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A bstract: A method ts proposed for dericing the optical constants of either layered or
epitaxially grown crystals from Fabry - Perot inlerference fringes. Only transmission
measurements at normmal incidenee are required. As an example, the method has been
applied to the layered siructure compound SiTe,.

1. INTRODUCTION

Considerable interest has recently been raised on the optical pro-
perties of layer semiconducting compounds. These compounds crystal-
lize in a layered structure, with the bonding between layers of the Van
der Waals tvpe, while that within each layer is predominantly cova-
lent. The usual method for determining the optical constants of these
materials has been a separate determination of the optical absorption
constant and the reflectivity. However the anisotropy of these crystals
and the accurate determination of the reflectivity introduce difficul-
ties. The discussion though of the reflection and absorption spectra in
the region of the absorption edge is impossible without the precise know-
ledge of the extinction coefficient k(2) and the index of refraction n(d),
especially when the details of the absorption edge are sought,

In the case of crystals with parallel faces that mayv be considered
as optical flats, the sample acts as a Febrv-Perol etalon, so that inter-
ference fringes appear either in transmitted or reflected light. From the-
se fringes it is possible to obtain the main optical characteristics of the
crystal and also to determine the thickness rather accurately. The me-
thod is applicable in the case of crystals of layered struclure, where
optical perfect faces can be produced through cleavage, and also in the
case of epitaxially grown crystals.

In the present paper we present a modification of the method pro-
posed mainly by Hazelwood ! for the calculation of the optical con-
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stants from the modulation of transmitted light due to interference
effects.

2. TRANSMISSION SPECTRA OF SPECIMENS BOUNDED BY PERFECT PA-
RALLEL TACES

Let us consider a crystal of thickness d and a complex refractive
index N = n + ik. For normal incidence of light a fraction of the inlen-
ity is transmitted while the rest is reflected. The fractional transmitted
light defines the transmittance of the crystal e.g. the ratio of the tran-
smitted intensity to the incident, T ==T(a, n, k, d). If the crystal is
bounded by perfect parallel faces, the light undergoes multiple refle-
ctions 2 so that the transmitted intensity is the result of the interfe-
rence of a large number of coherent rays.

The phase difference between the transinitted and the incident ray is

5 =27 ndeosy (1)

while the amplitude of the transmitted ray is

t = ttye—18 (1—ryrpe—38)-1 (2)

where t, and t, are the transmittivity the upper and the lower {aces re-
spectively and r; and 1, the corresponding reflectivities. For crystals
free from subsirates, iy —=r,—r and t,t, =1 —r? the transmitted
intensity becomes

t = (1—-1%)e 18 (11228 )1 (3)
The transmitted energy T is equal to the product of the lransmitted
amplitude multiplied by its complex conjugate,

(1_1.2)'.!

gk
P=t-t* = 1—9rfcos28+ (4)

In the above equation no absorption effects have been considered. Tak-
ing these into account, equation (4) becomes

T U—RY (Lhkym)
4k _ Ank q (5)
e *  —Re * )apaRsind (540

where the parameters R and ¢ have the values

_ (n—tjEpke 2k
R= e et (6)
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The parameter R i1s known as the reflectance of the crystal

From the above results it is obvious that for a given wavelength
the transmittance is a funetion of the thickness, while for constant
thickness the transmittance is a function of wavelength. In [ig. 1a the
variation of the transmitlance wilh the thickness is presented for the
case of the layered compound SiTe,, while in fig. 1b the variation of
the transmittance with the wavelength is presented for the same com-
pound 3.

3. DETERMIHATIOK OF THE FRINGE ORDER, THE THICKNESS AND THE
REAL PART OF THE REFRACTIVE INDEX

The condition for a maximum in the transmittance pattern, for
normal incidence, results from equation (5) and requires that the pha-
se difference is an integral multiple of =,

8 =jm (j=0,1,2..... ) (7)
or from equation (1)
j*» = 2nd

To determine the fringe order j and the real part of the refractive
index, the thickness of the crystal is needed For two consequent
fringes lying in the longer wave length part of the spectrum the fol-
lowing condition is satisfied

Jho=2n(3)d

. (8)
()41 )2 = 2n(2,)d
Assuming that in this part of the spectrum the refractive index does
not vary appreciable, so that

n{2} = n(2,)

a probable value of the [ringe order is obtained by solving the simulta-
neous equartions (8) for j

=55 (9)

Thus we are able to assign a tentative order on all the observed
fringes. Plotting the value j(») vs » we obtain a straight line which in-
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a) The variation of the transmittance with the thickness for u layered siructure
compound (5iTey).
b) The cariation of the lransmitiance with warelength for two different crysial
hticknesses (the arrow indicates coinciding mazima).
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dicates the variation of the real part of the refractive index, which must
be known for a definite ordering.

The above difficulty is removed in the case where the spectra of
two crystals are simultaneously analysed. In the spectrum of the first
crystal, one [ringe is chosen arbitrarily as the zero order one. With fhis
zero order fringe as a reference it is possible to enumerate the consecu-
tive fringes. If, for a certain fringe, the obtained arbitrary orderis J,(2},
this would be related to the true order j,(x) by the following relation

jl()‘) - Jl()‘) + Al

so that for the fringes in the two spectra the following relation exists
between true and arbitrary order

Ay =J(x) + A = #211:‘—[11
. (10)
(1) = L) 4 A, = 2800

where A, and A, are integral numbers to be determined. Dividing the
above equations by parts the result
) LbidA

B 7 L0 AT 4 (11

h!
2
indicates that between J,(x) and J,(a) exists a linear relationship. Thus
plotting J,(3) vs J,() a straight line is obtained with a slope equal to
d,/d, with an intersect determined bv A, and A,.

The above two methods are satisfactory in the case of thin crystals
with fringes that have orders smaller than 50. For thick crystals the
real order of the Fringes may exceed 100 and a graphical solution of the
equation (11) is rather inaccurate. We have used the following method
to determine the real order of the fringes for thick crystals.

Let us assume that in the spectra of two erystals A and B, two frin-
ges have maxima at the same wavelength., These fringes are assigned
as zero order fringes and with these as a reference we enumerate the
rest. Since in this case J(3) = J,(1) =0 it {ollows that
WA A A

W) T A T Ty (12)

If there is a second wavelength at which the maxima of the [ringes in
the two spectra coincide, from equation {11) we obtain
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W) LA 4

L) T L AT 4, (13)
Therefore
LWI+A A
LA, T A, (14)
from which
J(W) =xA
1(2) L (15)
Jg(;\’) = XAZ

where » 13 an integral with a value 0 for the arbitrary defined as zero
order fringes, 1 for the first coinciding maxima ete. . .
For the first coinciding maxima

A1: -]1(}") = j1(7\’)

i (16
Ay = 13} = Juf3) )

thus the real order of the arbitrary as zero defined fringe is determined.
This result is verified either by using coinciding fringes with a x of larger
order or by using Lhe spectra of different samples.

It is easily deduced from equations (12} and (16) that if the thick-
ness of one sample is known, the corresponding values of the thicknesses
of the other samples can be found.

4, DETERMINATION OF THE IMAGINARY PART OF THE REFRACTIVE INDEX

The transmittance T, expressed by equation {5), is a function of
the parameters d, 2, n, k. When d and n are determined independently,
as In the previous section, the transmittance is a function of the ima-
ginary part of the refractive index, e.g. T — T(k).

In order to determine the value of k we have used the following
method whieh is based on calculating the real value by successive ap-
proximations. The starting value is obtained from the well known equa-
tion

I - d
[u :T:e A
30 that
ad 1
k: L ln—T- (17)
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For m samples of known thicknesses we may obtain a set of transmit-
tance values

d, dy dy dy. ... dmn (18)
T, T, T, Tyovnn. T
Now since we may express
T =T(n, k) (19)

the transmittance converges to the point (n, k), the real values of the
optical constants. Expanding T(n, k) in Tavlor series around the point
(n,k)

-n, 8T (n, k k-k,) &T(n, k
T(n, k) =T(ng, k,) + %7 TTOH -y Bl Tl K et
‘ *T(n, k
+ 2neng) (keke) EEH 4 (20)

and having neglected higher order terms the final result is

(I‘

oT
(n-19) —5 0y, ko + (ko) =5 1y, &, = T—T(ng, ko) (21)

It the following substitutions are made
n-n, = x k-ky =1
eT ‘
=& flne=B  TTek)=C  (22)

o o
equation (22) is expressed as
Ax x By =C (23)

so that the whole sct of measurements form the following set of simul-
taneous equations

Ax 4+ By =G

A x+ By =G, (24)

Applying leasl square analysis the set of equations (24) reduce to the
following
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[AAJX + [AB]Y = [AC]
[AB]x + [BB} — [BC]

where the bracketed coellicients are equal to

[AAT=A2 4+ A2+ ....... 4-Ap?
{AB]=AB, -+ AB,+..... +AnBm
[ACI=AC, + A + ... .. +ALCH
[BB1=B#&+ B2 +........ 4-Bp?
[BC]=B,C, + B,C, + . .... +CnCm

By solving equation (25), the values ol n and k are determined. If the-
se values are used to further refine the results by the substitution

o T (26)
ki =ko+ v

a better set of values is obtained. This calculation may be repeated until

the uncertainity of the calculated value is less than

x = (4001 (27)
= 0,00001
These calculations may be performed using the flow chart presented in
figure 2.
Tn the case that the value of n is determined accurately (section 3)
the above procedure is reduced considerably in labour, or it may be
used as a further check of the results.

5. DISCUSSION

The final check of the above mentioned procedures in calculating
the optical constants was made on SiTe, This compound crystallizes
in a layered structure with a structure of the CdJ, type and latlice pa-
rameters as determined by Weiss and Weiss ¥ a =4.28, ¢ =6.71 A,
Dne to its structure SiTe, is a highly anisotropic material. The results
presented here refer only to light incident parallel to the erystal ¢ axis.
The crystals are also highly reactive especially in humid atmosphere.

In figure 3 the results of the absorption coefficient calculated by
the proposed method are compared to the results obtained previously
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Fig. 2
Flow chart for determing the calues of n and k.
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by Rau and Kannewurf® who used the usual procedure {equation 17).
The agreement is satisfactory, while as it is easily deducted the fine
details of the spectrum are missing from the results of Rau et al, a fact
that points out the superiority of the proposed method.
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Fig. 3
The absorption coefficient vs wavelegth of silicon ditellucide, according to the pre-
sent method (dotted line represents the measurements by the usval procedure f6]}.
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NPOZAIOPIZMOZ ONTIKQN ETAGEPQN
EIZ ¢YAAOMOPOOYE ENQIEIZ

Tro
A, II, AAMIIPOY =t N. A. OTKONOMOTY
(" Epyaotijpwov B "Edgag Quaijs, Havemotnpion Geaaalovingj

IIEPIANYIZ

Mpoteiveror uélodog Gmokoyiopel tév dmntudv otabepiv wpuotdilmy
ol mapouaidlouy artokiTwe wapaikfiove dmipaveixe. Towxbzal mepintaiosic
auvavTevTal zlc xpuoTdhhoue ué QuARdpopwoy dopny, éméte al ayLopoysvelc
émipdvelar sival dmoidTwe Tagdiivhol § elg dpdvia dvamtuybévra dnitabie-
wivg. Al dntical oreflepal mpowimrouv 8 avaricews T@vV xpogadv aupfo-
»Wie tomou Fabry-Perot, ol émolor plotavrar clg 16 gdopx dmogpoghoswe
Abvw TOV TOANXTROY dvarldoewv ol Delstarar w6 @dc. ‘H pélodos dmo-
terel Eméuvaowy ThHe peBédov tob Hazelwood, Sia iy mepinmrwowy wpustdh-
rov, B0a N dfie TV xposobv SrepPatvel Tov dpbpdv DO, “H pébBodos dome-
pofetor S oy mpoodiopiousy Ty omTév otabepiiv tol Sile,, 6 dnolov
elvor puirbpopgov Bhixdy. Ta smattodueve dedopéva mpoxhntouy &x peteth-
ozwv pbvov ThHe Sagaveiag Tol xpustahlou Sk @dc mpoanimtov xabétwg
npds TNy dmipavaiay. AwxmiotebTar ¥ Umegoyh ¥ uebodou Evavri Tdv xdas-
amév Tolodtav, xel’ dr anoxendnTar THY hemthyv Loy elg o odopx THV

TGV GUYTEAEETOT AmoppoPRoEwS.
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