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PHOTOELECTRIC CONVERSION DEVICE
AND MANUFACTURING METHOD OF THE
SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage of international appli-
cation No. PCT/JP2010/066941, filed on Sep. 29, 2010, and
claims the benefit of priority under 35 USC 119 of Japanese

Patent Application No. 2009-224269, filed on Sep. 29, 2009,
which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a photoelectric conver-

s1on device including a chalcogen compound semiconductor
layer, and a manufacturing method therefor.

BACKGROUND ART

There are various types of photoelectric conversion
devices used for photovoltaic power generation and the like.
A chalcopyrite-based photoelectric conversion device, as
typified by a CIS type (copper indium selenide type), easily
allows an increase 1n the area of a solar cell module with a
relatively low cost, and therefore research and development
thereot have been promoted.

The chalcopyrite-based photoelectric conversion device
includes, as a light-absorbing layer, a chalcogen compound
semiconductor layer (chalcopyrite-based compound semi-
conductor layer) made of copper indium gallium diselenide
(CIGS) or the like, and, as a bufler layer, a mixed crystal
compound semiconductor made of cadmium sulfide or the
like. The photoelectric conversion device additionally
includes a transparent conductive film serving as an upper
clectrode provided on the bufler layer. The photoelectric
conversion device moreover includes a silver grid electrode
provided on the transparent conductive film. In the photo-
clectric conversion device, the transparent conductive film
and the silver grid electrode are also formed in grooves,
which are used as a connection conductor. The connection
conductor electrically connects an upper electrode of one
photoelectric conversion cell to a lower electrode of the
other photoelectric conversion cell (Tor example, see Patent
Document 1).

PRIOR-ART DOCUMENTS

Patent Documents

Patent document 1: Japanese Patent Application Laid-
Open No. 2002-373995

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

However, the chalcogen compound semiconductor layer
included in the light-absorbing layer 1s relatively brittle, and
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2

therefore peel-ofl of the light-absorbing layer may occur in
processing the grooves, to cause a failure of the connection
between the connection conductor and the lower electrode.
Such a failure of the connection may cause a deterioration 1n
the photoelectric conversion efliciency of the photoelectric
conversion device. Therefore, 1t 1s demanded to reduce
occurrence of the above-mentioned failure of the connection
and 1mprove the photoelectric conversion efliciency of the
photoelectric conversion device.

The present invention has been accomplished 1n view of
the problems described above, and an object thereof 1s to
provide a photoelectric conversion device having a high
photoelectric conversion efliciency.

Means for Solving the Problems

A photoelectric conversion device according to an
embodiment of the present invention comprises a substrate,
a plurality of lower electrodes on the substrate comprising a
metal element, and a plurality of photoelectric conversion
layers comprising a chalcogen compound semiconductor
and formed on the plurality of lower electrodes, respectively.
This embodiment further includes a plurality of upper elec-
trodes and a connection conductor. The plurality of upper
clectrodes are formed on the plurality of photoelectric
conversion layers, respectively. The connection conductor
clectrically connects, 1n neighboring ones of the photoelec-
tric conversion layers, the upper electrode one photoelectric
conversion layer to the lower electrode of the other photo-
clectric conversion layer. Moreover, 1n this embodiment, the
connection conductor comprises a first connection portion
and a second connection portion. The first connection por-
tion 1s connected to the lower electrode through a first
metal-chalcogen compound layer comprising the metal ele-
ment and a chalcogen element included 1n the chalcogen
compound semiconductor. The second connection portion 1s
connected to the lower electrode without interposition of the
first metal-chalcogen compound layer.

A method for producing a photoelectric conversion device
according to an embodiment of the present mnvention com-
prises the steps of: forming a precursor of a chalcogen
compound semiconductor on a substrate located thereon
with a plurality of lower electrodes comprising a metal
clement; and heating the precursor to form a first metal-
chalcogen compound layer on the lower electrode, and to
form a photoelectric conversion layer on the first metal-
chalcogen compound layer, the first metal-chalcogen com-
pound layer comprising the metal element and a chalcogen
clement included 1n the chalcogen compound semiconductor
and the photoelectric conversion layer comprising the chal-
cogen compound semiconductor. This embodiment further
includes the steps of forming an upper electrode on the
photoelectric conversion layer; removing the upper elec-
trode, the photoelectric conversion layer, and a part of the
first metal-chalcogen compound layer on the lower elec-
trode; and forming a connection conductor so as to connect
the upper electrode to the lower electrode. Moreover, 1n this
embodiment, the step of forming the connection conductor
comprises forming a first connection portion and a second
connection portion, the first connection portion being con-
nected to the lower electrode through the first metal-chal-
cogen compound layer, the second connection portion being
connected to the lower electrode without interposition of the

first metal-chalcogen compound layer.

tects of the Invention

[T

In the photoelectric conversion device and the method for
manufacturing the photoelectric conversion device
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described above, a photoelectric conversion device can be
provided having a good connection between the connection
conductor and the lower electrode and thus having a high
photoelectric conversion efliciency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1llustrating an example of an
embodiment of a photoelectric conversion device according
to the present invention.

FIG. 2 1s a cross-sectional view of the photoelectric
conversion device of FIG. 1.

FIG. 3 1s a schematic diagram showing an example of a
first metal-chalcogen compound layer.

FIGS. 4A to 4F are step-by-step cross-sectional views
illustrating an example of an embodiment of a method for
producing a photoelectric conversion device according to
the present ivention.

FIGS. 5A to 5E are step-by-step cross-sectional views
illustrating another example of the embodiment of a method
for producing a photoelectric conversion device according to
the present mnvention.

FIG. 6 1s a cross-sectional view illustrating another
example of the embodiment of a photoelectric conversion
device according to the present invention.

FIG. 7 1s a partially enlarged cross-sectional view illus-
trating another example of the embodiment of a photoelec-
tric conversion device according to the present invention.

EMBODIMENT FOR CARRYING OUT TH
INVENTION

L1

FIG. 1 1s a perspective view showing a structure of a
photoelectric conversion device according to an embodi-
ment of the present invention, and FIG. 2 1s a cross-sectional
view thereof. A photoelectric conversion device 21 includes
a substrate 1, lower electrodes 2, photoelectric conversion
layers 33, upper electrodes 5, connection electrodes 7, first
metal-chalcogen compound layers 8a, and second metal-
chalcogen compound layers 8b. Although in this embodi-
ment, a case where the photoelectric conversion layer 33
includes a light-absorbing layer 3 and a bufler layer 4
forming a heterojunction thereto 1s shown as an example,
this 1s not limitative. It suilices that at least a part of the
photoelectric conversion layer 33 at the lower electrode 2
side includes a chalcogen compound semiconductor. There-
fore, in the photoelectric conversion layer 33, the bufler
layer 4 including a chalcogen compound semiconductor and
the light-absorbing layer 3 may be put in layers in the
mentioned order from the lower electrode 2 side, or semi-
conductor layers having different conductivity types may
form a homojunction with each other. The upper electrode 5
may be a semiconductor layer, or a so-called window layer.

In FIGS. 1 and 2, the photoelectric conversion device 21
has a plurality of photoelectric conversion cells 20 arranged
side by side. By the connection conductor 7 provided so as
to extend over the light-absorbing layer 3 and the bufler
layer 4, the upper electrode of the photoelectric conversion
cell 20 1s electrically connected to a portion where the lower
clectrode 2 extends of a neighboring photoelectric conver-
sion cell 20. In other words, the connection conductor 7
clectrically connects, in neighboring photoelectric conver-
sion layers 33, the upper electrode 5 of one photoelectric
conversion cell 20 to the lower electrode 2 of the other
photoelectric conversion cell 20. As a result, the neighboring,
photoelectric conversion cells 20 are connected in series
with each other along an X direction mn FIG. 1. In one
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4

photoelectric conversion cell 20, the connection conductor 7
1s provided so as to extend over the light-absorbing layer 3
and the bufler layer 4, and the light-absorbing layer 3 and the
bufler layer 4 interposed between the upper electrode 5 and
the lower electrode 2 perform photoelectric conversion.

The substrate 1 serves to support the light-absorbing layer
3 and the like. Examples of the material of the substrate 1
include glass, ceramics, resins, and metals. For example, a
blue plate glass (soda-lime glass) having a thickness of
approximately 1 to 3 mm may be used for the substrate 1.

A metal such as molybdenum (Mo), aluminium (Al),
titantum (11), tantalum (Ta) or gold (Au), or a laminated
structure of these metals, 1s used for the lower electrode 2.
The lower electrode 2 1s formed on the substrate 1 so as to
having a thickness of approximately 0.2 to 1 um by a
sputtering method, a vapor-deposition process, or the like.

The light-absorbing layer 3 includes a chalcogen com-
pound semiconductor. The chalcogen compound semicon-
ductor means a compound semiconductor containing a chal-
cogen element, namely, sulfur (S), selentum (Se), or
tellurium (Te). Examples of the chalcogen compound semi-
conductor include a I-11I-VI compound semiconductor and a
II-VI compound semiconductor. The compound semicon-
ductor means a compound semiconductor of a group I-B
clement (also called a group II element), a group I1II-B
clement (also called a group 13 element), and a group VI-B
clement (also called a group 16 element). The compound
semiconductor has a chalcopyrite structure, and called a
chalcopyrite-based compound semiconductor (also called a
CIS-based compound semiconductor). The II-VI compound
semiconductor means a compound semiconductor of a group
II-B element (also called a group 12 element) and a group
VI-B element. From the viewpoint of improving the photo-
clectric conversion etliciency, the I-11I-VI compound semi-
conductor which 1s the chalcopyrite-based compound semi-
conductor may be used.

Examples of the I-III-VI compound semiconductor
include copper indium diselenide (CulnSe, ), copper indium
gallium diselenide (Cu(In,Ga)Se,), copper indium gallium
diselenide with sulfur (Cu(In,Ga)(Se,S),), and copper
indium gallium disulfide (Cu(In,Ga)S,). The chalcopyrite-
based compound semiconductor may be a multinary com-
pound semiconductor thin film of, for example, copper
indium gallium diselenide whose surface layer 1s formed of
a thin film of copper indium gallium diselenide with sulfur
layer.

The light-absorbing layer 3 1s, for example, a thin {ilm
having a thickness of approximately 1 to 3 um whose
conductivity type 1s p-type. In a case where the light-
absorbing layer 3 1s formed of the I-III-IV compound
semiconductor, the bufler layer 4 for forming a heterojunc-
tion may be provided on a surface of the I-11I-VI compound
semiconductor. For the bufler layer 4, for example, a mixed
crystal compound semiconductor such as cadmium sulfide
(CdS), indium sulfide (InS), or zinc sulfide (ZnS) may be
mentioned.

The second metal-chalcogen compound layer 8b having a
metal element contained in the lower electrode 2 and a
chalcogen element contained 1n the light-absorbing layer 3
1s provided between the lower electrode 2 and the light-
absorbing layer 3. The thickness of the second metal-
chalcogen compound layer 8b 1s approximately 1 nm to 1
um. From the viewpoint of improving the adhesion between
the light-absorbing layer 3 and the lower electrode 2 to
obtain a good electrical connection between the light-ab-
sorbing layer 3 and the lower electrode 2, the thickness of
the second metal-chalcogen compound layer 86 may be set
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at 5 nm to 200 nm. In a case where, for example, the lower
clectrode 2 1s formed of molybdenum and the light-absorb-
ing layer 3 1s a compound semiconductor containing Se, the
second metal-chalcogen compound layer 8b 1s formed of
molybdenum selenide (MoSe,). In this embodiment, such a
second metal-chalcogen compound layer 8b enables the
light-absorbing layer 3 and the lower electrode 2 to adhere
to each other with an enhanced strength.

The second metal-chalcogen compound layer 8b can be
tformed by bringing a feedstock including a gaseous or solid
chalcogen element into contact with the lower electrode 2
and performing a heating. From the viewpoint of simplifi-
cation of steps, it 1s preferable that during the formation of
the light-absorbing layer 3, the second metal-chalcogen
compound layer 8b 1s formed using the chalcogen element
which 1s a feedstock of the light-absorbing layer 3 simulta-
neously with the formation of the light-absorbing layer 3.

The upper electrode 5 includes a so-called window layer,
and it suffices that the [Material] material thereof has an
n-type conductivity, a wide bandgap, a transparency, and a
low resistance. Examples of such a matenal include a thin
film of a metal oxide semiconductor such as zinc oxide
(Zn0), a zinc oxide compound containing aluminum, boron,
gallium, indium, fluorine or the like, indium tin oxide (ITO)
and tin oxide (SnQ,). It suflices that the thickness of the
upper electrode 5 1s approximately 1 to 2 um. Since the
window layer can be considered as one of the electrodes of
the photoelectric conversion device 21, the window layer 1s
regarded as the upper electrode 5 1n this embodiment. In
addition to such a window layer, a transparent conductive
film may also be formed as the upper electrode 5.

The connection conductor 7 1s a conductor penetrating
through the light-absorbing layer 3 and the bufler layer 4 and
clectrically connecting, 1n neighboring photoelectric conver-
sion cells, the upper electrode 5 of one photoelectric con-
version cell 20 to the lower electrode 2 of the other photo-
clectric conversion cell 20.

As shown 1n FIGS. 1 and 2, the connection conductor 7
has a first connection portion A connected to the lower
clectrode 2 through the first metal-chalcogen compound
layer 8a, and a second connection portion B directly con-
nected to the lower electrode 2 without interposition of the
first metal-chalcogen compound layer 8a. That 1s, i this
embodiment, the first metal-chalcogen compound layer 8a
provided partially on the lower electrode 2 1s formed so as
to extend from a surface of the lower electrode 2 toward the
height direction (Z direction 1n FIG. 1) of the connection
conductor 7 and enter the connection conductor 7. There-
fore, in this embodiment, the adhesion between the lower
clectrode 2 and the connection conductor 7 can be improved
due to an anchor eflect exerted by the first metal-chalcogen
compound layer 8a. Thus, the photoelectric conversion
efliciency can be improved.

The thickness and the material of the first metal-chalco-
gen compound layer 8a may be equivalent to those of the
second metal-chalcogen compound layer 8b described
above. FIG. 3 1s a schematic diagram for explaining the
shape of the first metal-chalcogen element 8a. The first
metal-chalcogen compound layer 8a 1s provided on a part of
the lower electrode 2 confronting a gap portion C serving as
a separating groove P2 which will be described later. In FIG.
3, for the purpose of explaining the shape of the first
metal-chalcogen element 8a, the bufler layer 4, the upper
clectrode 35, a collector electrode 6, and the connection
conductor 7 are not shown. As shown in FIG. 3 illustrating
the gap portion C as viewed from the lower electrode 2 side,
the shape of the first metal-chalcogen element 8a may be a
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rectangular shape, an oval shape, a circular shape, or the
like. The gap portion C 1s formed by separating the photo-
clectric conversion layer 33 into two sections, and, for
example, has an eclongated shape extending along a Y
direction as shown in FIG. 3. The first metal-chalcogen
compound layer 8a may be formed so as to extend along the
longitudinal direction of the gap portion C. This allows the
first metal-chalcogen compound layer 8a to be formed larger
than a width (lIength of the gap portion C with respect to the
direction perpendicular to the longitudinal direction thereot)
of the gap portion C. Thus, the anchor eflect can be
furthermore 1mproved. In a case where the {first metal-
chaleogen compound layer 8a has an elongated shape, 1t may
be provided at an end portion along the longitudinal direc-
tion of the gap portion C, as shown 1n FIG. 3. As a result,
around this end portion, the photoelectric conversion layer
33 1s not easily peeled off from the lower electrode 2.

In this embodiment, 1t 1s preferable that the area of the first
connection portion A 1s smaller than the area of the second
connection portion B 1n a plan view of the substrate 1. In
other words, 1n this embodiment, 1n a plan view of the
substrate 1, the area of the first metal-chalcogen compound
layer 8a 1s smaller than the total area of the lower electrode
2 1n the gap portion C. At this time, the ratio of the area of
the first metal-chalcogen compound 8a to the total area of
the lower electrode 2 1n the gap portion C 1s preterably 25%
to 45%. Thereby, 1n this embodiment, while maintaining the
above-mentioned anchor eflect, a resistance can be lowered
by the direct connection between the lower electrode 2 and
the connection conductor 7, thus improving the conversion
elliciency. Such an area ratio can be measured by using, for
example, the Auger electron spectroscopy after the gap
portion C 1s formed. The area ratio may also be measured by
the Auger electron spectroscopy when, for example, the first
metal-chalcogen compound layer 8a 1s exposed as a result of
removing the connection conductor 7 1n the Z direction in
FIG. 1.

The connection conductor 7 may be formed by the same
material as that of the upper electrode 3, or may be formed
by the solidification of a metal paste. Here, the solidification
includes, 1n a ease where a binder used 1n the metal paste 1s
a thermoplastic resin, a solidified state after melting, and
also includes, 1n a case where the binder 1s a curable resin
such as a thermosetting resin or a photo-curable resin, a state
alter curing. From the viewpoint of a connection reliability,
a metal paste obtained by dispersing a powdered metal such
as Ag 1n a resin binder or the like 1s adoptable.

The collector electrode 6 may be provided on the upper
clectrode 5. The collector electrode 6 1s, for example,
formed 1n a linear shape extending from one end of the
photoelectric conversion cell 20 to the connection conductor
7, as shown 1 FIGS. 1 and 2. As a result, a charge caused
by the photoelectric conversion performed by the light-
absorbing layer 3 1s collected by the collector electrode 6
through the upper electrode 5, and can be successtully
conducted to the neighboring photoelectric conversion cell
20 through the connection conductor 7. Thus, providing the
collector electrode 6 enables eflicient extraction of the
charge caused in the light-absorbing layer 3, even if the
upper electrode 5 1s thin. This consequently improves a
power generation efliciency.

From the viewpoint of reducing shielding of light trans-
mission to the light-absorbing layer 3 and also providing a
good conductivity, the collector electrode 6 may have a
width of 50 to 400 um. The collector electrode 6 may be
branched and have a plurality of branch portions.
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The collector electrode 6 can be formed by, for example,
pattern-printing a metal paste obtained by dispersing a
powdered metal such as Ag 1n a resin binder or the like, and
then drying the metal paste to solidify 1it.

Next, a method for manufacturing a photoelectric con-
version device according to an embodiment of the present
invention will be described with reference to FIGS. 4A to 4F
and 5A to SE. Firstly, a method for manufacturing the
photoelectric conversion device 21 shown 1n FIGS. 4A to 4F
will be described.

Firstly, as shown 1n FIG. 4A, a film of the lower electrode
2 1s formed substantially throughout a surface of the washed
substrate 1 by using a sputtering method or the like. Then,
in the film of the lower electrode 2 thus formed, a dividing
groove P1 1s formed by using a YAG laser or the like, thus
patterning the lower electrode 2.

Then, as shown 1n FIG. 4B, a film of the light-absorbing
layer 3 1s formed on the patterned lower electrode 2 by using
a sputtering method, a vapor-deposition process, a printing
process, or the like. At this time, the chalcogen element
which 1s a feedstock of the light-absorbing layer 3 1s reacted
with the lower electrode 2, to form a metal-chalcogen
compound layer 8 (first to third metal-chalcogen compound
layers) at an interface between the lower electrode 2 and the
light-absorbing layer 3.

Then, as shown 1n FIG. 4C, a film of the bufler layer 4 1s
formed on the light-absorbing layer 3 by using a solution-
growth process (CBD method) or the like. Then, a film of the
upper electrode 5 1s formed on the bufler layer 4 by using a
sputtering method, a metal organic chemical vapor deposi-
tion (MOCVD method) process, or the like.

Then, as shown 1n FIG. 4D, the separating groove P2 (gap
portion C) 1s formed through the light-absorbing layer 3, the
butler layer 4, and the upper electrode 5 by a mechanical
scribing process. The separating groove P2 1s spaced from
the dividing groove P1 formed 1n the lower electrode 2, at
an interval of approximately 0.1 to 1.0 mm, for example. A
width of the separating groove P2 1s, for example, approxi-
mately 100 to 1000 um. The separating groove P2 having
such a width can be formed by sequentially performing
scribing several times while shifting the pitch by using a
scriber having a scribe width of approximately 40 to 50 um.
Alternatively, the separating groove P2 may be formed by
performing scribing using a scriber whose tip end 1s widened
to a predetermined width. Also alternatively, the separating
groove P2 may be formed by performing scribing once to
several times using two or more scribers that are fixed while
being in contact with each other or being close to each other.

In the formation of the separating groove P2, the intensity
of the mechanical scribing process 1s adjusted to partially
remove the metal-chalcogen compound layer 8 1n the sepa-
rating groove P2. At this time, a portion of the metal-
chalcogen compound layer 8 left on the lower electrode 2
serves as the first metal-chalcogen compound layer 8a. The
first metal-chalcogen compound layer 8a constituted by
partially leaving the metal-chalcogen compound layer 8 in
such a manner can be formed by the following method. For
example, 1n a scribing process, the pressing force and the
speed of the scriber may be set at 0.1 to 0.5 MPa and 200 to
2000 mm/see, respectively. Under such conditions, the force
of removing the metal-chalcogen compound layer 8 1is
weakened, so that the metal-chalcogen compound layer 8
can be left on the lower electrode 2. A portion of the
metal-chalcogen compound layer 8 positioned between the
lower electrode 2 and the photoelectric conversion layer 33
serves as the second metal-chalcogen compound layer 8b. It
1s acceptable that a surface part of the lower electrode 2 may
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also be scraped in the removal of the metal-chalcogen
compound layer 8. Thereby, the metal-chalcogen compound
layer 8 can be stably removed, and the above-mentioned
connection reliability of the second connection portion can
be improved. The method for removing the metal-chalcogen
compound layer 8 1s not limited to the mechanical scribing
process, and the removal may be done by an etching process
or the like.

Then, as shown 1 FIG. 4E, a silver paste or the like 1s
printed on the upper electrode 5 and 1n the separating groove
P2 for the purpose of lowering the resistance, thereby
forming the collector electrode 6 and the connection con-
ductor 7. Thus, the first connection portion A where the
connection conductor 7 1s electrically connected to the lower
clectrode 2 through the first metal-chalcogen compound
layer 8a, and the second connection portion B where the
connection conductor 7 1s directed connected to the lower
clectrode 2 without interposition of the first metal-chalcogen
compound layer 8a, can be formed 1n the separating groove
P2.

Finally, as shown 1n FIG. 4F, the light-absorbing layer 3,
the butler layer 4, and the upper electrode 5 are patterned by
a mechanical scribing process, to form a separating groove
P3, thus forming the photoelectric conversion device 21
having a plurality of photoelectric conversion cells 20
connected 1n series with one another. In the formation of the
separating groove P3, the metal-chalcogen compound layer
8 may be either removed or left. If the metal-chalcogen
compound layer 8 1s left during the formation of the sepa-
rating groove P3 to form a third metal-chalcogen compound
layer 8c, the lower electrode 2 1n the separating groove P3
can be protected by the third metal-chalcogen compound
layer 8c. As a result, in this embodiment, occurrence of
corrosion of the lower electrode 2 due to an entry of
moisture from the outside can be reduced, and therefore a
reliability can be improved. If the third metal-chalcogen
compound layer 8c 1s provided so as to fully cover a part of
the lower electrode 2 exposed 1n the separating groove P3,
a moisture resistance can be furthermore improved. In a case
where the separating groove P3 1s formed by the above-
mentioned mechanical scribing, it suilices that, for example,
the pressing force and the speed of the scriber are set at 0.02
to 0.05 MPa and 100 to 1500 mm/sec, respectively, for
providing the third metal-chalcogen compound layer 8c.
Under such conditions, the light-absorbing layer 3, the
bufler layer 4, and the upper electrode 5 can be removed
with the third metal-chalcogen compound layer 8c being left
on the lower electrode 2. From the viewpoint of more
reliably remove the light-absorbing layer 3, the bufler layer
4, and the upper electrode 5 from the separating groove P3,
the speed of the scriber 1s preferably 100 to 500 mmy/sec.

In FIG. 4C, it may be acceptable that, prior to forming the
upper electrode 5, only the separating groove P2 1s formed
by a mechanical scribing process, and then the upper elec-
trode 5 1s formed. At this time, the upper electrode 5 may be
formed also 1n the separating groove P2, to serve as the
connection conductor 7. It may also be acceptable that the
bufler layer 4 and the upper electrode 5 are formed prior to
forming the separating groove P2, as shown in FIG. 4C. This
enables the upper electrode 5 to be formed while the bufler
layer 4 1s being 1n a good state, to obtain a good electrical
connection between the buller layer 4 and the upper elec-
trode 5, Thus, the photoelectric conversion efliciency can be
improved. Additionally, the method shown in FIG. 4C can
reduce a deterioration of the surface of the bufler layer 4
which may otherwise be caused by scraps resulting from the
formation of the separating groove P2.
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In this manner, the photoelectric conversion cell 20 hav-
ing a laminated structure including the substrate 1, the lower
clectrode 2, the light-absorbing layer 3, the bufler layer 4,
and the upper electrode 5 laminated 1n the mentioned order
from the back surface side, 1s formed. The photoelectric
conversion device 21 has a structure in which a plurality of
the photoelectric conversion cells 20 are electrically con-
nected and integrated.

FIGS. SA to SE show another embodiment of a method
tor producing the photoelectric conversion device 21. FIGS.
5A to 5C are 1dentical to FIGS. 4A to 4C. The embodiment
shown 1 FIGS. 5A to 5E are different from the manufac-
turing method shown 1n FIGS. 4A to 4F, 1in that the sepa-
rating groove P3 1s formed simultaneously with the forma-
tion of the separating groove P2 1n FIG. 5D. In this case, the
separating grooves P2 and P3 can be formed 1n a single step,
and therefore the process can be simplified. Then, as shown
in FIG. SE, a metal paste such as a silver paste 1s printed on
the upper electrode 5 and 1n the separating groove P2 for the
purpose of lowering the resistance, thereby forming the
collector electrode 6 and the connection conductor 7. At this
time, the light-absorbing layer 3 and the bufler layer 4
existing between the separating groove P2 and the separat-
ing groove P3 can function as a protective barrier for making
it difhicult for the metal paste to wetly spread into contact
with the neighboring photoelectric conversion cell 20.

In this method for producing the photoelectric conversion
device 21, the separating groove P2 for providing the
connection conductor 7 and the separating groove P3 for
separating the photoelectric conversion cells 20 from each
other are formed 1n a single step, and then the connection
conductor 7 1s formed 1n the separating groove P2 by using
the metal paste. Therefore, such a manufacturing method
can simplily the process.

Next, another embodiment of a structure of a photoelec-
tric conversion device according to the present imvention
will be described. The photoelectric conversion device 31
shown 1n FIG. 6 1s different from the photoelectric conver-
sion device 21 shown in FIGS. 1 and 2, in that the separating
groove for separating both of the light-absorbing layer 3 and
bufler layer 4 1s formed as a single separating groove P2'.
The same configurations as those of the photoelectric con-
version device 21 are denoted by the common corresponding
reference numerals. The photoelectric conversion device 31
1s configured such that the connection conductor 7 1s not 1n
contact with the neighboring photoelectric conversion cell
30 within the separating groove P2'. Thus, the step of
forming the separating groove P3 can be omitted, and the
process can be simplified.

The connection conductor 7 i1s formed by providing a
metal paste 1n the separating groove P2' such that the metal
paste can cover substantially half of the separating groove
P2'. A metal paste having an appropriate degree of viscosity
may be used as the metal paste 1n order to prevent the metal
paste applied 1n the separating groove P2' from flowing into
contact with the neighboring photoelectric conversion cell
30.

A photoelectric conversion device 41 shown 1n FIG. 7 1s
different from the photoelectric conversion device 21 shown
in FIGS. 1 and 2, 1n that recesses are formed 1n a portion of
the surface of the lower electrode 2 exposed 1n the separating,
groove P2' that corresponds to the gap portion C. The same
configurations as those of the photoelectric conversion
device 21 are denoted by the common corresponding refer-
ence numerals. In the photoelectric conversion device 41, a
first connection portion A' and a second connection portion
B' are positioned within the recesses. In the photoelectric
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conversion device 41 1n which the first connection portion A’
and the second connection portion B' are positioned within
the recesses 1n this manner, the anchor effect of the connec-
tion conductor 7 can be furthermore improved, so that the
adhesion between the lower electrode 2 and the connection
conductor 7 can be improved. Moreover, in the photoelectric
conversion device 41, the connection conductor 7 1s con-
nected also to inner side surfaces of the recesses, thus
reducing a contact resistance. As a result, in this embodi-
ment, an extracted current can be increased, and therefore
the conversion efliciency can be improved.

The present mvention 1s not limited to the above-de-
scribed embodiments, and various modifications can be
made without departing from the essence of the present
invention.

DESCRIPTION OF TH.
NUMERAI

(L]

REFERENCE
S

L

1: substrate

2: lower electrode

3: light-absorbing layer

33: photoelectric conversion layer

. buller layer

. upper electrode

. collector electrode

: connection conductor

. metal-chalcogen compound layer

8a: first metal-chalcogen compound layer
8b: second metal-chalcogen compound layer
8c: third metal-chalcogen compound layer
20, 30, 40: photoelectric conversion cell
21, 31, 41: photoelectric conversion device

The mvention claimed 1s:

1. A photoelectric conversion device comprising:

a substrate:

a plurality of photoelectric conversion cells located on the
substrate, respectively, each of the photoelectric con-
version cells comprising
a lower electrode disposed on the substrate, the lower

electrode comprising a metal element,

a photoelectric conversion layer comprising a chalco-
gen compound semiconductor, the photoelectric con-
version layer being located on the lower electrode,
and

an upper electrode located on the photoelectric conver-
sion layer[.];

a connection conductor electrically connecting|, in neigh-
boring ones of the photoelectric conversion cells,] the
upper electrode of Jone] a first photoelectric conversion
cell to the lower electrode of [the other] a reighboring
photoelectric conversion cell; and

a first metal-chalcogen compound layer disposed between
the lower electrode of the neighboring photoelectric
conversion cell and the connection conductor, the first
metal-chalcogen compound layer comprising the metal
clement and a chalcogen element included 1n the chal-
cogen compound semiconductor,

wherein the connection conductor comprises a first con-
nection portion and a second connection portion, the
first connection portion being connected to the lower
clectrode of the neighboring photoelectric conversion
cell through the first metal-chalcogen compound /layer,
the second connection portion being connected to the
lower electrode of the neighboring photoelectric con-
version cell without interposition of the first metal-
chalcogen compound layer, the first connection portion

L ~1 U da
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and the second connection portion being located on an
upper surface of the lower electrode of the neighboring
photoelectric conversion cell, and wherein in a plan
view of the substrate, the area of the first connection
portion is smaller than the area of the second connec-
tion portion.

2. The photoelectric conversion device according to claim
1, wherein the connection conductor 1s a solidification of a
metal paste.

3. The photoelectric conversion device according to claim
1, wherein each of the photoelectric conversion cells further
comprises a collector electrode connected to the connection
conductor [is] and located on the upper electrode.

[4. The photoelectric conversion device according to
claim 1, wherein 1n a plan view of the substrate, the area of
the first connection portion 1s smaller than the area of the
second connection portion.]

5. The photoelectric conversion device according to claim
1, further comprising

a second metal-chalcogen compound layer between [the]

each lower electrode and [the] each photoelectric con-

version layer [comprising], wherein the second metal-
chalcogen compound layer comprises the metal ele-
ment and the chalcogen element.

6. The photoelectric conversion device according to claim
1, wherein the lower electrode has a recess in a surface
thereof at a side of the connection conductor [side], and at
least one of the first connection portion and the second
connection portion 1s located 1n the recess.

7. The photoelectric conversion device according to claim
[1] 5, [wherein] further comprising a third metal-chalcogen
compound layer, located on a part of the lower electrode
between the first photoelectric conversion cell and the
neighboring photoelectric conversion cell, and comprising
the metal element and the chalcogen element [is further
provided on a surface at the side opposite to the substrate of
the lower electrode located between neighboring ones of the
photoelectric conversion cells].

8. The photoelectric conversion device according to [any]
claim 1, wherein

the connection conductor 1s located on an elongated gap

portion located in the photoelectric conversion layer,

the first metal-chalcogen compound layer [is] being
located so as to extend along a longitudinal direction of
the elongated gap portion.

9. The photoelectric conversion device according to claim
8, wherein the first metal-chalcogen compound layer is
located at an end portion of the elongated gap portion with
respect to the longitudinal direction thereof.

10. A photoelectric conversion device comprising:

a substrate;

a first cell and a neighboring cell located on the substrate,

the first cell and neighboring cell each comprising:

a lower electrode disposed on the substrate, the lower
electrode comprising a metal element,

a photoelectric conversion layer comprising a chalco-
gen compound semiconductor, the photoelectric con-
version layer being located on the lower electrode,
and

an upper electrode located on the photoelectric con-
version laver, and

a connection conductor electrically connecting the upper

electrode of the first cell to the lower electrode of the

neighboring cell,

wherein the connection conductor comprises a first con-

nection portion and a second comnnection portion, the

first connection portion being connected to the lower

12

electrode of the neighboring cell through a first metal-
chalcogen compound layer, the second connection por-
tion being connected to the lower electrode of the
neighboring cell without interposition of the first metal-
d chalcogen compound layer, the first connection portion
and the second connection portion being located on an
upper surface of the lower electrode of the neighboring
cell, and wherein in a plan view of the substrate, the
area of the first connection portion is smaller than the

area of the second connection portion.

11. The photoelectric conversion device according to
claim 10, wherein the connection conductor is a solidifica-
tion of a metal paste.

12. The photoelectric conversion device according to
claim 10, wherein the first cell and the neighboring cell each
further comprise a collector electrode connected to the
connection conductor and located on the upper electrode.

13. The photoelectric conversion device according to
20 claim 10, further comprising a second metal-chalcogen

compound layer disposed between each lower electrode and

each photoelectric conversion layer, the second metal-chal-
cogen compound layver comprising the chalcogen element.

14. The photoelectric conversion device according to

25 claim 10, wherein the lower electrode of the neighboring cell
has a rvecess in a surface thereof at a side of the connection
conductor, and at least one of the first connection portion
and the second connection portion is located in the recess.

15. The photoelectric conversion device according to

30 claim 13, further comprising a third metal-chalcogen com-
pound laver, located on a part of the lower electrode
between the first cell and the neighboring cell, and com-
prising the chalcogen element.

16. The photoelectric conversion device according to

35 claim 10, wherein

the connection conductor is located on an elongated gap
portion located in the photoelectric conversion layer,

the first metal-chalcogen compound laver being located
so as to extend along a longitudinal direction of the gap

40 portion,

17. The photoelectric conversion device according to
claim 16, wherein the first metal-chalcogen compound layer
is located at an end portion of the elongated gap portion
with respect to the longitudinal direction thereof.

45  18. A photoelectric conversion device comprising:

a substrate;

a plurality of photoelectric conversion cells located on the
substrate, vespectively, each of the photoelectric con-
version cells comprising

50 a lower electrode disposed on the substrate,

a photoelectric conversion layver comprising a chalco-
gen compound semiconductor, the photoelectric con-

version layer being located on the lower electrode,
and

55 an upper electrode located on the photoelectric con-
version layer;

a connection conductor electrically connecting the upper
electrode of a first photoelectric conversion cell to the
lower electrode of a neighboring photoelectric conver-

60 sion cell: and

a first metal-chalcogen compound layver, disposed
between the lower electrode of the neighboring photo-
electric conversion cell and the connection conductor,
and comprising a metal element that is also present in

65 the lower electrode of the neighboring photoelectric
conversion cell, and a chalcogen element that is also
present in the chalcogen compound semiconductor,

10
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wherein the connection conductor comprises a first con-
nection portion and a second comnnection portion, the
first connection portion being connected to the lower
electrode of the neighboring photoelectric conversion
cell through the first metal-chalcogen compound layer,
the second connection portion being connected to the
lower electrode of the neighboring photoelectric con-
version cell without interposition of the first metal-

chalcogen compound layer, the first connection portion
and the second connection portion being located on an
upper surface of the lower electrode of the neighboring
photoelectric conversion cell, and wherein in a plan
view of the substrate, the area of the first connection
portion is smaller than the area of the second connec-
tion portion.

19. The photoelectric conversion device according to
claim 18, further comprising a second metal-chalcogen
compound layver between each lower electrode and each
photoelectric conversion layer, whervein the second metal-
chalcogen compound laver comprises the chalcogen ele-
ment.

20. The photoelectric conversion device according to
claim 19, further comprising a third metal-chalcogen com-
pound laver, located on a part of the lower electrode
between the first photoelectric conversion cell and the

10
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neighboring photoelectric conversion cell, and comprising
the metal element and the chalcogen element.

21. The photoelectric conversion device according to
claim 18, wherein the connection conductor is a solidifica-
tion of a metal paste.

22. The photoelectric conversion device according to
claim 18, wherein each of the photoelectric conversion cells
further comprises a collector electrode comnnected to the
connection conductor and located on the upper electrode.

23. The photoelectric conversion device according to
claim 18, wherein the lower electrode of the neighboring cell
has a recess in a surface therveof at a side of the connection
conductor, and at least one of the first connection portion
and the second connection portion is located in the recess.

24. The photoelectric conversion device according to
claim 18, wherein the connection conductor is located on an
elongated gap portion located in the photoelectric conver-
sion layer, the first metal-chalcogen compound layer being
located so as to extend along a longitudinal divection of the

20 gap portion.

25. The photoelectric conversion device according to
claim 24, wherein the first metal-chalcogen compound layer
is located at an end portion of the elongated gap portion
with respect to the longitudinal direction thereof.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

