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(57) ABSTRACT 

The present invention relates to a method for fabricating a thin 
layer made of a alloy and having photovoltaic properties. The 
method according to the invention comprises first steps of: a) 
depositing an adaptation layer (MO) on a substrate (SUB), b) 
depositing at least one layer (SEED) comprising at least ele 
ments I and/or III, on said adaptation layer. The adaptation 
layer is deposited under near vacuum conditions and step b) 
comprises a first operation of depositing a first layer of I 
and/or III elements, under same conditions as the deposition 
of the adaptation layer, without exposing to air the adaptation 
layer. 
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INTERFACE BETWEEN A I-III-V2 
MATERAL LAYER AND AMOLYBDENUM 

SUBSTRATE 

0001. The invention relates to the domain of manufactur 
ing in thin layers I-III-VI compounds, for example for pho 
tovoltaic applications. 
0002. In such compounds, with stoichiometry neighbor 
ing I-III-VI: 

0003 the element I from the first group of the periodic 
table of the elements can be copper (or also silver, or 
even a mixture of these elements), 

0004 the element III from the third group can be 
indium, gallium, aluminum or a mixture of these ele 
ments, and 

0005 the element VI from the sixth group can be sele 
nium, Sulfur or a mixture of these elements. 

0006 Such a compound globally has a chalcopyrite type 
crystallographic structure. 
0007. This compound in particular has excellent photovol 

taic properties. It can be then integrated in active, thin layer 
form in photovoltaic cells, in particular in Solar panels. 
0008. A non-expansive technique for depositing such a 
thin layer on large substrates (for example 30x60 cm) 
involves often a chemical deposition and, more particularly, a 
deposition by electrolysis. The substrate (for example a thin 
layer of molybdenum on glass) needing to receive the depo 
sition of the thin layer is provided on the surface of an elec 
trode immersed in an electrolytic bath composing salts of 
element I and/or element III and/or element VI. A voltage is 
applied to the electrode (relative to a reference mercury sul 
fate electrode) to initiate the deposition. 
0009. The process for manufacturing the whole solar cell 
product can further include steps of deposition of additional 
layers (such as a transparent ZnO layer, contact layers, etc.). 
0010. The solar cells based on the so-called “CIGS’ mate 

rial (“CIGS’ for Copper (Cu), Indium (In) and/or Gallium 
(Ga), and Sulfur (S) and/or Selenium (Se)) include thus a 
substrate or back contact for the collect of the electrons gen 
erated by the photovoltaic effect. A typical substrate is com 
posed of a glass or a metal foil, and at least one conductive 
layer deposited on its surface. The most common conductive 
layer used in the prior art is the molybdenum (Mo). 
0011. As described with more details hereafter, in an 
embodiment, element VI (S and/or Se) can be added to one or 
several layers of I-III material thanks to a heating treatment in 
Sulfur and/or selenium atmosphere, for obtaining a layer hav 
ing the desired stoichiometry I-III-VI. This step is called 
"sulfuration' or “selenization' hereafter. 
0012. One of the major issues observed in the prior art for 
the processes involving electrodeposition of I-III-VI (or 
I-III) layers is the lack of adhesion between the Mo substrate 
and Such layers. The lack of adhesion strongly decreases the 
electron collect at the back contact and thus reduces the 
performance of the solar cells. 
0013. In fact, the molybdenum substrate surface shows 
patchy oxide at certain locations and therefore the electro 
plated Cu. In Ga (S. Se) layer on top does not adhere well 
in those areas where the molybdenum is oxidized. 
0014. As for example, an embodiment of the prior art for 
manufacturing a CuInSlayer can consist on: 

0015 electrodeposing copper (Cu) on the molybdenum 
Substrate, 

0016 electrodeposing indium (In) on the copper layer, 
and 
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0017 applying a thermal annealing in order to intermix 
copper and indium in a same layer and to add Sulfur (S) 
to form finally a single I-III-VI homogeneous layer. 

0018. It has been observed that areas of molybdenum 
oxide (MoC) are formed at the interface between the Mo 
layer and the Cu layer after the deposition of the Cu layer. 
More particularly, during Sulfuration with H2S gas, Such 
areas are more likely to form copper Sulfite compounds 
(CuS). A problem arising from that effect is that copper rich 
compounds tend to diffuse outward and migrate to the top of 
the chalcopyrite material, leaving behind large gaps. In Such 
areas of Voids, the copper rich sulfide compounds have dif 
fused outwards. This can be explained by the presence of 
particles of copper rich compounds left behind in those areas. 
The voids that can be observed are called "Kirkendall voids' 
and occur because of the diffusion of copper away from these 
aaS. 

0019. The migration outward diffusion of copper through 
indium or gallium is high, due to the fact that such materials 
(indium and gallium) are liquid metals during the Sulfuriza 
tion process. 
0020. The present invention aims to improve the situation. 
0021. To that end, the invention proposes a method for 
fabricating a thin layer made of a I-III-VI alloy and having 
photovoltaic properties, 
element I being Copper, element III being Indium and/or 
Gallium and element VI being Sulfur and/or Selenium, 
the method comprising first steps of 
a) depositing an adaptation layer on a Substrate, 
b) depositing at least one layer comprising at least elements I 
and/or III, on said adaptation layer. 
0022. According to the invention, said adaptation layer is 
deposited under near vacuum conditions and step b) com 
prises a first operation of depositing a first layer of I and/or III 
elements, under same conditions as the deposition of the 
adaptation layer, without exposing to air said adaptation 
layer. 
0023 Therefore, the present invention proposes to create a 
metal layered structure and a method which, during Sulfur 
ization or selenization of the layers, will prevent the voiding 
at the adaptation layer (for example molybdenum)/I-III-VI 
layer interface. 
0024 Preferably, step b) comprises then a second opera 
tion of depositing at least one second layer of I an/or III 
elements, by electrolysis. 
0025 Preferably, said first and second layers comprise 
elements I and III and the method further comprises a step of: 
c) intermixing the first and second layers by a heating process, 
for forming advantageously an alloy I-III. 
0026. Preferably, step c) comprises an annealing operation 
in an atmosphere comprising at least one element VI. That 
kind of process is known as “sulfurization” or “selenization'. 
0027. The adaptation layer preferably comprises Molyb 
denum (or also Platinum as a variant). 
0028. In an embodiment, the aforesaid first layer com 
prises Copper. 
0029. Its thickness is preferably greater than 40 nm, while 
the adaptation layer has for example a thickness around 600 

. 

0030 Advantageously, the operation of depositing said 
second layer is performed in an acidic electrolysis bath. The 
acidity of the bath can thus corrode oxidation formed of the 
seed layer itself. 
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0031. The adaptation layer and the first layer can be depos 
ited for example by Sputtering and/or evaporation, preferably 
in a same machine. 
0032. In an embodiment, said first and second layers com 
prise both Copper and Indium, and wherein the atomic ratio 
between the amount of Copper to Indium is thereby between 
1 and 2. An advantageous Stoichiometry is for example 
CuIn as commented below. 
0033. In an embodiment where a third layer is deposited 
on the second layer, said first, second and third layers com 
prise both Copper, Indium, and Gallium, and the atomic ratios 
between the amounts of Copper to the sum of the amounts of 
Indium and Gallium is thereby between 0.6 and 2. 
0034. The present invention aims also at an electroplated 
I-III-VI compound layer deposited on a substrate through an 
adaptation layer, 
element I being Copper, element III being Indium and/or 
Gallium and element VI being Sulfur and/or Selenium, 
wherein the adaptation layer and at least one layer comprising 
at least elements I and III are deposited under near vacuum 
conditions without exposing to air said adaptation layer, and 
wherein oxidation is reduced at the interface between the 
adaptation layer and the I-III-VI compound layer by a factor 
of at least 10, compared to a structure of an electroplated 
I-III-VI compound layer deposited on an adaptation layer 
without depositing said layer comprising at least elements I 
and III under near vacuum conditions. 
0035. It will be shown, with reference to FIG. 6 com 
mented below, that such a ratio of 10 can be much higher. 
0036. The present invention aims also at a solar cell device 
comprising an electroplated I-III-VI compound layer accord 
ing to the invention. 
0037 Other characteristics and advantages of the inven 
tion will become apparent on examining the detailed descrip 
tion below and the attached drawings in which: 
0038 FIG. 1 schematically shows an electrolytic bath to 
grow layers by electro-deposition, 
0039 FIG. 2 schematically shows the seed layer under 
neath a I-III electro-deposited layer, 
0040 FIG.3 is a diagram showing resistivity properties of 
a copper seed layer versus its thickness, 
0041 FIG. 4 shows reflectance stability versus the copper 
seed layer thickness, 
0042 FIG.5 shows the effect oftemperature control of the 
substrate when exposed to air after deposition of the seed 
layer, on its reflectance (relative to its oxidation), 
0043 FIG. 6 is a SIMS diagram (for “Secondary Ion Mass 
Spectroscopy') showing respective amounts of oxygenatoms 
in a molybdenum layer with a copper seed layer deposited on 
it (solid line) and without any seed layer (dashed line). 
0044) Referring to FIG. 1, an electrolytic bath BA may 
include salts of element I and/or element III and/or element 
VI. A voltage is applied to the electrode EL (relative to a 
reference mercury sulfate electrode ME) to initiate the depo 
sition. 
0045. However, such baths are judged to be unstable 
because of the presence of the element 
0046) VI in the bath. Thus, growing a layer of global 
Stoichiometry neighboring I-III for example and next treating 
the resulting layer by subsequent supply of element VI could 
be considered. However, here again, the growth of the I-III 
layer by electrolysis could turn out to be unstable and in 
particular the control of the stoichiometry of the I-III alloy in 
the final layer is not assured. 
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0047. It is therefore currently preferred to deposit a mul 
tilayer structure according to a sequence of elementary layers 
(for example a layer of element I, then a layer of element III, 
and then optionally a new layer of element I and a layer of 
element III, etc.), and then apply a thermal treatment (typi 
cally annealing according to a selected sequence of raising, 
holding and lowering temperature) to obtain an “intermixed 
structure, therefore mixed, of global I-III stoichiometry. 
0048. The element VI can be supplied subsequently (by 
thermal treatment of selenization and/or sulfuration) or at the 
same time as the aforementioned annealing to obtain the 
desired I-III-VI stoichiometry. 
0049. The resulting layers have satisfactory photovoltaic 
properties by providing thereby good yields of photovoltaic 
cells incorporating Such thin layers. 
0050 More particularly, referring now to FIG.2, such I-III 
layers are deposited on an adaptation layer Mo between the 
substrate SUB and the I-III layers CI. The adaptation layer is 
generally made of a stable metallic material Such as molyb 
denum. 

0051. In order to prevent oxidation of the adaptation layer 
(Mo) and to promote adhesion of the future I-III-VI layer on 
it, the invention proposes to deposita thin Cu, In or Ga"seed' 
layer or “strike” layer (referred as “SEED' on FIG. 2), on top 
of the adaptation layer Mo (made of molybdenum or of an 
alloy comprising that element for example). This seed layer is 
deposited under vacuum or near vacuum conditions (for 
example by physical deposition technique (for example by 
spraying a target under very low pressure) or any equivalent 
technique). 
0.052 Both the adaptation layer Mo and the seed layer 
SEED are deposited in “vacuum' conditions and in particular 
without exposure to air. 
0053. After that step, other possible I-III layers (referred 
as CI layers on FIG. 2) are deposited for example by elec 
trolysis on the seed layer (which is electrically conductive 
since Cu, In and Ga are conductive metals). 
0054. In order to ensure a robust interface between the 
seed layer and the other I-III layers, an acid plating chemistry 
including salts of copper and/or indium and/or gallium and/or 
any other I, III material, is preferably used on top of the seed 
layer to etch possible oxide stains located on the top surface of 
the seed layer. It is worth noting here that most of the existing 
Cu, In, Ga electrolytic solutions for electrolysis are acid. 
0055 Tests have been carried out with a copper layer as a 
seed layer deposited on a molybdenum layer. 
0056. A robust MofCu interface is satisfactory to prevent 
Kirkendall voiding but in order to further improve the inter 
face morphology, a ratio between elements I and III is to be 
optimized. For example, copper (Cu) left over at the MofCu 
interface shall be controlled. It has been identified more par 
ticularly that a minimum amount of Cu required to react with 
indium (In) and to form a Cu11 In 9 layer contributes to 
improve adhesion on Mo. 
0057. In order to slow down the diffusion of Cu in the 
element III liquid (In or Ga) during Sulfurization, an alternate 
fabrication process is proposed here, where a first binary alloy 
of Culn2 is first electroplated and than converted into a sec 
ond alloy Cu11 In9 (and/or CuGa2 if the first alloy includes 
Ga). This second alloy is then sulfurized (or selenized) in 
order to form a sulfurized CuInS2 (or selenized CuInSe2) 
chalcopyrite structure. 
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0058. It should be noted that CuInGaS(or Se) I-III-VI 
material can be obtained by electroplating a CuIn2 alloy on a 
Mo/Cu interface followed by the electroplating of a CuGa2 
alloy. 

EXAMPLES OF EMBODIMENTS 

0059 By using electrochemistry, copper/indium/gallium 
deposits show high purity and large grain structure especially 
after Soft annealing. The Cu and In grain structures can be 
matched resulting in a large grain structure for the chalcopy 
rite material. 

0060. In order to prevent oxidation of molybdenum (Mo) 
and to promote adhesion of Mo and CuInGaSeS, a thin Cu or 
In seed layer is deposited on top of the Mo in a vacuum 
system. Both the Mo and the seed are deposited in vacuum 
without exposure to air, for example by using a technique of 
deposition such as vapor phase deposition (or “PVD'). 
0061 Samples with 600 nm Mo tensile stress and 40 mm 
Cu seed on soda lime glass have been fabricated. The cells 
with tensile Mo showed no loss of adhesion and 9-10% effi 
ciency. 
0062) Substrates (soda lime glasses) are preferably pre 
pared prior to PVD deposition with a washer using detergent 
solution and multiple steps brushes. Glass is dried with an 
ultra pure air flow. This contamination control prevents from 
possible surface defects which lead to pinholes during dry 
deposition step. 
0063 For industrial compatibility and process stability, it 
has been observed that the thicker the Cu seed layer is and the 
better the control of the electrical parameters of the complete 
glass/Mof Custack is, and specially regarding the sheet resis 
tance uniformity for large Substrates. 
0064. The molybdenum layer is made of several molyb 
denum sub-layers done with same or different PVD process 
conditions (power, gas ratio). A specific resistivity is to be 
optimized to ensure film stability and further CIGS or 
CIGSSe layers stability. 
0065. The minimum Cu seed thickness is set at 74 nm 
which is twice as the electron mean path in copper. Below this 
value, a strong increase of the resistivity of the copper seed 
layer is observed. With reference to FIG.3, for a slight varia 
tion of the thickness across the Substrate during coating (usual 
coaters having a non-uniformity of 3 to 5% across the sub 
strate), the variation of resistance sheet can be lowered by a 
thicker copper seed layer. 
0066. With a thickness of 80 nm, the uniformity of the 
sheet resistance of the MofCu back contact is found to be 
better than 5%. In that case, the MofCustack can be below a 
specific resistivity (for example 12 uOhm.cm) if the Molayer 
thickness is around 600 nm, providing thus abilities for grow 
ing I-III layers by electro-deposition. 
0067 FIG. 4 shows that oxidation of the copper layer is 
lower with a thickness of 60 or 80 nm instead of 40 nm. In fact, 
the oxidation is detected by the brightness variation of the 
layer. The diagram of FIG. 4 shows that reflectance is higher 
after 20 minutes of exposure to atmosphere (at a temperature 
of 21°C., with relative humidity of 45%). 
0068. It has been observed also that Mo? Custack is very 
sensitive to exposure to atmosphere when hot. The tempera 
ture of the substrate when exposed to air after sputtering 
process during unload step has an implication on the reflec 
tance measured on the MofCu layer at a wavelength of 560 
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nm. More particularly, as a general rule, coated Substrates 
should not see atmosphere preferably at temperature above 
70° C., as shown on FIG. 5. 
0069 FIG. 6 is a SIMS analysis diagram of: 
0070 a Mo layer deposited by PVD (dashed line), 
(0071 a stack of Mo layer (deposited by PVD), under 

neath a copper layer deposited by PVD (solid line). 
(0072. It shows that the oxygen in the Mo/Cu(PVD) struc 
ture is captured by copper rather than by Mo. The Mo/Cu 
(PVD) seed interface is almost free of oxygen. Alternatively, 
Mo/Cu(electrolysis) layer has a lot of oxygen at the Cu inter 
face exposed to air. More particularly: 

0.073 Molayer of the Mo/Cu(PVD) stack has about 20 
times less oxygen than the Molayer, 

0074 the Cu (PVD) capping layer on Mo has about 50 
times less oxygen content than in the normal Molayer. 

0075. Therefore, Cu capping layer protects the Mo layer 
from oxidation. Cu oxide can be easily removed by an acidic 
pH solution which can be provided by most of preexisting 
electrolysis baths. 
0076 Finally, the reduced amount of oxygen atoms (i.e. 
oxidation) found at the interface between the adaptation layer 
(Mo) and the I-III-VI compound at the end of its fabrication is 
an evidence of the implementation of the process according to 
the invention. 
0077. Therefore, the invention aims also at an electro 
plated I-III-VI compound layer deposited on a substrate 
through an adaptation layer, wherein the adaptation layer and 
at least one layer comprising at least elements I and III are 
deposited under near vacuum conditions without exposing to 
air said adaptation layer, and, more particularly, wherein oxi 
dation is reduced at the interface between the adaptation layer 
and the I-III-VI compound layer by a factor of at least 10, 
compared to a structure of an electroplated I-III-VI com 
pound layer deposited on an adaptation layer without depos 
iting said layer comprising at least elements I and III under 
near Vacuum conditions. 
0078. The invention aims also at a solar cell device com 
prising Such an electroplated I-III-VI compound layer. 
(0079 More particularly, it has been observed that the 
adhesion between the adaptation layer and the I-III-VI com 
pound layer passes the ISO-2409 test (vendor reference 
99C8705000 test). Moreover, the interface between the I-III 
VI compound layer and the adaptation layer is almost free 
from Void. 
0080. The effect of such features is an improvement of the 
surface conductivity of the formed structure. 

EXAMPLES OF EMBODIMENT 

I0081 Example 1: Glass/600 nm Mo/Cu 40 nm (under 
vacuum)/Cu citrate (electrolysis)/In sulfate (electrolysis)/Cu 
citrate (electrolysis)/In sulfate (electrolysis) 
I0082. The Cu citrate layer is electroplated while stirring a 
paddle cell in the electrolysis bath, with a current density of 5 
mA/cm2 during 51 seconds for growing a layer having a 
thickness of 110 nm. The In sulfate layers are electroplated 
with a current density of 0.5 mA/cm2 during 1000 seconds for 
growing 200 nm thick layers (at 70% efficiency). The second 
citrate Cu layer is electroplated during 70 seconds and its 
thickness is 150 nm. 
I0083. Example 2: Glass/600 nm Mo/40 nm Cu (under 
vacuum)/Cu Shipley(R) electrolytic solution (Layer 1)/Insul 
fate (Layer 2)/Cu Shipley(R) electrolytic solution (Layer3)/ In 
sulfate (Layer 4) 
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0084. Layer 1: CuShipley 3001 chemistry, 15 mA/cm, 21 
seconds (110 nm thick) 
0085 Layer 2: In sulfate, 0.5 mA/cm, 1000 sec (200 nm 
thick at 70% efficiency), Pt anode, 
I0086 Layer 3: CuShipley 3001 chemistry, 15 mA/cm, 28 
sec (150 nm thick) 
0087 Layer 4: In sulfate, 0.5 mA/cm, 1000 sec (200 nm 
thick at 70% efficiency), Pt anode. 
0088. Example 2 is preferred to Example 1 because large 
grainstructure of the electroplated Culayers from the Shipley 
3001 chemistry is matched with the indium chemistry, result 
ing in large grains in the chalcopyrite layer. Moreover, the 
acidity of the Shipley 3001 copper bath prevents the surface 
of the Cu layer deposited under vacuum from oxidation. 
I0089. Example 3: Glass/600 nm Mo/80 nm Cu (under 
vacuum)/Cu EnthoneR (Layer 1)/In Enthone(R) (Layer 2) 
0090 Layer 1: Cu Microfab SC chemistry, 15 mA/cm, 
120 sec (340 nm) 
0091 Layer 2: In Heliofab 390, 15 mA/cm, 180 sec (450 
nm at 70% efficiency) 
0092. Example 3 is a preferred embodiment because of the 
efficient thickness of the copper seed layer, preventing from 
oxidation the interface with molybdenum, according to an 
advantage of the present invention. Moreover, the acidity of 
the Microfab SC copper bath prevents the surface of the Cu 
layer deposited under vacuum from oxidation. 
0093. Example 4: Glass/600 nm Mo/80 nm Cu (under 
vacuum)/Cu Enthone.R. (Layer 1)/In EnthoneR (Layer 2)/Ga 
EnthoneR (Layer 3) 
0094. Layer 1: Cu Microfab SC chemistry, 10 mA/cm2, 25 
sec (70 nm) 
0095 Layer 2: In Heliofab 390, 20 mA/cm2, 60 sec (380 
nm) 
0096 Layer 3: Ga Heliofab 365, 20 mA/cm2, 15 sec (160 
nm) 
0097 Example 4 introduces Gallium as a different ele 
ment III from Indium. 
0098. In these examples of embodiment, the terms “Cu 
(under Vacuum) relate to copper deposition under “near 
vacuum conditions'. Such conditions aim a monitoring of 
possible contamination by residual oxygen, water, etc. of the 
copper layer during its deposition by Sputtering. More par 
ticularly, the pressure in the Sputtering chambers is limited to 
a range between 1.107 and 5.10 mbar. During the sputter 
ing process itself (of molybdenum or copper), the pressure 
can be higher, for example in a range form 1 to 10 bar. 
0099. It should be understood more generally that the 
deposition of the molybdenum adaptation layer is performed 
under near vacuum conditions (within an extended range 
between 1.107 mbar and 10ubar, e.g. between 10'bar and 
10 bar) and followed by the copper layer deposition in 
similar conditions, and more particularly without exposure to 
air between the two layer depositions. 
0100. Of course, the scope of the present invention is not 
limited to the embodiments described above as examples but 
embraces also alternative embodiments. 
0101 For example, the seed layer can be formed of 
another element I. Such as silver, instead of copper. It can be 
formed also of an element III. Such as indium or aluminum or 
an alloy of these elements which may comprise also gallium. 
It may be formed, more generally, of an alloy comprising 
elements I and/or III. The thickness of the seed layer can be 
chosen according to the mean free path of the material chosen 
for the seed layer. 
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0102. As for examples, the seed layer can be formed of an 
elemental layer (a pure Copper layer, or a pure Indium layer), 
or also of an alloy layer Such as CuIn, CuGa, CuInGa, or 
InGa. 

0103 However, more generally, the seed layer comprises 
“at least elements I and/or III. Therefore, it can include 
another element. For example, it can include Molybdenum 
(Mo). More particularly, the seed layer can comprise alloys 
such as MoCu, MoIn, or MoGa. 
0104 Moreover, the electroplated elements I and/or III 
can be deposited as a single I-III layer. For example, salts of 
element I and element III can be provided in a same electroly 
sis bath. 

0105. The substrate on which the adaptation layer is 
deposited can be either a glass (Soda lime) Substrate or a 
metallic Substrate Such as a steel sheet for example. 
0106 Moreover, the invention applies to any adaptation 
layer metal that oxidizes in air (e.g. Molybdenum or any other 
metal). 

1. A method for fabricating a thin layer made of a I-III-VI 
alloy and having photovoltaic properties, 

element I being Copper, element III being Indium and/or 
Gallium and element VI being Sulfur and/or Selenium, 

the method comprising first steps of 
a) depositing an adaptation layer on a Substrate, 
b) depositing at least one layer comprising at least elements 

I and/or III, on said adaptation layer, 
wherein said adaptation layer is deposited under near 

vacuum conditions and step b) comprises a first opera 
tion of depositing a first layer of I and/or III elements, 
under same conditions as the deposition of the adapta 
tion layer, without exposing to air said adaptation layer. 

2. The method of claim 1, wherein step b) comprises a 
second operation of depositing at least one second layer of I 
an/or III elements, by electrolysis. 

3. The method of claim 2, wherein said first and second 
layers comprise elements I and III and the method further 
comprises a step of: 

c) intermixing the first and second layers by a heating 
process. 

4. The method of claim3, wherein said step c) comprises an 
annealing operation in an atmosphere comprising at least one 
element VI. 

5. The method of claim 1, wherein said adaptation layer 
comprises Molybdenum. 

6. The method of claim 1, wherein said first layer com 
prises Copper. 

7. The method of claim 6, wherein said first layer has a 
thickness greater than 40 nm. 

8. The method of claim 5, wherein the adaptation layer has 
a thickness around 600 nm. 

9. The method of claim 2, wherein the operation of depos 
iting said second layer is performed in an acidic electrolysis 
bath. 

10. The method of claim 1, wherein said adaptation layer 
and said first layer are deposited by Sputtering and/or evapo 
ration in a same machine. 

11. The method of claim 1, wherein said first and second 
layers comprise both Copper and Indium, and wherein the 
atomic ratio between the amount of Copper to Indium is 
thereby between 1 and 2. 
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12. The method of claim 1, comprising further the deposi 
tion of a third layer on the second layer, wherein said first, 
second and third layers comprise Copper, Indium, and Gal 
lium, 

and wherein the atomic ratios between the amounts of 
Copper to the sum of the amounts of Indium and Gallium 
is thereby between 0.6 and 2. 

13. An electroplated I-III-VI compound layer deposited on 
a Substrate through an adaptation layer, element I being Cop 
per, element III being Indium and/or Gallium and element VI 
being Sulfur and/or Selenium, 

wherein the adaptation layer and at least one layer com 
prising at least elements I and III are deposited under 
near vacuum conditions without exposing to air said 
adaptation layer, and wherein oxidation is reduced at the 
interface between the adaptation layer and the I-III-VI 
compound layer by a factor of at least 10, compared to a 
structure of an electroplated I-III-VI compound layer 
deposited on an adaptation layer without depositing said 
layer comprising at least elements I and III under near 
vacuum conditions. 

14. A solar cell device comprising an electroplated I-III-VI 
compound layer according to claim 13. 
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