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SCRATCH RESISTANT TOUCH SENSOR

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority to U.S. Provisional Patent Application
No. 61/551,030, filed on October 25, 2011 titled “Touch Sensor Patterned Electrodes with

Scratch Resistance Layer,” and which is incorporated herein by reference.

BACKGROUND

[0002] Touch screen technology has become an important component of many modern
electronics, such as tablet computers and cellular phones. Typically, touch screen
technology incorporates the use of resistive or capacitive sensor layers which make up
part of the display. Screens for devices which utilize such technology are often prone to
damage due to the increased level of direct contact by the user with the screen. Such
damage typically includes both scratching and breakage of the screen itself depending on
the materials used and the use thereof. As a result, resistive and capacitive touch sensors
usually include translucent electrical insulating covers placed on top of the display
structure in order to protect and isolate the touch sensor panel from environmental
conditions, abrasion, oxygen, and harmful chemical agents.

[0003] Resistive and capacitive touch screen technologies require materials that are
both transparent and conductive to be functional. Indium Tin Oxide (ITO) is currently the
most widely used metal oxide for touch screen sensor applications because it is optically
transparent and is has fair conductive properties. ITO is commonly employed to make
transparent conductive coatings for liquid crystal displays, flat panel displays, touch
panels, solar panels and aircraft windshields. In resistive touch screens, when a user
touches the screen with a finger or a stylus, the ITO film is pushed into contact with the
ITO glass producing a voltage signal allowing a processor to compute the coordinates of
the touch event and process the appropriate response to the touch point. Although the
use of ITO is a well-known and accepted technology, it is not ideal. The main issues with
ITO are the limited supply and the rising cost of indium, in addition to its fragility, lack of
flexibility and low conductivity compared to other metals.

[0004] As previously stated, it is typical to employ glass or polyester layers as protective
covers in touch screen panels. Polyester films, while flexible, can only provide a minimal
level of hardness. Specifically, such films provide a surface harness ranging from about
2H to 4H. As a result, polyester films are susceptible to scratches. On the other hand,

glass covers, which are able to produce pencil hardness readings above 7H, do provide
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[0001] very good scratch protection. However, such glass covers do not provide a high
level of flexibility and are therefore susceptible to breaking upon impact with a hard

surface.

SUMMARY

[0002] According to a first aspect of the present invention there Is provided a scratch
resistant, touch sensor, comprising a transparent, dielectric substrate; a first conductive
layer formed on a first side of the substrate; a second conductive layer formed on a
second side of the substrate; and a scratch resistant, protective coating applied to at least
one of the first and second conductive layers, said coating comprising a cross-linked
polymer structure of mono and multifunctional acrylic monomers and oligomers having
chemical bonds that link one monomer or polymer chain to another and forming polymer

structures that are linked together in a three dimensional structure.

[0003] According to a second aspect of the present invention there Is provided a
method of manufacturing a scratch resistant, touch sensor, comprising: applying a non-
polymer protective coating solution of mono and multifunctional acrylic monomers and
oligomers to a touch sensor; and forming a cross-linked polymer structure by curing the
protective coating solution to create chemical bonds that link one monomer or polymer
chain to another and form polymer structures that are linked together In a three

dimensional structure.

[0004] The present disclosure relates to a scratch resistant, touch sensor, comprising a
transparent, dielectric substrate, a first conductive layer formed on a first side of the
substrate, a second conductive layer formed on a second side of the substrate, and a
scratch resistant, protective coating applied to at least one of the first and second
conductive layers, said coating comprising a cross-linked polymer structure of mono and
multifunctional acrylic monomers and oligomers having chemical bonds that link one
monomer or polymer chain to another and forming polymer structures that are linked

together In a three dimensional structure.

[0006] Other embodiments are directed to a method of manufacturing a scratch

resistant, touch sensor comprising: (1) applying a protective coating solution of mono and
multifunctional acrylic monomers and oligomers to a touch sensor; and (2) forming a

cross-linked polymer structure by curing the nratective coating solution to create chemical
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pbonds that link one monomer or polymer chain to another and form polymer structures

that are linked together in a three dimensional structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] For a detailed description of exemplary embodiments of the invention, reference

will now be made to the accompanying drawings In which:

[0007] Figure 1 shows a cross-sectional representation of a typical capacitive touch
screen;

[0008] Figure 2 shows a top view of an alternative capacity touch sensor screen,;

[0009] Figure 3 shows an isometric view of the capacity touch sensor screen shown In
Figure 2;

[0010] Figure 4 shows both a linear polymer structure (A) as well as a cross-linked
polymer structure (B) in accordance with an embodiment of the invention;

[0011] Figure 5 depicts a schematic view of a coating application system for applying a
transparent, scratch resistant coating in accordance with an embodiment of the invention;
[0012] Figure 6 shows a curing process In accordance with an embodiment of the
INnvention;

[0013] Figure 7 shows an i1sometric view of a touch sensor screen with a transparent,
scratch resistant coating in accordance with an embodiment of the invention;

[0014] Figure 8 depicts a schematic view of an alternative embodiment of a coating
application for applying a transparent, scratch resistant coating in accordance with an
embodiment of the invention;

[0016] Figure 9 Shows an isometric view of an embodiment of a master roll in

accordance with an embodiment of the invention;



100171 Figure 10 shows an isometric view of alternative embodiment of a touch sensor
screen with a transparent, scratch resistant coating in accordance with an embodiment of

the invention: ang
[0018] Figure 11 shows the apparatus for conducting a pencil hardness test on the

surface of the scratch resistant screen.

DETAILED DESCRIPTION
100191 The following discussion is directed to various embodiments of the invention.
Although one or more of these embodiments may be preferred, the embodiments
disclosed should not be interpreted, or otherwise used, as limiting the scope of the
disclosure, including the claims. in addition, one skilled in the art will understand that the
foliowing description has broad application, and the discussion of any embodiment s
meant only to be exemplary of that embodiment, and not intended {o intimate that the
scope of the disclosure, including the claims, is limited to that embodiment.
[0020] As used herein, the word “approximately” means "plus or minus 10%.
Additionally, as used herein, the word “transparent” means any matenal that's allows the
fransmission of light waves within a transmittance rate of 80% or greater.
100211 FIG. 1 shows a cross-sectional representation of a typical capacitive touch
screen 100. Touch screen 100, comprises a {ransparent dielectric substrate 102 that is
coated on both sides with two layers of a transparent, conductive maternial 104. In a
typical arrangement, transparent, conductive material 104 is composed of ITO, however
the transparent, conductive material 104 may also be composed of conductive plastic,
silver {Ag), gold (Au), aluminum alloys, and other matenals.
[0022] A top transparent, electrically insulating cover 106 is adhered to the top layer of
transparent conductive material 104, by means of a transparent, electrically insulating
adhesive 108. Examples of suitable materials for the transparent and electrically
insulating cover 106 include polyester film, glass, and poiycarbonate plastic. Additionally,
an example of a suitable transparent, electrically insulating adhesive 108 is 3M #8142.
[0023] Referring now to FIG. 2, a top view of a capacity touch sensor screen 200 in
accordance with the preferred embodiment is shown. screen 200 generally comprises a
thin, flexible, transparent, dielectric substrate 210, a horizontal axis 203, a verlical axis
201, a transparent, electrically conductive, capacitive grid 202, and a fransparent,
electrically conductive, capacitive tail 204
[0024] As is best shown in FIGS. 2 and 3, grid 202 is further comprised of a first
plurality of conductive lines 208 extending in a direction parallel to the hornizontal axis 203



and on one side of the dielectric substrate 210. A second plurality of conductive lines 212
extend in a direction parallel to the vertical axis 201 and on the opposing side of the
dielectric substrate 210. The first plurality of conductive lines 208 and second plurality of
conductive lines 212 are isolated by the dielectric substrate 210 and form grid 202 that, in
turn, enables the recognition of a point of user interaction with the screen. An example of
conductive capacitive grid 202 may comprise a 9 x 16 array of conductive lines or more,
with a surface area ranging from about 2.5 x 2.5 mmto 2.1 x 2.1m.

[0025] Grid 202 may also operate under a mutual capacitance principle, whereby grid
202 forms a capacitor at each intersection of each of the first plurality of conductive lines
208 and each of the second plurality of conductive lines 212. For example, a 8-by-16
array would have 144 independent capacitors. A voltage is then applied to the first
plurality of conductive lines 208 and the second plurality of conductive lines 212, such
that bringing a finger or conductive stylus near the surface of the sensor changes the
local electric field which reduces the mutual capacitance. The capacitance change at
every individual point on the grid can be measured to accurately determine the touch
location by measuring the voltage in both the horizontal axis 203 and the vertical axis
201. As a result, mutual capacitance may allow multi-touch operation where multiple

fingers, palms, or styluses can be accurately tracked at the same time.
[0026] Referring back to FIG. 2, tail 204 comprises electrical leads 214 and electrical

connectors 216 that are disposed on one side of the dielectric substrate 210 and connect
with the first plurality of conductive lines 208. Similarly, tail 204 also comprises electricai
leads 215 and electrical connectors 217 that are disposed on the opposing side of the
dielectric substrate 210 and connect with the second plurality of conductive lines 212.
[0027] In some embodiments, the first plurality of conductive lines 208, the secona
plurality of conductive lines 212, eiectrical leads 214, electrical connectors 216, electricai
leads 215, and electrical connectors 217 of screen 200 may be comprised of copper,
silver, gold, nickel, tin, palladium, and conductive polymers. Additionally, in some
embodiments, dielectric substrate 210 may comprise polyethylene terephthalate (FkT)
film, metal, paper, or glass. Specifically, suitable matenials for substrate 204 may inciude
DuPont/Teijin Melinex 454 and Dupont/Teijin Melinex 5T505, the latter being a heat
stabilized film specially designed for processes where heat treatment is involved.

10028] Most protective coatings applied in touch screen devices exhibit a polymer-based
molecular structure. Polymers are relatively large molecules which result from chemicaily

linking thousands of relatively small molecules called monomers. Monomers, due to their



weak intermolecular forces, can exist in the form of gases, liquids, or structuraily weak

molecular structures.
[0029] FIG. 4 shows an example of a linear polymer structure A and a cross-linked

polymer structure B. As used herein, the term "Cross-Linked” refers to chemicai bonds
(covalent or ionic) that link one monomer or polymer chain to another. in a typicai
polymerization reaction, monomers with dual functional groups are joined together to form
polymers in a linear polymer structure A. However, screens made with a polymer-based
coating containing linear polymer structure A, are not usually scratch resistant. Therefore,
in order to increase the scratch resistance of the coating film, the mechanical strength of
the polymeric coating needs to be enhanced.

[00630] Cross-linked polymer structures B are linked together in a three dimensional
structure that increases the intermolecular forces (usually covalent bonds) within the
polymer chains and reduces the polymeric chain relaxation that usually manifests as a
dent or gouge under pressure. Therefore, polymer-based coating films which contain
cross-linked polymer structures B, will tend to have scratch resistant properties.

[06031] Although the molecular strength is higher for a cross-linked polymer structure,
application or coating of the polymer onto a substrate or screen may not be possibie
through a solution process. This is due to the fact that cross-linked polymers cannot
dissolve in any solvent and can only swell when placed therein. Coating compositions
normally need to be in a liguid state to allow molecules to move and react more efficiently.
Materials with low density, cross-linked materials behave as viscous, liquid-like gels, while
materials with high density cross-linked networks are very rigid in their solid state.
Therefore, in order to achieve a cross-linked structure after it is appiied {0 a substrate or
screen in a liquid form, it is necessary to form a cross-linked structure after the coating is
applied.

[0032] Embodiments of the current invention employ a scratch resistant, protective
coating based on a cross-linked structure that does not originate from a polymer chain.
Instead, the coating may be comprised of monomers that react simultaneously at different
joint points to create a cross-linked, three dimensional polymer structure that exhibits very
high cross-linked densities, and hence, scratch resistant features. Specifically, the
fransparent, scratch resistant coating may comprise mono and multifunctional acrylic
monomers and oligomers. This coating may be applied over a touch sensor screen
protecting the screen from environmental conditions, chemicals, wear, abrasion,

scratches, thereby eliminating the need to use an extra insolating glass or PET cover 106

as shown in FIG. 1.



[0033] Referring now to FIG. 5, a coating application system 500 is shown for applying a
transparent, scratch resistant coating 504 to a touch sensor screen 200 is shown. Coating
application system 500 generally includes a vessel 502 that further contains a transparent
coating solution 503 in a liquid state. In order to apply the protective coating 504 to screen
200, screen 200 may be immersed in the coating solution 503 contained in the vessel 502
and then withdrawn at a constant speed and temperature to avoid any jitters. In some
embodiments, only the grid 202 requires protective coating 504 since it is the area that
the user will interact with. Accordingly, the electrical leads 214, 215 and electrical
connectors 216, 217 may not require protection since the user is not interacting with
them. However, in other embodiments, the scratch resistant coating 504 may be appilied
to at least a portion of the electrical leads 214, 215 and electrical connectors 216, 217.
[0034] Referring briefly to FIG. 7, an isometric view of the combination of screen 200
and coating 504 is shown after passing through the coating application system 500
described in FIG. 5 above.

[0035] Referring again to FIG. 5, the thickness of the scratch resistant coating 504 may
be defined, at least in part, by the withdrawal speed of the screen 200 from the vessel
502. More specifically, a faster withdrawal speed pulls more fluid up onto the surface of
the screen 200 before it has time to flow back down into the vessel 502. Withdrawal
speed may vary in some embodiments from about 1 in/min to 1 f/min, while thickness
may range from about 5 to 50 microns with 20 microns being preferred. Other factors that
may affect the thickness of the scratch resistant coating 504 may include the viscosity,
density, volatility of solvents used, and solid content of the coating soiution 503. in some
embodiments, the scratch resistant coating 504 exhibits a combination of 70% to 80%
solid content with a photo-initiator concentration in the range of about 1% to about 6%,
and about 20% to 30% solvent to regulate viscosity. The addition of solvent into the
coating solution 503 does not affect the properties of scratch resistant coating 504
because it evaporates afler application.

[0036] Referring now to FIG. 6, after transparent, scraich resistant coating 504 is
applied to screen 200 via the coating application system 500 (FIG. 3), the coating 504 is
cured via a curing process 600. Curing process 600 generally includes a conveyor 601,
and an ultraviolet (UV) light source 602. During operation, the combination of screen 200
and coating 504 is moved along conveyor 601, such that UV light source 602 cures
coating 504 as it passes by. In some embodiments, UV light source 602 is an industrial
grade UVA light source which will enable coating 504 to cure in a very short period of

time. Specifically, curing may take place on the order of about 0.1 to 2.0 seconds.



Additionally, in some embodiments, UV light source 602 has a wavelength of about 280
to 480 nm, with target intensity in the range of 0.5 to 20.0 Jlcm®. Furthermore, in order to
achieve higher levels of cross link density, the UV light curing process described above
should be carried out in an inert gas environment or in an environment substantially free
of oxygen. An example of a suitable inert gas for this process Is nitrogen.

00371 In other embodiments, curing of the scratch resistant coating 504 s
accomplished by means of a thermo-curing process. During a thermo-curing process the
combination of screen 200 and coating 504 goes through a line conveyor within a thermal
oven whereby heat radiation is applied to cure the scratch resistant coating 504 and allow
the formation of a cross-linked polymer structure therein. Heat radiation applied on the
scratch resistant coating 504 may range in temperatures from about 70°C to 100°C for a
time period of approximately 5 to 300 seconds. Furthermore, in order to achieve higher
levels of cross link density, the thermo-curing process described above should be carried
out in an inert gas environment or in an environment substantially free of oxygen. An
example of a suitable inert gas for this process is nitrogen or carbon dioxide.

[0038] in still other embodiments, curing of the scratch resistant coating 504 is
accomplished by means of appling ionizing radiation to the coating 504. For example, in
the embodiment shown, an electronic beam (E-beam) curing process is used to cure the
coating 504. An E-beam curing process applies an electron discharge 404 to cure the
scratch resistant coating. More specifically, an E-beam curing process utilizes highly
energetic electrons at controlled doses to quickly polymerize and cross-link polymeric
materials. There is no need to use either a thermo or photo initiator within transparent,
scratch resistant coating 504 when employing an E-Beam curing process, because the
electrons within the solution act as the initiator. E-beam doses applied {o the scratch
resistant coating 504 may range from about 0.5 {o 5.0 MRads. As with other curing
methods, in order to achieve higher levels of cross link density, the E-beam curing
process described above should be carried out in an inert gas environment or in an

environment substantially free of oxygen. An example of a suitable inert gas for this

process is nitrogen.
[0039] Crosslinking density refers to the percentage of cross-linked bonds within a given

nolymer. Such density is related to reaction time and temperature. Generally, a higher
ntensity and faster reaction translates into a higher cross-linked density. Cross-link
density for coating 504 may range from about 80% to 70% for a UV curing process (EX.
the coating application system 500 shown in FIG. 6), 50% to 80% for a thermo-curing

process, and up to 80% for an E-beam curing process. In light of the foregoing, a UV



curing process is an effective curing method from a manufacturing perspective when one
considers processing speed, cost, and power requirements.

[0040] Referring now to FIG. 8, an alternative embodiment of a coating application
system 800 is shown. Whereas coating application system 500 (FIG. 5) employs a dip
coating method, the alternative coating application system 800 appiies coating solution
504 to the first plurality of conductive lines 208 using a flexographic or grauve printing
orocess. Coating application system generally comprises an unwind roli 802, a web
cleaner 804, a flexographic printing module 809, a UV light source 816, and a wind-up roll
803. During operation, screen 200 is unrolied from unwind roll 802, passes through web
cleaner 804 where dust particles and impurities are removed, and enters into flexographic
printing module 809 where coating 504 is deposited on the surface of screen 200. The
combination of screen 200 and coating 504 then moves past UV light source 816 where
coating 504 is cured and a cross-linked polymeric structure is formed, as is described
above. Finally, the combination of screen 200 and coating 504 is deposited on windup roil
803. The above mentioned steps and modules will be described in more detail below.
[0041] Flexographic printing module 8092 generally includes a coating pan 808, a
transfer roll 810, an anilox roll 812, a doctor blade 814, and a master plate 806. Coating
pan 808 contains an amount of coating solution 503 and is positioned such that some
portion of the coating solution 503 contained in coating pan 808 is deposited onto transfer
roll 810 as it rotates on a fixed axis. Coating solution 503 is then transferred from transfer
roll 810 to anolix roll 812 at a point where anilox roll 812 contacts transfer roll 810. In
some embodiments, anilox roll 812 is constructed of a steel or aluminum core and its
outer surface is covered by an industrial ceramic whose surface contains a large number
of very fine dimples referred to as cells.

[0042] Excess coating is then scraped away by means of the doctor blade 814. Doctor
blade 814 is placed in a fixed location such that only a specifically desired amount of
coating solution 503 remains on anilox roll 812 after the excess Is scraped away. The
measured amount of coating solution 503 is then deposited onto master roli 8306 which
rotates around such that coating solution 503 is deposited on the surface of screen 200.
Master roll 810 has a printing pattern 902 distributed along its outer surface that may
match the orientation of the first plurality of conductive lines 208, disposed of on screen
200 such that coating solution 503 may be distributed only on areas of screen 200 In
which a user will interact. In other embodiments, coating solution 503 will be uniformiy
printed along the entire surface of screen 200. Referring briefly to FIG. 9, an isometric
view of an embodiment of master roll 806 is shown such that printing pattern 802
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presented in greater detail. Referring back to FIG. 8, once the combination of screen 200
and coating 504 leaves flexographic printing module 809, it moves toward UV light source
816 such that coating solution 504 is cured in the same manner as is described above.
10043] Referring to FIG. 10, an isometric representation of the combination of screen
200 and coating 504 is shown after passing through the coating application system 800
described in FIG. 8 above.

0044] Referring now to FIG. 11, a pencil hardness test 1100, which complies with test

method ASTM D3363, for measuring the surface hardness of coating 504, is shown. To
perform the test, a pencil 1104 is selected from set of pencils that exhibit hardness

ranging from 6B to 9H. Selecting from highest to lowest hardness, a first pencit 1104 is
loaded into the measuring cart 1106. The measuring cart 1106 used in this test is the
Eicometer 3080 which is commercially available from BAMR. This measuring instrument
enables pencil 1104 to be maintained at a constant pressure force of about 7.5 N, ang at
the appropriate angle, which increases the reproducibility of the test. With pencil 1104
loaded, measuring cart 1106 is moved across the surface of coating 504. if the penci
1104 leaves a scratch, the next softer pencil 1104 is used and the process is repeated.
The hardness number of the first pencil 1104 that does not leave a scratch is considered
the pencil hardness of coating 504.

[0045] Using thicknesses from about 5 to 50 microns, pencil hardness of coating 504 on
top of the substrate film 1102 that is made of PET is measured from ZH up to 8H.
Performance characteristics of coating 202 that is applied to a PET substrate 204 are

shown in Table 1.
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CLAIMS

What Is claimed Is:

1. A scratch resistant, touch sensor, comprising:

a transparent, dielectric substrate;

a first conductive layer formed on a first side of the substrate;

a second conductive layer formed on a second side of the substrate; and

a scratch resistant, protective coating applied to at least one of the first and second
conductive layers, said coating comprising a cross-linked polymer structure of mono and
multifunctional acrylic monomers and oligomers having chemical bonds that link one

monomer or polymer chain to another and forming polymer structures that are linked

together In a three dimensional structure.

2. The scratch resistant, touch sensor of claim 1 wherein:
the first conductive layer further comprises a first plurality of conductive lines; and
the second conductive layer further comprises a second plurality of conductive

lines.

3. The scratch resistant, touch sensor of claim 1 wherein the cross-link density of the

scratch resistant, protective coating is at least 50%.

4 A method of manufacturing a scratch resistant, touch sensor, comprising:

applying a non-polymer protective coating solution of mono and multifunctional
acrylic monomers and oligomers to a touch sensor; and

forming a cross-linked polymer structure by curing the protective coating solution
to create chemical bonds that link one monomer or polymer chain to another and form

polymer structures that are linked together in a three dimensional structure.

S, The method of claim 4 wherein applying the non-polymer protective coating
comprises applying a solution of mono and multifunctional acrylic monomers and

oligomers.

o. The method of claim 4 wherein curing the protective coating solution Is conducted

IN an environment of an inert gas.
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/. The method of claim 4 wherein forming the cross-linked polymer structure

achieves a cross-link density of 50% or higher.

8. The method of claim 4 further comprising:

forming a first plurality of conductive lines on the scratch resistant, touch sensor:;
and

forming a second plurality of conductive lines on the scratch resistant, touch
SENSOTr;

wherein the first plurality of conductive lines and the second plurality of conductive
ines are disposed on a first and second side of a transparent, dielectric substrate,

respectively.

9. The method of claim 8 wherein applying the non-polymer protective coating
solution comprises applying the protective coating solution only to the first plurality of

conductive lines.

10. The method of clam 4 wherein applying the non-polymer protective coating
solution comprises dipping the touch sensor screen into a vessel containing the protective

coating solution.

11. The method of clam 4 wherein applying the non-polymer protective coating

solution comprises a flexographic printing process.

12. The method of claim 4 wherein applying the non-polymer protective coating

solution comprises either a slot-die or Gravure coating technique.

13. The method clam 4 wherein curing the protective coating solution comprises

applying a UV light source having a wavelength from 280 to 480 nm.

14. The method of claim 4 wherein curing the protective coating solution comprises

applying 1onizing radiation to the protective coating solution.

15.  The method of claim 14 wherein applying the ionizing radiation comprises applying

doses of electrons ranging from 0.5 to 5 MRads.
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