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ABSTRACT
A muscovite mica plate of thickness 0.0329 * 0.0002 mm is
calibrated by ellipsometry in the spectral region 425 - 650 nm. The
phase retardance produced by the plate falls from 117.52 ° for A = 425
nm to 76.05° for A = 650nm. The plate is a quarter - wave phase
retarder at A = 560 nm. The dispersion of birefringence in the studied

region is non- monotonic with a mean value of (n,- n ) = -0.00422 £

0.00004.

INTRODUCTION
Muscovite mica is a negative biaxial crystal with the chemical formula K Al

© H)2 (Al Si3 010)‘ Thin sheets of the crystal have high transmittance from the

ultraviolet to the near infrared. Birefringence in mica (defined as n-n,or the

difference between the refractive indices of the extra - ordinary e and the ordinary o
rays) is much smaller than in calcite and quartz which makes it advantageous in
constructing phase retarders (usually called phase plates) as the required thicknesses
for such plates need not to be very thin[1-3] . The most common type of phase plates is
the quarter-wave (A/4) which constitute an important optical element in ellipsometric
measurements. Other uses of A/4 plates are cited in[4]. The fast axis of the plate is the
direction in which the faster-moving ray vibrates (sometimes referred to as the

reference axis) and the direction perpendicular to it is the slow axis.

In ellipsometry, the phase plate need not to be exactly A/4, but it is essential
that the phase retardance it introduces between the resolved components of the light
beam be known at different wavelengths. The required thickness for a A/4 plate at A =
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= 589 nm is between 0.032 and 0,036 mm depending upon the value of birefringence for
the used sample(5).

The path diffecence N A between the O and ¢ rays is
NA=-d(n-n) (1)
Where d is the thickness of the plate. The phase retardance & is given by[S].
6-2nN-.2::d(n‘-n°)ik (2)

In this work a mica plate is calibrated by cllipsometry between A = 425 and
650nm to find the dispersions of its retardance and birefringeace.

EXPERIMENTAL
A carcfully selected Ural muscovite mica plate, freshly cleaved of a

high quality sample, was used in the experiment. The plate is of average
thickness d = 0.0329 £ 0.0002 mm and of surface dimensions about 10mm x
10mm. Visual inspection showed that the plate is free from inclusions and
scratches. The plate was then mounted in its holder, introduced between
crossed polarizers and slowly rotated. The uniformity of the field of view
ensurcd the homogeneity of the layer structure, The thickness was
measured by an opto-mechanical comparator with accuracy £ 0.0002 mm.
With this thickness, the plate is expected to be of /4 retardance (90°) al some
value of A close to the ceatre Of e visible spectrum. the plate was cemenied between
glass plates of thicknesses D>> d. The two solutions of the cementing material
{epucal araldite) were mixed at a rauo of 3 : 1 by volume w0 provide a cement of
refractive index value intermediate between the refractive indices of mica and glass,
This i5 necessary to minimize interference effects in the plae which produce
oscillations in the value of the retardance. The fast and the slow axes were identfied

by Tutton's test {3].

An ellipsometer with the same arrangement as that used by Alfano .
Woodruff]6] is used to calibrate the plate, Fig, 1. Light from a halogine lamp falls on
the entrance shit of a moncchromator. The emerging quasi-moncchromatic light beam
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passes successively through the polasizer P, whe plate C, and falls at an angle of
incidence 70° on a metallic reflector (evaporated silver mirror). The refiected beam
passes through the analyser A and the detector T (telescope). The polarizer and the
analyser are Nicol-type calcite prisms mounted in rotatable graduated circles which
¢an be read to 1. The calibrated plate was set in two different positions with its fast
axis making £ 45° with the plane of incidence and measurements were carried out in
the four cllipsometric zones at each value of 4[7). Extinction of the reflected beam
was obtained by adjusting the polarizer and the analyzer,

RESULTS AND DISCUSSION
The retardance of the plate is civen by [6).

5= cos'! (-sinfa -a)/sin(a +a)cos 2p] (3)

where 8 is e angle between the analyser plane of transmission and the plang of

inCidence when p is the angle between the polanzer plane of transmission and the plane
of incidence, while a, is the angle between the analyser planc of tranunission and the
plane of incidence when p is the angle between e polanizer plane of transmission and
the plane of the metallic reflector respectively. The measured angles were
reproducible to within £ 5. As the value of the plate thickness d is not involved in
Eq.(3), e retardance of the plate § is not affected by the accuracy of measaring d.

However, high accuracy in incasuring d is required 10 cakeulate the birefringence of e
plate (n_-n ). It follows from Eq.{3) that the plue retardance is exactly 90° when a

“a.
.

Figure 2 shows vanations of 3. and (’p -a ) with A. Obviously, the plate is of
retardance 90° at & = 560nm. The dispersion of § in e studicd spectral region, as
calculated from equation (3), is shown in Fig. 3, curve (a) where 8 varies from 117.52°

a A =423 nm 10 76.05° at A = 650nm. As measurements were carried out in the four
cllipsometric zones, the mean values of p, a and a_ were used in our calculations, The

maximum emor in the value of §is 2 0.4°, The calibration curve of e plate retardance
(Fig. 3, curve a) represents the tested plate and (0 a large extent plates cleaved from
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the same crystal. The results bighly conform with the published data for mica™). The
dispersion of birefringence as calculated from Eq. (2) by substituting the values of 3

and d for different values of A is shown in Fig. 3, curve (b), where the relation is non-
monaioaic in the studied spectral regica with a mean value of (n,-n)=-000422 2

0.00004 which is very close to the known representative value of - 0.0041 at 539 am(3],
while reported value of - 0.00492 was given for another sample at 546 nm(8) . The noa-
monotonic behaviour of birefringeace was observed before in two samples of
muscovite mical5] while, for another sample, the adsolute value of birefringence
increased monotoaically with A from 500 nm o0 650 nm(9],
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