Lamb wave contrast in non-contacting material and the wedge they are mode converted to Lamb waves. The

surface acoustic wave microscopy difference in velocity between the symmetric and the antisymmetric
Lamb waves is a function of the thickness of the samle [4]. When the

sample is thick, as on the right hand side of Fig. 1, the two waves will
have similar velocities close to the Rayleigh wave velocity. As the thick-
ness decreases the velocity of the symmetric wave increases and that of

: ) ) . . the antisymmetric wave decreases. The characteristic fringes indrig. 1
microscope is demonstrated, using mode conversion from Rayleigh to . . ! .
Lamb modes. The fact that, unlike in a conventional acoustic are produced by |nterf(_arence betwgen SYmme"'C and antlsymmetrlc
microscope, the technique does not require fluid couplants allows new-@Mb modes; the period of the ripple increases as the thickness
contrast mechanisms to be used for the quantification of defects. increases because both velocities approach the Rayleigh wave velocity
and the beat length increases. Fi@.shows the calculated fringe pat-

. . . . tern formed from the interference between two forward propagating
Introduction: There is no doubt that laser ultrasonics will become even . - .
symmetric and antisymmetric Lamb waves. The agreement between

more important and used more routinely in non-destructive testing in theexperiment and theory indicates that the fringe spacing is an effective

next decade. 'T‘ an earlu_ar Letfer| [1] we showed how a non-cqn_tactlngmeans for quantitative determination of the material thickness in the
surface acoustic wave microscope could be produced by combining fast

analogue detection electronics with a computer-generated hologram tc\>NEdge'
produce an optical distribution, which acts as a source for focused sur-
face waves. We demonstrated similar imaging performance to that of a
fluid coupled acoustic microscope. The system was, of course, non-con-
tact and non-destructive. We showed that interference fringes between
forward and back propagating Rayleigh waves were a characteristic fea-
ture of images close to a reflecting defect. These features are an exact
analogue of the interference fringes found in the fluid coupled acoustic
microscopé [2].

In this Letter we demonstrate that the non-contacting surface acoustic
wave microscope is capable of producing useful surface wave contrast
mechanisms, which cannot be produced using fluid-based scanning
acoustic microscopes.
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Subsurface imaging in a non-contacting surface acoustic wave
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70211 Fig. 2 Surface wave image and simulated image of defect

a 82MHz surface wave image obtained over 1mm subsurface hole indicated
by circle; sound propagation direction from left to right

a 82MHz surface wave image obtained over subsurface wedge demonstrat-b Simulated image of defect of uniform thickness anfr8&leep; fringe

ing Lamb wave interference; full width of image 5mm; sound propagation contrast is reduced in region A

direction from top to bottom

— — — — position of subsurface wedge

b Calculated interference pattern arising from interference of Lamb waves
on aluminium sample

Fig. 1 Surface wave image and calculated interference pattern

We have also imaged samples with circular defects. These were
formed by drilling to different depths in an aluminium sample and pol-
ishing the surface. This ensured that the defects were optically invisible
Examples of Lamb wave contrasti the proposed system, surface from the top surface, where the measurements were made. A defect
acoustic waves are produced in an arc and come to a geometric focusyhere 8um of material remained was not visible either optically or
where the resulting surface displacement is detected with a specialisedltrasonically. This is to be expected as the Rayleigh waves and the two
knife-edge detector. For the results presented in this Letter the arc focdbwest order Lamb modes have almost identical velocities at this thick-
length was 2mm to reduce the effects of acoustic spgckle [3], and thaness, so the defect appears semi-infinite at the 82MHz frequency used.
semi-angle for excitation was 30The sample was scanned across a Fig. 2a shows an acoustic image of a 1mm diameter hole where the
tapered subsurface wedge. The surface wave image obtained at 82 MH=netal thickness gradually tapers from 40 tuBb(on the right). At the
is shown in Fig. & Excitation of the surface waves occurs above the mean thickness the symmetric and antisymmetric modes differ in veloc-
wedge, where the sample is thick; this means that only Rayleigh wavesty by ~16%, and the defect now gives strong contrast against the back-
are excited on the surface. We further ensured that only Rayleigh waveground. The pattern is again formed by interference between the mode-
were excited as we used multiple arcs to excite waves in a narrow veloceonverted Lamb waves; however, refraction at the interface between the
ity range. As the Rayleigh waves hit the interface between the solidsolid material and the defect results in considerable aberration as the
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symmetric Lamb mode is refracted away from the normal and theto support unloaded surface waves indicate than non-contacting surface
antisymmetric mode is refracted towards the normal. The combinationwave microscopy may have an even richer range of contrast mechanisms
of these effects leads to a fairly complex pattern, which is a function ofthan its fluid coupled counterpart.

the semi-angle of the excitation arc, the defect depth and the diameter of
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