Egyptian J. Solids, Vol. 8, No. 1, (1986). 66

INTERFEROMETRIC DETERMINATION OF THE OPTICAL
CONSTANTS OF THIN METALLIC FILMS
OF ANTIMONY AND SILVER

N. Barakat
Faculty of Science, Ain Shams University Cairo, Egypt

S. Mokhtar, M.S. Shaalan, M. Sobee, and F. Abdel Aziz
National Institute of Standards, Cairo, Egypt.

and W. Osman
Faculty of Science, Cairo University Cairo, Egypt.

Abstract:

Measurement of the change of phase in transmission through
vacuum evaporated films of Antimony and Silver were carried
out. Both real and imaginary parts of the complex refractlive index
were thus evaluated. The method has been applied to deduce the
optical ocnstants of thin films of Silver and Antimony. Previous
data on Bismuth and Manganese is utilized to deduce their extinction
coefficients.

Introduction and Previous Work:

A thin sbserbing film deposited on a nan-absorbing substrate mey be charac-
terised by its thickness d, the oplical constants n and k where N=n+ikisthe
complex rtefractive indox st the wavelength Aol the incident radiction, K is_the
extinction coefficient related to  the absomption coefficient by the relationeC= .“.; ®d,
{1}, n the real part of the complex refractive index Is usually termed the refractive

index of the film.

Classically the cptical constents n and k are determined from measurements
on the reflected intensities, where the light in fact deels only with the surfsce
layers of Lthe film. The inner most layers formed at the early stages of nucleation
with their peculiar structural properties do not cantribute eritically to the messured
surface reflectivity. Reviews of such metheds may be referred to in (2),(3),(4),

However, the phase changes accompaning ieflection end transmission at aie/Tilm
interface ate nol only sensitive quantities to changes in n and &, (2}, but also readily
ard  accurately messured by interfsrometric techniques, {5}, (). Studies an the
behavieur of the phese quantities as functicn of ¢ and  revesl their dependance
on flim thickness and structure, (7}, (8). Recent publications, Barakay et al (9), (10}
on the determination of o and k for Mn & Bi and for Au eénd Te from messuremants
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af  the change of phase in teansmission as function of d showed two distincl ranges
ol behaviour, a non linear variation showing maxima and minima for film thickneases
below o critical value d. 8nd c© clear straight line portion for d 3 d. where the film
Lehaves as bulk like, The present paper further uses ¥ va. d straight line variation
for ¢ de to determine n end k for Silver and Antimany films. Al:o the constant k
is determined for manganess and bismuth 1ims,

The prieciple of the methodk

The phase chsnge in transmission ¥ of monochromatic radistion A incident on
a homogeneaus end isolropic thick film of thickness d end comglex refrective index
fiy = ng + | kg situated between Lwo dielectric medii Is given approximately by

y.yo‘+%zo%,’n‘d (o

This Tormula assumes that the affact of mualtiple reflections within the filrn Soundaries
ceased, due to the combined effect of absarption and thickness., The criterlon s
that Exp (2 k'l)}, 100 whem?:%r d, this  wuould correspand  sgproximately to
gingle air/film reflection

In egn (l;.,'\’i/m, and 1{’12 are lhe phase changes at reflection at the (st and
secand film surfaces and glven by

W ik
0% n(J . n'
el ny ¥y
Yz = 2 v .
n,‘ - | nz 1

ny 15 the refractive index of the glass substeate and is texen to be 1.50, The experi-
mental curves giving  relalive to 8ir are tepresented by

Y ;%1.\.}«‘2.2777'(-11-1)0 (2)

clearly ¥ in the last expression (2) represents g straight line relation Betweaen o and
with Yy and Yy, constaste, The slope is zﬁyr-(n,-l} d where Y is taken 8s frac-
tion af . ’

The intercept of the straight line cn the  axis at d = 0 would be

Yo = Yoi * Vnz
laf\%‘ - lnn'\f’n

with tonx = (3

/ (i | - lan‘ﬁ" tm‘\h’z
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Substituting the values of tan \}’0 ] and lan ‘{"; in (3) leads lo

3 2 2 3 2

f. . * “ b . 1. - 4
Koo+ K dn 4+ 25) u.nYU Ky dny = 15+ (] 4 257 4 Sni)lnnyn 0 (4)
The optical constant ny iz obtained from the slape of the straight line and then
substitution In (4) for ny and (XU:E:D. weuld produce kq B the only real ool of
egr. (8],

Expetimental procedure and resulls

Antimany, silver, bismuth and manganese films were vacuum evaporated on
glass substrates at rate of some 20 A®/S st 10~ Torr or better. Film thickness was
determined by Tolansky's multiple beam Interference technique st reflections(i1).

The change of phase in transmission relative to wir was determined axpari-
mentally for eoach individual film using the Rayleigh-Lowe refrectometer {ollowing
the technique wsed by Ishigura (12} and Barnkat et al. (13), In the procecure two
beams are allowad to intersect forming Interterence fringes after one beam has
passed through the layer under study and the other beam through on oir layers
of the same thicknesse The lower system farms Lthe reference system for the two
Beams passing through gir, the upper system results from on2 beam passing through
& layer of thickness {d) A% The fringe shift gives the chenge of phase in transmission
85 a fraction of order separation. The overall wocertainly in determining Yis of
the order of 155,

Fig. (1) shows the straight line wvaristion of Xvs. d for Ag, antimony Bi and Mn,
each straight line starts et {(d.) where de Is the thickness separaling the nonstraight
line properties from the bulk like behsviour. Table (1) gives the oplical constants
ny &nd kq for the four metals and their critical thicknesses (d.) at  which the bulk
like Y vs. d behaviour starts. The results demonstrate the genarsl availability of
the interferometric technique first used to obtain the opticel comstents by Barakat
et al in (9), (10) provided that the film thickness is above the limiting value separat-
ing thin film snd bulk like behaviour.

Relarences:
1. M. Born, E. Wall: "Principles of Cptics" Prrqamon Fress, Lonzon, (1975) p. 51,
2. 05. Hesvenss "Optical Propercties of Thin Solid Films", Dover, New Yotk, (196%) p. 51,

3. 0S. Heavens: In Physics ol Thin Films, Val. 2, Ed. by G. Hass and R. Thun,
Academic Press, New York, (1964}, p. 20%.

4. T. Abeles Ibid, Vol. & {1971} p. 182,

5. N. Barakat, S. Mokhtar end K. Abdel Hady, JL.OSA, Vol 54, No. 2, 213-21¢,
1 1964).



Egyptian J. Solids, Vol 8, No. 1, (1986). 70

6. L. Schulz, JOS.A., Vol, 41, 1047, (1951},

7. )M Garnett, Trans. Roy. Soc. London, Ser. A, 203-38%, {1504),

B. H. Schopper, 2. Phye., Vol. 130, 565, (1951).

7. N. Bal_uknl, 5. Mokhtar and Al-Houty, Appl. Phys, Vol 20, p. 225, (1979},
10. N, Barakat et al, Optica Acts Vol. 29, No 10, 12091312, (19392),

11. 5. Tolansky, "Muitiple Heam Intecfetometry of Surlaces and Filers", Oxtord Univer-
sity Press, p. 149, (1940).

Table (1): Optical constants of Hulk Metgls st SE75A0

Metal n k
Antirmony 3.2 448
Bismuth 1.76 1.35
Manganess 241 339
Sitver A 5460 Ae 0,51 3.32




