WO 2011/ 106438PCT/ US2011/ 025941 NANOW RE- BASED TRANSPARENT CONDUCTORS AND
METHODS OF PATTERNI NG SAME CROSS- REFERENCES TO RELATED APPLI CATI ONS Thi s
appl i cat iwo 20l1zi0ms8t he benefit of U S. Patent Applicati @aTASh01/01PAT12, 096
filed February 24, 2010, and U. S. Provisional Patent Application No.

61/ 442,693 filed February 14, 2011. Al of these applications are

i ncorporated herein ANSNVGIRFLBASED ITRANSPARENT CONDBEFGREUND Techni cal
Field 10This invention is related to transparent conductors, nethods of

manuf act uri ng and patter nANP MeTHAQRS OkrfdAEPbRNING SAME her eof Descri ption
of the Related Art Transparent conductors refer to thin
conductive filns coated on high-transm ttance surfaces or substrates.
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optically tHeQ@ﬁ]Ft?l’@lfé}mn@@qh fleacdntireés.conductivity to dielectric surfaces
such as glass and polyneric films. However, netal oxide films are fragile

and prone to damage during bendi ng or other physical stresses. They al so
require el ition tenperatures 25 and/or high annealin
terrperatur%g&é%ﬁg@ﬁe hi gh conductivity | evels. There al so maygbe i ssues
with the adhesion of nmetal oxide filnms to substrates that are prone to
adsor bi ng noi sture such as plastic and organi c substrates, e.g. WO
2011/ 10643d3r—ChnidaPPikld 025941 pol ycar bonates. Applications of netal oxide
films on flexible substrates are thergfore severelg limted. |In, addition,
Ao
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patterni ng processes such as photolithography.

Description of the Related Art

Transparent conductors refer to thin conductive films coated on
high-transmittance surfaces or substrates. Transparent conductors may be

15 manufactured to have surface conductivity while maintaining reasonable optical
transparency. Such surface conducting transparent conductors are widely used
as transparent electrodes in flat liquid crystal displays, touch panels,
electroluminescent devices, and thin film photovoltaic cells, as anti-static layers
and as electromagnetic wave shielding layers.

20 Currently, vacuum deposited metal oxides, such as indium tin oxide
(ITO), are the industry standard materials to provide optically transparency and
electrical conductivity to dielectric surfaces such as glass and polymeric fims.
However, metal oxide films are fragile and prone to damage during bending or
other physical stresses. They also require elevated deposition temperatures

25 and/or high annealing temperatures to achieve high conductivity levels. There
also may be issues with the adhesion of metal oxide films to substrates that are

prone to adsorbing moisture such as plastic and organic substrates, e.g.



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

hi gher opwocali/mbser ption (particularly at visible wavelPpemgtshei/oesapar ed t o
the metal oxide filnms, and suffer fromlack of chem cal and | ong-term
stability. 10Accordingly, there remains a need in the art to provide
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transm ssion and a second,haze;, and wherein the etch [ eqi i s |
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resistivitBRIEFFSUMMARYNsSM ssion and a first haze and (2) an 5 etched

region having a second resistivity, a second transm ssion and a second
haze; & wherein t hdranspasent eayidvetars based opgecttealyecansiustive 8apawiresed

region, a ratio of the first.resigstivit ret IStivity is at
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One embodiment describes an optically uniform transparent

conductor comprising: a substrate; a conductive film on the substrate, the

conductive film including a plurality of interconnecting nanostructures, wherein a

pattern on the conductive film defines (1) an unetched region having a first

25 resistivity, a first transmission and a first haze and (2) an etched region having a

second resistivity, a second transmission and a second haze; and wherein the

etched region is less conductive than the unetched region, a ratio of the first

resistivity over the second resistivity is at least 1000; the first transmission differs

from the second transmission by less than 5%. In a more particular embodiment,

30 ;the first haze differs from the second haze by less than 0.5%.



15 internmediate resistivity, wherein a first ratio of the first
Internmedi ate resistivity over the second internediate resistivity is |ess

t han 1000woand/tes8i ng t he conductive filmsuch that thecetush@d/oezdgi on has
a first final resistivity and the unetched region has a second fi nal
resistivity, wherein a second ratio of the first final resistivity over the

second final resi st XigiithdSorfbodi ph8Afes AR Gt BeimBhisdie dorigyon 20
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2011/ 10643350 ESRAHEORTRI tRESEESPrEnsiAlssiHrPbIesS thaRb%. M nfnee of
these elenents are arbitrarily enlarged and positioned to i nprove draw ng

| egi bi | i t yparfioutahemboudinenptar thecfilshhazddiffess &bt the sdoonditagedy ldsatrarar e not
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Figure 3 illustrates the absorption spectrumof a silver nanowire 10 | ayer
on a pol yetheyaoaductive Blphaecarding toramatieyadedravide (1) an unetched regigire 4 is a
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di anet ers of nanowi res. igure 6 shows an SEMinmage of a single silver
nanow r es the second intermediate resistivity is less than 1000; and heating the conductive

film such that the etched region has a first final resistivity and the unetched region
has a second final resistivity, wherein a second ratio of the first final resistivity
over the second final resistivity is at least 1000, and wherein the etched region

20 and the unetched region are optically uniform.

In various embodiments, the etchant includes an oxidizer and a
halide. In more specific embodiments, the oxidizer is FeCls, CuClz, HNOs, I3,
H,O,, or Oy, and the halide is chloride or iodide. All combinations of the oxidizer
and the halide are within the scope of this disclosure. In more specific

25 embodiments, the etchant comprises FeCl; and HCI, or the etchant comprises

CuCl, and HCI, or the etchant comprises HNO3; and HCI.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
In the drawings, identical reference numbers identify similar
elements or acts. The sizes and relative positions of elements in the drawings are

30 not necessarily drawn to scale. For example, the shapes of various elements and



connecti ng between two netal contacts. Figure 7 illustrates a
network of filanentous proteins that function as biological tenplates for a
t ranspar eno 20 0MGL3B OF . Figure 8 il |l ust paras2@1pedtei n
scaffold coupled to conductive particles 20 via various binding sites.
Figure 9 illustrates the formation of a conductive network of biol ogical

tenpl at es bagpgidsie NBEdEAUP] Skhlef ams sORbaIf thawPéleARhts are arbitrarily  Fi gure
10A illustrates schematically an enbodi rent of a netal nanow res-based

t r anspar ent eslangkd and pogitiched te imp®veldrawinglegiliy hEndhet dne padisotaier

enbodi ment of a netal nanow res-based transpare condu r. ¢Fi 10C
shows schenBf@res ?{;ﬁﬁ ‘#‘?IPFW(?@%W ﬂ@n?oatd? egdﬁatt%f:oﬂ\éﬂgéﬁf @fgrzg@ée{[?%
transparent n{?ﬁ&i‘r\gttﬁé acfua8hsbe BPiHd PASicGiar EREnERE M REvébBef¥BRERE On a
surface of the transparent conductor. 30Fi gure 10D shows an SEM i mage of

si | ver nanogblepsfopease oflrewggaitiondh the sloawiags. of the transparent conductor.
WO 2011/ 106438PCT/ US2011/ 025941 Figure 10E i|lustrates schematically

anot her enbodi nent of FQURR{d$ arkehematicdlustrationiof ATBNOWIFR- conduct or. Figure

1CF illustrates SChe”ﬁ@u\fM@?hy aa%raythtilidsltr%\‘lﬁ% tlic% Iégﬁééfé&o ﬁg%I%g@?ﬁiEQW%ir ent

conductive | ayer coate a ace-condu e overco gure

i |1 ustrat essig&he@mbemipbids at Larsewaoskagdireesttlight. a metal nanowi res-based
transparent conductor having a multi-layer structure. Figure 12

shows a transparent cbigiie8ailusitates the absauptionyspestays of gisilveoRar@Wir§ering a
vapor p%selaiygpiort]) iat ;?orlyétgyl?lle%é 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.
15 Figure 6 shows an SEM image of a single silver nanowires
connecting between two metal contacts.

Figure 7 illustrates a network of filamentous proteins that function as
biological templates for a transparent conductor.

Figure 8 illustrates a protein scaffold coupled to conductive particles

20 via various binding sites.

Figure 9 illustrates the formation of a conductive network of
biological templates based on the coupling of associate peptides.

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

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

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

30 Figure 10D shows an SEM image of silver nanowires protruding out

of a surface of the transparent conductor.



Fi gures 13A-13D show an exanple of a fabrication process of a 10
transparent conductor. Fi gure 14A shows an exanple of a

fabri catiwo2pricivesss of a transparent conductor by web c®amiusge11/025941
Figure 14B shows anot her exanple of a fabrication process of a transparent
conductor by web coating. 15Fi gure 15A shows a web coating systemand a

flow process for fabFigaé 0B iFRJsftfaQéls;M@ﬂéti@l?chmmr.embodiment of a riefglir e
15B shows an SEM i mage of a conductive |ayer tollow ng a post-treatnent of

pressure apahowises-basedirgusparentpendCt@how an exanpl e of a | ami nati on
process. 20Figures 1ZA-17 how, anot her_  ex e ] ' . SS.
Figure 18 shows an e Mﬁ’ SOEfll?%r&t%s_ ﬁ@l‘%’ﬁ?%g aa%!%ﬁ‘&&%ﬁ@?‘*’%;%&'ﬁ@?gures
19A- 19B shgun &0, 8xeERRichle Taye? RohitiéPWih BirRrBaldndiueting ob&rbad sui t abl e
for a web coating process. Fi'gure 20 shows a partial systemand a process

of fabrbcating a 25 Paurenddktlstrates schrematicatiy@ufcrtber embgdireentaf & melar e
SEM i mages showi ng the conformalit ased ,transparent

conduct or PaNeYiIres-gased trgn;sgargnbpg%qyo({t’orr na'ré]é\émﬁ{‘glﬁﬁ%}‘ﬁrsﬂ $§ t enperature
e ol i e BRI eahi dfyeTaRe 225
one enbodi faaeirvoir for delivering a vapor phase inhibitor (VPI). ,
Figures 13A-13D show an example of a fabrication process of a
10 transparent conductor.
Figure 14A shows an example of a fabrication process of a
transparent conductor by web coating.
Figure 14B shows another example of a fabrication process of a
-transparent conductor by web coating.
15 Figure 15A shows a web coating system and a flow process for
fabricating a transparent conductor.
Figure 15B shows an SEM image of a conductive layer following a
post-treatment of pressure applicatidn.
Figures 16A-16C show an example of a lamination process.
20 Figures 17A-17C show another example of a lamination process.
Figure 18 shows an example of photo-patterning a conductive layer.
Figures 19A-19B show an example of a continuous photo-patterning
method suitable for a web coating process.
Figure 20 shows a partial system and a process of fabricating a
25 patterned transparent conductor.
Figures 21A-21B are SEM images showing the conformality of a
nanowire-based transparent conductor film.
Figure 22 is a graphic representation showing temperature
resistance of nanowire-based transparent conductor film.

30 Figure 23 is a cross-sectional view of a switching device of a TFT

backplane according to one embodiment.



WO 2011/ 106438PCT/ US2011/ 025941 Fi gure 24 shows a display

devi ce conprising transparent el ectrodes based on netal nanow res.

Fi gure 25wehows10e438r oss- secti onal view of a LCD based omCa/usop1@aiosl TFT
according to one enbodi nent. 5Fi gure 26A shows a cross-sectional view of a
color filter substrate in a TN node LCD accordi ng to one enbodi nent.

Fi gure 26B shows a CFpgipe 98Ghodcd d)ﬁgﬁg-dﬁvi@ @@!ngfismgltiaefsEatd@ﬁbummdbs an
| PS node LCD according to anot her enbodi nent. Figure 27 shows a

cr oss- sect based oninestabfiarovRB#®. accor ding t o one 10 enbodi nment.

Fi gure 28 shows a touch sgreen device conprising t txansparent_conductors
based on netal nanomF@@é? 25 Shows a cross-gechgpa \Q%ﬂoiﬁc}v(\éstqﬁgegﬁﬂo%foﬁ)@
transparen f\eoﬂl‘}l"%{:%r%i t&rf% WidddRyescoats in a touch screen device.

15Fi gure 2 Ashows "8 "6 junctiron solar cell structure according to one
enbodi ngnt . Figure PB8WwhowRo8 cedwsveectiohat vewjafractolomfilesisabsiratel in

structure according to another enbodi nent. Fi gure 290
shows a muatliN mase iGR asepwting &9 pneemkadinenticcor ding to 20 anot her

enbodi nent . Fi gur S | o] . I.C q ' ane
enbodi ment. Figure 3%%&%@?5&%@% %gf&ﬁgﬁéé:gggé '&%@ﬁ*@ 0 I&ﬁﬁgrggggﬁt%rhﬂ
freshly cogkersessdy oUESacddr@MpaodMtisiasbadigentght transni ssion of six
sanpl es of 25 conductive filnms before and after an accel erated H2S

corrosion test. Fi guFigus2B7shows a hwssesicioaalodewiof giRDBAagspelingto one
conduc%bveeghit)loréfmgr(]atf ore and after an accel erated H2S corrosion test.
Figure 28 shows a touch screen device comprising two transparent
conductors based on metal nanowires.
Figure 28A shows two opposing transparent conductors coated with
overcoats in a touch screen device.
16 Figure 29A shows a homojunction solar cell structure according to
one embodiment.
Figure 29B shows a heterojunction solar cell structure according to
another embodiment.
Figure 29C shows a multi-junction solar cell structure according to
20 another embodiment.
Figure 30 shows a thin film EL device according to one embodiment.
Figure 31 shows a typical release profile of H2S gas from freshly
cooked egg yolks.
Figure 32A shows the light transmission of six samples of
25 conductive films before and after an accelerated H.S corrosion test.
Figure 32B shows the resistance of six samples of conductive films
before and after an accelerated H;S corrosion test.
Figure 32C shows the haze values of six samples of conductive
- films before and after an accelerated H,S corrosion test.
30 Figure 33 shows an example of directly patterning a nanowire-based

transparent conductive film.



Fi gure 32C shows the haze val ues of six sanples of conductive filns before
and after an accel erated H2S corrosion test. 30Figure 33 shows an exanpl e
of directw9 2pattes38i ng a nanow r e- based transparent conaagtise@foeiom WO
2011/ 106438PCT/ US2011/ 025941 Fi gures 34A- 34F show phot ogr aphs
of the patterned conductive filns before and after an adhesive tape

treatment at vari ouspiggrs $4R534MFegHbwW bﬁ@tbP@ébhs of the patterned condtictiug es
35A- 35D show phot ographs of another exenplary 5 conductive film before and

after a sofilrenbeforecandmafter an adhesive tape treatjoerisat3eno8s Bvelfodf a progr essi on
of etching and _a final pattern formed on a transparent conductor sheet.
Fi gures 37M2gPHC8HNN t he etching rate by using a acid-etching sol ution

according to one embpg] fRnisn 30 s pnaRAANKL Phdihbiskérabana Pat ter i ng

and etching process according to on . Figures 39A and 39B
i |1 ustr gt ecormiictiog fito etsreizald aftdrar sélvéntdreatwienh nanowi r e- based t ranspar ent
conductor filmaccording to one enbodi nent. Fjgures 40A-40B show z%n

ﬁ"f‘%&a Wffecting

enbodi nent of pat t er RGHEESIGABRSEhane Prageessiicefgtching anda

its optica raper + Fl 4g| rQEQOV\/:: anot her enbodi nent of
pat t er ni ng#%'g‘egﬁi}ﬂrs.r‘s'ﬁ?r_&ﬂ} gé%%l B"Show a further enbodi ment of etching
a transparent conductigired $TARB7BdHAY tHwelchihgonte blusigapacitietshing

Figure 43 shows another transparent conductor having a partially 20 etched
regi on andselutiemacedrdingrioginenembpgiment44A and 44B schematical |y show an

oSOt RGP, £ 19, Pl Al B S ST AR A EL T
etched pat4&ididiny t8dnENmbsimepk chant .
Figures 39A and 39B illustrate coating commercial color filters with
nanowire-based transparent conductor film according to one embodiment.
Figures 40A-40B show an embodiment of patterning a transparent
15 conductor layer without affecting its optical property.
Figure 41 shows another embodiment of patterning by etching.
Figures 42A-42B show a further embodimént of etching a
transparent conductor without altering its optical properties.
Figure 43 shows another transparent conductor having a partially
20 etched region and an unetched region.
Figure 44A and 44B schematically show an anisotropic etching of a
metal nanowire.
Figure 45A-45C show the etched pattern by three different types of
etchants.
25 Figure 46A-46B show the etched pattern by an HNO3/HCI etchant.

DETAILED DESCRIPTION

Certain embodiments are directed to a transparent conductor based
on a conductive layer of nanostructures (e.g., nanowires). In various
embodiments, the conductive layer includes a sparse network of metal nanowires.

30 In addition, the conductive layer is transparent, flexible and can include at least



DETAI LED DESCRI PTI ON Certain enbodiments are directed to a
transparent conductor based on a conductive |ayer of nanostructures (e.g.,
nanow r eswo 2bn/mMe43Bous enbodi nents, the conductive | ayelPCirruskmd®gsoal spar se
network of nmetal nanowires. 30 In addition, the conductive layer is
transparent, flexible and can include at |east WO

2011/ 106438REE 450 It 02 68du @Ne. SUEdrBe cbhRld cbrslaﬁmféié@bh\@varié_t%wn be
coated or lam nated on a variety of substrates, including flexible and

ri gi d subssukstestes, Thaudingdlexible @andaigid subsirates.o Theraenguetiveolryer ehplssi t e
structure [ncluding a matrix terial or. overcpat apd the nanow res, The
Tt 1 x o THRATE Bhe CoRRosItE SR inqaind A amalial AEeHEHPALATEthe g
optical pr i - p it inSeHpSH i be
ot hods of MTIGVTES, The niftoe RRERl o plealy on R kAN AR e eal
Nanost r gct angsptical properties to fise commposbits siructutec 0Bthertenvieodiaieats describees”  or
"nanostructures” generally refer to electrically conductive nano-sized

st r uct ur esmetfhodssidabeicatingrang pateinig e candustiye layerwi dth or diameter) is
| ess than 500 nm nore typically, less than 100 nmor 50 nm In various
enbodi nents, the width or dianeter of the nanostructures are in the range
of 10 to 4@oR{uctRle NanddirutiireB to 20 nm 10 to 30 nm 40 to 60 nm 50 to 70
nm The nanostructures can be of any shape or geonetry. One way for 15
defini ng the geonet rs osed hgreian"oeadustiveisangsiructurgs’ ok 'Hangsthuettrasat i o,

whi ch f to,th ti f the | th d t.h i dt.h i f th
o Sanr A At Bt RoBhalieabnahe At S8 i e HaRTBET) 0! (L1,
shaped4fi . gimerRiESE whizhi(Pe =wldth oPdtarhater] RAEELRh 500 AP MGB)EEAN,

i sotropic nanostructures 'Include nanoparticles. In preferred enbodi nments,
t he nanost legs thare$0@nen and@ at.ofm varidug erdbediayends, (the avid thsgretiameteriad thie 1) .

The ani sotropi ¢ nanostructure typically has a ngi.t udi nal .axis along its
| engt h. ExRIRAKFULLHES 868 M ecrangﬁ@gﬁpl}e @g,?hiﬁhmﬁm&a@,d i d

nanost r uct 4% &S, %v' r@bﬁrﬁpgﬁtto%tﬂrﬂ of at least 101 and nore typically, at
| east 50), handrod (solid nanostructures having aspect ratio of |ess than

10) and nanot ubes ( hDhé aunostnasttirescdan iss pf adpsleapd bngesemetrpi e way dor
nanostructures (e.g., nanowires) are nore than 500 nm or nore than_1 prn,
or mor 85t hdefining ghe geometiyoha giver BANRRIEICBJS Dirdlst ‘asPestdalienythich wfekshe

panostr LR S shhe BRatCAIF YR wieb e Bl vl pee. 15 to s¢
2011/ 106438k \datfbbimn@RRIthe nanostructures af8 &sdt@pRsdlly whbpeasi 6 aaspsctof any

conductive material. Mre typically, the nanostructures are formed of a
metal |ic neatiers )., Typicalusbtrapie loe substahtialiyt iabtroric granosiracisires ipaludet al s) or a
B?tngi af:f)ingr?;fgg ?qgé.b}nngrteﬁ%{%;}l( Iegl ogylgaﬁrﬁ{?arhéﬁocstrnlﬁuer{a's %lre %ﬁ%oﬁlog%aﬁf a

20 shaped (i.e. aspect ratio # 1). The anisotropic nanostructure typically has a

longitudinal axis along its length. Exemplary anisotropic nanostructures include
nanowires (solid nanostructures having aspect ratio of at least 10, and more
typically, at least 50), nanorod (solid nanostructures having aspect ratio of less
than 10) and nanotubes (hollow nanostructures).

25 Lengthwise, anisotropic nanostructures (e.g., nanowires) are more
than 500 nm, or more than 1 um, or more than 10 um in length. In various
embodiments, fhe lengths of the nanostructures are in the range of 5 to 30 um, or
in the range of 15 to 50 um, 25 to 75 um, 30 to 60 pm, 40 to 80 um, or 50 to 100

um.



5 conprises two or nore types of netal. Suitable netals include, but are
not limted to, silver, gold, copper, nickel, gold-plated silver, platinum
and pal | aapem1/106438houl d be noted that although the pregemusdiigobksur e
describes primarily nanowires (e.g., silver nanow res), any nanostructures

within the above definition can be equally enployed. 10Figure 1 illustrates
a nanowire 2 having aph@pBR6trichics &S of 8ny Bend@itBkimbteridl. viidesl by the
dianeter cll. Suitable nanowres typically have aspect ratios in the range

of 10 to 10Gpiady, tharmgmostispteces awt fonmedaf abvetalicomateriabrinelbdingrelempeatal
transparent conductor |ayer since the enabl e, more efficientconductive
net wor ks toml%aqgﬁ'rgmatﬁa qrbmﬁé‘{l?ﬁ?”t? HZFt? p%ﬁ‘fgﬂgﬂmﬁi@lﬂ)@ qu' es 15
for a Ni oh MeRIRORFAE cahhisd BE'a MRletSiic MRRSHAUI It BIBANAER 5. W L h

;
hi gh aspect ratios are use Ity of the nanow res that achieves a

conduct i e serhphses tanobmor@typeswighetahaBuitdtsle cuetdlscinciudeneatvareknat simited
substantially transparent. e nethod to defi

t Irians par enclp, §?ve|a, g%lgdef::oppert nigkel, igglqulatqgib@r,dpjggmwiqm %@?jfl}rﬁ]ﬁgﬁpqul%e
. ! : ; : _ . N
o 1 9B Bl B RS e S BB BB AR s .00 '

i |l um nat i ogiepyi8howitas), afy MagestitictafeswiBinahd ablode definitio dady equally e- ax

is the transparency factor. 25 In the transparency factor, a is the
absor pti on ewmefdyedi ent and x is the thickness of the layer. A layer having

a transparency factor_near ut less than can be consjdered t

subst anHSal l'y transpakgHfe 1 I]*—],"@?ﬁag%s %-ngnPWfrﬁgtltF%\f'Bg ggrf'aesp&c{ ?aﬁlg eg’ﬁﬁ?@;ﬁeand
el ectrical t gUishi f dug i A i i ows a
Theor et | cal FRBUCH SYRHATBlAAREIERIT AR AR ricey rave Bepett

vari ous wavedtiesdt tree efngei afhit0. toDE)e000.nbager wspettsratios che gt fagored\igr

2011/ 106438PCT/ US2011/ 025941 si |l ver nanoe] | i psoi ds exhi l?i t a high
extinction eRfainingadransparent sapdeciopiayer siceithay may enableme ST bet ween

b,

400 and 440 [ - i ver,
they are su%és}fd;tj%p? %F]F)E/N &?gﬁégg\ﬁgﬁﬁégg& I'/\IE r??@g{c')ﬁg% to(?%tI g%t‘g'{%gnmﬁn%v\m ch
falI's ins5t herwiightanspaeacy Sh othe? wordombert benadtiveptanowiesarithy highof a

| ayer of silver nanow res deposited on a polyethyl ene terephthal ate (PET)
substrat e. a@pmhmswetus@daB‘@d@ﬁ&ltvrpfﬁhgmian@wlr@ﬁ@%tiacmvas&%ﬁd*@twﬁyer on

ot cei ng. w R SR BE DY roubhah Bl RBRERRbaE R R A e 2

transparent..

One method to define the transparency of a layer to light is by its
20 absorption coefficient. The illumination of light passing through a layevr can be
defined as:
| = l.e™
in which |, is the incoming light on a first side of the layer, | is the illumination Iével
that is present on a second side of the layer, and e is the transparency factor.
25 In the transparency factor, a is the absorption coefficient and x is the thickness of
the layer. A layer having a transparency factor near 1, but less than 1 can be
considered to be substantially transparent.
Figures 2-5 illustrate some of the optical and electrical
characteristics of the conductive nanowires.
30 | Figure 2 shows a theoretical model of the light absorption of silver

nanoellipsoids at various wavelengths of light. Depending on widths and lengths,



10Fi gures 4 and 5 show the results of theoretical nodeling of the
resistivity of netal nanowi res based on their dianeters. For a | arger

di anet er WO 20aMOB438e, the resistivity decreases subst antcalusgoialoedveugh it
will absorb nore light. As can be seen in Figure 4, the effects on
resistivity based on the grain boundary and surface scattering are high at
di anet er s oéileemanbbHipsdids exhibfisa high alitiastdrecodfficient tcea sesrowt berskbollightct s
are drastically reduced. The overall resistivity is therefore r ducei,d
greatly forindhgiwavelengias betweand@d and A0imanametsrsaed t‘lW@Vﬁlﬁf‘Gg'@e?f ight o

nowever . agabne 7ORBRcRBlEyef e ERle Afifad P B Hon G BaBT A o,
t ranspar ent g5 QARSI -wIHER FAI4N A the SRMNE rangé.ngl e Ag nanowire 4 that extends

between two other electrical termnals 6a and 6b, to provide an
el ectrichlly conducti FigupmBishowsrtheabsorrtionspectruneeha tayer @bsilvEfe ter m

“termnal" includes contact pads onduct i on, nodes any .ot her, starting
and endi ng PRMoWIEes Aeposited %Eaéﬁog'@i?ﬂﬁ'&? F?eBB%ﬁgag?égEﬁi*ﬁﬂg%{ ‘ggctASr%anY)A,

si ze, shape k | [ ' &% of the
nanow r es atr)gﬂ%e%lgﬁrgg&% Bhgb%\}ﬁgcasql{'%{teﬁﬁ]e@?ﬁ?@t)?i c@aElij1 gﬁ%@?e?t rical
properti es. sithstantiatiyeransbarent ibetweers abbat 446 tp760nche agreging withdhei ty of
Ag nanowires is selected tmrovi de acceptabl e el ectrical conduction
properties fesulte &fifhe thgorelical Modebahewn i FIgURaR- 6b. For exanpl e, hundr eds

Cesi ot aife el aotri cal " OUHAETES FhEATE o tteieu R aneing & T

resi stance el ectri cal t he"concentrati

ratio, sizergaidivijapmet@imadrpwirisasdsed drotheiraiiachetdrss Fostalatgerldigmeter of
transparent conductor. Therefore, transparent, electrical

WO :
2011/ 106438mITOwWis2,dhe resistvty deoneasas sibstantially altheugh itorl @bsaibnEore lighte

termnal 6b,using a pluraglit f,, Ag.napow res... As n,be C he
di stance f r’%ﬁﬁ"@%ﬁ ?%n '8 'Qlé'yet‘grtﬂ?%ﬁcgoo%%ﬁ'%g'%@%%eg %Qttﬁg ﬁfég'g’ebéa,"ﬁ’?@é y

opti cal - propQy b1 AScEEatRYngOReaige Gt BidnhetarsSoMBsSthanFM AW I As tHe dladicter Ty

of many nanow res may need to be |linked to each other at various points to
provi de18 cinorhasesythegetdifettsomnet dnastically réduced.t Ehejonearallgsistivitpisdhetgfers t he
i nvention, the nanow refsﬁare sel ﬁ%ed based, on e desi redI %pti ?al I
properti es. repgRd oreRiviorgameler thatdngreases fiam 1 B tecver HOUJUR (veg also
conducti on drR: I %ﬂ?&' ; f &P hi eve
10 accept abf@hg‘? ggt?ﬁ%i&%évc%ﬁﬁtﬁésl Opéﬁl{ﬂﬁfrék?%&@??ﬁh{ﬁ? b%obz‘ﬁ%ctl 63}%09/%35 from
term nal Gaag?alnéﬁhéidéﬂeéﬁéd transparency for applicatiopstredquisihg @otnahsparentt y of t he
transparent Tayer is mainly controlled by a) the conductivity of a single
nanow re, bgondusteiunber of nanowi res between the terminals, and c) the

LI b h i . I . i i
concent Pt on (al o rEBGH BanpysZsipa A rApPureal bl BRiiRRetfeen e, ca
per col at i onoth@Y 8|ectriddd ferifials €l aHd 8b aBtprefitle dreelbetiihMatondetive path from

there is no continuous current path provided because the nanowires are
spaced t oo teamirsgd8atto téinonal Gthi $he derce ferminabrinclutles sontachpads seondygtion

?gg,r E[‘ ;nggt rgcpéae%/s?@rlmcf glpg'pthpésr sqgrgtiﬁg %%Ejreenrgingp S(tnl% S ra? rrparyotyé gFedc’tric;[arl];e/ overal |

connected. The aspect ratio, size, shape and the distribution of the physical

25 parameters of the nanowires are selected to provide the desired optical and
electrical properties. The number of such wires that will provide a given density of
Ag nanowires is selected to provide acceptable electrical conduction properties for
coupling terminal 6a to terminal 6b. For example, hundreds of Ag nanowires 4
can extend from terminal 6a to 6b to provide a low resistance electrical conduction
30 path, and the concentration, aspect ratio, size and shape can be selected to

provide a substantially transparent conductor. Therefore, transparent, electrical

10



20 w Il decrease.. Conductive nanow res include netal

nanowi res and ot her conductive particles having high aspect ratios (e.g.,

hi gher t o 200)10688%anpl es of nonnetal | i ¢ nanow res i ncl Bd®/UShuil/o239¢1 not
limted to, carbon nanotubes (CNTs), netal oxide nanow res, conductive

pol ynmer fibers and the |ike. 25As used herein, "netal nanowire" refers to a

netal |ic weodididhrs prdavided fomNtermtiaiba toeéradinal Bloysingra pratadity eoAgounds
(including netal oxides). At |east one cross-sectional dinension of the
met al nanofd@m@wires.| ess than 500 nm and | ess than 200 nm and nore

Bepect ratio (1 engt nAGCaARGEAPER gL SRR AR R B RRLRAM BrATaiEh o,

than 50, apg dH BEefRPYesIHEatRal rid0areShoti A iReT®NiM a sififle
2011/ 106438P%U§%011%8259413|ngﬁ%ﬁw ?egriﬁgn be based on any net a}ﬁ;@i ncl udi ng

wi t hout 51 i nanawir@nA Eitalibr of mahy nanopjves mayi nded to balinkgd tH- gackt ethesiaf ver .
The nmetal nanow res can be prepared by kno net hods .in the .art, In

parti cul ar VarQus/Qinisdadrpyide & %’é’%%ﬁ?ﬂ’é@g'i‘et&rmmaig@ﬁo IMPRIRR: phase 5
reduction i (e g Sl it i of a

pol yol (e. §E°&‘e’ ¢§h%§ye§]é'gﬁ) HTgn@pdﬁge’r(svépﬁy eﬁb‘%‘? g:afégﬁg?he?grgggqscal e
product i onogticas brotsrtiesnThén ehe tlunttiericimansivires that frevidesthe ddsiaed or di ng t o
t he met hods described in, e.g., Xia, Y. etal., Chem Mater. (2002),

14, 4736- 47a@ndustian yiath avd owerall resigiansecen Biad pativars sejested tosshisys’

tompl oD, poertat B dliod prORRORG 16 e BRHEAPRERTI RN dR S P BhRea

bi ol ogi cal tg@t&AlHatbp. such as viruses and phages can function as tenpl ates
to create nmetal nanowires. In certain enbodinents, the biological tenplates
can be engi neered t olkexkldutricat ebrdudtiviy of thentrapsparentlagar isiroaint t ype of
material, such as a 15 netal or .a tal oxide. Mre detailed description of
bi of abr i cat?BFPllsH Waéotﬁﬁrcé)é‘dl’,'ﬁ{‘n"”tyepﬁaoﬂﬁa% r?ﬁnoé{‘."ﬁﬁ’,b?lu&%,nu@bg.r ogpgmq\{\/f(r)es
"Virus-Bas | hen g NSRBI MeddvireaNgel
Sem conduc??‘tnw-ggé tﬁ%\t,tmer:nﬁe’ié?&., ?3@82@8@&%%?@8%,&%{‘3-217. Ivaro, C.eé).wgt aL,
"Vir al 18ssesrtdin nahowireeonednitation (aisdmfeiad dovas dbe pe(@lRN tAnsshold,ar. 100,
no. 12, 6946-6951; Mao, C. B. et at, "Viral Assenbly of 20 Oiented Quantum
Dot Nanowi ¢lestrical persalationdeyel) g condugiyy bebraen thedermpials ISA68n Ger i al

N i ST i B SRR B ol 2had
More speci fgodal hipart 2 ABRRE Wik ickBcaRfratidrathere g at b ohelcutrentpatha netal
nanowi re) can directly bind to a biological tenplate based on an affinity
bet ween ~ available. As more current paths are provided, the overall resistance of the layer

20 will decrease. .

Conductive nanowires include metal nanowires and other conductive
particles having high aspect ratios (e.g., higher than 10). Examples of non-
metallic nanowires include, but are not limited to, carbon nanotubes (CNTs), metal
oxide nanowires, conductive polymer fibers and the like. ,

25 As used herein, “metal nanowire” refers to a metallic wire comprising
element metal, metal alloys or metal compounds (including metal oxides). At least
one cross-sectional dimension of the metal nanowire is less than 500 nm, and
less than 200 nm, and more preferably less than 100nm. As noted above, the
metal nanowire has an aspect ratio (length:diameter) of greater than 10,

30 preferably greater than 50, and more preferably greater than 100. Suitable metal

11



25 the conductive material and certain binding sites (e.g., peptide
sequences) on the biological tenplate. I n other enbodi nents, a
conduct i WeOrzat1ens4e8 can be created by a nucl eation process/usdunionip4whi ch a
precursor is converted to conductive particles that bind to the biological
tenpl ates, the conductive particles being capable of 30 further grow ng
into a ContrfaﬂBRM%s%%ﬂ‘H@ﬁéé@d 6@%9 métl, %&u&ﬁ@%th‘o‘éjt annatioefsveegold as

"m neralization" pl ati ng For exanple, a netal precursor (e.g., a
metal WO 20ppéd OvekedREH ¢i8aqldtedXiodr salt) can be converted to an

e T g St o e
i I
Con T LR, LS A1 BB SRRt 21 1

precurs@ g¢édudtdncsivsiviee dalt ié.g. rsiiver nitrate)h dhe gresentbof aqulyctdeer.,i al
| ayer. The seed material can be 'sel ected, for exanpl e, based on_a materi al

t hat causeetmyleneugb'lceb\tandrpcéy(wrtﬂ pwirelideme). karge- Sféﬁle pé@dlépt@mitsl'

containing a corres rret aI St i al
| ayer cont & HPW{:{ eBéﬁ? Vg ?r ﬁ%@%ﬂ?&%ﬁﬁg&@di@t %%‘385&6@& ﬁ
one speci figye et 5/0rCH‘efrﬁaMal‘é} @002) Cmdmewweﬁemgbveeﬁ@/ed

materi al s % ain palladium a pall adl um based nol ecul e, Au or an Au

based nol ed‘idrmletrers (2003)3(dE 95&RWEt or, a zi nc oxi de may be used as a
nucl eati on materi al f th seed mat er i i nc
Pt, Ru,10g, Co all oyé%frml"e;l aéloéN'rer?eqaé\ab%Pf%egHamﬁeq'gllogW? des

t hat b Pd, Co,
o o g e ) B Ao, et .
FePt) or Tibﬁlﬂogl@ﬁﬁéter@l&&acﬁ-ﬁgﬂtrusﬁdlmd'phagesmammmmgn asrtdmplatemttme

al um num oxi de, indiumtin oxide, nickel oxide, per | de, a(tg‘:ésn
t ant al um oxTeRte metabnangwiesieln w?e\@nemhqs&maetsoﬁhez ﬁ?'ﬁm of a

emplat o5 FOPIEFERY 156 RHRE SERELTE REG, ?eéwﬂﬁc?ﬂ%*ﬁ?ﬁ’e Pl hed s,

phages,19a¢héthi @ a WidtdE®ade aRforé *ai%téllelﬂﬁdesH’ipt@@@hbiomtﬂR:ailon of ehaowiras,
form ng and engineering a biological material that will couple to a desired

metal or coadue fousdimtagi MaaleBdes ok i HiwsiBasgdsToglipfardae Difeciess

10/ 155, 883 0/ 1 596, b f i
Technol ogi é’?‘ f)@'tagf'?%(h Oﬁi%eﬁ'?g a | O %ﬁé@éfér@ﬁ@ﬁe&cgrgﬁgb” As
noted aboveg bzﬁ WS, Bt 8P B, 244 A's',g&nﬁﬁ/ dﬂ‘r@ﬁé’ﬁt@d QudRain D6t NBRowirber

bi ol ogi cal rraterlal can be engineered to have affinity sites for a selected
seed mat er i(2003)rPEASeVeict €0, nmntd) 6948595 daclIC. BPebalef‘Ns.rabAswpblydés with

i scovdly DrRries hipB e N REN G0R) PNAS 00T 2p Pags BB U f ace
di spl ay or é%tp']ﬁ)ﬁ@on EkaKa RS 76 r17b'b%d°lgsq§ F’?BquIB%QFAHbﬁcPAti%Y. séridiy i es of

phages (e. ges) ‘can creat
60/680,491, which references are mcorporated herein in their entireties.

More specifically, a conductive material or a conductor (e.g., a metal

nanowire) can directly bind to a biological template based on an affinity between
25 the conductive material and certain binding sites (e.g., peptide sequences) on the
biological template.

In other embodiments, a conductive material can be created by a
nucleation process, during which a precursor is converted to conductive particles
that bind to the biological templates, the conductive particles being capable of

30 further growing into a continuous conductive layer. This process is also referred

to as “mineralization” or “plating”. For example, a metal precursor (e.g., a metal

12



WO 2011/ 106438PCT/ US2011/ 025941 inserting a w de variety of different
sequences of peptides into a popul ation of the phage. A protein having high
affinity wonoa/wpsgi fic target nol ecul e can be i sol at edramaiseaig/opeopt i de
structure can be identified. In particular, the genetic sequences of the

bi ol ogi cal nol ecules can 5 be controlled to provide a nunber of copies of
particul ar s%ﬂfbbﬁ%e%%%‘#éﬂé@fﬁo B démhbatdl nietalea thé prixkgreA i redLeing dg;b'nt.
exanpl e, about 3000 copies of P8 proteins can be arranged in an ordered
array al ong heheesuiingtelermental metablgjads to thechielogiceh terpplatesoard geovenintda
nodified to include a Slﬁe%igfi c peptide sequence that can nucl eate the
formation SPNYPUBHSEEPINGIAYEEL i ve material, thereby providing 10 conductive

nanow res of high COqﬁ%ﬂﬂér‘@rﬁ%diﬁ%wta”@@é&ﬁd?rﬁlrl}@éy%rﬁ@ﬁllﬂmll%'ﬁlciﬁalt@d"s for

the ability to control the geonetry and crysta structure of the
nanowi r s tdmte tlghbiologics enatéribl. of legeafiér, banptahpeecuws @roadnese cenveriedointa ei ns
havi ng specifically designed or controlled peptide squg@r)ces. To that, end,

pepti des ormeiabaed piatog P% the sapd gnateriabiaygr. t bre seed g1a I@nge 3eleFiedi um
have been i I.§.ed ' : ' Lok r eto
creat o nand PAIBE RES n g al st e RSPR LR Miciedich pd AR ra Lk

Bi ol ogi cal gnoehisalftiontdipitaihifga BbRESSorAMy Aretalgrdcasot.eMplilaistratd, ar sédt
formati on of conductive nanowires. For exanple, filanentous Brot ei ns_whi ch

sel f - assentihateriat layeneentaininghpallasiumaas esfusgitbe onseralizakienehCeat Ak ASed as
20 ti L | at Fi 7). t I A, t | at

A B et R R e o e T R

whi ch | ead%ohgp}nh PeRadiARY aPAabiifn bAsES A IEcaeNAE B GAA®BEsE] midiscut@ndyet i ve

nanow res. Additi ona? y, proteins are easier to synthesize in |arge vol une
t han phage apaoxide cesdudtar, @ezisc akidermay baatsedeasod npcleation snatetalh Rxanepley nes
used as 25 detergent additives, .j.s.well dev ed. ) . Figure 8
shows a sclobthf peed Braleia| inglu e;’)‘l"o(t:!é’i Ad, g%ﬁﬁt%%‘%&ﬂ alpys %M‘P%f

bi ndi ng si a | ' ' jHadik Ng sites
are sel ecttcla\ﬁdéta%’ H@é‘@%%%ﬁ%tg@%@%ﬁga%%%%Pﬁgglg]acr@%@shta such as Au,
Ag, Cu #d liMitatibht €upatj &gl Mi, Rh€d)iPidRagWg iGre MdB Adh Beealtoysdefg. nColt)f N a
seed nmaterial |ayer 30 (e. and Au) that can further nuc|eate the

clondugt i ve ajays,i dé@,ysﬁ(@cﬁh95@":&(}3@@@2,“&@}@4, IQéleTh@(/)p:r%i@i YANadp OXAes, can
i i . ) 4 > 1/ 025941
bi ndi ng o1 T gLOYRe R IR aRlds Fdiief itk o, ehbbel PR thaced a

frequent angidee@ntaiun BkigeY Alobiuth @Riel MahadiLRNE%iBe o? Zirbshiaasexidoe
conductivity of the final conductive layer. The length of a biol 8g| cal

material, such as a pmytafiannumbenef diffagentbiolegidalaneteasialg earbeiuspddagi neer ed
usi ng own tegh@jﬂq es. gif»fj S enqj n;gred to have the Oé.rect tdi nensi ons for
the opt4kalProyieedhe eraplaigsiar prratioglie metalRangyyress NAYdipgd Iy e been

sel ect ed, Bi ol ogical i n {4 et ial 8b,
Such as a PEPLTCS (e, bILRS, AlyseRlaRE IR E e RHRRIE Y SelBBURy
further enierehingrindandimderinged bitdogicaldnsateriabthad wilhcawple és awsisirgd imetiabgi cal
tenpl ates. The protein scaffold 8 can be further engi neered iacl ude

bi ndi ng pacenguetiveypatasial aesdeseibeddia M-Sl picatiandNog, 1&“5%%&@@ ve ends.

nt er act | ol OGP Sppfollo 8 1B panel o SR G Yoo de “hondi ng.
Eg?&ggtﬂ% b hBhtion HHdOArBARESTpbrEted detdinby rafebds | i ke. The interaction
As noted above, biological templates such as protein, a peptide, or
other biological material can be engineered to have affinity sites for a selected
seed material or a selected conductive material. Proteins or peptides with affinity
to a specific material can be identified through a protein discovery process such
30 as phage display, yeast display, cell surface display or others. For example in the

case of phage display, libraries of phages (e.g., M13 phages) can be created by
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15 the associ ate peptides 9a and 9b encourage the self-assenbly of the
conductive nanowires into 2-D interconnected nesh networks, as shown in the
final seqwered/ioM3Bi gure 8. The associ ation pepti des an@Crhusee11ioezvat i ons
may be of the type to encourage the form ng of neshes, end to end
connection, cross-connections, and other desired shapes for the conductive

layer. 1n {herfidamide Y804 dfidiffdrgHt S en%@stdﬁ@eﬁﬁd@wqu:dmaqrdnadftﬂ@ has

al ready bound to the protein scaffold before the protein scaffolds forma
net wor k. | phapgeulidproteinhaeingt ighl affirfitytfopa specific sarget vlaked@ile gan dledgolatadnm a
network prior .to the binding of the conductive material. Thus, the use of
bi ol ogi cal af‘grﬁ§lF’@.ﬁpé'dﬁé\t/riuﬁb‘rg@&gedp@nﬁ@?#i des or other binding partners

|l f he f ' | ' i
metvor k. than woul d bl BASELER FEUAENE XSG O tnd HRHcA mERRARR o

net wor k 50f belnotd & privideeapluaibes of aopickaf photicldrpetideccedenoesirhi eve a
desired degree of order in the conductive |ayer. Ten‘BI at e- based synt hesi s
i s particukertaip types etiphage pamiclesatfafexamplazakamt SO0 sopjas, of R prgteins

bi o 0gi cal Fa DA PREAR A1 FIOER 81k aRB s e dendlfilor iy A58 BYRRIEE. The
2011/ 106433BGbtéd ddn BEIMAdifis@ k! ficRitiePs @pesifit pepliddte§adnhdecthapdan i ed for

hi gh throughput, anbient tenperature deposition, superior conformality and
pr oductionnucleatmtﬂv@cfo'rmetld)rayfwlsblndxm@mw{uowena@t@rlala rebppravidiag As an

compr i Sng e GUnNE NP ToR, 8 el oS o ABVER RGP UE . TUF (SFADCUEINS: v o

layer 12 ¢ ucpé%%ﬁi;&o%%fdlﬁ% 8§ém%g¥aésnﬁm9t‘ﬂllin%h%trlﬁtur@ﬁtﬁ@h?hoﬂﬁ‘@@v"i res

forma con Irve anot her exanple of a

t r anspar enthroaghlties ose dObiolagicaitiemmblate cusldedes veegl, pyeteinstaving specifichliyn t he
substrate 14. The conductive 10 layer 12' includes a plurality of me,&)hal
nanowi r es designed @gsaniralled peptidsseguences. To that end,ngg)(tlgpﬁ-or,p gteins With 5

ambedded. BRTIGALY W avaE Bl bEEIERS S RR IS RRRAARRINE .,

to enablse preRSSrated ihftea phage Gtiutkire € vegdte ndhowires With dimenslustbdsed dhe
met al nanow res andpgr ovi des a physical formof the conductive 15 |ayer.

The mat ri xthesetefdhe phiage partigleshanowi res from adverse environnental factors,
Puch 2, vor 051 on, At JRGRS S heslh ARG Ll Megd nTBL bRy BhIBHIARILY
R L T b
self-assemble into long strands of tens of microns in length can be used as an
20 alternative template (see, Figure 7). Advantageously, such a template protein can
be synthesized to have a much larger aspect ratio than phagye, which leads to
lower percolative threshold concentrations of the conductive nanowires.
Additionally, proteins are easier to synthesize in large volume than phage
particles. Large scale manufacture of proteins, such as enzymes used as
25 detergent additives, is well developed.

Figure 8 shows a schematic version of a protein scaffold 8 having a
number of binding sites 8a coupled with conductive particles 8b. The binding sites
are selected to have an affinity for the conductive particles, such as Au, Ag, Cu
and Ni. Alternatively, the binding sites 8a have an affinity for a seed material layer

30 (e.g., Pd and Au) that can further nucleate the conductive particles, such as Cu

and the like. The protein scaffold 8 can also be engineered to have a plurality of
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20 properties to the conductive |ayer. For exanple, it can provide adhesion
to the substrate. Furthernore, unlike netal oxide filns, polyneric or

or gani ¢ meOrotewessbedded with nmetal nanowi res are robugCTarsdorfloesoubl e. As
will be discussed in nore detail herein, flexible matrices nake it possible
to fabricate transparent conductors in a | owcost and high throughput

process. - 2pliRg¥REs b htARIHCAnRY. OR®S bickered 16 Reve aiti epave biequaran be

tailored by selecting an appropriate matrix material. For exanple,

ref | ecti on andsegalad intemais aldngltheie length teinetdaset the slopduetivityea thg fingli ng a
matrix of a desirable refractive index, conposition and thickness.

Typi cal | y, CORdustiMerla¥el.s an optically clear material. A material is 30

consi dered "optical l I O i cal LA t i; i :
transm ssi on gf WO i@%ﬁ%@ﬁ@%@%ﬂ%&%@ﬁ%ﬁg%rrpartOteérlrlﬁalén'\lﬁ(se" g?m:seast
80% i n tahe gydrhbtdres eagiyahdidédtatusingdRinown tddhinepess deisi ériginbaret éo have, al |

the layers (including the substrate and the nanowire network |a rg{) in a
t r anspar enthe eadect dimensionsifoethereptisahprapertiiase @ned e 8ige; %ﬁﬁﬂeyg ear. The

Pact or's, i AEPEM Aol RaReEn Soie Aty Br IRy cHE R §n Be B e ' °
thi ckness, c%ﬁ?ﬁbﬂe?rﬂ‘éiér%ﬂ 8B sicH s alhetal tdre preicatevro$ thesmietaice (i ncl udi ng

interface) reflection, and haze (a scattering | oss caused by surface
roughness and/ or enbé&igled Diflustrates s furthar embodimentraf dabrigeiing CONFECNG ri x i s

b 10 hi ck, 10 ab 20 1. i , 50
200" nm thi dRnopeBuSUIS RIS ETE e R pratsr iR € pa e DB hdex of
about 1.3 te?mg%e%retf fo flefide ﬂinﬁ%giﬁ%rﬂw su?h as agsociate| PeRRies Y ark b &t nent s,

the matrix a polyner, whic also referred to as a polyneric matri x.

Optical ly cégsactivelendsr Biadiag lpactners car beupletwithléadixatiner 8vough soy tys ef
polyneric matrices include, but are not linted to; go{ﬁ/acr%lll i Cf sucﬁh as
pol ynet hac @gseciative interaction inelugingy forf@mple,ipaicdnteradiian, sev3ipat anding,

pol yacryl onit.ril es i nol I'8.a( eFHh ; : M@@ﬁ
t er epht hal Qtyg “tqﬁl‘:’ﬁmpfﬁ%ﬁyws%‘?@\bgg ﬂﬁ%‘?ﬁqﬁ{?@, y@f\%h%plgﬁeygg%bmﬁtgggﬁ B%o yners
Wi th a 4§ ghhglagss@atel pepitidesDacarid/9b ebboamgpithe gklfessembly efstble-codductive
f or mal dehyde (Novol ace), pol ystyrenes, polyvinyltol uene,, polévinylxylene,

pol yi nni desanpuiingarntossp iptergennate nedwpiks: Ae shanads the inglsaauenes

ol ysul f ones_, pol nyl enes,,.. and pol yphenyl. et her [ yvur ,
gpoiy, pol ya)F&ﬁ%f‘ﬁép?@‘%asw'%}ﬁ%%%ﬂq@ﬁé%“ﬁo%%iﬁﬁi'@éﬁﬁ%ﬁg‘g °§ﬁ£éa@ 8I(t|8(l:J)
ol efins), %%E)Sh etthli'fSrrﬁr\p%i'nﬁ‘é%‘e%t, ¥h& 16 cRQRBhMEEtoH, AFSSs-caIftidctibas, e
silicones and other 25 silfcon-containing polyners (e.g. o
pol ysi | sesatherdesiredahapps fyrstheasoes)ictilayer. ninl thiel exaimide ¢ho@n,in Figure 8,
pol yacet at es, pol ynor bor nenes,

and’ f | &8 oplee gandydivedngteria, @i P\Sﬁgn Pagélé QLHHES&*?S%&% '8|§F5§5‘daqsgﬁ%9(%gm| ene
oEhcor Y B ERIAEYLERRY SORRMIATS rlries i lninteand
pol ymer s olcafGi)éd J61RT & neBvdrk prioY 1&g bindingAsfahe cohdastiveomatesial. Tef | on(r) AF
Py Bu Pont). Thus, the use of biological template having associate peptides or

other binding partners allows for the formation of a conductive layer of highly

25 connected network than would be possible with random nanowires. The particular
network of the biological templates can therefore be selected to achieve a desired
degree of order in the conductive layer.
Template-based synthesis is particularly suited for fabricating
nanowires of particular dimensions, morphologies and compositions. Further

30 advantages of biologically based manufacturing of nano-materials include:

15



WO 2011/ 106438PCT/ US2011/ 025941 I n ot her enbodi ments, the
polynmeric matrix descri bed herein conprises partially polynerized or

parti al | younadopsBymer. Conpared to a fully pol yneri zeaCorustaitiogsssur ed
matrix, a partially cured matri x has | esser degree of cross-1|inking and/or
pol ynmeri zati on and | ower nol ecul ar weight. Thus, the 5 partially

pol ymer i zedsdigtidr proeassing tigatdzechel Rdelifictifor Aigh hesLeHpuonembiedt temperatirag i s
possi bl e usi ng conventional photolithography. Under a proper polynerization
condi ti on, deposiiin; sapéyoraanéermmality ard pegdussion of caeduetiviedayeliser eby f urt her
cross-linking and polynerizati.on are carried out to provide a matrix of

hi gher nol ecul ar weight than that of a partially cured matri x. The

partial ly cugssl,dies L XeF 3Rd B8ibiRad ched, followed by a further curing step,
to provide 'a—pa'rm‘ngg“a'n‘g—rmy_-fur ed transparent conductor film Exanples
of suitable partial | yAsan dllistrativerexampie; IRigiee 1A stowes adtarisparerdd t o
partially cured acrylate, silicone-epoxy, siloxane, novolac,,K eppx

e‘g g\(e éﬁl@ gﬁe uI¥He

ur et hane® ssanslgstarit PG 81 GANFHE r dRicopled omasyps
o that i . : o X .
Cond 11 on (SBFgblie 5842 et a8 ORI B Bl FRfoWeRTle, i FefLTE, o,

nanow r es GiHhoWiesadbra-a doHductle netwdrg. hi gher the degree of pol ynerization,
the nore difficult it is to etch the'matrix. Preferably, the

partially cured matribigures1GBshevws gnathes exeginie oba tianspateat coRdedier 1§t o
protect the nangwires within. This is desirable b 2 user may
carry out Hf‘éﬁﬂB aﬁgpfjﬂfﬁﬁ\fenlayﬁhﬂbt'ﬁéor Lﬁi%@]@é%gu%ﬁquﬁaﬁt g‘rh&%aﬁu(égyéi nal
transpay @“tlaW%mdéé L Mlurality of metal nafdwiféy 1 Gemiddediimanhatrixt e matrix
is an inorganic material. For éxanple, a sol-gel matrix based on sili-ca,

mul lite, alum na, SiCMatupd-rafers e 8lsalid-stateoBatariaRintovgbioll theansiab2- Li 20 or a

m xture thereof can be _used. 25In certain epbodinents, the matrix.,tself is
conduct i ve.NangWires A8 dispersed ﬁﬁ?mb}?dgﬁa %’é)rgg%ﬂﬂﬁgtqq,ngmﬁrasm pr ctive

pol ymers ar R)‘(“Fr] It8ri . . bihd\Rive HetvbAL I THE matrix

pol y(3, 4- etfﬁoy%‘%ﬂﬁgxy %tg%ﬂgﬁg)ﬁﬁhg%#q%%g%iMleg, pol yt hi ophenes, and
pol ydi acet yi$ artesst for the metal nanowitéoand provides aypdySicabiormaifice congectivel m',
refers to a network |layer of 30 netal nanow res that provide the clonducti ve

medi a of5 t Hayer drhepmading proteris tha metaimanoyirestfrom adyersesmonnigiia

nbi nat i f th t k | ot al i g
5011/ Tosasdpeertesl EsBhibai e BRiFAT, ITPRLEUREIne Wiaurx significanty ,
" conduct i Vaolvamethe: pePhitaBilBPBosEFosivéd Bidnserts M Bieeshwionehert! sudhpas char ge

percol ating fromone nmetal ‘nanowire to another, sufficient nmetal nanow res
must be pr aseisturentra¢eeanoudtiof acids | aygent sulfusadid the liskect ri cal percol ation

conducti ve 1 ayer 15 iRadndeny s maon Saroveop e Dl o Faendial .
A T R e A e
filled w thsubstrate. Furthermore, unlike metal oxide films, polymeric or organic matrices
embedded with metal nanowires are robust and flexible. As will be discussed in
more detail herein, flexible matrices make it possible to fabricate transparent
conductors in a low-cost and high throughput process.

25 Moreover, the optical properties of the conductive layer can be
tailored by selecting an appropriate matrix material. For example, reflection loss
and unwanted glare can be effectively reduced by using a matrix of a desirable
refractive index, composition and thickness.

Typically, the matrix is an optically clear material. A material is

30 considered “optically clear” or "optically transparent”, if the light transmission of
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sufficient nmetal nanowires to becone conductive. As used herein, "threshold
10 loading level" refers to a percentage of the netal nanow res by wei ght
af ter | oawiDrgl1ofo6438e conductive | ayer at which t he condecrivseolhay®el has a
surface resistivity of no nore than about 106 ohm square (or WO. Mbre
typically, the surface resistivity is no nore than 105 (2/0, no nore than

104 Q 111, tRe m&AtefaliBat 1da080% # e Visiblegidn@00hA0— YRORM)olUnhesstor e t han
100 12/0. The threshold 15 | oading | evel depends on factors such as the

aspect rat ispecified atbgivdse, ol thieilgyers{inclusing the bsdigie andthe NBROWIE t he

ki Ted | n nahwolt BySH a BB & copryciss dessiod b REEPRIERRY YRRy o,
likely to hgegl t'ﬁ{éeﬁgt{i)c'al ERARY ﬁf*ih%erﬂaf?bk i8 tyHisdlly Radimed byadnurndeé of es

t herei n. Advant ageo the high aspect Tatios of the métal 20 nanow res
al l ow ff tfhetorsyrineudiog vathoat diovitdtion the refraciivekintbx gRfhthickemesat ri x at a

10 pgi e, GREBIBr @ BNt Do NCRDeES AR sy SEFe et S rvor
10 pg/cn®, r . re
f bl ! j i :

These. surf AT TRAT SodtelnB RGN bufapidbRnR s ahl of SRRy | o

properties prti¢lBs). 25 matrix. These val ues depend strongly on the dinmensions

and spatial dispersion of the nanow res. Adva_nt_ageousli, t ransparent
conduct ors of tunabl dnéedairemipdirentiacheynalixisabeut 1Gem toez pat thigk y) and

optical,trans ncy.can be .provi ded ] j I ' | evel s of the
met al nhdmﬁ%ﬁggl.’zs nn?(toq Hm %'gk’ or ?Cb?“ég’pt’ﬁ’ﬁrﬁgzprgggﬁ‘ L@ﬁ%‘s&ﬁgﬁg?con.duct ive

| ayer spansshb&difitintd, the thdthk s esefiattivd hdekictiaboutd. 38, dmatkdldur.s5 10B.
Advant ageously, a certain portion of the nmetal nanowires is exposed on a

surface 19 tof1.8he matrix due to the WD 2011/ 106438PCT/ US2011/ 025941 surface
tension of the matrix materi al . 9., polynmers). This feature..i
particularly useful ﬁBrceftalﬁ‘c?anéa@g?ﬁtﬁ'p%Pi'E%tl”?(d?@.pqlwnﬁ%\rv’m'%|Sa$,soa
' t t . _ Do

r anspar entrefARAiGLAL a GRNHURPANH? UORBEANCABETS Y Hsfy afkfur RABE e

surface thereof. Figur | 'ustrat Is” believed the network of
met al nEoviExasplesioé ddikable poyyneric matricdsi invlede Sbstarbawd lisvteddot i vity. As

hown, whi | ires, h ire 16a, tjrel
7 eubner ged'PAIVAITSS MIch: 36 Ay MEHRRETRIGs (Red- RANGIEINLIediRg A bt 16b.
trud s i ' f i ddl
Cecti on - of Helvas pisS f By acnfindilts. BB, dianois BovBsRR 1687 002 The'
surface 19 ﬂyéthﬁeﬁ@&éﬁebhﬂn%Jatbf(P@q,tmyé@tapmémarwks, arfetbpeipchrbbsies),

sections 10 16c¢c protrude above the matrix 18, the surface of the
t r anspar entpadyneiscwith aiigiodegrasopfrromaliity sugfuas pbepolies o &/eg®ini ng el ectron

i h of f di f
Show nett. dormaehie eI rrelinireciss, povdryfolERE RS REPYTBRG Y g above
Fayer 15 1 Qo B A e, e i e ot 1 x.

as shown i pdiyglfored Giolyphenytened and pelypipey dbers pobpirethaoal(FUs, grmyi on of
the matrix 18 and are conpletely "subnergﬁg;%l n the matri ﬁef?'nSS) I n addi ti on,

t he nanow rP@'YQ'qBﬁi'tSd(%rRﬂ'erP%'eﬂﬁyE?'YW&}h geel ahdicyglic?
acrylonitrile-butadiene-styrene copolymer (ABS), cellulosics, silicones and other

25 silicon-containing polymers (e.g. polysilsesquioxanes and polysilanes),
polyvinylchloride (PVC), pdlyacetates, polynorbornenes, synthetic rubbers (e.g.,
EPR, SBR, EPDM), and fluoropolymers (e.g., polyvinylidene fluoride,
polytetrafluoroethylene (TFE) or polyhexafluoropropylene), copolymers of fluoro-
olefin and hydrocarbon olefin (e.g., Lumiflon®), and amorphous fluorocarbon

30 polymers or copolymers (e.g., CYTOP® by Asahi Glass Co., or Teflon® AF by Du
Pont).
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20 one or nore dielectric coatings (e.g., an overcoat or an anti-glare
film which protect or enhance the perfornmance of the conductive |layer. In
t hese cirwomrstianness, t he conductive | ayer may not be suPCadas2eomneivgti ve,
but is characterized with in-plane conductivity. In certain enbodi nents,
surface conductivity in the overcoat can be 25 established by incorporating

a plurality of nano- shzfiecaRBEgiierts HRABIIOHRENE Mdthedey@ieadierefs shown in
Fi gure 10F, a nanow re-based conductive l'ayer 10 is deposited on substrate

14. The conchmpiises parfially polycenged oe pantiaiywured polynwiti Gompared totaefully
percol ati on threshol d d establish in-plane conductivity. An overcoat 17
s formed GPlYTEnEeman il aredmatine R Patiaipuiad pagi Rasirseet dreres of

par i ol es. 1731 5 RBeARA d hOE AR S0PIoukt mAEKARI RIS hust B | 0adi ng

| evel of thé nhano- Ive particles 1n the ov oes not need

to reachst heartish) pOIyActR6d HRRAT CHBRISEAESE Wdepeertaih gonditiohl meslipatibring
exhi bit surface conductivity. The conductive |ayer remains as the
cur r ent - carisyiosgibieedsingnconkentinngh phatelitagsarhe sURESR pErRas P enaiizations|

B face. contRuEHar fy* ganany Stdd Ml mah 2ot b0 PheRRk B foovic.
hanowi res JididHPAed pbyheriXatibn @%s calricdsutay prenaé a mbuix. of MighetThocamnt

provides a multi-layer structure conprising. a substrate; a conductive
| ayer f or meweight thae tbabett a padiallyicerad matrie Tl padially eured matboe bees a

first plurality of netallic now res,, the firs lurality o talljc
nanowi Iro r@ﬁ@%‘i‘ﬁ@"%e‘ZL)é@tfPﬂgﬁf CIRG BieR: F%qulé{?eg?a ﬁﬁ‘eﬁl?'/?rlﬁil@ﬂwi’c?éﬂfe or ned
on the 10 i the i j j t

of conduct | (T bEoSon@Uelor firie ERARTARELY L@ BaAEBuREAIMRPIIRG Y
bel ow t he dhgcireinotlimited ¢obattiallp cueatbhcrylate, silicone-epdy, siedanee nevolac,

nano- si zed conductive particles refer to conductive particles having at
| east one ERMYsHEhANRSIBESGHEOXATIEOR PRIVIMIBONM nopre 15 typically, no nore

t han 200nm Exanpl es (gé%égwégﬁg%eﬁ%@%%d Y&oﬁﬂ‘ieitﬁhF?}eLdgdj'glg%f but are npt

limted to, I1TO ZnO I'C Nanow res ng those

descri besl hesipnBlizatit bl iikpasn®eEesing cahrionesiatiohesndgeMBiclatise t he | i ke.
"Substrate", or "substrate of choice", refers to a material onto which the

conduct i ve pafially palymesized matrix antimananowines cgnstissalve Imicalgy, the higher
R s kA T N
s boeken sery UGB ol gl Dt A1) BB @b ool s
i ncl ude, buyshyaical mbegrity to peatetitthe panpesiesneithie. dhjs ipalegrablel keoause an
ter epht%a ! aén%-l(JEeErTr%\éy %2'rr¥%itt ﬁirs c?ve Btath(g}n?rt]éa ’angt ?r?e subsequent curing to obtain a
final transparent conductor film.
In further embodiments, the matrix is an inorganic material. For
example, a sol-gel matrix based on silica, rhuJIite, alumina, SiC, MgO-Al,03-SiO»,
Al203-Si0,, MgO-Al,03-SiO,-Li,O or a mixture thereof can be used.
25 In certain embodiments, the matrix itself is conductive. For example,
the matrix can be a conductive polymer. Conductive polymers are well known in
the art, including without limitation: poly(3,4-ethylenedioxythiophene) (PEDOT),
polyanilines, polythiophenes, and polydiacetylenes.
“Conductive layer”, or “conductive film”, refers to a network layer of
30 metal nanowires that provide the conductive media of the transparent conductor.

When a matrix is present, the combination of the network layer of metal nanowires
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25 pol ycarbonate), polyolefins (e.g., linear, branched, and cyclic

pol yol efins), polyvinyls (e.g., polyvinyl chloride, polyvinylidene

chl ori de,wpabwviossB acet al s, pol ystyrene, pol yacryl at espcans2aihe2ivitke),

cel lul ose ester bases (e.g., cellulose triacetate, cellul ose acetate),

pol ysul phones such as pol yet hersul phone, polyim des, silicones and other
convent i onadnPPk)ABIrxGs bidoTeferfsliitd a9 Baborkimeeayet0 Sincelddnabteviubst rat es
can be found in, e.g., US Patent No. 6,975, 067." WD _

2011/ 10643&Rbigvesndleotisandharge percolating fropi erg metaknanayyits teaanother,
transparence or. clarj of the conductive l.ayer can he quantitatjvely

Gef 1 ned by SHIGHBIBRE TACPWIPS o DR e erentdics ptur e e o rEh g
transm ssi Q- f: ! - HSSHAVH £ A FSivkO HrRget an
el dent | 1 QriEal pecbatalion HREAAUEHdhodime LHHAcvE? T mpiceRBraaenaly 2

li ght 5 8 r ajf3hé sehductive layer is madusély peopatienalits istsurfaestresigivipnd can be as
hi gh as 98% For a transparent conductor in which the conduc&)i veoleiﬁ_ger i's
deposi ted dometimestefarred taas sheet msistangrs Whigheap PEIBGRASWEE bYdM

overal |l structure. slightly di mnished. Performance-enhancing | ayers,
such as an rﬁﬁ% ng"gﬁf/eag’i-r, anti-reflective layer, anti-glare |ayer, may
further contribute tqk&amye] WBeh REMBNRI I8 Ipreskht] theghthatrixanastssiilzd with t he
transparent conductor. In various enbodinments, the Iié;ht transm ssion ("T%
of the trarsifficienttmeiahdacowires tahetrmatcondugtives08s uged heegin, ‘Bueshald | east
70% or, at |east 80% and y be as,  hi as at | east .91% 929 at | east
95% Ha¥l (ppgingde ﬁeﬁﬂégg@fP?fPsmagﬁg}qﬁ%mﬁﬁ?' '?qnqy‘@feér%)}g@g%ﬁ%ﬁ%[ercent age
15 of the quadihhlofthd con ivﬁ@ﬁe&a&t%éﬂm@é&ﬁmcﬂ%%@} hak@¥urfiee scat tered
during transmssSion. Unlike Tight transmssion, which is largely a property
of the nediresistiVigzef nemoié érarnapoutdii®ichon'sqoareeion b)Y More fypicadly| thecaused
by surface roughness and enbedded par L c)e or conpo '

] ness ana ) s1i t4i(§BOjna| ¢
het er ogeneisur@geirasistidtyng aounereriianctd 1 9/0, pesrors thanclo, &ty PG E9eIthARan be
i gnifi td Mg ; t f t
Kanost r uct 400 SRS thalfsB0 2P & fo Aty fingd RODIACTHERRERI . 1

associ af®d |¥hdiRg deVdl aBpendsae fadtors/audhoassthendepdiotreatics thé Hegrleazaf of t he
transparent conductor 1s no nore than 10% no nore than 8% or ng nore than

5% and may dignmentglegiee vbageloamaration ang the regstivity 1pd the meta)nanowiigse t han

0.5% or no nore than, 0.25% 25 Performncer. j . ' : As
not e(z:l above, the con lrc,iq%felrétggg yl?é\??@f%’e‘ﬁﬁﬁé%% h%éﬁéﬁﬁa%% 8H¥'%aall
characteri r?ﬁérﬁ@g%f tHe F@TBId likely (0156 BItERAT FAhprohissd BRr@a High Iaddimgr

enhanced b troducing additional” layers in the transparent conductor
struct ure. oftany,particles Hereipnbadiiandagenusly, e highl aspect ratissyfdhe metabnduct or

i d i bed, VWO 2011/ 106438PCT/.US2011/ 025941 whi ch i
| yer s Kicaowiiesialpw PESIS REMALgR L & cRorgePeviall ETEUOR IR ETe: Ahger o
barrier | aXﬁfe%hoﬁunéh Ieﬁpﬁ&’iﬁbﬁ?vel referably of aBﬁula@g!rild%éf@gﬁi aysutepanpl e,

Figure 11 shows a nu ayeP fransparent conduct rising a

conduct i ve |giyaf, rd@reapréferablyfsdmaibeut 8.1 jag/caése abbetls fighinovand fitoee
mul ti-layer transparent conductor 20 further conprises a first

] | ayer 22
posi 11 oned ReferablydrosaboE 0.Baig/emito alzout alsandor sijer nanowses. hRee
bet ween the conductive, |l ayer 12 t u . Al r yer 26
posi tioned SHEI'%SWLII? ng Llﬁyg{sr g? Qoi%ﬁé’%&ﬁ%gﬁec&f&ﬁ%&%&% ﬁg?@mrbg%&rég%’: ﬁggi‘eat he
layers 22, a@iRd 1Hese 3AIRES QSerif stietgly 8Rthe BRhéRsibhY Bnd Bpatial diggersioglatr e
| ayers, adhesive layers, barrier 10 l'ayers, hard coats, and protective
films. the nanowires. Advantageously, transparent conductors of tunable electrical
conductivity (or surface resistivity) and optical transparency can be provided by
adjusting the loading levels of the metal nanowires.
| In certain embodiments, the conductive layer spans the entire
30 thickness of the matrix, as shown in Figure 10B. Advantageously, a certain

portion of the metal nanowires is exposed on a surface 19 of the matrix due to the
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The | ayers 22, 24 and 26 serve various functions, such as enhancing the
overall optical performance and inproving the nechanical properties of the
t ranspar ew0 20oidu380r . These additional |ayers, al so refPermsdoi 23981
"performance-enhancing | ayers™, can be one or nore anti-reflective |ayers,
anti- 15 glare |layers, adhesive layers, barrier |ayers, and hard coats. In
certain enpogdRingionCorahe PhdtAk M@ﬁa%ﬂ?bl‘}mér@yahiﬁf&\tur&i@ paiiculaie

benefits. For exanple, an anti-reflective |ayer can also function as a hard
coat and/ ousefubfor towsh $ergen applicatidaist ilo particularetransparemt copdegier €aks, the

Do orioc HEnEY LR SSPHRCR S aTlep o eSS B PR BE STy
adhesive | ﬁ‘éf\ﬁrit is%ﬁsb@d’ e &gtvx)é) k Bf Hf%rt% rFa‘?m%‘mir s,embedbded in d MaAMehbREves

enbodi ment, "l'ayer IS a hard coat, layer is a barrier layer, and |ayer

26 is ap astrffadeetdrehictiviey.! Ay @hownnwhie senm hamowirds) duok @als,ndnaydie Xa,i s a
conbi nation of an anti- 25 ref]ective layer, anti ;le are, a barrier |ayer
and a har dmeyde entifgly‘'spamprgesh imtesdat 18, aids of panerRANOWISS; sughas
anti-reflecti I I y b- : L I " : o a |ayer
that can r%’&‘a\cﬁgbr @ﬁ%é’gfei acprg)v%gg sg[faggﬁgfc{fz@% ﬁgéé[h)\éﬁﬁf ?%:{&?aé’oaf FISd?rfrtllgl:]t%rft:?ilns par ent
conduct or . midfie 8BEiiod 6f h&fdWires, lstitR lasTAiddid €& fopr £5d) endopriotiudeexbove thére
outer surfaces of the transparent conductor, or as 30 an interface between

| ayers. Maswiace $9 ofitheamiatrixat8.alftenough ineoiire engdsctab and migdle segfipns
2011/ 1Q6438PCT/ US2011/ 025941 kn. i,n th t gl | udi i 'y

li i taSSOn?&f P F"(ﬁ?o?]}?ﬁ?‘@r@? ”P%?'gr IH?n%/ﬁ‘é a‘?ﬁr gfnt@éq%n%gég%]t\;‘fmﬁépg&%ee, e.g.,
U S. Pat enpolpg ?éomt@/@7’Fiaur%2ﬁ{)[zﬁg? fsggﬂniﬁ%%lé’otré%%icro%raph ofthe |n other

enbodi nents, reflection | oss” can tiv reduced by controlling the
t hi ckness g@lfirfddecofanie embbtizedntof d tegresparéot camdactar showingha cohtausiof engs t o
Figure 11, the thickness of |ayer 22 can be controlled. su?h that the |ight
ref | ect i onad Migdlefestions ghRaRQWirex RroyIdNaRVEA AAHX i t@NsPamills in
vari ous e"@&ﬁ’dJE‘%&F s, the anti-reflective layer is about 100 nmthick or
200nm t hi ck- ' Refl ection | oss can al so be reduced by the

appropngat e use of tpxstherdmbatinaeats, theasondeictive ldy8r isfatrast byiche 58&@b57 and
literature on Autoflex 10 MARAGIM and Mot heye TM products from MacDi arni d
Aut ot ype. nanowires embeddad in glparion efee matsixeas shewa in fydret9& HaRluces

unwanted refl ection at .an outer surfa of t r 0 by
provi di ng ‘F(?'?fg‘cﬁ%%(!ﬁyﬁégé SfCYRIES 88&1‘%@&%08 %@ﬁ?ﬁéﬁng ﬁg aﬁﬁ?@c@ﬂ@&%ﬂi tabl e
anti - gl ar esgiy rg@é’sin%ﬁé &tk 1gnown in the art, including wthout
limtation, siloXanes, polystyrene/ PMVA bl end, |acquer 15 (e.g., butyl

acet at e/ ni tr ocel | ul obedduitidrgIthe nanewire)filled wopdctiyshiayesmay deypyariaid wih

pol yur et hane, nitrocell ul ose, and acryl ates rise a

( ose, . \ z%ll of \M_]ilch ﬁané comp
i ght 4PffeRe AEMALE Siglastric GORtIGS (&9 SnPYereal A AN gRIGNIMGMNICE o "~y g
Pat ent Nosproq’e&%?’eﬁﬂgncé tl{%@er@éﬁnarfh&%ﬁh@‘%nd ct‘ﬂv]eslr??éﬁn InARse. 292, 784.

Bl ends and"copolymers o Se materials can have nicroscal e conpositional
circumstances, the conductive layer may not be surface conductive, but is

characterized with in-plane conductivity.
’In certain embodiments, surface conductivity in the overcoat can be
25 established by incorporating a plurality of nano-sized conductive particles in the
overcoat. As show'n in Figure 10F, a nanowire-based conductive layer 10 is
deposited on substrate 14. The conductive layer 10 comprises nanowires 16
which reach the percolation threshold and establish in-plane conductivity. An
overcoat 17 is formed on the conductive layer 10. A plurality of conductive
30 particles 17a is embedded in the overcoat 17. Advantageously, the loading level

of the nano-sized conductive particles in the overcoat does not need to reach the
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20 heterogeneities, which can also exhibit |ight diffusion behavior to
reduce gl are. "Hard coat", or "anti-abrasion layer" refers to a
coat i ng twetoprweiddes additi onal surface protection agaPaostussenaeidhes and
abrasi on. Exanples of suitable hard coats include synthetic polyners such
as polyacrylics, epoxy, polyurethanes, polysilanes, silicones,

pol y('si I'i copagdayation)thrsihofPtodxhibiy Bufae ¥ondittivdy. ITAe&onaattive) |age|cormrl ses
colloidal silica. (See, e.g., US. Patent Nos.5,958,514, 7,014,918,

6, 825, 239, mmainefasrtbacusreot-cadyingenediom, imwdichiheknanowisss have neacbedoat i s
typically fromabout 1 to 50 pm_,The deqr.ee of. hardness can be eval uated by
known net ho@lbe%}rﬁ; H@rcg,lqtl,ongg\gﬁ. érg‘eo?f”gﬁ%&i’%RPH&I?%@qESaﬁVPHﬁ)E\?H%V' egqreel
wool #000 rgci ' [ i j f t i

Foci procat | SLTLOEMRAvRPak ATESRHJich CoftaGsREEHR iR Badonies

6, 905, 756) . thFbegihéielthickaiess B0t ROAEt068 38PCT/ US2011/ 025941 may be further
exposed to an anti-glare process or an anti-reflection treatment by known
methods in the art. Thus, one embodimgdfirowdes adpulticlaye SrycturgRPeRAsIRI 3 v

| i al ' | . el d
subot race) Panatalera SPAT o PR oniHE TS hat, wreRptific ifialane, e
properties piePtbMpriséaudirst fRMtdligedl metdIiRpnarmslirs, Wite fiist plurality of enetellic

known in the art, including without limtation: acrylic resins, chlorinated
ol efi n resi nanowises reachingramelectinad petkelatian/evelk andwe evaseratfermedandne

SRSt eae e
10 pol yest epafigisNthe é@éﬂrﬁaﬁlﬁg}@fbﬁ&noﬁfoﬁﬁfgﬁnkﬁ Bkﬁn? BRIoW tHePKRBRRaRNd t he

i ke. Barri er refers a layer That reduces or
prevent s gapembldtionileévgler neati on into the transparent conductor. |t has
been shown that corroded netal nanowi res can cause a S;l;%griﬁ,}eisrgam 8ecrease

in the electrical conﬁﬁ@ﬁ??ihﬂe’asnm‘ﬁ‘zég W@'UF"%PG‘WF s RIS SP GRN #CMEe _
conducti ve éé’ﬁfﬁfe‘s r@vﬁ{gggfléé&[%ﬁ@&ﬁe . ﬁ{d(t?scﬁb\ﬁ%rﬁéﬂlén I5ABhM, Imkmospheri c

corrosive ¢ romenterin e conductive layer and contacting the netal

nanow r s i fypidafly "d friofe tHare20animi eExdnayles of suikabielcondoctive partitles irslade,
including without limtation: see U.S. Patent Application. No.

e.g. 3 .
2004/ 0253468yt are medtietitedNes! TG, F60, derehaaOsmetallicpgnowsephinaiidingthose

132, 565, JP. Pat ent. No. 061. 025. Mo L uLeflecti
Fayer, anti SesgiogRdieiy aetlicrandines o RenplitssoNT) Bpd e iks &
| ayer . | SRR N oFrRAdirARNGSehdidte, rafbis tol RitRiterid] dREPFHRIM
conductor may further conprise a protective filmabove the conductive |ayer

(e.g., | ayethe2@nduttiee [ayet isctdated for laminatad, pT e blpstratexdiapl e tgid ardlexibée.made
of the same_nmmaterial as the flexible subsirate. Exa es, of .pr,otecti film
i ncl ude?obu?—hﬁﬁégﬁ%@telqaﬁi he.geppor QBa‘ﬂHﬁ-yié? g‘i“,”‘ %%L@Pfeﬁp@eer'ég\fﬂ'ﬁﬁat e
(PET), poly e : : I 3 d B, acrylic
resin, pol ylgéagr%'cr)]na e”te?@)mtgg% %g?gﬁi?@eiggbaeﬁlQ@%'Elj'),bé\l&)a,gg%oﬁyvi nyl
al cohol , poByiatigrigkhsestetes Preludd, fiorl éxtemslechibes | ptEycarbbratebyhenylics, and
et hyl ene-vinyl acetate copol yners, Eﬁol_yvi nyl butyral, netal ioncrosslinked
et hyl ene- nethiedikey | Suitalte texiblesupstiates ipeludar bethaigenotdimnitesnapelyestgrs
pol yol efins, or th B,i—ye' [t [ f j P PMMVA, or TAC
because of th%i’ poﬁp Ifeg{er %ﬁ%qrhtﬁgfa?e kIyE'P)V, %oﬁfe%%r%a{p?wttg‘:rgte, aﬁ:d
25 polycarbonate), polyolefins (e.g., linear, branched, and cyclic polyolefins),

polyvinyls (e.g., polyvinyl chioride, polyvinylidene chloride, polyvinyl acetals,

polystyrene, polyacrylates, and the like), cellulose ester bases_r(e.g., cellulose

triacetate, cellulose acetate), polysulphones such as polyethersulphone,

polyimides, silicones and other conventional polymeric films. Additional examples

30 of suitable substrates can be found in, e.g., U.S. Patent No. 6,975,067.
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WO 2011/ 106438PCT/ US2011/ 025941 Corrosion Inhibitors I n ot her
enbodi nents, the transparent conductor may conprise a corrosion inhibitor,
i n additiwo20o/106438i n | ieu of the barrier |ayer as descrChas2@hor®41
Different corrosion inhibitors may provide protection to the netal

nanow res based 5 on different mechanisnms. It should be understood that an
appropriate sel ecti oypfcallfiehe ¥ptieal ttahdpémdd 6r ¢lanitycnhetbrductivedager of
protections to the nefal nanow res agai nst adverse environnmental inpacts,

i ncl udi ng ban hecyiarditativelyadefinad by gatanoeters including light tragsgtissipmgnedagge
mechani sm ,the corrosion,inhjbjtor binds.readily . tp the nefal OW res,
formng a prigPEEANNBISEIONT(Qn I'Qhﬁrré?%m@ﬁwft&Sé.e%ef%&%fr%erggﬁt@%f@q%@f erred to
as barrier i RidAianfRaNGRIER thilligh & Hiediut ! IRRArBIP BAitEAthentshthe light
barrier-formng cdrrosion 1 nhibitor includes certaln nitrogen-containing
and sul fsur yraaBimdsiomof thiegeonducticerfayenisat leastBG% amdocaat be as higiras 88%.

I m dazol es and thiazol es. These conpounds have been deg)nstrat ed to form

stab: e cgnﬁpéﬁééaf&ﬁaéﬁﬂféioﬁpll@@l’ifhkﬁ@'qh()thﬁrwpélét“é? Iaxet Isferpsited Qheen t he
. - . . . ;
or gani o ol BOEl bRR T ReRlE in€ NafdnesTRGER drRE Bl kile e BTV

substitut e@Iié}ﬁWhﬁﬁi§ﬁ@dj.e$’erf§ﬂﬁbn§é-ehﬁbﬁéih'ﬂbadyér . quuh dwiayladhesizgllayerj azol e,
can al so be used. (See, e.g U S. Patent . 5,270, 364.) Additional

sui tabl e ematipbiecttye layen esiigiarerayan maysfurther ceriribuiertogedusipy the prerll ¢ o:
2. am ndlts. hghismissgn e kanapsedt CandlelBt ofiarioms srapesiments, the iht

2- mer capt ohgRg g"l"’/é‘éf'%ﬁé F2RPSRAR CBhAdAbA caBe At least 50%, at least
mer capt obenzi m dazol e. SCHEME 1 WO 2011/ 106438PCT/ US2011/ 025941

Anot her cl 89%,adt Idsest 7i086,-dreat ieasy 8686 nodinoay balmisthiglvas at tegst 4% t5i 926l etul es
that show a parti C(l).l| ar affinity to the netal surface. These include snall
bi omol ecul akleast 85 /%yst ei ne, and synthetic peptides and protein scaffolds

U35 nppt st i on SPEUFORE ApREk P IcH AR RserS S gesissnate. €0

10/ 976,157 9 of tHedqudrti?per Aei sepafate B sheomaidepp ightcarid scateed durings.
60/ 680, 491, 60/%07, 675 and 60/680,491. Qher barrier-formng corroscj_on
i nhi bi t or s tianeMmigséonti Unlike lightdranssnission) whichds targelya BaPLsyfdhe medium,

o ol Sk 51V B S ) Al ity B ifegvaaipeh
‘;g: ma g‘g)_n%ha@ﬁbé&fébegﬂaﬁanes drh@RRiusitInal Retcrogeridifes Rtk medifimce from
Typically, haze of a conductive film can be significantly impacted by the diameters
20 of the nanostructures. Nanostructures of larger diameters (e.g., thicker
nanowires) are typically associated with a higher haze. In various embodiments,
the haze of the transparent conductor is no more than 10%, no more than 8%, or
no more than 5% and may be as low as no more than 2%, no more than 1%, or

no more than 0.5%, or no more than 0.25%.

25 Performance-enhancing Layers

As noted above, the conductive layers have superior physical and
mechanical characteristics due to the matrix. These characteristics can be further
enhanced by introducing additional layers in the transparent conductor structure.

Thus, in other embodiments, a multi-layer transparent conductor is described,
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SCHEME 2 S S S S s SSS SS SS S SSs Silver 15In a particul ar enbodi nent, the
transparent conductor can conprise a reservoir containing a corrosion

i nhi bi t orsvopouvioai3ag a conti nuous supply of the corrosi eaTiuskéibioesmii n t he
vapor phase. The corrosion inhibitors suitable for such sustained delivery
i nclude "vapor phase inhibitors" (VPI). VPIs are typically volatile solid
material s t\nﬁichsdéméir@%sm drHhBrAlaNBRNQIYAS aRfirétiseIdyaessami-glake 20

met al nanow res. Advantageously, VPIs can be delivered to the netal
sur f aces ardyersphdhesive thyiens, dagist layersd andiaed cbats. | ong- | asting protection.
Suitable VPIs include, barrier-formng inhibito such as ft.riazqles,

di t hi ot hi adi azol e, aMkwnaﬂl%sH@BV%ﬁéaﬁmeé%urgnﬁfaw? ?HFB'F'é?yeigr%?@F‘?'Bed
herein. L Indil L4t@NAPgE fiekc/eayuct or
structure s%‘?’ldéltﬂ%r 2?56%%?@3%%5% gg{rl\ééle%yéﬁtg??n?g%%tc%ﬁ y, e gecseal s 32
and spackr safifvear Ehed@eiti-lageettahspaveatcoénductariufirtnes compeises bXirst layeh22
space between the two WO 2011/106438PCT/ US2011/025941 conductijve | ay%rs
12, one or Rasitonesseaveydhe sonduciive lpyeiskhia senpad layely 4 Pesitignee patweer the

Cause o redimtusive PBRA2 AN Be R baftdle s Hile IR 1eklras pRERRARE BeltiFT, O
reservoir ofBtsabBEaR 10" URRs8sthtelidhémiiseViaeh ¢fane eers 00! 2oaAtRS ¢art 0 a

polymer matrix or 5 inpregnated into a porous material fromwhich it can be
subl i mat ed hienboe oheorepoti-rpflactivet layersy ant-glasadaysrar adesive layerss bafrigfe of

t he net anow res, (see, ipset).. . Accordi ng to anot her
nmechani €¢n r‘ﬁy%rér E‘%réji éﬂ?%’rﬁﬂ‘gprtog‘%dmerf&@smre readily :M '?h a corrosive
el ement (e.g., H2S) tﬂ?é‘lai}%khzi,%Eﬁaébﬁ?&@%ﬁ&%mﬁhﬁ‘&%,%@bﬁ%‘ on

i nhibitors are known as avengers” or "getters”, which conpete with 10
the netal asthaemethtaverdiboptival peifommaheand impEvinglhesmethaiiGlscavenger s
i nclude, but are not limted to; acrolein

| yoxal , triazine, and
n- chl or osud¥PRefiegof theskranspargnt CWMQ%@%@@%@'&X@%&% r eferred to
2006/ 0006120, 4 ~ : i odi 3 i Lhhidi t or
(e.0., HZSZ%C veéfﬁé%‘?g e-ggﬂagéﬂgﬁ{%éég’ggaﬁ:ﬁ% egsﬂa r??hgr%@‘.&g@% Iﬂr%rgbﬁtgence

does not5 1qu§|@4§§/§|@[ #dRédies layehs, ptiecialyersy, aptdedrd icoats. piropentdines of the
conductive 1ayer. “I'n other enbodinents, the netal nanow res

can be preterabedithents, iong pesfargEinss-enfiansingdayeicprovisiesrmultiple banafity For
deposited on the substrate. For exanpl he_ .net al L 1.e .
pr e- coat ed %atnllpeiﬁ’ %PP{" ‘?f??%'e’ FIAET & raﬁgci) &Hpclt'ﬂ i%iq ﬁs%‘)gé&a%d@% gﬁréler
di t hi ot hi adhgzol i | {Hes aHicdafahésniaticeddifanemhglayérseat ed
with an antq??(t;'grﬁ}g cng(?jflqg”on. pl\/btlalﬁgﬁti I-télrni sh treatnents aregzk)rﬁown in
the art. Spweidptically deanastdefineddedreing H2S corrosi on are descri bed in,

U. S,,. Publ i shed

2005] 0Bago. | In'ne qTORINCGt Have R e h BRI EeTHdue Bk PHEhORT 8 can
e rasoner RGN 808 285 JBRIGARES DLOCE, L0 COTON O Y
gol d, which is |ess gnspeisrnbddiment,dayér@? sralhard doalakaiyen24 is a barrier
layer, and layer 26 is an anti-reflective layer.
In yet another embodiment, layer 22 is a combination of an anti-
25 reflective layer, anti-glare, a barrier layer and a hard coat, layer 24 is an adhesive
layer, and layer 26 is an anti-reflective layer.
“Anti-reflective layer” refers to a layer that can reduce reflection loss
at a reflective surface of the transparent conductor. The anti-reflective layer can
therefore be positioned on the outer surfaces of the transparent conductor, or as

30 an interface between layers. Materials suitable as anti-reflective layers are well
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In certain enbodi nents, the transparent conductors described herein can be
fabricated by various coating nethods, including sheet coating and high

t hr oughpuwowetr/weasi ng. | n ot her enbodi nents, a | am nat iPag/usetihoesssan be 30
used. Advant ageously, the fabrication processes described herein do not
require vacuum deposition, in contrast to the current fabrication of the

metal  oxi dglolid-the WR, Mﬁ@@ﬂﬁ%ﬁqﬁ]my&%é@mﬁéﬁ)pdﬁﬁer blends

fabrication processes c arried out using conventiona

sol uti on- procepslynteregséqregt U. SbPatentNost Bel 98267, Ga22%A44r arck§ 88, 7%
conpatible wwth directly patterning the _transparent conductor. Nanow re
Deposi tion and Transp8 rQﬁ;hgyme(g;}ts,pfgﬂeq:tl%lp%cambﬁ ‘%&rcf"é‘?lﬁ r%%?ﬁfﬁ%nt s,
it is thus ' r ] M [ S &iduct or
conpri si ng:HuSE T e SMERNSof ik SRErelb e Gl I SRR PRforciRe

netal namoub IFegureef 1N ehdl trislatese bfilayer 22 ¢hrfibe abatrbidBuh thatrtiedightanowi r e
network | ayer on the substrate by allowng the fluid to dry. 10The netal

nanowi res defledionnfsiaface 28antsaifacea0 £80el. eapheother aut. nERSWN ¥ariokse

typically dispersed.in a liguid to facili deposi thon Lt i
unger st ov Bt Eb, Jd apleliseive Jafkide ebBHE1 A0t BRI 4t ek o
 nterchangeably. Any REtichish 165 ¢ aie8Befkediclibling Bppropiate Dsen res can

forma stable dispersion (also call nanow res di spersion”) can be
used. 15 Prtettaretbsyrfaddse seetaly. badonateat Nar 68208peana titaratui@ pa rAutaiitex

ol onel0 X ARAG Mg Mot Rirsparasipm ML AGIRGUIGYPE ot | e, having a
boi I i int of
olling point of no ”Rhﬁ@%ﬁqﬁién’rg%fe@%i@em%réw&s Qﬁwé'ﬂegggﬁeétfaﬁﬁ

100C. In addition, the wre persion nmay contain Itives and

20 bi nder s gdt@ncsurer Slirfadesefathi tthansparent sonductar bg providingrfthenanghness on
di spersion. Exanples of suitable additives and_ binders include, but are not

limted tothesurdass tarseatiar therefigction. @unieple antiglare matatialyiare yelllinoved

vinyl " al colghie Byl MihoRdrati R soEiet; e Pl S Rgeeky”
sur f act ant Se Y ButPactatemitrééemioseivak/iilrasies, pajthidpeenespdlgpyardles,

propyl ene oxi'de and their copolyners, sulfonates, sulfates, disulfonate
salts, sul frobureihaneesitroseligpsatandacyiates, alldfiwhieh owyr¢erepise 8 liget g. |

o1 (1) DUkl S5 2SSl B SR S SeaP S 5. el oq
o001, RO shosisbatie gt g R shiarsb e
copolymers of these materials can have microscale compositional
20 heterogeneities, which can also exhibit light diffusion behavior to reduce glare.
“Hard coat”, or “anti-abrasion layer” refers to a coating that provides
additional surface protection against scratches and abrasion. Examples of
suitable hard coats include synthetic polymers such as polyacrylics, epoxy,
polyurethanes, polysilanes, silicones, poly(silico-acrylic) and so on. Typically, the
25 hard coat also comprises colloidal silica. (See, e.g., U.S. Patent Nos.5,958,514,
7,014,918, 6,825,239, and references cited therein.) The thickness of the hard
coat is typically from about 1 to 50 um. The degree of hardness can be evaluated
by known methods in the art, such as by scratching the coating with a steel woql
#000 reciprocating 50 times within a distance of 2 cm at 2 reciprocations/sec

30 under load of 300 g/cm2 (see, e.g., U.S. Patent No. 6,905,756). The hard coat
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range is 0.02%to 0.5%for HPMC), from94.5%to 99. 0% sol vent and from
0.05%to 1.4% netal nanowi res. Representative exanples of suitable

surfact arwe 20niclosde Zonyl (r) FSN, Zonyl (r) FSO Zonyl (r pCE&IS201TI0239en (X100,
x114, x45), Dynol (604, 607), n-Dodecyl b-D-naltoside and Novek. Exanples
of suitable viscosity 5 nodifiers include hydroxypropyl methyl cellulose
(HPMC) , et fd tf]éf 'rﬂﬁb?é?p%maﬁﬁuﬁlarégzMHéé’SYé)r @ sAlLpéflectioh haYment by |

cel | ul ose, an(y yéjr oxy ethyl cellul ose. anpl es of suitable solvents

i ncl ude wat kmowmdnéethoqs opthecrt. The nanowi re concentration in the
di spersion can affect, or determne paranmeters.sych as thjcknes

conductivity (includi r@@ﬂ‘ﬁe&@&eﬁzdﬁ%ﬁ%& any QPE'C%BﬁI%@{I ma “?TﬁWiB&PSﬁé‘Q/’? and
mechani cal ' heo MATRBYE § koqother RRASGAREENGT the
sol vent canQ@{éeg@%lhg%esggt%’(gorow g\gééfygg?ﬁﬁgé}ﬁgtrﬁﬁﬁ?g at |§{)n o? t he nahow res
in the dbspgiespiiysical relectitardraspticabpdpestigssofidither tdyari Optically oleaof t he

ot her ingredients, however, can renmain the sane. In particular, the ratio

of the surfadhesive matenirl aye welknowmvdheiasth incugipg méthast imitatienscaenilige of

about 80 to_about, 15 0 01;: the r.ati f the vyi it LiJier met al
anowi res | EeFBITEREY peliidefih @sfis i cBRfetn s 4 E hebly M, "t 2
ratio of thgJEtakideamel ERBrihatedNRbBEF Fedfris it clbrubibesfresiab) polyamidee range

of about 560 to about 5. The ratios of conponents of the dispersion may be

nodi fi ed deyesind, cgmanond denesesinseresing ofethyenaadnidacaisie cepelyerused. The
preferr viscosity range for the nanow re 20 di spersion is t n about 1
hd 10016, polyester fesie, WeptheoRAPRRS. THEENS I5SITa PEVRL KBS A (PdkEed t o
prepare a surface to Qeifigf laggfi’%f@sws nﬁ%{fﬁﬁsﬁ%@gcsga%réve% §hs bPRuid
nanowi res. Surface pre-treatnents serve t1ple functions. Fof exanple,

t hey enabl epéfeeatpastd ihertrafsparenti dondocioanbhas eedh shensi that taryeded metal

addition, they can immbilize the nanowires 25 on the substrate for
subsequent PRRWIEES PRN AL A Sigificant decieasedp dhe ?@&trfﬁéﬁiPOE Ugy esMeled out
; ; i : . ; h ’ S N
nanow 1o 26 g frtyBrRRlSol of el odulch & 143 S TR dRFEC RySCPaF it ey (e

pre- t r eamefhibif MAeidLPRehelcvrbEivegasitaih eatemasthengnduetive layer degosi tion of
an optionally patterned internediate |layer to present an appropriate
chemical or contaciingthesmatal nepowiies imthenneatrixdi g bairigh layess Ree well KnpwitiRer

i scharge. - Masbondndbe e Fayot S U-S PRENASIRBRRG. o' ho' o

deposi ti on, 26QR0EMES US PRERNKS. B660,9006ALI0027 888, EPFRAEALNOM 32065
accelerated by heating (e.g., baking). The resulting nanow re network |ayer

may requi r eapdIP-Ratent Nens7,061/028deMareowdreany pttie anteraflgetve layer, aiitis
post-treatnent can be a process step invo{ Vi ng@g@gosure to heat, plasng,

corona B80di glaralayer apgibe hae cept canlse Ast ag @ i

i IB¥8 bel ow. In certain

embodi ments, 1t b S ! MRt ChtRimEne! n}@mﬂﬁr.iaggrf?éﬁ@éhg@éﬂdw@r may

transparent conductor conprising. depositing a plura met al nanowi r es

on a subst rfirter cBmphietal progvtive Ifigd dbeivedhdicanductve layer(efd. plager 22).nThg a
metal nanowire network layer on the substrate by allowing the fluid to dry,
10 coating protestivieilmes dypieallydiexibie angtcan b%mﬁé‘ rf the saBramatgrial as dhgy
curing the i

CurL19 0% TR RS b R T BH U fup wetu dusre ol RL T
matrix, 285 galborf fuy&hene RrePhthalite (PET) NSolyblitglePetetdprihdiatks ess
polymethyl methacrylate (PMMA), acrylic resin, polycarbonate (PC), polystyrene,
triacetate (TAC), polyvinyl alcohol, polyvinyl chioride, polyvinylidene chioride,
polyethylene, ethylene-vinyl acetate copolymers, polyvinyl butyral, metal ion-
crosslinked ethylene-methacrylic acid copolymers, polyurethane, cellophane,
30 polyolefins or the like; particularly preferable is PET, PC, PMMA, or TAC because

of their high strength.
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where nononers or partial polymers (fewer than 150 nononers) polynerize 15
and/or cross-link so as to forma solid polyneric matrix. Suitable
pol yrer i 280i20n/w63di ti ons are well known in the art andPchmaiSada/oksp4nay of
exanpl e, heating the nmononer, irradiating the nononer with visible or
uItraV| olet (W) light, electron beans, and the |like. In addition,
“solidificgbi@Biondhhitefd ymer/sol vent system SI mul taneousl y caused by
solvent renoval 1S alsoO W thin the meaning of "curing". 20The degree of
curing can be controln etbebgnmldﬁnemfﬁgthm’reamsnareratlcthhlc@ﬂtm%tt tamprieg a
nmononers and the amount of e 0SS- | nke It .cap be furth ul at ed
by adj usti Fgresien B'éqra!?e?‘xsér'féo% I‘?ré\% et Q ﬁ'\erk.arﬁﬁf %XEHaFgPS?&Féem bR
pol ymeri za I r S
biffltefit thrtdiforl FFRFICRS iz pRdRfe BHtclioh 5 tRO R ARG HAka

pl ace, and n certarn o i me e partirally cured matrix can
be quenshedn aﬁerenméehamlemar ﬂEshodldileeQquergopd Msan afrepdaigr ssdectioncafr i ng
or polymerjzation can be nonitored, for exa y the nol ecul ar wei ght of

t]tle ﬁurl ngth@mrmorbrnhﬂytqrﬁécaptqﬁ@aa réB@%PBEFR?@CtﬁlnS\/@\;BPé@@?h%aW%f%t| ve
T
The mat 11 xaslSt FARTRE By FATEL AR ioacts, g WS bt BRI SRR, Moot

cured. Optically cleaecsaing®réneameckaniem, aﬁb Eorrd&ien aflibitérangd esadily to
Sui tabl e polynmeric matrices include, but are not limted to: pol yacryl at es

(or "acryl thegwefal paohwires ﬁormmmamtsectateefﬂm oo pyBete) urface. ahlley 9 also

2011/ 1Q6438PCT/ US2011/ 025941 acrylonitriles, polyvinyl alcohols,

pol yes'ggr Sre(f%rrgéJ?o ﬁ%l%\?érfq{yfpgﬂ gt‘é’ hRNRIers-pETY | pol yester napht hal at e,

and pol ycarbonat es), I ?ﬁl‘b%d%éf? %eﬁj%}hﬁ %rrééi@ﬁﬁﬁhiﬁltérﬁn&l‘dﬁbs as
f'or e dehyde (Novo

phenolics or cresol - ace styrenes,
pol yvi nyl t cértetinenitrquensgomtzining an@summ@mntanim or;gah;cacmrdpeund‘s such as

pol yam dei m des, pol yet herim des, ysul fi ﬂ_ suI f ones
pol yphenyl %rr?@%at'catﬁazgéﬁy'ﬁﬁﬁmb%?ﬁgrtg'azﬁléﬁy ?‘@ﬁﬁ q@d@ﬁ?en
silicone- e&é’r’r%?sﬁgtjeﬁcqn‘?&'n%tab‘?e_g rtnggalx\égro%pé( H‘F‘é?gl’suﬁlpi ;fS mg?%( ﬁ%%)t?é}ﬁer and

cyclic olefins acr I'enestyrene copo

cel | ul asi cetwiidni themestapand @ kewirsnmient nF@roatanpienberp)zﬂtMamle (BEAYis a
pol ysi | sesqui oxanes and pol ysi| anes), silicone-sil oxane,

pol yvi nyl cmmmqmeorgam)cormqm@éttwéior GSPIPER OF gwm@@y%%h%@ﬂd Alter s

bol Vi et 1 o PBIUEHBrel Cels: S1EHa: YE AR A 83| W B cohaB o

fluoro- ol gd 'u@e&nge B §CYy, *E’,Ol:'atén%deq 5 ﬁ@saﬁ%ﬂdm@mﬂ rs\ﬁtablérui(aﬁﬁmé@bﬂus

fl uorocarbon polyners of copolyners (e.g., by Asahi d ass Co., or
Tefl on(r) edfrdsiominhiitdPsincgludd, bubahe notlirhitet tmﬂ-amlndpeyrmndlnex5 Gaterial

i b ur &00r defatRenmiadoie. S md By merceptd s A dwagBE 2T 20 andror -
crossl i nk ﬁmggéaggtgboﬁ@?gg@ %a&ap édz’éxaf&ed?%ﬁér‘cgﬁfbb'é%éfhihzo'lé dn’%i i thin

t he know ed e art to select vi ew Of
desirabl e perodptshenzimidazsie.a suitabl e nonomer or partial pol yner.
SCHEME 1
N Cu/N\ AN~cu N cu”
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In a preferred enbodi ment-the prepolyner is photo-curable, i.e., the

prepol ynmer pol ynerizes and/ or cross-Ilinks upon exposure to irradiation. As
will be owecnilwd3sn nore detail, matrices based on photeTaise@hios41

prepol yners can be patterned by exposure to irradiation in selective
regions. In other enbodi ments, 25 the prepolyner is thermal-curable, which
can be patterned by Aﬂbﬁ@r'c\’é&s@‘i’%’?ﬁéﬁfdrﬂlr@ EedsieP ihisitord YidIGddd ¥, the
matrix material is a liquid. The matrix material may optionally conprise a
sol vent . Ahionnalecdes thatishewsa padiaulartaffinityate tbefreetai swﬁ@casoTh%ﬁeelncwd@ sperse

water . an STERBTOCHES b%a“%%@%%ﬁ?ﬂéﬁﬂ%w%’ép&%&ean Bl e'cégééf? " el v

cycl ohexan | . More
Wb 2011/ Tolaeat pEAHE (BT el ARRE Rl meld, ¢EFEEE, 0.0 8

having & bApbllmldanBéﬁaINosM0763436231%0/@@@@21 nt10/965<22t7ha0/9760‘09 andno nor e
t han 100C certain enbodi nen i X materi 3/
conprise ald#289:988, hcSr Pf@"ﬁ@ﬂ?'%@ﬁ'@éf'?%@ﬁ“ﬁl Npét %9/6891‘@5» 13%7@75675 an

(1 ncl udi ng {q% fg(larrpl e, antioxidants, 5 and UV stabilizers for |onger

pr oduct 98 rQe and pol ynerization i nhi bitors for greater shelf-life),

surfact ants and the Otteér bdrﬂeﬂfd?ﬁfngfﬁ&%‘é,la’ﬁrﬁfﬁbltérbendﬂ”ﬁdé dithiseiigdiagblemay
further conprise a corrosion inhib As noted herein, the

t ranspar enalkqbdi&ucmtacbazrdes pad fadiyithisds, aikmaelrrgoa satusatedde- -Shesiraighttat i ng,

web- coati n tin nlna ion. 10( Sheet
coat i nd0l shisieamion dhairc dBisge 2 cERasiER SUBISS tan S+ aRgEable.an ameta]
particul arg,

enbodi msnt o &%ﬁ) @H@ﬁ ﬁ?{nl%ga 5 %meem?rz ntggg E%ﬁ@%gﬁgr’ﬁét}gy%ﬁe&&e

coati ng. Afrorterrothmgwi r es dlsper5|on (not 15 shomn) can be initially
deposited to the substrate 14. A roller 100 can be rolled across a top
surface 105 of the substrate 14, |eavgmgene petal nanow res di spersion | ayer
110 on the top surface 105 (Figurel3A). The layer 110 is allowed to dry and
a netal nanowi re network | ayer ace 105 (Figure
13B). 20The substrate may requi abl e the deposition
of a uniform nanowi re dispersi s to the substrate

i pncl ude sol vent or

y patterned

chem cal washi ng, heating,
internedi ate | ayer to prese or ionic state to the
nanow re di spersion, as wel treatments such as

pl asma treatnment, UV-ozoneSt$ehtSrsns S ®E £O6rHAL dsschar ge.

' Silver

16 In a particular embodiment, the transparent conductor can comprise
a reservoir containing a corrosion inhibitor, providing a continuous supply of the
corrosion inhibitor in the vapbr phase. The corrosion inhibitors suitable for such
sustained delivery include “vapor phase inhibitors” (VPI). VPIs are typically
volatile solid materials that sublime and form a monolayer on the surfaces of the

20 metal nanowires. Advantageously, VPIs can be delivered to the metal surfaces
and replenished in a sustained manner for long-lasting protection. Suitable VPIs
include barrier-forming inhibitors such as triazoles, dithiothiadiazole, alkyl
dithiothiadiazoles and alkylthiols, as described herein.

Figure 12 illustrates such a transparent conductor structure suitable

25 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
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For exanple, an internedi ate | ayer can be deposited on the surface of the
subStrate to immobilize the nanowires. The internedi ate | ayer

functi onawvDzes/mnssnodi fies the surface to facilitate tireThiSpaiifgsef the
nanowi res to 30 the substrate. In certain enbodiments, the internedi ate

| ayer can be coated on WO 2011/106438PCT/ US2011/ 025941 the substrate prior

to deposi t ggdldive ARSI 12¢ sne g} riblaaks8RRRY idtRIeDretdist. iITHeseeBRloHEId ayer

can be co-deposited wth the nanowires. In certain enbodinents,

mul ti f unct acnalicroscopt andlage spactelndisfriiufed puchitnat dheir peesesee dass ige
internediate | ayer. Polypeptide refers tq a,5 pol ri c,sequepce of amno
aci ds (nonER¥S redicliog 'B&ﬁ%gﬁf‘ﬁﬂﬁ&i%Qfgl)ﬁ'eﬁr@f?ge.a'?/eﬁ&o%%(ﬁgr'a 19 ersioNer s
in a pol yp?@ﬁfa {B&TB%OI’Ih'l%’]iﬁﬁ&?\Nﬂi'bh(yai'lft?%ﬁleall'pd?gfeaqal%cé gél Ristinmatrikigie
chain functronalitres (e.g., amno or carboxylic acid gr ugs) are

preferred. inprgpbesl ibfo & porald material frept wtich it bars berstiblichatexbinge thd yapare,
poly-Lglutam c acid and the |ike. The pol ypeptide can be coated on the
substrat e phasg tafprina menolayesddren theppsfacedi thametahranavdres (segeinset).

pol ypepti de can be cgQ- |ie t s . A3

di spersi on. Many subg‘ﬂg(gt ,ttol %ﬁqﬁﬁg 'ﬁ%"g#’ﬁg}s’{ %p(gqr};/ggﬁsé}]e@mgod%gp ?}g[serﬁor(ee_ g.,
pol yet hyl epgadilghafhha Batratioe ekxmeht (e.@f H.8) tHapswitiothedMeyaleRinodéres. These
Advant ageously, the internedi ate | ayer can be deposited in a pre-15

det er ni nedcpmosien inhibitdrstare kabwesas fscavengarst ovigedters’ hwhichrrampets Witltor di ng
to the sa pattern. Qt.her  pre-treatnent h@ds _can_al so be
carri eaao Uﬁ‘q We&aﬁ ANgrieausatenithe carpsive @J%T‘ﬂ@tss ﬁ%?”i‘ﬂe% ggglzgts(?a\ﬁ%?qq{? m
patterned | bl iFPIR aBrol@thagBxlUtrizdfife, lnaH-BRBFostRBinAfigear I i ed
out thr ougﬁﬁgﬁﬂégg??%%&ﬂg@ﬁ&ﬁ%?ﬁg% QQ&Qésfrred pat tern. The surface of

t he subst r Sex,tdgr PlblishexbUrB.i Agslicatioh &drs 20066006420 eat ed regi ons and at

| east one untreated regi on. Nanow res deposited on.the pre-téégat ed region

adhere to the subst r i €enRip egibadingnisn e cerresien NNk (8% rlde® ed regi on.

Accor di ngl P ?&ha’ gQw'e he
nanow r es %%aﬁngghéﬁagg‘?%ggpgg%&é’n'ﬂ39‘?ﬁ&tgf,p V\ésﬁ/ﬁgp t:)ézéflrnt% S oglghé)tt be
under sygodadVrselylffeRt the optisalen ot prdpettied ol iheadopdustive layen ot her
nmet hods of fabricating transparent conductors in accordance with the

description bel ow. Inother embodinraetsnieometal naBEWHER CRERS PrEEEAtRY Vil a

furth i _Ros: , der it., el i cal ' Thi
bt o1 et poreSioR itiEta SOt ot el ShnddieBl Gif el Sispasd ROk ERanBle, 11 >
corona di Sgiam@eal ndMoR#BE@anVe PICSSHES withSa Bhrrler#Srithg ©om®edni inhilRHE

detail below WO 2011/106438PCT/ US2011/ 025941 _ In some
enmbodi ment e.g. 2B T taniddithidthiaidid zoda ninbad ditien, dble ometahranewicad ¢an alsovasr k | ayer

L o ol LB L e Ao kb
and the stgucl ir 650 0fic Fedithehits k3 fethg HERBolPEsiBR LR B8Seribed in, e.g., U.S.
Patent No. 4,083,945, and U.S. Published Application No. 2005/0148480.

In yet other embodiments, the metal nanowires can be alloyed or

plated with another metal less prone to corrosion by atmospheric elements. For
25 example, silver nanowires can be plated with gold, which is less susceptible to
oxidation and sulfidation.

In certain embodiments, the transparent conductors described
herein can be fabricated by various coating methods, including sheet coating and
high throughput web coating. In other embodiments, a laminating method can be

30 used. Advantageously, the fabrication processes described herein do not require

vacuum deposition, in contrast to the current fabrication of the metal oxide films.
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5I't is understood that a brush, a stanp, a spray applicator, a slot-die
applicator or any other suitable applicator can be used in the place of the
rol | er 10W0 28ddios438nal | y, as di scussed further bel ow, receruseotanesdfiorward
gravure printing, slot die coating, reverse and forward bead coating and
draw down table can al so be used to deposit nanowires onto a substrate.
Advant ageoHr%Eé/ad, $hé PAdrRGtiGH p%ce%%@%ahg)‘é' e & ©Re B8hg Yonde Rtk seltibRed
pattern can be used to coat a patterned netal nanow Fes dispersion |ayer,
or matrix pricessiay daaymment Hsrguvientthe daleriqadivh earoeessesratacompatibleywith (e. g. |
G avure printing).. The conductive | ayer can al so be patterned by spraying
t he nanowi AiEegly F?ﬁﬂerri“k‘gftB‘Pﬁ@ﬂﬁ??’iﬁﬁ‘tﬁéf‘@?tﬂé substrate through an aperture
mask. |f the matrix material layer is deposited or 15 cured in a patterned
| ayer, the pattern can be transferred into the netal nanowire | ayer by
renovi ng sNhhbwire WegtsitiRr sndPTrdrdpardm Chrjuctdre-abpieation r ati on of nanow res
bel ow the percolation threshold. Nanow res can be renoved by washi ng or
brushi n§ them away wint¢ertain emhgsipests itdnthusrdaseribed herein g Mgthase®h to a
tacky or agdhesive roller, 20lt is further. understo dit ] I

deposi 11 onEbgEatiamprtiasepazan sengdetpl BB MOiApSettle BRMETS M g or
curing bet MechvitdiOok ANsfsttate) $hé AdtaNtarfdviifes héihg AspEped inddiluidyahgr of the
per f or mance- enhanci ng | ayers can be coated in the same nanner as descri bed
above. (b)foémmirgpametgl @avwirec patwarl ldwes dnetbe seibstratechy atowing thefuid te and
paper industries for high-speed (high-throughput) coating applications. It
i's corrpati@'lYe with the deposition (coating) processes for transparent

conductgr fabricati ofpe yﬁl%%%t%d%’anﬁgﬁ Fel12 dEReibea BKENS. TR8!

equi pnent and can be fu amatically reduces the cost

of fabri cainetdg rlahaniresraatyméallyadispersedsn alligujbtot facilitate thevdbpasitivn.nl is
produces uni formand reproducible WO 2011/106438PCT/ US2011/ 025941
conduct i veundgrstopddhat, lasxuseddesaiss { depasitionpapde §eatinek e vsfdbe run on a

fully integrat | i o] ri - ' ' hows
b enbodi rtateranggAtly, “Any Rebfidriosi REPATEFicHRE e Ran i fad Hinp 0
can be coaj gthifi®bisperays (Asalcamsd emery naBowres disdersiod’) sapdid usal.l y, a
substrate 14 nounted on reels 118 is drawn by a notor (not shown) and noves

al ong 45t r Breferably, e metalnanmivdresiaretdispersedin watdredn aicaheb a keipsedi rect |y
or via a conveyor belt, system (not sho . storage, tank 122 i osi tioned
above the %@S&% ?ypg)ofﬁbo%q]gr an %F%[B@fs'(f ﬁ?\%\@éﬁ%@eeaﬂ?%?(ﬂg’egen@f gie. %ﬁgw res

di sper si on 1 : il Tt I LR the 10
torage 1+ oMpfé pierdBR, the NGlEls LERUIERAYING HBoiidd pBRA o Wooretnan, L0 &b on

132 on t he2B0AgS tnoaherelthano! S05Cmoa nbayere thaf 100°8. t op surface 105 of the
substrate 14. It is understood that .the natrix erial is

stored in anot her st lpragsiitiany tre (‘?ﬁf@' AW d'&ﬁ%rsﬂ%m?ﬂtqqnia'ﬁ%gftiv&? atdn be
coat ed2bn Binge%atgecorﬁ%f@irscgﬁtyq%cciﬁf)ki%ﬁfia&tt?é’é’lgn, and nanowire dispersion.

Examples of suitable additives and binders include, but are not limited to, carboxy
methyl cellulose (CMC), 2-hydroxy ethyl cellulose (HEC), hydroxy propyl methyl
cellulose (HPMC), methyl cellulose (MC), poly vinyl alcohol (PVA), tripropylene
gylcol (TPG), and xanthan gum (XG), and surfactants such as ethoxylates,

25 alkoxylates, ethylene oxide and propylene oxide and their copolymers, sulfonates,
sulfates, disulfonate salts, sulfosuccinates, phosphate esters, and
fluorosurfactants (e.g., Zonyl® by DuPont).

In one example, a nanowire dispersion, or "ink" includes, by weight,
from 0.0025% to 0.1% surfactant (e.g., a preferred range is from 0.0025% to

30 0.05% for Zonyl® FSO-100), from 0.02% to 4% viscosity modifier (e.g., a preferred
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151t is further understood that any dispensing device can be used in the

pl ace of the storage tank, including a spraying device (e.g., an atom zer

t hat del iwensipwessuri zed di spersions), a brushing devi e€T/Us2@aweiony devi ce
and the like. Like the sheet coating, a printing device can also be used to
provi de patterned coatings. 20Figure 14B shows an alternative nethod of

web- coati ngrnaeeodb ok *ﬂﬁ o%b@tfi':mpm)? fof 94.59%!to 99.03% BENEAMARAfrOATE.06%% a
substrate. LiRKe the method illustrat'ed in FigureldA a substrate 14 noves

al ong a tr ateel Utigmetdl mahp@ired. Representativé exanmpesi of sudsblei Bitegtands ow t he
bstrat d tial | t 10W [ ' 24, st d

T 5 stor agBolBAonyS FaNle2onds i omds Far RRHG g pdNg! RO PYAR ot ¢

" \ ) _ ; _ : \

or Fer 140 {604 BgP 0848 B G TRMICERA NHeR; Emuieaet Saldbid fiockt | 10

opposi t esdi medifieadinclltie INRRbXYIFoPYI rhbthyhedilosea i RMCA methy! belldase,i ed out
in the sane nanner. I rocesses descri ped i I gures

n the n
14A and 14Banthan guotpeyvinyhalcahiol serkary reatyhealluloses andii r%’ﬁfnetﬁ‘é!,:appl i ed
prior to or er ch depositi step. 14 | iy nore detail
bel ow, sur f%é@%%E’f?éﬁ?@g@iﬁugﬁﬂgﬁgﬁpﬂgﬁ]%eﬂg% %235%7@2011/ 025941
transparency and/ or cprgughbwirt toRtehtifichORAHE WispRersial ean difecteddetSirningbl e
surface treatnents include, but are not limted to solvent or chem cal

washi ng, pl paramdtesaucbrasthigoessacatidichivityydncluning svwace coaduetivity), pntisalr e
treatment and conbi nati ons thereof. 5Fi.qure 15A shows a, coppr.ehensive

pr ocess 19| ofaRsRarengy: ia@gtmﬁg‘ad"?‘ﬁé’ﬁ@%%’ft'gﬁto?%ﬁﬂ'&?‘%@ nggN%rEE@f?h g‘che

web- coat i ng ' 5 | i i a
motor (not RiSanEdeidne Splvefe eadop difusti CRlovidea desied Boféntrtlioner
f1exi bl e pofhgrreindwile®)in fthedispession) In prsférréd 8mitlcaligeatstthavelativg ratiashof150.

The substrate 14 is then subjected to sequential treatnents d coating 10
processes alhergheniagradiontsi Rgwayemh cansematn Wﬁlqa”l’f'ecgh%a '5BI§F’3H? ralip 8#1@‘%

skilled in th [ h . Of -t i fiPm, the
concentr at i%ﬁ%c?arﬁtﬁé tﬁétv?s?)g(sﬂgﬁ@%f%r,lé Eﬁeéé%ﬁb’ 'QJQ§J§@§@§¥ Q{)%&ej[ gryiénﬂgd?gnd
curing p5ocg®y ?ﬂweaﬁaﬁomvisbésifmbﬁlﬂ%rwﬁte imeta manowirebds prefémbiy inythand

t he thi ckness of the conductive Iaéer formed. 15Moreover, in certain

enbodi ment srangeesftabent ftaebout 8.008RAGcandithedaip & she meatal nanowtiresite ther t he
Subsequent ¢oPuAS PLagRRTin M 2oSBEE APRECHSY o BUGH IR BiRsid o, b
L e Sompliat oS SRpete i ngareld alherkngditie oot once
the method of application used. The preferred viscosity range for the nanowire
20 dispersion is between about 1 and 100 cP.
Opﬁonally, the substrate can be pre-treated to prepare a surface to
better receive the subsequent deposition of the nanowires. Surface pre-
treatments serve multiple functions. For example, they enable the deposition of a
uniform nanowire dispersion layer. In addition, they can immobilize the nanowires
25 on the substrate for subsequent processing steps. Moreover, the pre-treatment
can be carried out in conjunction with a patterning step to create patterned
déposition 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
30 state to the nanowire dispersion, as well as further surface treatments such as

plasma treatment, UV-ozone treatment, or corona discharge.
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20 uniformty of the nanowires |ater deposited. The surface
treatnent can be carried out by known nethods in the art. For exanpl e,

pl asma suwbaor/tseat nent can be used to nodify the nol eealrars2@itioesotur e of
the surface of the substrate. Using gases such as argon, oxygen or
nitrogen, plasma surface treatnment can create highly reactive species at

| ow 25 tenperatures. FyRiwiaglte depbsition ftaw ligtidnis temayed Hyavapbeationt f'léttaa are
involved in the process, so the bulk properties of the _substrate (e.qg.

pol ymer fi | eyapasatiom canaeta@cel@r@tpdtm'eh%aim (©tg-ybakinglrahlje f@ﬁé’r‘%'@%ﬂo"}ﬁfeas rra

and adnesi vEEBEREINGT M BAUEIRGSfso DenagAape P bles BuceMs oBRUAEHRL R o,
can be carrpeg. ifbtmient é‘aﬁ/%%h ﬁﬁe?@ﬂ%ﬁ% ﬁMéI\/ﬁ{@e)kb‘iﬂsGGe tdRedtobla@Wia) @orona

operating paraneters: Osec 62.5 sccm pressure:

- 400niror 6. d%ﬁﬂ@élumﬁmm/pm&bemmbed below. I n ot her
enbodi nents, the surface treatnent nm lnch ude de I%‘F (g an | ngedr ate
layer on the subst rat & Cettaim§MRPAPBNtS, itis qsﬁeeqc gl hereip A ethad el o) 1y

exhi bi ts aff] brr'i'céfrr?&aftr(gnsgg ttcB U@tBP ripisi dd%ﬁ‘@srﬁﬁ’%étm%ﬁ O?Wétalthe

internedi ate Tayer°rs ca [1TzIn € nanow r es nd causi ng the

S Nanow r espARoviedEo. atsutistret@wrbémaamarmmmngmsperm era flid; fowmiragh| e
as the internediate |ayer include nultifunctional biaonolecul es ncl udi ng
pol ypept i ded metagnanqysire netwaykilayeryon the substrate by allgwipg the Ith({fV’sur face

vt oz0nd0; et el el P8 B ehBnoPhe Sbva i  RRAR R,
The substraﬁgtrj,gmtat@-raq@éf&fn HnesARds to a netal nanow res deposition

station 164, which delivers a netal nanow re dispersion 166, as defined
herein. The deposi ti ofMafriamaterigtimefees to amatagel Qr@mlﬁyrﬁj@fsmﬁt%@éﬁ fhat

Fi | 4A, d d - d t.he,
nanow res’ RADENE BIP 16 ey a8 68TiNed hE: tEiehn st ey raets e Prodss
Al ternati vel KerdmbhbHeré 9r gﬁrﬂaﬂ‘ @%r@ﬁféd@?%érﬂ@@%d(mﬁn&%‘) belyARgtizeoat i ng

of the metal nanow res dispersion-on the substrate. For exanple, a stanp or
rol | er havi ar.gd/becmssemk(s‘o@tmrfedetaasahmpdym@ht:enatrrxar&hﬁablespdym’éneamrarrp or

roller can be continuously dipped into a netal nanow e dispersi.on known
met hods i n €onditigns ar@mﬁlbxm%w@rn ﬂ‘@a%éﬁdb'éd%‘g@ Py 9{%3&%@5 ?atg‘grt%si ng

Form a ot AmoRarss et bl i fmerh vistie 8 itaieigt {OMGH RipRford 0 12,
layer 180 cpdarhg, 4 tHetltkealindadedid, UsStififitatibn'SbBa pelynidfsolfent symrrpl e,

surface treatment of the metal nanowires with argon or 25 oxygen plasma can
i nprove thesmmtaspau@m@guaembyﬁelveohmmovah@ 9|S@fW'th1@ﬂﬁ%fTWﬁﬂan af suringo. As

an illugtrative exa Ar_or can b rch
PX250 séét em usi ngrmtréé PSQFW@' E’}g ?160%5 %égc%wﬁ%g@ﬁ (or
45sec), Ar Eéndé%tr‘é 8né bt n?aﬁ}1 7§ &Y tRE @RSaUr of BROBABRENink&EIN At chmButuAks ace
treatnments, e.g., r ona di scharge or UV/ozone treatnment, may al so be used.
30 For exanplagipuldted Byesdjustingyatrmg paanistenssedhfas the tidoe ahewed éertthent .
polymerization and the temperature under which the polymerization takes place,
and the like. In certain embodiments, the partially cured matrix can be quenched
25 in order to arrest the curing process. The degree of curing or polymerization can
be monitored, for example, by the molecular weight of the curing polymer or by
the optical absorbance at wavelengths indicative of the reactive chemical species.
Thus, in certain embodiments, the matrix material comprises a
polymer, which may be fully or partially cured. Optically clear polymers are known
30 inthe art. Examples of suitable polymeric matrices include, but are not limited to:

polyacrylates (or “acrylates”) such as polymethacrylates, polyacrylates and
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WO 2011/ 106438PCT/ US2011/ 025941 As a part of the
post-treatnent, the network | ayer can further be pressure treated. Mre
speci fi cavbypitrioes3set wor k | ayer 180 is fed through rol | ecs/ub3@1a0394187,

whi ch apply pressure to the surface 165 of the network |ayer 180. It should
be understood that a single roller could also be used. 5Advant ageously, the
appl i cat i onpéilyaprykstitile, poly@inyearbhoknpulyestene{svgr, polyathylere extephthalate
accordance with a method descri bed herein can increase the conductivity of

t he conduct (RigT), Rpbester naphthalate, apg peicerkanaies), pelyswrs avithes high dggieeed to

h accor qanebatGrTichy e o8 HENGleL o BSehrRlfosliogRREkY of fare °*
rollers (e. ?elysl?yéﬂéé?bbﬁﬁlnyhéfu‘éhe, QBWVFM/I&(?%Tn%, pblyitides, ﬁ@l?amﬁd&s, need not,

have a length dinmension’l arger than a w 1 di nension of the conducting
I_ayeg : |5f apslyagiicminﬁmes_e.poryetmwfxlindeshp?lmenmms( ntﬂwﬂfonay, MY?W%?QSF\ a
rigid surface, an e Si er ro across..t he exposed, surface o
t he conductP%ppgﬁbﬁnws‘?tﬁgrskHB&Hr%?ﬂ%&éﬁgﬁqoé‘yp?'g%%'?ﬁ'gpgéy'Qﬁmqﬁleécﬂjst ‘95
the roller. I : i A '
e on! P NgeE) bBnppsaRie, biE ekt uEhSTHIBu Rl e
enbodi ment , stiyrere &spdlyméan(ABS®), pelluloBigs psiliegnesi @t biher Bticon-@osfzamiagt

conductor by one or nore rollers. It is also _considered that from 100 to
1000 psi, 2P0lyMers(mgaprelysifsesapioxanedangdclysisned). shHpPNedIoxsns: er abl v,
pressure,20 _is, i t t I [ - 1 pld cation
bt Sany 8¢ - PRSYRPRp|CERe' PR bBNEBAEIRY, pBRACHIY AknRE Shitidlic MBbBRNEEA. T,

two or noregpg ISBR EPBM)S&EH flQor@lpbginé}é%@,r@oly\ﬂnylmnéqnwﬂi@bi ng sheet.” Nip
or pinch rollers are well understood in the art and di scussed in, for
exanpl e, 3\pdigtetnafloatoetylere (TFE)L anpelybexaiiupeepiepyess), icopotyprre of duerayf

Fafer ence i Rl angitbidragayben et (o0, Tufyhanly S Fihey TRisRSGhPH cat i on
of pressur e%(gyn%régsi; BbpdIfmerd (& NEND E® lngyRiani BrVEd., h T efBR® uFt by DLy

thereof eit efore or afte pplication of a plasma treatnent as

di scuss48 aPBont, and may be done with or without a previous or subsequent
plasma treatnent. As shown in Fi %lﬂjre 15A, tE_e rogrr.eis 30.186 an 187 may be
rol I ed across the surln:tBergmbgdi ‘H@Sn@'ﬁvﬁi? IX| PR@IE1aY BYMRIESHY IPECRRYMES t i pl e

20111 10643 BEIRIT B6BeH ) ¢ Feire B orgfhert b sl e ol b P 0

sane di r ect parfialpdlPmess thet cah polyméridesandiortiogisliniotd foemrthk petinsenid aatrixf
t he sheet (e.g., along the traveli ng@path 150) or in different directions
(not shown)as gesgerihediBmeins lhis withinithe geowfeageeiranesskilisd i the @al torfeiesti e 5

conduct Lve netwark 810 after application aof fr v i about
2000 p_s?ejusY'ﬁU@ %?%%'Gﬂbz%goé/['begﬁ Tgﬁxe?.su%w&fﬁgbéﬁ_%ﬁé{ &g&%l gélbfn}teﬁtl udes a
plurality of nanowirencd BestbMed BRDYITMEHE teéprefofihiénig photdchrabled d.e. 8théb
and 812c. As shown, at l|east the .top nanow res 814, 816, and 818 at each of
crossi ng poprepsly&icdpolghatizenan@bl crasavinks lupbheaxpodsuretosirradiatioonAsaidlr e t he
i ntersecting Wiresb . ) i
be described in more detail, matrices based on photo-curable prepolymers can be
patterned by exposure to irradiation in selective regions. In other embodiments,
25 the prepolymer is thermal-curable, which can be patterned by selective exposure
to a heat source.
Typically, the matrix material is a liquid. The matrix material may
optionally comprise a solvent. Any non-corrosive solvent that can effectively
solvate or disperse the matrix material can be used. Examples of suitable
30 solvents include water, an alcohol, a ketone, tetrahydrofuran, hydrocarbons (e.g.

cyclohexane) or an aromatic solvent (benzene, toluene, xylene, etc.). More
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10 have been pressed into each other by the application of pressure,

t hereby enhanci ng the connectivity as well as the conductivity of the
nanow r e worrductos438 net wor K. The appl i cati orCofusSh@at23vay al so
be used at this point as a posttreatnent. Typically, the transparent
conduct or exposed to anywhere from 80C 15 to 250C for up to 10 m nutes, and
nore pref eppdfbirably, HEPSSIEshttio vaRYW) @aeiny £ BoiliRg Poirt of eOGndR thanyagiteCe from
about 10 seconds to 2 minutes. The transparent conductor can al so be
exposed t onpenpierthanri®9°Gi ghee marethasdB804ad can be as hi gh as 400C,

depending on the type of ,substrat.e. For, exanpl e . ass.. S r. be
heat-treated at a te ‘é‘?%ﬁ"ﬂﬁé*‘?%fﬁ@’&”g% t%%mﬁq}?’ég&‘g‘ﬂ% ni@y Eig%éngéé,é@g? post
treat ments gtehi ERBhahMARS, LBbk: lisdhGding R e28Rfple, MRYiokiggHIs, © t he
presence opﬂgerhg??’@{(niqéatl ve at nospher e,zefssltjcclzh asmgr;ﬁ trggeﬁ]gor’ a nobl e gas.
The heabi ngnddjV babilizers foi langerqirothest lifetinhe aad grolyhériation. inFbitosdanpl e, in
an off-line treatnent, e transparent conﬁgcﬁqor can aced ip a 25

[, th . be pl .
sheet - dryi fpatekshalibifelsusfagianis apd the Hse.uMeothsF e é{H%F‘@r GEd B ount  of
time. Heat| t i > way can inprove the
conductivity %&'é@?ﬁﬁ@%ﬁ?@ﬁfﬁ@g%@?%%‘g?mﬁé":{t ed as described herein. For

exanpl e, a transpareas rowdiHeien, thalransphrght édhdgctary e b dabiricgitedpbpcess as
descri bed herein was placed in a sheet drying oven set at a tenperature of
200C for 3breaxesnde. sheet 6patingivetsgoaiing, niosng + arciamination.he transpar ent
conductor had a surface resistivity of about 12 kO/ 11, which dropped to
about 0/9 after t -treatment. WD 2011/ 106438PCT/ US2011/ 025941

In anoﬁﬁer exan{ﬁ%e, gﬁggfg@{ﬁﬁﬁil mlarly prepared transparent conductor was
heated in a sheet ovgReatcddifg it @UitaDleTOEOHHtNg d BENdGGIvEtiayarion ahy t he
second transparent conductor dropped from about 19 kil/LI to about 400 0/0.
It is al sosalstetdeinguarticidar, rigid suketegtes.ent conduct or may be heated using
met hods 5 other than_a she oven., For exanpl.e n.{hfrared.|l anp, coul d be
used as either an inF{GUFes iéAﬂfﬁ]W%aﬁe‘?'ﬁ 'F@’ﬁ&éthet@”P?%%gﬁﬁ*‘Snt

conduct or . 4RfsCAHChEES u&%[tlfvs%éﬁoalﬁﬁ . h%@%?hahﬁ@ir@?ﬁﬁépe’ﬂﬁaﬁ\(\ﬁéte net wor k.

RE currents nay be I nduce n a neta anowi re network by either broadcast

m cr owdgessloowrucarebé initialyudegbsited do dfie stlesttate d4l. A ooltleadiOd dam hehmllednowi r e

networ k. 10Additionally, a post-treatnment that applies, both heat and
pressure t 8CHoge Q@Hrﬁ&'ﬁéﬁ@ﬂp%‘?fﬂaﬁ&y ?tr%@n1%ée%’é£? MetahRRRPWIRSr , to apply

pressure, . | hr:

For Ters. astABEADEARLTTH SR G 6D Srraea0s FBLeoA) " RV EREI0ls iea
be heat ed. toléh§ dHdES Brtal marDviRdndtwdrk tayedl11aris fortay o eieablifade ®06 10 to 500
psi and nore preferably from40 15 to 200 psi. Preferably, the rollers are

heated to (dgweeBB)bout 70C and 200C and nore preferably to between about

Forovedt ne conaucti i suBR4einak s 4 PrSRAREREN 8BRS ey e
used to apgty yRAGI ABRGRRE IFRrHibAISYETS W ahSdkeres T S BERRLY fors 2

| am nat or by Banner Anerican Product’s of Tenecula, 20 CA. Application of
heat in cosdivseaueohpmicessipg etaps. eTbiarrdadmenheareinchete swventoraheaficalr

deposition and curing of a matrix or other |ayers as described bel ow.
Anot her po@/@shmeah%tmg,td@eaﬁ'it'au@f@ﬁe&pﬂeaﬁ"xbea&r@&dt"aterfﬁe B4R @YEbHYuct i vity

of & trancheeht af SRAHHENe plemReaRBERRE bigfh B et aBpRid BTN or ©
25 as further surface treatments such as plasma treatment, UV-ozone treatment, or
corona discharge.
For example, an intermediate layer can be deposited on the surface
of the substrate to immobilize the nanowires. The intermediate layer
functionalizes and modifies the surface to facilitate the binding of the nanowires to

30 the substrate. In certain embodiments, the intermediate layer can be coated on
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25 reducing agent. In particular, a silver nanow re conductive network can
preferably be exposed to a silver reducing agent such as sodi um bor ohydri de
for, prefwoabliyoeesywhere from about 10 seconds to abourC3Wseémwoei®s] and
nore preferably fromabout 1 mnute to about 10 mi nutes, As would be
understood by one of ordinary skill in the art, such exposure can be done

ei t her i n- thensulsstrané pribr ftede@dsitingthieathridwirgs, [austhercermbedinmants, than i ncrease
t he conductivity of a transgarent conductor. For exanple, a transparent

conduct or dTternédiate layeean be cowsppsited Vitb4bemEnowEes11/ 025941 on a

substrate of PET and, prepare ceordin - . Q- gPst]Ie di scl osed
herein was exposed t ﬁgﬁﬁgﬁu&cﬁ&eﬂi%ﬁtﬂﬁ@%c&ﬁ@%ﬁ)tlﬁ'n,aé%,[%hIeen r ﬁgaesd in water
and dri ed balyﬁbptid&e&é}ﬁ Beluded RAREHteARCORIS 48R PHRPEPAAE RéferORAsICt OF had
a resistivity or about 134 O LI and after this post-treatnent, the

t r ans pasenpolynuaitkesjuenca ad amine sicitsi (mianpnugrs hjoined By peptide (araide) hends.
exanpl e, a_transparent conductor of silyer nanow,res on a ass substrate
was expos ea—i‘?@n@'g@ ONGMeFs iR ﬁlppwepx'ﬁﬁ%arbe\ﬁh\%aé?e thﬁ*gﬁnﬁd Arago

Bef ore thi g - ; : palr d I oeér'o. V! of
about 3.3 %E@%%Xg{ggg{jg‘réﬂ% ﬁ@ﬂgﬁéﬁi@éiéﬁ%ta’qﬁ@ﬁ;& Edrég?\s a?%r?[ cor%\I E)é!tmtg)r/ had
a resi sti vptefeatd alExampléd ofk uitafies polypgptidesaihentisciodd polyt Indysirss ghioly+.-
borohydri de can be used for this post treatnment. O her suitaBI e reducing

agent s i ncBldrMinacid apdtaalike dbe rolilyerside £30iRaeeRied Rpdhe gybstgiedyior

nitrog C unds C dl 1,nokhar . i ng
agent o105, REHE R PISCHeA S Tt na eI e et en R o BB GA Y  ,
matrix depgfd dukyirasd dithane handitre didpetbiofie!Ma®Y Sulsstrarés iinclidingrdlass, 190, as
defined herein. The matrix deposition station 188 can be a storage tank as
descri bed palyEsignsebstratea (sior.a30lyrfhylene derephthalateh exibd@fiinées torpri nti ng
device and the like. A layer of the matrix material 192 is thus deposited
on the net RBYREP 180. Advant ageously, the matrix material can be

deposited by a pri ”tABG?r:i’tg%g@sly,othE%t@rﬁeB%&é 1y dan Bel dfRsited in a pre-

The layer 192 is then a to cure at a curi'ng station 200. Were the
mat ri x 16at defeainines! patferhywhichsariabdes theydapasitionhef thayanowigs éanolisingter ed by
al l owi ng the solvent to evaporate. The curing process can be accel erated by
heating (ethg sam@paHgin. Wien the matrix material conprises a

radi ati on-curabl e 250%%%%%@8@@%@&%%}9%?% %ri@&?)%@lirpé’or?j%&fynati on.

Dependi ng on the type o curing (therm I nduced

pol ymer i zajitRR) patesinilgssiep tn bR to perform patterndddepusitidns. Forexangslej ng step
can be carried out before the layer of the matrix material 192 is cured. A

pat t er ni ngplesaa slfapedreatment cpb et Gasned odt thepugivan irperibife Maskdiayiia @ on
stati 090185 and) BRGNS ThaCefitide st hé BhbfaeMRerettid EFNA AesbitheM | Pe
pre-treated regions and at least one untreated region. Nanowires deposited on
the pre-treated region adhere to the substrate better than they adhere to the
untreated region. Accordingly, a patterned deposition can be achieved by
removing the nanowires on the untreated region by, e.g., washing.
25 It should be understood that the pre-treatments described above
also apply to other methods of fabricating transparent conductors in accordance
with the description below.
The nanowire network layer formed may further require a post-
treatment to render it electrically conductive. This post-treatment can be a
30 process step involving exposure to heat, plasma, corona discharge, UV-ozone, or

pressure, as will be discussed in more detail below.
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WO 2011/ 106438PCT/ US2011/ 025941 The curing process forns a
conductive | ayer 204 conprising the netal nanowires network layer 180 in a
mat ri x 21O 20hie10638duct i ve | ayer 204 can be further treaCedSaii1a25941
post-treatnment station 214. In one enbodi nent, the conductive |ayer 204 can
be surface treated 5 at the post-treatnent station 214 to expose a portion

of the netal nanow r em soméhkenisodimaaes, @f matrix matetiat tan eel copted ofrdhe exanpl e,
a mnute anount of the matrix can be etched away sol vent

b . pl
treat nent, UaneWke apteerkiayerch14Ug fopprematibamaisrial ?(aYBE Jdsdh '%E? gr%ggaﬁ@wi res

are particularly.useful r . touch. : [PFor-\ . ;

embodi ment , SEOWBI? F@H‘#%gﬁﬁhéh%&aérlliﬁ(;ﬁ%@@j‘%@éri1@%{4)&(%@%8&3%’&#@;%;%@?%% of
the conduct jgrik ai8 the2Qudtatd<of Miguidie! GAMDEY chk Beasstainege, al so, Figures
10C and 10D), and an etching step is not needed. In particular, when the

t hi cknes$§ of the mat ritis madenstadd thay arbras?, aastan e swey wenicatar, ¢ slehdie

trix f | ati trol) opriately, t tri il { wet
The top por BPBIFART TmuranAEEUlatie ABR) TAOhERM B IS e BIRER it 103 FTRE et a
nanowi res wgh %dﬁ?&ﬂ%@ﬁ%ﬁ@s?tﬂ&eﬁ%f‘tﬁ@?b@lﬁﬁ RSV O AHA b MRart ¥ &Vure

The conductive [ayer e substrate 14 are then drawn up by the
t ake- up reepridtig, sldtidic tbating) reverse anid foakaiddseadeoatngarsbdrasl dowedable as a
"reel-to-reel” or "roll-to-roll"™ process. Optional Ig, t he substrate c”a\n be
stabilized €30 alsoheweed depasiignanirRigiP arlistrate. Advantageoys|y a goller

"reel -tqgxreel” 0 Lpl e _c ' I Iongthé
traveli ﬂ8 p§'ﬁ ﬁtaﬁ{p @5@@9;%&%835;{? A a@gbéﬁ@ﬂve\gﬁa%tg%ﬁ |C%§ %@é%%%%l%tt erefore
can be cust pgitg@ddnetal ASHWISEs arpRESHh layer, Iahavixahateriay layernieus pfinting
additional coating stations as needed. For exanple, coatings of the

per f or mancea pzétegmtheridugtiveayes (¢ gntGravere panting, Theneanduetive fayer ean
O, A )57 e R R S 1
capabl e of ghog éﬂﬁ?rogghfaﬂréﬁérﬁﬁéfmé’él@”ﬁ tHORRUHE Piateri! 1d)ed s 88seshearst | ow

cost. In particular, e to the continuous flow of the coating process, the
coat ed Nayecureddnaqpatteaned layar | thegpaizredge be tradsferred into the metal nanowire
2011/ 106438PCT/ US2011/ 025941 (c) Lam nati gn Despite its

versati | i t ylayehBy rersgying sufficignt 'Bm%%@sof&%efﬁd? drapr g F‘B’Pc@’ﬁﬁa}'ﬂné)%ri gi d

substrate, il BRI Aal bR eSHBRL AR P Pl iy She

coating and rried on a conveyor ey typ|XaIIy 5

experience %Qﬁin@&j‘r@%ﬁwiﬁﬁ@ﬁé}ﬁ dvaskwithh asiiitablensdlyentlor yddansfemingthemtto a
coating is a |ower throughput process, which can significantly increase the
cost of pr otagkyiopadhesive roller. Thus, it is described herein a |amnation

process . for fabricati ransparent , gon .t h .

fl exi bl 3Bdonor subst r@?%%#ﬁirémﬁﬂ)sg%%%&]ag%?gh@h?f @%r’é&%ﬂ*rﬁs (groéfbﬁa?lpgéicgn.be
substrates angichl i bhife SiRehg3bLryindPoecrirRLhétweahltvo ddhsbbetiveasdating on
process conprises: coating a conductive layer on a flexible donor
substrate, step. dorexatriple, arwyrmmbecbitb'ernyr@rmlance{einmnomg!’reyesrs caamen r es

whi ch can be enbedded in a matri x; sepigratl nﬁ t he conductive layer fromthe
flexible dopRAtedimiie sarme naRNe s desariPPARALONE: conductive layer to a
substrate of choi ce.

(b)  Web Coating
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 transparent

30 conductors. In particular, web-coating produces uniform and reproducible
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Advant ageousl y, the coating steps onto the flexible donor substrate can be
carried 15 out by a reel-to-reel process because the donor substrate is

fl exi bl e.wOhelcosdact i ve | ayer forned thereof can then peTtusangfesmed to a
substrate of choice, which can be rigid or flexible, through standard

| am nati on processes. If only nanow res are deposited onto the flexible

donor subsgémdotian dayrs Bt fldxibleBlBstrates] Prusest staps aanh hatruaroreafidlyi ve nmay
be used to attach the conductive layer to the 20 substrate of choice.

"Fl exi bl e titegrated ing easerally giscgeparate:oaralion.e substrate in the formof a
heet, fil b, _the.like The flexihble donqr. ' t.

arti oul arly 11 ¢ odr 657 44 Shows S BbomugntiR Hilie AEH SubSriin ine

| ayer. ThefofrIwﬁeéﬂrabhlﬁq BPRRH cHAlSE £84tBd TBRtIRGoEN aRing! AfovirRypdthe Merest r at es

as descri bed eln. In 25 addition, the flexlble donor substrate can be
woven ob nspecificaty, & exbsirate Papmunteshan réels Mi1Bds didven bl exinbtas (detsirown)
substrate need not be optica enbodi nent s,

the flexi bPRA RS eg%prtavg\i%éﬁghg?%q.eIEgélugatraje[q#rgbégéct@tgqrgg r prior

to the coayi - | I I (et enl - dfo athin
| ayer adhezrjlclg%'qugért\hé;sdégg]grgyét%égf?g%mawgt gﬁé\gﬁﬁhﬁgﬁ&gb%?@%ﬁéﬁﬁ I ve |ayer
can be for pasitibyed\abowothd substrhite 14 e Mhasstotageaink 2R contains honetah easy

renoval of the donor substrate fromthe conductive |ayer wthout WO
2011/ 1064 3samwirgpdispetiania4 frmgtahganawires Aepesitior. Payanerturg Ji28dnithe ¢ he

I I i s, f f ter.i havi I . di
but nof01 | Horaes sk 4 lyett Aeehtindrymatedtar B Ao RiRE ke 3520
and the |ikeihdbandtmtd 8 tblfbis arayast ok %8P stirfate a ObasTithabasteateurat ur e
230 5 conprising, a flexible donor substrate 240, a rel ease | ayer 244

coated on the flexi bltés doterstanditbat theematrix mateatiah iscetateCini anothersierapso

coated on the re] ease |ayer 244. The |am nated strycture 230 can be

fabri cat edtaﬁnﬁ (PR Se@‘ﬁ}’ﬁ) ﬁéﬁﬁ'&? "}ﬂ“ﬂg?&?fi'%‘ N e E%?Iﬁad? SIS 154,
using the ' or substrate. 10 Prior to the nmetal nanow re
deposition‘,ﬁétﬁﬁig%b%%ggé | ayer 244 is deposited or coated on the flexible
donor g8bstrate. Theltiohwtiher undefstgut thz @ny alis densiny dedcdgambealseddanowi r es
deposition followed by matrix deposition, as_ described herein. .

The conducthewiasagbing soragerfapki NsIUAING @ sRIAVING FaYice ¢°-g- ANRIPMiFES that
choi ce ép{ MadiRierd BHsRriz8a blsBefsihg)sh bHhshing dlvice9h Foking URLRR drky ! cal 1y
like. Like the sheet coating, a printing device can also be used to provide
patterned coatings.
20 Figure 14B shows an alternative 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
metal nanowire dispersion 124 stored in a storage tank 122. The coating roller
25 140 delivers a metal nanowire dispersion layer 110 on a bottom surface 144 of the
substrate 14. Coating roller 140 can rotate in the direction of the traveling path
120 or in the opposite direction. The coating of the matrix material can be carried
out in the same manner.
In the processes described in Figures 14A and 14B, it is noted that
‘30 various surface treatments can be applied prior to or after each deposition step.

As will be described in more detail below, surface treatments can enhance the
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15 to the reel-to-reel coating process, can be lamnated with the
conductive layer. As shown in Figure 16B, the |am nated structure 230 is
transf errwo 200/me8bst rate 260 (e.g., glass) by contact iPog/us26a0tiee 262 of
the conductive |ayer 250 to the substrate 260. In certain enbodi nents, the
polymeric matrix (e.g., PET, PU, polyacrylates) provides adequate adhesion

to the subghngisterGPand/oetendtictivity s tdcomdutive tayerg fisreneh CSuitdtee f | exi bl e
donor substrate 240 can be renoved by detaching the rel ease | ayer 244 from

t he conducsirace gatmerginclude, but are nof limigedta SelveiRrReMYcalvasitdsi ve
| b d id i iye |
and the suBBsiia keaitiflg Garend sfiafas 0 Uibahfe pEAlRER, PRéTRRIeE MR | 2Y o

structure 249 6 dtioheneredf 25 addition to the flexible donor substrate
240, the release layer 244 and the conductive | ayer 250, an overcoat 274
and an &dhesi ve | ayeFigh®s15Ashoashesomprermnsiveomi®chss flaw fadtabsicatingar f ace
280. The | am nated structure 270, can be f

i.cated by a
r eel - t o- r ERNSRAFEBELONHICA s A BRWVA.A W@Ph@&t'f‘aﬁyﬁ%%%dﬂﬁ\é&ﬂ%ﬁ?{aW'W t he
under st andj : [ ' vi de
addi ti onal }ersé?gt%t?g&\%ﬁggwg%g??‘n@%t Héﬂgh}%%@@g]f%te%@a d%ﬁ\gggﬁ?@%%. ‘The
adhesi ve | ysitrdts 1ageqefa fledbleepsiymer Wlth 20drh/ 4l S6piaP RS/ 14824141 @2Eb4linge. g.
pol yacryl ates, pol ysiloxanes), and can be pressure sensiti vet§ ggé-gmal_ted,

radi at i on-RathatfiGe, Thenaubstrate ddnaithen subigpled, tomeauspiialdnatmen aRting

f th f - enhanei ng. i i i oan
Tt s - aP) cRioREES e gBG Tae RRIRA Bat SV T Wil BB ApRadtTo B8R SRR 1,
51 n Fi gur ethk78t tHthd 3péhbrtheSicel GhesBedd Of HEpHsiishe dhaicbRcértratRmbsitihat e

260 via the adhesive surface 280. Thereafter, as shown in Figure 17C, the
f1 exi bl e dmatnix saterial,cang thétadenuasyof the dryingand IGUFDY PrRCassEe 8s aMeer 244

fromthe oyercoat 274. | n certain enbaodi nents,, heat or . pressure.can be used
during t he%f(faf-’té’rﬁ'? ﬁﬁ%id@FﬁfBF%%@é%UP@fHHﬂaq{Egﬁ“ﬁﬁb'chﬁa? Rbﬁ\gechnéjé’ﬁt'\f%gayer
adhesi ve | (or the conductive layer in the absence of an adhesive
| ayer) and the substrate. I n other enbodi nents, a rel ease |ayer

i s not1pecessary dueMoeeaverahfdeniairy edibotlenents| ple-tréatients anzloenducted &y er

with respect to the flexible donor substrate and the sugﬁ%rate -?-f hoi ce.
For exanpl Repaf theosithtiate for|the spbgeguernt cralirg RIORFSRE HIRIR SREFTIRRHY to

o255, LNk Bk 14 S SR RRRL s HobRly AN E gl ARt RaNg 5, e
bonded wi t{y jifRogd BfeSeffiiepty of the Suibseejiieat Nawowies deposition almpadditdomed
transfer is possible during the
surface treatment of the substrate prior to the deposition can enhance the
20 uniformity of the nanowires later deposivted.

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

25 temperatures. Typically, only a few atomic layers on the surface are involved in
the process, so the bulk properties of the substrate (e.g. the polymer film) remain
unaltered by the chemistry. In many instances, plasma surface treatment
provides adequate surface activation for enhanced wetting and adhesive bonding.
As an illustrative example, oxygen plasma treatment can be carried out in a March

30 PX250 system, using the following operating parameters: 150 W, 30sec, O flow:

62.5 sccm, pressure: ~400mTorr.
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| am nati on process. For exanple, the substrate can be heated by a thermnal
20 gradient, which affords heated regi ons and unheated regi ons on the
substrat ewacoorws43g to a predeterm ned pattern. Only theChasted/oezvgi ons
will be lamnated with the conductive |ayer due to an enhanced affinity
(e.g., adhesion), therefore providing a patterned conductive |layer on the

substrate. Heated regi efherembodirents, i€ sedicdrespisitan@dinciude depogtirg by
a nichrone wire heater positioned 25 beneath the areas of a substrate to be

heat ed. | naotintermediateliayenos tha sphstratendts netedsghavecte iptergtediate dayasy a

di ent d.on.. - it f£inj ] b
Cer tai ' OIS MO atgies Srdinhete Ragpwiss Apfehe Rubdrdter RLBE R na  ng
rol | er Ca_nirhgrﬁécﬁatet@yé@ﬁ'edéggbw@riﬁﬁﬁo i g%%é‘ﬁaﬁ%%flhﬂ& chlsifg the

predet erm ned pattern. patterne nating roller can also be
heat ed %0 hanbWwires tdnadbére toithg stibbfratec rRepesertatiee materals suddbleeas the and
unpressured region. WO 2011/ 106438PCT/ US2011/ 025941 ) dn yet
ot her enboditeEhediate lRyecHrlGsMylkifyngliepalkipmeiecyies. ingludipg polypgptidest )

accordi ng a prede \ned pattern, prior to the |am nation process.
After trani@gr’ﬂ%ﬁ‘ggﬁ%sgﬁ%}e-cut conductive layer to the substrate, the

conductive |ayer of Uigepseasplarysitsteppédtaionts holklesurtsbepasteing hdthrgst is
renoved along a 5 pre-cut contour. Patternin As noted above, a

. g .
patterned eolenttGarena gisshatgmand \gozane tigatsrendcall obwhicharekgowndees yner
coati ng.,accprding,to pattern. The curing process can be carried out
phot ol 3IO| cé?‘[lﬁd H?”ler@'?'mal ly. Figure 18 illustrates an 10 enbodi ment in

whi ch a conductive | gyglsubSirafePi P tRAEARSNREcedl B &R hgRides the metal
nanowi re network layer 114 1s deposited on the substrate 14 according to a

met hod desdepbsitiomstation 164, gehicl-delivess alBétal Baowire didpensidn H66uasidetinedd
that the substra 14 can be any substrate, including a flexibhle d r
substrat e. ?F?é’?-eg(g?é*e,poé't'ﬁpéﬁ%tl'%ﬁ%@” g%é’ﬁtﬂ@g@d@n &8 BEE’?‘EH‘ 'Iguf%‘gf'ﬁr?leq wor k
15 layer o DAROWY 114 [ ezt W) n%ﬁr [TeAVAT t he
phot on eneéaﬁ@rdcurl’\%sfﬁﬁg %%\8 yﬁidoq@ggﬁ(}angm ﬁ%férlaqﬁ Z?eiés?é/%%glétni oned
bet ween 5t hiayer @peliy depositat omthe3difaoed1 051 eAltemativally| apriating devidé@anligEon

exposure, only regions exposed to the irradiation are cured (i.e., regions
320): the peehin gprly acpriterngd seatingrbilie wetal pappwirgs disneisipB§NdA8 324 can

be renoved_b hi or. 20 brushin i S Ui | I r iftin
Chem of - wPURSUEEAER) cRBr Py, & Mo o 1bFnfyBd b hetstE affighisfimied | o' ™
vel | knownphflefnh@arfhé uséd. TRE!RAMpIFRONLaIMtiSe cémwﬁu@tyomp?é@mw abhepn! yner
i ncl udes a nonomer conprising one or nore doubl e bonds "or functional

groups, e. ganbwyite dispersion tydmoxy metrmgssin theiartabl e f or chai n ext ensi on and
crosslinking. In oth nmbodi nents, th to- 25 curabl e prepo r
conpr i 3@5 a partial ﬁé?%ﬁrqlége?ﬂ’] B%Hﬁﬁors)ﬂgtr"@ﬁﬁta&iangn%ﬂ%S_%r"oﬁbbgfgoubl e
bonds or f 4petd pan! the'IARSI68Ss UriedVd'd digihgXtaliditn 98 Xb forn® Hirh&ll Rahdiire
cross-1linking or chaln extension.
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
25 oxygen plasma can improve the transparency and the conductivity of the network
layer 180. As an illustrative example, Ar or N, plasma can be carried out in a
March PX250 system, using the following operating parameters: 300W, 90sec (or
45sec), Ar or Nz gas flow: 12 sccm, pressure ~300mTorr. Other known surface
treatments, e.g., Corona discharge or UV/ozone treatment, may also be used.

30 For example, the Enercon system can be used for a Corona treatment.
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Exanpl es of nononers containing a double bond are al kyl or hydroxyal kyl
acryl ates or nethacryl ates, such as nethyl, ethyl, butyl, 2-ethylhexyl 30
and 2- hydwoxyatteyi3sacryl ate, isobornyl acryl ate, nethyl PeEtUsacinpbmte and
ethyl WD 2011/ 106438PCT/ US2011/ 025941 net hacryl ate, silicone acryl ates,
acrylonitrile, acrylam de, nethacrylam de, N substituted (neth)acrylam des,

vinyl esters such as mgryparfefthl Sostiticitineat, its HeyeR I@feri captfuttiiér e ny|
et her, styrene, al kyl- and hal osczfyrenes, N-vi nyl pyrrolidone, vinyl chloride

and vi nyl i dpressute tieated, NMesespsicificady, themateprk layer 380 istigditwugh ratiets
doubl e bond the di | at f ethyl | | ,
neopenty!  gngaand i pak Ereryedto fixourets T ar B OEHGTeLTEY: 1 .
acr yl oyl oxyehBauptiRibatRASingld T} BlialaoBaiRed! | act vl at e,

pentaerythrit triacrylate or tetraacrylate, vinyl acrylate,

di vi nyl bénzene, di vi njdvantageoasie, theiagdpligtidroofobressaliat to,a metalinapiowire
phosphate, triall gi socyanurate or trj s(2-a%yl I e_bgél ) i_socxanurat e.
Exanpl es of NgRyark Fabrigatsdity acqordangeawith & mgthodigscripgl TEfelD SaNJRE$ASE zed

epoxy resin e &dc&iﬁbﬁgﬁhg%&ﬁgﬁgﬁrﬁig Epl yesters containing vinyl ether or

epoxy groups, polyuret’hanes an ers, unsaturated pol yester resins.

In 15 a preferred enbpdbardtlar tpréssurenniy berappiedo ané i doth sutfacesasfra
"acrylate" refers to a nononer conprising an acryloyl noiety (e.qg.,

][ret hag ryl at @?nduai@gﬁh@sbtramargnb@on@mr Tabrigatgd in Fécorsanwt & MsdhSeher f
e acr at Sesdrede SIS i e BF Ficts Bt 4R 16y Wil sl s BEBBI .o

be used to pnvhicAtfay Wut PREUTR Rald £YerRyiE ARhetdion fArgBKinaG 4 Rfdthi ons. The
photo-initiator absorbs the photon energy and produces radicals, which

initiates adivsersicteobthercotiduating Eyeneifizsinglerollenis|usednthechetiverielayensiayn
Ui t abl o phBE SIS 60l PEAGRRNC Bk SadE U IR B BN eSRPRE Gt ers, 25
phenyl keto ' - ' i Q. t
Ros. 5, oao, 9o g GBRbetind RReEhSRQ KB IEE T IR ofEsPyrells Bpolied &

" Phot opaby nevesroler. alf posvesifens ate® ated rthemadworktlagdmoby de'roll€d betvéeeipible. two

Chem, Vol. 67, No. 1, pp._. 25- 31, 1995; J. Crivello in Advances in Polymner
Sci ence, Vofollegpas phown.inBigured\. | n a preferred enbodi nent, the

hoto-initiator is G i € Al ' f th
Photo-initiator, the DralbEohdfgll fafi a0XPA6B00%s by dpbfifuhier, 1 °
preferably whhdhdtedOcsiriRIDy otoPMbié 181488 RGF Aldd280hbidb26@ 4iat from 100

I n other enbodinents, thernal-patterning can be carried out using an
i nsul ati ng toh&00hpsin28h tg 809 psi an3Chter 5P psimnsk pe aplied. direferalklgopressure
regions_qf a mat] r, to be r

I terial |aye cured to . a heat . source. _
Al t er naf vel$APh |ﬁd§o gaaﬂslpéé%ntéj‘éﬁplﬁ% ,p”PﬁE)e&eoqqpé'E?RW Pfany gﬁ%%?'%an
be used to directly "wiht &' “rinch’ REErS tnaRbE B5Bd Mwo Gr ABRPRIIKFEErCHR toJ
| ayer. Thermal|ly-curable matrix materials are known to one skilled in the
art. For exapplyeressuee tmthe coniucting aheetinNipeorgrineipooliers are esil nndedstaod in
sol -gel conposite material . . _ o L
he art and discussed in, for example, 3M Technical Bulletin “LLamination
Techniques for Converters of Laminating Adhesives,” March, 2004, which is
25 hereby incorporated by reference in its entirety.
It was determined that application of pressure to a metal nanowire
network layer improved the conductivity thereof either before or after application of
a plasma treatment as discussed above, and may be done with or without a
previous or subsequent plasma treatment. As shown in Figure 15A, the rollers
30 186 an 187 may be rolled across the surface 185 of the network layer 180 a single

or multiple times. If the rollers are rolled across the network layer 180 multiple
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Bot h the photo-patterning nmethod and thermal -patterning nethod are
conpatible with the "reel-to-reel"” process descri bed above. For exanple, a
10 phot o-wat2bevm643g§ stati on 198 can be a part of the welpCTamsong2yst em
146, as shown in Figure 15A. The photo-patterning station 198 can be
configured in a nunber of ways to allow for continuous exposure and curing
of the prepphasehe esliig ntay be camiedesttinl tresdme atirestionwithreSpentte ah%kis a
rotating cylinder 330 15 is part of the photo-patternin ,stat'q& }98_(the
web coat i npasghgl dertherelied 5{\’6’2"@%\?@9 sheg{deqipalopg e ravelingp Oy jor dn

pr epol yner ting 3Q0. i al ong by a conveyor belt 332. The rotating
cylinder ro‘ﬁ@%@gpgvé&g@_ss@ﬂgggﬁg@d as the conveyor belt 332. The
irradiation source 3¥gire BBidaw8el Whé%é Bf hipRriich et & Atetalndnvgdre 330. An
exterior 334 of the ro?atl ng cylinder 330 is patterned, perforated 20 or

ot her wi s mondudiie netwtorlo BéRiaflgs applicationaofifeamn abeut 100A psidoiaboair80@ pshe
prepol ymer coating .300. i onal |y, uard, sl jt,. ar. ol Li mat 0 for
prevent i ng YS9 @F?%Q'%? 6%& 5%4}%%5%@@3\/%{1%@{%&&&'98'};{@8%,@ Rrrﬁr@ﬂhﬁ)?:}iélng
substrate. : ; o i s pc Fagure 198,
a patterni n"g‘;"‘”t?&"te ﬁgﬁs'ﬂg\%ﬂ"&gghggt%?gﬁée%h%km@g} ??)?%’ta@d ext e??%k; 352 can be
used. The pshbiner at REsRhedebtnadmiviies &it4,\846, bpd 8BdBlateacB®f crassingpoimts ch i s
connected to a motor ( The patternj n% bel t 350 m)veﬁgat .t he sane

not shown).
speed as t H2ap811 3B apdRidgdravediattensd crass spgtiogSwWhrTeAle HeSeFHRAMEES: t he

r epol r coat,i . LEradial) i ngs 360.
Opt | onal 1y, PR ERR PiER i Sabh oBierih @8 aifitbafordipfelpaiciincieny, 10, U
i nt egr at ed gnraheiMgdRe cofheétityidzowell Ratiie cosductivitgd o the/eanawies comduxtive
substrate. The system 400 can be fully integrated WO :

2011/ 106438REO¥OUS2011/ 025941 into the web coating system 146. In
particul ar, the phota-patternin ation 198 IS | i e opne shown
in Figure 19A. Foll oevri'%gaﬁpﬁ@abﬂ'gf’ﬁhﬁﬁtp%wS%%_“é%&%&ﬁﬁ% 8@1?8%&%%;ner
coating 3OQré_a'im%Hf.eﬁ¥ﬁlEalﬁ€‘tl?éfth§pé@Ht B RASE digdseB o bryivhere roag®e at a
washi ng station 370 to renove any uncured prepolynmer. The 5 substrate 14,
now conth i o @2§0eQfedup tmil @ msinGE@S, and nieredmreateralbly i axpidsasstoranyvdiese Srom

noves to a rotating tacky roller 384. Th acky ro]ler .384 cantacts and
removes the1019§&é° ) fﬂéﬂwrﬂ%@ﬂ%i é'?ééiec q’?MﬁBnWﬁé' ﬂn&%val of the

bare netal i L i i I OfH 380
onong non. (ERRRAT Ronhlio LR RIS e bro ot GiteHidetaf B GhLY tharCB8 s S50
| ayer can bkmdogdr ie asthidty a¢4obr @ odedesialimypon thetypiehsf substrate. t Famexamplee

conductive |layer, various etching solutions can be used to dissolve and
renove por tdlagsssulistiate cap heeatyieated at a tempar@tyierasde #f aPedk354°% the

rbodi . ' d- et chi LUt i e b .
be. usedd TASERG: TEREYRE: PP et pCBREL Bhiibrp b e Boofore haf V20 O
the nitric gped) hiaye@aR8ih@prdschte I % noHExiastive sinsddphers Adushi agnitegen
further conprise a'trace anount (e.g., about 1-100ppn) of potassium

per manganatce a kN#@4ps. | n one enbodi nent, the acid-etching solution

conpri ses about 1% , 1% NO3 and a. trace.anount. (sev I rts per
mi InPi on) of ' eheé)tmNag can be carried Sut either on-line of off-ine. PEor > P

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

12 kQ/0, which dropped to about 58 Q/0 after the post-treatment.
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20 pot assi um per manganate (KWnh04). The etching solution converts netal
nanowi res to sol uble netal salt, which can be renoved by washi ng. For
exanpl e, WOI20aw106380W res can be converted to silver salPCT(Usg)/023hi ch can
be rinsed off by a solvent, e.g., water. In certain enbodi nents, the
etching solution does not affect or 25 dissolve a matrix conposed of fully

or partially cured pahwmetherBxahfle) gecdit, Bimitaly pregamad trényspdeestsi t i ng and
curing a polyneric matrix nmaterial on a nanowire |ayer according to a
desi red pataodductoowas heatedint aisheptovan a19®C fee B0rsgcppdsyr Tharesigtivity)oft o

or ot oct ot 1S SRR Fecceeakes ke ESRe Rl BePEESREls kAT ARGHRIGE o 20

subsequent |65CdBorRdi@Ered thSt IFRPYHSpBReAtEonBBctdR Pia] 156 hedtear Mdtesds t he

matrix material 1s not polynerized or where no matrix is present) can be
et ched 8SADGRIfdrithad @IS &RCDVES2 FbE £8a5PIE, amidfrarstbiacth calidde used amdifwrment

d ib et hod of tt i , ot t hod i Si :
SRR AT T GRSV ISR AR I S
plurality %ﬁs&ﬁgg\é%g £ heS OB M8taR nTRWIrS rdBwdike F@PegHshgsvrgay wﬁd@&e%oi@d' ng

to a pattern, ern conprising nanow res protected by’ a matrix 5 and

unpr ot ect ech mate \wahewireaitwetichy sighértroadeabichickevdvageor dupretitss maluged t he
unpr ot ected nanowi res. The unprotected nanowi res can be either renoved or
left in pl dr@ugh electrical contagts fptheppanewicrinetwailkt t he amount of KWvhat in

the acig;etching sol ytjan descri i i e J r.
For exia | e, ![hg ammﬁmaﬁy’ ?(bﬁgﬁr%ﬁﬁeﬁé@%}p:?ﬁggﬁhg{ Eg?tlér}cc};é]%%g@%;@f ect
the rate offhetraRsparent ¥ohditdycarbsiged CMpaRicURir] ©apply fMsetrd apell ts in
faster etching. Accordingly, adjusting the concentration of KWnh04 in the

aci d et chi trgnsparent candasionoai batpdacedsktheougti one of friace eollgrs @stdesgtibethangi ng
the acidity of t etching solution. It 6 has also bgen observed that higher
concent rat PBRVGT Tewpwtpcedy 2bpldieatdhenpHeIs dorL e Drdet LEK oiFbre

ef fective diffisi ; ' t4 i i j ' Its
in faster %Pbl;lr%l?29(@5%?'%?%Iﬁ%ﬁ?ﬁ%ﬁ&f@h@%@%@@%%ﬁég?r\tgg!yqlt%rbw
exanpl €5 aso 200\wsi.i Rréfzrahhy}, ¢ise 8ollet asmbeated totbetwédmabouts7 (fCegrth2007C t he

etching solution at | ess than ZOpan the matrix %OI a _standard thi ckness of
about 150n@nddagreprefeablyitadaiuaeiabeyt 20sdard 17 Ar e SHch@Pplicalaeing

concent r at | GA ReyotREB o bifiessdrd e ERRES oo Rl LR Satihartnt n°
di ffuses i gbAdudter.NAtmhAshibedith ARYTEB tdedto) agpid botrsaop ropaiatesressmNeVAricES

enbedded therein. As will be discussed in nore detail in connection with
Exanpl e 11heat gifultanerusly ds 8 daminad@dayt Baoner) Amgnican FPseducteof Temeagul®, t he

di ffusign an aci d-etching. solution and, protect the ngnow re fram being
et ched Zion s PRBaRB. PR b nABe et a e el b ARRE SlBe i Bt
di ssol ved Bye} Bgpasitich ghd BUAEg BPEUhARIR drotler lagsiRiE dtiihed BEdWB and 1%
NaNG3. ) Thus, 1h one enbodi nent,” an etching solution can be
sel ected that is 30 Amp#idreost-tréatrerstteghnigtie thatecamete useditadindiessel vi ng t he
nanowi res. I n these enbodi nents, conductive |ayers corrp[i Si n% Qanovvi res in
a matrix c8angectivity ok transparent conductor Is to expose the metal wire conductive
network of a transparent conductor fabricated as disclosed herein to a metal
25 reducing agent. In particular, a silver nanowire conductive network can preferably
be exposed to a silver reducing agent such as sodium borohydride for, preferably,
anywhere from about 10 seconds to about 30 minutes, and more preferably from
about 1 minute to about 10 minutes. As would be understood by one of ordinary
skill in the art, such exposure can be done either in-line or off-line.
30 As noted above, such a treatment can increase the conductivity of a

transparent conductor. For example, a transparent conductor of silver nanowires
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WO 2011/ 106438PCT/ US2011/ 025941 by using a protective nmask (e.g., a

phot oresi st). Thus, patterning can be carried out according to standard
phot ol i t wOraphesset hods, by which the nanow res in thePomsske®d239eyi on are
etched. In a further enbodi nent, etching the unnasked regi on conprises 5
etching the matrix in the unmasked region using a first etchant; and

et chi ng t henrasWHtRS of PETTEhdprapaketiac€srding tosd regel-2o-s&sl anethet alisoidsed-or
example, a first etchant (e.qg., hydrogen peroxide) can be used to renove
the matri xhetﬁilem@@s@(p@ﬁedg@r?%@ b'@ByHM@f hanipuie, adhichwagdhem faseemh wateron.

h f ' d. . h i d- hi i i d
herein.  caAnBaRRON diro BRSREPT-iatheht 1 PRt lRithRliddipds o ho°e
| onger proFé%ﬁétﬁﬂ RY abBEt 784 /% and after this post-tréAittentOtHeetraipRpentTENt S
descri be a net oé ofa

patterning the transparent conductor using a mask. The
mask acHs asndudtbr kid avesistivty, ofpatmue St Qg nhen atlaerossanep lema tiaxs pangsit
under neath. The nethaod conprises: form ng a conductive | ayer (fr'l{?%(ﬂ
substrat e, COMEEBh Lﬁ_!'ﬁ’?(/@a AWyees eBA9'Ass Bb%{ref{ﬁt"f%(e’éﬂﬂ?e_ t92%) 550 of
el ectrical '7¥nﬁiﬂﬂé%“?ih§<¥§jr{‘\%gfé’r“e{n%5ai%ﬁ88'§’%f&r@ﬁh%‘ 'stﬂe%ﬁrhgﬂt Aemask on the
conductive layer to define a masked region and ar unmasked regi on; and
et chi ng th&au?@@hedomcﬂ@itcﬂfhat‘ﬁb n@sistivigofdabeut BinMyoland aftertthis fpastr a
patterned conductive region. The method may further conprise renoving the
et ched r egireatmentt hentransparent gondpgtoriad 3 Eaigivily ohaboeb h5Q .- RegHeNgo
etching,efficien ihclud but are not |imit thd f [ ng of
R g g R U Ty
a matrix fgyiEfe P¥dRAJ agérhtx iGA1UEE oBENEBRENY RTINS SuehtisSsalivie bovbRydridi | y

u

than a matrix forned by I'l'y cured polyner. After patterning, the
partial | y baroachitragen xomppundsietiglo asrdimethyl aowasdbarane tigMiBpand ghel | y 25
cure the matyix. Mre efficie m al so be achi eved by activating

t,etchin
an et chi ngMHCNE0YY _Sm%é?ﬂ?%ﬁ%?f&ﬂ%ﬁm?%dﬁ'a ctor prior to etching. Such a
pre-treatment is parihoidaabl Wn8e0BErste™ 4 ?%c@e&?tto alRArRY b@ﬁi?ﬁ%taﬁ& whi ch

a liquid etchant cones into contact wt he etching surface of the
t r anspdbent 88 0mldich idefiver§yepmadiix snatéried 190, as defingd verdiac dhefmathi t r anspar ent
conductor can be.a top surface of the nanow re/ matri x llé%er or, in sone

i nst ances, dapesiior stetiae d 8§icanrbe asterage tank as depgsibed in Figure14A, a
2011/ 10643 S . ; i X.
o eet b g WS Ainb eI, B Yo AR ahd PR “A%yer Bt e

Thei r presgpaéd m2ed a02 iSHusdelsssiteadn thetridtweriohyehesd.i Advantayebasty,
Pre-treating the etching surface of the transparent conductor can activate

t he surf actheamdtrixypaterial car basteposied byaprntingrdevice tosiorm a pattereedi qui d
etchan& caln 8ai n access to the netal nanowres protected by the matrix
and/ or 2Phel@¥GEr coat | ayer. Thus, the nmethod of patterning described above

can further conpriserpg gyk %Egﬂ%é}ﬂalfd\ﬁéﬂ el dtacuritly $thfors 200 UptHeYE

| ayer to inprove its wetting avior. 10The change inthe wetting behavi or
can be assthesedtrixymaterial iscaopolyatersohlent spstent, dne fayer 10&8tcan beoatredtbyangl e

refers to the angle at which a |iquid/vapor interface neets a salid surface
(Le., the @I{qyﬂnggh% geivapkio evaperatg) | he guring process can be accelerated by

heating (e.g., baking). When the matrix material comprises a radiation-curable
25 prepolymer, the layer 192 can be cured by irradiation. Depending on the type of
the prepolymer, thermal curing (thermally induced polymerization) can also be
used.
Optionally, a patterning step can be carried out before the layer of
the matrix material 192 is cured. A patterning station 198 can be positioned after
30 the matrix deposition station 188 and before the curing station 200. The

patterning step will be discussed in more detail below.
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hi gher water contact angle is correlated with poorer wetting of the solid
surface. As shown in Table 1, depending on the types of treatnent, the

wat er corwachiilBesngl es are substantially reduced by abear/UBR86025980% aft er
surface treatnents. Table 1 Surface TreatnentWater Contact Angle ()

w t hout surface treatnmentWth surface treatnment Oxygen Pl asma62.412.5 W

ozone63. 534. 5 The curing\prdogskiermslasondhethd layde2od compribxgrthee 13,
usi ng etchants of the same strength, the rate of etching surface-treated

t ranspar ent metﬂimampwgslr@t\mrkslag&r T$Q;Hh@ matfixgd By ddreponduntive layet 404 1sanr at e

of etching untrea are UcLor s Accordi ngly,
transpa_rent m%ﬁrcﬁa&‘???ﬁ%peﬁﬂ rﬁa néqr]z i&@ﬂﬂﬂ ‘patterned by pre-treating
the regions to be etg %mbodlment the cond BVE RHRY 208)candiesirfate fréstelly Pes
and/ or strength of the etc ants, 1t Is 25 possibl’e to create a patterned

transpar éntatctbeclmst—treafmdamtnsmmdm 20db s erposd & podiont cfrthecmehataancpwmfeom es or
low visibility patterns. se, transp ent cor?duct Qrs

2011/ 106438*!3@#{9’@?91&/*'@%8@ UGhiveraY&whATSXarAle ) H};\Wt@r%O%é’fﬁ'&? matix ar | y
useful as CONPRNGRLS é\N%? B%Ggén %,brﬁé tr%e%ﬂﬁ@nls@o‘?gl ca,sICha[?ne or UV/ozorﬁé

used her ei n subs antially’opticd uni torm orm

"opti cal Untlréalhférits/ Els(péﬁcﬁnfe@al&fan@nﬁneeadreqimmw uﬁfubfootom:hpmrem ned
transparent 5 conductor filmhaving at |east two regions of distinctive

conduct i vi tappicatigrs.r at i o of the resistivity of the etched region over the

Ll eastO10s or at 1D RAdrET § BN ibe i indlie T A pbERe
transm ssi %ﬁtr{eT%rfébfe 6ff‘tﬁefc\6ﬁd0@tﬁ}é3la§ei204 FSHRWIMAthed8arirRyf proegss sta'I’s% or

| ess than 3% or less than 2% or | eSs than 1% or |ess than O. % or 10
zero; and vﬁgummm@\andmeﬂ})r and anichiogstefhis netneedeatiude parigulast whae thew

regions is s tha 05‘V | ess th 9 ess_than 0. 07 es than
0050 1 es<ikRRSDOb MAkiaualesial Vet 458 ans i racsdrasioR Gt the My
m nimzes t ched
regi ons. of %"‘ég'ta?‘gﬁ%‘éﬁ%ehﬁﬁ'b%?%eﬁ@“ﬁfew THE R 97 HorReehenep e

"1 ow vi $5 bi thetryetabhhrowire getwdrk drides poftioni ofdhe emetabnandwires Wil beeexqubsedat

the nanowires are not conpletely etched away or dissolved, yet the nanow re
net wor k i n @mbhesswface Qfébﬁé‘ﬁnﬂ%t'\’@e'é%err endered | ess conductive than those

D Le et ched o901 o LoyRAYE Aler Y yid i L BAAE 4ot iR 0B
SL > ggg\r/]te;salttpg taRaAp eV R TEThig Mohepidces et Ribridationis #I8d refesredtts dsna &eel-
to-reel” or “roll-to-roll” process. Optionally, the substrate can be stabilized by
20 travehng along a conveyor belt.
In the “reel-to-reel” process, multiple coating steps can be carried
out along the traveling path of a moving substrate. The web coating system 146
therefore can be customized or otherwise adapted to incorporate any number of
additional coating stations as needed. For example, coatings of the performance-
25 enhancing layers (anti-reflective, adhesive, barrier, anti-glare, protective layers or
films) can be fully integrated into the flow process.
Advantageously, the reel-to-reel process is capable of producing
uniform transparent conductors at high-speed and low cost. In particular, due to

the continuous flow of the coating process, the coated layers do not have trailing

30 edges.
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20 | owered haze in the etched region due to a reduction of |ight

scattering, in which case the optical differences betwen the etched and
unet ched wognunwe4san be substantial enough that the etcireti/ysatitioeiv4i s nore
clearly visible. Thus, in a further enbodi ment, a conductive

| ayer can be patterned by creating a non-conductive region, or region

havi ng an al tereft)reng,tnlmatby] that is 25 not necessarily non-conducti ve,

w t hout conpletely destroying or renoving the nanowires. In this way, any
change in optical chaPespie itsvetsatiliyathe eelsterreel’ eioeess isaoé rompatin et ched

b
rod om Che. Witpjanit stPeliat. sb as ot IRIE TRl R oatates bah BE RN Ll S hea
regi ons aCCQﬁé’ét gftslﬂgaarrr@{ c%rs"Bl?%Q dé"f‘ﬁécfbﬁ a ObHVRy8PBEH, fthéﬁh‘p‘{call&h' s 30

enbodi ment provi conpti sing ormng a conductive |ayér on a
substr at 6, ekqmrtenwtmigevcmfealﬁeandtomlpck sf nnif@mibt rinadalitdra sheelw.natlngfls a

el ectricall é) WO 2011/ 106438PCT/ US2011/ 025{9!@1 conductl e na (ﬂépenbedded
t her ei n; wear dhroughpyt Progess WhIch gan St r|l\yénc|‘,r§9§e %C‘éﬁ ,prQ lon

resistivi ty of the nefpoL lﬁt gf e%lcﬁﬁéa @%ﬁé h)étllg@ﬂq# 28 fa’t"'fét?r?cdﬂ'nyﬂ n the

region, thereby formng d p erne r I'nc ud| ng a treated

regi on havi ﬂﬁn@érbhﬁéoﬁcﬁ@t@tthmm tﬁedjserbftenﬂemembrroegubstrétawms preoesend
resistivity. 5 The treated regi on may, but need not be, rendered

non- conduct isveempatible withhetle rigid suhﬁﬁraé%an@ﬂeméie sulrstiates. oMere gpecitieally,

f b f
oo ot Ibt Vr@afinatBobotate fatnpbBed datihg aXEbHllclTE tegs B ieo @ adidrt g
region is 'ftl?(?stﬁﬂé'C&Hétdo\‘lau&t*\fenlapéleln%ﬁﬂqr?d‘ﬁfﬂ)ldrﬁﬂﬂy%)netbﬂnéﬁd\ﬁlfesew’ﬁwﬂﬂd&ﬂtS

a ratio of resistivity over the second reSistivity is at |east 10
104, or at beasibeldied ina raatrixcasparatieg the conductive layenfrerddie flexipledderdrosed
e an rned conductive

t t duct | udi bst Tt
| Sver havi PeLIState cad ren el PECnd RN BYET 148 SHas R SheR o ddad | o &
matrix. Theapal Jﬁé?@&%lf%gl&hwgs{éb)éeéntg‘?lf]é fEgioR @éﬁ&tsdbeahekaﬁ bé R8rried

transparent con network has a tirst resistivity and a

second nggi out I9f a réel-tbrresipracess becaubectherddnorsobstiatetis fleribleor khéas a
second resistivity. The change or difference in optical characteristics

(i.e., trancondistive layed formed theseolean thee h%am%@ireﬂéoessqbétraﬁ APictmal | .

For exanpl e t ho and
haze, respe Vg\b'e(i%‘%eJ b@h%'q{gexﬁg? thgogfggtét%ﬁégers roncﬁ 3%@% E‘Zbgpcond
region by |gssowiredale dépcsitdd brita the AékibleuRr ls\dB‘sfr‘ateMﬁd go hitrix Aeng@sali n
resi stance between the two regions is greater than about 1500 Q El. As
descri bed hierusied, adamiationadhesiveanay bensedito\aitachylee condudsivetlayertedher
etched ’H-g; ng,to, the atternl ng nmet hod described herein w thout

af fect i é %%E?BBF*‘?JP perties of the treated or etched region. As

further 25 illustrat edEaERIdhot $ubbiiste® REBAS A 1IERbICSIbSRRPRY thedsrm of
i ncluding transm ssion
a sheet, film, web, and the like. The flexible donor substrate is not particularly
limited so long as it can be separated from the conductive layer. The flexible
donor substrate can be any of the flexible substrates as described herein. In
25 addition, the flexible donor substrate can be woven or non-woven textile, paper,
and the like. The flexible donor substrate need not be optically clear.
In certain embodiments, the flexible donor substrate can be pre-
coated with a release layer prior to the coating of the conductive layer. “Release
layer” refers to a thin layer adhered to the donor substrate and onto which a
30 conductive layer can be formed by web coating. The release layer must allow for

an easy removal of the donor substrate from the conductive layer without
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(T9% and haze (H¥%, was relatively small before and after the patterning
step such that the etched patterns obtained have low visibility. In such an
"invi si blwopattt®s438ng” or "low visibility patterning” meCmas$201i0es5941
conductive layer remains optically uniformin appearance; but is conductive
in the untreated (or un-etched) 30 region according to a predeterm ned
pattern, thgmbhgRitee cohdathckhysr.eRgpibaiy, tige belease mydeiscfdrmed obaduateriab or
having a different and | ower conductivity. In the W)

2011/ 10643b®dg lsse surfaoe soamypinaleding dubbat kraited tasilispnhaser PoEBE!S: i vi ty

of the nangwi re netwdrk can. a l.i shed by, without |imtation,
destroyi ngﬁ‘ﬂ)?r"}?éﬁgg\éﬁ'%erﬁh%a&%@ﬁ%ﬁﬁgl"kébnducti vity of the connections
between the nanowi r eigpfe A BAJRIdtRed Bﬁ_e&élﬁfm@ bES IAMREES ¥@sctorn2senduct i ve.

In one enbodi nent, tréating the electrically 5 conductive nanow re network
conpri s8s chraprisiag| § fiexibresdomon supstrate 24@,ca release layeoAdbconted emthewi res to
non- conducti ve nanowi res or wres having higher resjstivity., Such chem cal
t r ansf or mati§xbleggnor ﬁé’gﬁ'iﬁ%t,e %\%9" a@?ﬁrﬁ?@%‘ﬁlg(@ﬁr 0 qated Bétﬂi‘%ﬁﬁeﬁe any

ot her proc%%réjﬂgt converts the underlying conductive material of the
nanowi re to’an electrically insulating material. For exanple, conductive 10
nanowi res forned by Themaninatedrstradtue 23@tah belfabycatée imthe sarheenanresn be
rendered non-conductive when the netal is converted to an electrically

i nsul at i ngaadeserbast inmannestion withiigyre. A, using e fexiRieidepoy sybstiaies

exanpl the el enental , sil L ngtiall I ol zed: ted to
silver qpon E|9\rg{g)t'h.e-lthétaéﬁgaé\ﬁr%ﬁ%@ggﬁgh,%érr?l?g)ré egéyé\}ezrzﬁt '8 c%r%%ﬁég?f)n in the
presence ofoRBd YN HE fleRidle dofr siBstatehTRE doRgudtivediageit 25@tan befogaed si | ver
ion can forman insoluble salt (AgCl). Oher exanples of anions that

readi |y prbynmetananavites deppsitiamioowad dyubatsixmepgsitionl as degelikatherelt.

l e, bronide, iodjd d sul fate, .Exanmpl f sujtab t
Thelbde. bt are not | ¢ Gppatelvs s s OR gy rafslay B SEMsifaER oo
persul f at eg, {i€a 9in p%ﬁ%ﬂ‘%‘{,ﬂ?fﬂrﬂgﬂsﬁ@@i&gg%Iéé%,%l@icﬁ%‘%ﬁ&%ﬂi? ro® aaptaBdi um

or potassi um per oxo | ogen hal ogen- based oxi di zing salts
(e. g., 16hl rtheaesl-tongeb coating prcess tcan beldniinatedgwitie the caraductive dayer, As

N
oo, AR Bl AHHR St e o

concent r at §gstifte PBO. W ic8itainnEmbegifients ythe palyrgéininatind (¢ . mPETT, Rtkposure to
the agent nay determine the extent of the chem cal transformatign of the

conduct i vepoligoylates) provides sidenpatenadhesien taolhg substrate 280.c Theraderrag ed
oxi di zj ent . npy ca he, nanow res a h i I di ssol ve
o, 31289 SH5IR iBbUFEaG, IHOR AR RSB RGT B kBuBied Byl o0!
enbod ”e”tﬁetabﬁingcmétréﬁasé PayeP 24U TRdrS e BbNdldtRBIAWIAST the underlying
mat erial of the nanowres from conductive to | ess conductive or

non- conductive, it ik ethepembedintris; amadhasivedayenicasdeamsedite poyisiecal | y

conprom sed. For exanple, the nanow res may beconme broken ar shortened, 5
t her eby r ebefter Rapdingbeaiwesn thﬁ&qndpﬁtﬂ‘@r@%ﬁzéﬁsgr\‘ﬁ Wt_)stéegupggimi t he

O oL o BRI HeB! 0 AL SO B8 SRR 27 ORBR Ry i
i nsul appngadditien tatheafakibie doabt sdbstrate 24iethe release layer 244 and the
conductive layer 250, an overcoat 274 and an adhesive layer 278. The adhesive
layer 278 has an adhesive surface 280. 7
The laminated structure 270 can be fabricated by a reel-to-reel
process as described in connection with Figure 15A, with the understanding that
30 the web coating system 146 is adapted to provide additional stations for coating

the adhesive layer and the overcoat. The adhesive layer is as defined herein
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breakdown of the interconnectivity anong the nanowires. It is noted that
such changes in the physical structures of the nanowi res may occur on a

m cr oscopwo 200/10e488] only, thus would not affect the naecoasopil®28ppear ance
(e.g., the optical properties) of the conductive |ayer. Accordingly, the
conductive |layers described herein may be treated to form conductive

pat Ler ns. t (el Folyep/iaiea] bylysiniNanies), cam ciaf b prbdseresonsifiiay tiobmeldd, and 428
show a si de-Dby-side view of an etched 15 conductive filmand unetched
conduct i verddiatign-cerapiss tandénthermallyecurables ofhrepverepgtean ke apejas more of

non- conductive, .there is little or no difference in.its i - rty as
Conpar ed ¢ e perTGe-cranaing 5y, allding 008 ol ArEafpldfRlve 5F

Thus, one 1 i j e optically uniform conductive
filma subgmtgﬂee?ﬁ\gg ggﬁg‘ﬁg%?@glﬂeﬁ?ﬂé%ﬁfﬁg@subst rate, the conductive film
20 incl &di ng a pl ur aln Figuod 17Bt theclamirated rsgrunture 270Lus bonded withdhei n a

attern on the conductive film.defines unet ched regi on_havi a
1I‘Oi rst resi §%‘li’§;fqt9,2%9 g the adhegiversy ‘?Qﬁééﬁdq‘gef‘? » FRFOER Y El@j‘"%ﬁggt ched

regi on havj : ARV Y kS se£oNd
haze; and { er@f@%ﬁ@%%@ﬁ%ﬁéﬂﬁ\gﬁ%ﬁ r?@lgéggqc&%%@@ﬁé ﬁ%%%jlﬁzeunet ched
regi on, anffom thatoveredattdra, first resistivity over the 25 second resistivity

is at least 1000; the first transmssion (T% differs fromthe second
transnission (T% byln exytain gapastiments, heat or pressyre ¢ambe usad dyrigg the

Ce ot NHasamipgtor BtdgBsh ba efaned e BETRG béaeRIHe adiRivetafEriar g st ' V! 1Y
certain ot B&Ed@i@@%){é_f_?ﬁ $he hbserdd Sitart s@nsdives pyen dndthedidbsgage.f rom 30 the

second transm ssion by less than 4% or |ess than 3% or |less than 2%

or less than 1% or Inesthet bonbodirsentsr azelease layer is not necessary due to an

2011/ 106438pPCT/ 011/025941 In, fuyrther enpodi nents,, t first haze (H?

it Ters f oK OnEsERia) ohsconsetis T S EsPRELE R dEbIEBondhee ¢ nan
0.1% | esss&%ﬁfét@aﬂa%?'sﬁﬁ&rét@acﬂ“ cﬁ)loQ:ré%Féret%%nﬁﬁlé,”th_@-&%%c{i@%yéh%yo- 01% or

zero. An etchant is selected to create small cuts in netal nanostructures 5
(e.g., 15i | kave aanuski higbgr affiaity tdgtasatthar ést textiie donopsusicter Asteatre br oken
down to shorter segnents. Although the small cuts undermn ne the

conduct i vi Eynipatiemeraggssshe dextie donghaubwaie caphe EMAMESWIE i€ min the

et ched regj = 1 r ' y do not significantly
alter the %‘%@@P‘*E&%ﬁiﬁ'ﬁ@b Oegﬁ@ﬁér géi/(?g%_¥8?ﬂ@}§tched regi on as

conpared to those of|ntdgtdimepibdiRtentyaPattekied fragsferisdFossim@gusingainowi r e
film900 that conprises an unetched region 910 and partially etched region

920. The nlaminatiarspioseste Fpaexample, the substeaie sandspeeated diyer teryal nt act ;
cchenaPo oISt oRP ter g pESRpIess ari) Lt ragiogt Ogfhe RufgRAe! o A

according to a predetermined pattern. Only the heated regions will be laminated

with the conductive layer due to an enhanced affinity (e.g., adhesion), therefore

providing a patterned conductive layer on the substrate. Heated regions on a

substrate can be generated, for example, by a nichrome wire heater positioned
25 beneath the areas of a substrate to be heated.

In other embodiments, a patterned transfer can be affected by a
pressure gradient based on a pressure-sensitive affinity displayed by certain
matrix materials or adhesives. For example, a patterned laminating roller can be
used to apply different pressures according to a predetermined pattern. The

30 patterned laminating roller can also be heated to further the affinity differential

between pressured region and unpressured region.
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15 Lett 3:955-960 (2003)), netal nanowires are termnated by {111} facets
(970), and the side surfaces are bounded by {100} facets (980). Etching
{100} facwe witios438sult in thinner wires whereas etchi n@Ciakj11oe89aces
fromthe two ends or defects on the surfaces will result in short segnents
of the wires. Therefore, to generate cuts along the length of a nanow re,

an etchant woul d perf gy yetadth@ferdbbapidrid] thelopdubtive layér caebelpréleat gaigf, aces
of {111} without etching {100}. Figures 45B shows the etching directions

990 of the disi &} aegrirdingttotd prgdetermined pattern, pripoigsthrda@insdion RAESFS- i n
several chenistries (CuCl2/HCl and FeCl3/HCl), tpo cu h | I er.
efficiently’ %&Evﬁf?‘r&g%r&r eﬁ@ﬁgggg é"evéé}ﬁe%tOe‘ﬁ‘éﬁFbﬁﬁfaﬁemﬁ S%AMV%S

unl ess ot he bl i kf

ol et rochen 2 O e e P e e 8 e alona o

pot enti ab opra-bet corttalr.t o be et ched. In certain embodinents, an

effective partial etchant may include three conponents in an aqueous or
organi c solvent. The first conponent is an oxidizer such as FeCl 3, CuClz,

HNG3, 12, H and the like; the second 30 conponent provides a first
ani on (suchégégarﬁi%l I de) that can selectively etch the crystalline plane

{111}, eventual |y genAsaiotetaboNe d pattdraedebaductivedayeesan bédornied by WO
2011/ 106438PCT/ US2011/ 025941 conponent may be a second anion that forns
conpl exes whelRCHvVRlY aering ainseROIMMEr eaRENG REeRTdBIAIDl PAlteMhe ha @R . As used

ohlori e brocesStan be b Bt pRERTRRIC: ey, Eilhe Rt f.' oo
CONMPONeRpHs, embBBRNENt iMHiEh é%ohﬁu&%l"a&@f‘i%'pho?iﬂfpaﬁéﬁ@éil eMar8 spBtfiballye. 9. ,

chloride or iodide) can selectively etch as well as form sol ubl e conpl exes
with netal thersetahhahowirewiefworkgayer b4 Isadapbsited tandhestibstrate 14 agcasdingeved

e oGl Mo L e Lo L PRt 2 RC] 450 D50 e dfdeted 1
o o P syl 18 b SRS ST tofe Sl 1
ev) Ag (s) + C - -> Mbheresjter; seprepolynist @dling)o i¢ algpositethol dhé-astwdrg) +
AgCl 5)15( +|gyg? ofe r\r?etal nanowires 114. An irradiation source 310 provides the photon
energy for curing the prepolymer coating. A mask 314 is positioned between the
prepolymer coating 300 and the irradiation source 310. Upon exposure, only
regions exposed to the irradiation are cured (i.e., regions 320); the prepolymer
coating and nanowires in the uncured regions 324 can be removed by washing or

20 brushing with a suitable solvent or by lifting them off with a tacky roller.

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

25 curable prepolymer comprises a partial polymer or oligomer that contains one or
more double bonds or functional groups, e.g. hydrides or hydroxyls, suitable for
cross-linking or chain extension.

Examples of monomers containing a double bond are alkyl or
hydroxyalkyl acrylates or methacrylates, such as methyl, ethyl, butyl, 2-ethylhexyl

30 and 2-hydroxyethyl acrylate, isobornyl acrylate, methyl methacrylate and ethyl
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15The resulting AgCl is soluble in an acid (e.g., HCl) that is present in

the etchant: Agd (s) + Cr(aq) AgCl2-(aq)) Thus, it is possible
t hat i ncowpl2etigiogi3ssol uti on of AgCl | eads to greater ineCgiuseétitoysef etched
pattern, as AgC does not appear to be cleared away. 20 As a post treatnent,
wash or subnerge in a 3% NHAOH sol ution may be used to shrink or renove the

AgCl preci piricth&sylate) silitdnkiaenylatesahtgiortrile; elcyylamites ahéthgegtaniideCNray  be
used to shrink or renove the AgCl precipitate. One enbodi nment

provi des ansebsiiiated (mﬂ[p)aicsylaf@ld;%ogi,ngmﬁt,er%mpfha%Mir\yba@etatﬁnéi%em can be

ter, ! ' h |y vi I
(P! e SRTER RN BheRcoied. BT iaac tae s, ROV RRREY: o
consi stent | Vin?f@ﬂHHﬁdé‘gnﬂ@Hgiiééhé{cﬁFo?iB@d films. For instance, the

concentration’o may be in the range of 0.1%- 40% In certain
preferred enbodi nent sExamelescrfavanomersoconthinkigCBvaray mose dogble borélgnargy, 6%

14% or 20% ,The concentration of HCl may be in the range of 1% - 50% In
certain 30 K¢y BPW%A?? of_@thyqug;glmq ePf%\9'em:Qb9%o"%%ﬁ%jﬁ¥' gﬁf\éciqu’o can be used.
| n ot her / &‘?é'% cir . an etchant with a

| ess concex&ﬁé{&%ﬁggﬁﬁﬁﬁ e. gﬁ\ E@QH@%t er at 10:1:10 wei ght
ratio. acryloyloxy&thoxg@ydiphienyliprapahs etrictiéthylopeopames tridcaylateh pentaeeytbfitol
cutting nanowires, HCI can be replaced by the sanme nol ar anount of NaCl and

NH4CI .~ Par t irigcndaterpraetraacnyiate, \ioyliaspdateh divinsibenzenes divimphevegingte, disdyl

aamonst 0 contaieE el EReSeha, 1My, Sobvatup bRt BB Y E s cotvent

(5wt % PVA i govpdfirate. See, Exanple 20. Simlarly, HNGB can be replaced by
ot her oxidizers such as 02 (air bubbling), Cud 2 (etchant CuCl2/HC /H20),
FeCl 3 (FeCl 3/ HCl / H20) Exaripteseofipactial poiymersanclade, butareinaddimiteddn, et chant

e on oS Bb e SRR Aol rSR g ) £
about 495 of "HEP S e B B e R O g
good 151b6nva préfeaedamieodisment)dhe ipnepaldmec snatuaciylade afbedemmdacrytate’oneferst i ve
areas. For to a monomer comprising an acryloyl moiety (e.g., methacrylate). “Acrylate” may

also refer to a partial polymer or polymer formed by polymerizing monomers

comprising an acryloyl moiety. Examples of the acrylates are as discussed

herein.

20 Optionally, a photo-initiator can be used to initiate the polymerization
and/or crosslinking reactions. The photo-initiator absorbs the photon energy and
produces radicals, which initiates a cascade of radical polymerization, including
chain-extension and cross-linking. Photo-initiators are well known in the art.

Examples of suitable photo-initiators include, but are not limited to, oxime esters,

25 phenyl ketones, onium salts, and phosphine oxides, see, e.g. U.S. Patent Nos.
6,949,678, 6,929,896, and 6,803,392;N. Buhler & D. Bellus, “Photopolymers as a
powerful tool in modern technology”, Pure & Appl. Chem., Vol. 67, No. 1, pp. 25-

31, 1995; J. Crivello in Advances in Polymer Science, Vol. 62, pp. 1-48 (1984). In
a preferred embodiment, the photo-initiator is Ciba Irgacure™ 754. Typically,
30 with the use of the photo-initiator, the prepolymer coating can cure within 5

minutes, more preferably within 30 seconds.
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I nstance, concentration of the conponents in the etchant, etching tine, and
et ching tenperature can be adjusted. Typically, higher concentrations of

t he met alweabti/mmidg8or the strong acid | ead to hi gher rate3/uskolgioeising.
Etching is typically very slowwth | ow oxidizers in the etchant or |ow
tenperature, which 20 results in lots of cuts but the wires are not cut

through and may renmajmogensatiotimend, tHyrthatpatterniiyoxebealayriedoghasing
concentration of the oxidizer or higher tenperature will |lead to deeper

cuts that 8eirsulating thenval mask (g.gpianaapgriurednask)givhich @il BXPeSearegis fi c

t t d .t b timzed., T ing .

ot or m noaShd niaiti B ARt BYeniBe b 8818 Elfed s, TS BL BRL 85 on 1 s
general |y |R8Spppouticlases d‘iraaflwﬁt@téénﬁg&;laaﬁahqgé 08ed fPdireetRMArige” 4 he

resistivity of the etched region can b east twice, at least 5 tines,
at | east 1beatedgmttean ohdhs pramilymenesatirg lalyeasThadidlyt¢ureble matrixeast 104

times, at |east 105 tines or at |east 106 times of the resistivity of the
unet ched r BYR@IRIS 9E KpRWN é&PBﬁlsi"”Sg g the,arig "jér’gﬁxﬁﬁ‘pi%ﬁh? atey r@qﬁ%@lgq?n

control li n?‘?g@ﬁeﬁ?‘xe&%&ﬁ%@ JEOI%}?{;C%FT{m&%%%@HQPh (La, concentration) of

t he etchan hperature a e etching takes place can al so

affect the rate and Butrethie pifoto-Yettefidg hisinos BEd/thiS20Hl PBen9ing nedthbdng.
Typically, etching at higher tenperatures results in higher etching rates.
I n vari ousaengapatibie with the “eselfip-eel’ precassidegcdbed aboyret fiReAXBBI®: 220 and

60 C. anot her | nent W- VI Sk Bk t t i S

corpr i 405 BTG TR 199 Eab B Lbal iy BT sehR R RLIFF S o1 ep.
Mre 5 spegidwid Figurdé N8APMMeESISote e §ifg station 198 can bebafipi@diing
conductive filmaccording to a pattern to provide (1) an unetched region
havi ng a fhumber of wayeth alew festastinubuy exposure Andsgurigodfdbe peepaymeavi ng a
second | nterrpadi ate resistivity, wherein a first ratio of the first

i nt er medi at®4YWsi stivity over the second internediate resistivity is |ess

t han 1000; 10 and Pi?r]sete?]ibr?g é’ﬁti, QgshBﬁanH’Fﬁ%ﬁéim,faiﬂo@t lihBet 3zde

etched region has a resistivity and the unetched region has a
second16i niglparesf theiphoty-patterrirg station el@8nthe aebaoating Isgstent 446 fis na
resistivity over the second final resistivi t% is at | eagé 1000,\@%n(1 wher ei n
the et chedShahont hghsubsieateld: epatgd el 3 RrepdY®B Fealing 34 i Mevsdalong

by a conveyor belt 332. The rotating cylinder rotates at the same speed as the
conveyor belt 332. The irradiation source 310 is positioned within the rotating
cylinder 330. An exterior 334 of the rotating cylinder 330 is patterned, perforated
20 or otherwise provided with openings 338 to allow the light to irradiate the
prepolymer coating 300. Optionally, a guard slit or a collimator 340 for preventing
any stray light can be positioned closely above the moving substrate.
In a related configuration, as shown in Figure 19B, a patterning belt
350 having a patterned or perforated exterior 352 can be used. The patterning
25 belt 350 is driven by rollers 354, one of which is connected to a motor (not
shown). The patterning belt 350 moves at the same speed as the moving
conveyor belt 332, allowing continuous exposure of the prepolymer coating 300 to
the irradiation source 310 through openings 360. Optionally, a guard slit 340 can
be used.
30 Figure 20 shows a patrtially integrated system 400 for forming a

patterned conductive layer on a substrate. The system 400 can be fully integrated
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In certain enbodinents, the first ratio of internediate resistivities
followng the partial etching step is less than 5, or less than 2, whereas
t he secomonativioes3B final resistivities follow ng the heariusgoigoei4i s at

| east 104, or at |east 105 WE, or at |east106. Thus, if to be conbined with
a heating step, the initial etching 20 step may partially etch only to the

extent t haintb hige GebSRALAG lsybedt 146, $i pArtRarcrdelte-patterrdhg btatipnptatiess.
Conpared to a conplete etching, which etches to be fully non-conductive

(e.g., havidentigaktedhe oingishpwsf indtiguieat9A. 1 bellewing)the Hhete expasuEe @Rfing causes
| d to t t ruct ur flect | ] edi

oo st vt ¢ St N REGROet kedtiid3p8 e &iien e Blpctie dBhe ol SHIBE Aler
in 25 resi ﬁ}ebt@&éﬁw‘é@ﬁiﬁg%aﬁdmw% FdrAble/ ain hﬁB@r‘éd%}ﬂPHQﬁ{eﬁh%er egions is

substantiall'y smaller than what a conplete etching woul d have acconplished
(La, thé seabstdateddi, apw ddenenidihg cass] reghensndiband bareimedalznanowiesi ci ent | y

danaged by the partial etching that they co onypl et el evered by the
subsgquen%/r%‘a@gﬁa“:dp%%%?, a rrgf@angit%@wi '%?"%r g%‘goﬂge&%él&fo Fr 3%‘@?9;@939 %ti Zs

e e 15581620 U Rl 1Bt Wb Pnegie HERerihal b o

heati ng pr paesmicetalhanokaley, theesubstrate Isnayated adthsomsliutiive tegiarfs 380 among
nanostructures to nelting behavior as their dinmensions get smaller (Le.,
t hi nner) f Pemcondugtive feglonst38f.ng step. For exanple, the etching by the

Cud 2 | uti on decrepse he nanow dj o r | ong
t he Ieaéth of 5 the ?i%&h%ﬁﬁﬁ%%i]ﬁo%ﬁﬁi&{wgga%egr%é]e g%t(ta%gra?)lygul arly
suscept i bl gidhthg OPBhEAEINE 'ohake EOMosiibn dfthe @ohilLIBweiay e Jhiiogs BIOPORSS. "
It is unexpectéed that the heating step causes the partially etched region
| ess condusolutiens cambe-useddoctissodvesand cemeve partionsofibecondudivedayrignt he
opposite egﬁ?ct on e:é' m conductivity. As described herein, a heating step
may be 10 VRpeskedaeaSost - treat nent step to increase the film
conductivity of a gi imbft, 3nRRId-bRINinG SOIGHSR chirpisin@Mhitrieeack her
hand, the damage cr e}aﬁfgﬁé%ﬂoﬁémpar’tpa IetCI‘rl{ll ngg unexpect gg}y@change t he
sensi t i t (HNO ) eamobe ruseturTgpidatly nibktnitnig doihsvpresent ati. 0h-408mdeoee t he
nanostructures susceptible to breakage, res decrela e of film

conduct i \d/i WPJCai'?ZAt_ﬂ‘@dH?&gﬁﬁb%gq RreseRka -Qﬂ]é&):’a-lr]&jhg??&ﬂ}@ﬁ&hm%@? gHen H?":T'yt he
ot cal 1y THRITES ChmeFised (o RS (24, abur FHORBRIATBOIRA2°E0D, BL8, ha

the parti at)eﬁhéﬁ@élﬁaté fokmmpe!m@ﬁ@@wmé@@ theaeidlatsising selitontcdniprises

conpl ete etching, thus resulting in | ess change in haze. Further, the
addi t i onal abeatt T%5INQ= [ YrbladiO ¢ ard pritacesamawntdseveiebpads peratllipmsefance, i f

for any_.reason the initial etchi t is l.ess peffectiv xpect ed,
t he suéQqu@Wsw&P?%a%Q%ﬁ?%g}gN@%I iﬁg eﬁﬁgn%%@é@g C(S’Pvﬁﬁéﬂﬂéaafhe et ched
region of LhgowRELHEEbIMBIE hbEl S8f SwhitAEafide/ RnesveiPby #aBHING! iFEt-example,
Optionally, a pre-treatnment step can be carried out prior to formng an

i nvi si bl e piter evanowirek @anbescdniveirted tpativer salb(Ag pwhich wgntbecringedt offify a
behavi or of the 25 etching surface and changi ng the surface energy. As

di scussed, S@)9Hle - HI W3- and UV ozone are exanpl es of suitable

pre-treatments. Appl [.cald ansflodifienenavbriRreatidi aps0RbeatediRRAUCt Of 5

The transparent conductors as descri er el e used as electrodes in

a wi deggar jgkylvefa siarixcesmposed ofiuily oaronrmyiweed belynmaur Ratteryingweahe30 use
of transparent conductors such as netal oxide filns. Exanples of suitable
WO 2011/ 106aBeHOUt bgZEpostirgRnd eluingca polymericd@atriamajdidon @ RYIGWES such as

LCDs, plas di spl gy _panel;s .(P color filters. f.or col ar t_.panel
di spl ays, g&ﬁ&ﬁcg‘?ﬁé‘@n@,a g?%ﬁ%‘fﬁ%ﬁ%‘met@ Cesfrtﬁeerﬁaﬁ'%d,g Cyﬁ%acf‘%"tggéfdlgloarsses
(e.g., for Yy BHAATHA MCcEIRNR deGrRbASIRRANESY SndIBNy S fome, theimatrikl
| anps and %ﬁilct)it%o%']‘at arc cell s,gfa&nd thgeyél i ke. In addi tlﬁo*\, the '
protects the nanowires embedded therein from being etched away during a
30 subsequent etching step. The nanowires in the unprotected areas (where the

matrix material is not polymerized or where no matrix is present) can be etched
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5 transparent conductors herein can be used in flexible devices, such as

fl exi ble displays and touch screens. (a)Liquid Crystal Display An LCD is a
flat panewOodbsplosdsst hat di spl ays an i mage by control | i n@Ciriushe11/025941

transm ssivity by an external electric field. Typically, the LCD includes a
10 matrix of liquid crystal cells (or "pixels"), and a driving circuit for

driving theapd x&hsvedathus,idhid smbbiipiett destlibésaphatiiod of pattéimiray, thecel
el ectrode for applying an electric field to the liquid crilstal cell with
respect to meﬁmﬁwnpn@og:rf@amngacga@wptwe layes g asubsirate; thedeandustiv@nnect ed

dovice, 1. dayeR sRafsiRh Aalbieipbat Ao g foiing bty Thaodtfuctfs Mer

accordance %cﬂFdiﬁagé?mﬁt&ﬁ?ﬂheaﬁéqiérﬁ?ﬁﬁip@isﬁ@%a-rr%mires protected by almatrik-T LCD

panel conprises t strates wth e liquid crystal cells interposed in
bet ween. 5 Thanp urplotedted naadeiresy anpetwhirdethearonauctiveelays utesdisselee e each
liquid crystal cell, whereas the common el ectrqQde is integrall fgrngd on
the entire $ARPiRGedPaBEWIRS el he MHPEAERIgINANOMIESLanhR €| Ig%s'_ pryed deft at e,
al so refer riﬂqﬂé@e as a TFT array substrate or TFT backpl ane, thus conprises
an array of thin filmtransistors connected to correspondi ng pi xel

el ectrodes. The upper|t appbeendosndtiat #ie anmumpof KknQ e thesoiretehingt r ode
whi ch may be coated on a color filter which conbination may be referred to
as the col osolgtion desasibesthesein carvigmact the etehingpowee fpn@angplecthesaoynt

(ot r andf oMo PRAG etihing Solbtiof e atefiine B BLAKHMHY, WHE, 901
may be SUSCﬁghéPé@néefhtr%ﬁaﬁ%ifkmﬂd>4 s ffaatdr@uhiRg & AvebRdifgy eadjidting the

nanow re-baséd transparent conductor filmnms described herein offer an
al t er nat i vecamentratibn ioh KA gnte¢ aeidegtthingesolution can medulate thenetchingy

speaking, the thin filmtransistors .descyibed herein can be fabricated
according t 'a'ﬁpcxwahﬁ%m h}? 4 '%P{t.h ehingrolition. based pixel WO
2011/106438PCT/ US2011% §29 Akl EA&GFEEQMGed ﬂ{hc}trﬁ?ﬁérfd&@emf?ﬁcﬁ%f REANG)En Tl
back-plane with a nanowre transparent conductor film followed by a
patternifhg adieRtchihg solntibn vedycausepabteefiectivier difissian efithecetctiingt solutiayer can

be preforned prior to coating. Patterning of the nanow re-_basgﬂé}ransparent
conduct or fintahednatiixs whish resHlts e@sterQ daeig sRynplsta dissalufen © ghput

et s A o BB A R RIS PP e,
hi gh tenpergies keresémng thed BRNMINELSbIHGoNn AFiEst GharTROpracthe magixad a
applications, i.e., as part of a TFT-based sw tching device. _
standard thickness of about 150nm) can protect the nanowires embedded therein
20 from being etched. When the amount of KMnO, is increased to about 20ppm,
while the concentfations of HNO3; and NaNO3; remain constant, the etching
solution diffuses into the matrix (about 150nm thick) and dissolves the nanowires
embedded therein.
As will be discussed in more detail in connection with Example 11, a
25 thick overcoat (about 1um) can effectively prevent the diffusion of an acid-etching
solution and protect the nanowire from being etched, while the nanowire/matrix
unprotected by the thick overcoat was dissolved by the acid-etching solution (e.g.,
20ppm KMnOy4, 1%HNO3 and 1% NaNOs.)
Thus, in one embodiment, an etching solution can be selected that is
30 capable of diffusing into the matrix and dissolving the nanowires. In these

embodiments, conductive layers comprising nanowires in a matrix can be etched
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10Fi gure 21A is an SEM i mage show ng the conformality of a nanow re-based
transparent conductor filmover a substrate with a profile or relief
feature iwotha/mu3Bace t hereof. As shown, the transparerCTas2@noen1film
387 at least partially conforns to a groove 388 on the substrate. The
substrate is a color filter and groove 388 has a width of about 2pmto 3pm

Larger or $yBidiRf a\WreebtivenHsRAEes, aBHorIrsdisthe ThASS pattarhing ceves edrriedt h a
transparent “conductor film For exanple, grooves having a width down to

0.1pmto 2put ancordinato tamdard phodeliteegraahy ieetbods dy wbishdhesangwires in
Addi ti onal ||¥ subsf(r(gt es havi n&l rdofi les or relief features other than
grooves mayENRAsKed EfIIRR B¢ § r{% conformal |y coated with a nanowi re- based

transparent conductor _fi e it LM i 0
profile or relief fegf arféﬁh%i‘%)@b?ﬁﬁ%éeetgﬁ@geﬂg% Jﬁg'lr'lr&bs,l(leg %é?)tcri’eér%%a%% or a
concave 5r efEHING thethakrix ini tBe Unddkedheynausieg aifirstasichamgand etdhirgitre 21A.

As shown, the nanowi re network remains intact and conforns to the groove
388. Fi gur @anpwires Mlthe unmesked eegiorausingriosecandrichant: raoisgxamuie, 2 8iduct or

films are sufficiently conforml. with surface topal f...faor exanple, a
TFT. That SUGHATG( Fe WarGgRN e e caade YredtodemPeshe bl o SRRt 1 ¢ or
relief f eatd.\ép?oteét tﬁeﬂéﬁ?%ﬁ@%% L BRHRIRSY fdgiok! ITRVRdHRA N SEEAHd HtcREROSS
such a profile or relie eature and may be nore robust that a conductive

| ayer that suohilad tbé apidyetohindgmlatiqr disclssedrharein, ebn foeatsadetowdisdodva or

conform ng thereto. Nanow re-based transparent congt&gt or . filmcan w thstand
the t erffer seMiPEe SimbnrROWas Hiatarg NPAPRIRIPITIhRY BieP@on of the 30 LCD.
More specifically, thels oRbf eflboditefiserdstlibala e dfidaitchhing el atively
little fluctuation. Figure 22 1s a graphic representation of the

t enper at ur ransparenbocrdwdtor V¥hE Glrhask6 788 RGISKUSES bt/ Ditididvareoatni r e- based
transparent conductor film The,og;yi cal and el ﬁitri caho(gr ol%er.ti es ge_ % ,
haze, tran§ﬁ‘i’t§§ﬁ"§ﬁ1ﬂ'@rﬁ?@%@/”}a§é’f ghHeyerReath. b Mmathod cOMPHEeSTPMBINY he x
axis. The %%O%%Ibﬁﬂ?la&gﬁ BMaYélP()s]traté,r}ﬂ%oﬁgugtﬁ/%’ layCch ri§ﬁ§ ayﬂétr&aa?r?d. a
transm ssi on and sheet resistance, respectively, were plotted agai nst the

time (46 plulitytdfieRetlidalgTondacheananowireeambatdded dveeil; plingh osask an 1,
indicating that the retentions of the optical and electrical properties
remai n neathgcerduativadayar taidgfine @npaskadiregion and @ntenageddeataniangr ane.

i3 cont acPENE B9 Ernaeked fedian 1oy 3 & <Ry bEREn FBIFh FartGmeddt " %0

surface W thndudtivelrehRnO THeSehod Rl YURhe dmpBrided Riri@ling th& &fchellragion Vi es
are etched in the paSsivation layer SiNx to connect the drain. Currently,

sputtered tdforim & pattame used to establish via contact. The sputter ITOfilm
can, hqwever, be replaced by the nanow re-hased, condugtive film descri bed
her ei n20A typical pPQ&a@%rsfaE%lti%té?nscanﬁrﬁHﬁﬁi‘? ﬁb&é{‘%ﬁ'ﬁlenﬁé{ﬁwq%%

di spersi on -y I i £, i i by a
| Sper sl aF&th limitdd Yoe tgagagg@g Qfoc}dfﬁy%fi‘ﬂgrﬁ}s{ﬂx%of @&?rlr@!é{' dnothb @Rtk by

post - baki ng step, e.g seco pI ca further

post - t r eat g®hing Solotén addtsanesrpbhsds va matibofarnies. byExanipllycyred polymer
post-treatnments include one or nore of the foll owi ng nethods: running

hi gher cur tensts tortisanire mese eeadiydhan agnatrixfermed bydulbbeured rahyaet Afier

deioni zed (D) water rinsin treatin i th I I
ozone. - coaPPigmind e RanE g Bt thallsimiePad B Audlork B Hendo il
densi t p50r -Gl BRShEINK: In particular, nanow re-coated vias
rinsed with DI water or treated with Ar plasnma are shown to have _
est abl i shed cont act sMare effidenteteming icansalgphbe achieved byl activating aatetehingi ng
or plasma g&ﬁgéengp tthectlraenas?)sarén %o%'é[;g%?%rigf' tc} gt%h%lggcéﬂ&dae p?é-treatment is

particularly beneficial to a wet-etching process, in which a liquid etchant comes

into contact with the etching surface of the transparent conductor. Typically, the

30 etching surface of the transparent conductor can be a top surface of the

nanowire/matrix layer or, in some instances, a top surface of an overcoat layer.
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25 the bottomof the via as well as the nanowires, thereby providing a nore
pristine contact between the el ectrode and the nanow res and reduci ng

cont act rwei2etianess The nanowi r e- based t r amsparsesrt/oezaduct or
films are conpatible with all the TFT configurations currently used in the
LCD technology. In general, thin 30 filmtransistors fall into two broad

cat egori es:Tha matixaay&eard ihép@\/eﬁaébtdayé}fbrgﬁé&tﬁéfﬁﬁdeﬂ% Ranbwiréofrogat e TFT,
a gate electrode is disposed bel ow an active | ayer,

2011/ 106438PCDsIveXIarneozcand abiasiarasT heir presenod, hpweverFmayLaysae #oer ect r ode

i s disposed ove _an active layer. The.boftomgate thin-filmtransisiors
Lypi cal Ly MeTEnd oo GG fnadl Pis teatnd sreaBl SHrBRe g bph daent
thin-film j 2oRFd b@i HaviRS Asl DR it nor e
detai i CPABLEE e e e S BB o s B Pl R o

( Press Joutmaliquiti ¥éhameanigain acésys tarthe fhethl Ramalirdd protested 893h¢ Nidtkiei BP,
1998, pp. 132 to 139). Mireover, depending on the type of material that
forms the &bgfardh@oyarcoghiayeri|mtransi stors can al so be based on anor phous
silicon, polycrystal H il am:ci: i ! r{ﬁ'#ure 23
shows the cross-sect Fgggi ﬁ‘\?i@éﬁ@fj a gﬁe?@ﬁpﬁ?g@?ﬁdgég%\?é gérigj backpl ane
accor di ng fcanfprieeProadaimgtan é’t@hﬁlgcémﬁacbhﬂtﬁd\fbbﬁma'ged@érqe iBProvedter i ses a
bottomgate thin filmtransistor 396 and a nanow re-based pixel el ectrode
398. The t Meiting behaviansi st or i ncl udes a gate el ectrode 400 formed on a

bstrate 402. Th | tr. . b tal | . Q. - Al - Cd
S 02 T ThB et U SRR ey B BB Bl 1 o
el ectrode ‘éﬁﬂtac@énq@%gﬁ%d}emén@,.t!?\?&é# SdracBRRyIE Werbheto hdndiest which a

i nsul ating layer 410, Irst sem conductor |ayer 414 0(e. g., anorphous

si licon) aliquid/apooinledace nwetkiatsolid lsayface 418, {he. ejching-sudiaped Bypicallyoas
silicon), all defined to form an island-shaped struyctur A sourc

el ectrode Mghesy@ter epriact anale is ereelated ‘M@? Bﬂgre& V&E%@thmj'ge%%@?ng a
portion of ISt i4C ; f A 4 L A 20
Firther pr ASencMyL TE;AHEYR0 IriKE i offredimer® b Veatk uEiet 2 o
drai n efsecanglesarsisubstatinhsietiyicad iyt 500 & 80% affdresupfack detatmentsay er
434 is, for exanple, a silicon nitride |ayer. A nanow re-based transparent
conductor film 442 is coated over the t4d@1fil mtransistor 396. The

nanow r e- based transparent conductor fTTm442 can be deposited and

patt er ned -as—descritbed—therern, —to form25the pirxet—etectrode—398—m ot her
portions of theurfded Tlzatdgpt ane, t he sanme nanenCorgéadoAsge(°l r anspar ent

conductor film 442 can also be patterned to define a signal |ine area 446.
In a further enbodinment. the swWieHiHEa@L PR Hescr i bedtASHTASe FeF{mppt

incorporated in.a liguid crystal display ) device. 30Fi gur,g 24 shows
schematical ly a(r)lxylgffbgl gUf ce” 500 conpri si neézl'_‘gDTFT backpl ane 5011§'é;’nd a col or

filter substrate pPgonéd backlight 504 progzcts |ight 34.5

As further described in detail in Example 13, using etchants of the
same strength, the rate of etching surface-treated transparent conductors is
20 significantly improved as compared to the rate of etching untreated transparent
conductors.
Accordingly, transparent conductor films can be efficiently patterned
by pre-treating the regions to be etched.
Moreover, by adjusting the types and/or strength of the etchants, it is
25 possible to create a patterned transparent conductor film with substantially

uniform optical properties or low visibility patterns. These transparent conductors
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WO 2011/ 106438PCT/ US2011/ 025941 t hrough a pol ari zer 508 and a gl ass
substrate 512. A plurality of first transparent conductor strips 520 are
posi ti onewsiolzetvmwersst he bottom gl ass substrate 512 and aPCirrsstoialopgganent

| ayer 522 (e.g., a polyimde layer). Each transparent conductor strip 520
alternates with a data |ine 524. Spacers 530 are provided between the 5
first aligpmanéwlvasisiityoraterns are Fﬁﬂféﬂ%r@' Us@fiest cdnayeierfis th dispriyslsughnent
| ayers sandwi ching liquid crystals 536 in between. A plurality of second
t r anspar enas touahusareenst ri ps 540 are positioned on the second alignnent

| ayer 532, the second transparent conductor strips .540 ,0rienting. , r'i ght
angle fromthe first F’éﬁa?;%’%'ﬂt %@ﬁ&fﬂ'@hy ogﬁ?qﬂ s“%*%é'?“’ Tﬁ@ﬁgﬂb’o%% m,

t ransparen g @i 1 j ion

| ayer sad, O SHHFURfriiy oD aHfofich iR athterlied 1BASRAEA 1
550 and5a pohdudtaeiilmbbavind\dy st tyem tegigns ohdistinctivepomeoctivtes] dbe oatisof i ps
520 and 540 can_be patterned and transferred in_ a *?i}]m nati%"rgqg &rgocegs. onto

t he bot t onthsl resistivityef ther eichedh seqier oxer Hienmesistivily et theryungtehed (RN bejRg; ke
t he conventj t al j stri ,

deposi ti ongic)@ggi i%l ﬁgg E%‘%ﬁé@ﬁﬁg} fezi’zgj{rsgggi’rderaé.B ?eéét-ﬁ@, wﬂé’re?rﬁt%ﬁ@igé%g cg hows a

cr oss- sect pefenthewght transellshased % ofahe Ro gegiend fisTleas ¢l by or tesznot her
enbodi nrent. As shown, the LCD 542 has a TFT substrate 544 and a col or

filter subtaned%, snlesgithan 3%, icgless thapR%) on lgge thasus’; af Essdber OkeWsen

th t ed in the, TFT bstrat 44, thi i t i
550" andOpi 3670 ang ot esaang Berhod PR feTiaze b taTif the bR SigTor
bot t om t r apgRas fin ¢80 UER ManTH1 %A ISAINBA COB%! [Rdeha®0.09%, 1eks etarp common

vol tage can be supplied and a color filter 558 are di sposed on a top
t r anspar en0.089bdessathmns®.01% ovzeroadeisippddesd, Whichasinimizes pir eimirates thede
552 and the common el ectrode 55

, i faci h ith th
liquid cr yaptgal gl QW%?W@EW‘%@P@%IEE \Vg_r@?qhﬁgcrlﬁg n%?@r%?%ﬁe@nef I st ©
(pi xels). gonduygtive film isNgsd PdrBrebY LI&EE“‘%W{’@&)@QV ﬁgﬁemiﬁ%eﬁﬁ%éég each of the

pi xel s on omtransparent su Strate S a top-gate type TFT,

whose g8t eineldeeicesdeisHslievad litvatathe thanboires ane act complaiglgretditetl awagoact i ve
| ayer 564 of the TFT is patterned on the bottom substrate 554 according to
known et hdiggolvady yet the nanawire neiwerk indhe gtehey regirsy hassBeeny eandesed 658

COver S oo pa bl T cRR o T EpBEb el 1Sk AYEine WG e
2011/ 106438Rkdrife? QLCAZEP Adreie HirPStchRthrobesaithep s UBStah 8gllyosr Sitftslywi th an

impurity doped are positioned at respective sides of the channel region
564c. The disaolves #ig condifAive ofeditim (#@cg.i netalaanowies) resultsrin@csubstandiadly dat a

l'ine, ich functions also as a drain el ectrode 566, throygh a.contgact hole
for med2in' awerad bepagn e sl fediaf i de SrsstEfionpl i FBE G SEEE: ¢ ode
202, A S0, o2k IS RG] Al RS bailebs 1t BRARAGIIUNAYR Fiflotiban bbne and
the drain electrode . A nanow re-based transparent conductor film
form ng t heutpstamtial @neayh tlast the 2téchedppsttdrn dnabreidanly visiblel at i ng | ayer 570.
The pi xel el ectrode 552 i s connected to the source regi on 564s of the
active layer 564 thrbogh inadurbacemRedisnent, aicpadugliveganentan b pAttemnedyay pe
positi OnEdbf greta%g% ﬁ(c?rll-conductive region, or region having an altered resistivity that is
25 not necessarily non-conductive, without completely destroying or removing the
nanowires. In this way, any change in optical characteristics (i.e., transmission
and haze) of the etched region can be relatively minimal, yet the resistivity of the
conductive medium (i.e., the interconnected nanowire network) is altered in the
etched regions according to a predetermined pattern. More specifically, this
30 embodiment provides a method comprising: forming a conductive layer on a

substrate, the conductive layer comprising a matrix and a network of electrically
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10 el ectrode. Figure 25 further shows a storage capacitance

el ement 574, which can be disposed for each pixel. The storage capacitance
el enent mMEOrDEIT6438he el ectric charge correspondi ng to Prhg/useeploase41
contents, which should be applied to the liquid crystal capacitance, when
the TFT is not selected. Therefore, the 15 voltage change of the pixel

el ectrode 5512dL&‘G’%Neb%nlamr@b@rﬁ@ﬂdéﬂmbkemgarﬁdl&edtl@ha¢g|©nrdfelﬁé sohdudtivekept
unchanged during one sequence. shown, the source region
564s of thlayatto a&eﬂta?éeSIs’G\atYfoﬁbeln@MO%ﬂ@‘@l%@ﬂ@alh/quduétl‘é%ﬂ?%@é"%$6 of the

storage ca ce el e 574. .A sec c t

capaci tanc@a{g tﬁ@r{ﬁg@‘m b3b ingap t@%?%?’i%@&ﬁiﬁ%rﬁq%& %% ?%gttgﬁe
sane | ayer t | SO
norks ao a3 BEYPBIPIS RELIRHD ohan el el R g o o s

el ectro8e B8 trebited gafien elaycbubneed bt ifd aendertes mome<)nd1m1||vehé\sstaﬁmd

el ectrode 578 (La, a storage capacitance |ine re . arra i p rallel.
They are ohe@w,eaoatcoadw@m rﬁfﬁéﬁ"@?rséiﬁ?f’ﬁée%% cgpé&qarsgggs » define

the matri X B%f-ﬁ%c?ddglf%g ére#ég o?.flpset rd gﬁv@t&%‘ftﬁé‘%cc‘;&{ QNP ls SRast

bottom gat | gura 1 on e active ayer can be any

accept abl e1§@@‘(l¢@”%¢ét@lﬁemmm & lesdyphaadtive, thamthie bnetchedlregion).i b wi deI y
used due to the ease and econorrgf of the deposition and patternjing step
obfi

Pol ycr yst aouhuen@ndaqdlra@nts@arram s resisliyity pves theesprangciopistivity is '§1’=‘$tl con

has bet urr dri M n sty than 30 anorphous silicon, it
provi dé &t %F]J rfgr?gzé)ﬁ?éh used in a swtching device. Low

tenper at ure dep05| ti F?Padﬁnts&?'d@dlé@éoais'd fi8nspdrefteoriduckssatiDbimgand has WO
2011/ 106438PCT/ US2011/ 025941 been reported as an alternative ap?r oach to
manuf act ur sulgstradé wodesspatte rnad contictive- Ilaaerelmavnﬁg A r‘@éworleofgelectucai Y Pat ent No.

7,052,940. In_ addition i emcond rial canaso be used. In
certain enBnf 'H?é‘a”QW'rSF‘%Qﬁ? qd IBGhNG éﬁ" rﬁ‘(?dc%ﬂﬁ‘dﬂg NE'2YCEs t he

organic se ani c
N AR 1Y S e SO
|'i mi t atponresiEivitpandd secondakegion ofithe hemsparent lsendpetoomeivhigh diog edtwwrkh

C60), polypyrenes, polyacetyl ene and pol ybenzot hi oph , and the Ilke
Nbre exanph@s asecond resishntyec 1s MWt%ﬁer@@%ﬂ” §P§Cé]lﬁ?‘@£ﬂﬂ teristics ({ e

ac”ar scuscUanABRsf A A%k PwbRh (TR IR ot B olAEW o FaPSlablie

a col or fiftesutsithidtiont ﬂ\e(élﬁérerﬂ)egn,the’fltrﬁném%s?d’n and haze; reEFéctWélly?roffthéter
substrate typically conprises a transparent substrate, black matrix (or a

| i ght - shi efirgt regivmgisiers & that af H@yseﬁonddegto@obspieﬁé tlean §y7% ear|0/62¥he

col ored . pi xel s arranged . on the tr. ar ent ateln o] ern. The
bl ack. AL r eePrafyy. Qv e chanos f s SBRBE bEDred it fdithedstiratér

enbodi ment §an ut98 gr@@ pi xel is associated wth a coI or. In other

enbodi nent s, eac col ored pixel can be further divided into smaller

col orant areas (ref eAseléstmbelthenehplared);st)c,allyeatdarsobduome Ilapermyarabeoci at ed
with a color. Typically, primary colors such 8[%,5 reen and bl ue
(B) are usiéeatedqr pecordigpdathe gatieming met @éﬁem SFl W le of 20

produci ng %féecqﬁgttﬁg%ﬁ{:gl GDF?B(‘MT%% ofhd Gk te%forcé:}lf:ﬁéé recc-#i‘ﬁ (AglfBFt g pixels or

subpi xel s primary co ors ors suc as whi t e,

yel | owpgr ifysthatedEx@ingsle e, u@@hadgﬁ; iadspticappropehties; ianidifg kraesmiagion r at e
conprises a comon el ectrode, whi is a reference electrode to the pixel

el ect rode (To} a@d naze ﬂd%apwaaeelatlvelwmlrb%fpfe and atiehihe: RattarAiBg &N
descri bed HeTuat aehad gt Raansaaor K LEBTOEHE SueP A YEBE™S  ons
of the patterning" or “low visibility patterning” method, the conductive layer remains
optically uniform in appearance; but is conductive in the untreated (or un-etched)
30 region according to a predetermined pattern, the treated or etched areas having

been rendered nonconductive or having a different and lower conductivity. In the
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common el ectrode and the unit color filters can be different in a TN

(tw sted nematic) node fromthat in an IPS (In-plane-sw tching) node.

30Fi gur e @BAIHNOWMS8a Ccr oss-secti onal view of a,color filPCemwSsubseivate in a
TN node LCD according to one enbodi nent. The color filter substrate 580 WO
2011/ 106438PCT/ US2011/ 025941 i ncludes a transparent substrate 582 having a

di spl ayi ngpfagehtembaBimerthaltéring sHearceitiviy bs tHeahandvdr netverk sanltbe referred
as a top or upper transparent substrate due to its spatial relation to the

TFT backp! aseomplighei by withopt imitatiemurdastioyingeorglegradingithe plepliical 25) . The
lor filt t 580 fur.th ' d bl ac! i .
T ht - shi ependirivgy Bt fhegmatiphS bafrer iR s MBE S tihanowies,,

the transp . R/e0 et Shtiie] i )ecthbslfyace 584.
Ext er nal |?§ﬁ'§§‘?'§éﬁ‘?’? g%ﬁ%lg& 3(/3 Pﬁgﬂglﬁgﬁéﬁéﬁﬁtrang@coms out g? t he

di spl aybngcsnddative naddwirErestivoeac komptisés ch&ioadiy tiaasfoammningtheelaetriaallyoxi de
and/or metal film(e.qg., chrome/chrone oxide), Al ter.na{hi@\t)/lel . 6he bl ack
matrix canCaUAYAIVRIGEOWIres g A/NCANSUICHYE NFRRWIERS QF WMITFF "lgﬂ'ﬁg fate 580 may

conprise a_pl i f ; ' : : | T NGyi hird
col ored pi &%’%(\@28;3%00@ﬁ%@ﬁ%ﬁ%@%ﬁ'ﬁﬁgg r'rr{ﬁtlfcljérigéieéﬁ%% g)élragg%ﬁ’( G and
Bl ue (B) celifidatiorgtranyroth@esiocess shat Eoayerts thef ondertyirancariduatias mateeial
portion of the transparent substrate 582 free of the black 15 nmatri x 586.

The first, obthegmnavite toran elestsicaty insyilatinasmstssial. Fgpexamales ggpdugtvenade

from faqr exanple, . an ryljic resin gor L up.: [ ' r W th
(rom B SARTPSs PR LS Bal Mo P Pl RS R it E st Rrsecy

col or - m xi Rgn-coRdaeliel WREh e FidealRs cBRISHEPIES eleRtribally MdBlatirigénd: ol or
filter substrates may contain other colors, for exanple RGWor RGI&B. 20A
common el einsohide Getalfsaltrted). psilver chiooidir)e lrbthiseeixamples e elemesnsaldileeioearn i | m
I's positioned on the colored pixels, K 588a, .58 nd- 588c. In addjtion to
being a re %l‘@ﬂ%&’ fidiged 3@ "to@v?ﬁ@aﬁ‘?)? Yeré?%z'ggﬁdj@n%'d@mq b‘t:" Pfl"érﬂ& nmon
el ectrode g} 3 ' ff n tyisi kqui d
crystal | ag'lér ﬁ%@rﬁﬁ%\?\iﬁﬁ wg#%&gf]%&gﬁfamme?&brbgf’eﬁgtﬂ?\\yy&iﬁ;bgr 591 can
overl i g5t hpoéiﬁve:lfbm:hargeﬂl silver mtec&RfbrmTére irfsolublte salp (Ag@Rt Otkel examplearnfbe a
transparent insulator such as polyimde. Such a protective | r gmy al so
serves as amoapithaifeadily pipsipitaie pietal igns "E@ﬂ"ﬁqlptﬁ?@ﬂﬁt@' %?,‘”%s‘éh Ofi rects

e o, SRkbER. e P hod et ¢ crystel [ivouah for ey
(o b LTS S5 FEeR e e it e opinie s The
giosglr ayi ngpsxideseexpshydrogen peroxide), persulfaPes (e.g., ammonium persulfate), J
20 peroxo compounds (e.g., sodium or potassium peroxodisulfate), halogens or
halogen-based oxidizing salts (e.g., chlorine or hypochlorite salts), oxidizing metal
salts (e.g., palladium, manganese, cobalt, copper or silver salts), organic oxidizing
agents such as 7,7',8,8'-tetracyanoquinodimethane (TCNQ), and gaseous
oxidizing agents such as air, oxygen, ozone and the like.
25 In various embodiments, and as illustrated in Exampies 14 and 15
below, the concentration of the oxidizing agent, type of agent and time of
exposure to the agent may determine the extent of the chemical transformation of
the conductive layer. It is possible that a strong and/or more concentrated
oxidizing agent may cause the nanowires and the matrix layer to dissolve (see,

30 e.g., Example 14.)
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WO 2011/ 106438PCT/ US2011/ 025941 bl ack matrix 596 is di sposed on the
transparent substrate 594 opposite fromthe displaying surface 595. First,
second amiothiwues38l or ed pi xel s 598a, 598b and 598c f or pCcramsgenioeiong R G
and B color lights, respectively are forned on at |east one portion of the
transparent substrate 594 free of the black matrix 596. A 5 protective

| ayer 600 is formed pncdredinfenisddimnents)iin ddgitibaiteorihstebd ofAfansfadiihgand
598c and protect themfrom contacting with the liquid crystal (not shown).

The pr ot ecthevenderlying w@terial of jhg sanowires froameqngustive o lass LOPHUCKNEHN as

lyi mide. A el ectrode 602 b duct ] is f d
bn T he. di sBPAFONIUGH Hdb SBOPGRLIRTHIRLRaPRHES CuCe? NEYEER 15 the case
of 1PS 10 pbﬁ. réiselNE o |@,ltﬁstn;aﬂemég%&@bg_@&n%r%rﬁbﬁmmﬂe@ti c

di scharge l'ayer to avoid charging ot the color filter plate.
The col 6r fhdréley reduestthatievet ah tHedr ihtdrcormractiditac Asraliasyltt hekovenall met hods i n

the art. The optical transparence and the electrical cond céi vi.tl){ of the
nanowi r e- bEasisivity gh&jpaireateddsaRNdDeieases rPmpaEed to thg Wrirated segipn. i pa

alternati e | ' I b ; f LCD,
o o L Y8y e RH6n T b rlchng b R mblc o B LS el LCT

be coat ed preaktawaidtithe thterfoamnactivity arabegltiss nanéwires. ditisndied that such
commercial color filters according to the nethods described herein. A
t r anspar enchangesuotthe ehysigak steuctures of ithe faRewWEeH MAHOGIUE @NFEMIFBECPRIC a

color-qn-arra | spl ay structuge of her L I r [

trans pgﬂe n V@Y@@V r%&é?{”%ﬂ? IBPLQﬁ%Ct%FE Blaad%/m?%(?%g? gbpggllaﬂcgieﬁ), tﬂé &ng%'a

di spl ay papRipefiid) df Hestohdudtivaydry A@&%rdih@g, fHUGIRRIEEVS |ayRISaESdrbede. J. |
phosphors) with ul'traviolet light” generated by a plasma di scharge. The

pl asma di shéemjn paydie tepleoyts fomn condudtive pajtesnd thatsre optieally. unifpras as

pl ates), 25 eac({ Il nsul ating substrate having el ectrodes and barrier ribs
formed thef@H¥ea BE@Eti ne i ndividual cells (pixels). These cells are filled

wih one or more | neblypasssakhddap %ﬁ%vg@gsfigé- [dide WP BF SRBtchRdl Oni zed

under an el ectri cal to produce t More specifically, address
el ect r agescaidudtioe fitrd dpehirdchiduecord Uddive dilmngespectraaly.gWdtle the dorner
Transparent_di spl ay el ectrodes, along with bus el ectrodes, are fo nount ed
in front ofFigure ‘b%‘{)l is nogreanductiyg, thetesis ligleereno diierensh Bdls ntical Pupestyand

rocs “her% ekt R RSB, ST RIR” TR0y TS
control circuitry charngeordeémpbaiidmdRscrisé£atpaferned, optically uniform
conductive film a substrate; a conductive film on the substrate, the conductive film
20 including a plurality of interconnecting nanostructures, wherein a pattern on the
conductive film defines (1) an unetched region having a first resistivity, a first
transmission and a first haze and (2) an etched region having a second resistivity,
a second transmission and a second haze; and wherein the etched region is less
conductive than the unetched region, and a ratio of the first resistivity over the
25 second resistivity is at least 1000; the first transmission (T%) differs from the
second transmission (T%) by less than 5%. |
In other various embodiments, the ratio of the first resistivity over the
second resistivity is at least 10%, or at least 10°, or at least 10°.
In certain other embodiments, the first transmission (T%) differs from
30 the second transmission (T%) by less than 4%, or less than 3%, or less than 2%,

or less than 1%, or less than 0.5% or zero.
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a voltage difference between the front and back plates and causing the
inert gases to ionize and formthe plasma. Metal oxide transparent

conduct orwo0(2e11g06438TO) are conventionally 5 used as theprCrarsspanesvl di spl ay
el ectrodes on the upper glass plate to allow the plasnma-generated visible

| i ght through. Current processing steps, notably, the sintering of the bus

el ectrode and firi nglrfifufrﬂhéf‘bnﬂio@llirﬁéﬁtrs' thd MEEhazeE BI%) EffErs ot i $8cepassi ng
tenmperatures (up to 400 to 0C). For exanple, in order to obtain adequate

t r anspar enbgze (%) bydess thaal Iess than 0. 5ﬁ’/erles§3/\ﬂna®r0 t%y dess thad Q0 BYeless t he 10
di splay el ectr and bus de red at about 570-580C. At these
tiangeraturﬁ’@ é’ﬂ@%é%ﬁ%%@{)ﬁ@% %cSﬁZ%?P%é 6r°é§§é% byuabout t hr ee-f ol d.

Nanowi r e- based ”ansﬂﬁre%ﬂarﬁg%gé'@}‘r%rdstoa&@a Wrh3iPLétsGh g?x%tépr%d&ftu gfurgs s for

the display electrodes 1n a are em)nstrate 0 be electrically

and opt bcald.y., Stl@é?lr%mlmsgbuélemraaﬂeﬁst%m rganos&t:c&ﬁé@)are Brokenaowrb® 15
patterned at the desired features sizes { ., 100-3001im for PDPs; in
parti cul ar shertensegmenss. pétheegh e sypall i %P@Cﬂﬁrﬂﬂfﬁ%ﬂﬁﬁ%d%y%%”@escrl bed

accor i ng TAeEctED A HaRnaSy s Aielehie i FEfELAeReq 1adioh Rbntonilictve

substrate §PRss@ohQUstivel & h@ﬂs@ﬁﬁ’@ént@lﬁltér%é’%t@ﬁ propettiedqT % aadiepar ent
substrate 608: an address 20 el ectrode 612 formed on the |ower insulation

| ayer 608: H&)l afitbe etiheidsregiancas egrpasitof those of the urm-@tcdmirr@gpnel ectrode 612
d th | | | 610 616 . def

ginscha 9i n)\é\etr:e: Insng fgﬁ?%éE%%W§l"’kh"l“%ﬁ'(@g'ggoﬁﬁé‘?qu&sﬁ'{]IHE&CES? ation

wal I's 616; re%dcﬁri ﬁ"?@ %ﬁaedzimél mﬁ“fﬁ@ %&ggg@ %etr%f‘rlo%%nqne bRRjl a4 mat ri x

| ayer 620 a e 1solatl o on th ower 1 nsulation 25 |ayer
608; an upgglion appegrayereralbuintaotavésst, smadicats 830 eareberabdengitalbog med on
t he upper transparent substrate 624 and positioned at a right angle in

rel ation t#etlgaothRfaRanWiedt rode 612; a bus el ectrode 628 formed on a

port i on of ‘the di spl &Y sehafblieds G BEHARCAARKELE SHED SUPY oat H3Rahg! ™

on the bus el ectrod rode e upper

t ranspagentefs 965866 (88d3)) aneta n@h@Wﬁ@élaﬁJ@ téﬁnhatyéerby({a 19} facd97@32 f or ned
on the upper dielectric Iayer 630. The displa

2011/ 10643amnwge§yﬁaggaaue bowa,decbaaeﬂ @Q}éawis &Q&O)bﬁt@bmddpp}/fsamaml}u re

filmns and ed’ accordl rﬁ cribe It
shoul d be h B’&ert‘ﬁ'é?s YV r‘?ﬁf‘n% qﬁéiﬁ qa%dfggﬁéﬁ? t‘@%ﬁ&ﬂéto& films
are sui tab&@fef:férorﬁmé Qﬁﬁ%s%ﬂ?éwlﬂté%ﬁ%éq‘m%dfhd\ﬁriréb ThererorDas ent

el ectrodes are positioned on a display panél such that |ight can transmt

Wit h accepgatﬂrataaédtscalmg:t;hetlenghhemftenmnwmmgﬁm ehcchah’ewdulsimeiﬁorpiaaml

T h S furth t t
Conduced: FSeHoRIES oG ¢ hi e aHacHs of g0ewBgHLeRhing « BERFGERsen | s
an intera 15B’§pbwglﬂtle gf'c‘f‘hrﬁdﬂ'@ tl&%ﬁ@ﬁﬂe%ﬁ%tﬂbl@é@ﬁﬁff”' ¢ display, which

al lows a user 10 I nput ruc I ons
CI" ions have been shown in several chemistries (CuCl,/HCI and

FeCls/HCI) to cut the wires very efficiently. However CI” ions themselves won’t
etch/cut metal nanowirés unless other oxidizers are present (such as O;) to bring

25 the electrochemical potential of the solution above the electrochemical potential of
the metal to be etched.

In certain embodiments, an effective partial etchant may include
three components in an aqueous or organic solvent. The first component is an
oxidizer such as FeCls, CuCly, HNOj, |2, H2,0,, O2, and the like; the second

30 component provides a first anion (such as a halide) that can selectively etch the

crystalline plane {111}, eventually generating cuts in the metal nanowires; the third
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touching the screen. A touch screen device typically conprises two opposing
electrically conductive | ayers separated by a spacer |ayer. The conductive
| ayer s arwoaeptiiwed3By clear to allow |light and i mage to Pcarusediti/oeimough.
Currently avail abl e touch screens typically enploy netal oxide conductive

| ayers (e.g., ITOfilns). As 15 noted above, ITOfilns are costly to

fabricate apfhpBRENPMayHECEBELONE ahRNhaLiorig domplesst With thd hexalboms and
substrate. In particulfar, ITOfilnms are typical lé deposited on gl ass
a

subst r at es makenthg salubleriathe etchant.i Aswseddereine balidearry benehlefidgspar ent
conductors, descri bed .Ber%‘_n an be fabri %?te by hi gh throughput nethods
and at | owPf roftpdlide H@er&q& GMN B VI ver se substrates other than
glass. For 20 exampl f oftie? EhitlddiRftsd yhahbfark WhaY £8inBRse U cBmpdhaRts, ©
films can be coated w th nanow res and becone surftace-conductive.

Thus, Fisgubae 28 wiichws tsidbretiinat. aFby example, ahiandort (igh chloriderordediderca®0
according to one enbodi nent. The device 640 includes a hottom panel 642
conpri si ngsalectiyaly eiaihas well @sdarm sohikle complexesnyti mefalins: 1 r st
conductive |l ayer 25 g4 i.ch has,a.to ondugtive .surface upper
panel 650 is positi o%@%}sﬁ%%'?%?? PSrlﬁof‘ﬁqu(StE‘? ﬁ?ﬁoﬁﬁﬂg% b.@%vgﬁﬁ‘?%tgﬁ%r at ed

t herefrom @Vciﬁrﬁjd"eﬁéﬁﬁ%trgr&"tﬁé BichantodisaRde§ PreiflinfohvdeHe etehitdendf the
devi ce 640. The upper panel 650 iIncludes a second conductive | ayer 654
coated or faningselbEnsaltsseitvtiee stchet maetal. 68singTHaCls el s aroexaoplevd is ayer
654 has an i nner conductive surface 30 658 facing the tOR ﬁO?C“JCt.i v% if

sur f acdOsabeliged that silyes nasawies cag e glfched daccigance with the following ha
2011/ 10643?{(5[{0H§2011/ 025941 When a user touches the upper
panel 650, 9% Rner conductive surface 658 and the top conductive surface
648 of the bottom papef (@4p+eoms Aeit @yl ectrical co(®ET evA cont act
resistance is created, which causes a change in the electrostatic field. A
controller (not showAy(s st AACHBAME 9.2 Wk actual touch

coordi nate, which inggs at | i th 2P d DRI | g system

According to this enESdﬁ%éLpngga&t)rTe’ or@?h’o‘é(?lr(gf gﬁQSngéC nd conductive
| ayers qare based on FRBGESItiNG AG@IWEsIableal Shsacid@be.ge HTI) et idpresent inThe
i nner conductive surface 658 and the top conductive surface 648 each have
10 surfacethessgichantvity in the range of about |0-1000n/0, nore preferably,

about 10- 500 WE. Optically,. the upper. and,bottom panels have high
transm ssion (e.g., égg:&@éxtq A o IZ{] es to transmit through.

In certain enbodi nen t; - IdHC His¥SIutiaN ©F AgaD IdRysftyr t her
coated with a prot ectrﬁ\lfse’ 'P%ﬂc{&@eg#%ﬁgﬁggect I‘I¥C uolver cogt) , Which

i mproves 1grédier idvisidility iof gtabledtguttern cass pgCeddes natiappéardo bayaearetiamaer
maki ng el ectrical contact wth the underlying netal nanow reséP?egﬁs becone

probl eRft i AsiscposidiealBenhorashed sibmergedidndr NWe«P B soHion may &8 t o

t he i nterveni. i tric . . i1 I ] ; {ations
in thickne Igrlrﬂ o?#i*cg\zeeﬂw&%gfd Iﬁ;&%@ﬁ)@éﬁ%st Ihn%ogjg(%&nc%rﬁ%]’éegﬁ g%'ﬁtdsr&%tﬁ“i@é{fi | m
Thus, in thegeC piHYOsE 0BEd fo skt 6VRNGRS thdd@Yerecipitatglcor porated with
conductive particles to create reliable electrical contacts anécio i prove

contact resistance. Pngierebodiment pepridesan ejchandgamprisingptSsn tive

| ayer oa. FQvEREr iR SEVANEATRE Bragtlop alRREleo LS Balufinn ' A bickPer SRRHR, . °
layer 634 bélyvmta@@br%'i(WAE Thé eeABEnPMRINGBEthS PINO T Bad HCIanagly aafread

overcoats are enbedded with conductive particles 657. The presence of the

conduct i vedpalrwhits esnsistentiepriidsicing pama&veicb_@dtf@ﬂsnfpémnqmém surface

Conduet v e e S hES i e S2RRESH b D0 Th SlaH RGNS
embodiments, the concentration of HNO3 may be 0.8%, 1.5%, 3%, 6%, 14% or

20%. The concentration of HCl may be in the range of 1% - 50%. In certain

30 embodiment, HCI:HNOs:water at 40:20:40 weight ratio can be used. In other
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Conpared to the respective underlying nanowire-filled transparent 30
conductive |l ayer, the overcoat can tolerate nmuch higher resistivity. Unlike
t he nanowvoesiiinet3Be underlyi ng conductive | ayer 646 or PEFAIS20dhioeIv4nuSt
forma WD 2011/ 106438PCT/US2011/ 025941 conductive network above the

el ectrical percolation threshold to ensure an in-plane conductivity (e.g.,

bet ween10- dQBU#hEM, BA eteHEnd Withi 4 1ss dorReRPARAHINDS nidy bé tsed, ¢.9.,t he
overcoat do not need to reach the electrical percolation threshold. For

exanpl e, tHEI tﬂe@iwawraith‘céO(WelghterabOer coat can be as high as 1080/D. 5
Even at this level, the r

t h f
touch screen applica P&HE i Matthé Enlohiad 'és 8(%&@82?'% uk)tﬁjdfrg%}(' an§r
of the opt Hgﬁlché b%'r% racee'ayrtﬁé's%rﬁ@ﬁd)rér arﬁaertlalr@aoreaﬁrd NPgdl, hPéﬂiaPethhe

t hi ckness overcoat I's typica | ess than 2pmor |ess than 1pm
Typi cal by, can alsiocdahievadesuta higherltepbyattce amd ldnger time. 1Moreqylee,rchtfaﬂd%10t
resi stance. Any type of nano-sized conductive E{artd cles CE ge used

Sigte ARkt

Exanpl es oPngfiandis eentanadiey piher halides pg deman BAn elc OMPRFIPGd t o,
ot iy 2RSS oo, 1Y, BIIRYLNER (SRR PVACir\RARE 2680 At BOD,

nanot ubes gcribed e'si zes o the onductrve particles

are typi cag|nyildrgeINO ean B8 rdPansd by othembadine & whcepOaliaie bubblirig) of haze.
More typically, they are | ower than 100nm Because the |oading |evel of the

conduct i veCp§r|zt(|e¢¢f@@t@@dHCdeﬁr),h'é@@lsrﬁF@@éﬂc@VHg@ and fhe les not aff ect

the optical transm ssion. On the, other t he resence of gnducti ve

particlBs may provr d@ %W?QWQHBSP@eaB@t&?ﬁW@B 0B ForIises( h&t /2/ thes to
reduce glag Bouctd o 28h uagcr\%%ﬂta%ohtﬁ%mé%% SPﬂE@;t',C%dd"tﬁe%ﬁfdrﬁdér%f@ﬁé‘ be a

m xt ure of e particles nanow r es)

| ow COﬂdUCétchathcﬂat’ on & \ﬁétefelrgothelrmtmdrrﬁeﬁtspam(bich:a)nt s¢hitioa intladest al
nanowi res do not have to forma conductive network wthin the matrix (i.

above the @veéh) ofahoyis0deFabioind abeutfble®df HGlhey provide a

hi gh-conductivity pajh over ’ rrent

will be nostly trans%‘&%%eroﬁp[aﬁé@é{exg%v}z '%e&?t\%ﬁéelg?%a?@g\x'cﬁg?ﬁﬂt Ivity
partiches rmlshbrerpertbﬂ% thaeire| Rt Edriticti¢o ARssy A nbeicordactivecareas o for es.
Advant ageously, the sheet resistance of the overcoat can be controlled in a

wi der r angmstgnwdpumen’lgatlt)h@frﬂae comppnehts indheetahast tedchigliven @it i ve
particles

nce the nanow res d v o f.0 er et wor k,
it is expe%ttcbﬂ‘gttﬁgtpetrﬂté”%ﬁa? E@i %‘f t"\g}ﬁ’yq@f’ % W'Sf\%f ch&gpgrgbs}l IéV\A Il be
|0 @ Imore icfalanidHdr (B SoRg Udid!IdddRo g ré?esceraaﬁrhgatataﬁrngr@ stabl e at
hi gher sheet Tesistances than using th W _

typically very slow with low oxidizers in the etchant or low temperature, which

20 results in lots of cuts but the wires are not cut through and may remain connected
and conductive. Conversely, higher concentration of the oxidizer or higher
temperature will lead to deeper cuts that sever the nanowires. Typically, for a

given etchant, a specific temperature and time can be optimized.
The extent of etching can be determined by the resistivity of the

25 etched region. The etched region is generally less conductive than the unetched
region. For example, the resistivity of the etched region can be at least twice, at
least 5 times, at least 10 times, at least 100 times, at least 1000 times, at least 10*
times, at least 10° times or at least 10° times of the resistivity of the unetched
region. Various extents of etching can be controlled through controlling the

30 etching time and/or the strength (i.e., concentration) of the etchant. The

temperature at which the etching takes place can also affect the rate and extent of
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WO 2011/ 106438PCT/ US2011/ 025941 conductivity powders al one. The m xture of
the nmetal nanow res and conductive powders can be co-deposited with a

matri x nmewer0al106438a one- pass process. Alternatively, i RCI/USMIP2331
process, a nanowire |ayer can be deposited (w thout necessarily formng a
percol ati ve network) prior to depositing the overcoat |ayer 5 enbedded with

the | ow CO@ﬂ}mﬁgj.Vﬁ{m%W, etdting at higher temperafifi€s réguits inmigtee eitting vbiess at es
can be a variety of materials, as described herein. For exanple, the first

substrat e tnvatieus ¢émbadimengs, thgleiehing is carrigd ®ublahbetwean@poi201d,68 6onat e
or polyacrylate) while t second. substrate can.be a flexiDbl ilm

Al ternatively, for alq‘ ?%&ﬁﬁf ‘ém(tg’(?agﬂe%ch@glﬁwéﬂﬁ'lbl”@%f)?gﬂfn'Fb%srt?%f%ésubst rat es
can be fl ey} i P o) PP=T~ Ay h N art,
touch scr eggmggi\sllééééngg@ %rg%lf%tgﬁlhg%ee ﬁg Sdslur?gs e@HFQP@e@%ﬁ%bs %ds‘r? rate

havi ng 8 t spasificallgntheconodess oompridesioth this type of touch screen device

and the two conductor type described above may include a third transparent
conductor that funct etehingahezaongustive blsn accerdingstormpaiéenndpdroviqaélnan

d i bed herein may b d | f f
touch paneEnaEURY SSloRdaA Ll eRuRIRTS SRR LR S tdBRdeYors °
used in SUﬁQviﬂgzéi é@(b?)nﬁ%te?ﬁe@%tté?éﬁﬁﬂ/it??mﬂéféiﬁ iRt RRibRIfin@firsny ot her way

known in the a Photovoltaic Cell$ 20Sol ar radi ati on provi des a usabl e
energy in internpduiaterresastivity overdpprsexonairdeymediateresistigigyis Ieps §@ret@0@ini ¢
devi ces such as photovoltaic (PV) cells can harvest and convert certain
photon1Qne?@¢es inthis range to electrical power. Photovoltaic cells are

essent ol |y sem conchigh, INGH@RRIFFEL AT RE L don bhgindss fisor bed

by the sem conductor junction e) and ectron-hole pairs are

gener at ed fimalresitivitydesd tiie liestchedh eddiom hak .aesecond firat resistivie, wherteirea and in
t he p-type base. These char%e carriers -- electrons fromthe base and hol es
fromthe eaeeans ratio of e ficst finakeesisiivity everthetsesand dipabresistivitypis agFsby t he

The. sem cordodiald infiF i s eflef 85bh b HE HRIORE, Rk 3% ARG, o0
dopi ng18 S| REdE.material (e.g., crystalline silicon) to formp-type and
n-type sides. Either PN structure or P-i-N structure can be used

. .. WD
2011/ 106438PCT/ US201hy esrtnn embagiments; thetiisbratioef intermesdiale resjstvdiRsact i ng

it erent BORYTERISE P Shing P ISt mAs. draBes B2 WhiFsBb e Bond
t r anspar enafiodtdinBP FddidtRitRe fBfowing@Re i@ty Sfepiisid Madtapér or &heagin®®wi t h

the | ower bandgap forns a bottom 5 |ayer, which functions as a _
| i ght - abs of¥il,ray ateeasti @d. . Thuss ifdoreoeembiped with akeatingstap, dhe initiad edehing | i ght

cel | o RAvesBedRuBagIDp Eich By I HiF Exen! 4R Bopr b rern harn "
SPECl o™ SRS Athel COMpYRNE ahsiae st At iete |
| ar gest be fully non-conductive (e.g., having a resistivity of at least 108 Q/0), a partial
etching causes less damage to the nanostructures, as reflected by lower
intermediate resistivity than those of the final resistivity. As a result, a first ratio in
25 resistivities between the (partially) etched and unetched regions is substantially
smaller than what a complete etching would have accomplished (i.e., the second
ratio). Nevertheless, the nanostructures are sufficiently damaged by the partial
etching that they could be completely severed by the subsequent heating process,
~ resulting in a second ratio of resistivities between the etched and unetched region

30 thatis larger than the first ratio.
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10 bandgap. Photons not absorbed in the first cell are transmtted to the
second cell, which then absorbs the higher-energy portion of the remnaining
sol ar radwvatnonowdssl e remai ni ng transparent to the | owePCENSREY/ORIvaL ONS.
These sel ective absorption processes continue through to the final cell,
whi ch has the small est bandgap. 15In excitonic PV cells, instead of a
p-doped and n-doped TRGI‘@fbhiid'By ABhEHd Bldteab” @i iikeRr @8 tdamthcaddsedar e used
to split and exciton via charge transter from one 'sem conductor to the

ot her. Aft sensitivitygf remostractuces ta meltingabeayicras thaissimensipnsget smabei 1t i n

tential which i ted due to the diff i funct |
- cont acl.col DIOVEBCEE H{BF PERiAIGUeH sl i ot Sxaraplny Beayepa R /AR s "

cells, for hSn ; ' th th of

ol vt hi opneE R e e g B g S B M o gt of it on
i s creagedtheiges| st themgnowmiesithasndpmagehl arp panticularlyCo@saelptibler toener gy
state for the electron). The holes nove al ong the pol yti ophene backbone

until theycenpletebreak-dewas bydhe friching iy ke PIRESSS ng bet ween buckybal | s.
250hm tal - i duct i ded t th th <1 d
oo type sl des of i ho Lot dremscted it e bpafiis dePipuss A% Paialy Ridred oo
I nt er posed HESVRRE do ué@%n-ﬁ@ﬁé@ctggls‘?ﬁé ra/\th Hea®ing '<&s Rés @ik the

n-type side,” or have been ected"” by the Junction and Swept onto the
n-type si depposite dffext eh filtroongctivity. vis desqribesr herein, ladezhtingrsfiee ovayl beie
through the wire until they reach 30 the p-tyﬁe ,?em' conduct or.- net al

cont acfl0  ewpiayed/asys posErEatoSY Siertssigrease the film condugldity pf @ givehspar ent
conductors WO Al L g 1 1 t he
cotive 11 gftBSsdris PRy Sinh i, b R STher ek hudhage oy e 12

to trans pOpértiah@tfcﬁrr%amé@b@tédmamme:weréeefs&iv&y@y nahoseriidtates! toghéltingsor bi ng
material, they are desired as contact materials for solar cells.
5Nanowi r e- beliaonsr whighaieaderscibedianostruciures suseaptivleele brepkage.dapulbegdied as
one or nor edcont aCtoj jln a aol ar cell. Unlike the conventional netal oxide

t r anspar enf SEGIRATEB M CORBUPTYbased transparent conductor can be for med

on a fhexible subst rAaearh,ﬁgé@wy,,tthéw*bd%ﬁd ORé&fendd redibpy oftieopateeriet

require the special deposiTion (in vacuum that nmakes the use of netal
oxi de 10 | egreductive itrh préparsdlbgrthe éetchingphéating prasess” are optically unifarg), one

enbodi ment describes a, hopojunction solar cell K conpri.sj at ntact, a
semi conducﬁeépﬁtﬂ‘gdﬂiqwé’ﬂﬁ!b'w&ﬂt%ﬂ?-cﬁﬂﬁ g@ﬁ‘?ve\/\ﬁ'ﬁ@ ﬁ’lern?‘i‘m@f %ghﬁ‘gttﬁ%éfctﬁ? he top
contact an WA=rHaT:}

conduct or %@tﬁ@?ﬂﬁ?@&%%sﬁeﬁo@\,\x’g& e;( ongj(gt?rq%‘ ?%#tgﬁﬁngfﬁﬁgl%gg@jg%rﬁggw

sol ar cel | clgfpd indazee S athep pthecatditiinab h8atiry bieipt maketieapioc6§Omarad a
sem conduct or di ode 672 interposed therebetween.

The
sem coRBuctabustii bercingtanceelf fargnyeieaspn dhe Hitra eighing stapaspsseiferdive-thaped

Yol cont eGP A oA Aeabh SRl B b TRRE URFLrcFRER Bf M e
pol ycr yst aglchBg ré§lof iof O Borshittive filh Sek PEGRILELINE of PokdwduBBidiods in the

art. The sem con%gu]ctor di ode can al so be formed of anorphous silicon, in
whi ch case, a P-i-N Opfiorally; a pre-tigatment slgp can be carried out pRer {{Prowig act

o e DO OB ARer B BT Bl o P RE vlRE bR P The
25 etching surface and changing the surface energy. As discussed, oxygen plasma

and UV ozone are examples of suitable pre-treatments.

Applications of the Nanowire-Based Transparent Conductors

The transparent conductors as described herein can be used as
electrodes in a wide variety of devices, including any device that currently makes

30 use of transparent conductors such as metal oxide films. Examples of suitable
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25 conprises a light incidence surface, i.e., the surface that |ight
initially enters in the solar cell. Optionally, a substrate
674 can bEopragwnt3sunder neath the bottom contact 670. APso/uspatitonil y, bus
bars 676 can be fornmed overlying the top contact. The bus bars 676 can al so
be fornmed by patterned nanow re-based 30 transparent conductor filnms. WO

2011/ 106438Rdéd bl At pUhél displays such as IEBIS”;ﬂaQr%B FisyIup Rénél%t (PDR)UNcti on

solar cell according to another enbodi nent. As shown, the heterojunction
sol ar cel |c<ﬂ60f||ters|furd@cdon@dtﬂ;q¢ pavet displays 2toushissreans, elsetromags®lic and a

S duct h t | 86 t dt On bot h
ot o oot flrational aRhses i%ngcg b GRAE i pRloeRetrShe ©" °°
nanowi r e- basg §fn% tIaﬁ:l Hotbldific cells, and th I th 584itidh Nthe

enbodi nent s, ?%e sem C n uct et er oj uncti onsl ayer %égecorrprl ses a
three-| ayetraﬁéﬁaléhw(mdwtcgs heNam-dah beThsied in flexitsly devites| sechaasifipetiet op

sem conduct or | ayer 686a, an undoped m ddl e sem conductor |ayer 686b and a
doped bot t digPEyFiaBgHaueh 8FTéER§er 686¢c. In certain embodi ment, the first 10
sem conductor |ayer 686a has a higher bandgap than the third sem conductor

| ayer 686¢C. and third sem conductor |ayers
can be deposited as (tal)n n ;mﬁ] @stét?lség tabl e sem conductor naterials

include, but are notAhiLOD %Cbﬂ@t p@rﬁ@mma £t ciuplaist @ inageeby abstréliag
di scussed herein), cadmumtelluride 15 CdTe per indiumgallium

sel eni de (Itgf@sts)ansauw\éty hyhan @pﬂe;eale@ieatéw(f@lds) ymﬁ@ﬂﬁm the LpPe'nCiﬂQﬁSé(arrpl e,

Cd h I d h
i dal e P aydatiscot eiid pyelal Balie oraRikelsnl 3bia HfnG Fupur Bty id fotoei: 11°
telluride 4o %u:d crystal ceII is Erowdé& Wltﬁ aﬁb&@l é‘l@éﬁb@é forf aPplyihg afeeaApduct or

het er oj unction layer I nclude only the top sem conductor |ayer
686a and tfield m@the)hqwém@dnicheditmth t%yoect ®sH commaen aEctrodecifmae:h of the

Het erojunction cells based on thin fi m c, | a er materlal
cost, conp@x@ﬂel@etr@ S onaptieddn b fint BRaFRREITET tesilitne ety
inferior %H@ﬁ @év«%@' thé?ﬁcon bggg&é%sltﬁé{‘ﬁﬁﬁld cﬁ%ﬁgl @thes are

| ess 25 ef cel'l's I'n energy conversion.

Thus, 8 Omccﬂdhmb witha, da‘:tamgrtaljapphléd via thelTIFTi.s described in connection
with Figure 29C. As shown, the nultijunction cell 690 includes
sequential ly fromtophe EFEd{QBrﬁanQI @@Dpﬂﬁﬁﬁ'@f& sigostratgs wthstheé'emd qystal 5

tunnel | ayer Q 0] erein the
top cont act® Ilgga{%gp]%ﬁ@%%(@%ﬁ, 3@‘%8%’2‘9%5%%%%% 4%3’38 ?gé(??]n%r%\)v%? re- based

t ranspar endy el for@achiliqif criysfal BN, AAsereas tise BBINntdr ¥lectrb@e Wantegrally

2011/ 106438PCT/ US2011/ 025941 fultijunction cell 690 is shown to include
only two clefmed dntthsmmlreiswéammdéatsuppdr dppaeingrsubstrate . abile tQWﬂfaI cells can
be faby]j Cattﬁgﬂil n_sim rst 692 and

the se rat%@és%éq?@rr_géliq Pﬁra BT ayray %ﬁﬁ@&?&ﬁﬁg’%k@ag?n M8 junction
sol ar cel | c GRBHSLOUM atBy oF HiR Filrd WBinsiEisrsdonfibctedl! th corresponding pixel

electrodes. The upper opposing substrate, comprises the common electrode
which may be coated on a color filter which combination may be referred to as the
color filter substrate. ‘

25 Conventionally, the pixel electrode is made of a highly transmissive
ITO film in order to allow sufficient light to transmit through. As noted above, ITO
films are costly to fabricate and may be susceptible to cracking if used on a
flexible substrate. The nanowire-based transparent conductor films described
herein offer an alternative approach in TFT pixel electrode fabrication.

30 Generally speaking, the thin film transistors described herein can be

fabricated according to any known methods in the art. The nanowire-based pixel
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51is closer to an inpinging light and should therefore be selected to have

a | arger bandgap than that of the second cell. In doing so, the first cell
i s transpsioenti/toa3Bhe | ower energy photons, which can becahsorhboesohy t he
second cell 698. The first and second cells are separated by a

tunnel layer 696 to allow the flow of electrons between the cells. The
tunnel | aygfechB§e ¢8R bRFofmEN bjycbdé'tij?_ﬁ%émmfbaﬁdkﬂﬂaﬁéml 4 AbNowpeed

sem conductor | ayers. e top contacts 692 and the bottom
cont act s 7tansparentemwd uctdrdimd fallosvesipay e patteoniogistepr Alidrnstiveihey can be

prepared by the t hods described herein. The sol ar, cell 690.can include
addi ti onal %m@;@e tanspament opdycter E-?é/,ef fenP&s(’ng%fE‘,edaR{tqr-t?&PPE’&Q-i ve films
and the i ' - ' ' | et (PO , it
ahoul d be Laef T Bine R BaEES reriEntond Ror o SEb befadhicleh. -

are sui pabhecatdingte the high tireughpag insethodedgsaibedy herein. confi gurati ons.
(e) El ectrol um nescent Devices. 20El ectrol um nescence (EL) is the result of

radi ati ve reconbi nat inoadditiorfakeing patierpite) the nanowirghasedldranspaien v a

' d T ' ] hei .
hey et ur fordhctardime it RAVEE LB BFN B LA L PrRraie BRI S g
hol es are sepAEASATET DD nhutadtafing bn@fapPAcatitihsOf of e part 6fd AFTivagear m a
p-n junction (in sem conductor electrolunm nescent devices 25 such as LEDs),

or t hroughswitehingtieviceby i npact of hi gh-energy el ectrons accelerated by a

strong electric field (as. wth t hosphors i.n el ectr.ol un nescent
di spl ay9) . 'g'gilliiz v @B é”@B@f%ﬁlOV%Q ﬁ}%?O’HQ%%'FIéP Backl i ghti ng

displaf). | . | 5T Back i
ot or a1, WV pgR aflapaeRPERqREoL I GUet ERRTRE TR ERIMSoRRIEE, |

fil m desi gleatwt iflthe suifacs thareofp dssstidven tthedranispgrend cohductoofidud8yat fi | ns.
Advant ageously, patterned |ighting W) 2011/106438PCT/US2011/025941 can be
achi eved bigagtpaigaly panfoansde aiarane 88 en thesyketrate. athe pdbgifate fa cotor

el ect r odesg i p ri t] i ;

pol y( i oxyieTRKaHtep ¢ BaBfiestd WiEch Sobar o iy LR Bnfiler wictn,
conductgr . globhes RikiParb Bebasirsrnidignsnerad ivithentanspireit domeiudes dilmbdrher ei n
are suitable as a transparent electrode in an EL device. Thus, Figure 30

shows a t héxamplengEiovesiayingse widibideyn o & @netendgmranst up %%HFE_LOFcheat% 710
COMPI 1525 S BReBHeELhebr ol PEodiBhal, bR TABERGYHR sFbPa e TaoCL €
e Cransp oS R Tha Potitnd) o s OO B it
her ei n. TheamgWire-bhséd fmaasparenb corduttailfracleorcmamoplej and witbbublimiatom, ae
20 profile or relief feature could include a step, ramp, shoulder and/or a concave or
convex curb. Figure 21B shows a magnified image of Figure'21A.' As shown, the
nanowire network remains intact and conforms to the groove 388. Figures 21A-
21B illustrate that nanowire-based transparent conductor films are sufficiently
conformal with a surface topology of, for example, a TFT. That a nanowire
25 network at least partially conforms to a profile or relief feature of a substrate
advantageously allows conductivity across such a profile or relief feature and may
be more robust that a conductive layer that would simply bridge a profile or relief
feature without conforming thereto. Nanowire-based transparent conductor film
can withstand the temperature conditions during fabrication and operation of the
30 LCD. More specifically, their optical and electrical properties show relatively little

fluctuation. Figure 22 is a graphic representation of the temperature resistance of
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| ayer make it suitable as the transparent el ectrode. Mreover, as discussed
in nmore detail in Exanple 8, the nanowires can be fornmulated into a screen
pri nt abl ew020imte6438nposi ti on. The ink conposition can becCprisatied2391 provi de
patterned el ectrodes, which is conpatible with the current manufacturing
process for patterning PDOT |ayer. O her patterning nethods can al so be

used, i ncl yghHireiRERH Mhnsphrint @oRdud@Be fileThe loptical and electrical propletidslL
material |ayer 716 can be any acceptable EL material, for 20 exanple,

phosphor. Tég., dyaizeptmansrbissioneand slyest regiotanse) weranfaasureshal medt) @a. the X
() B ot rost, i haselentonsityd) ko Sramamr anapp. S and 81 Arge " ' ©
El ectr ost af b MISTIPLAT shESbs|starte? iré%e%ngglggmé RhtEaldgaitist e frhe ().

el ectrostatic charge between two objects, esul ti'ng when two

obj ect s 5at ARShbef Ifnesente neatigineat and bave isttpesdilosecto tandiaatinguhtah theac h
other. Electrostatic charge build-up occurs as a result of an irarggiggnce of

el ectrons mtentienssel thgaptisal andralestrical prapspigssresnain grear iy Copgiant es of

device failures in_the. ] re i pdustry. El ectrically
conduct i ve‘%?%ﬁaiugfesw'?ﬁgﬁgPe%g%éd]ﬁ'&]t%if\r/éerﬂgi | ms or coatings) 30 are effective
as el ectrostatic di sThedanswirsBhdddshduitied MM e al8g ahsuitabld matertd! farst at i ¢
charge away. Typically, a conductive |layer having a surface WO

2011/ 10643&PaInggacontacts daa LA THT pliats/dug to s ability toreanfomeally Goatar f ect i ve
in mtigating or e/imnatin | ectrostatic char thd-un, typically,
an ant i1-%st 39’360%16@&‘!% oﬁ([;sorgreggﬁ:eg@ger Zztafét‘?/e'ic?e_&c}ﬂ}t%ﬂ@%ﬁ’ %%%{e {8652/ E.y

and 1070/ 1 LicnBGGRAL BabYvatt1RYbF SIBERRcL R dich | BURbANFIARLbRAM herei n
are 5 suitable as anti-static coatings. Any of the structures described in,

for exanpl €0 Filrgs wes udéBtd 8tablisinviaeccantact. dheasplittes IEDifimaaat hayewver, he

substrate in need thereof. Thus, one enbodi nen rovides .a nethod for
provi di ng @@%@?%%%F?@%'Fﬁ'@?é?%6‘06&%?@5{&@9&6%{'@9?gﬁeﬁﬂna conposi te

including a plural ity @hidFRELLE BRRALLS SHindlihiPoMRhietal iEMoRiteal : app! ying

t he conposite to a sub e I n need el ec magneti c shiel ding; and

form ngsa arpewidn V&gl aNesr nariwiel, HPMBeamd Hoayl®y ntoh viefalbWied byaanpust es
di spersed in the matrix material, the conductive |ayer having a surface

conduct i vi bgkiof step,bge at A8A°Q 63530 seconds. Typically, @ @@rtﬂﬂsﬁ?réﬁ%ﬂ?tdﬁnt ,

th ti-stati i i S. i | | i

Substrat e needsdoeuabs dadtnd e Fabimiiy PShubaRhelEpdIHERh Ethore

substrate (e fo,(lé\hﬁ\ﬁtﬂqebho%?hﬁﬁmirvg hi@h@ﬁ@@ﬁﬁé:ﬁﬁhk@%\mh@m@d s, fidieg can
agi opti cal

be used as a pac g material for électronics. The o t ranspar ency
al | ows f or the chated vias witta Heiomizesh(DJf water rinsitige tieating widh prgor44e. plasma

b AT G T A T S
by the 20 E8h£i%ﬁ@nﬂe‘?@i&r\ism ting exanpl es. EXAMPLES EXAMPLE 1
In particular, nanowire-coated vias rinsed with DI water or treated
with Ar plasma are shown to have established contacts in vias as small as 5uym. It
is believed that rinsing or plasma treatment cleans the surface of the electrode at
25 the bottom of the via as well as the nanowires, thereby providing a more pristine
contact between the electrode and the nanowires and reducing contact

resistance.

The nanowire-based transparent conductor films are compatible with
all the TFT configurations currently used in the LCD technology. In general, thin
30 film transistors fall into two broad categories: a bottom-gate type and a top-gate

type. In the bottom-gate TFT, a gate electrode is disposed below an active layer,
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SYNTHESI S OF SI LVER NANOW RES Si | ver nanowi res were synthesized by the
reduction of silver nitrate 25 dissolved in ethylene glycol in the presence
of pol y(wWoyb1ipws438l i done) (PVP) follow ng the "pol yol " pogtuseal 1828t i bed
in, e.g. Y. Sun, B. Gates, B. Mayers, & Y. Xia, "Crystalline silver

nanow res by soft solution processing”, Nanoletters, (2002), 2(2) 165-168.

A nodi fi edypriegd inBERSELgateFETI Aedité Blddirdde APliIsheséd aboMoan bittivéfayeb2, in
t he nane of Canbrios Technol ogi es Corporation, produces nore WO

2011/ 106438hehotispoyateathiofim transistars sypically havesupesor sgliakilihsr yi el ds t han
d th ti |._"polyol " methad. . Thi li.cation s ince: d b
ot or ence REORHSM wthRe o ot P e Bt BRen ke B il (ORI REE N
CONDUCTCR 304 AU il d6k Gt dtal ff&&’éﬁ?ﬁplte,emﬁ@hhEiqﬁﬁoechPsEafﬁ)PrBlbééa 5p.m

t hi ck was useg as a substrate. }Fﬁe PET substrate 1s an optically clear
i nsul at gr . TEbendlogies '99 ePress Isunral a1@D8) qupe 58fto t59¢ aREF |atPanel &ligplay 4988o0wn

in Table 2. Unless specified otherwi se, the |ight transm ?si on, wa asured
usi ng the fikkelBF oty98 PPadPRIte1383. Moneevesqd g QBéH]% ‘gffméfqrggr

. . _ e . . 80
i ot 2R ipeBA SRR dF e, IEM WFESLAREn BRD BEREAPBGnidipbbe S0nm

nanow res é?ﬁGGNypmé‘tbﬂMb didon4md/oRfanidserdicepdustom), resulting in an
or a

optical density out 0.5 (neasured on a Ml ecul ar Devices Spectra Max
M2 plate reader). ThEigtire garahiows thesresracetinnatuicsnol hewitchipgreyigef@t e by

al | ow t anowi res to sedinent onto,.the sybstrate d by one
Skilledd nt'lﬁﬁgo \{,’\Il,a"&?F&P@B%E‘? Haeteé‘gbﬁﬁ"a‘ﬁ& ééﬁhB&’heHﬁ%‘Q}'ﬁ%‘q@ 9“*8% ow

met ered by -GS trih G tianQt B ahd 6 nahBwaBthadeR) pikke. |t

is further 38?1 ewﬁ?%’gg t hat n?f%%lt%i slcosit;mand shea? behavi or of theéfl uid as
wel | as t heldctrbde 8081 dfte thir filee transistanamcivdesea gatsy elecirode 40Adoumned pnisut i on
and 20 interconnectivity of the napow res co hdereafter,

t he coat edStRstEte §02si TRgatR GBS CAHEe A mgﬁaﬁéy{% (@ M?’A\Aﬁ%r efined

evaporatio ' j r i j ; ) rk
Coyor o vaBy ploRBifodtabitE! AtRRE Hsifatd Bodd G oUEHIES e gpfe dctfodd bUOTK |
and hazg wahe thindsmrteshsistoNgod fuBtiér Gaci ddes ahldrmedatargdaipeug10, Eherssur f ace 25

resistivity was neasured using a Fluke 175 True RVS Mul tineter. (]'he results
are shown Bemicesdycter layes 414t (Erd oAmEmhaHs Silicon) BRE hePrANd FINISARAYFHOL eal

coverage of_th bstr at al v : | 0 nni ng
Couer29° OlabltARY ¥ BoBaTaRloHhAR Bl B GUREY 1 By SRl aRar

m xi ng pol yynetRAnA sotke SRcirbiawaz drasa dRi ieRebtidaeyageeddipieca chanmat hyl
ethyl ketone (MEK) to forma 1:4 WO 2011/106438PCT/ US2011/ 025941 (v/ V)

vi scous soWB0] exposifigea pattidnxofrthe dirstaeniasnduciorlayend 14 §. eaadiveilayen. A
nanovm'refilrﬂ n the art, for exanple,

O 5 hhenb s et s ok AR RORESE, 0 Spe oL
matrix mat gil-fhy¥&@While exposing a contact hole 438. The protective layer 434 is, for
example, a silicon nitride layer. A nanowire-based transparent conductor film 442
is coated over the thin film transistor 396. The nanowire-based transparent
conductor film 442 can be deposited and patterned as described herein, to form
25 the pixel electrode 398. In other portions of the TFT backplane, the same
nanowire-based transparent conductor film 442 can also be patterned to define a
signal line area 446.
In a further embodiment, the switching device described above can
~ be incorporated in é liquid crystal display (LCD) device.
30 Figure 24 shows schematically an LCD device 500 comprising a

TFT backplane 501 and a color filter substrate 502. A backlight 504 projects light
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cured for about 3 hours at roomtenperature, during which the solvent MEK 5
evaporated and the matrix material hardened. Alternatively, the curing can
t ake pl ac®Oi2n11zme438en, e.g., at a tenperature of 50C forCahusee11D2398Ur S.
A transparent conductor having a conductive |ayer on the PET substrate
(AgNW PU PET) was thus formed. The conductive |ayer of the silver nanow res

in the matriprolgs agiaizel 80BANd A glass!dubstate 5. Arpiu@lifsﬁéfrfirgt&ar?]dbarent
e

properties were nmeasured and the results are shown in Table 2. T
t r anspar ent cendishier siripsa20 fare poeitiopad jpetween the botteip@lassssubsingte512 and a

U iace of Vst MGATER BN 92 Fonhalm fo/Boarprel (BB leld | oose
si | ver nanoxvi@%o;@g&n%@%ﬂ#a%amnéofs?b cbAP530 Afd ?Fovidé?ﬂ bétRehqRé. the

optical and rical- properties of the transparent conductor were

measur ed5anfirst BRgrirasn lagec$22 ahdwrsegondaiigamnt layer 532, the alignnvenyt layers
conparison, a matri x-_onlhg filmwas fornmed on a PEJ subst raée éPU/ PET) under
the same cosandwishingdiguigberystalegsdtipbetwerne A piyraliy 9bsgpenq fraaspareght

20" pr ovi ceerauiptdfigs 896 A8 BSHEAR ofithe BOBRA AliGmBht BYer 882 b U= SLe
(PU PET) hagecorid tramddaret dbi@iuctdr@rips s4maréstngat asighehhglesronatie first ue

than a PET substrate. Neither was conductive. By conparison, the bare
si | ver nanotrangpadrehihcandueler sirps A2ghiThesesand tiansparesyconductagstaps wdlace

I stivi f_6 i n., The d Ry 5 he bare.,sil | fil
on the BT pGulbPDEreRaer vt s PRsRVAIGR YT ot 7 ropeatenol R ey er
the bare sibygra RAMLS CubdtdieTBOAr 4Rblatlzel boaOnuvaRfRftotal & |y cl ear

with a |ight transnission of nore than 80% The optical and el ectrical
properties wansperehacendiictorestripsa620iand 540 carobe pEtfemedearcbirarsfatied ina

' t t al ide fil .q,, | TO f PET sub whi ch
igpgypthl F@%a&@é{f@%ﬁebnﬁté@%@% olab BeHR e ARPe AIBRRSTE FBt041
u - - : : idyer
nanow res i ﬁééﬁggt'%%'y%gg%ﬁnee&%éﬁ@ Hﬁﬁg&@ﬁb I goqﬂ?&? gg'rqtg ?%IZF?S ﬁ?gﬁ’tﬁd

transm 3gi opostly ddppsitheorsttviag precessicsearéiréauiced. PET, and a slightly higher
haze. The resistivity of the transparent conductor renained the sane as the
bare silver 5 nanowi rEighre 3b shewscneiosg-sestionaliiew 048iLifeP based onaiah-x

T . S Bkl B BRI A5 At e G B T o
23%2?? gt regfél?ééthété ¥4l andes abloPFitstes fustize 686 With A T&id fcpydtadaper S48
interposed between them. As noted above, in the TFT substrate 544, thin film
20 transistors 550 and pixel electrodes 552 are arranged in a matrix configuration on
a bottom transpérent substrate 554. A common electrode 556, to which a
common voltage can be supplied and a color filter 558 are disposed on a top
transparent substrafe 560. A voltage applied between the pixel electrode 552 and
the common electrode 556, which are facing each other with the liquid crystal 548
25 between them, drives the liquid crystal cells (pixels).
The thin film transistor 550 disposed for each of the pixels on the
bottom transparent substrate 554 is a top-gate type TFT, whose gate electrode
562 is located above an active layer 564. The active layer 564 of the TFT is
patterned on the bottom substrate 554 according to known methods in the art. A
30 gaté insulating layer 566 overlies and covers the active layer 564. The part of the

active layer 564 facing the gate electrode 562 is a channel region 564c. A drain
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In addition, the tape test did not alter the resistivity or the light 10
transm ssion of the transparent conductor, and only slightly increased the
haze. Tabwe B1v/ilseespar ent Medi a Li ght Transm ssion (% PHRAS2¢1%025941
Resistivity (WE) PET 91.6 0.78 non-conductive PU PET 92.3 0. 88

non- conductive AgNW PET 87.4 4.76 60

10

15

20

25

30

region 564d and a source region 564s with an impurity doped are positioned at
respective sides of the channel region 564c. The drain region 564d of the active
layer 564 is connected to 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 transparent conductor film
forming the pixel electrode 552 is positioned on the insulating layer 570. The pixel
electrode 552 is connected to the source region 564s of the active layer 564
through a contact hole. A first alignment layer 572 may be positioned on the pixel
electrode.

Figure 25 further shows a storage capacitance element 574, which
can be disposed for each pixel. The storage capacitance element maintains the
electric charge corresponding to the display contents, which should be applied to
the liquid crystal capacitance, when the TFT is not selected. Therefore, the
voltage change of the pixel electrode 552 can be maintained, enabling the display
contents to be kept unchanged during one sequence.

As shown, the source region 564s of the active layer 564 functions
also as a first electrode 576 of the storage capacitance element 574. A second
electrode 578 of the storage capacitance element 574 can be formed
simultaneously with and in the same layer as the gate electrode 562. The gate
insulating layer 566 also works as a dielectric between the first electrode 576 and
the second electrode 578. The gate electrode 566 (i.e., gate line) and the second
electrode 578 (i.e., a storage capacitance line) are arranged in parallel. They are
oriented at a right angle from the pixel electrode 552 to define the matrix of pixels.

It should be understood that for both of the bottom-gate and top-gate
TFT configurations, the active layer can be any acceptable semiconductor
material. Typically, amorphous silicon is widely used due to the ease and
economy of the deposition and patterning steps. Polycrystalline silicon can also
be used. Because polycrystalline silicon has better current-driving capability than
amorphous silicon, it provides superior performance when used in a switching

device. Low temperature deposition of polycrystalline silicon is possible and has
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AgNW PU PET 87.2 5.74 60 After tape test 87.2 5.94 60 EXAMPLE 3
ACCELERATED H2S CORROSI ON TESTS Sul fides, such as hydrogen sulfide (H2S),
are knowwoanrio®s4s8 15 agents. The el ectrical properti egCofUStina/onssunl

nanowi res (e.g., silver) can potentially be affected in the presence of the
at nospheric sul fides. Advantageously, the matrix of the transparent

conduct or BREN&SpSfedadan dRiMERE AHproatH tihanliftcturEyapEystallmeCslidon-n

degree, the atnospheric H2S fromcontacting the metal” hanow res embedded in
t he mat ri xbasedJrTesee,st.ghill.Bt PatdntiNee 720628401 Imadditibn esrgenie be furt her

obt ai ned by incorporating .one or re corrosion.inhibitors in the matrix,
as descri b&8aMirangugtor mat@rial can alsp et‘l'ﬁ?‘{ﬂptct?&%@i gMbodineRts ;3% QRS oS i n

the air i 5c&tﬁﬁg%teegcfo;rﬁp?%rﬁf%%%%s@erasbthleldgﬁgni%@micorﬁfucttw Ratefisthat

corrosion s’ pl'ace over

2011/ 10643 ¢tk tHeZetilé ng@?@i apdrganied Fier Thel nafonjugate cdmpounds asekrdwnat ed
es

H2S corrosion test was I gned to provide an extrene case of H2S

corrosi on. in the art, which irmludshwvithewtdicaitatiogy POlYPKEO ke BOHIRRIENSSEP R es and
= CHyarogenoaipefop sy codaaOTb ey Buliacofenr el Wi nzelfianeings. ” 1
ol case pr o e B T N e ot 54 b A Loy o o 1 al
bui | d-up ofhe brgaRRSTF s ateedesagibedhia, ipnexampig, WSopatant Nondi,.@H.8A4 that the
gas hao1l OOIi ffused out Agfdistcm%sggkg?eairq,l t%ebﬁgl' backplane is positioned in an LCD
opposite to a color filter substrate (see, e.g., Figures 24 and 25). The color filter
substrate typically comprises a transparent substrate, a black matrix (or a light-
shielding layer) and an array of colored pixels. Typically, the colored pixels are
arranged on the transparent substrate in a pattern. The black matrix forms a grid
15 around each colored pixel. In certain embodiments, each colored pixel is
associated with a color. In other embodiments, each colored pixel can be further
divided into smaller colorant areas (referred to as subpixels), each subpixel being
associated with a color. Typically, primary colors such as red (R), green (G) and
blue (B) are used. For example, repeating arrays of RGB triads are capable of
20 producing color images of a wide variety of colors. The colored pixels or
subpixels are not limited to primary colors, other colors such as white, yellow or
cyan can also be used.
In addition, the color filter substrate comprises a common electrode,
which is a reference electrode to the pixel electrode in the TFT backplane. In
25 certain embodiments, the 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
nematic) mode from that in an IPS .(In—plane-switching) mode.
30 ' 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
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Neverthel ess, the levels of the H2S gas (peaked at 7.6ppm in the bag
greatly 10 surpassed the level of the atnospheric H2S gas. A
bare sil| w0 20amowd3Be fil mon PET was prepared accordi ngPCo/USz@mpb®42. The
filmwas placed in a plastic bag with freshly cooked egg yol ks. The film
began to darken within two hours, indicating that the silver had been

tar ni shed jaadqbs atkari@afermaBbseaEsR2 havingrl displaying®upface!584geEné n fil ms of
silver 15 nanowires in polyurethane nmatri x were not observed until after

2-3 days, tramgipasgntrsybstrate $3:canblagrke reiewedasa t@P&?!tL&Peﬁfaé]SB%ﬁernl er to
| d th f.th 2
SoRRos: O SHeiBlE g o B aByaire aipn e Bk LR kPER G TR EH o ver e

prepar ed. r r eBioP BB Substrats 8B Firtharanml es,
corrosion c;%nEEB %@ng Q?hg?d\ﬁ?Frg%EéelﬁégtIﬁgzo l'e, dithiothiadiazole and -
acrol ei®, ineludes adﬁamomtred(dﬂmghhghlemg)mpa)rfzﬁﬁ disposed hnea tadtickughapes fi l ms
Sanmples 1-2 were prepared according to the thod d scri be her ei n.

cor r osi on anshisipinaed RASS trageparent SUbStr%ﬁ @%H?ﬁjg'épfayg‘gf il m of

'n & pol y o EBRERE xR %6%@?%%%&23@%%&?8%&%%%?@ Bt B s

Sanpl es 3- cﬁsﬁl@{llﬂg%@ﬁﬁéé%myrﬁd blatk hetrik 566 aabaseemaide\ofra metadwixide fil m on a
PET substrate {Le., 1). Thereafter, various corrosion inhjibitors
were i ncorqmi/@ltr@etaiulm rﬁggt refiremelshigmeraxida)s ddltesnatively. e biackrmatcan

Sanpl e(i \r/%s pr.e zigred bé coating a 0.1w v% sol ution of 5 benzotriazole
(BTA) 1 MAdeQ YYANELBHBS (MEK) on the bare silver nanowire film

al 'owi ng the 50' VentTHé’c&?Vﬂl@ér sQIbsFrQﬁat 58®mafwédrﬁpwsb lelﬁﬁﬁ(gldi@otdﬁéd mat rix
mat eri al of pol yurethane K(1:4). |l e 4 was

pr epar efl lpg;élsralchl a firsh asezond gandl. tﬁlrdw;%alsed gixets 588a,LfiShandk588c fornat ri x
t PU MEK (1:4 foll th 10 t h
bar e s, 1 veTaNREMEGIRHR) cgreen () ahd Bide BR oar iR respaguratl " Ih8y afd, ' °

di pping a ¢ gﬁ'ﬁgd hla\f?é?\%?ﬁ%mqrﬁoﬁ bf fRd f?aﬁscﬂ%‘?éh{té%tr%fe §82Yret6r @he black

di t hi ot hi adi azo e I'n ow ng the solvent to dry after dipping,

fol | owesl byakixaB861dT e filst asendi andnthird rootdre @ \dindik588a,4588tnamdh §88¢ 8te v % of
di t hi ot hi adi azole. 15Sanple 6 was prepared by first incorporati na 1, 5v/v%.
of acr ol eimade frenhder examplee AN ACTYY/ THER QVJPQibj'm"i'%QTQHBer&SH{/)g'éB%‘LS? Fithe

matrix matpt)a él'naelnts an ?‘or?neséjJ éé’pearrafé?ynﬂwnrtﬁefdléép matrix 586 to prevent color-

mixing. In addition to the primary colors (e.g., RGB), the color filter substrates
may contain other colors, for example RGBW or RG1G2B.

20 A common electrode 590 formed of a nanowire-based transparent
conductor film is positioned on the colored pixels 588a, 588b and 588c. In
addition to being a reference electrode to the pixel electrode (not shown), the
common electrode also proteCts the color filters from contacting the liquid crystal
layer (not shown). Optionally, a further protective layer 591 can overlie the

25 common electrode 590. The further protective layer can be a transparent
insulator such as polyimide. Such a protective layer may also serves as an
alignment layer (see, e.g., 532 in Figure 24), which directs the polarization
directions of the liquid crystal through, for example, rubbing at about 250°C.

Figure 26B shows a cross-sectional view of a color filter substrate in

30 an IPS mode LCD according to another embodiment. The color filter substrate

592 includes a transparent substrate 594 having a displaying surface 595. A
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The optical and electrical properties of the Sanples 1-6 were neasured
before and after an accel erated H2S treatnent, as described in 20 Exanpl e
3. The resol2os/@mss8shown in Figures 32A, 32B and 32C. PCT/US2011/028itgur e 32A
shows the light transm ssion neasurenents of Sanples 1-6 before the H25
treatnment and 24 hours after the H25 treatnent. For purpose of conpari son,

the decr easgiaek mMataR5obNSaRHOEEH @R thetratrphrehRDbstrate 594seprasitplfromn tiks i or
to the H2S treatnment, all of the sanples were shown to be optically 25

cl ear (havidigpRaylriggurfacesi¥ni Eigstosetanghand thirhcaomy. pikels 1998ane98aRdur s of
the H25 t t, all .of t h - , -
[ ght -t r ancavas b ehanitthg G BBAG ESlel JiBisc P esYL RS Iy pIEghei al abl'e!

As expect ed @fé{‘ét' L of i@ BlatK AfEtH 5960,  Sanpl es
3 and 6 di do%oﬁgg@f%frtﬁnégrgﬁsg?%gﬁt e r?a%a?iric?gntly sgrrpl e (ISarrpI e 2). 30

Sanpl es 8 aptéctivedapsred00 isddrred snrtbd icstitothirchcolorgt pikelsridfias $08h avdnpar ed
to WD 2011/ 106438PCT/ US2011/ 025941 the matri x-only sanple, indicating the
corrosi on i 998haRdprefeetthemirad %@@'ﬂﬂa‘é"ﬂémeehqlf@éwsiald%t %tl':qvi"?pgaﬁn?e

si |l ver nanow ~fr { : i ishgusat he
resi stance ﬁfg}ﬁﬁ‘y‘g%@%@g}géﬁ@%@gg?r_agsggr];eg;t ('anSturllaetoIFI—’Q?%\‘E{'I (r%git?(ﬁ%ntl and 24
hours af t er cdhimdrilSlettr6dd 882 basE® bniohdostvedhalowine il fosrmed onfthedecr ease of
the resistance for each sanple is al so graphed. As shown, all hut Sanple 4

exper i enceddigplaying surfaserafsektherransearentssbstratec?dd. aindhergaseaf W8Py became
- ti th h th t t he d tl Iy i
D opert Hs. disElay; Hia qarimen e dinds ot peies it Aot BRatig dichahdg Bler o, | &

nmodest i ncr £a58 chardih of 8% &8N Giter dldtel S noted that the inpacts of H2S on
10 Sanple 4 anchaF%I%()SﬁE ffered cdonsi derably, despite that both Sanpl es

had the same corrosi ofihé shiobffitter syltittaté cahibedabricateyl acTaiding tepkn@¥n t hat t he

coating processes may affect the effectiveness of a, given corrosi.on
i nhi bi t or. mMethods in the ag; 4 0@2@&@8%%"-‘{?@@&93‘%&%&5? pdugiviti aiihes

1-6 before {fig, [R5,LLERI AR @AM AN fnfhiaRE if SfabSad bR BERtveFO!

pur pose of conpart son, e change 1 n the haze tfor each sanple is also
gr aphed15Al élettreds anmiensl is tlasvedior filteessasrater of AeiLCD)azgamibessuwfdhemade. W t h

t he exception of Sanples 1 and 6, the haze was within aé:fgaﬁt abl e rar}?e
(1 ess than Toeganewiredasediiransparant conductonfilsn an bgLoad tragsfgged T

best overal| performance in 20 w thst | ng.: § Sl By

i ncor porati ﬂbé)rpﬁ'@?%(g%r%@’@nd'?%%w&'{@Fgﬁ’%\‘]%%fagt% ﬁ!ogglﬁé%o+c\’£%r¢1ﬁattﬁg$enat rix,
the transpamafodsOditiesibed heheiwedh fhesyaraalesHR@stve VBler S8rgdseriBed herdinch no
corrosion inhibitor was present. ' It is noted that the H2S

| evel s in ttarsalsadeelisedinalcolosos-atenedisplay gtreigtuse of iedier: HeD stivstpe®r i ¢
H2S. It __is therefore expected that transparent 25 conductors prepared
simlarP a%s'%@ptf%nsi’%%ﬂ}l%eaéq ‘even better in the presence of the

at nospheric H2S. EXAMPLE 5 PRESSURE- TREATMENT OF METAL NANOW RE NETWORK

LAYERS b) Pla ﬁggisﬁldé) pasdirates the results of two trials of
appl yi ng pressur% to a 30 surface of a silver nanowire network |ayer (or

"network |ayer") on aAsldxsha aisplay panel emits visible light by exciting fluorescent
materials (e.g., phosphors) with ultraviolet light generated by a plasma discharge.
The plasma display panel employs two insulating substrates (e.g., glass plates),
25 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 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
30 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
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WO 2011/ 106438PCT/ US2011/ 025941 Specifically, silver nanow res
of around 70nmto 80nmin width and around 8pmin | ength were deposited on
an Aut of I'w® 2BB@96BET substrate. The substrate was treat @dTiiseé11he39en pl asma
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according to the nethod described in Exanple 2. No 5 matrix material was
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ggbgggagg) gﬁzﬁisgzo ifnirze(élﬂi %:iﬁlmath@)plasraasm ssion (% Haze (% (original) 16000
' ' R/{etal@m e Prglnsngrént conductors (e.g., ITO) are conventionally
5 used as the transparent display electrodes on the upper glass plate to allow the
plasma-generated visible light through. Current processing steps, notably, the
sintering of the bus electrode and firing a front dielectric layer, can require high
processing temperatures (up to 400 to 550°C). For example, in order to obtain
adequate transparency, the front dielectric layer (which covers and protects the
10 display electrode and bus electrodes) is fired at about 570-580°C. At these
temperatures, the resistivity of the ITO increases by about three-fold.

Nanowire-based transparent conductors are suitable electrode
materials for the display electrodes in a PDP. They are demonstrated to be
electrically and optically stable at high temperatures (e.g., at 300°C). They can be

15 patterned at the desired features sizes (e.g., 100-300um) for PDPs; in particular,
they can be patterned by the high-throughput methods described herein.

Figure 27 shows a cross-sectional view of a PDP according to one
embodiment. The PDP 606 includes: a lower transparent substrate 608; a lower
insulation layer 610 formed on the lower transparent substrate 608; an address

20 electrode 612 formed on the lower insulation layer 608; a lower dielectric layer
614 formed on the address electrode 612 and the lower insulation layer 610;
isolation walls 616 defining a dischérging 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

25 layer 608; an upper transparent substrate 624; a display 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 layer 630 formed on the bus electrode 628, the
display electrode 626 and the upper transparent substrate 624; and a protection

30 layer (e.g., MgO) 632 formed on the upper dielectric layer 630. The display
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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
5 transparent electrodes are positioned on a display panel such that light can

transmit with acceptable efficiency to create an image on the display panel.

(¢)  Touch Screens
In a further embodiment, the transparent conductor described herein
forms part of a touch screen. A touch screen is an interactive input device
10 integrated onto an electronic display, which allows a user to input instructions by
touching the screen. A touch screen device typically comprises two opposing
electrically conductive layers separated by a spacer layer. The conductive layers
are optically clear to allow light and image to transmit through. Currently available
touch screens‘typically employ metal oxide conductive layers (e.g., ITO films). As
15 noted above, ITO films are costly to fabricate and may be susceptible to cracking
if used on a flexible substrate. In particular, ITO films are typically deposited on
glass substrates at high temperature and in vacuo. In contrast, the transparent
conductors described herein can be fabricated by high throughput methods and at
low temperatures. They also allow for diverée substrates other than glass. For
20 example, flexible and durable substrates such as plastic films can be coated with ‘
nanowires and become surface-conductive.
Thus, Figure 28 shows schematically a resistive touch screen device
640 according to one embodiment. The device 640 includes a bottom panel 642
comprising a first substrate 644 coated or laminated with a first conductive layer
25 646, which has a top conductive surface 648. An upper panel 650 is positioned
opposite from the bottom panel 642 and separated 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 inner conductive surface

30 658 facing the top conductive surface 648 and is suspended over spacers 660.
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conductive layers are based on conductive nanowire layers, as described herein.
The inner conductive surface 658 and the top conductive surface 648 each have
10 surface resistivity in the range of about 10-1000Q/0, more preferably, about 10-
500 /0. Optically, the upper and bottom panels have high transmission (e.g., >
- 85%) to allow for images to transmit through.

In certain embodiments, the transparent conductive layer can be

further coated with a protective layer (e.g., a dielectric overcoat), which improves

15  the durability of the transparent conductive layer. However, making electrical
contact with the underlying metal nanowires may become problematic because
contact resistance cannot be reliably created due to the intervening dielectric
overcoat(s). In addition, even slight variations in thickness in the overcoat may
result in non-contact points on the film. Thus, in these embodiments, the overcoat

20 layer is incorporated with conductive particles to create reliable electrical contacts
and to improve contact resistance.

Figure 28A schematically shows two opposing conductive layers
with respective overcoats. More specifically, the first conductive layer 646 is
coated with a first overcoat 647 and the second conductive layer 654 is coated

25 with a second overcoat 655. The first and second overcoats are embedded with
conductive particles 657. The presence of the conductive particles in the
dielectric overcoats increases their surface conductivity and provides electrical
connection between the underlying nanowire-filled conductive layers.

Compared to the respective underlying nanowire-filled transparent

30 conductive layer, the overcoat can tolerate much higher resistivity. Unlike the

nanowires in the underlying conductive layer 646 or 654, which must form a
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conductive network above the electrical percolation threshold to ensure an in-
plane conductivity (e.g., between10-1000Q/0 in resistivity), the conductive
particles in the overcoat do not need to reach the electrical percolation threshold.
For example, the sheet resistance of the overcoat can be as high as 108/,

5 Even at this level, the resistivity through the overcoat is low enough for touch
screen applications.

The overcoat can be formed of any of the optically clear polymeric
matrix materials described herein. The thickness of the overcoat is typically less
than 2um or less than 1um. Typically, a thicker overcoat is likely to result in a

10 higher contact resistance.

Any type of nano-sized conductive particles can be used. Examples
of suitable conductive particles include, but are not limited to, ITO, ZnO, doped
ZnO, metallic nanowires, metallic nanotubes or carbon nanotubes (CNT) as
described herein. The sizes of the conductive particles are typically lower than

15 200nm to maintain an acceptable level of haze. More typically, they are lower
than 100nm. Because the loading level of the conductive particles is so low, their
presence typically does not affect the optical transmission. On the other hand, the
presence of the conductive particles may provide a certain degree of surface
roughness that serves to reduce glare. '

20 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 percolation
threshold), they provide a high-conductivity path over a relatively large distance.

25 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-conductive particles. Since
the nanowires do not have to form a percolative network, it is expected that the

30 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-
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a flexible film. Alternatively, for a flexible touch screen application, both
10 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 transparentv conductor that functions as an electrostatic discharge layer. The
15 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

20 , 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 electrical
power. Photovoltaic cells are essentially semiconductor junctions under
illumination. Light is absorbed by the semiconductor junction (or diode) and

25 electron-hole pairs are generated on both sides of the junction, i.e., in the n-type
emitter and in the p-type base. These charge carriers -- electrons from the base
ahd 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
30 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.
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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

20 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 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 buckyballs.

25 Ohmic metal-semiconductor contacts are provided to both the n-type
and p-type sides of the solar cell. In multi-junction cells, they are also interposed
between two adjacent cells. Electrons that are created on the n-type side, or have
been "collected" by the junction and swept onto the n-type side, may travel
through the wire, power the load, and continue through the wire until they reach

30 the p-type semiconductor-metal contact.
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typically crystalline silicon. As a more economical alternative, polycrystalline
20 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 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
25 comprises a light incidence surface, i.e., the surface that light initially enters in the
solar cell.
Optionally, a substrate 674 can be present underneath the bottom
contact 670. Also optionally, bus bars 676 can be formed overlying the top
contact. The bus bars 676 can also be formed by patterned nanowire-based

30 transparent conductor films.
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the necessary amount TR fikdt! segondearmiihirdssendiconductablayercaitBe dgpasitedi r e
solution in the final ink conposition 15 were added. Finally, the necessary
anount of asghiadiliypllayers FSuitable saraicrndustof Materials mgkuden ot areneloisoied |
zonyl () F oc,)b%gognig %ler%ci:o%r&u%sr rr?éjt%ﬁgls (as discussed herein), cadmium telluride
15 (CdTe), copper indium gallium selenide (CIGS), copper indium‘ selenide (CIS),
and the like. For example, in a typical CdTe cell, the top layer is p-type cadmium
sulfide (CdS), the middle layer is intrinsic CdTe, and the bottom layer is n-type
zinc telluride (ZnTe).
It is also possible for the semiconductor heterojunction layer 686 to
20 include only the top semiconductor layer 686a and the bottom semiconductor
layer 686¢ in a NP structure.
Hete'rojunction cells based on thin film semiconductor layers save
material cost, compared to that of silicon-based solar cells. However, due to
inferior performance of thin film semiconductor layers, such devices are less
25 efficient than the poly-silicon-based cells in energy conversion. Thus, in one
embodiment, a multijunction cell is described in connection with Figure 29C. As
shown, the multijunction cell 690 includes, sequentially from top to bottom: a top
contact 692, a first cell 694, a tunnel layer 696, a second cell 698 and a boftom
contact 700, wherein the top contact 692 and the bottom contact 700 are made of

30 nanowire-based transparent conductor films. For purpose of simplicity, the
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EXAMPLE 9 ACI D- ETCHI NG (1) Figures 36A-36C show the progression of etching
and the final 20 pattern formed on a transparent conductor sheet 758. More
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The protected area 760 remain conductive. Optionally, the partially cured
matri x in taeoveie flow pf etexntiond betweer @@ cells. bEhe wrtnleblayeub‘g@ canbexa@aRPLE 10

ACI D- ETCHI NG ( 2) Fi gures 37A and 37B show the inpact to the
et chi ng1Pat diogg oesnTising ﬁp@cpfeﬁe%@m%ﬁeratqoaﬂue@fmﬁx in th(rarpam d- et chi ng

solution. A transpar 4 g\@?% ed as
descri bed i n Exanpl eegﬁe%%pgé:@ég %?ﬁqg%p?n %Nﬁg%tgv\zgg%g%g%%\?gﬁre 37A
shows that phedianssRehesortRRE s, Riey caindieeprepangd b tie medodseconds of
the etching. Figure 37B shows, in higher nmagnification, the well-defined

pattern aftéesmib@ldihﬁgeh)r about one minute. Figure 37B al so shows that the

area 766 in which the Iggg\é@%gar e%ﬁﬁguﬂ’ésadﬁﬂ onBl BYER Qlcifastidirdely the

etching solution. Li k&Ehe
15 bus bars, antl-reflectlve films and the like, as will be recognized by one skilled in

the art. Further, it should be understood that the nanowire-based transparent
conductor films are suitable as one or more contacts in any solar cell

configurations.

(e)  Electroluminescent Devices.

20 Electroluminescence (EL) is the result of radiative recombination of
electrons and holes in a material (usually a semiconductor). The excited electrons
release their energy as photons as they return to their ground state. Prior to
recombination, electrons and holes are separated either as a result of doping of
the material to form a p-n junction (in semiconductor electroluminescent devices

25 such as LEDs), or through excitation by impact of high-energy electrons
accelerated by a strong electric field (as with the phosphors in electroluminescent
displays).

EL devices are useful as, for example, backlighting for displays.
They typically comprise two electrodes sandwiching an EL material, with at least
30 one of the electrodes being transparent. Thin film designs of EL devices are

possible by employing thin conductive films. Advantageously, patterned lighting
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20 protected area remai ned surface-conductive after the etching.
Additionally, Figure 37B shows that at the interface between the conductive
regi on arwlononcomsscti ve regi on of the patterned surfaceCTrspawior®sl ar e
actually severed and portions of these severed nanowires that, prior to
etching, extended into the nonconductive region, are etched away. In this

hing, _exd nto the 1 . Al
or i nal | ereirpE SeieRd eyt ARSI Eenidr e Bl R o PR e ne (3)

A transpar eglectodell cConveaitivaiallygsolpmepaceddactiverfdinsguch ashe nmet hod
described in Exanple 7 For mul a A nanowi re tRetwor K rIEear%er was WO

e.g. 1).
2011/ 106433@@9@9{@@0&@%@%%@@ w%ed)aaﬁﬁhw‘it%mﬁaﬁr gitransBae™M 4onm t hi ck.

The sheet vvaosnosu%grace-conducti ve having a surface resistivity of about
500Q D. c A region of the conductive surface area of the sheet

was thengprotected byTRenanewiFedasel tripepardrt cBhdictekfilmhgestribediHezsinner e
fully covered 5 by the overcoat and no surface conductivity was detectable

in this regarersuitable as gittanspaten electindedn @ndoladevieaaiThed, Eigufe88 shows a
conductive., . _ . _The entire sheet S then dipped. i j

et chi ng sol N B Ebslsyiraaaerding4p HN@@’“H“‘Q@N&N%@T*‘?S?— ie\fjr?%z?g.%g?ﬁifsg%et
was renove &8% i i i u 718hangnt i re sheet
becane nonfjsl (?glhmﬁtggn‘\’/‘fggnoﬁ‘@é%p é@@tr%%?ﬂ%ﬁ%gﬁﬂﬁg&é@ea, ’ag shown in

Fi gur e 38B, matdrigttayeaiddj a émneparndiekestioded 1i8nao apbibosl karsiet layer €30 tand

despite the presence of the matrix. This result indicates that higher
concent 18t i ¥hoptionalieyarqeab g8é conpared to | Qopm and Sppmin Exanples 9 and

10, respectively) canrgaysgoblignfiLissebul 78 ©lohhs f°aRaRBMEasdH bBi n the

matri x. The uncoat ed onger conducti ve cause o

corruption @dsdribedmhrem Mheitival raheyssion and surface coldctisity vEa naaowwer es
in the overcoat-protected area were unaffected by the etching. Although no

surface corldyer nakeyt switebjsoasths sangrarent ¢laetreds. cMoseevess as discHsatbat, a
nanow re networ yer_ renai ged underneath t [ t .aur.e. .
Fi gur es 38@8%53@'? Iﬁxamrﬁ%geﬂ}en%?nqvﬂge%t ?%Q%Q&&nﬁg%gﬁﬁ@)c é&eggspglrn?%dg%
herein ¢an jAg BAIIARIMY BRECRKHorshdstici e41BE Brintddegsrapide patdied usi ng a
mask, Whlgchl Act s %% the thick (?\f/?rcoat as | I?)ust rated herein. EXAMPLE 12
25COLOR FI Lalestr s vii@Sh is compatible with the current manufacturing process for

patterning PDOT layer. Other patterning methods can also be used, including

stamping, slot-die, and the like.

The EL material layer 716 can be any acceptable EL material, for
20 example, phosphor. The optional barrier layer 720 can be a fluoropolymer (e.g.,

Kyner) to keep out adverse environmental factors, such as moisture.

(f Electrostatic Dissipative Material — Anti-Static Coating
Electrostatic discharge (ESD) is a single-event, rapid transfer of
electrostatic charge between two objects, usually resulting when two objects at
25 different potentials come into direct contact with each other. Electrostatic charge
build-up occurs as a result of an imbalance of electrons on the surface of a
material. ESD is one of the major causes of device failures in the semiconductor
industry.
Electrically conductive materials (e.g., conductive films or coatings)
30 are effective as electrostatic dissipative materials by channeling harmful

electrostatic charge away. Typically, a conductive layer having a surface
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Commercial color filters were coated directly with conductive nanow re
filnms. Sanple 1 was a chrone black matrix with color filters.
As shown WO 2piguse839A, the R, G and B color filters wereTarse@anged4par al | el
to each other and 30 two adjacent color filters were separated from one
anot her by a groove 780, which WD 2011/106438PCT/US2011/ 025941 prevents

li ght tran%@is‘i@it?% hetMGethadi eesntis Bifselive inFAMBRENg oneAmfriatihgce conducti ve

in the direction of the grooves (due to the netallic content of the black
matri x) andlectgstatieckdrge tikleyp.r Mirs typicallyofin anticstatio caatingrinas a shpPee was

not surface conductjve across  thg groo 7 now res were coated directly
on the ent quéStWBboiﬁ?ﬁ‘“éﬁ%‘ ?Po%élrbpgg] a’ﬂgq%h%%c\lgat ed sanpl e remained surface

conductive in the diégﬁ&lrb%fﬂln%@gmﬁrggo&rewﬁuﬁn {%{}/@Y@Qe@cr%ﬂfrﬁéin are

resi stance of about Ition, because the 'nanow res were coated

conf or mgl | guitdi€as ahtigitate 8ingst nycofathedtrsistyres dessritedsio, furreiaowple,
conducti ve across the grooves 780 and showed a surface resistance 10 of

about 100 Bigumes 10B-10F, can be uged amadiisiaticcoating @nraaubstiate dn Be2ct on the

i cal ' f Sanpl.e 1. | i - ™ % i b t h
ohated saniRIESt. dhur ot Al oVt s MethodIdr ROG it Gedforidbnelic T |
was sl i ght$Mefr??§i066mbh§H9tﬁ%vMi® A compistte indladingzepiuralithef metdike sanpl e

i ncreased fro out 2. 7% of the 15 plain sanple to about 3.5-5.3%
Sanpl e 2 vwasnawires apthadmatsiimateriat lappiiing shegampesiteto a pubstrale i peag oh

non- sufP aceeEdamagne o shieldjie ersbismainens srpduct&Etayel Bl Ginddfe AR B ¥
ufPaceebt _ A
i oot on BEEEe PR e P ™ isout.

56-76 VE. $urfasioédriductivipectns endrb¢haranoi@ies conforned to the grooves 782,
the coated sanple was al so surface conductive across the %eﬁ@v?s and, showed

a surface resi st ancelngiertaigmbedingat thegat-giatic %963‘09&3 en CeASUance
d . - 104, 2 i i } had
ITetle of 1By e ARBetlyid Sutiifbuals Lixbie. “EENGIfBt cibpolifedafMphialiiabard 19

sanpl e 15whaiigasaté (e yaplddic) Yoatedivieh Hancowiné-bdsedtphductieclayeratatbs asple was
slightly hazier than the un-coated sanple, increasing fromabout 1.4%to

about 4. 8%&$ a paskaging\niategiahfor @riwPCE. Udmentica fansparencpriows feRFACE

PRE- TREAT llr\gct 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 nitrate
25 dissolved in ethylene glycol in the presence of poly(viny! pyrrolidone) (PVP)
following the “polyol” method described in, e.g. Y. Sun, B. Gates, B. Mayers, & Y.
Xia, “Crystalline silver nanowires by soft solution processing”, Nanoletters, (2002),
2(2) 165-168. A modified polyol method, described in U.S. Application No.

11/766,552, in the name of Cambrios Technologies Corporation, produces more
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Transparent conductor sanples were patterned by wet-etching process. Prior
to etching, the transparent conductor had been nasked according 5 to a
pattern (Woysiicabsdgask or photoresi st nask) and surfacePCrast@d/oiv4t he
unmasked regions. Conpared to the untreated sanple, surface-treated
transparent conductors were etched at nuch higher rate. Using Physical

Mask:  Tr aﬂﬁiwgi?\lleﬁ]ﬂ%ﬁ%ﬁrgg a?ﬂmeﬁgie?dgé; fhalpl SR B ddnv hﬁéﬁalf‘ﬁ’élg@)ﬂ”gna 10

silver nanow re splin-co ot her deposition nmetho

subst r at esmigtisddidThig dppliyatiorbisrniat@poditad byoefdrerice herelin theits erttrety: anspar ency
and conductivity. The silver nanowre filmwas subsequently coated with
Addi son Cl ear Wave AC YC-5619 hard coat (by spin-coating). The hard coat
mat eri al was baked and fully W cur%mE@sk (e.g., a plastic film
having a desired pattern was placed On and in contact with the hard coat of

the transparent conduct oprgadRArON JNR TRNSPARENTNEDNDEGTORS (unnmasked) to be
et ched. The unmasked regi on was submtted to 02 plasnma or 10 m nute W

ozone tgeatnent for %R Amt%)gggG A |g®§|?%§ef@@¥%€tei@tﬁ)h%%amlmi&as

imMmersed in 100% 20 Transeéne seconds before it

was renovegasndetidzsesubsirdte. Jhe RET sdbsteate iblanraptieklly oleas insulattis Kthe
| nstead of a physical nask, a photoresist materi al can,bg_ sgi -coFt ed on
the sil verlighiriensmission gngiaze of the Pl Tceisirateaes shows &b dab i-JvUP &§ft 25

di . desi , i ' | K.
The tr ancpthestted TRERr tieldhr sanSnfiinP LB ita ol by BRI GRRRGY ™
fol |l owi ng ihhgsPRPrOess3 descri bed above. WO 2011/ 106438PCT/ US2011/ 025941

Results: As shown, Sanples 1 and 2, which were pretreated by ox%/(gen pl asma
and UV18zone respectAnelgyeobe dispersion.of silercangwireswasiitsbpiapared.i Vhey)

R = M T R N TR
2 0ces oI THOLM A el el s oo v,
Et chant Tygiepéfsior resultinlg o @rabpécaieib’ns'rtymﬁ phoeind.5doedsutast onvatMolecular
substant] ablexicgg iSfp%rc’[paol\Pl;)i( (I\:/IaZ| pIIé)\treol%eadteir)(.asTheI ;[:Jisipcsarstl)c% \i/v%\s/?rqerg rc]:c%tetdhoen the
15 PET substrate by allowing the nanowires to sediment onto the substrate. As
understood by one skilled in the art, other coating techniques can be employed
e.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 behavior of the fluid as well as
the interactions between the nanowires may affect the distribution and
20 interconnectivity of the nanowires coated.

" Thereafter, the coated layer of silver nanowires was allowed to dry
by water evaporation. A bare silver nanowire film, also referred to as a “network
layer”, was formed on the PET substrate. (AgNW/PET) The light transmission
and haze were measured using a BYK Gardner Haze-gard Plus. The surface

25 resistivity was measured using a Fluke 175 True RMS Multimeter. The results are
shown in Table 2. The interconnectivity of the nanowires and an areal coverage
of the substrate can also be observed under an optical or scanning electron
microscope.

The matrix material was prepared by mixing polyurethane (PU)

30 (Minwax Fast-Drying Polyurethane) in methyl ethyl ketone (MEK) to form a 1:4
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10 diluted etchant has rendered transparent conductor film non-conductive
w t hout conpletely renoving the nanowires. 15 Sanple | - pretreated with
oxygen plwerralid@eBBasma Treated Film Total etch tinme |nipCirals2w@/oss®gr Fil m
Resistivity (ohm 66.4 infinite 2 pt Contact Resistance (ohm 70 infinite

(v/v) viscous solution. The matrix material was coated on the bare silver nanowire
film by spin-coating. Other known methods in the art, for example, doctor blade,
Meyer rod, draw-down or curtain coating, can be used. The matrix material was
cured for about 3 hours at room temperature, during which the solvent MEK

5 evaporated and the matrix material hardened. Alternatively, the curing can take
place in an oven, e.g., at a temperature of 50°C for about 2 hours.

A transparent conductor having a conductive layer on the PET
substrate (AgNW/PU/PET) was thus formed. The conductive layer of the silver
nanowires in the matrix.was about 100nm thick. Its optical and electrical

10 properties were measured and the results are shown in Table 2.

The transparent conductor was further subjected to a tape test.
More specifically, a 3M Scotch® 600 adhesive tape was firmly applied to the
surface of the matrix and then removed, for example, by peeling. Any loose silver
nanowires were removed along with the tape. After the tape test, the optical and

15 electrical properties of the transparent conductor were measured and the results
are shown in Table 2.

By way of comparison, a matrix-only film was formed on a PET
substrate (PU/PET) under the same conditions as described above. The optical
properties (light transmission and haze) and the electrical properties of the

20 PU/PET are also provided in Table 2.

As shown in Table 2, the matrix-only film on PET (PU/PET) had a
slightly higher light transmission as well as haze value than a PET substrate.
Neither was conductive. By comparison, the bare silver nanowire film on PET
was highly conductive, registering a surface resistivity of 60 Q/0. The deposition

25 of the bare silver nanowire film on the PET lowered the light transmission and
increased the haze. However, the bare silver nanowire film on PET was still
considered optically clear with a light transmission of more than 80%. The optical
and electrical properties of the bare silver nanowire film on PET were comparable
or superior to metal oxide films (e.g., ITO) formed on PET substrates, which

30 typically range from 60 to 400 Q/0.
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% Transparency 87.6 90.0 % Haze 2.33 1.10 20 Sanple 2- pretreated with U
Ozone W Ozone Treated Film Total etch time Initial 10 sec Film
Resi sti viwp 200mp4383. 5 infinite PCT/US2011/025941

As further shown in Table 2, the transparent conductor based on
silver nanowires in the polyurethane matrix had an almost identical light
transmission as the bare silver nanowire film on PET, and a slightly higher haze.
The resistivity of the transparent conductor remained the same as the bare silver

5 nanowire film, indicating that the coating of the matrix material did not disturb the
silver nanowire film. The transparent conductor thus formed was optically clear,
and had a comparable or superior surface resistivity to metal oxide films (e.g.,
ITO) formed on PET substrates.

In addition, the tape test did not alter the resistivity or the light

10 transmission of the transparent conductor, and only slightly increased the haze.

Table 2
Transparent Media Light Transmission (%) Haze (%) Resistivity (Q/0)
PET 91.6 0.78 non-conductive
PU/PET 92.3 0.88 non-conductive
AgNW/PET 87.4 4,76 60
AgNW/PU/PET 87.2 574 60
After tape test 87.2 5.94 60
EXAMPLE 3

ACCELERATED H,S CORROSION TESTS

Sulfides, such as hydrogen sulfide (H,S), are known corrosive
15 agents. The electrical properties of the metal nanowires (e.g.,‘silver) can
potentially be affected in the presence of the atmospheric sulfides.
Advantageously, the matrix of the transparent conductor serves as a gas
permeation barrier. This prevents, to certain degree, the atmospheric H,S from
contacting the metal nanowires embedded in the matrix. Long-term stability of the
20 metal nanowires can be further obtained by incorporating one or more corrosion
inhibitors in the matrix, as described herein.
In the United States, the amount of H,S in the air is about 0.11-0.33

parts per billion (ppb). At this level, corrosion is expected to take place over an
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2 pt Contact Resistance (ohn) 60 1100 % Transparency 87.8 90.2 % Haze
2.33 1.10 Sanple 3 -- untreated Untreated Film Total etch tine Initial
WO 2011/106438 PCT/US2011/025941
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25

extended period of time. Thus, an accelerated H>S corrosion test was designed
to provide an extreme case of H,S corrosion.

Freshly cooked egg yolks were broken into pieces and sealed in a
plastic bag. A H,S meter (Industrial Scientific, GasBadge Plus - Hydrogen Sulfide
Single Gas Monitor) was inserted into the bag to monitor the release of H.S from
the egg yolks. Figure 31 shows a typical release profile of the H,S gas over a
period of 24 hours. After an initial build-up of the H>S in the bag, the gas level
dropped, indicating that the gas had diffused out of the permeable bag.
Nevertheless, the levels of the H,S gas (peaked at 7.6ppm) in the bag greatly
surpassed the level of the atmospheric H.S gas.

A bare silver nanowire film on PET was prepared according to
Example 2. The film was placed in a plastic bag with freshly cooked egg yolks.
The film began to darken within two hours, indicating that the silver had been
tarnished and black Ag,S was formed. In contrast, color changes in films of silver
nanowires in polyurethane matrix were not observed until after 2-3 days,
indicating that the polyurethane matrix acted as a barrier to slow down the

permeation of the H,S gas.

EXAMPLE 4

INCORPORATION OF CORROSION INHIBITORS

The following samples of conductive films were prepared. A PET
substrate was used for each sample. In certain samples, corrosion inhibitors,
including benzotriazole, dithiothiadiazole and acrolein, were incorporated during

the preparation of the conductive films.

Samples 1-2 were prepared according to the method described
herein. No corrosion inhibitor was present.
Sample 1 was a conductive film of bare silver nanowires.

Sample 2 was a conductive film of silver nanowires in a

polyurethane matrix.
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30 sec 60 sec 3 mn 6 mn FilmResistivity (ohn) 57.4 90.9 110.2 130.5
234.1 473.9 2 pt Contact Resistance (ohn) 70 1100 1000 1000 6000
WO 2011/106438 PCT/US2011/025941
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Samples 3-6 were prepared by first forming a bare silver nanowire
film on a PET substrate (i.e., Sample 1). Thereafter, various corrosion inhibitors
were incorporated during the coating processes of the matrix material.

Sample 3 was prepared by coating a 0.1w/v% solution of
benzotriazole (BTA) in methyl ethyl ketone (MEK) on the bare silver nanowire film,
allowing the solvent to dry after coating, followed by coating the matrix material of
polyurethane (PU) in MEK (1:4).

Sample 4 was prepared by first incorporating 1.5v/v% of
dithiothiadiazole in a matrix material PU/MEK (1:4), followed by coating the matrix
material on the bare silver nanowire film.

Sample 5 was prepared by first dipping a bare silver nanowire film in
a solution of 1.5v/iv% of dithiothiadiazole in MEK, allowing the solvent to dry after
dipping, followed by coating with a matrix material PU/MEK (1:4) having 1.5v/v%
of dithiothiadiazole. |

Sample 6 was prepared by first incorporating 1.5v/v% of acrolein in
a matrix material PU/MEK (1:4), followed by coating the matrix material on a bare
silver nanowire film.

The optical and electrical properties of the Samples 1-6 were
measured before and after an accelerated H,S treatment, as described in
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 H,S treatment. For purpose
of comparison, the decrease of light transmission for each sample is also
graphed. Prior to the H,S treatment, all of the samples were shown to be optically
clear (having a light transmission higher than 80%). Following 24 hours of the
H,S treatment, all of the samples have experienced decreases in their light
transmissions due to different degrees of silver tarnish.

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

Samples 4 and 5, however, had less reduction in light transmission compared to
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1M % Transparency 87.7 87.9 87.9 88.0 88.1 88.2 % Haze 2.28 2.16 2.09
2.08 2.00 1.95 WO 2011/106438PCT/US2011/ 025941 Sanple 4- dilute etchant
WO 2011/106438 PCT/US2011/025941

the matrix-only sample, indicating the corrosion inhibitor dithiothiadiazole was
effective in protecting the silver nanowires from being corroded.
Figure 32B shows the resistance measurements of Samples 1-6
before the H,S treatment and 24 hours after the H,S treatment. For purpose of
5 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 H.S on
10 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 H,S treatment and 24 hours after the H,S treatment. For purpose of
15 comparison, the change in the haze for each sample is also graphed. All the
samples showed increases in their haze measurements. With the exception of
Samples 1 and 6, the haze was within acceptable range (less than 10%) for each
of Samples 2-5.
Sample 4 was shown to have the best overall performance in
20 withstanding the corrosive H,S gas. By incorporating the corrosion inhibitor
(dithiothiadiazole) in the matrix, the transparent conductor showed clear
advantage over Sample 2 in which no corrosion inhibitor was present.
It is noted that the H.S levels in these accelerated tests were far
greater than the atmospheric H2S. It is therefore expected that transparent
25 conductors prepared similarly as Sample 4 would fare even better in the presence

of the atmospheric H,S.

EXAMPLE 5
PRESSURE-TREATMENT OF METAL NANOWIRE NETWORK LAYERS

Table 3 illustrates the results of two trials of applying pressure to a

30 surface of a silver nanowire network layer (or “network layer”) on a substrate.
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5% Ag Etchant Solution Total etch tine Initial 02 Plasma 10 sec 100 sec
FilmResistivity (ohm 55 65.9 Infinite Infinite 2 pt Contact Resistance
(ohm) 60 w6 2hnfiomi3Be PCT/US2011/025941

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 Example 2. No

5 matrix material was applied to the networks prior to the pressure treatment. 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 treated 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 (Q/square)  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 87.2 413
1 roll @ 340 psi 73 127 86.6 4.19
1 roll @ 340 psi 61 92 87.1 4.47
1 roll @ 340 psi 53 86 86.6 444
Ar plasma 38 62 88.0 4.19

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 layer. The resistance after each roll
is as listed in the second (first trial) and third (second trial) columns. Variation in
transmission and haze for the second trial is as listed in the fourth and fifth
columns, respectively. As shown, it was determined that the conductivity of the

20 network layer of each trial was increased by application of pressure to a surface
thereof.

As shown above in Table 3, application of pressure to a network

layer by a roller can reduce the light transmission of the layer and increase the
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Infinite % Transparency 87.6 87.3 87.8 88.0 % Haze 2,71 2.84 4.93 4.40
EXAMPLE 14 5LOW VI SI BI LI TY PATTERNI NG A suspensi on of HPMC,
silver nawownrie®wesad wat er was prepared. The suspensi onPaadiSs@il2ent ed on
a glass substrate to forma thin conductive filmof silver nanowires in a
HPMC matri x. The conductive | ayer was optically clear, with an opti cal
transm ssi aazé %R showrbiaultab®s 4 0élewda hashinggibcess faliowinglthepréséareThe
conductive layer is also highly surface-conductive with a surface

resi sti vit freafmemioan fugthepiniprove the transmissiiepre fedice thehage ity t he
conductive fj| s treated with an oxidi zing agent, e.g., a bleach

sol ution hasb%‘g[kgg%% hypochl orite, for 2 mnutes. The t?eat ed filmwas then
rinsed with water and dried in a nit ro_lga;ebrlle%t nospher e.

Process Resistance (Q/0) Transmission (%) Haze (%)
(original) 700,000 86.4 477
2 rolls @ 340 psi 109 85.6 5.24
soap & water wash 44 86.0 4.94
Ar plasma 24 85.9 4.81

As shown in Table 4, application of pressure to a network layer by
twice rolling with a single stainless steel bar at approximately 340 psi on a rigid
surface reduced the light transmission and increased the haze of the network
layer. Washing the network layer with soap and water after the rolling, however,

10 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 freatments, a matrix material can

15 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 the holders 730.

25 The mask 736 was a glass slide having a‘ array of dark lines 738 of about 500pm
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15 The treated region of the filmshowed substantially the sane

transm ssion (89.1%) and haze (5.85%) as conpared to the opti cal
properti esoabirtoesdant reat ed regi on. Figure 40A shows t haCTiuseotnesmted
region 820 and the untreated region 822 are visually uniform The surface
resistivity of the treated regi on, however, has increased 20 by several

orders of nRpgR tTKEemNk RrEaTER vaid Behiivatutddandéta DgmaxBa00eamp for 90
magni fi cation (100x, dark field) of Figure 40A shows that the silver

nanowi r es wsgandsokbe natrivenateliakasired inthearegionseexpasedde dight ard eamaingdl ubl e
and insulating,si)ver salt, such as silyer chloride (see, e.g., Figure 40B.
As a corrparlfqég(fll,'n {ﬂ?dﬁpé)nﬁlthéﬁ\ﬁ%e @aé}(?&/g’y tﬁ%ﬁ@&bf E%Qsoased 25 cpndugt ive fil Zn
that was treated WthFigHFés@wrfs iR é‘sSf)é'g)%fd—éét?&n%'c‘éhéb&%é‘l@?@ﬁ3 30%
hydrogen peroxide. As own, in the treated region 824, nearly all of the
28227\/!1622 3gug%UTe§rUfw1 mt@;mrh hicrdBbbperaFigure BdAeshdivesa lcorductivedilmpt4cal WO

] JIS2011/ 025941 properties in the treated regi on 824 t he
unt r eat ed r'W@%'a?ibaﬁ?épmé{ﬂrwgdﬁﬁeTBﬂﬂ'gh@XAWEsf’g")@ Wgﬂj\%

HPMC, silve, i r r i
S n- coat e aRon AEEo B8 178 PartTelb AT s et GITTT B W PO, o
nanow res i gndtHdiMatri@material Heremondsiahtyed. ayendustive dihi7edlwas frther, with

an optical transmssion (%) of about 89.1% haze (%) of about 3.02% and
surface ressuhjestedyo en aﬁ&@@tveztgpma tacky glofreaimar &0 ferapvg HieeWicwsdduct or

e SO rBuaohirel and TR h ERFLATIRE et P Fa T b
Che°|anspot SRR IT0STTRY adrssaegriatioy, pukor ngslen o
of tinme expegiah 74%bppesrs mieti tiglktebtiwki 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.
15 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.
20 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'
25 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 na‘nowires_
had been removed by the ethanol washing. Photo-patterning therefore produces

30 conductive regions and non-conductive region according to a predetermined

pattern.
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10 sec. 20 sec. 60 sec. % 89.1 89.3 90.0 91.3 %4 3.02 2.36 1.74 0.53

Ohm Sg. 45 112 1700 Open Circuit 15As shown in Table 5, the change in

resi stiviwog 20f1/m6438eat ed regi on, PCT/US2011/025941
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PHOTO-CURABLE FORMULATIONS

The matrix material described in Example 6 can be formulated by
combining an acrylate monomer (or prepolymer, as defined herein), a muiti-
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), tfipropylene
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 aérylate, 15%-
30% trimethylolpropane triacrylate and about 5% Ciba Irgacure 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 and the like. An
additional photoinitiator such as Ciba Irgacure OXEO1 can be further added.

Below are four exemplary photo-curable formulations suitable as the
matrix material used in this example:

Formulation 1
75% 2-ethylhexyl acrylate;
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with relatively little change in optical characteristics, can be controlled
by changing the anmount of tine treated region is exposed. EXAMPLE 16 The
change i rwopesiigts4s8ty of a treated region may al so be ceormskéied2:201
dependi ng on the chem cal
A transparent conducting sanple was prepared as descri bed above in exanple
15. A region of the saopltEmesyispedRihd thiagrgate YLTMPTAE Pd(Ac0) 2 and ACN
(1ng/nL) for varying anounts of time. The sanple was then rinsed twice with
ACN and dried in a ni1%oaghesiampropnetee (GEdblquest A&1QA; shows the change in

opti cal

exposed to the sol uti
% 89,5 89.4 89.

m n.
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used to treat the region of altered resistivity.

st st vi ty0dg anporan e MonESEABTND R 1 e’ (he Samplo wae

haze) and resistivity

Formulation 2

g%-pﬁ'agilnﬁia%r (iS4 Rg8c&ears4)9 1 mn. 11 min. 35 mn. 66

73.9% 2-ethylhexyl acrylate;

20% trimethylolpropane triacrylate (TMPTA);
1% adhesion promoter (GE Silquest A1100);
0.05% antioxidant (Ciba Irgonox 1010ff) and
5% photoinitiator (Ciba Irgacure 754)

Formulation 3
73.1%
22.0%

tripropylene glycol diacrylate (TPGDA)
trimethylolpropane triacrylate (TMPTA)

4.9 % photoinitiator (Ciba Irgacure 754)
A 0.03% antioxidant (4-methoxyphenol)

Formulation 4

68% 2-ethylhexyl acrylate;

20% trimethylolpropane triacrylate (TMPTA),
1% adhesion promoter (GE Silquest A1100); °
0.1% antioxydant (Ciba Irgonox 1010ff) and
5% photoinitiator | (Ciba Irgacure 754)

5% coinitiator (Sartomer CN373)

1% photoinitiator 1l (Ciba Irgacure OXEO1)

EXAMPLE 8

NANOWIRE DISPERSION

A nanowire dispersion, or ink, was formulated by combining about
0.08% wt. HPMC, about 0.36% wt. silver nanowires, about 0.005% wt. Zonyl®
FSO-100 and about 99.555% wt. water. As an initial step, an HPMC stock

solution was prepared. An amount of water equal to about 3/8 of the total desired

volume of nanowire dispersion was placed in a beaker and heated to between
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88.7 88.5 %1, 2.80 2.82 2.81 2.66 2.56 Ohm Sq. 51 47 58 173 193 5As
illustrated by a conparison of Tables 5 and 6, the anmount the resistivity
of the exwozed/mwegs8on changes with tinme can vary dependiPag/useotiiessghen cal
the region is exposed to. EXAMPLE 17 PHOTORESI ST PATTERNI NG METHOD 10A

silver nanow re di spersion was prepared consisting of 0.2%
80°C and 85°C on a hotplate. Enough HPMC to make 0.5% wt. HPMC solution

was added to the water and the hotplate was turned off. The HPMC and water
" mixture was stirred to disperse the HPMC. The remainder of the total amount of
water was chilled on ice and then added to the heated HPMC solution and stirred
5 at high RPM for about 20 minutes. 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-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
10 stock solution to make about 0.08% wt. HPMC solution in the final ink composition
was placed in a container. Then, the necessary amount of DI water to make
about 99.555% wt. water solution in the final ink composition was added. The
solution was stirred for about 15 minutes and the necessary amount of silver
hanowires to make about 0.36% Ag nanowire solution in the final ink composition
15 were added. Finally, the necessary amount of the Zonyl® FSO-100 stock solution

to make about 0.005% wt. Zony!® FSO—100 solution was added.

EXAMPLE 9
ACID-ETCHING (1)

Figures 36A-36C show the progression of etching and the final
20 pattern formed on a transparent conductor sheet 758. More specifically, a
conductive silver nanowires layer was first formed on a PET substrate. A UV-
curable acrylate was deposited on the nanowire layer according to a pattern. The
matrix was allowed to dry and partially cured. The matrix was typically about
50nm — 300nm thick. Surface conductivity was detected in the areas protected by
25 the matrix as well as in the areas unprotected by the matrix.
| The transparent conductor sheet was then exposed to an acid-
etching solution, which included 1%HNO3;, 1% NaNOs and 5ppm of KMnQO,.
Figures 36A shows that within one minute, the etching of the silver

nanowires had begun from a region adjacent to an area protected by the matrix
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HPMC, 250ppm TritonX100 and silver nanow res. The di spersion was

spi n-coated onto a substrate and baked for 90 seconds at 180C. This

nanow r e wolzmwmse438hen spin-coated with AZ-3330F phot or @€raiS2a10/008ke a

2. 5pm transparent conducting film The transparent conductor was then baked
at 110C for 60 15 seconds. A photonmask was placed in contact with a portion

of the photzgEsTRé disavRitiontthd diSruptian TP e Ahn6WINE U led wasssvideritda ¢ioe ticed | ght
for 20 seconds at 12mNcn2. The conductor was then baked for 60 seconds at.

110C. The pinprotestedsby thesmation/dvel oped wit h AZ300M F devel oper, rinsed
and spun dry. The conducto th xposed tq Tra e sil . t for
10 20 seconds, fri nsegg'ﬂHE? é?)%\%ﬁa\”?%%ﬁ@%ﬁﬂﬁﬁeg& 89{1@{0@%@@%&\“3&!@%&3@%5i ng
Acet one. The t a I i e Wi | MReh magB at
2 S i 1 ut 5 B o 1 e e e
patternesl tpatespanesyedoiigre @6Csldows thatet thelehd of fduroninbfes, ab thedpm

Larger pattern |ine-w dths have al so been obtai ned usi % phot or esi st and
ot her pat t e4nRrateciRs sibv@s nagowires Ngdeanepiehed ap r’e@?é(ﬁgl W NSNS dt hs from

b0n1) 10640aratatery BPgh i SRERERIE weie”, i Bt A¥S 2894emaNG By coprer

CHLORI DE ET¢grtiNEtive. Optionally, tHé pattiiaiclrexdimatixoin the malrig paotedtdayamsaxiely 240
g of CuCl2.2H20 with 180 of concentrated HC (37% w w) and 580 g of

wat er. The dambe fgtheseeieed.r ati on of CuCl 2 is about 19% and HCl is 6.8%

A conductive filmof silver nanow res was prepared according to the nethods
descri bed herein (e.g., Exanple 17). The conductive filmwas etched, and
the unejghed region and etched regi opxaMpPghagn in Figure 42A and 42B,
respectively. It could be observed that the two regions show little
difference in 10 optical propertiesACipegtTaHeG &)ched region is | ess
conductive and has a resistivity of about 20,000C2/ sq. Anot her

etchant was prepar ed RijatesC3mah& 87 B\dHowatte it to thenetching rate bpusingu ar
1:7:49 HCl: (CuCl2: 2H20): H20 was prepared and etching was be done in 2

m nutes at highao@ncehtatien of KM piatthe aeid-gtching salutien. ofr tenspatatnel y 15
S e e N I Y
15 except that 10ppm of KMnO4 was used. Figure 37A shows that the unprotected
nanowires were etched away within 30 seconds of the etching. Figure 37B
shows, in higher magnification, the well-defined pattern after etching for about one
minute. Figure 37B also shows that the area 766 in which the matrix was present
was not etched or disturbed by the etching solution. Like in Example 9, the
20 protected area remained surface-conductive after the etching. Additionally, Figure
37B shows that at the interface between the conductive region and non-
conductive region of the patterned surface, nanowires are actually severed and
portions of these severed nanowires that, prior to etching, extended into the non-
conductive region, are etched away. In this way, remaining portions of the

25 severed wires are shorter than the original lengths of the wires prior to etching.

EXAMPLE 11
ACID-ETCHING (3)

A transparent conductor sheet was prepared according to the

method described in Example 7 (e.g., Formula 1). A nanowire network layer was

95



Exanpl e 19 denonstrates creating a lowvisibility pattern in a 20
conductive filmby conbining a partial etching step and a subsequent
heati ng swepnliAv6s8scussed herein, the heating conpl et epCrhisS2@tobiony by
further rendering the etched regi on non-conductive or |ess conductive.
Tabl e 7 shows that a heating step alone actually increases the film

conduct i vi formddlind iriditisx Ryanef Boogontineh thiek.f Theshéet wasspifess-condectiveat ed
for five 25 and thirty mnutes, respectively, and their sheet resistivities

(Rs) were hadingeaisbiyadserasistivitp ohabouttoQ¥Reent . VO _
201 1054357CT] L2011 02558 B3Rty A AE BOnEhpbefafie 5,0, 112,
139C) protected by an overcoat of about 1um thick. The nanowires were fully covered
5 by the overcoat and no surface conduc;[ivity 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 KMnOQy4, 1% HNO3;, 1% NaNOj3) for a minute. The sheet was removed
and rinsed with water and dried under N; flow. The entire sheet became non-

10 conductive.

In the uncoated area, as shown in Figure 38B, silver nanowires were '
dissolved into soluble silver salt despite the presence of the matrix. This result
indicates that higher concentration of KMnO,4 (20ppm compared to 10ppm and
5ppm in Examples 9 and 10, respectively) can cause the dissolution of the

15 nanowires within the matrix. The uncoated area was no longer conductive
because of the corruption of the nanowire network layer.

The silver nanowires in the overcoat-protected area were unaffected
by the etching. Although no surface conductivity was possible due to the
thickness of the overcoat, a nanowire network layer remained underneath the

20 overcoat (Figure 38A).

Figures 38A and 38B illustrate that the transparent conductor

described herein can be patterned according to standard lithography method

using a mask, which acts as the thick overcoat as illustrated herein.

EXAMPLE 12
25 COLOR FILTER COATINGS

Commercial color filters were coated directly with conductive
nanowire films.

Sample 1 was a chrome black matrix with color filters. As shown in
Figure 39A, the R, G and B color filters were arranged paralle! to each other and

30 two adjacent color filters were separated from one another by a groove 780, which
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1060/ sq 98.5Q sq Tabl e 8 shows the effect of heating on a
partially etched sanple. In the three trials listed, the sanples were
chem cal Iwoebahwas38si ng a CuC 2 etchant 5 (as descri bedPChm/uSz@npki418)
until their sheet resistivity was approxi mately 1000 0/ sq. They were then
heated for either five mnutes but also as little as one mnute at 130 C

In gneach tr Fﬁéven@ﬁgmwﬂsnﬂssﬁéﬁbewéersaarabéhtemkeko Sapislert whe sagapé e
-conductive. In other words, the danmage of the nanowire network that was
initially condwiveyn thedisectionef the greewesigisiedo e matallio gontent pbthe bigck
Drocess. " 0TAR: rais it Bt AR PR T s s Bl ol
0/'sq Not condhct b¥fductive across the grooves.
5 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 Q/0. In addition, because
the nanowires were coated conformally, (see, Figure 39A), the coated sample was
~ also surface conductive across the grooves 780 and showed a surface resistance
10 of about 100 Q/0. )
The nanowire coating had little effect on the optical properties of
Sample 1. The light transmittance was 18.2% in the coated sample, compared to
19.2% in the un-coated sample. The coated sample was slightly hazier than the
plain sample. The haze in the coated sample increased from about 2.7% of the
15 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 entirely
non-surface conductive. ,
Figure 39B also shows Sample 2 coated with a nanowire layer. The
20 coated Sample 2 became surface conductive in the direction along the grooves
782 and showed a surface resistance of about 56-76 Q/0. In addition, because
the nanowires conformed to the grooves 782, the coated sample was also surface
conductive across the grooves and showed a surface resistance of about 61 Q/0.
Overall, a bulk surface resistance was measured at about 120-130 Q/O.
25 Optically, the nanowire coating had little effect to Sample 2. The
light transmittance was 27.5% in the coated sample, whereas it was 26.9% in the
un-coated sample. The coated sample was slightly hazier than the un-coated

sample, increasing from about 1.4% to about 4.8% in haze.
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Trial DRs (t =0) Rs (t =70 s in etch bath at roughly 40C) 115 (t = 5 mn
at 130 ¢ 121 0/sqg 1200 0/sqg Not conductive Trial ERs (t = 0) Rs (t = 120
s in etchwbabty@mss3soughly 32C) 115 (t = 1 min at 130 C) pPCTAB212/033941.000

Cl /sg Not conductive Table 9 shows that if the initial chem cal
etching step is insufficient, i.e., the damage to the nanowires is
insufficient; it beconmes difficult texmipLENS sanpl es non-conducti ve even
with a subsequent heating step. In Trial F, a 15 sanple was etched until
its resistance had changed from S08FACE PRB-TREATVENSUbsequent heating for one
mnute at 130 C did not change the sanple resistance. In Trial G another

sanpl e was etched untTtanspardraDontiactoe shmpleswogepatterned by weteetd®iig0/ sq.
Subsequent heating at 130 C for uP to twenty-five mnutes did continually
ra

i ncrease t herosggapl Erier tcbetcbtngvtlﬁ@/ ReRRIeat conmt@m%i been masked agearding | ed
to go begon% g %gttg{ns&hysma mas or ph f%resét m%sk)ngr% Eﬁécé-ﬂeafeﬁnthe

unmasked regions. Compared to the untreated sample, surface-treated

transparent conductors were etched at much higher rate.

Using Physical Mask:

Transparent conductor samples were prepared by first forming a

10 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 waé subsequently coated with Addison
Clear Wave AC YC-5619 hard coat (by spin-coating). The hard coat material was
baked and fully UV cured.

15 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%
20 Transene Ag Etchant Type TFS for 10 seconds before it was removed and rinsed

in DI and air-dried.

Using Photoresist Mask:

Instead of a physical mask, a photoresist material can be spin-
coated on the silver nanowire film (with a hard coat). When exposed to UV light
25 according to a desired pattern, the photoresist material cures into a mask. The
transparent conductor samples can be surface treated and etched following the

process described above.
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initial partial

= 0) Ft, (t
10852/ sq 12Q\H&

roughly 330

Ft,

Etching Step HeatingStep(s) Trial

(1

tial etching to cause an etched region to reach a threshold

resistivity WD 2011/106438PCT/ US2011/ 025941 (which is indicative of the
ext ent ofwOanug®e43® t he nanostruct ures)
conplete the etching. Table 9
= 60 s in etch bath at

in order for theChastéing2mdsep to

F Ft,
=1 mn at 130C

As shown, Samples 1 and 2, which were pretreated by oxygen

plasma and UV ozone respectively, became non-conductive (infinite resistivity)

within 10 seconds of etching. In comparis'on, untreated Sample 3 remained

5 conductive after 6 minutes of etching.

Sample 4 illustrates a process of invisible patterning in which a

diluted etchant was used. Following an oxygen plasma treatment, patterning

using 5% Transene Ag Etchant Type TFS created a patterned transparent

conductor with substantially uniform optical properties. It is believed that the

10 diluted etchant has rendered transparent conductor film non-conductive without
completely removing the nanowires.
15
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) 0 infinite
Film % Transparency 87.6 | 90.0
% Haze 2.33 1.10
20 Sample 2 — pretreated with UV Ozone
Total etch time Initial | 10 sec
uv Film Resistivity (ohm) | 63.5 | infinite
Ozone 2 pt Contact
Treated Resistance (ohm) 60 1100
Film % Transparency 87.8 | 90.2
% Haze 2.33 1.10
Sample 3 -- untreated
Total etch time Initial | 10sec | 30sec | 60sec | 3min | 6 min
Film Resistivity (ohm) | 57.4 909 | 110.2 | 130.5 | 2341 | 473.9
Untreated 2 pt Contact
Film Resistance (ohm) 70 1100 | 1000 | 1000 | 6000 1M
% Transparency 87.7 87.9 87.9 88.0 88.1 88.2
% Haze 2.28 2.16 2.09 2.08 2.00 1.95
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122 Wq Trial GFt, (t =0) Ft, (t =90 s in etch bath at roughly 320
(t) at 130C 12152/sq 198 Wg t(mn) 1 2 5 15 25

10

15

20

25

WO 2011/106438 PCT/US2011/025941

Sample 4 - dilute etchant

Total etch time Initial | O, Plasma | 10 sec | 100 sec
} Film Resistivity (ohm) 55 65.9 Infinite | Infinite
E5t%hAgt 2 pt Contact 60 65 Infinite | Infinite
Socl:utziagn Resistance (ohm)
% Transparency 87.6 87.3 87.8 88.0
% Haze 2.71 2.84 493 4.40
EXAMPLE 14

LOW-VISIBILITY PATTERNING

‘ A suspension of HPMC, silver nanowires and water was prepared.
The suspension was spin-coated on a glass substrate to form a thin conductive
film of silver nanowires in a HPMC matrix. The conductive layer was optically
clear, with an optical transmission (%T) of about 88.1/% and haze (%H) of about
2.85%. The conductive layer is also highly surface-conductive with a surface
resistivity of about 25 Q/. '

Thereafter, a region of the conductive film was treated with an
oxidizing agent, e.g., a bleach solution having 0.5% hypochlorite, for 2 minutes.
The treated film was then rinsed with water and dried in a nitrogen atmosphere.
The treated region of the film showed substantially the same transmission
(89.1%T) and haze (5.85%H) as compared to the optical properties of the
untreated region. Figure 40A shows that the treated region 820 and the untreated
region 822 are visually uniform.

The surface resistivity of the treated region, however, has increased
by several orders of magnitude and become effectively insulating. Further
magnification (100x, dark field) of Figure 40A shows that the silver 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

100
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Ft, 310 340 450 600 685 5Table 10 conpares the optical properties of two
patterned sanples: the sanple in Trial | was etched chemcally (by a Cud 2
et chant) wo 2ba1/m6438 conductive and the sanple in Trial PFCras2@aneioally
etched foll owed by heati ng. In Trial H an initial partial
etching brought the resistivity from1105 Qsq to 602 @ sq, which was
sufficient {deﬁerﬁeé;lmﬁ@qu%léd h@bm B4 HrRPtheQneted Reyidd 826210 Aotably
non-conductive. As shown, the Tinal optical properties were nearly

i dentical tiferént.initial properties of the sanple (prior to etching), i.e.,
the difference in haze (H¥% being about 0.01% the difference in

transm ssion (T% being 0.1% The sanple had lowvisibility patterns. In
Trial I, the sanple was etched to bg bYEM- conductive. Here, 15

al t hough the transm ssion remains the sane before and after the etching,

t he haze had decr easAdksuspeabiontof HRM®, sdvercampavired dara water vas-prephiaty haze
val ue. The_bi gger difference between the haze of etched aﬂg unet ched areas

of the fil HBSUSPERSION WagsSRItnFRAIeAR 8 JIRsS$ulgrafR kMR ik CARMUENEas nore
Vi sibl'e g PR, bk it oM RaFRe HOBAARRETE SR OB Ry Tob1 © 10

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
10  solution with acetonitrile (ACN)(0.5mg/ml) for different amounts of time, rinsed and
dried in a nitrogen atmosphere. Table 5 below shows how the transparency, haze
and resistivity of the region of the transparent conductor exposed to the TCNQ

solution varied with amount of time exposed.

Table 5
Before Soaking 10 sec. 20 sec. 60 sec.
%T 89.1 89.3 90.0 91.3
%H 3.02 2.36 1.74 0.53
Ohm/Saq. 45 112 1700 Open Circuit
15 As shown in Table 5, the change in resistivity of a treated region,

with relatively little change in optical characteristics, can be controlled by changing

the amount of time treated region is exposed.

EXAMPLE 16
The change in resistivity of a treated region may also be controlled
20 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
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H Etched to and Then Heated to Non-Conductivity t=0 105Q sq
91.8 1.18 Etched 180 s at 30C 602Q sq 91.7 1.27 Then Heated 905 at 130C

10

15

20

25

characteristics (transparency and haze) and resistivity as a function of the amount

of time the sample was exposed to the solution.

Table 6

Before Soaking 1 min. 11 min. 35 min. 66 min.

%T 89.5 89.4 89.2 88.7 88.5

%H -2.80 2.82 2.81 2.66 2.56

Ohm/Sq. 51 47 58 173 193

As illustrated by a comparison of Tables 5 and 6, the amount the resistivity
of the exposed region changes with time can vary depending on the chemical the

region is exposed to.

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 andA the transparent conductor was exposed to light for 20 seconds at
12mW/cm?. The conductor was then baked for 60 seconds at 110°C.

The photoresist was then developed with AZ300MIF developer, rinsed and
spun dry. The conductor was then exposed to Transene silver etchant for 10
seconds, rinsed and spun dry. The photoresist was then stripped using Acetone.
The transparent conductor was overcoated with Polyset PCX35-39B at 2.5%
dilution in PGME and then cured for 45 minutes at 180°C. The resulting patterned
transparent conductor had a line-width of from 5um to 10pm. 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 10pm to

50um have been obtained.

102



Not Conductive 91.7 1.19 Trial |I Etched to Non-Conductivity t = 0 103Q sq
91.8 1.15 Etched 180 s at 32C Not Conductive 91.8 1.08 EXAMPLE 20 PARTI AL
ETCH NG -wOXbDVilER8HALI DE ETCHANT 5Conductive fil ns wer @Cpruspansesohy

spi n-coating silver nanowi res on PET and were coated with an Addi son C ear
Wave 8 overcoat. All etchants were applied to the conductive filnms for 5

m nutes at 150C. The results of etcEXMRLE ®hown in Figures 45A-45C.

Low-VISIBILITY PATTERNING BY COPPER CHLORIDE ETCHANT

An etchant solution was prepared by mixing 240 g of CuClp-2H,0

with 180 g of concentrated HCI (37% w/w) and 580 g of water. The final
5 concentration of CuCl, is about 19% and HCl is 6.8%.

A conductive film of silver nanowires was prepared according to the
methods described herein (e.g., Example 17). The conductive film was etched,
and the unetched region and etched region are shown in Figure 42A and 42B,
respectively. It could be observed that the two regions show little difference in

10 optical properties, yet the etched region is less conductive and has a resistivity of
about 20,0000/ sq. '
~ Another etchant was prepared that comprised HCI and CuCl, in
water. In particular, 1:7:49 HCI: (CuCl,:2H,0):H,0 was prepared and etching was
be done in 2 minutes at 45-50°C. The resulting pattern is invisible or of extremely
15 low visibility. The etched sample is still invisible after heating at 130°C for 30

minutes.

EXAMPLE 19

Low-VISIBILITY PATTERNING - ETCHING BY HEATING

Example 19 demonstrates creating a low-visibility pattern in a
20 conductive film by combining a partial etching step and a subsequent heating
step. As discussed herein, the heating completes the etching by further rendering
the etched region non-conductive or less conductive.
Table 7 shows that a heating step alone actually increases the film
conductivity. In Trials A and B, conductive films (or samples) were heated for five
25 and thirty minutes, respectively, and their sheet resistivities (Rs) were reduced by

between 5 and 10 percent.
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An HNGB/ HCI etchant was prepared, which contained 70wt % of 10 sol vent (5wt %
PVA in water) and 30% acids (14.8%1C / 14%INOG3). As shown in Figure 45A, in

t he partiwbDI2g1ieteised regi on (940), the nanow res appear @dTAshataniinl | y
intact. However, small cuts on the nanow res have rendered the partially
etched regi on non-conductive. As a conparison to denonstrate the role of

chl oride anions at 15 cutting the nanomyley, a non-acid type of etchant is
al so prepared. The etchant contained 28wt % NWP, 109NH41, 1%d2 and 61%

sol vent (5wt PVA- TN water). fhe etchant—was alsojeffective | 7 artiafly
etching (950) the conductive flilns (Figure 45B). Hurt herHsding mparigon, a
strongly acidic etghamt was priepared. R2Q=@pncent r gt e, H3Pohif 852300)as

effective jat conpletely etching the C(?éial tive fitTmAs 329% jn Figure 45C,
the etched region (960) is substantiatY3*"lee of nanowir q;ggﬁiﬂch had|been
di ssol ved jand renovegdlB WO 2011/ 106438REC¥/0YS2011/ Q2584(t = 30 min at 130C)An

et chant conprising a | ower concentratj f HNO3 was al's ared. The
et chant contained HCl : HNO3: watler at 1@@%5 wei-ghtl rat] 0%8%@58 etchin

ied out: (1 for .35 i 0C
o e et es (o] S8t shovig e St STRERMY bR o Pkl RighEdmie) 1337
all. 5 Theyghfifde gr%ﬁ FdtEAORE SBRifles Wakd ehanitally Gtérdd GsingaeCcathatctmanteek.

In sumary, an effective etchant for partially etching a conductive film
may i ncbud@sadedcebed imExawipds 18) ustildheinshEetoesistidiyOnas apraimately MO0, 02,
etc, and a hali such as chloride and iodide. O her additiyes such as

surf act ant'S/ 8r qﬁ@y Weig then g@ Qr ﬁgh%fﬁ‘ée MHUiES HP@%IfSE lﬂsé'tt#e?ﬁpn%rrpl exes
may al so bg: Rp | ihu @%}ﬁ] i8R RRBEr fHeoVi ded by
t he oxi di z@r"il(g?%{tﬁgghgl'ilhee%%gﬁgél’gﬁho t%églg{)%esﬁlsl. pat ent sf U S. patent
appl i cat i ogarpplel neratomdsctivel,  offasrevdrde piblel dzxhaga of theonanayirepactevtrls that
forei gn patent apR/I i cations and non-patent publications referred to in this

speci f i cat was inifidllyorausesdtydtheretenag REpessWad ROMplatad Ry $he beating grocess.

i ncorporated herein by reference, in their entirety. '
10 | Table 8

Etching Step Heating Step
Trial C R (t=0) R, (t =905 in etch bath at roughly 36 °C) R, (t=5minat 130 °C)
106 Q/sq 1000 Q/sq Not conductive
Trial D R, (t=0) R, (t =70 s in etch bath at roughly 40 °C) R, (t=5min at 130 °C)
121 Q/sq 1200 Q/sq Not conductive
Trial E R, (t=0) R, (t =120 s in etch bath at roughly 32 °C) R, (t=1minat 130 °C)
121 Q/sq 1000 Q/sq Not conductive

Table 9 shows that if the initial chemical etching step is insufficient,

i.e., the damage to the nanowires is insufficient; it becomes difficult to make the
samples non-conductive even with a subsequent heating step. In Trial F, a

15 sample was etched until its resistance had changed from 108 to 120 Q/ sq.
Subsequent heating for one minute at 130 °C did not change the sample
resistance. In Trial G, another sample was etched until its resistance had
changed from 121 to 198 Q/ sq. Subsequent heating at 130 °C for up to twenty-
five minutes did continually increase the sample’s resistivity; however, the sheet

20 resistance failed to go beyond 685 Q/ sq. This shows that it is important for the

initial partial etching to cause an etched region to reach a threshold resistivity
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Fromthe foregoing it will be appreciated that, although specific

enbodi nents of the invention have been described herein for purposes of

i1l ustratworpivias4dsus nodi fications may be nmade wi t hout Pd@isatitiogsfir om t he
spirit and scope of the invention. Accordingly, the invention is not
limted except as by 20 the appended clainms. CLAIMS 1. An optically

uni formt rﬁ@ﬁ?ﬁﬁ@fﬁbid&%@‘éﬁ@ eRBAPH Garifge %o HERARGEtRIctures) in order for tife
conductive filmon the substrate, the conductive filmincluding a pluralit
of i nt er coheatirig stgprtamosipletettheetchingnerein a pattern on the conductive fil
defines (1) an unetched region having a first resistivity, a first

transm ssion and a first haze and (2) TableBched regi on having a second
resistivity, a second transm ssion and a second haze; and _
wherein thg etched region i s, ;ess ndugtive than ed region| a
ratio of the first resisti vi%f[c;;"r?ﬁlsetrggt he| second resl_lregﬁpglﬂt%&?s at | east
1000; the firstitransm gsion differs frpmthe second transm ssion by liess
than 5% anqlri%|ha R iif Sb) haze (| 6 emsetéy oM t he segopd ihamethgoicgss than|0. 5%
2. The optjically dni f or rnbtaﬁ@;ﬂsrgﬁéﬁngy@ﬁnduct or of claim1 wherein a ratio
of the first resistivity aver Lato resistivity is at least 105the
first transm ss| aosdi/éd ers fraocyke secpnd transmi sda/ly | ess than 0. 1%
and the fifst—haze dirffers—fromthe secpnd haze by Tess ‘61, m 0. 01%
3. The opt|i GHPI { Rifs T8k m th SrisPht Bt opduct or of %I(ﬁiaﬁil% erein the
nanostructur8s are sil vebatedisarghly32°C) 4. The optically uniform
t ranspar ent con:iulcétl@g/sd)f cl.ailgggq/g@erei nt(;nnf; et ¢ghed negi op donprijses
nanostructures that are |broken to shortger—segrmentsras _conpared to LlE
nanostructiures of the unetched region. | R [ 310 | 348 | #48 o,@é aﬁl‘-\/
uni form transparent conductor of claim1 having a transm ssion of over 90%
and a hfze of |ess thableZid comparestheptied nregeties of two patterned samplgs: A

transparent conduct.or i ncl udi ng: - , a
conduct i veﬁ\eaifé?&fer{% fﬁﬁ'&’]ﬁ‘agg eﬁ'?ar}es C'fei‘glﬁéﬂﬂb?napg@'%%tcﬂ%w \5\? P%s? 0grrbedded in
a matrix; goulRtiveaPadhe aahdle FPTRAN IS WHS pdreaihestchan daiovesi iyThedtieyl in the

matri x, wherein the second region has a higher resistivity than the first
regi on and further whmeFrali tareinitial partiad gtahingbrdought theeresisdvite fipeh1 Gav e

Tor o 1 esi SHSPLIO St HHiFE s BTEIoR SHBSETUS SR8 S ek he °
7. The1bra§§rﬂpfeleﬁﬁn-88mﬁlgf A4 sHVith, Thé fiBESRICAI bRspeieoWbreResy the first
region are netal nanow res. 8. The'transparent conductor of

cl ai m 7 whigeaticalttb ¢hd initil edopetiosvof the sdmpleqpaectnetching),are. j theldifereoge di zed

metal nanow res. ) 9. The transparent conductor of .cl %I{T(;I 7
wher ei n t hi@ hazeAH3@) being about 0.01%, the difference in transmission (1%) being 0.1%.

y
m

. The sample had low-visibility patterns.
In Trial |, the sample was etched to be fully non-conductive. Here,
15 although the transmission remains the same before and after the etching, the
haze had decreased by about 0.07%, as compared to the pre-etching haze value.
The bigger difference between the haze of etched and unetched areas of the film
of Trial | (as compared to Trial H) makes the etched areas more visible that those
of Trial H.
20
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nanow res of the second region include sulfided netal nanow res.

10. The transparent conductor of claim®6 wherein the treated nanow res of

t he secomionegiiom3are shorter than the nanow res of thePCirskomagisen.

11. The transparent conductor of claim6 wherein the second region and the
first region have substantially the same optical transm ssion and haze.

12. A patterned transparent conductor conpri sing: a conductive
| ayer on a substrate, the conductive |ayer conprising a matrix and a
network of electrically conductive nangyyepg enbedded therein; and

a treated region of the conductive |layer to convert the electrically
conducti ve nanowtes—wthin—thetreatedregron to {ess-conductive
nanow r es, erein the tjeated region has a flirst Mésist] itéTa d_ZH
untreated regi onThawi ng @ secondtie@si stivity, angs@pgrein oha trentgd
regi on and t|hertdrdditeahed region have substanttati e sa i cay
properties, WRREELU&tdNE TLir d}e@s]isé)tsia\yiz"ﬁf LN the6¥¥ ed re@&@n i si'mgker
than the second ¢&alahity ttheRHebhel 904 sta3Ded | rRel Condaytial || @ast |abowd
150051/ 11. - +3—Fhe—patterned—transparent——conductor of —tidai m
12 wherein the cdfdldctive layer i$=8ptically|cl edp3¢/sq 918 | %% the
pat terned trlanspiheshio condudgiedoisoGlaizmd2 Whgsetohdubveopt ogal propert/i es
i ncl ude opt i ¥N-¢adugivitesi on _and haze. 15. The patiterned
transparent conductor of claim 12 wherein treating the conductive | ayer
conprises chemcally transformng the electrically conductive nanowires to
electrically insulating nanowires. EXAMPLE20 16. The patterned
transparent conductor of claim 15 wherein treating the conductive |ayer
conprises oxidizing or suPARTANGTEHRGet QXtDIZERAHAYDE EAEUBNT ve nanowi res.

17. The patterned transparent conductor of claim 12 wherein treating the
conducti ge | ayer conpCbadactieyfiimsakéne miepateehbygpinfepatihgsilvercrangwires on

conductive nanow res. )
PET and were coated with an Addison Clear Wave ® overcoat. All etchants were

applied to the conductive films for 5 minutes at 150°C. The results of etching are
shown in Figures 45A-45C.
An HNO3/HCI etchant was prepared, which contained 70wt% of
10 solvent (5wt% PVA in water) and 30% acids (14.8%HCI/14%HNO3). As shown in
Figure 45A, in the partially etched region (940), the nanowires appeared
substantially intact. However, small cuts on the nanowires have rendered the
partially etched region non-conductive.
As a comparison to demonstrate the role of chloride anions at
15 cutting the nanowires, a norn-acid type of etchant is also prepared. The etchant
contained 28wt% NMP, 10%NH;l, 1%I, and 61% solvent (5wt% PVA in water).
The etchant was also effective in partially etching (950) the conductive films
(Figure 45B).
Further as a comparison, a strongly acidic etchant was prepared.
20 Concentrated H3PO, (85%) was effective at completely etching the conductive
film As shown in Figure 45C, the etched region (960) is substantially free of

nanowires, which had been dissolved and removed.
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An etchant comprising a lower concentration of HNO3 was also
prepared. The etchant contained HCI:HNOj:water at 10:1:10 weight ratio. Three
etching processes were carried out: (1) room temperature for 35 minutes, (2) 30°C
for 5 minutes and (3) 32°C at 10 minutes. Partial etchings were observed in all.
The sheet resistances were stable and did not change after a week.

In summary, an effective etchant for partially etching a conductive
film may include at least an oxidizer such as FeCls, CuCl,, HNO3, I, H202, Oo,
etc, and a halide such as chloride and iodide. Other additives such as surfactants
for wetting or complexing ions to form soluble metal complexes may also be
present if such functions have not already been provided by the oxidizer or the
halide ions.

All of the above U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-
patent publications referred to in this specification and/or listed in the Application
Data Sheet, are incorporated herein by reference, in their entirety.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as by

the appended claims.
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CLAIMS

1. An optically uniform transparent conductor comprising:

a substrate;

a conductive film on the substrate, the conductive film including a
plurality of interconnecting nanostructures, wherein a pattern on the conductive
film defines (1) an unetched region having a first resistivity, a first transmission
and a first haze and (2) an etched region having a second resistivity, a second
transmission and a second haze; and

wherein the etched region is less conductive than the unetched
region, a ratio of the first resistivity over the second resistivity is at least 1000; the
first transmission differs from the second transmission by less than 5%; and the

first haze differs from the second haze by less than 0.5%.

2. The optically uniform transparent conductor of claim 1
wherein a ratio of the first resistivity over the second resistivity is at least 10°; the
first transmission differs from the second transmission by less than 0.1%; and the

first haze differs from the second haze by less than 0.01%.

3. The optically uniform transparent conductor of claim 1

wherein the nanostructures are silver nanowires.
4, The optically uniform transparent conductor of claim 1
wherein the etched region comprises nanostructures that are broken to shorter

segments as compared to the nanostructures of the unetched region.

5. The optically uniform transparent conductor of claim 1 having

a transmission of over 90% and a haze of less than 2% in the unetched region.
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6. A transparent conductor including:

a substrate; and

a conductive layer including a first region comprising nanowires
embedded in a matrix; and a second region comprising treated nanowires
embedded in the matrix, wherein the second region has a higher resistivity than
the first region and further wherein the first region and the second region have
substantially the same optical properties, wherein the second region is more

resistive than the first region by at least about 1500Q/0.

7. The transparent conductor of claim 6 wherein the nanowires

of the first region are metal nanowires.

8. The transparent conductor of claim 7 wherein the treated

nanowires of the second region include oxidized metal nanowires.

9. The transparent conductor of claim 7 wherein the treated

nanowires of the second region include sulfided metal nanowires.

10.  The transparent conductor of claim 6 wherein the treated

nanowires of the second region are shorter than the nanowires of the first region.

11.  The transparent conductor of claim 6 wherein the second
region and the first region have substantially the same optical transmission and

haze.

12. A patterned transparent conductor comprising:

a conductive layer on a substrate, the conductive layer comprising a
matrix and a network of electrically conductive nanowires embedded therein; and

a treated region of the conductive layer to convert the electrically
conductive nanowires within the treated region to less-conductive nanowires,

wherein the treated region has a first resistivity and an untreated region having a
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second resistivity, and wherein the treated region and the untreated region have
substantially the same optical properties, wherein the first resistivity in the treated
region is higher than the second resistivity of the untreated region by at least

about 1500Q/01.

13.  The patterned transparent conductor of claim 12 wherein the

conductive layer is optically clear.

14.  The patterned transparent conductor of claim 12 wherein the

optical properties include optical transmission and haze.

15.  The patterned transparent conductor of claim 12 wherein
treating the conductive layer comprises chemically transforming the electrically

conductive nanowires to electrically insulating nanowires.

16.  The patterned transparent conductor of claim 15 wherein
treating the conductive layer comprises oxidizing or sulfiding the electrically

conductive nanowires.

17.  The patterned transparent conductor of claim 12 wherein
treating the conductive layer comprises physically shortening the electrically

conductive nanowires.
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