
(19) 

(12) Statutory Invention Registration (10) Reg. No.: 
United States 

Sathish et al. 

US000002049P2 

US H2049 H 
(43) Published: Oct. 1, 2002 

(54) 

(75) 

(73) 

(21) 
(22) 

(63) 

(51) 
(52) 

(58) 

(56) 

DIFFERENTIAL PROPERTY SENSITIVE 
ACOUSTIC LENS 

Inventors: Shamachary Sathish, Bellbrook; Mark 
J. Ruddell, Dayton; Robert L. Crane, 
Kettering, all of OH (US) 

The United States of America as 
represented by the Secretary of the 
Air Force, Washington, DC (US) 

Assignee: 

Appl. No.: 

Filed: 

09/478,562 
Jan. 6, 2000 

Related U.S. Application Data 

Continuation of application No. 09/140,057, ?led on Aug. 
24, 1998, now abandoned. 

Int. Cl.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. G01N 29/00 

U.S. Cl. ....................... .. 73/642; 181/176; 310/335; 

367/150; 600/472 
Field of Search ........................ .. 73/606, 607, 632, 

73/641, 643, 626, 627, 629, 861.18, 861.25, 
602, 642; 181/175, 176, 284; 367/11, 13, 

7, 8, 150; 310/335; 600/472 

References Cited 

U.S. PATENT DOCUMENTS 

4,852,575 A * 8/1989 Nikoonahad .... .. 73/861.25 

4,881,618 A * 11/1989 Tateoka eta. ............ .. 181/176 

Primary Examiner—Daniel T. Pihulic 
(74) Attorney, Agent, or Firm—Bobby D. Scearce; Thomas 
L. Kundert 

(57) ABSTRACT 

A differential property sensitive acoustic lens for non 

destructive materials evaluation is described Which in a 

preferred embodiment comprises ?rst and second substan 
tially semicylindrical shaped portions of fused silica dis 
posed in closely spaced relationship along an axial plane, a 
substantially spherical depression de?ned in one end of each 
semicylindrical portion and a ?at de?ned on each semicy 
lindrical portion at the other end, a piezoelectric transducer 
attached to the ?at of each semicylindrical portion, and a 
paraf?n coated aluminum ?lm of preselected thickness dis 
posed betWeen and in laminar contact With the semicylin 
drical portions for preventing acoustic and electrical cross 
talk betWeen the transducers and betWeen the semicylindri 
cal portions. 

6 Claims, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, When referring to a statutory 

49677873 A : 11/1990 Hficchow et al 181/176 invention registration. For more speci?c information on 
5,094,108 A 3/1992 Kim et a1‘ """"""""" " 73/627 the rights associated With a statutory invention registra 
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DIFFERENTIAL PROPERTY SENSITIVE 
ACOUSTIC LENS 

This application is a continuation of application No. 
09/140,057, ?led Aug. 24, 1998 noW abandoned. 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured and 
used by or for the Government of the United States for all 
governmental purposes Without the payment of any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to acoustic sys 
tems and methods for non-destructive evaluation of 
materials, and more particularly to scanning acoustic 
microscopy of materials utiliZing a differential property 
sensitive acoustic lens. 

A scanning acoustic microscope (SAM) is used effec 
tively for evaluating elastic properties of materials in the 
microscopic non-destructive inspection of materials. The 
conventional SAM includes an acoustic lens consisting 
essentially of a single spherical concave surface ground at 
one ?at end of a cylindrical rod and a pieZoelectric trans 
ducer attached to the other ?at end of the rod. The concavity 
of the lens is ?lled With or immersed in a coupling ?uid 
contacting a sample of the material under evaluation. Aradio 
frequency signal excites the transducer and produces acous 
tic Waves Which propagate along the rod and converge to a 
diffraction limited spot on or just beloW the surface of the 

sample. The coupling ?uid (usually Water, oil, gel, alcohol, 
methanol, mercury, liquid helium or a solid coupler) trans 
mits the acoustic Waves from the rod at the lens into the 
sample. A signal re?ected by the surface or an anomaly 
inside the sample is transmitted back through the coupling 
?uid and is propagated back to the transducer. A single 
transducer may be used to transmit and receive signals. The 
sample is scanned using mechanical scanning means, and 
the signals are electronically processed and an acoustic 
image is constructed point by point in a raster pattern Which 
is recorded or displayed on a monitor. 

Contrasts in the observed acoustic images can be related 
to local differences in elastic properties of the material. 
Contrast enhancement is achieved by modifying the acoustic 
lens to include angles large enough to generate surface 
acoustic Waves (SAW) on the sample. The SAWs are scat 
tered by surface inhomogeneities and contribute extra sig 
nals to the transducer and thereby enhance image contrast. 
Large opening angle (30 to 60°) lenses are routinely used in 
the SAM procedure for surface defect characteriZation. 
Although SAWs enhance the detectability of surface and 
near surface defects, there is a substantial reduction in the 
subsurface defect detection capability of the SAM 
procedure, because the SAWs carry aWay a large portion of 
the incident acoustic energy and leave only a small amount 
of energy to propagate into the sample for internal ?aW 
detection. Acoustic transducers With small opening angles (5 
to 20°) are therefore typically used in subsurface imaging 
applications, but surface and subsurface images With large 
contrast are difficult to obtain using small opening angles. 
Contrast enhancement may also be achieved by performing 
differential amplitude and differential phase imaging on the 
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sample. Usually, in conventional acoustic microscopes as 
Well as in C-Scan, only the amplitude of the re?ected signal 
is used, and the phase information is often not detected and 
is usually discarded. An important dif?culty With acoustic 
differential amplitude or acoustic phase imaging is the 
inability to extract a reference signal from a spot close to the 
region of interest on the sample. 
The invention solves or substantially reduces in critical 

importance problems With prior art SAM systems and pro 
cedures as just described by providing a differential property 
sensitive acoustic lens for use in nondestructive materials 
evaluation. A SAM incorporating the lens of the invention 
explicitly permits measurement of acoustic signal phase 
information as Well as signal amplitude in an acoustic image, 
Which results in enhanced characteriZation of the material 
sample under examination by providing both differential 
amplitude and differential phase imaging of the sample. No 
knoWn art exists for differential acoustic property measure 
ments using a simple acoustic lens. The invention alloWs 
very sensitive measurement of local variations in acoustic 
properties and enhanced detectability of physical defects in 
the sample. 

It is therefore a principal object of the invention to provide 
an improved non-destructive acoustic materials evaluation 
system. 

It is another object of the invention to provide an 
improved SAM system and method. 

It is a further object of the invention to provide an 
improved acoustic lens for use in a SAM. 

It is yet another object of the invention to provide a 
differential property sensitive acoustic lens for non 
destructive materials evaluation using a SAM. 

These and other objects of the invention Will become 
apparent as a detailed description of representative embodi 
ments proceeds. 

SUMMARY OF THE INVENTION 

In accordance With the foregoing principles and objects of 
the invention, a differential property sensitive acoustic lens 
for non-destructive materials evaluation is described Which 
in a preferred embodiment comprises ?rst and second sub 
stantially semicylindrical shaped portions of fused silica 
disposed in closely spaced relationship along an axial plane, 
a substantially spherical depression de?ned in one end of 
each semicylindrical portion and a ?at de?ned on each 
semicylindrical portion at the other end, a pieZoelectric 
transducer attached to the ?at of each semicylindrical 
portion, and a paraf?n coated aluminum ?lm of preselected 
thickness disposed betWeen and in laminar contact With the 
semicylindrical portions for preventing acoustic and electri 
cal cross talk betWeen the transducers and betWeen the 
semicylindrical portions. 

DESCRIPTION OF THE DRAWINGS 

The invention Will be more clearly understood from the 
folloWing detailed description of representative embodi 
ments thereof read in conjunction With the accompanying 
draWing Which includes a diagram in axial section of a split 
aperture acoustic lens of the invention. 

DETAILED DESCRIPTION 

Referring noW to the draWing, shoWn therein is a diagram 
in axial section of a representative split aperture acoustic 
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lens 10 according to the invention. Lens 10 comprises a 
substantially cylindrically shaped structure formed by the 
assembly of tWo semicylindrical portions 11,12 disposed in 
closely spaced relationship substantially along an aXial plane 
With a paraf?n Wax coated aluminum ?lm 13 of preselected 
thickness disposed betWeen and in laminar contact With 
portions 11,12 along the aXial plane. Other materials such as 
copper coated rubber, polymer coated metal, or other poly 
mer coated acoustically attenuative structure or material 

may also be used, the speci?c materials not considered 
limiting of the invention, so long as the purpose thereof 
hereinbeloW stated is served. In a preferred structure for lens 
10, portions 11,12 comprise fused silica, although other 
materials as Would occur to the skilled artisan guided by 
these teachings may be used including quartZ, silicon, sap 
phire or aluminum. At one end 15 of lens 10 each portion 
11,12 is ground in the shape of spherical shaped depressions 
16,17 for focusing acoustic Waves passing through lens 10. 
At the other end 19 of lens 10, each portion 11,12 is polished 
?at. To polished ?ats 20,21, respective pieZoelectric trans 
ducers 23,24 are attached by any suitable means, such as by 
vapor deposition or physical contact adhesive or oils, grease 
or other acoustic couplant for coupling acoustic energy 
across the interfaces betWeen ?ats 20,21 and transducers 
23,24. The total thickness of ?lm 13 is chosen so that no 
acoustic or electrical cross talk occurs betWeen transducers 

23,24 and betWeen lens portions 11,12, and so that an 
appropriate preselected spacing is de?ned betWeen the 
respective foci of depressions 16,17. 

Lens 10 may have any siZe suitable for incorporation into 
an acoustic microscope system. In a system built and oper 
ated in demonstration of the invention, lens 10 had an 
overall diameter of about 0.8 inch and length of about 1.5 
inches. In most systems in Which lens 10 may be included, 
the diameter Will typically be about 0.5 to 2.5 inches and 
length about 0.5 to 5 inches. The radius of curvature of 
depressions 16,17 Will ordinarily be in the range of about 
Zero to about 0.5 inch With a total solid angle B de?ned by 
each portion 11,12 being in the range of about 5 to 60° and 
de?ning a focal length of about 30 microns to 4 inches. 
Operating frequency of a system incorporating lens 10 may 
range from about 1 to 2000 MHZ. The demonstration system 
operated at 10 MHZ. 

In the operation of an acoustic microscope into Which lens 
10 of the invention is included, transducers 23 and 24 are 
excited by separate electronic pulse generating circuits 
26,27 in order to produce tWo separate acoustic Waves 
propagating along the length of lens 10 and being focused by 
respective lens portions 11,12 as tWo semicircular spots on 
or on the surface of sample 29 near respective foci f1 and f2. 
Water Was used as the coupling ?uid 30 in the demonstration 
system, although other ?uids as listed above may be used. 
Separation of lens portions 11,12 de?ned by the thickness of 
Wax coated ?lm 13 de?nes the separation betWeen the 
respective spots near foci fl and f2 and is related to the 
corresponding spatial resolution of lens 10. In the demon 
stration system, ?lm 13 Was about 75 microns thick de?ning 
a separation betWeen f1 and f2 of about 180 microns. Signals 
re?ected from sample 29 are received by transducers 23,24 
after re?ection through coupling ?uid (Water) 30 and lens 
10. Because both acoustic beams propagate through the 
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same material and along the same distance and re?ect from 

regions adjacent to each other on or on the surface of sample 
29, one of the beams can be used as a reference beam and 

the other as a probe beam. The re?ected signals are captured, 
time gated and passed to differential ampli?er 32 to obtain 
differential amplitude or phase signals at the region of 
sample 29 under inspection. A differential phase signal is 
acquired by passing the signals through a phase sensitive 
detector. Adifferential amplitude or phase acoustic image is 
obtained by raster scanning lens 10 over sample 29. 

To obtain differential acoustic images of the interior of 
sample 29, the signal returning to the transducer after 
passing through the sample is utiliZed. TWo time gates (not 
shoWn in the draWing), one on each returning signal reach 
ing transducers 23,24, are placed such that they are at the 
same depth from the top surface of sample 29. Because the 
gated signals are from regions adjacent each other in the 
interior of sample 29 and propagate the same paths, one 
signal can be used as a reference beam and differential 

amplitude and differential phase images of the sample 29 
interior can be obtained. 

The invention as just described may be used to eXamine 

tWo closely spaced points in a sample lying in a common 
plane. It is noted, hoWever, that in order to eXamine points 
that lie at different depths in a sample, the tWo lens portions 
11,12 Will have different focal lengths, Which embodiment is 
contemplated herein. Further, and for specialiZed 
applications, the lens portions may be ground to an ellip 
soidal shape or ground With a preselected degree of astig 
matism. These arrangements are considered to be Within the 

scope of these teachings and of the appended claims. 

The invention therefore provides a differential property 
sensitive acoustic lens for nondestructive materials evalua 
tion using acoustic microscopy. It is understood that modi 
?cations to the invention may be made as might occur to one 

skilled in the ?eld of the invention Within the scope of the 
appended claims. All embodiments contemplated hereunder 
that achieve the objects of the invention have therefore not 
been shoWn in complete detail. Other embodiments may be 
developed Without departing from the spirit of the invention 
or from the scope of the appended claims. 

We claim: 
1. An acoustic lens for generating acoustic Waves and 

transmitting the Waves into a specimen of material and 
focusing the Waves beloW the surface of the specimen in the 
nondestructive evaluation of the specimen, comprising: 

(a) a substantially cylindrically shaped structure having 
?rst and second ends, said structure formed by the 
assembly of ?rst and second substantially semicylin 
drical portions disposed in closely spaced relationship 
along an aXial plane of said semicylindrical portions; 

(b) a substantially spherical depression de?ned in each of 
said semicylindrical portions at said ?rst end of said 
structure, each said spherical depression de?ning an 
acoustic lens of a preselected focal length, and a ?at 
de?ned on each of said semicylindrical portions at said 
second end of said structure; 
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(c) ?rst and second piezoelectric transducers attached to 
respective said ?rst and second semicylindrical por 
tions at said second end of said structure, said trans 
ducers con?gured for generating acoustic Waves along 
said ?rst and second semicylindrical portions and into 
a specimen of material, Whereby the acoustic Waves 
generated thereby are focused by said spherical depres 
sions in said ?rst and second semicylindrical portions at 
respective distinctly different and spatially separated 
focal points beloW the surface of the specimen; and 

(d) a ?lm of preselected thickness disposed betWeen and 
in laminar contact With said ?rst and second semicy 
lindrical portions along said aXial plane for preventing 
acoustic and electrical cross talk betWeen said trans 
ducers and betWeen said semicylindrical portions. 

2. The lens of claim 1 Wherein said ?rst and second 
semicylindrical portions comprise a material selected from 
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the group consisting of fused silica, quartZ, silicon, sapphire 
and aluminum. 

3. The lens of claim 1 Wherein said ?lm is paraf?n Wax 

coated aluminum, or copper coated rubber or a polymer 

coated metal. 

4. The lens of claim 1 Wherein said semicylindrical 
portions have an overall diameter of about 0.5 to 2.5 inches 

and a length about 0.5 to 5 inches. 

5. The lens of claim 1 Wherein a radius of curvature of 

each said spherical depression is in the range of about 0 to 
about 0.5 inch. 

6. The lens of claim 5 Wherein said the radius of curvature 

of one said spherical depression is different from that of the 

other said spherical depression. 


