Romanian Reports in Physics, Vol. 68, No. 4, P. 1495-1505, 2016

THE OPTICAL PROPERTIES OF ZpSe;.« THIN FILMS
DEPOSITED BY THE QUASICLOSED VOLUME TECHNIQUE

MIHAIL POPA

flAlecu Russo Balty State UniversityDepartment of Physical Sciences and Engineering,
MD-3100, R.Moldova

Received August 4, 2015

Abstract. The ZnSSe_, thin films were deposited by the quatbsed volume
technique under vacuum. The film structure was studied byyXdiffraction
technique. The studies shown the films are polycrystalline and have a zinc blende
structure. The spectral dependenadstransmission, reflection, absorption and
refraction index were studied/alues of band gap energy determined from the
reflectance and absorption spectra are in good agreement with the theoretical
valuesk,.
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1. INTRODUCTION

The ecent investigadns on physical properties 8hS.Se . thin films were
stimulated by the fact that this compound is applied in various modern
technologies of solid state deviceasgrs or laer diodes functioning in the blue
field, heterojunctions of solar cefihotodetectors, ejd1i 3].

It is well established that the electronic transport and optical properties of
ZnSSe., thin films, strongly depend on the preparation method, deposition
conditions (substrate nature, evaporation rate, substrate temperatyiemaaiso
postdeposition heatreatment. The information on the influence of these factors
on the electronic trapsrt and optical properties @nSSe., films are rather few
[4, 5].

In this paper some optical properties of Z&, thin films prepared by
guasiclosed volume technique under vacuum are investigated.

2. EXPERIMENTAL DETAILS

ZnSSe. thin films withx = 0, 0.2, 0.4, 0.5, 0.6, 0.8, 1.0 were prepared by
physical vapoudeposition of powders of ZnSe (with.999% purity) and ZnS
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(with 99.999% purity) (p @LO° Torr) onto unheated glass substrates. The quasi

closed volume technique was used.

The experimental arrangement and deposition technique used for
preparation of ZngEea, films were similar to these described in [4]. The
deposition of films was performed in a pyrex cylinder chamber (placed vertical
under vacuum) closed at the top by the substrate holder. The -sobsteate
distance was about 7 cm. &hsource temperature wag, =1100K, and

deposited rate wag, = 2C As'".

The film thickness was determined by an interpherence microscopé Mll
and for the investigated samples ranged bet@ezn eamil5 0 & m.

The crystalline structure of the Zi&® , thin films was studied by Xay
diffraction usingCuK, radiation [ = 1.5418; ). It was found that the layers are
polycrystalline and have a cubic structure of zinc blende type, with a strong
orientation of the crystallites of the planes (111) paralléhécsupport surface.

The arface structure was studied by means of scanning electron
microscopy.

The transmission spectra (in the spectral range of 3D nm) and
reflection spectra (in the sgieal range of 3300100 nm) of the ZnSe,, thin
films have been recorded, using a spectrophotometer of Hita8A0U type.

3. RESULTS AND DISCUSSION

The transmission spectra for two 2£BSes thin films with different
thicknessesare shown in Figurdl. The transmission of sampld34 and D8
increases sharply to a peak value and then decreases slowly in the range of 500
600 nm, after which the evolution of spectra depends on the thickness of samples.
Three interference maxima appear in the sample D4 Wwithrtessd = 0. 5 & m
(Fig. 1), while in the sample D8 with thicknedss 0. 9 em t here are five
The transmission spectra for the samples with thicknesses greater ihamre
formed of a combination of maxima and minima, and the difference between the
maximumand minimum transmission decreases with the increase of thin films
thickness.

The presence in the transmission spectra of maxima and minima due to the
interference of beams reflected at the layer surfaces is an indication that the
samples are uniform frorie point of view thickness and the layer surfaces are
flat. This was also highlighted by the scanning electron microscopy sfédiéls
which showed that the roughness of the free surface of the layer is small. A high
roughness or irregularity of thiokss would lead to the disappearance of
interference, namely to the disappearance of minima and maxima in the
transmission spectra.
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Fig. 17 Evolution depending on the thickness of the transmission spectra géS&Sthin films
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Fig. 27 Evolution depending or of transmission spectra of Zgf , thin films.

Another analysis was based on the increased concentration of S and the
decreasedconcentration of S€Fig.?2). It is observed that edge trariseion
spectrum is moving in the lower wavelength region from 420 nm to 300 nm with
increasing the value.

The reflection spectrum of Zg§Se s thin films is presented in Figura.

One can observe that the reflection does not exceéd o tre wavelenth range
of 380'1080 nm, while the transmission is between9®% Figs. 1 and 3. This
tells us that the layers are transparent and the absorption of electromagnetic waves
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in these layers is also quite smatlid also found that the transmission maxima
coincide with the reflection minima, which demonstrates the presence of the
interference in the respective films.
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Fig. 31 The reflectance spectra of ZJ]SSeO_Sthin films.

The absorption coefficient of the Zi&_, thin film was calculated from
the transmission spectrum (considering the very low reflection of layers) using the
formula:
-1 1
U== In 1)
d T

Figure 4 presents the absorption spectra of seven polycrystallingS&nS
thin films. It is observed that the alvption edge moves to higher energies from
2.25 eV up to 3.35 eV with increasingxovalue.

In the range of low photon energigbe absorption coefficient has a value
different from zero, which can be attributed to the light absorption at the
boundariedetween crystallites [8]. Theigh values of the absorption coefficient
a at photon energies belothe fundamental absorption edge may be due to
structural defects, which determine the appearance of localized levels in the band
gap leading toelectronic tansitions as a result of the absorption of incident
radiation.
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The authors of the paper [8] have explained the form of the absorption
spectra by small roughness of the thin film, which leads to the idea of small
crystallite size and that of a high degoderystallization.

y

VAOGADH»onr

/

24 f -

1 21 V2 v/ ]

04 - A’A’A I i I i
0,0 0,5 1,0 1,5 2,0 2,5 3,0 35 4,0
hn (eV)

Fig. 41 The absorption spectra of Zi&® , thin films.

For materials with direct band gap we can write Tauc relationship [8]:
ahv = A(hv — E;)Y2, (2)

whereA is a constant which is different for differenamisitions. The presentation
of data in coordinate@hn)? = f (hr) gives a linear dependend®y extrapolating
this dependence {@hn)*>- 0 onecan determine the width of the band g&g) ét
the given temperature.

The dependenciex’(hn)® = f (hn) for seven ZnSSe., thin films are shown
in Figure5. The increase of the thickness of samples leads to increasing the
optical absorption and, respectively, the optical band gap deduced from the linear
dependenca?(hn)® = f(hn). The found values d, = 2.68 3.50 eV are in good
agreement with those establigifer ZnSe and ZnS crystdi 11].
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Similarly, one can plot the graph

-

[h*u -In (m;;i—;j:m)] =f ":h’l-’}, 3)

where R,,... and B,;,, are the maximum and minimum of the reflectance
spectrum. For ordinate null Vall[lﬁv -In (@ﬂ = 0, the intersection of

—Rmin

extrapolated straight line with the ordinate gives the band gap &jdth
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Fig. 51 The cependenciea?(h3)® = f(h3) of ZnSSe., thin films.

-

The dependencie[shv-in M)] = f(hv) for six ZnSSe., thin

films are presented in Fi®. The values of the bd gap between 2.65 eV and
3.50eV were obtained by using the method described above.

For comparison, in Table dre shown thé&, values determined from the
reflectance spectra, from absorption spectra and the theoretical values. We note
that these values are in good agreement
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Table 1

Comparison of theoretical and experimental values,of

Energy band gap,E,
seJZgﬁdOJctor theoretical determ_ined from determined from
absorption spectra | reflection spectra
ZnSe 2.7 2.68 2.65
NS Se s 2.77 2.78
NS .Ses 2.88 2.89
NS sSe s 3.05 3.06
NSS4 3.14 3.16
ZnS Se) o 3.32 3.34
ZnS 3.5 3.50 3.50

The refractive index of the thin film was determined from the transmission
spectra using théenvelop® method[12i 13] proposedby R. Swanepoel. The
steps ofcalculating the index of refraction for Zi& , thin films were the
following:

a) Calculation of the refractive index of the substratg, from its
transmission spectrurifiy,, = f(I ) using the relations [12, 13]

1-aD: O

i

1
2
Tsup

sup

; 4)

>

Ng =

O

b) Plottingwindings interference minima and maxima of the transmission
spectrum of a thin filnT = f(I ) and determining the wavelength for each of a pair
of valuesTy, and T,

¢) Calculation of coefficienN using the relationship:

NZO—réﬂ (5)
T, A 2

M m

d) Calculation ofn values, using the formula:
n= [N + (N2 i n52)1/2]1/2. (6)

The dspersion of refractive index of ZgSe , thin films is represented in
Fig. 7. Depending on the increase of the concentration of S and decreasing the
concentration of Sethe refractive index of the respective layers increases from
2.80 (for the sample = 0.2)to 2.95 (for the sampbe= 0.8). These values are in
good agreement with those reported in the literature for ZnSe and ZnS crystals
[10, 11].
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Fig. 77 The dispersion of refractive index for ZIg8 _ thin films.

In the frame of a single oscillator model [14] dispersion of refractive index
in the region of transparency (for photon energies lower than the width of the band
gap) can be desbed by the equation

B (7)
E; i (he)

whereE, is a parameter which value is equal to about double the width band gap
(Eo @2Ey) andE, is a dispersion parameter.

Figure 8 presentsthe dependencé/(n'*-1) = f (hn)® for ZnSsSes thin
films into the glassThe respective values &f andE, are obtained from the slope
of the linear dependence. The values for other,2@$ thin layers are
summarized in Table.2
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Fig. 81 The dependence tydé(n'%i 1) =f(hn)? for ZnS,4Se,c sample

Table 2

Parameters of single oscillator model

Thickness of Substrate Deposition E E
ZnS,Se ., films temperature rate (e\(}) (e\O/)
d (mm) Tsw (K) rq(nNm/s)

0 0.50 300 1.50 43.47 5.42

0.2 0.67 300 1.43 4590 5.56
0.4 0.25 300 1.50 47.35 5.80
0.6 0.50 300 1.60 50.06 6.32
0.8 0.15 300 1.55 52.83 6.70

1 0.50 300 1.55 5558 6.93

4. CONCLUSIONS

We have studied the transmission spectra, reflection and absorption of
polycrystalline Zn&e thin films. It has been found that the wavelength rege
of 3801100 nm the reflectance does not exceed 0.5%, and the transmission
coefficient are in the range of i®7%. This tells us that the layers are transparent
and the absorption of electromagnetic waves in these layers is also quite small.



11 The optical properties of ZRSe,., thin films deposgted 1505

The kand g® energy values determined from the reflection and the
absorption spectrums dates; (= 2.65 3.5eV) are in good agreement with the
respective values for the massive crystals.

From the transmission spectra using feenvel opedo met hod
proposed habeen determined the refractive index of the polycrystallingZa$s
thin films. It decreases with increasing thickness and increase after the heat
treatment. For an explanation of the normal dispersion of the refractive index has
been used a single odatbr model.
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