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Parameters Precursors solutions

CuS CUO.GZI‘IOAS ZnS

CUClz NaQS CUC12+ZHC12 NaQS ZHCIZ Nazs

Concentration (M) 0.1 0.05 0.1 0.05 0.1 0.05
Immersion time (s) 30 30 30 30 20 20
Recycle SILAR 40 40 40 40 40 40
pH ~3 ~12 ~4 ~12 ~5 ~12
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Sample hkl values  d values (A)

Asgrown 200°C 300°C 400°C

Cus (100) 3.37 348 354 -
(102) 3.07 305 306 -
(103) 2.83 282 280 -
(006) 2.61 269 266 -
(110) 1.90 190 187 203
(108) 173 .73 178 -

CuoeZnosS *—CuS**=ZnS  (100)* 331 323 341 3.42
(111 g™ - - 322 319
(102)* 3.06 307 306 304
(103)* 2.82 282 284 285
(200) B** 268 2.71 274 276
(006)* 2.59 257 263 268
(220)p** - 197 197 197
(110)* 1.90 190 180 189
(103)a™ 175 - - -
(108)* 1.70 175 172 170
(311)B* 165 - 164 164

ZnS (100)a 354 350 345 362
(111) B 3.14 314 308 314
(101)a 283 292 - 2.83
(200)p  2.09 274 276 275
(220)8 192 1.91 186 186
(103)a 181 182 - 1.73
(311)B 1.62 162 159 161
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Sample Grain Size (nm)

As grown 200°C 300°C 400°C
CuS 16.4 13.1 33.6 376
CupgZng oS 38.6 299 30.8 279
ZnS 2.7 19 37 63
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Annealing CuS band CugeZng ¢S band ZnS band
temperature (°C) gap (eV) gap (eV) gap (eV)
As-grown 2.03 214 3.92
200 1.99 212 3.84
300 1.97 2.05 3.67
400 1.87 1.85 3.47
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Thin film Spray solution Substrate Spray rate  Substrate material

material constitution temperature (°C) (ml min~")

Chalcogenide thin films

Binary

CdS CdCl», (NH>CSNH,), distilled water 300 28 glass

Cds CdCl,, (NH,CSNH,), distilled water 300 - glass

CdSe CdCl,, (NH,CSeNH,), distilled water 200-300 - titanium

CdSe Cd(NOs3),, Se vapour 300 (400-550) 10 corning glass

CdTe CdCl,, TeO,, hydrazine, NH;OH, HCI 330450 4-5 glass

Al:ZnTe Zn(NO3)2, Te vapour, Al (NO3)3, distilled water 160 (570) 0.1 corning glass

Ga:ZnTe Zn(NOs),, Te vapour, Ga (NO,),, 160 (570) 0.1 corning glass

In:ZnTe Zn(NO3)2, Te vapour, In (NO3)a, 160 (570) 0.1 corning glass

B :ZnTe Zn(NOs),, Te vapour, H3BO, 160 (570) 0.1 corning glass

P:ZnTe Zn(NO3),, Te vapour, H3PO, 160 (570) 0.1 corning glass

As :ZnTe Zn(NO3),, Te vapour, As;0, 160 (570) 0.1 corning glass

Sb: ZnTe Zn(NO,),, Te vapour, Sb,03 160 (570) 0.1 corning glass

In,S; InCls, [CS(NH,),], distilled water 335-375 10 glass

Bi,S, Bi(NO,)3, [CS(NH,),], acetic acid, formaldehyde 270 10 glass

BisS3 Bi(NOa)3, NasS, HNO3, distilled water 450 14 glass

BiS, Bi(NOs)s, [CS(NH,),], distilled water 320 - pyrex glass

Sb,Ss SbCls, [CS(NH,),], acetic acid, 250 10 glass

Sb,S; SbCls, thioacetamide, tartaric acid 300 5 glass

Sb-Se SbCls, SeO,, acetic acid, formaldehyde 150-250 14 glass

Sb,Ss SbCls,, thioacetamide, oxalic acid 300 14 glass

Ternary

CulnS; CuCl, InCls, (CS(NH>))», distilled water 360 15 borosilicate glass

CulnSe, CuCl, InCl,, (CSe(NH,)), distilled water 350 35 SnO, coated glass

CdyZn;_S CdCl,, ZnCl,, (H,NCSNH>), distilled water 450 35 glass

Cdg gZng»S CdCl,, ZnCl,, (H,NCSNH,), distilled water 400 1.2 glass

In : CdygZn,,S CdCl,, ZnCl,, InCls, (H,NCSNH,), distilled water 400 y &) glass

CdSb,S, CdCl,, SbCls, (H,NCSNH,), distilled water 200 11 SnO, coated glass

K-Sb-S K.SbO.C;H,O¢, (H,N CSNH,), distilled water 125-250 154 glass, SnO, coated glass

Cdo.sAlp2S CdCl,, AICl3, (H,NCSNHa), distilled water 350 - pyrex glass

Quaternary

CusZnSnSs CuCl, ZnCl», SnCls, (CHaNH), CS, ethanol, 280-360 2.5-3 sodalime glass
distilled water
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Abstract

In this thesis the physical properties of CuS nanotures, CuS-ZnS (CZS)
binary systems and @dnS (CTS) ternary alloy semiconductor thin films grows
spray pyrolysis method on glass and FTO substrates;the CTS/FTO thin film diodes
are studied. In this study various techniques oholg: Field Emission Scanning
Electron Microscope (FESEM), Energy dispersive tpeteter (EDS), X-ray
diffractometer (XRD), UV-Vis-NIR spectrophotometéthotoluminescence (PL), Hall
effect, and finally the current—voltage (I-V) met&ve been used.

In CuS samples which were grown at different S/Guamratios (0.33 and 0.43)
in the temperature rang of 260-320 we found while the as-grown layers have a
nanostructure feature with a polycrystalline catelbtructure and preferential (102)
orientation, as the substrate temperature is isegeghe band gap and the hole carrier
density of the layers are decreased.

Experimental data related to the influence of Zn/Maolar ratio on physical
properties of CuS-ZnS systems we found that witlreiasing this ratio not only the
preferred (102) orientation, corresponding to Ch&sg, is gradually changed to (111),
the dominant crystallite direction pfZnS cubic phase; but also the direct band gap and
the carrier density (p-type) are reduced.

In Cb,SnS samples we found, for the first time, these layaes crystallized in
triclinic phase; and with increasing the Sn/Cu maoddio (between 0O to 1) the preferred
(102) orientation is changed t@11) triclinic phase. Also this variation is together
with the reduction of about 1 eV in the band gaphefmaterial.

Finally we tried to fabricate a number of p/n juantdiodes using CTS/FTO thin
films and investigate their I-V characteristics@m temperature and in dark. The data
analysis showed that in these devices the recortdamneurrents have the dominant role
in their electrical characteristic.

Keywords: Thin films, Nanostructures, Chalcogenide compoun@dsS, Cus-ZnS,
CwSnS, Spray pyrolysis, CTS/FTO thin film dioes.
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