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Objectives

Elli psometry has sub-nanometer resolution for thickness
determination that can be utilized in sensor applicaions.
The objedive here is to demonstrate that ellipsometry in
total internal refledion mode can be used for in-situ
corrosion monitoring and sensing.

Background and Short Technical Description

Elli psometry is based on measurements of the change of
the pdarizaion state of a light beam refleded from a
surface[1]. It has a high surface sensitivity, which makes
it powerful for studies of thin films[2]. A complementary
tedhnique, total internal reflection, is based on measuring
the intensity of a light beam refleded at an interfacefor
which the opticd density is higher for the incident
medium. The evanescent field assciated with total
internal refledion can then be used to monitor layers at
the interface

The mbination of ellipsometry and total
internal refledion becomes a powerful tod for thin film
analysis with high sensitivity and predsion. We cdl the
technique total internal refledion elli psometry (TIRE). In
additi on to the feaures of ellipsometry, this configuration
has the important advantage that the medium that
influences the thin layer on the sample @n be non
transparent.

The TIRE system is based on arotating analyzer
ellipsometer equipped with a prism and a flow cell
designed for total internal refledion measurements of an
ange of incidence of 70°. In the flow cdl a glass $dide
with athin metal layer is mounted in opticd contad with
the prism. Liquid flowing through the cdl may affect the
metal layer, causing changes in thickness, roughness or
other properties of the layer. These will change the opticad
conditions at the interface ad can be monitored as
changes in the dllipsometric angles ¢ and A. If the
refradive indices of the prism, the glass dide ad the
layer are known, one can quantify the thickness and
refradive index changes in the metal layer due to
corrosion in a single measurement. A more detailed
technicd description is given elsewhere [3].

Results

TIRE is a new development and so far only pilot studies
have been done. This includes corrosion measurements
with thin copper layers exposed to 1-100 mM
hydrochloric add (HCI) in water. These experiments were
performed to chedk the ailities and sensitivity of the
system as a @rrosion Sensor.

The samples used in the measurements were
glass dides with 60 nrm and 30 nm copper films fabricated
by vacuum deposition. Two types of experiments were
performed. In the first type a flow of water was switched
to HCI during periods in the range 2-15 minutes and then
bad to water. In the second type athin copper layer was
exposed to HCI for along time (10 hours). The kinetics of
P and A were rearded at the wavelength of 700 M
during the experiments. Before and after HCl exposures
in the first type, and once an hour in the second type,
ellipsometric spedra were recmrded in the wavelength
range 350-1000 nm to make a more detailed analysis

possble. Both types of experiments were repeaed for the
different Cu samples with different thicknesses and for
different HCI concentrations.

Spedra recorded during one of experiments of
the first type ae presented in Fig.1. The experimental
conditions were: 60 rm Cu layer, 10 mM HCI, 10 minutes
HCI exposures with about 30 minutes water expasures in
between.
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Fig.1. TIRE spedra (¢ only) for a 60 nm Cu layer on
glass. The data were recorded between 10 minutes
HCl exposures at times as indicaed, except the
first curve which was recorded after 32 minutes of
water exposure.

Differences between the spedra ae typicdly about
5-15%, which corresponds to changes of 7-12 degreesin
Y (the sensitivity of the system is about 0.05 cegres.
Analysis of the Y and A spedra showed a deaease in the
copper layer thickness an increase of surfaceroughness
and formation of a thin CuO layer on the top d the Cu
layer due to the exposure to HCI.

Discussion

Elli psometry can be used in total internal refledion mode
for corrosion studies. The high sensitivity makes it useful
in environments where even very sow corrosion takes
place A mgjor advantage is the posshility to use it in
nortransparent media. It should also be observed that
there is no restriction to thin metal films in which surface
plasmons can be generated becaise dlipsometry is a
genera optical probe. Being an opticd technique, TIRE is
perturbation free from an electricd point of view, which
is an advantage in corrosion monitoring. Here we have
demonstrated the use of TIRE with copper as a sensing
layer. However, depending on type of applicaion other
metals like iron, titanium, chromium, etc. can be used.
Corrosion from gas phase is also passble.
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