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A Study on Properties of CulnS2 Thin Films by Cu/In Ratio
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Abstract

CulnS; thin films were synthesized by sulfurization of Cu/In Stacked elemental layer deposited onto
glass Substrates by vacuum furnace annealing at temperature 200 C. And structural and electrical
properties were measured in order to certify optimum conditions for growth of the ternary compound
semiconductor CulnS; thin films with non-stoichiometry composition. CulnS; thin film was well made
at the annealed 200 C of SLG/Cu/In/S stacked elemental layer which was prepared by thermal
evaporator, and chemical composition of the thin film was analyzed nearly as the proportion of 1 : 1 :
2. Physical properties of the thin film were investigated at various fabrication conditions substrate
temperature, annealing and temperature, annealing time by XRD, FE-SEM and Hall measurement
system. The compositional deviations from the ideal chemical formula for CulnS; material can be
conveniently described by non-molecularity(4x=[Cu/In]-1) and non-stoichiometry (Ay= [{2S/(Cu+3In)}-
1)). The variation of Ax would lead to the formation of equal number of doner and accepters and the
films would behave like a compensated material. The Ay parameter is related to the electronic defects
and would determine the type of the majority charge carriers. Films with Ay>0 would behave as
p-type material while Ay<0 would show n-type conductivity. At the same time, carrier concentration,
hall mobility and resistivity of the thin films was 9.10568x10"" ¢cm™, 312502 cm®/V - s and 2.36x10°
& - cm, respectively.
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Table 1. Overseas development of CIGS thin
film solar cell.

Organization Device structare Size[o] Eff. Output[W,]
NREL Cas/CIGS 0.408 195
AGU ZnS(0,0H)/CIGS o5 186
Showa Shell
5.4 y 0
Sekmick, | ZHOSOMCIGSSCIGS | 3456 136 4
134
:”:j" s':;g Z0(0,5,0H),/CIGSS/CIGS | 3459 | (300mX306m connected in 465
ekdyu parallel)
Shell Solar Cas/CIGSS 4938 131 648
‘Gmbb
‘Wurth Solar CdS/CIGS 6500 13.0 77.0
Shell Solar
S/C16 123 465
Industries cd S8 3623
‘Wurth Sola CdS/CIGS 5932 12.5 74.0
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Fig. 1. Electrical beam evaporator system.
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Table 2. Fig. 2 of EDX analyze result.

No. ||[Cu : In : S [atom%)] | Cu/ln S/(Cu+tIn)

(a) [|31.23 : 23.20 : 45.57| ~1.35 ~0.84

(b) 1124.87 : 3045 : 44.68| ~0.82 ~0.81

(c) (143.57 : 2939 : 27.04] ~1.48 ~0.37

(d) || 29.16 : 62.04 : 8.80 | ~0.47 ~0.10
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Fig. 2. Surface morphology of CulnS: thin film
by Composition rate.
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Fig. 3. Surface morphology of CulnS: thin film
by annealed time.
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Table 3. Fig. 3 of EDX analyze result.

No.|(Cu : In : S [atom%]| Cu/In |S/(Cutln)
(@) |24.87 : 3045 : 4468 | ~0.82 ~0.81
(b) [31.23 : 23.20 : 4557 | ~135 | ~0.84
(c) ||3443 : 2217 : 4340 | ~155 ~0.77
(d) ||36.81 : 2051 : 42.68 | ~1.79 ~0.75
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Fig. 4. XRD result of CulnS: thin film by
annealed time.
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Table 4. Properties of CulnS: thin film by
composition rate and electrical.

Carrier e e,
Sample No. |type conc[:srrlljt_rsz]uion [crrrrlxg?\l,]vlfys] R[EgSlStg:]y
CIS2-8h200 | p | 7.7470x10% | 222580 |3.62x107
CIS2-6h200 | n |4.2139x10"7 | 26.65097 |4.65x10”
CIS2-5h200 | p | 2.5656x10™ | 461.28653 | 3.40x10™
CIS2-31200 | n |2.1170x10" | 34.09999 |1.95%107
CIS2-3h200-3 | n }9.1056x10" | 312.50208 | 2.36x10™
CIS2-3h200-1 | n | 4.9813x10™ | 7.49163 |1.66x10"
CIS2-3h200-2 | n [4.9813x10™| 7.88583 |1.59x107
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Fig. 5. Absorption spectrum of CulnS; thin film,
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Fig. 6. Energy band gap of CulnSz thin film.
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