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METHOD OF MANUFACTURING
A PHOTOVOLTAIC DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority of United States Provisional
Patent Application Serial No. 61/840,552 filed on June 28, 2013 hereby

incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[0002] The present disclosure relates to a photovoltaic device, and more
particularly to a method of forming a photovoltaic device to improve performance

thereof.

BACKGROUND OF THE INVENTION

[0003] During the fabrication of photovoltaic devices, layers of semiconductor

- material can be applied fo a substrate with one layer serving as a window layer
and a second layer serving as an absorber layer. In addition to the
semiconductor layer (the window and absorber layers), photovoltaic modules,
devices, or cells, can include multiple layers (or coatings) created on a substrate
(or superstrate). For example, a photovoltaic device can include a barrier layer, a
transparent conductive oxide layer, a buffer layer, and a semiconductor layer
formed in a stack on a substrate. Each layer may in turn include more than one
layer or film. For example, a semiconductor window layer and a semiconductor
absorber layer together can be considered a semiconductor layer. Additionally,
each layer can cover all or a portion of the device and/or all or a portion of a layer
or a substrate underlying the layer. For example, a “layer” can include any
amount of any material that contacts all or a portion of a surface. Cadmium
telluride has been used for the semiconductor layer because of its'optimal band
structure and a low cost of manufacturing. .

[0004] tn the manufacture of a photovoltaic device, the absorber layer is

deposited on a substrate. This may be accomplished by vaporizing the
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semiconductor and directing the vaporized semiconductor towards the substrate
surface such that the vaporized semiconductor condenses and is deposited on
the substrate, forming a solid semiconductor film. The method by which the
absorber layer is deposited or formed on the substrate may have an effect on the
performance of the photovoltaic device. Improving the characteristics of the
absorber layer may improve efficiency thereof, and therefore the efficiency of the
photovoltaic device. Furthermore, it is desirable to improve a band alighment at
the interface of the absorber layer and adjacent layers to improve the efficiency
of the photovoltaic device.

[0005] One way to improve the efficiency of an absorber layer is to alloy materials
deposited as the absorber layer and/or to alloy the absorber layer and the back
contact buffer layer at an interface thereof. Using vapor transport deposition
(VTD) or close-spaced sublimation (CSS), improvement to an absorber layer by
forming an alloy may be accomplished. However, the compounds used to form
the absorber layer may have vastly different vapor pressures that lead to
composition variation over time. For example, composition variations may occur
due to faster sublimation of one of the compounds, a difference between atomic
weights of the compounds, and the annealing temperatures used by known
processing equipment may not be sufficiently high to vaporize certain
compounds. Furthermore, at VTD and CSS process temperatures, some
compounds have solubility gaps which prevént the alloy from forming, and if
cooling is not fast enough, precipitation from the alloy may occur.

[0006] Alioyed compounds for the absorber layer and/or the back contact or front
contact buffer layers may also be generated by coating the substrate within a
coating device or by annealing in an oven. The temperatures required to anneal
certain compounds to obtain an alloy may exceed 600°C which may have an
undesired effect on a glass substrate. Steps of alloying in the coating device or
by annealing in an oven have the same solubility gap and precipitation concerns
noted above. Annealing the entire absorber layer at high temperatures, such as
in an oven, may also result in sublimation of the compounds forming the

absorber layer.
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[0007] A crystallized back contact buffer layer also improves operation of the
photovoltaic device. Depositing the back contact buffer layer at high
temperatures to crystallize the back contact buffer layer improves band alignment
and photovoltaic device operation. The back contact buffer layer may also be
annealed in an annealing oven. However, high temperature deposition of the
back contact buffer layer comes and/or using an annealing oven comes at a high
capital cost.

| [0008] [t would be desirable to develop a method of improving the operation of a
photovoltaic device by improving the interfaces of various layers of a photovoitaic
device, for example, by improving a band alignment at the interface of the |
absorber layer and the back contact buffer layer or annealing the back contact

buffer layer using a more efficient method.

SUMMARY OF THE INVENTION

[0009] Concordant and congruous with the instant disclosure, a photovoltaic
device by improving the interfaces of various layers of a photovoltaic device, for
example, by improving a band alignment at the interface of the absorber layer
and the back contact buffer layer or annealing the back contact buffer layer using
a more efficient method has surprisingly been discovered.

[0010] In an embodiment, a method of manufacturing a photovoltaic device
comprises the steps of depositing a semiconductor absorber layer adjacent to a
substrate; depositing one of a semiconductor back contact buffer layer and a
semiconductor front contact buffer layer adjacent fo the semiconductor layer; and
annealing at least one of the semiconductor absorber layer and the
semiconductor back contact buffer layer with one of a laser and a flash lamp.

[0011] In another embodiment, a method of manufacturing a photovoltaic device
comprises the steps of depositing a semiconductor abéorber layer adjacent to a
substrate; depositing a back contact buffer layer adjacent to the semiconductor
layer; and annealing the semiconductor absorber layer and the back contact
buffer layer with one of a laser and a flash lamp to form an alloy of the

semiconductor absorber layer and the back contact buffer layer.
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[0012] In another embodiment, a method of manufacturing a photovoltaic device
comprises the steps of depositing a semiconductor absorber layer adjacent to a
substrate; depositing a back contact buffer layer adjacent to the semiconductor
layer; and annealing the back contact buffer layer with one of a laser and a flash
lamp, wherein energy from the one of a laser and a flash lamp penetrates only
the back contact buffer layer and does not contact the adjacent semiconductor

absorber layer.

DRAWINGS

[0013] The above, as well as other advantages of the present disclosure, will
become readily apparent to those skilled in the art from the following detailed
description, particularly when considered in the light of the drawings described
hereafter.

[0014] FIG. 1 is a flow diagram of a method of forming a photovoltaic device
according to an embodiment of the invention;

[0015] Fig. 2ais a schematic drawing of a photovoltaic device being formed
pursuant to an annealing step of the method of Fig. 1 according to an
embodiment of the invention;

[0016] Fig. 2b is a schematic drawing of the photovoltaic device of Fig. 2a after
the annealing step;

[0017] Fig. 3ais a schematic drawing of a photovoltaic device being formed
pursuant to an annealing step of the method of Fig. 1;

[0018] Fig. 3bis a schematic drawing of the photovoltaic device of Fig. 3a after
the annealing step according to an embodiment of the invention;

[0019] Fig. 3c is a schematic drawing of the photovoltaic device of Fig. 3a after
the annealing step according to an embodiment of the invention;

[0020] Fig. 4a is a schematic drawing of a photovoltaic device being formed
pursuant to an annealing step of the method of Fig.-1 according to another
embodiment of the invention;

[0021] Fig. 4b is a schematic drawing of the photovoltaic device of Fig. 4a after
the annealing step;
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[0022] Fig. 5 is a schematic drawing of a photovoltaic device being formed
pursuant to an annealing step of the method of Fig. 1 according to another
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The following description is merely exemplary in nature and is not
intended to limit the present disclosure, application, or uses. It should also be
understood that throughout the drawings, corresponding reference numerals
indicate like or corresponding parts and features. In respect of the methods
disclosed, the order of the steps presented is exemplary in nature, and thus, is
not necessary or critical unless recited ctherwise.

[0024] Fig. 1 represents a flow diagram of a method 10 of forming a photovoltaic
device according to the invention. In a step 12, a substrate having a thin-
conductive oxide (TCO) layer deposited thereon is provided. The step 12 may
involve providing a sodalime glass and depositing a TCO layer, such as SnOz:F,
for example, or any other suitable TCO, as desired. In a step 14, a
semiconductor absorber layer is deposited adjacent to the buffer layer. The
semiconductor absorber layer is formed from at least a p-type semiconductor
such as CdTe, as shown in Figs. 2-5. The semiconductor absorber layer may
include multiple layers and may include an n-type semiconductor absorber layer,
such as CdS, as shown in Figs. 2-5. The semiconductor absorber layer may also
be formed from CIGS, amorphous silicon, monocrystaliine silicon, GaAs, or
another semiconductor material, for example. It is understood that a
semiconductor front contact buffer layer (also known as a front contact buffer
layer) may be deposited on the TCO prior to deposition of the semiconductor
absorber layer, as desired.

[0025] In a step 16, a semiconductor back contact buffer layer formed from a
metal is deposited adjacent to the semiconductor absorber layer. The back
contact buffer layer may be formed from ZnTe, ZnTe:Cu, MnTe, CdSe, MgTe,
HgTe, or the like, for example. The back contact buffer layer me be deposited at

room (or low) temperature, or at elevated temperatures. A metallic back contact
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layer (not shown) may be deposited on the back contact buffer layer, and a back
support (not shown) may be deposited onto the back contact layer, the back
support formed from a glass or a soda-lime glass, for example.

[0026] In a step 18, annealing of a desired layer or layers is conducted. The
annealing is done with a laser, such as a short pulse laser or a pulse UV laser,
for example, or a flash lamp, such as a UV flash lamp, for example. in an
embodiment of the invention, the absorber layer is annealed. It is understood that
the absorber layer may be annealed prior to the back contact buffer layer
deposition step 16 or thereafter. The annealing step 18 of the absorber layer may
be conducted by introducing the laser or the flash lamp to a side of the

~ semiconductor layer on which the back contact buffer layer will be deposited, or
on an opposite side thereof through the clear substrate of step 12. By annealing
the absorber layer through the clear substrate, the annealing step may occur
after the photovoltaic device is fully formed and constructed (i.e., the device
includes a frame, lead foil, and the like) and prior to packaging and storage or
delivery. '

[0027] The annealing step 18 alloys the layers of the semiconductor absorber
layer, or the layers of the semiconductor absorber layer and an adjacent layer,
such as a back contact buffer layer, for example. It is understood that the
annealing step 18 may result in an alloy being formed between adjacent layers,
or one of the layers may be substantially completely replaced by the generated
alloy. For example, if the adjacent layers are CdTe and CdS, the annealing step
18 will generate an alloy of CdSxTe1.x. If the adjacent Iéyers are CdTe and ZnTe,
the annealing step 18 will generate an alloy of CdixZncTe. If the adjacent layers
are CdTe and MnTe, the annealing step 18 will generate an alloy of Cdi.MnxTe.
If the adjacent layers are CdTe and MgTe, the annealing step 18 will generate an
alloy of Cd1xMgxTe. If the adjacent layers are CdTe and HgTe, the annealing
step 18 will generate an alloy of Cd1.xHgxTe. If the adjacent layers are CdSe and
CdTe, the annealing step will generate an alloy of CdSexTe1x. It is understood
that the alloy layer may be formed between each of the layers being alloyed or

near a surface of either of the layers being alloyed, as desired. It is also
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understood that the alloy layer may completely replace substantially all of one of
the layers being alloyed.

[0028] The wavelength of the energy from the laser or flash lamp may be chosen
so that energy from the laser or flash lamp penetrates only the desired layers to a
desired depth (e.g., the semiconductor absorber layer or the semiconductor
absorber layer and a back contact buffer layer) so that energy from the laser or
flash lamp does not contact other layers of the photovoltaic device. By controlling
a depth of penetration of the energy, layers of the photovoltaic device other than

‘the semiconductor absorber layer and/or the back contact buffer layer are not
contacted, and any side-effect thereon caused by thermal energy is mitigated. By
alloying the semiconductor absorber layers or the semiconductor absorber layer
and the semiconductor back contact buffer layer, an interface between the layers
is improved due to the formation of an alloy of the adjacent layers. Improving the
interface therebetween improves the operation of the photovoltaic device by
reducing defect mediated nonradiative loss of photo carriers. Using the method
10, both efficiency and Voc of the photovoltaic device is improved.

[0029] Positive results have been obtained performing the step 18 on adjacent
layers of a CdTe absorber layer and a CdS front contact buffer layer {o generate
an alloy layer of CdSxTeixtherebetween. The depth of the CdTe may be about
3.3 pm, while the depth of the CdS and CdSxTe1x may be altered by either
depositing more or less CdS during deposition, as desired, or by altering the
power of the laser to generate more or less of the CdSxTe1x alloy, as desired.
That is, some, all, of substantially all of the front contact buffer layer may be
converted to the alloy, as desired. As shown in Fig. 2a, a pulsed diode green
laser (about 543 nm) at about 100kHz frequency and varying power levels is
introduced on a sunny side (glass side) of a photovoltaic device to anneal the
CdS front contact buffer layer and CdTe absorber layer. As shown in Fig. 2b, the
laser causes an alloying of the CdS front contact buffér layer and CdTe layer to
generate the alloy layer of CdSxTeix therebetween. By forming the CdSxTeix
alloy layer therebetween, the following improvements were observed in the

photovoltaic device: a conduction band offset to reduce electron diffusion toward
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the back contact, thereby improving Voc; and creating a narrower band gap
resulting in higher absorption of light by the semiconductor absorber layer,
especially in the infrared spectrum (e.q., around about 850nm), thereby leading
to a higher current.

[0030] As shown in Figs. 2a and 2b and similar to the alloying of CdS with a laser
or flash lamp introduced on the sunny side of a photovoltaic device, positive
results have also been obtained performing the step 18 on adjacent layers of a
CdTe absorber layer and a CdSe front contact buffer layer to generate an alloy
layer of CdSexTeix therebetween. It is understood that when the front contact
layer is CdSe, a back contact layer may be CdSe, CdS, or other suitable

-.material, as desired.

[0031] Positive results have also been obtained performing the step 18 on a
semiconductor absorber layer of CdTe and a back contact buffer layer formed
from one of ZnTe, MnTe, MgTe, HgTe, and CdSe to generate the alloys
CdixZnxTe, CdixMnxTe, Cd1xMgxTe, CdixHaxTe, and CdSexTeix, respectively.
The depth of back contact buffer layer may be from about 5 nm to about 1000
nm. As shown in Fig. 3a, a pulsed diode green laser (about 543 nm) at about
100kHz frequency and varying power levels is introduced on a sunny side (glass
side) of a photovoltaic device to anneal the CdTe and the back contact buffer
layer (e.g., ZnTe, MnTe, MgTe, HgTe, or CdSe). As shown in Figs. 3b and 3c,
use of the laser causes an alloying of the CdTe and the back contact buffer
layers to generate the alloy layer (e.g., Cd1sZnxTe, CdixMnxTe, Cd1xMgxTe, Cd1-
xHgxTe, or CdSexTe1x, respectively). Fig. 3b represents the annealing step 18
according to an embodiment whereby substantially all of the material forming the
back contact buffer layer is consumed in forming the alloy layer. Fig. 3¢
represents the annealing step 18 according to an embodiment whereby the alloy
fayer is formed between the CdTe and the back contact buffer layer. By
annealing the semiconductor absorber layer and the back contact bufferlayer,
performance of the photovoltaic device is improved by creating a conduction
band offset to reduce electron diffusion toward the back contact, thereby

improving Vo of the photovoltaic device.
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[0032] Positive results have been obtained performing the step 18 on a CdTe
absorber layer formed between two layers of CdS, to generate the alloy CdSxTe-
x, @s shown in Figs. 4a and 4b. The depth of the CdTe absorber layer may be
about 3.3 pm. A first layer of CdS, also known as a semiconductor front confact
buffer layer, formed between the CdTe layer and the glass substrate may have
any depth desired. A second layer of CdS, also known as the semiconductor
back contact buffer layer, formed on an opposite side of the CdTe may be from
about 2 to about 100 nm. A pulsed diode green laser {about 543 nm} at about
100kHz frequency and varying power levels is introduced on the CdS back
contact buffer layer of a photovoltaic device to anneal the CdS back contact
buffer Iayef and the CdTe absorber layer to form the alloy layer of CdSxTe1x, as
shown in Fig. 4b. The CdS back contact buffer layer may be substantially fully
consumed during the step 18 and formation of the alloy layer of CdSxTe1x (see
Fig. 4b}, or a portion of the CdS back contact buffer layer may remain (not
shown). By forming the CdSxTe1x alloy layer on the CdTe sefniconductor
absorber layer, recombination losses of photocarriers at the semiconductor
absorber layer/back contact buffer layer interface are reduced, thereby reducing
surface defects and improving Ve (and therefore operation) of the photovoltaic
device.
[0033] In ancther embodiment of the invention shown in Fig. 5, the

| semiconductor béck contact buffer layer is contacted by the laser or the flash
lamp during the annealing step 18. The laser or the flash lamp anneals the back
contact buffer layer to improve the crystallinity thereof. The back contact buffer
layer is formed from ZnTe. By improving crystallinity of the ZnTe back contact
buffer layer, the interface between the back contact buffer layer and the
semiconductor absorber layer is improved, théreby improving the operation of the
photovoltaic device. Using this method both efficiency and Ve of the photovoltaic
device is improved, thereby improving an operation of the photovoltaic device.
The wavelength of the energy from the laser or the flash lamp may be chosen so
that the laser penetrates the back contact buffer layer to a desired depth so that

the laser does not contact the semiconductor absorber layer, or so that the
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energy from the laser or the flash lamp is substantially fully absorbed by the back
contact buffer layer. As the wavelength of the energy is shortened, absorption
depth by the back contact buffer layer is deduced. Alternatively, if a flash lamp is
used for the annealing step 1 8,.the depth of penetration of the UV energy from
the flash lamp may be controlled by conirolling the duration and energy level of
the flash lamp. By controlling a depth of penetration of the laser or the flash lamp,
layers of the photovoltaic device under the back contact buffer layer are not
contacted and an effect thereto caused by thermal energy is mitigated. It is
understood that when the step 18 is conducted on the back contact buffer layer,

the step 18 may be performed in a reactive gas environment, such as chlorine, to
mitigate chlorine losses from the semiconductor absorber layer and to help
passivate the back contact buffer layer surface.

[0034] As shown in Fig. 5, positive results have been obtained by depositing a
back contact buffer layer as in step 16 at either room temperature or at elevated
temperatures, and then conducting the annealing step 18 on the back contact
buffer layer with a pulse UV laser or a UV flash lamp using energy having a
wavelength above a band absorption edge of ZnTe, such as above 2.2eV for
ZnTe. This ensures that the energy from the pulse UV laser or the UV flash lamp
will not penetrate the back contact buffer layer, thereby contacting the
semiconductor absorber layer. If the step 18 is performed on a back contact
buffer layer deposited at room temperatures, the back contact buffer layer is
crystallized for the first time by the laser or the flash lamp. If the step 18 is
performed on a back contact buffer layer deposited at elevated temperatures, the
back contact buffer layer is crystallized during the high-temperature deposition
and the annealing 18 is a further annealing step that further improves the
crystallinity thereof.

[0035] While certain representative embodiments and details have been shown
for purposes of illustrating the invention, it will be apparent to those skilled in the
art that various changes may be made without departing from the scope of the

disclosure, which is further described in the following appended claims.

10
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CLAIMS

What is claimed is:

1. A method of manufacturing a photovoltaic device comprising the steps of:
depositing a semiconductor absorber layer adjacent to a substrate;
depositing one of a semiconductor back contact buffer layer and a
semiconductor front contact buffer layer adjacent to the
semiconductor layer; and

annealing at least one of the semiconductor absorber layer and the
semiconductor back contact buffer layer with one of a laser and a

flash lamp.

2. The method of Claim 1, wherein the semiconductor back contact buffer
layer is a formed from ZnTe and the annealing step is performed on only the

ZnTe back contact buffer fayer.

3. The method of Claim 2, wherein energy from the one of a laser and a flash
lamp penetrates only the back contact buffer layer and does not contact the

adjacent semiconductor absorber layer.

4. The method of Claim 3, wherein the annealing step is performed with a
UV flash lamp.

5. The method of Claim 3, wherein the annealing step is performed with a

pulse UV laser.

6. The method of Claim 3, wherein the annealing step is performed in an

inert gas environment.

7. The method of Claim 1, wherein the semiconductor absorber layer is

formed from CdTe and the front contact buffer layer is formed from CdS.

11
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8. The method of Claim 7, wherein the CdTe absorber layer and the CdS
front contact buffer layer are contacted by the one of a laser and a flash lamp

during the annealing step to form an alloy layer of CdSxTes.x.

9. The method of Claim 1, wherein the semiconductor absorber layer is

formed CdTe and the back contact buffer layer is formed from ZnTe.

10. The method of Claim 9, wherein the CdTe semiconductor absorber layer
and the ZnTe back contact buffer layer are contacted by the laser during the

annealing step to form an alloy layer of Cd1.xZnxTe therebetween.

11. The method of Claim 9, wherein the CdTe semiconductor absorber layer
and the ZnTe back contact buffer layer are contacted by the laser during the
annealing step to form an alloy layer of CdixZnxTe in place of substantially all of

the ZnTe back contact buffer layer.

12. The method of Claim 1, wherein the semiconductor absorber layer is

formed from CdTe and the back contact buffer layer is formed from MnTe.

13.The method of Claim 12, wherein the CdTe semiconductor absorber layer
and the MnTe back contact buffer layer are contacted by the laser during the

annealing step to form an alloy layer of CdixMnxTe therebetween,

14.The method of Claim 12, wherein the CdTe semiconductor absorber layer
and the MnTe back contact buffer layer are contacted by the laser during the
annealing step to form an alloy layer of CdixMnxTe in place of substantially all of

the MnTe back contact buffer layer.

15. The method of Claim 1, wherein the semiconductor absorber layer is

formed from CdTe and the back contact buffer layer is CdSe.

12
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16. The method of Claim 15, wherein the CdTe semiconductor absorber layer
and the CdSe back contact buffer layer are contacted by the laser during the

annealing step to form an alloy layer of CdSexTeix therebetween.

17. The method of Claim 15, wherein the CdTe semiconductor absorber layer
and CdSe semiconductor back contact buffer layer are contacted by the laser
during the annealing step to form an alloy layer of CdSexTe1x in place of

substantially all of the CdSe back contact buffer.

18. The method of Claim 1, wherein the semiconductor absorber layer is

formed from CdTe and the back contact buffer layer is formed from MgTe.

19. The method of Claim 18, wherein the CdTe semiconductor absorber layer
and the MgTe back contact buffer layer are contacted by the laser during the

annealing step to form an alloy layer of Cd1.xMgxTe therebetween.

20. The method of Claim 18, wherein the CdTé semiconductor absorber layer
and MgTe back contact buffer layer are contacted by the laser during the
annealing step to form an alloy layer of Cd1.xMgxTe in place of substantially all of

the MgTe back contact buffer layer.

21.The method of Claim 1, wherein the semiconductor absorber layer is

formed from CdTe and the back contact buffer layer is formed from HgTe.

22.The method of Claim 21, wherein the CdTe semiconductor absorber layer
and the HgTe back contact buffer layer are contacted by the laser during the

annealing step to form an alloy layer of CdixHgxTe therebetween.

23. The method of Claim 21, wherein the CdTe semiconductor absorber Iayér
and the HgTe back contact buffer layer are contacted by the laser during the
annealing step to form an alloy layer of Cd1xHgxTe in place of substantially all of

the HgTe back contact buffer.

13



WO 2014/210451 PCT/US2014/044561

24. The method of Claim 1, further comprising a step of depositing a
semiconductor front contact buffer layer on the semiconductor absorber layer on

an opposite side thereof from the semiconductor back contact buffer layer.

25.The method of Claim 24, wherein the semiconductor absorber layer is
formed from CdTe, the back contact buffer layer is formed from CdS, and the

semiconductor front contact buffer layer is formed from CdS.

26. The method of Claim 25, wherein the CdTe semiconductor absorber layer
and CdS front contact buffer layer are contacted by the one of a laser and a flash
lamp during the annealing step to form an alloy layer of CdSxTe1.x in place of

substantially all of the CdS front contact buffer layer.

27.The method of Claim 24, wherein the semiconductor absorber layer is
formed from CdTe, the back contact buffer layer is formed from CdS, and the

semiconductor front contact buffer fayer is formed from CdSe.

28. The method of Claim 27, wherein the CdTe semiconductor absorber layer
and CdSe front contact bufier layer are contacted by the one of a laser and a
flash lamp during the annealing step to form an alloy layer of CdSexTe1x in place

of substantially all of the CdSe front contact buffer layer.

29.The method of Claim 1, wherein the annealing step occurs after the

photovoltaic device is fully assembled.

30.A method of manufacturing a photovoltaic device comprising the steps of:
depositing a semiconductor absorber layer adjacent to a substrate;
depositing a back contact buffer layer adjacent to the semiconductor layer;

and
annealing the semiconductor absorber layer and the back contact buffer
layer with one of a laser and a flash lamp to form an alloy of the

semiconductor abscrber layer and the back contact buffer layer.
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31.A method of manufacturing a photovoltaic device comprising the steps of:
depositing a semiconductor absorber layer adjacent to a substrate;
depositing a back contact buffer layer adjacent to the sem_icorid uctor layer;
and

annealing the back contact buffer layer with one of a laser and a flash
lamp, wherein energy from the one of a laser and a flash lamp
penetrates only the back contact buffer layer and does not contact

the adjacent semiconductor absorber layer.
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