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WD 2008/ 046058 PCT/ US2007/ 081285 NANOW RE- BASED
TRANSPARENT CONDUCTORS AND APPLI CATI ONS THEREOF

WAEROSS4dBEFERENCES TO RELATED APPLI CATI ONS Thi SPCT/US2007/081285

application clains the benefit under 35 U.S.C. 119(e)
of 5 U S. Provisional Patent Application No.
60/ 851, 65NANDOBIREBABED TRANSRESRENTSCONBUCITEORDal

Pat ent Applicatio . / [ ril 10,
2007; and U.S. P é"g’ﬂé&\#ﬁ@%ﬂt%&%@gu on No.
60/ 913, 231 filed April 20, 2007; all of which are

i ncorporated herein by reference in their entireties.
BROSHFREEERENCES M) &ELATED (APFH.'LI@AiTrh@Ns [ on i's

related to transpar ent conductors, netho
manuf act ur i H@ %?RJJ'CBE\QQ éllai’mﬁﬂ“ﬁt h@”%fﬁr\@deéﬁé U S C. § 119(e) of

I
@ang%g’réé% c!‘ioaﬁn(g utc'l%eFE r"scaﬁgé gd {% E))/ ﬁézcgn cﬁﬁo%?? £ ffn(%OG, us.

PeslisionalirPatéht Apgli't:aﬂubarrscmea/amessmném Al 10, 2007; and U.S.
substrates. Transparent conductors

FreaMisiapalratgnt Spplisatios Ne. &%9&%&6'!6%99! 2fhiq097; all of which

3B LBl BRa PSR BBk ifneit WRIRREE "2 Wdel

used as transparent electrodes in flat liquid crystal

di spl ays, touch panels, electrolum nescent devices,

BACKGROUNDmM phot ovol taic cells, as anti-static

| ayers 20 and as el ectronmagneti c wave shi el di ng

| ayers. Currently, vacuum deposited netal oxides, such

?‘écii\r‘ﬂﬂél Utteigi N oxide (1 TO, are the industry standard
rrars to provide optically transparency and

el ect ri cal Thisridvertion |Byeiabedjtoeﬂrmp*arenmm'fmuxrssmethcms of

and onrrerlcfllrrs rretal oxi de filns

g}a@u?q%,rmq; B¢ #2peoHe the %%mﬁg%” QPBU-?GI Y SE'@W@Pﬁg or

ot her physical stresses. They al so require el evated

deposition tenperatures and/ or high annealing

DespitiinisfetbetRelatelli Aye high conductivity |evels.

There al so rmy be issues with the adhesion of net
oxi de 1 WO mfam(spedp@wisieowt@mmuoﬁwms@oated on

RS iRehBE BB Ea b P B SRR SR iy be
ﬁfénﬁ@ﬂ@@@&bﬂ%ve@@fdc@&idn@ﬂﬁtl\mfy Wﬁt@haﬂﬁbﬁhﬁhg‘ tda¥Bnable optical

transparency. Such surface conducting transparent conductors are widely used

as transparent electrodes in flat liquid crystal displays, touch panels,
electroluminescent devices, and thin film photovoltaic cells, as anti-static layers
and as electromagnetic wave shielding layers.

Currently, vacuum deposited metal oxides, such as indium tin
oxide (ITO), are the industry standard materials to provide optically
transparency and electrical conductivity to dielectric surfaces such as glass and
polymeric films. However, metal oxide films are fragile and prone to damage
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
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flexible substrates are therefore severely Iimted. In
addi tion, vacuum deposition is a costly process and

WO 2980488 speci al i zed equi pnent. Moreover, 5 tPEI/US2007/081285

process of vacuum deposition is not conducive to
form ng patterns and circuits. This typically results
fllmst t@esuttsér@téwﬂwaéﬂp&apmr\eetomﬁaoebing m@oiptuoe euck as plastic and

T IS8T 2B ORSHEe o BOLAIELS DB 2L 50 fiens on
ﬂé’)ﬂglécétﬁisﬁatéﬂo&%vtﬁéref&r@é’e\ﬂﬁ@l?rlﬂ|te)6 hﬁva%dltﬂi’t? hacd@m

conductivity val ues and hi gher optical absorption
(epositicuissa cystit procesd bad wageirenspdiglizedrgrpipdent Mbesover,
netal oxi dgyfl | ms, and suffer from]|ack of  chenical

thsePIoGRES PEVRRLLI BEPPBION k& BBt ATk tPriaingahatieras and
Rt T BTy el 08 ndeIB B Eive PARHTIR Brocesses

dbchpaspaotdliitographyparti cul ar, transparent conduct ors
that are adaptable to any substrat es, and can be
manuf act ur e@ngHetivsapel¥Messihave alsodvgeardsed as gatically

i%ﬁ%ﬁ%{i tjélegtrf?: ?ég‘ndﬂﬁé S TW C;_)E&%ﬁfé?&g]ﬁ%\@ lower

BEMAYStivR valies arRithighét dptical aasorlmbn i(Baicglaflg st Vidisg
The transparent conductors are patternabl e and are

wavelgppthsa somnanep o thet metal oxidsdldens;, and swifeefromelecieof

of devij ce | nc ud| thout Iimtation, display
gaemnieala E‘i lgg- etrgh%%b'l'gcreens liquid crystal

di spl ays, plasidhn Stﬁé@/re‘h?é]ﬁé% it ihhRe larf®)provide
el ectrol um nescent’ devi ces, and photovoltaic cells.

tDaas;mt‘eoUcmmiuctmsshawngadearabée elEttrigaipoptisahgnd heahanigal

napowi.re netywork on a subst t he nan
RearRaNes. i RRcultG Tl hatp B S 0TS thalcaib RaPtatde i Agy
BAFFLIS LA TINRAR HRE bASERCH Ao,
greoogldbutguocessof the nanowi re network, wherein the
nanowi re network in the first region corrprises
matri x- protected 30 nanowi res, and the nanow re

g%%p{#}élgw%second region conprises 2 WO

/ US2007/ 081285 unprotected nanow res;

et chi ng t hrarpavéerteconelivrk babed ehelédidcallyntaridectieesl

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

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

nanowires, and the nanowire network in the second region comprises
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Anot her enbodi nent describes a nethod for patterning a
conductive | ayer conprising: formng the conductive

WO 20081046088 a substrate, the 5 conductive | ayerPCT/US2007/081285

conprising a matrix and a plurality of electrically
conductive nanow res enbedded therein; placing a mask
onptotected manowires; ¢tehing the nambivire networswhdretggherurpnotected
a unmasked regi on;, and etching the unmasked regi on A
panewies amdiesalvat: @&5@%\@@93 he HRREIRFIEANAOMESt or

COmDr | N0 ApB R RS o AL AibEaNA o, BUeniRg o

substrate ayer i1 nclud

pbrdwdtiveYaydr doRsing fomhingthacdnadudtiver layer o arstibstrate, the
the matrix conprises a partially cured polyneric
aenduative layerfapmpriging:atmoafiivand aipkieality of elagtricatly sgnductive

- BT BESRE Shain RRHRP AgRatk BaTie BPificRTelr to define

glregdedRgiciase® BiurPhslkedTegrpt bME dtéifg thetuRPIEREd region
el ectrode and a drain 15 el ectrode, wherein the

transpar enf fuftber em@ed|nnmtui$@§rlbe$3adraansptagerﬁfconductor

| t. d
SRR RETE SipsEaRn B84 o' CuTtBIAVE 52r oBghs ubSligte. the
Eéﬁdﬂﬁﬁ@éqﬂeﬁf#@%iﬁ Iu?alﬁ* Bf ﬁ{étél)ha‘?i‘ovsﬁr‘é's%ﬁ)da Phatfk Swherein

arranged on the tr are substrate; a conducti ve
theeymiatroveorhprises a Ipert[dllymlred polyfnerml mammapl xel s,
wherein 20 _t he conductjve | i ncl ydes a Iurallt

of el ectri éafvrtbefc% qdtment ﬁﬂb\ﬁ‘ gwitchipg t(:ﬁeqomprysmg a
n%&érgﬁf‘élegﬁﬁg ahih i s ASH ﬁ‘\klu‘&'i@our aPSttratebP gate

r1sing om panel conprising a

bla;ctroﬂej an semiorgiuetar actiae hayer ha Bofitcerelécteata aihd)a dram
belng connected to a pixel electrode; an uEPer

elesirprei wheeeinthe tsans@rgar@nt Rlesiedginglides a plirality paraletcylca"y

[ bei ng 25 connected to a conmon
g%@@ft&ééﬁnéﬁ@%g liquid crystal |ayer disposed betmeen
the first panrhep8fhbbERNGRTribéH alcolorTried cOmprisl
one of the pixel electrode and the common electro

transmrentasmsiraée,| a plusality o colored pixglscaninangad e the transparent
enbo

B3 anar el el e DO SroB iR yherein
ﬁfﬂa &ﬂﬂﬂ%‘ﬁ\?e %)@PM&G@@S Q'E)Id%ﬁﬁ’l?rof %?élﬂl‘lca"y%n@%ﬂ@a Aanowires.
di spl ay el ectrode; a plurali | asima di schar ge

cell's bet V\Ae‘urthheemhomaﬂ@iﬂsonb@sa linait wgeEd disphn285
gg%ﬁgwgzg%ﬁﬁ%@éﬁé smg a pluraFtryeonhmt}?mqrarpms%rs each
thin film transistor being connected to a pixel electrode; an upper panel
comprising a plurality of color pixels, the plurality of color pixels being
connected to a common electrode; and a liquid crystal layer disposed between
the first panel and the second panel, wherein at least one of the pixel electrode
and the common electrode inciude a plurality of electrically conductive
nanowires.

A further embodiment describes a plasma display panel
comprises: a bottom panel including an address electrode; an upper panel

including a display electrode; a plurality of plasma discharge cells between the
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plurality of electrically conductive nanowires. . A
further enbodi nent describes a single junction solar

W@ 200B/046@58 uct ure conprising: a bottom cont act ; PEI/US2007/081285

sem conduct or di ode on the bottom 5 contact; and a
top contact on the sem conductor diode, wherein at

betterh pamel ahd tthe tdpopamet) whetehe theadigpldyeeléctrodeinchgles a
include a plurality of electrically conductive
ARy pEsleciically cReduaieANmviteSdescri bes a

mul ti - . S .
cont act - Py itng e dppbiient deSEbes b half W RubRRorar cel,
stelidturcorapnsing! &Bottofr Esritaste Bl sepmdoed Witoddiede .onthe bottom
tunnel diode on the first cell; a second cell on the

contael; apdcdtop eantaciervthe sesnicordugier diodg, wheeainatileast one of
I conduct di,ode: and a . tact .. whereinp.

Estsigontct b BOF toshPenetiBRUGR Y Phiaind 8T oBsHicly

Eowdusice dapbwirdki ty of electrically conductive

nanow res, and wherein the first sem conductor diode

has a | oweA fodheigambodiarentiisscobes bangligometionssolar cell

sem cond di ode. furth di t d L b
SBBER OO AhReRL ek At il The BRo cpafaet e Trst cen
SJ)rﬁPfiéiﬂﬂea' fir%ﬂ SEMRONIALIYTIRSRE %nthnﬂéf §bsébn! tﬁf\ﬁ first cel|; a second
oveflyiig the bottomelectrode; and a top electrode

osleoh Yherturine dielde theos eoundesstiestimprisie ai seicohd ysemiconductor
wherein the top electrode is optically clear and

dw@reu_a@@ aéoQ@Oﬂtaﬁt,dNWr)?“bﬁ’f '@ﬁé&?'?@‘ @B"’!_eybq,t&ﬁ@l geptagband the top
BARAY B’ PUFAIRE b SRR BbndGafE Ml A Wifdiein the
pattérnrng a "conductrve |layer conprising. formng €

fieh domidonelucRy @liodihas aubwer Bérﬁ’dgfd"ﬁnanqmﬂ@fqhb\@cbﬁ@er
conprising a matrix and a network of electrically

semnenducter ditleowi res enbedded therein; and treating a

rsctri ca P ORBREREBbYET e MERErbEs af RiraRFEastFa oqvice
BORPASIAGUS HowBnaleembi&san bleefreRimihescBrl enateRal ageNG@eerlying

conductive layer including a treated region having a
ther bottare slentiodiet andadoprelecttadeat eatlyirgpinereltelvoluminescent

secon resistivity.. Angt her enbodi ment provide n
Aedetal danes, whsred e iR RpRGooS  diicalip sl b odEs 2
Er‘?ﬁ’%&y Bf‘éle%rrféaﬂf%ohab thle A&iRWIFy. and a transparent
onductive layer overlying the substrate, the _

t r anspar enf fodheiuembodinentsiessrivgs agosthoddosgatterning a
PCT/ U§20 7/081285. . . ,
conductive layer comprising: forming the conductive layer on a substrate, the
conductive layer comprising a matrix and a network of electrically conductive
nanowires embedded therein; and treating a region of the conductive layer to
convert the electrically conductive nanowires within the region to non-
conductive nanowires, thereby forming a patterned conductive layer including a
treated region having a first resistivity and an untreated region having a second
resistivity.

Another embodiment provides an electronic device including: a
substrate having at least one surface relief feature; and a transparent

conductive layer overlying the substrate, the transparent conductive layer
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including a plurality of electrically conductive
nanowi res wherein one or nore nanowires are at | east

W@200B0#1058 contoured to the at | east one surf aR€I/Ued0nE081285

feature of the substrate. A further enbodi nment
provi des a transparent conductor 5 conprising: a
mehelingaelurality of alectdealtyi conduatiee nanowines sueseinaine, or more

bR LSS 45 AR SobiEtAedoB I ke b bt
Bhyetdfahe SLbsirate€9i ons of the surface of the

transparent conductor are conductive and second
regi ons of Atfbghsuemaodinodnttpnevidés artsgrespangntcomductoor
are non-conductive and a ljne width between the 10

EIMRUBINOY 2 SHRatraien apd Rucrndustive ayehRE the supstiatepthe o
A f ahad i .
g%mucé@gJévérnﬁélu@ﬁpngblﬁgé“s%Efs&\rélzsl%@sangv‘h e@,r]?vﬂ@f]eﬁﬂtthe

conpris nd a’ conducti ve

tendction |ayes is pattémaidesuchithat frenebepdns/6f thayRkirface of the
I ncl udi ng a plurality of metal nanowires, wherein the
FansRATenteon r are geaduetiveeand geerndhergions ek theayiriags of the

fontnieite B dab by dRIEanER CRRY ey Sofine

ESIAINRE AN FOHIE8Ed Rtiva rE8giBAB i€ REMUSIIM'E 5Bpfh.at | east
a portion of the nanowires at an interface between

t he conducAifughergnbadiamentpsovides dutarisparent@ginductar e
.ed. Afurth di . i d t h

R S R T T

LS SIctive %M'iﬁ‘&umﬁpadaglﬂ?é]@}v\’bf al"mﬁbﬁ)lir%sE Wﬁeréﬁ.‘ﬂ%

nanow res are at o ove an el ectrical percolation
tendbictivatalyenx is patiechedt suechdpat finst regiorbuct theesurfagerof the

ositioned apove the first transparenpt conductive
Fawarsnhcgfy@ﬁlﬂ%&%ra WQP@W%%‘%;?g%O ERBONS ?fﬁ‘beﬁ’{%‘ﬁ& of the

LA i [ :
R eRE i R 6 - corifve AU Bilion of e
Aandwiecshiean intedbce betwsdert thercdneluetive mgdore and aonkeagiuctive
one of the first transparent conductive |ayer and the

KRy hare PRYRIPAr ent conductive layer is further coated
WEh & L aRARREN L BXAEAR ol Es LIBISPALRRL BRI hprising

i ncluding a plura onauctive par es a

aergwdipardit Cohtaativerayerinafudiy mevallnanbwires! Waerein the
enbodi ment provides a nmulti-layer structure

aelg manomires e aj os above aneelecirieananeelptien leygsrandod seeond
B eB o e 19Yef plslio) = FRuE die st ranBliftan copriuctive
flyeshnd®sepatdtéd treffom by a spacer, the second transparent conductive
layer including metal nanowires, wherein the metal nanowires are at or above
the electrical percolation level; wherein at least one of the first transparent
conductive layer and the second transparent conductive layer is further coated
with a transparent overcoat, the transparent overcoat including a plurality of
conductive particles at below the electrical percolation level.

A further embodiment provides a multi-layer structure comprising:
a substrate; a conductive layer formed on the substrate, wherein the conductive

layer comprises a first plurality of metallic nanowires, the first plurality of
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reaching an electrical percolation |evel; and an

Woresoe@ass fornmed on the conductive |ayer, thePCVES0E081285

i ncorporating a second plurality of conductive
particles, the second plurality of conductive
peetallic nesowires eankingan etecteical cptelrd:cdaiiorplaveb laandi amovercoat

IrRcamie SRl BRE hE Ser iRy spond pluralty of
Eéﬁﬁ’ddil'\@%a?tlcﬂé’ém% 'sb%oh(ﬁ‘ f)il}l‘ghtp%f %on@uéﬂv%' bérﬁcl@g belngt below

l'ic nanomres and a matrix material; applying
tl‘[emiesﬁnt:el percokatisnbevalat e i n need of el ect r omagneti c
shi el di ng; | ay, i ncl ydi ng

t he plural A%Q'd fpé&agnn’?%fﬁﬂrggﬁaf?'?égnaﬂwéﬁge@V' ing he
GRElrohatiellE Sleldihg coRfprish Bblidig Péfhpdg)e Alfing.a

PIoFAIRY BTh@’blalﬁE nﬁhE\NBEé/ERAla MiakridEmate rietEa gAY MesScommposite to
the draw ngs, identical reference nunbers identify

gisybstiate innsedfelestromagnetisehielding agddormaingta Q@dUCT'Ve

OB beSifng e AR SLIANE pEh M8 b rHifindfi mar

Midhtéfdl Sthetddtideidtive RiYer ABGINGS SirfadtotorftiRNvity 6f ﬁ@ﬂicﬁ‘e than
and sone of these elenents are arbitrarily enl arged

20 ®positioned to inprove drawing legibility. Further,
the particular shapes of the elenents as drawn are
not intended to convey any information regarding the

BRIERIDESEREPPION It PRE SEVERALSVAERY OF B dmw@@s

been sel ected solely for ease of recognition in the
dr awi ngs. IrFir@Ldrewlngss idendichereferieace Inunsieraidentifysinzlar

g%’%&r 86t C ee égéé@%@%%&lg? Iplglslflghrs\?)ippe%er“s in the drawings
QRNAGE NARIBLAS RhwHES seHR. WU AIO R sHapdllor vatigls ©
ustrates e absorption spectrum of a si
emrmmts end%gles/ane oot chawnltgesblabel and sbmeaphﬂhleaéalanents are
(PET) .substrate. Figure is a |IIustrat|n
F%g@eéfthe

as&sté@rﬂlwmﬁd%@@nﬂcnowmeédg 'mp&\fes@raw@s}/ lagikiPtyr ¢
gaﬁﬁ:ﬂ%:ﬂsﬁgggsgfﬂweo h{%%t%é‘a S A 5RS Rb llnFr eSI(]ettoscdn%e9 any

rap & expect ed gvenat i VIt
mfodmEtion aﬂim? fige deabsitase of thegticulaselemas, and have

2008/ 04605 US2007/ 081285
been selected solely for ease of recognition in the drawings.

Figure 1 is a schematic illustration of a nanowire.

Figure 2 is a graph illustrating the expected optical properties of a
silver nanoellipsoids at various wavelengths of light.

Figure 3 illustrates the absorption spectrum of a silver nanowire
layer on a polyethylene terephthalate (PET) substrate.

Figure 4 is a graph illustrating expected values for various
resistivity properties of a nanowire based on the wire diameter.

Figure 5 is a graph illustrating the expected overall resistivity as a

function of the diameters of nanowires.
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Figure 6 shows an SEMimage of a single silver
nanowi res connecti ng between two netal contacts.

WO2@e0&0F8 i | | ustrates a network of fil anent ousP@r/US®DTIES1285

that function as biological tenplates for a

transparent conductor. 5 Figure 8 illustrates a

prot ei n schigued 6 shows al SEM ooagk of awingle silvaralanowiles
various hinding.sites. Figure 9 illustrates the
FenRRPabeieat cih TRl MEBuor k of - bi ol ogi cal

tenpl ates pased7qMusdtifes 8 WOk @fffpa;ﬁéﬁfd@t;ﬁom {rd function

Figure 10A 'l lustrates schemati cal an enbodi nent o

as virdlagicallte mpdatesifores traasparent eorsguaotent conduct or .
Figure 10B_j !l ustrates schenati cal ! i%anot

. her .
enbodi ment FISIa 8 stEtes aRigienscaias GOupIEade spayctive

g%@%%gt\ﬁg vaﬁ? %bﬁ]et islows schematically a further

I'ment o nanowi re based transparent

conduct or Firygundddhugietés thesformhatioe oh arsonduetiveanetwolk of
exposed on a surface of the transparent conductor.
Pioipgical tempiatiesbased spithe gageling olsasspsiate prBlife® s

prot rudi ngg, f . : t

Db OF R B RS SBr et O A BBOH Rt of 2 meta
ABRSWREs-BEBEE iraRBpaht Bond®@ite!. nanowi res- based
transparent conductor. 20 Figure 10F illustrates

schemat i caFlgure 108! itlustraige schematicallyeanedhergmbadiment of a
transparent conductive | ayer coated with a
Ql??&d%é}%’r‘?&a@%%?g"%“\ﬁé%aé%%&C.O”_dﬁPEﬂEr e 11 illustrates
schemat | CaEig\Oré‘ 106 $HtRls SERAAATERINY 2CfurtAePBRBodiment of a metal

nanow r es- based transparent conductor having a
nahowiré dpsed $tansparant conduigiar i Whick porkiors ofrthe yamowiines are

conductor structure having a .25 reservoir for

B%POSAd PG sé"'é&ﬁ(?rf ?B%E?QSISWEPBF?Q&“C?Q/PI ). Figures

13A- 13D sh f ' [ i
L ansnar ont A8 1BKREH G oh SN 06 B SlVerhiioAfsiofuding

auf attal sorAhc@of hedemssparéntecoridustuspar ent conduct or by
web coating, 30 Figure 14B shows anot her exa

I g of a
fabricatio igyre & '"Hﬁtr?ﬁesﬁP'&W@BE‘F@Wta%H%FuWHBP enioh a
ﬁ?e%l' rﬁ%omﬁres—based transparent conductor.

Figure 10F illustrates schematically a multi-layer structure having
a transparent conductive layer coated with a surface-conductive overcoat.

Figure 11 illustrates schematically a further embodiment of a
metal nanowires-based transparent conductor having a multi-layer structure.

Figure 12 shows a transparent conductor structure having a
reservoir for delivering a vapor phase inhibitor (VPI).

Figures 13A-13D show an example of a fabrication process of a
transparent conductor.

Figure 14A shows an example of a fabrication process of a
transparent conductor by web coating.

Figure 14B shows another example of a fabrication process of a

transparent conductor by web coating.
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WD 2008/ 046058 PCT/ US2007/ 081285 Figure 15A shows a
web coating systemand a flow process for fabricating

WQ@2aosan®par ent conductor. Figure 15B shows an BEVUEI9AT€81285

of a conductive layer following a post-treatnent of
pressure application. 5 Figures 16A-16C show an
exanpl e of FrguranbAzhoors pmebecaatingriygtareand arlew pracess for
ﬁag)o.vv ﬁnot er exanple qf a lam nation process. Figure
MCABNE 2AFRNSPRFIILEOBAUERE o- pat t er ni ng a conducti ve
| ayer. Fi -shoRy i : ' i
y ngﬁﬁe 138 §+§'§§m"ﬁ5§€“§*§ éfrbfngécﬁ‘«mtagBHfb‘Héwmg a

phot o- 10 patterning net suita web coati ng
postctesatmdrit ofi presa0res bpplicatioparti al system and a

process of _fabricating a atterned transparent
conduct or . Figuges é@i‘ﬂi’% 8hovs afy exatpple; af@gaiRgtinn rgcess

confornmal i L Le- .
conductor s TZATROUEE ORI SRHE R Sllamination process.
repr esent aFigue 48akong dreepamplausfephotepiatteaing acdonductive

nanow r e- based transparent conductor film Figure 23
|ayek cross-sectional view of a switching device of a

T o 2 KPR RT ORI G STRO U TE Dl Fh B LR

onprisi'ng Transpar en

phRsinirgleRtikas sGittle foitalvebaBRYNG PPocddsgur e 25 shows a
cross-sectional view of a LCD based on a top- gate TFT

accor di ng Figusa@0shows arpartial sysiameanda praesss ef fabricating a

Wss-ge{cti onal ,vi eﬁ/ of a color filter substrate in a
0§ RASPAUCONAYCPE one enbodi ment. 25 Figure 26B

shows a cr prRre$24 A aMd SEMPImay<Lsiwihg thé Eonformality of a
substrate 1'™n an I PS node LCD according to anot her

pabodiretased Fiagspare2it cohdustonfilm.oss- sect i onal vi ew of
ouch scr cEIBUIRR2d8 SBApETPRESERIAIBEEMIRG T BRELLIS
FUIYAREQBF nBRG K Te-PAsBE triihs PARAVEERGuctSr film.

Figure 23 is a cross-sectional view of a switching device of a TFT
backplane according to one embodiment.

Figure 24 shows a display device comprising transparent
electrodes based on metal nanowires.

Figure 25 shows a cross-sectional view of a LCD based on a top-
gate TFT according to one embodiment.

Figure 26A shows a cross-sectional view of a color filter substrate
in a TN mode LCD according to one embodiment.

Figure 26B shows a cross-sectional view of a color filter substrate
in an IPS mode LCD according to another embodiment.

Figure 27 shows a cross-sectional view of a PDP according to
one embodiment.

Figure 28 shows a touch screen device comprising two

transparent conductors based on metal nanowires.
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WD 2008/ 046058 PCT/ US2007/ 081285 Figure 28A shows two
opposi ng transparent conductors coated wth overcoats

WO 2008/0460s&h screen device. Figure 29A shows a PCT/US2007/081285

honoj uncti on solar cell structure according to one
enmbodi ment. 5 Figure 29B shows a heterojunction sol ar
cel | strucFiguse 288hawiytwa eprering anepdrent aemductors coated

Fi.t ur e 29? sho mul ti-junction solar cell structure
W GGGt I S S esresnesiBent . Figure 30 shows a
thin fil m Elgfevopesfis %mbj&&t@ﬂeso|a1:0ce¢|r§2m§t|2£s%raccording to

Figure 31 shows a typical rel éase profile of gas
bneenibastimient. cooked egg yol ks. Figure 32A shows the

[ight transm ssi f six, s ] es.of conductive filns
befor e andr K4re ORShusA BRRTBMINGHEN solér Gell shugtuss acderding
%Shﬁtﬁe?gﬁitﬁpﬂﬁénﬂ he resistance of six sanpl es of

tive [

conduc nms before and after an accel erated H2S

corrosi on Figgfre 28008hovs32 Ghuitiuvictiohesderzeelvsttuctisreafccording to
si x sanpl es of conductive filns before and after an
apetbes emodlimert. corr osi on test. Figure 33 shows an

exanpl e of ] I t1anni. L LEx d
e par onf bk Shishad' 3 Ffift g £ SARCLbEGIRY BARR
ghbodgnemhs of the patterned conductive filns before
and after an adhesi ve ta&eptreat ment at various |evels

of magni f Figdre 8i.shewgua b9icH release prefile phbhd @aggrm dreshly
nat her  ex lary 25 conductive filmbefore and after

go@{ﬁ(ﬁg%fy&%gat ment. Figures 36A-36C show a

progr essi opjgre SRANHMNVAAEG IRyht trAASmisRr 61 $ix SafpRss &N

a transparent conductor sheet. Figures 37A-37B show
corduativaifilngs befereanduafterproacesieratedHpH gorrosiont test

AR L X T RN TR Y
it PE0REIRAY P bin accelerated HoS corrosion test.

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

Figure 33 shows an example of directly patterning a nanowire-
based transparent conductive film.

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

Figures 35A-35D show photographs of another exemplary
conductive film before and after a solvent treatment.

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

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

Figures 38A and 38B illustrate a patterning and etching process

according to one embodiment.
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9 WO 2008/ 046058 PCT/ US2007/ 081285 Fi gures 39A and
39B illustrate coating commercial color filters with

WH2008/4G088 based transparent conductor fil m accReTUSP0T/¢B1285

one enbodi ment. Figures 40A-40B show an enbodi ment of

patterning _a transparent _conductor |ayer w thout _
af f ecti ng iﬂ%%%@é@\a@ndpﬁ%%éwat%cww eommesgigleolor filters

; . . na T
AR AR PRt o harBRt LaUcRét it 1SRG o o Krhbiment
t r anspar enFigueeslu0A40B Bhswdrosmaodipishiafipatietridga tRinsparent
nanow res. | articular, the conductive |ayer

n
PﬁBﬁ%@é'&XeQWgE@@t aféqclipgutsaIptieat Bropesiyowi res. I n

addi ti on, duyctiv [ i S transparent, .
flexible a%gg%qi#%q%dgnétﬁgf gg‘i)gdgﬂ%msﬁrq%@émpggy gtching.
conducti ve. It can be coated or |am nated on a

var i eté of substrates, including flexible and rigid

SRIAILEDRESORIPIHANuct i ve | ayer can al so form part of

It tructure includin trix materjal an
5, COTBOS! . L UCHE LOE 0 0 B L8 e ol R,
bBEBEd bn@PEd UGS Bt ¥F naRBEPES] fr aﬂi%E{Ia‘P,pﬁ&'eEthrnductive layer

properties to the I5 conposite strlucture.
inchaltisne aparséamtwdieoimetaddanowirtsbin addition, #hedonductive layer

B st Nggblecud Can el feaSyans Ry Wepeonductive.
H 7 . . t_ .
gﬁdn&f%kg%ﬁg@vﬁ\}% F‘l“éfaﬁ?BYAEQ?%V?‘%%@%S’&E@%Q{”@ ati oI% and

rigidt Substratege e tOnducti8laydiGan. aslsg fsrnapareif arcdmpssite
can be favored for obtaining a transparent conductor

plyeure Inghiding,aynatey reaigHrkanm e rANQWIremt The st material
OB APy B TS B, P A GH) BYRBAs o e

BOMPs siteVBR Octefe dDEhdrembediawWints deddrite MetbdsasfiFasticating and
ratios are used, the density of the nanow res that

patesingthe ecandygtive layeps net work can be | ow enough
that the conductive network is substantially
transparent. One nethod to define the transparency of

eohadétivd Rahbg@itesi s by its absorption coefficient.
The 1TTTum natton of |ight passing through a | ayer can
be defi neligase 1illustrates a nanowire 2 having an aspect ratio equal to
the length L4 divided by the diameter d1. 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
aspect ratios are used, the density of the nanowires that achieves a conductive
network can be low enough that the conductive network is substantially
transparent.

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

defined as:
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WO 2008/ 046058 PCT/ US2007/081285 | = | oe-ax in which
10 is the incomng light on a first side of the |ayer,

WO 2G08/04d088 i | | um nation |evel that is present RCI/HS2007/081285

second side of the layer, and a-ax is the transparency
factor. In the transparency fpgteor, ais the

absorption coefficient and x 1° the 5 thickness of the
ird}Alch 15id MEShcHIRGIGHR ol AR BIRIIhE RHJR! | I88RE ilbiminati
but Iesg than 1 céﬂ e considered to be shbstant&%“Pylon
ievehthsliepreseRt gnraesec@nd sidée afthedayers and a3t is the transparency

tical .and el ectrical . charagcteristics of _the ]
BB D8 e alansy Taeiob i & he ahsaiptan Rsicentand x s the
foft jegh i '
oy (/B A B hED PSRy fopgpar 1, but foss
Depehdandeosonsidired tabd substayttiafly transparent.

nanoel i psaids exhi bit a high extinction coefficient
7

to a narr ow9Uahd-Jilupiraie SQme ohthaertinat apd ieleatdcaleen
800001480 P ANPIBL A1k AR nbRiredavel engths of 1 ght
above nm wever, They

are substantially

t r anspar enFidueé Beshiovaba thiestéficdl onGds F tHORFHD abébhstidn of silver
falls in the visible range. 15 Figure 3 shows the

aBaeelipsAids apvateumvayelangihpa light. sPepending amosidthssand

jt 0 I hvl.ene terepht hal ate ET
BERE Shte st iRt A PRintdiR ssfidrat tp penarmow
Bhhd oF liGR1AhE WavakigibEmEeRUTT 43d 24D hanometers and to
substantial ly transparent between about 440nmto

wagalengtiyr efdiahg abbve 708em.r Eloweaver,dhey hee shiestantiallyal
PR8SharBRE et afil 316,10 Aouh GUGR™, iaReh el & i 1Bl range.

et al NANORIgifee 300 R 40¥8ptidH @6&‘&@% of E‘Péayeﬁ‘ of QME&"

di anet er nanow re, the resistivity decredses

pabewines depositeal emaygphyathylané terephtivatatefPET) IsubbtrateAAs

can b en,in Figure_4, the effects . on resistivit )
BaQwa by ihe Rbsgrilion Prafiignthe SIVERAaTeWIF dayeE o Rl isustrate is

&lsstah@alyata '@5’2@%@8&” la%??lt G Etg @%gﬁ%@ﬁ%lb& With the

di amet er “i ncr ese efrects a
restilts e theltheorstivahodel ekowhiivFigure 2.t heref ore reduced
greatly for, dianeter that increases from1l0 nmto

over 100 nfiguERe4 anddshow dhe resultsiitkeqrpticalvapdeling of the

' i: t . ver .
LSS ST RS naBte o Bl BRRSs, PP Bleg et
OEMBHGWIRE the e SSRM RItre s santial a'ﬁh%?l@ itGuift BBYErAmore
singl e Ag nanowi re 4 that extends between two other
kighdcAp icaniber sqafl indfigusad.dhe effects @n pesistivit based on the grain
Sé)t?ﬁ&arr'y%?lldls\ﬁr%%g%%% é?fr(?g %‘% nigh at diameters of less than 10 nm. As
the diameter increases, these effects are drastically reduced. The overall
resistivity is therefore reduced greatly for diameter that increases from 10 nm to
over 100 nm (see, also Figure 5). This improvement in electrical properties
must be balanced, however, against the decreased transparency for
applications requiring a transparent conductor.

Figure 6 shows a single Ag nanowire 4 that extends between two

other electrical terminals 6a and 6b, to provide an electrically conductive path

11
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11 WO 2008/ 046058 PCT/ US2007/081285 fromterm nal 6a
to termnal 6b. The term"termnal" includes contact

Wpaws/4608Hnduct i on nodes and any ot her starti nRCHHESR007/081285

endi ng points that may be electrically connected. The

ect ratio, size, shape and the djstribution of the
g’ﬁ i%'&‘l’“%@@éﬁé?@ﬂ@ab@b t F{Be reidwerahak ipclydes epptpct pads,

BB RRIeSId 8 S0P Sichihg 8N oBLFF SHIRR at may be,

properties er O SUC W res

slectricatin cdanected. afhefgspeet atio;, 8izel, shape and elde distribution of the
provi de acceptabl e el ectri cal conduct i on properties

pBVSI@@IlRﬁraﬁ@tqrérqﬂh@naeng@s feg felasleddp prevde dhe fppised

RO 35 0Pt TEBEGE” thet BRSSP el brdise o

gRefWdnsp of Agharrdsis serizéatd gloviiz a@lfa%@éﬁle lefddtcal

size 10 and shape can be selected to provide
gom;wcatm mopgrtleséﬂs@mmm teaninatbato terrm@alﬁborléqr example,

| i.d f .
hiRARRE ST Ay adnSipitds 4 San SEEhN e irk] B9 BB 4p 'BRgvide a low
F@&%E@%Iecﬁ%ﬁ %an@@ctmeﬁﬁl ah@the thedhiratian cgsaéc@ Mitio, size
termnal 6a to term nal b may be such that

ded |shape @ani hmskelpcted do nr@sdaaesubxstarﬁiaﬂyirtmedpaﬁelnh canduictor.

Tbatkiois. Banspaieal YBctHsarForduRien [ MNIHRG O detibat 62 to
%91\{ g%baudgﬂgguam\ﬁ @ %F\BWrE rmnal 6a to term nal

ccor tot I on he nanowi res are

sel ect ed bAs&xéndcre ab@recméd rthd digtancafropr fepeiridl €a.to terminal
nber of nanowi res that provides the
abgnaseae @@ﬁa dhatitba destred grticsppertiep ase @pbﬁE@lraﬁsi vita@

g{i\gpeﬁ%ﬁoﬁﬁé g?\tpggrath gfomgﬁglng}ﬁw 8§ %ﬁ%@d &J Séﬁlﬁk(g&i o each

I es e ectrlc con UCtI ayer

bHehat abri®as peintLI0THid@ldedd cordéctiveqrith frod terminal 6a to terminal
conductivity of the transparent |ayer is mainly

6bntAcsprdiag tq/thg invertians tae oanowirgs ere selectesl féased on the

IERARY atoet ro iy Ry e ARG SRS gt Bvides the
aéﬁu%u ESSdudiRh QAR aR8dvardll RARMHNMELOR Bt akd 88lected to

(also referred to as the percolation threshold, or
atkieve iacaéplableceleatricahplopediss, for e atesidealtdondugtion layer from

?%twe@e}%f}gter aIS|s zero, i.e. there is no
AR o path provi ded because the
nanow res ghe e?@(ﬁﬁ@é* doPub Vi yad?efﬁé trafBENRnt HyRr | s malnly

concentrati on ere Is at east one current pa
suvatrdlidel ey aPthenawreluctivityeot a piighes nam@wipe,dy)i the chuntber c30

g\éﬁcr)v?/ilrclas Egglbgetnatr;\%ete?r;igatﬂs% aln%yc rtthi clokngcqcﬁ/rit)e/ Sé(‘:[}\iveen the
nanowires. Below a certain nanowire concentration (also referred to as the
percolation threshold, or electrical percolation level), the conductivity between
the terminals is zero, i.e. there is no continuous current path provided because
the nanowires are spaced too far apart. Above this concentration, there is at
least one current path available. As more current paths are provided, the

overall resistance of the layer will decrease.
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12 WO 2008/ 046058 PCT/ US2007/ 081285 Conducti ve
nanowi res i nclude netal nanow res and ot her conducti ve

wW@200B04d08% havi ng hi gh aspect ratios (e.g., hipgEUSI00H081285

10). Exanples of non-netallic nanow res include, but

are not limted to, carbon nanotubes (CNTs), netal

oxi de nano@pnégctlmmmlremmpbldﬁn”eetai npeewiragandpther
refers

d, h
han Gt WrtESS pauhSiHon 5 0s rafidd (b L PioteE i 1bF Examples
Bf ndmhdtalie HaPBRies (hAGhd B GraBbRlimited tél earborthahSbks

one cross-sectional dinension of the netal nanowire is
(@NTs), netal &Xi0e mnnowrrds] mm:iuchae p@(ymem‘jbwa dnddine like.
preferably |ess than

b t al
P ot o AS R, TR ganpwie: et Selald Weg
t
Bomplishgidehenfmebichieia by S bE fdta ddifoutlis (ARG fnetal

oridebr Atieast ome erssrazictibnal diclendiomgofithe immetal nanowire is Iess
[imtation, silver, qold, copper ni ckel , an
el BFe@ndilessthaniaQo ke and ﬁ@gf@vgrp@galalgﬁe%than 100nm. As

Réfé%aét?o%ethé(H\%‘fm Hé%m%%é rtn Qge% T %ho &Ignﬁﬁ{ dibFid of

Ver nanowi r es can be syn

griaté anpitepeefeidbly %ﬁba:ér RaNE0, angli muky pr%aértab(yegrgater than
silver nitrate) in the presence of a polyol

e
400y M@b@ m@tal ﬁaaﬁwwp@lcy(\\hermswra any aeal Includlng without

t f f f
st P BBt Sobheh sl bole AR g M Tor
(3002, C1aThe m@taGnandéw?es dan 8k ﬁépare@ftﬁf'knd\ﬂi Rethods in the
(2002), 14, 4736-4745, and Xia, Y. et al

Bitndih @artmuiar( smmaaovv)resg:aa tgssynthesized éhrnagh \selu}lon phase
fistan &t (et s o SV 4t ihe Bistepadopa PR le.g.,
g’csr{%grféu@gg&i;ﬁﬁef C gg%lﬁ?pbﬁrolﬁb% gl_érg% M@b?&]@tléH%‘F silver

can funct tenplates to
napavizgesref ahiforamsize roas. bd preparechaocmrdmgdorrbemethode described

bi ol ogical  tenplates can b ee exhi
%Ieeg,‘t iXia Af ¢4 it %rMﬁt%a&tq%?gI{;‘} 4[7% Hc)ﬂ‘ dt}('a Y. etal,
Sm or a netal oxide. I\/bre
‘%h%ds esc .%f. on b| of abri cati on of nanow res
can be f OUNiel'rfatlvelygthe Metal nénBwiret cah.be piédpavesd Bsingd

Tool kit for the Directed Synthesis of Magnetic and
biaioRdampiaigs (@lkiologics! stalfoideatean Re anintaiized. For

EamPl o SRalioferBls Sorge rlidio i Bifods fon FidiBh5e

f@ﬂélafe%tb criBe méthl RaBowitbs 2lin certdhrethbAdifimes th@biological
Oriented Quantum Dot Nanow res, " (2003

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
Toolkit for the Directed Synthesis of Magnetic and Semiconducting Nanowires,”
(2004) Science, 303, 213-217. Mao, C.B. et al., “Viral Assembly of Oriented
Quantum Dot Nanowires,” (2003) PNAS, vol. 100, no. 12, 6946-6951; Mao,
C.B. et al., “Viral Assembly of Oriented Quantum Dot Nanowires,” (2003)

PNAS, 100(12), 6946-6951, U.S. Application Serial No. 10/976,179 and U.S.
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PNAS, 100(12), 6946-6951, U.S. Application Serial No.
10/ 976,179 and U.S. 13 WD 2008/ 046058

WOEDIB8R 7/ 081285 Provi si onal Application SePCHUSINGT/081285

60/ 680, 491, which references are incorporated herein

in their entireties. Mire specifically, a conductive
Fee\dsipaal Application &etiabNo( £50680,491 nwhigh ratenenéasedrecan

directl ind. to bi ol.ogi cal tenplate based on an
LYPrRR" ??ﬁdo%erﬁgl Wetgﬁ IrEMIreiSSduct i ve material and
certain bi N/ﬂﬂr@%f)ébﬁ‘lﬁéllyﬂ% Sbndukfi hitfedABreNESGRuckit (tehf a

bi ol ogi cal tenplate. I'n other enbodi nents, a
owtaluenovdrejeaerdimctly dindte @ biedagical hgm@late llnalsedtanoan affinity
Erocess during.which a precursor js. conver

KRR 5 LOnSA AV e CLA G BN DI (56 Rpptice
I;?&i?é e onttﬁébfd? Hglttb?hz)leﬂ@”' cl es being 10 capable
ur

r gromng into conti nuous conductive | ayer.

This pr ocemsoiiher ealbmdimenis; aadntacthe haterizl @bnwd:reated by a
or "plating". For exanple, a netal precursor (e
Re¢ sﬁt'%Pcheéand Wing WhiEEra REBQUSSQTS EPBYRIERG IO ‘Pﬁé’tdeHCt'Vﬁ

bRRCBRARR0ERAD i LEIEABnP ARG T BB bBcies oo
gapaisle Iolﬂfm’trfEr@w\tvlrgmuﬁa Rehthlos écm&fctlvdfa))eﬁ Q'hl’séprocess is
enbodi ments, a seed material layer is initially

flselretaread toozR dnmﬁéalaabo@@rc Blatingt.e FpaExample;, @anetal precursor

(74 adR6RT SRL Gt Re Bl uF Y & a§ Blemnd) SBLE mETEpregence of
FRIuchfy aé@%teqtrfédresﬁﬁlh SISBh& n#&él%n@é‘t@tH@ﬁn@fdgﬁial templates
t hat causes the nucl eatl on and growh of a netal

and graws intd arcantinueusimejalic éayerespondi ng et al

rsor., 20, To illustr eed materia r
P oncal o nobahFEgmAstERR s aa seeprastenptiayar s afbBhnypleated
SHtoYheDiologie apﬁl%téﬁfg%b%da@@r@h?et If&(ecﬁfs%?khﬁ%eacog\'/erted

conduct or, ~“accept a seed materi a s may contain
mkb haajaluand plap=d bathelseed asderiatddyeru| Tdhe seedomatariahean be

sed ecul e. For an oxide conductor, a zinc oxide
ﬁ% nﬁ%’é’d‘aﬁ‘é’ e, PRRadLNA ?%a%?EW?SPaU%WBI nucleationsnd

g@‘%ﬂp RLEhbEl ﬁaﬁo{ ?%b%‘éw@!‘on a(ﬁ'n'mﬁ,e%d o %ﬁqo%md%e&éf recursor.

'oys or

'Ilfelilalstrare daBSeédTafat@rm Ié),&rrdoate&dmgrpdllad@m vhi bause the
I|mtat|on Pd, Ru, W Cr
mineralization %ﬁ%yg Aye ﬁge on@:@n@«;lflc ﬁxar@pleb;f@r creating pdys

oihdstoneidialle el mald St Hirdtasifit e pallaci
?gﬁd;?ﬂgtnébul@lmkﬁf afAUdSasePPBRICUR | BiSr arh bRideXdo#@luctor, 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,
Pd, Co, Pt, Ru, W, Cr, Mo, Ag, Co alloys (e.g., CoPt), Ni alloys, Fe alloys (e.g.,
FePt) or TiO,, Co304, Cu,0, HfO,, ZnO, vanadium oxides, indium oxide,
aluminum oxide, indium tin oxide, nickel oxide, copper oxide, tin oxide, tantalum

oxide, niobium oxide, vanadium oxide or zirconium oxide.
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30 oxi de, ni obium oxi de, vanadi um oxi de or zirconium
oxi de. 14 WD 2008/ 046058 PCT/ US2007/081285 Any of a

wonebes6008 di fferent bi ol ogi cal materials can BE/USWA7/081285

to provide the tenplates for creating the netal
nanow res, including proteins, peptides, phage

bacteria, Gny@§aduraber @frfaffwemblotcrg;caléaﬁwalﬁse@rf lpg used to

RERES tdég&eﬁnaé'%@fﬁ"’%%%ﬂ GOk PR BB Uiy proteins,
Rloﬁ E"Qt [idtévia, aireis6§ Sand firdiken TheteohBR|UesdbI S8lecting,
10 15 883 and 10/ 158, 596; both applications are

farmimg: andmgmeeoagm biologieat Imaipdal thet wilrquplerta adesired metal

B GondlictlyB Tl BRLA B ataR b i ST AbcalBp e’ doPfEk a3 and
q’bh%rS 596”&% 5§b|ldﬁlbﬁ§ laPd irfNR A8 9 OSBRSS T@C%Y@IGS

affinity sites for a 10 sel ected seed material or
Selrparatidn @oddue incozpomted hatein by oeferersceor  pept i des

h aff
through & BEACH EBPESqRgioaplestmdlessith PHRapea peptide,
QP ﬁfﬂe‘?bol%@@élt mg’teﬂ%ll 83 b%eéﬂgﬁéﬁréé?@ hﬁ\/é %lffg'?ftggltg? ’for a

I'n the“case of phage
belbc’wd saecbrfnamng es a(selerted bbBdugiivegaaleriabnPhsteitisentpeptides
by inserting a wide variety of different sequences of

vigh adbRityfea ﬁlﬁ%%f'%”k%?fm'é??r‘d}? igentitird Hiaueh aprpten disgovery

DS <Dl Vo s R L0 EL ARAGFH v

FdﬁékamFRﬁm the cpaétolf pHbge dustplr@/ dibregtascof: 8ges. aN13
ogi cal nol ecules can be controll to prOV|de

phageserandve emated bmnswmg awvide vpeetyi ca‘éﬂ@%rqubﬁ%senog@ of

bBefifesBliba bR iR AT Braoe: Ao Blkin babu B R el fara
9pE&fi @%r@éf bl 8ar Be |é<ﬂé‘%rbrﬁf itdvBSptifta&ucture can be

particleS. The P8 proteins can be nodified to include
wengified f i c pept| de sequence that can nucleate the
formation a conguct ive mate

provi di ng @bﬂﬂ'ﬁ'&“av'e h Fé?qﬂ?“?ﬁsg%{tbsr?d%!egﬁcéf ?‘S?Yecules
N BRIMERYEY Yo P%ﬁ/ld{é%mr&f%ﬁle@ df%l&%r [.‘)cﬂﬁlde sequences

ability to cont e geonetry and crystall
81 certdintypast oft;ﬂmgeapmhclees Foh ezagiple, redoous 6060 coples of P8

BEenbice b, Saaagehites iRt roevoie s oottt Bl edhace
e Tk AR P A T4 e
sd@@éncfe kat vhn ebcleate ‘m@ formatimbfableldmdra cordyuitiag enaterial,

fchterrgg)t/ l;J)ﬁoevicgigg %gﬁghgtive 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
that end, peptides or proteins with binding affinity for silver, gold or palladium
have been identified which can be incorporated into a phage structure to create

nanowires with dimensions based on those of the phage particles.
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30 nanowires with di nensi ons based on those of the
phage particles. 15 WD 2008/ 046058 PCT/ US2007/ 081285

w@roBogiostal material s other than phages can bePUBES2085081285

tenpl ates for the formati on of conductive nanow res.
For exanple, filanmentous proteins which self-assenble
into | ong Bidlegigal rnatetr@hsofber thaty phagascdrebgjuped as templates

i vhe oty EABHING iR, e Shiple Hafaous proteins
WhEhhesf-28sbrhveiRba0Ag BHERAJS 8Bf &is FRRRSN |ﬁtléﬁ’g?]tg|*1%'h be used

phage, which leads t0 | ower percolative thre
asAoaitereativertenyflatet{see drigucs 7 ) eAdveniageéouesy, such a template

P S b BRSS 3530S e S R T e bhoge,
f .
TR RS Al RRL A (AR SRERMRRR e Binucive
Ranowires.sAldditiahally, \protzirenaref essigrtotsynthestad ihdhgeSvolume than

havi ng a nunber of binding sites 8a coupled with
emeaﬁwspdfargeﬁé@legﬁan e iprRfeing, Bush a @nzymes used

I nﬁ;K or the conductive
pgpgférﬁggtté’% %1‘2(3 %Ré'%&é and Ni. Alternatively,
t he bi ndi ngiggiré SSsh%wa@\seh@ﬁaﬂé temidryof ® brateBessiffold 8 having
material |ayer (e.g., Pd and Au) that can further

ﬁmr@mr@fﬂwla@ﬁmeﬁsa@@um@dpwm renductivepaticles 8. dg binding

S0k rlsilectes BROLE AR frind pSiudii batfivas, sueh as Au

Agt CusdﬁéhNafAI*té]'hbMveH/tthle?olndﬂhﬁfsﬂéé 88 Haveliy affihiefr a seed
spaced at frequent and regular intervals along their

material layeri(eg: d3d and ) dbaldan futhey notleatesthiel coaiductive

SEREIER, Such 8! and e (1 Phoke Brosgin S @fiLE Spn B b
Sﬁ@hbéirﬁ‘t@' W@Sldﬁ"t of Bl?ﬂ‘m'b §I?é§1@é Wt’tﬁssuchtafﬁﬁty It is

engl neered to have t e correct mensi ons for
prefered tphapeticne spacedt at fraquentznd relgalze mtemialslatme\gttheir
atio have beeH%seI cted, the biol ogical terial can

H}(Po@@’@QSSt SRAdeEtvtY afthefinalc UCHYR [AYRE a
metal, or ?h@ﬁ{rﬁf %‘f’% lﬁ’c%gé%ﬁl m%&@r#a}l d uésea?)roteln as well as

|Ilustratesa r ca

todiinedter s ea’ﬁyreaz@mmerre@ usmlgngwdwmie@gnmlest ¢miplewgﬁﬁaered to
The protein scaffold 8 can be further &neere
have E‘@eCQﬂ@ﬁil|dﬁgeﬂ%ipﬂ$|&f§h§l§kpﬁca|s°f§§§6l9$at Geihe ies ssi;@pe

30 5o SRR 3o, B P0IBT e xposea

SGEARE invAterial 85, akich @iy, a hitdaly et agxeémﬁoemml rAetal.oni ¢
i nteraction, coval ent bondlng, gdrogen bondi n

hydr ophobi Eigure Orillustiates a dwtherem @@Imen‘méfabrlca? ing 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
bonding, hydrogen bonding, hydrophobic interaction, and the like. The
interaction between the associate peptides 9a and 9b encourage the self-

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

16



10

15

20

25

30

30 interaction between the associ ate peptides 9a and
9b encourage the self- assenbly of the conductive

Wha0804G08% i nto 2-D i nterconnect ed nesh net worRkGI/US2D67/081285

WD 2008/ 046058 PCT/ US2007/ 081285 as shown in the
final sequence in Figure 8. The association peptides _
aasghowaiin the foal sasiuengayn biguse 8t hiche ggsodiationneentidggand their

he .f ' f h d [
208 Biehe PLTE G 1o ERFeirBgE e (iRURGE ERpes, gnd to end
EORRLRIoNY Brossatiinectithd, RAdOtREPH EsifdtP¥Rb P 1oF e é‘orﬁihuctive

the conductive material 8b has 5 already bound to the
[ayer.elmthecaxanopld shokar inrfagtresS, ghe tondustoef matati@ml Bbrhasa
networ k. |t shoul d he understood, that pr.otei
SEara baund 1 e patein sERTa Beeiats Inegprobsinssatiggs form a
efifdrk9 |1°§hc¥Jﬂc? bﬁ%%ﬁétba&, tHBE Sfotéh-scaftyRl s gﬁﬁ aldFofth a
1ol ogi cal tenplate having associate peptides or
nttveork priod ta theplointlimgrof thé Icondudtive mbterfabr mat i on of a
conductive_layer of highly 10 connected network than
woul d be pd&ydhe %ethgm%!ﬁa@ﬁi iemplaler Ravingrgasociate peptides or
i Ul f ' i t . .
Bt 636 pRbERL S o8 e ltRRbRDr oL GFAEHGZ KRR of ianiy

e6AiRscted nebRorkAREN Youke bé pvesiblelwith Iratdorbaredwires. The
synthesis is particularly suited for fabricating

partiswlar aetworkpefrithe biplagical iemplates sandbersienedes selegied to

S i Gl ARG S, 00 o0
sol ution preafistelthdedadyntrsidrR paricdlary shidéd fdrdlbricating

t hroughput, ambient terperature deposition, superior
oanéwiresbf pgriientar girodosionsmofphoiegies ahd composiions. Further

nducti ve_Layer. Substr at 0, As an illustrativ

adtantpoes ff i iadl Gy BsfiTis e ol nosg TR INCse:
LSy ; j g at e

SRORTECS PG Ebh B8 hadfea fot QR uFOLBNpE, BtIACE
terhpérabreald positioht sugéreo rrenddrmalitynemd pesddadiomad conductive
conductive network. Figure 10B shows anot her exanpl e

€S-t ransparent conductor 25 10', in which a
conductive layer 12' is fornmed on the substrate 14.
The conductive layer 12' includes a plurality of

mehductiivnbayeremdlSulestistdded in a matrix 18. "Matri x"

refers to a solid-state material into which the netal
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.

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

protrude from the matrix material to enable access to the conductive network.
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nanow res are dispersed or enbedded. Portions of the
nanowi res may 30 protrude fromthe matrix material to

wermbh&ostcess to the conducti ve network. 17 RAX/US2007/081285

2008/ 046058 PCT/ US2007/ 081285 The matrix is a host

for the netal nanowi res and provides a physical form
dhetrhatrixde adwst forghe ayeial namewires and providesca physieal form of the
netal nanow r from adverse, environnental factors
Sonfuctte JR¥éro ot malTiK LGSR the MetRlnANGWitGS from agtse
BRUirdAmeRialfididrsaBhdty as B¥RbSiohhdPsra8RRI 'Ihtp‘ﬁrtgﬁ;ular, the matrix

corrosive el ements in the environment, 5 suc
snificandy ldwersdhapermeabilityaafi absrosiveyglemenssiinf the emrvitonment,
the like.

. In addition, the trix offers favorable
5116k o6 0 sfile At dmount Of A geN S @RS HAKS: ve
| ayer. For 3 ythibt J ' j :
substrate. Irﬁé?@ﬁéﬁ’%ke@%ﬁl%@#ﬂ@é@%ﬁ XgﬁP |} ?rrlrcghfechamcal
priperies to the conglastive pkr.i Eosexampled itaxhnvprohideeddtesion to the

nanow res_ are robust and flexible. As will be ) )
gviksiatee drurthetmors unlike mgtal pde filns.ipalyngrie orafganieMatrices

BB B B 8 S PRREASE /GH osusses i

itste QRtaiCRérelt, FRRIbid Rfatded Make asbssibly o fayRateRandRarent
tailored by selecting an appropriate matrix material.

Fondustarginag lomecosi@nddrigh thyosighpdt preeass.ed gl are can

be effectiygl dyced b i ng.,. [ f 1
destrabl o Nerpates Y onel Brorbgh P eonilucfyr Bvassan be
ARrERbY BeldchRg Bt dfpfopgatdmatpikiradlelivl. CF &PéxdmpIR! teflection
A material iIs “considered "optically clear” or

tasstarchiimwanted rgigarercam be efféctivedy fadgieedthyarsimg agnatnixsff a
the materjal.is gt least 80%in the visible region
Baere T iy Indek QPSR oRd HRICKEsSr wi se. ol |t he

layers (i n%gg&bn‘;@ th8ensHRH AR tigégﬁ( 488 %%\gg ?bn:?gterial is

network | a I'm a transparen duct or
bensiderear ‘®pficaliyecladt’or "opticatiglitansphesmt”, iffthe light tramsmission of

clarity of the matrix is typicall. zeterm' ned b aU
the Fretsrinl ipt least 8% nithe VSRR EwPR KRN il QAT bnyUnless
EPEGTEAEARELIS HIRRIA R ool B BEESHpofaRayR i

netvasrk agyr) Ireé treebparent aond agedéscrivedttiereinndrel preferably
caused by surface roughness 25 and/or enbedded

paticalidlegr. The eplicalclarignpbimerrpatrix is fyricalyvt detgrmiged by a
BRtbager SR heP el Wibonr RRor Spd Bl BRLIL
gpag[)ééyg[ tdndigenay bERI BibuYRolttHE Xhiekna8e) Blirfics (iheludirg,
interface) reflection, and haze (a scattering loss caused by surface roughness
and/or embedded particles).

In certain embodiments, the matrix is about 10 nm to 5 um thick,
about 20 nm to 1 um thick, or about 50 nm to 200 nm thick. In other
embodiments, the matrix has a refractive index of about 1.3 to 2.5, or about
1.35t0 1.8.

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

referred to as a polymeric matrix. Optically clear polymers are known in the art.
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1.35to 1.8. 30 In certain enbodi nents, the matrix is
a polyner, which is also referred to as a polyneric

wWOoreaosx60s8pt i cal |y cl ear polynmers are known i nP@HES2001/081285

18 WD 2008/ 046058 PCT/ US2007/ 081285 Exanpl es of
sui table &I ynmeric matrices include, but are not

Examples olosuitabis palgrr;elrlﬁcmamlaeh mﬂudmlb)ulmré] aot §rhied fo:
bSoniBs sttt B ey EbRaOaIos (e arletBaineBpenidtes)

| t {
pSlyRcRigtas aHe PRy RAchAIEE BAR R alccliels, pdlfR e ©lg.
botybtflt}mg'reetere;bhthﬁkaléﬂatl?ﬁp )plodyersger)a;amiﬂ@aie esad@olycarbonates),
Creso e vol ags(r ol ystyrenes,
BBW?RW%W&@ITB@EW 3Hee ?FRFF‘QVF'B/@Ch %OP%?'?ﬁy“«%@r cresol-

po%fﬂ@%es, %}p%gsg S):Owggggpe%%%{]@ﬂ{opﬁ%g%'anvcpylxylene

polyyphleeybolyamm@ pbmayrude"n’ﬂa@@ poRdtherimpipsy polysulfides,
pol yol ef i ns f . g. é)yl ene, pol ynet hyl pent ene,
ggh(sgl;@pqsc Pg y@hieﬁgl)eneg,oan polyphenyl ethers, polyurethane (PU),

a0, bt &) IS RkHE Ry FRBR NIkttt v gletins).

BelyIoHRtrife-batadicrRns Eédest%?;ﬂil*rﬁéﬁ SnreIPekis! sikeses and other
polyvi nyl chl ori de t?IPV O, po yac(e)fsét )Zs

pwcqmr@ﬂbtaimeg@@lyr@@rﬁt(aa mlysumtmxa@eg and mna@lea)

EP&%y@Z\FOH c{? od#&@f ?88‘%6% Iﬁ% 3@?28? \é'E;; ’o?‘y Gf‘hehc rubbers (e.g.,

BRI/ BRf EPQM)Péﬁ@YIhSF%ﬁ*)onrﬁ@t%‘{'eYdmbélyﬁﬁyﬁ&ne fluoride,

f1uoro-ol efin’and hydrocarbon olefin

polyte‘ttaﬁim@ﬁ)ethwade éﬁEEbprelyhékafhxoluchpnolwkenﬂml gapehgnens of
'3‘ aﬂé g%?%fhpfef nl(ﬁ bt @P%f@ﬁbg "ﬁ’eﬁ‘mgrp?\q'ﬂ'é
ﬁQ %'EEEFH&\ ;gpgﬁb& gteécgﬁc%lgrﬂgrgqg d& b@Y‘F{E’WB %’s%hpér déésaég.)( or

yneri ze ol yner npar e

Tl'efld)l)f“)AEOJyHDUPmit) zed or fully cured rratrlx a
partially cured matri x has | esser degre
cr 0ss- | i nk|r‘n@thﬁﬁéwdwﬁQ%Fh%m|Vm$r'ﬁﬁﬂatr'é\ﬂ@nsc”bed herein

PR B A B R bl o

palytrﬁ;rrized @rifgllypaset rhatrinsa partliy\ceinéd aitix has lesser degree of
phot ol i t hography. Under a proper polynerization

esgilinking, andder pcalymeauzayora anddower mojeawar irightyr this, the
cured 25 mhere rther and

B PRI Blpatthec o BT, S GoAR condiians e
PEEERIng B! RSselié U%P%nvbhﬁéhél%bt&fth@graghy' @anlér th"réﬁer
matri Xx. The partially cured matri x can etch
polymanizetidy candltmnh’rdae paurtiallygcwed pnatris may be further cured
whereby further cross-linking and polymerization are carried out to provide a
matrix of higher molecular weight than that of a partially cured matrix. The
partially cured matrix can be etched, followed by a further curing step, to
provide a patterned and fully-cured transparent conductor film. Examples of
suitable partially cured polymers include, but are not limited to partially cured
acrylate, silicone-epoxy, siloxane, novolac, epoxy, urethane, silsesquioxane or

polyimide.
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provide a patterned and fully-cured transparent
conductor film Exanples of suitable partially cured

wW@lopMsi0s8 i ncl ude, but are not limted to partPCH/U§2007/081285

cured 30 acrylate, silicone-epoxy, siloxane, novol ac,
epoxy, urethane, silsesquioxane or polyimde. 19 WO
2008/ 046050neGKillgglodhe g1eedd repegnize thaidhe degres ofr t

woul d recogni ze that .t he deagree pof I rization
PRlymiarzfiet Brbfimestt sheirny couftint By tEREReE RO the
bARiallp Polynfdr24dRALKBRIHASnafivites SaltGRSoRBN Wiy Cihe

di ssolve.” Typically, the higher the degree of

highenthe degreernf pohanenizatiodi fHa more difficultsit isdtoestcln thehmatrix.
matrix. 5 Preferably, the partially cured natrix ha

an accept aBreietRbly.dhe pertiiifured matrix Bes anAccepiatli degree of
BRI OB 1 ool SRR T ReBaYAR BBecause an
shBaserardy carry og Hie ool patternimgfamighet sudisepaemtduring to obtain
conductor film In further enbodinents, the matrix is
arinehbagsprarenheanducier filMer 10 exanpl e, a sol - gel

matri x bas I C |\t e i na.. - Si.C. .
Va0 Al 203. T BBer KERmets, tefmalpftnaiqnio material. For
BkihBleS ol StMRPMaABObASed 8. GilichNitité 2alomemd) BICITMYG-Al,O3-
the matrix itself is conductive. For exanple, the

BiD1,iA20a80a MIOMQSIVeL6) gihe mixigss tharept,ean be used.

oV e S, W g A AR
éﬁ’grlﬁg@, 'thé)ﬁ{létﬁi‘ thh Besa chduttite PRRERES . %@«'@Uctive polymers are

pol ydi acet yl enes. "Conductive layer", or "conductive
fvellikhowndhdhe attp ingludingwiitkolbroitatiast: peit(3j4-nanowi r es

t ha rovi de the co Lve di,.a of the.transparent
e e HiaehSas BRI T SolEnuies, pobbicdiRRaeng,
ﬁé{yﬁ%emé k layer of 20 metal nanow res and the

rix 1's also referred to as a "conductive |ayer".
Si nce condt@omndudtiveilayeat orévenduntivelfirot, refeas te haregwork layer
percol ati ng from one netal nowre to

Bimatal nanowiesAnakiRuiHer B crRdictie 5@9&%&{] t%tﬁﬂrea{f}'?@arent

?ﬁﬁ@@(ﬁé* \é\ﬂlﬂe?}y% et fseﬁrgggﬁtn 1 E5h l?‘éﬁbn %?ggé;héﬁnyd?ﬁ layer of

and becone ~ ‘conducti ve. e sur

asdusdrionites aid theematrbds Gllso/efémgd to as ai ‘cundsctive 13%er”.
proportional to its surface resistivity, sonetimnmes

BétGce eanfluchvibisisarhigvadday gleshical chaigeqiereqlatipg from one metal
M&RSWIrS (?o %%o%%?%fﬂagnp%%tél 'ﬁahgﬁirgétmust be present in the

conductive layer to reach an electrical percolation threshold and become

conductive. The surface conductivity of the conductive layer is inversely
proportional to its surface resistivity, sometimes referred to as sheet resistance,
which can be measured by known methods in the art.

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

resistivity of no more than about 10° ohm/square (or Q/0). More typically, the
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Li kewi se, when a matrix is present, the matrix nust be
filled with sufficient nmetal nanowires to becone

w@eandueiss/e. As used herein, "threshold | oadiPgr/usa0et/081285

refers to a percentage of the nmetal nanow res by
wei ght after 30 |oading of the conductive |ayer at
shifate tdsistivity deino inverel thgne r OR €80 ans midradlean 16511, no more than

of _no _nore than about 6 ohm square (or cl/”
0l o et thep RS @3@@6@6@9@ ther (89,967 Ghedbisehold

f ' | 0

REch S By B3I & fecTorS R R 35 oBEH a0, tneBedBE B
Eﬁ)@mﬁéhtl Hegfdge @Kngg)@mdé’tm ér&DtI'féZr/e’élstﬁimeot theapbtdl danowires.
| oadi ng | evel depends on factors such as the aspect

ratio, theAgdgraderstoochby gnaskilledde fieartothe mechanical and

AR PR RS o M a7 Gt e Aot o Bl g by @ high

Rydding 6ame ?Sﬂlele‘é@theﬁw AGRaMGakoBSIPBELHIGS a@beéth@tlos of the

matrix are likely to be altered or Conprom sed %/
mejzhl naneadiascaliow ﬁmyh@ﬁyrmatlpeg)famr@luqztlve network through the

miatEher 43 SubfbosidbaBBReatE st B abdido B Wrom? o
BEBM‘PW ?W%r& efe%l{ﬂf%n%b@uttd‘ﬁS.?Matoséﬁéﬁ%g/cm and

['oadi ng Tevel preferably” of about
alovetprdferagy tnof) aboutd. ﬁn@’@m%ﬂml qbdutc&m@bnﬁtfo@sln/epganmwes

i o suiiaca Bt oy o catast e MEHADIER @@g&%ﬁhewemes
ﬁf‘{ﬁe%?trlﬁaﬂﬁé]s% VA& ?e?ﬁn ?lﬁ g%ﬁ_ltﬂél?ﬁmgﬁ iBAS A8 gl‘ g% O,al

I cal properties ese va ues

atgper@d)ryobthetmmlmsA@mwtag@bthttraispacbrﬁm:enduohorsnbf
t he nanow res. Advantagqc)aously, trans&arent conductors

Binabe elestiinabcendugtivity kor sustagedesiphiviy) @ arficphiransparency
§ﬁ ggt inhéb By J{? Ctﬂ'e '{’é@ﬂé eﬁé‘{sﬁthe%gt%?ﬁa%&%ged

nanow res. Id Be@zﬂhte@hhibcﬁméﬂfh R ESndlidive d@ysispangéehe entire
| ayer spans the entire thi ckness of the matrix, as

thickesisof nh@ ovadrix, Cas: shyviaint bigeti305, Asivestaggionsly, a certain

Baon hifie mhetpl SEncurE R PPREC oh F S0EGE1 R et fue to
IR SuirfadBiepsionl of tRe %atnﬁ%é&gﬁéls(b g.TPoI§iers Urtgs f&ature is

particul arly useful for touch screen applications. In
particutaulyarsefai for tambacee&n applivationsr Ircpartigutapl agransparent

N N
t .
P80 1y, S A1 35 i

emmadideelsn asuatnxaxhisvesvsuriacé@mndoeljvitye Anshowhywhile some

"subnerged’ in the matrix 18, ,
nanowires, such as nanowire 16a, may be entirely ‘submerged’ in the matrix 18,

ends of other nanowires, such as end 16b, protrude above the surface 19 of the
matrix 18. Also, a portion of a middle section of nanowires, such as middle
section 16¢, may protrude above the surface 19 of the matrix 18. If enough
nanowire ends 16b and middle sections 16¢ protrude above the matrix 18, the
surface of the transparent conductor becomes conductive. Figure 10D is a

scanning electron micrograph of the surface of one embodiment of a
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ends of other nanow res, such as end 16b, protrude
above the surface 19 of the matrix 18. Also, a

w@BHgi0sof a middl e section of nanow res, SucPCEES2007/081285

m ddl e section 16¢c, may protrude above the surface 19
of the matrix 18. If enough nanow re ends 16b and
tradsparestconduciorighowing tr ecdoarbafvendshandmidd|le sé6tiorshef
0 surface ,of the transrﬁ%r.ent conduct or, becones

3 .
BBRRNIEES PECtY€ing, AROVS B Matrix In adERNHPAEEH COAdHEIT-

m cr ogr aph 3 0 Rl :

2008/ 046055 {5@%’] %@S’&ﬁ%@‘fﬂﬁ% ansggur"%gnati ﬁ%%gﬁg@% metal
shoowings ambexidedrin af partiols ofithe: miathX, asshowndnFighre 10E. The
nanowi res protrudi ng above a matrix in a transparent

eonRnRtverayari! 1assHPiernt Adertion ehibedBalinctd ard pEg/er

i d f o, res enbedded in a
E%W%%@o?%%%%ﬁ* ?56 gﬁa\%i\é\,\m in Figure 10E. The 5
conduct i velr aydifiod, 2heepopiiresfilleal cordupivd izger efayt e overlaid
matrix 18 and are conpletely "subnerged” in the

withrane argnoredigtaetiic eeatingsd ergnamorercoiat pean estidlire fle)
B R 87 sRhalE b dlicrtn®  taf BPRg s B phyi these
¥ ihsRhee s ahe ConBNERRCBYENMaR St BerBieReUontdlBtive, but is
conductive layer. In theSe 10 circunstances, the

coaraatarized witlyierplang cooduttivityur f ace conductive, but is
cbod nent 0t Certhih arabedmatt: SOMes paneydingyd: Binokdnat can
Be R&dHBhes 'ngn(%{)bfﬁi?lg%)plﬁ.‘lﬁlﬁﬁ oftnBhdtsFeltdordlictive Resarticles in

nano-si zed conducti ve €s In the overcoat.

Heoowercoatt-i Agisieow i Figunarl 0% a exdpasire-lwasedusanduetivaleser 10 is
0 is 15 deposited on_substrate 14. The conductive

F]’ apesitefon sbtraied nakisipenravclive JrWﬁréP GURRESgANowires 16

GEF 1 8 B NG R R i PRI concucty. A

ouerdoat 17 & foryred oilthe/camiductive tayepfl 0c dnpluedlity ef conductive
particles 17a is enbedded in the _overcoat

17.
pariglesaticiserypbeddrd inghaiaygreqadvidl Avantroeausht dhe laading

BRFYEe R e d B To v e BB e SRR Aot e o
FtMUBEIpéréolatidmthre Sisld &6 ieXRibitl stirfaite 'cORBLOEVITS THeEconductive
current-carrying medium in which the nanow res have

leyet rrivaivs est the culrreptceoyiagi roadiugy én whithethegranairaschave
N - TR EA T
geg/?{:éoﬁgr Eﬂﬁa@é%@% H&Ritl HisOM B UItYT théi e6R@eEs With tunderlying
nanowires through the thickness of the overcoat.

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

being below the electrical percolation level.
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25 Thus, one enbodi ment provides a nulti-|ayer
structure conprising: a substrate; a conductive |ayer

WO 20088460881 t he substrate, wherein the conductPUBUSAYE81285

conprises a first plurality of nmetallic nanowires, the
first plurality of nmetallic nanow res reaching an
el ect ri cal Asarsedl reion nepo-sizedacahductive partstes refertoed

SRS PSR A e R B s,
PRESHEIN B RO EsaP S GhahR O vrices

PCIUdS D0 ard BaIBHitedto, IEBJ Zh €Y, doped Zaih -meetadlid nanowires
onducti ve garti cles refer to conductive particles

AGUAENgAhope desciihrd hetains Mekalie RaNPRIbRS, srypantAaRtubes
ypically, no nore than 200nm Exanpl es
g?QE%PQW%ﬁ%%nduct ive particles include, but are not

l'imted torSubsBatenOr “sliptate/bfhdieéardfiers toon avategsl dnto
(i ncluding those described herein), nmetallic o
Wit iscepnduishive layeR isogaaied or fanvnptesh dThesubstrate can be rigid

REHERbI T s nahi QeRl et IR it slBsBatesr
bﬁﬁiicé’atset?picaﬂ&eué‘}é@ﬁt Edirectis vath & Ithidation prdcassbhe will be

The subsirate can be clear or opaque. The term
disgbssechheredi. Soitableirigid substratps indlude, derexample, glass,

P0G e Ao IR U4 SHEREE BexPla lostaliy gtuce, but
BRE n6HiffEto: PoREStersReld/ GRIRARREAS teRBIAISR (FEYD, bbFester

[1ke. Suitable flexible subs es include, but a
naphihatdate eand polypatbpaatadr polfyelefjins (@0l ,ieehy,|beapched, and cyclic
t er epht hal ate . (PET), polyeste napht hal a a :
BBV RS, RA YIS (4-Go RIS Calogd6r P s idaneiede,

j [ ViaAyl :
BBfVEWF abéials? pBRGHALAS, AfacrBlos, M fie iRefl cellulose ester bases
lpeggy,\denulbsettm@tate, pellylsse aestate)ppdlyaviphbatesuctand t he

cel lul ose ester bases (e cel | ul gse

I Ke), S L 4 9. .
pelystiaravlehore palyigides cdlicanes angathersqsushbignalnalymeric
L A e T o

PatdraNe 9506t es can be found in, e.g., US 20
Patent No. 6,975,067. Typically, the optical

t r anspar end¥piselly|tae ioplicalftranspatenteuen ¢ladty af dhe corductive
iR a0 e it Bath e oL B BRRIRIT BT itdfnsppsion
ahl $Rzet *ERBItrassmidsion” (bEfighstraRshi8ivity") refers to the
percentage of an incident light transmitted through a medium. In various
embodiments, the light transmission of the conductive layer is at least 80% and
can be as high as 98%. For a transparent conductor in which the conductive
layer is deposited or laminated on a substrate, the light transmission of the
overall structure may be slightly diminished. Performance-enhancing layers,
such as an adhesive layer, anti-reflective layer, anti-glare layer, may further
contribute to reducing the overall light transmission of the transparent

conductor. In various embodiments, the light transmission of the transparent
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percentage of an incident light transmtted through a
medi um | n various 25 enbodi nents, the |ight

W@ e@BseMmossi on of the conductive |ayer is at | eRGI/USHNG081285

and can be as high as 98% For a transparent
conductor in which the conductive |layer is deposited
oonductorsatardbe at kastibBYa, at ast B8%, iaf) keast 7 8% oir &4 ieast 80% and

the overall struct na slightly dimnished.
Py kR ﬁﬁl’ﬁ‘&g‘-%%ﬁ E’@?ﬁéﬁ%@éﬁz- sugh a)s( an adhesi ve
| ayer, ant j08fid gRGhdS &ﬁ}@gﬁ diffi&idr. Okt *rerd t"i‘)lyt]ﬂ%ipfégﬁ%(ntage of

further 30 contribute to ucl ng the overa

theagsantity ob lighitfseplaeated drosp thieinicidend lightcdrat scdttereddudng

enbodi nents, the |ight transm ssion of the transparent

trangpissitis; Yt iohbdranssystion oshishds lagal @propsty of the
.eas % 9% ALY r.at

Bissligfahasele offin.a PRI oofbpliEAT 5951l gBliseBy gurface

FughihelsB @ erhbéddt palititfegsoraompdsitictat hetdrogéisties in the

percentage of the quantity of light separated from
mesigmcilayatious gmboglitaerisathechaze efitherdgnsparent conductor is no

TRaT 108 soeRels e of AGRTRe SHas s &Rl g s tow as
RHYALYE thaR XRRsOrgY,and is typically caused by surface
roughness and enbedded particles or conpositional

het erogeneities in the nedium |In various

nbrfodi ments, . the haze of the transparent conductor is
E@—ﬁ@ﬂ@ﬁ:ﬁmm—%o c a €Hre than 8% or no nore than 5%
and may beA%%dt&‘!"aBéve,ltﬁe%nHHétﬁ/etIB?@rsQr%\IeOSLQ%eEfg? physical and

Per f or mance- enhanci ng Layers As notéed above,

owuthactcal ehdragtaristibsdae do flee matrbphYbésmthanadteristics can be

mechani cal characteristics, due to the tri x. These

afesanbansed By itiefuging ﬁaﬁivﬂﬂ@?' 18T &g frgnsparent conductor
C . .

SELERIY orPOs HEAARAPLONBIERS. 4 MuAPRSF BSRBREERI concugtor s

aubtribddaygiich camprisssohe oo ntbretlayers Such escaritbredlective kayers,
conprises one or nore |ayers such as anti-reflective
palalare layers; agdhesive [aypes. dardeiiayerseandnard Coglgr r i er

| ayers, an . = RY, ﬁﬁgp

Figure 11 gﬁlt;éa{rsmggt?r%fvt%l qﬁny@r@, F{Q}Jfﬁgg}bgﬁé agon | u!: oF

#Hanspaneht sbMdudo 20 dogiprigingl Aendudtivenayer 1udsd adiubstrate 14,
14, 20 as descri bed above. The multi-I|ayer

a6 sesprbethabevs dlibe paultidayantianspatenisondaeton 20 fudher
Y o U A e
| R 2415 shitheldsetwE B th@k8nddtivaNdyer 12 and the substrate 14, and
a third layer 26 positioned below the substrate 14. Unless stated otherwise,
each of the layers 22, 24 and 26 can be one or more anti-reflective layers, anti-
glare layers, adhesive layers, barrier layers, hard coats, and protective films.
The layers 22, 24 and 26 serve various functions, such as
enhancing the overall optical performance and improving the mechanical
properties of the transparent conductor. These additional layers, also referred
to as “performance-enhancing layers”, can be one or more anti-reflective layers,

anti-glare layers, adhesive layers, barrier layers, and hard coats. In certain
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a third layer 26 positioned bel ow the substrate 14.
Unl ess stated otherwi se, each of the layers 22, 24

W@asA&0san be one or nore anti-reflective | ayRCBUSANT081285

25 gl are |l ayers, adhesive |ayers, barrier layers, hard
coats, and protective filns. The |layers 22, 24 and 26
smboeimantspase perfotance-eshahcing .Ia)@nrpamvjdeg muitiple benefits.

Vﬁég%e%ptain?r'sb%%ﬁﬁr "BRSE Rl el TEpata s adta coat andior a
1A Uiy tléri"‘ibetrh% s?n'e%ﬁlprp%ﬁérrh%g e Hormance-

ormance- ennanci ng a ers can beé’ on

anhana:m@ l®&rs aee bpliedlly, cleéwaan!tafmgdi aeeeih ayer s
adhesi ve Iayers barrier Iayers and hard coats.
certain 24nvenesoiosipent laer 224 goanieresgstive Iayer Tayer 24 is

SR LR e B PR 2SR IR 19 | ayer provi des

exanple, an anti-reflective

| ayer can &iéﬁoﬁwéﬂ@tﬂb@a;rﬁéntaldy@rqugathad@bet layer 24 is a
barrier layer. In addition to their specific

paﬂmﬂay&ssand iﬁefepaﬁflaransaf&erefléﬁh\emkavﬂg | ayers are

[ def :
embod; ment 1 Vayancte” FobAMAT B8 723 # sBRbigation of an ani-
Péﬂé%hv@‘ﬂaye? amilgR§d e bXfidr BRI andhb Ry &at2ayeF 24 idan d
coat. [n anothef embodi nent, layer 22 is a hard coat,

bdhesive dayes, and lxyer 26ns laaymh reﬂadl\mywr 26 is an

ti-refl odi '
"hyer 22 | atieflitalavsh tiersio@aver ¢ pah Fedide sfection
’(@éeét azl%rﬂ%bt‘ e é‘uﬁa éj‘oiblﬂ[artta?{ gb?éfﬁrcgﬁﬂgcl%r hghd dr@akflective

ayer 'S an eS|ve layer 26 is an
fyier caaftlhareforeebd pysitionedion lther elieestifaees afyihe"traresiparant
to a layer that can reduce reflecti

cenductor. v as A1t iterfage Rehweepdavgsar eea'ﬁow?ble asrpgti-
?tﬂ!eéc’u(/ Tdyeel Iy gwellli%ﬁ(lvnclﬁrihé BT ﬁ'fcﬂfof?né’ﬁlgﬂ%i Im]ﬁé% on

OU er sur aces the transparent conauct or or

flaopolymhersf ﬂa@rolpetwmrblémoScoﬂ«ﬂymersalseesajgt abhSe Patent
anti- reflective |layers are well known in the art,

Nest 898204, t5herR. 244 nanh? i088: 72% | uor opol ymer s,

pat ant - ol o SR ieERO AR 1o fa gkl reduced

@S/'%%htr@fmgdhmbﬁneésﬂif'tﬁétalnﬂfreﬂ@aﬁ/eqaj?erbG=&fé>@¢rﬁpl§ elvith
reduced controlling the thickness of

aeferenwfﬂodﬁguneeﬂ dhe thickngsseofdayrre22 oan he cpetrSH%c:»@cn that the
Gufefobion LS leoh0 583 cbbob 8Bl Raa Rk OB Bl oHAE
SHAGGS BmPRRABAER! tHRASRI-RIflRRLivE Wyer H'¥Souti 100 nm thick or 200nm
thick.

Reflection loss can also be reduced by the appropriate use of
textured surfaces, see, e.g. U.S. Patent No. 5820957 and literature on Autoflex
MARAG™ and Motheye™ products from MacDiarmid Autotype.

“Anti-glare layer” refers to a layer that reduces unwanted
reflection at an outer surface of the transparent conductor by providing fine
roughness on the surface to scatter the reflection. Suitable anti-glare materials

are well known in the art, including without limitation, siloxanes,
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various enbodi nents, the anti-reflective layer is
about 100 nmthick or 200nm thick. 25 Reflection |oss

W@ 208/04®88 be reduced by the appropriate use ofPCT/US2007/081285

textured surfaces, see, e.g. U S Patent No. 5820957
and literature on Autoflex MARAGIM and Mot heyeTM
polystycerse/PMIVIA NHeri, dacquerAegotbuby. acemtelmtgbeaileldsgmk/alkyd

o0 pebGPRERS. B DR RO ahane dHaEe LT and acrylates
B 8Y WPl RB iRk U AIAAR, G, HDRo 2R d BRI bPfume

ere ulta e materl a

silicd. Seeyw.g. NUihdPatent Nosad,089,5765 7501054, |5M5&747Qr6 415,815,
Si I oxanes, 25 WO 2008/ 046058 PCT/ US2007/ 081285
BB p497. 34 Blandsancherralyng et these matgiialgican have microscale

%ﬁb@%‘%ﬂ%lt ﬁé{gfddgﬁieﬂﬁeg/ % aéeh‘y é’iﬁo e?(ﬁltﬂ)"rght diffusion behavior to

I ophenes pytrole
mdu(;@@éﬂe\,ll ose, and acryl at es aII of which may
conprise a light diffusing material such as coll oi dal
or funed dfandpat’ses anti-gbrasigrdayegirefars kg coating that

Broibs diochd e &@8@@?“ Agdostacipivnds ngafion

EREmipRacoMUitaBRCAAIG coRsPRfUdd §ith eth?ﬁ)@lgﬁ\@%‘%éh as.
whi ch can al so exhibit Iight diffusion behavior to

pelyacwligs,apoxy; pelydrethanes, potysilanes, sdlmoass,owply(ay@o acrylic)
B4 BB, oFvRIERIn L1 bR o Bl GBS pll el syt (888 e,
?'Wét%ﬁt NBS%‘@S@BW L QQQaB%ZS@éQJ%dSrXéFErEﬁ é€cited

ynmers such as polyacrylics, epbxy, polyurethanes,
thﬂrglm)l aheghickmnésscafithe hapd cyétisitymicalbclrgmi about drid Soum. The
i ses coll oi dal

S Rl o R kRS S B T . 2o o

%%e“%ﬁﬁ?%&ﬁeé%ﬁo% S e A e PO By ST hBE Bitin =
austamaa:fm crfifet m@cqﬁgcammfsdwmsaacceﬁsm@ ghad (sebed.g.,
by known net ho the art, such as bf/ scratchin

Dhs. Rt Mg Q.80 2503: Jie hasdicos o e wp%eos& an anti-

DI Brkieee ol o) L RRRA Poat &P SisTym methedain et
U. S. Pat entad¥esive 13985 fofers tor Ry Bpti @bl@QﬂéaﬁPﬁﬁtdﬂél that bonds

further exposed to an anti- glare process or an
Bva adieenidayersi etg. ceandiptiveyayeiand substiet) tbgethre without

AR e o8l Mt alg Def GaiiboRlsrd qiiefliar. opticaly
sRBAHaRb MG hitehaland v@énhadvm B thEQEEiMAndinG WAtHsut limitation:

acrylic resins, chlorinated olefin resins, resins of vinyl chloride-vinyl acetate
copolymer, maleic acid resins, chlorinated rubber resins, cyclorubber resins,
polyamide resins, cumarone indene resins, resins of ethylene-vinyl acetate
copolymer, polyester resins, urethane resins, styrene resins, polysiloxanes and
the like.

“Barrier layer” refers to a layer that reduces or prevents gas or
fluid permeation into the transparent conductor. It has been shown that

corroded metal nanowires can cause a significant decrease in the electrical

26



10

15

20

25

30

affecting the physical, electrical or optical
properties of either layer. Optically clear adhesive

WOorenosnia@ss are wel | known in the art, includi ngP@i/US901/081285

limtation: acrylic resins, chlorinated olefin
resins, resins of vinyl chloride-vinyl acetate 25
copductivity asveslcas theclight trasismissiombbthencareliictivio layer. The

baier v natte ey oR slmaSh AT 09S frgm entering the
{
e oo/ 1% Rerel ROt ARG B 1R barrer

loyges are wélde kaoWn naltﬂneaa&r mt:lma!ing wdhmﬁshrmtatmneseate;ggtdss.
or 30 flu per meat into the transparent

E’@Fﬁ!ﬁé‘tﬂ?ﬂ'cafﬂqn Nas2004/R25a40% U RateridNo® daohapgand

AT 5 BB NE b b p pBR7 37 01,028 Moreover,

aAnafitie anti-yefRgtive ldyersanthglare @yer thdnsehard ovatafart digo act as
conductive |ayer. The barrier layer can effectively
ﬁrhﬁrmfﬂawrnospherl c corrosive gas fromentering the

duct
Che ot 1 x" ST AMHEMERL, LighREIE FapREdiH hoRudtor
iy, fultAet 66thpas&vatdietéctive filrh abb0& thé 86nd &tivre Ié»i/e$ (ng layer
Patent Application No. 2004/0253463, US Patent
3 Dot et Mo 57 01 058, Noreover °a“°ﬁe“§?“’??§"e@*‘“' ©
iate Tl Bedierbls YRR, Eegtrrsof apdriyd e put are

I

iR Lol U A A G S
tmgplﬁth\atdherpcdwmpthyd; enahacrylaée {PMMA), boryliboesing paycarbonate

RS el Bneat oo R A E e B ptohasAm N e
E?W@kﬁéﬂve ehiBROE! b SlcPMDB e YRS (Potymers

polyyiegt butyraiOomeed| f'tyrh-emsstnekapbﬁywn@t—mdl%ﬂuc acid copolymers,
pol ybutyl ene terephthal ate, pol ynethyl nethacryl ate

pmtha%r%llp@h@%. Relyqiefingar W@H%ﬁepqélcyb@y preferable is PET,
e ! & nyl al cohol,

991 )ﬁv\h%y B f\td b%&aqjs% tﬁgﬁﬁthg ed{hhl ori de,

poI yet hyl ene et hyl ene-vi nyl acetate copol yners,

pol yvinyl butyral, metal ion-crosslinked

n rylic acid copolyners pol yur et hane,
cel | ophane | yol efir he, | i arti arI .
or ef or abl ¢/ SHEERM Eiphappe Bt gmdy gpmerise 2

Bb@6sish iemBidY, irtAddHa6H ﬁ‘ﬁ,idl"rin lighiobitieobarrier layer as described
above. Different corrosion inhibitors may provide protection to the metal
nanowires based on different mechanisms. It should be understood that an
appropriate selection of the corrosion inhibitor(s) can offer a range of
protections to the metal nanowires against adverse environmental impacts,
including both oxidation and sulfidation.

According to one mechanism, the corrosion inhibitor binds readily
to the metal nanowires, forming a protective film on a metal surface. They are

also referred to as barrier-forming corrosion inhibitors.
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In other enbodi nents, the transparent conductor nmay
conprise a corrosion inhibitor, in addition to, or in

WO @8/ 0058 he barrier |ayer as described abovePCT/US2007/081285

Different corrosion inhibitors may provide protection
to the metal nanow res based on different mechani sns.
It shoul d beongembodipent, e bariepforappg sorrogioa inhibitor

tion, of he corr S|on i n
PENES el plrdGehaimstaib bRt du8agkioelpounds.
3G RS arémtic fRIFBIEsAImidERsRsand thiXFold. Mhd¥d dompounds have
oxi dation and sul fidation. Accordi ng to one nechani sm
baen demoansirated toHfolbmtstableicodwplexesdon @ metal shréacaetoaﬂ)rowde a
Banovm r rotective fil

avpg@g&q%&eamggal ?@%e{ isnvirengeniy rlppé example, %enzotrlazole

BETA) 5 oRnoR BN BRI RtoPfor copbeb B copper aloys
t&rherm 13 oAlkyhgulesiituted ibemzotrizzblespsuchnab mlszmazeiet andbutyl

Benatiarele, Ganalsa beamsratlioes: ¢ oadbin Eatgn N5 248,364

{ABHr%ﬂ%fs%f|taB'ileeé>‘??rﬁ§f8§%f%8?ro§%Y1‘% f%%;}. H‘éfiﬂ%%ﬁﬁ‘ér%ﬂn&t%muted
orm st abl e conple on et Al sur e a

fo: Rasmireipyheiidinens Bhtimsttibemdithiddzdle rwamrmenherclépto-1 ,3,4-
exanpl e, benzotriazole (BTA) is a conmon org{;\nl c

ﬁm¢l@§¢l@n21mﬁrpap10@wnmlneo%ﬁ@rcapto@@pp@fazale,

t e ol es, such as

§?€%3%403m32§ﬂebéﬁgi'ﬂnégﬁ?&%ﬁﬁy&é% can al so be
used. (See, e.g., U S Pategnt No, 5,270, 364.)
Addi ti onal suitable exanpl ®SHEYE &orrosion inhibitors
include, but are not |imte@d 10 to: 2-am nopyrim dine,
5, 6-di net hyl benzi m dazol e, N ho- 5- nmer capto-1, 3, 4-
t hi adi azol e, 2-ner capt opyr e,

2- ner capt obenzoxazol e, 2- ngrcptobenzot hi azole, and
2- mer capt obenzi m dazol e. SGHEME 1 1P N - CU- /N~|
u~N'I N-N- CulcB N M N8B N8 Anbthep "ol assu Bf
barrier-formng @brrgsion inhibitors ncludes

bi onol ecul es t hat \sh@w a particular agfiQity to the
metal surface. Thfse \nclude small @ ecul es, e.g.
cysteine, and sy c peptides and \arayei n scaffolds

Another class of barrier-forming corrosion inhibitors includes

biomolecules that show a particular affinity to the metal surface. These include
small biomolecules, e.g. cysteine, and synthetic peptides and protein scaffolds
with fused peptide sequences with affinity for metals, e.g. EEEE; see, e.g. U. S.
Application Serial Nos. 10/654,623, 10/665,721, 10/965,227, 10/976,179, and
11/280,986, U.S. Provisional Application Serial Nos. 60/680,491, 60/707,675
and 60/680,491.

Other barrier-forming corrosion inhibitors include dithiothiadiazole,
alkyl dithiothiadiazoles and alkylthiols, alkyl being a saturated Cg-C,4 straight

hydrocarbon chain. This type of corrosion inhibitor can self-assemble on a
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with fused peptide sequences with affinity for netals,
e.g. EEEE;, see, e.g. U S. Application Serial Nos.

WA 20884608923, 10/ 665, 721, 10/ 965,227, 10/ 976, 17BCT/HIH02(B1285

11/ 280,986, U.S. Provisional Application Serial Nos.

60/ 680, 491, 60/707,675 and 60/680,491. O her

breetali surfacertoifogn aanooaslager (Sdhicmnd BY, $hénebly padatecting the metal
d|th|o hi adi azgl e, al kyl dithiothiadiazol es and

8VH9%e HPB) OMAIRY| being a saturated C6-C24 strai ght
hydr ocarbon chain. This tygEHof corrosion inhibitor

can sel f-assenble on a 28 B0B8/ 046058

PCT/ US2007/ 081285 nmetal surface to form a nonol ayer
(Schenme 2), thereby pgrgtécyi : ufface from
corrodi ng. SCHEME 2 B S/S ver 5 1n

a particul ar enbodine nduct or can
conprise a reservoyry{qgo [
provi ding a conti fiupys tfr osi on
inhibitor in the/vapor ¢ on inhibitors
sui tabl e for sug §54s! | ude "vapor
phase i nhi bi t opS*—VF PF-S as -aIIy vol atile
solid material § that sublﬁﬁ@'and form anmonol ayer on

the 10 surfaces of the nmetal nanow res.

Advant ageoyph )part\é?llér &rbodifhee) th\éQFa?@pbfbﬁt'&@ndﬂ@tbﬂban
surfaces and repleni shed in a sustained manner

comgrisa st lesgrvopirastndainingna coupsiab livhibiters prcmdlng@ contlnuous

SR G ISEP EOTph MBS e HRerThitsen s e E3tqgion inhibitors
§h.'%|é fbodifon SRstARES deheshyhisdigdd «v (Powh%sé%mbltors" (VRI). VPIs

lustrates such a transparent conductor structure
ace typidadly fvotatite smd:mammmatmbmnem forrmad hy)nota;@e on the

Soees ok Deagel Ganouien, AitSipaea guc W LA ES dellipred to the
GG akEs AUSEBlofhcP S JRREATRETHADF BrdGadiy

present. eservolrs are m croscopic a

protestiory Suitdble MRIe thcuddbaimiet-foineing mfpbﬁsemuehcasetsazoles
not cause a reduction in the transmttance of th

ditbintpadiagelepalkyithiethindiazales pag alyghiols @ﬁt%ﬁa@ﬂbad herein.
corr osi on !H' r@ 1t2CIﬁu§MHt8§s a.k?%nsbgpeq{t %858&&8{ H?E&Hf"e

pol ymer X~ of I npregnaré Orous na

Eumblew #houch mﬂpemélspg@m@lly @Ugetdealsv@@ghd Bbasérs 36
to forma nonol ayer 44 on
are positioned between two conductlve 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
conductor. The reservoir contains a corrosion inhibitor which can be
incorporated into a polymer matrix or impregnated into a porous material from
which it can be sublimated into the vapor phase to form a monolayer 44 on the
surface of the metal nanowires (see, inset).

According to another mechanism, a corrosion inhibitor binds more
readily with a corrosive element (e.g., H2S) than with the metal nanowires.

These corrosion inhibitors are known as “scavengers” or “getters”, which
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surface of the netal nanowires (see, inset). According
to anot her mechani sm a corrosion inhibitor binds nore

wWeseadsd y with a corrosive elenent (e.g., HZX)T/UsAN7/081285

with the netal nanowires. These corrosion inhibitors
are known as "scavengers" or "getters", which 29 WO
oUpLt ¢iib heartasaubeqastazhe vorosive alemeniseExamales of
sequest er. th orrosive.elenents. anpl es qf. _.H2S
ERS sERlerde S insiife DS neL BT o, Acralp T ey, driepif and n-
ghibsticcirimicd? | (Boe, 81, Pubfdedr 9 pphtaliciENo( £666/0006120.)
e.g., Published U S “Application No. 2006/ 0006120.) In
certai n enbodenantesmbadiments; ths comosinhiimhibibor (eeg.gH2S
H2S 5 sc vengers?ssgcan e gi sper.sed i.n ét}e mat ri x
BFRNENESES); B Bt dispREReIDEe ROALrX RARMFRE 11 PEFIEACE dags not
j i cal [ : 0 ki
Babily ectIRLPACH oo BIRRRE el BPuR ARl oy
be pr et r eatredther eémbdiraentss thenmietdl inzinboires elaorkse pretreated

after being deposited on the substrate. For  exanple
ith areerapsion it belene deaftar beingdeppsijediprythe substrate. For

HROMPRE MRk gh AL OF phdteh et & tmorbindly’
edmosibAMNMIBItS @ad. eBTA dridl @ithiethiddidiel fhadditioh] he.metal
Metal anti-tarnish treatnents are known in the art.

BpBRWITES gan @gonke treatesh yith angntizgrysh sokition. Metal anti-tarnish
' ] O U, S, . 4.083 9 d :
EB&helSiare hog¥anitnealt P utteebia Biugliia 555 hopesion

QF@Géscﬁfﬂé@CihPE.%‘. .9 IratemiNG. £10899u5e8né YIS bPuBIidHaYed
or plated wth another nmetal |ess prone to corrosion

ByphicatiopNer 2000 e48480%. For exanple, silver
nanow r es Enan b

| d W I d, which is |
Ctscept | bl & vef otogr amppeherte Bitnenagaies 588 belipyed or
Er&%@di WiRHrdthdRetd ?éb%ggb@@tto %Sﬁgk'iﬁhq{gzatﬁﬁﬁ%bhﬁ %(Ijesngé)nts. For

ereln can be fabricat y various coating met ,
Erampts, sivermeriowiest ¢argbe aladedhmdth gdid omlgibp us lessisusceptible to
CO; ti_ng. In ?H(jﬁr enbodi nents, a | am nati ng net hod
exialien god suliQ@ligRt ageousl y, the fabrication processes

descri bed hergi i . -
e e, LA g e oSS ASRARAS bbscibod
hsrahe chh Ibesfablicsitd ay, vdrioisfoaliting atéthodprincledmesshe®b cbating

carried out using 25 conventional sol ution-processing
apdihighethrouginu sval coating. tlamtherembadimanis.« lasinging method

SO AIdheSldSRY, @t RIOR BrodiRsbs HSLAET herein do
not require vacuum deposition, in contrast to the current fabrication of the metal
oxide films. Instead, the fabrication processes can be carried out using
conventional solution-processing equipment. Moreover, the fabrication

processes are compatible with directly patterning the transparent conductor.

Nanowire Deposition and Transparent Conductor Fabrication

In certain embodiments, it is thus 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
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Nanow re Deposition and Transparent Conductor
Fabrication In certain enbodinents, it is thus

wale®snidossl herein a nethod of fabricating a PCT/US2007/081285

transparent conductor conprising: depositing a
?m_urallty of metal 30 nanowires on a substrate, the

iNg aaneial nasowise ngtwiorkdayeran the subistratelby aflowingathediuid to
008/ 046058 PCT/ US2007/ 081285 form ng a netal

howire network layer on the substrate by allow ng
the fluid fhe riétal ndftwifed ghn BRAMHARE LAdeRFHBURBIED The
as descri bed above. metal nanowires are typically
mest@le’ramdvnres areltypgoaldy dlepémedl in tadtopuid tmfaxtdqbatsnhe dBpOSItlon It

i s, understood that, as, used herejn, S|t|on nd
i wqrﬁ@odiﬁét 5351 P o RRORBIOV: SRy CHRANG e depd o

Ht&‘éhgn ‘ﬁ'?\gtﬂgnz] fﬁ?ﬁ'@él Wi Ghidiihe r@@fdfh@nﬁ@vﬁ@% €an

di spers nanow res di spersion

foam iﬂ)stablls dispeRsien ¢alabdicalled I‘raetwhahowmegmsrpessmm ® can be
d| ersed in water, an alcohol, a ketone, ethers,
-oF ety dhe é’ﬂ?taP WW'EG%%W%ﬁPer(SSG A2 é‘f?éer QBIGU@H’@' a

t:oﬂgi Fthﬁp%qbﬁracarygﬁgppﬁﬁ %rﬂgtlé’ SvaQﬁt {Toe%%ﬂ t%luene xylene,

poi N

é@?@tMOﬂa m@f@ablyalthelﬁ@ﬁd |§Jflolaﬂleﬂﬁé€1ngfhaboﬂh@@§01rit Ebf no more

ion, the netal nanowi re di spersion may contain

thaen 200765 nogREreningactad°Co ok batmee thas d&OF ey,

Ecanpi cs. ol 20 et e Aol PN g 2RI o conialg acitves
BHd bﬁ’fdér@% chhtfdItvistoisRy, dorrdsis ) BheBRIN ¥hd ¢RinbWiresfispersion.
(CMC), 2-hydroxy ethyl cellul ose (HEC), hydroxy

Exawlesmmyﬂabteeaddjtlmamd-lbmld)ers me:tudﬂ buearwm@tdmnl(e@o

Skt GsiPiRR MG R-uid Rl Bl S8G e fdec), Wydhoxy

qu’bggmﬁﬁoﬁ%e||eib§exmbm§s mé{hﬁyc!efﬁp%s@(l\ﬁt% BB AR

their copol yners onat'es ates
d?\M) fioprapyglesal gydcol $TIPGosarctkardthas guph@é@))ame! fbfactants such

Sy SR Ao At e ST v
chrg'teg% Ls'ﬂn?@ﬁategysulﬁég IHISU|?F%% Qaitd %@i@é@cc@r&&S%?Z%gsphate

erred range 1's
tstefs, G fluproginfydtémts (E@QZorQﬂf'? byfcmmm) 02%to 4%
viscosity nodifier e. preferred range is 0.02%

to 0. 5% f ol pERLYaMp @@DQW%Q@'SQ@VS@% 25 "] (nctdegn gy

%ﬂp%@%ﬁcﬁ 66)23%%3 8/00;119(9 St qu% ?s i Efeqéﬁé‘;g%@é‘{ xé)efﬁgRl

ﬁmxeb% Jo G:86% B BInyI® FEEH 000! frbAN0.02% to 4% viscosity modifier
(e.g., a preferred range is 0.02% to 0.5% for HPMC), from 94.5% to 99.0%
solvent and from 0.05% to 1.4% metal nanowires. Representative examples of
suitable surfactants include Zonyl® FSN, Zonyl® FSO, Zonyl® FSH, Triton
(x100, x114, x45), Dynol (604, 607), n-Dodecyl b-D-maltoside and Novek.
Examples of suitable viscosity modifiers include hydroxypropyl methyl cellulose
(HPMC), methyl cellulose, xanthan gum, polyviny! alcohol, carboxy methyl
cellulose, and hydroxy ethyi cellulose. Examples of suitable solvents include

water and isopropanol.
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(x100, x114, x45), Dynol (604, 607), n-Dodecyl
b- D- mal t osi de and Novek. Exanples of suitable

WO e®e04i058/ nodi fiers include hydroxypropyl metkgi/US2007/081285

cellul ose (HPMC), nethyl cellul ose, xanthan gum
pol yvi nyl al cohol, carboxy nmethyl 30 cellul ose, and
hydr oxy et fie resoMineczomcehiratiqn isthefdispersiobl carsaffect or s

ncl ude water, and opr.Qpan 008/ 046058
BB T bR oBusudr S i SFecmk\tégM@ QreiBAmg, Surfase

r .
ERRBFIRNG obBbalHarRbaricy Shif HbAHBnRE! BRSHdrtiss SHHR Mhowire
netvm:kﬂayert Yhhe martentaigetafdins palventyan beddjmstédito pavide a

properties of the nanowire network |ayer. The
sew%ts@@(@rﬁmpﬁ@f&m panevisas inbibedisparsion. 1 Rsefsviede a
gn‘ﬁ)%%'irﬁgrqtsctﬂg‘?&%&?Ht d&fthé %ﬂ'} ‘H@P@dfe?ﬁs'ﬁbvfa%r can remain

| sper SI on

trd $araeofin bbﬁnomlehethe r@gbeﬂruwgarfaﬁamewethe VISt site P difier is
the sanme. In particular, the ratio of the surfactant

peeferably indhgdange phabeuled tosabqiitdr.@t:dhe yatinof e viseagity

Rlogti o theriefa it is i prt PROTI fedeoblRr A BRES L toou

D DUDB 28T aRd el ratiot 6F tBE PrtalfarbVRESRthe 3FFakhimit ibicPerably in

of the metal nanowires to the surfactant is preferably
the range of abgut 660 &b eboutB0The ratieriof Gampdrentaof e dispersion

GBI el F i SR R B0 o appcatin

9 4. TRE \B‘?é‘fer e\ﬁsco-gl’i rﬁﬁgégf rtRE n%hs é'otlé/péréiﬂg%f)@fween
e nano sperS| et ween out 1 and 100

aBoutl’Sacmt‘lOOmHIy the substrate can be pre-treated to

prepare a urfac to better receive the sybseque
deposition &F'of‘ﬁ@/ AR SWPstEale cafhepre-frpatedit p@é@p@'ﬁtajsuﬁace

gﬁﬁé!t?erfﬂéké*ve'tﬁe EHBQ&#&HH deEBEmSH %?g%eenaﬁ&wﬁ ”38H§cé PPe-
eposition of now re di spersion | ayer

Etédtnheme sehemultiple funatibhé. Fer ehampleq tlosy eneazblemhé Ueposmon of
substrate for subsequent proceSS| ng steps.

anwifoom fasowiredisRersiaddayee lpadditian, éhL&y e mmpaﬁlée it
%ﬁ{\ﬁﬁeé’ hf& QhB&r%éefgr %H?Ds‘l;érq%%h?gro%%%lﬂb%‘? sde|9|8§é6\}e9”the

novv| res usse
gRd-ehtnient@an @aﬁn@a&imb@ Jun@tlmﬂwnﬁ@l p/alfﬁrnmg step to create
chem cal washi ng, heati ng eposi tion of
Dpﬁ@r@ﬁdldepoﬁﬁloné?frﬁb@l nnanpwrrﬁéd Agtwll Ib@ﬂéSCl!Sé?eﬁrfégbﬁft ingnore
riate cheni cal state to.t NOW I
ARG precedliets, Haildd teiveh 3k Sobitd e Hsftine,
gg%‘?{g@n Bf 88 BPLGKARL PRIErmedWteAREGatd RFEFR BresBAt 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.

Following the deposition, the liquid is removed by evaporation.
The evaporation can be accelerated by heating (e.g., baking). The resulting
nanowire network layer may require 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 described below.
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di scharge. Follow ng the deposition, the liquidis
renoved by evaporation. The evaporation can be

wWaeweheiost ed by heating (e.g., baking). The reRUl/US2007/081285

nanowi re network | ayer may require post-treatnent to
render it electrically 30 conductive. This
post - t r eat lrecertainemizodimentse 8ds thisegesanibeh\hangin a method of

BRERHES aittnsbBiint OBy cP Bt oo daePSEE ANl o ineta
ﬁeSCM%gBWaO&Jt%%%te ltRe 56tk PhEN SIRAIbERB dfspdrbed T & AURI;

d herein a method of fabricating a transparent
foymihg aanetabnanowire gehmﬁdayenmgtm qubstrate by abéwimgttak fluid to
nanow res on a substr[’;\ t he qet al nanowi res bei

As sertegaimatixmatedal on theMegalnanovdie HEMBR jayer, ahd curing
p%@@d*”“%ef fal 85'fdriea SidtRLrate by allowing the fluid
coa Ing a matri X material on the netal

nanowi r e nevapixkkmhyial”, reford te armaigriat trea meikture of materials that
material to forma matrix. "Matrix material” refers to
gamsHEs inde the matri, gedelingdl heseiar i"&iuse’s RR{CUrDdn relfreto a

bFHuc%ls% r\‘/ﬁ\é@iﬁ &eﬁérﬁglgp gr\:] mj:g‘gewg}‘fh%n' 184 monomers)

proce € nonomners
B@Fyhe&lze%d/@ﬁén@sé-ﬂlﬁk\@b ddterforhG mlﬂ%mym)arlé%atnx Suitable
pol'ynmerize and/or cross-link so as to forma solid
pclymmrzabon@pndbtwnsam well knop! in tee iartandinclusiedt waw of

B, herla The Mansgnrelfidtinid P dhhotts! Pt “iels
Nt?é?nd{éts('my)%g%f eIé’éthrﬁMéé}‘th afdW¥e liHed N, adRlitisH, "Slidification” of

beans, and addi tion, "solidification" of
a pmd:;kmeﬁ%lse%mtemmelﬂammlyt mlwdsbws@mgenwal is also
sobvent renmoval .i,s also 15 wthin the nmeani ng of

&hin the me%@gd’ég?%@%f curing can be controlled by
sel ecting fHE ddidd B curfRIIESTbbR0hRBRe® by TBRARG théitial
0 er

t he anopunt e Cros It can fur
sancentrationd dﬁyncmbrusﬂsl argl meramgurptaofahet:mss Iml@hs al cahde
time allowed for the polynerization and th

furthesraanipulaariby agivieting pH@ngeﬁﬁmﬂ%ﬁP% ap 4he imgallowed for
H%@{S&ﬁe?%h&? ahb e térﬂ &%’i r@'Jh HTﬁ{étﬁol rtn@ﬁzatlon takes

matri X guenched I n
placesand |1!I$e fikes.i rocdrtain @ﬂ&)odﬁhentﬁemepam&ny uuredgmatrlx can be
pol yneri zati on can be nonitored, for exarrpl e, by the

AupBehacin algegia aBesthe CUBNE iPReCessH yiha degresyo t%lng or
p@&' e ?gﬁg:rﬁ%}%cr%ggggy%g Br@hilse! B\ tHeahbleeufdr vidiht of the

curing polymer or by the optical absorbance at wavelengths indicative of the
reactive chemical species.

Thus, in certain embodiments, the matrix material comprises a
polymer, which may be fully or partially cured. Optically clear polymers are
known in the art. Examples of suitable polymeric matrices include, but are not
limited to: polyacrylates (or “acrylates”) 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-
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25 Thus, in certain enbodinents, the matrix nmateri al
conprises a polyner, which may be fully or partially

W@ ed4608pti cal |y cl ear polynmers are known i nP@HES2001/081285

Exanpl es of suitable polyneric matrices include, but
are not limted to: polyacrylates (or "acryl ates")

mmlmme@mpm&@y patystyrengs podioinpitatueneapdlyvinylxylene,
BV Ls bt poREil B bedhamlBob s,
AABRUTAICE, BolyPREnRShYC SrkoBalERdny iR TSRt APL)

8BoMDsRIRORE PR SpSITIEtiNR (0 g/ P8kBRIpyldne:; palytedthideentene, and
(Novol acs(r)), pol ',ygztlt)yrenes, pol yvi nyl t ol uene

gmliy\glefm ya@penitri Lgxpﬁieﬂgss,tyr@@pmpb@ggr (ABS), cellulosics,

ARG ool b I ._ _
B8 53 B SRS B her Sl Eayipraps anc
POl ¥Rk ,agmtdn%tanoxaa@,owyviﬁxlbhma@-@mypowabe@t@‘,i ns
(e.g. polypropylene, polynethyl pentene, and 5 cyclic
poleﬂoﬂmynclellm,slr,)ﬁvpﬂﬂeﬁlcirubbmt(axg- dsﬁ@'ﬁeﬁ@%@p@ﬂ?msr
ABS v S :
bitebonun e iafibP dNBEe Sa Ut uomalivsns EEE) or
%?he%&‘idb’?bbr%%?%ez,sddgo%ﬁ&ssdﬂf%?@éleﬁn and hydrocarbon olefin
pol'yvi nyl chl oride (PVC),” pol yacet at es,

(egy hanbibontynarsg aEmﬂlltﬂhmlS fduorabarbos ;(cléyrggarsalm_F%op@[BRners (e.g.,
Em'?% by %@%égq%gq?@ﬁ 8F def f}? 85@;{’@#@)‘ | dene

ol yhexaf | ; fi
pol y HP%@%F gﬁ’?oﬁﬂﬁé?tg?g@?ﬁ%ﬁ @aﬁgn Il:Hﬁfp‘Piﬁgé% In

and hydrocar fin l'on(r)), a

prapop/mers A “prepobandrd refecs tone niixtore obmoingners of a.rgixture of
CYTOP(r) by Asahi G ass Co., or Teflon(r) AF by Du
PHIAMSTs| of RATHEYPAYBBER thekean PolyEnefize 30/ ETRERITK 10 form the
ORI 50, B FRBLAIBY ot P AP (BLALSHd 1 gho s

RAthici At tase Iy ek IrbvibWasf cadsipdly pelyntaicandtrix; acuitable msnomer
to formthe polyneric matrix, as described herein. It

pepaitihpalymes. know edge of one skilled in the art to

Sui tabi o nishbRErRisR SRediRENg 8 RS el ftigto: dhgaple. e
oBRMer SONMEBREELANAMBF cissAlKks Upon’ ot ure tcirmadiation. As

the prepol ymer® pol ymerizes and/or cross-links upon
wilplos described inrmdieadétail, matriceniasedordehaipiaveable prepelgmers

5% Belsaghed R3S SRRl SR B logRile R e
SPLESH Rt 12 ABbonert I ATROHARTifcr 50 0 patemed o
bglective exposure to a heat source.

Typically, the matrix material is a liquid. The matrix material may
optionally comprise a solvent. Any non-corrosive solvent that can effectively
solvate or disperse the matrix material can be used. Examples 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.
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sel ective exposure to a heat source. 25 Typically, the
matrix material is a liquid. The matrix material may

WopiBo#Aasd y conprise a solvent. Any non-corr osP@ZEUS2007/081285

solvent that can effectively solvate or disperse the
matrix material can be used. Exanples of suitable
sol vent s i lceertain embndimentsathematrix enatesialmeay comprise a

t et dr of ur,an, rocarhons, .(e.d.,cycl,ohexane) or
SSRGS A PLTMeork o BRI StathfEsts R in B Glarie,
§ﬁtld\@<ﬂ§nt§r§rﬁ& U\ﬁé’tbbvllzéﬁ%? Rin‘g% Erddilc‘t’ fictiid 8nd E@Wrﬁ&iz@tion
l'ing point of no nore than C, no nore than
rrﬂiﬂ:ﬁlorsforrgreatar ehemdufe)lgm@ctsms\mdzmeamm(mbmar embodiments,
CT/ US2007/ 08 285 certai.n enbodi nent the matri x

PR MAARFA S |U SHCRIMBESE @ GaErasionyin B&P' freri zat i on
initiator, t
ant i oxi dant § r%gé}ddh%ﬁ@ttg ﬁ@%@? CBH %ﬁg%’fg fat%rlcated by,
farfextample ashibelb abztivey, iweli-coating, rplmnbngmm faotiingti@at er
shelf-life) surfactants and the like. In other

errbodl § 5 the matrix material may further

conpr § Beet QAWM i nhi bitor. As noted herein, the
transparen r: fLov

exanpl e, § coa{n% i Sﬁﬂgkﬁf@g%é?@ér?%??%@%? IQ¥1€J on any

batatrete) mmarﬂ@dlaﬁh@&t s&bmtat@g Sheet coating is
suitable for coating a conductive |ayer on an

Subst r at e, FIgNgai BACAERSIOW .a@.am%mqrﬁpégwe Bhgigatan of the

PRSP O S, M5 or o

SROWM) ¢85 bdiisagihsdapbsitatio tﬁé@u\b@trat@ﬁ 4beA rdligri1@0l dan be rolled
deposited to the substrate 14. A roller 100 can be

a@ndse@ topsustased 050gf thestihgisateott, dgaving agueial hapewirgs

tBétih BB a3b oOBeep Shrare 305 RFIGRES 32 e B Mo is
ahdww th HR/ SR a détaPnamdire RBIN 18y drel1yas I‘for'nfi’é/d?bn e surface

I's formed on the surface 105 (Figure 13B). The
40b¢Figatee18B) require a pre-treatnent to enable the

hai - adher B8° UbBREICDRK TR sf EEUBBETRUCR RADS the
Héﬁgﬁﬁoﬁﬁ 89? %‘E@ﬁ" n‘TaRbﬁzerTgro?ﬂSéFE@h |5FT 1 ﬂ?ih‘éf 8dRElE$Bthe

em Ca eposition o
smbstcateIfd)rysutmementepkonessangsthpﬁ €This &rpatment mmmehtdeasolvent

glro Qﬁé)rﬂ{éa?\t/v%sﬁﬁmg?]hggt'ung? rdelp(c)>2||t|((:)nSotf %\tneop}tl(cj)nfe\ﬂ)(/e pgﬁgr%ed 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.

For example, an intermediate layer can be deposited on the
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.
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di spersion, as well as further surface treatnents such
as plasma treatnment, UV- ozone treatment, or corona

wali@shaioge. 25 For exanple, an internedi ate | aR&r/US207/081285

be deposited on the surface of the substrate to
i mmobi [ize the nanowires. The internediate |ayer
functi onal Irzcwtanemhmmeete mdtifaneticnal biaméleculestsaich as

papepiits tpainey SoUfe intEFueial Vet Bbpoelte fllers o
EQI?H\%‘?IC ée‘é]ubhée %F‘Qﬂlﬁ@béldgr(hﬂnoh%rgﬁjBﬁﬁd by Beptitke (amlde)

owmres. In other enbodinents, the 30 i nternedi ate
balyds The abénc acdieporsoimeds in & potylpephdm can beshe same/@r
08/ 046058 PCT/ US2Q007/ 081285 _In certain enbodiments,
Herentu ApineRAIdHhR3YHRY é&iﬂ g flanet 'sgaﬁﬂﬁweqﬂ AW 05

PO Ao SHA S AETROHSD. [ourtoEl Yo dpepis s

]rmluwlbdiy-Lplqshedpol@elngmﬁamldmidsmd'[he likexi Fl'beepnlybeptlde can be
nononers in a pepti de can be the sanme or
eeated asnthe SMl?ISET@tQaI@”%FstOHBQ ,n,agoyprg@qmgtwn Alternatlvely, the

é&l&ﬁ%@)&@%ﬁ Bgscp(fe&jas’lteé)@gﬁﬁp%rubs sw P(ltﬁec ngﬁé\ﬁlre dispersion.

Wn){/m%trﬁﬁa% irftisding BRisedpolyester bubeﬁat@@ (e g., polyethylene
poly-L-glutam c acid and the |ike. The pol ypeptl de can

issephibatade)) @ﬂ‘llblhéff@lﬂ%tfﬁapélmepfdﬁe& o the nanowire

deposi tion, Al ternatiyvel t he t C .

co- deposi téSV%?]tagﬁ%“%b rI tteé”\?ndfaxe Y;ﬁ/@p ﬁgﬁ%\ﬁ cfeeoo%'ﬁed Ina pre-
dEePRirfddpattert, WARH Sidbidd ﬂieeéepdsﬁ’tﬁir%htﬂg rnd@fres according to

pol yester substrates (e.g., pol'yet hyl ene

thersmhehnaltterre) exhibit affinities for poI ypept| des.

Advant ageo nt e can

deposi t ed ﬁh% Q{pgreqjgpg eg %‘5%8?'? b%?r@ﬁd%m es
LARUHERIPYh 3 dlerh 89 S1ARS (BERt A Bated Uepeans.
Far exadipleyplasma sorfacetreaiomentidan ze paﬂrledr(mt lliyosugb;am aperture

order to perform patterned deposi t or
praskhaving a desired pattagnt Theau %C%ah?\iee%ibe frete ﬁ}%é?éfﬁ an
gQﬁ]@hgéEa @%?H@}Sh@ ﬂe?te%er%'gfcﬁ% A éﬂég?t % uﬁft‘éét%eereglon

€ Su stra ererore r-ses

Na@ohires ideposied GnSh@pee-&eateeiafegmﬂadhmerteah@dubstgaterbetter
20 Nanowi res deposited on the pre-treated re

thetnethey teglherretasiiestntegated eegien. Acrardinglyya aa%@rrr@dtqﬁposmon
b3 58 Aol e, M Bt S Bhir S Tgian g e
Wéshi?\@ untreated region by, e.g.,

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

The 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.
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can be coated in the same manner as described above.

(b)  Web Coating
Web-coating has been employed in the textile and paper
industries for high-speed (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
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can be coated in the sane manner as descri bed above.
(b) Web Coating 25 Web-coating has been enpl oyed in

W@ bwsnewss | e and paper industries for high-spR&HUS2007/081285

(hi gh-throughput) coating applications. It is
conpatible with the deposition (coating) processes for
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substrate 14. The storage tank 122 contains a netal

fhaamthe§ubs§@©r‘e4 tonforrna fayer A0 an antoposurfase 105 of the
t? S|t|on An aperture 128 in 10 the storage tank 122
? s a conti nuous stream of netal nanow re

dl sper si ony |§§ﬁd§£t66b9th‘ét19§é it Aatdial iPswred |naé(r%ther
110 on a top surface 105 of the substrate 14. It

studage tandkd nohshowh) amdtthe matdk enatetial carsie ceatedrin the same

anot her stora ank (not shown), and the matrix
maneer a8 d@éﬁr'%%?E‘é%Y%d in the sane 15 nanner as
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gagglt Pgt |es Fclgir(g@%esohlgwq?g@gltg%at’u%n rr?gtttgg %? woefb goatlng in which
the coating is carried out on a bottom surface of a substrate. Like the method
illustrated in Figure14A, a substrate 14 moves along a traveling path 120. A
coating roller 140 is positioned below the substrate and partially submerged in a
metal nanowire dispersion 124 stored in a storage tank 122. The coating roller
140 delivers a metal nanowire dispersion layer 110 on a bottom surface 144 of
the substrate 14. Coating roller 140 can rotate in the direction of the traveling
path 120 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
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illustrated in Figureld4A, a substrate 14 noves along a
traveling path 120. A coating roller 140 is

wponsniosed bel ow the substrate and partial | y BUDIE20gEeB1285

in a 25 nmetal nanowi re dispersion 124 stored in a
storage tank 122. The coating roller 140 delivers a
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process flow for fabricating a transparent conductor.
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molecular structure of the surface of the substrate. Using gases such as argon,

oxygen or nitrogen, plasma surface treatment can create highly reactive
species at low temperatures. Typically, only a few atomic layers on the surface
are involved in the process, so the bulk properties of the substrate (e.g. the
polymer film) remain unaltered by the chemistry. In many instances, plasma
surface treatment provides adequate surface activation for enhanced wetting

and adhesive bonding. As an illustrative example, oxygen plasma treatment
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The surface treatnent can be carried out by known
methods in the art. For exanple, plasma surface

W@ e@ana®st can be used to nodify the nol ecul aPCT/US2007/081285

structure of the surface of the substrate. Using gases
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cesses of a predeterm ned pattern can be used. The
anp or roller can be continuously dipped into a

netal nanowhegaghrsIBY SdrPbe BytisRaWTingidhatds rihging lkeation 172.
Thereafter, the layer 168 is dried at a drying station 176 to form a metal
nanowire network layer 180.

Optionally, the network layer 180 can be treated at a post-
treatment station 184. For example, surface treatment of the metal nanowires
with argon or oxygen plasma can improve the transparency and the
conductivity of the network layer 180. As an illustrative example, Ar or N,
plasma can be carried out in a March PX250 system, using the following

operating parameters: 300W, 90sec (or 45sec), Ar or N, gas flow: 12 sccm,
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art. The layer 168 can be optionally rinsed at a
rinsing station 172. Thereafter, the layer 168 is

wa@iziosd4@ss a drying station 176 to form a net al PRBUS2007/081285

nanowi re network |ayer 180. Optionally, the network
| ayer 180 can be treated at a post- treatnent station
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understood that a single roller could al so be used.
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accordancg with a hod %E‘SCH bed herein b}/h use

eSO ‘é’er‘?ﬂﬂdé’%”q [56r. 1% Snaleroual spised) themevdrk layer
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nmensi on o
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network | aye may be pl aced on rigid surface and
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eI R PR BB o1 T 1T two vl ers are
used, the ReSMOBIDoaKRENITRNDS0 IOHDBBORR WRBMbe BEII the

rol lers as shown in Fi gure 15A I n one enbodi nent
frapspaent eonductmypene pagnase r@llnqﬁs i Hds alsor ¢ansidered that from

100 to 1000 psi, 200 to 800 psi or 300 to 500 psi may be applied. Preferably,
pressure is applied to a transparent conductor prior to the application of any
matrix material.

“Nip” or “pinch” rollers may be used if two or more rollers are used
to apply pressure to the conducting sheet. Nip or pinch rollers are well
understood in the art and discussed in, for example, 3M Technical Bulletin
“Lamination Techniques for Converters of Laminating Adhesives,” March, 2004,
which is hereby incorporated by reference in its entirety.

It was determined that application of pressure to a metal nanowire

network layer improved the conductivity thereof either before or after application
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transparent conductor by one or nore rollers. It is
al so considered that from 100 to 1000 psi, 200 to 800

WP20108/0460300 t o 500 psi nay be applied. Preferakd¥Ps2007/081285
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example, glass substrate can be heat-treated at a temperature range of about
350°C to 400°C. However, post treatments at higher temperatures (e.g., higher
than 250°C) may require the presence of a non-oxidative atmosphere, such as
nitrogen or a noble gas.

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
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20 from 100C to 160C for anywhere from about 10
seconds to 2 mnutes. The transparent conductor can

W@aL@e/pwsexposed to tenperatures higher than 2BOIUS2A0TI081285

can be as high as 400C, depending on the type of

substrate. For exanple, glass substrate can be
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transparent conductor had a surface resistivity of
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Berdmphrtht cORBUBBESAUNSchine which may be used to apply both
appropriate pressure and heat simultaneously is a laminator by Banner
American Products of Temecula, CA. Application of heat in combination with
pressure can be done either before or after deposition and curing of a matrix or
other layers as described below.

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
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applied by the rollers is preferably from 10 to 500
psi and nore preferably from20 40 to 200 psi.
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BBt isthtioROrgdyal be@ steradectakk & dé@’cnbéd $n Figure14A, a
spraying device, a brushing device, a printing device and the like. A layer of the
matrix material 192 is thus deposited on the network layer 180.
Advantageously, the matrix material can be deposited by a printing device to
form a patterned layer.

The layer 192 is then allowed to cure at a curing 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
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post treatnment. O her suitable reducing agents include
ot her borohydrides such as sodi um borohydri de; boron

WoRGsOges8 conpounds such as di net hyl 20 am nobRCEN§2007/081285

(DMAB) ; and gas reduci ng agents, such as hydrogen gas
(H2). Thereafter, the substrate 14 proceeds to a
regtiation-clenabls prie(pnlymrathealaye%% whah ble cwed byrigadiation.

BebstinBin bedvpaar fsreRh Ve o e BRL G RG. iRERbalY induced
g&rgﬁ]’grﬁéﬁoh)”cdﬂ QI%% dhq @ spraying device, a

I'ng device, a printing device and the like. A
| ayer of t@@tlﬁﬁalmurpattGIBMgrsted) can bei cartiéa sutibgfose thedlayer of
on the network |ayer Advant a eousl§ the matrjx

fhe watr matatiahd 94 é‘b@'ére@edb‘ pattaming stating 1985akebe gositioned
%ﬂémh% rﬂgﬁr&e&ég)%gltﬂoﬂyﬁ tlc%nTli‘§8 %gg?{efﬁ%hé %ui’1 iR§ rét@dnw The

0O cure uring station

pattemnira) step vill peldisaussedliv evdre sietdibbelowvhe | ayer 192
can be 30_cured by allow ng the solvent to evaporate.
The curi ngTPe 68688 Peegessdorns @l @r@uéﬂvq;gayﬁéaw ﬁ@mpnsmg the

R Ao R B TR, S HNSEE es 204

841¢ Be fARER tréated ladvgiost- e afhBnbStation Qd4by irradiation.
Dependi ng on the type of the prepolymer, thernal

curing (thbyome eynboditerid theyeonydustive dayesR04can be §grf@@e

ﬁswea%h%"”abﬁ%éwrﬂ LA DR SLER, Can B A et qul
&Qlfeﬁoﬁfl‘ﬁé §[1Hé&9 ofsfh%t doiubiGe 3R, bFoP@ﬁéﬁnBRen &dminute

ter t matri x deposition station 188 and before the
amungofslh@t matrix2& ba ktehedavway by sglvent plasna trisatment, Corona

ool ag QrdAMIAEBNG & SEUPEPISs CaNHdsRl e AL e DAMPes B particularly

Cgé@Y"forr?éu é%é}s?@}{@%{ 0ina mitrix 210. The

uctiv ayer can be further treated at a
post -t reat n‘eamothteﬁémbodﬁﬂént hipootien efthednemhnanowizes is
conductive | ayer 204 can be surface_ treated

B&QTetdr enihmsitageel b czmdu%veewgrs%%fq!@wn%ﬁﬂeoﬁtﬂﬁ]rfwepfocess
{
[t ook UL TR DT Rl Sebiq iEbeeten. 1

bsrti%tu“al?e\dh@MMe hiclke®serfthe laaminats i tlapnt], 92@@9@1‘&@
|schar e or UV/ozone treatnments. Exposed neta

ednatrigdermelatian eye cortesllad arnropdately. &e arix will not
W%H Cf’i‘)pI &”r? on of the metal nanowire network and a portion of the metal

nanowires will be exposed on the surface of the conductive layer.
The conductive layer 204 and the substrate 14 are then drawn up

by the take-up reel 147. This flow process of fabrication is also referred to as a
“reel-to-reel” or “roll-to-roll” process. Optionally, the substrate can be stabilized
by traveling along a conveyor belt.

_ 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
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I n anot her enbodi nent, a portion of the netal
nanowires is exposed on the surface of the conductive

WO 200810460881 fol | owi ng the curing process (see,PEI/E82007/081285

Figures 10C and 10D), and an etching step is not
needed. In 20 particular, when the thickness of the
peltfennxarmt emhmelmggagerﬂmtlaﬁﬂesm adbesivenkamier,cintt-glare,

e A A PP B el
nanow re nﬁ\H\’/‘Qﬁtiégﬁagﬂ? thi@rrbéPt'E) el P%e%‘ié‘bapé’tﬂ@%\“’bﬁﬁmmg

w ||l be exposed e surface of the conductive
uafem trahsparenticoriductorsaat diigh26geedhdnd Hm~subistlnartaaftldLAar due

are then drawn up . .25 by the take- re 7.
1A 6 GABBSNS dowialishe cartingprasesss B doped Eindasoghave
rﬁfﬁﬁé etgg geel or "roll-to-roll"™ process. Optionally,

e Subst

rate can be stabilized by traveling along a
conveyor belt. In the "reel-to-reel™ process, nultiple
coati (@ stEkpmirationbe carried out along the traveling

path of a noving, substrate, evvebcatln S m 30
D26 1 her of BREPRSHS Narailbio e, daelo-6h Fropdes s cempatble

h taf?r‘@& RPHESte? @gcﬁ‘ Egﬁﬁéxafvﬁﬂg n%; str“é?@?t b?rg be cpated by

0 as neede

m&%&magm&&%m fbé/&ﬁ!ﬁé@Bn a conveyor belt, they typically
per f or mance- enhanci ers (anti-reflective,

a&wmf:@ edgg defeets %ﬁ/or épbpéunlffymtyeclnuaﬂéilt!cayéhgewoatmg is

o SRRy progabs, WhEH Gt Sghith i foro ¥ BREEREST,

Ef&jﬂéﬁbﬁg uni form transparent conductors at
i gh-speed and |low cost. In particular, due 5 to the
cont i nuous Thusyit tsfdetmbeddmretg apaoteation pieseesfardabricating a

atisharent sdinstSiiProvdrfihey i S afiexivle dortof BupRall This
g\ﬁf €s8 '@%Hn%ﬁ%le‘%ﬁmbé‘thrﬁ@d duBstestes Rl erWcﬂ@ s@ﬁst@ét@@ﬁ More

e rigid substrates can be coated by 10 sheet
spedificaglyatie Iaannatmprtdcysbeomnseaobaa’mng acondupotive layer on a

Rochi bt B b ESRBIAER S, R Br P
e e T

freAtthelfkitiie denor eubstmteﬁamd)trapsfem&;strfeocorf(hhtiVG tyientp a
a 15 transparent conductor through the use, of
subsiraie ©f ghaisce. Afyantageousty,the coating steps onto the erX|bIe donor

substrate can be carried out by a reel-to-reel process because the donor
substrate is flexible. The conductive layer formed thereof can then be
transferred to a substrate of choice, which can be rigid or flexible, through
standard lamination processes. If only nanowires are deposited onto the
flexible 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 flexible 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
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process is conpatible with both rigid substrates and
flexi ble substrates. More specifically, the

WO 2080&005%0ON process conprises: coating a conduRdT/Ug2007/081285

| ayer on a flexible donor substrate, the conductive
layer including a plurality of netal nanow res which
bereinelreagiditiondhe dlexiblmdenc:: subsyatecam Qetwm/afwrmmwcayen

(P paPet. % he o her|<5ue EPbo” BFFtG fpelit pe gtcall
gleg.ce. Advantageously, the coating steps onto the

fl'exi bl e donor substrate can be carried out by a
r eel - t o- r elrl cgrtaic esddsimantse thehBiexibleatonos shbstrafiescarsbe pre-

fl bl T duct I f th f. th
eston wiftip E0pags IAYE PGS MibeoatRo L Ine GonGHtvE 19WeT oo
frQbgsOla gi%'fe?fé'f@s% a tmrPIW?Qr g&eﬁfeagé M dbAGE St gnd onto

processe nanow res are dadeposit ed onto

Wwhizhi o tendlaotioe Iaymectarebefcnmédrtuy wab raozatmgt & hearblelase Iayer
used, a |l am nation adhesive used to attach t
Bwistiatiew jer g8y femeyal %J&@Pa@rest&?str@%fre@ them%@ust'\ée layer

&gﬁ%t O#ihéb."ng cbﬁéﬁétﬁle IQ%&. ;W%ﬂig ﬁ%ﬁééﬁ% BybistiBfined of

éhﬁéﬁéhbﬁ@k@tﬁ@bwﬁ pbgacataetgy, meludity bat hotdimitsd to: silicon based
limted so long as it can be separated fromthe

polymness.i flueringied polymess fetaschpped dambike.subst rat e can be

28%8?542825% 1 Bedi TR Sh ey BR G ke Briffre 200

Pﬁélﬁé' Blfexifnasnsrdifistiate 24@na RAcHEY RiyeP 241 @BatVER the
tex , paper, and the I|ike. The flexibl'e donor

ﬁebbbrmrmrrs@batra@tz%b angta canductivelayar 250rcagied gnrihe release
g nts, the flexible donor substrate can be pre-
yg[)fl d with a release |ayer prior to the coating of

the conducihygahMuesd strﬁgf@hﬁ%@ cbﬁlb%rfabﬁéétéﬂfin ttf Same
thin | ayer adhered to t donor substrate and onto

wizincler as cesdrilodd vecdrayee:hon avithbleigtioer heA, bsingwiite ﬂ«e)abiemg)nor

The rel ease | ayer st al l.ow for _ an sy .renoval
PSR PTon b Tesmeta Fismowie ammailion DI TelSaTe tayes 2t is

ﬁé rfd?igolléb%tédjBﬂ‘fﬁ%g}é?biea%lﬁﬁoraﬁ-[bb@trﬁ?é | ¥ime Esﬁdu§lv@g§fer 250

I's for having 1 ow sur

eaebgorrmed bydhetal harowieds depoditich faﬂowedlbycmatrbasmbsition, as
poI yrrers fluorinated polymers, starch, and the liKke.
desgrieedietein. | ustrates an exanpl e of a |anminat ed

structure iﬁg cof.gﬂgﬁ\}eéigg% |8gpéllm el gq%%'fer?%fﬁ)té %Sstrate

240, a rel ed on t
sfbIdicat ¢ 6éa@ncu@rﬁob AgieiosLibetiatey . 2 ykissy Slhienad fwbucany not

t he rel ease

adaptable to the reel-to-reel coating process, can be laminated with the
conductive layer. As shown in Figure 16B, the laminated structure 230 is
transferred 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.
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15 | ayer 244. The |am nated structure 230 can be
fabricated in the sane nmanner as described in

w@easeesoHn with Figure 15A, using the flexi bl BCHGI907/081285

substrate. Prior to the netal nanow re deposition, the
rel ease layer 244 is deposited or coated on the
fl exi bl e donathes ebbiodimentsTar aclmasliuetlain)oetlr damym uQQ‘sDtozmovide a

BetterandindiBs e B cordiiogis FBnaaa Ras syfshatf dufing the
CARANGSH ¥Rp! "Pi@we' P74 BROWL IBFHI tédts"tlﬁeﬁf@@%%otn?pl%mg, in

substrate oice. In part a rigid substrate

aédition t@thesﬁe)xlblﬁfdowimrlsabswanemd yhen mleasﬂimyeaﬁné and the
the reel-to-reel coating process, can he | am nate

¢PRdiating ler 250 aBraveEcaal gdf andsar AlpSive lavieg /8- dfé@

sferred to a
é@@% 9@1%@&288?{33% éi'%ti?%sss% %@a%%% acting a surface
262 of theTheMdineted strhctyvirs 220 0ah @etfbbnsaibdtbyad Eeel—@@-reel
In certain enbodi nents, the polyneric matrix

protespigs dasciibed in a@wctupnwtmelguam &8Hawith dm @Qd@r@tar@mg

S B TR P e 85005
Q@étﬂ@‘ﬂh@%dﬂé@lﬁeﬂbg@ﬁzﬂwd ehvetbdatl MHE Hdigesive ﬂsﬂ a€defined
layer  250. 47 WO 2008/ 046058 PCT/ US2007/ 08128

betedm ((j@gbcp@dyaerulatesapoladmnee) | amglecarche pthSSMS%GemsﬂlVe hot-
i.de bett er, pondi n the c ductlve | a
Ewgte#h@ﬁ%rm S opRS B BETERraGer e SitriSat Giffhe one
WC% 7 th RS | -
ad ﬁ}o?lé‘gﬁ@nt o the ex?% riéﬁno??gﬁsbg} r at eé leloé}gtmlaﬂ an anti
refleetiee |[dyay,can protective ftlhne abarvediayei, \aad thgdike250, an

2 d h
Cayer avs. InEGHP JAReRamtated SHushhe 27ReS panfd Rl the
Shbtfdy rZ%O%éQ tl'?éaQ%Ik?é:Flvé‘QﬁHQ@é ) byl'h@récﬁfelﬁ, éé’sl‘i@\ﬁh in Figure
escr | be

process as I n connectlon I gure 15A

WChtHdTRbmtﬁléQfotmaBdbSIEatetm istremoved bqamtaa:‘rgngyfm ratease layer
146 is adapted to provide additional stations for 10
edafionythenevergpdis? {4 | ayer and the overcoat. The

adhesi ve | ﬁﬁéﬂ%ﬁ le?rib(fcg&gaﬁgsg)heg%reb%sgﬁﬁegcan be used during the

pol yacryl a and
fRRiRBtidY Prodeek to BBhhAEe tHeBbrding betms@biie acﬂﬂﬁi \m Iayer (or the
thermally curable. The overcoat can be one nor e of

cordydivedayeirio éhe ahaertagf amgdhesive IﬂMeubﬁm@tm $ithsdrate.

coat, an apti
n other embodiments, a release layer is not necessary due to an

affinity differential of the conductive layer with respect to the flexible donor
substrate and the substrate of choice. For example, the conductive layer may
have a much higher affinity to glass than to a textile donor substrate. After the
lamination process, the textile 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
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reflective layer, an protective film a barrier |ayer,
and the like. 15 In Figure 17B, the | am nated

WG L0801408% 270 i s bonded with the substrate 2BOI/UBM07/081285

t he adhesive surface 280. Thereafter, as shown in
Figure 17C, the flexible donor substrate 240 is
leeroated vath thet cartductjve teyer dueds anl er}l'tancedzatf dityolerg. he

oyer coat 274 n certain enbodinents, es

Sdiee retee PHEhd oteraat! Fap ariive Brean fhs SibSifate

FIBQ?&CI% idie HPaLLBEtr h@ﬁe Sfb?’@xérﬂ R by nitB®me
uc ce o

con tlve layer 1nt an adhes e ayer

wird Hda@emdmﬂdrmﬁdoeddatlmtﬂuaareashﬁw suimtnaie tD belheatesl.
| ayer is not necessary due to an affin
di f f er ent i &Y otger eRbogERens: a\p@ﬂpa}ﬂé#trwqfﬁr sy peAffected by a

érté%stj eé %lie%t%%gg #Efésrsal'ees&qgtl\wﬁff@mg?% ngl;é@go% certain

e conducti ve

mambcmaltbr@§br aﬁﬁeﬂvésv For gkanplel Baatiemed Ia@ﬁihéil roIIer can
donor substrate. After the |amnation process,

bewsed éo eanbrrdlﬁemt pegssuresacrordingdo @pr\ﬁﬂeteérmmd pattern The

SRRl RinahE Pl crrL b el HRiiE B By afify aifterentia
bémé%fnegsres@r@a&égmnearmwmmss&r@a reginnat i on process.

For exanple, the substrate can be heated by a thernal
30 gradi enln, yattaitioer @rﬁbodlmsen’aaathed:ondgctomlaaadcm heeptr@«@ut

{%3»'9 S BapgSTeig Repisselammbad Bltpfh. BeBr i gaMination
éQ%\%g RhdferrP the %%%onh@&?nf@l%ygr 1 thig édﬁ)%trate the

con uctive ayer ﬁﬁ?e to an enhanced affinity (e.g
eotigitioa Yayerivd tted prezigherovined patterrpistretzined whde cﬂlme: téstés
Iayer on the substrate. Heated regions on a substrate
‘E%'@Qﬁ@raal?@dcuf(‘@ln%(anpl e, by a nichrome wre

heat er positioned beneath the areas of a substrate to
be heated. 5 In other enbodi nents, a patterned
Peaegliey can be affected by a pressure gradient based
on a pressure-sensitive affinity di spl ayed by certain

matri x nat Asingted abovrreratiersed cendustivgpyer Gan be formed by

SRl b9 bl B g B ALt curn

E?Bcb%é Ran Heecarfad bet pRetoharaINbF thermally e Figtas 18l ikgstkees an

eated to further the affinity differential 10 between
pmb@slunemt inadligh anendusiiveleyear @ophté@p@ﬁemed y Morgtspecifically,

PGB Pi DR Y S oBD P B §Rl b,

BE ARGt et 88ddr®Rd herein (e.g., Figures 13A-13D). It should be
understood that the substrate 14 can be any substrate, including a flexible
donor substrate.

Thereafter, a prepolymer coating 300 is deposited on the network
layer of metal nanowires 114. An irradiation source 310 provides the photon
energy for curing 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
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process. After transferring the pre-cut conductive
| ayer to the substrate, the conductive |ayer of the

Wpe@dei®sst ned pattern is retained while the rBGI/US207/081285

15 renoved al ong a pre-cut contour. Patterning As
noted above, a patterned conductive |ayer can be
by washing,or kresbing with 9 seitablecscivent ep dlyyifting them dfigvith a tacky
ggFordlng to a pattern. The curing process can be
©Fi ed out photolytically or thermally. Figure 18

i1 ustrat ephaty- g&aﬁl@&@pﬂ%erb%ré‘méﬂrkrﬁ)vﬁpmcmétdry ®In certain

| ayer is photo-patterned. "More specifically,
embadimentswihesphotoooirable pyepolyrmér ircluwblgsos mommm aameprising

$E93 R leu BRIt oy R 5 RS Bty
bRRpsIBaARE %%mex@ﬁs@ﬂyﬁ%@a@%l PRoMEL BEhrRdiments,

nor substrat a prepolyner
theaphotg-cadable prepplpsier edmpristb @ ;rmtna!qydtymbayeohgﬁmer that
nmetal nanowires 114. An irradiation source 310
B‘P’H@!rﬁe@‘q ﬁ'émﬁﬁ%fi@H eetmdgwrf gctionad H@)Utﬂﬁ;e e dydrigespr

}?epo Ig stﬁte{méftfret}é%%gn i’ RIGRAR the

yher coat1 ng Reo| rradia |on source 310.

Upon eXIOOSEkémplwﬂ)Mnbﬁ@'n@@c@MQm@afd@ubléebond are alkyl or
irradiation are cured (i.e., regions 320); the 30

bY@p&V@Ihﬂra%ﬂatQSr@f raﬁtha@‘a\ﬁ@tﬁislr such as meshyinethybdutyl, 2-

eEI RS 2a0RmSS i Rt Elinteq oL ORR SR Eaetny methacrylate
B teﬂm PeétRhG Bk, ogm&bhel adryiafiss, bRl Wiclamidacky

[ I'er. Photo-curable prepolynmers are wel nown in
mww@arylamldne dérsubstituteshoetinpacrylemidés vy estarasabh @s vinyl

r nclude onprisjn one o
BECEI SR el 5068 2 iR ot i 3yrhe 2R des
I
REloBHFSR N SRR RoIdshe A .C‘raéﬁﬁ'td%%l”wéi"ﬁaﬁ“? o
pr epol yrrer Exanmpiessca‘smanmets mntpmilrgg'rmO or moré gouble bonds are
t ha ntalnsoeor rmre doubl e ds or f ‘i c)(fnal

agry ateg; of Riiiangealverl. PRy gcé]smf%ﬁm
SRTEEY 5 S g = o
hwrdmb@%dxyadibhé@lmpehenﬁwmmlmpsne &ladwlat‘e
net hyl, ethyl, butyl, 2- ethyl hexyl and 2-hydroxyet hyl
a@mtﬁeaﬂemd é%@(‘%ﬂ oratéPrya@M@te ﬁﬂﬂﬂ;ﬁcrﬂ@ﬁw éwwfa@@zene divinyl
succinate, diallyl phthalate, triallyl phosphate, triallyl isocyanurate or tris(2-
acryloylethyl) isocyanurate.

Examples of partial polymers include, but are not limited to,
acrylicized epoxy resins, acrylicized polyesters, polyesters containing vinyl
ether or epoxy groups, polyurethanes and polyethers, unsaturated polyester
resins. In a preferred embodiment, the prepolymer is an acrylate. The term
“acrylate” refers to a monomer comprising an acryloyl moiety (e.g.,
methacrylate). “Acrylate” may also refer to a partial polymer or polymer formed

by polymerizing monomers comprising an acryloyl moiety. Examples of the

acrylates are as discussed herein.
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and et hyl nethacrylate, silicone acrylates,
acrylonitrile, acrylamde, nethacrylam de,

woR®absss ut ed (neth)acryl am des, vinyl estersPGUUSRAT081285

vinyl 15 acetate, vinyl ethers such as isobutyl vinyl
ether, styrene, alkyl- and hal ostyrenes,
N-vi nyl pyr Optiodalhye a phiatgdinitiitoo cad dearsdvtorigitiatictine

f nmononers c [

chI ori de, | es t ' i
BoMBIeE B AR08 T oagrgesa ot he.RQICERIlnARSOrDS the

gp%}é:éﬂ%‘?@g 5%8 ?r%% enprfaﬂyéll Jﬁé}? Xritiag@??%%%ﬁ&é Bh fadical

polyrepizbtixy ahblodingdihzieextepsraa e ctossﬂmkhrbg dPinstogdaitiators are
triacrylate, pentaerythritol triacryla

wet kagwnyn dhe arty iExamples pf awéabla.phpw|rﬂ@ﬁ9réﬁacluaevbmre not

pificy RSl hiars afeh Rofiifes, bh ¥fe SR Rine oxides,

566,/ ghUIKtFate FKREB! 694967826928, 898 lanaes,808 BQQNEBuhIer &D.
but are not limted to, 25 acryI|C| zed epoxy resins,

Bellys,i“Phetapohngrssasea powssiLy ool B mogsrn chnalpoyi.iure & Appl.

et ok B JoBb-oRordet . FRNGRo HAQPRGES A¥diymer

sei%% nyef 62t Pﬁ RUBRADZIE! Ini $ prferbd ¥hiBRlimERE the Fﬁbtlo-

acry at e' ers to a nbnoner corrprl Si ng an acry
mitiatoryis(@ibg. |cgacm—‘£t1|’1‘a154yl dtyplcally Avitly thet wse abihegphato-initiator,

refer t artial polyner. or_po. or ned
e prepelsrars qﬁynsrs:@nsc%wwrg?ﬁ@mﬁf%%amrmﬁfeﬁ%wwhm 30
es of the acrylates are as discussed herein.
8/ 046058 PCT/ US2007/081285 Optionally, a
phot o- i ni t Irebiher eartbdaimentsd thesmahpattatréng ban be carned out using
pol ymeri zati on and/ or crosslinking reactions.

BRABIRtNG therpal Besk (9. tHbargiyedna ew@gpfb%y exposes
PRIFHESPa AT Rora gl £ Lato B SoREtR®! e,

aIrAgSk-ldstkippBoad) ddseridiiett-adits t’eohhé!o@y\wlnl bekossatd directly

"the art. Exanpl es of suitable photo-initiators

fwidtel aeheated patternmon thg pﬁﬁppb@n@rdzoaéuagd@y%rstmmawwb'e

CEAR B W W10 W8 PORRERUAE o i prard g v
hhat&tﬂéllc%rn l§e Bh epBﬁk' dfesin BRatrsslgeresmpasite nmlaﬂalf ul
tool 1 n nodern technol ogy", Pure & Appl. Che Vol .

67, No. 1, Both trespizato-petiesning m@ﬂwpd@nddheﬁnﬂon@ttﬁfe@gumethod

B L
Ehgtﬂ%H%‘tﬁ?—l—Mn atIJH Ab8zbhYbe #bbh dfftiSe Wed &atingssystem 146, as
shown in Figure 15A The photo-patterning station 198 can be configured in a
number of ways to allow for continuous exposure and curing of the prepolymer
coating.

In one embodiment, as shown in Figure 19A, a rotating cylinder
330 is part of the photo-patterning station 198 (the web coating system 146 is
not shown). The substrate 14, coated with a prepolymer coating 300, is moved
along by a conveyor belt 332. The rotating cylinder rotates at the same speed

as the conveyor belt 332. The irradiation source 310 is positioned within the
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t he prepol ymer coating can cure within 5 mnutes, nore
preferably within 30 seconds. In other enbodi nents,

W@ b@siawiospat t er ni ng can be carried out using RGI/HESR007/081285

insulating thermal mask (e.g., an aperture mask),
whi ch only exposes regions of a matrix material |ayer
ratatireg cylingleér 830a Ameattesond 34 of thiet retatingi aydingler 330 isapatterned,

Beteralan op0HRUBeIHjovIORH i ORETIRGR S38 0 BlR e LR Tradiate
We%#é'&'/\:ﬁeg%%hg%Ob‘?‘@ﬁtion@ﬂi{%rplé%bb’ SH'RY &lIifB{dri340 for

mat'er re known to one s In the art. or

preventing ahb stragtighkcad bewositioakd ciosdheabovethexinoviag
resin and a sol-gel conposite material. Both the
tEat®at t er ni ng met hod and t her nal - patt er ni ng met hod

oo ATy Al R gt

descri bed erni’ng

B&16BE0Mal £ patided dradriovhtetiextevdlr 3828¢aMbe siget € Mhe
146, as shown in Figure 15A. The photo-patterning

pattening heib3eRis diverbhy rejigredsS#one obwhishie copnegiagdo a
RIS boThe BB BEE 1A8 amsiat the aftls g as the

Fo¥HECHRByoPbERBEY ! Aitbwik IcBABRuoREXdosUPE b tHef preBBlymer

phot o-pattérning station 198 (the web coating system
daatings30thtet thetivadiatiomseuseeh310 threught opeoimges $6aL t@ptionally, a

repol coatin 00, is noved 30 along by a
Sweﬁ%gﬁééﬁ@ﬁ&%& he rotating cylinder rotates at
the sane s ) t for formi
irradiati oﬁ@%?ge%h%% %EQr‘éiggﬁr?tgﬁggecff ?n t % orsgr%g @
paerhed adhEuEIEE P00 A0] g ate.r Dhasystenc400 cde beIFBlly

LT
SR80 At RS0 5l 9 i B ot

epbdsuraand Ribgl te prepelyemndr coaiting BOStis aurdd ghdelectiveregions
posi tioned closely above the npvi ng\HS substrate. In a
aed xdlbbe fetherdrated eha washing @atipR 370darrempyg any uncured

BPRrB " SEe Subetpt® 2E Ho R R B i 3G L B e
Aictaetandwired! regions3r4, nid\esab amditating taickp rolRe 1384, ttheatacky
notor (not shown). The patterning belt 350 noves at

tller 88Awonianisiand remeves thebarggmetah nepewirgsIregigne 374.
eulgv\\//\fin%hg ?é‘r%(}gPoLHhS )B%?g lrﬁe?alor];ar}ol\qz\ﬁr sr, ﬁpeogtytysptrrate is coated with
conductive regions 380 among non-conductive regions 386.

In a further embodiment, a conductive layer can be patterned by
etching. Depending on the composition of the conductive layer, various etching
solutions can be used to dissolve and remove portions of the conductive layer
in the unmasked areas.

In one embodiment, an acid-etching solution comprising nitric acid
(HNO3) can be used. Typically, the nitric acid is present at 0.01-40%, more
typically, the nitric acid is present at 0.01-10%. The acid-etching solution may

further comprise a trace amount (e.g., about 1-100ppm) of potassium
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coating 300 to the irradiation source 310 through
openi ngs 360. Optionally, a gquard slit 340 can be

waizwdo4desgur e 20 shows a partially integrated BYBUSW7/081285

400 for formng a patterned conductive |ayer on a
substrate. The system 400 can be fully 15 integrated
pertncandanaie (KMo&l).ntn eys emboditéent, thepacitdiatahiag sotution

hot g- pat t er nj tatj 8 is identical to th
Bordnisenabe gt RPN, Tbb ReolPrand adfmaBouan(@sycipk paa per
iRt potas BB HERGaRaR (MnORp 1% EtehE Bjution converts
wresdli remosti@isi to rsofuble hietalesally evhdety cambarehovpd éyolyshing. For
The substrate 14, now conprising cured regions 380 and
8%3Mapiey sHyard1anexiesi Gassbe é@'ﬂ‘(ﬁfﬁedSt?’@"Vﬁb%'g (A@)awhich can be

Fi%?daigﬁ%y;aﬁ%&?eﬁto'e'é@r\{vﬁf%"l' The tacky roller 384

con envv € bare netal nanow res regions

374. Fol | pneertaih leensciimeats, e efeirepssiutimi dbes not affect or
nanowi res, the substrate is coated with conductive

disgolﬁrﬁsa miﬁemngomomﬂg @€ patially sgreshpolyger. |Ratigrning can
t ' ive | ,
e anL B A o SO B R Blgiain &,

RAndWike $8/ed Wetbnd RY & desiréd battsrret ORtd the Al isdifed (either
can be used to dissolve and renove portions of the

fudly dwriairtiadly) oy attainian acreptabie slegiceaptlardneas and physical form,
nbodj ment n,aci d-etching,saql.ution coapri,si.n itric

1he Al RkSC e BaNQWERe STpERAgH tyereln Ko heing elfiey' away

Lanfl 838Bbethed dinfiedTne JnbUREE 1 uheIAd e

(mlyerefthe trhatrix coateriakie nat polyorerimedwortwiieregiq malbrpuis present) can

1-100 of potassium 52 WO 2008/ 046058 .
b@wem%%%w v Eavwﬁﬁaemﬁeglm&m@fpﬂwﬁ gfaethod of

BIERE Yo piqlGn@BotTSml;: Rty didoMRuchRTRY EF 6 HBtirate
frey corductive nayedicopmprisire) & pluralityif ganaiires Kidnditig a Titrix on the

etching solution converts nmetal nanowires to sol uble
aenductiyg|layengsicerdiga e Boatierb\Ba PetelmspMRESIngdlanswires

BEFBBL o e ARS8 B Bl Bd ot

Riyer to WREEKe the upprdtactedaidpRWigeNtThe tMroRictéd RGnowires can
sol ution does not affect or dissolve a matri x

bemgitbse terooved,ot kefton plreaeti al |y cured pol yner.
Pat t er ni ng

curing a pgl s q%% ﬁ@{[‘{j:tﬁgﬁﬁg%@n‘%gﬁ@%bg‘% t%rédacid-etching
solution described herein can impact the etching power. For example, the
amount of KMnQy in the acid etching solution can affect the rate of etching.
Typically, higher concentration of KMnO4 results in faster etching. Accordingly,
adjusting the concentration of KMnQy4in the acid etching solution can modulate
the etching efficiency without changing the acidity of the etching solution.

It has also been observed that higher concentration of KMnOgin
the acid etching solution may cause more effective diffusion of the etching
solution into the matrix, which results in faster or more complete dissolution of

the nanowires in situ. For example, as shown in Examples 9, 10 and 11, when
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10 nanowi re |layer according to a desired pattern. Once
the matrix is cured (either fully or partially) to

W@La08/l405 accept abl e degree of hardness and pPyBEUS2D7/081285

form the matrix protects the nanow res enbedded

therein frombeing etched away during a subsequent
EMinip present imtibe eighing sekition at lessihan 20ppme thexmedrix (of a

§{8RGAE nSh b BB Fiddiny b BRYedTbd FaReFiEn Snliled
tHalSin fRIMR b%qué*ticﬁéﬂ.t VIS tHPaRoant®t KIMAOYfis increased to about

patterning, the nethod conprising: formng a
20pphac while theagencantradions lof HNDeand NadN Q-orestominicoastaay.ehe

CETBL S eehod BB oot B b s e
Hé’rtldé\ﬁi'i‘é‘s gmggﬁhgaqge,%ﬁ{]ow res protected by a matrix
an

unprotected nanow res; and etching the conductive

20 layer tAsvilhbeldiscusiked impiove eletabinrconoectias withExample 11,
unprot ected nanowi res can be ejither renoved or |eft

ahigk gvercopt (aheyit Jesh gaswefipativaly Rraventiba tiffusiorkhen acid-
{a%gr&escﬂﬁfé@ne?hﬁ if&'rr]%’tgct H3l r‘fgr{gg\?redﬁérﬂrt}égﬁéj teng{eﬁ' Whfiéthe

power . exanp anount of

Kahé¥iréMdthe uapidlestedbytie Ipick iovercoswasf dissdivédby tied acid-
of etching. 25 Typically, hi gher concentration of
K/lﬁlthl

&iohDy sajuiion (.9n 20apMEK e IN@e @0 di % dNaNOs.)

adj usting e _concentrati.on of K in the ]

et chi ng sofrBV_?’dH & %‘E}r‘%ﬁ” » an %%%%WIH 0%?%'{1 glcaé%ﬁlg,cted
WMt ROES pABIE B9 U MUsINEINRPIHE thdtrRfarid 8isSbI0itgntBie $RINBWireB: In

I't has al so been observed that higher concentration of
tdseerboditrtents dondeciive lyersotamprsingwanowires imgmaatrix can be
effective diffusjon of the etchi 30 sqlution into.
BILS FSI00 AHRTGIrehS K (E16- 2 eNBIoTER Shor P -GoRplefing can

O SaRiett bR ordhdgo S Bholo g RICUGTEY Ghids the
AANGNDES DEB cRCIMASERIregaBl2@5etchkdthO4 is present in the

etching solution at |ess than 20ppm the matrix (of a |
st andar d t h @ kuiéer esnbegiment,18ohiny the wnpiasked regine comprises

BRBM bR ST IR unMERK R PedibB P B Ret ciCiB At Broning the
WahbWirt ' BRNGRAASIRID RGforPlisihh@Csctiopdadkdht! Forigkample, a first

constant, the 5 etching solutron diffuses into the
etohank (€. gbh bydrogebrperokidek pambe usieddolreaoveitbe matrix to expose

RoHePeL e PANCBITAB AL I amenkad st ThSFARRE R agbond
%@%ﬁﬂ@ucﬁ%"cg% akidibtchfy SAILESH biseL¥sd RYRIN, dahe used to

usion o acl d-
dissolve or remove the nanowires that are no longer protected by the matrix.

Thus, other embodiments describe a method of patterning the
transparent conductor using a mask. The mask acts as a thick overcoat,
protecting the nanowire/matrix layer underneath. The method comprises:
forming a conductive layer on a substrate, the conductive layer comprising a
matrix and a plurality of electrically conductive nanowires embedded therein;
placing a mask on the conductive layer to define a masked region and an

unmasked region; and etching the unmasked region using an acid-etching
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etching solution and protect the nanow re from being
etched, while the 10 nanowire/ matri x unprotected by

W@ bsnkiosk overcoat was di ssol ved by the aci d-PE&L/oRiont081285

solution (e.g., 20ppm KMnO&4, 1 %INOG3 and 1 % NaNG3. )
Thus, in one enbodi nent, an etching solution can be
selltion tmformmttsrr@dpmd@cbve cag‘lqsmsThg methedtmay fratherx

and di ssol vi.n ﬁtl anow r es, e enbodi nent s,
ERalied FonoHRY 4he BGRRMEIcREro fp A PR o mmt 11 ean
be 15 etCh@%é?%ﬁé‘l%'r@ﬂwa%c@ﬁ%ﬁ?ﬂﬂu‘(@td@ﬁiﬁu{geeﬁmen@y include, but

phot or esi st) patterning can be carried
aecootdinited 1o, theadelgned gffooriog iof hing) megbifiy: Fret exmnplebglven the
whi ch t he iamovvl res in the unmasked re

SATBREIChING 5§ Lﬁ'ent%@rseéﬂ%aaqn%n%rs 8 ealrix dommed by pagtially cured
p@lgh@? SRl (ﬁg olv& h?étr‘lg]){‘fotrrl?l%d g{fQGred

egli on using a |rs e etc:lngthe

polgmurr @dteir Ipattbmlmgl,rthe Ipedtlallqgnme\d nsatrg nayswaderdo an additional
etchant. For exa a first etchant (e.g., hydrogen
pingsiee)to dully @é’edB@an BXrenove the matrix to expose

oS0 AR T AR

widdedofxhk lﬂﬁdn@Eaﬁbrﬁ CUARGEEStoNBFi6T 10, etepiRgb&Sushed pted
d| ssol ve or renove the nanowires that are no_| onger

tseamentesj pbsticutaslyrkanefigial ESaWﬂIsﬁtChjﬂQ @roegfisoin whiehs liquid

b t hod, of. t
SEhanl Somes fnanidts R bR S Sfact R Hiiarent
BYRANRS, - TyEAICaid B@hINdesUMHERVAITtRE FRhEpErdn@¥Ehductor can be a
underneat h. Thé net hod conprises: formng a

mpmhrtaoevmf thay\anowneﬂnatnixs!ay@rtm’, int $eme dnalancesy @ tpayselrface of

S0 B By S e aet B s A R vefosat i ke
gﬁggr gﬁﬂg hgﬁoﬁ/ﬁ@g o ¥8rr6§¥§ %Iérﬁeﬂ@fdn@eatﬂfa%ﬁkeﬂwé’ r%?b@@nce

unmasked regi on; etching the unmasked
hegever, nsaycause mnrd/vettlnglomme Bauid\etdeos/ Pas0sating the etching
PCT/ US2007/ 081285 sol uti on to form e} atterne
sumer of (e tranppgrentaesd Hg’qqqgan@gyvgtg pﬁépﬁag%ﬁﬁmpllg@rove its

@gﬁﬁ Q&?Eh}"@' A<y ‘?gs HEIhE p%&e éCtE’r'i %aﬂaéegnﬁ bBcedd @%he metal

an® LBt ribu I Cl ency

hagbwilgs plitecteartsy th@tmhlrmatrﬁiﬂortthe dvbecaﬁ@aw of curing
of the matrix. For exanple, given the 5 sane etchin

sol uti on ambusdhe fﬁ@ﬁh@ﬁé}f Spattgrrnﬁg descrikadyaloyg,can fu

arti.all d
PRIet o Al ikeBia 2 oG, HERCS ot o b RAEa f tg improve s
%ﬁﬁ{ Behdvismi ng, the partially cured matrix rray
under go an addi ti onal

The change in the wetting behavior can be assessed by water

contact angle measurements. Water contact angle refers to the angle at which
a liquid/vapor interface meets a solid surface (i.e., the etching surface).
Typically, a higher water contact angle is correlated with poorer wetting of the
solid surface. As shown in Table 1, depending on the types of treatment, the
water contact angles are substantially reduced by about 50% to 80% after

surface treatments.
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curing step to fully cure the matrix. Mre efficient
etching can al so be achieved by activating an 10

werwBagssur f ace of the transparent conduct or PCT/G82001081285

etching. Such a pre- treatnment is particularly
beneficial to a wet-etching process, in which a liquid
et chant cones into contact latlé 1t he etching surface of
the transparent conductor. Typically, the etching

surface of the transparent conductor can be a top
sur ﬁﬂe@egf’ SR hanow re/ mat ri x\ﬁ?tﬁ"y Qntast 'f“”q?%( Sone
I nst ,ances' a top Survfriﬁ‘\&ﬁ sgﬁfaclﬁreétﬂmﬁtver coat V‘lif%éﬁlrface-mgtment

undeokygen®lasmaowi res from correzsi ve el ements and 125
abrasi on. Their presence, however, may cause poor
wettingVeFonehe |iquid etchant .®3Fre-treating the 345

etching surface of the transparent conductor can
activate the surface and inprove its wetting

behavi or. As farttiersd8deribbdén Hewiliil Exbetet 3casing dtchants of the
access to the netal 20 nanowires protected by the

pameistreagtl, dhe rate of wichinasurfage-ireataeisansnasefieeanstucisrs is
BRbIERBLY Fotyo5R0 st o e lp o Rlonsih e 6 ransparent

LaWRictd@. i nprove its wetting behavior. The change in
the wetting behavior can be assessed by water 25
cont act anfteomtingly teanspasnt\wanductoofilnas cambgleffiGienty s

bt e Bafie B8 rolab b b IER, 1 ney o ™
Typi cal |y, | i i | i
ypically mr&@?ﬁgy %@ﬁ%ﬂg&?@% ?tl?%n@ﬂgﬂf(fhé stcfnt litak B ssible

with poorer wettl urface. shown i n
fatrieatela pattpaved transparehiecdndoetordimtwitrasulesiantiallyauniform

aBicA! P%gf{aitéé-s?r? erpdRCISenaan ftas el skt fghire naaswigss are not
COREHAAR T P o 5 875 oen rencr

tgseaondntEtivy.t h surface treatnment Oxygen Plasna 62.4
12.5 WV ozone 63.5 34.5 As further descrijbed in detail
i n Exanpl eThas, in& fugthet embediment, arrondyghive eyeesan ke

@%ﬁ%{ﬁ%@g}ygérpg{iﬁﬁia'}%n‘f’&;rfo%%ﬁ\?é ?&&Bﬁdorl rreafbsrpﬁ‘é\ﬁﬂé an altered
resistivity that is not necessarily non-conductive, without etching or removing
the nanowires. In this way, any change in optical characteristics (i.e.
transparency and haze) of the region having altered resistivity can be relatively
minimal. Instead of etching or removing the nanowires, the resistivity of the
conductive medium (i.e., the interconnected nanowire network) is altered in
selected regions according to a predetermined pattern. More specifically, this
embodiment provides a method comprising: forming a conductive layer on a
substrate, the conductive layer comprising a matrix and a network of electrically
conductive nanowires embedded therein; and treating a region of the
conductive layer to alter the resistivity of the network of electrically conductive

nanowires within the region, thereby forming a patterned conductive layer
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5 significantly inproved as conpared to the rate of
etching untreated transparent conductors.

waoewendiossyl y, transparent conductor filnms can BE&I/US2007/081285

efficiently patterned by pre-treating the regions to
be etched. Mreover, by adjusting the strength of the
iechuiding a8 treiated sgiars batihg a firet te:smlvéwaedaarpmtrﬁ’ceédegion

transparent cond or_filmwth substantlall iform
BRUNG A SSOARaPRRLGlY. | The HEaBt el out feddnot be, rendered

H@ﬁ-c@ﬁ&@ct%atA§ Uﬁecf‘ ﬂ@@% r8n&ohdlefive” 98‘;8?%3 ?‘E?gﬁ"ﬁbg h&stivity

even thou nanow re networ Kk
omdeawoslfelss conductlve Thus, in a further

enbodi nment, a conductive | ayer can be 15 cﬁwtterned by
creating alnReditemdliselesad isayiranspasent e tcrrawlﬁgmara

Qut’)'sﬁfa?g nHeaSéaQ‘tfté%b{j Brﬁzghpaét \)&illaﬂéért réérlﬁﬁiﬁsr?é’ml)ﬁ( ?f glectrically

non-con UCt novi n

EETLtive hanbiireBietny&ideddnia BABHYETHAE paﬂéﬂn@al conductive layer
characteristics tranS{)ar encczqand haze) of the

. e.
definasm ﬁe&tir¢@0m0§ E@Han%mrgﬂ genduceerrin il g netwogk has a

d_ of h
(s SRy RO Sefond e O R DR s Y hfEhane
h&iwRyre Aas %&énﬂ%@@?ﬁtnﬁ? MERVBR&Nge i GhticdI BFaraRteristics (i.e.
sel ected regions according to a predeterm ned pattern.

Mmsmsp@cn and:hazey) batween therbwalregions jsrrelativety smaitkt Rod

StaBoleariovt hiiih, dns OB See b Rhsilsdlon ang haze.
%&geg \Flag)'} V&ﬁrtﬁe ‘ﬁfst%ﬁ gh [différs!Rom BRRGi¢hé gs?d}?ﬂ%%ﬁ By less

erein treating a region o
thandle¥d ared DB2%, respattively, wtdlertesichiange tily redistahee between the
network of electrical I‘%/% conductive nanowires within

yaregiopsoig greater dmn TRPOChat t er ned conducti ve
| ayer 56 Yp:é%% %%%ﬁe g & Et%%%ggﬁfﬁégﬁl?ond&glw%w can be

a treated reglon av ng a resi's

westedaicedrdiegit®the patiernihgemethoendesceibed Mevelhymnthﬁuﬁ affecting
treated region gaét but need not be, render
therprisabiprapevies fthadweated Fagien. Aﬁéhﬂb%rnlau%tfateé Example 14,

8 fglito PaRcai e BpBS, Pl g rafpBeisr snbifieg (). wes

uren@twéw S9ah bemrb%trfdaéfeeraﬁél patteain@srRed 16cudHcN isvisible
| ayer aV|ngﬁa network of electrically conductive

paltRIRINgE snef édﬂi@ocqnduatlvmtayekremra@smrpéum@lform in
conductive |

def i
apare R Y by EHuRRYs i e Hirgaf Ry aSiging to

predetermined pattern, the treated areas having been rendered nonconductive
or having a different conductivity.

In the present embodiment, altering the resistivity of the nanowire
network can be accomplished by, without limitation, destroying or degrading the
electrical conductivity of the connections between the nanowires or rendering
the nanowires themselves non-conductive. In one example, treating the
electrically conductive nanowire network comprises chemically transforming the
electrically conductive nanowires to non-conductive nanowires or wires having

higher resistivity. Such chemical transformation may include, for example,
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first resistivity and a second region of the
transparent conductor in which the 10 network has a

W@ 2msaehosesi stivity. The change in optical PCT/US2007/081285

characteristics (i.e. transm ssion and haze) between
the two regions is relatively small. For exanple,
oxidatien, dulfidatiani ohany bthedipréeassibat convents the amgletlgisigon

SRS makRRR G b fanwird et gbtiisal FRuEng haRaY For
Ex&hlfe, COARGRERINOwiMS hEmEH %&/Cé?é%%ﬁtdl %étﬁﬁ%ﬁh@f’é? %Iloys (e.g.,

between the 15 two regions Is greater than a
SiR/er) cambe eendened ertmech ndrctise wirendheimetial is adrnearted to an

SRefrshy %@%ﬁ&?ﬁb&%ﬁ%ﬁ%ﬂ%%ﬁ%b&? chidrigy: Inghis
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nqAer ). 1 Eise okidatiod Ical bterfar’thm deverntd dompletioh a ehd phesence of
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FROBME s EAGONT BN S IYES of BRI BPYERERY, breciBidi@ibtal
ionkigtiasoluBR mBtaheas Hoild, forfexaisig bt eddide and sulfate.
pattern, the treated areas havi ng been rendered
nonconduct Fxamplas CPfaﬁHltﬁ@%O)d@limrﬁgﬂnt%mﬂuﬂﬁ ibyit age nolimited

(e peRSBE 750" nEthaRR Felthig®). ireiibhtod fa g Byt

bérdrate) Aorods Bl 06, ol st ﬁo't‘@ssuﬁh?fe‘ré)kd“cﬁéulfate)

conduct i Vi ty of the connect’i ons bet ween t he nanow res

balogensier ha@genlfttasedrumhmeg satieifegl. \/cdrﬂontnmecbymbﬂtﬂonte salts),

I n,one e I treating.the electrica conductl

oS Gl Ral ke Gorts PET areRa e, CoPalhTDPRT R SRS

S8 tahiccéhaﬁélngoéq:éfﬁé 54énh QWE{ @'SteerCY r?ﬂetﬁé%e

nan es or W ré&s having | gher 'resi st1vi t

(:'IF(ENQ() adnd gasefusroridiziog agents sathuds airf oxygaararqzbae a51‘d the like.

WD 2008/ 046058 PCT/ US2007/ 081285 oxi dati o

sul fidati o V%P“érﬁ}“%‘?q’fme%? Ghekas {ll Hﬁﬁra@éd\)@r’@é“mﬁ%m and 15

t

HOR 16 Edhodt RN dr e BRUBIGa08it LS GARM: Bfid'tnd Br

SQIHUce ity thenagenimey detrniirk the extentedftthe chiehrii¢al dransformation
netal al |l oys silver) can be rendered

Qfotﬁecf&ml}é%i/‘(&/é*%%éh is pessibledhat a steng andiar meregprsentrated

%883 nrd é@%ﬁpéﬁ ﬁ#%% g]gfggﬂib&\’%s%& Q{?ewgﬁ&agyéra{otdissolve (see,

glger@(grﬁbbsﬂ yer can be initially oxidized and
converted to silver ion (Ag+). The oxidation can be
further drlr\/@ertanmemhqﬂlreentsmn additien to, s dngtead of, transforming

the underlying material of the nanowires from conductive to less conductive or

non-conductive, it is also possible that the nanowires may be physically
compromised. For example, the nanowires may become broken or shortened,
thereby reduce the level of their interconnectivity. As a result, the overall
resistivity of the treated region increases compared to the untreated region, in
part due to the formation of the electrically insulating material and in part due to

the breakdown of the interconnectivity among the nanowires. It is noted that
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an anion (e.g., C-), with which the positively
charged silver ion can forman insoluble salt (AgCl).

w@emen4@sanpl es of anions that readily preci pi REE/ES2007/081285

netal 10 ions into insoluble netal salts include, for

exanpl e, brom de, iodide and sulfate. Exanples of

sugh arhﬁngasnhdhe physiaglsituctunes|ofidles nboowines mayt odduroneal

to erOX| de ro XI de ersul fates

(rgSoala T ahf Buss\ﬁ%fﬁgtr%‘f SRl BR ey shoRia Snpatnce of

ﬁm%dé vé’fg ?S' ggﬂgotﬁ bﬁﬁ&t‘f“\)e la l%'(?&‘?,‘i‘lﬁeerhereln may
| ogen- ase oXl |2|n orine or

by peatedta fbemsaintisn):tlvelﬁatbwnd|tlzalm;rertmt|alallysahllf@rn( e.g.,

pal | adi um manganese, cobalt, copper or si|ve
salts), or @@Hpealb& aopprgrt@atg\je@hﬁgpsqg{hbggarned out prior to forming

4n (nvidb® étgatr ; S{yﬁ'@gﬁb@ Su@%&l@r@eha{v%qw)the @%l%surface and

gaseous alr, oxyge
@mguh@trhe k@fadme @d‘g?/Ole disbasietie ok ggerapldsa® and UV ozone are
illustrated in Exa es 14 and 15 below, the
@mémrcﬁt&udﬂbl@rpreﬁeeaimem&u ng agent, type of agent

and time of 20 exposure to the agent may determ ne the
extent of the chemical transformation of the

ABPHitonY &f kifey Ranoirel Bast@F Fidblspatdh®Condsibtorsg and/ or

nore concenirated oxidizing agent may cause the

nanow res &he tnalmepam candusters as)delwmd\l@erewe@n be used as

rt t
Sigttracs LB wige Yatety IRBMSRH WEILAS0 SRuovige trdiciiferth
grs'u%b cﬁftratngﬁafé?ﬁ%%gt?&ofg %W@é‘ﬁ\‘é@él'd&‘dé ﬁlrﬁseSExamples of

conductive or ' non-conductive, i's al so possible
stitdblé devices aveluds flatyaried dpﬁwcwscsa.ldWas:bﬁﬁsopiaserta display

h b k t d,
AR B P eReT Fis feesloter T e HISBRYS ouch SoTqas.
ERfroffditolic shRfuif KAbtiond GRsEES Yoic!, Bt elddfrobhigfiE indows)

dptoefsctrothicedévicédimciudlimpEL dampé andephaltevditaic etllsy and the like.
insulating material and in part due to the breakd
bt addition, it @ﬂmﬁétﬁtﬂt\‘PPﬂQU%IﬁfﬁwbefteﬁéC%H@\Msﬁés!” ﬂ%lbiesdev'ces

L S e

may occur on a mcroscopic |level only, thus would not

af f ect the(ajacrq_s@ﬂalcryﬁu@l)%pﬁ\pe of the conductive
| ayer. Accordi nlg , the conductive | ayers descri bed

here| n rrayAnue_C ieatlat papekdispiay Sl dishlays paimagady

EORbo PG IR Ry b el bRRF fleid * Tygicaly, the LCD
ﬁ%lddb\é' éh@tﬁx aafidud eqmaudané Qo ‘PikeldT® ARt & Uﬁgln@Qh%VJIt%r

of the etching surface and
driving the pixels. Each liquid crystal cell is provided with a pixel electrode for

applying an electric field to the liquid crystal cell with respect to a common
electrode. If each of the pixel electrodes is connected to a thin film transistor
(TFT) together they function as a switching device, i.e., the pixel electrode
drives the liquid crystal cell in accordance with a data signal applied via the
TFT.

The TFT LCD panel comprises two substrates with the liquid

crystal cells interposed in between. The pixel electrodes are provided on a
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changi ng the surface energy. As discussed, oxygen
pl asma and UV ozone are exanples of suitable

wWee@sN4@st nents. Applications of the Nanow re-BzEES2007/081285

Transparent Conductors 10 The transparent conductors
as described herein can be used as electrodes in a
lovae subsirateyfooeadrliqaidrystacdell M‘@rmthﬁe&dmmmrﬂectmde is

ARG a1 S SR SUH18E0 &Y 2 SRRSETRPARIAY Sukstate.” The

t THHE
| S r'; lég@ S{r%%n & ’%%q%t’%%osﬁcﬁ%r fi ?r&r @at&a 81 or edb??lf’ﬁlane’
trausedonaib rigelsagrsarrap ot thirs filne éasisisidrs @banectedag etriesponding

shi el di ng, functional gl asses :
pixekelealrad e EhWUHagmgs)posmﬁaw@%?r 6‘?\’“9”8%5«/1%%0‘“’“0“

Akl Db Lo oo ] BB FRL GG St iiay be

I'n"ad transparent SRS

RABITBE 1198 thé Bolbl Aeiubstieré.ces,  such as fI exi bl e
di spl ays and touch screens. (a) Liquid Crystal D spl ay

20 An LCD C@naemtioata"m,ath@plmlm%ﬁodﬂqlaﬂn@rﬂ%pf ayighiy

{egRRissivedTELORT ey lp Sy SLARRIR Tghidoasdiniouan, As
Rot@RtdboveQITO fifiHs Bre EYStlyAo faBl¢te @ mAY 76)@' susbepfilé t&
driving circuit for driving the pixels. Each IIquid

cragkingl if gegd oh @ flexdile subistraten 'ﬁiqomaleee-besw transparent
I field to t d !
S R g Rhod BefriR oYt SnatBrmtlle dneradh T e

Q|le§ﬁbd§lf§&wa?gﬁ_s is connect ed to athin film

transi stor TFT) together they function as a
svm t ch| ng Genecadly speakingt tres thindgim &bamstomsidesmbecblserem can
cell in accord

|c%§%gppg{[§{ﬂaggtotarw kngvn mﬁt}p e o t " 'ﬂ@ Ranowire-based
Clggr’élb?ﬁ(?dé ¥4n %g%ﬁﬁ%g %Wa{ Hqﬁﬁ@ﬂ: CI:*H plgrQe dﬂﬁsé ﬂénowwe

er pose l'ectro

paosparent @:mcmctcﬁﬁ‘lIMH&I@%HW@@&@E\MQJ%O7Alﬁﬁﬂlaﬁﬁely,
| ower substrate for each liquid crystal cell, whereas
palterpethimnsepeant conduster layﬁf 6aR BeIRrefosmedPrion te geating.

ﬁgﬁérrn‘ﬁ”@gé { Crfan%fwn%nbé'&l?f{ran ﬁf %oﬂéﬁk&{ﬁrﬂtc%n aT QS be

ower err O as a arra

asHievedbecartlingrd the tigh BireughpUl weethea® HesEfbetNhéreiry
of thin filmtransistors connected to corresponding 5

p| xel el echa;tcbtson ttheing patteoiaidei thg rambwneaba;sed tranSparent
%orb 6c|>refsim|sPaj§o ﬁﬂy% ﬂwetgqfﬁgh'é%)g‘ w%hlgﬁgmpera O reS|s fnce
required for TFT LCD manufacturing and applications, i.e., as part of a TFT-
based switching device.

Figure 21A is an SEM image showing the conformality of a
nanowire-based transparent conductor film over a substrate with a profile or
relief feature in the surface thereof. As shown, the transparent conductor film
387 at least partially conforms to a groove 388 on the substrate. The substrate
is a color filter and groove 388 has a width of about 2um to 3um. Larger or
smaller width grooves may also be conformally covered with a transparent

conductor film. For example, grooves having a width down to 0.1um to 2um
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referred to as the color filter substrate.
Conventionally, the pixel electrode is nade of a

WO 2@RY6058 r ansni ssive | TO filmin order to al | BEI/US2007/081285

sufficient light to transmt through. As 10 noted
above, ITOfilns are costly to fabricate and may be
80d cipptdidpine or greatacedmbe |cbatedecbrﬁarmalf)4 ekdditienally, substrates

b Th t d
A LA s R0 o L
b@nfEFﬁﬁaW éééted%{/lﬁ#:é P‘éﬁ@mﬁr@rﬁdsﬂé@tﬂ% %rﬁ%ro?lhgéf% r film. For

speaking, th mtransistors escr| ereln
examplkE; abd vfntthnut d]antetioa,ca: prafilegr tadieh featireoswuldiidudisa step,
in E)fg%ar } T nanow r e- based pi xel _el ectrode can be

Wga FRECAMETORGRIVEX| e FIGURe £ 1R-FNANS @

: |
BT ifHae o e 1A, WBistloflny, B Habiufe AN TbAhins
Intgyetrancecoriernps & tiergrdope B68. Rigwres2i1neg21B Raistrataitag

of the nanow re-based transparent conductor film can
BpRAVIRe-based @mseawent seedvaphiimsarerruffigight eerfagnalwith a

SRS ab TR 4 SRR 2 FETC el aRicPufthehons atiess

pattialy abaforing\e at hrefilkcsy relierfebturt bf @r%biétr@té advantageously
tenperature resistance required for TFT

akows a@mduthgy aﬁwsamwhcaaprqﬁlkspr ielief feadwepaanct maf be more

(it PR BlsambLER e Bt Banifaud 3spoid PR ctpiobieh i Bét feature
Mtﬁ@@ﬂ%ﬁrﬁé‘ﬁmﬁ@ RRSEtRr Nfahb\mr@yc%"seﬁ t 'éFéHt%oWHhE‘to?ﬁlm can

profile or relief feature in the surface thereof
witbstandtthe temaalsamaﬂeetrundaimmm.trmg fbbhtlcﬁﬁémmbpémlsh of the

tiall t 8 th bstrate.
FED' o ericay, thefrinufaf 74 eleclingl BrrvResaRow asalively
' I
S WoRlauBn” tiqdRRd 8 o dBnicHBRechliatith & tgptatle
tasistispes ehtanawiretbased trhnbmreﬁbconedqmml fﬂm ngm@wpﬁcal and

having. a wdth down to 0.1 pmto 2pm
SlesticalBoserias a2 bem Ganssyssian @n@ipsftqet mwtance) were

%@Preerd &qnnggt) ‘59%8‘3( ?ﬂ?f Gi*h%'a#e g‘f?@g?{;@ys%g% n as 389,

rates prortirres or r

Bmangm\mshaﬁy t%sﬂﬁlséleﬁ%‘hdmﬁe& %élMan@@ﬂ%@bé@tNe}y were
coated with a nanow re-based transparent conductor

plpttad against theatipred!). AMbthiee lines are nearkt Imﬂar aadrayei slepes
St s ingleab ataBi SusbBpt BEB. P @ o fiiical properties
&9aIR rarly constant at high temperature within the tested time frame.

The nanowire-based conductive film is also a suitable material for
forming via contacts in a LCD-TFT plate due to its ability to conformally coat a
surface with a profile or relief feature. For a typical LCD-TFT plate, vias are
etched in the passivation layer SiNx to connect the drain. Currently, sputtered
ITO films are used to establish via contact. The sputter ITO film can, however,
be replaced by the nanowire-based conductive film described herein.

A typical process comprises spin-coating a metal nanowire

dispersion (e.g., silver nanowire, HPMC and Zony!®) into a via followed by a
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magni fi ed i mage of Figure 21A. As shown, the nanow re
network remains intact and conforns to the groove

WG@BABB/0F0sRIr es 21A-21 B illustrate that nanow PEFDSRET081285

transparent conductor fil rrs are suffici ently conf or mal

with a surface to ol o%% for exagp a TFT. That
Rostbaking étemete«@ra &)gtgolsyeopadm ypicallyrd further post

Bhalhed 8 hebfist % eh BRI Sinttartedt Preidlay rostyraptments
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a conductive layer that would sinply bridge a profile
the ceAtedividss singing thaicohtad vias mithrdeionized éDBtvmater rinsing,

RS 1 THen (ARYFF TR o8 DG RePRS Retipg MTFgadkitional conductive
t [ f \Yeo}
A R iy o RO cal pr oper t s

show r el at irvpasticulart narewireicoatetivias rikseriwith 1 watenor treated

graphi c representation of the tenperature resistance
BithRiapme- e seawnrtahaysresiablishre wontacts in vas psesmall as Spm.

ﬁ'% bERL v fhat ﬁhgﬂérdrgﬁ’ésrﬁé fea {r%éﬁi)sclégngthe diHfde o th

ransm Ssi on an resistance) were neasure

tlgtrode)at e bboX ¢hthé vialas wettagrthi diamovifes) théréhy Prowdlng a
shown as 389, 20 390 and 391 for haze, transm ssion

mede gistine cestast habveen erleetrada gnd ie Bangwises aad reducing
ime (t). Al three lines are nearly

?ﬁﬁtggﬂegisggﬂé Ne sl opes close to 1, indicating that

the retent TABHabwilkehEd @é}ﬁsp’wént%cﬁ@bbtdﬁﬂms are compatible

properties remain nearly constant at high tenperature

t
withralitheld T esnfiguraiions ¢ursenily udes indhe teﬁa’a\s\ewgy In
mi.s .a sui t.abl terjal for

BRnaiahi i Aot fol o 58S silidirisde it topEgate type
apyld t]b¥> qeq? YOk botePRgate TF‘F Cgﬁ?e él'ebfioée ¥ @kbbsed

or re eature. For a typi cal [ate, vias
belw ah clotide layet, h/ehepmasmv the top- gaigzél'rF'lSm\gamcelecImda:lS

ég%ggég @Eov%rn%@lg yer-|- énteg Qs :gg?e]—[—bnp ?‘frﬂq%@gﬁls?ors typlcally
plg| m erlOfb'%“éﬁﬁ{é/qel nnﬂ%adfsﬁﬁ iR tBE - 28 BIn SRR LSSt ST

scrlbe typl cal process conprises
Tpese stratiung cmriﬁguadtloneIwwdeecrllmchmanereJdet(ad iy, for example,
silver nanowi re, HPMC and Zon Pé&l nto a via
Mades botss

ALY dystahPrasessdechne (ress0ipURAlR 3898, PP. 53

r
WSPLERE PR PP 1o (AR A€ R SRR g
ffdrablérs Hepending rdn&ﬁb&yp&&ﬁmélt@ial tlﬁmffbrrﬁé €& S&tiesarea, thin film
i ncl ude one or nore of the follow ng methods: running

treghistors ganerso bebeggd ontaraowbatie ¢iligpaspolyerystaline siicon and

coated vi as p dei oni zed (DI) water rinsing,
organic sémiconductors.

Figure 23 shows the cross-sectional view of a switching device of
a TFT backplane according to one embodiment. As shown, the switching
device 394 comprises a bottom-gate thin film transistor 396 and a nanowire-
based pixel electrode 398. The thin film transistor includes a gate electrode
400 formed on a substrate 402. The gate electrode can be a metal layer (e.g.,

Mo-Al-Cd) defined by photolithography. A gate insulating layer 406 overlies the
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5 treating wwth argon (Ar) plasma or UV ozone, coating
Wi th additional conductive materials, and adjusting

WaRwe/ogessi ty or di mensions. In particular, PCT/US2007/081285

nanowi re-coated vias rinsed with DI water or treated

with Ar plasma are shown to have established contacts
gata@lastr@@e 400) TheghByitm transistor 886 ifethker ln(f:iadesa ansmsngatlng

BiveP o f R fit SPRECaRs B Bven 4 (74 BBRuBheldSican) and a
BEEUHY $&RicohbREBPYayRr 2YB b% @+ dBPEG alidrehbiEsifEN)28h defined

bet ween the el ectrode an e nanow res and reduci'ng
tooforiacan lshincbshapmi stiilturea nd sourseheleetiode 422 padendrain

f' bl h all
S BT g6 42610510 4 Praial 305 8IS AP PLER BFbgy.
Er i NGB fyerdl! '4rb % il éﬁé}%e)st/@rfﬁ’rtﬁé} r{go{é&hg% !éyétr 434

cat egor’ es: ottom type

tovars the isidved blmmture dla¢ solifcé, aral dralrecleictroties dile exposing a
di sposed bel ow an active |ayer, whereas in the

coplaghbele #3B, H‘%aﬁ%e@w@d@)’@d‘@4 is, ftiexgale. aslicen aitride
%&%F V& r} re-gggeobﬂéﬁ%ﬁrrg@f rtdqqcihrffllljnrﬁéfzy @%’aféoo{a\?er the thin

‘cal ave superi n conparil

it trahbuetdr@i%g alie hahdwiré-baséd sransparent ca@det@ﬁﬁm 442 can be
structural configurations are described in nore detail

fdapositad anchppiterned msadaseribed hieseiar ipsfoan the pid glectrode 398.

I GRY mBisER ot the SETacKRBEler Ria pdmeiorBirsebass riparent
b@né@c%r fnn{\/m,@eaﬁ %Jsodwgaﬁéqua de'ﬁﬁetayﬁgn@lfnr%reélﬂs

that forns the active area, thin film transistors can

al so be bah'ealfmhefrﬁmlpcbdjwm,lthecsmtchmlGj@ﬂ@@dawnhed above
silicaon and anJc S Lgure 23

S Thraperased idadanurer s 8P LETideMg devi ce

of a TFT @\%ﬁp ONCHHE i lGLL% B8to

shown, thep ?%lrhﬁ]g devi ce ??gﬂyggﬁ'prl sggic cotiprising a
B6Ttbzvkghene 501 and alcoldrites sabstratd $H2andl backiight &0 grojects

based pi xel electrode 398. The thin filmt SI st or
ighat tnrighe aaka@zgw 203 apd@ @ésﬁéébf’rtfﬁtﬁéd%n& Rlualy of frs

(Al Rl 420530 pBEUBHEE Bt e 6tnsiass
Bnlsstlrétélmg émy@lﬁrs%%gnmht lager 602 (.92 3\6bPRIdEMdydrR8Each
PCT/ US2007/ 081285 gate el ectrode 400. The thin film

traamargﬂbsomb@t@mtﬂn &r0;aliermates with 2 Aata ling #ét- Bageers 530
306 b RSB BBl et 2t oo B
Rryef 982 diheralighhai |Sjidrs eandwichidg Kitifid BBGtals 536 in between. A
plurality of second transparent conductor strips 540 are positioned on the
second alignment layer 532, the second transparent conductor strips 540
orienting at a right angle from the first transparent conductor strips 520. The
second transparent conductor strips 540 are further coated with a passivation
layer 544, a color filter of colored matrices 548, a top glass substrate 550 and a
polarizer 554. Advantageously, the transparent conductor strips 520 and 540
can be patterned and transferred in a laminating process onto the bottom glass

substrate, and the alignment layer, respectively. Unlike the conventionally
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to forman isl and-shaped structure. A source el ectrode
422 and a drain 5 el ectrode 426 define a channel 430,

W@2p8e46088 a portion of the first sem conduct oPCT/HYN7/081285

414 (i.e., active layer). A further protective |ayer
434 covers the island structure, the source and drain
empiayeddustaloxide xips §iTaY, ao costiy depositivreornsBhirtherocesses
Erotectlve | ayer 434 is, for exanple, a silicon

Iayer A nanowi r e- based transparent conduct or

filma442 i Fmé‘trzg%bhg\sﬁgda ERfstdichoA View ftarl?c‘i‘é'b'"a%% on a top-

396. The na transpar ent con ctor

gate DET adeprating daruttepambedimeshta Agdstsmun, ihd LGD 848, has a
to formthe_pixel electrode 398. 1In other portions o

TRd spbstrete-R4d and a ¢aler @Eﬁf@uaaﬂew §46 wih &diquie, RBisiA/ é@%er 548
ﬁﬁé‘l‘#&%&ﬁ rbﬁ@‘*’%&i ﬁ\%gﬁg r%té@ ]a % & §Lfbsf’r%{% ﬁ@4,ath|n film
e

er enbodi nent

ﬁ'lahélefbrﬁl QSGGa\HdQﬂxéiEéléctrdlﬁi myﬁe artangehint@ matrix configuration
incorporated in a liquid crystal displa C§5_LCD) devi ce
pn@mttom transparest subslrate 194y Agsommmryelpcieds§§o, to which a

EORBorEY oo e SRRPRT IR BT IeE 558 F ghipebRl gnypop
fraR§HAEhZSlibsiRRe 38U, A Jblaffe ApPIRU FdtReehZhe Pixel ére%h‘oﬂbé 552
of first transparent conductor strips 520 are

pod |tlne oomuhdreelpetrnde B86bwhichrarglfasisg Zackutiler witle th quid

i e B G o BT
p
aI ternat esTWéttﬁlnéﬁlr?ﬂ"JIFéhélétBPS%ﬂ|sp§§é6 ®61SedHof tﬁé%lxels on the

provi ded between the tirst alignnment [ayer 522 and
bettomdrarispanentraubstraieeb54 B2a taprgatal tyge Mérit, whogergate electrode

3B5 i ocalcbabad anaciva s pete THB ALY SR Ba g T is
?%ﬁeﬁ%ﬁ' dd Q{éeéjotfwn %UB COW%&O%M? Qg&ﬂ%ﬁ%@fhoéggm the art.

e second ransparen orienting

Atgdte linglhatirgnialyer 560 ﬂWéhlesfarﬂSctovbrattmomtmtlawrﬁzﬁmt '6Ine part of
strips 520. The second t ranspar ent conduct or strij
theoaetive laven 54 facing ke sateielectipsdettaaisi » 6 afl"!ﬁ}é$9'9ﬂ4564c A

B v Pbiph o4l oyl SBURISTSoBL S50 17 3 inLEBPagh P are

bb@lttbhé@%lpﬁés?iébtlﬁ@Qﬁi'é%tcﬁl‘thébhaml58@0&%454(Tr@dr@aﬂre@on
patterned and transferred in a | am nati ng process onto

6ﬁéd @aﬁthemtwagyer 86 ist cannectesthie 2 Hatadling wvhieh funefieps also as

i b S8 S ETRLERP R Fa gy

Fé)/e'r B%S(doV@}mg e Q%éléct@'@d@%?' AP rangh§ibfisg layer 570 is
processes are required
disposed to cover the data line and the drain electrode 566. A nanowire-based
transparent conductor film forming the pixel electrode 552 is positioned on the
insulating layer 570. The pixel electrode 552 is connected to the source region
564s of the active layer 564 through a contact hole. A first alignment layer 572
may be positioned on the pixel electrode.

Figure 25 further shows a storage capacitance element 574,
which can be disposed for each pixel. The storage capacitance element

maintains the electric charge corresponding to the display contents, which
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Fi gure 25 shows a cross-sectional view of a LCD based
on a top- gate TFT accordi ng to another enbodi nent. As

WG bwsn4605he LCD 542 has a 5 TFT substrate 544 RETUS2007/081285

color filter substrate 546 with a liquid crystal |ayer
548 interposed between them As noted above, in the
sirquld esappdied ts4le liqwd rerystaincapacitascs; twinen B&OTERds not
|xe€e |l]_gctrode 55 ar e arran

§u

Bk Elegt THRISSTS: e WoltiHe findey stgsrp@fﬁ? lBHiiaé 552 eabe

@g%ggg%ﬁ gh&ﬁﬂgol‘gu co?‘g ygepter E)Sge are |spogbg%ﬁm§%e

sequedrtet r ansparent substrate 560. A voltage appl i ed

bet ween the pixel electrode 552 and _the commp
el ect rode 35@ how; Hhe m@cea%glﬁ@ S@ééwféméptlw e figd

L e e e e
Al moad@lé@fod@a&m‘s of thtefktor@lgéﬁda@a@marﬁébeelehﬁrﬁw can be formed

transparent substrate 554 is a top-gate tly
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Sbletfia g oee s WshAk ' GeleBE natieaf app i idyiote 576
EROWE 88EdMISIetRodd1878! The g%tsél@;tﬂo@étsw (%9 deﬂwheﬁ&@d the

overlies and covers the active |ayer 564. The part of
seeonecelpoisodehés (5o4afstriagg cabecitrnae lirled @re aranged in parallel.

Bt B Prigfe S sttt engeioimibg ity S Bfetine the

ﬁ%ﬁi%b\?ﬁﬁé‘lss’it respective sides of the channel region

. The drain region 564d of the active |ayer 564

is connect b@hbuldabe:landenstaw thmhfon:rbdthj nttheobmm{h{gatmand top-
_ﬂj_._‘n ctr de g ont act hol eerf or ne

9‘?{‘9 ﬁ?@ qug ‘P”Sf Q%P& 'Y%Eav ra% eHY 3G5¢RH %S?'Filéco“ducmr

H\%ﬁ@na‘?l Eafc%ﬁ)‘? éﬁg?phrﬁhg%ﬂlc@ﬂ i Qﬁd’élg‘h%ﬁﬂ dél@ytsrthéégsé and

di spose 0 cover ine and the drain

etawmy dethetdepositivanand pettdmirersteps. Polytsystaking silicon can also

conductor filmformng the pixel electrode 552 is

bR sised o Begabse Pﬁb’cmﬁtﬁgm%ﬂ“ﬁ%ﬁ hag bettsr ourrepledniying capability

ﬁ{aﬁ%rﬁ&g)%oﬁg %Il contif 'ﬂg%ﬁ&?%s rL&%eZ@ﬁr@é@gé We%nu%%aﬁsa

a er
$witcHing degicge ruow ’Ry®serafite d@wshen mﬁbtycqm@lm@ sfliBén is

pi xel electrode. Figure 25 further s a storage

eQgsilIpaddtashesrRPOstRY, as 30 allpinative appreac t@pna@wfaf:bmng

SRRCyBlales sl PR LT R A Y S Pefel Blo 200
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shoul d bé applied to the liquid crystal capacitance,
eimbadintent3Fan prganie = conjugate compound can be used as the organic

semiconductor material that forms the active layer of an organic TFT. The n
conjugate compounds are known in the art, which include without limitation:
polypyrroles, polythiophenes (may be optionally doped with Cgp), polypyrenes,
polyacetylene and polybenzothiophenes, and the like. More examples of the
organic semiconductor materials suitable for the organic TFTs are described in,
for example, U.S. Patent No. 7,018,872.
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sel ected. Therefore, the voltage change of the pixe
el ectrode 552 can be nmintained, enabling the display

W@se#nss t o be kept unchanged during one seqRENTS2005081285

As shown, the source region 564s of the active |ayer
564 functions also as a first electrode 576 of the
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Q?P@?ééd (©) AHILRRI(EER 1dod L FBP oxEbKE ridaly difays of RGB

Tcon can al so bé used. Because polycrystalline
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U. S. Patent 940. In _ addition, an|
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conj ugate conpounds are known in the art, whi

ch
i ncl ude wi Prpandingfn theirpade Obanw,rtbwglatlve posmons of the

B3y RBESE bfte By RBlok PRl St R ip i Btyisted

ABMatiBEmbd SronYiit I8 5ATPS$n-BlanebgviteHigg@hede.

sem conductor materials suitable for the organic TFTs
are descr i bigtire 26A3hofsra emsrﬂe@tlomalylewaxf @nolokfilter substrate

i 2 ERC@0de S PROOETE R SEBRAREN, < Msuehipt Blegupstrate 580
RRIUER a transparent substrate 582 having a dlsplaylng surface 584. The
transparent substrate 582 can also be referred as a top or upper transparent
substrate due to its spatial relation to the TFT backplane in a final LCD
configuration (e.g., 560 in Figure 25). The color filter substrate 580 further
includes a black matrix (or light-shielding layer) 586 disposed in a lattice shape,
and is formed on the transparent substrate 582 opposite from the displaying
surface 584. External light is reflected by the black matrix and comes out of the

displaying surface 584. The black matrix 586 can be made of a metal oxide
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opposite to a color filter substrate (see, e.g.,
Figures 24 and 25). The color filter substrate

W@ Bo&l058 conprises a transparent substrate, BCHUSZIR7/081285

matrix (or a light- shielding |layer) and an array of
colored pixels. Typically, the colored pixels are 5
and/an gedaldiimt (ecg.t chnospichnome axide). afkeinativelyathedrlack matrix
The bl ack trix.forns a grid around each col ored

BR%BF Made PLORIRNC IESINSdi ment's, each col ored pixel is
associ at ed-ng? EBick flgtgtL Qtigtasrtllﬁge @Bb‘?ﬁa? EORPrEE 'ét[ﬂureﬁ’ﬂﬁBf colored

col ored pi x can er divided rnto snal
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are not limted to primary colors, other colors such
ead@tfrans, foy@p(amnleararbmh%mlrapéao Iynidggoup fesin dispersed

BifhesrReass. dfia I e’ sarBla o abg sk afie pprovent

EQok-RfixiRh X §h agHRoh e de bAnddtg cdibfs (£2gS IRGB)) ehe tblor fllter

certain enbodi nents, the conmon el ectrode can be
sabsteatesMayt contaiarasher eolbess faf @xaamle RGRYW eoREIG2B. as

Gecer b 1o e RS PR 000 OB e
ducﬁ&l ﬁ]fg} i r%o&ﬁfo?\ee%’h PR éi‘ilérfeﬁrpﬁiﬁls 5888, 386K b HB8E. In

nerratl romthat in an
édidn{lph dmbemng 4 oéfer@)cerajekeirod‘a tputhe Mmmanot shown), the
cross-sectional view of C

SRS betds eSSt e Iah s T Compgtiag fs fiduid

8 t :
Eo R SR op A i OGRE Bhed Sh8 o e
tHebssrnaion A8 radmn590 s Fhbdurtiedreprotattias laydraandre apaesparent
transparent 25 substrate due to its spatial relation

insutater suych %@R'M"ﬁ'ﬁ@ iSHch 3 pmﬁctn@ay%wygiﬁ%%ﬁs as an
é@qﬁpepf\%g?rl (}e ?%65&5% F@]ﬁe %ﬂ, Wh;(cfH( %IE‘@C&S P Bb IR Stion

es a Dbl
legéttm'%fbffthdlmgld' drysta) trﬁ@ﬁ lifsipesatplenrubbimg at aeout 250°C
on

shape, and f or med e transparent substrate
oppOS| te thgure ﬁ@BoﬁWSagprrges santippakviewpf asqlar fitar Substrate

h f t ed the d
5 1 St LGP gitaatiohits aBal A RECKRE S8R s

s@psthite Hd2analidas 'éfﬂra’ﬂ F‘é?‘érﬂ%ub§ﬁafé£5$?4)ﬂ§v0|ﬂé@0&§playlng surface
PCT/ US2007/ 081285 or met al m(e.g
585 oreblabk mﬁrmﬁeaee) dlsabsed patthe dapspaiest BLbstratadi9d apposite
from the displaying surface 595. First, second and third colored pixels 598a,
598b and 598c for transmitting R, G and B color lights, respectively are formed
on at least one portion of the transparent substrate 594 free of the black matrix
596. A protective layer 600 is formed on the first to third colored pixels 598a,
598b and 598c¢ and protect them from contacting with the liquid crystal (not
shown). The protective layer 600 is typically a transparent insulator, such as

polyimide. A common electrode 602 based on conductive nanowires is formed
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can be nmade of organic resins. The color filter
substrate 580 nay conprise a plurality of col ored

WpRooshs0s&such as first, second and third col oredI/ps2001/631285

588a, 588b and 588c for 5 transmtting red (R), green
(G and Blue (B) color lights, respectively. They are
étheedisplayitg $wtace Sfeohibettranspafentlsebstratesié. eim the case of

P B e S ! bl
SFE ré o BRSO ol an acryl © resin or
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the common el ectrode 590. The further protective |ayer

descrivedaharenrcarealentbe usesiinz erlosapiaray display siraeture or other
Sych a protective. |l ayer al sq serves as an
LePoifHoRires dising a dapSbarent L1esk3den i gure 24). whi ch

directs the polarization 20 directions of the liquid

cryst@) thppudedy Displayerandl e, rubbing at about 250C.
Fi gure’'26B shows a cross-sectional view of a color

filter subAtplasrea displaynpams emitievisiole bght dydexeifingofluorescent
anot her enbodi nent. Tk I (1t bstrate, 592
b & & pnansas) A haiBevplet LoaEiendtdRRgaa Plasra

o | . . .
Ao, VR PR pooPLaple/TO s St o.
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formgshiheraangorderaedndveuabrelS (GRS Tesesels are fijedpith one
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colored pixels 598a, 598b and 598c and protect them

foroeddsting theneells alongrrerear glass Riatest Hlanspaientdisplay
sho . The pr ctive .l r i ' I
SeRHOhes g Wbk fect @R, 2l Mpsiudd kntet s slis. on o
ﬁbﬁ%&@@gla@&ﬁhé%@@ré&% SleBEbEdd ded HRNPBhERFehBdibpRayed
67 2008/ 046058 PCT/ US2007/ 081285
electrodes are orthogonal from one another and cross paths at the cells. In
operation, a control circuitry charges the electrodes, creating a voltage
difference between the front and back plates and causing the inert gases to
ionize and form the plasma.

Metal oxide transparent conductors (e.g., ITO) are conventionally
used as the transparent display electrodes on the upper glass plate to aliow the
plasma-generated visible light through. Current processing steps, notably, the

sintering of the bus electrode and firing a front dielectric layer, can require high
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on the displaying surface 595 of the transparent
substrate 594. In the case of |PS display, the conmon

W@R@snsose 602 serves as an el ectrostatic di SCPEF/TS2007/081285

| ayer to avoid charging of the color filter plate. The
color filter substrate can be fabricated according to
km&asuﬁgﬁemﬂpeoﬁtures (upeo 00, to BHO°Opt Fonkexamales pmoe;i&réo obtain
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yer as escr ed herern can al'so usea In a

electricatiy-ant ropficdilysstable atthigh temperatureisherg., m0°C) They can
structures using a transparent el ectrode.

be pattainephatehe Aepuisechiealures I SEBe SIS 1@%309um)sf%PQPs in

b bR 6B S SRUAR iR AR ot fog vescribed

Rersie  di scharge. The plasna di splay panel enploys
two insulating substrates (e.g., glass plates), each
i nsul at i nngmQFa&r@mcmsae@bon@de@wam PaPracserding to

b def |
R parimens e B bs St @ Ve TSt fupetrate 608; 2
t?ﬂ‘(%erl %ﬂé’lgf%n 5?996103‘@fmé&90191hé<foher\4@rféba€é}ﬂ stBsirae 608 an

ectrical field to produce the plasna.
hdmess Mentfodeam ¥foradrarsthedbwet rmllailoemrlayerf a8rediower

Sl e 51 agh SAod o5 BERGHE B T e over
FGBeAaz o1 9G) Ehalols il d Bachally calote: biack

rizAime nayemwez@ Ipspitlapled elnabe nmla!tsaorawallsa 61 ﬁp@ ﬂuatesbeohiayer 622
one anot her and cross at the cell

fqsenest oo Hhe sides Af e black s Javer 520 @nd; the Salian ¥gh $16 and
A e

é@ct?oﬁa@zal faftfied oNEh@'up@ér denspsamapammtate malmtdop@sutuoned at
m%é | TO are conventional l@ie used as
| o egtagtaglnlralailpnég the addiass @wdeh%%@p*éws gleglygde 628
f @ﬂrﬁ) P %l'e %gglg ﬁgengﬁoglgrwé 8?10%;%(;‘7 cﬁ’%gctlrlb@er 630

?drmé%f d)r‘i‘ﬁhéJEf)ué Bl%c{%ée @Zeciﬁwgﬁﬁv%lédtfdd%% hh@ e upper

dielectric layer, can require %
transparent substrate 624 and a protection layer (e.g., MgO) 632 formed on the
upper dielectric layer 630. The display electrodes are formed by conductive
nanowire films and patterned according to methods described herein.

It should be understood that the nanowire-based transparent

conductor films are suitable for any other configurations of PDP in which
transparent electrodes are positioned on a display panel such that light can

transmit with acceptable efficiency to create an image on the display panel.
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WO 2008/ 046058 PCT/ US2007/ 081285 processing
tenperatures (up to 400 to 550C). For exanple, in

W@e@e04d088 obt ai n  adequat e transparency, the fPONUS2007/081285

dielectric |ayer (which covers and protects the
di spl ay el ectrode and bus el ectrodes) is fired at
about(c370-b8ah Seiteensese tenperatures, the
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| ower i nsu an upper
Theyalsaratiov foukidiarse sulistrgtes omesmhaty gBselFer texadpld F@xible

0% o austrated ;{@a{a@” oSSty 8L e Q24 and owires and

or§§UHIa€§tC¥)ﬁ88%t spl aa bus el ectrode 628 forned on
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di el ectri cThay,eRigea28 slswedclaemhticallyus redistivertodeh 6&@en
t he di 38| ay electrode 626 and the upper transparent
deitice P4P @ceouding iione gpiasimenh The device 640 ingydgs gdpttom

gl Brbelfy i PR B R LalsT e fiioted Wi 2 frst

EdNdURtioe thyertcue! Wefthalsas dbp @oh@dtﬁb@ﬁl&cé@l@r i Aedpper panel
herein. It should be understood that the

ﬁ%@]mwaaumwe@pmﬂﬂg‘m dhe botemdeanad 64Riangssepasated therefrom
bl.e for any o jguratigns of , POR in _whiC
o afiBgare rPooRlias trend Pho AurEbeily Sirstldnedelfpecuo.
vﬁ@@bpépsanélfwo ihtiies %aééo%adtdoﬂaﬁmﬁe rét'yénh694> esate@t&re
ficilency to create an inmage on the diSplay panel
I@mlnated on a second substrate 656. The second conductive layer 654 has an
inner conductive surface 658 facing the top conductive surface 648 and is
suspended over spacers 660.
When a user touches the upper panel 650, the inner conductive
surface 658 and the top conductive surface 648 of the bottom panel 642 come
into electrical contact. A contact resistance is created, which causes a change

in the electrostatic field. A controller (not shown) senses the change and
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WO 2008/ 046058 PCT/ US2007/081285 (c) Touch Screens In
a further enbodi nent, the transparent conductor

wa@le®snidossl herein forns part of a touch screePCT/BS2007/081285

touch screen is an interactive input device

integrated onto an el ectronic display, which allows a
reselvessdheé mptutal fouahstaardinatey svhigh irdormhdticn isibes passed toran
touch screen device typically conprises two opposing
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f;d_r@?éir Bbstetbwitine UV E |158P$6. palrGiefttic a¥erBbag! Which
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coat mnated wt rst conductive | ayer
Gibectidhdoedrcbatsh Inculditiond even stigstuvdriations 48thigknagspe the
panel 650 is positioned opposite fromthe bottom
a\éﬁfépa%m?yaﬁﬁu'EEH%RFHP%@MPHE‘?'B?%Qﬁﬁheo Mhd 'a%?’\;@tthese

[ ' . ive. . .
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substrate 656. The second conductive | ayer 654 has _ an
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GRSt AT R e RS opgengse o

tHaeH g fitdtiovercoat BUaGmdhe seiednd tentastiveolagercés4 & coated
surface 648 of the bottom panel 642 conme into

witb @t seasaid evenceaitt5on Tunfitst and serand Averdogte aagrapedded
A DT R, 1% e B OH ARG s m e

dielectric overcoats increases their surface conductivity and provides electrical

connection between the underlying nanowire-filled conductive layers.

Compared to the respective underlying nanowire-filled transparent
conductive layer, the overcoat can tolerate much higher resistivity. Unlike the
nanowires in the underlying conductive layer 646 or 654, which must form a
conductive network above the electrical percolation threshold to ensure an in-
plane conductivity (e.g., between10-1000Q/0 in resistivity), the conductive
particles in the overcoat do not need to reach the electrical percolation

threshold. For example, the sheet resistance of the overcoat can be as high as
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WD 2008/ 046058 PCT/ US2007/ 081285 resolves the actual
touch coordi nate, which information is then passed to

wW@eoosopesat i ng system According to this enbodpPCEN$2007/081285

either or both first and second conductive |ayers are
based on conductive nanowire | ayers, as described 5
heton. EvEmeati thrselevelottmjrtetswtlmtys thrbagle tleb8vencdat isdowemough for
cor&ﬂuctlve s ace 648 each have surface resistivity
RereelharPisAlaldut 10- 100052/ ~, nore preferably,
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tooved dioa Q@Oprcmrtbl rodiggain an anoeatable teviehof kazg. elore typically, they
cont act

Seniet o ?95%% BE e 360 hitting EREaRe sonmliEraties i
cﬂq/rtﬁéﬁ’ FLiMR Sfc‘éwgé%s Mot Sﬁé&?ﬁé%bﬁé‘él'tbénshﬂ@slon On the

con uctlve ayer coated with a first
othetr taatl, the/prasdnddref theocmnﬂucbml pathct% inay @ro\gdd ai gertain
coated with a second overcoat 655. The first and

deg@ecispsiacsdpaoRnessdhabervgs foreduceFlatkt i ve
particles ﬁ?ge%rﬁalm (ﬁﬁc%t’s e SR FINEYSHIMES can be a mixture

particles I'n tric¢ overcoats increases their

sthigAREcoTRIE ¢4 parttc}esa(% p hetaldemonlies) ahdadw-cond uct|v1ty
connecti on between the underl@g\{y}ll1 ng nanowire-fill ed

pariiglast (eve, ITQ 6F ZnOopowdeisar ¥éhilegtheraetabaaewirgg do not have to

s ARG b SR TECbpy
befdottion thVesh@'l‘d)' gf previdean ﬁightcﬁﬁtdluﬁtltnﬁﬁpamdﬁfet wi regatively

conductive | ayer 646 or 654, which nmust forma
tevgel distanee. nEbewstieabwilldbe mosty ensperded jseihese aangwires while

reshol d, t nsur.e an jn ucti vi
b et BERRLTEIeY wihralig s PRGN s hbiiulch fetgen the
H?HB\W%§S Vaﬁﬁge%ﬁ&/c%tsl%t Pé’élstﬁﬁéé’ of the Mhoéfkfan be
electri ca percol ation threshold. For exanple, the
sbekeslledkini s wider #ande bijadjustingdhe ratanob’rd;\eamrmvtgtesag low-
conductive particles. Since the nanowires do not have to form a percolative
network, it is expected that the resistivity of the final overcoat film will be in a
more linear relationship with the nanowire concentration and stable at higher
sheet resistances than using the low-conductivity powders alone. The mixture
of the metal nanowires and conductive powders can be co-deposited with a
matrix material in a one-pass process. Alternatively, in a two-pass process, a

nanowire layer can be deposited (without necessarily forming a percolative
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71 WD 2008/ 046058 PCT/ US2007/081285 108n/”. Even at
this level, the resistivity through the overcoat is

WO omsenossyh for touch screen applications. TheCT/US2007/081285

overcoat can be formed of any of the optically clear
polymeric matrix materials described herein. The
hébwoikk)gsriordd @besidimg theaveiceat layec etribedBed adth thiedoaw2pm
or | ess than pm Typically, a thicker overcoat is
‘FCPrP&H%t/'V?@aFt&%ﬁ-t in a higher contact resistance. Any

Lype of nafpe i< ScRANG S BRI 175 a SRieBrotRakrials, as

Exanpl es of Sul I"e conductive particles 1nclude

asscribeld Hergint efbrtexample) theZ§) subsirate Zabeigfica(é.gg glass or
nanowi res, netallic nanotubes or car bon nanot ubes

Wﬁ'a?@ sHobcas pelycarbesale orpRya¢ryie)o '{%@ec%ﬁﬁ?@éﬁL\Pétrate
¥ f&x&@eiﬂrﬁ @%#t ly, JOF IEQB[éytéﬂgg{é}cFéer{%eﬂfcﬁhgr& both

é@d&faté@@anbecﬁanbléiﬁﬁﬁw@gt fﬂﬂhdt:@?dl ng level of the
conductive particles is so low, their presence

typi cal |y As&sowntindhe adt taueh sspeendevieesmay alse be. maﬁ@

L) B RSB A SR g s
fg@%&g%ﬁé’n 5&%‘3 FIRSad PiHENCE it LRES typé deserisddabove may

i ments, e conductive particles can be a m xture
wfclddegmtmmbtnamparemecqmmtwltbat fuectipns asaalelecirostatices)

doaaias Byen; ae iradhriBa coivGren distibeberflayaahe used in
5@\% ﬂ}e]‘;s%r}gﬁ')‘ Vﬁu@ﬁb@@%kdé‘(‘n& NAbBRioABY, inanblire-based
Sbbve the &re

c rica percol ation threshold), they
franyparenachndiivtosnubedtinsuth deaicesonay be pattcmdd/as described
| ar ge di stance. The current will be nostly transported
hareim @& any oHsGWaskgwn & ther@ity ow- conductivity

particles will provide the electrical connection

betmerd;nt h?’hpﬂﬁ/&gycréé Advant ageously, the sheet

resis ce o overcoat can be controlled in a
wi der rangSolyt radiatish ipngvitiéearnsable efergiién ﬂmpl&mtoesran@e of
| ow 25 conducti veé{)artl cles. Since the nanow

r
ﬁgprqq@vgtql;oOM@,\/nﬁo Yér Opteglectronic devises such asp %otovoltalc (PV)

L s L L T

BBW@W‘ PRofVORA TR deNE 78 e@@dnt%ll@kéeemabndu(ﬂdmejuncﬁdmsemnder
resi stances than using the | ow conductivity powd

HlupninatidmeLighkisiahsorigd byéhersemiconguetar jwictigdor diode) and
SRS SRR BB BE SR RO b ey e
kfbPemtRsr RSN RhE pA5Se bse. These charge carriers -- electrons from the
base and holes from the emitter -- then diffuse to the junction and are swept
away by the electric field, thus producing electric current across the device.

The semiconductor junction can be formed in a homojunction cell
by doping a single material (e.g., crystalline silicon) to form p-type and n-type
sides. Either PN structure or P-i-N structure can be used.

A heterojunction can be formed by contacting two different
semiconductors. Typically, the two semiconductors have different band gaps.

The one with the higher bandgap is selected for its transparency and positioned
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nanow re | ayer can be deposited (w thout necessarily
formng a percolative 72 WO 2008/ 046058

WOEDDB8R 7/ 081285 network) prior to depositiPQr/ugz07/081285

overcoat |ayer enbedded with the | ow conductive
particles. The first and second substrates can be a
aaaitep )laya‘r omatiedow layerad hedwecwith e losyaribandgaep forms a bottom

By S0 Rutih FiMistiong 2 felleRotioa malerat shis bidiintayer allows
I%d’sﬁ‘ er] t 4Rk b Srdid tﬁ@%’ﬁg kbt hlien ?é"éﬂl@eat%orbs light.
['exi b m Ff)

ternatively, r“a'flexible touch
screen ap pMudmpJnctlon belishhawibeémn deeslopad theaptues ialarger
fllms(f astic). As known in the tt@:lIUCh' .
Beftiesr? afé@/ ﬁ@'@é Sﬁﬁ‘,?"“éms dn tis eapbouratien u'aﬁwaf F‘?teéolunc“on

gél[%ér% ﬁg%fglﬂts?xcHaé’Wg? i tt§Lﬁﬂ§Hlafvaﬁ§?|réi%Ci%gﬂ%tﬁﬁgphaving the

t’hi's ch screen device an

Fé@g@hl@ahﬁghwp@m héteshsapioatinthe firsthadliugre tearishiitted to the
ans arent conductor that functions as an

egdh, mthich tnescahsoges the igherrarergy pestien ehthe remaining

d d [ .k j '
SRR P O ool s, oo
%eewer Sh&ABAGN prdRIIEBICEMMINEL HIVGHIP TS thesTthl icBll SWeiBh has the
devi ces may be patterned as described 15 herein or any

smatestizandgapwn in the art (d) Photovoltaic Cells

Cange of | BupROeRIR Vi Ts. mEGRA s Ay dopsd sRpathpBAf Ledlon,
HRVinSEsiard 6 difrerdit ‘Naﬂl'ﬂ‘q Rl dre (US¥Y to &Blil Snd BRCitW Vg Tharge

and convert certaln photon energies in this range to
traasfer froal oné@epmm‘rduct'dmo dhebtreirc Adter cbaegeeseparation, the
essentially sem conduct unctl 0

PTG ale SWePt Bvgiduesodiy Fb%%teaﬁa'tmceéﬁﬁf@amév%ﬁo the
HHRELA (\%rkq’hﬁﬁtﬁ)s B‘é‘t%ee 'tﬁﬁ%ﬂ&c@%ﬁ&t&ﬁb&%ﬁéﬁarge collection.

genera ed ‘On bo | des e junction, i.e

G)rgémc@hetn\tdlterc cold, fon @(bmqme twaerk thisseay Wheszondar ge
carriers -- electrons fromthe base an hollgsfr_o
Gtk Ealutigphene

seicanductar can hena Rolythippens and fee pilies (odh
éﬁgﬁr{bﬁghg%ﬁy gﬁ%’e%g!:{?ra iés r{e%'ié& 'i'h(? %ctr%)ﬂgﬁn'@r%n‘?@gﬁ 8B§ttrgophene

id'cebi(Pwerahedgy sRitdRst the eaedﬁmmyj Uhetho(lms eehve aldng the
doping a single naterial (e. stalline silicon)

polytloprnerpﬁ bagibaneauntil tiwearescpqilegte g de ﬁh@ﬂ%trpnétbumppmg
P i -N S‘W ﬁture can be used. A heterojunction can
?f' §7 %ntactlngtvvo di fferent

Ohmic metal-semiconductor contacts are provided to both the n-
type and p-type sides of the solar cell. In multi-junction cells, they are also
interposed between two adjacent cells. Electrons that are created on the n-type
side, or have been "collected" by the junction and swept onto the n-type side,
may travel through the wire, power the load, and continue through the wire until
they reach the p-type semiconductor-metal contact.

Because transparent conductors (e.g., ITO) allow light to pass
through a window layer to the active light absorbing material beneath, as well

as serve as ohmic contacts to transport photo-generated charge carriers away
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30 sem conductors. Typically, the two sem conductors
have different band gaps. The one with the higher

whamdgaes8 s sel ected for its transparency and PCT/US2007/081285

positioned 73 WO 2008/ 046058 PCT/ US2007/ 081285 as a

top |l ayer or wi ndow | ayer. The one with the | ower
framdbaplighdraisoebibg materiall thesrarewlesirbd fasreantactsnaterials for

| ight -iabsorbi ng material. The w ndow | ayer all ows

%Ci"%b%?' Sal| incident light to reach the bottom Il ayer,

whi ch readNEMo@Fé—‘Hagéglt}agﬁga éwlcbhdg&BFfil'nﬁ’g'd ?z#rlb%dh?éf@in can
been devel oped t o capture ar ger portion of the

seused apate aimmotacotastsdn izf scdar @dli. donlikenttie\dotvehtional metal
heterojunction cells are stacked in such a way that
exide trghspargnt sopdyder, Aianpwirerkasad; transparemgcangiictor can be

toBBaTn PSR OB A EAGHE et TR co not
freliRe tspeciil 98Sositsre(ia Yap@uirn) tiat Phakdiethearsei ofimétal oxide
solar radiation while remaining transparent to the

lay ks castiyiig polai el @pplications. 10 sel ective absorption
e final cell

processes ntinue tHr ugh.to t whi,ch
has the shBfT&F 94 8@' Nt desaiites 3 Aomabindion solar cell
P RSIHg ¥ top ddInfisites sarfcdhdiRRANIGES M a bbSmM contact,

materials of different band gaps are used to split and
whkergimonegios bottaotihe topaoestant ahddotione certact carndbe tnoade of

e PheSa o P A2 B
815 £Q) 6688 THE'S %r%fé(‘ﬂ)%éﬂﬂnmﬂgsfaU(PBtc'oﬂ{bcl?%nggglhgﬁ\ contact

contact el ectrodes r charge col l'ection.
P tandoh semicareluctor diode 6X2intemosedithetchiebvae@y. wher e
one sem conductor can be a, pol yt hi ophene and the

ot her  C50. TRRESMIISEIRE diodss 6am el {05 IexaBie.enPBheirucdye with
8 AP T 54 B Dol 8, 8B SRBGRCTAEsvon

fyploatly apystalih® Bilicbhe AspPhigré epbedraidanakdmativepdlycrystaliine

are collected as do the el ectrons by hopping_ between

licy g2 bs usedifceordingto keowe srrthedin %@Pﬁrbcifbe semiconductor

BB SE AR 1 B M R 5. Bl egructr

isiirefdpeeed between two adjacent cells. Electrons that
are created on the n-type side, or have been
"col | ect edTheyop hentpghand the beitbre weptach san berrepareghley the

Sl AR e ThiBp BB i Rl el B anc
BorhpRSeS 8 MyRCREIMEheE sBRbas, E2MhSurface that light initially enters in
the solar cell.

Optionally, a substrate 674 can be present underneath the bottom
contact 670. Also optionally, bus bars 676 can be formed overlying the top
contact. The bus bars 676 can also be formed by patterned nanowire-based
transparent conductor films.

Figure 29B shows a heterojunction solar cell according to another
embodiment. As shown, the heterojunction solar cell 680 includes a top contact

682, a bottom contact 684, and a semiconductor heterojunction layer 686
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Because transparent conductors (e.g., I1TO allow light
to pass 30 through a wi ndow | ayer to the active |ight

wW@bmeomiossy materi al beneath, as well as servePGEBEUSIINT/@81285

contacts to transport photo-generated charge carriers
away 74 WD 2008/ 046058 PCT/ US2007/081285 from that
interhosad $werbbetyvaen cPnaloy bothegf thedop eontast 688 andrhattom

' f | [ls. Na i,re-b .
EOHAGkSLE ot PRanaRe of fRareparrt danspe b cehdugbEET
or nore cog‘t &&iain e diRkals, 8% Semliddhdligtor Beterojunction layer

conventi on nmetal 5 oxide transparent conductor,
686 compeisba settirde-ayspatracture (dy tN-bP).cihugdt nayrednprise a

doeed p SmIcONaUAr ek 696Rean Bnda0Rsb BTRFIB pefRorductorayer
59&?‘ gﬁh a4 (%5’[5? LAty Lf?.:ftoﬁgg@rl q%?@ AR cdr$ bfbodiment,
costfy in sola ~ Thus, one

r-cel'l —application

Heofrdt s@enicondactor kaer 88Banzstnhighenbandgap then the Xhird
conprising a top contact, a sem conductor diode, and a
peMcoMdEBIor daver 68@ker ei n one or both of the top

cont act aniggﬂ'ét? GHY A5 iRl icgﬁgﬁ?t?mayﬁf‘c’gﬁ?% bg dgposited

nanow re-b nsparent conductor

S59MIR filmhay8ts UiStitaBle sericanhdGetbl niftdriald eclsde, ut @ed hot limited
644 includes a top contact 668, a bottom contact 670,

tm dreanie seoveanstictor raledielss@s distusspd hedeinhaadpiumelehuride

Eox Tk pehey ot RalipmSEaCaNCRGs) Sioeh BHyR sehride c1s).
Bhgﬂﬁ’éﬁkéi#dr%n%e,tih% BBIcePCdTERRIISHHE tPNayéer is p-tyPe
typically crystalline silicon. As a nore econom ca
ahdmiumsulfide (CaS)cthesnimldie tayer isi intrinsic Cdheband, dwdbottom layer

according to kno hods in the art. The
%tmﬁeﬁ%lu”g&%aig an al so be forned of anorphous
silicon, if;jug| & isoPhiSdrdUctoN tfeterfuhdtion layer 686
preferred. ﬂ%ls@%&%ﬁrﬁ?gﬁtﬁgﬁg t'ﬁ% ottom 8§%Ltlact ca¥1
beineleieaurey thxy taphsemicehtdocter thyec 6B6a dindeheibettorhsermigpnductor

contact is typically optically clear and conprises a
laygh68badn ad¥e stracifece, i.e., the surface that |ight

0111 Bl B AL ot S o s

aeteagltcos? Gonfdared ap thatrudlsiliconihesed asotartcelis ¢ dovimver, due to
formed overlying the top contact. The bus bars 676
inferien perfasmanse i dhip filpRenaicardudaniayprse - Biededpvices are less

efficient than the poly-silicon-based cells in energy conversion. Thus, in one
embodiment, a multijunction cell is described in connection with Figure 29C. As
shown, the multijunction cell 690 includes, sequentially from top to bottom: a
top contact 692, a first cell 694, a tunnel layer 696, a second cell 698 and a
bottom contact 700, wherein the top contact 692 and the bottom contact 700
are made of nanowire-based transparent conductor films. For purpose of
simplicity, the multijunction cell 690 is shown to include only two cells. It should
be understood, however, that additional cells can be fabricated in similar

fashion.
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transparent conductor filnms. Figure 29B shows a
het eroj uncti on solar cell according to another 30

wepsdiaent . As shown, the heterojunction sol aPCTEE1007/081285

680 includes a top contact 682, a bottom contact 684,
and a sem conductor heterojunction |ayer 686 75 WO
2008/ 04605BotPahe BT G821 285 the secandozalid598 have similar 3-layer

%ﬁétﬁ%%tgﬁe&ﬁgsﬁﬁ@ﬁ%t&g@'&e% Sl FRlgsogr The first
%ﬂﬁ@%‘?ﬁe‘?% ‘l’r&%ﬁ’é lléﬁﬂ dRd $Kb g &ﬁ@rbfbr@?goéjélé‘&% %o have a

e sem con UCt 0] unction | ayer conpri ses

Rrgdremdgapahas thataf the séeorgd cell\- In-dding Sbuthe first c&lMs
conprise a 5 doped top sem conductor | ayer 686a

tnamﬁanhﬁodbeéowewwsw&p&qna Wpigh caymbB a&%er%dd%\pﬁw second
%L% sem conductor |ayer 686c¢c. In certain
® the first sem conductor |ayer 686a has a

hi gher banvﬁemréﬂwﬂ ddeontilvelld ars eeparanstiby @rtuhﬁeflelayer 696 to
686¢c. The first, second and third sem conductor

aliow Hee g@gm elastronsdeiweeniie eelisn Thy bnnel ke 586 gén be a PN
t t | | ud | d
G606 GRg efpestalSard Setpngltlor MR Scusce ©

herein), C?H@R(ﬁ%bﬁﬂab’eér égieand GETBOttorhUoRedcts M0 Wi nanowire-
gal I i um sel eni copper indiumselenide (CS),

basbd trangpdrent e‘mdtmtmf]jﬁw Tiheyzcan/e pedpaced by dee metheds
| ayer is p-type cadmumsulfide (CdS), the niddle
é/)@'}be'ldsh‘?rﬁﬂl nsic CdTe, and the bottomlayer 15 is

n type zi ”?Hé%b\ééfdeﬂ%gb@aﬁ%hclubb a|o%utﬁir%@lag@$§s@ér?a§0r

t he sem conductor heterojunction |ayer to include
substrdtbs, Buspbarsrantbnefiective filmy and G%hke,ras whidbebrsicognized by
senm conductor | ayer 686¢C %%?NP stru

o686 SKUPIE iNearc LIbedsgw ik Deninsertbs Liskths Aaperisp-based
b’?ﬁ?é%ﬁﬁgécgréddﬁg%@ﬁ%géé lsuﬁg% asCQH@BBﬁg)r% gohfb%?se ﬁf any solar

gen tonfipnagosd. thin filmsem conductor layers, such
devices are less efficient than the

pol y-silicon-based cells in energy conversion. Thus,
in onée) enBlastielyminescent PeYiERRt i on cel | is described

i n connect Lon wth. Fi ure

ol 1] unct FPAMMINgS G s e it radfvs pesqmbination

Bpefé%frbﬁénanﬁ hored #Pa ﬁ%ﬁ‘ér@éﬂ(u&%ﬂy Asémicvindaelor). 6Pde ercited
tunne ayer 696, a second cell "698 and a bottom

elattracs r@ease Wher energyras phntons as dley Bdarraiedhetiground state.

bott om cont act, 700

Prior fo recombination, electrons and holes are separated either as a result of

doping of the material to form a p-n junction (in semiconductor

electroluminescent devices such as LEDs), or through excitation by impact of

high-energy electrons accelerated by a strong electric field (as with the

phosphors in electroluminescent displays).
EL devices are useful as, for example, backlighting for displays.

They typically comprise two electrodes sandwiching an EL material, with at
least one of the electrodes being transparent. Thin film designs of EL devices
are possible by employing thin conductive films. Advantageously, patterned

lighting can be achieved by using a patterned transparent conductor as one of
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are made of nanow re-based transparent conductor
films. For purpose of sinplicity, the nultijunction

wW@2008/06888 i s shown to include only two cells. PCT/ESm901/aB1285

be understood, however, that additional cells can be
fabricated in simlar 30 fashion. 76 WD 2008/ 046058
theTeleSpodes. 0BaddtioBatly, pdigmeéric sondudtivedidsaudhtase

secopd cel | 698 ve_simlar, 3-|ayer structures as the
SoEhefiiensae CHGTT o yetsond RETFed &8 i Ensparent
Jﬂ?d%éét cell is closer to an inpinging |ight and

shou therefore be selected to have a | arger bandgap

than t hat The hhaowiredradeddidnspharerd@ondustor filnhedéscrited herein
cell is 5 transparent to the | ower energy _photans,

e itabimapa teisparY qggct[qq@ ineHRE devise) , Fighige 30 shows
il S L | r r I r

e YR e, SETIPH ReCidy B s ERBoBhEey TR R MREloe A

déraptisew) leqliabdllydPemans tdie stophelectraute7 ¢ dietddde layer 714,
opposi tely doped sem conductor |ayers. 10 The to&)a )
ao Lavatergd laygnd 16ha tigospaient slecliods 7180 anraptinaabharrier layer

ed fransparent con or films. They can be
zg@paaﬂa[e@n 898?'_@ %f??@g?%_tzd_escri bed herein. The sol ar
cel | 690 cqRe tragkpsRnte’ickbasd18lia¥emsedbgh owire layer, as
substrates, bus bars, anti-reflective filns and the
tescribedsherein. e oplica] trianethigsjon asd sudaek conddctivity ofia
art. Further, it. shoyld be understoo hat th
RERS LVBEiaie it SHERF aing GRAGEREI platitodks Moreover, as
3%@?@0‘%%0@ '(?et%ﬂ iﬂ?&n@@?%&aﬁwdd&wﬁi@é & Bé forfRlldted into a
configurations. (e) Electrolum nescent Devi ces.
&treeh pointable édceoropositibn. iThetihie compokitionfcandxt aitinted to provide

reconbi nation 20 of electrons and holes in a terial
peerAPHplectiadiasc IR somPahRle Witk the aUmenbepHiRctunng

ppicESS for pitigm PN TARY S O BEF pafelliy pidthddslpadalsg be
ased hadledingrstameiy, sictdicidritethedikea result of  doping

of the materi al tof_orma%-njunction(in .
sem conducT be Elematariedjayer {d6 cantbajany ascepiakle Els material, for

ficiblen BhabAdtothee i bRt ay Tt o] v€R flugrapgiymer
SG;‘QLF%‘S? t8ikeRpldig adRE@ERSNiIBNhier@AlFations, Wiichesonbisture.

(f Electrostatic Dissipative Material — Anti-Static Coating

Electrostatic discharge (ESD) is a single-event, rapid transfer of
electrostatic charge between two objects, usually resulting when two objects at
different potentials come into direct contact with each other. Electrostatic
charge build-up occurs as a result of an imbalance of electrons on the surface
of a material. ESD is one of the major causes of device failures in the
semiconductor industry.

Electrically conductive materials (e.g., conductive films or
coatings) are effective as electrostatic dissipative materials by channeling
harmful electrostatic charge away. Typically, a conductive layer having a

surface resistivity of no more than10%Q/ is effective in mitigating or eliminating
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EL devices are useful as, for exanple, backlighting
for displays. They typically conprise two el ectrodes

wa 200804088 ng an EL material, with at | east oneCDIS10hE081285

el ectrodes being transparent. Thin filmdesigns of EL
devi ces 30 are possi ble by enploying thin conductive
¢lectrestatid chargegewldsuy., Msue typieally, aniagitstatic caatingshas a

achi eved. hy. usj a patterned.tran rent conductor as
N R A 0 e

el ect r odesac£AQRIN, ifaPdWirt-b LA EBHIUEIGE Rjees H¥Scriidderein
such as pol y(di oXyt hi ophene) (PDOT) are used and

pat $tabésl agantitstatia coatingse itny afdhe struoturesHescribed in, for
nanow r e- base r parent copductor filnms describe :
Sermople. Figtlies 0B Tl Rande uSed ahepihaitc Gratbrgte Supstrate in
i o6 Thus. . Fi ' ) :
SeF it oPhns; SHB ribaMin BroVidia plethh for profidv

slegtroagdetis shietttihg ebhprisingmptdwidihg @ campositecineludingda
712, a dielectric layer 714, an EL material | ayer )
plusality of metialia naRewisee and gdaalrixgmalaiiabARRLY{AY tiys epmppsite to

08 t . 0 t . .
o PUREratRneBR A i Y RRARG: pfd Tomhla tpducive
la@%EInclRfing RSEIUFIREohRItllc ndhewipds Hisperdedanthe sratrx
and surface conductivity of a nanowire |ayer nmake it
maiterigd) theaponduietive yephawng acswiaceoernductivisookno mese than
géﬁg/ussed in nore detail in Exanple 8, the nanow res
be fornulated into a screen printable ink

conposi ti Oy cdrfifin ieAbdMBAE ithé ARt BRI UNGNS Bdtitslly clear
provide 15 patterned el ectrodes, which is conpatible
sichthah éhe undentingrenbsteate us visible piroaestber embegirmentaiafg
PDOT | ayer. e atterni.n t hods can al sp_be .
QBRI S o s APV REieR ansanau - Py cqpductive

e tical
yeEBAR PossaEE patfaling R aMoR SRR RIS s naie gptcal
trapsparéaOy alowd éoraa Hirectrnisalization @dtheecantentky tiee package.
keep out adverse environnental factors

I h )
moi sture. T0ejranspatant SPRAVGODSEUSHERS, IR sistica and optical
ti-Stat] ' i codi : ;
(P R hoon) PEHLBRA L1 EL Rt opd/e il 8y e

ReowWaRNnbMinatmeexamplesual |y resul ting when two
objects at different potentials come into direct
contact with each other. Electrostatic 25 charge
buil d-up occurs as a resu i mbal ance of

el ectrons on the surface E&UﬁﬁP@@S

EXAMPLE 1

SYNTHESIS OF SILVER NANOWIRES

Silver nanowires were synthesized by the reduction of silver
nitrate dissolved in ethylene glycol in the presence of poly(vinyl 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.
Application No. 11/766,552, in the name of Cambrios Technologies
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of a material. ESD is one of the mmjor causes of
device failures in the sem conductor industry.

WER@sn46osal | y conductive materials (e.g., condRCE/US®07/081285

films or coatings) are effective as electrostatic
di ssipative materials by channeling 30 harnful

epearation, arpductramges HAEYTM Fijysirawanowires af dvahestyields than does
RIS EREORE oL LASRof iR evblshuph of bRl gpterence

NP PB4l PCT/ US2007/ 081285 el ectrostatic charge

bui Il d-up. Morée typically, an anti-static coating has a
surface resistivity of between about 10652/ and 1052/

. Accordingly, nanow re- uctive | ayers
desc_ri bed herein are suﬁ%mganti - st a_tiyc
coatings. AnypREpARM N bEAITHARBPAREGT g@ﬁgubﬁ@afm 5

/ P
exanpl e, Figures 10B-1 OF, can be used as anti-static

coating on '

enbod nent AD/SIPTA BBa BhrBF PR C el Hnalgle (P Ftim 5 um

#lAChES TBEARS! £sitRltd] Tae REPKUBStRGte iPBA\Gticaly dlear

conposite including a plurality of netallic nanow res

isulatomathe lightdtansmissiongphazg affibe Poipeighsteate are ghown in
ubstrate in need qf .electr netic shielding: and

TeRiRi U Bless maestied otiervis, AP MHEI (RnBEig rs ek

Géing‘fﬁé‘?ﬂétﬁ%diﬁﬁgwd{ﬁsm pRebsed in the matrix

mat erial, the conductive |ayer having a surface

conduct i vi Ap agfuepnas dispersibaf sidgs@nowilas was figst prepared.

enbodi nent, the anti-statjc coating.is.opticall | ear .
Ihe silyerranaydresnyers @,@q@y&@&?q %%%i'@ Wi asickarolipd 8iim in

e j ; ' | t 0
R8N EBACk Wllon Sfing 8t dtwidesABAWS Wak i 0.5 sowly
oitherdispersion, vesitirasinaarpapticayidegsitaoeabhalt d.H{measured on a
el ectroni cs. The otgti cal transparency allows for a

Wolegtanfevises rerta Max Mieplesreaden) M hedisparsiagywas then
ke T

proper

Sabstiate! I urdedstoblusidras skllledinbeert @itién cdatinghtechr@ues can
followi ng non-limting exanpl es. EXAMPLES EXAMPL

ByaTHESYES! . Jlaw/rretersddu RESMSW hannehriaiflows ﬂwe’rEcmlan
Fr%ﬂﬁg %%Mﬁg Iin. mg erﬁgeurCutnid%rr]stggd ?ﬁét‘fﬁé viscosity and shear
behavior of the fluid as well as the interactions between the nanowires may
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 2. The interconnectivity of the nanowires and
an areal coverage of the substrate can also be observed under an optical or

scanning electron microscope.
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25 nitrate dissolved in ethylene glycol in the
presence of poly(vinyl pyrrolidone) (PVP) follow ng

waQ bws/oposs/ ol " net hod described in, e.g. Y. SunPCBUS2007/081285

Gates, B. Mayers, & Y. Xia, "Crystalline silver

nanow res by soft solution processing”, Nanoletters,

82002) ] g(ihe hidirit Gthtealnmal pregpedred by ohiximgt gadglrethane (PU)
escribed in U S. Application No. 11/766,552, in. the

AMimwaxiF ashiyinedPatyeiatang)iie nethy %‘é@@@%ﬁ%k@ t6 f5im a 1:4

AP AR Ty L B3 R G

ARG FipRBY spirebyaling. NBtHu knoWni dethosiin e art, fos example,
i ncorporated by reference herein inits entirety.

dowtnPbiade, MeyrEFRAiTa@NIQwN Ar FupidiseaRbng. @ambRiasek Ahe

A, e R P55 GO G8 P BB g whicn
iHe SHVERINVIER! dvapelftad andithe InddtAk mdtéAal hardened. Alternatively,
transm ssion and haze of the PET substrate are shown

the cFidg earptakermlass inspreovén,eigoehartamperaturreol $@i for about 2
f&r ansm ssion was measured 10 using the methodol ogy in
4%t D1003. An aqueous di spersion of silver nanow res

was first th?é?%rp%ﬁe&thcmﬁgéﬂ'olr%@0in@@@éﬁdmﬁftivé@é;ﬁr@#ﬁt‘2@ PET

70nmto 80nmin'w a around8min engt'h.
sosteate (AgNUYWPL/PERS wais! thas forarexhi Tles condiativevayeraifdoe silver

o i Becobtoora STk Bl dgRRibio
AR PR st Mg ke chan i TibBPE! o 0

nanow r es Thesemisparint gohduttbewasdbgherdubjedied to a tape test.

under stood by one skilled in the art, other coatin
Msre spgaidisalbam 3Me§<‘éam®g @@ aghgsive ﬁqlreﬁ/waﬁtf'ém@daw e% to the

RS o RIBI e Al e e s a6 bE8iR ady ose
siRAnatRwiekavére reffovedalbhgivithabe tape. Aftet the tape test, the

i nteractions between the nanowires may affect the
dpticaliangt ¢lectrigalpropediessfitbe transpyrest cConduGianhware esasured

coat ed. hereafter,. cgated | ayer of silver
ﬁQﬁéW{%%’TMeaﬁhPWHL{%I%% by water evaporation. A
bare si| veRyRgapsf E6mphfisbn, & matheday fidfl was B%mad on a PET
"network layer', was formed on the PET substrate.

cALSVHBEPU/FEE ) Lindéer thessamanendifens as glescrikedabeye The
g%%gelljlrpergpgrst’iieg%Iigahtl?r\gﬁs%gsdlgr? rand Zaez_e %F\g tﬁé léF’e‘ctrical properties of
the PU/PET are also provided in Table 2.

As shown in Table 2, the matrix-only film on PET (PU/PET) had a
slightly higher light transmission as well as haze value than a PET substrate.
Neither was conductive. By comparison, the bare silver nanowire film on PET
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
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FBnemasen o Bitraspareicabaueirrsdoy bl erqastd the haze.
was firmy applied to the surface of the matrix and

then rempved, for exanpl e, I8ble&eling. Any |oose

silver nanowi res were renoved along with the tape
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and the gggsults are showgqign Table 2. 23GsBy wayndfconductive
conparison, a matrix-only filmwas forned on a PET

subst r ®UPKTPU/ PET) under 92B8e sanme condift88ons asnon-conductive
descri bed above. The opt|cal properties (|ight
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25 slAmghtabytebt gher |i ght srransm ssion &94wel | as hagk
varue than a PET substrate. Neither was conducti ve.
By conparison, the bare silver nanowire filmon PET

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 matrix, as described herein.
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was hi ghly conductive, registering a surface
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pﬂm@huéh@&themlmrﬁwwﬁdnawxmw ae & barrgy nslayedamw the

ngngq¥0rn5(ftﬂf %egatsransparent conduct or serves as a

EXAMPLE 4

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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of the netal nanowires can be further obtained by

I ncorporating one or nore corrosion inhibitors in the
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PCT/ US2007/ 081285 In the United Stat es, the anount of
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B, BBty 5 Bl St P Pl SEL SR Bt
H@%eﬁd?%?bb%rétﬂéﬁe@’@) RegEto(r)i tor the rel ease of
H2S fromthe egg yol ks. Figure 31 shows a typical

rel ease prSérﬂp@ dfwashprepaged gyaﬁrsb\umoraorgasngddﬁ\df/"/osz
HZS int

difjoftiadieade jha mavkirmeredpbREMERTdr gvedy oringdee
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bag gr eat Sampm pawmeprepheed by éist dipdig adiare sjjvarnanowire film
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\@r%ﬁ@'ﬂ@@” Qéaoﬁvév%g)fmhloé%aﬁwelezn MEEK. fil'weéwge ﬁph'@@ato dry
t
e PbEL iR i ¥ rieTKaEARLPeME (1 havin

Hsarlv%md&hilowambz@uebeen tarni shed and bl ack Ag2S vvas
formed. In_contrast, color changes in films of sil
nanowi res SAMPIE Guvas Ihf&ﬁ)érﬁﬁaby f'f@t\lmp%r(ﬁt'nGtﬂs@Y/V%dOf acrolein

08 it etk R 1 4 o Baked y [d8aling B mayriy material on a
BQ:% sﬂ%FﬁEﬁbWﬁ@ fith. t he H2S gas. 20 EXAMPLE 4
TI ON OF CORROSI ON I NHI Bl TORS The foll owin

sarrpl es of Tbemtlcallami elechmal/\erlo@erile@da‘rthg Samples 1-6 were

oSt rgéd‘ 9 aga gﬁe{ %hiqﬁ;}%%@@te%ﬁc r St ttérflsI described in
ES%Q id Ba%gergseimé Bréagﬁamtramhee@@m agIbAlB20Ner
I nco porate uring the preparation of the
conduct i vengdrerﬁZASﬂmWse&ne]hght tranemjasigramedsarsroents 10f
to the nethod descr.i g
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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herein. No corrosion inhibitor was present. Sanple 1
was a conductive filmof bare silver nanow res.

W@G200p06028 was a conductive filmof silver nanoRET/ES200TI081285

a 30 polyurethane matrix. 83 WD 2008/ 046058
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BRSRE1 o byPSpHHIE HAPRoS LA U kiR 37 Uicdistances

ahd BffetthieRtdbégathe non-cordRictive dithoaghahe BhEdEN thd déyradation
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ipestlectstahppadieswasesighifigantiadeleyed forsome spapées. byample 4
anow re fi.l
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by coating with a matrix material PU MEK (1:4) having
Hadthevsaroe odirmoliont inhibitbagdithinthibBizzalg)l dhis inapligsrtbphithed
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Ao PSSR R ISECIVe BesEatAIONEN coudeiny inhibitor
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thertd,S treatmerdcnoe? 4 heusnafteafthe H,8rreatmeinér kRbepukd@Se of
treatnent, as described in_ 20 Exanple 3. The result
GRTBP3NRANH the change it ifn@',zee‘gseaﬁfasg%gfe IS gar sr%f%@%l- Rl the

: . S _ .
SHEBel HouI Rt RRITRESIRTRIE. S FRIBLRbton o
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decrease of Iight transm ssion for each sanple is
eacfpolyPamRas. 2-Prior to the H2S treatnent, all of the

sanpl es we 0 0 | gal V] :
Taht v arGaT B AR iR o G0 B8 Do vERl n R n
WRkstan@ingtthe coFosiveadygas.. BelihcatpotdiingInarbadsidAviehibitor
experienced decreases in
(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 H,S. 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 3 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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In each trial, the network layer was rolled 5 times. Thereafter, a

plasma treatment was applied to the network Iayef. 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.

As shown above in Table 3, application of pressure to a network

layer by a roller can reduce the light transmission of the layer and increase the
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network | aWarshm@ﬁterﬁeStbv%H?wﬁﬁ s%gbearnde\ﬁgﬁr without rolling is also

effective at improving the conductivity to some extent.

Following the pressure or washing treatments, a matrix material

can be coated as previously described in Example 2.

EXAMPLE 6

PHOTO-PATTERNING OF CONDUCTIVE LAYERS

Figure 33 illustrates one method of directly patterning a nanowire-
based transparent conductive film. In this example, a silver nanowire network
layer (“network layer”) 726 was initially formed on a glass substrate 728
according to the method described in Example 2. Two holders 730 were placed
on the glass substrate 726 to define an area 732 for matrix formation. A photo-
curable matrix material 734 comprising a mixture of prepolymers was coated
over the network layer 726 within the area 732. A mask 736 was placed upon

the holders 730. The mask 736 was a glass slide having a array of dark lines
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roll is as listed in the second (first trial) and
third (second trial) colums. Variation in

WO eaReM0SESi on and haze for the second trial i SPEEUS2007/081285

listed in the fourth and fifth colums, respectively.
As shown, it was determ ned that the 20 conductivity
P38 bhabogtt 5001k Mager Thé neatdk nateeal was thercirmediaded bpder a

appl i cation of t f . .
it oS for 301 seeands e ERPoRAG ) U indhg gegions
[ I i
BRI o B S Wi LR O B04E8 bl by e
a9%8ie46058 PCT/ USZOO?/ 081285 haze. As shown in Table

4 bel ow, a_washing process foll ow the pressure
t r eat nent E@N%B&\ﬁ showirmages ﬁfeatﬂ%g ainsA canguctive layer

WERIC e BBy Shobie FILED 334 9GS coﬁ%% ReSIFLras)
MeQ%@e@@ﬂér 6h8t6-c@nrf§)0(15x§ @1841@htﬁlre9463 718, \ﬁa§ e%osed to UV
soap & water wash Ar plasma 24 85.9 4.81

Hsradmtm;nawd cwretabhe dfark@r;mgloc\aﬂdowaarnq\ﬁ*@gsfmr@ the light
net wor

SEASIS A R B BRI Be E8 By i 40
ol 'erthérUéJtﬁ%&eﬂ % Hﬁeeﬁihteaﬁlé thg8%r fartéalﬁyﬂ(ﬁlsﬂ'ééln@'h@ to remove

I ncreased t haze of the network [|ayer. Washing the
thet wazured ayatrix wiatbrisloany thedhamvéresanttibe unheredarlelg 744.

10 h
e Wl
éélg,p e°‘ b@fédar'é ?‘ﬁé&\‘snﬁu%‘ fgMeE WRINkthel dritured

ter wth gis effective at

re‘gw@vnng Athﬁghmnﬂa@mfwatton (Fagwesﬁ4®<aruhﬂ4DFBOX)owtnqag| be
the pressure or washing treatnments, a matriXx jmat

obsenad teatdhatuncurad adian 644 has adower seacwaés@a |f@n9W'feS

FE0LP o Pl 4P TR BOMLe! 5T o e pary T T 0ures 348 and

BAFY§OM)NAt WaBdMeér sbserved that, following the adheswe tape treatment,
the concentration of the nanowires dropped below the percolation threshold in
the uncured region 744. Electrical measurements using fine probe tips showed
that the uncured region 744 was non-conductive.

As an alternative to removing the matrix material and nanowires in
the uncured region using adhesive tapes or tacky rolls, a solvent may be used
to wash the uncured regions. As shown in Figures 35A-D, a conductive film
750 was prepared as described above and exposed to UV irradiation through a
brass aperture mask. Figure 35A shows cured regions (conductive regions)
752 and uncured regions 754 after being washed with ethanol and wiped.
Figures 35B-D illustrate, at increasing magnifications, the contrast of the
nanowire concentration in the uncured regions 754 compared to that in the
cured regions 752. In the uncured regions 754, most of the uncured matrix

material and the silver nanowires had been removed by the ethanol washing.
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based transparent conductive film In this exanple, a

silver nanowire network 20 [ayer ("network |ayer")
wWa298ma®ss nitially formed on a gl ass substrat ePGRBS2007/081285

according to the nmethod described in Exanple 2. Two

hol ders 730 were placed on the glass substrate 726 to

Reetorratiaininpdhereforeiypduegs candusitivaregians AngHmnpconductive

tri rjal . rising a mxture of
%ﬁL%%%@b%é?%%?jh%%gpgﬁ‘%g" network | ayer 726
within the area 732. A mask 736 was pl aced upon 25 the
hol ders 730. The mask 736 was a gl ass slide having a
array of dark lines 87 \MXAWbSE046058

PCT/ US2007/ 081285 P738 &f abou&. 500mw de. The matrix
material was then T7?Su~REER BEMUHL\T'%X 5000 | anmp

for 90 seconds. The matrix material cured_ in the
regi ons ekpplix materadesaabed hFxa®plg ¢ GAn befoirpulated by
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fupgesnal Weegateanondinet fdr frepolgAErpand Bt (aseoRd phetumitiatr.
conductive film740 imedi ately after photo-curing

RABy pcryigie monrgners erayepalymegs &as hexirsse gUEl as\gpoxy acrylates,

' di at.i. d d. .The dark ' 44

RS SOl Pty 2Ll P e iUl A8 Taury acryite,
metRicrabtdshahgtile Wes. ARG WiRE-fusiRAEEaENRIté MdRoMS

was further subjected to an adhesive tape or a tacky

prepblymearitar be usedriomyomote the fonmatien ofratarosslinkingrpalymer

RS R M R RE R
i LA i: i ;
EBRESRLARIdalte, HSpHINAI dBSOREPITR R (5,

thingdtylolprgparie triachdate( HippntaesytBuyi®] pedtl4Crylt6x Anyi t
can be. 15 observed that the uac_:u_r_ed re%}]&& 744 hgs a..
pReteinitiater: £ 9XAMRIR, KHORE eRpd dutiators ¢ 8% gopecific

G538 A5, B A 124 O PORELGBh A BROSr 1s,
d-blydenyrketdhes, aimaiates, treophead mas ri-amitdi Retones and the like.

concentration of the nanow res dropped below the .
Mere spegifieally; afasiiairing farmuladion sanlegpiepgrashby ggmbining 60%-

i . fi i
el e ERG Y EE Thre Johmel B Bicahe tiREy g ¥Rl about
59 @ibbargiiurey 540 removing the matrix material and

nanowi res in the uncured region using adhesive tapes

or tacky r@thes additiveswentberagdesbtagrhpnoeghaesability@nd/or
ﬁr@%ﬂc{}%?h%é%?&ﬁp Fihe HOME LRy B IRESSwimadY Por &ample, 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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irradiation through a 25 brass aperture mask. Figure

W8 05% cured regi ons (conductive regi ons) PGBESANT081285

uncured regions 754 after being washed with ethanol

and wi ped. Fi g_u_r es 35B-D illustrate, at increasi n8
and e ikeat A agdditional plagtoindiatonsuchhas Cienlsgaeuse OXEU1 can be
@o C(rent(rja(%i on in the uncured regions 754 conpared to

i ?H the cured regions 752. In the uncured regions

754, nost RéloWEreUBaHEREMPBRIrY bloRcurabRY forhuRitidnt l3Gitable as
silver nanowi res had been renoved by the ethanol

thaghatiiy. maggialnmseD dethisiexB8pleCT/ US2007/ 081285
Phot o-(grat 'ni ng therefore produces conductive regions

E te
and noAYA ive region according to a

predet er m pe Ha dk |§31,9|\4ng 7 PHOTO CURABLE
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functi ona|1°é£4q)fe§_t .Hﬂmﬁf E&%ﬁ'ﬁ#‘@ﬁ%i?}%&j and at
| east one phof thkblia&ﬁtgbiba ﬁ*ﬁéﬁn&?w‘l CargPNOMer s or

e used, suc

prepol yners can as epoxy acryl ates,

mor e speci 49stidtyinitiatat (Qihdn ysturecrsg)at e,
2- phenoxyet hyl acrylate, |auryl acrylate, 10
net hakkeyndeden 2and the Iike. Any nuiti-functional

acryl ate r ry can be used to

pr onot e t@'g%e%héﬁgﬂeﬁl%g%%{%gsl i nki ng pol yner

net wor k.  ExgoaRtigfethsibrsisane trigekyiste ¢TRPORQne
triacrylate (TMPTA), tripro él ene glycol diacrylate,
bi sphenol -Wooa@ﬁsprap@,mqiebtﬁ Wilgueat A3100);
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pent a- acr y¢'§$£a%?%'q@%gh¥qaofrﬂ?'?(?)&t?@ﬂ?fﬁf GI exanpl e,
ket one basegdy, hRbidiRfiSoP Ci%ﬁﬂrd%%u?é?%) Speci fic
exanpl es include: C ba frgacure 754, phenyl ketone

such kerntlilbbon Bgacure 184, a-hydroxy ket ones,

gl yoxyl at e zophepone, a-am no ke nd the
e or s dtmoenieng ot et HPS B at i on
can be pr g.ﬁr@' ' 9 9 “ml hexyl
acryl ate, e%&&%é@ghterl %P@yqéglleggg/%rg%ge/‘t(ﬁ acryl ate and

about 20 £%%igimtdingiatar(€ibtbhgacireetd4addi tives can be
added to enhance the stability and/or. pronote the

adhesi on of-Oheapi@rdant{danetioxwehriall es. For exanpl e,
an a,glmlgﬁorpﬁormter (e.g., silanes) that pronotes

t he coupling between organic
68% 2-ethylhexyl acrylate;

20% trimethylolpropane triacrylate (TMPTA);
1% adhesion promoter (GE Silquest A1100);
0.1% antioxydant (Ciba Irgonox 1010ff) and

' 5% photoinitiator | (Ciba Irgacure 754)
5% coinitiator (Sartomer CN373)
1% photoinitiator Il (Ciba Irgacure OXEO1)
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matter and inorganic matter can be used. Exanples of
the sil ane-type 25 adhesion pronoters include GE

w®2lognenss Al 74, GE Silquest Al | 00 and the PERES2007/081285

Ant i oxi dants such as Ci ba Irgonox 1010ff, G ba |Irgonox
245, lrgonox 1035 can be used. Mreover, additional
or co-initiators can be US$AMRLEBorote the

ef ficiency of the pho | es of

coinitiator can incl uh@“@k{)k@%{?ﬁgﬁ’wem ary am ne

acryl ates, such as Sartorrer 73 371

ONBBG 86 Wb nROIG R SPET UKo WASIBTYS e Chibining about

t | o
0185 B AR O ORI B Pt RS %, Zomt
ESOmMO@a)d Riveu0991558P) at.featerl Akizpnisitialisiepbba HBMCQ $teck
matrix material used in this exanple:; 5 Fornul ation

gojubion wasyarapaiad. A gmeust obpelaridaivel Fﬂ/@*@ﬂ’lﬂr%%é)ﬁ&e total

SRS IBNR GTibilis qidaghtil\Gab BibdRuOY EakePand heated to
B&Wefn) 8@ Had@ 849 RA RbIHItE AEoUGRIHRMO @AREKE 0/5%)wt.

Formul ation 2 73.9% 2-et hyl hexyl acrylate; 20%
HHM@tsbmtuohpmamad@ed ta therwater endﬂwm;platema»s tned offn The

MR, = gt miglcs wes Stire0d0 i 1 FERRy: (hef@aindor of

r Ot
e i sppsmh o shs:

HPMC spluioe a(nH\EtT#éd atitigh RPNkfohatv@itrdQ min.ol h¢ EIRMC solution
RO IPER) BRoUorbadADANaY PyTaRap s Pgmnal CUBEetagUre fiterto
Frhd%d IXGSbREAREE ahd b@ﬁfdﬁ'la”lé& NEMPA Alock solution of Zonyl® FSO-
100 was prepared. More specifically, 10g of Zonyl® FSO 100 were added to
92.61 mL of water and heated until the Zonyl® FSO 100 was fully dissolved.
The necessary amount of HPMC stock solution to make about 0.08% wt
HPMC solution in the final ink composition was placed in a container. Then, the
necessary amount of DI water to make about 99.555% wt. water solution in the
final ink composition was added. The solution was stirred for about 15 min. and
the necessary amount of silver nanowires to make about 0.36% Ag nanowire
solution in the final ink composition were added. Finally, the necessary amount
of the Zonyl® FSO-100 stock solution to make about 0.005% wt. Zonyl® FSO-

100 solution was added.

EXAMPLE 9
ACID-ETCHING (1)

Figures 36A-36C show the progression of etching and the final
pattern formed on a transparent conductor sheet 758. More specifically, a
conductive silver nanowires layer was first formed on a PET substrate. A UV-

curable acrylate was deposited on the nanowire layer according to a pattern.
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25 1 % adhesi on pronoter (CGE Silquest Al 100); 0.1%
anti oxydant (C ba Irgonox 1010ff) and 5%

Wpbwsosass i ator | (Ci ba Irgacure 754) 5% coi ni RCEUS007/081285

(Sartomer CN373) 1% photoinitiator 11 (Ci ba Irgacure
OXEOl) 90 WD 2008/ 046058 PCT/ US2007/ 081285 EXAMPLE 8
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RRiy E80.ohhe é’é‘s%ﬂﬂ'%@?ﬁ digspdionpfithe nREgwEe laygswas evident in

RPM f or about 20 min. The
1ﬁ%l\%{aso lﬁ’?‘?}%ﬁ@d\/\&éﬁ% Illﬂ%terlr;(le‘g&t hrough a 40n1 70m
(absol ut e/ FigareabB shens thettapigpardritlcoaduétor shesmwe minutes
undi sol ved gel s and particul ates. Next a stock
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stock solution to nake about 0. 08% wt HPMC sol uti on
ﬁransn%em eanducti sheepwvithtwatar.wabe pr@tee@du areg 760 remain

LR, ORoR B e paNaIT i red T e MR goRiced area
ymcgﬁ%@%h%p&ﬁé@s added. The solution was stirred

for about 15 mn. and the necessary anount of silver
nanowi res to make about 0.36% Ag nanowire solution in

the final ink conpositio r dded. Finally, the
nefefsarytanDuEt gf :hegaéﬁgF%Eﬂ gSC>%?O)nggk 100
solution to make abou ) nyl (r

sol ution was added. 25 % NEUEWBG( y

Figures 37A and 37B show the impact to the etching rate by using
a higher concentration of KMnQy4 in the acid-etching solution. A transparent
conductor sheet 764 was prepared and patterned as described in Example 9,
except that 10ppm of KMnQO4 was used. Figure 37A shows that the unprotected
nanowires were etched away within 30 seconds of the etching. Figure 37B
shows, in higher magnification, the well-defined pattern after etching for about
one minute. Figure 37B also shows that the area 766 in which the matrix was
present was not etched or disturbed by the etching solution. Like in Example 9,
the protected area remained surface-conductive after the etching. Additionally,
Figure 37B shows that at the interface between the conductive region and non-
conductive region of the patterned surface, nanowires are actually severed and

portions of these severed nanowires that, prior to etching, extended into the
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ACI D- ETCHI NG (1) Figures 36A-36C show the progression
of etching and the final pattern forned on a

wWaQ e@pop@sent conductor sheet 758. Mdre speci fiRBEI/U§2007081285

conductive silver nanowires |ayer was first formed on
a PET substrate. A UV 30 curable acryl ate was
m@@md@@lvsrregm reie@iehed awapr Intismaynternaining portions of the

Ve Wise e o i el el Py M pids pifEto etching

matri x was typically about 50nm - 300nmt hi ck.

Surface conductivity was detected in the areas
protected by the matrix &XAMPLEZS in the areas
unprotected by the matri éhe trazg par ent conduct or
sheet was then exposed AS'Da TERING g et chi ng sol uti on,
whi ch included 1 %INO3, 1 % NaNO3 and 5ppm of KNWh

Fi gures 36A tEansparem gendietar ahestavas ﬁ[ﬁr@reql ﬁéc%rfj!ﬂﬂ Wgthe

Rl RS, 00, BSOS Btwopsover

\%§ $&MmBd Pra ma!nﬂla%u pf a§d51ut0f4(1rih¢ tHieK0The @hkeay®whs \safface-
evident in the area unprotected b% the matrix 762. 10

wrgmo@ve@lvmca\sumfme tesisiiyjinoéaboy or sheet two

t t he et chi Mo |
nanow res Bupaonat s guAductYetrbRR PhERT s Shedtilas nen
SrRESEE by PV cS8orHRE 1{,lh1’iﬂ‘lltﬁ(t ThengRSWRES f/\/é% fuIIy covered

m nut es, aI | the unprotected silver nanow res
by the evarbeat amdino eurace chpdudtivity mepst dﬁectabmmwatseneglon The

nduct t t Th t t d 760
fecHl] WRGUCBRAETI3A roRpIeck SHTTARe QREUENS ol Ty our ed
matrix in yhe e%meg m?éoseﬁ\bg% Eé’ﬁé‘dalntg 8R deflefeing solution

further cured ETCH NG (2) FI gures
Z0ppan KNV, S%HN(D@ 1% NeNO$)dot deniatitehi Tige sheet ioys removed

using 20 _a higher concentratiaon of__KWMO4

aed ané@ré mltth%tsr and gied aindes Neflomanfhe @BH%%}?%*%%@W non-

ggnddé@i%prepared and patterned as described in Exanple
excépt that 10ppm of KWMnO4 was used. Figure 37A

shows t hat Iri the urteERcEatear as BADAW N Fguer3E; sthechamawires
within 30 seconds of the etching gure 37B

werefigaelvesdriai Solukle isiver &aﬁfedmltp-th@wm%&fttée fnatrix. This
B e BpnaPSilooh B of KIS b Gl o0
10ppm and 5ppm in Examples 9 and 10, respectively) can cause the
dissolution of the nanowires within the matrix. The uncoated area was no
longer conductive because of the corruption of the nanowire network layer.

The silver nanowires in the overcoat-protected area were
unaffected by the etching. Although no surface conductivity was possible due
to the thickness of the overcoat, a nanowire network layer remained underneath
the overcoat (Figure 38A).

Figures 38A and 38B illustrate that the transparent conductor
described herein can be patterned according to standard lithography method

using a mask, which acts as the thick overcoat as illustrated herein.
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present was not etched or disturbed by the etching
solution. Like in Exanple 9, the protected area

WO 2wws#®88 sur f ace- conductive after the etchi ngPCT/US2007/081285

Additionally, Figure 37B shows that at the interface
bet ween the conductive region _and non- conductive
regi on of the patterned MBEE YZanowi res are
actual 'y severed and ese severed
nanowi res that, pri or&& LJﬁé)FpéORf”N%;(%nded into the
92 WO 2008 046058 PC&'@J\?&OOW 081 %Z non- :
regi on, ogymersial g pr$ Wehescgigd dire Wilﬁé:onductlve
Hé’rﬁd\kipé‘ﬁlrﬁg the severed wires are shorter than the
original T'engths of the wires prior to etching.

EXAMPLE 11SaGipble EWas dNehiche bla%ktmaimlxpmtrecmlocf)ltmtsctksshown
sheet was prepared according to the nethod describ

i igsmaIA the(fa. § ancrks catar Siters wars alrRIR e aeliapieach other
2 B allfbehEOTBR ichs Iual® depkrat@orf bndpibtheld dyroove

780, fvaltieh pesvetits Vightytrarisnibsioh HedReen adja%ehEgixem adarmple 1 was
conductive surface area of the sheet was then

10
prtacsceandusiive in teedicesdionsif th grrovesiruaite khe metallic content of

BRI TRl Vil GRr it Bl e oL hO R The

JAMRplelREs ABt ¥iFdALEondiR QY BEERRithegiebwned surface

conductive. The entire sheet was then dipped into an
acid et ch| Ngnewlres werie coatgshdiraatyon the entirpim surfaee of
te. The s

SRRDIE 1 the baR & SSinel faraaingt surare SPrddictivera S Biregtion
§I6ﬁ§tth@§%%s% s S isuvRce IrBsibRRicE ¥ eBbadagcga, IﬁS

hown 11 Figure 38B, silver nanowres were dissolved
additios,dedaluse 2hé nanowiks wies poated ¢anfomaalbyn Ceean fFigure 39A),
matrix. This result i nr?| cates, t hat hi

h
sraated semple wes AR d&mﬁ%@@togﬁsgkﬁ@raovﬁwo and
%@&B@drﬁéc@é&@ Oaﬁée%f%%uil%o ggspectively) can cause

dissol ution he 'nanowres within the matri x.

The uncoat The aaaewireoating lhadditie effectort theeoplicabpropedies of
the corru tion of the nanowire network | a

samplg 1n Mg’r\éyanﬁm@%@%aﬁtz"/pa%%f@c@%%géﬁég\%r@mpared
TS8O D AT e T A0SR G48 Sty hagor thar
lainesaraple. ThaRainthe ROBYEY arhplesincireaged fietin about 2.7% of

the r(;'lglrr]mesatrrl:ple to about 3.5-5.3%.

Sample 2 was an organic resin black matrix with color filters
having a similar arrangement as in Sample 1. Sample 2 (see, Figure 39B) was
entirely non-surface conductive.

Figure 39B also shows Sample 2 coated with a nanowire layer.
The coated Sample 2 became surface conductive in the direction along the
grooves 782 and showed a surface resistance of about 56-76 ©/ . In addition,
because the nanowires conformed to the grooves 782, the coated sample was

also surface conductive across the grooves and showed a surface resistance of
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the overcoat (Figure 38A). Figures 38A and 38B
illustrate that the transparent conductor described

whezesosean be patterned according to standar dPCT/US2007/081285

l'i thography method wusing a mask, which acts as the
thick overcoat as illustrated herein. 93 WO
2w 8/694806580rerRliugudly sudacesesistapadPwas Treasuresk at pbyeRl 20-
%@A@NGS Commercial color filters were coated directly
' conductive nanowire filnms. 5 Sanple 1 was a

chrome bl agtieaiy the Mahdwie® toatind haglile difect lPBBMPIE 2. The
Fi gure 39A, the R Gand Bcolor filters were arranged

light dansmittanaeavas 87 % in theiceated sdmmewhersasiit was 2612% in
Rl -SSR Seribie; e SRl Rrebleona SibiarptBanine un-
dated §awmnht8rﬁésf§@3frorﬁ %%g.@ ¢ 2RRE UBbi£ 85Air Risze.

direction of ooves ue to the netallic content
of 10 the black matrix) and registered a sheet

resi stance of about 40 Sg . sanpl e was not
surface conductive acros W‘%E&@ves. Nanowi res were

coated directly on tBggreftd ng_tTgeAM,\ﬁ@ce of Sanple

1. The coated sanple remal ned surface conductive in

the direction along the grooves and sh d surfacge .
Fesi st ancel GnsRAsHE CadiR SR dera el Ehed pY Mg Riehing
BroReSRNPYbF RSetéRing, ARAr8lsSRBALESRIUCYor HatFSeert hi#idked

39A), the coated sanple was al so surface conductive
acnondingtth@ pattesi ¢ehysdcal snask ahpivaddresist umdsig @nd surface-treated

iiipe T ERRedregRne nCpRATEdito IO pBFPRIES Sblaafaserireated
Ao Y AR RO SRe R e BireC0at od

conpared 20 to 19.2% 1 n t un- coat ed sanpl e.
The coated sanple was slightly hazier than the plain

sanpl e. The haze in the coated sanple increased from
QEBQ&QU%_M_H S aski he plain sanple to about 3.5-5.3%

Sanple 2 ] ' ' i e ;
Fiiers niansfelndRihdut6e tahBlel ol ibbird byiniRtdning a

sivaphanawirs itm byl piri-eo3%i) (md&ﬁheﬂ&e;ﬁfﬁitidreﬂnbthod% on substrates
non-surface conductive. Figure 39B al so shows Sanple 2
ipelyding Rplygarbopate wlass ordReF, with desired transparency and

conductivity. The silver nanowire film was subsequently coated with Addison
Clear Wave AC YC-5619 hard coat (by spin-coating). The hard coat material
was baked and fully UV cured.

A mask (e.g., a plastic film) having a desired pattern was placed
on and in contact with the hard coat of the transparent conductor sample. The
mask defined regions (unmasked) to be etched. The unmasked region was
submitted to O, plasma or 10 minute UV ozone treatment for 10 minutes.

The mask was removed and the sample was immersed in 100%
Transene Ag Etchant Type TFS for 10 seconds before it was removed and

rinsed in DI and air-dried.
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The coated Sanple 2 becane surface conductive in the
direction along the grooves 782 and showed a surface
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the nanowires confornmed to the grooves 782, the coated
san‘pl e was 30 al so surface conductive across the
BinE\RNROtaieSiIS MAGKY a surface resistance of 94 WO

0 4R B i o

dotle§on. th&éﬁlv&ﬂhénbwﬁ&ﬁirrﬂﬁﬂw\b hard ea4t) NGViatiekpddddeto UV light
effect to Sanple 2. The ight transmttance was 27.5%

acrcqrdnegdoat@eﬂ@dmatt@mvmérmoneslstvamtemlmewntcsatm@sk The
un-coated s The coated sa s slightl
FEDAETO R pa LR T SIS o SR A e TRATec 3Nl Heghollowing the
groells deddfidcy e 4. 8% in haze. EXAWPLE 13 SURFACE
PRE- TREATMENT Transpar ent conduct or sanpl es were
patterned by wet-etching 10 process. Prior to
§tcging, the transparent conductor had been masked
ing to a pattern (physical nask or phot or esi st
mask) and .
Conpar od ¢4 FRaW SaRRIEET o 2 i RRE BrotbdB5 ogen

plagmapaic UV cxomauespestivaty, @&bn@@mtonmaﬂtlvbl(gﬁmrte resistivity)
rate. Using Physical Mask: 15 Transparent conduct or

Wﬁhﬁl&sms?g@ﬁw@@ B}/C@m%['?‘?'brtlﬂtli:@t%dd SamAla 3 remained
988 %Pgﬁ%eéke‘i%},png_ or ot her deposition

rncPudi ng Pol ycarbonate, gl ass

or PET, w S$AmpesH iRStiateda peocyseiof amdsibropatterhingiih which a
The silver nanowire filmwas subsequently coated with

diltied efchant was usede Fdowing en oxyaer plasana tregtment, patteming

gﬁag f‘5f q'tya L%)ng Et&grﬁ_&&ﬁgtg{%&e ai,s&k)? gé&eﬁ@gc’q Pﬁﬁ?ﬁjarent

mJ&oﬁNiﬂ%bﬁﬁgn@éﬂy‘ Lﬂflfbrﬁﬁépt@aﬁﬁﬁﬂ)erl%‘s anek believedttast the
h the hard coat of the transparent conductor

dliu’(pd eichEmd haarmelkdereﬂutmpaajlt casdyctonfibik agh-copdpetive without
‘%g The nﬁﬁked I‘\GN%I on was submtted to 02

W’QE elglrerfgvmg ELAWYESne treatment for 10 ni nutes.

25 The mask was renoved and the sanple was imersed in

100% Transene Ag Etchant Type TFS for 10 seconds

before it was renoved and

Sample 1 — pretreated with oxygen plasma

Total etch time Initial | 10 sec
0, Film Resistivity (ohm) | 66.4 | infinite
Plasma 2 pt Contact o
Treated Resistance (ohm) 70 infinite
Film % Transparency 87.6 | 90.0
% Haze 2.33 1.10

Sample 2 — pretreated with UV Ozone

Total etch time Initial | 10 sec
uv Film Resistivity (ohm) | 63.5 | infinite
Ozone 2 pt Contact
Treated Resistance (ohm) 60 1100
Film % Transparency 87.8 | 90.2
% Haze 2.33 1.10
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rinsed in DI and air-dried. 95 WO 2008/ 046058
PCT/ US2007/ 081285 Usi ng Photoresi st Mask: |nstead of

W@ 2eRYHiostal nask, a photoresist material can bRCEPEI907/081285
coated on the silver nanowire film (with a hard coat).
When exposed to UV Iight according to a desired
@rﬁ%g?"&}w éﬂ‘gatore& st material cures into a mask.

ransparent conduct or sarrpl es can be surface

hao 5-06eSS daoceri-bad
TS

eat EtmResistiviydahmp| 2874 5n90-Ov oﬁ@r?;’ 130.5 | 234.1 | 473.9

hove: Foo Jof SR imtang.t g {18 s T 27528 T4 [°Fin T 6min
pretr

Umisqeted | vel 2,ptGeotact non duct4 i mi
r d8inst i Vi RepistarBeighrh) n 1gﬂsle(:o 1+c9$ of (gjzochi ?1(500 |n6000 | ™

conpari sony, Trahdpaedreyd Sangr.g 3 sEOBi ngrlocondgotijves.1 | 88.2

after 6 M NUTHEY etCNiNg 2gSaNPhE 4 blobUSTBBES 2.00 | 1.95

|8 chbb UI IILVARSL JI € pat term Iy T1TTI VIII bll d orrutea
| I owi ng an oxygen pl asna

se
5 ?ngn'f ﬂéﬁ?gﬁﬁﬂg usi ng 5% Transene Ag Etchant
T\/np TES created a nm‘tpr ned trnncnnr ent 15 conducto
W|th subst’éqtﬁluemwnﬁmf 'mt@btu%ﬁ'ama) ndPseeg 190 secq
el evieFilhResistivity (ahin)ut edb%t dharfis.Sas | nfiniter| e dnfinite
r/‘aﬁgpar ent2 plooshigdtor fi on- coréguct jve. v¥| t h?L#I .
E?H? telaegiggmg(@gml)he nattowi|r es 220 “lﬁ&% | Infinite
PPeYeaT €9, WahEpXNGEN D! 87,68 | 10TgH 3 €T ¢Ngy gt Igg.bl a

) f\ A

10 sec—92 rb&_:ﬂré-'blbll ?ym gty 4 ||48|§||! ‘,}, 40

D| asg 2 h'l‘ act 70 1 e at b ol

AT VU LIA\>E= ) | \JL MIIUU

(ohm Fil m%Transparency 87. 6 90. O Haze 2.33 1.10
Sanple 2 - pretreated with UV Ozone 25 Total etch tine
Initial 10 sec WV Fil m REAMPLEITy (ohn) 63.5

infinite
INVISIBLE PATTERNING

A suspension of HPMC, silver nanowires and water was
prepared. The suspension was spin-coated on a glass substrate to form a thin
conductive film of silver nanowires in a HPMC matrix. The conductive layer
was optically clear, with an optical transmission (%T) of about 88.1% and haze
(%H) of about 2.85%. The conductive layer is also highly surface-conductive
with a surface resistivity of about 25 Q/0.

Thereafter, a region of the conductive film was treated with an
oxidizing agent, e.g., a bleach solution having 0.5% hypochlorite, for 2 minutes.
The treated film was then rinsed with water and dried in a nitrogen atmosphere.
The treated region of the film showed substantially the same transmission
(89.1%T) and haze (5.85%H) as compared to the optical properties of the
untreated region. Figure 40A shows that the treated region 820 and the
untreated region 822 are visually uniform.

The surface resistivity of the treated region, however, has
increased by several orders of magnitude and become effectively insulating.

Further magnification (100x, dark field) of Figure 40A shows that the silver
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WQRoB8NE48058 PCT/ US2007/ 081285 Sanple 3 --

Ozone 2 pt Contact 60 1100 Treated Resistance (ohm

Fil m% Transparency 87.8 90.2 Haze 2.33 1.10 96 WO
UNRCEES2D07/081285
10 sec 30 sec 60 sec 3 mn 6

mn FilmResistivity (oh 57.4 90.9 110.2 130.5
rmmmresme@ brgken @gweate dkply tohavadieencconveteddo@niingguble

38
W gsbitho g %S%%Qégw‘sigﬂoz oy -8818% Hates )
2.00 1.95 ASaRmmdAishn; FRjUreYe shiowWdd silvitrino@lirbbadate
Initial 02 Plasna 10 sec 100 sec FilmResistivity
c(mdu)ch%flmtmat Iweds ieatediwith a|strengep/am@ nz)rptcoccamta@tted
hant ce 60. 5 mte I i,Ni
aﬂg&g SRR EmgPbe@Xide: A8 shavagngho (EEASs rogion 824,
Al Fxhé- %owﬁ%@“&ﬂdﬁh&%r{;&l‘(b%ﬁué Hé?rﬁé\‘é\@séolved The
ension of HPMC, silver nhanow res and water was
cpnteqahpmherﬂ'é&elnsthe feaded regiars 824 iamddbatuntreatedaregiars 826 are
sub rcf\& forma thin conductive filmof silver
Q®"h a HPMC matrix. The conductive |ayer was
optl cally clear, with an optical transm ssion (%) of
about 88.1 % and haze (%) of about 2.85% The
conductive |ayer is al SOENAQMIPMES%rface conduct ive
Wth a surface resistivi

Total etch tinme Initial

AN

> PM of about 25 Q@ ~.

Ther eaf t erA SHSP%@ﬁ'@"ﬁ opHRME. sibyed @@PPWEeF |alnﬁ1Wﬁ§r was

. L | | _
PR e SR s st ARl oo Glass 3Rt fomea thin
édrﬁﬁtfcﬂde filrh oF mrtmvwe@sle@ MPMT Widtex. TRE cahdectivierlager
ni trogen atnosphere.
was optically clear, with an optical transmission (%T) of about 89.1%, haze
(%H) of about 3.02% and surface resistivity of about 45 Q/0.

A region of the transparent conductor was soaked in a TCNQ
solution with acetonitrile (ACN)(0.5mg/ml) for different amounts of time, rinsed
and dried in a nitrogen atmosphere. Table 5 below shows how the
transparency, haze and resistivity of the region of the transparent conductor

exposed to the TCNQ solution varied with amount of time exposed.

Table 5
Before Soaking 10 sec. 20 sec. 60 sec.
%T 89.1 89.3 90.0 91.3
%H 3.02 2.36 1.74 0.53
Ohm/Sq. 45 112 1700 Open Circuit

As shown in Table 5, the change in resistivity of a treated region,

with relatively little change in optical characteristics, can be controlled by

changing the amount of time treated region is exposed.
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The treated region of the filmshowed substantially
the sane transm ssion (89.1 %) and haze (5.85%) as

W@0pas®e8 t o t he optical properties of the 20PCT/US2007/081285

untreated region. Figure 40A shows that the treated
region 820 and the wuntreated region 822 are visually
uni form The surface resEXAMPLE 16f the treated

region, h ver, has _increasged, by, several d f
magni t ude LRICHRNGSE TepRIVEY GLe yerIRTedaT Y i PRer
EBHIRYIEH SRpleling dDthe dhikichl @ded toGtedtitBe rr@goié%fah@r«w

that the silver 97 WO 2008/ 046058 PCT/ US2007/ 081285
nesistivity.eA trasspaberdlcenductingesamplekway prepdiad @sisiesgribed above
converted to an _inspluble and insulatin i

SRS 451 afouien gF Ingsqeeld Was Soaked g aSlubiet pf RBIAcO).

m%\{ Wﬂg/{ﬂ)&l‘i{ ﬁ:ﬁ/ﬂﬁ\ﬁéﬁ\ﬂ%n@ @fgfrrYér TR8RAMJIE WRRREN rinsed

s treated wth a stronger and
e with AN tanelt drib dbinax hitiogien gatimgsphere3 OPatiy érlmajew shows the
peroxi de. As shown, in the treated regi on 824

AhANgsT iR CaAAIAF By B EREPBTEgN A CHIMS) FRETTBR Ahds a
PRERGH SEtie ARGupfE e LBl WES ehdladdiftd e Xcidton,

different. EXAMPLE 15 10 A.Is nsi on of HPMC, silver

nanowi res and water was pr d. The suspensi on was

spi n-coated on a glass substrate to forma thih
condpctive flidg-08oinkgMer 1NFAOW |r eg4 hfh. @ HPNEARL T | X.66 min.
The penduetirve—tayetr—v opttcatty ctear;—wth—an

opti cal wirr ansm ssg.on (9d) ed.4about 8921 % ha&s& (P4 88.5

of apout—3.02% and surflace resistivity of| about 45
S2/ 7| 1%HA rlegi oA8df tHe t 28Aspareng-8tonduct 8%was| 256

soake%i a|TCNQ_,sol utlion with [acetgnitrjle
(AN Bt ) £55r it or dtle anbunt ot time S inbed2

LI B B > LI

and dried in a nitrogen atnosphere. Table 5 bel ow

shows,h r , insd Wl
the rASTbiTaRe e SPRAERN o BT Ao A LHidft He
fdamstil/ g0 gxporedweyiondchirigesanitiutimeafant varg deppodiad.on the
20 Table 5 Before Soaking 10 sec. 20 sec. 60 sec. 9
gienicgbthe regian 9eXPOSefid 02 2.36 1.74 0.53

EXAMPLE 17
PHOTORESIST PATTERNING METHOD
A silver nanowire dispersion was prepared consisting of 0.2%

HPMC, 250ppm TritonX100 and silver nanowires. The dispersion was spin-
coated onto a substrate and baked for 90 seconds at 180°C. This nanowire film
was then spin-coated with AZ-3330F photoresist to make a 2.5um transparent
conducting film. The transparent conductor was then baked at 110°C for 60
seconds. A photomask was placed in contact with a portion of the photoresist
layer and the transparent conductor was exposed to light for 20 seconds at

12mW/cm?. The conductor was then baked for 60 seconds at 110°C.
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Ohm Sqg. 45 112 1700 Open Circuit As shown in Table 5,
the change in resistivity of a treated region, wth

wo 2i0ansesd y |ittle change in optical charact erPGL/US207/081285

can be controlled by changing the anount of tine

g O IRl PO ovoiper, e

arebspin dint yThd canductart wes thari exposey talTeandene silver etchant for

RSt b P oo Eesh HasdnaelivoRh i
AGREHE! TAE tRATERRFNRBNRLERANWE GVeréliied MitdPahsmerEXB5-39B
exanple 15. A region of the sanple was soaked in a

atd.o% dilutioh IPAGIIE)and thed ouddd far 4fgmin.)atf180°Garifientgsulting

t foti Th I t. ' i
RTAMSARRREN CEMuriar BRd POBEAMATBLpErim 1y Plimy Larger
W iRBVBtHSavecA18h BReh bR hbE kil SHARAE RISt HindGther

(transparency and haze) and resistivity as a function
pdtterhiegameiods siisaosas hereins angn exanaplee liprrwédths drommd Oum to

SHlith a8 1ok (G0 Gu S 30BN o8 B 5 D 5o

2.82 2.81 66 2. 56 Sq. ,51 47 58 173 19 / L
i1 ust s ar & B8 gl e its s deld gplai gubiations
l\?mrgt) Kﬁ{t?ﬁ%e%é)hﬁﬁﬁdrﬁ 'fczrgpgn;géltehﬁ? &8 eﬁ?@b&}&aﬁﬁ@é‘ 888 non-

an vary ng on the chem'ca
patghtpublicatians sefdrred to Irbthis@pstification ddimORESH Bthe
PATTERNI NG METHOD A sil ver nanow re di spersion S :
Mrrijsatien Qaia§®ﬁt,rﬁjedrﬁcqypmte¢+8@@m %dﬁ%ﬁ@ﬁ?@:t"&ﬁ?@bﬁnt"ﬁy-
and sil ver ' : ' ' i -
onto a subEOILTE SFepoii 3y SRSrEBalaRnal diofeR hecinc

dribadingergviof the invehéh have bben deperiberbhémeth furtpurposes of
AZ- 3330F photoresist to nake a 2.5pm transparent .
iostration, Ngriows modifications mayahbe madeonitiirutsleviating frm the spirit

baked , S .
S STt ATERRER 1 FRBHRTIE A RlnsRtt s
%%Sete%}g%%ﬁsﬁgjts@giwt conductor was exposed to |ight for
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12mN cnR2. The conductor was then baked for 60 seconds

at 110C. 99 WD 2008/ 046058 PCT/ US2007/ 081285 The
Wpbwsos@®ss st was then devel oped wi th AZ300M F PCT/US2007/081285

devel oper, rinsed and spun dry. The conductor was then

exposed to Transene silver etchant for 10 seconds,

rinsed and spun dry. The pGb&dW8si st was then stri pped

using Acetone. The transparent conductor was

overcoated with Polyset PCX35-39B 5 at 2.5%dil ution

in PGVE anfl t heq ngath6d cbRipriéingt n. at 180C. The

resulting patterned transparent conductor had a

| i ne-wi dt rfonhlrfgra)naﬁmmreanewcpnk]orLalsgbstratpathaemanowire network

line-w dt h I so heen obtai ned using photoresi st

Cé}mp%ﬁ'ﬁ%?pﬂr ye‘P MAYWHEShods di scl osed herein. For
l e,
Sopm have BAEINY EhiErik G The ARFbhRe nelbHk A08rdAgT Bbatiem,

thatpenttesn defising eafirsttegigrpbind at semondubgionaifitbe sanowir€.network,
pat ent applications, foreign patents, faorei at ent
wheriain Hig RAROVFRINBlYRrk ﬁatf@qfﬂrsgtﬁg'% SPTBASES %faég -OFptested
g, BBASRE SRS RO o3 S 3 camprisgs

tirdretefsenahdwirégidngent i rety. Fromthe for egoi ng It
will be appreciated that, although specific

enbodi nentetcbingtthe ﬁaﬂ@éﬁpl neiwpE, whe@hy tb@s&%\pﬂﬂé@ted nanowires
ein for ur i,/ lustration, various

'Hgﬁ?f*fﬂeg‘e% ﬁ@e @Sﬂygg wi t hout deviating from the

spirit and scope of the invention. Accordingly, the

invention is not limted except as by the appended

cI ai ms. 102 WO Pl giedned 58cir@m/1ugheei helmagix mpngss one or

thod conprising: formng a nanowi re network on
@%%Beymf% the nanowire network conprising a
plurality of nanowires; formng a matrix on the
nanowi re network according to a pattern, the pattern
defini ng a3fir sThe ewthod ahdlaim Sewbertin ty matrof istfaly cured.
nanow re network, wherein the nanowire network in the
first region conprises matrix-protected nanowires,

and the nagow r?h@@ﬁ%ﬁﬁ&& of Ela rﬂel \ﬁﬁ&r%gﬁjtﬁeeﬁfa% is partially cured.

conprises unprote nano

5. The method of claim 4 further comprising, after etching and

removing the unprotected nanowires, further curing the matrix.
6. The method of claim 1 wherein the matrix is optically clear.

7. The method of claim 1 wherein the nanowires are

electrically conductive.

8. The method of claim 7 wherein the electrically conductive

nanowires are metallic nanowires.
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et ching the nanow re network whereby the unprotected
nanowires in the second region are dissolved. 2. The
wWOoreaoRo40s8 claim 1l wherein the matri x conpri SeBCDH£2007/081285
nore polyners. 3. The nethod of claim1 wherein the
matrix is fully _cured. 4. The nethod of claiml1 )
wher ei n t K% mat Fing methedipf claimy! whersin thesnamgydrerpetysuk is

. Ghal further conprising, after etching and
?@h(%\l}?r?gm%}he unpr ot ected nanowi res, further curing the

matri x. 6. The nmethod of claim1l wherein the matrix is
optically clear. 7. The nmethod of claim1l wherein the
nanowi res W.e Ehepathedpf glagnridubereirthesunproteaied hadowires

of claim7 wherein,the el ectrically copduct.ive
SleSsfedby Al RS hicraBrshg S Sotie: 046058

PCT/ US2007/ 081285 9. The nethod of claim 1 wherein

the nanowire network is optically clear. 10. The

met hod of t1.ai nThe wiethed of tlaem dBprioeredt e acidetdhieg solution

fa?t?] et ched bg/ ap aci d-etching sol ution conprising

WM EOTPTIZeS PIASPIIN REFTABRIFIAE ai m 10 wherein the

aci d-etching solution further conprises potassium

per manganate. 12. The nmethod of claim 11 wherein the

aci d- et chi 1@ solhé nwthod ofipiaim dd whergin thelaci@®¥tching solution
acid and about 1-10 r%m pot assi um pernmanganate. 13. A

100
CRITRGRES SOl 1 40% ALTaacanbeba 1-A)RRPEANRISIIAG:
6&’}@@&1&? conductive layer on a substrate, the
conaucti

ve'l ayer conprising a matrix and a plurality
of electrically conductive nanowi res enbedded

therein; placi gg a mask on the conductive |ayer to
define a nh¥kedAmegthed forpaiteiningrseeductivgilayer eamaprising:

etching the un ked reqj.on, 14. Th f '
131 ur t ner LR TER Ry B lavg pp &t Subtirahd 1 ooRbbtle tayer
comprising a matrix and a plurality of electrically conductive nanowires

embedded therein;

placing a mask on the conductive layer to define a masked region

and a unmasked region; and

etching the unmasked region.

14.  The method of claim 13 further comprising removing the

unmasked region to provide a patterned conductive layer.
15.  The method of claim 13 wherein the matrix is fully cured.

16. The method of claim 13 wherein the matrix is partially

cured.

17.  The method of claim 16 further comprising, after etching

and removing the unprotected nanowires, further curing the matrix.
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unmasked region to provide a patterned conductive
| ayer. 15. The nethod of claim 13 wherein the matrix

WO 200804d0§8 cured. 16. The nethod of claim 13 wWhEr/E52007/081285
the matrix is partially cured. 17. The nmethod of

claim16 further conprising, after etching and
removi ng tHe un %ﬂ@jh@dﬂOﬁalﬁwwweghenemmle@tupautgcctn@ctwe

058 PCT/ US2007/081285 18. The
rﬂ%ﬁ%ﬁes%r g’?‘gﬁ“?cl@a%&%?%ﬁ n the electrically conductive
nanowires are netallic nanowires. 19. The met hod of
claim 13 wherein etching the unnasked i on

conpri ses t®nt athe meth Oﬁﬂlﬁuﬁlaéth%@imﬁt ngrthgrunmasked

d h | 20. The hod..of cl
R FmPHEE S EPRT e RRRTL AT 1B a0 2 Gtdiag solution.

matri x and di ssol ves the nanowires. 21. The net hod of
cl ai m 20 wherein the acid-etching solution conprises
nitric aci20. 22Thd hethed bbdlaoh 1@lehenemlthm®1'eltchimgesolution

i d- etch| ng sol ution, rther conprises potassium
@% themadiix a’T‘EB'SﬁB VRSdNeNaRPWITRS13 wher ei n

etchlng t he unnasked region conprises etching the

matrix with a first etchant to expose the nanow res

in the unnzskedThepgiathod ahdaih 0i wigereirethesacivetersng solution
the unmasked region wth a second etchant. 24. The
CRINRGYL ORIt aGith 23 wherein the first etchant is

hydr ogen peroxi de and the second etchant conprises

nitric acid and potassium permanganate. 25. The

nmet hod of 23 ai N"TRS nmdiR6&bNclalie 2a00ksrein the ddy-@tching solution
optically clear. 26. The nethod of claim 13 further

fuotiner cempgises potassium grmagganate. unmasked regi on pri or
to etching. 103 WD 2008/ 046058 PCT/ US2007/081285 27.
The nmethod of claim 26 wherein the surface-treating

23.  The method of claim 13 wherein etching the unmasked
region comprises etching the matrix with a first etchant to expose the nanowires
in the unmasked region; and etching the nanowires in the unmasked region

with a second etchant.

24.  The method of claim 23 wherein the first etchant is
hydrogen peroxide and the second etchant comprises nitric acid and potassium

permanganate.

25. The method of claim 23 wherein the conductive layer is

optically clear.

26. The method of claim 13 further comprising surface-treating

the unmasked region prior to etching.
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conprises treating with oxygen plasma or UV ozone. 28.

A transparent conductor conprising: a substrate; and
w@2mendust i ve | ayer on the substrate, the condeCt/Uym07/081285

layer including a plurality of nmetal nanowi res and a

matrix, wherein_the matrix conprises a partially
cured pol yékri cThmmathed of dgim 2Ravhergitsingruitace-treating

OB oy PertortBRF o) Y RS "act v at e,

silicone-epoxy, siloxane, novolac, epoxy, urethane,

si | sesqui oxane or polyimde. 30. The transparent
conduct or . clAitianspargmécenduetaecempEsinghanowi res are
silver nanow w.31. . The transparent conductor of

cl ai m 28 V%gpégﬁﬁat{ah%nd conductive |l ayer has a surface

resistivitycehd@iRetaydliniHe QUbstass -the ¢ondligtive layer including
transparent conductor” of claim 28 wherein the

a phataldy iof enatalrandveraspand almatriy) whereig the magin campriges a
d%k/.il?e conpri si na: % transparent el ectrode; and a

RTHAMY pYrgdiRolapes ARl udi ng a substrate, a gate

el ectrode, an sem conductor active |ayer, a source

el ectrode and a drain el ectrode, wherein the

t ranspar en29.el ethe trdasparehtidersductq ofrckdim 28 efherein the partially
el ectrically conductive , nanow res. he devi ce of

34. T
Quraf mobdmenie Mmateral i aasirllyfused asndater slieonesergxyisiarane,

BB o Febak VR SRR PG c6 o crai m

33 wherein the sem conductor active layer is silicon
or organic sem conductor material. 36. A color filter
conpri si ng30. a Theapaparent semduater @f: clainp2 whereip the metal

ol or. | X on the transparent substrate;
@ar&o 'E%cﬂevszll\'?’%aé{'g\geg% ying the plurality of colored
pi xel s, wherein the conductive layer includes a
plurality of electrically conductive nanow res.

31. The transparent conductor of claim 28 wherein the

conductive layer has a surface resistivity of about 1000Q/0 or less.

32. The transparent conductor of claim 28 wherein the

conductive layer is optically clear.

33. A switching device comprising:

a transparent electrode; and

a thin film transistor including a substrate, a gate electrode, an
semiconductor active layer, a source electrode and a drain electrode, wherein
the transparent electrode includes a plurality of electrically conductive

nanowires.

34. The device of claim 33 wherein the transparent electrode is

a pixel electrode in a liquid crystal display.
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37. The color filter of claim36 further conprising a

bl ack matrix defining a grid around each col ored '
wW@2008046038. The color filter of claim 37 wher ePCI/Es2h7/081285

colored pixel is associated with a color. 39. The

color filter of _claim 38 wherein each colored pixel is

associ at ed®i t hThe geviaaof clainci3 whetsin te semiconpduciorpctive

T Iorfllter of claim
lg%%ﬁ &° ﬁrbga é§§§| %&Lﬁo%ﬁg‘%ﬁ)r 'lggte?%rt her divided into
two or nore subpixels, each subpi xel being associ ated
wth a color. 41. The color filter of claim40
wher ei n ea¥h swppioafiltescomssiegat ed with a primry

color selected fro R\, blue (B) and green (G.
22, “The- oot BanseaEl} SISt 1 36 wiher el 1t he

el ectri Ca'é}SlLﬁQIﬂgWEbk‘ﬁe@ XeW ér?éngj’éc?oﬁ'tﬁé’ﬁ‘énsparent substrate;
nanow r es e color Iter of” claim37 wherein

t he bl ack amaonductive Iaym'tcadelrllymgdhemhgahtycof coiredixels, wherein
008/ 046058 PCT/ US2007/ 081285 _44. A liquid crystal .

(Be oy PLINGIdes BLraty phAiEticals EPafugivg ndhowires.
plurality of thin filmtransistors, each thin film

transi stor being connected to a pixel electrode; an

upper paned7.conphe sologfikempdficiaim 8§ furtheraloonprsingebdlack matrix

the plurality of color pixels being connected to a

@erﬁ%aeﬂr@c@rpﬁﬂéeaﬁh&og)rﬁﬂm% crystal |ayer disposed
between the first panel and the second panel, wherein

at | east one of the pixel electrode and the comon

el ectrode 3gcl uties calopfilierdf dlainPB7 elreéini exrhl golored pixel is
conductive nanowi res. 45. The liquid crystal display

agsociaiednivith avbelpei n at | east one of the bottom panel

and the upper panel conprises a flexible substrate.

46. The liquid crystal display of claim44 wherein the

el ectricalgy Coﬂ%léb!oYﬁlt@r%Wélhﬁ% wrférélln@%h colored pixel is
nanowi res. 47. The liquid crystal display of claim44

agsacidted with aprimaag coloo ﬁeleofed: fremped éFi) ahlee(Bbdaed green (G).

the comon electrode is optically clear. 48. A plasm

di spl ay panel conpri ses:

40. The color filter of claim 37 wherein each colored pixel is
further divided into two or more subpixels, each subpixel being associated with

a color.

41.  The color filter of claim 40 wherein each subpixel is

associated with a primary color selected from red (R), blue (B) and green (G).

42.  The color filter of claim 36 wherein the electrically

conductive nanowires are silver nanowires.

43. The color filter of claim 37 wherein the black matrix is

metallic or organic.
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a bottom panel including an address el ectrode; an

upper panel including a display electrode; a plurality
wo@oophawst di scharge cel | s between the bottom PerES2007/081285

and the top panel, wherein the display el ectrode

includes a plurality of electrically conductive

nanowi r es.449. Aliguigl ciystal disBlsy HPMRIRENGof cl ai m 48

wh inth f. [ . .

e e BB R BB BT B9 Jeheiporg csen
tBlrefihT iraAsibtor Beltdisdrineetdiraoybies elceftodéhe pl asma

di spl ay panel of claim48 wherein the electrically

conduct i veamepped panel gompsisingea phualiwiof éslor po@lsithe plurality

008/ 046058 PCT/ US2007/ 081285 51. The liguid crystal
SRR Bl FOSRIFb IR RORIRN ElPCNBrEL B e | &
optically £|ig&f-crysal 1Byé dﬁgitaésédJBéMééh thelfast gHel and the
structure conpri sing: a bottomcontact; a

sanvindqahet twinergiraideast aneeobibietpxel ebettende arhtheacaromon

contact. o he sem conduct or di ode erein at |east
SRErate indidabon DERIRAT eIy CRBAVENYLATRIRIES el ude

a plurality of electrically conductive nanow res. 53.
The single junction solar cell structure of claimb52
wherein t4& tophetiidcrystal dipplag aff claiml &bwherein at least one
conprises a light incidence surface. 54. The single
¢fithedioiamspang! and thedinPee Panel gamerisgs? Hexikigshsiratene
sem conduct or di ode conprises N-doped silicon |ayer

and P-doped silicon Ilayer. 55. The single junction

sol ar cel 14t r UThelligui@fcrydtal dispidy foficlaner44 whemin thag
an undoped silicon l'ayer positioned between the

eledisically spnduadive nanputireg e Bilveipanayyirescon | ayer. 56.
The single junction solar cell structure of claimb52
wherein the sem conductor di ode conprises a N doped

first sem gpndughdliqlhigisystandisglay Bf dRpeUSRBEMAIN the at least
sem conductor |ayer, the first sem conductor |ayer

Tmbﬁtl;\eepixeii ajectrodenanid) the commantelestsedmts epfitaly cte@t: or
ayer.

48. A plasma display panel comprises:

a bottom panel including an address electrode;

an upper panel including a display electrode;

a plurality of plasma discharge cells between the bottom panel
and the top panel, wherein the display electrode includes a plurality of

electrically conductive nanowires.

49. The plasma display panel of claim 48 wherein the upper
panel further comprises a bus electrode, the bus electrode including a plurality

of electrically conductive nanowires.

50. The plasma display panel of claim 48 wherein the

electrically conductive nanowires are silver nanowires.
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57. The single junction solar cell structure of claim

56 further conprising an undoped sem conductor | ayer.
WGAN08/M4G088 t i - j uncti on solar cell conprising: BCDHUS100T081285

contact; 107 WD 2008/ 046058 PCT/ US2007/081285 a first

cell on the bottomcontact, the first cell conprisin

a first s commbews carsdispiay of Alsim donbersin display
%‘%@g‘% C%L‘ﬁ“‘%gi'gr%w cell on the tunnel diode, the

I'sing a second sem conductor di ode;
and a top contact, wherein at |east one of the bottom
contact and the top contact includes a plurality of
el ectricald3 cdhsingle juactionsalar ¢!l siinatureveempirisingae
first sem cgnguctortdi ode has a | ower bandgap than
that of tHEPOUREOMni conduct or di ode. 59. The

mul ti - | uncd semiceRloRttor diddePbn HEbEH cURRA dhd he top

contact is optically clear and conprises a |1 ght
i nci dence atopf cadactain theheemigbnhdugtandiodenwhetein at éddst one of

f claimb58 further conprisi.ng: ,one or npore cells
B AR Lotiach fncie, B anast R e BRI S S Sly
c%d?ﬁu‘cﬁ@e ﬁgﬁéﬁﬁés one or nore tunnel diode forned

etween each two adjacent cells; wherein each cell

conprises a sem conductor diode. 61. An
el ectrol um nescent device conprisin

: a bottom .
el ectrode;9%n elR&eingleuisnai: solar ﬁal?éwgwq gf/gaim 52 wherein
' e lLeat : =TT r
360 Lo} REoRREN] FloeF e seliifisc R i ifEEhar Lliéce.
wherein the top electrode is optically clear and
includes a plurality of electrical Iﬁq ) conductive
str

nanowi res.5%2. TitsiBpleiuneliamselas cehstraeiyre ef gaine bgiwherein
tgérf‘\gf’rﬁécz@@ hr:‘%iﬂﬁé %8&({5%{8%@ l\F—SBES@EiIiE‘Bﬁ %}}e"i‘lanldqy-ﬁ)ped silicon

layer.

55.  The single junction solar cell structure of claim 54 further
comprising an undoped silicon layer positioned between the N-doped silicon

layer and P-doped silicon layer.

56. The single junction solar cell structure of claim 52 wherein
the semiconductor diode comprises a N-doped first semiconductor layer and a
P-doped second semiconductor layer, the first semiconductor layer having a

higher bandgap than the second semiconductor layer.

57.  The single junction solar cell structure of claim 56 further

comprising an undoped semiconductor layer.

58. A multi-junction solar cell comprising:

a bottom contact;
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WD 2008/ 046058 PCT/ US2007/ 081285 63. The

el ectrol um nescent device of claim61 wherein the top
Web@snsoske i s patterned. 64. The el ectr ol um neBRCENS$2007/081285

device of clainbl wherein the top electrode is

screen-printed. 65. A nethod for patterning a ]

conduct i vea fiegj eell opripe ibottag contaetiheayfitsh @elg@ﬁmaﬂsmea first

| ayer qn.a substrate, the conductive |ayer conprising
Sae’ﬁ’&PPﬁg%Ct%a"’?enet work of electrically conductive

nanow res g fifRIdRMIctdIeiHRI first @8I treating a region of
the conductive | ayer to convert the electrically

conduct i vea secavd celsonithétunnehdiodegthensaeond cell comprising a
non- conducti ye nanowi res, thereby form ng a patterned

RSPAGSEVEONSRteT diRERLANtg a treated region having a
oot T ayer . .
Irst —reshgid 865%99%@'@%5“6%?%%%%@ eri@ﬁé BBtHAVESHa@ and the

second resistivit od of aim 65 ereln
tobecottard iadlides & paralityof etgxtricallyl goncluetive néowirés and
met hod of claim66 wherein the treated reqi orp1 an

d
wheteinthadfinsb g icondyetos dindehas allewer prnddapd aatth%tgqt}ethe
gé“t%?@;ﬁtén?'ﬁonﬁgt?gé‘ﬁdget hod of claim 67 wherein the
op

proper I'hcl ude optical transm ssion and
haze. 69. The nethod of claim65 wherein the first

resistivi t%/ in the treated regqlion i s higher than the
second reshSt i vIhe miftifunstignselaicedl of slaidrbhyhatein the top

it R SpHbatby el g soprizeS alRE RGPl flce?

conprises chemcally transformng the electrically

conductive nanowires to electrically insulating o
nanowi r es.6Q.09 Vi podis)unrsios soRcrellss etamoes hgther zomprising:

The nethod of claim7 i,n the treat] f
conduct | veoragEmER il SEerel FanUFATRY (8 ophf ety and
ggaﬁ,t{ggitggcaﬁ%w res. 72. An electronic device
including: a substrate having at |east one surface

relief feabneermand turnel diodepformet bedween cack tayadjacent

overlying the substrate, the .
cells; wherein each cell comprises a semiconductor diode.

61.  An electroluminescent device comprising:
a bottom electrode;

an electroluminescent material layer overlying the bottom

electrode; and
a top electrode overlying the electroluminescent material layer,

wherein the top electrode is optically clear and includes a plurality of electrically

conductive nanowires.

62. The electroluminescent device of claim 61 wherein the

electroluminescent material layer comprises phosphor.
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transparent conductive layer including a plurality of

el ectrically conductive nanow res wherein one or nore
Wh20084G08% are at | east partially contoured toP@TES2081/081285

| east one surface relief feature of the substrate. 73.

The el ectronic device of claim72 wherein the

subst rat e 63.ncl TRReslestrpluminesesnt devicel ofrclaim et whergia)the top

r her ebet ween. 74. The el ectroni c device

g]og&lé&g‘? %@%@Aﬁ% ‘ein the electrically conductive

nanowi res are netallic. 75. The el ectronic device of

claim 72 wherein the substrate is a TFT plane and the

relief fedidire The alegtralunainascent devige affcaigbdnaherginythe top

e\é\h dn the t rent conductive |ayer conformally
§arde ISe C\V?%nlpgnfﬁ%ﬁvi de an electrical contact with

the TFT plane. 76. A transparent conductor conpri sing:
. a substrate; and a conductive |layer on the substrate,
t he condudds.ve Aayethod fiar pattergingea pondutive yaysr aompising:

nanowi res,, wherein the conductive | ayer atter
such that TPring thesosauctive BSRECS @ sulslrals, the contlcive layer

éd'rﬁpﬁgﬁ‘ﬁ %%aﬁﬁ%bcé ?i"etv%r@ d?%@élﬁéél M CRES ﬂﬁﬂowwes

regil ons” of e surface of tra parent conduct or
@mnbedded thendingthde and a |line width betvveen t he
conducti ve and non-conductive regions is from S?mto .
50pm 110 Westngosreniengsthecay ve Jayet 3@ sonvert the,glectrically

L AIRGE BBbof BB YRR 1 robloL 8 RSN B RolBRE! theroby

f par y surroun

foRRMY 4 patteriidd comlutti a@m@r frluding éliﬁéa!éd eégioh daning/a first
wherein the netallic nanowires are silver nanow res.

registivity pad spaundraated rraien bavipgrpseeansgresisdiviyibst r at e;
and a conductive layer on the substrate, the
conductive layer including a plurality of netal

nanow r es, ggherehé nidiGod @f‘élb\rrh i6BahEReRt tHeScdrriucave R er is
such that first regions of the surface of the

optvadlpatemnt conduct or are conducti ve and second
regions of the surface of the transparent conductor
are non-conductive and at |east a

67. The method of claim 66 wherein the treated region and the

untreated region have substantially the same optical properties.

68. The method of claim 67 wherein the optical properties

include optical transmission and haze.

69. The method of claim 65 wherein the first resistivity in the
treated region is higher than the second resistivity of the untreated region by at
least about 1500Q)/ .

70. The method of claim 65 wherein the treating of the

conductive layer comprises chemically transforming the electrically conductive

nanowires to electrically insulating nanowires.
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portion of the nanowires at an interface between the
conductive region and non-conductive region are
wE2oeeds8 80. The transparent conductor of cl apPer/U92007/081285
including a matrix nmaterial at |least partially
surroundin the metal nanowi res. 81. The transparent

conduct or c| Bhermgthathet epim 7Ravherel thedreatgsilithe s
PN bty oo s S

i ncluding netal nanow res, wherein the netal
nanowi res are at or above an el ectrical percolation

| evel ; and/2.a shuelettronindpaceincludimgiuct i ve | ayer

t d ab the f t ot
Paver and 3 SERERtEdaving Sream e Sriedane! Babécentq
transpareny Vl\'lﬁﬁé‘ﬁé’r%h{ E@r‘ndtﬂ%@% Iéﬁ'd&@fl?iﬂg"fﬁé %'ubstrate the

nanow r es, ereln the neta nanow are at
tedrmparemte:oeidectlve layer pefudingaipuralitvef glecthiealb) cmmiuctlve
| east, one, of the first transparent onduct [ \ﬁ

| ayer
nANPWirgs ‘é!'é%f@l'fdoﬂ‘# ShERUE &YAN0 ﬁél?é?ﬁ'/ ast pagia V§°n¥0ur€d to the

%@gp% ercoat, the
%tﬁé%sﬁgjre ent over c%ﬂftega%§ 8‘8@‘%@%058

PCT/ U82007/ 081285 including a plurality of conduct i ve
particles at below the electrical percolation |eve

83. The toflith stheelecHepicievige ef claim 32 me@uthetsw@strate

ERAE podCrell & 4Gl Bitels e AR AAR AR BB R, 2

m xture thereof. 84. The touch screen device of claim
82 wherein the transparent overcoat has a surface

r eS| sti vi tf4.of Bue elegonicaisyive gxclaim fawhereimtbe electrically

hure comp ﬁ}ﬁt R substrate; a conductive | ayer
V%Haf‘?]\grgﬁﬁg‘? @"Cwherein the conductive | ayer

corrprl ses a first plurality of netallic nanowires, the
first plurality of nmetallic nanow res reaching an
el ectri cal 79er ctheaelestrohievdsvicesofcclaim 32 evissein thersubdtrate is a

B B AU B R e PECH R g
tﬁ}eqfa‘ﬂs rﬁfconeﬁf}g}té xé‘lfevef)fd'l&li)ﬁéoé@'tﬁhgw%e(b%\t/iﬁ@ an

ectr per co
electrical contact with the TFT plane.

76. A transparent conductor comprising:

a substrate; and

a conductive layer on the substrate, the conductive layer including
a plurality of metal nanowires,

wherein the conductive layer is patterned such that first regions of
the surface of the transparent conductor are conductive and second regions of
the surface of the transparent conductor are non-conductive and a line width

between the conductive and non-conductive regions is from 5um to 50um.
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86. The nmulti-layer structure of claim85 wherein the

conductive particles are I TO ZnO, doped ZnO netallic
WO 000046088, netallic nanotubes, carbon nanot ub&€BUS2907/681285

m xture thereof. 87. The nmulti-I|ayer structure of

claim 85 wherein the conductive |ayer and the

over coat affe opthelanspaesbeondgtorifciaim 76 inciyding a matrix

alet® HEBoStadsBlV S SRl R MBS nate MRt g Y

el ectromagnetic shielding conprising: 112 WD

2008/ 046058 PCT/ US2007/ 081285 providing a conposite

i ncl udi ng #8.pl uthe trapspedrenteenductoneirmiain €8 wheneindhe metallic
matri.x material; applying the conposite to a substrate
NANNEES YF sé'l"@f:"t’?'&‘ﬁ‘&'é%%ti c shi elngi ng; and formng a
conductive layer including the plurality of netallic
nanow res dispersed in the matrix material, the

conduct i ver9.ay ek tiaaspaigend cosdudtaceorprisingt i vity of no

more than 10852/ . 90, The method of claim 89 wherein

t he conduc® ﬁV’éStra&9e?”¢ s optically clear. 113

a conductive layer on the substrate, the conductive layer including
a plurality of metal nanowires,

wherein the conductive layer is patterned such that first regions of
the surface of the transparent conductor are conductive and second regions of
the surface of the transparent conductor are non-conductive and at least a
portion of the nanowires at an interface between the conductive region and

non-conductive region are severed.

80. The transparent conductor of claim 79 including a matrix

material at least partially surrounding the metal nanowires.

81.  The transparent conductor of claim 80 wherein the metallic

nanowires are silver nanowires.

82. A touch screen device comprising:

a first transparent conductive layer including metal nanowires,
wherein the metal nanowires are at or above an electrical percolation level; and

a second transparent conductive layer positioned above the first
transparent conductive layer and separated therefrom by a spacer, the second
transparent conductive layer including metal nanowires, wherein the metal
nanowires are at or above the electrical percolation level; wherein at least one
of the first transparent conductive layer and the second transparent conductive

layer is further coated with a transparent overcoat, the transparent overcoat
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including a plurality of conductive particles at below the electrical percolation

fevel.

83.  The touch screen device of claim 82 wherein the
conductive particles are ITO, ZnO, doped ZnO, metallic nanowires, metallic

nanotubes, carbon nanotubes, or a mixture thereof.

84. The touch screen device of claim 82 wherein the

transparent overcoat has a surface resistivity of at least 10°¢Q/ .

85. A multi-layer structure comprising:

a substrate;

a conductive layer formed on the substrate, wherein the
conductive layer comprises a first plurality of metallic nanowires, the first
plurality of metallic nanowires reaching an electrical percolation level; and

an overcoat formed on the conductive layer, the overcoat
incorporating a second plurality of conductive particles, the second plurality of

conductive particles being below the electrical percolation level.
86. The multi-layer structure of claim 85 wherein the
conductive particles are ITO, ZnO, doped ZnO, metallic nanowires, metallic

nanotubes, carbon nanotubes, or a mixture thereof.

87.  The multi-layer structure of claim 85 wherein the

conductive layer and the overcoat are optically clear.

88.  The multi-layer structure of claim 85 having a surface

resistivity of less than 10%Q/ .

89. A method for providing electromagnetic shielding

comprising:
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providing a composite including a plurality of metallic nanowires
and a matrix material;

applying the composite to a substrate in need of electromagnetic
shielding; and

forming a conductive layer including the plurality of metallic
nanowires dispersed in the matrix material, the conductive layer having a

surface conductivity of no more than 108/ .

90. The method of claim 89 wherein the conductive layer is

optically clear.
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