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

Thi s appl iﬁ%yg eﬁ@s inms the benefit under 35 U. S . C 13%%)12%82%7/0%%62:

Provi si ona plication No. 60/851,652 filed Cc
U.S. Provisional Patent Application No. 60/911,058 filed April 10,

2007; and U.S. Provi ?N/W'@ IR@—ﬁﬂSEﬁoﬂ#Aﬂ@HAWEhWCCﬁ%@é% filed

April 20,2007; all of which are I ncorporated herein by reference in
their entireties. BACKGROUNDAND APEhHIABIONS dHEREOF Thi s
invention is related to transparent conductors, nethods of

manuf acturi ng and patterning the sane, and applications thereof.

Descri pti on QROBBEREBEFERENCES TJ REIATELEAPPCRIAINCING S refer to thin

conductive filns coated on 15 high-transm ttance surfaces or

substrates. Transpar edhiscappigation eaims thedenefitipndar $6ddSt6. Hale(e) of

surface con t VitV i intainng r . optical .

tr anapar dhoy SehidalfraeRARRIRR No; &RBR T PanTIRNRGBrr 12 2008 US.
wi del y used RisvisionaSPateetApplictibn e $0/911{058 filbd Aiiri & 12087a4nd U.S.

di spl ays, touch panels, electrolum nescent devices, and thin film

phot ovol t ai C"redsiogal Bateahfppigation iNg. S0&13.23 filpd Ars! 0,007 oathefhabict
wave shi el difyg i} @¥S88ited herein bydreef?rleﬁl%'fnrtgnr@g'emre\figg.”“m deposi ted metal

oxi des, such as indiumtin oxi e I'ndustry standard
materials to provide optically transparency and el ectri cal

conductivity I ric surfaces such as glass and polyneric
films. I—b\A/e\ﬁé‘ieKwﬁéxi de filnms are fragile and prone to damage 25

during bending or other physical stresses. They al so require el evated
deposition tenperatures and/or high annealing tenperatures to achieve
hi gh contiuctleghhical Biell s. There al so may be issues with the adhesion

of netal oxide WD 20Q8/046058PCT/ LfStzgf}?/ 081285 ii lriH; h)o sub&trat ps
that are prone to adsdfisiHESTHONSE Ora=g R AASPERALbeUsIgS JP'G RFE"
substrates, rRafufadtoliNg andPagbeing thedniatdnanipiitatiisaheresi,de filns on
flexible substrates are therefore severely limted. In addition,

vacuum deposition is a costly process and requires specialized
equi prent . Wés%ﬁﬁ%n o?th%rﬁelgfeﬁcﬁ'?ls of vacuum deposition is not _
conduci ve t circuits. This typically results in
the need for expensi vargaipaesnticogdctosasfzado shic boadugtive fivhs tbatgd @phy .
15 high-transmittance surfaces or substrates. Transparent conductors may be
manufactured to have surface conductivity while maintaining reasonable optical
transparency. Such surface conducting transparent conductors are widely used
as transparent elecirodes in flat liquid crystal displays, touch panels,
electroluminescent devices, and thin film photovoltaic cells, as anti-static layers
20 and as electromagnetic wave shielding layers.

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

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

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



Conductive polynmers have al so been used as optically transparent
el ectrical conductors. However, they generally have | ower 10

conduct i Vi&vﬁz‘é@é/dz{ﬁ%?and hi gher optical absorption (parti',LcH gzrgt%]ﬁggrss

vi si bl e wavel engt conpared to the netal oxide filns, an
fromlack of chem cal and long-termstability. Accordingly, there
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particul ar, argamsgtbeiiatesongueeigearbenaies.afepinsipnabl metal oxide films on

i g £ ougtTE P eaterSE B Bl Rrep b Bl dhidhy B s

on el ectri caldppsitiondsiatcoytly pdcassand Fasuires spaciaitddcadliymehte aVomaiéd, X
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el ect r ol um reshestprdéstitbmpaplaynd photovoltaic cells. 250ne enbodi nent

descri bes a nethod conprising: form nlg a nanpwire n twor{dgaﬁn a
substrate, the nanow MOTNE *R"’Wﬁbsri%“ieréls% BeTHSE 85 oBYCE N nowi r es;

formng a ”‘%Férisga%h eetaneshdiisie! ‘P%Vev@?ﬁﬁé)%é\%réﬂ& RaRAbWRF N, the

t 4 :
pattern defining a first region and a second region of the nanow re
net wor k, 1&vhezoaiductivity vabuesvdndehigbenaptical absongtioni (patticulagly @b visirer i ses

matri x-protected 3 anow re nd t nanow.re netwrk in the second
Toqt on CompriSEendh tori e o Btne LR BB Ard e Rh fRbllabEShot vor
wher eby t he dmapiigdlemdasng atayetapfityar € di ssol ved; and renoving the
unpr ot ect ed nanow res. Anot her enbodi nent descri bes a

met hod for patterni ngAgcewstitalsithere regpdrs @ oapd insthegrt drravidg t he

hod for | o i
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t her ei n; 19| grop@ties,aPearivuldrhanspaienttdondutiapethat aredefzptabla torask ed
region and a unmasked regi on; and etchjng, t he unmasked regi on

A further erfybgirales: apsan PERAIRGtHIRARAIIEPREIBRRIA (ow-¢ ig81 ng: a

substrat e; udh 9{%@ iye |ayer on the substrate, the 10 conductive
| ayer i ncl ugﬁné@aﬁp ur a%%t'y of nmetal nanowires and a matrix, wherein

the matrix conprises a partially cured polyneric materi al.
BRIEF SUMMARY
Transparent conductors based on electrically conductive

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

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

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



A further enbodi ment describes swi tching device conprising: a
transparent electrode; and a thin filmtransistor including a
substrat e, ectrode, an sem conductor active la e
el ectrode gﬁ)dﬂgs}ﬂg‘rﬁgglsn 15 el ectrode, wherein the transpa%(gﬁpszg?i@ﬁsgde
includes a plurality of electrically conductive nanow res.
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col ored pi xels, wherein 20 the cgonductive |ayer includes a.RIuraIity
of electrically condudtNofRenfipbRAIMest describes a method far pattggring a
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| east one of the pixel electrode and the common electrode i1 nclude a

plurality of electri céd futthepambediment deaoitiasestransfarentreondesibodi nent

descri bes a pl di_spl anel, 30 rises: a,bot anel

i ncl udi ng an‘*%m S aeﬁéb%%/rﬁged%,%dfn?@gﬁvep%ﬁ%rl o W(?I ?}@%ﬁé%aﬂlﬁ spl ay
el ectrodeg acdidutid kayepihcRdrgEplirsRar metat Ahhowibsd HRea nidtfx, Warein
2008/ 046058PCT/ US2007/ 081285 bottom panel and the top panel, wherein

the display Bpdratriygemprisesasartiallyicyrad pelymeric matedali cal |y conductive
nanow res. . ma . )
junction solar cell stﬁtﬁh%réﬂg%ﬁé@%% a bo @@[ﬁgﬁ/{%cﬁn%s%g.a
sem conduct drardipacmt @editodepand arhih fiiroitaasistoramduding asubsindtecs gate t he

sem conduct or, di ode, wherein at | east one of the bottom contact and
The top. contHERTaas, ARRSTHCOIEIATACH o leVET, IO En P RO TREn BN AN

nanow r egs Aelé%tfadée,w@mﬁ%@ﬁahs&aﬁéﬁtré|@aﬁm% iRtLfids b PRFhEY BT é@bﬁrcamflhg

conprising: a bottomcontact; a first cell on the bottom contact,
first cell 1@®rdontive samayvieesti rst semnmi conductor di ode; a tunnel diode
on the first cell; a segaond cell .on the tunnel qi gﬁgeg t he second cell

conprising a second s Bﬁg}b{;fim&qrgalg?cr 4°4'8 FEEE S 3h8r ei n

at | east onergisphbehtRabsPaecq plaskty andolbhRl pindls @ABha&d ohfied tidespairent
plurality of electrically conductive nanowires, and wherein the first

seni conduct ctubgirates arrpndaciivelayeusdyag the sirality of eplotadeixale.omiprein
senm condygt i . . i i an
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el ectrol um nescent natfefuriher eayedincert degcritgstaiiqiid thystal dispéyr ode; and

ther o n ¢ e CHEPIENEE RO SABSACEH AR Bara kAl PN GHERSEIor, bach

thin film transistor being connected to a pixel electrode; an upper panel
comprising a plurality of color pixels, the plurality of color pixels being

25 connected to a common electrode; and a liquid crystal layer disposed between
the first panel and the second panel, wherein at least one of the pixel electrode
and the common electrode include a plurality of electrically conductive
nanowires.

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

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



20 plurality of electrically conductive nanow res. A
further enbodi ment describes a nethod for patterning a conductive

| ayer conmpgicSiiiihacdsgr M Ng the conductive |ayer on a su

conductive Iayg%“gonpri sing a matri x and a network of 2?%%?#2?%’1%%5
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Contour ed 1 e petaf footist BBH Eng R SirisR 4 G4 s 2l PRk oB el
substrate. Adhdutiern#idadisnent provides a transparent conductor 5
conprising: a substrate, and a conductive |ayer on the substrate, the
conductive |ayer incl ddivAfeaembadigient gessribestaamulighaolianesplangsdr ei n

t he conducti . t L1 regi .

surface of t%gnér?% 'gabfoéf%?ﬁ %@rﬁgﬁg??}]&gﬁg%géﬂ%ééﬁl ’\‘/‘e"%g"ﬁm%[‘@@%fgﬁ%"
regions o tdoensisirigps @radetditondustios phdend ool dividerorethe first cell; a second
non-conductive and a line w dth between the 10 conductive and

non- conduct {574 9nelfp dwana! gliades FResysrond csb samprising a second semigqpduier
entiodi Ment RIGH, 48 Prob! ANERR!ERerefPANEEL e TRI bSitdHA cofitaRHAR frd'tBp

and a conductive layer on the substrate, the conductiv ayer

i ncl udi ng a gqointachindydeod phasaldy oheleotticalyscontuetied nandvdrasy add edhievan the
| ayer is patterned such that first regi.ons of .the surface of the 15
{r anspar ent TESRTIPOMUHE HosmhRs p Rt rread tien ket BB seSon
surface ¢ tdagnitoRERH Bdde.cOnduct or are non-conductive and at | east
a portion of the nanowires at an interface between the conductive
regi on and non- conducty fgheeginbadient deseiaes aneleciralwainesaeridiayisst

provides a t . SCT i i Si.ng. I . .
Conduct i ve 1)BHsHEE RIRE HERUFORRI PR AlBobin Ptk Na7eREveRbing
nanow res arihe &bttom ebcmricaang lsaeh Hlatlodpvenyiag tineleevallimirsdent
second transparent conductive | ayer posjtioned above the first

t ranspar ent rB@WHQU?V%&Wh&ﬁiP t%@%ﬁ%%ﬁ_@ﬁ‘éﬁ‘@fql%w i'&?"s!‘ﬁ)%%%r , the
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wher ei n tThe net nanow res are at or above 25 the electrical
percol ation | evel ; whérferthenembedimens deseibesemethosifor palirrpingent

Further  coat QYoM T8V roshaanicn O BYRH MERinciRIS Bl n pBUBL R s
i ncl udi ng a daindustivel y&f corapribigg b vieatiRehd &l rsweik diellevridaig cohewdtivecal
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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
30 substrate having at least one surface relief feature; and a transparent

conductive layer overlying the substrate, the transparent conductive layer



metal | ic nanow res reaching an electrical percolation |evel; and an
overcoat fornmed on the conductive |ayer, the overcoat incorporating a
second pl ujRl Jobdosgdssconductive particles, the second pl peghi %,@Fzss
conductive particles being below the electrical percolation level. 5A
further enbodi ment provides a nethod for providing el ectromagnetic
shi el di ng cqABInEmGROpIURNIBVHIEIEGTrSalUBREEEIR ndHohivds WheteiRldheadrirhdreOf
metallic nanowires and a matrix material; applying the conposite to a
substrat e | Manevdresfare péleesbparalbt cantewreditditheyat laast oneravirfage selief
conductive | iheluding fhe plurality of netallic nanow res

di spersed i nf8¥ﬁ'ge hﬂﬁ‘?@bidlr%t erial, the conductive |layer having a
surface conductivity & funpenambotingsnt btRides a BRh&gareiRIIRUBdbON OF THE
SEVERAL VI EWs OF THE DRAW NGS ~In the draw ngs, identical

r ef er enced nFAFRTSING @-tybsirate; @nd & condupiive laygronbesubsiatesthees and
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drawn to sc vari ous el enments and
angl es are rmnddcé@wenlayer is patternearmlichdnat fioft repiess oétrenanifaseaf the

arbitrarily enl arged an ositioned to inprove drawing, legibjlity,
Further ¢ hdTparRceandudtana Sndirb e asmood 5eS8ne dHhe Sutdge of the
I ntended 10 {eHRYENABYNGHSF SRIHdPIcdrRUBAMH S5 g*ﬂgglﬁg(?tH‘Het\ﬁé@rpﬁeOf the

particul ar elements, and have 20 been selecte y for ease of
r ecogni t 1®n domduplivedarchieiysondlidiive eedions isdrare Bamaltoi &Ll ust r ati on of

a nanow re. Eigure 2 .is raph i|lustrating . the expected
optical properties of Aafugt}‘g(/%?'bﬂg'm)eé'\?? ) Sﬁlra?sﬁ??t&?gd%%él engt hs
of light.  comprising: a substratel a8t aecohdutlivisiyat @stheRibaiste!l fie on
spectrum of a silver nanowire 25 |layer on a polyethyl ene

t er epht hal at@ndpetive lsygrsnelagdieg a plurality of metabnanpvdres, whegeigithiph
T ! ) - dalg . .
nanow re. ba SHoace B> §8fe Rl sBRRHTIHITRYBRG bLink AURBEITUE® °F 1

i Il ustrath ngransearsnp eohduttovarealondueibiesdridvédopnd segiofisiottheauriate bhihe
di anmeters of nanow res. 6, shows an SEM i mage of

Fi.gure
a single si ItwpﬁmﬁPP%%Ct%'@fﬁmwdyﬁ' CIy ?V\!@aﬁtﬁ BPrieBRf et s, .
Figure 7 illdsobhie8Sit anHRbWat Peﬁué‘én'tﬁg%ah@aawerr@@ish %ﬁd%ﬁ%cgfngﬂéﬁ\}eon

as biological tenplates for a transparent conductor. Sk gu
i |l ustrates ragpnatreisaveredf f ol d coupl ed to conductive particles via
various binding sites trates,the formation

of a conductive net mﬁfugpeﬁ?'@%awﬁé.{ﬂt %lfjcrévﬁﬁﬁ%a% @%ﬁﬁgﬁnowvf%ecomﬁ'q%g
of assoce@t & fepirhesarent conductive layer including metal nanowires, wherein the
metal nanowires are at or above an electrical percolation ievel; and a second
transparent conductive layer positioned above the first transparent conductive
layer and separated therefrom by a spacer, the second transparent conductive
layer including metal nanowires, wherein the metal nanowires are at or above
25 the electrical percolation level; wherein at least one of the first transparent
conductive 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:
30 a substrate; a conductive layer formed on the substrate, wherein the conductive

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



Figure 10A illustrates schematically an enbodi nent of a netal 10

nanow r es- based transparent conductor. Figure 10B
illustrate osibgfﬁ%s%cal |y anot her enbodi ment of a nmetal perusronros128s
nanow r es- based transparent conductor. Figure f?)é? s’hovvs

schematically a further enbodi rent of a netal nanow re based

transparent pepfliediatowires WadHing an lelctifcaP befcBRtiBANGMI TR 4 Svekoat
exposed on a surface of the transparent conductor. Fi gure

10D shows arfoBERd pRdle condutive éayehdhe wveweapingenemting asecost! purality of

1 uetrat es SORURAR RERERL ARYRLAEhiusalty gt ponguoyd kthes Eéna boiow

nanow r es- bage@ldotiidess parcdidtiondeddlct or . 20Fi gure 1CF illustrates
schematically a multi-layer structure having a transparent conductive
|l ayer coaPed with a s fusder eskadiEnren eroxidescadatethad i peoviding

Il lustrates RIFRL | i Baif M : m ;

nanow r es- bae;hg%k tra%rgegfgr%ﬁd@gr?éﬁﬁngﬁﬁﬁgﬁvng a%r@f)gﬁa@l&um&%%ct ure.
Fi gure 12 sholumlity dfmactapiamanbwires dnd taonakixmuatetiale applyingdha c@mposite to
reservoir for deliverin vapor phase, i nhihitor (VPI). .

i gur os. 13A A8 REERd ol A ParosPag et TSI R PaEIRg gandyctive
Lransparent 5aadhgLang the plurality of meTIR Adhclis IS annaa mitfx Of 2
fabrication p?%}gess 019 a Pruanls“[/)grrennt con uctors y W%%d][(r:]oati ng.x

30Fi gur e104Bngieriak tkaenoomdiicties dayer bavhg @ dunface candativily ot es sané than

t ransparent @F%uctor by web coating. WO

20081046058P S2007/ 081285 Fi gure 15A shows a web

coating systemand a flow process for fabricating a transparent

conduct or. Fi gure 15B shows an SEM i nage of a conductive
| ayer foll ovﬁlﬁthaD%&RfPﬂ.{gN @%EFH&SWEBﬁhr\@EH\{)%QchHEd?RAW@& es

100 A5C show a1 exlf B RANED BERats BN e <o
of phot o- patdlemehtsdoraactinThie bizee and relative positions of elements in the drawings
15 are not necessarily drawn to scale. For example, the shapes of various
elements and angles are not drawn to scale, and some of these elements are
arbitrarily enlarged and positioned to improve drawing legibility. Further, the
particular shapes of the elements as drawn are not intended to convey any
information regarding the actual shape of the particular elements, and have
20 been selected solely for ease of recognition in the drawings.
Figure 1 is a schematic illustration of a nanowire.
Figure 2 is a graph illustrating the expected optical properties of a
silver nanoellipsoids at various wavelengths of light.
Figure 3 illustrates the absorption spectrum of a silver nanowire
25 layer on a polyethylene terephthalate (PET) substrate.
Figure 4 is a graph illustrating expected values for various
resistivity properties of a nanowire based on the wire diameter.
Figure 5 is a graph illustrating the expected overall resistivity as a

function of the diameters of nanowires.



| ayer. Fi gures 19A-19B show an exanple of a

conti nuous photo-10 patterning method suitable for a web coating
process. O 2008/04605 Figure 20 shows a partial system ght&.ReRsS
of fabricating a patterned transparent conductor.

Fi gures 21A-21B are SEM inmages showi ng the conformality of a

nanowi r e- based tr an_spﬁ@?é 6CEHIRNACAPSEM ihfBoe il NGIE siverimanBwirkaphi ¢
representati on show ng tenperature resistance of nanow re-based

t ranspar ent coonddingbetmermiwo metal contacts. Figure 23 is a

cross-sectional view ﬁq@ﬁ?\_’mﬁs%haitgsga glgt\/nilocfﬁ o?%ilaﬁ}e-égo}z b@ﬁ%sgt\?\lgt %nction

according to one enbo
di spl ay devigshicpbRal ®nibatesdospaansiardtt @haattopdes based on net al

nanow r es. . Figure 25 shows a cross-sectional view of a
LCD baseddon a t op- gaféoureP iiesizites agrateinssaffeldisoyplegiie conductive

Fi gure 26A rOSS: i view of a color filter substrate
in a TN nod egg%oﬁgllﬁﬁggﬁgd'@gleghbodi ment. 25Fi gure 26B shows a

cross-sectional view ¢Flgure @dliustrates therfosnditinr efteeconduativd mSwoddef LCD
accordi ng to anot her enbodi nent . . Fi gure 27.shows a

Cr 05s- sect | HAPSGRCRMETALES PaPEGER SIPaHPIPg obAESAHIBAFRETRS.

Figure 28 shows a tOU%Lﬁérﬂmn@&eﬁ&es&@wacgl}mn EWbodlndritaRanasant
conductors based on netal nanowres. W 2008/'046058PCT/ US2007/ 081285
Fi gure 2837 stowsvireadasppdsinspaenhogphuctott conductors coated with
overcoats in a touch 1<:cree

honoj unction sol ar cel |'9%?39§ﬁﬁ¢sg"e%%%%ﬁlmf’d‘°?l5y 3'&@'%%8%%@@?8% 2
SFi gure 29B mBRafoitdLhdeiNeinsparsficandggbd, structure according
Figure 10C shows schematically a further embodiment of a metal
nanowire based transparent conductor in which portions of the nanowires are
156 exposed on a surface of the transparent conductor,
Figure 10D shows an SEM image of silver nanowires protruding
out of a surface of the transparent conductor.
Figure 10E illustrates schematically another embodiment of a
metal nanowires-based transparent conductor.
20 Figure 10F illustrates schematically a multi-layer structure having
a transparent conductive 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
25 reservoir for delivering a vapor phase inhibitor (VPI).
Figures 13A-13D show an example of a fabrication process of a
transparent conductor.
Figure 14A shows an example of a fabrication process of a
transparent conductor by web coating.
30 Figure 14B shows another exampie of a fabrication process of a

transparent conductor by web coating.



to anot her enbodi nent. Fi gure 29C shows a nulti-junction
solar cell structure according to another enbodi nent. Figure 30 shows

a thin fil P dENisse according to one 10 enbodi ment.  porms2007/081285
Figure 31 shows a typical release profile of H2S gas fromftreshly

cooked egg yol ks. Fi gure 32A shows the |ight

transm ssion of six s@gires 5af sHoNROMGleb\@atind BPstoRf fHa AGW prodeRS fen
accel erated H25 corrosion test. 15Figure 32B shows the resistance of

si x sanpl es febriegmguttransparentaongdeetof.e and after an accel erated H2S

COr OO L e ve FNRIEEPM TSR A S B B

corrosion t gsdst-treatment of pressure applfidagiorie 33 shows an exanpl e of
directly patterning a nanow re20 based transparent conductive film

Fi gures 39A- 34F show pidiegiapntbloshewansxampleele Epmbian RFecess. s

before and after an aql:h@- Y g HB@‘E i -
magni fi cati on. ! le¥ﬁ].7h legléﬁ?faas ,&@%%%Brghdgv%sl Sﬁﬁag'grﬁé’g B
anot her exenpl ary 25 digdacld shews dmelsehpleef phdtoapdtterniag salondottive

treat ment. I Fi gures 36A-36C show a progression of etching
and a final P& 'tern forned on a transparent conductor sheet.

Fi gures 37A-37B show tHjq,85 aBADDE Sicv BY e%ﬁhﬁﬂa@faaéérﬁmbﬁé‘gﬂ&o-
sol ution according to one enbodi nent. 30Fi gures 38A and 38

i1 lustraf@ agpgiterning meihodsuitahle Firmyweb coaling processli ng to one
enbodi nrent. WD 2008/ %4605§P /USZOO?é.OﬁlZ?S ff%ﬁc‘:”t‘es 39A
and 39B il lustrate codt9Hg CotHiER: BRTIELPGICT BN & RogpIsf fabricating &

nanovvi r e- basgdtdriasaasmiéntcovnduetoer filmaccording to one
enbod ment . Figures 21A-21B are SEM images showing the conformality of a
nanowire-based transparent conductor film.
15 Figure 22 is a graphic representation showing temperature
resistance of nanowire-based transparent conductor film.
Figure 23 is a cross-sectional view of a switching device ofa TFT
backplane according to one embodiment.
Figure 24 shows a display device comprising transparent
20 electrodes based on metal nanowires.
Figure 25 shows a cross-sectional view of a LCD based on a top-
gate TFT according to one embodiment.
Figure 26A shows a cross-sectional view of a color filter substrate
in 2 TN mode LCD according to one embodiment.
25 Figure 26B shows a cross-sectional view of a color filter substrate
in an IPS mode LCD according to another embodiment.
Figure 27 shows a cross-sectional view of a PDP according to
one embodiment.
Figure 28 shows a touch screen device comprising two

30 transparent conductors based on metal hanowires.



Fi gures 40A-40B show an enbodi nent of patterning a transparent
conductor layer without affecting its optical property. 5Figure 41

shows anot Lment of patterning by etching. DET %,EES
DESCRI PTI Cﬂ‘?ﬁ'zoﬁ%ﬁ?@h Certain enbodi nents are di recfﬂé 020%{"081285

transparent conductor based on a conductive |ayer of nanowires. In

particul ar, the condufigue Jsaysiows WolsiosmgRHsparehe EMRIctrs BBl
nanowi res. I n addition, the conductive layer 10 is transparent,

fl exi bl e andvighaverpeaigde adeush-sereendeviser f ace that is conductive. It

Floxibl e and rigid subd el Sl s AibaRebuP b Ehhunlfieshiine o

part of a casmosinbedidamicture including a matrix material and the
nanowi res. The matri x material can txpi cally inpart certain chem cal,
mechani caP and opt i calFig#8 8B shoys dheteeojunction sokicel stivstyes agording

Q her enmbodigept, %ﬁgj t hods of fabricating and patterning the
conductive Itayer.ﬁm%on udcc{ﬂlﬁsg@Nanovw res Figure 1l illustrates a

nanowi re 2 having an #&peet?29Cashowvses mallti-lunctidresdlangglhsthuttude \dcdediriayto
the dianmeter_dl. Sui tacﬁl e ganowi res typically have 20 aspect ratios
in the rang@GNAGRPABE600. Larger aspect ratios can be favored

for obtaining a transpagaatzoctiediscd Min fiRY EL deliE ckidihg®¥rnabl e
nore efficient conduc'??d\/e net wor ks t(l)ntI)e forme% vvﬁi(ll*g geiremtti ng

| oner ovédalembledigieny of wires for a high transparency. In other
wor ds, when conductive., nanow rnes with. high aspect, ratj Qs _are use
the densi ty of the natiPal e hical e ¥Rle of Hyd bl oot TEhy
can be | ow efRued eghdbikshe conductive network is substantially

transparent. . One nethod to define the transparency of a
layer to light is by ifigurasbrghomerihe dahktransarissioraesix spuwiasfi on of

| i ght passi t?’é% Farfefdh I i = r...Ln which |l o
is the i ncorrrt?)r?gnﬁl g n%nﬂegéfr%iar st Se%?%gd%c{cb[éﬁ%eﬁzﬂigrcgorﬁoseogl t?%tg

illum natbon | evel th&gure 32Beshonis the resistanondf sik damplestdfechdyative and
e-ax is the transparency factor. In th?_hg‘srans arency factor, ais the

absorption Jdoepteigre andAfter anjacceleeated fHad QOHESONSESt he | ayer. A | ayer
having a transparency Fﬁ@ﬁé%@d@%s]{he%%e{vﬁﬁr%stoh@& sanfiies I@econductive

considered to be substantially transparent. lgures 2-5
il lustrate dSime beforelendafiter anlacaaldraibe th.Bicoaosiohdestct eri stics of the

et e SeoM oo SRS e B3B8 bl Bkt O
light. Deperglised temsphitinbsomitivenmhhs, silver nanoel |ipsoids exhibit
a high extinction coefficient to a narrow
Figures 34A-34F show photographs of the patterned conductive
films before and after an adhesive tape treatment at various levels of
magnification.
Figures 35A-35D show photographs of another exemplary
25 conductive film before and after a solvent treatment.
Figures 36A-36C show a progression of etching and a final
pattern formed on a transparent conductor sheet.
Figures 37A-37B show the etching rate by using a acid-etching
solution according 1o one embodiment.
30 Figures 38A and 38B illustrate a patterning and etching process

according to one embodiment.



band of light in the wavel engths between 400 and 440 nanoneters and
to wavel engths of |ight above 700 nm However, they are substantially

transpare about 440 to about 700nm which fal i
vi si bl e rgﬁggsa%@@%ure 3 shows the absorption spectrun%cts)]flh%oﬁﬁ;gglezrssof

silver nanow res deposited on a pol yet hyl ene terephthal ate (PET)
substrate. As shown byFigires@9scarpat 39Billpsivdtel @atitd) eomimereinl cltaiMers
| ayer on PET &#bstra.te ig%ﬁjrbstanti al ly transparent between about

440nm to 700% NAGPWEPRESHH trANSRACRILANpStop il Ascardigrieone smbnsiaent.
shown in Figure 2. 20'?5@%6510&-@0‘%!50@%H‘@nﬁt?ﬂ%ﬁrﬁEﬁt%fgﬁtt%z:ﬁ@??(a%b&éht

nodeling of the resistivity of netal nanow res based on
di amet ers. Feandaictaaiayer withanbaffactiof its aptivalmeopdrhe resistivity

decreases.substantial lyx althoygh it wll absarb e Jight, As can be
seen in FPgure 4, the léléwrgc sslf'gwsr%’%qvt\fé fif%n’a?‘gﬂq%‘&eg%ﬂ#efﬁeg&mfw'ng-
boundary and surface scattering are high at dianeters of |less than 10
nm As 25 the dianeter increases, these effects are drastically

reduced. TheDBVANLED DESGRIPNONy is therefore reduced greatly for
di t that | . | Fi
5 "This i mproverent L erRaRRS o Fieded il KR SaraRl Gl ©

however, agabazed drhe corduatias ¢ler bRNSNEWIRIE Vinfpaiticur headdnanstive layer
requiring a transparent conductor. 30Figure 6 shows a singl

e A
nanowi re 4 t'H‘?a't-’d%&F@ﬁé&sedlﬁ%ﬁhoﬁ'ﬂ@tabﬂ@fé?w%ﬂsedﬂﬁdéﬁipnt@ﬁerﬁoﬁdl—'@g@dﬂw’fd
6b, to Vi L I\, f ! .10
Corm nal Qb FRASpSeREeLER o FATRReE 18 Bno SUATE el Endibyk
nodes and anycan hercoatedrdriianinatel emdivagetymfsubstritas, ineluding flexible and

el ectrically.c(?nne t ed. ?Ee aspect ratio, size, shape.,and the,
di stri but i orf1d SURRAiRS s Tes coptciiveaes cap SlsdonBRatiYf SComROSLe! cct ed
to provide tdiRicHRs in@GdiRg @RhaFiRImABHaURhE NaRbwRESPERE gfsﬁ% HBferial

nunber of such wires that will provide a given density
nanow r es i scagdypicaltimparpeeridin shemicelmdsihanisiband dptidal papedissitorthe

Punar eds o MPMERIBATRLTE PR sriliPeb e Mhned ofERHRGo and

provi de a | quwitteesihg tineendrictivs Idyeal conduction path, and the
concentration, aspect ratio, size 10 and shape can be selected to

provi de a substantially transparent conductor. Therefore,
transparent,cel epbbd f@ho A uction is provided fromtermnal 6a to
term nal 6b Um‘ng—a"fﬁgm%ﬁr‘gy of Ag nanowi res. As can be appreci ated,
the distance from ter figwaé 16GHUStai¢ea manaviré R amingten ssmftt tdtiateduatto
desired opti,cal propertiges ,are npot obtained with a 15 sjngle

nanowi r e. Até?tlﬁ th Eydedemt%ﬁﬁgﬁiﬁﬁeé&-éy't?ﬁ%ﬂaf‘%""iﬁ@ Wpi?ﬁgﬂhf‘\fﬁ each
other alaoyardspuet @AbgiPietaRbOS 6 16160000.CLANE: BALLL FARIE L B fdbrel®

to termnal 6b. According to the Invention, nanow res are
sel ect ed badetioktaining:a trassparénbeanduator fayep sincedisey Miagenableanonendficicntf

nanow res that .provides th esi red conducti.gn path and overal | .
resi stance qungﬁ%tfye&%wogﬁseog)&sfjggp%% wﬁﬁe EﬁrrgﬁmgQQ}\é{e%@éeéﬁlﬁ)gﬁ'i‘#y of wires
el ectrical For@eIgh tesndparferty. eh efier wonds, RSNV RovifedTWith high
termnal 6a to termnal 6b.

aspect ratios are used, the density of the nanowires that achieves a conductive

25 network can be low enough that the conductive network is substantiaily
transparent.
One method to define the transparency of a layer fo light is by its
absorption coefficient. The ilumination of light passing through a layer can be

defined as:
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The el ectrical conductivity of the transparent layer is mainly
controlled by a) the conductivity of a single nanowire, b) the nunber
of nanow rgg, Redvese the termnals, and c) the connecti ¥it ¥ HEL0VERE
the 25 nanowres. Below a certain nanowi re concentration I%IISO
referred to as the percolation threshold, gr electrical percolation

| evel ), the conductivity between the t%‘rn@nals IS zero, i.e. thereis

no contlnuou £ O d be ano e .spaced
too far apar?’%@ g%@‘?@%@%‘”@e%ﬁ&f‘@o ﬁ%PEﬁIersIa%ﬁmI‘égé? eIII)‘FIIEI“EII'O”
current pat hieagiathhiiblpteseit oRTl SedonE iy ofith syeRr ghds OV Brttraddparety
overall resistance of the layer will decrease.

Conduct i ve n@ftRi ieths trnspaenayifaston ais e aksaipiiproeoafficierrandos isviee
art! ol esshatidifiolt BnBSaRE! A BLePRafif 1ranBbARLY LURR kB 1 frxqanl es

of non-netallic nanow res |nc are n

nanot ubes ( GN&a, camb@bomdefedmabembe&nt@mehmbamtIOOI yner fibers

and the |like. 5As useﬂ:!hereln ‘netal nanowire" refers to a rretalllc
t

wire conprising el emeftdyfes 2o vsirale someithe opfieal andedeaideal
(i ncluding @I@éct@ﬁétﬁ%sc)fthep‘&% %ggﬁo\%@gs sectional di rrenS| on of

the netal nanowire is less t nm and | ess than 200 nm and
nore preferably |ess tFI@rreﬂlﬁhufws Athavoetil elodekof thé dightedbsbrptanafisieer
ngt h: di anet.er

h ' h ,
et orant§° dlarktlieSoks e Fatods AoveIEadnS of ighibfRernodh wils anso.
Sui tabl e rretlah?mana%f AENGHH IR LGRS QHI@rbknﬁsﬁcﬁI @oéfﬂﬁérg% Bhhaalnout

limtation ver gol d, copper, nickel, and gol d-plate | ver.
The netal ndasi ofdightiathpavaye ﬂé?cbweﬂhdﬁlﬁ amgdtddcdanometére aadtto | n

Co1 ut § on’ phaZa e BgRe i RBofe 20RRrt b UGTer pte WBonreny 1t o)

in the presearaspaferd bpoles! alfeut @40 t@hbyhﬁt@rﬂi Waith fafs th thel wdientdhge.
pyrroli d?ne) Large-scal e productl on of sjilver nanowi res of uniform

si ze can'Pe’ prepared &FBRFH Hpwsdherbsawting saeetews of Bdayerof sivey. |

Xi Y.

3ot  eniegaciBst of 208f)edthe AIAALLR: (2] Hpara. o

nanow r es cashowm Wt#peahsdrpimnrrgofdeplhegmum narenyredbper deEblsabﬂmteaé
ffold I I I i al

such s vi r (BstaAN Fafes poifes pBALCAAMENG s dreua ahies al

nanow res. |asGRY 6/he tesHesdaredtdl shéen M Byos sal terrpl ates can be
engi neered to exhibit selective affinity for a particular type of 25

mat eri al 20such as a nEiguresd andrfeshow tha wsultsvof tbedretiosl nodelisgafiths | on

f bi of b

otal . ovi r Jes P AEAR s he 3R rBE ol eyt o ot pmeter
and Seni condf¢lanogirblthewesietivi fyde%%&b)es%@ub@@ﬁﬁaily\?él@wu A &-wifl AbsdvBnore
C.B. et aL, "Viral Assenbly Ori ented Quant um Dot NOW r es,

(2003) PNAS,lighb|As easpbe ﬁ%en Mlge@%-‘tbﬂasﬁectm regigtiitygpaseel oaithe grain r al

S5 auty R A TGN i P )

Provi si o2&l theplianceter mnr@eses,aﬂnebbeﬁéﬁé@S@d%ﬁcaW}‘edhc&cEf'ﬂieewsll are

i ncor porated_here e ntireti
speci fical | )I’es'ﬁ{"ﬂ%rIﬁII?ﬂr FI;’é YepH zﬂre%tgf for digmetritbet | lpgre@ses HOWeIoa'Fm to
Q?III)III {)e/) Cajvefl DG i deeB! B0 Figute H) OTRR ikproveRiBHt H B1cBAREHBPeRiBs
must be balanced, however, against the decreased transparency for
applications requiring a transparent conductor.
30 Figure 6 shows a single Ag nanowire 4 that extends between two

other electrical terminals 6a and 6b, to provide an electrically conductive path
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5 between the conductive material and certain binding sites (e.g.,

pepti de sequences) on the biological tenplate. I n ot her
enbodi ment §,o ReFARslycti ve material can be created by a %%Bﬂ/&ﬁss
process, during Ich a precursor is converted to condu

particles that bi nd to the biological tenplates, the conductive
particl es befrorg té@ninalielogtenhinli.hehe gaTnthelg'uhait imchudes mbhiagdpsds,
conductlve | ayer. . This %ro ss is al so refe to as

"m ner al i zat fHiuction nog any g réﬁ@&‘i‘ﬁﬂ%n QQP'nb?@@BP?(Xrbe(e g.,
a metal sal tgjc6RBalRcdiPRYRI ethd é‘sp%'&t F‘dtt%”ﬁﬂé %ha%tmﬁ'd th8 dﬁs@%ﬁbﬁ%?ﬂfee

of a reducing agent. The resulting elenental netal binds to
bi ol ogi cal tpwsical paraanmeiewpraiike nanwm&wamtmwbnbe Uagnesd 151 n

her ~enbpdi | | | d.
he bi ol ofi caneabaf pREfa BRBans, 1™ T Brubfrirks e yER VRS °
converted i ngigefBbMityTAPhAEArNs BBIRCRRAE pidNies babeptadigelecial seed

material can be selected, for exanple, based on a material that
causes the mdélﬁtIQFbﬁfo@ﬁﬁﬂl@rf@V\ﬁwnﬂﬂgéei‘miﬂ%ilGa)tgttem“na'@Cbl fen example,

cont ai ni ng %ﬁ%ﬁé&f&’i"ﬂghgﬂ chE e Gtom ?&F}Ir?a['slaltg%tortgtzo??vi@e 8@{&9

material |ayer contain i'umCan cause m nerall o]

Cu or Au. A&eeist%ma@edtncalmamttm path, mfdetaélcogcmt@iuonpasbm dtio, size
accept abI e seed materials may contain palladium_ a palladium based

nol ecul e]0aanst shapeganke sefetisdde previdea substapliglydranshatent 6pndustoli ne

d b
materi a1 25 i Frord IghoPdRR b aReA gt Glon iR SRAREE R (EATnaE o
al | oys. Met aesninabélausiablsoylaradindoidd abnasiredes t hat can be pl ated
include, without limtation

Ag, Co alloys (e.g., &Pt b?\Fp%’PPﬂ%dA?’FPed'é "’l”&%ro(‘%tedm'ﬁqié\étt‘?q%w*”d‘
Ti 02, Co304, st beHilh: thm@e deanadopRpSidiitiicd AiNOTBIEIE wih 4 num

oXi de indiumtin oxide, nickel oxide, copper oxide, tin oxide,
tant al unil30 sRglamanawii dnplosaliseot manyaanawitss may oeed (o befinkad t@ma@b

10, OELSISREEN R AR 00 S ) S o

creating theghireaadorfingawitiiemvehiicn, ik Agngwiriscdraseldvtgd bakes), orptheges,
bacteria, viruses, and the |ike, The techniques for selectin

form ng and eaffedanlicalPrapreitiesodhen, thmuarmeapf PRRAWIRS that:%?&%éstﬂaﬁ a
desired t
hopi | cat | on HgsTo8 oM RENELANE oiR Bptd ol R I et A bolected fo | |

t he nanme20f dehide meﬁwmeleoglcasprﬁpepmsddm m’nelantdicak@nducmrpiayaltfwn
herein by refere As noted above, biological tenplates

such as prottgfrﬁ'naggé)gbﬁrﬁ"@,algp ot her biological material can be
engi neered to have af fial d¥cifibhiRnkBEtivRly of the transparent layer is mainly

confrolled by a) the conductivity of a single nanowire, b) the number of
nanowires between the terminals, and c) the connectivity between the

25 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 aparf. Above this concentration, there is at
least one current path available. As more current paths are provided, the

30 overall resistance of the layer will decrease.
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10 selected seed material or a selected conductive material. Proteins
or peptides with affinity to a specific material can be identified

t hrough a i scovery process such as phage displ

di spl ay, ngquofogéddrl{s%ée di splay or others. For exanple i nﬁrﬁle %g@eszzg
phage display, libraries of phages (e.g., M3 phages) can be created

by inserting a w de vadrRfugtivi néhcfvfnﬁésﬂﬂéluééﬁ\tﬁé‘l%oﬁfre&%n@%érdeS
into a popul ation of the phage. A protein having high affinity for a

speci fic t arepadupiivecparticles having higlorapesd ratins (pigs, highsrittien 40). Joramples
ot "t he bi of ot st rangvires il Hhl BH Ryl EORRS nRANEEE S,

copi es of paONTY) MmetdheRidedRnvres e riutvd polgREt fbdrs layidele iie. phage
particles. For exanple, about 3000 COEI es of P8 proteins can be

arranged Pn an order ed\sd#ﬁe&jyh%%‘ngl“?’q@ NARAYY rgﬁerq\/ma PieiRJic WHeti cl es.
The P8 d
e prote a% %cl nig th]Q ?al'a’]S%éJSlre?q@ta? Egﬁhghﬁdso@&gucﬂﬁ metal

sequence th rmat | UCtT
material, t h@ncﬁ:-y ﬁlttteasdong coomsekectiona dirmension esthefméataghanowire is iess
conduct|V|ty

t 25 thi tech |
2bi 11ty to AR B0D N TELBRR R 200 981 Hors Reerebl eos Beny per. As
nanow res thiQug absn,e tHe ﬁwé?él RirdlWegi el art ﬁB@c@FﬁoWn@%:ﬁﬁwt&) 8f

protei ns having specifically designed or controlled pepti

sequence$l Tgreateathamtl), peferahly grestenthen &0ngndvmane preidnahb/ @rﬁaienihw
for silver, i um have been .identified

| ncor por at edTdth: SRR IS SEPRB S 3% BoAan anasan gy Pinout
di mensi ons  basiedioANsives seol@fcopher, skas aparddid-bRted silver.

Bi ol ogi cal materials other than phages can be used as tenplates for

the formation of condUdwiretahaaowiresscan-er PERaFRS By knowrmeieslsdn the

t wh
Pength can 1o, EERAIEREE Sy lfibfireg B bl e sfed fidfigf soflGh BRase "
Advant agedusieducitarcdf ssivenphiiieg) sivertrifrateriarthe presenta eﬁa:peeyot @.ave

a nmuch | arger aspect ratio than phage, which | eads to |
percol ative ¢tHYl §§ﬁ8iy§09m&qﬁéﬁ1§@§groﬁfi°?@e E%E?\Péoqcﬁ)'\gﬁ%\ﬁ glyer

Addi tional 'y, ribﬂnﬁ.fe%'d?%n%ﬁn §ReIcah Beopr%w.tebjea%cé?d.md REIRethOls BB drban

phage parti cI es. Large scal e manufacture of proteins, such as enzynes
used as det eingewgt, Xt evek, Ch@nvﬁdaterdéﬁéﬂbﬁédzfiaﬁw’f@lwdexleh‘év@f &h.,

schemati c ver,sion,of fold 8 having a nunber of binding
sites 8a cou& e ﬁfﬁr@%@@%‘z %ég rt| cles 8b. The binding sites are
sel ectedgpo have an af;iueﬁhétw@fwfhetMetmad@w#es/@arp@ébr@da%d usiggh as
Au, Ag, Cu and Ni. Alternativel the binding sites 8a have an

affinity forbiglogiselitamnlatesder biglpsical scajfoldspthat san ke)mingealizedn Four t her

nucl eate the C he
prot o scarPRrp e HoNBi BRIt ac Ualked Sl AREs KA ridiEn o

bi ndi ng si t eenijdates td ciatdmetdl inahbwired.t iri @rwtreéneboemetm:s hmeloﬂdgecml
spaced at frequent and regular intervals along their len

h
i ncrease t heleByias capbeenginaered tq exiibibspigettvei afinivioes pg}ﬂﬁ’é'}qr@{ﬂ?c‘?f
of a bi obgyi 3 erilgws%&h 3o MUEN oP3 et Q. ”Moﬁéndt‘-‘-.‘%héd 88scrfbribh 81

di aneter Is easi engi neered usi ng nomn ues
engi neer ed tlmofa@meaﬁdreofawnowes@anmes‘oonmrf erglMaoo@tB @alal ,p‘Nmps*Based

bi ol ogi cal iRl G e HreRel petips & MaHmia resrarerttnglanaytiesss
a metal, or @oBEESHEALE, 3, bNS-27%! Mao, C.B. et al., “Viral Assembly of Oriented
Quantum Dot Nanowires,” (2003) PNAS, vol. 100, no. 12, 6946-6951; Mao,
30 C.B. etal, “Viral Assembly of Oriented Quantum Dot Nanowires,” (2003}
PNAS, 100(12), 6946-6951, U.S. Application Serial No. 10/876,179 and U.S.
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Figure 9 illustrates a further enbodi nent of fabricating conductive
25 nanowi res using biological tenplates. The protein scaffol d 8 can

be furthermdmﬁ §s§d to include binding partners such gs; ?ﬁa?

pepti des 9a an respective ends. Binding partners can coup
wi th each ot her through any type of associative interaction,

i ncl udi ng, fRfovRIGHAPARplidABhSdrial ﬁba@brm,,49’40\mqh@nrefér@ﬁ@b§m hydr ogen
bondi ng, hydrophobic 1 nteraction, and the Ii ke. The 30 interaction

bet ween t he 1BSYBEree hpEin inféeirgatiealigsob encour age t he sel f-assenbl y

of the conductive nan

as shown in the final %r% r?%@krg)]ﬁ;é%oln%&yé ilﬁfez?éggo%%ﬁ%ﬁgg'%i des
and their | onetal nasowies) dam difectltaelrtowbea hiologRabiehadetettaged ohranyffitity
meshes, end to end connection, cross-connections, and other desired

shapes fo? tPRIWESRHiIRERACEKS Biatenal and ceariRRinding sikewh(a. ¢ PeRfldee 8,
t he conductréé%ug%gﬂcﬁqthélb, célt?’g@ ly bound to the protein

scaffold 8 before tHe proteln’sca s forma network. It should be
under st ood, that protén nﬂmafrihﬂddn&wtsam cahdetive matanaie:awduelcreated tbyteo

he bi ndi f d f
bi ol ogi c;Pgtfﬁr%?taQPecpﬁﬁ?ﬁuﬁ%Eﬁf‘i@%mf’aﬁ@ DEGLESaLs nvetedlo B 1°

partners al | sumiclé®thd Bind tortha bidleyisdl t@nﬁ@t&&lmé Mhd iRy paft:cres %@l@l{; 10

connected network than woul d be possible with random nanow res
particul 4@ rrapnb}er@fcfﬂrthmrbwmgdgtq:apomtérupuatceedwweﬁmefr brseprb@ess is

Tayer. O SSRGS FERHIES e8RS, £ el AL iReuor

for fabricat(enp, aametaligaftycai bé@bhvartddatb &N TemBhERN fetA0h n’rwdn@gem&e Gl
conposi tions. Further 15 advantages of bi ol og?r cally base

manuf act ur i rrgdarmaaaaﬂha'ﬂ@ reauﬁmg igrertal metalbinds t@rihﬁ;@@@swg! templatean

be nodified rja}n@hntbhg h@ ol €nperature deposition,
superior con or Ity an I on conductr ve | ayers. Conduct i ve

Layer antls Substrate Bﬁ)éﬂlearemﬂdduaemta,ta seecrabgriab layEr gunmalmmrdémw a
a_conductive |ayer coate

t t 10
Subst Fat o LAMAHE BBRalsct ATty EPOreanED eI Eros A oan Doy poBHoHes al

nanowi r es 1QntoTrhétaFEﬁ@bla‘@é’d‘@ﬁ“tﬁ@%é@h@téﬁa?%S}QHCThé@eétFﬁ'r\é%rrél cé:rﬁ Bur &
10B shows anot her exanpl e a transparent conduct or , whi ch

a conduct i veselegfed, fqrzexarepleobam @na mﬁemjwsatmuees_me nm&atlonandt ive

|ayer 12 1 NELUASS: ArRkdl'cth bt ¥ s8R Bkl AL 4 ch RSP SET rd drbr

20 Toillustrate, a seed material layer containing palladium can cause the
mineralization of Cu or Au. As one specific example, for creating a Cu
conductor, acceptable seed materials may contain palladium, a palladium
based molecule, Au or an Au based molecule. For an oxide conductor, a zinc
oxide may be used as a nucleation material. Examples of the seed material

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

30 oxide, niobium oxide, vanadium oxide or zirconium oxide,
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"Matrix" refers to a solid-state material into which the netal
nanow res are dispersed or enbedded. Portions of the nanowires may 30

protrude f ob gmtrix material to enable access to t u’ge
etvor kL e US2007/ 081085 Tho macri x i <V EeREHELs

the netal nanow res and provi des a physical formof the conductlve

layer. The matrix pr otﬁe'(ytcﬁziﬂilﬁnnatﬁlmfraemblﬁleglcérma‘tadwaebe used to
environnental factors, such as corrosi on and abrasi on. particul ar,

the matrix sPFQHﬁdﬁtB%FﬁW'at%/teF creghagd His metah NRNQYIres: "&91'4'@% pipteins,
el ements in fhgqy %Fvbﬁé&égeﬂéﬁeﬁ?,ﬁ}@geésanmhéthk'é.eTpé'ia Ao c{'il.[ég'“f@rtsﬁéctmg,

aci ds, oxygen, and t
matri x off erf@rmmg(:armbskwglmggcmblomytaﬂmaim:él tredt will cqepi¢ icea desirechmetal

Cubstrat 65 FnRIHANEPAHR) rte dscPoaf (0 HhefsEp NG {52pes anc

organi ¢ mat r1(§‘/¢§8 sg@qsiﬁﬁ%pmédﬁoﬁ?b?é inNRE RISt GarBbRePYSihrMtbies
flexible. As will be discussed 10 nore detail herein, flexible

mat ri ces nmak@oiporaiessans @etlocﬁra@wateﬁhh@retnb)nmneam conductors in a

opt i cal pr oper 6. of ATILER AHRER. aogEgpelaieh v LeT GERting Eprice

sel ecti ng amprapRéapiblogical Mdtdrax cambelengineehsd toeheRanifinityrsiteh @rtd on
| oss and unwanted gl are can be effectively reduced by using a matrix

of a 15 d@siseiested peed matenal of aeelected ctivpmateriplt Rreiring £§ peptides
T Iy, t
ypically, tha, Hﬁih[t%o %légggf;é? mdtéﬁﬂl chn ‘Bie‘?&éntﬁgﬁ‘?ﬁfoﬁéh taferf}ir?@ hg&iélr% e

consi dered "optica ptically transpar
transm ssi onprotedshsuahedsephage ailspiay yeaasdlsﬁﬁ% a:eil duniace idsptdyeorehemsn

400nm - 700 . Unl ess specifi e se | ayers
ool Ut e CFaP Sxas & e aege o hasm JRpIaY. Biraies abiedea(6o, YIk8 o

Lranspar ent Goarea] neRRebdBY frks%wgb W @Jr%ftfbpé!ﬁé!reﬂpéédiﬁédcés of

clear. The optical clarity of the matrix 1s typically determ ned by a
mul t it udéb of pépdidesinto a:puﬂuia:hong)f\bm hbage. | A prataini aying high uaé‘wtacfmﬁwe

d Ri t h t f Rl t k
et SR ) Sepe oSS B e TG RO rOBUHRESS) e
caused by sqaéﬁﬁﬁédroughness 25 and/ or enbedded particles).

In certain enbodi nents, the matrix is about 10 nmto 5 pmthic
about 20 nmto 1 pmtrﬂn@ﬁrtlcyraratb@lﬁenstycﬁ%ﬁq%!czgefmttw.lpwal mﬁIBGt»fﬁér

enbodi ment s 3%;_=I'r{‘§ %Fdll%g qg%r@vl &h n?xﬁjf eY§f %@ﬂ%(of){)%rﬂmﬁ peptidielRqtieRces

or about 1. ncer alrn e matrix Is a

pol yrer , 20hi ialcertairalypes bﬁ;ﬁlwgeephmdeas Far @xdmpier almoutd@000 xopieptof €8l | y

clear pol ynegr%te?gsecgnnggnarrgggéél (lan grg ordered array along the length of M13 phage
particles. The P8 proteins can be modified to include a specific peptide
sequence that can nucleate the formation of or bind a conductive material,
thereby providing conductive nanowires of high conductivity. Advantageously,

25 this technique allows for the ability to control the geometry and crystalline

structure of the nanowires through the use of biclogical template molecules,
e.g., proteins having specifically designed or controlled peptide sequences. To
that end, peptides or proteins with binding affinity for silver, gold or palladium
have been identified which can be incorporated into a phage structure to create

30 nanowires with dimensions based on those of the phage particles.
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WD 2008/ 046058PCT/ US2007/ 081285 Exanpl es of suitable polyneric
matrices include, but are not limted to: polyacrylics such as

pol ynet hac{yy Rbdeds , poI y(rmet hyl methacrylate)), po{,(yﬁﬁgz)ébﬁgs%s
ri Fes

and pol yacryl onit pol yvi nyl al cohol s, polyesters (e.g
pol yet hyl ene terephthalate (PET), polyester naphthal ate, and

pol ycarbonates), 5 polRisgisainhterialsbtBér tAas pRages cal BawbES bt Yerfiplalesas
phenolics or cresol - formal dehyde (Novol acd__) pol ystyrenes,
o €

pol yvi nyl t ol feeHe fopaeyan ehaondustive naswiies: xpoPigafiiageantous proteins
pol'yam dei m dagy, <pf! a‘é@&%rﬂﬁ{? iflcd68g sBAhISH thhQSFm RO I?g%g\sﬁﬂ%ﬁn be used
ol'yphenyl e?ﬁers, po Q

pol yphenyl enes,” and ur et hane

pol yol ef i ns a(mangait@nlawnr mnyﬂlabee(se@,ﬁlgmt?)yMantageouamcbmyd template
ol efins), 10 acrylonjtril e-butadi ene-styrene copo ( ABS)
el | Ul ob1 s PIole EIBS HReGRROIC SPY BaMEdAIGer RRPRALARHG e bhege,

pol ysi | sesquj Qe nesisad nﬁ%b(‘)kéﬂ?‘es redhold ¥ rgy\éhfrgi! &fég&‘?hégﬁr@tgéﬁe

pol yacet at es, pol ynorgor ne synthetic ru
EPDM), and frharomings! Mﬂ@n@éy gnroteinsl areicagler ttesynthésioy inderge volume than

| ytetrafl t TFE fl
bF 1511 uor STERERATGHS hyapscalyBAM IRk o %roge““’p FE PF Shevies Uit
anor phous f|a§3cﬂé1§@reh98dtﬂmbé/§m§ﬁeﬂ>ﬁe@é}@|§éd’”9rs (e.g., cYroP(r) by
Asahi dass Co., or Teflon(r) AF by Du Pont). I n ot her

enbodi me#@s, the pol yfigure Sraowsa aetratisa®rsion of a peetaisrsoalield 8 having

2 o PARTROM e B h BT ARB AR B, e tith)

| esser degr estesfare seleetédltolham aargtfirsity foothenoondaetiveqaracids,| RioRas Au,
nmol ecul ar wej ght. Thus, the gart ially polymerized matrix can be

etched underA®dry ane NeoAlieiralivaly dhe b siasda haveaffipitefais sapd
t I
condi 11 on, - tRaeHE e S B 0 nd Al e e R e kO e ey
further t§ ogsarllclmglsmghasc()l.pahqm!lmatTrmenpmtm ecaffale8 cantaldcobgor ovi de a
t f hi d
Tt 1. The SETESR i batea Pty of BBAngdRes Brafiel o e bis;

further curiggfesic8Re HaQe mém Isgac@d Refd ?Qn@?é‘btﬁézﬂ ihtérddid 88ng their
transparent conductor film | es of suitab partially cured

pol yners i ndengib to me%aeethﬁ@pndutpﬁwtwftm fpnal t:mcluoyweiﬁy@d 30 acryl ate,

ol yimide. e ski |1 QB EY &b naE, AEs A oERL S MRS of
pol ymer i z@t ifsrdismptdr igpeasilytergirierdd 0ging RAGWvA ltétfhrﬁcﬁ.@sutll igRhgiheerid to

which the partially polynerized pmatrix and/or nanow res can di ssol ve.
Typi cal | y, *}?é!eﬂh%ﬁ@'ire?tﬁfgfn&@&PB%fofth%QPMPr%ﬂ"if%ﬁn Ongfethegiize, shape

difficult itagSadidcPlafiB HalE tEBh'delbcted, the biological material can be exposed to

conductive material 8b, such as a metal, or a precursor of the metal.
Figure 9 illustrates a further embodiment of fabricating conductive
25 nanowires using biological templates. The protein scaffold 8 can be further
engineered to include binding partners such as associate peptides 9a and 9b at
respective ends. Binding partners can couple with each other through any type
of associative interaction, including, for example, ionic interaction, covalent
bonding, hydrogen bonding, hydrophobic interaction, and the like. The
30 interaction between the associate peptides 9a and 9b encourage the self-

assembly of the conductive nanowires into 2-D interconnected mesh networks,
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5 Preferably, the partially cured matrix has an acceptabl e degree of
physical integrity to protect the nanowires within. This is desirable
because anyglsdinBissMy carry out his own patterning anﬂcfﬁfﬁomms 285
subsequent curing to obtain a final transparent conductor film iln
further enbodiments, the matrix is an inorganic material. For 10
exanpl e, a sgd sigfdn FBheiffaP n@8 IS Figufs, MHEldsbEoiatidripepiries ahE their
MyO- Al 203- Si 02, Al 203-Si 02, 0- Al 203- Si 02-L120 or a m xture thereof
can be used.locations may be of fheclype 4o aneoisade herfosmings meghesxend toeerid i s
conducti ve. i e,.a: i 0 [
Conduct | ve. pa ST Rrdsiiedhbli Sk et U o Mo R R B e
limtation: gy (I8.tde etamplehgHonmadiFigure 8, erhesrriuciRER@orial 8b has

pol yani | i nes, pol yt hi gphenes, and pgl ydi acetyl] enes.

" Conduct i Ye #lEgaslboupd to thanedsin peaffold grbeforgthe pratginscalielids fam ayer

of nmetal nanQwi LQV| k | ’

transparent con ﬁﬁr"é?ﬁ&%ﬁé’% darféiir;gétt?@qg%d%ﬁgﬁsﬁéﬁcte!ﬁﬁgcgﬁas{&ﬁfgwgn of

t he networ k hetwerk prior26 time bindingesfdhe cesduntide neeniadt ri x is al so

referred to as a "condyctiye layer". Since conductivity is achieved
by ol eotrical char ge HoBo B SROTISIREAISERAT MRURDAFYRSIRS BARINFLP!
sufficient nghat bindMeWdr@erdBifdwRr HeRpRbtidof 4 8orfREVE Tdy¥e of ﬁibﬁq{ to
reach an el ectrical percolation threshold and becone conductive. The

sur face @0ndermiesiedynatvork-isan avedict bé pessibigerith mndomaranswjregsThe

proportional to its surface,resistivi.t onetipes referred tq.as
Sheot resi st RRCRFERMC A tng Diddled eI SRR Rt SFRoEA S o
Li kewi se, whadhigve@mbesiked Gedre@dt Biderimthe@industiviayerve filled with
sufficient netal nanowires to becone conductive. As used herein,

“threshol d | oadi ng | ev@mplaierlasedisyntpesisrie eattisylarymsuited fardekiicating
nanow res by, i, gil FHobRfc R difiBAkiBts, tho Hslog@eo Bl dohodsRieRE. Furhbt o

f
t he conductive lTayer i?as a sur'ﬂaoe I eési srh Vi re than about
106 ohm 3§uaad/afnitagedf bidibgicaltwimsedl rhanufattaring\6f nano-materials include:

20081046058PCT/ 1JS2007/ 081285 surface resjstivi IS no re than 105
W, o mor e YaIPTIRCEs ] T CRPE T 1o BB HSP b AET TN 500
CVO, or no ”@Fﬁbeﬁlﬁf& é@&sﬁt}ﬁﬁ‘), Ebﬁeﬁd?rc%ﬁ{fﬂ?ﬂrﬂliﬂy%@ ﬂ‘r%d:&?bﬁ'w‘é@ﬁ&ﬁﬁ%on

factors such as the aspect ratio, the degreé of alignnment, degree of
aggl oner ati dayemsd the resistivity of the nmetal nanowires. 5As is
understood by one skilled in the art, the mechanical and opti cal
properties of the matrix are likely to be altered or conprom sed by a

hi gh | oadi ngcehdwiiive Rayét sadSubdipitei n. Advant ageously, the high
aspect ratios of the netal nanowres allow for the formation of a
conduct i 8 networ k t hsu@niliuplsativerexaxnrie, FHounerWénehayvssafrapsraredfadi ng
| evel prefer f : A r

pref erabl y f?"g‘!r%x'g 5J?Q%ﬁpf%a%f%ﬁ%“a%b’%?a%pBgﬁg%c’ﬁﬁ%@%ﬁ? dfer g y
from about Ocdhdogtivni@yer b ooinplsegi piitalltp of Aickal @anoanesvl 6 e The Tinstake

surface |loading |l evels do not affect the nechanical or optical
properties OFTONEES{PIN 2 COPHESH/EAFWRE. depend strongly on the

Er anapar ent conduct or & S CLEE LRAK & UG PR E8 tafasheaTaElr
surface B8siHjiniwhigh armdndpttivedayan @ splarmeed pn the substrate 14. The
conductive layer 12" includes a plurality of metal nanowires 16 embedded in a
matrix 18.
“Matrix” refers to a solid-state material into which the metal
nanowires are dispersed or embedded. Portions of the nanowires may

30 protrude from the matrix material to enable access to the conductive network.
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can be provided by adjusting the |oading | evels of the netal
nanow res. In certain enbodi nents, the conductive |ayer

spans the wiebgm%ggsckness of the matrix, as shown in Fhgbb&odIiRBis
Advant ageous a certain portion of the netal nanow res I'S exposea

on a surface 19 of the matrix due to 20 the surface tension of the

nmatrix materTaé nifrivis.a ﬁ@étf@ﬂhé)metahmciuﬁ@star@ proviBas biphysisal frrH D€ tHe!
for touch screen applications. In particular, a transparéent conductor

can displ ay eendugbee yatuthe matyx pieteats theameteb panewirgsitemiasyeeses |
Figure 10C i n%llnﬂ%%h'?etnna 611‘?&8’&! Euﬁl’zcgﬂv}rgglgﬁi BPIP Egpaesiwor k Oafrt:ﬁér J(hgsmatnx

nanowi res e ma X I"éves sur ondu 1 VI

shown, whi | esignifitaritly lo@emstheqrmeubilityas cOADSNE fenéits inThe ekm:r@mhemel y
subrrerged in the matrix 18, ends of other nanow res, such as end

16b, pr ot PudBALAYEOiSHes iR a@owDt efracidse Oyden sulfiy and the ke porti on
of a mddle section off %@BR%,@%mﬁHﬁfbf@%ﬂbQQbﬁﬁ ﬁda‘PH d BfechRikal
ace (0] 1

protrude above the surP e matri X noug nanow re
ends 16b andpmipdtties ts dud camduciiée lgyeat Fuldﬂaxh;ﬂe,elt téreprowidel adhk8ionttb¢he80

rface of th ransparent con tor .beco cond ctive. re 10D
L e anni nhsiER BTk SR SHetaied g Bobmesk 6  ordstth meiioss
a WO 2008/ Oéx%é%’éérév%%%ﬂ %&ﬁéstarréﬂﬁﬂﬁi and ﬂéﬂBl‘éU%s%ElfHé LABs8d in

contour of ends and m ddl e sections of nanow res protrudi ng above a
mat ri x i A0a moshdetait berein dhekibde oratrices make it possible to falicaterpanspasents,

t he conductiyve is,for met.al .nanow res enbedded in a
portion of t?]@dr‘fﬁ{qrﬂpa mqy*ﬂggﬁb’ﬁk'%h%@ FOCRR& 5 conducti ve | ayer
12" occupi es only a pméreedethd BsticaRbiopsrtd dTMik 86RO |krtan be
“submerged" in the matrix 18. In addition, the nanowire-filled

conducti ve | iajlerediuysalectivgean aproniiatn reatex siateriale Far exaoplei eflestian ngs

(e.g., an OVI%EQ%\S uﬁ%«aﬂf&f@é}e é’elr?ﬁc?eﬁé&t%p‘r’lﬁfﬁpﬁ %&!ﬁé athafi? dpgce

t he perfornance 0 uctive Tayer. rcuns ances,
t he conddat i d@szﬂa@ieerefmyvmmﬂeba:mdﬁm amﬂﬂmheyee but is
characterized with in conduct.i vi rtain

enbodi ments, surface c18’|ﬁ’ ¥i e fyatrin ‘%?%OBW’ESQP" E’é’ﬁerl?gr é‘s’f‘%ﬁ?ﬂ?%‘ﬁed
by incor por a&éd&%@ﬁ@‘éﬂt%hll@ﬁeﬁ? d?%&m%!l?ﬁﬂn%@h‘ﬁttfﬁh‘é I%ﬁf frh®drRRsibR of

t he overcoat own I n ure F, a nanow re-based conductive
layer 10 is the rdatedsi is adllemst é@%smmae disible renitm (ei@aum 7@@nmhyldnlesd
conpri ses nanow.t e 6_whic each t ati,on eshol d and

et bl s sh | noRrE e, 6 PR (RPERI ISR Ta PR e
conducti pg | ﬁmrklgyeﬁuﬁ)laufaaispéisen@tzomumcaesmbmhémm &% préferalsly
enbedded in the overcoat 17. Advantageously, the |oading |evel of the

nano-si zed coptitady clear.phhe pptieal clatity eftheveatty i typicakly ¢giermised by®
multitude of factors, including without limitation: the refractive index (R!),

thickness, consistency of Rl throughout the thickness, surface (including
interface) reflection, and haze (a scattering loss caused by surface roughness
25 and/or embedded particles).

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

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

referred to as a polymeric matrix. Optically clear polymers are known in the art.
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20 reach the percolation threshold to exhibit surface conductivity.
The conducti ve Iayer remains as the current-carrying nmedium in which
the nanow s, ﬁ geached el ectrical percolation |evelpodb&a07/081285
conducti ve partl cles in the overcoat provide for surface conductivit
as a result of their contacts with the underlying nanow res through

the thi cknesgxsthpleb®f QMﬂHb}@ﬁblyn%ghhﬁirxcég‘ﬁcﬁlﬁg%trﬁé%opﬁrﬁﬁé@ﬁﬁ a

nul ti-layer structure conprising: a substrate; a conductive |ayer
formed on t heol¥amseliosaaueh astrsignethabrylatemtugt bol(meipgrmethapniated), a

f | | |
et al 1 ¢ naradualE A b ARIBMLAES inaly il pehal) 8676 46% Blang an
over coat f orpaigetifiehd terephithafkié mET)abalyesfehﬁamﬁé@@tanuwyeaﬂi@iatésq a

second 30 _plurality of conductive particles, the second plurality o
conduct i ve p%ﬁlrmeTSe\giﬂbeuw #RqreR of BEoraatisty sue s }?@Bﬁ@lcﬁtqf@fﬁsoével

WO 2008/ 046 Héj?é) 8
nano- si zed g@ ucti @Tr\{%?g‘% gpogfsgrenes ggi du | ve ﬁgtl C é’l%aw ng

at | east onepalyimides, polyahades, polyamigeimiddsapolyethenmidey, polygpifidesd,| y, no
nore than 200 arrpl s .of suitable co du e particles include,
but are not H’?Yﬁ"t"Eﬁe? &° ){pf@ny RES: YRAREY ‘?P‘é?bﬁ PPURthRNg (Y. 5

(including these Sﬁ?&léfubflfbkg.eﬁcﬂw}bpylgﬁé,%dl}kngﬂﬂgipeﬁfé%Sand:@cfﬂe'&Ief" ns}

nanot ubes ( CNT) t he rate bstra
of choi c&0, acafylen@lIe@u&adimesﬁyeeneomumlwmmcmBﬁ),eceﬂuImswst silieorieayand dter

ted | ted, .Th t J igid f
gﬁgss r a'? (ra c:‘ﬁ?‘cg’g' ‘%'%%ngrps e%‘fﬁggﬁlgﬁ%ﬁﬁh'glfﬁ%@%%ﬁ DQIVS'LP@eﬁ)mm ce"

is typicall ypdrpalitios@n @Bgébé@te% b8ho®otfdheR! SEfAStIc @Bbifs! (b.goe
di scussed herein. Suitable ri substrates include, Tor exanple,

gl ass, pol yc%l?BoﬁBReEPm\&)r nd dlgoropelymers (¢.ok @olvsinviidenesfiyarigei bl e

ol yet nyl end i8R ERelRhe) bibodholRuo Bl ¥ esByfhers of
pol ycar bmﬂatf&)om-ptdfmcdreifhynﬁmﬁa?b@w otelfm te.gt, Lubiifiareshd andrptipaki ¢ 15

pol yol efins), polyvinyls (e.g yvinyl chlori onV|nyI|dene
chl ori de, ditgﬂwqﬁrborae@'megs %6‘?%!'9?'7&{69 do¥ VaEr ﬁVaf | Glasg Gheor

like), cell HaRe® qsde,ﬁ (eg cellulose triacetate, cellul ose
acetate), polysul ﬁ)nes such’ as poI yet her sul phone, polyi m des,

silicones and ot her comothericortmidimentynbeipohfméntsmatiicdiescoed heneanpl es
of suitable substrates.ca e fou in. e g. . S. 20 Patent .

6 975, 067, © compiises parudiy pobneEedtaredtisy Sured plirafs, ERB3tsd iy
of the condusdimerizedyd fulpBured rﬁétﬁi@té baﬁ-lauyelcureaeﬁatﬁs%%aey/e@ef a@@*eerois

| ncl uding light transm ssion and haze. "Light transm ssion'

"l i ght transtpssslinking and/pepelymerizationeanse lowerrmjecLiar \aﬁghhcﬂu@ntha i ght

transmtted ellght
tr ansm ssi orghabHL BaREs Fout byl fhef UpiaRRHathY Rt %,

hi gh as 98%pdiiniAg i poksilse eBingGdndesticral photolithedirabhe. Qmﬂéﬂéfprolpﬁer
| ayer is deposited or |lamnated on a substrate, the lig

transmi ssi orPQ¥Metrationsoadition; theqanially eayed@agix gay bg f’éFﬂi*ﬁ"rﬁuéfﬁéd
Per f or rra?ge \ﬁi?é}@ﬁg'fd}gwelr%Vﬂs%:qkﬁ@%ﬁ@@olﬁﬂeﬁ%ﬁﬂéf' cgﬁ')égl out to pravide a

anti-reflective yer, antl her 30 con ute to
reduci ng t hematriaradhigher gidiedulamseightsthan thedt of hqaaruiaiiymmcﬁmhtro(o n'ldwct or.

'n various ol TRSS mathe can B8 stched Rlbned B9 aturthdr cdla 883 1™
provide a patterned and fully-cured transparent conductor film. Examples of
suitable partially cured polymers include, but are not limited to partially cured

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

polyimide.
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WO 2008/ 046058PCT/ US2007/ 081285 conductors can be at |east 50% at
| east 60% at |east 70% or at |east 80% and may be as high as at

| east 91%?,%2938@46958 Haze is an index of Iight, ‘td‘lf{]dgzﬁ"s""%“

refers to e percentage of the quantity of light separate
incident light and scattered during 5 transmssion. Unlike |ight

transm ssion, which i %)deaéléﬂ%'d}in@hé)éﬁﬂﬁdd’rééﬁghlﬁé tmdhélﬁhgﬂéézcﬂ? i's
often a productlon concern and is typical caused'%%/ surface
d

roughness ar@lengreadon may mRﬂCéﬂwoﬁtClﬁlﬁﬁﬁ@@dlﬂO@ celutipsy endefosick thes i n

conductor 1 SRS REEELR e RpREEE soh et HIPRAGTe oo

and may be dfgharth@dedf@ensi pﬁb,fn@erti@ﬁﬁn 2Pe tnvor@.difficult it is to etch the matrix.
Per f or mance- enhanci ng _Layers As noted above, the conductjve | ayers

have supe?ior physi caPreigtehbsdhanedialy swedlastsihes @pacgaptabls 4 ee of
matrix. TNeShySRal ARG R ARt # Rhduiesithi? MR8 e detiand bEfle R0

addi ti onal ers e transparent conductor structure
ot her errbodlemimﬂr maym:ﬂrty ed:tetyseowh reattepangand tenslibsequentsudag ¢v obiad

whi ch conprisgs one or ayer.s such as anti-reflective |ayers,
anti-glare @@@Jgrangwgg ‘4“&9&}/%5 barrier layers, and hard coats.
As an illustrative exg{Rirfer Eh'%‘éﬁﬁnéﬁts SLHQ\Pﬁatﬁx I§Uér{ inotgBr! mifaas PPGe Nt
conductor 20 conprising a conductive |ayer a substrate 14, 20

as descr'i(bedaxabml% a Stlgehmatiix bagaston slhmmamlhint alutfmauﬁler Ma®-AuBeher

second | ayerioh MEER Ordlo B e R TrE A Al 8 Tt A he
substrate 14, and a tme&téumeﬂibo%ﬁnmimeoﬁﬁdxhgéiﬂwmeusmtfrc&te 14.
Unl ess stated otherw se, each of the Iayers 22, 24 and 26 can be one

or more ant iexeamledhe matiggan e aganductvs pelwner.| Goriuctive galvaiese are
| ayers, bar %&flﬂ*g@éﬁﬁd’ustgggw %cﬁ%ﬁwﬁﬁ&ﬂ zPr{tt%P it 0Yﬁ3f4' | ms.

The Iayers sérve vari ous unc such as enhanci ng

the over#h| athjlenediopghidbpheme)dPEDQIT) p@lyamtsmags pbmmmﬂimespamd
properties of the tran%farent conductor. These additional |ayers,
al so referrél?lfdéa(?féyeb f or mance- enhanci ng | ayers", can be one or

B i F
of metal nanowires that provide the conductive media of the transparent
conductor. When a maitrix is present, the combination of the network layer of

20 metal nanowires and the matrix is also referred to as a “conductive layer”.
Since conductivity is achieved by electrical charge percolating from one metal
nanowire to another, sufficient metal nanowires must be present in the
conductive layer to reach an electrical percolation threshold and become
conductive. The surface conductivity of the conductive layer is inversely

25 proportional to its surface resistivity, sometimes referred to as sheet resistance,
which can be measured by known methods in the art.

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

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

resistivity of no more than about 10° ochm/square (or /0). More typically, the
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WD 2008/ 046058PCT/ US2007/ 081285 enbodi ments, one
per f or mance- enhanci ng | ayer provides multiple benefits. For exanple,

an ant"re@b%éd(o\igosﬁayer can also function as a hard cogt fﬁs'}%%hz@s

barrier |ayer n addition to their specific properties,
per formance-enhancing | ayers are optically clear, as defined herein.

5I'n one enbadjARBYresis®N§is RS micrearRf an fnb‘?ﬁér'e“tﬁaﬁ ayehun, 'n%yr%reztﬂahs

an adhesi ve layer, and layer 26 is a
anot her enbo‘UthféEWD neagere f&ni @Oam&apdnomare tlhayé@o 7 WK §hathrasin0lér

| , d | 6 i fl |
e e 2onp g feve) BB Eelrt Sith #S et o tedeggee of " V!

reflective |ayAmengticgred éf qi&n@%ﬁbh%‘hd'tﬁé’%s@ﬂﬂy af ﬂ@rrﬁeﬁpﬁénoﬂnﬂééer
24 i s an adhesive | ayer, ayer 26 is an anti-reflective |ayer.

"Anti-reffective | ayeIAS ig @ﬂée@tqcmi By ong ekillechiatthe art, hedueehanigal eodi on

ant - ref | ectREa AP R o i Ratrh e JOR3EBE B B eFiebistdby o ian

surfaces of jbading bhasppakitiestheni digiaitagadiushs thRhiginbispéacatidzadfween
| ayers. Materials suitable as anti- reflective layers are well known

in the art, Mal@l Danevgres Allwior thedormetiomef a cerdusbive payark through the

f 1 uor opol :

5,198, 267y”&ﬁa@k%@%ﬁh@shéﬂ%ﬂ%@ﬁ}%&ﬁf 'gfera%%?ﬁ‘g‘#@s P@?P’eé& on
| 0ss canlbe atouedoipgainy, nm]‘e@eefe%bly)ﬁrommwmpgcmﬁm a&umsn@mm

th ti-reflect F to Fi 11
Lhe oh bknecuSimbludl S5 SRy B E TR sbSu EhTRREES: el vt
reflection ofrpoe%ersfu%ee %o@rﬁghewefo%%t%@feeme%e&éﬁ&apérh@ﬁncayémpm@g

i n various enbodinments, the anti-reflective |ayer iIs about
thick or 200fihe hatix. DiEsesf vades depandsstrongly ot e dmensdus:add syattahe

appropriate yse of textu r f see

SB0008T and disferdn of Hehsiyfise %ﬁ’%ﬂﬁ&%?ﬁ‘&n@a@?ﬁ%vﬁk‘)ﬁ%‘%‘%%&s

f rom Macik artohgbléelettii2® condiitivit(crsrfh ey Risistivity)edri ditical trayspardrivpt
reduces unwanted reflection at an outer surface of the transparent

conduct or bycapripravidgdiyradiadingshe inasding levels wé thaumetat sapovisesat t er
the reflection. Suitakl er‘%\b é)?]irrﬁeﬁ@tﬁl@c%hﬁu&f\fé IAFr spRQ WL &ftirk he

art, including wthout oxane
thickness of the matrix, as shown in Figure 10B. Advantageously, a certain

portion of the metal nanowires is exposed on a surface 19 of the matrix due to

20 the surface tension of the matrix material (e.g., polymers). This feature is
particularly useful for touch screen applications. In particular, a transparent
conductor can display surface conductivity on at least one surface thereof.
Figure 10C illustrates how it is believed the network of metal nanowires
embedded in a matrix achieves surface conductivity. As shown, while some

25 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

30 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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WO 2008/ 046058PCT/ US2007/ 081285 pol ystyrene/ PMVA bl end, | acquer
(e.g., butyl acetate/nitrocellul ose/wax/al kyd resin), pol yt hi ophenes,

pol ypyrr ol g3y -8ls¥dds €t hane, nitrocel lul ose, and acryl at g‘h 0@{285
whi ch may conprise a light diffusing material such as c

fumed silica. See, e.g., US. Patent Nos. 6,939,576, 5, 750 054
5, 456, 747, ﬁré}ﬂs'éa?eﬁcoﬁd@digr shotvirg g%nto@r%ﬂgﬁdsaé‘ﬁ’d ﬁf?cﬂﬂélé@@ﬁo?)s‘?;f these

mat eri al s can have nmicroscal e conmpositional heterogeneities,
can al so exm&mowll‘ﬂsgilﬂ@t!‘@ﬁim abo‘cmatnwamma transparenicngletoe.
"Hard coat", or "anti - a.coati

, f
or ovi des. adi 1 onal - U PUEE SppseRtesr P Sarndh B i s By e meta
abr asi on. 1Qaa5wmb@nmdd@uuﬁ alPRLiGIPHTthE Prdthix,| 3CSHM :ﬁmmtﬂo&‘. The

pol ymers such as yacrylics, ep ox?/ pol yur et hanes, 1p ysi | anes,
silicones? p‘&nsipewaabera wcwplea@ays@p@monwma:@atry & and A%r d coat

ﬂ):o;gg}érglcg’%@%kpsg?@eﬁé%%gt@ﬁgﬁ refe?eﬁcespafzs?fad therein.)

The thi ckness of the lhaaddlﬁomtthe&ahawir@-&lléd'cémdumeétaybr nalyhebdverialy
The 15 degree of hardness, can be eval uated by known net hods in the
art, such aWHW%%P%ﬂ’t“@ﬁ? ﬁk&qut@ SQAINDA §e-@ 1R CYeE308é Pr AR gntigiays film)

et b ocat | o pHtEBDrnhhde e GiARRoBb heBBlicfe layer. Ipthese
No. 6, 90%) 75ﬁr)3um‘§tmcba,rtﬂecmaductwye ibyserfmay hevbeexmfméobmduanveabui is

gl are process or  an refl ection atment by known nethods in the
art. 20"Adh t‘?ré?fgj JI[ M'Q”?SOQWHH jically clear material that

bonds two adjacent | ayegé&rtdif e%bodﬁﬁ@ﬂﬁ%dﬁé%e'c%)ﬁ@ﬁctﬂ“‘tg 1r$tlﬁ5cwefr‘éc%)t can
together w thout affecting the phy ysical , electrical or optical

properties df establishep dydncorppratiogial pluralieyaf neaneizedeconatitivesparticles in

ohl or | nat ea 17 PETSBRL AL BROWR T Figlihs MG o ARt bl Rl IR TS
copol ynet5 rdpestedion dubstratos 4. CImledrﬂat:m lay@rbmwrﬁpmm narmmr@eulaber
resins, poI yam de resins, cunarone indene resjins, res

et hyl ene- vi M'C*&Eﬁ,ﬂcﬁttbe@Sﬂiﬂlﬁﬁ?@rthr%P@@%?St?@@HB'MWHEWWSv“ﬁ‘s

t
Lyer e o Sttt RO B8 ohlceffer 10, A puraly ogprgh e
per nmeati on |partlnle$1¢7a rmsbadcmd:nctbaduemcoat 17.t Ateentbgenushh thenlobbiay

corroded rretal OW res can cause a Si i f.icant decrease in th
lectrioal SISO b BoYERERH tRangy POHTIRSH IR BYRIOhR dop o410t AEPT tos
the lighygt f@ﬂ&ﬂh%%é?&ol@ﬁoﬁ feSUMUSEXNISTt S@¥Rle cohdBchady! TRk do?e}dﬁétlv%a”
effectively inhibit atnospheric corrosive gas fromentérin

conducti ve |lawrremﬁmScamﬁwaaurnegt-weylngmdlmnlowmdsthematnwmeathawg.

The barrier reached electrical percolation level. The conductive particles in the overcoat

provide for surface conductivity as a result of their contacts with the underlying
nanowires through the thickness of the overcoat.

25 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

30 plurality of conductive particles, the second plurality of conductive particles

being below the electrical percolation level.
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| ayers are well known in the art, including without Iimtation: see,
e.g. US 5 Patent Application No. 2004/0253463, US Patent Nos.

5, 560, 998 %%}&%8689 EP Patent No. 132,565, and JP E@f}ﬁ%ﬂ%lzss

57,061, 025 reover, any of the anti-reflective | ayer,
Iayer and the hard coat can also act as a barrier layer. In certain

enbodi ments, the nultiad @éé@!héréﬁhnﬁaﬁé-@&bd%Bﬂé‘:htﬁfv@rpaﬁ%léﬁibéfér%t her
conprise a protective filmabove the conductive er (e.g., layer

ay
22). The pr otansiuictiee P@ﬂflﬁbﬁéwthlaié%S}l ohg @Knﬁmseoraﬂwt a0 erertids H0nhe
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t er epht hal at IﬂCi(JBEJBUt e |n!bbmhls!é@ttﬁ lT@rErﬁmt di@deﬁal(),nﬂbmtda:‘bwwes
nmet hacryl ate (P acrylic resin, carbonate 15 PO ,

pol yst yr efie, (lrtqhﬂ(ae@%ms@ Aiyed b@new.m allig REsIdIbesy GaRON MANORKEST | de,

pol yvinylid pol yet hyl ene, ethyl ene-vinyl acetate
copol yners, % i V|nfrggu?yral netal ion-crosslinked

et IhyI Ienfe- met hacrylic iiSuﬂstmpbby{mithramoéf%ohbﬁfr\aamrs teed hegtbda ento
pol yol efins o ticular referable_|s PET, PC, PMVA, , or
TAC because BRich as FORTUpHYS e i Fratdt BB ThR BRI San PR icher
enmbodi nent s, ortffé‘i(sﬂé a?ﬁ@%bﬁéﬂfaté%ﬁ%%t&éarr@b aag%”rﬁgt QUbEPAEdf

inhibitor, in addition to, or in |lieu of rrirer ayer as
descr i bed0 abehnice” [ typm%ynmed)rrr wr@mlmmmtblatlamaﬁay gsmcmssdes will be
protection t nt mechan It

h di ff
Phoura ber et iRelhersin Shtabh Faid Sttt ML Bl byATBee; s

corrosi on i nhdiidresrates,GiyiRk] &hd the' keI URbbRITRIKRAE 5QEKiratds hbladaeétﬁl
nanow res agai nst adverse environnental inpacts, including both

oxi dati on ardredgt{imiadtesrpolyesters (e.g., polyetm&%m@rﬁe@ﬂﬁaiaf@r(é’
th {
(e on o, Aot Ghe BB RAh. dor et Ao locP HABHEE e

barri er - 18r npotgplefiris) osdlprinyls é.bi, pehysinyl chioride, polyvinylidéne chileride,
enbodi nent, the barrier-form n corrosm% inhipitor jncludes certain

ni trogen- corﬁQ.{N“Y{@CQWJ)S ?&’NSGF egrJuhine lkehselinese eggehases
aromatic tri @gq)e@e?i’uld c@ﬂﬂoéé‘?@&b?%iéﬁ@?g?@ 6’#‘&95 have

been denonst d tos?orm st abl'e conpl exes ace to
provide a 5 naayethensubném\eepolylrmdemtsmbomﬂjamd ethenvd)m\mmenal pooneric

ere . e R el el o TR BRI TR LG 48T

benzotri ggolpﬁenﬁughsg%tggbytrl azol e and butyl benzyl tri azol e, can
al so be used. (See, ech U.S. Patent No. 5,270,364.) Additional
sui t abl e exanpl es of OIP!CQEIY: he iopticalitiessRarenee atelariyiaf the eondictive

Iim'telet - di o
o 80 e A G e B LB B L BRE| P B misior
2- mer capt obeambmzze)l ‘€igh? tran®mixapind iertighthranzalissivigiidefers to the
2- mer capt obenzi m dazol e. | SCHEME 1
percentage of an incident light transmitted through a medium. In various
25 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
30 contribute fo reducing the overall light transmission of the transparent

conductor. In various embodiments, the light iransmission of the transparent
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15Anot her cl ass of barrier-formng corrosion inhibitors includes

bi onol ecul es that show a particular affinity to the netal surface.
These incl osdiRk(sg bi onol ecul es, e.g. cysteine, and sygihgdis; 981285
pepti des and proteln scaffolds with fused pepti de sequences w
affinity for netals, e.g. EEEE, see, e.g. U S. Application Serlal
Nos. 10/ 654, &2@ucibid E89pé %i-lea%%@‘%a?]%&st 6% 95@@&?5?90%5‘%@ a?ﬁeast 80% and
11/ 280,986, U.S. Provisional Application Serial Nos. 60/680, 4

60/ 707, 675 andy be/as80gheg at least 91% to 92%x her barrier-forning

corrosion i nhibitors ipcly it hi gt hi adi | e Kk

G thi ot hi adi azol o5 and ey e ROIEE8H Y Felospeperonieey
strai ght hydhecpehtty of ghtsephfatad frivpethelfin€igémtaighband sditirddduss
self-assenbl e on a WD 2008/ 046058PCT/ US2007/ 081285 nmetal surface to
f orm a nodol E@NsMigsiene Wuliky light dansyssinrs wdiah isdarealy anioperty of thece
from corrodi ar
erbodi ment . TREUT} HReR S U R EREY caberTand & BRIy LRy il
cont ai ni ng aoaghmness @l embeddddpartiplesor domgositicmal hieterogenedtigsph thef

t he corrosion |nh|b|tor in the vapor COrrosi gn |nh|b|tors
Ui t bl e T orMeHL. JaRHPHE aMPOCIOaHt. DdRaRe! trRToPaTRL SoPHRIRA boPs-
(VPL). VP S @bf h¥RI10%h,Inb Btcieh @oR0r b MBISbf 5%, Bhdinaythd bdowiad
forma nonol ayer on thé 10 surfaces of the netal nanow res.

Advant ag®dustomovdthencih th8.53el i vered to the netal surfaces and
repl eni shed in a sustained manner for |ong-|asting protection.
Suitable VPI's include barrier-formng inhibitors such as triazol es,
di t hi ot hi adi pgfirthangblenhaftihgilaibisadi azol es and al kyl thiols, as
described hérein. Figure 12 illTustrates such a transparent conductor
structure 15 suitabl e Asgioted ebove tae peraicting fayesplaaver supgiripy physigad and
seals 32 an Vv ers
1o T the grgga?a‘ibéqﬁ cﬁQra%ﬁiusﬂ{?éh&% gd‘ng\‘écrﬁl Vzgeﬁ%efsé”eh@g%%ﬁés S‘aH By

reser v|0| rz %nﬁﬁﬁerﬂfmeﬂ?‘)y ll?]ﬂ‘timfoﬁﬁﬁaih dudifiorsl m@e&ge the: uansympmta:ommctare
sparsely distributed such that thejr presence does not cause a
Dot T oS PR, ThuR: ok SrBPOdents SR GHORE raDsRasaAl RaBCtoTs:
reservoi r Ccoualinsy ek eeﬁlgﬂg'eé 84 B} trFe AR UEAM L RASKIRRNA &Y,
into a polyner nmatrix or regnated into porous material from

whi ch it camardieglaolbyems; edhesivelaybes, bam@r [qyees entidafd coata. nonol ayer
44 on the surface of the t% nanow r Fg[iee, isg]se%). o

Accordi ng to anot her AN tvg exgpiRkifdgure H R B}“Htaéy%re 25

readily wt f'tra?ns%@l‘ér@%bﬁ@u&bﬁﬁ@ﬂémfyﬁs@g a dd?\&hcﬁ\)éaéyew 12aid'g sUBétAdte 14,
nanovvl res. These corrosion inhibitors are known as "scavengers" or
"get t er s20 v d¢scribed above. The multi-layer transparent conductor 20 further

comprises a first layer 22 positioned over the conductive layer 12, a second
tayer 24 positioned between the conductive layer 12 and the substrate 14, and
a third layer 26 positioned below the subsirate 14. Unless stated otherwise,
each of the layers 22, 24 and 26 can be one or more anti-reflective layers, anti-
25 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,

30 anti-glare layers, adhesive layers, barrier layers, and hard coats. In certain
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WO 2008/ 046058PCT/ US2007/ 081285 conpete with the nmetal and sequester
the corrosive el enents. Exanpl es of H2S scavengers include, but are

not lim teﬂ@tﬁﬁ%ﬁ“ﬁg‘ﬁgl ein, glyoxal, triazine, and nchl orwﬁh@gﬂﬁ;

(See, e.g., ed U S. Application No. 2006/ 0006120. n ai n
enbodi nents, the corrosion inhibitor (e.g., H2S 5 scavengers) can be

di spersed i nerhBSdiffdhts, 6n8rp%%ﬂﬁ?néé—én!ﬁr%ﬁ@ﬁ?eﬁ&@ﬁd@@htﬁtﬁﬂébéﬁéﬂfs.

affect the optical or electrical properties of the conductive |ayer.
| n ot her entfotiexempie, arraentineflattivealape cassalsafuristion aearkeud edatmndiora

corrosion inhibitor before,.or after bei. depaosi ted on.the substrate.
For exanpl e BATR Averal ragruftin BuhEl sPEuRopRERRe, s fprante:

barri er - f or raiHan&PgaQYdre ar® Bplidily Ridae! as gefhed HaFéinand

di t hi ot hi adi azole. I n addition, the netal nanowi res can al so be

treated Wwth an anti - iaPRe Smbegimnentolayend? ig amani-raflgetivesiaver yerdhis
k i A Lfii i H25 i
descri bed 1 ot AdhgHVa BB Bl Idyer GBH JTRREBAL I, 00\ S Blbl Pehed

descri bed in, s 5, and U.S. Published

Application No. 2005/ 014R8diBer eibbdinyett, laydred2 wrablosttroeat, Sayerr 24 isnat al
nanow res can he all oyed or %Igat ed with another nmetal |ess prone to
corrosi on byPHERAYMeRNE 13¥1eE wBiE 8N 2P eRSNBI&e si | ver nanowi res can

pe prated with gold. AhEladdinel S SRbSHRERD tayer 921i0a @¥hibitdiR A 8f ant-

sulfidation. In certain e transparent conductors
descri beti0 2(reflectderiayarnatieglaadira batriedlaygr and & tasd coalt laygr 2eishards,

i ncluding shegt cogting and high.throughput wep coating. In other
enbodi rre.nts,acg"elsb\’ﬁia[ i A Fﬂé@ﬁgg '%%%?B@'r%te&]‘fe E’H@%nt ageously, the
fabrication processes “fg§esfidetitle REELi B 1019 1ayeP it CEn Yatd Feflection
deposition, in contrast to the current fabrication of the netal oxide

films. |nstdass ataeefleshve sufacsoffhe dressearesteorgecioar The @nbvefletdiveg 25

rocesses. ar BT ANEiTRBHE R A B DRE e R E R b sk e ' "
conduct of5 Negmalucioe, dPeRos intarfacartbidean yars Matepnkuitableflariteat i on

In certain enbodi nents, it is thus described herein a nethod of
fabri cati ng "&TestvedA¥RTe are WeA &DEWE N sndt.iI8HEINg ydlhauf kmigjion:
plurality of i li) ga ik €S
bei g di 2por ORIy TEr RIGULRAE Bichds h b8l s, 1oL B2 PaK
| ayer on t heNesulist9&H2e7 Hy226,Podiarg 7,083 7R8id to dry. The
netal nanowi res can bc? %ﬁ]eegar d as dtescri bed above.

'y P

Th |
nanow res are typical s sarqflpatmruo§%c?régg@%ggtf\}g?){ fpguced

deposi tiof. #y controlling the thickness of the anti-reflective layer. For example, with
reference to Figure 11, the thickness of layer 22 ¢an be controlled such that the
light reflection of surface 28 and surface 30 cancel each other out. Thus, in
various embodiments, the anti-reflective layer is about 100 nm thick or 200nm
thick.

25 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
refiection at an outer surface of the transparent conductor by providing fine

30 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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5 is understood that, as used herein, "deposition"” and "coating" are
used int erchangeabl y. Any non-corrosive liquid in V\:hi ch the netal
nanow res 3%4@ s§¢ stable dispersion (also called "nelalydaRrawlkes
di spersion”) can be used. Preferably, the nmetal nanowires are

di spersed in water, an al cohol, a ketone, ethers, hydrocarbons or an
aromati c sol it ¥|€H€/‘F‘Mﬂﬂﬂ blérﬂi W@d@ﬁjﬂer?’beﬂﬁ‘tiw é&t&bﬁwlt}océ}@b%e/wax/alkyd
preferably, the uidis volatil avi n ng point of no nore
t han 200C, rf@snmbrl:@l&tthlanhqrmcpobrpyﬁolem@ymmﬁmngomcocelfulose and acryldtes,

addi tion, n. Na con addi.t

bi nder s 1o CUTFUEn, FRYGET S8 RFL SR G AR R hioB R ea
di spersi on. diamdas ., 918. t%mw@@sw&&%m&%%%m@wm
are not limted to, 15 carboxy methyl cellul ose d)gé:a(l drox

ethyl cel ulaskd.2e8E84. BiRNds:an mefétorﬁylesgéwtarl Hal‘éﬁ:)’"lcﬁﬁﬁét?@i?l
cel I ul ose (%rﬁo%@éﬁﬂayh&g}ostﬁh% ? whieNBhn aldd &hﬁﬁtyl @Fgﬁ%{oﬁcﬂeh(awoﬁc

and xant han gu ant's such
al koxyl at es,redtiteyylaree oxi de and propyl ene oxi de and their copol yners,

sul fonates, sulfates, disulfonate salts osu ci nat es hosphat e
20 esters, and fluor os'g?'idaciﬂaémf’é E('E'"%bras'%l]r%lﬂe(rr? §KDBI‘38HY"§) that

In one examﬁﬂrsv dés Qéﬁﬁ%él%uﬁhé@%l‘o‘ié&fbn é?j'amét?&ratdl‘%%ldﬁﬂeébragéf wei ght,

from0.0025%to 0.1% surfactant g., & preferred range 1Is rom
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0459 to 0o TesBBE ey BolREAneS. BavRines. sudnes choivalibtiernld

Repr esent at iatg @@ﬂp’rgﬁca}fy, Md hal | Rabuisd @6 6s b@lﬁalldéi%mégn '%‘
Zonyl e FSO Zon E SH, Triton (()xlOO 11 x45), Dynol 17),
2

n- Dodecyl b-WbSniptass Nos. £a92B. Aibt ek 0140 411,825,389, ﬁndtl'&fﬂfen@ﬁsgé*@gl ty
modr{rers 1 nabuge RETERLAR O IRERY LR WUaRPIORFNRL . 1 TBEBYIm. The

cel l ul ose, xant yvi ny

cel | ul ost§ wu@rée/drr}mmnesdm\n beklalLateed. bylReampl rasthoﬂs &utrieaabi gusbyent s
i ncl ude water and i sopropanol WO 2008/ 046058PCT/ US2007/ 081285
The nanowi r SCESRUBAH&EING With A stesl woelE0Qresiprocating 0 thresiwitkip @ ne

paraneters %ﬁn@thé’éofté‘ a’ﬁk&%r%ca QBIdRLASYE Lkdéd 1S4 Hfjfsﬁtg? G
y oper

conducti vit optical transparency, and mechani ca f7es Bt the
nanowi r e netWhdr Rateay dlo. 6,808 mﬁcé'hemgled odattrhay b@furém exposdotosj argi ed
to provide a,5 desired conﬂﬁntratlon novmre

i shervi on. Yaretatdst o e R emerEpU A Fiathods iBe Ag: of ner

i ngredi exgs, however, “KgHeshvmaiér” FéférsS@rE?}y dpficas/ élé%éfenah’ﬁ@t b@“dso
of the surfactant. to the viscosity modifier is preferab inth

range of abdwe a8ipcest ayeist(eq. oaondustive leyenanst smbﬁéraw)éemt elywwmutf ier
to the met alaﬁéﬁpﬁd\‘h{eeﬁn;)sﬁ:ap ‘?éc‘?rrl@at? Yobtncali BFope?ﬁ& of eithgpfé%r %Et?ca?ly out

clear adhesive material are well known in the art, including without limitation:
acrylic resins, chlorinated olefin resins, resins of vinyl chloride-vinyl acetate
25 copolymer, maleic acid resins, chiorinated 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
30 fluid permeation into the transparent conductor. It has been shown that

corroded metal nanowires can cause a significant decrease in the electrical
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10 0.000625; and the ratio of the netal nanowires to the surfactant
is preferably in the range of about 560 to about 5. The ratios of

conponent s bdrBcdik spersion may be nodified dependi ng
substrate ‘g%f Ot #le6 nmet hod of application used. The pref eﬁ%éﬁd&\ﬁ/?@ggg? ty

range for the nanowi re dispersion is between about 1 and 100 cP.
150pti onal | Yczonfdbéti\{?tz%%éﬂ@s ﬁ@idh?traﬁﬁnis_éﬁﬁto??@ SorRiLRBA RiyBr. ST ace

to better receive e subsequent” deposition of the nanow fes. Surface
pr e- t r eat nerhatrieidayer gan effggticely intilil amnspheric exxegivegas frem entalingthehe

can i mobi 1 1250k HEe B ARDERG R8BS P B R RR G, AR baiS

processi ng Shpns ardef®viewn i i 29, ingleding MathaaNimEIbNDSes, &, 6.1 18$. out
In conj unction with %ﬁfat terni nzggst GE to create pat t er ned dep03| tion

of the nahowfdtest Apgiicajion Nee2ed . K Palent Nos.$@0.898 and  bel ow,
pre-treat ”Egz%,ng BES Uss %?%ﬁ;%. 192 ﬁe%&?brﬁﬁ%@ﬁ'mﬂ 5|7rt%91t 62{%’ Moreover,

deposi tion an optTon patterned i nte ate T ayer present
an appropr i are gfilesrantvrefictive lyer, dndit@artedaydraandahe Wardecatit cparatscosct ags
wel |l as further 25 surface treatments such as plasna treatnent,

UV- ozone tr ShPRBRT1AYBF corona di schar ge. Fol | owi ng the

deposition, the |iquig,} i ; V; 1l I can
;ﬂ? Egm%@%@%n@, S?x@%rﬂh I18er trBASp SUAPAS RYUCRI

be accel erated by hea i ng e resulting nanow re
net wor k 1@yenayfurthee guinpase eqirotectivg ftenabave the cdedudtive ddyer{e.gcddyey 30

cxposur et o Wad BT BT By dRaIR st Ra5 o8 iud HEe 8ol o s
descri bed bahatrial ¥ ndGR&IBN QSR 1 BR20RI6L 8 bAstective film include, Bu are

certain enbodi nents, it is thus described herein a nethod

f
f abr i cat | ng netimead ernaiesien doleylanerprepsihaiate GRBBS iolyytviens

plurality of NOW r , ; j

beimng i Lpor Sl TR R EE R e abate Phival aEoifE LS WA SR o,
t he subs{s at(PQ)ypaldtprenegtriabetate (ALY, polvitylalcaramt potgvinyl ohkbrids,
material on the netal nanowire nefwork |layer, and curing the matrix

material to RAMAYIARRE Fhipride, polyethylene, eligepe-yinybacsialg|ooPPMEs to a
raterial or goiUnBUrA mRd S Blodshikel dfflerfe! ittt iclddf EBldijrtersas

defined her curing”, refers to a process
nmononer s or pdyurethiangotaliophand, frohyeiefinsan ths kenpadioatesly ptéfepatily isedPEE e

and/ or cross-Li 0 as-.to0 forma_,sol.i olynmeric matrix. Suitable
pol ymeri zat ?%4% %’@H@}rﬂrjﬁ\ﬁg‘?‘é&%&qf%‘P(‘H'b&;ﬂRish%F% “art and include by
way of exanple, heating the nonomer, irradiating the nmononer with

visible or ultraviolet (UV) light, electron beans, and the like. In
addi t i on20 " Seorrefiien libilons of a pol ymer/ sol vent system si mul t aneously

|
s o Vent e Bk PP auhb b ab PR e A
corrosion inhibitor, in addition to, or in lieu of the barrier layer as described
above. Different corrosion inhibitors may provide protection to the metal
nanowires based on different mechanisms. It should be understood that an
25 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

30 also referred to as barrier-forming corrosion inhibitors.
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concentrations of nonomers and the anount of the cross-linkers. It
can be further mani pulated by adjusting curing paraneters such as the
time al | owgg fooskdt POl ynerization and the tenperatur eptngdelWiish

t he pol ynerization takes 20 place, and the like. In cer It’al n

enbodi nents, the partially cured matrix can be quenched in order to
arrest the curing prog¢eshe efiRdiRente theBarfigi-foRding’ coP@siMERhiBAGH On can
be nonitored, for exanple, by the nolecul ar weight of the curing

pol ymer or bjclides epitaie Altragsturamiaiaing andauliur-esreinig erareBiscomPosnds.he
reactive ch o4 [iX
raori Al conen s S ezt iidakales Shi BB b0 thai bdnpog s R

Optical |y climsn qgerhymstrsgeditocfokna@ablé Botnblexas on sﬁxléfabbeSa@‘ tosproviablae
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I t
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ol yacr Ion
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pol ycar bonat Sshempdl)y idinyd substhutad thiegkotrienoles, suich asda&tnazbb;emmuylas
phe

| f h de I
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pol yam dei m glafitiorP kiiedthe ekampRs, of@@hﬁ§5hfhlﬂlﬂﬁ)rs RRIugU biiCaeShot limited
pol yphen%/I enes, and pol yphenyl ethers, polyurethane (PU), epoxy,

silicone %pdsay2~aﬁumgmir@1nﬁln§ £.6- f@memlwzwpiylaécﬂe,, 2-poliyrbtmericppior bad:-

(ABS) , “vel 1 dnBuRR 2 BREk LRI d e ARG 00 ol yrrer s

(e.g. pol ysirheragivbenastbmzalkd apng2yisklcapimenzigiidame- si | oxane,

pol yvi nyl chl ori de (PVC), pol yacetates, polynorbornenes, synthetic
rubbers (e.g. EPR, SBR, EPDM, and flawe@pol yners (e.g.,

pol yvinylidene fluoride, polytetrafluoroethylene (TFE) or 10

pol yhexaf | uor opr opyl ene), copol yners uor o-ol efin and hydrocarbon
olefin (e.g., Lumflon(r)), and anorp f | uor ocar bon pol yners or
copolynmers (e.g., CYTOP(r) by Asahi G¥Was% Co., or Teflon(r) AF by Du

Pont) . I n ot her enbodi rrents he matrix materi al
conprises a prepolyner. <A pr&pol Ploig \&ef‘m to,"tku{,»ufe of
monomers or a mxture of L5l ymers that can
pol ynmeri ze and/ or crosslink gatri x, as

described herein. It is wthj &y skilled in the
art to select, in view of ag ' i i X, a suitable
nononer or partial polyner. 4 pref erred enbodi nent, the prepol yner

crobe- 11 M upon expﬁé@Pﬁ%fgﬂ.%P%E SRR ATREO Tt Plsges

nmore det ai | ,biorablecales tfb@tmv»o@pahmlaf affinith kethermpial yurtice. CRreskeanclude
patterned by ex osure to irradiation in selective regions. In other

enbodi nment s, s 'B'f”é'lﬁﬂ“lﬂ?eﬁ g systaBenand synthelicpeniides I@”Qé’tﬁOtS@ scaffolds
patterned b T h
pat et ned DR PP RERIEek B ity OGRS, o0 BEERdd d s,
conprise a sftppheatﬁon $aryaernrs d0i65d823e 186662t , 1 Ya65 22, 0/BE8ni7gehnd

Sui 1 abl e ol VAL -5 BR o Sre) Agpicaipy gptar NogosyRe0 487, sc770fb7s

t et rahydr of Wranso/baineear bons (e.g. cycl ohexane) or an aromatic
sol vent (benzene, toluene, xylene, etc.). 30 More preferrably, the
solvent is volatile, @émrrt@raerbbrmtnggsomr@ﬁmn inibitersrimslieda disriothEriEzoln

more than 15%! d%loﬁ'ﬁ)ad]gzo?eé Ql‘?@ a&( ﬁ)h]bls alkyl being a saturated Cs-C,4 straight

hydrocarbon chain. This type of corrosion inhibitor can self-assembile on a
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WD 2008/ 046058PCT/ US20071081285 In certain enbodi nents,
the matrix material may conprise a cross-linker, a polynerization
initiator ,W%tﬁm/[i4k(%§rs (including, for exanple, antioxigants, ﬁ%ﬁsy\/
stabilizers for longer product lifetime and pol ynerization |n%| I'tors
for greater shelf-life), surfactants and the like. In other

enbodi nent s, i tan r 4 rASiaPN
i bi for, - Mo STAEE T By R RChUnE 27, R P oo Bl REE
can be f abriswiaed fitoy cowedibganpl e, sheet coating, web-coating,
printing, and | am nation. (a)Sheet Coating Sheet
coating is suitable for coating a coroieMe/® | ayer on any 10
substrate, in particular, rigid substrates. Figures 13A-13B show an
tor by sheet
be initially

|l ed across a
nanow res 15
13A). The | ayer

| ayer 114 is

ate may require a

coating. A netal nanowires dis
deposited to the substrate 14.

di spersion layer 110 on the
110 is allowed to dry and a
fornmed on the surface 105 (Fi g § & §
pre-treatnent to enable tie aepositrivrof a_unr orm nanow r e

di spersion layer 110 that Ladheres to fle 20 substrlate for subsequent
processi ng steps. This treatnent can include solvent or chem cal

washi ng, heating, depdsiathasiculdr embasiimeot did yaneparentceddicicecaredi at e
| ayer to present.an %Pgro riaie chenical.or.h@@ic St%ﬁﬁ to tEe

nanowi re di SPerRISEE "RENRY TN A FRIFOSTY PALECT PERIHEN AN

pl asma treatdipply ofie @8@BSioh irg@bif? it theOapo® bRASe. ATKE bavr@fion HbktMors
exanple, an internediate |ayer can be deposited on the surface of the

substrat e t cUitaRISHPT pych surtaingdh 8alivesy inclusle “vaperRhage dnhibitag efVP1). VPIs
functional i i £ PR e f
the.nanow r Xt BT e Fal{aftbl AR LabikiPald bR Mgkl A bl

i nt er medi @t esurizges ofthe rhetat nat@dire Advantagepusiyt ¥PRy ¢aor bé deltlepabiotthag

the nanowires. | n other enmbodi nents, the 30 jnternedi ate | ayer can be
o dom0at 1 omalal RUTAebS A RPIEBERad Jicr SOS  ALD BB P URDEASDg 1 250

In certain %%{igﬁms&itaﬁyWlimbﬂde%fiepﬂoﬁﬁmg%hﬁbﬁ&s%%ﬁ a8%riazoles,
pol ypepti des can be used as the Internediate [Fayer. Pol ypepti de
refers to a githigthiadiacolse glghdithiathiadimzatesaariddaky(thisis rmsrdesciibschberehy
pept i de (ami de) bonds ;fhe 13m0 RS! &, MOP PR Brbt BrBASPERIGSE ©2n

15 suitable for a touch screen. More specifically, edge seals 32 and spacers 36

are positioned between two conductive layers 12. In the space between the
two conductive layers 12, one or more reservoirs 40 are present. The
reservoirs 40 are microscopic and are sparsely distributed such that their
presence does not cause a reduction in the transmittance of the transparent
20 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
25 readily with a corrosive element {e.g., H,S) than with the metal nanowires.

These corrosion inhibitors are known as “scavengers” or “getters”, which

29



5 different. Ami no acids having side chain functionalities (e.qg.,

am no or carboxylic acid groups) are preferred. Exanples of suitable
pol ypepti cl ude poly-L-lysine, poly-L-glutam he
like. Thedﬁo%@@é{%tl ge can be coated on the substrate prf%ﬁﬁézgg’?[ﬁgsg
nanow re deposition. Alternatively, the pol ypeptide can be

co- deposi t edcomipdtB vithths fidtheand ééhdeatérrﬂ@é\@dmm@etéwm OPxardPledany
substrates, including glass, polyester substrates (e.g., polyethylene
t er epht hal athS @@MeﬁgerSdﬂﬂuﬁe,tbtégw oot paitsthiepacreisin, glyoxal, triazine, and n-
Advant ageou e
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mat eri al 15ayer 116 (Fll@ye'eotﬂléﬂ)mbédmsémmm mekal anewlk@ can be amajzefd or

material |ayer 116 i ocreto obt ai amatr and t
Ty ot or b bteAdtinandlbecmat! lds prose biectitsin biainceharia aesians For
that a brus %xaﬁrp‘ré adRer RarkdWifds @a@pdré ﬁaatéywrt@gérhownrcﬁlr@ie@@@hs@@&t@re ter

any other suitable applicator can be used in the place of the rol
100. Additi m@dafljbnwwlfsiahlgsed further bel ow, reverse and forvvard

and dr qw down 1 b o cdnceial hdloaE; Fiadf@PiranRhiiieadS TRl "

substrateg IHbréif\cantoROHSARd by vaBblie todingshatiedb avtingingatessesatin a
predeterm ned pattern can be used to coat a patterned netal nanowres

di spersion | ’Qh drronghpytiwekaeeatingl 1n giher emh@dgnwtﬁrﬁ lagnatingameteded
conductive |

S50 he pat (e bk AsERMERSR) Ul teBHbatiol ol ARBY b MRS, |
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| ayer is depo d or cur in a patterned | ayer, the pattern can be
transferred Q’ﬁ’d%ﬁf‘rﬁe H%fﬁaﬁ R@W‘%&'OPW%?S AMBe CRGIES AUt UsINgnt

nunber s RS f r he
per col at| on t h%@ﬁjﬁgelﬁgﬁgvﬂ r esgi@g é%eﬁq%@ro\%eﬁwrv\g% rflgﬁﬂééagP h

brushi ng t hgmocessgs\are hompatzlolearhtl'edmﬂtlyqaattemngjyrettmpamnt conguckem t o
a tacky or adhesive roller. 20It is further understood that

addi tional depositions or coatings can

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

30 nanowires on a substrate, the metal nanowires being dispersed in a fluid; and
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be carried out, while allowi ng for drying or curing between two
consecutive coating step. For exanple, any nunber of the

per f or mancgeaneisgy | ayers can be coated in the same ﬁ@ﬁ?ﬁ
descri bed at())?\ille ?‘L)V‘éb Coati ng 25Web-coati ng has been ‘enp oIEJ
the textile and paper industries for high-speed (high- throughput)
coating applfofinga®etdl hahowie FeRidrRIferohlthé BEbSIRROBY bll@\ﬂlné(ﬂ%‘fiulﬂ%
processes for transparent conductor fabrication. Advantageously,
web- coati ng 49¥es conventional equi prrent and can be fully autonmated,
which dramatically re f ' ' n
conductors. In parti cﬁ?ﬁ%qﬁe{ahﬁacoat o ?egé}ue@gééd]u% &%Srctrrﬁsgggg% The

20081046058Ra&{ataandN ﬁé!Bér%&ﬁplcaWdldp@‘sbdi i 8 Ogeid ¢o factiitdteties depdbition. It
fl exi bl e substrates. Eocess steps can be run on a fully integrated

i ne or S%I‘I%Jup erg;go akéﬁélssﬂéweé%m ﬁ@poﬁ'%r@dlﬁﬁam\ﬁﬁe HPE
embodi ment gt driyedbil/! -SSR |d i iien Lj%lvgbfg[ nQn&W#é{gctgei{r] web

can be coated continuodsly along a m)V| pat h. re speci
a subst r at e form @xiabledispersier (@sd ﬂ;SI!ecb"mrEtah/marbywras mimmrsuﬁnd'a)bals bewn)

d | 120.. Th bst r at, th
el 5 a1 et P doProfeasiy B i natievired st BRPEISE SHETRY 0 Areh Bge
tank 122 is jpasid, icBRes, RRRYGiIrboSs §|Ué}$bfdﬁﬁlc%lve-ﬁhﬁ)e‘-ﬁzeﬁé%lu’éﬂékxyl&%

contains a nmetal nanow res dlsper3|on for netal nanow res

deposi ti %. ota).apere oreferpbly, the fliquid isev0§atd¢ awpyingamkoiing pdist pfre moge

14"t 0 form aeaglh . Fhfte FERDELE, AP ol BB W0 Elne rate 14

I't is understood that I beditid, the nigthiatdnalwiredisiersied mdy conedih etiditives
storage tank (naot shown), and the matrix naterial can be coated in

the same 15 ansihiadersdo geaislivisegsiip spgrosion, adhesion, andmnangwirg dispersion.
under st 0od im0y of L SRBRS ali ARV £RLRaE BSE bt Brd AR iRRA% 0T LN
storage tank t

INg a spraylng atoni zer t
del i ver s1pr esshoiyzedthgl epleicsedad)C), 2- Ihndm;&yl stgyldellilose (HE P ydroxy

al S0 e Usec oV S anrdeIsgeg PR dcmeRaeries® BACT bobim dlsshal o 14s

shows an al tpma}tmmpwn@wm (Ted), %txaﬂgwdnrgum'(x@) tfh@ sfe%uarﬁgs iith
carried out on bott om surface of "a substrate. Like the neth

illustrated aaﬁtm@dﬂtemowlﬁamﬁthﬂe@e oxiderand propdene axide aﬂélthlemg pat h

par i al |y suBRePIniS; siidas, BiRcs, Mo PEGHD SUBHICIHAE BBty

st orage 2@nkesidld, a%mmemm:gamgl(é.gr ZbhQI®dsl Dwesrg).a metal nanow re
di spersion layer 110 on a bottom surface 144 of the substrate 14.
Coating roller 140 caM! Pog 8Mple, aR@nayire dispsrsion. arnikt inglpdepndy pat h

120 or 110 tREORPRSH FHbSRb oMY stERAPd #9a BrebhEa PRidd i 1R er ! @l
can be carried’oult sane nanner.
0.0025% to 0.05% for Zonyl® FSO-1 00), from 0.02% to 4% viscosity modifier
(e.g., a preferred range is 0.02% to 0.5% for HPMC), from 94.5% to 99.0%
25 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-Dodecy! b-D-maltoside and Novek.

Examples of suitable viscosity modifiers include hydroxypropyl methyl cellulose

1285

(HPMC), methyl cellulose, xanthan gum, polyviny! alcohol, carboxy methyl
30 cellulose, and hydroxy ethyl cellulose. Examples of suitable solvents include

water and isopropanol.
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30l n the processes described in Figures 14A and 14B, it is noted that
various surface treatnents can be applied prior to or after each

deposi ti 0%0\%@@9%4;046058PCT/ US2007/ 081285 step. As vmf,é ,95007108 285
described in nore detail below surface treatnents can enhance t}l"le

transparency and/or conductivity of the conductive |ayers forned.
Sui tabl e surface treatmRMzhowie! dofBentationdh thd@lspbisiin & drocp el vent

or chem cal washing, plasma treatnents, Corona discharge, UV/ ozone
treat ment, plalesnine peraretieshsu® amithickoass, vandastivity kiselading surface

Figure 15A s . L | rocess flow.fqgr fabricating a .

trgnsparent %&‘ggﬁ@{lt&?%@Qiﬁﬂ%{\ﬁ%gr@c&%c@@%ﬁ%c PR %§}¢‘ﬁ31aﬂawgea
t ake- up r eelnetddrit lagér. i Ehepéreentagy of tHDddNerlt 8ah behelwbted ttherolidke up
reel 147 draws_a substrate 14 (e.g., a flexible polynmer film froma

suppl y reel desyed|cengenirationtafl dvenanyvipin thedispersions Updrefaired14 i s
th bj t t Lk : . ] :
L nen, Subl SOt ot AR Al FARNITS oABP  SRRIAY RARRETSER AP,
art that thehepass. dh panicularethe ratie of theedirfattamé othietvisoosity medifier is

concentration of the trix terial, and t adequac f the dryin
and curi ng pteeadi Bende fhebra Hoierbout R4 hadats B e verosty 0
uni forn ty aRgdiibetolhe Htakngwiek it B%f&%ﬁ%ﬁ%hd?adg@%%bgﬁf SRfabout

Moreover, in certain enbodinents, pre-treatnents are conducted to
prepare 1he GOBCRGL%EBdTte rativecfdbd swdaiaanowies tnthepuwizetnit . privfarably in

specifically, the substr 4 ca optionally surface:treated at a
rec tr et mine TaRaR TAPOLE 00 55 PRAMSY o EHUBF £ ETERESTR f e depersion
subsequent naAEBE Modifed@ANSIHINPOn tHasidttatd 41Y theuhéthes of bediicamsh  of
the substrate prior to the deposition can enhance the uniformty of

t he nanowi r éedatlde prefeosads \derosin eangs oathe naneudngedisparaian ikbeweened

out by kno ' e art. For exanple, plasma surface
t r eat ment %n@‘eq%g@dfdtboéé}mdi fy the nol ecul ar structure of the

surface 03 Ithe subst;mmionw,me gatsamt@uadﬂbwr?trgﬂiled 3 prepgrg @nsupiace
nit rogen, pla surface treatnent can create | y, rea tiLve SpPecl es
at | ow tenpéP%ﬁ?é?ceWﬂh‘ééPP?‘?q‘@ﬁ‘ftQB%OSf“éW %fttB%Pg"@‘a%?r- sgkb'?fﬁqenféfe'

surface are tféh‘fl‘?lbﬁ%%é Wu‘?tip?clé §ms.spo,téﬁnﬂfé,kth ggﬁlﬁgﬁﬂgﬂoétm of

substrate (e.g. the polyner remai n unal'tere chem stry.
| n many i nstaaciEsm maresvie dispdraive layeratimadditipn,dhéylean momqbilizetheur f ace

oo SR e Shi 8 R PR MRy, e
20 pre-treatment can be carried out in conjunction with a patterning step to create
patterned deposition of the nanowires. As will be discussed further in more
detail below, pre-treatments include solvent or chemical washing, heating,
deposition of an optionally patterned intermediate layer to present an
appropriate chemical or ionic state to the nanowire dispersion, as well as further
25 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
30 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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can be carried out in a March PX250 system using the follow ng
operating paraneters: 150 W 30sec, 02 flow. 62.5 sccm pressure:
-400niTor r I n other enbodi nents, the surfac

0 f
may i ncl udg ggsogscllﬂ%sfng an i nternedi ate Iayer on the subﬁf %ﬁ@s%s
noted above, the 5 internediate |ayer typically exhibits affinities
for both the nanow resgn agflaihRenisodhbEnt Bis thQy Seséritd Hdrgihnesietiod of
| ayer is capable of inmmobilizing the nanow res and causing the
nanowi r es t dahteriing a arsparenitnondueter covaprising riepopilieg weplvielity of metal
sui tabl e as |

r’ié}%vén%‘sga[ @Qut?sftf‘até gﬁ&@ét&crla%ﬁm'& b%ﬁr(gﬁ&%éér%‘@ln)a 4% her

bi onol ecul es, imcludi ng~po Sine

exenpl ary subharg 4 meadl mian@mre netwiste (8/¢f batike valssdtiang bwallbwiag e fleittto
Corona di scharge and UV/ ozone treatnent, all of which are known to

one skill®d qm eqalinga maﬂ‘ﬁé“@@ﬂ@l?'b‘if@ matal RARQWFe eW&%l‘:%a@nﬂ&uang
net al nanovmﬁ.lg%é{ﬁ;gﬂ%%ha@o% g.; P@étﬂ;@‘l whi ch delivers a met al
, as f I'ned herein.

nanow re di spersion The deposition station
can be a storage tank’ Mﬂtrdesleteirila@deﬁemia@madadma@\pramlpiuaeybﬁ@aaﬂmaiscthat a
brushing devic

di, s 168
i s deposi teoca6}e1é'{rﬁ C{Qﬁ] 5@3"‘16‘5%3%‘?@%%”0 Lgfg’sé)rlf)?“ﬁﬁbflr{g{]&%g{%e can

be used to afBtysPwRElelRERGHEAH PdrthIPblynhds tRiak tw BRomers)
di spersion on the substrate. For exanple, a stanp or roller having 20

recesses10f polpneden andfonedsplink ee asdafortea gelkdipolymeris matix.opuitallie er

et hoas. 1 (i py2ate RGOS Sré B} ol MY 4 BREIBIS Y of """

rinsed at a &idnsplehadtiabiten mbidmefhieaarting the ﬁbﬁoh@yeﬁthmw@rdrl ed
at a drying station 176 to forma netal 25 nanow re network

180. uitrawolewalrgém«%Jectf%b%nw thajike. eadditign. b "Ejiflé‘éF { oAt
a posttreatne Bly ?fﬁb&@nt]ﬁ/%terﬁ%fmﬁwp cﬁHéécﬁﬁfsélﬂgﬁtr@FﬁRfaﬂg Adee

met al nanovmr or oxygen pla dFR can rove
transpar ¢ﬂcywn&ﬂdthé1meanm@wt‘cumtw of t he network Iayer 180 As an

illustrative exanple, _Ar or | as can b rr| in.a
Mar ch PX250 system uding e[qq%ep ?Ll'r j %%9'5{ (ﬁﬁé Qe'nﬁ'é‘bw
90sec (or 4 nirQiory of Worstitfers! 4N the ArRfMibf th@rc,@@ssswirmers?qeeg@bé
O her known surface treatnents, e.g., Corona discharge or UV/ ozone

treat nent, riagther manlwiah&éby aamstmaumgapararf@te&ﬁwebﬁsély%tmmaﬂaweﬁéor

used for a ron rrent t

net wor k Iayeq?' "U gy 888 tégb%@%fa Uéeypé%%g@gﬁm éﬁg&gﬁ Qz%tio(rzwat??

t he netwogpk ;bla&’@ranli&ﬂelhﬁef Rlcdridie eaibotiphérts thd Partiig ci!uféﬂ matnmiana:@pl y
pressure to the surface 185 of the network |layer 180. It should be

under st ood t@iRNchedimgraer iparest the gLinGPESeRR (@ gegree of curing or
Advant ageousy Qfat%ﬂpédnct?é idRit&ed {?‘?&é‘ﬁq@w gygné%?éb gﬂ HDF the
escri bed her

net wor k fabr accordance w't In can

increase 10 ¢mmgqmmuertmn/oyttjfleafptibaieabsorimmcmang:ahlelsaagths indicative of the I n
particul ar, pressure rra% be applied to one or both surfaces of a
conducti ng s'l‘?é‘é*c“’ec?lher@'ﬁ ir%lf’r"i’f3‘e@onductor fabricated in accordance with

oyl ndri 231 bars). ona o preatl Snphifherks, TR el nfiehil Sorfprisos 2
| engt h di mengolpmet,avhgels melyde fallyodpdrtially 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 polyacrylonitrites, polyvinyl alcohols, polyesters (e.g.,
30 polyethylene terephthalate (PET), polyester naphthalate, and polycarbonates),

polymers with a high degree of aromaticity such as phenolics or cresol-
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15 di nmension of the conducting layer. If a single roller is used, the
network | ayer may be placed on a rigid surface and the single roller

rol I ed acr@gs,idiisgyrosed surface of the conducting |ay b kgown
met hods vvhﬁlle pressure is applied to the roller. If tV\D&ETWe%Sare

used, the network |ayer may be rolled between the two rollers as

shown in Fi Qforﬁalé%de?(Wdﬂro%g,@)‘?B’QQQﬂyF@@sw&lWﬁ?lﬁﬁuér@, é@iy@ﬂ?lx?@he”ﬁyi .

be applied to the transparent ‘conductor one’ or nore rollers. 1t
al so consi deroddmidest polyamideso polyaminimisiss, papethedmiies, paliyswiiide®00 t o

Cranapar ont ODINERE PoMPhBNTRE end RN R Bal SitianeTPu)
material . Z%H&x?,"simfonéﬁ%m?," paIPOIERRS(SIR bR d, oolymietRyipEMeRe, and

rollers are used to apply pressure to the conducting sheet. N p or

pi nch rol§ eroyclg @leﬁm)f)aw@gﬁébdwa@iﬁneﬁwr@m cepedyaes @B eerliulpsiaser
e am . et LA nat ] . _
AN R S i L e e A

of Lam nati ng esi ves, corpora

by ref er encepolysilahes)esiticoret-siloxane t pobpsnyiehieida (RUC) palyacgiplescat i on of
pressure to a netal nanowire network | ayer | \r;%raoved Weaggnducti vity

ther eof ei t RAVIQEIIPBNSS. SYPINENC Sykare (. JRPRVEBR, EPDM),
2008/ 046058 REEhSRARTI B2 Ko inidBhe AUBHAG. SBBNLBRAMLASHEARE) or

above, and may be done wth or wt vi'ous or subsequent
pl asma t t@atpolyhtexathsore popylcne ), Kopalyenets Af fludre-alefin andshyiBécaxhorl 8igfinay
| ayer 180.a single or

be rolled across th rface 185 of the networ

mul £ pl ot HEG- WMRE Ty 81 arerahas T it OumBIer b eTh L
180 5 nul ti pbeTOPMBY. AdEREGIEs! CAJorMPfidie AFaby DRtPa). i n the same
direction with respéct to an axis parallel to the rolled surface of

the sheet (e.g., al ondn ether ermbedimenysghe matdomaterial goaprises ent

di . , e . .
o cron’o; Db IRTAserepevmsr e b HBRP R s RRTER A TRRERD o,
of from ahougligdRles pspartial pdmbrsAB@0carlpgigmetisd agd/ar sroaslimikets Sorsit thel

roller. Conductive network 810 includes a plurality of nanowre .
crossi ng poiRft¥Neicmal. ap deseipdirals Iisadthigthenemdedaef ongskilled

shown, at | &agle %@%E&gﬁgm%rﬁ%{i&ﬁabﬁ%ﬁlylﬁ&% r%éﬁ‘ix?'é\ sEftsble Phonomer

Crossing points ave attened cross sections
wher e the i rdrerastéat polygnesi r es have been pressed into each other by the
application of pressure, therehy 15 enhangi ng the connectivity, as

wel | as the conducti vﬁ’i § PEFICR eﬁ%ﬁ?&ﬂ‘?%' Mﬁﬁ{}'yq‘@r f‘?’eﬁ’%\ﬁé??.ur €.
appl i cats@n t1Rb pRGRIyBYpAPEIRS M5H6r @bsshits RWExRSUR BAFEdiation. As
treatment. Typically, the transparent conductor exposed to anywhere
from 80C t o V@B b€ describgsd inone@ detail, raaticembasest @1 pheiptopratde raRedsverso

anywhere 20 fram 1 60 - gr oyt . s to 2
mnues. The A TaRtah? vEsder e S oG sRLAR i, TF EHY

t enper at ur essriibéigentsh @ie RepOlvaRe ichrrmael-AfablegWhizgh o400, patiepestibyng
on the type of substrate. For exanple, glass substrate can be

heat - t r eat ecPelfctiye CXPRRIAIYPANGEAAGECHI about 350C to 400C. However,
post tregiments at hi ghgr i TRE KA FdtdRd & a 1IQUi@N$he 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.).

30 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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25 than 250C) may require the presence of a non-oxidative atnosphere,
such as nitrogen or a noble gas. The heating can be
carried oWyoSlhdifikgs®n-11ne or off-line. For exanple, i %@12&%577 98
treatment, the transparent conductor can be placed in a sheet-drying
oven set at a given tenperature for a predeterm ned anmount of 30

time. Heating a transpaeemdin @@isbdaherits] theShathx tatayal ¢orapeea t he
conductivity of a transparent conductor fabricated as descri bed

herei n. For crogs-Biies/ drelyseraatianspiiaigrosiabilizersXinainding, foraxampbar ent
RAA . ol _ ; .
s pl aced aHRXBRAE, 3 DAy Qabfifes (67 bhGe: ROAGH TR S Bl BERAE.0

seconds. Befinhibitdrisifsr dreater ghsif-iifa) ealrfzetints b tHe likes nabtidr eptbudiinéos,
had a surface resistivity of about 12 kO/ , which dropped to about 58
5 0/ afte? the Mpdx Mmatesil may further comprise a coriosip iNYioex anpl e, a
second, simlarly prepar jod

sheet oven at 100C fOB%@%%EM&%‘%—E%“%%%O&P%@% t eéfsjagggﬁ aby,
t ranspar ent fooexanpler shived ppetihd, meEir-cdading, @it/ and laativatiord00 0/ . |t
is also considered that the transparent conductor nmay be heated using

10 net hods ot her an .gven. For exanple, an infrared | anmp
coul d be used as (ért hé?‘eg:&?%t-"?q ne or off-line nmethod to heat the

transparent conduct or ShBEt caHtingé Suifiife fireoality 436adddivl ¢dfer bhenyet al
nanow re network. RF currents may be induced in a nmetal nanow re

network By &UPRERIEhinoRAEaMar Moty Bkelatesor currents induced through
el ectrical contacts teg &?gﬂf’l‘ﬁbrﬁwoﬁ% ﬁ*ﬁodﬂ#erﬁ‘%‘ﬁ%éi?ﬁﬂéé%n dt the

post-treatnment that applies both heat and pressure e transparent
conduct or cdransparehtdonduttqreyt shaet aoatirigp Applis raneesas dispetsion (not

Qeacr | bed BB 78" Be il MAARAGled Ip{Pe S LR treh PRl 4PG cRfpasdled

heated. The RiEsSAHdD ARRICLEDSRY theSubsHHEnE, lbaviRg af e@Phandwirg® 10 to
500 psi and nore preferably from20 40 to 200 psi. Preferably, the

rol | ers e digparsidniayendtQearthatepusuriaae 9 Frnoe! 3d Therisyer Eildsabl y

Lo between ekl o100% 838sHAS naShs BT 15t B e urce

transparent @@®ufir@n3BA machi ne which may be used to apply both
appropriate pressure and heat sinultaneously is a | am nator by Banner
25 Anerican Products dhepehsiaipdnayauig @ predtsainentiopaabls the

conbi nati on 4y EQitiBﬁ%?%‘tp\?foﬁ% REWHQRR S'Léi&?[a Q:eiﬂfﬁwa?édﬁér%ﬁogw
deposi tion and euri ng of a MRErTS or "ot her Xyers as descri be ebel oW.
Anot her 2mstsubstaterfonsulisegheniqprecedsing staps.b&histedirhent czorinasde solvent

conductivity of a transparent conductqr is,to expose the tal wre

conduct | ve. 6 SHeRRH RAShng. bpaliid dPevstion AL PRI, PRESTTEY Iermediate

di scl osed_naaglitto bRotniTBh Appfdifd ALAREMr kB <0k Id fl BinowfreST | ver

nanow re conductive network can WO 2008/ 046058PCT/ U52007/ 081285

pref erabl y hspstpioneas well as furthes surfade treatnende atchsas plaamadsditmant, UV-

bor ohydri de .

ozone treatment, or corona discharge.

25 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

30 intermediate layer can be co-deposited with the nanowires.
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for, preferably, anywhere from about 10 seconds to about 30 m nutes,
and nore preferably fromabout 1 mnute to about 10 m nutes. As woul d
be under st gechokyospyag of ordinary skill in the art, suchpepy Wi kan
be done either 5 1n-line or off-line. As not ed above,
such a treatnent can increase the conductivity of a transparent

conductor. For exanpl ¢ cértdin 2RtRaIrAk s CONRRHEbNAhicrhbéelieS 30EMAS €S
on a substrate of PET and prepared according to a reel-to-reel nethod

di scl osed herodynepfides exmpbe siged @sibs berepdiale layeri Ratveerligs weferide a10

then rinsed jJ [ : ] i i = t the
transpar ont ROHEEEeRRACELE Shindadls (mbfoREl) IdihaL B Rbaldeaing)

thi s post -t riemidee The dnhino tackivapasests inenplgiaptidb adndertagisatrievart y  of
about 9 0/ . | n another exanple, a transparent (:_Qndé(::éor of silver
nanow r es® orflifETgNh AMNAARTISPRVING Side,chautiynelip nadiies: Erd. 4amyo of

m nutes, ri i ; RN AW-Yc R i :

[t oat nont | ¢ 1 gorifle SEIHOAE) At bréfeire: EREpIS dralfaie pbivphftides thys
MY and aft éncludie polydstysinee polydnglutarhie acidbarspthedike. dbaduitpeptitedambe

resistivity of  apout 150 0O/ . Reducing agents other than sodju

bor onydr | di QRSN ineeEHsTAts B g Hei deostian AEeRtily e
reduci ng agefiypephial BaR bRldaedeRIOH VA ThE SSbtté Witk 18O HandWire dispersion.
bor ohydri de; boron nitrogen conpounds such as di nmethyl 20 am noborane

(DVAB) ; Hhd Many sunliciten; innleting glasacprlvestensubsteiesday. (napjethylene

Thereafter, ,the . trix deposition station
185, ahi ch’ deSPORIEE] Rifol SR BS IR RoGRIBE (ol e herein. The
matri x deposition st apdeantt88ousiy, the irdest@liatedayarvands dipseitédrch pre-
Fi gureld4A, a spraying device, a brushing device, a printing device
and the |i kedetarmiggd paigrn; whichmnakies; the digpesifion ohig nanoywHas ageydEnied
on the netwqpk Layer 41.80. Advantageously, the matrix material can be
deposited by a printing device to forma patterned |ayer.

The | ayet5192 i s t hen(Qthémpredraadment metitoda canralswgbes tariedouR®0. Wher e

the matrix material is, a mer/ sol vent syste the |la 192. can be
30 cured by %W‘B\ﬁgﬂ@“ﬂtﬁé '5%*%@'5‘9 S?%O MB%E@%*&W&%‘&FW%@%%@‘@Q% can
be accel er at@gg RAMAIAWNA Sulace PedtiRa} carYBe Rairl@ JTRiArb¥gBh &bkilire

conprises a radiation-curable prepolynmer, the layer 192 can be cured

by irradi at iroask Deyiemdidegired patiern: yiie ssrfachef freepdisiats therefeienal

Ot onal 1y, SN ot apepiElReRE e aPh 8E oFl2BLrls Hier ston o
5 the mapei Namivifdsalepblded onahk pro-tréatedrégion atibereitathe sullitite bettdre
positioned after the matrix deposition station 188 and befaore the

curing st at itban fmy adhese uthediniraaiediegierni Agcoptingly <2 patierged deppsition
detail belo . ' . i
oo 2 cm e Y TR PRSI o BTty v,
matri x 210. wWashigpnductive |ayer 204 10 can be further treated at a

post-treatnent station 214 | n, one enbodi t h
conductive |ayer 204 oyid I_%%PP‘A%’@"QOPJQ?‘@H@&’fe'frﬁ@?‘b%ﬂgaﬁgg)teﬁ@rﬁove
station 244 4ig, smp% ofhel Phdth&ds & fabhGatiBlitAinsPaRAVESRFucRts il 8ccoiddee
of the conductive Fayer. For exanple, a mnute anmount of the matrix

can be et chedittatheyddsgrigiidn/eeiow. pl asna treat nent, Corona 15 di scharge

or UV/ ozone treatnent Exposed tal nanQw res ar rti a

useful for touch scre eé}éﬁ\oyvggtq%grk Ialyer(%mrr’nedS may?ur%‘?er ré&me 5 lest-
treatment to render it electrically conductive. This post-treatment can be a

process step involving exposure to heat, plasma, corona discharge, UV-ozone,

30 or pressure, as will be discussed in more detail below.
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I n anot her enbodi nent, a portion of the nmetal nanowires is exposed on
the surface of the conductive |layer 204 follow ng the curing process
(see, al soygh g3 10C and 10D), and an etching step g 1‘)€§ g
In 20 particu ar V\Flen the thickness of the matrix nmateri Paye 92
and surface tension of the matrix formulation are control | ed
appropriately, the maq hdmé"érﬁbd@i%eﬁ!@.tah’%ni ATatdHl ba@Be%aféa%mmeal
nanowi re network and a portion of the nmetal nanowires w | exposed
on the surf d@aowviretnedvedsrayrt | dolfayesa. matﬁémﬂiﬁrmiéayermﬁéﬁew@ and

Fow pr ocesdt o AR £ e My ol fobE g WalfBe & re &, 7

or "roll-to-ghtdih'a rpaRResR) thelstruitteéd of, Figlressiobst R teantaoigined.
stabrlrzed by traveling along a convegor bel t. In the

"reel -to-Reel” pr ocesg'sﬁﬂﬂ?*ﬁﬁﬂoéi thaka Priphs 8 SiAMR #hsay aapkqalel, 8ot
along the tr f Yeh

system 30 1Z?Zé{ghere ﬁ@g&ﬁt@%@ﬁé?@ﬁ%@f&@ %p\%se gggﬂ’é[ egkﬂ‘tthe

i ncor por at e ralgr M@nYedditdnatigdag dreu.adsedcﬁarﬁmerrg)emve,trewsemdrimm«ﬂ For
exanpl e, coatings of .the pderfor mance- enhangi

| \
(ant |- 1 ef | ecie paptRg sjof die gpatng, reverse ang IqrRart¥eadenating angipw of
films) can heywiable ddH 586 %b%eﬁ% Bepbsit rﬁérﬂ?ﬁ%u@%‘lﬁﬁéé substrate.

Advant ageously, the reel-to-reel process is capable of producing
uni f or m 1@ arfspantageousiyda celler or stanty tﬁmsg)msaemﬂ apredetarmingd pattem
particular, due 5 to .the ont nuo the,coati ngayr oces t he

d
Cont o | ayer @ 50 Ravat RPatPiTg BagbLe Ul bl ey 6 FRstr

Despite its pstefatialed thustgiiting @8atiebhdéEednduRtiRERSEr (eSg.NGravipePat i bl e
with a rigid substrate, such as glass. Wile rigid substrates can be

coated by 10PreHeak B@@qn@carmiadahc@beep&ewa&@rww %rararzrﬁgéheaawfﬁ
bel't, they to?f%éi%k‘c%’mﬁffé}%rn' ng%n%?é ﬁr% dr@?r%] If the matrix
na oati n IS OV\BI’ put

uniformty. I on shee process,

whi ch caftb sirgatefialdapsd iy depos;rm&ﬁdm@d nmpatbémpd mc.tthepatt&’rmmn bg is
descri bed her ein a | am nati on process for fabricati a 15

transpar ent [CRHSIREERAINIO WLJURR! hAROWIRIaySr by Tamesuing SMTHCIR: NUITRIE Pkt e.
This processps 6 em@fﬁet&@'c%&& cnpé#harrrow.r@s Rt it Rtcaitbr htedndie

substrates. Mre speclfi | am nation process conpri ses:
coating a cd\!mlmmesse:anat;eerenmveal w\easmm@oolbmhmgdb@nrawaar witfha suitable

conductive | a er in di a ur I|t e nan vm res which can
be embedded SOWeR! H’éﬁﬁ?né}ggﬁgﬁh 85@‘5}.&%5? yer 20 fromthe
f 1 exi bl egglonor subst r ftiefureed uhaar%ﬁcﬁrtheﬂgddmﬁqar@@Q@mﬁomrlo@)aahgé €arft
substrate of choice. Advantageously, the coating steps onto the

L | exi bl e ﬂorhﬁrcas'u%t)ghﬂ‘é\"@zﬁﬂo‘ﬂé;gcfaf #iying Yruripg betwesr M%cqr@epuimeocez s
eresr oan SRRE BB Pl T Pl of 1 ARMBREY Sob iR |86

t hereof can fran ol ce,

be rigid or daheyd ddatted tri%elsai’ne'zﬁraahem&ﬂebdnaemaabvan processes. |f
only nanowi res are deposited onto the flexible donor substrate and no
matrix material is usgg m nati on adhesive may be used to attach
the conductive | &fkr e'?ﬁ@ @“Lﬂ)strate of choi ce.

25 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

30 transparent conductors. In particular, web-coating produces uniform and
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"Fl exi bl e donor substrate" refers to a flexible substrate in the form
of a sheet, film web, and the |like. The flexible donor substrate is

not 30 parw 4'66{5%' imted so long as it can be separ afs@f}u%fo?ﬂﬂsﬁﬁ?

conductive Iayer e flexi ble donor substrate can be an
flexible substrates as described WO 2008/046058PCT/U820071081285

herein. In ag I’dddéible &&%Jdl%ld%% @l@n@f.b@%&,fratbg PR NS Be run

non-woven tex e, paper, the like. The flexible donor substrate
need not be Qj'palﬂdhfllnfﬁgfﬂt@@hne pnseriallydisrsapataidioperationst he f 1 exi bl e

the coating of t he cotlE 7 FE5krah ShbPafhdirchaEn a?fﬁe%@%s%%straa‘t% Mo
| ayer adher efleti®rni 8Pa PR 6F w&bl@%hlb%t@aft?étﬂc&ﬁmou&?/ alony £ding
| ayer can_be fornmed by web coati n%J‘i The rel ease

t | | f
an’ casy rBmoMare sediisaiigneibsdals 4 Bicaintacon raes @b%mgyv%@waaayé%r(r?&
Wi thout da ta% rﬁ&fb%%%l%g tnla@%éﬁ\g EJ YiPiopal g stlg?ralre ﬁ%qgeefeda%%e

is forned of at e rface energy,

not limted reels cﬁrdctlponv:base@hmblth systémhynot shaivedl Acﬂtqnage&anlmm ish,
and the |ike.

| aminated stRaRitianed @?@eémvg%f%%gAﬁgg?ftﬁéggﬂi‘n@% %eq)j'g@ngﬁl‘ gt"gétéﬁo a
rel ease | ayeiaeitresQidedsio '@ﬁ%rf metdl Péﬁo@?ékodi p%éﬁﬁ:hr %r?a;?é’tﬁ:reé}ﬁg irf

conductive Iayer 250 coated on the rel ease 15 ayer
The | ani hat eifestorage tark 220devarse commouatsﬁdamftﬂmabmwmgpera@n

Subst rate. AN v i 4 ol PYCLLEer B R Surn@ Ik BB oy e

244 is deposdjmatafy 140at ed on the erX| bl e donor substrate. The
conductive layer 250 20 can be forned by netal nanow res deposition

fol lowed by matrix deposiunderstocssthabtiermalel niripdalds stored toraiien ve

par i cul ar, St @Al ShENR) Fhtidfe bbb TR BhFo B cofB8) e e,

adapt abl ¢5tqntgh@err@die§oﬁbeeebo@@ati ng process, can be lamnated with
the 25 conductive |ayer, n Figure 16B t.he | am nat

structure 230 is trané‘f'érﬂﬂ@éﬁrt‘g‘dﬁrsé%maéﬁﬁy dispersing devige 5@%)%969?9(1 in
contacting athﬁxﬂ %ﬂ(‘f’f Jﬁ@%to‘?égé {ﬁwkcfﬁ@ﬂfdﬁyr ¥ 8pra ”ghﬁgrde%ﬁ@ (b%. tsh‘?at%i’l*ﬁférrtﬁ‘éte

260. In cert I'ments
pol yacryl at e@@lwprsqsmedms‘smdemrwmoad)heshrmhlmg)de\hee S—MMrn‘@tdavmoand the

e e B 06y hebh fbiigt SFmh S abE bR S e Rt
conducti ¥g | satRim@PLoatings.
Figure 14B shows an aiternative method of web-coating 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
25 metal nanowire dispersion 124 stored in a storage tank 122. The coating roller
140 delivers a metal nanowire dispersion layer 110 on a botiom 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.
30 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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WD 2008/ 046058PCT/ US2007/ 081285 I n ot her enbodi nents, an adhesive

| ayer can be used to provide a better bondi ng between the conductive
| ayer and ofdfgisgat e during the Iam nation step. Fi gpdfudid s
a lam nated structure 270 conprising, in addition to the I?Fex(l%

donor substrate 240, the rel ease | ayer 244 and the 5 conductive Iayer
250, an overgogtALvil t%‘@bsﬁl:ﬁbé@' h?ﬁ'!oY@dél%M Belod, %uﬁl&@tr@é‘tﬂ%ﬁé{ 8ah 8X8dnce
278 has an adhesi ve surface | am nat ed structure
270 can be ftabrtra@ap@r@nbyaad/pé@mnd@hw@eof tbe@@sétsctug lapese farped. iSyitable

coating systieghtbiRedhathq. bupfs MIIRRHAB SoRAnt Aheifal i,

coating the értr\e@tdw@mrcaMatdi@;rQV@ dPAbzonEeeties ipressupy freainter s
defi ned herel n posn% | at es, pol ysil oxanes), and can be
pressure %erfﬁ?quﬁblnﬁi'ﬂﬂ . radiation-curable, and/or thermally

curable. The over coat paape i8NSl B BrefnkiIE RSSO HBRNGERBALARG 419
I - ayer, an

| ayers, including a har coa an an l"'ect1ve
protective firdrspaserb@ondweator. a&eshowmda wtal}cbeimg sysfém 1BEdncledds/8iakehe

ndhes, ve_surimie! 586 TaHR BN 5 8 HAOLRBh A IR EkE deregl 47 traws a
f1exible dorgarbstﬁﬁi%sueé g, §4Qxi'bfe ﬁ&m\éeﬁmbxfro@ﬁb%@lbbmeé:hﬂsr@b@@ée

| ayer 244 fromthe overcoat . I'n certain enbodi nents,
pr essur el1@artrayeliog pathd150. nTjhe hle,bszmtda am:mﬁmen@ubmcmﬂetwequemyﬁabneme

absence of LR Oy AIcaane NEvelmEpARAEY" 1y pryFe dobaldifo

enbodi ment s, or $IGIRARGNS BiteRatitRe RPEed BEMBTBEY tHdlhded clidepbdition, ttiie
differential of the conductive layer with respect to the flexible

donor subst resneeatiationef thepatiameteialcansl be adegraekefipe d[yiRgand curing

conduct i ve | 4YeL. JIRY, 25, A2 1B REIREAAL Ll ik bitng han to

atextile d am nat1 on process, extile
donor subpst rthtc&nemﬁiherceﬁmmde\}dwdréomﬂmi conductive | ayer is firmy
bonded with the glass substrate.

nbodi
a patterned transfer MOTEBVE; B eriip ?ﬁlgogwqt%rﬂrﬁi pe gagég'gn q‘f’&)‘?rd
exanpl e, the,sibstEahe sﬁﬁ‘é&ra@@ fd18RL ggb?éqt.%n{ Q(%tﬁ? prééb&éédlvﬁﬁé whi ch

af f ords heate r'egi ons and unheated regions on {he substrate
accor di ng tcsmacpﬁcahigeﬁ?w subsicitp At canhe ilopalihsurfacettadtedgi ape-wi | | be

| am nated with the co er ,due_to an han ed affinity.
(e.g., adhedfetinent ﬁt@ gb@‘b%ﬁ)’%&?ﬁ&%”‘ﬁ'&f‘%?ﬁ@& séj ae‘t"ift hghé\éﬂr/%r on
the subspf at&epdéﬁ%heqn LEGHIONSsUFACA tRedRRbREdfens slbiiatgenertattad, for
exanpl e, by a nichrome wire heater positioned beneath the areas of a

substrat e t cdenositioatasn.erbiRce theernilmdy chthe rAnowiresdater Aerpsitednst er
can be affected by a The surface treatment can be carried out by known methods in

the art. For example, plasma surface treatment can be used to modify the
molecular structure of the surface of the substrate. Using gases such as argon,
25 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

30 and adhesive bonding. As an illustrative example, oxygen plasma treatment
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pressure gradi ent based on a pressure-sensitive affinity displayed by
certain matrix materials or adhesives. For exanple, a patterned

| am nat i NgwiPlphdscdsan be used to apply different press g0 L s
to a predeterm ned pattern. The patterned lam nating roller can also

be heated to further the affinity differential 10 between pressured

regi on and ug{yiessariied oLeli ® Mar¢hPXes0 @yét@fn a8ihgdheRbwing diferating
conductive | ayer can be pre-cut di e cut) according to a

pr edet er ni neRArgEKetassn! S%WF SPse® éz{‘f@‘”l : 6% hEBrresYEesd00m twr.
transferring the pre- ?HBth%?% hiEnt at)‘]‘érsu}fgcéﬂgatr?ﬁ’e?rﬁ ég}d'ﬁv\HBPe he

conductive |layer of the ermne attern iIs

rest is 15 rm&ﬂgdmnmrmeﬁra% Rytr olo)ﬂteosubstrBMtM hoted abeveohed
above, gatterned conductive |layer can be fornmed by sel ectivel %e

curing a prdprpREiEt lByer Welcaﬁxﬁemb%aifaltlsswttt%'ﬂ the AEOVgS; afy! t
rocess can e 18

PI | ustrates Sg'ﬁ) E%fer r;gr%cfomenlp@n \Aﬁ%@lgl’ %o%ggg{éﬁggﬁﬁ%\%lrzmg%é

phot o- patternmrrd:wme‘srwdsqmlsingitbalnlapowim@tqmradre tathevgubstratet wor k | ayer

nereln (o o FORPEINELa BATE) SURDIK RS AR oA GYBOICEHS: the

substrate l4namfurRBoRdbisHBBEnIRS eincsuarﬁbtwlmpﬁdéé @xg bbelydoRsihe.)
substrate. 25Thereafter, a prepol yner coati ng deEom ted on the

network 1@yer of net aIOtham@mmﬁgmaafacmraatmareisamqlldﬁe ewashing with

S14'i 5 posi (1 NGt GRREAon e Hpl E AR ER o Ak o khoURSS

i rradi ati on GusKiRedIhlhe BRoON exposure, onI y regi ons exposed to the
irradiation are cureddjﬁ@ regl ons 320); the 30 E)repolyrrer coating
and nanowires in the (Fubgtra 1"0“‘@"@@85??%@3 fnela HWW§|‘II ng

or brushing d&ﬁolglti%n%tmﬁp?#mléf?@éhvg Q%étélfrfa:naﬂnrbgﬁéaﬂe?gzén

tacky roller hot o- cura e prepol yner re me knomm
in the atf. definedrteaein. dimbaltipositios statioa cahdteca storagsl tanplaepl@swtmd in

i ncl udes a r .co r|5|n 5 one or, nore doubl nds ,or
functi onal 39‘88%’54A asPraying figidee. & biyshing devicg, %T]%@qu(ﬁl RBetRl or
chai n ext ensjgRwird o‘?é;fé?§bh MyeP 68 liSldOsdMREd QRRAE SIBAES108. thternatlveh{]at

phot o-curabl e prepol ymer conprises a partial polynmer or oligoner t
cont ai ns onea printing deviertarebé vred toapdly adEtiemsad epating of the @etahydrl des

Sl O kA o SO sLORSFB bR, B PRper navn
20 recesses of a predetermined pattern can be used. The stamp or roller can be
continuously dipped into a metal nanowire dispersion by known methods in the
art.

The layer 168 can be optionally rinsed at a rinsing station 172.

Thereafter, the layer 168 is dried at a drying station 176 to form a metal
25 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 Na

30 plasma can be carried out in a March PX250 system, using the following

operating parameters: 300W, 90sec (or 45sec), Ar or Nz gas fiow: 12 sccm,
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hydr oxyal kyl acryl ates or nethacryl ates, such as nethyl, ethyl,
butyl, 2- ethyl hexyl and 2-hydroxyethyl acrylate, isobornyl acrylate,
nmet hyI met RachydakRgand ethyl nethacrylate, silicone acg 56
acrylonitrile, acry?am' de, nethacryl am de, N-substitut ed"yll[ﬁ§2 fO81283
(meth)acryl am des, vinyl esters such as vinyl 15 acetate, vinyl

ethers such @éss&@bgbmhwmmhaﬁ R§dwn §E|¥é<§‘@eatﬁfle|ﬁi§ ©."Gorona discharge
hal ostyrenes, N vinylpyrrolidone, vinyl | oride and Vinylidene

chloride. orUV/ozone tregtxeantl rosy ersome@r Farexamipte, the Enercon systea
doubl e bonds t hyl ene gl ycol, propylene

gl ycol, neop %6%% @?C‘f‘ﬁﬁ%ﬁ%?ﬁw’ﬁne gl ycol and of bi sphenol A,
and 4,4'-bis(2- 20 ac Nl 0y o Bl ssrird s ythB rRPAGR layer can further be
trimethyl ol propane triacrylate, pentaerythritol triacrylate or

t et r aacr yB atRIessHra jreatad: Wanesspegitigaliy the notwesk layet 189 is Ted donah eollers
diallyl ph
Ceoyt oyt o187 LY PR o MOl Y BBl sy

but are not it smm@demde%mmtaelr@wwpomm alsorte uskell yl i ci zed

pol yesters, polyester contalnln Vi n et her or epoxy groups

pol yur et hanes and pol ﬂ'étlageo‘dﬂ dbee P@?“BBI"{/B@%E@@Q metal pangwire
preferred eragbmaabricdtdd ifPsGRMAMTR wittSa ATbtAG Mééifrﬁefi Hafeih %H}ncrease
acrylate" refers to a nonomer conprising an acr moi et e.g.,
met hacr yl&t dhe cawduthmyef‘thawpnduamgley@r to a parti aI pol ymer or

olyner formed 30 b rrer|2|n nDNONEer,s conpr.i,sing a cryl oyl
ol 2y, vl ea oft RePAFYREesSTR MY th SHIBE LA oe e At Sufiglés of a
20081046058 Q@Fﬁh@w&ﬁﬂr@ﬁ%amm conductor fadrehtedNalakiordance with a method

photo-initiator can be used to initiate the polynerization and/or
crossl i nki nglesedled berein ihesepabere phnpreradersdesnhr Bidingiical pa@r)mneetarer gy
and produce i

oo e uce Rei9) SRl Ehubdl bhehte 35036 ¥Rt Adhen a wian

Phot o-i M#3 i alimeasian ef me/mjridubmy\myen If hesirayid roliExwuﬂeestr@fnawnﬂabya
photo-initi ators i nclude, hut are not Iimted to, oxinme esters,

phenyl ket oBaY bg plagef O 3 69id syHfapm 386 i 8ingle ralier rolidhacrgsgthe gxgosed
Bl o NOS s@ri%é? of e, cddchh owgr flt?ﬁmq oo(ﬁglﬁn mﬁwﬁl@éégsﬁﬁe% fr'-“,:)pllgur e

Bel | us, "Photopolyners as a n technol ogy
& Appl . Cheriv thevaliler.6I7 fwdNoollets apppuse?ls ifilnetd®86laydr méy beebllayl batween

Advances in 10 Sc ence, _\Vo pp. 1-48 (1984). In a

pref erred er%g%wm'?rs ghe (b‘ﬂ%fri)Flﬂqu?%or is Ciba Irgacure TM 754.

Typicallag with the ugpogd eHb@dﬁﬁ@{tOﬁd)rﬂ'HO't@H@OOdﬁsﬁnWﬁRé) 3;5TFéHto the

coating can cure within 5 mnutes, nore ||ore erably within econds.
g

I n ot her enﬁtamsnamtcomdmtcrrﬂwm@remmm letsn Ibie ats;wqr\@we@@d thad fragn 15

an insul ati I h
exposes T eqi S90GPOR nelePbsb B s BFsTEGLO BN alPles” SHhistaon
source. Al t gregdury @ applied t@ artRisphiemt comiUctsqitior ke applic st ofrdriye
technol ogy can be used to directly "wite" a heated pattern on the
pr epol yner c!B%H'?‘ﬁ@ﬁfP%@er Thermal | y-curabl e rratri x materials are
known toygne skilled "Nl‘i ‘BP“ Férrs ﬁ?é@vrﬂ%,l Goed! 'Ry ﬂnb?ﬁ roflerBdrE Usal
can be an epoxy, a reS| a so osite materral.
Bot h t he phcbduppmpr%sura@p mmmluamg srhmtnahp paprneh: nllegs amt\heiu are
conpati bl e vvlth el -t o- roc SsS des g\z ove
xanpl e, o HEPEIR PR ARAT JRrusBadb Tonprarg: 1 TeconaHRLIRg
coati ng SYSt“EQPn%@on%cﬁHQM@s fdt c%r%ﬂ@rslo”flaaﬁhﬁatm@owme%ermr@a 2004,
station 198 can be confi gured
which is hereby mcorporated by reference in its entirety.
30 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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25 nunber of ways to allow for continuous exposure and curing of the

pr epol yner coati ng. I n one enbodi nent, as shown in
Figure 19 obPdsBlskNg cylinder 330 is part of the photgs i
station 133’0?% Plég& V\BE coating system 146 i s not shown). ﬁ%ﬁ@%gge

14, coated with a prepolynmer coating 300, is noved 30 along by a

conveyor belds :358sma hRatRERtdd Bis)dskA EBbvé Afridf B8 BF gohe VARG WilRREaas

the conveyor belt 332. The irradiation source 31 posi ti oned

W thin the Peviou9er suBEEgRPI@agBadGRi0et2dS sheva iNfugwel iSAd dre aders

An exterior 4 0 he rotatin li.nder 330, d ned, r,harat ed
or otherw se r%ﬁ%@ﬂ’%%@!ﬁ%ﬁf’%& ﬂé%gurtf Ceaﬂsg?/vﬁﬁ%bgwcgﬂtla)}t%g 1B83
irradiate thgndie epaluiipRes tirea! ilftte 38R rs BRY tolBalkkibssang Hetwbris ldyer 980 a
collimator 340 for preventing any stray light can be positioned

closely aboveultiple tivess, de plingsay Segarried out in the same, dgegtiognaviiyrespect
confi gur at1 q8 ay A Bl il A shice B R'RERILS, BERE iiEBalaVENY o

patterned or per exterior can be used:. tterni ng belt
350 is driverathy50pdi iardifedbrt dimsationd (nabishdwhs connected to a notor

(not shown). The patterning belt 3 noves at the sane speed as the
10 ot v bonveyor - beFiousa 583 poaY TRENS PhesRB B SRR BEnsHEs

pr epol yner i ES,QQWB i ek 1 hiygs
360. Optiona |§',“8§’ guar R‘ﬁ?@%@ﬁﬁ%@%@?ﬁ afock fbo’o*ﬁs@ttg%détgggbgo

shows a par tpshlLbsipgiadteiptessated ystesmConduétive Haswaiknil Gainplites ampderality of

conductive layer on a substrate. The system 400 n fully,15
nteor ated IMAGWBE GRS BUT T LR CTvaIE PO T £0gp and ag- As
phot o- pat t erdhoRg, 8t RbsORet9S nbBowieNs1 £ & 16! And BES @neasheMdtosdind paintse
19A. Foll ow ng the photo exgosure and curing, the prepolyner coating
300 is cured'Ra, §¢Pleand $d2¢ bgvefiatienad wipss sediong mtheee the ibiarsarting vires

hi i 7 ]
1 how com e NPatFE B s A BT B0 e ReaIH B preckife AL ©
regi ons $54,erhavieRgttfe aondaivitngs alllag the tbeduddi8ify offthe rlaaokirer ol | er

384 contacts and renoves the bare netal nanow res regions 374.
Fol | owi ng t HONEBRMKRAMEWPK- he bare netal nanowires, the substrate is

coated with conducti vq—hgq‘gjpggﬁicﬁg?i@gp yHG GONSRE L (KR Fohist A4S pdsto.-

In a further enbodi nent, ayer can be patterned by 25
et chi ng. Depezalinegt. ofypitedlycithetomrispaent cbndundorcexpeaed tovanyveiase from

Lar oS et CTURR SO0 S R it S A0 RO SO BT RS
aci d- et chph nrsiRl1abb @ o 609 foriangwhbEd rém @bt 10 seconds to 2 minutes. The
transparent conductor can also be exposed to temperatures higher than 250°C
and can be as high as 400°C, depending on the type of substrate. For
example, glass substrate can be heat-treated at a temperature range of about
350°C to 400°C. However, post treatments at higher temperatures (e.g., higher
25 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
30 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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(HNG3) can be used. Typically, the nitric acid is present at
0.01-40% nore 30 typically, the nitric acid is present at 0.01-10%

The acid-e j ution may further conprise a trace

0BSo4g6%s y m ,
about 1- 1ogpbp5n) D8 ¢ assi um. WD 2008/ 046058PCT/ o003 EER S MGrfds
permanganate (Kvh04). In one embodi ment, the acid-etching solution

conpri ses a%ﬂ%@nsﬂ&@mué@df@)rkéﬁ%sﬂ@#Péei-(té—?é’éirp%cdéérafss

per mllion) of potassium pernmanganate (Kwvh04). The etching sol ution
converts net@sch %Wemwaé Péageddn @ sheehdrying Quenget eha demperature vby ed

by washi ng. (o]

o1 ver sal't 105G OF iBRBhcash autGle IR PRI EEMRE SRRHERGRAC oy o,
I n certain etdhddiciorhtd.a édrﬁcetreﬁsmysﬁbbbum KQESs whith ¢rbbped toosbout 58
di ssolve a matri x conposed of fully or partially cured polymner.

Patterni ng c@h #fterdhs ppaldreatinent; dep05| ting and curing a pol yneric
|
matrix material on a 19, H?f@@\é‘%&&gb% ﬁ@&ﬁtf ﬂtﬁﬁf&eﬁar@ﬁ%ﬁn@?arent

pattern. Once the matri X parti al
attain an acmepiuator waddgated iofa isia&re:l oeses atha0Ehips B0 skecomdsm Thehresislivity x

protects the now r es, enbedd erein fro be| uring
D o Ubeequentofdhe At Crapater cautiovipr BoppRdiae iyl gBAE o 36 Bbasidoo
(where the n@friKisBsSEbMiddred #Rdt tRO Y éréﬁldcd?ﬁumﬁhﬁay% ReHtEd iﬁsnh%
present) can 15 be etched and renoved. Thus, one enbodi nment descri bes

a net hod10f mathoes wihey thama Sheemmd?qmexsm@ ahonfmrag lamp eadiddis ueed

| ayer onasusrate he caopducti v, r|5|n Iur I| of
nanowi res. (3 aieg a0 s of SBnE e Ben B Ea6e Rap St tateigi B Y
pattern, tha:m@wmyme aEEWtoIREA \the ﬁ)"etélrr@haﬁtréfﬂleﬂ%rﬁ mtcsunerﬁ@d
unprot ected nanowi res; and etching the conductive 20 | ayer to

di ssol ve t hénahbmcg@eddn AdRSiY RarROWiINgheetwept bY Bther dProRdrast missowayeRr
el t her rem)"&f?re% il dﬂmE?u ecﬂr&: escré&g% {ﬁgmom%ew&kamum of

KMh04 in the aC| -etching so |on e€reln can inmpact the
et chi ng power. For exwﬁditmnatlyhea poaHiretairoéntkivalOzbplias bbth eeat dndtpedssuge

sol uti on can ct the rate o tchin 2

concent rat | d (8% TRWPRASRLAUELStT o7 Reiedo e RUNGURAY apabRsFgRure the
adj usti ng t he, {PRRGRLHAYIASr &n b@@%eu Bhrbli§h BRk Br RIcFO AIRr$ S Héwmeean
nodul ate the etching efficiency wthout changing the acidity of

et chi ng sol wboye. ﬂqs1mﬂamwi)b@my bealkethecrllelsanan bg heatedo ctmreasur@n
of KMWhatin the ag

G 1 st on' of NE0 5V FleBOsRplita i BB 16 G Y Ay ProgfikieFay oo

in fastepporagwy 20CHSP IFeéferalily I0é vllepdarf hddied ﬂﬁmweéﬁszbbat B°Cland-or
exanpl e, as shown in Exanples 9, 10 and 11, when

2008/ 046058F2§ﬂ°gmp(f8QMably to between about 100°C and 175°C. Such
application of heat in combination with pressure can improve the conductivity of

a transparent conductor. A machine which may be used to apply both
appropriate pressure and heat simultaneously is a laminator by Banner
25  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 fo increase
conductivity of a transparent conductor is to expose the metal wire conductive
30 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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KWMh04 is present in the etching solution at |ess than 20ppm the
matrix (of a standard thickness of about 150nm can protect the
nanow res &R gosgherein from bei ng etched. Wen the grpy

KMO4i s increased to about 2Qppm while the concentrations %E;U 7&{\&5
and NaNG3 renmain constant, the 5 etching solution diffuses into the

mat rix (abo%reﬁe'i@tﬁl?‘bb@x‘{a&ke@ﬂﬂa@Il\ﬁé‘%&ﬂﬁnd Q?brﬂ%ﬂ@ﬁ‘ﬁaé%édﬁlﬁbﬁé’l@ﬁ ride

t herein. be di scussed in nore detai I n connection wt

Ex?][rpl e 11, ffar,tmef@kabmeawwﬁrqﬁgmmboypﬁﬁﬁe@mfmetﬂfa@@ut%mimpie&mﬁk t he
e . : ‘
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KMh04, 1(YOHNOB and 1% NaNG3.) Thus, in one enbodi nent,
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the matrix and dissol ‘ﬂé%téa'%ba@é‘%‘%ﬁ%Streétt?lehp@aﬁﬁna‘gégg'tﬁ??f(grﬁ:leutcg\ﬁg dof

conductive layers conprising nanowres in a matrix can be
by using a pattestarest comslacioe. or emrppietatrassm&n‘t &mdsnptopaf sibeni ng

can be carried oyt accor n h tolitho h th
Shich the narswTes ana presthie A RES B TeRian Soab il B el BT
a further erm@ﬁioﬂﬁi?éoioﬁocﬁﬁraﬁn Wé‘@ekﬂb@%& k& 94 RABAN fmdtﬁ@%ﬁéﬁ Wa@g

the matrix in the unmasked region using a first etchant; and etching
the 20 naboviheasinged imwalenand kisigd rire giro Belare igs @osteireatthest tedranspaeant

emove tho riaese BaAzseBuRl oL BE Fra Bl kot e the

unmasked 1 edraibparditicenlilicbs had §e688Hlite ot BBOGL 9 QKChinagndiier example, a
aci d-etching solutlon di scussed herein, can be used to dissolve or

renove the nEnSRAFY conductar of Hiyer prnpuYires i 2 8lasa sybstrate wasiexprsed to
25Thus, ot heso, g g%@q%fg? '?trﬁm%e%c FII’IQ ﬂﬁﬂ?ﬁ&hgﬁigf}- Gk %reﬂir?%l& DB st-

transparent con usi ng S as a
over coat 15prt®éaintemgwettmgparmebadmraorrmad b agsistivitp deabmat3 Milie arﬂt hod

conprises: formng a conduct I trat
I a;/rgrl conpr i ¥t&id h'g peat ;rpatlrjrfﬁg{gvtgey%ﬁgé@rpppgqjﬁjt&gf%@%p%cr&slsngyoafd
nanow res eﬁ’ﬁﬁﬂgﬁd Reéu&hagﬁé&s@tﬁ&'t% @oata&kb&ahyd?@e%acb@&sé&ﬁfw@r

to define a masked region d an unmasked region;” and etching t
unmasked r ego(m’n tnestmg'ata Dther suitehishiedgcing @gentsonciude pihambargiwdridesedch

conductive r ?@rqﬂr%h%@@ a%% rIlt%éeereéorﬁﬁ)o 4 Ss%cﬁ%g%Yﬂang\yf he

et ched regi o
20 amlnoborane (DMABY); and gas reducing agents, such as hydrogen gas (Hy).

Thereafter, the substrate 14 proceeds to a matrix deposition
station 188, which delivers a matrix material 180, as defined herein. The matrix
deposition station 188 can be a storage tank as described in Figure14A, a
spraying device, a brushing device, a printing device and the like. A layer of the

25 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

30 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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O her factors that can contribute to etching efficiency include, but
are not limted to, the degree of curing of the matrix For exanpl e,

gi ven the hi ng sol ution and sane nononers, d
ﬁy 0> R461s8 f@fﬁtjxér;] a?jffdgii%?

by parti al cured polyner tends to dissolve nore r eadi
matrix formed by fully cured polyner. After patterning, the partially

cured matri XxafRYioktdpitle ﬂébo%ﬁ’ért twayercwz &91 I5d @cm'ebfbyflﬁédil}itl&w e the
matri x. More efficient e Chl ng can al so be achi eved activating an

10 etching semensingen thetype @ ﬂ]@mr@nolym,_db_@trmi oplrln@{t eanalydnduesd
Such a pret rpﬁaﬁfﬁﬁ%ﬁoﬁﬁ%&#éﬁ%ﬁ%@é beneficial to a wet-etching

process, in cones into contact with the

etching surface of th@giioaamparittensingdtegt @in be yariedlouy befokethetiayerng
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nanowi r e/ fratthe mtawat%rﬂal 198 iz ewed; fspaltrraing shatianp! 98 gardee pegitianedyn
overcoat |aygfs tﬁé‘ﬁaaﬁp& slit%Y:eaftatﬂJ?'ﬁffé‘gn@B@froF@gfeaclbr té%roﬂﬁ*p@ tHe

under | yi ng nanow res corr05| ve elenents an
presence, hqwieening step witl ieadipasseddrt mongdefail bietow.i qui d et chant .

Pre-treating the etchi surface of .the tran rent c uct or, ca
et Vet o thY Lurt e o uhE e SreeeRe SOt £ PRBTBaNe ysf 20AGSRrisEa e
the liquid %éﬂéﬁﬁén&ﬁfi‘bé?ﬁétﬂ'oﬂ@ ?éﬂé@lnté‘ﬁ\a%(t@fio 2P 8ARAMCHES layer 204
protected by the matrix and/or fhe overcoat |ayer. Thus

the nmet ht@ ofangee tusther trgatedsad i postitrebwentstationddher conpri se

pre-treating an etchln sur f of .the conductiyve layer .t ve
Its wetting behavior. '%R F@H@H“?'H {EW %@Pﬁ'vﬁda rf 4%’\’“ tgea%&géc
assessed by ty&ited alheqst-fehinadid|seatiRaBIur ©1Expbse a\pakRIn sTané awstalang! e
refers to the angle at which a |[iquid/vapor interface neets a solid

surface (i.danowiresendhesyriace phide)contyplivedaysy, Faﬂrﬁ%gwale Rdpigute
cont act aﬂg'a?fngﬁnt%imeeh%&rﬁgcéﬂ Bé‘ef&ﬁga @wa Ws&o’\%n‘?f nﬁ?%{n‘?erﬁué l%?lﬁ

As shown in depending on he Wwat e

contact #hgldischarge eub%mheatdaymeatéu@qbob@fd atetaltnah0dres aBaOQaratm!eriy 30
surface treat m?nt s.. WD 2008/ 04?058PU/ US2007/ 081285 Table 1 Surface
Tr eat ment Vat4Seldder tgeen BHGPE 3PPIGRUORSUt surface treat mentWth surface

treat ment Ocygen Pl asimGRofl2efpbbrRAane BanBAbr hithelathbhiirdeser | bed

in detail in Exanp using etchants of
exposed on the surface of the conductive layer 204 following the curing process

(see, also, Figures 10C and 10D), and an etching step is not needed. In
20 particular, when the thickness of the matrix material layer 192 and surface
tension of the matrix formulation are controlled appropriately, the matrix wili not
wet the top portion of the metal nanowire network and a portion of the metal
nanowires will be exposed on the surface of the conductive layer.
The conductive layer 204 and the substrate 14 are then drawn up
25 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, multipie coating steps can be carried
out along the traveiing path of a moving substrate. The web coating system
30 146 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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sanme strength, the rate of etching surface-treated transparent
conductors is 5 significantly inproved as conpared to the rate of

etching u hEftsdsganspar ent conduct ors. m%&%ﬁss

transparent conductor filmnms can be efficiently pattern
pre-treating the regions to be etched. Mreover, by adjusting the
strength of gdRrbabaehRanditg laye tibbfectle t SUHERAL BadieP aintiglaed
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g .
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t ransparency an e) of the region having altered resistivity can
g g y
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the resistivity d¢) t héagtnatiomducti ve nedi um (is., the interconnected
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predet er m ned patternﬂﬂ%%ﬂgb’gﬁaﬁ‘waﬁh?yf@ 'ﬂ?"gee(?rﬁ'%?%‘ﬁp%bﬁ%wsat&ea
nmet hod conpryifi Agigid UHstrate, 3ueleBg wiissY &VhiRydid @0b&reH 84 BE Coateday
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: ; { . y
conduct i & riheshroatingearserioroasitly be sarriedn  canyaygr Reltdgewniypiselly he
25 conductive leﬂéﬁé ég%@bér%ﬁts.téh%/&%ﬁ&f er[ionmf?% I AR SR etcl{oatiﬂ? is
el ectrical |l y“¢conducti nanow r es- w thi n" the r€gl on, ereby torntng
a patterned giondutiroughputypescessnwhictlicag sigrificamtie thoreapedthe lvasi afg a
first resisti vi@/_ and an untreated region having a second
resistivity.Pr‘W\ eat ed regi on may, but need not be, rendered

non-conductive. As US%u?ﬁi&%‘ﬁbsc?igﬁhﬁ%ﬂf%%m‘ﬁﬁoﬁ BIRESs P fabrivalihgae

resistivity of at |east ion, disclosed is a
t ranspar ¢ht tcovspacnd condudtodthraygh thelbise ohtdlexibte dopatsubsinatd. This

conductive |layer havin etwork of .electrically.canducti.v

nanowi res erftf B%I%Sds!Cﬁ”ﬁl’aﬁﬁ@r‘ﬂ”ﬁ?béﬁé'gﬁg?@rﬁiﬁ %’5%%‘?@9?\?85?{5%8? More
defines a fidpekificly, Me RimihAgort praBeAEANPrisERNBbEtine a tondMetivdIdyBeon a
network has a first resistivity and a second region of the

transpar ent flexitdeidener substiates the eendustiveiaxer ioclidinga slecaifiyof metal

. t . . t ) . . N | .. . . . ) . .
e harey | DAl e ko B ehfifadEh i ARG Nt tie chAARETR fyeP"
wi t hout b m figh it flestible ddinbf sulesicge;i andt trensfarang thesseratuctivallajarie, a

respectively, of the first region differs frgmthat of the second
regi on by | ed®straterofeheses Afvantaaspuslysihecopliag slepgoniat ﬁ@xﬁ%a@@ri n

resistance hefweefl {ffbe 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

25 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 fo a flexible substrate in the form

of a sheet, film, web, and the like. The fiexible donor substrate is not

30 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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15 two regions is greater than about 1500 S2/ . In
certain enbodi nents, an optically clear conductive |ayer can be
treated aCWﬂhﬁ&a&s@ the patterning nethod described hepghhshidaesk
affecting the optical properties of the treated region. (gg%ur%ﬁﬁer
illustrated Exanple 14, the change in optical properties, including

t ransmi ssi orherdh. anddtmen, mu)ﬂexwd&%rrsabaﬁréfeeiaﬁ b wblerb®f mirewatsh
after the patterning st i nvisible atternlng nmet hod,
E;

su
t he conduct it @éhlea%qerr@?ﬁﬁth@élksptﬂ@aﬂ%bl%ﬁomczfra\abﬁiﬁatgpv@érm opligallyi s
only conducté %15. in the untreated region according to a predeterm ned
pattern, the freated areas having been rendered nonconductive or
having a different comduettaividnybodibents! the flexibde dbn@rsubeiraterdan be pre-
altering the resistivity of the nanowire network can be ajconpl i shed

by, withotit G9a%d with @ﬁeé@éeﬂasﬁy.pﬁar@rtha&aaﬁm Atherendyeivelayes)
conduct i vit yupQy %és'é% Ré& tB%SthPﬁEWHéF«?d ﬂﬁtﬂ@‘@ohﬁﬁ?z?dstrra?é‘gﬁé bh@

t he nanow res thensel ves non-conduc I n one exanple, treating the
el ectri cal | ywhiomadwonduetivedayev cam bmtqnmeki byovglr caadimgc Adw rekeiaby layer

transformn Iectrlcall i Ve nanow r.es Lo .

non conduct B aIRBF 88 saeY Frrde PRE T s 48 i qapducgataver
chem cal trags{dui o8k Sd’th)é coRBL&AR lafe&r T8 %6? @he réfbase layer is formed of
2008/ 046058PCT/ US2007/081285 oxi dation, sulfidation, or any other

process thata oeitaral hgvingdow ﬁuﬁamjewgwdﬁqiudm\mt nat limited top Silicorebased

Conduct 1 ve fanglpBetly iRl b S aPr MEhaies, o 2 ATl oys (.o,

silver) can be renderﬁbmemsmm@mrz&wmwh@ﬂprertﬁfartatrmaté@stzmumzm to

an 5 electrically insulati n% and insoluble netal salt c% si |l yver
chloride.) IGomRsingafigxibie doper wibsiatn 240, & relrase dayer 844 icRptedan e

oxi di zed anqe‘iﬂﬂé(%ﬁ&dﬁﬁb%tré@ YA, a'rr]ﬁré EhRbtive BFePrZ4d8d488 oh e Rée se
further driven to conpletion in 'the presence of an anion ?e g.,

wi th whi th tlagergtli.ti vely charged si I ver ion can forman i nsol ubl e

salt (AgCl). Qther ex | es. of, n|o t r eadi ate met al
10 ions into insol ubl d rep@nad H'E,el caq%g%a&%lg%ﬁ %ﬁﬂ‘ﬁe,

i odi de and syhhRdréas described in conl@éﬁ@ﬂ?lnﬁ’tﬁ F?éuréulsmabbnagm flésabla@ongent s
i nclude, but are not limted to, peroxides rogen peroxide),

persul f at es substjate. dfninsrip ive retal manawarya dep@ﬂbét@ the f@i@@ﬁﬁj@wféz‘b‘l Is

SO o POk BB YPES AR S BBl ik ROGue! TR BRBLRATRr 750,

metal sapps damise forrl?@ﬂ'ﬁsfdhym nﬁmwﬁése@@osﬁi@hﬁbﬂow@twm’atmd@dsﬁeh as
described herein.

The conductive layer is then uniformly transferred to a substrate
of choice. In particular, a rigid substrate (e.g., glass), which is typically not
adaptable to the reel-to-reel coating process, can be laminated with the

25 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

30 substrate 240 can be removed by detaching the release layer 244 from the

conductive layer 250,
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salts), organic oxidizing agents such as

7,7 ,8,8 -tetracyanoqui nodi net hane (TCNQ, and gaseous oxi di zi ng
agents suclyAsodbdsessOXygen, ozone and the Iike. POT ﬂgﬁ‘ms
vari ous errb(?glﬁ,nents, and as illustrated in Exanples 14 a%dUi t';e 23\5/\/,
t he concentration of the oxidizing agent, type of agent and tine of

20 exposure to the aggnbiHBREHRIGRHHEME ar ??hc?@é&@ﬁ&e@%&;ﬁﬁ@u%&ébidea
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changes in the physic es of the nanowi res may occur on a
m cr oscopd c domtiel the bghedivaibyananhdithecsveaddadc The lrdhesive tayeoisi as defined
appear ance OI'];} t he condcﬂcti ve . Accordin conduct i.v

r

| . | h \
| ayers descriel e eh Y?Féy‘at?é%g'&a'{oé‘a“%% ?B‘? Fr¥'3 Btﬁdﬁ%‘ﬁ“\';%sﬁrﬁiq\%r pgt-

that are optiggéd, fadiBtibbmabRORhHAahdhallR cOFdid. T Tiad BRSICoSIRM Rhghde
carried out prior to formng an invisible pattern by inproving the

wet ti ng behawireresdf the pedormanng-enhangtng layriscinelgingd hare cogh eacnti-
energy. As d] G n anpl es of
SUTtobi ¢ o LeNEARRIeONN AR RUASTRY, Al BT e REETE
Transpar ¢at Conduct or $n Fijhe 17Bathedamirdted sinastote@ %) is Hoddsd wiith ¢l
herein can be used as electrodes in a wide variety of devices

i ncl udi ng arSHbgEaiec20Q Waithe adhesive Suriagese8l;sEhespaltsrads sRpwnn Figure
duct i s iy .
conductors spygeh ﬁ@? ﬂglﬁi?% d%rgsb%ﬁ%tgﬁzfggféng{ngeg n@fdétﬁbﬁlﬁ&ltﬁe Fé‘i’éléls%%yer

i nclude flat pa ays suc di spl ay panel s
(PDP), col or244 fromrthe boercoat red fi at panel displays, touch screens,

15 el ect tic shielding, fungti | O, f .
ol ect rochr omcwi ndowd) SoBRN s ELfmaRRe R FEess b pePRyRRd dpng e
and phot oyol |bajigateRl frécestte dnf@inké R bdrdiimfiBétveen thd Behddianaper @Rthe

conductors herein can be used in flexible devices, such as flexible
di spl ays andcansiuctivesleyeringhe ghpenavicancdhasive layerpaag theoswbstrats.i s a

(12 panel o spl a3 ofk e AlhufBnio R Feehie 6931k sk o on
affinity differential of the conductive layer with respect to the flexible donor
substrate and the substrate of choice. For example, the conductive layer may

25 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

30 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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includes a matrix of liquid crystal cells (or "pixels"), and a
driving circuit for driving the pixels. Each liquid crystal cell is
provi ded W fe/Rkosg! el ectrode for applying an el ectrigqf [l L he
liquid crystaﬂ CeF?g%WIth respect to a conmon 25 el ectrodce jh%) ’689’}?
the pi xel electrodes is connected to a thin filmtransistor (TFT)
toget her t haymirétéd { wqrr tﬁéc@neﬁj@t&& iHy'éng@Yd &8 enhaﬁbed dffityRiex!

el ectrode drives the liquid crystal in accordance wWith a data

si gnal app! iasthesioa).tther providing a patterned corphstiveFiRyECDN feneubstrate.
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|ntegralleg/ formed on the entire surface of an up Bosm
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y diffe RiRG i :

col or filterP&igsst ! rent pressuresAGFR Pledete{mingdattern.

el ectrode | i f ow
SUTT1 o ent | IoaR ep el ok o B e ey e
are cost1§ thetivedn pressaregivegivayariseursoressped begion.o cracking if used on

a flexible substrate. ,The nowi e based ,trans conductor filnms
descri bed herein of fef" ¥ Qgﬁ P HAY (ii'm?ng;p ﬁ%rr‘iﬁich eb?%ﬁegreeﬁl['tr ode

fabrication. (e%r‘tﬁé%hf NaceBRY fata piddetdriinbd patidrh oY te tHer |amilegieni bed

herein can 15 be fabricated according to any known net hods in the

art. bThE n?rmwce@ Hftas drapisiestingthecprecuié cergiiatise fayertathgysubstiatenthe ge
TFT
by pat 1 or oRgepE BvARAIHE EedsiAITAG Bl AINRISNE] whik Mo fedt o1

conduct o15| agatovednldrg Ppef-cutreatquri or to coating. Patter n| ng of the
nanow r e- based transparent conductor filmcan also be 20 achi eved
according to the high throughput nethods described herein.

I n addition Fszﬂté?ﬁ"_gg patternabl e, the nanow re-based transparent
conductor fitTms arso have the conformability and high tenperature
resi stance required f ds nfdd Eﬁ?ﬁ)/emeftmmedmrgitaﬁwb Wpt r':arabﬂ'a toreedibye. |

t of FT d tch d 25Fi SEM |
Show ng ¢ he SAREEHELIDY o SRONGIE rPRaL AT B8 PAHER, “TatEPor
filmover a p?HQéésf@érPoé’\bérﬁea didt aﬁbtbm.eauyr&ltherfmér@a Wel18 illdtrases dmce

t hereof . As 'shown, the transparent conductor | m 387 at | east
partial | £0 ccﬂmmdrmenbmaw@rzb@mngsglwawes @bgt@rwaiteénedrhéﬂ%a ispeeitealyi s

a color fil ttﬁe mer}al SHOWIre ne%on(algy& W«Prtsrzie%sr?&oéﬁ tf'%%ﬂbrspram Lar ger

or

according to a method described herein (e.g., Figures 13A-13D). It should be
understood that the substrate 14 can be any substrate, including a flexible
donor substrate.

25 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 o the irradiation are cured (i.e., regions 320); the

30 prepolymer coating and nanowires in the uncured regions 324 can be removed

49



30 smaller wdth grooves nay al so be confornmally covered with a
transparent conductor film For exanple, grooves having a w dth down

to 0.1 pm RAMNcgd up to 3pmor greater can be coat egl £ edERst Y-
Addi tional 'y, substrates having profiles or relief features ot[£|
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operation ofhydigyle shiftdble Y GosdRsiling 6PERAIN ektléﬂ*.sibnopt' cal and

el ectrical properties showrelatively little fluctuation. ure 22

is a graphic represenExamplesod’ maromersoniaining ardasibls acmdear@ragiky! or

oroper 1 es. (RO AIEASS Rl SAUERB ik Yl df PRRMEBIMERI G T o7

nmeasured at dthyfRe c}ll)andm -Roxyetb acrydie, isehanyi aidateY trieth @dthacaien

as 389, 20 390 and 391 for haze, transm ssion and sheet resistance,

respect i vel yahdi@thd petbeceiptaglicene achdates ngcrylppitriley acrylgride.| i nes are
nearly li neg,? @%grﬁﬁ?{ﬁe #I%gt:ﬁf ?nétﬂ)ﬁl: élﬂ@&%a\;lh Lotdrebutgs viny

retentions e optica rica pro ertle remai n nearly
const ant 1&at dde@ﬂiel\enyd@tla&rsrsacmastmobutﬁelrlyéemw styreme falleytreandlhe

nanow r e- base onductjve al so sui t abl e, erial for 25
Form g vi a EARREnEs N invirvEyind iR Cuidits 8% FieVismia chionds.
conformal | y coat a surhagsied éﬂn@n&ﬁ@rfs'doﬁté?ﬁmé%b%? niof@tblSle boRbs are
typi cal LCD TFT plate, vias are etched in the passivation |ayer SiNx

to connect tthe dicaylates ol etheirnieyglyeiupropylede ook neagentylalyrobd t o

by the nancwirenBare SHEeR A ekl A EER WP s0a typr cal

process g@nmdrﬁ@ﬁomtmmbhémylﬁoﬁghaltnm@ﬂmmpl@pdhénﬁcﬁylﬂ@ (e g,
silver nanow re, HPMC and ZonyP) 1nto a via followed
2008/ 046058FF@PFQ93E@0W| bipcrdateydetraagyiate. yinypacrylage, dl\&lﬂVh@E’@ﬂfeoﬁiW@Mf

seconds. pgue@;% d?auwpsﬁtn@% @ IR Rt &@npﬂ@@&gnhma ag kash

via contacts r’eat nt's' I Nnc one "or nore o
foll ow ng mdnﬁdyslethyl)rlﬂ;ncygnhnamg current thr ough t he coated vi as
rinsing the coated vi %?camp es c()jfe;:;ao IE%%%nge?ls)lnc bu{ érrésnoqgmlted to,

25 acrylicized epoxy resins, acrylicized polyesters, polyesters containing vinyi
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.q.,
methacrylate). “Acrylate” may also refer to a partial polymer or polymer formed

30 by polymerizing monomers comprising an acryloyl moiety. Examples of the

acrylates are as discussed herein.

50



5 treating wwth argon (Ar) plasma or UV ozone, coating with
addi tional conductive materials, and adjusting wire density or

di nensi ons In particular, nanow re-coated
. 0 2008/046058 iféﬁﬁsfab'%]%%
with DI water or treated with Ar plasna are shown to have esta Fled

contacts in vias as small as 6pm It is believed that rinsing or

plasma treat ment cl eaaﬁ%bhsl|§w5rﬁﬁ@-.mat&hsa49e@Js,@dt%d;ﬁ%teaﬂqet he bottom

of the via as well e nanow res, thereby providing a nore
pristine comdﬁnemmime@md{dfe:rmwokmgdeadndsi Aae phntosinitietorabdorhsdbei ng
contact resi ed tran

conduct or T IMALOTLPRCTay ADATBIUC SR IErIcHR WD THEates gy fdsgana] Bhioal
currently USﬁﬁ{m@nédﬁ%nLﬁaﬁﬁ@mﬁlﬂﬁytenblﬁnjaid&@@ﬁ lking. eiotblihitiators are

transi stors into two broad categories: a bottomgate type and a

t op- gat e § ypeell knpwmis thearorpmpes un@bgam!@t@w&@tafﬁd@cluéemtﬂ@@%@@t
bel t : ' T, | d
s di sposed GBS Hpel I B plE R S

transi stors deepegpll.g. Pateat Nopes,099,678) 6,829,806 yand eomarzu\scsumert&ma

the top-gate thin-filmtransistor. 20 These structur al nfl%qr %Hns

are descri be@eliug. Fiodorplyraprs 35,2 pPWPﬁEHQ%Pé“O%Gé?CWnEIO@

Process Tec r r . Fl at
Panel Di spl ;tgﬁéf@gg’%?l\??ﬁﬁ"éﬁ( 7 ?,55215183 @5 Jlgﬁ\?é"(‘))g?éb%én%b%r@aoe@ﬂ&
dependi ng0 orsmmca,ym &%, ppat-ddi (a984)hdn dmefwrairmnmlmat dheephotphi n

f|Imtran5|stors al so be ,

pol ycryst al 1'NiH&t °§|'9r BErgacsre @a?%aﬂ’?’emg&ne@g#a%é’?‘ap eﬁ%q-g_pl%or
shows the cripg répﬁﬂ%ief‘@éatwg%n@uré‘uﬁmrﬁ@mlﬁWeQ%é@%r@feréoi within 30
backpl ane according to one éenbodi nent. shown, the sw tching device

394 conpri sexcandstt om gate thin fil mtran5| stor 396 and a nanow re-

based pi xel el ect rode 39 I

el ectrode 30 400 for "@1&9@??‘& h%éﬂﬁ'@@%géﬂiﬁe&%f@efo@?ﬁﬁge
a metal hgyedn inguliting Mkrr‘Nal ks delgl, edhdertupdh aiaek), Wiigr el expdsegat e
insulating |ayer 406 overlies the WD 2008/ 046058PCT1US20071081285

gate el ect r oggione®f amnatrixmnaterial iayaria bsi e o3y Beal FoueE: ARRINBENSY. dh
(nsulatl ng | A4Bctd adbrbhdis lastt oo Eg?%'ﬁ‘ﬂ?@{, %afriﬁﬁg&&o directly

anor phous sificon) an seco sem con
doped anor phowite’sa heaied)p,attam ol éfe w!edolymefmoammlayeﬂ antbrsiaﬁpedrab[e

structure. A source el ectrode 422 and ra elLectrod 6df|n
a channel 4302triPRiSTials afe 5HPYN IR 08 *ﬂ@gm*’h@t "Een‘?'r %ﬁﬂ?ﬁ?éﬁ € ©
414 (Le. ppachbigiq| @%r%é an'%pfowtahﬁ'éswpél% Q%bl g@l do%tﬁfsﬂé%téﬁ’é‘lers the

i sland structure, e source and drain elecirodes while exposing a
contact hol e 438. The Butbthephate-pakigeing gwthas andiheanahpatierniag siethedn

nitride | ayer . sl Wik BRSREebIBEP BISHALs GREHER Unolb! Pofdarhle, a
photo-patterning station 198 can be a part of the web coating system 146, as
shown in Figure 15A. The photo-patterning station 198 can be configured in a
25 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
30 along by a conveyor belt 332. The rotating cylinder rotates at the same speed

as the conveyor belt 332. The irradiation scurce 310 is positioned within the
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10 filmtransistor 396. The nanow re-based transparent conductor film
442 can be deposited and patterned as described herein, to formthe

pi xel el eclyPlssadsis | N other portions of the TFT back @ﬂﬁszey?tﬁnz%?”e
nanow r e- based transparent conductor film 442 can al so be patterned

to define a signal line area 446. In a further embodinent, the
swi t chi ng deyif@ d%%ﬁdér%@. FP¥Redsr S oMRe rOGHHPEYIRUBA38H isPhatichtdd]
crystal display ((;L ) devi ce. Fi gure 24 shows

schemat i cal |permnatedDr ddhareisespovidedmithsipegings TBS8 th adaywithe bglsda irsarhate

color filter,substrat 02. ackl.ight 504 projects ligh h a
ol ar i zer - SOBEHrEPAtEr Gtiog hoRT TlodBhy. 5.5\ i cof Aoy o 9680
transparent ﬁ@?&ﬁﬁb@nﬁtfdgﬂigh@zﬁh BE @obiiShéd eBedly Rebve ek Beingot t om
gl ass 20 substrate 512 and a first alignment |ayer 522 (e.g., a

pol yi mi ded | &pbsirateeach transparent conductor strip 520 alternates
with a data |line 524. ioR" QVLAsd : i .
al i gnnent | ayer 522 arﬁ@gg‘g@é@o‘g"z‘%ﬁfﬁg‘ﬁﬁ’eﬁ%’g| aye?]e%@g‘,%nl%%%aéétgezm%t
| ayer s sandvisetttB500havinm b hattesrmidadrpebfdfatet ekiztine8B2 cén bt wsadli Tiie of
second transparent conductor strjips 540 are p%?ig\h{i(‘?’ged on th

second al i gritRiterningpeft 55878 diygn %EE%‘REF 06 iéﬁeue%?&ngi ps

540 orienti r}gﬂ%} gﬁotrshg%z_aﬁgé gaﬁé:‘hiﬂgt t 340 foved NRRALRMY sﬁ&aﬂ%ﬁg;

strips 520. econ ansparent conductor strips 540 are f
coat ed wi® h moyiag somegyioobelt 3p&r aloing aontvivous fexposure of theoprepeliimer

matri ces 548 t | ass, substrate 55 d a,polatiz 554. .

Advant ageousiaping oM iR 2ot U e i Bingcing” 2heonsie 4,
be patter nedy g shtr asé bedsédt a | am nating process onto the bottom
gl ass substrate, and the alignnment |ayer, respectively. Unlike the

conventional ly WO 206%wWa@05srarsep@tisheniasatedsysizatdffkfafominga

strips (I TO C L] hi K ui red.
i gure o5 SAEMELRhdHTR Rk OR A s R B RET 36 SR BB AP e
TFT accoi§li ngtegrated aitb éie aebedatitybystém BI60VN pattivaldrGhe phdtdipatteanig

TFT substrate 544 and a color filter substrate 54 | qui

; d.a cf A with a liquid
crystal | ayeitatiyp19& isddepficalitoibenaeshomedn &@Jfﬂd?gd F&ﬁiew,g th% PPRE® TFT
substrate 5 i i i } re
o panged i n GPohfielid odiirdd b8l fncr oBaitland urs SEAIRNAS raFéns
554. A commuamdelvil derfadbebBéated @t atlviashirg statiornd7V  teatpyecany unsured

SUbt 1 at e SGUCPAVTEN- ZhE SUBBAEd nBeISBR ROS e MRt FAE S eand
the compy eheel hasswifebregiMisCiv 2 htveath BIoRARY takhesiardsh. tike thegui d
crystal 548 between them “drives the liquid crystal cells (gl xel s).
roller 384 contacts and removes the bare metal nanowires regions 374
Following the removal of the bare metal nanowires, the substrate is coated with
conductive regions 380 among non-conductive regions 386.
In a further embodiment, a conductive layer can be patterned by
25 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
(HNQ3) can be used. Typically, the nitric acid is present at 0.01-40%, more
30 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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The thin filmtransistor 550 di sposed for each of the pixels on the
bottom transparent substrate 554 is a top-gate type TFT, whose gate

el ectrode %ﬁﬁ%@f‘@fl ocated above an active | ayer 564. %[Q'?/Hg@"j”%?zss

| ayer 564 of 1 is patterned on the bottom substra
according to known nethods in the art. A gate insulating |ayer 566

overlies andoGmiggankie KMADME I 69:{6Earr%ﬂiméﬂ’t?th@aefcﬁdni@tfchh@?soﬁﬁbhve

| ayer 564 facing tthe gate el ectrode 562 1s a channel region 564c. A
drai n regi onc@oprisesabont § thiNG:, régiNaNGHaryd atrabe amoiunp(seivesal dapepenr e
20 positioned.at .respgctive sides of t changel region 564c. The
dran r egt orMny of PRI P o Raare BRTIT" 3Bk AdTad SRS o s
l'ine, which hepghbAOWiIréd fPsdlgblia nistal shittWwbidh hebbrovedr Hing. For
contact hole fornmed in an interlayer insulating |ayer 568 covering

the gate Bl edtanarle. Syer napewiresean be apriaried to sier SSItdADS, whishseade o
cover the data li i ectrode 566. A nanow re-based 25
“Hehe Bo R Nh 4 R

transparent con he pi xel electrode 552 is

posi tioned on the i nsuhakitag dralyslimenits, thEnetching ablutibrdbeedet &t os
connected to the source region 564s of the active |ayer 564 through a
contact hol edisgolye adpatgk cgipeaed Phiky o5 partigly cyed RodineeTe feaitesming gan

pi xel el ect rtﬁe)?@arried og%gy dgpositing and Gl & g??rﬁé”cﬁh%ﬂéigc%g%c al®nda o a_?_ﬁe

capaci tance enent can be pose p1 xel .
st or age dapanaricavicdagérareotdingiong aieaised hatterhe Qnaedhe hzatdeis cured (either

di to the display. t ent ich .
5008/ 036053PCH SeBBEANORESRETCAD AT P AARIE Bree sl Rardness ang Ahysierl form
capaci t ance, thahiarik Reotebts thé nBRbwRES BsbeEded IHeF&h Hofh béihg e¥cHekatifay
change of the pixel electrode 552 can be nuaintai ned, enabling the

di spl ay cont@uring a sulbsequept elghitgate dThie nenginsreindbe uapwtectghgregsown,

st el ot roRTe v bRt mbitTiaPiriol BolyMeresd B whERE G AR fis e &ntBray
el ect r odes 578 efchbbandtrefmaged c Ipas, drierabedigmntescribes armbitol of med

simul taneously with and in the same |layer as the gate el ectrode 562.
The gat e i nsRAtETIRG, thgyeethod sompsisings faraingsa gorg yqtive faver op & ssHatene

el cot r ode. saRC(CRaloN B, coforRRPFRUFARE LT RARNIS, ClfifdRpuncon o

st or age capacirtidastiee layaeicanrdingte antidrm, ihe paiidrhelomprisey rearewinesent ed

t i ght le f t he pi | | ectrqde 552 to def.i h i f
Dixol 5. It ShotRciehBY pmer e dnPrIECe] MepB e RICHI08 Hn P HHE e g
top- 15 ggt ela%;r-rtocd?égdl\%‘fh%tdrﬁr?ételcttemla%ﬁwiré@. TRY¥ @hpFAEctbE n_ail%’wires can

accept abl e seimm conductor material. Typically, anorphous silicon is
wi del y used brieither removed o¢ lefhia pdaasnony of the deposition and

patterning steps. Poly stalline sil.i C e. d., . e
ol yorystal L ne.si |1 cohiaaonbiEe et feareaR & RAneE miR s e iR
amor phous  si ¢digidh dédcribe@ Vefin cak RRpactthe eichig Wuvest. \Hoeexampld, the a 20
swi tching device. Low tenperature deposition of polycrystalline

silicon i's posHm @ kivaOnashpasid etehipaselutiag can afeeidhagated eipiiRbach
to manuf pLL u’f‘s'l;ﬂrgally, higher concentration of KMnQj4 results in faster etching. Accordingly,

adjusting the concentration of KMnQy4 in 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 KMnQO4in
the acid etching solution may cause more effective diffusion of the etching
30 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

53



pol ycrystalline silicon-based TFT, see, e.g., U S. Patent No.
7,052,940. In addition, organic sem conductor material can also be

used. In c%ﬁb%4§({g§odl ments, an organic it conjugate cwﬁ%&/&%s be

used as the organic 25 seni conductor material that for e active
| ayer of an organic TFT. The it conjugate conpounds are known in the

art, which iKighoges prddeetin the Bdtid 6RUtiGIOAYIBYS ﬁ@h%ppﬁp kiys MagBBNES
(may be optionally doped wi th C60 pol ypyr enes, pol yacetyl ene and

pol ybenzot hisipniardsnicknasstai@bpuk Ormbraanasratest the ngmowires empedded

sem conduct I

o 30 or e Bombdnd Hendl e tiatl BRI g I8 1tHadAT6 bhOG
2008/ 046058 PZXOppWH24Hie/tA8 t3R&entrations of HNO3AMJINSNOS wﬂah@bﬁ‘atant e TFT
backpl ane_is positioned in an LCD opposite to a color fi

subst r at €5 ( s¥eling sglutiopidiiyses inig tlaﬁhwaizres (abgyie! ROnNy thigk) |an€rd'%sab'§tsrtm e
typically 03{’5?1" §e@?6éo‘i‘%ﬁﬁﬁé:%m substrate, a black matrix (or a
i i I'ng l'ayer) an i

| i ght - shi el an array of colored pixels. Typically, the
col ored pixels are 5 #srwilpediistussea it marsgpetai it cannestioratvéh ilxaeple 11,

tt Th | ack t f d d l.. |
o tai n bGPl o deieiertydy Bevear edhidotin et
In other emqehiAgRbRitiof %H el Bid ridin%@re G Bssngl&émrm"yu@d into

smal | er col orant™ar eas eferred to as subpi xel s each subpi xel
bei ng as$@cirsnewiraimatrix Ln:xpmiectedyhyntbamlgk oyarooairwascdibenivedsby theaacid-ed

arraye of Ry sBLaR (G, pBbpR VBRI AR B HaGRE o1 "2 wi e

variety of colors. Thghug)iare@ dhisdisest, aﬁ@ﬂit%?béluﬂér@cmbebbl@btdﬁd to
primary colors, other colors such as whi'te ow or cyan can al so

be used. I n thakibcapabletdi difisingrinfo the gnatey Bad rdeﬁselvm%eur@agwe%omm
15 el ectrod

"n the TrT nheRppbelindht SFUEERR S oRFih BT o Mk a6
can be fop rr&dciméd b asing ropvoteztiba sedki( e gnsppiratotesstn ditesppatiesning can

descri bed herein. Dependi ng on the node e| at
posi t : ons ofP Et‘;;%’”ed OB I g de é@ﬂ@ﬁgpﬁahtﬁﬂ%‘agﬁi’ f"““t?‘&qc{ﬁ' L’Y”‘im‘g}tgecan
be di fferentpdayirelhh (H%%E&%Qeﬁﬁiﬁrb‘&cmde fromthat in an IPS

(I n-pl ane-sw tchi ng) Fi gure 26A shows a

cross-sectional view dxfn ac’tum@ércafmlf)cbdlment eldhing tieeurirmasked Region eoinpbses

according to one enbodi nent,, The co r filter s str te 580 includes
%&P etﬁilgg n

a transpar erfiching &re mREEiashe pMmasked raion YUSNa G gﬂrq‘t
transpar gat @égeg&ﬁeét.ﬁtrﬁﬁandﬁaa@%i r%p.o%sr. srsé&%@étcﬁaﬁtonro%xmgrer a first

transpar ent ubstrate due to its spatial relation to
backpl ane i retehdritrelg. Ilmﬁr(mﬁnwegqxlde}mﬂ beuged toemnave the matex PsgXPoshe

lor filt bst 580 th | bl
" ht - shi ef REApE fieduponiten gtk ineikes Boigh” THefBrel b fdtond or e
on the tr anSeRé\ﬁ&ﬂt su.&wbéé thatid8&hpRpstiition discusstd Befbis Watliogediunf ace

584. External ght is reflected by the black matri x and conmes out of
t he dtssolve or remove the nanowires that are no longer protected by the matrix.
25 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;
30 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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30 displaying surface 584. The bl ack matrix 586 can be nmade of a
nmetal oxide and/or netal film(e.g., chrone/chrone oxide).

Al ternativ Ngosg! ack matrix can be made of organic i
'0Y2008/6450 . . @’lf% £9907/0812
The col or |0Iyterj susgstrate 580 may conprise a plurali tyﬁo hco?(/)ar égs

pi xel s, such as first, second and third col ored pixels 588a, 588b and

588c for 5 tdonitim tbtibmg apRttefrBd candastivel fegiorn drHal mettoB)mapfupthel i ght s,
respectively. They are fornmed on at | east one portion of the

transparent comisedeEosBE the@bched regientp demn awekest. 586. The first,
second and thi rd col osg, kel 88a, SABR. AN S8R, BHETBIRLATh
poryi rn Wth

for exanple, an acryliT resrn or mde group r I Sperse

pi gnent's, angleingt fimitee b, tepdeateel of chiringrof the rhbtrigk Forkkampk8given the
prevent 10 color-mxing. In addition to the primary colors

RGB), thed cciane pichingrsalilion ang samedProsiars: hmetrdomsd awﬁgtieﬂilig clred
exanpl e R@?éoym%ﬁagto fisSQ rS'r@&#iflyﬁﬁgn atathe "fd‘FﬁQed?yofng ﬁLell'ed

nanow r e- ba transparent conductor mis positione
col or ed pi xgicdyrb&8ahftergaiiteanidg, 388 partially addid metnixtroapendeyga anefdditionak
electrode to t,heé[i)i xel ﬁ" ectrode (.not shown), the 15 comon el ectrode

al so protect@df %?Oof_t” Y PHREdPE M4tk cont act i ng the liquid crystal
llayer (not shown). Opt@Ba@fidlent@téning Be aRbYesdhieied! ByLhivaiy &0

overlie the conmon el ectrode 590. The further protective |ayer can be
a transp#@ ergtching sudace obihetiransppsny condustorguion taelshiige Suohe prgyer

may al so seryes as, an _alignnment l.a se . g, k j ),
whi ch di rect*&eﬁ§W8“Ek§|p§?{'9’g rﬂﬁ%@f@ﬂéﬁﬂé%ﬁﬁ?ﬁ% '?’Rgg%ﬁ' HEWE’C@?%’M#‘
t hrough, f oretex@itRbmeslitRddMaAvithRY et urface of the transgairgttr e 26B
shows a cross-sectional view of a color filter substrate in an |FS

mode LCD accsndialgrt dveisaihdie etebingi swsiaes offie asprrant cpaiudenianla a
592 incl mesmﬁﬂs@ﬁ%é@%%ﬂ*an WA I8l 123 o A 'saﬁe%ﬁ'aﬁeéélé'tﬂg sBHhéAGE
595. A bl ack rrXx I'sp S

i'S osed o the transparent substrate 594
opposi t e125 drr ovartbat laverplThe matrisuaferamd 386 ovéiicost layerguotedt thed t hird

col ored pi xel s 598a, 598h and 598c for transmtti R, and B col or
li ghts, resﬁ@mr'vwwam@ﬂrﬁa?mcwm%we? gﬁn?%ﬂ%é Bg:%ﬂognq‘&elrtq{gsence,

transparent \sihsiar i i hnt. ; hinde
| ayer 600 | RN nEy elsd pES (etihG By Nl B, e oatnge Sehr

and 598c ands\pfaseed the transHaremnt coodtislor cany aoﬁ\&atﬁ theesuriaqa iagd dinpeavgl its
(not, 30 shoudod BegBlSt <RL sl 4FE K08 ey P Bl Mool BTRE RN
conduct i ye naHMireaprotected BiEthe matrix and/or the overcoat layer.

Thus, the method of patterning described above can further
comprise pre-treating an etching surface of the conductive layer to improve its
wetting behavior.

The change in the wetting behavior can be assessed by water

25 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

30 surface treatments.
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on the displaying surface 595 of the transparent substrate 594. In
the case of IPS display, the commopn el ectrode 602 serves as an

el ectrosta rge layer to avoid charging of the g

pl at e. Thewcbiogé&?‘ﬁ%ter substrate can be fabricated accor({85208-}'(dsru%g
known 5 nmethods in the art. The optical transparence and the

el ectrical conductivity of the nanow rgphagsed transparent conduct or
filmmake it suitable as an alternative electrode material in the
color filter substrate of an regar dl €ss 0 € TodJde. €

nanow r e- based By#ASpaatERet conduct or f| | aifropiectéade €d or
transferred froma [ am nat ed st . = ; @Gﬁéc%kr@étmgﬁl or
filters 10 =& e et
conducti ve Iayer@@gad%@rra bed herein can 6&J4$0 be used in a 125
col or-on-array dlslay structure or other LCD structures usi ng a
transparent_el e RZoNg b) Pl asmm 5p3 asma_di S|
emts visible |ight by exci t| ng fl uorescent 15 materl als (e.g
phosphors) with ultraviolet |ight generated by a plasnma di scharge.
The pl asma di spl ay panpedfuﬁhprl dgscribed in detall &t Exampleblst, uaing t¢reints of the

gl ass pl ates each i n bstra e havi.ng . el ectrodes an .
e er o bedans SEthgRtiedte d g soisre Urelad ranereent shnedrgys is
These cel ks @afiddrthdHhpriveld %n%ar@@ﬁ@tﬁé@fé oSAERRg bﬁtraatedm%nshereﬂf
Kr), which can be 10nized under an 20 electrical field to produce the

pl asma. Mor econddeiofrs.cal |y, address el ectrodes are fornmed behind the
cells, along a rear glass.plate. Transparent di.spla | ect 1. S,

al ong with bus el ectr&’f&grdol?ﬁ%e[ % &chmﬁc&?{tﬁ%@ C%HE) gﬁ'@%ﬁfon a
front gl ass ptiinged B prergtesmasthelregibhe@ebe athetine transparent di spl ay
el ectrodes are orthogonal from one another and cross paths at the

cell's. In 25 operati ofMorgovatnby griusting the stiengkmelfibs atghants. #ds pesridle
: p e
creati “91§‘e"18'ctr&?(8 adbeft{eefﬁ@ci]ﬁﬁné}ﬂr&ﬁte% PU&oP @%ntﬁ’éﬂb&ﬁﬁ#aiﬁ'lﬁﬁfﬁﬁna“d

causi ng t I'nert gases to Ionize
Met al oxi de dpteabpapentiesc dmtheskdnddérecey, i id B’éﬂ)evad ¢hat dimey partovdres| Arg not

Lol Fow { nebOROP BIRDLFENGL ABRY, SEInEKG 6 nREAITENK s faapriendersd

processing shePsondipkigl! vy, the sintering of the bus el ectrode and
firing a front dielectric |layer, can require high WO
2008/ 046058PCT/ US2007/Th8% 285 mges@ng|MMEdemse [ayer ean beo to

AR T NN I TR T

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

20 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

25 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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di splay el ectrode and bus el ectrodes) is fired at about 570-580C. At
these tenperatures, the resistivity of the ITO increases by about

three-fold Mﬁ@@‘%é}e based transparent conductors are
el ectrode ?rva(ferl al's for the display electrodes in a PDP §Hm§ﬁbﬁ081zss

denonstrated to be electrically and optically stable at high

t enper at ur eﬁn&lﬁdﬂlg a ﬁ‘éat@@@ |on FB@% %ﬁ?sﬂ%si_%%fﬁéﬁ!ﬁé‘n %tréét@d rr@@b‘h red

features sizes (e.g. ; In particular, they can
be patt er nedhdwng a@emmlfetslﬂtlwug h]im trﬁetedddgzodeiw |bbérlea§t)n¢té3€e irgndered

2 h N di -
erbod ment - WHECRAICRYS RRLSHRBRrei itdondiciie, BaRS 2 RukPa RSy
a | ower insulfajtiledxtheYey 610 forned on the | ower transparent

substrate_608; an address el ectrode 612 fornmed on the | ower
insul ati of | ayer 608; Imapdiien, disclased I@@trar@pamrcoetiwtwnﬁlﬂaln@rathe

address el ectide61% a9duLhRa OABLANASHLA 0 2SI olb3ALAY O

wal |l s 616 detining a di arging ce rix layers 620

posi ti oned aridoetivesadraiwiras evmbéddealin ;a rmafrixu dhesetietnddagmduc@e hoemed
on the sides of the, bl ack tr|x | ayer 620 and the jsolation wall 616

and on the |§fiBesafUal rROIoHP |f%§‘zé’ﬁn ent.gengdppler in Whikk tag Bevos Bat Rat e
624; a di splagy r%g:sﬁblﬁf:érfd)g%gé FidFEsk tRE trraﬁgpéfeﬁﬁéciﬁdruﬁ‘ﬁ%ﬁf& the

substrate 624 and positioned at a'right angle inrelationtot
addr ess &0 ectatedek 6P sacdrubresistivity. otle 28 1gedn mptical mharqwt&rtstlw(l@f t he

di | | trode 626; di el L a th
el el et r cdtAgstssion and RegRLFwRes i e BalshsTs rendenSBan. For ' e

transparent i 8 %l%o(iﬁﬂmltaﬁ&) ah@weeéﬁckeqmrh@wﬁsrﬁi@s'@n anliake 632
formed on the 2 g’ter dielectric | ayer 630 di spl'ay el ectrodes

are forned bgseesivati plibefusioapios dﬂfferﬁﬁroahﬂnapaﬂh@raeéan@mmbh@sm

he nanow r APBADES P Eh Lo riePeatval phile R HashghintBHEaRb Bpufert e

ot her cofnfi gubatyions iHfreBEI than wbbathi Jooamspar ent el ectrodes are
positioned on a displ ay panel such that light can 30 transmt with
accept abl e ef fi ci ency |7 6edaipamebodimeniggan shticaly cinas sPRGUGHNAdaver copbe

2008/ 0460583%%%%9@&9@%% ES&J&M%B@%& ihed herin wi houk Biff é?tmgms

further enbo e“transparen nduct or escrl ereln
part of a tdbeloptcaleeoperfies ofitie texatedregion. amsfuwtherd]usiratedlﬁqqamplelém ce

i nt ted t | ect di | whi ch | t 5
| nstuct | ondPBghRUR R )i ceharoREH Ry okdf e Bt SR DR Tiad b ol

conpr i sesq t Wa|HRery ikl tféf@.‘*etéﬁd:a&érxhégaﬂéwﬁg@eb a}fﬁétﬁshseﬁp'&ﬁ\ﬁé@l@ by a
spacer |ayer. The conductive layers are optically clear to allow

light and i rRejlermingt metod the conslugtive layer wmaiys entidallubniorminch
screens typi p%lelayanc%?w%s%% f&on%c&?e in the unireated region according to a

predetermined pattern, the treated areas having been rendered nonconductive
or having a different conductivity.

25 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

30 elecirically conductive nanowires to non-conductive nanowires or wires having

higher resistivity. Such chemical transformation may include, for example,
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conductive layers (e.g., ITOfilns). As noted above, ITOfilns are
costly to 10 fabricate and nmay be susceptible to cracking if used on

a flexibl ey Rsdsdlsg In particular, 1TOfilms are typ'P@IL/bé/zoowos 285
deposited on glass substrates at hi gh tenperature and in vacuo. f

contrast, the transparent conductors described herein can be

fabri cat ed Rykidbh, Sifi@aten ot aﬁ?bﬂ%@ﬁr@é@s%ﬁat'c@%érfﬁ%@ruﬁ‘ﬁjéﬂﬁﬁge-rhey

also allow for diverse substrates other than glass. For exa
f1 exi bl e 15 condugiiveamiaterialpbiheataaewiradh aaglqﬂtm!vwﬂﬂatm metnrfale For

coated with 4 b rf .

s et SRR B BRI b REE RS BRIt aumetal el (e g-
640 accor di ngived c@ﬂ%e&@h@éﬂ%’fﬁn—c&hﬁcﬁk@ﬂvﬁén HOmett idisleveeh el HAM
panel 642 conprising a first substrate 644 coated or |amnated with a

first 20 2orpleettically insijatingsamd ingpiuble matal salt g sihnehloide s unfthise
648. An Uppeéxaﬂzzggltngﬁgerb%nt?gﬁfv .:jgé]?f}e?rﬁt?é?@o&%éé %@ﬁg&ég&% el

642 and separ at esive enclosures

respective dod¢Agf. The akelgtion cﬁ#(be fliteerudriven tp aoripldibf in thel préesnce of
second conductive | ayer d or lam nated on_a second substrate

4 t
See e e e e Gl IS PBIcRBS PRETVAIR C S19efRYeren gg farban
sur f ace 658 ifggLl shltYALLS. SHABLISIArY oS 4 4366 SEBraAly broHBRE RS

over spacers en a user touc e upper panel
650, thel®n nens mmombéfen@ta{ fsaltsemweafm exampteo prcormddulotildeamiwwfatee

resi stance 15 or oat ed AR ACERe g 208G FEMIE ouf ot PaSTREr.

field. A conbledrorides n§RNGE8e) Perstifaiedee @ &mmMbhium
2008/ 046058P USZOO??@glg,gg resol ves t)tg act ual GEt e@tr]ch coordi nat e,

whi ch i nf or mrﬁtdfate)s PEIRXA CeatRLAds ¢e-an seéblrra@r PRjagsiemdproxodisuifate),

According t i f

conductive ﬁjaatly(g% :Jrr(e%'%gd@ 3‘5 aosr?%c&(%&;]bgi @@{131%0\l;mﬁlﬁén Bphf&’%ﬂmn& salts),
descri beti5 5 dxidigihg metbiesaltsriersg. qmuduwm mragahfee@a:o@éﬂ wiu;bet besitvep
conductive surface 648 each have surface_resistivity in the range of

about 10- 100®iEb OreRIiEOHFEING 2gATYS Sughhes 7709 @o@t@pwanwnqswnﬁyanehe
upper and bqtrb‘ﬂfﬁ)oéﬂé’%ﬁs%@)%ﬁ&gﬂﬁ%rgéﬂﬁgu%ﬁ'é%nam( rTgg?]en oz@ﬁe@n&%é"iiﬂeow

for images to transm rtain enbodi
t ranspar ent conduct i vén varjers emhodjmem& Bod Ekdifustratedad bdaniples 14 and 15

DL OUECt Ve NGk S e S B0RNS S el TA R ™
el ectricad cpbagrle Withd abbst HAY8EleYIIME tﬁ@b&fenﬂ@f‘t%‘dh‘éhé@!’rah%ﬁﬁﬁtlon
probl emati c because contact resistance cannot be reliably created due
to the interafdps agnductive layer. Itis possible that a strong and/or more concentrated
oxidizing agent may cause the nanowires and the matrix layer to dissolve (see,
e.g., Example 14.)
In certain embodiments, in addition to, or instead of, transforming
25 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
30 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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di el-ectric overcoat(s). In addition, even slight variations in
thickness in the 15 overcoat may result in non-contact points on the
film Thusyq enbodi nents, the overcoat |ayer i Syd d
wa 7041658 ’ y pé a8
wi th conductive particles to create reliable electrical cﬂoﬁ?gm and
to inprove contact resistance. _ Fi gure 28A schematically
shows two opRRAIRENGENFUREIPHYsCARFURIUES BT heSRABIMES i s&RpbR a Mre
specifically, the frirst conductive |ayer 646 is 20 coated with a
first over casicragppigievel pslys HusnoWd natiaffect éha eperosesuiciappearaned i t h

i th condua s SODAtRe R Aty EEALCRYE R dodhBof BRI Ry

particl es i rbdtheatdd @ i dahdoetve patteing tet aps6stidalig uhife.f ace
conductivity and provi des el ectrical connection between the )
under | yi i nanowi r e- f {ARtieRale Aduettiepimealaier can besafiadeitsiof tasforming

respective 1y - pes i r
the over coattEayoPl Bl Bl frrodin B0 WEEATBNSTor AP Bk ¢S ana
nanow r es i rchiahgingrite sLfacey enenggu éisi discusayd rox§dén plasfiadanddVcizone ste
forma conducti v? neft vvorE above the el ectrical percolation threshold
to ensure arPXAPIgH ARUEBIGRIETSAE e, 9., bet ween10- 1000Q 0 in
resistivity), the conductive 30 particles in the overcoat do not need
to reach the electrical percolation threshold. For exanple, the sheet
resi st ance dipplinationscefdha Nanawirbdagedhirghspsx ;

2008/ 046Q58PCT/ US2007.081285 101/42/0. .Even at this |evel the
Fesistivily through t NOSSHRRRRET FEUsiors A et prRiyPa i ies as
appl i cat i onsglecthRie8Vi® aGAaE vﬁﬁ@tlybﬂ deoice®dnéfiding ungidetiae tiedtdue@htly
clear polymeric matrix materials described herein. The thickness of

t he over coatMakes yss efdranspgrant sendyderssyah g6 mefgkoxideilmsp kxamples of
Typi cal |y, Hal . I j ! i nt act
resi st ance. asu‘itgblﬁ@'wc%\éqi&nfj&% §%®50@$§%é§§§§9§§8%%%é? %a\g/}é’%gg%‘%[%‘& es
can be used.pdneln(PDR), oblosfiltdralibrecotaraddiat paresl pisplays| sich scteeds, but

are not [imted to, ITO 2ZnQ doped ZnO netalli nanowi res, netallijc

nanot ube$® orel%(ﬁf%@ﬁgﬁ?ﬁﬁ@mﬁg&fyﬁ?mﬁyglﬁs% i %é&%?&?%*ﬂrﬁm‘q'}ﬁ’@@?’?és

of the cond 6é48ct&§1’ié l:l?h@é? %@dﬂia@oEE%erp(s LY BRotbPAkiCOARM AP the like.
e Tevel o zZe.

mai ntai n an accepta More typically, they are | ower
than 100nm IBeddilisa, thedrdrspdian) chedwitorstherdin cao heusedve fipsiblei dgviassi s

so low, their presgn t.ypically does not affect the optical
transm ssi orﬁucgﬁstsfﬁ’é&i? HéB'Wﬁﬁ&ﬁ t?‘ﬁ%‘ TFe¥hce of the conductive
particles may provide a certain

(a) Liquid Crystal Display

20 An LCD is a flat panel display that displays an image by
controlling light transmissivity by an external electric field. Typically, the LCD
includes a matrix of liquid crystal cells (or “pixels”), and a driving circuit for
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

25 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

30 crystal cells interposed in between. The pixel electrodes are provided on a
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15 degree of surface roughness that serves to reduce glare. In
certain enbodi nents, the conductive particles can be a m xture of

hi ghl'y congChidvfsRRgrticles (e.g., netal nanowires) an S

| ow- conductivity particles (e.g., ITO or ZnO powders). dwrlf?em({%oglzss
metal nanowires do not have to forma conductive network within the
matrix (i.e.lpwaPaydtiahefop eaeh liq@alcniPalRen Sohakhehd &iRmoaldbotroiB gy
provide a high-conductivity path over a relatively |arge distance.
The current ipkeprallydonmgd oy the entirp sutface ohan teres. opPasing subsiite. eThae

potween 1 he NUREHERIRL AR etello s A Tl LB et Y BRI i

overcoat canhbeceaptisad aedrrap ofithiv AT trémeigiorsonmer1estib kerreBsordaig o of
the nanowires to | ow 25_conductive particles. Since the nanow res do

not have & o A glestigdesoil Be UPEEHRRRASING, Sybstrate, sepwasestherammae

resistivity Qi JhiBRinfvE coitd Biﬁlaredﬁlj.fhtepﬁlhi S@gﬁﬁ&idni rﬂ?ghgr

relationship wth the nanow re concentration an e at
sheet resi strafecres tolaarthe solog filldresubstraieonduct i vity powders al one. The

m xture of the netal nanow res_ a conductj v owders_canp, be
co-deposited with a 3 OHH??W%%BE?PB@??WC 0‘5%@-%%&%%?3&5‘8@.
Al ternati velpanshiissivd MO fRPH FHHECRSHIonSsUMRION iRt foAVHsnfiBRrdiBh. As

deposited (w thout necessarily formng a percolative WD
2008/ 046058 PORASDET 118 filrBS arcecasbiy k) fahricete and nhey dei tisngptitheto

overcoat |ayer enbedded with the |o ondyctive particles.

The Tirst afPeERGEed ol thid slittsiel e npEGyREPoRE] Binsparentys
descri bed hepatictoFfimLaatibed hbhen bifésdn ardaaial £pradcd TR Opistel
(e.g., glass, or 5 rigid plastic such as pol ycarbonate or

pol yacryl at @eciipdedapiiatiobcond substrate can be a flexible film
Alternatively, for a I I L i ;
substrates can be fl e%&@?gﬁl&%phéﬁﬁg @gtﬁﬁﬁg’g? 'l%l&k' ﬁf’cﬁé aascrﬁ)%tdmer%@ can
known i M3 hdedabricdted abcadingen athg\udnoes metyods Bothbarirelie: manraiwid-bagsed

only a single supstrate having a iransparen onduct or and both this
10 Type of W AIECkPAR 42007 (BEnSHhEY ERRITENo IS cRRAH AT Bih adgromied
above may i RGhdgsreRt E&dufétéﬂfﬁrﬂ?%éﬁ@& bﬁ%ﬂﬁ%fgﬁ;ﬂ AIRAIVRRS g2S an

el ectrostatic discharge layer. The transparent ctor descri bed
herei n may Ipattaged transpayentconthiester lnygresandie prefermeaziir tol evatings .
Addi ti onal | ¥ nanovm'f - based .t ranseagrent conducé ors JMsed If?@ such
devi ces may BRCPAYY OF MESAOWRERGSCHFNERAREY SPMAUHOTIID SBniRko By

known i ne@ hexchleved Geb&taRigwahé aigh teRlughput methods descristdtieremdi at i on
provi des a usable energy 1 n the photon range of approximtely 0.4eV

to 4eV. Optoel ectroni i eddilieely keio patierpRbieotie natiowirerased diansparent
har vest andfgﬂgef&& ﬁl&ﬁ%ﬁ% \F}gf?{‘%eoébn‘?@ﬁ{a%gﬁiah@ h@ri]\'tt?%{pﬁgﬁﬁret rBsistance

el ectrical ower airc cells ess Sem conduct or
junctions unéeguirdd forn TFTAICD manufgitiringsarabaglieationyy /.thas @i of @bt or

junction (or di odg) and el ectron-hole pairs are generated on both

si des of t h&aPeHEWiteNNgdeyice. j n the n-type emitter and in the p-type

base. Thgse charge capf4 = ; : s from
the em tt@ir -- then drﬁuﬁésg%és ?ﬁ%%ﬁ%ﬁ%ﬁég}gﬁﬁgﬁgiﬁaﬁay by

t he el ectri nahpelresbaskddrapsparent candelcte tfiim oveia sebstrade mithsa prioéle or
devi ce. relief feature in the surface thereof. As shown, the transparent conductor film
387 at [east 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
30 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

60



The sem conductor junction can be formed in a honojunction cell by
doping a single material (e.g., crystalline silicon) to form p-type
and n-typewsi MesSecdsst her PN structure or P-i-N structur .ltq.a% d.
A het er 0] unctzﬁon can be forned by contacting two di fferlg% 8m8ﬁ§§
sem conductors. Typically, the two sem conductors have different band

gaps. The orghdng tb 3va drigeRer &8 aBated c%ﬁfo‘?ﬁb%ﬂ AQ&itibﬁaﬁlg substrates
transparency and positioned W) 2008/ 046058PCT/ US20071081285 as a top

| ayer or wi f#ing prpéies ortelied featurastptberdhpp gegovea mryalpe ableast partialyt om

| aver " al | ovet oI Bt i A Raho AT BRREA bl ang e fibd B3t
whi ch readi |exaaderdral Wwittghit liMitatibn,j aipfiiecdt remdflfsatiny eolie pithdevebieped

to capture a larger 5 portion of the solar spectrum 1In this
confi gur a i JAMP;: AEPWFBILANY/AER EPDFAVEQ CORVRRFYS. Arigurg 2] B @wWs? such a

way that Su%éﬁrﬂﬁen% ?ﬁ%%sﬂc)f‘ Ffiggre% A.NRs BRLGH! AL r{éﬂ&f\ifvﬂg nte%rk?élﬂﬁﬁﬁts

bandgap. Photo orb In the tirst’ cell are transmited to
the second detact amhcatfotrheto tiespobee 88& Riggher 2521 B \ilystrate that of t he

i ni I g t whi | I ni t X to th .
| over - ener oy ERUTBHESoR BRSPS PRty Tab adk BURERNY GoUede wih a
continue t hruaBe t¢hdidy; &f, ftﬁ'exﬁﬁitdleé aVWﬁ.thﬁZangé}%vﬁf@ﬁ%}%?k baaggap.

In excitonic PV cells, instead o p- dope n- doped region, the
mat er i al 0 ofpatiigllysosfarmsdad rrafile arrreliaf featutecofspsitistrataladvartageousiya
charge transfer fro ne sem conductor . to the other. t er . charge
ceparati on BRes BT ERES URHA Fankpr o RAGlE a1 1Y pEIEHE: o
whi ch is creabest thates Eondusevélidybetrinauidsit@ikbriddRd bids repsTediif

contact el ectrodes for charge collection. O ganic photovoltaic cells,
for exanpl e WithotkcempENiRaythefets eNanewisehpseshiarsnareninengectar film can

| yt hi oph ' . |
et ton 1o ChlkSfthd e (GBBRat B bonifioht WL ARG RIGIOBRAPERT obedln BRfhes
(I Iowe_r e’Lt'er g;C&tEtoeefspeciﬁct?ly{aihehmpﬁoal.an;ﬂlfmetttﬂdé&l?prm%mﬁ??hmwlgrélfm/eiy o
ol yti ophene, one unt,i ey are collected as e el ectrons
Iﬁop%p/i ngpbet j@%ﬁﬁ"ﬁ@éﬁ??ﬁ‘a%@m&#@ %P%’P-’%Eﬁﬁ%@ﬁmP&heéﬁ'ﬁpﬁfﬁt@ear e Y
provi ded to rBakiinkB8r RandWiRRbasel Raksmfert dRaubr e B abttic\%géhd In

mul ti-junction cells, they are also 25 interposed between
adj acent celeiectriqai prapesiies fehat haze tanemissibroand sleeat resigtenss Jdegreor

may travel (TGRS PR SR hE KA TAR St PR DD SO, e
wWire unt2d t3veyandesmifor hazd)-tiareemisasn 800 dHedtaesisRhat, rt@zgﬂécﬁﬁb}y, were

Because transparent conductors ( | TO allow light to pass 30

through a wiPiftsd agapest ﬂﬁ%’f“ﬁ‘ﬁét)ae"’gﬁ these lingstare, pearplingpr aaddiavasiopes
beneath, as é:pggl tod> irﬁﬁéa‘é@p?tﬁ%tﬁggégmtg@%ﬁsa&ttﬁe bBtidd1 ANa R drical properties

phot o- gener charge
remain nearly constant at high temperature within the tested time frame.

The nanowire-based conductive film is also a suitable material for
25 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
TO films are used to establish via contact. The sputter ITO film can, however,
be replaced by the nanowire-based conductive film described herein.
30 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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WD 2008/ 046058PCT1US20071081285 from that |ight absorbing nmaterial,
they are desired as contact materials for solar cells.

Nanow r e- bageflodids@sigpar ent conductor films described hepgjfsfifhsbRs
used as one or nore contacts in a solar cell. Unlike the conventi onal

metal 5 oxide transparent conductor, nanow re-based transparent

conduct or _capodidakimgrereh,agaat 1 8ostoe 96 eabmdr. €T yRicaNl O fiirthed padt- put

met hods. They al so do not require the special _deposition (in vacuum
that makes tirRatoeat issneased)to gstablish wiagoatacts Fyemplagopest-teeafments

Ui cati . / ) - > .
corl 10 cominrlbBaBne PRI MATRbyHERAELBES. BpRRERIRE Lttntlidlon
contact, whetheicoatetevias, rineirly the cobied igs with deithizand Dbovatenriasing,act

can be made of nanowire-b d trans nt conductor.  film. Figure 29A
shows a h8noi SRt Wi SIGPRLADAIRSTEB 8" UMRzane: seating withsadditional gapducive
top contact l%%ria?s,%ﬁﬁ%ﬂ%@gmd&éﬂyoﬁaﬁn&)sﬁﬁ@ conductor di ode 672

I nt erposed t herebetween. e sem conduct or di ode can be, for
exanpl e, a PN st ruct ure paiticklar heanpwdispesited Vias oinse withdltvgienerdreated

N-doped silican,on the bottom ., The silican is typically crystalline
Si 11 on. o GERAF BiasEE g LB P R oot Ry S T be RE B s
can be used pcssldvad tHa) rivBRLrIPRiSHS fedtimdri eleaht thel S@fsenrgpeduct or
di ode can al so be forned of anorphous silicon, in which case, a P-i-N

st r uct ur 80 20elpetrenecaidhe dgitom of the via as wethas thepnayvieas: thereby previdingam

Cont act | o () BIDRTIeRAnRes AR08 oRRE dd it ARG Pes 00 rddiing,

contact is typically optic onpri ses a

surface, i.econtddteesistahase that light initially enters in the solar
cell. 250ptionally, a_substrate 674 can be present underneath the
bottom contact 670. Alld¥ RRARaPASpd tERNSPREGNS CeNBIAImE afe FapRatible

overlying t hgut Qﬁ)tlfegﬁﬁz"ﬁgb??%d?gti%cnp@nﬂxgxgéd wfhfeﬁ.}@nlg _t&%nB%V?% by

patterned nanow r e-base nsparent cohduct or

Fi gure 2933 gdrensl, thiméinetrepsistors tall istolteo bheedd categoniet: adattomagaieepe 30
enmbodi nent. As, shown,. t.he heterqj unction ar_cel 8Q Lng¢ludes, a
top contact .%'292? t%'ﬁ%@t%ﬂ?tﬁh&'ﬁ@i&ﬁ@%@tﬁrﬁa (‘?Lﬁ‘fg'ﬁg‘?bsr . isposed

het er oj unct i gelolv @ esctio8 Paye\vREVRBS A 61218 PGhtd PR PO HaR1dS8&rddetigr posed

t her ebet ween. One or both of the toq_ contact 682 and bottom cont act
684 can be nglislossd ahavewn activadaer: Masdedpangatedhigdimdransistars typically

et D "Bl e 6 U DARTA AR B
conpriseza These structural configurations are described in more detail in, for example,
Modern Liquid Crystal Process Technologies '99 (Press Journal, 1998, pp. 53
to 59) and Flat Panel Display 1999 (Nikkei BP, 1998, pp. 132 to 139).
Moreover, depending on the type of material that forms the active area, thin film
transistors can also be based on amorphous silicon, polycrystalline silicon and
25 organic semiconductors. '
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
30 400 formed on a substrate 402. The gate elecirode 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 doped top sem conductor |ayer 686a, an undoped m ddl e sem conduct or
| ayer 686b and a doped bottom sem conductor |ayer 686c¢c. In certain
enbodi nent t sem conductor |ayer 686a has a highgf

t han t he th rjgﬁﬁé%ﬁtjs?:onductor | ayer 686c¢. The first, second an@fhgﬁﬁ
sem conductor |ayers can be deposited 10 as thin filml ayers.

Sui t abl e sengdi6ficto8E 408! Theah filmatatdfiorads fél‘tﬁeﬁﬁ&luﬂééﬂaﬁ Atsuleling
organi ¢ sem conductor materials (as discussed herein), cadm um

telluride (dawe)d10cadisersamispnanciriilayanlddp aniateorphpasyilicary gpdra
el 1" ne ol S Ploorpo B 88 1 52Ty AR ol R o TR,

is intrinsi cto(fdﬁeanmdwd-blsam steutlray & sdurce 8lertrbi@d22 iand atdrbinur i de
(ZnTe). is also possible for the sem conduct or

het er oj unet |Q§ﬁ°tfo&§?e4266@@rqeoa Pwrt?di&%rwoms a pytiqr pf herflistct or | ayer
686 d the c‘ﬁﬁr& 6
Het Zr gjnunctl égﬂ%&%’ﬂ fﬁ @x‘lﬁ]'é é@mﬁcfgﬁ %C@EF I{zge §F§%‘\‘/e 20

mat eri al costtovets)ttnpasledd tstrud:tbaet tlmsﬁ sesurbe aad-dbzis eteclobas whéé lkegposing a
However, due to i ri erfor |nf|Ims m conduct
oyers. " suorpaiaitbel 4 PHE oRirRie it A oredsEng. TeaoNthies oo
cell's in engpgat. @Pﬁé(r%vﬁt@ﬁaséﬂ"ﬁ§nsﬂa’i‘erﬁ%n8ﬁ&@ﬂﬁIH’?-Mz [s%oﬁtt!dd:\}elr'@ﬁ‘éthﬂn
cell is described in connection with Figure 29C. shown, the

mul tij unt®i diimdeansisteBa6, cThalesnoveesbasad tsans;aafertt@pndw:t@rd’ ilmot42osan ke

co1 1 “Bos andtepotties af bhfidhel Srsistied b R A FE skt el uade 288

the bottom Qﬁ@ﬁt@él'tpo?ﬁlﬁtsacﬁfethmﬂ' KckpaRe)he sahrseshdwirhsaRaMnsparent
conductor filnms. For purpose of sinpli mﬂ/ t he mul tlll unction cell
Q

690 i s showFONGUFIQE filmy é4§ §RY alspodepattesned {o defiigl qysigaallingarea 446,

ashi on. VD 2008] 04605BRCT I TRBIRFIARTL AR SRy dvice oo Sopve

cell 6921&anccanh Meo:mdateélm aﬂiaaxdtmyaalsdlspléga(i.caa) doMige. struct ures as
the single junction s [ he first

680 sh F 29B.
cell is closer to an ?’Jl'ﬂHrﬂ owsﬁe&‘%ﬂc%&(ﬂﬁ 'ggb%&”@f?oﬁo ERENGR ed
to have a 'affgleba taﬁ@a%ﬁﬁrmér tdb%tpafecsvmw A%Iabkudhttsd@bﬂﬂeae

the first cell trans arent to the | ower energy photons, which
can be absorilghtittmugma pr@BﬁdSQ&Bhd e%ss substrate 512. Aplurality of firshd

ol et rons. bardiEeR TheoRuRter s St A pofiles tiub i e el o

conprisipg appefhicti2 4aPadird ysesauaye sztzaoeeg Sa pﬂ;B}'Fh@eﬂmrpﬁﬁc&Ct S
692 and the bottom contacts 700 are nanow re- based trans ar ent

conduct or f itrafspamen poedicterstip Sgaadarmajes with Atk ire 8éd cpparas 530

her ei n. rg‘%?_l%jﬁ ers
such as Subsaregtr%\gdecgg Ealrn ?ﬁe?’ tah@%? m@gg&?rloﬁé]@hnte%

wi Il be recdgyerZa2, the dlignoment sdgiers Bﬁhdwictltlhg&ltqmlﬁ .cryfsal ISBS ln betv\tt%enulﬁd
be under st ood that the nanow r e- based trans aregt cond| filnms are

suitabl e as RiW@Iyrof sgFend BARSRArent GprdHGtog sirps o4 qr@@@ﬁ a't ithshs.

25 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 substraie 550 and a
polarizer 554. Advantageously, the transparent conductor strips 520 and 540
30 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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(e) El ectrol um nescent Devices. Electrolum nescence (EL) is the result
of radiative reconbination 20 of electrons and holes in a materi al
(usually awﬁ%gﬁﬂg[gyctor) The excited electrons rel easﬁcf/{fﬁh&mﬁﬁﬁg ay
as photons as they return to their ground state. Prior

reconbi nation, electrons and hol es are separated elther as a result
of dopi ng oferh;!sqs SR FrifAl MxideOsthi I)_HTd’cdéﬂ?%P@éitléh Br ERRINgPrLEsRE

el ectrol um nescent devi ces suc , hr ough excitation by

i npact of 23rairghuiegger gy el ectrons accel erated by a strong electric

field (as with the ph e

devi ces are useful asﬁﬁﬁgzgxgr%vg gféﬁ%ﬁgrﬂg‘ﬂﬁﬁ% chg’ @%g‘)ﬂ%"ﬁ‘lﬁn‘&}
typically cojmeTss éd&@rcﬁ;'\dtfﬁiémfiﬁérérﬂmﬂm\@ht NGs 8Rovzh, 1ABILEOD 842 hué bh at
| east one of t he el ectrodes being transparent. Thin fil m designs of

EL devi ce® 30 hpdbsieie fitangy @ﬂwfdtﬁrﬁ@bﬁf?ﬁt%%%hwb&iiw eiypip layer 548
Advant ageougy, d%%tdttfért\%gn bt h@gxofe%naé)cﬁr ,@Bh@’ﬁel' Qibsttsld ¥4 A thin film

patterned tran arent conductor as one
2008/ 046058 Rﬁﬁslﬁﬁﬁmﬁeitmmdestsmm arrénget im a oradrliX gonfiguration

| ducti fil h h DOT), |,
Do ant pasdio BeleRlansEarry supaliath Bo¥o AdRIh SHTOHA 556 PR 8
transparent GoREgLBkadd éé”FFbé'%ﬁ%ﬁiie@%d"@&&bf‘f:l@r@% &t 'cﬂs%%'s@d 88 aatop

transparent electrode 1n an evi ce Figure 30 shows a thi
filmEL MVltcamsaatemﬂ dubgjrate 56Ae Aevibiadie rapptied PaiweEh terX@belmmode 552

conpri ses, ntiall 0 eI ect 1

dielectric I eﬁ?ﬂ“éﬁe%ﬁmﬂé\? g?{s ‘F’h'f}@ﬁ & 1apg eap cf'ﬁ?‘fs ﬁ'}g‘ﬁt“qu'd

el ectrode 7lgystarpsadbétaieah m@wu:Wesltawguua%@ystarvéu@(pmsy onal

overcoat 722. 10The transparent electrode 718 is fornmed by a nanow re

I aygr , as described hdhgithin fimdrassistardiSOrdispraerder eachadne aixelcen the
t t
ol ectrode.  NsteafiRRIRbSEte ST d botithe BPRTFAS hBSe daRISREL SN

nanow r ess c&gbie [dezitedihbdwerlan ativedaper st The mthlbliayeirrﬂﬁtmﬁmm"s'FT iison.
The i nk corrp05|t|on can be printed to _provide 15 I&gtter

el ectrodes, Rattegted an tsnpeliamsebsirats 5{52806%1}"&{9 Wﬁfrﬁ%ﬁﬁﬁ Hbthe art.
process f or Ra5tanBuBMITE: 56y Bler L BRE Bl MidaaficTBIGI . TSP

be used, incldding s and t e EL materi al
| ayer 716 cathelaetrmkayac&%fa:iﬂgethélgamalentrade 562is @rbapied regivrosfdorA
The optional  barrier er 720 can be a oL poI ner,, 2

Kyner) to kégﬂmd'ﬁg'ogo‘{ﬁ%%s%‘de%\‘??‘r“@ﬁr‘f%%'?alsgf‘ X?H{:' lg%p%r"r‘ﬁg“é‘ture

20 positioned at respective sides of the channel reglon 564c¢. The drain region

564d of the active layer 564 is connected fo a data line, which functions also as
a drain electrode 566, through a contact hole formed in an interlayer insulating
layer 568 covering the gate electrode 562. Also, an insulating layer 570 is
disposed to cover the data line and the drain electrode 566. A nanowire-based
25 transparent conductor film forming the pixel electrode 552 is positioned on the
insulating layer 570. The pixel elecirode 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,
30 which can be disposed for each pixel. The storage capacitance element

mainiains the electric charge corresponding to the display contents, which
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(f)Electrostatic Dissipative Material - Anti-Static Coating
El ectrostatic discharge (ESD) is a single-event, rapid transfer of

el ect r ost a bet ween two objects, usually resulgd
%Q% @%ﬁ&o@? ﬂd%zﬁﬂ%&z SO
tdit

obj ects a erent potentials cone into direct contact wth eac
other. Electrostatic 25 charge build-up occurs as a result of an

i mbal ance ofsheliRdd Q@ﬁie_@ﬁo &ﬁ@g@lﬁ bR @fa%é’ciié%é,r\ﬁvl@én tHe¥ET & e of

the maj or causes of vice fa es in the sem conductor industry.

El ect ri cal | yelasteilidtheradoreathe vellage(abagge ot theduixelielestiode B52man be

channel ng- 367 il i, e B PeSRRE hiiadd BRagBt Sl f flig ofe
conductive Isageend®vi ng a surface resistivity of no nore thanloswis

effective in mtigating or elimnating _electrostatic charge
bui | d- up. More typi caPF@hown, Higtsoussatagioncefitsi ofghe astive laverreide

resistivity 1.hal

nanow r e- basﬁgﬁ t@ﬁ%%%ﬂﬁﬁ% g% éeeg)(?rgiO%gqc?lﬁérrageg%§%éﬁés@t%%mgmassm'
anti - st ati c AsetandggectAnle 578 ofithe storagd oaEitdece elehratht 674 chobeJormed
exampl e, Figures 10B-10F, cap be used as antj-static coatin n a
Substraic | SRUERISCHEY A SFhindhe SABICIARR H IR G Bopie SoATRR? or
provi di ng elzwampagy@tm 5 floftses 4 AT DeLyeRh e ﬁts@%le%trﬁ@érﬁf’é' te
including a plurality of nmetallic nanowres and a matrix nmateri al;
appl yi ngt@ handdhpesstans electiodaihed.r The gate glecitbdef 568 @et, gatmlimed taind the

shiel ding; and form_ a nductive 10 layer including the plurality

of metal 1] c HantPPalf s R A pitFesronenc il Ard Prraped i Bealel

conducti ve ITaggardavémedat stightafgledri eld pikéhelgdtrode 5821te dfiad tH80/
In certain enbodi nent, the anti-static coating is

optically clreaifix 8liekelhat the underlying substrate is visible. In
anot her embodi ment, aE silngglﬂﬁié dr¥tofl Bt s 'bﬁfh% tgoeﬁggna—gatgleﬂﬁittbﬁ)

coated with nanow re-based conductive l'ayer can be use
packagi m$ ngats TAT cboiigwebiiens, tn active Thygerephibesdnyt daepladiesayicahd wwisr
for a direct vi S:%jal | zation of the content in the package.

0

The t r anspa@ifTdodaBcedy. APOREPYS Bldcon ayidelyused dugdp %'g?lﬁaﬁ?p?ri"&al
Derr T by OGS P Beauth SEAAEMAGRAD EISHBEHLSh B B
be used. Because polycrystalline silicon has better current-driving capability
than amorphous silicon, it provides superior performance when used in a
20 switching device. Low temperature deposition of polycrystalline silicon is
possible and has been reported as an alternative approach to manufacturing
polycrystalline silicon-based TFT, see, e.g., U.S. Patent No. 7,052,940. In
addition, organic semiconductor material can also be used. In certain
embodiments, an organic = conjugate compound can be used as the organic
25 semiconductor material that forms the active layer of an organic TFT. The =
conjugate compounds are known in the art, which include without limitation:
polypyrroles, polythiophenes (may be optionally doped with Cgg), polypyrenes,
polyacetylene and polybenzothiophenes, and the like. More examples of the
organic semiconductor materials suitable for the organic TFTs are described in,

30 forexample, U.S. Patent No. 7,018,872.
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EXAMPLE 1 SYNTHESI S OF SI LVER NANOW RES Si | ver nanow res were
synt hesi zed by the reduction of silver 25 nitrate dissolved in

et hyl ene %/b%bs;dctﬁbsﬁ he presence of poly(vinyl pyrroli dolq,_el%r3U
foll owi ng the "pol on nmet hod described in, e.g. Y. Sun 42(&1\343 1285 B.

Mayers, &Y Xia, "Crystalline silver nanowires by soft sol ution

processing”, Nanol ett ﬁ%%lscﬁ.%gé’@here?r( %ﬁé‘i’ﬁ‘rjﬂ@%kpl%g@;{bééltﬁﬁ\eﬁ% ¥AlLCD

met hod, described in U'S. Application No I n the nane of
Canbri os Te(ﬁmwosltﬁgt%@ COWWK&MSM@ USFanTE024 266 26br Poe avloofifer

roduces nor rmsilver n res at .hi an, doe he
D onvent 1 onal %bgﬁ QLT T ribefin BuBFte s RleGR sl S

f h 5
[I_e ﬁrsgg\gg 3heddi ge?ﬁar&:ﬂélh éﬂ’by of W?Z x?gﬁeﬁmﬁ%iﬁéﬁ?ﬁ?‘s are

t er epht hal ataéf&("BEtfP"fthﬁMassmfﬁﬂhwh@tﬁﬁﬁ%mu%@@ﬁ%Q Ehg rra@lsix fanyes #ET
substrate | Sq;,@;hr 84 [Sé‘éﬂg ¥ol8,'e%615| él”%Hké‘h &nﬁi@ rh%ﬂt?b éJhazFbﬁc%ﬁ )gis‘.sa”d

haze of the ubs T T SS speci

ot herwi se, tdseodia@hitwith arsior.s i Oﬁhemambﬁﬁlamntsedaabﬁ coloiréd) pixbEcan be
met hodol ogy .i n ASTM 01003. An aqueous dispersion of silver nanow res

was first priephgratvid erwt%ﬁm%l?r RIS preas ksfTehin s e 885 i n
wi dth and arg Ne\?@ﬁ?éuﬁ eséﬁétgam hT§1€ot§P"E3§ﬂédﬁﬂlgt bia coqé}e sﬁ{:ll\‘;’agrred

nanow res (Ag out 0.5 %/ v o persion, resulting iIn
an opti cH) dBhgregn (IB)armd)hh.le((%a(mewlrwmmlaﬁemtmmmysméﬂ%s

Spect Max M2 pl at . . The di th t
PET. subst ) CBRPRS (KRl PP Ehats S o NER SORD & ERETS. The

substrate. Apldiad 9f>élso&%m|>@1§arék—|dt ligfted fo bAMad/ éolorel bPkr 68IBF S1Eh
t echni ques can be enployed e.g., flow netered by a narrow channel,

die flow flaswiite, zallower cyan egitalsadelused. 1t is further under st ood

that the viscosity anfrh g(]‘r;]d%ge legﬁylké}rﬁuﬁfstr%@eﬁ?gﬂdéfs% A% offihbn as the

i nt eracti ons bet ween ut I on and
i nt er confectglatittodepivhiches aaem\nemmeieaaddme thé @b@aélbetrodé imethe g&tred

layer of si lb\é%{(plg%g °‘|’¥'1 cr:eer?a!rva\%?nb%ldllrggﬁg tthg common electrode can be formed of
the nanowire-based transparent conductor as described herein.
Depending on the mode of an LCD, the relative positions of the
common electrode and the unit color filters can be different in a TN (twisted
20 nematic) mode from that in an IPS (In-plane-switching) mode.
Figure 26A shows a cross-sectional view of a color filter substrate
in a TN mode LCD according to one embodiment. The color filter substrate 580
includes a transparent substrate 582 having a displaying surface 584. The
transparent substrate 582 can also be referred as a top or upper transparent
25 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

30 displaying surface 584. The black matrix 586 can be made of a metal oxide
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dry by water evaporation. A bare silver nanowire film also referred
to as a "network layer”, was forned on the PET substrate. (AgNW PET)
The |ight ssion and haze were neasured using g. r
Haze-gard %;éus mﬁéﬁsurface resistivity was neasured usi nﬁﬂ’%o%ﬁz@?
175 True RMS Multineter. The results are shown in Table 2. The

i nt er connectdnd/drmetal ﬁlhﬁ(eﬂ@nQﬁhhfé?crﬁfﬁﬁeadqu%)e@!lteﬁ@ﬂ@é]@%eﬁlaém:ﬁtrm
substrate can al so be observed under an optical or scanning el ectron
m croscope. ¢anbe made of organihesifgt ri x materi al was prepared by nixing

posuretTane (7,10 i S YA R L 0

ketone (MEK) to forma

materi al wapixsigtsedhes firste sbeore snid ird coain@chpixelsfstism b§8Is phdh 588afdrng.
O her known nethods in the art, for exanple, 5 doctor blade, Meyer

rod, draw? ddlansartipgred (), SERAN @ ar@aﬁl“ﬁ@h@‘éai‘ lights fﬁ%RWer'MatTBPV are
was cured fqp alod 8128065 E‘Bmﬁﬂ%‘ﬂﬁ g%}éift%ﬁbgtggtb r%z‘ﬁblecé'f th&Black

sol vent MEK evaporated and the natrix mat
Al ternati velmatrnx 5660 aiherfigstc aecdmmcbihadceolanecaplxelseﬁ%ae 588h and 588¢ are

al enper ature of F }or abo 10A transparent cona uct or
havi ng a corfﬂﬁ%? roR fLyRR ’tar‘i'ea%ﬂ*ﬁ rERR G PV AR AR IFBEFSPGEEt hus
formed. The Gandbelehwe ah@%for%dtéé%aﬁdtéw%nﬂﬁf&%él@ﬁﬁatr& 49680 PREVdnt

was about 100nm hick. Its optical and electri caLFé(gropertl es were
measur ed1@ndoldremixiagul deéntlenstmﬂmpmmamt@"sm gTIRGEY}, dine pelpefitter

2 3M Scot chirpobobsimesryan e’ Guds: BF BroTRlimeBul BIREBRL 1 ace b

the matrix and then r q@mdsonieficteyamsodorn mham[reﬁbasémmparent
silver nanowires were renoved along with the ta After the taﬁ)_t

test, the opneustonfitn is rasitionediondhe seloredpixgls . Beghapdpede
conduct or “Ega%.tfs%atalﬁeﬁ& 87GeldiBe'dhoUtidB t@'ilfeoéiggl‘é@eét%dggg#?srﬁst e

way of conparison I X-only m was on a
( PU PET) 18Indgimrbe ekatrede alwdi protents the wés dilteisddmicontactigthedpuid al

t | ht t dth | ectri .
P oherti s VAAdawes ParShivEn RopRl, e ot Byer§8 ranaverie
Table 2, theqpgRbRimorPakYrbdid 5bE. nTﬁ@TuﬁWMpP&@étuJMQ%a & 025 18 ghhéparent

hi gher Ilght transm ssion as wel| as haze value than a PET substrate.
Nei t her was insulaloc susteas BylyiroidpaiSusbm, protestive layes may élson3anses a%anu | m

on PET was h| hl nducti ve, sterin

0052/ 0. | re HDpEEnS RURF Gieey fio- pEriR SRR RGA Aot i Bolbtitarbpl,

| owered e dmeﬁhéné 6ﬁtﬁ§ﬂh§§i‘ Sstanfrdudd freREmhs ritsasy atayei260°¢C.he
bare silver nanow re | m 30 on PET was still considered optically

clear with a light t raﬂ@*ﬁ@@ﬂﬁho@ﬁ HeoessReliPrebviewe een i tgrsalpfdrate
| |
50081 045058 TN IRS RISk obhRifial e BNl st ol fiter

nmet al oxi de dubktrate(DincludéOn tfmpa:bmgulﬂﬁ’étes Bgshaamga dlsybiawhg surface
typically range from60 to 40Q 12 urt hownte

Tabl 62, "t heSth. oh bRk SRS S8 SBPOtE Qs ran RS UbiAts 893 DRPDH

ol yur et han
f heygar eggl %L%Fﬁttlﬁ]éaﬁsga}%?e f |LﬁmE§§bI§|ET glﬁge%ndsé%méyédﬁgﬁEﬁﬁgaszge%a'srhe
resistivity 5858btdns 598mf9ptrassmlttum15u6tand B eolar Wﬁslﬂeepsfawelyﬁetfweﬁed

bare silver nanvmrefl ting that the c in t

mat or al i Pk Sertan asriore SEine Hartaiedh ot tes RO R ofing DR Bl

conductor t st f QpPREctARIayer 600 is formed on the first to third colored pixels 598a,
598b and 598¢ and protect them from contacting with the liquid crystal (not

30 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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optically clear, and had a conparable or superior surface resistivity
to metal 10 oxide filnms (e.g., I1TO forned on PET substrates.

In additi 0{1,0{0}?%'[4E@9e test did not alter the resistivi F%%ﬁsﬁa&%shisght

transm ssion o e transparent conductor, and only sli
i ncreased the haze. Table 2 Transparent Media Light Transm ssion (%

gég e g} Zén_ (Fjg ?5’3@% ,‘ﬂ*vég%;gg %g@dﬁg@;@;ﬁéﬁ the GrahSpalaht SREHEE 594 RhEBAsO8f 3
IPS display, the common electrode 602 serves as an electrostatic discharge
layer to avoid charging of the color filter plate.

The color filter substrate can be fabricated according to known
5 methods in the art. The optical transparence and the electrical conductivity of

the nanowire-based transparent conductor film make it suitable as an
alternative electrode material in the color filter substrate of an LCD, regardless
of the mode. The nanowire-based transparent conductor film can be coated or
transferred from a laminated structure directly onto commercial color filters

10 according to the methods described herein. A fransparent conductive layer as
described herein can also be used in a color-on-array display structure or other

LCD structures using a transparent electrode.

(b} Plasma Display Panel
A plasma display panel emits visible light by exciting fluorescent
15 materials (e.g., phosphors) with ultraviolet light generated by a plasma
discharge. The plasma display panel employs two insulating substrates (e.g.,
glass plates), each insulating substrate having electrodes and barrier ribs
formed thereon to define individual cells (pixels). These cells are filled with one
or more inert gases (e.g., Xe, Ne or Kr), which can be ionized under an
20 electrical field to produce the plasma. More specifically, address electrodes are
formed behind the cells, along a rear glass plate. Transparent display
electrodes, along with bus electrodes, are mounted in front of the cells, on a
front glass plate. The address electrodes and the transparent display
electrodes are orthogonal from one another and cross paths at the cells. In
25 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 allow the
30 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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4.76 60 AgNW PU PET 87.2 5.74 60 After tape test 87.2 5.94 60
EXAMPLE 3 15ACCELERATED H2S CORROSI ON TESTS Sul fi des,

such as hygogfhsaddsfi de (H2S), are known corrosive ageﬁﬁ'ﬁgsz-(mﬁ)suss

el ectrical properties of the netal nanowires (e.g., silv can
potentially be affected in the presence of the atnospheric sulfides.

Advant ageougirycedsit t@ﬁideké‘tuﬁés (LPQo UDB RS BEOTN FepRIEMDRY, w$@r@é?ﬁ> @t&aﬁl
gas 20 pernmeation barrier. This prevents, to certain degr ee,

at nospher i ¢ adeguatedransoatensyi the frans dislecttic H&ﬁbﬂmm@sc@fﬁﬁ%éﬂ‘é@mﬁdﬁﬁ@
i LOngud gom SLABLL hh 1oL o bGoREL L TRANAVIBESFABERS. | AL BEE

obt ai ned by i pora oRe" I ore /cor rost of orn ors in

matrix, as demperdm@shme'_e@:stuwty of the ITO increades byebdubtHred-féki at es t he
anount of H2S in the air is about 0.11- 0,33 parts per billion gpb)

At t hids :c%vel Corros N@ﬁ'owge@ﬂ?@@th@ﬂsi’@‘eﬂh@ e aps eyitablp @ige
t .
period of tipB.ilRYS, thdi %fé%%@&@& iHerpBR r@yggﬁpeﬁbn‘éﬁélgggg Sgned

to provide an extrene cas corrosion. y cooke
yol ks wer e (eladtdcaliyrand qptiecalbsstahled atdddreidniperaiures (e.g., at 300°C). They can
be patterned at the required features sizes (e.g., 100-300um) for PDPs; in
particular, they can be patterned by the high-throughput methods described
10 herein.
Figure 27 shows a cross-sectional view of a PDP according to
one embodiment. The PDP 606 includes: a lower transparent substrate 608; a
lower insulation layer 610 formed on the lower fransparent substrate 608; an
address electrode 612 formed on the lower insulation layer 608, a lower
15 dielectric layer 614 formed on the address electrode 612 and the lower
insulation layer 610; isolation walls 616 defining a discharging cell 618; black
matrix layers 620 positioned on the isolation walls 616; a fluorescent layer 622
formed on the sides of the black matrix layer 620 and the isolation wall 616 and
on the lower insulation layer 608; an upper transparent substrate 624, a display
20 electrode 626 formed on the upper transparent substrate 624 and positioned at
a right angle in relation to the address electrode 612; a bus electrode 628
formed on a portion of the display electrode 626; an upper dielectric fayer 630
formed on the bus electrode 628, the display electrode 626 and the upper
transparent substrate 624; and a protection layer (e.g., MgQ) 632 formed on the
25 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

30 transmit with acceptable efficiency to create an image on the display panel.
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plastic bag. A H2S meter (Industrial Scientific, GasBadge Plus -
Hydrogen Sulfide Single Gas Monitor) was inserted into the bag to
moni tor t hgolésaagRs of H2S fromthe egg yol ks. Figure 3dcoSH0uw6, 081285
typical release profile of the H2S gas over a period of 24 hours.
After an initial build-up of the H2S in the bag, the 10 gas |evel
dropped, indicati¢g tiaicH Beregas had di ffused out of the perneable
bag. Neverthel ess,- the levels of the H2S gas (peaked at 7.6pp in

the bag greatly surpalisafirihes embasdiment, thedranskagin seneuctoridescraed
A b il ' i P ccording. 49 |
are sl V%rerélﬁngrmsr ;g‘ar{ b%éﬂd%{&hsst%}fe .%P&Eﬁﬁs&f&rﬁ%l‘é@ﬁ% 338 érgﬁ&ﬁ”p €

2. The fil mwas aced in a plastic bag W res coo

yol ks. 15 Thievicelimeheganohio atasleenonit display; whichalloss a nsbiréatripng t hat
the silver had been tarni shed and bl ack Ag2S was forned., I n contrast,
col or ch%g@tﬁqﬁ’t'?ﬁ’? b lQichinig the scegRo i hisﬁref?@l%ic@ttﬁﬁfﬁﬁuyn‘é%mﬁ’rﬁﬁes
were not ob I = j-adi i

pol yur et hanzﬁ%’? ﬁf}iﬁﬂ%gkeﬁ éz?qsagfgg g‘#(gﬁé?a){ééyg%ﬁv%ow# %%%a%égﬁ’ar%lggt i-rgﬁ of
the 1-125 ga&end@dEEAlRIrEade OPRERPCRAT haOhllddF iORRASNENE tNHBBSMIDRS

The fol |l ow sanples of conductjve filns rre prepared. A PET
sUbst rat o wagoUaEa CraenLy BHA bR oleh shrezae (iR SRR L Mokl on

i nhi bitors, cbﬁ@d:éﬂbﬂ&yé?@('ég.t, NTOFMNS). A hbleqldhodd] [XTOfIMsad castydbel n,
were incorporated during 25 the preparation of the conductive filns.

Sanpl es 10 2 fawricateaeg maydesussenliblg te erackingribusesioria dexiblecaybstrate: An

i1 mof - bar daCletirls MRS R a Bl doposteg on RGBS oFnER o = *°

si | ver nanowerhpsratureand(n pabyslr Bt durestyaiie trinsparent conductors desgabpd es
3-6 were prepared by first formng a bare silver nanowire filmon a

PET subst r at€rgin ganogfabyicatag by highythegugbput gthods ng Gt iqye fespperatures.

i nhi bi t . . .

i et ey AL eElog U Sl et D 75 SEEmple. 13k o,
of 5 berZpt mindzirabli¢ Bibtratas sethyas petstiy Filnketamiee CO&KY with ridrewiras end
silver nanmgi re fil rr’_? al | owi q& the solvent to dry after coating,

fol | owed by PEBAMERYERBCARAYSYenat eri al of pol yurethane (PU) in MEK

(1:4). Sanple 4 was PrRR@rAsuLY2E dHows édﬁ%ﬁféﬁ@él‘(ﬁ}ié Réhistive Yook Sfreen
dithiothiadiazole in a matrix material PU MK (1:4), followed b
coat i ng t he degicadidOiaccaedieg taapneambhadimeit.c The derice B4Rdélvdes & battom

P R s S T R
sol vent 20 @bpdadtivelagrmasnghichtdsaneh dondocils Sigfack Basa Aredgper panel

material PU MEK (1:4) having 1.5v/v% of dithiothiadiazole. 158anPI e 6
was pr epar e@5Bys ppsiiengcherngsiie flomm ghetbaltony paiasl 64 andaseparated therefrom

by adhesive enclosures 652 and 652’ at respective ends of the device 640.

The upper panel 650 includes a second conductive layer 654 coated or

laminated on a second substrate 656. The second conductive layer 654 has an
25 inner conductive surface 658 facing the top conductive surface 648 and is

suspended over spacers 660.

When a user touches the upper panel 850, 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

30 inthe electrostatic field. A controller (not shown) senses the change and
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inamtrix material PU MEK (1:4), followed by coating the matrix
material on a bare silver nanowire film The optical and el ectrical

properti eng,f2 %mmggrrpl es 1-6 were measur ed before %@M%l
2 3.

accel erate treatment, as described in 20 Exanpl e e results
are shown in Figures 32A, 32B and 32C. Fi gure 32A shows

the Iight trassidstHeldttiRASUHEBINBaR whtih@Pméatién Reher asdl Him
treatnent and 24 hours after the H2S treatnent. For purpose of

conpari son, apesatingcsystese. of |ight transmission for each sanple is

al so graphed. Prior tq the.H2S.treatmer Ll.,.of th |

shown to 25 be opti ca?‘@or?fr@at? tbﬁa%%%Ogd?@epﬁsWt]é)rtorr&’ﬁmgglggﬁgﬁ%%{?gr
than 80% . FRehbovivedaystseebaséd oh kendldstive napbwrelayead, lasafesthised
sanpl es have experienced decreases in their |ight transm ssions due

to diff erenthefieigr dbe ipmerssonduetivessuifash 658anedpe dareondyighys surfageitd he
et o L o . f
better -t han 1ot e o FERGHIE 08 rarGEB! @ouf 180dbcthu gl Ber orm

however, lhaq)réfes]ﬂaly,e;hmg_t o500/ mtimhﬁnbahgaémncﬁmmm pdnéls hale
matri x-only sa e, indicating_t COrrosi on i nhibitor,
di t hi ot hi adi"é&rbnﬁ'én%!ﬁ@@f‘f(ﬁ&’i’\'/és'%tcb? v i"ﬁag?ﬁ’ng NSyt thrhaini r es

from being corroded. |, certagin embodFh@MS Sthd4BnE PRt ESRIUCES RiBIESh be
measurenents of Sanples 1-6 before the H2S treatnent and 24 hours

af t er t ht0 HIGthersmatashwith Barotectipokyenfe.@, s digiestiic overcoaid, which ease of

th i st f h le,.i I hed.. h | | byt
ot oG pro B8 AN bP B8 RO el s
effectively heancam cBARCEANAES UNGeryid et haﬁ@ﬁi_r@élﬁ\%}/ betoiBeroblematic
degradation in electrical properties was significantly del ayed for

some sanpl edecgupprentactigdistatiop aanpoides feliphlycseated dyeite e ipanening e.

It is noted : j S;,.Q . . 8. .
differed conqé‘lggé:ﬁng%%?%ég%gg%i Itn e dt(%;%ﬁ ' %%rﬁ&@ﬁp@@oﬁg@?ﬂ@&g%@ the
corrosi of6 i nfviekdda® maydiebbit i o raddrtact pyints Dhitlse filmpl Thas, tim#testhe
coating processes may affect th; effectiveness of a given corrosjon

i nhi bitor. embodiments, the gNareoaijayes b NEOREAtRE YAh ROREHF BERATUCIRS O
Sanpl es 1- 6@&5@&81@6?@ e"e% ilc’gﬂ E34t9BRtanang aragmk}e%ﬁta%t Ffsthit, H2S

treatment. FOr purpose o conpari son, the change I n the haze for
each sanple is al so gFipine@3AAchetiaticallymbiows tehappdsingacedudiveilayers

their haze negsurenents. Wth t exceptian of .S les .1 and 6,..t.he
haze was Wi t%ﬁhreéeegﬁea%eécqagﬁg&%ﬁ §B§£ﬁ‘ﬁﬁ}ﬁ’ t%@‘%é%f%gp&éﬁyﬁq er%&ﬁﬂ? es
2-5. Sanph e hat@pwith aWisticvelcoue o anBesd seuRidaddndpenielap@es! iskodfed
Wi t hstanding the corrosive H2S gas. By incorporating the corrosion

i nhi bi tor ( d#ittha eeeenttivvereda)oion Thedfiraband secondeverapatparesibedded
Condhetor SR HuELive PAAERLIES, N prRRERL el Patlif o B8Rl
accel er at ed digist@ic\Weerob® increases their surface conductivity and provides electrical
connection between the underlying nanowire-filled conductive layers.
25 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., between10-1000€/0 in resistivity), the conductive
30 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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greater than the atnospheric H2S. It is therefore expected that
transparent 25 conductors prepared simlarly as Sanple 4 would fare

even bette 1{%aﬁys%:esence of the atmospheric H2S. EXANBLE807/081285

PRESSURE- T METAL NANOW RE NETWORK LAYERS
Table 3 illustrates the results of two trials of applying pressure to

a 30 surfac ; " _ .
o a subst o rR, SUaBLARM B RSN iRt SlercDRl W chBiEH ok

Speci fi cal | ytpuah $areen applisatioes. of around 70nmto 80nmin width and
around 8Rmin | ength re dgcpfte nan ut of |
QAEEeT &3 BY UM

substrate. The substr @&Hﬁfﬁ%‘gﬁﬁ%aﬂf%ﬁr pRiymgLc

deposi tion qﬁaﬁuk&%ét@ﬁé!@ﬂd@@@nbe‘ﬂ MBI Fhd ﬁhﬁhe%tﬁ@bﬁ&&o@@i@%ﬂbﬂ@ to
the net hod described in 5 Exanple 2. No matrix material was a{) plied
Q5

to the nelwdesssthpniZem eolesaéan biyvurlapicelbaentbioker qyascaatiialfikely jostesulti n
Table 2 werq?§q{lé O@ggct#%&gn single stainless steel roller on a

rigid bench of the network | ayer treated was
from3 to 4 lnches Wi deyayisk éirmnossm@d dondieties pheiolps chalbecusdd. Process

Trial 1R Oéx%r#ﬁése %)f ;rurl’éa%lle gon%u(cg\% Sgrlillglrég)lngglc?enst)m grseI r?or% llgn/?ed o, ﬁ‘o A
ZnO, doped ZnO, metallic nanowires, metallic nanotubes or carbon nanotubes

10 (CNT) as described herein. The sizes of the conductive particles are typically
lower than 200nm to maintain an acceptable level of haze. More typically, they
are lower than 100nm. Because the loading level of the conductive particles is
s0 low, their presence typically does not affect the optical transmission. On the
other hand, the presence of the conductive particles may provide a certain

15 degree of surface roughness that serves to reduce glare.

In certain embodiments, the conductive particles can be a mixture
of highly conductive particles (e.g., metal nanowires) and low-conductivity
particles (e.g., ITO or ZnO powders). While the metal nanowires do not have to
form a conductive network within the matrix (i.e., above the electrical

20 percolation threshold), they provide a high-conductivity path over a relatively
large distance. The current will be mostly transported in these nanowires while
the low-conductivity particles will provide the electrical connection between the
nanowires. Advantageously, the sheet resistance of the overcoat can be
controlled in a wider range by adjusting the ratio of the nanowires to low-

25 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

30 mairix material in a one-pass process. Alternatively, in a two-pass process, a

nanowire layer can be deposited (without necessarily forming a percolative

72



(original) 16000 400000 88.2 3.34 1 roll @40 psi 297 690 87.3 3.67
roll @40 psi 108 230 87.2 4.13 1 roll @40 psi 73 127 86.6

10

15

20

25

30

WO 2008/046058 PCT/US2007/081285

network) prior to depositing the overcoat layer embedded with the low-
conductive particles.

The first and second substrates can be a variety of materials, as
described herein. For example, the first substrate can be rigid (e.g., glass, or
rigid plastic such as polycarbonate or polyacrylate) while the second substrate
can be a flexible film. Alternatively, for a flexible touch screen application, both
substrates can be flexible films {e.g., plastic).

As known in the art, touch screen devices may also be made
including only a single substrate having a transparent conductor and both this
type of touch screen device and the two conductor type described above may
include a third transparent conductor that functions as an electrostatic
discharge layer. The transparent conductor described herein may be used in
any of these types of touch panel devices. Additionally, nanowire-based
transparent conductors used in such devices may be patterned as described

herein or any other way known in the art.

{d)  Photovoltaic Cells

Solar radiation provides a usable energy in the photon range of
approximately 0.4eV to 4eV. Optoelectronic devices such as photovoltaic (PV)
cells can harvest and convert certain photon energies in this range to electricai
power. Photovoltaic cells are essentially semiconductor junctions under
illumination. Light is absorbed by the semiconductor junction (or diode) and
electron-hole pairs are generated on both sides of the junction, /.., in the n-
type emitter and in the p-type base. 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 ftwo semiconductors have different band gaps.

The one with the higher bandgap is selected for its transparency and positioned
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4.19 1 roll @40 psi 61 92 87.1 4.47 1 roll @340 psi 53 86 86.6 4.44
Ar plasma 38 62 88.0 4.19 10 Prior to any application of pressure,

t he networol AxGlsspad the PCT/US2007/081285

as a top layer or window layer. The one with the lower bandgap forms a bottom
layer, which functions as a light-absorbing material. The window layer allows
almost all incident light to reach the bottom layer, which readily absorbs light.
Multi-junction cells have been developed to capture a larger
5 portion of the solar spectrum. In this configuration, individual heterojunction
cells are stacked in such a way that suniight falls first on the material having the
largest bandgap. Photons not absorbed in the first cell are transmitted to the
second cell, which then absorbs the higher-energy portion of the remaining
solar radiation while remaining transparent to the lower-energy photons. These
10 selective absorption processes continue through to the finat cell, which has the
smallest bandgap.
in excitonic PV cells, instead of a p-doped and n-doped region,
the materials of different band gaps are used to split and exciton via charge
transfer from one semiconductor to the other. After charge separation, the
15 charges are swept away due to built in potential which is created due to the
difference in work function between the contact electrodes for charge collection.
Organic photovoltaic cells, for example, work this way where one
semiconductor can be a polythiophene and the other C60. Polythiophene
absorbs light and an exciton is created. The electron jumps from polythiophene
20 to C60 (lower energy state for the electron). The holes move along the
polytiophene backbone until they are collected as do the electrons by hopping
between buckybalis.
Chmic 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
25 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
30 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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resistance indicated in the "original"™ row (the network |ayers were
not pretreated with plasma.) Each row of Table 3 indicates a

subsequentwﬁlzg&lﬂﬁﬁdsﬁll across the network | ayer at appr@&l,{@;,(ﬁwlzgglo
psi. 15In each trial, the network layer was rolled 5t

Thereafter, a plasma treatnent was applied to the netvvork Iayer The

resistance ggnethaffght afb%'oFblhé n?a‘ieﬂldl%éﬁ atdldédhRdSRCQIMadt hdtshialk 'fdra| )

and third (second tfial) colums. Variation in transm ssion and haze
for the secsatércellsl is as listed in the fourth and fifth col ums,

respectively. As sho ned. t hat 20 con L vi.ty, of
he netvor ki ayer of - Seehirt PaeedLBhmaBaLilel? By sEsRY oo af

pressure to b eetfacend emers contacts in a solar cé@ Shkkthakevieentbnibmletal 3,
application of pressure to a network a roller can reduce the

| i ght tr dhseXisle tlansparam eondyer. aﬁaow éﬁ%‘é%ﬁﬁ@m@@ conductor can be

vashing. pr oleTra ek TS o (B R et HiyBbo Sarnet .

the transm ssdquire meckpeemuaepﬁdltmd‘(azeamfurrnhbamamtlhellmﬁeuf mefaldxided
Process Resi ésg}e?s?cc:gstfy 4 solar 3 %gpt?csélhggs (%9 Haze (%9 (original) 700,000
86.4 4.77

Thus, one embodiment describes a homojunction solar cell

10 comprising a top contact, a semiconductor diode, and a botiom contact,
wherein one or both of the top contact and bottom contact can be made of
nanowire-based fransparent conductor film. Figure 29A shows a homojunction
solar cell 664. The solar cell 644 includes a top contact 668, a bottom contact
670, and a semiconductor diode 672 interposed therebetween.

15 The semiconductor diode can be, for example, a PN structure with
the p-doped silicon on the top and N-doped silicon on the bottom. The silicon is
typically crystalline silicon. As a more economical alternative, polycrystalline
silicon can be used according to known methods in the art. The semiconductor
diode can also be formed of amorphous silicon, in which case, a P-i-N structure

20 is preferred.

The top contact and the bottom contact can be prepared by the
methods described herein. The top contact is typically optically clear and
comprises a light incidence surface, i.e., the surface that light initially enters in
the solar cell.

25 Optionally, a substrate 674 can be present underneath the botiom
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

30 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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2 rolls @40 psi 109 85.6 5.24 soap & water wash 44 86.0 4.94 Ar
plasma 24 85.9 4.81 5 As shown in Table 4, application

of pressurgotBoghshRWork layer by twice rolling with adlsd B07/081285
st ai nl ess stee? bar at approximately 340 psi on a rigid surface

reduced the light transm ssion and increased the haze of the network

layer. Washijp@ridsediréraBetvdety eOnd\b BothAphaivp obmtadt 680 RE Horem
rolling, 10 however, increased the transm ssion and decreased the

haze. An ar gontast 88Agap Dednate of Ranawie-basask teansgarant condyEen &k on and

haze. Was hi : ] o W
rolling is also effec |§%ﬁ%{ %ﬁ%éﬁay\%hge@ﬁn l@?ﬂ)\;}?@i&{ngﬂ@i&ﬁ?ﬁlﬁ%r
ext ent . 686 comprises a thedd-yengtridiereeqs SNA®)0Thuasihinag contaisemnt s,

a matrix material 15 can be coated _as previously descrihed jn Ex I
2. EXAMPLE afoped top semiconducior layer 686a,pan undoped¥niddle semiconciuctor Igyré? ©

686b and a doped botiom semiconductor layer 686¢. In certain embodiment,
the first semiconductor layer 686a has a higher bandgap than the third
semiconductor layer 686¢.

The first, second and third semiconductor layers can be deposited

10 as thin film layers. Suitable semiconductor materials include, but are not limited
to, organic semiconductor materials (as discussed herein), cadmium telluride
(CdTe), copper indium gallium selenide (CIGS), copper indium selenide (CIS),
and the like. For example, in a typical CdTe cell, the top layer is p-type
cadmium sulfide (CdS), the middle layer is intrinsic CdTe, and the boitom layer

16 is n-type zinc telluride (ZnTe).

It is also possible for the semiconductor heterojunction layer 686
to include only the top semiconductor layer 686a and the bottom semiconductor
layer 686¢ in a NP structure.

Heterojunction cells based on thin film semiconductor layers save

20 material cost, compared to that of silicon-based solar cells. However, due to
inferior performance of thin film semiconductor layers, such devices 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 botiom: a

25 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

30 fashion.
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PHOTO- PATTERNI NG OF CONDUCTI VE LAYERS Figure 33
illustrates one nethod of directly patterning a nanow rebased
transpar enfyocandiagissve film In this exanple, a silver panpwg
network 20 layer ? "network layer") 726 was initially forrrladél%gn7(?ﬂa81285
gl ass substrate 728 according to the nethod described in Exanple 2.
Two hol ders 730 were poaeae st ééneeg@aﬁrfeﬁthé%aééﬁ@&@ ERPhhwe Qﬁflbﬂ&l%}ér
area 732 for matrix formation. A photo-curable matrix materi al

conpri si ng atmickires es the pngledunationsolarsed 680 showndn Figyee gBwdihe firgly er

730, "The. madRaRORELC MRS fil AR RERE S bt S RPRAR &
2008/ 046058 747ELH6ARITHIBATRITS Sr6 bocthaiel 09Ny setheTiet ol

material was then irradi ated under a Dymax 5000 np for 90 seconds
The matri% rteansppesnt kuthedowar emrrgy egpisns, whish<an b@@hspacrﬁd Rynihe second
remai ned |i gﬁn the regions that were masked by the dark |ines.

5Fi gures 34A-F show i mages of a photo-patterned conductive | ayer
under an optical m cr hedipst.and gicoad 34is akmepacated by adunnel 14ydriHoB40

i medi ately after photo- curln (5x elig re'on 48 wa
exposed to Wowthgdiow ofGlecdion %e ;‘E@é:‘%fﬁr Eg? tynng @e?é gﬁﬁ%%ﬁﬂsa%d
fromthe |i & dd eriRbsdicddr ikigsei n was uncur ed.
Conducti ve %ﬁ%ﬁ%ﬁg\gg%d%&g& su%e ected tor a@adhem ve tape or a
tacky rol® treatnent ﬂ'&nertenmoetatiségﬂmwmd bediori soniadcte 7DE [are nanewiee-
nanowi res in the uncured 4B sho the tive
fi1'm 740 af (RASCONENSHRES! 9@%%‘3 ﬁmé-aﬁhg%f’a'@ éﬁ)PreF?"?{ v e f’f?@% r ed
regi on 748 apReabsd Abh.| i ghter than the uncured region 744. At

hi gher magnification (Figures 34C and 34D, 20x), it can be 15
observed that the uncUhedolasdiell$994antinelude addiEenal aveEnsyet aon of

nanow res than hast

o B gur os. SrestfpesHes BatsoShReretlive AtCarEMeRE, ot AT RoBBREEFBY
f ol | owi nggt heneaskitRsl iviehé ape Furtat, neshould e usdersootithaati thae nahowine-based
nanow res dropped bel ow t he tper colatjon threshold in tPe uncur ed
regi on 744. trAnsperant spndecielilmsae suliahla gsongor MYBEoNtasts BiWe!ao
that the unc 44 was non-conducti ve. As an
alternative %%&gﬁ@@ﬂaﬁ&n ‘he matrix material and nanowires in the
uncur ed regi on using adheswe tapes or tacky rolls, a solvent may be
used to wash the (ahcuﬂebtr@ghbl@gcem&m in Fi gures 35A—D a

conductive film 750 wa ared as ed a

irradi ati on through aEigcpgﬁ g‘eéﬁ%’?%@gf?a Erew fagég Eﬂ@@d
regi ons bg§o rR U189 in’d RaRdifhl Uikl SHURICHOP 'ﬁfé@}f ite@i ng
washed vmé?hr&qﬂ%dﬁt?%s W peI(!I1 élﬁz} gurtlas 35893%5??%5“& e)4 at °

i ncreasi ng neigctrdnscr&teaméhelr RBeIgyasRiotonsf ag they return to their ground state.
Prior to recombination, electrons and holes are separated either as a resuit of

doping of the material to form a p-n junction (in semiconductor
electroluminescent devices such as LEDs), or through excitation by impact of
25 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
30 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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nanowi re concentration in the uncured regions 754 conpared to that in
the cured regions 752. In the uncured regions 754, nost of the

uncured magyd Hesfiss@t erial and the silver nanow res hadpgﬁﬁgbﬂf).ﬁ({ggﬁgd
by the ethanol washing. Photo-patterning therefore produces

conductive regions and non-conductive region according to a

predet er m nefle RchiebBs. EXAMERTRNAIT S MENRARIdac iRl SRR SThe

matrix material described in Exanple 6 can be formul ated by conbi ni ng
an acryl at e paty{disaythiaphepep{RIDYipare ugsddutd palteried as the transparent

mul tifuncti ocn?‘ldu E_yl ate nononer (or prepolyner) and at |east one
phot oi ni ti ate y acryl ate nononers or prepol yners can be used,

such as epoxy acryl at he poirereselitemsparenc®idittdreiliis dasdribledtiRrein
2- phenoxyet hyl acrylate, lauryl acrylate, 10 nethacrylates, and the

like. Any5 mAreisuftableEsehispnspargntalectiadediman Rlodevige pbyarEigure 3R shews

used to pro i : C LRkl r K.
Exanpl es i ncr%) @@eh!ﬁe Ffﬁg’e%fgoﬁ%g?g%@g éﬁ%ﬁeb%ﬁg{%t%ﬁ)de@ﬁ% Y@rogpyl ene
gl ycol di acrgdnadrizespsepientialy ffordithe tog: attep efectpde 7121 @dieletric layer 714,
trimethyl ol propane tri e?cr l.,at e, di pentaeryt hr(% tol penta-acrylate. Any
15 phot oi ni (ATBEbMateER! IENTIPea tRBBBAENEAEEEOde 18 AARlions iprHer 1AKeid

Specific exapp %ﬁdiaﬂwigﬁél Sdb@dirs@acure 754, phenyl ketone such as
y

Ci ba I rgacure 184, a- roxy ketones, glyoxyl ates, benzophenone,
a-am no k@t ones and t Adeltrdospaidnt elesprede 7118 & foymed by sastarowiierlgyer, as

f | ati . by..conbi ni ng. 60% , 70% 2- et hyl.h
norylace. - n<oRuaed PPREEn]he pEn G TARSi bt g oA sohaMN T 806 i b
I rgacure 754 anowire layer maket Bitalid dstthe @ansfehteigdifre. tMorebhenas t he
stability and/or pronote the adhesion of the matrix and the

nanow res. FH3cusgas i woredetall e Example Bribe apnwires carsbe ewyjated o a

pronotes the I . i - e n
e used. BxaraLPebRIhEERRab AR PoER it b BB BlovkRE
Si | quest 131 TehttetedStleatiesds, AhldiOisanthgatiblel wiketheAnteok ndanfastusimgh as

Ci ba | rgonox 1010ff, Ciba_l rl%c))nox 245, Irlgonox 1035 can be used.

Mor eover, adiPEeSSar Paiteraing MPEiTdave's (UhAT priteining methpdsaen alsp

ef ficiency he RN P ok ~ I ; coinitiator can include
any types oﬁjstegfﬁcary de)lérﬁg}r{y@d?’{ﬂtgt@e%mgﬁ%“@és Sartomer CN373, CN

371, CN384, CN386 andhelte. triakerial layeadi® canbelanylzoteptablei Elt oateriat,Hoas
Ci ba Irgacure OXEO1l .can be furt re four

ded. |
exenpl ary pHEETRGRINSENPr %ﬁe‘{ﬂﬁzggﬁ'ﬁf %pg?%‘%c?@]geﬁgfqo%vp &rial
used in bhi el APR) oo BltddverelentiihrfeflaNHcRRY yduchEdhaistire.

() 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
25 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
30 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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20% trinet hyl ol propane triacrylate (TMPTA); 1% adhesion pronoter (CE
Si | quest A1100); 0.1% antioxidant (Ci ba Irgonox 1010ff) and 104%

phot oi ni tig,g)c%oﬁs(ﬂ%(gg | rgacure 754) Fornulation 2 73. 9%]5F %eémi%g
0a

acryl ate; % trinethylol propane triacrylate (TMPTA) si on
pronoter (CGE Si!quest A1100); 150.05% anti oxi dant (C ba |rgonox

1010ff) and é\%tfﬁ%iﬁt@'dﬂiafrg@b@rd 53 mrwgwm -staflE GhtRig s 8 73. 1

% tripropylene glycol diacrylate (T %.t ri met hyl ol propane

tr![acryldat e SEJZWPEF}!?]S@MW@“P@W@WLM@ Qfr andi VR r.gacure 754) 0. 03%
ant 1 oxl dant met hox t
acrylate; 20%trinet h%&@rﬁ@ﬂ an %hw §cbr"’l ?? %t%gﬁw?%wég%%ibgﬁgg %?1

pronot er ( CGarSisLitatsis tasAhlitiatic fbatiganAngxy thendtrctires desgiivean, 1f01.0f f )

and 5% phot oi ni ti ator Ciba | rgacure 754) 5% coinitjator (Sartoner
CN373) 19 pR¥esinig. tF'%lﬂFGngB -1 Génlqed-ﬁ@gr@ @@ﬁ‘}'c coating on a substrate in

need thereof. Thus, one embodiment provides a method for providing
electromagnetic shielding comprising; 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
10 layer including the plurality of metallic nanowires dispersed in the matrix
material, the conductive layer having a surface conductivity of no more than
10%/ .
In certain embodiment, the anti-static coating is optically clear
such that the underlying substrate is visible. In another embodiment, an
15 optically clear substrate (e.g., plastic) coated with nanowire-based conductive
layer can be used as a packaging material for electronics. The optical
transparency allows for a direct visualization of the content in the package.
The transparent conductor structures, their electrical and optical
properties, and the methods of fabrication are illustrated in more detail by the

20 following non-limiting examples.
EXAMPLES

EXAMPLE 1
SYNTHESIS OF SILVER NANOWIRES

Silver nanowires were synthesized by the reduction of silver
25 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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WD 2008/ 046058PCT/ US2007/ 081285 EXAMPLE 8 NANOW RE DI SPERSI ON

A nanow re dispersion, or ink, was formul ated by conbi ni ng about
0.08% wt . idMaes@bRyt O. 36% wt. silver nanowi res, aboutp®y T e
Zonyl (r) 5 FSO-100 and about 99.555% w. water. As an |n|t|§a%lé st ep,
an HPMC stock solution was prepared. An anount of water equal to

about 3/ 8 ofCdrperdtiohaprodasés @drey Qhitirdh sivenamowires atitigiervicds thas does
pl aced in a beaker and heated to between 80C and 85C on a hotpl ate.
Enough HPMC the C%Y@""@"G%OR}NO‘ pRibod ol bisi aﬂphv@tsondamrwam@w\@mn%d
t he hot pl at The 10 HPMC and water m xture was
stirred to ?eﬁ%éraéggt@ﬁﬁre NC The remai nder of the total anount of
wat er was chilled on ice and then added to the heated HPMC sol ution
and stirred at high RPM for about 2%@@ g%e HPMC sol uti on was
filtered through a 4012m 7012m ( abs PhGifi nal ) cuno Bet apure

filter tosrenove undisol PﬁéPﬁ@T@WAMNéWE@ﬁ'%NDN@*@Ra stock
solution of Zonyl(r) FSO- 15 100 was prepared. Mre specifically, 109

of Zonyl (r) FSO 100 til
t he ZO%yf(Z) FSO 100%?‘?{;?%}3% %@'&’I]éﬁ{er‘%@{é@@wmﬁﬁﬁ il
HPMC st ock sbhicktwasnised asek sulzdicaie. Thé B TvéubstHBidGs aol apticely ¢leart he
final ink cq Siti Iaced in a onta ner h he necessar
hoant of bineder. e ek eRaBatssienags Beept PR SaRtae B TPANE 20
final ink Cq%i@!zt i lesdish e fida bthadriVises Bl fidd franepissldn wasmieasuragout

15 min. and the necessary anount of silver nanow res to make about
0. 36% Aglhansing begoethotiolngy in AREM Ph03.i nk conposition were added.

Finally, the necessar am)unt ion
Lo maks about 0. 00506 A1 SCponyp Blsperlerf SheL hataiitst Yaghahsgared.
25EXAVPLE 9 TG divBT RihoVdrdslverd @Uwsreﬁﬁﬁo%@ﬁrrslhwmdwmgnasgmn of
etching and the final pattern formed on a transparent conductor

758. More spergth; dhelspncanteliompfthe siher naaewireshhaNW wegpbpul s %w Vst
formed on a fl, 8%8%.15%0@% ?esuﬁlrtd;’fnaa%p | F:IP&E‘I'FSI@%E XB@ﬁtEO @%egé‘tﬂ?ﬁbh%d on

t he nanow re Iay ccordin ern. matrix was allowed to
dry and p&r tMeletylac Deeides Bpectmaiaxdpiate yeades). I%eaﬂnepersﬁihnmsti'@mnm

R o A R L R e
substrate. As understood by one skilled in the art, other coating techniques can
be employed e.g., flow metered by a narrow channel, die flow, flow on an
incline and the like. It is further understood that the viscosity and shear

20 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

25 transmission and haze were measured using a BYK Gardner Haze-gard Plus.
The surface resistivity was measured using a Fluke 175 True RMS Multiimeter.
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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The transparent conductor sheet was then exposed to an acid- 5
et ching solution, which included 1%l-1NG3, 1% NaNC3 and 5ppm of

KMh04. WO 2008/040s8 F1 gur es 36A shows that w thin one MEMESRPss
etching of the silver nanowi res had begun froma region adjacent to

an area protected by the matrix 760. The dissolution and di sruption

of the nanowire | ayer THasn@vk #etbridlvde\repaRad ByRKHESIRTeiiankPU)

matrix 762. 10Fi gure 36B shows the transparent "‘conduct or sheet two

m nut es i nt dMimeaxeEasi-DiryingvBelgurgthane) fcmnethys eihybketans OMEK:to inena 1:4

di ssol ved and, a wel | - def i.ne attern eper .. FLaur t hat
2t “the end- or ulEols SRS TRE M AT R BEs b @ urB male fiRLs e
been et ched idwire e, shin-tbatiig) JOthee kihdvam Fitahedy inaied drclop example]
with water. The protected area 760 remain 15 conductive. Optionally,

the parti%l |dociardiaterdderes rogh draw-deiy encusialt eeatiag. eache veed.cihe be
further cur ' . T, | A

t he i npact ﬂavlm%ﬁi‘%% é%a é}f%yéguﬂsdlt\l ggl“o%%)s gf %pgﬁ%ﬁ%ﬁ?ﬁf ?ﬁﬁ; g’rq@*)\‘f
KMh04 i n t hahasbRenat MEKNgvaporatbd @nd the tratrspatezial hameded.t Altesatedly, 764
was prepared and patterned as described in Exarg%)l e 9, e]géfeog{ thgt
10ppm of KMHHE CHERY GaRékerplaes B Ayoverh 6. Aliditerinasatyip Pt trfgpabout 2
nanow res \Aqoqﬁgtched away Wi thin 30 seconds of the etching. Figure
37B shows, in higher nmagnification, the well-defined pattern after
etching 10r about 25 dneamspanend.coRtigeioehadily alcoodydivadayensn thea&Er ea

766 in which th ri sent, was not ched ,or.. di.st ur

{he etoni ng womtredAoNIELIPRTERGR s Bt The s be feye st of Bieler
sur f ace- condyigioiniRsdh tHY mblf WA BbAR 1088 thicRnads! aptickl dr @ledtniGals hows
that at the interface between the conductive regi on_and nonconductive

regi on of thwopertieewese maastirrseanchiheorpyltssargrsbowptindePle ever ed and

oxt bnded o the w0 Bb06 DRABS EA TR BBTbEREELE g ke st

region, gse MbrRhgsboFivaly, d BMtSuoschieB00 adnasivel tape pastiinahsapiiet e the

severed wires are shorter than the original |lengths of the wres

prior to et chiriage oEsovmaEixiandiben remerpdidey %’5‘3@%‘3{ PyReGiRge ANy loose

conduct or shgel . Was.RFEPRAEEYeRfvBE HIdHY With iHi8ape. After the tape test, the
optical and electrical properties of the transparent conductor were measured
and the results are shown in Table 2.

20 By way of comparison, a matrix-only film was formed on a PET
substrate (PU/PET) under the same conditions as described above. The
optical properties (light transmission and haze) and the electrical properties of
the PU/PET are also provided in Table 2.

As shown in Table 2, the matrix-only film on PET (PU/PET) had a

25 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

30 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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met hod described in Exanple 7 (e.g., Fornmula 1). A nanow re network

| ayer was fornmed in a matrix |ayer of about 140nmthick. The sheet
was surfacq£Rndieiskve having a surface resistivity of gzoaéﬁmss.
A region o?rthe conductive surface area of the sheet was then 10
protected by an overcoat of about lpmthick. The nanowires were fully

covered by theppY&idiadbnipaialle of Yhp&ric? 16 R Dxiad ﬁtmsg@@.,dgbs%rﬁwd%ri n

this region. The region w thout the overcoat renai ned surface
conduct i ve. PET substrates, wWitieh typidally ratgsciromdid toHdR @bped i nto an acid

et ching solution (20ppm 04, 1% H % f j.hute.

sheet was renobved 15 %ﬁ%ﬁ%@?% Fm‘% %Tﬁgﬁ%%’?rgg{ﬁ%g%ﬁ)%ﬁg@s
The entire s§iQet nAIRAAFER iNANS POURIhAIR matrix had an almdsbidehgicallighiat ed
area, as shown in Figure 38B, silver nanow res_were dissolved into

sol ubl e sP| igansgrisgion)as the barerfilver panaydee Jm emBE aand 7 slightlyshighery| t
i ndicates t hi i KR

10ppm and SB?)ér%el‘ rﬁ%ﬁpﬁggpgtéﬁyaﬁg?%gspectuf;{\?i?y H?g%ﬁ'ﬂi%%g@eiaﬁéﬁg
di ssol uti on tefretsieernmamowireditmnintitating treat teg coating Ui ¢heimatrt mdtesiabdidwas

ﬂgt 1,\,8:] Ee[ a;C/ g{]o_c%%i(i:s;[tti.lr\tl)ethg esﬁ\?(sﬂsn%ﬁ)gtzvgtp:} ?qﬁ%ﬁ%sgg@%]; ﬁé%ﬁ@?&qgl\% fofmed was
t- i ¢ AL
overcoat - pr ?ﬁ@?&g?l@éﬁ%n\ﬂﬁ{aﬁ é‘g@@ﬁ%@b@o@ﬁpbﬁﬁre ﬁ.ﬁrﬁt’g%s:aﬂ\hfy*’t@lﬂ%aﬂo

surface con y Was possl ue 25 tot kness of the
over coat 10 a oddmfiimss(enei WS )Kotnagdon PETesubstratesder neat h t he over coat

(Fi gure 38A). Fi es 38 38B. illustrate that
transpar ent conduct or "21@99'5?%3‘56ﬁ%?%ﬁ??a@r{“‘gé'f%%‘#‘?é?ﬂgta’?‘é{@ég“?%ﬁﬂﬁ to
standard | i tgndRdiyn BEiHROfNspaRht doABdtor, WAl @hg@@ﬁtl;ﬁmcf@%etjhﬁ@haz&
overcoat as illustrated herein. W) 2008/ 046058PCT/ US2007/ 081285
EXAMPLE 12 COLOR FI LTER COATI NGS Table2 Commercial color filters
were coated directly with conductive nanow re filnms. 5Sanple 1 was a
chrome bl ack matrix—wttrcotor—fitters—As—shown T Figure 39A, " 1he
R, G and B col dirarfspdréré Mediaer e Light Trausardssipnf%al | el Heze (Bdch  diasisivitalidt wo
adj acent color filters were separat fromone a her by a arpqyv
780, which prevent sgﬁght transm ssggﬁ bet ween agic')}ascent priw)?é %&gtwg
Sanpl e 1 was surfaggpepnductive in bhe direction gds t he gigavesicivdue
to the netallic content of

AgNW/PET 87.4 476 60
AgNW/PU/PET 87.2 574 60
After tape test 87.2 5.94 60
EXAMPLE 3
15 ACCELERATED H»S CORROSION TESTS

Sulfides, such as hydrogen sulfide (HzS), 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

20 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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10 the black matrix) and registered a sheet resistance of about 40 Q
The sanpl e was not surface conductive across the gr ooves Nanow r es

were coat egghohbfakisy on the entire top surface of Sanpl g difosizg
coat ed sanpl e renal ned surface conductive in the di rectl on a2| ong 7t]§|e
grooves and showed a surface resistance of about 33 C2/ . In 15

addi tion, because the r?ﬂt%%:tetﬁsté&‘ése KOBMB AN GRS iHRhe Yir |4§t§‘<ﬁ.g oHQure

39A), the coated sanple was al so sur ace conductive across
grooves 780 (B3 pahawedbtﬂlosdppla)c Alrtbisi Isteimrqsfomb@upedtéﬁ ta take place

The nanowi re _coating ha ittle eff on_the o roperti

Sl e 1. Tiwef Al sKrARA Ao ah e upnan o poiSires e PREbSan I wes
conpared 20 déélglt%d&%’%‘rémaé‘ﬁnléﬂtréﬁ@tc%@e%?mS%orﬁgi@ncoat ed sanple was
slightly hazier than the plain sanple. The haze in the coated sanple

i ncreasedd fr om about fI'GSMO‘EOQHﬁé qggayakswers kroken iwpieces Bng sgated in a

Sanple 2 wa an I h Qr Vi ng
2o i1 ar A dehoA B el A AtdT et GoERISY Rl ik

25 entirely Stﬂrdésrnfgmteaemmmt)lw& inEeged Mt Isdgsio rabis tmrmé&ezof
coated with a nanowire |ayer. The coated Sanple 2 becane surface

conductive S ﬂﬁ@“dh? egy veWSa|F&+ge@Hét@M6cﬁ/@9lc¢é@|%ﬁ$§ repfiaed the He
surface r es'gc_ﬁa% eri%B%Lf'btt‘Eh%u?@ H}%r arl fﬁﬁ%@iguﬂd .95 of RRGHYSIH tﬁggsg, the
or rre al So

nanow res c to the grooves coat ed sanpl‘e was
surface t@ncgast[ew dmppmls irtdivating dloatebe gasl hat affecied onitiof thegermeablieance

about 120 DA pevereless; he ievelgf e S 05 fRssKe B PEDEO PR Nad
little effefgtreémjs%ﬁaﬁt&d&hemw bf%tatHoéﬁﬁéﬁéﬂ%‘Q&s was 27.5%in_the

coated sanpl™e, whereas i1t was .9% 1 n 5 the un-coated sanple. The
coated sanple was sl i ghharg sﬂaenrmnowr@rﬂ!mm BﬁEMmSemeB@ﬁﬁla@COdeg to

onc 222,09 G ARARER o A8 BRER A, B TR

wet - et chifg THe MnsasEs: tolararlegn wwmﬁtmblhagrs irltiicatihg iSdtane 8ilves Gad welear
had been masked accordin pattern (phy5| cal mask or photoresi st

mask) and sdﬁﬂ@ﬁf@dt&f@alt'ég( F\Izse was dierresck &a doatjastnsolotefinaesdn filns ofe
untreat ed Saéﬁt?éfn%r?o%@% 85&@?&6 3[ &%B@Qgéﬁe%t%eg%a Unil YRS S-Slished

at nuch hi gher
indicating that the polyurethane matrix acted as a barrier to slow down the

permeation of the H;S gas.

20 EXAMPLE 4
INCORFPORATION OF CORROSION INHIBITORS

The following samples of conductive fiims were prepared. A PET
substrate was used for each sample. In certain samples, corrosion inhibitors,
including benzotriazole, dithiothiadiazole and acrolein, were incorporated during

25 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

30 polyurethane matrix.
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15Transparent conductor sanples were prepared by first formng a
silver nanowire filmby spin-coating (or other deposition method) on

subst r at esyigypbdiribgg Pol ycarbonate, glass or PET, W th gestéR670s128s
transparency and conductivity. The silver nanowire film was

subsequently coated with Addi son C ear Wave AC YC-5619 hard coat (by

spi n-coating). The ha@@nﬁ@@é 3-@9&%' [ﬁ’ép&%d‘@sﬁrf’ﬁ!ﬁﬁﬁné%ér@'sWerlflt\énowwe

cured. A mask ) lastic fi havi ng a desired
pattern was firhane P&t sa:bﬁtrate (a:enﬁamtple\m thnereafhen damuﬁ cagfosidme

t ransparent uct or s def ). ned re un 1
be. ot ohed.  THADEH BB SRR AIP L MDA U D5 oBo 5 LA v teral
mnute UV ozone treat BRfipld 8waklor@parddasy cotdnh %GW@K/%\@élu&@%i/ed and
t he sanpl e was i mmersed |n 100% Transene Ag Etchant Type TFS for 10

seconds Wef desnzotiagale (B ireaethv ettivhketane (MBK) andhebaregsiiverdnanavgieng

Phot or esi st

phot or esi st {}ﬁt %I OW'PQ (t,ré? 503%9@5? gW%ﬁ%}dcg%m&tfﬁm@é(f&é? ﬁ-%ot\r/’m‘é“rn?aat BX 1 m
(with a har dn@t@ﬁél)ofwﬁmeméﬁ@ﬂeU? IndVlEK(l‘mght accordl ng to a desired
pattern, the photoresist material cures into a mask. The 5

transparent conduct or SSEIRK é%ﬂ?a?feﬁér@&}ffﬁéﬁnﬁ?r@ﬁfaélﬁgé'n@”’\é%&fed
fol l ow ng ”?:ﬁthfbrtﬁ’iﬁﬁéﬁ I@ﬁ’ﬁ%r Q@Q RS PURRAEK E)ftr ’ﬁﬁlo% o%%ﬂﬁltl‘?é 1

and 2, which were eate y oxygen Sna an ozo
respect i@l ynathmmtemimmmmsllm n@nowiraifitne. r esi st | vity) 10 within

10 seconds of etching, In ¢ arison, untrea
conductive after 6 ni RGh4de gg‘?%"’c%"ﬁpﬁffd% ftrSté'pp'“ ﬁﬁ?f%ewanowweﬂm
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bare silver nanowire film.
The optical and electrical properties of the Samples 1-6 were
measured before and after an accelerated H;S treatment, as described in
20 Example 3. The results are shown in Figures 32A, 32B and 32C.
Figure 32A shows the light transmission measurements of
Samples 1-6 before the H;S treatment and 24 hours after the H2S 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
25 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
30 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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inhibitor dithiothiadiazole was effective in protecting the silver nanowires from
being corroded.

Figure 32B shows the resistance measurements of Samples 1-6
before the H,S treatment and 24 hours after the H,S treatment. For purpose of
comparison, the decrease of the resistance for each sample is also graphed.
As shown, all but Sample 4 experienced dramatic increases in their resistances
and effectively became non-conductive, although the onset of the degradation
in electrical properties was significantly delayed for some samples. Sample 4
had only a modest increase in its resistance. It is noted that the impacts of HyS
on Sample 4 and Sample 5 differed considerably, despite that both Samples
had the same corrosion inhibitor (dithiothiadiazole). This implies that the
coating processes may affect the effectiveness of a given corrosion inhibitor.

Figure 32C shows the haze measurements of Samples 1-6 before
the H2S8 treatment and 24 hours after the H.8 treatment. For purpose of
comparison, the change in the haze for each sample is also graphed. All the
samples showed increases in their haze measurements. With the exception of
Samples 1 and 8, the haze was within acceptable range (less than 10%) for
each of Samples 2-5.

Sample 4 was shown to have the best overall performance in
withstanding the corrosive H.S gas. By incorporating the corrosion inhibitor
(dithiothiadiazole) in the matrix, the fransparent 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 H2S. [t is therefore expected that transparent
conductors prepared similarly as Sample 4 would fare even better in the

presence of the atmospheric HoS.

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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Specifically, silver nanowires of around 70nm to 80nm in width
and around 8um in length were deposited on an Autoflex EBG5 PET substrate.
The substrate was treated with Argon plasma prior to the deposition of the
nanowires. A network layer was formed according to the method described in

5 Example 2. No matrix material was applied to the networks prior to the
pressure {reatment. The Trials listed in Table 2 were carried out using a single
stainless steel roller on a rigid bench-top surface. The area of the network layer

freated was from 3 to 4 inches wide and from 3 to 4 inches long.

Table 3
Trial 1 Trial 2
Process R {Q/square) R (Qfsquare)  Transmission (%) Haze (%)
(original) 16000 400000 88.2 3.34
1 roll @ 340 psi 297 690 87.3 3.67
1 roll @ 340 psi 108 230 87.2 4.13
1 rolt @ 340 psi 73 127 86.6 4.19
1 roll @ 340 psi 61 92 87.1 4.47
1 roll @ 340 psi 53 86 86.6 4.44
Ar plasma 38 62 88.0 4.18
10
Prior to any application of pressure, the network layers had the
resistance indicated in the “original”’ row (the network layers were not pre-
treated with plasma.) Each row of Table 3 indicates a subsequent single roll
across the network layer at approximately 340 psi.
15 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 frial is as listed in the fourth
and fifth columns, respectively. As shown, it was determined that the
20 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 fo a network

layer by a roller can reduce the light transmission of the layer and increase the
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haze. As shown in Table 4 below, a washing process following the pressure
treatment can further improve the transmission and reduce the haze of the

network layer.

Table 4
Process Resistance (M0}  Transmission (%) Haze (%)
{original) 700,000 86.4 4,77
2 rolls @ 340 psi 109 85.6 524
soap & water wash 44 86.0 4.94
Ar plasma 24 85.9 4.81

As shown in Table 4, application of pressure to a network layer by
twice rolling with a single stainless steel bar at approximately 340 psi on a rigid
surface reduced the light transmission and increased the haze of the network
layer. Washing the network layer with soap and water after the rolling,

10 however, increased the transmission and decreased the haze. An argon
plasma treatment further improved the transmission and haze.

Washing the network with soap and water without rolling is also
effective at improving the conductivity to some extent. |

Following the pressure or washing treatments, a matrix material

15 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
20 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
25 the holders 730. The mask 736 was a glass slide having a array of dark lines
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738 of about 500um wide. The matrix material was then irradiated under a
Dymax 5000 lamp for 90 seconds. The matrix material cured in the regions
exposed to light and remained liquid in the regions that were masked by the
dark lines.

Figures 34A-F show images of a photo-patterned conductive layer
under an optical microscope. Figure 34A shows a conductive film 740
immediately after photo-curing (5x). The lighter region 748 was exposed to UV
irradiation and cured. The darker region 744 was masked from the light
exposure and the matrix material therein was uncured. Conductive film 740
was further subjected to an adhesive tape or a tacky roll treatment to remove
the uncured matrix material and the nanowires in the uncured region 744.
Figure 34B shows the conductive film 740 after the adhesive tape treatment
(5x), in which the cured region 748 appears much lighter than the uncured
region 744. At higher magnification (Figures 34C and 34D, 20x), it can be
observed that the uncured region 744 has a lower concentration of nanowires
than the cured region 748. This contrast is more apparent in Figures 34E and
34F (100x). It was further observed that, following the adhesive tape treatment,
the concentration of the nanowires dropped below the percolation threshold in
the uncured region 744. Electrical measurements using fine probe tips showed
that the uncured region 744 was non-conductive.

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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Photo-patterning therefore produces conductive regions and non-conductive

region according to a predetermined pattern.

EXAMPLE 7
PHOTO-CURABLE FORMULATIONS

The matrix material described in Example 6 can be formulated by
combining an acrylate monomer {or prepolymer, as defined herein), a multi-
functional acrylate monomer (or prepolymer) and at least one photoinitiator.
Any acrylate monomers or prepolymers can be used, such as epoxy acrylates,
more specifically, 2-ethylhexyl acrylate, 2-phenoxyethyl acrylate, lauryl acrylate,
methacrylates, and the like. Any multi-functional acrylate monomer (or
prepolymer) can be used to promote the formation of a crosslinking polymer
network. Examples include trimethylolpropane triacrylate (TMPTA),
tripropylene glycol diacrylate, bisphenol-A diacrylate, propoxylated (3)
trimethylolpropane triacrylate, dipentaerythritol penta-acrylate. Any
photoinitiator, for example, ketone based initiators, can be used. Specific
examples include: Ciba Irgacure 754, phenyl ketone such as Ciba Irgacure 184,
a-hydroxy ketones, glyoxylates, benzophenone, a-amino ketones and the like.
More specifically, a fast-curing formulation can be prepared by combining 60%-
70% 2-ethylhexyl acrylate, 15%-30% trimethylolpropane triacrylate and about
5% Ciba lrgacure 754.

Other additives can be added to enhance the stability and/or
promote the adhesion of the matrix and the nanowires. For example, an
adhesion promoter (e.g., silanes) that promotes the coupling between organic
matter and inorganic matter can be used. Examples of the silane-type
adhesion promoters include GE Silquest A174, GE Silquest A1100 and the like.
Antioxidants such as Ciba Irgonox 1010ff, Ciba Irgonox 245, Irgonox 1035 can
be used. Moreover, additional or co-initiators can be used to promote the
efficiency of the photoinitiator. Examples of coinitiator can include any types of
tertiary amine acrylates, such as Sartomer CN373, CN 371, CN384, CN386
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and the like. An additional photoinitiator such as Ciba Irgacure OXEQO1 can be
further added.
Below are four exemplary photo-curable formulations suitable as
the matrix material used in this example:
5 Formulation 1
75% 2-ethylhexyl acrylate;
20% trimethylolpropane triacrylate (TMPTA);
1% adhesion promoter (GE Silquest A1100);
0.1% antioxidant (Ciba Irgonox 1010ff) and
10 4% photoinitiator (Ciba Irgacure 754)
Formulation 2
73.9% 2-ethylhexyl acrylate;
20% trimethylolpropane triacrylate (TMPTA);
1% adhesion promoter (GE Silquest A1100);
15 0.05% antioxidant (Ciba Irgonox 1010ff) and
5% photoinitiator (Ciba Irgacure 754)
Formulation 3
73.1 % tripropylene glycol diacrylate (TPGDA)
22.0 % trimethylolpropane triacrylate (TMPTA)
20 4.9 % photoinitiator (Ciba Irgacure 754)
0.03% antioxidant (4-methoxyphenol)
Formutation 4
68% 2-ethylhexyl acrylate;
20% trimethylolpropane triacrylate (TMPTAY);
25 1% adhesion promoter (GE Silquest A1100);
0.1% antioxydant (Ciba Irgonox 1010ff} and
' 5% photoinitiator | (Ciba Irgacure 754)
5% coinitiator (Sartomer CN373)
1% photoinitiator Il (Ciba Irgacure OXE01)
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EXAMPLE 8
NANOWIRE DISPERSION

A nanowire dispersion, or ink, was formulated by combining about
0.08% wt. HPMC, about 0.36% wt. silver nanowires, about 0.005% wt. Zonyl®
5 FS0O-100 and about 89.555% wt. water. As an initial step, an HPMC stock
solution was prepared. An amount of water equal to about 3/8 of the total
desired volume of nanowire dispersion was placed in a beaker and heated to
between 80°C and 85°C on a hotplate. Enough HPMC tc make 0.5% wt.
HPMC solution was added to the water and the hotplate was turned off. The
10 HPMC and water mixture was stirred to disperse the HPMC. The remainder of
the total amount of water was chilled on ice and then added to the heated
HPMC solution _and stirred at high RPM for about 20 min. The HPMC solution
was filtered through a 40um/70um (absolute/nominal) Cuno Betapure filter to
remove undisolved gels and particulates. Next a stock solution of Zonyl® FSO-
15 100 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 o make about 99.555% wt. water solution in the
20 final ink composition was added. The solution was stirred for about 15 min. and
the necessary amount of silver nanowires to make about 0.36% Ag nanowire
solution in the final ink composition were added. Finally, the necessary amount
of the ZonyI® FSO-100 stock solution to make about 0.005% wt. Zonyl® FSO-

100 solution was added.

25 EXAMPLE ©
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-

30 curable acrylate was deposited on the nanowire layer according to a pattern.
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EXAMPLE 10
ACID-ETCHING (2)

Figures 37A and 37B show the impact to the etching rate by using
20 a higher concentration of KMnQy 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 eiching. Figure 37B
shows, in higher magnification, the well-defined pattern after etching for about
25 one minute. Figure 37B aiso 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

30 portions of these severed nanowires that, prior to etching, extended into the
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EXAMPLE 11
ACID-ETCHING (3)

5 A transparent conductor sheet was prepared according to the
method described in Example 7 {e.g., Formula 1). A nanowire network layer
was formed in a matrix layer of about 140nm thick. The sheet was surface-
conductive having a surface resistivity of about 5000/ .

A region of the conductive surface area of the sheet was then

10 protected by an overcoat of about 1um thick. The nanowires were fully covered
by the overcoat and no surface conductivity was detectable in this region. The
region without the overcoat remained surface conductive.

The entire sheet was then dipped into an acid etching solution
(20ppm KMnQy4, 1% HNO3, 1% NaNO3z) for a minute. The sheet was removed

15 and rinsed with water and dried under N; flow. The entire sheet became non-
conductive.

In the uncoated area, as shown in Figure 38B, silver nanowires
were dissolved into soluble silver salt despite the presence of the matrix. This
result indicates that higher concentration of KMnO4 (20ppm compared to

20 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

25 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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and two adjacent color filters were separated from one another by a groove
780, which prevents light fransmission between adjacent pixels. Sample 1 was
surface conductive in the direction of the grooves (due to the metallic content of
10 the black matrix) and registered a sheet resistance of about 40 (3/ . The
sample was not surface conductive across the grooves.
Nanowires were coated directly on the entire top surface of
Sample 1. The coated sample remained surface conductive in the direction
along the grooves and showed a surface resistance of about 33 Qf . In
15 addition, because the nanowires were coated conformally, (see, Figure 39A),
the coated sample was also surface conductive across the grooves 780 and
showed a surface resistance of about 100 Qf .
The nanowire coating had little effect on the optical properties of
Sample 1. The light transmittance was 18.2% in the coated sample, compared
20 to 19.2% in the un-coated sample. The coated sample was slightly hazier than
the plain sample. The haze in the coated sample increased from about 2.7% of
the plain sample 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
25 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

30 also surface conductive across the grooves and showed a surface resistance of
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about 61 Q/ . Overall, a bulk surface resistance was measured at about 120-
130 & .

Optically, the nanowire coating had little effect to Sample 2. The
light transmittance was 27.5% in the coated sample, whereas it was 26.9% in
the un-coated sample. The coated sample was slightly hazier than the un-

coated sampie, increasing from about 1.4% to about 4.8% in haze.

EXAMPLE 13
SURFACE PRE-TREATMENT

Transparent conductor samples were patterned by wet-etching
process. Prior to etching, the transparent conductor had been masked
according to a pattern (physical mask or photoresist mask) and surface-treated
in the unmasked regions. Compared fo the untreated sample, surface-treated

transparent conductors were etched at much higher rate.

Using Physical Mask:

Transparent conductor samples were prepared by first forming a
silver nanowire film by spin-coating (or other deposition method) on substrates
including Polycarbonate, glass or PET, with desired transparency and
conductivity. The silver nanowire film was subsequently coated with Addison
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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listed in the Applicati@Plediilpsipissa Prcess ALhyishiapal TRBED Whish a
ref erence, 'c%?wg%@étgrﬁﬁtt\héf&é’ed. ':I?@B\A}'iﬁgarfé %%%f?i n@ﬂsﬂn& ti¥atrhefepatterning

appreci at ed hough specific nts of the I nvention
have been dasimg 5%dTaesenanAf dtcipant Jype I FSf credtied st pattarner trepspanent

difi I be _mad i t.hout . i at.i f the.spirit
of the' | yerarorboRgeb sy ifor B rop& ity i Reldbo BRUBE °he
by the appengigtbidhant hasFelidRd transparent conduktorAiirh Plealcopauede Wighdute

conpri si ng: _ .
completely removing the nanowires.

20
Sample 1 — pretreated with oxygen plasma

Total etch time Initial | 10 sec
0, Film Resistivity (ohm) | 66.4 | infinite

Plasma 2 pt Contact e
Treated Resistance {ohm) 70 infinite

Film % Transparency 876 | 90.0

% Haze 2.33 1.10

Sample 2 — pretreated with UV Ozone

25
Total etch time Initial | 10 sec
uv Film Resistivity (ohm) 63.5 | infinite
Ozone 2 pt Contact
Treated | Resistance (ohm) | ©° | 1100
Film % Transparency 87.8 | 90.2
% Haze 2.33 1.10
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a first transparent conductive layer including netal nano wres,
wherein the metal nanowires are at or above an electrical percolation
level ; andyq 2008/046058 a second transparent conducti VePé'ﬁﬁ?ﬂlmmszzss
posi ti oned ove the first transparent conductive |ayer and separated
t herefrom by a spacer, the second transparent conductive |ayer

i ncl udi ng ,nipaovm res, wherein the nmetal nanowires are at or
above the eI PlechT UidPat%t i on | evel ; wherein at |east one of the
first transparent conductive layer and the second transparent
conducti ve |l ayer i9_fuFetaletchdimg ed| Jpitiel 119 $esns3ffeen16056e | chmin | (Bain
transpar ent] over codtFilmBésistiviseformp| uzd i | OO0 |cotbiaidt 1305 padddi tl| eig34t
bel ow t he glisrdietteddl pex piadamtacon | evel . i h
screen devi|ce Hiin cljai Redistaimer(ehm) t 1ee)(?onddép? ve18%9ti (Poeos a?é: ITO,1M

ZnO, doped |ZnO, netjal k4 TraRgReMdyes] &&Y al Ig7o Namgtauless ocar 8n | 8s.2

nanotubes, jor a m XTUre §NRILoT. 228 | 216 [32.0009 DYECT S@HEEM 05
devi ce of ctrarmt—wherernmthe transparent overcoat as a surface

resistivi y &, e 4. A multi-layer
structur eé coﬁ%@ﬁ3|%ga&%’tégg&i/a%§t e; a conductive |ayer
for n tle—substr ate wher-e-r—the—condycti-ve—tayer—conprises

f;)r ;rtEdpf)uri| i ty of gf ?tﬁh "mﬁn\u ' algi¥i } Paﬁﬂ\a Y\flﬁggl 1 ;“gb.s.r‘?"p a
netal lic nangyi £5 ‘@ﬁ@ﬁ’ﬁwﬁﬁﬁpm) 18504 p§ fal tEFﬁ‘mtel P\Rﬁ“te and an
overcoat far ol the%ﬁbﬁd@t@@h ve laygy, |t hegpver|ga@liel (N nGRkPOr ati ng
a second pliufliohy ofessiraoetonte particles. the second |pluraliky of
conductive jparti cljes %diragpbehow t he8Zbe¢t r BE&l peBCd@ dat i 80| elvel .

5. The mul tli -l ayerf structugmee of cl ai pi74 whepasdn tlhe gonduguyove
particles are TTQO ZnO, dopeéd ZnO, netallic nanowres, netallic

nanot ubes, carbon nanotubes, or a m xture thereof. 6.
The mul ti -I ayer structure of cl ai m gywh@set ngt he conductive |layer and
the overcoat are optically clear. 7. The nulti-layer
structure of claim4 having a surlf@seLE BaTERNNG y of | ess than

10612/ 0. 8. A touch screen device conprising a

mul ti-layer structureAhsuspegsion of HPMC, sﬂvelanmmvdmstdndawateyws wherei n
t he conductive | ayer_c rises a first Iurall

nanovi r ¢l0 tﬁﬁ%p?rieF’stThﬁlﬁr;BB?'i‘?‘W s relardated AaadlpreaRls ot tin
el ectri cal bﬁfe‘ fﬂﬁ\ch NG nMdhires in a HPMC mafix O RECRAHuRENBEeron

t he conductl ve ayer e overcoat incorporating a second plurality

of conduct i mmmttqadiy elear twith aroptindl fraosralssiop (%T)Gﬁﬁbguw&@/md hadees

bei ng bel ow [ ct rcol a
touch screerf A‘tﬁ) <§|a§1 H‘Eg%\?ﬁ{‘épih%c?wﬁ" @}5%@8{ SRS ighygusiacg:s Z’nfj"l'%ﬁ’e
ZnO, doped Zgifp a KBS tsidtiRMEB AlRsut 26®b/al | | ¢ nanot ubes, carbon
nanot ubes, or a m xture thereof. )
15 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
20 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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10. The touch screen of claim8 wherein the conductive |ayer and the

overcoat are optically clear.

11. The touch screen of

cl ai m 8 hayjguhodogblsf ace resistivity of less than | okVersioornsizss

10

15

20

nanowires were broken or were likely to have been converted to an insoluble
and insulating silver salt such as silver chloride (see, e.g., Figure 40B.)

As a comparison, Figure 41 shows a silver nanowire-based
conductive film that was treated with a stronger and more concentrated
oxidizing agent: 30% hydrogen peroxide. As shown, in the treated region 824,
nearly all of the nanowires and the organic HPMC matrix were dissolved. The
optical properties in the treated region 824 and the untreated region 826 are

notably different.

EXAMPLE 15

A suspension of HPMC, silver nanowires and water was
prepared. The suspension was spin-coated on a glass substrate to form a thin
conductive film of silver nanowires in a HPMC matrix. The conductive layer
was optically clear, with an optical transmission (%T) of about 89.1%, haze
(%H) of about 3.02% and surface resistivity of about 45 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 o the TCNQ solution varied with amount of time exposed.

Table &
Before Soaking 10 sec. 20 sec. 60 sec.
%T 89.1 89.3 90.0 1.3
%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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EXAMPLE 16

The change in resistivity of a treated region may also be
controlled depending on the chemical used to treat the region of altered
resistivity. A transparent conducting sample was prepared as described above
in example 15. A region of the sample was soaked in a solution of Pd(AcO).
and ACN (1mg/mL) for varying amounts of time. The sample was then rinsed
twice with ACN and dried in a nitrogen atmosphere. Table 6 below shows the
change in optical characteristics (tfransparency and haze) and resistivity as a

function of the amount of time the sample was exposed to the solution.

Table 6
Befare Soaking 1 min. 11 min. 35 min. 66 min.
%T 8a5 89.4 89.2 88.7 88.5
% 2.80 2.82 2.81 2.66 2.56
Ohm/Sq. 51 47 58 173 193

As illustrated by a comparison of Tables 5 and 6, the amount the
resistivity of the exposed region changes with time can vary depending on the

chemical the region is exposed to.

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/ecm?. The conductor was then baked for 60 seconds at 110°C.
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The photoresist was then developed with AZ300MIF developer, rinsed
and spun dry. The conductor was then exposecf to Transene silver etchant for
10 seconds, rinsed and spun dry. The photoresist was then stripped using
Acetone. The transparent conductor was overcoated with Polyset PCX35-39B
at 2.5% dilution in PGME and then cured for 45 min. at 180°C. The resulting
patterned transparent conductor had a line-width of from 5um to 10um. Larger
pattern line-widths have also been obtained using photoresist and other
patterning methods disclosed herein. For example, line-widths from 10um to
300um and 10um to 50um have been obtained.

All of the above U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent appiications and non-
patent publications referred fo in this specification and/or listed in the
Application Data Sheet, are incorporated herein by reference, in their entirety.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as

by the appended claims.
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CLAIMS

1. A 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
Ievel; 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.

2. The touch screen device of claim 1 wherein the conductive particles are
ITO, ZnO, doped ZnO, metallic nanowires, metallic nanotubes, carbon nanotubes, or a mixture

thereof.

3. The touch screen device of claim 1 wherein the transparent overcoat has a

surface resistivity of at least 10°CY/00.

4. 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 in
corporating a second plurality of conductive particles, the second plurality of conductive

particles being below the electrical percolation level.

101



5. The multi-layer structure of claim 4 wherein the conductive particles are
ITO, ZnO, doped ZnO, metallic nanowires, metallic nanotubes, carbon nanotubes, or a mixture

thereof.

6. The multi-layer structure of claim 4 wherein the conductive layer and the

overcoat are optically clear.

7. The multi-layer structure of claim 4 having a surface resistivity of less

than 10°Q/0.

8. A touch screen device comprising a multi-layer structure having:

a conductive layer, 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.
9. The touch screen of claim 8 wherein the conductive particles are ITO,
Zn0O, doped ZnO, metallic nanowires, metallic nanotubes, carbon nanotubes, or a mixture

thereof.

10.  The touch screen of claim 8 wherein the conductive layer and the overcoat

are optically clear.

11.  The touch screen of claim 8 having a surface resistivity of less than

10°Q/m.
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