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TITLE OF INVENTION
POLYMER THICK FILM SILVER ELECTRODE COMPOSITION FOR USE
IN THIN-FILM PHOTOVOLTAIC CELLS

FIELD OF THE INVENTION
The invention is directed to a polymer thick film (PTF) silver
conductor composition for use in Thin-Film photovoltaic cells. In one
embodiment, the PTF silver composition is used as a screen-printed grid
on top of a Transparent Conductive Oxide (TCO) such as Indium Tin
Oxide.

SUMMARY OF THE INVENTION

The invention is directed to a polymer thick film composition
comprising: (a) silver flake (b) organic medium comprising (1) organic
polymeric binder; (2) solvent; and (3) printing aids. The composition may
be processed at a time and temperature necessary to remove all solvent.
The silver flakes may be 76.0-92.0 weight percent of the total composition,
the phenoxy resin may be 2.0 to 6.5 weight percent of the total
composition, and the organic medium may be 8.0-24.0 weight percent of
the total composition.

The invention is further directed to method(s) of electrode grid
formation on Thin-Film Photovoltaic Cells using such compositions and to
articles formed from such methods and/or compositions.

DETAILED DESCRIPTION OF INVENTION

The invention describes a polymer thick film silver composition for
use in Thin-Film Photovoltaic (PV) cells. It is typically used so as to
improve the electrical efficiency of the cell. A grid-like pattern of Ag is
printed on top of the Transparent Conductive Oxide (TCO). Thin-film PV
cells are usually characterized by a light-absorbing semiconductor such as
amorphous silicon, Copper Indium Gallium Diselenide (CIGS), or
Cadmium Telluride. This distinguishes them from the traditional crystalline
silicon-based PV cells. Thin-film refers to the thickness of the
semiconductor which is typically 2 microns or so for the Thin-Film cells as
opposed to 30-50 microns for crystalline silicon. Another difference
between Thin-Film and c-Silicon PV cells is the temperature limitations
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involved. Thin-Film cells must be processed at less than 200 °C as the
semiconductor and/or the substrate used in Thin-Film cannot withstand
high temperatures. The traditional c-Silicon PV cells may be processed at
temperatures up to 800 °C. Thus, the use of a PTF Ag composition as the
top electrode grid is required as PTF compositions themselves are only
stable up to approximately 200 °C.

Generally, a thick film composition comprises a functional
phase that imparts appropriate electrically functional properties to
the composition. The functional phase comprises electrically
functional powders dispersed in an organic medium that acts as a
carrier for the functional phase. Generally, the composition is fired
to burn out the organics and to impart the electrically functional
properties. However, in the case of polymer thick film, the organics
remain as an integral part of the composition after drying. Prior to
firing, a processing requirement may include an optional heat
treatment such as drying, curing, reflow, and others known to those
skilled in the art of thick film technology. “Organics” comprise

polymer or resin components of a thick film composition.

The main components of the thick film conductor composition are a
conductive powder dispersed in an organic medium, which includes

polymer resin and solvent. The components are discussed herein below.

A. Conductive Powder

In an embodiment, the conductive powders in the present thick film
composition are Ag conductor powders and may comprise Ag metal
powder, alloys of Ag metal powder, or mixtures thereof. Various particle
diameters and shapes of the metal powder are contemplated. In an
embodiment, the conductive powder may include any shape silver powder,
including spherical particles, flakes (rods, cones, plates), and mixtures
thereof. In an embodiment, the conductive powder may include silver

flakes.
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In an embodiment, the particle size distribution of the conductive

powders may be 1 to 100 microns; in a further embodiment, 2-10 microns.

In an embodiment, the surface area/weight ratio of the silver
particles may be in the range of 0.1-2.0 m2/g. In a further embodiment, the
surface area/weight ratio of the silver particles may be in the range of 0.3-
1.0 m%g. In a further embodiment, the surface area/weight ratio of the

silver particles may be in the range of 0.4-0.7 m?/g.

Furthermore, it is known that small amounts of other metals may be
added to silver conductor compositions to improve the properties of the
conductor. Some examples of such metals include: gold, silver, copper,
nickel, aluminum, platinum, palladium, molybdenum, tungsten, tantalum,
tin, indium, lanthanum, gadolinium, boron, ruthenium, cobalt, titanium,
yttrium, europium, gallium, sulfur, zinc, silicon, magnesium, barium,
cerium, strontium, lead, antimony, conductive carbon, and combinations
thereof and others common in the art of thick film compositions. The
additional metal(s) may comprise up to about 1.0 percent by weight of the

total composition.

In an embodiment, the silver flakes may be present at 76 to 92 wt
%, 77 to 88 wt %, or 78 to 83 wt % of the total weight of the composition.

B. Organic Medium

The powders are typically mixed with an organic medium (vehicle)
by mechanical mixing to form a paste like composition, called “pastes”,
having suitable consistency and rheology for printing. A wide variety of
inert liquids can be used as organic medium. The organic medium must
be one in which the solids are dispersible with an adequate degree of
stability. The rheological properties of the medium must be such that they
lend good application properties to the composition. Such properties
include: dispersion of solids with an adequate degree of stability, good
application of composition, appropriate viscosity, thixotropy, appropriate
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wettability of the substrate and the solids, a good drying rate, and a dried

film strength sufficient to withstand rough handling.

The polymer resin may include a phenoxy resin which allows high
weight loading of silver flake and thus helps achieve both good adhesion
to Indium Tin Oxide substrates and low contact resistivity, two critical
properties for silver electrodes in Thin-Film Photovoltaic Cells. In an
embodiment, the phenoxy resin may be 2.0 to 6.5 wt %, 2.2 to 5.9 wt %, or
2.5 t0 5.7 wt % of the total weight of the composition. In an embodiment,
the phenoxy resin may be 1.5 to 6 weight percent of the total composition.

Solvents suitable for use in the polymer thick film composition are
recognized by one of skill in the art and include acetate and terpenes such
as alpha- or beta-terpineol or mixtures thereof with other solvents such as
kerosene, dibutylphthalate, butyl carbitol, butyl carbitol acetate, hexylene
glycol and high boiling alcohols and alcohol esters. In an embodiment, the
solvent may include one or more components selected from the group
consisting of: Diethylene Glycol Ethyl Ether Acetate (carbitol acetate),
DiBasic Ester, and C-11 Ketone. In addition, volatile liquids for promoting
rapid hardening after application on the substrate may be included in the
vehicle. In many embodiments of the present invention, solvents such as
glycol ethers, ketones, esters and other solvents of like boiling points (in
the range of 180°C to 250°C), and mixtures thereof may be used. The
preferred mediums are based on glycol ethers and p-terpineol. Various
combinations of these and other solvents are formulated to obtain the
viscosity and volatility requirements desired.

Although screen-printing is expected to be a common method for
the deposition of polymer thick film silver, any other conventional methods
including stencil printing, syringe dispensing or other deposition or coating
techniques may be utilized.
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In an embodiment, the organic medium may be present at 8.0 to
24.0 wt %, 10.0 to 22.0 wt %, or 12.0 to 21.0 wt % of the total weight of the

composition.

In an embodiment, the ratio of Ag to phenoxy resin may be between
13:1 and 35:1. In a further embodiment, the ratio of Ag to phenoxy resin
may be between 15:1 and 30:1.

Application of Thick Films

The polymer thick film silver composition also known as a “paste” is
typically deposited on a substrate, such as sputtered polyester, that is
impermeable to gases and moisture. The substrate can also be a sheet of
flexible material, such as an impermeable plastic such as polyester, for
example polyethylene terephthalate, or a composite material made up of a
combination of plastic sheet with optional metallic or dielectric layers
deposited thereupon. In one embodiment, the substrate can be a build-up
of layers with metalized (stainless steel) polyester followed by the
semiconductor layer (CIGS, for example), followed by a thin CdS layer,
followed by sputtered Indium Tin Oxide. In another embodiment, Zinc
Oxide may be used in place of Indium Tin Oxide as the Transparent
Conductive Oxide (TCO) of the Thin-Film Solar Cell.

The deposition of the polymer thick film silver composition is
performed preferably by screen printing, although other deposition
techniques such as stencil printing, syringe dispensing or coating
techniques can be utilized. In the case of screen-printing, the screen
mesh size controls the thickness of deposited thick film.

The deposited thick film is dried by exposure to heat for typically 10-
15 min at 140 °C, thus forming a thin-film solar cell.

The present invention will be discussed in further detail by giving
practical examples. The scope of the present invention, however, is not
limited in any way by these practical examples.
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EXAMPLE 1

The PTF silver electrode paste was prepared by mixing silver flake
with an average particle size of 7 um (range was 2-15 microns) with an
organic medium composed of polyhydroxyether resin (also known as
Phenoxy resin) available from Phenoxy Associates, Inc. The molecular
weight of the resin was approximately 20,000. A solvent was used to
dissolve the phenoxy resin completely prior to adding the silver flake. That
solvent was Carbitol Acetate (Eastman Chemical).

The composition silver conductor C is given below:
81.55 wt % Flaked Silver
15.53 wt % Organic Medium (23.0 wt % phenoxy resin/77.0 wt % solvent)
2.92 wt % Carbitol Acetate Solvent

This composition was mixed for 30 minutes on a planetary mixer.
The composition was then transferred to a three-roll mill where it was
subjected to two passes at 100 and 200 psi. At this point, the composition
was used to screen print a silver grid pattern on top of Indium Tin Oxide
(80 ohm/sq resistivity) sputtered polyester. Using a 280 mesh stainless
steel screen, a series of lines were printed, and the silver paste was dried
at 150C for 15 min. in a forced air box oven. The contact resistivity was
then measured as 2 x 10 -3 ohm cm2. As a comparison, a standard
composition such as silver conductor A could not be measured as it has
poor adhesion to ITO. Another standard product such as silver conductor
B showed 3 x 10 -1 ohm cm2. This unexpected large improvement in
contact resistivity for silver conductor C, a key property for Thin-Film PV
silver compositions, enables it to be used for most applications and
improves PV cell efficiency. A summary table appears below:

Table 1
Silver Composition Adhesion to ITO Contact Resistivity
Silver conductor A 1 3 x10 -1 ohm cm2
Silver conductor B 1 Cannot be
Measured
Silver Conductor C 5 2 x10 -3 ohm cm2
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Comparative Example 2
PTF silver electrode paste D was prepared by mixing silver

flake with an average particle size of 7 um with an organic medium
composed of polyhydroxyether (Phenoxy resin) as per example 1.
The solvent used was the same as in Example 1 (Carbitol Acetate).
The composition of D is given below:

70.0 wt % Flaked Silver
29.0 wt % Organic Medium (19.0 wt% phenoxy resin/81 wt %
solvent)

1.0 wt % Carbitol Acetate Solvent

The composition was mixed and roll-milled as per Example
1. The paste was screen-printed and dried exactly the same as
indicated in Example 1. The contact resistivity measured was 8 x
10 -1 ohm cm2 almost two orders of magnitude worse than silver
conductor C. Adhesion to ITO was measured as clearly inferior to
silver conductor C.

Additional compositions made and tested as described
herein are shown in Table 2.

Table 2
wt% Ag wt % Resin Ag/Resin  Contact R Adhesion
(mohmcm?2) (To ITO)

. 700 5.51 12.70 8x10 -1 1
73.0 6.75 10.81 2x10 1 3
77.5 5.12 15.14 2x10-3 5
81.5 3.57 22.83 1x10-3 5
87.0 2.99 29.10 1x10-3 )

In the examples herein, adhesion to ITO was measured
using an ASTM Tape method. A 600 grade Tape was applied to a
printed/dried pattern of silver ink. The tape was removed in a
continuous fashion and the amount of silver ink material removed
was estimated based upon an arbitrary scale of 1 to 5 with 5
representing no material removal (i.e. excellent adhesion).

In the examples herein, contact resistivity was measured by
printing a series of silver lines on a Transparent Conductive Oxide
7
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(Indium Tin Oxide) of varying spacing. The silver ink was dried
under standard conditions. The Transmission Line Method was
used to calculate the Contact R by plotting the Resistance of the
lines vs. the spacing. The y-intercept then represents 2 x the

5 Contact R.
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A composition comprising:
(a) a conductive composition comprising silver flakes, wherein the
silver flakes are 76.0-92.0 weight percent of the total composition;
dispersed in
(b) organic medium comprising (i) phenoxy resin, wherein the
phenoxy resin is 2.0 to 6.5 weight percent of the total

composition, dissolved in (ii) an organic solvent.

The composition of claim 1, wherein the organic medium is 8.0-

24.0 weight percent of the total composition.

The composition of claim 1, wherein the phenoxy resin is 2.2-5.9
weight percent of the total composition.

The composition of claim 1, wherein the organic solvent comprises
one or more components selected from the group consisting of:
Diethylene Glycol Ethyl Ether Acetate (carbitol acetate), DiBasic
Ester, and C-11 Ketone.

A composition comprising:
(a) a conductive composition comprising silver flakes,

(b) organic medium comprising (i) phenoxy resin, an (ii) an organic
solvent,

wherein the ratio of silver to phenoxy resin is between 13:1 and

35:1.

A method of forming a silver grid on a thin-film photovoltaic cell,
comprising the steps of:
(a) applying the composition of claim 1 to a substrate, wherein the
substrate is sputtered polyester;

9
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(b) drying the composition on the substrate.

7. The method of claim 6, wherein the polyester is sputtered with

indium tin oxide.

5
8. A thin-film photovoltaic cell comprising a silver grid line comprising
the composition of claim 1.
9. A thin-film photovoltaic cell formed by the method of claim 6.
10

10. The method of Claim 6, wherein the polyester is sputtered with

zinc oxide.

10
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