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NANOW RES- BASED TRANSPARENT CONDUCTORS BACKGROUND OF
THE | NVENTION Field of the Invention This invention is

woebetoezk26 0 t ransparent conductors and net hodsPof/US2006/031918

manuf acturing the sane, in particular, to
hi gh-t hr oughput coating net hods. Description of the
Rel ated Art Transparent conductors refer to thin
conduct i Wea | OVITRES.RASE D TRANSPARENTCGRDUEC TORS
i nsul ating surfaces or substrates. Transparent
conductors may be manufactured to have surface

CLIV] ' I ntai ni.ng reasonabl e opti cal
éﬁﬁ%%bﬁ@oﬁﬁbﬁ @{B{é‘}l onducti ng transparent
conductors are wi dely used as transparent el ectrodes
in flat liquid crystal displays, touch panels, '
EekcoftheUnvaeioeent devices, and thin fil m photovoltaic

cells, as anti-static layers and as el ectronmagneti c
wave shi el Biiggnveniengs refataddeitranspasentirandupioss apg methods of

Pl 0, P4 MRS ST B s
transparency and el ectrical conductivity to dielectric

surfaces such as gl ass and polyneric filnms. However,
tioxi iReiate fragile and prone to damage

h
duri ng bendi ng or qther, nhysi resses. ..
o e g e R ANl ol B biged on
ﬁgﬁﬁﬁéﬁsﬂ%éﬁé@ fistldingSsuifacas b uBstiatal. qeaskisHrent donductors
| @vel s. There also may be issues with the adhesi on of
mey dle mandfactureddo thave sbsacacepduttivity avhilepnaimdaining
adsor bi ng ture such a%\'@lf ast.ic and, or

[ ani c

Ca80TARIESCal aNSRATRRH HOHER SUTTage BPTARNG AN ParRIta

fiRtdrs! | RELr R SecRoded RGTRTIHR crystal
(gdeﬂvde%{racgﬁg ﬁ@wgg&@éﬁbﬁt& tiron, vac(l;Jum delposi tliaon irg a
dieplalyy, fpuch gemel eélectyplimiesssaredevidese dnddhingimrthotovoltaic
Mor eover,. t he process of X‘%ﬁuum deposi tion . Wof
elisdae iand-stalic BYRIHANG 86 acomaRNlicayq shielpipglayers.
typically ' LV dilm Y
ot ocooses SERANUE VUl AFRREACUINCRERRRES RudtPas Fiiidin
bdde (AIGK aketie indastrastanoard aldtyridls doppavide bptically
el ectrical conductors. However, they generally have
rapgprarency and electrical conductivity to dielectric surfaces such as glass and
polymeric films. However, metal oxide films are fragile and prone to damage
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
films to substrates that are prone to adsorbing moisture such as plastic and
organic substrates, e.g. polycarbonates. Applications of metal oxide films on
flexible substrates are therefore severely limited. In addition, vacuum
deposition is a costly process and requires specialized equipment. Moreover,
the process of vacuum deposition is not conducive to forming patterns and
circuits. This typically results in the need for expensive patterning processes

such as photolithography.
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conductivity values and hi gher optical absorption
(particularly at visible wavel engths) conpared to the

waebaloezesde fil s, and suffer from |l ack of chearasbkoos031918

and long-termstability. Accordingly, there remains a
need in the art to provide transparent conductors
havi ng desirable electrical, optical and nmechani cal

properti esCondubtve polhdrs hbye BRAbESH usémd*erebﬂééuyt hat
are adaptable to ala% substrates, and can
Hanspaentielestrioad cpaducierse dHoweren tiwycﬁmerally have lower

PRI B A BRr oPaT apFabtioR fotieliamy ot Vi

Waaemgtre)tcoﬁmmé@wrhézﬁrapauo&rd&ﬂn% aHBy rﬁonﬁ%@k%f

conductive layer on the substrate, the conductive
chgmical apd Mmgarm $ﬁabﬂlw ity of nanovvl res preferably,
nmet al nano not her .e a trans @rent

conduct or ggrel%l '1&!% Ee%ﬂ??'%@ n n&heaﬁb@&m _
irabf@éar@ﬂt é&ﬁiu%‘t@%tﬁef%rﬁ; dE SO BEd (?Yeocfit@é?énd R R
a d a matri X,

a plurality of neta now res enbe
propesties, iuparticuten, wahsparehtycaridermtorp thatrerei alaptalsie xo ahy
t he transparent. conduct or

t ot her, enbodi nent_,
FuRstFles, aﬂ%rarsée rBATSa S chANG RARBIMESKIN 3 IPWaCoS]r bigkr
FH?‘E @ﬁcﬂ[ﬁ id. IS descri bed herein a nethod of
|ng a transparent conduct or conpri si ng:
deposi ting a pI urallty of netal nanowires on a
substrat e nanow res being dispersed in a

BRUEESLHWMAF%YIQE@:";E INENTKNowi r e netvvgrk | ayer on
h b
anot her - enBu enootib Al 1t Sesorbidehebuta Y antPagny conductor

cormpasingya elibsweatal aﬁé'aodbrfd@r%tr\‘iéllai}'eﬁ @h&hé %sttrét@etHB?t al
nanow res bei ng di spersed in a d; form ng

enductivie fayeir irc n@nm Rlurelmeof mnqvmeea; Lmeferamyg, togtal nanowwes
allowing the | UId

material o %Oé eth OH%S'P%*V& ?Z'%r%gPEﬂEﬁngICQanCtoaﬁﬂmpnseS a
Sutistie; IR a&bhaerctrw 18y2bn e §shaAe "HEdohdubife layer

matri x and the netal nanow res enbedded therein
inclugingga plurality wd natal hayewires embedded in a matrix, in particular, an
optically clear polymeric matrix.

In yet another embodiment, the transparent conductor further
comprises a corrosion inhibitor.

In a further embodiment, it is described herein a method of
fabricating a transparent conductor comprising: depositing a plurality of metal
nanowires on a substrate, the metal nanowires being dispersed in a fluid; and
forming a metal nanowire network layer on the substrate by allowing the liquid
to dry.

In another embodiment, a method comprises depositing a plurality
of metal nanowires on a substrate, the metal nanowires being dispersed in a
fluid; and forming a metal nanowire network layer on the substrate by allowing

the liquid to dry; depositing a matrix material on the metal nanowire network
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In a further enbodi ment, the nethod descri bed herein
can be perforned in a reel-to reel process, wherein

woheo7aatbrate is driven by a rotating reel al 8ag/uUa2006/031918

traveling path, and the depositing of the netal
nanowires is carried out at a first deposition station
along the traveling path, and the depositing of the

lﬁ?érf; ndBRGIAE matri% AldtbAs) te%rrﬁ*a RafBC HBEROSAE R metal
st at I th. |1 her

ion along the traveling pa n anot
rarnnydigseembedded theneindormingl agendudive baygrat t er ned, in

articul ar, ot 0- patterned by using, photg-curable
Prat ri x mat 'QraiO gqré\_er gﬂ"h&ﬁﬂﬂ’ﬁ@?’ t%‘-?rﬁl?@h’%ﬁ??”ﬁﬁ‘# rein can be
; . Lam nat ' LS ‘
(AR ISRER Al AR Gfeidih 54 Wi RAE iy rotaing
restalody regtravetingrpath earikb thdede pasitihgpofithe maétial Hawbwired & carried

nanowi res. In a further enbodinent, a |am natin .
PHed adfyst deppsition gation elngithedeyveling mth,ﬁndgthe@%noyltmg of

haSuu R PRREE Bt SR IR s Glon Shona?

teavesidgpath., a display device is described, the display
devi ce conprising at |east one transparent electrode _
havi ng a dbnethanambegiementithe copddctive lager egrebe patterned, in

i | ydin lurali,ty of. netal nanpwires. In, .
dficdtelet>-Batie sl Friod Bhalns BBl el mRtRafe
nanow r es |hiandtheRimiSedinent iER ddaeliba8 hefeif i (Bhiinated
BRI EF DESCRI PTI ON OF THE SEVERAL VI EW8 OF THE DRAM?NGS
stiicture adnawising ,a flekivieidoslor sebsiratec end andoedsictivie fyef y

.Si,m,l ar el epent rr acts. The sizes and rel ative
RSB S0 SrERaHed Wil 3 ALTael mediparayiies

necessari ljy 504, ARBr éﬁ’\b%@ﬁ'{\@nt, E%mﬁﬁi‘?ﬁglpﬁocé&%%é%@ﬁﬁé&’,fthe
various el enents and angles are not drawn to scale,

paioce ssocamplifisingesEplgihg tea faminate castoudtu fol &y sebdteatged choice,
and posi.tigned to inprove drawing legibility. Further,

AereRving thesflexibig slogop pubsigatel enents as drawn are not
. ed ! . . '
| ntended 43 GoONGMCRBIAUAREIE Y AP RLAL NG kLB bed e

actual sha articu el'enet —and een
displlayg tedics @oriprisingy atdleast @ie trassgarent Slacirodé having a

draw ngs. Figure 1 is a schematic illustration of a )
cREALGIa:layer, the conductive layer including a plurality of metal nanowires.
In particular, the conductive layer comprises the metal nanowires in an optically

clear polymeric matrix.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

In the drawings, identical reference numbers identify similar
elements or acts. The sizes and relative positions of elements in the drawings
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

been selected solely for ease of recognition in the drawings.
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Figure 2 is a graph illustrating the expected optica

properties of a silver nanoellipsoids at various
woeavelergths of light. Figure 3 illustrates thecT/us2006/031918

absorption spectrumof a silver nanowire |ayer on a

pol yet hyl ene terephthal ate (PET) substrate. Figure 4

is a graph illustrating expected values for various
resistivi F}gwéqrﬁégéﬁénﬁticﬂnmraMnr& daseslvies the wire
di anet er. gure Is a graph illustrating the

expect ed Pigrald isregiaphiilustrating the eupected wpticak preperties of a

dianmeters of nanowires. Figure 6 shows an SEM i mage of
S@’%iﬂwoé”@ﬁpkﬁ’ératr\’é‘ﬁeww\@é’eg&g ?ﬁslfﬂ}tbetween t wo Srgret al

contacts. lljidl.ggrfillastirét%%ﬁé ?B@S’rpﬁoﬂ%&é@{rﬁmcﬁf a silver nanowire

filanmento oterns unction I ol ogl cal

Idyerehad pelybiylend fergshithalets (RETdsudistrate.Fi gure 8
I"l'lustrates a protein scaffold coupled tq copductive
particles ngtae\ﬂalsia)g@pbi|I,I1Lmtﬁaémgiq>@§ptqq yes tpr various

i l.l.ustrat he .f i '
RSB P oo o
associ ate Flﬁ’qmbiSjI%Sa n%ﬁpwﬂ@stﬂa@ﬁgithélwbeatedsoverall resistivity as a

schematicalTy an enbodi nent of a metal nanowires-based
fanciiospteadiaroetdss obnandwiggf.e 10B il | ustrates

hemat i i .
nanow r oo Nigler Shaiis AT IDaRa st ccndE PlpLnanpuires
cahﬂ&&@thgxgee@nqwd el bURidegy. enmbodi ment of a netal

nanow re ed transparent conductor in which portions .
of the nariginessillastatesposeiosk offilkmeniews proteing that function

aSibIRD e BB 56 grsP AR GOBRPCOT. & our face of the
st e GRS EkSed pien Rerd e esconducive
;Talallﬁtgg% ysts\éégag?ﬁbihditagsaﬁlefent ]E:onduct or. Figure 11

Figure S ﬁﬁls'ltrgtaes t e?orr#ét}ot}\ecgf a? ggr?éjdcﬁgtne%oﬁ of
biological templates based on the coupling of associate peptides.

Figure 10A illustrates schematically an embodiment of a metal
nanowires-based transparent conductor.

Figure 10B illustrates schematically another embodiment of a
metal nanowires-based transparent conductor.

Figure 10C shows schematically a further embodiment of a metal
nanowire based transparent conductor in which portions of the nanowires are
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 fransparent conductor.

Figure 11 illustrates schematically a further embodiment of a

metal nanowires-based transparent conductor having a multi-layer structure.
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metal nanow res-based transparent conductor having a
mul ti-layer structure.Figure 12 shows a transparent

woanifiwerns structure having a reservoir for dePCYaiS200g/031918

a vapor phase inhibitor (VPl). Figures 13A-13D show an
exanpl e of a fabrication process of a transparent
conductor. Figure 14A shows an exanple of a

f abri cat i qRigOfeO$2 ShoMk @tréﬁﬁjﬁ@wmhu%m%ﬁkﬁjre%vwe

coating. Figure 14B shows her exa
reseodrfor dell\mrmg&yamr whas&aanbdoeﬁ(Pk)onductor by web

coati ng 0 a web co stem and a
flow pr océ@gu'fe@’r E‘Q‘ﬂgb é%qv%angxp Egéﬁgf'%mw%@ss ofa
tFér%Ha‘?erﬁQ:%n%lU@ an SEM i nage of a conductlve | ayer

l'ow ng a post-treatment of pressure application.

F| gur es 16?5@&@31%3%0% axexgrhelealf aafabatatigii ptess of a
rocess. gures 17A- 17C show anot her exanple of a

trapapsERntsengrstos by Weh goatindts shows an exanpl e of

h B
Chow an e ougieo s sHBAS SRS el oF arehitathy beRenor
teanspabdret doaduatdwbly\,@g@bo@mqgorocess Figure 20 shows a
partial systemand a process of fabricatin

pat t er ned figWiesHah shews enwek ceating-system ancg adleynpragess for

transparent el ectrodes based
%hﬁ%%lgﬁéhﬁ?rfggg&ﬁﬁg 22 shows a touch screen
devi ce comgu fmgn@wtsraw@mr.magec@%@wciwew f8flowing a
nmetal nanowres. Figure 23 shows a typical release

posttreatment oixgegsigefapplicatieshl vy cooked egg yol ks.
T L MG R A .
accel er at gqgHegof 724705 HoRP hnother example of a lamination process.

Figure 18 shows an example of photo-patterning a conductive
layer.

Figures 19A-19B show an example of a continuous photo-
patterning method suitable for a web coating process.

Figure 20 shows a partial system and a process of fabricating a
patterned transparent conductor.

Figure 21 shows a display device comprising transparent
electrodes based on metal nanowires.

Figure 22 shows a touch screen device comprising two
transparent conductors based on metal nanowires.

Figure 23 shows a typical release profile of H;S gas from freshly
cooked egg yolks.

Figure 24A shows the light transmissions of six samples of
conductive films before and after an accelerated H,S corrosion test.

Figure 24B shows the resistances of six samples of conductive

films before and after an accelerated H,S corrosion test.
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Fi gure 24B shows the resistances of six sanples of
conductive filnms before and after an accelerated H S

woane7ge2nn test. Figure 24C shows the hazes of BCX/US2006/031918

sanpl es of conductive filns before and after an
accel erated H2S corrosion test. Figure 25A shows an
exanpl e of directly patterning a nanow rebased

t r anspar enfigegsductdneive theMRazak B '8 %%B%ogd?cﬁve films
phot ographs of the patterned conductive fil

*aef@r%aﬂé@fhghaameeieMedéﬁn& coreasiomigst. Fi gur es 26A- 26F
show phot ogr a f the pattern c ctiye filns

bef ore and QPF%él‘Sgr?hQWﬁ 9@'"{18%90&(?@5%1}?1% tegying - hasayire-
haser] Fatdp d?@ﬂtrkkfrid% iV @fitm.Fi gures 27A- 27D show

phot ographs of anot her exenplary conductive film

bef ore andFlgﬁtee%B sholvegrtotdgraphswifithe PitT&hedRonductive films
SCR PTI EIE | NVENTI ON Certai n enbodi nents are

TP PG @ rgnla,d Reivariape trealaert or based on a

Conduct | ver Payer 2k 2BE M Flpteb Bt pRltpridifgqnaucive

filmsdveforsand aftedsh tidhesivé igpe toduednt\e@ vhaayas ldvels of
tran; parent flexi ble and can include at |east one

nHagRifatiohat i s conductive. It can be coated or

| am nat ed v ' f st rat ncl.udi n
flexible a’ﬁgu g?}(fi'gzpﬁ oA BE ogﬁ%oerpo AT )?%TQ%'PW
cmmuatnse)fnh@beid@@hhdca‘ﬂea LBPaitftmbhtCt ur e includi ng
a matrix material and the nanowires. The matri x

material can typically inpart certain (r:]hem cal,
ARy PR PERTEVREDA. et hods of

fabricati ngerddld dﬁ%dcﬁrh@hf&ar‘enﬁré"&é‘@%@é'tr‘é%s ST conductor

Conductive Nanowires Figure 1 1llustrates nanow
hmdrqp a@oaémtwe Iamn of nanmvlraso b pariiuiar, mé_comhluntldedayer
e _di anete bI € Nanow.res t&mcall have

'%iﬁB‘é%? A=ReAf %?s"?wqr K 8?' e”%fo"‘ﬂ?St dn aggittane the sprictive layer
iSfBASHareRt, 'ffé%lld?é‘ﬁna%aﬁ"’ma[lsg aft Has? Bh@'sUHQQe that i i conductive.

t ransparent conductor I nce

le¢dn be eotated or laminated on a varlety of substrates mcludmg flexnble and
rigid substrates. The conductive layer can also form part of a composite
structure including a matrix material and the nanowires. The matrix material
can typically impart certain chemical, mechanical and optical properties to the
composite structure. Other embodiments describe methods of fabricating and

patterning the conductive layer.

Conductive Nanowires

Figure 1 illustrates a nanowire 2 having an aspect ratio equai to
the length L4 divided by the diameter dy. Suitable nanowires typically have
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



10

15

20

25

30

conductive networks to be fornmed while permtting
| ower overall density of wires for a high
wonertgpznency. | n other words, when conducti vePCT/US2006/031918
nanowi res with hi ghaspect ratios are used, the density
of the nanowi res that achi eves a conductive network
can be | ow enough that the conductive network is

?b@&trﬁ%é ald Msc%d atﬁﬁ RRHSH} of t@@%dﬁi’ﬁ% that dehievés hleenductive

f anspar ency ayer to light is by its absorgtlon

neﬂﬁcﬁrkldalnebé IO\M' broldh that e cmduﬁwéw@humﬂxasmbgtan allwgh
a layer can be defined as: | =1loe ax in which 10 is
trapepa®ebni ng |ight on a first side of the layer, | is

the illun g@g?éoeebe fiRthe farRpSRERY &I BySPEARh is by its

side of th e Cax nspar ncy

abasiption doeffidiént! rMesitamiratipnfaidight passing thrbagh a layer can be
absorption coefficient and x is the thickness of the
defiped asA | ayer having a transparency factor near 1,

but | ess than 1 can be considerged to be substantially
transparent Figures 2-5 inF rate sone of the

R Pt TE R W——
1SR Bhatqd Yé&ﬂt'o g@'ﬁﬁﬂr@@jé%\"tlﬁ Iagei\éﬁ?fdé‘a‘ﬂé?ﬂﬁé traaspatency

at - vario s wavel en of light pendi ng on wi dt hs

factor.| pnipiettranspiareresy faetvoed is heclsoretidn MQﬁlqeh’i @ﬂld X is the
extinction coefficient to a narrow band

thinkness,efl thadayey. HhlayeEhauipg alkansRaieRch qré} '3 Aot lpss

h
SIS oSl PSRRI Berg L e
700nm  whipi§urdesld-5 l“lﬂ‘:tlbt@S@‘meldﬂtbe optical .and ¢jectsical

shows the absorption spectrumof a |ayer of silver
charasteristicscefibe icopduetiyeaNanoWiEShy | ene’ t er epht hal at e

(PET) subst q@?ﬁ%ﬂsﬁ‘éw?% W@o@ﬁcé@o@g o tﬂE'I@ﬂt Bh&Srblisn of silver

the silver er on stra

n%%%ﬂ@%blo%' étWahb@@W@%ﬁgtlﬁ@bfl\mﬁﬂ mmdnr@mmmhs and

Onm agreeing with the results of the theoretica

lmgths sivenmannetipgeide exhibiti gyhigbsexdingfien sogfigiRNt Hea narrow
SRR i RSO L o RS B e gttt
ﬂé\?éf@ﬁ&hs of light above 700 nm. However, they are substantially
transparent between about 440 to about 700nm, which falls in the visible range.

Figure 3 shows the absorption spectrum of a layer of silver
nanowires deposited on a polyethylene terephthalate (PET) substrate. Aé
shown by the absorption profile, the silver nanowire layer on PET substrate is
substantially transparent between about 440nm to 700nm, agreeing with the
results of the theoretical model shown in Figure 2.

Figures 4 and 5 show the results of theoretical modeling of the
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

the diameter increases, these effects are drastically reduced. The overall
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of nanowire, the resistivity decreases substantially

although it will absorb nmore light. As can be seen in
weizgure2226, the effects on resistivity based oRCTIS2006/031918

grain boundary and surface scattering are high at

di aneters of less than 10 nm As the dianeter

i ncreases, these effects are drastically reduced. The

r%@!@ygéf ﬂﬁrgﬁdré rdduded ér@?ﬂ?ff&f(ﬂaﬂh@ﬁéﬂ-’tﬁdt BERRisky ffom 10 nm to

I ncreases from 10 nmto over 100 nm
o(set00 ahrs@eEj glsodFighite Shi Ehis impwvemait in glastrical preparties
properties nust be bal anc owever . .agai nst t
RSt DB LAEc ROWEVER AA I the JPr eas e (SRR o
- j ho a single A
ahémﬁﬁé‘?g&?'ﬁgg%%@%&ggge m@ggt?mmﬁt hef’I Q?egt r igcal
term nal s Ffure®siidws bainyleWgdiearawied 4dhati odénds between two
conductive path fromterm nal 6a

otharalectdealitaaminals@a and 0 &P%@ﬁ’iﬁ%’&é&@%&%@gﬁ‘% path
nodes _an n [ ; el '

iR e G B! B Tl i CAcRicR cortdtipads.

c%paeé%ioﬁmodéseam ahy iokhiri searting andeerting bomits tret anet be s

of the nanowires are selected to provide the

cisticaly camcoies: e aspostop s Se e Siribuliaof the
res, that wll id i ' . .
el paamalbi e BbB e Bued F LIy ndvidehe desired

o@ﬂegl%q é’lgcf?fcgpﬁfiﬁe?ﬁeg. oThé AURIbeR af bechrivirak that will provide a
erm na b. Fo xanmpl e, hundreds of Ag nanow res 4

ghean dettgitycbffApnanevines i sedeacted (e previde peoeptable ¢lggirical

RN e b Satp ish TesPhis BB irrafiaflab M Eor pxamle,

h?ﬁldgxﬁdfgf Aé"?ﬁérebé/;r% Mot ERbAd Flomh léfrﬁirﬁé!m?mto provide a low

conduct or ore, transparent, electrica

resisthneei eﬂf\ct'rielalmamdudﬁdn patimandrthe cahceatration, @spesldiatigpsize

using a plurality of Ag napowires. As can be

s S A s ESARlA T EREeRIAC o
. . .

e SBte ekl Blectial PERAAAR A o f TR ferrRTalBato

t@’ﬁﬁmaﬂ@lﬁ@\é!rfgt%p{tﬁdlit?@é@\gmadmvifegnked to each other at

vari ous points to provide a conducti th f .

term nal 6% €an b@r&%ﬂﬁ%@a@@a ﬂ?ﬁ:@'@fﬁ%d@é&'ﬁ%ﬁ%‘ngp& to terminal

,nvention, .t i . . .
L
SIAGIBWdrdwilehak pRiraNty A sndrienatesiiresimagmibect fodre firketd to each
and overall resistance on that path are sel ect e(ii t q .
other at various points to provide a conductive path from terminal 6a o terminal
6b. According to the invention, the nanowires are selected based on the
desired optical properties. Then, the number of nanowires that provides the
desired conduction path and overall resistance on that path are selected to
achieve acceptable electrical properties for an electrical conduction layer from
terminal 6a to terminal 6b.

The electrical conductivity of the transparent layer is mainly
controlled by a) the conductivity of a single nanowire, b) the number of
nanowires between the terminals, and ¢) the connectivity between the

nanowires. Below a certain nanowire concentration (also referred as the
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achi eve acceptable electrical properties for an
el ectrical conduction layer fromtermnal 6a to
woenaminzd26 6b. The el ectrical conductivity of tReT/US2006/031918
transparent layer is mainly controlled by a) the
conductivity of a single nanowire, b) the nunber of
nanowi res between the termnals, and c) the
pEREISEIH tréshdk®)! HREBoAARLIDRP Btiesh thBeteminalisriero v.e. there
nanow re concentration (also referred as

is hegentimliais anrartipedinpraljided heca;mdb@tnanowreéear@é@aced too
the ternjnal

farARaih AbAY® iF B9 crtatioEa S i &t kARt U A avaiiobte.
s%of@&uﬁ‘@ JsrathsAQ c%\)"t!éd Qﬁ’é‘%@@ﬂa‘ll%él@fbncbftﬁftﬁe yeriwill

eas one current vail abl e nore current
d{@@temsearlel pgow ded t he overall reS| stance of the

ayer w ecrease. Conducti | u

Ept al nan&andestive HapewEes i nan V'\'A]@b?’fs"{ Iag(jﬁ"cﬂ%t\b'ﬁﬁg

I t

RoAleERpced R hd o BPE%%%B3?%%5’%%&*%‘%9?‘%*“"'“

of RonCRERAIT mEvNidRaaciUgdTBNIL arsaiatllintteidde, canbow nawtubes
conductive polyner fibers and the |ike

(G8Ts), nnetam(laie nRRWIeSe copdytive quyraehfé*?%fﬁﬁf@e\%e Iike.
conpri sing, el e tu h

corrpoundsg)ﬁ %%ﬁ@‘?fﬁg? n@legi?lr%ﬂ%g" I%I) r@fﬁs ﬁ{egrsﬁﬁé tgh'g V\cI:'Feoss

c%g@ﬂé?r@éle%ém nsetan nedtal Bfoysedrahezgomipoends (inekslingwuetal

nm- and | ess than 200 nm and nore preferably | ess
axictes) 1 @0 renst Aseraossisedivng dimensien af thednetal nanpiyeds less

tbaggﬁbg{ﬁ%r&r gggg tqh % h) r‘%la]%r eol eef%rra& fég%Qhan 100nm. As
t@&‘g%vé haB 8l P§%Wl?@ hﬁs %téﬁpe%ﬂmw (&gt @\ndt*hé)? of greater

ase on ‘any neta I ncluding without IiTmtation,
t_hl_ﬁh VI {Jrelge#albly greapa thanisdk ehd raoré prefetablygreatesithare 00.

e netal nanowires c ared b
Sultatie matel naoWiES G pasel Phany el Paldingvdast

S o] n of a

BRRRA e HOED H%beﬁ?b*éﬁéﬁ%{'?'wpﬁﬁ&?%‘yé’r esence of
a pol yol (Eha@metaltrianosviesgiancod premaﬂecp)by)kmomm methods in the
pyrrolidone). Large-scale gﬁ ducti.on. of

athnbpaiSUGH, SiNEF BRRPWIS®CaR Resy NHesiZRcER o SafHtignphase
iFefh BER3TET S (G bl Tufhug B i plegfogiota poheito..
ethylene glycol) and poly(vinyl pyrrolidone). Large-scale production of silver
nanowires of uniform size can be prepared accroding to the methods described
in, e.g., Xia, Y. et al., Chem. Mater. (2002), 14, 4736-4745, and Xia, Y. et al.,
Nanoletters (2003) 3(7), 955-960.

Alternatively, the metal nanowires can be prepared using
biological templates (or biological scaffolds) that can be mineralized. For
example, biological materials such as viruses and phages can function as
templates to create metal nanowires. In certain embodiments, the biological
templates can be engineered to exhibit selective affinity for a particular type of
material, such as a metal or a metal oxide. More detailed description of

biofabrication of nanowires can be found in, e.g., Mao, C.B. et al., “Virus-Based
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Nanol etters (2003) 3(7), 955-960. Alternatively, the
nmet al nanowi res can be prepared using biol ogi cal

woenpliates (or biol ogi cal scaffolds) that can BeT/US2006/031918

m neralized. For exanple, biological materials such as
viruses and phages can function as tenplates to create
metal nanowires. In certain enbodinents, the

Boolkddoctle DregitdiSymtivesis b’éMaggeﬁeand@drmceMiludilrg Nanowires,”
for a particular type of material

DA sacendh aap, 23127 fiab: o3 el aineVEGRASsaBly of Oriented

RO AN o8BS ENPLs Vol ROl 52, 6688851 Mo

CoB. e, WrraDAS?sbnﬁlyIWdﬂ@rI@téd Q&hﬂﬂﬁhlﬁotmow%es " (2003)

Seni conduct i n% Nanow res," (2004) Science

PNAS 1100(18) 69¢8:6951, 81.S, Appliaasipn Sssiatbloy 16f97@17éhaedi U.s.

%ﬁ\@é éggl%ﬁpl%ﬁgﬁ\"%na&\lo ggQﬁ wmgéﬁ{ﬂlror?%qsngre

fAch raféqu@%wth?@Fre'NﬂF&i@sreS ) (2003) F’NAS 100(12),
6946- 6951 , U. Application Serial No. 10/976,179 and

U S Pr ovi Mwa@pem;ﬁpaliycammdustwe alatéal B@ ﬁﬂmumjr (e.g., a

AMATOHErS) e gHo0 P 4 b1oISH ) okTolats bat oy affnity

Wb ORE Eirifuchie Raterdel AR B SER YAt Pepide
wqummesb ba the biblogicaldempliatei al and certain binding

sites (e.g ti de sequences) on_the biol ogical
tenpl ate. |m0@1@ﬁsmb@maﬂﬁeﬁ@n dyclivsnengéarial andbessreated by a

RO BAaTERRESH Bt DY AR B AEES o Bl e

paidlgscthtiibinblito ltag bitadgit sirtpmplatss, thbe:oﬁdodluw paiticles being
particles being capable of further grow n? into a
9

eaﬁﬁh RoEbiY e aavinaeta @yéntmqwschn%@ag@ yerailhis process is

e LT e

@Qverrhétél saltpdareb& BBAVStedRS &h eldmérital Mees enefs pifesénce ofa
reduci ng agent. The resulting elenental nmetal binds t

reskiciigoagryitc dl het resplting edernaatal maial binds tathedpiological gemplates
n_ot her, odi nents, a seed materi al

?%@QFOW‘%'qtﬂ%t?%t'wommeéﬁfg Y§ht o the bi ol ogi cal
materi al . jHhemerbhPodirAenB! alscBH PsateRiar lagénishfitially nucleated

converted

onto the biological material. Thereafter, a metal precursor can be converted
into metal and plated on the seed material layer. The seed material can be
selected, for example, based on a material that causes the nucleation and
growth of a metal out of a solution containing a corresponding metal precursor.
To illustrate, a seed material layer containing palladium can cause the
mineralization of Cu or Au. As one specific example, for creating a Cu
conductor, acceptable seed materials may contain palladium, a palladium
based molecule, Au or an Au based molecule. For an oxide conductor, a zinc
oxide may be used as a nucleation material. Examples of the seed material
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,
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into netal and plated on the seed material |ayer. The
seed material can be selected, for exanple, based on a

worb@Erez2e6t hat causes the nucl eati on and gr om RCOfUS2006/031918

metal out of a solution containing a corresponding

metal precursor. To illustrate, a seed material |ayer
contai ni ng pal |l adium can cause the m neralization of

Ed, 6o, Rt. Réys\Wo @z, Bloedigf Co allogete.g., CoPt)cNealldysg Fa dlldys (e.g.,

S5, ST TS el e Bt

Qmﬂuﬁ%)ﬁ&é‘llﬁdluﬁ%n@% 6]%)%8F 88%&6{1@)@%@ iunocﬁ (flen dantalum

'as a nucléati erra

BElelé nidbitih dixide) ¥bHaGiuM oxn@orEﬁcotﬂQm &¥ideRu, Ag, Co
al | oys or Ni all oys. Metals, netal alloys and netal

oxi des t haf\ny & ab'wrpbgrt @fd:ilffeer@nbb@lomalmaherlalanambe oged to

vg{} th(eﬁggmplafégg?s creﬁ mgl‘th%%etal'f@ng\/\flr&;*.s lrtcg,)ddng pgggln)s
Pepiidee? phggé%ac%ﬁé) ildsE¥, arefRe k@NafHdHachN for selecting,

I nd| um ox al um num oxide, indiumtin oxi
otmirg an@pplme@xmgea bnolqglcal|nMerlalathahwulmm»plejm a desnred metal

AR DR S A SRR Ul
49A88506R How Qﬁplﬁﬁ&ﬁo% 3R #f §@ e ?ﬁ g%@&&?ggcg%ﬁ%ﬁ@dles

nanow res, inclu prot el ns, pep
Bagicraiien and rauemorpm@tembeﬂenmby réfeeericgchni ques for

sel ecting, ,form ng and en I neering a biol ogical
material tAanoiEd gb@éﬁuﬂ'@ gisablenyiptes puebian pretein, a peptide,

I
REaSeE o 3uSal 5 e 247 oA GlERRc e 68140
seletted seaademaferidhobaisetectes bogdngivesniieriahr Ridteins M heptides
are incorporated herein by reference. As noted above,

!%M@IW&P a Rt Baterial kandegdentfiad thioyatpeineteindiscovery

85 B4 28T bt BEuE B BEFESY ppioers.
E6i eximplednmitkiehsy of PRAGS d%blayplll@ﬁaﬂeﬁsof@hag%gé dem 3,

with affinity to a specific material can be identifie

piagrsgisan ber ereetad by nseviingya pride: ug@etymfldlfﬁm'ephwences of

emieRiniolf PRhulPE e Riaes, o wufein SptPailo aginity for a
s fngeshomegtissrl so boie b i BB R B o
Iﬂep{If?;CE; : E?Oaawpopul ati onyof t he phage. A gr otein

having hi g||?1 r?afr[lcmalt”,yche genetlc sequences of the biological molecules
can be controlled to provide a number of copies of particular peptide sequences
in certain types of phage particles. For example, about 3000 copies of P8
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,
this technique 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
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specific target nolecule can be isolated and its
peptide structure can be identified. In particular,

woheo7geresi ¢ sequences of the biol ogi cal nol eceCeaSE@A/031918

be controlled to provide a nunber of copies of
particul ar peptide sequences in certain types of phage
particles. For exanple, about 3000 copies of P8

@"a@bﬁﬂ,ﬂéeﬂﬁrésk& t@bfe%&\%h ibihdifg Qﬁﬁﬁg@r VR Yo it R alibidium
ength oft ML3 phage particles.” The P8 proteins can be

naxk beenl identified Winiich ears pedndarporaded inde aqepgensteuatinst to create
can nucl e%te,the .forggti n OE or E nd .a conductive
ReRQITS With GPERSIORS Based g (0esRIBEIERNIHERRINEES. of

hi gh condugiyVHitM- Lant (Y j i

al | ows forgiohaédlg%imétgyla{é o&ggﬁ@gl pq%gs;cgtg?r&e{pégd‘aﬁg templates
for yisé fdrhratien $f cond uctveoharidveiratanov exesnpler filagtertdus pedeins
of bi ol ogi cal tenplate nol ecul es tein

les, e.qg., pr.
whishriglisgrsemble mtpﬂom§trgﬂ%0ﬁen§cﬂ?ﬁtn%@rqr§:jg pb%rpﬂtﬁ@@n be used

35 ARG Tt E T T ee FORMEEE ARl Skl 2 fomplate
PeAEinicdaid $yribesiféd o Rave Benidts RiFrger adpedt raticothanpiege,

structure to create nanowires with di nensi ons based on

whishdeads thlowsh pgecqlative tiresholdicener)iteationswf éhe gpaductive

ot her. t ha a can be used as .te t far t
RSB G er s A ansra 4o SRS parge Volume than
DhaGEBAkRIES, NIh§E sBaleibAlifagfIrE R pPatBIIsCsiith s lePRgmes used
strands of tens of mcrons in |length can be used as an
as$ tetangentariditivgs), st well deeclopedure 7). Advant ageously,
such a ten?_l ate_protein can b

e

thesi zed to h ,
much | arg |gg%§%poyv§tq 5cl?q{gﬂt?cbﬁ%r§g{ne§ﬁé EFPt?E‘a%‘%\ﬁSU@F 8 having

4 Aot o %ﬁlo%gogﬁeé B4 %iggile? Wi }%ﬁﬁ/ﬁd%i% astiQs BBE The binding

conducti ve nanow res. io , proteins are
sitss are dadectgdtd bave aniaffihityr fpe thtomdudtivapaticlgs, such as Au,

articles.. Large scal e manufacture _of proteips, h
Ba. GHAm. iaimadvauioe duning slies odwveian aity for a seed
[ .
RN Pty a0 o AR ottt
pariplesdsuth As Qunahit thevkkepaThe pratsindizaffli8 lkandilswbe

sites are selected to have an affinity for tl}ﬁn_ .
coginaertad/ie haveta plusality ofi binding pites g With pughafipity. Itis

OhSTOTL4 i SpHba oo el Bl e
lenbth ey inBreddseahe cbRguétivity Tithe einal conductive layer.

The length of a biological material, such as a protein, as well as
its diameter is easily engineered using known techniques. It is engineered to
have the correct dimensions for the optical properties. Once the size, shape
and aspect ratio have been selected, the biological material can be exposed to
conductive material 8b, such as a metal, or a precursor of the metal.

Figure 9 illustrates a further embodiment of fabricating conductive
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
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of binding sites 8a with such affinity. It is
preferred to have them spaced at frequent and regul ar
intervals along their length to increase the
conductivity of the final conductive |ayer. The |l ength
bohdmgh hgtmgjerdb orings miydropreabidintesraation, cirel the lke. e

as its di amet er is easily engl neer ed éjSl n

inteeaqion hedween theagsrpisiefepddes “Rand hﬁ@ng%wﬁamqh? self-
ghgﬁ)%ﬁ) 8@% fc%rndki Réﬁ |re? P OI § érc Qgﬁaeﬁhfﬁeéh fi&tworks,
ape "and a

spec een se ect

aBishlongi mahe ﬁ‘lﬂbES@(ﬂJer&eﬂn lFleﬁéFB)S'Elde hessaiatibrepeptides and their
mat erial 8b, such as a netal, or a precursor of the
loratigns neayybe of the typede eacedrager thetasning &l sepshas: epd to end

cpBbo . SPSREEHRIT IRLAST GoaMed AR o7 M Ponductive

IRRET MeeieExapi er\s‘»HdW’rﬁthlgdréTS hardomaiistivalflatédal 8b has
associ ate peptides 9a and 9b at respective ends.

alieady @g»updrt@ ml'ee pratein scaifplded hefdie dae praeinacaffldsdgrm a

rEiions) AFsFof BB atbBn et bRar crlhte Kb Wondlhn

n@ﬂﬁé’:‘kﬁ%orh&f‘éﬁé’@ﬁﬂ r$Fo1‘ AeRIoRALLRAL nshidihe i ke. The

i nteraction betwee he associ ate peptides 9a and 9b
encour age Tihus the lubasf bidibgicalf tetripdatedraving assoaita@eiptides or

oiﬁh?et{ﬁmg@gqlpgn@r@%? e, i ahg ToHHoNS R o S g BBy
cteﬂgeétgﬁ'rfet\yVB mas el{c’l@)ﬁeﬁg)s%fblé OBthtr4R8oh SRR L ERe

ormn to end connecti on,

pertilfmamm‘tmdt obhhe bislodical teenpldsi cre&dtmr@fp&sbé selacked to
conductive | a In the exanple shown in Figure 8,
achievederitgds egfﬁﬁéaﬂoa@erga the soRfvEN@®Ia¥und to t he

Protet i sqathabl Bade Qifntde Pl B LA abRE SR,

net wor k. ers
naBaivirek &f aﬁt&mua?dcﬁmeheroﬁsamwwmb?ﬂesrarﬂrcdmpcbmwms Further
bi ndi ng the conductive material. Thus the use_of

aﬁwan@@e@zﬂf bidlagicaliebasar mgnutasbeing ef prn-mpderials inalydy:

SBUEDIoBE S i Sph SOt 6L heb TR Eoft, frient
1RBEEAtER BOSSIIIrE stbbhor eatifemalap endresdudiion of conductive
parti cul ar network of the bi ol ogl cal tenpl ates can

layegs.ef ore be sel ected to achi eve a desired degree of
order in the conductive | ayer.

Conductive Layer and Substrate

As an illustrative example, Figure 10A shows a transparent
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
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.
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Tenpl at e-based synthesis is particularly suited for
fabricati ng nanow res of particul ar di nensions,

wouopEhetngi es and conpositions. Further advant ageasefo6/031918

bi ol ogi cal |y based manufacturing of nano-materials

i nclude: solution processing that can be nodified for
hi gh throu hput, anbient tenperature deposition,
superl or cOMatixiresfets tosmdolfet- smmmaterlalflnt@qnﬁlﬁﬁtthé’ fhetal

d S
ARTos A LoBRinte: & Smbeikal. Hationawt the naa rurain
r cqat e
S e S ORGSR Sy
“ﬁhej matiix js ahostionalthe s iepwies ditEpfRidds @BH?M%éélﬁférm of the

or conductive network. Figure 1OB shows ano
%‘%%dﬂ#i? 1S AYC4: trhﬁrfﬁﬁﬁtxem@tmﬂf@dmtalIlanpvwrasmnmbdaerse

GRS BUF, A2 AR 8 AT B0 8o
sigmifivantssioh@re ﬂ@ﬂdﬁ%amllt? o'FBbfrbéSlvé %lerﬁ@ﬁfs‘ i tli\é ehffSnment,

to a solid-state material "into
HENAG Meistuies trgice paneient ocsacasbemm sktfut andsheofikd. he

f { t |t
enabl e acd BBt S Bratfit e SdakBianis Ryl anst meshaical
pﬁob@ﬁksft@ thé BEndBétRk I8 VFdree‘%aﬁgﬂe P Xk %ﬁ?\g egpx@% ﬁ@lto the

formof the conducti ve ayer matri x
swbstipten anwtherssorer unlikedwetas exialevilmsn paiyhfdrld‘ @Cdrgéﬁlc matrices

BB o ebRe FoVirdieaTs be byt aretdspitiey Asrwil be
RIUSIEH Ve nfr8 TRIMiP heRir I?%x h{acl’ ltngka i sé]‘?%%ﬁ?'e 1o fpbricate

noi sture, trace anount 'o

tremsphidnd condueldds in @ low-cbst, h@*fﬂhm&gﬁrﬁﬁﬁ)rcﬁééls@r abl e
physi cal %d mechanl cal, properties to the conductive

| ayer . eRipl.dhe °Pt'€%lrpr9@®¢"ﬁ§@f ththeendyctive layar can be

de fi
B el AR5 TR B eior
Iamnami uewanted {giaref obnibe effedtivdigxedlced lﬁsuﬂhb'a M&trix of a
scussed in nore detail herein, flexible matrices

dﬁﬁl@blfetr efiastiyarindexocampesition and thiskpessent conduct or s
in a low ool §8 hifRY9aRY, ptiRaf ER3r material. A material is

considered optically clear if the light transmission of the material is at least 80%
in the visible region (400nm — 700nm). Unless specified otherwise, all the
layers (including the substrate) in a transparent conductor described herein are
preferably optically clear. The optical clarity of the matrix is typically determined
by a multitude of factors, including without limitation: the refractive index (R,
thickness, consistency of RI throughout the thickness, surface (including
interface) reflection, and haze (a scattering loss caused by surface roughness
and/or embedded particies).

In certain embodiments, the matrix is about 10 nm to 5 pm thick,
about 20 nm to 1 pm 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
1.3510 1.8.
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Moreover, the optical properties of the conductive
| ayer can be tailored by selecting an appropriate

waorbe7ioz22amat eri al . For exanpl e, reflection | ossPanas2006/031918

unwanted gl are can be effectively reduced by using a
matri x of a desirable refractive index, conposition
and thickness. Typically, the matrix is an optically

cl ear mat ein e¢rtaih emibedim@nts, she aniidy £ polierc @Hich is also
clear if the |ight transm ssion of the material is at

refqued é@‘?@l%mlﬁ@e&méﬂ%ﬂﬂé r@@tl‘«‘f@r{y @lﬁ%m)ﬂn%mm)known |n the art.
FRafEles a;of"eda%%wﬁ“@gwéﬁenci@cﬁ Y 81 pbl Bitedes'”
belyatrylies sugh as poaphathabfylsas (¥, rqc p%y(me-fﬁyﬂ rﬁ@fh'a%ahate

clarlt)( of the matrix is typica t er m ned
rolyerniaies éﬂdfp@dztamdom‘tnﬂes,umly\\gnw altehals |po‘ryesaerso(re g.

b elF et 55@@9‘ve§&r”es’iﬂ“ﬁiﬁ%‘°"aﬁbe”Tycaréonatew
p@WﬁTér@W d ﬁ%;lhe&égrééof éFtﬁnQﬁ"rﬁ S Zé‘riﬁ écﬁdo\i'&g Jr&Ssol-

caused surface roughness an
Mmidﬂ@dp (NIOMOI@GS? pnlyetytneldesrmmﬂwmylﬂmmm piolyvirg/Ixylene,

SOVIRIGES. ROy armicRs. BobATHeRIGRS, novaSRsTumeRLBObREAdSS
e e
ey, polys;leflnqu)glipblypﬁbpylllbne Sg?cﬂilmethyﬁfeﬁﬁé@éi a}r&ev égf]c(l)laﬁ?leﬁns)
RetvioRaisrh TG eheifrstelensrconalire @ B 9a&'slééc§mmocm§ and other
siiforhectaliita BoGnAS (& o bbBHIReonReh S ATy B °

mxdywaylchloadeS(Pvmj p@IWQ@tétésoﬁbltyhbHﬁfmeﬁ@é Yeynfetic rubbers (e.g.

yet hyl ene 't er epht hal at e

alcohols esters
TﬁB%cﬁ@%Mg@n%wﬁgﬁyﬁtﬁs (@ug, mﬂyw@ﬂm@eaﬂm)ﬂg,

&ﬂg BEfdertshiliche i e s Rago R et bl fers o

fnmraaﬂeﬂrﬁm hy h@cHMi g blefth le@@e Lmhw@)n&ha)dn%}%hous

ol yi m des, pol yanm des, polyam deimd
Tﬁiﬂ"?@ﬂ rhen miwn@%rs qmowmmerse(e g. p@VV@BQ lnmé\sahl Glass Co., or

TRPBH B P P10 e

ey ent TP EYe| e (IR oo gt For
e@mple oz sokgelgnairixdasedadsibitd enullite, alumina, SiC, MgO-Al,Os-
Si0,, Al205-Si0O,, MgO-Al,03-Si0O,-Li>O or a mixture thereof can be used.

In certain embodiments, the matrix itself is conductive. For
example, the matrix can be a conductive polymer. Conductive polymers are
well known in the art, including without limitation: poly(3,4-
ethylenedioxythiophene) (PEDOT), polyanilines, polythiophenes, and
polydiacetylenes.

“Conductive layer”, or “conductive film”, refers to a network layer
of metal nanowires that provide the conductive media of the transparent
conductor. When a matrix is present, the combination of the network layer of

metal nanowires and the matrix is also referred to as a “conductive layer”.
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silicon-containing polynmers (e.g. polysilsesqui oxanes
and pol ysil anes), polyvinylchloride (PVQO,

woabyaezat es, pol ynor bor nenes, synthetic rubbecs/uSeng031918

EPR, SBR, EPDM, and fl uoropol yners (e.g.,
pol yvi nyl i dene fluoride, polytetrafl uoroethyl ene (TFE)
or pol yhexaf | uoropropyl ene), copol yners of
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leyeldependsoipciars sueh @si themspget et cthedegsae of ligment,

_ f. . . ,
TR A et R RE Sl & ] B QR
el ectri cal Apes andersiooal 5W6ﬁ§€k’|ﬂléd &ﬂmebéﬁCtﬁé mechanical and
conductive. The surface conductivity of the conductive

Priical prapariieepkibrymairysetikelydp heoaliared sucompsomised by a high

A q
bE3IB A baliPER v, Kb e0fu R aseerssatiogof the
tBeal dahowlirel &iYoRSor MERrAaliBh of % doﬁd@&ﬁ?ﬁeﬁémdﬂ@%rough the
matri x nmust be filled with sufficient netal nanow r

m@trb@@f@@reﬁmd stiffaee lomding eyvehprefenably ofralesh 6.@6 ug/cm? to

S0 RS, ol S PoBAS S P SRRk Bgiom? and
thakepretératty fFEmt oLt T8I HGIcnY R0l B%EE 3RRFcA? R id&enanowires.
These surface loading levels do not affect the mechanical or optical properties
of the matrix. These values depend strongly on the dimensions and spatial
dispersion of the nanowires. Advantageously, fransparent conductors of
tunable electrical conductivity (or surface resistivity) and optical transparency
can be provided by adjusting the loading levels of the metal nanowires.

In certain embodiments, the conductive layer spans the entire
thickness of the matrix, as shown in Figure 10B. Advantageously, a certain
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.
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resistivity of no nore than about 106 W square (or

WD). The threshold | oading | evel depends on factors
weualr/ax2t he aspect ratio, the degree of ali gnREMMUS2006/031918
degree of aggl oneration and the resistivity of the

nmetal nanowires. As is understood by one skilled in

the art, the mechanical and optical properties of the
Figuirei M0Giillastrates| howt it idbelivedrtad networdknpiimeiad eeln@wiras

hi gh | oading of any particles therein. Advantag
emheddeghn aspatix actiovas %Hr?%qeecmtw%nﬁw\é ewnaeﬁg sbine

"brirdS. 3 04 F Palinfirg TR RN D] BT, Ao HPthelinpx 1o,
eﬂﬁs@*ﬁ@tﬁer%é?%w%’sc Buéh b9 enliddb, peotraecabde therstirface 19 of the

preferably from about 0.1 rTg/cmZ to about 5 ng/cm 2
matx 16 Alpe e pottisinyoffa mﬁcﬂ@@@@tl@\ of Agnewires, tsglng@@mdgﬂe

SPROSH Tohanay praf i ADSVE ESsurEnee Ry Btk fenough
n@h@ﬂﬁfetédr@% b hhe nﬂ@&l@lsécuaﬁ@ssc BdtHRfe meesmammfy the

I mensi ons and spatl al di sSper si on of the
soefaosviof e transpareabeandiciqr hawnmmﬂuc@m dirigwe d06xis a

SPROMEE; g éh%g'amn?b%%? sliitte bEhes SEbdment 847 ded
t%sggiéfﬁtcbﬂﬁuétgﬁ sh&ﬁﬁ'ﬂg Eﬁ} 6f &hdd ﬁﬁd Wﬁ&lélle sections of

nocertal noenp |nen S, e conductive
naapaires [prosuding wmweranammhrae‘sansﬁareh’ecwmiuuto« as

o Bl e AR S e fer AT et
n@@‘@ i alérﬁbé’d’oee& R d QSmBHrJf%ﬁn{a%ﬁ?'%‘sl%wﬁ WeFigRté HBE. The

feature Is

coatlitong I@S/éts/m’S@édUplésJ@nly ausdrtion o€ the A tdandrese | n
particular, a transparent conductor can display
comletely sohmarged; '!Vhélﬁn%tflxl 8ast one surface

t her eof . F'ﬂ@ﬁé?g%( . O“EH Leﬂé‘;?ocgg‘@g" refe?sli’@%a F¥&al 85t

net wor k of vv|

vWiEh B 8ordlidtiReaayeins eehtedi drilamivatsdoWhe s&bstratesczmebe rigid
nanow res, such as nanowire 16a, nay be entirely

or dlelsibie.gEte substrale caxt be gleas or epaguST THEARIM ‘r‘l%mﬁmait%gf

gice: T weTeaty S edTh Bhbbe GRS o RurfiondiBecss. go wilBe
d%w&%a Pereifl @b@%léﬁ@@'s@b%ﬁﬁfés%cl&ﬁé; for@xafiphd, rglalss,

ove the surface 19 of the matrix 18. |If enough
podyoarboratesdacrylits, and the dise. eSgéabledlﬁzﬂbi@@UbemtﬁadFéClUde but

oSt BB b, BHRRSRT! S BR EF T hoester
naphthalate, and polycarbonate), polyoleflns (e.g., linear, branched, and cyclic
polyolefins), polyvinyls (e.g., polyvinyl chloride, polyvinylidene chioride,
polyvinyl acetals, polystyrene, polyacrylates, and the like), cellulose ester bases
(e.g., cellulose triacetate, cellulose acetate), polysulphones such as
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
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scanni ng el ectron m crograph of the surface of one
enbodi nent of a transparent conductor showi ng a

woani7ear226ef ends and m ddl e secti ons of nanow PEE/US2006/031918

protrudi ng above a matrix in a transparent conductor.

In other enbodi nents, the conductive |ayer is forned

by the netal nanow res enbedded in a portion of the

al’liatlTeine. “Bight ransmigsidn'gefess 1he ﬁéreentag&m:ftdn/mcldeyle hg ht
occupi es only a portion of tl“b trix 18 and

tr@@ﬁmlt@% ougfmam@am Invarieys ARRkeAImegts, t@%shﬂaﬁlr@mlssmn

V\me ﬁé’r{lﬁ% higL ‘Fa(ygr i§ QPI &t 809 5ari Ba%s%@ﬁ%!s@@/mﬁ:%ﬁ_ﬁ

LB 96 ayer’i1's coa an nat ed
t@%bpérrem BoR@UICtBEIN WhicH the cbheudtivedayditie tedbelapainated
be clear or opaque. The term "substrate of choice" is
onyapsigkstiage d@@dlguhhtranam@@tqrb@f thetayesal| ﬁmcﬂuta @y be slightly

Ef[] ‘?\B & c\}’{mglpa{j@g “eq scuss%g?ger gplggg S L@ 1859 anti-
r@ﬁédﬁ@éﬂ%a&ﬁ@- B 'l%}ércﬁ»ayamﬂhél*@)ﬁth&ﬁe t§h‘éﬁ@@h§ the overall

flexible substratesmcue but are not limted :
hgbi yassmissiopenfdhe transpatemy cenduater. elplmafmlatetmIQMrnents the

Iisﬁ e%q%rﬁﬁggfo t s&%&‘%gafe ﬁgn%%arsgg%g St @%oh 5!’/0 at lEast
% Va}f'l%‘a/ét - &rat @XNB0A ¥hd ‘%ﬁ‘é;f’bé%% hugﬁ ¥\t Tyadt @a9€to 92%.
ori yvinyl acetal s,

poI yacr yl &tm is amdntiée of ilg¢ﬁ)d|fhmd>m ultwsﬁarsm tre persestage of
cellul ose trjacetate, .cell ul ogﬁgﬁlgeta

ﬂmnyarmtméhs@t sepaated frRINJae H&’%‘%ﬂtﬂiﬁ ﬁemr)ﬁﬁdﬂégmg

0
RBSTRIRE: CR ot RRIERbh FRloL B BN & pidnefy of the
nedionh, haze & @iten b.pFodiRetioendonvern Gnd TStyRecally Tapsedblysurface
t he optl cal transparence or clari téoof the conducti ve

ro@mes(@@ﬂdlﬁﬂaadﬂ@d particles 9r erevpeRitions) helerageneitigs in the
RS B3R B ARk B e Rt oyt oo

nhcbr@fthaﬁ MaRs Ad infe tHETP8Y) of noBAbrethah 5% andanay be as low as
enbodi ments, the |ight transni ssion of the conductive

noaypere than2%Ite £&5%%80% and can be as hi gh as 98% For a
transparent conductor in which the conductive |ayer is
deposited or |am nated on a substrate, the |ight
Hdrhgahesicphaftingayeysgral | structure may be slightly

dim ni shed. Pertornance- enhancing | ayers, such as an
adhesi ve |Asyroted aboveetheseanduetive layers have superior physical and

mechanical characteristics due to the matrix. These characteristics can be
further enhanced by introducing additional layers in the transparent conductor
structure. Thus, in other embodiments, a muliti-layer transparent conductor is
described, which comprises one or more layers such as anti-reflective layers,
anti-glare layers, adhesive layers, barrier layers, and hard coats.

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
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| ayer, anti-glare layer, may further contribute to
reduci ng the overall |ight transm ssion of the

wonrentapznent conductor. I n various enbodi nent spPCThS2006/031918

light transm ssion of the transparent conductors can
be at |east 50% at |east 60% at |east 70% or at
| east 80% and may be as high as at least 9 1% to 92%

SR iayePR6ipodRdnel elathalshbstrdtern4. Unlesd sted ottdiwise,
percentage of the quantity of light separated fromthe

eaw) dethe layemt22add ansk2® eaededine eignoreaaRiiTeisative layers, anti-
ghre BietathishRISE S Cbafec e it el abg bt e
s typical{ye %Qz 0Y4 B 20Gerie YANBES furidns rhRgIRd

particles or sitional heterogeneities in the
emithnaing the oweralh optieatipediompanse anbdémipeavingthe hechanical

N L T
1] 0 9 N i

4 petfiimerioh pohanhe i< S (EIR SR BCRdE driehicts layers

aiy-glatallayens, adhasivel laperse barrertiayarst and hadidecdatst hie certain

matri x. These characteristics can be further enhanced
epbpaimesconR)PadeimanseaenhanEng layer PRYidenRkfe penefits.

r ruct . I '
RO E, 2h bl v Rsr e A0 AR FERNA vl apgior o
SATRF 1828, JRdditioftoehbin$PESIfis Wedpariied the peefdreahtye
| ayers, anti-glare |ayers, adhesive |ayers, barrier

erijanaing layernaredopiisally cleas, andefinegshergin.ve exanpl e,

Figure 11 shows a | ti-Jayer  Lr.anspar.e d .
conpr 1 si ngooRAkEHIET BB 223 AR TElpERE R  Jovet 24 s
&% adResive a8 Rayer 26 igalHdrd lcager transparent

I !
conductor 20 furthér conprises a first |ayer 22 )
posi t i onedinmarathemhembodimenti kayer 23 és a hard gogk dayed 24 is a

| ayer 24 [ Li . bet he. ducti | 12
%5%'%5 Il?é/e&tjﬁ(}i‘i {a&ggggﬁs g'a\r%@ pf?ﬁ?&&’%quéff IZ\éepogin |r oned
bel ow t he gubsigdtfer¥mbdiihient 1aye B8 BSmMirfiont¥&h anti-

of the layers 22, 24 and 26 can be one or nore
arfiectivesfdyec tantieglaee er lsarrientayegbad e hargdenost, lagére24 isean

dheive imner AP ELES T Bl SRRVl T ous
el one. HERTBRRISEPBirt 45 a0 oo renecton
loss at a reflective surface of the transparent conductor. The anti-reflective
layer can therefore be positioned on the outer surfaces of the transparent
conductor, or as an interface between layers. Materials suitable as anti-
reflective layers are well known in the art, including without limitation:
fluoropolymers, fluoropolymer blends or copolymers, see, e.g., U.S. Patent
Nos. 5,198,267, 5,225,244, and 7,033,729.

In other embodiments, reflection loss can be effectively reduced
by controlling the thickness of the anti-reflective layer. For example, with
reference to Figure 11, the thickness of layer 22 can be controlled such that the

light reflection of surface 28 and surface 30 cancel each other out. Thus, in
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properties of the transparent conductor. These
additional layers, also referred to as
woOpes7foezarance- enhanci ng | ayers”, can be one or PADMUS2006/031918
anti-reflective layers, anti-glare l|ayers, adhesive
| ayers, barrier |layers, and hard coats. In certain
enbodi nents, one performance-enhanci ng | ayer provides
Wﬁdds%rﬁb@&ﬁﬂidté She Rtti-refiecileSay@isaibout 160 Inge thisteor 200nm
layer can also function as a hard coat and/or a
ok i er layer. In addition to their specific

i he, f h i |
oot oal |y ReBectidhiostann Al froreipoc by HRanstDRRRuse of
tlggﬁ.géd %%rf‘FEe@bééme 88! paldntNd. @&beg?%rht%ﬁur& GH'Autoflex

sive layer Iayer 26 is a hard coat
MARAB M anﬁchﬂbﬂlemem praryiectsz‘ﬁoms‘x\Aac_:[hlarrmd:Aatotypeayer 24

P AR AT R eI
G ) P B P P 2 by Al e

lodighhes$.06 th@)sal‘faé’@to Sca&feralﬁlé refteb‘ubﬁctSurtebleaaretr-glare materials
"Anti-reflective layer" refers to a |ay er t hat can

argamelbkpewnde therart) ipskiding \wth@ml@@tat@a siP¥RReE. of the

e IRRIPIR B, MoaweBfo bl e R ifoceiEbe ifatye

r*e%ﬁf)sﬁé‘l'yﬂﬂé m&uﬁbgbxrr@ksaﬁo@ﬂrétﬁéﬁ frie6cdiRnoveeand acrylates,
layérs. "Material s suitable as antireflective Iayers

aﬂ ef wibich m;ay)mmpﬁlseiaellgi'ﬂtd)ffuarng oaiteripl wuch @stcolloidal or fumed

! 5T LRSI B odd 495 B H IR Bt v v,

M %3529%47484 aB%nﬂs% J(ﬁa%l m@rsoéfﬁﬁés@ méméﬂ'@ '&bﬁ have microscale

'ection | oss can be effectlve y reduced
a:mmposxhbmaidwettemgehemleaewb|cbfcanraisam<hlbntd[glhédtfﬁu3@n behavior to
ﬁ%{l For exanple, with reference to Figure 11, the

ERIUAS. of |ayer 22 can be control led such that the

light refl ”‘?—‘Férjd%_?ﬁf oﬁlgrftﬁé@ra%%naag%@l#éfe@% §Q;ogﬁngﬁ+at

each ot her out I nvari ous ehbodi ment s,
mldﬁs@chMnaleuHayepro?teciaadmagalmé’osma’(dl‘lbsandmerQIOnm

NG (NG R T DN
B 501108 e O urthdds BERAHAfed ilcbhas | §dly(silico-acrylic)
and so on. Typically, the hard coat also comprises colloidal silica. (See, e.g.,
U.S. Patent Nos.5,958,514, 7,014,918, 6,825,239, and references cited
therein.) The thickness of the hard coat is typically from about 1 to 50 pm. The
degree of hardness can be evaluated by known methods in the art, such as by
scratching the coating with a steel wool #000 reciprocating 50 times within a
distance of 2 cm at 2 reciprocations/sec under load of 300 g/cm? (see, e.g.,
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
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MARAG(t m) and Mot heye(tm products from MacDi arm d
Aut otype. "Anti-glare layer" refers to a |ayer that

woedraez2snwant ed refl ecti on at an outer surfaeeTaS240h031918

transparent conductor by providing fine roughness on

the surface to scatter the reflection. Suitable
anti-glare materials are well known in the art,

bl@ak Hehegvainidienal dreféIpkicWn lrﬁﬂhlecawnﬁaudmg wihtout limitation:

styrene/ PMVA bl end, |acquer tg
IJ iaresing, td‘d@fmated oafiniggingl t@ﬁm& efvinyl, chlorlde -vinyl acetate
ﬁ el MR Beacl et B §afiel SMEEFERRRE ryaiggbber resins
68I%Hl§§r@slﬁé Eoimatbhé Lﬁdé?ﬁa r‘é%tr%r féﬁméSHF@tl@ﬁarféo\hhﬂ' ét@tate
lica. See, e.g. S. Patent
Gomﬁméva)oly'fas‘téordsﬁws uﬁethéﬁe Veﬁlns Stviehegdesinsapdlysiloxanes and
ﬁ%ﬁ' 2,784. Blends and copol yners of these materials
ave m croscal e conpositional heterogeneities,

whi ch can i |

reduce gl aféérﬂgﬁ%{"ygp rteférhfwta Igyéaﬁ;]tHlét Rﬂ’#@%fg?x p?évér% gas or
fleitigresmieatian dntetthe granbparept oundietor dichads beeh slamwf\aha
protection agai nst scratches and, abrasi on. Exanples
SefreeRs metalnanovdies Gaitranse %§'ﬂnﬁ@@ntd%p9ﬁ%ﬂ%t@%lﬁcﬁ@al

B&kd’l?c‘ﬁw bg% Ile{)é)ﬁ‘fé l %‘ﬂltﬁé%ﬁﬁg%) of th%oééfﬂdcﬁggﬁa/elr The

S|I|cone acr and so on

bbmeh wyer @Qﬁtef@cﬁﬂew orfiibit a@RoSsHEriRi ctatosive gaélfrofrﬁemermg the
U S. Patent Nos.5, 958,514, 7,014, 918, 6, 825, 239

amdt’rcéwarl@yﬁf@dcmréactmgem@. metal TaBOWeS Khihesmatrix; HEhe barrier

[R5 68t RpanBad M e CEVR M nch el e oS-

Patérm ﬁp@héatmnb 2040258468, IS FatdMNGDH, 56T 998 thda
st eel wool #000 reciprocati ng 50 times wWithin a

4,927 660% B PatanthiNa. 132,565, pndckt Patent dsc Sk, 029 adMoreover,
300 nt 05, 75 T
Al gt ot Hhieneealpbe Brer Bnd R e Gpaliian ai%o act as

an anti-reflection treatnent by known
SehedsaT

‘the art. "Adhesive layer" refers to any
optical | y bl estainendradiinentsatheonudislaywo tradsparent conductor

| ayers (e.g., .conductive lLayer and subs 1 e) together
%ﬁeﬂhéw%ew»%a atschig B ghovars fonaidtigllaysiE ca taver
My [

BEPOPSS pRIeIhiM %\kﬁ*%ﬂeﬁ@%ﬁ?@’ b N ok me
materadtasdhe flegibye substmenﬁxan’mles oﬁp:todaebtiwlee‘ﬂrinnncladenbut are
resins of vinyl chloride-vi nty acet
not limited to: polyester, polyethylene erephthalate (PET), polybutylene
terephthalate, polymethyl methacrylate (PMMA), acrylic resin, polycarbonate
(PC), polystyrene, triacetate (TAC), polyvinyl alcohol, polyvinyl chloride,
polyvinylidene chloride, polyethylene, ethylene-vinyl acetate copolymers,
polyvinyl butyral, metal ion-crosslinked ethylene-methacrylic acid copolymers,
polyurethane, cellophane, polyolefins or the like; particularly preferable is PET,

PC, PMMA, or TAC because of their high strength.
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copolymer, maleic acid resins, chlorinated rubber

resins, cyclorubber resins, polyam de resins, cunarone
wonadEne2nesi ns, resins of ethyl ene-vinyl acetaPeT/US2006/031918

copol ynmer, polyester resins, urethane resins, styrene

resins, polysiloxanes and the like. "Barrier |ayer"

refers to a |l ayer that reduces or prevents gas or

%b,&gb%oﬁqﬁ%%,ison into the transparent conductor. It

S been shown that corroded netal nanow res can cause

a si gni f i dargtheleembadimnents tthe tmrsparer&@r)nduﬁf@umawmmprise a

as mell the |i transn1 t he conduct,i

i iR ie Piacitios s OF Mk PLBRIBALTST (R B fescribed

IR mgkéht%%e@n sl h%?‘p‘?B\‘)l@é'p‘?Qtebfi& fOftBta

ayer and contactin nanowi res 1 n

5 nmtowwes B cooni differemamecmrasraswell known in the art,
including without limtation: see,

Appl i cat i o‘hccmdmgdemg%@lsmstmawgw%mh'@t%&}n@ﬁaBead"v

o388 5 o5 A Ara A e o

418y eéferrdttb o8l RirAet-forei ng‘iﬁdrrbéien hatibitereat can al so act
as a barrier layer. In certain enbodinents, the

mul ti - | ayeln aneersbadisrentchedvatisr-farayng ceragion dehipiters e

10 fgPRs ZoitaniropPh o b Br AL F LRI Frondi Rgmpounds.
St &@Brdﬁﬁ’aﬂfﬁl‘ﬁaz@lﬁst fh‘ﬁdéﬁcﬂés Rbahiagbleds 'ItH@a%efdcﬁ%p@Jrﬁjs have
substrate. Exanples of protective filminclude, but

keen demohstrateddotiorm stabje somplexes| orea hyatahsurface to provide a

2T eEEt H\{ﬁlf ?'}T@P&E@E‘%/ Paagtlss(@r%\lﬁvﬁy%réigﬁ E&Fg%%g'qﬂtbehzotrlazole
@# AQVI 2 %n(o':> mc%'rﬁb%tdﬂlﬁﬁ%ﬂoF fdr%ﬁbé? 8r é&}é@raalloys

al coho yvinyl chl oride, polyvinylidene
15 (Sdhemea e) NkWsaIUsjntLdee beezbyiaeolesysmh aamiytalaeole and butyl

B e

S B S Mg LISt 1 v
tbl Qt‘arﬁhbﬁyﬂmiduﬁbrﬁ Gédlmlethyﬂlfeﬂmmuia&olej 2edin@ro-5-mercapto-1,3,4-

enbodi nents, the transparent conductor % nprise a
hindiazqlen2-MmarcaptopyTimidingRMereaPtoBenERxazsla.iZsy of t he

20  MBHEdibndBbthiadSied556 2 MEfbaptobenzimidazole.

SCHEME 1
N N
~N, 7 Cu N -
\CU\ /N\N/CU \N \N/ \N/CU

o

Another class of barrier-forming corrosion inhibitors includes
25 Dbiomolecules that show a particular affinity to the metal surface. These include

small biomolecules, e.g. cysteine, and synthetic peptides and protein scaffolds
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above. Different corrosion inhibitors may provide
protection to the netal nanowi res based on different
waoreitan2Res. According to one nechani sm the cBCTASRMA/031918
inhibitor binds readily to the netal nanow res,
formng a protective filmon a netal surface. They are
al so referred to as barrier-form ng corrosion
withhfusetl peptidé sequenassbwith affimity fohmetals ré.gr EEGEBYisag, e.9. U. S.
corrosion inhibitaor in

ArplicademSedat Nps %6%52331? G865 7t APIA6RR JRI978.179, and
TIPS 50yl AR h SIS, sotnest Syrurors

afnqreo/gg@hge conpl exes on a netal surface to provi de a
barrier between the metal and its environment
exanpl e, @th@obatr@z@rémogmyrownanB@#ﬁfﬁqlnékegrﬂ'%\'oth'adlazole

a@@! Rl R AR IAR0Gy Yoy E B uRePER Cop siraiont

W@Fd’darrbé‘ﬁ %hﬁma'lfﬂlsttgf)é‘ lof BeMREYibnlinkhiBES Gan %ﬂa%@ﬁbb&on a
used. (S . Pat ent No. 5,270, 364.

)
rmtal S irtace tosf@rmaetm@neiaa{epl(%@heme Sdrthesshyrprotaatipotthe snetal
rfc (ii but are not limted to: 2-am nopyrimdine,
sHMacaftote ROIBEING: mi dazol e, 2- ami no-5-nercapto-1 , 3, 4-
t hi adi azol e, 2-ner capt opygduefhiee.
2- mer capt obenzoxazol e, 2- mercaptobenzot hi azol e, and

2- mer capt obenzi m dazel ss of
barrier-formng corrfogi des

bi onol ecul es that s y to the
netal surface. cul es, e.qg.
cysteine ein
scaffoldswth fuge ifth affinity
for netal s, Appl i cati on

Serial Nos. 16/@584 S623s 816/86655 Si@lS S 965, 227,
10/ 976, 179, aqd 11/ 280, 98§|yerU S. Provi s} onal
Appl i cation Sertat—Nos—606+686;491t——66/ 707, 675 and

?22?33&43%@ CRRFUAT é%ih%@'ragﬁgﬁeqﬁﬁﬁ%é%?ﬂfgﬁ*@w e °
sl Gﬁé( lréégﬁbﬁ co@fa‘ﬁ'ﬁh BeddMbsforpmhibit SsoWeting?4 continuous

rocarbon chain. This type of corrosion
suplpilyboft the cmrosmi inhidteeirbihe \@poa phesal Therdaimsiaroinhiliters

satlutgglneoflo?%ﬁgh (sggtg?nne% ggllvery mcFu% ‘%SBF gﬁésnegmthtlaltors (Q)PI) VPIs

are typically volatile solid materials that sublime and form a monolayer on the

surfaces of the metal nanowires. Advantageously, VPIs can be delivered to the
metal surfaces and replenished in a sustained manner for long-lasting
protection. Suitable VPIs include barrier-forming inhibitors such as triazoles,
dithiothiadiazole, alky! dithiothiadiazoles and alkylthiols, as described herein.
Figure 12 illustrates such a transparent conductor structure
suitable for a touch screen. More specifically, edge seals 32 and spacers 36
are positioned between two conductive layers 12. In the space between the
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
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surface fromcorroding. SCHEME 2 In a particul ar

enbodi ment, the transparent conductor can conprise a
woes®Ermei2s containing a corrosion inhibitor, pPOViUG20vG/031918

a continuous supply of the corrosion inhibitor in the

vapor phase. The corrosion inhibitors suitable for

such sustained delivery include "vapor phase

coRBitot.0TAS rédEvbir AeRtainsia eotrppicraihhipitepivhich earsbé i d
materials that subline and form a nonol aéer on

insorpareded bTto eHrolVeER Math BIMRISINAIBFHIRIy @ee:gtrs/mafm% from
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s§¥'l’abé*b'fﬂwé/ﬁie$al'rwﬂdm%st(@éélm!éetbor nmi ng i nhibitors such

as triazoles, dit |oth|ad|azole al kyl
di t hi ot hi amzc@zd:hgsto anather kyacheanisn, a gerrgsigpripjbiior binds more

ea e QTae plemal(6d 4T i fufrARIReEE bnqyires
THRRE! ddr R ddrﬁmh?d?@)‘?s 8R2kSovdr? a§”§c§\%@@f§’ otBgetiers”, wh|ch

positioned between two conductive |ayers 12. In the
copaste hdthibermetad ahd&sequesllactha/eonrw\ee glementSn &xgmples of
more reservojrs 40 are pre serv

ltﬁﬁzahe and n-

M sasEgPt i bk Al Betiten
RgH@{uﬁﬂﬁH&? $8§,h% BOPUEREREd ©, Seﬁlﬁgﬁda‘ﬁen'mb t4196/0006120.)

_ ance _ ranspar ent conduct or
reser vol r |ﬁ®@rt@ﬁrﬂém®odﬂh®rﬁs; thie damtuisior imhibitoir ¢& gc.deSe
i ncorporated into a polymer matrix o gnat e i nto
B

HaPBNGers) paN He %lﬁpq%ns@ﬁw"\’v\mecmatftx !&%PN' rACE JoPR MGt

S B R L S Ao 83 i e

anot her Wﬂﬁfmnens@mbadmrﬁ@sthemnseuahhanmwwebcaubermeyeated
readily with a corrosive elenent (e.

iﬂeam@lﬂ&ismmnmbwﬁpébeforﬁ&@ﬂébbeldﬁlgu dsptisita mtb%ugﬂéate For

R B e s
@??J%r?&h%|tdﬁ2§ oS BYANU$BEdiOR) tlh@&‘mefalllhaﬁbmre@ban also be

Imted to: acroOlein, glyoxal, triazine
hned\tbd wathuaie antirtaohish §c§g’e¢n el\/@tal avﬁbua.nglﬁ@aregtrgents are known in

ﬁé‘rE ogP%‘%'F'BH egﬁﬂﬁgﬁsttgpog%?lggg‘_lz?s GYES Sﬁé'g%t‘%ggr R %27 u-s.
BLERENED dgb 648 JMRE Ui MILHEhES ApplisatisreNeN2e05/0445480.

In yet other embodiments, the metal nanowires can be alloyed or
plated with another metal less prone to corrosion by atmospheric elements. For
example, silver nanowires can be plated with gold, which is less susceptible to
corroding by H»S.

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
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
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adversely affect the optical or electrical properties

of the conductive layer. In other enbodi nents, the
worb@Elo2zanow res can be pretreated with a corr 86Tms2006/031918

i nhibitor before or after being deposited on the

substrate. For exanple, the netal nanow res can be

pre-coated with a barrier-form ng corrosion inhibitor,
ogngemti@'ékgolhﬁozl{mmemng egeipmenal Moieoven e fadmicatiao

e treated wit n apti-tarnis iqn. Met al

PAPRISSER AT SAMPARIEWIt Sirgely Rﬁ%%ﬁ“r]%t%teﬁéa%ﬂa.re’ﬁpfé’&dﬁ'@r-

treatnents targeting H2S corrosion are described in,

e.g., US. Patent No. 4,083,945, and U S. Published
MNaHIWirADEposition aR8 0FaAdEE4B0Cohdustet Fablieation

enbodi nents, the netal nanow res can be a|l oy

pl at ed wi i carainrembagdimants dsis tbu%ﬁl@sw%wr@m ﬁﬁ“WOd of

h I
BRI Lon RSB O o Bl BRI et
rePolvpdsHh H¥ubBiate! fhectﬂétaln@n@m@d by chspéi’s%d in a fluid; and
transparent conductors descri bed herein can

fombing camethl mgnowirenietwodealayagondhasdistrata éqmllqw\gn@ Hheefluid to
d;Yrﬁtl ng and hi gh throughput web coating. |In other

odi nents, a |am nating nethod can be used.
Advant ageasl Metd PRNbRAEL GBhi P RDAFRF ES Hedasisdd Bssve. The
herein do not require vacuum dep03| tion, in contrast
rhetal hanowireeate fyphoailly alispansed int abquidtiaifaciliatedhe idepssition. It

Instead, the fabrication p,roces es, cap, be.carried oyt
SPGBt RS S hen RISPeAaT, S5 gt e tsed!

e I
R eapl B B8R et B Rch e ARt ros can
bhﬁ@V%ltablefwmbIoinO(aIsamhll‘éddn&ﬂalrrmrtov&asddmpens:on”) can be
Fabrication In certain enbodi nents, it

uesc iinsiarablyy thenmgtataanewirgs %%Hﬁ%’é?‘?%@ \é{a?%ram BlcebRL @
L A e

?PMcﬁreqbreﬂér@blill thiediquinid Vodatiie ﬂm\mmatmdllmgapmm ofeno more
'ayer on the substrate by aIIovvln the fluid
thenM°meeéhamaﬁav@x@sn%mw%@% &0Qed as

d bed b T |
di sper sed 'Nrpagttiary e MRSl d85eRidh il cEtaiM adives
arid Hlﬂ@éf%%twﬂﬂﬁscoﬁﬁy oadsivn Qdﬁesmde@@@hbnomre aligpbersion.

"coating" are used
Examples of suitable additives and binders include, but are not limited to,

carboxy methyl cellulose (CMC), 2-hydroxy ethyl cellulose (HEC), hydroxy
propyl methyl! cellulose (HPMC), methy! cellulose (MC), poly vinyl alcohol
(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).

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%
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I nt erchangeably. Any non-corrosive liquid in which the
nmetal nanowires can forma stable dispersion (also

woabd7ad222eet al nanowi res di spersion”) can be uBe@/US2006/031918

Preferably, the netal nanowires are dispersed in

wat er, an al cohol, a ketone, ethers, hydrocarbons or

an aromati c solvent (benzene, toluene, xylene, etc.).
shiveat pndffonabl06% tdd.4% quetd] nanowires.i Reprassntatiyeeexamples of

suiable SRty ficken 2B FoR, Znyedest aanye ESRL mgton
PR W19 ghgfﬁcyﬁ 0RBB0F WBbHeaﬂthb'ﬁﬁéﬁos?@é’ gHHWeR

to COntro cor ’osI on esl on

§ of duisdiae Srls@ﬁsntﬁfﬁidﬁﬂe% irfludaihydrokgpraggli mietss cellulose
and binders include, but are not Iimted to, carboxy

(HEMG), neethylealisloseckaythap awrirrslyviayliajeohod) creub@&sémethyl

cb ke TPREARE SR, Bk Pfie st fhanle SdanETidile water

204l i§8prophRS). . and xanthan gum (XG, and surfactants
such as' et hoxyl at es, al koxyl ates, ethyl ene oxide and
pr opy! ene lbikisddesiied to@angedbelcyneerﬁratml @fdhetd@ersmn from

t%@g@g?gd @bs\qu fgﬁg ?ﬁgcq?rﬁ@gm%ﬁ&y tf’ UCC' n e ased or decreased.
“z%é@ehjéb E'Wb&{ﬁ@lﬂﬁ(the' r@lé%ﬁ/gergﬁégﬁi‘ ﬁwe &h@la Y‘édhénts however

di spersion i ncl rom 0. 0025%
chao remikih she sameant padioylar, ﬁuqonaebem‘ rtlexej suzia@ent o tmeomcosuty

0.0025% to 0.05% f Z I 10 0. 029

ra%!f;e%@crggwawén fh%;'ian(égy@(at)%t 584 )PHH6 Pﬁwﬁbe fag'é orthe

R et 6 miEhandifte Bbrsierly i Aigerdtiabout 5 to
aboutp| CE0625; and tbiatiosafthechetal sarowirese tﬁers,dr(ac}arﬁﬁxl

Zonyl (r) FSO Zonyl r) ESH Triton (x100, x
Prpiesably Guihe e, of Aboyl8EQ to gberha (h8iralonA CHBRRRSS of

L3Py b UL DGR BRSSP motos o

efp?illbéﬂlc% Gsed amhé prefatay vidosity ramgefar ehe hanowirbalispersion is
cel l ul ose, hydroxy ethyl cellul ose. Exanples of
tmﬁweebla@ogbﬂ\a@dtwq ¢fl ude water and isopropanol. If it

is desired to chan

di spersion W%}ﬂq}'h@‘% sdl%gg%g@g%ﬁg%g}réq éed pc;efrega © a surface
tb "E)%tt%@lré/(%i'\?e s ellehEGSRIbItN dﬁﬁé&ﬁ#@dﬁlrebn Surface pre-
preferred enbodi mants the relative ratios of the other
treaimedieseye raltipledunctions. For example, they enable the deposition of
a uniform nanowire dispersion layer. In addition, they can immobilize 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
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 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.
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can remain the same. In particular, the ratio of the
surfactant to the viscosity nodifier is preferably in

woheo7riarge of about 80 to about 0.01 ; the rat poT@K2006031918

viscosity nodifier to the netal nanowires is
preferably in the range of about 5 to about 0.000625;
and the ratio of the netal nanowires to the surfactant

i s pref er abbifowimgtthe depogitionf thetiouid Fsﬁr@nid!/eaIWév@oratlon
the di spersion ma
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repare a surface to better receive the subsequent
5 Blasmsh corondisghaiom Hds0zang, faicsessuse asxdassribed below.

deposi ¢ 1 onbeStait ARl s TR %?F&f'b?ﬁﬁ‘q?%g} el of
fatbdcaiinn a tidrepafail coRtDtor E&RpFBRgN a@gwélflﬁﬁ Ngﬂ ﬁg‘ of metal

substrate for subsequent processing steps
RFROVYFRS O EadUsiiate dhe hetalapanavdrasUbeing daqursm:tn afiuid;

e A b 47 RS o RS RblRE i o
d@t éd)étnﬂfé %trlf@rn‘fatbﬁﬁlaém r%etd?ﬂaHgﬁllr%giéﬁ%Fk 2 er, and curing

hem cal™ washi ng, heating, deposition an op al'ly
tbatmé’irwe‘datanlaétmbajmaa matd@ger to present an appropr| at e
chem cal i,oni c st a@ t{eo t he nangw re di spersion
&e

vel | as uMHHER Taieriak dotereio aieTaleiTa mixtpIeahmaterials that
éefr?é%r@ﬁﬁfo th%@ﬁ“&nﬁs H'éﬁﬁé Blein OFc QY Of« curlng refers to a
ar ge. Fol d

OW hg t he 05|t|on the |

prenesseWheye Ermmmaslomrpart'ai @obyvmr@r(ww&rrthaﬁﬂ 5|0€monomers)
accel erateg by heating (e.g., baking). The resulting
HORIER aRE{QsrRss- W%?O ﬁﬁ;}o faguaseli @9!ym¢r@am§rm S@ltable

%@ﬂﬂ%ﬁzéﬁoﬁb@ﬁdnﬁé@f& Jwéf Qﬁé\% i fhe % ﬁgqﬁéhﬂé QS/ WAFOf

r ocess I AVOl VI Nng' expos

gXamspie, heaﬂrtgﬁmedhsnbmégﬂrraéﬂ‘dﬂﬁ BME moHonREreFisY VRIS or
described below. In certain enbodi nents, it is thus

\eEawpleh £d Vgl plastiopthesms anddbeilikat ||lﬂ|§ddltlpﬂa'F8ﬂdjdtf!Gatlon" of

e e R A

wittip et atbdningof fourielg”.f ormi ng a netal nanowi re network
| ayer on the substrate by allowing the fluid to

In certain embodiments, the matrix material comprises a polymer.
Optically clear polymers are known in the art. Examples of suitable polymeric
matrices include, but are not limited to: polyacrylics such as polymethacrylates,
polyacrylates and polyacrylonitriles, polyvinyl alcohols, polyesters (e.g.,
polyethylene terephthalate (PET), polyester naphthalate, and polycarbonates),
polymers with a high degree of aromaticity such as phenolics or cresol-
formaldehyde (Novolacs®), polystyrenes, polyvinyltoluene, polyvinylxylene,
polyimides, polyamides, polyamideimides, polyetherimides, polysulfides,
polysulfones, polyphenylenes, and polyphenyl ethers, polyurethane (PU),
epoxy, polyolefins (e.g. polypropylene, polymethylpentene, and cyclic olefins),

acrylonitrile-butadiene-styrene copolymer (ABS), cellulosics, silicones and other
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dry, coating a matrix material on the netal nanow re
network |ayer, and curing the matrix material to form

wa 2oarme2226 "Matrix material" refers to a nmat er Pai/use00a/031918

m xture of materials that can cure into the matrix, as
defined herein. "Cure", or "curing", refers to a
process where nononers or partial polyners (fewer than

éuﬁ@orﬂreaﬂmﬂﬁg pb@flnyérer (BZe polydlisasquimemesiaid Sslysifaries),
forma solid E’ meric matrix. Suitable polynerization
polrdinyicolesider W%éu polyﬁcakatem mh@oabcvrngnas,. sy tioetic Mabers (e.g.
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&ﬂé@}ﬂ:)ﬁ @rpron ol yners are known in th_e art.

l'es Ssuit bl'e pol ynmeric matrices include, but
are not |im étadr embodirhgats| tHel matrixuohterial comprises a
pol ymet hacryl ates, pol yacryl ates and
B'@P)QM?% dhi rerﬁppkygnerpwfyrﬁ tym mixtyEhef mongaIsre §f @rrixture of
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al at carbona

ﬁ@lgfr%‘ﬂo@ﬁat@&oagﬁb%rﬁbasH@ﬂélr&SIt ﬁé‘lﬁ'ﬁhinl thé I@fowledge of one skilled
cresol formal dehyde (Novol acs(r)) pol ystyrenes,

mh§\ﬁl‘h§®I &Qi?@etﬁ‘eVlechfﬁ/dfP@H pakmepisl Pakixd asuitable monomer
ol yam dei m des, pol yetherim des,

ﬁpﬁ’%ﬁﬂ g‘?el}ﬂ@gp pol ysul f ones, pol yphenyl enes, and

pol yphenyl |ned Bﬁéférre&@rﬁbﬁ(ﬁmléﬂmhé Bképolﬁrlﬁ@?(ls photo-curable, i.e.,

pol yol efins (e.g. polypropyl ene, polynethyl pentene,

‘dwobrepolyrrtercﬂoéxfmasaes aid/pr OmSBflinke-Llp@ﬂa&iﬁp@ﬁgrestq/lrr@d@tlon As
l.ul os

Wﬁ'ﬂ%ﬁ‘ éﬁ;qr@%ﬁ% %Qrg qﬁ«tﬂ& rﬁgﬁyﬁgigs?éo 5 awo%o-curable prepolymers
e ¥aipade Wéﬂﬁé&ﬂf@% m%ﬁlﬁéflérﬁﬁmesﬁlectlve regions. In other

pol yvi nyl chl or1de yacet at es, pol ynor bonenes,
swbbtl%erus,rhhlbtmepol&meg is EEIE?maSBEIabH’Mmh &ad be patterned by

fl . 0. | yvinylid fl i de,
SRIPGR PHaRbs boditel sBOoREE) T or o o e
pol yhexaf | pat;am0 é@% ?r%f%x M@%X&Erlﬁuﬂ fbé‘?r‘ié%n?'rﬁitéﬁal may

and hydr ocarbon um f

aptiorzilp ceonigriserasalvbotl Aoy ymnurcsrmswecammygnmmt dam gffectively
CYTOP(r) by Asahi d ass Co., or Teflon(r yPu_
gRMate or disperse the matrix material can be used. E a Ies of suitable

solvents include water, an alcohol, a ketone, tetrahydrofuran, hydrocarbons
(e.g. cyclohexane) or an aromatic solvent (benzene, toluene, xylene, etc.).
More preferrably, the solvent is volatile, having a boiling point of no more than
200°C, no more than 150°C, or no more than 100°C.

In certain embodiments, the matrix material may comprise a
cross-linker, a polymerization initiator, stabilizers (including, for example,
antioxidants, and UV stabilizers for longer product lifetime and polymerization
inhibitors for greater shelf-life), surfactants and the like. In other embodiments,

the matrix material may further comprise a corrosion inhibitor.
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I'n other embodinents, the matrix material conprises a
prepol yner. A "prepolyner" refers to a m xture of

woumormerReor a m xture of oligonmers or parti al POOIUgR®ES31918

that can polynerize and/or crosslink to formthe

polymeric matrix, as described herein. It is within

t he know edge of one skilled in the art to select, in

vi ew of a dediatadhergin) theﬂrairtspae&ntioopdacm? c}aT'glbs-fabri?ated by,
n r,or partial. polymer. In a preferr embodi nent ,
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i rradiatiogg) AsShekt ngﬁ,q%scrl bed in nore detail,

matri ces based on photo-curable prepol ymers can be
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i ' . FiX .
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re preferrably, the solvent is volatile, havi
VYG?CEEP ¢hiand amaial nanawitchaetwaok @yend 1dds éorntexhon §&Csurface

han 100C. In certain enbodi nents, the
frdaq mgg%rafseéﬁ al may conprise a cross-linker,
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ol ymer i zaTh@Bubdtidte MaY rediirdtd bifEstnidmth $HaBR thkor

gxa%'pl e, anti ogld dants,%néﬁﬁuv st)abﬁalézers {)or Ponger
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-] i f nd the like. .
S o o S 0 st
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czehdlifedtfent 'brRdfdnd YsBharde! 9! d substrates.

For example, an intermediate layer can be deposited on the

3

surface of the substrate to immobilize the nanowires. The intermediate layer
functionalizes and modifies the surface to facilitate the binding of the nanowires
to the substrate. In certain embodiments, the intermediate layer can be coated
on the substrate prior to depositing the nanowires. In other embodiments, the
intermediate layer can be co-deposited with the nanowires.

In certain embodiments, multifunctional biomolecules such as
polypeptides can be used as the intermediate layer. Polypeptide refers to a
polymeric sequence of amino acids (monomers) joined by peptide (amide)
bonds. The amino acid monomers in a polypeptide can be the same or
different. Amino acids having side chain functionalities (e.g., amino or

carboxylic acid groups) are preferred. Examples of suitable polypeptides thus
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Fi gures 13A-13B show an enbodi nent of the fabrication

of the transparent conductor by sheet coating. A netal
waamoweree di spersion (not shown) can be initi 8CTrs2006/031918
deposited to the substrate 14. Aroller 100 can be

rolled across a top surface 105 of the substrate 14,

| eaving a netal nanowi res dispersion |ayer 110 on the
inepde pofyalcéy sty pofi-puiatanBépcidTarel theylike. Tl pelypeplitieecan be

dry and a netal nanow re network Iatyer [
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steps. This treatnent can include solvent or chem cal
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d&einiAsd HatERE wiiiet EASISlet HR HEBOSiG0S ¥E thetSahvige®according to
treatment, UVozone treatnent, or corona di scharge. For

tee aaplegpatietni nt er nedi at e | ayer can be deposited on the
f f th trate to,i bi | i th i.I es.
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ct%ﬁgfrf'séﬁlgn WtH éﬁb'a}tﬁﬁﬁﬁ sfePein Qirrgég‘ t%%é?forhﬁﬁté@fﬂ@&ﬂdﬁeﬁésﬂi@ns.

strate. certai n enbodi ments,
Fontexamade gylasinayserfacearirdadémentcan be cariied suidtbroughean aperture

el e eI PSR s e et
SARII B8RRI g 4808 urregtd roin.

NeHowirs délessiteadroriheysredreated hegionaeherssitcathe dubpiate better
Pol ypepti de refers to a ymeri c sequence of a

than they adhrredpdhe }lﬁtrﬁé@d%bl}sﬁbt/‘i\%r@iﬂHWd @)p%t%a%rg depesition
B G el BI B PRRARR B el RIS, o..

wasmhgonalities (e.g., amno or carboxylic acid
groups) are preferred. Exanples of suitable .
pol ypept i déghw{dgenmqﬁggtogd|t|9atLth|a3;§eﬁ|@atments described above

558 Bk 35 S P g T BRI Facance
WEPEE déiiptibhbRidvat i vel y, the pol ypeptide can be
co-deposited on the substrate with the nanow re

di sper si onThe nanowire network layer formed may further require a post-
treatment to render it electrically conductive. This post-treatment can be a
process step involving exposure to heat, plasma, corona discharge, UV-ozone,
or pressure, as will be discussed in more detail below.

In some embodiments, a matrix material can be coated on the
nanowire network layer 114 to form a matrix material layer 116 (Figure 13C).
As shown in Figure 13D, the matrix material layer 116 is allowed to cure to
obtain a matrix and the structures of Figures 10A-10E, can be obtained.

It is understood that a brush, a stamp, a spray applicator, a slot-
die applicator or any other suitable applicator can be used in the place of the

roller 100. Additionally, as discussed further below, reverse and forward
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Many substrates, including glass, polyester substrates

(e.g., polyethylene terephthalate) exhibit affinities
wobano7petppept i des. Advant ageously, the inter med#Cats2006/031918

| ayer can be deposited in a pre determ ned pattern,

whi ch enabl es the deposition of the nanow res

according to the sane pattern. Ot her pre-treatnent
gravlltrecbrimiag, slot diebeoatimgy revgregiand forv@ndl beadi cating endairaw

ey Gola 68 Blspthe s in wepHEBRURY Otb 7 PERIAR. can
Agﬁ/a?fl’éec#o%g ){f lét roﬁl@ﬁ.ﬁr‘é&gﬁf'ﬁ” Tha eﬁ%#éﬁe%s%%‘ﬁ alRb8@rAined pattern

eslr ern. t he substrate

dalfnede%ﬁ@écﬁtd:@cbmrd patterabdIeeist namevipeedisperdien layegl armeatrix
and at |east one untreated regi on. Nanow res osi ted
raaterinblayes thuepABING agadamasheanduchve IRYes (8 ,rng%/ure

BB T ohsonBagE Fef el BeARL ARy #8aRa e ngovie
dr‘?ﬁ@l’fkﬂﬁrnﬁ@étl@@ﬁﬁm fhessubstahethiotgie ahepereed amsky If the matrix
washi n It should be understood that the

ma@nar lexeris epcmied rqrwgeedameaﬁ@@@ddgmry theypaiferarcan be

s i o W et Bl AT BaRT B GRS it afirers of

tH@ﬁ'nWBrc}?o% e Eoﬁ@éﬁ’f?éildﬂ%f rfa‘ﬁbW}%Vs HefP&H ithe parcolation threshold.

posttreatnent to render it electrically conductive.
N'dmcsmmnsd:an beaemened cbamNm"ag pr boushings thep away|withhg suitable

to h h -
veﬁ?@é wtnsiing o s Gohl SoatbESHE Felfage a1
bel ow. Ifﬁr\eﬁrtﬁgpﬁﬁiﬂé@fﬂoﬁ théhﬁ?&flbﬁalrﬂg sit@ns(‘(ﬂrboaﬁngs can

coat ed on € nanow re networ ayer forma

beatarisd oat,ewhitd allayiag fariﬁry(n@ gwwnrﬂﬁl@b/veesu twmownsenutlve
Fi%ure 13D_ the matri x mat I | a g 116 is a%lov.ved
B8R of BEEEAAPIE. A8Y MURThS: @ the PerfpiRangesgbancing layers

G0 E5arbin WEsaffnbfin tdalBedinekiadcreunder st 0o¢

applicator, a slotdie
applicator or any ot her sui tabI e applicator can be
used in tHe)pl abebddoating rol l er 100. Additionally, as

pr i nt' g, WPBroRHIBOdGR aRs: STBEIPAA Al Er AP BESH
@389 rMgA'sPYed (high-throughput) coating applications. It is
compatible with the deposition (coating) processes for transparent conductor
fabrication. Advantageously, web-coating uses conventional equipment and
can be fully automated, which dramatically reduces the cost of fabricating
transparent conductors. In particular, web-coating produces uniform and
reproducible conductive layers on flexible substrates. Process steps can be run
on a fully integrated line or serially as separate operations.

Figure 14A shows an embodiment in which a flexible substrate in
the form of a film or web can be coated continuously along a moving path.
More specifically, a substrate 14 mounted on reels 118 is drawn by a motor (not
shown) and moves along a travelling path 120. The substrate can be fed to the
reels directly or via a conveyor belt system (not shown). A storage tank 122 is

positioned above the substrate 14. The storage tank 122 contains a metal
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down table can al so be used to deposit nanowires onto
a substrate. Advantageously, a roller or stanp having
woeowaeee of a predeternm ned pattern can be usedTis2006/031918
coat a patterned netal nanow res di spersion |ayer, or
matrix material |ayer, thus printing a patterned
conductive layer (e.g., Gavure printing). The
remoskiesi dispdraipar1 2dafor atetal hanqyatescderasiton. spn apengre H28 in
nanowi re or matrix formulation onto t substrate . .
the staigge dankapes daierigsgontinuopp éﬂﬁﬁ?‘r &%ﬁ%@?ﬂﬁ\”"?%ﬂ sion

1:033%?%3&%‘%% 1446 ¢ rﬁglﬁy%fféﬂgq%?g Bce 408 of the

can be transferre nanow r e
dudgeatdya.r enovi ng sufficient nunbers of themto drop
the concentration of nanow res bel ow the percaql ati gn

t hr eshol d.It indmeigrstead ¢hat the matpyveatens! igsieeddn gnother

PR B A SR, dhd et PRIl 8ot BRlcstteh the same
rhanhdleds desteibetiepdyvehat additi onal depositions or

coatings can be carried out, while allow r%vf_or drying .
or curi ng lbistfugeer understoeddbat anedispansing mcarbge used in

R o AR Lo o B SRR 3P iz tha
C%t"%ﬁepr%?%uﬁi’% §i8pisihsYeh bARHMINd detias, é)ﬁiégrri]ﬁgabong@%nd the

Int textile and papef 1ndustries for -Spee

likbi dlike tveoshoed coRtingya printirgppévicacanmso e used to provide
conpatible with the deposition (coating) processes for
RatigRRerh FRAMNISonduct or fabrication. Advant ageously,

web- coat i ' gﬁnéii gﬁ{gg &ng in which
fully aut glﬂn%?%?%ﬁééﬁgﬁngﬂ%rpcal @ re uceseltg-%gaﬁ@gstmw ©
thé cbating ésatarrigd touéos Eabetidm confdoe tob assublstraear Like dhamethod
web- coating produces uniform and reproduci bl e

ibusieatied in/BIoUES KA aosulstle JrdneYRsaicRg estraysiingarath 120. A
) f ' i ne. .
c?téa‘ﬁﬁglrﬁw 28 i j rsg{&lé@d bLéllA)\M.thé‘gﬁgﬁ’%tg%ﬁd‘lﬁng%subn{?‘%rged ina

y as se oper at i ons.

rastz0 daABnire idispalrsioh 124fdterddoihea stolsde taink 122. tTiee toating roller
of a filmor web can be_ coated continuously alon

Todelyepaatnetabhanayiee dispessiey laver ddB«n apetiem Siianec i of
8 40 e S D Al e YAy g
geRh 112© or in the opposite direction. The coating of the matrix material can be
carried out in the same manner.

In the processes described in Figures 14A and 14B, it is noted
that various surface treatments can be applied prior to or after each deposition
step. As will be described in more detail below, surface treatments can enhance
the transparency and/or conductivity of the conductive layers formed. Suitable
surface treaments include, but are not limited to solvent or chemical washing,
plasma treaments, Corona discharge, UV/ozone treament, pressure treatment
and combinations thereof.

Figure 15A shows a comprehensive process flow for fabricating a
transparent conductor. As shown, a web-coating system 146 includes a take-

up reel 147 that is driven by a motor (not shown). The take up reel 147 draws a
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reels directly or via a conveyor belt system (not

shown). A storage tank 122 is positioned above the
weubstmeze 14. The storage tank 122 cont ai ns aPCT/US2006/031918

nmet al nanow res di spersion 124 for netal nanow res
deposition. An aperture 128 in the storage tank 122
delivers a continuous stream of netal nanow re
stbsiateside.§32 ftexikle pobumeat fila) drobd atsuppbyr neehmayalnnglao

bstrate, 14
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m?%d%?@pﬁrgé e coa J{%a\?ﬂﬁlﬁa&qﬁgn r!g\?mar?;é (?GSCT P%argnt to
omkidlled i the aruthbbthe spuder sitthedetinttie @psaeoﬂofsdnmmntm, the

devi ce can be used in the place of the storage tank
coneenlaatign af t@srraytrwgﬂa@wah@npéhg adegnagy @théfwmaﬁmd curing

e B AP R g e e B LG SRS,

tRicRhésY bMBedRriduBtikARyet fpmied. used to provide
patterned coati ngs. F| gure 14B shows an alternative

nmet hod of Meteoyestin sgriain embedimends,dquatiresimestscarier¢agucted
St r.at e,

S BreRare g %@%ﬁﬁ%@éﬁ)r e seluanP Sddloortstes Minm, o
sgbemaaﬁy tt <8 Féﬂﬂ&ep@t &‘ar&@@cpﬁoﬁ@lﬂl élﬂﬁhdeOﬂré@tédJa‘l% pre-

osi t1one ow the substrate and partially submerged
tueatmenbs’mltlonaﬂﬁ@vtbnmpobmo@eafﬁmeﬂ@yﬂofsimr%dbsequantsmm@

deiaiiPre g siires Beaitientan te pUbTERle APT KEther s

ﬁgg%@%n%éﬁ@érﬁe]tﬁe uﬂﬁ@ﬁhlﬂgﬁg ﬂgaﬁnom%s%férro@p%ﬁed n

irectio e travel 120 or I n
opposi t e dilleesurfare trddtmendabnhg cdrriet eutrby knewmeahethiods in
can be carried out in the same manner

ths Bl SXASRRIP, BIEBMPSUNAG ERUTERL SR Dedisetiip madty the
g el Sthol e it SiELSH the SAERAES Gaq asBPRLLFds argon,

EéhIobemtr¢gemtylasn®basanfécéo&éQWer&waha¢reatermgmyereasumn
ance the transparency, and/or conductivity of the

spentascatilow teaperauresy fbicalianip pdew atpaie sy peapR figssurface
ABEH oo [ e BiBef sl Ol BRSO g e
dohRASEfin) rBhfa® uhaltdredayni@Bichemistry. In many instances, plasma
surface treatment provides adequate surface activation for enhanced wetting
and adhesive bonding. As an illustrative example, oxygen plasma treatment
can be carried out in a March PX250 system, using the following operating
parameters: 150 W, 30sec, O, flow: 62.5 sccm, pressure: ~400mTorr.

In other embodiments, the surface treatment may include
depositing an intermediate layer on the substrate. As noted above, the
intermediate layer typically exhibits affinities for both the nanowires and the
substrate. Thus, the intermediate layer is capable of immobilizing the
nanowires and causing the nanowires to adhere 1o the substrate.
Representative materials suitable as the intermediate layer include

multifunctional biomolecules, including polypeptides (e.g., poly-L-lysine.)
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and conbi nati ons thereof. Figure 15A shows a
conpr ehensi ve process flow for fabricating a

wonrentapznent conductor. As shown, a web-coati ngCSRSL@®AN31918

146 includes a takeup reel 147 that is driven by a

notor (not shown). The take up reel 147 draws

asubstrate 14 (e.qg., a flexible polyner filn) froma
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depOSl tiomhe mamentthateaﬁer pfodeleds tearmetaimmbrowaks
and t he adequac% of the dry r%@,tnd curing processes
obap@s&na@att%w Whieh ck%@rs(fe %WOM@S isReyeipn: 106, as

e s, REGGu aRARAT 58 S s

Fgivedaned spPayihg RiRVRe! B%r&ﬁﬁﬁ? dew:et and thelilssibAaenetant
ocesses. More i call the substrate 14

coat | ng r £
rm@wasagswmm layertG&is qn@ﬁ@@@négeéugfaée 88t rdigrnatively,

tat.i 160 t th f

BB i R Lo P B Rt R et o ootel
ﬁdn%%r@%@ns&érsfdﬁ%rﬁﬂ@éd@h@t@r F&rF exdmplee adﬁﬁm%' drirelerdfdving
enhance the uniformty of the nanowires |ater

rdegessistaid prEdetermined patterecarebe used. Jheciampent roller aan be
knawn t hods n the . For. e
gty CmediBt fatelransiiees FRBe RiarERE REPw ThefiEds in the

ructure of the surface of the substrate. Using gases
such as argon, oxygen or nitrogen, plasnma surface
t r eat nent Tdenlagee 6@ chn gl gptionally rinsed péair'msir@ staton 172.

THsbaiets fiecisupe BB RuSdal A olyito siciL 78 Gfore et
RS néﬁ/oﬂ |a§§?1§5bstrate (e.g. the polyner film

remal n unal the chemistry. In many instances,

pl asma su rCD}atdrmallyemeanWom lyer ¢80 gdnduatreated rdt aqeost-
activation for enhanced wetting and adheS| ve bon %
treateent stationridd eorsxample, s rg@,t@ma owires

V?@ﬂa&%l C&r&y@r a%%sg;m%grga‘ne ers. ﬂ%%ggarw;%ﬁéﬁ%gc fltg\(/a\r

doAdhcHER BT tRE eRBNOKK laydiOTBOT0AS anlilusitaive exabasle RNbISN,
ptlgsemg lganabceecrstlrrnggtorm3 Tﬁ anl\}lagrclh r?:§3)|(2u5doesystem, using the following
operating parameters: 300W, 90sec (or 45sec), Ar or Na gas flow: 12 sccm,
pressure ~300mTorr. Other known surface treatments, e.g., Corona discharge
or UV/ozone treatment, may also be used. For example, the Enercon system
can be used for a Corona treatment.

As a part of the post-treatment, the network layer can further be
pressure treated. More specifically, the network layer 180 is fed through rollers
186 and 187, which apply pressure to the surface 185 of the network layer 180.

It should be understood that a single roller could also be used.
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depositing an internediate | ayer on the substrate. As
noted above, the internediate |ayer typically exhibits

waRbireeizes for both the nanowi res and the subBCTAS2006/031918

Thus, the internediate layer is capable of
I mmobi |i zing the nanowi res and causi ng the nanow res
to adhere to the substrate. Representative materials
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Eﬁﬁ@ﬂaeﬁ?§¥ﬁ§§@%caﬂiuﬂﬁﬁ@§¥%@ treatment, all of which
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nanow r es s ersion |ayer 168 is
diarepsidrest the cbhdustltrrg‘ ger. 1%, smgleeroﬂmtlswegi the network layer

%rgl}age;«@?g@gdegh %emég gppfgg%%ng tE gf)ggégql%r gﬁ %ﬁé{:}ﬁgs the exposed
eugfaictg;(gftstﬁ%fcg%u ggr uéﬁngtlﬁgﬂngﬁefh@dg%g IIWHeggure s applied

a preaeterm ne n can be used

L tABRoMST. P Efollepnalkkeussd) the netvedri layerpedy betrolled between
metal nanow res di spersi on by known nethods in the
thettwoTioHetsgaseshaveB incBiguRR 180t i onal Iy rinsed at a

1S, A RRTO, FASLE0 b Y500 hpled o e

gt yRerEnt @riucistby 63&& boRRIre yolldrﬁeltﬁeh!wéodsa;aed 1188t from
can be treated at posttreatment station 184 IB
e&@ttrpn@()o Pek 28640 809RSwONB0A10 AR ASEIAY e ABdach P RTerRblY.

I
S AR BB BT By BRABRARIOH 1 any
Halh%? Lizfdriafe exanple, Ar or N2 plasma can be carried
out 1n a March PX250 system using the foll ow ng

oper ati ng Niphoetpnch” rolere/may bedisedrif W\&@@morwouﬁrs Rpe used
gﬁ;m&& %\%ﬁsﬁe i%ﬁ’lescgrﬁ%%%eégegﬁ o Torrgmg% 28! ferk AP Rell

understood in the art and discussed in, for example, 3M Technical Bulletin

“_amination Techniques for Converters of Laminating Adhesives,” March, 2004,
which is hereby incorporated by reference in its entirety.

[t was determined that application of pressure to a metal nanowire
network layer improved the conductivity thereof either before or after application
of a plasma treatment as discussed above, and may be done with or without a
previous or subsequent plasma treatment. As shown in Figure 15A, the rollers
186 an 187 may be rolled across the surface 185 of the network layer 180 a
single or multiple times. If the rollers are rolled across the network layer 180
multiple times, the rolling may be carried out in the same direction with respect
to an axis parallel to the rolled surface of the sheet (e.g., along the traveling

path 150) or in different directions (not shown).
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or UV/ ozone treatnent, may al so be used. For exanpl e,

the Enercon system can be used for a Corona treatnent.
wéo@/pant of the post-treatnent, the network Payais2@man31ois
further be pressure treated. Mire specifically, the
network layer 180 is fed through rollers 186 and 187,

whi ch apply pressure to the surface 185 of the network

| ayer 180.FigurestBiisdarh SEM iteage obd pontinn af 3 meghknanowire
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icatiron ofYpressure to a netal nanowire
The heating can be carried out either on-line or off-line. For

example, in an off-line treatment, the transparent conductor can be placed in a
sheet drying oven set at a given temperature for a predetermined amount of
time. Heating a transparent conductor in such a way can improve the
conductivity of a transparent conductor fabricated as described herein. For
example, a transparent conductor fabricated using a reel-to-reel process as
described herein was placed in a sheet drying oven set at a temperature of
200°C for 30 seconds. Before this heat post-treatment, the transparent
conductor had a surface resistivity of about 12 kQ/0, which dropped to about 58
Q/0 after the post-treatment.

In another example, a second, similarly prepared transparent

conductor was heated in a sheet oven at 100°C for 30 seconds. The resistivity
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network | ayer inproved the conductivity thereof either
before or after application of a plasnma treatnent as
wdizewuezed above, and may be done with or w t hear/ua2006/031918
previ ous or subsequent plasma treatnent. As shown in
Figure 15A, the rollers 186 an 187 may be roll ed
across the surface 185 of the network |ayer 180 a
of itmgybecand trahsparbet cameetoridropped froht ebsutat®Ek @61 toeabout 400

8] 75 A Bo bt 49 BL e baFestusig
E0RBR 1@ 9 kgl by baohER, S SR e s

adi difher entindineasrtdfioliree etiodstoovent.thié tanepd iRt conductSERF
i mage of a portion of a netal nanow re conductive

CHEERET ag Alsq be sised i heabieonet nepewiransivotoOdF seirents

o BB IR i 08 e T RMBHER B G rodBbh microwaves or
cofent indueed Bolgh RRIdKIGal BBathcEStatheSfntviroh&tivorie12a,
812b and 812c. As shown, at |east the top nanow res

814, 816, AddifigEdyaa p@ahﬂﬁeaifnarﬁéh@tia@lipsihﬁmcﬁamd Eressure
h fl d y [ re the
Bt e el RBrar R BRey BLEaill JoaRA Biémshre, the
tvsbhrrtRBhiGabi 84h l@é ptlJéc%%ﬁw&gJ{ HRéE %P{nyo‘%g?aﬁg%% dd¥@ribed

connectivity as well as the conducti vi
ahavewToesimwitdoecushe applywiest, thehellepphay beiheated. Tleapressure

applied b tge FlkEs fs st b forbondbcic P epgisaare preterably from
481y Woer i f mme%,ttﬂg%éwé?sfa% hidBitd tolﬁet%ga @%{bgn TREE and

preferably is exposed to anywhere from 10
2007C angwherespfeferabhttoietd8es ebouti$00C 2ndi17BLE@s Suthe

trangparent conductor can .also be exposed to .
apRfiRRn st 1 GHEPMEHER WBDRESEWE GAhMRIOHS the gandistivity of
i 0 Rk .
2 ppreERRgLEg oA hahERMiE 58 8k 1o Bhly botn
appropeiate pressusngrd beatdinilitadeo0sly iv a4aRiHatoHey\BYAher
ost treatnments at higher tenperatures (e.g., higher
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transparent conductor can be placed in a

Another post-treatment technique that can be used to increase
conductivity of a transparent conductor is to expose the metal wire conductive
network of a transparent conductor fabricated as disclosed herein to a metal
reducing agent. In particular, a silver nanowire conductive network can
preferably be exposed to a silver reducing agent such as sodium borohydride
for, preferably, anywhere from about 10 seconds to about 30 minutes, and
more preferably from about 1 minute to about 10 minutes. As would be
understood by one of ordinary skill in the art, such exposure can be done either
in-line or off-line.

As noted above, such a treatment can increase the conductivity of

a transparent conductor. For example, a transparent conductor of silver
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sheet drying oven set at a given tenperature for a
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2B BB, RO e B lepGem AOmBoLSEs SUPR AR PRtN ar
; t t
ahfin il RORBE, Bnd g feBARR RGN, SBBA LS 1HI5aRh B85 ).
To si mul t Zherazsley, tapEupstratet 14 prozeedsteasmatik deposition
ressure applied by the rollers is

ated.. The ¢ . .
S%%Qf‘éggb}"ﬂfﬂ'?h?%%vfos adnaioy %tﬁrlahw?nﬁ%dquﬂeh%w Thematrix
; NSi1.00P . .
oo ORER oA 62 3nck kO RS EIERLE14€ o
sjreiy ingedeide . bARAIRgadelide, F i daned badthe kel ANawdr of the
in conbination with pressure can inprove the

mabhametenal fhp24s thug deprsiiedan thegmivwerlolayen1gachi ne

Al RogRN T it Bl P RREBAR b iR deviee o
fofmea patternedddyet s of Temecul a, CA. Application of heat
in conbination with pressure can be done either before

or after Hepdaverilor iatercallawey tsf cureraita ¢uring station 200.
Where the matrix material is a polymer/solvent system, the layer 192 can be

cured by allowing the solvent to evaporate. The curing process can be
accelerated by heating (e.g., baking). When the matrix material comprises a
radiation-curable prepolymer, the layer 192 can be cured by irradiation.
Depending on the type of the prepolymer, thermal curing (thermally induced
polymerization) can also be used.

Optionally, a patterning step can be carried out before the layer of
the matrix material 192 is cured. A patterning station 198 can be positioned
after the matrix deposition station 188 and before the curing station 200. The

patterning step will be discussed in more detail below.
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ot her layers as described bel ow. Anot her

post-treatnent techni que that can be used to increase
woanmdwer22¢i ty of a transparent conductor is toPEXS3®6/031918

the metal wire conductive network of a transparent

conductor fabricated as disclosed herein to a netal

reducing agent. In particular, a silver nanowre

conduct | v heetwimgkproassp farfras sabbyd istiveXaypere204 coraprising the

Relel BraoHges 'a%&m%f%y%r?&%hlafém%%%o%b%ﬁég%ﬂéhgm@de Y0204

1 mnute to
dﬁ‘kr)l%% %e?nﬂ%a{&fs&égés\%\@&%hﬁ nfts ers 00d by one of
ordinary skiohe énmbddiment tthemﬁbuﬁWQyéﬁZMGaﬁfbe@?%ce
elther in-line or off-line. As noted above, such

Atihe Rast-tiesbnentetatine 2d4riaexppse aypastion of the metal

"‘ca&%ﬁ'%? S hp SRV o ine B BB, B SRRRRG “Blrinuteg

AU IOE theaRandEag bb@taqécﬁswag%{yrs%werwla%a%éﬁméﬁ@Cborona

herein was exposed to 2% NaB or 1 mnute, which
diseharge as b/ezongdreatmeants.d Expdsechmaital.naBefdres arkiparticularly
arent conductor had a

t<treatment the tra
L’Egﬁlﬂﬁ?r @P?Q/Sﬁrleegtﬁﬂﬂhcﬁgﬂ SWD and after this
post - tr ealmgRbthel 'é%ﬂdo‘?r\'i}\%ﬁﬁrae%m{%ﬁ%@ﬂ% ertéﬁ%n%wwes is

resistivity of about not her exa
expasspandime saedackiof the adndsictive tayreaﬂﬁ%nfoltmmng the gLdsg process

b 29 f d
(S3P VR MRS A0 g 3953 b ohIiGd sieR NS AREAEC e
pm@ﬁﬁgﬁ% 15 HlBe s dF ?nét §'nr§1§ttbﬁ%lhe 16981 sﬁ[fgce

ter this OSt rea ransparen

t@tﬂ'mm of the mamxa‘orraalaﬁbn \aré yonfrokdrbapprbptatdhp. th&mbtﬁk gh not
nt ot her than sodi um borohydri de can be used for
?ﬁi)sl?oﬁ'?@ msinetaknanowdig hehwosk aad @rergjon gt thesmetal

dri de;
Eﬁ?wﬁgﬁ il BE PRt th STTaHE B A% RIS RMRE or anc.
( DMAB) af‘rﬂemduemm:lalygr 2043h8.thé dobstiPgteMaRoBBN REWN Up
Thereafter, the substrate 14 proceeds to a

bbhi'i*? takeqem sl t14dn Thiaflpwrproesss offabrication isalso refaredits as a

H » S d
e R R A R
b?ltl@bléﬁﬁglélong é@dsmégmg begvi ce, a brushing device, a
printing device an he like. A layer of the
In the “reel-to-reel” process, multiple coating steps can be carried
out along the traveling path of a moving substrate. The web coating system
146 therefore can be customized or otherwise adapted to incorporate any
number of additional coating stations as needed. For example, coatings of the
performance-enhancing layers (anti-reflective, adhesive, barrier, anti-glare,
protective layers or films) can be fully integrated into the flow process.
Advantageously, the reel-to-reel process is capable of producing
uniform transparent conductors at high-speed and low cost. In particular, due
to the continuous flow of the coating process, the coated layers do not have

trailing edges.
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matrix material 192 is thus deposited on the network

| ayer 180. Advantageously, the matrix material can be
wdepoarted by a printing device to form a patt ecnag2006/031918

| ayer. The layer 192 is then allowed to cure at a

curing station 200. Were the matrix material is a

pol ymer/sol vent system the |ayer 192 can be cured by

al | owi ng (che saimigation o evaporate. The curing process
can be accel erated by heat

mat ri x meldespitg ltscwfgatllggsthg "f%Tthgrgagrr’] B?c{}iregg?i% nwggmfogﬁble
W&%Sﬁgﬁ geﬁ%tﬁétgﬁguc?igéggagg ' ﬁ@ﬂﬂ@ f ﬁILHLFB@tIQYeé éérﬁgé bhfdd by
sri‘éé& 565% Bﬁa 'E%h'ﬁbisﬁ@@aﬂﬁddlm aumep@o bei’arihet; iwndmly

a patterning step can be car

ewmﬂeetekﬂ@el daqut’s @mdfofdadaofumfcrfmlwr ilapdggion; §ﬁ%%¥r°é@¥m9 is
at t at
o o o PriesS wbieD s RO SRR e REeadht Sost 0

pr%tdﬁ[':h 200. The patterning step will be discussed in
nmore detail bel ow The curing process forns a

conduct i vEhis)ieis d28dribetrperain adaminrationt mcmmfa*é@catmg a

tr{a‘%;@“ﬁééb&?;{oﬁktéﬁﬁf@&pﬁgm etetep o sbsiad
p%&%&% éé‘platn&l e?&ﬂbrib‘i'd gﬁﬂétr?]tbg%naqwib% buﬁstk@tléer More

sur ace reated at the post treat nent
spddfida0n, thbdahinatiorosecass oompdsesifcaatiog reeceriductine iayeson a

fIQ?lgééiéLﬁéﬁa@f ecoaaS e U DA G Y Bmetal”

sol v

588 R Tk PSR I AT, Bl ane conductvelevr

froAT theTiexaie Yionsrbubstiae; amtrlansfermuytmmmnduativmw_er fma

anot her enbodi nent, a portion of the netal NOWM r.es

subsieipf 60os. tiasiageatilofhe et ie Lo i il glonor
t

oA SEIHR B S R D ERB T Brofles ol odRlr

s?@éﬂfété% AExibIEThd Benduttivkneys fofmédieharadf tan thenebe al
er 192 and surface tension of the

trbnsﬁeurleaittocmsubairat@nf f:@lpemay@brca@rb%ﬂgﬁwr flexilenthrqugh
SM trg?ﬁ% lgrtl ngc{q%gﬁg O fqrﬁ)é nﬁ%?\&{?gs RS ALp SRR Urits the
fiexible donor substrate and no matrix material is used, a lamination adhesive
may be used to attach the conductive layer to the substrate of choice.

“Flexible donor substrate” refers to a flexible substrate in the form
of a sheet, film, web, and the like. The fiexible donor substrate is not
particularly limited so long as it can be separated from the conductive layer.
The flexible donor substrate can be any of the flexible substrates as described
herein. In addition, the flexibie donor substrate can be woven or non-woven
textile, paper, and the fike. The flexible donor substrate need not be optically
clear.

In certain embodiments, the flexible donor substrate can be pre-
coated with a release layer prior to the coating of the conductive layer.

“Release layer” refers to a thin layer adhered to the donor substrate and onto
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nanowi res will be exposed on the surface of the

conductive |l ayer. The conductive |l ayer 204 and the
weubstmeze 14 are then drawn up by the take- upPCe®IS2006/031918

147. This flow process of fabrication is also referred

to as a "reel-to-reel™ or "roll-to-roll" process.

Optionally, the substrate can be stabilized by

whiielv el gomgluativen gayer canbeyforméae by wetncodting. r Bed féleaseelaiyér
process, nultiple coatin fgstescan be carried out
rayralionier ﬁﬂeﬁ?eslyl reEqyat of e @n%@uhgtr%t@a‘gqm dhe congective layer

iRt Sl L ket BT, TVEiSE) iR rBleRSG Ve s Rimed of

Atdtdriap halvingdaivi sigfareaincrgys indudpgdrd notamitey aeMikson based
coatings of 't he performance-enhanci ng | ayers

POAmOersy ﬂﬂomtedwolmﬁr@s staech, lgadr therlikeant i - gl ar e,

oS The. Fig et dlus! ralgg\/%h?%adggﬁ 14 lafhin LRt e 230

coRfrisiry, reﬁwéx,mrem substeRB e a%le%rseqayémm&étea "(‘S‘n the

transparent conductors at hi gh-speed [ ow cost. In
fieaiblé dahair subkikate @40 hand arconductive Iblyem26® coatedomrathenglease

| ro%%szls, the coated | ayers do not have trailing
%ﬁﬂ (c) Larri nation Despite its versatility, the

"reel -t o- Hggl RARe8 SoRrB 0GP it Raid f o i

substrate, suc | ass ileri substrates can

riwmrmeﬂsedbdmﬁbeldeﬂbonmtldmmmﬁzgme 1[5@5$|isbigythbéleawle deror
or t he |caII ﬁerlence ed

S@Bﬁ%con%r /tertﬁﬁmabrﬁar{ﬁw%ﬁﬁmw ﬁdﬁlﬁﬁﬁ%ﬂﬁy%@é&ﬁ
s%g%:t@egﬁ?%e%hg;@eﬁ#%%@égswﬁ;ﬁfagébgﬁ@t%g&@%eu@er

cah besfotiaedrbybeetd) emabwires ldepositbh dollqwvert by sndtdx deposition, as
fabricating a transparent conductor through the use of

dgserilsd B?E?"B}onor substrate. This process is conpatible

Mor e speci TR LBEER e rihnYl SadtaakiR Egupstrate
of epbicag 18 p@ﬁmﬂ}l’éﬁ avRyid ¢ §N@§treﬂé‘ @d, Igéségl ﬁ/hmgftyplcally not
substrate, the conductive |ayer i ncl lurality

agapiablato Hevesl-fesealisoating aroqs@s;embla é@mmat@d withithe ;
CHERRRE BT s SRARATH FAfubER. 4 BbMDBA SR g .
tla@sferred to a substrate 260 (e.g., glass) by contacting a surface 262 of the
conductive layer 250 to the substrate 260. In certain embodiments, the
polymeric matrix (e.g., PET, PU, polyacrylates) provides adequate adhesion to
the substrate 260. Thereafter, as shown in Figure 16C, the flexible donor
substrate 240 can be removed by detaching the release layer 244 from the
conductive layer 250.

In other embodiments, an adhesive layer can be used to provide a
better bonding between the conductive layer and the substrate during the
lamination step. Figure 17A shows a laminated structure 270 comprising, in
addition to the flexible donor substrate 240, the release layer 244 and the
conductive layer 250, an overcoat 274 and an adhesive layer 278. The

adhesive layer 278 has an adhesive surface 280.
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substrate of choice. Advantageously, the coating steps

onto the flexible donor substrate can be carried out
woypoE/meeb-t o-reel process because the donor sBOSHUS2106/031918

is flexible. The conductive | ayer forned thereof can

then be transferred to a substrate of choice, which

can be rigid or flexible, through standard | am nation

pr ocesses.Thef lamihgtedatmoture 2 74r cardles tatiricatedby a rebkto-reel

A4 bl U W T S
GRBP St EorRErvadr ol BABHALE SryEiadonal Hiiaidor

doarking the adrésies layier lamd thevefstatt Maelddhesivengyél iedstdefined
donor substrate is not particularly limted so |ong as

hereibdg bePppriyiates Halysioxareyoald €8N Pe Rregeure sensitive, hot-

rooffl PafeliBa2LE A B el oftRoug Th Gyel et 8af be one
drireesichdfehéd peebridRéé-eAhansifg |a$rwmemdm% A9BryBy&Nan anti-
textile, paper, and the like. The fl exible donor

reflectivedayerneagrotective fitpt a bairley layiesaand the .t ai n

nbodi nents._.the f)exible d t . .

o ecoat ed INFGHTS 1765 dhe BB sifitdire 2 IsB el wih the
sub8trs {iaMRe 'a@%%éivg"s‘ﬁﬂa%é o Wdreatt ,%%%hmngintlﬂgglﬁ‘re

'ayer adhered to the donor substrate and onto
10éh die flexibld dyreor sudostrate 240 isectnigveddly detachimg. théhelease layer

rel ease | ayer allow for an easy renoval of the

leérfg‘?mZU%Q ?@Pg]fjé%ﬁm t he conductive |ayer without

damagi ng j i r

ayer 19 ¢ EcRARCARRbYRCR Hoqt D BréSuk oah Ip icPaing the

lam@ragipn pdrocdssdioranhamcertbé bondingdektiveenthé adhesivadager (or the
mers, fluorinated pol )e/‘mers, starch, and the |ike.

rgliFDevlnes V118 Hbseasd 2h SeraahRs be D) PR e astrats.
structure Iﬁ%ﬂ]&%@%oﬁé‘%\m & fd e%ﬁﬁlgﬁpﬁg ){1%%?%5({2@9 to an

240, a release layer coat ed on

#fiigt difiéenB40of theCondaoiMBirRlyey ®ith aa?eoft'!ﬁ@tweméﬁdlemonor
the rel ease | ayer 244, The lam nated structure 230 can

spbstratsranchthedubstiate ok ehricem e XPIR: Se FoRAUGtye layer may
BB Pl b R e R A B bR i e
laralrediog pPrédsss, AfttdxEile donor substrate can be removed while the
conductive layer is firmly bonded with the glass substrate.

In certain embodiments, a patterned transfer is possible during
the lamination process. For example, the substrate can be heated by a thermal
gradient, which affords heated regions and unheated regions on the substrate
according to a predetermined pattern. Only the heated regions will be
laminated with the conductive layer due to an enhanced affinity (e.g.,
adhesion), therefore providing a patterned conductive layer on the substrate.
Heated regions on a substrate can be generated, for example, by a nichrome
wire heater positioned beneath the areas of a substrate to be heated.

In other embodiments, a patterned transfer can be affected by a

pressure gradient based on a pressure-sensitive affinity displayed by certain
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deposited or coated on the flexible donor substrate.

The conductive |ayer 250 can be forned by netal
waamoweree deposition foll owed by natrix deposPCTmis2008831918

descri bed herein. The conductive layer is then

uniformy transferred to a substrate of choice. In

particular, a rigid substrate (e.g., glass), which is

rhspixaahieyiatsodr adiesivas! & drexangle e batterneddbmimatinigngller can
process, can be | am nated vvlthFélhe condu tive, |

hesusarbioarply diffieet Pressures@ccardingiea Rie deferminedzpattara. The
F}ag%?li qe [aLrﬁ ﬂa{uﬁ) %V %35 g#oepg?l%a{e% & fu Elaﬁ’l%)afﬁ%lty differential

ace 2] con |ve | ayer

Bedwbbh me@siﬁé@t@gnaﬁ@ndl €ssLakd r@gibﬁdl nments, the

pol ymeric matrix . ET, PU, polyacryl at es)
provi des alle)/@uatl’@r @ﬁ%@"@ﬁnt&n fNQQOMUgWEé@\éGFM be pre-cut

Th f [

CubeTRA s 1A wBabl iy Setabnbrig BibS amtiEien
draysds. 2Atef tfré’ﬁ@féﬂﬁlﬁctﬁéti'#éldu‘v BohdUd@ivedafer tbAh@E0OBStrate, the
enbodi ments, an adResive | ayer can be used to provide

condecties layendf thg meda@@mmevbpa’mmusr¢t\aene|dayblie eshis
substrate duri am nation step. Figure 17A shows

fsmf’é(ﬁfir%?%am%&*i 8?@02"7‘0 conprising, in addition to

the flexible donor substrate 240, the rel ease | ayer
244 and the conductive | ayer 250, an overcoat 274 and
Ratteadimgsi ve | ayer 278. The adhesive |layer 278 has an
adhesi ve surface 280. The | am nated stru?ture 270

an
be fabr i cABHOKY doigep AASEIRH CORIGIVE IBMer g2bds fatmed by

SeleBREAIR s Brarbiingl 6athnectdiRg (91 dHesh > TRE iR
prdoedd mbes:haied)dmt pfrmtolqneallyrtg theamaliih eSiguee fl 8ylustrates an
the overcoat. The adhesjive | ayer is as defined herein

qrabedimekiny whis %pggducﬁww@wrd& Rheto-patigigedanMere specifically,
tHréw gﬁéct?f ﬁ%@@pnla(% héWarka%féFellﬁ 6 qeh3dié | %)R & ggﬁgjr&e 14

cur he "overcoat canh bé one

aBeoediAg 1o G&n@ﬁbﬁ@éﬁ&ﬂﬁ@d @eRsinge.og FIQNI@SSL3A-HBD9{dItrEBIOGIId be
hard coat, an antireflective layer, an protective

yriderstogd sbatrthe subsaiyate, 14 aan baany substiate, ingjudiey eriiexible
AeefBbR50 Vi 2 The adnesi ve surtace 280.

Ther eaf t ertheteafiéi0Wprepolyhiéiicd@ating 300 is deposited on the network
layer of metal nanowires 114. An irradiation source 310 provides the photon
energy for c‘uring the prepolymer coating. A mask 314 is positioned between
the prepolymer coating 300 and the irradiation source 310. Upon exposure,
only regions exposed to the irradiation are cured (i.e., regions 320); the
prepolymer coating and nanowires in the uncured regions 324 can be removed
by washing or brushing with a suitable solvent or by lifting them off with a tacky
roller.

Photo-curable prepolymers are well known in the art. In certain
embodiments, the photo-curable prepolymer includes a monomer comprising
one or more double bonds or functional groups, e.g. hydrides or hydroxyl

groups, suitable for chain extension and crosslinking. In other embodiments,
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17C, the flexible donor substrate 240 is renoved by

detaching the rel ease | ayer 244 fromthe overcoat 274.
wonowaerasn enbodi nents, heat or pressure can BeTWS2@®6/031918

during the | am nation process to enhance the bonding

bet ween t he adhesive layer (or the conductive layer in

t he absence of an adhesive |ayer) and the substrate.

the photwecu o grepphtaer .mpmm pbHiat polysnerair oligopts dnat

due to an affinity different] of the conducti

qomiaips ﬂﬂ?r@fm@,fﬁe@qum% bPRES Pr E&HOBP@a'oBf REPS <& HshY%iqﬁ?Sand

[ e conductive
I‘f@g%r ﬁ}ytag&ef& Cfrguéghlﬁﬁlmgr: @?I nity C%ch) glass than to
a textile EbmﬁpleSWﬁidrﬁinﬁers/&‘ohwmmb% tauble dondrare alkyl or
process, the textile donor substrate can be renoved

hueroxyallyé asetirias or vesthagwlates suchrasymetndeaihvli bUtyl, (2

e RE B B b Dl CRREORIT AT Iotd, b LB uoryiate

aner etﬁ%ﬁﬁ@ﬂ%cr&lﬁ% %Hl@éhé ate/aas, Aqyleatird abylamidecr mal

gradi ent, which fords heated regi ons and unheat ed
me@aon&ammec Ihésebrmtuhedt(me&l@)@@ndamgia% vmybeeteeq suich asyinyl
t he heate

S Vv Celhbi oSy pBrOE ST Bt e B ERED <
Hefoslyrer@UIRVIAMbymb IR 91 B8NS aRE vin TRGhE cARlide.

ctive layef on the substrate. Heat regi ons on a
substrate E»aam}t»lesg)érrmmirmrs cootairingtploeqr rogreadoilié bonds are

h h th f
tiesac s o SBYRBREEo IHOBYIREP ShBbASHERNY] olycol
f
RALARAAELL CARS S eBcpRcabl Schap ey eosur

aﬂ:r;dp%axyaethbxy)dqﬂtmy@apameg trimetnlelbropaneadbeylates. For
nple, a patterned |amnating roller can be used to

p@gsmrymrr@lér'eﬁwlaae@f,&@}r@rﬂa@owmyhgcw@ vy beszaNacgivinyl

RELEIEE pREAEE R ARG M Roe BT, M-

%sﬂéﬂg@ is8€yarurated unpressured region. In yet ot her
odi ments, the conductive |ayer can be pre-cu

(e.g., di Examplesespatiahgolymess ndude, ebuhaﬁe@obbrmt@rﬂﬁo

Frutiresend S sAs AbvACE &) BPRS P Ehpe bR e b viny

W ddéé\%rh gr@mpg Mlyﬁr@mﬁfe%@icﬁﬁﬂyém@@&tﬁsﬁtmat@l polyester
retaine I
resins. Ina preferred embodrment the prepolymer is an acrylic.

Optionally, a photo-initiator can be used to initiate the
polymerization and/or crosslinking reactions. The photo-initiator absorbs the
photon energy and produces radicals, which initiates a cascade of radical
polymerization, including chain-extension and cross-linking. Photo-initiators are
well known in the art. Examples of suitable photo-initiators include, but are not
limited to, oxime esters, phenyl ketones, onium salts, and phosphine oxides,
see, e.g. U.S. Patent Nos. 6,949,678, 6,929,896, and 6,803,392;N. Buhler & D.
Bellus, “Photopolymers as a powerful tool in modern technology”, Pure & Appl.
Chem., Vol. 67, No. 1, pp. 25-31, 1995; J. Crivello in Advances in Polymer
Science, Vol. 62, pp. 1-48 (1984). In a preferred embodiment, the photo-
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renoved al ong a pre-cut contour. Patterning As noted
above, a patterned conductive |ayer can be forned by
weebwme222el y curing a prepol ynmer coating accor #CmEStmea31918
pattern. The curing process can be carried out
photolytically or thermally. Figure 18 illustrates an
enbodi nent in which a conductive | ayer is
ipiﬁatau%s;@ihahgacurelw i764s pEypitallyamith, the usemdtthé phatosinitiator,
network |layer 114 is depogsjt on.the substrate 14, .
the poeRANGS AR AR A 'HOEeePb%f?ra%h@wF'a@ 30
s%i:’%hag’[))' It should be understood that the substrate
can be any substrate, including a flexible donor
subst r at e.In Bliesresrhbedimentyrtapohaimeatiernimgi cam 88 Qairied out using
deposjted on the network | ayer of raesﬁ? | nanow res 114.
ghinsplating dherernl sorsice. g1 en@PSHUER B 2%69&6‘%@6@%&3

f i - i i N
58lorE S A Bl 1B e R o, ALEBE Soulhs: itsrmatyyel. n
a haafiledd approadhCiased diredtnpiteasctasalogy can by Useditoriirectly
exposed to the irradiation are cured (i.e., regions
‘saity’,a Eﬁéteﬂ_rraﬁﬁrg g@rthemgmwmsn goatinglayess Tharmally-curable

. 4 , hi :
BT A a Freeiin GEPas Sl ST B A1, FBT B igRE shgmatrix
r@gfelrmk&éh Belatdyoxyoh! iBEin 4TitPh SoFgéiddripaNirnnkbigmRI.S are

nown in the'art. In certain enbodi nents, the
phot o- cur dhbth the ghotorpetteining metodand termalpatteriing nethod

SR RSP ok Rl SRR Fofampe
K BRSMIA] o e & B pt O MRVwED eBet T Sy okl fue, as
ghovnl indgtigare 15At Therghaitopatteming statioa 1E8utdrebé cndigured in a

functional groups, . e.qg. hydrides or hydroxyls,
@UPP%'b‘PféNﬁﬁtoc@@’él‘éfqri%ﬂF'ﬂéméﬁ exRaUe éﬁaém%arﬁf the prepolymer
Eﬁ@gﬁles of nononers contai ning a double bond are

al’kKyF" or hydroxyal kyl acrylates or nethacryl ates, such

as net hyl ,Inejneyémbbdinydnt, as skdvy lim Eigure &9, a rotating cylinder
2- hydroxyet hyl acryl ate, isobornyl acrylate,

$3Q srart phhe rRiwdo-pRHping statlopyl9s: Ehe wen Qq%i@gestyg?/e'm 146 is
ﬁo%r%lo%§.s Thgcsru%lsﬂg{et H,l Soaté Wth%n%%olymer coating 300, is moved

along by a conveyor belt 332. The rotating cyclinder rotates at the same speed

as the conveyor belt 332. The irradiation source 310 is positioned within the
rotating cyclinder 330. An exterior 334 of the rotating cyclinder 330 is
patterned, perforated or otherwise provided with openings 338 to allow the light
to irradiate the prepolymer coating 300. Optionally, a guard slit or a collimator
340 for preventing any stray light can be positioned closely above the moving
substrate.

In a related configuration, as shown in Figure 19B, a patterning
belt 350 having a patterned or perforated exterior 352 can be used. The
patterning belt 350 is driven by rollers 354, one of which is connected to a
motor (not shown). The patterning belt 350 moves at the same speed as the

moving conveyor belt 332, allowing continuous exposure of the prepolymer
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nmet hacryl am de, N-substituted (neth)acrylam des, vinyl
esters such as vinyl acetate, vinyl ethers such as

wogobuwey26vi nyl et her, styrene, al kyl- and PCT/US2006/031918

hal ostyrenes, N-vinylpyrrolidone, vinyl chloride and
vinyl i dene chloride. Exanples of nononmers containing
two or nore double bonds are the diacryl ates of
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ﬂmley 384 icoatdctsand neodées theebaienmete aaeovmeamelglons 374,
cross-linking. Photo-initiators are wel
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Buhl er & D. Bellus, "Photopolyners as a ovverF t ool
plectrodes in & sideyragly-of dayiceseinsBysiing eng fevicgdhat girently

M@w@%&.téﬁggére\?i%%gnégtobsgéuc}f\eé%ﬂlé{@é%é@ﬂ% ERamples of

BhiRAIRE H@dlcémud@ﬂét park dip @, NIoDwtelicH scréehs,
I rgacure(tm 754. Typically, with the use of the

plwtmnagmetmmlphngse pnamsse%@tg nfpr edecteaghsomic

PRy o BloBlRATRBIA e et A R h PGB QP Sparent

g@ﬁédcﬁgrs%retﬁédigbé‘%séﬂw\‘Iéinbf&dé\h@ésj’f%hcﬁ%%meéﬁlé disp¥dys and
perture mas only exposes
touch screens.

in one embodiment, the transparent conductors can be used as
the pixel electrodes in a liquid crystal display (LCD) device. Figure 21 shows
schematically an LCD device 500. A backlight 504 projects light through a
polarizer 508 and a bottom glass substrate 512. A plurality of first transparent
conductor strips 520 are positioned between the bottom glass substrate 512
and a first alignment layer 522. Each transparent conductor strip 520 aiternates
with a data line 524. Spacers 530 are provided between the first alignment
layer 522 and a second alignment layer 532, the alignment layers sandwiching
liquid crystals 536 in between. A plurality of second transparent conductor

strips 540 are positioned on the second alignment layer 532, the second
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regions of a matrix material layer to be cured to a
heat source. Alternatively, in a nmask-less approach,
woasw@ro2zi2s ect -write technol ogy can be used to #CTASRI0Y/031918
"wite" a heated pattern on the prepolynmer coating
| ayer. Thermally-curable-matrix materials are known to
one skilled in the art. For exanple, the matrix
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coating system 146 is not shown). The substrate 14,
dapasiivnvartdicking nepegssesrare saquiref. 300, i s noved al ong
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davice integrated ontdem dactrosic pigpiay, veich pows rawsat toinput
otherw s rovided with o ings 338 to allqw the
'P$f§l!'ﬁt'°P§%YﬁPHBfi"89 dhe ﬁéfﬁﬁnggﬂr%/ﬁ’éﬁc SCERS agdgally Slear to allow
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r any stray |1

eventin t can be positioned closely
above t he Figwie2P shbws sehematically a &durhestreen device 560
configuration, as _shown_jn Figure 19B a paé{t e{rni npg
arePrding o ARG iEMPALimENt o T R deyice it Iprkidea BN IRBIP YS!
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speed as the noving conveyor belt 332, allow n i
siacerflieu A erperd franspareRbCoREIEPR PR} @dmsm@@g@bw the first

i raia AL, 5B 0 ekarp R BRrR Bl Mehesi englosures
SN 880adtireapdotiviedriiy GitRe deyRiesdB0! 0Pné eechid trangparent

conductor 580 includes a second conductive layer 588 coated or laminated on

a second substrate 592. The second conductive layer 588 has an inner
conductive surface 594 facing the top conductive surface 576 and is suspended
over spacers 596.

When a user touches the second transparent conductor 580, the
inner conductive surface 594 contacts the top conductive surface 576 of the
first transparent conductor 564 and causes a change in the electrostatic field. A
controller (not shown) senses the change and resolves the actual touch
coordinate, which information is then passed to an operating system.

According to this embodiment, the inner conductive surface 594

and the top conductive surface 576 each has surface resistivity in the range of
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patterned conductive |layer on a substrate. The system

400 can be fully integrated into the web coating
weysi7@2d6. | n particul ar, the photo-patterni RQT/US2006/031918

station 198 is identical to the one shown in Figure

19A. Followi ng the photo exposure and curing, the

prepol yner coating 300 is cured at sel ective regions
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to renove any uncured prepolyner.
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: ndews [
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ingsm-limiting exesures.al i gnnent | ayer 532, the
alignment |ayers sandwi ching liquid crystals 536 in
between. A plurality of second transparent conductor
strips 540 are positionegxaviPigEsecond al i gnnent
| ayer 532, the secondtransparent conductor strips 540
orienting at a right angl ExAMBREdhe first

SYNTHESIS OF SILVER NANOWIRES

Silver nanowires were synthesized by the reduction of silver
nitrate dissolved in ethylene glycol in the presence of poly(viny! pyrrolidone)
(PVP) following the “polyol” method described in, e.g. Y. Sun, B. Gates, B.
Mayers, & Y. Xia, “Crystalline silver nanowires by soft solution processing”,
Nanoletters, (2002), 2(2) 165-168. A modified polyol method, described in U.S.
Provisional Application No. 60/815,627 in the name of Cambrios Technologies
Corporation, produces more uniform silver nanowires at higher yields than does
the conventional “polyol” method. This application is incorporated by reference

herein in its entirety.
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transparent conductor strips 520. The second

transparent conductor strips 540 are further coated
wei20d7/0222assi vati on | ayer 544, col ored matri ceBCBA82008/031918

top glass substrate 550 and a pol ari zer 554.

Advant ageously, the transparent conductor strips 520

and 540 can be patterned and transferred in a

| am nati ng process onto the bottom gl ass substrate,

and the alignnment |ayer, respectively. Unlike the

conventi onal I y enpl oyed nekampoxpde strips (1 TO, no
costly deposition or etching processes are required.

In a further mubadiaBRtor A TRANSBRSER CODGSRSRICE OF
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descri bed herein torns part op a touch screen. A touch
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i nner conductive surface 594 contacts the to

e pthptoyacke gurffoxcmetsreddy a narrpWrcatamear%HPwnﬂow on an
RS s St AR HAS T ok VR Bp A shant
BEFRIEST thB@lu%Féé@Jellta%Ltﬁé iftepaclionsibetwabh ehe nanowires may
information is then passed to an operating system
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.
The surface resistivity was measured using a Fluke 175 True RMS Multimeter.
The results are shown in Table 1. The interconnectivity of the nanowires and
an areal coverage of the substrate can also be observed under an optical or
scanning electron microscope.

The matrix material was prepared by mixing polyurethane (PU)
(Minwax Fast-Drying Polyurethane) in methyl ethyl ketone (MEK) to form a 1:4

(v/v) viscous solution. The matrix material was coated on the bare silver
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surface 594 and the top conductive surface 576 each
woaaso7aarRace resistivity in the range of about PCT/US2006/031918

10-1000W D, nore preferably, about 10-500 WD.

Optically, the first and second transparent conductors

have high transm ssion (e.g., > 85% to allow for
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seuRENs typically enploy netal oxide conductive |ayers
(e.g., ITOfilnms). As note above, ITOfilns are

fragl le and rasdpareniocdrafucior diaing & cBadbdtiel 1ayer dT e PET
are typical %dde posited on gl ass substrates at

rqtgr(ﬁg {RYPEJa was thus firmedy” Ebatcoaductivenlayer of the silver
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substrates, including flexible and durabl e substrates
such as pl a-bﬁltfﬁﬂspﬂmt cmhéuwtoam@pafuéher subjectet do a tape test.

Bk SREC g, Ho3 o bG8 ruRSse Yng Wes Riambeepplicniipdhe
deiradd obthetMatriANPIMeRTe VY 'ﬂﬁg‘l lBgigém[\%res were

EXAMPLES EXAMPLE 1 SYNTHESI S OF
gimead alengwithetheviape. Afier ties tapedieby; thé eptieal arid electeital

hyl I t he
BiopEBirs e SERrRARRY! SEPRHEloT e aasUAd Por oaiorgiiernse
SIALY H TapRtod described in, e.g. Y. Sun, B. Gates,

B. Mayers, & Y. Xia, "Cryst al line silver nanowires by
sof t sol ut Bpnway ofcesspanigon, Manalrietdrey film (2803)med 0A)a PET

SHRAESF (RQIPRDbndahe 4Rs S, ssacsariaralraiee Hhe
S48 bRSpetES DRI FafSmission and haze) and the electrical properties of
the PU/PET are also provided in Table 1.

As shown in Table 1, 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
was highly conductive, registering a surface resistivity of 60 Q/0. The
deposition of the bare silver nanowire film on the PET lowered the light
transmission and increased the haze. However, the bare silver nanowire film
on PET was still considered optically clear with a light transmission of more
than 80%. The optical and electrical properties of the bare silver nanowire film
on PET were comparable or superior to metal oxide films (e.g., ITO) formed on

PET substrates, which typically range from 60 to 400 Q/0.
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The iAfeEPRBSfect i vity of 8 e nanowi EQL%_Q_Q_ar%a!
coverage of the substrate can al so be observed under

an optical or scanning electron m croscope.

EXAMPLE 3

ACCELERATED H>S CORROSION TESTS

Sulfides, such as hydrogen sulfide (H2S), are known corrosive
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
permeation barrier. This prevents, to certain degree, the atmospheric H,S from
contacting the metal nanowires embedded in the matrix. Long-term stability of
the metal nanowires can be further obtained by incorporating one or more
corrosion inhibitors in the mairix, as described herein.

In the United States, the amount of H,S in the air is about 0.11-

0.33 parts per billion (ppb). At this level, corrosion is expected to take place
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The matrix material was prepared by m xing
pol yuret hane (PU) (M nwax Fast-Drying Pol yurethane) in

warbdtyk226 hyl ketone (MEK) to forma 1:4 (v/v)PCTRIS2ME/031918

solution. The matrix material was coated on the bare
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filmon the PET | owered tlﬁ(All\/iP%Eh transm ssi on and

i ncreased the haze. However, € bare silver nanowire

ilm
fil 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 incorporated during
the preparation of the conductive films.

Samples 1-2 were prepared according to the method described
herein. No corrosion inhibitor was present.

Sample 1 was a conductive film of bare silver nanowires.

Sample 2 was a conductive film of silver nanowires in a

polyurethane matrix.
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on PET was still considered optically clear with a
light transm ssion of nore than 80% The optical and

wehete2al properties of the bare silver nanoRCTAISEI0bNB1918

on PET were conparable or superior to netal oxide

films (e.g., ITO fornmed on PET substrates, which
typically range from60 to 400 WD. As further shown in
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Bre 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
Example 3. The results are shown in Figures 24A, 24B and 24C.

Figure 24A shows the light transmission measurements of
Samples 1-6 before the H,S 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
be optically clear (having a light transmission higher than 80%). Following 24
hours of the H»S treatment, all of the samples have experienced decreases in
their light transmissions due to different degrees of silver tarnish.

As expected, Sample 1 had the most reduction in light
transmission. Samples 3 and 6 did not perform better than the matrix-only
sample (Sample 2). Samples 4 and 5, however, had less reduction in light

transmission compared to the matrix-only sample, indicating the corrosion
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the netal nanow res can be further obtained by
i ncorporating one or nore corrosion inhibitors in the

warboriez222as descri bed herein. In the United Stateas240h031918

amount of H2S in the air is about 0.1 1- 0.33 parts

per billion (ppb). At this level, corrosionis

expected to take placeover an extended period of tine.

THikitoratithieibisidiazale wasizdfective osprotedtingt theasivelesamsvites from
OVI d n extrene case of H2S corrosion. Freshly

(%’8 %‘Se@m ks were broken into pieces and sealed in

f
éagggztg;cpﬁ%' - Azlﬁr ogenﬂ’%u'%s&géﬁ% %aeéféarﬁ%rﬁft%mples 1-6

wafore tise HZSdreatmnit aad2dghdurs efter the H- S ereaeheas eF&fpurpose of
H2S fromt yol ks. Figure 23 showsati;alca

PBF\?&‘&'@O%’r PuOIQ,Cf%@SQ ﬂfethﬂZSSIQE?@C@\f@? eactpsample isfalgargraphed.

B oy S el Slpdinody Pa bt BRrtERe fobiE sistances
had etﬂ‘etfi\uelwbeeameqﬁoﬁ Bendustive adik UyROtheNsHsRY bhﬁ{eet?égradatlon
the |l evel s of the H2S gas (peaked at 7. 6ppm

Buglegirieat Prppsifigsawas gigrificandy @elayredtfnesammmnwes c Slaﬁfple 4

50 R oA LA L STt he o ot s
bh S sle lrgn VS d1é %Sdlﬁére@%afﬁme‘?glglxy%ﬁfltentﬁgf RB H %mples

an to darken within two hours
3 ihe same Q@émmrﬁmwﬂmeddlmmamw\)g ZB’IIWEH’SIpﬁGH thatithe

h@%ﬁloﬂnrt?fré’?g%%esg&a? ek dicsrralivenetipta ebiervaymsieminnibitor
until aftef; g%lré 2d€y§10v1/§‘fﬁfe9‘?‘iier}ﬂe5§‘@rterﬁ%]ﬁs BP lSQéH{ %sh N pefore

matri x acted as a barrier to sl ow down

the Hi&treamwgmnmneu& afte INGORRORATA tRNe nDF FGQBBgﬁils@\bf
GRbAarh The Ahande ey e ot '@Saagéuﬁaiq?%f” apogsaphed. Al the
§a§]’r§Pie§ -sholeBhbAlddes We?nsh %:i @Ie azoP Q’Xﬂg e exception of

udlng benzotriazol e,
Sampl ‘hande, ¢he hape Wsaﬁnﬂdn @uceptgbtéwen@ee(mahaﬁﬂ 094) for

foduc ve filnms. Sanples 1-2 were prepared
%%‘%b? %%‘ﬁe met hod descri bed herein. No corrosion
I nhi bi tor 8EMpRY £33 shown to have the best overall performance in

withstanding the corrosive H,S 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
greater than the atmospheric HzS. It is therefore expected that transparent
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 2 illustrates the results of two trials of applying pressure to a

surface of a silver nanowire network layer (or “network layer”) on a substrate.
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Sample 1 was a conductive filmof bare silver
nanowi res. Sanple 2 was a conductive filmof silver

waamowezee i n a pol yuret hane matri x. Sanpl es 3- BCWAIS2006/031918

prepared by first formng a bare silver nanowire film
on a PET substrate (i.e., Sanple 1). Thereafter,
various corrosion inhibitors were incorporated during

t he coati n§peciiceby edlver namawvines of around &Ginah to Sanml is width

BRR ARG BB eSaR Wk demiatogian an AUIASRG SRBR)PET substrate.
\ . . ; | vont &

ame bl WHS BRI Ith rhgh Bladtha PbF® HEUERLIEN of Re

manewires. &f ngtoloykilayehams foRhdd iaﬁcéﬁiﬁg(toﬂhé)metfﬁ@@lﬂi@cﬁbed in

s prepared by first incorporating 1.5v/v% of

gg‘?ﬂf%@ %i H?gfl%maﬁeraalma a&plmt@ﬁh@memm@mrm tathe
at-d e apt g i on.the bare ,

DRI Bn e TR {4 211 5 BB 2 s
staimesy seebavller dhlafgidrimrenibp suifabe! Tha ek Wi nelwork layer
1. 5v/v% of dithiothiadiazole in MEK, allow ng the
reptpshwvas fonr § taftiaghes wislenand from diwd imshasdangng wi t h
a matrix material PU MEK (1 :4) having 1.5v/v% of
di t hi ot hi adi azol e. Sanple 6 was prepared by first
i ncorporating 1.5v/v% of acrggion in a matrix materi al

PUMEK (1:4), followed by coating the matrix material
on a bare silver nanawi re filmiadhe optical and

e, Drons i aded], MR, e TMLST
deséarigball i n Exanplléd08 . The 400800l ts are s&pwn in 3.34

Fi gur@isg24d\psi 24B angh724C. Fi gyyeg 24A showgé gsel it%gtg_67

trans i on measurenents of Sanples 1-6

msquﬂe@?’ﬂ@ﬁi' and 2¥%ours aft®f the H2S Bf-datment. 413
For 1palir@B4&psdf conpasi son, thel2decrease ofski ggt_ 4.19
tra 1S %) for eagh sanple ig, al so grap . Prior t
themiaﬂwgt%?gggtfrrent, g:ﬂl of the ?:?an'pl es vvergj;'ghoyvn to4ﬁz
opt il EM@p4Psbar (hafBng a |ighd6 transni ssBdd hi gher 4.44
t haar @8¥a Fol | owi ngg 24 hours gf the H2S g4 gat _mint ' 4.19

roacoc

al —of—the bdllpi es—have eXpPert ernrced—decreases—in

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 2 indicates a subsequent single roll
across the network layer at approximately 340 psi.

In each trial, the network layer was rolled 5 times. Thereafter, a
plasma treatment was applied to the network layer. The resistance after each
roll 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.
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their light transm ssions due to different degrees of
silver tarnish. As expected, Sanple 1 had the nost

woedrae2an in |ight transm ssion. Sanpl es 3 an#C®/us2@6/031918

not performbetter than the matri x-only sanple (Sanpl e
2). Sanples 4 and 5, however, had |l ess reduction in

i ght transm ssion conpared to the matrix-only sanpl e,

i ndi cat i ngA$ bBhownabose dmiTahleb? tapplidation of hﬂ@&dumtﬂ @network

Bty aaplenen orbgn e K KArRSt R of L85 Byahpa0 incrd3be the

u re
e e
eeamant £an fulther ingtowatie wansrissivasarst mEuueeftbe haae th the
sanple is also graphed. As shown, all but Sanple 4
RSO IYEEd dramatic increases in their resistances

and effectively becane nonﬁ%F ctive, al t hough t he
onset of the degradation in eléctrical properties was

S1 0N [T Eanplf.eT 8y oo Gfors g5 AL s AR © habnd

that the ifppaieals of H2S BR.08nple 4 afd4sanpl e 5477
di ffered gmngisdepabl y, desgite that baslk Sanpl esshad

the same _cqrrosio |nh|b|t r (dithiot di azol e) hi s
i npl i essclaﬂg‘t ﬁ? @batl ng pgocesses rm;g gjffect th4gz

ef fecti verﬁeslasmé a given ®rrosion infBi tor. Fifdie

24C shows the haze nmeasurenents of Sanpl es 1 6 before

the H2S treatnent and 24 hours after the

tr eat nent . AS@hOWOrIDS?@'QJB Rplisatien @ﬁPrQQ%'r%FPaﬁ@@t‘ﬁ"Wk layer by

he e f §
il A0 RS ARG o 3 Rl BBRKmatily S40hsi on arigi
Nifrded RRILRSE SRS (igHt tinshaiEsibasaInt ino®kased ttihe hbae @f Mnetwork
Wt hin acceptable range (|l ess than 10@%e far each of

Byep| éashirg tt@mqiwermlamswghcﬁmpt@%w rafier hestolling,

e I L
é E]Jfﬁcﬁéé‘ﬂn?éjdt@&r%&)lrﬁp'ﬂo@ét?trf@{*rémﬁmsklbﬂ dricenefar ent

tor showed cl ear advantage over Sanple 2 in
whi ch no cWaedmgaﬂnel metivioirks mmthw@@ppﬁr@bwater withoug refingis also

that .the H2S | ev?l% n Lﬁ&? e,accel er d tests were
eHectiyeatigPreyag, e}]go%ql %’BY]@? Femﬁfé‘ is therefore
expect ed t BBfiowingtAe¥r&8ure or washing treatments, a matrix material

can be coated as previously described in Example 2.

EXAMPLE 6
PHOTO-PATTERNING OF CONDUCTIVE LAYERS

Figure 25A illustrates one method of directly patterning a
nanowire-based transparent conductive film. In this example, a silver nanowire
network layer (“network layer”) 600 was initially formed on a glass substrate
604 according to the method described in Example 2. Two holders 610 were
placed on the glass substrate 604 to define an area 614 for matrix formation. A
photo-curable matrix material 618 comprising a mixture of prepolymers was
coated over the network layer 600 within the area 614. A mask 620 was placed
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conductors prepared simlarly as Sanple 4 would fare

even better in the presence of the atnospheric H2S.
wexiivRRE226 PRESSURE- TREATVENTOF METAL NANOW REPRIET®EIRK/031918
LAYERS Table 2 illustrates the results of two trials

of appl yi ng pressure to a surface of a si | ver nanow re
network | ayer (or "network |ayer") on

updrsthediaid S ectliof | Ted trp.sksﬁZOmas agylasd $|@E§ kaving aumunber of

70
Q%E %tﬁg @%2%1 9&2“%@8@?‘?’3’%9 “eB%@ rgqmg{]errlgf gl%t %Hgn irfadiated
Lﬁ‘gll%is' @% Otbﬂg }ﬁgr %tsléc&‘l AT fﬁ%fﬂ%( matetal crdd ' the

anow r es. net wor k ayer was

r%grdm%m@@d db fightt and femaiettdiduidtiadhe begions thatangreenasked
No matrix material was applied to the networks prior
b)bthehéarbﬂ@%ure treatment. The Trials listed | n Tabl e

2 were car ESFwd

roller on éé Sﬁ%‘ﬁﬁﬁ%gfgéﬁgt%gség%g%@kQWe area 0 %'Hed after

tﬂétpmﬁdf—plaﬁéﬁfné Hesd b dEtsoVd. cmrnéngr eﬂregmmneesmme axpgosed to
from3 to 4 inches long. TABLE 2 Trial 1 Trial

BWduadiatien (aw:lgha sedy ragiony 638 wese ma%sﬁgrfr% itha@ hgbfeexposure

Rt G BTSSR e g o
%ﬁb&/e"‘th%%étr&%bte@@éﬁd ped ngﬁo\ﬂ‘@és ﬁﬁur@cLﬁedQeQJthBM@As

6 192 8/7.1 4.47 1 roll @340 psi 53 86 86.6
mown /Ahe moatrast 3gweenadse mmaum@i regians G4 ang the cured regions

ﬁ%@%%é&&%ﬁ(ﬁf@@)mqg {f%gged %lﬁ"\? H:ﬂ g rs hﬁtgletc%%centration
BB RS BolFEF HBRI We%ér‘ééFaﬁGn%rth@l'dﬂﬁ e linbar

cates a subsequent single rol
RGierEs644 e Eleztrival méajaeemantsammm@ﬁner@rmeytlwehwed that the
gﬁ%ﬂ@a%&:onstﬁg% V\r/]eelfte\/\r?c{nkcclﬁ uctive > ' olled 5 tines.

Figures 26A-F show a photo-patterned conductive layer at higher
magnifications. Figure 26A shows the conductive film 640 immediately after
photo-curing (5x). Figure 26B shows the conductive film 640 after the adhesive
tape treatment (5x), in which the cured region 648 appears much lighter than
the uncured region 844. At higher magnification (Figures 26C and 26D, 20x), it
can be observed that the uncured region 644 has a lower concentration of
nanowires than the cured region 648. This contrast is more apparent in Figures
26E and 26F (100x).

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 27A-D, a conductive film
700 was prepared as described above and exposed to UV irradiation through a
brass aperture mask. Figure 27A shows cured regions (conductive regions)
710 and uncured regions 720 after being washed with ethanol and wiped.
Figures 27B-D illustrate, at increasing magnifications, the contrast of the

nanowire concentration in the uncured regions 720 compared to that in the
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plasma treatnment was applied to the network layer. The
resistance after each roll is as listed in the second
woRbrge26i al ) and third (second trial) col uMmeCT/US2006/031918
Variation in transm ssion and haze for the second
trial is as listed in the fourth and fifth col ums,
respectively. As shown, it was determned that the
auoed vegions 7§ 0ofin theeuneirad regioas d20omoask ehther ungurag gatrix
i ncre i cation of essur e Sur
TAGrEb AT A napBvrSE KB T B S b EihAfR washing.
F‘H(ﬁé- tl%rﬁlﬂ hé‘r%ﬁ‘d\% ﬁde%r céﬁd@tl(/8|ré@bn§@ﬂdﬁﬁﬁu§cﬁ1dd&ﬂve
I'ight rans ssi on | ayer and i'hcrease the haze.
iohhasyording Talal meﬂetwtnmd pattmahl ng process followi ng
e pressure treatnment can furth I mprove the
transni ssi on and reduce t REAMELR of the network | ayer.
TABLE 3 Process Resistance (Wp) Transm ssion (% Haze
(% (original) 70FPHQUM-GERABLE FOGRMULATIONS @ 340 psi 109
85.6 5.24 soap & water wash 44 86.0 4.94 Ar plasma 24
85.9 4. 81 Tise afatrhniateriallescibed pEkaapleod cah Iqerfes”sulaéed by

AR o Sl S AT BRI, o muts
e

A‘ﬁ’} Befkatk FMEombidossraponteraebnbeaidert, subk alscdpidxyga,crylates
howeveér, increased the transni ssion and decreased t

mazﬁespemﬁ@alt;yoa ghylbewy ecadaiee Atphianoxyetnyl Wlﬁ%dav% Sorylate,

R e e
br@gﬁgl\‘hé]g chh %e‘:@%{@t;irﬁh{ol’e te forRRition tof @tcro@inlkmg pgymer

ure or washing treatnents, a matrix materi al
netwoble EtxampadiesamCbadexxrlmfaéhwobé@ﬁﬂeoféléCMﬁtE)Gh‘rﬁE)z

trlpropylf ne glycol 9 ilac Tge Fialsp enol%&%gp%ﬁgted (3)
trimethylolpropane triacrylate, dipentaerythritol penta-acrylate. Any
photoinitiator, for example, ketone based initiators, can be used. Specific
examples include: Ciba Irgacure 754, phenyl ketone such as Ciba Irgacure 184,
o-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 lrgacure 754.

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, Irgonox 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
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Figure 25A illustrates one nethod of directly

patterning a nanow re-based transparent conductive
woizbomo2inet hi s exanpl e, a silver nanow re net weck/usanen31918
("network layer™) 600 was initially formed on a gl ass
substrate 604 according to the nmethod described in

Exampl e 2. Two hol ders 610 were placed on the gl ass
aubtherlikee madditiodalfpmﬁoiaﬁiamreewcgm €iha Ingagurg OXEO01 can be
formati on, A photo-curable matrix material 618
f%ﬁ%rr?@ﬁ?% a mxture of prepolyners was coated over

t he networ V. et i

wes pl acediash T RAORorHungel; pRtEAREL My QlellBRs shitbble as
tBb anatrig Imateribpvsetinathisueszanplef dark |ines 624 of about
500mm wi de. The matrix material was then irradiated
fergudatior)nax 5000 | anp for 90 seconds. The matrix

mat eri al %ﬂ%dzdéﬁ){ﬁﬁgrg%% exposed to |light and
re

remai ned |1qUi I'ons that were masked by the

dar k |i nespo%Rsrigeeolbrogangutriecdfzle (TMRIAL i ve film
630 was obtained after the %ﬁt Q- patterni ng descri bed
above. Thel%iaghesion pignnter 632 SlapestRpHdd to LV

irradi ati d th ri.r.egi masked from
the |ight O@Q%%ggﬁ@ﬁd%ﬂé?&q %CZH(% ?@nwr\%s further
subj ect ed 49 BbteARRIONE IBRARGadliredr34HCKky rol | to
renove the matrix material and the nanowires in

Eorowrlatibr 2gi ons 644. As shown, the contrast between
t he uncur egLo 44 and .t he cured regi ons 644 was
pr onounced.3-&&3?&%\‘{89’6“@0%?1@9 ve tape treatnent, the

concent r aty e AindtMAoRFElAMe PicAARBRFMAEAOW t he

percol ation threshold'in the uncured regions 644.

El ect ri cal 1%eschestoreptanater (GESilgeept AbE0Q); ps showed
that the upncured reqions G644 were non-gcondyctive.

Fi gur es 269\050/%%6\? daimd -%HQ?%?%%@%@r%mgtive | ayer
at hi gher Wi -Gat: ~ B &h45hows t he
conduct i ve%??ﬂrh%oj@h?%%%bgtlg#{/&lgt er§phot 0-curing
ESmiulafidgBre 26B shows the conductive film640 after

t he adhesive tape treatnment (5x), jin ' he cured
regi on 6487 &JpadFBrapyiand Qlwﬂlé@qrﬁ%‘ﬁs Fﬂ%éﬂ ur ed

regi on 644,, Ato, N {54 ' i 26C and
26D, 20x) 2%@ "{é’ta}h%zﬁ% géﬁ/@&ﬁhg%t%gvﬁ-@ed regi on
644 has a 4@warpreogiiritsaGiemirghcmencbd)r es than the

cured region 648. This contrast is nore apparent in
Figures  0.03% antioxidant (4-methoxyphenol)
Formulation 4

68% 2-ethylhexyi acrylate;

20% trimethylolpropane triacrylate (TMPTA);

1% adhesion promoter (GE Silquest A1100);

0.1% antioxydant (Ciba lrgonox 1010ff) and

5% photoinitiator 1 (Ciba lrgacure 754)

5% coinitiator (Sartomer CN373)

1% photoinitiator 1l (Ciba Irgacure OXE01)
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26E and 26F (10Ox). As an alternative to removing the
matrix material and nanowires in the uncured region

wagberg2zadhesi ve tapes or tacky rolls, a sol venPCmag2(6/031918

used to wash the uncured regions. As shown in Figures
27A-D, a conductive film 700 was prepared as descri bed
above and exposed to UV irradiation through a brass
aperture mask. Figure 27A shows cured regions
(conductive regions) 710 and uncured regions 720 after
bei ng washed wi th ethanol Bxevmigged. Figures 27B-D
illustrate, at increasing magnifications, the contrast

of the nanow re concenNAgWwRER D8pdronNcur ed regions
720 conpared to that in thecured regions 710. In the

uncured regi . ; . of t CHI Ei X .

mat eri al a%\d t g'gF@gE%%@ooﬁ'%sw%a@r@g@B@QWQBP'BVQ about
038 % WtaHPIM Qeait 1 @. 36Wak0 sVt rindwkest 866 ®085% wt. Zonyl®
Eroduces conductive regi ons and non-conductive region

S 8P @drabout SP&PS% Miti waterp st @ imitiab syl HPMC stock

oM el Wbl My Aoy of rcedial OBl O e g

desipsd yblahte SRTHHEWIrd QispBFsFRPWEEPlacedSindehé At and heated to
herein), a multi functional acrg | ate nononer (or

belyRan 80 aah 855 oneabotpiate. FrmughrilPME tor makeyd.5% wt.
ARG R PAPERadad 1 bEhamieranh (e hohatmas aghed oft The
HENIC @ind, waeP Prﬁﬂ%@%@@ti_rr%gr%kﬁéj%rs‘% tﬁ’lrér %‘Ibl\ff’@f WhalBmainder of

nmet hacryl ates, and the |1 nu unct1 onal
ther tptal menomni ofwat¢owap chiflet yomeice acdrthére added td the heated

BRI 1 snet Srachd e RAMGE pomal A mnhe HPMC solution
\Fgéé fﬁﬁébé@ﬂw?o%q%ﬁﬁpm/?éﬂuw(graéé&%Fa;?gﬂaﬁ'r%% cOhEHeX5E fiter to

I sphenol - A di acrylate,” propoxy

termons bydisblved gefseand paricylats, Nékpallc@tmrsdlthﬂc%rt & Zonyl® FSO-
EOT b LA L bRl o s tr acod

i e . S one
2SS A8 R S oSOl Bsotes

ghemedestary, arhemaiagfHPRIGEstogk Biution k6 heilesasod 6.08% wt.
' More specifically, a fast-curing fornulation can

I%EK/EQ eplytien imiheciialink Bemposkion 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
of the ZonyI® FS0O-100 stock solution to make about 0.005% wt. Zonyl® FSO-
100 solution was added.

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.

60



70% 2- et hyl hexyl acrylate, 15% 30%tri nethyl ol propane

triacrylate and about 5% Ci ba | rgacure 754. O her
waddi7ioeyee can be added to enhance the stabili PgTAS06031918

pronote the adhesion of the matrix and the nanow res.

For exanpl e, an adhesion pronoter (e.g., silanes) that

pronotes the coupling between organic matter and

i nor gani ¢ rRxbiethedfaregoingub edl b&spppdatstedithathalthough specific

sil ane-type adhesi on pronoters include GE Silquest
&m‘flﬁ?‘ﬁ@%% piihedaventiondmverkpanmdesaribed heieinder Burposes of

r : r.eon -
S aBon IS HBERE R Mok sdyafte BERP isiEfing from the spir
edi Stobealf AN ima@ntios. needrdiny P PBhesrition is ot finftBe ¥xeépt as
the photoinitiator. Exanples of coinitiator can
b dhe@epanded glad®sof tertiary amne acryl ates, such as
Sartomer CN373, CN 371 , CN384, CN386and the like. An
addi ti onal photoinitiator such as G ba | rgacure OXEO1l
can be further added. Below are four exenplary
phot o- curabl e fornul ations suitable as the matrix
material used in this exanple: Formulation 1 75%
2-ethyl hexyl acrylate; 20% tri nmethyl ol propane
triacrylate (TMPTA); 1% adhesi on pronoter (GE Sil quest
A 1100); 0.1% antioxidant (G ba Irgonox 101 Of) and
4% photoi nitiator (Ci ba |Irgacure 754) Fornulation 2
73. 9% 2- et hyl hexyl acryl ate; 20%tri net hyl ol propane
triacrylate (TMPTA); 1% adhesi on pronoter (GE Sil quest
A 1100); 0.05% antioxidant (G ba Irgonox 101 Of) and
5% photoinitiator (G ba |Irgacure 754) Formul ation 3
73.1 %tripropylene glycol diacrylate (TPGDA)
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22.0 %trinmethyl ol propane triacrylate (TMPTA) 4.9 %
photoinitiator (C ba Irgacure 754) 0.03% anti oxi dant
wO4emaiaxyphenol ) Forrmul ati on 4 68% 2- et hyl heRrgi/US2006/031918
acrylate; 20%trinmethyl ol propane triacrylate (TMPTA);
1% adhesi on pronmoter (GE Silquest A 1100); 0.1%
antioxydant (G ba Irgonox 101 Of) and 5%
photoinitiator | (C ba |rgabBidS754) 5% coinitiator
(Sartomer CN373) 1% photoinitiator Il (C ba |rgacure
OXEO1) EXAMPLE 8 NANOW RE DI SPERSI ON A nanowi r e
di spersion, or ink, was fornul ated by conbi ni ng about
0.08% wt. HPMC, about 0.36% wt. silver nanow res,
about 0. 006% WA traosphien} ceBiictoOc@mrisibgut 99. 555%
wt. water. As an initial step, an HPMC stock sol ution
was prepar@8ubsiratanditt of water equal to about 3/8 of

t he total i
e Lot e eI PhIRBRELE AL SBRIARR g nciuaing
a@ﬁlu@elhpbph@itﬂ ndrivveds. HPMC to make 0.5% wt. HPMC

sol ution was added to the water and the hotpl ate was

turned off. The HPMC and water mi xture was stirred to

6 5pe1 ¢ 1be oA clhGABIRLANa 8ol el lrpBimera

W%sl'ﬁ@fg,ﬁg} Hhh&Wiré®d stirred at high RPM for about
mn. The HPMC solution was filtered through a

40m 70mm (absol ut e/ nom nal) Cuno Bet apure filter to
renove undj solv eI s _and S.. t a stock
sol ution of zoni ?L%Ef'%i CE%'PBEI%W% éac%

ggt of Zonyl (r) FSO 100 were added to
W%ﬁ%?ﬁ %er and heated until the Zonyl (r) FSO

100 was fully dissolved. The necessary armunt of HPMC
stock solu |on _to make abo t 0,0 % sol Uttlh

in the fi e JARSRAENL ROVAETD) B i etelh
SN RLiDE fayermudéﬁﬁ matrix.

5. The transparent conductor of claim 4 wherein the

transparent conductor is surface conductive.

6. The transparent conductor of claim 4 wherein the matrix is

optically clear.

7. The transparent conductor of claim 5 where the matrix
material is polyurethane, polyacrylic, silicone, polyacrylate, polysilane,
polyester, polyvinyl chloride, polystyrene, polyolefin, fluoropolymer, polyamide,
polyimide, polynorbornene, acrylonitrile-butadiene-styrene copolymer, or

copolymers or blends thereof.

8. The transparent conductor of claim 5 wherein the matrix

material is an inorganic material.
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necessary anount of D water to make about 99. 555% wt .

wat er solution in the final ink conposition was added.
woher7g022261 on was stirred for about 15 min. an#8CThs2006/031918

necessary anount of silver nanowi res to make about

0.36% Ag nanowi re solution in the final ink

conposi tion were added. Finally, the necessary anount

of the Zor§yl (r)THeSTangmarenbedndustartafelpingd wiieseinmach metal

S e e A b o
%ﬁbh%ﬁéﬂ @gﬁggé’s §bo?é‘%%”drfa%?@f'tl@é‘¥ﬂa@r’ib§1 foreign

ent’s; gn patent applications and nonpatent
publications referred to in this specification and/or

listed in the plication Data, Sheet, are, incorporated
herein by t&f e?ﬁ?ﬁﬁ'?nWﬁrﬁﬁbf)?”W?rﬁgt%'m%N‘ﬂ}eﬁ%r% the

far i it W ' ,
L e A

ArORc:dMIueiot dré conrdupheeandieddridusiians afithe sarfaceof the
nodi ficati ons may be nade w thout deviating fromthe

saspareainepnslticiss a6e NoRecanduetYe-on. Accordingly, the
invention is not limted except as by the appended
claims. CLAIM5S 1. A transparent conductor conprising: a

substrat e; 1fnd hé aAASEAMYE cORNRIOO6F didien $ wirsdrent the substrate
the conductive |ayer including a plurality of netal

isaigishi res. 2. The transparent conductor of claiml
wherein the netal nanowires are silver nanowi res. 3.
The transparent conductor of claim 1l wherein each

hanowi re hgs antaspgahtparcht cdRGuUdtbROERNANENY vasraicther
of claim 1l wherein the conductive |ayer includes a

@\Atzbstiate iSgladéepdlyasrylate, qralyalelitg polyoiny chigrigienflyoropolymer,
erei.n the transparent conductor. is surfac
BoaTIG REVIBICT ROV AREReT e, BlfFaCES. BoVEhgRhgrietone,

YGRS A, Bolydster, PoRRinyRalakH/I6hiffé-butadiene-styrene
copolymer, or polycarbonate or a copolymer or blend or laminate of these

materials.

13.  The transparent conductor of claim 1 wherein the substrate

is flexible.

14.  The transparent conductor of claim 13 wherein the
substrate is polyacrylate, polyolefin, polyvinyl chloride, fluoropolymer,
polyamide, polyimide, polysulfone, silicone, glass resin, polyetheretherketone,
polynorbornene, polyester, polyvinyls, acrylonitrile-butadiene-styrene
copolymer, or polycarbonate or a copolymer or blend or laminate of these

materials.
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7 . The transparent conductor of claim5 where the
matrix material is polyurethane, polyacrylic,

weizbi7meree pol yacryl ate, pol ysil ane, pol yest er PCT/US2006/031918
pol yvi nyl chloride, polystyrene, polyolefin,
fl uoropol yner, polyam de, polyimde, polynorbornene,
acrylonitril e-butadi ene-styrene copol yner, or
copol yner s 18r  biTéredrartsparetticonductof o€ clairarisfusthentomprising
conductor of claim5 wherein the matrix material is an
PREGARPE Fii-tallestivalayefie antiglaieapynts. aghesive bayess, barriers,

ﬁ%gd g{)%ctréyf] p%@foﬁggﬁnqet al nanowire or a portion of

nanow res includes at |east one
section that protrudes above a surface of the matrix.
10. The transparent conductor of claim4 wherein the
conduct i ve 16ayerTh|estrqmptaé¢nt@@nducﬂ®rpﬁalalrﬂmﬁsqomlérgﬁlamn anti-
of . t he urface of the t ent onduct

efirsiie Taier s itoned yer U Sstive Vet Ard an Hhesiyg laver

Pb§ﬁi§ﬁé& DRbWEOMEHCESH RYiGe 'I‘EWéT GPAdHE SupStratkl. The
ransparent conductor of claim1l wherein the substrate

is rigid. 12. The transparent conductor of claim1l

b0l yol of i ni7pol Y PEaATSBAIH caBduPRLHT SR meomerising a hard
BhYaRo RIS Pl THE! BB oSkloRaY Benidihe

resin, eret he ét one, ornene,

poh(ylaa@ttverlayqalod:rycl/’ch%ﬁyé.LEb;stratar )dnairan aniweﬂnﬂhadulaym-l&!wélm
coggl mer, or polycarbonate or a copolynmer or blend or
€e of these materials. 13. The transparent
conductor of claim1 wherein the substrate is
flexible. 14. The transparent conductor of claim 13

wherein t ha83ub%eatamsbarmlcy)adumbabemamI135Cdceﬁ|:bmsing an anti-
pol yvi nyl chloride, fluorop m{;w yam de,
FRflegtine dRyerpanirglare and a kanries lver pgs&lggeel @bpye the conductive

B GREE I et REoirBRed BN RE ook ES 1 epspe

SubSPateCand anarfi- r@fle@tl\i‘eollé?éb/l‘i@lbmpﬂhe@ttb@,ﬂaw | am nat e
of these
19.  The transparent conductor of claim 1 further comprising

one or more corrosion inhibitors.

20. The transparent conductor of claim 19 wherein the one or
more corrosion inhibitors are housed in one or more reservoirs and can be

released in vapor phase.

21.  The fransparent conductor of claim 19 wherein the
corrosion inhibitor is benzotriazole, tolytriazole, butyl benzyl triazole,
dithiothiadiazole, alkyl dithiothiadiazoles and alkylthiols, 2-aminopyrimidine, 5,6-
dimethylbenzimidazole, 2-amino-5-mercapto-1,3,4-thiadiazole, 2-
mercaptopyrimidine, 2-mercaptobenzoxazole, 2-mercaptobenzothiazole, or 2-

mercaptobenzimidazole.

64



mat eri al s. 15. The transparent conductor of claiml

further conprising one or nore anti-reflective |ayers,
wanvi7/gtase | ayers, adhesive | ayers, barriers, Paamng2006/031918

coat, or a protective film 16. The transparent

conductor of claim15 conprising an antireflective

| ayer positioned over the conductive |ayer, and an

adhesi ve | @ger (0w tranypeseitaiondeantdr bf cRAmREheeeih ther
and the substrate. 17. The transparent conductor of

EPHPRIONSNBIHAF isshenzokiaralel dithiathigdiazolener alkyidithiothiadiazoles.
| ayer, a barrier |layer positioned between the
conductive layer and the substrate, and an

anti -ref | epgi ve Thayiesndpairéry doneuslop F R 19.@herti® the
transparent conductor of claim 15 conprising an
gatrosionlisbibitoris| ary HeS sgavénggirare and a barrier |ayer
positi oned above the conductive |ayer, an adhesive

| ayer positioned between the conductive |ayer and the
substrate, oand ' ' i

SUbstr ato, 0. ThS THisHeR e Btor oY BN E i fhe
fcarrobien inbibjior isi agyoleite ghyoxat) teazioe r arsm-chlorodliduirtimids.
20. The transparent conductor of claim 19 wherein the
one or nore corrosion inhibitors are housed in one or
nore reservwairs r :

1. The traggbarg?@g£on SC gfﬁﬁgaéﬁﬁPﬁ??ﬁﬂaﬁé?gﬁﬁéﬁﬁ%%
transorission ohbt leaspb0%s benzotri azol e, tolytriazole,
butyl benzyl triazole, dithiothiadiazole, alkyl

di t hi ot hi adi azol es and al kyl thiols, 2-am nopyri m di ne,
5, 6- di met Byl berzim - anino- b- -

30 2t hi adiSzol dnearatiERLds BpRMbAr af i PhAfing a surface
PegrEtiviigrof oloemonx 8aml Bx108-(ver capt obenzot hi azol e, or 2-
nmer capt obenzi m dazol e. 22. The transparent conductor of
claim 20 wherein the corrosion inhibitor is

benzotri azglke, dithiothiadi.azol r alkyl .

i thi o h ag azone ralisbalih ¥efielt oBHED Jutetelp thy metal
abAOWIréS fovAe a”iondubive RefTK HEludIRg Bi glaFalitysofmartdivre crossing
scavenger.

points, at least one of the nanowires at each of at least a portion of the plurality

of nanowire crossing points having a flattened cross section.

28. A method of fabricating a transparent conductor
comprising:

depositing a plurality of metal nanowires on a surface of a
substrate, the metal nanowires being dispersed in a liquid; and

forming a metal nanowire network layer on the substrate by

allowing the liquid to dry.

29. The method of claim 28 wherein the metal nanowires are

silver nanowires.
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24. The transparent conductor of claim 23 wherein the

corrosion inhibitor is acrolein, glyoxal, triazine, or
wa-2aithoezasucci ni m de. 25. The transparent condBCTmS2@5/031918

claiml having a light transm ssion of at |east 50%

26. The transparent conductor of claim1l having a

surface resistivity of no nore than 1x1 06 WD. 27.

The transp&@lent Thenthethiaat ofodlaiol 28 ml’ﬂer&hdheiliqutdﬂ@rmiet al

nanowj res fo écﬂﬁa conductlve net wor k |n [

SOTHISe8 PSR S PGSt S GRPI e SeyIage 2-Bydrosy thy
c{%ﬂul‘&?@ O@M r§§¥1 gbﬁﬂbtﬂ c%ﬁlu'o%@sheﬂ%ﬁ %E Iul8§e 050@1 Qfyi alcohol,

ura re C ossin b0|n

fthpﬁopgmé Pl sarse kahthan giin. A met hod of fabr| cating a
transparent conductor conprising: depositing a

plurality of metal nanow r es on a surface of a

subst rate tal _pan ersed in .
oot o 3 o Mg IR &ty A% el R AT b feqting the
tshlﬁaéé'Wtﬁé‘é@é@bét@'ph@%’td“ﬂeé&ﬁtlﬁg fhg rﬁefeﬂ n@hypwird8: The

met hod of claim28 wherein the netal nanowires are

silver nanowi res. 30. The nmethod of claim28 wherein

car boxy metryl - e nRRRE STt f et hars disingdug Soiface of
'?B{@' 5QB3trate ‘b??/éte patterf @oh?’ﬂyrf%ﬁ?eaﬂ%% +né3 EH HEARG) region and

poly vinyl coho tripro nd xant ha
@ leass ofie uhkreatast mgmbmf claim28 further conprising
pre-treating the surface of the substrate prior to
depositing the metal nanowires. 32. The nethod of

claim3 1 wher e"l*ﬁe%@ﬁ{c{de@ftdlé]% "Bﬁ‘ﬁlh%%lfﬁ{'i@ rﬁ’éécg{ t'?%r;%/vire

substrate creates a pattern conprisin

mebyonkdayerds oafy fonmaddrathel psrestteat@@ regibneat ed regi on.
33. The nethod of claim 32 wherein the nmetal nanow re
network layer is only formed on the pre-treated

region. 34 The method of claim 31 wherein pre-treating the surface
includes depositing an intermediate layer on the surface of the substrate,

plasma treatment, UV-ozone treatment, or corona discharge

35.  The method of claim 28 further comprising post-treating the
metal nanowire network layer.

36. The method of claim 35 comprising applying pressure, heat

or combination thereof to the metal nanowire network layer.

37.  The method of claim 35, wherein post-treating the metal

nanowire network layer increases the conductivity thereof.

38.  The method of claim 28 further comprising:

depositing a matrix material on the metal nanowire network layer;
and
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34. The nethod of claim3 1 wherein pre-treating the
surface includes depositing an internedi ate | ayer on
woheo7aarRace of the substrate, plasma treat nenPCT/US2006/031918
UV-ozone treatnent, or corona di scharge 35. The net hod
of claim 28 further conprising post-treating the netal
nanowi re network |layer. 36. The nethod of claim 35
conpri si ng CHPpY yhermadixsmbers! thdeim amatoixpiheanatrix and the
reof to the petal nanow ye network |ayer. 37. The
HTRE P ces SraPaadeq MEveE ofple 4 Parss St a
nanowi re network | ayer increases the conductivity
t hereof. 38. The nethod of claim 28 further
conpri si ng39depdsetmethod ofataimx38ratrther gomprisirge et al
nanow re networ Kk It?%/?gr; andcuring the matrix materi al

to forma REYFING2 t geaction of gach of awostiomahtha plurality of

; [ ' G t] [ .. The
R R 8 ol ABETBR oS! W ro rde's
teaductimgsanfacerofdfie eanductivedaps tion of the plurality
of nmetal nanowires to protrude above a surface of the

matri x to provide a conducting surface of the

conducti ve,haye h of cl.aim 38 wherein
the matri x4pr'at eir."%ﬁ*geégﬁﬁfgﬁaim?ép‘e{%%? Iﬂ%ﬁ gﬁéﬁ"%@@%ﬁ'@'a
sonpeisés apolymdihdispaisbadn af saletitm 38 wherein curing
conpri ses evaporating the solvent. 42. The net hod of

claim38 wherein the matrix material conprises a
prepol yner ,,43. The et hod of aim42 wherein the

pr epol ymsr4i]'s ohide HFEEQ(EPSC%}{H%SMEGW RYENGFORPEHERS 42
afeihting iR ssi1eeq! yer is thermal curable. 45. The
method of claim 38 wherein the matrix material is

deposited according to a pattern, providing coated
regi ons angl at ed Irae(gi ?ns of  the netal nanowire
P8

net work | ay%:rj,ncﬂljl%”l% Flain S8awlereinthe malixgmaterial

comprises a prepolymer.

43.  The method of claim 42 wherein the prepolymer is photo-
curable.

44.  The method of claim 42 wherein the prepolymer is thermal-
curable.

45.  The method of claim 38 wherein the matrix material is
deposited according to a pattern, providing coated regions and uncoated
regions of the metal nanowire network layer, the coated regions curing into a
patterned matrix.

46.  The method of claim 45 further comprising removing the
metal nanowires in the uncoated regions.
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patterned matrix. 46. The nmethod of claim45 further
conprising renoving the netal nanowires in the
wanewakeder egi ons. 47. The nmet hod of cl ai m 45 wReTRIS2006/031918
the matrix material is printed on the substrate
according to the pattern. 48. The nethod of claim 38
wherein curing conprises selectively curing, according
to a patterdd; tHdenmetiod efedlain 45 wheréiorthe cuatdd material is
redi qured regions. ,49. The nmethod of claim
E@gtﬁéﬂgygégﬁ%r '&i45G° &‘ﬂafﬂ g Rl mt ri x naterial and
the nmetal nanowires in the uncured regions. 50. The
nmet hod of claim 48 wherein the cured regions form
patt er ned d8ndudiheveethmgerfclaith 38 wheeeinaiuning coingisasm
28| vxlper ein the subat ratt e is flexible, 52. The nethod
SPIeCIUehhyringuAtEIingtR& RRHRIP, hednaixmatasial tyfosm cured
18k d f traveling path, and the netal
Eﬁ%gﬁ ragg Lg?gr%ie%g)g?r?séd at a first deposition station
along the traveling path, and the matrix material is
deposi ted gé a second depaosition station along the
t

travel i ng h. 198 methed gl clrim 48 fwtr@irgplfmrM@in?]pwim@the
.l it t. . 54. T
AR R Gria Rl O oo BT YEXBHculSd FaoiBs. v i x

material at a patterning station along the traveling

pat h. 55. The nethod of claim54 wherein curing

conpri ses €8nti Aheweeiod af cleimatd wherain the curedenegiminstform
] Iyl | afli on.,.56. The nethod of claimb55 wherein

b%@gﬁ]ﬁgh({oﬁgipgﬁ\é‘? %tyﬁ[ﬁﬁ is projected to the matrix

mat eri al according to a pattern.57. The nethod of

claim 54 wherein curing conprises heating the matrix

mat eri al | 8§er Abewnethad of olaim28 wherein thengulsstiatais flexible.

i nsul ating mask. 58. The nethod of claimb54 wherein

the matrix material is patterned into cured regions

and uncur egpr e9iTRE $neth8d _oTB%irﬂFg‘ltWHel%fin HePbiBstRite is driven by

further conprising renmoving the

a rotating reel along a traveling path, and the metal nanowires are deposited at

a first deposition station along the traveling path, and the matrix material is

deposited at a second deposition station along the traveling path.

93.  The method of claim 52 wherein the substrate is positioned

on a conveyor belt.

94.  The method of claim 52 further comprises curing the matrix

material at a patterning station along the traveling path.

55.  The method of claim 54 wherein curing comprises

continuously exposing the matrix material to light irradiation.

56.  The method of claim 55 wherein the light irradiation is

projected to the matrix material according to a pattern.
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matrix material and the netal nanowires in the uncured
region. 60. The nethod of claim28 wherein the
woeubwieze is a flexible donor substrate. 6 1. PTHAIS2006/031918
met hod of claim 60 wherein the flexible donor

Ssubstrate is coated with a rel ease |ayer. 62. The

met hod of claim60 further conprising detaching the )
conduct i veb7.ayeFhd mmihadchef ¢laiox bhvéhershveuringreemprisesafepting
appl ying the conductive, | gyer to a substrate.of, ..
BRanEX TeatengaVREasRRIdB DA (NI el ifBulating mask
conductive layer is patterned prior to being detached
fromthe flexible donor substrate. 64. The net hod of

cl ai m 62 vg&r ei Thé hetisodsf claine Séfwhereircthecnabix material is

| east one heated region and at, | east one unheat ed

pattsroed intpsueedchragiens aRd YaeUied 'ediPBS. honds t he heat ed
region nore firmy than it bonds with the unheated
region. 65. The nethod of claim64 further conprising
renoving osdy tige aRrABOE bf viairh 8Bdurther tdvaptisingatedving the
regi on. 66. The nmethod of claim 62 wherein the

maetriuvateral pagdhe metappanavdrasontthe UNGHERD KRGO choi ce

by applying pressure to the conductive |ayer according

to a pattern, and wherein the conductive |ayer bonds

more firmgow tPhdnRitRss vf eRir @8 wheldhfithd $ubsticte &na flexible
unpressured region. 67. The nmethod of claim®66 further
domprsubstrgta.enmovi ng only the conductive | ayer on the
unpressured region. 68. The nmethod of claim62 wherein
the substrate of choice is rigid. 69. The nethod of

claim 62 wher ei fint heethbEBF ERIR 60f wRERIS th Resibiexidios-

70. A lam nated structure conprising: a flexible donor
sulbsttateisecoated withcaneleasé layer.ayer including a matrix
enbedded with a plurality of

62. The method of claim 60 further comprising detaching the
conductive layer from the flexible donor substrate and applying the conductive

layer to a substrate of choice.

63. The method of claim 62 wherein the conductive layer is

patterned prior to being detached from the flexible donor substrate.

64. The method of claim 62 wherein the substrate of choice
comprises at least one heated region and at least one unheated region,
wherein the conductive layer bonds the heated region more firmly than it bonds

with the unheated region.

65. The method of claim 64 further comprising removing only

the conductive layer in the unheated region.
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nmetal nanowires. 7 1. The lamnated structure of claim

70 further conprising a release |ayer positioned
woebovmern2t he fl exi bl e donor substrate and the PCT/US2006/031918

conductive layer, the rel ease | ayer being detachable

fromthe conductive layer. 72. The |lam nated structure

of claim70 further conprising an adhesive | ayer

posi ti onedton tTre owihnd of deint 82evhered thereondastivaatayer is

f f
e?ér{;é‘ét 685 BubsiEalet Chl tteony B e e e Eadidivg taver
&H tG %rkﬂéffehh V&d em?ﬁ?c&‘(&i&i@étl 1*1@( Hlﬂwdsr}nore f|rme with
c Sid

e con |ve ayer. 74 | am nat ed

§bfessw§cﬁrey°orctrmmitWﬁihMemmresslhredcmgmoat is a hard
coat, a protective film an anti-reflective layer, a
ant i -gI are | ayer a barrier |layer, or a conbination

oot er o ol Blet¥od BY Lif 8TTfhE: BBlisihg 2ol only

transpar en a con UCt Ive

meraawahbwel éﬁbnltmhngrmumop&egi@hty of metal
nanow res. . The di splay device of claim75 wherein

t he conducti | ve I ayer further conprises a matrix, the

R s T A S

are silvery anovvl res. 78. The display deV| ce of claim
76 V\,hereln he matrix is an optically clear polyner.
79. The display device of claim75 wherein the

" aneparenia.! SChL 805 el Nk ST S5, SORI R BEprpce

the corrosjgu,nhi bitor is benzotriazol e,
tolytriazole, butyl benzyl triazole,

di t hi ot hi adi azol e, al kyl dithiothi adi azol es and
al kylthiols, 2-am no [

r| 1dine, 5 6-. .
di met hyl bef%i i Q43I gia{HFtHBe 30'??9“&@& 0-1
)3, 410 ad) paont; dgnor'@ga%ﬂﬁié)%)h“ m di ne,

2. mer capt obenzoxazol e mer capt obenzot hi azole, or 2-
a conductive layer including a matrix embedded with a plurality of

metal nanowires.

71.  The laminated structure of claim 70 further comprising a
release layer positioned between the flexible donor substrate and the

conductive layer, the release layer being detachable from the conductive layer.

72.  The laminated structure of claim 70 further comprising an

adhesive layer positioned on the conductive layer.
73. The laminated structure of claim 70 further comprising an

overcoat layer positioned between the flexible donor substrate and the

conductive layer, the overcoat being in contact with the conductive layer.
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mer capt obenzi m dazole. 8 1. The display device of
claim79 wherein the corrosion inhibitor is acrolein,
wabkywowar226t ri azi ne, or n-chl orosucci ni m de. 82. PTNAIS2006/031918
di spl ay device of claim75 wherein the display device
is a touch screen, a liquid crystal display, or a flat
panel displ ay.
74.  The laminated structure of claim 73 wherein the overcoat is

a hard coat, a protective film, an anti-reflective layer, a anti-glare layer, a barrier

layer, or a combination thereof.

75.  Adisplay device comprising at least one transparent
electrode having a conductive layer, the conductive layer including a plurality of

metal nanowires.

76. The display device of claim 75 wherein the conductive
layer further comprises a matrix, the metal hanowires being embedded in the

matrix.

77. The display device of claim 75 wherein the metal

nanowires are silver nanowires.

78.  The display device of claim 76 wherein the matrix is an

optically clear polymer.

79. The display device of claim 75 wherein the transparent

electrode further comprises a corrosion inhibitor.

80. The display device of claim 79 wherein the corrosion
inhibitor is benzotriazole, tolytriazole, butyl benzyl triazole, dithiothiadiazole,
alkyl dithiothiadiazoles and alkylthiols, 2-aminopyrimidine, 5,6-
dimethylbenzimidazole, 2-amino-5-mercapto-1,3,4-thiadiazole, 2-
mercaptopyrimidine, 2-mercaptobenzoxazole, 2-mercaptobenzothiazole, or 2-

mercaptobenzimidazole.

81.  The display device of claim 79 wherein the corrosion

inhibitor is acrolein, glyoxal, triazine, or n-chlorosuccinimide.

71



WO 2007/022226 PCT/US2006/031918

82. The display device of claim 75 wherein the display device

is a touch screen, a liquid crystal display, or a flat panel display.
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