Office de la Propriete Canadian CA 2954837 A1 2013/04/18

Intellectuell Intellectual P t
du Canada office on 2 954 837
g-rngﬂgﬁﬁfgaena i ﬁgsgtf;“‘éyaﬂ; i (12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(22) Date de depot/Filing Date: 2012/10/11 (51) Cl.Int./Int.Cl. HO1B 1/20 (2006.01),

B82Y 30/00 (2011.01), HO1B 1/24 (2006.01)

(71) Demandeur/Applicant:
FLEXCON COMPANY, INC., US

(72) Inventeurs/Inventors:
BURNHAM, KENNETH, US;
SKOV, RICHARD, US

(74) Agent: SMART & BIGGAR

(41) Mise a la disp. pub./Open to Public Insp.: 2013/04/18

(62) Demande originale/Original Application: 2 852 023
(30) Priorité/Priority: 2011/10/13 (US13/272,527)

(54) Titre : MATERIAUX ELECTROCONDUCTEURS FORMES PAR ELECTROPHORESE
(54) Title: ELECTRICALLY CONDUCTIVE MATERIALS FORMED BY ELECTROPHORESIS

18

20

|
e

(57) Abrege/Abstract:
A method of forming an electrically conductive composite Is disclosed that includes the steps of providing a first dielectric material

and a second conductive material that I1s substantially dispersed within the first dielectric material; and applying an electric field

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 2954837 A1 2013/04/18

ey 2 954 837
(13) A1

(57) Abrege(suite)/Abstract(continued):
through at least a portion of the combined first dielectric material and second conductive material such that the second conductive

material undergoes electrophoresis and forms at least one electrically conductive path through the electrically conductive
composite along the direction of the applied electric field.
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ABSTRACT

A method of forming an electrically conductive composite 1s disclosed that
includes the steps of providing a first dielectric material and a second conductive material
that is substantially dispersed within the first dielectric material; and applying an electric
field through at least a portion of the combined first dielectric material and second
conductive material such that the second conductive material undergoes electrophoresis
and forms at least one electrically conductive path through the electrically conductive

composite along the direction of the applied electric tield.
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ELECTRICALLY CONDUCTIVE MATERIALS
FORMED BY ELECTROPHORESIS

BACKGROUND OF THE INVENTION

e S AT RATET T D e N e

. smrms sess

The invention generally relates to conductive polymeric and elastomeric materials

for use in a wide variety of applications, including without limitation, conductive

adhesives, conductive gaskets and conductive films.

The design of an electrically conductive pressure sensitive adhesive (PSA), for
example, for has long presented challenges at least becaunse adhesive strength and

flexibility generally decrease with increased electrical conductivity. The matenals that

are typically used (added} to provide good electrical conductivity are generally less

fiexible and inhibit adhesion. A conventional way to prepare a conductive coating 1s to

fill a polymeric material with conductive particles, e.g., graphite, silver, copper, etc., then

coat, dry and cure the polymeric binder. In these cases the conductive particles are in

such a concentration that there 1s a conductive network formed when the particles are
each 1n physical contact with at least one other neighboring particle. In this way, a
conductive path 1s provided through the composite. |

For pressure sensitive adhesives, however, if the particle concentration is high

enough to form a network in which particle-to-particle contact is maintained then there is

little chance that the polymer (e.g., elastomer) system of the PSA component 1s present in
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high enough concentrations to flow out to make surface-to-surface contact between the
substrates and an electrode, 1.e., act as an adhestve, Conversely, if the PSA component is
sufficient concentration to make sufficient surface contact to the substrate, ;it would have
to interrupt adjacent conductive particles such that pax‘ticle-to-particje contact 1is
disrupted.

Another type of electrically conductive PSA includes 0011ductiVé- 'sph:erical

particles with diamcters cqual to or greater fhan the thickness of the PSA. In this fashion

the signal or current may be cairied along the surface of the particles, thus providing -
;:urren't 'ﬂo.w anisolropica;lly In the z dirﬁension of the adhesive. -The continuity (jf the
adhesive however, may be compromised.

Salts, such as sodium or potasstum chloride, readily dissolvé when 1n an
aqueous medium, and their ions dissociate (separate into positive and negative ions). The
dissociated lons may then convey an electrical current or signal. For this reason, salts
have long been added to water, which then may be added to polymeric and elastomeric
materials, to provide good electrical conductivity. For example, US Palent No.
6,121,508 discloses a pressure sensitive adhesive hydrogel for use in ‘a biomedical
electrode. The gel material is disclosed to include at least water, potassiun%x chloride and
polyethylene glycol, and is disclosed to be electrically conductive. US Patent No.
5,800,685 also discloses an electrically conductive adhesive hydrogel that igcludes water,

salt, an initiator or catalyst and a cross linking agent. The wse of such hydrogels

however, also generally requires the use of a conductive surface at one side of the
hydrogel (away from the patient) that is capable of receiving the ioni cally conductive

charge, such as stiver / silver chloride, which is relatively expensive.
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While these hydrogel/adhesives can have good electrically conducti:vc properties,
they often have only fair adhesion properties. Another downside is that the electrical
conductivity changes with changing water content, such as changeis caused by
evaporation, requiring that the hydrogels be maintained in a sealed envil'oﬁment prior to
use, and then used for a ltmited period of time only due to evaporation. -

U.S. _Patent No. 7,651,638 discloses a water insensitive altemiat’ing current
responsive .composite that includes a polymeric material and a polar materi%al (sudq as E;n -
Organo salf) that 1s substantially dispersed within thé poljznieric material, fhe polymeric a
nﬁateﬁal and the polar.-material are chosen such that they' ;each exhibit a nltlitlal attractibn |
that 1s substantially the same as the attraction to itself. Because of this, the j::-ol ar material
neither clumps together nor blooms to a surface of the polymeric material, but remains
suspended within the polymeric material. This Is in contrast to the use of? salts in other
applications that is intended to bloom to the surface (to provide a conductive layer along
a surface, e.g., for static discharge) ‘

The composites of U.S. Patent No. 7,651,638, however, remain dielectrics and
have high resistance, and are therefore not suitable for use in certain applications, such as
providing electrical stimulus to a human subject (such as is required during; defibrillation
and / or Transcutaneous Electrical Nerve Stimulation, etc.) due to the highg resistance of
the material. While such composites may be used for detecting small biological electric
signals from a patient, a problem therefore, can arise when a patien’[;E undergoes a
defibrillation procedure because the high resistance could prevent the chérge overload

from dissipating in a timely enough fashion as per AAMI EC12-2000 — 4.2‘.2.4, which 1s

directed to defibrillation overload recovery (DOR). This failure to dissipﬁte the ‘chargc
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may lead to uncertainty as to whether or not the defibrillation procedure has corrected the
distress and therefore whether any further charge needs to be given to the patient.

U.S. Patent No. 5,082,595 discloses an electrically conductive pressure sensitive
adhesive that includes carbon particles, and the conductive adhesive is dlé'sclosed to be
prepared by incorporating black filler (carbon) into the pressure sensitive adhesive in

such a manner as lo impart electrical conductivity, yet have a concentration low enough

' to avoi-d_ adversely affectmg the physical properties (such as tack) of the;fadhesive. In

particular, this patent states that a slury of the carbon black in an organic solvent is
formed un'cji{e1°:mild, agitation or stirring 1n the absence of high shear t(; preserve 'th.e o
structures carbon black may form and to improve wetting of the carbon Elhcli. Such a
composite, however, may not provide sufficient adhesiveness and conducti}fity in certain
applications. Nor may such structures be discreetly placed to form conduction sifes only
at speciiic locations within a contmuous adhesive.

There remains a need therefore, for a composite for use as a conduct;ive polymeric
material that provides. electrical conductivity without compromisingé the desired

properties of the polymeric material.

SUMMARY OF THE INVENTION

In accordance with an embodiment, the invention provides a method of forming
an electrcally conductive composite comprising the steps of providing a first dielectric
material and a second conductive material that is substantially dispersed within the first

dielectric material; and applying an clectric field through at least a pbrtion of the

combined first dielectric material and second conductive material such that the second
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conductive material undergoes electrophoresis and forms at least one electrically
conductive path through the composite along the direction of the applied electric field.

In accordance with another embodiment, the invention provides an -electrically
conductive material comprising a dielectric material and conductive particles within the
dielectric material, wherein the conductive particles are aligned to form conductive paths through
the composite by electrophoresis.

In accordance with further embodiments, the dielectric material may be a pressure
sensitive adhesive, the conductive particles may be formed of any of carbon powder, flakes,

granules or nanotubes, and the conductive particles may have densities within the range of about

0.35 g/cm’ and about 1.20 g/cm’.

In one aspect, there is provided a method of forming an electrically conductive composite
having a thickness In a z direction that is substantially less than a length in an x direction and a
width 1n a y direction, said method being characterized as comprising the steps of: providing a
first dielectric matenal and a second conductive material that is substantially dispersed within the
first dielectric material, said first dielectric material being a high viscosity viscoelastic liquid,
said second conductive material including particles having a surface energy greater than a

surface energy of the first dielectric material, said particles being substantially smaller than the
thickness of the composite, and said particles remaining suspended within said first dielectric
material in a concentration insufficient to provide particle-to-particle electrical conductivity
through the composite in the z direction; and applying an electric field through at least a portion

of the combined first dielectric material and second conductive material such that the second

conductive material undergoes electrophoresis and forms at least one electrically
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conductive path through the electrically conductive composite along the direction of the applied
electric field while the first dielectric material remains highly viscoelastic.

In another aspect, there is provided a method of forming an electrically conductive
composite having a thickness in a z direction that is substantially less than a length in an x
direction and a width in a y direction, said method being characterized as comprising the steps
of: providing a first dielectric material, a second conductive material that is substantially
dispersed within the first dielectric material, and a third polar material that is substantially
dispersed within the dielectric material, said first dielectric material being a high viscosity
viscoelastic hiquid, said second conductive material including particles having a surface energy
greater than a surface energy of the first dielectric material, said particles being substantially
smaller than the thickness of the composite, and said particles remaining suspended within said
first dielectric material in a concentration insufficient to provide particle-to-particle electrical
conductivity through the composite in the z direction; said third polar material being responsive
to an alternating clectric field; and applying an electric ficld through at least a portion of the
combined first dielectric material and second conductive material such that the second
conductive material undergoes clectrophoresis and forms at least one electrically conductive path

through the electrically conductive composite along the direction of the applied electric field
while the first diclectric material remains highly viscoelastic.

In another aspect, there is provided an eiectrically conductive material comprising a
dielectric material and conductive particles, wherein the conductive particles are aligned to form

conductive paths through the composite by electrophoresis, and wherein the conductive particles

remain aligned without curing the dielectric material.
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In another aspect, there is provided an electrically conductive material comprising a
dielectric material, polar material substantially disbursed within the dielectric material, and
conductive particles, wherein the conductive particles are aligned to form conductive paths

through the composite by electrophoresis.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description may be turther understood with reference to the accompanying
drawings in which:

Figure 1 shows an illustrative diagrammatic view of a composite in accordance with an
embodiment of the invention prior to electrophoresis;

Figure 2 shows an illustrative diagrammatic view of the composite of Figure 1 in the
presence of an electric field sufficient to cause electrophoresis in the composite;

Figure 3 shows an illustrative diagrammatic view of the composite of Figure 2 after the
electric field has been applied and removed:

Figurc 4 shows an illustrative diagrammatic view of the composite of Figure 3 used for

conducting electricity from one side of the composite to the other side of the composite;
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Figures 5A — 5C show illustrative diagrammatic views of the composite of Figure
I at successive moments after a direct current (DC) overcharge electric field is applied
showing the electrophoresis activity:

Figures 6A and 6B show illustrative diagrammatic views of the%composite of
Figure 1 at successive moments after an alternating current (AC) overchargé: electric field
ts-applied showing the electrophofesis activity;

- Figures 7 and 8 show il]ustrative_diagrammatic views of the conductive pathways

 formed in the polymeric material;

Figm'es 9 and 10 show,illuétrﬁtiVe mictro-photo graphic '»'riéws" of 'coniﬂpo.sites of the
invention at different magnifications: and

Figures 11 and 12 show illustrative diagrammatic views of 001nposi£es of a further
embodiment of the invention before and after electrophoresis proviciing electrical
conductivity in multiple dimensions. .

The drawings are shown for illustrative purposes only and are not to'scale.

DETAILED DESCRIPTION

Applicants have discovered that conductive materials may bc formed by
electrophoresis whereby conductive particles (e.g., 5% by weight carbon pszticles) within
a dielectric material (e. g.; a pressure sensitive adhesive) migrate when sﬁbjected to an
electric field by aligning with the field to form conductive pathwaysé through the
composite. -

The rcquirements for the dielectric material (e.g., polymeric material) and the

conductive maierial include that the materials interact in such a way that the conductive

BRI A G A S— A sl v w—win . ——— "
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material does not bloom to a surface of the binder material. If conductive material has a
surface energy greater than that of the dielectric material, then the condﬁctive material
should remain suspended within the dielectric material yet not beé in sufficient
concentrations to provide particle-to-particle electrical conductivity throug?h the matcrial
prior to the application of an electric field.

Figure 1 for example, shows a composite 10 in accozfdance with alzl embodimen;t

of the invention that includes a dielectric material 12 and co.nductivé‘ particles 14

| di'spersed. Within the dielectric material 12. This may . be achieved, foﬁ_exanﬁple, by

in'troducing the conductive material (while dispersed in an evaporative coxitiﬁubus liquid
phase) into ;che liquid polymeric material and then permitting the liquidE phase of the
dispersion of conductive particles to evaporate leaving the conductive mateérial within the
polymeric material. In gccordance with an embodiment of the invention, éthc polymeric

material may, for example, be an acrylic adhesive such as may be representéd as

(~CTy - CH -
!
CO.R

where R may vary and may be any of an ethyl, or a butyl or a 2-et11ylhexyl or other
organic moiety, and n is a number of repeating units. For example, fthf: polymeric
material may be a FLEXcon V95 pressure sensitive adhesive as sold by FLEXcon
Company, Inc. of Spencer, MA.

As shown in Figure 2, when an electric field 18 {(e.g., 5, 10, 50, 106, 200 volts or
higher AC or DC) 1s applied to the composite at conductors 20, 22. the conductive

particles 14 undergo electrophoresis and will align with the electric ﬁe}d, forming a

conductive path through the composite. As shown in Figure 3, when the field is
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removed, the conductive particles 14 remain in place forming the'conducti:ve path. The
composite may then be used to conduct electricity between, for example conductors 26
and 28 as shown in Figure 4. -

The conductive particles should have a surface energy that is at% least slightly
greater than that of the dielectric material to ensure that the dielectric matel'ial sufficiently
wets the surface of the conductive particles. The density and surfacé: area -of ‘the
conduc.tivit_y' éf the particles 14 are important considerations. | App]icanté h%avé féund, for
example, that carbon (e.g., grajahi_te powder, flakes, granules, nanonlbcsi;:tc.) lla*;fing'
densities in the range of, for example, about 0.35 g/em? to. ;;Lboui .1.250' g/cmé, ‘and
preferably between about 0.5 g/cm® to 1.0 g/em?, are suitable for use as tile conductive
material. The surface energy of the graphite is, again, preferably higher th%an that of the
dielectric to ensure sufficient wetting of the surfaces of the particles 14. In the above
example, the graphite particles have a specific surface energy of 55 dynés/cm and the
diclectric disclosed above has a surface energy of a little less than 40 dynes/;:m.

Figates 5A — 5C show the process of the electrophoresis thaté occurs upon
overcharging in more detail. As shown in Figure 5A, when a DC voltag:e potential is
applied, e.g., 5, 10, 50, 100 or 200 volts or higher, a patticle 14a that is néar the surface
aligns in the z-direction. Once this occurs, the inner end 16a of the particie 14a 18 now
closer to the opposing surface (as also shown in Figure 5A), causing the icharge on the
inner end 16a to be slightly higher than the charge on the surrounding inner fsurface of the
composite. This causes another nearby particle 14b to be attracted to the inI;er end 16a of

the particle 14a as shown in Figure 5B. The inner end of the particle 14b is now highly

charged, causing nearby particle 14¢ to be attracted to it as shown in Figuré 5C. Further
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particles (e.g., 14d as shown) are further attracted to the ends of the thus formed path,
This all occurs rapidly and the attractive/aligning force causing the electrophoresis is
believed to become stranger as the path is formed.

As shown m Figure 6A, when an AC voltage is applied (again, e.g., 5, 10, 50, 100

or 200 volts or higher), the particles 15a and 15b form along a first side of the composite

12 that has a positive voltage applied to it at a first conductor 31. When a positive

- voltage charge is then applied at the opposite conductor 33, the conductive pai*_ticlés 15¢

and 15d then begin to apgglomerate from the lower side of the. composite as shown in

| 'Pigure 6B. By thus alternating the aggiomeration process between opposite sides, the AC

overvoltage causes a path to be formed that essentially meets in the middle.

Regardiess of whether the charge is DC or AC, the higher the voltémge, the faster
the particles align, and with a relatively low voltage (e.g., about 5 volts (;r higher), the
particles aligh more slowly, but do still cventually align., This z;gglomeration
phenomenon may be referred to as electrophoretic (in the presence of a DC ftield) or
dielectrophoretic (in the presence of an AC field), both of which are referre;d to herein as
an electrophoresis process.

As shown m Figure 7, following application of a voltage as discusszed-above over
a small area of the composite, multiple conductive paths 38 will be formed through the
composite, wherein each conductive path is formed by aligned conductive ;pal“ticles. AS
shown m Figure 8, groups of such conductive paths 40, 42, 44 may be separﬁted from one
another through selective application of distinct electric fields, permitting ;selected areas

of the composite to be electrically conductive, while other areas 46 of the composite

exhibit a high dielectric constant and are therefore not electrically conductive.
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In accordance with an embodiment, 1 one example, to a liquid sample of
FL.EXcon’s V-95 acrylic PSA was added 5% by weight (solhids of the V-85 FLEXcon and

Arquad ™ blend) of a carbon particle (the Agquablack™

35909 carbon particles from
Solution Dispersions Inc., Cynthiana KY), which was uniformly dispersed within the
polymer. This mixture was coated onto a 2 mil (50 micron) siliconized one side PET
[1lm. dried and cured fo: 10 min in a 160 F vented laboratory oven, to a dnied deposition
of 2 mil (50 micron). Upon placing the carbon particle in the V-95 acrylic adhesive

composite between two electrodes, and electrically charging the electrodes, conductive

structures were formed. It has further been found that the composite has a Z dimension

directionality to the signal receptivity. This maintenance of Z dimensionality allows this

adhesive to be used in applications as disclosed m U.S. Patent Application Publication

No. 2010-0036230, which teaches the formation of a bio-sensor array fashioned with one

continuous layer of adhesive.

Composites 1n accordance with certain embodiments of the present invention,
begin with substantially separated particles uniformly dispersed within, for example, an
adhesive. In a subsequent step, an electric field s applied to form the conductive
structures. This 15 a aecided advantage as it allows the placement of conductive

structures in the Z dimension at specific XY, locations thus allowing for a specific point

1o point electrical contact.

Again, with reference to Figure 7, multiple parallel paths 48 may be formed

simultaneously upon application of a wide electric field. The distance between the paths

will depend on the thickness of the material 12 and the concentration of conductive

particles as well as any surface irregularities on the outer surfaces of the material 12. As
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shown in Figure 8, discrete sets of such paths 40, 42, 44 may be separated from one
another providing areas of non-conductive portions 46 there-between ‘through application
of electric fields in discrete areas (adjacent sets of paths 40, 42, 44).
The foliowing Examples demonstrate the effect of the conductive particle addition

fo the binder material discussed above.

Exampie 1

To a hgud sampie of FLEXcon’s V-95 acrylic PSA, is added a polar material,
Arquad ™ HTL-8 (AkzoNobe!), 20% by weight on solids, to this 5% by weight (solids of
the V-95 and Arquad ™ blend) of a carbon particle (Aquablack™ 5909 from Solution
Dispersions Inc., Cynthiana KY), which was uniformly dispersed and was designated as
Sample 1. This mixture was coated on a 2 mil {50 micron) siliconized one side PET film,

dried and cured for 10 min in a 160 F vented laboratory oven, to a dried deposition of 2

‘mil (50 micron).

Also prepared at this time was the composite of just the V-95 acrylic adhesive and
the f"u'quadTM {20% by solids weight), no carbon, as per the disclosure 1n U.S. Patent No.
7,651,638 and was designated as Sample 2.

This mixture was also 2 mil (50 microns) stliconized on one side of a PET film,
dried and cured for 10min in a 160 F vented laboratory oven. to a dried deposition of 2

mil (50 microns) and was designated as Sample 2.
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Simi'larly a third sample was prepared consisting of only V-95 acyylic adhesive
and 5% carbon, no polar material (Arquad), processed in the same manner EjtS for samples
I and 2, and was designated as Sample 3. .
All three samiples were tested on a conductive base material consistiﬁg of a carbon
5 filled poly_meric film with a surface resistance of ~100 olnns/squali'c, using -the
experimental product designated EXV-215, 90PFW (as sold by FLEXcon (gjompany, Inc.
- of Speﬁcef, Massachusetts). The samples were tested usiﬁé a QuédTecki LCR Mo'del.
- 1900 testing device sold by QuadTech, Inc. of Méi‘]b01‘011gh, MA. '
o In p;?lrtiCLI]&r; all three samples were tested as. per AAMI EC12—2%OOO-—- '4.2.-:2.1 -
10 (modiﬁed) and AAMI EC12-2000 - 4.2.2.4. The AAMI EC12-2000 — 4.2.2.1 test has an
upper Limit of 3000 Ohms for the face to face doublc adhesive part of the teét, for a single
pomt and a max average (12 test samples) of 2000 Ohm:s. ,
The AAMI EC12-2000 — 4.2.2.4 calls for retaining less than 100 ani In 5 sec after
a 200 DC volt charge, again using a face to double adhesive layer. |
15 Note the Table 1 below, which shows impedance (EC 12-2000 ~ 4;.2.2.1) tested

first; DOR (EC 12 - 2000 — 4.2.2.4) was run next on the same samples.

TABLE 1
Sample | EC12-2000- | EC12-2000-4.2.2.4
4.2.2.1 (20 Hz) J ) Z
Sample 1 | 60 K Ohms (fail) 0.0 volts in less
A L than 5 sec. (pass.
Sample 2 80 K Ohms (fail) 150 volts after 5 |
_ - , | sec.(fail)
Sample 3 | 40 M Ohms (fail) [ 0.0 voits in less ! )
] l than 5 S€C. (pass): ]

Example 2
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To determine the signal receptivity of this invention, the samplés prepared for

Example 1 were tested in accordance to the procedure outlined below. Thej samples used

in testing as per AAMI EC12-2000 — 4,2.2,1 were used connected in serijes to a Wave

Form Generator (Hewlett Packard 33120A 15MHz Functi oanrbitrm%*y Wavetorm

5  Generator) and in series an Oscilloscope (BK Precision 100MHz Oscillciascope 2190).
Samples were tested at 3, 10 and 100 Hz; results are given below in Tai)]e 2 1n % of .

transmitted signal received.

:  TABLE2 S
R | | | | Sample 1 1 Sample 2 T Saﬁlglgb |
3Hz 95+% 9% | Nosignal
10Hz |  95+% 1 95% No signal
100 Hz 95+% 95% No signal
10 Example 3

Samples that passed the DOR test (AAMI EC12-2000 — 4.2.2.4) weé'e retested for

impedance as per AAMI EC12-2000 — 4,2.2.1 (modified), upon rechecking; samples 1 &

3 had a remarkable change. Samples 1 and 3 now had an impedance of less than 1 K
Ohms. In sample 2, the signal receptive medium was unchanged post DbR test; only

15 those samples with the dispersed conductive particles changed. T ulther,é the resulting
lower impedance was still anisotropic, i.e., in the Z direction (noting Exé}nple 4 as to

how the anisotropic property was determined). In addition the parallel caﬁacitance (CP)

of the post DOR material actually increases as the Z impedance decreaées, as shown

beiow 1n Table 3.

20
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TABLE 3
Ohms CP Farads | DC Resistance 1

(Z direction) 3 __Ohms |
Sample 1 60 K 11.0nF 80K,
pre-DOR | ) » L - |
Sample 1 860 61.6 nF 790 -
post-DOR B o L | .
Sample 3 13 M . 0.06 oF 100" M
pre-DOR | | B | o |

- Sample 3 1.9K 412 nF 145 K 1
| post-DOR - | ' St
| Example 4

The anisotropic prope;;ty ﬁv,as validated by the foHowiug test proceéhire. ' Signals -
at 3, 10, 100, Hz were generated, and fed to a first copper shunt, which was;placed on the
conductive adhesive, A second copper shunt was placed on the samfe conductive
adhesive ~0.004” (100 microns) apart from the first shunt, which was %Jonnected (1n
series) to an oscilloscope. The base substrate was a dielectric material (PEI‘ film)

If the Sample 1 adhesive was isotropic it would have been expecteél fo pick up a
signal on the oscilloscope. If the Sample 1 adhesive was anisotropic it W(}élld have been
expected that no signal would be received on the oscilloscope. The resuft was that no
signal was detected. .

The electrophoresis result does not appear to rely on the presencé of the polar

material in the composite. It is believed that the carbon particles are agglorﬁerated by the

electric field applied during the DOR test; that the electric field generated b;y the 200 DC
volts being applied across the conductive particle containing SRM and/or the conductive
particles just with a PSA (no polar organo-sal?), is suflicient to cause the particles to

agglomerate together, possibly by inducing an opposite charge on nearby particles.
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The agglomerated structures spanning from one electrode to the -other are the
reason an anisotropic conductive PSA 1s formed. To examine these agglqnlerations,
reference 1s made to Figure 9, which show at 50 an in situ formed conducti\}e structure as
per this mvention. In particular, Figure 9 shows a 10X view looking dowﬁ irom the top

of a conductive structure. The dark areas are the agglomerated particles the hghter area

represents particle poor areas, 1.e., places from which particles migrated.

This particle migration effect can be shown in more de_tai_l by lbol%ing at Figure

10, which shows at 52 a 100X magnification of a conductive structure, égair_l looking

- down from the top, but focused more towards the edge, showing the li ghter,fpartic]e poor,

areas. The clear material is the continuous medium, in this case a PSA, FLEXcon’s V-95
acrylic adhesive, Note ﬂle striations or grooves in the clear V-95 acrylic iadhesive, and
also note that the few particles remaining are a lined with the striations.-; The starting
material was a  uniform particle distribution in continuous medium, thus under the
electric field generated by the DOR test, the particles move togetherf to form the
conductive structure. Again, this agglomeration phenomenon may be rjeferred to as
electrophoretic or in the case of an AC electric field, dielectrophoretic effecL both of
which arc referred to herein as the electrophoretic process. -

It is significant however, that in this case the agglomeration occurs I a non-
aqueous high viscosity medium. In accordance with the present invention, the continuous
medium is a dielectric and is in full contact with the conductive particles (évt the particle
loading levels) and the medium is a viscoelastic liquid, i.e., has a very high %riscosity, five
plus orders of magnitude higher (as measured in centipoises) than watér dispersions

(often measured in the only the 10s of centipoises).
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Again, what is postulated here is that, as in the case of particle agglomeration via
an electric field in an agueous continuous mediwm, a slight charge is induced on a nearby
particle near an electrode. With the continuous medium being less pd]ar and niore
diclectric than water however, a greater charge build-up can occur on a f)article in the
electric field. -

With water as the continuous medlum the higher polanty would mltlgate 1he

- chmge build up, ﬁ.ll‘ih{f:l if the apphed electric field were mcreased (hlghel voltage)
°' eiectlolysw of the wter would become a competing comphcatlon Wlth a PSA (e g.,

| FLEchn s V-95 acryhc adhesive) as the continuous medium there i 18 muoh less charge

mitigation and no substantial electro-chemical j)rocess that occurs.

This charge build-up on the particle increases the attractive force§ between the
particle and the electrode, thus drawing the particle to the electrode in spiteé of the higher
viscosity of the continuous medium. Further, the first particle that 1‘eaches:£the electrode
forms an incremental high spot on said electrode thus the electric field is m(;ved closer to
the other electrode, as more particles join the agglomeration the field strenéth increase as
the distance to the opposite electrode decreases, thus accelerating the a;gglomeration
growth., .

The DOR test involves a plane to plane electrode a;rangcmentﬁ after a few
conductive structures are formed therefore, the electric field between the ﬁvo clectrodes
is mostly dissipated due to the contacts already made between the electroaes. Thus the

dirst structure will form, where there is one spot where the two planes are icloser to one

‘another or there is an uneven distribution of carbon such that a slightly hi gﬁer density of
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the conductive particles are at one increment, between the plane, in other words that point
of least resistance.

As a resuit using the plane to plane method in forming these stmcténes has some
limtts as to the position and number of conductive structures formed. When a point-to-
plane or point-to-point method is used to introﬁuce the electric field h%Jwever, more
discret§ 1n position and number of conductive structures would be formcd;as each .point

has its own electric field which is not readily dissipated - when nearby conductive

~ structures arc formed.

This was demons’tré.ted by using a lab -corona treating -dev'ice 'on_% a conductive
substrate thaf was grounded. The corona treating device acted like a séries of point
sources to a plane receiving substrate. What resulted was a um'formiy distributed
conductive structure across the surface of the adhesive. .

The testing of the stability of the in situ formed electricaily conduc’éive structures
was accomplished by placing post DOR test samples in an oven at 160°F :(7 1°C) for 16
hours and retesting the impedance (AAMI EC12-2000 — 4.2.2.1.) and siénal receptive
properties. In all cases the samples maintained the lower impedance. Tlfle conductive
particles may be in the form of carbon, and may be provided in a concentjration greater
than 1% on solids, dry weight. '

T'he use of the composites of the present invention further pr{é)vides that a
conductive layer (such as conductive layers 26 and 28 of Figure 4) theit adjoins the
composite for providing a voltage to an eclectrode, for example, does nét need to be

formed of an expensive material such as silver / silver chloride (Ag/AgCl) as is required

with hydrogels. Hydrogels require such specialized conductive layers because the ionic
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conductivity of the hydrogel must ionically couple to the electrode. In accordance with
the present mvention on the other hand, a conductive layer adjacent the c;)mposite may
be formed of an inexpensive deposited layer (e.g., vacuum deposited or s':putter coated)
of, for example, conductive particles such as those discussed above bﬁt In a2 higher
concentration to form a conductive layer upon deposition. Such less expen%sive materials

may be used for the conductive layer because the mechanism for conduction is not ionic

cqndilctivity.
'As’shown in Figure 11,composites of further embodiments of the invention 'may -

undergo electrophoresis in multiple directions. For example, a composite 60 may include

particles having very large aspect ratios (upwards of 1000 to 1) such as caﬂ;t}n nanotubes
62 dispersed within a dielectric material 64 as shown in Figure 11. In the ﬁresence of an
electric field that is applied in the Z direction (as shown at 66 in Figure 12j, the particles
agglomerate but because ;(he particles are so long, they become entatléled with one
another when agglomeration occurs. This results in the particles not oﬁly providing
electrical conductivity in the Z dircetion, but also providing electrical condéictivity in the
X and Y directions as well due to the entangled mass of particles extendiné in the X and

Y directions as well as the Z direction as shown in Figure 12.

Example 5
In accordance with a further example therefore, an adhesive mixfin*e including
FLEXcon's V-95 acrylic adhesive, a polar material (Arquad HTL-8 sold bjf AkzoNobel,

20% solids on solids of the V-95 adhesive, and 0.04% single walled semi-conductive

carbon nanotubes (CNTs). The mixture was provided in a 3% solids paSte In a 72/28

O S S— . S S S ——— p— - I FmIreI WYY FUS P 8 ES
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solvent blend 1sopropyl alcohol / n-butyl alcohol (sold by Southwest Nanotéochno]ogies of
2501 Technology Place, Norman, OK. The mixture was sonicated for 30 minutes to
evenly disperse the CNTs throughout the adhesive/arguad premixture, :

The mixture was then coated, dried and cured as discussed above :to a 2 mil (50

micron) dried thickness. The adhesive composites were made and. tested as discussed

above. The results were that the pre-DOR test (as per EC12-2000-4. 2 2. 1) showed an

"unpedance of 100 k Ohms. The DOR test (as per EC12-2000-42. 2 4) was. pass and that
_the 1mpedance post EC12-2000-4.2. 2 l was 5 K Ohms. The signal recept1v1ty was tested '

2as 1 n Example 1 to be both 95% before and aftel DOR. The amsotropy test as dlscussed

above with respect to Example 3, found that there was an X and Y conductivity
component to the composite post DOR. It is expected that more u11iiform istropic
conductive coatings may be formed. '

Applications calling for a conductive polymeric contact material such as a sealing
or attaching material to bring an EMF shield to ground, and new ways of making
membrane switch dcvices may all benefit from composites of the present invention.
Other applications that require or may benefit from a conformable elecitrica] contact
where the interface between the electrode and an active layer (such as in pﬁotovohaics or
organic light emitting diodes) may employ composites of the presént in?cﬂtion.
Moreover, the possibility of using substantially lower concentrations {)f conductive
particles s-uch as nano-conductive particles, provides the possibility of de'ireloping clear

conductive coatings.
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Example 6
As noted above, for pressure sensittve adhesives, 1f the particle concentration is
high enough to form a network m which particle-to-particie contact is maintained then
there 1s little chance that the dielectric material (e.g., elastomer) of the adhesive
component is present 1n high enough concentrations o flow out to make surface-to-
surface contact between the substrates and an electrode, i.e., act as an adhesive. In a

further example, to the dielectric material of Sample 1 (the V-95 PSA and polar material)

was added 25% by weight of the carbon particies of Sample 1. The composite was then
coated and dried onto a polyester based siliconized release liner to a 2 mil (50 micron)
dry deposition. The resulting coating had substantially no measurable PSA properties
(tack, peel, shear). An electrically conductive network, however, had formed in the
composite, and this composite was found to have a DC resistance of about 100 Ohms
both before and after electrophoresis.

Those skilled 1n the art will appreciate that numeroﬁs modifications and varations

may be made to the above disclosed embodiments.
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CLAIMS

1. An electrically conductive material comprising a dielectric material and conductive
particles, wherein the conductive particles are aligned to form conductive paths through the
composite by electrophoresis, and wherein the conductive particles remain aligned without

curing the dielectric material.

2. The electrically conductive material as claimed in claim 1, wherein said dielectric

material includes an acrylic adhesive,

3. The electrically conductive material as claimed in claim 1, wherein said dielectric

material includes a pressure sensitive adhesive.

4. The electrically conductive composite as claimed in claim 1, wherein the conductive

particles are randomly distributed within the dielectric material prior to application of an electric

field.

5. The electrically conductive composite as claimed in claim 1, wherein the electrically
conductive composite includes a plurality of electrically conductive paths formed by the
conductive particles, where the plurality of electrically conductive paths are formed with an

agglomerated mass of entangled conductive particles.

6. The electrically conductive composite as claimed in claim 1, wherein said electrically
conductive composite includes a conductive layer for contacting an electrode, and the conductive

layer includes no silver / silver chloride.

7. The electrically conductive composite as claimed in claim 2, wherein said acrylic

adhesive 1s represented as:

(-CH - CH)p-
i
CO:R

where R is an ethyl, or a butyl or a 2-ethylhexyl and n is a number of repeating units.
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8. An electrically conductive material comprising a dielectric material, polar material
substantially disbursed within the dielectric material, and conductive particles, wherein the
conductive particles are aligned to form conductive paths through the composite by

electrophoresis.

9. The electrically conductive material as claimed in claim 8, wherein said dielectric

material includes an acrylic adhesive.

10.  The electrically conductive material as claimed in claim 8, wherein said dielectric

material includes a pressure sensitive adhesive.

11.  The electrically conductive composite as claimed in claim 8, wherein the conductive

particles are randomly distributed within the dielectric material prior to application of electric

field.

12. The electrically conductive composite as claimed in claim 8, wherein said electrically
conductive composite includes a plurality of electrically conductive paths formed by the
conductive particles, wherein the plurality of electrically conductive paths are formed within an

agglomerated mass of entangled conductive particles.

13.  The electrically conductive composite as claimed in claim 8, wherein said electrically

conductive composite includes a conductive layer for contacting an electrode, and the conductive

layer includes no silver / silver chloride.

14.  The electrically conductive composite as claimed in claim 8, wherein said acrylic

adhesive 1s represented as:

(-CHy - CH),-
i
CO;R

where R is an ethyl, or a butyl or a 2-ethylhexyl and n is a number of repeating units.
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