wo 20207205902 A1 |0 0000 KO0 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/205902 Al

08 October 2020 (08.10.2020) WIPO | PCT
(51) International Patent Classification: . .
H01B 1/22 (2006.01) C09D 11/52 (2014.01) I;“bl“hed'

(21) International Application Number:
PCT/US2020/026061

(22) International Filing Date:
01 April 2020 (01.04.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/828,674 03 April 2019 (03.04.2019) UsS

(71) Applicant: CAMBRIOS FILM SOLUTIONS CORPO-
RATION; Palm Grove House, P.O. Box 438, Road Town,
Tortola (VG).

(72) Inventor; and
(71) Applicant: SPAID, Michael, Andrew [US/US], Palm
Grove House, P.O. Box 438, Road Town, Tortola (VG).

(72) Inventor: WOLK, Jeff, Alan, Palm Grove House, P.O.
Box 438, Road Town, Tortola (VG).

(74) Agent: COOPER, William, J.; Cooper Legal Group, LLC,
6505 Rockside Road, Suite 330, Independence, OH 44131
Us).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: NANOWIRE INK PERFORMANCE CORRELATION TO NANOWIRE DIMENSION

(57) Abstract: A method for predicting at least one performance property of a transparent conductive film to be made from an ink
containing nanowires prior to making the transparent conductive film. The method includes obtaining a nanowire population from the
ink for analysis. The method includes determining at least one of lengths and diameters for all the nanowires within the population from
the ink. The method includes comparing the determined at least one of lengths and diameters to a value index that is correlated to the
at least one performance property of the to-be-made transparent conductive film.



WO 2020/205902 PCT/US2020/026061

NANOWIRE INK PERFORMANCE CORRELATION TO NANOWIRE
DIMENSION

RELATED APPLICATION
[0001] This application claims priority to U.S. Provisional Application Serial
Number 62/828,674, titled “INK” and filed on April 3, 2019, which is

incorporated herein by reference.

FIELD

[0002] This disclosure is related to evaluation of hanowire dimensions for the
purpose of predicting optical performance of a transparent conductive film that

could be made using an ink containing such nanowires.

BACKGROUND
[0003] Transparent conductive films include optically-clear and electrically-
conductive films such as those commonly used in touch-sensitive computer
displays. Generally, conductive nanowires connect with each other to form a
percolating network having long-range interconnectivity. The percolating
network is connected to electronic circuits of a computer, tablet, smart phone,
or other computing device.
[0004] During production of a transparent conductive film, an ink is utilized.
The ink minimally contains the nanowires suspended in a solvent such as
water or IPA, with additional optional constituents to improve the coating
quality, such as binders, surfactants, co-solvents, and the like. It is typically
desired to produce a nanowire-containing ink that will ultimately produce a
transparent conductive film that has at least one desirable performance
property, such as an optical performance property. However, a determination
of whether a produced transparent conductive film has the desirable
performance property occurs after the transparent conductive film is
produced. If the produced transparent conductive film does not have the
desirable performance property, such could result in wasted time, materials

and cost concerning the production.
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BRIEF SUMMARY
[0005] According to an aspect, the subject disclosure provides a method for
predicting at least one performance property of a transparent conductive film
to be made from an ink containing nanowires. The method includes obtaining
a nanowire population from the ink for analysis. The method includes
determining at least one of lengths and diameters for all the nanowires within
the population from the ink. The method includes comparing the determined
at least one of lengths and diameters to a value index that is correlated to the
at least one performance property of the to-be-made transparent conductive
film.
[0006] The above summary presents a simplified summary in order to
provide a basic understanding of some aspects of the systems and/or
methods discussed herein. This summary is not an extensive overview of the
systems and/or methods discussed herein. It is not intended to identify
key/critical elements or to delineate the scope of such systems and/or
methods. Its sole purpose is to present some concepts in a simplified form as

a prelude to the more detailed description that is presented later.

BRIEF DESCRIPTION OF THE DRAWING
[0007] While the techniques presented herein may be embodied in
alternative forms, the particular embodiments illustrated in the drawings are
only a few examples that are supplemental of the description provided herein.
These embodiments are not to be interpreted in a limiting manner, such as
limiting the claims appended hereto.
[0008] The disclosed subject matter may take physical form in certain parts
and arrangement of parts, embodiments of which will be described in detail in
this specification and illustrated in the accompanying drawings which form a
part hereof and wherein:
[0009] FIG. 1 is a flowchart of an example method in accordance with an
aspect of the present disclosure.
[0010] FIGS. 2A and 2B are plots of diameter vs length of example batches
of nanowires.
[0011] FIGS. 3A and 3B are plots of diameter vs length of example batches

of nanowires.
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[0012] FIG. 4 is a plot of percent haze vs sheet resistance for example
batches of nanowires.

[0013] FIG. 5is an image of an example spin coater that can be used in
conjunction with a method of the present disclosure.

[0014] FIG. 6 an enlarged image of typical nanowires provided via the spin
coater of FIG. 5.

[0015] FIG. 7 is an image of a microscope that can be used in conjunction

with a method of the present disclosure.

DETAILED DESCRIPTION
[0016] Subject matter will now be described more fully hereinafter with
reference to the accompanying drawings, which form a part hereof, and which
show, by way of illustration, specific example embodiments. This description
is not intended as an extensive or detailed discussion of known concepts.
Details that are known generally to those of ordinary skill in the relevant art
may have been omitted, or may be handled in summary fashion.
[0017] The following subject matter may be embodied in a variety of
different forms, such as methods, devices, components, and/or systems.
Accordingly, this subject matter is not intended to be construed as limited to
any illustrative embodiments set forth herein as examples. Rather, the
embodiments are provided herein merely to be illustrative.
[0018] The following subject matter may be embodied in a variety of
different forms, such as methods, devices, components, and/or systems.
Accordingly, this subject matter is not intended to be construed as limited to
any illustrative embodiments set forth herein as examples. Rather, the
embodiments are provided herein merely to be illustrative.
[0019] Provided herein is a method for predicting at least one performance
property of a transparent conductive film to be made from an ink containing
nanowires. The method includes obtaining a nanowire population from the ink
for analysis. The method includes determining at least one of lengths and
diameters for all the nanowires within the population from the ink. The
method includes comparing the determined at least one of lengths and
diameters to a value index that is correlated to the at least one performance

property of the to-be-made transparent conductive film.
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[0020] The morphology of a given nanowire can be defined in a simplified
fashion by its aspect ratio, which is the ratio of the length over the diameter of
the nanowire. For instance, certain nanowires are isotropically shaped (i.e.,
aspect ratio=1). In example embodiments, the nanowires are anisotropically
shaped (i.e., aspect ratio#1). The anisotropic nanowire typically has a
longitudinal axis along its length.

[0021] Nanowires (“NWs”) typically refers to long, thin nanostructures
having aspect ratios of greater than 10, preferably greater than 50, and more
preferably greater than 100. Typically, the NWs are more than 500 nm, more
than 1 ym, or more than 10 ym long. Although the present disclosure is
applicable to any type of nanowire, some discussions herein with be directed
to silver nanowires (can be presented as “AgNWs” or abbreviated simply as
“NWs”) will be described as an example.

[0022] Electrical and optical properties of a transparent conductor (TC)
layer are strongly dependent on the physical dimensions of NWs - i.e. their
length and diameter, and more generally, their aspect ratio. In general,
networks comprised of nanowires with larger aspect ratios form conductive
networks with superior optical properties; in particular lower haze. Because
each NW can be considered a conductor, individual NW length and diameter
will affect the overall NW network conductivity and, therefore, the final film
conductivity. For example, as nanowires get longer, fewer are needed to
make a conductive network; and as NWs get thinner, NW resistivity increases
— making the resulting film less conductive for a given number of NWs.
[0023] Similarly, NW length and diameter will affect the optical
transparency and light diffusion (haze) of the TC layers. NW networks are
optically transparent because nanowires comprise a very small fraction of the
film. However, the nanowires absorb and scatter light, so NW length and
diameter will, in large part, determine optical transparency and haze for a
conductive NW network. Generally, thinner NWs can provide reduced haze in
TC layers — a desired property for electronic applications.

[0024] Focusing upon some possible nanowires that may not provide some
desired qualities, some low aspect ratio nanowires (a byproduct of the
synthesis process) in the TC layer result in added haze as these structures

scatter light without contributing significantly to the conductivity of the network.
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Because synthetic methods for preparing metal nanowires typically produce a
composition that includes a range of nanowire morphologies, both desirable
and undesirable. There can be a need to purify such a composition to
promote retention of high aspect ratio nanowires. The retained nanowires can
be used to form TCs having desired electrical and optical properties.
Alternatively, the nanowires can simply be of insufficient quality to produce
desired results. Thus, one or more characteristics of nanowires have impact
upon one or more performance properties of a transparent conductive film.
[0025] One or more performance properties of a transparent conductive
film can be readily tested, measured, determined or the like once the
transparent conductive film is made. However, such does require that the
transparent conductive film be produced.

[0026] As mentioned, determining at least one of lengths and diameters for
all the nanowires within the population from the ink is used to predict at least
one performance property of transparent conductive film that could be made
using the ink with the nanowires therein. It is to be appreciated that any of
several methods, structure(s)/device(s), etc. could be utilized to make one or
more determinations about at least one of lengths and diameters for all the
nanowires. Within an example, a spin coater and a microscope, with the
microscope in reflected light, dark field mode, are utilized.

[0027] Itis to be appreciated that the at least one performance property of
the to-be-made transparent conductive film can be any one or more of several
performance properties. As an example, an optical property of the film is a
performance property. Within a specific example, the optical property can be
haze. Within a specific example, the optical property is diffuse reflection.
[0028] Itis to be appreciated that the at least one of lengths and diameters
of the nanowires, can have different effects upon different performance
properties. It is to be appreciated that various performance properties could
be affected by both lengths and diameters of the nanowires. It is to be
appreciated that lengths and/or diameters of the nanowires could affect
various performance properties based upon various metrics of the lengths
and/or diameters. Examples of such metrics of the lengths and/or diameters
can include: population densities (e.g., percentages of occurrence for ranges

of lengths and/or diameters), average(s), and the like.
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[0029] In view of the above, the present disclosure need not be limited to
any specific performance property and/or to any specific dimensioning/metric
of nanowire lengths and/or diameters.

[0030] As such, the present disclosure provides the following example
method 100 (FIG. 1) for predicting at least one performance property of a
transparent conductive film to be made from an ink containing nanowires prior
to making the transparent conductive film. The method 100 includes the step
102 of obtaining a nanowire population from the ink for analysis. The method
100 includes the step 104 of determining at least one of lengths and
diameters for all the nanowires within the population from the ink. The
method 100 includes the step 106 of comparing the determined at least one of
lengths and diameters to a value index that is correlated to the at least one
performance property of the to-be-made transparent conductive film. The
result is a prediction of the at least one performance property of the
transparent conductive film to be made from the ink, as is shown at 108.
[0031] Following is discussion showing application of the methodology of
the present disclosure. Provided are example studies.

[0032] As an example study, correlation study is provided which compares
two samples of nanowires. The samples of nanowires are identified herein as
18E0039 PR3 and 18F0041 PR3.

[0033] Within this example study, correlation analysis is performed. Within
an example, both the lengths and the diameters of the nanowires are
measured. Further within an example, the lengths and the diameters of the
nanowires are measured simultaneously. Further within an example, such
measurement is via a microscope. Still further within an example, dark field
microscopy is utilized. It is to be appreciated that different measurement
techniques, devices, etc. can be utilized and as such specifics need not be
specific limitations upon the present disclosure and that different
measurement techniques, devices, etc. are within the scope of the present
disclosure.

[0034] Specifically, within the example, nanowires being considered are
primarily nanowires, with the batch having undergone some purification

processing in an effort to remove nanostructures that are not nanowires.
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[0035] In order to quantify the number of nanowires in each batch, we have
also calculated the percentage of analyzed nanowires with the following
equation:

d>dAVE+fCId

[0036] where fis a constant and it is to understood that this is only a rough
criterion.
[0037] As an example of wire populations that could be present attention is
directed to Table 1 in which segregation by both length and diameter is
provided. Each column and row a certain range. For example, column 3
represents nanowires between 5 and 7.5 microns long, while row 4 represents
nanowires with a diameter between 2.4 and 3.2 in arbitrary units.

Table 1

13.2<=d<4
4<=d<4.8

[0038] Table 2 shows a normalization of the populations by the maximum

count in any bin.

Table 2

[0039] In order to visualize the number of hanowires in each batch,

attention is directed to FIG. 2A and 2B, which are scatter plots for the samples
identified herein as 18E0039 PR3 and 18F0041 PR3. It is to be noted that
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Batch 18F0041 PR3 tends to have shorter, larger diameter nanowires. Note
the greater grouping toward a shorter length range and greater grouping
toward a larger diameter range. As a numerical results comparison, length (1)

and diameter (d) results from the analysis, with d > dAVE + fcrd (f is constant)

are shown in Table 3.

Table

L 1(Avg.) (um)% d(Avg.) d(St. Dev.)& f=2
18E0039 PR3 9.5 2.01 0.26 2.36
18F0041 PR3 10.2 2.00 0.31 4.04

[0040] With this gathered information about the two inks, films were made
using each respective ink. Films made using nanowires from Batch 18F0041
PR3 performed worse than films made using Batch 18E0039 PR3. Films
using ink from Batch 18F0041 PR3 had higher optical haze at the same
electrical resistance. It is to be noted that Batch 18F0041 PR3 has shorter,
larger diameter wires. Note that the higher optical haze at the same electrical
resistance is consistent with the population of shorter, larger diameter wires
seen in batch 18F0041 PR3. Thus, identification of this dimension
characteristic is useable to predict at least one performance property of the to-
be-made transparent conductive film. There is a correlation of presence of
shorter, larger diameter nanowires to higher optical haze.

[0041] As another example, there is provided a comparison of inks which
are identified as 139B and 141A. See Table 4 below. Also, see FIG. 3A and
3B, which are scatter plots for the samples identified herein as 139B and
141A. It appears that there are many more short, fat nanowires in the ink
used for batch 141A. The average diameter for the 141A batch also appears
to be 10.6% larger than the 139 ink. This 10.6% refers to a difference
between values 2.19 and 2.42. It is to be noted that the batch which
performed poorly had both a larger diameter and more short, large diameter

nanowires.
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[0042] SEM results gave 141A batch 6.4% larger in diameter. Such is
determined via the following equation:

(% Large d) = (# nanowires withd >d  _+ 40 d)/(total # wires analyzed)
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Table 4
Length  [Diameter |5t Dev. d 1% Large d| Length {Clemaex)
1388 10.80 2.19 0,27 0.3% 10.40
141A 12.22 2.42 0.47 1.2% 12.60
[0043] These results are consistent with worse electrical/optical

performance when the ink of batch PC-141 is used to produce a film.
[0044]

upon this present disclosure and the method herein. The aspect of

It is to be appreciated that no single specifics need be limitation

dimension(s) of the nanowires is just used to predict film performance.
[0045]
306113 and 306115. In general, the batch 306115 has a population of

shorter, larger diameter nanowires. Such property of shorter, larger diameter

As another example, Table 5 below shows the metrics for batches

nanowires is absent from 306113. As can be appreciated upon viewing FIG.

4 and Table 6, batch 306115 yields inferior electro-optical performance.

Table 5

[0046]
significant background contribution due to the substrate. Such can be about

It is worth noting that that the haze numbers within table 6 have a

1%. So, the difference in haze is actually substantial/noteworthy than what

10
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the the raw numbers suggest without subtracting the haze contributed by the
Substrate.

[0047] As mentioned, determination of at least one of lengths and
diameters for all the nanowires within the population from the ink is part of the
methodology of this disclosure. Also, as mentioned any process to determine
at least one of lengths and diameters for all the nanowires can be utilized. As
mentioned, an example includes the use of a spin coater and a microscope,
with the microspore in reflected light, dark field mode, are utilized. For
information regarding such an example, the following is provided.

[0048] Turning back to the example that employs a spin coater and a
microscope, the following is provided as further information concerning such
an example. A spin coater, such as the example shown within FIG. 5, can be
utilized. A dilute suspension of nanowires in the solvent IPA can be spin
coated at 1000 RPM for 30 seconds on a silicon (Si) wafer. In an example, Si
wafers are used because the captured images of nanowires on silicon provide
better contrast than those taken for nanowires captured on other substrates
such as glass. A typical image of nanowires on the surface is shown in FIG. 6.
[0049] A microscope, such as the example shown within FIG. 7, can be
utilized. For the shown example, the microscope is utilized in reflected light,
dark field mode. The shown example is equipped with a motorized stage.
Typically, images can be taken of 144 different fields of view on the Si wafer
at 500x magnification. The microscope can be controlled by software which,
at each field of view, takes and saves the images of the field of view, e.g., in
TIF format, using a range of integration times. Depending on the type of
nanowire being observed, these times may range from 10-100 ms, or 20-
200ms, or even include integration times as high as 300 or 400 ms for
nanowires which have very small diameters and scatter very little light.
Shorter (or longer) integration times could be used for very large (or small)
diameter nanowires if desired.

[0050] W.ith regard to the topic of possible variation of the integration time,
the following is noted. Since the amount of light scattered by nanowires
varies as a function of their diameter, some nanowires scatter light much
more strongly than others. There must be enough light collected to be able to

detect the nanowire. Dim nanowires require long integration times. Also, the

11
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intensity of any saturated pixels associated with the image of a nanowire
cannot be measured. If the pixel in an image is saturated, meaning, for
instance, it has the value 255 on a gray scale camera where 0 means no light
and 255 is white) the true intensity of this pixel cannot be determined. The
signal at this pixel might be 255 or it might be “off-scale.” Accordingly, since
the true value cannot be known, that particular nanowire cannot be analyzed.
It is possible to use data from an image with a shorter integration time and
determine if the pixels creating the image of the nanowire are no longer
saturated.
[0051] The data is then analyzed. Within an example, a software program
could be used to perform such analysis. Such software calculates the length
of all the nanowires using image analysis algorithms, but then additionally
calculates the diameter of the nanowires according to the following protocol:
[0052] a) Determine the background intensity in the image
[0053] Db) Determine the integrated intensity in a box which extends ten
pixels beyond the limits for each given nanowire. Subtract out the background
intensity from this total
[0054] c) Reject all nanowires which: 1) have oversaturated pixels, 2) are
too close to other wires such that their integrated intensity includes
contributions from other wires, 3) have an aspect ratio less than three, or 4)
intersect with the edge of the image.
[0055] d) Using the background-subtracted integrated intensity and length
measured for the nanowires, calculate a relative diameter using the following
example relationship:

d a (Intensity/Length) /3
[0056] Itis to be appreciated that the value of the exponent or power can
be different from the example of 1/3. For example, the exponent could be
within the range of 1/5 to 1/2.
[0057] Again, different methodology, structures, etc. could be used to
determining at least one of lengths and diameters for all the nanowires within
the population from the ink. Such different methodology, structures, etc. to
determining at least one of lengths and diameters is contemplated and is to

be considered within the scope of the present disclosure.
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[0058] Unless specified otherwise, “first,” “second,” and/or the like are not
intended to imply a temporal aspect, a spatial aspect, an ordering, etc.
Rather, such terms are merely used as identifiers, names, etc. for features,
elements, items, etc. For example, a first object and a second object
generally correspond to object A and object B or two different or two identical
objects or the same object.

[0059] Moreover, “example” is used herein to mean serving as an instance,
illustration, etc., and not necessarily as advantageous. As used herein, “or” is
intended to mean an inclusive “or” rather than an exclusive “or.” In addition,
“a” and “an” as used in this application are generally be construed to mean
“one or more” unless specified otherwise or clear from context to be directed
to a singular form. Also, at least one of A and B and/or the like generally
means A or B or both A and B. Furthermore, to the extent that “includes,”
“having,” “has,” “with,” and/or variants thereof are used in either the detailed
description or the claims, such terms are intended to be inclusive in a manner
similar to the term “comprising.”

[0060] Although the subject matter has been described in language specific
to structural features and/or methodological acts, it is to be understood that
the subject matter defined in the appended claims is not necessarily limited to
the specific features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of implementing at
least some of the claims.

[0061] Various operations of embodiments are provided herein. The order
in which some or all of the operations are described herein should not be
construed as to imply that these operations are necessarily order dependent.
Alternative ordering will be appreciated by one skilled in the art having the
benefit of this description. Further, it will be understood that not all operations
are necessarily present in each embodiment provided herein. Also, it will be
understood that not all operations are necessary in some embodiments.
[0062] Also, although the disclosure has been shown and described with
respect to one or more implementations, equivalent alterations and
modifications will occur to others skilled in the art based upon a reading and
understanding of this specification and the annexed drawings. The disclosure

includes all such modifications and alterations and is limited only by the scope

13
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of the following claims. In particular regard to the various functions performed
by the above described components (e.g., elements, resources, etc.), the
terms used to describe such components are intended to correspond, unless
otherwise indicated, to any component which performs the specified function
of the described component (e.g., that is functionally equivalent), even though
not structurally equivalent to the disclosed structure. In addition, while a
particular feature of the disclosure may have been disclosed with respect to
only one of several implementations, such feature may be combined with one
or more other features of the other implementations as may be desired and

advantageous for any given or particular application.

14
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CLAIMS

What is claimed is:

1. A method for predicting at least one performance property of a
transparent conductive film to be made from an ink containing nanowires, the
method comprises:

obtaining a nanowire population from the ink for analysis;

determining at least one of lengths and diameters for all the nanowires
within the population from the ink; and

comparing the determined at least one of lengths and diameters to a
value index that is correlated to the at least one performance property of a

transparent conductive film.

2. The method of claim 1, wherein the at least one performance property

of a transparent conductive film is an optical property.

3. The method of claim 2, wherein the optical property is haze.
4, The method of claim 1, wherein the optical property is diffuse reflection.
5. The method of claim 1, wherein the method is applied as a quality

control method used to avoid making a transparent conductive film using the
ink when the step of comparing provides an indication that the at least one
performance property of a transparent conductive film would be

unsatisfactory.

6. The method of claim 1, wherein the step of comparing provides an
indication that the at least one performance property of a transparent
conductive film would be unsatisfactory when an amount of nanowires have

diameters outside of a specified diameter criteria.

7. The method of claim 1, wherein the step of comparing provides an

indication that the at least one performance property of a transparent

15



WO 2020/205902 PCT/US2020/026061

conductive film would be unsatisfactory when an amount of nanowires have

lengths outside of a specified diameter criteria.

8. The method of claim 1, including rejecting use of the ink based on an
unacceptable number of nanowires having a length outside of a specified

criterion.

9. The method of claim 1, including rejecting use of the ink based on an
unacceptable number of nanowires having a length and diameter outside of a
specified criterion.

10. The method of claim 1, wherein the nanowires include a conductive

metal.

11.  The method of claim 10, wherein the nanowires would provide an

interconnected network within a transparent conductive film.
12.  The method of claim 11, including analyzing a correlation based on a

pre-determined criteria to predict a performance of the interconnected network

within a transparent conductive film.

16
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