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DOPANT-CONTAINING CONTACT MATERIAL

CLAIM FOR PRIORITY
This application claims priority under 35 U.S.C. §119(e) to U.S. Provisional
Patent Application Serial No. 61/184,215 filed on June 4, 2009, which is hereby

incorporated by reference.

TECHNICAL FIELD

The present invention relates to photovoltaic devices and methods of production.

BACKGROUND
Photovoltaic devices can include semiconductor material deposited over a
substrate, for example, with a first layer serving as a window layer and a second layer
serving as an absorber layer. The semiconductor window layer can allow the penetration
of solar radiation to the absorber layer, such as a cadmium telluride layer, which converts
solar energy to electricity. Photovoltaic devices can also contain one or more transparent

conductive oxide layers, which are also often conductors of electrical charge.

DESCRIPTION OF DRAWINGS
FIG. 1 is a schematic of a photovoltaic device having multiple layers.

FIG. 2 is a schematic of a photovoltaic device having multiple layers.

DETAILED DESCRIPTION

Photovoltaic devices can include multiple layers created on a substrate (or
superstrate). For example, a photovoltaic device can include a barrier layer, a transparent
conductive oxide (TCO) layer, a buffer layer, and a semiconductor layer formed in a stack
on a substrate. Fach layer may in turn include more than one layer or film. For example,
the semiconductor layer can include a first film including a semiconductor window layer,
such as a cadmium sulfide layer, formed on the buffer layer and a second film including a
semiconductor absorber layer, such as a cadmium telluride layer formed on the
semiconductor window layer. Additionally, each layer can cover all or a portion of the
device and/or all or a portion of the layer or substrate underlying the layer. For example,
a “layer” can include any amount of any material that contacts all or a portion of a

surface.
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Photovoltaic devices can be formed on optically transparent substrates, such as
glass. Because glass is not conductive, a transparent conductive oxide (TCO) layer is
typically deposited between the substrate and the semiconductor bi-layer to serve as a
front contact. A metal layer can be deposited onto the p-type absorber layer to serve as a
back contact. The front and back contacts can serve as electrodes for the photovoltaic
device. A variety of materials are available for the metal layer, including, but not limited
to molybdenum, aluminum, chromium, iron, nickel, titanium, vanadium, manganese,
cobalt, zinc, ruthenium, tungsten, silver, gold, and platinum. Molybdenum functions
particularly well as a back contact metal due to its relative stability at processing
temperatures and low contact resistance. Copper has also proven effective for preserving
fill factor. The inventions disclosed herein relate to the composition and deposition of
back contacts for photovoltaic devices.

In one aspect, a photovoltaic device can include a doped contact layer adjacent to
a semiconductor absorber layer. The doped contact layer can include a metal base
material and a dopant.

The metal base material can include a molybdenum. The dopant can include a
copper. The doped contact layer can include a copper-doped molybdenum. The doped
contact layer can include a copper concentration of about 0.1% to about 10%. The metal
base material can include molybdenum, aluminum, chromium, iron, nickel, titanium,
vanadium, manganese, cobalt, zinc, ruthenium, tungsten, silver, gold, or platinum. The
dopant can include copper, antimony, potassium, sodium, cesium, silver, gold,
phosphorous, arsenic, or bismuth. The semiconductor absorber layer can include a
cadmium telluride layer. The photovoltaic device can include a semiconductor window
layer. The semiconductor absorber layer can be positioned adjacent to the semiconductor
window layer. The semiconductor window layer and the semiconductor absorber layer
can be at least a part of a semiconductor bi-layer. The semiconductor window layer can
include a cadmium sulfide layer. The photovoltaic device can include a transparent
conductive oxide stack. The semiconductor bi-layer can be positioned adjacent to the
transparent conductive oxide stack. The photovoltaic device can include a first substrate.
The transparent conductive oxide stack can be positioned adjacent to the first substrate.
The first substrate can include a glass, for example, a soda-lime glass. The transparent
conductive oxide stack can include a buffer layer positioned adjacent to a transparent
conductive oxide layer. The transparent conductive oxide layer can be positioned

adjacent to one or more barrier layers. The transparent conductive oxide layer can
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include a cadmium stannate. The buffer layer can include a zinc tin oxide, tin oxide, zinc
oxide, or zinc magnesium oxide. Each of the one or more barrier layers can include a
silicon nitride, aluminum-doped silicon nitride, silicon oxide, aluminum-doped silicon
oxide, boron-doped silicon nitride, phosphorous-doped silicon nitride, silicon oxide-
nitride, or tin oxide. The photovoltaic device can include a back support adjacent to the
back contact.

In one aspect, a method for manufacturing a photovoltaic device can include
depositing a doped contact layer adjacent to a semiconductor absorber layer. The doped
contact layer can include a metal base material and a dopant.

Depositing a doped contact layer adjacent to a semiconductor absorber layer can
include sputtering a copper-doped metal base material onto a cadmium telluride.
Depositing a doped contact layer adjacent to a semiconductor absorber layer can include
sputtering a doped molybdenum onto a cadmium telluride layer. Depositing a doped
contact layer adjacent to a semiconductor absorber layer can include sputtering a copper-
doped molybdenum onto a cadmium telluride layer. The copper-doped molybdenum can
include a copper concentration of about 0.1% to about 10%. The metal base material can
include molybdenum, aluminum, chromium, iron, nickel, titanium, vanadium,
manganese, cobalt, zinc, ruthenium, tungsten, silver, gold, or platinum. The dopant can
include copper, antimony, potassium, sodium, cesium, silver, gold, phosphorous, arsenic,
or bismuth. The method can include doping the metal base material with a dopant to
form a doped contact layer. Doping the metal base material with a dopant can include
dry-doping a molybdenum in a metallizer. Doping the metal base material with a dopant
can include doping a molybdenum with about 0.1% to about 10% copper. The method
can include depositing the semiconductor absorber layer adjacent to a semiconductor
window layer. The semiconductor absorber layer can include a cadmium telluride layer.
The semiconductor window layer can include a cadmium sulfide layer. The method can
include depositing the semiconductor window layer adjacent to a transparent conductive
oxide stack. The transparent conductive oxide stack can include a buffer layer adjacent to
a transparent conductive oxide layer. The transparent conductive oxide layer can be
positioned adjacent to one or more barrier layers. The method can include depositing the
transparent conductive oxide stack adjacent to a first substrate. The first substrate can
include a glass, for example, a soda-lime glass. Fach of the one or more barrier layers
can include a silicon nitride, aluminum-doped silicon nitride, silicon oxide, aluminum-

doped silicon oxide, boron-doped silicon nitride, phosphorous-doped silicon nitride,
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silicon oxide-nitride, or tin oxide. The transparent conductive oxide layer can include a
cadmium stannate. The buffer layer can include zinc tin oxide, tin oxide, zinc oxide, or
zinc magnesium oxide. The method can include annealing the transparent conductive
oxide stack. The method can include depositing a back support adjacent to the doped
contact layer.

In one aspect, a photovoltaic module may include a plurality of photovoltaic
cells adjacent to a substrate. The photovoltaic module may include a back cover adjacent
to the plurality of photovoltaic cells. The plurality of photovoltaic cells may include a
doped contact layer adjacent to a semiconductor absorber layer. The doped contact layer
may include a metal base material and a dopant.

The photovoltaic module may include a first strip of tape having a length
distributed along each doped contact layer. The first strip of tape may include a front
surface and a back surface. Each surface may contain an adhesive. The photovoltaic
module may include a first lead foil distributed along the length of the first strip of tape.
The photovoltaic module may include a second strip of tape, having a length shorter than
that of the first strip of tape, distributed along the length and between the ends of the first
strip of tape. The second strip of tape may include a front and back surface. Fach surface
may contain an adhesive. The photovoltaic module may include a second lead foil,
having a length shorter than that of the second strip of tape, distributed along the length of
the second strip of tape. The photovoltaic module may include a plurality of parallel bus
bars, positioned adjacent and perpendicular to the first and second strips of tape. Each
one of the plurality of parallel bus bars may contact one of the first or second lead foils.
The photovoltaic module may include first and second submodules. The first submodule
may include two or more cells of the plurality of photovoltaic cells connected in series.
The second submodule may include another two or more cells of the plurality of
photovoltaic cells connected in series. The first and second submodules may be
connected in parallel through a shared cell.

In one aspect, a method for generating electricity may include illuminating a
photovoltaic cell with a beam of light to generate a photocurrent. The method may
include collecting the generated photocurrent. The photovoltaic cell may include a doped
contact layer adjacent to a semiconductor absorber layer. The doped contact layer may
include a metal base material and a dopant.

Referring to FIG. 1, a photovoltaic device 10 can include a transparent conductive

oxide layer 130 adjacent to a substrate 100. Transparent conductive oxide layer 130 can
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be deposited adjacent to substrate 100, or the layers can be pre-fabricated. Transparent
conductive oxide layer 130 can be deposited using any known deposition technique,
including sputtering. Transparent conductive oxide layer 130 can include a cadmium
stannate. Transparent conductive oxide layer 130 can be part of transparent conductive
oxide stack 110. Transparent conductive oxide stack 110 can include a barrier layer 120
and a buffer layer 140. Transparent conductive oxide layer 130 can be deposited adjacent
to barrier layer 120 to form transparent conductive oxide stack 110. Transparent
conductive oxide layer 130 can be deposited using any known deposition technique,
including sputtering. Barrier layer 120 can include a silicon dioxide or a silicon nitride.
Buffer layer 140 can be deposited adjacent to transparent conductive oxide layer 130 to
form transparent conductive oxide stack 110. Buffer layer 140 can be deposited using
any known deposition technique, including sputtering. Buffer layer 140 can include a
zinc stannate or a tin oxide. Transparent conductive oxide stack 110 from FIG. 1 can be
annealed to form annealed transparent conductive oxide stack 200 from FIG. 2.

Transparent conductive oxide stack 200 can be manufactured using a variety of
deposition techniques, including for example, low pressure chemical vapor deposition,
atmospheric pressure chemical vapor deposition, plasma-enhanced chemical vapor
deposition, thermal chemical vapor deposition, DC or AC sputtering, spin-on deposition,
and spray-pyrolysis. Each deposition layer can be of any suitable thickness, for example
in the range of about 1 to about SO00A.

Referring to FIG. 2, a photovoltaic device 20 can include a semiconductor bi-layer
210 deposited adjacent to transparent conductive oxide layer 130. Semiconductor bi-
layer 210 can be deposited using any known deposition technique, including sputtering
and vapor transport deposition. Semiconductor bi-layer 210 can include a semiconductor
absorber layer 230 and a semiconductor window layer 220. Semiconductor window layer
220 can be deposited adjacent to transparent conductive oxide layer 130. Semiconductor
window layer 220 can be deposited using any known deposition technique, including
vapor transport deposition. Semiconductor window layer 220 can include a cadmium
sulfide layer. Semiconductor absorber layer 230 can be deposited adjacent to
semiconductor window layer 220. Semiconductor absorber layer 230 can be deposited
using any known deposition technique, including vapor transport deposition.
Semiconductor absorber layer 230 can include a cadmium telluride layer.

In continuing reference to FIG. 2, doped contact layer 240 can serve as a back

contact of photovoltaic device 20 and be deposited adjacent to semiconductor bi-layer
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210. Doped contact layer 240 can be deposited adjacent to semiconductor absorber layer
230. Doped contact layer 240 can be deposited using any known deposition technique,
including sputtering, and can include a metal base material and a dopant. For example,
doped contact layer 240 can include a copper-doped molybdenum. However, doped
contact layer 240 is not limited to any specific metal base material or dopant and can thus
include various suitable materials. For example, the metal base material can include
molybdenum, aluminium, chromium, iron, nickel, titanium, vanadium, manganese,
cobalt, zinc, ruthenium, tungsten, silver, gold, or platinum. And the dopant can include
copper, antimony, potassium, sodium, cesium, silver, gold, phosphorous, arsenic, or
bismuth.

Doped contact layer 240 can either be pre-fabricated, or it can be formed using
any suitable materials and process. Doped contact layer 240 can include any suitable
amount of copper. For example, a doped molybdenum can include a copper
concentration of about 0.1% to about 10% copper. The molybdenum can be doped using
any suitable process, including dry-doping. For example, contact layer 240 can be
formed by dry-copper-doping a molybdenum in a metallizer. Doped contact layer 240
can also be of a suitable thickness, for example greater than about 10 A, greater than
about 20 A, greater than about 50 A, greater than about 100 A, greater than about 250 A,
greater than about 500 A, less than about 2000 A, less than about 1500 A, less than about
1000 A, or less than about 750 A. In continuing reference to FIG. 2, a back support 250
can be deposited adjacent to doped contact layer 240. Back support 250 can include a
glass, for example a soda-lime glass.

In one experiment, the performance of a photovoltaic device with a copper-doped
molybdenum back contact was compared with that of a control device. Secondary ion
mass spectroscopy (SIMS) indicated higher copper concentration in the copper-doped
molybdenum device than in the control cell. The effectiveness of the doped back contact
can be increased by augmenting the thickness of the copper-doped molybdenum. In
general, devices with doped contact layers exhibited higher efficiency, open circuit
voltage, and fill factor than the control cells. In another experiment, the light-soaking
stability of copper-doped molybdenum devices was analyzed. Results indicated higher
efficiency and open circuit voltage for devices with copper-doped molybdenum contact
layers.

Photovoltaic devices/cells fabricated using the methods discussed herein may be

incorporated into one or more photovoltaic modules, each of which may include one or
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more submodules. Such modules may by incorporated into various systems for
generating electricity. For example, a photovoltaic module may include one or more
submodules consisting of multiple photovoltaic cells connected in series. One or more
submodules may be connected in parallel via a shared cell to form a photovoltaic module.

A bus bar assembly may be attached to a contact surface of a photovoltaic module
to enable connection to additional electrical components (e.g., one or more additional
modules). For example, a first strip of double-sided tape may be distributed along a
length of the module, and a first lead foil may be applied adjacent thereto. A second strip
of double-sided tape (smaller than the first strip) may be applied adjacent to the first lead
foil. A second lead foil may be applied adjacent to the second strip of double-sided tape.
The tape and lead foils may be positioned such that at least one portion of the first lead
foil is exposed, and at least one portion of the second lead foil is exposed. Following
application of the tape and lead foils, a plurality of bus bars may be positioned along the
contact region of the module. The bus bars may be positioned parallel from one another,
at any suitable distance apart. For example, the plurality of bus bars may include at least
one bus bar positioned on a portion of the first lead foil, and at least one bus bar
positioned on a portion of the second lead foil. The bus bar, along with the portion of
lead foil on which it has been applied, may define a positive or negative region. A roller
may be used to create a loop in a section of the first or second lead foil. The loop may be
threaded through the hole of a subsequently deposited back glass. The photovoltaic
module may be connected to other electronic components, including, for example, one or
more additional photovoltaic modules. For example, the photovoltaic module may be
electrically connected to one or more additional photovoltaic modules to form a
photovoltaic array.

The photovoltaic cells/modules/arrays may be included in a system for generating
electricity. For example, a photovoltaic cell may be illuminated with a beam of light to
generate a photocurrent. The photocurrent may be collected and converted from direct
current (DC) to alternating current (AC) and distributed to a power grid. Light of any
suitable wavelength may be directed at the cell to produce the photocurrent, including, for
example, more than 400 nm, or less than 700 nm (e.g., ultraviolet light). Photocurrent
generated from one photovoltaic cell may be combined with photocurrent generated from
other photovoltaic cells. For example, the photovoltaic cells may be part of one or more
photovoltaic modules in a photovoltaic array, from which the aggregate current may be

harnessed and distributed.
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The embodiments described above are offered by way of illustration and example.
It should be understood that the examples provided above may be altered in certain
respects and still remain within the scope of the claims. It should be appreciated that,
while the invention has been described with reference to the above preferred

embodiments, other embodiments are within the scope of the claims.
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WHAT IS CLAIMED IS:

1.

10.

11.

12.

A photovoltaic device, comprising:

a doped contact layer adjacent to a semiconductor absorber layer, the
doped contact layer comprising a metal base material and a dopant.
The photovoltaic device of claim 1, wherein the metal base material comprises
a molybdenum.
The photovoltaic device of claim 1, wherein the dopant comprises a copper.
The photovoltaic device of claim 1, wherein the doped contact layer comprises
a copper-doped molybdenum.
The photovoltaic device of claim 1, wherein the doped contact layer comprises
a copper concentration of about 0.1% to about 10%.
The photovoltaic device of claim 1, wherein the metal base material is selected
from the group consisting of molybdenum, aluminum, chromium, iron, nickel,
titanium, vanadium, manganese, cobalt, zinc, ruthenium, tungsten, silver, gold,
and platinum.
The photovoltaic device of claim 1, wherein the dopant is selected from the
group consisting of copper, antimony, potassium, sodium, cesium, silver, gold,
phosphorous, arsenic, and bismuth.
The photovoltaic device of claim 1, wherein the semiconductor absorber layer
comprises a cadmium telluride layer.
The photovoltaic device of claim 1, further comprising a semiconductor
window layer, wherein the semiconductor absorber layer is positioned
adjacent to the semiconductor window layer, and wherein the semiconductor
window layer and the semiconductor absorber layer are at least a part of a
semiconductor bi-layer.
The photovoltaic device of claim 9, wherein the semiconductor window layer
comprises a cadmium sulfide layer.
The photovoltaic device of claim 9, further comprising a transparent
conductive oxide stack, wherein the semiconductor bi-layer is positioned
adjacent to the transparent conductive oxide stack.
The photovoltaic device of claim 11, further comprising a first substrate,
wherein the transparent conductive oxide stack is positioned adjacent to the

first substrate.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

The photovoltaic device of claim 12, wherein the first substrate comprises a

glass.

The photovoltaic device of claim 13, wherein the glass comprises a soda-lime

glass.

The photovoltaic device of claim 11, wherein the transparent conductive oxide

stack comprises a buffer layer positioned adjacent to a transparent conductive

oxide layer, and wherein the transparent conductive oxide layer is positioned

adjacent to one or more barrier layers.

The photovoltaic device of claim 15, wherein the transparent conductive oxide

layer comprises a cadmium stannate.

The photovoltaic device of claim 15, wherein the buffer layer is selected from

the group consisting of zinc tin oxide, tin oxide, zinc oxide, and zinc

magnesium oxide.

The photovoltaic device of claim 15, wherein each of the one or more barrier

layers is selected from the group consisting of silicon nitride, aluminum-doped

silicon nitride, silicon oxide, aluminum-doped silicon oxide, boron-doped

silicon nitride, phosphorous-doped silicon nitride, silicon oxide-nitride, and tin

oxide.

The photovoltaic device of claim 1, further comprising a back support adjacent

to the back contact.

A method for manufacturing a photovoltaic device, the method comprising:
depositing a doped contact layer adjacent to a semiconductor absorber

layer, the doped contact layer comprising a metal base material and a dopant.

The method of claim 20, wherein depositing a doped contact layer adjacent to

a semiconductor absorber layer comprises sputtering a copper-doped metal

base material onto a cadmium telluride.

The method of claim 20, wherein depositing a doped contact layer adjacent to

a semiconductor absorber layer comprises sputtering a doped molybdenum

onto a cadmium telluride layer.

The method of claim 20, wherein depositing a doped contact layer adjacent to

a semiconductor absorber layer comprises sputtering a copper-doped

molybdenum onto a cadmium telluride layer.

The method of claim 23, wherein the copper-doped molybdenum comprises a

copper concentration of about 0.1% to about 10%.
-10 -



10

15

20

25

30

WO 2010/141463 PCT/US2010/036894

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

The method of claim 20, wherein the metal base material is selected from the
group consisting of molybdenum, aluminum, chromium, iron, nickel, titanium,
vanadium, manganese, cobalt, zinc, ruthenium, tungsten, silver, gold, and
platinum.

The method of claim 20, wherein the dopant is selected from the group
consisting of copper, antimony, potassium, sodium, cesium, silver, gold,
phosphorous, arsenic, and bismuth.

The method of claim 20, further comprising doping the metal base material
with a dopant to form a doped contact layer.

The method of claim 27, wherein doping the metal base material with a dopant
comprises dry-doping a molybdenum in a metallizer.

The method of claim 27, wherein doping the metal base material with a dopant
comprises doping a molybdenum with about 0.1% to about 10% copper.

The method of claim 20, further comprising depositing the semiconductor
absorber layer adjacent to a semiconductor window layer, the semiconductor
absorber layer comprising a cadmium telluride layer, and the semiconductor
window layer comprising a cadmium sulfide layer.

The method of claim 30, further comprising depositing the semiconductor
window layer adjacent to a transparent conductive oxide stack, wherein the
transparent conductive oxide stack comprises a buffer layer adjacent to a
transparent conductive oxide layer, wherein the transparent conductive oxide
layer is positioned adjacent to one or more barrier layers.

The method of claim 31, further comprising depositing the transparent
conductive oxide stack adjacent to a first substrate.

The method of claim 32, wherein the first substrate comprises a glass.

The method of claim 33, wherein the glass comprises a soda-lime glass.

The method of claim 31, wherein each of the one or more barrier layers is
selected from the group consisting of silicon nitride, aluminum-doped silicon
nitride, silicon oxide, aluminum-doped silicon oxide, boron-doped silicon
nitride, phosphorous-doped silicon nitride, silicon oxide-nitride, and tin oxide.
The method of claim 31, wherein the transparent conductive oxide layer
comprises a cadmium stannate.

The method of claim 31, wherein the buffer layer is selected from the group

consisting of zinc tin oxide, tin oxide, zinc oxide, and zinc magnesium oxide.
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38.

39.

40.

41.

42,

43.

The method of claim 31, further comprising annealing the transparent
conductive oxide stack.

The method of claim 20, further comprising depositing a back support
adjacent to the doped contact layer.

A photovoltaic module comprising:

a plurality of photovoltaic cells adjacent to a substrate; and

a back cover adjacent to the plurality of photovoltaic cells, the plurality of
photovoltaic cells comprising:

a doped contact layer adjacent to a semiconductor absorber layer, the
doped contact layer comprising a metal base material and a dopant.
The photovoltaic module of claim 40, further comprising:

a first strip of tape having a length distributed along each doped contact
layer, the first strip of tape comprising a front surface and a back surface, each
surface containing an adhesive;

a first lead foil distributed along the length of the first strip of tape;

a second strip of tape, having a length shorter than that of the first strip of
tape, distributed along the length and between the ends of the first strip of
tape, wherein the second strip of tape comprises a front and back surface, each
containing an adhesive;

a second lead foil, having a length shorter than that of the second strip of
tape, distributed along the length of the second strip of tape; and

a plurality of parallel bus bars, positioned adjacent and perpendicular to
the first and second strips of tape, wherein each one of the plurality of parallel
bus bars contacts one of the first or second lead foils.
The photovoltaic module of claim 41, further comprising first and second
submodules, wherein the first submodule comprises two or more cells of the
plurality of photovoltaic cells connected in series, and the second submodule
comprises another two or more cells of the plurality of photovoltaic cells
connected in series, wherein the first and second submodules are connected in
parallel through a shared cell.
A method for generating electricity, the method comprising:

illuminating a photovoltaic cell with a beam of light to generate a

photocurrent; and

-12 -
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collecting the generated photocurrent, wherein the photovoltaic cell
comprises:
a doped contact layer adjacent to a semiconductor absorber layer,

the doped contact layer comprising a metal base material and a dopant.

-13-
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