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Abstract : The noncontacting thermoelastic microscope is based on Ar" laser excitation and
optical probe detection. The main problem is to adjust the experimental parameters for sensitivity
optimisation. This paper points out that 3-D model predicts the sample thermoelastic behaviour.
Calculated criteria enable the choice of the best values of parameters. Experimental results show
the advantage of an imaging criterion : particularly contrast of metallic sample images is related to
the relative position of excitation and detection beams.

1 - Introduction

Thermoelastic imaging allows the detection of variations of thermal or/and elastic properties close to the
surface of solid samples. Many authors have shown that image contrast is related to elastic anisotropy [1,
2]. Our thermoelastic microscope {3] provides thermal waves (photoreflectance) and thermoelastic images.
So different contributions are discernible. Experimentally, high-contrast images are obtainable only in
some range of the parameters values. A 3-D model has been developed to clarify the choice between the
different operating parameters. In this article, we underline that a theoretical criterion can be used to
optimise the contrast of image when thermal inhomogeneities are observed and when a high resolution is
required. Experimental results point out that particular values enhance phase image contrast. Moreover, a
theoretical interpretation and applications of super-resolution are presented.

2 - 3-D model for thermoelastic displacements

Theoretical treatment of photoacoustically generated acoustic waves is a complex problem that has not
been completely solved. Nevertheless many authors have given theoretical solutions in particular cases [4 -
8]. In reflection mode, measured displacements are close to the thermoelastic source if excitation and
detection beams are focused with the same lens. Thus at low frequencies, elastic propagation solutions can
be neglected and the main contribution is "photodisplacement".

The developed model is based on a Hankel transform that is a useful mathematical tool for polar
coordinate calculations. Analytical results have been already published [9].

A comparison between theoretical and experimental values of the normal displacement close to the
excitation area (normal displacement is measured with an asymmetrical heterodyne laser probe [10]) is
shown in Fig. 1. Adjusted parameters are sample reflectivity, beam radii and acousto-optic modulator
delay.
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Fig. 1 : Theoretical and experimental thermoelastic displacements versus frequency
3 - Model predictions

It is well known that lateral resolution and investigation depth are essentially related to the excitation beam
diameter w [11] when w « y; (u; thermal penetration depth). This feature is also found in other near-field
microscopes when the source diameter is smaller than the investigation wavelength [12]. Our 3-D model
gives the u,(0)/e isolevel and shows the 1/e heated volume. For a 1 pm < w < 30 um and low frequency
excitation, the calculated volume shape (Fig. 2) points out that the apparent penetration depth is ~ w for
the Al sample. In this super-resolution mode, the lateral resolution is ~ w and is not very sensitive to
variations of the excitation frequency.
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Fig. 2 : Calculated 1se volume for Al sample (f = 10 kHz)

Experimental verification of super-resolution is given in Fig. 3. The sample is made of stainless steel. Both
phase images have been obtained at the same frequency (50 kHz). Figure 3a shows the image when beams
are focused with a x 20 ; N.A. 0.40 ULWD microscope objective. The 514 nm wavelength beam radius is
estimated ~ 2.5 um. Figure 3b is an image of the same area with a x 80 objective (estimated radius ~ .7 p
m. Grain contrast has disappeared due to the low penetration depth (surface hammering).
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Fig. 3 : Super-resolution : experimental verification on a stainless steel sample
a: x 20, N.A. 0.40 ULWD objective, b : same area, x 80, N.A. 0.75 objective

The model also predicts experimental parameters which act on the images contrast. Optimisation of the
parameter values can be obtained by different criteria that depend on applications. For example, the
required features for thermoelastic imaging optimisation could be :

- high lateral resolution (small investigated volume)

- high amplitude and phase sensitivities to thermal diffusivity variations

- good signal to noise ratio.
Corresponding imaging criterion can be written :

Al
C. =_é£ X_A_ XA X 1
” & ﬂ heat
o o

where A¢ is the phase variation due to Ac, o the thermal diffusivity, A the displacement amplitude and
Vear the heated volume.

C,, has been calculated (Fig. 4) versus a dimensionless parameter r/w (distance between excitation and

detection beams) and VfIf, (f : excitation frequency and f, = a/mw? is 1-D to 3-D transition value). We have
noted the calculated shape is quasi-identical for 1 to 100 um w range.
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Fig. 4 : Calculated values of the imaging criterion C,,
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Maxima values of C,, lead to the choice of optimum parameters. Best signal to noise ratio is obtained for
r =0 (superimposition of excitation and detection beams), but in that case, phase contrast is the lowest.
Optimal parameters values are f,, = 224 kHz, r,,, = 15 um. Figure 5 shows phase images for optimal
value of £, In Fig. 5a, r = 0 and the image does not reveal subsurface structure. Figure 5b is a phase image
of the same area. Optically estimated distance between excitation and detection beams has been adjusted to
7, A high phase contrast is observed and demonstrates the interest of using the criterion C,,,.
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Fig. 5 : Phase image contrast versus excitation and detection beams distance r
a:r=0; phase contrast is negligible
b:r= Topt 5 high phase contrast showing granular structure

4 - Conclusion

In most applications of that NDE method (metallurgy, power plant inspection, aeronautics, etc.), the right
choice of the parameter is important for the expertise. We have shown 3-D model, even limited to
isotropic and homogeneous sample, gives optimised values of the parameters. These values are deduced
from maxima of the defined criteria depending on aimed applications. Especially, contrast of phase image is
very sensitive to distance between excitation and probe beams. If they are superimposed, no phase
information is available.
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