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Abstract: ZnS was chemically deposited as a buffer layer alternative to CdS, for use as a Cd-free buffer layer in

Cu(In;4Gay)Se, (CIGS) solar cells.

The deposition of a thin film of ZnS was carried out by chemical bath

deposition, following which the structural and optical properties of the ZnS layer were studied. For the experiments,
zinc sulfate hepta-hydrate (ZnSO4*7H,0), thiourea (SC(NH,),), and ammonia (NHsOH) were used as the reacting
agents. The mole concentrations of ZnSO,s and SC(NH), were fixed at 0.03 M and 0.8 M, respectively, while that of
ammonia, which acts as a complexing agent, was varied from 0.3 M to 3.5 M. By varying the mole concentration of

ammonia, optimal values for parameters like optical transmission, deposition rate, and surface morphology were
determined. For the fixed mole concentrations of 0.03 M ZnSO4*7H,O and 0.8 M SC(NH,),, it was established that
3.0 M of ammonia could provide optimal values of the deposition rate (5.5 nm/min), average optical transmittance

(81%), and energy band gap (3.81 eV), rendering the chemically deposited ZnS suitable for use as a Cd-free buffer

layer in CIGS solar cells.
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1. M E

Cu(in, Ga)Se; (CIGS): wlare st wheA] ejo
Ar2A A2 A wgo] 20% ol Huwl 9%
3 WESE A0 [1-4]. HEHEL CIGS 4%
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o] Utt. CdSE At&ste= 4% & stHel A1 o
UA] diE 730] 2.45 eV o|7] mZo] Tupy o9
7HAEE CdS S0l 545t A 'ae&2 daAldl
v wAE 21 5t [7.8]. @A o5 tiAlsk= Al
24| MuFoeN 2751 ot CASE ojAal
7] Y5t 7]=2A+= InS AES CBD (chemical bath
deposition) ¥ oz Xulst= 7|<&, Zn(S, O, OH)
Mes CBD Yoz Aguste 7l&, ISy Mas
ALCVD (atomic layer chemical vapor deposition)
Yoz dutste 71, (Zn, Mg)O AMas ALCVD
gjoz Adashs 71w 5ol At [9-14].

2 AFoM = CdSE diAlsh] st 2 =4 ZnS

S CBD Wyoz Iyshe Wyl sl 7 asigich
P99 ZnS ool oS UAIAUH(AFM, Park

systems, XE-150)0.2 HEHO] HA7|S &A51% o0
TENte &X AH|(UV-vis, Cary 100 Cone)E E3ff
Fe s F45HT

(@)
oy
o O

goz ZnS €arg FAbshr] g Ad A
d 104 Hi= vie} o] & &7|(water bath),
ohhot plate) ¥ &% ZxA7|2 JFAECH ZnSS
7] 943t 7172 ITO (indium tin oxide)?} Z-&F
thefd(soda-lime) /2] 7]Holct,

71T Ao ITO & dgl olf& ZnS 9o
bare f2jollE & SAEA] %1 ITO 9 FolMe &
Ato] A o] Zojx]7] wiFolt}. ZnS w9t PAHE A7
Holl AFEE 82 A 7HXE FGE

HA Zn* o] &2 7] Yt AFA|(precursor)2A]
ZnSO7t AHEEQI, S5 7] gt ALA|=A
2 9 A(thiourea)Ql SC(NHp); 80| AR&EQJTt. Of
Aleto g ArghA|(complexing agent)24] @ uopy
(NH4OH)7F AFEE Q). ITOZF I " /27w Ao
ZnS 9ratg ZAbsh7] st oAl et ok
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Fig. 1. (a) Configuration of the CBD process setup for ZnS film
deposition and (b) cross-sectional structure of the ZnS deposited

sample.
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Byoty B%r2 08 M (NHOH 60 mL + H,0
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Fig. 2. The deposition rate of ZnS films with different NH,;OH

solution concentrations.
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Fig. 3. The photos of ZnS films deposited on the ITO/glass
with different NH4OH solution concentrations.
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Fig. 4. Transmittance of the ZnS films with different NH,OH

mole concentrations.
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