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SUMMARTY

The effcet of substrate on characteristics of
evaporated thin dielectric films is investigated apply~
ing ap ellipsometric¢ mebthod, a method which has proved
to he & useful tool for determining the refractive index
(ny) and the geouetrical thickness (dl) of thin dieleg-
tric films deposited on metallic wbstrates(l'Z).

For this purpose, different metallic substrates
(A, Ag, CGr and Sb) are prepared by evaporation tecmigue.
The optical constants (the refractive index n, and the
absorption index 1:2) of such substrates are determined
at certain wavelength ( X = 5500 4). Then, thin
dielectric fila (8. ) is deposited sinultaneously on
the four differwnt nmetallic substrates. The refractive
index .(nl) and the geometrical thickness .(dl) of the
dieleetric thin film on each substrate are dotermined.
Hance the effect of the substrate on ths determination

of these two paraneters (nl and dl) is studied.
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Investizating the effeets of the experimental errors
on the obtained resulte, it was found:

-+ netalliec substrate nzde of silver affects strongly
the determinstion of both the refractive index(nq) of the
dielectric filr: and its zeometrical thiclmaess (il), i.e,

a sacll error in measuring either the angle of incidence(¢h)
or the azinuth angle ( o) zives o bij error in determining
Ny and dy+ But , when 2 metallie substrate zede of z0ld is
used, the some error in ¢b or 0 yiélis o Lig error in
ceternining 7y and 2 reletively sun2ll error in dl‘

while, the same error in qb or ofr when Sb or Cr is

used zs a metcllic substrate jives o relatively sonll
leviation in Jdeteruining Loth oy ond dl .

Therefore, for detercining the refrzctive index ny and
thc -eorcetrical thiclmess dl <f thin dielgetric il
deposited on 2 uetallic substrote, it is of nore “enafit to

use = netcllic substrote made of citler znticony or chreomium.
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IXTRODUCTION

The role of dielectriec thin filnms whether present
as a gingle film or multilayers is acquiring increasing
importance in many fairly modexn fields, as ao example,
reflectors in laser resonators, in optical wave-guides
and in some aspeets of microeleckranics. It is, for this
reagon, benefitial to determine the refractive index and
the geometriocal thickness of such nonabsorbing thin films.
The method utilized in this work is the ellipsometric
method where the exact formilas are used. The high
accuraey in determining both the refractive index and the
geometrical trickness of the investigated thin dielectrio
£ilms is the rosult of selecting the suitatle metallic

substrate.

The tecrnigque is based an the choice of different
metallic substrates whose optical constants (the refractive
index and the absorption index) are deferaineds Then
thesa metallic substrates are ovex coated sinmultaneously
with thin ZnS film. The refractive index ad the geonetr-
jeal thickness of such film are svaluatead. The precision
of the method is aheoked-
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Chapter I deals witkh the litratures roview, cone
sidering the bhasis of the ellipsometric acthed, the basie
formulas used in determining the optical constants and
the graphical —<thod for determining simulcansously the
refractive index and the geometrical thicikress of evapo-

rated nonabgorbiz:g film on a metallic substrates

Chapver Il deals witk the experinertal technigue

ard apparatus used during performing the wors.

Chapter IIT deals with the experirental results
ineluding the optical cornstants of the mctailic substra-

tes &md the refractive index and the geozcixical thiokness

m

of the tair dielectrie layer coating the —etailic substrate.

Chapter III also deals with az experizental verification

-
-

ging the Livesferometric zethod and the prisision of

K

3]

cegirenent to achieve the suitatle choice cf the metallic
subssrate wnich cas be used Ior ccourate 1casurements of
potly the refrwctive index «md the secoetriecal thicimess of

a thin dieslectric film deposited an 2 zetallle substrate.
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CHAPTER 1

LITERATURES REVIEW
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I.1) The ellipsonetric methods

I+ is well known that the ellipsometrie method is
used for the determination of the refractive index -(nl)
and the thickness (dl) of a nonabsorbing film on ano
absorbing substrate can be used only in the case when
the true values of the ccmplex refractive index ;2

(=n, - ika) of the substrate are knowm p:r.‘c-cisely(s’q”s).

2

When a plane polarigzed light is reflcected fron
an absorbing substrate at nonnormal incidence, it assumes
elliptical polarization. The elliptielty of the reflected
bean is determined by the relative phase difference
and the azinuth A/ where
= (5, -5 ) ma v >

Ry

The subscripts p and s refer to conponents parallel and

perpendicular to the plane of incidences

Since /) and L are related to the optical
constants, a detcrmination of the latter is, in prineciple,

possible from the msasurements of A ad /70 .
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I.2)

Bagic formulas used 4n deteymining the optical

‘constants of the metalliec substratet

The ellipsometric method for determining the

refractive index (ne) and the absorptien index (ka) of

a metallic substrate is essentially based on the measure-
nent of the phase difference /N , the azimuth of the

reduced polarization ~/and the angle of incidence of

light g.

The values of A and ,f/are dependent on the

anmplitudes of the coefficients of reflectiong r_ and T,

p

for the p - and 8 - components.

It is well known(®) that:

_ gin ( 6 ~ @) id

Tg =~ = |rsi e °
sin (£ + &)

~ tan (6 - ©) iép

r R =

P tan ( 6 £ @) lrpl ¢

tan (6 -9

tan (4 w6) T i (Sp ...Sa)
sin (46 - ) 8

sin (4 +¢0)

w ko
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From which
o i cos (£ + 9)
Je =

cos (§ «~ ©)

The previous equation can be written in the form:

+Pei&_ cos (f ~©) + cos (f + &)

—?ef'b cos (£ = ©) -~ cos §¢ + &)

'—l

o

cos £ cos © (1)

sin 6 sin &

AB, COB @ = 1 - sin®e
sin p
and gin © = —ee—— (2)
n
wherse ﬂ:t;:n—ik
» Si-nlﬁ 2 l~2 '2 )
"o coS & = 1 v (=) = = [R€ ~ 5ing (3)

Using equations (2) and (3) with equation (1) we get:

l+l?ei‘c’ cosﬁxé/'ﬁ’e-sineﬁ
= pa i

1- Pet®  singxlaing

=

n
N sin ¢ tan £

n-ik)®- gin? - a-in

aln £ tan 4 sin g tal f

&)
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