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HETEROJUNCTION III-V PHOTOVOLTAIC CELL FABRICATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
61/185,247, filed June 9, 2009. This application is also related to attorney docket numbers
YOR920100058US1, YOR920100060US1, FIS920100005US1, and FIS920100006US1, each
assigned to International Business Machines Corporation (IBM) and filed on the same day as the

instant application, all of which are herein incorporated by reference in their entirety.
FIELD

[0002] This disclosure relates generally to the field of heterojunction photovoltaic cell

fabrication.
DESCRIPTION OF RELATED ART

[0003] Silicon (Si) based heterojunction intrinsic thin layer (HIT) photovoltaic (PV) cells
may comprise a bulk single-crystalline silicon (sc-Si) base layer sandwiched between two layers
of amorphous Si (a-Si). The use of a-Si layers in an HIT cell gives the HIT cell a wider bandgap
than a cell comprising only sc-Si. The a-Si layer also creates an energy barrier at the interface
between the a-Si and the sc-Si base layer, which keeps minority carriers away from the interface,
thereby reducing the recombination rate in the cell. Additionally, a-Si may be processed at a
relatively low temperature. The HIT cell structure may have a sc-Si substrate thickness in the
range of a few tens of microns (um). This substrate thickness is smaller than the diffusion length
of the minority carriers in the PV cell, while being sufficiently thick to allow maximum

absorption of the solar spectrum.
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SUMMARY

[0004] In one aspect, a method for forming a heterojunction III-V photovoltaic (PV) cell
includes performing layer transfer of a base layer from a wafer of a I1I-V substrate, the base layer
being less than about 20 microns thick; forming an intrinsic layer on the base layer; forming an
amorphous silicon layer on the intrinsic layer; and forming a transparent conducting oxide layer

on the amorphous silicon layer.

[0005] In one aspect, a heterojunction III-V photovoltaic (PV) cell includes a base layer
comprising a [II-V substrate, the base layer being less than about 20 microns thick; an intrinsic
layer located on the base layer; an amorphous silicon layer located on the intrinsic layer; and a

transparent conducting oxide layer located on the amorphous silicon layer.

[0006] Additional features are realized through the techniques of the present exemplary
embodiment. Other embodiments are described in detail herein and are considered a part of what
is claimed. For a better understanding of the features of the exemplary embodiment, refer to the

description and to the drawings.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0007] Referring now to the drawings wherein like elements are numbered alike in the

several FIGURES:

[0008] FIG. 1 illustrates an embodiment of a method of forming a single heterojunction

ITI-V PV cell via spalling.

[0009] FIG. 2 illustrates an embodiment of a substrate having a back surface field, metal

layer, and a flexible substrate layer.

[0010] FIG. 3 illustrates an embodiment of spalling using a flexible substrate layer.
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[0011] FIG. 4 illustrates an embodiment of a single heterojunction III-V PV cell.

[0012] FIG. § illustrates an embodiment of a method of forming a double heterojunction

III-V cell via spalling.

[0013] FIG. 6 illustrates an embodiment of a substrate having an intrinsic layer, a back

surface field, an amorphous silicon layer, a metal layer, and a flexible substrate layer.

[0014] FIG. 7 illustrates an embodiment of spalling using a flexible substrate layer.

[0015] FIG. 8 illustrates an embodiment of a double heterojunction III-V PV cell.
DETAILED DESCRIPTION

[0016] Embodiments of systems and methods for heterojunction (HJ) III-V PV cell

fabrication are provided, with exemplary embodiments being discussed below in detail. An HJ
solar cell may be formed using a base layer comprising a I1I-V based substrate, such as
germanium (Ge) or gallium arsenide (GaAs), in place of sc-Si. In a III-V based substrate, the
diffusion length of the minority carriers is relatively small in comparison to the substrate
thickness. Due to its direct band gap, a relatively thin layer (a few microns thick) of a I1I-V based
substrate is capable of effectively absorbing a large portion of the solar spectrum, unlike sc-Si.
An HJ ITII-V PV cell structure comprises a base layer comprising a III-V substrate that is less
than about 20pum thick in some embodiments. Deposition of a-Si on one side of the base layer
forms a single HJ cell, and deposition of a-Si on both sides of the base layer forms a double HJ
cell. An HJ III-V PV cell may be relatively lightweight and/or flexible, allowing use of the HJ
HI-V PV cell in diverse applications.

[0017] The formation of the relatively thin base layer of the III-V base substrate may be
achieved by any appropriate layer transfer method including smart cut layer transfer, epitaxial

layer transfer, or spalling. Smart cut layer transfer is appropriate for formation of a base layer
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for a single HJ cell. Smart cut layer transfer comprises hydrogen (H) implantation into the II1I-V
substrate, followed by an annealing in order to initiate cracks within the H-implanted region that
then travel into the substrate. However, smart cut layer transfer has some limitations for
producing layers thicker than couple of microns. Smart cut layer transfer requires for relatively
high implantation energies, which tend to be costly. In addition, the use of high implantation
energy may result in implantation damage within the thin film, resulting in degradation of the
crystalline quality of the film, which severely degrades cell performance. Smart cut layer transfer
is not suitable for double HJ cells, as the a-Si layer formed on the substrate prior to layer transfer
cannot withstand the relatively high annealing temperature. Epitaxial layer transfer is
appropriate for formation of both single and double HJ cells, and comprises growth of a
sacrificial layer below the base layer in the substrate. The sacrificial layer is removed using a
wet chemical etch, in order to release the relatively thin base layer from the substrate. Lastly,
spalling offers a relatively inexpensive, low-temperature method for separation of a relatively
thin base layer from a substrate. The low-temperature nature of spalling allows use in fabrication

of both single and double HJ III-V cells.

[0018] FIG. 1 illustrates an embodiment of a method 100 of forming a single HJ III-V
PV cell via spalling. FIG. 1 is discussed with reference to FIGs. 2-4. In block 101, a optional
back surface field (BSF) 202 is formed on a wafer of a III-V substrate 201, as shown in FIG. 2.
Substrate 201 may comprise germanium (Ge) and/or gallium arsenide (GaAs) in some
embodiments. Substrate 201 may comprise an n-type or a p-type substrate. The optional BSF
202 may be formed by depositing a layer of a dopant on the substrate 201, and diffusing the
dopant into the substrate 201 in some embodiments, or the optional BSF 202 may comprise a
localized back contact. The dopant used to form optional BSF 202 may comprise zinc (Zn),
indium (In), or aluminum (Al) in some embodiments. Optional BSF 202 may alternately
comprise another material that deposited directly on the substrate 201; the BSF material may
have a wider band gap than that of the substrate 201. Some examples of an appropriate BSF

material may comprise InGaP (for a Ge substrate), or AlGaAs (for a GaAs substrate).
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[0019] In block 102, a tensile stressed metal layer 203 is formed, and a flexible substrate
layer 204 is adhered to the metal layer 203, as shown in FIG. 2. In embodiments that do not
comprise optional BSF 202, metal layer 203 is formed directly on substrate 201. Metal layer 203
may comprise nickel (Ni) in some embodiments. Flexible substrate layer 204 may comprise a
flexible adhesive, which may be water-soluble in some embodiments. Use of a rigid material for
the flexible substrate layer 204 may render the spalling mode of fracture unworkable. Therefore,
flexible substrate layer 204 may further comprise a material having a radius of curvature of less

than 5 meters in some embodiments, and less than 1 meter in some exemplary embodiments.

[0020] In block 103, base layer 301 is spalled from substrate 201, as shown in FIG. 3.
The flexible substrate 204 is used to cause the tensile stress in metal layer 203 to form fracture
302 in substrate 201, separating base layer 301 from substrate 201. Base layer 301 comprises the
same material as substrate 201, and may be less than about 20pum thick in some embodiments.
The thickness of the base layer 301 is determined by the tensile stress and thickness of metal
layer 203. In embodiments comprising optional BSF 202, optional BSF 202 is spalled from
substrate 201 along with base layer 301. In block 104, flexible substrate layer 204 is removed

from metal layer 203.

[0021] In block 105, a single HJ 11I-V PV cell 400 is formed using base layer 301, as
shown in FIG. 4. Single HJ III-V cell 400 comprises optional BSF 202; however, in some
embodiments, base layer 301 may be located directly on metal layer 203, and optional BSF 202
may be absent. Metal layer 203 may comprise a back contact for the single HJ II-IV cell 400.
Intrinsic layer 401 is formed on base layer 301, a-Si layer 402 is formed on intrinsic layer 401,
and transparent conducting oxide (TCO) layer 403 is formed on amorphous silicon layer 402.
The a-Si layer 402 may have a doping type (n-type or p-type) that is opposite the doping type of
substrate 201; in such an embodiment, the a-Si layer 402 is configured to act as an emitter for the
HJ I1I-V cell 400. In some embodiments, an a-Si layer 402 configured to act as an emitter may

be formed on subtrate 201 or BSF 202 before spalling instead of after spalling. TCO layer 403
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may comprise zinc oxide (ZnO) doped with aluminum (Al) in some embodiments. Finger or bus

bars (not shown) may be formed on TCO layer 403 in some embodiments.

[0022] While some embodiments of single HJ I1I-V PV cell 400 may comprise a base
layer 301 formed by spalling, other embodiments of cell 400 may comprise a base layer 301
formed by smart cut or epitaxial layer transfer. In embodiments using smart cut or epitaxial
layer transfer methods, BSF 202 and/or a-Si layer 402 configured to act as an emitter may
optionally be formed on substrate 201, then either smart cut or epitaxial layer transfer are used to
separate the base layer 301 from the substrate 201. A single HJ I1I-V cell 400 may then be

formed using base layer 301 in the same manner discussed above with respect to block 105.

[0023] FIG. 5 illustrates an embodiment of a method 500 of forming a double HJ I1I-V
PV cell via spalling. FIG. 5 is discussed with reference to FIGs. 6-8. In block 501, an intrinsic
layer 602 is formed in a wafer of a I1I-V substrate 201, as shown in FIG. 6. Substrate 601 may
comprise Ge and/or GaAs in some embodiments. Substrate 601 may comprise an n-type or a p-
type substrate. An optional BSF 603 may be formed on intrinsic layer 602 in some
embodiments. Optional BSF 603 may comprise a material having a wider band gap than that of
the substrate 601. Some examples of an appropriate BSF material may comprise InGaP (for a
Ge substrate) or AlGaAs (for a GaAs substrate). An a-Si layer 604 is then formed on intrinsic
layer 602 in embodiments not comprising optional BSF 603; in such embodiments, a-Si layer
604 and intrinsic layer 602 may function together as a back surface field. In embodiments
comprising optional BSF 603, a-Si layer 604 is formed on optional BSF 603. The a-Si layer 604
may comprise a doping type (n-type or p-type) that is the same as that of substrate 601; in such
an embodiment, the a-Si layer 604 may act as a BSF. The a-Si layer 604 may alternately
comprise a doping type that is opposite that of substrate 601; in such an embodiment, a-Si layer

604 may act as an emitter.

[0024] In block 502, a tensile stressed metal layer 605 is formed on a-Si layer 604, and a
flexible substrate layer 606 is adhered to the metal layer 605, as shown in FIG. 6. Metal layer
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605 may comprise nickel (Ni) in some embodiments. Flexible substrate layer 606 may comprise
a flexible adhesive, which may be water-soluble in some embodiments. Use of a rigid material
for the flexible substrate layer 606 may render the spalling mode of fracture unworkable.
Therefore, flexible substrate layer 606 may further comprise a material having a radius of
curvature of less than 5 meters in some embodiments, and less than 1 meter in some exemplary

embodiments.

[0025] In block 503, a base layer 701 is spalled from substrate 601, as shown in FIG. 7.
The flexible substrate 606 is used to cause the tensile stress in metal layer 605 to form fracture
702 in substrate 601, separating base layer 701 from substrate 601. Base layer 601 comprises the
same material as substrate 601, and may be less than about 20pum thick in some embodiments.
The thickness of the base layer 701 is determined by the tensile stress and thickness of metal
layer 605. Intrinsic layer 602, optional BSF 603 (in embodiments comprising optional BSF
603), and a-Si layer 604 are spalled from substrate 601 along with base layer 701. In block 504,

flexible substrate layer 606 is removed from metal layer 605.

[0026] In block 505, a double HJ I1I-V PV cell 800 is formed using base layer 701, as
shown in FIG. 8. Double HJ I1I-V cell 800 comprises optional BSF 603; however, in some
embodiments, intrinsic layer 602 may be located directly on a-Si layer 604, and optional BSF
603 may be absent. Metal layer 605 may comprise a back contact for the single HJ 1I-IV cell
800. Intrinsic layer 801 is formed on base layer 701, a-Si layer 802 is formed on intrinsic layer
801, and TCO layer 803 is formed on amorphous silicon layer 802. The a-Si layer 802 may
comprise a doping type (n-type or p-type) that is opposite the doping type of substrate 601; in
such an embodiment, a-Si layer 802 may act as an emitter for double HJ ITI-IV cell 800. TCO
layer 803 may comprise zinc oxide (ZnO) doped with aluminum (Al) in some embodiments.

Finger or bus bars (not shown) may be formed on TCO layer 803 in some embodiments.

[0027] While some embodiments of double HJ III-V PV cell 800 may comprise a base

layer 701 formed by spalling, other embodiments of cell 800 may comprise a base layer 701
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formed by epitaxial layer transfer. In embodiments using epitaxial layer transfer to form base
layer 701, a sacrificial layer is formed in the substrate 601, then intrinsic layer 602, optional BSF
603, and a-Si layer 604 are formed on substrate 601. The base layer 701, intrinsic layer 602,
optional BSF 203, and a-Si layer 604 are separated from the substrate 601 at the sacrificial layer.
A double HJ III-V cell 800 may then be formed using base layer 701, intrinsic layer 602,
optional BSF 203, and a-Si layer 604 in the same manner discussed above with respect to block

505.

[0028] The technical effects and benefits of exemplary embodiments include formation

of a lightweight, flexible solar cell.

[0029] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms "a", "an", and "the" are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms "comprises”
and/or "comprising," when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements, components, and/or

groups thereof.

[0030] The corresponding structures, materials, acts, and equivalents of all means or step
plus function elements in the claims below are intended to include any structure, material, or act
for performing the function in combination with other claimed elements as specifically claimed.
The description of the present invention has been presented for purposes of illustration and
description, but is not intended to be exhaustive or limited to the invention in the form disclosed.
Many modifications and variations will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the invention. The embodiment was chosen and described

in order to best explain the principles of the invention and the practical application, and to enable
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others of ordinary skill in the art to understand the invention for various embodiments with

various modifications as are suited to the particular use contemplated.
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CLAIMS

1. A method for forming a heterojunction III-V photovoltaic (PV) cell, the method

comprising:

performing layer transfer of a base layer from a wafer of a III-V substrate, the base layer

being less than about 20 microns thick;
forming an intrinsic layer on the base layer;
forming an amorphous silicon layer on the intrinsic layer; and
forming a transparent conducting oxide layer on the amorphous silicon layer.

2. The method of claim 1, wherein the layer transfer comprises smart cut, and wherein smart

cut comprises:
performing hydrogen implantation in the wafer below the base layer; and
annealing the wafer to initiate a fracture below the base layer.

3. The method of claim 1, wherein the layer transfer comprises epitaxial layer transfer, and

wherein epitaxial layer transfer comprises:
forming a sacrificial layer in the wafer below the base layer; and

using a wet chemical etch of the sacrificial layer to remove the base layer from the wafer.

10
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4. The method of claim 1, wherein the layer transfer comprises spalling, and wherein

spalling comprises:
forming a metal layer having a tensile stress on the wafer;
adhering a flexible substrate to the metal layer;

using the tensile stress in the metal layer to cause a fracture in the wafer below the base

layer; and
removing the flexible substrate from the metal layer.
5. The method of claim 4, wherein the metal layer comprises nickel.

6. The method of claim 4, wherein the flexible substrate comprises a material having a

radius of curvature of less than 5 meters.

7. The method of claim 1, further comprising forming a back surface field on the wafer
before performing layer transfer, wherein the back surface field comprises at least one of zinc,
indium, and wherein the back surface field is layer transferred from the wafer with the base

layer.

8. The method of claim 1, wherein the amorphous silicon layer comprises a doping type that
is opposite a doping type of the substrate, and the amorphous silicon layer is configured to act as

an emitter.

9. The method of claim 1, further comprising forming a second intrinsic layer on the wafer
and forming a second amorphous silicon layer on the second intrinsic layer before performing
layer transfer, wherein the second intrinsic layer and second amorphous silicon layer are layer

transferred from the wafer with the base layer.

11
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10.  The method of claim 10, wherein the second amorphous silicon layer comprises a doping
type that is the same as a doping type of the substrate, and the second amorphous silicon layer is

configured to act as a back surface field.

11.  The method of claim 1, The method of claim 10, wherein the second amorphous silicon
layer comprises a doping type that is the opposite to a doping type of the substrate, and the

second amorphous silicon layer is configured to act as an emitter.

12. The method of claim 1, wherein the wafer comprises one of germanium or gallium

arsenide.
13. A heterojunction I1I-V photovoltaic (PV) cell, comprising:

a base layer comprising a I1I-V substrate, the base layer being less than about 20 microns
thick;

an intrinsic layer located on the base layer;
an amorphous silicon layer located on the intrinsic layer; and
a transparent conducting oxide layer located on the amorphous silicon layer.

14.  The heterojunction III-V PV cell of claim 13, further comprising a back surface field
located under the base layer, wherein the back surface field comprises at least one of zinc,

indium, or aluminum.

15.  The heterojunction IH-V PV cell of claim 13, wherein the amorphous silicon layer
comprises a doping type that is opposite a doping type of the substrate, and the amorphous

silicon layer is configured to act as an emitter.

12
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16.  The heterojunction III-V PV cell of claim 13, further comprising a second intrinsic layer
located under the base layer, and a second amorphous silicon layer located under the second

intrinsic layer.

17.  The heterojunction III-V PV cell of claim 16, wherein the second amorphous silicon layer
comprises a doping type that is the same as a doping type of the substrate, and the second

amorphous silicon layer is configured to act as a back surface field.

18.  The heterojunction I1I-V PV cell of claim 16, wherein the second amorphous silicon layer
comprises a doping type that is opposite to a doping type of the substrate, and the second

amorphous silicon layer is configured to act as an emitter.

19.  The heterojunction III-V PV cell of claim 13, further comprising a metal layer located

under the base layer, the metal layer comprising nickel.

20.  The heterojunction III-V PV cell of claim 13, wherein the III-V substrate comprises one

of germanium or gallium arsenide.

13
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the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carmed out, specifically:

3. g Claims Nos.: 11
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest EI The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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