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ABSTRACT

Wide bandgap ZnSe (Eg=2.7 eV) films were grown uimzeasing influence of reducing atmosphere Wi€H’C
growth temperature, 210 min deposition time andgudal to 1040.2. The concentration of hydrazindraye in

the bath was therefore varied and film stoichiom¢in/Se ratio) was determined from the EDS obsienva on the
films (0.993 to 0.570). All the films exhibited twite structure with preferred <101> orientationFM (3D) images
showed that the surface roughness varied from Oi/4b1o 0.155:m as Zn/Se ratio decreased. The reflectance
spectra gave decrease in the band gap (2.69 e\6®&V/) with decrease in Zn/Se ratio.
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INTRODUCTION

In recent years, 11-VI DMS thin film materials haadtracted tremendous attention in their fundaniesitalies as
well as in technical worldwide applications dueheir unique size dependent properties that atendifrom their

corresponding bulk characteristics. In additiodrastic cut in the production cost of these DMS isenductor thin
films in place of single crystals has been obserfle&]. Materials Science encompasses various etasg

materials; among them chalcogenides containingeSprSTe are a recognized group of inorganic mdsevidich

constitute a rich family of semiconductors [6]. &it wide band gap ZnSe (2.7 eV) would be a perfetth for

short wavelength optoelectronic device applicatiespecially, for blue laser diodes, light emittidigdes, laser
screens, thin film transistors, photo detectorst@boltaic cells and ZnSe based hetero structuresdiar cells [1-
10]. Wide band gap coupled with an optical tranepay (>80%) over a wide range make it suitablewiordow

layer and buffer layer in CIGS solar cells and absrs [1-11]. The ZnSe films were therefore pregaaad

investigated by the various growth techniques, sastlthemical bath deposition (CBD) [4, 5, 7, 12-Ebctron

beam evaporation [8, 9], thermal evaporation [tBEmical vapour deposition (CVD) [16], atomic lageposition
[17], electrodeposition [18], sol-gel method [18]¢ and their different properties have been studidese films as
a buffer layer have better conformity of latticegraeters to that of CIGS, non-toxicity and posgib# of obtaining
large area production at lower cost and procedsimgperature [4, 5, 12-15]. A very attractive methothis respect
is the chemical bath deposition [4, 5, 12-15]. &ual, morphological and optical properties ofsiadilms have
been studied through the XRD, AFM and UV-Vis tecjugis and are reported in this paper.
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MATERIALSAND METHODS

Preparation of the samples

The ZnSe thin film layers were obtained onto thecsfoscopic grade glasses from a liquid phase stimgiof AR
quality 0.5M ZnSQ and 0.25M sodium selnosulphate as the precursarsaithe deposition temperature of 70°C,
time equal to 210 min and pH around 10+0.25 [12mPlexing agent, 25% aqueous N&hd 80% (NH), H,O as
reducing agent (varied from 3-12 ml) were usedttain good quality thin films [12]. The as-depesitfilms were
characterized through the composition, structurdase morphology and optical characteristics.

Characterization of the samples

The film composition and surface morphologies weren investigated by the EDS and AFM techniques Th
JEOL6360, JED2300 scanning electron microscopedadaiber-Veeco atomic force microscope (in bo#tée and
reference information) were used for these studibs.crystalline nature and structure were detegthioy an X-ray
diffraction technique (Bruker-AXS-D8, Cu/40kV/40mMjith CuKa line (.= 1.5406 A). The range obXalues was
from 20° to 80°. Optical transmission at room terapgre was recorded in the 200 nm-2500 nm waveteragige
using a UV-Vis-NIR spectrophotometer.

RESULTSAND DISCUSSION
Compositional analysis
For chemical deposition of ZnSe, growth kineticggasts that, ammonia provides an alkaline envirotiwéereas
release of Seions is solely controlled by the hydrazine hydrarel therefore film composition is decided by the
concentration of hydrazine hydrate in the bathlp], In this experiment, ZnSe films were obtairfieda varying
concentration (3ml-12ml) of hydrazine hydrate ie ttath [12] and for each of the samples, an avesaggosition
was determined by an EDS technique shown in Table.1

Tablel: An EDSanalysisof ZnSefilmsdeposited for various concentration of hydrazine hydrate (P- ml Sample).

Sample P3 P4 P5 P6 P1 P9 P10
Mass % Zn | 49.82| 49.65 48.88 4586 44.40 43,63 3647
Se | 50.18) 50.3§ 51.1p 53.14 55.60 56|37 63.53
Zn/Se ratit 0.99: | 0.9¢ | 094 | 0.8¢ | 0.7¢ | 0.77 | 0.57

Analysis of the spectra showed that the Zn-conierthe film typically decreased from 49.82 at% ®.4% at%
whereas Se-content increased from 50.18 at% tB68% as Zn/Se ratio was varied from 0.993 to 0Gyystal
growth is nearly stoichiometric for low concenteatiof hydrazine hydrate whereas, enhanced ratedfction at
higher concentration of hydrazine hydrate led toribn stoichiometric deposits.

Structural properties

The structure of these films was then determingaiguan XRD analysis. All the samples are crystallirexagonal
wurtzite type phase with growth orientation alorip&> [12]. The d-values and I/Imax values nearlyamnavith
that of the JCPD data [20]. A little decrease itida parameters (a and c) has been observed asmshd-ig. 1(a).
Fig. 1(b) also shows variation of interplanar dist (d) with Zn/Se ratio. d is found to be consatdey decreased
with Zn/Se ratio. The crystallite sizes were thestedmined for all the samples and found to be deee
continuously from 67 nm to 55 nm as the Zn/Se natis decreased from 0.993 to 0.570.

AFM Analysis

Surface topological features of different Zn/Séoraamples as-observed under AFM (3D) are showigir2. The
films exhibit an uniform surface with spherical dimbedded, fine grains. The surface roughness, BXSage
value and heights were determined. The surfacehroegs varied from 0.451m to 0.155um. Initially, when Zn/Se
ratio is high, crystallites appear to be nearlyespal with slightly bigger in size and growth peads with
formation of hillocks and valleys. Surface rouglsés more in this case (micrograph a). As the Zm&m is
decreased, hillocks collapse and surface becomestknirhis is clearly seen from the micrographsd d. RMS
average values and average heights varied fromr2@69to 0.007um and 0.30Qum to 0.226um, respectively.
Average height is an indicative of size of theduks and valleys.

178
Pelagia Research Library



Pandurang C. Pingale et al Adv. Appl. Sci. Res,, 2013, 4(3):177-181

6.9
406 .
N
308 T

° es o \

< 404 < o "

= P <

< o 3

& L = 3044

= 0 - )

S Le7 ¢ 9

7 402 \ \ c 3 &1

5 ~ s

o a - o 3.004

8 \ 66 @

o
= 4,00 ~—_ =
< \ o 2.96
. l65 -
3.98 : : T T T
1.0 0.9 0.8 07 0.6 0.5 o oo o8 07 06 o5
Zn/Se ratio .
(@ Zn/Se ratio

(h\

Fig. 1. Variation of (a) lattice parametersand (b) d valueswith Zn/Seratios
a) Zn/Se = 0.993, b) Zn/Se = 0.94, ¢) Zn/Se = @)7Bn/Se = 0.77 and e) Zn/Se = 0.57

Fig. 2. 3-D AFM images of as-deposited ZnSethin films.
a) Zn/Se =0.993, b) Zn/Se =0.79, ¢) Zn/Se77 @&nd d) Zn/Se = 0.57.

Optical studies

The variation in optical transmittance was recordethe wavelength range from 200 nm to 2500 nmalbthe
films. Fig.3 shows variation in %T with wavelendit). The transmittance spectra showed minimum trasson at
shorter wavelengths whereas maximum transmissidhdrhigher wavelength range and the transmissige &
not sharp as expected for thin films. The eddeusd to be shifted towards longer wavelength sisi&n/Se ratio
is decreased. The optical gaps were then calcufatedll the film compositions and its variationtwiZn/Se ratio is
shown as inset in Fig. 3. The band gap of ZnSeusd to be decreased from 2.69eV to 2.52 eV asdtie Zn/Se
was decreased from 0.993 to 0.570. It appears fibrahearly stoichiometric ZnSe, the band gap ghbr and it
decreased down as the film stoichiometry is deegkathe variation of band gap with Zn/Se ratio seémbe
contradictory with the literature, because in oase particle size is found to be decreased withedse in Zn/Se
ratio. Obviously band gap should increase dueze guantization. In our case, the variation indogap can be
correlated to the compositional studies of thebasfi wherein Zf is replaced from the lattice by the hydrazine
hydrate. In effect, films are selenium rich andserece of excess metallic selenium phase in therfiey be the
probable reason to decrease the band gap. Thisither be supported by the observed conductivigasurements
on these films wherein the electrical conductivétyound to be increased considerably with decreaZa/Se ratio.
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Fig.3. % T vsifor ZnSefilmsof variousratios: Inset (Variation of Eg vsZn/Seratio)
a) Zn/Se = 0.993, b) Zn/Se = 0.94, c) Zn/se =,0.@9Zn/Se = 0.77 and e) Zn/Se = 0. 57.

CONCLUSION

In conclusion, excellent quality ZnSe thin filmancbe grown under the influence of hydrazine hydrahe films
exhibit wurtzite hexagonal phase with growth oréiun along <101>. The films exhibit an uniform feiwe with
spherical dip embedded, fine grains. The reflaxaspectra gave a decrease in the band gap (2.68 285 eV)
with decrease in Zn/Se ratio. A resulting bandgbp.B5eV is a technically fit for PV- applicatioas an absorber
material.
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