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WET ETCHING PATTERNING COMPOSITIONS AND METHODS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent
Application No. 61/876,417, filed September 11, 2013, entitled “WET ETCHING
PATTERNING COMPOSITIONS AND METHODS,” which is hereby

incorporated by reference in its entirety.

BACKGROUND

Electrically conductive films are used in electronic applications,
such as touch screen sensors for portable electronic devices. Electrically
conductive films comprising metal nanowires, such as, for example, silver
nanowires, are particularly well suited for such applications because of their high
conductivity, high optical transparency, and flexibility.

For many applications, such as, for example, capacitive touch
screen devices, films are patterned to provide regions of different conductivities.
The presence of a finger may be detected by circuitry attached to the patterned
film. Non-conductive regions can be formed by chemically etching the film. See
for example, Allemand et al., U.S. Patent No. 8,174,667, and Winoto et al., U.S.
Patent Publication 2011/0253668, which are hereby incorporated by reference in

their entirety.

SUMMARY

In some embodiments, a method may comprise etching a film
comprising electrically conductive structures according to a pattern using an
aqueous etching solution to provide an etched region having a first conductivity
and an unetched region having a second conductivity, the second conductivity
being greater than the first conductivity, where the aqueous etching solution may
comprise 25 to 65% by weight of phosphoric acid and 1 to 18% by weight of
nitric acid. Such a film may, in some cases, be electrically conductive prior to

etching.
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In some embodiments, the aqueous etching solution may comprise
40 to 60% by weight of phosphoric acid, 10 to 15% by weight of nitric acid, and
0.005-0.05% by weight surfactant. In some embodiments, the aqueous etching
solution may comprise 45% by weight of phosphoric acid, 15% by weight of nitric
acid, and 0.01% by weight surfactant. In some embodiments, the aqueous etching
solution may comprise 50% by weight of phosphoric acid, 10% by weight of nitric
acid, and 0.01% by weight surfactant. In some embodiments, the aqueous etching
solution may comprise 63.5% by weight of phosphoric acid and 14.5% by weight
of nitric acid. In some embodiments, the aqueous etching solution may comprise
40% by weight of phosphoric acid, 18% by weight of nitric acid, and 0.01% by
weight surfactant. In some embodiments, the aqueous etching solution may
comprise 60% by weight of phosphoric acid, 10% by weight of nitric acid, and
0.01% by weight surfactant. In some embodiments, the aqueous etching solution
may comprise 6 to 12% by weight of hydrochloric acid, 25 to 35% by weight of
phosphoric acid, and 0 to 1.5% by weight of nitric acid. In some embodiments,
the aqueous etching solution may comprise 7% by weight of hydrochloric acid,
34% by weight of phosphoric acid, and 1% by weight of nitric acid. In some
embodiments, the aqueous etching solution may comprise 10% by weight of
hydrochloric acid, 26% by weight of phosphoric acid, and 1% by weight of nitric
acid.

In some embodiments, prior to etching, the film may exhibit a
preexisting set of optical properties, and after etching, the etched region may
exhibit a first consequent set of optical properties, and the unetched region may
exhibit a second consequent set of optical properties, and the preexisting set of
optical properties and the first consequent set of optical properties may be
substantially identical. In some embodiments, the preexisting set of optical
properties may comprise a preexisting total light transmission and the first
consequent set of optical properties may comprise a first consequent total light
transmission that may be substantially identical to the preexisting total light
transmission. In some embodiments, the preexisting set of optical properties may
comprise a preexisting haze and the first consequent set of optical properties may

comprise a first consequent haze that may be substantially identical to the
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preexisting haze. In some embodiments, the preexisting set of optical properties
may comprise a preexisting L* value and the first consequent set of optical
properties may comprise a first consequent L* value that may be substantially
identical to the preexisting L* value. In some embodiments, the preexisting set of
optical properties may comprise a preexisting a* value and the first consequent set
of optical properties may comprise a first consequent a* value that may be
substantially identical to the preexisting a* value. In some embodiments, the
preexisting set of optical properties may comprise a preexisting b* value and the
first consequent set of optical properties may comprise a first consequent b* value
that may be substantially identical to the preexisting b* value.

In some embodiments, the first consequent set of optical properties
and the second consequent set of optical properties may be substantially identical.
In some embodiments, the first consequent set of optical properties may comprise
a first consequent total light transmission and the second consequent set of optical
properties may comprise a second consequent total light transmission that may be
substantially identical to the first consequent total light transmission. In some
embodiments, the first consequent set of optical properties may comprise a first
consequent haze and the second consequent set of optical properties may comprise
a second consequent haze that may be substantially identical to the first
consequent haze. In some embodiments, the first consequent set of optical
properties may comprise a first consequent L* value and the second consequent
set of optical properties may comprise a second consequent L* value that may be
substantjally identical to the first consequent L* value. In some embodiments, the
first consequent set of optical properties may comprise a first consequent a* value
and the second consequent set of optical properties may comprise a second
consequent a* value that may be substantially identical to the first consequent a*
value. In some embodiments, the first consequent set of optical properties may
comprise a first consequent b* value and the second consequent set of optical
properties may comprise a second consequent b* value that may be substantially
identical to the first consequent b* value.

In some embodiments, after etching, the pattern may be invisible to

the unaided eye. In some embodiments, the absolute value of the difference
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between the preexisting haze and the first consequent haze may be less than about
0.1. In some embodiments, the absolute value of the difference between the first
consequent haze and the second consequent haze may be less than about 0.1. In
some embodiments, the absolute value of the difference between the preexisting
b* value and the first consequent b* may be less than about 0.1. In some
embodiments, the absolute value of the difference between the first consequent b*
value and the second consequent b* value may be less than about 0.1. In some
embodiments, the absolute value of the difference between the preexisting haze
and the first consequent haze may be less than about 0.1, and the absolute value of
the difference between the first consequent haze and the second consequent haze
may be less than about 0.1. In some embodiments, the absolute value of the
difference between the preexisting b* value and the first consequent b* may be
less than about 0.1, and the absolute value of the difference between the first
consequent b* value and the second consequent b* value may be less than about
0.1. In some embodiments, the electrically conductive structures may comprise
silver nanowires.

In some embodiments, the aqueous etching solution comprises a
surfactant, the aqueous etching solution comprising 42.5% by weight of
phosphoric acid, 15% by weight of nitric acid, and 0.01% by weight of the
surfactant. In some embodiments, the aqueous etching solution comprises a
surfactant, the aqueous etching solution comprising 45% by weight of phosphoric
acid, 13.75% by weight of nitric acid, and 0.01% by weight of the surfactant. In
some embodiments, the aqueous etching solution comprises a surfactant, the
aqueous etching solution comprising 45% by weight of phosphoric acid, 12.5% by
weight of nitric acid, and 0.01% by weight of the surfactant. In some
embodiments, the aqueous solution comprises a surfactant. In some
embodiments, the aqueous solution comprises an anionic surfactant. In some
embodiments, the aqueous solution comprises a surfactant, the surfactant
comprising decyl(sulfophenoxy)benzenesulfonic acid, disodium salt, and
oxybis(decylbenzenesulfonic acid). In some embodiments, prior to etching the
film, a mask is disposed onto the film, and after etching the film, the mask is

removed from the film by being dissolved in a solution. In some embodiments,

PCT/US2014/051617
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prior to etching the film, a mask is disposed onto the film, and after etching the
film, the mask is peeled from the film.

In some embodiments, a method may comprise etching a film
comprising electrically conductive structures according to a pattern using an
aqueous etching solution to provide an etched region having a first conductivity
and an unetched region having a second conductivity, the second conductivity
being greater than the first conductivity, where the aqueous etching solution may
comprise 65 to 75% by weight of nitric acid. In some embodiments, the aqueous
etching solution may comprise 70% by weight of nitric acid. Such a film may, in

some cases, be electrically conductive prior to etching.

DESCRIPTION
All publications, patents, and patent documents referred to in this
document are herby incorporated by reference in their entirety, as though
individually incorporated by reference.
U.S. Provisional Patent Application No. 61/876,417, filed
September 11, 2013, entitled “WET ETCHING PATTERNING
COMPOSITIONS AND METHODS,” which hereby incorporated by reference in

its entirety.

Introduction

Applicants have discovered a method of patterning an electrically
conductive film employing a composition comprising phosphoric acid and nitric
acid. The composition may produce a patterned film having regions of suitably
low conductivity while the pattern is invisible to the unaided eye with minimal top
coat damage and without requiring additional processing steps, such as additional

heating or quenching.

Low and High Conductivity Regions of an Electrically Conductive Film
Electrically conductive films comprising electrically conductive
structures, such as electrically conductive microstructures or electrically

conductive nanostructures, are known. Microstructures and nanostructures are
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defined according to the length of their shortest dimensions. The shortest
dimension of the nanostructure is sized between about 1 nm and about 100 nm.
The shortest dimension of the microstructure is sized between about 0.1 pm and
about 100 um. Conductive nanostructures may include, for example, metal
nanostructures. Non-limiting examples of electrically conductive nanostructures
that may be incorporated into the electrically conductive layer include nanowires,
nanotubes, metal meshes, graphenes, and oxides, such indium tin oxide. Such
electrically conductive nanostructures may comprise metals, such as silver. For
example, the electrically conductive nanostructures may be silver nanowires.
Examples of transparent conductive films comprising silver nanowires and
methods for preparing them are disclosed in US patent application publication
2012/0107600, entitled “TRANSPARENT CONDUCTIVE FILM COMPRISING
CELLULOSE ESTERS,” which is hereby incorporated by reference in its
entirety.

Such electrically conductive films may exhibit surface resistivities
of about 100 ohms/sq or lower, such as, for example, 60 ohms/sq, prior to
patterning. The electrically conductive films may be patterned to introduce low
conductivity regions, leaving the remaining regions as high conductivity regions.
In some embodiments, the low conductivity regions may have substantially no
conductivity. In such cases, an Eddy Current meter may register a conductivity of
0. In some embodiments, the conductivity of the high conductivity regions after
patterning may be within 10% (e.g. 5%, 1%) of the conductivity of the film prior
to patterning.

Patterning methods are known in the art, such as chemical etching
by screen printed mask, chemical etching by photolithography, chemical etching
by screen printed etchant, or direct laser patterning. Such methods may include
disposing a mask prior to etching a film, and the mask may be removed by being
dissolved in a solution or peeling the mask from the film. In some cases, the fact
that patterning has been performed may be obscured by making the high
conductivity regions and low conductivity regions have similar optical properties,

rendering the patterned film suitable for various end-use applications.
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Maintenance of the film’s optical properties during the etching process can be

important.

Etchant Composition

Etchants may comprise one or more polar solvents, at least one
acid, and optionally, at least one metal halide, at least one surfactant, or at least
one polymer. In some embodiments, an acid etching solution may be used. An
acidic etchant may comprise at least one acid. Non-limiting examples of acids
include nitric acid, phosphoric acid, and hydrochloric acid. The acidic etchant
may comprise an acid or a combination of acids with or without a binder. In some
cases, the acidic etchant may etch the conductive nanostructures, such as silver
nanowires, such that the silver nanowires are structurally compromised. In such
cases, the etched silver nanowires may be no longer conductive or may become
less conductive than the unetched silver nanowires.

In some embodiments, an aqueous etching solution may comprise
25 to 65% by weight of phosphoric acid and 1 to 18% by weight of nitric acid. In
some embodiments, the aqueous etching solution may comprise 40 to 60% by
weight of phosphoric acid, 10 to 15% by weight of nitric acid, and 0.005 to 0.05%
by weight surfactant. In some embodiments, the aqueous etching solution may
comprise 42.5% by weight of phosphoric acid, 15% by weight of nitric acid, and
0.01% by weight of a surfactant. In some embodiments, the aqueous etching
solution may comprise 45% by weight of phosphoric acid, 13.75% by weight of
nitric acid, and 0.01% by weight of a surfactant. In some embodiments, the
aqueous etching solution may comprise 45% by weight of phosphoric acid, 12.5%
by weight of nitric acid, and 0.01% by weight of a surfactant. In some
embodiments, the aqueous etching solution may comprise 45% by weight of
phosphoric acid, 15% by weight of nitric acid, and 0.01% by weight of a
surfactant. In some embodiments, the aqueous etching solution may comprise
50% by weight of phosphoric acid, 10% by weight of nitric acid, and 0.01% by
weight of a surfactant. In some embodiments, the aqueous etching solution may
comprise 55% by weight of phosphoric acid and 15% by weight of nitric acid. In

some embodiments, the aqueous etching solution may comprise 55% by volume

PCT/US2014/051617
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of phosphoric acid, 15% by volume of nitric acid, and 20% by volume of water.
In such cases, the aqueous etching solution may comprise about 63.5% by weight
of phosphoric acid, 14.5% by weight of nitric acid, and 13.7% by weight of water.
In some embodiments, the aqueous etching solution may comprise 40% by weight
of phosphoric acid, 18% by weight of nitric acid, and 0.01% by weight surfactant.
In some embodiments, the aqueous etching solution may comprise 60% by weight
of phosphoric acid, 10% by weight of nitric acid, and 0.01% by weight surfactant.
In some embodiments, the aqueous etching solution may comprise 6 to 12% by
weight of hydrochloric acid, 25 to 35% by weight of phosphoric acid, and 0 to
1.5% by weight of nitric acid. In some embodiments, the aqueous etching
solution may comprise 7% by weight of hydrochloric acid, 34% by weight of
phosphoric acid, and 1% by weight of nitric acid. In some embodiments, the
aqueous etching solution may comprise 10% by weight of hydrochloric acid, 26%
by weight of phosphoric acid, and 1% by weight of nitric acid. In some
embodiments, the surfactant may be an anionic surfactant, such as, for example,

DOWFAX™ 3B2, available from The Dow Chemical Company.

Optical Properties

In some embodiments, prior to etching the electrically conductive
film, the film may exhibit a preexisting set of optical properties, and after etching
the film in at least one region, the etched region may exhibit a first consequent set
of optical properties that are substantially identical to the preexisting set of optical
properties. In some embodiments, after etching the film in at least one region, an
unetched region may exhibit a second consequent set of optical properties that are
substantially identical to the first consequent set of optical properties. For the
purpose of this application, the term “substantially identical” indicates differences
that are not discernible to the unaided eye. In some embodiments, the absolute
value of the differences between the preexisting set of optical properties and the
first consequent set of optical properties or the first consequent set of optical
properties and the second consequent set of optical properties may be less than 0.3
(e.g. less than 0.2, less than 0.1) for optical differences that remain indiscernible to

the unaided eye. In such cases, the pattern may be invisible.

PCT/US2014/051617
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Such a preexisting set of optical properties may, for example,
comprise one or more of a preexisting total light transmission, a preexisting haze,
a preexisting L* value, a preexisting a* value, or a preexisting b* value. Such a
first consequent set of optical properties may, for example, comprise one or more
of a first consequent total light transmission, a first consequent haze, a first
consequent L* value, a first consequent a* value, or a first consequent b* value.
Such a second consequent set of optical properties may, for example, comprise
one or more of a second consequent total light transmission, a second consequent
haze, a second consequent L* value, a second consequent a* value, or a second
consequent b* value. In some embodiments, the absolute value of the differences
between the preexisting set b* value and the first consequent b* or the first
consequent b* value and the second consequent b* value may be less than 0.3
(e.g. less than 0.2, less than 0.1) for optical differences that remain indiscernible
or a pattern invisible to the unaided eye. In some embodiments, the absolute value
of the differences between the preexisting haze and the first consequent haze or
the first consequent haze and the second consequent haze may be less than 0.3
(e.g. less than 0.2, less than 0.1) for optical differences that remain indiscernible
or a pattern invisible to the unaided eye. In some embodiments, a combination of
the absolute value of the differences between the preexisting set b* value and the
first consequent b* or the first consequent b* value and the second consequent b*
value may be less than 0.3 (e.g. less than 0.2, less than 0.1) and the absolute value
of the differences between the preexisting haze and the first consequent haze or
the first consequent haze and the second consequent haze may be less than 0.3
(e.g. less than 0.2, less than 0.1) for optical differences that remain indiscernible

or a pattern invisible to the unaided eye.

EXEMPLARY EMBODIMENTS
U.S. Provisional Patent Application No. 61/876,417, filed
September 11, 2013, entitled “WET ETCHING PATTERNING
COMPOSITIONS AND METHODS,” which is hereby incorporated by reference
in its entirety, disclosed the following 40 non-limiting exemplary embodiments:

A. A method comprising:
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etching a film comprising electrically conductive structures according to a
pattern using an aqueous etching solution to provide an etched region having a
first conductivity and an unetched region having a second conductivity, the second
conductivity being greater than the first conductivity,

wherein the aqueous etching solution comprises 25 to 65% by weight of
phosphoric acid and 1 to 18% by weight of nitric acid.

B. The method according to embodiment A, wherein the aqueous etching solution
comprises a surfactant, the aqueous etching solution comprising 40 to 60% by
weight of phosphoric acid, 10 to 15% by weight of nitric acid, and 0.005-0.05%
by weight of the surfactant.

C. The method according to either of embodiments A or B, wherein the aqueous
etching solution comprises a surfactant, the aqueous etching solution comprising
45% by weight of phosphoric acid, 15% by weight of nitric acid, and 0.01% by
weight of the surfactant.

D. The method according to either of embodiments A or B, wherein the aqueous
etching solution comprise a surfactant, the aqueous etching solution comprising
50% by weight of phosphoric acid, 10% by weight of nitric acid, and 0.01% by
weight of the surfactant.

E. The method according to either of embodiments A or B, wherein the aqueous
etching solution comprises 63.5% by weight of phosphoric acid and 14.5% by
weight of nitric acid.

F. The method according to any of either of embodiments A or B, wherein the
aqueous etching solution comprises a surfactant, the aqueous etching solution
comprising 40% by weight of phosphoric acid, 18% by weight of nitric acid, and
0.01% by weight of the surfactant.

G. The method according to either of embodiments A or B, wherein the aqueous
etching solution comprises a surfactant, the aqueous etching solution comprising
60% by weight of phosphoric acid, 10% by weight of nitric acid, and 0.01% by
weight of the surfactant.

H. The method according to embodiment A, wherein the aqueous etching solution
further comprises hydrochloric acid, the aqueous etching solution comprising 6 to

12% by weight of hydrochloric acid, 25 to 35% by weight of phosphoric acid, and

-10 -
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0 to 1.5% by weight of nitric acid.
J. The method according to either of embodiments A and H, wherein the aqueous
etching solution further comprises hydrochloric acid, the aqueous etching solution
comprising 7% by weight of hydrochloric acid, 34% by weight of phosphoric
acid, and 1% by weight of nitric acid.
K. The method according to either of embodiments A and H, wherein the aqueous
etching solution further comprises hydrochloric acid, the aqueous etching solution
comprising 10% by weight of hydrochloric acid, 26% by weight of phosphoric
acid, and 1% by weight of nitric acid.
L. The method according to any of embodiments A-K,

wherein prior to etching, the film exhibited a preexisting set of optical
properties, and wherein after etching, the etched region exhibited a first
consequent set of optical properties, and the unetched region exhibited a second
consequent set of optical properties, and

further wherein the preexisting set of optical properties and the first
consequent set of optical properties are substantially identical.
M. The method according to embodiment L, wherein the preexisting set of optical
properties comprises a preexisting total light transmission and the first consequent
set of optical properties comprises a first consequent total light transmission that is
substantially identical to the preexisting total light transmission.
N. The method according to embodiment L, wherein the preexisting set of optical
properties comprises a preexisting haze and the first consequent set of optical
properties comprises a first consequent haze that is substantially identical to the
preexisting haze.
P. The method according to embodiment L, wherein the preexisting set of optical
properties comprises a preexisting L* value and the first consequent set of optical
properties comprises a first consequent L* value that is substantially identical to
the preexisting L* value.
Q. The method according to embodiment L, wherein the preexisting set of optical
properties comprises a preexisting a* value and the first consequent set of optical
properties comprises a first consequent a* value that is substantially identical to

the preexisting a* value.

-11 -
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R. The method according to embodiment L, wherein the preexisting set of optical
properties comprises a preexisting b* value and the first consequent set of optical
properties comprises a first consequent b* value that is substantially identical to
the preexisting b* value.

S. The method according to embodiment L, wherein the first consequent set of
optical properties and the second consequent set of optical properties are
substantially identical.

T. The method according to embodiment 17, wherein the first consequent set of
optical properties comprises a first consequent total light transmission and the
second consequent set of optical properties comprises a second consequent total
light transmission that is substantially identical to the first consequent total light
transmission.

U. The method according to embodiment 17, wherein the first consequent set of
optical properties comprises a first consequent haze and the second consequent set
of optical properties comprises a second consequent haze that is substantially
identical to the first consequent haze.

V. The method according to embodiment 17, wherein the first consequent set of
optical properties comprises a first consequent L* value and the second
consequent set of optical properties comprises a second consequent L* value that
is substantially identical to the first consequent L* value.

W. The method according to embodiment 17, wherein the first consequent set of
optical properties comprises a first consequent a* value and the second
consequent set of optical properties comprises a second consequent a* value that
is substantially identical to the first consequent a* value.

X. The method according to embodiment 17, wherein the first consequent set of
optical properties comprises a first consequent b* value and the second
consequent set of optical properties comprises a second consequent b* value that
is substantially identical to the first consequent b* value.

Y. The method according to any of embodiments A-X, wherein after etching, the
pattern is invisible to the unaided eye.

Z. The method according to embodiment N, wherein the absolute value of the

difference between the preexisting haze and the first consequent haze is less than

-12-
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about 0.1.
AA. The method according to embodiment U, wherein the absolute value of the
difference between the first consequent haze and the second consequent haze is
less than about 0.1.
AB. The method according to embodiment R, wherein the absolute value of the
difference between the preexisting b* value and the first consequent b* is less
than about 0.1.
AC. The method according to embodiment X, wherein the absolute value of the
difference between the first consequent b* value and the second consequent b*
value is less than about 0.1.
AD. The method according to either of embodiments N or U,

wherein the absolute value of the difference between the preexisting haze
and the first consequent haze is less than about 0.1, and

wherein the absolute value of the difference between the first consequent
haze and the second consequent haze is less than about 0.1.
AE. The method according to either of embodiments R or X,

wherein the absolute value of the difference between the preexisting b*
value and the first consequent b* is less than about 0.1, and

wherein the absolute value of the difference between the first consequent
b* value and the second consequent b* value is less than about 0.1.
AF. The method according to any of embodiments A-AE, wherein the electrically
conductive structures comprise silver nanowires.
AG The method according to either of embodiments A or B, wherein the aqueous
etching solution comprises a surfactant, the aqueous etching solution comprising
42.5% by weight of phosphoric acid, 15% by weight of nitric acid, and 0.01% by
weight of the surfactant.
AH. The method according to either of embodiments A or B, wherein the
aqueous etching solution comprises a surfactant, the aqueous etching solution
comprising 45% by weight of phosphoric acid, 13.75% by weight of nitric acid,
and 0.01% by weight of the surfactant.
AJ. The method according to either of embodiments A or B, wherein the aqueous

etching solution comprises a surfactant, the aqueous etching solution comprising
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45% by weight of phosphoric acid, 12.5% by weight of nitric acid, and 0.01% by
weight of the surfactant.
AK. The method according to any of embodiments A-AJ, wherein the aqueous
solution comprises a surfactant.
AL. The method according to any of embodiments A-AK, wherein the aqueous
solution comprises an anionic surfactant.
AM. The method according to any of embodiments A-AL, wherein the aqueous
solution comprises a surfactant, the surfactant comprising
decyl(sulfophenoxy)benzenesulfonic acid, disodium salt, and
oxybis(decylbenzenesulfonic acid).
AN. The method according to any of embodiments A-AM,
wherein prior to etching the film, a mask is disposed onto the film, and
wherein after etching the film, the mask is removed from the film by being
dissolved in a solution.
AP. The method according to any of embodiments A-AN,
wherein prior to etching the film, a mask is disposed onto the film, and
wherein after etching the film, the mask is peeled from the film.
AQ. A method comprising:

etching a film comprising electrically conductive structures according to a
pattern using an aqueous etching solution to provide an etched region having a
first conductivity and an unetched region having a second conductivity, the second
conductivity being greater than the first conductivity,

wherein the aqueous etching solution comprises 65 to 75% by weight of
nitric acid.
AR. The method according to embodiment AQ, wherein the aqueous etching

solution comprises 70% by weight of nitric acid.

EXAMPLES
Methods
Electrical conductivity of films was measured using a 707

Conductance Monitor (Delcom Instruments Inc.).
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Percent transmittance and percent haze of films were measured
according to the ASTM D-1003 test method using a BYK-Gardner HAZE-GARD
PLUS hazemeter.

CIE L*, a*, and b* color metrics of films were measured using a
Hunterl.ab ULTRASCAN® VIS colorimeter.

Screen printing was performed using a Model F1-12 precision
screen printer (Systematic Automation, Farmington, CT) equipped with a

305 mesh screen, which is a rectangular or a square block of material.

Materials

All materials (e.g. phosphoric acid, nitric acid, hydrochloric acid,
etc.) used in the following examples are readily available from standard
commercial sources, such as Sigma-Aldrich Co. LLC. (St. Louis, Missouri) unless
otherwise specified.

DOWFAXT™ 3B2 anionic surfactant is an aqueous solution
comprising less than or equal to 38 % decyl(sulfophenoxy)benzenesulfonic acid,
disodium salt, and less than or equal to 8 % oxybis(decylbenzenesulfonic acid),
disodium salt (Dow Chemical).

FLEXXT™ 100 is a transparent conductive film comprising silver
nanowires (Carestream Health, Inc., Rochester, NY).

GC-UV-60 ink is a screen printable UV curable resist (Green Cure
Technology Corporation, Ltd., Taiwan).

LP400-BL3 ink is a screen printable UV curable resist (Green Cure
Technology Corporation, Ltd., Taiwan).

HOYO MI-B077 is a screen printable and thermal curable mask
available from Hoyo-Chemical. It is reported to be a peelable mask that does not

require a stripping agent.

Analysis
Samples of film having etched regions with 0 conductivity readings
were selected for further calculations of changes in percent haze and CIE L*, a*,

b* and visual observation of invisibility of the pattern. Films visually observed to
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be invisible tended to have changes in percent haze and CIE L*, a*, and b* of less

than 0.1.

Example 1

Samples of FLEXX™ 100 transparent conductive film (Lot 244-
3133, Carestream Health, Inc., Rochester, NY), which had a resistivity of 100
Ohms, were annealed at 150°C for 30 minutes. Initial measurements of electrical
conductivity and percent haze were recorded. Masks were disposed onto the
samples by being screen printed with a GC-UV-60A ink and cured with a UV
lamp at about 230 mJ/cm? with one pass at a rate of 30 ft/m. The samples were
dipped into a various etchant compositions (varying wt% of H;PO4, HNO;, HCl,
or H,0) at a selected temperatures (room temperature of about 21°C, 40°C, or
45°C) for selected times (60, 120, or 180 seconds). To remove excess etchant, the
samples were washed with distilled water. The masks were removed by dipping
the sample into a 35°C 3% (w/v) aqueous solution of sodium hydroxide for 71
seconds. The samples were washed with distilled water and oven dried at 230°F
for 2 to 3 minutes. Final measurements of electrical conductivity and percent haze
were recorded. Table 1 shows the electrical conductivity and haze of the etched

region after stripping. (RT indicates “room temperature,” while NC denotes “not
checked.”

-16 -
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Table 1
Etchant Eddy Current
Composition (mmhos)
(wt%) Etchant | Etching
H;PO4/HNO3;/HCV | Temp Time Delta
Sample H,0 (°C) (s) initial | etched | Haze
1-1 0/1/21/78 RT 60 11.02 | 6.56 | -0.06
1-2 0/1/21/79 RT 60 11.73 6.98 | -0.11
1-3 0/1/21/80 RT 120 12.53 0.52 | -0.18
1-4 0/1/21/81 RT 120 11.6 0.61 -0.2
1-5 0/1/21/82 RT 180 12.18 0 -0.3
1-6 0/1/21/83 RT 180 12.08 0 -0.31
1-7 34/1/7/58 RT 60 12.85 11.1 NC
1-8 34/1/7/59 RT 60 1247 | 1233 | NC
1-9 34/1/7/60 RT 120 10.65 | 10.59 | NC
1-10 34/1/7/61 RT 120 11.26 | 10.54 | NC
1-11 34/1/7/62 RT 180 10.83 9.14 NC
1-12 34/1/7/63 RT 180 11.95 | 12.14 | NC
1-13 26/1/10/63 RT 60 12.9 8.92 NC
1-14 26/1/10/64 RT 60 12.4 11 NC
1-15 26/1/10/65 RT 120 11.31 | 10.59 | NC
1-16 26/1/10/66 RT 120 11.43 | 10.71 | NC
1-17 26/1/10/67 RT 180 9.67 9.98 NC
1-18 26/1/10/68 RT 180 9.01 8.54 NC
1-19 0/1/21/78 40 60 11.4 0 -0.51
1-20 0/1/21/79 40 60 11.37 0 -0.51
1-21 0/1/21/80 40 120 12.11 0 -0.52
1-22 0/1/21/81 40 120 11.04 0 -0.61
1-23 0/1/21/82 40 180 11.28 0 -0.57
1-24 0/1/21/83 40 180 11.91 0 -0.54
1-25 34/1/7/58 40 60 12.11 | 11.22 | NC
1-26 34/1/7/59 40 60 10.66 114 NC
1-27 34/1/7/60 40 120 1206 | 2.94 | -0.11
1-28 34/1/7/61 40 120 1226 | 2.68 | -0.17
1-29 34/1/7/62 40 180 12.38 0 0.01
1-30 34/1/7/63 40 180 11.72 0 -0.12
1-31 26/1/10/63 40 60 12.31 6.13 | -0.06
1-32 26/1/10/64 40 60 10.53 6.27 | -0.02
1-33 26/1/10/65 40 120 11.29 0 0.06
1-34 26/1/10/66 40 120 12.03 0 -0.21
1-35 26/1/10/67 40 180 11.8 0 -0.24
1-36 26/1/10/68 40 180 11.92 0 -0.29
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Table 1 (cont’d)
Etchant Eddy Current
Composition (mmbhos)
(wt%) Etchant

H3;PO4/HNO3;/HClY | Temp | Etching | initia Delta
Sample H,O0 °O Time (s) 1 etched | Haze

1-37 34/1/7/58 45 60 11.56 | 2.43 -0.1
1-38 34/1/7/59 45 60 12.55 3.76 -0.27
1-39 34/1/7/60 45 120 10.7 0 -0.28
1-40 34/1/7/61 45 120 11.61 0 -0.33
1-41 34/1/7/62 45 180 11.68 0 -0.33
1-42 34/1/7/63 45 180 11.82 0 -0.49
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Example 2

Samples of FLEXX™ 100 transparent conductive film (Lot 308-
3112, Carestream Health, Inc., Rochester, NY), which had a resistivity of 100
Ohms, were annealed at 150°C for 30 minutes. Initial measurements of electrical
conductivity, percent transmittance, percent haze, and CIE L*, a*, and b* color
metrics were recorded. Masks were disposed onto the samples by being screen
printed with an LP400-BL38 ink and cured at with a UV lamp at about 230 mJ/cm?
with one pass at a rate of 20 ft/m. The masked samples were dipped into various
etchant compositions (varying wt% of H3;PO4, HNO3, HCI, or H,O) at selected
temperatures (room temperature of about 21°C or 35°C) for selected times (30,
60, 120, or 180 seconds). To remove excess etchant, the samples were washed
with distilled water and dried with compressed air using a blower. Final
measurements of conductivity, percent transmittance, percent haze, and CIE L*,
a*, and b* color metrics were recorded for the etched areas. Table 2 shows the
electrical conductivity, change in percent haze, and change in b* of the etched

region after etching. (RT indicates “room temperature.”)

-19-

PCT/US2014/051617



WO 2015/038295 PCT/US2014/051617

Table 2
Etchant Eddy Current
Composition (mmbhos)
(wt%) Etching
H3;PO4/HNO | Temp | Etching Delta | Delta
Sample | ;/HCI/H,0 (9] Time (s) | initial | etched | Haze b*
2-1 0/18/0/0.01 RT 30 11.78 11.9 | -0.01 | -0.08
2-2 0/18/0/0.01 RT 60 12.09 12.2 0 -0.04
2-3 0/18/0/0.01 RT 90 12.18 12.2 0.19 | -0.06
2-4 0/18/0/0.01 RT 120 9.73 9.92 | -0.02 | -0.07
2-5 40/18/0/0.01 RT 30 9.64 10.1 | -0.02 | -0.26
2-6 40/18/0/0.01 RT 60 10.21 9.64 | -0.07 | -0.16
2-7 40/18/0/0.01 RT 950 1212 | 2.16 | -0.01 | -0.07
2-8 40/18/0/0.01 RT 120 11.87 | 0.25 | -0.01 | -0.02
2-9 0/0/15/0.01 RT 30 11.69 11.8 0.06 | -0.06
2-10 0/0/15/0.01 RT 60 11.66 12.1 | -0.05 | 0.11
2-11 0/0/15/0.01 RT 90 11.7 12 0.02 | -0.14
2-12 0/0/15/0.01 RT 120 11.3 11.5 | -0.01 | 0.02
2-13 40/0/15/0.01 RT 30 11.68 12.7 | -0.01 | -0.06
2-14 40/0/15/0.01 RT 60 11.82 12.6 | -0.13 | -0.16
2-15 40/0/15/0.01 RT 90 11.73 129 | -0.04 | -0.17
2-16 40/0/15/0.01 RT 120 12.2 13.7 0.03 | -0.19
2-17 70/0/0/0.01 RT 30 10.11 | 10.28 | 0.08 | -0.04
2-18 70/0/0/0.01 RT 60 10.14 | 10.75 | 0.06 | -0.03
2-19 70/0/0/0.01 RT 90 10.21 | 10.69 | 0.09 0
2-20 70/0/0/0.01 RT 120 11.61 | 12.27 | 0.04 | -0.05
2-21 0/70/0/0.01 RT 30 11.7 0 -0.19 | 0.11
2-22 0/70/0/0.01 RT 60 11.34 0 -0.31 | -0.34
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Table 2 (cont’d)
Etchant Eddy Current
Composition (mmbhos)
(wt%) Etchant
HCVHNO3/ Temp Etching Delta | Delta
Sample | H;PO,/H,0 (°O) Time (s) | initial | etched | Haze b*
2-23 0/70/0/0.01 RT 90 10.43 0 0.01 | -0.45
2-24 0/70/0/0.01 RT 120 10.41 0 0.5 -0.68
2-25 0/0/37/0.01 RT 30 1023 | 11.49 | 0.14 | -0.46
2-26 0/0/37/0.01 RT 60 1001 | 1149 | 0.26 | -0.34
2-27 0/0/37/0.01 RT 90 10.04 | 1146 | 0.05 | -0.28
2-28 0/0/37/0.01 RT 120 10.01 | 1144 | 023 | -0.11
2-29 0/18/0/0.01 35 30 11.92 12.1 -0.01 | -0.17
2-30 (0/18/0/0.01 35 60 11.65 11.8 -0.03 | -0.17
2-31 0/18/0/0.01 35 90 12.5 12.9 0.01 | -0.07
2-32 0/18/0/0.01 35 120 12.23 12.1 0.03 -0.1
2-33 40/18/0/0.01 35 30 11.9 0 -0.03 0
2-34 | 40/18/0/0.01 35 60 10.07 0 -0.08 | -0.19
2-35 40/18/0/0.01 35 90 10.13 0 -0.01 | -0.16
2-36 | 40/18/0/0.01 35 120 10.24 0 -0.05 | -0.21
2-37 0/0/15/0.01 35 30 9.86 10 0.05 -0.1
2-38 0/0/15/0.01 35 60 10.24 10.7 -0.04 | -0.2
2-39 0/0/15/0.01 35 90 10.39 10.9 0 -0.21
2-40 0/0/15/0.01 35 120 10.04 10.9 -0.03 | -0.13
2-41 40/0/15/0.01 35 30 10.76 11.6 0.03 | -0.07
2-42 | 40/0/15/0.01 35 60 10.59 11.8 0.01 | -0.26
2-43 40/0/15/0.01 35 90 11.72 13.4 0.06 | -0.18
2-44 | 40/0/15/0.01 35 120 11.35 12.7 0.07 | -0.12
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Example 3

Samples of FLEXX™ 100 transparent conductive film (Lot 308-
3112, Carestream Health, Inc., Rochester, NY), which had a resistivity of 100
Ohms, were annealed at 150°C for 30 minutes. Initial measurements of electrical
conductivity, percent transmittance, percent haze, and CIE L*, a*, and b* color
metrics were recorded. Masks were screen printed onto the samples and cured
with a UV lamp at 230 mJ/cm” with one pass at a rate of 20 ft/m. The masked
samples were dipped into a selected etchant composition (varying wt% of H3PO,,
HNOs3, HCI or 3B2, or H,O) at selected temperatures (room temperature of about
21°C, 35°C, or 40°C) for selected times (30, 60, 90, or 120 seconds). To remove
excess etchant, the samples were washed with distilled water and dried with
compressed air using a blower. The masks were removed by dipping the samples
into an aqueous solution of 5% (w/v) sodium hydroxide. The samples were
washed with distilled water and air dried. Final measurements of conductivity,
percent transmittance, percent haze, and CIE L*, a*, and b* color metrics were
recorded for the etched and masked areas. Tables 3A and 3B show the electrical
conductivity, change in percent haze, and change in b* of the etched regions after
the mask were removed and of the masked regions after etching. (RT indicates

“room temperature.”)

-22.

PCT/US2014/051617



PCT/US2014/051617

WO 2015/038295

Z10 0 80°0- 620 0 SS01 0¢ ot 10°0/0/S1/0¥ 12-€
60°0- 10°0- 120 20°0- 0 ¥S01 0Tl ARY 10°0/0/01/09 0Z-¢
ro- 200 1'0 11°0 0 801 06 ARY 10°0/0/01/09 61-¢
L0°0- 7T0 110 61°0 0 At 09 AR 10°0/0/01/09 81-¢
L00- 81°0 90°0 v1°0 0 S6°01 0€ AR 10°0/0/01/09 L1-€
L0°0- LT0 120 €0- 0 L8°01 0zl Id 10°0/0/S1/09 91-¢
v1°0- L1°0 1€°0 80°0- 0 91°01 06 ARY 10°0/0/S1/09 SI-¢
970~ 91°0 €0 LEO 0 86 09 ARY| 10°0/0/S1/09 v1-¢
10 1€0 LEO ST0 L0 LOOT 0¢ IR 10°0/0/S1/09 €1-¢
€0 €r'0- 81°0- 8€°0- 0 SPIT 0Tl ARS 10°0/0/81/09 T1-¢€
€1°0 10°0- 10°0- L0'0 0 91°I1 06 AR 10°0/0/81/09 11-¢€
80°0- €0 €€°0 SLO 0 A 09 I 10°0/0/81/09 01-€
50°0- LT°0 LT°0 120 0 vE'8 0¢ Id 10°0/0/81/09 6-€
z€0- S0°0 90°0- €0 88°L 86°L 0zl iRt 10°0/0/01/0% 8-¢
S€0- 90'0 S1'0- 0 16°'L Z18 06 Y 10°0/0/01/0% L€
910 90°0 110 61°0 LE'8 69'8 09 ARS| 10°0/0/01/0% 9-¢
v1°0- L0 v1°0- €L'0 €6 e 0¢ AR 10°0/0/01/0t S-¢
€C0- 0 11°0- o €€'8 LTO1 0Z1 ARl 10°0/0/S1/0% v-¢
$0°0- v1°0 v1°0- 10 v1'6 86 06 Id 10°0/0/S1/0% €€
S0°0 zro 90°0- L0 19'8 v0'6 09 AR 10°0/0/S1/0% €
11°0- €10 80°0~ ¥€0 60°6 v1'6 0€ ¥ 10°0/0/S1/0¥ &3
paysew | paysew | paydd | paydld payd3R [enrur | (s)ouwy, (Do) | O'H/NIDH/SONH/FOdEH | 21dureg
xq azeH =q azeH (soyuw) uryoyy | duwrdy, (%Im)
14) £T¢ | e)pq LA BT ¢ LAV ¢ | A1Andnpuo) jueydyy | uonisodwo)) yueydy
|LRI8ERE] (|
V€ 3198l

-23-



PCT/US2014/051617

WO 2015/038295

¥0°0 v1°0- | 810 | 6¥0- 0 vL'6 0zZ1 ob 10°0/0/01/09 0v-€
S0°0 10°0- 0 6€°0- 0 L8°6 06 0 10°0/0/01/09 6€-€
90°0~ LO°0- 90°0 €T0" 0 9701 09 o 10°0/0/01/09 8¢-¢€
920~ 11°0- S1°0 61°0- 0 9¢'8 0¢ ov 10°0/0/01/09 LE-€
18°0- 8,0~ | S0°0- 0 0 LOTT 0Z1 o 10°0/0/S1/09 9¢-¢
780" 680~ 0 0 0 T ol 06 oY 10°0/0/S1/09 Se-¢
L9°0- LSO~ | TI0- 0 0 2001 09 o 10°0/0/S1/09 pe-¢
LT 0" wo 85°0 0 0 101 0€ o 10°0/0/S1/09 €e-¢
0" 8L°0- 160- | TLO- 0 1€'8 0zl1 ot 10°0/0/81/09 TE-€
9°0- Lo~ | v90- | L90- 0 97’8 06 o 10°0/0/81/09 1€-¢
1€°0- LS0- | €90- | 950 0 vT'6 09 o 10°0/0/81/09 0¢-¢
80°0- 10- 620~ | 690" 0 80°6 0¢ 0 10°0/0/81/09 6C-€
€1°0- 80°0 91°0- S¥'0 79'8 vE'6 0Z1 o 10°0/0/01/0% 8T-¢€
0 v€°0 110 81°0 90'6 SS'6 06 ot 10°0/0/01/0% LT-€
10 80°0 L1°0- 1'0 96 9L'6 09 o 10°0/0/01/0% 9Z-¢
91°0- 90°0 v1°0- €20 6£01 vL 01 0¢ ot 10°0/0/01/0% ST-¢€
200 Z10 10°0- v€0 0 1101 0zl ot 10°0/0/S1/0% Y€
60°0- L00 500~ 90°0 0 6€°6 06 o 10°0/0/S1/0% €T-¢
20°0- 0 LO°0- S1°0 vT'0 99'6 09 ot 10°0/0/S1/0¥ €
paYsew | paysew | paydd | PaYRd payd39 feprur | () ouiLy, (Do) | O'HNDH/ONH/'OJ*H | d1dureg
»q dzeH 24 azel (soyuurun) Surgay dura, (°%IM)

vpa | BMRd | BRd | ¥Rd AyAronpuo) jueyayy | uwonisodwo)) yueydly

—&u_hwov—m—
(pauo0d) vedqeL

-24 -



PCT/US2014/051617

WO 2015/038295

¥1°0- 810 v10- [0 0 616 0cl Se 666£/10°0/01/0S 09-¢
[4RY 1A N0 0 €0°0- el 1811 06 S¢ 66'6¢£/10°0/01/0S 65-¢
60°0- 6C0 10" 10°0- LY'8 ST 0l 09 ge 666£/10°0/01/0S 86-¢
1'0- YAl €10 ¢ro 766 6001 0t 143 66°'6£/10°0/01/0S LS-¢
80°0- [0 110" [0°0 886 Al 0cl 33 66'v¥/10°0/01/SY 96-¢
10°0 ¥0°0- LO0- 200 G001 6v°01 06 33 66'¥¥/10°0/01/SY ¢s-¢
1€1°0- 9¢°1 P10- [10°0- #0°01 101 09 S¢ 66'v¥/10°0/01/Sy PS¢
el'0- €0 10" 10°0 88°6 S0°01 0¢ 153 66 ¥¥/10°0/01/Sv £6-¢
90°0 0 0 100 0 V'8 0cl Se 66'v¢/10°0/S1/06 (4%
970 9¢°0 €00 10°0 0 125 06 ce 66'v</10°0/S1/0S 16-¢
10°0 81°0 e1o- 10°0- 0 188 09 33 66'v</10°0/S1/06 06-¢€
10 10 00 90°0- 0 I'6 0¢ S¢ 66'v</10°0/S1/0S 6v-¢
§T0- 80°0 yL0- S0°0 0 S6'8 0Cl Gt 66'6£/10°0/S1/SY 8v-t
00 S0°0- 1'0- Y10 0 ' 06 153 66'6¢£/10°0/S1/Sy Lv-€
S0°0- 10 LO O 9¢0 0 601 09 53 66°6¢/10°0/S1/S¥ 9-¢
¢Lo- 60°0- €0°0- e€1ro- 0 ol 0¢ Se 66'6£/10°0/S1/Sy Sh-¢
91°0- 9C0 0 €00 6C'1 STOI 0C1 S¢ 66'v¥/10°0/S1/0¥ 147%
610 8¢'1 200 1o L0 €86 06 93 66 v/10°0/S1/0v 1973
90°0- ¢C’0 LO0- 10°0- 296 LOTT 09 Se 66'v¥/10°0/S1/0¥ (43
Y10 £6°0 LOO- 90°0- 986 [€0l 0¢ S¢ 66'v¥/10°0/S1/0¥ |43
paYSewl | paysewl | paydld | paydld | paydRd repar [ (s)ouny [ (Do) O'H/ZAS/FONH/'OdEH | drdueg
«qempq | zeH *q azel (soquuur) Suigoyy | dwdg, (2%IM)
(VET | eI | e | Aanonpuo)) (eI jueydny uopisodwo)) jueydny

LI CLA D

225 -



PCT/US2014/051617

WO 2015/038295

L1°0- L0°0 S1°0- #0°0 116 196 0TI ot 66't/10°0/01/St 08-¢
¥0°0 160 S1°0- 80°0 6€°6 1001 06 ot 66'tv/10°0/01/St 6L-€
v 0- 110 11°0- 200 €6'8 LT6 09 ot 66'tv/10°0/01/SY 8L-¢
€1°0- 80°0 91°0- 61°0 b6 LOOT 0¢ o 66'7¥/10°0/01/St LL€
0 S0°0- | 850~ 99°0- 0 1S°01 0Z1 ot 66'€/10°0/S1/0S 9L-¢
v€0- 80°0- | T00- 89°0- 0 ST6 06 ov 66'¥€/10°0/S1/0S SL-€
€0 9t'0 11°0 $S0- 0 19°01 09 ot 66'€/10°0/S1/0S vL-€
LEO- v6°0 €10 120- 0 126 0¢ ot 66'€/10°0/S1/0S €L-¢
81°0- 82°0 11°0- 10°0 0 90°01 0Z1 ov 66°6€/10°0/S1/S¥ L€
SE0- €0 €0°0- 10°0- 0 LS8 06 ot 66'6£/10°0/S1/St 1L-€
91°0- Tl 90°0~ 810 0 L1°0T 09 o 66°6€/10°0/S1/St 0L-€
ST 0- #0°0 €0°0 €0 0 ol 0¢ ot 66'6£/10°0/ST/SY 69-€
LO0- €0 L0~ €0°0 0 6201 0z1 ot 66'v1/10°0/S1/0% 89-¢
v1°0- 61°0 61°0- LEO 0 vL 0T 06 ov 66'¥/10°0/S1/0% L9-€
v1°0- L9°0 10- €9°0 18°0 S8'6 09 o 667/10°0/S1/0% 99-¢
v1°0- 96°0 S1°0- 10 91'6 1101 0¢€ or 66'/10°0/S1/0% G9-¢
LT 0" ¥0°0- 90°0 €€°0- 0 8€°6 0TI ¢ 66'¥€/10°0/01/SS ¥9-¢
¥0°0- $9°0 v1°0 91°0- 0 Y111 06 ¢ 66¥€/10°0/01/SS €9-¢
LEO- 90°0 €ro ¥0°0- 0 ¥8°6 09 ¢ 66'7€/10°0/01/5S 79-¢
ST 0- S0°0 60'0 80°0 0 €601 0€¢ ¢ 66'¥€/10°0/01/SS 19-¢
payjsew | paysewl | payd)d pPayaRd paydpe | et | ()Wl | Do AW, | O*H/TAE/EONH/ OdEH | adureg
xq azeH »q aze eipq (soyuwrur) Sulgyyy | yueyny (%IM)

Nu—oa &:oﬁ N«—QQ %:Zao:v:QU :cmamchEoU “———ﬁdowmﬂ

—&o_huuo—mﬁ
(pauod) gg dIqeL

-26 -



PCT/US2014/051617

WO 2015/038295

vE0- £0°0 LO0 | €0°0- 0 9¢'6 0z1 o 66'7€/10°0/01/SS 88-¢
€CT0- SI'0- | 100- | £€0°0- 0 16°8 06 o 66'v€/10°0/01/5S L8-€
€0- €0 0 90°0- 0 SE'6 09 o 66'¥£/10°0/01/SS 98-¢
8€°0- LT0 10 S0 0 6t'8 0¢ ot 66¥€/10°0/01/SS 68-¢
€0- 610 | 900- | 200 0 €8 0Z1 ot 66°6€/10°0/01/0S v8-¢
81°0- 110 | 900- | 100 0 1t'6 06 0 66°6€/10°0/01/0S €8-¢
z1o- 700 1'0- ¥0°0 LO'T L6'6 09 o 66°6€/10°0/01/0S 78-¢
0 I1°0- | L10- | 100 €98 ¥6°6 0¢€ ot 66'6€/10°0/01/0S 18-€
padsew | pay[sew | payojd | paydRR | Py feptur | (s)ouwm], | D, dun], | OH/ZAE/FONH/'OdEH | ddwres
x4 azeHq »q azeq | (soyuimr) {1aonpuo)) | Suryany | jueydy (%Im)
vleq ejp@ | eied | eieda [LRJAVRET I | uopisodwmo)) yueyany
(pJuod) ggdIqelL

-27 -



10

WO 2015/038295 PCT/US2014/051617

Example 4

Several samples of FLEXX™ 100 transparent conductive film
(Lots 304-3114, 308-3111, 308-3112, 322-3120, 318-3127, 313-3120, 326-3107,
304-3114, Carestream Health, Inc., Rochester, NY) were subjected to a similar
process as described in Example 3, except that additional measurements of
conductivity, percent transmittance, percent haze, and CIE L*, a*, and b* color
metrics were recorded for the etched region prior to stripping the mask from the
film and visual observations of invisibility of the stripped film were recorded.
Table 4 shows the electrical conductivity, change in percent haze, change in b* of
the etched region before and after the mask was removed and of the masked

region after etching. (EC denotes “electrical conductivity” in mmhos.)
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Example 5

Samples of FLEXX™ 100 transparent conductive film (Samples 5-
1 to 5-5 and 5-16 to 5-20 from Lot 350-3102; Samples 5-6 to 5-10 and 5-21 to 5-
25 from Lot 403-3104; Samples 5-11 to 5-15 and 5-26 to 5-30 from Lot 403-3105;
Carestream Health, Inc., Rochester, NY), which had a resistivity of 100 Ohms,
were annealed at 150°C for 30 minutes. Initial measurements of electrical
conductivity, percent transmittance, percent haze, and CIE L*, a*, and b* color
metrics were recorded. Rectangular peelable masks were disposed onto the
samples by screen printing a substance known as HOYO MI-B077 and cured for
20 minutes at 130°C. The masked samples were dipped into a selected etchant
composition (varying wt% of H3PO4, HNO3;, DOWFAX™ 3B2 surfactant) at
30°C for selected times (30, 60, 90, 120, or 150 seconds). To remove excess
etchant, the samples were washed with distilled water and dried with compressed
air using a blower. The masks were removed by being peeled from the samples.
The samples were washed with distilled water and air dried. Final measurements
of conductivity, percent transmittance, percent haze, and CIE L*, a*, and b* color
metrics were recorded for the etched and masked areas. Table 5 shows the
percent change in electrical conductivity, change in percent haze, and change in
b* of the etched regions after the mask were removed and of the masked regions

after etching.
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Example 6

Samples of FLEXX™ 100 transparent conductive film (Samples 6-
1 to 6-5 and 6-16 to 6-20 from Lot 350-3102; Samples 6-6 to 6-10 and 6-21 to 6-
25 from Lot 403-3104; Samples 6-11 to 6-15 and 6-26 to 6-30 from Lot 403-3105;
Carestream Health, Inc., Rochester, NY), which had a resistivity of 100 Ohms,
were annealed at 150°C for 30 minutes. Initial measurements of electrical
conductivity, percent transmittance, percent haze, and CIE L*, a*, and b* color
metrics were recorded. Rectangular peelable masks were disposed onto the
samples by screen printing a substance known as HOYO MI-B077 and cured for
20 minutes at 130°C. The masked samples were dipped into a selected etchant
composition (varying wt% of H3PO,, HNO3;, DOWFAX™ 3B2 surfactant) at
selected temperatures (30°C or 35°C) for selected times (30, 60, 90, 120, or 150
seconds). Samples 6-1 to 6-15 were etched at 30°C. Samples 6-1 to 6-15 were
etched at 35°C. To remove excess etchant, the samples were washed with
distilled water and dried with compressed air using a blower. The masks were
removed by being peeled from the samples. The samples were washed with
distilled water and air dried. Final measurements of conductivity, percent
transmittance, percent haze, and CIE L*, a*, and b* color metrics were recorded
for the etched and masked areas. Table 6 shows the percent change in electrical
conductivity, change in percent haze, and change in b* of the etched regions after

the mask were removed and of the masked regions after etching.
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Example 7

Samples of FLEXX™ 100 transparent conductive film (Samples 7-
1 to 7-5 and 7-16 to 7-20 from Lot 350-3102; Samples 7-6 to 7-10 and 7-21 to 7-
25 from Lot 403-3104; Samples 7-11 to 7-15 and 7-26 to 7-30 from Lot 403-3105;
Carestream Health, Inc., Rochester, NY), which had a resistivity of 100 Ohms,
were annealed at 150°C for 30 minutes. Initial measurements of electrical
conductivity, percent transmittance, percent haze, and CIE L*, a*, and b* color
metrics were recorded. Rectangular peelable masks were disposed onto the
samples by screen printing a substance known as HOYO MI-B077 and cured for
20 minutes at 130°C. The masked samples were dipped into a selected etchant
composition (varying wt% of H3PO4, HNO3;, DOWFAX™ 3B2 surfactant) at
35°C for selected times (30, 60, 90, 120, or 150 seconds). To remove excess
etchant, the samples were washed with distilled water and dried with compressed
air using a blower. The masks were removed by being peeled from the samples.
The samples were washed with distilled water and air dried. Final measurements
of conductivity, percent transmittance, percent haze, and CIE L*, a*, and b* color
metrics were recorded for the etched and masked areas. Table 7 shows the
percent change in electrical conductivity, change in percent haze, and change in
b* of the etched regions after the mask was removed and of the masked regions

after etching.
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Example 8

Samples of FLEXX™ 100 transparent conductive film (Samples 8-
1 to 8-6 from Lot 416-3104; Samples 8-7 to 8-12 from Lot 416-3117; Samples 8-
13 to 8-17 from Lot 416-3128; Carestream Health, Inc., Rochester, NY), which
had a resistivity of 100 Ohms, were annealed at 150°C for 30 minutes. Initial
measurements of electrical conductivity, percent transmittance, percent haze, and
CIE L*, a*, and b* color metrics were recorded. Rectangular peelable masks
were disposed onto the samples by screen printing a substance known as HOYO
MI-B077 and cured for 20 minutes at 130°C. The masked samples were dipped
into a selected etchant composition (varying wt% of H3PO4, HNO3, DOWFAX™
3B2 surfactant) at 30°C for selected times (120, 240, 270, 300, 330, 360, 390,
420, 450, 480, 510, 540 seconds, etc.). To remove excess etchant, the samples
were washed with distilled water and dried with compressed air using a blower.
The masks were removed by being peeled from the samples. The samples were
washed with distilled water and air dried. Final measurements of conductivity,
percent transmittance, percent haze, and CIE L*, a*, and b* color metrics were
recorded for the etched and masked areas. Table 8 shows the percent change in
electrical conductivity, change in haze, and change in b* of the etched regions

after the mask were removed and of the masked regions after etching.

The invention has been described in detail with reference to
specific embodiments, but it will be understood that variations and modifications
can be effected within the spirit and scope of the invention. The presently
disclosed embodiments are therefore considered in all respects to be illustrative
and not restrictive. The scope of the invention is indicated by the attached claims,
and all changes that come within the meaning and range of equivalents thereof are

intended to be embraced therein.
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WHAT IS CLAIMED:
1. A method comprising:

etching a film comprising electrically conductive structures according to a
pattern using an aqueous etching solution to provide an etched region having a
first conductivity and an unetched region having a second conductivity, the second
conductivity being greater than the first conductivity,

wherein the aqueous etching solution comprises 25 to 65% by weight of

phosphoric acid and 1 to 18% by weight of nitric acid.

2. The method according to claim 1, wherein the aqueous solution comprises at

least one surfactant.

3. The method according to claim 2, wherein the at least one surfactant comprises

at least one anionic surfactant.

4. The method according to claim 2, wherein the at least one surfactant comprises
decyl(sulfophenoxy)benzenesulfonic acid, disodium salt and

oxybis(decylbenzenesulfonic acid), disodium salt.

5. The method according to claim 2, wherein the aqueous etching solution
comprises 40 to 60% by weight of phosphoric acid, 10 to 15% by weight of nitric
acid, and 0.005-0.05% by weight of the at least one surfactant.

6. The method according to claim 1,

wherein prior to etching, the film exhibited a preexisting set of optical
properties, and wherein after etching, the etched region exhibited a first
consequent set of optical properties, and the unetched region exhibited a second
consequent set of optical properties, and

further wherein the preexisting set of optical properties and the first

consequent set of optical properties are substantially identical.
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7. The method according to claim 6, wherein the preexisting set of optical
properties comprises a preexisting total light transmission and the first consequent
set of optical properties comprises a first consequent total light transmission that is

substantially identical to the preexisting total light transmission.

8. The method according to claim 6, wherein the preexisting set of optical
properties comprises a preexisting haze and the first consequent set of optical
properties comprises a first consequent haze that is substantially identical to the

preexisting haze.

9. The method according to claim 6, wherein the preexisting set of optical
properties comprises a preexisting L* value and the first consequent set of optical
properties comprises a first consequent L* value that is substantially identical to

the preexisting L* value.

10. The method according to claim 6, wherein the preexisting set of optical
properties comprises a preexisting a* value and the first consequent set of optical
properties comprises a first consequent a* value that is substantially identical to

the preexisting a* value.

11. The method according to claim 6, wherein the preexisting set of optical
properties comprises a preexisting b* value and the first consequent set of optical
properties comprises a first consequent b* value that is substantially identical to

the preexisting b* value.
12. The method according to claim 6, wherein the first consequent set of optical
properties and the second consequent set of optical properties are substantially

identical.

13. The method according to claim 6, wherein after etching, the pattern is

invisible to the unaided eye.
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14. The method according to claim 6, wherein the electrically conductive

structures comprise silver nanowires.

15. A method comprising:

etching a film comprising electrically conductive structures according to a
pattern using an aqueous etching solution to provide an etched region having a
first conductivity and an unetched region having a second conductivity, the second
conductivity being greater than the first conductivity,

wherein the aqueous etching solution comprises 65 to 75% by weight of

nitric acid.
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