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ACOUSTIC SURFACE WAVE DELAY DEVICE

T. INTRODUCTION

Lord Rayleigh first worked out the equations for the

propagation of elastic surface waves on elastic homogene-

ous isotropic infinite solids (4). There are various meth-

ods of generating these surface waves on the surface of

solids using transducers for converting electrical energy

into acoustic energy (9). White and Voltmer were success-

fully able to couple electrical energy directly into acous-

tic energy on the surface of piezoelectric crystals with

deposited interdigital electrodes (12). A number of investi-

gators have already carried out theoretical and experi-

mental investigation of acoustic surface waves for the

purpose of microminiature delay lines, filters, microsound

amplifiers, pulse compressors, etc. ( 3-8). This report

deals with the theory and fabrication details of surface

wave acoustic delay lines using Lithium Niobate crystals.

The utility of sound for computer memory applications,

delay line systems, etc. is because of the low propagation

velocity and excellent transmission characteristics in

acoustic media. Until recently the above advantages were

being utilized by employing bulk wave devices. In the past

decade or so, surface wave acoustic devices have become

practical because of the availability of optically polished

flat single crystals of piezoelectric material. The
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advantage of surface wave devices over the bulk wave de-

vices is the ready access to the acoustic energy during

transit and hence possibility of manipulation of acoustic

energy, such as switching, tapping, varying the delay,

amplification, etc.

The surface wave devices use mostly interdigital

electrodes for the transducer and are extremely frequency

sensitive. The -3dB bandwidth of the surface wave devices

so far reported (6) is of the order of 0.2 with the center

frequency being inversely proportional to the periodicity

of interdigital electrodes. We have attempted to fabricate

surface wave delay lines in this laboratory utilizing

Integrated Circuit fabrication techniques, following the

work of Smith et al. (5-6), so that we could provide the

necessary background for further research into development

of broadband surface wave devices.
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II. THEORY OF OPERATION OF SURFACE WAVE DEVICES

Methods of Generation and Detection

Elastic surface waves in contrast to bulk transverse

and longitudinal waves are localized on the surface of

solids and are the perturbations of particles of the solid

at the surface. Of the several ways of generating acoustic

surface waves (2) the three widely used methods are by the

use of (1) the wedge transducer, (2) the comb transducer,

and (3) the interdigital transducer. The wedge transducer

is shown in Figure 1. The transverse bulk waves which are

generated by an acoustic transducer placed at the end of

the wedge, travel through the wedge, hit the surface on

which the surface waves are to be generated, and are re-

fracted into surface waves. By a similar arrangement the

surface waves could also be detected. This method is used

for detection of surface flaws, etc. in machined surfaces.

The second method of generation of surface waves uses

a comb structure with the spacing of the teeth being equal

to the surface wave length. As shown in Figure 2, the

comb is held pressed against the surface on which the

surface waves are to be generated and the bulk compres-

sional waves produced by a piezoelectric transducer is

applied directly to the top of the comb, which causes a

periodic mechanical stress on the surface generating

acoustic surface waves. The comb structure required for
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SIGNAL INPUT

iNBULK TRANSVERSE WAVE TRANSDUCER

SURFACE WAVES

ELASTIC SOLID

Figure 1. Surface wave wedge transducer.

SIGNAL INPUT

BULK TRANSVERSE WAVE
TRANSDUCER

ELASTIC SURFACE WAVES

Figure 2. Comb transducer for generating
elastic surface waves.



5

generating very high frequency surface waves would be very

delicate and would present severe problems of fabrication

and handling.

In the third method the electrical energy is directly

transferred into piezoelectric acoustic surface waves by

the use of interdigital electrodes on a highly polished

piezoelectric crystal, instead of the intermediate mechani-

cal coupling used in the other two methods. A surface-wave

delay line using interdigital electrodes is shown in Figure

3 and consists of a flat optically polished piezoelectric

crystal such as a Lithium Niobate crystal with a set of

interdigital electrodes deposited at either end. The alter-

nating electric field applied to the interdigital electrodes

causes mechanical stress on the surface of the crystal due

to piezoelectric effect, and this stress in turn produces

a perturbation of particles of the crystal which travels

along the surface of the crystal. The amplitude of the

perturbation is maximum at the surface, falls off exponen-

tially into the crystal, and is negligible beyond a depth

of a wavelength (11). The particle motion at the surface

is retrogaded and elliptical, having a component parallel

to the wave vector and another perpendicular to the sur-

face (2). The plane of the ellipse is in the sagital plane

which is the plane perpendicular to the surface of the

crystal and parallel to the direction of propagation (11).

The velocity of propagation of the surface wave is



SIGNAL INPUT
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FOR DETECTING
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6

SIGNAL
OUTPUT

PIEZOELECTRIC
CRYSTAL FOR
THE SUBSTRATE

COMPONENTS OF THE SURFACE
PERTURBATIONS

CROSS-SECTION OF THE SURFACE WAVE DELAY LINE

Figure 3. Piezoelectric surface wave delay line
using interdigital transducer,
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slightly less than that of the volume wave and is approxi-

mately given (to within one-half percent) by

0.87 + 1.12v
vs = vt 1 + v

where v
t

is the volume transverse wave velocity, v is the

Poisson's ratio of the crystal, and vs is the surface wave

velocity. As the velocity of the surface wave, like that

of the volume wave, is five orders of magnitude less than

the velocity of light, large delays of signals can be ob-

tained using very small dimensioned crystals. Also, the

acoustic surface waves are non-dispersive, i.e., the

velocity is not a function of the frequency of the signal.

The insertion loss of the surface wave device is mostly due

to the propagation attenuation. The attenuation is a

direct function of the frequency. At the frequency of

interest (namely, around 100 MHz, the frequency of the sur-

face wave delay lines used in the experiments) the attenua-

tion of propagation on Lithium Niobate crystal is small

( 6). The coefficient of surface wave attenuation on iso-

tropic solids is related to the coefficients of transverse

and longitudinal waves by a simple relationship involving

the Poisson's ratio (2). But no similar relationship has

been derived for surface wave attenuation on anisotropic

solids.

There are several advantages in the direct coupling of

electrical energy into acoustic surface wave energy by the



8

use of deposited interdigital electrodes and they are: (1)

the preparation of the transducer is comparatively easy

using established integrated circuit techniques such as

photomasking, metal etching, etc.; (2) the losses in trans-

fer of electrical energy into surface waves will be less

because of the direct coupling, whereas in the other meth-

ods the electrical energy is first converted into bulk

waves and then to surface waves, involving two conversions;

(3) the transducer does not require contact pressure, re-

sulting in less chance of surface damage to the crystal;

(4) the transducer may be operated at extreme temperatures

or in vacuum; and (5) the transducer is quite rugged com-

pared to the comb structure.

Several investigators have analyzed both theoretically

and experimentally the acoustic surface waves and the use

of interdigital transducer for the generation of the same.

The following conclusions are drawn from them: (1) Surface

waves may propagate only in discrete directions in aeneral

anisotropic media with the pioelectric coupling b ing

better for certain crystal cuts and directions of propaga-

tion, e.g., Y-cut Z-propagation being the best orientation

for the Lithium Niobate crystal (11). (2) When the free

surface or the plane normal to both the free surface and

the direction of propagation is a plane of symmetry of the

crystal, surface waves if they exist are neither dissipa-

tive nor dispersive (11). (3) Maximum efficiency in
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excitation or detection of the surface waves is possible

when the periodicity of the interdigital electrodes is

equal to the Rayleigh wavelength Ta = vs/f, where vs is the

velocity of propagation of Rayleigh waves, ?R is the Ray-

leigh wavelength and f is the frequency of the signal (3).

(4) The transducer efficiency for the interdigital elec-

trodes is maximum when the electrode width is equal to one

fourth of the Rayleigh wavelength (8). (5) The efficiency

of conversion of electrical energy into acoustic surface

wave energy is directly proportional to the number of

electrodes, but at the same time the frequency bandwidth

of the transducer is approximately given by 2/N where N is

the number of electrodes. Thus the efficiency-bandwidth

product is a constant (5-6). (6) The surface of the

piezoelectric crystal on which the surface waves are to

propagate has to be optically polished to achieve practical

insertion losses (2).

Design of the Surface Wave Delay Line

Used for the Experiments

The work of Smith et al. (5-6) was followed in the

design of the surface wave delay line, and the operating

center frequency was chosen as 100 MHz so that the experi-

mental results could be compared with their results. The

optimum design parameters for various substrate materials

have been summarized by Smith et al. in the above paper
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and for Lithium Niobate crystal, which was the substrate

in all the experiments, the number of periods of the inter-

digital transducer was indicated to be five. Lithium Niobate

crystal was used because of the high coupling factor and

hence the best conversion efficiency from electrical energy

to acoustic energy ( 1-6). The most favorable configura-

tion of the Lithium Niobate crystal, for efficient trans-

ducer operation and for low propagation velocity, was

found to be Y-cut with the surface wave propagating in the

Z-direction (5). Using the published figure for the sur-

face wave velocity the electrode width and the spacing were

calculated as follows:

v
s 3.4 x 10

5 cms. x sec.
A
R

= 34 microns
f 100 x 10

6 sec.

Electrode width = electrode spacing =

x A
R
= 8.5 microns

The nearest 400 X size of 8.5 microns, which would be the

dimension on the Rubylith material from which a working

photo mask w 11 be generated by photographic reductions,

is 1/8 of an inch. The center frequency corresponding to

this electrode width and spacing is 107 MHz. The maximum

reduction possible with the photographic equipment avail-

able in the laboratory is 400 X and hence this size was

used for the Rubylith artwork. The width of the transducer

was limited to about 1.25 mm by the step and repeat camera
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from which the final working plate was generated. The

radiation resistance of the transducer is inversely pro-

portional to the width of the transducer and can be esti-

mated to be approximately 140 ohms from the figures pub-

lished in (5) and (6).
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III. EXPERIMENTAL PROCEDURE

All the surface wave delay line devices used for the

experiments were fabricated from Lithium Niobate crystals.

The LiNb03 crystals were available Y-cut and X-cut

or. latations, The Y-cut crystal was in the form of a long

thin bar with the propagation of the surface waves being

possible in the Z-direction only, and the X-cut crystal was

a thin flat piece. The transducers used for the experi-

ments consisted of interdigital electrodes with pads for

connecting to the external circuitry. The preparation of

these transducers on the surface of the crystals is de-

scribed in Appendix I. Typical transducers used in the

preliminary stages of this investigation are shown in

Figure 4. A special two-point probe assembly, shown in

Figure 5, was built for making contact to the transducers.

Aluminum electrodes approximately 2000 A thick were

used in the early stages of the experiment but were often

scratched off during probing. Therefore, instead of

aluminum, chromium was tried for the electrodes on both

the Y-cut and X-cut crystals. Tn order to obtain good

chromium etching, the thickness of metal was limited to

about 1500 A with a sheet resistivity of about 0.5 ohms

per square, The resulting electrodes were very clean

with equal finger spacing and also were scratch resistant.

During the preparation of these samples, the -Y-cut crystal
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Figure 4a. Typical interdigital electrodes used
in preliminary stages of experiment.

Figure 4b. Interdigital electrodes magnified
lGOtimes.



Figure 5. Two-probe arrangement used for making
contact to interdigital electrodes.
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was damaged by falling from the holder in the vacuum evapo-

rator and from the chuck of the photo-resist spinner, To

reuse the same crystal it was polished on a 0,5 micron lap-

ping paper.

The output of the delay line devices, as observed on

the oscilloscope screen, indicated only direct coupling

from the input to the output and no delayed signal was

present in the output. At this stage it was surmised that

the series resistance of the transducers was very high,

resulting in a large signal loss; also, the surface of the

crystal was probably too lossy for efficient propagation of

the surface waves.

Therefore a new optically polished Y-cut LiNb03 crys-

tal with about 10,000 A aluminum electrodes (with a sheet

resistivity of 40-50 milliohms per square) was used for

subsequent evaluation. This new crystal was prepared with

a number of transducer pairs of different spacings, the

spacing being integral multiples of the period of the

interdigital transducer. The contact pads were enlarged

because of the difficulty experienced with the earlier

transducers in making good contact with the probes. These

samples were tested for a delayed signal at the output by

applying step voltages and a single ten-nanosecond pulse..

The transducer did work and a delayed signal with a pre-

dominant sinewave component was observed in the output.

The delay for a five period separation between the input
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and output transducers is 47 ns, assuming the velocity of

the acoustic surface waves on Y-cut LiNb0
3
crystal to be

3.4 x 10
5 cms /sec, (1), and for the interdigital periodi-

city of 32 microns for the particular transducer in use.

The delay as observed on the oscilloscope corresponds to

the above calculated figure very closely within experi-

mental accuracy° It can be observed from Figure 7 that the

output signal has a predominant sinewave component whose

frequency is close to 100 MHz, which clearly indicates that

these transducers behave as a highly tuned circuit. The

transducers were designed for operation at a frequency

close to 100 MHz, and the above behavior is, therefore,

understandable.

In order to evaluate these devices, that is, to obtain

characteristics such as attenuation versus transducer sepa-

ration, frequency response, velocity, etc., these devices

should best be tested by applying pulsed R.F. sinewave

signals to the input transducer. The R.F. signal generator

available in the laboratory could not be pulse modulated by

pulses of a few hundred nanosecond duration; also, due to

lack of time, a suitable sampling circuit to provide

pulsed R.F. sinewave signals could not be built. There-

fore an attempt was made to calculate the various high

frequency sinewave components around 100 MHz, of both the

step function and single pulses of nanosecond duration, by

Fourier Analysis. It was found that these high frequency
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components are extremely small in amplitude (of the order

of 10-8 times the peak of the applied wave). It was de-

cided to use pulsed square wave instead of pulsed sinewave

because of the availability of a pulse generator which was

capable of generating square wave voltages of as high a

frequency as 200 MHz, and also could be pulse modulated by

narrow pulses.

The fundamental component of the pulsed square wave

input was determined by using a Frequency Spectrum Analyzer

and a R.F. signal generator as follows. The output from

the pulse generator, which is set in the normal mode to

generate square waves, is applied to the input of the

Frequency Spectrum Analyzer through a known attenuator

(say A). The signal pattern observed on the Spectrum

Analyzer screen is a long vertical line corresponding to

the fundamental component of the square wave input and a

number of short lines spread out along the X-axis (i.e.,

the frequency axis of the Analyzer) corresponding to the

various frequency components at the input. The height and

horizontal position of the long line on the screen are

noted and, without changing any settings of the Spectrum

Analyzer, the R.F. sinewave output from the R.F. generator

is fed to the input of the Analyzer. The frequency and

the attenuation knobs on the R.F. generator are manipulated

until the horizontal position and the height of the signal

pattern on the screen (which is again a long line but with
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no short lines at all because the R.F. signal is almost

a pure sinewave ) coincides with those noted for the

square wave input. The frequency of the fundamental com-

ponent of the square wave is read directly from the fre-

quency dial of the R.F. generator and the amplitude of

the fundamental component is the reading on the attenuator

dial of the R.F. generator multiplied by A. The output

could not be analyzed similarly because the capacitive

feed-through into the output is comparable to the delayed

signal in amplitude, as can be seen from the oscillograms

of the output, shown in Figures 8, 9, and 10. Using the

above techniques, data were collected to provide informa-

tion regarding frequency response, attenuation, delay,

etc. of the acoustic surface wave delay device.

It can be observed from Figure 4, which shows the

transducer used in the preliminary stages of the experiment,

that there is a long thin strip of conductor from the con-

tact pad to the interdigital electrodes, introducing a

large series resistance in the transducer causing excessive

signal loss in the transducer itself. Therefore it was

decided to change the design of the transducer so that the

long thin strip of conductor was eliminated. The resulting

transducer is shown in Figure 6. All the characterizing

measurements were taken on this type of transducer. The

following chapter gives a summary of the experimental

results obtained, with a brief discussion.
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520,A.

Figure 6a. Redesigned interdigital electrodes.

Figure 6b. The above magnified180 times.
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IV. EXPERIMENTAL RESULTS

As previously described, experiments were conducted

on the transducer pairs of different spacings to obtain the

following data. First, on observing the oscillogram shown

in Figure 7 which shows the output of the transducer ob-

tained with a step input, it is seen that the output is of

the form of a pulsed sine wave with a frequency of about

100 MHz. A Fourier analysis of the step input revealed

that the amplitude of the 100 MHz component is approxi-

mately 10
-8 times the amplitude of the step wave. Thus

even though the output of the surface wave acoustic device

is far larger than the 100 MHz component of the input, this

behavior may be explained by the fact that the acoustic

device acts as a highly tuned circuit. Therefore pulsed

square wave signals shown in Figure 8, whose frequency,

amplitude, and duration could be varied, were used for the

rest of the analysis. The output obtained for this input

is shown in Figure 9. The top waveform shows the capaci-

tive feed-through and the delayed signal obtained after a

delay of 700 ns, corresponding to the 75 periods center to

center separation (70 periods separation between the inner

edges of the transducers) between the transducers. The

bottom waveform is a time expansion of the delayed signal

and it is observed that it is not a pure sinewave, indi-

cating that the harmonics of the fundamental frequency at
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Figure 7. 7. Output of interdigital transducer for
five volts step input. Transducer
separation: 75 periods.
Top: 10 mv/div; 100nsecs/div.
Bottom: 10 mv/div; lOnsecs/div.

Figure 8. Typical pulsed square wave input.
Top: 2v/div; 100nsecs/div.
Bottom: 2v/div; 2Onsecs/div.
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Figure 9. Output of transducer for pulsed square
wave input. Transducer separation:
75 periods.
Top: 20 mv/div: 100 nsecs/div.
Bottom: 20 nsecs/div.
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the input are also being propagated on the surface of the

acoustic device. Figures 10a and 10b show the outputs of

various transducers for similar pulsed square wave inputs.

These oscillograms show that the capacitive feed-through

(which is unwanted noise) is comparable to the delayed

signal. Therefore no sensible data relating to the fre-

quency components of the signal output could be obtained

by using the Spectrum Analyzer. The data collected have

been presented in the form of graphs on the following

pages.

Figure 11 shows a graph of output peak to peak ampli-

tude versus input peak to peak amplitude, and it clearly

indicates that the surface acoustic device is linear in

the range observed. It may also be observed that the out-

put versus input line does not pass through the origin as

one would expect it to, and this is so because of the

errors in measurement of such small voltages (in the range

of millivolts) using an oscilloscope.

The frequency response of the acoustic surface wave

delay device had been plotted in Figure 12 as output volt-

age (measured with a constant input voltage) versus fre-

quency for two different transducer spacings, The two

curves are essentially similar with a peak at a center

frequency of about 109 MHz. The frequency of the delayed

output signal as measured from the oscillogram is from 108

to 112 MHz and very closely matches with the center
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Figure 10a. Output of transducer with pulsed square
wave input. Transducer separation:
160 periods.
Top: 10 mv/div; 200 nsecs/div.
Bottom: 50 mv/div; 20 nsecs/div.

Figure 10b. Transducer separation: approximately
380 periods.
Top: 10 mv/div; 500 nsecs/div.
Bottom: 10mv/div; 50 nsecs/div.
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5.75 10.35
6.05 9.36



26

19

17

15

13

11

OUT-
PUT
my

9

6

4

2

3 dB

20 PERIOD
SURFACE WAVE
DELAY LINE

OUTPUT MEASUI(ED
WITH CONSTANT INPUT
OF 4040 my PEAK-TO-PEAK

3 dB

80 PERIOD SURFACE
WAVE DELAY LINE

MHz
0

I

90 98 106 114 122 130

FREQUENCY IN MHz

Figure 12. Frequency response of surface wave
delay line.



27

frequency of the frequency response curve within the meas-

urement accuracies. The 3 db bandwidth of the acoustic

device is about 0.23, which again compares very well with

the published data ( 6). The actual spacing and the width

of the aluminum fingers of the interdigital transducers

were measured using a travelling microscope. As can be

seen from Figure 6b, the etching of the electrodes was not

very good and hence the finger width and the spacing varied

from finger to finger (see Table 1, page 25). Therefore the

period of the interdigital electrodes was calculated by

taking the average value of the widths and the spacings,

and was found to be 31.12 microns. Working backwards from

the period of the interdigital transducer and the center

frequency of the acoustic device, the velocity of the

acoustic surface wave can be calculated, which is

v
s

=
s
x f = 31.12x10

-4x 109x10
6 = 3.39x10

5 cms/sec.

which compares very well with the published figures (1-10).

Data collected with respect to time delay versus

transducer separation has been presented in the form of a

graph in Figure 13. The graph is linear as it is expected

to be, passes through the origin and has a slope of 100

nsec. per 11.43 periods. The velocity of the acoustic

surface wave calculated from the slope of this graph is

3.55 x 10
5 cms/sec., which is within 4.3 percent of the

published figure of 3.4 x 105 cms/sec. The difference
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between the velocities measured by the two above methods

and the published figure is accounted for by the errors in

measurement which would be of the order of + 5 percent,

because the time delay and frequency measurements were

taken on the oscilloscope screen.

The next data of interest concern the attenuation

versus transducer separation, shown in Figure 14. It is

observed from this figure that excepting for the smallest

spacing, the general trend is such that the attenuation

decreases (or output for the same input increases) as

spacing is increased, which seems to be contrary to nature.

The possible explanation for this behavior could be under-

stood by observing Figures 4a and 6a which show photographs

of the crystal surface with the transducers. It is seen

that there is metal all along the edge of the crystal and

also some cracks along the edge which were formed due to

chipping by handling with tweezers during preparation of

transducers. All this, along with the presence of uncon-

nected transducers (which might cause destructive reflec-

tions) on either side of and between the transducers under

test, could be the cause of the anomolous behavior observed

above. Also, the attenuation in dB per microsecond of

delay is approximately 49 dB per microsecond delay which

is very much higher compared with the published figure of

11.5 dB per microsecond delay ( 6). Some of the reasons

listed above may be responsible for the excessive
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attenuation observed, but the major causes could be (1)

that the electrode width and spacing are not equal to one-

fourth of the Rayleigh wave length, (2) that there is poor

contact between the probes and the electrodes, resulting

in a large signal loss, (3) that the input is not tuned to

the center frequency of the transducer with a variable

inductor, and (4) the output is not terminated by the out-

put impedence of the transducer.

In order to understand the acoustic surface wave delay

device better, some more experimental study, such as the

use of individual transducer pairs on the crystal with and

without acoustic absorbers (black wax) at both ends of

the crystal, the use of tuning inductors on the input of

the device, the use of good equally spaced interdigital

electrodes of equal finger widths, the use of good elec-

trical bonding to the electrodes, etc., would be necessary.

But due to lack of time all this work could not be carried

out.
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CONCLUSIONS

The theoretical and experimental analysis of the

interdigital transducer used for generating and detecting

piezoelectric surface waves, conducted by several investi-

gators, indicated that there are many advantages in this

method of direct coupling and which also provide the condi-

tions required for maximum efficiency in conversion. The

optimum design parameters such as the number of electrodes,

transducer width, crystal orientation, etc., for the design

of interdigital transducer surface wave delay line have

been studied and these factors were taken into considera-

tion for designing the Lithium Niobate surface wave delay

lines for experimentation.

The surface wave delay lines fabricated and used for

experimental analysis compared very well in all respects,

except the insertion loss, with those used by other inves-

tigators. The insertion loss observed for our surface

wave delay lines was of the order of 50 dB per microsecond

delay as compared to the published figure of about 11 dB

per microsecond delay. The high insertion loss could be

improved by using better etched interdigital electrodes,

better coupling of electrical energy into the transducer

electrodes, tuning of the interdigital transducer to the

electrical signal by means of a tuning inductor, proper

electrical termination of the output transducer, etc. The
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velocity of the surface waves on Y-cut Lithium Niobate

crystal with the propagation along Z-direction is 3.55 x

10
5 cms per second.

The use of black wax at the ends of the crystal as

acoustic terminators, the use of similar interdigital

transducer spaced one-fourth of a wave length from the

exciting transducer as a reflector of surface waves, the

use of log-periodic interdigital transducer, etc., would

improve the insertion loss and the fractional bandwidth

of the surface wave delay line. The purpose of this study

was to provide the necessary background to continue further

research with such modifications as mentioned above, and

has been served successfully.
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APPENDIX I

The transducers used in our experiments were fabri-

cated using Integrated Circuit fabrication techniques.

The Y-cut Lithium Niobate crystal used for the substrate

was in the form of a thin bar with the active surface

being optically polished. First, the crystal was cleaned

in hot chromic acid, rinsed in de-ionized water, blown dry

with nitrogen, and vacuum baked. For subsequent ease of

handling during metal deposition, etc., the crystal was

mounted on a microscope cover glass with wax. A layer of

aluminum approximately 10,000 A thick with a sheet resis-

tivity of about 40 milliohms per square was deposited in

a vacuum evaporator such as a MIKROS evaporator. Such

thick aluminum electrodes not only have low series resis-

tance but are also fairly scratch resistant. The

aluminized surface of the crystal was coated with a posi-

tive photoresist (such as Shipley AZ 1350) on a vacuum

spinner. The photoresist was exposed to ultraviolet light

through the mask with the interdigital electrode patterns

polymerizing certain portions of the photoresist. The

unwanted portion of the photoresist was developed away and

the excess aluminum was etched in an aluminum etchant such

as a mixture of phosphoric and nitric acids. After

observing under microscope for good clean etching, the
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photoresist was gently washed away with acetone, and the

crystal with the interdigital electrode array was then

ready for testing.


