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The spectral dependence of the transmittance as a function of the film thickness, the refractive index of the
substrate, bandgap and the Cauchy parameters (0. and B) of the semiconductor material were determined from
condition of interference extremes. The absorption coefficient was simulated for the structure — thin
film/substrate. Cadmium chalcogenides (CdTe, CdSe, and CdS) deposited on quartz substrates were selected as
model samples. Experimental behavior of substrate transmittance was used to determine its refractive index. The
theoretical results are compared with the experimental data and shows good agreement.
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Introduction

In designing modern materials for optoelectronics
and optoelectronic device, it is important to know the
refractive index as a function of wavelength to predict
photoelectric behavior of a device. One of the most
informative optical functions is the transmittance. The
spectral behavior of all optical functions is possible to
calculated using Swanepoel’s method [1-6]. The
complexity of theoretical calculations is due to the
contribution of multiple light reflections from the
boundaries of the medium/film, film/substrate and
substrate/medium.

Some results of the theoretical calculation of the
transmittance spectral behavior are present in Ref. [7, 8].
However, these works are given theoretical modeling of
the transmission spectral behavior only in the
transparency region and don't include reflection from all
boundaries of the environment section.

Theoretical calculations of the spectral dependence
of the transmittance in the absorption and transparency
regions with taking into account all boundaries of the
environment section are present. Thin films of cadmium
chalcogenides (CdX, X =S, Se, and Te) are used as
model samples. They are actively used as materials for
obtaining solar cells. Thin films of cadmium
chalcogenides (CdX, X =S, Se and Te) representative of
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A!'BV! crystal group and shows semiconductor behavior.
As substrate we were used quartz with quality of “KB”.

I. Methods of calculation

For the theoretical modeling of the spectral
dependence of the transmittance it should be noted that
its behavior is different in the field of transparency and
absorption region. Taking into accounts that refractive
index is a dependent from wavelength and is a complex
guantity.

The structure of thin film/substrate is shown in
Fig. 1. Where d and n are the thickness and refractive
index of the thin film, respectively. The refractive index
of the environment is taken as no = 1. Ry — the intensity of
the reflected light at the boundary medium/film, R, — the
intensity of the reflected light at the boundary
film/substrate and Ri2 — the intensity of the reflected light
at the boundary substrate/medium. The substrate has a
thickness several times larger than d, and the refractive
index ns, determined from relation (1).

0 1 1 M
s=_ Tt 27+
Tg Ts

where Ts is the transmittance of the substrate in the
transparent zone.
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The refractive index ns of a substrate cannot be
constant in the all optical range. Therefore, we use the
first approximation: we consider the refractive index of
substrate don't dependence from optical wavelength
(400 - 2500 nm).

The including of scattering process due to defects,
impurities, or structural inhomogeneities is difficult
because it needed all information about the study
material. The intensity of light propagating in the
forward direction is attenuated by the scattering event
and it can be quantified in a way equivalent to
absorption. The intensity has an exponential dependence

on path length d analogous to Beer’s law:
I(z)=1,6">% where S is the scattering coefficient.
When the scattering center is smaller than the

wavelength of light this phenomenon is called Rayleigh
scattering and the scattering coefficient S varies with the

inverse fourth power of the wavelength: S(1) « %

By measuring light attenuation we cannot tell the
difference between absorption and scattering and the
total attenuation is ow= o + S. However, the scattering
contribution is generally much weaker than the
absorption and can be neglected so that ow= a [9]. That
is, in the first approximation, we do not consider the
scattering of light on the crystalline structure of the film,
the boundaries of the section or the substrate.

The basis of the theoretical calculation is the
condition of interference extremes. The model of the thin
films on a thick quartz substrate is shown in Fig. 1. The
transmission could be expressed as [7, 8]:

.Rl
’1R2
i
f

Fig. 1. Model of the thin films on a thick glass
substrate.
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To(A) is considered to be the term of transmission
with no interference effect and will be described as:

To(4) = (L-Ry)e ¢ ah) -

coefficient, d — thickness of thin films.

Thus, the dependence of the thin film transmittance
coefficient was obtained as a function of the refractive
index and the thickness of thin films. Refractive index is
associated with the absorption and extinction coefficients
(a(A) = 8nc(m/A)? and k = (2zn)/A [9]).

Therefore, using the formula (2) it is possible to

where absorption
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modeling the transmission coefficient of a thin film in the
transparency region. The only unknown function is the
spectral behavior of the refractive index.

But, taking into account the results reported in [10-
12], where was found that the spectral behavior of the
refractive index describes the Cauchy dependence (a and
B). Other functional dependencies showed less
convergence compared to the Cauchy function. Using the
Cauchy parameters we can obtain the dependence of the
transmittance coefficient on the wavelength and the
thickness of the film.

For obtained the spectrum envelopes Tmax i Tmin Can
be used Eq. (2). In the first case Tmax it is assumed
thatcos(p(4))=-1, in the other case Tmin—

cos(p(A)) =1.
Tiax (1) =To(2) + 2y RiRRy,
Tinin (1) =To (1) =2y R{RaRy

One of the optical parameters material is the
bandgap. Which is allows the separation region of optical
transparency and fundamental absorption. The absorption
coefficient can be expressed as a ratio [4,5] for
absorption region:

U In{[l_ Ry (I~ Ry (W]-IL - Rlzu)]} @
d T, (4)

The spectral dependence of the transmittance
coefficient in the absorption region is described by:

—ad

Tp(A) = (1= Ry (4)-A—Ry(4)-A-Ryp(A)) e “" (4)
Using relations (2) and (4), we can establish the

spectral dependence of the transmittance coefficient.

T0 (A)-2 RiRy -cos(p(4), 4 > /lEg

T(4) = (®)

(- Ry (D)L~ Ry (D)L~ Rpp (M) e * Y 1< e,

where Agg —Wavelength corresponding to the bandgap
(~1239,77/Ey).

I1. Results and Discussion

The approximations used for theoretical modeling of
spectral dependence of the transmittance coefficient are
listed in Table 1. Quartz (quality "KB") is used as
substrate  material. The  experimental behavior
transmission spectrum of substrate is given in Fig. 2. The
refractive index of the substrate can be determined using
the relation (1). In the first approximation of the
theoretical modeling of the spectral dependence of the
transmittance we used the average value of the refractive

Table 1
Basic parameters of cadmium chalcogenides thin
films used for theoretical calculation of the
transmittance (ns = 1,534; ¢ = 3-10° m/c)

Aeg, 2
Sample am o B, um d, um
CdTe 886 2.46 0.28 1.39
CdSe 738 2.129 0.257 1.875
CdS 519 | 2.23772 | 0.017881 0.38




Simulation the spectral dependence of the transmittance for semiconductor thin films

100

T, %

90+

Quartz, quality "KB"

Table 2

Theoretical and experimental data of transmission spectra
of CdS thin films [12]

A, nm 700 800 1100 | 1200 | 1300 | 1400
Treor | CdS | 78.35 | 81.48 | 72.26 | 76.85 | 81.06 | 83.73
80 Ton ‘[31"2? 76.42 | 83.94 | 77.11 | 7758 | 81.36 | 86.12
70 == T g T g T g T T T T T T 1T
300 600 900 1200 1500 1800 2100 2400
A, nm
Fig. 2. Transmission spectra of the quartz substrate
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Fig. 3. Simulation of transmission spectra of cadmium chalcogenides (1 — CdTe/quartz, 2 — CdSe/quartz,
3 — CdS/quartz).

index of the substrate.

From the obtained dependence (see Fig. 3), we can
see a good correlation of the transmission coefficient
with the experimental data [12-14]. A comparison of
theoretical results with experimental data for the CdTe
and CdSe thin films is excellent. Because, in Ref. [13,
14] as the substrate used glass (in our case — quartz).

Table 2 given compares the theoretically calculated
transmittance with the experimental results for CdS [12].
In Ref. [12] are present the transmission spectrum for
similar condition used in our theoretical calculations. A
small difference between theoretical and experimental
results is due to the use of approximations which are
listed above.
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Therefore, the presented method of calculating the
spectral behavior of transmittance coefficient based on
the value of the bandgap, the Cauchy coefficients and the
thickness of thin film are shows good correlation.

Conclusion

The theoretical calculations of the spectral behavior
of the transmittance coefficient are given, taking into
account the reflection from the boundaries of the section.
For the first time, the contribution of the substrate to the
transmittance is taken into account. The spectral behavior
of the transmittance is determined by the bandgap, thin

semiconductor compounds under study. Also, using this
technique, the modeling of spectrum envelopes was
performed (Tmax i Tmin). Theoretical and experimental
values are in good agreement.
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MoaenoBaHHS CIIEKTPAJBHOI 32JI€KHOCTI Koe(inieHTa POy CKAHHS
HANIBIPOBIAHUKOBUX TOHKHUX ILTiIBOK

Hayionanvnuii ynieepcumem, Jlveis, Yipaina, e-mail: AndriyKashuba07@gmail.com

BuKOpHCTOBYIOUM yMOBY iHTep(hEpEHIIHHUX eKCTPEMyMiB BH3HAYEHO CHEKTPAIbHY 3aJIe)KHICTH
KoedimieHTa MPOMyCKaHHS, SK (YHKIiI0 TOBIIMHM IDTIBKH, IOKa3HWKA 3aJOMIICHHS IiIKIaIKH, ITUPUHH
3ab0poHeHoi 30HM Ta nmapametpiB Komri (o i B) HamiBIpOBITHUKOBUX TOHKHX IUTIBOK. [IpOBEZIEHO MOAETIOBaHHS
KoeimieHTa MPOIyCKaHHS I CTPYKTYpHM — TOHKA IDTIBKa/MiAKIaAKa. B skocTi MoOenmbHHUX 3pasKiB oOpaHO
xanpkoreHimn kaaMmito (CdTe, CdSe ta CdS) ocamkeni Ha kBapuoBi miaknankd. KoedimieHT mporryckaHHs
MIJIKJIaJKK BCTAQHOBJICHO EKCIICPUMEHTAJIbHO IS BH3HAUCHHA HOro IOKa3HUKa 3aloMiIeHHA. IIpoBoauThes
MOPIBHSAHHS TEOPETUYHMX PE3YJIbTATIB i3 EKCIIEPUMEHTAIBHUMHU JAHHUMH Ta BKa3Y€ThCsS HA XOPOITY 301KHICTb.

KurouoBi ciioBa: TOHKI IUTiBKHM, IIHpHHA 3a00pOHEHOT 30HH, ONTHUYHI (QYHKIII, MpomycKaHHs, KoedilieHT
BiIOVBaHHS.
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