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(37) ABSTRACT

Processes for fabricating a contact grid for a photovoltaic cell
generally includes providing a photovoltaic cell having an
antiretlective coating disposed on a sun facing side, the pho-
tovoltaic cell comprising a silicon substrate having a p-n
junction; soit stamping a pattern of a UV sensitive photoresist
and/or polymer onto the antireflective coating; exposing the
UV sensitive photoresist and/or polymer to ultraviolet radia-
tion to cure the UV sensitive photoresist and/or polymer;
ctching the pattern to form openings i1n the antireflective
coating that define the contact grid; stripping the UV sensitive
photoresist and/or polymer; and depositing a conductive
metal into the openings defined by the pattern. The metal
based paste can be aluminum based, which can be annealed at
a relatively low temperature.
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METHODS FOR MANUFACTURING A
CONTACT GRID ON A PHOTOVOLTAIC
CELL

BACKGROUND

[0001] Theinvention relates to photovoltaic cells, and more
particularly, to methods for manufacturing a contact grid
including bus bars on a photovoltaic cell.

[0002] Current photovoltaic cells such as solar cells are
covered with a metallic contact gnid for transporting current
and minimizing current loses due to resistance through under-
lying silicon-containing layers. The patterns of conductive
metal lines that define the metallic contact grid and/or bus
bars are generally screen printed using thick film technology
to layer a conductive paste of metal materials into a desired
pattern. The metal paste, typically silver, 1s dried and then
fired, 1.e., sintered, at relatively high temperatures. Problems
related to current processes imnclude the costs associated with
the use of silver, which is relatively high and that the solar
eificiency of the photovoltaic cell can be degraded during the
annealing process because of the high temperatures currently
used to elfect sintering of the silver paste. For example, once
the silver paste 1s screen printed, the annealing step typically
occurs at temperatures of about 900° C. for an extended
period of time, typically about an hour or more, which can
cause the degradation.

[0003] Accordingly, there 1s a need for improved manufac-
turing processes that are less expensive and less prone to
degradation.

BRIEF SUMMARY

[0004] The shortcomings of the prior art are overcome and
additional advantages are provided through the provision of
manufacturing process that utilizes a relatively low tempera-
ture firing and soit stamping process for forming the contact
orid and/or bus bars. In one embodiment, a process for fab-
ricating a contact grid for a photovoltaic cell comprises pro-
viding a photovoltaic cell having an antireflective coating
disposed on a sun facing side, the photovoltaic cell compris-
ing a silicon substrate having a p-n junction; soit stamping a
pattern of a UV sensitive photoresist and/or polymer onto the
antiretlective coating; exposing the UV sensitive photoresist
and/or polymer to ultraviolet radiation to cure the UV sensi-
tive photoresist and/or polymer; etching the pattern to form
openings 1n the antiretlective coating that define the contact
or1d; stripping the UV sensitive photoresist and/or polymer;
and depositing a conductive metal 1nto the openings defined
by the pattern.

[0005] In another embodiment, a process for fabricating a
contact grid for a photovoltaic cell comprises providing a
photovoltaic cell having an antireflective coating disposed on
a sun facing side, the photovoltaic cell comprising a silicon
substrate having a p-n junction; stamping a pattern of a pho-
toresist and/or polymer onto the antireflective coating; curing
the photoresist and/or polymer; etching the pattern 1n the
antiretlective coating to form openings that define the contact
or1d; stripping the UV sensitive photoresist and/or polymer;
stamping an aluminum based metal paste into the opemings of
the pattern by dipping a stamp into the aluminum based metal
paste, wherein the stamp comprises a plurality of projections
corresponding to the openings having a diameter and/or
width smaller than the openings; stamping the projections
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into the openings; and filling the openings with the metal
paste; and annealing the aluminum based metal paste.
[0006] Additional features and advantages are realized
through the techniques of the present ivention. Other
embodiments and aspects of the invention are described 1n
detail herein and are considered a part of the claimed mven-
tion. For a better understanding of the invention with advan-
tages and features, refer to the description and to the draw-
Ings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0007] The subject matter which 1s regarded as the mven-
tion 1s particularly pointed out and distinctly claimed 1n the
claims at the conclusion of the specification. The foregoing
and other objects, features, and advantages of the invention
are apparent Irom the following detailed description taken 1n
conjunction with the accompanying drawings in which:
[0008] FIGS. 1-7 depict an exemplary process for fabricat-
ing contact grids for a photovoltaic cell; and

[0009] FIG. 8 illustrates a flowchart describing an exem-
plary process for fabricating contact grids for a photovoltaic
cell.

[0010] The detailled description explains the preferred
embodiments of the invention, together with advantages and
features, by way of example with reference to the drawings.

DETAILED DESCRIPTION

[0011] Before describing the present invention 1n detail, 1t
1s to be understood that the terminology used herein 1s for the
purpose of describing particular embodiments only, and 1s not
intended to be limiting. It must be noted that, as used 1n this
specification and the appended claims, the singular forms “a,”
“an,” and “‘the” include plural referents unless the context
clearly dictates otherwise.

[0012] Daisclosed herein are methods for forming the con-
tacts including bus bars where applicable onto photovoltaic
cells at a stage 1n the manufacturing process subsequent to
formation of the junctions, wherein the photovoltaic cell
includes an antiretlective coating disposed over the junction.
The process 1s economical and provides lower annealing tem-
peratures, thereby substantially preventing solar efficiency
degradation.

[0013] Photovoltaic cells are generally formed on a silicon
substrate 12, typically a p type boron doped substrate. The
junctions can be formed by diflusing an n type dopant 14 onto
the p type silicon substrate via phosphorous diffusion. One
example ol phosphorous diffusion includes coating phospho-
silicate glass compounds onto the surface o the p-type silicon
substrate and subsequently annealing in a furnace to effect
diffusion. Once the p-n junction 1s formed, the antiretlective
coating 16 1s commonly provided on the front or sun facing
s1de so as to reduce reflection losses of photons. The resulting
photovoltaic structure 10 at this stage 1n the manufacturing

process 1s generally shown i FIG. 1

[0014] As will be described 1n detail herein, the process for
forming the contacts including the bus bars includes the use of
a soit stamping process. In the soit stamping process, a stamp
master, which 1s typically fabricated from a quartz material, 1s
employed and represents a negative of the desired contact
pattern. A soit stamp 1s formed from the stamp master by
coating/depositing a UV sensitive soft stamp material. As
used herein, the term “soft” when describing a stamp or its
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material 1s a relative term which denotes a stamp or material
that can more easily deform around substrate features than a
rigid stamp. In this manner, the soft stamp can be used to
secure accurate stamping on uneven surfaces. In one embodi-
ment, the UV sensitive soit stamp material 1s compliant and
made of a soit elastomeric material. A non-limiting example
of a suitable stamp material 1s polydimethylsiloxane
(PDMS), which 1s subsequently cured to form the soft stamp.
Other suitable materials are those with equivalent properties
as the PMDS. Examples include, without limitation, various
urethanes and optical adhesives. The stamp master can be
utilized to form multiple soit stamps as may be desired. The
resulting soit stamp itsell can be cleaned with an aqueous
solution after each stamping process.

[0015] The softness of the stamp 1s generally dependent
upon substrate features. For example, for most PDMS, a
suitable material for a soft stamp, the value of E (Young’s
modulus) 1s within the range of about 0.1 to about 10 MPa,
and the value of G (shear modulus) 1s less than or equal to
about 1 MPa. On the other hand, for silicon, a suitable mate-
rial for a rnigid stamp, the value of E (Young’s modulus) 1s
equal to about 130 GPa, and the value of G (shear modulus) 1s
equal to about 30 GPa. These values for E and G for a soft and
rigid stamp are only representative values, and they do not
establish nor limit suitable ranges for values of E and G for a
soit and ngid stamp.

[0016] As shown in FIG. 2, a UV sensitive photoresist
and/or polymer 18 1s soit stamped onto the surface of the
antireflective coating 16 using the stamp. The stamp has the
pattern of the contact grid including the bus bars being used to
contact the front surface of the substrate and 1s coated with the
UV sensitive photoresist and/or polymer. The patterned UV
sensitive resist/polymer 18 1s then transferred by the stamp
onto the antireflective coating 16 and subsequently UV cured
to form a UV cured photoresist/polymer 20 as shown 1n FIG.

3

[0017] In FIG. 4, openings 22 are then selectively etched
into the antireflective coating 16 to the n-doped silicon layer
14 using the UV cured photoresist and/or polymer 20 pattern
as amask. The etching process 1s not intended to be limited to
any particular type and 1s well within the skill of those 1n the
art. For example, a phosphoric acid based wet etching chem-
1stry can be used that provides the desired selectivity to form
the openings extending through the antireflective layer to the
underlying silicon layer.

[0018] Adter the openings 22 are formed, the UV cured
photoresist and/or polymer 20 1s stripped from the substrate
such as by, for example, using a hydrofluoric acid etching
chemistry so as to provide the structure as shown i FIG. 5.

[0019] In FIG. 6, a metal paste 24 1s stamped into the
openings. In this application, the stamp includes projections
that are narrower than the openings 24 1n which 1t 1s stamped.
That 1s, the stamp projection width and/or diameter 1s less
than the width and/or diameter of the opening. The stamp 1s
dipped 1nto the metal paste and subsequently inserted 1nto the
opening 24, thereby transferring the metal paste into the
opening. The viscosity of the metal paste 24 1s selected so as
to permit the opening 22 to be filled with the metal paste upon
removal of the stamp from the opening. In one embodiment,
the metal paste 1s aluminum based, which permits the use of
lower annealing temperatures relative to silver based metal
pastes. For example, a suitable metal paste 1s an AIN1 based
paste, which effectively lowers the annealing temperature to

less than 400° C.
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[0020] Thealuminum based metal paste 24 1s then annealed
at a low temperature to form an annealed metal 26 as shown
in FIG. 7. The annealed metal secures good contact at low
resistance to the n-doped silicon surface 14 to provide the
photovoltaic cell with contact grid and bus bars. In one
embodiment, the annealing temperature 1s less than 400° C. to
greater than 300° C. for a period o1 0.5 h; 1n another embodi-
ment, the annealing temperature 1s less than 380° C. to greater
than 320° C. for a period of 0.4 h; and 1n still other embodi-
ments the annealing temperature 1s less than 360° C. to
greater than 340° C. for a period of 0.25 h. By way of
example, the annealing temperature can be 400° C. for 0.2 h.
[0021] Alternatively, the metal paste stamping step can
occur prior to removal of the UV cured photoresist and/or
polymer 20 shown in FIG. 5. In this embodiment, the removal
ol the polymer layer would take place after metal stamping
and annealing. Advantageously, this helps to support the
cleanliness throughout the process.

[0022] FIG. 8 provides a schematic of the process flow 100.
Photovoltaic cells having an antireflective coating are pro-
vided 1n step 110. These cells are pattern stamped using soft
stamp technology as shown in step 120. The transierred pho-
toresist and/or polymer 1s then UV cured as shown 1n step
130. In step 140, a wet etching process 1s used to form open-
ings in for the contract grid in the dielectric layer. The poly-
mer 1s then strip as shown 1n step 150 and an aluminum based
metal paste 1s stamped 1nto the openings as shown 1n step 160.
In step 170, the aluminum based metal paste 1s annealed at a
relatively low temperature.

[0023] Advantageously, the process as described herein 1s
relatively simple and uses minimal capital equipment. The
stamping material has a low cost and stamp alignment 1s
generally not an 1ssue since large dimensions are used. The
line width, dimension of highest accuracy, to be stamped 1s at
=100 microns where the alignment can be easy realized
through simple mechanical fixture holding the soft stamp as
well as the solar cell. The annealing temperature 1s below that
where any degradation occurs within the photovoltaic cell.
Still further, the process can be established at existing silicon
based photovoltaic fabrication facilities without any signifi-
cant investment and production costs.

[0024] The following examples are presented for 1llustra-
tive purposes only, and are not intended to limit the scope of
the invention. Efforts have been made to ensure accuracy with
respect to numbers (e.g., amounts, temperature, etc.), but
allowance should be made for the possibility of errors and
deviations

EXAMPLE 1

[0025] Inthis example, a comparison was made of a typical
prior art process that included screen printing, paste drying,
and firing to form the contract grid to a process 1n accordance
with the disclosure that included stamping the desired contact
orid pattern onto a substrate, curing the UV sensitive polymer,
etching the stamped pattern, and an annealing step to form the
contact grid.

Process step Process time Process step Process time

(prior art) (hours) (new) (hours)
Mask apply and 0.25 Stamping and 0.25
screen printing curing
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-continued

Process step Process time Process step Process time

(prior art) (hours) (new) (hours)
Paste drying 0.25 Etch and clean 0.5
Firing at 900° C. 1.5 Stamping, anneal 0.75
at 400° C. and
strip/clean
[0026] The lead time saving was about 0.5 hours, which 1s

between 15% and 20% of the process lead time. Also, the
degradation was less due to the lower annealing temperature
used (900° C.~400° C.). Moreover, with regard to the prior art
process, the bulk life time also decreased because the anneal-
ing temperature was above 750° C.

[0027] While the preferred embodiment to the invention
has been described, 1t will be understood that those skilled 1n
the art, both now and i the future, may make various
improvements and enhancements which fall within the scope
ol the claims which follow. These claims should be construed
to maintain the proper protection for the invention first

described.
What 1s claimed 1s:
1. A process for fabricating a contact grid for a photovoltaic
cell, the process comprising:
providing a photovoltaic cell having an antiretlective coat-
ing disposed on a sun facing side, the photovoltaic cell
comprising a silicon substrate having a p-n junction;

soit stamping a pattern of a UV sensitive photoresist and/or
polymer onto the antireflective coating;

exposing the UV sensitive photoresist and/or polymer to

ultraviolet radiation to cure the UV sensitive photoresist
and/or polymer;

ctching the pattern to form openings in the antireflective

coating that define the contact grid;

stripping the UV sensitive photoresist and/or polymer; and

depositing a conductive metal into the openings defined by

the pattern.

2. Theprocess of claim 1, wherein the contact grid includes
bus bars.

3. The process of claim 1, wherein etching the pattern
comprises a phosphoric acid based wet etching chemistry.

4. The process of claim 1, wherein stripping the UV sen-
sitive photoresist and/or polymer comprises exposing the UV
sensitive photoresist and/or polymer to hydrofluoric acid.

5. The process of claim 1, wherein depositing the conduc-
tive metal comprises stamping metal paste into the pattern;
and annealing the metal paste.

6. The process of claim 5, wherein annealing the metal
paste 1s at a temperature of less than 400° C.

7. The process of claim 5, wherein the metal paste 1s alu-
minum based.
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8. The process of claim 5, wherein stamping the metal paste
into the opemings of the pattern comprises dipping a stamp
into the metal paste, wherein the stamp comprises a plurality
ol projections corresponding to the openings having a diam-
cter and/or width smaller than the openings defined by the
pattern; inserting the projections into the openings; and filling
the openings with the metal paste.
9. The process of claim 8, wherein stamping the metal paste
into the openings of the pattern 1s subsequent to exposing the
UV sensitive photoresist and/or polymer to ultraviolet radia-
tion to cure the UV sensitive photoresist and/or polymer and
ctching the pattern 1n the antireflective coating to form the
openings and prior to stripping the UV sensitive photoresist
and/or polymer.
10. A process for fabricating a contact grid for a photovol-
taic cell, the process comprising:
providing a photovoltaic cell having an antireflective coat-
ing disposed on a sun facing side, the photovoltaic cell
comprising a silicon substrate having a p-n junction;

stamping a pattern of a photoresist and/or polymer onto the
antiretlective coating;

curing the photoresist and/or polymer;

ctching the pattern 1n the antireflective coating to form
openings that define the contact grid;

stripping the UV sensitive photoresist and/or polymer;

stamping an aluminum based metal paste into the openings
of the pattern by dipping a stamp nto the aluminum
based metal paste, wherein the stamp comprises a plu-
rality of projections corresponding to the openings hav-
ing a diameter and/or width smaller than the openings;
stamping the projections into the openings; and filling
the openings with the metal paste; and

annealing the aluminum based metal paste.

11. The process of claim 10, wherein the contact grid
includes bus bars.

12. The process of claim 10, wherein etching the pattern
comprises a phosphoric acid based wet etching chemaistry.

13. The process of claim 10, wherein stripping the UV
sensitive photoresist and/or polymer from the antireflective
coating comprises exposing the UV sensitive photoresist and/
or polymer to hydrofluoric acid.

14. The process of claim 10, wherein annealing the alumi-

num based metal paste comprises heating to at a temperature
of less than 400° C.

15. The process of claim 10, wherein stamping the alumi-
num based metal paste into the openings of the pattern 1s
subsequent to curing the UV sensitive photoresist and/or
polymer and etching the pattern in the antiretlective coating to
form the openings and prior to stripping the UV sensitive
photoresist and/or polymer.

ke i o e 3k
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