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We describe brie f ly in the follow ing the significant accomplishments of
our progran over the past year. It is difficult to rank-order these precise ly 0
so ye shall list them with acme c~~~ents which would indicate our judgment of

F the significance of each accomplishment. In the past, we have been asked to
confine ourselves to three such items. We are listing more than three because
vs feel that it gives a somewhat better picture of the whole program, but it
is the first group of 4 projects which are probably the most significant.

1. Acoustic Microscope

There has been a project on an acoustic microscope on the JSEP program
over a number of years. The cmph.isis in JSEP and f inanc ing from other sources
has changed over this period. In the past year . the work on JSEP has been
concerned with provid ing a design and means of operation for a microscope which
would be espec ially suitable for looking at integrated circuits, and at getting
s~~~ resolution in depth so that one could look below the surface of an inte-
grated circuit. We had already achieved very good results on t ransverse
resolution, i.e., spot size , with resolution of the order of a micron. In
order to get resolution in depth, particularly to look at the structure below
the surface of an integrated circutt, it was necessary to develop a reflection
mode of operation.

It is to be noted that most of our previous work had been in transmission.
This involves ident ical transmitters and receivers ( lc nsesj ,  with a c~~~on
focus . Illumination by the t ransmitter produces a foca l spot , the object is
scanned through the spot and the receiver then picks up the t ransmitted s ignal.
For the case of an object Which has s~~~ thickness , if one is trying to look
at a thin planar region and avoid any absorption or reflections produced by
any intermediate portions on either side of the co~~crn focal plan, between
transmit t Cr and rec e Lye r , the ord inary t ran sm is s ion mode is not opt ia~m. I.n
a reflection mode , one wou ld use very short pulses and, by gating the receiver
and transmitter, look at a part icular planar region of the object. We have
been able to achieve thi’ by generating acoustic pulses of 10 nanoseconds
duration. This value corresponds to a l~ micron length of the acoustic pulsein water . In turn, that means a l~ micron depth resolution. To achieve
pulse lengths of this duration required th, deve lopment of circuitry , includ-
ing tr ansducer s , e tc . ,  with bandwidths covering a range from 250 to 450 mega-
hertz. Pictures of integrated circuits obtained with this instrument havo
been ich better than previousl y available .

We have also deve loped a new type of instrument in which we have 3 lenses
with a cc~~~n foca l point , but with axes which are not colinear. In this
yers ion, we can use one lens as a transmitter of acoustic energy, a second as
a receiver for the trans mitted signal, and a third lens as a rece iver for the
reflected signal. In studyin g surfaces , we vould monitor only the reflec ted
s ignal. This configurat ion has th. important advantage of separating tho



input beam from the output boai~. loading to impiuved sensitivity , and
should also hays important applications for investigating regions a small
distance below the surface .

2. Pew Acoustic Ima~ ing Techntpues~

A second successfu l project , which was listed in last year ’s proposal
under this title , has been largely concerned with what might seem to be a
very old problem , but one which has never been satisfactorily solved . It
is the problem of the theoretical analys is and fabrication of transducers
for launching acoustic wave s for imaging , particu larly array s of such
transducers where one wants the spac ings to be of the order of a half
wavelength . The re have been very great difficulties with interaction between
the transducers in such arrays , because of electrica l coupling or acoustic
coupling (problems with side lobes of individual transducers, etc.). There
have also been severe difficulties with the fabrication of large arrays
involving the machining , bonding and contacting of small , discrete trans-
ducers, especially in high resolution applications involving dimensions in
the millimeter and sub-millimeter ranges. These problems result in limita-
tions in the use of such arrays for scanning. Such acoustic imaging arrays
are required for use in sonar , in systems for non-destructive testing, and
in systems for medical purposes. These imaging applications involve trans-
ducer elements of fractional wavelength dimensions , because one requires
th. elements to have a larg e acceptance angle so as to be able to receive
or transmit a plane wave arriving at a large angle to a nonnal to the array
surface , perhaps as usich as ±300.

Vs have been working on two type s of arrays , one being the classical
typ. involvin g discrete transducer ele~~nts, and the second being a new
approach which allows the use of a single monolithic piezoelectric element
in which the individual radiating elements are defined by deposited electrode
patterns. The discrete approach involves separate rectangular transducers
all bonded to a c~~~on backing , which provide a large acceptance angle but
which present some probl ems , part icularl y with the frequency behavior of
the •lements and of the array as a whole. This is of consequence because,
in many applications, it is necessary to be able to vary the frequency of
the syste. over some range. We have made important progress on the theoreti-
cal analysis and construction of such transducers, and on understanding
their frequency characteristics and the cross-coupling between them.

In the newer monolithic approach, a continuous piezoelectric strip is
bonded to a suitable bac king, and electrodes deposited on the piezoelectric
surface are used to identify the active areas constituting the array.
With proper back1n~, having the required acoustic as well as structural
properties , one can avoid cross-coupling du. to internal reflections.

V. have finally been able to understand the behavior of such arrays,
and to predict their characteristics, and find that one can get an acceptance
*ngl. with PZT of the order of t15°. We have made a 30-element array using
this technique and we have tested an Imaging system . The system has
yielded images, and the cross-coupling doe s not appear to have been too
severe a problem. kcause of the substant ial advantages of monolithic
construc t ion, we feel that this approach may become very Importan t in
future imaging syst ems .
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3. Video Bandwidth Compression USIng Surface Acoustic Waves 
~~~~~

.

We have been working for s~~~ period of t ime tryt~~ to produce surfaceacoustic wave storage of s igna ls with very wide bandwidth and very long
storage time. A f igure of merit of such devtccs i~ given by the time band-width product. This is a measure of how many bits are stored and is impor-
tant for any application having to do with transient data storage , correla-
tion and convolution, transforming of da~a, etc. We have been able to
design and test such a delay line of the so-called “wrap-around’ type, Lu
which th. surface wave signal propagates along the surface of a crystal ,
around a cylindrical end , and continues in this way around the perimeter
of the crystal in a helical path . By taking into account the various loss
mechanisms, which vary with frequency in different ways, so that they can
be suitabl y ba lanced over the entire bandwidth , we have been able to get a
millisecond of storage for a si~nal ~O Mflz wide (center frequency about
80 MHz). This is a t ime bandwidth produc t of ~~~~~~~ and correspond s
approx imately to being able to store 3 ,))” bits , all on a crysta l about
8 inches in length . As far as we know , this constitutes the largest time
b .ndvidth produc t ever obtained with this kind of storage , and also corre-
sponds to a data rate (related to the bandwidths which is not current ly
available with any other storage mechanisms such as CCDs, etc.

Ii. Application of Acoustic Scanning to Non-Destructive Testthp~ of Mater ials

In this program, we have been developing a new method of acoustic scanning~~~’which seems particularly suited for applications at high frequenc ies , even up
to frequenc ies beyond 100 P~ z. As far as we know , this provid es scanning
electronically at such highe r frequencies than any other process. The ~tethod
Involves scattering a chirped surface acoustic wave from a diffraction grating.
This latter consists of grooves cut into the surface. The surface wave is
scattered by the grat ing into bulk waves propagating below the surface.
If the surface wave is chirped , with a chirp of proper design , the various
portions are scattered In different d irec t ions by the grating , and converge
at s~~~ predetennl.n ed distance from the grating. This , of course , gives a
line focus; then by using an integral cylindrical lens at right angles to
this line, the line can be focused to a point . This whole system of rays,
and the focal spot , then move a long the scanned region at the ve loc ity of
the surface wave on the origina l scattering surface . Thus, one gets focusing
and scannin g , the scannin g be ing done at a ve locity of the order of thousands
of meters p.r second ( typical surface wave velocitie s ). By changing the chirp
rate , one changes the convergence of the acoustic wave and therefore , one
can change foca l length and thus the range at which scanning take s place .
This was done at about 2.3 megahertz center frequency , and gave a resolution
of about 5 mill Imet ers . The concept can be extended up to 1(X) megahertz ,
and substantially higher, if desirable.

5. Other Pro fects

As a second group of accomplishnents, we list several projects Which
ar. also significant but probably not as far along in actua l achievement .



a. Study of Acoustic Wave Props~atj on In Poly VinylLd~ne Pluoride

An investigation has been made of the piesoslactrtc propertiesof a ptesooleceric plastic film knam as poly vtnylidene fluoride. It hasbeen known to be piezoe lectric , but no one up until now has measur ed itsproperties. We have measured its piezoelectric coupling coeffic ient , itsQ at about ItO megahertz , and now know such more about its properties thanwas hither to available . This plastic thin film can have important implica-t ion s in non-destructive testi ng because it can b. used as a transduc ingmateria l, ower ve ry irregu lar surfaces , merely by c~~~ntI.ng it down . Itis cheap , comes in very w ide sh eets , and an understand ing of its propert iesis obviou s ly important for reasons just stated.

b. Opt icpl Scanntn& Microscope

The major achievemen t has really been in the form of an invention
VhICh has not yet been reduc ed to practic e. The prop osa l on a laser scanningmicroscope stated what wou ld be the advantages and possible app lications of
using a coherent l ight source (a laser) in a microscope . The high intensityone can obtain at a focal spot , assuming pulsed operation , wou ld lead to
various kinds of biological and technological experiments which aide use ofthe high intensity-nonlinear effects , such as Razzan, etc. In the course ofthis year , a particu lar design has evolved. A paraboloidal reflector asthe lens system will produce a focal spot if illuminated with a parallelbeam. Th. object could be scanned through the plane containing the focalspot . The interesting aspect of this is that such a system could operateeven into the extreme ultraviolet, at any frequency for which sources exist .
~~e can now get wave lengths as short as and can think of going to shorterwavelengths. This will provide a microscope which can be used up to th is
wave length. Fabrication problems do not seem to be unusually difficult.

c. Studies of the F.lectrical Behavior of Superconductin,g Quantum
Devices using High- T v Materials

We have produced the firs t j uncti ons ever made w ith lIb~Sn and
Nb3Ge which show Josephson tunneling.
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