes capable of serving
as the nonlinear multipliers for the ultimate signal and
optical image processors envisioned at the start of the

effort,



JI. Fabrication of Silicides and PtSi Diodes

Metal semiconductor junctions having rectifying electrical
properties have found many applications in present day semi-
conductor device technology. Among the three practical
choices available for rectifying contacts (namely, Schottky
or surface barriers, ion implanted and diffused junctions),
diffused junctions offer relatively low cost. Silicide
diodes have a number of unique features, such as, intimate
metal-semiconductor contact and contamination-free inter-
facial contacts, high barrier hgight, low saturation current
and chemical compatibility to IC fabrication processing.

Some of the transition metal silicides meet all of the
electrode material requirements. Single crystal (n-type)
gsilicon wafers of 5 - 10 gcm resistivity were chosen as
substrates and platinum selected for the formation of the
silicides for our experiment. The unfinished side (back)
was doped n+.

The steps taken in the fabrication of platinum silicide
diodes are as follows:

(1) Silicon wafers are washed and cleaned in an ultrasonic
cleaner with TCE, acetone, methanol, and DI water for the
surface preparation for dielectric film deposition on the
active side.

(2) Oxide growth is carried out in a quartz diffusion tube
at a controlled temperature range between °n0° - 1206°C and

in continuous flow of dry 0, for about 1L - 3 hours,



(3) From the silicon dioxide color-thickness relationship
we estimate the oxide thickness to approximately 1500 A°
based on thie blue color.(l>
(4) VWindows of the required size and dimension were ctched
in the dielcctric film using a suitable photoresist mask,
U.V. light, and developer. A buffered HF solution cap-
able of etching at a rate of 15 R/sec. is used to etch

the 5102 layer.

(5) The metallization process is carried out by using

one of the Veeco vacuurm deposition systems. Platinum

0"6 torr.

is evaporated in a vacuum chamber pressure of 1
The Pt on top of the photoresist surface is stripped in
acctone,
(6) Silicides are formed in contact windows by sintering
at an elevated temperatures of 450 - 600°C in an arpon
atmosphere for a few minutes but not longer than 15
minutes. Unrecacted platinum can be stripped with hot
dilute acqua regia.
(7) Two classes of silicides form at different temperatures,
At about 200° - 400°C, metal-rich (PtZSi) forms and between
300° - BOOOC, monosilicides (PtSi) form. The resistivity
of the platinum silicides is about 28 - 35 po-cm and its
melting point is 1230°C. (for PtSi)
(8) To get a pgood ohmic contact on the nt+ side of the Si
wafer, the specimen is annealed at 400 - 500°C for a few
minutes after Al metallization of the back surface.

As the perfoimance stability of a device depends on
the stability of the silicide phase, the formation of

platinum silicide bas received special attention.



(9) Metal masks are aligned with the line of diodes and trans-

parent Cr and then Au are evaporated through the mask at a vacuum

6 torr. The Cr is used for adhesion

chamber pressure of 107

of the contact to the diode.



IITI. Evaluation of the Diode Arravs

Figure 1 shows the complete PtSi diodes with a circular
contact which admits testing of approximately ten diodes in
parallel. In a finished device, all diodes would be connected
by overlay contact lines,

Figure 2 shows a close-up of a single diode. The picture
reveals the very accurate photolithography and the uniformity
of the diffusion,

Figure 3 presents the currvent versus voltage characteristics
for an isolated diode photographed on a curve tracer. The
diodes exhibit considerable photosensitivity. Under some
fabrication conditions, the diodes seem to operate in a
photovoltaic mode with an induced voltage of several hundred
millivolts. Under other conditions, there appears to be
a photoconductive behavior with a change of slope in the
conducting regions. Additional work is needed to correlate

the behavior with fabrication details,






igure 2 Platinum silicide diode O |
isolated by Si0O, layer.






IV, Deposition of Zinc Oxide Filus by Spraving

The electrochemical properties of Zn0 lend themscelves
to a variety of thin f£ilm deposition techriques: sputtering,
vapor transpert, and spray pyrolysis, In previous reports
we have made reference to the technique most widely used at
present, RF mapnetron gputtering., The comparctively low
cost for growing zinc oxide films by spray pyrolysis makes
the method an attractive alternative for study,

The spray pyrolysis technique consist of spraying a
solution onto a heated substrate. Our current experimental
effort is to grow zinc oxide films by spraying the solution
onto heated microscope slides., A solution of ZnCl2 in ethyl
acetate was used with N, as the carrier gas. In order to
produce a useful film deposition rate, we must attain effective
control over the substrate temperature, the chemistry of
reaction on the surface, and the nitrogen flow rate.

The spraying is done while the substrate is maintained
at a temperature between 400°C and 500°C. After 10 to 20
seconds of spraying a very thin transparent f£ilm, presumably
of zinc oxide, forms on the substrate. Unfortunately, con-
tinuous spravine of the solution onto the substrate results
in the reduction of the surface temperature due to the lower
temperature of the spray and due to the liberation of heat
by evaporation. The lowering of the temperature prevents
further deposition of zinc oxide. The temperature of the
substrate also affects the thermal and dynamic stabilization

of the film, as well as the evaporation rate and the



bouncing and splitting of vapor droplets, The behavior

of the droplete as they impinge on the substrate depends
on the substrate temperature, nitrogen flow rate, and
solution flow rate, Growing films at lower substrate
temperatures and ailr flow rates, but in the presence of
high solution flow rates,results in wetting of the surface
and a slowdown of the 1reaction, The film is predominatly
zinc choloride. When spraying at increased substrate tem-
peratures, wetting was decreased but splitting and bouncing
of the droplets and the lateral mobility of the liquid
increased.

In order to increase the substrate temperature we
have added high-output incandescent lamps to the experi-
mental apparatus. Recent thermocouple measurements inddi-
cate that we are now maintaining a temperature close to
500°c.

Figure 4 shows the spraying apparatus. Visible in
the picture are a glass slide, a thermocouple base, the
lamps, and a spray nozzle. Figure 5 shows the spraying
operation underway. Careful inspection of the photo-
graph shows the spray impinging on the substrate from
the overhead nozzle.

We intend to pursue these experiments by the intro-
duction of hydrogen peroxide, H202, in order to reduce
the cloride content in the film and by using a gas mix-

ture, 90% nitrogen and 10% oxygen, as the carrier gas in
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place of pure nitrogen, Of course, the lamps would be used
to maintain a high substrate temperature. By maintaining
a higher concentration of oxygen and a higher temperature,
we hope to begin to produce useful films, The reaction

with which we are working
ethyl acetate zinc acetate

Zn’ll2 + 2CH3COOC2HS -+ Zn (CZH302)2 + 2C2H5Cl

Zn (C2H302)2+ 0, + Zn0 + other by-prodvects.

is helpful in relating the impact of the constituents,
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V. Sputtering

Since the fabrication of the sputtering fixtures for the

Veeco Micro Ltch System was completed, experiments were carried

out for the caliberation of the system. The vacuum system
was pumped down to check the chamber pressure, which was too
high at first because of some leaks in the inner installation
asscmbly. After some effort, the leaks were corrected and
the system was functioning well enough to bring the vacuum
pressure to as low as 10"7 torr in a few minutes. The sub-
strate holder could be heated to a temperature of 200°¢.

Silicon dioxide was sputtered on glass to test the
system, since we did not wish to risk the destruction of
the Zn0 targe., When the operation seemed to be running
smoothly, we replaced the target material with a 99.9%
pure sintered Zn0 disc of 5 inch diameter.

By adjusting the cathode, arc, magnet,coil, e:rppressor
power supply and accelerating voltage controls to the desired
stabilized position, we could seec the glow discharge form-
ing on the shutter. A tungsten filament is attached above
the shutter to emit electrons to ncutralize the argon ion
beam which is focused on the target:., The temperaturc of
the substrate (100° - 200°C), sputtering time, gas inlet
pressure, and the energy of the impinging particles were
varied and their impact on the quality of deposited film
was studied by scanning electron microscope and x-ray

energy spectrosecepy (XES)., The x-1  analysis showed



that somec impurities (Fe, Cu, Ni, Cr) were included in the
deposited film, These inclusion were due to the sputtering
of the stainless steel target holder and the copper pipes
for the water coolant by the collimated ion beam. The
resistivity measurements showed.lO2 Q em, quite low for

our requirements, due to the metal inclusions, The XES
photographs shown here, Figures 6 and 7, display the

energy peaks for those impurity metals.

NDue to these unfavorable results, some modifications
of the inner assembly design had to be made. The target
holder assemblv has been rearranged to minimize the sput-
tering of the stainless steel body and was installed and
checked to make sure that the target is directly under-
neath the aperture of the ion gun source. The Zn0 target
being used is of 5 inch diameter and the extracted ion
beam is supposed to be a collimated beam of 3 inch dia-
meter. Fven so, the stainless steel holder was sputtered
off which means that the ion beam diverges with distance.
To solve this problem we are undertaking to cover all parts
that can possibly be bombarded by the divergirg ion beam
with ultra pure Zn foils,

The copper tubes and the mechanism for supplying the
water coolant for the tested tarpet holder were redesigned
to have maximum clearance from the ion beam. Some changes
also had to be made in the substrate holder tower. The
distance between the target and the substrate was reduced
from 8" to 3" and new gears have been installed to provide

a smooth, constant spced, rotation of the substrate holder
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by using a motor. This should improve the uniformity of the
Z/n0 film., After these new changes the temperature was cali-
brated for the substrate holder surface and the back plate
of the heating coil. TFigurces 8 - 11 show the modifications
to the internal structures.

Silicon wafers and microscope glasses were ultra-
sonically cleaned in TCE, acetone, methanol, and D,I,
water before placing them on the substrate holder. By
tilting the tarpget holder at different angles and by
varying the sputtering gas pressure, the energy of the
bombarding particles and the substrate temperature, we
have deposited Zn0 f£ilms with varioys qualities. SEM and
XES analysis showed the difference in the deposited film
and the considerable decrease of the impurities in the
7Zn0 film. The photographs show that the peaks of the
impurity elements have decreased,

Four point probe measurements of the film showed
approximately 104 0 cm resistivity which is a confirma-
tion of the reduction of the metal impurity content in
the film. The murky color of the film reflects lack of
oxygen in the film growth and so arrangements have been
made to reactively sputter ZnO by using a gas mixture of
75% argon and 257 oxygen in place of pure argon. Due to
these modifications we hope to achieve an improved film
quality for our applications with 106 Q cm resistivity,
Our effort now is to producc better quality Zn0 films, to have
an Aupger aalysis of the deposited material and then tu
characterize the surface acoustic wave properties of our

film,
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Fipure 8 The target Volder assenbly has been realigned
with the ion beam column., The Zn0O target it

o) . .

457 angle to the direction of the

The shutter covers the

effective dianecter of the target.
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VI, Conclusion

We have made considerable progress in recent months towards
the creation of a two-dimensional Fourier transformer for optical
images based on the zinc oxide on silicon technology. Once
we master the method of creating high resistivity, piezceleciric
zinc oxide films on siiicon all of the components of this pro-
ject should be in place. The techniques which we are evaluating
have yet to be investigated for ultrasonics applications,

This the work has great significance in terms of the possibi-
lity of significantly enlarging the techniques available
for making this important material, zinc oxide.

The sputtering system will have s:veral components re-
built to further reduce the ampunt of steel being sputtered.
Other actions will include the covering of much of the in-
ternal hardware with zinec foil, Experiments will be done at
different partial pressures 6f oxygen to determine the bhest
mix of argon and oxygen for the reactive sputtering to yield
piezoelectric zinc oxide films.

We will continue to study the spray-on technique. We
will evaluate different organic carriers, concentrations, ard
temperatures.,

Of course, the zinc oxide created by either of these
techniques may not be sufficiently crystalline after deposition.
If the crystallinity is not sufficiently high we will attempé
to annecal the films ia the diffusion furnace in the presence
of powdered zinc oxide. This technique has been very success-

ful in the past in creating polycrystalline cadmium sulfide films.



We continue to expect that we will be able to produce
some significant results in the next few months, In that
event, we will characterize the zinc oxide films created by
both techniques. This in itself will be an important con-
tribution to our understanding of the deposition and
characterization of these materials,

Additional study of our Schottky barrier diodes will
be performed in order to obtain the most useful photoresponse
since we are now able to produce uscful arrays, Of course,
we hope to fabricate higher density arrays to obtain higher

spatial resolution,
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