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When an absorbing sample is uniformly irradiated by a medulated beam of
light, its surface exhibits a periodic temperature variation, which can be
written T = T, cos wt. At a distance x from the heated plane of the sample, the
temperature in the noneabsorbing fluid is :

T= T° exp(-xluf) cosfuwt - x/uf) ) ({)

where ug is the thermal diffusion length of the fluid (uf = \f2kf7prfm H

C¢, specific heat ; pg, density of the fluid) (Rosencwaig, 1977).

Let us point out ‘that T, is a function of the optical (absorption, reflec-
tion) properties of the sample and of the thermal properties (k, p, C) of the
sample and of the transparent surrounding fluid. The associated temperature
gradient induces a deflection ¢ of an helium neon laser beam propagating par—
allel to the surface of length L (Boccara, Fournier, Badoz, 1980).
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This formula is restricted to a very simple case where the surface is uni-
formly heated. More detailed calculations for a non uniform heat distribution
are given elsewhere (Jackson, Amer, Boccara and Fournier 1981).

The deflection signal may be used to measure Ty and obtain informations
similar to those reached by using the classical P.A. detection.

Figure | shows this experimental set-up. The sample is heated by a modula-
ted source and the thermal gradient is probed by an He-Ne laser. The sample is
gither immersed in a liguid or in contact with the surrounding air. When pos—
sible, the use of a liquid leads to an increase of the signal by two orders of
magnitude, because of its larger dn/dT value and of the reduction of the ther-
mal diffusion length ug. The minimum deflection of the probe beam, measured
with a position sensor, is about 108 to 10~% radian depending upon the modu-
lation frequency and corresponds to surface fluctuations of 10~7 - 10-8 degree
for an immersed sample (probing length ~ 1 cm). This sensitivity is at least
two orders of magnitude larger than conventional photoacoustic detection.

THERMAI. MEASUREMENTS

It is obvious (Formula 2) that thermal parameters of the solid (through Tg)
and {or) of the fluid (tbrough ug)} can be reached by the deflection measure-
ment. Figure 2 shows the amplitude and the phase of the deflection in air
close to periodically heated plane sample,

So the thermal diffusion length of gas and liquids _can be easily obtained
by these methods.

Recently, in order to avoid the influence of the buckling on photoacoustic
signal, the deflection measurements have been used to determine the phase and
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the amplitude of the surface temperature which lead to the knowledge of ther-
mal diffusivity and effusivity (Le Poutre, Charpentier, Boccara and D. Fournier
1981).

PHOTOTHERMAL IMAGING.

Usually the set-up {Fig. 1) is used with a laser light source (He-Ne or
Argon) and the scanning is obtained by a combination of optics and sample
displacements. With our detection one can reach either the substructure signals
usually observe in photothermal imaging (such as photoacoustie imaging)

{Fig. 3), or information related to probe localization such as the geometrical
shape of the surface (precision n~ 0.1 u). The latter being achieved by recording
the phase of the signal which varies linearly (formula 2) with the distance
between the sample surface and the probe beam (Fig. 4).

Finally,the probe being sensitive te three dimensional effects, in some cases
large enhancements of signal associated withliffraction' of thermal waves may
be observed (Aamedt and Murphy 1981, Jackson et al 1981).

SPECTROSCOPY.

With the photothermal deflection sensitivity, new fields have been opened
to spectroscopy of "exotic samples", Let us point out that by coupling this
detection with a Fourier Transform interferometer we have now achieved sensiti-
vities tws to three orders of magnitude larger than conventional photoacoustic
spectroscopy. Fig. 5 shows the absorprion of a 0.7 p thick amorphous silicon
sample. The noise equivalent signal corresponds to an absorption of 1073 in the
coating which is far better than photoelectric measurements. Moreover using
the same set-up we have also been able to measure dichroism spectra.

Finally we would like to point out that the photothermal deflectien is par—
ticularly well adapted for "in situ’ measurements at salid-liquid interface.
Indeed we have recently been able to monitor absorbing compounds which may
appear or disappear during an electrochemical cycle (Roger, Fournier and
Boccara).
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Fig. 1 — Experimental set-up for

creating and probing thermal
waves. |. Light seurce. - 2, Chopper.-
3. Scanning optics {imaging) or still
optics. = 4. Sample = 5. Liquid cell.-
6. He-Ne laser - 7. Position detec—
tor — 8. Lockin amplifier,
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Fig., 2 - Deflection phase (a) and amplitude {b) as a function of the

distance from the sample. One can deduce bg = 0.25, 0.34 and
0.47 mm at 150, 76 and 38 Hz respectively.
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Fig. 3 -

Fig, 5 -
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Photothermal imaging.
Observation of a hole situa-
ted 0.3 mm below the surface
at various frequencies.
{Higher frequencies enhance
3-dimensional effects).

Weak absorption measure—
ment on thin films using
the photothermal
deflection Fourier
Transform Spectroscopy.
The sample was immersed

in CClq.
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Fig. 4 - Profile analysis of a

piece of bakelite (steps
of 20 and 10 u) through
the phase measurement of
the photothermal deflec-
tion signal.
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