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Description

Technical Field of the Invention

[0001] The present invention relates generally to the
field of semiconductor device fabrication and, in particu-
lar, to a method for treating a surface of a Transparent
Conductive Oxide (TCO) material in a semiconductor de-
vice.

Background of the Invention

[0002] Semiconductor devices often have metallic el-
ements which can be used to create electrical contacts
between the devices and other external components.
Metallic elements can be also used to interconnect dif-
ferent parts of a semiconductor device.

[0003] Solar cells, for example, have metallic elec-
trodes which allow for the extraction of photo-generated
charge carriers from the device as an electrical current.
These metallic electrodes may consist of a patterned me-
tallic structure, such as a grid of metallic fingers intercon-
nected by busbars, or full planar metallic layers. Pat-
terned structures are usually used at one or more of the
surfaces of the solar cell which are exposed to solar ra-
diation.

[0004] Electrochemical metal plating is a viable alter-
native used to deposit metallic materials to surfaces of
solar cells in order to form metallic electrodes. For ex-
ample, in order to fabricate bi-facial heterojunction solar
cells, metal electrodes must be formed on TCO layers
disposed at the two sides of the solar cell. These TCO
layers generally consist of Indium Tin Oxide (ITO) de-
posited on the p-type hydrogenated amorphous silicon
layer and the n-type hydrogenated amorphous silicon
layer of the solar cell.

[0005] Silver, which is the dominant metal used in solar
cell manufacturing, is one of the most expensive metals.
As such, by replacing silver with a less expensive metal,
the manufacturing costs of solar cells can be significantly
reduced. However, forming metal electrodes to ITO by
electrochemical methods has been found to be a chal-
lenging task due to adhesion problems of the metal to
the ITO. This problem is particularly pronounced for cop-
per electrodes. The adhesion of patterned plated copper
electrodes to ITO layers has been found to be poor, as
copper that is directly plated to ITO has been found to
peel-off after plating or during mask removal. This poor
adhesion gives rise to poor electrical performance of the
solar cell due to high series resistance. Structural prob-
lems can also occurif the copper electrodes peel-off from
the ITO.

[0006] Itwould be beneficial to have a method for form-
ing plated copper electrodes to ITO which alleviates the
adhesion problem described above. US 2014/182675
and US 2015/090317 A1 relate to a method of selectively
reducing surface portions of a TCO layer by exposition
to an electrolyte.
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Summary of the Invention

[0007] The problems above are solved by a method
for treating a surface portion of a TCO material in a sem-
iconductor device according to claim 1 and by a method
for plating a metallic material to a TCO material in a sem-
iconductor device according to claim 13.

[0008] In accordance with the first aspect, the present
invention provides a method for treating a surface portion
of a TCO material in a semiconductor device, the semi-
conductor device comprising a structure arranged to fa-
cilitate current flow in one direction, the method compris-
ing the steps of:

exposing the surface portion of the TCO material to
an electrolyte that is suitable for electrochemically
reducing a portion of the TCO material when an elec-
trical current is induced through a region of the TCO
material; and

inducing a current in the TCO material;

wherein the method is performed in a manner such
that the induced current reduces the TCO material
and improves adhesion of a metallic material to the
exposed surface portion over adhesion of the metal-
lic material to a non-exposed surface portion, where-
in the exposed surface portion of the TCO material
is exclusively contacted by the electrolyte and the
induced current is directed transversally to the ex-
posed surface portion of the TCO material.

[0009] In embodiments, the structure arranged to fa-
cilitate current flow in one direction comprises a light ab-
sorbing layer and at least one carrier selective layer. For
example, the structure may comprise an absorbing layer
disposed between an electron selective membrane and
a hole selective membrane.

[0010] In alternative embodiments, the structure ar-
ranged to facilitate current flow in one direction comprises
a p-njunction. The step of inducing a current in the TCO
material may consist of generating a current in the sem-
iconductor device by, for example ’biasing’ the p-n junc-
tion. The p-n junction may be biased by exposing it to
radiation or by applying a voltage across it.

[0011] Insome embodiments, the method further com-
prises the step of electrically interconnecting an electrode
element to the semiconductor device. Furthermore, a wet
electrode can be positioned in the electrolyte such that
the induced current can flow through an electrical circuit
comprising: the electrolyte, the semiconductor device,
the TCO material, the electrode element and the wet elec-
trode.

[0012] Atleasta portion of the device is kept out of the
electrolyte while the method is performed.

[0013] In some embodiments the TCO material is ar-
ranged as a continuous layer on an n-type or p-type re-
gion of the semiconductor device and the induced current
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flows in a direction transverse to the layer.

[0014] Advantageously, this provides a better uniform-
ity of the adhesion properties of the TCO across the layer.
[0015] The TCO material may be arranged as a con-
tinuous layer on the n-type region of the semiconductor
device and the current may be induced by exposing a
portion of the semiconductor device to electromagnetic
radiation.

[0016] In some embodiments, a voltage is applied be-
tween the semiconductor device and the wet electrode
in the electrolyte to decrease the voltage drop induced
by the electromagnetic radiation on the p-n junction.
[0017] Advantageously, the applied voltage can be
used to compensate the self-biasing of the p-n junction
created by the radiation and facilitate current flow.
[0018] One or more structural or electrical properties
of the surface of the TCO layer may be controlled by
modulating a property, such as the magnitude of the in-
duced current. This can be done by modulating the in-
tensity of the radiation or the applied voltage.

[0019] Alternatively, the TCO material may be ar-
ranged as a continuous layer on a p-type region of the
semiconductor device and the current may be induced
by applying aforward biasing voltage to the junction using
the electrode element.

[0020] One or more structural or electrical properties
of the surface of the TCO layer may be controlled by
modulating a property, such as the magnitude of the ap-
plied voltage.

[0021] In embodiments, the method is performed in a
manner such that the TCO material is etched while the
method is performed. The concentration of metallic ele-
ments in the TCO material at the surface may also in-
crease while the method is performed. In some cases
the roughness of the exposed portion may also increase.
[0022] One or more properties of the electrolyte may
be purposely selected to influence a property of the sur-
face of the TCO material after treatment.

[0023] In some embodiments, prior to exposing the
surface of the TCO material to an electrolyte, a mask is
formed onto the TCO material to define a patterned sur-
face to be exposed to the electrolyte.

[0024] In embodiments, the electrolyte comprises
H,SO,4. The weight concentration of H,SOy, in the elec-
trolyte may be between 0.1% and 100. The electrolyte
may further comprise Na,SO, with a weight concentra-
tion between 0.05% and 0.25%.

[0025] In some embodiments, the overall amount of
electrical charge transferred to the TCO material through-
out the process is comprised between 1 mC/cm?2 and 50
mC/cm?or, in specific embodiments between 15 mC/cm?2
and 25 mC/cm?2,

[0026] In embodiments, the method may comprise the
step of plating a metal to the surface of the TCO material.
The plating step may be performed by field induced plat-
ing, light induced plating or electroplating.

[0027] After performing the method in accordance with
the first aspect the adhesion of the plated metal to the
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TCO is improved.

[0028] Insomeembodiments, the adhesion of the met-
al to the TCO material is higher than 0.5N/mm busbar
width, when measured with a busbar pull tester.

[0029] The adhesion may also be measured by meas-
uring the force required to lift-off a finger of the metal
attached to the TCO material using a stylus travelling
along the surface of the TCO material towards the finger
in a direction transverse to the finger. By using this meas-
urement technique, in embodiments, the force required
to lift-off a metal finger is at least 1 N for a finger with a
width of at least 30pm and height of at least 8um.
[0030] In accordance with the second aspect, the
presentinvention provides a method for plating a metallic
material to a TCO material in a semiconductor device,
the semiconductor device comprising a p-n junction, the
method comprising the steps of:

exposing the surface of the TCO material to an elec-
trolyte that is suitable for electrochemically reducing
the TCO material when an electrical current is in-
duced through a region of the TCO material; and

inducing a current in the TCO material by biasing the
p-n junction;

allowing for the surface of the TCO material to be
reduced by the current and the electrolyte in a man-
ner such that adhesion of the metallic material to the
exposed surface is improved; wherein the exposed
surface portion of the TCO material is exclusively
contacted by the electrolyte and wherein the induced
current is directed transversally to the exposed sur-
face portion of the TCO material; and

plating the metallic material to the surface ofthe TCO
material.

[0031] The TCO material may comprise indium tin ox-
ide (ITO)and aportion of SnO, in the ITO may be reduced
to SnO while the method is performed. In addition, a por-
tion of SnO may be reduced to Sn while the method is
performed.

[0032] Inembodiments, the semiconductor device is a
silicon solar cell and the method of the first or second
aspect is used to form metallic electrodes which allow
the extraction of photo-generated charge carriers from
the device as an electrical current.

[0033] There is described a manufacturing apparatus
comprising a bath suitable to contain an electrolyte and
an electrical arrangement suitable to perform a method
in accordance with any one of the preceding claims.
[0034] There is described a photovoltaic cell compris-

ing:

a p-n junction;
at least one ITO layer; and
at least one metallic contact deposited onto the ITO



5 EP 3 420 578 B1 6

layer;

wherein the ITO layer has a thickness comprised
between 50 nm to 100 nm and is processed in ac-
cordance

with the method of the first aspect to improve adhesion
of the metallic contact to the ITO layer.

[0035] Inembodiments, the ITO layer comprises In,O3
and SnO, and the concentration of SnO, in the ITO layer
is comprised between 5% and 200.

[0036] Advantages of embodiments of the present in-
vention are related to a pre-treatment process performed
on a TCO prior to plating. The process can be performed
on TCO layers deposited on the n-type regions or p-type
regions of heterojunction solar cells. Advantageously,
the pre-treatment process is driven by a current that cir-
culates in the solar cell. This can be a photo-generated
current, ora currentinduced by applying a biasing voltage
to the cell. This approach allows the "pre-treating current"
to be controlled with a high degree of uniformity.

Brief Description of the Drawings

[0037] The embodiments of the invention will now be
described, by way of example, with reference to the ac-
companying drawings in which:

Figure 1is a flow diagram outlining steps for treating
a surface portion of a TCO material in accordance
with embodiments;

Figure 2 is a schematic diagram of an apparatus
used to perform the method of figure 1;

Figure 3 is a flow diagram outlining steps for plating
a metallic material to a TCO material in accordance
with embodiments;

Figure 4 is a schematic diagram of a solar cell com-
prising a TCO layer treated in accordance with em-
bodiments;

Figure 5 shows images of metal fingers after adhe-
sion testing;

Figure 6 shows SEM images of a surface of a solar
cell before (a) and after treatment (b); and

Figure 7 shows two diagrams of the chemical surface
condition of an ITO layer treated surface.

Detailed Description of Embodiments

[0038] Embodiments of the present invention relate to
a method for treating a TCO material in a semiconductor
device so that the adhesion of some metals to the TCO
material isimproved. Embodiments also relate to a meth-
od of plating a metal to a TCO material treated to improve
metal adhesion. There are described photovoltaic devic-
es which comprise TCO layers, such as heterojunction
solar cells, where the TCO layers are treated to improve
metal adhesion.

[0039] The TCO treatment is performed by taking ad-
vantage of the properties of a structure arranged to fa-
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cilitate current flow in one direction in the semiconductor
device.

[0040] Unlike other methods of treating TCOs, which
require a direct mechanical contact to the TCO material,
inthe method and apparatus disclosed herein the surface
of the TCO being treated is exclusively contacted by an
electrolyte. In addition, theinduced currentis not required
to flow laterally through the surface layer being treated.
Instead the induced current is directed transversally to
the surface being treated, therefore enabling uniform ad-
hesion properties.

[0041] Referring now to figure 1, there is shown a flow
diagram 100 outlining steps for treating a surface portion
of a TCO material in accordance with embodiments. At
step 105 a semiconductor device comprising a structure
arranged to facilitate current flow in one direction is pro-
vided. In the case of a solar cell, the structure may com-
prise an absorbing layer disposed between an electron
selective membrane and a hole selective membrane. Al-
ternatively, the structure may comprise a p-n junction,
such as in a heterojunction solar cell or a homojunction
solar cell.

[0042] At step 110, a surface portion of the TCO ma-
terial is exposed to an electrolyte that is suitable for elec-
trochemically reducing the TCO material when an elec-
trical current is induced through a region of the TCO ma-
terial.

[0043] At step 115, a current is induced in the semi-
conductor device. The current may be induced by apply-
ing a biasing voltage to the semiconductor device or by
exposing the semiconductor device to radiation. In some
cases the biasing voltage and the radiation are applied
simultaneously.

[0044] In the case where the semiconductor device is
a solar cell, the TCO may be arranged as a continuous
layer on an n-type or p-type region of the solar cell. If the
method is used to treat a TCO on an n-type region, the
current can be induced by exposing the solar cell to elec-
tromagnetic radiation. In some instances, the photo-gen-
erated current can be sufficient to perform the TCO treat-
ment. In other instances the current flow is facilitated by
applying a biasing voltage to the solar cell to compensate
for the self-biasing of the p-n junction created by the ra-
diation.

[0045] When the method is used to treata TCO on a
p-type region, a forward biasing voltage is necessary to
induce the current in the solar cell.

[0046] One advantage of the method is that the in-
duced current flows in a direction transverse to the layer,
providing uniform reduction of the exposed portion of the
TCO and therefore resulting in improved adhesion uni-
formity. In particular, the current flows through an elec-
trical circuit comprising: the electrolyte, the solar cell and
the TCO material. This is discussed in more detail in the
next section with reference to figure 2.

[0047] The current flowing through the electrolyte, the
solar cell and the TCO material allows reduction of the
TCO material and improved adhesion of some metallic
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materials, such as copper, to the surface portion of the
TCO exposed to the reducing electrolyte. The adhesion
is improved relative to the adhesion of the same metal
to the same TCO where the TCO has not been treated
with the process described above.

[0048] Referring now tofigure 2, there is shown a sche-
matic diagram of an apparatus 200 used to perform the
method of figure 1. Apparatus 200 comprises a chemical
bath 202 suitable to contain an electrolyte 204. A portion
of a TCO layer 207 of a solar cell 205 is exposed to the
electrolyte 204. Solar cell 205 can be kept in position
using a support in the chemical bath (not shown) or a
vacuum holder (not shown). Alternatively, solar cell 205
may float on the surface of the electrolyte 204.

[0049] Further, apparatus 200 comprises a wet elec-
trode 206 immersed in the electrolyte and a power sup-
plier 208 for applying a voltage between wet electrode
206 and an electrode element 210 which is in electrical
contact with solar cell 205. Apparatus 200 comprises a
radiation source 212 which is arranged to expose solar
cell 205 to radiation. TCO layer 207 is exposed to the
electrolyte, while the remaining portions of solar cell 205,
are kept dry while the method is performed.

[0050] In the embodiment of figure 2, the radiation
source 212 is disposed at the bottom of chemical bath
202 and photons 213 travel towards the bottom surface
of solar cell 205.

[0051] In alternative embodiments, the top side of the
device may be contacted using a semi-transparent elec-
trode and the radiation source 212 may be disposed
above solar cell 205.

[0052] A photo-generated current flows in the circuit
comprising: electrolyte 204, solar cell 205, TCO layer
207, electrode 210 and wet electrode 206. The current
flows transversally through TCO layer 207 providing a
better uniformity of the metal adhesion properties of the
TCO across the layer.

[0053] A patterned mask 215 is used to select specific
areas of TCO layer 205 for treatment. Mask 215 can be
formed, for example, by using a photoresist material. A
metal can be plated through mask 215 or, alternatively
mask 215 can be removed prior to the plating step.
[0054] A portion of the TCO layer may be etched while
the treatmentis performed. The concentration of metallic
elements in the treated portions 214 increases during
treatment. For example, for ITO layers, a portion of SnO,
in the layer is reduced to SnO in the first instance and to
Sn if the method is performed for a sufficient amount of
time. The increased concentration of the metallic ele-
ment, tin in the case of ITO, promotes the adhesion of
other metallic materials, such as copper, to the TCO lay-
er.

[0055] Electrolyte 204 comprises H,SO, with a weight
concentration of 1% and Na,SO, with a weight concen-
tration of 0.14%. The chemical composition of electrolyte
204 can be varied to affect the final adhesion properties
of TCO layer 207.

[0056] The adhesion properties and the structural
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properties of the surface of the treated areas 207 are
related to the overall amount of electrical charge trans-
ferred to the TCO material. For plating of copper to ITO,
an overall charge of 22 mC/cm2 was found to provide
good adhesion properties. However, depending on the
nature ofthe TCO and the material being plated, acharge
comprised between 1 mC/cm2 and 50 mC/cm2 can be
used.

[0057] Structural and/or electrical properties of the re-
gions treated 214 can also be controlled by modulating
the magnitude of the current flowing through the circuit
by changing the intensity of light 213 and/or the magni-
tude of voltage 208.

[0058] Referring now to figure 3, there is shown a flow
diagram 300 outlining steps for treating a TCO layer and
plating a metallic material to the treated TCO layer. At
steps 105, 110 and 115, the TCO material is treated as
discussed above with reference to figure 1. At 305, a
sufficient amount of time is allowed for the TCO to be
reduced. At step 310 a metal is plated to the treated sur-
faces by field induced plating, light induced plating or
electroplating.

[0059] Referring now to figure 4, there is shown a het-
erojunction solar cell device 400 manufactured using the
method of figure 3. Solar cell 400 is formed using an n-
type crystalline silicon substrate 402 disposed between
two hydrogenated intrinsic amorphous silicon layers 404.
The device 400 has a p-type hydrogenated amorphous
silicon layer 406 on one side and an n-type hydrogenated
amorphous silicon layer 408 on the other side. ITO layers
410 and 412 are disposed on the p-type and an n-type
hydrogenated amorphous silicon layers 406 and 408.
The ITO layers have a thickness comprised between 50
nm to 100 nm and are treated to improve metal adhesion
in accordance with the method of figure 1.

[0060] In addition to their contacting function, the ITO
layers are also used as anti-reflective-coatings (ARCs).
The control of the current used during the treatment step
is crucial as the ITO layers etch during treatment. The
applicant found that a low-magnitude current allows a
better control of the ITO properties during treatment. De-
vices for regulating small currents, such as current limit-
ing diodes (CLD) can be used in the treating apparatus.
Copper fingers 414 are formed on cell 400 using field
induced plating, light induced plating or electroplating.
[0061] The adhesion of metallic fingers to TCO mate-
rials can be measured using a number of methods such
as busbar pull test or a tape test. Currently, an industry
standard has not been established to measure adhesion.
[0062] The Applicants have engineered a new method
to measure adhesion of metal finger to the ITO layers.
The method comprises the steps of moving a stylus along
the surface of the ITO in a direction transverse to the
finger until it encounters a side wall of a metal finger and
pushing the finger sideways until it lifts-off.

[0063] The adhesion offingers 414 isimprovedin com-
parison to copper fingers plated on an untreated ITO lay-
er. By using the stylus measurement, the force required
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to lift-off a 30um wide metal finger with a height of 8um
from an untreated ITO layer is less than 0.2N. Whereas
in accordance with the method of figure 3 the force meas-
ured is at least 1N.

[0064] Referring now to figure 5(a), there is shown a
microscope image of a finger after adhesion testing. The
finger was cut off from the surface rather than becoming
dislodged. Figure 5(b) is a FIB cross-sectional image of
acopper plated finger with a width of approximately 25um
and a height of approximately 10pm.

[0065] Referring now to figure 6, there are shown SEM
images of the surface before (6a) and after treatment
with a method in accordance with embodiments (6b).
[0066] Referring now to figure 7, there are shown two
diagrams of the chemical surface condition of an ITO
layer treated in accordance with embodiments. Figure
7(a) shows the atomic percentage of SnO,, SnO and Sn
on the surface of an ITO layer treated in accordance with
embodiments for different charge density levels. The per-
centage of Sn#* (Sn0,) drops when the treatment charge
density is increased. On the other hand, an increase of
Sn2* (Sn0O) can be observed when the charge is in-
creased and a small concentration of elemental Sn is
shown when a charge density of 29 mC/cm?2 is used.
[0067] Figure 7(b) confirms the result in figure 7(a) by
showing a drop of metal-oxygen compounds concentra-
tion with the increase of the treatment charge density.
[0068] Any discussion of documents, acts, materials,
devices, articles or the like which has been included in
the present specification is not to be taken as an admis-
sion that any or all of these matters form part of the prior
art base or were common general knowledge in the field
relevant to the present invention as it existed before the
priority date of each claim of this application.

[0069] Throughout this specification the word "com-
prise", or variations such as "comprises" or "comprising",
will be understood to imply the inclusion of a stated ele-
ment, integer or step, or group of elements, integers or
steps, but not the exclusion of any other element, integer
or step, or group of elements, integers or steps.

Claims

1. A method for treating a surface portion of a TCO
material in a semiconductor device, the semiconduc-
tor device comprising a structure arranged to facili-
tate current flow in one direction, the method com-
prising the steps of:

exposing (110) the surface portion of the TCO
material to an electrolyte that s suitable for elec-
trochemically reducing a portion of the TCO ma-
terial when an electrical current is induced
through a region of the TCO material; and

inducing (115) a current in the TCO material by
inducing a current in the semiconductor device;
wherein the method is performed in a manner
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such that the induced current reduces the TCO
material and improves adhesion of a metallic
material to the exposed surface portion over ad-
hesion of the metallic material to a non-exposed
surface portion, wherein the non-exposed sur-
face portion is a surface portion of the TCO ma-
terial that is not exposed to the electrolyte;
characterised in that:

the exposed surface portion ofthe TCO ma-
terial is exclusively contacted by the elec-
trolyte; and

the induced currentis directed transversally
to the exposed surface portion of the TCO
material.

The method of claim 1, wherein the structure ar-
ranged to facilitate current flow in one direction com-
prises a light absorbing layer and at least one carrier
selective layer.

The method of claim 1, wherein the structure ar-
ranged to facilitate current flow in one direction com-
prises a p-n junction and the step of inducing a cur-
rent in the TCO material comprises the step of bias-
ing the p-n junction.

The method of claim 3, wherein the method further
comprises the step of electrically interconnecting an
electrode element to the semiconductor device and
electrically interconnecting the electrode element to
a wet electrode positioned for contacting the elec-
trolyte so that the induced current can flow through
an electrical circuit comprising: the electrolyte, the
semiconductor device, the TCO material, the elec-
trode element and the wet electrode.

The method of claim 4, wherein the TCO material is
arranged as a continuous layer on an n-type or p-
type region of the semiconductor device and the in-
duced current flows in a direction transverse to the
layer.

The method of claim 4 or claim 5, wherein the TCO
material is arranged as a continuous layer on an n-
type region of the semiconductor device and the step
of inducing a current in the TCO material comprises
the step of exposing a portion of the semiconductor
device to electromagnetic radiation to induce a pho-
to-generated current.

The method of claim 6 wherein the method further
comprises the step of controlling a structural or elec-
trical property of the surface of the TCO layer by
modulating a property of the induced current.

The method of claim 6 or 7 wherein the method fur-
ther comprises the step of applying a voltage be-
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tween the semiconductor device and an electrode in
the electrolyte, the applied voltage being such to de-
crease the voltage drop induced by the electromag-
netic radiation on the p-n junction.

The method of claim 4 or claim 5 wherein the TCO
material is arranged as a continuous layer on a p-
type region of the semiconductor device and the step
of inducing a current in the TCO material comprises
the step of applying a voltage between the semicon-
ductor device and an electrode in the electrolyte, the
applied voltage being such to forward bias the p-n
junction.

The method of claim 8 or claim 9 wherein the method
further comprises the step of controlling a structural
or electrical property of the surface of the TCO layer
by modulating a property of the applied voltage.

The method of any one of the preceding claims
wherein the method is performed in a manner such
that the TCO material is etched while the method is
performed and wherein the method is performed in
a manner such that the concentration of metallic el-
ements in the TCO material at the surface is in-
creased while the method is performed.

The method of any one of the preceding claims
wherein the method further comprises the step of,
prior to exposing the surface of the TCO material to
an electrolyte, forming a mask onto the TCO material
to define a patterned surface of the TCO material to
be exposed to the electrolyte.

A method for plating a metallic material to a TCO
material in a semiconductor device, the semiconduc-
tor device comprising a p-n junction, the method
comprising the steps of:

exposing (110) a surface portion of the TCO ma-
terial to an electrolyte that is suitable for electro-
chemically reducing the TCO material when an
electrical current is induced through a region of
the TCO material; and

inducing (115) a current in the TCO material by
biasing the p-n junction;

allowing (305) for the exposed surface portion
of the TCO material to be reduced by the current
and the electrolyte in a manner such that adhe-
sion of the metallic material to the exposed sur-
face portion is improved over adhesion of the
metallic material to a non-exposed portion,
wherein the non-exposed surface portion is a
surface portion of the TCO material that is not
exposed to the electrolyte;

wherein the exposed surface portion of the TCO
material is exclusively contacted by the electro-
lyte; and
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wherein the induced current is directed trans-
versally to the exposed surface portion of the
TCO material; and then plating (310) the metallic
material to the surface of the TCO material.

Patentanspriiche

1.

Verfahren zur Behandlung eines Oberflachenab-
schnitts eines TCO-Materials in einem Halbleiter-
bauelement, wobei das Halbleiterbauelement eine
Struktur umfasst, die so eingerichtet ist, dass sie den
Stromfluss in eine Richtung begiinstigt, wobei das
Verfahren die Schritte umfasst:

Exponieren (110) des Oberflachenabschnitts
des TCO-Materials einem Elektrolyten, der dazu
geeignet ist, einen Teilabschnitt des TCO-Ma-
terials elektrochemisch zu reduzieren, wenn ein
elektrischer Strom durch eine Region des TCO-
Materials hindurch induziert wird; und
Induzieren (115) eines Stroms im TCO-Material
durch Induzieren eines Stroms im Halbleiter-
bauelement;

wobeidas Verfahren dergestalt ausgefiihrt wird,
dass der induzierte Strom das TCO-Material re-
duziert und die Adhasion eines metallischen
Materials am exponierten Oberflachenabschnitt
gegenuber der Adhasion des metallischen Ma-
terials an einem nicht-exponierten Oberflachen-
abschnitt verbessert, wobei der nicht-exponier-
te Oberflachenabschnitt ein Oberflachenab-
schnitt des TCO-Materials ist, der nicht dem
Elektrolyten exponiert ist;

gekennzeichnet dadurch, dass:

der exponierte Oberflachenabschnitt des
TCO-Materials ausschlief3lich vom Elektro-
lyten kontaktiert wird; und

der induzierte Strom quer zum exponierten
Oberflachenabschnitt des TCO-Materials
gerichtet ist.

Verfahren nach Anspruch 1, wobei die Struktur, die
dazu eingerichtet ist, den Stromfluss in eine Rich-
tung zu beglnstigen, eine lichtabsorbierende
Schichtund mindestens eine tragerselektive Schicht
umfasst.

Verfahren nach Anspruch 1, wobei die Struktur, die
dazu eingerichtet ist, den Stromfluss in eine Rich-
tung zu begiinstigen, einen p-n-Ubergang umfasst
und der Schritt zum Induzieren eines Stroms im
TCO-Material den Schritt zum Vorspannen des p-n-
Ubergangs umfasst.

Verfahren nach Anspruch 3, wobei das Verfahren
ferner den Schritt umfasst: elektrisches Verschalten
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eines Elektrodenelements mit dem Halbleiterbaue-
lement und elektrisches Verschalten des Elektro-
denelements mit einer Nasselektrode, die so positi-
oniert ist, dass sie den Elektrolyten kontaktiert, so-
dass der induzierte Strom durch eine elektrische
Schaltung flieBen kann, die den Elektrolyten, das
Halbleiterbauelement, das TCO-Material, das Elek-
trodenelement und die Nasselektrode umfasst.

Verfahren nach Anspruch 4, wobei das TCO-Mate-
rial als durchgehende Schicht auf einer Region des
n-Typs oder p-Typs des Halbleiterbauelements an-
geordnet ist und der induzierte Strom in einer quer
zur Schicht verlaufenden Richtung flief3t.

Verfahren nach Anspruch 4 oder Anspruch 5, wobei
das TCO-Material als durchgehende Schicht auf ei-
ner Region des n-Typs des Halbleiterbauelements
angeordnet ist und der Schritt zum Induzieren eines
Stroms im TCO-Material den Schritt umfasst: Expo-
nieren eines Teilabschnitts des Halbleiterbauele-
ments gegeniber einer elektromagnetischen Strah-
lung zum Induzieren eines photogenerierten Stroms.

Verfahren nach Anspruch 6, wobei das Verfahren
ferner den Schritt umfasst: Ansteuern einer struktu-
rellen oder elektrischen Eigenschaft der Oberflache
der TCO-Schicht durch Modulieren einer Eigen-
schaft des induzierten Stroms.

Verfahren nach Anspruch 6 oder 7, wobei das Ver-
fahren ferner den Schritt umfasst: Anlegen einer
Spannung zwischen dem Halbleiterbauelement und
einer Elektrode im Elektrolyten, wobei die angelegte
Spannung dergestaltist, dass sie den durch die elek-
tromagnetische Strahlung induzierten Spannungs-
abfall am p-n-Ubergang vermindert.

Verfahren nach Anspruch 4 oder Anspruch 5, wobei
das TCO-Material als durchgehende Schicht auf ei-
ner Region des p-Typs des Halbleiterbauelements
angeordnet ist und der Schritt zum Induzieren eines
Stroms im TCO-Material den Schritt umfasst: Anle-
gen einer Spannung zwischen dem Halbleiterbaue-
lement und einer Elektrode im Elektrolyten, wobei
die angelegte Spannung dergestalt ist, dass sie den
p-n-Ubergang in Flussrichtung vorspannt.

Verfahren nach Anspruch 8 oder Anspruch 9, wobei
das Verfahren ferner den Schritt umfasst: Ansteuern
einer strukturellen oder elektrischen Eigenschaft der
Oberflache der TCO-Schicht durch Modulieren einer
Eigenschaft der angelegten Spannung.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei das Verfahren dergestalt ausgefiihrt
wird, dass das TCO-Material wahrend der Ausfiih-
rung des Verfahrens geatzt wird, und wobei das Ver-

10

15

20

25

30

35

40

45

50

55

12.

13.

fahren dergestalt ausgefiihrt wird, dass die Konzen-
tration metallischer Elemente im TCO-Material an
der Oberflache wahrend der Ausfihrung des Ver-
fahrens erhéht wird.

Verfahren nach einem der vorhergehenden Anspri-
che, wobeidas Verfahren ferner den Schritt umfasst:
vor der Elektrolyt-Exposition der Oberflache des
TCO-Materials, Ausbilden einer Maske auf dem
TCO-Material zur Abgrenzung einer strukturierten
Oberflache des dem Elektrolyten zu exponierenden
TCO-Materials.

Verfahren fiir das Auftragen eines metallischen Ma-
terials auf ein TCO-Material in einem Halbleiterbau-
element, wobei das Halbleiterbauelement einen p-
n-Ubergang umfasst, wobei das Verfahren die
Schritte umfasst:

Exponieren (110) eines Oberflachenabschnitts
des TCO-Materials einem Elektrolyten, der dazu
geeignetist, das TCO-Material elektrochemisch
zu reduzieren, wenn ein elektrischer Strom
durch eine Region des TCO-Materials hindurch
induziert wird; und

Induzieren (115) eines Stroms im TCO-Material
durch Vorspannen des p-n-Ubergangs;
Ermdglichen (305), dass der exponierte Ober-
flachenabschnitt des TCO-Materials durch den
Strom und den Elektrolyten dergestalt reduziert
wird, dass die Adhasion des metallischen Ma-
terials am exponierten Oberflachenabschnitt
gegenuber der Adhasion des metallischen Ma-
terials an einem nicht-exponierten Oberflachen-
abschnitt verbessert wird, wobei es sich beim
nicht-exponierten Oberflachenabschnitt um ei-
nen Oberflaichenabschnitt des TCO-Materials
handelt, der nichtdem Elektrolyten exponiertist;
wobei der exponierte Oberflachenabschnitt des
TCO-Materials ausschlieBlich vom Elektrolyten
kontaktiert wird; und

wobei der induzierte Strom quer zum exponier-
ten Oberflachenabschnitt des TCO-Materials
gerichtet ist;

und dann Aufbringen (310) des metallischen
Materials auf die Oberflache des TCO-Materi-
als.

Revendications

Procédé pour traiter une partie de surface d’'un ma-
tériau TCO dans un dispositif semiconducteur, ledit
dispositif semiconducteur comprenant une structure
agencée pour faciliter le flux de courant dans un
sens, ledit procédé comprenant les étapes consis-
tanta :
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exposer (110) la partie de surface du matériau
TCO a un électrolyte qui est adapté a la réduc-
tion électrochimique d’'une partie du matériau
TCOlorsqu’un courant électrique estinduit a tra-
vers une région du matériau TCO; et

induire (115) un courant dans le matériau TCO
en induisant un courant dans le dispositif semi-
conducteur;

dans lequel le procédé est réalisé de telle ma-
niere que le courant induit réduit le matériau
TCO et améliore I'adhésion d’'un matériau mé-
tallique a la partie de surface exposée par rap-
port a 'adhésion du matériau métallique a une
partie de surface non exposée, ladite partie de
surface non exposée étant une partie de surface
du matériau TCO quin’est pas exposée al'élec-
trolyte;

caractérisé en ce que :

la partie de surface exposée du matériau
TCO est exclusivement contactée par
I'électrolyte; et

le courantinduit est dirigé transversalement
a la partie de surface exposée du matériau
TCO.

Procédé selon la revendication 1, dans lequel la
structure agencée pour faciliter le flux de courant
dans un sens comprend une couche d’absorption de
lumiére et au moins une couche sélective en por-
teurs.

Procédé selon la revendication 1, dans lequel la
structure agencée pour faciliter le flux de courant
dans un sens comprend une jonction p-n et I'étape
d’'induction d’'un courant dans le matériau TCO com-
prend I'étape consistant a polariser la jonction p-n.

Procédé selon la revendication 3, dans lequel le pro-
cédé comprend également I'étape consistant a in-
terconnecter électriquement un élément d’électrode
au dispositif semiconducteur et interconnecter élec-
triqguement I'élément d’électrode a une électrode hu-
mide positionnée pour contacter I'électrolyte de telle
maniere que le courantinduit peuts’écouler a travers
un circuit électrique comprenant : I'électrolyte, le dis-
positif semiconducteur, le matériau TCO, I'élément
d’électrode et I'électrode humide.

Procédé selon la revendication 4, dans lequel le ma-
tériau TCO est agencé comme couche continue sur
une région de type n ou de type p du dispositif semi-
conducteur etle courantinduit s’écoule dans unsens
transversal a la couche.

Procédé selon la revendication 4 ou la revendication
5, dans lequel le matériau TCO est agencé comme
couche continue sur une région de type n du dispo-
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12.

13.

sitif semiconducteur et I'étape d’induction d’'un cou-
rant dans le matériau TCO comprend I'étape con-
sistant a exposer une partie du dispositif semicon-
ducteur a un rayonnement électromagnétique pour
induire un courant photogénéré.

Procédé selon larevendication 6, dans lequel le pro-
cédé comprend également I'étape consistant a pilo-
ter une propriété structurelle ou électrique de la sur-
face de la couche TCO en modulant une propriété
du courant induit.

Procédé selon la revendication 6 ou 7, dans lequel
le procédé comprend également I'étape consistant
a appliquer une tension entre le dispositif semicon-
ducteur etune électrode dans'électrolyte, ladite ten-
sion appliquée étant telle qu’elle diminue la chute de
tension induite par le rayonnement électromagnéti-
que a la jonction p-n.

Procédé selon la revendication 4 ou la revendication
5, dans lequel le matériau TCO est agencé comme
couche continue sur une région de type p du dispo-
sitif semiconducteur et I'étape d’induction d’'un cou-
rant dans le matériau TCO comprend I'étape con-
sistant a appliquer une tension entre le dispositif
semiconducteur et une électrode dans I'électrolyte,
ladite tension appliquée étant telle qu’elle polarise
la jonction p-n en sens direct.

Procédé selon la revendication 8 ou la revendication
9, dans lequel le procédé comprend également I'éta-
pe consistant a piloter une propriété structurelle ou
électrique de la surface de la couche TCO en mo-
dulant une propriété de la tension appliquée.

Procédé selon I'une des revendications précéden-
tes, dans lequel le procédé est réalisé de telle ma-
niere que le matériau TCO est gravé pendant la réa-
lisation du procédé et le procédé est réalisé de telle
maniére que la concentration d’éléments métalli-
ques dans le matériau TCO a la surface estaugmen-
tée pendant la réalisation du procédé.

Procédé selon I'une des revendications précéden-
tes, dans lequel le procédé comprend également
I'étape consistant a, avant d’exposer la surface du
matériau TCO a un électrolyte, former un masque
sur le matériau TCO pour définir une surface mode-
Iée du matériau TCO a exposer a I'électrolyte.

Procédé pour déposer un matériau métallique sur
un matériau TCO dans un dispositif semiconducteur,
ledit dispositif semiconducteur comprenant une
jonction p-n, ledit procédé comprenant les étapes
consistant a :

exposer (110) une partie de surface du matériau
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TCO a un électrolyte qui est adapté a la réduc-
tion électrochimique du matériau TCO lorsqu’un
courant électrique estinduit a travers une région
du matériau TCO; et

induire (115) un courant dans le matériau TCO
en polarisant la jonction p-n;

autoriser (305) que la partie de surface exposée
du matériau TCO est réduite par le courant et
I'électrolyte de telle maniere que I'adhésion du
matériau métallique a la partie de surface expo-
sée est améliorée par rapport a I'adhésion du
matériau métallique a une partie de surface non
exposeée, ladite partie de surface non exposée
étant une partie de surface du matériau TCO qui
n’est pas exposée a |'électrolyte;

dans lequel la partie de surface exposée du ma-
tériau TCO est exclusivement contactée par
I'électrolyte; et

dans lequel le courant induit est dirigé transver-
salement a la partie de surface exposée du ma-
tériau TCO;

et ensuite déposer (310) le matériau métallique
sur la surface du matériau TCO.
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