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A novel and very simple ellipsometer for the characterization of film-substrate systems that employs one
rotating optical element (a polarizer) is proposed. The ellipsometer is based on detecting the angles of
incidence at which a film-substrate system has equal amplitude attenuations for light polarized parallel (p)
and perpendicular (s) to the plane of incidence. At a certain wavelength, the film thickness of the film-
substrate system has to lie within permissible-thickness bands (PTB) for the technique to apply.

In ellipsometry, a light beam is obliquely reflected
from a film-substrate system and its two components
parallel (p) and perpendicular (s) to the plane of inci-
dence undergo different amplitude attenuations and
phase shifts. By measuring the relative amplitude at-
tenuation (tany) and the relative phase shift (A) between
the p and s components, respectively, we can deter-
mine the optical properties of the film and substrate in
addition to the film thickness. For a given system, the
p and s components may experience the same attenua-
tion at one or more angles of incidence depending on the
film thickness. By detecting these angles of incidence
at which tanp =1, we can fully characterize the film-
substrate system under consideration if the number of
measurements equals the number of parameters to be
determined,

Here, we present a novel and simple ellipsometer
based on this principle, which has only one element, a
polarizer (see Fig. 1).! The polarizer is rotated at a
constant angular speed and the angle of incidence is ad-
justed until the photodetector output is constant (dc), At
these angles of incidence, which are the only measure-
ments to be taken, the relative amplitude attenuation is
unity. Several such angles of incidence enable the sys-
tem to be fully characterized, ' '

With a high-quality polarizer, the accuracy of the
measurements can be very high because the angle of
incidence can be measured accurately.?

THE METHOD

When the linearly polarized light leaving the polariz-
er is reflected from the sample’s surface, the intensity
of the light beam is

FIG. 1. Single-element rotating-polarizer ellipsometer: p,
polarizer; S, surface; and D, photodetector.
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I=®,cos’P+ &, sinP, (1)

where P is the polarizer azimuth measured counter-
clockwise when looking into the light beam (Fig. 1) and
®, and &, are the reflectances for the p and s compo-
nents of the light beam, respectively. If the polarizer
is rotated at a constant angular speed w, the polarizer
azimuth P at a certain time ¢ will be given by P=wt,
and consequently, the reflected light intensity will be

I=®,cos’wt + ®, sin’wt , (2)

Therefore, the output of the photodetector D (Fig. 1)
will be oscillatory, At the angles of incidence where
tany =1, we have ®,=®, (tan®y=®,/®,), and Eq. (2) be-
comes .

1= ®(cos?wt + sin®wt), 3)
or
I=®,

where R=®,=®,. From Eq. (3), it is clear that the
intensity of the reflected light beam is constant and
does not depend on the polarizer azimuth, Therefore,
the photodetector output will be constant (de).

From the above, we see that the operation of this el-
lipsometer is very simple. The polarizer is rotated at
a constant angular speed and the angle of incidence is
adjusted to obtain a dc photodetector output.®

This method is applicable to the genéral case of char-
acterizing absorbing film on absorbing substrate sys-
tems. In Ref, 4, there is a clear discussion of the per-
missible-thickness bands in which the condition of
tanp =1 exists. Data for the SiO,-Si film-substrate sys-
tem at a wavelength A=6328 f&, which is applicable to
the application of our novel ellipsometer, are presented
there. For example, the above system with a film
thickness of 1000 A can be characterized by this ellip-
someter (the film thickness lies within a permissible-
thickness band). On the other hand, if the film thick-
ness is 2000 A it cannot be characterized using this
ellipsometer at A=6328 A (the film thickness lies within
a forbidden gap). By changing the wavelength we can
move the film thickness into a permissible~thickness
band. Any SiO;-Si system with a film thickness greater
than or equals 5268 A can be characterized using this
ellipsometer and a 6328 A light source.®
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In 1936, O’Bryan developed a simple ellipsometer that uses a
polarizer and a reflector. It depends on detecting the angle
of incidence at which A=x37 (principal angle). The angle of
incidence and polarizer’s azimuth are adjusted to extinguish
the reflected beam, see H. M. O’Bryan, “The Optical Con-
stants of Several Metals in Vacuum,” J. Opt. Soc. Am, 26,
122 (1936).

’The error analysis of this novel ellipsometer, and the use of
off null measurements, will be dealt with in full detail in a

separate publication.
31t is obvious that this ellipsometer can be automated very
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easily by providing motor drives for the analyzer and angle
of incidence.

‘A.-R. M. Zaghloul, R. M. A. Azzam, and N. M. Bashara,
"“Design of film-substrate single-reflection retarders,” J.
Opt. Soc. Am. 65, 1043—1049 (1975).

5810,-Si film-substrate system having a film thickness as
small as 933 & can be characterized, at A=6328 ;X, using
this ellipsometer, Using a 2537 A light source, this novel
ellipsometer can be used to characterize the same system
having a film thickness as small as 299 A, The shorter the
wavelength, the smaller the film thickness.
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