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 @aTAShO1/01PAT12, 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 herei n NANSVIRBASED ITRANSPARENT CBNDBEIGREUND Techni cal
Field 10This invention is related to transparent conductors, nethods of

manuf act uri ng and patter nANP MeTHAQRS OkrfdA APbRNINEG SAME her eof .

Description of the Related Art Transparent conductors refer to
thin conductive filns coated on high-transmttance surfaces or substrates.
Tr anspar entc R RARERER l@,&réﬁmvtgpﬁ\ppgﬂygp@r@ge surface conductivity
whi | e mai nt ai ni ng reasona F optical transparency. Such surface conducting
transparent conduct 0rTShnaappNma]leh;clammihesbemle&hefpﬂr&matehmpplmﬂeen| n flat
liquid crystal dis ouch panel s, el ectralum nescent device and thin
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optically tHe@éﬁnFl?n@fé‘rén@@% fHeacéntireés.conductivity to dielectric surfaces
such as glass and polyneric films. However, netal oxide filnms are fragile

and prone to damage during bendi ng or other physical stresses. They al so
require el ition tenperatures 25 and/or high annealing
temeratur%g&ﬁggﬁe hi gh conductivity |evels. There al so may be issues
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/ 106433rChhidaPPikld 025941 pol ycar bonates. Applications of netal oxide

films on flexible substrates are therefore severel limted. I n, addition,
vacuum Heposition is zi“%6%’?[‘90'?)f%ﬁ?@@géﬂgapéaﬁﬁelnégg%‘?}g{)@b Matleds,of pment .
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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 wavelPremgtshei/oespar 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

transpar entohRRHANEHNES. APPiidHiohSTf mdtheoRHE Gilhs 6alflexRikd BalBdtraaesl arechani cal
properties, in particular, transparent conductors that are adaptable to any
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transparent eleciro ariety o I ncl udi ng, w thout

|i mi t at i%n fodéx@rvedeatieraing(rogessdsmuch acplestolithogiaphyd crystal di spl ays,
pl asma di splay panels and the Iike), electrolum nescent dev‘ ces, and 20
phot ovol tai ¢ cells. Conductive polymis fiave @lsrbeenBsed apopticallydmnsParedt

niformtran rent ctar i Si Ra. ; | i
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nanost r uct Widifer opliea A ApticH %p%frﬁbméﬂﬁ Bevisibowaiéleagths) comphiretet the) an
unetched region having a first 25 resistivity, a first transm ssion and a

first haze naetdl ogye filmetartesuffardram lackofrahemicalanddopgdesnistabilty. a second
transm ssion and a second,haze;, and wherein the etch [eqi {s.J
conducth/e than the m%@yr@&%mm@n?zﬁ rp%ec&n tﬁﬁ@f&r@?glﬂ%&%&%pﬁﬁ'@ over
the second coRglisiory having BeSirabiB¥bctiERopies ahbiriberdiiciAPregdes dnf f er s
fromthe second transm3ssion by less than 5% In a nore particular

enbodi nent paBiicular, tran§parent bazdudorsftbatareradaptélze e @aopdubatratesyan@dsant han

0.5% WO 2011/ 106438PCT/ US2011/ 025941 A furbh r..enbadi nent provides a
process, whednapdliastured andimastterned I 3 viGest @%Ftihlr‘PH Pir%qer%& aplurality
of interconnecting nanostructures; and etching the conductive film
according to a pattern to provide (1) an unetched region having a first
resistivitBRIEFSUMMARYNsM 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 hd ranspesent eayidvetars based opsectEealyecansdustive 8apawiresed

region, a ratio of the first.resistivit r..t| (0] iStiyvity is at
| east 1000 apﬁg%pglﬁysaeﬂ @ﬁi‘% 4§ %%Sca'bﬁﬁeﬁi ftF%%%la Z%rﬁs%%gkgt%t@tghés/m ssion by
| ess than ?%teh{htﬁ’e BRE Br@a0kANE artr fhrtRdctrodelshe af widetvaiieteofiddiess
fromthe second haze by less than 10 0.5% Anot her enbodi ment
descri bes ingludingswithotiliotitationpdisplay: dévigesi (egg. atatishdereense liuidrargtapr i si ng
a plurality, of interconnecting nanostructures: etchi.ng th onductiye film
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i nter rr% atpﬁofo?/%iltﬁkidgllgy’ and (2) an etched region having a second
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 Kiiud erbolifnt phoiles Aol Gl Bmpfisdiedoraghon 20

and the unetched region are opti I'n various enbodi nents, the
et chant i nglkodesctive filmi cbragnisiagd Eufadity cnfentelrcommoemg mooéiructerdsoandent s,
the oxidizer is FeC 3, CuCl2, HNG3, 12, H202, or azg t he hak ge IS
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the et Cbanétcﬁémﬁégléﬁ%alv'h@?a aecbrlrdﬂesuéﬁlaltﬁa EBSSIR PAh&MsSonTai SEWERAL VI EWS
OF THE DRAW In the drawi ngs, identical reference nunbers

i dentify smaae @mdewf@fém theatched segiamis less sonduetiveathan ithe upsished sagiopr

el ements in the necessari.l e F

exanple. 1 heatrolbe i sBhunOufidhe FRE05A fesiotyity € 4TidaRt 1660 Fine filst
2011/10643@/thidsR iferd TR tﬁé‘%@&wcﬁfréné\ﬂtssi&ﬁbﬁ%lés@ ti&R6%. Manpge of
these elenents are arbitrarily enlarged and positioned to i nprove draw ng

| egi bi | i t yparfioutahembodimeptar thecfiishhazhdiffess bnt the sdcondiitagedy ldsatranar e not
I nt ended to onvey any information regarding the actual shape of the
partlcupar 8% enents, and have been selected 5 solely for ease of
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Figure 3 illustrates the absorption spectrum of a silver nanowire 10 layer

on a pol yethrygosduactive tlpheecarding toramtterademrayide (1) an unetched regigire 4 is a
oraph, 11 S AR8 B AT BA BRI hnd ) R, BhpH i Q8B © @
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nanowi 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 FeClz, CuClz, HNO3, |2,
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 FeCls; 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 humbers 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 Or . Figure 8 il | 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 ates bafgkseiie NBEdRAUPID SEaI6f ars SORBAIf theepéleARsts are arbitrarily  Fi gure
10A illustrates schematically an enbodi mrent of a netal nanow res-based

t r anspar ent eslangd and pogiiched te imp®veldrawinglegbiléy hEnghes dne padicotaher

enbodi ment of a netal nanow res-based transpar.e condu - 10C
shows schensf@Res ?{fﬁﬁ %P?\ﬁ%ra%ﬂ%m ﬂ{?n?oatdf' e&"ﬁ@t‘%f”ﬂ&%\@éﬁ @f&g@%[?%

t ranspar ent t | ' | ' ' 8 on a
surface of T e ol B P e e e e o

si | ver nanogblesfopease ofirewgaitionah the sloaiage. of the transparent conductor.
WO 2011/ 106438PCT/ US2011/ 025941 Figure 10E i|lustrates schematically

anot her enbodi nent of FUrR{d$ arkghematicdlustrationidf ARINAWIR- conduct or. Figure

LOF 11 ustrates schenpl fabhd atrlibh iluskYRG 1 ERSLUES BRYLMoeitbaspar ent

conductive | ayer coate a ace-condu e overco gure

i |1 ustr at essiphermbelipboids at Laridhewaosteadinsesttight. a metal nanowi res- based
transparent conductor having a multi-layer structure. Figure 12

shows a transparent cbigire Balusitates ther absauptieryspestays of gisilveoRarWiigering a
vapor phgse, | AL R Sivétiiiche 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 i%étfa@%@@ﬁ@ﬁéti@l?diﬁdﬂ@r.embodiment of a rhefglir e
15B shows an SEMinmage of a conductive layer follow ng a post-treatnent of
pressure apanowises-basedirgusearentpondCtehow an exanpl e of a | ami nati on

. 20Fi - ] ' \
 guro 18 shove an ekaHEF dObrTataTE: pate oAmrny 2 LR e MR RVIREECT.
19A-19B shoup, & &xEEMNducRle Ty Robfiinih RhQirRcRaldrRILBIVE ovrchad sui tabl e

for a web coating process. Figure 20 shows a partial systemand a process
of fabrbcating a 25 pigurennatlstrades pchresnaticatiydufertber embgdireentxl & melar e

SEM i mages showi ng the conformality of nanow r e-.hased .transparent
conduct or PaNEWIres-gased §§n§gar§nbp%%qﬂcéorr %%@d?'élf'ﬁﬁ\‘?rsﬂgw?wspt enper at ur e

e ol I e BRI S peheheahi dfyeaRe 221s
one enbodi payrvoir 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/usopi@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 Crpgife 28Ghodscd d}ﬁ%@g@vi@e @@hprismbltiaef3ﬁatmﬁ@|aﬁ©dba an
| PS node LCD according to anot her enbodinent. Figure 27 shows a

cr oss- sect based oninestabharovRB#s. accor ding to one 10 enbodi nment.

Fi gure 28 shows a touch sgreen device conprising t t xansparent nduct ors
based on netal nanomFWéé‘? 25 s?\owsacrossl_ﬁ P@alﬁ%'vso\rﬁ%/!rséﬁmg%ﬁgsﬁ ﬁ%’
transparen féoﬂﬁﬁ%k%r%n t&‘r%%b%d ghicoats in a touch screen device.

15Fi gure 2 A howd “aK6 junctron solar cell structure according to one
enbodi mgnt . Figuré&28Arsho@ba shussssextibrakviewwia calor filter substeate in

structure according to another enbodi nent. Fi gure 29C
shows a muatliN mase: iR aseprling t9 pneemhadinenticcor ding to 20 anot her

enbodi nent . Fi gur S | s : i.C q ' ane
enbodi ment. Figure 3%%&%@?5@% %gf&;%%gégé '5?'%\9?‘1\%"‘ 0 I&ﬁ@grggggt{%t%rhﬂ
freshly cogkersessde OURSacdor@MpaoMAtiiasebadigentght transni ssion of six
sanpl es of 25 conductive filnms before and after an accel erated H2S

corrosion test. Fi guFigus2B7shows a hwssesicioaalodewiof giRDBagspelingto one
c_onduct1i ve filns before and after an accel erated H2S corrosion test.
Fi gur e 182Ce@0fMeMe haze val ues of six sanples of conductive filns before

and after an accel er pjgfs bR InEWs £EURR dcfédn device comprising two transparent
conductors based on metal nanowires.
Figure 28A shows two opposing transparent conductors coated with
overcoats in a touch screen device.
15 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 H2S corrosion test.
Figure 32B shows the resistance of six samples of conductive films
before and after an accelerated HyS 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.



30Fi gure 33 shows an exanple of directly patterning a nanow re-based
transparent conductive film WD 2011/ 106438PCT/ US2011/ 025941

Fi gures WO-28YIA06438W phot ogr aphs of the patterned condueCirus2éitioa®4bef ore
and after an adhesive tape treatnent at various levels of nmagnification.
Fi gures 35A- 35D show phot ographs of another exenplary 5 conductive film

before and after a spigyfsy 34ASAFEHYw photographs of thEipaitteafed3édhdittivehow a
progression of etching and a final pattern formed on a transparent

conduct or Slvedvefore and after an adhgsivedapy eatreeritaiwarings é8ve#s @lg rat e by using
a aci d-etchi ng. sol.ution according to one enbodi nent. 10Fi gures 38A and 38B
i |1 ustrat eMRIPAICBEP™i ng and etching process according to one enbodi nent.

Figures 39A and 398 piol il SSAREPM AN BhERIGIEDIN 8 aicther eldrplahp wi th

nanow r e- based transparent conductor m-accordi ng to one enbodi nment.

::i gures54gébrfkﬁﬁgi]§élﬁummmr&mdii aftarta sblveat treatmiemyg a transparent 15 conduct or
ayer without affecting its optical property.. Figure 4 hows anot her
embodi nent of pat t er RIGHEESHIOAERK $RPW Bj F@’GQ@SSSWAPf@Z@'Ea&Nde? gireﬁsltq@égem

enbodi nent . of et chj uctor without altering its optical
properti esf_o?meﬁ oha ﬂgngpé(eﬂpé%@ri{ér Shows anot her transparent conductor

having a partially 2QgatsSTA TS sHovatite efehingeratd byl usingi @acidretohing 44A and
44B schematical |y show an ani sotropic etching of a netal nanowire. Figure
45A- 45C shenlutioreaecarding toaanecembpdimentee di fferent types of etchants.

25F guqS 46A-468 Shc)l\-L\llgtuPees gé,& g%g 3%% ﬁlSétrr]atte)ya Sgttedwf%gd g‘n% eﬁ:%ﬂba&locess
according to one embodiment.
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/Me438ous enbodi nents, the conductive | ayelPCirruskad®gsoal spar se
network of nmetal nanowires. 30 In addition, the conductive layer is
transparent, flexible and can include at |east WO

2011/ 106438REE(1 4568 It 02 88dutiNe. SUcdrrBe cbhrld cbrslaﬁmmiel@bh\@vaﬁe_tt%@&n be
coated or lamnated on a variety of substrates, including flexible and

ri gi d subssukstestes, Thaudingdlexibile antdigid substrates.o Theraenguetiveolyer eahglssi t e
structure [ncluding a matrix terial or. overcpat apd the nanow res, The
mat 1 x et TSR aha CoPIRORIE s inqdind ATnaR B ATl AL NP G e
optical pr i - Lt inSeHpSH i be
ot hods of NTSGPTES, e nifok REReRal Crod bleal o D RN TSl
Nanost r ct angdptical properties to e commposite siractutec obthertensodimeats desaribees” or
"nanostructures” generally refer to electrically conductive nano-sized
st r uct ur esmethodss@idabeicatingeangd pawening the canduptiye layer. width or dianmeter) 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 48oRAuctile Nanddirutiared 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 hgreion"coadostiveiaanestructures’ ok hangsieeturesat i o,

whi ch f to,th ti f the | th d t.h i dt.h f th
e ot Chns et e RoBhalhPanfidh e PR B e aFRhE! ) of (L)
shapedqfi . §imerRiE6E whithi(Pe Twldth ohRAmeter] SAbEOHah SU0 SPGBy EIEANY,

i sotroplic nanostructures I nclude nanoparticles. In preferred enbodi nents,
t he nanost less thare$0@nen anb@ at.ofn varidug erobediaends, (the avidthsgretiameteriad tige 1) .

The ani sotropi ¢ nanostructure typically has a ngi.t udi nal .axis along its
| engt h. ExRIRAFULIHES 868 b edaHSﬁ@gﬁloJ@ g, ?hg? %é‘“’r‘raﬁg%m?‘?@md ofi d
nanost r uct 4g &S, %‘éﬂor&) ASPE6to FatdR of at least 10, and nore typically, at

| east 50), handrod (solid nanostructures having aspect ratio of |ess than

10) and nanot ubes ( hDhé aahostnastiresadan los pf a@dpleags bngeemetpi Krte way for
nanostructures (e.g., nanowires) are nore than 500 nm or nore than_1 pm
or mor 85t haefining hengeemely gf B.given DARPYHCIWRYS B HEnasPestiatip e MiiHsrederst he

o 55 1o B S ot the' BEoT R witgh foriladPlerg bt i gl fostdafgin 10 10 5O
2011/ 1064 3&dahiA dadftkilmBRROHe nanostructures af8 &sdtropisdlly hpea i 6 aaspsctof  any

conductive material. Mre typically, the nanostructures are fornmed of a
met al | i ¢ nmatiers 4)., Typiclusibtrapie e substantially isotropic nanostructures include

nanoparticles. In preferred embodiments, the nanostructures are anisotropically

D=

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 pm, 25 to 75 um, 30 to 60 um, 40 to 80 pm, or 50 to 100

um.



netal (e.g., transition netals) or a netal conpound (e.g., netal oxide).
The netallic material can also be a binetallic material or a netal all oy,
whi ch 5 cwopnigwss38wo or nore types of netal. Suitabl e meraisgonioeioade, but
are not limted to, silver, gold, copper, nickel, gold-plated silver,

pl ati num and pal |l adium 1t should be noted that although the present

di scl osure describes pré BBAbStYUABRAVEArESe bRaly cofdliotRe rmateewl.rMdje any
nanostructures within the above definition can be equally enpl oyed.

10Fi gure 1 fyplaadly rthcemnastractoves are2fonaedrnd aanetalsomaterid i ioclodingi elementas

| th Li divided by the. di t di . i t abl i t Vpi | h
agggct r:at i 'Iiﬁéltﬁ‘ ﬁ?ﬁwér‘?'hﬁ‘%e 'I %\g?aﬂg@roé ‘%"J a' pcﬁa{ &Sya.rg%z@lt&&é@?jﬁecaﬁvge
favored T or, abhi HaMdtidl bhIUISPBE SBinfel AL FdREria B metd] Gfop Wicfay enabl e

nore efficient conductive networks while perni'tting | ower

overal | gengormprisds s esmbre typesafimetal.t Saitspamestals intiidet betrareoradi simiteden
conductive nanowires with high aspect ratios are used, the densi hg of the

nanowi r es tleasilvarhgeldesorperonighet oell-platambsikvesapfairumAnNdpRgghine Hhsheyd

ducti t i b tial {F i . : hod
Co et i ne. t HE PR oRR A EHARI R et 2B ARG ¥ scrogs primariynapoiiies (B4
coef fi ci entgjlyERAahbivites N ahl erRnNeEtruttaids WARIRIthE dblove Wefindiohayerbecaqually

defined as: | = 1o -ax in which lo is the incomng light on a first side of
the | ayer, émpoyede illum nation level that is present on a second side of
the | ay

r, and ethe transparen factor. 25 ] n the transparenc tpr, a
is the igsorpti on coe ‘QPE‘?P Zrﬁlﬁ’sg‘)é@%(ainé‘nf’wgetjnl?%‘ﬂﬂ%ég %Pegﬁ@%ga%’é‘{aﬁ% Cayer
having a tr & d/PWuj mGWirds §pitalg havasisgesed to
be substantggéﬁﬁkggiﬁgggﬁtﬁ%mgﬁétém Lgu'ﬂaglié;ﬁées 5-56% I uZtrate gorre of
t he opti cal ratiod iretrectanigeadf 1¢hter €04, 00.st ager apéetiaatios das bieviavoreddar r es.
30Fi gure 2 shows a theoretical nodel of the I}tht absorption of, silver

nanoel | i psoPRSINIY A4ransRIraRd FENEREORLYST SINCERRCY MAYeRAY ”?ﬂ{?\ﬁﬁ&ﬁ'?fét_ and
pendths. VO bhld RRASIETS Hea8med amtdberinitid H‘\gﬂf&)ie'rélpﬁghﬂg/ St a

hi gh extinc I'Ci ent a narrow band o nt vel engt hs

bet ween1400fornachigd anspEBter $n athérwbrdewehem gbhsudtivel rigglowiiswith Figé nm
However, they are substantially transparent between about 440 to about

700nm whi caspest ratiasraretused; thebtlensityfdhe srpgyires thafrashieviesa sPRBIGHVEe on

*br opht hal aREMeRL R Seddv SibLoR BB e R EReBR TP BRI &% e
silver nano%ﬁgpd(s €r on PET substrate is substantially transparent between

about 440nmto /700nm agreeing with the results of the theoretical nodel
shown in Figure 2. 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 oiheepanbBripsdias exhibftsa higd alitiaotidre codfficient tceasasrowt easkofklighdct s

are drastically reduced. The overall resistivity is therefore rg%ucei,d
greatly forindhgmavelengihs betweemd@e apd AMOmanemetsroaeq ta wavalengthsef light o

Ei 5Y  This i . Y :
nowever . agAPne: /ORBRcRPlkyef e Rl Afifai P B HonEa BuB A0 o,
t ranspar ent 55T -wHER FAI4N B the SMVE rangé.ngl e Ag nanowire 4 that extends

between two other electrical termnals 6a and 6b, to provide an
el ectrichlly conducti Figupm8tshiomsrtheabsorrtionspectruneeha tayer @bsilvBie ter m

“termnal" includes contact pads onduct i on, nhodes any_.other, starting
and endi ng PRGWIEES Agposited %'Eaeﬂog@irﬂ\ﬂﬁg? F%’eeg{gﬂﬁg%?éggﬁi*ﬁﬂgg =§8mAsr%H%’f

i ze, shape b | ' ' of the
?\gf\owi ?espa?gﬂ%e%lg%rggéﬁ Brﬁb%uﬁggﬂ?%tﬁ%eﬁﬁlﬁgt?ﬁ?gﬁ gﬁ%@?gist rical
properti es. sithstantiaiiydransbarent betweers abbat 440 tp760nohe agregingwithdhei ty of

Ag nanowires is selected twrovi de acceptabl e el ectrical conduction
properties fesulte @fifhe hgoretical Modesahewn ik FigURai- 6b. For exanpl e, hundr eds

o O B TS B e e

resi stance el ectri cal t he"concentra

ratio, sizergaidlivipapmetamaipwirisasdised drotheiraiiaheterss Fostadatgerldiameter of
transparent conductor. Therefore, transparent, electrical

WO :
2011/ 106438m@TowWis2dhe resistivity deoneasas sibstantisllyaltheugh itorl eesaibnEIore lighte

termnal 6b,using a plurglit f,, A nanow res. . As n C he
di stance f r%ﬁﬁa_@&ﬁ ?%n '8 'Q%Plet‘grtﬂ?%ﬁég‘oowga"%&%ﬁeg %i‘ttﬁ? %glﬁebgoltu?@g r)}

opti cal - propQy §if8cEEtRYIngOREH RIS Gt WidnhetarsSdMBSS tHanFMaW. I As the Blakieter Ty

of many nanow res may needto be linked to each other at various points to
provi de18 cinorhasesythesatdffettsomnet dnastically réduced.t Thejonetallgesistivitpisdnetgfers t he

i nvention, the nanow refs re sel ected based,_on e desi reg| %pt i ?al I

properti es. Fefyegd W@@'Ynﬁ’ﬁa@m%t?rﬁ?ﬁmr%%e? fram 1 B tesver HOUJIR;(pegy also
ducti d+qQ;: ' ; : hi

10 accept bl Buly 35 TREGRrowr B ENane fra e Lt oe R hoaBe P

term nal 6agdgdinstetheidertedded transparency for Applicdtionts regaiting @nitarspiavertty of the
t ranspar ent a%g is mainly controlled by a) the conductivity of a single
nanow re, bgondusteiunber of nanowi res between the terminals, and c) the

conoent &t on (al so rEB0T BARESEE e ABntRiE Bk PRRRRYetTeen two

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

t

terminal 6a to terminal 6b. The term “terminal” includes contact pads, conduction
nodes and any other starting and ending points that may be electrically
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



el ectrical percolation |evel), the conductivity between the termnals is
zero, i.e. there is no continuous current path provi ded because the
nanow r eswanrelispessed t oo far apart. Above this concentr&Cirarsomtiioesosl i s at
| east one current path available. As nore current paths are provided, the
overall resistance of the layer 20 w || decrease. Conducti ve
nanow res ccswdm.@nnebaddeﬁWt@ﬁnmw6gttb@émﬂﬁamb:usmg applutdliey eBABavi ng

hi gh aspect ratios (e.g., higher than 10). Exanples of nonmetallic

nanow res haedwiges. but are not linmted to, carbon nanotubes (CNTs), netal

“retal nanowi 1ot rof o 6oh e AmprEaRad, (F BN AOR h i BpL AR AR 2L 2
al | oys or kar%e W%P%& é?féo*k%tf&l Pﬁig@mé@%éﬁé&%t .obfhink8&th #8Rgle

Cross-sectio di nensi on the neta nowire is |l ess than 500 nm and
| ess t hén A&towing. mmunwt)eofpnaﬁwnabbwlréem){mmﬁ tooloe linkex toneackdothisoat, t he

nmetal nanowi re has an aspect ratio (len th di anet er reat r than 10, 30
pr ef er abl yVajiQHst ReINtsHAPrevde s epneiica V‘}’OP Fhefr% %? p‘@i@@,to (ﬁf" Sui t abl e
metal V0 AQddaHIAIRE vardion 1 He égaé(]% WidiESel HAsES omﬁsfae Pe@ny netal,

i ncl uding ‘'w LR on, ver , copper, nickel gol d- pl at ed

silver. optical properfiée mémthéamm\méreﬁ rﬁabmdnesph@uqabedebyhdxdemdret hods in
the art. In particular, silver nanow res can be synthesized through

sol uti on- pcmwogonmjwndwvgrallareglsﬁame emythat pathyare selegted tajachigve) in the

Uar ge.- 40l et et reofriés Fmnp bEfics) Baio RIS iehEha 80 o
accordi ng {Pethmarebhods described in, e.g., Xia, Y. etal., Chem Mater.

(2002), 14, 4736- 4745 and Xia, Y. etal., Nanoletters (2003) 3(7), 955-960.
10Al t er nat | veI y, t heTheBlﬁctnMomnde@wdamflﬂm fraepraredt layewg r‘ﬂakﬂl}bgl cal

t | at ffolds) that b

b1 01 0gi cal o4 fcﬁfppmgaéﬁewoa ducfiiyddre SRaleTRnper o e nbFBEr obBen EHERS, ot
to create gahal Qﬁa‘?évn‘hﬁétg bAd ¢ fﬁ@béhrf&??@ BBficen theehdHowire! selow 8Pl at es
can be engl neered to ex it se ectlve Inity for a particular type of

mat eri ab, esertdinaanawird mbahtrﬂor&(atm Eéfeuaddi@asltbe eedﬂxlatldneﬁjreﬂfmdﬂ igtion of
b| of abri cati on of nanow res can f ound

"Vi r us- Bas@lgctrigal mrtcompntl%\eelbth%p@@y@wv P@M%erb#hq\ﬁ&aﬁ&a'%'saﬁ?&o i.e.

Viral Ascihe B S8R et bat eEV e thkhuse e hafpuleRriesPeg "l op,

no. 12, 69¢®- f§95§art'\/h‘bov§tﬁs cohakntratior, tiséreAs 2€fgalsy oné cAfreft patht ed Quant um
Dot Nanow res," (2003) PNAS, 100(12), 6946- 6951, U.S. Application Seri al

No. 10/ 976avatiablendAsm®re RuUFens pa |arAmasowdad; tbe weralhresigancortibe, laver,
whi ch 58f ‘?Icfe%sregsree incorporated herein in their entireties.

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
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More specifically, a conductive material or a conductor (e.g., a netal
nanowi re) can directly bind to a biological tenplate based on an affinity
bet ween 280otha/weducti ve material and certain bindi ng ®CTas2q1@/0g5941 pept i de
sequences) on the biological tenplate. I n ot her enbodi nents, a
conductive material can be created by a nucl eation process, during which a

precur sor int%HBRﬁ%gr Rthd B’aé‘ébﬂ@lﬁ"éﬁy‘ﬁ?ebtaﬂﬁrﬁélﬁdiiﬁg vithdlut inRetié® dilber, ljord, 0gi cal

t enpl at es, e conductive particles being capable of 30 further grow ng
into a contcoppenyickaehdanct gold-glatedrsilva@ihi s process is also referred to as
"mneralization" or "plating". For exanple, a %eg;al recurstgrd%e.&lﬁ, 2

metal WO 2011/ 10643 H20PYIES £2Nn D9 prePated R KRN Metagds i Hig art

el enment al ot r i =L kg

ol ement ol HEparir8Reh EABATEs Fanb A Eed §Bon SORMbRTAASE"D

cont i nu@us re@lictioni ¢f d siKer salt oot iveenibatt) e ths presehee of agiadyolde.d ayer is
initially nucleated 5 onto the biological material. Thereafter, a netal

precursor cHiylere glysodanddalylvinyheyraplidang) platgaisete preduddien afsileen al

| ayer. The seed.material can be selecte far I . i al
Lhat | causeSenRWITRCY HalP Steec et onprensed ko Bl fig REhEds tesErsed
cont ai ni ng 2. KBS PENGH TSheA! Mlatdlt EEODIOTA, dTB6LATAG GhatXia, ¥ 6EaK] mater i al
| ayer containhing palladiumcan cause the mneralization of Cu or Au. As 10

one speci f iNarmiettgrs €2003)r3(€),&05-980.a Cu conduct or, accept abl e seed
material s may cont ai al l adium a | I adi um based nol ecul. e,. Au.or an, Au
based mdl ecul e. For gﬂf%mata@"yeéhﬁmﬁ%mawww&%& %qup%;e%gsl@ggao@glcgl
nucl eati on i b @l b AN C i , Pd, Co,
. R g RBRARS Lor tRiBERaPSsolde) tratisth BBTRE L PCPRREMPIEN ox dos
that can bgigibgicabmatetialdsuchnas ivusesland phages cam fur@lion s, terplatss to Pd, Co,

Pt, Ru, W C, M, Ag, Co alloys (e.g., CoPt), N alloys, Fe alloys (e.qg.,
FePt) or Ticoeatemetghnangwices. Hoge %@ﬂ%ﬁ@ﬂﬁﬁ@b@&ﬁcqlmeﬁtﬁgﬂége

Fant al um oxrameciPld Blibg st Al Sor & bpHfen IREES ftteifal, lch gaCl,
nunber of ghdthpseamtardade CMoradetdiledl desehptibe of Bidfhlirizalion pf adhdwirese

tenplates for creating the netal nanow res, includi ng. g)rot ei ns, peptides,
phages, bacaertiesfoundimsag., Man G.Beef pke'VimsdBasashheelkitforrthe Diwcted i ng,

et al | or - conpUEe! Wadescpnd SEnicendiEy enaws Apood Mfifended ot e
107 155, 863 2450 #0MaE O BO ot BR!YidPREERbIEOAE Rl DUAMUAADE RAnGRIdS ! OS

Technol ogi es Corporati o are 1 ncorporated herein by reference. As
not ed abové2008)aPugScabl. 1e0phat s 6946695 ; Mant, €3.B, ehaheMiratiBssemblytdfer

bi ol ogi cal material can be engi neered to ffini i f.o sel ected
seed nedler iQfiented Quastwpdet NanRwias: v@oﬁﬁya\f"hﬁ.f@?@%ﬁ%@%%e[v’t?ﬂes with
affinity t . | & ' [ A Aeleh IR
di scovery %P%ggﬁﬁsééﬁalﬁé 'g{sd/gz%’gzg I ?pﬁjgfﬁrg\@g@ﬁ a&?ég@'})ﬁcﬁrfé surface
di spl ay or 08y 591 Reticke ¥efepdriedsiark iscarpsaated heheligin thetmdratireties. brari es of
phages (e.g., M3 phages) can be created by _
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
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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 edramasseaig/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 REPELABeRIERES S BA ehbatdl metRlEh teé pRisgrend A redlieihg d(?e'nt.
exanpl e, about 3000 copies of P8 proteins can be arranged in an ordered
array al ond hehresuiingtelermenial mesablgjadp to thechiologiceh éerpplagesoard grpvenintda
nodified to igcl ude a Slﬁeﬁai(yfi c peptide sequence that can nucl eate the
formation GPNYPUBHSEERIGIAYEEL i ve material, thereby providing 10 conductive

nanow res of high COﬁﬁ%ﬂﬂérvérﬁlyodi%‘ﬁ?&té"%ﬂlﬂay?r;él'Tﬂy%rt@ﬁﬁlﬂfﬂllg%ciﬂa't@d"s for

the ability to control the geonetry and crystalline structufe of the

nanowi r &6 tomto tghbiolugics enatéribl. of egeafiér, aemplahpescuns@oedndse cengeriechinta ei ns
havi ng specifically designed or controlled peptide seque- ces., To that, end,
pept i des omefiabaed piated of the saednateriabaysr 1 the seed g1a e@;gp@nd?e BelpFted um
have been i i.§.ed ' : ' Lot r eto
Creat e nanddl PGS ket 8n e lst Ty SRSPR LR ipiedtich And BRMARMITHEH

Bi ol ogi cal gntbeaisalifiodtdotaihinhgna BbRESSorviNY hretaigadcasot. eMplilistatd, &r sédte
formati on of conductive nanowi res. For exanple, filanentous proteins which

sel f - assentihateriat layeneentaininghpallasiumass esfusgitoe snneratizakienehCe et Ak ASed as
an 20 aJternative.tenpl ate (see, .Figupe 7). vant a I At | at e
pr ot ei n4 ar?“ﬁespﬁfﬁﬁq%%%& {(’B.CF%R}E‘Q Ccﬁ}ngp éraé\%e%i%“%%ﬁf’ﬁfﬁﬁﬁ'sdﬁggez
whi ch | ead%ohggnh PRACIAA, aQPaabiin bAsES A iEcenAe o BAtA®@BESE] nidiscut@ndget i ve
nanowi res. Additionally, proteins are easier to synthesize in |arge volune
t han phage apaoxide kesdudtar, gezisc akidermay baatsedeasod npcleation syatsialh Rxaneples nes
used as 25 detergent additives, s . well dev ed. ] . Figure 8
shows a sclobihf peed araleia inglu eb‘l‘o@‘é’i Ad, g%ﬁ?é%"%‘%&ﬂ alpys CHLNH%IPygf

bi ndi ng si a j L 1 iadk Ng sites
are sel ecttcla\ﬁd&ta%" Hgé&glp%a{ﬁglggnﬁﬂptggﬂgg@%tbﬁga%r%%Fﬁ%glgwacr@%l@g&%uch as Au,
Ag, Cu f3d |iMitati@ht €upauj &gl Ni, Rdh€diMdRogV\5iGre M3 Adh@eealloysdefg. nCoRt)f N a
seed nmaterial |ayer 30 (e. and Au) that can further nuc|eate the

clondugt i ve allays.i deléqysﬁecga95’@"?1%5&@2,&@}@4, kel20THEORr 27 Q@) Yanadi¥m OXifes. can
i i 3 2 25941
bi ndi ng. <t TUGELEXRe.IRIra pRId Fidnf 1 fip aidke AR RRbler BB e 2o 0d o

frequent angideegantaiun BkiBEY Alobith Rl NahadiLBNe%iBe o? Zirbshiaasexidee
conductivity of the final conductive layer. The length of a biol 8g| cal

material, such as a pmytafiannumbenef diffagentbivlegidalanetesialg earcheiusgddagi neer ed
or.rect . dinensions for

usi ng own techniqués. Jt is engineered. top have the .

t he opt alpr‘b‘f@%g’ﬁ eé‘%’?'aiﬁ?c@rﬂ?@%é‘g;g‘? ngtalrangygress RAdipg Py e been

sel ect ed, i ol aqical [ n i g i al 8b,
Such as a AEPLTES TGRS, bARLAS, AluseRlaRE i HeCinG kil fo BoRBl,
further enforhingrindendirderingad bitdogicaldnateriabthb® wilhcowple és awssirgd imetabgi cal
tenpl ates. The protein scaffold 8 can be further engi neered g iacl ude

bi ndi ng pacenguetiveyppteasial assdeseiibeddia M-SdbepicatianNog %Q/1$%§é @fve ends.

nt er act | o O TP Sppfotlo 8 1Rt panel o e En Y e Bode “hondi ng,
Bg? &ggﬁzs b @b htioR AR ARESTpbrEted AetdiAby raffebds | 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 jhergidaWide Y804 JfiuiffdraHt S en%@sto*ﬂ@eﬁﬁd@wqu;dmtaqrdnadftﬁé has

al ready bound to the protein scaffold before the protein scaffolds forma
net wor k. | phapeulAdproteinhdeingt ighl affirtitytfopa specific $arget vlale@ile gan dedsolatadn a
network prior .to the binding of the conductive material. Thus, the use of
bi ol ogi cal af‘grﬁ§l%ﬁpé'dﬁé\f/ﬁuﬁblrggacheapénﬁ@i des or other binding partners

|l f he f ' | ' i
metvor k. than woul d bl BASELER FEHHE XSS O 1l HRILHcA e RRARR &

net wor k 50f pelwnkioiéd & privideeapluaies of @oplekasf photiculdrepeptidecteedienoesirhi eve a
desired degree of order in the conductive |ayer. Ten‘BI at e- based synt hesi s
i s parti cucertaip types etiphage pamiclesathaigexamplaahaut SO0 fopins: ¢f R pegteins

bi of ogi cal P DR R AN AFERGT 8ok aRg b dphdlfior T Hiiade PRRRI. The
2011/ 106433Biotdirdddn BRMMAdifie@te/ircRitlePs 8pesific peptidebegaehdecthapar i ed for
hi gh t hroughput, anbient tenperature de[)osi tion, superior conformality and

product i onnoéleatnthedoimatiormgtorbin Uctive materialatherepppravidied As an

il lustrative exanple, Figure 10A shows. a transparent 5 conductor 1

conpri gl ngCﬁ”‘i‘b‘%ﬂ’ﬁ&ﬁ'\?@"%ﬁér}"élrkcﬁ'b‘ifv&'(‘!ﬁ}ﬁrn V@ﬁ@?f’ﬁ?'& @P %?ﬁe'aé’&?gl&\fvtsi ve

| ayer 12 c ' : | A1k W res
form a conaps ennRilatidl the gBomBRy A APRMESRIEY 1 hahoRRes

t r anspar enthroaghlties ose dPbioldgicaitiemblate cusldodes veegl, pyeteinktaving specifichllyn t he

substrate 14. The conductive 10 layer 12' includes a pl ,Hr ality of me,ttal
nanowi res designgdeasaniralled peptidesagiences. To that end,\agrtidge of prtens yith,

SOl Or ot at Bl Phirly bH Gvifioeil biBalRlidh MABBd-AReRlifeWARR RbO!

enbedded. he "narow res may pr romthe matrix materi al

to enablse pREASSrated httea pPAGE Gtiucturaed VRsdte nhhewires with dimenshwstbdsed drhe
met al nanow res andpgr ovi des a physical formof the conductive 15 |ayer.

The mat ri xthesetefdhe phiage partiglesanowi res from adverse environnental factors,
Puch 35, £OrT 03] on g S8% RS Bieslh ARG L Slecds BB gy SRABRPIRRTHY
e EPPARTRASE Bl BSA e BINRST sl @A s | on
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 nanow res are robugCTasdorfloesoubl 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. 2BiReYREs s itPRIdHCATiNRY ORR blersrrad 1d Have aidibephudt bEYequartn be
tailored by selecting an appropriate matrix material. For exanple,

refl ect i on dndsegatad intemals aldngltheie langth teinefdaset the eopduelivityed ths 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

i dered "optical | ycl\eak "ot i cal - £ - ,
Pans st on of “vo JoEIEANh AnBRGE ridtehagserag protin, 4 ek a8
80% i n tshe gidrpbiares e8gliyandifé¥ratusingdkimown tddhinepess feisi driginkeret éo have, al |

the layers (including the substrate and the nanowire network |a rg{) in a
t r anspar enthe eptectdimensionsifoethereptisahpraperiinse @ned e 8ige; ?f’éﬁﬂeyg ear. The

Phctors, 1t APtk BhioviavR Jen s epy Bk Mo pdicHER BT Ein Be Apdifiyd ude of 5
thickness, c%ﬂ?ﬁbﬂe%ﬂﬁiér%ﬂ 8Bl slidH 8¢'alAetal tdher preicaksde of thesmetaice (i ncl uding

interface) reflection, and haze (a scattering | oss caused by surface
roughness and/ or enbé&igled Diflustratee @) furthar embodimentrafdabrigaiing cONGECHNG ri x i s

b 10 hick, 10 ab 20 1 | Ek, 50
200" nm 't @enOMFeB RS WHlssiFah DR ts ol RRpRTrTaRaTa & aBbe U doy of
about 1.3 te?\g%e%'re({? fo RIRRMe ﬂinﬁ&ggﬁ%\rﬂw such as agsociaté PetRicb T adp dit nent s,

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

Optical ly cégsactivelendsr Biadiag pactvers can beupletwithl @adixatiner dwough oy tygs ef
polyneric matrices include, but are not linted to; go{ﬁ/acr%ll i Cf such as
pol ynet hac @gseciativg interaction inelvgingy forfampie,iraicdpteradiian, seyalpat anding,

pol yacryl onit,ril es i nol I8 EFKk ; :

t er epht hal Qtyg r@r@*“ﬁ@%@@?ﬁ% Eﬁ%‘%{%{?@, y'gcf\%h%plo eygg%b%égtglégﬁ B%o yners
with a 4y ghhéagsesatel paptidesbacand/ob enboamigelire sklfessembly efsthie-cobductive

f or mal dehyde (Novol ace), polyst yrenes,eﬁgol yvi nyl t ol uene,. pol ¥iVi nyl xyl ene,

pO: yin};deﬁanpwirlpamwéélp iptarmﬁ%o@e ! hgyet\ly@rls;ﬁaﬁéhpmnilaé@ej pal SeavenFaes,
ooy pol JoFiimg et B P sk e he afan B P EpelE,

ol efins), %‘ﬁg}%t .ee:th%!:.j@[‘sn:?ir\?%ﬁin‘?é%e‘éﬁ ¥hE RS eRQRBNMEE O, ARSBs-cofidctibas arid

silicones an con-contai ning polyners (e.qg. o
pol ysi | ses@therdesiredahapps fyrstheasoes)ictivnlayei. ninl thielexaimide che@p,in Figure 8,
I t at es, | ynor b nes, het i .g., E EPDM ,
B 1 @5 ofoh pREHActE TORIST LR FRRATCAEHBONIS? Mo PasaCarP Lk RIS | ene
TEE I = i
hydr ocar ot SEE SRR hERTlk FERRUATEE Bndlrstot Bt ok e o

E0| ymer s Ogcaﬁcm@d JOFRT & netvark.prioY 16k bindingAsfahe cohdastiveomatesial. Tef | on(r) AF
y Du 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:
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WO 2011/ 106438PCT/ US2011/ 025941 I n ot her enbodi ments, the
polynmeric matrix descri bed herein conprises partially polynerized or

parti al | ywounadopsBynmer. Conpared to a fully pol yneri zeaCorustaitiogssgsur 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 zedsdigtdr proeassihg tiedtdzmcbel ndlificrkfor Aigh WesLeHpudembiedt temperatirag i s
possi bl e usi ng conventional photolithography. Under a proper polynerization
condi ti on, deposiin: sapéyoraanéermeality ard pegdussion of cheduetiiedayeliser 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
partially cugssldipeL XeF3Rd B8ibiRafd ched, followed by a further curing step,
to provide 'a—pa'rm‘ngg“a'n‘@—rmy_-fur ed transparent conductor film Exanples
of suitable partial | yAsan dhisfrativerexampie; IRigiere 104 skaows adtansparerdd t o
partially cured acrylate, silicone-epoxy, siloxane, novolac,, eppx

ur et hane‘g sqanslustaiil Prdﬁ'nﬁﬂ)élcyﬂ”ﬁ’iiﬂg‘(e éy@réﬁicr)ﬁke‘df ‘i)'?\at%@sg?tle fhe
recogni ze that, th j j N t i ng

condi tion (gsb dH%ﬁ\gen%§/§mgrcgw %ﬁ%@@w?ﬁh@% Ipo ?%??tgd ﬂrr%t ﬁeié]and/ or

nanow r es GidhoWiesdbma.a doHduetiVé netwdrk, hi gher the degree of pol ynerization,
the nore difficult it is to etch the'matrix. Preferably, the

partially cured matribiguges1GBshews gnathes exaginie oba tianspaeat coRdegel 1§t o
tect the._ i ithin This is desirabl 2 :

ety out i Sitha sonclbteYen 2 i eoimtal i Skt e, JhecothieL e ™

t rans"f”"f@“"laﬁ&’@‘%c@tﬁdéé b Burality of metal naddwiféy {6embrdaediimanhatrixt 18 matri x

is an inorganic material. For éxanple, a sol-gel matrix based on sili-ca,

mul lite, alum na, SiCMaupd-rafers e Sisalid-stateoBatariaRintovydioll theansiab2- Li 20 or a
m xture thereof can be _used. 25In certai E} ?‘gbodig‘ﬁnts, the matrix . tself is
conduct i ve.nanowineg arg|disparsed phembeddsd. Fortons,pidhenanowyEs Y pPr ctive

pol ymers ar R)‘(“Fq Jt8i . . bhd\Riive IHeflvbAL I THE matrix

pol y(3, 4- etfﬁoyméégﬁgxy %tg%ﬂgﬁg)ﬂ%‘g%s,gq%%g%iMleg, pol yt hi ophenes, and
pol ydi acet )i$ arresst for the metal nanowitéoank provides apbysicabiorthaairtle congactiviel ni',
refers to a network |layer of 30 netal nanow res that provide the clonducti ve

medi a of5 t Hayer drhepaeding proteris ha metalmanoyirestfrom adyersemmonngiia

conbi nati o f the petwork | ot al i Y cimmif

2011/ 106433%‘%?7%&6[11 ﬁsd%@zﬂ&ﬁ@d %ﬁ%%’?r |’£3@§8@F‘gg‘h?e i sipnyficanty

" conduct i vaolyameihe pephidadilibPaasstdsivd Bldnserts M ecshaonehert suchads char ge
percol ating fromone nmetal ‘nanowire to another, sufficient nmetal nanow res
must be pr aseisturestradeeanoudtiof acids, exygent sulfusadid the liskect ri cal percol ation
t hreshol d and becone conaﬁcti }/e. The s 5 of, the

rface copducti. vity
conductive layer is ilRAdAEON e BRERK Sliersitaveyapleplysial ad fasshanicals y,
SOMeti rgs 1 i li87drS PR xaniiié GhcARPrd¥Ri BAYISE tthek nown
met hodgﬁ?n ptq{%gé'rgrgtg.té E}?ige\nﬁ&s}g{ﬁb%%}?\éra mat r ?M pr esgnt , the matrix nust be
filled w tsubgfrateci Furthereicaé, udikewnetss okidelfime npolymedicairiorganidsnatsioes
herein, "threshold ) ) . ; .
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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10 loading level" refers to a percentage of the nmetal nanow res by wei ght
after | oading of the conductive |ayer at which the conductive |ayer has a
surface rwei28tl/Mbs438 of no nore than about 106 ohm squar @CTars20El023941MVbr e
typically, the surface resistivity is no nore than 105 WO, no nore than 104
S2/ 11, no nore than 1,000 S2/11, no nore than 500 S2/11, or no nore than

100 f1/11. thBenatariasibaittbakt 809aH the Jisivlel regrme@dsnon—7achm)s Usleds as t he
aspect ratio, the degree of alignment, degree of agagélzomarati on and the

resi sti vi t yspecifisdeothemvdse raliibgi layers (including the sustiade grddhe PBBOWEG one

kel y to PTG RYRNdS altAP B D Ryl deSfn Rl ARRIN b nfersld HRlcaly °
therein. AQ@s agROYSHdhl cram;/ Bf @l ASRRGS tyEAIRSIErrhined Bt fmuRAudaaew I es

allow for the formation of conductive network through the matrix at a
t hr esholdl dacfors,éndlodidgrvgtHoen dmitatieh ethelrefractiveaindex (BI)Othiglkgess2 t o about 10

pg/cn2, nore preferably fromabout 0.1 pg/cn2to about .5 pg/gn? an re
pref erably %!ﬁt%ﬂﬁylﬂf%_ tﬁr%mﬁ?? g‘éﬁ”@% ?}Q'FM'?CEW'QQ I"&@&a?@r{ﬁﬂ?%’
These surf j - 0, i gal
properti esaéc:gfd ﬂt‘%ged@g&réé@ﬁﬁ jo%%é;%e\ﬁ %ggﬁ%ée%g)r@ﬁ @?%ﬁgﬁ)y‘”%%“%bgi mensi ons
and spati alpgfticlesy.si on of the nanow res. Advantageously, transparent

conductors of tunable electrical conductivity (or surface resistjvity) and
optical transparency lBgertain embedteentsythgdpaliixiingbeuk!® pabioRyHMetiidks ™ of t he

metal ngnow,re . t ai I S conductive

| ayer sﬁgns""mﬁ’i@m &1@{%;%@%&&33@%?%2?6% @gﬁ'shnoé&ﬂglrn Fi gure 10B.
Advant ageoushbodimer®d, thé Al hash @ffrathife IRferlof R@BON e 2.5, erdissied .35 a
surface 19 of the matrix due to the WD 2011/106438PCT/ US2011/ 025941

surface tersito® of the matrix material (e.g., polyners). This feature is
particularly useful for touch Eéreen a i arti.cul ar

pplicat.ions. Ing LGu a
t r anspar ent conducftorln&gﬂalﬁ'if%’ﬁ 9'”&%”"?&58 'E%‘_ﬁ'éd_%?iRﬂ'Y'_V bYVHET [SHER one
surface thepeafeq %'%J%g;g%ﬁd Jnlé%ﬁi.abggﬁ VEIbr Sdcgﬂ%ﬁ siachdieimgewpt k of

metal nanow res enbed ina mtrix ves rface conductivity. As
shown, 18hi |Exasnpies oésoitable polygnetic amticesonciude litat, aremot limitedttor el y
"submerged’ in the matrix 18, ends of other nané)vvi ref, such as end 16b,

protrude abw¥aariessuchaspaymsthagrdatas: (eig. raly(methy! methacrvlpled).of a ni ddi e

! f o ! . 0 A
Surface 1o RAEfEa Ry B, AR At ho BY BRI PG, Sare” 1T
sections 1QolaahyERs terdphiiamte (PET) BéIyésted Baplithalatelrdratgolpéarbbrates),

transparent conductor becomes conductive. Figure 10D is a scanning el ectron
nm cr ogr aph peflymérs with aadigh degieecofaroauitisity suei ag pheankigsaresreselonduct or

showi n ontour, o nds an@, m ddl.e sections. of nanow r.es di ng above
a matris i 0%“?'58%‘%%&4%\{0'%%a’&&ﬁtyr"{@ﬁnPB'@’K'EVE%'HBB& PR 'E\,ﬂ;@%hg’conducti ve
| ayer is f i FEWAH defRidRBPEaIeGhetimided Polysuufiidls, t he matri x,
as shown i?’d@g‘ﬁ%’?gga@ﬂ%’conductoirevel I a’ygr912" Ioclcupiqjesy onlly a portion of
the matri x pblysafdnes,goalyphBEnglerigs, aad ipoiyphedyl éthetsh pohpurethane §PU) repaidi t i on,

the nanow rpeo-l;cglclaflinesd(e?é).npdolljycr}rit')g?lekg}lgélyrr;%}(hy Ser%ﬁé,l éal% cy%litcholefins),

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 cirwomstianness, t he conductive | ayer may not be supPCadas2eoneivgti 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- shzfieCanBEgierts PRBIIONRENE Mdihedey@iedierefs shown in
Figure 10F, a nanow re-based conductive l'ayer 10 is deposited on substrate

14. The conchmpiises parjielly polymenzed vepartialywured poynviti dompared toteefully

e For med cRPIVETEO ALY e Jiat it Paltay Cufed Pogi hasaeet wergp o

part i cl es 1dBeL inkABSHARS ddhhBR- A SRR lowkr mOBXARH RRMIS Thus! e | oadi ng
stzed cdndlc coat

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

to reachst heartidy BOJcHR6d FRRET cHBRISIEAS Whdepesitaih zonditiohs mesipatigrting
exhi bit surface conductivity. The conductive |ayer remains as the
cur r ent - carisyiosgibieedsingnconkentiangh phawlitnesarie sURER pErrasdPhen@izations|

B face. contRuEHar ¢ Banany Stdd MR mab 2ot e PheRRL B FSovic
hanowi res JidikHPaed pbyheriXatibn @9 caifricdsutay Prenaé a mbuix of tighet hoicaent

provides a multi-layer structure conprising. a substrate; a conductive
| ayer f or neweight thae tbabst a padiallyiceres matie The padially sured, matboet bees a

first plurality of netallic now res,, the firs lurality o tallic
nanow Iro r@ﬁ@%‘i’wf@"%e‘ﬂ’&?tff“%l% CUYIRG BiER: quﬂrlqvg{gegpg ﬁﬁ‘lezg?'/?’ld/@qgﬁé{'fe or med
on the 10 i the i ' j t

of conduct e Sorleor i EXARIARELY ALHIE PaRIlufed BREPIRIL Y g
bel ow t he dhtcire inolimited ¢obattiallp cuesdcherylate, silicone-epdyy, sd@danee nevolac,

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

t han 200nm Exanpl es Qé%ggwggﬁgﬁ]ecgﬁ%%a y&oﬁﬂfieit%??lleind(%glg%f but are npt

limted to, I1TO ZnO netalllc narmow res ng those

descri besl f}ﬁ)’lﬁh@ﬁzatiﬁimbk/iimpa@trmbtéidﬁng@@hbﬂibnﬂ@@miu@)&mdﬁl\ﬂhicmﬂ%the li ke.
"Substrate”, or "substrate of choice", refers to a material onto which the
conduct i ve patjially pelymesized matrix antieaineaowines canistissalve Tupicaly, theyhigher

e oL e e he ot BP ke e aebSo bk AR T Hlnb i cust e o
e oo honaten”cery ULAENGul IO SE o 8o dpang @b ot ass
i ncl ude, buyshysioal mdégritiy td peatetiothepanpediesneithie. dhjs isalegaablgl eoause an
ter epht%a ! aetn%-l(JEeErT%éy Fc):gw%%tt ﬁirs c?ve ?)%tqg}n?rt\; Zemgt ?ﬁe 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, muJIite, alumina, SiC, MgO-Al,03-SiOs,
Al205-Si0,, MgO-Al,03-Si0,-Li>0 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,wpabwwviossB 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 onadnPRkWBIrixGs bldofeferflitd a9BatorxaiNe¢ayet0 Sinceldnabttvityubst r at es
can be found in, e.g., US Patent No. 6,975, 067." WD _

2011/ 10643 &RAOievesn1dleorisaudharge percolating from e metaknanawyite tozanother,
transparence or clarj of the conductive l.ayer can he quantitatijvely
defined by %fﬂo%'@tfe? 5%ﬂ%@‘ﬁtﬁ%@“qﬁtgﬁtpr??%mé%}('é%PB’hd‘é‘?li'a{eﬂ%&eé.tO'r%%S”
transm ssi Q- «f: ! - LSS 1 Ve t NGt ivan
el dent | 1 Gr g8l pecbatplion HREAbEENG bocome EbRGAE, THe ARA MBS

li ght 5 8 r afshé sehductive layer is mauisély peopatienalite itsuraestresigivipnd can be as
hi gh as 98% For a transparent conductor in which the condugk}veopﬁéer i's
deposi ted domefimesteiarred taas sheet msistangry Whighap PEIBRASWEE bydM

overal |l structure. slightly di mnished. Performance-enhancing | ayers,
such as anrgﬁ%'ggygﬁﬁﬁgﬁT, anti-reflective layer, anti-glare |ayer, may
further contribute tqik&HY€e] WBeh BEMANK I8 preskht] thethatrixanesd ssfild with t he
transparent conductor. In various enbodinments, the Iight transm ssion ("T%
of the trarsificienttmeiahdanowires tahetrmatcondustives08s used heegin, ‘Bueshald | east

70% t | east 80% and b hi t | east .91% 929 t | east
2o Cra8 s O RRa T Pereai et RS el bR Rt anEL, 2Lt o8
15 of the qa&a&hgmﬁaml ei@?%raa&%iéwm&@ucﬂ%m} has@hdurfieé scat t er ed

during transms transm ssion, which is largely a property
of the nediresistiVigzef nemoie érarmalpoutdif®ichom'sqoareeion by More fypicadly| thecaused
by surface roughness and enbedded par t c) es or conposj t4i(§g()jna|

het er ogeneisur@geirasistidtyna mounereriianctd /0, pareors thanclo, §Ey N E9ethaRan be
significantd yn4 o ' t f St

Nanost r uct u1|“%%b g?i @f&éﬂg}m%ﬁg?%?ﬁsﬁ(g §° @rﬁit%iﬁ;ﬁoggggw-lﬁ es %ﬁlq ypically

associ at®d |9adiRg devdl Gbpéndi@éﬂfad:tbrsvwdmaﬂmﬁxpﬁdmt@ thé Hegieazaf of the
transparent conductor 1s no nore than 10% no nore than 8% or ng nore than

5% and may adignaentglegiee vbagploaaration ang the regstivity 1pd the meta)naneowiigse t han

0. 5% t han, 0. 25% 25 Perf cer. i . o As
noted above, the conditisiTierapel it RAELATE 2oh o heRaRival and gpiical
characteri r%:ﬁérti@g%f i HRENBI likely (168 altelar Fddhproimissd BRa High addingr

enhanced b troducing additional” layers in the transparent conductor
struct ure. oftany,particles HareimrbAdiandagenusly, te highl aspect ratiossyfdhemetabonduct or

i d i bed, WO 2011/ 106438PCT/.US2011/ 025941 whi ch
| ayer s KicHaowiies alpw PESIS RMALGR L & CaRoRge eyl ETEUOR IR BTe: Ahger o
barrier | aXﬁfesshom Ie%ﬁ&’iﬁbﬁ?vel referably of aBﬁuta@.g?ld%é@z i Aysutepnpl e,

Figure 11 shows a nu ayeP transparent conduct onprising a

conducti ve |Igiyaf, rd@reameferablyfsdmaibeul 8.1 ag/caése abbetls igatnavand fivee
mul ti-layer transparent conductor 20 further conprises a first I%\éer 22
posi t i oned pseterablyidrons aboet §.8dig/emeto alpout3 Wa/emhdor silver nanowkes + iTBReY

bet ween the conductive, |l ayer 12 t u . Al r yer 26
posi tioned 36'5%8%[{? ng Llﬁﬁ'gz{sr g? Qo&%ﬁé’%&ﬁégﬁeéjﬁﬁ%&%&@ ﬁg?%rﬂ)g%ﬁerég% ﬁgg{‘eat he
layers 22, m4uikndnéle SR ISHEMOstrdif\EoR hé dineénHehd MAd spaitedl Bispursion@far 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 ewo 20ordu380r . These additional |ayers, al so refPermsdoi 23931
"performance-enhancing | ayers™, can be one or nore anti-reflective |ayers,
anti- 15 glare |layers, adhesive layers, barrier |ayers, and hard coats. In
certai n enbQeERhSionsfahe Mhatfk M@ﬁa%ﬂ?blvmér@yahiﬁf@tu@i& paidilaie
benefits. For exanple, an anti-reflective |layer can also function as a hard
coat and/ ousefubfor towsh $ergen applicatidaist ilo particulareptransparemt copdegier €ars, the

per f or mance- epnhancj ng | ayers .are optically clear, as 1ne Lel Ol'n
one enbodi a'éﬁg,y ql’&{?@g cygdpgt?\ﬁ %?ﬂ-eﬁéﬁ"é%f’y%cq g&%‘?(?fqﬁ:fd%‘éﬁﬁd@?f@sﬁﬁte%
adhesi ve | Fiy j | : i

enbodi ment 3&&3‘83’@5{’1@%%@?’@ %gg?@t %arga‘e??:%r si %m%edbdaerdr Iinedr ﬁag@g?gﬁg‘r'%s | ayer
26 is ap astffadeetdreitidtiviey.! Ay shownnwhilé sanw hamowindmduok as, ndreydre ®a,is a
conbi nation of an anti- 25 ref]ective layer, anti-glare, a barrier |ayer
and a har dmeydie entirplyr'spampeegesh ineddatx 1% ands Oér?gh@d}%}ov’ﬁ'@si" sughas
anti-reflecti I I " b- : L I " : o a |ayer
that can r%’gﬁ,\égbr@%ﬁ%&jﬁ@ﬁ@@% sgﬁaé@ﬁgfcffgltlc% ﬁf/éé[h)\slﬁrsf ?%:{%6’0% Fr)(?'rrtllgﬁt%rftaanspar ent
conduct or . midtfle @8BEiior 6f h&sdwirss, IsttR asTaiddidesctionr £5d) enayogiiotiudeerbove thée
outer surfaces of the transparent conductor, or as 30 an interface between

| ayers. Maswrace $9 ofitheamiatrixatB.alfteinough inagowire engdseth andmigdle segiipns
2011/ 1Q6438PCT/ US2011/ 025941 kn. i,n th t, ol | udi i

li i tag Son.?gzlz P F'-’(Siﬁofl‘]}i’}?ﬁ?r@,e "T‘?turr]'gr IJ)*I‘n‘i/ﬁ‘é a%‘? gfnt@éqgﬁn%gég%]tyﬁb%&%ee, e.g.,
U S. Pat enﬁeé\&ﬁ?? éaljrcg’@ct@/@?’Fi&ur%zﬁ)bﬁfjsg? fséﬁt%iﬁg @Rbtrofnicrograph of the | n ot her

enbodi nents, reflection | oss can be ectively reduced by controlling the
t hi ckness gilirfddecofanid embbbipedntof d tegresparéio coedactdr 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 ahaarQWirex RrostIdinghaRevea MAtHX i tansPamitts in
vari ous eng&%d"&%g s, the anti-reflective layer is about 100 nmthick or
200nm t hi ck- ' Refl ection | oss can al so be reduced by the

appropngate use of tgxsétecembodirastts, theesondeictive ldyBr isfatrast byche TB@@B57 and
literature on Autoflex 10 MARAGIM and Mot heye TM products from MacDi arni d
Aut ot ype. nanowires embeddad in glparion eftee maksixens shewa in fjdret¥&q HaRjuces

unwanted refl ection at .an outer surfa of r 0 by
provi di ng ‘F‘?rffg’cﬁ%%&}'ﬁééé SfCYmIEs gaiyfad@&t{og é@ﬁ?&@?ﬂng ﬁg aﬁﬁ?@c@ﬂ@%@%i tabl e
anti - gl ar e«gqB r'g@a’sinqﬁg &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 opdctiyshiayesmaydleypyariaid with

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

( ose, . \ %II of r\g-]ilCh ﬁané comp
|ight @Pf1eRe REMAkE iglastric GORINGS (&1 gnRYereralal FAMUYRNIMGMNICH o~ y s,
Pat ent Nosproq’e&%?’e%?]gncé ﬂﬁ@er@ér‘r‘nar%e@ﬁhé‘%nd ctﬂkslr??éﬁn InARese, 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 additional 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 copafdoyation)thAsihokPtaddxhiiy Bugaée Yondddividy. ITAE&opaattivl Iageconpri ses
colloidal silica. (See, e.g., US. Patent Nos.5,958,514, 7,014, 918,

6, 825, 239, mmainefasrtbacesreot-cadyinganedinm, imwdicrihekanowiess have neacbedoat i s
typically fromabout 1 to 50 pm_,The deqr.ee of,. hardness can be eval uated by
known net ho@lae%}rf? H@rcgllqtl,ongg\éﬁ. é@eo@mgﬁ%éﬁ/%RPH&'?%@WESQVPWE\?P{%V' egqreel
wool #000 rgci ' [ i~ j f t i

Feci procat | SLTELEMRAvRpat ATRSRH sl SoftagsIERHR iR Bodonies

6, 905, 756) . thFbegih thedthtekaiess \OOtHOGIErt064 38PCT/ US2011/ 025941 may be furt her
exposed to an anti-glare process or an anti-reflection treatnment by known
methods in the art. Thus, one embodimgdirowdes adnulticlayel SrycturgRPepAsiRe 3 v

| i al ' | . el d
cubetracey otnttdE e RO TR BTGl onHE STnbliate, prelR it bifaidiel, BC
properties piePbbMprisésudirst fRMdligedl metdIRAnarfslirs, Vite fiist plurality of enetellic

known in the art, including without limtation: acrylic resins, chlorinated
ol efi n resi nanowisss reachingramelectinad petkeolation/evelk andee evaseratfermedandhe

o et i e N o S orsthEl R SEH oA S BB LS, | e
10 pol yeStef)arrtﬁfé'sf‘ﬁ)pBégcfénﬁaﬁlﬁg}igyfb%noﬁkW@Bﬁrtfcfe% Eﬁn?wbmﬁé)é@e@@aand the

i ke. arrier refers to a layer That reduces or
prevent s gapempldtionilévegler neati on into the transparent conductor. It has
been shown that corroded netal nanow res can cause a S;l;%griﬁ.}eiggam gecrease

in the electrical conﬁﬁ@ﬁ??ihﬁe’asnm‘ﬁ‘@g Cﬂﬁ‘é’”F"%PaﬁtiP s RSP GRN MG _
conductive |axglee TP EhS ohURhelith Bleh BEhE K 1AanisBBhY mdterosPher i ¢
S Tromentering e conductive layer and contacting the netal

corrosive ¢

nanowi r @5 i fypidafly " Friote tHdre20anmi eExdraples of suitablelcondoctive partitles irslitide,
including without limtation: see U.S. Patent Application. No.

e.g. > ! .
2004/ 0253468yt are meytietitedNes| TG, B89, derehaaOsmetalligggnowisephinaikdingthose

132, 565, and JP. Patent. No. 061. 025, Moreover LLeflective
| ayer, anti _e%|b@?jé}eé'e\ngl,&ggéagH:dnqrﬁguﬁ%%d:a&%ﬁlﬁgg&tﬂﬁ%gg&glzfﬁgggqgé E)'&?‘ri er Y
layer. | 75 ARtraf N oL FRPEERNSSehdidk®, FBfbI tol AirRiterid] dRSPARRIM
conductor may further conprise a protective filmabove the conductive |ayer

(e.g., | ayethe2®nduttiee [ayet isctdated for laminatad, pThablbstratexdiapl e dgid ardiexibée.made
of the same_nmmterial as the flexible substrate. Exa es, of .pr,otecti film
i ncl ude?obu?—h%ﬁé[’%telqar'?i he.geapor ?Ba‘ﬂﬂﬁ-yié? ggr m %@%P@%'&er’%&ﬁ'ﬁﬁat e
(PET), poly e : : I 3 Md . acrylic
resin, pol y@%gr%'cr)]na é‘te?@)mtgg% %g?gﬁip@eiggbaeﬁlQ@%%ﬂg&)a,gg%%ﬁyvi nyl
al cohol , poSyNatigrigkhatsstetes elude, fior éxtemsle chibes,| piEycarbbyatebyhenylics, and
et hyl ene-vinyl acetate copol yners, &ol_yvi nyl butyral, netal ioncrosslinked
et hyl ene- nethiedikey | Sujtakle texiblesupsirates ipelugar butaigenotdimiteddrapelyesigrs
pol yol efins, or th tﬁ—ye' ar t,i [ f i P PMMVA, or TAC
because of (Ehé: POWE If%rler %ﬁ%qrﬁﬁgfa?e kIyE'P)r, %oWe%Pér%ép?]tﬂ‘:rgte, agd
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((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 onypfcalifiehe Uptiesl ttahdparéddd or fisditycsrhetbaductiviedager of
protections to the nefal nanow res agai nst adverse environnental inpacts,

i ncl udi ng ban becyiarditativelyadefinad by gatanoeters including light tragsgissipignddagge

hani t.h I on,i nhj.bj binds.readily.tg th | | ,
reCan S e RS20 N Bk B8 (S90S
as barrier irfc?&éﬂtgighﬂ?éﬁ&rﬁltfé'a thFSUdH & A4 iurh.n IRNGriSUY efiyBRithenfshthe light

barrier-formng rrosion 1 nhibitor includes certaln nitrogen-containing

and sul fsur yreaBhrdsidMof thiegeonducticerfzyen isat leastBGié sadoceat be as higizas 88%.
I m dazol es and thiazol es. These_ conpounds have been d_ega)nstrat ed to form

stabl e conpberdmBnsRagentwoadustor imwaidhthscandyetive Byert isederositedQheen t he

metal and its. envj or, ZQt Ll ' n
organi c co:l%'glgg‘# ﬁgﬁ%@&%@%gﬁﬁ pph&sﬁﬁ%@ﬁp&é}ﬁ%ﬁ}%@@%}@)ghdéﬁe )f.egglokyl
subst i t ut ed;ipaRZdihiinisRed e PerforpBnes-ehnhiting ady@rs, suuth dwiay ladhesivglayerj azol e,
can al so be used. (See, e.g U.S. Patent No. 5,270, 364.) Additional

sui tabl e ematipbliecttve layen esiigiarerayan maysfurther ceriribuietodedusipy the prerll ¢ o:
2 am nots! hhElissssn dtihs Lansbuedt SEhALRE dbiapiops araosiments, the int

2- mer capt o To%Y oFRh tBh@d@be cae 4t least 50%, at least
er capt P bolEnEmtacy ToR qTIne fenepaRTRLONAGALR cdifibe & lonst 80%, ot

Anot her cl 89%,cdt Idzet 7i08%,-draat e ard 8686 podircay balistiiglvas at teest 4% 15 92l etul es
that show a parti C(l).l| ar affinity to the netal surface. These include snall
bi omol ecul atleast 85 /‘byst ei ne, and synthetic peptides and protein scaffolds

U35 hppt st  on SPUFORE ApRck o IO AR RberS S gesissnate. <0

10/ 976,1579 of ﬂr@%dédtﬁ of Rt sepafateBifron sheimaidef pghtcatd scatBeed durings.
60/ 680, 491, 60/ 707,675 and 60/680,491. O her barrier-formng corroscj_on
i nhi bi t or s tiansmigséonti Unlike lightdranssnission) whichds taroslya BaPresyfdhempdium,

al kylthiols, alk bei ng .a sat urat - . i r hai n.
This type i‘]azﬁc'ﬁ %%%ri‘ BrPrgﬂH?tkﬂnt %qncgirﬂ aé:gll%i)gagl&&aggég] ;bg %&?9@%83 to
forma monghakehnddfriepartidls dritenfisitinal Retdrogerditedmttab medilace from
corrodi ng. SCHEME 2 _ .

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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S SS S SSSSSSSSSSSS Sil ver 151 n a particul ar enbodi nent, the transparent
conductor can conprise a reservoir containing a corrosion inhibitor,

provi di ngwvea 20antos438ous supply of the corrosion inhibitoPCruseeig/ozpor
phase. The corrosion inhibitors suitable for such sustained delivery

i ncl ude "vapor phase inhibitors" (VPI). VPIs are typically volatile solid
material s t\RjchTeMdriERs M drahBiellafBRO @ILEs aRtihéiective Iares, #fti-glare 20 net al
nanow res. Advantageously, VPIs can be delivered to the nmetal surfaces and
r epl eni shedayersaadbesivé teyersysander tagers, and-hasd coalg. prot ecti on. Suit abl e

VPl s include barrier-form, i nhi bitor ch as, triazol es,.

di t hi ot hi adi azol e, aI%P”JP‘%ﬁ?BY‘FﬂeéﬁF‘Qi%ISFUé%“r&n 1 shews aHnitidayerdranspars e
her ei n. i: il p uct or
Ctructure SduStor 20.0qmprifly BeghBubli e Rlyef2 art s SubkitiBTaPas shischvarlLcl o
and spac®r saiifveal Ehep@witi-lageettahspaveaticonductor2ufirthee compeises BXirst layeh22

space between the two WO 2011/ 106438PCT/ US2011/ 025941 conductive | ayers 12,
one or nor ePgsitianedoves the candugivedayrr 12 Reseconsrlave 24 resitipredpeeandhec

d distri h '
educt L on SPTTRBNTY BB A BESeb At 14 o S ARFRGS 2B P Ohe g BERELY, o
contai ns a pardiBsirae 14hURidsarstated Gihs@isd) edchCsTitRe Idefs 2224 afd 26 ¢arer

matrix or 5 inpregnated into a porous nmaterial fromwhich it can be
subl i mat ed hienboe ohaorapoti-rpflectivet layersy antrglasadaysrer adhesive layerss bafrigle of

t he nmet anow res (see, ipset).. . Accordi ng to anot her
nmechani £¢n r‘ﬁy%rér E’%réii ‘55???§’rﬁﬂcgpli°&%°tl¥ierf&@snore readily with a corrosive

el enent (e.9., +25) thanapbidas N GFd 2 ARCVAIGSS fuFBfis, SREA@S! on.

i nhibitors are known as cavengers” or "getters”, which conpete with 10

the netal asthaseigethtaverdicoptival peiformaheand impBvinglhesmethaiiGlscavenger s
include, but are not limted to; acrol ein

) gl yoxal , triazine, and
n- chl or osud¥PReicgof thesktanspargnt C‘F'Eﬂﬂqt%’he-H“Q?.eS?d‘ﬁwmql(l%)ﬁr%rﬁ% r eferred to
2006/ 0006120, 9 e : i odli 3 [ LNnhibi t or
(e.0., stza'(s’scgvegfr?éne\?g?e ggﬂagéﬂgﬁ%ééég’sggﬁ:ﬁ% éersﬂa r?%hgr%@‘%‘gg’% I?%srgbﬁtgence
does nots 15{1@#@4@9@1@[ Adhédies layche, sptieciayery, aptidedrd icoats. piropetdines of the
conductive 1ayer. “I'n other enbodiments, the nmetal nanow res
can be preterabedithents, iong pesfarmEnss-eniiansingdayeiprovisiesrmulitipler bengfity, For
deposited on the substrate. For exanpl he_.ret al .[.e .
pr e- coat ed %atnl"ﬁﬁ %?P{" ?f?%'?’ﬁil?%ercc r%g? &H{Kﬁt'ﬂ ﬁﬁq ﬁg%@&%a%d@% gﬁr(ﬁler
di t hi ot hi adh@zol f addltiGf e iHespedit prBpatticRa My beRsmidttcriarkg?Byérseat ed
with an anti-tarnish solution. Metal anti-tarnish treatnments are known in
the art. Spreidptically deanmstdefineddereing H2S corrosi on are described in,
e.g., US Patent No. 4,083,945 and U. S, Published Application .
2005/ 0148480. In one qmbﬁm%ﬂ,ﬂ@ver&%wméﬂ -g?ﬂ@?i&em% %Msﬁ%% a8 can
be al |l oyed t i t I Ss prone to corrosion by
at nospheri Cé%fé]egln\/%nlgggr‘,""‘gh? I%%qg@r%rpﬁ%@s? a@er nanow res can be plated with
gold, which is |ess gusmetidridnebddimext dayer@? sralhatd ¢oadakayen24 is a barrier
I n certain enbodi nents, the transparent conductors described herein can be
f abri cat ed layervand dayer @6ds iangpriteretieghive layer.udi ng sheet coating and high

h h b i ng. h ' | am nat.i be 30
e ouahput Vb cont ! T yel SoShRF EBERIFRE R 22 h AP AL AR dpgen e
requir ey ac‘rHﬂ@(}tﬂﬁ@ﬂQ?ér’E bRflgliard, 8 DArfiashyéoandg havd ceat, 14yl uaaharinekivehe

metal oxide fi
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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WD 2011/ 106438PCT/ US2011/ 025941 I nstead, the fabrication processes can be
carried out using conventional solution-processing equi pnent. Mreover, the
fabri catiwo 2priceesses are conpatible with directly patt @Cmiusgoiioes41
transparent conductor. Nanow re Deposition and Transparent Conduct or
Fabrication 5ln certain enbodinents, it is thus described herein a nethod

of fab“Catkn%%rﬁntthéwfﬂ{&\g@;?gwmaﬁ ﬁrhntﬁf?cfﬂ”ﬂu%‘ré}gal yABROSILbIGHdIENEY HEAHS t Y

of netal nanow res on a su ate nmetal nanow res being dispersed in a
fluid;, and draopolynerssegle.9ahbi PatemtNost b, 198267, @12251’214&,@195 T 888, 128.
allowing the fluid to dry. 10The netal nanovvl res can

described above. The Inether erbediments. Jetlestis) loss p9n@ie r.e%%rr%glé%sq BYid to
facilitate orﬂlgrﬁﬂﬂﬁ%gttﬁlgf?neés of'tﬁelé%%ﬁé&% I'ég@rt F@rse%ﬁsﬂeh@ftﬁ'ré'ference

"deposi tion Sed i ntérchangeabl non- corrosi ve

liquid in whirsgureher, mmé&hcmws@\mn@ﬁermérpwbanﬁ@m sucH thaetts light (al so
called "netal nanowi res dispersion”) can be used. 15 Preferably, the netal.

nanowi r es defedionpefrsistace28rndsurfage 30 caneel eachiaheneut. ekhisy i various

hyd b Mo
oYt or by, Eroiasifients. AR anfispledtve TayetyP Agott 507 i B Shaddim KEEL) - than
200C, no nore than 158Kfechbn s ®drEalsbde rkdked thﬁé'@bbfd?ﬁlaté bse Bet al

nanow re di spersion nmay contain additives and 20 bi nders to control
vi scosity, texturexssunfacesisesj ag, Uad.dPatenbiNor 68209peasd GieratBxe oplAugofigx

sui tabl e addi tives and binders includ r.e nqt Ilmted t o, carboxy
met hyl IWB@@@@V@M %?@@gl&tﬁ?mn&&chhl%rgyg P€hydr oxy propyl

t hyl [ 1 ul HP VA
met hyl cellulose ( '(V%!&) an |’§QJS§I %@at%ﬁé{cé@ Jvaﬁtta@‘?@ﬁéctfo'ﬁ ),

tripropyl ene gyl col xan an gum and surfactants such as

et hoxyl at esst adPoubkoxfAc 6fsthe ¢tamsbarent @vhdecten by proyging fimeanugdenessdon hei r
copol yners, sulfonates, sulfates, disulfonate salts, sulfosuccinates,

phosphat e dke shFacefaiseatiasitbe [@ﬂ%‘é‘@ﬁnt&}m@@@ant"ﬁlﬁﬁ? materigls are BEHNOW one

o0 106 suit 16 e el WENAR i Slarich” Slodies Bl BU A It e B
Zonyl (195 Fg%;l(m)t éde%ﬂeﬂn@é’csélms%‘mammalréy|W|%th5 é}héﬂeg polgpyeradésr r ed

WO 2011/ 1064 US2011/ 025941 range is 0.02%to for HPMC), from
94.5%to 99>oa>,%reﬂ>1amennntr@nalluloaenmobaama¢eﬂ, adloafrvhieh meyreamprésse a light

e er )" Rl T nalsagh S eigid pibineq STaa. ke, 66, Gar Rt Ngdy)
n- Dodecyl &1; F605 788 o%adsu%em @W@?b?? zﬁ) Selﬁ(gzg#% Niepa8ahty 5

modi fiers in e hydr oxypt opyl  net’hyl cel met hyl cel | ul ose,
xant han guropplynysts oy thedecmlatdrials eam baye metioptalestdnupasionand hydr oxy et hyl

cellul 0250e haéirggleggltlg; v?/#llci['\%glnealssg lexﬁlg}tsllghtn gllﬁldg%nvt\gae a(no?r’gg ré u Iganol
“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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The nanowi re concentration in the dispersion can affect or determ ne
paraneters such as thickness, conductivity (including surface
conduct i woyp1/opt3scal 10 transparency, and mechani cal pcogseaiesssef the
nanow re network |ayer. The percentage of the solvent can be adjusted to
provide a desired concentration of the nanowires in the dispersion. In
preferred em%&%é%%% ERSos REArY Bntidldreoroéeds 6 &1 BRfi-réfMbtion itealtment by
however, can renmain the sane. In particular, the ratio of the surfactant to
t he vi scosi kyowndidtheds irsthpragf.erably in the range of about 80 to about 15
0.01; the ratio of the viscosity, modifier to th tal _nanow,r [
preferably in the r_and@vflﬁs'vz?déﬁ rge Siﬂ)aﬂ\’ OB%'@%U%E%@ A “?m‘%?i?ﬂas‘&?’%he

metal nano f . far j f 560
o about 5. 2REeERYES G SRl Tl Sflthistale) odaneRAROR afReMY
dependi ng ofhd figysidHhsdleetriealcartbitical pripeeibsodf eithier iayeri Opticalycle@he
preferred viscosity range for the nanowire 20 dispersion is between about 1
and 100 cP. adhesive material@se welnoywn inbe A gluding withowt limtation:caevlic t o

prepare a surface,to. betier.recejye £ . !

nanowi res. st eolofngtad SRiRERTbY SebliE DT SHERpGABA St cBboler
they enabl epfdigc @%iél%isﬁis?Bh@finétédrﬂubﬁéméwg?‘égblbmbﬁe‘ﬁFﬁééiﬁé,orﬁbli/mwe In
addition, they can immobilize the nanowires 25 on the substrate for

subsequent pEsiE SsiMayose #geneNesiasy tasing dlethylenerwail meatate gaPO¥ME4r ri ed out
in conjynction wwth a patterning step to create patterned de ition of the
nanow rgg. %'Yﬁﬁftﬁf resingyi Weth é‘@dg?'ﬂrst FeqenreﬁmsePE@tsg?)farﬁéI%d)@'Sé I'tke_' o
pre-treatments incl Ud‘%ﬁﬂér‘*’%pér”géfecrg'?(?“a%\%er"fﬁéﬂ'e@lﬂce@%ﬁbfé%ntéjﬁé‘@éf flbign of
an optionally patterned 1ntefnmedrate |ayer to present an appropriate

chem cal or peonéatiodOngi thieetrdrspahentroonductoe. Itthap eshshovasthaecorreded metdler

surface treatnents such as plasma treatnent, UV-ozone ﬁrea nt, or rona
di schar ge. NIWOWINESI FaN VTP FIANIRN dgomnse in the electrical copgyqliyity A5 V’f%'g

q ition. e ' . _ ;

aceer er at eceby i idifitdnelrlsgONeY il hduERRE el e KaftriEh RIS & BReBRBC

may reqypr einpisit athriddphBESCotrosive eI frarh edterig theaddnductivellayer aad Thi s
post-treatment can be a process step involving exposure to heat, plasna,

corona 5 di semtaciieg thevmetad menowirep i tisumatris barrigsdayess aie Wel koewndnn
enbodi nment s

it.,i.s thus descri.bed _herein a of i i a
transparentfh@o‘?ﬁdﬁ?lHa'n@ qlgil'%t?t'ﬁap%%q’te}'gf?gﬁq}?rg!é’?@{cgﬁml nanowi r es
on a substr g46a/0b58a ,tufé PRHRORNES S 560,008 @haressEEso NER Fdtehitof 0821668, a
metal nanow re networ ayer on the substrate by allowing the fluid to dry,

10 coati ng anddPrRPatentiNer 52064,026he Muetavernanyof the andi-raflekctivalayer, anid
curing the matrix material to forma natrj "Matrix material"

1 . .
refers 28 aglﬁﬁﬁ_l’: @yﬁé?ngﬂh%hﬁfﬁ?ﬁtéﬂalﬁ%@é{%%Psbatrﬂ%rtIa}f%rn cure into the
matrix, as defined hefrfééhair'{ %bgﬁémgﬁﬁaﬂﬁ @ﬂ%xé?frﬁﬁ?pépr@r?cﬁd%ﬁf&ﬁﬂwere

nononers or partial polyners oners olynerize 15 and/ or

cross-|ink g@thes cbmpriee A proksdtive firal absmeithe tahductiveSayéra(el e, lagby2R).i Elag i on
conditions are well known in the art and include by way of exanple, heating
t he nonomer pratectivei flmi ia dynieallyfigxirie andican ke giaseofdhe spmeavatarial ag thg

i ght, electran be and the like. In.addition " eIy ton’ of a
pol yner/ sol @@HE‘%@E’H% ﬁﬁ@ﬁﬁé(ﬂﬁﬁ@e HYFSﬂIIH% Wﬂgd(ﬁ @@h%pér éér@\%ké)clptso'al o)
within bhe ﬁﬁ?@é@ﬂ_;SHIyé'tﬁMéhé'gérepﬁﬂw%eqm,ep&ilbWFén@ﬁeﬁéﬁhtMaféQnt rolled by
selecting the initial
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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concentrations of nononers and the ampbunt of the cross-linkers. It can be
further mani pul ated by adjusting curing paraneters such as the tine all owed
for the pabDyraviogs8i on and t he tenperature under which Phe/ysedymesdirati on
takes place, and the like. In certain enbodinents, the partially cured
matri x can be quenched 25 in order to arrest the curing process. The degree
of curing gbrieelonmhibidtd on can be nonitored, for exanple, by the nolecul ar
wei ght of The curing polynmer or by the optical absorbance at wavel engt hs

i ndi cative of the rebcotheeenthodiroantssihectrassparent conductor nayueomprisear t ai n

a1l Ty Goration aptibal Ihaditidh to A phisd ot e Sania oyet B endiad Sogdt ¥ o
of suitabl g; oG e i ; : {d 0

ool yacr o a KIS IR hitifeFs R tTidchitoriBnddne WBrdiSaridlires hased
WO 201151064 rrRrentus2084nioRs 94tshmily derurdenstbod fest, arpapproprisde sdlectiool f,

pol yesters (a g., polyethylene terephthal ate (PET), polyester naphthal ate,
and pol ycateopRIfeson '%’&'W@b sapjoffer a range of prptectiuts tartbaaretal RINAWIESS as

phenolics Qr_cr -f ormm. . t , P

Dol i ny! t S9EREIRISEe SRR AL B HhiElo B Boff dltRiand sulfidation

pol yam dei m des, pol xg¢dr€irigtol sikSmeRRANiIBHI, theél€Srrogioh Yisibiteisiads readily to

pol yphenyl enes, and pol yphenyl ethers, polyurethane (PU), epoxy,

si | i cone- efhexyetal ohnowires formingg ppuestiveciiin ema meial pudacs;| peeit areealsand
cyclic qlefi ns% acrylonitrile-butadi ene%t rene copol ynmer (ABS),

cel | ul 3§| cefen qjit%aﬁg’érréﬁ{ffoﬁ'f‘wgrcosrqui'%'r‘i‘- {9 ni ng pol ymers (e.g.

pol ysi | sesqui oxanes Hlrp&ss b il 6 | S B i Hor i

pol yvi nyl chl ori de ( P@%é)gllglbég!:et at 2ehse, %’Iglbsni g Egﬁggénééﬁ%) o e e s
(e.g. EPR c&Bin nirigdn-camtdiningiand solfymesrtaipengorgapal gompglndsesach lagor i de,
pol ytetrafl uoroet hyl ene (TFE) or pol yhexafl uoropropyl ene), copol yners of
fluoro- ol @Frqm\a%taaﬁ‘;'&ﬁo@a%%me%?efiit%a{@'.eg-. ?Hl?ﬁﬁiop hayg r phous
fluorocarb [ . J ., or
et on(r) By eHEE o Bt SR8 BRI s oo et SUraceto i ille G BiiRel 2

conpri 48s BetiVedpathgMétal And s epoirymment. r Bbregaanplepbenzdttiazolef(BmAn@a®rs or a
m xture of oligoners or partial polyners that can pol i;é)(rg{eri ze and/ or
crossl i nk e@mmanergaicrsiriasian ehikitor for, copper ok eeprriRlipyp éSaheme T)s ANMK hi n

t he know ed f ki ll in th t, 1 I " ' f

dosi rabl e Ty Bepgtimgbioy. Suon St rroRarEhutyLie Hiaef aiso

In a prefepg %Qe&."‘gséé,f@gt, U Shpafirf R, B70, 864 P hRd Aiti6hel Ritablel exmpléd of
prepol yner polymnerizes and/ or cross-1inks upon exposure to irradiation. As

wi || be desardédien irhibitors énaledenibut ananot ireted ts @damingpyoinidioar 96+ e
prepol yners can be patterned by exposure to. ifradigtion i.n selective
r egi onép @"@tﬁﬂge%ﬁ%%q%?%-?xw-gﬂaemﬁbﬂ%- I 'atzﬂgr fal - curabl e, which

can be pat %%Féﬁepq?@)fgﬁiﬁln%gbgﬁgﬁﬁ’m Zoxh20l8, f%rc%@ffb%ﬁzoﬂﬂo@}'dd&ﬂ he

matrix materl I qui rx mater
mercaptobenzimidazole.
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optionally conprise a solvent. Any non-corrosive solvent that can
effectively solvate or disperse the matrix material can be used. Exanples
of suitabwe280/wei38ents i nclude water, an al cohol, a ketPOomalS2011/025941

t et rahydrof uran, hydrocarbons (e.g. cycl ohexane) or an aromatic sol vent
(benzene, toluene, xylene, etc.). More WD 2011/106438PCT/US2011/ 025941
preferrably, the sol waBthdr%laeel GHbdrfer-foavintPcdrdaon inMbites Hclgdesno nmore
t han 200C, no nore than 150C, or no nore than 100C. In certain
enbodi ment biomdlecutas that shamea partiauar affimify fodbeanetabsgfacenkEngseainclude

pol ynmeri zation initjator, stabi]izers (incluyding,. for exanple

anti oxi dan?g‘,aﬂ@'%maf ey 8- cysteine. and qy@ﬁbegp Qﬁ%(y&ﬁﬁtan iqrn{)quhﬁc%ds

pol yreri zat,j: L ahi hid : - , t he
T n” ot el b A Sed Rincl TR PIRRE oot o 8 eE S0 2 8.8 s
corrosi gn ApblitatiodrSerial Nos. 10/654,683,ngy/e6b,A21 e10y965 /2271 nadFpa7@ntand
conductors can be fabricated by, for exanple, sheet coatin web- coati ng,
printing, éﬁ@sloaﬁﬁ@a&-SOHFO\&@P%'MFG\UE'&EP%'QI Nos. 60/680’4918%@5107&7&@% is
sui tabl e fgp/ gazkhng a conductive layer on any substrate, in particular,
rigid subs g Fi gures 13A-13B show an enbodi nent of the

fabrication of the tOMSISHABEISHAN66196siBY irfHIBiRdrs GRELd@dithibtHiRdiakole,
nanow res di spersion (not 15 shown) can be initially deposited to the

substrate alkyl dithiothiastiazales ead alie/lthisls, adkyhbetigsa aatusaied (F4-aeestiaghtor t he

SuEet 3 o SR T YRS S RS oA PP

nanowi re nghyRikd BKara %ﬁoiasyefrg?@w&ne@g}th@r 6@?&ti§§§héﬁﬁ&5fﬁ1rﬂ&@- 20The

substrate nmay require a pre-treatnment to enabl'e the position of a uniform
nanow r e dfrepecarading.ayer 110 that adheres to the substrate for subsequent
processing steps. This treatnent can include solvent or chem cal washi ng,
heating, deposition of an optionally gaitwt ped i nternedi ate |ayer to
present an appropriate chemcal or ionic state to the nanow re dispersion,
as well 25 as further surface tr I treatment, UV-ozone
treatnent, or corona discharge. rex , an internedi ate
| ayer can be deposited on the flacle Jo Sibstr to i nmmobilize the

r/ f i I nodi fies the surface

n ' Substrate. In certain

YEr{ ga (o]: 1§z}
S SS SSSSSSSSSSSSs
‘ Silver

u
nanowi res. The internediate |ay
to facilitate the binding of

enbodi nents, the internedi atfe

15 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). VPlIs 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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WO 2011/ 106438PCT/ US2011/ 025941 the substrate prior to depositing the
nanowi res. I n other enbodinents, the internediate | ayer can be co-deposited
wi th the wierow/wess | n certain enbodi ments, rmnultifuncti @ecalushélomedsecul es
such as pol ypeptides can be used as the internediate | ayer. Pol ypeptide
refers to a 5 polyneric sequence of am no acids (nononers) joined by

peptide (aghRgictieNaers i2e oABIdIInGel lesERBNERIDSarebrasdi! YRDesERongmde the
same or different. Am no acids having side chain functionalities (e.g.,

am no or careomigrbscopciadd@re spajsedy dispritefied sech ttat gt pessence doealmiod

ol ypeptides thus include poly-L-Lysine olLy-Lglutam c,acid and the |.i ke.
‘Fl)'heygoloype5?'1"%%3(5%‘#1“%@%85’5%3%%"‘6%@%48?éptéé‘s ?ﬁegfcﬁ'ad"f(go?h SR Q'R
deposition i i ) e A i ;

Gubotr at o st ABBHISLH infibfofhEA TR iEirEafbdigciInbeR BB i Barkhe
pol yest 6r mnpeighateisintea gporoysompatdrial frenewhaheipbamdbatub)imatdd intd theef vaport i es

for pol ypeptides. Advant ageously, the internedi ate | ay%r can
be deposi t BHaséiafopmea monataver ditrriitheasurtace, of the aetahpananirasisegelnssht i on

of the nanow res accQrdj : : PR

pre-treatnent net hodg‘cgéalrgﬂéﬂt @’oé'goghégﬁgf'ggﬁ%ﬁ{’ %i WS I!l?null’rllgmltg h bWI ﬁ%gre

pat t er ni ngreddip with #c8AbsVE ShEhERTt (B.HaHL8Y fHmh WIEnaw fetdl hanbdires Xahese,

pl asma surface treatnment can be carried out thr%égh an aperture mask havi ng

a 20 desi r edirpsion énhibitarsare knbwheasofscavengarbsen ‘gedlersewbichreonapetewiles at
I t -t t ed i d at. | { t t i .. Na i
deposi 18 B elal Gnd se-uaseh h PRRsuRRETReRS: (HENSIRL ol LS Sare bhan
they adher Fcfie! gﬁt Hrd ﬁ@ﬂrn%o[foe 'a%Fbleiﬁ,CgQBQélf‘ﬂla‘éiné} hatd-enBrsSuderRRidd on

can be achieved by renmoving the nanow r on the untreated region by, e.g.,
washi ng. 2(8¢e,shgyPublishethde8 SApplitatibmiNg. 2800H06rM28ment s descri bed above

al so apply to other npethods of fabricating transparent condyctors in
accordance with the Hesfaipempedidests, the dorrosion ”ﬂ“bﬁq{e(erﬂanlg%ére net wor k

| ayer for ”ggaﬁ%eésﬁgcttarﬁeﬂe asgg}ns{e‘acig RO Ridif BHdVdiLd e pédasies dotels\elﬁlo?‘:t rically

conducti ve’ -treat process' step 1nvolving exposure

to heays pb@ﬁé?@ely@fe@ﬂﬂweﬂbp*ﬁdmwelectﬂ%ammrtieu ofthessumdectivaslagel.l be
di scussed in nore detail below WO 2011/ 106438PCT/ US2011/ 025941

In sone embodi nent s, Ineothet embodimentsathecmatal @apewires can benretigatad with a

t k | 114 .t .0, . trd terial . 16 i
Chown i n PheEdH oIS ERRE At e G P PaglsR it Sulghiate Bor SXample”
obtain a ”ﬁféﬁé}}a’*%nb@ﬁéTcéH(Hélﬁr%ScdHte&Wréfﬁaﬁ%jfé@ﬁng%ﬁob%n%hi@itaﬁd- 51t

i s understood that a brush, a stanp, a spray applicator, a slot-die
appl i cat or eqr, B aodhdithicthiadigzdode . ajmpadditieryrthe ametbbnanaydréscarhalsplbece of t he

o avur 2pr AL RO AR AB PO MRLH AR B AR HSB BRI CORNHG and.
draw down b ; ; J i : tfirqt e.
Adv\évnt ageoﬁ% %ﬁ §Br@8@{:2|%a%eﬁtr§et§{%%3§g§ %%rr(?%gg\gsréégég 'aeQj p@é%g)?'zy'rﬁa'ned

pattern capatentked 088,945 arml B tRUblieHedWpplicatioroNor 280810448480.0n | ayer,
or matrix material layer, thus gri_nti ng a patterned conductive | a(ier (e.qg.,
Gravure printing). Theyei®tbricemoedimands, thametpkbanewires ean he@llgyed prf ayi ng

e "o L&l Rl G R B0l S enaH AL Soh Ui e o
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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15 cured in a patterned |ayer, the pattern can be transferred into the
metal nanowire | ayer by renoving sufficient nunbers of themto drop the
concent r avpan11afe43anowi r es bel ow t he percol ati on t hr esheCa/ushianowiomes can
be renoved by washing or brushing themaway with a suitable solvent or by
transferring themto a tacky or adhesive roller. 20lIt is further understood
that additjfpaly §ePRHrchE8S pRiceeBS icBADLAHiIBE cBRLENEEMYERtNHI s8Iulibhow ng
for drying or curing betvveeﬁ two consecutive coating step. For exanple, any
nunber of ploeepsing@quiproenteViaresivey thayabricatian frecesseseueiconpatibieawith nanner
as descri bed above, (b)Wb Coati ne%1 25V‘§b-coati ng has been enployed in the
textile andirgellysratienaingitne &ansgareht gROGWHRH (hi gh-t hr oughput) coati ng
applications. It is conpatible with the deposition (coating) processes for
transparent conductor fabrication. Advantageously, web-coating uses

convent i onRhn&witt PEpYsitRmcarkbTrdrphkdnt\Conduetateabricationh dramatical ly
reduces the cost of fabricating transparent 30 conductors. In particular,

web- coabi ng pr oduceslnegrtain embedimepiso il ie thisedesprbed herein a method of

2011/ 106438PCT/ US2011/ 025941 conductive |.ayer n_.f ible.su es.
Process st é&é’_"@%’?\g girqrﬁﬂa@p%gopay%r Fﬂ@@&?éﬁeaeﬁ?ﬂ@]\ié R Lér%_a@l cﬁ;%é@ separat e
operat| Onsnaﬁé\?iﬂfseorl%wo@ﬂ*éfe, e MEAhAFRirdsbehg eisprrédein dhgidsHhgt rate in
the formof a filmor web can be coated continuously along a noving path.
More 5 speforingah iyetabnandyeite aetvark laysnondtie substratesbyl allowisg dhefibiddy a
notor (not shown) and noves along a traveling path 120. The substrate can
be fed to @e reel s di rectly or via a conveyor belt system (not shown). A
storageptank 122 is [ Q,%jn e *.%)sg ; ageet ank 122
cont ai ﬁg a met al nan-gfv?\néweésygl ispc%g@léo%érﬂg%f% r réng{agldje%gﬂgagragéQ%eg@gi tion.

An aper t ur getdhanowiree alé tysicalpotispersed 122 lideld tocfasilitate ting dapositorst Hésam of
metal nanow re dispersion 132 on the substrate 14 to forma |ayer 110 on a
top surfacenderstosd thak asusedrharein Adeposition” and “coating’jaje Wsgdr st ood t hat t he

tri Ceri . . : .
mat i x e g aadaete Bfurdn RRhtRe M RRENEM s aaL RN es BATIARE, |
i's furthergadpgfs SlsparkibnadiseoHIISH SRERS naBoRRES eRpeddiony canask used.he pl ace
of the storage tank, including a spra&;ng device (e.g., an atom zer that

del i ve§ pPreferably; ke tietalaranovviess are disperaedin watarcan aicohelid kefoaevi ce and
the like. Like the sheet coatin a.printing devic an _al so _be ed to
provi de pa%fﬂﬁsr%éugwﬂb%%?f%ﬁ?@ﬂ?@gﬂ'&e% Zé'he'ipﬁlgpﬁaf(ﬁ@@e’n%tgaod of

web- coat i ngiotd nWbtEEBIY, IRe liquid is volatile, having a boiling point of no more than
200°C, no more than 150°C, or no more than 100°C.

In addition, the metal nanowire dispersion may contain additives and

20 binders to control viscosity, corrosion, adhesion, 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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coating is carried out on a bottomsurface of a substrate. Like the nethod
illustrated in Figurel4A a substrate 14 noves along a traveling path 120.
A coati ngvoablere4840 i s positioned bel ow t he substrate aou/ysastioadohy
subnerged in a netal nanowire dispersion 124 stored in a storage tank 122.
The coating roller 25 140 delivers a netal nanow re dispersion |ayer 110 on

a bottom suifaees bRl b@@%bﬁpmﬁ frbfh 95884 99109 kBIvehtand HBnT 008Y€ i n
on

the directi of the traveling path 120 or in the opposite direction. The

coating of tohrk4tametal nambeineal Reprebentative examplas aofrsuitablessuiactamser .
In the processes descyibed_in Ei es 1 4B, it 1S tedt 0
vari ous surm&t&@e@%‘é{ﬁ%‘gwszewﬂgﬁép%wéﬁ ILﬁ‘i'd"o ritoR QSflOdaf)ggra' 3 h@ngsi tion

step. As w b Ch i i W, hi i6AN
enhance t held08 SBT MTBRGEEL LT TRERik, 3hy MY EaiiiIBe Bt LiibieroRbSs 6
conduct i §i t o@ffiethmchridusirbxgpropylansthybeeldoseS(HRMA) emsthyl aeltuloseat nent s
include, but are not limted to solvent or chem cal washing, pla
'B’C',dtr?’é’a?t??gﬁt and

tr eat ment s, xaushamguat, poherinyd aloagiob saroxyraatbaeliulpse angr
abri cat i noalisendriarBEd ch SulR0ls ORAbE IR GHRERNYGsAraBaReL 0, e

fabricati ngc‘%{ a web-'Ccoa SyStem 146

includes a take-up rephe h4holitalicohsestratictniniie digpeirsion cantaffeedvndeteliinet ake
up reel 147 draws a substrate 14 (e.g., a flexible polynmer film froma

suppl y reel parathaimsrench as tnakness, genductisity, (imtledisgissiriege sonduetiyityh aptical
subjected to sequential treatnents and . coating 10 processe | ang-.t.he
travel i hg pEAMSPRSENCY, @NngMEC %@f%%@ﬁéﬁ& !tl?%n%'ﬁ% '§?<P?ﬁ%9fﬁi|%ye[?hgh§rt t hat
t he speed o , b §d i AteRtioafoft he
mt -t o R G S B A B i e R e o
anong t he fpetmarpwifestinded dispersiot hin prefémediembaairdentsethe ielakive satiasfoft he

conductive | ayer forned. 15Mbreover, in certain enb d[ia%ﬁims’ Bre-tre %hments
are conductiée atbepingrreientshBoweyes; Fap &eman tﬂ"ﬁesaé“lﬁ)sgh pulabhe Agtio of the

processes. Nb,tag;tirﬁﬁéit%% &@F%@f H?)%{f%tj bs FFé?él%Pé/gl n&A8 .rQﬁ‘gé’ B 59?}2' dO/tfo_ about

surface-tr el ment station to inprove t efficiency of

the subsgqugil; fievab ot tepREbsitomodIfier &slthe inetal ranoivires is pesderabiyt indhet he
substrate prior to the deposition can enhance the 20 uniformty of the
nanowi r es | range afabost bda about 0.000625; abtheuietia s the metaianovdiesye e ri ed

out by known thods in t art. For examl a r reat ment can
be used to Gignt; 15 @refsIanly Iy esr?PQEtOE gBBﬁSQ(ELo %ﬁ?qt%e{-@é??tt?g cg{ubstrate.
Usi ng gases &H@Bn@rﬁs%frﬂ?é‘dispéwmy B fioHRA: ddP iy Sh i EGostip@AENt can
create hi gh?y eact1ve specles at Igw 25 tenperatures. Typically, only a

f ew at oni ¢ theyaethodroftdpplisatidragsedar Ehé preferred viscoshy rargsctos $he sanewiee bul k
properties of the substrate e.g.@tﬁge ollymer film remain unaltered by the
cheni st 2Q. dispaisign ishatywaeaabopl 3 $ace treatment provides adequate

surface activation f %@8@9&9%&%&&8C?H%ea&r@aﬁé‘%sd ROpFide Surifte to

illustrative exanpl e, “0OXyge Sma treatnent” can be cafried out 1n a March
30 PX250 syjsétespredsivedné Babisrdemnidegosifien af thegnaeowiney. eBarfadbpi- 30sec, 02

flow. 62.5 sccm pressure: -400mrlorr. -

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
deposition of the nanowires. As will be discussed further in more detail below,
pre-treatments include solvent or chemical washing, heating, deposition of an
optionally patterned intermediate layer to present an appropriate chemical or ionic

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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WO 2011/ 106438PCT/ US2011/ 025941 I n ot her enbodi ments, the
surface treatnent may include depositing an internediate | ayer on the

substr at evoAs1Misd above, the internedi ate |ayer typi c&Cryuseodhiokiosts
affinities for both the nanowires and the substrate. Thus, the internediate
| ayer is capable of immbilizing the nanow res and causing the 5 nanow res

to adhere to the subsfsiviing Betepesition, the ligaideisirampved ibyablapoeationhelhe
i ntermedi ate |ayer include multifunctional bionolecules, including

pol ypept i deevameration pan pelaccelsrated)by heating (e.g., bakinghel he fesyiing JanQwireice
treatnents ingcl f hi it h | : '

v ozone. ¢ rastitath fvRaridRaliE ot belieh Be Bkt cbek Ry GongaRhe” e
The substratesilfe ch%’n?é&ﬁ BE PpRIBSS StdPindoRIgRéxpRIRMJ Réatd pREAIL, icofona

station 164, whic elivers a netal nanow re di spersion 166, as defined
her ei n. Fhedidepargiet UMozdra, ioo pressurdasalescobedjbetosnk as described in

Fi 14A, ' devi ¢e, br ushj .devi ce, d,the |like. A nmetal
hanowi 165 di spor of on MEATAeEMRSBITENtse s MUSAEss PRE NSTe P aiaetios| o -
Al ternative - A DU LN ' » : t : i ti
of  the. et siPONSAUTY b HAriPalii ERAGARr BomiSTERS! depbNti 8 FENdTeRelPR | N9

rol | er havi RandwieesS6R S silbstrafy, ¢tk hestal matbwirdst eing da’sspelnsedJMflufdh&)rsﬁrmTp or
roller can be continuously di Eped into a netal nanow re di z'p,ersi on by known
met hods i n @Iestal nanqrome eewgrklayes @ndhs sybstipte Rinalawingithe EHid4e dyr i nsi ng

' 2. 1h f he || ' j ' | 6
Form a1t aroRt el e ey handhné heflok et BRI EUARG B 1200,
| ayer 180 cgiiemiatsiidl ¢6lfcHn &bk -treatment station 184. For exanple,

surface treatnment of the netal nanowires with argon or 25 oxygen plasma can
i nprove the transpar efidatrixmoatetisl” cefedsita amatgriaortchenixtutendh wafesigds thago. As

an illustrative exanpl e, . 2 _pl .can.be, ried ted

PX250 Syst GFAN GUEHGHS e Telore RETBRUPETS g BUikaral GHENT 308w bba bl
45sec), Ar \%erl}?m%@gn’fe'rQWr éﬁ'a?PSMné?é‘%Fe%ér?ha@qgm-ﬁ%ﬁomgs%blyhﬁ&% surface
treatnments, e.g., rona dPscha gg or UV/ozone treatnent, may al so be used.
30 For eganphdor tiwssHimkrsooas yferram salid pelyoeed mMatrixa SDitableapelymerination WO

2011/ 106438PCT/ US2011/ 025941 . As &%Bart of the post-treatnent,
t he net wor keongdiéonscane welf Kpawn jiethe: & anddnelrde Y va\pfexaimle; heating e ¢ he

network | ayer Q. is. fed : ' : ssure
Lo the sur rondes Epcfiblhenithdfiel B yiifie B Gifoet NPNIRRMRSFEDLT e
single rol | gsameuhr Hesiikebenurrition, "solidificationAdivapbhgesnivent shstem
application of pressure to a nmetal nanowire network fabricated in

accor dance simuitanenuesiicdused by isobenhearapyaldaalsonvitiadee meranihatiouriogty of
one or BBth surf ases Bre deamalcrig SRues SPrEHssE iR L GHdmE BaFEE i car ed
i n accor dangs,nttignd®F Rdfomers and the amount of the cross-linkers. It can be further
manipulated by adjusting curing parameters such as the time allowed for the
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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10 described herein by use of one or nore rollers (e.g., cylindrical bars),
one or both of which may, but need not, have a | ength dinension |arger than
a w dth dwvoensi/om3sf the conducting layer. If a single Proriuseomns2iged, the
network | ayer may be placed on a rigid surface and the single roller rolled
across the exposed surface of the conducting | ayer using known nethods

whi | e presspogacrylcnitplese o%@m%atcbhofs@bb@ésteké (&.90 podjdtieylenaterepbitdlate he
network | ayer may be rol between the two rollers as shown in Figure 15A

In one errbo(:ﬁE@npOlyﬁﬁtﬁh'E@hﬂ@E@, 800 pedicarkgnaies)applymeds withi BiohrdgHBar ent

7000 psi . oHoBasHY SLEn 58 meBidlcs Bobtstl Rus N AR bRt erably,
pressure 20 pbf§s Rﬂtésegotwnrmtbr@hépatsnaomywmcb@ryurﬁrdbg pblgaiitfesappl i cati on

of any mat r X or "pinch ITefs may be used if
two or mbr epolyainideimides, usb@theﬂrajppsypcplys@ﬁde% pqtyauﬂfenes;rmﬂmhetylmet Nip

exanpl e, VPTGERNPEEN GNP PRVUISIARR ?PQEGGP?%&@H?@% ?ﬁgfvsc%%ty@]tf et
Lam nati ng ﬁﬂp?s anet?tl’el, g%@h‘?élhylagﬂénewﬁhﬁ Q:ybh% 3l§f|H§ ﬂg Bof=Ricb-bY

reference i hat application

of pressur estyere caichymen(ABE), eehmbmsksmms andaotbreednhbb&-cootaﬁmngl vity
thereof either before or after application of a plasna treatnent as
di scussed aB@V@ef%t(ﬁlgrrﬂ?'ygéseééH@Xﬁﬁ?ﬁaBF’ Rﬂil}tsi'téﬂ?s)asﬂif;%%é l@Xahe, subsequent

or ed dbr cedhucOfrPEIBV Se By b B e AR horeh s SyrthelBtuPBes e Y BFe
tines. |f tEPRr SER'EPBIE, & fl@dro@@fy%‘érst(b@ f}%ly«ﬂh%de’m&eﬂuolﬂ@ nul tiple-
2011/ 106438PCT/ US2011/ 025941 tines, the rolling may be carried out in the

same dir ectp@imatﬁatﬂhomlmdeme (Bcahoramlthszpr@propmnﬁb qoaplyatergmf fluew-of
th heet I th ® t dj ti
(ot " shown) S1sfn gaRe Y aesarEo t{s,@te?iaé ndjone el atpRrdios T BRthER o ro- 5

conductive B&%M%tééggéét?&{éﬁ@s 'GWF(DP@ bgoAsfa'h@@la?é%O@b b@%ﬂ@ﬁ@ AFpy@baut

2000 psi usin S st ‘roller. nductive network 810 includes a
plurality oPonidnow re crossing p0|nts such as crossing points 812a, 812b

and 812c. As shown, at | east to @@ es 8%., 816, .and 818 at each of
crossing points 812a, Ingather & m@itﬁa PR aRIaL FRRIISET RIPEPRONIMEF ¢ t he

| nter sect | ng id-aR 10 harLes tt;es%.gtu?é 5P MhonBhfre37'd ABAGE dbibBmeRPBEI cati on

of pressure, y_enhanci ng the connectivity as e conductivity

of the nanopartial ssipehess thee cantpalymerize and/orcrossnﬁlha) foppl the aialyonerd maddt, may
al so be used at this point as a posttreatnent. |calqﬁ\; t he transparent

conduct or expdesafibed 'aﬁf?tﬂheli is wnttamtB@tanwletdseza‘omer%iﬂll intthe a0t @i sRlREsin and

nore preferably s, ex oanvx/nrefr 0 ere from
About " 180ccleMR S sSrRIG el iaRh bk MaadAet Bb pat BRI

exposed to tenperaturgs Bte%‘ﬁéd ehMbdiRERt, A pebiiferis ghdibicambiddG., the
dependi ng on the type of substrate. For exanple, glass substrate can be
heat - t r eat eprepblyandrepghgmatizeseandiogeross- lmlkemtpoﬁa)@osurezm imadiatiopovieill, post
treatnents at h|g er, tenper tures

presence of PR JRRHTIRSE inP ﬁ&@?g bagg Ig%p‘%h‘;tg%ﬁ ﬁ%‘?ﬁ%ﬁr qué'éggt e

patterned by exposure to |rrad|at|on 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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The heating can be carried out either on-line or off-line. For exanple, in
an off-line treatnent, the transparent conductor can be placed in a 25
sheet - dr yWwogonviem3igset at a given tenperature for a predecemseoed2smount of
time. Heating a transparent conductor in such a way can inprove the
conductivity of a transparent conductor fabricated as described herein. For
exanpl e, ﬁ?éféﬂﬁ@l@rrﬂfétsdl@élﬂug&/@ratlfealhlélvﬁgt@doﬂmg P@ird of @8l mb@ thadl200rGcess as
descri bed herein was placed in a sheet ing oven set at a tenperature of
200C for 300geemeiben 186fCr er ngmoredhardf0ost -t reat nent, the transparent

conductor had a surf ce re5|st|v f .abaout .12 whi ch dropp 0
about 58 0/0 after t léoad'h’éﬁf tﬁ‘\”/@%@imaﬁ é%é%%‘ﬁ%’ﬂgga‘%% (gggéhl

I n anot her ; I t t fisOr was
heated i n AToHEEroN f@%ﬁéﬁﬁﬁ*%‘&é%ﬂé%é“%z%émn RRAlg for SXARPRS anfoRdufs)

second ®r aaaom‘\éstabd:zactuf:drdxnngiarcmpembtflnfeztnnalaodtpol;@nm@zatmn inbib#brsufor 400 0/ 0.
It is also considered that the trans aient conduct% éPbe heat d usi ng

met hods 5 @taater shalhlife) syEfectagnieand '%@(ah’p@@erﬁ @dthea’ﬁ'ﬁ "Boul d be
used as ei h%‘iérieﬂr?n L]rlH?e‘?CBFr] sfea“:&?o '}ﬂﬂbﬁ heat the transparent
cur to

conduct or. SO be use the met al nanow re net worKk.

RF currents nmay be lAdutb@@H herein Wﬁéd&ad&ﬁé%th@ndeﬂwd&arbbe@britmted)byadcast
m crowaves or currents induced through el ectrical contacts to the nanow re
net wor k. 1Dadxemiegheset caating tweh-sedlirthirrinkiag, applanisatdt-h heat and

pressure to the transparent conductor can be used. In particular, to apply

pressur, t he t nsp ctor can be placed through one or nore
roIIergsas descHq bedghggtgggﬁﬁf5|nultaneously apply heat, the rollers my

be heated. The pr eSSShéeﬁcEHétlngdsl@,)mtétBlé foPEOANY aeomnﬁft%abyef drf amy 10 to 500
psi and nore preferably from40 15 to 200 psi. Preferably, the rollers are

heated t o belbsteate, ialpautictacC rigictsdigd@tesid nor e preferabl y to between about
100C and 175C. Such f heat in nbi na ith.pressure can
i mprove the conducti emﬁ i‘éé ﬂ'%%ra@rﬁ B%ﬁﬂm(?} heAf iGa (ﬁboﬁ\ﬁ'?ch may be
used to apf Mﬁ%m{eht @&R{&%Htﬂi&&ﬂ%&ﬂﬁ@ mqe&ﬁf%ngwrrewwgéhxnas a

y Bann f

| am nat or er Anmerican Products Tenecul a, 20 Appl i cation of
heat i n5costowny cambmrluhaltyrc@mmteddamé)euhhﬂaieé|4t h%rolleeﬂ@ﬂe:amrbafqlled
deposition and curing of - a rix or other %/}grs as scri bed bel ow.

Anot her po@?@ﬁ@a@ﬁ@r\'ﬂf@@@t@@QJfJBetSHB§tr%t§n1%ée %QjatrﬁeﬁaﬁE?ﬁ%‘gEe%onducti vity
of a transpangiliof RRANSY Blonithe!idn SHRASE 168 TR s M ROBHTIS KCallflelpr ¢

of a transpare uct or Brrea osed herel n

reduci ng agedy-arldia Basthi salowWire ﬁeﬁvdrkﬁyelﬂaﬂﬂvls fernesthonl tie y@rfacy ¥@8 k can
preferably be exposed to a silver reduci ng agent such as sodi um bor ohydri de

for, prefetfigure 13Bywhere from about 10 seconds to about 30 nminutes, and
nore preferably fro bou 1 mnute to about,K 10 es
under s?@od by one 01[nr h%‘(?feén?}’ A4S :ﬁgrea rpatrgmqﬁhmﬁéiwgo%%g)sﬂgondone
ei ther in- bfé\%n%m%énbwnsd.s’&%.on%w PlpOKet aéh@@sqo&ﬁeegamrate(f@m i ncrease
the conductivity of a transparent conductor. For exanple, a transparent
conduct or sfibssiqueat preecessing estepaNOT Bi8 1iatbenteRCiHcusRddveRzgshemical

washing, heating, deposition of an optionally patterned intermediate layer to

present an appropriate chemical or ionic state to the nanowire dispersion, as well

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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on a substrate of PET and prepared according to a reel-to-reel nethod

di scl osed herein was exposed to 2% NaBH4 for 1 m nute, which was then
rinsed i rwoabevioedsd dried in air. Before this post-treaPeEuS20ih®25941
transparent conductor had a resistivity of about 134 O/El and after this
post-treatnent, the transparent 5 conductor had a resistivity of about 9

0/0. I n angidsubstragprior tadépauitmptrentarmwicisctiarotoér embudimerdsidher es on a
gl ass substrate was exposed to 2% NaBH4 for 7 minutes, rinsed in water and

ai r-dri ed. intefroediatenpyepean be cedanosited nathitheanamdies. conduct or had a

resistivity of about 3,3 fter.thi : t

t ransparent conduct om ﬁ%’&gﬁgz‘:‘{n&?@&%\ﬁsﬂ t};ﬁt&*lﬁ@gﬁﬂ?ﬁ%ﬁﬁ%&%@ sﬂghl}}% ng 10
agents ot hgpHBBfdSOEh Y BERREAMSIhE dstefRBdREe 1658E Pelypkptide PsTeEs o #at nent .
O her suitabl'e reduci ng agents include ot her borohydrides such as sodi um

bor ohyd5i deplynmrrsevjuencg &f acung acidss msnoimers) jhimast by peptide GwoidehbondwAB) ;
and gas reduci ng. agenf{s, such as hydro as . Thereafter, the.
substrate %ﬁeﬂ@eeg&ﬁ ONYMEES i1 2 @&@%ﬁaﬁﬁﬁn#ﬁ?oﬁ?fﬂ%oiaﬁef% M8 i vers

a matrix (=14 i i 1 rd Intd icOn 188
can be &SPy EMrErlde EhgREUhRRSAIREE (D SR r CatoSghe Held FoupLPic
brushi ng dedfered a Bxamplésof sidtable palygeptided thkis.indudepely-lolysires poht-Li x
material 192 is thus deposited_on the network |ayer 180. Adv%nta eously,
the matri x9amiq agid aad the likepdbpalynsptide sanhia eeptad endbesy Ptﬁ?ﬁ% Ryior

tt d 20,.l . . . i I t
Curi ng 5t afd b5 iR dpRog e AR R R o e e PE Seb s S ey
the layer #2s@sirdtewihrtaE ndodreQiémdsione Mahy sitistilesMaglodimgeylasd)e curing
process can be accelerated by heating (e.g., baking). Wien the matrix

materi al cpelyestessubstratés 4eigorralyethplese 1srephimiateiexhibitiaffiniigeefor192 can be
cured by irrladi ation. Depending on the type of the prepol yner, thernal
curing (thBP¥BFPYYSShduced pol ynerization) can al so be used.

Optionally, a patterAhO&’nt%%%Bu%?ﬂhE‘?n%bh%‘{’e Riyer B8H Pecddgiritbdyieh pé- t he

matrix material 192 is cur patterning station 198 can be positioned
after 36 tHeteminddxpattgynswhichrersidas the defsition dfdhe manpivires accorgling tot i on
200. The patterning step will be discussed in nore detail below. WO
2011/ 10643t8ERPEIEIMH25941 The curing process forns a

conductive | ayer 2040?@%%%%8?1 ggﬂ{%ﬁd%@?g%rﬁcé}%w&ﬂ ‘?é”ﬁﬁ"&% in a

matri x 210. The conduct urther treated a

post - t r eat @RRta Satirhivg stdg in brie? e perfbafipatteined depaxitivhsc tForeexanyse, 204 can
be surface treated 5 at the post-treatnment station 214 to expose a portion

of the netplasmensufacestreatment can beerastied ouhbirewstyan @peauranask ayindxanyl e,
amnube a@?ﬁg&@ggﬁ%@ Facsl) RS sFRSISE (RURYoRYcAHNGI at BB SRR
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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treatments. Exposed netal nanowires are particularly useful for touch
screen applications. 10l n another enbodi nent, a portion of the netal

nanow r eswo0expes8d on the surface of the conductive | agerus2@4/02341 owi ng
the curing process (see, also, Figures 10C and 10D), and an etching step is
not needed. In particular, when the thickness of the matrix material |ayer

192 and surface tensi ns@rhetdhtbdthinents, faohatrhahiateriahtan berdoatéd e the
appropriately, the matrix will not wet the top portion of 15 the g\stz\l
nanowi re nef@pewirangtworkdayardh4ofo form awalix mateial laverdile) (Fisire X 36eefSon

the surface of the-con I ve. 21 : ; I #@é 204
and t he subg??\%@én Tgu&%ﬁ%ﬁh&e h%@ﬁ%erﬂﬁ) I%%eé 1&%(%%8&8@3#%&%& I E‘r?l ow
process of fahyii A4 i sirgctalesofl B afdsefhA-Q08S can beafltaihedr eel " or

"roll-to-roll™ process. Optionally, the substrate can be stabilized by 20

travel i n§ al ong a conkiéyondérstaad that a brush, a stamp, laesprag @pplicatped slopdiecess,
I tipl tir t be . i ed.oyt al t he .t i t h,of

Tovi ng. subsePRASATBCANeEsHiTatle epelieHpn St PAeisendp 4 BB B B - od or

other vi se agap! AdRnblty UPASAIKRIVIRBFBEIoNL Te RIS bhg Tatwaiadraidres! al | Ons

as needed. FOr exanp coat 1 ngs of e performance- 25 enharcing |ayers
(anti-refl egtihﬁ’r&g, sl ks custind) aeverse anaforwaidesend poatingcand dravagews table
films) can be fully i ntegrated,i nto the fl ow process.

s
Advant ageouS®fy alsore vged fa depasdt n ieassonte asyhaiiate o Ad¥RRRIEPHYY (AT m

he- coni Pyt SRMIENRiR Pretsticl RIFEBRITIRY Falidm ge EUSedtd dhat £1e, L0
trailing 30pseaned mial RAAMIIES 4RBBIEIONRRRE 1drGRralImbr)Y ahlbyBAthed printing

Despite its versatility, the "reel-to-reel"” process is not conpatible with
a rigid subspaitesedcwidustivglayss (e\ghi Geavurg ptntings tThe eendughive Byes&aed by

h i d ibly.b i ed. b
Trercar o Aot paftaBa Ry sPmiag 15 hAnErS Br Bt Yl 000 HEY i 11 on,
sheet coatigghdimtd t¢£\3‘§g g{r}@d@%ﬁﬁ@lﬂﬁaﬂ 0|$9§mam1}ihﬁx|&t§rfw 15T HésEEHedyor

i ncrease the cost o ct'i on. us, it i's described herein
a | am nd6i oouneddn esgattesned tdyer cthei paftean taabetrarsierredirdo the metairmangwinehe

use of a flexible donor substrate. This process is. conpatible with both
ri gid subst |2XeeBY &eHoying,8u F“ée%tdb’é?t?%rtsé%f?h%rte deop. the g@?ﬁq ,aﬁﬁﬁc{fhe

| am nat i on pLoGGRSs GOBR thGRircGiBfibh iteSnaiAlN Widwifed Pbe MmBydd By ! ©

donor substrate, e con Ive layer 1nc Ing a plurality o al

nanow res V\Wbﬁhin?Qﬁ bhesifind eestacway withatguitablessgiesratioriy travesfemindithemvte a
| ayer fromthe flexible donor substrate; and transferring the conductive
| ayer to a tagkyoradbesivecpliirce. Advant ageously, the coating steps onto the

fl exi bl g .donor substrate.can be carri 1 20| -1 0- . pr S
becauseip he donor sub@t'sf f&r@meirgnfj?@?%cfﬂ'!ajf%ﬁgngg%m%ﬁ%?@qsaél)re(?oea?lhg%ggﬁ%%
thereof cancdhiegn Qg Whial&wihgdof @rythSoPSInRY Setieeftotnsebiti/e cautinge
rigid or flexible, through standard |I'am nation processes. If only nanow res
are deposi t steporfiar exampié, eadybhwnbenof theytesformaaceremhaocingtlayers gandiei al i s

used, a lam nation adhesive may be used to attach the conductive |layer to
t he coated in the same manner as described above.

(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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20 substrate of choice. "Flexible donor substrate" refers to a flexible
substrate in the formof a sheet, film web, and the |ike. The flexible
donor subsOnratiglosssnot particularly limted so | ong as iPCTasrobe2epar at ed
fromthe conductive |layer. The flexi ble donor substrate can be any of the
flexible substrates as described herein. In 25 addition, the flexi ble donor

substrate gadltivetarits @h fRXiblevevbstratex! ifrécegiasteps candetue dn &éullyThe
fl exi bl e donor substrate need not be optically clear. In

certai n eninteyratad e ehgerfdlyassepatisterprasatiens-ate can be pre-coated with a
rel ease layer prior o th oatl f the. Auct . I ! "
efers to o thin DayERueiaRahaug s R empdsre RSt o BBie seBARIR o
conducti vefdr@yéia ﬁlfrﬂg}?ﬁltehgfarﬁ% BYatbBRonfAlbIly albMg 4 AlovarepatAY foreust al | ow

for an easy renova donor substrate fromthe conductive | ayer
Wi t hout 5 Wp&xifichlly 08 48BBETEUIRLObLNEREOH tealartd §iis dravie by endotari(net shover).

Typi I[ly, th I | is f - ial hayi I f
el E T R MY AN
R o LA

rel ease | ayesitiaddet aoaieetheosutishaitd N4 x Mhlesstdigertank 122 rcantaidd @, metatl a
conductive | ayer 250 coated on the rel ease |ayer 244. The | am nated
struct ure DBWOWIERS dispetsion dad &r matal panewives deRrABHORs Aflcararuse d 284N the

: b Fi A . he f bl . .
Che et "sthrdh R deters 3 PRt ] Pt ARbE IO 472 0% o
on the fl exhhesalodirite JUSHM & layéte! TPHA 4Ctbp \sRirfask &I0525@h6 8ubéirateorared by
met al nanow res deposition foll owed by matri X deposition, as described

herei n. [t ireunderdtond thet theymatrixematesial isstoadhinyanathkerssteraged to a
substrate of chojce. In rticular rigid substrate. (e.qg. | ass whi ch

i s typical I%r/‘kr(BP{ M)aﬁﬁg the magrix H@??@%’-apcﬁ‘? Eﬁtegdﬁﬁ%ﬁgﬂ%ﬂ%%%e,r)%san be

| am nat ed %%&hbtegeab%qlgductive | ayer. As shown in Figure 16B, the | am nated

structure I's transferred to a substrate 260 (e.g., glass) by contacting
a surfage 262 of t heltiohudihetr undelstyat th2bany disgensmgodevice ear266.used igert ai n

enbodi ments, the polyneric matrix (e,

adequat e aliRddnem ot e Heragenankainelugy s 4 ?Egg@ﬁpé%\‘i,gggég;gé%&fgﬁrﬁk%végrez
10, 0, e B Beo T B P Bl Bl e
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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I n ot her enbodi nents, an adhesive | ayer can be used to provide a better
bondi ng between the conductive |ayer and the substrate during the

| am nat i onoxWEPLO6HBBgure 17A shows a | am nated struct ur e PRTOUSC@pe3iogi ng, in
25 addition to the flexible donor substrate 240, the rel ease | ayer 244 and
t he conductive | ayer 250, an overcoat 274 and an adhesive |ayer 278. The

adhesi ve | gyrspatéfcyand/Rn condiedivitg of tid scrdubiile layers formed. Sditeblé ani nat ed
structure 270 can be fabricated by a reel-to-reel process as described in

connect i onsuifage fFeatmeanta Bigludg, it Breenohlifeited tmselMeNtarghesycalasidng.coat i ng

adnesi ve | BPSFEFERElnst, By dsctntbe dilieoB Merbent Pieilt MREthe i
WO 2011/ 10843864 bilseps ihéesp4l (e.g., polyacrylates, polysiloxanes), and

can be pressure sensitive, hot-nelted, radiation-curable, and/or thermally
cur abl e5 The over coaFiguean1564 shoevsoa compechnsiveepioeess flowrfcefabnnating ag

| ayers, including a hard coat, an anti-reflective, | a ._gn protective
(17 m 2 balARERATEALGANIUSIRT. Aroshowa & Weh qaauinSVeies | ARANGILSRs & take-up
structure i ] LAt [ rface
280. Therea ? é?ﬁ tgés{qgﬁg\\/\né\\h ?)R .?&‘rﬁgh%%%‘??é%é& ellgﬁﬁggﬁgxﬁgﬂéate 240
i s renovedsihstets daleng, 4 flexibr) polgmet filney framd Supply réel 1ehBealong t2kelingn

certain enbodi nents, heat or pressure can be used during the 10 | am nation
process t opathhth: eThesubirale ¢ ibdber subierteddarsesiupptialiigatments angcoating

P ot hap " chisttrenohddne BATEET Baylfbq RS BB dnbaRif 16 e SUMBRIALF: |
di fferentig 1t 1HdIh&opabIEbi ¥R reRY he ¥pbEd LPEESSStiGM thB@ohténtdilon sfaher

substrate and the substrate of choice. For exanple, the conductive |ayer
may 15 haveatrixmaterfal caret thef ddeduagy of thg dgsng and-cutng presasses ag ABIONG

substrate. After the.lam natign process, t textile dpnor subst.rate can be
r enoved V\Mhpeftap{%s Q@rﬁ&i@&‘?rW%e B%EP'?(?@"& qr}{:r&ebtgwﬁgaswf & gpndye \é%}ayer
substrate. flipegertai n enbodi ments, a patterned transfer is possible during
t he | am nation process. For exanple, the substrate can be heated by a

t her mah520 gradi ent, Mehemier affoaridén bediodineetg) prestreatchanih ast eondusieéd s on

t he substrate accordi ngg to a ﬁredeterm' ned Pattern. Only, the he&t e? regi ons
will be | apreparethepubstiate fordha subrequent reating Brecessas « MRIR SRECHiEa;  y

(49, oL Bhirl 158 415 Yl BARGe b ot ROGBAAR SN 100 1o
a ni chr ometoViiiRolie BecéffiBiepty b fiRdsubsequent nanowire deposition. In addition,
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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25 beneath the areas of a substrate to be heated. In other enbodi nents, a
patterned transfer can be affected by a pressure gradi ent based on a
pressur e-wonseiticgssaf fi nity di spl ayed by certain matri X PERIUS2012/02590T
adhesi ves. For exanple, a patterned |lam nating roller can be used to apply
different pressures according to a predeterm ned pattern. The 30 patterned

l'am nating roller cap aihep chfbdthneats, tite sufadtereatttertiniapinciude déprsitirig al

bet ween pressured region and unpressured region. WO '
2011/ 10643gRdmeusediate E3soon the substrate. Ag notedtahsivieethecintasaiediaie dayerhe

o edet er 1 e SRMIE 2GRS for ot e nihdwTeh bR 680 atbe usattet er i ng
the pre-cuﬁntgﬁﬂgaisfé 4Ger @yc%rtpab% mm?{gﬁ%iﬁ@&ﬁe nhRSWFEHEHE chkiginhaner gf the

predeterm ned pattern’is retal ned rest 1s renoved aldong a
pr e- cut Scontnowire®éd hdhevientg the substrate. Repiesentaéide amigeals sujiab lecrsite
conductive_ | ayer can be forned b%_ selectively curing a @r e(pQ(éVrrer, coati ng
accordi ng fietnediptedayer ingkideyniiifinstigpakioreleques MGyding patypeptides

photol ytically an ther ly. Figure 18 illustrates an 10 enbodi nent in
whi ch a coi%lgCtp?)\I/yetpg{}'égsi s photo-patterned. Mre specifically, the netal

nanowi re networ k | ay gihddérdmpidpestacstrentricnts sshse sirtackAwasising dithga t 0 a
nmet hod descri bed herein (e.g., Figures 13A-13D). It shoul d be understood

that the sebenatGorona disshpegeaand Sezong weaimentuall ahwhichiagikppwndermsie
substragte. Thereafter, a prepolyner coating 300 is deposited on the network
15 Iayg:o oFk'ﬂ@gﬁTIhﬁa?{va res 114. An irradiation source 310 provides the

photon energy for curhagubifafdf f£PHERkeGRBELEES toha FRKI fbuifesPOsi ti oned
bet ween the prepol yner coating 300 and the irradiation source 310. Upon

exposur e, depysitieystationedbdo swdich deliviess armetfdi nahowiredéspensied 166, as defiegd ons
320); the prepol r.coating ,and nanowires in the uncured regiLons 4 can
be rem)vedRﬁ?"\)\ﬂﬁg‘ér?&%ﬁ'“?@gs@ft'gh?%bwatﬂoﬁ‘g?d?f‘ @Iséfesg(?f'g%‘?ufrpgﬁgub?ﬁfﬁ'fah ng
them of f w r ; : t : i are

wel | knom%P% yﬁ%@%\}r?%(e_, aloir%h%@'rr}gaﬁjenw%?fba&& tﬁgﬁiﬂg; gbt: ﬁjrgt%ﬁ-lc?ﬁ] c?%ﬁeregﬁ(e %rﬁgpol ymer
i ncl udes alayendsBlis depositesi orgthensurfacentd® Alerplativelgnd priating devite @aal be

groups, e.g. hydrides or hydroxyl groups, suitable for chain extension and
crossl i nki Hged thappliér pattarbad weatiag of e prEY fangwires dignessign &pdhgmer

[ tial I Li , ' bl
bonds or f SHERTARar B AsHEie & yani B Rt NEhng Bl eyt ST huRbeRE Rt ©
cross- | i nkpBfle® c4i e Ds€Xt FREI®AMP or roller can be coftiltiIsRAdipped IO BEhBtal
cont ai ning a doubl e bond are al kyl or hydroxyal kyl acrylates or

met hacr yl ahesowie dispassion biyydnowat imgthodsunghe agt- et hyl hexyl 30 and
2-hydr %6yet hylacryl ?‘hg’lay}esr(%%%rga}/nl bggﬁﬁér?élﬁ/’rin%%hh%la Hﬁéiﬁ&%{a\filoﬁtﬁfnd ethyl
Thereafter, the layer 168 is dried at a drying station 176 to form a metal nanowire
network layer 180.
Optionally, the network layer 180 can be treated at a post-treatment
station 184. For example, surface treatment of the metal nanowires with argon or
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 Np 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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WO 2011/ 106438PCT/ US2011/ 025941 net hacryl ate, silicone acryl ates,
acrylonitrile, acrylam de, nethacrylam de, N-substituted (neth)acryl am des,
vi nyl estwoo0swiob3as vinyl acetate, vinyl ethers such a®Crasbutipksni nyl

et her, styrene, al kyl- and hal ostyrenes, Nvinylpyrrolidone, vinyl chloride
and vinylidene chloride. 5Exanpl es of nonomers containing two or nore

doubl e bonds are the gdgsacsart of B Pdstatdaent tiee yetork paymdaerfartbeybel
neopentyl glycol, hexanethyl ene glycol and of bisphenol A, and 4,4'-bis(2-

acryl oyl oxyptessuts tieatedn Werieosraedically,i thetnefwerkdayeahlo isfeddhsaughgollers

t thri | t.rj . at t et | at i | at
G vi ny1 benz 4R and e i Saih t €2 B 16 1o epci T o et Bt vy 180 1
phosphat e, §ho@lilndl uidAssBahal £ sRigld FdIR dodarait ok esBy! ) | socyanurat e.

Exanpl es of partial polyners 1nc e, but are not limted to, acrylicized
epoxy res$ins, acrylicAdeahtpgbyedy cthe appditationt eff gressurtedord mgtalinaplowdneher or
epoxy groups, pol ¥uret hanes and pol yet hers, unzgtur,gtggppo_l yest.er resins.
In 15 a prePeira TbAssERdinaCccaiangs Wi ayRethaddeseriaed 1eaeia CapRCEaRt,
"acryl ate" f ; r mrisikpg an acryl oyl noiety (e.g.,

met hacryl at gB% &ﬂrﬁcuﬁcg]/@{éﬁﬂ%arﬁ?ngpgﬁ @'gp. to a partial polyner or polyner

fornmed by pol ynerizi ng patiear pregsgreiray beaipptied Yo opé omboth yurfacesngflees of
the acrylates are as discussed herein. 20C£t_i onal ly, a photo-initiator can
be used to femduciing sheet tsansparenteendusterfabtcated ik areekipAge Mathca MeiRod The

it at 40 aOeSERAT P T rRaP paF rar o LofaR (Eoh T Bt Sus BEkEth,
and cross- | pfghid-m! ﬁ%ﬁnie_ehtqo@,tt%\ﬁa ANhot® dim&RaAvA ldrgef tHanad widtxanpl es  of

sui tabl e photo-initiators include, but are not limted to, oxine esters, 25
phenyl ket odiesension ufrhheaicmsluctdimgilayleos ifra sisglexiolesis used, the retworlslaypamean
"Phot opol y 8% P1aESHLE bR 1BK 84 50AT Fi BB olRLiRER GgiPss PRrsPEsHhp

Chem, Vol . : 7 Q99 | l\@hii i€apolled® yer
Sci ence, Vofsﬁ% , ptB.é Cf9 ggctﬁblgi%r u%ﬁagmggvgf@rawgkem% %ﬁ?’%t hg pie

phot o-i nbt i thieorolles €A rdifegaares asdd/ tiéhetWyrkilaped may Be rolled betveearsthedivot he
photo-initiator, the prepolynmer coating can cure within 5 m nutes, nore
preferably Ullers as sbowadbhigire wd. 2011/ 106438PCT/ US2011/ 025941

I n ot her enbodi nents, , thernal.- r pi ki i

i nsul ating thermal nagkg}(eeg@boaghé@pgbﬁﬂ?@@ﬁg%%ad\ﬁhhﬁ% %éjn%ebllzéxdg%stgg
regions of gapEidrbNt EBHRICtEH by Geebr dré ol e i alsd dupaidered titet.from 100
Alternatively, in a mask-1ess approach, |laser direct-wite technol ogy can

be used to th 1@ psi, 200 ta 800 psbEoh3CA kSPRApsionay be appdiegr dyefejakly, pressviey
e BB e P e BRh e B B B SRRl B Bl i
and Cher mal ~pat  or i na Ra?h By colers may PySeH e AoRFIAIR iy gee 000
process desapplpetessure ¢o tHeocoredmting eheat. Nip or pinch rollers are well understood in
the art and discussed in, for example, 3M Technical Bulletin “Lamination
Techniques for Converters of Laminating Adhesives,” March, 2004, which is
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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10 photo-patterning station 198 can be a part of the web coating system
146, as shown in Figure 15A. The photo-patterning station 198 can be

conf i gur edoi2nt1aopsgber of ways to allow for continuous expaseeig/o23vdl curi ng
of the prepolymer coating. In one enbodinent, as shown in Figure 19A, a
rotating cylinder 330 15 is part of the photo-patterning station 198 (the
web coat i nginse's tteavditity hreayrtss cafiedrout if tree sarhetdirettord ithaesperd teianhaxis
prepol yner coating 300, is noved along by a conveyor belf{ 332 gbs: rotating
cylinder rdsakel tathe riled swfasp of theshestdechnaiepathe tayelingpatiyp0) or in

irradiationggsource. 310 | itjoned within the rotating cylinder 330. An
exterior 3?4‘?%%”?@(5‘;%6‘{”3?(!‘&5?@%%der 330 is patterned, perforated 20 or
ot herwi se provided Wpihu@PrB Rosn SER irfagé bPW poftor! 60AMEtal narodieat e t he
prepol yner coating 300. Optionally, a guard slit or a collimtor 340 for

pr event i g camgustiveagetiwagk 810 afteb @applicstionefdtone laboet §0bpsidotaheuB0Pa @si
substrate. . . n.a related configuratign, as sho in Figure 19B,
a patterni d&"ﬁb?tSta\iﬁlﬁsﬁélﬁqlnéOI&rpgiqrg“ﬁg\ﬁe 88&%?@3@{9@8"8&?%%‘% 2 can be
used. The pAl{Hifd L i r$125p24n OpgwWhi ch is
connected to awﬂrﬁ%}rgs%ﬁ%?%hsrﬂ%\%g)ghb‘%rﬁgé%éa{tﬁgrewélgh%%?‘ 350 drrg?/]%cs' éts t he sane
speed as t lyhommy iahpasbthestpprndretire33® 4, 816pand @ 18a@ttciach @i srasspaspoiatsof t he
prepol yner coati the irradiation source 310 ttgé'o h openi n%s 360.

300 t
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2011/ 1064 3%AREHLIRIARE /OAREMtvityHsowEInas Wb comduidtivily 8Y tHeemariaifire tonductive
particul ar, the photo-patterning station 198 is identical to the one shown

in Figure I®\wORol | owi ng the photo exposure and curing, the prepolyner
coating 300 is cured-at select.ive.reqions and w || f r.tr ed at a
washing station 370 t erf%‘?ﬁi\?@h%rﬁ)?f f]ﬁ%&ff“@}ﬂ Oe%%yﬁﬁ%%ﬁhfﬁégg?ga@s’?%fe 14,
NOW CONpr i $YFMEHE e‘ﬁ¥r§§9lhf?ﬂ$e #8RAspdIEnPas Rl UBd redxpbRBa WD 'éﬁgwh@ﬂé PHm S°E
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r enpves1s hedo 260eC et ap tor 40 ovinutes, ardinuors Beferalblylis expored tecammisraifropt t he

b t al i h b i d with d i i . 380
among non- dORI0AP P0G def BREVRSE TOTD ROk 10 SERERSIEATIRERS, Hecanduct | ve
layer can Qf‘aé'{%g% St S HaB%oPESH béggugagam temp@fg&bjg%&;ﬁ@ﬁbF ir2m Bocthe

conductive various etching s I ons can o dissolve and

renove por tdngnsarpibe BB higoasldoDPE edépareling on thetypiensfsubdtratee alSor éxanaple,
enbodi nent, an acid-etching sol ution con?ri Si n% nitric acid 15 (iOHNO:B) can
be used. TygAssasubstrateeanberheatdicated at » tersparatue range o @bpuhR &G i cal 1 y,

h Ctri id i . = 10%. o . .
Fur t ners o e Hobh B Pt taatmebigt higfe e daBhin e 8 TR
per manganatgoeEVii) reqlite e pPIEAEE B8 B nor-6%idatvel a@h éspHhede sechtasdnitrogen
conpri ses about 1%—|NC§, 1% NaNOG3 and a trace anount (several parts per

mllion) oforzOngléaasi um per manganate (KWVnh04). The etching sol ution
converts netal nanow @Shéﬁg sol ubl e net i.ch can. be renoved by
I

washing. For exanple,’ NG RANORE P%ré”eglaﬂﬁ%lé&‘g[)%' e afiging. | K sal t
(2921 o Sl ] S5 PR B Sre By ol
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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25 di ssolve a matrix conposed of fully or partially cured pol yner.
Patterning can be carried out by depositing and curing a polyneric matrix
mat eri al wo 2011384 re | ayer according to a desired patPerrus2@noesdthe
matrix is cured (either fully or partially) to attain an acceptabl e degree
of hardness and physical form the matrix protects the nanow res enbedded
therein from bei ng etighedtrnaxatiplé Psécciid, Sihisaijusrebarsdcthamgpaséentp. The

nanowi res in the unprotected areas (where the matrix material is not
pol yner i zedopdugies wasrheated in a sheepeareat 10°%5nfonS0secrads. Woe resistivity of

wothod of AR eER et RGeSO REen HBHT apRy ARSI B 87 on
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forming a matri x on the conductive layer according 'to a pattern, the
pat t er n £omhersthag anshrestioves. oo exampte, @n iafrasgd lambeeuid benysedt asceider
nanow res; and et chi .the conductive | ayer to dissolve t unpr .ot ect ed
emow 1 s, ane- e alEienebl Peat 1og TDEPsamER Iy G GRTPERTRY

place. 459 be used to Q@ét m%eiﬂgfa}?Hgﬂkon@tnew&kawBHrr@ﬁts’?ﬁEgﬁe'iﬂdﬁéépd in
aci d-etching solutron descri be erern can 1 npact the etchrng power. For
exanpl e, t hemeatamahoWMieafetibhiaiy eithérieoadcakt ehicliowayesdruurentsimaduaéd ect t he
rate of etching. Typically, higher concentration of KWhat results in faster
et chi ng. Adreughraiéstricalgoniacts ip theenanaydempetaren of Kvh04 in the acid

2cdi (1B the et cni AT BBsEh e it eBS bott hed R RRdRa "
concent r at iy tr@hspa¥eRf comMitdier den BE et $MpaMicERir Uol ApplyTBbeseaks ehaor e

effective diffusion of the etching solution into the matrix, which results
in faster dransparentcaoptiettor carsbelpladastthodughena anowire ealldrs asidescrilbed

e, howq | les 9. 1 11 wh 4 | t inth
ot ani ng sortpiien TSTELaNeasY Sephedlrios Al manpe dcals GifaP ek Rhess o
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concentttat @280 pisi. HReFe rmhdl, Nad\tfllere are heatedso detweemabeuttT0hansd 007G

diffuses into the matrix (about 150nm thick) and d{zﬁsgl ves the nanow res
enbedded t RBAdNAre peferably tabefveemabeant 100 oaRd &bk SUSh EPRHERIANN wi t h

exampl € Llnogs peod bk Sifiafkss AR itldr8le ARICAA ANV S F rBRENSERN t he

di ffusion ching 'so on and prote nanowi re TTom bei ng
etched, whicbRdldter. NATAAEHIRE WHIGH Mmay iy 0s&rtcesbly botteapriopkatevisrieeoae awb

di ssol ved by the acid-etching sol tiyi on (e.g., Fi2%0pm Ir?l\/h04, 1‘%%&%3 and 1%
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protective mas .g., a photOresist). Thus, patterning can be carried out
accordi ng to st andar Anplti@rgost-tregtra@iityteckninoe shatmaniie ased teeincegasei res in

t he unmasked regi on are etched. . ) ,
conductivity of a 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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In a further enbodi nent, etching the unmasked region conprises 5 etching
the matrix in the unnasked region using a first etchant; and etching the
nanow r eswonotiwe4ssnmasked regi on using a second et chant PCEaIS2etanphe, a
first etchant (e.g., hydrogen peroxide) can be used to renove the matrix to
expose or deprotect the nanowires in the unmasked region. Thereafter, a

second et cBaR sulssitite af PETaarat prbpaied hogoradigutbl Dreclttc-cers seethbed idisdlosetan be
used to dissolve or 10 renove the nanowires that are no | onger protected by
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factors that can ¢on e to etching efticlenc ut are not

linmited totrahfparéateaduetorcnad agesidtivityeofrabout 8.3 MOY/Deananafter thigipost t he same
etching solution and same nononers, a matrix forned by {)arti al | ﬁg%ur_ed
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conductor prior to etching. Such a pre-treatnment is particularly enefici al

to a wet - ebattnjtrpgen esspoundsisuicin aa dimethyti aatinetzorane ¢RMHAB) and gast act with
the etchin urface of the transparent cpnductor. Typically, the 30 etching
surface of %(qi@"’tgr Sr %ﬁ@ggﬁ? g@ér{g@e a top surface of the
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abrasion. Their presence, however, may cause poor wetting of the |iquid
et chant . PAePesiien ﬁﬁ@@OE‘H@sé?@(EW%QSéQﬁaﬂ&éé“'bﬁstdﬁécﬁ'b%@dggéﬁmébﬁduct or can

activate t rface i ve . o i aph I t he
liquid etc rﬁgl mga(ﬂegg%%a}%d%@gg@g qeea) '#%gvfn@tg\%gdn%ﬁéﬁmgbgghep@%f e'?:‘t@@‘lt?;f ﬂ%%e
matri x andftrit hatSiRMe2aé thiay@spositedon theenetwbhordyer 1896t Advantagedesigr i bed
above can further conprise pre-treating an etching surface of the

conduct i vetheayatrix matarial oar betdepasited by opiintingadevia® thierarapattenngdt he
wetti ngobeG]avi or can be assessed by water contact angle neasurenents. Water
cont actVang¥& refers to the angle at which a liquid/vapor interface neets a

o S puieEe (1 T g SR Tt sy Butbeoonevnere
shown in Tiel mafrix rdetesiatiisna polymersoluemt systent, teatayent! 92tdas heaceeddynt act
allowing the solvent to evaporate. The curing 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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15 angles are substantially reduced by about 50%to 80% after surface
treatnents. Table 1 Surface TreatnentWater Contact Angle () w thout
surface tweabnernsddgt h surface treatment Oxygen Pl asna62P¢TAISZ01WU025941
0zone63.534.5 As further described in detail in Exanple 13,
usi ng etchants of the same strength, the rate of etching surface-treated

transparent conduct or¥hé sudlly pratiskifemns bBCdnHDCW@I@y@SZM&Dmpﬂdmthéhe rate
of etching untreated transparent conductors. Accor di ng‘&
CPAg

t r anspar ent metal desoviresinetworkdayee @ in @ mattix ¢1fatlheransg usiivelayet 2
t he regions over, by adjusting the types

and/ or stre fﬂ%r?qqqéecg%ﬂgﬂ%tregtp?rg %'%@L‘Fbl e to create a patterned
transparent conductor) nfdﬂé%thb&nﬁ;émsfr@édrﬁMcﬁvé'!Hyfeﬁ?QUh(U\%'B@éurfédépl‘i»’éétbés or

low visibility patterns. ese transparent conductors
2011/ 106538§tﬁfﬁélpﬁzﬁﬂréaﬂﬁérﬂlsmmn 214 tovexpaseba Iportjorpaft thermatahnanatres oul arly
usef ul as conponents .in dis a&; such s t ouc screeL;} used

herein, " sulbstsuntacgaf yhe gen laYR"s example i 2 glinyte eyt af th%mat%tl cal
aniform Uy cdibeefortsd AllaPBy gsﬁﬁenmés%web%é orBnRAldcRERR eRHBAREN

5 conduct or avi ng gast regi ons o I'stinctive “conductivities,

the ratio ofedthrentesEsposad metdl ridmowiieshed aae@mﬂwuwfutmwm| stréemty of
t he unetched region being at |east 103, or at |east 104, or at |east 105,

or at |eastapi@ation®rei n the difference between the |ight transm ssions

(T9% of ,the two regl ns i es e 3%
or Iess1¢)han 2% or O?rllu%rn rﬁp})&ﬁ%rﬁ 88Et|9 &ghémﬁlﬁr{%’%F& 'iseﬁJBB%%re| n
t he di ffere&?ﬁ\ebﬁﬁr’f%bftthé cBﬁé@cﬁ@' mgér 2oRoiRivind thel YtingEsrorass [sed, @%®, t han
0.5% less than 0.1% |ess than O. l'ess than 0.05% 1ess than 0.03%

| ess than OFiQueésot0G and.10M)j ananaocaierslngmpzls mitmesdeds lopadiculdrnwhes thée
opti cal dlf erences n etched and et ched re ions o terne
conduct i ve HIOKRESS 9f§\es'83 B‘f’@?feé@?{%eééggl%\ﬁwracﬁ ?P%’9“;5’£E'?*‘e$m

t hese 15 i ely
et ched avva;rg hﬂﬁ%ﬁ'sso étcghﬁollﬂfd é;ﬁ;‘!r%ﬁnbfé\h} rtggm%}\ag Pﬁﬁ{vﬁgﬁg{t g% dﬁ@g%n has
been ren§lertad rheias nammlmehemorldmrd & postoni of thdametabmarhmnzire$\glllche exposed
contrast with the "lowvisibility patterning” described herein, an etching
process t hadn figosuriass; ¢fithe C@F‘d\éﬂt\‘ier'éy?r di ssol ves the conductive medi um

(8 Tl nanovd 1o LSRR Ay AR lsbag s BHERRS, 0AG, bgope
the take-up reel 147. This flow process of fabrication is also referred to as a “reel-
to-reel” or “roll-to-roll” process. Optionally, the substrate can be stabilized by

20 traveling along a conveyor belt.
In the “reel-to-reel” process, multiple coating steps can be carried
out along the traveling path of a moving substrate. The web coating system 146
therefore can be customized or otherwise adapted to incorporate any number of
additional coating stations as needed. For example, coatings of the 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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case the optical differences between the etched and unetched regi ons can be
subst anti al enough that the etched pattern is nore clearly visible.

Thus, i n woforites3senbodi ment, a conductive | ayer can becCpatst@nneid4by
creating a non-conductive region, or region having an altered resistivity
that is 25 not necessarily non-conductive, w thout conpletely destroying or
renmovi ng the nangyyi r epamirationl s way, any change in optical characteristics
(i.e., transmission and haze) of the etched region can be rel ative_IP/

mni mal, yet the resi Bebpite its abraatiityc hedlieel-ieaent diroeess isgot compatible

Lo o prodet WA SubEEAE: SHE be gl PBF righ e Bn KGRI BV ool Geo®
a met hod Cogﬂ?éét%dwg%fa%rédhqo&s%g%%m@d bﬁBéééorR)éyélg samhé@wclaltube o

conductive layer conprising a matrix and a network of electrically
2011/ 106538exge righne lddgexdsfddtscanmtidoiciack ef naifarwmitye dnedodioe dheétrasting iaad
treating a region of the conductive |ayer 'ég%r&]!yter the resistiuvi tmf t he
network of OWEsithioughpPyt RiecESWRIEN SAASIATY tRERapR NG BRFLA Predidrtiony
rormng a patterned CORUGEL\HRscAUE neRh Wlbifhdtid (BLESs [ dhtitaty! o 2
first resistivity and an’unfreated regi on having a second resistivity. 5

The treat ediraggparant@dnhduetdr tRRARGHNDE Ue, ofreiedtiediomon sabsicatet iThes pAtessed
herei n, "non-conductive" refers to a surface resistivity of at |east 106

0/ 0. In cerissampatihdeiwitbriaoth rigid subsirages and dexiplessuhistiates, Mipes speeificallyond

resistiyjpty,is at least 1000 (i.e. . the, etched i j e tive
than t haOuniednlinetEh RirFSey Rowpss BUD rsnauele Bulel opy2 fp i dior
resistivit yflw&ifatéhﬁe%ﬁenéti\fe%yéi InY:MdYrgj 8 phiraligasFtmé{al Adowitss Whicheast
105, or at least 106. In addition, "disclosed is a transparent
conduct or | belentheugled is arsatrix; sepamhting plae cendectivedayrrdromdhe dexblendanarg a
network of el ectri cal({ t}G/Wconducti ve n% W matri x. The

M dded, i
patt er ned p%’ﬁﬁf&t?;@ rsfeqing thecon P‘(F)’?‘éqr %E'QEEQE%SHSS%@ cﬁr‘%‘ﬂ?&ar ent
conductor i RqyiiGHeb Iy AL WBGlNG 3R dritbthe AExipRSUSdrdubkrafifodh BEEafed

regi on of the ansparent con or in whic e networ as a secon

resi sti¢bt youtlhea cbelrtgaeel prdcéésbecawss theajunor asubstnateds flexibte. i Tlse (i . e. ,
transm ssion and haze) between the two regions is relativel rrg# | .  For

exanpl e, wi egrpluctive favesforsied theseef sandhende transfaged ﬁ%ﬁs%@éﬁ%n HWittaze,

tively,.of the first - - . of ion b
| 6ot han ovbisheean o HobEO S IO Bnd gt TalliRtrioM proBes AP oDl 00 BY
bet ween t hendWswir&phR Gepdsitad &t the fidablelitor $0B8trate/ dhd s ntirex ridiedal

herein, an optically clear conductive |layer can be treated or etched
accordi ng tis used, paamination adiesivedndy beruseddolatiash iheicondugtiveriayerttotbet he

optical ,properties of the treated or etched region. As further 25

illust _raﬁ_ed&%%ﬁ?i? QP?LQ‘?'C?'he change in optical properties, including

transm ssion (T% ande@gte(ddfior s\iBstrate! pfbiPloVa ARble fftjstate MRedbifioft he
patterning step such that the etched patterns obtained have |low visibility.
I n such an &isheefs ffilmh ewvelatdret thenike. orhe' flexibleidainor Isubgtratatis @ohpadiculasyhod,

t he conductive |ayer renmins optically uniformin appear anc_F; ut, I| S
conduct i ve limitechsd igng anttean ks separategisey the conductive layer. The tlexible

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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30 region according to a predeterm ned pattern, the treated or etched areas
havi ng been rendered nonconductive or having a different and | ower

conduct i Woyn1tvne43ge WO 2011/ 106438PCT/ US2011/ 025941 pr esenis2@mioesdsnent ,
altering the resistivity of the nanowi re network can be acconplished by,

wi thout limtation, destroying or degrading the electrical conductivity of
t he connecgapagingetheandubtveryen Tesically, ties dseasy ldybeisfomed véa matemse| ves
non-conductive. I'n one enbodiment, treating the electrically 5 conductive
nanowi r e nbaviog kow sHfare esetdye incdding but aﬂglﬂﬁl’f@ﬁi kY silisendiasel nobdners,
conducti vegnanow res, t o non- conduct.i anowi res or wres having higher
resistivi tf}t.‘orﬁl?éﬁd Bﬂym%rﬁi &?Ecjhfﬁﬁrthéﬁrgh may i nclude, for exanple,
oxidation, sulfidatipgyré®%eANiustidies aR’exarile bhalampaved seudtire 28aler | yi ng
conductive material of the nanowre to an electrically insulating nmaterial.
For ‘exabpl eomprsidgca iflegiblddomoronibstrated 24 0real rdlgass yen24d costed otheret al

all oys (e. i

., Si| b der ed non-conduct when the metal is -
conver t ed feile dsiaE shPERaey24 @0 P ko 19 At cOaNet ah Baogee g

silver chl %85%4)' In this exanple, the elenental silver can be initially
oxi di zed and converted to silver ion (Ag+). The oxidation can be further
driven to conpl eti onTha ldhmafsdstenstareo? 3G oaabedablieatgd in Ble'$ameinbdnneri ch
the 15 positively charged silver ion can form an insoluble salt gaAgCI ).
Htnsol ubl e

Q her exanps _dgs?’!b%in?i@nﬁﬁti@n r\@ad?iwrep*r%it_ﬁlm%@ Hreeele |°<5‘ﬁ§ Sk sol ubl
Cui tant ool e uglelhaTSRER deoShil ABeleBRelRa R P RkEIATRCY [ o

hydrogen pgsfrsh @) the BRI HBhESsIsttte. TABRDNLIEHR Byl 25@Ean B foenexo
conpounds (e.g., sodium or potassium peroxodi sul fate), hal ogens or

hal ogen- baby thedal nangwitgssdenasitian figllowed lbyrmatixstepegiionh re deseriked hergin.
oxi di zing netal salt e.qg., Jalladiu manganes cpbal C resilver
salts), organic OXi dfaé ﬁ@ﬁglé‘g&?sla¥?fc'ﬁr{pé§n VP%rgﬁ)é%apéfef%?(?{/fgn%g@F%E%g%t hane
(TCNQ, an e okl @i Zh NSi N Nwhiek Y - bl
e, 251 nehBeoRtPaibligha RGBS 15D, Shed) uhie Iuicaly Poe adatablel s
bel ow, 16hetcciheaeskioateied noating precess, dian e lagjieated wigip theEordymtive dayert iAse of
exposure to the, alg_ent maé determ ne the ext %L}to of thfa chem

d 12078 d@ngies

] cal
transf or me8hOHN 87 Fignee 46 ther lagunatgg struciyre : red{oa ﬁuQ*TtFacSﬁ&69_nd/ or
Tayer to_ dlbopfEsD 8L LohRAns 3l ROEAH e ARGIEARNEIEP250to bR T 1T X

2011/ 106438sHdUS2601/10 2BR4MH dribedinietts) thetpetlimend matrix(eagd PEToPU,0, or
instead of, transform ng the underlying material of the nanowi res from

conduct i vepelyatryistes)mravides peegraieoadhasieiuta iheesubstrates280 s dhpeeatiesl as t hat
e S EhEr DEE. LSRR B ke BB Gy o o=
i nt er connegdiakhing théteRase e 24ultorR ISs Bbhdli@ReIhyeri250. of the treated
region increases conpared to the untreated region, in part due to the
formation of the el eltothentimpodimentat amgdhesive ilajeraad benuged to prg¥ided t he
better bonding between the conductive layer and the substrate during the
lamination step. Figure 17A shows a laminated structure 270 comprising, in
25 addition to the flexible donor substrate 240, the release layer 244 and the
conductive layer 250, an overcoat 274 and an adhesive layer 278. The adhesive
layer 278 has an adhesive surface 280. 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 naecoasSopil®28ppear ance
(e.g., the optical properties) of the conductive |ayer. Accordingly, the
conductive |layers described herein may be treated to form conductive

patterns tt@%.,@fowa@ﬁﬁlét@@! bylysitoxames), s ctef bé predsare sonsifive) hotnelfll, and 42B
show a side-Dby-side view of an etched 15 conductive filmand unetched
conduct i verddiatign-geraple; tandénthermallyecurables ofhgepverepgiean ke apejos more of

e S G St e AP0 BTt PR ¢ o
Thus, one gﬁ?ggﬂ'e@ﬁ\yg file SEhhrRP 18P 2aiPiHeke. OPt i cal Iy uni form conductive

filma substrate; a conductive filmon the substrate, the conductive film
20 incl 8di ng a pl ur aln Figuod 17Bt theclamirated rsgrunture 270us bonded withedhei n a

pattern on the conductive fil mdefines unet ched regi on_havi a
first resi §W$;falt9,2%9 vig fhg adhegivesy "i’%géﬁdq‘gef‘?aﬁ@f’ fﬁ%lﬁléo‘g?lw f@}”%ﬂggt ched
regi on havj ; LSt \H A 1 $S4 nd
hage: and SReTEFRRR: saR e 2oie BBRETRY dotaRAH B Rledtiedelat T e
regi on, anflom thatoveredattdrd, first resistivity over the 25 second resistivity

is at least 1000; the first transmssion (T% differs fromthe second
transnission (T% byln eeytpin gapasiigents, heat or prespurepgaiehe Wiged dyging the

oo B g a1 SRl bR R o 1

ot her enboghhmititige 14y ih tHeS hbddrieson é‘ﬁé@ﬁbsﬁ@@ayégférﬂi fhel Substrafe. t he second
transmssion (T% by less than 4% or less than 3% or |less than 2% or

| ess than 1% or | esk othenembddinentsea dseleav®ly@r is nobASERSAVBIDLIAM25941
In further gnhodipents, e first haze (HW differs fr he ,second haze
(H® by Iegg'ﬂﬁﬁgﬁ?ﬁg@lt‘#gﬁ gqgé)dctqvgiqu(rp(g/?h @SP%{tPetbgggﬁg’llle 6969% | ess
than 0. OSW%uBsGEﬁa?etaha'?hesgég/ﬂattﬁ?f%hbf&n EbrE4n e ZBELonchiE RYBE may
selected to create small cuts in nmetal nanostructures 5 (e.g., silver

nanow nés) haweh mingt highet afiinity o gmssdhars to adextie donoesiivsiicda Aftantheo
shorter segnents. Although the snmall cuts underm ne the coai?e?@_té vity of the

nanost r uct Brugatigrirrasegsrthefextie doner sykstrate ganbe eeshu on

non- conduct, | I ; (3 : LopLficantly alter the

opti cal pr%%rgcﬁ{c:ﬁgg Im'%ﬁ@ﬁlggb. do&'nfﬁ]gd@?(gz%%%@ftg%lébn as conpared to those
of the un-etched reginogertal® enfbcaihentd3 afatemdd fransher fSpddsilile AAeng ftae
conprises an unetched region 910 and partially etched regi on 920. The

nanowi r es laminakéompiiocieas| §oeexampigyitie supgieate cgarhs heated bytaathermabwever ,
schermelc PR RONRICT e R Gote A4S RS, g §3oadef radloff SR thé Ryp§rate
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)), metal nanowires are termnated by {111} facets
(970), and the side surfaces are bounded by {100} facets (980). Etching
{100} facwe 2itios438sult in thinner wires whereas etchi n@Ciakj11me89aces
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 py yetadih@lerabbapidritd] theelobdubtive layér caebelpréleat gaigf, aces
of {111} without etching {100}. Figures 45B shows the etching directions

990 of the difi &} aegrrdingttots pigdetermined pattern, prippigsthedg@instion RAESES- i n
several chenistries (CuCl2/HC and FeCl3/HCl), tp C h i r er.

ef :‘/i ciently: %w@p%fpgr C‘:F@r%r ef‘}‘f'iﬁ;?@ﬂk} gveV\IBKe%toetﬁ ﬁyjbﬁ{raﬁe% g‘?&%b‘i&hx? es
unl ess ot hefae/@fbﬁfh%%r%d@fé?m?d&ﬁﬁé‘ﬁerﬁ%‘?&a%dqgﬁilé theresn8 réndved along a
el ectrochem cal potential of t

e solution above the el ectrochem cal
pot enti ab opra-bet coettalir.t o be et ched. In certain enbodi nents, an
effective partial etchant may include three conponents in an aqueous or
organi c solvent. The first conponent is an oxidizer such as FeC 3, CuCl2,

HNGB, 12, and the like; the second 30 conponent provides a first
ani on (sucﬁég'éﬂﬁ@al ide) that can selectively etch the crystalline plane

{111), eventual | y genasaiotetiabores d pattdraedebatiuctivedayeresan bé formied by WO
2011/ 106438PCT/ US2011/ 025941 conponent may be a second anion that forns
conpl exes whelRCHVRlY Geling ainseROIMMEr ®ARENG REeRTdBIOSl EPAlteMhe ha eWilt . As used

chl or e, preceSE¥anbe ey Bt pROGIRERNE s b8MAF, ikl RNt fl T

componenbs, embBBRnért iMAlHiEh h%ohhué%lbyﬁmlpho?@fpaﬁéﬁia@ll. eMcH8 spBLifballye: 9. .

chloride or iodide) can selectively etch as well as form sol ubl e conpl exes

wi th nmetal themsetal nanowire netwiiktlager 114 ishdeppsitedoa thesubstratet eacearding, it
is believed that the etching chenm stry. of t e ant s di.scl osed herein

i nvol ves t h9 %m%@dﬁﬁ?fg’q@??ﬁeﬁg%ﬁ E!ﬂ”ée§gSf\§h§§5t m Fh‘é“@&’@rﬁ?fjd%tpgﬁ

Usi ng FeCl13; e, hd L [ [ M MRWafes can
be etg ched ?trh]'a g(k:hc%?u ani:agé\?vi t a%t%éeé?%ﬁj%%\nrﬁg’ wg‘(@q}degﬁh(%!nésaﬁ%+ (ag‘)a{%

e"Fe2+ (aq) (+0. 77 ev)Thereasipr,a ficpatiGhenatinge800-i6 d2positdd ofrdi3e nélprk+ Ag
(s) Fe2+ aql) + AthI (s) (+0.55 eV) 15The resulti n% AgCl is soluble in an
aci d (eﬂé. layey of metal nagopires diid- iAD irradiatianysairee gd@inrayides e agton

790 1 eadb 201Gy da ayring DR epblrls® PR nATnEE b1k T BERIGA) Bafa@ntheo" ©
appear to bgrepoR@idtbouting-3000arPthe ipadiatibhedurens10.Wapbn@xposteioaly i n a 3%
NHAOH sol ution rmay be used to shrink or renove the AgCL precipitates. In
addi ti on orregiansrexpased|tg thairrashationgaret cured ¢ erayediens 32@); the prapolymes
remove the éA‘oqa%ngparn%clggrilé\A%trgs' 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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One enbodi nment provides an etchant conprising HNG3, HCl, and a solvent. The
sol vent can be water, or an aqueous solution of a thickner, such as 25

pol yvi nylhasibcohiolo6{3PVA) . The concentrati ons of the HNO3 aad/ud@ioadvvary a
great deal while consistently producing partially etched filns. For

I nstance, the concentration of HNGB may be in the range of 0.1%- 40% In

certai n prefrithgstylatdasilicvrstarylates, aonemiitilea thceyamidd;NeEtheeyldmide, B 1. 5%
3% 6% 14% or 20% The concentration of HCI nmay be in the range of 1% -

50% In cer substiteleddmatlaspmamides, viambestees suchnas yinybacetatawvinyhethess i o can

be used. In_other. 011/ 106438PCT/ U 1/ 02594 di ¢ : ant
with a | ess® ‘EJ?@%HPPWE@H 'ql(@eﬁaéybeé{eugﬁ%% @%&Qo#ﬁé@%ﬁﬁylgyﬁgpc?&l@hl 10
wei ght rati ginyl chloride and vinfidéR@thlofidehat the chloride ions play the role
of cutting nanhow res, HCl can be replaced by the sanme nol ar anmount of NaCl
and NH4Cb. Partial etEkamptesofahenomers earddining twat ohingine dotiblegemdsiare and
| onger tine, ' ot her hal i des as

reover, chloride ions can be replaced b
denonst r at e@ql\gangaZ@% F’?gﬁ{hy Iygqﬂnarol@g%qq,@ygqlolamrﬁyllg%cgl, 61% sol vent

5wt % PVA i e ; i K laya b | db
bther oxi di Deranghyjeretyodt ARBLbigpherdl & S8 44 -0 ant cucLe) HO | 120},
FeCl 3 (FeCl 3¢ryidyld@eihca@itiphenyipiopané Ofrimethylbpropamd tridicniates peataceythiitoht

solution conprises (by ww about 12 to 24% CuC 2 and, about 1.4 to, 6. 8% of
HCl, and t hilacafaterridetraacrylate oty asryiais, divitbenzens: ivinyl guetinate, diallyl

about 4900 PRERIE AR ehesh A& L RS Tar Pt b RSV e ST g

good 15 i nvispeaurggt t erns that include conductive areas and non-conductive
areas. For instance, concentration of the conponents in the etchant,
etching tine, and et chkagptesrfgantialmoiyaarsbscludpubtiteare nogimiteditp, hi gher

trations.af the netal salt and/or the st id lead to high
Fates of et SHVIGEeEROANETS, ArpEae,Pasged BAVRERS Ponfiratill EMh e

L o DPURSTLEL ayuaaRAd ard geh s e g
hi gher d¢6ncaprefetredrendboditmentthdipzepolpmehisghreacrylate. The term “acrylate” refers
to a monomer comprising an acryloyl moiety (e.g., methacrylate). “Acrylate” may
also refer to a partial polymer or polymer formed by polymerizing monomers
comprising an acryloyl moiety. Examples of the acrylates are as discussed
herein.

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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tenperature will |ead to deeper cuts that sever the nanow res. Typically,
for a given etchant, a specific tenperature and tine can be optim zed. The
ext ent ofwetehimngidsan be determ ned by the resistivity eCTiuseo12®2muched
region. The etched region is generally |less conductive than the unetched
region. For exanple, the resistivity of the etched region can be at | east

twice, at least 5 tifesthepbnbarhedls, tHerBrl-pattetrivgtarl 06 darm@boutdisihgast
1000 tines, at least 104 tines, at least 105 tinmes or at |east 106 tines of

t he rels: s; amrilmgulaifhngW@rmﬁfs?m@ﬁﬁde-ﬁegawemﬁreirﬁ@@f)ewhmcyﬂbexeweﬁ r@@l%ﬁwh be
(e % conebamalfi sftebR e B s udd SN RoUE AR ™ HER: Chi ng

t akes pl ac%sﬁaﬁpa%a%h M de? eireb@riferteRhABbge dadBe Aéed Wirectly “write” a
2011/ 106438PCT/ US2011/ 025941 et ching. Typically, etching at higher

t enper abur beatedsattesn ion the phepolgnehcoatinglagsr. Thewzallyecraklebodirixent s, t he
etching is carried ogt at betwe 8 gbo t 20 a?:nd 60 C. \IB angt.her enbodi nent,
the | ow vi 313813l are,KRewR 4o Hﬁep“ﬁ legda the,ag; iFoE £xamnieyithe Matpx matefialdathi ng
step and a seedw{ n t] € 3 i.Ljcally, the process

conpri ses: b&'4f Z : rg%ﬁédr?:agaglg Ihgelé%ﬁr{dﬁocs?[{e\ﬁﬁﬁnfalm according to a pattern
to provide (1) an unBbthide predgo-pattemingenethdd astl thenealrpadieatiag mesthedi vi ty,
and (2) an etched region having a second internediate resistivity, wherein
a first ra@ieocampatide withsthe; rﬁegﬁ%aelapéoqeé,sfidﬁspvb@@abm- Faeexambleda

. . R . .t _ . h
conduct e ot heratet L8 Fah 88 Baitar tiewBl Seering system SR Vi 1y
and the ungisgth FRArON5RASTHE SieaBshtferminl stftfins1 98 Eary be\Wdafigiredansecond
ratio of the first final resistivity over the second final resistivity is

at | east 100@penobtiwapetealiow fer cintinedus eyposurarand ¢usingnefttbe etepalynen ar e
optically 15 uniform In certain enbodi nents, the first ratio
of intermethY resistivities following the partial etching step is |ess

than 5, or less tha”ln%né"@ﬁﬂb%@ﬁnérfl?a?%ﬁ@ﬂﬂ iﬁﬁdlﬂeolrgpf,ia%ltatgr@?ﬁi?iiéi 83@s

follow ng the heating step is at |least 104, or  at |east 10 , or at

| east 106. ishpest of thetphote-patietrimgdtatioh H 98 (teawebgostiag systeen 146 is adt et chi ng
20 step may partially etch only to the extent that the s_eggjent r]eati ng
step can c¥HWRE el hengulesteate Ag, peledwth apreRrRwaet soatingRYl.d8 BQuedialagy
whi ch etch t n LV ' LSL A4 Vil of at
'east 10600 sPr YRt 32 oT AR othy SFiidrdotatdB LB frheRpatd v iie

nanost r uct griieyoPbelt 8BReathedrriadidtionslourdd 810RdbGditoriebvihin\thé Yotating t hose
of the final résistivity. As a result, a first ratio in 25 resistivities

bet ween t heylipger 83@) Ay) exderiereiBolitheretatingylindeioddl issalterredimartaraipd
S| N LA BN AP SRR TR B, o 0 oy
o, oo prsBL MRy 0006 Y SATPLRLS W camaras ot presingr e
et ched andamynstrayhkghtrozgi mnp8€itiomed closelyatpye théamoving stibstsater at i o.
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 partially integrated system 400 for forming a

patterned conductive layer on a substrate. The system 400 can be fully integrated
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WO 2011/ 106438PCT/ US2011/ 025941 This "etching by heating
process"” is likely due to an increased sensitivity of nanostructures to
nmel ti ng bwbaviiaesss t heir di nensions get snmaller (i.e., PChiusa@ip2f99om t he
partial etching step. For exanple, the etching by the Cud 2 sol ution
decreases the nanowire dianmeter in very small areas along the |length of .5

the wires, jfgdhd Webrzing ls§stehinudes danpaaitulrethegictopattetning statiept 198 ie t o
conpl ete break-downs by the "etching b%%heati ng process."” I t
i s unexpecidsmticakio the@neashommgindtigprec kA e S otiowingdhe ipaots eXResiER apdgi on | ess

copos: t e ertiting 85 BrRRinsY Gedtmt Bof % GirBy ot sBiedTa redtafis SRa Wik ke ey o,
may be 10 gaRiYSth ﬁr’ésﬁin@%ﬁéﬁdr{ CFa Eﬂaﬂimé\fléﬁn* anlﬁk‘éﬂq%é?p&/mérf Thes

conductivity of a given Sanple. In a partially etched film on the other
hand, tBe dabstgEtecideabedcdmpridieg pardd mgiartsc3Bhgnd barpoetaldianowivgsge t he

nanost r ot 1RGNS AEAJPEVSS 5 7 oteaRadY, CHeStit.| RBtarY Bler SR EOTRCR | m
conduct | w1 bl dRAINEMARERIRE) By FLEREsloRS dTn Hbithd 66/ RRoval of e

patterned conductive m prepar e etching heati'ng process" are

optical |y patd mefal magowlires nthel sublstratey Issédzitéd twthpandeaciiee rdgionss38@bimong t hat
the partial etching thins the nanostructures to a | esser extent than a
conpl et e enerioegduetivgsragiansi 38hg in | ess change in haze. Further, the

addi ti qnal heating ste kes . e . [ t i ce, if
for anaar eason the i h] %f@%eéte{h?ﬁcaﬁie?@pf?gmczlgégﬂeg&%ﬁ/%e Eﬁ%enmgéﬁgt ed,
the subsequfihind!eBEpSRiRG P the ToRiiBiitirfofithe cohaaeme lajeNukiogds btuhirgj ched
regi on of the conductive filmless conductive or non-conductive. .

Opt i onal | ysolatipng can betusedttostisgolenand cervave pedionstof he spnductiverayeignan
invisible pattern or lowvisibility pattern by inproving the wetting
behavi or of& WMaskeq 8KaSg surface and changing the surface energy. As

di scussed, oxygen pl gsghe a%o%g gaﬁa &ﬁ&ewéﬁﬁtim cSHipki8Rigahitric acid

pre-treatnents. Applications o now r e- Based Transparent Conductors
The trafspgiNG;) cambeaiseds Typiaddiycthetretlicramicisrpresentat (L6 ¢d0&s rebrect r odes in

a wide variety of devices, including any devi t ha rrently makes 30 use
of transpab@ifiallyotheuiitrisracid iscpr e§§"h%tt(bp¥6‘>9%)ﬂ/e%ﬁpla}%‘g’e&‘éﬂﬂ)?@@'{%@ MaYi t abl e
WO 2011/ 10 SPCT/ | ces t .displays such as
LCDs, pl asmrgﬁ%gﬁég‘gé?é@ﬁ{%@r?P°Pﬂ"?@?’£’%§r°f@§%sé‘ghf Fat ypanel

di spl ays, peHAENGHTRERMNE RCIH en@enftiddiment, ehelaoid-etthingtsolutioh @nasiiees

(e.g., for electrochrom c w ndows), optoelectronic devices including EL
| amps and photiclBHNG: 18 NadOaand atteace asount(sguerial pars penaitierk@par ent

i spl a0 apaEsslEnPEEPaRE AMinga BT SRR AVl o 1 ar
2o s PR LR SHENIRRE PO bttt Sty Turmiani oy
silver nanowires can be converted to silver salt (Ag*), which can be rinsed off by a
solvent, e.g., water.
In certain embodiments, the etching solution does not affect or
25 dissolve a matrix composed of fully or partially cured polymer. Patterning can be
carried out by depositing and curing a polymeric matrix material on a nanowire
layer according to a desired pattern. Once the matrix is cured (either fully or
partially) to attain an acceptable degree of hardness and physical form, the matrix
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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10 matrix of liquid crystal cells (or "pixels"), and a driving circuit for
driving the pixels. Each liquid crystal cell is provided wth a pixel

el ect r odewban1iappidgi ng an electric field to the liquid ecyatsaliioeiont with
respect to a common el ectrode. If each of the pixel electrodes is connected
toathinfilmtransistor (TFT) together they function as a sw tching
device, i.eand tdiRovddkeThed, &sHe @fBodiert Hekbibéd 8uhethod Y battemind, tha 15
accordance with a data signal applied via the TFT. The TFT LCD
panel conprinedwd ermprisingrfersingw candulive lqyerdorea pabairateethesconstustisdsed i n
bet ween. The pixel el.ectraqdes., ar rovi ded on I [ substrate f h
liquid cr ysl?é{gr E%mpr,'s'm&@H@'ﬁ%gﬁ&%?%ﬁese?%@?'P@@er%\é\ﬁ'xicfﬂ Q%rﬁgﬁq}(@cilgé H’@%?on
the entire : 3 : ' : Tr by 20matibst r at e,
al so refer r%‘g&{r@ﬁ St8§1 %é@g’%sf@%gg?Pgﬁéﬁg@Tiﬁvﬁfgk%%én?@tKus conpri ses
an arr ay5of atdunpfotécted nanewiesy and: etchéy theé comdootiveelyenth digsplive he

el ectrodes. The upper opposi n_'cl_l substrate, conprises the conmon elssctro@e
whi ch may bDERISHGRA BANGWERS . of Ne UNPERteGiIRd RANOMRISS RN %eﬁlﬁﬁf BEQVEAQT R ¢ o
as the col %q[&%éé er substrate. 25Conventionally, the pixel electrode is
made of a hi y'transm ssive I TOfilmin order to allow sufficient |ight

to transmt through. |A8ag®eed fely that tHéafidume o KRn@shlthie toidketohingat e and
may be susceptible to cracking if used on a flexible substrate. The

nanowi r e- basaidtian desgsbedrherebrearcimpact thestchngcpowed frRire¥amres e apount

peakt at" CofRMRRR enacid Atedlind 5o BUGE SRR Stekt e B, bPA NS TR o
accor di ng tRQqREY RN aliBh R AMAD, fRBIta i fastdretOIiAgWACBoRASEY, &djusting He

2011/ 106438PCT/ US2011/ 025941 el ectrode can be forned by coating the TFT
back- pl ane edndentratiom ofKiinQ@zsinrtbe acignetchingcadution ¢an modutate dveetchinga

patterning step. Alternatively, a patterped transparent conductor |ayer can
be prefor 'B'PPGYWﬂtBOE %qufgdﬁlg 3@(5@?"&;\( ﬂﬂﬁ‘&fe’@ﬁ@gﬁgﬁﬁm e-based transparent
conductor filmcan al i i tDncBARtrAicHof RSP e

met hods descri bed herIgﬁﬁgglsﬁs%ééﬁtsﬁ%eﬁv?%%%g%p{a@tner nartblle,ot he

nanow r 5 bagaid etatamg palution neaynchuseonofe effectalesdiffsior of tre etchingrsadbfidn ty and

hi gh tenperature resjstance re(%ui, red for TFT LCD manuf act uri ng, and
appl i cat i onito theamatrixs whigh regpilts inlastesprdnore,Garepletg;digeoiubien ol gure 21A

is an SEM i nmage .show t i i t par ent
conduct or f?qr%%ﬂ(sfg’rmag@uﬁ?re%g%{% %ﬁ%"r"gh E’é%p%\rge ?‘éofé"?(gqaig U\}ri’ggri?n t he
surface thexgpD, Bpres@in tﬁé‘étc‘hir?\é‘rﬂ@ﬁ&nét lees thiari 20pprnl thedBAtrad (of @ast

partially conforns to a groove 388 on the substrate. The substrate is a

col or filt estandardghisknessebabeiy HOonmjtdangprotan ihe pprewises prbedded dhergin
smal ler_width 15.gropye al,so be con l.y. covered w.th nspar ent
conduct %&M Sftf ‘PrH]]belﬂ?ﬂ e@é&ﬁpi@&@?%@@?”ﬂﬁ?}{ @Wﬂg AR toj[abbo(y_t?Ohhﬁ}, 0 2pm
and up 10 3PMOThds ﬁfraﬁ@r‘ib BEHN té??i RANCBR iy corsteht i alching |
substrates having profiles or relief teatures other than grooves nay be at

| east partisdlliorcdiffisesratd yhe oatiidd (alicuib 180nmrntbidk) ant aissbitasdhe panemires

conductor film For exanple, and without limtation, a
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 KMnQ4, 1%HNO3; and 1% NaNO3.)
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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20 profile or relief feature could include a step, ranp, shoul der and/or a
concave or convex curb. Figure 21B shows a magnified i mage of Figure 21A
As shown,woOheiman3si re network remains intact and conf oPEE/USeO1/02599T OOVe
388. Figures 21A- 21B illustrate that nanow re-based transparent conductor
films are sufficiently conformal with a surface topology of, for exanple, a
TFT. That %ynmﬁq\arpeot%étimmé\r@kl(e?y., 4 phstoreast) | Fhuy, satedraingscdrbeé carrieti | e or
relief feature of a substrate advantageously allows conductivity across
such a pr ofout according toestahdardrhotalithographp enetbeds rybwbichithanagowdagitt i ve

| ayer that would sjnply .bridge profile or relief feature w thout

conf or m ngt?%épaaék%gﬂiw laégﬁta‘g@éi"t ransparent conductor filmcan withstand
the tenperature condijti i i j t 0 LCD.

More speci fically, th’i??ﬂ’gﬁ%%@pggfn 18 %@H“fbg'égqgﬁ%gepiHggfa’é‘ﬁ%’v’\ﬁ%%ti vel y

little 5 ugkéting e mEitrgUihetha%rimsa(egrr@giajnmsn aeBstetehantnand etdiing the
tenperature resistance of WD 2011/106438PCT/ US2011/ 025941 nanow r e- based

t r anspar ennacowites irthef inmasketbragion vaingsneeasnscgtehantt Mraxemplesa fistg. |
haze, transmi,ssion and sheet resistanc Wwer e _neasur at_t.ine on the X
oxi . The LR (50 THI2SMROPKIR Adme sk reatyedia Mt B pkhds b
transm Ss'gﬁxﬁ@%ﬁhé nb@ire it TS unmBSREE HgiSh Y TheRifer] #566shPeRhaRt the

time (t). ree lines are nearly linear and have sl opes close to 1,

i ndi cat i ngstubhatastthe aciet-etchingrsolatiort discugseiddzdrebm daer lbectsedcial digaabygeot i es
remain nearly constant at high tenperature WC&{HQ Ehhe tested tinme frane.
The nard®ni remBeye e panemikes (atare pojlanggryyote WhleM@Perial for formng

via contacts in a LCRNIETobAbiMidftslde3cAbl ki hiridd Giapieray e coat a 10

surface with a profile or reliet feature. For a typical LCD TFT plate, vias

ar e et chedtranspaenpessducor vsing ayeasisi Tke htasioacteais & tiickdowarooatCur rent |y,
sputtered ITOfilns are used to _establish via c ntact.?Jhe s?utt'g(r8 | TO film

can, howev@Fotegling ke nanayvirs/maliix lygbundensatiedThe melked Fempripas JeERINGhed
et . . . e . v .
T 1Y

di spersion ( nanow r e, ony Into a

post - balsi nglurhkt of elettricelly cbddlctivey ndbwirssoambeddeg tteaelrny plairigia iesk on
post-treatnment I's needed to establish via contacts. Exenpl ary

post - t r eat theneenduptivadryeasie definggrmasked rRYIIDHAND AN MBTKASIEIIAN ARANg

hi gh t t h_th ted vias, Linsi he.. ' ' .
dei'oni zed PRI RanHERRT el agbwiatils sORupH B Riluha Butied
ozone, coaghpguitivellegdddl ITIRNRetSNaGfuMBen@SrRplisd Fom@Ag A5k Bfhefdediohe
density or dinensions. In particular, nanow re-coated viI as

rinsed wtto farmmapatteor. treated with Ar plasma are shown to have
established contacts | as a | i eved th(ﬁ% ri,nsing

j |1 ) It i.s bgl
or pla treat ment thg\#@Cpﬁ% @%&é‘é’%@fblﬁg@ 8?@'1?9 Sg'é'eé‘f:yi%‘?"t' e Bt t om of
the via asqtehb fiitdd'fo, MOARLFERSof LRRGTMNO MR REr BxbR BiVePl thBRaffR! act

it
bet ween the el ectro nanow r €s and reducl ng contact resistance.

The nanow eg:hivagselutior@ang 3aatd mopdeers aa nfatlixforared wopardiallypered pdlymet t he
TFT configurations currently used in the LCD technology. In general, thin

30 filmtriangdssostissaivg marereadilydhar ednatifegped by fully welfi yaee AP and
:nt gg; ?%epéﬁgﬁind, Qhé Bgrt%(ﬁgltc%rr%c?ﬁ%a?rig r"ﬁg’y tho%%g aﬁla%%ﬁtfo%%?cbﬁngdgl%‘ﬁ%?gllyp el ow
25 cure the matrix.

More efficient etching can also be achieved by activating an etching
surface of the transparent conductor prior to etching. Such a pre-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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WO 2011/ 106438PCT/ US2011/ 025941 whereas in the top-gate TFT, a gate

el ectrode is di sposed above an active |ayer. The bottomgate thin-film
transi st owe 20ypioceBl y have superior reliability in conp&cirasnomioriv4t he
top-gate thin-filmtransistor. These structural configurations are
described in nore detail in, for exanple, Mdern Liquid Crystal Process
Technol ogi ghe A8trixHagSSantPthe dercd&@I8yeMirotdrs theduhdarivang nbhaliréafiem Di spl ay
1999 (N kkei BP, 1998, pp. 132 to 139). Mreover, depending on the type of
mat eri al t leatrosiyerademiestsoand abrasiasa, Their preflsenaet hewevest Bay aeuiseoSb be
based on anorphous,silicon olygrystal.lipe silicon and qQrgapic

seni conduct¥iting ﬁf%'@%e@ﬂgﬂ}s ltgﬂ%'ﬁ‘é? &Eee tFFWﬁaﬁur@'iCS\ﬁ?g?e ﬁaEW%rEHF ng

devi ce of I i : i i he

sui tohi ng d2unacoEgIREENARIESEARE: Bl WpRIR, e, T oo and
nanow r & baise tiquith etthaiteahrgaite ad&sss toithe nietal hahowitesopitedted biyriloé nudex a
gate electrode 400 fornmed on a substrate 402. The gate el ectrode can be a
net al | aye@ndérdhe ovprosat Byer.def i ned by phot ol i t hography. A gate insulating
| ayer 406 overlies t r i i sistor 396
further includes an ﬁﬁ’gg?{&%ﬂﬁéﬁ%&y@ﬂ’ i%gﬁn%%%ﬁgﬁl?e&sg?n&é%%%ﬂ:qrgﬁl ayer 414
(e.g., anpphfpiserélteiihgmtetdhPQaulfaceamitiie Bondldivellay@artodbPrdve. its , n+
doped anor phous silicon), all defined to forman island-shaped structure. A
source el ewsatitkbalraviahd a drain el ectrode 426 define a channel 430,

ayer) Toa20 fur t ner TBPOTEBEP B tTEpERMRRF DI SR A sr BBl e, the
source and cﬁﬁﬁdcvaﬁ @%é@ﬁg@%ﬁé%@t@%ﬁtﬂ@@@@% foothe #hyfe afffifich a
protective layer 434 1s, tor exanple, a silicon nitride layer. A

nanow r e- béigeid/vapan fjjarface neetsiasotid shiface 442, the etobingducfaece). t higpicllynaf i | m

transi stor 396. The nanow re-based transparent conductor, fil m 442 can be
deposi t ed Qﬁﬂ‘%aﬁt@r?@Ha%tsa%%&‘mfé‘ﬂa#@r‘@ﬁ?o?@rﬁ’@mﬁ‘@é th?esoyfj%ﬁa@?ect rode
398. In other i f I ST W@ s d
transparen %csoh%%{:'b %’?ﬂm@ﬁ%@gﬂl&gﬁbg t%{(;&p%ﬁtp%rtned ’ttgé e |¢1€0r§§§|€gnal
line ar@a 4AQGles are substantially reduckdrbyhatiout 8096 taT80%, aftdresusfsice tieatmedtsyi ce
descri bed above can be incorporated in a liquid crystal display (LCD)

devi ce. 30Fi gure 24 shows schenmati cal I8 1LCD devi ce 500 conprising a TFT
backpl ane 501 and a color filter substtate 502. A backlight 504 projects

i ght WO-2611/106438PCTUS2011/ 025941 through—=a potarizer—508—and—a gtass
substrate 512. Séfgot Ureatmeny of first transyaeedéntadAchepr strips 520 are
positi oned between the bottom gl ass substrate 512 and a first alignnment

| ayer 522 (e.g.. a polyinide | ayEeyt sufagedreptmenspar ent WERSHECH ARy 520
al ternates vm'thoa glr%lg | i ne 524. Spacers 6%349 are provi ded bet nthe 5
first alignnment Tygyer B2 and a second al ghrment | ayer 532, the alignnent

| ayers sandw chi ngy bdogeli d crystals 536 i g3t ween. A pluralitws4gf second
transpare T £ Tt i

| ayer 532, the second transparent conductor strips 540 orienting at a right

angle fromthe first tra ar ent, cqnduct or. ri 0. .The,second

trgnspar ent conduct OASJF'EE' sdeﬁ’ﬁ'b?g '%H@EG\?UPﬁﬂ@ﬂp@ézselis\ﬂﬂteﬁaéa’ﬁﬁggmﬁati on
| ayer 544, | it groaf I dbstrate
55% and a B%rp%%t%gi@ggé ri@voggetq%@gggg P:E/Eé ![t %§%$g§2ﬁrgﬁ?0%on ucrtgggr) strips
520 an@0546igaificahtly paptoveded comdbdnedns ftlee ratd of etehihguontreaieddraspaesd ont o

the bottom gl ass substrate, and the alignnent |ayer, respectively. Unlike
t he convenEPRAKAPRP. enpl oyed netal oxide strips (1TO, no

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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15 costly deposition or etching processes are required. Fi gure
25 shows a cross-sectional view of a LCD based on a top-gate TFT according

t o anot hewoentiows43ent . As shown, the LCD 542 has a TFT sabatseate2®4t and a

color filter substrate 546 with a liquid crystal |ayer 548 interposed

bet ween them As noted above, in the TFT substrate 544, thin film 20

transi st or gith3ewalislbirty(sattehS aké paRRURDRE Wetuldis' @rapsherils & d®playE such
configuration on a bottomtransparent substrate 554. A common el ectrode

556, to whashouchcssreens.vol t age can be supplied and a color filter 558 are
di d t t t sup te 560. . .A vol t. : N b th
O s o & oD T ARRBA RSP ey Bl P, ~BPLLE A YEED, e
other with fgtﬁ)(ti:oc?)e@'l\igrﬁﬁwsFéfér%%r?épﬁ%‘éﬁﬁt%c@félﬁb Al yeferhEE trahSskrent

crystal ceP in filmtransistor 550 di sposed
for each otomdectpr file Isaving tihiedsbtvwm regiomsspdistimdtiveudmiduatities 4hé satio of

top-gate type TFT, whose gate el ectrode 562 |s | ocated above, an active
| ayer 564. teresistiity ef méph%negwnpwer therresistiyity SEMedeIach @ beind

substrate [ 51 hgq%r B ; o l.ating
| ayer 566 ggéﬁ?figghagl:etggteﬁot gqg(%: :P\c/ié ’IdegyatérI Z?b heé%g??‘teﬁm?%lgcgcti ve
| ayer 564 pagidih theaigattranehieionedd 996ek the two ebgionslis leegitiem 58 @r gssdr ai n
WO 2011/ 106438PCT/ US2011/ 025941 regi on 564d and a source reqi on 564s with

an inpurit gmmw%doab@sﬁb@m g%fédi@ttha@%c?n Ipes hatet%epr lass thaa Rl qregi on
564c. i i on. 564d,. ' 4 j .
e, W cheRAet it 6s diffrends bRfvesttine e valided P08 RE Bl i P ¢

formed in ane ' td. 1%, |e8&ethaR BP0 PR RiskABark 0tdB, Jak€ tigdrect r ode
562. Al so, ggﬁé?ﬁgj g?%}déﬁ%? OS?%)’ils di gg?sg%-g%foscov%r theoglata | i ne and

the drain 8086 rlesetHEsa0.0A%nanzavor d-His pextess anbichmeimimizea du eliminates the

formng the pixel electrode 552 is positioned on the insulating |ayer 570.
The pixel epigal differercss betweghRichediapd Ung %gdﬁg@nlséﬁiao‘??t%%gof t he

active | ay@éndﬁ%ﬁgég'ﬁﬁrﬁg%hﬂ% &‘?@Fr@&tto QQ"‘%W—@SMH&?MEE%QH éﬂlé’é@r 572 may be

posi ti oned on ectrode. 5 turther shows

a storage papkReickancn isdlevedthatthe nahbodres aine net dompledely dtchieceawhy pr xel .
The storage capacitance el enent naintains the electric charge corresponding
to the di sgisagivednyelitbe nanawirs netwarkdnpie gighadai@gian haebeen ignfeseq ass)

capaci tance n the TFET i. 0 ted Ther . Qkd: change
of the pi x%?mﬁ]czw?&%%ﬁ%f 'ﬁgﬂe B@éﬁhgﬁt@&%d?ﬁgﬁég%%nv‘é'w&eel %%&'%@ﬁ@ontents
to be kept puifchiiy ¥dseibéd Beie HEaAMprocess that substantigllystoxmtirelyhe sour ce
regi on 564s of the active |layer 564 functions also as a first electrode 576

of the stodiagelves e cortuntivelneedinm @7g, metalawmnowireisp cesuligdn sibstantisdy
he sage | Byered Bagnin ik doard cegidhoago @ Thtcqon 8 (ot aRRio faflihce” "
S S 0e e PSR TRegaRet b isasrin e oo

el ectrode gate el ectr ., gate and the second

el ectrode §utisténtiat enoagh tiwatabe etchracpattornds hione clearly wsiblenged in paral | el .
They are oriented at_a right angle fromthe pixel electrode 552 to define
the matrix of pixel sThusin afhshetembodimritsa sendustive layer ¢ait be patterned

bot t om gat gy %Pedatﬁa% 984-Bonductive 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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TFT configurations, the active |layer can be any acceptabl e sem conduct or
material. Typically, anorphous silicon is widely used due to the ease and
econony ovothe/Wessi ti on and patterning steps. Pol ycrygcaluszoig/ogioni con can
al so be used. Because polycrystalline silicon has better current-driving
capability than 30 anorphous silicon, it provides superior performnce when

used in a g¥hdudtivethamewires enhisddderperdih uamd teatisd aire?lionfofmé yongsdtael i ne
silicon is possible and has WO 2011/ 106438PCT/ US2011/ 025941 been reported
as an al t elayar to alteithe sasirtivity ofthe netweriki of ¢lemrigallyyeansiuctive:nanowiEds - based

Tom comauctifliingBoion: ineleny Rimid 3 ianiehed forRflitihe Mo G a treated i
n conj ugat F‘eg‘?&rﬁrﬂggiﬂg £t F&ié‘!ﬁlﬁ?‘ aRd drEntREHBAIr8gid R MatMtd Sb&snd Risstivaty. t hat

I
5 forns the™activ ayer of an organic TFT. The TC conjugate conpounds are
known i 6 t ke drdatedvegidtn nmayl bdeneed hotibe,| rentesed mon-cpodyqiiyer dsagsed

pol yt hi ophenes (may be optiqnally doped with C60), pol r

pol yacet y| BRE@IRnAOPROPHHANG e E‘h@§,ucrjf§ﬁ% r?ﬂ%t'q'%’@.a?llﬁ% 1§§§2%| U of the
organi c sepi - rJ ak: ' et i i i bed
e or exanit ApEimERIE 4 B o7y TREHLY i g SERAE T ICat AR
TFT backpl a0@Q (jse. pthel dttioa tedion &nlebSEbonpipetivettaah theunefchedfregibry. Bubstrate

(see, e.g., Figures 24 and 25). The caolor filter substrate typically
conpri ses ether enfnsliroantss asetio af irst segistivily avef theseeandaresisymity isratdeastng

| ayer) ,and arr f 60l ored pi,xels. Typically, the colored pixels are
arrangég o?}ggt?é a[tf‘%/ﬂ'?gagr’éﬁtatiq?&gtmate in a pattern. The black matrix forms
a grid 15 around eacfy %i’%ﬁjdﬂlié&l&éd is'é‘tﬁﬁﬁéﬁﬁéﬁt corRtarEntiadingash col ored

pi xel is associated with a color. In other enbodi nents, each col ored pi xel
can be f ursulestrale andedpatteroed mahtectivedayerimving eaetyvods ef electricallyas

D ) ok ok PR B i s ReR B
DL 73 i i ARl R v Akl s

to prinar yrestivitg andtahesconal regionsefthe dmanspatent cppdlctar iy whighrthe aptwdrko be
used. In addition, the color filter substrate conprises ,a conmon el ectrode,

which i s ahaea&esape resisiivityoddie ehange ¢ diierescedn pptiealicharartenstits{agkpl ane.

nanovi r ene LB TSR ARC ez eI PR o SO R R RS RREEEafiodrhBle.
node of anylk&ut linfigatiod), Bid diffeRATDetih ARG trahshsBiarnaN® hage eespectivelyn dfthe uni t

color filters can be different in a TN (twisted nematic) node fromthat in
an | PS (| nfinst eagions diffecsh fron) thab abthessmiagdrregmedsiessdhan Br7%s andd:82%nal vi ew

The coBBr IGPEEIVEILBET I E CEDIB SO ENEE SRaPe T B0 IR BIFRE Laes a
t ranspar enf skt 3560993, havi ng a di spl ayi ng surface 584. The
As described herein, an optically clear conductive layer can be
treated or etched according to the patterning method described herein without
affecting the optical properties of the treated or etched region. As further
25 illustrated Example 14, the change in optical properties, including transmission
(T%) and haze (H%), was relatively small before and after the patterning step
such that the etched patterns obtained have low visibility. In such an "invisible
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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transparent substrate 582 can also be referred as a top or upper
transparent substrate due to its spatial relation to the TFT backplane in a
final LCOvOonfligw3ati on (e.g., 560 in Figure 25). The celCworuskoliioesvsl
substrate 580 further 5 includes a black matrix (or |ight-shielding |ayer)
586 disposed in a lattice shape, and is forned on the transparent substrate

582 opposi preskeh® Bhibdgirest) kR ing tridifdsatRity 8fthebxdreswied nétvaik cas beef | ect ed
by the black matri x and comes out of the displ aa/fglg surface 584. The bl ack

matri x 586aceamplsheddey, sfitheuiimitationi dastrayingeer ¢egradingithemetectrcal

h /ch ' Al t i the, bl ack matri : -

o gani c. 1 cERHOHYAE L SISO M Bl Lre BB WsRPul R ERFr, of
col ored pi ff@n?seﬁé!’:cﬁor‘?‘-%oﬁﬁﬁ@tye SR GHRCerABEgittrt dréainy e dibatats588a, 588D
and 588c for transmtting red (R), green (G and Blue (B) color lights,

r espect bvetynddtiey nanewirermatdodncarmnplises themisafy transforming the eleetnsally ent
substrate 582 free of the black 15 trix 586, The fi rz{?y.se@ond and third
9 g

col ored pi K@nducliygnanguiies A NODRANAYICHVERABOWIBS T MYES @h acrylic
Copar at ol 5 Iy U ehficartraiRaRaR ol TRl Sxarfipl, bRgafREd, .

to the prig@fidatich, @r anfotler, pridcBss tHdteonvets tHe Lindarlyingsonductive megtecaht ai n
other colors, for exanple RGBWor RGL&B. 20A common el ectrode 590 fornmed
of a nanowbfbemanswite terarpalestiically insudatig matetial.s Fpoexamslee §oBdUEE col or ed

i xel 88a, 588b and 588c. | di.li ' f t
Phe pi A0 BeageruBrred oo ia nble Br i 88e Fa gl SUEA SGndiefenere ©
color filtgss cbhaIbRRWAEH IS i$ caRVSHed wsambldclricaily (msilatiigoamy -
Optionally, a further protective |ayer 591 can overlie the 25 conmon

el ect r ode B86Iublhmettairsattee.gr sitvee chipgidegy by thissexdraple, theaglepanéaitsilveiseamt or
such as po]yim.de. Such ,a protective |ayer. I seryes as a | i, gnment
| ayer (see%’gén'ﬁg'ﬁ’ %‘%Z?ﬂ aﬁﬁmeﬁﬁyioﬁﬁy%ﬂog?’%(%‘gt% '%%foélr‘f%g?gwtﬁer
di recti onsyQf I Ak G f €, wi ' t about
250C. Fi guggv%%e%idaa%hgngrﬁgiﬁ#gggﬁ ?%'r(\sg n\ﬂng{vv %ﬁ’g@ (I:glvg)lgwgﬂciﬁgp E?}substrate
in 30 45 | pssitivelg ch&ieaicsilvediongcarofoumodr evsokibiie daltréhg Cl) TREhendxamples tofr

substrate 592 includes a transparent substrate 594 havL% a di sglﬁa i ng
surface 598nions theh readily presimiatematalions injo neluble metalgdlts iRclygs,

di sposed on_the, t r ent 594 opposite fromthe displaying
surface 59%’.‘”&5‘%@%@%0%3’5%%%%%;‘? t%(':ol ored pixels 598a, 598b and 598c for
transmtting R G angxgmprsasf duitdbleSoxidie dritglinclddes buearedoiimiedd tgast
one portion of the transparent substrate 594 free of the black matrix 596.

A 5 pr ot ecpenoxidesy(erg. syrogen penwxideln perailfatassie. g.oammoniumqrasseiitpl. xel s
g?ggt a%?ﬁg&%ﬁ(ﬁ%poaurﬁ%ép(ygt. ,e é:édittjrrllweonr1 gortgsngiﬁr%nﬁear?)}(édqgul\%tctaﬁ htapo%elrfsaotf" d

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 Examples 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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protective layer 600 is typically a transparent insulator, such as

pol yi m de. A common el ectrode 602 based on conductive nanowires is forned
on t he diwplayngsurface 595 of the transparent substr&Ce/Use1/023v4t he case
of IFS 10 display, the conmon el ectrode 602 serves as an electrostatic

di scharge |l ayer to avoid charging of the color filter plate.

The color filter subpigdtsin@aibdtimeaty, ifad@itontsardhsteati of krangformihgods in
the art. The optical transparence and the electrical conductivity of the

nanowi r e- btheednderlyinganaterial of Hirioanewires fromekenductive te kgsscondugtiye or
alternative 15 el,ectrode teri

L i | il . f )
regar dl ess"BF-CCAGUADGe 1t 1SR on%cl?%\lﬁl‘%tht}gsgg\%pgr%[g%gﬁ&?éﬁgigﬁgﬁygr C)fi 321 I(;Sr:])
be coated grm, r el ki Ié‘,thé@aﬂ%ﬁ@s?ﬁé)ﬁﬁééﬁrﬁe@rét@éﬁ bysitehed,

commer ci al coh@ﬂﬁaﬁt ers according to the nethods described herein. A
t r anspasentherely reiliceehé devesl oathealreintarcoruedivitei Ascaresaltsthebavenaled in a
color-on-array, display structure or other LCD s tures 20, usi.n

t r anspar enfesiStivity ohthe treated| region IDFERSES CRARATS to the Untrea e%“‘fﬂi%@r{g RASpl ay
poiiiivie : O )
Phosphor s) 14 ©rinbfigh o e ¥bichlh InsiRiFRaRRlerBPaRd ifibart dielo the,

pl asma di spleakdpanalf thamtesconhvbtivitysarhang e sahowires. el i rotgd,thal suah
pl ates), 25 each insulating substrate having el ectrodes and barrier ribs

formed t heehangasondbe physicabstiuciurgs of dhe sapewires §)ay qerak ONGEMIGORERPIE| | | ed

ith [ Qg X . K [ L.oni zed
tnder 30 cleugloivchts veflis 33t et ins FaOfr i aPbralol Je e StEE 2aar ess
el ect rodesgr%fg%rﬁﬁf&%@eéﬁdlfbtm% | |5ocofdiRGY, thel GHdustivs fayeraléscribed
Tr anspar en i splay el ectrodes, along with bus el ectrodes, ‘are 30 nounted

in front oherelireneayl bestreatedaofforncogtiactivemattasns thad asel dpticallyauniformoass and
the transparent display el ectrodes are orthogonal from one another and
cross WO 98NEdBRIBPCT/ US2011/ 025941 paths at the cells. In operation, a

cont rol circui try chpgags. kg epid 945D SEEHY1de Aievpbl A9eIHEHS er ence

bet ween the front and pl ates and causing the 1nert gases to ionize and

form the ptesductive/iilralandxirdtctiedhosmductive fimndispeofively.eVhile the @rmaere
conventionally 5 used as the tr_ansRar ent display_el ectrodes on the upper

gl ass pl at &igured2ms nRe-Ganasiptive) dhereds ditle, osne differenta ingis QritgR! P nt
processi ng_steps, .n I . Sint gydin e trode and firing a
front diel 3%P?ﬁ‘@af%ik’?t%eﬁgﬁé'?@é@rge&;ﬁ)gﬂsegé;’ g?:%sgyééqqq%ﬁ%ératures (up to 400

to 550C). For exanpl grud o diBboditndMicisbrilete s patte g vpHeayn@ifortnhe front
dielectric layer (which covers and protects the 10 display el ectrode and

bus el ect r catedictive fifm meslibstratgicuco iggditn onx thetssbstra gendusiivefira
resist IZSI t%cﬁjfdir%ghg pIIu-l;:c:l)li'[iyno(%rir(;'t%?cpiasr\nl?e%’tirﬁig:l]3 %g%oétpdc?gr-efs?{/vﬂ'erein 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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Nanow r e- based transparent conductors are suitable electrode materials for
the display electrodes in a PDP. They are denonstrated to be electrically
and opti cabl2g1igedsBe at hi gh tenperatures (e.g., at 300€CT/Ushéy/oeial be 15
patterned at the desired features sizes (e.g., 100-300[1.m for PDPs; in

particul ar, they can be patterned by the high-throughput methods descri bed

herei n. i Qiher MbYAMEN®, HORSt RELS (TR differs Wof the $¥ddnd
according to one enbodi nent. The PDP 606 includes: a | ower transparent

substrate Bas: (H%)bydess thanl lass tran Qupes, I6IDthaorGrth, desst than| (e, nspar ent

substrate §08; ,Laddress 20 el ectraode Jormed on the | ower insulation

| ayer 608; f\%@Eﬁ,g«m@‘éﬂﬁ-‘&%a%éﬁ%g%%@mZSFP-t he address el ectrode 612
d the | i | aj| o i S i P

and the | ower | nsul ah Qi ARl sBt8ied BOhBMILAINARLLS i MydEtdtichictires

di scharging cell 618; rix layers positione e 1 solation

wal | s 6%6; (agf kindrasrowirdshgech G ot (gast doome ndreostiudesestrd beokenaddwmtt ri x
| ayer 620 and the isolation wall 616 and on the | ower insulation 25 |ayer

608; an uppRoertersagmeitenAltiough the smel sutssurdespiing the eendustikity obtheor med on

th b 6 it y |48

el at on ¢ DoRRaNE RS b 4IRbuR} hecbeBiotye B W feCite Bl Pedi Hbn FlaBehid
portion of of la8s GoRBLGWeSHRSL dOHBt SigRificantyars theioptiealt gropetieqT %6 8Rd/bpr med
on the bus el ectrode 628, the display el ectrode 626 and the upper

t r anspar enH%uifdhe atahegxegional eoppatastio thasaof theyen-etehegl. regidio) 632 f or med

th di el tri | 630. The di | )
2011/ 188856PCy] Ussg 1o Shaned pamsuie Rl Bl I eymvisasan Hosthetou o

filnms and : el i d L RAViRRTA i It
shoul d be t}%ﬁ efg?gggamg'tygcﬁgdno '?’3-@%2523‘%{'? ansﬁ%%’elﬁttﬁ%gﬁg{?y grth‘i | s
are suit ablegidroappeyr gearteeallyciatddt;choveevernsmafl cBEPO3 0 cavn belobSetveahalpag ent

el ectrodes are positioned on a display panel such that |ight can transmt
wi t h accepthgderdtbrafiananeWire.o create an i mage on the display panel.

(c) Touch Screens . i t a

conduct or descri bed 'Lr\\‘%rsgp%m?tc'fr:érjr@ sg‘é’fr"w @Pﬁgu%@ﬂ (ér%él]eaésné.,f%u{g%‘tﬁ&éé@géh is
an i nt epacLét €3:0559650q2008)8, rhetdl Mafonats tre términated gclirdhfacets @M@y, which
allows a user to input instructions by touching the screen. t ouch screen

A
devi ce typarchthesidespriases aranbowpgrssb gl Qﬂ}éa@etgdaw)y Rishtngdi POEfacgs &yl
ted by 3. Sp | Th duct i ye | i cally cl t
2 Tow |1 gnesuftit FaRRr wE¥s hamuhe SBRRGIgN ey @R gh JoNasPes s e °
screens tygifedls on fESGacEBNAl réstiith éh@'r‘@é&%ni\é’rﬁ_s loRYied WireS: Therdfdfe ftd! ns) .

As 15 noted above, ITOfilns are costly to fabricate and may be susceptible
t o cracki ngendrateseuts atorey fhedengtheofsubanowire,.an etchant wouldarerfarmGanii | ns ar e

typically de ited l . bstrat t_hi t | )
2P L on e AATBORePIE ClTBGr dntetEh N EERce oL bk AR ShgdAOlE FlISEar e
by high th J I I [ f
d?/velrge su{)@%lgﬂp\léé t%?%%@ﬁ%@gs@%ﬁﬂggﬁdg Ie,et-E\H )'(?blsg gndO\élvurg[:)l e

substrates such as pCR#gristhdviel bheercetiovae ircsalerdl shdnistriesq@uGisH@hdnbecone
sur face-conducti ve. Thus, Figure 28 shows schematically a

resi stive teCbilGlieent thewits 61y efficienty. ndoveverfel nsdhemsatves N devi ce
640 i ncl udes ot tom panel 642 conprisin fir trat ed or
ani nat ed SPORL e e o P pdiedsard RiasEP bR G5 elRECL  ve
sur f acgs 648 e AdctripRmiBA el of theP S8l UtioP BBEvVE BiROSIcERotRdichNSoteAtialan
panel 642 and separated therefrom by adhesive encl osures 652 and 652' at
respect i vehemdstabfo béetahedi ce 640. The upper panel
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 FeClz, CuCl,, HNO3, |5, HoO,, O3, 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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650 i ncludes a second conductive | ayer 654 coated or |am nated on a second
substrate 656. The second conductive |ayer 654 has an i nner conductive

surface 390@B8/Mes38Nng the top conductive surface 648 an@#Cirassuspesvded over
spacers 660. WD 2011/106438PCT/US2011/ 025941 When a user touches the upper
panel 650, the inner conductive surface 658 and the top conductive surface

648 of t he cBRIJoABhPRAG beB4 3c661EE ahibhhal fehBicompl6xsy with therrealtions and
resi stance i s created, which causes a chanrghe$ in the electrostatic field. A

cont r ol | er make thehoselyblegn ks etdhant hAa gisedmereias baNdsmaytieechietidgal t ouch
coordi nate, which infaormgtion is then .passed to an operating system
Accor di ng Pbomlﬁ#esoréﬂ%@&rﬁ%ﬁﬁe%?‘? ﬁ‘@fo”dg (%quwefi rst and second conductive
| ayers are based on ' : ' W& doRoRkAts, The
i nner conductive sur agfemg%g@rﬂﬁ?ﬁ{g’ tégpét%ﬁm??%ﬁgﬁ%yge 84 eachS have
10 surf &ceonesif stHish Isybiifandtiomat. aRgeexdmplegah abierl (090 chlorideras ipdidékecatbl v,
about 10- 500 O'11. Optically, the upper and bottom anlel s have high
transmi ssi salectvely eteh asuellas farmsplyle complxesiwith F‘%‘érﬁ)’ﬂs-t hr ough.

coated vith a pr ot eclVinou! geing 26 Be Bemg e iatty. K HaiER%a W' "
i nproves ladigy ?Hérﬁ%it iéﬂfhé’fe}}éﬂé%té HiRBRRAH PRteiR MBS the dtalfit iomvever

maki ng el ectrical contact wth the underlying netal nanow res nmay becone
probl emat i forhecgsskubleosalsowith s etched enetahndsingde@lb:H b 1ag arr exareplediids t o
the intervening dielectric overcoat(s)., |n ,additian, eve li.ght .variations
i n t hi dRnebslieved that silMer raREWirES GaB ?fc}‘ﬁdeHQ% alee “ﬁgitﬁ%&&’fv"ﬂ%a i | m
Thus, in tpeeascet\ioﬂ odi nents, the overcoat 20 layer is incorporated with
conductive particles to create reliable electrical contacts and to inprove
contact resistance. Feduag) 28A-sEhihgig)cal |y shows {(#7Dpppsi ng conducti ve
f

| ayers with respective overcoats. Mre specifically, the first conductive
| ayer 646 is coated Hai(®) H Qi »AAGIUS) EE d.22c@¥hd conductive

| ayer 654 is coated 253w on m/r ' A4inst and second
overcoats are e_nbeddé_ﬁ %ﬁﬂ*?&i@ﬁa’%&e %gﬁg%Qgr;(g%SL&ﬁ?eé resence of the
conductjisve particl esTha re&\atisy AlgeTid $61uBéan aPadcid (81gT, HCK thdthe preseut frace
conductivity and provides el ectrical connection between the underlying

nanowi r e- f tHd efdhabihducti ve | ayers. Conpared to the respective underlying
nanow re-filled trangparent 30 condyctyv ayer, the overcoat can tolerate
much hi gher resistivi &.l(sgﬁla%@q ﬁé%}%lﬂ%)%qb)es in the underlying conductive
layer 646 or 654, whirfl)s MHRLdsRFETE #hat incomplete dissolution of ACI leads to

greater invisibility of etched pattern, as AgCl does not appear to be cleared away.

20 As a post treatment, wash or submerge in a 3% NH4OH solution may be used to
shrink or remove the AgCl precipitates. In addition or alternatively, annealing at

130°C may be used to shrink or remove the AgCl precipitate.
One embodiment provides an etchant comprising HNO3, HCI, and a

solvent. The solvent can be water, or an aqueous solution of a thickner, such as
25 polyvinylalcohol (PVA). The concentrations of the HNO3; and HCI can vary a great
deal while consistently producing partially etched films. For instance, the
concentration of HNOz may be in the range of 0.1% - 40%. In certain preferred
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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WO 2011/ 106438PCT/ US2011/ 025941 conductive network above the electrical
percolation threshold to ensure an in-plane conductivity (e.g.,

bet ween1OWOQOOQ438N resi stivity), the conductive parti eCeaszeiiokw4over coat
do not need to reach the electrical percolation threshold. For exanple, the
sheet resistance of the overcoat can be as high as 108Q 11. 5 Even at this

level, thegi@oufhém b i Witht dRese\neentraied HND;enLpd used, ¢.gych screen
appl i cations. The overcoat can be forned of any of the

optical | y HCE&N@owatarratdOntif ©iweighitretipal s descri bed herein. The thickness
f th t is typi Ayl t . 2 I | |y,

hi cker over coat 1 s. 1pieentm diaferhierifeaons piny g roB e cHiife AT L Any

type of nape; sha ¢l EpRAMARERAM o SRBUARIUNACH arfekRFRCESPAFiaPBichab! &

conductive particles inclu but are not Iirmted to, 1TO ZnO doped ZnO
metal | i 6 neaowlsoeschigwidabutiat highertteimperaturecand tomgea tioteu dereaui,) chigride
descri bed herein. The sizes of the conductive partjcles are typically |ower
than 15 200RMAeaH hrafaplages Rinothes Bptides as ﬂémnsg’ﬁt ipan ‘Rfﬁ[‘@mtégp%ﬁm , they

are | over bATNERONGY,AGR15S, Lo, LaRh 00N BlyOh JlerF Q0G| e

Is so | ow, t ypfcal e ect optica

transm ssi gimildAy, HNO9E&E be hepldced by qiherseidizgenf sudneas0n daic bublelingdy ti cl es
may provide a certain degree of surface roughness that serves to reduce

gl are. 201 Gubdr (etshant @usdi/HEMEO) FeCl dhatbiiGéHy Al anttheslikéan be a nixture

of highly conductive particle . g. t al n d | tivit
o1 o1Bs (o | Yorbserisimepthasingnts. RiateramSonteR conmee L St have
to f i 40 4t 17d! I . ; trical
bor Col at | oHEOU FA IR PAREIC, ot 14 SBYL bEHCH dhd (n@IBKRIAY d e (T o2

rel ati vel yelchagesslutidmzogate?5 I bthes ehilsodiments, ahetotesttisplutioarisglodesd i n
these nanowires while the | ow conductivity particles will provide the

el ectri cal (wwihkehakoutsdfmEeklxand abeidhd & HGldvant ageousl y, the sheet

resi stance of the ovegr o r : ' dj usti ng
the ratio of the nan’g\ﬂiﬁ@eﬁ°§rﬁe‘3§?§geﬁ%é’m '\%dpr{é]tarn?irc gg{ aé}ﬁ\%g@gt gananowi res
do not 1Bavgyishlé PabtethsPBaE PicRideVéoritRicivg laredd and neneent ectivienaeas h€oB0

resistivity of the final overcoat filmwll be in a nore |inear
r el at i ons hinstaticeh comeenteationiof ¢he oampeneatsiiotheetchankisatehing timg e sheet

resi stances, { han using the |ow . 011/ 106438PCT/ US2011/ 02594
conduct i vi ?V%Mm%efgi%%ean %ﬁeaqugiﬁér ﬁafcaﬁwﬁ"%?%?O'}?&Hﬁ&ﬁ?@%?@&
conduct i ve audelis £ g SHAGERAP deRhoiGheralBl 6f SioMRGCE@hing'is 2 one- pass
process. ernatively, 1n a two-pass process, a nanowfe |ayer can be
deposi t ed fypiddilpwerynsloassith Idw okidizers\in thepetchantairilow tempecatiaje, prhidy to
depositing the overcoat |ayer ) o
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
tempefature 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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5 enbedded with the | ow conductive particles. The first and
second substrates can be a variety of materials, as described herein. For
exanpl e, wbeofi/rwst38substrate can be rigid (e.g., glass, Por/use@iLe2pknstic
such as pol ycarbonate or polyacrylate) while the second substrate can be a
flexible film Alternatively, for a flexible touch screen application, both

10 substr abghin@nT@scAllye¥tdHigy bt highet ®nperallras rédllts in dgher etching rétesknown
in the art, touch screen devices may also be nade including only a S|ngle

substrate havamrngaembadngﬁ@,rthecedmugua)caralﬁd avibah betveen gheutai0 ansLief °Ser een
d d the t duc, t d d abov | third
franspar ent  conduct off eGInS eERRBIE TN v Bl i BRte i e &8r8s o | ayer
The 15 t th

e ragﬁﬁ@&.gg% gﬁf?@g§|lcpscag§a|da§@hpl Ona?ﬁ&%‘éhﬂ%&u@ﬁth@:ﬁ iflepNMctE these

types of t nanow re- based transparent
conduct &r sspeeifically, thecprodess cempniags:be patterned as described herein or any
ot her way known in the art. (d)Photovoltaic Cells 20Sol ar radiation
provides a usabl e enetching thetqv@dplnbve)ﬂlnn aﬂ@@dm tepppaliemdodrgvide {Ehano dev.

Opt oel ectroni vi ces . such a hqt ovol.t PV), cel C nd
convert cePf‘ﬁfHegﬁ%Q'BH haY e ﬁgﬁ effpdia ea??& t'my’eq%ac@r) a?a?tgﬁ%%eesémﬁ
Phot ovol t ah5v1ﬁ§ nd iREPPRHIAAE |ré(S|§tW”'f‘yCQ/H€|=éiﬁ A firsUigtib! sTRISe FiREer

illum nation ight is absorbed by the sem conductor junction (or diode)
and 25 el eirteronediatecrepistivity aver thersecand intermédiate wisidityis lehe thamt@0Gin,
i.e., in the n-type emtter and in the p-type base. These charge carriers
-- el edProf8dfromthe base and holes fromthe emtter -- then diffuse to
the junction and ar ensufpt uRMBNANLLERirnFSGEA el thé Eldhed! BHpAARM IO

el ectric current acros conduct or

junction ceimalbesikvityeshd theauhatobgd nadioo has @l dedondIhall cgsistiyity, whergliea
material (e.g., crystalline silicon) to formp-type and n-type sides.
Ei t her PN 8e¢anst i@tie ofthesfirst finat m&ﬁlméowﬁhﬁesqwaﬁl finajgsistivity is at least

Cuo di 1 or SAQOATR BRI s dchell TodBR A hkdRe iR Baldl dbatiap D 2o 19

di fferqpt QeifsSingaps. The one with the hi gher bandgap is selected for its

transparency and positioned as a top |ayer or wi ndow |layer. The one with
the | ower bandgap fo'rfh%e'b?"bémt&ﬁ"ﬂeﬂ@yﬂ?e firghratie @fuﬁ@rm@ﬁ@tggesdstlvmes

O b g A o e 4100 Bgh YR 8145 P2y fbdecbd deind o™
cel I s haverdipest iRy Rl sRtidsFoliaRing tRe %ebﬁﬁgefepo@rattu@a%tqfo“tcheata@éﬁm 0°
spectrum In this conf |Eﬂur ation, Individu het erojunction cells are

st acked i nQ#uodT o least10 aThlerlﬂﬁOgmwmblredeiﬂﬂBa heating stemthe inial giching t he
| 10 band t b b t he | t t tted
to the? ec%tﬁgnrﬂg}’ Bartialy teh pih ta RS PEn it i ubadaisrt Fepid Figk &Pt he -
remaini ”gT es sef}@céltch% BHBEESs T EBRIpHIES td ARBAIER Btchifg! WRichBReSRET TY

phot ons. tive
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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absorption processes continue through to the final cell, which has the

smal | est bandgap. 15In excitonic PV cells, instead of a p-doped and n-doped
regi on, twe 2natwsi3al s of different band gaps are used t @C3fisze11ansd4exCiton
via charge transfer fromone sem conductor to the other. After charge
separation, the charges are swept away due to built in potential which is
created due to the drhfseeRifaRy b heBfifg pHitesOR HReIWERRNtD & irtpddset

el ectrodes for charge collection. Organic 20 photovoltaic cells, for

exanpl e, weensitiilysofuanostractaresito meltingdrehaviasrasctheirisimenpiony get speéee and

the oth 0., Pol yt hi bs |jght_and itqn . t Th
el 'ectron | (ifpisH BRTVIRPBEI RS elsd. (T dharanle, B SFund Re e |
| ect : ' : ! i

col | ect e $3Ufo BERAERY EhaRguhD Bichiett i POIT HinadPSlEes Mo A tle Iehtvoftr €
met al - seni thenwined, aindcibiet ratiosviresethns dahthedtare pairticulémy sudogpéblentd p-t ype

sides of the solar cell. In nulti-junction cells, they are also interposed
bet ween t weorngjeie braakcdpwis byt tetehiagthyheating RIPEE$®d on the n-type side,

have been "col | d" by the juncti d t the -t i de,

Ty travel through t he HPRECHRAMA TPt SEREAERE taTRIE SR Sthe wi r o
til th . pi s

2011/ 10643550 G5 GELP Gl {Pore EONGRINE e FBNTalIF B Hichlhg sbEhas 1S or s

(e.g., | TOppdditeveffecyion firn qoassctivityo hdaseribediovereay erhaatingrsteotaywiee | i ght
absorbing material beneath, as well as, serve as _ohm c contacts to transport
phot o- d8neerplayedras @ poshireatarant sign/tor 'ﬂéfﬁqsﬁatge If'?@r?PnQHEWtMiq{@ PMeRri al ,
they are desj.[.ed : ia L. a1, +C 1 d

tr anspar enta BB o BRf o HELinE b e buie g Bie SamabEERAER EYIRET,

contacts i pardiaPelchingCidxpebidhkehnge thensasitivitpalf nambstruciyfedaotmaltingar ent
conductor, nanow re-based transparent conductor can be forned on a flexible

substrate bghavieys, whichugndpis thegnansstuctiies susceaptible tedireake@s . resvllieg épeci al
deposition H n vacuctﬁa thaEj rTfasz the use of metal oxide 10 |ayers costly
in solar cBUFCHAE AT SpLauUCHvIty. Thus, one enbodi nent describes a

honoj upgtion sol ar cgllamagEsusH, NHe 2tdHEY SN LAEIched rEGiBhS entchatterdibade,
and a bottom contact, wherein one or both of the top contact and bottom

cont act cacormuctiue éilnofpreparedibyehbdstetiing beatinar process rate cpdicaliy umform, gur e
29A shows a honoj. unctiqn sol ar cel| .664. Th sol ar, ce|ll 644 inpcludes a
top cont actesséing 'alil%"t"ﬂ%'f(yd?ﬂt%'ﬂsﬁlﬂb? gaﬁ'ﬁyedfﬁégﬁaec%ﬁa'&tsb'“&%@é tB?Z

i nt er posed i -C. t i , for
exanpl e, an%ﬁ%;tﬁ&ﬁ}cr?g?gav{ne?%erteﬁ%eng_t%%égﬁ snlﬁﬁ ?T(?o%eﬂwﬁt E{é‘sﬁggggﬂ méd}%ped

si li con onctidryeiatiaze - Filrthes, thecattitiohdl Yipatiad bepongkésaitHe precess mooe. As a
nore econom cal alternative, polycrystalline 20 silicon can be use

. ) , d
accor d2fg rtabushober instansasif for amiregpen the mitial etehing stapds legoefiectivg tharo pe
formed of anorph il.Lcon, .in i C [ i ferred.
Fored of SRLRNP R SHEAET s hRalfl SR ootk Bt BiTSS B Bl
descri bed bRrel Pegidhdf tiRPcoRIUTE filrf IésPtsRdUctive Rt neAldondateas. and
Optionally, a pre-treatment step can be carried out prior to forming
an invisible pattern or low-visibility pattern by improving the wetting behavior of 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 bEoprag®nt3sunder 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/ 10643gR1déd el QA pdhél displays such as FCOS! §adRB di&1as ﬁénélgt(PUH)}JDCt ion

sol ar cell according to another embodi ment. As shown, the heterojunction
sol ar cel | c@@ofilters fodedored: figl pavet displays 2toushissreans, elaotramagd@lic and a

of the 1 op HBKHTE: FUBHBTahREsRS i S Sep S BB N el oaectonie PO
nanow r e- b&‘é\‘ﬁg%é fn%m%ﬂ?q)égtlarﬁgre%@&{otéwlfaic cells, and the éige.' th 584itigh the

enbodi nment s, e sem conduct erojunction Tayer conprises a

t hr ee- | By etranéparebhtucehduetas hehein-dah. belTbsesd in flexily devites| secraasifipdblet op

sem conductor |ayer 686a, an undoped m ddl e sem conductor |ayer 686b and a
doped bot t digPlE¥RiaRgHaUeh 8¢TeERSer 686¢. In certai n embodinent, the first 10
sem conductor | ayer 686a has a hi gher bandgap than the third sem conduct or

| ayer 686¢C. g and third sem conductor |ayers
@i n YR e ORERN :

can be deposited as ers. abl e sem conductor nmaterials

include, but are notAhiLOD koa flat pRric A play tat diplaiet a7 imageeby ebstrokisg
di scussed herein), cadmumtelluride 15 (CdTe), er indiumagallium

co
sel eni de (l@htyanseugsiety bywan @pﬂesfeale@iedéicgfte,los) , ymfﬁaﬁme -CReincluges @&anpl e,

i ical  CdTe cell, th Layer .i s, pr hy | £id , th
i ddl o 1P ay BReCor o6 el g Pors il 2ulid P Bt Boieh: 11
telluride g£&fduid crystal cell is E(govidéél with 2Rbikel SIBEELGE forfhpljiRg ahelk&Asduct or

het er oj unction layer” 686 t O 1nclude only the top sem conductor |ayer
686a and t field hotheliquie crystalcedtvwith tespect ©86commen electrodecifigash of the

oGS S350 Bhe b B GRS SREF LT Rl S
B e e Al

Thus, i85 oaccordiwst Withta, data Bigridl ppplidd via thelTFT.s described in connection
with Figure 29C. As shown, the multijunction cell 690 includes,.
sequential |y from t ophe dFBd:GI3mang! eppases tiva selstrates withdhe digiid arystal 4

tunnel | ayer, 696, SE! I . Q . 0] erein the
top cont ac?eugdﬁpeé%(gs%ﬁg%%%éghﬁ J@%ﬁpﬁ‘g%@% %%3’3%?%8&%’%0\%? re- based

t ranspar end spRe! for@achiligiif criySfal BEN RASEeas tisé BBINNTo ¥lectrb@e Wantegrally

2011/ 106438PCT/ US2011/ 025941 mul tijunction cell 690 is shown to include
only two cfermned dntthelemtirelsbfacandtar upper, oppaeingrsubstrate. atig tawatal cel | s can

be fabgjcated in sinilar fashion. Both the first cell 692 and
he SotbndtistiatsishiTamed if pA TET ayay ubpliala ol LOaEkRABP S | unct | on

sol ar cel | . GRBrSONM alrBy BF &R Filrd 3BinsiEiérs donfibcted! tb 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/toa38he | ower energy photons, which can becahsorhboesodhy 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 | ayglech8§e ¢8R befofmBY b%%d&tiﬁgﬁh@wmbédkn@aﬁeml 4 AbMowpeed

sem conductor | ayers. e top contacts 692 and the bottom
cont act s 7fansparentemwlucidrdird falloavesipay 2 patteoniogistepr: Alidrnstiveihvey can be

prepared by the t hods described herein. The sol ar, cell 690.can include
hddi ti onal PaiigiBed tansRarant saRAVCtar Eé/,er £81 e BRITELATIAr.tp SPRIG:  ve 1| ms
and the i ] - ' ' | et (SO , it
ahoul d be Laef T BineTrdFRBaEES roniEntond Ror oo BEb befathicleh -

are sui pabhecardingte the high tirewghipe nsethodedgsaribledy herein. confi gurati ons.
(e) El ectrol um nescent Devices. 20El ectrol um nescence (EL) is the result of

radi ati ve reconbi natincaddifiorefackeing pattgmpie) the nanowingghasadranspaient y a

Chey et ur forte St AavE i bR R G FLAGR PR ARERd e ang
hol es are gRpAEatfSATETILIOD nihuadtaing Gn8fapPneatithsof el Be Pt 6Fad TFTtisadedr m a

p-n junction (in sem conductor electrolum nescent devices 25 such as LEDs),
or t hroughswitchingtlieviceby i npact of hi gh-energy el ectrons accelerated by a

t lectric field L th t h h I, | ect rol um t
i cpiagy C e T PighigeTh i ab T be Shwink e G TRAY 8T Soack i gnti ng
displaf). | . | BY€! Sbacki
ot r a1, WV opgdE alap A eFPERRq oL, BUct ERRTIE SR BRIMSoRRIEE, |

film desi gleatwt iftha suifaes thereofp dssshdwen hhedrapisparery cohduactoofidu88rae fil ns.
Advant ageously, patterned |ighting W) 2011/106438PCT/US2011/025941 can be
achi eved bigagtpargaly pamfoansde aiarang B8 en thesybsirate. abhgpidbgifate fpa color

el ectrodes, Vi i | p ri t] [ ;

pol y( i oxyMieTRKaitep %6 AaB sty Wi ah Sobar e iy LaRel S Inler wickn,
conductgr . globles RPN b Bebasireridignsneradivithentasspirefit doreludes dilmbddrher ei n
are suitable as a transparent electrode in an EL device. Thus, Figure 30

shows a t hexarmplepgeEiovesiayingse widthideyn to Gdemetendiammng up tth8pmLOTEEeRiEE 710
COmDT 525 5 BRRRblAdub RS R 8hal, BB E b Pa e TSt
e g Tl g o o R
her ei n. Theamgwire-bhséd fmaasparend corduttaiiliracleoromamplej and witbbublimiatoon, e
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. Qther patterning nethods can also be

used, i ncl ydhHire @R @&nsﬁéﬁém@bﬁdué’tﬁﬁlﬁmeThéK)@tlcal and electrical propBetigsL
material |ayer 716 can be any acceptable EL material, for 20 exarrpl e,

phosphor. Tég., mepmMSm@smneand slyest ragistanes) W@r@meawremat met) ca. t@e X

() B ot rost, i haselentoastyl) ko Sraamr anapp. o and 81 Brnge " " ©
El ectrost aErbﬁsr%s%Wéﬁ@ sﬁgé[?leslsfa &S O ety B'tt@dtdg%ﬂ%ft ?r‘e ﬁ’ffne e ().

favere
el ectrostatic charge between tvvo ects usg F esul ti'ng wh

obj ect s 5at ABShebef Ifr@lsEaTé neatignineat an@ha&e lsmpascblassmito ‘t;ondlaat]ngnmdh tmch
other. Electrostatic charge build-up occurs as a result of an knggl‘sgnce of

el ectrons mtentiensefithgaptisal andralestical prapsiigssrespain dyearly opgiant a es of

deV|cefa| ures in th r ustry. El ectrically
conducti ve %?%'aittgp ﬁgﬁgﬁgf:e%g%dd"ﬂr&%f\r/éerﬂgl | ms or coatings) 30 are effective
as el ectrostatic di syhgaans@irestaidddshduictivédnmed alsg ahsuitabld mtemu farstatic
charge away. Typically, a conductive |ayer having a surface

2011/ 10643&PaIngg20ntacts dna LG THT plats dae tQﬁtBS Hity tormnigmalw goataf fecti ve
on ant 1o seceuibiayoniaoelef ok, diar& SoRREECR el il YRS B B0 e
and 10752/ é@he@ﬁtﬁgtﬁj%agélktld?ﬁl%gﬂ Sﬁ\l)pﬁﬁ%rfé%f‘ﬂ'}é%ﬂaw cayehty dpesterded

herein are Sui as anti-static coatings. Any of the s¥ructures
descri bed ITO films aexased & estaplistesial@BiddcF Thespulier lE@ dimsaanhbwevar ibe

coating on a substrate in need thereof ne d| nent provides a
met hod  f or "gilacediby thenarewirpragaed |C€”§Wté’legﬁrﬁb‘§)e&9ﬁ§g$ Y™ providing a
conposi te including re rix

mat eri al ; applying t%‘etgé%r}ggm SQEOH@'%%%@ aé Wﬁ neggé‘q}

el ectr qmga%bleesnéﬂﬂ(@bdlsmer wertbviiay, P Ceareb Bdg®) ineo laaryaefolloweumyl agoste
plurality of metallic nanow res dispersed in the matrix material, the

conduct i vebhkipgrstepa.gg ah 180G Ay spraussi Vivecaly. aduthnreaskiigaioesis11.

h
the' under | PPRGSCILER RIS Fia rtadh o Expribilii WaBfthtdngiag o8 o M, | "™
clear 15 sypgld i O\&wfn@ rﬁetho@%aﬁ}drﬁag AP BuMEATthRSINhEECIaRSE dias OMking | Ve

| ayer can be used as~a packaging natérial for electronics. The optical
t r anspar enthe edatedwidsowitta ddionézerd (\Dl}swaterzrmlsmg\ trefating avittoangent(Anmlasma

package. The transparent con ructures, thei and opti cal
pr oper £0es0r WYHozNe, cRatRgwit g gen t'é(?én?'ielr'ﬁLsr pgﬁ&gﬁrqsﬁlng‘wlge de!toal I

by the 20 thélmmn{gﬁglddsmtl ng exarrpl 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 5pym. 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 edyprlysd inBEREsLgateFET! Ae@ité Blddirdde APlisheséd abotoan bittivéfayeb2, in

the nanme of Canbrios Technol ogi es Corporation, produces nore WO
2011/ 106438hehotispbyatethiofim transistars synically havesupesior sgliahilighsr yi el ds t han
does the convent.i onal '

ref erence REBMPAHSPH V‘fitp;tﬁg lﬁ%‘?:g@f%% %%E's%tc%%&l A%%t?:%r@c@awéﬂ%rﬂﬁl%%ﬂﬂby
CONDUCTCR 30484l oGeietal £ the ol ChRRBHD PP ChRRProcksd 5 pm

t hi ck was usea as a substrate. }Fﬁe PET substrate 1s an optically clear

i nsul at &r . TEbkndlogies '99 éPress Isuaral aMeD8) qpe 58fto 59 aREF |atanel &ligplay 4988own

in Table 2. Unless specified otherwi se, the |ight trans '?siogf V\af ggasured
e Pee gmelercly

usi ng the fikkeldBF ob¥98 PPadPRIte1383. Moreevesqd B9 &p

nanow r es ' ar 1Sl . Ny 80nm
o it - alB B eBatRR e SR (ASisRAC A bR BEbEcaP A anfcipible
nanow res éiﬁabN,\)pmmwé@tanmb didon%md/ofanideerdicopductom), resulting in an
optical density of about 0.5 (nmeasured on a Ml ecul ar Devices Spectra Max
M2 plate reader). ThEigire gdrshiows thesresr=Aectinnatiesnol hewitchipgreyigef @t e by

al | ow t anowi res to sedinent onto,the sybstrate d by one

Skilledd ntﬁ%ﬁg’ Han&w@f}gﬁ? Haetegg?ﬁﬁwﬁaé égﬁs‘B&’%eFHﬁA%‘Q}'g%‘q@ QE%% ow

met ered byzgg hightes m-gite tHih Aith QA BI ahd 8l Hanewirathdder pik&e. |t

is further understood that the viscosity and shear behavior of the fluid as

wel | as t heldctrode 8081 dfte that filee transistonamcudeses gate eleicirode 40Adormed phigut i on

and 20 interconnectivi tl%lﬁeof zéle napow res coa hdereafter,
gatg ‘

the coat edSvestEAted02si B ASCRHRe A m@@gﬁ'% (&9 M?”A\‘Aﬁ%r efined
evaporatio : | r | ' i i rk
Cayor - wady PRoRH oot apiE’ ARSI atlia B o Rl T oSS IR op® P ol AP o
and haze wehe thiadBmrteshsistbn oG fRfEr Gasldoes ahlirsiatirglapens10, Bhfirssur f ace 25

resistivity was neasured using a Fluke 175 True RVS Mul tineter. Jhe results
are shown Bemicasductr layas 41dt(era: oamerhaussilican) @RE shserANd $MigARIYHOG  eal

cover ae OlybhE AR R I ofaloToh iR SRR B s IRl SR e
m xi ng pol ¥&hRaNA sotikde Slcirbligwaz drsd dRi iefdtirdaledpEeddfiieca chanmat hy |
et hyl ketone (MEK) to forma 1:4 WD 2011/ 106438PCT/ US2011/ 025941
430, exposing a portion of the first semiconductor layer 414 (i.e., active layer). A
20 further protective layer 434 covers the island structure, the source and drain
" electrodes 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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(v/v) viscous solution. The matrix material was coated on the bare silver
nanowire filmby spin-coating. Oher known nethods in the art, for exanple,
doct or blwdeotiMeyss rod, draw down or curtain coating, eam/useoseid4l The
matrix material was cured for about 3 hours at roomtenperature, during
whi ch the solvent MEK 5 evaporated and the matri x material hardened.

Al ternati vewoum polidirizZeg 5@erhr{daé§g|a%lsaéz@stratea@1Z)VArplu@ng/ of fRét tearispaipentat ur e
of 50C for abo hour s. A transparent conductor having a

conduct i ve taryductorsttipe 5REBre positioned behyean Mg/ Petiom\glass: substats hibd anq*ﬁ?e
duct f th t, 100

Chick. 1vs gt Alammantioudest? e &) Smpimdge et R irndBieBlediantine ™

results are t?l?% {%rﬁg'{@ ‘;'{/K/g}a-@é‘?a lih&8sRa S%%e@@%‘%?&brd%dfb@&)&% the

subj ect ed td e specifically, a 3M Scotch(r) 600 adhesive
tape was5sfifi n?dtahgmﬁénﬂdyémzmandlaréemoadczfllghhmmnbayelrﬁwnmetai@mme&ﬂmmS for
exanpl e, by peeling. Any |oose silver nanowi res were renoved al on th t he

t ape. AfterSmeéNlﬁhkﬂé |l%'§i°"¥§??é3 898 it Betwaed. 14 pdyrabty of sgro HBBW? E of the

By ey of | cSuISelindB48 A% BoSiBled i thESebFRY aligneht RIENSa2 tndad © =
( PU PET) Ungc%or{d‘l?ameﬂ%&idhbﬂﬂ%tmis 54 eribhiath éib@vght dhgle Giinh ¢ed first

properties (light transm ssion and haze) and the el ectrical properties of
the 20 PU/ PEanspareal eanductovistides A0 TIbesezonddragsparent gomduster strips 40

mat r f on P PET I

e wel 1 10" pee p8T semter it pevsuafiof jaies SAfet el Tisol Sl MaRees) °"
t

eg ot er ?Rg 4852 R faSt UGB A Aol S8 e ot e

bare si | ver trapsmarentecdriductarrstiipe 52Eant 46 eah bhé pattegied andhtigméfesedin and

i ncreased the haze. However, the bare silver owire filmon T was still
consi der ed @ptingting pracesaeniy the %Pttqrﬁlgf *r%ﬁ\ag’s iand tBe %‘BP@EPEEXGQO% The

optical and ae%p%ﬁﬁvélgabnﬁk@ &6%&%5&}?39@ e%l'rh%f’ar le@%%{?fg% Iﬁ'd 6’” PET

wer e conpar e or uperil O on PET

substratgs, cd&l)ﬁdbzp'&lttthUr@ﬁbH\lMgrpﬁidfimsfeSQmaG@qlﬁlredﬁlOO S2/ 111.
2011/ 106438PCT/US2011/ 025941 As further shown in TabI e 2, the

transparent conduct or Figused5 showis|a/eosaaestipnals/iew of AL G IbpEPE ORIt r i X
o o g e SR B e SR 1
Conducl  STIAS SR TRACIBEIE AS O RS 101 o
film The tinterppsecbetvezerdthetror Asmoted abova] imétse OpT issdstratech4dithin film
20 transistors 550 and pixel electrodes 552 are arranged in a matrix configuration on
a bottom transparent substrate 554. A common electrode 556, to which a
common voltage can be supplied and a color filter 558 are disposed on a top
transparent 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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and had a conparable or superior surface resistivity to netal oxide filns
(e.g., ITO formed on PET substrates. In addition, the tape test did not

al ter thewpesiigtsas8ty or the [ight 10 transm ssion of tRreTiUSangpaident
conductor, and only slightly increased the haze. Table 2 Transparent Media
Li ght Transm ssion (% Haze (% Resistivity (WO PET 91.6 0.78

non- conductdgién BEhFRRIR ssurde 8giBATEARTALT A WApAGYIEl 1€ pbsttioned 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

5 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
10 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

15 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

20 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.

25 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

30 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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60 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 $gENSpétfedfadan JMRIMRAL! AIbréAEH toehanlifchugEySIPE T stallmeCdlidon-n

degree, the atnospheric H2S fromcontacting the metal” nanow res embedded in

the matrixbatemdriesee,st.ghill.Bt PatentiNwe 7206218401 Imaddilibnesrgenie be furt her

obt ai ned by |ncorporating,o e or re corrosion.inhibitors in the matrix,
rial can alsg%ﬁ

as descri béﬁ%@i‘ﬁtor mat Y -!Jﬁi. inspmbodiments, aRQEANIGE o5
in the ai rcbﬁjgggféu orﬂp%%ﬁcfg%ﬁb@%fstea a%%e%rﬁéhi%eﬁﬂ@&)ducﬁsr thitetial fsk! -

corrosion I'S pecte pl'ace over a

2011/ 10643 ¢dtkal tHeZielilé G%@%)i apdrgatied Fier Tleel nafonjugate compounds ase krdwnat ed
es

H2S corrosion test was I gned to provide an extrene case of H2S

corrosi on. in the art, which irmludshwithediceitatiogy PolYPKEOREr BOWHIRRIENSS B R es and
_S e,‘:lyggo Ig 2 n 8@&'»?51 @g:%p%%%tr@c'gﬁ ,Sp&?/bgrrengls Pg&%éé@lengcén%%él%&nzoﬁ%m, Pl us
and the like. More examples of the organic semiconductor materials suitable for
the organic TFTs are described in, for example, U.S. Patent No. 7,018,872.

10 ‘ As discussed herein, the TFT 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 I(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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5 Single Gas Monitor) was inserted into the bag to nonitor the rel ease of
H2S fromthe egg yol ks. Figure 31 shows a typical release profile of the
H2S gas owenon/pess8od of 24 hours. After an initial builPpdTas2afi/oeivel H2S in
the bag, the gas |evel dropped, indicating that the gas had diffused out of
t he perneabl e bag. Neverthel ess, the |levels of the H2S gas (peaked at

7. 6ppm 'ﬂnélhée@égréﬂs%%r}t sLBsﬁufep@@zsndwh?ea diepialingfsurfzeedsansier i ¢ H2S
gas. bare silver nanowire filmon PET was prepared accordi ng

to Exanpl dr@spﬁmtfsubﬁtm%ﬂ aarealaomearqjeﬁgd a6 iy Qi dAper tiagaPIredboked egg
| k The f b to d th hat th

giol er ha?ﬁ@éh’n}q §3%F%H§8P% Ilaﬁne I %mé)%i%kﬁﬁggw lggrdas? coFor

changes | rbofnlftbﬂﬁ%tf% (52(} V@édo FrﬁFl'@ﬁF@?‘éf €Phé Bolé?lflbfé'rrﬁiﬂk@ﬂé?e BBO firtheyer e not

observed unti te 3 day

I ndicating that the pol yurethane matrix

acted a5 dnélades arblack slatrix (?hn\Nght hlaeldangw’mrer)oﬁﬁﬁjdlsphsed-lﬂ& M@Qe shayPLE 4
| NCORPORATI ON OF CORROSI ON | NHI Bl TCRS 20The fol | o Q%W? esI of conductive
filns V\ereaf]ﬂ@[faﬂ'@%ﬁ op the-traggpalienh subsirate P8 PRRNSIE g?ir?irﬂ'lsB YN certain

sanpl es, i) Igsggmaﬁﬂ Bt iairgﬁé&ga gtns%&rmaﬁ&'a% h i alihbedieazol e

and acrol esi rpor urin he preparation o e conductive

films. isplaying. surface @&Wplfh@blécﬁ Ve FiR 536@@artmimademfd! mgtal oxtdbe rret hod
descri bed 25p her-ei n. corrosion inhibitor was pre le 1 was

a conduct iangl/éi ﬂnﬁ'taiffﬂfbe(e@ SANroRe/Ghupmai Péde). éﬁiﬁﬂ‘@t“@ﬁé@eé"%r{'{ia@txﬁ%‘ film
of sil nanoy §35 in_.a é)ﬁoi g/uret hane matri WO
2011/ 1 4 B G195 % Sarrpl es 3-6 were prepared by

first formng a bareri Ly6F filfaQstratd 580y corifrisesd pRirbRlyf Coloted Sanpl e
1). Thereafter, various corrosion inhibitors were incor por at ed dur| ng the

coati ng prmwssamhods fitsé, sembnd>andethizd mlore@amlseS&Ba@&& coati ng
0. 1w v% sol ut f b t net h MEK
Che bar e dranAERttng8Mi (R STREM (CABNGVIHG (BhEoloD gk ap® Wﬁhéf 89%5 ting
foll d t 1:4
Sanpl 6 4 WSLfigdonil 1688 JFEdiofTBl fle Gandarbt SUbisRaRAos2 LR lor N M ol &

in a mpdringattixts8oe. ar hé’ﬁh‘sl’tﬂ'édobd@nd third | coterdd Wet@éBS@gﬁ&&teamdatSBB& afe
material on the bare silver nanowire film

prepar ed bpagde from,dopexagple, BARSNYICI resin QfaﬁRMW‘ée graup r%"hggB?rﬁ‘PfjdHabf
di ppi ng, PP By e SarTarGeona e A e e RO Rl 8o B g
1. 5v/ v% of dirdhi I‘htéHcﬁl‘i’drﬁ?d)ﬂh% prikRRY Y| s §e W2 SR BB} pakasbidyfilfer sabstrates
i ncorporating 1.5v/v% of acrolein’in

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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a matrix material PU MEK (1:4), followed by coating the matrix material on
a bare silver nanowire film The optical and el ectri cal
properti esoabitoes3®anpl es 1-6 were neasured before and aCTars2@n/oai9eel er at ed
H2S treatnent, as described in 20 Exanple 3. The results are shown in

Fi gures 32A, 32B and 32C. Fi gure 32A shows the |ight

transni ssi op|aERA%ALFiRBOBLS dRboSadRheRe trahspafedt eubseatssV4t sgsdsiterftonartice 24
hours after the H25 treatnment. For purpose of conparison, the decrease of

| i ght transdispkiying swiacedb. sbingsl se¢encaardthiidagerdd mixeis 598a, 6980 ppd

t t t, f .th I h b i cal | I [
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transm ssions due to different degrees of silver tarnish. As
expect ed5 Spmyéativé lhpet G0isrfoshed eduthe ffiest to thitd gblbred pinelsi 5338a0b98isamdl es 3

d 6 did f b h h i x-only I Sanpl .30
Sanpl s 4 SPRBGANVRpEL herLHOTETAGGL oA (AU ST BHERIEE or imar ed
t WO 2011 P . 4 b [Farcl i th
cgr rosion i éﬁ?%ﬁ&%rl%rm%#yglé?@z%Itrtgh\%ggﬁetg? ?ﬁegéjﬁl ébé s?:%ﬂ%'rs gioéggﬁﬁé\%a%hgg ©

si | ver nanogdmafon| slediré®i 802 BaEE@@AGoNductive nanowirds pUioemd@Bngthews t he
resi stance neasurenents of Sanples 1-6 before the H2S treatnent and 24

hours af t erdisplayin@Surfasetafsnef thedranseaprid substrateciifhaln theicase i Iacr ease of
th istance f h lg i h i le 4
exper | eideddapaaEEPEaea e SHERPNEEG RS AR ST B o
non- conduct & cﬁbf#??g?‘ﬁhtﬁé‘@ol@ﬁﬁl%r gMitet he degradation in electrical

properties was sig cantly delayed for sone sanples. Sanple 4 had only a
nodest increase in itFhe eslosfitlecsubsttaté sanbeddbricated @eeoidingtsa knaywn H2S on

10 S le 4 d S |e 5 dpff d id bly, i h both S |
nad the San@eddRs s arniiTls oBCal FRORPICHES A BF fectiedl Sonantidy FTBR °the
coating pr Oﬁgﬁaﬁ?e-ﬁsxe@}:r%ggé%ﬂegg&8@@]&%.' Mﬁgﬁ%ﬁe%ﬁtamé/s@aﬁ QteAFRE

i nhi bitor. ows t haze neasurenents of Sanples
1- 6 bef ope tlbetrbBSnidtenalne tiie aoldr Alehsubsiradd vban LD, HaGatdlesst ofdhe mdae.
pur pose of 15 conparison, the change in the haze for each saggle i s .also

graphed. Al The nangwirpthasedreansaarert condustor film gan perrpatederiapeierradony ¢ h

(I'ese than 209 Buiut SRl SoBAE B ROM; ikl SREFERGI Mg 2" F
best over al heRfyds0ddBemBEd ihereif. A frhséperdhn@oridiRtiod Tdyes iasaidsefogdherdi

i ncorporating the corrosion inhibitor é'dl t hi ot hi adi azole) in the matrix,

t he transpacamalsodredussacdin & bolaednareay displayrstragtire s otiidt e sruchirgdi ch no

corrosiQn inhibitor was present It is noted that the H2S
| evel s #H t%@%ampﬁﬁﬁée?tw% were far greater than the atnospheric
H2S. It is therefore expected that transparent 25 conductors prepared

e g e i L
LAYERS A plasma display panel emits visible light by exciting fluorescent
materials (e.g., phosphors) with ultraviolet light generated by a plasma discharge.
The plasma display panel employs two insulating substrates (e.g., 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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Table 3 illustrates the results of two trials of applying pressure to a 30
surface of a silver nanowire network |ayer (or "network |ayer") on a

subst r at ewo 200/@66B8/ 106438PCT/ US2011/ 025941 PCEseorflioesl y,
silver nanowires of around 70nmto 80nmin width and around 8timin |ength
wer e deposited on an Autofl ex EBGS PET substrate. The substrate was treated

wi th Argon S rl 0 : b -af |
was 1 or meaPBUEAINE el FhepdBifite SohtraRlily hahgBeMd Gecifugs chbstind aver
materi al was,oRBpkidEfbreacd betwesniekisontranarbdok platespmescausing thedneent . The

Trials listed in Table 2 were carried out using a single stainless steel
rol l er on gaségytaliopgecand ymsthefd@¥naThe area of the network |ayer treated

T o e il SRR RS o by R Ve AR oo
(original) ;16990 tHOHARASpFBnLdBphty dletPbdes@BHE apper 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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297 690 87.3 3.67 1 roll @340 psi 108 230 87.2 4.13 1 roll @40 psi 73 127
86.6 4.19 1 roll @340 psi 61 92 87.1 4.47 1 roll @340 psi
WO 2011/106438 PCT/US2011/025941

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 fims). 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 diversé 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 Q/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 1080,

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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the p-doped silicon on the top and N-doped silicon on the bottom. The silicon is
typically crystalline silicon. As a more economical alternative, polycrystalline

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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si | ver nanawihiedilmdayeire Saljable eroisondictanmaierials iwluda, byt are poldimitedy i nk
composi ti OH), organic semiconductor materials (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.

Heterojunction 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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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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t hi s regi onareThatable agjadransparenieladiiwdevinrandal dewigai Héwsshiguse 0 shawsA i ve.
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di ssol ved imuteriblayer 18] 4 transpatent elexyriole i8¢ apropsionakbarfiet layermd20, and Thi s

result indicates that higher concentration of KM n04 (20ppm conpared to
10ppm ah@ SppAPlienaeNRAA® /82and 10, respectively) can cause the

di ssol ution of the 15ynangutres vl Bol BaTicintg B)E HAGAREISNGH 88 Vs no

| onger conductive becaus e corruption o NOW re ne | ayer.

The silver daopete®réin. e ptiat fahspissiccandisarface penduatiniy beanadobyret he
et ching. Although no surface conductivity was possible due to the thickness

of the overlayer make it:svitablecas thedsamsnaigefeleetied e eMoierMar naadiscusseon

oo o el G B A RN B b Aot W g
| ho0" 0T nRBRSNE e, RSB o5 se BRI otk
Comer ci al eletwodés, Mticts ismamepatide sdthdhe evirient mantifagiudng progesa fefow r e
films. 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.

) 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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Sample 1 was a chronme black matrix with color filters. As shown in Figure
39A, the R, G and B color filters were arranged parallel to each other and
30 two adyvecentioesBor filters were separated from one amorhiseolp234gr oove
780, which WD 2011/106438PCT/ US2011/ 025941 prevents |ight transm ssion
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the coat edsgfagd eontstiatysof senfaedharmndi@/. ve across the grooves and showed
a surface resistance of about 61 52/111. Overall, urfg:géa resi st ance

bul k
was neasured at aboulh Gertain smbadimenioie é%‘i"ﬁﬁ,t'ct%%ﬁgl‘r‘:%ﬁpﬁ%a”(y 'y'Rad

little eff 0 . . Ll g r i 7 aR%pki oat ed
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about 4.8%in haze. WD 2011/ 106438PCT/ US2011/ 025941 EXAMPLE 13 SURFACE

PRE- TREATMENA packaging materizt ton sfrationicse oitrieplinal danpparengy 2lopaiele? ned by
xtskgécglc ggif(gqrtg(gs%séﬁ'zat%r% F ths Lort&lin the E}Q&atgreqnspar ent conductor had been
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(vinyl pyrrolidone) (PVP)
following the “polyol” method described in, e.g. Y. Sun, B. Gates, B. Mayers, & Y.
Xia, “Crystalline silver nanowires by soft solution processing”, Nanoletters, (2002),
2(2) 165-168. A modified polyol method, described in U.S. Application No.

11/766,552, in the name of Cambrios Technologies Corporation, produces more
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5 to a pattern (physical nmask or photoresist nmask) and surface-treated in
t he unmasked regi ons. Conpared to the untreated sanple, surface-treated

t ranspar ewo 20ord380r s were et ched at much hi gher rate. POSiusgoiRloyiucal
Mask: Transparent conductor sanples were prepared by first formng a 10
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havi ng a desired pattern was placed on and in contact with the hard coat of
t he transparent conductor sanple. Tr&m fined regions (unnmasked) to be
etched. The unnasked regi on was subnitted 10 02 plasma or 10 m nute W

ozone treatment for 10 npRgdQeTIONEF RERANGRAREENCBROUETOR t he sanpl e was
I mrersed in 100% 20 Transene Ag Etchant Type TFS for 10 seconds before it

n 100%20 Trax chant ‘Type T . _
et eaddor a physi car apf BRGSRVAR ERe R FiEn T SBTHNIK on

the sil verwagngedras 4 slstlatet The PET dubstaate. is Wheptiealhosledr insuldiod. i Dt 25
according to a desired pattern, thegphotoresi st material _cure L]nE% a mask.
The tr ansplghdritanserissien and hazpiafdhe B Theubsirate aee sheup 8y Tahlg «t PRESS

Rosult s Scafbt AR e Bl 1BFS ARG eqipt Hag Hiaeqt ol B ERGCbIeny  r

and WV ozopeaserrosdoyel y, became non-conductive (infinite resistivity)
within 10 seconds of etching. In conparison, untreated Sanple 3 renmmined 5
conductiDve after 6 nAnwgesous dispersiag of silver nanowiresayas Brstprapaied.r 4hes a

Do o et s Bl e th S BB R bR R
R L e LA
di l uted et dgispetsidrasesuting irean bpticalgEnsity of ahdutcd.or(mealsurethon adidectiave
W thout coggl/i%gg I%e%ﬁgn |\>|/é)? 2t Slgten;iena%vgr)r. e‘?he dispersion was then coated on 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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(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
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
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
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
PU/PET are also provided in Table 2.

As shown in Table 2, the matrix-only film on PET (PU/PET) had a
slightly higher light transmission as well as haze value than a PET substrate.
Neither was conductive. By comparison, the bare silver nanowire film on PET
was highly conductive, registering a surface resistivity of 60 Q/0. The deposition
of the bare silver nanowire film on the PET lowered the light transmission and
increased the haze. However, the bare silver nanowire film on PET was still
considered optically clear with a light transmission of more than 80%. The optical
and electrical properties of the bare silver nanowire film on PET were comparable
or superior to metal oxide films (e.g., ITO) formed on PET substrates, which

typically range from 60 to 400 Q/C.
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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 5.74 60
After tape test 87.2 5.94 60
EXAMPLE 3

ACCELERATED H,S CORROSION TESTS

Sulfides, such as hydrogen sulfide (H,S), are known corrosive
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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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 H2S 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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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/v% 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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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 HyS. 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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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 (Qfsquare) 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 4.13
1 roll @ 340 psi 73 127 86.6 4.19
1 roll @ 340 psi 61 92 87.1 4.47
1 roll @ 340 psi 53 86 86.6 4.44
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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(original) 700,000 86.4 477
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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 500um
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The surface resistivity of the treated region, however, has increased 20 by
several orders of magnitude and becone effectively insulating. Further
magni fi cawoenm1(0eBs, dark field) of Figure 40A shows tha&CTiuseo1giokiser
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nanowi res in a HPMC matri x. The conductive | ayer wa tically clear, wWth
an optical imaadiatelypBar poatp-aingdext 8be lightek gegiop %R’&?S %’ﬁﬁlﬁed:%tpg‘i% and

surface resistiyity ut. 4 . i - ant tor
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di fferent agmytHesmatrix makeridl tisrem was udeied. i Corduvtive diga74otwas filrthiee.  Tabl e
5 bel ow shows how the transparency, haze and resistivity of the region of

t he transpasubjected ol antasthesiedepe or @ tapky TaNeatoant to Feroaye e wWiswednount

of time eXpos e mafahal and the nanowirss HHSuAcUrE§ fegion 744. Figure 34B shows
the conductive film 740 after the adhesive tape treatment (5x), in which the cured
region 748 appears much lighter than the uncured region 744. At higher
magnification (Figures 34C and 34D, 20x), it can be observed that the uncured
region 744 has a lower concentration of nanowires than the cured region 748.

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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20 sec. 60 sec. % 89.1 89.3 90.0 91.3 %4 3.02 2.36 1.74 0.53 OChm Sq. 45

112 1700 OQpen Circuit 15As shown in Table 5, the change in resistivity of
a treatedwopegilones3si th relatively little change in opti eali/ush@nmeiveri stics,
can be controlled by changing the anount of tine treated region is exposed.

EXAMPLE 7
PHOTO-CURABLE FORMULATIONS

The matrix material described in Example 6 can be formulated by
combining an acrylate monomer (or prepolymer, as defined herein), a muiti-

5 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

10 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,

15 benzophenone, a-amino ketones and the like. More specifically, a fast-curing
formulation can be prepared by combining 60%-70% 2-ethylhexy! adrylate, 15%-
30% trimethylolpropane triacrylate and about 5% Ciba lrgacure 754.

Other additives can be added to enhance the stability and/or -
promote the adhesion of the matrix and the nanowires. For example, an adhesion

20 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

25 photoinitiator. Examples of coinitiator can include any types of tertiary amine
acrylates, such as Sartomer CN373, CN 371, CN384, CN386 and the like. An
additional photoinitiator such as Ciba Irgacure OXE01 can be further added.

Below are four exemplary photo-curable formulations suitable as the
matrix material used in this example:

30 Formulation 1

75% 2-ethylhexyl acrylate;
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EXAMPLE 16 The change in resistivity of a treated region may al so be
controll ed 20 depending on the chem cal used to treat the region of altered
resi stiviwg.20/mse8spar ent conducti ng sanpl e was prepar edTas2adesei%ubed
above in exanple 15. A region of the sanple was soaked in a solution of
Pd(Ac0)2 and ACN (1nmg/nlL) for varying anounts of tinme. The sanple was then

rinsed twice wth ACN@Jcrifdt ol'gf‘o;?arfé friko eqTMPpere. Table 6 bel ow
shows the change in optical 011/ 106438PCT/ US2011/ 025941

characteristics (trantpaadhasjornpwneteefGhriilauest A1190%y as a function of
Lhe, arount of e 55 IRhE 8] GIBFRGiS DHGR! Sy o0 O Before
4% photoinitiator (Ciba Irgacure 754)
5 Formulation 2
73.9% 2-ethylhexyl acrylate;
20% trimethylolpropane triacrylate (TMPTA);
1% adhesion promoter (GE Silquest A1100);
0.05% antioxidant (Ciba Irgonox 1010ff) and
10 5% photoinitiator (Ciba Irgacure 754)
Formulation 3
73.1 % tripropylene glycol diacrylate (TPGDA)
22.0 % trimethylolpropane triacrylate (TMPTA)
4.9 % photoinitiator (Ciba Irgacure 754)
15 A 0.03% antioxidant (4-methoxyphenol)
Formulation 4
68% 2-ethylhexyl acrylate;
20% trimethylolpropane triacrylate (TMPTA);
1% adhesion promoter (GE Silquest A1100); °
20 0.1% antioxydant (Ciba Irgonox 1010ff) and
5% photoinitiator | (Ciba Irgacure 754)
5% coinitiator (Sartomer CN373)
1% photoinitiator Il (Ciba Irgacure OXEO1)

EXAMPLE 8
25 NANOWIRE DISPERSION

A nanowire dispersion, or ink, was formulated by combining about
0.08% wt. HPMC, abodt 0.36% wt. silver nanowires, about 0.005% wt. Zony|®
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

30 volume of nanowire dispersion was placed in a beaker and heated to between
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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 anobunt the resistivity of the
exposed rwg@i2on/whsages with tinme can vary dependi ng on Prh@/usb@miozsi t he
region is exposed to. EXAMPLE 17 PHOTORESI ST PATTERNI NG METHOD 10A sil ver
nanow re di spersion was prepared consisting of 0.2% HPMC, 250ppm TritonX100

and silver BerOWNHESClditatholiiatesi BowgsHPMO ¢ aaiked. 5% wt. AHRMEssalatian and
baked for 90 seconds at 180C. This nanowire filmwas then spin-coated with

AZ- 3330F phwiasrasisiegttotte mater andtwphetelade westermeddfhdlibe iHIgVEiand wates
transparent m%?t[}geu \%ltag 'stifted tg Ia?srﬁetr)s?é ﬁwde ﬁbh/?é.o?hECFém%?nder 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. Zonyl® 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 S5ppm of KMnOQO,.
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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15 seconds. A photomask was placed in contact with a portion of the

phot oresi st | ayer and the transparent conductor was exposed to light for 20
seconds awO2EMW643R. The conductor was then baked for 60CTasend®23u1 110C.
The photoresist was then devel oped with AZ300M F devel oper, rinsed and spun
dry. The conductor was then exposed to Transene silver etchant for 10 20

seconds, ri7EedTREdissBNfioArahd diBRIpPEBAITHIRS hahowRs Idyee st evigestdn tise agea
Acet one. The transparent conductor was overcoated with Pol yset PCX35-39B at

2. 5% di | ut iwrproteckEeMey thelmatidn782red for 45 mi nut es at 180C. The resulting
tt dt t d h | i f f
Lar ger patt L?ESF?L? Fmﬁﬁﬁ'qq’é@%%bewgqt;%tr@'ggﬁw@’ sPndletbL ARSI rBinkEhto, .
ot her patt 8(58'6@ @6 ﬂeja%%r Hﬁﬁé\gﬁ‘es e @i&%@%@ and adendéfinedf rom
q)m to 0

| Oom to 300pm and ave been obt al ned

2011/ 10%3&5%@?6@%%62%%3@@\@&@&&&@“% ShBIof_fdm rMATESRAIl i@ BY COPPER
CHLORI DE ETCHANT An et chant soI u @ar ed b m xi ng 240
g of CuCl2.ynpotestedsiven ngneyires Ragmaes eigh 83‘ Qﬁ efm?"l% €y of

water. The Lédgﬂaﬁ%rgcc%gﬁﬁeforghbgmﬁﬁ Wt 2TI'1§ lé%dja?e/&? B rEfaih S 6. 8%

A conductl Ver "nanow r es was r accor |ng to the nethods

descri bed h&yrRiustive- Q)ptloﬁéwmh@péﬁbally'ﬁhﬁedima@mmlthe rhatrisopratectddcived, 760nd
t he unetched regi on and etched region are shown in Figure 42A and 42B,

respect i velgan be futher@urrd.observed that the two regions show little
difference in 10 optical properties, yet the etched region is |ess
conductive and has a resistivity of about 20,000Q sq. Anot her

etchantwvas prepared that conprised gghpidE9oCl 2 in water. In particular,
1:7:49 HCl: (CuCl2: 2H20): H20 was prepared and etching was be done in 2

m nutes at 45-50C. The resulting paACIB:ETGHNG (R)i si bl e or of extrenely 15
|l ow visibility. The etched sanple is still invisible after heating at 130C

for 30 m nutes. EXAVRLiGuASR 37ANNY S7B dHolY tHAI=Ntd\(e etchit| e BY usingTd NG
Exanpl e 19 denonstrates creating a lowvisibility pattern in a 20

conduct i ve Highen ¢gnceotration ﬁQKMf}Qw inithe asid-eichinastalptiom dAdranspaeiient
H e A et [ R MY e R e R
15 except that 10ppm of KMnO, 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
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Tabl e 7 shows that a heating step alone actually increases the film
conductivity. In Trials A and B, conductive filns (or sanples) were heated
for five Wb2andiosds8rty m nutes, respectively, and their PEmaseon®eiogt i vities
(Rs) were reduced by between Sand 10 percent. WO

2011/ 106438PCT/ US2011/ 025941 Table 7 Heating Step Trial ARs (t = 0) Rs

(t = 5 M niGndBR £natbPRYER f QodHSACHIN THitial THe Bhebt was Qurfats-cohdactd@ m n
at 13GC) 106S2/sq 98. 5V
having a surface resistivity of about 500Q/0.

A region of the conductive surface area of the sheet was then

protected by an overcoat of about 1um thick. The nanowires were fully covered
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 KMnQy4, 1% HNO;, 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, (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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Table 8 shows the effect of heating on a partially etched sanple. In the
three trials listed, the sanples were chemcally etched using a Cud 2

et chant 5SwQastidesssi bed i n Exanple 18) until their sheePCrASR&IMI0INY was
approximately 1000 C2/ sqg. They were then heated for either five m nutes
but also as little as one mnute at 130 C. In each trial, the heating step

was suffiCFmienwngrﬂ%ﬁfsn%@oﬁ@aﬁk@emgaja@@ﬁwﬁéhmammemtm@ sudads, the
damage of the nanowire network that was initially caused by the etching

process wasondudgiivetie thediredtionnefthe mgoprvasciesie. to tha mstallig contert @ﬁth@gblgﬁbp
o100 S et S ool bR s ot she S, e eSS0
= 0) Rs (tgmHdlk Sohductivehchidstnalgroou! y 40C)
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/0.
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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Rs (t =5 mn at 130 ¢ 121 d/sq 1200 5-2/sq Not conductive Trial E Rs (t
= 0) Rs (t =120 s in etch bath at roughly 32C) Rs (t =1 mn at 130 O

121 S- 2/ swoR00o&#38/ sq Not conducti ve Tabl ep@TAlsesg/opdvat i f the
initial chemcal etching step is insufficient, i.e., the damage to the
nanowires is insufficient; it becones difficult to nake the sanpl es

non- conductive even with a subsequengEXpa@apbipgisstep. In Trial F, a 15 sanple

was etched until its resistance had changed from 108 to 120 S2/ sqg.
Subsequent heating for one m nut SURFAUBBRETREATMENT change t he sanpl e
resistance. In Trial G another sanple was etched until its resistance had

changed from 121 to 19fir@parsht conbiaetar sanphesaivergpatterhdd Gyfwet-etphing
twenty-five mnutes did continually increase the sanple's resistivity,;
however, theroseset Prior teeichingndke fransparenbeeausigrdiag Been masked actpiding hows

region 15 r LB ReUBe pedhige(iipsRiot pRoPEEM Beshh M B EARREBS 035001
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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(which is indicative of the extent of danage to the nanostructures) in
order for the heating step to conplete the etching. Table 9 Etching Step
Heat i ngStwp(ed/is43al F Rs (t = 0) Rs (t = 60 s in etch lpariusatiioedsghly 33C)
Rs (t = 1. min at 130C) 108 0/so 120 0/sq 122 SI/sq Tri al

Results:
As shown, Samples 1 and 2, which were pretreated by oxygen

plasma and UV ozone respectively, became non-conductive (infinite resistivity)
within 10 seconds of etching. In comparison, untreated Sample 3 remained

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 o

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 | 3 min | 6 min
Film Resistivity (ohm) 57.4 90.9 110.2 | 130.5 | 234.1 | 473.9
Untreated 2 pt Contact
Eilm Resistance (ohm) 70 1100 1000 1000 6000 ™
% 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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GRs (t =0) R (t =90 s in etch bath at roughly 32C) Rs (t) at 130C
S2/sq 198 S2/sq t(mn) 1 2 5 15 25 Rs 310

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
Est%hAgt 2 pt Contact 60 65 Infinite | Infinite
SoTu’:ia:n 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/0. '

Thereafter, a region of the conductive film was treated with an
oxidizing agent, e.g., a bleach solution having 0.5% hypochlorite, for 2 minutes.
The treated film was then rinsed with water and dried in a nitrogen atmosphere.
The treated region of the film showed substantially the same transmission
(89.1%T) and haze (5.85%H) as compared to the optical properties of the
untreated region. Figure 40A shows that the treated region 820 and the untreated
region 822 are visually uniform.

The surface resistivity of the treated region, however, has increased
by several orders of magnitude and become effectively insulating. Further
magnification (100x, dark field) of Figure 40A shows that the silver 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
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340 450 600 685 Tabl e 10 conpares the optical properties of

two patterned sanples: the sanple in Trial | was etched chemcally (by a
Cud 2 et ovarb)v/mes38e non- conductive and the sanpl e i n PCraiS2H 1mE41
partially etched foll owed by heating. In Trial H an initial

partial etching brought the resistivity from 105 S2/sq to 602 n/sqg, which

was suffic Pﬂiﬁerﬁ@é mathéuwéwﬁéq.on@amm heanticatdthkayyidh 828 @res AdRIbty
non- conducti ve. As shown he tinal optical properties were nearly

i dentical diferént.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 1, the sanple was etched to beyanbyenep- conductive. Here, 15

al t hough the transm ssion remains the sane before and after the etching,

t he haze had decr easfdsuspeabiontof HRM@, sdwercampavied dan waterp\ras-m‘epa'rem haze
val ue. The_bi gger difference between the haze of et cg) unet ched areas

of the Hil fhefuspension wassspitnepatason 8 gfasssubgfrateie r&% 'E‘@H@@u M€as nore
vi si bl e that, tpogRr andiviib itta HIMAa0RE 1O B8rATcHle YR Wadeptdly Tabl e 10

Rs od 9%
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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Trial H Etched to and Then Heated to Non-Conductivity t=0 105Q sq 91.8 1.18
Et ched 180 s at 30C 602S)/sq 91.7 1.27 Then Heated 90 s at 130C Not
Conduct i We0201171084389 Trial | Etched to PCT/US2011/025941

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
5 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

10 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

15 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
12mWi/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

20 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

25 disclosed herein. For example, line-widths from 10um to 300pm and 10um to

50um have been obtained.
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Non- Conductivity t = 0 1030/sq 91.8 1.15 Etched 180 s at 32C Not
Conductive 91.8 1.08 EXAMPLE 20 PARTI AL ETCHI NG - OXI DI ZER/ HALI DE ETCHANT
5Conduct iwe 2bil/ws438er e prepared by spin-coating silver mamasoie®239m1 PET and
were coated with an Addi son Clear Wave (r) overcoat. Al etchants were
applied to the conductive filnms for 5 mnutes at 150C. The results of
etching are shown in Figures 45A-45€XMPHEQY HCl et chant was prepared

whi ch cont ai ned 70wt % of 10 solvent (5wt % PVA in water) and 30% aci ds

(14. 8%C1/ 14%NCB) . LAW-VISHRIHTY RAFTERMNG B L ORPER (i QbR EECHANTet ched regi on
(940), the nanow res appeared substantially intact. However, small cuts on
t he nanow res have rAnmmnsbmtwr\msabfapwe@bydnuxmglzm) goﬁCuﬁ)rlhdﬂdiG)ve As
a conparison to denpnstrate the role hl ori de anions at 15 cutting the

nanowi r es, WEhIQ-Gef eprappéragad b’pé I@%ﬁ’ W/S'V)a'ﬂn@&fiﬂ gRAMEEr. THEE @ hant
contai ngd g8 MYBh of EREE S abo® 2980 dng HESSSRL (SW % PVA in water).

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 HCIl 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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The etchant was al so effective in partially etching (950) the conductive
films (Figure 45B). Further as a conparison, a strongly acidic etchant was
pr epar ed. wlQoGaesat r at ed H3PO4 (85% was effective at ®omaiSetalogsoet chi ng
t he conductive filmAs shown in Figure 45C, the etched region (960) is
substantially free of nanowi res, which had been dissolved and renoved. WO
2011/ 106438PCT/ US2011/ 025941 Tabfg7et chant conprising a | ower
concentration of HNOG3 was al so preparéd. The etchant contained

HCl : HNOB:V\Fth at—10 110 weight—Tatio. Three etching pr ce,ssgs Wer e
carried out: (1) roomtenperatiure for 35 ninutes |(2) 3dCe¥BB 8P nutes and
(3) 32C at| 10 m nutgsg.A Partiall etchinggitwae observed it fhlin ab130® sheet
resi stances were stable and did not ¢ mé after Wweek. nmary,  an
effective letchant for partiallly etchi 4 S8onduct ilve fil 4:}'§§\§gﬂnp| ude | at
| east an oxi di zer wsugifB as FeCl|3, CuClR,(tHNPE, 12, H282t =@?,miatat 13@0)d &
hal i de such as chloride and i gdide. [(5 additives suchﬂgg%n@‘lrfact anifls for
wetting orLconplexing ions to lformso u!/r§qmafnl donpl QX\,\,'...,.\jqa! so-bhe 10

HE 6

present if such functign ave pot _alre n._Rr oVvi. | dizer or
the halide ions. A |+%@ets%gh%%31§ effest @ﬁ%@ﬁﬁ Bnfy Gatigy efthel Seribie; 1
publ i cati ofks thibciaRAfREd, tRBRETAbS Wee chfaly dENiSing TECHBERMMNT
applications and non-patent publications referfed to in this specification
and/ or bi s{ascescribbe inl\Epaimpde 18huntt tieir shSktgesistivityewas @pppotimately A8P@i n by
reference, in their entirety. . . Fromth or eqoi it wll be
appr eci at et/ §ﬂaﬂ?‘eéﬂ"‘(q{866‘ﬁn éﬁ@tﬁdfff’f:e@'ﬁ%rof&f%m%e%gf‘{ ﬂléoig%)@% PB"Rave been
described BRbAt48D -LUIIRYERA thAI, te Hedt 48P wasdimtieniiadehtepireons may be
made without deviating fromthe spirit and scope of the Invention.

Accor di ngl gampkendrieemnductivei $n oteriwards ethesdareage abtheyndibwireenetpoek treat
claims. CLAIMS 1. An optically uniformtransparent conductor conprising:
a subst r at was initially caused by the etching process was completed by the heating process.

=

10 _ Table 8
Etching Step Heating Step

Trial C R, (t=0) R, (t =90 s 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=1minat130 °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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a conductive filmon the substrate, the conductive filmincluding a
plurality of interconnecting nanostructures, wherein a pattern on the
conduct i weof2oimmoass8i nes (1) an unetched regi on havi ng aPCiIrAsRonMmeiNLgtivity,
a first transm ssion and a first haze and (2) an etched region having a
second resistivity, a second transm ssion and a second haze; and

wher ei n thﬁNﬁFﬁhﬁﬁ\dfc%%Q%f tfe LRRRt SOASHEHS Y& tHEREndSiRickites CiRasidecwr e a
ratio of the Tirst resistivity over the Second resistivity is at |east
1000; the heatitg stepris mosyilete the fet@hisg.f rom t he second transm ssion by | ess
t han 5% 2. The optically uniformtransparent conductor of
claiml wherein a ratio of the first rlehiles®ivity over the second
resistivity is at |least 105; the first transmission differs fromthe second

transm ssipn byjiess than O. 3. T y uni form
transparent conductor of g%crﬁrigsmpcl al m 2 wher e:?—f;eapﬁ%ét%ﬂ st haze differs

fromthe second| haze by Iess t han 0.5% 4. The optically

uni form t raﬁﬁgqa eF(l tcondugt or- 6 s makin L or cl arnye 2 mhgrRiBotche first [haze
differs friomcthe s‘te(con)gl @%égt%u%rﬁﬁ? ?an 0. Ol%mlt 5. The
optically juniformtransparent cohductor! of any one of clains 1-4 wherein

t he nanost|uct ur a98&y/eq Si | veﬂznéljswqm res 122a/quhe opti cal |y

uni formt ranspa ent—econductor—of —any ctais i %{\gﬁf@l mthe etthed
regi on conprlides Fhé‘ifbg)(rucﬁsdr-egoﬂﬁ‘aectdére br oken t FsdH8t LY Csegrent s as

conpared tlo Bhe| nanost r ibeth @goughly BEClhet ched regi on.
2011/ 106438PCT/ U3Q £l 925941 198 (o/ 5(} m?,,) The opt |2ca4l I ¥ Unifsormps
cla ]

transparent conductor off any one o B—17 6 hav uouw Sgi of
over 90% arnd a_haze of lIless than 2%| n th&une??:‘hed#1 SL 600 gék 8.

A process conpri sing: rm ng a conductive fi I m co ng a
pluraliby of inter coﬁﬁ@@ﬁ%@ofﬁ%@tthﬁ(QPUP@swoaﬁﬂ'eS of two patterneéi( Gst he

hoving o fiheamagia el Pya8 stortt ¢rePichfl RO SRR drendthy KIGLRARS | n4! 07
an et ched 6&93Lﬁz’ﬁv8%hurtﬁe%aﬁﬁﬁé’ﬂﬁﬁ§ﬁ*l stvpérk{alhﬁef@:ﬁéeméild\ﬁeaﬁbyméaﬂlrtg“l and a
second haze: wherein the etched re?lon is |l ess conductive

than the unet ched r elpi Brigl By, areiniti@l partiah etahingsbrougbt the reisisfivity iem Hed second
it oo B 5 s LSO
uher el BoantahBe ddr-ShndifigediAd Scwd, rtﬁénﬁhﬁﬁoﬁtﬁ,%ﬁﬁ%mn%ré ﬁéérhi han 0.5%

10. The proceSs a| m’'9 wherein npri'ses

contacti ngldéht:‘ccam@m@tmt\e& pfro;tertles bhtrmsaanplba(pnostd etching), Am;elhemﬁeneece
etchant solution includes an oxidizer and a The

process of indiazentHo) bpiapabeut ﬂé)10§(1tﬂﬁﬂfife’ie§‘3¢@dr§“s@§€ﬁ‘ (TI-(R}C%e'nQ%) %002,
ﬁ;I Pge . EWS?W&G 8%3 %@%étﬂﬁ@(b%?t%rr?g any one of clainms 10-11 wherein t he

13. The process of claim10
wherein the etchant gOTHYIi|S@BE Ja@iple vitdetchéd t®betitley sérebendudtivepHeres Cud 2

and HCl, or the etchant conprises HNO3 and HCl .
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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WO 2011/ 106438PCT/ US2011/ 025941 14. The process of any one of
clains 8-13 wherein a ratio of the first resistivity over the second

resi stiviwg20sl/@6438east 104; the first transm ssion difPerassStelomeiohe second
transm ssion by less than 2% and the first haze differs fromthe second

haze by | ess than 0.05% 15. The process of any one of clains
8-14 wherein the etching conprises severing at |east sone nanostructures of
the etched region. 16. The process of any one of clainms 8-15
further conprising heating the conductipggif4pm 17. A process
conpri si ng: formng a conductrve film corrprl Si ng a pI urality of
I nt er connect FAg—anostrugtures; gtchingtihe LLH% Ct VI m
according tg_a pattern to provide (1) an unetched gi on rav°F|c1 H st

internedi ate resiradiiHvi ty, and (2) tam et ched regl Qo5gu,ac,w ng a93@cand1.18
i nternmedi at g rgshefttb¥hd Y. Wherernm a 115 o ol —the finst_i-nter ate
resistivity |o¥gén pé],eeostgcond t ?ﬁe(gr]r%’cﬂaét%é G eS| sti 99%5\57/593 I §1t7h {Igg and

heating the C,@gr.t lalotRirf | [ TReR Weltddad s dthsowd ¢heet Ccﬁ@ih@ﬂ\/d”lcls 9a.7f i|r s1.19 nal

resistivity and e uuctxueu lcglun thas—a—sec¢ond fimal—Tesi ELIVI ty; wherein
a second ratli o ofT”?He finst finalt78sistivity ovéP3P8 sego 15

resistivity |is &tchedigst 100G ot 8bre t he Rbchr@ueg onoarsd |t hp_og

unet ched r ediNn-Gandudisity cal |y uniform 18. The process of
claim17 wherein the first ratio is at |least 10, and second ratio is at
| east 104. 19. The process of claim17 or claim 18 wherein,

follow ng the heating step, the unet ghgdvpPeBiZpn has a first transm ssion
and a first haze and the etched region has a second transm ssion and a
second haze; and wherei n PARTIAE ETEHING-aQ¥ B2/ IJALIBE ETEHANT r om t he second
transm ssion by less than 5% and the first haze differs fromthe second
haze by bess than 0. 5&pnductive films wereaﬂepihmwgplascmanhgzsniyermmmweslmns
17-19 wherein the nanostructures are_ silver nanow.r

process of BRY akwefe epatprchwith am Agdisos W%hW@f%@lW&“&ﬁﬁﬁpﬁ”seégh%ﬁt"%ﬁl ng
el udes aneiied GREERRABEHE IR Yor STnithic¥ar 1IELS! The REASG SFERiyRRRl 20y
wher ei n t hegigdwh anFigepddasasINPri ses the etchant conprises Fed 3 and HC ,
or the etchant conprises CuCl2 and HCI, or the etchant conprises HNO3 and
HCI . 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%, 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, CuCly, HNO3, I, H20,, 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%.

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%.

3. The optically uniform transparent conductor of claim 1 or

claim 2 wherein the first haze differs from the second haze by less than 0.5%.

4, The optically uniform transparent conductor of claim 1 or

claim 2 wherein the first haze differs from the second haze by less than 0.01%.

5. The optically uniform transparent conductor of any one of

claims 1-4 wherein the nanostructures are silver nanowires.
6. The optically uniform transparent conductor of any one of

claims 1-5 wherein the etched region comprises nanostructures that are broken to ‘

shorter segments as compared to the nanostructures of the unetched region.
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7. The optically uniform transparent conductor of any one of
claims 1-6 having a transmission of over 90% and a haze of less than 2% in the

unetched region.

8. A process comprising:

forming a conductive film comprising a plurality of interconnecting
nanostructures; and ‘

etching the conductive film according to a pattern to provide (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%.

9. The process of claim 8 wherein and the first haze differs from

the second haze by less than 0.5%.

10.  The process of claim 8 or claim 9 wherein the etching
comprises contacting the conductive film with an etchant solution, wherein the

etchant solution includes an oxidizer and a halide.

11.  The process of claim 10 wherein the oxidizer is FeCls, CuCly,

HNO3, |2, H202, or 02.

| 12.  The process of any one of claims 10-11 wherein the halide is

chloride or iodide.

13.  The process of claim 10 wherein the etchant comprises FeCl;
and HCI, or the etchant comprises CuCl, and HCI, or the etchant comprises HNO3

and HCL.
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14.  The process of any one of claims 8 -13 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 2%; and the first haze differs

from the second haze by less than 0.05%..

15.  The process of any one of claims 8-14 wherein the etching

comprises severing at least some nanostructures of the etched region.

16.  The process of any one of claims 8-15 further comprising

heating the conductive film.

17. A process comprising:

forming a conductive film comprising a plurality of interconnecting
nanostructures;

etching the conductive film according to a pattern to provide (1) an
unetched region having a first intermediate resistivity, and (2) an etched region
having a second intermediate resistivity, wherein a first ratio of the first
intermediate resistivity over 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 and the unetched region are optically |

uniform.

18.  The process of claim 17 wherein the first ratio is at least 10,

and second ratio is at least 10*.
19.  The process of claim 17 or claim 18 wherein, following the

heating step, the unetched region has a first transmission and a first haze and the

etched region has a second transmission and a second haze; and wherein the
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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%.

20.  The process of any one of claims 17-19 wherein the

nanostructures are silver nanowires.

21.  The process of any one of claim 17-20 wherein the etching
comprises contacting the conductive film with an etchant solution, wherein the

etchant solution includes an oxidizer and a halide.

22. The process of claim 21 wherein the etchant solution
comprises the etchant comprises FeCl; and HCI, or the etchant comprises CuCl;

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