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SUMMARY OF ANNUAL REPORT

our principle goal in this research program is to explore the acoustic

properties of liquid helium with wavelengths below 1000 A. We hold the

ultimate goal of using a scanned acoustic microscope to explore microscopic

features of natural materials such as metals, ceramics, polymers and
fabricated structures as used in macroelectronic devices. The present

techniques available for studying materials and structures in the subminature

world are limited to the electron microscope. It is insensitive to the f
elastic properties of the samples. Contrary to this, the acoustic microscope

operating at room temperature has proven to be a suitable method for studiying

the elastic properties.

We hope to gain new insight into material properties -- grains and grain

boundaries in metals -- inhomogeneties in ceramics or polymers -- and defects

in microelectronic devices. It will be one of the major applications of

helium -- a cryogenic fluid with unusual properties.

The year covered by this report produced several advances that bring us

close to the realization of an operating instrument which will allow us to

explore the microscopic region that we are so interested in. We have, also,
L

advanced our knowledge of the properties of liquid helium at temperature below

10K as explored with sound waves near 1 GHz where the wavelength is less than

2500 A

One major event (luring the year was the Rank Foundation Conference in

London in September 1980. The entire conference was focused on the principle

of mechanical scanned microscopy. Major areas of microscopy were treated. It

now turns out microscopy with optical, x-rays and acoustics use this princplej
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to generate images with valuable information. Our work was a major component

of the conference. The results are now completely published by Academic

Press.1 We attach the title page and table of contents as an Appendix.

We have a dilution refrigerator capable of cooling the microscope to the

neighborhood of 0.150K that will now dissipate 0.2 milliwatts of power. ThisI

will take care of the power dissipated by our mechanical scanning circuits.

The attractive feature of liquid helium at this temperature is very low

attenuation for acoustic waves. It is also attractive because the wave

velocity is 0.24 x 10-5 cm/sec -- a factor of eight below water. We have in

this program succeeded in putting together a form of acoustic interferometer

which has permitted us to measure the acoustic attenuation at the low

temperature less than 10K. That work confirms the fact that the attenuation

decreas;es as the fourth power of the temperature. At that temperature (where -

we propose to operate) the attenuation is reduced to the point where it is no

longer a limitation on the operation frequency. This is in contrast to room

temperature instruments where the basic limitation is the intrinsic

attenuation of the liquids.

Little experimental work has been done in liquid helium since the low

impedance of the liquid presents a major obstacle. The impedance of helium is

0.03 -- about 50 times lower than that of water. If we are to exploit the

marvelous properties that are found there we must deal with the problem of

coupling acoustic energy from a high impedance crystal to the low impedan..e

liquid. We have used the approach of matching layers since it is well known

that a layer of material one quarter wavelength in thickness will serve to

eliminate reflections provided that the impedance of the layer can be made

equal to the geometric mean of the high crystal impedance and the low liquidI

I.. * Scanned Image Microscopy, E. Ash, Editor (Academic Press, N.Y., 1980).
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impedance. This is no easy task since the optiimum impedance of the layer,

near 1.0 mech-ohm, is lower than any that is readily avail-able in solids. It

has required a major effort to find the solution but we think it has now been

done. The work was adequately described in our 1 st annual report (G.L.

* Report No. 7,149, July 1980).

During the interval covered by this report we have made the decision to

use single cai-bon layers rather than the tungsten-carbon layer. A doubleJ

layer would permit more efficient transmission of energy through the interface

but we would be limitPed to a rather narrow band of frequencies. Many carbon

layers have now been fabricated on various surfaces. We think we understand

the process rather well. Of major interest to this program is our newly

acquire%-. ability to deposit the carbon on the curved surfaces of the acoustic

lens. We have mounted the coated lenses in helium and tested their focusing

properties by translating a flat reflector through the focal plane. The

reflected signal rises to a maximum and then decreases as the reflector is

moved continuously through tt'e focal region. rhis confirms our belief that

the principles developed at room temperature for acoustic microscopy can now

be translated over to the cryogenic instrum~ent.

The component that remains to be exam'ined is the system for mechanical

scanning. We have preliminary indications that the system used in liquid

argon (and nitrogen) can be adapted to helium. It% will be part of the program

during the first quarter of the next annual period.

[One distinguished result with cryogenic fluids during this interval has

been the discovery by Rugar -- Hunt Fellow for 1981 -- that the resolution can

be improved by pushing the amplitude cf the sound waves -into the region of

nonlinear behavior. The evidence for improved resolution ýas beenj

demonstrated in the images as described previously.
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As we now undo %Stand the phenomena it comes about as a result of the

generation of second harmonic near the focal region of our spherically

converging waves. These second harmonic waves are generated oni spherical

wavefronts and they converge to a waist (at the focus) that is narrower than

that achieved by the fundamental wave. The theory has not been fully

developed but it will be a component of the work for the next annual period.

Much of cryogenic microscopy have been developed through extensive work

[ ~in liquid argon anJ nitrogen. It Is easier to work there and there we have]

enjoyeU considerable success. The images in nitrogen and argon are superior

to opti,.al images. We feel that they are merely a prologue to the work that

is ahead of us in liquid helium below 10K.

-4-1
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APPENDIX
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