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SHAPING

We carried out the investigation in photoelectric properties of pho-
toconverter on conditions that shaped each level of its structure. Cad-
mium sulphide layers doped with zinc (ZnхCd1-xS, x ≤ 0,2) obtained 
by electrohydrodynamic spray procedure on glass substrates coated 
with tin dioxide by the practice described in [--] were used as the 
basic ones.

The thickness of these layers is 3...4 µm. The 
layer of СuС1 was applied by thermal sputtering 
on surface of cadmium sulphide one being under 
room temperature. Then, Сu2S layer is shaped 
under heating as the result of substitution reac-
tion in solid phase 

2Cu1-γCl + Cd1-δCdS ↔ (1 – δ)Cu1-γ
where γ and δ – the numbers described the de-γ and δ – the numbers described the de- and δ – the numbers described the de-

viation degree from stoichiometry for СdS and 
СuС1, correspondingly. The compound СdСl2 
obtained as reaction outcome can be wasted by 
washing in distilled water. The deposition of cop-
per contact was the crown stage to form the con-
verter.

The introduction of Zn into CdS layer to in-
crease open-current voltage (Uoc) leads simulta-
neously to increase in base resistance and respec-
tively to decay of short-circuit current (Isc). So, 
the decrease of resistivity was the first stage to 
optimize the conditions for heterojunction shap-
ing. ZnxCd1-xS newly-made layers were thermally 
treated on air and in vacuum with different time 
intervals and under various temperatures. The 
dependencies of Uoc and Isc on vacuum anneal-
ing temperature within the range 470 K – 770 K 
are presented in Figure 1. The given curves show 
that the maximum values of Uoc and Isc can be 
reached within the annealing range 710...740 К. 

Such higher temperature value is connected 
with recrystallization processes in ZnxCd1-xS 
layer. The optimal annealing time is 25 minutes. 
One should take into account that the decrease 
of sulphur surface concentration and desorption 

oxygen adsorbed under growth are the important 
processes in vacuum annealing because oxygen 
in ZnxCd1-xS base level increases its resistivity 
and hampers the reaction of СuхS shaping. As the 
annealing result cadmium sulphide surface be-
came enriched in cadmium. 

Figure 1. Photoconverter dependence of Uoc (1) and 
Isc (2)on ZnxCd1-xS vacuum annealing temperature 

(АМ- 1,5).

The base surface should be depleted with sul-
phur accordingly to chemical reaction to obtain 
СuxS of stoichiometric composition. The stoi-
chiometric composition of СuxS is necessary to 
obtain photovoltaic effect observed only in chal-
cocite phase (Cu2S). Vacuum annealing will im-
prove the efficiency of elements when ZnxCd1-xS 
surface is enriched with sulphur that has been 
observed in our case. 

The fact that vacuum annealing agrees with 
production technology of (ZnCd)S/Cu2S pho-
toconverters (by substitution process in solid 
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The base surface should be depleted with sulphur accordingly to 

chemical reaction to obtain СuxS of stoichiometric composition. The 
stoichiometric composition of СuxS is necessary to obtain photovoltaic effect 
observed only in chalcocite phase (Cu2S). Vacuum annealing will improve the 
efficiency of elements when ZnxCd1-xS surface is enriched with sulphur that has 
been observed in our case.  

The fact that vacuum annealing agrees with production technology of 
(ZnCd)S/Cu2S photoconverters (by substitution process in solid phase) should be 
referred to the positive aspects in thermal treatment of ZnxCd1-xS layer. Such 
annealing is carried out before deposition of cuprum chloride and is one of the 
stages to shape heterostructure in the united technological process.  

The annealing of base layers in air slightly improves photoconverter 
parameters. This can be explained as follows: oxygen and sulphur are not removed 
during such annealing, and surface parameters are not applicable to shape effective 
heterojunction.  

The determination of optimal conditions to create cuprum sulphide layer 
that provides high efficiency of photoconverter is seemed to be important. The 
data [] showed that СuXS was grown by epitaxy on CdS and sulphur sublattice 
remain unchanged. Only cuprum and cadmium atoms diffuse during the reaction. 
The deviation in СuС1 and СdS stoichiometry will be represented in cuprum 
sulphide stoichiometry. So, we have paid our particular attention to grow СuС1 
layer of stoichiometric composition. One knows that CuCl is not stable 
composition and can pass into СuС12·2Н20 crystalline hydrate phase. When this 
material is applied in deposited layer of cuprum chloride the impurity in the form 
of СuС12 or СuСl2 2Н20 will be present and the composition СuxS that differs 
significantly from Сu2S is determined. So, СuС1 powder (newly-prepared or 
cleaned) was used for deposition of cuprum chloride layer, and evaporator was 
covered by copper chip to saturate chlorine ions with it fully. This resulted in 
cuprum chloride layer that the nearest to stoichiometric one.  

When temperature of substrate with ZnxCd1-xS and СuСl increases 
higher that 370 K copper began to diffuse from CuCl to the growing surface of 
cuprum sulphide, and at the same time cadmium diffuses from cadmium sulphide 
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phase) should be referred to the positive aspects 
in thermal treatment of ZnxCd1-xS layer. Such 
annealing is carried out before deposition of cu-
prum chloride and is one of the stages to shape 
heterostructure in the united technological pro-
cess. 

The annealing of base layers in air slightly 
improves photoconverter parameters. This can 
be explained as follows: oxygen and sulphur are 
not removed during such annealing, and surface 
parameters are not applicable to shape effective 
heterojunction. 

The determination of optimal conditions to 
create cuprum sulphide layer that provides high 
efficiency of photoconverter is seemed to be im-
portant. The data [] showed that Сu

x
S was grown 

by epitaxy on CdS and sulphur sublattice remain 
unchanged. Only cuprum and cadmium atoms 
diffuse during the reaction. The deviation in 
СuС1 and СdS stoichiometry will be represented 
in cuprum sulphide stoichiometry. So, we have 
paid our particular attention to grow СuС1 layer 
of stoichiometric composition. One knows that 
CuCl is not stable composition and can pass into 
СuС12·2Н20 crystalline hydrate phase. When this 
material is applied in deposited layer of cuprum 
chloride the impurity in the form of СuС12 or 
СuСl2 2Н20 will be present and the composition 
СuxS that differs significantly from Сu2S is de-
termined. So, СuС1 powder (newly-prepared or 
cleaned) was used for deposition of cuprum chlo-
ride layer, and evaporator was covered by copper 
chip to saturate chlorine ions with it fully. This 
resulted in cuprum chloride layer that the nearest 
to stoichiometric one. 

When temperature of substrate with ZnxCd1-

xS and СuСl increases higher that 370 K copper 
began to diffuse from CuCl to the growing sur-
face of cuprum sulphide, and at the same time 
cadmium diffuses from cadmium sulphide to the 
growing surface of СdCl2. As the rates of cop-
per and cadmium diffusion depend on vacancy 
concentration, there will be the dynamic equilib-
rium between diffusant concentrations. During 
the most period of reaction the diffusion of Cu 
and Cd will take place through the mixtures of 
cuprum chloride and cadmium chloride, on the 
one side, and through the mixtures of cuprum sul-

phide and cadmium sulphide, from the other side. 
At the start of reaction vacancy concentrations 
will be significant and diffusion through thin ar-
eas of mixtures will be easy. As reaction follows 
the areas of mixtures become thicker and thicker 
and diffusion through the whole width becomes 
hampered. So, when thickness (d) of CdСl2 layer 
increases, diffusion of cooper from CuCl will 
decrease sharply. It follows that thickness of cu-
prum chloride layer influences considerably on 
kinetics of СuхS formation. 

To determine the optimal thickness (d) of CuCl 
layer we studied the dependence of photocell pa-
rameters on the mentioned value. The thickness 
of cuprum chloride layer was varied by changes 
in amount of powder charged into evaporator. 

Curves 1 and 2 (Fig. 2) demonstrate the chang-
es in open-current voltage and short-circuit cur-
rent of the samples from thickness (d) of CuCl 
layer. The given curves were measured under 
light intensity that corresponded to atmospheric 
mass AM 1,5. Figure 3 shows that maximum val-
ues of parameters and Iкз can be reached at values 
d ~ 0,4...0,6 µm. When thickness d decreases, the 
thickness of growing СuxS layer is not sufficient 
to absorb completely the incident radiation, so 
short-circuit current decreases, but at its increase 
the diffusion of cooper ions is blocked by the 
growing layer of cadmium chloride and the reac-
tion results in formation of cuprum sulphide layer 
with higher deviation from stroichiometry. 

Figure 2. Photoconverter dependence of Uoc (1) и Isc 
(2) on thickness (d) of СuС1 layer (АМ1,5). 
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Temperature of substitution process is rather significant to obtain СuxS 

being similar to the stoichiometric composition. The substrates with ZnxCd1-xS and 
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Temperature of substitution process is rather 
significant to obtain СuxS being similar to the 
stoichiometric composition. The substrates with 
ZnxCd1-xS and СuС1 layers were placed over the 
heater that increased temperature up to 440…460 
K and withstand it during t ~ (5...35) min.

Figure 3. Uoc dependence of photoconverter on forma-
tion time of СuxS layer at temperatures:  1 — 440; 2 
— 460; 3 — 480; 4 — 500 K 

Figure 4. CVC of ZnxCd1-xS — Сu2S heterojunction 
at АМ1,5 

The results for Uoc measurements on heating 
time are presented in Figure 3. All curves have 
the maximum, and the higher T, the maximum 
value Uхх reaches early. But the highest photo-
voltage value is reached at Т  = 440 К. At higher 
and lower temperatures these values decrease. 

The optimal conditions of layer formation are 
Т  ~ 440 К and t= 20 min.

Experimental current-voltage characteristics 
(CVC) for ZnxCd1-xS-Сu2S photoconverter made 
according to the optimized procedure are present-
ed in Figure 4. 

Under АМ 1,5 the effi ciency of photoconver-АМ 1,5 the effi ciency of photoconver- 1,5 the efficiency of photoconver-
ter with square 1 cm2 is 6,0% under open-circuit 
voltage Uoc = 510 mV and short-circuit current                 
Isc = 15 mА/cm2, CVC occupation coefficient is 
equal to = 0,61.

The described investigation determined the 
optimal conditions shape ZnxCd1-xS-Сu2S hetero-
junction for high-effective converters of solar en-
ergy into electric one. 
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Abstract
CdS-Cu2S thin film structures are prospective to be the base for high-efficient converters of solar 

energy to electric one. The theoretical efficiency of these elements is 27 %. But the complexity to 
obtain all components of the system with optimal parameters confines to reach such higher efficiency 
in practice. 
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ОПТИМИЗАЦИЯ УСЛОВИЙ ФОРМИРОВАНИЯ ГЕТЕРОФОТОЭЛЕМЕНТА CdS-Сu2S

Резюме
Тонкопленочные структуры CdS-Cu2S – являются перспективными для создания на их основе 

высокоэффективных преобразователей солнечной энергии в электрическую. Теоретический 
к.п.д. этих элементов составляет 27 %. Однако практическое достижение такого высокого 
коэффициента полезного действия ограничивается сложностью получения всех компонент 
системы с оптимальными параметрами.
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