SYSTEM AKD PROCESS FOR PRODUCI NG NANOW RE COWPCOSI TES
AND ELECTRONI C SUBSTRATES THEREFROM BACKGROUND OF THE
wO DMERTI9CN Fi el d of the Invention [0001] The pPEBER1004/025064
invention relates to sem conductor devices, and nore
particularly, to the preparation of active elenents
for use in sem conductor devices. Related Art [0002]
ARYSHEY AND BROGESS FOR PROADUCING NiaNOIVEIRHGOMPROSITES
el ect r oni ND @1ECGTREEIC SUBSTRATHES UHFRIBFRON | ow
cost, large area electronic devices. Availability of
such large area el ectronic devices could revol utionize
a variety of technology areas, ranging fromcivil to
mlitary applications. Exanple applications for such
devi ces i ncl udeAdKGROWUND O THE WVEOKTER ve matri X
liquid crystal displays (LCDs) and other types of
matrix displays, smart libraries, credit cards,
radj o-frequency identification tags for smart price
ahgld; of s nyegtidtags, security screening/ surveill ance or
hi ghway traffic nonitoring systens, |arge area sensor
arrays, and the |ike. [0003] Current approaches
[0001]| nvol thm@irwgntammmuselgnes ite oyenbeondrigfanidevices, and more
ug rials_for electroni
BERR hOhE LBkt T TF eSS fa sppp ptriCotaftor
Hosgaegr , anor phous silicon and organi ¢ semn conductors
have performance limtations. For exanple, they
exhibit low carrier nmobility, typically about 1 cm
| Welstel gt i met er squared per volt second) or |ess.
Furthernore, they require relatively expensive
processes, such as |aser induced annealing, to inprove

[0002] hei 1 RRhhieFEPAERs inl BERHy iNAR16SHE v ¥§st%ﬂa@fr91ﬂ€:h and in
i nvol ves usi ng sem conductor nanow res as the i’1"di ng

bibasiakarg mddvalogmgelowaoél largeranes elecirodicofsvives. eAtmtabllxty of

SO HR AP e Gee ol evalifirbzaad ey of technology
areas, ranging from civil to military applications. Example applications for such
devices include driving circuitry for active matrix liquid crystal displays (LCDs)
and other types of matrix displays, smart libraries, credit cards, radio-frequency
identification tags for smart price and inventory tags, security
screening/surveillance or highway traffic monitoring systems, large area sensor
arrays, and the like.

[0003] Current approaches involve using amorphous silicon or organic
semiconductors as the base materials for electronic devices, such as thin-film
transistors (TFTs). However, amorphous silicon and organic semiconductors
have performance limitations. For example, they exhibit low carrier mobility,
typically about 1 cm’V s (centimeter squared per volt second) or less.
Furthermore, they require relatively expensive processes, such as laser induced
annealing, to improve their performance.

[0004] An alternative approach involves using semiconductor nanowires as the
building blocks for large area electronic and optoelectronic devices. A wide range
of Group IV, III-V and II-VI semiconductor nanowires can be rationally

synthesized with tunable chemical composition, physical dimension and



synt hesi zed wth tunabl e chem cal conposition,

physi cal di nensi on andel ectroni c properties, see Duan,
wX2005817962 . Nanowi re Nanoel ectroni cs Assenbl edpET/O82004e25064

Bottom up, in Ml ecular Nanoel ectronics, Reed, M ed.,

Anerican Scientific Publisher, New York (2002);

Duan, X. and Lieber, C M, Adv. Mater. 72:298-302

(2000) and Gudiksen, M S.52eta!. J. Phys. ChemB

105: 4062- 4062 (2001), each of which are incorporated

herein, in their entirety, for all purposes. [0005]
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possj bl e physical damage to the nanow res during
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SRS o et i e B b iRy Teene
TlhﬁovaEI‘dR @t harvested, then the range of nanodevices that employ
nanowires are limited because only those substrates suitable for nanowire
synthesis can be used in the device. Currently, nanowires are harvested by
separating the nanowires from the substrate using mechanical devices, such as a
razor blade or other knife-edges. This method has drawbacks including possible
physical damage to the nanowires during harvesting. Therefore, there is aneed to
develop efficient methods of harvesting nanowires from the substrates on which

they are synthesized.

SUMMARY OF THE INVENTION

[0007] In a first aspect, the présent invention relates to a system and process for
producing a nanowire-material composite. A substrate is provided having

nanowires attached to a portion of at least one surface. A material is deposited



[0007] h a first aspect, the present invention rel ates
to a system and process for producing a

wmanemi19e2 mat eri al conposite. A substrate is pPOWUS®A4/025064
havi ng nanowi res attached to a portion of at |east one
surface. A material is depositedover the portion to
formthe nanowi re-materi al corrposi te. The
nanow re-nat eri al conposi téis optionally separated
fromthe substrate to forma freestanding
nanowi re-material conposite. [0008] In another aspect,
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BRSO E PRl SERLERLARREYY SRstetlartd o P,
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@%ﬁrsuba‘rat@ arimedilinvof yanbwiteh eligdadr sbsttytiadly parallel to the
evi ces. . [ 000 m anot her aspect, ‘t he
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conposite conprising a plura nanow res I s
atahewginesd Contaets por forrmad alftha sﬁnnbsmdmt(ﬁ deviiberegions to thereby
nanqQw r emat elrl al conposite is patterned to define one
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provi ectrlc connecti vi evi ceredgl ons

Arodueing aneldarabeicisab stmcamo{mnbeueaﬁataﬁl abipedirotrPriting a
rPirt i.on of the substrate by I am nation. The
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Uat %R %%ﬁlp@Sl&ofstﬂa%@m%ﬁ th I'Zi%ﬁne one or more semiconductor device

regions. Contacts are formed at the semiconductor device regions to thereby
provide electrical connectivity to the device regions. A nanowire-material
composite can be attached to the portion of the substrate by lamination. The
nanowire-material composite is optionally planarized to expose a portion of the
nanowires after the composite is attached to the substrate. A dielectric layer is
optionally deposited on the nanowire-material composite. The dielectric layer is
etched to form a patterned dielectric layer and to expose a portion of the
nanowire-material composite to define the one or more éemiconductor device

regions. The exposed nanowire-material composite is optionally doped. The



nanowi res after the conposite is attached to the

substrate. A dielectric layer is optionally deposited
wW@eoosherosmnowi re- mat eri al conposite. The di el eRCT/U82004/025064

| ayer is etched to forma patterned dielectric |ayer

and to expose a portion of the nanow re-nmateri al

conposite to define the one or nore sem conduct or

devi ce regions. The exposédjr anowi re-mat eri al

conposite is optionally doped. Thedielectric layer is

renmoved. The sem conductor device regions are
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ast one l'ight-emtting sem con

rﬂiﬁt@ﬁ&l&iele&’&:ﬁeﬁ terfit igtetnit ta dreghlighit veavieRggthi @hthird nanowire-
wavel engt h. The first nanow re-material conposite
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the third nanowire-material composite layer. A second surface of the third
nanowire-material composite layer is attached to the substrate.

[0012] In another aspect, the present invention relates to a system and process for
forming a composite. A plurality of nanowires are grown on a portion of a
substrate, each nanowire having an end attached to the portion. A material is
deposited on the substrate to cover the portion. The material encases the plurality
of nanowires on the portion to form a nanowire-material composite layer. A
material applicator is optional, which deposits the material on the substrate. The
plurality of nanowires are optionally substantially aligned parallel to their long

axis in the material. The material applicator flows the material onto the substrate



[0012] In another aspect, the present invention
relates to a system and process for formng a
weewposioor. A plurality of nanowires are gr ownP@RUS2004/025064
portion of a substrate, each nanow re having an end
attached to the portion. A material is deposited on
the substrate to cover the portion. The materi al
encases the plurality of nanowires on the portion to
forma nanowire-material conposite layer. A materi al
applicator is optional, which deposits the material on
ttRelignilas phurdity ‘haangvires iy gorapositahevdenersisgonsional, which
' t angi |\ gned rallel tao their
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plurality of nanowires. A conposite hardener is

sPbstedt@al , whi ch hardens the material on the portion. A

conposy roces i S.optional. separator .i s .
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aspect, t he pr esent Invention relates to a process for

privalgdilig fermnamivinreandderositilg tho mivivid @ a Sibstrge bross a
conprises.contactin nowires wwth a material to form
TPy el oEpauR, T b RicehpeS e auuroa o
feafamia, PR, BctiBcEMpbaditeCPBROS §iR: or ThiRh D#REL §@bSor and
conprises a sem conductor, glass, ceramc, polyner,
reateaior segeRsosli @ tube e pa dfregacoljectbeghretituleted mavreorars
an%alextil%ri or surface of a tube or an irregul ar object,
&g PRF CLPETEY macr oporous mnetal, oxide or ceramc.

[0014] [ 0014]ThENBroRERCER RN IfeiRdr! doripHd Qfard%ﬁfﬂgr iR e&)mepofsirtg,m

har deni ng the conposite, separating the conposit
tshpargtingsthe abmpositef ormthe fubstratsttafaling fieenstmiing mah@wiral

conposite, and aligning,the nanow res, such as by i
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[ drodp 1RO MSsiteSpect , the present invention relates
to a process for formng a nanowre array and a

[0015] nanowiIn enathercagpqut ehapresbnamventiimglates té bprogedesformibiga
process conpri ses providing a nanow re-nateri al
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compoisingea pattex joske hin@wire-material composite to form a masked
composite; removing a portion of the material from the composite to expose the
nanowires embedded in the portion and form an array of exposed nanowires in
said nanowire-material composite.

[0016] The mask can comprise a metal foil comprising a pattern that allows for
the selective removal of material from the composite. The patterns comprise an
array of shapes, (e.g. circles, squares, triangles, rectangles and the like). The
material is removed using a plasma etch, organic solvent, or other way.

[0017] In another aspect, the present invention relates to a process for producing
a high capacitance capacitor, and a capacitor produced by the process. The
process comprises providing a free-standing nanowire-material composite,

depositing a metal on both surfaces of the composite film, depositing an insulator

on a metal surface to form a capacitor film, and assembling a capacitor. The



nanow res enbedded in the portion and forman array of
exposed nanowi res in said nanow re-material conposite.

WO 0®30]79¢he mask can conprise a netal foil conpCT/Bh1004/625064
pattern that allows for the selective renoval of
material fromthe conposite. The patterns conprise an
array of shapes, (e.g. circles, squares, triangles,
rectangl es and the |ike). The material is renoved
using a plasma etch, organic solvent, or other way.
[0017] I n another aspect, the present invention
r SFERRlEng demcqnprases openal hrthsuprosgssinghiteyts ivelpdiogt v met

C ) d @ ita raduced..b he process.
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both surfacesof the conposite film depositing an
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l a capacitor. Theassenbling step
?%%ﬁgﬁégggéﬁgg%%al further processing steps including,
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surfaces, rolling the capacitor filmand sealing the
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nanoparticles on a portion of the insulator, gromn%g
napasiiores on the portion, depositing a material over
the partion to enbed the nanowires and form a )
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nanowires.

[0020] In another aspect, the present invention relates to an alternative process of
producing a tubular nanowire-material composite. The process comprises
providing a substrate having nanowires attached perpendicular to a portion of at
least one surface, and depositing a material over the portion to form a nanowire-
material composite. The process optionally further comprises hardening the
composite by removing solvent or polymerizing the material. The process further
comprises separating the nanowire-material composite from the substrate to form
a free-standing nanowire-material composite, optionally cutting the free-standing
composite into strips, and bonding together the ends of the free-standing
composite to form a tubular nanowire-material composite. The bonding step can

comprise gluing together the ends of the free-standing composite. The process



renoving a portion of the material fromone or both of
the i nner and outer surfaces of the tubul ar

wmanemi19e2 mat eri al conposite to expose a portiPCI/US20045625064

nanowi res. [0020] I.n another aspect, the present
invention relates to an alternative processof
produci ng a tubul ar nanOMAre mat eri al conposite. The
process conprises prOV|d|ng a substrate having

nanow res attached perpendicular to a portion of at

| east one surface, and depositing a material over the
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nanow re-material conposite. The bonding step can
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conposite can be in the formof a sheet that can be
rolled and stored for later use or further processing.

The nanowi r e BREEERPEYCREFHON QR THE FIGRAREY conpri ses a

porti on of exposed nanow res. The exposed nanow res
re optionally exposed in an array of circular wells.
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[0024]I nventfg. I&n oWs av1 ft]a p01¥\1ﬂon ofa ttl]un film of nanowires, according to
an example embodiment of the present invention.

[0025] FIG. 2 shows a semiconductor device that includes a thin film of
nanowires, according to an example embodiment of the present invention.

[0026] FIGS. 3A-3E show nanowires doped according to various example
embodiments of the present invention.

[0027] FIGS. 4A and 4B show examples of a semiconductor device, doped
according to example doping embodiments of the present invention.

[0028] FIG. 5 is a flow diagram for a process for producing a freestanding
nanowire-material composite, according to an embodiment of the present
invention.

[0029] FIGS. 6A-6C illustrate a freestanding nanowire-material composite being

fabricated on a substrate, according to the process of FIG. 5.



description, further serve to explain the principles
of the invention andto enabl ea person skilled in the
w@eosiomst art to nake and use the invention. PODR&I004/025064

FIG 1 shows a view of a portion of a thin fil nof

nanow res, according to an exanple enbodi nent of the

present invention. [0025] FIG 2 shows a sem conduct or

device that includes a thiT™Tilmof nanow res,

according to an exanpl e enbodi nent of the present

i nvention. [0026] FIGS. 3A-3E show nanow res doped
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[0028] FIG 5 is a flow diagramfor a process for

pedarieroerss af Fiedst andi ng nanowi re- mat eri al conposi te,
accor di to an enbodi pent of the present .invention.
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substrate, according to the process of FIG 5.[0030]
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Jhateral Copwosits iToHOST4®33] FIG 10 is a flow
di agr f 1l i: : i1 [

003 e g Lo PR ui e SR E OB ERBenitol oR b RiaLa
acoowdemepttrnl aompoditedittnelied toh stlfserater esent i nventi on

[0034] _FIGS. - B show plan_and side views,
[0036); 5 peclGoell A~ 18P showaplaniand sde aravs respepively: of apetaresd

tslggewﬁg.ﬁ%&ﬁ @omggﬁfégdletﬁ@eﬁg? agasgﬁ%%?‘ show plan and

e VIiews, resp anari zed
[0037]nanowi FIGSIa4 £+148! shotnplas ah@ sidk vasietbsp@tidclsUbs dRlRiric

layer deposited over the patterned nanowire-material composite.

[0038] FIGS. 15A-15B show plan and side views, respectively, of a patterned
dielectric layer covering a patterned nanowire-material composite and having
exposed nanowires.

[0039] FIGS. 16A-16B show plan and side views, respectively, of a dielectric
layer covering a patterned nanowire-material composite and having exposed
nanowires, after a doping step.

[0040] FIGS. 17A-17B show plan and side views, respectively, of a patterned
nanowire-material composite having areas of doping.

[0041] FIGS. 18A-18B show plan and side views, respectively, of an electronic
substrate having source, gate and drain electrodes metallized on a nanowire-
material composite.

[0042] FIGS. 19A-19E show a nanowire-material composite being processed to
form an electronic substrate, according to an embodiment of the present

invention.



[0036] FIGS. 13A-13B show plan and side vi ews,
respectively, of a patterned nanow re-materi al
W@ erposiose attached to a substrate. [0037] Fl GCT/US2004/025064
14A- 14B show pl an and side views, respectively, of a
di el ectric | ayer deposited over the patterned
nanowi re-nmaterial conposite, [0038] FIGS. 15A-15B show
pl an and side views, respet%Tver, of a patterned
di el ectric | ayer covering a patterned
nanow re-materi al conposite and havi ng exposed

[0043]nanowi ¥lés 20 shogog mpltdsyereddight-emitting diode having thred lagers of

V¢ tivel.y, o .dielectric, |layer,coverin
(i BERRGRS R Bl it iR B SmatieRgt B e
eprpemethveatisnM res, after a doping step. [0040] FIGS,
17A-17B show pl an and side views, respectively, of a
[0044]pat t erléd RAnshwwe- amt destegnic oahsortivn ispackmo sofe awriobs
dopi-ng.. [0041] FEIGS.  18A-18B showpl an and side views,
SRt BT toytes g PP e &Y Bef Beibing
[0045]SOUT CEFICRaLisa dio @laPrafil 89%&89%?tﬁ@écﬁﬁﬁdﬁ@ﬁe&gbr&ess of
nanow remateri al conposite. [0042] FIGS. 19A- 19E show
aprrdwaing p @aneries-imaterigbequoisite, dwedndingpiocnessedihentfod tine
an el ectroni c substrate, according to an enbodi nent of
t1FE Byepion. nvention.[0043] FIG 20 shows a
[0046]ul ti | eened id 4 A& aRikdnt bf@eﬁ'iﬁ’ggr&@%!o@ rJallEis ahgﬁfcﬁ?&ﬁe
of different nanow re-material conposites, according
t araynacsobbol twemtendfodithent pf €egmesehniveeritioan. [ 0044] FI G
21 sh el. ectroni c absorptjon spectrum of various
(004715 i ¢ ot Br SR s FEEPHTY ATk that a8 Becibpd ah a process of
. | 5 .
R B s g o D Folndrdo Rl B AT
[0048]nanow Fl€r. Rdtier diagramaiipsimsiting 2 natewitelamyy, pRpaed according to

enbodi nent of the present invention. [0046] FIG 23A
‘i%l%n?qr%W@i%&WWtW%éﬂnn a processof produci nga

[0049]2‘;Jln OW 1@ BEHAY ﬁ{a%.}a%g of Qte}?yinegpf%g.ésg%rfuprgéuc}n%ea high-

esent 1 nventlon
capacitance capacitor comprising a nanowire-material composite, according to an

embodiment of the present invention.

[0050] FIG. 25B shows an exemplary capacitor produced according to an
embodiment of the present invention.

[0051] FIG. 25C shows an exemplary capacitor produced according to an
embodiment of the present invention.

[0052] FIG. 26 is a flow diagram of steps in an alternative process of producing a
high-capacitance capacitor comprising a nanowire-material composite, according
to an embodiment of the present invention.

[0053] FIG. 27A is a flow diagram of steps in a process of producing flexible
nanofur, according to an embodiment of the present invention.

[0054] FIG. 27B shows exemplary nanofur being produced according to an
embodiment of the present invention.

[0055] FIG. 28A is a flow diagram of steps in a process of producing a tubular
nanowire-material composite, according to an embodiment of the present

invention.



[0047] FIG 23B shows an exenpl ary mask that can be
used in a process of producing a nanowi re array,
wa@ewsndionngt o an enbodi nent of t he present i nvenPCDIS2004/025064

[0048] FIG 24 is a diagramillustrating a nanowre
array, prepared according to an enbodi nent of the
present invention. [0049] FIG 25A is a flow diagram
of steps in a process of prlgduci ng a hi ghcapacitance
capacitor conprising a nanowire-material conposite,
accordi ngto an enbodi rent of the present invention.

100561 00501 FIEY. 28> Sl anvs emplexse bl yrapa e nmaberiah raotposite

ccor di to. an emnmbodi nent t he present invention.
%ﬁgﬂ%dggﬁr&fg& g‘?‘l%ﬂﬁ?ﬁﬁle}é&g&]ﬁ? %Ireflgné érbvggﬁ?lbr pr oduced
[0057]2CCOT OFITY 208 i@@ﬂ&ﬂ’@&%&dﬁ%ﬂsté@% irt AHPalRERSGE hrob kY 8fbb@ibing
[OggqﬂmFl G 26 is a Tlow diagranmof stepsin an
e tapewprearaiesa fecoprposits | acgeardhiggte- o pmbodiareot of the
cagacht or _conprising a nanowi re-material conposijte,
SPGB an enbodi ment of the present invention.
0058][ 053] Fiid. QOB difbvirsS arkt aftbrtiv éb%gm:?f W ddyife-materi
[ ]pr ocess of produci ngafl exi“ge: e nano u??ﬁlggg%ﬂ}djylﬁegmtatgngln
evobgmisite ptodoéed dreondingde at embudintenvof the oSt iftefitio? 7B
shows l.ary. nanof ur, bein roduced, according to. an
[0059e o G0 &2 %ﬁ%raﬁlr’tfgé‘giﬁﬁtmg ﬁg%tﬁtlﬁlrd}%nowmterraﬂ epmpesie,
| Sreparbd Qé@ofﬁi%foaam SibodiifaR of thebrieRCHTentRh, Producing a
t'ubul ar nanowi re-material conposite, according to an
[0060]enbodi FiéhB1 if a $daaning deitron Mivestope(SEN) 5ohgdd @ nad8®ire-
shows an exenpl ary. tubul ar, nanow re-materi al conposite
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[0061]nanow FI&:. 3atieiSHM daageost 4 ganodtieansteigl dothpdbite comprising
enbodi ment of the present invention. | 0058]3 FIG 29B
SRBdRmiynogniet RIS cRISABRA ragcarding| taran embodiment of the

gﬁgs%\g”n% erial conposite produced according to an
noodl ment of the present invention.

[0062] FIG. 33 is a SEM image of a nanowire-material composite comprising a

porous material and randomly oriented nanowires, prepared according to an
embodiment of the present invention.

[0063] FIG. 34 is a SEM image of a nanowire-material composite comprising
randomly oriented nanowires, prepared according to an embodiment of the
present invention.

[0064] The present invention will now be described with reference to the
accompanying drawings. In the drawings, like reference numbers indicate
identical or functionally similar elements. Additionally, the left-most digit(s) ofa
reference number identifies the drawing in which the reference number first

appears.



[0059] FIG 30 is a diagramillustrating a tubular
nanowi re-nmaterial conposite, prepared according to an
weedsaitvent of the present invention. [0060] FP@/UBB0#025064
Scanni ng El ectron M croscope (SEM inage of a
nanow remat eri al conposite conprising nanow res
oriented perpendicularto the surfaceof the conposite,
prepared according to an empodi nent of the present
invention. [0061] FIG 32 is a SEMinmage of a
nanow re-mat eri al conposite conprising randomy
ori ent ed WD%CB&%T@N@&H&EJN%FM
enbodi ment of the present invention. [0062] FIG 33 is
a SEMimage of a nanowire-material conposite
dotmpdictidbmg a porous material and randomy oriented
nanowi res, prepared according to an enbodi nent of the
present invention. [0063] FIG 34 is a SEMinage of a
[0065]nanowilt shomkt B¢ areciatap dmt the paetiguldrdnpinicatdiont yhown and
0 |ent§g nanow res, preg‘?red according to an
geIyre eXANp peefdhe IV eRfomand gre op gwended frootherwise
b t n
Fﬂn‘?ﬁ‘?ﬁg sdo@g ?n)gghéjpre\é\érlé rm\na?lWoP il ?ﬁnjﬁ ?&Lg gﬁd&@d ?or tﬁ% %élg &

to the ac aw ngs.

rebtye 06ievontioi refectiodics,ah enfstening abmwonﬂm@ﬂ d@ﬁ@b | 3hd
simlar elenents. Additionally, the | eft-nost
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s i e e
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éﬁ( Recatly descrihed heroiass pertrlng tog wHeandugioe Harsisterglevice.
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[0066] As used herein, the term nanowire generally refers to any elongated

conductive or semiconductive material that includes at least one cross sectional
dimension that is less than 500nm, and preferably, less than 100 nm, and has an
aspect ratio (length:width) of greater than 10, preferably, greater than 50, and
more preferably, greater than 100. Examples of such nanowires include
semiconductor nanowires as described in Published International Patent
Application Nos. WO 02/17362, WO 02/48701, and WO 01/03208, each of
which is incorporated in its entirety for all purposes, carbon nanotubes, and other
elongated conductive or semiconductive structures of like dimensions.
Particularly preferred nanowires include semiconductive nanowires, that are
comprised of semiconductor material selected from, e.g., Si, Ge, Sn, Se, Te, B, C
(including diamond), P, B-C, B-P(BP6), B-Si, Si-C, Si-Ge, Si-Sn and Ge-Sn, SiC,
BN/BP/BAs, AIN/AIP/Al1As/AlSb, GaN/GaP/GaAs/GaSb, InN/InP/InAs/InSb,
BN/BP/BAs, AIN/AIP/AlAs/AlSb, GaN/GaP/GaAs/GaSb, InN/InP/InAs/InSb,



is frequently described herein as pertaining to a
sem conductor transistor device. It should be
wappsecioar ed t hat t he manufact uring techni quesPCT/US2004/025064
descri bed herein could be used to create any
sem conduct or device type, and other electronic
conponent types. Further, the techni ques woul d be
suitable for application rA2el ectri cal syst ens,
opti cal systems, consuner electronics, industria
el ectronics, wreless s%stens, space applications, or

amOBuhemSagmlecat i on. (896EPe/AdTased her dilgS/HeheHedem

POPH TRt et B R AR E L REE 6.

CPiSes PEES W) @uCl] CBBS ICH, APRtAES), A8BSs AfIaBeSRON Macand
preferably, less than 100 nm and has an aspect ratio

(YrbgfhCdbriia) Zu¥nShr.dauePst GabiR0(CprAg)erlabiyln, gt &a)(8y

ERGnEesS3H BN it (8L Pl St LnadBRgy nd an
NAPRYrTaBScoR ikt b BRSor orBWidn She@nliRdisfN & depBlaspects,
Patent Application Nos. WO 02/17362, WD 02/48701, and
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i nclude sem conducti ve nanow res, are conprised
oln; senityeridpenicelentt dronat goap ectsstinRrodng, As and, StSh p-t6es

Sn, Se, Te, B, L ncl udj.n iampnd), P, B-C _B-P(BPo),
gt g Gty Tobth? gpidic Sl BB coppis sclanpBpmaroy
R O R Pl o S R AP R T e perodie
GableGaptpedlop@d SHgcted from a group consisting of: C and Si.; or an n-type

I NN/ | nP/ 1.nAs/ | nSb, ZnQ' ZnS/ ZnSe/ ZnTe, CdS/ CdSe/ CdTe,
kﬁ§?‘ﬁ8§%ﬁﬂﬁ%§f0%8?@és§é‘£f§§%/ ‘%@@m@s@e a@él,%j GeSe,
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ZixssediptionQakseiASor, i1lasEntBle purfases Rt is ifleidedhat (h€descriptions
ég)(_Al, G, In, TI, Fe)(S, Se, . Te)., Si N, G N, A

creippglso epcompaps thy usg of payotubesy Napptuhes) cgiy be formed in
aDRhARI AL Ahif %ﬂﬁ% 0A1dn8 bgg asti¥Bes 'b&ﬁ'{e eitt %rﬁanowires lone
sem conductors. 'Tn certarn aspects, e sem conduct or
nawy inccestisihsonawith pandwire) 1o Premidel fheChiropérsits Agd adlvantges
p-type dopant from Group of the periodic table; an
ndesgmeddiopamt from Group V of

[0068] Furthermore, it is noted that thin film of nanowires of the present
invention can be a heterogeneous film, which incorporates semiconductor
nanowires and/or nanotubes, and/or nanowires/nanotubes of different
composition and/or structural characteristics. For example, a heterogeneous film
can include nanowires/nanotubes with varying diameters and lengths, and
nanotubes and/or nanotubes that are heterostructures having varying
characteristics.

[0069] In the context of the invention, the substrate to which nanowires are
attached may comprise: a uniform substrate, e.g., a wafer of solid material, such
as silicon, glass, quartz, polymerics, etc.; a large rigid sheet of solid materials,

e.g., glass, quartz, plastics such as polycarbonate, polystyrene, etc., or can



the periodic table; a p-type dopant selected froma
group consisting of: B,Al and In; an n-type dopant
w@edosotme2 from a group consisting of: P, As aneiCBD$2084/025064
p-type dopant from G oupof the periodic table;a p-type
dopant selected froma group consisting of: My, Zn,Cd
and Hg; a p-type dopant from G ouplV of the periodic
table; a p-type dopant sefédted from a group
consisting of: Cand Si.; or an n-type is selected
froma group consisting of: Si, Ge, Sn, S, Se and Te.
[@oeTise dditienal dlerhenty e-g-heirucirpl, wam@wtl@naﬂ,setﬁ efleflesile
tothrou ou ildustr
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formed in conbinations/thin filnms of nanotubes as is
cRxeuplch dep ubstedtorntay inakadrontherearcuiiion ﬁ@ucdural cilements that are

R S T S

ﬁlcl'u&e RRLERAL Bidduit ElbRehts|stitiRhs '%Pé&&YMaf B&nt! ths,tdiﬁerp&ﬁ&eélﬁ
i nvention can be a heterogeneous film which
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wth varying diameters and | edgths, and nanot ubes
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wafer of solid material, such as silicon ass,
Citer oz ancbe)it@mmrsuﬁsqes ef e pproas hsxdgen,re.g trehcatmi madropabug
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SaJﬁiaJ(ﬁfty pOhyrmivefes firs a cphiéatian ddpopalatowbhedmdwirs is oriented
ranspar ent substrate, or conbinations of these

f wihigPOdlegtss o single diestion pblthough tha majorityecas bp sonsidesed
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EXMPEEB, 90% SorChthed et spe of nanowires can be considered to be a

majority that are so oriented. In certain preferred aspects, thie majority of
nanowires are oriented within 10 degrees of the desired direction. In additional
embodiments, the majority of nanowires may be oriented within other numbers or
ranges of degrees of the desired direction.

[0072] It should be understood that the spatial descriptions (e.g., above, below,
up, down, top, bottom, etc.) made herein are for purposes of illustration only, and
that devices of the present invention can be spatially arranged in any orientation

Or manner.



include electrical circuit elenents such as el ect_ri cal
contacts, other wires or conductive paths, including
wo2601719¢3s or ot her nanoscal e conducti ng el enmePCBUS2004/025064

optical and/or optoelectrical elenments (e.g., |asers,
LEDs, etc.), and structural el ements (e.g.,
m crocantil evers, pits, | s, posts, etc.). [0070]

The substrates to which na36MAres are grown, attached
or processed may further conprise irregular surfaces.
For exa anomnres may be grown or attached to
s#avyiEs Eoehodgmentne interior and exterior surfaces
of a tube and interior and exterior surfaces of a
porous medium e.g. reticul ated macroporous netals,
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S AV SR AL e, L B

hAD €6 18t the 14
vc\ﬁrfﬁo?% 30 degrr ggagﬁﬂ of a ?rﬁ%neﬁ[d{??{éﬁlﬁsoﬁﬁe%(% %gE}géjusehgf

mgnowirey io ssemieonduciei deviess. t dcbadmgwwmm preberm anvaitions

1 th 50%, men 60% 75%
SO RARO TR i é‘?ﬁ%g\r{%@ﬁtq’éébmng Pthnfirsadlonp ngovire-
%Qt%hgl%&ﬁ’p&sﬁe berng Rl B /o @mHsfe 2o o dwifdl € hsed to

certain preferred aspects, the jorit nanow res
aregvest hamvares and/hi im a]@gnoamsdewfces tceerﬂramerthel pelifsrecihtomd

addi ti gna nts, the majority of nanow res
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[0075]nanowi et tiad: ehih ﬁ[rﬂBﬂndnBWe@lGU BldesiBed hdr¥in bty Be fdrhBd in

and/ or a nanowi remateri al
a wide range of possible surface areas. For example, thin films of nanowires 100
of the present invention can be formed to have functional areas greater than 1
mm?, greater than 1 cnt’, greater than 10 cm?, greater than 1 m?, and even greater

or smaller areas.

[0076] As shown in FIG. 1, thin film of nanowires 100 includes a plurality of
individual nanowires closely located together. Thin film of nanowires 100 can
have a variety of thickness amounts that are equal to or greater than the thickness
of a single nanowire. In the example of FIG. 1, the nanowires of thin film of
nanowires 100 are aligned such that their long axes are substantially parallel to
each other. Note that in alternative embodiments, the nanowires of thin film of
nanowires 100 are not aligned, and instead can be oriented in different directions

with respect to each other, either randomly or otherwise. In an alternative

embodiment, the nanowires of thin film of nanowires 100 may be isotropically



conposite. The thin filmand/or conposite of nanow res

is used to harvest nanowires and/or in electronic
wa@lewsoe®e1 o enhance t he performance and PCT/US2004/025064

manufacturability of the devices. [0074] FIG 1 shows

a close-up viewof a thin filmof nanow res 100,

according to an exanpl e enbodi nent of the present

i nvention. -Thin filmof seh?conductor nanowres 100

can be used instead of anorphous silicon or organic

thin films_in conventional electronic devices to

eientede sp fpatobigh mekilivelshplesidedrin athdirectink.oletegtheb then
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hi gh performance, |ow cost devices on |arge an
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nanowi res 100 are not aligned, and instead canbe

closistserigondpgte?Uhto efierabe withrenhaae chargpletistios pasefaither

of her i t her randoml y .or otherw se. n ternatjve
SrSlendietis] pSoRGRT b BB B borientleds Rl 208 5
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[0078]of t hilote ithatrserhicortvotor dedcd 20D isslydyen zH a toameistar m &G 2 for
nner. rel ativeto t directjon of electr flow in
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Raf(§) th Be tEHRRINS RErkRAMhat thin film of nanowires 100 can be included in

semiconductor device types in addition to transistors, including diodes.

[0079] In embodiments, the nanowires of thin film of nanowires 100 are single
crystal semiconductor nanowires that span all the way between source electrode
202 and drain electrode 206. Hence, electric carriers can transport through the
single crystal nanowires, resulting in high mobility that is virtually impossible to
obtain with current amorphous and polysilicon technologies.

[0080] In addition, and without being bound to any particular theory of operation,
due to a one-dimensional nature of the electron-wave traversing inside the
nanowire channel, and a reduced scattering probability, it may be possible for
nanowires to achieve even higher mobility than a bulk single crystal material.

Nanowires can be designed to be a "ballistic" transport for electrical carries.



[0077] FIG 2 shows a sem conductor device 200 that
includes thin filmof nanow res 100, according to an
wex@spl®eenbodi ment of the present invention. PCHUS00£025064

sem conduct or device 200 is shown as a transistor,

havi ng a source el ectrode 202, a gate el ectrode 204, a

drain el ectrode 206, forneg on a substrate 208. Thin

filmof nanowires 100 is € @pled bet ween source

el ectrode 202 and drain el ectrode 206 over a portion
ﬂate electrode 204. Alternatively, gate el ectrode
Bellisgc'tis ppaschersiv to rnaamvansmt thopigh appedwvise with pepladering

betV\E}FX Qur ce eI ode s3nd drain el ectrode 206.
A W%Vglﬁeo yantss rg% A%ntially operates as a
[0081]C hannelott G Qvaﬁ&Y ofd&ﬁtdcf ABSiyp&sVan BE fGAI¥H EAEMEdRA uctor

devi ce 200, and | ows sem conductor 200 to operate
wievives ronpeatinghaanestitesi sComact area fivnsddeherdmstor inben the

N ubstrate .t bl t
T et BBR BB PSR ARl o e
NaF Sxanl}M, tIREHINROARG befwdE MRt tiode; Sehﬁ@l@ctﬁé la%fer and a
transistor in FIG for illustrative purposes.
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tYREDALN RAnbiTeN ddiet bR &InPicB is b&ﬁﬂbﬂlﬁﬁs&l‘ fdesI-v
[0079] h enbodi nents, the nanowires of thin film of

rmnmwnde@oma)teaalsvlsannglls difficylstoahaleamigtonulitt gate dielectric.

RO Eosa5t oz B e fitrodsd S0d 0 R0 e nehe 0C aedompedt
CaFal dofliRetiv naltdr AMSREN bs éf%ﬁﬁ Qprg%iféﬁ}c?c%/éﬂ%lgﬁiﬁ?%iﬁ bthe like,

nanow res, resulting in
vincludial Icgmbmpu 5 théreof, as wdmldbe] appatdnt ©Urpeesoh having @idoasy
anc{ E{}LXSI licon technol ogies. [0080] h addition, and
B ng bound to any particular theoryof
[0082]0 p e r at AO8esclbi& atb%vé1 tH@ﬁa&W?i%Q gf Qfﬁﬁhlnq aF He{n%\xglfes gb@ cay be
tron-wave traversing I nside the nhanow re channel,
aﬂ@ned oectisned. Sortekamnplrgthp halabirds dfyhini film®habewires 100
possi bl e for nanowires to achi eve even higher nobility

t HaWnAn Bk 2 $AnGe @llsn%wﬁll%@ &g lgpgth g dbwrhangelcbgiwegs
Ssg’?‘#ﬁ%%g&“ég? ?62 ?nd B?anlé elaééﬂég ie¢62 A 8%9{ f)e al%{l glln ) téﬂngt?\lfe
thg@ugh a nanowire withno scattering and where t he

nanow re has quantized resistance.
[0083] Thin film of nanowires 100 can be formed with a sufficient number of

nanowires to provide desired characteristics for semiconductor device 200. For
example, thin film of nanowires 100 can be formed of a sufficient number or
density of nanowires to achieve a desired operational current density or current
level desired for the particular application. For example, the current level may be
in the nanoamp range, including 2 nanoamps, and greater and lesser current
levels. For instance, in the transistor example of FIG. 2, thin film of nanowires
100 can be formed to have a current level in the channel of greater than about 10
nanoamps.

[0084] For example, to achieve the required operational current density, a
minimum number of nanowires can be included in the thin film of nanowires for

a given area on the substrate. Hence, each formed semiconductor device will



[0081] Note that a variety of contact area types canbe
formed for sem conductor devices incorporating
wo2emi19es. Contact area is used herein to nmeaPCT/i82004/025064
el ectrical connectivity between an el ectrode and
anot her el enment .of the device, for exanple, the
connectivity between the gate el ectrode, a dielectric
| ayer and a nanowire in a-MOSFET. The contact areas
can be Ohmc and non-Chmic. Alternatively, a non-ohmc
Schottky di ode barrier contact can be used as an
draeers @IGHAH‘SEh@tqf lagneivigesdo lsanry Pareng @mramerat@nal current
cQ use du tor mater.al [
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el ectrodes 206 are formed of a conductive material,
sUsAORer morret al , al | oy, suicide, polysilicon, or t he
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of “nanowi res 100 can be aligned or oriented
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[0083] Thin filmof nanow res can ormed Wt
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characteristics. for sem ¢conduct or devi.ce .200. Hg]ra
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[0086]desi r €bhef mnot)vhles pALthin dilnasf myppivireal 00 can F@dolﬁ)daiﬂmaﬁous

the current. | evel maybe in_the nanoanp rang
| Weysdaimeslie nesleanmss and fer dpvessitabricaiign. Bses@m‘am ey be
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nanow res cah bé
hmew&estmrberdbpécﬁuﬁingl ghowihene bafiinsts, pfiords Eéiﬁ%forrhbdiﬁito a
about 10 nanoa 0084] For exanple, to achieve the
r Bl aftephaing ogﬁ inge p i filg o sihey ¢ emfedded in a composite.

A thin film of nanowires can be doped after being formed on the substrate.
Furthermore, a nanowire can be doped differently along portions of'its long axis,
and can be doped differently from other nanowires in thin film of nanowires 100.
Some examples of doping schemes for individual nanowires, and for thin films of
nanowires are provided as follows. However, it will be apparent to persons skilled
in the relevant art(s) from the teachings herein that nanowires, and thin films
thereof, can be doped according to additional ways, and in any combination of the
ways described herein.

[0087] FIG. 3A shows a single crystal nanowire 300. Nanowire 300 can be doped
or undoped. Nanowire 300 can be doped uniformly or non-uniformly. Single
crystal nanowires can be doped into either p- or n-type semiconductors in a fairly
controlled way for device fabrication. The type of dopant and dopant
concentration in nanowire 300 can be changed to tune the operating

characteristics of a device. Carrier mobility in nanowire 300, threshold voltage for



m ni mum nunber of nanowi res can be included in the
thin filmof nanowires for a given area on the
wGeasntasbEe. Hence, each formed sem conduct or deOT/US2004/025064

wi | | have a sufficient nunber of nanowires to carry
current at an operational current |evel. For exanple,

the required nunber of nanggﬁ res per unit area can be

1 nanowire, 2 nanow res, antd any other greater nunber

of nanowires, including 5, 10, 100 or nore. [0085] In
anot her aspect, a thin filmof nanowres 100 can be
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relevant art(s) fromthe teachings heréin
ngatoaveake, depoxited bh maddwirs3tther eof , can be doped

accor di to_ additional ways, andin any conbi nati onof
[0089]; e - dEsterBddanevEs 420 b srqoatedcyitina diglesiiicmaterial
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layer 304 can be chosen from a variety of dielectric materials, such as SiO, or

[0088]

Si3N4. The use of dielectric material layer 304 can act as a protective layer in
semiconductor device 200, for example, by reducing leakage and preventing
electrical shorts. In another example, the dielectric layer can act as a gate
dielectric in a field effect transistor (FET). The dielectric layer can be formed by
oxidizing the nanowire, coating the nanowire, or otherwise forming the dielectric
layer. For example, other high dielectric constant materials can be used,
including silicon nitride, Ta;Os, TiO,, ZrO,, HfO,, Al,0;, AIN, AlO, SiC and
others, including organic materials, for example, perylene. Nitridation of
nanowires can be accomplished with processes similar to those employed in
‘oxidation of nanowires. These materials can be applied to nanowires by gas-

phase deposition processes, including, but not limited to, chemical vapor



or undoped. Nanowi re 300 can be doped uniformy or
non-uni formy. Single crystal nanow res can be doped

WO nios/0€i9sher p- or n-type sem conductors in a PEI/Uk3004/025064
controll ed way for device fabrication. The type of
dopant and dopant concentration in nanow re 300 can be
changed to tune the operatipg characteristics of a
device. Carrier nobilityi hlganovvi re 300, threshold
vol tage fordevice switching and off-state current flow
are all effected by the type and concentration of
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FIG 3B shows a nanowire 310 doped according to a
dwrnsersed by anyrmethod knowsinghoewt, ineludingth@gemployowi melten
3 as a doped surface, ]l ayer 30 i ch can, have
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nanowre I's ‘'coat ed Vi

| Ee BD3 O wah @Qiath 18¢:r 1306 abatdevertdydectaé 1556 304 bRl rably,
structure. Dielectric material |ayer 304 can be chosen

fdielastaiclayer 3Q4/is dornuid ondle uirfacaelitbe narosyiresmatarialsompoditee
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shorts. In another exanple, thé dielectric |ayer can
[0092]act asFI&SgéAend 4B show examples of semiconductor device 200, according
' to example doping embodiments of the present invention. As shown in FIG. 4A,
the top surface of substrate 208 is coated with a dopant layer 402. Dopant layer
402 includes electron-donor or electron acceptor doping materials. Properties of
semiconductor device 200 can be controlled by the introduction of dopant layer
402. The electron-donor or electron acceptor materials introduce negative or
positive charge carriers into the nanowires to achieve n- or p-channel transistors,
respectively. Very high mobility levels can be attained in this configuration for
semiconductor device 200 because the dopants are separated from the actual
conducting channel.

[0093] As shown in FIG. 4B, dopant layer 402 covers a region of substrate 208

substantially localized around thin film of nanowires 100. In embodiments,



dielectric in a field effect transistor (FET). The
dielectric |ayer canbe fornedby oxidizing the

w2006/ 71962 coating the nanowi re, or otherw se POI/IE29g4/025064
the dielectric layer. For exanple, other high
dielectric constant materials can be used, including
silicon nitride, Ta, TiO, ZrO, HO, A O, AN
Al O, SiC and others, incluaphg organic materials, for
exanpl e, perylene. N tridation of nanow res can be
acconpl i shed with processes simlar to those enpl oyed
i Gopadi lateer HOR apifliaden soicesducthabricad 0@ cimbspasigmeldo have

B et R DA hprdie BARER G AP O RRBERSES S,
VeXRAHHEE ROBE bin8HdilfeMPI £ FIO, 28 Mpashwt 802 RRAMS&lorNG U4
deposition (PACVD) and physical vapor deposition

(dyB) witheh uitypachetmtesistyend & sabndportion 40agsipgd Wyth a p-type

i ncoating the approptiate precur.sor gnto, the .
lhpeienet oy Sroomen; al Bateion can besehisy elaeering,
aBYa VRIRPEr KRGYShit Bnd BBtoRletirodid %Hgéég gnct#:,ﬂig%ﬁg 1iEAPRA R0

nolten dielectric or vapors create y vol t age

dlisdds4LBPso Elestrunic eeviogs ahertthen dbivice 200 carchbe Bbheatedwsingn

t echni_.ques can _be empl oyed._ [009Q] FI.G .3D shows a .

15 Bisiod dessatbgd Aboveorer p%% wﬁ% FAnbefapracitedasshown in
' I

S, @E,ealﬂhﬂi{%{ tha Qfod@ g&gﬁ@%ag_g clePurddiS 262 @groﬁiiagés [gate clectrode

structure snhown In Nanow r e

C20ett wouldi ol ba rbcedsargt Diopedrateas can vhrgyiardopdt, ®pe,Sditenmmidn
FIG .. Shell material 302, should have a_bandgap hi.gher
tiegiioppthroughotioths dayicsr pals nesessampm EieafArieatiophps i
n&@&g@res are used for core 300, (Al As can be used
for doped shell 302. Doped shell 302 has thickness

[0094]l ess tAsdestiileddibangideparaiayent(2 30 0e ifbiodhest dni substayEe208
304 is not doped and has thickness in the rangeof

apinito or afien eefupleiabrieationod samicomlugion deice280. [ 0091)
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exanpl es of sem conductor device 200, according
any type of substrate from solution to achieve a thin film of nanowires. For

\
example a thin film of nanowires used in a semiconductor device can be formed
to include 2, 5, 10, 100, and any other number of nanowires between or greater
than these amounts, for use in high performance electronics.

[0096] Note that nanowires can also be used to make high performance
composite materials when combined with polymers/materials such as organic
semiconductor materials, which can be flexibly spin-cast on any type of substrate.
Nanowire/polymer composites can provide properties superior to a pure polymer
materials. Further detail on nanowire/polymer composites is provided below.

[0097] As described above, collections or thin films of nanowires can be aligned

into being substantially parallel to each other, or can be left non-aligned or

random. Non-aligned collections or thin films of nanowires provide electronic



to exanpl e dopi ng enbodi nents of the present

i nvention. As shown in FIG 4A the top surface of
wasviase 208 is coated with a dopant | ayer 4B2r/US2004/025064

Dopant | ayer 402 includes el ectron-donor or electron

acceptor doping materials. Properties of sem conductor

devi ce 200 can be controlle? by the introduction of

dopant | ayer 402. The el ectton-donor or el ectron

acceptor materials introduce negative or positi ve

charge carriers into the nanow res.to achi eve n-
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sem conduct or device 200. [0095] Collections of
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nanow res or
t ke iyreerdolugiohi on wi || have a high nobility val ue.

[0101] Aligned thin films of nanowires can be obtained in a variety of ways. For
example, aligned thin films of nanowires can be produced by using the following
techniques: (a) Langmuir-Blodgett film alignment; (b) fluidic flow approaches,
such as described in U.S. Serial No. 10/239,000, filed September 10, 2002, and
incorporated herein by reference in its entirety for all purposes; and (c)
application of mechanical shear force. For example, mechanical shear force can
be used by placing the nanowires between first and second surfaces, and then
moving the first and second surfaces in opposite directions to align the nanowires.
Aligned thin films of nanowires/polymer composites can be obtained using these
techniques, followed by a spin casting of the desired polymer onto the created
thin film of nanowires. For example, nanowires may be deposited in a liquid

polymer solution, alignment can then be performed according to one of these or



Furt hernore, nanowi res can be flexibly processed in

solution to allow for inexpensive manufacture.
w@iosecsnns of nanowi res can be easily assenbP@USI0025064

any type of substrate fromsolution to achieve a thin

filmof nanowi res. For exanple a thin film of

nanow res used in a sem cogguctor devi ce can be forned

to include 2, 5, 10, 100, "&fid any ot her nunber of

nanow res between or greater than these anmounts, for

use in high performance el ectronics. [0096] Note that
nefhealigaacriprossss apd thepdignednangrirensaihendsraddpee UV

ARSI 4Ly WIS et pspmoos

ngih@lsodeDbtaMbd Gy ntethariealfyl se¥ichlng aSRhdbnilg stiemMe@itin film of
typeof substrate. Nanow re/ pol ynmer conposites can

pragoires/pelopist eereRos#Gperi or to a pure pol yner

mat eri.al.s...Further detail ,on_nanow r.e/ pol yner
101021 5 o T HE LIS proviTdEd CBEIbS&Z?HT%@VTmR@?%@CSHbB?&G type,
ai‘ﬂ_@l\ﬂﬁingfsﬂidoﬁ,c%hs@ﬂﬁlaﬁ&, poNHerid, bA® aBf oth@RAWdtFRStySdesBibe
aligned into being substantially parallel to each
ohdiein or etheryeipe lgwwine flihe sahrstrateicgmbellatge arcat gmell area, and can

R i SE el i e o ALl i, oREPR GRS SERRES e,
PRk bROhe FBsBhichS be wmqgls of ﬁfﬁi\s/galei[]%aﬂzpeéﬁ bERRIdE io¥h a

values in the range of 1-10 cm/ 098] Aligned
cainduciiviepsmnioendubiive, bf & nen-obndvativsvinasialor ovi de f or
materigls havin rfor ce conparabl e qr superior to

01038} o1 RedyRfe sl e R PR ee TR Es i ample
t Sinfbelpattéfe@bn NABMAE BSing BahdrMEhHSIBnELL 031 ArirtinloC
nanov?nfp?es ?e.%., core-slﬁéell nanglll/vi resg‘%fgﬁgﬁgﬂmﬁ ié] FI
38)mizancqrtact ipdetiog pnoetssesa fdnexamplepvey gherfppoceasese over
single crystal materjals 009 | i gned and
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ways, acc Ing To the pfesent ‘i nvention.

etohedbwirmt by bar-plidse degsaivnl proeasstspinothiditg, buodot tiineiss to,
types of thin filns of panow res,  are provided as .
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deposited onto a desired substrate usjing

techniques can be employed, for example, sputtering and others. Such a
deposition of a dielectric layer on a substrate may not be necessary if the
nanowires are insulated by their own dielectric layer.

[0105] Note that nanowire films can be patterned on a substrate using various
processes, including lithography techniques. Deposition and patterning of thin
film of nanowires can be done simultaneously using various processes, such as
ink-jet printing or micro-contact printing methods.

[0106] Note that the order in which contacts are patterned can be varied. For
example, gates 204, sources 202, and drains 206 shown in FIG. 2 can be patterned
simultaneously with each other, or at different times. They can be all be patterned

prior to deposition of the thin film of nanowires 100, or afterwards. Sources 202

and drains 206 can be patterned prior to deposition of the thin film of nanowires



spi n-casting, drop-and-dry, flood-and-dry, or

di p-and-dry approaches. These processes can be
wap@entaken nmultiple tines to ensure a hi gh deptEESWN4/025064

coverage. Randomy oriented thin filnms of

nanow r es/ pol yner conposites canbe produced in a

simlar way, providing thaf_ the solutionin which the

nanow res are dispersed i5“a polyner solution. [0101]

Aligned thin filnms of nanow res canbe obtainedin a

varietyof ways. For exanple, aligned thin filns of
ndfowhtle satea Ald asmaticined picrirsrdsy Altrenatiyielyohtag204 can be
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force. For e | e,, nechani cal shear force can be used
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[0102] Thin films of nanowi res can_ be formed on
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flexible, such as a flexible plastic or thin film
substrate type. Furthernore, the substrate can be
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conductive, seniconductive, or a non-conductive
material. [01 03] Nanowire filmcontacts, including

sour cegandHil OSmp&ie FdHRmerdiOr exanpl e,

[0108] In another aspect, the invention relates to a system and process for
producing a nanowire-material composite. For example, FIG. 5 shows a flowchart
500 showing example steps for producing a nanowire-material composite,
according to an embodiment of the present invention. FIGS. 6A-6C show
example implementations of the steps of FIG. 5. Flowchart 500 begins with step
502. In step 502, a substrate having nanowires attached to a portion of at least one
surface is provided. In step 504, a material is deposited over the portion to form
the nanowire-material composite. Flowchart 500 optionally further includes step
506. In step 506, the nanowire-material composite is s;eparated from the substrate

to form a freestanding nanowire-material composite.



can be patterned on a substrate using standard

phot ol i t hography, ink-jet printing, or mcro-contact
w@ri0an1TIe2 processes, for exanple, or by other PCT/US2004/025064

processes. [01 04] A dielectric layer canbe appliedto

a thin filnof nanow reson a substrate to electrically

i nsul ate gate contacts, for exanple. These materials

canbe applied to nanow reéz‘ﬂ)y gas- phase deposition

processes, including, but not limted to, chem cal

vapor deposition (CVD), plasma assisted chem cal vapor
[0109]d e posiKlGehA Shovtym exanpleimpienaentativass step 8B Refdrong to FIG.
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[0110] Alternatively, the gold, or other material, nanoparticles are deposited on
the interior and/or exterior surfaces of a three dimensional object, such as an
object made from a macroporous metal and/or oxide. The object is immersed in a
solution comprising the nanoparticles and the nanoparticles adhere or bind to the
surface of the object. For example, the nanoparticles bind to the surface by static
charge.

[0111] FIG. 6B shows an example implementation of step 504. Referring to FIG.
6B, a material 608 is deposited over portion 604 to form a nanowire-material
composite. The material for use as material 608 in the present invention can be

any material capable of forming a composite with nanowires 606. The particular

choice of material is dependent on the intended application of the nanowires and



characteristics of a respective sem conductor devi ce.

The multiple layers can be simlar, or different from
weawkh/oowber . For exanple, two or nore | ayers oPCT/0E2904/025064

films of nanow res having nanowires aligned in

different directions, doped differently, and/or

differently insulated, can ?e usedin a particul ar

sem conduct or device. A cokfact area of a particul ar

sem conduct or devi ce canbe coupl edto any one or nore

of the layers of a nultiple |layer thin fil m of o
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the Present |nvention Nanow re Conposite Enbodi nents
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nanow res can be prepared by a variety of nethods.
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Ah‘gffl. No. 20030089899, all of which are incorporated.
tejorasymere fdékferpratanokyrnere| Rarbeitlrrexamples of polymers for use in

material-nanowire composites include, but are not limited to polyalkanes,

polyhaloalkanes, polyalkenes, polyalkynes, polyketones, polycarbonates,
polyamides, polyimides, polyarylenes, polyarylvinylenes, polyheteroarylenes,
polyheteroarylvinylenes polyesters, polyethers, polyurethanes,
polybenzimidazoles, polysulfides, polysiloxanes, polysulfones, polysaccharides,
polypeptides, polyphosphazenes, polyphosphates, phenolic and phenol-
formaldehyde resins, epoxy and phenoxy resins, and urea- and melamine-
formaldehyde resins.

[0113] The nanowire-material composite shown in FIG. 6B optionally comprises
additives to modify the properties of the material 608. One example of an additive

is a plasticizer. Plasticizer is used herein to mean any material that can decrease



for all purposes. The nanowires are prepared on a

substrate and attached to the substrate. For exanpl e,
wmanem9es 606 can be grown on substrate 602; PCT/US2V0HE25064

grown separately and subsequently attached. The

substrate can be any material upon which nanow res can

be prepared. Exanpl es of sgitable substrates for

substrate 602 include, but Gfe not limited to: silicon

and silicon oxide-coated silicon wafers, glass,

ceramc, polyneric wafers and a conposite thereof.
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[0115] Referring to FIG. 6B, material 608 is deposited over portion 604 using any

method that allows for the controlled deposition of material 608. It is understood
by one of ordinary skill in the art that many different methods of deposition are
available and the choice of method depends on the type of material 608 used and
the desired final properties of the nanowire-material composite. Methods for
depositing material 608 include, but are not limited to drop-casting, spin-coating,
dip-coating, langmiur-blodgett techniques and blade coating. It is understood by
one of ordinary skill in the art that material 608 can be deposited in a variety of
forms. The forms include, for example, but are not limited to a neat liquid or melt
and as a solution in a suitable solvent. Suitable solvents include aqueous and non-

aqueous solvents.



preferred materials for materials 608 are capabl e of
adhering to and supporting the nanowires' while the
wmanemi19e2 mat eri al conposite is separated fronmP@ES2004/025064

substrate such that the nanowires are detached from

the substrate and becone enbedded in the conposite

i ntact and undamaged from %{J(']e separation. [0112] It is

understood by one of ordinary skill in the art that

suitabl e polyners for material 608 include, but are

not limted to an el astoner, thernoplastic or )
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[0118] In one particular example, referring back to FIG. 6B, material 608 is
deposited over portion 604 as a polymer solution. Examples of polymer solutions
for use in the present invention include, but are not limited to polystyrene,
poly(methylmethacrylate), nylon-6 or poly(ethylene terephthalate) dissolved in
toluene; polyethylene or polypropylene dissolved in dichloromethane; and
poly(lactic acid) dissolved in water. Removing the solvent from material 608
hardens material 608 and forms the nanowire-material composite. The solvent can
be removed by any method known to one of ordinary skill in the art, for example,
by evaporating the solvent.

[0119] In another example, material 608 is deposited over portion 604, as a

mixture of at least one or more prepolymers. Processing the mixture by

polymerizing the prepolymers forms the material-nanowire composite. In a



tenperature. Exanples of plasticizers include, but are
not limted to: small organic and inorgani c nol ecul es,
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a neat liquid or nelt
macroporous substrate is then impregnated or injected with material 608. Upon

impregnation or injection, material 608 covers the portions of the substrate to
which the nanowires are attached. The material covering the nanowires can
optionally be further processed, as described herein.

[0121] In an embodiment, after forming the nanowire-material composite, it is
optionally further processed while attached to substrate 602. Alternatively, the
nanowire-material composite is separated from substrate 602 before optional
further processing. Optional further processing steps include, but are not limited
to, planarization, patterning, separating the patterned nanowire-material
composite from substrate 602, doping, metallization and further device

fabrication steps.



and as a solution in a suitable solvent. Suitable
sol vents i nclude aqueous and non agueous
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material 608 is deposited unidirectionally such that
nanowi res 606 are substantially aligned parallelto
their long axis as a result of the deposition. For
exanple, material 608 is méde to fl ow over nanowires
606 such that nanowi res 606 are substantially aligned
parallel to the direction of flow Alternatively,
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602. For example, plasma etching is used to etch away a silicon wafer substrate
from a nanowire-material composite 610. Alternatively, the silicon wafer
substrate is chemically etched away from composite 610 using a suitable etching
agent, such as hydrofluoric acid and an oxidizing agent such as HNO3 or H,SO,.
Other chemical etching agents include, but are not limited to, KOH and XeF,.
Metal substrates can be electrochemically etched away from nanowire-material
composite 610. Polymeric substrates can be separated from nanowire-material
composite 610 by dissolving the substrate in a suitable fluid that does not dissolve
nanowire-material composite 610.

[0125] Third, a parting layer is used to separate the nanowire-material composite

610 from substrate 602. The term parting layer is used herein to refer to any agent
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skill in the art, for exanple, by evaporating the
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deposited over portion 604, as a m xture of at | east
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o262 S oo T GBS SO anouhr o5, can
composite 610 is collected in sheets and can be stored for later use. Flexible
nanowire-material composites 610 are optionally rolled and stored for later use or
for further optional processing. |

[0127] In an embodiment, the freestanding nanowire-material composite 610 is
further optionally processed. Alternatively, material 608 is separated from
nanowires 606 and nanowires 606 are harvested for further processing. Any.
method capable of separating material 608 from nanowires 606 can be used in the
present invention. Specific examples include, but are not limited to dissolving
material 608 in a suitable solvent, heating the nanowire-material composite 610 to
a temperature sufficient to incinerate material 608, and etching away the material.
Suitable solvents include those fluids that dissolve material 608 while leaving
nanowires 606 intact and undamaged. The solvent contacts nanowire-material

composite 610, dissolves material 608 and nanowires 606 are collected by some



[0121] In an enbodi ment, after formng the

nanowi re-nmaterial conposite, it is optionally further
w@e@sos®erl whil e attached to substrate 602. PCT/US2004/025064

Alternatively, the nanow re-material conposite is

separated from substrate 602 before optional further

processi ng. QOpti onal furtth processi ng steps include,

but are not limted to, arization, patterning,

separating the patterned nanowi re-naterial conposite

fromsubstrate 602, doping, netallization and further
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compos1te is patterned to form a patterned composite. In step 708, the patterned

3

composite is separated from the first substrate. In step 710, the patterned
composite is applied to a second substrate such that the nanowires are aligned
substantially parallel to the second substrate.

[0129] FIG. 8A shows an example implementation of step 702. Referring to FIG.
8A, before step 702, nanowires 804 are grown on a first substrate 802. Preferably,
nanowires 804 are grown perpendicular to the surface of substrate 802. Any
method known in the art can be used to grow nanowires perpendicular to a
surface, including, for example, the methods described in Published U.S. Patent
Appl. No. 20020172820, which is incorporated herein, in its entirety, for all
purposes. Preferably, nanowires 804 are grown to a length 811, which can be in

the range of about 10 to about 20 microns although the invention is not limited to



froma nanowi re-material conposite 610. Alternatively,
the silicon wafer substrate is chemcally etched away

w0 p@scInposi te 610 using a suitabl e etching apENU$2004/025064

such as hydrofluoric acid and an oxidi zi ng agent such
as HNG3 or H2S 4. Ot her chem cal etching agents

i nclude, but are not limted to, KOH and Mt al
substrates can be el ectrochémically etched away from
nanow re-material conposite 610. Pol ynmeric substrates
can be separated from nanowire-material conposite
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i nventl st andi ng nano mat er1 al
form nanowire-material composite 806.

[0132] FIG. 8C shows an example implementation of step 706. Referring to FIG.
8C, the nanowire-material composite is patterned to form patterned composite
808. Optionally, the nanowire-material composite is patterned into a plurality of
patterned composites 808. The nanowire-material composite can be patterned into
any shape. Preferably, the nanowire-material composite is patterned into a
plurality of substantially rectangular blocks 808. Blocks 808 can be patterned to
have any dimensions, depending on the particular application. A height 809 of
block 808 is about equal to or greater than the length of the nanowires, which
would result in the nanowires being completely embedded in each composite
block. Alternatively, the nanowires are not completely embedded in block 808,

such that the height 809 of the block 808 is less than the length, 811, of the



conposite 610 is collected in sheets and can be stored

for later use. Flexible nanowire-material conposites
w@idsarmenptional ly rolled and stored for | at ePCUBESI04/025064

for further optional processing. [0127] In an

enbodi nent, the freestandi ng nanow re-materi al

conposite 610 is further optionally processed.

Alternatively, material 608°is separated from

nanowi res 606 and nanowi res 606 are harvested for

further processing. Any nmethod capabl e of sepa(ating
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Depositing Oriented Nanowres [0128] In an enbodi ment,
t GHF}, rioEntCOply €la0eH1 mdaAsyst em and process for

deposiélicgg]a\%i ent ed nanowi res. For exanmple, FEIG 7
[0133k hows P 1 PTG FrRCTEatamOL eler { & Refgring to FIG.
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o Rl bRLE ARk AR 65 bl S0F 03 serined
extanp) sy nnphehef vepirbins cafbetzed Reffsing to FIGSSDY the blocks,

Fl omchart 700 begins with step 702. h step 702, a
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[01341D erpe nlinGc.: léllli 2£ovtvso aI} elgcimple implementation of step 710. Referring to FIG.
8E, freestanding nanowire-material blocks 810 are laminated to a second
substrate 814 such that the nanowires are substantially parallel to the surface of -
the second substrate. For example, a plurality of nanowire-material blocks 810
can be laminated on substrate 814 in a predetermined pattern. Alternatively,
blocks 810 are arranged on substrate 814 in no pattern or in a random pattern.
Any method known to one of ordinary skill in the art can be used to laminate
blocks 810 to the second substrate 814. The choice of method depends on factors
such as the material in block 810 and the type of substrate 814. For example,
blocks 810 can be designed to adhere to substrate 814 through covalent and/or

non-covalent bonds. For example, composite blocks 814 can be made from a

pressure-sensitive adhesive polymer that adheres to substrate 814 when blocks



surface of the substrate. In step 704, a material is
deposited over the portion to forma nanow re-nateri al
Weoposiove. I n step 706, the nanow re- nat eri al PCT/US2004/025064

conposi-te is patterned to forma patterned conposite h
step 708, the patterned conposite is separated from

the first substrate h step_ 710, the patterned

conposite is applied to a~sécond substrate such that

the nanowires are aligned substantially parallel to

the second substrate. [0129] FIG 8A showsan exanple
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for depositing )
Preferably, oxygen plasma is used to planarize the nanowire-material blocks.

0y

[0136] Planarization removes material ﬁom the nanowire-material composite.
Preferably, the planarization exposes at least one surface of at least one nanowire.
Alternatively, the planarization removes all the material from the nanowire-
material composite and exposes the nanowires that were embedded in the
composite. When it is desired to remove all the material during planarization,
nanowir\e-material blocks can be optionally detached from the substrate after a
first surface of at least one nanowire is exposed. The detached block can then be
turned over and re-attached to the substrate and further planarized to expose all
other surfaces of the nanowires. This allows for the complete removal of all the
material from the nanowire-material composite block and results in a neat thin

film of nanowires that are substantially aligned parallel to their long axis and



the material over the nanowi res can be used in the
present invention. After the material is deposited

wW@®s5/011962 nanowi res, the material is optional | PCT/US2004/025064

processed to form nanow re-material conposite 806.
Optional processing steps are di scussed above.
Preferably, the material is_polynerized or
cross-linked in a curing arnd’ or hardeni ng step.
Preferably, the material is photopol ynerized and/ or
heat - curedto form nanow re-materi al conposite 806.

[Potedle] tortheswigacornd e bsEstanditanativshe pianetzation cor raneis

rin nanOMAre mat eri al
élg%%%y 8 ets“"gS’fIPé e’ﬁgﬁ;facﬁggft eﬁ’%ﬁ%r ned conposite
[0137]808. (mtah%%ddﬁneﬂthﬁe@ﬂdiﬁﬁﬂzitﬁ)n%hﬁfshﬁ' dﬂﬁfm%sbitl@ioblﬁs of
patterned into a plurality of patterned conposites

SEBosct manpwivesihaearaReéerh on,emprf@qetcef acmbsi@atpa]?heeerxmesﬁd

h
6’%&‘8‘8&? é‘fc’ei 3’3@%5 %lilggleﬁ |I1>¥C5006 §| tg?gf Paﬁonlc éevmes
Wikl drot&sihaRak achRlobiad A5 hﬁlt&pi@co%%g 428 a

be patterned to have any di nensions, depending on the
psheledtoalaaer, dpphg, eati¢romg, plareizafion, 186Gl lightid avd Kirg BB déwce
31)% equal to or greater than the length of the
IPRE®PSihi ch would result in the nanowires being
[0138]corrpl et £hpriebe degek, iy SarIC q{%ﬁb&vﬁe%&&m blocks can be
Al ternatively, the nanow res are not conpletely
efeddedion the btcoo# si8BBatesomavidlie mhtentié?rogxm the®0®kofA thine

bflﬂock 808 is |le s thg}n t he Ien

8
BraAROMESs 19 Bdeby meg Sp i Gt hesinaaaneives
B L B R L s
i ackiem¢ arpopdrationelt cukiend leead. A plurdlitg of sngeandietef davadelrygions

e 1 Sekmeel S Bt Hmigzv%%ﬁ: A aR0U e P0S e
ol gty R e .

qﬂmhgzlafrssmdkibdﬂ[tmmisdeﬁ/mes patter n| ng materials are well
known in_the art, Any pethod that results in a

l01391we| | - darthseaptipnel B’ioﬁe%ﬂlgr%%vﬁlsroe‘ﬁ*ﬁ]l“é? HANINAEE RS Plemeren
{Hﬁ)ﬁgl ﬂaﬂoé\'ﬁg & 9&1{1#)]&%8'8 ocEQ fﬁe ﬁ?stt Pﬂ\gaﬁ)gedb oc 3814
patterning use in PESent. I RVENtIon |nc
kit 816, 10 @roduceidyedd bivcks.i éimﬁalq@me@sm@&tbﬁmrb@ performed
i ncl ud| ng, but not limte phot ol i t hogr aphy and
swreach fayroigdiptiplly aF nestaus vel y, the method of
patterning can be reactive ion etching. Such etching,

Electronic Substrate Embodiments

[0140] In an embodiment, the present invention relates to a system and process
for producing an electronic substrate. For example, FIG. 9 shows a flowchart 900
showing example steps for producing an electronic substrate, according to an
embodiment of the present invention. FIG. 10 shows a flowchart 1000 showing
optional steps that can be performed after step 906, and before step 908. FIG. 11A
through FIG. 18B show example implementations of the steps for FIG. 9 and FIG.
10.



in accordance with the invention include, but are not
limted to, ions of CF4, CHF, Ccd , cd F, d , , H
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of step 708. Referring to FIG 8D, the patterned

bl ocks 808 are separated from substrate 802. As

descri bed above, any nethod of separation can be used.

Referring to FIG 8D, t he" 8P ocks, once separated, form

freestandi ng nanow re-material bl ocks 810, and can be

stored for later use and further optional processing.
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and substrate
substrate 1108. Multiple layers of nanowires 1104 are embedded in material

1106. Alternatively, a single layer of nanowires is embedded in the material.
Preferably, nanowires 1104 are aligned substantially parallel to their long axis and
parallel to the surface of the substrate to which composite 1102 is laminated.
After laminating composite 1102 to substrate 1108, the composite can be
optionally planarized to expose a surface of a layer of nanowires.

[0144] FIGS. 12A and 12B show an example implementation of step 904. FIG.
12A shows a plan view of nanowire-material composite 1102 having nanowires
1104 embedded in material 1106. FIG. 12B is a side view showing nanowire-
material composite 1102 laminated to substrate 1108 and having nanowires 1104

embedded in material 1106, and having a surface exposed due to planarization.



exanpl e, a reaction between hydroxyl groups and
hal osi | anes can be used. [0135] FIG 8F shows an
we@spl®et npl ement ati on of an optional furtherPCT/US2004/025064
processi ng step. The nanowire-material blocks are
optionally planarized to form planari zed bl ocks 814
and 816. In an enbodi nent, all nanow re-materi al
bl ocks | aninated to the seédnd substrate are
pl anari zedto the sanme height. Alternatively, a first
plurality of nanowire-material blocks 814 are i
pA&eranptigeal ly PanarizingsompesiteHit 02 tte eorspasita daphapasibingy mfo
nanowtr e-.ma(seer' al bl ocks 816 are planarizedto a second
hePGRYCTHPPEPHE  vel y, the nanowire-rmaterial bl ocks
[0145r © Pl ARy, 12 8GnHNIR%heWah le¥iBpHiifobRufRRAlatibE 0O BES 904.FIG.
further enbodi nents, one or nbre nanow re-materi al
bl b lss planwien skaving pattenabrooirs wirenia temposted302 having
P3RS Boe e e BenT b sobeh 12 BB 6. the
oo rBhar b | .
QWL chpor Al Be plhir SRR, o PSR 7 Bkt
Pbanainiakigyt o fdiker crrdoffersntrshbyssi Alterfhativa dblapes include, but are not
nanow re-,m?t eri al ﬁeggﬁosi te.. Preferably, the
pHRHES 107 GG eI eiaqggloadtianslesetings. oS, sFs aerihershances any
Oﬁﬁd&ﬁgﬁ%ﬁl‘? FId! 195 @ﬁ&dv%ﬁ'si/de Hib§ Jt ARefkd FhhORir SIERYES
all t material Tromthe nanow rematerial conposite
acuhsiie SI892 t lamimaed winr @bstrdiat1 108 r snde ivddg ednowiréd 4104

conposite. When it is desired to renpve all the .
neftesddsd g upatagelpl Hiearnd, ARvias anrpesid Bufseefiiter forming
b ' .

S AEHRI5A O BB b o LSO 08 s AR

expesaesbsitd 1807l eidhbedpdied el fRa bf bitktalea 108r ned over
and re-attached to the substrate and further

[0146h| anar Fiked 144 aad fls el 4R showtanskamsplefizplemeptatipn ef step 1002.
n i,res. This allows..f.or .the compl.ete.renoval  of
RSP b &owr pnion el ieRie PlerRPRarbE iR s Hepde 1Tbe
blyeiciatiedd hesowitSmiaferial d8Rlosikdt I02f FlaN 138 sHERNONiAEEew of
that are substantially aligned parallel to their |ong

asliekcedipgeral 402 cavering eatteméd nenafird-imatesiabsomadste 1302,
Al ternatively, planarizati can r.e e material a
PSR s oo BN 2L 90 Cn TRy o Sl B
a . . | .
DIAERACIATER 404 B BLORBOSRANSAR S bbb &s Khofim in tho ar
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include any polymers, including for example, polyimides, fluorinated polyimides,

polybenzimidazoles, and others. Oxide dielectrics for use in the invention include
SiO,, Tay0s, ZrO,, Hf,0, and Al,Os. Nitride dielectrics include AIN and SiN. A
preferred dielectric material is SiN.

[0147] FIGS. 15A and 15B show an example implementation of step 1004.
Referring to FIG. 15A, dielectric layer 1402 is etched to form a pattern of the
dielectric layer and to form a pattern of exposed nanowire-material composite to
define the one or more semiconductor device regions. FIG. 15B shows a side
view with semiconductor device regions 1502 etched into dielectric layer 1402 to

expose a portion of patterned nanowire-material composite 1302. Etching can be



Optional further processing steps include, but are not
limted to coating with a dielectric |ayer, doping,

wQaioset11ng, planarization, netallization and PCr/Uk®N4/025064

[0148]

[0149]

device fabrication steps. [0138] To fabricate a
device, for exanple, the nanowi re-material bl ocks can
be pl anarized on the secong substrate to renove the
material fromthe block. A°thin filmof nanowires is
thereby formed on the second substrate having

nanow r es aligned substantially parallel to the second

<doms by anemethod Heseribed ahaviceprefegtss flyoring hased eokeplasma or
oljgg&f%iio &I?}bfsq%r(?nt | evel. A plurality of
uc

sem con &Vi ce regions can be defined in the

thi n fHIGS) 06A RADQBBIESW 2RRABSTeSmPleEnchitioR Gf 8lep 11066. As
sem conduct or device regions to thereby provide

eshewnin EI&IS. ¢ 6Annd § 0B, thy exnesedmanpwvire-anaterial edmposite is doped

P JuELB6ig SinopSe R sl onbeliiidry g opf Soping e
adile ty QM@ m AR VAW TRHRI dr P FORRP RIS b h&ﬁgfé, Bt 4B 8ot

first planarized bl ocks 814 and 816, to produce
| layidedete, $ilimoksiopiDgt lovneaiiergy ivndwplantption epwnchnwheng.

rfored ea ayer indivi dyal or in group
B ect e Gaped Hgiﬁéﬁ%ﬁﬁa&?‘ﬁ%ﬂlfémﬁ’%}atwﬁ of plep 1008. As
eRBRAl HERIG. 11 BEREER! 1Y $42 ANrdndRH &8 ol PURAD

and process for producing an electronic su
eveanpire;md#Eral cOnmpbsites 130X dmivetpeséd B wdresli10d. Regiopd ef
for .producing an el ectronic substrate, according

ok NG HaiEHlompRatoh a2 ar alsahare; B 1B ehovtride
oYty 4108 Rag oY Rue SielTabpBR <Pz

t laminagdd toliee top saffauw. exanpl e i npl enment ati ons of the
|G 9 and FIG 10.[0141] Flowchart 900

t for F
IOISOIEeSwasFIEﬁrSe 84 ag 188 shoy agtexpmplgimplemeatasianod siont988i Bie

PR o f AR RSO, B RleliBchly bl SRR sl iy e

NEsVsirE oI EY. i181A shoWp 8 plab&idwsoanéthiingd seynibdrRiafor d&8¢e0
expose a portion of the nanowires. h step 906, the

ngaions A80%ypk80di and t¥Mepadiicte farm praece rgatedando depat fraesisdore

O1edtRa&s rse‘sep”é"cﬁ%l?.‘ﬁkf'isﬂ esl\g)v%se a i ivPer\}VSo regitorelg) lg&s,; 1804 and
1806. Metallization can be carried out using any method known in the art.
Preferably, the semiconductor device regions are metallized by e-beam
evaporation. Preferably, the source and drain electrodes are formed whereby the
nanowires form channels having a length between respective ones of the source
and drain electrodes, and the nanowires are aligned approximately parallel to an
axis between the source and drain contacts. Preferably, the gate electrode is
formed on the surface of the nanowire-material composite such that the distance
between the gate and the nanowires is 5 nanometers or iess, 10 nanometers or

less, 50 nanometers or less, or 100 nanometers or less.

[0151] An alternative process for producing an electronic substrate is shown in

FIGS. 19A-E, which show plan views of a substrate. As shown in FIG. 19A, a
nanowire-material composite 1902 is provided having nanowires 1904 embedded

in material 1905. Preferably, the nanowires are aligned substantially parallel



contacts are forned at the sem conductor device
regions to thereby provide electrical connectivity to
W@ 200d/0061 ce regions. [0142] Flowchart 1000 beRPCTES204/6R5064
step 1002. h step 1002, a dielectric layer is
optionally deposited on the nanowi re-materia
conposite. In step 1004, the dielectric |layer is
optionally etched to fornta pattern of the dielectric
| ayer and to forma pattern of exposed
nanow re-material conposite to define the one or nore
Fdengibeid lrngerisda papositediff & dptionally laposted ne wixigeseld
%% MAre mat eri al conposite is optionally doped h step
1 ¥he dielectric | ayer is optionally renoved
[0152]bef o eA s tiRR9RETof 168 ra{"ﬂ)d’rﬁoﬁ ephadal 1903k 3dmévddSroniithe
and 1 B show an exanpl e inplenentation of step 902.
ma@owmemz;m@omppmmovﬁoaw apfas d9ﬂamowvhleh metezral 4905 has

b ganpeedy Hgserkd D008 kermoned Hiegdbeh eaiugs £ap irkin in
NRLR1985. é&%sit@l@ﬁf %ﬁfe&[%@tpa@@rﬁéd n¥o §t§gﬁﬁ?ﬂa§y\%r@ﬁ1atenal

operational current [eve FIG B sho a side view of
camgositt EOU7IRR idgemeas avee, witich bempiige expodedaenowires.

substrate 1108. Miltjple | ayers of nanomnres 1104 _are
[0153lenheddes ShﬁWﬂﬁfleFli% 19%&0%16 Frrasi@stirs| $907; ey 3@@ fyrther

I
tRiss (ALY b fiE e P ol AL IBhE mral 1005 o
pf@ﬁﬁlpkcﬁiessad tsﬂﬂ@s 19080MYe &xips190Tctap de plah&iizetioo fone platatiaar

of the substrate to which conposite 1102 is | am nat ed.
Aﬂl@% A dislegtic laysr camrbe formmed onoppergon ob theroxpased 1pBoWiTeR

Qs t t a ri
RS BpSa el S IS b PP s F R BV E 5 B
Hc%ealiwmma@&@t&ﬂ@rld@ﬂqﬂﬁ{mﬁ&cﬁﬁhpmw7 step 904. FI G
12A shows a plan view of nanowi re-material conposite

[0154]1102 hAw shegmriaidwi 198% tln.ele@m@ﬁb?mmgﬁnamwms eanj bgimetaliiged
12B i s .a,side, view show nan teri.al
ripBE e BEGURIR FmieivE SHOLPRAGIOE SRyt Th
mﬁ{&awc%so yvohe 41 SabRaAed] imnh &Rt 8t aalz arcdctiRY cagb@
surface exposed due to planarization. Afiter optionally

pbuitaini the ngetelbirpiomi step,1d€@nding eorc epds ilewdce lwn dcﬂéred. For

Sl Tgn 10f oho i L PR ae 19A1 gpd gpfized

grge%atlgé Gectrode 1912 deposited to form a diode 1913. In another example,

anode and cathode electrodes are formed in the metallization step. When a
voltage is applied across electrodes 1911 and 1912, a p-n junction forms between
electrodes 1911 and 1912. The p-n junction is formed in the semiconductor
nanowires 1904, such that light is emitted from the nanowires 1904 during
operation. The wavelength of light emitted from the nanowire depends on several
factors, including the nanowire semiconductor material and the presence of
impurities in the nanowire. The minimum voltage required for the nanowires to
emit light also depends on these factors. Preferably, the minimum voltage is less
than about 5 volts. Diode 1913 is separately addressable and has pixel size
dimensions for display applications. Therefore, sheets of composite 1913 can be
formed that comprise a plurality of independently and electrically addressable

pixel sized diodes for flat-panel display applications.



1 is apian view show ng patterned nanow re-nateri al
conposite 1302 having a square shape and having
wmanem9es 1104 enbedded in material 1106. ThePCT/US2004/025064
nanow re-naterial conposite can be planarized into any
shape,or into any pattern of a plurality of like or
di fferent shapes. Alternative shapes include, but are
not limted to, circles, régtangl es, triangles, rings,
oval s, stars, any other shape or any random pattern.
FIG 13B shovvs a side view of patterned
nanowi rightnEmstingDiade Fpdwidieent802 | ami nat ed on
substrate 1108 and havi ng nanowi res 1104 enbedded in
material 1106 and havi ng an exposed surface. After
[0155]f or m g guadnhisydiraehtntie Eresert imemidnaielamsrtp asflat-padd Gisplay
dielectric |ayer can depQSJted 1302,
aﬁ?&lﬂlﬁglgé‘i Pesitvelayy a i EpehiedelL F@%ﬁ@fﬂpﬂses

gt 1835“” Fr il @E@%&aﬁ%@% ?%Wf SO rAy

I ayelectddlly défroshble gixehsisetbdivdat Bachldddreasublqdivdeinciades
nanow re-nmaterial_ conposite 1302. FIG 14B showsa side
ﬂaé‘ﬁﬂfreﬂ?%‘lhé@?ti‘fedlghér?@i‘tu&&@?m@ﬁ‘irer| ng patterned

s 2nou 6, Tl SRR 0% SRS 0t rpanes

Qiiefeeat anddndepyedent dddize az@ersbﬂmilepﬁs bélﬁplnman@wﬁwhat emit
process. _known in the art, including for exanple,

cight phédiffersnt wardenathrg P@ferblplad@e &ayst atkaghet tomwwﬁeat? %05)8
Qﬁ% %8&&!}1 1%’%{ 9&1@, %d H'%}ﬁ' §ssof (ERk }ﬁﬁﬁﬁg% A flvifis abfiade
1 on any ‘pol ymers,

lﬁ\&hUGhAgP f Dhe deﬂ]@| ﬁyerpQ‘)l)ﬂ lﬁi‘réfa‘ébly comprises green-emitting
fl uori nat edpol yi m des, pol ybenzi m dazol es, and ot hers.
@@nemr@a?,efommam@b fI@GaNsla;anﬁwmé Th@/ don ilafer 2004 udefesbly

|
snefhrtss AR an R ARG 4t s SRR BREM T o
ShdWeve) ¥/ laybrs 681 bd artariiRd id B &R \Wrd@ds, @xa¥Rh Bave d1fferent
i npl ement ati on of step 1004. Referri ng to FIG A

divghlears of &;a}delssy &thet semidogdedtetheanomaref materials far veerin laght-

R oy B G rE DL GEN G e sof PrBRe

SERD GRNdiabRhtsRh&Eoff €0i ons. FI G 15B shows a side
view wi th sem conductor device regions 1502 etched

[0157]i nt 0 dinsAnepiboidoméndytbe top4@R1t ebsorbs no light, or alternatively, only a
small amount of light emitted by the two layers below it. In other words, in the

configuration at FIG. 20, the blue layer does not absorb light emitted from the red
or green layer. Also, the green layer does not absorb light from the red layer. It is
understood by one of ordinary skill in the art that different colors can be used
when stacking layers of light-emitting nanowire-material composites. Color
combinations should be chosen such that layers laminated on top of another layer
do not absorb a substantial amount of the light emitted from the lower layer.
[0158] FIG. 21 shows an absorption spectra 2102 for a variety of nanowires
compositions. Nanowires absorbing light having wavelengths greater than about
1.0 microns should be below layers absorbing light having wavelengths between

about 0.7 and about 1.0 microns. Nanowires absorbing light having wavelengths



expose a portion of patterned nanow re-materi al
conposite 1302. Etching canbedone by any nethod

waele®sniter above, preferably a fluorine based BCTIS2004/025064

pl asma or reactive ion etch i.s used. [0148] FIGS. 16A
and 16B show an exanpl e i npl enentati on of step 1006.
As shown in FIGS. A and 6B, the exposed

nanow r e- mat eri al. conpositélrs doped to form doped
conposite 1602 and doped dielectric |layer 1604. Doping
can be done by any nethod known in the art. Preferred
nrstwestsabontc). 3 ard aleyt 0.4 meicions shauld beldmirated on top of all other

SRR A B by B Ply e BBk B ol e
[0159]1 P! enmnhakibefingint $h&@BoI) B préentiloMiioh RelileSo alnbfowire-

dielectric layer 1402 is renoved to expose patterned
naatouiklrcompatits, cempusing e plymet BoAngnahomirss setiedrted dhvreies

1104, Regi.ons..of doped nanow.re-material. conposjte
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QOE. Tﬁ& %gniconductor device regions are netallized
t YOPrSHAR APRICAEOTS,|  connectivityto the device regions.
FIG A showsa plan viewdf netallized sen conductor
devi ce regions 1802, 1804 and 1806, which form source,
gdlati@nihsed pracessirgrsiteionmends ect r odes respectivel y.
FIG 18B shows a side view of regions 1802, 1804 and
[0160]11806. MehahlbodRhd®hERRsdeintantidriadlafidto ¥BledddNYorming a
met hod known in the art. Preferably, the sem conductor
deanbwerermagjenal sonmpesitee FHE .| 12bdwh flowchaa 22 Mvshoving ¢xample
Preferably, .the source gnd . drain.el ectrqdes .are faq d
RSB PP P RAOT S TR EPTAL CORTRE U5 RGP RD 2 B eiRe S
b 188 BEBLHKRPEERe Hbschh £ o Hoflow
ei&g%\??fo%des, and the nan%%{esr ésﬁlg?%}% |Elgn dZ@E’aﬁaﬁcwlres e
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and drain contacts. Preferably, the gate electrode is
£ oD S0t h 628 bs Pisddo S e mikiesnhe JormeEPR §f the mixture
AL SRP by Wihy MR BPED BRI e 00001 o0t
oordirassskilbth thancifet disgerang hassiresin H@Gnaiaidnet ers or
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[01 61]I ess. In step 2204, the mixture is deposited on a substrate to form a nanowire-
material composite. The mixture is deposited using any method that allows for
the controlled deposition of the mixture. It is understood by one of ordinary skill
in the art that many different methods of deposition are available and the choice
of method depends on the type of material, substrate and nanowires used and the
desired final properties of the nanowire-material composite. Methods for
deposition include, but are not limited to drop-casting, spin-coating, dip-coating,
langmiur-blodgett techniques and blade coating. It is understood by one of
ordinary skill in the art that the mixture can be deposited in a variety of forms.
The forms include, for example, but are not limited to a neat liquid or melt and as
a solution in a suitable solvent. Suitable solvents include aqueous and non-

aqueous solvents.



[0151] An alternative process for producing an

el ectronic substrate is shown in FIGS. 19A-E, which
WwWGebwma/oploen vi ews of a substrate. As shown in FP@/UIDHY/025064

a nanowi re-material -conposite 1902 is provi ded having

nanow res 1904 enbedded in material 1905. Preferably,

the nanowi res are aligned gbst antially parallelal ong

their long axis. A conposit€~1902 is optionally

| ami nated on a surface of a substrate. [0152] As shown

in FIG 19B, a portion of material 1905 is renoved
[0162) r om tInen gumenie p@bnﬁu@nt,ﬂie reigpeisiderosited wdincsiprally such

1905 -has
i s S T T S
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BB i O TOineplafuP b Aehioon Ml M. e
PRbkAOR ra{m@earg%ﬁdlanﬁle%Jvﬁ&s%uba@taﬁ@Qsﬂa %Hec%%@ﬁs‘i to
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arc tectures can be bui l In the netallization step,
chapamdmoivgdeo forelampledelectcie an@oﬂmagrre@d fiekbaligaxanpl e,

FI'G E shows netal|lize ositive electrode 1911 and
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1 algh
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ananoMragmtéml appbostd. A(dma&uﬁbﬁ@r:g) clestrit A1l ivapgliddid Zhe
p-n junction forns between electrodes 1911 and 1912.
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A 6 e Ay P VAP
[0164] i ght Afrertdepdsifing thetthixtiraba\the sibgiefentds nrerke kedptionally
further processed. A variety of processing steps can be performed, depending on
the desired final properties of the nanowire-material composite. Referring back to
FIG. 22, one example is shown in optional step 2206, in which the material is
hardened. Alternative processing steps include, but are not limited to curing,
cross-linking, polymerizing, photo polymerizing, melting, crystallizing, oxidizing,
reducing and removing solvents, gases or other volatile fluids. Solvents or
volatile gases and fluids can be removed using any method known to one of
ordinary skill in the art. Removing volatile gases/fluids can render the composite
porous by removing the volatile gases/fluids quickly, or by selectively choosing
appropriate volatile gases. Example appropriate volatile gases include inert gases
that do not react or interfere with the embedded nanowires, such as nitrogen,

helium, argon or the like.



factors, including the nanowi re sem conductor mnateri al
and the presence of inpurities in the nanowire. The
worRevs/uivs2/ol t age required for the nanow res toPENUS2004/025064
l'ight al so depends on these factors. Preferably, the
m ni num vol tage is | ess than about 5 volts. Di ode 1913
is separately addressabl e and has pi xel size
di mensi ons for display appl“?’(‘:ati ons. Therefore, sheets
of conposite 1913 can be formed that conprise a
plurality of independently and electricall
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[0167] In step 2304, a mask is applied to the nanowire-material composite. The

mask allows for the controlled removal of a portion of material from the
composite. For example, the mask is a shadow mask. The mask can be made of
any material that allows for the selective removal of material from the composite,
for example, metal foil. Metal foils for use as the mask include those foils that are
inert and unreactive to the composite. The mask comprises an array of shapes that
allows for patterns of material to be selectively removed, for example, the mask
comprises an array of circles, squares, rectangles or any other regular or irregular
shapes or patterns. In an embodiment, as shown in FIG. 23B, mask 2350 can be

used in steps 2304 and 2306. Mask 2350 comprises metal foil 2352 and an array
of circles 2354.



understood by one of ordinary skill in the art that
different colors can be used when stacking | ayers of
wor@hni®ei tti ng nanowi re-materi al conposites. Eol/082004/025064

conbi nati ons shoul d be chosen such that |ayers

| am nated on top of another |ayer do not absorb a

substantial amount of the |ight emtted fromthe | ower

| ayer. [0158] FIG 21 showé4an absor ption spectra 2102

for a variety of nanow res conpositions. Nanow res

absorbi ng i ght having wavel engths greater than about
[0168]. 0 ni dnotiep 2B mat@al e |selectivale remensdofreinrile Icogippsite to
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different orders. [0159] | n enbaodi ment, therefore

RGBS bt i TSR PP DG TG A B ar of
CARRASI fsCrenfoRBP Hon Mtk BoRPdSIt¥E HaME Y AARONE 8Bs in the
enbedded therein, which emts light. Thus, the present

i conpositothateyban expesed nanawiresd Feysxapplrtie wells ¢ogiptrising the
source appljgation, including televisions, conputer
AR E5S by bel an adlviadientas et g teroSRPeEl TGS
oxgtingalnflh&p! ays, indoor or outdoor lighting, and any
ot her “such applications. Sol ution based processing

[0169]enbodi Fi€h D4 ilhB166} an exaample ofrotinoeite artej 2404 depowire array
i nvention relates ta t hod of f 1 .
00 en e faimerd BY magh ) R EIGe 30 SrinexamelcHaierial
22008 i$ El%%ﬂ‘ﬂaﬁﬁ&%ﬁ%%ié& S1g4 ERbedE® ﬂiéféiﬂ.%%a 2408 in which

nanow re-nmat er | conposite using solution base

niatiacdi2402 heosedh randved are shotvadixpeeéd whotvires P108eghown.
invention. In step 2202, nanowires are contacted with
alrgraapyies 2406rcan he progesgediioallonfyr effieientidiptribugign pf apslyte
er, al Ln. E . a u .0 _for h
P e O8N e DepEeL b B0 Kb

f @@hlpld, dbeskvidds 806 chh BEmpBRHyaRIphilit Offa@e’¥n@tlkdrial 2402
met hod known to one of ordinary skill in the art for
déampeemaitisg hydiephehie swifaces.He isvendsrstedd thpiongwivites ¢4 can

2204, the mxture is osited on.a subst e to form
RS PeSRRIBIAP S RBfNE setiscer Bd Tt 4P Sab fowphist
USy RSpIARY sielcBOdt tsh@bil ®hdwiEo bRE of BRIERP LK thafe art how
deposition of the m xture. It is understood by one of
omaghiowdney cakbd processed to render their surfaces hydrophobic. For example,
nanowires can be reacted with an alkylfluorosilane. Arrays prepared in
accordance with embodiments of the present invention can be used in a variety of
devices. For example, they can be used as sensing elements for the analysis of

biological material, including, but not limited to DNA, RNA, proteins, enzymes,

antibodies and the like.

High Capacitance Capacitor Embodiments

[0170] In an embodiment, the present invention relates to high capacitance
capacitors including nanowire-material composites, and relates to methods of
producing the same. FIG. 25A shows flowchart 2500 showing example steps for

producing a high capacitance capacitor, according to an embodiment of the



in the art that many different methods of deposition
are avail able and the choi ce of nethod depends on the

wo y@s/oofeat eri al , substrate and nanow res useRCHO0041625064
desired final properties of the nanow re-materi al
conposite. Methods for deposition include, but are not
limted to drop-casting, spin-coating, dip-coating,
| angmi ur - bl odgett techni qué “and bl ade coating. It is
understood by one of ordinary skill in the art that

the m xture can be deposited in a variety of formns.
Tesenb dnvenfipe| HlHe, 25% rshewargl exanple capeciiont2I50mprasgced

i qui d, OF. d as .a sol ution i i tabl.
P50 o 4 s BBl Ap AN
afiee o502, 3R syt 502, Al &dlanding %@%ﬁ%ﬁaﬁeﬁm@&'ﬁﬁﬁfg havikle

m Xxture is déposited unidirectionally such that the
reanowirce orignied etpendietian td yhe compesitepairfatd éd prayvidedeFor
| ong axi esul t of .t he deposition. r, exanpl e, .
RS PR o i Al OR PR E A a2 giies
{3534 JrdRiel FRMhARE2AIANS BORHARS! _aligned parall el
to the dier g)c%:ﬁ%ggn of flow. A#?Sg%ﬁg{f%%éel y, the mxture
[0171]i s depmsiteredSed, bradectmmfilmds idepasited oa budly stubfiades of the

results. in the sub tantial alignnment of the nanow res
gesianamse; CPTRMSIE. AR FORRILIng matsHpk pang bet dpppsited on the

O Sty B el BRIUPLY 5 DAL AP WG bP
| dupgsiting thelmalgiemithd comygiitennfaae cintg usek Exrplas @cludbbut

substrate is r rmv%g such that the, na::&?lvvi res, are
sSHBIChHPTH 1) Agqigitat PIFERg 1P ISPYrTinge LY B! ek be wied,
I . ! _ ' .
HRERED: fhnt AR A R et b g SAEh PAR doBepot rono
o¢tdirieully va the tompdrite AEtantphiatof alets inalnds, duteend ditnited to
al i gni ng the_ nanow res during deposition of the
RS FHekeh\ caPP e Fibver plpdpiat andesold dits exampled 816128
e I I j ] hel.d [ L
B8 L 2 AP ARSES o B BT pupgsie
ussg an electric field, positive and negative
el ectrodes are held across the deposited m xture or

[0172]nanowi InstapeX506. aal ingdaiprds lenssiten] aii ansenetel grrfenst AxyD@yulator

el ectricfieldis pliedto the m xture (0] si.te in
998 Dt B SxButle g G Roone A b R e can
Visd B&posAdtH ohahél seFRst Bty Sy Mdtho8kdoWh @ &rde®f skill in the
sufficient to align the nanowires. [0164] After

disfrosiitt drh g or lesamplet GHe 258 shoavssinbdatoniayer 2568 dapositddadn
' 5e2Ph "5
metal layer 2556a.

[0173] In step 2508, a capacitor is assembled. The assembling of a capacitor can

include a variety of steps, including, but not limited to attaching leads to both
metal surfaces, rolling-up the films, storing the rolled up films in a canister and
sealing the canister. FIG. 25C shows an example capacitor 2560 having leads
2562 attached to the metal layers 2556a and 2556b.

[0174] FIG. 26 shows flowchart 2600 showing an alternative process for
producing a high capacitance capacitor, according to an embodiment of the
present invention. In step 2602, a metal foil is provided in which one surface of
the metal foil is coated with an insulator film. The insulator film can be made

from various insulator materials, including, but not limited to aluminum oxide. In



further processed. A variety of processing steps can
be perforned, depending on the desired fina
w@e@petdses of the nanowi re-material conposit ePCT/US2004/025064
Referring backto FIG 22, one exanple is shown in
optional step 2206, in which the material is hardened.
Al ternative processing steps include, but are not
limted to curing, cross-rﬁﬁking, pol ymeri zi ng, photo
pol ymeri zing, nelting, crystallizing, oxidizing,
reduci ng and renovi ng sol vents, gases or other
Ve G0 egdldl, ar @ther Bateyiehmenaparticddsard deposjiasian agqetidn afitils

b d ' t hod t f
oS gy ARY moihgthal SinosTi fa b oo & Franple, the gold
omesditibied B BaEpihRAsed of Hx%})fda&_@@ Shiot RRIRH ST Bé insulator
renmovi ng the volatile gases/fluids quickly, or by

sklng dni siepl 3606 mesdWigesapp ravpvn anche pbeiion @ngasew the gold
Exanpl e appropri vol at.i|.e gases,inglude.inert gases
OO PRI DR SERCO VB PAEHFF S G o8 ohot FIs ROFURBebed the
B o o i ol biTon B¢ AP ROb i sulator
niimo vinrene e eodimentc drepmeietiel, corbprises appriepoiginky of trohbmer
rocess whi | e attached o _the substrate. i

%ianﬁat g egteriag, ds rﬂfﬁlsmlfye- B rRTgpesEasni ptignals further

é@s@ﬁlg heps. gf% Wlé,%&n&@ﬁﬁrcgﬁl DPh4 802k, fhihk g)‘?el}nplg,lthe

processing t orm’a free-standi ng nanow r e- nat eri

cmafedsli dompriSpt d moapd Lydmhenr dnt ére npatart Bhiardgnad o lymealzimgahe
but qre not limted to, planarization, patterning,.
sERe e n star 20k, p arcial és deravitRd o8 hesusiarae! thereyaRgsite to
; : . L .
eI ey 0 W B AU 0P LU
[ Exbadifol naay terdesthbledby attdeBingll@gle i the vedl sifilces SoHing$he
a nanow re array _anda met hod of producing the sane.
Frapacites Alghgigssealing Bgapliad flppioe wRtsMeg exanpl e st eps
for producing a nanowire array, accordingto an
odimentof the invention, .h step. 2302, a
Rl BT B PRt SRPBAET The composite
can be provided on a substrate or as a free-standing
[0175k onposhnt & emhedimsaidk¢ peeserd Ainvantipn irelates ri adeietire-material

i h > or i ent edi fashion.  F .
CARAISLE Biche BT oA P b tuon Pl Blspis Remenisyter

1@ thdurfid bagr Rinpbbitessub sdl5ted & rﬁéthé@dl@@??o)ﬂué&ﬁg R Bfhe.
The conposite canbe fornedon the substrate, or
FIG. 27A shows flowchart 2700 showing example steps in the preparation of

composites comprising partially exposed nanowires. In step 2702, a nanowire-
material composite film comprising embedded nanowires oriented perpendicular
to the surface is provided. Alternatively, a mixture of nanowires and material is
extruded to form a sheet of nanowire-material composite. The extrusion process
orients the nanowires in the direction of fluid flow. In step 2704, a portion of the
material is removed to partially expose the embedded nanowires. Any method
known to one of skill in the relevant art can be used to remove the material, for
example, plasma etching or organic solvents are used. FIG. 27B shows examples
of the implementation of steps 2702 and 2704. Nanowire-material composite
2750 comprises material 2751 and nanowires 2752 embedded in material 2751

and oriented perpendicular to the composite surface. After step 2704, material



formed as a freestanding conposite and attached to the

substrate in subsequent processing steps. [0167] In
WGEL@p/02R62l, a mask is applied to the nanow r e- PEL/E81084/025064

conposite. The mask allows for the controlled renoval

of a portion of material fromthe conposite. For

exanpl e, the mask is a shadow mask. The nmask can be

made of any materi al that “4frows for the selective

renoval of material fromthe conposite, for exanple,

metal foil. Metal foils for useas the mask include’

12754 és 1fantidlly rethaveddiam perapaesita 2850, Fhem eerhpasite 3730womprises

APRIRST 757 ATrER RS BCRAR B OO HO A T AV f

rao@edand@f. exanple, the mask conprises an array of
circles, squares, rectangl esor any other regul aror

i rregul ar shapes or patterns. In an enbodi nent, as
sKanwwitercoldpGsite2iaBe enmbsdinkdts0 can be used in steps 2304
and 2306. Mask 2350 conprises netal foil 2352 and an

[0176]2" F @y g Céxﬁﬁacﬁﬁegéafe ﬁﬁg&ﬁ]im}eﬂtiéﬁ Rat8S 8P nadBRiRL-fudferihf
selectively renoved fromthe conposite to expose a
penmiposite tbed dnd pnaessss for prodacivg thetsiroel Fi@r Sdeshows dlotvohart
renove the material. For exanple, the material_ can be
r S0 heving iexemplary SiRpsD B PrEPERLoR SaRnevissmptsripl compesite
JRAIn Rip 2885 e Blvsk B chRa DM ol L o1 A RO,
| fe2804 X aiRtuee campridihg modfiregahé haddrial & &enidee formmn
the conposite to create an array of wells in the
CRBYEE theateni coEpatis thbe sy desihetbefaripdaiondgowantg ga¢ af
t J.g(?ltl Yﬂaﬂhg ‘T‘el&?ﬂp Lk gh 8 ﬁ&? ﬁﬁﬂﬁmnrcgg b %Qecﬂ%l %(ﬁf&e Mér}/atlg
that "1 s anal'yzed using the exposed nanow res as

Siefvighgariiue Hhiies. Fo0&aMplEl the nZidturd bas bé @k@sdenthrough a
exanpl e of a nanowi re array 2400. Nanowi re array 2400

ceirrulss diederpsedusg arplalarxbepe. dhanwiherexpnple, themixfuse can be

e I eri.-al 2402 is,sh [ i
HRREE b L 08 93088 % ectiY R RRr M stBnaoch
h2so6h@efRrih BN ReS ca FRnSthe \Wie ofBoiPSEitle HABOMAIiBSer SRR bE
shown. The nanow res 2406 can be processed to allow

fibe tébkefid pirdnlly eipose theetibeddsd nanewyese FI(H28Br shewsiexdngples
A ERS 1228 SR bR RS r S RRRS 28 YS! £ St0% b o

nanowire-material composite 2850 comprising material 2854 and nanowires 2852

embedded therein. Tubular composite 2858 has a portion of material 2854
removed from the inner surface and comprises partially exposed nanowires 2856
and embedded nanowires 2852.

[0177] FIG. 29A shows flowchart 2900 showing an alternative process of
preparing nanowire-material composite tubes. In step 2902, a freestanding
nanowire-material composite film comprising embedded nanowires oriented
perpendicular to the surface of the composite is provided. In optional step 2904,
the composite film is cut into strips of any desired shape or size. In step 2906, the
strips are rolled to form tubes and the ends are bonded together. The bonding or
attachment of the ends of the composites can be done using any method known to
one of skill in the relevant art. Exemplary methods include, but are not limited to,

gluing or thermo-welding the ends of the composite. In optional step 2908,



exanpl e, nanow res 2406 can conprise hydrophilic

surfaces and material 2402 can conpri se hydrophobic
waokacms2 |t is understood that nanow res 240PCT/HS2004/025064

alternatively conprise -hydrophobi c surfaces and

materi al 2402 can conprise hydrophilic surfaces. It is

well known to one of ordinary skill in the art how

nanow res can be prOcessed4§o render their surfaces

hydr ophobi c. For exanpl e, nanow res can be reacted

w th an al kyl fluorosilane. Arrays prepared in

aveteriglassaoned fromrmine @ batho§theouten @nqom@@fémfaqeﬁ Q@h@ rUbﬁ to

b di f d
G SR e Pl BT o Yol A i lfire-
t}h%ﬁﬂ"@ﬁ{poﬁ% J028havih &l peddghnoRites BOU4 dri 1k iRekidrf the

, proteins, enzynes, antibodies and the |iKke.
Hubh Capacitance Capacitor Enbodi nents [0170] In an

enbodi t resen ntlo rel ates t 4
mlm]capacﬂ%ﬁﬂggB Q’ﬁg‘% ieisn‘i}l BIIWB ﬂ%loflé)f v‘écrhl%glwoo

CIQARASH- ﬁaﬁenmn{?%h?é@%mceﬁlgﬁ&égme&ﬁ zm%ﬂaﬁaﬂwm;e@ 8954

same. FI G 25A shows flowc t 2500 show ng exanpl e

séralpesldédiin pravaiat 2052 andhloglbntedgﬂmehémuhr ¢ feecsurice of the
accordjing,to an enbodlnent of t hepresent invention,
FIOBIPOSHE 1t Birigx Anef) PE gBenta no%tfﬁée@dz%‘*-

t :
AReie ﬂﬂ%@b%s@%gﬁgg%? %ﬁﬁi f%e Glsb'spbies 2090 i§ing
f é}@ﬁqﬂ@ﬁqjlﬁgerﬂﬁﬂm\/mf kigp 2BO&® IBoaHecDﬂHMZtaﬁadS}&v tie@nds of the
nanowi res oriented perpendicular to the conposite

SWI&@EG pisiP 96 tifoam thrp fubsles Aiape, Arp@MElS Bnglﬁm%tatlon of

t 5 Vi
DR, SR b s SREES | BB P I REAM {eifrices
[ h6klirek D954 BaiZDH orti@nqgsg Wgposed i tehé pdeRasbt @BulRn
bot h surfaces of the freestandi ng conposite. Any
comopasite A98tat eri al can be deposited on the conposite,
prefer

(1798 1154 g SO BBt B B o

Sy aﬁgp&arb% JfSRd reﬁéﬁmﬁb&ﬁlohn O RuithBIE nRdridkbns and
limt to electro ess plating and sputtering. Any

nataptationnofiiee vegiety of| ppndlaOMII;ipaxatrmtmerwountsredmn navemire-
met al . ghat i s.hi gp:%a.condgct ive.an oes cf,fr)t reacg0
_c??é?ﬁ“& FPIHPRILE RIS “8’6;?6 Jrecessipg dap oul those
| AGHAUPR thdMt aRNE R thel dptlafd sGpe of the invention.

EXAMPLES

EXAMPLE 1

Preparation of nanowire composite with nanowires oriented perpendicular to
the sheet surface

[0180] About 1.0 g of liquid polyethylene glycol diacrylate comprising about 10
mg of the photo initiator 2,2-dimethoxy-2-phenylacetophenone was placed in a
glass vial. A silicon substrate, measuring about 1x3 cm was coated with 40 nm in
diameter silicon nanowires. The nanowires were oriented substantially

perpendicular to the surface of the substrate. The substrate was placed in the glass



al um num nickel, copper, silver, platinum and gol d.

For exanple, FIG 25B shows netal |ayers 2556a and
wQ@a®sh1meposi t ed on both surfaces of conpositeP@BEBR2004/025064

[0172] In step 2506, an insulator is depositedon one

nmetal surface. Any insulator can be used. For exanpl e,

al um num oxi de can be used. The insulator |ayer can be

deposited on the surface u4Png any nethod known to one

of skill in the relevant art. For exanple, FIG 25B

shows insul ator |ayer 2558 deposited on netal |ayer

25516W1th PO spnmpéprlez&dsf the solgbiats immnerse! in thedigpidsgixtohe

SRAGERoMB ey PR bonses Frnvichae s i Ty rBnaces

TRP&I SR Fhe SBEEAE B85 rdniviell BGutHhe W ahd p1ABed tﬁid@f 40y
the rolled up filnms in a canister and sealing the

dampsfoerabof G 2BCospaymedre ¢heatiphid. dapamicomposigtooated
havi ng | eads att ched.to.the netal |ayers 2556a.
it 5as 35S edaagodned o aTisone TEnOVE oS BOEe SR e

aghgaﬁgl%ggw&lloyﬁnﬁfl&gess for producing a high
capaci tance capacitor, according to an enbodi ment of

[0181]t he priEsesdd is al\‘Sea:rtnln[g’lElstm We@dscope (REM) ithagd ofimnowires

[0182]t he supbaaecs g pIGvinyEsmesride)

provided in vvh ch E urface of Lphe tal foil is
RFROACIGHF fo © P gy fxampp EosPOsis RateEal:
n%ifs ials, including,
gﬁ?aﬁgﬁh%ﬁéﬁ%égﬁé) S%pigL?§@ gg%@ﬁgtep 2604, gold, or
other material, nanoparticles are deposited on a
portionof the insul atorg$j y net hod of deposition
can be used, for examIEe)EAW&BS%])I d nanoparticles can
be spin casted or drop casted onto a surface of the
€ ?f <P 1 nanow Ofent c{: eé-gen% 18ty
¢ Hea %%?tt‘i“o “é‘Bﬂ%’Ft’ §? sttggv OHAROPAFT TR I %t%p
2608, a material is dep ?Pr ¢ he portion to enbed
the nanowires and forma nanowi re-material conpositeon
‘I FWDFYboRfer B 0lita8editwith
he material conprises a prepolymer or nononer
mbotlut(eg of hestonst Aftemd clear sohttlpn rﬁtatrrtejzl ghout hbo ntg'ch‘lé)smesi

R ok BB BLISC SR BL SR SRR g
g%%@'%?? ?&iaﬁ gﬁ%ﬁg&é&%@ 1A B tthAG1 4R 18! vt §n Hﬁ%ﬁ(ﬁﬁﬁl@@/ of
about 35 mm. The dish was placed between a pair of electrodes and a DC field
(about 3000 V/cm, with the negative (-) electrode applied to the top and positive
(+) electrode applied to the bottom) was applied and the solvent was evaporated

under the field.
EXAMPLE 3

Preparation of nanowire composite with random nanowire orientation

[0183] About 13 mg of 40 nm Si nanowires was dispersed in about 1 g of

polyethylene glycol diacrylate. About 10 mg photo initiator of 2,2-dimethoxy-2-
phenylacetophenone was added. About 5 drops of the dispersion was placed
between two glass slides with a gap of about 0.3 mm. The glass slide was placed



prepolyner. step 2610, a netal is deposited on the
surfaceof the conpositeto forma capacitor fi Imh

WGEL@p/0PPE2, the capacitor is assenbl ed. For exeempiUg2004/025064

the capacitor may be assenbl ed by attaching |eads to
the nmetal surfaces, rolling the capacitor film and
sealing the rolled filmin a container. Flexible
nanoconposi te sheet and nad8fur enbodi ments h an
enbodi nent, the present invention relates to

nanow re-material conposite filnms conprising partially
explss a2t Vilampvprr smiuies i padypengshelpdypsthylenagly¢nd diacrylate
surfa of the,c osi tes .and rel at to nethods for
SR agore SRR ARG ihar 2700

[0184F NOW NEICEXAR! £ SEERMabd of B REGPRS RLLIAA HanSRHRARERS
conprising partially exposed nanow res. % step 2702, a
neonawisite nwhereim thec papodres earé i rhmd onwlyrpori eniaug amdritieed deitkrial
nanow res oriented rpendi cular to the surface is
p?QSWrEfSﬂP(’leqﬂé‘aW?‘@g}y, a mxture of nanow res and
material is extruded to forma sheet of
napow re-material conposite. The extrusion process
orients the nanowires iBXANEId tection of fluid fI ow
h step 2704, a portion of the material is renoved to
partially expose the enbedded nanow res. Any nethod
k nowRreparatiae obpanswyire coppositewitle randamt naapwire grichfetions ed
to renove the material, for exanple, plasma etching or

rgani v

fo18sf'] 3% ApaR O EP TTMIEIMAG Sos g 8 Ly 0GR RAE e
Nevtaidn wasated, about Grfrag bf 40 1dd SOnaomires sias dizpéresd iato the
2751 and nanowires 2752 enbedded in nmaterial_ 2751 and
ofqletineBy sempaing ARCH S 120k e duepddn pas dignsfamed tong s
S . ial: - | al. | e
ot e oFE R LB b Gl ot e Bl b oosely
nesveyddr=ad pPatsd in Mh&ydeb allew BeIK Ent@Rapbaifbro Upba Baiof8i%n of
2752 are exposed to produce, nanofur. Nanow re

cBwpselyrrie2 coRouBTRRbeRt atrasthiclncs pf pbotd - 0rmway asabtained.
10186} s 1t b e e Rt S IR e Bl i

Fhigtefi@A compwsite] [vaediarthe 28080 UteNSmaNARP bAkited a8 She
in the preparationof nanowi re-material conposite tubes

s materiaBie PV Daprdvinete $ heimater alivras stadd povotsbyarapidtesspoadtiop of
f %r ma{n Xt ur te h
e solvent acetone.

[0187] FIG. 35 is an SEM image showing a nanowire-material composite,

wherein the nanowires are randomly oriented and the material is PVDF polymer.
The composite is less porous than the composite shown in FIG. 34. The solvent
was evaporated at a decreased rate, which caused a less porous film. This
example shows how the porosity of the composite can be controlled by
controlling the rate at which the volatiles (e.g., gases and fluids) are removed

from the nanowire-material composite during processing.

Conclusion

[0188] While various embodiments of the present invention have been described

above, it should be understood that they have been presented by way of example



step 2804, a m xture conprising nanowires and materia
is extruded to forma nanowire-material conposite
wao aiwe/01786 et hod of extrudati on known to one PET/BK1004/025064
in the relevant art can be used. Extrusion can be used
to produce materials having various shapes. For
exanpl e, the m xture can be_ extruded through a
circular die to produce a~?lbul ar shape h anot her
exanpl e, the m xture can be extruded through a |inear
die to produce a sheet of conposite h optional step
2o andraetdimigations I eiigheappateniio phrsonnekilhed b dladretsvantaet
ter .and jinner. surfacesof..the, tube to part.i.al .
g R A A8 S8 o e B fomppings
Okorh fige &pitl £1dEIbEE bOIhe Blivehiien. STRES 118 breAdIMGR@ESopd 3P the

FIG 28B shows tubul ar nanow re-material conposite
Jgegntisrgitionishepldnetdeilmiteddyany nfthe abaier deseritlkd®remplary
enbedded .t herei n, .. Tubul a onposi te 2858 .h a _.portion
SRS, Pl dea iR ndl oA et i B s
CanRdisfinAEdd. al | y exposed nanowires 2856 and
enbedded nanow res 2852. [0177] FIG 29A shows
flomchart 2900 showi ng an alternative process of
preparing nanowi re-material conposite tubes. In step
2902, a freestanding nanowire-material conposite film
conpri si ng enbedded nanow res oriented perpendi cul ar
to the surface of the conposite is provided. In
optional step 2904, the conposite filmis cut into
strips of any desired shapeor size.In step 2906, the
strips are rolled to formtubes and the ends are
bonded toget her. The bonding or attachnent of the
endsof the conposites canbe done using any net hod
knownto one of skill in the relevant art. Exenplary
nmet hods i nclude, but are not limted to, gluing or

t her no-wel di ng the ends of the conposite. In optiona
step 2908, material is renmoved from oneor bothof the
outer and inner surfacesof the tubeto partially expose
t he enbedded nanowires. FIG 30 shows a tubul ar

nanow remateri al conposite 3002, having exposed

nanowi res 3004 on the interior of the tube. [0178]
FIG 29B shows exanples of the inplenentation of

fl omchart 2900. Nanowi re-material conposite 2950
conprises material 2952 and nanow res 2954



enbedded in material 2952 and oriented perpendicul ar
to the surface of the conposite. Conposite strips 2960
wa bad/oewenpl e i npl ement ati on of step 2904. Rol Periuszvd4/025064
bonded conposite strips formtubul ar conposites 2970,
showi ng exanpl e inplenmentation of step 2906. Bonded
area2972 attaches the endsof the conposite strip 2960
to formthe tubul ar shape” SAn exanpl e i npl ement ati on
of 2908 is shown by tubul ar conposite 2980. Tubul ar
c‘g{apfsite 2980 conpri ses nanow res 2954 having a
p¥BAE GbaIMEISsed in the inner portion of tubular
conposite 2980. [0179] The followi ng exanpl es are
illustrative, but not Iimting, of the method and
conposli-t i ons piocedse fpr gwedicitign\ae manowire-Gratesial s compdsite,
nodi fi cati ons and adaptations of the varietyof
COHBIS8ns and par amet ers encount er edi n
nanowi r ematgy i al,rGARPSA sBbdaRPREALE MnAWHeP LREASS G
that woul d be known to those skilled in the art are
wortemofi a4 éeastpineistirfaceg ast ope of the inventi on. EXAMPLES

EXAMPLE Preparatjon.of nanowire conpasite.with )
nanow r es cﬂg} ent4CHOFERS EntietHp Pv?rgg 1, Poctie o o el

[:QhoRRE-oRGH coflphie§ |1 quid pol yethyl ene glycol
di acryl ate conprPS|ng about g of the photo initiator
2, 2-di met hoxy- 2- phenyl acet ophenone was placed in a

gl ass vial . A silicon _subsirate, neasuring .aboyt 1x3¢m
oee oot od THETHRRSSH IS ST st G SSq RS A ASUCPRYAer
The nanowires were oriented substantially
per pendi cul ar to the surfaceof the substrate. The
subst rat e VE® podseafictrime whk@issaiddubstwiité 18 aaérnicon@Bitor,
of one endof .the subitrate i mersedin the liquid
rBla5s reEAmiss RAYmet, Bistal o RoRSIe hfgeHanowi res had wi cked
the liquid up to fill the spaces between them The
substrate was renoved fromthe vial and placed under a
W | anp f orTielpeetesd& didim 3, ovhpelysmit serdcdndactot §uigtoupAV
nangconposite coated substrate was thereby obtained,
i SSAEEPCten ryRAbXH peBicardustoror graup Y serRisppdusiqrgi nal
growth orientation.

5. The process of claim 3, wherein said polymer is an elastomer,

thermoplastic or therrposetting resin.

6. The process of claim 1, wherein (a) comprises:
providing a substrate having at least one surface covered by a

parting layer and nanowires attached to a portion of said parting layer.

7. The process of claim 6, wherein said parting layer is a polymer,

glass, metal or semiconductor.

8. The process of claim 7, further comprising:
(¢)  removing said parting layer from said substrate and said

composite to form a freestanding nanowire-material composite.



[0181] FIG is a Scanning Electron M croscope (SEM
i mge of nanowires oriented perpendicular to the
waensaceenf an exanpl e resulting conposite matBCT/EE2004/025064
wherein the material conprises poly(ethyl eneoxide).
EXAVMPLE 2 Preparation of nanowire conposite wth
nanowi res oriented perpendicular to the sheet surface
[0182] . About 0.5 g pol y(@?nyl i denefl uori de) (PVDF)
pol ymer was contacted with about 1 of acetone. Aftera
clear solution formed, about 11.6 g of 40 n Si |
nanow %.es W mpegseoEddin B whareis sgidirempwng ggmprises:
soni cat i on. out 5.9 of .the dispersion wa - .
t ransf er r e Cﬁng Is%h8 W’i‘%ﬁ”‘lyali 3’2@ adhﬁ‘ﬁl ch‘ﬁh%ltnsail% fayd
YRR L Edai PparBROIer3S MM The dish was placed between a
pair of electrodes and a DC field (about 3000 V/cm
with the negative (-) electrode applied to the top and
positiyve (+), el ectrode applied to, the bottom was
appl | ebo'and%]i‘ar@(’%eﬁF QEaf‘“‘agsW@?fﬁlﬁép)a‘foé@ri?ﬁ%er the
field. EXANRLE castiRE SRia b offsafdanauid € conposite
wi th random nanow re orientation [0183] About 13 ng of
40 nm Si nanowi res was di spersed in about 1 g of
pol yet hyl e gl ycol diacryl ate.. About hot o
initi aP%r gfhezl?l)égﬁﬁ 1A% z‘ﬁ“fﬂ?@ﬁ%ﬁ% S§Pphenone was
added. AboUépilﬁcéjﬁiﬁg%aigfma{t%l@h%@i%rsﬁif%é. was pl aced
bet ween two ‘gl ass Slides wwth a gap of about 0.3 nm
The gl ass slide was placedunder aUV | anp for m nutes
to polynerize the polyethylene glycol diacrylate and
yi el d B-conpdspreess REEl Xt’l’{ﬂ‘frﬁ-- hEUWTHESabout 0. 3

nm [ 0184] b Sai nﬁ%\q exanpl e

resul ting n@h((%\for%ﬁ?%g%lgrl a dégﬁn%%g?{nef?&\)\her ein the
nanowi res are randomy oriented and the materi al

conpri ses pal y(ethyl eneoxi de). EXAVMPLE 4 Preparation
of nanbhi r e TROPHIEES PEClm Hzf‘ﬁ%@ﬁlsﬁ@hgﬂer@a%& ENPRHSCHN
[0185] Abou%la&)e 0 ir%Y DEAPRIWIERT MPS@AEH S QuaP e L5

acetone. Aftera cle
nanowires are aligned parallel to their long axis.

14.  The process of claim 1, wherein (b) comprises:
removing said portion from a bath of said material such that said
material is deposited on said portion and said nanowires are aligned parallel to

their long axis.

15.  The process of claim 1, wherein (b) comprises:
applying said material to said substrate unidirectionally such that

said nanowires are substantially aligned parallel to their long axis.

16.  The process of claim 1, wherein said material is a polymer,

prepolymer, ceramic, glass, metal or a composite thereof.

17.  The process of claim 1, wherein said material is an elastomer,

thermoplastic or thermosetting resin.



solution was formed, about 8.5 g of 40 nm Si nanow res
was di spersed into the solution by sonication. About 5
w@2@6/011962 di spersion was transferred to a fl atP@DUSIING/025064
glass dish with an inner diameter of about 35 nm The
di sh was | oosely covered and placed in a hood to allow
sol vent evaporation. Upon evaporation of the solvent,
a conposite sheet with a tAftckness of about 0.09 mm
was obtained. [0186] FIG 34 is an SEM i mge show ng
an exanple resulting porous nanow renmateri al
conposite, wherein the nanowires are randonly oriented
and t material is DFE polyner. . The terial was
e bt ous i oo A ST AaER e BR s e
[ §¥18 Tehsththvie: or Sort diffRenbBbyhidBge showi ng a
nanowi re-nmaterial conposite, wherein the nanowires are
randomy oriented and the material is PVDF pol yner.

The ¢ osit.e is |les orous than.the c osi.t e shown
' F1 0 3a. TeuSesst St S bt mid P E O P e S P
rtagpolhéiGhdGernesd a | ess porous film This exanple
shows how t he porosity of the conposite can be

controlled by controlling the rate at which the

vol atiles (#e.49., gases and fluids). are renoyed from
t he naé’ngvi r@:“%ﬁ?‘éegf 8? aﬁ‘ﬂ?ﬁ'g’o?? @a‘ﬁz}?ﬁﬁﬁnﬁ?td’@ ng.
Conclusion [01 88] While various enbodi nents of the
present invention have been described above, it should
be und¥r st obak frbesss ¢fdaimhla whetriesai pmetsgaltconhphiseswayixtnfe
e | eonly, and not limtation. It wll be apparent
t‘ﬁaaggqag‘,t&ﬁ@%ﬁqugﬁo’ﬁerr?ﬂ?éymgP'evant art that various
changes in formand detail can be nmade therein w thout
departing fromthe spirit and scope of the invention.
Thus, 2he bFleguotesaoitldnoyehefein daid meteddbmprises amiginre
shoul d notbe.l.i.m tedby anyof the above-descri bed
é?ﬁﬁ}oé‘?%?aBﬁHBH?tﬁ’énts, but shoul d be defined onlyin
accordance with the following clains and their
equi val ents. WHAT CLAIMED I'S: 1. A process for
produc?ing alleeprovdss ef ¢taibe?l, atheeabipad iritatocio aphbisiniigitor

(a), providing .a substrate having nanowires attached to
T heat-activated 1nitiator.

24.  The process of claim 1, further comprising after (b):

hardening said material.

25.  The process of claim 24, wherein said hardening comprises:

evaporating solvent from said material.

26.  The process of claim 24, wherein said hardening comprises:

admixing at least two or more epoxy prepolymers to form an

epoxy polymer.

27.  The process of claim 24, wherein said hardening comprises:

polymerizing said prepolymer.



portion of at |east one surface; and (b) depositing a
materi al over said portion to formsaid

w1962 mat eri al conposite. 2. The process oPCTIUS2003/025064
1, wherein said substrate is a silicon wafer. . The
process of claim, wherein said substrateis a
sem conduct or, gl ass ceram c, polyner, netal or
conposite thereof. 4. The'ifrocess of claim3, wherein
said sem conductoris a grouplV sem conductor, group
P-VI sem conductor or group -V sem conductor. 5. The
procegs8. of Tdﬂe@lrame& ofiainet, furglzr dopotising after(blin
el astoner, thernoplastic.or thernosett (g?res

The proceséSof SPRATANDE S, BPRAVAT IpCEahpFTReLe ot said
%ﬁ@éﬂaﬂa‘ teﬁfoﬁn a 'ﬁ%étéﬁhﬁ% RAVWAG-BhtelifNddmpe&it. Sur f ace

covered by a parting Tayer and nanow res attached to a
portl on of said parting Iayer 7. The process of claim

rein ald art is a.pol r, gl ass
e o ﬁ%ﬁ ottt Sherp Sl Sephii e
further c o al(f 1‘1‘%1 Wgﬂét&gal%ﬁfn o8& ﬁdrﬁ daill QY S¥rate
str sai

fromsalds conposite to forma
fusigsitdadh. ng nanovm re-material conposite.9. The
process of claim8, wherein said renoving conprises:
contacting said parting layer with a fluid such that
sai d finui d 03 ' S
of ol . TRIRRSs PRER Wil @ separat T gRoRhRER
mat eri al ordisalxdng isafdasehstrate Ttee thpretye $emofsaidl &eestanding
wherein (b) conprises: spin coating said material on .
sai d surface. 1?”TW€6‘6?36?}?§§018P0% aim1l, wherein (b)
conprises: blade coating said material on said
surface. 13. The process of claim 12, wherein said

bl ade-xoat i Tig: proegss bSelsim 28, wherein said separating comprises:

etching away said substrate electrochemically to thereby form said

freestanding nanowire-material composite.

32.  The process of claim 28, further comprising:
(d separating said nanowires from said freestanding nanowire-

material composite.

33.  The process of claim 32, wherein (d) comprises:
contacting said freestanding nanowire-material composite with a

fluid such that said material is dissolved in said fluid.

34.  The process of claim 32, wherein (d) comprises:
heating said freestanding nanowire-material composite to a

temperature sufficient to incinerate said material.

35.  The process of claim 28, further comprising:
(d) laminating said freestanding nanowire-material composite

on a second freestanding nanowire-material composite.



bl ade coating said material on said surface such that

said nanowires are aligned parallel to their |ong
W@zx008/0172d2 The process of claim 1, wherein (b)PCT/US2004/025064

conprises: renoving said portion froma bath of said

material such that said material is deposited on said

portion and said nanowires are aligned parallel to

their long axis. . The proééSs of claim, wherein (b)

conprises: applying said nmaterial to sald substrate

uni directionally such that said nanow res are

substantially aligned paraIIeI to their long axis. 16.

b0yt praBiiel T sl ofefed Bato R ongrish °
conposi te t(a)er eQirovilithg alet RILOEAS Badhg fdrdkwited att¥ABH &
said material is an elastoner, thernoplastic or

tmﬁm@féﬁ fqaniconesytiace, whisitpeach asmovefe liasaifirst endiatiachied to
Cgpg‘Fterl | conprisesa mxture of at |east two or
n%ll "H&PEnt pol yners. . The process of claim,

wher ei n sai@®) fTHt&beéilmgﬁﬁﬁférﬁ?&/%r%&ﬁd%ﬁ@nt%ffoﬁlmm
and sol vent. he process of claim1l, said nmateri al

|ma’r&r1mle®tnpp®ﬂtqzner . The process of claim, wherein
said materi ri sesa . xture of at | east r
rmr e epoxy l g 53 naﬁ"ﬂ@"ﬁ%@% °8’F“p8l1%§l 0 form a
WhiteRich coAM ?gsﬂrgaterl al conprisesa m xture of nonomer
and initia . The process of claim 22, wherein
said initiddpr issparaphgtmidipaitaned wmpvent -facmi vad efiist
initi %t or. 24. The process of claim1l1, further
%lll?ﬁtFlglaﬂﬂ after (b): hardening said material. 25. The

process of @} ai Mupfyinikian Baflerned Eorifdslens BdeSRMELbARR

evaporati ng sol vent” from said materl al
such that said nanowires are aligned substantially parallel to said second

substrate.

37.  The process of claim 36, further comprising before (a):
growing said nanowires on said first substrate such that a portion
of each nanowire at said end is doped.
38.  The process of claim 36, wherein (a) comprises:
providing a parting layer on said first substrate, wherein said

nanowires are attached to a portion of said parting layer.
39.  The process of claim 38, wherein (d) comprises:
separating said parting layer from said first substrate and said

nanowire-material composite.

40.  The process of claim 36, wherein said nanowires have lengths

between about 10 to about 20 microns long.

41.  The process of claim 36, wherein (a) comprises:



26. The process of claim 24, wherein said hardening

conprises: adm xing at |east two or nore epoxy
w@e@poliweers to form an epoxy polynmer. 27. TheP@r/US®84025064

of claim 24, wherein saikd hardening conpri ses:

pol ymeri zing said prepolyner.2 . The process of claim

, further conprising after (/b): (c) separating said

nanow re-nat eri al conposi te&’fromsaid substrate to

forma freestandi ng nanowi re-material conposite. 29.

The process of claim 28, wherein said separating

conpri ses: mweydingt $ad) fissti shbstzatoiaviagnside npdwitesngtishede

fromsaid substrate using a blade, 30. The process of

R rrRRe R ShaHpR o Beiii el e

di ssol ving said substrate to thereby form said

freestandi ng nanowi re-material conposite. . The

pr oces#2.of Thegiraee@gof ol 36, rwisaeid (Heypamaisesig

conprises: etchji.ng a ai d substrate . .
el ectroche 688?1“19§ 55‘&%}&@5&?&55%%@& i matsiel feverg seid
NaReWilege- mat eri al conposite. 32. The process of claim

28, further conprising: (d) separating said nanow res
fromsaid freestandi ng nanow remateri al conposite. 33.

The process_of claim32,. refn (d).conprises:

cont acz?%'ng Thg BIOF?Sée%?‘ﬁWB?\Aﬁg’ Whﬁsé\x gaé(f ﬁ‘%‘gl‘ai At @ polymer,
j i b j Lgematerial is

3# SE%?@EIS c#ﬁh%é%égs%’%gﬁlﬁgg%@gﬁg tgéyggféss of claim 32,

wherein (d) conprises: heating said freestandi ng

nanow r e- erial co site to a.tenperature
Suf 11 cHont 1 PIRESSA ! RImSl: DRI mategal 15 pslastomer,
F{hgﬁﬁ a®k of bRl 2ind kil her conprising: (d)

am nati ng sal reest andi ng nanow re-materi al
conposite

45.  The process of claim‘ 36, wherein said material comprises a

mixture of at least two or more epoxy prepolymers.

46.  The process of claim 36, wherein said material comprises a

mixture of a monomer and an initiator.
47.  The process of claim 46, further comprising after (b):
photopolymerizing said monomer to form a hardened nanowire-

material composite.

48.  The process of claim 36, further comprising after (b):

doping said nanowire-material composite.

49.  The process of claim 48, wherein said doping comprises:

doping a second end of said nanowires.

50.  The process of claim 36, wherein (c) comprises:



on a second freestandi ng nanow re-nateri al

conposite. 36. A process for depositing oriented
wmanemi19es conprising: (a) providing a first SPOFUSEDE025064

havi ng nanowi res attached to a portion of at |east one

surface, wherein each nanowire has a first end

attached to said portion; and (b) depositing a

mat eri al over said porti ont8-f or ma nanowi remat eri al

conposite; (c) patterning said nanow re-nmaterial ’

conposite to forma patterned conposite; (d) )

separ at i ng Badiethipgsaidnanewircongesil cempeyinusiigdn ion gehing

subst rat.e, .an e) appl yi.ng said tern O
BRI bR S S R S A e G
atlL,00sd,slHrantial ly parallel to said second
substrate. 37. The process of claim36, further

conprising before (a): growi ng said nanowires on said
first bst{,ﬁlte suchftlhat 3$ ‘gﬁ)rt.i g& of each nanow re
at sai - end TEPEHRAT @880 “HHE DB SO ai m 36,
wher ei n (@) (1§0MDFAtRRSHg NaRY I BhSEird nPAtdl NerhfdsRE Rio a
said first substrate, wherein said nanowires are
attached to a poplujabity effnapawdepeat¢riahgldchyer . 39. The
process of claim 38, wherein (d) conprises: separating
said parting layer fromsaid first substrate and said

nanowi 52- MefRd hidbess BFPRRA U, witlein [ DERhOCRRTHrREs:Cl @i M
36, wherein salil)d ensanowi res ’hvglveelln-efngt hs betweenS about

t o about 20patieoringsaifl aagowire-Haterial ooepssitefiniol aplwBdy of

wher ei.n . i ses:providing said first. substrate
PR A e e pat RlogRuB e f ik riepe e &88uF10
PglRsdi cular to a portion of at |east one surface.
42. The process of claim 36, wherein (b) conprises:

53.  The process of claim 51, wherein (&) comprises:
(D) applying said plurality of nanowire-material blocks to a

portion of said second substrate.

54.  The process of claim 53, wherein (€)(1) comprises:
applying said plurality of nanowire-material blocks to a portion of

said second substrate in a predetermined pattern.

55.  The process of claim 53, further comprising after (e):

® planarizing a portion of said nanowire-material blocks.

56.  The process of claim 55, wherein (f) comprises:
planarizing said nanowire-material blocks using an oxygen plasma

to expose a surface of said nanowires.

57.  The process of claim 36, further comprising after (e):
® removing said material from said nanowire-material

composite to form on said second substrate a thin film of nanowires aligned



depositing said material such that said materia

covers said nanowires. 43. The process of clai m 36,
wab@se11esai d material is a polyner, prepol ymePCT/US2004/025064

ceram c, glass, netal or conposite.thereof. 44. The

process of claim 36, wherein said material is an

el astoner, thernoplastic or _thernosetting resin. 45.

The process of claim 36, wherein said materi al

conprises a mxture of at least two or nore epoxy

prepol ynmers. 46. The process of claim 36, wherein said
resbetantzdllyqangdlel tnesidasenpnd snbetrast and hoviegre pulfiggnidensity to

i nitiator, 47.réthe cc?ce]gs of claim46, further

ST 81 RBeaHe C?’b{“. Pfiot opol yneri zi ng sai d nonorer
to forma den@ginBANPMrAIRYBE RilidindEQERRSick SegichiB in shite
process of claim 36, further conprising after (b):

dbpi filan ebneamowanesieinde- mat eri al conmposite. 49. The
process of ai m.48, wherein said dopi.ng ¢ ri ses:
dopi ng a se¢¥®¥nd Hain&cogéﬁﬁ aﬁiﬁm%(&d“%ﬁ ggr}ﬁ erﬁ%&%g’s
OtherebPhfBvitf ol MRS a?édhn@&?\{it?%ﬂ%bﬁﬁﬁit%ﬂe%i&bl{&ﬁpﬁ@ﬂ@bice_s.
nanow re-nateri al conposife using an ion etching fluid
selected fromthe group consisting of ions of CF4,
CHF3, 4, CCl 2F2, . H.and. Ar. he progess
of o ot 36TIGRIEFER B Ty o HFEERIC g sabpErpRg ot
s@ydanBgy bRxPRieri al conposite into a plurality of
n(gxo%vi re-ér%ter?%l bl ocks. 52. The process of claim42,
wherein (1) further conprises: patterning said

nanow fe-material ¢co site into a.pluraljty of ..
nanowi 35 mebarpsees Y BRREcgAR Plepront b Pl fut iR o
hei ghtof |egs thamcRRGY nflowWiRDRaterial composite comprising a

plurality of nanowires to a portion of a substrate;

(b)  patterning said nanowire-material composite to define one
or more semiconductor device regions; and
(c) forming contacts at said semiconductor device regions to

thereby provide electrical connectivity to said device regions.

60.  The process of claim 59, wherein (a) comprises:

laminating said nanowire-material composite to said substrate.

61. The process of claim 59, wherein said nanowire-material
composite comprises a plurality of nanowires with sufficient density to achieve an

operational current level.

62.  The process of claim 61, wherein said nanowires are aligned

substantially parallel to their long axis.

63.  The process of claim 61, wherein said nanowires have lengths

between about 10 microns to about 20 microns long.



53. The process of claim51, wherein (e) conprises:

(1) applying said plurality of nanowi re-materi al
whb@sks796D a portion of said second substrat e. PEGHUSZ0€025064

process of claimb53, wherein (e)(l) conprises:

applying said plurality of nanowi re-material blocks to

a portionof said second substrate in a predeterm ned

pattern. 55. The process ofY¢l ai m 53, further

conprising after (e): (f) planarizing a portion of

said nanowi re-material blocks. 56. The process of

clai m®6, whHe airacgst) of o s¥s: whicrarar said nepbstiptg is a

nanow r.e-.materi al bl.ocks usin oxygen..pl.,as to
BRI, efast FeppG oM A BNR gEcomppsiR et coss of
claim 36, further conprising after (e): (f) renoving

said material from said nanow re-material conposite to
f or m off. sai Bhesoessd ofelbist Shvderein sridnfakdrial of sarbirrpaivites

al it%nglsls%ubst.?n.ti al arallel to said secon%hsubst rate
AP HA\FC Y OIS PP BTRSP RO ¢y O Pl ey Bely, oT composite
ofsfeat i onal current level; (g) defininga pluralityof
sem conductor device regions in said thin film of
nanow res; and (h) form ng contacts at the

oF et R Ehges G5 S et P Ryt St Faanovire
SRHAMNIUEIRTte O ERBomS Sher DI L ER b scRirR AR,

wherein said second substrateis a liquid crystal
di spl ay backplate. 59. A process for producing an

el ectrgnic substrate,. co i sing: (Aa), attaching.a

anow § b el 87 PaPe SREBET oo Taran ey LIRS BV AR of
nanowi res t,,8,pQ%illindfbowite-MakHRBidnRidRite bR kaiRREB LR NI
said nanow re-naterial conpositeto define one or nore

sem conduct or device regions; and (c) form ng contacts

at sai d senm_conductor. devi_ce. regi ons t
g& rTJl“he process of claﬁn 58, furtﬁgr comprisglg after (a):

(d planarizing said nanowire-material composite to expose a

portion of said nanowires.

69. The process of claim 68, wherein said planarizing comprises:

planarizing said nanowire-material éomposite by plasma etching.

70.  The process of claim 59, wherein (b) comprises:
(D depositing a dielectric layer on said nanowire-material

composite.
71.  The process of claim 70, wherein said dielectric layer is SiN.

72.  The process of claim 70, wherein (b) comprises:
2) etching said dielectric layer to form a pattern of said
dielectric layer and to form a pattern of exposed nanowire-
material composite to define the one or more

semiconductor device regions.



t hereby provide electrical connectivity to said device

regi ons. 60. The process of claimb59, wherein (a)
w@ovpoi®es: | ami nating said nanowi re-materi al PONPSX0L/€25064

to said substrate. 61. -The process of clai m 59,

wherei n said nanowi re-material conposite conprises a

pluralityof nanowires with sufficient densityto

achi eve an operati onal curPént Ievel. 62. The process

of claim 61, wherein said nanowires are aligned

substantially parallel to their long axis. 63. The

process of claim®6l, wherein said nanowi res have

| engt between about .10 pi cr,ons about 20 m crons
ong. 6 THERRRERea At P ricagn (Bhe

-
=0

I1SCS. _ .

nh sai d
substrate ig)a s@ﬁ@ﬂ@&@ Eed HnaWSre-1GRE@Ic6mpBstey Mer ,
nmetal or conposite thereof. 65. The process of claim
59, wherein said material of said nanow renateri al

conposite i.s a pol Fay s pal yner... ceram ¢, gl ass,
net al J{)‘{’ coﬁbeﬁg?@ggﬁw@g?s’ Vgté?\{eﬂﬂ@ BIEEEEE of claim
59, wherei n4sai dreffRb iy sald Béle&At thyganow renat eri al
conposite is an el astoner, thernoplastic or

t hernosetting resin. 67. The process of claim59,

wher ei n. said attachi copprises: .coating said
nanowi P ol i PTRFSSS OhFIGER P& WAFER (6 OOWEEFat e, 68. The

process of gl@iFimbaid dnlibGHausOrRsisd Reiods forf@lectrid)
pl anari zi ng said nanow re-material conposite to expose
acqoedtivoty tobaid dedcoeegowisr es. 69. The process of claim
68, wherein said planarizing conprises: planarizing
sai d nanow re-material' conposite by plasma etching.

70. Thes pr oggssiobdss oF Blaffh 59, wih&h 8hid 1SRRG ESes:
(1) depositing a dielectric |ayer on said

nanow r e- mametalleding: eaplo setheonductorTdevipe acg®ss oby od-bdam

70, wherein said dielectric layer is Si N
evaporation.

77.  The process of claim 75, wherein said metallizing comprises:
€8 forming source and drain electrodes, whereby the
nanowires form channels having a length between

respective ones of the source and drain electrodes.
78.  The process of claim 77, wherein said metallizing further
comprises:

2 forming gate electrodes.

79.  The process of claim 77, wherein said nanowires are aligned

approximately parallel to an axis between the source and drain contacts.

80.  The process of claim 75, wherein said metallizing comprises:

forming anode and cathode electrodes.

81.  The process of claim 78, wherein (2) comprises:



72. The process of claim70, wherein (b) conprises:

(2) etching said dielectric layer to forma pattern of
w@atod/odivet ectric | ayer andto forma patternof eRQDESIH04/025064

nanow rematerial conposite to define the one or nore

sem conductor device regions.7 . The process of claim

72, wherein (b) conprises : (3) doping said exposed

nanow r e- nat eri al conposit§2'74. The process of claim

73, wherein (b) conprises: (4) renoving said

dielectric layer. - 75. The process of claimb59, wherein
| (c) conpr i sfesmingeigatelclecimgde smthd ssdmicodsadd oemswitkewitsgial

tofor ctr cal connectivity. to said. device
Eante 2 % e Tk b eSS RO EHe 3 ol i Reis i &
ﬂﬁqakhhﬁiﬂghﬁﬂﬂﬁékﬁﬁs metal lizing said sem conduct or
devi ce regi ons by e-beam evaporation. 77. The process

of cl ai m 75, wherein said nmetallizing conprises: (1)
formn ce and drain wher eby the
nanovi “@ﬁﬁrewgﬁﬂéﬁgmh% A0 Bl gt veen
respect i ve BREMeQ aferh@eo?r‘éﬁé Gl?tlfé@grfgd'e%fgaﬁln%\ﬁl%jﬁﬁtenal
78. The process ofgc laim 77, wherein said netallizing
fcmrmﬂwrte sumhplrat ﬁeshsta(@y bétwreai seyd gatt enddapthanodirss iségual to
s of a|n177, wherein said nanowires are
a‘Pr Eﬁéﬁ % fely parallel to an axis between the
source and drain contacts. 80. The process of claim
75, wherein said netallizing conprises: form ng anode
and cathodeTled motase dEslaind 39, flttkerpoopeismgof cl ai m 78,

wherein (2), conprises;fo ate el ectrode on the
surface of @id méwq)e{o%%n%rspggnagewgsgl te such that

the di stance between said gate and sai d nanowi resis
equalto
84.  The process of claim 83, wherein step (e) comprises:

(1)  forming said nanowire-material composite to include p-n

junctions.

85.  The process of claim 84, wherein step (e) further comprises:
(2)  forming said nanowires from at least one light emitting
semiconducting material such that said p-n junctions emit

light during operation.

86.  The process of claim 85, wherein step (2) comprises:
forming said nanowires from said at least one light emitting
semiconducting material that includes at least one of GaN, GaP, GaAs, InP, InAs,

7Zn0 and a combination thereof.

87.  The process of claim 85, further comprising:
® forming said nanowire-material composite from a plurality
of nanowire-material composite layers,
wherein each said nanowire-material composite layer includes at

least one of said at least one light emitting semiconducting materials selected to



or less than 100 nanoneters. 82. The process of claim
78, wherein (2) conprises: formng a gate el ectrode on
wo b@ssubace of said nanowi re-materi al conposi PET/BE82IN4/025064
that the distance between said gate and said
nanow resis equalto or |ess than 5 nanoneters. 83. The
process of claimb59, further conprising: (e) prior to
(a), formng said nanow re83-84. The process of claim
83, wherein step (e) conprises: (1) formng said
nanow re-materi al conposite to include p-n junctions.
&mlt Tight pt @cwsmlmgﬂc deffarer8 4fromhesher hayetseqf $aad plurplkitiyeef
ri ses tg}ﬂ% E%i said nanowires from at | east
JRBOV G F?’F‘H@s@ “Conducting material such that
said p-n junctions emt |ight during operation. 86.
The process of claim85, wherein step (2) conpri ses:
f or m . sai thepanamas okdaifr Sinfesiiat camprisiagt one | i ght
emtting se ConngCIl ng. material that inclu

mattial € Tayat of said
I east oneof'& ERIBE @4 A8 nappipire-makrial SIppogy layet ot s
u i L%ﬂa‘fl@n&d@ﬁé ﬁf&ienaﬁc?ompmﬁe RYOS 8% Afledst (ﬁiemgﬁﬁemlttm%

er conprising: (f) formng said nanow re-materia
cenpasidnetifg matarigl sa}eeﬂed toyeroit lightaswi bles hgitt evavelength;
conposite I®ers wherei n each sai d nanow re- mat?rl al

corrposi te |@er PHENgIECHRd PaOTIreRaHRL CORRPSEE 1aveneh
hﬂ{ifty S i h irs: ﬁm&ﬁ[‘ Qﬁrﬁfébsﬂ& 1S R 5t 185k S6E Bight

I'ght at a wavel engt Ifferent from other
Iemyletrrg etmrandugihgrmabtetiyl eflectiehdwi ereit nigghératah green light
conp S|te Igyers 88. The process of claim87, further
0‘8 gnef (g) formngaflrst nanow re-mat eri al

CONposi t e | ﬁi%g lw'nteymﬁ’c rifl com os1te layer of said
nanow r e- m erl a (O] t ayers rroma | east one
| plgfalityesfiatriahogire-material composite layers from at least one light emitting

semiconducting material selected to emit light at a red light wavelength. \

89.  The process of claim 88, wherein step (&) comprises:
coupling said first nanowire-material composite layer to a first
surface of said second nanowire-material composite layer; and
coupling a second surface of said second nanowire-material
composite layer to a first surface of said third nanowire-material composite layer;
wherein step (a) comprises attaching a second surface of said third

nanowire-material composite layer to said substrate.

90. A system for forming a composite, comprising:
a substrate;
a plurality of nanowires grown on a portion of said substrate, each
nanowire having an end attached to said portion;
a material deposited on said substrate to cover said portion,
wherein said material encases said plurality of nanowires on said portion to form

a nanowire-material composite layer.



sem conducting material selected to emt light at a
bl ue 1ight wavel ength; (h) form ng a second
wmanemi19e2 mat eri al conposite |ayer of said pl ur@l/Us2000625064
a nanowi re-material conposite layers fromat |east one
light emtting sem conducting material selected to
emt light at a green |ight wavel ength; and (i)
formng a third nanow re- néteri al conposite | ayer of
said plurality of a nanowire-material conposite |ayers

fromat |east one I(;fqht_ em tting sem conducting
mat er il seThectystgmt of céaxint90, fugther eqmprisieg! | i ght

I th. 89. .Th f ¢lai.m 88, . Y
(&) “conpri denegSlBP RSO ER eo i ilaki 6k BeseFe.
conposite layer to a first surface of said second

nanow re-material conposite |ayer; and coupling a
secon®Zsur fHuesystensaf elaige 8 bnwhereinoaid pluradityepf sanowires is

COonposi ayer t first surfaceof, said third

Wt}aggﬁba‘gé?‘{ %Elrgl&ei ﬁ%@s}fﬁ‘@% B Sa‘kféﬁ@%&?ﬂ- step (a)
conprises attaching a second surfaceof said third
nanow re-naterial conposite |layer to said substrate.
90. A ¥yst ehind systehoohelaign A1,cvopeisistid, matengrapplieagor Fows
substrat.e: a plurality of nanow sfes. grown on a portion
v {griat sty Paif belralen® AlAb Y BT RGPV
attached to said portion; a material deposited on said
substrate to cover said portion, wherein said materi al
encase¥t. sai thodysteal oft ofainf 90y Avther cespwsingai d portionto
forma nanowire-material conposite lLayer.. The.syst.em
of ¢l ai m O0F CariRaHe hedgpss e Pragtens s nataria} om g PRtey
that deposits said material on said substrate. 92. The
system of claim91, wherein said plurality of
nanowi 9%s i Bhesystetaofdlah 90, lrilgnecinpasiag:l el to their
long axis in said.material. 93. The systemof claim
91, wher ei n® SHPRPSHEPEISES - appl i cat or fl ows said
material onto said substrate to align said plurality
of nanow res.

96.  The system of claim 90, further comprising:

a separator that separates said nanowire-material composite from

said substrate.

97. A process for producing a nanowire-material composite,
comprising:

(a) contacting nanowires with a material to form a mixture; and

(b) depositing said mixture on a substrate to form a nanowire-

material composite.

98. The process of claim 97, wherein said substrate is a

semiconductor, glass, ceramic, polymer, metal or composite thereof.

99.  The process of claim 98, wherein said substrate is one or both of

the interior and exterior surfaces of a tube.



94. The systemof claim90, further conprising: a
conposi te hardener that hardens said nmaterial on said
w@ooosioois2 95. The system of claim 90, further PCT/US2004/025064
conprising: a conposite processor. 96. The system of
claim90, further conprising: a separator that
separates said nanowi re-material conposite from said
substrate. 97. A process fé?‘produci ng a
nanow re-nmaterial conposite, conprising: (a)
contacting nanowires with a material to forma )
m xt ur¥0. aribhe( pyocdespoticldimgl seri 87 nivkensite syid spbstrate is a
subst rtaée to forma nano i rematerial conposite. 98.
TiraCYpigd agropprows el g X IGHGIHs ai d substrate is a
sem conductor, glass, ceramc, polyner, netal or
conposite thereof. 99. The process of claim 98,
wher ei W1s ai Thes ptesessaok clagn $He vherdintsaidomateniel icomprisesra
and ext ?ri 0 surfic(gls qf a tube. 100. The process of
cEftWe PLgPoymer fAd PFEVHsai d substrate is a reticul at ed
macr oporous netal, oxide or ceramc. 101. The process
of claim97, wherein said material conprises a mxture
of a ptl2yneFheaprdesssbfelaim 90Xaidihatepalds e ssatgolywhai m 97,
said material is a neat polyner. 103. The process of
claim97, wherein said material conprises a m xture of
at | eaggs, L WenObrdBRE oL R 1 SARkTRER mhfidial Wffpriscs
process of claim97, wherein said material conprises a
mnxttureef af leadmwoer menelepaxiy prepolymers. The process of
claim97, further conprising after (b): hardening said
conposite. 106. The process of claim 105, wherein said

hardenifg CPRPHERESs of claim 97, wherein said material comprises a

mixture of monomer and initiator.

105. The process of claim 97, further comprising after (b):

hardening said composite.

106. The process of claim 105, wherein said hardening comprises

removing solvent from said composite or polymerizing said material.

107. The process of claim 97, further comprising:
separating said nanowire-material composite from said substrate to

form a freestanding nanowire-material composite.

108. The process of claim 97, further comprising:
applying an electric field across said composite to align said

nanowires.

109. The process of claim 108, further comprising:
applying a dc field of about 10-3000 V/cm across said composite

to align said nanowires perpendicular to the nanowire-material composite surface.



renmovi ng sol vent from said conposite or polynerizing
said material. 07. The process of claim97, further
W@9p01®sNQg: Separating sai d nanow re- mat er i al PCT/US2004/025064
conposite fromsaid substrateto forma freestanding
nanow re-material conposite. 108. The process of claim
97, further conprising: applying an electric field
across said conposite to a4 gn said nanowires. 09. The
process of claimO08, further conprising: applying a dc
field of about 10-3000 V/cm across said conposite to
al i gn said nanow res perpendicular to the
nanowi r8- terial .composite surface.110. A process for
form fd0a APIORY ORI A EREMIE AHEY: BB HENg o
nanow re- ”%'ir@\fi&iﬁ a%ﬂmﬁé-hﬁakerﬁp%lﬁb&%,a mask
conprising a pattern to said nanow re-materi al .
conposi t e tapplyimen maskaskamtisignppaticieto saghmariomgreamaterial
portion of the terial fromsaid conposite to expose
REPRSIHRi fPras 2 RAai d portion and form an

array of expnselsBA0Mof el o ABRI duisd TR @/ dxBbse
composite. e process of clalm10, erel n sai dmask
ahepanos@es ambaldel m daid Jdréopamtiess anbrrey of axposedmanowires
sai'd _mask further conprises a pattern that allows for
t1R §ald PPRQW TG BaFERbCAINPSHCsai d material . 113. The
process of claim 112, wherein said pattern conprises
an array of circles, square, rectangles or triangles.
114. The. proegsscesd ofdllaimrhl 0, k2hersih eaiéimslsaintprised merhfoil.
conprises an irregular pattern. The process of claim
110, wherein said renovi'ng step conprises : renoving

sai d ngber i fle HS5idadofolRhAPITewhkGHh Qfd QL8N HEeBEEEs a

116. A'hanow re array prepafed according to the
P e stBateillotts ornthd délectivk femévaodsad matarial. pr oduci ng a
hi gh capacitance capacitor, conpri sing:

113. Theprocess of claim 112, wherein said pattern comprises an array

of circles, square, rectangles or triangles.

114. The process of claim 112, wherein said pattern comprises an

irregular pattern.

115. Theprocess of claim 110, wherein said removing step comprises:

removing said material using a plasma etch or organic solvent.
116. A nanowire array prepared according to the process of claim 110.

117. A process for producing a high capacitance capacitor, comprising:
providing a free-standing nanowire-material composite;
depositing a metal on both surfaces of said composite;
depositing an insulator on a metal surface to form a capacitor film,;

and

assembling a capacitor.



providing a free-standing nanow re-material conposite;
depositing a netal on both surfaces of said conposite;
waele@emidsng an i nsulator on a netal surfaceto POY/DB2004/025064
capacitor film and assenbling a capacitor. The process
of claim 117, wherein said netal conprising nickel,
copper, silver, gold or platinum 119. The process of
claim 118, wherein said rfgul ator is al um num oxi de.
20. The process of claim 117, wherein said assenbling
step conprises: attaching |leads to said netal
surfaces. 121. The process of claim 120, wherein said
assenbling step further conprises: rolling sai.d .
capactkSor Fheprpceshal dam { h vdwren sad F’(—‘?H‘Il S%BBI&?UE‘%PICF?II’ m
in_a canist he process of claim 117, wherein
%ogpar,ﬁli“eéﬁoiégrﬁi%&%%%[d conposite are oriented
substantial ly perpendicular to the surface of said
conposite. . A high-capacitance capacitor produced
accor gt he procprricdasr 11, ayhrem 7‘?‘1‘12‘&?“1%%5 F%@B’%’éﬁ r
r.qduci ng a hi gh capacitance capacitor conpri sing:
B’flg?/i ding a netal foil having one side coated with an
i nsul ator; depositing gold nanoparticles on a portion
of said insulator; grow n% nanow res on_said portion:
deposi20.ngThe pracess pEdlaigy/dr/, @b@r@nﬁ@ﬂﬁ%ﬁmﬁﬁg PRSP

nanow res and,forma.n | I 8- ial conposite;
deposi ti ng?HRshE lg%ﬁg%?ﬁg\r%eﬁagvs\'nﬂﬁé&%ﬁt erial conposite
to forma capacitor film and

121.  The process of claim 120, wherein said assembling step further
COmpIises:

rolling said capacitor film; and

sealing said rolled capacitor film in a canister.

122. The process of claim 117, wherein said nanowires in said
composite are oriented substantially perpendicular to the surface of said

composite.

123. A high-capacitance capacitor produced according to the process of

claim 117.

124.  Aprocess for producing a high capacitance capacitor comprising:
providing a metal foil having one side coated with an insulator;
depositing gold nanoparticles on a portion of said insulator;
growing nanowires on said portion;
depositing a material over said portion to embed said nanowires

and form a nanowire-material composite;
depositing metal on said nanowire-material composite to forma
capacitor film; and

assembling said capacitor.



assenbl i ng said capacitor.125. The process of claim
124, wherein said netal is alum num and said insul ator
WO gooalourysnum oxi de. 126. The process of cl ai m BQHPS2004/025064
wherei n said nanoparticles are gold nanoparticles with
di aneters of about 1 nmto about 50 nm 127. The
process of claim 124, wherein said nanowi res are grown
per pendi cul ar to the surfa®-of said insulator. 128.
The process of claim 124, further conprising after
sai d depositing step: hardening said material. 129.
The process of claim 128, wherein said hardeni ng step

conpri;ses i ng sol.ven r polynmnerizing said

mat er HZ? : ?%‘gw‘&ﬁ%gs %@&iz‘gfwhﬂr%m wrig gaetal s ahenipumaind
asidendulldttids shuepndokider conpri ses: attaching |leads to
both nmetal surfaces; rolling said capacitor film and

sealing said rolled capacitor filmin a canister. A
hi gh- acki ance capacitor _produced accordingto the
pr ocegg@f gﬁigipﬁ‘?cf%&a ‘Sizlélfn lg\ap‘W}é‘?{é@sgalﬁ DgoBRElen greagold
bbiupaAclRaneibReRR GTabaht CATRGTHAR sHARP! | S1 ng:
contacting nanowires with a material to'forma

m xture; and extruding said mxture to forma tubul ar

nanow, k.e- erial copposite.133. The process of claim
32, f 6?&&}‘%8&}%6?55? aiy digdly hgren ﬁ%g HRBeWisés argigiown

pabeiidiallart Me KPBcO6F DA MhsQhiolhe i nner and outer
surfaces of said tubular nanow re-material conposite

to expose a portion of said nanowires. 134. A process
for uci a nanow re-material conposite,

P ﬁ?ig Jl“pugprocess ofclaim 124, further comprrirsriJng after said depositing
step:

hardening said material.

129.  The process of claim 128, wherein said hardening step comprises

removing solvent or polymerizing said material.

130.  The process of claim 124, wherein said assembling step further
comprises:
attaching leads to both metal surfaces;
rolling said capacitor film; and

sealing said rolled capacitor film in a canister.

131.  Ahigh-capacitance capacitor produced according to the process of
claim 124.

132. A process of producing a tubular nanowire-material composite
comprising:
contacting nanowires with a material to form a mixture; and

extruding said mixture to form a tubular nanowire-material

composite.



conprising: (a) providing a substrate having nanow res
attached perpendicular to a portion of at |east one
waensacms2 and (b) depositing a material over sBETIUS2004/025064
portion to forma nanow rematerial conposite; 135. The
process of claim 134, further conprising: hardening
- said conposite. The process of claimwherein said
hardeni ng step conprises r6é9ovVi Ng sol vent or
pol ymeri zing said material. 137. The process of claim
134, further conprising: separating said
nanowi re-nmaterial conposite fromsaid substrateto form
a free-standi ng nanowi re-material conposite. 138. The
proces$3of Tdiearenessat clginy 13 furthenpomptising: cutting sai d

f - St di it i.nt. tri . 139. h
of i i o1 38RoFRTRRRI ae Sl i Bomiihieier botettives inpere
andsoud siafebsf 6@ m%ms&%%%t%&ﬂc%nf A6l % E)gfbg{e iy

nanow re-materi al conposite.140. The process
Podiong{spidinanawires. bondi ng step conprises gl uing

toget her said ends of said free-standing conposite to
forma tubul ar nanowire-material conposite. The

process4of £l gboRsd4tr Hrsdubfik: %O%Qﬁéﬁ%%gﬁ{eo ;/.ogxggoﬁig% ;

portion of said material from one or
&AEPHEMEr surfaces of said tubular nanowi re-materi al

conposite t ar.ti al | xpqQse, sai d nanowi res. 42. The
process of @ng Y lfgﬁ?e{]?%"f YIng SR WiEssatached perperglicular

ROE pbRTdNQF af 188t BRE SilrkRk; {fg0m one surface of said
conposite to expose a portion of said nanow res. 143.

The pr oces $b)odepositingra tderidl wvtihenid pomiph its ifdieh & AERYWIRG
a grﬁion of, the material using a plasma etch or
i

&EBEnt .

135.  The process of claim 134, further comprising:

hardening said composite.

136.  The process of claim 135, wherein said hardening step comprises

removing solvent or polymerizing said material.

137. The p}ocess of claim 134, further comprising:

separating said nanowire-material composite from said substrate to

form a free-standing nanowire-material composite.

138.  The process of claim 137, further comprising:

cutting said free-standing composite into strips.

139.  The process of claim 138, further comprising:

bonding together the ends of said free-standing composite to form

a tubular nanowire-material composite.



144. A nanowi re-material conposite conprising a

pol ymer havi ng nanowi res enbedded therein. 145. The
wo2006017962 mat eri al conposite of claim 144, whePEi/nS®ai/eR5064

pol ynmer sheet is a polyaryl ene, polyarylvinyl ene,

pol yhet er oaryl ene, pol yheteroaryl vi nyl ene, pol yal kane,

pol yhal oal kane, pol yal kene, pol yal kyne, pol yet her,

pol yester, pol ycarbonat e, - ot yani de, pol yur et hane,

pol ysul f one, pol yketone, pol ysaccharide, polyan ne,

pol ypepti de, polyimne, polyphosphate,

pol ypHd8phdmatpeocepobdfyclain 03ty tvéherginkaid bbohding siedeomprises

pol yphosphazene, polysi , Jph | -f. l.deh

T st e 1R, of b G Sl i, coumRufo Mrdiri s
ﬁﬁﬁb@h?ﬂﬁ%%gﬁeﬁﬁ5ﬁﬁ@3|dehyde resin or a copol yner

the . . [

reo e nanowi re-nmaterial conposite of claim
44, wherein a portion of said nanowires are
exposed. 147. The nanow.re-naterial copposite of claim
146, wdr eithe pEesees fplam L9 é%h%ﬁ@?%?@%%&é’@&lqnn

aiﬂ’s@irdrlﬁlé‘[er‘?zﬁ ﬁ%'n‘i 64 oo bt e inner and outer surfaces of said tubular

nanowire-material composite to partially expose said nanowires.

142. The process of claim 134, further comprising removing a portion
of the material from one surface of said composite to expose a portion of said

nanowires.

143.  The process of claim 142, further comprising removing a portion

of the material using a plasma etch or organic solvent.

144. A nanowire-material composite comprising a polymer having

nanowires embedded therein.

145. The nanowire-material composite of claim 144, wherein said
polymer sheet is a polyarylene, polyarylvinylene, polyheteroarylene,
polyheteroarylvinylene, polyalkane, polyhaloalkane, polyalkene, polyalkyne,
polyether, polyester, polycarbonate, polyamide, polyurethane, polysulfone,
polyketone, polysaccharide, polyamine, polypeptide, polyimine, polyphosphate,
polyphosphonate, ~ polysulfonate,  polysulfonamide,  polyphosphazene,
polysiloxane, phenol-formaldehyde resin, epoxy resin, phenoxy resin, urea-

formaldehyde resin, melamine-formaldehyde resin or a copolymer thereof.

146. Thenanowire-material composite of claim 144, wherein a portion

of said nanowires are exposed.
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147. The nanowire-material composite of claim 146, wherein a portion

of said nanowires are exposed in an array of circular wells.



