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Description

Field of the Invention

[0001] The present invention relates to methods of
making structures incorporating ternary and higher order
compound semiconductors, to such structures, and to
electronic devices including such structures.

Background of the Invention

[0002] Photovoltaics is concerned with direct conver-
sion of light or solar energy into electricity through the
use of active electronic devices called solar cells. Solar
cells are commonly fabricated on wafers of polycrystal-
line or single crystal silicon. However, the cost of elec-
tricity generated using silicon-based solar cells is rather
high, compared to electricity available from typical elec-
trical power system grids. The production cost of the pho-
tovoltaic product is often represented in units of dollars
per watt generated under standard 100 mW/cm2 illumi-
nation intensity.
[0003] To make thin film solar cell technology compet-
itive with common silicon-based photovoltaic products
and with the traditional methods of electric power gener-
ation, a film growth technique has to be developed that
can deposit solar cell grade, electronically active layers
of the absorber materials and other components of the
solar cells on large area substrates, using cost effective
approaches with high throughput and high materials uti-
lization. Therefore, there has been a continuous effort to
develop low cost solar cells, based on thin film polycrys-
talline compound semiconductor absorber layers.
[0004] Group IB-IIIA-VIA materials are promising as
the absorber layers of high efficiency thin film solar cells.
In fact, a comparatively high efficiency thin film device
has already been produced on a Cu(In,Ga)Se2 absorber
film grown by a vacuum evaporation technique. A dem-
onstrated conversion efficiency of over 17% confirmed
the capability of this material to yield quite efficient active
devices when employed in thin film solar cell structures.
[0005] The electrical and optical properties of Group
IB-IIIA-VIA compound films depend on their chemical
composition, defect chemistry and structure, which in
turn are related to the film growth techniques and param-
eters. There are a variety of deposition techniques that
have been used for the growth of Group IB-IIIA-VIA com-
pound semiconductor films. However, it is crucial to ob-
tain a material that has the good optoelectronic and struc-
tural properties which are needed for the production of
active electronic devices such as solar cells.
[0006] In solar cells based on a Group IB-IIIA-VIA ab-
sorber film, appreciable amounts of the binary phases,
such as Group IIIA-VIA compounds and especially Group
IB-VIA compounds, in the absorber film, typically deteri-
orate the electronic properties of the compound, and thus
the characteristics of the solar cells. In addition, it is con-
sidered desirable to have an absorber material with co-

lumnar grains equivalent to at least about 0.5 Pm diam-
eter, in thin film solar cell structures. Furthermore, for
commercial viability, the technique should be able to de-
posit a layer that is relatively uniform compositionally onto
very large substrates, such as several ft2 in area (1 ft2 ≈
0.093 m2), using low cost equipment and processes.
[0007] A significant compositional parameter of Group
IB-IIIA-VIA thin films is the molar ratio of the Group IB
element or elements to the Group IIIA element or ele-
ments. This is commonly referred to as the I/III ratio. Typ-
ically an acceptable range of the I/III molar ratio for the
Cu-containing solar cell using Group IB-IIIA-VIA materi-
als is about 0.80-1.0, although in some cases involving
extrinsic doping with a dopant such as Na, this ratio can
go even lower to about 0.6. If the I/III ratio exceeds 1.0,
a low resistivity copper selenide phase typically precipi-
tates and deteriorates the performance of the device.
[0008] One technique that has yielded relatively good
quality Group IB-IIIA-VIA films for solar cell fabrication is
co-evaporation of Group IB, IIIA and VIA elements onto
heated substrates. As described by Bloss et al. in their
review article ("Thin Film Solar Cells", Progress in Pho-
tovoltaics, vol. 3, pages 3-24, 1995), the film growth in
this technique takes place in a high vacuum chamber
and the evaporation rates of the Group IB and Group IIIA
elements are carefully controlled to keep the overall I/III
ratio of the film in the acceptable range.
[0009] However, the evaporation method is not readily
adaptable to low cost production of large area films, main-
ly because uniform deposition by evaporation on large
area substrates is difficult, and the cost of vacuum equip-
ment is high. Co-sputtering of Group IB and Group IIIA
elements such as Cu and In in the presence of Group
VIA vapors such as Se, has also been investigated as a
possible method of compound film growth. However, this
technique suffers from yield problems, most probably due
to poor capability to control the I/III ratio.
[0010] Another technique for growing Group IB-IIIA-
VIA compound thin films for solar cells is a two-stage
process where at least two components of the Group IB-
IIIA-VIA material are first deposited onto a substrate, and
then reacted with each other and/or with a reactive at-
mosphere in a high temperature annealing process. US-
A-4 581 108 issued to Vijay K. Kapur et al. in 1986, US-
A-4 798 660 issued to James H. Ermer et al. in 1989,
and US-A-5 028 274 issued to Bulent M. Basol et al. 1991
teach respectively the methods of electrodeposition of
Group IB and IIIA elements onto a substrate followed by
selenization or sulfidation, DC magnetron sputtering of
Cu and In layers on a substrate followed by selenization,
and deposition of Group IB and IIIA elements onto a sub-
strate previously coated with a thin Te film followed by
selenization or sulfidation.
[0011] In the two-stage processes, large area magn-
etron sputtering techniques can be used to deposit indi-
vidual layers containing Group IB and Group IIIA ele-
ments for precursor film preparation. In the case of
CuInSe2. growth, for example, Cu and In layers can be
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sputter-deposited on non-heated substrates and then the
composite film can be selenized in H2Se gas or Se vapor
at an elevated temperature, as is shown in US-A-4 798
660 and US-A-5 028 274.
[0012] The film growth techniques require strict control
of the material composition during the deposition proc-
ess, with a typical goal that in the final film, the overall
I/III ratio be in the acceptable range of about 0.80-1.0.
For mass production of photovoltaic modules, this ratio
should be uniform over large area substrates. In the two-
stage processes the uniformity and thickness of each
layer has to be controlled.
[0013] When the I/III ratio is greater than 1.0, it causes
the separation of a Cu-selenide phase in Group IB-IIIA-
VIA compound layers. Layers containing Cu-selenide
phase have low resistivities and typically are not used in
active device fabrication. However, these Cu-rich films
have good structural characteristics and large grain siz-
es. The relationship between the structural properties of
Group IB-IIIA-VIA materials and their composition can
be used beneficially, especially in the co-evaporation ap-
proaches, by intentionally increasing the I/III ratio above
1.0 during the film growth process for improving the struc-
tural properties of the growing film, and then decreasing
it back to the acceptable range by the time the deposition
process is terminated. Films grown by such approaches
often have large grain sizes and good electronic proper-
ties. Therefore, it is typically allowable to change the I/III
ratio during the deposition and growth of a Group IB-IIIA-
VIA compound, but with the overall ratio in the final film
being within the 0.80-1.0 range.
[0014] Since the uniformity and control of the I/III ratio
throughout the material is important for Group IB-IIIA-VIA
compounds, attempts have been made to fix this ratio in
a material, before the deposition process, and then trans-
fer this fixed composition into the thin film formed using
the material. Early attempts for CuInSe2 growth by such
an approach were by evaporation and by sputtering, us-
ing pre-formed CuInSe2 compound material as the evap-
oration source or the sputtering target. However, these
efforts did not yield solar cell grade material because of
the lack of reproducible compositional control, which may
have resulted from Se and/or In2Se loss in the vacuum
environment. In the case of sputtering, the changing na-
ture of the target surface also presented a problem. A
relatively efficient solar cell was recently demonstrated
on a layer obtained by laser ablation of a CuInSe2 target
(H. Dittrich et al., 23rd IEEE PV Specialists Conference,
1993, page 617), however, such an approach is not prac-
tical for large scale production.
[0015] Other attempts to prepare Group IB-IIIA-VIA
compound films using a material with a pre-fixed com-
position have included screen printing layers onto sub-
strates and their conversion into the compound. T. Arita
et al. in their 1988 publication (20th IEEE PV Specialists
Conference, 1988, page 1650) described a screen print-
ing technique that involved: creating an initial material by
mixing pure Cu, In and Se powders in the compositional

ratio of 1:1:2, milling these powders in a ball mill and
forming a screen printable paste, screen printing the
paste on a substrate, and sintering this precursor film to
form the compound layer. The milling was done in a me-
dia such as water or ethylene glycol monophenyl ether
to reduce the particle size, and formation of a paste was
done using a propylene glycol binder. The paste material
was deposited on a high temperature borosilicate glass
substrate by the screen printing method, forming a film.
The post-deposition treatment step consisted of anneal-
ing the film in nitrogen gas at 700 °C, to form a compound
film on the substrate.
[0016] For evaluating the photovoltaic characteristics
of the resulting compound, thick pellets were made from
the material obtained as a result of the milling and sin-
tering steps, and solar cells were fabricated on them.
Efficiencies of only about 1% were reported for these
devices. The researchers further reported that CdS/
CuInSe2 thin film junctions were also fabricated by de-
positing CdS film on the sintered CuInSe2 films by RF
sputtering, but concluded that they were not able to obtain
better photovoltaic characteristics than that in pellet sam-
ples. Their reported data indicated that In powder was
oxidized during the milling process, that Cu, In and Se
were reacting with each other during milling, and that the
CuInSe2 material obtained after the sintering process
had a resistivity of about 1.0 ohm-cm. This resistivity is
only about 0.01-1% of the value for a typical CuInSe2 film
that yields efficient solar cells and may indicate the pres-
ence of a detrimental Cu-Se phase. Also, the sintering
temperature of 700 °C is very high for low cost solar cell
structures that employ soda-lime glass substrates.
[0017] Thin layers of CuInSe2 deposited by a screen
printing method were also reported by a research group
at Universiteit Gent in Belgium. A. Vervaet et al., in their
1989 publication (9th European Communities PV Solar
Energy Conference, 1989, page 480), referring to the
work of T. Arita et al., indicated that indium powder easily
oxidizes, giving rise to unwanted phases, such as In
(OH)3 or In2 O3 in the final films. The technique of the
Universiteit Gent research group, therefore, employed
the steps of: forming a CuInSe2 powder as an initial ma-
terial by crushing a CuInSe2 ingot; grinding the CuInSe2
powder in a ball mill; adding excess Se powder and other
agents such as 1,2-propanediol into the formulation to
prepare a screen printable paste; screen printing layers
onto borosilicate and alumina substrates; and high tem-
perature sintering of the layers (above 500 °C) to form
the compound films. A difficulty in this approach was find-
ing a suitable sintering aid or fluxing agent for CuInSe2
film formation. Among many agents studied, copper se-
lenide was the best for grain growth, but films containing
this phase could not be used for active device fabrication
since they had I/III ratios larger than 1.0.
[0018] More recently, the Universiteit Gent group ex-
perimented with CuTlSe2, a compound with a relatively
low (about 400 °C) melting point, as a fluxing agent. In
their 1994 publication (12th European PV Solar Energy
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Conference, 1994, page 604), M. Casteleyn et al., used
CuTlSe2 in their formulation of the CuInSe2 paste, and
demonstrated grain growth for films with I/III ratios in an
acceptable range. However, the solar cells fabricated on
the resulting layers were still poor with conversion effi-
ciencies of only of about 1%. The sintering temperature
of above 600 °C used in this process was also high for
low cost glass substrates. Using CuInSe2 powder as the
initial material did not produce good results because of
the lack of a good sintering aid that would not deleteri-
ously affect the electronic properties of the final film ob-
tained by this technique. The sintering temperature em-
ployed in the above referenced screen printing tech-
niques was very high (>600 °C) for the use of low cost
substrates for the deposition of Group IB-IIIA-VIA com-
pound films.
[0019] In addition to difficulties associated with con-
trolling the macro-scale uniformity of the I/III ratio over
large area substrates, there are also concerns involving
micro-scale non-uniformities in Group IB-IIIA-VIA com-
pound thin films. US-A-5 445 847, issued to T. Wada et
al. in 1995, the researchers treated a Group IB element
layer and a Group IIIA element layer with heat under the
presence of the chalcogen to obtain a chalcopyrite-type
compound. They observed a deviation in a composition
ratio of the Group IB element to the Group IIIA element
in the obtained compound, and stated that the composi-
tion itself was not always microscopically constant. As a
remedy to this problem they used a Group IB-IIIA oxide
composition, which has a high melting temperature, in-
stead of the element layers. They concluded that the
Group IB-IIIA oxide composition did not melt from the
heat treatment temperature under a reducing atmos-
phere containing the Group VIA element or containing
the reducing compound of the Group VIA element, and
that the initial composition can be maintained in micro-
scale. X-ray diffraction data indicated the formation of
the Group IB-IIIA-VIA phase. However, apparently no da-
ta has been published on the electronic qualities of these
layers, and no active devices such as solar cells have
been fabricated.
[0020] Another approach concerning the micro-scale
control of the I/III ratio is indicated in European Patent
No. 93116575.7 (Publication No. 0595115A1, 1994) of
T. Wada et al. There, a chalcopyrite-type compound is
prepared by annealing a thin film containing Cu, In and
an In compound or a compound which contains both In
and Cu, selected from the group consisting of oxides,
sulfides and selenides, in an atmosphere containing a
Group VIA element. It is concluded that since a Cu/In
ratio of less than about 1.0 is desired for a solar cell grade
CuInSe2 compound film, excess Group IIIA element In
had to be present prior to annealing. According to these
researchers In would give rise to microscopic non-uni-
formities in the layers because of its low melting point.
Therefore, the idea was to replace In with its high melting
point oxide, sulfide or selenide. This was achieved by
depositing multi-layers onto substrates, just as in two-

stage processes, and by their reaction to form the desired
compounds. Some of the examples of multi-layer depo-
sitions include electron-beam evaporation or sputtering
of a Cu layer and an In layer, followed by sputtering or
laser ablation of an indium oxide, indium sulfide or indium
selenide, co-deposition of a Cu11 In9 alloy layer followed
by the deposition of a film of an oxide, selenide or sulfide
of In, deposition of a Cu layer and an In layer, followed
by the deposition of an indium oxide and then a copper
oxide layer, or an indium selenide and a copper selenide
layer, or an indium sulfide and a copper indium sulfide
layer.
[0021] A processing technique employing multi-layers
of deposited materials containing the Group IB and IIIA
elements may address the issue of micro-scale - com-
positional uniformity by including high melting point com-
pounds in the layers, however, just as in simpler two-
stage processes, would not be expected to address the
more important issue of macro-scale uniformity of the I/III
ratio. In other words, if multi layers containing Group IB
and IIIA elements need to be deposited on a large area
substrate, the thickness and the thickness uniformity of
each layer containing the Group IB and/or IIIA elements
requires strict control. In that respect, compositional con-
trol for, e.g., Cu/In/In2O3 or a Cu/In/Cu2In2O5 stack, for
example, is more complicated than for the Cu/In stack of
the simple two-stage process.
[0022] As the above review of prior art demonstrates,
there is a need for techniques to provide Group IB-IIIA-
VIA (and related) compound films on large area sub-
strates, with good compositional uniformity. There is also
a need for such compound films with superior electronic
properties, that would make them suitable for the fabri-
cation of active electronic devices such as solar cells.

SUMMARY OF THE INVENTION

[0023] In accordance with the invention, a method of
forming a compound film includes the steps of preparing
a source material, depositing the source material on a
base to form a precursor film, and heating the precursor
film in a suitable atmosphere to form a film, as disclosed
in claim 1 which follows. The source material includes
Group IB-IIIA alloy-containing particles having at least
one Group IB-IIIA alloy phase, with Group IB-IIIA alloys
constituting greater than about 50 molar percent of the
Group IB elements and greater than about 50 molar per-
cent of the Group IIIA elements in the source material.
The film, then, includes a Group IB-IIIA-VIA compound.
The molar ratio of Group IB to Group IIIA elements in the
source material may be greater than about 0.80 and less
than about 1.0, or substantially greater than 1.0, in which
case this ratio in the compound film may be reduced to
greater than about 0.80 and less than about 1.0. The
source material may be prepared as an ink from particles
in powder form. The alloy phase may include a dopant.
Compound films including a Group IIB-IVA-VA com-
pound or a Group IB-VA-VIA compound may be substi-
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tuted using appropriate substitutions in the method, as
disclosed in claim 29 which follows. The method, also,
is applicable to fabrication of solar cells and other elec-
tronic devices, as disclosed in claims 25 and 27 which
follow.
[0024] The foregoing and additional features and ad-
vantages of this invention will become further apparent
from the detailed description and accompanying drawing
figures that follow. In the figures and written description,
numerals indicate the various features of the invention,
like numerals referring to like features, throughout for the
drawing figures and the written description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a cross-sectional view of a solar cell, made
in accordance with the present invention.
Fig. 2 is a flow chart showing the steps of a method
used to grow Group IB-IIIA-VIA compound thin films,
in accordance with the present invention.
Fig. 3 is a schematic drawing showing the composi-
tion of the starting material, in accordance with the
present invention.
Fig. 4A diagrammatically shows Group VIA particles
in powder form being mixed with a powder that in-
cludes Group IB-IIIA alloy-containing particles.
Fig. 4B diagrammatically shows the elimination of
particles larger than a predetermined size from the
mixed powder of Pig. 4A.
Fig. 4C diagrammatically illustrates the powder with
only the smaller particles being mixed with a liquid
as a step to form an ink.
Fig. 4D diagrammatically illustrates the powder-con-
taining liquid being subjected to milling to form an ink.
Fig. 4E diagrammatically illustrates the milled ink be-
ing deposited on a large substrate.
Fig. 4F diagrammatically illustrates the substrate
with the deposited ink being subjected to an atmos-
phere containing Group VIA elements and heated to
form the Group IB-IIIA-VIA compound film on the
substrate.
Fig. 5 illustrates the X-ray diffraction data obtained
from a precursor film, prepared in accordance with
the present invention.
Fig. 6 illustrates X-ray diffraction data obtained from
a CuInSe2 film, prepared in accordance with the
present invention.
Fig. 7 illustrates illuminated I-V characteristics of a
solar cell, fabricated on a CuInSe2 film grown in ac-
cordance with the present invention.
Fig. 8 illustrates the I-V characteristics of a solar cell,
fabricated in accordance with another embodiment
of the present invention.
Fig. 9 illustrates the I-V characteristics of a solar cell,
fabricated in accordance with yet another embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0026] The typical general structure of a conventional
Group IB-IIIA-VIA compound solar cell, as well as one
made in accordance with the present invention, is shown
in Fig. 1. The device is fabricated on a substrate that
includes a sub-layer 10, such as of a glass material. P-
type absorber film 12 is deposited over a conductive layer
11, e.g. made of molybdenum (Mo), which acts as the
back ohmic contact to the solar cell, and which is a coating
for the sub-layer of the substrate. The sub-layer 10 and
its coating 11 may together be regarded as the substrate.
[0027] An n-type transparent window layer 13 is
formed on the p-type absorber film 12, through which
radiation enters the device. The solar cell is completed
by depositing metallic grid finger patterns 14 over the
window layer 13, if needed. The most commonly used p-
type absorber films 12 are Group IB-IIIA-VIA absorber
films 12, with compositions that can be represented by
the general chemical formula of CuInl1-xGaxSe2(1-y)S2y,
where 0≤x≤1 and 0≤y≤1. This group of compounds is
also represented by the general chemical formula of Cu
(In,Ga)(Se,S)2.
[0028] Constituent elements of the representative spe-
cific compounds mentioned in this document are grouped
according to the notations of columns of the periodic table
defined by Chemical Abstracts Service (CAS), as shown
in the CRC Handbook of Chemistry & Physics, 72nd edi-
tion, 1991-1992, published by CRC Press, Inc., e.g., the
inside cover table.
[0029] A variety of materials, deposited by a variety of
methods, can be used to provide the components of the
device depicted in Fig. 1. For example, the substrate sub-
layer 10 can be rigid or flexible, conductive or insulating.
Possible sub-layer 10 materials include, but are not lim-
ited to, sheets or flexible foils of insulating sub-layers,
such as glass, alumina, mica or polyimide materials, or
conductive materials, such as Mo, tungsten (W), tanta-
lum (Ta), titanium (Ti), aluminum (Al), nickel (Ni) and
stainless steel.
[0030] The conductive layer or coating 11 is made of
a conductive material that provides good ohmic contact
to the Group IB-IIIA-VIA semiconductor absorber film 12,
like Mo, which is a preferred material, W, Ta, Ti, gold
(Au), and nitrides or phosphides or tellurides. The con-
ductive layer 11, in fact, may consist of two or more layers
of materials. The conductive layer 11 is not needed if the
sub-layer 10 is a conductive material, that would provide
good ohmic contact to the semiconductor absorber film
12.
[0031] The material of the Group IB-IIIA-VIA semicon-
ductor absorber film 12, that can be deposited using the
teachings of this invention, is selected from the group
consisting of ternary or higher order selenides, sulfides
and tellurides of copper (Cu), silver (Ag), aluminum (Al),
gallium (Ga), indium (In), thallium (Tl) and their alloys.
The preferred material for the layer of the absorber film
12 is CuIn1-xGaxSe2 (1-y)S2y, where 0≤x≤1 and 0≤y≤1.
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This layer may additionally contain dopants such as po-
tassium (K), sodium (Na), lithium (Li), phosphorus (P),
arsenic (As), antimony (Sb) and bismuth (Bi) to enhance
its electronic properties.
[0032] The window layer 13 has one or more layers of
transparent semiconductor materials commonly used in
solar cells, like cadmium (Cd), zinc (Zn) and sulfur (S) or
selenium (Se) compounds such as Cd(Zn)S and ZnSe,
or transparent conductive oxides such as ZnO, indium
tin oxide, and tin oxide. Various layers may also be
paired, to optimize device performance. Possible struc-
tures of optimized window materials include, but are not
limited to, Cd(Zn)S/TCO, ZnSe/TCO, In(Ga)-sele-
nide/TCO, In(Ga)-sulfide/TCO, and In(Ga)-oxide/TCO,
where TCO represents one or more layers of Transparent
Conductive Oxides such as ZnO, indium tin oxide, and
tin oxide. The window layer 13 materials can be deposited
by various techniques well known in the art. As is con-
ventionally understood notations such as "Cd(Zn)S" and
"In(Ga)" mean all compositions going from pure CdS to
pure ZnS and all compositions going from pure In to pure
Ga.
[0033] The finger pattern 14 may be deposited on the
device structure to reduce the series resistance intro-
duced by the window layer 13. In module structures em-
ploying narrow solar cells there is no need for finger pat-
terns 14. An anti-reflection coating (not shown) can also
be deposited over the window layer 13 to further improve
the efficiency of the finished solar cells.
[0034] The preferred electrical type of the Group IB-
IIIA-VIA absorber film 12 of Fig. 1 is p-type, and the pre-
ferred type of the window layer 13 is n-type. However,
an n-type absorber and a p-type window layer can also
be utilized. The preferred device structure of Fig. 1 is
commonly referred to as a "substrate-type" structure. A
"superstrate-type" structure can also be constructed by
depositing a window layer first on a transparent sheet
substrate, such as one made of a glass material, then
depositing the Group IB-IIIA-VIA compound absorber
film, and finally forming a back ohmic contact to the de-
vice by a conductive layer. In this superstrate structure,
solar energy or light enters the device from the super-
strate side which faces the solar energy or light.
[0035] Fig. 2 shows the general steps of a process 21
for deposition of Group IB-IIIA-VIA compound films 27,
where the desired I/III ratio is fixed in a source material
23 before film deposition, and this fixed composition is
transferred into a precursor film 25, used to form the
Group IB-IIIA-VIA compound film 27. The starting mate-
rial 20 is the initial material employed in a pre-deposition
treatment step 22, which treats the starting material 20
in a way to render it suitable for deposition onto a selected
substrate in the form of a precursor film 25. The result of
the pre-deposition treatment step 22 is the source mate-
rial 23 which can be transferred onto the substrate in the
form of the precursor film 25, through the film deposition
step 24. A post-deposition treatment step 26 of the pre-
cursor film 25 forms the final Group IB-IIIA-VIA com-

pound film 27.
[0036] With reference to Fig. 2, the starting material
20 of the present invention is powder. The composition
of this powder is schematically shown in Fig. 3. In Fig. 3,
the starting material 20 includes the Group IB-IIIA alloy-
containing particles 31, Group IB element particles 32,
Group IIIA element particles 33, and Group VIA element
particles 34. The Group IB-IIIA alloy-containing particles
31 may, in addition to the Group IB-IIIA alloy phases,
contain Group IIIA element phases such as In and/or Ga.
The Group IB-IIIA alloy phases that may be contained in
particles 31 include, but are not limited to, Cu4In, Cu2In,
Cu11In9 , Cu16In9 , CUIn2 , Cu9In4 , Cu2In3 , CuIn, Cu2
In4 , CuGa2 , Cu9 Ga4 and alloys thereof. The exact
phase content of the particles 31 depends on the method
of preparation and the targeted I/III ratio. For example,
particles 31 that are obtained by techniques which in-
volve rapid cooling of melted Group IB-IIIA compositions
are likely to contain Group IB-IIIA alloy phases that exist
at high temperatures. When such powders are later an-
nealed at lower temperatures, their content may change
to phases that are more stable at lower temperatures.
Also more generally, the Group IB and/or Group IIIA el-
ement particles 32 and 33 may not be present.
[0037] It is important that the I/III ratio in the Group IB-
IIIA alloy-containing particles 31 is fixed and known be-
forehand, and that the overall I/III ratio of the starting
material 20 powder is fixed and known. For example, if
the Group IB element is Cu and the Group IIIA element
is In, and the starting material 20 is a mixture of a Cu-In
alloy-containing powder, Cu powder and In powder, then
it is preferred that Cu31/(Cu31+Cu32)>0.9 and In31/
(In)31+In33) >0.9, where Cu31 is the Cu molar content of
the Cu-In alloy-containing particles 31, Cu32 is the molar
Cu content of the Cu particles 32, In31 is the In molar
content of the Cu-In alloy-containing particles 31, and
In33 is the In content of the particles 33.
[0038] With reference to Fig. 3, the preferred Group IB
element is Cu and the preferred Group IIIA elements are
In and Ga. The preferred Group VIA element is at least
one selected from the group of Se, S and Te. The particles
31, 32, 33, 34 can be irregular in shape or they can be
round. The powders can be obtained by various methods
known to those skilled in the art of powder metallurgy.
These techniques include, but are not limited to, mechan-
ical grinding of a bulk material, atomization or spinning
of a melt, hydro-metallurgical techniques, electrolytic
techniques, precipitation methods and spray pyrolysis.
Recently developed spark erosion approaches and
chemical techniques used for nano-particle generation
are also applicable to the preparation of the powders
used in the present invention.
[0039] Fig. 4A through 4F diagrammatically illustrates
a process in accordance with the invention and Fig. 2.
Fig. 4A diagrammatically shows Group VIA particles 34
in powder form being mixed with the other particles of
Fig. 3, including the Group IB-IIIA alloy-containing parti-
cles 31 to form the starting material of Fig. 3, represented
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at 20 in Fig. 2.
[0040] Fig. 4B diagrammatically shows the elimination
of particles larger than a predetermined size from the
mixed powder of Fig. 4A. This elimination is diagrammat-
ically represented by passing the starting material
through a screen 36. And this elimination is pre-deposi-
tion treatment represented in Fig. 2 at 22.
[0041] Fig. 4C diagrammatically illustrates the powder
with only the smaller particles being mixed with a liquid
as a step to form an ink. This is diagrammatically repre-
sented by pouring the liquid 38 from a flask 41 into a
beaker 40 containing the powder. This is part of the pre-
deposition treatment, represented in Fig. 2 at 22.
[0042] Fig. 4D diagrammatically illustrates the powder-
containing liquid subjected to milling for ink formation.
This is also part of the pre-deposition treatment, repre-
sented in Fig. 2 at 22 to decrease the particle size, even
beyond the levels in starting material 20. Simply for dia-
grammatic purposes, it is represented as accomplished
through a grinding structure 42, including a ball portion
44 that can be lowered into the ink in the beaker 40 and
revolve, thus breaking up the powder particles in the ink.
In practice, the typical ball milling procedure uses a ce-
ramic milling jar filled with grinding ceramic balls. When
the jar is rotated or shaken, the balls shake and grind the
powder in the liquid medium to create the ink with small
particles.
[0043] Fig. 4E diagrammatically illustrates the milled
ink being deposited on a large substrate 46. This, of
course, illustrates the film deposition, represented in Fig.
2 at 24, and results in the precursor film, represented at
25 in Fig. 2, on the substrate.
[0044] Fig. 4F diagrammatically illustrates the sub-
strate with the precursor film on it, being subject to an
atmosphere containing Group VIA elements (in vapor
form) accompanied by the application of heat to form the
Group IB-IIIA-VIA compound film on the substrate, such
compound film represented at 27 in Fig. 2.
[0045] Referring back to Figs. 2 and 4D, the pre-dep-
osition treatment step 22, as described, involves milling.
Milling can be carried out in liquid media such as water,
alcohols and other organic liquids, or it can be carried
out dry. Milling can be carried out at room temperature
or at lower temperatures. The purpose of the milling step
is to reduce the size of the particles in the source material.
This is important for micro-scale uniformity of the films
to be grown. The particle sizes generally should be small-
er than the thickness of the film to be grown, most typi-
cally, less than or equal to 2.0 Pm. This may be deter-
mined by standard techniques which are used to assure
that substantially all of the particles in a group are less
than or equal to a certain size, such as conventional light
scattering analysis. It is preferable that such techniques
show that less than 1% of the particles exceed this size,
although less than 5% may be acceptable. This size may
typically be considered as the longest straight line that
could be drawn between two points on the surface of the
particle. Source material 23 that is obtained as a result

of the pre-deposition treatment step 22 may typically be
in the form of a paste, an ink, a solution, a dispersion or
a dry powder.
[0046] If the particle sizes in the starting material pow-
der 20 or such powder, e.g., after sieving, meets the size
requirement, the milling process may not be needed. For
example, in some techniques such as spark erosion, fine
powders containing the Group IB-IIIA alloys may be
formed in a dielectric liquid such as water, or in a cryo-
genic, alcohol or hydrocarbon liquid. It is also possible
to mill the various components of the starting material 20
separately, and then mix the milled components to form
a starting material. For example, for a starting material
having only the Group IB-IIIA alloy-containing particles
31 and Group VIA element particles 34, a powder of each
of the two particle types may be prepared and milled sep-
arately. After milling the two powders, they may be mixed
to form a starting material.
[0047] Source material 23 may additionally contain
electrical dopants. These dopants may originate from the
starting material, for example, may be present as one or
more separate type of particle components of a mix sim-
ilar to that in Fig. 3, or mixed in as additional constituents
of other particle components, including as constituents
of a Group IB-IIIA alloy. Thus, of course, as one method,
they can be included in the form of additional elemental
powders or additional powders including dopant com-
pounds, or even in a liquid. As indicated in the examples,
such dopants may also be included in the Group IB-IIIA-
VIA compound film at other points of the process. Group
IA and/or Group VA elements typically may serve as such
dopants.
[0048] Referring to Fig. 2, the precursor film 25 is ob-
tained by depositing the source material 23 on the sub-
strate, which may be a two-layer substrate consisting of
a sub-layer and a coating layer , in the form of a film
through the film deposition step 24. Various techniques
can be used for the film deposition step 24. For source
materials 23 that are in the form of pastes, screen printing
techniques can be employed. If the source material 23
is in the form of an ink or paint, many wet deposition
techniques known to those skilled in the art can be used,
like painting by spray, brush, roller or pad, gravure print-
ing, stamp printing, knife coating, cup coating and curtain
coating. If the source material 23 is in the form of dry
powder it can be coated on the substrate using dry pow-
der coating methods such as spraying, including electro-
static spraying. For electrostatic deposition methods dry
powder particles may have to be first coated with a die-
lectric layer to be able to electrically charge them. The
precursor film 25 should have a thickness of greater than
or equal to 0.5Pm and less than or equal to 20 Pm, and
the preferred thickness range is greater than or equal to
1.0Pm and less than or equal to 10 Pm.
[0049] As indicated, assuming the separate Group IB
32 and Group IIIA 33 particles are present, at least 50
molar % of the Group IB elements and at least 50 molar
% of the Group IIIA elements of the source material 23
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are contained in one or more Group IB-IIIA alloys in the
small (e.g., smaller than or equal to 2Pm) Group IB IIIA
alloy-containing particles, which are distributed through-
out the source material 23. This facilitates the control and
uniformity of distribution of the I/III ratio in the final com-
pound film 27 irrespective of the size of the substrate or
the thickness uniformity of the precursor film 25 or com-
pound film 27. Generally, even higher molar percentag-
es, such as at least 60% in each case, at least 90% in
each case, or 100% is advantageous, purely from the
perspective of controlling this ratio and its uniformity of
distribution. Of course, this may involve the complete ab-
sence of the separate Group IB and Group IIIA particles.
[0050] Still referring to Fig. 2, after its deposition, the
precursor film 25 is subjected to the post-deposition treat-
ment step 26 to form the Group IB-IIIA-VIA compound
film 27. The post-deposition treatment step 26 includes
heat treatment, which may be in the form of furnace an-
nealing at atmospheric pressure, annealing in vacuum,
rapid thermal annealing or laser annealing. The atmos-
phere during the annealing step can be inert, such as
vacuum, argon (Ar), helium (He) or nitrogen (N) (e.g., as
N2), it may include reducing gas such as hydrogen (H)
(e.g., as H2), and it may contain Group VIA elements
such as Se, S and Te. The exact nature of the annealing
atmosphere of the post-deposition treatment step 26 de-
pends on the nature of the source material 23. For ex-
ample, if the source material 23 contains an adequate
amount of the Group VIA elements, the annealing atmos-
phere used can be inert or reducing. If, on the other hand,
the source material 23 does not contain any Group VIA
element or it does not contain an adequate amount, then
the annealing atmosphere should contain the desired
Group VIA elements to be able to form the good quality
Group IB-IIIA-VIA compound film 27.
[0051] In the case of selenide growth, the annealing
atmosphere may contain H2Se, (CH3)2Se, (C2H5)2Se or
Se vapor. In the case of sulfide growth, H2S, CS2 or S
vapors can be used. For sulfo-selenide layers, a mixture
of S and Se containing species in the annealing atmos-
phere can be used, or one type of the Group VIA element
such as Se, may be included in the precursor film 25,
and the other one, such as S, can be supplied from the
annealing atmosphere during the post-deposition treat-
ment step 26. The temperature of annealing can be in
the range of 350 °C to 700 °C, with the range of 400 °C
to 600 °C typically preferred. The duration of annealing
depends on the temperature of annealing, and it may
vary from about 5 minutes to about 3 hours, with about
15 minutes to about 1 hour typically preferred, when the
furnace annealing is employed.
[0052] In one preferred embodiment of the present in-
vention the I/III molar ratio of the source material 23 is
greater than or equal to 0.80 and less than or equal to
1.0, and this ratio is substantially carried to the precursor
film 25 in a uniform manner. Referring to Fig. 2, in this
case, the I/III molar ratio of the Group IB-IIIA-VIA com-
pound film 27 is very close to the I/III ratio of the source

material 23. Alternatively, a source material 23 with a I/III
ratio of higher than 1.0 and up to about 1.2 can be pre-
pared, for example using Cu11In9 , and a precursor film
25 with the same ratio can be deposited. During the post-
deposition treatment step 26, additional Group IIIA ma-
terials can be added to the compound film 27, bringing
its overall I/III ratio to the desired range less than or equal
to 1.0 (while greater than or equal to 0.80). Such an ap-
proach is practical if the precursor film 25 layer contains
at least about 80% of the Group IB elements, and at least
about 80% of the Group IIIA elements required for the
formation of the Group IB-IIIA-VIA compound film 27.
Otherwise, very uniform delivery of the additional Group
IIIA elements onto the precursor film 25 would be re-
quired.

Example 1

[0053] A first example of the present invention used a
Cu-In alloy starting material 20 powder obtained by the
melt atomization technique. The starting material 20 was
obtained by mixing and melting 33.25 weight percent of
pure Cu, and 66.75 weight percent of pure In, under a
hydrogen curtain at above 900 °C. This Cu/In ratio of the
melt corresponded to a molar ratio of 0.9. The melted
alloy was transformed into powder form in a gas atomizer
employing Ar gas. Quenched powder fell into distilled
water on the bottom of the reactor for further cooling. The
powder starting material 20 was sieved, using -625 mesh
screen. A particle size analysis, by conventional optical
scattering evaluation, showed that, after sieving, the
powder substantially consisted of particles with sizes
ranging from 1.3 Pm to 20 Pm with less that 0.3% greater
than 20 Pm. X-ray diffraction analysis indicated presence
of Cu-In alloy phases such as Cu2In, Cu16In9, and pos-
sibly Cu11In9 . In addition to the alloy phases, there was
a distinct phase of In in this starting material 20. The
starting material 20 of this example had no Group IB el-
ement particles 32, no Group IIIA element particles 33
and no Group VIA element particles 34. The starting ma-
terial 20 only contained the Group IB-IIIA alloy-containing
particles 31 which, in addition to the Group IB-IIIA alloys,
contained elemental phase of In. The selected Cu/In ratio
was 0.9. Specifically this molar ratio based on the initial
weight percentages can generally be assumed to be car-
ried through into the powder which is in the ink. The anal-
ogous assumption typically applies where this ratio, for
example, is greater than about 0.80 and less than about
1.0, and is applied in these examples.
[0054] The source material 23 was then made by using
the following pre-deposition treatments. 9.76 grams of
the sieved powder was mixed with 22.62 grams of water.
To the mixture, 0.14 grams of wetting agent (W-22 - man-
ufactured by Daniel Products of New Jersey) and 0.39
grams of dispersant (D-3019 manufactured by Rohm &
Haas of Pennsylvania ) was added. The mixture was
milled in a ball mill for 42 hours. The resulting source
material 23 was in the form of a water-thin ink.
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[0055] For test purposes, a precursor film of this ink
(thus, having no Group VIA present) was coated by the
cup-coating technique on a conventional piece of off-the-
shelf soda-lime glass. Such glass typically contains about
15 to 17 percent sodium oxide (by weight). The cup used
had an opening with a depth of 150 Pm (6 mils), and the
resulting layer, after drying on a hot plate at 60 °C, was
about 20 Pm thick. X-ray diffraction analysis, presented
in Fig. 5, shows the X-ray diffraction spectra which indi-
cate the presence of CuIn2 phase, marked with asterisks,
and Cu11In9 phase, marked with dots. Particle size anal-
ysis, by conventional optical scattering evaluation, made
on the ink showed the largest particle size (largest di-
mension across) to be about 2.0 Pm, and a mean particle
size of about 0.5 Pm.
[0056] The above results demonstrated efficient parti-
cle milling even with the presence of a soft material such
as In. The approach described, as demonstrated in this
example, chemically ties much of the Group IIIA element
(In) of the formulation to the Group IB element (Cu), in
the form of a Cu-In alloy. Any excess In is dispersed
microscopically throughout the small particles. The par-
ticles that contain the Cu-In alloy phases and microscop-
ically distributed In phase can be efficiently milled, as
demonstrated in this example. This is probably due to
the fact that Cu-In alloys are much more brittle than In.
The X-ray diffraction data also indicate that during the
milling process the microscopically distributed In further
reacts with the Cu-In phases, and forms an In-rich alloy
phase which was determined to be CuIn2. No appreciable
amount of In2O3 phase in the milled powder was ob-
served, despite the fact that the milling was done in water.
This may be due to the fact that most of the In in this
invention is chemically tied in Cu-In alloys, and oxidation
of In in the alloy is not favored as much as oxidation of
pure In element.
[0057] Once the species in the above-described pre-
cursor film was identified by the X-ray diffraction results
of Fig.5, a thinner film was coated by the cup-coating
method on a two-layer substrate made of a glass sub-
layer and Mo coating layer (such as is shown at 10 and
11 and in Fig. 3) using the same ink described above.
This method also uses a conventional piece of off-the-
shelf soda-lime glass as the sub-layer. As a result, the
precursor film 25 was about 4 Pm thick and it was put
into a selenization reactor and annealed at about 450 °C
in a 5% H2Se and 95% N2 gas mixture for 15 minutes.
After cooling down, the compound film obtained by this
method was taken out of the reactor and X-ray diffraction
analysis was done. Obtained diffraction data are illustrat-
ed in Fig. 6. All the peaks of Fig. 6 are associated with
copper-indium-diselenide CuInSe2, except the two asso-
ciated with the Mo-coating of the substrate, which are
labeled Mo. This demonstrated the ability of the present
invention to yield the Group IB-IIIA-VIA compound. In
addition, the substrates made of soda-lime glass with Na
provide Na, which acts as a naturally-provided dopant
for CuInSe2, and as a result, assuming doping is desired,

no additional doping is needed. The idea of doping as-
sumes the presence of only a small percentage of dopant
in the doped material, typically each dopant added being
less than about 1 molar % of the atoms for which they
may be substitutes in a material or formulation. In reality,
only a small fraction of this 1 molar % usually becomes
electronically active as a dopant in the material - typically
less than about 1% of this 1%. Thus, for example, if a
dopant is present in the starting material or source ma-
terial, as part of a Group IB/IIIA alloy phase, that phase
is viewed as a doped Group IB-IIIA alloy phase, with the
dopant a small percentage constituent.

Example 2

[0058] In another example, the starting material 20
powder of the first example was used in a mixture of 9.78
grams of the sieved powder with 22.4 grams of water,
0.14 grams of W-22, 0.39 grams of D-3019 and 0.1 gram
of Se powder. The mixture was milled in a ball mill for 42
hours. The resulting source material 23 was in the form
of a water-thin ink. The precursor film 25 obtained by this
method was deposited by the same cup-coating tech-
nique as in the first example on the same form of the two-
layer glass/Mo substrate using the ink source material
23. The resulting precursor film 25 was about 4 Pm thick.
The resulting precursor film 25 was put in a selenization
reactor and annealed at about 450 °C in a 5% H2Se and
95% N2 gas mixture for 15 minutes. X-ray diffraction data
of the resulting layer identified the compound film 27 as
CuInSe2. This example was repeated by increasing the
Se amount to 3.04 grams, reducing the water to 22 grams
and reducing the starting material powder to 6.61 grams.
Formation of CuInSe2 was confirmed by X-ray diffraction
data. However, this film was more porous compared to
the one prepared with only 0.1 grams of Se.

Example 3

[0059] In a third example, the melt atomization tech-
nique of the first example was used to obtain another
starting material 20 powder, followed by a sieving step,
with a different composition of 50.78 weight percent of
In, 36 weight percent of Cu and 13.22 weight percent of
Ga. This composition corresponds to the molar ratios of
Cu/(In+Ga)=0.9 and Ga/(Ga+In)=0.3. Here, the Group
IB element was Cu and the Group IIIA was an alloy or
mixture of In and Ga that can be represented by the chem-
ical formula Inx Ga(1-x) with 0<x<1. In this example, 11.03
grams of the resulting starting material 20 powder was
milled in a ball mill in a mixture with 25.03 grams of water
along with 0.16 grams of W-22, 0.44 grams of D-3019
and 0.11 grams of Se powder for 42 hours. The ink source
material 23 obtained as a result of the milling process
had some agglomerated particles, which were broken
down by a mortar and pestle. The ink was painted on a
soda-lime glass substrate (using the same off-the-shelf
soda-lime glass material containing Na as in the first ex-
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ample), using a brush. The selenization step of Example
1 was carried out on the resulting layer. X-ray diffraction
data showed the peaks associated with CuInSe2 and
CuIn0.7Ga0.3Se2 phases.

Example 4

[0060] In yet another example, a piece of the CuInSe2
film formed on a glass/Mo substrate in accordance with
the first example was used for fabrication of a CuInSe2/
CdZnS solar cell device, using standard procedures
known in the art. A thin layer of CdZnS was deposited
on the CuInSe2 by a commonly used chemical bath dep-
osition technique. The deposition bath consisted of 5ml
of 0.5 molar zinc acetate, 10 ml of 1.0 molar cadmium
acetate, 7 ml of triethanolamine, 4.5 ml of ammonium
hydroxide and 55 ml of distilled water. The solution was
heated to 55°C and the sample was placed in a beaker
containing the solution. Twelve ml of 1.0 molar thiorea
was added into the beaker, initiating the CdZnS deposi-
tion which lasted 10 minutes. Since the CuInSe2 film was
dipped in the bath, this deposition resulted in an extra
layer of CdZnS deposited at the back of the CuInSe2 film,
which was removed using a cotton swab dipped in HCl.
The CdZnS deposition was followed by the deposition of
a - transparent ZnO layer by the commonly used metal
organic chemical vapor deposition (MOCVD) technique,
employing diethyl zinc as the zinc source, and water va-
por as the oxygen source. The sheet resistance of the
ZnO layer was about 10 ohms per square. Solar cells of
0.09 cm2 were isolated and characterized. Fig.7 shows
the current versus potential (I-V) characteristics of a typ-
ical device made by this method, having a conversion
efficiency of about 7%. This result demonstrates that the
method has the capacity to yield material with electronic
properties suitable for the fabrication of active electronic
devices.

Example 5

[0061] In still another example, the melt atomization
technique was used to obtain another starting material
20 powder with a Cu/In molar ratio of 0.87, and the pow-
der was sieved as in Example 1. An ink source material
23 with the same Cu/In ratio was obtained after milling
using this sieved powder, as described in the first exam-
ple. This source material 23 was coated on a Mo-coated
glass substrate (using the same off-the-shelf soda-lime
glass material containing Na as in the first example), em-
ploying the same cup coating technique. The selenization
step, as described in Example 1, was carried out and
solar devices were fabricated as described above in Ex-
ample 4. Fig. 8 shows the I-V characteristics of the ob-
tained typical solar cell, with a conversion efficiency of
9.42%.

Example 6

[0062] To demonstrate the doping of the compound
films externally rather than through diffusion from the Na-
containing glass, the following experiment was carried
out.
[0063] The ink of Example 5 was coated on a glass/Mo
substrate. This time the selected glass was Corning 7059
glass that contains no Na. By selecting a Na-free glass
substrate, it was assured that any doping effect that may
be observed would not be due to Na diffusing into the
compound layer from the glass through the Mo contact
layer.
[0064] Also, a six ml portion of the ink of Example 5
was put into a small tube and 42 mg of sodium acetate
was dissolved in this ink. The doped ink was then coated
on a glass/Mo substrate using the Corning 7059 glass.
[0065] The doped and undoped precursor layers were
selenized as in Example 1. Devices were fabricated on
both films as in Example 4. The results are shown in the
two I-V curves shown in Fig. 9. The curve "A" device,
made with the undoped compound film, is very poor with
a conversion efficiency of less than 0.5%. This is due to
the very high resistivity of the CuInSe2 layer. The curve
"B" device, made with the doped compound film, has
drastically improved efficiency of 4.5% demonstrating the
effectiveness of the extrinsic Na doping. Similar positive
results apply using other Na dopant sources, such as
sodium sulfate and sodium sulfide.
[0066] The basic method described certainly would be
expected to be practical and provide significant positive
results with a molar percent ratio of the Group IB element
or elements to the Group IIIB element or elements in the
compound film of greater than or equal to 0.5 and less
than or equal to 1.0. As this ratio increases, the results
should correspondingly improve, with greater than or
equal to 0.80 and less than or equal to 1.0 typically more
desirable. The use of doping, to some extent, can com-
pensate for a lower-end ratio. Thus a I/III ratio, for exam-
ple of 0.6 with doping, would be expected to provide re-
sults comparable to a significantly higher ratio with no
doping. Also, as indicated already, a starting or interme-
diate ratio of greater than 1.0, but reduced to less than
1.0 by the end of, e.g., the annealing step may be pro-
vided, with a starting ratio up to 1.2 expected to be prac-
tical and provide significant positive results.
[0067] The methods described have a range of appli-
cability, e.g., from solar cells for large-scale power gen-
eration, to components for miniature devices, such as
medical sensors. Manufacturing large devices, at least
0,093 m2 (one square foot) and preferably 0,37 m2-0,74
m2 (four to eight square feet), would, based on the results,
yield efficiencies as high as about 10% and at least 7%.
Ultimately, efficiencies of 15% in large modules would
be unsurprising.
[0068] For purposes of simplicity, the description has
primarily focused on CuInSe2 -based structures and
compound films of the Group IB-IIIA-VIA type. However,
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it should be understood that the compound films of the
Group IIB-IVA-VA-type and of the Group IB-VA-VIA-type
may be substituted. The preferred elements from these
groups are Cu from the Group IB, Ga and In from the
Group IIIA, S,Se and Te from the Group VIA, Zn and Cd
from the Group IIB, silicon (Si), germanium (Ge) and tin
(Sn) from the Group IVA and P, arsenic (As), and Sb from
the Group VA. The dopants preferred for the Group IB-
IIIA-VIA materials are from Group IA, like Li, Na and K,
and from Group VA like P, As, Sb and Bi, the dopant
should be less than or equal to about 1 molar % of the
material for which it substitutes as such a dopant.

Claims

1. A method for forming a chemical compound film,
comprising the steps of

(a) supplying a starting material including parti-
cles of material having Group IB elements and
Group IIIA elements,
(b) preparing a source material from the starting
material,
(c) depositing said source material on a base in
the form of a precursor film, and
(d) heating said precursor film in a suitable at-
mosphere to form a film including a Group IB-
IIIA-VIA chemical compound,

characterized in that,
said particles of material have at least one Group IB-
IIIA alloy phase, Group IB-IIIA alloys constituting
greater than 50 molar percent of the Group IB ele-
ments and greater than 50 molar percent of the
Group IIIA elements, in said source material.

2. A method for forming a compound film as defined in
claim 1 wherein:

the ratio by number of moles of Group IB to
Group IIIA elements in said source material is
greater than 0.80 and less than 1.0.

3. A method for forming a compound film as defined in
claim 1 wherein:

the ratio by number of moles of Group IB to
Group IIIA elements in said source material is
greater than 1.

4. A method for forming a compound film as defined in
claim 3 wherein:

the ratio by number of moles of Group IB to
Group IIIA elements in said compound film is
greater than 0.80 and less than 1.0.

5. A method for forming a compound film as defined in
claim 1 wherein:

Group IB-IIIA alloys constitute greater than 60
molar percent of the Group IB elements and
greater than 60 molar percent of the Group IIIA
elements in said source material.

6. A method for forming a compound film as defined in
claim 1 wherein:

Group IB-IIIA alloys constitute greater than 90
molar percent of the Group IB elements and
greater than 90 molar percent of the Group IIIA
elements in said source material.

7. A method for forming a compound film as defined in
claim 1 wherein:

said Group IB-IIIA alloy-containing particles
have at least one Group IB or Group IIIA element
phase.

8. A method for forming a compound film as defined in
claim 1 wherein:

said source material further includes particles
having a Group IB element phase.

9. A method for forming a compound film as defined in
claim 1 wherein:

said source material further includes particles
having a Group IIIA element phase.

10. A method for forming a compound film as defined in
claim 1 wherein:

said source material further includes Group VIA-
containing particles.

11. A method for forming a compound film as defined in
claim 1 wherein:

the step of supplying a starting material includes
forming a powder including said Group IB-IIIA
alloy-containing particles.

12. A method of forming a compound film as defined in
claim 11 wherein:

said powder has particle sizes of less than 20
micrometers,

13. A method of forming a compound film as defined in
claim 11 wherein:

said powder has particle sizes of less than 2
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micrometers.

14. A method of forming a compound film as defined in
claim 1 wherein:

said precursor film has a single layer.

15. A method of forming a compound film as defined in
claim 1 wherein:

said compound film has a thickness of greater
than 0.5 micrometer and less than 20 microm-
eters.

16. A method of forming a compound film as defined in
claim 15 wherein:

said compound film has a thickness of greater
than 1 micrometer and less than 10 microme-
ters.

17. A method of forming a compound film as defined in
claim 1 wherein:

the step of supplying a starting material com-
prises providing a powder including Group IB-
IIIA alloy-containing particles; and
the step of preparing a source material compris-
es forming an ink including Group IB-IIIA alloy-
containing particles from the starting material.

18. A method for forming a compound film as defined in
claim 1 wherein:

said Group IB-IIIA alloy-containing particles
contain Cu from Group IB and Group IIIA mate-
rial selected from In or Ga.

19. A method for forming a compound film as defined in
claim 18 wherein:

said Group IB-IIIA alloy-containing particles
contain Group IIIA material including an alloy of
In and Ga represented by the chemical formula
InxGa(1-x) wherein x is greater than 0 and less
than 1.

20. A method for forming a compound film as defined in
claim 1 wherein:

Group IB-IIIA alloy-containing particles are dis-
persed throughout the source material.

21. A method for forming a compound film as defined in
claim 1 wherein:

said alloy phase includes a dopant.

22. A method for forming a compound film s defined in
claim 21 wherein:

said dopant is an element selected from the
group of Na, K and Li.

23. A method for forming a compound film as defined in
claim 1 wherein:

said source material includes a dopant

24. A method for forming a compound film as defined in
claim 1 wherein :

said compound film includes a dopant.

25. A method according to claim 1 for fabricating an elec-
tronic device.

26. A method as defined in claim 25 wherein:

the step of supplying a starting material com-
prises: providing a powder including Group IB-
IIIA alloy-containing particles; and
the step of preparing a source material compris-
es forming an ink including Group IB-IIIA alloy-
containing particles from the starting material.

27. A method according to claim 1 for fabricating a solar
cell.

28. A method as defined in claim 27 wherein:

the step of supplying a starting material com-
prises providing a powder including Group IB-
IIIA alloy-containing particles; and
the step of preparing a source material compris-
es forming an ink including Group IB-IIIA alloy-
containing particles from the starting material.

29. A method for forming a chemical compound, com-
prising the steps of

(a) supplying a starting material including parti-
cles of material having elements selected from
Group IIB and IVA elements, and Group IB and
VA elements,
(b) preparing a source material from the starting
material,
(c) depositing said source material on a base in
the form of a precursor film, and
(d) heating said precursor film in a suitable at-
mosphere to form a film including a chemical
compound selected from a Group IIB-IVA-VA
compound for said selected Group IIB and IVA
elements, and a Group IB-VA-VIA compound
for said selected Group IB and VA elements,
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characterized in that,
for said first selected elements, said particles of ma-
terial have at least one Group IIB-IVA alloy phase,
Group IIB-IVA alloys constituting greater than 50 mo-
lar percent of Group IIB elements and greater than
50 molar percent of the Group IVA elements, in said
source material;
for said second selected elements, said particles of
material have at least one Group IB-VA alloy phase,
Group IB-VA alloys constituting greater than 50 mo-
lar percent of the Group IB elements and greater
than 50 molar percent of the Group VA elements, in
said source material.

30. A method for forming a compound film as defined in
claim 29 wherein:

alloys of said selected Group constitute greater
than 60 molar percent of the first elements of
said selected Group and greater than 60 molar
percent of the second elements of said selected
Group, in said source material.

31. A method for forming a compound film as defined in
claim 29 wherein:

alloys of said selected Group constitute greater
than 90 molar percent of the first elements of
said selected Group and greater than 90 molar
percent of the second elements of said selected
Group, in said source material.

32. A method for forming a compound film as defined in
claim 29 wherein:

said alloy phase includes a dopant.

33. A method for forming a compound film as defined in
claim 29 wherein:

said source material includes a dopant.

34. A method for forming a compound film as defined in
claim 29 wherein:

said compound film includes a dopant.

Patentansprüche

1. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung, wobei das Verfahren folgende
Schritte besitzt:

(a) Liefern eines Ausgangsmaterials, das Teil-
chen eines Materials aufweist, das Elemente
der Gruppe IB sowie Elemente der Gruppe IIIA
besitzt,

(b) Herstellen eines Ausgangsstoffs aus dem
Ausgangsmaterial,
(c) Ablagern des Ausgangsstoffs auf einer Basis
in Form eines Präkursorfilms, und
(d) Erhitzen des Präkursorfilms in einer geeig-
neten Atmosphäre, um einen Film auszubilden,
der eine chemische Verbindung von Elementen
der Gruppen IB-IIIA-VIA aufweist,

dadurch gekennzeichnet, dass
die Teilchen des Materials zumindest eine Legie-
rungsphase von Elementen der Gruppen IB-IIIA be-
sitzen, wobei die Legierungen von Elementen der
Gruppen IB-IIIA mehr als 50 Molarprozente von Ele-
menten der Gruppen IB und mehr als 50 Molarpro-
zente von Elementen der Gruppen IIIA des Aus-
gangsstoffs bilden.

2. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

das Molzahlverhältnis von Elementen der Grup-
pe IB zu Elementen der Gruppe IIIA im Aus-
gangsstoff größer als 0,80 und kleiner als 1,0 ist.

3. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

das Molzahlverhältnis von Elementen der Grup-
pe IB -zu Elementen der Gruppe IIIA im Aus-
gangsstoff größer als 1 ist.

4. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 3, wobei:

das Molzahlverhältnis von Elementen der Grup-
pe IB zu Elementen der Gruppe IIIA im Film einer
chemischen Verbindung größer als 0,80 und
kleiner als 1,0 ist.

5. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

Legierungen von Elementen der Gruppen IB-
IIIA mehr als 60 Molarprozente von Elementen
der Gruppe IB und mehr als 60 Molarprozente
von Elementen der Gruppe IIIA im Ausgangs-
stoff bilden.

6. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei :

Legierungen von Elementen der Gruppen IB-
IIIA mehr als 90 Molarprozente von Elementen
der Gruppe IB und mehr als 90 Molarprozente
von Elementen der Gruppe IIIA im Ausgangs-
stoff bilden.
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7. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

Teilchen, die Legierungen von Elementen der
Gruppen IB-IIIA enthalten, zumindest eine Pha-
se eines Elements der Gruppe IB oder der Grup-
pe IIIA besitzen.

8. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Ausgangsstoff weiters Teilchen aufweist,
die eine Phase eines Elements der Gruppe IB
besitzen.

9. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Ausgangsstoff weiters Teilchen aufweist,
die eine Phase eines Elements der Gruppe IIIA
besitzen.

10. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Ausgangsstoff weiters Teilchen aufweist,
die Elemente der Gruppe VIA enthalten.

11. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Schritt, in dem ein Ausgangsmaterial gelie-
fert wird, das Ausbilden eines Pulvers aufweist,
das Teilchen aufweist, die Legierungen von Ele-
menten der Gruppen IB-IIIA enthalten.

12. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 11, wobei:

das Pulver Teilchengrößen unter 20 Mikrome-
tern besitzt.

13. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 11, wobei:

das Pulver Teilchengrößen unter 2 Mikrometern
besitzt.

14. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Präkursorfilm eine einzige Schicht besitzt.

15. Verfahren zum Ausbilden eines Film einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Film einer chemischen Verbindung eine Dik-
ke besitzt, die größer als 0,5 Mikrometer und

kleiner als 20 Mikrometer ist.

16. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 15, wobei:

der Film einer chemischen Verbindung eine Dik-
ke besitzt, die größer als 1 Mikrometer und klei-
ner als 10 Mikrometer ist.

17. Verfahren zum Ausbilden eins Films einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Schritt, in dem ein Ausgangsmaterial gelie-
fert wird, das Liefern eines Pulvers enthält, das
Teilchen aufweist, die Legierungen von Elemen-
ten der Gruppen IB-IIIA enthalten; und
der Schritt, in dem aus dem Ausgangsmaterial
ein Ausgangsstoff hergestellt wird, das Ausbil-
den eines Anstrichs enthält, der Teilchen auf-
weist, die Legierungen
von Elementen der Gruppen IB-IIIA enthalten.

18. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

die Teilchen, die Legierungen von Elementen
der Gruppen IB-IIIA enthalten, Cu aus der Grup-
pe IB sowie ein Material der Gruppe IIIA enthal-
ten, das aus In oder Ga ausgewählt wird.

19. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 18, wobei:

die Teilchen, die Legierungen von Elementen
der Gruppen IB-IIIA enthalten, ein Material der
Gruppe IIIA enthalten, das eine Legierung von
In und Ga aufweist, die durch die chemische
Formel InxGa(1-x) dargestellt wird, wobei x grö-
ßer als 0 und kleiner als 1 ist.

20. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

Teilchen, die Legierungen von Elementen der
Gruppen IB-IIIA enthalten, über den Ausgangs-
stoff verteilt sind.

21. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

die Legierungsphase eine Dotiersubstanz auf-
weist.

22. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 21, wobei:

die Dotiersubstanz ein Element ist, das aus der
Gruppe Na, K und Li ausgewählt wird.
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23. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Ausgangsstoff eine Dotiersubstanz auf-
weist.

24. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 1, wobei:

der Film einer chemischen Verbindung eine Do-
tiersubstanz aufweist.

25. Verfahren gemäß Anspruch 1 für die Herstellung ei-
ner elektronischen Einrichtung.

26. Verfahren gemäß Anspruch 25, wobei:

der Schritt, in dem ein Ausgangsmaterial gelie-
fert wird, das Liefern eines Pulvers enthält, das
Teilchen aufweist, die Legierungen von Elemen-
ten der Gruppen IB-IIIA enthalten; und
der Schritt, in dem aus dem Ausgangsmaterial
ein Ausgangsstoff hergestellt wird, das Ausbil-
den eines Anstrichs aufweist, der Teilchen auf-
weist, die Legierungen von Elementen der
Gruppen IB-IIIA enthalten.

27. Verfahren gemäß Anspruch 1 zum Herstellen einer
Solarzelle.

28. Verfahren gemäß Anspruch 27, wobei:

der Schritt, in dem ein Ausgangsmaterial gelie-
fert wird,
das Liefern eines Pulvers enthält, das Teilchen
aufweist, die Legierungen von Elementen der
Gruppen IB-IIIA enthalten; und
der Schritt, in dem aus den Ausgangsmateriali-
en ein Ausgangsstoff hergestellt wird, das Aus-
bilden eines Anstrichs enthält, der Teilchen auf-
weist, die Legierungen von Elementen der
Gruppen IB-IIIA enthalten.

29. Verfahren zum Ausbilden einer chemischen Verbin-
dung, wobei das Verfahren folgende Schritte enthält:

(a) Liefern eines Ausgangsmaterials, das Teil-
chen eines Materials enthält, das Elemente be-
sitzt, die aus Elementen der Gruppe IIB und IVA
und aus Elementen der Gruppe IB und VA aus-
gewählt werden, sowie
(b) Herstellen eines Ausgangsstoffs aus dem
Ausgangsmaterial,
(c) Ablagern des Ausgangsstoffs auf einer Basis
in Form eines Präkursorfilms, und
(d) Erhitzen des Präkursorfilms in einer geeig-
neten Atmosphäre, um einen. Film auszubilden,
der eine chemische Verbindung aufweist, die

aus einer Verbindung von Elementen der Grup-
pen IIB-IVA-VA für die ausgewählten Elemente
der Gruppe IIB und IVA sowie aus einer Verbin-
dung von Elementen der Gruppen IB-VA-VIA für
die ausgewählten Elemente der Gruppe IB und
VA ausgewählt wird,

dadurch gekennzeichnet, dass
für die ersten ausgewählten Elemente die Teilchen
eines Materials zumindest eine Legierungsphase
von Elementen der Gruppen IIB-IVA besitzen, wobei
Legierungen von Elementen der Gruppen IIB-IVA
mehr als 50 Molarprozente von Elementen der Grup-
pe IIB und mehr als 50 Molarprozente von Elemen-
ten der Gruppe IVA im Ausgangsstoff bilden;
für die zweiten ausgewählten Elemente die Teilchen
des Materials zumindest eine Legierungsphase von
Elementen der Gruppen IB-VA besitzen, wobei Le-
gierungen von Elementen der Gruppen IB-VA mehr
als 50 Molarprozente von Elementen der Gruppe IB
und mehr als 50 Molarprozente von Elementen der
Gruppe VA im Ausgangsstoff bilden.

30. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 29, wobei:

Legierungen von Elementen der ausgewählten
Gruppe mehr als 60 Molarprozente der ersten
Elemente der ausgewählten Gruppe und mehr
als 60 Molarprozente der zweiten Elemente der
ausgewählten der Gruppe im Ausgangsstoff bil-
den.

31. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 29, wobei:

Legierungen von Elementen der ausgewählten
Gruppe mehr als 90 Molarprozente der ersten
Elemente der ausgewählten Gruppe und mehr
als 90 Molarprozente der zweiten Elemente der
ausgewählten Gruppe im Ausgangsstoff bilden.

32. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 29, wobei:

die Legierungsphase eine Dotiersubstanz auf-
weist.

33. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 29, wobei:

der Ausgangsstoff eine Dotiersubstanz auf-
weist.

34. Verfahren zum Ausbilden eines Films einer chemi-
schen Verbindung gemäß Anspruch 29, wobei:

der Film einer chemischen Verbindung eine Do-
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tiersubstanz aufweist.

Revendications

1. Procédé de formation d’une pellicule de composés
chimiques, comprenant les étapes consistant à :

(a) fournir une matière première comprenant
des particules de matériau comportant des élé-
ments du groupe IB et des éléments du groupe
IIIA,
(b) préparer un matériau source à partir de la
matière première,
(c) déposer ledit matériau source sur une base
sous forme d’un film précurseur, et
(d) chauffer ledit film précurseur dans une at-
mosphère appropriée pour former un film com-
prenant un composé chimique de groupe IB-
IIIA-VIA,

caractérisé en ce que,
lesdites particules de matériau ont au moins une
phase d’alliage groupe IB-IIIA, les alliages groupe
IB-IIIA constituant plus de 50 pour cent en mole des
éléments du groupe IB et plus de 50 pour cent en
mole des éléments du groupe IIIA, dans ledit maté-
riau source.

2. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

le rapport en nombre de moles des éléments du
groupe IB sur les éléments du groupe IIIA dans
ledit matériau source est supérieur à 0,80 et in-
férieur à 1,0.

3. Procédé de formation d’une pellicule de composés
selon la revendication 1 dans lequel :

le rapport en nombre de moles des éléments du
groupe IB sur les éléments du groupe IIIA dans
ledit matériau source est supérieur à 1.

4. Procédé de formation d’une pellicule de composés
selon la revendication 3, dans lequel :

le rapport en nombre de moles des éléments du
groupe IB sur les éléments du groupe IIIA dans
ladite pellicule de composés est supérieur à 0,80
et inférieur à 1,0.

5. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

les alliages groupe IB-IIIA constituent un taux
supérieur à 60 pour cent en mole des éléments
du groupe IB et supérieur à 60 pour cent en mole

des éléments du groupe IIIA dans ledit matériau
source.

6. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

les alliages groupe IB-IIIA constituent un taux
supérieur à 90 pour cent en mole des éléments
du groupe IB et supérieur à 90 pour cent en mole
des éléments du groupe IIIA dans ledit matériau
source.

7. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

lesdites particules contenant l’alliage groupe IB-
IIIA possèdent au moins une phase d’élément
de groupe IB ou de groupe IIIA.

8. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

ledit matériau source comprend en outre des
particules ayant une phase d’élément de groupe
IB.

9. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

ledit matériau source comprend en outre des
particules ayant une phase d’élément de groupe
IIIA.

10. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

ledit matériau source comprend en outre des
particules contenant le groupe VIA.

11. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

l’étape consistant à fournir une matière première
comprend la formation d’une poudre comportant
lesdites particules contenant l’alliage groupe IB-
IIIA.

12. Procédé de formation d’une pellicule de composés
selon la revendication 11, dans lequel :

ladite poudre renferme des tailles de particules
inférieures à 20 micromètres.

13. Procédé de formation d’une pellicule de composés
selon la revendication 11, dans lequel :

ladite poudre renferme des tailles de particules
inférieures à 2 micromètres.
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14. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

ledit film précurseur comporte une couche uni-
que.

15. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

ladite pellicule de composés a une épaisseur
supérieure à 0,5 micromètre et inférieure à 20
micromètres.

16. Procédé de formation d’une pellicule de composés
selon la revendication 15, dans lequel :

ladite pellicule de composés a une épaisseur
supérieure à 1 micromètre et inférieure à 10 mi-
cromètres.

17. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

l’étape consistant à fournir une matière première
comprend l’apport d’une poudre comportant des
particules contenant l’alliage groupe IB-IIIA, et
l’étape consistant à préparer un matériau source
comprend la formation d’une encre comportant
des particules contenant l’alliage groupe IB-IIIA
à partir de la matière première.

18. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

lesdites particules contenant l’alliage groupe IB-
IIIA renferment l’élément Cu issu du groupe IB
et un matériau de groupe IIIA choisi à partir de
l’élément In ou de l’élément Ga.

19. Procédé de formation d’une pellicule de composés
selon la revendication 18, dans lequel :

lesdites particules contenant l’alliage groupe IB-
IIIA contiennent un matériau de groupe IIIA com-
prenant un alliage de In et Ga représenté par la
formule chimique InxGa(3-x) dans laquelle x est
supérieur à 0 et inférieur à 1.

20. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

les particules contenant l’alliage groupe IB-IIIA
sont dispersées dans tout le matériau source.

21. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

ladite phase d’alliage comprend un dopant.

22. Procédé de formation d’une pellicule de composés
selon la revendication 21, dans lequel :

ledit dopant est un élément choisi à partir du
groupe constitué par Na, K et Li.

23. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

ledit matériau source comprend un dopant.

24. Procédé de formation d’une pellicule de composés
selon la revendication 1, dans lequel :

ladite pellicule de composés comprend un
dopant.

25. Procédé selon la revendication 1 destiné à fabriquer
un dispositif électronique.

26. Procédé selon la revendication 25, dans lequel :

l’étape consistant à fournir une matière première
comprend l’apport d’une poudre comportant des
particules contenant l’alliage groupe IB-IIIA, et
l’étape consistant à préparer un matériau source
comprend la formation d’une encre comportant
des particules contenant l’alliage de groupe IB-
IIIA à partir de la matière première.

27. Procédé selon la revendication 1 destiné à fabriquer
une cellule solaire.

28. Procédé selon la revendication 27 dans lequel :

l’étape consistant à fournir une matière première
comprend l’apport d’une poudre comportant des
particules contenant l’alliage groupe IB-IIIA, et
l’étape consistant à préparer un matériau source
comprend la formation d’une encre comportant
des particules contenant l’alliage groupe IB-IIIA
à partir des matières premières.

29. Procédé de formation d’un composé chimique, com-
prenant les étapes consistant à :

(a) fournir une matière première comprenant
des particules de matériau ayant des éléments
choisis à partir d’éléments du groupe IIB et du
groupe IVA, et d’éléments du groupe IB et VA,
(b) préparer un matériau source à partir de la
matière première,
(c) déposer ledit matériau source sur une base
sous forme d’un film précurseur, et
(d) chauffer ledit film précurseur dans une at-
mosphère appropriée pour former un film com-
prenant un composé chimique choisi à partir
d’un composé de groupe IIB-IVA-VA pour les-
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dits éléments du groupe IIB et du groupe IVA
choisis, et un composé de groupe IB-VA-VIA
pour lesdits éléments de groupe IB et du groupe
VA choisis,

caractérisé en ce que,
pour lesdits premiers éléments choisis, lesdites par-
ticules de matériau ont au moins une phase d’alliage
groupe IIB-IVA, les alliages de groupe IIB-IVA cons-
tituant plus de 50 pour cent en mole des éléments
de groupe IIB et plus de 50 pour cent en mole des
éléments de groupe IVA, dans ledit matériau source,
pour lesdits seconds éléments choisis, lesdites par-
ticules de matériau ont au moins une phase d’alliage
groupe IB-VA, les alliages de groupe IB-VA consti-
tuant plus de 50 pour cent en mole des éléments de
groupe IB et plus de 50 pour cent en mole des élé-
ments de groupe VA, dans ledit matériau source.

30. Procédé de formation d’une pellicule de composés
selon la revendication 29 dans lequel :

les alliages dudit groupe choisi constituent plus
de 60 pour cent en mole des premiers éléments
dudit groupe choisi et plus de 60 pour cent en
mole des seconds éléments dudit groupe choisi,
dans ledit matériau source.

31. Procédé de formation d’une pellicule de composés
selon la revendication 29, dans lequel :

les alliages dudit groupe choisi constituent plus
de 90 pour cent en mole des premiers éléments
dudit groupe choisi et plus de 90 pour cent en
mole des seconds éléments dudit groupe choisi,
dans ledit matériau source.

32. Procédé de formation d’une pellicule de composés
selon la revendication 29, dans lequel :

ladite phase d’alliage comprend un dopant.

33. Procédé de formation d’une pellicule de composés
selon la revendication 29, dans lequel :

ledit matériau source comprend un dopant.

34. Procédé de formation d’une pellicule de composés
selon la revendication 29, dans lequel :

ladite pellicule de composés comprend un
dopant.
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