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A NOVEL METHOD FOR THE STUDY OF OPTICAL

PROPERTIES OF SURFACES
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Abstract

A new technique, photothermal displacement spectroscopy, for prob-
ing the optical properties of surfaces is presented. Optical spectra
are obtained directly, and surface and bulk contributions are easily and
unambiguously differentiated. The technique-is wéll suited for in situ

ultra-high vacuum experiments.
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The optical propertiés of electronic surface states are of signifi-
cant importance from fundamental and technological viewpoints. A
variety df optical spectroscopic techniques have been used to investi-
gate such properties.1 Most prominent among them are reflectance and
ellipsometric methods. However, to determine the contribution of sur-
face states, the difference between spectra of clean and intentionally

contaminated surfaces must be measured.

We have recently developed a new sensitive technique, photothermal
displacement spectroscopy,2 for directly measuring the optical and ther-
mal properties of surfaces and thin films. The technique, which is
relatively easy to implement, is.particularly suited for studies requir-

ing wide ranges of pressures and temperatures.

The physical principle underlying photothermal displacement spec-
troscopy 1is that when ' a modulated beam of electromagnetic radiation
(pump beam) is absorbed, heating of the absorbing medium will occur. As
the illuminatéd surfage expands due to the optical heating, it buckles
and ié displaced. The magnitude of the displacement is related quanti-

tatively to the optical absorption coefficient.2

The surface displacement h is given by

h = a8 P/(24fpc) (1)

where ath is the thermal expanSion coefficient of the material, R is the
fraction of absorbed 1light, P the incident power, f is the modulation
frequency, A the optically heated area, p the mass density, C the heat

capacity.



An important chafacteristic parameter -in photothermal spectroscopy
is the thermal diffusion length, Lth’ which defines the depth within the

sample from which the photothermal signal is generated. Lth is given by

b

Lip = (R, /®fec) (2)

where Kth is the thermal conductivity of the material. The frequency
dependence of the thermal diffusion length is what we exploit to dif-
ferentiate between surface and bulk contributions to the photothermal
signal. It can be readily seen frém Eq. (2) that by inéreasing the
mbdulatiou frequencf‘of the.pump-beam one ;s able to enhance the ratio .

of surface to bulk contributions.

Fig. (1) shows two possible experimental configurations for per-
forming photothermal displacement spectroscopy: a beam deflection scheme
which measures the slope of the photo-induced displacement, and an

interferometric scheme which measures the displacement itself.

In Fig. (l.a) we give the details of the beam deflection scheme.
The time-dependent change in tﬁe slope of the photo-indﬁced sqrfa&e
buckling is measured as a time-dependent change in the deflection angle
of a weak probe beam (typically a He Ne laser) as detected by a position

sensore.

The interferometric scheme is shown in Fig. (l1.b). The sample of
interest serves as one arm of a Michelson interferometer. The position
of mirror in the other arm is modulated to overcome thermally induced

drifts and the effect mechanical vibrations on the interferometers.

Both schemes have comparable sensitivities (aZNIO-G); however, the

beam deflection approach is easier to implement.



To demonstrate the spectroscopic feasibility of this technique, we
measured the absorption spectrum of Aidymium glass in the 700-800 nm
range (Fig. (2)). Spectra were obtained at atmospheric pressure and at
20 m Torr. For feference, we give the absorption spectrum 1n-this
wavelength region as obtained by conventional fransmission methods, thus
establishing that photothermal displacement spectroscopy indeed measures

the optical absorption.

The ability of photothermal deflection spectroscopy to differen-
tiate between surface and bulk absorptions is demonstrated in Fig.

(-9
(3.a). A 50 A gold film was evaporated on 2 mm thick didymium glass.

a
- The absorption spectra of gold only (50 A film on a transparent sub-

strate) and of didymium only are given in Fig. (3.b). In the
wavelengthsr region of 700-800 nm, approximately 25% of the incident
light is absorbed by the gold film; with didymium having a strong
absorption peak of V6.5 c:nl.1 around 740 mm. As shown in Fig. (3.a), at
modulation frequency of 5 Hz, the phofo;hermal signal of the gold coated
didymium is the sum of the featureless gold absorption plus the peaks éf
the didymium absorption band. As the modulation frequency is increased
to 127 Hz, the gold signal is decreased by a factor of 2, while the
didymium peaks are decreased by an additional factor 2-3.  Higher modu-
lation frequencieé will clearly result in a further reduction of the

substrate (bulk) contribution to the photothermal signal.

In conclusion, we have presented a new and sensitive photothermal
technique3 which directly measures the optical absorption of surfaces
and obviates the need for the subtraction of spectra necessary in the

case of conventional optical absorption spectroscopy. The technique is



readily suited for UHV studies, requires no mechanical or electrical

contacts, and is linear over a wide range of absorption coefficients.
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Figo 1:

Fig- 2:

Fig. 3:

Figure Captions

Experimental Configuration: a) beam deflection scheme, b) inter-

feremetric scheme.

Absorption spectra of didymium as obtained by photothermal dis-

placement spectroscopy and by conventional transmission tech-

niqdes.

a) Surface vs. bulk differentiation, b) spectra of neat gold (50

A film on transparent substrate), andvof neat didymium glass (2

mm thick).
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