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photovoltaic cells, as anti-static |layers 20 and as el ectromagnetic
wave shi el diradgnéatperated herein by referencinr theirlentiretisuum deposi t ed net al
oxi des, such as indiumtin oxide (I TO, are the industry standard
materials to provide optically transparency and el ectri cal

conduct i vi tyatRIR©GUREs ri ¢ surfaces such as glass and pol yneric
films. However, netal oxide filns are fragile and prone to damage 25
during bending or other physical stresses. They al so require el evated

deposi tj on enper? ures and/ or high annealing tenperatures to achieve
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therefore severely limted. In addition, vacuum deposition is a
costly process and requires specialized equi pnent. Mreover, 5 the

process of QG %H%F? éhie i ot conducive to form ng patterns and
circuits. %—cﬁy_—r@%@i n the need for expensive patterning
processes such as photrahspdrest ediuctors refer to thin coRaNEfE il t¥dRhS
have al so been used as optically transparent electrical conductors.
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stabi lity. transparency. Such surface conducting transparent conductors are widely used
as transparent electrodes in flat liquid crystal displays, touch panels,
electroluminescent devices, and thin film photovoltaic cells, as anti-static layers
20 and as electromagnetic wave shielding layers.

Currently, vacuum deposited metal oxides, such as indium tin
oxide (ITO), are the industry standard materials to provide optically
transparency and electrical conductivity to dielectric surfaces such as glass and
polymeric films. However, metal oxide films are fragile and prone to damage

25 during bending or other physical stresses. They also require elevated
deposition temperatures and/or high annealing temperatures to achieve high

conductivity levels. There also may be issues with the adhesion of metal oxide



Accordingly, there remains a need in the art to provide transparent
conductors having desirable electrical, optical and nechanical 15
properties, in particular, transparent conductors that are adaptable
to any substrates, and can be nmanufactured and patterned in a
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network on a substrate, the nanowire network conprising a plurality
of nanowi r edrcuitsy diniytyRically resulisrinthe nead don xxpansiveopatedingreipngsses a
pattern, t fi.nl a first region and a second regi on of
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conductive layer Tonprising a matrix and a plurality of electrically
conduct i ve aeemuivalrarsd empdddadtathigtyei n; pl aci ng a mask on the

conductive layer to defing,a nq$ked regi on and a unmasked regi on; and
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t ransparen : d athin filmtransistor including a
substrate,ttgpdg@t%éhgﬂgdﬁesgde, an sem conductor active |layer, a source

el ectrode and a drain

BRIEF SUMMARY
Transparent conductors based on electrically conductive

20 nanowires in an optically clear matrix are described. The transparent
conductors are patternable and are suitable as transparent electrodes in a wide
variety of devices including, without limitation, display devices (e.g., touch
screens, liquid crystal displays, plasma display panels and the like),
electroluminescent devices, and photovoltaic cells.

25 One embodiment describes a method comprising: forming a
nanowire network on a substrate, the nanowire network comprising a plurality of
nanowires; forming a matrix on the nanowire network according to a pattern,
the pattern defining a first region and a second region of the nanowire network,
wherein the nanowire network in the first region comprises matrix-protected

30 nanowires, and the nanowire network in the second region comprises



15 el ectrode, wherein the transparent el ectrode includes a plurality
of electrically conductive nanow res. A further
enbodi nent describes a color filter conprising: a transparent
substrate; a plurality of colored pixels arranged on the transparent
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el ectri cal | yarwichsCaievdisseedy dreSremoving the unprotettédihbAgwirggbodi ment
describes a liquid crystal display conprising: a bottom panel
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di sposed between the first panel and the second ‘panel, wherein a
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el ectrode; a plurality pl asma di scharge ce et ween t bottom
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pl urali1t of electrjcally, conductive nanow res. A )
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| east one of the bot tAfurteartasbodinént desénbiescswitcriig Hewitedenrising: a
plurality of electrically conductive nanowi res. A further enbodi ment
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plurality of electri caklnhdrUniisdimint BB8IMsSSliquid crystal display
comprising: a bottom panel comprising a plurality of thin film transistors, each
thin film transistor being connected to a pixel electrode; an upper panel
comprising a plurality of color pixels, the plurality of color pixels being
25 connected to a common electrode; and a liquid crystal layer disposed between
the first panel and the second panel, wherein at least one of the pixel electrode
and the common electrode include a plurality of electrically conductive
nanowires.
A further embodiment describes a plasma display panel
30 comprises: a bottom panel including an address electrode; an upper panel

including a display electrode; a plurality of plasma discharge cells between the



A further enbodi ment describes a nmethod for patterning a conductive
| ayer conprising: formng the conductive |layer on a substrate, the
conductive |l ayer conprising a matrix and a network of electrically
conductive nanow res enbedded therein; and treating a region of the
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resistivity and an untreated regi on having a second resistivity.
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regi on and non-conductive region are severed. A further enbodi nent
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resistivity.
Another embodiment provides an electronic device including: a
30 substrate having at least one surface relief feature; and a transparent

conductive layer overlying the substrate, the transparent conductive layer



el ectromagneti c shielding conprising: providing a conposite including
a plurality of netallic nanowires and a matrix nmaterial; applying the
conposite to a substrate in need of el ectromagnetic shiel ding;, and
form ng a conductive layer including the plurality of netallic

nanow r es dj hRaf i i |
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legibility. Further, the particular shapes of the el enents as drawn

are not i nteangeetivelayeningjuding ai plewieef matal sgaewiras, whereitheal shape
of the part}] ) ts...and have 2 een sel ected sql el or ease
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15 transparent conductor are conductive and second regions of the surface of the
transparent conductor are non-conductive and at least a portion of the
nanowires at an interface between the conductive region and non-conductive
region are severed.
A further embodiment provides a touch screen device comprising:
20 afirst transparent conductive layer including metal nanowires, wherein the
metal nanowires are at or above an electrical percolation level; and a second
transparent conductive layer positioned above the first transparent conductive
layer and separated therefrom by a spacer, the second transparent conductive
layer including metal nanowires, wherein the metal nanowires are at or above
25 the electrical percolation level; wherein at least one of the first transparent
conductive {ayer and the second transparent conductive layer is further coated
with a transparent overcoat, the transparent overcoat including a plurality of
conductive particles at below the electrical percolation level.
A further embodiment provides a multi-layer structure comprising:

30 a substrate; a conductive layer formed on the substrate, wherein the conductive

layer comprises a first plurality of metallic nanowires, the first plurality of



5Figure 8 illustrates a protein scaffold coupled to conductive
particles via various binding sites. Figure 9
Illustrates the formation of a conductive network of biol ogical
tenpl at es based on the coupling of associate peptides.
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nanow r es- based transparent cornductor.
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transpar enty,eqij ﬁ&élrp%re?lﬁﬂbﬁﬁb»%?”ions of the nanow res are 15
0 €

exposed on a surtace transpar ent conduct or.

Figure 19D shows an SEWithergembddifidnt rovidedini@Bol foi pradidigy Cut of a
surface of the transparent conductor. Figure 10

i |1 ust r at escleelremagnetis shielding sempdsipadpiavitinga eempasite including a

Cehenat | calfrEEPRRAE BOGERER S mAlEEETel Zrebindihe Sfitants tee
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n
11 illustrates schematically a further enbodi ent of a metal
nanow r es- Hagerdneludingptiedriuralitynefuoetallichaanavgres dispeisetay ¢he statiict ur e.
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Fi gures 13AspkaRgshow an exanple of a fabrication process of a

transparent conductor. Fi gure 14A shows an exanple of a
fabrication process of a transparent conductor by web coati ng.
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In the drawings, identical reference numbers identify similar
elements or acts. The sizes and relative positions of elements in the drawings
15 are not necessarily drawn to scale. For example, the shapes of various
elements and angles are not drawn to scale, and some of these elements are
arbitrarily enlarged and positioned to improve drawing legibility. Further, the
particular shapes of the elements as drawn are not intended to convey any
information regarding the actual shape of the particular elements, and have
20 been selected solely for ease of recognition in the drawings.
Figure 1 is a schematic illustration of a nanowire.
Figure 2 is a graph illustrating the expected optical properties of a
silver nanoellipsoids at various wavelengths of light.
Figure 3 illustrates the absorption spectrum of a silver nanowire
25 layer on a polyethylene terephthalate (PET) substrate.
Figure 4 is a graph illustrating expected values for various
resistivity properties of a nanowire based on the wire diameter.
Figure 5 is a graph illustrating the expected overall resistivity as a

function of the diameters of nanowires.



Fi gure 15A shows a web coating systemand a flow process for
fabricating a transparent conductor. Fi gure 15B shows an
SEM i mage of a conductive |ayer follow ng a post-treatnent of
pressure application. 5Figures 16A-16C show an exanple of a

| am nation process. Rrigufes sﬁ@ﬁs%?ﬁéEWaﬁ%ﬁgﬁggwﬁme? n8hofires

| am nati on process. Figure 18 shows an exa photo-patterning a
conduct i ve damyerting between two metal conkagisir es 19A- 19B show an exanpl e

process, 1S PO Fignh?ul Bhaercngetveska flaraySus Arlainsdnar beesan
of fabricatj .
Fi gures Zl,éé;l%g% re I%ﬁnp%qn%%gog%zﬁ%ﬁw%eﬁ%%%r mality of a

nanow r €5 based transpfigerd 8 dlusthatescd pfateim schfbidctupl@® td sord@tivshi ¢
representation show ng_ tenperature resistance of nanow re-based

transpar entP@bplag¥iaYanquspinding sites. — Figure 23 is a
cross-secti onal view Iﬂ&t&%ﬁmutsﬁgtéégthg%}rﬁgﬁo% ofa%ggﬂqgcqgépi%&g( of

according to one enbo

di splay dewisiograntnsiats basasairnéodlinglf aks06l8& Pasridson net al

nanow r es. Figure 25 shows a cross-sectional view of a
LCD based on a top- gdtigu Adestratasgsane maiisadybodineediment of a metal
Fi gure A shows a croezft;ﬁsect i onal vi egﬁrof a color filter substrate

inaT JEreeeshaed s et SR ment . 25Fi gure 26B shows a
cross-sectional viewmbua FOB ﬂrusfrb{éseéch%ﬁ%?fc%ﬂiﬁnbmeﬁgwB;q?irﬁeﬂgoi-@

accordi ng to anot her efbodi nent. I gure oWs
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Fi 28 sho a toych screen device conpri si two 30 transparent
cloggtrjgtorssba\é\id on #—éggqe {pd(ggmpyv§§_c emactrlgaliya?l.?rtheremboélment% a metal

nanowire based transparent conductor in which portions of the nanowires are
15 exposed on a surface of the transparent conductor.
Figure 10D shows an SEM image of silver nanowires protruding
out of a surface of the transparent conductor.
Figure 10E illustrates schematically another embodiment of a
metal nanowires-based transparent conductor.
20 Figure 10F illustrates schematically a multi-layer structure having
a transparent conductive iayer coated with a surface-conductive overcoat.
Figure 11 illustrates schematically a further embodiment of a
metal nanowires-based transparent conductor having a multi-layer structure.
Figure 12 shows a transparent conductor structure having a
25 reservoir for delivering a vapor phase inhibitor (VPI).
Figures 13A-13D show an example of a fabrication process of a
transparent conductor.
Figure 14A shows an example of a fabrication process of a
transparent conductor by web coating.
30 Figure 14B shows another example of a fabrication process of a

transparent conductor by web coating.



Fi gure 28A shows two opposing transparent conductors coated with
overcoats in a touch screen devi ce. Fi gure 29A shows a
honoj uncti on solar cell structure according to one enbodi nent.

5Fi gure 29B shows a heterojunction solar cell structure according to
anot her enbodi nment . ; [ : td [
solar cell structure @?85?é?ﬁSh?3g£ﬁ§%§é%ggﬂgggﬁﬁgﬁ?ﬂyEﬂ%ﬂ*Eﬂg%kgﬁ%hs
a thin fil Mmabticating a éramsparedit ogndoctone 10 enbodi nent .

Figure 31 shows a typical releﬁse profile of H2S gas fromfreshly
cooked egg yol ks. igure 15B shpwganeSBblimaasefl a fanduygiive layer following a

transm ssi %gjge%itmeﬁﬁgp |%§38|fe g@g@gﬁéﬁ ve filnms before and after an
t. rgur

accel erate COrrosi on tgas ure 32B shows the resistance of
six sang es of conduckigures 1649 6edHuve apRSafPIEbf aNlarAkBbAprb &sLI2S

corrosion test. ) Fi gure 32C shows the haze val ues of six
sanmpl es of conducti veFigurass! Hefldleshavdaadther examalscel @ famisatie Brocess.
corrosion test.
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Fi gures 34Agwdt- show phot ographs of the patterned conductive filns
before and atter an adhesive tape treatnent at various |levels of
magni ficati on. Figures 19A-19BRihgur 21 e35mpB50f 3 bomtipimisoghatphs of

anot her xeprg%gee}rr“ ang)et%%gduct bve filmbefore and after a sol vent

treat neft . BUIgPEsOB 8 AVl BORYNIPTECESHgr essi on of et ching
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sol ut i on aquatiedned)transpaentotradlicient .
Figures 21A-21B are SEM images showing the conformality of a
nanowire-based transparent conductor film.
15 Figure 22 is a graphic representation showing temperature
resistance of nanowire-based transparent conductor film.
Figure 23 is a cross-sectional view of a switching device of a TFT
backplane according to one embodiment.
Figure 24 shows a display device comprising transparent
20 electrodes based on metal nanowires.
Figure 25 shows a cross-sectional view of a LCD based on a top-
gate TFT according to one embodiment.
Figure 26A shows a cross-sectional view of a coior filter substrate
in a TN mode LCD according to one embodiment.
25 Figure 26B shows a cross-sectional view of a color filter substrate
in an IPS mode LCD according to another embodiment.
Figure 27 shows a cross-sectional view of a PDP according to
one embodiment.
Figure 28 shows a touch screen device comprising two

30 transparent conductors based on metal nanowires.



30Figures 38A and 38B illustrate a patterning and etching process
according to one enbodi nent. Fi gures 39A and 39B
illustrate coating commercial color filters with nanow re-based
transparent conductor film according to one enbodi nent.

Fi gures 40A-40B show g Qi ' %@{
conductor | ayer V\jthoupu%?ectsﬁﬁg&it@é ggt :Sg{g]ﬂr%?%%é%y |ngt}%goﬂed
shows anot heith evbredateinta wuchatcresmdegedy et chi ng. DETAI LED

DESCRI PTI ON . Certain enbodinments are directed to a ]
transparent conduct orFigHEREID shawssbermeiunstipapelar sell siinetre @sconding to

parti cul ar, ﬁ@gmggpmﬂ&gti ve layer includes a sparse network of netal
nanowi res. 11 addi I'on, "the conductive layer 10 is transparent,

f1exi bl esand can i nclEigare2oB ehsivsenRetersjlinctr fthr £8lI SRNAURE Ad@rdihl
can be coated or lamnated on a variety of substrates, including

flexi bl e art@ anoyer enbedimads. The conductive |ayer can also form

part of a conposite struct i ncl udi ng. a trix materjal, and the,
nanowi res. The matri % 'ﬂ’d{eeﬁglsho,&ﬁ g EH”EBO? %@{Peﬁétryﬁﬁ“ﬁe éReiding to
mechani cal sH¥h&dmealintsperties to the 15 conposite structure.

O her enbodi ments descri be nethods of fabricating and patterning the
conductive | ayer. Corfdgore 3@ shiawew thasfilnFEL Wesick addouding 4 esca
nanow r e 2 hayi n% an aspect ratio equal to the length L1 divided by
the di attbt &MRQAMEEi ¢ ahl e nanowi res typical |y have 20 aspect ratios

in the range of 10 tq:iéQﬂ%- $PQhoke F)ic?P%%éserﬁrroiﬁ%s%@qunggsgrﬁggfrgghly

for obtaining a transparent conduct ayer since t

nore ef fi cicooked@ydugilksie networks to be formed while permitting

| ower overall density of wires for a high transparency. In other
wor ds, when conduct i VEGHEnewth BEAWRithe lightdransspissionadsposammplesaied,

can be | ow SRaUBT MET PRE™E shiaitel o REER e Bt bty "

transpargnt. Figure SX® sheivbalk Fesistaht@ef biesdnifes BRESHEYCtRE 2
| ayer to | If%gt is by its absorption coefficient. The illum nation of

li ght passifiigstefepndaitena aecslomséed BbBmatrosion test.

Figure 32C shows the haze values of six samples of conductive
films before and after an accelerated H,S corrosion test.

Figure 33 shows an example of directly patterning a nanowire-

20 based transparent conductive film.

Figures 34A-34F show photographs of the patterned conductive
films before and after an adhesive tape treatment at various levels of
magnification.

Figures 35A-35D show photographs of another exemplary

25 conductive film before and after a solvent treatment.

Figures 36A-36C show a progression of etching and a final
pattern formed on a transparent conductor sheet.

Figures 37A-37B show the etching rate by using a acid-etching
solution according to one embodiment.

30 Figures 38A and 38B illustrate a pattemning and etching process

according to one embodiment.



| = loe-ax in which 1,, is the incomng light on a first side of the
layer, 1 is the illumnation |level that is present on a second side
of the layer, and e-ax is the transparency factor. In the
transparency factor, a is the absorption coefficient and x is the 5

t hi ckness of the | ayeg; I i 3 ,
but less than 1 can biigg?nés?geragga%ggq g%ﬂ%@ﬁ??%ﬁﬁ“%%ﬁ%@?ﬁﬁ%r&

Fi gur es 2- 5with hasbwiaed sseddrarfspahent@phidaetor &iml aetercling ©adne embodiment.
characteristics of the conductive nanowires. Figure 2 shows a
theoretical nodel of ?‘EHFQSW“@M‘MﬁBﬁ”@ﬂOCBﬁnWEPfQ@thQH'@e@ frapspargst

at various i . f: L. dt hs and | engt hs,
silver nanoe @8@?%@@@&@0‘#%%’%ﬁgggtlgﬁﬁqﬁ%%wgoeffi ci ent '?o a
narrow b@nd of 1ight Figutdg1 ehvrkenatis dmbaweiznt 8P panemitPby etching.

nanoneters and to wavel engths of |ight above 700 nm However, they
are substantially transparent between about 440 to about 700nm which

falls int Y FFigure 3 shows the absorption spectrum
of a l ayerﬁﬁ%\i@é&%ﬁ%?@ deposited on a pol yethyl ene _
terephthal ate (PET) sgbghihadrbodimeridure Mredtb® i BLRIHR bﬁ%tr&bﬁﬁu&%x—
the silver nanowire layer on PET substrate is substantially

t r anspar entbdasedvwesea cabductividiager ofonar@virgs. dgrpseticiganithé cohduativeubayer

of the theareti,cal nodel sho i.n Figure 2. 20Fi es 4 and show
Che 1 esul T anghuERa Ararse B MATK o Mo Crana e dnaiciary Tof Capaugiive layer

nanow rgs %r%ﬁsﬂﬂrérﬁ,eﬁéxitﬂéaa'ﬁ%tc%ﬁ'tsinclﬁﬂg a"t‘lée%.“c%fn% s‘?}rl%’gﬁttﬁéwgfcondu?tlive.
nanowire, the resistivity decreases substantially although it W
absor b nor dt tagbe.coated anlandnatedron a veriglyref shibstratesefrfoeting flexible and

resistivity, hbased on the grain boundary and surface scattering are
hi gh at di aﬂgé&? & S'é@teﬁeg@et%wumve\lﬁvengalzﬁl&qqférraiFaafb@te@ CPRPOSHS es,
t hese effe re I-C. ; . L resjstivity_|s.
thor of or e ritcang DEBaIHGA skl FENGRS.ank e e Rles, M el
over 100 nmoafstgpicadly inphit gartainsghentiBhls meahaditaMand opficall gepéeftieslto the
properties nust be bal anced, however, against the decreased

t r anspat®nGPMRASIETUckdE: dAder eqiiodimegnis daseribe anethods offabricating and
30Figure 6 . j ire 4 that extends between two

ot her el ectpﬁ@gﬁ'ngéﬁ%%ﬁéﬁgéggqgﬂ%ww, to provide an electrically
conductive path fromtermnal 6a to termnal 6b. The term"term nal”
i ncludes contact pads, conduction nodes and any other starting and
endi ng poi ftenduciive ¥anavdrasl ectrical |y connected. The aspect rati o,

size, shape and the di.stri i on. of the physical parameters of th
nanowi res are sel ect dd9'§ ﬁﬁ@\?ﬁﬂ?ﬁ%@aﬁ%‘&%é@havm ah aspect ratio equal to

the length L divided by the diameter d,. Suitable nanowires typically have

20 aspect ratios in the range of 10 to 100,000. Larger aspect ratios can be favored
for obtaining a transparent conductor layer since they may enable more efficient
conductive networks to be formed while permitting lower overall density of wires
for a high transparency. In other words, when conductive nanowires with high
aspect ratios are used, the density of the nanowires that achieves a conductive

25 network can be low enough that the conductive network is substantially
transparent.

One method to define the transparency of a layer to light is by its
absorption coefficient. The illumination of light passing through a layer can be

defined as:

10



5 optical and electrical properties. The nunber of such wires that
will provide a given density of Ag nanowires is selected to provide
acceptabl e el ectrical conduction properties for coupling term nal 6a
to term nal 6b. For exanple, hundreds of Ag nanowires 4 can extend
fromtermnal 6a to 6b to provide a | b#ls@&Si stance el ectri cal

conduction _Eath, nd the concentration, aspect ratio, size 10 and
shape can 4B Witk éiiadhe iceming dehtonr adisstside af the leyemd gathertiumination

conduct or. r | A 0 Bl QN | rQYi
From t erm o/ aaets Fresdf A 5Eng SOBRrhe Bueh e S e Tatlepitehel
can be apprfacioat @flthd thenghisread\eractdromis Haabedrpien ESefficiefit AN xGY thay
be such that the desired optical properties are not obtained with a

15 si ngl® rhiskhpseof heghyeral A {gyeshaningya tranenaressy fagiomesal t dubéess
linked to h .ot her ari o oints to provide a .conductive path
i Ir om t er ni ﬁﬁ%n éaéqrbb? gft')ﬂ%/’ﬁgiedé% gﬁé%ﬁﬁﬂ?%&t@vﬁér?mvent iuonl, Vt hg
nanowi res are sel ect qrgbasesisld e 988 SnORbiER arkf OREHHLES  Then,

t he nunber of nanow reS that provides the desired conduction path and
overal | redgiherastedstins afthe cpathctiveenareivecdsed t o 20 achi eve accept abl e

el ectrical properties..for an electrical. conducti | ayer from .
termnal 6a to term fdfuk _showsatheoretlcqtﬁ@ogptgﬁp\p@g t absripten ¢f sijver

f th s LG8 d i Vi t
of e 10 R deR@enfisolitvariBuSlelerfis BN rbbePbrtd o GARALGHY! ¢ Y

t ermi nal s, lemgthe) sitee nanoakkipsaids Exhibittaneigh dxtiaciZin oeeftiviene® a Bakrow a
certain nanowi re concentratiqon (also referred to as the percol ation

t hreshol d, t{?f”d&fé@m Irbtz}ﬂ_e Wwarlengths detwesr AP0 andd 4omnarneiers gndde ween
the term nalvdisndtfl B iinEandya®fdd hid. Mol HQHS Ul RNAA "

provi ded because OW res are space r-ap e this

concent r at itemspah@itdetweah abeasi4®@aealbout WU aiticihYais iabhe visfisle ¥ahge.
current paths are provided, the 30 overall resistance of the |ayer

will deérease. Figure 3 showghrlabserption shedirvmofianayeef siveal

(oo " F onoRlies ot ot eBPB i sk bttt B RES e b,
but are notsholwf Efﬂwé@osﬁﬁfé&gﬁﬁﬁfﬂ’éﬁh@%ﬁﬁeﬁr@@i? BHELHN PETISUbstrate is

nanow res, conductive polyner fibers and the Iike. 5As used herein,
"met al nan®wbstantialy apspareat hetveddn abautrddOnomter 780n1g, agresiny witiethe |,

one.cr oss- SeetlsanednFaROraar e MO Erawi o 15 1ess than 500
T " ee® e 2SS Ao MRl ol SEBULBITARIND f e
of resistivity of metal nanowires based on their diameters. For a larger diameter
of nanowire, the resistivity decreases substantially although it will absorb more
light. As can be seen in Figure 4, the effects on resistivity based on the grain
boundary and surface scattering are high at diameters of less than 10 nm. As
25 the diameter increases, these effects are drastically reduced. The overall
resistivity is therefore reduced greatly for diameter that increases from 10 nm to
over 100 nm (see, also Figure 5). This improvement in electrical properties
must be balanced, however, against the decreased transparency for
applications requiring a transparent conductor.
30 Figure 6 shows a single Ag nanowire 4 that extends between two

other electrical terminals 6a and Bb, to provide an electrically conductive path
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10 greater than 10, preferably greater than 50, and nore preferably
greater than 100. Suitable netal nanowi res can be based on any netal,
including without Iimtation, silver, gold, copper, nickel, and

gol d-pl ated silver. The netal nanow res can be prepared
by known i i r 4 Yo Shi I i e
synt hesi zggﬁ?ﬁﬁgmg}ﬁaqsgﬂf@?%rm% aE:"Fsbfé1 J!rL]l%éC\rﬂée ué‘ta'?fg)lhégfmaa Sl i v%@gggﬁ%ﬁsb
(e.g., silveondictiontnedesandrenypotesestaeting aad patygl pdistsdhat e Peene

gl ycol) and gol l?é% inyl pyrrolidone). Large-scale production of silver
nanowi res ofleGH reRNgGed ad heaspeebiatiodsize cehianmand te distriketingef the

1556, uvas ' Bhysfedl pardinBterd of Hethanait e i lied i Biag tit gagired

20Al t er it | (ystical ahb@latriicdl preperies e The dunfiseristeeh edrdssthagwill Blomiecal
tenpl ates (or biological scaffolds) that can be m neralized. For

exanpl e, bi@veRydeasitynat Aginanewiesfis aelegtadisarovifd ashepeblealectrioatt i on
t | at t { i - tain, di t h
b o 001 cal Cielip BB SadftES For BRhG KminAhio BT BB I SR y

for a part iWd&édébpﬁgQ‘fan%f@vir@tﬁéé@bxteﬁHQFbrﬁf’ter%iFTSF@é tP6h o PRIVe a low
oxi de. More detail ed description of biofabrication of nanow res can

be found i mesistange @lrotrical @ndictian path/iandsthBamadeivatidi, taspect tdtie, size
Directed Synt hesi s of netic,and Sem conducting Nanow res," (2004)
Sci ence!U 3%d MRS 590 g%%@?ecé?‘h?o B'Eoé’F‘J.g, 3'898?‘@&'@@&@%%?%?" RINBIHYAd
Quant um Dot N o |\t , = X
Mao, 30 C. Al g ﬁép\'/?eééﬁgﬁsasemcgpgﬁf%ﬁtg%%gﬁﬁnﬁ el to

Nanow r es, "te(rAD@BEH b RINKE a p0Oalty)of AePddhdvdbeds. U. S. Application Seri al
No. 10/976,179 and U.S. Provisional Application Serial No. ]
60/ 680, 491, whi ch refRF EARSS RPECTiAtesH Hir distanoedFamteiminah@a fo terminal

Cireties. At _ o :
o conductor”" 72y be 2 PRGBS Mlindue DA it Rl it
bi ol ogit&l diegiplranewirs eal phuraity offiidnyi handwiksd meehelddeo BTkl tseach

material and certain bindi ngi sites (e.g., peptide sequences) on the
bi ol ogi cal QtBapakyarious pointsto provide g eargwictiverbath iemtterminat 6a daitermieal

oo or T DB TE BB T bl OS8R e b b e
bi ol ogi cal dexifetadRizal bliopefitd Uridr ehdAlkILEr 88 nhRbWHed that#paAlEs He

further growing into a continuous conductive layer. This process is
al so ref er rdasined cendugtiore path anrd deerall sesisteinageiangthat path aneaghiaied 4o

nmet al cursor (e.q. tal salt an_be converted t n el enent al
rotal 1407 i Soboraffle Hedhidl ropofBRicr amatiical cond) SpeTariaron
met al bi ndsefRinkn6a b & gghsadn. t enpl ates and grows into a continuous

netallic layer. 15In other enbodi nents, a seed material l|ayer is

initially nucl eated ofieelebtridal cbmdyidtiaity obther radspaféreriapdrtiemaialynet al

precursor can,b nverted into netal and plated on the seed naterial
| ayer. The @é‘é@ﬁﬁé%&q‘%éhe @QHQB@'Vgéloé@t%@Q*efr@rmW&nﬁp the mygker eh a

material t hat GaNs8S RN HE It&ﬂﬁh&l@ g?fh%%dhn%%ti@itf@%ﬂlﬁgﬂ%em a

solution containing a correspondi ng’ ne precursor.

i1l ustrzg e namosded. Batcav aalerlalry sanewiné @bntardrain (@fiouwdfarpsy £a4s the he
m neralization of Cu or Au. As one specific exanple, for creating a

Cu conduct diercelatienthissaoldearielestrical Bercolatipndeyalaithe sanduetivitihbeaween
pal | adi um A n o) l,e._,For an ide
conduct or, qgég‘lgrr@R %@ﬁggg%j‘%bg{eﬁgésdﬁtggggﬁﬁ%% Se%frf Rath Qquéqeqoéecause
Exanpl es ofthé hand®erds mé ephadd too far apart. Above this concentration, there is at
least one current path available. As more current paths are provided, the

30 overall resistance of the layer will decrease.
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25 include Ni, Cu, Pd, Co, Pt, Ru, Ag, Co alloys or N alloys.
Metals, nmetal alloys and netal oxides that can be pl ated include,
wthout limtation, Cu, Au, Ag, N, Pd, Co, Pt, Ruy, W C, M, Ag, Co
alloys (e.g., CoPt), N alloys, Fe alloys (e.g., FePt) or Ti02,

G0304, Qu20, H02, ZnE&ynyaiRd r'geiﬁc]uﬂé‘%élm &!rﬁresaénﬁ'bwp
oxide, indiumtin oxide, nicke e, copper oxide, tiIn oxi

t ant al um 3Ccomdiudtye pa[ﬂmiemhmmgjb;gn/@ermd:t tatiosXiede, vighzi thaen Jm Exdnisies
Any of a nu er of % fferent bj Olﬁ{ﬂg % mat erj al s can be used to
provi de thé) NARpMet P%’FOW%NC & RUt At ROt limitrslfos sarbaneanvbes

pr ot ei ns e i The

t echni queslqg)(N Sg |ng %&‘%‘1&?\% an B%ﬁgﬁymﬁgﬂggﬁé%@@%’

materialsthat will C(A@hsecﬂ Befeiflemdtatnamivile” Tefiirs €@ BdHEtallicavir@t er i al
are described in U'S. Application Nos. 10/155,883 and 10/ 158, 596;

both appl i cqsamWﬁﬁnee@menttrnetahaﬁetaballmrme@ltemnwndgu(esludmg metal

Corporatio 0 h re| r.ef ecence

not ed above%: ’i%dsg 538 I%%(i q@,{{ﬁ%‘fggc Sf'%? 8? ﬁ‘e melal fangwireds lesd
ot her bi ol aghs &00Mh 4hdles82Ra® 200 Hh W%ré 9réfaré%|@fefssmhéa/1ébhﬁ§ As
for a 10 selected seed material or a selected conductive materi al

Pr ot ei ns ornqteqbtabdee, thetrhetal hanowiye hes ansyapeict fationfieregth:dianeterbef
identifjed th t h d Y,
yeast ACpidigatt et ol paienbidealeTaB bcSs mese Resierpte Orodtenan
case of phagg dbgRiY métbgrﬁéﬁd\ﬁ?esoéari)?égﬁge&%n%n %?&IHH@@@E@ \?@ﬁbﬁ}e

created by inserting a wde variety o er ent sequences

pepti des i rimitatiopppilMent gald, odppdrenickelyand ofi-plagedisihaari ng hi gh
affinity for a specifjc target nolecule can be isolated and its
peptide structure can hf‘e”\eééﬁﬁnpi"’ér&s can be prepared by kngwpnimeifogs in thee

genetic seqyenees, rﬁémépesﬁgélo#lgl%\ﬁlﬁ% CE%)naBQ %&ﬁgﬁ%%dt}ﬁr Qﬁfﬁé%oq%%oﬁfﬁngse

provide a nunber copi es of par € sequenc

certai 8 ypeductforpdieg silearsaitqbes, sifver nﬁmphahe plincdQ soIpdie®. @f
P8 proteins can be arranged in an ordered array along the | ength of

ML3 p]nage ahyleae slycopRnoRgopviny PrEoidanale Lﬁﬁ@ﬁfﬁ@lﬂ nr@ducztﬁnmreslb(er
P conduct | JEmefied LB ol 4P B PrfndiBh Sebbind o e Rk daBie

conduct i vi tiy,. e. §dVRR, ¥0ePus! Thedb MAtbs (26THNHAUE7IB-UPYS 4 XIS . et al.,
ability to control the geometry and crystafl ine structure of the

nanow r es tNﬁﬂm@iR‘BfEHBOQ e3(@h %%96@ cal tenplate nolecules, e.g.,
t h || d troll

Cequencds. To that - ertlerabiaidse FetEGnd s am e e Lo

for silver b.@e{;i@aprennﬂbie%qbwmdr@g{@a%sﬁovd@?ﬂetfchﬁ%ewa?am nfor

incorporated into a phage structure to create nanow res W th
di nensi ons efxaeﬂﬂe driclogisd nefteridle sphhge rases ahd$hages can function as
Bi ol ogi cal r| als other than es can be usEd as teg&l ates for

h
t he format |t%'??p {eg masate metal "‘% Irgeriginampadiments st ielogical
proteins wh rﬁBIa?@e Eaﬁ%%eé@ﬁeér%% le%%ltsstelr@({fgé(a@ﬁmmg?a ar rf@.ﬁépf}ﬁe'd?

| ength can e used as an dalternative te
Advant @geoumsatgriak sabh asteemetaltoe omptadoride. ddordeetailad descrstbrisr have

a much I ar (laorfagrslgaqt%n éfarﬁen%vsflpeasncapnhgg (faound in, e.g., Mao, C.B. et a/., “Virus-Based
Toolkit for the Directed Synthesis of Magnetic and Semiconducting Nanowires,”
(2004) Science, 303, 213-217. Mao, C.B. et al., “Viral Assembly of Oriented
Quantum Dot Nanowires,” (2003) PNAS, vol. 100, no. 12, 6946-6951; Mao,
30 C.B. ef al., “Viral Assembly of Oriented Quantum Dot Nanowires,” (2003)

PNAS, 100(12), 6946-6951, U.S. Application Serial No. 10/976,179 and U.S.
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which | eads to | ower percol ative threshold concentrations of the
conductive nanowires. Additionally, proteins are easier to synthesize
in large volune than phage particles. Large scal e manufacture of
proteins, such as enzynes used as detergent additives, is well

devel oped. %EE%H&##\%@B% geﬁélwabb/%%ptfﬂ Whlé}aré?er%rn%%@a?escaf fold

8 having a nunber o nding sites 8a coupled wt onductive
particl es 8bcorpbeated ingreig |B|th@se|auret|egl ect ed to have an affinity for

t he conductive particles, such as Au, ,.Cu and N . AIternatlver,
the binding sites 8a Maxﬁeseﬁplmlwwn@wve rgatediahak 8 cPaAUFtey &-9. a

bar £ ol o5, Do nbdfe) EaF alsbi/ iha R BbBICH eriRER faptEod 2n ity
be engi Beriween hl@é’eoﬁdkﬁﬁthveahatebmpén@b@ﬂamgmﬁd|h95‘5|t3§ (¥igt pesptiele
affinity. It is preferred to have them spaced at frequent and regul ar

i nterval s &esHgNEdR)en thenkjplegical I&mﬂé&e the conductivity of the

2 protein, as wel| - aanstemBpahbets. gt HagMaken.be pisalgd of

known teChMLﬁ:Nfailonlﬁrobés@"@ﬂ!nﬁ?%tﬂ& bprBayRot RecdiRereato SoRBNSHRNS for
the optical properties. Once the size, shape and aspect ratio have

been sel ectp@cﬂtlclehéﬂajittbmd)g:l tha! binwgal bampiatesbmeaxcpmimxﬂlveqnacmiembmnge
nmetal,, or a cursor of the netal ure 9

en
T st 11t edag3BE o RReNEie fito & S ESCPRUED e vENB 5Tb0ess s
nanow res upddebrBlel 99/asAminGaRAIRE or THEHRLC IR LERRIE 2 theta(BechiRor

further engl neered to I nc ng part rs suc assocl

pepti des 9deanoa tietal salpspadid oonventdd.to Binnslemgnps metal & tharpregeriﬂeeof a
wi th each ot her through any type of associative interact

i ncl udi ng, regucing Agsn Th%ﬁ@%J“i"Fﬁ glemantalimetab bindsie tbehmﬁh@calﬁymni@eﬁ

bondi ng, dogg_le like. The 30 interaction

bet ween the associ aﬁteOl %ggf‘ﬁ'ﬁj f‘Jaegélrﬁl|| %gsencourage t he sel f-assenbly
of the 1®nductive nanewth&sernbédimznis,ianéssd oanaed] &slores el Waldsated
as shown in the final sequence in Flgure 8. The associ ation peptides

and their [oséathehivlagigal teatsfiak nEharppiier @ reated oregyesetear be ﬁangertﬁd

h t d ot
Shapes.  or R EBR A HITEN Ve SRR ToRE BB o TR SRAC Th BB B8
the conductsels:tamtier bRAmBIZ, Based opld PRt DG ek ife RLEALSHG and
scaffold 8 before the protein scaffolds forma network. It should be

under st ood grewtt Ofpa oraliahow i faf slatiad @aﬂamilrm)atOrresaomcengmnMabpne@ursw

t he b| condu tive e use of

bi ol ograthi OGRS, Ravei g Heoatrap: SN el e BAdseitig

partners a'nﬁtﬁ\éfailfzgfloﬁ B?Cfucﬁrrﬁﬁ | A8 ople e%ﬁf&déiﬁaﬁ'hﬁié foR ¥R atf \%z@b@hl y 10

connect ed network than woul d be p055| random nanow r es

particul ar cnedmotok, arfceplablbsobd giatatials engy avetsircpallddianed patadiem

sel ected t QI eve dKSI red Re%r ee of order in the conductive

| ayer. ase moiecule, Au or an Au based molecuie. For an oxide conductor, a zinc
oxide may be used as a nucleation material. Examples of the seed material

25 include Ni, Cu, Pd, Co, Pt, Ru, Ag, Co alloys or Ni alloys. Metals, metal alloys

and metal oxides that can be plated include, without limitation, Cu, Au, Ag, Ni,
Pd, Co, Pt, Ru, W, Cr, Mo, Ag, Co alloys (e.g., CoPt), Ni alloys, Fe alloys (e.g.,
FePt) or TiO3, Co304, Cux0, HfO,, ZnO, vanadium oxides, indium oxide,
aluminum oxide, indium tin oxide, nickel oxide, copper oxide, tin oxide, tantalum

30 oxide, niobium oxide, vanadium oxide or zirconium oxide.
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Tenpl at e- based synthesis is particularly suited for fabricating
nanow res of particul ar di mensi ons, norphol ogi es and conpositions.
Further 15 advantages of biologically based manufacturing of
nano-materials include: solution processing that can be nodified for

hi gh t hroughput, a”biﬁﬁ\{ o¥§mﬁ'{b¥r‘b”f%|f%?8 ibio gﬂzai ﬁ@@r&é 8! 'can be used to

conformal ity and production of conductive Ive Layer
and Subst r grevidedhs tanmpidtésnﬁlrrca&atvug eanptad naﬁo'gruee ihGladslyopwteins,
t ranspar ent 10 copprisin conductive |layer 12 coated on a

duct or
substrate 19?&%9@ RRALRR B¢ rqaaygyg@ andripeilikes Tgeﬂﬁﬁm@ﬂpﬁ/fﬁfsﬁlﬁtfé}&

108 shovs dommsrartELAunaaRas ol RaME R N S0 B e il it
a conduddi wg doalyielbtl\lématérlaﬂ(yraﬁésorbédlm 9 A gicatidNoSheo188B 8 e

llayer 12' includes a plurali t]y of nmetal nanowires 16 enbedded in a
matri x 18. 10/158,596; both anpdicaiigns aksriartbe neme sobaabsipailechaologias

into which rsed.or enbedded. Portions of
t he nanow ré@%f‘?g%%{) ’chgf%&?%"?é%dﬂ@gﬁaw f%‘é 'fC&rial to enable
access to the conductAyfoRetaldve, bioldcaBbRiplates sBchastprb@in, td”'ﬁeﬁ%tea'
nanow res and gr ovi des a physical formof the conductive |ayer.

mat ri x prota¥citeer bielagical materieldansse engimeathdtoshavenafiinity sites for a
factors such s CcOorr,osi,on nd abr a articul ar he matri x

S n 11 BanepRtEeret rreSfaltha BReER Gind e Ml é?fefﬁ'@s PhPERides
envir O”WE”tW|tI'53ﬁ|Hﬁp t88 dPcHcUhSterial @&?ggq@élﬂﬁleﬁftnﬁﬁfﬁglt ?e(ﬂscovery

sul fur and the lik itron
f avor abl e p.‘mg:ses:aﬂsucztnds phapedispéy, geapted[‘spley, tadl smmmglpieyldr@trhaser :
For exanpl gﬁorlt ca pravi de adhesion to the substrate. Furthernore,

unl i ke met ?l'n ' G35 OnRiage iy gibiaeesat Phages @eeMbd with

met al nano I

mor o dot ai IPRdrey oo PR Sl Mo St Fidt ety ob iRt SRpBEnbas ¢F
t r ans parientpeptidds dtorspopulatiorovf hesshaged Apadtelnintigd pigh FFiRRERS a
Mor eover, the gptical properties of the conductive |ayer can be
tail ored b)Sp§§|f'§6@f9% npleays capriciselated ang iteieptidaisirurtire sparks e,
reflecti onlé&ﬁﬁ; gnd unwant ed gl are can be effectively reduced by
using a matfix of "a 15 desirable refractive index, conposition and

t hi ckness. In pafidiis e gehdtr sBtjunses of 81k @lBIdg%’sHI InYoleb@as
material. A material is considered "optically clear'’ optically

t r anspar entcan he cctmtéolle\dgﬁtprovrdﬁamlsrgbenobtonmoma@pul@r peptide skgaances

% bJ
ot her kS i eRHAinGvpES bF Brogd Baflidias, Kol xamie s B0 oo s e tRE o

proteins can be arranged in an ordered array along the length of M13 phage
particles. The P8 proteins can be modified to include a specific peptide
sequence that can nucleate the formation of or bind a conductive material,
thereby providing conductive nanowires of high conductivity. Advantageously,
25 this technigue allows for the ability to control the geometry and crystalline
structure of the nanowires through the use of biological template molecules,
e.g., proteins having specifically designed or controlled peptide sequences. To
that end, peptides or proteins with binding affinity for silver, gold or palladium
have been identified which can be incorporated into a phage structure to create

30 nanowires with dimensions based on those of the phage particies.
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20 network layer) in a transparent conductor described herein are
preferably optically clear. The optical clarity of the matrix is
typically determned by a nultitude of factors, including wthout
limtation: the refractive index (R), thickness, consistency of R

t hroughout the thi ckr@@ﬁ)gi@wrrﬁa%ﬁa@diﬁé%%.gg;gagbercfaﬁ%@ us&d éé’%ﬂa@%ms

and haze (a scattering | oss caused by sur oughness 25 an
enbedded pdpt the fesination of conductive Hamowédretsai Foredaothlegilamentdus prataing

is about 10 nmto 5 pmthick, about 20 nmto m t hi.ck, or about 50
nmto 200 MMIERSER:a Sﬁ"ﬁ?%gﬁomﬁféﬁ%%{?eﬂﬁé’%ﬁﬁwﬂﬁ im iength can becisese
i ndex of a . @’?‘%' ; t I I

enbodi nent gé’y%rpléit%ré@aﬁvgt?@pgt% yﬁlte!:r@ur\é;\/i]i)b%q]‘/gﬁgaf@%urg%g%@éq?@%%ea
pol yrmer i% mmbtdin caMite syalthesizdcerr hap@ & Miuch largeriaspett tdtiottAgn dhiage,
Exanpl es of suitable polynmeric matrices include, but are not limted

to: pol yacrhickdeadrcle lawepppinaiativedhiashoksconcentratipns pf the egnductive

h I nQl : : | Qi t il , i nyl
a1 conol 5, _pEPUIRS, YATEHY RIS oRIER R skt RBe 4R st ABtime tha
pol yest er napigehsdriities. Aadgeetale ABATAERSS of Brad@hy¥ Eich A4 ERzyinbé 88ed
degree of aromaticity such as phenolics or cresol- forml dehyde

( Novol ace) ,aspdeterasnt @dedivegoisywelhgevaddpashe, pol yvi nyl xyl ene,

lyim , | id i dei mi d . pol yet herim , .
ol ysul 1 des” por ysul TBHECE YBE1S A AsroriRe 8 Fpineateid daving
pol yur et hanen(ifiblr ofBPihg Nl 8bikled ngcombﬁpé BAMICRIYEBD. The binding

pol ynet hyl pentene, and cyclic ol efins),
acryl oni t r iditeslare seicnted ki hawnan affinityfoethe( diBELctivoe bhdictes, sach as Au,

oo 08 L 15 AR R, LR EELIELR L5 B ey oo
I ' : R,
2oL Pl S BoeDEsa AUTARRoR RIS kBt B

pol yt ettaf Ipavticles hsdobnes ClkRd tbe like!l Vithex@btain soaffoldyd erellsodwpol yners
of 15 fluoro-olefin and hydrocarbon olefin (e.g., Lumfl pn(r)t)_, and
anor phous fANgEIeFaH o AaysiaRleriitef Rindivpysies Sa with sucteeffopy, Yt ipy

Asahi G . Tef b .
enbodi ment & Ee Y el k] Spdted ™t iR Bn soquipr inspyris alkfo BEIF"
partial |y pehgthesiitadase tiasshdudtivitg uf 8@ el YoRductvenaggred to a fully

20 polynerized or fully cured matrix, a partially cured matrix has
| esser degree of crosH4 iengthef ahiglegicglongtesal, sach @s apwicionas well as

nol ecul i e h rfiall | ymer,i zed matrj x can be
ot chod ThadF AareslE Eany ErdRebite snd RopRRgtflaiclth &5nRea to
convent i ondavBRAé @otielPaihmdHiond o eHe apﬁHa(P@%pé}ﬁéyﬂ@rnbé%é Ql¥e, shape
condition, the partially cured matrix may be further cured 25 whereby
further créos-aspect rficahavebesmeeleztad, the biotogical matdriaitart be prpesatbica
conductive material 8b, such as a metal, or a precursor of the metal.
Figure 9 illustrates a further embodiment of fabricating conductive
25 nanowires using biological templates. The protein scaffold 8 can be further
engineered to include binding partners such as associate peptides 9a and 9b at
respective ends. Binding partners can couple with each other through any type
of associative interaction, including, for example, ionic interaction, covalent
bonding, hydrogen bonding, hydrophobic interaction, and the like. The
30 interaction between the associate peptides 9a and 9b encourage the self-

assembly of the conductive nanowires into 2-D interconnected mesh networks,

16



matri x of hi gher nol ecul ar weight than that of a partially cured
matrix. The partially cured matri x can be etched, followed by a
further curing step, to provide a patterned and fully-cured
transparent conductor film Exanples of suitable partially cured
POLYITEr s | ned siGwn W theirfalMRgubhéd rPFighfs BATheAldsbofeibReBRdat Lrkiaher
silicone-epoxy, siloxane, novol ac, epOxy, urethane, silsesquloxane or
pol yi m de. loCatéorskinalydd ofrthelgpatd emenurdge doofpmniey dthakeshés, alvbtoesndf

i Chthe. pETIERTIY. Gy REMSwAP iiaEt oUA <5 oA ANGRPP G DR PagSHIS c.
Typi cal |y, ' Of= ' § O
ol Fri el ¥ B ARG eI SBR T R KT i PhverhRelRl fu ey

cured nes riairdsly BouraCiosthbabbeiregiffad fbefbiesthedrolol giffdlds fim a
protect the nanowires within. This is desirabl e because an end-user

may carry JWtwerls Bwhoplst ke bRdergtens thatoreiais seaféald 8cean algotfornobt ai n

i i i s e et W ip of Bl M a0 gttt
based on silica, mullThgs, tiaéuge %@biﬁgﬁcal"t’éﬁ’rp@té’%vir@%oc@t@%pﬁ&@@?rn

MyO- Al 203-5i 02-Li 20 or a m xture thereof can be use
certai n enssbeneinding paréneratallpwsifostief formatimndiia tonductier lageraofhighly

the matyix can b conductive l yner. .Condyctive polymers e well
nown 119 1 1o eete RER fan e RELAS PrssibBapEianson) patawgs The

ol vl acet JiriuaPRERfr of BR-Bbiodi @Rpldar tan Rtrkfote BREGRed 5
filnt, refeachiewe adesteodegteryeforder iethal camainotive Eyet.hat provi de t he

conductive nedia of the t@gngparint onductor, VWhen a matrix is
present, the conbi nat | YRPEC-LRESH EYNGERIS| B particHarkosuiedder fabhisating s

and t he matdd-%uk - ef . . ti i
conduct 1 vi P PYESTIEIGF dfforsiers rbrphORERS aEed s Gtong Pifther
met al nEﬁWomdvantag@mﬁﬂieibgicsle‘(biaedé@ﬂ’tan‘[ﬁé@thriﬁ?bﬂ%h@%éﬁﬁélsbﬁclgﬁ@sent
in the conductive |ayer to reach an el ectrical percolation threshold
and becone SHHiNCRIOFESSIME dhaf samdee mastifiaschor highthesughpet.cambiest | ve

g L . ; Cetivit _
somet i mos. 1eFERredrd BeBR SRR R Ror blufkkBalliarBiolithE hhticivey
known net hqggersn the art. Li kewi se, when a matrix is
present, the matrix nust be filled with sufficient nmetal nanowires to
beconme conductive. As used herein, "threshold | oading level" refers
to a perce a M res by weight after 30 |oading of
the conducti B =—at—h tg onductive | ayer has a surface
[sg: st :z?ayty of no nmorgs bAFNsHRAE kAR pRFiGHEAI0RA §RwS BT SHphrerYOr €

" conductor 10 comprising a conductive layer 12 coated on a substrate 14. The

conductive layer 12 comprises a plurality of metal nanowires 16. The metal
nanowires form a conductive network.

Figure 10B shows another example of a transparent conductor

25 10, in which a conductive layer 12" is formed on the substrate 14. The

conductive layer 12’ includes a plurality of metal nanowires 16 embedded in a
matrix 18.

“Matrix” refers to a solid-state material into which the metal
nanowires are dispersed or embedded. Portions of the nanowires may

30 protrude from the matrix material to enable access to the conductive network.
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the surface resistivity is no nore than 105 ohnisg., no nore than 104
ohm sq., no nore than 1,000 ohnmlsg., no nore than 500 ohnisq., or no
nore than 100 ohm sq.. The threshold | oading | evel depends on factors
such as the aspect ratio, the degree of alignnent, degree of

aggl omer at i i | St bV f i j :

A o under St a Ly e RESLBF i etlel OB s i ProlRRRH BfSical form of the
opti cal prameductige &fyer h&heabafrix protects thel metad nbrowirée frech adverse
conprom sed by a hi ggh 1J oadi ng of any particles therein. .
Advant ageoﬂ@f,onmﬁ@ flifaptosy, q5:39rE2sion apg abrasion. Hupaiicvias, the maafrix

thr eshol d_Spt LA oeiere ARt e dif B b gl 8 nens ishBb i fent
about 105 pguchiZas molstuiey, efee aphouritiob BlcRIBObkydbnl suBLEaRd tHe akout 5
Jug/cn? and nore preferably from about 0.8 Jug/'chto about 3 Jug/cn®

for silver nanow res.InN@sslions the aadrix etiensfgvorabid phykical @ndaneelanicale

hani cal i.cal ' f t trix.. Th I d
St rongly- o PREMeE P SRBSEIad 41T ARt EPERT R HEReSIoR 6 the
nanowi res. sifheaaiagratbimort! aRRRANBR oxRIRIMATsO blyRieric i Q?”‘C matrices
el ectrical conductivity (or surface resistivity) and optic

t r anspar en@meeddesbwigh onetaboangwize arst tobgst ard flexitlengAs eilebs disfcussed in
met al nghowi res certajn.enbodi nents, the cquucti ve | ayer spans

. . .
the entite 'Fﬂﬁ%%%‘ﬂ@e&?'”t Rriigpagiceg o 0P I.eﬁadgtgn%g%ranwarent
Advant ageo‘b%'nﬂucﬁ)&ﬂ%%\ﬂ-c%ghﬁﬁtﬁ Hg‘?ﬂhﬂ;dulffl'{b%t Bﬁ]@ssnanow res is

exposed on a surface 19 of the matri X eto e surface tension of
the matrix material (Mogovepdhg wptisil.prdpesiebedths eonduagtiaetiawar g tye
useful for ,touch screen, apg%i cations. In particular, a transparent
conduct or d&PTE sbm%ﬁje%tmgr aPe@Rdigta Matixmateral. Ferskaphie. seliedion
t hereof. Fi il - i eV e

mecal nanow T e SSrebtAh R Bhn BEkeoulay pEINEFEy bpfigdriaR oS

conducti/i tdesirAblestedrantivevrides, sompositonsindeRickfgsd) as nanow re 16a,
may be entirely 'submerged’ in the matrix 18 ends of other o
nanowi res, such as end/PiGly. theonatibids apgmsicalie clear materialo A materal is

trix 18. , [ f j ' fi . i , h
mdl o seotCoRRrE PRlrBY slance B R e oo B8 Wi ot g31
18. If enougd ntenanewt least 8BS, Hobeasblel rddion @E0hMODT0dRM) PUMdLde
above the matrix 18, the surface of the transparent conductor becones

conduct i ve sPPciiedeothenvise all thedayars figckiding thersutistrate) ang thehanowire
surfac?oof one enbodi.nent, of a transaar ent

nd .show
Sont our2thr TEeKIRGENTE A nspRr o BrCRE HEse et hSTSiT Atk oTeiRble a
matrix in @p&ibéﬂ}sﬂééﬁn"l’hé(;b’ﬂ;ﬂé&lth’érity'o'?tﬁg H%riﬁ&aﬁgihmﬁgtggygﬁ(}d by a

conductive layer is forne y the hetal 5 nano es ‘e Ina
portion of ntudetofifactoas istlodngiwitHeiugliméafiofs. thehefracthduiotex ¢Rl)ayer

..1 g;bﬁgf;gh?ﬁipﬁr?é#%Rgg{sfép%Qg:?letth%ug E)Li! t)§1el’tﬁicﬁﬂgsgrs%rf%%g%n%%u%ligg
interface) reflection, and haze (a scattering loss caused by surface roughness
25 and/or embedded particles).

In certain embodiments, the matrix is about 10 nm to 5 um thick,
about 20 nm to 1 um thick, or about 50 nm to 200 nm thick. In other
embodiments, the matrix has a refractive index of about 1.3 to 2.5, or about
1.351t0 1.8.

30 In certain embodiments, the matrix is a polymer, which is also

referred to as a polymeric matrix. Optically clear polymers are known in the art.
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In addition, the nanowire-filled conductive |ayer nay be overlaid
with one or nore dielectric coatings (e.g., an overcoat or an
anti-glare filnm 10 which protect or enhance the perfornmance of the
conductive layer. In these circunstances, the conductive |ayer nmay

not be surf@efnsREWIGLitSle RIWmESc Hﬁﬁ@%bﬁgiué%%m A r'ﬁcp-nmn%fa%:

conductivity. In certain e I ments, surtace

conduct i vi tpolyacrylios sucdr zopolyrethdeylatdsalel. g.s pely(hgthyh omtinaeralata)y, a
plurality of nano-sized, conductive particles in 15 the overcoat. As
shown in FiRI¥aErylgies AN BRAF ANty Pebiviny glepbojsapelyesters ée.g.,
deposi ted (@@ﬂu ' 0, '

nalrcl)ovm' res %]%P@%hr@gggﬁﬁ %Q%er col a?ﬁs'g%&te hﬁé@ﬁtg%ﬂgat%n%p%éﬁ&g?rib&qates),

i n-pl anes cqrudyrobisvivitly a gh degramet arbmatisity eLOR s Phehbics ONcheebi-ve
layer 10. A plurality of conductive particles 17a is enbedded in the
over coat 170MAaNIgAYER ENaYeIgcs DholysXeanes. polyvievlielugne: pelyvinnisyisinged

per col at | o PHdeE et hiaEs HAVSRHHRES, Rl hEr G ke PR iR Rct s ve
| ayer remaiptsysasfohbs, Solyplestiyleidd, A GHoMRHaw eﬂh@r%}?oﬁhréﬂ%n@% i res

have reached el ectrical percolation level. The conductive parti I es
i n the overapgay. pelyoietios (eg. palypranylers potimeathylpeatere, meduytlioblefing), r

fhe. oveltso b8 Hitadithahyane GRB B3 4R R Cplch Silgones and other
mul ti -l ayergj i 34 £ " ' yer
Formed on 1S S R g B e S v htne Y

first plurgolyynyéhloedelPVE)naoivadatates, polgndibostens sy sghihietic ofibbers (e.g.,
netallic n i

s (N el ectrical percolation |evel; and an
30 over coat r%’ggt gﬁ'ﬂg HRPPYMESS 5-9-- ey viuideaa fluoride,

I ncorporati S558 1=\ !ﬁ.@% | [\C cond
plurality c%trﬁuct i \g/tehyip%arté{ ﬁcﬂée)sorglfeql ng Eﬁ%@ﬁf?@ﬂéerﬁée)tk (?'?%IXH%?S of _
per col a5 orfiubex-elefin and hydrocarbonAsiefirs gelgh €usiiflon)aaed aieghe@nduct i ve

particles refer to conductive particles havi n;[q aty, | east one di mensi on
that is no fiWgFrecarham Pobymiers of ceeplymerpi(eah Y TR i Asahidplags Gom or

i Ced o R Mnly EEEHD 200 Pret al e nanowi res (inel uding ¢ hose
descri bed herein), mahalthdreerBodiienes the pbhptemamatiessdribtifhaan t he
| i ke. "Substrate", or "substrate of choice”™, refers to a materi al
ont o comprises partially polymerized or partially cured polymer. Compared to a fully
20 polymerized or fully cured matrix, a partially cured matrix has lesser degree of
cross-linking and/or polymerization and lower molecular weight. Thus, the
partially polymerized matrix can be etched under certain conditions and
patterning is possible using conventional photolithography. Under a proper
polymerization condition, the partially cured matrix may be further cured
25 whereby further cross-linking and polymerization are carried out to provide a
matrix of higher molecular weight than that of a partially cured matrix. The
partially cured matrix can be etched, followed by a further curing step, to
provide a patterned and fully-cured transparent conductor film. Examples of
suitable partially cured polymers include, but are not limited to partially cured

30 acrylate, silicone-epoxy, siloxane, novolac, epoxy, urethane, silsesquioxane or

polyimide.
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10 which the conductive layer is coated or |am nated. The substrate
can be rigid or flexible. The substrate can be clear or opaque. The
term"substrate of choice" is typically used in connection with a

| am nation process, as will be discussed herein. Suitable rigid

substrates include, f@ﬁ.e%ngaliﬁthégéﬁ%ul@%mfﬁgﬁ%?%%?%’bﬁgﬂ.tfcs’ and

the like. Suitable flexible substrates Inc
limted to:pguhngdasatorsmey.igpacpibleyething ecaditiendpblutiah pteddREiLh the

e ehes, AL BRSPS iR hELa ol
hl ori de, VA ' NoTe] AVAVA I .
B

triacetaie, cellul osePrferiablyeihe pattinhybofen@atriueds &3 adbeptable degree of
pol yet her sul phone, polyim des, silicones and ot her conventi onal

pol yneri c fRhYsical miegrity do aroteghife nenoytiresuvithipl d hisuisstesirable kegause an

haloot 1 arerft-usey GBS T B oo BERPMYG ang o stbsrayen] ERHEGHS Batain

quanti t ati vefivaldefrispaceieopauatertighs i ncluding light transm ssion 25
and haze. "Light transm ssion” (or "light transmssivity") refers to

t he percentage of an Infeitderembodiments.dhs matrisds ahimargania metdiriam Fon
vari ous, enbodi nent s he |ight, transm.ssion of the con tiv ayer
o L TUb et o soleiynat ass S aeBle. 2 FriERe g MgO-ARS
conduct or iIOHNARID L 81D.¢ ARV ESITMEL0 it IFPRSIEIREIRY chABRES on

a substrate, the light transmssion t he overa structure may
be slightly dim ni shdd.ceRairf embraditesrdshtheanhaigixli@etfis cosddtivas For
adhesive layer, anti-ref]ective Ia}q ,.anti-glare | ayer, may further

cont ri but e FEMRIGUERIGAIKEARE AI0P ﬁ{iatﬁ_{e ROlYmeR: SengHciire pplymers are
t ranspar ent, QORgHeh ¥ th éh,"‘lﬁélb&fﬁg ‘@M"‘ﬁﬁ%@?”s@‘ﬁ}ﬁ(éﬁght transm ssion

of the transparent conductors ca | east 60% at

| east 7B ethylahedieagthicibnsh(PEROT)epsigarilinds, avlyahiophasés, B t o 92%
5Haze is an index of light diffusion. It refers to the percentage of
the quanti PplwtiagetylRneseparated fromthe incident |ight and scattered

oroperty of the mai AoPRGEwe 85y GRS sE A A her
typically cfusstel RanGyiFéatRt hesad GfescEHtlicBvd fsktes opid irsh&sareht

conposi tional heterogeneities in the 10 nedium In various
enmbodi nent £ongdhetoiaXénest ampeirixispesentrine conhination ¢fshe metwork lapemof

109 8% .th 5% .and be, | )
than 570 o i Aaasies ol ud Bidfuh BHleS rBBrPe T ks dbauBtisByaPne ©
conductive Siﬁ&@btﬁndﬂlﬁ’éfﬁ/it? WPRERiIEBTed BY BlddicARAakR H&%B%ﬁbgq}om one metal

characteristics due to the matri x. These characteri sti can
further enmamowdredy danatherdsufficipnaduital marmwitesymust be ptdsent irathepar ent

duct t t . Th i t | di ts, [ ti-]
£ anspar enCORBHENIE BYET B tresE AU actiR] RaToebipr taeshoReans bigee
layers suchoagugiid.- TRE L6 @oﬁmﬁgﬁg oftfHd cSHdlchives MR T indaR&s) ve

fhé
| ayers, barrier layers, ané %ard co
25 proportional to its surface resistivity, sometimes referred to as sheet resistance,

which can be measured by known methods in the art.

Likewise, when a matrix is present, the matrix must be filled with
sufficient metal nanowires to become conductive. As used herein, “threshold
loading level” refers to a percentage of the metal nanowires by weight after

30 loading of the conductive layer at which the conductive layer has a surface

resistivity of no more than about 10° ohm/square (or ohm/sq.). More typically,

20



20As an illustrative exanple, Figure 11 shows a nulti-|ayer
transparent conductor 20 conprising a conductive |ayer 12 and a
substrate 14, as described above. The nulti-Ilayer transparent
conductor 20 further conprises a first |layer 22 positioned over the

conducti ve {awgirfakté redisEA6PRthd RYEE thath W%Hrh%gg%ﬁw\?%ﬁ & ohyp/s.,

conductive layer 12 and thHe substrate 14, an ayer
posi ti oned mehwre then § 100k olrhsqlho tdoke Hars50 edmdsdeomns emorediadn 900
the | ayers re anti-reflective |ayers,

2, 24 d 26 can be one or
antiglare |9§§/E48§ iﬁﬁééﬁe\%&@%@@ﬁﬁ\éﬁ'd%ﬁnﬂw@rfgs:tor%ﬁ@cfbaam@ agpRet
protective Lk . ; d e var
Plnct 1 ons. '2h8nte degree of alonmedl!egPiFbPagfiona@ifa P ARAIARINA) bPHR
i nprovi gy trhetaieahawireal 30 properties of the transparent conductor.
These additional layers, also referred to as "perfornmance-enhancing
| ayers", can be one ofs Hovrdeiatoodriaf ore skiled inntherart, taamedaiianical and

enbot rens SPUSHEPIEFIS o PE A B¥ ke 1538 JRiEh SREbMard ised 67 Pign
benefits. H@édiﬁ}gﬁjﬂﬁn?,paﬁfﬂclégltﬁeréﬁf. | R&YAMEgeRSY, thaRigH Sshdct PRtdsO8F tRS

a hard coat and/or a 5 barrier layer. In addition to their specific
proper t i es, Mgk npepwisesatiow-fentieformgtiompta coadectist netalork thebegh theas

def i iLn. I . di t 22 1

ot - ol ecTrl 3t reshaly seriafe ?@a%g?g”%%ﬁté'%?fé’apb%f?a{bﬁéﬁ9'-9553/?&@60i s
har d 2 i 2 |2

hara conr - gt 0o’ moro profe LR RbMCALRTRCEL EERY 19 ABYE! 5%/ End

anti - r ef | eahoxeeptedgrably from about 0.8 pglemAtetabanbs heycratrioo dilvemandvayess.
ti-reflective | ayer, anti-glare,

22 is a compi nati op of an a ) a ]
barrier |ay ewr%%épagl@sg?\{elﬁ Q9é10$@ﬁfeptsth§rfnam%§¢%l@nw§alpraﬁartles
| ayer 26 i big I ' lc?éf]%r . b tlyve. Y rs
to a Iayer%tfﬁg? ﬂggathx'r g@l%ggklrbe Sect | grq S{@rhph/séﬁg éag'w}ée{%lléec Tfrﬁ/desé%lﬁ ace
of the 15 ardigpereivn afdhdnanowiredh@dvahiageelbgctrarMsparayietointémgastef or e

be positioned on the outer surfaces of the transparent conductor, or
as an i nt eritBakleiRiecideal qongduetvitwer skiface registivilly) and optiealitranspreeiayv e

e 4o SRR By BTG nd BB B MBS,
Patent 20 Nos. 5, 198,|13@értain 8@bodidentaNthe bdhdBctidlayer spans the entire
thickness of the matrix, as shown in Figure 10B. Advantageously, a certain
20 portion of the metal nanowires is exposed on a surface 19 of the matrix due to
the surface tension of the matrix material (e.g., polymers). This feature is
particularly useful for touch screen applications. In particular, a transparent
conductor can display surface conductivity on at least one surface thereof.
Figure 10C illustrates how it is believed the network of metal nanowires
25 embedded in a matrix achieves surface conductivity. As shown, while some
nanowires, such as nanowire 16a, may be entirely ‘submerged’ in the matrix 18,
ends of other nanowires, such as end 16b, protrude above the surface 19 of the
matrix 18. Also, a portion of a middle section of nanowires, such as middle
section 16c, may protrude above the surface 19 of the matrix 18. If enough
30 nanowire ends 16b and middle sections 16c¢ protrude above the matrix 18, the

surface of the transparent conductor becomes conductive. Figure 10D is a
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I n ot her enbodi nents, reflection |oss can be effectively reduced by
controlling the thickness of the anti-reflective |ayer. For exanple,
with reference to Figure 11, the thickness of |ayer 22 can be
controlled such that the light reflection of surface 28 and surface
30 cancel eagh mi i ' a1 sletell e
anti-reflecti vﬂdggpgfﬁigg @g?ga%%gfﬁ%ﬁdcd%ﬁr 200n|r:)nH§—;ﬁ'|§eﬁcE.OtfIa

Ref | ect i on fransparant eirsluchor shedingd coptduref @pds @ndi midd|aisectivins of

textured surfaces, se e.g., U S. Patent No. 5820957 and literature
on Aut of|exnﬁ\mm@ﬁwr&ﬁ’aldmgM%mémﬂﬁeﬁﬁ%ew WGHPE Aut ot ype.

30" Anti-glare |ayer” IrneétﬁéFehﬁoayﬁﬁg,rtpte%%dbgﬁéﬁ{E&gﬁ@‘l’}@ﬂhr@gt%y the metal

reflection at an outer surface o ranspar

provi di gy fharowiresuginbeddedin & ipertiurr dfabe rhatrixcaé sR6wh e Figkfrk @0E. OThe
Sui t abl e antil{ggjl are materjals are well known in the art, 1ncluding

wi t hout | i rRQnsiticBye layier dXaresupigs POlyta perionmitie masriy 18|anskarer (e. g.
butyl acet I G h sin), polythiophenes,

pol zpyrrol Z%O%%%fé;ﬁrsg‘wng%@,%nwgghg%%lf(’)Sge, and acrylates, 5 all of
whi ch may conprise a Ihieﬁﬂﬁtidi'i,ftfﬁélﬁhﬁ@/vﬁ”éifiﬂéﬂ%bnéU&fveaé\sr@rOrhbg) bgzaévé?raid

i
fumed silica. See, e.g., U S. Patent Nos. 6,939, 576, 750; 054,
5,456, 747, 9i10Be ®1HOrgrtielscroTopdings Br.gndx evafcoatpw! amenti-glre filras e

can al o1 eXRGNEISieBhEF BTFAE BF TRmarere o6 e RUst cgraaver s it Rigap
coat", or "GuimAABRas, B LAN@UCtivE 8h R kP nbt ﬁé’%hf-fﬁge ggﬁau&rveybgreé

addi tional surface protection against scratches an rasi on.
Exanpl es ofchawniactalired mathdngiens combudigigy.synt heti ¢ pol yners such as

pol yacrylics, epoxy, ,polyurethanes, polysilanes, silicones,
pol y(silico-acrylic) IB B! 03%‘?'%@# %/Wa%@WHV‘Bb@tthﬁloyé’rcoat can

conpri ses i i h Binali < D
2 0n4, 015, % §3e0%sY b fRomiorsfing & dhralibiiafio 1264 Bhndtina teiad
t he hartb cdbe overdogbi éaldhpwir iarFigheutOR, 4 paddwvipe-asdtieodegcite 1afer 10 is

hardness canp be eval uated by known nethods in the art, such as_ by
scr at chi ng GaResea Ny batrale 44silbelcondurtiveiayer 4@ carprises RGnawires mbs

within a digt: 2 ec] cat i c. U I ., 300
gl cne' (sce. Mch eadr PRarEn RsRO R BRI AR aRBBeRia e
further expneechdtd 708 faméd ogltiae eommmSaﬁér 0 Apliralidfephdestive
treatnent by known _nethods in the art. "Adhesive layer” refers to any

optical | y dtastglesdars amheadgdedio His overeoatj ac Advantagepuslyethg. loading

d h i ff i
Covar ey e B R0 RaBh YR s bcia igRE o Bisodf b8 noffeecte |,
25 clear adpgeh Wee paiceldtdh tAfeshOR] lo dHMID siifadd8orfdctivity’ CTHE IBBductive

without limtation: acrylic resins, chlorinated olefin resins, resins
of vinyl chaygrirémainsas the etrmert-copdhy madiumaineivbichdhe neaswires have

ARy B S R TR SR IR =R
pol yester n#giiag fors @A EordRRNiRy as hYESHE of BRiMntR4l Yih PXaMRRARY
25 nanowires through the thickness of the overcoat.

Thus, one embodiment provides a muliti-layer structure
comprising: a substrate; a conductive layer formed on the substrate, wherein
the conductive layer comprises a first plurality of metallic nanowires, the first
plurality of metallic nanowires reaching an electrical percolation level; and an

30 overcoat formed on the conductive layer, the overcoat incorporating a second
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30 the Ilike. "Barrier layer" refers to a | ayer that
reduces or prevents gas or fluid perneation into the transparent
conductor. It has been shown that corroded netal nanow res can cause
a significant decrease in the electrical conductivity as well as the

l'i ght transgiigditedr &ndureve PRI, Yife LYSHd pl-ﬂpfitsg‘opéér‘id&ﬁivb icl&&hn

effectively inhi'bit atnospheric corrosive gas fromentering the
conduct i ve baipebekvdtrepeleaticahperchiatioatlavelnanowi res in the matri x.
The barrier |ayers arE wel | known in the art, including wthout

g

limitation: see, e.g.AABU8ed bgreintNaAPized cPoHURYe RRIAFEIESAE, US
at ot No. BT BarRE: daitd oPiEast bhe BthEiioNhacs Bpiidie B8R o,

anti - gl & e rhasetypadly! e nivre dhawa00ean Blamaplas bf aaitable@bhtiattivelysticles
In certain enbodi nents, the nulti-layer transparent conductor may

further corpflbge, BuiArstadiimiiedite] QYR doreccénduansitalic nap@wge%.ga,
of the.sad dlRg e Bscrbrl el S BRI cs. Bty B8HBes™

protective (ONThdritrihédme. but are not linmted to: polyester,
pol yet hyl ene terephthal ate (PET), pol ybutyl ene terephthal ate,

pol yrret hyl met hacr yl aSebgtPriel) or ‘substrate afebioice” pefars o ltomatesial Balo,

| yst tri t TAC) .. .pol yvi nyl, al. cqhql | yvinyl ch | de,
ol vt T diRh i EhRENEder R pdind YidaRyTaRd. TiByubslsate.een bS ol
copol yner s,orxifié Y YheubRiad @dn ba8Bicr o:r%E'aﬁﬂﬁ.s ﬁ"hb%lg'ﬁl“su strate of

et hyl ene-net hacrylic acid copol yners, polyurethane, c ophane,

pol yol ef i nshoice!’ e typidally ysadtin cohaettorpwith erlabliration PECes®@s wilds  or
T e O s 2 . S b ST
o by AN, et o ke SN b B ouse, o
pr ot ectifn dre riohémitetiab: palpestere. apelyethylahd fepesitthalzgs (RBT s (Pdlydster
shoul d be understood that an appropriate selection of the corrosion
i nhi bi t or ( ARE&IRlBIE: 8pdPalyaageorste b peheielinsHe.a.olineas, heanghed aarghcydic
against ad\e ety hOYIRIRAe.d.BAFiRy Hfonds slIREBHE Rig ARt T on
polyvinyl acetals, polystyrene, polyacrylates, and the like), cellulose ester bases
(e.g., cellulose triacetate, cellulose acetate), polysulphones such as
20 polyethersulphone, polyimides, silicones and other conventional polymeric
films. Additional examples of suitable substrates can be found in, e.g., U.S.
Patent No. 6,975,067.
Typically, the optical transparence or clarity of the conductive
layer can be quantitatively defined by parameters including light transmission
25 and haze. “Light transmission” (or "light transmissivity") refers to the
percentage of an incident light transmitted through a medium. In various
embodiments, the light transmission of the conductive layer is at least 80% and
can be as high as 98%. For a transparent conductor in which the conductive
layer is deposited or laminated on a substrate, the light transmission of the
30 overali structure may be slightly diminished. Performance-enhancing layers,

such as an adhesive layer, anti-reflective layer, anti-glare layer, may further
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According to one nechanism the corrosion inhibitor binds readily to
the netal nanowires, formng a protective filmon a netal surface.
They are also referred to as barrier-formng corrosion inhibitors. In
one enbodi nent, the barrier-formng corrosion inhibitor 5 includes
certain ni té&RassuteIRTa4 iR fi Qi [ ounds,
such as aromatic tr?azo?esgﬂ?é:ng\é%%iglhgéfg%%@ﬁ??@g?@ég%ggé%npounds

have been dmmuustaratiedatiou$ enmboglirabhts, theniighe xemsanssionmef te tpavidmeent o
provide a barrjer between the nmetal and its environnent. For exan;})l e,

benzot ri az FIGIUERES cAB be aldpAsiP Pk gallpasic@teoat least AbbPE aflepst 80% and
. LA Kyl substituted
benbot r  azdad Dedk NS BRETR L% bucyi bonzyl &

benzotri az as toly 4 butyl benzyl tri azol e, can
al so be gised. (See, eHgze islarbindeRic?NyhiNGiffuSioR” & ks )to ARkl pbicMdge of
sui tabl e exanpl es of corrosion inhibitors include, but are not
limted to:theawentivpyfliohit eeperats] o ietingiderilightiadd ashiered during

2- am no- 5- C -1, 4 thiadiazole, 2-nercaptopyrimdine,

2- ner capt oggé{fg@%@we?ué{keighﬁ&%ﬁ'ﬂ{%%ﬁ?{? l’ﬁ’gﬁfﬁy amoper?y of the

2- mer capt obgadiuf, drzlig ofteldMediiction concern and is %Q@'ﬁaﬂs%a%féu ace
barrier-formng corrosion inhibitors includes bio ecul es that show
a parti cul apualifi¢ss ayd eobcddedwaaliclssiof eampoditional hetelagdperi2sImtthd

bi ool ecul es, ,e.g., cysteine, and synthetic peptides and protein
scaf f ol \M'?WUF‘ESEHV%&S{% %Bb%@a‘t%ﬁ%égebuﬁ?ﬁ ok i H?E‘%&fﬁﬂp eridyclor ig ng.
EEEE; see, 0 | j ry / /.66 ,
10/ 965, 227,rﬁ‘i‘%ytS?Q,%5”‘2#??35‘%‘38?@?&?@@% A 8 bl :b%IE?SCIth“? &
Seri al Nos.ncodwbSthatP2% t6Q).3%, 675 and 60/ 680, 491.

O her barrier-formng corrosion inhibitors include dithiothiadiazol e,
al kyl dithiothiadi azol es and al kylthiols, alkyl being a saturated

C6-C24 stra _n.@ﬁg AGH: I This type of corrosion inhibitor
can sel f-a?ben rl € ur[:f a @?&qclg%%e?gce to forma nonol ayer (Schene 2),

thereby protecting t s nefedl aboveltHeasshducave el Hatd suSEht\hyical 8Rd
SSSSSSSSSSSSS Si | ver o In a particular enbodi nent, the
t r ans parentmediical ehasameisissrdusetodhe eratrivoiThese sharadteristies canrlmsi on

i nhi bi tor, j di ] 10 f t '

bt or ARG BRALLOH R D URBL Bl e 83l spacueer
such sust aigheduge! imreryir cﬁtﬁblﬂémﬁbuﬁﬁ@fﬁtsFﬁmtiuél}arl?#atneﬁg'r'er&\éBh?juct}éPIss
are typically volatile solid materials that subline a forma

nonol ayer @tescrieed,uwhiah @onyirisel @nesirahorelageis ssh aslantireipetivs layers,
talrssurf.ach and reHoI eni shed in a

VPIs can be delivered to the
sustsai ned Al ngl%ﬁ/er igyeqsoﬁ&bggggﬁw , barrier layers, and hard coats.
20 As an illustrative example, Figure 11 shows a multi-layer

transparent conductor 20 comprising a conductive layer 12 and a substrate 14,
as described above. The multi-layer transparent conductor 20 further
comprises a first layer 22 positioned over the conductive layer 12, a second
layer 24 positioned between the conductive layer 12 and the substrate 14, and
25 athird layer 26 positioned below the substrate 14. Unless stated otherwise,
each of the layers 22, 24 and 26 can be one or more anti-reflective layers, anti-
glare layers, adhesive layers, barrier layers, hard coats, and protective films.
The layers 22, 24 and 26 serve various functions, such as
enhancing the overall optical performance and improving the mechanical

30 properties of the transparent conductor. These additional layers, also referred
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15 protection. Suitable VPIs include barrier-formng inhibitors such
as triazoles, dithiothiadiazole, alkyl dithiothiadiazoles and

al kyl thiols, as described herein. Figure 12 illustrates
such a transparent conductor structure suitable for a touch screen.
Mor e speci fy ‘ 1 3 9] r [ :

bet ween tm&b%%% ugpﬁégﬁfisﬁbgnﬁgg%ﬁﬁﬂ§hgﬁ@gg%%ﬁ%gfﬁg@%%bhé@@%ﬂpﬁgayms,
conduct i ve ardirglase yersradhesivedagensebamieoilayerd aral Balr st .[n Taetain
reservoirs 40 are m croscopic and are sparsely distributed such that

their preseHBROYRENIROING BEEYMANGEHRRNANSNY lRyBRBravidassTiitipimbenalitst he
i o can B RegTRG: 2p EntRfRAkETafercl ABT R 48 hal boal Adifte

porous @t erardkr fayerm 2k adaitioh tbttheidBpbEific pdparaésdhé Pefotmianyapor
phase to form a nonol ayer 44 on the surface of the netal nanow res

(see, insetgnhanehs @yats e emiisahe cleapcrradefingd herebr.r osi on i nhi bi tor

bi nds nore readily w orrQsiv | e t (e.q,., H2 than with_the
metal nanowires. Theslb%d%rélgbfg'lm? hl%ggf%? & é’r" @%EH‘B{_{}\%‘%@ Ia}é%ralgé/ﬁégﬁés
or "gettersan atfesitie ERRPEARI MyER26 hea Metd@koand sequester the
corrosive elenents. Exanples 0f 5 H25 scavengers include, but are not

limted to: acrol ein,Inginopixen embedimdntdayanzl iscthardbseatclayenPdés a
(See, e,0., Published U S. lication .. 200610006120.) In certain
enbodi r?eﬂt Qar['?\refaéfﬁﬁr%a laﬁe'ﬁ“ﬁ?‘ﬁfso‘?"ﬂ 8F‘“'(%‘J.I\%Qt',"ea@3§rscavenger s) can be

di spersed in the matrjiX,dfLA% \dc3i %s]%? .
affect the optical or é’l ect}rﬂtr%g%rﬁpﬂro?gg%ﬁ?e o#ﬁﬁ% %%ﬁgp@ﬁ/? éfgrt].
101 n ot her refibetilientapes antifgame bdlarnaniayer asd adrartheopt, ¢ayerdidd an th a
corrosion inhibjtor before or after being deposited on the substrate.

For exanpl & _heﬁjé’eﬂﬁy%'ﬁ _%Qﬂéwrr@isﬁha'ﬂér lestive favss. witha
barrier-formng corrogianehop Itagér*’ rgfegsotoog-r@e?@ﬁ gfavhhl{eﬁhgg?gﬂea&f&he'

L at
In addition, the netal nanowres tan al's reate

anti -t arfi dbssal atréfoctiviBiuatacanf thd fanssdreabcd iRRIGTE MHe AfterdfRRWe i N
the art. Specific treatnents targeting H25 corrosion are descri bed

in, e.g., Uperqanidsreiee ba positionas ondhe outes. supiasies st de mppsparent on
No. 2005/ Ojcé di nent t he t al

nanowi res c E‘éggt% %?/Seanéweﬁﬁ'%% @8%%‘?%32{%%% ﬁl@%f)%sawifd@é% a5A0e to

corrosi on hyflgétvesapers sretl@neiiven ifrPie 24P iSNa8PLSvitiiUt iRiitalBROW T es
can be plated with gold, which is | ess susceptible to oxidation and

sul fi dat i ofluoropolymers, fluorapplyeer blende@bodpoiyntess, sdee et g.ablsParatent
conductgy s descrj erelp.can_b Lcated by various coating

et hodg,Hi r@?%gkggg?@e%%ég%ﬁ%nangrfa@ﬁZ%gt hr oughput web coating. In
ot her enbodi nents, a Ih@iﬁé}aémBSdiﬁﬁérﬁQqeﬁéct@fS‘I(?% cH@%‘é-eﬁectivelg reduced

Advant ageously, the fabrication processes ribed herein do not
requi re vadyuwnondeiioy thiedhickness ohtheastti-tefiettnee layer.eRor &edmpleaiiton of

the netal oxjde filns, Ingtead, the fabyrication processes can be
carri ed outCIREPHSF tfb”ﬁ\gé‘ﬁ? ﬁin&e tEB*[]??%ﬁ{'6V66%§§?Hé’e§ﬂﬂtwﬁﬁ§”‘3h that the

Moreover, iR FERICHERTY SNRES 96 SHESs e R PR dPE Bchbbr ufi 2ThL, in
patterning e transparent conductor.
25 various embodiments, the anti-reflective layer is about 100 nm thick or 200nm
thick.
Reflection loss can also be reduced by the appropriate use of
textured surfaces, see, e.g. U.S. Patent No. 5820957 and literature on Autoflex
MARAG™ and Motheye™ products from MacDiarmid Autotype.
30 “Anti-glare layer” refers to a layer that reduces unwanted

reflection at an outer surface of the transparent conductor by providing fine
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Nanow re Deposition and Transparent Conductor Fabrication

In certain enbodinents, it is thus described herein a nethod of
fabricating a transparent conductor conprising: depositing a
plurality of metal nanowires on a substrate, the netal nanow res

bei ng di spefs@fnkss 8n th%%rf?f’é;w th Scdt r%%‘?e gﬂ@ﬁa(?dﬁﬂ%%ﬁt?g@?éth%ts

| ayer on the Substrat ng t
nmet al nanovaneaselt kmovwe motrm:)ant edclalsli@&&ﬂ;h@th%lmomesﬂoﬂaﬁeapt al

Gapost {1 on. Pyt EoraltuR GBind, Fasauen  gs siltharetaie Mimspiaipee el
i o the nec) B boReRE; HADRTRORE. palid¥ihd AT Bael e Senlares

"metal nanoail sfeghidhaney sbminiise @ayHYEiffils mlat&fﬁfsablhiés dolisidardefumed
nanow r es are di spersed in water, an al co a ketone, ethers,

hydr ocar borliG §ﬁesa¢ §rad-Se Paganidyas. @9%39557\@ 5,7 50.064e5, 456\ &iTe 5,4t%:815,

rore 05 nbhge2 s bl e PeBbim s ole st 6800 Micfbsedle
In additi Orborhb@sm@rﬁa'ﬂhelwﬁgéhél‘ﬂegl\Sﬁi@h%aﬂ%té@éxﬁlﬁﬂth@hﬂdlﬁﬂgbh'B@F%VR‘J?%

bi nders to control viscosity, corrosion, adhesion, and nanow re
di sper si on.reBugagnglars. of suitabl e additives and bi nders i ncl ude, but

ool I ied o i eal e Pgl, e
cel lul ose (ﬂ\‘@)ﬂde@@dd[t}ﬁrﬁy Euﬁéﬁgﬁgﬁétgvﬁ%%%ﬁét'é&?é’t&ﬁé%?ﬁd%lrgﬁbn(TPG)

and xant han gum (XG, and sur ates

al koxyl at esExamhlyebmisudabldmaematoatso;pyludeesynmellle pohgmérsesuchcagol yner s,
sul f onat es, qs[ul fates, disulfonate salts, sulfosuccinates, ghos phat e

esters, and3y @PQEY&?REUFF@%‘QS pelsiaNes. Blicents mofy(stic-acanis)

0. 0025% t 0 B e15h 20 TRl Ry 78 hard ecal Fp CoRSEE oI BN, 5t 380,

to 0. 055 f di.SZeratétr Mo 55806104, Wmm@a@%s&a@%nwﬁmﬁws@t@uﬂ er
(e.g., a preferred range is 0.02%to 0.5%for HPMO), from94.5%to
99. 0% sol veRereimy Th%tﬁl@(rﬁ%qf&qha% eratas typigadiifrase abrabi ée BAtmni Toe

exa s ool bl sl O A e U
n- Dodecyl hschateBingapedRating WiV kicel FeaMBOEE rédipdbtiad b8 tithSSRRhinYa
nodi fi ers include hydroxypropyl nethyl cellul ose
distance of 2 cm at 2 reciprocations/sec under load of 300 g/cm? (see, e.g.,
20 U.S. Patent No. 6,905,756). The hard coat may be further exposed to an anti-
glare process or an anti-reflection treatment by known methods in the art.
“Adhesive layer” refers to any optically clear material that bonds
two adjacent layers (e.g., conductive layer and substrate) together without
affecting the physical, electrical or optical properties of either layer. Optically
25 clear adhesive material are well known in the art, including without limitation:
acrylic resins, chlorinated olefin resins, resins of vinyl chloride-vinyl acetate
copolymer, maleic acid resins, chlorinated rubber resins, cyclorubber resins,
polyamide resins, cumarone indene resins, resins of ethylene-vinyl acetate
copolymer, polyester resins, urethane resins, styrene resins, polysiloxanes and
30 the like.
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(HPMC), nethyl cellul ose, xanthan gum polyvinyl al cohol, carboxy
met hyl cel lul ose, and hydroxy ethyl cellul ose. Exanples of suitable
sol vents include water and isopropanol. 5The nanow re concentration
in the dispersion can affect or determ ne paranmeters such as

thi ckness, conducti vi ‘tB’ar_(iéPEal_yHP“rgﬂer§}Hé%’ﬁer‘%ﬁé‘ﬂ%ﬂhb& bY prevapid géé or
transparency, and nechani cal "properties of the nanow re networ

| ayer. The fhéd pennagtoninto ke frahsparent eonhetard jtustsdsbdroshover thelt a
desired concentration of the nanowires in the dispersion. In ]
preferred 1‘5”@??[%&”@%%”9”91‘?’@ &8 QegrGausesigpiicant dergease iy the electrical

of "t he sur 1ok, o AR B! PangRion ot RE cendedle Vi, 1L °

range of5 abgartieBRiyep caheffectivdl inHitlieatheddphedit doh@sWesgsirbly) smeiifd e
to the nmetal nangwires is preferabI?_/I in the range of about 5 to about
e

0. 000625; dRNdustive kavies agd qondagiiagdhe mefslwanawires intbesoatrizc iTaet barger

ferably jLp.L5 bout. 56Q. to .about. 5. Th i
Component & ‘eerirbaie 8Ra H il ndibbr et evarag wf @@ U,
substrate apgtehhRppREdtRe 6. 2004/025846%) u&P@ltenT%s%?éﬁgg’%aHa S cosity

range for the nanowire dispersion is between about 1 and 100 cP.

Opt i onal | y,4,08é,688bEF Batent ie. H32,568; ane dPddateot NpeHE061:0286ur MareoRsr,
to bett receive the subsequent deposition of e nanow res. Surface
b et r o Ao Bp vt B A B i rRte 1Rge and s BEN CBn aieacties
deposi ti on pha@idiMaydr M nanow re dispersion layer. In addition, they
can immobilize the 'nanowires on the substrate for subsequent

processi ng steps. Mrilemestain embodineents cthicrmaalti-lager foansparehiesb naluictorn
conj unction_ w ilzrta pat t er ni n% steﬁ%t@ create 25 patterned deposition

of the nandBRY 84thexLamprsa, Pisteslieslm abrvantie Gandyshee tyeals- 9 davsx,
re-treat S Tt I ] ] i t]
geposi ti 0292(;%)' Jnﬁ%@?%ﬁggl@ﬁgg% el?ﬁ %Xﬁﬁéeraﬂngig’g[% a?grdf'?@e S?rgseent

an apprtpr imateriehesiitaflexible sulistrass. aEgampldshsf prafeyive @indirseds ibam ar@s
wel | as further surface treatnments such as plasma treatnent, UV-ozone
treat nent, " ligtlegds: BolvasiserRalyethylene terephthalate (PE)| pelbutylanse

e ceee oL AR RSB il R

net wor k | ayPIC)pylyslesnd, arigesthtel (TR )TBOkvIng! AICBHSI PbevEJy?éﬁle@é,' ly

conductive. This post-treatnent can be a process step involving
exposur e t doyviRdidenglcidoride, polvstaylens ciibylgae-ving azetaée copolpmess,ur e

d { bed hel qu. , | n. t ai nbodi .S, Jt is th
28 e RN eh ot onspb Dk e SERRIRARRS eckl bR
conpri si ng:pdhARetHdre 8efopHated bblykIFhs TR tRe IRENAMiE RSP Prete R I BES;

the metal nanow res being dispersed in a fluid; formng a net
nanow re nétGoPkMAyer TAG hecauselof theit kigbstrehbgthwi ng the fluid to

Corrosion Inhibitors

In other embodiments, the transparent conductor may comprise a
25 corrosion inhibitor, in addition to, or in lieu of the barrier layer as described
above. Different corrosion inhibitors may provide protection to the metal
nanowires based on different mechanisms. it should be understood that an
appropriate selection of the corrosion inhibitor(s) can offer a range of
protections to the metal nanowires against adverse environmental impacts,

30 including both oxidation and sulfidation.
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10 dry, coating a matrix material on the metal nanow re network

| ayer, and curing the matrix material to forma matrix. "Matrix
material"” refers to a material or a m'xture of materials t hat can
cure into the matrix, as defined herein. "Cure", or "curing", refers
to a process where MOROIBHHGAD o?%rﬁ'lb@harﬂﬁrlnyﬂ?ééo%sq EnHitsiedt tfirl:;‘rﬁ) readily
nononers) 15 pol yneri ze and/gor cross-| $0 as rma &

pol yneric rtatthexnetQUnalaaaneesqdbnymaglazmom:thvedmdlcin @lmaetarmrmid Kingygire
in the art nd | 35 by way of exanpl e, heating the nononer,
i rradiatind® §(P1ée ra%?arﬁev QWIS CRTORIPR iRtVPEITE: (UV) | ght,

el ectron beans, and t dj b
pol yner/sol vent syst eiﬁ%sdén%ﬁpgﬁ@%%gi @‘tec%]@%rd@b’ 'ﬁ)%@ﬁ%'bﬁmghr IS
al so 20 5 tihtladeseertamnhitrogef-coatdining andTé‘lﬁPfud@th%ﬁmﬁ%] ofddini0 doAMBURES,

controll ed by selecting the initial concentrations of nonomers and
t he anpunt Bchtafca@matic tripgrlessimidazelas apd thiazolesr Thesemonpamdsyhave

pol yror | 2atts SRACOREREES LY el RABPISRE AR « RERr a1 arpyie -

takes 25 pligfier BaEvddiethkirkietal hAd #8dndirBn@BRE IF SRS am pleh BeRAG ALY
cured matri x can be quenched in order to arrest the curing process.

The degr ee (BTAGs ﬁn?@nnimp@lrgammcmabson tnlalbltbleformnppetr @ucopfper a{almpsrpl e,

absor b ee@fh Pk Pl Sutilf e boResPBedies st 4% o\ riarble and buty
speci es. %’ tri'anFeeEéﬁ'a'boeH@%éng\?ée d.je umat gHiay Cuorergdz% 3640011y

conprises a ymer may be y ‘or“parti
cl ear pol yrmidat[(mad suitablerexamplae ofcorrosizaigiibitorefindudie ahltearetﬂioyrmﬂted
matrl ces |ncI but are not |Iimted to; polyacrylates (or

"acryl at es"9- 2@@Nnﬁeyfﬁﬁ1d)l?€etﬁa%@#rvﬁ’sity&enzwﬂ9a@pypagrglgoaﬁTmercapto 1,3,4-
| | |
ol ot hyl enniatiahs, Aeert R e ot okar a2 ang

pol ycartionaheshptdbeprbihiazaie v 2-andicgptodearesidarioler omati city such as
phenolics or cresol- formal dehyde (Novol ace), polystyrenes,
pol yvi nyl t ol uene, polyvinyl xyl ene, p@d—ilﬁmEd?S’ pol yam des,
pol yam dei m des, pol yetheri m des, | ysul fi des, polysulfones,
pol yphenyl enes, and pol yphenyl et her syur et hane (PU), epoxy,
)

sil i cone-epoxy, polyolefins (e.g. pol§ yl ene, pol ynmet hyl pent ene,
and 10 cyclic olefins), acrylonitrileX di ene-styrene copol yner
(ABS), cellulosics, silicones and oth-r 'Iicon cont ai ni ng pol ymers
(e.qg. ponS|Isequ|oxanes andeon LA & 1 icqne-siloxane,

pol yvi nyl chl ori de (PVC), Gl yatepat es, I;éol ynor\bm‘r’néne’s “synthetic
rubbers (e.g. EPR SBR, EP , and fl uoropol ymens
pol yvi nyl i dene fl uoride, pol raf | uor oet hyl en E) or

Another class of barrier-forming corrosion inhibitors includes
biomolecules that show a particular affinity to the metal surface. These include
20 small biomolecules, e.g. cysteine, and synthetic peptides and protein scaffolds
with fused peptide sequences with affinity for metals, e.g. EEEE; see, e.g. U. S.
Application Serial Nos. 10/654,623, 10/665,721, 10/965,227, 10/976,179, and
11/280,986, U.S. Provisional Application Serial Nos. 60/680,491, 60/707,675
and 60/680,491.
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15 pol yhexaf | uor opr opyl ene), copolyners of fluoro-olefin and
hydrocarbon olefin (e.g., Lum flon6), and anorphous fl uorocarbon

pol ymers or copolyners (e.g., CYTOP(r) by Asahi d ass Co., or
Teflon(r) AF by Du Pont). I n ot her enbodi nents, the
matrix material conpropps b%rﬁ’é%%k‘@eéorrﬁlorpfrﬁﬂﬂ{&gﬁ{ctuﬁeea igthidYidzole,
m xture of monomers or a m xture of 20 ol i goners or partial polyners
t hat can pcﬂl&yi@hhz&hmdcﬁmtea:amtalkyiﬁbnolsoaﬂ@r beihhea gatliated iGs-ORtstiaightas
descri bed herein. is.wthin the know edge of one skilled in the

art to sel édfdrogar 9n&mam Bhigdwpe %@fé”?}"d@@/fFﬁFlP'EOFrP@tan%if'a%eé“LP'@@@I%
s ohot o c el BHaBE BB o Kbt LRSI R brotgetngthEARL ™"

Cross- I|&k3ﬂﬂﬁﬁﬂfﬁﬁﬁ@@ume| y irradiation. As will be described in
nore detail, matrices based on photo- curable prepol yners can be
patterned by exposure to |rrad|at|on§ ctive regions. In other
enbodi nents, the prepolyner is ther curabl e, which can be
patterned by sel ective exposure ically, the
matrix material is aliquid. T tionally
conprise a solvent. Any non-cofr effectively
sol vate or disperse the matri Exanpl es of
sui tabl e sol vents include ware :
t et rahydr of uran, hydrocar borfs (( rran aromati c

sol vent (benzene, toluene, Jx rfeferrably, the
solvent is volatile, havim & Shai Blmg Spmsn sos sn@snore than 5 200C,
no nore than 150C, or no [more than 1604 In certaln
enbodi nents, the matrix matert+at—frey bu“p.ioc &—e+0Ss- | i nker,

ponrrerlzatlonlnltl tor bilizers udi n for

antioxi dants, and W Etaa'B?'%'Pg]@F§"? Im Wigﬁ'l‘e pRBeRAEN ?‘?@%%
pol ymeri zat

Phe 1T ke, 109 Iser Beschli LObeRTAg ofioratin mhiciS prokirits Bphin all
conpr i s a supphosfithe dontwiskzrt inhibitor in the vapor phAse nO‘hed:dﬂleJEstmlnhtti‘t@rs
transparent conpductors can be fabricated by, for exanple, sheet

coating, wsbUtagletfiopguch susiginegs! deliyery '@ﬁﬂﬁi&t“\’éﬁor phassniabibitopst(ViRg). VPIs
Subst rare. A8 et SAAE <ol ARHRNG, SIIME R Tt Thalladiior the

enmbodi nent sQJfrfat:be of&tarrrmur@mwfretshexd\famﬁgwuem VIS dHA el ddlive FdteRf the
coating. A metal nanow res dispersion (not shown) can be initially

deposi ted toetehsudagss ard eeplanished #1 8 sustegetmanber fomnwrwla@bngss a

f I
el SR8, SR Bl Bt e
110 is all @mqbth@diyzm@wﬁdﬁﬁbm.amaﬁenéfsra@,mkwdﬂsl é’é/ééséri%d' ferein.
formed on the surface 105 (Figure 13B). he substrate

may require a pre-trddguent? loskatesiseichizetrargmEsent ccondmbtca simicfurem

i di | 110 that adh t h
nanowre dg, aBI% fr a tSYich screen. rmoreaspeecgf%%ﬂIy,oec}geeseals 32 and spacers 36

are positioned between two conductive layers 12. In the space between the
20 two conductive layers 12, one or more reservoirs 40 are present. The
reservoirs 40 are microscopic and are sparsely distributed such that their
presence does not cause a reduction in the transmittance of the transparent
conductor. The reservoir contains a corrosion inhibitor which can be
incorporated into a polymer matrix or impregnated into a porous material from
25 which it can be sublimated into the vapor phase to form a monolayer 44 on the

surface of the metal nanowires (see, inset).
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25 substrate for subsequent processing steps. This treatnent can

i ncl ude solvent or chem cal washing, heating, deposition of an
optionally patterned internediate |ayer to present an appropriate
chemi cal or ionic state to the nanowi re di spersion, as well as
further surface ”eatﬂﬁéﬁrﬂir@%harﬁﬁh@rﬁé%ﬁi ﬁ?%%%ﬁioﬂ\’fﬁﬂgﬁ’ﬁfbiqu more
treatnent, or corona discharge. 30For exanple, an internediate | ayer
can be deposatidgwith a berrssivé atemeft (elge, dpdsthaatvett hel metddinbnzwirese
nanow res. _E'he internediate |ayer functionalizes and nodifies the
surface to F2RS9 ‘qué‘i‘%ort‘ﬁ’@"lwqmiaﬁ@ kKBeWN 38 "SERRIYSES 9o 9elerssumbichat e.
In certain i i L : at

substr at e i po L s riefal SR e B8 b e AR S rE e o7

t he i nt ed meldiSbeavaryers drludes bueafteposlirhies wi: tHardiBie, BRBRWM, iizind ldhd n-
certain enbodi ments, nultifunctional bionpl ecul es such as

pol ypept i dedhlepsupeinimida. 4Seenhe gi.Meisbad 4L.8. Aapksationdily.pai6/¢@06120.)

refers to a polyneric,.s f,.am.no, acids (mononers) join by
pepti de (am de) _bonds'.n éi%i%?'g%ﬁwg)dg_ﬁ&&wngﬁp%Foss_q?an&ﬁ{ﬂWﬁ@p# can
be the San?squeﬁ%érfs@bﬁﬁtbe AishEReash dse MRYNBrovidiRl iEgiddence does not
functionalities (e.g., amno or 10 carboxylic acid groups) are

preferred. avenssleaifett thei aptishbopelegiiept prdpertiasusf thecoadective layer.

ol y-L-)ysi ne, poly-L-glutam cid.and the like. The pol ypeptide can
be. voat b on i he.sundDroibe S P e be Hrah Ao Wi el pEprotreted

Al ternati velih alddfroRfny ﬁPlﬁﬂ)tit'ogBﬁ/féﬁ‘@ &%E%Pbgﬁggb%do%ﬁ?ﬁ’gnttﬁs sﬁgggétre‘?‘tlfor

with the nanow re di spersion. ny substrat I'nc Ing ¢

pol yest er seMasmplat the rhetad nanpwirgsichy lbengreldpated egithtzhbhiceYoreihigbi t
affinities for poIP/ tides. ... .. Advant ageously, the

i nt er medi at®MoNRAL "@’ topee-ge LA 2Bd dithioghigdisgelee rIpiasisitighthe metalwni ch

enabl es th éf‘%%l%istc%awal% Geq?eé}?ﬁgwkfgﬁaﬁﬁ-?gﬁn@bhg%!ﬁﬁoﬁ. h@le?ﬁrg?‘ltihta%sh

pattern. O her pre-treatnent ne s can al'so carried out I

conj unctj ortretinents pad kieovn othet &P Spedifid éeatenrthajetinga SR EH@6sion

depositions. For exanple, plasma surface treatnment can be carried out

t hr ough an apdlesgribesnsie.gald-BgPatent bior 4083%4% rand Wise Rublished of the

substrate t 0 i | east one pre-treated regions and at
A EaRag N R0 el

| east one u eated reqi res deposited on the pre-treated

region adhere to the [pyksbitfdrensidigents thd AbthhAdRer & e bhéyed or

untreated region. Accordingly, a patterned deposition can be achieved
by renovi nglated withanpthes niataklaes praneetat eairasie) by abyospheyic, elearsmitsigFor

It sh b d that th -1 t ts descrihed above a|so
appl y. C8 ot e HbE oo <3a e oD B S Er Fscap Ble o
accor dance 3 Mdnard'Suifl@stdd.pti on bel ow.  The nanowire network |ayer

formed may further require a post-
In certain embodiments, the transparent conductors described

herein can be fabricated by various coating methods, including sheet coating
and high throughput web coating. In other embodiments, a laminating method
25 can be used. Advantageously, the fabrication processes described herein do
not require vacuum deposition, in contrast to the current fabrication of the metal
oxide films. Instead, the fabrication processes can be carried out using
conventional solution-processing equipment. Moreover, the fabrication

processes are compatible with directly patterning the transparent conductor.
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treatnment to render it electrically conductive. This post-treatnent
can be a process step involving exposure to heat, plasm, corona

di scharge, UV-ozone, or pressure, as wll be discussed in nore detai
bel ow. 51 n sonme enbodinments, a matrix material can be coated on the

nanowi r e nelRekit Deioskish A f@i@srém@dﬁau%%uﬂﬂca{@ﬂef 116
(Figure 13 own in | ayer 116

is allowed to cure tolno:tﬂriaamnemhmiimemtsamet; thus ddscribéd heseinfa rﬁemﬂde@f

10A- 10E, afn he obtained. It is éunderstood that a brush, a sta
spray appl i @REBRINGLA drapsParest GPadugipr %rapa&nard@@@ﬁlmgwerpltsrallfwamr@etal

appl i cat or f I |

as di scusse ﬁ]%?ﬁ% %Jbs rgfeé\%(?gget%nc# g\”{/(\e/%r%eqé? 3’ é%%(rj %ﬁg@ Exd
sl ot dies cofatmnr@ a rrestal sEnawitk hetwark thyleead theaubsgatrtsy é'l[o’WVnQQM‘@ fluid to
tabl e can al so be used to deposit nanowires onto a substrate.

Advant ageoﬂﬂr’y, a roller or stanp having recesses of a predeterm ned
pattern 15 can be us tterned netal  nanpw r.es, disper

| ayer, or matrix mat gﬁ%&q%gﬁiqn%vﬁ%asc%t?%pferp@rgd Bgt&épﬂg‘?}d @bﬂ %h

layer (e.g.mefdl A¥HORIrBE iahé typdally Uispera8d UE bilivAid BYBEIIGRE td §é’p$’§tlon

patterned by spraying the nanowire or matrix fornulation onto the

substrat e tiusdgrstaed dpair asiueedhekein, ﬁepheltimtamd“atmtiegl are usscer is
ern ca

deposi t ar, cured in,a patterned e 20

tr st el edniertiAriasabhe, B haRgamashedisiid BiwhEhGr furtensiesmens can
nunbers of (e

pgr col ati onfbﬁﬁ?eéétﬁg%&g 'tr%govr\f E es gﬂ@bwg%av Eé@ Elééﬁll%%@gcéﬁﬁe
brushing t heaadav@ryefermabry thes mictalbriam osdieseare dmerpdmged mawafeer am agohbEm t o

a tacky or adhesive ro is further understood that additional

deposi t i onKERNGEIDEITy ygrgq:agtpr@eor@d} proseatsusolveRti (benzgne plHgne oxylene,
drying or Cé’l?')nﬂfl@r‘éed/@%?aﬁ tHed lét\}o‘fﬁ’tiigor?é\h P‘rg o3 t@f‘ﬁﬂ%e

any nunber of “t he  péer for mante-enhanci ng I ayers v PEeRa

sanme nehherthas 2003Cr hb esorelihse 1500 VéindCaaire figan 100°C.
Web- coati ng has been errpl oyed in the textile and paper 30 industries
for high-speed (hi gh-lPradsifigip it mesinangvaisiseensioasnmay (contain additives

tibl t.
conduct or - SHPnHER Bre) Lol BE SRl RIBESR R Chab 2R SErenn
equi pnent amdarﬁ@l@swshuétbm ARIitRRR R, binbesndllagBb itk not ligfkdaas, t he
cost of fabricating transparent conductors. In partl cul ar,

web- coat i n@%b@%@@@&d@ﬁﬂ@pﬁﬁ éGMG)eEdemMTBYb@&le (\HECDthBmyn
H ﬁ)é' glr §H/Iat e@wy&gﬁl (gﬁseg(l-@%@ﬁt elriuLiose (r&&)ap&?'vw aﬂ:oﬁg at ed
(PVA), tripropylene gylcol (TPG), and xanthan gum (XG), and surfactants such
as ethoxylates, alkoxylates, ethylene oxide and propylene oxide and their
copolymers, sulfonates, sulfates, disulfonate salts, sulfosuccinates, phosphate
esters, and fluorosurfactants (e.g., Zonyl® by DuPont).
25 In one example, a nanowire dispersion, or "ink" includes, by
weight, from 0.0025% to 0.1% surfactant (e.g., a preferred range is from
0.0025% to 0.05% for Zonyl® FSO-100), from 0.02% to 4% viscosity modifier
(e.g., a preferred range is 0.02% to 0.5% for HPMC), from 94.5% to 99.0%
solvent and from 0.05% to 1.4% metal nanowires. Representative examples of
30 suitable surfactants include Zonyl® FSN, Zonyl® FSO, Zonyl® FSH, Triton
(x100, x114, x45), Dynol (604, 607), n-Dodecyl b-D-maltoside and Novek.
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Fi gure 14A shows an enbodinent in which a flexible substrate in the

formof a filmor web can be coated continuously al ong a noving path.
More specifically, a substrate 14 nounted on reels 118 is drawn by a
notor (not shown) and noves along a traveling path 120. The substrate

can be fed ' ot | VAR F'c)ﬁ@i) t

(not shom)EQaAﬁ]E? g@giﬁ?g%kﬂ%%@&sm%%gﬁéiIgﬁlggegﬁ'gve ngwslme;tﬁfa@h?ie
The st or age(HRMiK) Ii22thoyd nekilnse, axamthant gumn polyvieyt dicohel; saoxd 2ethgr

met al nanow res deposition. An ap jﬂure 128 in the storage tank 122
delivers a <@M955%u60¢ @@r@wnﬁw ffé'[u sen RN ples of spisaklpselvests teludee

Substrate f-ar: 110 on a top surface 105 of the 15
substrate l\ﬁgtte‘?anﬂ |§6;§\'o|p§¥8IFt is understood that the matri x nateri al

is storesl in another Theohapewirawoncestratiiowthe daidreibe camtatiett or
material can be coated in the sane manner as descri bed above. It is

further undisi8IMBEE RAHAMEISRE HChRsIbiakgeasaanductvityinclsdingisuriaoet he

pl ace of t .3 : | i a rayin evice.(e. an .
at oni zer t@@grlﬁ%réwﬁ@ﬂ%&%&%gi glbcgﬁ’gq%lﬂg ?Eﬁroﬁeﬂtééﬁ ?ﬁhamngg{lrea
pouring devneﬁﬁioﬂﬂléybheThblﬁércéﬂt_E%e bhtheSeREntcRA b 8djudtd? b irbl8e a
device can al so be used to provide patterned coatings. Figure 14B
shows an aldesinedtgonsentration obthewednadeas inghe nispereinn2%n prefeocedti ng i s
carried,out o bott om surf ace of substrate. Li ke the nethod ,
Tl ustr i eoemﬁo‘%ﬁg%ni%%féf%“%@é'f)ﬁﬁ e gthes ingredienity NWevVaL A3 MR h
120. A coaty I A r
parti al |y SiBearis M RAuar (eTaho BFR Sdtcts 1 YR b0 Sk mditer i

st or age t arnkefe2ablyThéhe cangenof atmiut &0 th4doueDidMetise eativedfahe Visvosity e

di spersion |l a ,?,r 110 on bottom surfac};e 144 of 30 the substrate 14.
Coating r olm8¥' 2R &@H“?%l APBOYHEs iePiaferadty irherangr of abow d tegabydt h
120 . . . . ; . oL
can be car 0 SPERD SrkFrE R of 8 mltdt Rl ind BEreRBRRLX JFBleEb i

descri bksl ithe Fagge efabddt s8Wtclamutis. Tise rioebfidasipor@htdesthewié@sSion
treatnments can be applied prior to or after each deposition 5 step.
As will be ra8%Epimediied depeadingtan thepuibsiiateand Hremethed abapplication

Formod. SurSg o B raeod VRaBhh PR His fordit S FisbRBO s ot Hc

sol vent or gHwemtcid MeSaPng, plasma treatnments, Corona di scharge,
UV/ ozone treatnent, pressure treatnment and conbi nations thereof.
10Fi gure 15A shows a @plignalietis substiate eas belertfented tbpiapare aguaface

20 to better receive the subsequent deposition of the nanowires. Surface pre-
treatments serve multiple functions. For example, they enable the deposition of
a uniform nanowire dispersion layer. In addition, they can immobitize the
nanowires on the substrate for subsequent processing steps. Moreover, the
pre-treatment can be carried out in conjunction with a patterning step to create

25 patterned deposition of the nanowires. As will be discussed further in more
detail below, pre-treatments include solvent or chemical washing, heating,
deposition of an optionaily pattemed intermediate layer to present an
appropriate chemical or ionic state to the nanowire dispersion, as well as further
surface treatments such as plasma treatment, UV-o0zone treatment, or corona

30 discharge.
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transparent conductor. As shown, a web-coating system 146 includes a
take-up reel 147 that is driven by a notor (not shown). The take up
reel 147 draws a substrate 14 (e.g., a flexible polyner film froma
supply reel 148 along a traveling path 150. The substrate 14 is then

subj ected to Seque”tiP&Iidvfiﬁ@?ﬁ@ﬂ%@o&i@orﬂr}ﬂeqﬁaaihingeﬂ?ib%ﬁbggeﬁlaﬁbﬁ@nt he

traveling path 150. It w beco apparent to one ski art

that the spHezlewdparationeah,bet drretgretsd f heatnasid. ¢.0baking® The resulting
concentration of the ma%ri x material, and the adequacy of the drying

and curi ng HVELBeWYTK layes ey FRaurgRast-dreglmentder repaenib elagtrically

unifornity&ma t ki S ctl r. far.

20Mor eover, 1n u&:ﬂf a?h%gﬁeﬁw@?cﬁgg% r%@kfﬁ%%?‘)sé%éP%&@ﬁﬁ%@PSHr%‘&
prepar e § heneptpplasmize cbrind diecksargecgvestoreoat F%@f@é@%&@éribé\‘pbélow.
specifically, the substrate 14 can be optionally surface-treated at a

pre- treatnent stati ofl CESIN embepiraerist his busidsseriegd beraina method of

b t k Lfion, | ddition, surface treatnpnt .of the
substrate dRoLTse RERSEhtat Banadtuf Comb BRnarter i ARSI Faptal
the nanow removated ol 8RRBkIrEE, tH et iAoMilds i Blsperdedon LA ed
out by known nethods in the art. For exanple, plasma surface

treat ment darming aiswiakanoydic yetinoek layeeoolthe ssbstnateunealtifwing ¢he fluid to
surface, of the sybstrate. Usin ases such as argon, oxygen or )

i trogel) . FTeHRENNG7 Hiali MElEHalmn B8 mefal naRoRIre eperigYe andsuring
speci es at th@%étﬁ?ﬁﬁ?l@?igfﬁorrﬁ@h‘éﬁ*iy1 only a few atomi c layers on
the surface are 1 nvolved In the process, so the bul k properties of
the substrate (e.g. t'Matripoigtesal” féfery tora maiterialmald mibedrehyf harials that

chem stry. In many instances, plasma surface treatnent provides
adequat e~ sUANLEEARIO; tPgIMBRXF 3y de be@iMetGiiiey HnGUERG e EFIGES to a

bondi ng. id | | ; b
carri ed outPoess VRIS MRt Bt OFBael BEKATte RIR Tt 35 Tl g °s
par ametd§ s:palypfidvizeandmr cidssirkso 88 i fERCa o BeBMdHc maRIDiitable

I n other enbodinents, the surface treatnment may include depositing an
i nt er nedi atRPlymgazatian eenditianssareavell kngwmin te ambend include briveaynefdi at e

subet rat o, SATPIE TR Brbbhe Ty @hthg W bRRe BRI A8 be i ng
the 10 nanQwrswslet (VY Byt BRclrBA beaRtVahashe akadnebeditien! B iidification” of

substrate. Representative materials suitable as the internediate
| ayer i ncl @deolnerisplvest spsiam simmitanecusly saused bugohvignpmpelts dise

(e.qg., | y-L-1vsine.). a o O her exenplary surface
treat sW'hEWﬁ&%"ﬁ#V%%f WlShPng with a sol vent, Corona discharge
and UV/ ozone treat nenthe dbdre@iof\Miting cBhHEMDIEE bjylssé?é'&irﬂ%leliﬁﬂaf n

the art.
concentrations of monomers and the amount of the cross-linkers. [t can be

further manipulated by adjusting curing parameters such as the time allowed for
the polymerization and the temperature under which the polymerization takes

25 place, and the like. In certain embodiments, the partially cured matrix can be
quenched in order to arrest the curing process. The degree of curing or
polymerization can be monitored, for example, by the molecular weight of the
curing polymer or by the optical absorbance at wavelengths indicative of the
reactive chemical species.

30 Thus, in certain embodiments, the matrix material comprises a

polymer, which may be fully or partially cured. Optically clear polymers are
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The substrate 14 thereafter proceeds to a netal nanow res deposition
station 164, which delivers a netal nanowire dispersion 166, as
defined herein. The deposition station can be a storage tank as
described in FigureldA, a spraying device, a brushing device, and the

like. A metig i A T ' ' LS '
sur face L0 oA o RN ARl mERE A CEEREN GRS HEF gl it
patterned dimaitédtp: plyaveylatesdbr reomgatestssubisae psiyatetioacriatesubst r at e.
For exanple, a stanp or roller having recesses of a predeterm ned

pattern carPHAG¥EEs ane Potyaspylenitries. Inalyvinh alsohels PohestRIs ye & pped

The | ayer AR e BRI e BRI RIB BT pEtGionates),
Ther eaf t&r ,pdiraetawith alfighidegesd @ﬂa@méﬁcﬂ?)&hﬂﬁ astptdrNicd 6P ciedof-or m a
metal nanowi re network |ayer @81)80. Optionally, the network |ayer 180

can be tredPEnalgehydedyovolgost)r palyadrnes, aolwinylielensopolyxianpiyene,

f t t f th t al ! it |
can | mor ov MRS AT ey AR E s pebE T RS RV AL
| ayer 180. p‘?ﬁ%@?fohbbyg@[yghérvﬁer@éé}rahbqso|@hé?fy| Biheld GsipurefHarRe PEA i ed

out in a March PX250 syStem™ using the toll ow ng operating

par anet er s:eBOGVgilionreepowy, pthgdelns (@ g.aoitopglent| pelymEhwpemene, and
ressurge. - 300pTorr.. her. kn urface treatnments, e.g., Cgrona

fi schar b SYGIC Blflpsbraeryiaiifbnied inas-shyrens sepalaier (ABS)csaliasics. t ne
E X g . . 1 ft
hercon 5y%lﬁ‘d@n%%%r*&eotH%F%&fH»c@n@ﬂﬂﬁﬁ'?gb{ﬁ%"(E.g}. BP@%IIQB&?}%&X es

post-treatnent, the networ ayer can sure treated.

Mor e speci foatydilapes}, sdicoaevsiiokaheypaiyvidAchlsride (P Vo), qpudyadethtees s
186 and 187, whi gh apply pressure to the surface 185 of the network
| ayer 180. PEYNQrogmsies. sunthntierubsss (9-4aEPR, SBRyIEPPM) ard coul d al so

be used. a i ; S to
nmetal nafserorotymers (U7 SERRERHEae ALaRuS MRINERM IR TS o
descri bexl higiexaflaoroprepgase), cbpolyaids of fibrovolefin bhe Harsbirbbm8lefin
| ayer. In particular, pressure may be applied to one or both surfaces

of a 15 corﬁalﬂa{ngif@ﬁlggtandr%mgmﬁtﬂwmmbmpOers@atcenoiymers (e.g.,

accordance A\ i be elp e,of,.one or nore
rollers (e.%?fggel%’égﬁa@g%ﬁ%:&oﬁeﬁb& %ﬁﬁﬁpwﬁ)th may, but need
not, have a |ength dijARiisérosmbadiafints (A8 niathk Mdtefbr@iah s the
conducting layer. If a single roller is used, the network |ayer may

be placed @iepolymgird Asiprep@gmanrefére teianyixtureaifineonorokrseor aorixtsise bhe
o e b s S A U PSS A R e
Eletg \Sﬂr) re klgi}p%nyrﬁ@brc Rfatfie) dLefebeaHErERe 1 1CnitHIh M RndRIctBE MR oh skilled
in the art to select, in view of a desirable polymeric matrix, a suitable monomer
or partial polymer.
In a preferred embodiment, the prepolymer is photo-curable, i.e.,
25 the prepolymer polymerizes and/or cross-links upon exposure to irradiation. As
will be described in more detail, matrices based on photo-curable prepolymers
can be patterned by exposure to irradiation in selective regions. In other
embodiments, the prepolymer is thermal-curable, which can be patterned by
selective exposure to a heat source.
30 Typically, the matrix material is a liquid. The matrix material may

optionally comprise a solvent. Any non-corrosive solvent that can effectively
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In one enbodi nent, from50 to 10,000 psi nmay be applied to the
transparent conductor by one or nore rollers. It is also considered
that from25 100 to 1000 psi, 200 to 800 psi or 300 to 500 psi may be
applied. Preferably, pressure is applied to a transparent conductor

prior to t%l\ﬁ’&ﬁ@'dr% e?ﬁ% us@%Yn%%’Eér?&l RBh Pl Med. Examples of sui alEf'ep

or "pinch" ers fWo or ‘more 1ol l era ara us

apply pr essamterttsnnthG:wathrpan airobibk et ketbhe, tetrapidrefuran| hﬁﬂr@céﬂ‘bn&m |
30 understood in the art and di scussed in, for exanple, 3M Techni cal
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pressur & t @°CehalmorNiBahr1sone! Wone maeréehah ippeyed t he conductl vity
thereof either before or after application 5 of a plasma treatnent as

di scussed above, and |R@gried ewbedimensdhewhainzunateriph mayaemmise a

b 15A,. th || 186
an 165 oy BeS B BolEReradibnd Gk bkt nrdlnpur épuple To0
a singl e oranfivkidaptse atn'dr@\'i’ stéﬁllliéﬂ@fdﬂbh@érspr%l‘.i@ctr Iﬁéfb d B @ EHEatllon

network layer 180 nultiple tines, the rolling nay be carrle
t he sane d|ImfmbttoltSrfomgteateIES?Mfahfelcswfacmmtaand tipaliled.| Bl other embodihéetd,

ai'ffor et dhe Guatie aeatpiainay et comprise™™ ComoSieh guRatasE s an Sew
i mage of a portion OAsané‘Fe?al%e(SQi‘?l”m’é fr&nﬁﬁ%?h‘tg%dd%ﬁc%&‘ﬁ@ﬁIbeafﬁgneétteﬁrby,

application of from about psi pst “dsin

stai nl ess doreexamplel sheetCuatingt web-coatingy frirditg), ehdllmmt@nm urality
of 15 nanowi re crossing points such as crossing points 8l12a, 812b and
812c. As shown, ,at st tE top nanowires 814, 816, and 818 at each
of crossing p0|r( 5 8%&9 Ndnd 812c have fl attened cross sections

uhere the | ntersect | nghdth cBRHRKEIEBIL RBRR: ATUMARAL BB e

application of pressure, anci n e connec
as t he 1®ondubsirgig, yn pértthmr,rragid\subetré‘l@sconduct i ve networ k The
application of heat may also be used at this point as a post-

treatment. Typical | y FigwestiSAnipRsbaw @bﬂ@l@@ﬂdﬂe@@dbé(ﬂabrwaéﬁpm&%

from 80C t no, r IS exposed.to
anywhere f?@%nggg@gq HQ%%t%r‘EJgsﬁéﬁt 9@?‘9 Aﬁ}%?%' Q'?b%s%%‘?ﬁgj @'

m nutes. Tkeodp)caampatian dépﬂﬁtﬂﬁt@ﬁhé%ﬂ:b@irﬁt@ e axBiserud €an be rolled
t enperatures higher than 250C and can be as high as 400C, dependi ng

on the typ@CB-’fSSsQJB-‘&R slaface ‘F@ﬁ obhergibstrate 24slesvingta metalcanoiires
heat -tr. e tu nge 350 ver,
post t“eat ﬁgsrﬂ S'QF ]Wr% 1@ etl%ggﬁﬂr%&ealg%ug# 'Q%Pgﬁéf fﬁeol%yfgg@ Ifay
require thegreg 26y Qﬁd% etk PaheRire HRtRODBPEET £4 isSBRRed®niBe surface
nitrogen or a nob
105 (Flgure 138)
The substrate may require a pre-treatment to enable the
deposition of a uniform nanowire dispersion layer 110 that adheres to the
25 substrate for subsequent processing steps. This treatment can include solvent
or chemical washing, heating, deposition of an optionally patterned intermediate
layer to present an appropriate chemical or ionic state to the nanowire
dispersion, as well as further surface treatments such as plasma treatment, UV-
ozone treatment, or corona discharge.

30 For example, an intermediate layer can be deposited on the

surface of the substrate to immobilize the nanowires. The intermediate layer
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The heating can be carried out either on-line or off-line. For
exanple, in an off-line treatnent, the transparent conductor can be
pl aced in a sheet-drying oven set at a given tenperature for a

predet erm ned anmount of time. Heating a transparent conductor in such
a way can |fREQYRaILRE andGABEIRES ke by G -
fabricated as descri %ed her ei n. lt%%%ue%aengl%?mgﬁgﬁ‘%ggar c%ﬁ{c?ungtwcl)rres

fabri cat ed toshagubsirate. -Ihceraél embodisentastheédatarinkdihtd ¢yeir tanas: coated
pl aced in a sheet drying oven set at a tenperature of 200C for 30
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descri bed abogve. To sinmultaneous|y ap heat, the rollers my be

|
heat ed. ThPPYRERGELAULRE p@ﬂie&ystt%ongmg gHBstraje it beamnpwiredispersian.

ol brs ar SARLEUEERESAAINEERES. dtlve oS hsiRhes [F G PoRBH PR
t o bet wen takuphithdIQRG exhibitlathfitic Stepapptielaki on of heat in
conbination with pressure can inprove the conductivity of a

transparent conduct orAdYRNa@eAUS. ihe dTHiermegdiale layericambedepysitedt i a pre-
30" Amer | canibp Sh0EK ©BR ofTkn BhEBeRTRRR PP YR of i PSPy, atcoraing to

combi nat i onhaishthe patsipur e can be done either before or after

deposition and curing of a matrix or other |ayers as described bel ow.
Anot her post -t r eat merf@thes prerirgatmentanettexsisanualsd becarmad eakie

conductj Vi ty of trapnsparent .conductor .is, to expose the tal. . wire
conductate Brinclohil 8 RaRPiniSa Hatn Qrotiosteto TabrieRed dergsiions.
di scl osed Wr%x%,rﬁpﬂe,ap@?ﬁ\%'sdr%‘é!é%é%m%ﬂgfién Bb'l:apﬁ’éd bgl“t'h%ugrﬁaﬁ'a@}éﬁﬁre
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about 1 mi FAMPHESAeRSIAEREceated ArgigpsrRd e legst @ﬁ&%ﬁ@&ﬁ/ 3PiRhe
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of PET and S§hprapelticwed 8y demgving the maspwirgs asethe untreated region by, e.g.,
washing.

It should be understood that the pre-treatments described above
also apply to other methods of fabricating transparent conductors in accordance

30 with the description below.
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15 nmet hod di scl osed herein was exposed to 2% NaBH4 for 1 m nute,

whi ch was then rinsed in water and dried in air. Before this
post-treatnent the transparent conductor had a resistivity of about
134 0/ 11 and after this post-treatnent, the transparent conductor had

a resistivity of abou’rh&n%ﬁw.rémemeﬁmsge@égﬂgb%@?fmtg@%gigﬁﬁé;épg%

conductor of silver nanowres on a rat

2% NaBH4 f direatrment i esnderiineledtricallynedrefucting. Jihis postarbatBein®tan blis
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Fi gureld4A, a 30 spraying device, a brushing device, a printing device
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the matrix nmateri al yrrer ven ayer can be
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100pt i offl loan e pséd & Bbaa patdrnedmdial AansWIRes BishebSb® Iayet & hai!
of the matrix material 192 Is cured. A patterning station 198 can be

posi ti oned aptesial layer thus pﬁ”ﬂ'@@sﬁa{tﬁem cendustive S8/ene. dheGravere he
155 O 05 A8 8l

layer 204 cpmairxifogntiBgod antEial siafan frﬁ§udf;'!?§3H’CHd‘értlu?é/ flas §8inh'é Aatrix
matrix 210. The conductive |ayer 204 can be Turther treate

post - t r eat reateriat yeois daphsited or cured in a pattemed laydro thenpaiterntdas be
conductive n be surface treated at the Bgst tr eat nent

204
stat i orfG1AANSTRESRIS e BRtalgrriIa By srkale HRWBGiSHESI 8t NORPRIE of ace
of the CO”QH@MtﬁQﬂrbﬁ)fﬁécoﬁgén f&fﬁmf%anﬁ\nme@'-ﬂe%vg%%g@ liact:@fn thR%shold.
y Dby sol ven At

matri x can be etched awa pl asma treat
di schar ge dYandwiceocan beeamosat by viEaghirsedr bﬂtsaingmmaway \nﬂl‘nea suitable
In

particul ar ful for touch screen applications.
anot her err%dﬂer?zﬁf yér%@%qrf'aﬂtmmttﬂ@tﬁ‘ﬁ WPr adhesive eaflers exposed on

the surface of the cqopughh¥euh@Elootdfiaf Q&dlﬁ%ﬂ%etp%g:tﬁ%'o?%og{lﬁé;seégn
25 Dbe carried out, while allowing for drying or curing between two consecutive
coating step. For example, any number of the performance-enhancing layers

can be coated in the same manner as described above.

(b) Web Coating
Web-coating has been employed in the textile and paper
30 industries for high-speed (high-throughput) coating applications. It is

compatible with the deposition (coating) processes for transparent conductor
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25 (see, also, Figures 10C and 10D), and an etching step is not
needed. In particular, when the thickness of the matrix materi al

| ayer 192 and surface tension of the matrix formulation are
controll ed appropriately, the matrix will not wet the top portion of

the metal naBRYAch. NREYSKEBIREIR RS LB s ol filondPOGRRS Mhl

be exposed on the surface e conducti ayer. ductrve
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s flow of the coat,i rocess, the coated |ayers do

to the ntinuo

not - havil 1 MEPIS GIEbaly EYa o SPRURYAT-RS on SteB Srotshawnl &k siaraas fk 1301s
"reel-to-r e CASH/d i ] b Q) a%%) ,
such as gl g?ss.ltlo\%%?l e riég?lg%ggtg{rg;?%s?hgﬁiﬁg&%g‘%}%&é%gbgkee até%eg%rng

and can pogsrowrrdsedispensiosd] 2hfcr nestalezswibed tepdditon.t jaiapiuye 128 in

experience edge defects and/or lack of uniformty. In addition, sheet
coating is theEi@retanty R selivers seeardinupts shreanokingtal nesawireydispersion

i nat 1 on oaLine pup R Bomd Y110 b BB REHARE 0P RbE

t he usel®f subktratd b e donor substrate. This process is conpatible
with both rigid substrates and flexible substrates. Mre
specifical ly, the |art isdindsistepddbaisthesnglrix seaterigbiststengddn aontheatt i ve

I f i t t ducti I i ncl udi
plaral 1ty oroRBpdpRis B s e Shm et PEE T bal e aed e Same °
separ at i ng rhisnarandygsddrrrd avRe from the fl exi bl e donor substrate;

and transferring the conductive |ayer to a substrate of choice.
Advant ageousl y, the dbistfuribesurgerstooddhahany Hispebsiagdtevine carbbe uaed in

e A e ol b bR S5 B S B0 i

be 30 1t re?nﬂ]e?gglgﬂpkgs&iﬁ@éigb%%r%f), & BRiskfhg YEViES £BBUMTy tbicd &fd the
like. Like the sheet coating, a printing device can also be used to provide
patterned coatings.

Figure 14B shows an alternative method of web-coating in which
25 the coating is carried out on a bottom surface of a substrate. Like the method

ilustrated in Figure14A, a substrate 14 moves along a traveling path 120. A
coating roller 140 is positioned below the substrate and partially submerged in a
metal nanowire dispersion 124 stored in a storage tank 122. The coating roller
140 delivers a metal nanowire dispersion layer 110 on a bottom surface 144 of

30 the substrate 14. Coating roller 140 can rotate in the direction of the traveling
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standard | am nation processes. If only nanowi res are deposited onto
the flexible donor substrate and no matrix material is used, a

| am nati on adhesive may be used to attach the conductive |ayer to the
substrate of choi ce. "Fl exi bl e donor substrate" refers

fl : f ,
| ke, The (1 BPe dRfe CBepdfs AP e 5l orhFmdtfRm ABfial M oe
| ong as it acaredeussptheadamie frammerhe conductive | ayer. The flexible

donor substrate can be any of the flexible substrates as descri bed
herein. In addition, hHBefresgsses d%ﬁ@be%lfb@gkl@@%ﬁndé] Ao \te A n@ted

non-woven t fl exi bl e nor_ substr
need not betﬁé{p %réfoﬁqow eat?é‘gm%ﬁ é%rfﬁglarpp R BGP R 1SP‘?(rh‘?(e"”(‘?“l SEBY g)n
donor substdiap SAS Ml BE deseribsPRIBEraNi&tail deld, %%ﬁ%cbéwéﬁtm%hté)éaﬁ enﬁelsﬁ‘ce
coating of the conductive |ayer. "Rel ease Iayer refers to ath

| ayer adhertbél ttapspaeergyrand/eiudmdustivtyaefdthe oo dubiivhlage soloduetli \Emltable

an easy T ermVARe g RNt B bUame Wt gl e i eew el pashys
W t hout darmgdig tidemeprdesdrbng d|s%}‘|§é;e DARbSEN Yeatrhént’ Edé%“gaﬁ%fr%ﬁﬁ?nt

is formed of a material having |ow surface energy, Incl ut no
linmted to:amsi ¢0mb|mabaeed16pfebﬁmers, fluorinated polyners, starch, and

thellk’&b eéGAlllustrtes an exanple of a
| ami nat €l structure 2"_3@”??0 SEPYE 2 ePPreREhpve speRsslinys fordabricating

L oot e pAfROBEAoRy Wil SEERLBAMAD SloiBHRTAE McfuckA®a LS

a conducti coated on thé re ease |

The | am natupdresd 1 4 thateis 280er &y Deotarinbtaticen). ﬂTﬁéltak%ajﬂBre@MﬂWdréﬁs a
described in connection wth Figure 15A, using the flexible donor

substrat e. Sopsbata b4 {he. r?eft'%'uﬁﬁ’é\ﬂmeref”ﬂﬁﬁfﬁ“ i soippiyt 1ee! 1 4B @lgng aayer

conduct | ve TpInd BEHP 18 BHERBRLaRE IR Tl el raatents
fol I owers bxenmeddatmgqﬂbeéséesoélon@méiﬁévénr@qsbthe|r5@l Nt wTh%&ihﬁ@blB?br\éﬁt to

| ayer is then uniformy transferred to a substrate of choice
particul ar ,ong $HE|!§CHln§bBﬁthﬁﬁéﬂ‘(ee5@38d ofl thespel, the SWBGC‘SOf[@QpCISﬁIdrytmE)t

20, ROt 2Dl ot Bk Al SohafaR P Bt R LA g
Cortat! oy HOELSSSI S BRI MR S S AT,
260. | n cethigknesnbitiermendsctivehieypofoymedi ¢ matrix (e.g., PET, Py,
pol yacré/d ates) provi cﬁgre%c\i/gr L|jr§jl %gngiglheerﬁboéllrﬁe%ts, pre-treatments are conducted
to prepare the substrate for the subsequent coating processes. More
specifically, the substrate 14 can be optionally surface-treated at a pre-
treatment station 160 to improve the efficiency of the subsequent nanowire
deposition. In addition, surface treatment of the substrate prior to the
25 deposition can enhance the uniformity of the nanowires later deposited.

The surface treatment can be carried out by known methods in
the art. For example, plasma surface treatment can be used to modify the
molecular structure of the surface of the substrate. Using gases such as argon,
oxygen or nitrogen, plasma surface treatment can create highly reactive

30 species at low temperatures. Typically, only a few atomic layers on the surface

are involved in the process, so the bulk properties of the substrate (e.g. the
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t he substrate 260. Thereafter, as shown in Figure 16C, the flexible
donor 5 substrate 240 can be renoved by detaching the rel ease | ayer
244 fromthe conductive |ayer 250. In other enbodi nents, an adhesive
| ayer can be used to provide a better bondi ng between the conductive

| ayer and t i ! Lon S i
a | am nat ef@?ﬁ%@%’ﬁ%@?ﬁ@gﬁg?@%ﬁ{% %’gg&d?fﬁgﬁt'g%ﬁgég’ﬁbggﬁ%i
donor substsurfazeX4éhtnicnt prelides adéquate s2fdcandtivdtdnciondnhahy®] Waltilg

250, an overcoat 274 and an adhesive |ayer 278. The adhesive |ayer
278 has an #H¥hadhesive bending. Asoan fistrative axarenies oxygen plasorotreaimay

fabricated r -{ o-.r.eel C cribed, i onnection.wth
Fi gure 15A,‘%w '?%C?ﬁl?ct‘?ci%ﬁgt “ﬁﬁéﬁ?‘n@ﬁg@?ﬁ%?ﬂ’ H&P%WGQBQW'HQ QAL 146
is adapt®d garapicaistdesaddi s0salo.Flodk: 6205 stah, prrakLng ~benadhesi ve

| ayer and the overcoat. The adhesi ve | ayer is as defined herein
(e.g., polyacryl at es, nphgsembedinsnts, thadutfane treatmestmay iseludet i ve,
hot - nel ted, , radi.ation: curabl.e, and/or .t hernall urabl e. , The ,overcoat
can be one HPOFHING A 'ﬁﬂ@%@??&?ﬁrn%ﬂ@nﬂ%ﬁaﬁ% ?\ﬁ %‘?apﬂ\‘ﬁﬂg?ng a
hard coat, jareliat i85Ih &b initi ' '

barrier | ayter 1r and ?ﬁ%ﬁr?&ésﬁw %]b?g’gﬁmmléﬁ f@fgﬁﬁgﬁgy%gB%% hd the

| ami nat ed stubstrate.eTBTS the itterndediate layet isecapabie olimendbilzingahe he
adhesi ve surface 280.,6 Thereafter, as shown in Figure 17C, the

f1 exi bl B dgHBIOVEfSsANIch PRUSNG thes naroiiesigdhrsede ngubsieateel ease
ayer 244 TRGICSBRBVEiRBlaR LritaBRl & H hlmheBO BB Hiduadeal of

pressure can be used during t am nat 1 on process ance the
bondi ng betmeitifurtdtienaldbie moleculey, dncl(ding tootypeprides (é.9e dohyerlysinefhe
absence of an adhesive |ayer) and the substrate. In other _ _
embodi ments, a rel ead@theapepmpiani surfase deatmentsiacitide surface iwashjng with

donor 50 s dbedvatts SR HECkf SUF LV dhel FEny, A4 kb e RgBan to
conductise dray€dliemy thawet.a much higher affinity to glass than to a

textile donor substrate. After the |am nation process, the textile
donor substrate can bEhg sulsieie vifithereafier prrngedsito @ matatnahewiresm y

bonded W ¢ helSHh 553 SRR PR citherns meehradbedE SR GREIREEL TS
exanpl e, 1 hpfindBHerahe TRIdESoIMRH S@tiBY cBn'baes Frage tank as described in
Figure14A, a spraying device, a brushing device, and the like. A metal
20 nanowires dispersion layer 168 is deposited on the surface 105. Altematively,
a printing device can be used to apply a patterned coating of the metal
nanowires dispersion on the substrate. For example, a stamp or roller having
recesses of a predetermined pattern can be used. The stamp or roller can be
continuously dipped into a metal nanowire dispersion by known methods in the
25 art.
The layer 168 can be optionally rinsed at a rinsing station 172.
Thereafter, the layer 168 is dried at a drying station 176 to form a metal
nanowire network layer 180.
Optionally, the network layer 180 can be treated at a post-
30 treatment station 184. For example, surface treatment of the metal nanowires

with argon or oxygen plasma can improve the transparency and the
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5 gradi ent, which affords heated regions and unheated regi ons on the
substrate according to a predeterm ned pattern. Only the heated
regions will be lamnated wth the conductive |ayer due to an
enhanced affinity (e.g., adhesion), therefore providing a patterned

conducti ve LayRIctoR Bhﬁle:rﬁg’f@ylgfaﬁer regt ad I 8aL% i]\%a'%f’an?bigsb\[ 8t ﬁégan

be generated, for exanp I chrone wre er ‘positron
beneat h t heplasmascanf becanrlestt suttie at Makoh PX25®@dystem, using the folldwingt her
enbodi ments, a patterned transfer can be affected E‘é a pressure

gradi ent ba@R&IAHAJ RapFrBstans MW sPQsacdCRFPRRE) (r T Bhicasdlovsyl 2 eeami n

matri x materd or .V erned Lam nat.i

roll er caneFE)Heegégrgd %@ﬁgg#ry?@j? F&E%Vﬁﬁgg&ég%H?g@ﬁ%@t@oﬁ.&,n(gorpgaél[zscq%rge
pr edet erfi ngdJpaiZopenreativent maphiseritedsdnF e dHpleOtHeEEnERBN Ay R e
heated to further the affinity differential between pressured region

and unpr esstele tegd dor. a Corgra treatmeentenbodi ment's, the conducti ve
| b - cut Q. di t i t det 1 ned

partern prior to thes 2t B HektBeEnen M neninEiaEr o ueer be
pre-cut conglastinteréAuar MdretdpRcHelm tAE RetddiR (20 CrtGE) Yﬁohgﬁgpué}é

the predeterm ned pattern is retained while the rest IS remove ong
a pre-cut ctift and 18Pawhmhrply pressatetd thecrsface 185 ofehsedtworkdaged 180,

I f d b tively. i I ti
cvor ai T (EeaS = RS Hagachi Agnae fsse Gelcclep b vesh | cd out

hot ol ytically. th ' ! ' |
i ch & conduci i ve | syereadenuS e epBial i ERunalo ARG PERbyiS

met al nanowmet@oriefabricktddainesccbidhnice withpa shétedd arsthiged HbRSIMN ate ildtease
according to a nethod described herein (e.g., Figures 13A-13D). It
shoul d be JRa&PeEeivtyR{ithe senduBinNg laver- 14 can be any substrate,

i ncl udi fl exi bl . ft
L or epol yer | cont i ng 'AgbHaTg BISRMEE be applsdis a0 gy Rt FickS[of 2
nanow res  kbhdubting sheel tednsparemtiioblusitl Faratae f A6 roaMORitR ehEhod

for curing the _Br epol ynmer coating. A nmask 314 is positioned between
t he prepol ylfscrieaatiengn Fyoisenel anseol merrirellers te.go eyirdr@abbargyomne or

: | ' he i i ation, d (i.e,.,
oot ons: 5o ek WL R, RPRGERE oo 8 HAGH i SicR Bk b pabtn
regi ons 324jig@Askn 6f6tﬁ@\éﬁﬁd9d%iﬁ@;|m§?%ﬂglf grsiﬁgfémiél}qs el tﬁew’t&vé@{ |§yer

solvent or by lifting them off a tacky roller. Photo-cura
pr epol ymer snay beyiadedonarridgich sttfecaand the single ailler fdleerdrwoésriet sxpdsied

phot o- i} abslu?'fa%%ecﬁ%g ggrﬁdtﬂc@%lg%gyefgr l?sirrlrgl]) ﬂgcr)r\% n?gtﬂg{jis %Jh?lg pressure is applied
to the roller. If two rollers are used, the network layer may be rolled between
the two rollers as shown in Figure 15A.
In one embodiment, from 50 to 10,000 psi may be applied to the
transparent conductor by one or more rollers. It is also considered that from
25 100 to 1000 psi, 200 to 800 psi or 300 to 500 psi may be applied. Preferably,
pressure is applied to a transparent conductor prior to the application of any
matrix material.
“Nip” or “pinch” rollers may be used if two or more rollers are used
to apply pressure to the conducting sheet. Nip or pinch rollers are well

30 understood in the art and discussed in, for example, 3M Technical Bulletin
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one or nore double bonds or functional groups, e.g. hydrides or

hydr oxyl groups, suitable for chain extension and crosslinking. In

ot her enbodi nents, the photo-curable prepolyner conprises a parti al
pol ymer or oligoner that contains one or nore doubl e bonds or
functiona GfiRatioTechifdéd AT AivekrrdSHL Aling UHARIES, "Rbreh, 2004,
cross-1linking or chain extension. npl es of 'nononers
cont ai ni ng whigbub herdimnidcarperatckHy eferbyids oxiyabhtletyacr yl at es or

nmet hacryl ates, such as nethyl, ethyl, butyl, 2- ethyl hexyl and )
2-hydroxyet hyl acryl alt &/asidgieaning thatrgnpiication et prassHi teaa mataknangwdre

ot haory1 anf e o h Reb PP ERPAAE RNy ARy ERES o 9 et
vinyl ac®t atfea plismd treatiirg aSuliScuts el SRvEYanY nity b HBRE witht eilibut a
al kyl - and hal ostyrenes, N-vinylpyrrolidone, vinyl chloride and

vi nyl i dene RIBNMOUSES subsequent plasma iseatipeet A% showorie Figure iSai, the pliers

or nore do s are th iacryl at es .of ne gl yc

propyl ene g caﬁﬁ%gé}}%%ﬁ?ﬁﬁ%‘f?%ﬁs,g t@%%'&%@%%ék ﬁ??e”‘gﬁ“z%@:'éy&ﬁ&%a

bi sphenol  AsinglBGbrinditipll trhés. AGRY kONEr@RYEEIRMYATHEN YA SRR M er 180

trinethyl ol propane triacrylate, pentaerythritol triacrylate o

Ej et Ir iaaf:r ylhfrﬂg}tlpia w:es;ath:eyrbﬂmghmdy ﬁe{o}arm?hle ,thehsamwdilrexilmma‘: agsp(egt
ially al at e ri sphat e, i sgcyanyrate or tris(2-

eyl oyI e HoE was eval 1 e BRS BaRee Shineshadt F toorgnefis Traksllge.

but are nolpdthMsoFdr irfaiffRRIntdielAses fRA%KoWAT! NS, acrylicl zed

pol yesters, polyeSters containing vihyl ~ethér or epoxy groups,

pol yur et hanes and polFiguleet 5B isias 8EM &mede b byestion of @ shetal nAmowire
preferred enbodi nent, ther%repolymsr is an acrylate. The term

"acryl at e GARICEVE Belvark i feries stRpficalianoFPra @bpus § D Oprpskioyalaut 2000
met hacryl at ey Hs&@%&a‘%l@és R ALY ERhAlCHR: Aok 83b ; allé%%%@wrality of

pol ymer forne pol'yferi Zi ng nononers conprising an

noi et y. 15X angrovdreotrosbingawintsaien ' dossindippiis 8edah@TH And 812¢. As
Optionally, a photo-initiator can be used to initiate the

pol yrer i zatShemra @l least theton nanawies 816 and B8 afteach-afiressing points
absorbs th 0 r ces. radicals ich initiates a.
cascade of Eﬁ%?ﬁ?b%ﬁpﬁ%ﬁgﬂeﬁg&%m@ GTRY ﬁﬁ&f?gs’c"ﬁ ?rﬁ[}gﬁt' tﬁ&%ﬁ”ﬁr‘mres
cross- i nkinge B PrdsBkd imb @aehatBeMB) thekdeatidon b Bredshire, B&EBy s
of suitable photo-initiators include, but are not limted to, oxine
esters, phaéaiflancigoieszonorcliviiysag well asrible ghodpdtivity of thelaanowice, e. g.
U.S. Paécfnt Nos...6. 949, 678, 6,929,896, and 6, 803,392; N. Buhler & D.
Bel | us, <% PHRAGHEHVEBRFWALK- 3 powerful tool in nodern technol ogy”, Pure

& Appl. 15 Chem, VO'The@ZDpINé-tioﬂhof@%at%% %04%@(%%8%% -tl%iﬁ%ﬂtla% | Bost-

Advances in Polymer Science, Vol. ) pp.y 1- a preterred
enbodi nent ,tregimephol gpically, ithe tnanspa@nb aohdigacuegiided34 .aniwpicea frioyn

W thin s micde 25hsEads erariaumi ahe moreR ctgabiids oxposed  anywhare:
from 100°C to 160°C for anywhere from about 10 seconds to 2 minutes. The
25 transparent conductor can also be exposed to temperatures higher than 250°C
and can be as high as 400°C, depending on the type of substrate. For
example, glass substrate can be heat-treated at a temperature range of about
350°C to 400°C. However, post treatments at higher temperatures (e.g., higher
than 250°C) may require the presence of a non-oxidative atmosphere, such as

30 nitrogen or a noble gas.
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20l n ot her enbodi nents, thernal-patterning can be carried out using
an insulating thermal mask (e.g., an aperture mask), which only
exposes regions of a matrix material |ayer to be cured to a heat
source. Alternatively, in a mask-|ess approach, laser direct-wite

technol ogy can be usefi¢ ﬂe_!j_f.}i]ﬁfrﬁréalb?Selb%riiécgisléla%ig%qtoﬁdljr{@&t n8N Fope

prepol yner coating |ayer. € y-cura matri X materials are

known t o onexsshplie| idan offtline tevdtmehtthe xanpparent bendwdtoF sarbé @lacdd ifan
be an epoxy, a.resin and a sol-gel conposite material.
Both the phtestshyingovERGehat Asivamiemnesatue for-a peadeterginet row ut of

i bl i-1.h ; -10- N ' .
e e R
coat i ng Bysdcriutibity 65a §anspaent tondudier fblicAted Hxedddpbed PRI IFdHY
station 198 can be configured in a nunber of ways to allow for

cont i nuous samRler @ trangpaiant sgndactontabpicates ysieg ageatlonrgel process as

| nbogli sh in Fi 10A, . tati lind 33Q i
part of -t neEPsd BT B peled i 8 ShegtohiTh Vb Rk Ry SR P4
is 5 not shmym fof B6 seBRlE BRI this Hlag o&f-ir@a%é?{t%%'tvmpla? ting

300, is noved along by a conveyor belt 332. The rotating cylinder
rotates at candustordasipeedrface tdsistiviipoépbouths? kQ332vhithdroppeatioaaban 58

source 0 sitioned within the rotating cylinder 330. An
exteri O‘E BSQ%bgﬁ?rﬁberp&sg'frﬁﬁB“%%i nder 330 is patterned, perforated or

ot herw se provided wigh, 0&@@@@83 %E?@#d,%‘ﬂ‘nﬁ biﬁﬂéie%ﬁahgﬁﬂhﬁt e

10 the prepol ynmer coating I ona a guard

col I'i mat or @AQuttor waseheated g ashges bvary at # QORC farBlosedqamelst iTheadsistivity
cl osely above the noving substrate n arelated

confi gur at iBANE seceMbiiANSRRENEeRAUNIES drapped F@ﬂhﬁ#ﬂ@uﬁ)@ KQE5 AbetrfP0a
d ; i i n
ol t “550 i QYR I EIR) SOnEHbRId By RO GRS E Rk nAg BT e

not or (T®t rabkdk. otfidrethpatd shddtvgehelFor 3RAmpRy, e idfrafdtPlafiiBo FReRMSS
t he novi ng conveyor belt 332, all ovvi&?tcontl nuous exposure of the

prepol yner asosithai@rapdineporaftling metned toheatdhe dansparart conghctop R ngs

oarii a1y e Pl E5E R lshedd heRtths etk Thnpeu it oRb A erts
layer on a fgpskrindesedliNes fesdiaEndAdeciinbik bykither oadtadaficreWavd6r

web coating system 146. In particular, the photo-patterning station
198 is i derurgsts incluchd thmoeigbiedestrical dentaatetalthie maridvdre netwidtle. phot o

et ondtoa and i 1 HARTITAIRT 5 PekrearaE Mo aLRH g RAtANPahaaT BressUS
remove any g tadspaRRe Ly@lictor &h 6%@&6.&%pé%urmn%%ogésﬁﬁg%bﬁéé&%{&%hsd

regi ons 380 and bare netal nanow res reglons V a rotating

tacky rol | drar@dreriflventactoy canlbesplad8iithronglaohs ocamibreaoiwesad desdribed
met al nanow, res regi.ons 374. Follow ng the renoval of the bare netal
nanowi r es, aA0¥es 5)S§|Fr§ﬁt@npguglgéltp@1y Rgatnthe rollers may be heated. The pressure

applied by the rollers is preferably from 10 to 500 psi and more preferably from
25 40to 200 psi. Preferably, the rollers are heated to between about 70°C and
200°C and more preferably to between about 100°C and 175°C. Such
application of heat in combination with pressure can improve the conductivity of
a transparent conductor. A machine which may be used to apply both
appropriate pressure and heat simultaneously is a laminator by Banner

30 American Products of Temecula, CA. Application of heat in combination with
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30 conductive regions 380 anbng non-conductive regions 386.

In a further enbodi nent, a conductive |ayer can be patterned by

et chi ng. Dependi ng on the conposition of the conductive | ayer,

vari ous etching solutions can be used to dissolve and renpove portions
of the con i ' ; : ' :
aci d- ot chi i Ceal S, (258 gbRo et BERFEBEaRE Aol AR <HAS Bt £3nc®?
Typi cal |y, dther laykrs gs describes] pslogent at 0. 01-40% nore typically,
the nitric acid is present at 0.01-10% The acid-etching sol ution nmay
further conprise a trAcehgrBasitreaiment teghmiguerthaboppbp useddetingrenaen

per manganat i . acid:;etch solution 10
Porpr 1 con ciortdu ord fobRaRAR OGhARRSr is 10 BxBREEHTE PR Sy ot flve
per nil 5 ometabripot a%SindpaRe BBAGINSE RibriKMR4s diShiBsed tlardld 16 @l mbiapn
converts netal nanowires to soluble netal salt, which can be renoved

by washi ng.refgeingagepite In paiticelarnasiver masovdne dendeictive neebrkeagi | ver
|t (Ag+), whi be rinsed off b |vent, e.g., water. 15|

cer tal n enfSAARYER exisadh g it reicho Bab Sish B it MoporankBid e

a matrix cqBpqneferably! Shiwhére st Hbdlt Yo SEESSHLR) ABRIt-30RAIdREL I can

be carried out by depositing and curing a polynmeric matrix materi a
on a nanowi merd prederabtyciomiatyput d raindés ta albooytat minuteOnde vididd et r i x
is cured (either, fully or partiall .to attain an acceptabl e degree
of har dHesd Staﬁgsm%%ne@ Qrﬁfn%%ﬂ{éﬂﬁ%&aﬂﬁ%@w@r@ Ran bersae @ither
enbedded t hghigkyfdiimdei ng etched away during a subsequent etching
step. The nanowires In the unprotected areas (where the matri x

material is not pol ynks hated sbovsheueh adraminenkcars indie€s®Nthe codaiueBvity of
etched and renoved. Thus, one enbodi nent describes a nethod of
pat t er ni ng,@ FABSRAEALEORIIANT FTHEXaMRIR: »Janseaeat eenductorgisiven a

substrat e, C L I ]Sl ity of

Substrate: iheblis M uEhbE SARET SATHESAAR LGN BreBliores!
pat t er m5 t hRetaidt@istlosadrReicih MGsBMOvEd &6 208 REBH, F6r PnidufEBidHich /ad
unprotected nanowires; and etching the conductive layer to dissolve

t he unpr ot dbeedinfad dwvatsy. anthdriethipr at.c Betade thin prist-treatraenttibe dianisparent

d | eft | | .. 301 b, d h f
Kot 1 n_t O SRR fesiBtof ahotelit PlCanHerer e ondF Redi Sty e
et chi ng pOWﬁa*nsPE%nt%ﬁHBbt%f heB& rea gt oPébmH@ irﬂ?aﬁt@&aﬁe%ﬁﬂé}%

solution can affect the rate of etching. Typica
concent r at itansparéiNitandestolr vf silverfresibairestarha nassAubstrdtenghy exposed to

adj usti t entration of KWvhalin ,the acjd etching solution can
o) ot s AR e A T SRS ot B o0 B GHEAS POSL  ne
et chi ng sol{] d}gﬁe r : I

concent r at itt)%]dt@? nk@héaﬁr?ﬁégcﬁ%ﬁg% e%dgﬁ}%ﬁgé(soél;}[@ gr?tF r?g?/s{c%'gshélor/r%ra gd
ef fective diffef tisic postirebtreerntt tHe mgnspzrant ayndustor Hadea resistivity offabebt

results in fas ?r r nore conplete dissolution of the nanowres in
situ. For éx‘a&)réﬂé, gducingagents etherfhanssadiumdaiabydride Garehe erd o this

present in L g i - i X (of
2 ESEnt o PSRN0 Pl HOERAPR, Ihe il s
enbeddezb t ey idiumrirobgdrive; oedre ditrogba o e WiichGls divaathyis
i ncreased to about
aminoborane (DMAB); and gas reducing agents, such as hydrogen gas (H>).
Thereafter, the substrate 14 proceeds to a matrix deposition
station 188, which delivers a matrix material 190, as defined herein. The matrix
deposition station 188 can be a storage tank as described in Figure14A, a
30 spraying device, a brushing device, a printing device and the like. A layer of the

matrix material 192 is thus deposited on the network layer 180.
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20ppm while the concentrations of HNO3 and NaNG3 remmi n constant,
the etching solution diffuses into the matrix (about 150nm thick) and
di ssol ves the nanow res enbedded therein. 15As will be discussed in
nore detail in connection with Exanple 11, a thick overcoat (about

ot bt on arfeh GG Rl Pttt S M g Bl fllgRgvice o

nanow r e/ metbrxa patperabddayet. by the thi ck overcoat was dissol ved by
the acid-etching solution (e. 8 , 20ppm KVnh04, 1%ING3 and 1% NaNGB. )
20Thus, in one enbodi HihltayeaddisHiengiopieg tosire ah amarivgl tetiar2@hat

: bl . : . . : 4 di Vi oh ) _
In those oribarhit Defdledial bee PR EatisYF Ry i i DA ES
matrix @n Re@byewng the Stvénthb @hapbiate. MREkutifg Procdss can be
photoresist). Thus, patterning can be carried out according to

standard prascelaratedgnabestingtehgdbakibg).Wwilhem theenatbixmatewat esmprisesa

ked regj tched. | t her _embodi nent,
ot chi ng. t naANRBIEEEED B g Sholymee: e dayes 94 G PRGLR by Hradiedan

unmasked r a5 @hdiiy B the bidesd RETRBRAIymRRGNBHAS dlﬁin?pﬁmé}ﬁ{abﬁpgarﬁg@céd‘

t he unmasked regi oh using a seco hant. For exa
et chant (e.mplymbaszhtommd capeaisxbdelsedan be used to renove the matrix to
expose 30 or deprot ec(_t) t he nanowires in the unnmasked regian.

Ther eaft%®r, a second O 2 Palieming stapecahe catriasi ok bedprgttherdayer of

di scussed i i v i

that “are.na Srcic RREl MR ched AiReTao A fos 8 SRR idRe
descri be a afer sl neftripdepesintbmgtdtion 1t9SeansPbefoné OGN Stativa 200, ahe
mask. The mask acts as a thick overcoat, 5 protecting the

nanowi r e/ n@dtieningptap wildes Aissupsedriiemata def@ilbsigy. ses: forming a

rmtrix and a ol ur i yorolEbeebforRes Hityete Wi AR BendhEBa e
t her ei 5 plrastanBafoWie nefivdrk 8ay@dIBaGhia/datiy210.t PhebhAbctiveTB§kes04

regi on and an unmasked regi on; and etching the unmasked regi on” usi ng
an aci d- et &@ntee fuothestngateshat @ posi-ineatment statiosd? tonduct i ve regi on.

Tt arnnod may Turthsh A baSmard T dongUrERDe 20f Bof Beititadhy
ef ficiency tiééﬁédlﬁ?thebﬁ%stﬁfe%tr%ht Liafibh 24 att0 exPB@e Qgpﬁj’rﬁ@n of tHelinetg of

the matri x. For exanple, given the sane etching solution and sane
mononer s, damawines drotheeslirtacepdthé abhguativeddyer> Rl examenplé emdintte

ool vy Mot e S o an oo b o by Ll curedd ROl
S o SRR S UL O, ERpotB ol MR 4 futny
useful for touch screen applications.
In another embodiment, a portion of the metal nanowires is
exposed on the surface of the conductive layer 204 following the curing process
25 (see, also, Figures 10C and 10D), and an etching step is not needed. In
particular, when the thickness of the matrix material layer 192 and surface
tension of the matrix formulation are controlled appropriately, the matrix will not
wet the top portion of the metal nanowire network and a portion of the metal
nanowires will be exposed on the surface of the conductive layer.
30 The conductive layer 204 and the substrate 14 are then drawn up

by the take-up reel 147. This flow process of fabrication is also referred to as a
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etching surface of the transparent conductor prior to etching. Such a
pre- 20 treatnment is particularly beneficial to a wet-etching
process, in which a liquid etchant cones into contact wth the
etching surface of the transparent conductor. Typically, the etching

surface of 4hg ibrappRArRNLGBRIMOERES C tiBﬁalﬁ/ 40P < S ERAE Cafnd Sbilized
ances, ‘a &E ot%

nanowi re/ matrix layer or, I n sone Inst top sur

over coat | dyetraveling atehg iaxcdraeger beltl t he overcoat |ayer protect the
25 underlying nanowi res from corrosive el ements and abrasion. Their
presence, however, e tbaesuerelnaioceag mEltipkecoating sieps cande. carried

Pre-treati t ' r f e transparent copduct.or can
activate t %tgﬁi@?@%\%@m‘g@@@f gt”%‘g‘a}é@ lspﬁatr%ghzﬂ]eowfaB&Qa ng §¥%an,
the |iqws d piEcihepforRBal BEMTLLREIAEE loP otiewigd é‘dia;ﬁéﬂ‘?&"ﬁrfc,%_?rp&*a% ghy ed
by the matrix and/or the overcoat |ayer. hus, the
net hod of primkenefragdiienal cbatingbiations as reedeteFor @xpmipde, coatings of the

-t ti t chi f f t ductive .layer .to inprove
"t e wet 11 ng BOREGT G o AR A S AP Tef e A Y BH ot aUEATe

assessed byyr¥RicBle %@Qbﬁﬁﬁn@@rﬁb@‘ﬁﬁlﬁ%@gﬁﬂéé -int%ﬁ@"ﬂo%g&és. angl e

refers to the angle at which a |1 quid/fvap I nterface a solid
surface (Le., the et ohivantageduste the Toalitoatthproaess ighmpabid ef prodotiagt

angle is, correlated with poorer wettjing of the solid surface, As
Shoun i 1P TG ransparRReNGHORe at bigBessedanshioernst. imeatistiar, due

contact an m#qﬁ ' 9 % af 10
surface trgg? ﬁ%g?@; a fgdlﬁbﬁ@lﬁ’?c%a@@d%ﬁgg %%%@%@8%%%8% ﬁ(ﬂd‘fagfe()
W t hout surtfalig édgeg.nent Wth surface treatnment Oxygen Plasma62.412.5
W o0zone63.534.5 As further described in detail in Exanple 13, using
etchants of the same strength, the rate of etching surface-treated
transparent condBkt orll@Mi8a¥eN sj gnificantly inproved as conpared to

e or oty o0 AR CORPS0E eAOEUSL B st e

by pre-15 eatiting rightesutegiatessuch &eglakeh@dhile rigid substrates can be coated by
sheet coating and can possibly be carried on a conveyor belt, they typically
experience edge defects and/or lack of uniformity. In addition, sheet coating is
a lower throughput process, which can significantly increase the cost of
production.

20 Thus, it is described herein a lamination process for fabricating a
transparent conductor through the use of a flexible donor substrate. This
process is compatible with both rigid substrates and flexible substrates. Mare
specifically, the lamination process comprises: coating a conductive layer on a
flexible donor substrate, the conductive layer including a plurality of metal

25 nanowires which can be embedded in a matrix; separating the conductive layer
from the flexible donor substrate; and transferring the conductive layer to a
substrate of choice. Advantageously, the coating steps onto the flexible donor
substrate can be carried out by a reel-to-reel process because the donor
substrate is flexible. The conductive layer formed thereof can then be

30 transferred to a substrate of choice, which can be rigid or flexible, through

standard lamination processes. If only nanowires are deposited onto the
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Mor eover, by adjusting the strength of the etchants, it is possible
20 to create a patterned transparent conductor filmwth
substantially uniformoptical properties. In these incidences, it is
believed that the nanowires are not conpletely etched away, even

t hough the ﬂ@mﬂgogﬁop%&wé&e rl&?ﬁ%tr‘i)f’%‘?ér?éf id Ggid,gagﬂgﬁﬁéféér’rﬁ%%ﬁ%ﬁy@e

in a further enbodi nment, a conductive | ayer can

creating a mapbearsdactoi ateachabe @ondoctiviedlgiyomntohthei sub seateadft shoRse.
resistivity that is not necessaril é non-conductive, w thout etching
or renoving the nanofi§Xle donof gLBslRle” refers tormfiedbliersubstratain the form

char acteri st I4- r Y, .a f the reqgi.on having
altered reséfsﬂcﬁél%tymgndh&%gs#gltﬁ?ﬁ%& Dﬂﬁqﬂqﬁ?%omgﬂgﬁ%? P ng or
removi ngs t hgartieulamy figstediddtlong Sisst £at by s@{aaséﬁ@d FrERPet dorRIuFBG WHiker.
(Le., the interconnected nanowire network) is altered in 5 sel ected
regi ons acciraifiexjbledangssebstratersancie pay véthe flawible sibstratascad tigscriteds

on o subst MREN TR RURLART IS PR A SHBEPaR Do ENER chpravoren
network of tek@et base, bifd GGkt TME FRIBRMGESST %ﬁ%ﬁ%f@ﬂg&@ﬁﬁ?b@bpﬁ%ly

treating a region of the conductive layer to er t resistivity “of
t he networ kcledr. el ectrically conductive 10 nanowires within the

i , h by f i tt ed i | i | udi
{roated'd agi on havi ngnaerelopmpedrasis: 0 Henpladolst susRie cagibgpre-
having a sgg2mcy ﬁ'aﬁélé@%ia&spgﬁé{rt‘é%ggoéﬁ%8@%n or}cf&lé{iyé]fa?gé.mt be,

render ed non-conducti ve. e ereln, ucti ve rs to a

surface resRetaasetlpyerl refers &as thih0oyarhntheted tolfhenddaittisubettatedirzt baged
is a transpa";{ent conductor including a substrate and a patterned

conduct i ve WA qondustve [aysr gah bedermaed by wataroatingo nthe rele@se layer

nanow res i j t ti I .

e nen"s PSRN R SR o B0 BB PR SHRERAL I 6 bR tver
net wor ki haswithdut danaghsg tHd sdriducting lawe‘ﬁ.ecrgﬁ@anﬁqh@rﬂe@bsé er is formed of
transparent conductor in which the 20 network has a secon

resi stivita MatRyial hantpg Ipw staceanecaariadtdingsiut oot (imited tio zsilicrinslsased

and haze) he . regions is relatjyely small. For exanple,
wi t hout |iPﬁ%ﬁ*ﬁﬁ%n?m%ﬁa\%ij"gﬁ@ﬁr@eSF%HC'E’r?é“dt%&Aé‘fﬁ ssion and haze,
respectively, of the Higiigt 182908 Rafs! dreERarhpRBftBMIA

region by |less than 0.| l‘JJ/o and O. 62&; Sr espect?vel Y, V\/(’Ili tgﬁibﬁgﬁgﬁg%g in
r esi st ance Compuisdng, tehiiextibletdomor eybsinatei 210y aaateasetiazer 2betatéd @b the
ohni sq. 8di an optjically cl

. I ertain e nts, ar
onduciaQe flexple donr pibsiEks 240l SRS arryciie Bie 20 Sartea) fharelase
descri bed W&F&iﬂw thout affecting the optical properties of the
treated region. As further illustrated Exanple 14, the change in
optical properties, T ladiingtetrsimgtire 230rcane faitichszkin(thi sanas 30
relatively small before and after the patterning step. In such an
"i nvi si bl e manner as described in connection with Figure 15A, using the flexible donor

substrate. Prior to the metal nanowire deposition, the release layer 244 is
25 deposited or coated on the flexible donor substrate. The conductive layer 250
can be formed by metal nanowires deposition followed by matrix deposition, as
described herein.
The conductive layer is then uniformly transferred to a substrate
of choice. In particular, a rigid substrate (e.g., glass), which is typically not
30 adaptable to the reel-to-reel coating process, can be laminated with the

conductive layer. As shown in Figure 16B, the laminated structure 230 is
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patterning” method, the conductive layer remains optically uniformin
appearance; but is only conductive in the untreated regi on according
to a predeterm ned pattern, the treated areas havi ng been rendered
nonconducti ve or having a different conductivity. In the present
enbodi nent, j | Shd AV} i 5, be
acconpl i shéﬂi&r%@ﬁgﬁ bﬁﬁﬂeﬁqq%y, g]:aasj‘;{s? g?};&ﬁg%\g}'r‘ﬁéﬁgﬁcﬁﬁﬁ?‘e

el ectrical cooddotive ldyey 260 tb ttee soirstente260s Ihebnarernmbedings thes or
rendering the nanow res thenselves non-conductive. In one exanple,
treating t ROMNEEE MatEX (§-9odTRilTWviolvaciylates nievides adegnate adhesion to

chem cally i t I ricall uct | anow.res, to
non- ponducttbéguﬁéﬁé{v% ir%js' ‘Eﬁer\%&ﬁé& ai’?a%hfé-' ﬁ“ém"ﬁvaiﬁ‘/@r@& . 1RIE donog e
chem cals t raubsirateT@40 ean BRyrehitiledds; détathify I t&ead i@t 228 from the
sul fidation, or any other process that converts the underlying

conduct i ve a@addetive layer £R8. nanowire to an el ectrical ly insul ating
material. For exanpl & 0gonduc | ement,al net al

IV i f db 3
or netal alloys (e.g. e RIP b‘g'ﬁﬁan goarv'\éb% ; %@Pr RL _{%fﬂ.ﬁ&dﬁ%ﬁetomewdea
the netal igstepByAtirRthdtRedn tﬂéggﬁgﬁﬁ‘,ﬂr\]f‘éﬁﬁ*@r éﬁbsﬂ#eaédﬂ%%a?é‘gygﬁﬂ{élb' e

netal salt (e.g., silver chlori s exanple, the e nt al

sil ver can ldminationi siép.y FigurdiizZédshaves & damipatextistroctard 220 compricivgHin
The oxi dation.can be further driven to conpletion in the presence of
an ani oﬂj_ (@@Jtsc’%@,tﬁwfﬁx}%ﬂeﬂ% ﬁ&%"@éﬁ’ £fQelng releasgdavaridafeand e can
forman i ”%%hﬁgbﬁveg%ly r £59Gn owgcgﬁp {QHB'a Sa?ocﬂces 'Iggér ;%ﬂ?t Tﬁéad' ly
precipitate netal 20°1ons into Insoluble netal” salts tAcTude, Tor

exanpl e, braoitedive lapst 2178 haglaawdhatize surface 280. Exanpl es of
sui tabl e oxi di zing agents include, but are not limted to, peroxides

(e.g., hydrogen per oxilgclpminaied gtiusture 278 ean befatsicated by agaekatiep)

el ogens ol hos Sge Bt i e B ARA LU TR Bt her @i} standing
hypochl1® i tleatsthbtvidb c@tirxéyit@mnuioTe iaptet] {oSproQide: addidd i dtatidns for

manganese, cobalt, copper or silver salts), organic oxidizing agents
such as 7, roaingthe adhegiye lmyeuianddhensvaemeat.( Tam@dheaivd lgyarésas defined

i di zi h i d the |ike. e
'n vari ous "ErBBarbrraBerdlstes MR eRand b ratsie senativs, hot-
bel ow, the eancenadiatioRzuiblé ehdisi tiefhBly 8g@ble. TM@%vcho%‘BgQﬁ baYhe
time of 30 exposure to the agent may determ ne the extent of the

cheni cal tcamdrerafdhé perfofmahes-eahdncing Vaydrayieciuding a hapbssdtbhe antiat
re concentr

RSB RSB S Dr Zb e et oie L,

In Figure 17B, the laminated structure 270 is bonded with the
substrate 260 via the adhesive surface 280. Thereafter, as shown in Figure
17C, the flexible donor substrate 240 is removed by detaching the release layer
244 from the overcoat 274.

25 In certain embodiments, heat or pressure can be used during the
lamination process to enhance the bonding between the adhesive layer (or the
conductive layer in the absence of an adhesive layer) and the substrate.

in other embodiments, a release layer is not necessary due to an
affinity differential of the conductive |layer with respect to the flexible donor

30 substrate and the substrate of choice. For example, the conductive layer may

have a much higher affinity to glass than to a textile donor substrate. After the
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In certain enbodinents, in addition to, or instead of, transformng
t he underlying material of the nanowres from conductive to |ess
conductive or 5 non-conductive, it is also possible that the

nanow res may be physically conprom sed. For exanple, the nanow res
may becomne ; fin: Lr

i nter conneé?&\%(aﬁ @.noﬁ'&g Eg&‘},g@%?%tn% Hgﬁ%\?@%ﬁ%ﬂfg@ g? ir\%ﬁ\é& E(C:)j?N Q'%g%
treated regiomductive Bgees firopasoaded wvithithe Wedsenitetrategi on, in part
due to the formation of the electrically insulating material and in
part due to 10 the brlBged@ithembodimnentstapatiamestransier ismesgibieduring

nanow res. IS o es _In hysical structuyres
o the nandi ADrREbABbERe, T e el bl SR b Meafed by dhEna
not af f et drhgienmcateisl apbedsAikal 28§i8ns antimheatgions bW substrate
Accordingly, the conductive |ayers described hereinmay be treated to
f or m condu@cceedipate armrsdeteaminadepaitarnc &rily thenh¢atechregidapniilbhal |y, a
pre-treatnent.step ¢ be carrjied out prior to formng an,nvisible
pattern bﬁ?'ﬁ&%@&%@‘ﬁs C&?/@EHFV\‘@ |@¥ﬁ'é%%k° g ePHé”%é&ﬁﬁW@Yéﬁ-ﬁr:ace and
changi ng t hgyneul: : i ne
o o oAl e e o R R oo T Th Rk 3R
Nanowi r e- Bddeate@ regispanerd siostchte tcan he2gareratada fpmamenle clond mnidhvomeas
descri beod herejn can b wi de varijety of

e us as electrodes in
107 ére ?ﬁ‘&rgﬁﬁ*aeeﬁ g’é”?ﬁ tﬁ@u’#ﬁ@%pf?Sﬁgﬁté@tedgéneotﬂe@tsansparem

devi ces),
conductors such as i 4 i I
i nclude flat panel gﬁé%ﬁ%@?@ﬁ%@f‘i@%@%éé @n&ﬁépﬁa@?&%gﬂ%ﬁéﬁ%@a
(PDP), col grefsureeradieat bassdorc ;irbaéurpaswisitﬁrbsaﬁimmdispka?aéb byCereins
25 el ectromagnetic shiel ding, functional glasses (e.g., for

el ect r ochr SRRIEXNAGHAS) Or aitasivese thasfxanide, %aaﬂerﬁ@nﬂammtm Herpean

d phot t al , | I 1] t
conduct or s Sl Ay dRel WiesphEn AsPafiiy [ 8 breddJ B LBRRRE) The
di spl ayis anrhtiepvsthlapGing®ms roliet hhislid e Rexidab fOHES @ affinity differential
An LCD is a flat panel display that displays an i mage by controlling

| i ght trandetween pressyeciregian endainpeessered cedivrl d. Typically, the
LCD includes a matrix_of . ljquid.crystal cells (or. "pixels"), and
driving o rourt for anget oIS ermisiklis, Hecind iye PerS cpotta Seet 1 <
provided wisly aigicu®l aclopdihg %68 areae@%méd%mn,eﬂgﬁ&gb'tﬁejarﬁin%ns:ﬁ the
liquid crystal cell wth reSpect to a common el ectrode. |If each of

t he pi xel ¢rectssodafiertsarfemiagtibe pre-cat codndudiive hayerdo $he sobstfate;The

togeth they function as ,a switching device, i.e,, the pixel

ol sct r e aoPouENE TRy AFing ySEIm IR Ratl<in i tsflnkd i V6 TEskist a

si gnal app'réﬁ%v&%%léﬁtﬁa?‘?&.—gﬁ contour.. . The TFT LCD panel .
conprises two substrates with the liquid crystal cells interposed in

bet ween. The pixel electrodes are provided on a | ower substrate for
each |iqui g crystal cell, whereas the common electrode is integrally
formed on re surface of an upper, opposing substrate. The 15

| ower substrate, al sQ\d gh&H"EhvEOa PttBrmba cHdYive YR tBhBeYormEd by

backpl ane,
selectively curing a prepolymer coating according to a pattern. The curing

25 process can be carried out photolytically or thermally. Figure 18 illustrates an
embodiment in which a conductive layer is photo-patterned. More specifically,
the metal nanowire network layer 114 is deposited on the substrate 14
according to a method described herein (e.g., Figures 13A-13D). It should be
understood that the substrate 14 can be any substrate, including a flexible

30 donor substrate.
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t hus conprises an array of thin filmtransistors connected to
correspondi ng pi xel el ectrodes. The upper opposing substrate,
conpri ses the common el ectrode which nmay be coated on a color filter
whi ch conbi nation may be referred to as the color filter substrate.

20Conventionally, th i I j : i

transm ssive I TO fil renﬂfgnrégtt%'gra %bggﬁoév@%g gﬁ ﬁ?gﬁérﬁdpbgﬂt‘%{ " E*}eaﬂ‘%tmo{k
t hrough. Adayertsfitmetad wanowifés fiit UM rain@detivhl souree Babbreddes ardphtynbe
susceptible to cracking if used on a flexible substrate. The

nanow r e- baI0Y flrisaedhe PEepRIMEEs coatingrsAdeas Bbéis prsitonecbbetwesan

| t ti [ =1 R} trode fabrj.cation.

Gener ai 1y SpEARFRGSMerSopfiie, 3pY Bne tRe AT GoiTE SouBB A BELRE: vt be
fabri catsd g REglbNg ekSostytothe WiadBtibe dfe blrdd® e2lrEgioh8B20); the

nanow r e- based pi xel el ectrode can be formed by coating the TFT

back- pl ane piEpalymargeating antd manopdresrin thendowed regions324otd robe derngved
patterning ,step. Al ternati.vel a 30 patterned transparent copducto
Payer can b BRSAIBRAERTGIES Wih & sibati sol Bl prbh MRG0 dnsetl Wi a tacky
nanow re- bgggsk transparent conductor filmcan also be achieved
according to the high throughput nethods described herein.

In addition to bei ng Ruito@unatilke @repdigmeanam well kaswd it trrnapaneoertain
conductor fil s ﬁ"eﬁ'@ﬁquve the confornmability and high tenperature

resi st attte &NPRY B PhelorcyrebleaieReirelinelydan @ mpRPMERECPBWRESINGa,
t of TET Lichi i . [l i
SEM rmge. JheigTinBRe dodtleoR S hritcdshal aroups; 0.0, pyaidp L Rudti® 2"

conduct or fgroups) \eeitablesfobshaiat extendibn angropdddiiaking. MNelotiedr dreBédifrreritd)
the surface thereof. As shown, the transparent conductor film 10 387

at | east pdPeiPAPIGCE@Ri®PIEROlGNGr ¢rBaes3Baadial paymaraligomer tiva

to 3pm Laicpofeifl ok o sitie 8RR BLtREOHR Fotibd Lartudhiiee ™
cover ed 5 ftngd?O)t arsRabRTor eRIEEURKMg dr dHAIn BRIen8AIP! €, grooves
having a width dowmn to 0.1pmto 2pmand up to 3pmor greater can be

coated conformal |y. Ackginiplesaff monosudrstooataising s thewbledopdare ladigyl or
lief f h t b | tiall

o e B e e B SR B TRe  h ACE Ebh 2r 1 m

For exanp! ethyiRgxyWanaLhydiokl& @i %’%ryla?e,ﬁééﬁdrhﬁl éHrzi'é?é,'rﬁéth&PﬂeH{aecrﬂ?E

could include a step, ranp, Shoul and/ or a’contave or convex C
Fi gur e 21B astdoatbylametigaonflated silinvage aofyldteguaay@hitvileAsctamide, t he

nanowi r.e network remmj n
2 mg\f?lacry!am[ e, il-substituted (meth)acrylamides, vinyl esters such as vinyl

acetate, vinyl ethers such as isobutyl vinyl ether, styrene, alkyl- and
halostyrenes, N-vinylpyrrolidone, vinyl chloride and vinylidene chloride.

Examples of monomers containing two or more double bonds are
the diacrylates of ethylene glycol, propylene glycol, neopenty! glycol,

25 hexamethylene glycol and of bisphenol A, and 4,4'-bis(2-
acryloyloxyethoxy)diphenylpropane, trimethylolpropane triacrylate,
pentaerythritol triacrylate or tetraacrylate, vinyl acrylate, divinylbenzene, divinyl
succinate, diallyl phthalate, triallyl phosphate, triallyl isocyanurate or tris(2-
acryloylethyl) isocyanurate.

30 Examples of partial polymers include, but are not limited to,

acrylicized epoxy resins, acrylicized polyesters, polyesters containing vinyl

50



20 intact and conforns to the groove 388. Figures 21A-21B illustrate
t hat nanow re-based transparent conductor filns are sufficiently
conformal with a surface topology of, for exanple, a TFT. That a
nanowi re network at |east partially conforns to a profile or relief

oAt o anshpRLh UK ThaGRATec P NB BRI R AP AT s B "

a profile or relie ure an e nor

conducti ve resirst |hkapreferddiesibodingeht; trégeredopmedr ik @ncdcrylatd. eThé esrrur e
w t hout conforning thereto. Nanow re-based transparent conductor film
can wit hst aR@Migte” refpprelo Manogmiomisngianiacy e imeiett (gos. and
operation ; eci fical heir .optical and electrical
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transparent conductor film The optical and el ectrical properties
(e.g., hazeacrylatassaties?s digcasabdsiherein.r esi st ance) were measured at time

t the X axis. The retenti Y(1)..Y(0 hown as 389, 390 and
(5) on the X axi e TSafihlt s Bkl P he R0 e300
plotted agai f@eﬁﬂﬁidri A%d/6t brosAlinkik Fé‘é‘ctibh@??h@r&d’fﬁ-"i’r‘ii{ﬁt}d'taﬁgérg)sf}ﬂg

have sl opes close to 1, indicating That the retentions o pti cal
and el ect r ipraltopeopegyt aret poduesairadinaiar Whichdniibtest a aasdadghof radical
tenperature withi.n the tested tipe frane. o The . .

nanowi r &2 bRUYNEBFRHIRY i U(%*r'g&}1?§1~%¥t§68'9n%dtqe§%llwﬂaf iFAjote-itiators are
form ng vi i L 11 Ll

conf ormal | y@ggﬁ&gﬁ Znu{r a%ré' v%ﬁleﬁéﬁﬁag}%?ﬁ@&'b@?@%gﬁﬁ%é’%%rar%mt

typi cal LCOindited {ol, akiene estass,prengt kétedes roribm $2ss An@phosphiak @xideshX
to connect the drain. Currently, sputtered 10 ITOfilnms are used to

est abl i sh \§8%: €dhtlast Patend Ngsu6:%49.61® §.PRIBEBNaNth 6\EIZ392; ble Bubistra Bd

oY ocoss. cony e, JRATRGRRS Bs ke MtRaR RFdertTEfhup gy, FRIER Appl
si | ver 1®RNa@herd,, WP a6l £y 05-3N1Q9E: Vi @rifdlld invetlapited i Potyriak

i ng
step, e.g.,_at 180C for 90 seconds. Typically, a further post- 15
treat nent iCipRERIaP!t@2.dxx db48 61P84)a It amretereed @nbagimeany, the photo-

- Y i.nel.ud f. fol i hpds:. i
her  car VEEty i Gl ToRg el 78! el wifhah® il e o5t BRCTHaitelih n°
dei oni zed (tRk )préﬁdlﬁhef tasimPcart CaRL WNginH hﬂw&é@,%ofe%ﬁaegﬁlagmitﬁh dov

ozone, coating with additional conductive materials, st ng
wi re densi tsgcondsli nensi ons. 20l n particul ar, nanowi re-coated vias

rinsed yyth DI water Eor treatgd Wth Aﬁ Pl sm% are sho to have )

est abl i€hed cont act s NPWNERMBRdIIENS, t §"3%Fﬁa f&rning a3 Recargied Rt using
rinsing or : i at
he_bott om ot M Reund SRR FICRNG. B RpRRISAR) ey BnB e iRse o
mor e pri st iragionermf achatydd matsmial Eyeetebé cadsl @ra hebesaavewiAltesatively, in

reducing 25a r%%rs] -allgsts égpsrioztcﬁ,niggér direct-write technology can be used to directly
“write” a heated pattern on the prepolymer coating layer. Thermally-curable
25 matrix materials are known to one skilled in the art. For example, the matrix
material can be an epoxy, a resin and a sol-gel composite material.
Both the photo-patterning method and thermal-patterning method
are compatible with the “reel-to-reel” process described above. For example, a
photo-patterning station 198 can be a part of the web coating system 146, as

30 shown in Figure 15A. The photo-patterning station 198 can be configured in a
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The nanow re-based transparent conductor filnms are conpatible with
all the TFT configurations currently used in the LCD technol ogy. In
general, thin filmtransistors fall into two broad categories:. a
bottomgate type and a top-gate type. In the bottomgate TFT, a gate

el ectrode i ' I '
Cop- gat e TP REETMASE AU onfibdeel Tl shIRARD drihe Bknovrass
bott om gat ecddting-fil mtransistors typically have superior reliability
in conparison with the top-gate thin-filmtransistor. These
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446. I n further enbodi pent, the sw tching device,
descri B above can tf'ggli‘rﬁ’ 5@9%{%@006]%& 'Pte@ﬂ?f&dc?yﬁqfﬁﬁ%gif@bf%m"(Q_@:D)

devi ce. atterned tive ThH, i devi ce
500 conpri é)l ng a 380r3|d|:u]9 't\)’gcﬁﬁegéaq&%' j%%ﬁp%?é@ﬁo‘p&&@%@yate
502. A backhtieghdtedOdtofihe mastt sodtinghdystdm dugh la ppaticnar éie pl&oaEiterning
gl ass substrate 512. A plurality of first
station 198 is identical to the one shown in Figure 19A. Following the photo
exposure and curing, the prepolymer coating 300 is cured at selective regions
25 and will be further treated at a washing station 370 to remove any uncured
prepolymer. The substrate 14, now comprising cured regions 380 and bare
metal nanowires regions 374, moves to a rotating tacky roller 384. The tacky
roller 384 contacts and removes the bare metal nanowires regions 374.
Following the removal of the bare metal nanowires, the substrate is coated with

30 conductive regions 380 among non-conductive regions 386.
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transparent conductor strips 520 are positioned between the bottom
gl ass substrate 512 and a first alignment |ayer 522 (e.g., a

polyi m de | ayer). Each transparent conductor strip 520 alternates
with a data |line 524. Spacers 530 are provided between the first
alignment | ayer 522 | | i t
| ayers sandw ching | ?Q% @Jr@‘:eflgﬁgho?tl’gg@ﬁ%n@qbngtu&eﬁ%%fayg?‘émibgﬁ:ﬂ?ng?gﬁg

second t r arstphingntDepmndirag on tisd tomMPoEHion af thepesnductinedayst, VAo RL6eRthg
al i gnnent | ayer 532, the second transparent conductor strips 540

orienting a0ldignsgian baysed {9 disselve and remavesprians af theoernstitchve layer

strips 520.; r parent conductor strips 540 are further
coat ed Wtwlﬁ%g@@%\%ﬁ??%@% | ayer 544, a color filter of colored

matricess 548, a top dhaske sHbsdinfi, APdctstcRinBYoitioFedorRBrising nitric acid
Advant ageoum, t he tragésdpar ent conductor strips 520 and 540 can be
patt erned dhiN@z)oasftes veed.i Rypicaibnithenitig apidds esesantab OttHe40%:, more

2% St S R 0T 5 o
deposi ti on fgfhé&t @c!i?hﬂﬂsé"’a%a%%%ﬁﬁo&ﬁd@@, éﬁ&ﬁﬁr—?@(ﬂpdgﬁ%@f}ﬁo@gsiﬁ WS a

cross-sectional view of a L based onh a top- gat according to
anot her enipetmanganatés(Kin@g), |hiumel@ibsdithdmsthe abiFekinis] salutio®44 and

"t or polSbcl SOBHRIENER 21 ANt bt HBIGE 3 e s e ehkpastsiper
nt er polfed SRS 8 _
2 matrix e CeL PP RS RO a e RO, THE g BB e "

comon el echetinabdBires @ vbluble et BalNWNiehtoagth Rin OB dsiyp PlaisAthgarkbra
color filter 558 are disposed on a top transparent substrate 560. A

vol tage apPPEPIBtNEERADAWITPS 28N bel crvedad tosiverfalt(he b oriighcan be
el ectrode %gﬁd\r/%}f %}Pa%roﬁleznﬁ,gé.gg w?aq%P other with the liquid 25 crystal

548 between the 'VES i'quid crystal cells (pixels).

The thi1s fil mtransi gheertahlefibsnipsstls 1Be 2aRg abiutiba ddesalst MRct e
bottom transparent substrate 554 is a top-gate type TFT, whose gate

el ectrode 53#38alve f Geattis goamesed o fulln onpartialpecuredpolyher. akeaiteminggan
t he bottom substrate 554 rding to

564 of he  TFT . d !
enown ot ndecaTies it bY deBss Ao iA s oW e e a ke gaftsehoh Foy. and

covers the mRfbiWe Ihgdeiccefding 6@ d@sﬁrted%atfé?ﬁb?{cie"tﬁeln"f‘atﬁk |s'3@tf]refda(‘égg%%I

the gate el ectrode 562 is a channel region 564c. A drain region
and a sour deliy eghartiabh4e alicirmaamciepable gegrep el hardnegsssirtd pmesicad tform,

respectjve sides .of the channel region 564c. The drain region 564d of
[ heP oot ¢ e PiAinR b tRcts IR NBRPL o 6 apeied 1nPrian At ANDRIShe@abaY
also as a i Q5 ; u M t: i

interl ayerq{uﬂlgglag%l ng @ﬁé@%ﬁ"%@égbﬂfmg t "}%dgﬁgé gllnégtfg@%g %ggg

Al so, an i ifwbksd thegmbarpematefial issnali mhpraerdzédocatere hbenatek & pigzensngn

the drain i’l ect rogle 566. A nanow re-based transparent conductor film
form ng t heeRtghed andsemeyedsgpussops smbogieanisiesaibes asnetadef | ayer

570. The pi i t k reagl 6

of the act FoaerihE e e ARG fial £ poePY e et estpte

layer DB 1Re oaidistivedaydn comesrising Bhumrilivedf redrelife@dfrming a matrix on the
Figure 25 further shows a storage capacitance el enment 574, which can

be di sposedofngHctidgclRyer aegordingdo & prttaya. heatiarasompsisingenanawires ai ns

the electri r [ din 0, the di spl ay content whi ch .
shoul d e PREEERSTHACRBEOMEolR e Radyibe 2Bt ine figndustives
ggtz ggnsgleweedo dideenef etinproRcier hastvifdaMige QhpioléctB HahoRkresidapde
be either removed or left in place.
30 It has been found that the amount of KMnQy, in the acid-etching

solution described herein can impact the etching power. For example, the
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mai nt ai ned, enabling the display contents to be kept unchanged during
one sequence. As shown, the source region 564s of the
active layer 564 functions also as a first electrode 576 of the
storage capacitance el enent 574. 20 A second el ectrode 578 of the

st orage ca LRSSk ﬁyrﬁp : ; i A and
in the sanme gyer asmtI gg& gé} r@cﬁs&@&@ﬁ@aﬁg‘ﬁéé{@%ﬁ%ﬁ}ﬂ? E‘,&

| ayer 566 digicallyl kighas cancbrftl'a&@hrdfG(MﬁD\(mitbh&féstéﬁétcﬁir@CtAGUﬂﬁdlﬁa@
and the second el ectrode 578. The gate el ectrode 566 (i.e., gate

line) and tafiusigdhg @nseptralien gf7i§MnO.dn th%a@ﬂcﬁtdyeg@@bar@ntmoﬁuh@

the i xol - ane ol Bdency uierBhGingiihg By U fa plchina S8BKSA O™
I't shoulgl be under st qpHas BRjo Betn B9drver tﬁeﬁ%d}@r%ﬁbgﬁ?é’n&f@f KORICdh €

TFT configurations, the active |layer can be any acceptable
seni conducttbe asist etching defﬁﬁmmaw;cauamwecﬁf&cﬁwe diftusiors ofaihgettghinged

Steps. Pol yOIJEraN (e GRfenidhresilis oY Bterghoguceglsts Rs6ltion of
pol ycryst alth 'F]%néMrbg%‘ sﬂas Fe%kaﬂh ré“arsegwowgﬁhvexmn @bwb'édg 1%*}@%

anor phous silicon, it provides sup rior performance eh us

swi t chi ng d€vinGe. |slpmmerenrpmeaetmhmgcmxbmmn atles®tharo2Gepy sthel hmatrix (of a
sili condd S&gs 8' e and ha been repqrted as an alternative approach
o o ARG B b BeS o Ep U BN 5 e ecd hanadess empetied s

Pat ent No. tﬁer%ﬁ?frgﬁ'ﬁb%tbg tezclzlﬂébg n\b)h%rﬁ "Bkt of Wr‘f@ng"lﬁér% sggglt? %égbt

can al so be used nment’s, an organic it con

conpound c&@9ppen, wHied the ddﬁﬁeﬁtrlﬂ(ﬁNSbfﬁQNO%WﬂQéNOﬂf@in%ﬁﬂ abndthat, ther s
the active layer of an organic TFT. The it conjugate conpounds are

known i n t Ifickipg soliiopriffugasiato tietmatiix (abaut H20ran thigk) gng dissplres the
| yt hi oph d d h Pol Y 10
pol yt hi op gﬁ‘i‘%&g rﬁ@%@“ﬁézd ﬁ_{%a%by oped with Cn, Pol Ypyrenes,

pol yacetyl henes, and the like. Mre exarrpl es of

the orgaic seni COﬂdWé@ﬂl BEREREL S PUhbRDEG A 9 cér'iﬁécﬁibﬁ%tt?EIEFF@l@W
described in, for exanple, U S. Patent No. 7,018, 8

di scussed Hethigkpvarpeattao ghtikp) aae effeciiedy prmﬂthmdlﬁnsbmprmd{ e

| fil b d |
11 cer 1o SUHUDE SpRIBH AL ol She Fadatirg i Alipd keRhSy bl tiée. o
bl ack matr 'r?énBW‘re?mhtrgmnp?rBte%kéH 5 tﬂé‘bﬁ?ék) o Rt A WAE H%‘éoﬁ/feadgﬁlg) tﬂbeaij:[d-

pi xel s. Typically, the colored pixels are arranged on t anspar ent
substrat e iatchingabtudion. (e'QJEZQﬂpIanMm@ﬁl‘bf’/oHNOmraj 4 Itslablﬂgt)nd each
col oregngl xel . In certain, enbodi nents, each cal ored pixel

associ &%d with a collGHS: Okt REYLOSiME: ﬁ@rﬁt%h'”%éewt'eﬁl‘iﬁ”&? peletedcan

be 20 furt i 1 a
subpi xel s) %éete{gﬁ\égggpl xﬁ#tmf)éﬁﬁgdtgstg%ﬂag{vgahd% Eﬁgﬂlﬁ%ﬂfﬁé@%%al ﬁ]y,
primary coltoese embbdasemtsdedrijuctige éeyeré Chmaniding mdvﬁbesahfa mm@k cam®be
exanpl e, repeating arrays of RGB triads are capabl e of producing

col or i mag&schad BY wsing Q/afqt%ﬁtﬂ)/edﬂaélé(%gs a phdoEsisd) ebhys. pattergpg can
subpi xel s Y& ceﬂ'ﬂéd U%Eg&d %St@réogﬁ‘%%rgg)ﬂo%lﬁhoé)rtagﬁ{/ n?&h%i bsf\ﬁln:c?ﬁhgs

white, yellow or cyan can
25 nanowires in the unmasked region are etched.

In a further embodiment, etching the unmasked region comprises
etching the matrix in the unmasked region using a first etchant; and etching the
nanowires in the unmasked region using a second etchant. For example, a first
etchant (e.g., hydrogen peroxide) can be used to remove the matrix to expose

30 or deprotect the nanowires in the unmasked region. Thereafter, a second

54



In addition, the color filter substrate conprises a common el ectrode,
which is a reference electrode to the pixel electrode in the TFT
backpl ane. I n certain enbodi nents, the common el ectrode can be forned
of the nanow re-based transparent conduct or as descri bed herein.

di h | f th
o betr ode aha. SBT a8t BrorthabB SR ASGRRE e r3A bsed 10"
(twi sted nefiBddige oFRSRoTE HB ﬁé\%ws‘réb Mt %\P@Sh& 'Idhq@ ?ﬁ‘?t‘e%t’éot Wtr{)&g%aﬁﬂge

Fi gure 26A shows a cross-sectional view of a co |'ter substrate 5
in a TN node LCD accotltisagthes esneodimsnds desaribethmathodof patterming the

b d
Gl onl ot g CAnPAe e hoBelol BN Bl 1R rBHE gt s thilh oflpwoate
referred aspr@técﬂ_l?_EQlﬁe Hﬂﬁ%lréfrﬁéﬁlﬁqeﬁ@?tunﬁ%ﬁﬁétﬁt P@qﬁeﬂﬂdiéﬁ?ﬁr&%s' al

relation to the T backplane in a final LCD configuration (e.g., 560
in Figure ZaymlngraacazmﬂiLmtsverlayearrorsarlssbstamte Be0cdnductiee [@y@r iconpuides a

e R S A b S b
the displ a>ﬁlé'(9n ‘érrttﬁgﬁPﬁEfﬁe c§ﬁ GERR 1al it éfﬁle%@"g%ﬁ%ﬁ%@?ﬂ t&{bﬁﬁ% ack

matri x and corre out o ayl n sur ace rix
586 can be ummizskeld regitet, ahdmtthing dnellnmaskédredioh ws(gy an acid-etching
the black matri x 15 can be nade

SP r 8?‘3?” O%@&@t‘stgef)orm/g égt{errﬁtet'i \é%lﬁéﬂ%tmedﬁgqul t Ehe m%@qd may fggbermy
Co oo o e teidling HeeEheR ihiblao g adBukd." 1 pocrng R

green (G and Bl ue (R)theefatols thht san E@ABALE meétzzhm'grfw(u@ﬁ@; helugedban
at | east one portion of the transgarent substrate 582 free of the

bl ack 20 m@reinet §wdedtactheidegree oeewiing ahidnetmptry. dﬁtr@@mmeo@ven H88a,
588b and 5 .

ol yi i degeiup e fbolRE ol i bod $anid A%Bpfircsca Aipbtidralefaialy cured
separ atf y Hdl)@ﬁéﬁféﬁdb't@@t%s%ﬁkrm&@?&drlgcgér%frﬁétr&%ﬁﬁedrb?‘hﬁ! curid

addition to the primary colors (e.g., t he col or

substrates p@étgmebnﬂﬁempaitetemgcme)partraﬂyocumdarnﬁtre( rReBVhderdRGIiG2BditipHAl
comon el ect r.ode 59%}]@ ﬁt’f’r |t“|anovv| re- based transparent conductor
filmis poSifingfleh M&UE% B35 xel s 588a, 588b and 588c. In

addition to being a nabRl EMenPERAINNLN bRotRadHigRld 5 BERVARE 4Ot

shown), the comon el ectro SO0 protects the co ters
cont act i ng ettthéng isgdade of trss whndpmrent ¢oratuctdrqwio)y to %zrtg]aSU&h agre-

further tive | ayer can_overlie 30 the commpn el ectrode 590.
The furd egre@ﬁ £Bkis; lét?ar bepgfigial tg acw&hgt%mq@ropﬁgwIawﬂvc&adﬁuaﬁs

pol yi m de. e%t%oﬁge%[rﬁﬁ} rﬂal:ﬂ)@i H@%’f\}%:ﬂlrﬁosl felce O tﬁ% tr%'ﬂs Bldpgnment

| ayer (see, gure e po arization

di rections ooﬁtjtrhterl qulcdtlprthetemhlh@soﬁgbe of e texr@iRIrént danalbich® cah be a
about 250C. igure 26B shows a cross-sectional view of
a color fi |t@réﬁua‘a%%pfttteenanpvare/rrﬁs’mt@d@r PCIN seB\6riosiegCes, aku sleface of

embodi ment . $\Fer88£t%yéﬂ. 'ﬁ% matrix layer and the overcoat layer protect the

25 underlying nanowires from corrosive elements and abrasion. Their presence,
however, may cause poor wetting of the liquid etchant. Pre-treating the etching
surface of the transparent conductor can activate the surface and improve its
wetting behavior. As a result, the liquid etchant can gain access to the metal

nanowires protected by the matrix and/or the overcoat layer.
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5 substrate 592 includes a transparent substrate 594 having a
di spl ayi ng surface 595. A black matrix 596 is di sposed on the
transparent substrate 594 opposite fromthe displaying surface 595.
First, second and third col ored pixels 598a, 598b and 598c for

transmtting R G a”dT%Q%é’F”éthg%fPgﬁ%@ﬁ%ﬁ{‘%ﬁ%da&%v@g@ﬁﬁﬂgﬂgr at

| east one portion of the’transparen free ack
matri x 10 SAfimprsepa-tediingah @ysHin@80rface dbthersbrRiuctiViedyef & inksrolBiitsd
col ored pixels 598a, 598b and 598c and protect them from contacting
with the |iWeitiBgd8Maviar- (not shown). The protective layer 600 is
typically a transpar I h as,palyimde. A co n

el ectrode 602 based gﬁ%%%ﬁ%&?hﬁe@%ﬁw 38931"8?/?%'???8&88%%%3/ water
di spl ayif\g gohth&amhdhd medfsutdiehfsaNgBRr @Bhtatd BREIcAeferR9d thd An§lReatGAREn
of 15 IFS display, the coomon el ectrode 602 serves as an

el ect r ost atd iquildepar jderfagemeets avolid sutiacey(irey, the atblking sudface).| t er

pl at e. . The color filter substrate can _pe fabricated
accor di ng t o/AERina k}?ﬁ{ atreFlC?’H@Cg??@eﬁﬁogﬁ‘@i%gwﬂgPé’ﬁé%’a‘?‘%‘%ﬁ@ of the
the el ectrigal £PRABCIAYERKNMPI TESBRRYERENB el

conductor filmmake 1t sui tab[ne asear’lla%gbaﬁltngr nat ie\}ge‘g?gﬁ{rgo eent, the
mat eri al i rwatee coplast ahglesare substantialey efduaad bgRboue §aPetescladftarhe
node. The nanowi re-based transparent conductor filmcan be coated or
transfe e&W%&ﬁt§th ted structure directly onto commercial col or
filters according to the methods descri bed herein. A transparent
conductive | ayer as described herein dahlealso be used in a
color-on-array display structure or other 25 LCD structures using a

transparent e rode. .(b)Plasma Di spl ay nel - A plasma
di spl ay panelégﬁé?%?%ag&ﬁg light by exci\"fglﬁé Gonfrst e mat eri al s
((j?- g'h’ phosphors) wi th ultravi glilout 5GMhcIRBSMMRY DYith SHAEERreatment

i schar ge. —The ptrasnadisptay panet—enptoys—two—t+nsutating—substrates—
(e.g., 30 gl asOxygen BRsmaach insul ati ng6&ubstrate havi ng el eid.fodes
and barrier ribs R/orrred t hereon to define_individual cells (pixels).
These cells are PM9%%ith one or more%%rert gases (e.qg.. X#-SNe or

Kr), which can be ionized under an electrical field to produce the
pl asma. More specifically, address el ectrodes are forned behind the

cells, along a rear glsfisther abscridachinsditaie M EQarapleay3,alsttd eRAGRLS of the
along with bus electrodes, are nounted in front of the cells, on a 5

front gl as$aprasengthetherdte stelshing swircs-taerted iansparenapaductarsisl ay

Cerrsr o PR Rled O APRATE Binl L E0RRD BRLEe BlebSBorem
creating acaghgg@es_di fference between the front and back plates and

causing the inert gases to ionize and formthe plasma. 10Metal oxide
t ranspar ent conduct orAccpediggly, raaspaiest canduster fdmalday be efficiently

patterned by pre-treating the regions to be etched.
Moreover, by adjusting the strength of the etchants, it is possible
20 to create a patterned transparent conductor film with substantially uniform
optical properties. In these incidences, it is believed that the nanowires are not
completely etched away, even though the nanowire network has been rendered
less conductive.
Thus, in a further embodiment, a conductive layer can be
25 patterned by creating a non-conductive region, or region having an altered

resistivity that is not necessarily non-conductive, without etching or removing
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used as the transparent display el ectrodes on the upper glass plate
to allow the plasma-generated visible |ight through. Current
processi ng steps, notably, the sintering of the bus el ectrode and
firing a front dielectric layer, can require high processing

t enper at ur ( 0 %%p Far, i d tain 15
adequat e tﬁgﬁggﬁF%ﬁgé;th@Sfr n?"&ﬁ@ Q@???@bﬁ§§é$a?§ﬂ§@%&§é@ Ts and

protects t heakpspérgy ehebhre)iss thededion Helvirt Alanes resistiity'mh 166 rabmdly
570-580C. At these tenperatures, the resistivity of the ITO increases

by about tHPEWNAb| Wstedshehptebing£5samovingsthamanowdresdiine: resistisity of the
itabl e el ect terigls for.the disnpl | ect ' PDP. .
They are aciiaEffe BREinRLE, 0% rdphbEReaRe R TEEP ) s Ausrd n
hi gh t erperadigited régiofls acabrdh@Ple a pléfdtefRiNel Hapatd. efed sBEciS‘iBglly, this
required features sizes (e.g., 100-300 um for PDPs; 1n particular,

t hey can becrphedisrerdprovidehs rhétiodtdonuriging tfomeing edsortkrtive teekr on a
herein. Fiqure,?2 oWs cross-sectional view of a PDP according .to
25 one” enbattrAfe: 1A EopdeShRaa e tsIng A BHK anthm SparRo! clectically
substrate GQfduRtilOWBholRSY bﬁ#ﬂeg:geh%f@fen%%ft?éﬁg—% &feoggig@ 8'rm'éef

transparent substrate 608, an address el ectrode 2 on the

| ower i nsulcatnidoctiVeisyer 6D8ltertheresistidtyedfebie metwbikysfrel€dtdcd iy cottuetive
t he addyess el ectrode 612 and th(?1 | ower insulation |ayer 610;

i sol ati th RANWIELEVEUNITHE frRAIAN dsery Termiace PRttemed dansbrtisalayer ri x
655 1 or mod a0 png L FealR POl PR AR ARt Eelotuly ha Bogrfefad ioh

i sol ati on viedvindaGeaond registivity. ITheetieatad wgibhenay, 8 # he@8Fiot H@, HRRIred
transparent substrate 624; a display electrode 626 fornmed on the

upper t r angpareeduntivg: At usesbhergity posicondusityearefers o gRurfase resistivity

relation taqyt e ctrode 612; a bus electrode 628 forned on
a portion ofﬁrﬂﬁeeaasgﬁ?pﬁgwq%ﬁectrode 626; an upper dielectric layer 630

5 forners on the bus qh%@idit@ﬂﬁdﬁa%%seﬁh@a@?éﬁ@erﬁ'c%ﬁ%@@?irﬁ?@diﬁ@%gge

upper transparent substrate 624; and a protection layer (e.g.,
632 for med sWstrate apgarpadiesned condudtiang dayed 3@virthe netveprkanf edsatdtallydes

e, BT SRR 0, IS SAILTA L
nanow r e- baffifek AMSPRIGIEH offhe Fxt d(dnHGEto"f‘ril‘?\évﬁWhttﬁgl tivBFk REY a

ot her configurations off FOP I n which transparent ectrodes are
posi ti oned fost resttisity apd pasezionduebiontaitthd trghspar@nt tomdsstdt inwiibh the
accept e efficiency to create, an iyage on the display panel .

| el.
(©) Toudly SOEMATE s 3 SPEPEREFSIShaI e aNardN OPBREFRIAEAE CEBHRA L Por
descri bed 165afied Bn AT BT b ie RO BRIRAT ro ity Shnae ieen 13

an interactive input device'integrated ontd an elé I'splay,
whi ch al | ovexaen pls ewitthautilinitdtionntHe differapiae ibyhé odadnigidmhens pagen. A
touch screen devjce tﬁ)i cally conprises two opposing electricall

conduct i ve TPERRAYele phG Wst iRgien Siftecefromatpat of theeseconduesionddy @éér s
are opti Calthé{n %l.'/%/%rantdoo.@b%QWeéﬂ&!?ibe@fparhﬁlgﬂgeecﬁgnéé %nr%g]sttance between the

25 two regions is greater than about 1500 ohm/sq.
In certain embodiments, an optically clear conductive layer can be
treated according to the patterning method described herein without affecting
the optical properties of the treated region. As further illustrated Example 14,
the change in optical properties, including transmission (T) and haze (H), was
30 relatively small before and after the patterning step. In such an "invisible

patterning” method, the canductive layer remains optically uniform in
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20 through. Currently avail able touch screens typically enpl oy netal

oxi de conductive layers (e.g., ITOfilnms). As noted above, ITOfilns

are costly to fabricate and nmay be susceptible to cracking if used on
a flexible substrate. In particular, ITOfilnms are typically

deposi ted ol #sec thitid Shig Sl AW AIRARRLILLrBAh bikof8fiddn d "

contrast, transﬁar ent c ctors descri erel

fabricat ed grgdbicgmindd patttmytheiédted sireashating ®&chaangeRidiidcontnetve
al so allow for diverse substrates other than glass. For exanple,

f1exi bl e arff HRYingha diffarpst eendistiviich as plastic films can be coated
ith i db f -.cond ive.. e Th .

Figure 28 shows. scherale R srulrlipeht 2tGiing tue rasistivty of e Benewie

accor di rg triptatek €4 adizresinplidhey 99,%%@4191iidﬁ§h9@§§tr®ir?6? QEY R the

642 conprising a first substrate 644 coated or |am nated with a fiTst
conduct i ve dlegtecalepmduativihotthe conneptiarerkkiveiendhs mahavired 48 revdering

|, 650 is. jti d it . t he bott | 642 d
sbpar at od (HEPBNPHERINSIRBEFS SPBHANSLGHAS koo Aeep. (epiPadisct | ve
ends of th%[@&\’lbél&&ﬂ%ucﬁb@ n%HBWrFWbr@%ﬁ%i@ﬁe@p\@a@ﬁﬁ%ﬁ?fg{rgin&tge

conductive | ayer 4 coated or 5 ['am nat
The second aectdoalty eenduayiee ndhdwiras tanonhoaductivednatdwieesor fvxee habBig
facing the top conducti vggsurfac,e 648 and i s suspended over spacers

660. 10 higher regigiMity gueh chemigalrapslormgiien nmnaciussoforiaxampiger
d i : i 6 .
ot tom pandUzfBE sERbaRdt. iy ARerBICHSS I BHULRS fc fiudivind

resi stance dondattvat stitendliof the nsesire i BaRYS ticalkNas Gheed MeRéddll For
field. A controller (not shown) senses the change and resol ves the

actual t oudrapRie ceandustivenpaawiras formead inelesnemahmptal sematal alloys (e.g.,

and cocona B e o ey bia'cdnBuBRIBhaT Me ndF ol o0 "

| ayers,1ms egﬂ@aﬂcé@eidsb@ﬁﬁ%@ndrhgolume%et@ogglweé.bx%n%%m&@é?%c’ﬂﬁi@ the
top conductive surface 648 each have surface resistivity in the range

of about 1@xaoudedheiadementasivesraaindretnitially axigized ondeonuented tp silver
O el el Rtk B ool i el o
enbodi ment érﬁlgnt((lﬁ*.i‘f.‘ﬁ(}?@r Wiﬂa mgﬁgfée Paéti\':éy%haﬁg% SRt w\ﬁ]ﬁf&%ﬁd

with a protective ayer (e. ectrit overcoat), I nproves
t he dur abi lingojulble gattte AgCan sPtres exaogiehict aniend that readiyvyereeipitateakicta

or obl erdl | dSblebu Sl aetal Tl SHEE. BammeT PR ORI dr aafcuals
e vt e onn, ST CSART bopht I 0 9 imico
non- cont actto puerokigles{etdiehyfdrogen pbrsxide)npéieifates (e.g., ammonium
persulfate), peroxo compounds (e.g., sodium or potassium peroxodisulfate),
halogens or halogen-based oxidizing salts (e.g., chlorine or hypochiorite salts),
25 oxidizing metal salts (e.g., palladium, manganese, cobalt, copper or silver
salts), organic oxidizing agents such as 7,7',8,8'-tetracyanoquinodimethane
(TCNQ), and gaseous oxidizing agents such as air, oxygen, ozone and the like.
In various embodiments, and as illustrated in Examples 14 and 15
below, the concentration of the oxidizing agent, type of agent and time of
30 exposure to the agent may determine the extent of the chemical transformation

of the conductive layer. It is possible that a strong and/or more concentrated
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enbodi nents, the overcoat layer is incorporated with conductive
particles to create reliable electrical contacts and to inprove
contact resistance. Figure 28A schematically shows two opposing
conductive layers 30 with respective overcoats. Mre specifically,

he fi _ . . . : ’
and the ol ng el YA ol tpapRLREsrdind el BT S s
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t han 100nmargavisiie patiern oy imprgvingvibe wétting &ebaviduof thesstphingi stirfeseiand

so low, their presence i call oes not affect the optical
Cranor ssi ShenBinG B SeabBiriira A TariShed iben st B i opve are
particles BuniIeybfisuitatheptdtBafif@itge of surface roughness that
serves to reduce glare. In certain enbodi nents, the conductive
particles can be a m xture of highly conductive particles (e.g.,

met al nanow ,sgl er\c[ondu_cti vity_particles (e.g., ITO or ZnO
powder s) . 2 5 g8Ce g ra g (

it % et S WiG-Basead raniparaitCendurionsyr m
conductdve networ k wi-tHal i i Ri.C
per col aZ[OI on t hreshol J;H%' tf%’i%é%‘%%é“&*%?@ﬁ%%%u%‘? Fvﬁ?@%éétbﬁ LZslveedrasa
rel ativel y eléctragiesdn st wideezariEheotdeviess, indlliding@nyaidvioe theabepenthyed in
t hese nanowires while the | ow conducti vi tf)]/ particles wll provide the
a

el ectri cal Medfafedss oftrapsnasent eafnsluctors such as metal oxide films. Examples of
suitable devices include flat panel displays such as LCDs, plasma display

panels (PDP), color filters for colored flat panel displays, touch screens,

25 electromagnetic shielding, functional glasses (e.g., for electrochromic windows),
optoeiectronic devices including EL lamps and photovoltaic cells, and the like.
In addition, the transparent conductors herein can be used in flexible devices,

such as flexible displays and touch screens.
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nanow res. Advantageously, the sheet resistance of the overcoat can
be controlled in a wider range by adjusting the ratio of the
nanowires to low 5 conductive particles. Since the nanow res do not
have to forma percolative network, it is expected that the

resistivity of the fi@ﬁ;ng\‘/ﬁmﬁ{lﬁé&)%%éﬂn@rsm% be in a nore |inear

relationship with the on and stabl e at higher
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substraﬁg h@¥+ng a transparent conductor and both this type of touch
screen vice'-and the two conductor type descri bed above nmay i ncl ude

a third transparent C‘ﬁﬂsd I L ONs,,.as L C.

di scharge | ayer. The traﬁggg‘r%%pghgi:] uc@'i')%’]sdt sc?%é%ﬁ%%ﬁiﬁ%bu'ge
used i n anyrpdtal belsanterpesedin batwebnpame! pids\di&6tfod At dretiakon a
nanow r e- based 25 transparent conductors used in such devices my be

patt erned dawaesubstrde foreeashliaid srvptalioedr whakeastbersommen elestiode is
(d) Phot ovol.t ai . ol ar. radi ation pr.ovi des, a usabl e
cnergy 1 n DGO Pd sndhs entim sulfireLr UoPue §PpBSRY pLBSrEe Sfhe
Opt oel efg r apiver SgystaRs, 5196 RefefreBNBIRVATFF dirdyR(bst@tE 8} #FTQ%&kP%\é?ﬁ
and convert certain photon energies in this range to electrica

power . Phottov®reaiptises ahsaregyeofdbinefiim tsansisteemcomeatted tr conespdnatireg
under illumnatiqon., Light is absorbed b he sem conductor junction
(or di ode)_pé’fﬁq ei?fg@qﬁén- WPRR GRPOSINg ﬁﬁ??_ifﬁg%é‘@”b?ﬂ%%ﬁhe@ OBf the
junction, lel&trodewhidh Maj BB o2Md b&a @i ﬂlfér}j\t}ﬁcrrécsr%‘npﬁ\a%ﬁ‘?naqﬁgse
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field, r#@us produci ng el ectric current acr osaet, he devi ce.

The serfittonduct or j ure@P'6AtIEBRINLANG BIxFEEIECHOAE Fofsrig i@ kiahtel | by
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A het er oj umattédabeve DO filorsnared dostly e fatichtgandvnali Hé ststBptible to
cracking if used on a flexible substrate. The nanowire-based transparent
conductor films described herein offer an aiternative approach in TFT pixel
25 electrode fabrication.

Generally speaking, the thin film transistors described herein can
be fabricated according to any known methods in the art. The nanowire-based
pixel electrode can be formed by coating the TFT back-plane with a nanowire
transparent conductor film, followed by a patterning step. Alternatively, a

30 patterned transparent conductor layer can be preformed prior to coating.
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10 sem conductors. Typically, the two sem conductors have different
band gaps. The one with the higher bandgap is selected for its
transparency and positioned as a top | ayer or w ndow | ayer. The one
with the | ower bandgap forns a bottom | ayer, which functions as a
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sem conductor to the other. After charge separation, the chafges are
swept away relief featuraiih the aupadtestieiradf. Wi stiowrs, the danegdacdunt condudter film

differe eai rk functjon between the contact el ectrodes for charge
col | ect1%n. %éﬁﬁ?ét ?l&\oe@'ﬂfarres&%mgg,oov%?'S%QaﬁBe@ybﬁksat@-tm%swas}rae
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|'ight absorbing material beneath, as well as serv ohm c contacts
t o transpormaghitiedimegechfiglre [ZdigeAs ahowsy theavamnpwire network remains

20 intact and conforms to the groove 388. Figures 21A-21B illustrate that
nanowire-based transparent conductor films are sufficiently conformal with a
surface topology of, for example, a TFT. That a nanowire network at least
partially conforms to a profile or relief feature of a substrate advantageously
allows conductivity across such a profile or relief feature and may be more

25 robust that a conductive layer that would simply bridge a profile or relief feature
without conforming thereto. Nanowire-based transparent conductor film can
withstand the temperature conditions during fabrication and operation of the
LCD. More specifically, their optical and electrical properties show relatively
little fluctuation. Figure 22 is a graphic representation of the temperature

30 resistance of nanowire-based transparent conductor film. The optical and

electrical properties (e.g., haze, transmission and sheet resistance) were

61



fromthat |ight absorbing material, they are desired as contact
materials for solar cells. Nanow re-based transparent conductor filns
descri bed herein can 15 be used as one or nore contacts in a solar
cell. Unlike the conventional netal oxide transparent conductor,
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solar cell. 50ptionally, a substrate 674 can be present underneath
t he bottomdRaraen (€70, sikes HappyirenHPMC apdLaswts imee viarfolipwedbyned
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shows a1 hetiesatinentis feedd redtabllshags ebaiddes. t Bxénplaig podOtresthtitgent .
As shown, the heterojunction solar cell 680 includes a top contact
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It is believed that rinsing or plasma treatment cleans the surface of the

electrode at the bottom of the via as well as the nanowires, thereby providing a
more pristine contact between the electrode and the nanowires and reducing
25 contact resistance.

The nanowire-based transparent conductor films are compatible
with all the TFT configurations currently used in the LCD technology. In
general, thin film transistors fall into two broad categories: a bottom-gate type
and a top-gate type. In the bottom-gate TFT, a gate electrode is disposed

30 below an active layer, whereas in the top-gate TFT, a gate electrode is

disposed above an active layer. The bottom-gate thin-film transistors typically
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20The first, second and third sem conductor |ayers can be deposited
as thin filmlayers. Suitable sem conductor materials include, but
are not limted to, organic sem conductor materials (as discussed
herein), cadmumtelluride (CdTe), copper indiumgalliumselenide

S oion SOHRRle AR hERLAR $Pcditbatisof Win'E tork ete FRLAM RARSEIrS

typi cal CdTe ce he top fayer mum su S),

the m ddl e Theseer strgctursl configuratisieareadesdribed o hicre deasien, fér dxkanype,
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fabri cat ed 400 fermiedan 4 @ubstsditectd2. The gate electrodi®tdn bber Mietditlags!(b.g.,
692 and the second cell 698 have simlar 3-layer structures as the
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absorbed by the second cell 698. The first and second
cel I s are s@sandtsemipgnductemager 418 &.9696 dapesl amapheestdilimengfall defined

| ect t. s, T | | 696 PN di od
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conductor films. They can be prepared by t escri bed
her ei n. semiconductofMiages é14(/. & chdtivedayeran A fucthed pradddiviel lapat 434yer s
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suitabl e as one or nore contacts I n dany solar ce igurations.
layer. A nanowire-based transparent conductor film 442 is coated over the thin

film transistor 396. The nanowire-based transparent conductor film 442 can be
deposited and patterned as described herein, to form the pixel electrode 398.
25 In other portions of the TFT backplane, the same nanowire-based transparent
conductor film 442 can also be patterned to define a signal line area 446.
In a further embodiment, the switching device described above
can be incorporated in a liquid crystal display (LCD) device.
Figure 24 shows schematically an LCD device 500 comprising a
30 TFT backplane 501 and a color filter substrate 502. A backlight 504 projects
light through a polarizer 508 and a glass substrate 512. A plurality of first
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(e) El ectrol um nescent Devices. El ect rol um nescence
(EL) is the result of radiative reconbination 30 of electrons and
holes in a material (usually a sem conductor). The excited el ectrons
rel ease their energy as photons as they return to their ground state.
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filmdesigns of EL devices are possible by enploying thin conductive
films. Advalumbooissacongdranspacsht tontdugtor stigpscatt are padiicnesdomtheausi ng

Convent | ondiSe MR et ENED AaA e e PNE Enshere E sontuctor Stips 540
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conductor. The nanow re-basSed transparent uct or
herei n 15 aeeosdittaxsparars cantuetos phipsri4Ochredurthdecoated wiffLa gagsieation

Thus, Fjgure 30 %tows athin fi mEL devi ce according to one

enbodi nEht .[a%§e . AfRIPL teffécelm Mmatgces; addeiqraglpgs sHbsiatadS0opd a
I 1 ; : : I 7

2 Fr anspar Shern 552, ARAideduIRE tahSparBht ond iBhy 52 Hn oo

optional owandsmpaff@ded2ihthiearisfamadar andmeizging pPocestléhtbshé eofem Hidsa
nanowi re | ayer, as described herein. The optical transm ssion and

surface corfwbsirate @pddhe aligament leyer.dpepestively. | Wnlie m&mwvalgti@maily
Examor o 6 & BTeh AL QRIS RHfM  F0) oS g OB iR ir hsces

i nk com@osidre@8quifde | nk conposition can be printed to provide 25
patterned el ectrodes, which is conpatible with the current
manuf act uri ng pr ocesdigdie Hnshewsargorperctionatviewrhe L Chhbasahonag top-

et hods Cafl ARToE R ay ARl By a3l AR O
b P e DA S ] S E S P BNGDR ot or oo
factors, slrterpeseathativeea.them. As noted above, in the TFT substrate 544, thin film
20 transistors 550 and pixel electrodes 552 are arranged in a matrix configuration
on a bottom transparent substrate 554. A common electrode 556, to which a
common voltage can be supplied and a color filter 558 are disposed on a top
transparent substrate 560. A voltage applied between the pixel electrode 552
and the common electrode 556, which are facing each other with the liquid
25 crystal 548 between them, drives the liquid crystal cells (pixels).
The thin film transistor 550 disposed for each of the pixels on the
bottom transparent substrate 554 is a top-gate type TFT, whose gate electrode
562 is located above an active layer 564. The active layer 564 of the TFT is
patterned on the bottom substrate 554 according to known methods in the art.

30 A gate insulating layer 566 overlies and covers the active layer 564. The part of

the active layer 564 facing the gate electrode 562 is a channel region 564c. A
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(f)Electrostatic Dissipative Material - Anti-Static Coating

El ectrostatic discharge (ESD) is a single-event, rapid transfer of
el ectrostatic charge between two objects, usually resulting when two
objects at different potentials cone into direct contact with each

other. El ec : eyl d- [ S8, sul f,.an

i mbal ance oqr%gféeﬁdr%g@%%ﬁ@%esgﬂ%g%gggg%ggnvﬁ{he%' Eb\"ﬁ&@gﬁ[qp%doﬁg of
the maj or qaustsnedf attewpeetivieaditios 66thHecHdMPet RIGIGPDILE! TheidhaiMSehion
Electrically conductive materials (e.g., conductive films or

coatings) drEddeeftbetacfive dryeas|obidtis conaectedde ssiasatineewhishdthalianshgiso as

h i 1Q h | el tati . Typicall . .
coninet v2 1 BB eod' S5 900 o S et P e et
ohm'sq. §s |gféesdd &&/érfhd*ﬂfhbiqﬁéie!&t%eejﬂzm ARb! ir%u%%wgq@gé‘rt 570 is
charge build-up. Mire typically, an anti-static coating haS a surface

resi stivit ydigpodsst inecnvea tfoaidatbdtecimd the. drairdel&dfodd 56580 .A nanowire-based

Accordi ngly, nanow re-based _conductive | ayer escribhed herein 15 are
sui t abl e as”aé?ﬁﬁa-r%'i’ta“tq”@“ﬁ%tf'ﬁﬂggfm'ﬂwh%P*’%éﬁ@Fé&?fPQ% d8 Pgesienedan the,

for exanpl i 1 - ; s i C j
substrate | AaaHd Fyet 370" e G981 AEaloR 582 KRN A B A0 1o
provi di ng etk ofchagetvé tayehiséhdhrgighanpontathiasle priofiist alighraesoapess T2

including a plurality of netallic nanowires and a matrix materi al ;
appl yi nf t HBAX Spssitianedprothepiselalestedde.i n need of el ectronmagnetic

ot al 11 ¢ nanowi 65 ci Sgasan e SHohA Forads pbalitentR RubER St e
| ayer havi nghish sahficéisposstifirioschpibadl. MherbrRgeltapatfshahakstent | n

certain enbodi nent, the anti-static coating is optically clear 25
such that taintaigeths elegtrioehargacerespanding tethe displaytaeaterdabatiichent

an opticall S ape (e.g. l,.astic) coated wt .

nanowi r e- basiwg@'l{@%&&@ﬁ%@éo f%‘ﬁ%“"g&ws 08838'}%{?%‘”%&8&8&@ Fi%r i al
for el emd r aiigsted TheereRirb Cotle VoIRGB RMARRE O #hd ﬁw@ éi%btréd@'S‘S?Q%a_n be
visualization of the content in the package. In certain enbodi nent,
there is proginteided, ensitiod the aianlay canteBBd tbdenker unchanged deringbwner k
on a substrate, the nanowire network conprising a plurality of

nanowi res; Y89 A% a matrix on the nanowire network according to a

pattern, the pattern ebhaWAR® dolfd rddih 8848BF R RARRNEySBLN Of
functions also as a first electrode 576 of the storage capacitance element 574.
20 A second electrode 578 of the storage capacitance element 574 can be formed
simultaneously with and in the same layer as the gate electrode 562. The gate
insulating layer 566 also works as a dielectric between the first electrode 576
and the second electrode 578. The gate electrode 566 (i.e., gate line) and the
second electrode 578 (i.e., a storage capacitance line) are arranged in parallel.
25 They are oriented at a right angle from the pixel electrode 552 to define the
matrix of pixels.
It should be understood that for both of the bottom-gate and top-
gate TFT configurations, the active layer can be any acceptable semiconductor
material. Typically, amorphous silicon is widely used due to the ease and

30 economy of the deposition and patterning steps. Polycrystalline silicon can also

be used. Because polycrystalline silicon has better current-driving capability
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net work, wherein the nanowire network in the first region conprises
mat ri x- protected nanow res, and the nanowire network in the second
regi on conprises unprotected nanowi res; and etching the nanow re

net wor k whereby the 5 unprotected nanowires in the second region are

di ssol ved. i . - i
o yrrer o AN SEGrEHORE SEBR §proltfed Rupdribr parhARce Mipadlsdtin
certain enbswitdreng detioe. mMeheehsaature debesitibh of BeRcratdifie silico®iEhi ng

and renoving the unprotected nanow res, further curi'ng the matrix.
101 n cert ai prssjedindehas beereraparicidas an aieinativé apptasmh.to manufacturing

In sonme enbodi nen t he _nanow are el ectrical n i n
anot her enbd Y%ﬁ{a?i%%ﬁ%%@%ﬁ%ﬁﬁys%ﬁd%“-%ég ﬂ%&%\oor 23%?&%??%e|”
met al | i c5 NaffyMi i iad ,fé@@ﬁ' e K is
opti cal Ici/ cl earléﬁ?ggﬁﬁlggs‘ré{rﬁe{?%ﬁbenbo [ Eﬁ{éﬁs ?a@ %gsotﬁ@pgg%%c%dggé%\%ﬁow res
are et ched éybadineaite-an ofgamic scbojugate compousd ogn ietudet @cihd orfagic

aci d-etching solution may fuyrther include potassium pernmanganate. In
sone. embodi SRERLENAY T %ﬂaﬁtt%ﬁffaanwnw%w l2yapeT Areraamirid Fd. 1theo,

Cibod: ont - CT a8 el ARAEIRBHATA e BRCLARPIRERLE Wt i Raligh”
| ayer conprpalymgrolésypolythidphenes itiag tbeveptionady d@Fe@ vﬁtlhb@ég?,qjcﬂypﬁrﬁﬁes,

conductjve layer conprising a matrix and a plurality of electrically
conduct1%e F?f&Yﬁﬁﬁtyléae@?SéngrtmmI@m@nqﬂ aof e dkembore examples of the

conducti ve defin eai d a unmaﬁgﬁed regi on: and
et chi ng theérgﬁﬁ%siegwggé%lfcgﬁem%?g8@‘?%'%?%ﬁﬁ&tﬂr%'ﬁ’f; , tt‘?earﬁec?erf’(?&beg'n’
further i ndbpdrembRIQYBNPatdE NOITEGKEE72€0i on to provide a patterned

conductive | ayer. In certain enbodinent, the matrix is

fully cured. |n anot hi$ diseussidbenein,ithe Tirdt backpianepiamoisitiongddaead.CDn

certain enbodinent, th hod, may, further includ af 30 et chi

and renovi nod)ptor%ged?lﬁr%ﬁ%rﬁte& SHQﬁttS%ﬁer(ég?’ ?'Qr’t'ﬂ%lr‘reé%dj?@é?ﬁ)e _ @pp[é_r%ﬂer
The el erg I Ilistete RIY IbHRRGY FATIHIRINISHTRER, ld BlaBRAPMI B a lidh:-
certain enbodi nent, etching the unmasked regi on conprises contactfng
t he unnaskeshieldigigdaye) endan acayleotcabretypizelsutTypically nthiehe loreat Eixé|s eire

this enbodi nentq?éit he .acj d- et chi ng ,sol utjon diffuses H%t@ﬁ the matrix
and di ssol VEEER raRsparent a6 Inedpatierent he atyxderns Ag

sol ution CoyRY 43RRdHdch GIehPixdiN IRBEHER embodiments, each colored pixel is

associated with a color. In other embodiments, each colored pixel can be
20 further divided into smaller colorant areas (referred to as subpixels), each
subpixel being associated with a color. Typically, primary colors such as red
(R), green (G) and blue (B) are used. For example, repeating arrays of RGB
triads are capable of producing color images of a wide variety of colors. The
colored pixels or subpixels are not limited to primary colors, other colors such
25 as white, yellow or cyan can aiso be used.
In addition, the color filter substrate comprises a common
electrode, which is a reference electrode to the pixel electrode in the TFT
backplane. In certain embodiments, the common electrode can be formed of

the nanowire-based transparent conductor as described herein.
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5 enbodi nent, the acid-etching solution further conprises potassium
per manganat e. In certain enbodi nent, etching the
unmasked regi on conprises etching the matrix with a first etchant to
expose the nanowires in the unmasked region; and etching the

nanowi res in the un ant n_cerrain
enbodi ment, the fi rgﬁé 5 g’ﬂ\%{ﬁ Qhﬁ‘nﬁ%@gﬁgﬁgﬁg&ﬁ@%%ﬂﬁv? Rgs'b%%ﬂfj{h

et chant congyrmee® élettrode and dneanﬁlat REloATREIBREE STBIMEPERIE a T ﬁ:ﬁétteﬂ' n
enbodi nent, the conductive layer is oEtlcaIIy cl ear.

certain enbeinadermodedomthasin aniPsd Dh@ﬁtﬂﬂ'ﬂ’s:hmg)fra@dzet reating the
ked t
oUr facetent i ng con *Sﬁaegﬁﬁgé&ﬁmganw%gﬁ%sﬁﬁb &R Vﬁﬁ’“&?ﬁﬁ 'Sorislies suharate
I'n certadn g PRimBAL ’Ldlj‘ﬁét%rbﬁgqbgiﬁ |Héi’ﬁsﬁ'?1re %‘i’%ﬂbgfrate %80
nduct i ve e 'subs

conprising: a substrate; and a Co ayer on t trate
conduct i ve ihalpdes iartcam&ﬂjang'ltasqblstr_am 583 hatinget displagmayvs urfexeafBll. aThe

Tt er Al AR et SEAcan %sbeg%ﬁer‘r?féﬁl%ﬁy%fﬂl&%dwfﬂoér%rsbgrent
material i sihdpatd Hﬁ% hy it§ ‘égﬁﬁalqgfa\ﬁbﬁttg ’théﬂ'h*l'c&{@ﬁffa?%w q fildi ¢

novol ac, epoxy, urethane, sesqul oxane or n cer a| n

enbodi nent , cdrifigurationl (en@nbH80 ireFigare 25).1 Yae comfﬁ[%ergsbst#a%eﬁaotfaﬁﬁer
enbodi nent, the conductl ve |layer has a surface resistivity of about

1000 ohH sqncigdes ashlackmairix (é?rrtlfghthI@ﬁBw leee), 5331@'5%&%6’;‘ alatticeshape,
Il
2 0P TR qoue sonsa LGNt 8L BB o W Belsng

a thin fil reurfazesis:. oExtensdl lightig rafléstba tyahe bl kIRNBRIXCAREESRES ouRBF the
sem conductor active |ayer, a source electrode and a drain el ectrode,

wherein t heilwlawgp@rt@fmceeﬁ%ctThﬁjbfaphmaideé q@nmeamem affa ®@tal oxide

el ectricall e .nanow r es

enbodi nent Q’r{cﬁ(grn %Hié’a,(aﬁr (g'rgr&e(%gmie oxide): er@g@@ly,%g%lqpkamatrfx
l'i quid gysda'ﬁ bél hfelePOf- organic resins. I n certain enbodi ment, the

sem conductor active |layer may be silicon or organic sem conduct or

material. 5In cert ai nTmm@ldrﬁMrtsullstrete%& n‘m}omr'dpmtseaalcpduragtyfoflmlémed
t bstrat ixels

T anged oA SULHen ARbrecondendnicd cBlateRainels 557 el REpPeF oy

th I I t

i ngl 5dggaaltF%hur apﬁ@y@gﬁﬁgr%ﬁé?bigg%ér@g%éézﬁ?l\ggn@“%obﬁ\éﬁeels:w‘éﬁ% ggre { &%

enbodi nent fo trhed ool atiedstlanerpdrtion béthe mmsmentasdbisaeke 582 frakrafthe black
In certain enbodi nent

defining a grid round ach col ored pi xel

each coitbr SBRHGHE.| Shedecrancad and Hird colared phials 588e. eaftioandeabs are

each col or erﬂade from, for example, an acrylic resin or polyimide group resin dispersed
with pigments, and is formed separately from the black matrix 586 to prevent
color-mixing. [n addition to the primary colors (e.g., RGB), the color filter
substrates may contain other colors, for exampie RGBW or RG1G2B.

25 A common electrode 590 formed of a nanowire-based transparent
conductor film is positioned on the colored pixels 588a, 588b and 588c. In
addition to being a reference electrode to the pixel electrode (not shown), the
common electrode also protects the color filters from contacting the liquid
crystal layer (not shown). Optionally, a further protective layer 591 can overlie

30 the common electrode 590. The further protective layer can be a transparent

insulator such as polyimide. Such a protective layer may also serves as an
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pi xel is associated with a primary col or selected fromred (R), blue
(B) and green (G . In other enbodinents, each colored pixel is
further divided into two or nore subpi xels, each subpi xel being
associated with a color. In certain 15 enbodi nents, each subpixel is

! ! ! | o
roen (G, AMdnéhtiadste € el lbath HadH A0 D Bl
conduct i ve dirgt®iohses tes Bl lcvdtaitBRAh, RS- exXainse! iubbihgeabasiurespect he

black matrix is netallic or o(rsganl c. 20l n certain enbodi nent, there
is provided a |iquid kKigyes 86B Qp’lse%/crc)@ﬁﬁecmim@ Vt%wbd')atominrrf&heelsubstrate

I Si . I Lit thin 5|st c t hi
Cransi stor Bty EBibdReR E60uing BpraRet srongmSR’ diisrolphiteT
conpri sigg gupakiatebbd InHid&h %nebé n% suB F‘atelsg&éﬂéawg afdaﬁﬁéﬁﬁ Ru¥SES
bei ng connected to a common el ectrode; 1 qui yst ayer
di sposed bei%eeh ack rrmatrfx 534 |s;x.ﬁa;md;samh tﬁeatranmmrdnmanmltnatmﬁm @ppoalte

| east one of t pi xel el ectrod the common el ectrode includes a
plurality di fO’ER@%fjl‘si ‘”9’%6%%593\/%”%@8&??@@”‘1 third colored pixejs;598a,

panel comprakLan ppas orerie B S e R e RVBR R e Pfimed

el ectrical lon abledetznbme/ponmmyﬂthe&aas@amm E&bst@@@&ﬂf@e of the black matrix
In certain enbodinent, the at | east one of the pixel electrode and

the contbn 286 cAmsetective layer 8aDiis farmesron the fivst toathitd welsad mérels 588er e

el udt ng. aveiE SReCE kPt FRREFO MR RIS PR tal ot ay
el ectrode; shor)r attie proedctivkasyar abiosis isiesCce trafsPAEHERR UL, BOLA @@

panel and the top panel, wherein the display el ectrode includes a
plurality d:oisérrmrAmmmoa@ﬁ@Mmda/@%aamd pasonfuctivernanawires is formed

enbodi nent , ncl udes ect.rode,
bus el ect rc?cﬂa n“ﬁgﬁay'ﬂ Sé‘ cg%ﬁ}hgﬁr&a&sgeg @HH?B@t&ﬁ%ﬁ"uclpl 6@ Cage o
nanowi res. [PS display, the cdmimpAldigtfoREPH5aRRBE astdifeRbf64tatE Aidcharge
conductive nanow rés are silver nanow res.

layer to avoid charging of the color filter plate.

The color filter substrate can be fabricated according to known
methods in the art. The optical transparence and the electrical conductivity of
the nanowire-based transparent conductor film make it suitable as an

20 alternative electrode material in the color filter substrate of an LCD, regardless
of the mode. The nanowire-based transparent conductor film can be coated or
transferred from a laminated structure directly onto commercial color filters
according to the methods described herein. A transparent conductive layer as
described herein can also be used in a color-on-array display structure or other

25 LCD structures using a transparent electrode.

(b)  Plasma Display Panel
A piasma display panel emits visible light by exciting fluorescent
materials (e.g., phosphors) with ultraviolet light generated by a plasma
discharge. The plasma display panel employs two insulating substrates (e.g.,
30 (glass plates), each insulating substrate having electrodes and barrier ribs

formed thereon to define individual cells (pixels). These cells are filled with one
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In certain enbodinent, the display electrode is optically clear. In

certain enbodi nent, there is provided a single junction solar 15 cell
structure conprising: a bottomcontact; a sem conductor diode on the
bottom contact; and a top contact on the sem conductor di ode, wherein

o East O b BBt TSP A BP A Y BaR BBl TR B |,
certain enhsgitreatfield e pkciucednt Mdsma. Wréf‘s@bbffcélheéﬂd?é‘s% &Bctrodes are
conprises a |light incidence surface. I'n certain

enbodi ment ,fofrmed :b@hir‘@bl'rh@uzﬁllaralang@ereaogiasss&@teMTcrape@Brent displayl ayer
and P-do ed Sil rtain enbodi ne t.he si unction
sol ar celol eé?ﬁl;t I‘f ("-flllo gw;ttﬁ EPFP?E Ctﬁ%’%sua[@smaH”&ﬁ*dBJ@d‘t&fﬂ'?% % &)é
posi ti oned fRARRY ,5@% NreoBadred3 e‘-’réétfc?dé},é Y e 4 g%r%‘ﬂ ggué%' i con

| ayer. I'n certain enbodi nent, | ode
i ncl udes a eﬂedomms anamhcmmatﬁomM@and)mEandrmdoss pattie ¢ thseelsndn

sem conductor | a e firs] m conduct or yer havi ng a hi gher
bandgap t h&P3A ek r@me@w&?@msv ﬁctrcr»%se&f@aéms MBSt ,

the single ditiehebetibah tiehbntbhdbad .&%ﬁ%’?ﬁ kadinG e IHEfPad¥s to

undoped sem conductor layer I'n cer t her

provi ded a iomiz&iandufoohithe ptagnaa. cel | conprising: a bottomcontact; a
first cell on the bottomcontact, the first cell conprising a fi r st
seni conflict or di ode; Mei%ﬁﬁléile teanswareH qondueiors fe.gell TO) areseomvantionnlly

on the tun 0, 0]

sem conduc?f(;g ed% dﬁ% a§§@ cﬂ%%ggg e{cgrg)gg g\?ﬁetﬁg L%‘%F 5F§3£’at8&8 aélpw tHS
bott om contmaémagqéﬁdn@teamnsns|@nrgﬁcthrbugrh UdRsrent pfwe@bin@yst@;ﬁs notably, the

el ectrically conductive nanowi res, and wherein the first

sem conductsmtedn@@éth%buaele@&@demﬂdgm a frant distectris layae cselo'eqdlre high

sem conduct or di nment

cont act 1 o FpETEIY fPrRpREUER R b ¢0ke PEAEL, Formanile: Barigr to Sotaft

surfaceis adequate transpatefigy,the '?rd?lfrté]%i’éd’fﬁéﬂaye? gﬁh iEH 'do've}éJ Rﬂeét%'tﬁé
cell further includes: one or nore cells stacked sequentla y on th

second cel |display elsstrodetdres! bupeleottodes);is fired at alvaut & 70u58G51C . dibihese
o e D et tes 1 ASidR o i 10 Nt eaead by a6 Rrae-fa P ' 58S @
Nanowire-based transparent conductors are suitable electrode
materials for the display electrodes in a PDP. They are demonstrated to be
20 electrically and optically stable at high temperatures (e.g., at 300°C). They can
be patterned at the required features sizes (e.g., 100-300um) for PDPs; in
particular, they can be patterned by the high-throughput methods described
herein.
Figure 27 shows a cross-sectional view of a PDP according to
25 one embodiment. The PDP 606 includes: a lower transparent substrate 608; a
lower insulation layer 610 formed on the lower transparent substrate 608; an
address electrode 612 formed on the lower insulation layer 608; a lower
dielectric layer 614 formed on the address electrode 612 and the lower
insulation layer 610; isolation walls 616 defining a discharging ceil 618; black
30 matrix layers 620 positioned on the isolation walls 616; a fluorescent layer 622

formed on the sides of the black matrix layer 620 and the isolation wall 616 and
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151 n certain enbodi ment, there is provided an el ectrol um nescent
device conprising: a bottom el ectrode; an el ectrol um nescent materi al
| ayer overlying the bottomelectrode; and a top el ectrode overlying
the el ectrolum nescent material |ayer, wherein the top electrode is

optically c I: é&ﬁﬁ aldt f l,call onduct hve
nanowi r es. %F—[‘e @%rérﬁtﬁjie oﬁ??r'gé#é;’a%mgy% etéﬁsg)%h%tr‘?ygééﬂfe ﬁ:g%l& glgpfay
| ayer conpréleesoddégptioimed on the upper trandpatérit sibstrardei BRahosttitmeban
el ectrode is patterned. In another enbodinent, the top electrode is

screen- pri i 8a8ht angledn relptior b address elestrede $18: e\htusefde@tr(m? 638 for
[ 2 d ' | I.sing: ' t hy n ti

Paver on ' QUBSY B2 POHL s Slari9lBienfape sahont LPRe diieit jeventoa

network ®f fBhABHOrCRAk!BUsCIBaHSd 823 NABMJISP cRINBHE D 6LAIRT Bileiphd

treating a region of the conductive |layer to convert the electrically
conduct i ve trenspairerissubistraten624eandegipostettiomtayer togd Mdg Oy 832 faraved es the

thereby formn tterne onduct,jve layer including a 30 treated
regi on havi%)ei dielpey 'Cﬁ%%%fqﬁﬁﬁnnﬂﬂf disalay elciodss o8 PERES RYH&IdHgtive
second r esi StdViitYsi ' Hégg? t .
conductive ﬁgfﬁlwglmospﬁ%g???/mgfjeéad@p[:cﬁlﬁ\ég%@eeqe oglégrée}%?g,@ﬁg't reat ed
regi on and the untr edt shoulddiemdeasi@osdithat thetrizmomiret hessspman gpiresal

propertjes. The optjcal properties can include optical transm ssion
and haz¥ mondeietardims & sHitakiador ameother sentigptens,pt §DPrintwhich

t ted regj ' i t he.. SEINRY f ntreated
rogron by arBat t iaaoclGe REIRTRANh & B! Valel shofif ieht o5 e
treating oftrarfsenic witd urceprablagfiticPreis chede ahamaeal drvthe d8shY HEnaY
the electrically conductive nanowires to 10 electrically insulating

nanow res. I n another_enbodi ment, the treating of the conductive
| ayer conprises (BXi di QUYFH $¢ECBBectrical |y conductive nanow res.

I Fen e S ety 4 06y b REYRE D e APRL B e
and a tr:EnsEReRTorhe PAMCH AR UChERFedh A llyidHsdrBen 5488 intakptive itput
transpar entde(\:.r(i)cr:edil:\(t:etg;r\allsad onto an electronic display, which allows a user to input
instructions by touching the screen. A touch screen device typically comprises
two opposing electrically conductive layers separated by a spacer layer. The
conductive layers are optically clear to aliow light and image to transmit
20 through. Currently available touch screens typically employ metal oxide
conductive layers (e.g., ITO films). As noted above, ITO films are costly to
fabricate and may be susceptible to cracking if used on a flexible substrate. In
particular, ITO films are typically deposited on glass substrates at high
temperature and /n vacuo. In contrast, the transparent conductors described
25 herein can be fabricated by high throughput methods and at low temperatures.
They also allow for diverse substrates other than glass. For example, flexible
and durable substrates such as plastic films can be coated with nanowires and
become surface-conductive.
Thus, Figure 28 shows schematically a resistive touch screen

30 device 640 according to one embodiment. The device 640 includes a bottom

panel 642 comprising a first substrate 644 coated or laminated with a first
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15 layer including a plurality of electrically conductive nanow res
wherein one or nore nanowires are at |least partially contoured to the
at | east one surface relief feature of the substrate. In
certain enbodi nent, the substrate includes a plurality of color
filter pixetsnditivlda &N HHAERSDSYEEOnd IR s%rafc@'eaa?fwmbas%anm
the electrically conductive nanowres are netallic. n
certai n enb@uld irepositiomsd ephaditedftamitbe &oTem dree €4arahd separaelddetherefrom

feature is a vig fornmed in the TFT plane, and wherein the transparent
conduct i ve b4 gEReRisneOPIasISs Gopad 0he o i SPBCYRRAGROLRS eI 64tk

contact w t?h@%gé@?pgﬁa dHAfEludes a second condr[%gtrifegfléggf B5% %nga'tdp%r?;

there is provi a transparent conductor co a su

and a cohdulehiinatedayesa setohdeubsthste 686e, THSecMidtsHducEvé B}RF 654 has an
including a plurality of netal nanow res, wherein the conductive

layer is pafifief Aerdudive surgeeBotJecingdheter epndumtivesuriace 698 antkis3o
t ranspar ent%Lﬁng%gH%B%’ve?%%?&gO tive and second regions of the

surface of transpar uctor are non-conductive and a |ine

wi dth between the condini ¥ 8s@n@ubRés RGNS pahel 89D OME ihderl dHILRARNR
to 50pm In certain enbodi nent, the transparent

conduct or i $tdfangS&handthe someanshictive surfaea 648 phthd bottgmapaned GAadicome
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transpar entinQH@‘é'Pé‘dtMstétR:”ﬁH[di.s_V-\%nh%llé#‘ﬁﬁt%ﬁgﬁmgggs%ﬁ He leVdhd ayer

on the substrate, the conductive |ayer 1nc urality of netal
nanow res, elelvesrhe etuzd halioht cocedinates whish pdd neativeds she pabsdd fd ast

regions of the surface of the 10 transparent conductor are conductive
and second QI%?g'PﬁP.%SWte{The surface of the transparent conductor are

non- conductive and atAé(ﬁﬂgﬁgﬁoﬁﬂktéﬂﬁocﬂ%eweeit'h%?BWoéﬁ?firg{ afld second

i nterface between the con I've region and non-conductive regron are

sever ed15 | rcareluctive Iambodiaeased dbheohdactipaiaiwicoagers s dosetibgid ng a
15 matrix material at |east partially surrounding the netal
nanowi res. NafeINethg INnersandustivessuracetbssand the errmenidustive surfaes 648 n

enbodi nment , i Vi Q. V] rising. a
first tr ansepéa({hgrﬁl éc%%rg%%t 'ile\(%gstileg @%Qn%ﬁégl%ﬁagﬁg g(%ﬁg /39,',’ MHEr ei n
the metal naaferbblsabBoet H3-500 ohBO¥E.. ADPEIAG! theOpeh BB HIn® BaheHave
and 20 a second transparent conductive |ayer positioned above the

first trandpah&gnsoissien{e.ge A 85%) taalpv &rdmages te tiransmitathrdugha
Spacer 21 £o00nd SR PORGRAAL UB Ry AR B o
Donier, v HAgEEbcaiong! 8 pruckoretent o sdactishorspayaasen
improves the durabiiity of the transparent conductive layer. However, making
electrical contact with the underlying metal nanowires may become problematic
because contact resistance cannot be reliably created due to the intervening
25 dielectric overcoat(s). In addition, even slight variations in thickness in the
overcoat may result in non-contact points on the film. Thus, in these
embodiments, the overcoat layer is incorporated with conductive particles to
create reliable electrical contacts and to improve contact resistance.
Figure 28A schematically shows two opposing conductive layers
30 with respective overcoats. More specifically, the first conductive layer 646 is

coated with a first overcoat 647 and the second conductive layer 654 is coated
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25 further coated with a transparent overcoat, the transparent
overcoat including a plurality of conductive particles at bel ow the
el ectrical percolation |evel. In certain enbodi nents,

t he conductive particles are 1 TO, ZnO doped ZnO netallic nanow res,

metal lic ”‘Wiﬁ'ﬁ H%%?on?%élgﬁba?%ggf[ %Sfirspénc?s%déé\gerégg%ga?% et ddded

certai n enbodi me anspar ent overcoa

resi stivit ywieh candiictpetpafifie®B8Y s The presence of the condlici®s pakidies in the
embodi ment, there is provide a nulti-layer structure conprising: a
subst r at e; dieleshigurrarceats ayerases thelr vnfacecondbstivitn 2d plavidgseleptsical

d i : ' fi | lity.pf tall i :
the first SATarIc) SEMeET uf vid bl s S aliey FRPdietp e iRcm
percol atg on | evel ; andompafedietheqaEpdAnERhdRAyiNe SRFHEEIMEIrhRY I rent
t he overcoat incorporating a second plurality Of "conductive

particl es, comdustieslayeplthealvetopabicao dolerateinnectphighiec tesistivitiy nd)ribike dive
the electrical percol ﬁti 0

| | . . tai
Ebodi ront daoNBEsIRdRE LRgeM AR coBruelive lavres6 on P+ iR By form a

metallic ”%\gybﬁ% n@ﬁ@cﬁ'kldb%v@@ﬁ'é’b}él&tﬁﬁzal 5@f§gﬁidnﬁgtﬁfééft6‘ﬁ§to Qﬁ%ﬁe% in-

m xture thereof. In certain e he conducti ve

| ayer and tglen@venduectivitar e goidtwakhy0-dDéaBrahm/sq. in resistivity)) thecesridaictive
enbodi nent, the nmulti-layer structure has a surface resistivity of

| ess thith RestigapHe ovacpatda el neahisugari e elastical psrggidiarded a

e compost 1 ARt ore RERBRTHNGIAC rSlbGikh B i B¥rrak Gan, BG Bt g
materi al ; a@dloHngqt. hEveR EPBRS leRel, eh@rediitity ab@ugh theedeoat is low

el ectromagnetic shielding; and form ng a conductive |ayer including
t he pl ural ienpugh faetauchiscregmamplicadioasspersed in the matrix 20

material, the conductiyve | ving a surface nductiyity of no .
nore than 108 ohm sq.Thei ﬁveba%g%ta#]% %‘ﬁg?{m%‘f‘é%fi&}”% %@Rg@rﬁ)ﬁﬁﬁ'& Q}éa[ Bg&p’nelng
optically Gha@ik.materials described Hi®eih! AHEPRAICRAESS BN HECHRrcSat Y Y PIERR,
their electrical and optical properties, and the nethods of

f abri cat i oness thanl 2umstor dessathan Ton.e Tapically, shihickes overdoahisnlgely to result

non-limtin X | es., 25EXAMPLES EXAMPLE 1 SYNTHESI S OF S| LVER
NANOW RES é’??jﬂahn%amﬁée@s "C€synt hesi zed by the reduction of

silver Any type of nano-sized conductive particles can be used.

Examples of suitable conductive particles include, but are not limited to, ITQ,

20 ZnO, doped ZnO, metallic nanowires, metallic nanotubes or carbon nanotubes
(CNT) as described herein. The sizes of the conductive particles are typically
lower than 200nm to maintain an acceptable level of haze. More typically, they
are lower than 100nm. Because the loading level of the conductive particles is
so low, their presence typically does not affect the optical transmission. On the

25 other hand, the presence of the conductive particles may provide a certain
degree of surface roughness that serves to reduce glare.

In certain embodiments, the conductive particles can be a mixture
of highly conductive particles (e.g., metal nanowires) and low-conductivity
particles (e.g., ITO or ZnO powders). While the metal nanowires do not have to

30 form a conductive network within the matrix (i.e., above the electrical

percolation threshold), they provide a high-conductivity path over a relatively
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nitrate dissolved in ethylene glycol in the presence of poly(vinyl
pyrrolidone) (PVP) followi ng the "polyol" nethod described in, e.qg.
V. Sun, B. Gates, B. Mayers, & Y. Xia, "Crystalline silver nanow res
by soft solution processing”, Nanoletters, (2002), 2(2) 165-168. A

"0t he' nandPiR SERRE0 THEEATAR S b oSty (R RACTRY R Ihot nddbiEss RAfe
uni f or m si liggnowapPuEEitydiarhities efil) wcﬁ)icﬂ@tﬁe?@acﬁi@sicdm%cﬁeﬁ%ﬂkémﬁH_e

"pol yol " method. This application is incorporated by reference herein

in its entinasonireEXAVPIERt2g RRENAT SOBRITR siatarRANSHARENErc0aNDaC HER

10An Aut of | EBGS . pol yet hyl terephthal ate (PET) film5 imthick
o TR R 8PS ERe SRRIAPl oo ST b brce o ©
insul at o . Cmuhti\%]b?ﬁfbﬁ?ﬂ:s. r@iﬁﬁ??ﬁb ﬁgﬁ%\K)%deno{t hgv‘? %E&H‘P&?"e%cﬁaﬂee

shown in Table 2. Unless specified otherw se, t transm ssion
was neasur egetweikydt it keepeetielddbal theyresisthAGT 02003 olérBoatiijoeailisbe in a
di spersion of sjilver first prepared, The silver

nanowi res VBPE '&tﬁ%tre%a% ire%étfh\l\%\seiWWWW”H?BG%@”Q@@P'?WIh@{@fh.
Th \ o i i 5 0
of the i suret B Ranbde i o SRNRU-LoT AR bpWREr"aRl, Fyrytbidre

(nmeasur ed @f the MutactdreowiRayvane somegtive doviterdRan bat b -d6g6kied. wiltha
di spersi on was then 20 coated on the PET substrate by allow ng the

nanowi rés treasigdnatenial i enetpasssesesst Alterpativaleris tow-pysoprOcess, a

skilled in g t i ni ques_can.be enpl oyed e. g.
low et or GEBYS RPt 1 of SheRted R et o O foriy Rerrdatyn
the like. |rIetW§rkPlﬂfrbh&5 depeating ardoldrabat iBgevémpeaHEY wRAhE N
behavior of the fluid as well as the interactions between the

nanow r es reeydestive padiclashe di stribution and interconnectivity of the
nanowi res coated. Th silver nangw.res

was al lowed to dry b;ﬁ%g{irtéfégg%gg?rﬁ?%ﬁ&r%&g g%@ : iq \V%ﬁ‘etﬁé’zmtﬁgalﬁi ##n
o 1 Aok eSS Y S 3B LS 0 1U O, gso,
usi ng a BYKg&hpthstic sHala esganlytafborsate 30 pohacsylated ovhiledbé Setond gubstsate
measur ed usciarr]\goeaa'lfilegllé?e Pit?‘r? X[tgl%aﬁ\l\l/gly%rtai ﬁggtﬁé'touch screen application, both
substrates can be flexible films (e.g., plastic).
As known in the art, touch screen devices may aiso be made
20 including only a single substrate having a transparent conductor and both this
type of touch screen device and the two conductor type described above may
include a third transparent conductor that functions as an electrostatic
discharge layer. The transparent conductor described herein may be used in
any of these types of touch panel devices. Additionally, nanowire-based
25 transparent conductors used in such devices may be patterned as described

herein or any other way known in the art.

(d) Photovoltaic Cells
Solar radiation provides a usable energy in the photon range of
approximately 0.4eV to 4eV. Optoelectronic devices such as photovoltaic (PV)
30 cells can harvest and convert certain photon energies in this range to electrical

power. Photovoltaic cells are essentially semiconductor junctions under
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The results are shown in Table 2. The interconnectivity of the
nanow res and an areal coverage of the substrate can al so be observed
under an optical or scanning electron mcroscope. The matrix nateri al
was prepared by m xing pol yurethane (PU) 5 (M nwax Fast-Drying

Vi stous. sol T BB BN disokEymAne R ichfide e dndidds) ang

nanow r e fidlacthyn-sipienpaicsaicgendrhfearorkbomsited bpthe junctidig /8! tin theh-
exanpl e, doctor bl ade, Meyer rod, draw down or curtain coating, can
be used. TH¥P®&MHitRr ard BY ihgl p-lie kageedThese ehirsae carmasarselgctreds from the

t t i i | T d th

rmtr xS S ot Ik Rt MR ot B ARG B8 a0 Bwent
an oven,5 e.gvay BY tife EREBRY I8 Busréflieid @ElcrBfUdurdetQi¢rSss the device.

A transparent conductor having a conductive |ayer on the PET

substrate (AgNW PU PHEihe semicondsctosjunstion Tae heoiedmetiin e hamejunofion hell
silver 15 nanowi.res i.n the matrjx was ut 100 thick. Its optical
and el ectr {E@ra OEJP%ﬁe?'WIEénW@F@[ 'sﬁfyégaq@}ﬁjs'iiﬂ%nrwggﬁw £-pe aryd WY Rén
Table 2.  sides. Ejther PNRrUCh AR P-LRIstRRAGE rb%"@%eﬁo.urt her subj ect ed
to a tape test. Modre specifically, a 3M Scotch(r 00 adhesive tape

was firmy applied toAhktersjuntharecaf bedHermad bicoatattingéwordiffereat, f or

81210 o Sl Al B Sehea b e S S
ti : t >
D P chown i o7ty Wi ARGARGERoFRREHTS CbicbRiAoPRER NS RALY AR Hihigred

fornmed on asPifosidlyet oatvinddiafEr) The dee witrethealowee badigap fsiniSa bottom
descri bed above. The 25 optical Flr oBert ies (light _transm ssion and
haze) and ti&erewdigh fupstions aparlightgoserbingematerRET Theaviadew lpyenaligus

P (PU PEFTRELEASIER B RHED i REOT v PRty B sl oe
val ue ttmn a PET subsWuitigncth®i édIRhaVeSo e déladibpdd toRyatarePardrgen.

the bare silver nanowire filmon PET 30 was highly .c.ond:gctl ve,
regi st er i n@oatiouef teesalasspaatiim.y Irothisconflguratipn, intieddabrtietdjenctish

e e SN e AL S 5 B ST <ihet B 42 Berta hving the
| an TSP Rk O AR, O RN 5 iy &
properti es setonteehawbichither ebsamswthe dighdrranengyPedrtivera tbe npaaaime or
superi QJO t%oﬁgertrgldia?i)éh%v ilfei rle%sairgi%g%énslpg%ntftg Ehrree%w%rg-energy photons. These
selective absorption processes continue through to the final cell, which has the
smallest bandgap.
In excitonic PV cells, instead of a p-doped and n-doped region,
the materials of different band gaps are used to split and exciton via charge
25 transfer from one semiconductor to the other. After charge separation, the
charges are swept away due to built in potential which is created due to the
difference in work function between the contact electrodes for charge collection.
Organic photovoltaic cells, for example, work this way where one
semiconductor can be a polythiophene and the other C60. Polythiophene

30 absorbs light and an exciton is created. The electron jumps from polythiophene

to C60 (lower energy state for the electron). The holes move along the
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5 PET substrates, which typically range from60 to 400 ohni sq. .

As further shown in Table 2, the transparent conductor based on
silver nanowires in the polyurethane matrix had an al nost identical
light transmi ssion as the bare silver nanowire filmon PET, and a

emmi nedl 1 OISR bahBobETRL I fe Poldotiisp B PR BT Fhgoing

that the cosdtivegn®uckipgalratrix material did not disturb the silver

nanowire film The transparent conductor thus formed was optically

clear, and had a conpahals medal-samiepnducteuedriaetsrareipsovided yo botmtkeal-
bstrates. ddj, tion,

ape test dvOe A PEISIHREOT Be ittty T8I toeedlh: e ialss on

o ot 'S RS ORI Al adge ANl gt LRSI I P

Medi a ( orsids,pnha®ETbeen "collected" by the junction and swept onto the n-type side,
may travel through the wire, power the load, and continue through the wire until
they reach the p-type semiconductor-metal contact.

Because transparent conductors {e.g., ITO) allow light to pass

10 through a window layer to the active light absorbing material beneath, as well
as serve as ohmic contacts to transport photo-generated charge carriers away
from that light absorbing material, they are desired as contact materials for
solar cells.

Nanowire-based transparent conductor films described herein can

15 be used as one or more contacts in a solar cell. Unlike the conventional metal
oxide transparent conductor, nanowire-based transparent conductor can be
formed on a flexible substrate by high through-put methods. They also do not
require the special deposition {in vacuum) that makes the use of metal oxide
fayers costly in solar cell applications.

20 Thus, one embodiment describes a homojunction solar cell
comprising a top contact, a semiconductor diode, and a bottom contact,
wherein one or both of the top contact and bottom contact can be made of
nanowire-based transparent conductor film. Figure 29A shows a homojunction
solar cell 664. The solar cell 644 includes a top contact 668, a bottom contact

25 670, and a semiconductor diode 672 interposed therebetween.

The semiconductor diode can be, for example, a PN structure with
the p-doped silicon on the top and N-doped silicon on the bottom. The silicon is
typically crystalline silicon. As a more economical alternative, polycrystalline
silicon can be used according to known methods in the art. The semiconductor

30 diode can also be formed of amorphous silicon, in which case, a P-i-N structure

is preferred.
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91.6 0.78 non-conductive PU PET 92.3 0.88 non-conducti ve AgNW PET
87.4 4.76 60 ANW PU/ PET 87.2 5.74 60 After tape test 87.2 5.94

10

15

20

25

30

The top contact and the bottom contact can be prepared by the
methods described herein. The top contact is typically optically clear and
comprises a light incidence surface, i.e., the surface that light initially enters in
the solar cell.

Optionally, a substrate 674 can be present underneath the bottom
contact 670. Also optionally, bus bars 676 can be formed overlying the top
contact. The bus bars 676 can also be formed by patterned nanowire-based
transparent conductor films.

Figure 29B shows a heterojunction solar cell according to another
embodiment. As shown, the heterojunction solar cell 680 includes a top contact
682, a bottom contact 684, and a semiconductor heterojunction layer 686
interposed therebetween. One or both of the top contact 682 and bottom
contact 684 can be made of nanowire-based transparent conductor film.

In certain embodiments, the semiconductor heterojunction layer
686 comprises a three-layer structure (e.g., N-i-P). Thus, it may comprise a
doped top semiconductor layer 686a, an undoped middle semiconductor layer
686b and a doped bottom semiconductor iayer 686¢. In certain embodiment,
the first semiconductor layer 686a has a higher bandgap than the third
semiconductor layer 686c.

The first, second and third semiconductor layers can be deposited
as thin film layers. Suitable semiconductor materials include, but are not limited
to, organic semiconductor materials (as discussed herein), cadmium telluride
(CdTe), copper indium gallium selenide (CIGS), copper indium selenide (CIS),
and the like. For example, in a typical CdTe cell, the top layer is p-type
cadmium sulfide (CdS), the middle layer is intrinsic CdTe, and the bottom layer
is n-type zinc telluride (ZnTe).

It is also possible for the semiconductor heterojunction layer 686
to include only the top semiconductor layer 686a and the bottom semiconductor
layer 686¢ in a NP structure.

Heterojunction cells based on thin film semiconductor layers save

material cost, compared to that of silicon-based solar cells. However, due to
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60 EXAMPLE 3 ACCELERATED H2S CORROSI ON TESTS Sul fides, such as
hydrogen sul fide (H2S), are known corrosive 20 agents. The el ectrical
properties of the nmetal nanowires (e.g., silver) can potentially be
affected in the presence of the atnospheric sulfides. Advantageously,

barrior THTS? BotloREaREE Sy AR YEh ettt B o SRR R 2 e
contacting &ffigieAetrin thanN-siisossaeddedils h éﬂi@rg%bhvérsudrpnvh@@nﬁbne
stability of the metal nanowires can be further obtained by
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described h e|n 5In the Unite the ampunt of H25 in the air
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bag with freshly cooked egg yolks. The film began to darken with
two hours, delds €msentp anampinginalightandreiwuldtherelre berseddnied écndabe ack
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cell 698.

The first and second cells are separated by a tunnel layer 696 to
allow the flow of electrons between the cells. The tunnel layer 696 can be a PN
diode comprising oppositely doped semiconductor layers.

20 The top contacts 692 and the bottom contacts 700 are nanowire-
based transparent conductor films. They can be prepared by the methods
described herein.

The solar cell 690 can include additional layers such as
substrates, bus bars, anti-reflective films and the like, as will be recognized by

25 one skilled in the art. Further, it should be understood that the nanowire-based
transparent conductor films are suitable as one or more contacts in any solar

cell configurations.

(e) Electroluminescent Devices.

Electroluminescence (EL} is the result of radiative recombination
30 of electrons and holes in a material (usually a semiconductor). The excited

electrons release their energy as photons as they return to their ground state.
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251 NCORPORATI ON OF CORROSI ON | NHI BI TORS The foll ow ng
sanpl es of conductive filns were prepared. A PET substrate was used
for each sanple. In certain sanples, corrosion inhibitors, including
benzotri azol e, dithiothiadi azole and acrol ein, were incorporated

Sl o5 15 PlERe bRbiblion St ABAY hy HRied al senprated siss asraurasut of

No corrosi ofbpiRg o tHePmatédal Rb &fE p-n junction (inS?éWi'cSnéucY@? a ,
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i nhibitogs ' ‘ ' ating processes of the

mat ri x (r)rsét eri aﬁ%.hbgaﬁr{p%@&@g‘éﬁ%%dgg‘g?@% ‘coating a 0.1w v% sol ution
of 10 benzotri azol e (BTAgevicesraee wpefubahylor kaammie, (HaeKightingt foe displays.
silver nanawire, fil al | ow the solvent tq dry after coatin

Fol | oved by RLb Pl SemAtee o meeiadss Sndsir 0b aeneripeg!. Wit
(1:4). Sa i ' o) i Q :
G ot b anegstonedt HehBeRsicyboihg i n'SE%J/'(gnr/EKFr?Fi{: fz']ﬁ‘ a?éo%%ﬁgf'éjf‘”ces
coati ng t heargfossibie byremgloyial thin domelubtives filnd. v_dvanstageously fpdtterned

Sample 5 s prepared by first dipping a bare silver nanowire filmin
a sol ut] %m&htimgwnm aehigreth by singsd RaBewedriransparent| condHgtor igs one of

Tvent t A, . . !
et or 1 a1 - PR GliiohBly, R S: BAR AP S P B0 ¢ 6
was prepar gsbijylidxytisib phee)r (POOT ) ae Ussrvanddpatterigt @lsehs tidhsparaitr i X

material PU MEK (1:4), followed by coating the matrix material on a
bare silvercoisléi@rre film The optical and electrical properties of

the S | 1-6 . bef d t | t ed. H2 .
{reatmont . as descr: bOIE TANS8rEPatEs 1S picrt ool AGF nid deditipeitherein
Fi gur es182/Asre 3t aBROasd GFansparent electrodefih @ EL d%ice NawRist PRyuré 30tshows

transm ssion nmeasurenents of Sanples 1-6 before the H25 treatnent and
24 hours afa thin fime Bi2device acewding Bonegempodimerit. dhwedEl device 7 ife

decrease Ofcorhies SEATFROR) Hork oo BRIIAS R 2 % HeRIRS )1 441
an EL material layer 7186, a transparent electrode 718, an optional barrier layer
720, and an optional overcoat 722.

20 The transparent electrode 718 is formed by a nanowire layer, as
described herein. The optical transmission and surface conductivity of a
nanowire layer make it suitable as the transparent electrode. Moreover, as
discussed in more detail in Example 8, the nanowires can be formulated into a
screen printable ink composition. The ink composition can be printed to provide

25 patterned electrodes, which is compatible with the current manufacturing
process for patterning PDOT layer. Other patterning methods can also be
used, including stamping, slot-die, and the like.

The EL material layer 716 can be any acceptable EL material, for
example, phosphor. The optional barrier layer 720 can be a fluoropolymer

30 (e.g., Kyner) to keep out adverse environmental factors, such as moisture.
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30 be optically clear (having a |light transm ssion higher than 80%.
Followi ng 24 hours of the H2S treatnent, all of the sanples have
experienced decreases in their light transm ssions due to different
degrees of silver tarnish. As expected, Sanple 1 had the nost

reduction in light tr 1S54 M d ] orm
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in the matrix, the transparent conductor showed clear advantage over
Sanpl e 2 i rexgmpla, higuses 1 88116}, icanhibe wsed amanistatiemoating dnsa aubstdate in
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plurality of metallic nanowires and a matrix material; applying the composite to
20 a substrate in need of electromagnetic shielding; and forming a conductive
layer including the plurality of metallic nanowires dispersed in the matrix
material, the conductive layer having a surface conductivity of no more than 108
ohm/sq..
In certain embodiment, the anti-static coating is optically clear
25 such that the underlying substrate is visible. In another embodiment, an
optically clear substrate (e.g., plastic) coated with nanowire-based conductive
layer can be used as a packaging material for electronics. The optical
transparency allows for a direct visualization of the content in the package.
In certain embodiment, there is provided a method comprising:

30 forming a nanowire network on a substrate, the nanowire network comprising a -

plurality of nanowires; forming a matrix on the nanowire network according to a
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EXAMPLE 5 PRESSURE- TREATMENT OF METAL NANOW RE NETWORK LAYERS 5Tabl e

3 illustrates the results of two trials of applying pressure to a
surface of a silver nanowire network |ayer (or "network |ayer") on a
substrat e. Specifically, silver nanowi res of around 70nm

At of | ox BB RAFHAEARELE hj LI antEl S ATRNRRIG o afpguie

pl asma pri aietivork, Wehateppthictiziiowife hdtaolimgRaitst Rgior cdapMesKmaayer
was formed according to the nethod described in Exanple 2. No matri x

materi al weyogsied sanewirescantkthgoranovire @emtomkim@qw@ggdrre?mmmﬁes
The Trials listed,in Table 2 i ed out . usi '

stai nl ess STBIPERIR BEtaTes ATE! deliBadhe g IoMIFME O WBCTREYANG ¢ he
net wor k 5ayiﬁ’fp1r%fe%§|’_éacgﬁgﬁ\%§iréé RMh3 g&oﬂdlregieﬁsaréﬂd%om.ﬁﬁ 8Fme to 4

i nches | ong. rocess
embodiments, the matrix comprises one or more polymers. The matrix may be

fully cured or partially cured.
In certain embodiment, the method can further include, after
etching and removing the unprotected nanowires, further curing the matrix.

10 In certain embodiment, the matrix is optically ciear.

In some embodiments, the nanowires are electrically conductive.
In another embodiment, the electrically conductive nanowires may be metallic
nanowires.

In certain embodiment, the nanowire network is optically clear.

156 In certain embodiments, the unprotected nanowires are etched by
an acid-etching solution comprising nitric acid. The acid-etching solution may
further include potassium permanganate. In some embodiments, the acid-
etching solution comprises about 0.1-40% nitric acid and about 1-100ppm
potassium permanganate.

20 In certain embodiment, there is provided a method for patterning a
conductive layer comprising: forming the conductive layer on a substrate, the
conductive layer comprising a matrix and a plurality of electrically conductive
nanowires embedded therein; placing a mask on the conductive layer to define
a masked region and a unmasked region; and etching the unmasked region.

25 In certain embodiment, the method further includes removing the
unmasked region to provide a patterned conductive layer.

In certain embodiment, the matrix is fully cured. In another
embodiment, the matrix is partially cured.
In certain embodiment, the method may further include, after
30 etching and removing the unprotected nanowires, further curing the matrix. The

electrically conductive nanowires may be metallic nanowires. In certain
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Trial 1 R (ohnm'sg.) Trial 2 R (ohmsq.) Transm ssion (0A) Haze (%
(original) 16000 400000 88.2 3.34 1 roll @340 psi 297 690 87.3 3.67

10

15

20

25

30

embadiment, etching the unmasked region comprises contacting the unmasked
region with an acid-etching solution. In the context of this embodiment, the acid-
etching solution diffuses into the matrix and dissolves the nanowires. In certain
embodiment, the acid-etching solution comprises nitric acid. In another
embodiment, the acid-etching solution further comprises potassium
permanganate.

In certain embodiment, etching the unmasked region comprises
etching the matrix with a first etchant to expose the nanowires in the unmasked
region; and etching the nanowires in the unmasked region with a second
etchant. In certain embodiment, the first etchant is hydrogen peroxide and the
second etchant comprises nitric acid and potassium permanganate.

In certain embadiment, the conductive layer is optically clear.

In certain embodiment, the method further includes surface-
treating the unmasked region prior to etching. In some embodiment, the
surface-treating comprises treating with oxygen plasma or UV ozone.

In certain embodiment, there is provided a transparent conductor
comprising: a substrate; and a conductive layer on the substrate, the
conductive layer including a plurality of metal nanowires and a matrix, wherein
the matrix comprises a partially cured polymeric material. In some
embodiments, the partially cured polymeric material is a partially cured acrylate,
silicone-epoxy, siloxane, novolac, epoxy, urethane, silsesquioxane or
polyimide. In certain embodiment, the metal nanowires are silver nanowires. In
certain embaodiment, the conductive layer has a surface resistivity of about 1000
ohm/sq. or less.

In certain embodiment, the conductive layer is optically clear.

In certain embodiment, there is provided a switching device
comprising: a transparent electrode; and a thin film transistor including a
substrate, a gate electrode, an semiconductor active layer, a source electrode
and a drain electrode, wherein the transparent electrode includes a plurality of

electrically conductive nanowires.
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1 roll @340 psi 108 230 87.2 4.13 1 roll @340 psi 73 127 86.6 4.19
1 roll @340 psi 61 92 87.1 4.47 1 roll @340 psi 53 86
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In certain embodiment, the transparent electrode is a pixel
electrode in a liquid crystal display.

In certain embodiment, the semiconductor active layer may be
silicon or organic semiconductor material.

In certain embodiment, there is provided a color filter comprising:
a transparent substrate; a plurality of colored pixels arranged on the transparent
substrate; a conductive layer overlying the plurality of colored pixels, wherein
the conductive layer includes a plurality of electrically conductive nanowires.

In certain embodiment, the color filter further includes a black
matrix defining a grid around each colored pixel. In certain embodiment, each
colored pixel is associated with a color. In some embodiments, each colored
pixel is associated with a primary color selected from red (R), blue (B) and
green (G). In other embodiments, each colored pixel is further divided into two
or more subpixels, each subpixel being associated with a color. In certain
embodiments, each subpixel is associated with a primary color selected from
red (R), blue (B) and green (G).

[n certain embodiment, the electrically conductive nanowires are
silver nanowires.

In certain embodiment, the black matrix is metallic or organic.

In certain embodiment, there is provided a liquid crystal display
comprising: a bottom panel comprising a plurality of thin film transistors, each
thin film transistor being connected to a pixel electrode; an upper panel
comprising a plurality of color pixels, the plurality of color pixels being
connected to a common electrode; and a liquid crystal layer disposed between
the first panel and the second panel, wherein at ieast one of the pixel electrode
and the common electrode includes a plurality of electrically conductive
nanowires.

In certain embodiment, at least one of the bottom panel and the
upper panel comprises a flexible substrate.

In certain embodiment, the electrically conductive nanowires are

silver nanowires.
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86.6 4.44 Ar plasma 38 62 88.0 4.19 Prior to any application of
pressure, the network [ayers had the resistance indicated in the
"original" row (the network |ayers were not pretreated with plasna.)
Each row of Table 3 indicates a subsequent single roll 20 across the

network | ayer at apprgxi : ' : '

t he network | ayer msmo%@bﬁq%lﬂﬂnggﬂ ee?telg? ?te?r?e gf tgﬁﬁﬂ%ﬁ%@%&%ﬁéd
was appl i eadhtxonraoneledrddd igypticallhdeaesi stance after each roll is
as listed in the second (first trial) and third ésecond trial)

col ums. Vari ation i nntGesameadiogimanidthaigds pmvidatha pasonal displayl panel

listed i he f 5 d fifth. col re ctjvely. As shown,
"% e det commies Adotah BRBRLDELAEYY BRiess B Gda: Srkinee” sRNghen
trial © . 4 ¢
L 2 o TCLEREPS 00k oM 01 iR B st e i
by a rol | erbattom padacend tree lopghenal, nemensirstheatisplaty elhecticaigdncladds a

Fol 1 ow ng. (MEAINCSETpemEADABHRHCUG RIS, | mor ove the Cr anom ssi on
and reduce the haze of ddh@ilemMBtlmeRY Ble ug P farftl further includes a bus
electrode, the bus electrode including a plurality of electrically conductive
10 nanowires.

In certain embodiment, the electrically conductive nanowires are
silver nanowires.

In certain embodiment, the display electrode is optically clear.

In certain embodiment, there is provided a single junction solar

15 cell structure comprising: a bottom contact; a semiconductor diode on the
bottom contact; and a top contact on the semiconductor diode, wherein at least
one of the bottom contact and the top contact include a plurality of electrically
conductive nanowires.

In certain embodiment, the top contact is optically clear and

20 comprises a light incidence surface.

In certain embodiment, the semiconductor diode comprises N-
doped silicon layer and P-doped silicon layer.

In certain embodiment, the single junction solar cell structure
further includes an undoped silicon layer positioned between the N-doped

25 silicon layer and P-doped silicon layer.

In certain embodiment, the semiconductor diode includes a N-
doped first semiconductor layer and a P-doped second semiconductor layer,
the first semiconductor layer having a higher bandgap than the second
semiconductor layer. In certain embodiment, the single junction solar cell

30 structure further includes an undoped semiconductor layer.
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Process Resistance (ohnmsqg.) Transm ssion (GA) Haze (GA) (original)
700,000 86.4 4.77 2 rolls @40 psi 109 85.6 5.24 soap & water wash 44

86.0
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[n certain embodiment, there is provided a multi-junction solar cell
comprising: a bottom contact; a first cell on the bottom contact, the first cell
comprising a first semiconductor diode; a tunnel diode on the first cell: a second
cell on the tunnel diode, the second cell comprising a second semiconductor
diode; and a top contact, wherein at least one of the bottom contact and the top
contact includes a plurality of electrically conductive nanowires, and wherein
the first semiconductor diode has a lower bandgap than that of the second
semiconductor diode.

In certain embodiment, the top contact is optically clear and
comprises a light incidence surface.

In certain embodiment, the multi-junction solar cell further
incfudes: one or more cells stacked sequentially on the second cells and below
the top contact; one or more tunnel diode formed between each two adjacent
cells; wherein each cell comprises a semiconductor diode.

In certain embodiment, there is provided an electroluminescent
device comprising: a bottom electrode; an electroluminescent material layer
overlying the bottom electrode; and a top electrode overiying the
electroluminescent material layer, wherein the top electrode is optically clear
and includes a plurality of electrically conductive nanowires.

In certain embodiment, the electroluminescent material layer
comprises phosphor.

In certain embodiment, the top electrode is patterned. In another
embodiment, the top electrode is screen-printed.

In certain embodiment, there is provided a method for patterning a
conductive layer comprising: forming the conductive [ayer on a substrate, the
conductive layer comprising a matrix and a network of electrically conductive
nanowires embedded therein; and treating a region of the conductive layer to
convert the electrically conductive nanowires within the region to non-
conductive nanowires, thereby forming a patterned conductive layer including a

treated region having a first resistivity and an untreated region having a second

' resistivity.
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4.94 Ar plasma 24 85.9 4.81 15As shown in Table 4, application of
pressure to a network layer by twice rolling with a single stainless
steel bar at approximately 340 psi on a rigid surface reduced the

| ight transm ssion and increased the haze of the network | ayer.

however . i nor eased 1 o oy ae reRRRRedr e Britucfls Fivel W gbeaiciear, iy,

20 pl asma tgopaé embodimenhethd treaededgionearid MRSUAtRSHtEN rédien hage.
Washing the network with soap and water without rolling is al so

effective aubststially the samemigatprioperties: dhesmticakpreperties can include

Fol | ow ng t he. or washing treatnments, a matrix material can
be coated a@ﬁ‘l{g%@%ﬁ%%lo %’ﬁﬁﬂ% in Exanmple 2. EXAVPLE 6

PHOTO- PATTERNI NG OF GRNHGIH ¥RbbOiffém, the first resistivitl Ergﬂfeetgézéatea region is
illustrates one method of directly patterning a nahow rebase

t r anspar enthighgrdbenithe stcomd resistivity of éheauplreated regiondry stdesst atout 1500

network 5 | e)' ("network layer") 726 was initially formed on a gl ass
substrate P%”égea%i ng to the method described in Exanple 2. Two

hol ders 730 were pl aqgdcpiid Qﬁ]b@ﬁ%@nt?ﬂﬁiﬁ%ﬁ@ ngtﬁetc%ngﬁtlf:lji\fTbgg%r area

732 for matrix formation. A photo-cura I X materra

conpri si ng conmpricesr e eofhicaliyepahsformmgibe edamticadlymordutivge nehawirks tayer
726 within the _ar?a_ 732. A nmask 736 was EI aced upon 10 the hol ders
730. The mggctrisginiasulatips aesouinegelnaiather emhpdiayenss thedreatinamidhe s

Dy 5000 L sty FtayfP EafipHske ofRiMa fe dRRLEAR o B FcWiES ©
regi ons exposed to |ilghjertantemeadinigs, tHetsidpioviddier siatposictdedicener e
masked by the dark |ines. _
including: a substrate having at least one surface relief feature; and a
transparent conductive layer overlying the substrate, the transparent conductive
15 layer including a plurality of electrically conductive nanowires wherein one or
more nanowires are at least partially contoured to the at least one surface relief
feature of the substrate.

in certain embodiment, the substrate includes a plurality of color
filter pixels having grooves therebetween.

20 In certain embodiment, the electrically conductive nanowires are
metallic.

In certain embodiment, the substrate is a TFT plane and the relief
feature is a via formed in the TFT plane, and wherein the transparent
conductive layer conformally coats the via to provide an electrical contact with

25 the TFT plane.

In certain embodiment, there is provided a transparent conductor
comprising: a substrate; and a conductive layer on the substrate, the
conductive layer including a plurality of metal nanowires, wherein the

conductive layer is patterned such that first regions of the surface of the

30 ftransparent conductor are conductive and second regions of the surface of the
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15Fi gures 34A-F show i nages of a photo-patterned conductive | ayer
under an optical mcroscope. Figure 34A shows a conductive film 740

i medi ately after photo-curing (5x). The lighter region 748 was
exposed to UV irradi ation and cured. The darker region 744 was nasked

fromthe I|i %ﬂ% Bt 14 wal ' ured.
Conducti ve t?%ﬁsrg%%@s \%/gyfa&?ﬁﬁg?&@g@fﬁ% gha{%d”{fnhﬁ%ggwe}%%e or a
tacky roll dorefaictreatntmonesancrictie regions Rofrovtsing terebgri.al and the
nanowi res in the uncured region 744. Figure 34B shows the conductive

film 740 after the adReArian eapediment thamtrangpgrent eorwivictar invlydesieed
i oher maorPRTEaPiAr A 5eSlbstialy b UReBses et itriiufs 756 metalic

obser veds t hgndWiessimaytrosiiegh8Rowids.has a | ower concentration of
nanowi res than the cufed region 748. This contrast is nore apparent

in Figures 34E and 34R qertzdxpmbiodiment, there e profidest a édinspatent conductor
foll owi ng the adhesiv tment,, the concentratjon of the

e tre , t
nanowi r es drOPYE"YeR 8@%?%%@'? g1cndbRtive layehen (r’}“? AURSIEAE G ed
regi on 744. ik S| j r RS d 30
that The Lre G e g b ela) DanBARRE, bherRin i) 0
al t er nat i vecdnaluctivelayeg is patteratd iswchahatrfiral regivchsreftbaisugface of tHee
uncur ed region usi ng adhesive tapes or tacky rolls, a solvent may be

used t ol hadrnSREreMGANEYCias @re senduaiverashseend rgaians ofdhe surface of the
ducti | ' , d W
rrads at | o 4risPafe ARBUBIRRE HnaddGRaid 3R AP RAKCaIRRGHBOREC, | o

regi ons (caonthoniteseatrarginifdce/batwaef theedhedetihvediegn dikftnahicehdbetiveg
washed wi th ethanol and w ped. Figures 35B-Dillustrate, at

i ncreasi ng "REEM IrecE@VERE, the contrast of the nanowire concentration
in the uncured regio 154.¢c r o,that in the cured regi gns 752.
In the uncured regi 0;@ cgg%ln %ﬁdfgﬁerﬁth@%%%rﬁpg&e%ﬁqorq{yc% 'ﬂ@k‘_@‘f‘paﬁ
and t hersi IMefrixaaRNal asicastpReally semBYedng Yhd hatatiaNirede TR Hetallic
Phot o- patterning therefore produces conductive regions and

non- conductharnewikegi roay decilver ngnewires.pr edet er m ned pattern. EXAVPLE 7

PHOTO- CURABLE FORMULATI ONS. 15The matrix material described in Exanple
6 can be fornul at ed ﬁ?cggﬁ?mﬂfnﬁﬁd%e’gc rgf%plmyﬁﬂ&@?o Y SHrepseyicer

as defined d&?ﬁ;ﬂ’iéﬂg:la”‘fif&'hﬁh&b@%‘i‘ni EHRIURTE YA Rr né’lB@fﬁg;‘rfuet(a%anowires,

prepol yner) and at™ | east one photoirnitiator. Any ac at e nononer's or
pr epol ymer swioreirbheuneth! nanowiras aepakyr aboye ah etectnica] pesqeaiidn keakl, wnd

2-et hylibexya{ sgc?orr?él t?ér?s’pazréﬁth&nn?f%ﬁ\tlg Yalye?%g)s/iltigagd albg% ¥t|1e ﬁ‘,%t( rla?ltsgérent
conductive layer and separated therefrom by a spacer, the second transparent
conductive layer including metal nanowires, wherein the metal nanowires are at
or above the electrical percolation level; wherein at least one of the first
transparent conductive layer and the second transparent conductive layer is
25 further coated with a transparent overcoat, the transparent overcoat including a
plurality of conductive particles at below the electrical percolation level.
In certain embodiments, the conductive particies are ITO, ZnO,
doped Zn0O, metallic nanowires, metallic nanotubes, carbon nanotubes, or a
mixture thereof.
30 In certain embodiment, the transparent overcoat has a surface

resistivity of at least 10° ohm/sq..
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20 nethacrylates, and the like. Any nulti-functional acrylate nononer
(or prepolynmer) can be used to pronote the formation of a
crosslinking pol yner network. Exanples include trinethyl ol propane
triacrylate (TMPTA), tripropyl ene glycol diacrylate, bisphenol-A

G oont har ot Pl PPy Anterta) ehivoBb BIPERDBASIdL 36U Bl strycturs,

di pentaerythritol penta-acry ol nitrat

ket one basesbmpridingt ®sabstests; HeoHsectivedagsi forree@ vanbbasibsitalel dgher&inba
| rgacure 754, phenyl ketone such as Ci ba Ir_?acure 184, a-hydroxy
ket ones, glthexpndrietive lavaL epmerseea festatiaiineltoawdicamanawiees, thefirst

Mo i fj [ - i f | ati b db
vorti nrg auBYer Beldii AEBIPEk teMCh SRl B8 RIARR)BRe b tnd ane
triacrylst eyaipcbaTeHHed@nIfe @bﬁéud:tf\&qﬁyé@tﬂ&éverc%h@ubomé idg §%e€§ﬁde

be added to enhance the stability and/or pronote the adhesion of t
mat ri x and pluelityaeios ndestive-partisieahe secondaplbegitp of pomdurtiee peetices
sil anes) that opot es the, coupling between organic matter and

i nor gani ¢ Hﬁt@@be@‘%ﬁ&e@ggﬁaf]@&ﬁ%ﬂ@g I%‘fe?t he silane-type 5 adhesion
pronoters include CE§i bt Il : i i

Ant i oxi dants such as Ciéba r%onox 1%1 Tﬁb ‘%‘L@gbpf%é%@)? 4 1“?%()2;]13;{
1035 can baopeadZn@bmetaltic nanocldirés, onatalligrnarotubed, icattorsnaatubes, usedl

to pron;g(’ie t he ef%i ci ency of the photoinitiator. Exanples of
coi ni t it ormiiiyeitherafle any types of tertiary amne acrylates, such

S omar T ohotovni ¢ o teheit Bibodinteithe At el i 1A overeoat are

added. optically cleaBel ow are four exenplary photo-curable
formul ations suitable as the matrix material used in this exanple:

Fornul ation 1 1575% An&erigimesprdiaenti tieemultolgyer stieatuie bapaspsaee
triacryl at T2 i1 19 j ronoter (GE Silquest A1100); 0.1%
ant i oxi dans—e%'%gf\%frIS%?{%@ES@&O%PS%U 4% photoi nitiator (C ba
| rgacureg 754) 20For nuhajdriaih émbadter: fidh ierevidecs Yieth6d ftQPfoviding
trimethyl ol propane triacrylate (TIVI?‘IjAj; 1% adhesi on pronoter (GE
Si | quest Aklegjomagsis sitielding cemprigiayberoviditma copausite)inendings6 %
photoi ni ti aﬁ]&rrali{y%fbr%eiarlIﬁ:arﬁ:éjr{oewiZe“r)sA'gnngrmngtlrigtrhgtgrigl; applying the composite to
a substrate in need of electromagnetic shielding; and forming a conductive
layer including the plurality of metallic nanowires dispersed in the matrix
20 material, the conductive layer having a surface conductivity of no more than 10°
ohm/sq.. In certain embodiment, the conductive layer is optically clear.
The transparent conductor structures, their electrical and optical
properties, and the methods of fabrication are illustrated in more detail by the

following non-limiting examples.
25 EXAMPLES

EXAMPLE 1

SYNTHESIS OF SILVER NANOWIRES

Silver nanowires were synthesized by the reduction of silver

nitrate dissolved in ethylene giycol in the presence of poly(vinyl pyrrolidone)
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73.1 %tripropylene glycol diacrylate (TPGDA) 22.0 %

trimethyl ol propane triacrylate (TMPTA) 4.9 % photoinitiator (C ba
| rgacure 754) 300.03% anti oxi dant (4-net hoxyphenol) Fornul ation 4
68% 2- et hyl hexyl acrylate; 20%trimethyl ol propane triacrylate

TVPTA): 19GRAas) Ak , ! b AL0Q) 5 10.d19 L axydant
EO’ ba I)rgonox 13%@5@%]%0@@%%%tﬁ?%ﬂ#ﬁ%@%ﬁ%%@tﬁ %gttﬁée{ég‘ﬁ)n 5%
coi ni ti at orMéyerst &Mer XiaNITJstalimesivee hahbivie 9 by Isbft(ddidion praaessiag”,

OXEO1l) EXAVPLE 8 NANOW RE DI SPERSI ON 10A nanow re dispersion, or ink,
was f or nul dY¥aep/Blferse (A d)nd(ZaH6at168. o8 ypadifiedHpaizol aiethad, dlesenbed in U.S.

si |l ver nanow . ut %W .., Zonyl FE 100 a bout. 99. 555%
ot et o HRAERO R PER02 T thng G SEtBnes T5RANAL IS Separ ed.

An amourg  afomRtftiort Prddude® MBRULNI/r Sivel RanbRirab a8 BRJHER e tHER Res
nanow re di spersion was placed in a beaker and heated to 15 between
80C and 85ahewoavantigialt'eoly@h mejhotiPlis appiektion iscatporaeMbysreferenoe
was added to the water. and the hotplate was turned off. The HPMC and
wat er ni xt JIEeREE ! ‘?nrt'rr%‘d"to di sperse the HPMC. The remmi nder of the
total anmount of water was chilled on ice and then added to the heated
HPMC sol ution and stirred at high RPMfor about 20 m n. The HPMC
solution 20 was filtered through a £3RALE®D. m (absol ut e/ nom nal)
Cuno Betapure filter to renove undi sol.ved gels and particul ates. Next
a stock solution of ZonyTREFARAEEN Qff TRALSHARENT @ENDYWHTQR
specifically, Oy of Zonyl(r) FSO 100 were added to 92.61 nL of water
and heat®d until the AoAyitgfiex ERGSalyathyenatengpbiretatie(BET) file 5 um

necessary afiik %asofjse'z_l Q/SC asstu %lt(ra?eql Jr’ﬁé 9’?:'11 gub@t‘r‘é?e ?sbg# %pgégf%’@gf
insulator. The light transmission and haze of the PET substrate are shown in
Table 2. Unless specified otherwise, the light transmission was measured
using the methodology in ASTM D1003.

15 An aqueous dispersion of silver nanowires was first prepared.
The silver nanowires were about 70nm to 80nm in width and around 8um in
length. The concentration of the silver nanowires (AgNW) was about 0.5 %w/v
of the dispersion, resulting in an optical density of about 0.5 (measured on a
Molecular Devices Spectra Max M2 plate reader). The dispersion was then

20 coated on the PET substrate by allowing the nanowires to sediment onto the
substrate. As understood by one skilled in the art, other coating techniques can
be employed e.q., flow metered by a narrow channel, die flow, flow on an
incline and the like. It is further understood that the viscosity and shear
behavior of the fluid as well as the interactions between the nanowires may

25 affect the distribution and interconnectivity of the nanowires coated.

Thereafter, the coated layer of silver nanowires was allowed to
dry by water evaporation. A bare silver nanowire film, also referred to as a
“network layer”, was formed on the PET substrate. (AgNW/PET) The light
transmission and haze were measured using a BYK Gardner Haze-gard Plus.

30 The surface resistivity was measured using a Fluke 175 True RMS Multimeter.
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25 HPMC solution in the final ink conposition was placed in a
contai ner. Then, the necessary anount of D water to nmake about
99.555% wt. water solution in the final ink conposition was added.
The solution was stirred for about 15 min. and the necessary anount

f silver nanow : . 38%: t] .0t
19 i n:t: ;/nk conp}égsgluﬁlgc?ﬁl.g\?eﬂragﬂéﬁa%ﬁe% ﬁgéli@%r%%%glgéégﬂp )lé Haaﬁ@)d\h{és %fed
the Zonyl (ran &&@ t60esiged tse bubsteite anBéeba ek n&d0dRiértn. optray bf 1)
FSO- 100 sol ution was added. EXAMPLE 9 ACI D ETCHI NG (1) 5Figures

36A- 36C showanpigelegirer sieipsepp@t chi ng and the final pattern forned
on a transparent condgctor ,sheet 758. More s ifi.call a cond \ve
silver nanowires | aygth%\@@t?)f F@ﬁeqai%d)rgﬂagptﬁ%fng{mg[F%Mu(get%gneltﬁU)
UV- cur ald e (afinwhRIFsnBsyif iireth AR Y ohE( ' !
a pattern. (The mat r in vvatsggwov\rgd a;h%) Eid;l@ and%\é“ayg?iegl l'y I\/(I:%}rqe;gjrﬂ'lll-'ﬁri?gek1 19

mat ri x was (viwivissbug sblutisho ukhesdainx matdianmvasi adate San ftlae bare silver

conductivity was detected in the as protected b he trix as
wel | s i n NanowireE Ok SPBreatag- mheRkRaD maiods In the art Tor gxample,

t ransparent &@(ﬂ% r £ W e%m i-d- i n

sol uti on, vsni ch i ﬁ?:?u%%ggl%%gl\a@a ?&Qﬂa andkg%%’%%h%\i%%uF?B%r es
36A shows trhatrixwhateirial wae curedifor,abiolne 3dioting afraaim térepéiaterel daring which
nanow res had begun froma regi on adjacent to an area protected b

the mat 4 x (heEOIVHRE MK syappTaead AR the Sl Mater herderashobieraativals:
(H x t7e00! _ | o
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25EXAMPLE 10 ACI D-ETCHI NG (2) Figures 37A and 37B show
t he i npact propettiesaterrimeasuied amg theiresults dreghewrcionaie 2at i on of
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More specifically, a 3M Scotch® 600 adhesive tape was firmly applied to the
surface of the matrix and then removed, for example, by peeling. Any loose

20 silver nanowires were removed along with the tape. After the tape test, the
optical and electrical properties of the transparent conductor were measured
and the results are shown in Table 2.

By way of comparison, a matrix-only film was formed on a PET

substrate (PU/PET) under the same conditions as described above. The
25 optical properties (light transmission and haze) and the electrical properties of
the PU/PET are also provided in Table 2.

As shown in Table 2, the matrix-only film on PET (PU/PET) had a
slightly higher light transmission as well as haze value than a PET substrate.
Neither was conductive. By comparison, the bare silver nanowire film on PET

30 was highly conductive, registering a surface resistivity of 60 ohm/sq.. The

deposition of the bare silver nanowire film on the PET lowered the light
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except that 10ppm of KMh04 was used. Figure 37A shows that the
unprotected nanowires were etched away within 30 seconds of the
etching. Figure 37B shows, in higher magnification, the well-defined
pattern after etching for about one mnute. Figure 37B al so shows
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AgNW/PET 87.4 4.76 60
AgNW/PUIPET 87.2 5.74 60
After tape test 87.2 5.94 60

EXAMPLE 3

ACCELERATED H>S CORROSION TESTS

Sulfides, such as hydrogen sulfide (H»S), are known corrosive
20 agents. The electrical properties of the metal nanowires (e.g., silver) can
potentially be affected in the presence of the atmospheric sulfides.

Advantageously, the matrix of the transparent conductor serves as a gas
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10EXAMPLE 12 COLOR FI LTER COATI NGS Conmrer ci al col or
filters were coated directly wth conductive nanowire filns. Sanple 1
was a chronme black matrix with color filters. As shown 15 in Figure
39A, the R, Gand B color filters were arranged parallel to each
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The film began to darken within two hours, indicating that the silver had been
20 tarnished and black Ag.S was formed. In contrast, color changes in films of
silver nanowires in polyurethane matrix were not observed until after 2-3 days,
indicating that the polyurethane matrix acted as a barrier to slow down the

permeation of the H,S gas.

EXAMPLE 4

25 INCORPORATION OF CORROSION INHIBITORS

The following samples of conductive films were prepared. A PET
substrate was used for each sample. In certain samples, corrosion inhibitors,
including benzotriazole, dithiothiadiazole and acrolein, were incorparated during

the preparation of the conductive films.
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EXAVMPLE 13 SURFACE PRE- TREATMENT Transparent conductor sanples were
patterned by wet-etching 20 process. Prior to etching, the
transparent conductor had been masked according to a pattern

(physi cal mask or photoresi st mask) and surface-treated in the
unmasked regions. Co t.0 At

t ransparent conduct o[%%@%es g?c@%&ﬂ%b%ﬁeﬁ%@mb% g?éjeHe?ﬁﬂ?dngég&‘bee%
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Lo be ot chdlh e HinlaRUIP E4Lf 0B aRRRE S oM PR OB SRR 10
The- sanpl e Qa0 e es TR For N o R pr LR ool
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conduct or spawriaboCpalybetisand fme) ihrgekgd:4nd etched foll owing the 15
process descri bed above. Results: o )
Sample 4 was prepared by first incorporating 1.5v/v% of

dithiothiadiazole in a matrix material PU/MEK (1:4), followed by coating the

15 matrix material on the bare silver nanowire film.

Sample 5 was prepared by first dipping a bare silver nanowire film
in a solution of 1.5v/v% of dithiothiadiazole in MEK, aliowing the solvent to dry
after dipping, followed by coating with a matrix material PU/MEK (1:4) having
1.5v/v% of dithiothiadiazole.

20 Sample 6 was prepared by first incorporating 1.5v/v% of acrolein
in a matrix material PU/MEK (1:4), followed by coating the matrix material on a
bare silver nanowire film.

The optical and electrical properties of the Samples 1-6 were
measured before and after an accelerated H,S treatment, as described in

25 Example 3. The results are shown in Figures 32A, 32B and 32C.

Figure 32A shows the light transmission measurements of
Samples 1-6 before the H3S treatment and 24 hours after the H,S treatment.
For purpose of comparison, the decrease of light transmission for each sample
is also graphed. Prior to the H;S treatment, all of the samples were shown to

30 be optically clear (having a light transmission higher than 80%). Foliowing 24
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As shown, Sanples 1 and 2, which were pretreated by oxygen plasma and
UV ozone respectively, becane non-conductive (infinite resistivity)
within 10 seconds of etching. In conparison, untreated Sanple 3

remai ned 20 conductive after 6 m nutes of etching.

Sarol e 4 ] s o . _
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transmission compared to the matrix-only sample, indicating the corrosion
inhibitor dithiothiadiazole was effective in protecting the silver nanowires from
being corroded.
Figure 32B shows the resistance measurements of Samples 1-6

10 before the H;S treatment and 24 hours after the H,S treatment. For purpose of
comparison, the decrease of the resistance for each sample is also graphed.
As shown, all but Sample 4 experienced dramatic increases in their resistances
and effectively became non-conductive, although the onset of the degradation
in electrical properties was significantly delayed for some samples. Sample 4

15 had only a modest increase in its resistance. It is noted that the impacts of H.S
on Sample 4 and Sample 5 differed considerably, despite that both Sampies
had the same corrosion inhibitor (dithiothiadiazole). This implies that the
coating processes may affect the effectiveness of a given corrosion inhibitor.

Figure 32C shows the haze measurements of Samples 1-6 before

20 the HpS treatment and 24 hours after the H,S treatment. For purpose of
comparison, the change in the haze for each sample is also graphed. All the
samples showed increases in their haze measurements. With the exception of
Samples 1 and 6, the haze was within acceptable range (less than 10%) for
each of Samples 2-5.

25 Sample 4 was shown to have the best overalt performance in
withstanding the corrosive HxS gas. By incorporating the corrosion inhibitor
(dithiothiadiazole) in the matrix, the transparent conductor showed clear
advantage over Sample 2 in which no corrosion inhibitor was present.

It is noted that the H,S levels in these accelerated tests were far

30 greater than the atmospheric H3S. It is therefore expected that transparent
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conductors prepared similarly as Sample 4 would fare even better in the

presence of the atmospheric H;S.

EXAMPLE 5

PRESSURE-TREATMENT OF METAL NANOWIRE NETWORK LAYERS

Table 3 illustrates the results of twa trials of applying pressure to a
surface of a silver nanowire network layer (or “network layer”) on a substrate.

Specifically, silver nanowires of around 70nm to 80nm in width
and around 8pm in length were deposited on an Autoflex EBG5 PET substrate.
The substrate was treated with Argon plasma prior to the depaosition of the
nanowires. A network layer was formed according to the method described in
Example 2. No matrix material was applied to the networks prior to the
pressure treatment. The Trials listed in Table 2 were carried out using a single
stainiess steel roller on a rigid bench-top surface. The area of the network layer

treated was from 3 to 4 inches wide and from 3 to 4 inches long.

Table 3
Trial 1 Trial 2

Transmission Haze
Process R (ohm/sg.) R (ohm/sq.) (%) (%)
(original) 16000 400000 88.2 3.34
1 roll @ 340 psi 297 690 87.3 3.67
1 roll @ 340 psi 108 230 87.2 413
1 roll @ 340 psi 73 127 86.6 419
1 roll @ 340 psi 61 92 87.1 4.47
1 roll @ 340 psi 53 86 86.6 4.44
Ar plasma 38 62 88.0 419

Prior to any application of pressure, the network layers had the
resistance indicated in the “original” row (the network layers were not pre-
treated with plasma.) Each row of Table 3 indicates a subsequent single roll

across the network layer at approximately 340 psi.
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In each trial, the network layer was rolled 5 times. Thereafter, a
plasma treatment was applied to the network layer. The resistance after each
roli is as listed in the second (first trial) and third (second trial) columns.
Variation in transmission and haze for the second trial is as listed in the fourth
and fifth columns, respectively. As shown, it was determined that the
conductivity of the network layer of each trial was increased by application of
pressure to a surface thereof.

As shown above in Table 3, application of pressure to a network
layer by a roller can reduce the light transmission of the layer and increase the
haze. As shown in Table 4 below, a washing process following the pressure
treatment can further improve the transmission and reduce the haze of the

network layer.

Table 4
Resistance Transmission Haze
Process (ohm/sq.) (%) (%)
(original) 700,000 86.4 4.77
2 rolls @ 340 psi 109 85.6 5.24
soap & water wash 44 86.0 4.94
Ar plasma 24 85.9 4.81

As shown in Table 4, application of pressure to a network layer by
twice rolling with a single stainless steel bar at approximately 340 psi on a rigid
surface reduced the light transmission and increased the haze of the network
layer. Washing the network layer with soap and water after the rolling,
however, increased the transmission and decreased the haze. An argon
plasma treatment further improved the transmission and haze.

Washing the network with soap and water without rolling is also
effective at improving the conductivity to some extent.

Following the pressure or washing treatments, a matrix material

can be coated as previously described in Example 2.
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EXAMPLE 6

PHOTO-PATTERNING OF CONDUCTIVE LAYERS

Figure 33 illustrates one method of directly patterning a nanowire-
based transparent conductive film. In this example, a silver nanowire network
layer (“network layer”) 726 was initially formed on a glass substrate 728
according to the method described in Example 2. Two holders 730 were placed
on the glass substrate 726 to define an area 732 for matrix formation. A photo-
curable matrix material 734 comprising a mixture of prepolymers was coated
over the network layer 726 within the area 732. A mask 736 was placed upon
the holders 730. The mask 736 was a glass slide having a array of dark lines
738 of about 500um wide. The matrix material was then irradiated under a
Dymax 5000 lamp for 90 seconds. The matrix material cured in the regions
exposed to light and remained liquid in the regions that were masked by the
dark lines.

Figures 34A-F show images of a photo-patterned conductive layer
under an optical microscope. Figure 34A shows a conductive film 740
immediately after photo-curing (5x). The lighter region 748 was exposed to UV
irradiation and cured. The darker region 744 was masked from the light
exposure and the matrix material therein was uncured. Conductive film 740
was further subjected to an adhesive tape or a tacky roll treatment to remove
the uncured matrix material and the nanowires in the uncured region 744.
Figure 34B shows the conductive film 740 after the adhesive tape treatment
(5x), in which the cured region 748 appears much lighter than the uncured
region 744. At higher magnification (Figures 34C and 34D, 20x), it can be
observed that the uncured region 744 has a lower concentration of nanowires
than the cured region 748. This contrast is more apparent in Figures 34E and
34F (100x). It was further observed that, following the adhesive tape treatment,
the concentration of the nanowires dropped below the percolation threshold in
the uncured region 744. Electrical measurements using fine probe tips showed

that the uncured region 744 was non-conductive.

96



90.9 110.2 130.5 234.1 473.9 2 pt Contact Resistance (ohm 70 1100
1000 1000 6000 1M % Transparency 87.7 87.9

10

15

20

25

30

As an alternative to removing the matrix material and nanowires in
the uncured region using adhesive tapes or tacky rolls, a solvent may be used
to wash the uncured regions. As shown in Figures 35A-D, a conductive film
750 was prepared as described above and exposed to UV irradiation through a
brass aperture mask. Figure 35A shows cured regions (conductive regions)
752 and uncured regions 754 after being washed with ethanol and wiped.
Figures 35B-D illustrate, at increasing magnifications, the contrast of the
nanowire concentration in the uncured regions 754 compared to that in the
cured regions 752. In the uncured regions 754, most of the uncured matrix
material and the silver nanowires had been removed by the ethanol washing.
Photo-patterning therefore produces conductive regions and non-conductive

region according to a predetermined pattern.

EXAMPLE 7

PHOTO-CURABLE FORMULATIONS

The matrix material described in Example 6 can be formulated by
combining an acrylate monomer (or prepolymer, as defined herein), a multi-
functional acrylate monomer (or prepolymer) and at least one photoinitiator.
Any acrylate monomers or prepolymers can be used, such as epoxy acrylates,
more specifically, 2-ethylhexyl acrylate, 2-phenoxyethyl acrylate, lauryl acrylate,
methacrylates, and the like. Any multi-functional acrylate monomer (or
prepolymer) can be used to promote the formation of a crosslinking polymer
network. Examples include trimethylolpropane triacrylate (TMPTA),
tripropylene glycol diacrylate, bisphenol-A diacrylate, propoxylated (3)
trimethylolpropane triacrylate, dipentaerythritol penta-acrylate. Any
photoinitiator, for example, ketone based initiators, can be used. Specific
examples include: Ciba Irgacure 754, pheny! ketone such as Ciba Irgacure 184,
a-hydroxy ketones, glyoxylates, benzophenone, a-amino ketones and the like.
More specifically, a fast-curing formulation can be prepared by combining 60%-
70% 2-ethylhexyl acrylate, 15%-30% trimethylolpropane triacrylate and about
5% Ciba Irgacure 754.
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Other additives can be added to enhance the stability and/or
promote the adhesion of the matrix and the nanowires. For example, an
adhesion promoter (e.g., silanes) that promotes the coupling between organic
matter and inorganic matter can be used. Examples of the silane-type
adhesion promoters include GE Silquest A174, GE Silquest A1100 and the like.
Antioxidants such as Ciba Irgonox 1010ff, Ciba Irgonox 245, {rgonox 1035 can
be used. Moreover, additional or co-initiators can be used to promote the
efficiency of the photoinitiator. Examples of coinitiator can include any types of
tertiary amine acrylates, such as Sartomer CN373, CN 371, CN384, CN386
and the like. An additional photoinitiator such as Ciba Irgacure OXE01 can be
further added.

Below are four exemplary photo-curable formulations suitable as
the matrix material used in this example:

Formulation 1

75% 2-ethylhexyl acrylate;

20% trimethylolpropane triacrylate (TMPTA);

1% adhesion promoter (GE Silquest A1100);

0.1% antioxidant (Ciba Irgonox 1010ff) and

4% photoinitiator (Ciba [rgacure 754)

Formulation 2

73.9% 2-ethylhexyl acrylate;

20% trimethylolpropane triacrylate (TMPTA);

1% adhesion promoter (GE Silquest A1100);

0.05% antioxidant (Ciba Irgonox 1010ff) and

5% photoinitiator (Ciba Irgacure 754)
Formulation 3

73.1 % tripropylene glycol diacrylate (TPGDA)

22.0 % trimethylolpropane triacrylate (TMPTA)

4.9 % photoinitiator (Ciba Irgacure 754)

0.03% antioxidant (4-methoxyphenol)

Formulation 4
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68% 2-ethylhexyl acrylate;

20% trimethylolpropane triacrylate (TMPTA);
1% adhesion promoter (GE Silquest A1100);
0.1% antioxydant (Ciba Irgonox 1010ff) and
5% photoinitiator | (Ciba Irgacure 754)

5% coinitiator (Sartomer CN373)

1% photoinitiator Il (Ciba Irgacure OXE01)

EXAMPLE 8

NANOWIRE DISPERSION

A nanowire dispersion, or ink, was formulated by combining about
0.08% wt. HPMC, about 0.36% wt. silver nanowires, about 0.005% wt. Zonyl®
FSO-100 and about 99.555% wt. water. As an initial step, an HPMC stock
solution was prepared. An amount of water equal to about 3/8 of the total
desired volume of nanowire dispersion was placed in a beaker and heated to
between 80°C and 85°C on a hotplate. Enough HPMC to make 0.5% wt.
HPMC solution was added to the water and the hotplate was turned off. The
HPMC and water mixture was stirred to disperse the HPMC. The remainder of
the total amount of water was chilled on ice and then added to the heated
HPMC solution and stirred at high RPM for about 20 min. The HPMC solution
was filtered through a 40um/70um (absolute/nominal) Cuno Betapure filter to
remove undisolved gels and particulates. Next a stock solution of Zony/® FSO-
100 was prepared. More specifically, 10g of Zonyl® FSO 100 were added to
92.61 mL of water and heated until the Zonyl® FSO 100 was fully dissolved.
The necessary amount of HPMC stock solution to make about 0.08% wit.
HPMC solution in the final ink composition was placed in a container. Then, the
necessary amount of DI water to make about 99.555% wt. water solution in the
final ink composition was added. The solution was stirred for about 15 min. and
the necessary amount of silver nanowires to make about 0.36% Ag nanowire

solution in the final ink composition were added. Finally, the necessary amount
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EXAMPLE 9
ACID-ETCHING (1)

Figures 36A-36C show the progression of etching and the final
pattern formed on a transparent conductor sheet 758. More specifically, a
conductive silver nanowires layer was first formed on a PET substrate. A UV-
curable acrylate was deposited on the nanowire layer according to a pattern.
The matrix was allowed to dry and partially cured. The matrix was typically
about 50nm ~ 300nm thick. Surface conductivity was detected in the areas
protected by the matrix as well as in the areas unprotected by the matrix.

The transparent conductor sheet was then exposed to an acid-
etching solution, which included 1%HNO3;, 1% NaNO; and 5ppm of KMnQOa,.

Figures 36A shows that within one minute, the etching of the
silver nanowires had begun from a region adjacent to an area protected by the
matrix 760. The dissolution and disruption of the nanowire layer was evident in
the area unprotected by the matrix 762.

Figure 36B shows the transparent conductor sheet two minutes
into the etching. More unprotected silver nanowires were dissolved and a well-
defined pattern emerged. Figure 36C shows that at the end of four minutes, all
the unprotected silver nanowires had been etched and removed by rinsing the
transparent conductor sheet with water. The protected area 760 remain
conductive. Optionally, the partially cured matrix in the matrix protected area
760 can be further cured.

EXAMPLE 10
ACID-ETCHING (2)

Figures 37A and 37B show the impact to the etching rate by using
a higher concentration of KMnOy in the acid-etching solution. A transparent

conductor sheet 764 was prepared and patterned as described in Example 9,
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Thereafter, a region of the conductive filmwas treated with an

oxi di zing agent, e.g., a bleach solution having 0.5% hypochl orite,
for 2 mnutes. The treated filmwas then rinsed with water and dried
in a nitrogen atnosphere. The treated region of the film showed
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time, rinsed and dried in a nitrog e. Table 5 bel ow shows
how t he transparency, haze and res’figp?% B‘gfé)t he regi on of the

transparent conductor, exposed to the TCNQ solution varied wth anount
of time exposed. Tatf &agspgenbeenductor sheet was prepared according to the

15 method described in Example 7 (e.g., Formula 1). A nanowire network layer
was formed in a matrix layer of about 140nm thick. The sheet was surface-
conductive having a surface resistivity of about 500Q/0.

A region of the conductive surface area of the sheet was then
protected by an overcoat of about 1um thick. The nanowires were fully covered

20 by the overcoat and no surface conductivity was detectable in this region. The
region without the overcoat remained surface conductive.

The entire sheet was then dipped into an acid etching solution
(20ppm KMnO4, 1% HNO3, 1% NaNOs;) for a minute. The sheet was removed
and rinsed with water and dried under N; flow. The entire sheet became non-

25 conductive.

In the uncoated area, as shown in Figure 38B, silver nanowires
were dissolved into soluble silver salt despite the presence of the matrix. This
result indicates that higher concentration of KMnO,4 (20ppm compared to

10ppm and 5ppm in Examples 9 and 10, respectively) can cause the
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dissolution of the nanowires within the matrix. The uncoated area was no
longer conductive because of the corruption of the nanowire network layer.

The silver nanowires in the overcoat-protected area were
unaffected by the etching. Although no surface conductivity was possible due
to the thickness of the overcoat, a nanowire network layer remained underneath
the overcoat (Figure 38A).

Figures 38A and 38B illustrate that the transparent conductor
described herein can be patterned according to standard lithography method

using a mask, which acts as the thick overcoat as illustrated herein.

EXAMPLE 12
COLOR FILTER COATINGS

Commercial color filters were coated directly with conductive
nanowire films.

Sample 1 was a chrome biack matrix with color filters. As shown
in Figure 39A, the R, G and B color filters were arranged parallel to each other
and two adjacent color filters were separated from one another by a groove
780, which prevents light transmission between adjacent pixels. Sample 1 was
surface conductive in the direction of the grooves (due to the metallic content of
the black matrix) and registered a sheet resistance of about 40 ohm/sqg.. The
sample was not surface conductive across the grooves.

Nanowires were coated directly on the entire top surface of
Sample 1. The coated sample remained surface conductive in the direction
along the grooves and showed a surface resistance of about 33 ohm/sq.. In
addition, because the nanowires were coated conformally, (see, Figure 39A),
the coated sample was also surface conductive across the grooves 780 and
showed a surface resistance of about 100 ohm/sq..

The nanowire coating had little effect on the optical properties of
Sample 1. The light transmittance was 18.2% in the coated sample, compared

to 19.2% in the un-coated sample. The coated sample was slightly hazier than

102



Open Circuit As shown in Table 5, the change in resistivity of a
treated region, with relatively little change in optical

characteristics, can be controlled by changi ng the anount of tine
treated region is exposed. 5EXAMPLE 16 The change in

resistivit

Ap8lpidn'SHIE S THBTIR, ITHe b3t A aeRSey ABRTBBOA 79 of

t he chemni ca

S reat the region o

t r anspar entthe@iginaiansle 36.8pbet 3@s5 Brgpared as descri bed above in
exanple 15. A region of the sanple was soaked in a sol ution of

Pd(Ac0)2 10 and ACN (Samjple 3 wasran erganigresiroblack natrix wii. cofbiefilterspl e

was then rinsed tw.c
Tabl e 6 bel Ry i

nd dr

5,8 fart A e B saifiplelt el B18e 8 FIGURT'585) was

(transpag ensptirathdrg@racdébri®etisél vity as a function of the anmpunt
of time the sanple was exposed to the solution. Table 6 Bef or e

Soaking 1 min. 11 mi rFiget BB ald®6shmws Seenhpdd 25 oated with a nanowire layer.

10

15

20

25

The coated Sample 2 became surface conductive in the direction along the
grooves 782 and showed a surface resistance of about 56-76 ohm/sg.. In
addition, because the nanowires conformed to the grooves 782, the coated
sample was also surface conductive across the grooves and showed a surface
resistance of about 61 ohm/sq.. Overall, a bulk surface resistance was
measured at about 120-130 ohm/sq..

Optically, the nanowire coating had little effect to Sample 2. The
light transmittance was 27.5% in the coated sample, whereas it was 26.9% in
the un-coated sample. The coated sample was slightly hazier than the un-

coated sample, increasing from about 1.4% to about 4.8% in haze.

EXAMPLE 13
SURFACE PRE-TREATMENT

Transparent conductor samples were patterned by wet-etching
process. Prior to etching, the transparent conductor had been masked
according to a pattern (physical mask or photoresist mask) and surface-treated
in the unmasked regions. Compared to the untreated sample, surface-treated

transparent conductors were etched at much higher rate.

Using Physical Mask:

Transparent conductor samples were prepared by first forming a
silver nanowire film by spin-coating (or other deposition method) on substrates
including Polycarbonate, glass or PET, with desired transparency and

conductivity. The silver nanowire film was subsequently coated with Addison
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Clear Wave AC YC-5619 hard coat (by spin-coating). The hard coat material
was baked and fully UV cured.

A mask (e.g., a plastic film) having a desired pattern was placed
on and in contact with the hard coat of the transparent conductor sample. The
mask defined regions (unmasked) to be etched. The unmasked region was
submitted to O, plasma or 10 minute UV ozone treatment for 10 minutes.

The mask was removed and the sample was immersed in 100%
Transene Ag Etchant Type TFS for 10 seconds before it was removed and

rinsed in DI and air-dried.

Using Photoresist Mask:

Instead of a physical mask, a photoresist material can be spin-
coated on the silver nanowire film (with a hard coat). When exposed to UV light
according to a desired pattern, the photoresist material cures into a mask. The
transparent conductor samples can be surface treated and etched following the

process described above.

Results:

As shown, Samples 1 and 2, which were pretreated by oxygen
plasma and UV ozone respectively, became non-conductive (infinite resistivity)
within 10 seconds of etching. In comparison, untreated Sample 3 remained
conductive after 6 minutes of etching.

Sample 4 illustrates a process of invisible patterning in which a
diluted etchant was used. Following an oxygen plasma treatment, patterning
using 5% Transene Ag Etchant Type TFS created a patterned transparent
conductor with substantially uniform optical properties. It is believed that the
diluted etchant has rendered transparent conductor film non-conductive without

completely removing the nanowires.

Sample 1 — pretreated with oxygen plasma
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As illustrated by a conparison of Tables 5 and 6,
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10 EXAMPLE 14

INVISIBLE PATTERNING

A suspension of HPMC, silver nanowires and water was

prepared. The suspension was spin-coated on a glass substrate to form a thin

conductive film of silver nanowires in a HPMC matrix. The conductive layer

15 was optically clear, with an optical transmission (%T) of about 88.1% and haze

(%H) of about 2.85%. The conductive layer is also highly surface-conductive

with a surface resistivity of about 25 ohm/sq..
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EXAMPLE 15

20 A suspension of HPMC, silver nanowires and water was
prepared. The suspension was spin-coated on a glass substrate to form a thin
conductive film of silver nanowires in a HPMC matrix. The conductive layer
was optically clear, with an optical transmission (%T) of about 89.1%, haze
(%H) of about 3.02% and surface resistivity of about 45 ohm/sq..

25 A region of the transparent conductor was soaked in a TCNQ
solution with acetonitrile (ACN)(0.5mg/ml) for different amounts of time, rinsed
and dried in a nitrogen atmosphere. Table 5 below shows how the
transparency, haze and resistivity of the region of the transparent conductor

exposed to the TCNQ solution varied with amount of time exposed.
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Before 10 sec. 20 sec. 60 sec.
Soaking
%T 89.1 89.3 90.0 91.3
%H 3.02 2.36 1.74 0.53
ohm/Sq. 45 112 1700 Open Circuit

As shown in Table 5, the change in resistivity of a treated region,
with relatively little change in optical characteristics, can be controlled by

changing the amount of time treated region is exposed.

EXAMPLE 16

The change in resistivity of a treated region may also be
controlled depending on the chemical used to treat the region of altered
resistivity. A transparent conducting sample was prepared as described above
in example 15. A region of the sample was soaked in a solution of Pd(AcQO),
and ACN (1mg/mL) for varying amounts of time. The sample was then rinsed
twice with ACN and dried in a nitrogen atmosphere. Table 6 below shows the
change in optical characteristics (transparency and haze) and resistivity as a

function of the amount of time the sample was exposed to the solution.

Table 6
Before 1 min. 11 min. 35 min. 66 min.
Soaking
%T 89.5 89.4 89.2 88.7 88.5
%H 2.80 2.82 2.81 2.66 2.56
ohm/sq. 51 47 58 173 193

As illustrated by a comparison of Tables 5 and 6, the amount the

resistivity of the exposed region changes with time can vary depending on the

chemical the region is exposed to.
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EXAMPLE 17
PHOTORESIST PATTERNING METHOD

A silver nanowire dispersion was prepared consisting of 0.2%
HPMC, 250ppm TritonX100 and silver nanowires. The dispersion was spin-
coated onto a substrate and baked for 90 seconds at 180°C. This nanowire film
was then spin-coated with AZ-3330F photoresist to make a 2.5um transparent
conducting film. The transparent conductor was then baked at 110°C for 60
seconds. A photomask was placed in contact with a portion of the photoresist
layer and the transparent conductor was exposed to light for 20 seconds at
12mW/cm?®. The conductor was then baked for 60 seconds at 110°C.

The photoresist was then developed with AZ300MIF developer, rinsed
and spun dry. The conductor was then exposed to Transene silver etchant for
10 seconds, rinsed and spun dry. The photoresist was then stripped using
Acetone. The transparent conductor was overcoated with Polyset PCX35-39B
at 2.5% dilution in PGME and then cured for 45 min. at 180°C. The resulting
patterned transparent conductor had a line-width of from 5um to 10um. Larger
pattern line-widths have also been obtained using photoresist and other
patterning methods disclosed herein. For example, line-widths from 10um to

300pm and 10um to 50um have been obtained.

All of the above U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-
patent publications referred to in this specification and/or listed in the
Application Data Sheet, are incorporated herein by reference, in their entirety.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as

by the appended claims.
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CLAIMS

1. A method for patterning a conductive layer comprising:

forming the conductive layer on a substrate, the conductive layer
comprising a matrix and a network of electrically conductive nanowires
embedded therein; and

treating a region of the conductive layer to convert the electrically
conductive nanowires within the region to non-conductive nanowires, thereby
forming a patterned conductive layer including a treated region having a first

resistivity and an untreated region having a second resistivity.

2. The method of claim 1 wherein the conductive layer is

optically clear.

3. The method of claim 2 wherein the treated region and the

untreated region have substantially the same optical properties.

4, The method of claim 3 wherein the optical properties

include optical transmission and haze.

B. The method of claim 1 wherein the first resistivity in the
treated region is higher than the second resistivity of the untreated region by at
least about 1500Q/0.

6. The method of claim 1 wherein the treating of the
conductive layer comprises chemically transforming the electrically conductive
nanowires to electrically insulating nanowires.

7. A transparent conductor including:

a substrate; and
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a conductive layer including a first region comprising nanowires
embedded in a matrix; and a second region comprising treated nanowires
embedded in the matrix, wherein the second region has a higher resistivity than
the first region and further wherein the first region and the second region have
substantially the same optical properties, wherein the second region is more

resistive than the first region by at least about 15000/0.

8. The transparent conductor of claim 7 wherein the

nanowires of the first region are metal nanowires.

9. The transparent conductor of claim 8 wherein the treated

nanowires of the second region include oxidized metal nanowires.

10.  The transparent conductor of claim 8 wherein the treated

nanowires of the second region include sulfided metal nanowires.

11.  The transparent conductor of claim 7 wherein the treated
nanowires of the second region are shorter than the nanowires of the first

region.
12.  The transparent conductor of claim 7 wherein the second

region and the first region have substantially the same optical transmission and

haze.
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