17 Novenber 2006 WD 03/099709 PCT/ US03/15819 METHOD FOR PATTERNI NG CARBON
NANOTUBE COATI NG AND CARBON NANOTUBE W RI NG Ref erence WNE%‘&%&%BO
Applications This invention clains priority to U. S. Provisiona p?i cation
No. 60/ entitled NT Mxtures, and U S. Provisj | ication No
60/ 381, 81 ‘E@g%gllo%led Pat t erni ng NT-Based Coati ngs, bﬁ%g”% ch were filed
on May 21, 2002. Background 1. Filed of the Invention This invention is
directed to nethods for patterning carbon nanotube coatings and carbon
nanot ube wiring made by the nethods. 2. Description of the Background
Current el ectronic devices, including sem conductor-based devices as wel |
as Wi ri ng AMETHOB FOR PATTERNING GARBON/NANOTIUBEGOAIINIG ANDI ng

t echnol ogi es that use net ARBONN2NOTUBE WIRIN@h i npurity regions forned
in a sem conductor substrate. Sem conductor-based devices have net al

Wi ring | ayférendidb Related QipiRatis3 t he sem conductor substrate and
I nterconnect device elenents formed on the surface of_  the sem conductor

substrate. TheThEtRyEntionins prmity o V.8sPrayisioptl vonlisaion Ne AWBIB88 by via
hol es pi el mhm&&las,{aﬁcgu!s@bf&ﬁidgayﬁgﬁicagﬁggmmg s%@@ntﬁﬁ&a| layers. In

addition, portions of sem conduct rate that are doped with

i mpur i t i edafterniog NdrBased Codtings othiofiwbichiweld filed reMay 212002 f or med on t he
surface oﬁ] %kgi' il%ﬂ;conductor or between these elements. Although these
wiring li SSHELp de extrenely fine using nodern photolithographic

t echnol ogi es andrilddéfihe Inventiodmi conduct or - based devi ces are nmade conpact,
t he manuf act urjg@g, processes of su ljnes require filmformng and

C i rin
mani pul ating t VERog 1§ %?Pteé%mﬁfg%@gmr@ﬂerﬁw carhomuaetube eQAiARS For exanpl e,

netal s  sygdicatfonHahSiRUAHAS HiaORPEE methedd or med on the seni conduct or
substrate usi (r)\g physi cal vapor “deposition techniques including sputtering

and evapor at i Deseription of the Backgrowtd as boron and phosphorus are injected
0L e o CCAMFLRA IR o AR ELB A T e 0 Torm

‘wiring circuits of larger scale, rely on conventional wiring technologies that use metal

wiring lines or high impurity regions formed in a semiconductor substrate.

Semiconductor-based devices have metal wiring layers that are formed on the

Semiconductqr substrate and interconnect device elements formed on the surface of

the semiconductor substrate. The metal layers themselves are often interconnected by

via holes piercing through insulating layers separating the metal layers. In addition,

portions of the semiconductor substrate that are doped with impurities function as

wiring lines within the elements formed on the surface of the semiconductor or

between these elements.

Although these wiring lines are made extremely fine using modern
photolithographic technologies and, thus, the semiconductor-based devices are made
compact, the manufacturing processes of such wiring lines require film forming and
manipulating techniques that are operable only in high vacuum. For example, metals
such as aluminum and copper are formed on the semiconductor substrate using
physical vapor deposition techniques including sputtering and evaporation. Impurity
ions sﬁch as boron and phosphorus are injected into the semiconductor substrate using
ion implantation techniques to form conducting portions in the substrate. Amorphous
silicon layers are formed on the substrate by chemical vapor deposition techniques

-and later transformed into polysilicon: by anneating to form a wiring layer. Many of

the layers and films fonn'cd as above must be patterned to a predetermined wiring




silicon layers are formed on the substrate by chem cal vapor deposition

techniques and later transfornmed into polysilicon by a ngém'}%{E@(}eé orma

wiring layer. Many of the layers and filnms fornmed as above Tus
“patter %Wﬁor edetermned wiring ----------- 17 Novenber 2006 WO
03/ 0997 /'US03/ 15819 2 pattern by etching procesSTEHENE reactive ion

.etching. The | evel of vacuum may “vary dependi ng on the nethods, for
exanple 10'6 ton (sputtering) to a fewtorn (reactive ion etching).

What ever the vacuumlevel is, the installation and mai ntenance of such

I nstruments are expensive. Furthernore, all of the wiring lines fornmed by
above net lpaittsn bpetoking proeess srich ad fegdiive i dtchigd. IThafevebefopduumm®f t hose made of

i norgani c_el ectrqde terial uch as jpdiumtin aoxid | TO. Extremely
thin net o Y Epapd: Wlﬁé"?’ﬁ“ﬁéﬁ%‘@ﬂ’?f" Wuttors fsppsert étﬁf‘?‘é'{ﬁ@ﬁ films results in
f.orm ng ofresctivaitfretdhitity. WRAte¥er tHe VabutnDleO8IkS telittililatich dnfl ARSRMRRE | TO film
may be forped relying on the hi gh | evel vacuum instrunments, but is not

f1exi bl e @l@chénsirimenthyp gnensiven dtithermory all pEthewirng linetiermeddpt y of i ndiumis
imted WBdvedeias 8 hdSraRmil RLPREN AR RIBibARUARRGL 4fS N0 MRLhoOdS T hat

do not require expensive 1nst ation nance of ‘manufacturing
i nst r unenimergapicielectroder matérials sucteasdediamdinfoxilei(ER0) e Bxtoomedy thii metalcopper cl ad

| am nat es u W t Lnt technigu These print poards y be rigid
~when the ggrgsrlggfge%aélgfglﬁe%ﬁmte%gw8*%?5%@%%@?&&“”%8;%@?“ q?l exi bl e when
it is baspsictivailpblogkstighe A @ispaéITO M rhd beToriridd rlyifSorddhe hightde by
~printing for}duct i ve pasts directly on a substrate. The conductive

i ngr edi ente¥e! Vapuunyinstguragns, bt és nof Hexible dye fpdtsdporganiq natuse. fivethemnorg | ver . The

conduct i VegeRasllPofihGuRié fkhdh. on the substrate using screen printing
techni que or the |like. Wien performance requirements of wiring circuits

are very |ow, Wiringrirsuitsof inuger salecqup fabtichted usingtmetimids thhioungh raghies e
fabricati %ﬁﬂ%\;&ﬁgﬁllaﬁﬁﬁoﬂ lga?{%&em%]g?ach%ﬁng%{%&g%%w £ éif%{r{ake conpact

devi ce, s 1S ‘a Ssenl conduc evi hods.

Fur t her nobeardst dnefabiicateaitbyletching copdeclay lanlieas cowmlétbsith ine tedRiiqiesanspar ent .
Light is ,H?I ockeq:ggy cogger.. I%d in_the lam nate structure and the silver
~ past e appl et PERf boards mak bs rigid whon. the bgard is Based anepoxglers lasmipales, ur es nade by

these net jadfay@eldrtle when it is based on polyimide laminates. Similar structures are

made by printing conductive pasts directly on a substrate. The conductive ingredients

of the pasts are typically metal fillers such as silver. The conductive pasts are printed
on the substrate using screen printing technique or the like. When performance
requirements of wiring circnits are very low, the pastes may be applied by a brush.

Though these fabrication methods are inexpensive, it is not possible to make
compact device, such as a semiconductor device, relying on these methods.
Furthermore, the wiring lines made by these methods are not transparent. Light is
blocked by copper clad in the laminate structure and the silver paste applied on a
substrate. Accordingly, the wiring structures made by these methods are not
-applicable to devices that require fine patterning of transparent conductive film, such
as electroluminescent display device and liquid crystal display device.

Efforts have been made to provide transparent electrodes to reptace ITO film.
A typical example is a suspension of ITO particles in a polymer binder. However,
this ITO filled system cannot match the electrical conductivity of 2 continuous ITO

- film. Furthermore, transparent conductive polymer materials are now being

developed. These polymers typically require dopants to impart conductive properties,

and are applied on a substrate using screen printing or ink jet application technique.




applicable to devices that require fine patterning of transparent
conductive film such as electrolum nescent display deg&gﬁ a q§'b@#id
crystal display device. Efforts have been made to provide PYEn 6& t
~electrodes to replace ITOfilm A typical exanmple is a suspension of |ITO
particles in a polymer binder. Howgver, this ITOfilled system cannot

mat ch the electrical conductivity of a continuous ITO film Furthernore,
transparent conductive polynmer materials are now being devel oped. These
polymers typically require dopants to inpart conductive properties, and

are applied, on .a substrate using screen printing or ink jet application
t echni que Although they @rP-St-'l?@taﬁV?lERgﬂé‘?PBgﬁg%@e’eﬂs rearh the gepdustipagevst e still at a

devel opmentITel fige e PebsiRE of SphRefEbxbOfed O RNGha@dctBlioff a ITOfilm the
presence of dopants is expected to have an adverse effect on controlling

t he condu®Pnigeliing Beeqndpetive prapertion pndimay bet hesnmpatiblyl withdeviee devi ce

mniaturi ﬁmaﬁﬁﬁatﬁn! ms made of carbon nanotubes are known to have surface
resi stances as low as 102 ohns/square. U S. Patent No. 5,853,877, entitled
"Met hod for Di §8msaadé efiegrbohinddoareCae knowiModiaed subfacesresifthreed asilewl | y

Conductiv ;Anspar ent rbon crofihers ., Aggregation. Fil mand Coating for
Forming S 16 Iﬂ?’frﬁ&quaa%s . 1%2‘?%8#?&{3?%%’ W‘ﬂg‘g%ﬂﬂg%‘%‘?&ﬂ&?‘i‘%@&r bon nanot ube
films, an@ollo®.Caltahdicrolibers,Bleblricalp Condittivd TraskparRhiQCesuniMigrdiibérs Pr oduci ng

Single Wall Nanot ybes ing Unsupported Metal ~“Catalysts,” generally
descri bes A&S%ﬁ&“i%“élﬁ‘ Cé‘ﬁ%!g ferF gravingSuchilpesdesaribas fognatiopofifus  t he

conducti V%ﬁd&ﬁ%ﬁﬂgﬁﬁ?‘ﬁﬁﬁmﬁﬂd@@m&ﬁ%ﬂ?ﬁ%ﬁ%ﬁ %%itl@dt he art on a net hod

for patterning the filn e car bon nano at1 ngs conpri sing
car bon nafoegssing & Produsing SinplerWal bNatotibes Using BhsippertedNidtals have been

previ ousl fal see M. S Pat.ent | i,cation No. 5,.623, which is
i ncor por atég et ég%g%§ ﬁ%@bj?s&{g&&owsﬁ@%né{m% “?ﬁ%&/?égﬁlﬂﬁ)g have a
surface régicohduotie: filfs) Howener, thbZe RAVEbeEhtAeForif dhetart i Ahethd Dol ‘

transm ttance .ashi Ph a 95% The content of the carbon nanotubes in the

filmmay Bfteshing,the fim madeyf carbon papotybeen sur pri si ngly discovered that such
materi al s can @@aﬁh@! ﬁQi{%@arﬁMﬁan ﬁ&spmﬂ%bo%%ﬂxbé-%&%ﬁﬁg' n car bon
a row electr _

nanot ube fil mthat hav I ca
films have been previously described (see U.S. Patent Application No. 10/105,623,
which is incorporated herein by reference). For example, such films may have a
surface resistance as low as 10 ohms/square and a total light transmittance as high as
95%. The content of the carbon nanotubes in the film may be as high as 50%.

It has been surprisingly discovered that such materials can be formed by a two
step method, which results in carbon nanotube film that have a low electrical
resistance as well as a high light transmittance. First, a dilute water solution of carbon ‘
nanotubes is sprayed on a substrate, and water is evaporated leaving only the
consolidated carbon nanotubes on the surface. Then, a resin is applied on the
consolidated carbon nanotubes and penetrates into the network of the consolidated
éarbon nanotubes.

Summary

This invention overcomes the problems and disadvantages associated with

current metal-based and silicon-based wiring technologies and provides new wiring

- methods that utilize carbon nanotube film to form a wiring line and an electrode.

In a first aspect, there is provided a carbon nanotube wiring comprising: a
substrate; and a patterned wiring line or electrode disposed on the substrate and

having carbon nanotubes.




resistance as well as a high light transmttance. First, a dilute water

sol ution of carbon nanotubes is sprayed on a substrate d ter LS
evaporated |l eaving only the consolidated carbon nanotu%%@gﬁ?fnv??go%rface.

Then, a resin is applied on the consolidated carbon nanotubes and
penetrates into the network of the consolidated carbon nanotubes. Summary
~This invention overcones the probl ens and di sadvant ages associated with
current netal -based and silicon-based wiring technol ogi es and provi des new
wiring methods that utilize carbon napgtube filmto forma wiring |ine and
an el ectrode. | H‘%\ngp?i?wﬁgpt@@le,ls?rﬂ?é‘{&@gﬁ? %‘?’89?’6’%‘8“@%%8 the 58t ube wi ri ng

conpri si NQaspet, fiHhek Ecthyftisind i iasmﬁlg%yaﬁais%\ésea BE tHel Wigin®lin®biagé r ode di sposed
on the substrate and having carbon nanotubes. 17 Novehber 2006 4 In a
second aspé&ketrodehere is provi ded the carbon nanotube wiring of the first

~aspect, furthery; IS ' -t | i.ring line
or the elect rogggmlﬁﬁ agf)e{?:giﬂ?ege gg’g@é@d a{}ﬁ%tk@ti’lﬁ);r pg{}%@@gggaggrﬁéﬁﬁ “ or

-pat t er ni ng ceatingchmprisiagioprebalingzomlitiog of carbon sanagibegy rappliyotignige sohgihut i on of
car bon nangt ubes; .a I ng..t he. sol uti o 0 a substrate to forma film of
consol i dat &4 %@P‘B"gﬁ Pcﬁ%ﬁ&tagﬂ’é’s&(gﬂmtoﬁéatg‘ﬁ%{’ma& tungn?i’rtéﬁ FUST#HG t he carbon
nanot ube f iithphegieitiag thev@lthonwahdtube MnERItvED Fith BiNddnthndremdBRSit a part of
t he carbon nanotube filmthat is not inpregnated with the binder from the
subst r at e. 935 apaptad thecaghapaiapotubgBlms thakis nebimpiesnated wathibeibinder oM t er ni ng a
carbon nagRtyp&asoati ng conprising: providing a solution of carbon

nanot ubes, applying the solution to a substrate to forma film of

consol i dat ed caloivurthpspeah dwreon pravaded aubsthodfoe patiempnggpabomg t he car bon

nanot ube fi i th otoresjst..projectin redeterm ned. pattern onto

the car bonn%eﬁg%t%ﬁpﬁ%%ﬂmﬁ%gesrnogf@%g %Nf"’ﬁ'ﬁu goé%a?ﬁgf%‘?o&% |e§’tapPig’"%ecure a part

of the car lrrohdiontabaibkirdtato faRf a TN cogobiatbEasborbnapatubes @fthé he car bon

nanotube filmthat is not secured byﬂéhﬁégrq' ection fromthe substrate. In
gh ¢

a fifth aspibstatesppregnpiinghegarhenynago Wity a photeresist gieetigst bon nanot ube

predetermined pattern onto the carbon nanotube film impregnated with the
photoresist to secure a part of the carbon nanotube film, and removing at least a part
of the carbon nanotube film that is not secured by the projebtion from the substrate.
In a fifth aspect, there is provided a method for patterning a carbon nanotube
coating comprising: providing a solution of carbon nanotubes; applying the solution
to a substrate to form a film of consolidated carbon nanotubes on the substrate;
exposing the carbon nanotube film to a light source through a mask, and
impregnating the exposed carbon nanotube film with a binder.
| In a sixth aspect, there is provided a method for patterning a carbon nanotube
coating comprising: providing a coating mixture carbon nanotubes and a solvent,
-applying the coating mixture on a substrate to form a predetermined pattern;
removing the solvent from the coating mixture printed on the substrate to leave a
patterned film of consolidated carbon nanotubes on the substrate; and impregnating
the carbon nanotube film with a binder.
In a seventh aspect, there is provided a method for patterning a carbon
nanotube coating, comprising;: providing a solution of carbon nanotubes; applying
the solution to a substrate to form a film of consolidated carbon nanotubes on the

substrate; removing at least a part of the carbon nanotube film from the substrate;




coating conprising: providing a solution of carbon nanotubes; applying the
solution to a substrate to forma filmof consolidated fﬁf?&an§586Ubes on
the substrate; exposing the carbon nanotube filmto a flgﬁt source t hrough
~a mask, and inpregnating the exposed carbon nanotube filmw th a binder.
In a sixth aspect, there is provided a nethod for patterning a carbon

nanot ube coating conprising: providing a coating m xture carbon nanot ubes
and a solvent, applying the coating #exture on a substrate to forma
predeterm ned pattern; renoving the solvent fromthe coating m xture
printed on the substrate to |eave a patterned filmof consolidated carbon
nanot ubes and inyRregatisg tetcarbon AshdtibRy figN@inaiihg dohtBle Subskad widndistke filmw th
a binder. In a seventh aspect, there is provided a nmethod for patterning a

~carbon  nanot ub& ¥LHEHRFSPeE L HiSH i§ PRRYIdegaspiigR AgnofuleorEpe 6AMmBESiRg fbon
nanot ubes; saithitl 4l a JaRBmeQ Witidthe BsRsbfstht MRk ahPERfisidd M of

consol i dat ed carbon nanotubes on the" substrate; renoving at 1east a part
of the car b@homamotubes Wherain the satbonh aarniihes havesn outer diameter.of 3.5:-nm or 17

Novenber 2 ang %- rnegnati ] £bon n e fil «mai ni ng on
t he substrgl?'gue\éf}\jatthﬁ a 1}1 e@ga%@ﬁégﬁ%ﬁgﬁnﬁaﬁ %F&&F‘%elr(jea}l@%r ovi ded a
car bon nanohmb/equatd; amdjthe pagpirnai wiging dins libsd Night eansidaepéi80%roned wiring |ine

di sposed o&g&}he substrate and conprising carbon nanotubes, wherein the
carbon nan8tiffes have an outer dianeter of 3.5 nmor smaller, the wiring

line has a surfatenin@SdspdcaNEde isrpr@viﬂ&ﬁg@ar&ﬁiﬂﬁgﬂﬁbégr?rir%%n%@iﬁin ohms/ squar e,
and the patterned wiring line has _a |light transmttance of 80% or higher.
“I'n a ni nt hsubspaler andrarfeangparent wirrg kiregdizposed aothe pehsbatglbed ogmprisingLonpri si ng: a
substrate; .apgh gudohdasparent wiring line disposed on the substrate and
conprising carbon nanotubes. In a tenth aspect, there is provided the

car bon nanot ubelnm tenthgspohphasispgovided theibaboratanptuba eridngoatipeisingch Wi ri ng

i ne disposed on the sybstrate and conpr, Si car.bon, nanot ubes, wherein
the wi ri ng TEESs A rBited Biredne Rt andbs sbsies s oSt MErent s and
advant agescabor R@olubeg Whefdh e viged lihefutthed RBnpAkds d ghotoresist.

Other embodiments and advantages of the invention are set forth in part in
the description, which follows, and in part, may be obvious from this description, or
may be learned from the practice of the invention.

Description of the Figures

Figure 1 shows process steps of a patterning method of carbon nanotube film
of an embodiment (example 1) of this invention.

Figure 2 shows process steps of a patterning method of carbon nanotube film

of another embodiment (example 2) of this inventton.




t he description, which follows, and in part, may be obvious fromthis
description, or nmay be learned fromthe practice of thf,] ' Qveergi?Q
Description of the Figures Figure 1 shows process steps 0 ‘énbgf 9% ng
-~met hod of carbon nanotube film of an enbodi nment (exanple 1) of this

i nvent i MO 030PY0t e 2 shows process steps of a patter niBG/UBYHSY of carbon
nanotube film of another enbodi meht (exanple 2) of this invention. 17
Novenber 2006 WD 03/099709 PCT/ US03/15819 5 Figure 3 shows process steps
of a patterning nmethod of carbon nanotube film of another enbodi nent
(exanmple 3) of this invention. Figure 4 shows process steps of a patterning

met hod of car b@&umbwgﬁmﬁésk BepsQf a?ﬁ@érﬁ'i%g mgf%@gf RiYh néﬁdgt?dggiaﬁy‘l) of this

i nvention. Description of the Invention A odi ed an descri bed
herein, t 19fanqthey embedimentdexampleck) efithisgnveation.cl es and met hods for patterning

car bon nanot ube: | | rtdcul ar. .t carbon nan be wring
made by the m?wggagﬁpﬂ%ﬁ:@sslste éjlr% ip%{rtﬁ ’ggﬂmhaggf?ag)é)flgl Ol%gglﬁhe car bon
nanot ube fof hkmotler embodimentgéxamglediy sfthisiaebntibove i s used. That is, the

consol i dated ¢ rbor} l?rzfmt upes dried on the substrate have a remarkably
strong adHEEFRPMPIEREIYERo8-c of the substrate without any ot her

i ngredi ent  sucis ambedikd 4 Broad HeeRF BB, thid fveionGEditetle@ fredi ate, i.e.,
the substrate having the consolidated carbon nanotubes, is conpatible with
many exi s@rticles apbmehadsfpopaliening gatbar parotibe soativgs and; inparigelars foon i s weak
enough to . ofal ﬂmﬁiﬁ?{ e disturbance. In addition, the

car bon naﬁ%?ﬂ g@%?(@%ggrﬂgdgdtdghyon t ec%'substrate have a network structure

t hat has a | ar iaghisnmentionpd umigerfearaenef thy carbodamostdbenfdmyfpornangrat eri al t hat has

a viscosity.,l enough to. penetrate into the n or.es be applied on
t he subst Pié#’@%gSScpﬁ%%%Pﬁeew gf)egnt[b ﬂ%éheo@niq&fgatﬁ‘g%ée%“i"gﬁqt%s H'gé’r%‘on nanot ubes
are fill ethewubdirateltRve@icaiati@bly shorf [Ah&SHAB e sOFR bY Bk iseidtr@E witheutconsol i dat ed
carbon nanotubes on_the substrate, prior to the application of the resin,

showed t haey ¢ther ingredignt guchyas a bindsre Acgordingly, the device intermediate, i.e., the
substrate having the consolidated carbon nanotubes, is compatible with many existing

device processing techniques. Yet, the adhesion is weak enough to be broken by
fairly moderate disturbance. In addition, the carbon nanotubes consolidated on the
substrate have a network structure that has a large amount of open porosity.
Accordingly, a material that has a viscosity low enough to penetrate into the open
pores may be applied on the substrate so that the open pores of the consolidated
carbon nanotubes are filled with the material.

A microscopic observation of the consolidated carbon nanotubes on the
substrate, prior to the application of the resin, showed that the network structure is
based on a formation of ropes of the carbon nanotubes and the ropes form the frame
of the network structure. This structure provides the low electrical resistance and the
high light transmittance at the same time since the frame of the ropes can carry the
majority of conduction and the relatively large openings between the ropes allow the
penetration of the resin applied on the carbon nanotubes.

There are different approaches to forming a patterned carbon nanotube film
relying on these features. For example, a carbon nanotube film may first be formed
on the entire surface of a substrate. Since the consolidated carbon nanotubes on the
substrate can take in various materials as part of the network structure, chemical

- agents for patterning may be introduced to the entire portion of the consolidated film

or a selected portion of the film. For example, a binder dissolved in a solvent may be




7 Addi t i onapartefintsarated seeuib Suithermars, ingylating layepmap be

based on a formation of ropes of the carbon nanotubes and the ropes form
the frame of the network structure. This structure proi/.}][qes thezb&yv
ane tine

el ectrical resistance and the high light transmttance a %Y mebeg ne

~since the frame of the ropes can carry the mgjority of conduction and the
rel ati vBIA®'%4'%e openi ngs between the ropes all ow t hePCTPSAEERt i on of the
resin applied on the carbon nanotubes. There are different approaches to
form ng a patterned carbon nanotube film relying on these features. For
exanpl e, a carbon nanotube filmmay first be forned on the entire surface
of a substrate. Since the consolidated carbon nanotubes on the substrate
can take iappliedito thesonsblidtddaatbon Aarolubt filth atdoedifelowqiiddekinided ur e, chemi cal
agents for [geattxrr]i n& m}y b@?}{entro uce&ﬁrtno the entire portion of the
consol i daPaFr- Applicaionpldhg bindepgray, by parisrmen by sy copyegtionebmethodsnpl e, a bi nder
di ssol vedjigd iho. ik fetting and sy esq2006 WO

03/ 099709 P?Jle?] A fgﬁﬁ“@é“a%’i‘%k eutingand gy flllaREE ARG D00 VO

fi | m accoduiingput thegolyenicthe binddrmeraingia theaetworkpnd iepdortasthegfortionedfbi nder may
be perfor At | .0 ncl udi referably screen
printing, lﬁ?n ] lé? Woﬁlgogglxrffﬁ I%I?rg%&egr@%ﬁ“ﬁg%rnfl?ﬁsf’%g‘?“' SIg Ying out the

sol vent , siitatrite hakdng the c@bmsnanotubdseheneinwaittkwatachriselvert dfacdues hdte porti on of

t he carbon, nanotuhe filminpregnated with the binder, solufion. By rinsing
t he subsa’rsﬁcﬁ‘ées ‘W&r’tﬁgepagtpéﬂfﬁgﬁ o Beehes thatareagt T‘Fe‘y\g’f‘g‘f‘ or sol vent
that doesbindér easliyssofiey 85 tHel@bdhbR Wiiles thB Reifckd PhriibNer (h¢AARA Nanot ubes t hat

are not reinforced by the binder easily conmes off the substrate whiles the
r ei nf or ceBRN9BIElA reshaipsiatagta The mbstrigmey be flexiblaor igidiand mapbact . The

substrat eg@@%of%%%ﬁ%m?k@teﬁﬁl&%ﬂg&m Ther, A8l " anspar ent

mat eri al Ing mat éri al . ranspar el ectrode

appl i cat i elegtrady ppplizhiion, typicaliynspaxspanent invegagirglass plamdsuspd atthe i S used as t he

substrate t hough transparent .fl exi ble pol yner, fil y al so be used.

The subs?‘?’b?f%e’ 0 gﬂ@@@g&&wﬁ%ﬁﬁpﬁ 2595 ¥ 1881 bon nanot ube

Wi ring i ssubsedle Ay aRabé a Sificdnshbgramtviidn Sel catboh narfotive G0k Bsedlagisul at i ng

| ayer may be f.ornmed on the carbon _ nanotube wiring as a tgr otection |ayer.
eche hpearbat i ng | ayer

prot ecti ngarolie fvdurn?é as%%&%oﬁ' ?a@&t Uil Afboh Bmfoﬂ[b@\ﬁring may be
formed on the insulating layer protecting the first carbon nanotube wiring to form a
multi-layered wiring structure,
Rather than applying the binder to the selected portion of the carbon nanotube
~ film, a photoresist may be applied to the entire carbon nanotube film. Application of
the photoresist may be performed by any conventional methods including preferably
spin coating. Once the photoresist penetrates into the network structure of the
consolidated carbon nanotubes, this device intermediate may be compatible with any
conventional photolithographic processing step. For example, a predetermined
pattern of a reticle is projected onto the carbon nanotube film impregnated with the
photoresist. Depending on the type of the photoresist used, the portion of the carbon
nanotube film irradiated by light or the portion of the film not irradiated is removed in
the subsequent process. The wiring pattern of the reticle is transferred onto the
carbon nanotube film. In comparison to the binder patterning method, this method
‘ provides finer patterning of the carbon nanotube film, and may be more compatible
with the existing silicon-based device manufacturing methods: Any substrate

described herein may be used as the substrate for this manufacturing method. An -




multi-layered wiring structure. Rather than applying the binder to the

sel ected portion of the carbon nanotube film a photores|st applied
to the entire carbon nanotube film Application of the%ﬁgywrﬁ%izg& may be
performed by any conventional nethods including preferably spin coating.
Once t hWOJREPEP%esi st penetrates into the network str RETAISE/B5B1% he

consol i dat ed carbon nanotubes, thi’s device internediate may be conpati bl e
wi th any conventional photolithographic processing step. For exanple, a
predeterm ned pattern of a reticle is projected onto the carbon nanot ube
filminpregnated with the photoresist. Depending on the type of the

phot or esi $suldGifgllayéritRayRItbinfRR o¥r i IRHEREP bor HARGEBE ! AddR hitiadi at ed by
light or the portion of the filmnot irradiated is removed In the

. subsequentaypred carban napgimbeywiringgnaylsodedfornfedt he reticle is transferred onto
the carbon napgt He [ I t ' r rni ng met hod,
this nethod provi gg%lje’ftlhér’%arréo%é}%?dg?%i ﬁég‘ofg@%h%' Ca %%?en%ﬁﬁo&ﬁ%&f Ilm and may
be nore conipaphybicaly paiteted dtelleXhas is, thg clctroionatha sl dabéromansmbelf act uri ng

met hods. substrat e escribed herein may be used as fhe substrate for
this rranuﬁ_ﬁglnw i?’ﬁlj“aﬁ’é’f‘ﬁ{?g.W‘&H“‘I@fn%%‘ﬁlﬁgﬁmfgﬁ@a“w\%ﬂﬁé‘}w ¥ PCT/ US03/ 15519
7 i nsul aSingle-wallkdcarbby ndiBtubey (SRINTRY BAder R 148848 SiRkRRldaisRadtionanot ube film
and a multi- ]ayered carbon nanot ube wiri na may al so be forned.

Fur t her moivéen iriadiated by gistrongHightisurce; Althpugh fimgnburs gde pigiederray not have
Lo be Physidif gkt ifialibfin) By Rhnsfbrn intd Mo afwill}fuch HEAL AOLGRAt LT e of the

carbon nanot ub filmnay be mani pulated w Vi ng e film
- physi cal | yndeoa properirrsdibtinmreandition. Sunly features| df eatbapranctobesareatesdribed,( SYNTS)

under goe | a uct | yeconstruction .when, irtladiat by a strong |ight
sour ce. Ah ﬁ\%ﬁ%‘ﬁgé\)\?\ﬁya%éy{go‘ 8‘1@?"8“%@%3@1’& Aéaty%%gﬁﬁ%ﬁﬁlcei rradiation,
they tran2967on(2002) Fenttedighl ifradiation, coaeéntiohd phstoli®Ss-eihidiadrumentier a proper
irradi ation ﬁondition, Such, features of carbon_ nanotubes are described, in

b
" Nanot ube®?y Re UegiQRiect 4 Rifeicrpined paiteppenip the carbeon earotubeliin. Whean et. al,
Soi ence  §9%iffhk@ANZbe (i R hegt AR B0 ARSI o0l

phot ol i t hographic instrunents project a predeterm ned
pat t er n' oparformpdby simpbrplavingstrodsk of thersubstiiaten Whendhesdubitraty ipat tern to be

- tormed i sy peh bk dd Y B mad My te Pliced 5 AD a4 O oF B sAStrate. The

mask may also be directly placed on the carbon nanotube film. The change in the

(

conductivity is not expected to have significant influence on the light transmittance of
the carbon nanotube film as well as the network structure of the nanotube ropes. A
binder is then applied to the entire carbon nanotube film and penetrates into the
network structure to reinforce the structure. An insulating layer may be formed over
the carbon nanotube film, and a multi-layered carbon nanotube witing may also be
formed.

A patterned carbon nanotube film may be formed directly on a substrate using
application methods of the invention including preferably screen printing, ink jetting
and gravure roll printing. However, the carbon nanotube water solution used above to
form the carbon nanotube film may not be appropriate for this method since the
viscosity of the solution is not high enough to be compatible with these application

" method. Accordingly, chemical agents may need to be added to the solution to
increase viscosity. Alternatively, a mixture of the carbon nanotubes and a binder,
such as those described in U.S. Serial No. 10/105,623, may be used as an ink for these
application methods.  After a predetermined pattern of the carbon nanotube is formed B

on the substrate, the chemical agents used for increasing the viscosity may be




performed by sinply placing a mask on the substrate. Wien the substrate is
transparent, preferably the mask may be placed on the biaﬂgJ sé e, aﬁ he
substrate. The nmsk may al so be directly placed on the carbon ﬁa% ube
~film The change in the conductivity is not expected to have significant

i nfl uen®® G*¥He 1ight transnittance of the carbon rRGTSHSOBESE | m as wel |

as the network structure of the nahotube ropes. A binder is then applied
to the entire carbon nanotube filmand penetrates into the network
structure to reinforce the structure. An insulating | ayer nay be forned
over the carbon nanotube film and a nulti-Ilayered carbon nanotube w ring
may al so bemovedtorgain a propat doaduedditycandiipht thasaittahe Hyidryinghy sibetrdter med
directly on,a sug%trateqagsi ng. aﬁﬁ)rplication met hods of, the invention

i ncl udi ng PPEPIEIR Shemp DS 1} 49TORSY 2masRhere  ThisRrocessieg Yehvure rol |
printing. tdaseathe édonGRhAEBEs PAMCY e WsBhte B HhitRBrkUtagu@bove to form
the carbon_nanotube filmmy not be appropriate for this nethod since the
vi scosi t y shmila fpthatgreated by thesappligatinn efthe prsbapanetubrwaternsolitipmiogheni t h t hese
applicati t ' &h%% e added to

t he sol ut i%gbnm?%' h?g%cru éég@gﬁ%ﬁeggggﬁ y. t@%ﬁ@??\@%@;@a%ﬁ@%ﬁ%% t he carbon
nanot ubes applitdanitheritire surfaceif thesubdtraee THe bindértpenktiates Uit@the Setwoekl  No.

10/ 105, 62 us as-.an jnk for .these plicatign .methods. After a
pr edet er m%%%ﬁég{)tﬁgpﬂ%gqs o?ﬁlg: SB@F%&W“%‘Q’[‘E%@&E‘ %?@éﬂoﬁmdgﬁ’flﬂﬁ *subst r at e,
the cheni eaad diegtytoversthelsubetatd Btwesathe @riol fadsteasiihy linBy ARg 17 Novenber
2006 WO 0345099709 PCT/ USQ3/ 15819 8 renoved to gain a proper conductivity

and | i ght SPRHAS May {5 Msed %@%F‘;ﬁ“ﬁﬁ_f{’ﬂ@s Fupufestaing method AhinfiatinBe cheni cal
agent s i N | @eMAPR fortheMARPAE Binddrlhyer, RRPS ﬂﬁﬁi-ﬁg%r?c}(@a?bontrfaﬁ&&ﬁeor ms the carbon

nanot ubes print'ed on the substrat€ into a net structure simlar to
t hat cr eavadngrpay deo bedpmiedaThismethiodiiheffactivaio meducing theenowsttofr sol ution to

t he subs fpatterned car.bon nanotube filmthus forned, a
bi nder m&ﬁ%%@ng%%ﬁ&ﬁ%&%%a@ ﬁ\‘@w %a}ﬁi@ag F1adEe eﬁ{aﬁeewg‘lfgﬂayat e. The binder
penet r at esthervise ihtledethe fupmbtionsdf pla@irizatortlaydr it sBWeﬁﬁeﬁﬂ?oéﬁssiﬁg'l e substrate on

whi ch the carbon nanotube filmis formed, and directly covers the
subst rat e 8% ween the carbon nanotube wiri ng lines. Any substrate may be

used as the sulsbhdubud @fbohRhforiBaTFh 64l brit¥a SRIHAE mafBe pieHdt | NY

by placing a patterned “sticky” surface (roll or plate) in direct contact with the carbon

nanotube film. If the sticky substance is patterned in the reverse image of the
predetermined wiring pattern, then the portion of the film not used in the wiring will
transfer from the film onto the transfer roll or plate. A patterned carbon nanotube film

- is formed when the carbon nanotube coated substrate is released from the transfer roll
or plate.

Furthermore, any two or more of the patterning methodé of the carbon
nanotubes may be combined to form wiring structures of a device. For example, gate
lines and associated gate electrodes of switching transistors of an electroluminescent
display device may be formed by the photolithographic process of the photoresist
impregnated with the carbon nanotubes. On the other hand, anode electrodes of

- electroluminescent elements of the display device may be formed by screen printing
- the high viscosity carbon nanotube solution on a device intermediate that has the gate
lines and gate electrode formed therein.

It is preferable that the average outer diameter of the carbon nanotubes of the
carbon nanotube film is 3.5 nm or smaller. Carbon nanotubes used in the film

forming methods above include stra_ight and bent multi-walled nanotubes (MWNTs),




| ayer may be fornmed over the binder layer, and a nmulti-|ayered carbon
nanotube wring may al so be fornmed. This nethod is eff?fﬁb%%m&@26&9UCing
t he amount of carbon nanotubes used, and provides a planar devicCe
‘internedi ate, which may otherw se include the formation of planarization
| ayer f &0 BIY®uent processing steps. A continuous cBFIHERYHEH0t ube il m
coated onto a substrate may be pat%erned by placing a patterned "sticky"
surface (roll or plate) in direct contact with the carbon nanotube film
If the sticky substance is patterned in the reverse i mage of the
predetermned wiring pattern, then the portion of the filmnot used in the

W Ting W Istraightafd 5&: BohtlQWalldihahdthts POWN i) StrhibRiad Bént siRhlb-walled®! aL €. A
patterned carbon nanotube film is fornmed whenthe carbon nanotube coated

subst r at e nprptyhsp (YN sk and srrbprenanpigbesttkat havs hieen ehenpi¢adly nodifigd tcher nore, any
two or noc | %E'ﬁﬁ f Wﬁ"r HIA may be
conbi ned tl%h@%ro%\ﬁf@?é\%ﬁi{%ngc ur%dsaP%Pu%' gevi c%&é E%?br%}(arrg%ug?&% ate lines
‘and associnatusdly gggregatd odomotdie soped ofdld ¢actuinmgndtobess The aonsenthtionrof

el ectrol uni nescent i spl ay devij.ce be forned by the photolithographic
process o et“ﬂé”ﬂﬂ?ﬂ%?db@ijg@?hedﬁhﬁﬁﬂgﬁ?%mﬁﬁr’ﬁéﬁcﬁ?‘ﬂgﬂ’c]ﬁs&%ﬁ’ﬁbes. On the
ot her handille@bptie cabefhdnofids, iOprefeRbBCT I I0431-NOE 0L 18k aTENLR, 26 the displ ay
devi ce may_b n he hi gh viscosity carbon nanot ube

QZ forned, by scree qggrintlng t

sol ution 0A°% Havl%e3§ 13 A2 ufBe.d0r Hate, hasS%hel 0g2086, § RHesd wdliegat e

el ectrode 19 tsheyped ' : : V, er di aneter
of the Carlft))og@ﬁgonrg{‘?[())é%g@g%ﬁ%y%ﬁo@%n%@%ﬁ%ﬁ%&eﬁ%@uﬁbﬁntﬁ@Bg@go nbn}q or smaller.
Car bon nathstcatbes namotubeivrirings clheiabpect ritdy ofithgcanmnmadstubbdsmag be ncl ude st r ai ght
and bent %&&@@ﬁlml 925 @anotubes (MANTs), 17 Novenber 2006 WO 03/099709
PCTI US03/ %I°ght and bent doubl e-wal | ed nanot ubes (DWNTs),

strai ght and bHwisusth@glsstinit bedihe Helnat 1sRein¢cMiSdartvndadibd gilm nanot ubes
t hat have been cheni cal l i ncl ude ot her conpounds and

nodi fied to
functi onamaéW%ﬁgPe“ém¥l§rt¥Pepq“€§'@Pﬁmeéﬁﬁ@é g@“?#‘i’@??‘aqﬁ‘ BPEA y aggregat e
to form t'Tﬁe£19ﬁ€§re9i§taﬁc%&%f%rﬂlﬁ%a9%@%w3g€1%’}?%16‘?8&%9&{1}1%&\7‘aﬁ’_ﬁﬂ iof the carbon

nanot ube by volune in e carbon”nanotu e. much space is

preferably between 10° and 10* ohms/square, between 10% and 10° ohms/square,
between 10° and 10® ohms/square, or between 10° and 10'® ohms/square. The volume
resistance of the film may be between 107 and 10'° ohms-cm, and is preferably
between 107 and 10° ohms-cm, between 10° and 102 ohms-cm, between 10% and 10
ohms-cm, between 10* and 10° ohms-cm, between 10 and 108_ ohms-cm, or between
10® and 10" ohms-cm. Preferably, the light transmiftance of the carbon nanotube is
80% or higher (e.g., 85, 90, 95, 97, 99), and the haze value of the carbon nanotube
film is 0.5% (e.g. 0.4, 0.3, 0.2, 0.1, 0.01) or lower. Nonetheless, carbon nanotube
films with much low light transmittance or much higher haze value may be used to
form the carbon nanotube wiring, The thickness of the carbon nanotube film may be
between 0.5.nm and 1 pm (e.g., 0.8, 1, 2, 3, 5, 10, 25, 50, 100, 150, 500, 750 nm), and
is preferably between 1 and 100 nm.,

' The binder to secure the network structure of the carbon nanotube film and the
insulating overcoat may be made of polymeric materials, which may be selected from
a wide range of natural or synthetic polymeric resins. The particular polymer may be
chosen in accordance with the strength, structure, or design needs of a desired
application, such as thermoplastics, thermosetting polymers, elastomers and
combinations thereof. Specifically, they may be polyethylene, polypropylene,
polyvinyl chlo_ri_de, styrenic, polyurethanc, polyimide, polycarbonate, polyethylene




filled by the carbon nanotube, is preferably 5 - 50% 5 - 10% 10 - 15% 15
- 20% 20 -25% 25-30% 30-35% 35 - 40% 40-45% 45-50% - 209 5% 5 -
20% 10 - 30% or 5 - 30% but may fall outside this r%ﬁnlg%%%e@g’ég%q@ng on
~the application of the carbon nanotube wiring. The aspect ratio of the
carbon WENPHHYs may be between 10 and 2000. The suPEHE803(18YP st ance and
the vol ume resistance of the carbdh nanotube film may vary dependi ng on
the type and the concentration of the carbon nanotube used. The surface
resi'stance of the filmmay be between 102 and 1010 ohns/square, and is
preferably between 102 and 104 ohns/square, between 104 and 106

ohms/ squ a{e?ephﬂﬁﬁfey\@ei@lﬁlogé? el cHitls C@“@K}Eﬁttﬁlﬁg ﬁplﬁrfac@ﬁariﬁgst citOfegnd 1010.

ohms/ square. The Vol une “resistance’ m may be between 10'2 and

1010 ohnsawhmixtimes thereqds Eathreathorg, cetpmioydmidipolymessophospiinesividss evd  bet ween 100
and 102 o - CIm: 02 and 104 ohms-cm between 104 and 106 ohns-cm
betmen'l@cgggqldfggagﬁggge?m or between 108 and 1010 ohnms-cm Preferably,

~the |ight tranSmduitmgdlenimdyibe addudbing thiraadon Bgohtbes. SARddlers agher (e.g., 85,
90, 95, 97,99), and the haze val ue of the carbgn nanotube filmis 0.5%
(e.g. 0.4 gpnguctiye greagjc Eateﬁ‘?'&f?°rg?m? Bjsrals R ps or MXAWERDS nanot ube

films W tEchwaikiaRWThé ehbudtiva Biahit hRRFiSLs HMayHe blickei KalE kalBa Blata| ue nay be
used to formthe carbon nanotube wiring. Jflhe t hi ckness of thé carbon

. nanot ube fullerepespd pembipatiopeend nixturestherephd Candyative(inorganic matgrialsy . 2 3, 5, 10,

25, 50, 100y b 3hmirad0an ity eyt Searh P BELGHAD E¥baEHE ihegnd 100 am

The bi nder 1o secure e structufe o anot ube fil m and
t he i nsumatal mgdesyiemegad, leadymireganesc anagheshoh, yuseeury, ntd] exided, sickelhi ch may be
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t her eof . Epainedpped tinoxidepdymingr-dopedyang exigpand sembigafiopsandspixBue pol yvi nyl -
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- gel atin, chitiVacuwohkyselng afdte, carboh yaretubleditm gheiox toytied bimder | eot i des

impregnation may further reduce the resistance of the carbon nanotube film. This is

promoted by a fusion of the carbon nanotubes at the junction of the carbon nanotube
ropes. Since the rope itself has an almost metal-like conductivity and the total
conductivity of the film is likely determined by the morphologies of the rope
junctions, any treatment to thicken the junctions increases the conductivity of the
carbon nanotube film. When nanometer-size particles of metals are mixed into the
carbon nanotube film, those nano particles may migrate into the junctions upon l
annealing. This will also result in reducing the resistance. ' _
Larger metal particles may be introduced into the carbon nanotube film in a
large amount. Such a composite film may also be considered as adding the carbon
nanotubes into the dispersion of large conductive metal particles. When metals such
as silver, gold, copper, blends, aluminum, magnesium and their alloys are used, this
combination achieves improvement in conductivity over the pure carbon nanotube
film by abdut six orders of magnitude or larger. Yet, the amouht of the metal fillers
“of this composite film is much less than the amount required to achieve the
percolation threshold relying on only the metal fillers. Accordingly, the composite
carbon nanotube film may maintain light transmittance suitable for transparent

electrode applications. As an alternative, carbon black particles may replace the metal




and m xtures thereof. Furthernore, ceram c hybrid polyners, phosphine

oxi des and chal cogeni des may be used. Conducting fill ef NIBRY ¢ be &%ded into
t he carbon nanotubes. The fillers may be conductive organrc rra erials,
‘irnorgani c materials or conbinations or mxtures of such materials. The
conduct WR03@PJehi c materials may be buckeybal | s, car ROGT/US03RI ful | erenes
and conbi nations and mi xtures therl¢of. Conductive inorganic materials may
be al um num antinony, beryllium cadm um chrom um cobalt, copper, doped
nmetal oxides, iron, gold, |ead, manganese, magnhesi um nmnercury, netal

oxi des, nickel, platinum silver, steel titanium zinc, or conbinations

m xtur gfartic%'irﬁfﬂfa corhy c?st@ﬁfn? 151;{ fﬁa?ﬁ&t%hx &:@Pﬁn&%vﬁ)‘ n-indi um

§
mxed OXi ant |1 nony- |n mxe oxXI uor | n oxid
al um num dn@mnﬁaqwxmxpde)f &ectaxbomtmmmbe filvs may te reduaedrbe@usetdﬁﬁmeof . Vacuum

anneal i ng otub or..to the binder inpregnation may
further re uuc?é‘l]ﬁ&nf%@tﬂgf%ﬁ%nag? l?eﬁé'scg B’Srﬂrﬂanot ube film This is
pr onot ed by a Nﬂﬁng)maﬁé ﬂbxh%e@ﬁpdﬂ@thedlﬂam&dﬂmlt@éoaﬁﬁ@ rhaybelubds @r t he carbon

nanot ube ro . Since the ro i.tself has an al npst netal -1i ke
conduct i vi%¥ ﬁHa‘ESH%‘e’P egfro Q?@Pﬂﬂ’fﬂ-‘!tﬁof {latppng! displays, photevoltaits| v det er mi ned

by the morpialsaeis eleirohiifindCPlambl a6l BRI Smiciafly, L F eat rent to thicken the
junctions increases the conductivity of rbon nanotube film Wen

nanomnet er - si zeTb%\fOﬂIDm%ﬂ@ﬂP[ﬁ@dlBﬁﬂgfemomefd of the dnvientéon, butskadd nanot ube
film tho%}w&é& @1 t]uf‘éth hgenh&t‘o t he junctions upon annealing.
' ] educ '

This wll SO resu resistance. Larger netal particles
may be i ntExadipleed i nto t he carbon nanotube filmin a |arge anount. Such a

conposite fil M By al consi d as adding the carb nanot ubes into
t he di spersi on °i‘%[?l§&“§§ﬁf&t?@?‘f B BRROBRF gggedqm@;ﬁﬁu@lpm s such as

silver, gGlithrefeRREAH Figal aad@spe@dvem MUE Yol BRAHRRRAHPledRE chip g al | oys are
used, this copbination achi éves i mprovement” in conductivity over the pure

car bon naﬂ]@%sﬁﬁ‘lé’e pPIHO?ﬁSBi}d doaeidimi§ the gangial desgriptionyon theettcoied cabger . Yet, the -

amount of Lbihie BSseritti abdleS conmposite filmis much less than the
anount reqw re to a reve the percol ation threshold relying on only the

netal fillers. EXAMIM®E hgly, the conposite carbon nanotube film may
2ppl i cati one.  FER PAeLePRSIVE srEBp e CEPaERS B dIet i oHEpl ace t he
met al water rinsing, centrifuge a.nd mlcroﬁltrataon. Then, the purified SWNTs are mixed
- into a solution of isopropyl alcohol (IPA) and water to form a carbon nanotube
- coating solution. The SWNT solids content is in the range of 10 to 100 ppm by
weight. The weight ratio of IPA to water is in the range of 1:3 to 3:1, depending on
the drying rate desired for the coating. Once a reasonably stable dispersion has been
achieved, the viscosity of the SWNT dispersion is increased by adding a sufficient
“amount of a polyacrylic acid, a viscosity modifying agent (Acrysol ASE 75, available
from Rohm & Haas), to provide a coating composition having a viscosity suitable for
gravure coating, (e.g., approximately 1000 cP). The carbon nanotube coating solution
is printed onto a clear plastic film (e.g., polyethersulfone) using a patterned gravure
roll. The IPA/water and viscosity modifier are then removed by heating, leaving
behind a film of consolidated carbon nanotubes that is patterned. A dielectric binder
coating (e.g., acrylic resin dissolved in ethyl acetate) is then applied using an
atomized spraying technique. The binder coating permeates the carbon nanotube
film, enhancing adhesion and mechanical properties. The resulting patterned
electrode or circuit exhibits good transparency and low electrical resistance. This

method is schematically shown in Fig. 1.
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conposite film This conbination may not achi eve high c ti.Vi but
manuf acturi ng cost of the carbon nanotube film my be rgﬂﬂgﬁﬁmgﬁggﬁie of
~~the reduced anount of the carbon nanotubes used in the film Wring nade

f r om t hWODIP0%r ned nanoconposite coatings may be usadzses/fsery exanpl e
transparent electrodes and circui 3 for flat panel displays, photovoltaics,
touch screens, electrolum nescent |anps, and EM shielding. The foll ow ng
exanples illustrate enbodi nents of the invention, but should not be viewed
as |imting the scope of the invention. Exanples Four exanples of
formation of cagxhepiganotube wiring are described below with reference to
Figs. 1-4, respecttvely. The foll owi ng exanples are only for illustrative
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s incre | IgHrent u a polvasrylic acid, a

Vi scosi t?ﬁ%ﬁ’ﬁ gktglggﬁltsa ér@so&%ﬁ%&%ygf’ﬁm&b léIXWijusg?&nm & Haas), to
provi de aamcaemized spainggieciniqae Tiesubgrate iy hestaltb 60°Caniincadabeadriiag  gravure
coati ng, . Q- r Qxi mat 1000 cP) . The carbon nanotube coating

sol ution I(a%soqpﬁlh ﬁ%@‘&gﬁnﬁﬂlﬁ%ﬂg&&mﬁgﬁ the °?’?5Pﬁ‘iaf"él.° bon B@}"f}g‘t"_‘ﬁ’ér sul f-one)
‘using a paiplied Redhigvekslddired dédirical RSistaltR (WL 860 GHAl/YhEOThby, am0di fier are
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nanotube film, enhancing adhesion and mechanical prbperties. The solvent is

removed by heating, Then, the unprotected carbon nanotube regions are removed by
a spray washing technique using a mixture of water and Triton X-100 surfactant. The
resulting patterned electrode or circuit exhibits good transparency and low electrical
resistance. This method is schematically shown in Fig, 2.

EXAMPLE 3

First, as purchased SWNTs arg purified by process steps including acid reflex,
water rinsing, centrifuge and microfiltration Then, the purified SWNTSs are mixed
into a solution of isopropyl alcohol (IPA) and water to form a carbon nanotube
coating solution. The SWNT solids content is in the range of 10 to 100 ppm by
weight.. The weight ratio of IPA to water is in the range of 1:3 to 3:1, depending on
the drying rate desired for the coating. The SWNT coating is applied to a glass
substrate using an atomized spraying technique. The substrate is heated to 60°C to
increase drying rate of the IPA/water. A sufficient thickness of consolidated carbon
nanotubes is applied to achieve the desired electrical resistance (e.g., 500
ohms/square). Then, a photo definable polyimide binder such as HD-4000 Series
from HD Microsystems is applied to the consolidated carbon nanotube film using a
Meyer rod coating technique, The photoresist permeates the carbon nanotube film. A

- predetermined wiring pattern is projected onto the photoresist impregnated with




~atom zed spraying technique. The binder coating perneates the carbon
nanotube film enhancing adhesi on and nechani cal propeﬁhg‘%m ‘IéPgO(g@sul ting
patterned electrode or circuit exhibits good transparency an(}) ow

el ectrical resistance. This nethod is schematically shown in Fig. | 17
NovenbeWOXgQ®70MO 03/ 099709 PCTI US03/ 15819 12 - EXAMPIPETAISEI/15819, as
purchased SWNTs are purified by pildcess steps including acid reflex, water
rinsing, centrifuge and mcrofiltration. Then, the purified SWNTs are m xed
into a solution of isopropyl alcohol (IPA) and water to forma carbon

nanot ube coating solution. The SWNT solids content is in the range of 10

to 100 pp i : ! j f 0 i s Lhethe range of
1:3 to 3 W&%’%ﬁ%‘?ﬁ%’sg’ggﬁ‘%& %?I&gﬁér’%thg" ‘ﬁéehgﬁ#esd SPREE relafont B | ng. The SWAT
coat i ng i $heagarbon eghotube film heaempvedsttien thefinkwred polgimidepegipmstrennsed | m such as
PET or PEN fi from Dupont Teijin Fifins)- psing .an .afon zed spraying

t echni que.aw%bn%'ﬁ 8%‘{%108? lgo[i?'g r?fgfé‘b%Baﬂ:egleg(fgcfr?ﬁéioﬁElg@gseéh'glrt%% rate of the

I PA/ vat er trafspardhidyl aatl vk elediticik reiGngd Thixan@Retsio bdhénhtRdilE sHok@nn Nanot ubes i s
~applied tg, achieve the desired electrical resistance (e.g., 500

ohms/squalF& 3. Then, a binder coati ng such as acrylic resin dissolved in
ethyl acetate ggaRMpIRi€d using a screen printing technique. The binder
coating perneates Selected regions of the carbon nanotube film enhancing
adhesi on and nkgvrentingsoluenisereparsd as infexamplode istapplied to @glassed by heat i ng.

Then, the n._n e regi ons are re e a spray
washi ng tg%ﬁ{tghsg&%%ﬁaﬁoéﬁggﬁpﬁyﬁ 3 cﬁi%?gf?e k E%m{ﬁ“f ‘538%‘9;{8 %ﬂg)égur factant. The
_ rlesul ti nglirmedajeeh-yiﬂglraﬁd (ﬁ'ﬁhﬂ[}l@@l@mﬁd&rh@i ﬁdﬁ&iéntﬂﬁéﬂnbéshﬁ?mlgMﬁﬁdearency and | ow
el ectrica resi stange. JThjs thod is, schematjcally shown in Fig. 2.
' EXAMPLE 3cgponganoty esﬁwghﬁé@&%‘& %SE“E%]FW’FS*‘LWS'W%K%&;&O steps including
aci d ref | ghms/siBde A hightéifdity fRRUf 1|igng;§ou?&q? prbfeéied u.}&ulrg@&h%k ditgn, the

purified SWNTs are mi xed into a solution of i spﬁero yl" ‘al cohol (1 PA) and
wat er to fhecatban aanetbncortedalash eThie exepopuyrg reswilsin higher elreicdupsistanst i ds cont ent -

e

optical transparency. A dielectric binder coating (e.g., acrylic resin dissolved in ethyl

acetate) is then applied using an atomized spraying technique. The binder coating
permeates the carbon nanotubes, enhancing adhesion and mechanical properties. The
resulting patterned electrode or circuit exhibits good transparency and low electrical
resistance. This method is schematically shown in Fig. 3.

In Examples 2 and 3, the carbon nanotube films do not have to be completely
removed. As long as neighboring wiring elements are not electrically connected, a
certain amount of the nanotubes may remain on the substrate. |

Other embodiments and uses of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disclosed herein. All references cited herein, including all publication, U.S. patents
and patent applications including the priority documents, are specifically and entirely
incorporated by reference. It is intended that the specification and examples be
considered exemplary only with the true scope and spirit of the invention lindicated by

the following claims.




the drying rate desired for the coating. The SWNT coating is applied to a
glass substrate using an atom zed sprayi ng techni que. 8ol s%‘?&)e i's
heated to 60C to increase drying rate of the | PA/water. su ent

-t hi ckness of consolidated carbon nanotubes is applied to achieve the

desi r ed W@ B&PY9%cal resistance (e.g., 500 ohns/squar &CI/UMEES19 phot o

defi nabl e pol yi mi de binder such ad4HD-4000 Series fromHD M crosystens is
applied to the consolidated carbon nanotube filmusing a Meyer rod coating
techni que. The photoresist perneates the carbon nanotube film A
predetermned wiring pattern is projected onto the photoresist inpregnated
wth 17 Nq:qﬁ;{ﬁer 2006 WD 03/099709 PCT/US03/ 15819 13 carbon nanot ubes
usi ng standard photolithographic techniques. Selected regions of the
carbon nanotube filmare renoved when the uncured polyimn de regions are

rinsed away by_ h%bgg}égd @';vir'The r%?ul ting patterned electrode or circuit

‘exhi bits good transparer‘?@‘@’ and § OWPLP8Bt ri cal resistance. This method is
schemati cal | y shebasmate;andFi g. 3. EXAMPLE 4 The coating solution is prepared

as in Exanple 3. is gppl.ied to | ass substrate using an afom zed

sprayi ng techn?&ﬂ@?ﬂeaﬁ\gnmofﬁggg‘@ dﬁ@%é&“fl’@%@ﬁ@a‘?@“‘??%ﬁ‘ge drying rate
of the | PAkwed Rhotubesuf ficient thickness of the consolidated carbon

nanot ubes is applied to achieve the desired electrical resistance (e.g.,
500 ohns/square). A high intensity nmercury light source is projected

h h k . . i
{iroush 8 ek oS ARSARERRRS. SRS PRE L 01

results in higher resi regi ons of the carbon
nanot ube klettradefartheocimmiseprd Bindeant 4 phaterekisti ng t he optical transparency. A
dielectric binder coating (e.g., acrylic resin dissolved in ethyl acetate)
is then applied using an atom zed sprayi ng techni que. The bi nder coating

permeates t he %arkarboaMSicaite wirlSeruih 1IwhsBR the il danvasRapdveal

properties. The_ resulting patterned el ectrode or circuit exhibits good

t r anspar efA@Qutgrfiameicy of P Sdmm oremallers esi st ance. This nethod is schematical ly
shown in Fig. 3. In Exanples 2 and 3, the carbon nanotube filnms do not have
to be conpletely renoved. As |ong as neighboring wiring el enents are not
~electrically cénBexasdon nanotube wiring of claim 1, wherein the wiring line or the )

electrode further comprises metal fillers.

5. The carbon nanotube wiring of claim 4, wherein the metal fillers comprises

silver, gold, copper or combinations thereof.

- 6. The carbon nanotube wiring of claim 1, wherein the wiring line or the

electrode has a surface resistance in a range between 107 and 10* ohms/square. |

- /1. The carbon nanotube wiring of claim 1, wherein the wiring line or the

electrode has a volume resistance in a range between 10” and 10° ohms-cr.

8. The carbon nanotube wiring of claim 1, wherein the wiring line or the
electrode has a light transmittance of 80% or higher.

9. The carbon nanotube wiring of claim 1, wherein the wiring line or the

electrode has a carbon nanotube concentration between 5% and 50% by volume.




certai n anount of the nanotubes may remain on the substrate. O her

enbodi nents and uses of the invention will be apparent l%oblévré%%%r?ﬁdeé led in

the art fromconsideration of the specification and practice o

i'nvention disclosed herein. Al references cited herein, including all

publ i caMOROSANIS, patents and patent applications i RETWEHIGEWhe priority
docunents, are specifically and eftirely incorporated by reference. It is
i ntended that the specification and exanples be considered exenplary only
with the true scope and spirit of the invention indicated by the follow ng
clainms. 17 Novenber 2006 WD 03/099709 PCT/US03/15819 14 dCains 1. A

car bon nanot ubeg Wkd dagbof RiHBIULS Witdhig of @lafi B StuftBdr@ompitéhgnRdulahged Wi ring he
or electrode disposed on the substrate and conprising carbon nanotubes. 2.

The car bofeyagdisnosestonthe wisige dine erithe eledtrodgherein the wiring line or the

el ectrode further conprises a binder or a photoresist. 3. The carbon

nanotube wiring of claim11, wherein the carbon nanotubes have an outer

di anet er of 3. bl.nkheaarbemadriombe wikinglif elacan bwiereia thetsubisaatedisra glassof clai m 1,

wherein th i.ring.line.or the.,. electrode further, conprjses.netal fillers.

5. The  carBSTHFATBRE YR PHRG SHiPoR Pale PRI SPHODHBRERERE (1 | | er s

~conprises silver, gold, copper or conbinations thereof. 6. The carbon
nanot ube wiring of cl ai I%n 1, wherein the wiring line or the electrode has a

surface resi st ¥hcmethod for gafisening:a carbn napotubg epatingg cUrfsMgquare. ' 7. The

car.bon nanOtUbﬁoWdﬁn-g@Qoﬂ{ioerf@&%ﬁ-nanmEﬁi nthe wiring line or the el ectrode
b t H 2

has a vol ume resistance in a range between 10' 2 and 100 ohns-cm 8. The
car bon nanot ubapphiing thejsabftion teed subdtrateviodomi afilnhef aansolidajed ¢apkonor t he

el ectrode i &h smttance of 80% or higher. 9. The carbon
nanot ube \I}m&r%?llr?gséégg%%qts@ !, wherein the wiring line or the

impregnating the carbon nanotube film selectively with a binder; and
removing at least a part of the carbon nanotube film that is not impregnated
with the binder from the substrate.

13. The method for patterning the carbon nanotube coating of claim 12,
wherein providing the solution of carbon nanotubes comprises purifying the carbon

nanofubes.

14. The method for patterning the carbon nanotube coating of claim 12,
wherein the providing of the solution of carbon nanotubes comprises dispersing the

carbon nanotubes in a solution of water and an alcohol.

15, The method for patterning the carbon nanotube coaﬁng of claim 12,

wherein applying of the solution comprises spraying the solution with an atomizer.

16. The method for patterning the carbon nanotube coating of claim 12,
wherein impregnating the carbon nanotube film comprises printing the binder on the

carbon nanotube film with a predetermined pattern.

17. The method for patterning the carbon nanotube coating of claim 12,
wherein removing the carbon nanotubes comprising spray washing the carbon -

nanotube film with a mixture of water and a surfactant,




el ectrode has a carbon nanotube concentration between 5% and 50% by vol une.
--------- -- 17 Novenber 2006 WO 03/099709 PCT/ US03/ 15?7.1130%?11%}9006-'_“
carbon nanotube wiring of claiml, father conprising an insulating  |ayer
-~di sposed on the wiring line or the electrode. 11. The carbon nanot ube
wiring WOBOE 1, wherein the substrate is a glass PEHESIHIA818, a pol yner
substrate, a silicon wafer, a prepteg or combinations thereof. 12. A

met hod for patterning a carbon nanotube coating, conprising: providing a
sol ution of carbon nanotubes; applying the solution to a substrate to form
a filmof consolidated carbon nanotubes on the substrate; inpregnating the
carbon nanot ubgg f4 i 1 R alefclae ving at |east a
part of the ca&boﬁ%ﬁg%ﬁcﬁgg&%#%a%g%l(ﬁgmr{ot iatrlrrf)gr?gglrlggse " with the binder
from t he substpraviding agolutiinoficatbhwoanbtabespat t er ni ng t he carbon nanot ube

coating of cla] i Lovi dji ng the, sol utj arbon nanot ubes
conpri ses puria%@}yr%t%%gﬂ%%fglﬁ%?\&bg%%%h o5 ﬁﬁ%(}?héeoﬁﬁaet%%agboflor patterning

t he car bonamotubes atbbe subatidté)g of claim 12, wherein the providing of the

sol ution of carbon nanot ubes conprises dispersing the carbon nanotubes in

a sol ution of Wpat_ﬁlﬁ&h"a‘ﬁr P&_B'PRS‘I‘"."“B.W‘W Wt for patterning the
car bon nanot ubgojeétipiapdedeferrfingd ﬁﬁtt_&%hontd"(ﬂ@&eﬁbdh r?aﬂ&hyélﬁgﬁ iﬁlffﬁurergﬂﬁecfm ution

conprises spraying the solution with an atom zer. The "net hod for

pat t er ni n¥ith fe Phetprssit tn sproteRartes theicahon hanpiube flm:and wher ei n i npr egnat i ng

t he carbon na i folyy o ripti i car bon

nanot ube fil mr}\?m&lyﬂﬁ%g%%sg%gternqj%gﬁdm%a .(it'fﬁr%%l&];‘ﬁat%]@q%?ﬁgggﬁgr patterning

t he car boprojeatit frine the sabisiratg. of cl ai m 12, wherein renoving the carbon

nanot ubes conpri sing spray washing the carbon nanotube filmw th a m xture
of water and a surfactant. 17 Novenber 2006

19. The method for patterning a carbon nanotube coating of claim 18, wherein

=

providing the solution of carbon nanotubes comprises purifying the carbon nanotubes.

20. The method for patterning a carbon nanotube coating of claim 18, wherein
providing the solution of carbon nanotubes comprises dispersing the carbon nanotubes

in a solution of water and an alcohol.

21. The method for patterning a carbon nanotube coating of claim 18, wherein

applying the solution comprises spraying the solution with an atomizer.

22. The method for patterning a carbon nanotube coating of claim 18, wherein
impregnating the carbon nanotube film comprises rod coating the photoresist on the

substrate or spin coating the photoresist on the substrate,

23. The method for patterning a carbon nanotube coating of claim 18, wherein
removing the carbon nanotube film comprises removing the unsecured part of the

carbon nanotube film with a developer solution.of the photoresist.




WO 03/ 099709 PCT/ US03/ 15819 16 18. A nethod for patterning a carbon

nanot ube coating, conprising: providing a solution of on ,na bes;
applying the solution to a substrate to forma film of g‘gﬁg}ﬁ@ ?Q car bon
~panot ubes on the substrate; inpregnating the carbon nanotube filmwth a
phot or e3Y&43/093Pbj ecti ng a predeterni ned pattern onto RERUSHEBYN nanot ube
filminpregnated wth the photoréddist to secure a part of the carbon
nanotube film and renoving at |lest a part of the carbon nanotube fil mthat
is not secured by the projection fromthe substrate. 19. The net hod for
patterning a carbon nanotube coating of claim 18, wherein providing the

sol ution of cazdp.omnﬂhﬁmtfum&erﬁmgarcmnéﬁéfdbéMbdaﬂg,tdaﬁapﬁﬁﬁ Jon nanot ubes.  20.
The nethod for patterni !r;g a carbon nanotube coating of claim 18, wherein

provi di ng t he B@Vigingsrsobiioe af syarenmansstheBes conprises dispersing the carbon
nanot ubes in rpgﬁhé’{h'eg&uf? n 98 5RsrRB th @Hn?'fﬁrﬂr&%onsﬁl#atemﬁ‘rbgﬁt hod for
clfarm 18, whe

patterning a c on nanot ube coating o rein applying the
sol uti on cemtutiesesthepulzyatey t he sol ution with an atom zer. 22. The net hod

for patterning_a carhon nanotu at i f clagm 18, wherein inpregnating
the carbon nanBtPBes e|°ﬁ§bglbm,0ﬁ1§g§%}i9&qgg§§§quﬁcg ﬁ@g]lbqﬂla?%rg@i st on the

substrate or sipleghafuig the exposedebdbRhavtubt 0A wilhe bindegt rate. 23. The net hod -
for patterning a carbon nanotube coating of claim 18, wherein renoving the

carbon nanotube fil m conprises renoving the unsecured part of the carbon

nanot ube filmay¢t SR | i i e o .
17 Novenber 2008 1‘11\7\%11 A bmitid g & %*88@?%%‘%’3%@“%2@%?&%’8‘%or

pat t er ni ngroaidingrthosolwionef asbonxaaotibeg comprigss pwiifyipg. provi di ng a sol ution of
carbon nanot ubes; applying the solution to a substrate to forma film of
consol i dated carbon

: 26. The method for patterning a carbon nanotube coating of claim 25, wherein

providing the solution of carbon nanotubes comprises dispersing the carbon nanotubes

in a solution of water and an alcohol.

27. The method for patterning a carbon nanotube coating of claim 25, wherein

applying the solution comptises spraying the solution with an atomizer.

28. The method for patterning a carbon nanotube coating of claim 25, wherein

impregnating the carbon nanotube film comprises spraying the binder.

29. A method for patterning a carbon nanotube coating, comprising:

providing a coating mixture :comprising carbon nanotubes and a solvent;

applying the coating mixture on a substrate to form a predefermined pattern;

removing the solvent from the coating mixture printed on the subsirate to
leave a film of consolidated carbon nanotubes on the substrate; and

impregnating the carbon nanotube film with a binder.

30. The method for patterning a carbon nanotube coatirig of claim 30, wherein

providing the coating mixture comprises purifying.




nanot ubes on the substrate; exposing the carbon nanotube filmto a |ight
source through a mask; and inpregnating the exposed cafpﬁnvgﬂgg film
with a binder. 25. The method for patterning a carbon nanot Ube 64 I ng of
~claim 25, wherein providing the solution of carbon nanotubes conprises
purifying. 26. The nethod for patterning a carbon nanotube coating of claim
25, wherein providing the solution ofgcarbon nanotubes conprises
di spersing the carbon nanotubes in a solution of water and an al cohol. 27.
The nmethod for patterning a carbon nanotube coating of claim25, wherein
appl yi ng the soBUutThsrmethedior patteraingaydarhpninaaotybe ceating ofileim 36, at omi zer. 28.
The net hodyigfeiPablRiHY 8 cfath@mARAr O BHREHRE d&BakINE IhdéardPhdRoRbes Wher ei n
i npregnating the carpon nanotube filmconprises spraying the binder. 29. A
net hod f or "pAtd ¥ Hgv¥car bon nanot ube coating, conprising: providing a
coating m xture conprising carbon nanotubes and a solvent; applying the
coating m xture3pnig méthsd forbadrRing ArdidnRaa6labe taring df Blafrh 80N,  renovi ng
on t.he substrate to | eave a

the solvent . fromthe cqating mxture pri.nted

film of coﬁ@merfa%@an%ﬁwﬂﬁaﬁ@%mws&g ﬁsﬁsﬁéf%ﬁb‘%‘?%ée? PHRY™E Phpr egnat i ng

t he car bongrmametrub@rifitihgn Wit h a binder. 30. The nmethod for patterning a

car bon nanot ube coating of claim30, wherein providing the coating m xture

conprises purifying. --. -, z----- fm mmm- - 17 vemher 06 8 31. The

et hod Torpat ¢ St BiismigamboRsairhE: ek af e 30" wher ef n

provi di ng whereooationmerthax salvent canprises dsatiligsthe swhistrgtet he car bon nanotubes in
a solution of water. 32. The nethod for patterning a carbon nanot ube

coating of clai , erein | yi ng,the coaiing..m xture nprises screen
it oo, ot - pradie Bl B PabRPnkadmadfefifihe Sk SERR 37D L' 207

pat t er ni ngwherear ipgmegratiog theeathoa nangubd filh admp3@s sprapioe dhabindgrovi ng t he

sol vent conprises heating the substrate.

35, The method for patterning a carbon nanotube coating of claim 30,
wherein providing the coating mixture comprises adding a viscosity modifying
agent.

36.A method for pattermning a carbon nanotube coating, comprising:

providing a solution of carbon nanotubes;

applying the solution to a substrate to form a film of consolidated carbon
nanotubes on the substrate;

removing at least a part of the carbon nanotube film from the substrate; and

impregnating the carbon nanotube film remaining on the substrate with a
binder.

37. The method for patterning the carbon nanotube coating of claim 37,
wherein providing the solution of carbon nanotubes comprises purifying the
carbon nanotubes. -

38. The method for patterning the carbon nanotube coating of claim 37,
wherein the providing of the solution of carbon nanotubes comprises dispetsing
the carbon nanotubes in a solution of water and an alcohol.




34. The nethod for patterning a carbon nanotube coating of claim 30,

wherei n i npregnating the carbon nanotube film conprises i
bi nder. 35. The method for patterning a carbon nanotubleﬂg{))‘g%ﬂmr%gzg(?becl aim

- 30, wherein providing the coating m xture conprises adding a viscosity

nodi fying agent. 36.A nethod for patterning a carbon nanotube coating,
conprising: providing a solution of garbon nanotubes; applying the
solution to a substrate to forma filmof consolidated carbon nanotubes on

the substrate; rempving at |east a part of theﬂjg)grbon naf%t_ub filmfrom
‘the substrate; é%dfheirn%h%ﬂ&w%@nméh%aqu@a $BEE 4LAEBrE ni ng on t he
substrat e whekirBappbjing f the 3dlutidh oBiidte dprfading Bidd $odiitfunngith hieatomisepn nanot ube
coating of claim37, wherein providing the solution of carbon nanotubes

conprises purifying the rbon nanof ubes. 38. The met hod.for patterning
t he carbon nano%i{)‘rﬁlg‘ed’é%f@?‘ﬁg’r Herpmigg9ar O‘V\Wf’é‘f"@-{;ﬁcf’ﬂélgp? S %y of the

sol uti on ofwhemibeipregnthy irRscattmplahs@be (18 pempiisty spialymethe bindetnanot ubes in
a solution of water and an al cohol. 17 Novenmber 2006 19 39. The nethod for

patterning the rhon nanpfube coati of claim37, .wh i.n appl yi ng of

t he sol ution co%@rﬂ?é‘getg?)‘féiyipﬁﬁerpﬁ’g tg‘g?atﬁ{’? ﬁcﬁﬁmﬁt‘?ﬁ?@é‘rﬁ’ 40. The

met hod f or whateireremioningtthe carbob amaonzrs tohpridnatramsferaig alpartof #12, wher ei n

i mpregnati i C i rayi ng the binder. 41.
The net hodeggélp%%nt%?(feb?@wg éﬁtéﬂég%}j%%%g}loa%%@&?%%& ng of claim12, wherein
renmovi ng the carbon nanotubes conprising transferring a part of the carbon
nanot ube fil m f 42 tirboms nirstubest wiring camptisiogy surface. 42. A carbon nanot ube

Wi ring conprising:, «assHlsipate; and a patterned wiring |ine disposed on

t he substrate and conprising carbon nanotubes, .
a patterned wiring line disposed on the substrate and comprising carbon

nanotubes,
wherein

the carbon nanotubes have an outer diameter of 3.5 nm or smaller,

the wiring line has a surface resistance in a range between 10% and 10*
ohms/square, and

the patterned wiring line has a light transmittance of 80% or higher.

43. A carbon nanotube wiring comprising;
a substrate; and
a transparent wiring line disposed on the substrate and

comprising carbon nanotubes.

44. The carbon nanotube wiring of claim 43, wherein the wiring line

further comprises a binder or a photoresist.

45, The carbon nanotube wiring of claim 43, wherein the carbon
nanotubes have an outer diameter of 3.5 nm or smaller.

46. The carbon nanotube wiring of claim 43, wherein the wiring line has
a surface resistance in a range between 10% and 10* ohms/square.

47. The carbon nanotube wiring of claim 43, wherein the wiring line has

a volume resistance in a range Dbetween 102 and 10° ohms-cm.




wherein the carbon nanotubes have an outer dianmeter of 3.5 nmor snaller,
the wiring line has a surface resistance in a range bet%/)}e Be 104
ohns/ square, and the patterned wiring line has a |ight ransmttance of 80%
or higher. . 43. A carbon nanotube wiring conprising: a substrate; and a
transparent wiring |ine disposed on the substrate and conprising carbon
nanot ubes. 44. The carbon nanotube w phng of claim 43, wherein the wiring
line further conprises a binder or a photoresist. 45. The carbon nanot ube
wiring of claim43, wherein the carbon nanotubes have an outer dianmeter of
3.5 nmor smaller. 46. The carbon nanotube wiring of claim43, wherein the
wiring line has 4@ JUefa®6n heSItMARER IT BaifAY FHRRINBRWiKAE BB Bad 04
ohns/square.. 47. The carbop | anﬁt be wiring of claim43, whérein the wiring
li ne has 31’851%“51@0%9%%@0? 188€ ange between 10-2 and 100 ohns-cm 17
Novenber 2006 20 48. The carbon nanotube wiring of claim43, wherein the

wiring |line has ight .transm.ttance aof .80%.0or .higher. .49. .The carbon
nanot ube wiring %g? trhgic?ﬁ%% flar\ﬁ%?ee\”ﬁmgho c\]lﬁl?’i %?g “[hie}:l ﬁlgswmgg Ihim@ﬁlfl s

t ransm t t andightfam@gittance bf 80féror higber. The car bon nanotube wiring of claim1,
wherein the wiring line or the electrode has a light transmttance of 90%
or higher. 51. The carbon nanotube wiring conprising: . a substrate; and a
patterned wiringd i dbe gadpndenotybe whdng agglaitratle vdiseeie dhe Pitdighine 8 bon

nanot ubes, thehscgiotle hitea Mt itfadsrhittBgee dfOOPSSr IGigRa! | ses a phot oresi st.

- 51. The carbon nanotube wiring comprising:
a substrate; and
a patterned wiring line disposed on the substrate and comprising carbon

nanotubes, wherein the wiring line further comprises a photoresist.




