EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY
Solar Cell

Citation for published version (APA):
Engelhart, P., Wanka, S., Dingemans, G., & Kessels, W. M. M. (2010). Solar Cell. (Patent No. WO2010070015).

Document status and date:
Published: 24/06/2010

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 16. Nov. 2023


https://research.tue.nl/en/publications/a8f086f2-bacd-4442-a58c-dc9fa76b3110

WO 20107070015 A1} 00100 001 00O YO0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(43) International Publication Date
24 June 2010 (24.06.2010)

(10) International Publication Number

WO 2010/070015 A1

(51

21

(22)

(25)
(26)
(30)

1

(72
(75)

International Patent Classification:
HOIL 31/0216 (2006.01) HOIL 31/0224 (2006.01)

International Application Number:
PCT/EP2009/067349

International Filing Date:
16 December 2009 (16.12.2009)

English
English

Filing Language:
Publication Language:

Priority Data:
10 2008 055 028.0

19 December 2008 (19.12.2008) DE

Applicant (for all designated States except US): Q-
CELLS SE [DE/DE]; Sonnenallee 17-21, OT Thalheim,
06766 Bitterfeld-Wolfen (DE).

Inventor; and
Inventor/Applicant (for US only): ENGELHART, Peter
[DE/DE]; Wilhelmsplatz 8, 31785 Hameln (DE).

(74

@1

84

Agent: REININGER, Jan; adares Patent- und Rechtsan-
wilte, Reininger & Partner, Schumannstrale 2, 10117
Berlin (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: SOLAR CELL

Fig.1

31

92

(57) Abstract: A solar cell comprising a semiconductor layer (1) with first doping, an inducing layer (3) arranged on the semicon-
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Title:

Solar cell

Description:

The invention relates to a solar cell with an inversion layer or accumulation

layer.

In order to separate free charge carriers in a semiconductor, which charge
carriers have been generated by means of incident light, semiconductor solar
cells conventionally comprise semiconductor regions that are made from
different materials and/or are doped with different doping materials. Between
the two semiconductor regions, which as a rule are desighated as base and
emitter, a heterojunction and/or a pn-junction then form/forms, in which the

free charge carriers are separated thus forming a tappable voltage.

Instead of, or in addition to, doping, the base and emitter can also be
produced in that charge carriers are induced in a surface region of a doped
semiconductor in order to, in that region, produce an inversion layer or
accumulation layer. In a manner that is similar to that in a field effect
transistor, due to band bending, in the doped semiconductor thus either
additional majority charge carriers are drawn to the surface region in order to
form an accumulation layer, or minority charge carriers are drawn in while
majority charge carriers are pushed away from the surface region in order to
achieve a charge carrier inversion and in this way form an inversion layer. As a
result of the formation of the inversion layer or accumulation layer at the same
time passivation of the semiconductor surface is achieved, because, as a result
of pushing away a charge carrier type, charge carrier recombination at surface

defects is reduced.

Silicon nitride (SiNy), which is used in so-called MIS (metal insulator

semiconductor) solar cells, is known as a possible material for producing an
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inversion layer or accumulation layer. In this arrangement an inducing layer
made of SiN, is applied to a semiconductor layer. Due to the positive surface
charge density of the SiNy-layer, in a surface region of the semiconductor
layer, depending on the doping of the semiconductor layer, an inversion layer
or an accumulation layer is produced. The inversion layer or accumulation
layer can at the same time be used for surface passivation and as an emitter

layer, wherein the semiconductor layer acts as a base layer.

Inducing layers made of conventional materials such as SiN, are associated with
a disadvantage in that with them only a small charge carrier inversion or
charge carrier accumulation can be achieved. This results in an inversion layer
or accumulation layer with only slight lateral conductivity. Furthermore, they
do not form adequately passivating layers so that processing of the
semiconductor surface needs to meet stringent requirements, in particular in

the case on non-crystalline surfaces.

It is thus the object of the invention to obtain a solar cell with an inversion
layer or accumulation layer that comprises increased lateral conductivity.

Moreover, surface passivation of the solar cell is to be improved.

According to the invention this object is met by a solar cell with the
characteristics of claim 1. Advantageous embodiments of the invention are

stated in the subordinate claims.

The invention is based on the recognition that a high surface charge density of
at least 10'> cm?, preferably of at least 10" cm?, can not only induce
inversion layers and accumulation layers with enhanced lateral conductivity,
but also results in improved surface passivation. Whether or not an inversion
layer or an accumulation layer is induced depends not only on the type and
intensity of any doping of the semiconductor layer, but also on the sign and on
the intensity of the charges induced by means of the inducing layer. The
inducing layer can comprise either a positive or a negative surface charge

density.
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The inversion layer preferably is essentially completely made of the material
with the mentioned surface charge density. Furthermore, it is advantageous,
but not mandatory, for the inducing layer to be arranged directly on the
semiconductor layer. Further intermediate layers can also be arranged
between the inducing layer and the semiconductor layer, which intermediate
layers are used for improved bonding, and/or influence mechanical and/or

electronic characteristics of the solar cell.

That the inversion layer is essentially made of a certain material means in
particular that the inversion layer may comprise traces of other materials due

to imperfections in the fabrication process, in the raw materials or the like.

A possible method for producing such a solar cell comprises the provision of a
semiconductor layer, for example as a semiconductor wafer or as a thin layer,
which has been vapour-deposited onto a substrate. The inducing layer is then
applied to this semiconductor layer. However, the reverse sequence is also
imaginable, in which the inducing layer is applied to the substrate, which
inducing layer may comprise a collecting layer or a contact layer. Thereafter

the semiconductor layer is applied to this inducing layer.

In this arrangement the semiconductor layer can be completely or partly
doped, for example in a region in which the inversion layer or the
accumulation layer is to be induced. Due to the surface charge density of the
inducing layer, band bending occurs in the semiconductor layer, which band
bending results in separation of the free charge carriers that arise in the

semiconductor.

In order to collect the charge carriers that have been divided in this manner,
as part of the manufacturing method contacting of the solar cell must take
place. In this arrangement, with a corresponding material selection, the
inducing layer can serve as a tunnel layer, or tunnel regions can form in the

inducing layer. The induced inversion layer or accumulation layer can moreover
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act as a back-surface field (BSF). Furthermore, an induced accumulation layer
provides an advantage in that the lateral conductivity of the majorities in the

semiconductor layer that acts as an absorber is increased. With semiconductor
wafers becoming thinner and thinner, this additional lateral conductivity

assumes great importance in order to minimise ohmic losses.

According to an advantageous embodiment, the buffer layer is essentially
made of a material with a negative surface charge density. Aluminium fluoride
(AlF3) with a negative charge density of between approximately 10'* and
approximately 10" cm?is one example of a material with negative surface
charge density. Negative surface charge density provides an advantage in that
the material is particularly suitable for inducing an accumulation layer in a p-
type semiconductor layer, which, for example, in the field of silicon-based

photovoltaics is by far the most frequently-used doping.

An expedient improvement provides for the inducing layer to comprise
aluminium oxide (Al;03). An aluminium oxide layer is particularly suited to
good surface passivation. Furthermore, it comprises a high negative surface
charge density, by means of which a p-type inversion layer or accumulation
layer with high lateral conductivity can be manufactured. Furthermore, the
aluminium oxide layer can in a simple manner be applied very thinly but

nonetheless evenly.

A preferred embodiment provides for a diffusion layer to be formed
underneath the inducing layer in the semiconductor layer, wherein the
inversion layer or accumulation layer which is induced due to the inducing
layer is partly or fully formed in the diffusion layer. For example, if the
diffusion layer is of the n-type, as a result of the inducing layer, depending on
the selection of materials, an n*-type accumulation layer or a p-type inversion
layer can be induced. The diffusion layer can, for example, be produced by

means of boron doping.
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A preferred embodiment provides for the inducing layer to be formed without
pinholes. In other words the inducing layer is formed so evenly and/or free of
faults that no through-openings (pinholes) form in it. In this case the inducing
layer is electrically adequately insulated and is thus, in particular, well suited

to the creation of tunnel contacts.

Preferably, the inducing layer is formed by means of atomic layer deposition
(ALD). By means of ALD it is possible to form particularly even and complete
layers in particular from aluminium oxide. Furthermore, the layer thickness

can be set very precisely, in ideal cases to an accuracy of one atomic layer.

An advantageous improvement provides for the inducing layer to comprise a
thickness ranging between 0.1 and 10 nanometres, preferably between 0.1 and
5 nanometres. Preferably, the inducing layer (even when very thin, in the
magnitude of a few atomic layers) is electrically insulating so that in it tunnel
regions form through which free charge carriers tunnel from the inversion layer
or accumulation layer into a conductive layer or the like that is arranged above

the inducing layer.

As an alternative, other layer thicknesses can also be advantageous. For
example, for optical adaptation large thickness layers on the front and/or on
the back of the solar cell are advantageous. In order to obtain such a
combination layer which acts as a tunnel layer, while at the same time
obtaining optical advantages such as anti-reflection adaptation or improved
back-surface reflection in conjunction with back-surface metallization, an
overall layer thickness greater than approximately 50 nm can be advantageous.
For example, with the use of aluminium dioxide for the front anti-reflection
adaptation, a layer thickness of greater than, or equal to, approximately 50 nm
is expedient. In contrast to this, with the use of aluminium dioxide for
improved back-surface reflection, a layer thickness of greater than, or equal

to, 100 nm is sensible.
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An expedient embodiment provides for the inducing layer to extend essentially
over an entire surface of the semiconductor layer. This can, in particular, be
met also if a conductive layer applied to the inducing layer is structured, for
example, to form finger-shaped conductive layer regions, between which
exposed intermediate regions have been formed. The feature presently
described then requires the inducing layer to be arranged both underneath the
conductive layer in the conductive layer regions, and in the intermediate
regions that are not covered by the conductive layer, on the semiconductor
layer. In other words the same surface charge density is used to form the
inversion layer or accumulation layer, irrespective as to whether or not the

corresponding region is covered by the structured conductive layer.

According to a preferred embodiment, the semiconductor layer comprises
crystalline or amorphous silicon. The crystalline silicon can, for example, be
present in the form of a wafer. However, it can also be present in the form of
microcrystalline silicon. The amorphous silicon can have been manufactured in
a vapour-deposition process on a substrate or superstrate, for example made of

glass, that if need be is coated with a transparent conductive material.

Expediently it is provided for a conductive layer to be arranged on a side of the
inducing layer, which side points away from the semiconductor layer. The
conductive layer is used to collect the free charge carriers that have been
generated in the semiconductor and that have been separated due to band
bending. Said conductive layer can have been applied over the entire area or it
can be structured, for example in order to form finger contacts. The
conductive layer can comprise a metal layer and/or a layer comprising a
transparent conductive material, for example a transparent conductive oxide
such as indium tin oxide (ITO) or zinc oxide. Said conductive layer can also
comprise several layers, for example a continuous transparent conductive layer
and a structured metal layer arranged above it. If below the inducing layer an
additional doping layer is provided, then doping for this is preferably

concentrated underneath the metal layer, for example to regions underneath
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the finger contacts, in order to form improved electrical contact to the

conductive layer.

In particular the use of Al;0; to form an inducing layer underneath a metal
contact provides an advantage in that due to said metal contact both a tunnel
contact and an inversion layer are formed underneath the metal contact. In
the case of the solar cells mentioned in the introduction, which solar cells
comprise inversion layers of SiNy, several layers of different materials are used
in order to achieve these two effects: a layer comprising SiN, to produce the
inversion layer, and SiO; underneath the metal contact to form the tunnel
contact. Al,Os thus provides an advantage in that it requires a simpler

structure for the above, with only one material system.

A preferred improvement provides for a crystalline or amorphous further
semiconductor layer to be formed on a side of the inducing layer, which side
points away from the semiconductor layer. When the semiconductor layer is
formed from a crystalline semiconductor material, for example from crystalline
silicon (c-Si), then the further semiconductor layer can be made from an
amorphous semiconductor material such as amorphous silicon (a-Si) in order to
form a heterojunction or heterocontact to a conductive layer arranged above
it.

Conventionally, such heterojunctions are formed from a layer sequence
comprising ¢-Si and a-Si and an intrinsic amorphous silicon layer arranged
between them. In this arrangement the intrinsic amorphous silicon layer is
used for surface passivation. In the present embodiment this passivating action
is carried out by the inducing layer, which hereinafter can also be referred to
as a "buffer layer”. The buffer layer furthermore forms a tunnel layer in the
heterojunction, through which tunnel layer charge carriers tunnel, which
charge carriers are collected in the a-Si layer that has been vapour-deposited

thereon.
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The use of the buffer layer instead of the intrinsic amorphous silicon layer
provides an advantage in that the layer thickness of the buffer layer can be set
much more precisely, in particular if it is a layer vapour-deposited by means of
ALD, for example a layer comprising aluminium oxide. If the contact is a p*-
heterocontact in which thus the semiconductor layer is p-doped and the
further semiconductor layer is p*-doped, a p*-type inversion layer, for example
induced by an aluminium oxide layer, acts as an additional electronic drain for
the holes.

In an expedient embodiment the solar cell is designed as a back-contacted
solar cell. Preferably, the solar cell is designed as an emitter-wrap-through
solar cell (EWT solar cell). The EWT solar cell comprises pinholes through
which the emitter regions extend from a light-incidence face or front of the
solar cell to a back surface of the solar cell, which back surface faces away
from the light-incidence face. The pinholes can, for example, comprise a

circular cross section.

Preferably, in this arrangement the inducing layer extends partially or entirely
over the hole walls of the pinholes of the EWT solar cell. This includes the case
where the inducing layer extends exclusively over the hole walls, in other
words over the semiconductor layer in the pinholes, rather than over a solar
cell surface. In this case the term "semiconductor layer” refers to a cylindrical

layer around the pinhole.

Electrical conduction within a pinhole or through a pinhole is through the
inversion layer or accumulation layer, in contrast to charge carrier conduction
through a doping layer or diffusion layer formed along the hole wall. In this
context precise control of vapour-deposition of the inducing layer and also of
any further layers in the pinhole is particularly important. Isotropic vapour-
deposition of the inducing layer along the hole wall of a pinhole is particularly

advantageous. This takes place, for example, with the use of ALD.
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The inducing layer produced by means of suitable methods or processes, for
example ALD, can comprise very good electrical characteristics even with a
very thin layer thickness in particular in the pinholes of the EWT solar cell. For
this reason the EWT solar cell can comprise pinholes of a smaller hole diameter
than is conventionally the case. This improves surface utilisation of the solar

cell.

An advantageous embodiment provides for the inducing layer to extend over
the semiconductor layer in the pinholes only on one solar cell surface and/or
on both solar cell surfaces. This results in great design variety in the use of

such an inducing layer in solar cells.

Below, the invention is explained with reference to the figures on the basis of
exemplary embodiments. The following are shown in diagrammatic cross-

sectional drawings:

Fig. 1 a solar cell comprising an inducing layer arranged underneath a
front-surface electrode;

Fig. 2 a solar cell according to a further embodiment with an inducing
layer arranged underneath a back-surface electrode;

Fig. 3 a further solar cell with an inducing layer arranged underneath a
heterojunction layer;

Fig. 4 an embodiment of an EWT solar cell; and

Fig. 5 a further embodiment of an EWT solar cell.

Fig. 1 shows a solar cell comprising a semiconductor layer 1 and an inducing
layer 3 vapour-deposited thereon. Immediately underneath the inducing layer
3, an inversion layer or accumulation layer 4 is induced in the semiconductor
layer 1. Depending on the sign of the surface charge of the inversion layer 3,
the inversion layer or accumulation layer 4 is an n-type or a p-type. The depth
and the layer thickness of the inversion layer or accumulation layer 4 depends
on the materials of the semiconductor layer 1 and of the inducing layer 3 as

well as on the surface charge density of the inducing layer 3.
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The inducing layer 3, which is preferably electrically insulating, furthermore in
some regions forms tunnel contacts 31 between the semiconductor layer 1 and
a conductive layer 7 applied to the inducing layer 3. The conductive layer 7 is
structured to form finger-shaped contacts (finger electrodes), thus forming a
front-surface electrode 91 of the solar cell. It preferably comprises a metal or

a metal alloy.

If the semiconductor layer 1 is an n-type semiconductor wafer that is covered
by an inducing layer 3 with negative surface charge, for example an aluminium
oxide, a p-type inversion layer 4 is induced in the semiconductor layer 1. In
this case the charge-separating pn-junction between the n-type semiconductor

layer 1 and the p-type inversion layer 4 is formed.

As an alternative to this, the semiconductor layer 1 can originally be p-doped
so that an inducing layer 3 with a negative surface charge induces a p*-type
accumulation layer 4 in the semiconductor layer 1. This accumulation layer 4
can then serve to control the electrical characteristics of the tunnel contacts
31.

On a face of the semiconductor layer 1, which face points away from the
inducing layer 3, a doping layer 5 is provided which is formed, for example, by
means of diffusion of a doping material in the semiconductor layer 1. On the
doping layer 5 a back-surface electrode 92 is arranged. Depending on the
conductive type of the doping layer 5 when compared to the semiconductor
layer 1, in-between either a pn-junction is created or an ohmic connection
between the semiconductor layer 1 and the back-surface electrode 92 is

formed.

Fig. 2 shows a further embodiment of a solar cell in which the inducing layer 3
has been applied to the back-surface of the semiconductor layer 1, in other
words on a face of the solar cell, which face points away from the light-

incidence face. In contrast to the embodiment according to Fig. 1, the front-
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surface electrode 91 has thus been applied to a doping layer 5, while a
conductive layer 7, which essentially extends over the entire area, is arranged
on the inducing layer 3, thus forming a back-surface electrode 92. Since the
conductive layer 7 covers the entire area, the entire inducing layer 3 serves as
a tunnel region 31 or tunnel layer between the conductive layer 7 and the
semiconductor layer 1 of the inversion layer or accumulation layer 4 induced

by the inducing layer 3.

In addition, on the doping layer 5 of the solar cell from Fig. 2 an anti-reflection
layer 11 is arranged, which encompasses the finger contacts of the front-
surface electrode 91. As a result of the selection of the material and of the
layer thickness of the anti-reflection layer 11, reflection of the light that
impinges the solar cell is considerably reduced, for example in a visible and/or
infrared region. With the selection of a suitable material and a suitable layer
thickness, in the embodiment of the solar cell according to Fig. 1 the inducing

layer 3 can be designed as an anti-reflection layer.

Fig. 3 shows a solar cell with a heterojunction. It comprises a semiconductor
layer 1 with an inducing layer 3 arranged thereon, underneath which, as
already explained, an inversion layer or accumulation layer 4 forms. Above the
inversion layer 3 a heterojunction layer 6 from an amorphous semiconductor
material has been applied, for example by means of a physical vapour-
deposition (PVD) process or a chemical vapour-deposition (CVD) process.
Between the heterojunction layer 6 and the semiconductor layer 1 the
heterojunction forms, wherein the inducing layer 3 at the same time acts both
as a buffer layer 3 and as a tunnel contact 31, through which free charge

carriers move from the semiconductor layer 1 into the heterojunction layer 6.

In the present embodiment of Fig. 3 the inducing layer 3 thus serves both to
induce the inversion layer or accumulation layer 4 and to form a tunnel contact
31. Furthermore, the inducing layer 3 can be used for surface passivation. The
heterojunction layer 6 is covered by a conductive layer 7, which comprises, for

example, a transparent conductive material such as zinc oxide or indium tin
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oxide. In order to tap the charge carriers that have moved from the
heterojunction layer 6 to the conductive layer 7, on the conductive layer 7,
finger-shaped front-surface electrodes 91 have been applied. In the present
case the conductive layer 7 can have been designed to at the same time be an

anti-reflection layer.

Finally, on a face of the semiconductor layer 1, which face points away from
the heterojunction layer 6, a back-surface electrode 92 that covers the entire
area has been applied directly. The back-surface electrode 92 serves to build
up a back-surface field (BSF); wherein said back-surface electrode 92 can, for
example, comprise aluminium which, for example, has been applied in paste
form. However, it is also possible for the solar cell on the back face, too, to
comprise one of the contacts explained above in the context of Figs 1 to 3, for

example a heterojunction.

Fig. 4 shows an emitter-wrap-through solar cell (EWT solar cell) with two back-
surface electrodes 92a, 92b. The EWT solar cell comprises a semiconductor
layer 1, for example comprising a semiconductor wafer, with pinholes 12
extending through the former, wherein Fig. 4 only shows one pinhole 12. The
semiconductor layer 1 is covered on both faces with an inducing layer 3 that
also extends over the hole wall 121 of the pinhole 12. Directly underneath the
inducing layer 3, in the semiconductor layer 1 an inversion layer or
accumulation layer 4 is induced. Furthermore, in one region the semiconductor
layer 1 underneath the inducing layer 3 comprises a doping layer 5 which can,
for example, have been produced by means of diffusion prior to the application

of the inducing layer 3.

The inversion layer or accumulation layer 4 can either form the charge-
separating junction to the semiconductor layer 1, or it serves to influence the
tunnel contact 31, formed by the inducing layer 3, to one of the back-surface
electrodes 92a, 92b if it is an accumulation layer 4. In a similar manner the
doping layer 5 can be designed to form a charge-separating junction between

the semiconductor layer 1 and the doping layer 5, for example in that the
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semiconductor layer 1 is n-doped and the doping layer 5 is of the p-type. As an
alternative the doping layer 5 can serve to influence the tunnel contact 31
between the doping layer 5 and one of the back-surface electrodes 92a, 92b,
for example if the semiconductor layer 1 is n-doped and the doping layer 5 is

n’-doped.

In the present case, for example, the doping layer 5 comprises the same
conductive type, namely p-type or n-type conductivity, as the semiconductor
layer 1, which generally is regarded as the base. The doping layer 5 is thus
connected to the back-surface base electrode 92a by way of the tunnel contact
31 in the inducing layer 3. In contrast to this the inversion layer or
accumulation layer 4 induced by the inducing layer 3 is connected to the back-
surface emitter electrode 92b by way of a tunnel contact 31 in the inducing
layer 3. Furthermore, in the embodiment shown, underneath the tunnel
contact 31 to the back-surface emitter electrode 92b, in the semiconductor
layer 1 in addition a further doping layer 5 is formed. The further doping layer
5' can, for example, be an n*-type or p’-type region generated by means of

diffusion of a doping material, for example boron.

Underneath the back-surface base electrode 92a and the back-surface emitter
electrode 92b an insulation layer 8 is provided, which comprises openings at
the locations at which tunnel contacts 31 to the semiconductor layer 1 are

provided.

The dashed lines in Fig. 4 indicate that the pinhole 12 also extends through the
further layers 3, 8, 92b. This also applies in Fig. 5 to the further layers 6, 7,
11, 92b.

Fig. 5 shows a further EWT solar cell. It differs from the embodiment shown in
Fig. 4 in that the back-surface emitter electrode 92b is contacted to the solar
cell by way of a heterojunction that comprises a heterojunction layer 6

arranged on the inducing layer 3. Between the back-surface emitter electrode

92b and the heterojunction layer 6, furthermore, a conductive layer 7 is
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arranged. The conductive layer 7 can, for example, comprise a transparent
conductive material and can be used to improve back reflection of
electromagnetic radiation impinging on the back-surface emitter electrode

92b, back in the direction of the semiconductor layer 1.

Furthermore, on its light-incidence face the EWT solar cell of Fig. 5 comprises
an anti-reflection layer 11. Such an anti-reflection layer 11 can also be
provided on the EWT solar cell according to the exemplary embodiment of Fig.
4. As an alternative in both exemplary embodiments the inducing layer 3, at
least on the light-incidence face or the front surface of the solar cell, can be
designed as an anti-reflection layer, so that there is no longer any need to

provide an additional anti-reflection layer 11.

The embodiments described above essentially comprise plane layers of
semiconductors that extend any desired distance along two Cartesian
coordinates. While they are not shown, layers that are formed in some other
way are also possible, for example dish-shaped or cup-shaped curved layers.
Furthermore, these layers can have been formed in the manner of an island on

the solar cell.
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List of reference characters:

3a
3b
31

5’

91
92
92a
92b
11
12
121

Semiconductor layer

Inducing layer (buffer layer)
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Claims:

1.

A solar cell comprising a semiconductor layer (1) with a first doping, an
inducing layer (3) arranged on the semiconductor layer (1) and an
inversion layer (4) or accumulation layer (4) which due to the inducing
layer (3) is induced underneath the inducing layer (3) in the
semiconductor layer (1), characterised in that the inducing layer (3)
comprises a material with a surface charge density of at least 10" cm?,

preferably of at least 5x10'> cm2, more preferably of at least 10"* cm™.

The solar cell according to claim 1 or 2, characterised in that the buffer
layer (3) is essentially made of a material with a negative surface charge

density.

The solar cell according to claim 1, characterised in that the inducing

layer (3) comprises aluminium oxide.

The solar cell according to one of claims 1 or 2, characterised in that a
diffusion layer (5) is formed underneath the inducing layer (3) in the
semiconductor layer (1), wherein the inversion layer (4) or accumulation
layer (4) which is induced due to the inducing layer (3) is partly or fully

formed in the diffusion layer (5).

The solar cell according to any one of the preceding claims,

characterised in that the inducing layer (3) is formed without pinholes.

The solar cell according to any one of the preceding claims,
characterised in that the inducing layer (3) is formed by means of

atomic layer deposition.

The solar cell according to any one of the preceding claims,
characterised in that the inducing layer (3) comprises a thickness

ranging between 0.1 and 10 nm, preferably between 0.1 and 5 nm.
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10.

11.

12.

13.

14.

15.

-17 -

The solar cell according to any one of the preceding claims,
characterised in that the inducing layer (3) extends essentially over an

entire surface of the semiconductor layer (1).

The solar cell according to any one of the preceding claims,
characterised in that the semiconductor layer (1) comprises crystalline

or amorphous silicon.

The solar cell according to any one of the preceding claims,
characterised in that a conductive layer (7) is arranged on a side of the

inducing layer (3), which side points away from the semiconductor layer

(1).

The solar cell according to any one of claims 1 to 8, characterised in
that a crystalline or amorphous further semiconductor layer (1) is
formed on a side of the inducing layer (3), which side points away from

the semiconductor layer (1).

The solar cell according to any one of the preceding claims,
characterised in that the solar cell is designed as a back-contacted solar

cell.

The solar cell according to claim 11, characterised in that the solar cell

is designed as an emitter-wrap-through solar cell.

The solar cell according to claim 12, characterised in that the inducing
layer (3) extends entirely or partially over the hole walls of the pinholes

(12) of the emitter-wrap-through solar cell.

The solar cell according to any one of the preceding claims,

characterised in that the inducing layer (3) extends over the
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semiconductor layer (1) in the pinholes (12) only on one solar cell

surface and/or on both solar cell surfaces.
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