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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
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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 a need 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



produci ng a nanow re-material conposite. A substrate
is provided having nanowires attached to a portion of
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over the portion to formthe nanow re-nateri al
conposite. The nanowi re-material conposite is
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material composite is patterned to define 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
ctched 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



optionally deposited on the nanow re-materi al
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the nanowi re-material conposite to define the one or
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Sélfstfle sr,re]c%rrll&I ngl{o%l(reegglatenal composite layer is coupled to a first surface of
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



formng a conposite. A plurality of nanowires are
grown on a portion of a substrate, each nanowi re
whawsnogoen end attached to the portion. A nat ePCHIUS1084/025064
deposited on the substrate to cover the portion. The
materi al encases the plurality of nanowires on the
portion to forma nanowire-nmaterial conposite |layer. A
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[0015] In another aspect, the present invention
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comprising a pattern to the nanowire-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



said nanow re-materi al conposite. [0016] The nmask can
conprise a netal foil conprising a pattern that allows
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conposite. The patterns conprise an array of shapes,
(e.g. circles, squares, triangles, rectangles and the
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surfaces of the tubular nanowire-material composite to expose a portion of the

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



surfaces of the tubular nanowi re-material conposite to

expose a portion of the nanowires. [0020] In another
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alternative processof producing a tubul ar
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expl ain t pringi ples of the invention andto enabl ea
[0024] lﬂG. Pghows a view of a portion of a thin 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 dbped 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.



person skilled in the pertinent art to make and use
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3A- 3E show nanow res doped according to various
exanpl e enbodi ments of the present invention. [0027]
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A-6C illustrate a freestandi ng nanow re-materi al
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[00324 o ositie- Hisiarflyw dibgrapbrapropesa ofprbduaing & elatronicdibstyate
t f .FIG 5. - 8.- [0030] FIG.7 i fl

g naR 96 SecPrarbe B amsmisgeie) Heoner vewiong |
bot r 1. . I i
O ent fon LT Gogs Mhedein 8o B RARORMing sicpl fn BE BREMs of

b érefhicHIgi agredastronicsubiate usiitgmancwves] onyrding twn quileci@gsnt |
of (EIG 7. ‘E"‘Og‘ﬁ@nnﬂe 9 is a flow diagram fora
pf% fgggﬁnb g rngan el ectroni c substrate using
0034panowi eSS, RICC HBishGw tptrddhd ' i ire-
[ 4|H|nventi on. [0033] SFI G Is a%ﬁg%vg”?g%SPgén“‘%&Sg?%ﬁog’f“

pmatesd comgpetiepttachedithe systratess of produci ng an
e usi ng nanow res, according to an

[0035i|n‘§gtdir ﬁﬁg @Fjﬁf‘t&r‘é%ﬁ%@ cand gide gV respertiyaly, ¢ axlanarived
Bt LhARraChrldlfe Wi ffEa f LIBEELLVE Y. Of a

nanow remateri al ‘conposite at to a substrate.

[0036] 0035] FRESS!3A-22B KB&w sitavardl side ﬁe%,&*é@i%cﬁwgﬁ@ofla patterned

respectively, of a planarized nanowire-materia

c SHYErE walsriahenarpste aidachebiors wbeiralp.0036] FI GS.

[0037% 2?‘; éf’?g{%@%ﬁ@l@ﬁ sﬁ&g pﬂndﬁldvsiic?ev\%éwg,er% p%gtti\i/e\fy(le,l% 'a cﬁglegtric
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.



nanow re-material conposite attached to a substrate.
[0037] FIGS. 14A-14B show plan and si de views,

wo empecsvel y, of a dielectric |ayer depositedP@wes2004e25064
patterned nanow re-material conposite. [0038] FIGS.
15A- 15B show pl an and sidé views, respectively, of a
patterned dielectric |ayer covering a patterned
nanow re-mat eri al conposite9mnd havi ng exposed
nanowi res. [0039] FIGS. 16A-16B show plan and side
views, respectively, of a dielectric |layer covering a

[0043)at t er ABQ. Imslmmraﬁmmlal@enealhgh@mﬂﬁmg doddshviramhit@ layers of
after a_dopi ng step. [0040 é’s

e&@sed nanowl res,
o %%%erﬁﬂaﬁe%ﬁoc%nmﬂ% ageording 4p ea@t 170 me@h‘ ofathe

g ow re-material conposite having areas of
p%sn%ﬂﬁ?e&g@% FI GS. 8A- B show plan and si de vi ews,

[00441 especthlgel 31 sHowan a8l efdciroficC abstipfidat HebBMhNGf various
source, gate and drain electrodes netallized on a
néﬁ@won@mré%an@w%ﬂ@dbﬁr Eespgativg 2psomtE®. spedirtunE show a

LN S B s v R,
t PeoquckigenianbRiteHhiteal -cothpositd Qécdkdifit % alggmﬁg&m%nﬁof the

multilayered light-emtting diode having three l[ayers

oPrefpmtfiBYeaHpn.nanowi r e- mat eri al conposi tes, accordi ng
[0044] FIG

th I t
0046 1 o TG T AR Ao Mt S SRR P ek RSB ipe e
S @ity QBEHEIng o ARBAVLJIRRNESthE Pl%gém LRSREGE Ve

absorption spectrum [0045] 22 is a flow diagram
[0047bf st G 28H hhovmhmbx@nplba&aabmﬂlatmbwﬁseﬁrlﬁma@s af
nangj&Fre mat er.i al conposite, accordin

ot B R G R RN RO e R —
f i ]
(00481 ° & P 2N iGuRTRim Bh RSN AbREE IR, PRI URHing to

nanowi re array, accor
-preswhodineueolt thopres¢@@d#htién.G. 23B shows an exenpl ary

[00491%1S Kt E?(E ZC nlsbaeﬂgv?redqaérgmaof %‘Ee%cs: ?1?2 p?c]:cess of producing a high-
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.



produci ng a nanowi re array, accordingto an
enbodi nent of the present invention. [0048] FIG 24 is
w@2@sage i | lustrating a nanowi re array, prepeCEUS2004/025064

according to an enbodi ment of the present invention.
[0049] FIG 2 is a flow diagramof steps in a process
of produci ng a hi ghcapacitance capacitor conprising a
nanowi re-mat eri al conpositelOaccordi ngto an enbodi nent
of the present invention. [0050] FIG 25B shows an
exenpl ary capacitor produced according to an

[0056inbodi MRIGt 288 §Heevspare sesthplavebiiad hand WS MatdaGooRpbsite
shows an exenpl ary capacitor produced according to an

erfsRHCcRe Accopding froanypralodimentinf dh present inyeBEI. FI G 26 i s

fl ow di-a f ' [ternativ rocessof .
[00573 r oduci Iﬁg}ag%‘? %%a-%"g‘%@lg glj tag‘l no?éte? AP @Swaﬁls%&ﬂ’?eéf ?ﬁ)r%ducmg
nan bl naBé®iré-tatGRIREMpbSite, A66RMRENE dnlerBodiment (%fA the

enbodi nent of the present invention. [0053] FIG 2
i Prepeptigyemdioagr am of steps in a process of producing
' [ [ t of th
100581, &6 0 iy "FoRismAtie Sk BIPITE RO e teria
NaRe{pdkitdsbBeteR A0CHERE tASE QhBbAE ?ﬂé‘?& iR
t he E?éégﬁ? iﬁvgntiong [ 0055] F.8?9¥§§? S a@?ﬁ%&émﬂ
[0059i agr arkilof 3@isqa§?gratnai11\pﬂtr§aﬁngs tudfulap g@mmmglaazﬁwmmwsite,
RGeS e e SREbgRCrT G SR rBmURon] 0056] FI G
R S L
p mesgeniet] compesiteicomprififf batowrteSori@AAl pespendichiatodhagrasadt
t [ | t tive, f duci t ubul ar
RO HaPReErd 4e6Hgiste b @n cEeAHEThg! g Desvent invention.
[00612;]72\?\2' ;’H;@g??gsr% g?ll\daﬁq?%e @gfrf)l:ﬂ%ﬁ(}?\%{%—%‘uglﬁ?ggn%l)osli:tle%om%%?mg
namaloinle-orighted i mihowirey) qBéfaRed LQBUERE t& 6 OSrElhJMImER Sthe
enbodi nent of the present invention. [0059] FIG 30 is
a PESSYrBYSTORust rat i ng a tubul ar nanowi re- materi al

[0062§ C"POS 'H&: 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) of a
reference number identifies the drawing in which the reference number first

appears.



prepared according to an enbodi nent of the present
invention. [0060] FIG is a Scanning Electron
wob@sosvepe (SEM image of a nanow rematerial PONPSXIN/€25064
conprising nanow res oriented perpendicularto the
surfaceof the conposite, prepared according to an
enbodi ment of the present invention. [0061] FIG 32 is
a SEMimge of a nanow re- mHterial conposite
conprising randomy oriented nanow res, prepared
according to an enbodi nent of the present invention.
[0062] FI CDETAILEDDEEVRIMHON OF TAEBNWBNTEONAt er i al
conposite conprising a porous material and randomy
ori ented nanow res, prepared according to an
eiinduetoit of the present invention. [0063] FIG 34 is
a SEM inmage of a nanowi re-material conposite
conprising randonmly oriented nanow res, prepared
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drawi ng in which ref erence nu
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p 0 CRmP AR S TR AR, “iai ra{ @ RATRARE IS dhd syetemplanasingt
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otherwi se Tinit the scope o esen
aisyfragagntlyl deseéietd htmin dsdpertsiake toh shRvhduttoreRAMSOE dnal

el ectropics, facturln sen conduct or devi ces, and
hﬁg it B shecialR Rt e o Haeileag ieshnigres dessabed herein could

! HOGEt B tarR AP ol P SN IR o e OIRRRE B Slent

e |1 ndivi oper ati ng conpofren
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for purposes of brevity, the invention is frequently
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t §y%fé§ds§§poa%e gﬁ)\ﬂcgﬁms, or any other application.

[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/AlAs/AlSb, GaN/GaP/GaAs/GaSb, InN/InP/InAs/InSb,
BN/BP/BAs, AIN/AIP/AlAs/AISb, GaN/GaP/GaAs/GaSb, InN/InP/InAs/InSb,



It should be appreciated that the manufacturing

t echni ques descri bed herein could be used to create
wa@eseemsronduct or devi ce type, and ot her el ecP€DORIN04/025064

conmponent types. Further, the techni ques woul d be

suitable for application in electrical systens,

optical systens, consuner electronics, industrial

el ectronics, wreless systehd; space applications, or

any ot her application. [0066] As used herein, the term

nanowi re generally refers to any el ongated conductive
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[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 mnanotubes, 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



In; an n-type dopant selected froma group consisting

of: P, As and Sb; a p-type dopant from G oup of the
w@ersodioe2 t abl e; a p-type dopant sel ected fronP@I/YSmOH025064

consisting of: My, Zn,Cd and Hg;a p-type dopant from

G ouplV of the periodic table; a p-type dopant

sel ected froma group consisting of: Cand Si.; or an

n-type is selected froma gktbup consisting of: Si, Ge,

Sn, S, Se and Te. [0067] Hence, although the term

nanov,vi re is referred to throughout the description

hepmiprisé edditibhdl slenatnisy e.guustimores], corhipositidnal, ended fiiable

t he descri ons_herein al so enconpass the use of
Ao SicnatRgoU 56 siaEn 5D 6 PP rRIF polymde and others, a
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descri bﬁd herein. [0068] Furthernore, it is noted that
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characteristics. For exanple, a heterogeneous film can
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erostTactures h ngp teristics.
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to which nanowires are attached nmay conpri se:
uiirther spenBss ireegelar surfpces. & owamnplof n@oWies rrmtyebel gbwn or
nerie
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etc., or can- 13 - conprise addition nment s
s fetds, wiies, C@mp@%andlomlmlporcelsmeMJ exi bl e substrate,

007" S Bt Sl oSS e rah R apocso
C @ il PR Aird e S digat o &}@g&u%ﬁ of g&rllo%fe% is 85nted
exanple the substrate may I n e other circuit or

s withot 3(+ ddgresk efiesingle ivattionr Altheugh thé miafoeityibdni Hé&:bﬁél&ered

d red devi cfe Parti cul ar exanp | es of such el enents
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CORd,a86%, 904NSF oMlef percfitage of nanowires can be considered to be a
majority that are so oriented. In certain preferred aspects, the majority of
nanowires are oriented within 10 degrees of the desired direction.l 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 mannecr.



conductive paths, including nanow res or other
nanoscal e conducting el enents, optical and/or
wopicseimeirical el enments (e.g., lasers, LEDs, BCT/U$2004/025064
and structural elenments (e.g., mcrocantil evers, pits,
well's, posts, etc.). [0070] The substrates to which
nanowi res are grown, attached or processed may further
conprise irregul ar surfacesl4 For exanpl e, nanow res
may be grown or attached to substrates such as the
interior and exterior surfaces of a tube and interior
afnewire filor Embodiacass of a porous medium e.g.
reticul ated macroporous netals, oxides, ceranics and
ot her porous nmedium [0071] By substantially aligned
[0073pr or i &b ecbserst imeativn iskirecttd® d meatbd sitiaprktiRRBoWeding
ng%grity of nanowires in a_col|ection or popul ati on of
n&fotiier @5 nanovares dpsysiemp @ad Mevieey ketnprbve systergland device
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sl Yo RhofiAT O Bl ok BT EbBiancshsbiapvnt & vendo

Mhjrvestink e ir BRI i S1eBRHRE dSVitaRb eh oL t}{eg)e Rfiince and
nunbers or ranges of degrees of the desire i rection.

[ sempfeciurabilify of thetrtsvisngler st ood that the spati al
o35 T By HOIR SRRy P
i td ahsdxbdpledmdin{ent @Pﬁe?f'&%&n‘c dexeh66es Bin Kif o?§e?rﬁa§l‘fa uctor
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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 cm?, 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 paralle] 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



harvest nanowires and/or in electronic devices to

enhance the performance and manufacturability of the
walewsoeds2 [ 0074] FIG 1 shows a cl ose-up vi ew PET/EHS1004/025064

filmof nanowi res 00, according to an exanple

enbodi nent of the present invention. Thin film of

sem conduct or nanowi res 100 can be used instead of

amor phous silicon or organitthin films in

conventional electronic devices to achieve inproved

devi ce behavior, while . allow ng fora straightforward
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orllerhemiteriucion 260 tabpeawat ity enteARAAARReristitte as further
nanow res of th| n filmof nanow res 100 may be

i SeCrbyst Berpiny - Numerous substratel typs applinablei fghsubsipite i20§ adrs
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[0078] el at | MeteQhdtRemitoh@edbraieviRt 260 RGhéWwA af 4 Qéﬁﬁsisribr% RS, 2Br
enhance performance as required by a particul ar

blrsiir@mem@rpostm oﬁz Woukl i uxgiemmsto@esem gotietlint the relevant
d§1¥(lsf§o 919 Eapc mgs grlell'ﬁdtﬁat ﬂ":l Ifn 1l of nanovs]lclres 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.



nanow res 100, according to an exanpl e enbodi nent of
the present invention. In FIG 2, sem conductor device
wWQO®dsks79shown as a transistor, having a sour cePCT/US2004/025064
el ectrode 202, a gate el ectrode 204, a drain el ectrode
206, fornmed on a substrate 208. Thin filmof nanow res
100 i s coupl ed between source el ectrode 202 and drain
el ectrode 206 over a porti ok of gate el ectrode 204.
Alternatively, gate electrode 204 is forned over
nanow res 100, which are coupl ed between source
el"Ballisticeis @A hareth tdmadan tehgoktrthde gk 0 fanohiewith Ad8cattering
nan$MAres 100 substantlallé operates as a channe

Siheredhe paowireties gyansize Fessséalﬂ"@onductor devi ce 200,

aII h enhan
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s dbsices ireofpopehgappbivies| Q?dr@ao%lab@t fsadised AR 6 mean the

descri bed el sewhere herein. [0078] Note that
s@ Ircisabierangstivatybeteenan dlestredo sl another elemest of the device,
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drain el ectrode 206. Hence, electric CarriersS can
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wi t hout bei ng bound to any parti uI ar eoryo
opkitlan thgrart. due t o a one-di mensi onal nature of the
i nsi de _the _nanow re channel
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than a bul k sing materi a oW res can
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carries. - "Ballistic" is used herein to nean
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g the nanowi re has quanti zed resistance. [0081]
Note that a variety of contact area types canbe fornmed
[0083f or selThirofilehiof @nowires 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



devi ces incorporating nanow res. Contact area is used

herein to nean the electrical connectivity between an
web®@snimee and anot her el enment of the device, POF/US2004/025064

exanpl e, the connectivity between the gate el ectrode,

a dielectric layer and a nanowire in a MOSFET. The

contact areas can be Chm c and non-Chm c.

Al ternatively, a non-ohnic-Bthottky di ode barrier

contact- can be used as an el ectrode. A Schottky di ode

barrier contact is commonly used for a -V
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di el ectric. Source_el ectrodes 202,

h |
Z%@ 2#&'@% % ' ® EeqURd NEMRET OfdlAeiTse per wobaras ean be 1
J*F%Wf%%ﬂ%fl%@ﬂ%yéﬁ s kel m G B S TS Blshudipe 5.

cafpl0vedrimms. t her eof, as woul d be apparent to a person
havi ng _ordi nary skill in the art. [ 0082] As descri bed
[0085hove, I AROtherisnpdtes thim fiimiof npnewirest 109:0moier fosnddD Iwn

¢ RS b, B fholc Bl G BB e FY R ically
abligiieg tRanalovatesiol thinefilng 889 hBn&birdshD(C RaRRE by Qﬁ)&)ﬂgeﬂﬂe

source el ectrode 202 and drain el ect rode 206,
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b tr Hence, each, fornmed sem conduct or device
?S;n 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



have a sufficient nunber of nanowires to carry current
at an operational current |evel. For exanple, the
WO e@aior®e2 nunber of nanowi res per unit area caPChESI04/025064

nanow re, 2 nanowi res, and any other greater nunber of
nanow res, including 5, 10, 100 or nore. [0085] In

anot her aspect, a thin filmof nanowires 100 can be
formed to have asymmetric mbdility. For exanple, this

can be acconplished by asymmetrically aligning the

nanowi res of thin film of nanow res 100, and/or by

daleivivg swiiehingnandi 6 state carrduarflove uteadll BEected by IHE ype and
asynmetric nmpbility can be causedto be rnuch %eater in
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nangwiates thanghelength of adnomsret3ih 8 rRuother deail dyed apinpad nanowires

accor di to additional n any caqmnbi natj onof
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S|ggglaee 15y 8&kitePOP % /ire @40, Nanowi re 300 canbe doped
undoped. Nanow re 300 can be doped uniformy or
[0089ﬂ1 on- uniFiGr 3T yhox& a gazmmrqmoaham aoated estheadicleetrid aeehial
into therp ﬁlpe sem conductorsin a fairly
layer accordmg to anot er type of core-shell structure. Dielectric material
layer 304 can be chosen from a variety of dielectric materials, such as SiO, or
SizN4. The use of dielectric material layer 304 can act as a protective layer in
semiconductor device 200, for example, by reducing leakage and preventing
clectrical 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,0s, TiO,, ZrO,, HfO,, Al,0s, 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



controlled way for device fabrication. The type of
dopant and dopant concentration in nanowi re 300 can be
WE@h@sgeEe: o t une the operating characteri sti csSPOF/US2004/025064
device. Carrier nobilityin nanowre 300, threshold
voltage for- 18 - device switching and off-state
current flow are all effected by the type and
concentration of doping. Cal%ier nobility levels up to
1500 cm /V_s have been shown for single p-type Si
(silicon) nanowires, and carrier nobility levels up to
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[0092f or M NBEIGNBAGNEUBGhEW 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-chanmel 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,



| ayer. For exanple, other high dielectric constant

materials can be used, including silicon nitride, Ta O
wQ 2008/796Zr O, HO, Al O, AIN, AIQ SiC and PCTIESHN4/025064

i ncludi ng organic materials, for exanple, perylene.

Nitridation of nanow res can be acconplished wth

processes simlar to those enployed in oxidation of

nanowi res. These material s-2&n be applied to nanowires

by gasphase deposition processes, including, but not

limted to, chem cal vapor- 19 - deposition (CVD),
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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



402 includes el ectron-donor or el ectron acceptor
doping materials. Properties of sem conductor device
wQodsosebhe controlled by the introduction of POPHS1004/025064
| ayer 402. The el ectron-donor or el ectron acceptor
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[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 approabhes,
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



any type of substrate fromsolution to achieve a thin
filmof nanowires. For exanple a thin film of

wmanemimes used in a sem conductor device can PET/US200Ee25064
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nanow res between or greater than these anmounts, for
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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



Randomy oriented thin filns of nanow res/ pol yner
conposites can be produced in a simlar way, providing
WO bats/011962 sol uti on in which the nanowi res are PUBHPS208€025064

is a polyner solution. [0101] Aligned thin filns of
nanow res canbe obtained in a varietyof ways. For
exanple, aligned thin filns_of nanow res canbe
producedby using the foll 0\/\33ng techni ques: (a)

Langnui r- Bl odgett filmalignment; (b) fluidic flow
approaches, such as described in U S. Serial No.
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conducti ve, sem conductive, or a non-condu
material. [01 03] Nanowire filmcontacts, including
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patterned on a substrate ‘using s
phot ol i t hography, ink-jet printing, or mcro-contact

print iﬂgllog&ipec@&ﬁﬁossitefli%{bo%%(n%e é €, or by other

processes.

[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 éeparated from the substrate

to form a freestanding nanowire-material composite.



[0104] A dielectric |ayer canbe applied to a thin
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can be applied to nanowi res by gas-phase deposition
processes, including, but not limted to, chem cal
vapor deposition (CVD), plasnma assisted chem cal vapor
deposition (PACVD) and phys#tal vapor deposition
(PVD); solution phase over-coating or sinply by
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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



firms of nanow res having nanowires aligned in
different directions, doped differently, and/or
waledokermer | y i nsul ated, can be usedin a parti CRCHDS2004/025064
sem conduct or device. A contact area of a particular
sem conduct or devi ce canbe coupl edto any one or nore
of the layers of a nultiple |layer thin film of
nanowi res. Note that a thin2¥ilm of nanowi res can be
formed as a nonol ayer of nanow res, a subnonol ayer of
nanow res, and greater than a nonol ayer of nanow res,
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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



grown separately and subsequently attached. The

substrate can be any material upon which nanowi res can
wheoopneper ed. Exanpl es of suitabl e substrates POF/US2004/025064

substrate 602 include, but are not limted to: silicon

and silicon oxide-coated silicon wafers, glass,

ceram c, polyneric wafers and a conposite thereof.

Al ternatively, substrate 602 can be the interior

and/ or exterior surfaces of a tube, a cube or sphere,

or other three dinensional object. Substrate 602 can
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materi al 608 is deposited over portion 604°to forma
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the intended application of the nanow res and-

t pelyethytene gbcolinghidig RIG66, REG 100(r aridREG20@0 anp bxaines
i ncl Udem'btﬁt cgre.not limted to polyneric material s,
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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 limitéd 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.



substrate such that the nanowires are detached from
the substrate and becone enbedded in the conposite
w0 paoao179end undanaged fromthe separation. [ 01RQE/U$1004/625064

under stood by one of ordinary skill in the art that
sui table polyners for material 608 include, but are
not limted to an el astoner, thernoplastic or
thernosetting resin. Particdarly, polynmers for use
i nclude oligonmers, which includes, but is not limted
to nmononers, diners, triners, tetraners, pentaners,
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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



(those having nol ecul ar wei ght | ess than about

50, 000), highly-branched pol yners and dendri ners.
wep@siniioe2 exanpl es i nclude: nmononeri ¢ car bonanPCEESANH025064
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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.
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2602 For example, plasma etching is used to etch away a silicon wafer subs&ate
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 HNO; 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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for further optional processing.

[0127] In an embodiment, the freestanding nanowire-material composite 6i0 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
atemperature 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



further processing. Optional further processing steps

i nclude, but are not |limted to, planarization,
WQEaiose11ng, separating the patterned nanow r ePCEUS2008025064

conposite from substrate 602, doping, netallization

and further device fabrication steps.- 29 - [0122]

FIG 6C showsan exanple i rrp# ementati on of step 506.
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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
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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



[0127] In an enbodi nent, the freestandi ng
nanowi re-nmaterial conposite 610 is further optionally
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[0134] FIG. 8E shows an example 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



conposite is separated fromthe first substrate. In

step 710, the patterned conposite is applied to a
w@emsntrdsubstrate such that the nanowi res are BECT/URO4/025064

substantially parallel to the second substrate. [0129]

FIG 8A showsan exanpl e inplementationof step 702.

Referringto FIG 8A, before step 702, nanow res 804

are grownon a first substraB&-802. Preferably,

nanow res 804 are grown perpendicular to the surface

of substrate 802. Any nethod known in the art can be
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Preferably, oxygen plasma is used to planarize the nanowire-material blocks.
[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



above. Preferably, the material is polynerized or
cross-linked in a curing and/or hardening step.
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heat - curedto form nanow re-materi al conposite 806.
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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.



8D, the patterned bl ocks 808 are separated from
substrate 802. As descri bed above, any nethod of
waepansoson can be used. Referring to FI G 8D, P€T1ES2004/025064

bl ocks, once separated, formfreestanding
nanow re-material bl ocks 810, and can be stored for
| ater use and further optional processing. Preferably,
the bl ocks are further proc¥ssed on' a second
substrate. [0134] FIG 8 shows an exanple
I mpl ementation of step 710. Referringto FIG 8E,
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to form
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.



pl anari zed bl ocks 814 and 816. In an enbodi nent, al
nanow re-material blocks |amnated to the second
wGaosviase are planarizedto the sanme height. PCT/US2004/025064
Alternatively, a first plurality of nanow re-materi al
bl ocks 814 are planarized to a first height and a
second pluralityof nanowi re-material bl ocks8 are
pl anari zedt o a second hei gh87-Al ternatively, the
nanow re-nmateri al bl ocks are planarized individuallyto
different heights. In further enbodinments, oneor nore
n aitanioplaenmailly pianatizing oarksodita il 02 tlectohpotitecande patbrned into
subst(&}?te.are not pl anarized. Any nethod known to one

of? FoY ?@R@P¢£ﬁﬁgm~!n the art canbe usedto planarize
[0145]he naggukr ?3%%&&‘![3?511&& &?Mé ﬁﬁ;ﬁéﬁ?ﬁ%ﬁono K5906. FIG.

plasmals used to planariz oW re-nmna
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nanow re-nmaterial conposite. Preferably, the
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0 : ik e el t.-he,.pl anar,i zati on renoyves

arpn ROt S FENEbE el B B3P EhAA xSl PRl

arnd a pkpaisigof like onaifwint Sspbd Altewthive SREHRS HRHideNbit Ak not
osite. Wien it is desired to renové all the

conmp ( (
nednate 49, cirglesdectpngiesatriapgles, sings. wanloysitars-anpother sblape or any
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re-attached to the substrate and further planarize
egpbedded] in matesial 4106 avé havingt dve expposedvisudace. Tifies forming
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substantially aligned parallel to't
[014635 - p&IGS. 1A and RiGel 4RisHomcan exbmpleantplddsdnt Ao of step 1002.

rnatively, planarization can renove material and
Cﬁgn‘% %%Wé)éé?l % of diglegirig flayeh 4 Riepovited on sptpiratz]l 108

e ' : o] ' ' ul i | ur.ali.t
o B nah s PhBA] SR8 0e L 1R PG A BB it of
sdideaatt biyen 140 8bvering . palib@ice HRAGRH NI BHpdéiR 1302,
optionally further processed to produce electronic

dewbedded angt expragd Ranomies 11Pdcmsicrinl 1806 pad isnirstratte] 108.
b u: ) Li,gated . to, coati.ng.With a dielectric

I gbil/eelc?};’rtﬁ(aé fer &’46% é)?l% ébF nqeﬁaﬁlgesll'%% Wa?qogﬁﬁs.known in the art,
MiicRldingZ@t binse dréplédshisy, spigVdostng Y1 dAbh@y StfaBRneric,

oxide or any other dielectrics. Polymer dielectrics for use in the present invention

include any polymers, including for example, polyimides, fluorinated polyimides,
polybenzimidazoles, and others. Oxide dielectrics for use in the invention include
Si0,, 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



[0138] To fabricate a device, for exanple, the
nanowi re-nmaterial bl ocks can be planarized on the
w@emontdsubstrate to renove the material from PEEUS2004/025064
bl ock. Athin filmof nanowires is thereby forned on
t he second substrate having nanow res aligned
substantially parallel to the second substrate, with a
sufficient density to achi e¥®-an operational current
| evel . A plurality of sem conductor device regions can
be defined in the thin firmof nanowires. Contacts are
f aloretly aity méthod dedccibediztmiveyprefiexabiyen fheginebasddatéthasseiyor
provi.de. e trical connectivity to the plurality of
séﬁ@%%ﬁﬂﬁ%§%¥md% -ces. [0139] Further optiona
roces [ .

O e anal Runand PO B SE T Peklchg B8 Be Ay TRHE A
f ishetn pl FGS: i @& dnd1 61 ke &pésddﬁﬂn@&l@e niaterial @fosite is doped
Iayered bl ocks. ti onal processi ng steps can be
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FIG 9 shows a flowchart 900 show ng exanple
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thro@gh FI G B show exanpl e inpl enentations
s tdepes HappwitE-Gra8erial doEp Giite 1602 ard @lso shditel FIGF Btoarsta side

900 be .902. 902, a

it abgeis ¥ BBvige orvamih Rraaregaisral commprstty 1902
nqm{eg%i@t@ﬁglﬁgggd to a portion of a substrate. In
step 904, the ‘nanowi re-naterial conposite is

[0150ppt | onﬂ(ﬁs BAaamt 182 diow ex poseplaippleieaatiof of $i€p 908. The
In step.906, the nanow re-nmaterial

nanow r
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are at the semc tor evice re

t h@mﬁyl 8mp\18d45 aell 4806 whichcfornestick] fate taﬁd Shifl Vs
ions. [0142] FlI owchart 1000 begins with step 1002.

gr%cb:s 1erpoctivglyy FEp &R showsyside yiew of regions 1802, 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 less, 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



optional Iy deposited on the nanow re-nateri al
conposite. In step 1004, the dielectric layer is .
wepisorabiy etched to forma pattern of the di BCBUS2000025064
| ayer and to forma pattern of exposed
nanowi re-mat eri al conposite to define the one or nore
sem conduct or device regions. In step 1006, the
exposed nanowi re-nmaterial cdhposite is optional l'y
doped. In step 1008, the dielectric layer is
optionally renoved before step 908 of formng
c @hingdheir lop9 axiS]A ForERsita 1902lisbpBosdibvaminatd anplserface of a

in‘[{%ls ntation of step 902. FIG H A shows a plan view
of° %%ghomﬁre-naterial conposite 1102 | am nated on
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t manohirewateial opapaite 00 ddrnt ureae 1904, ¢ SthichPh&leribl B)0S has
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t bpestrmoyed Matenalht0546 semays! such that prreowizsscl994 gemain in
n | Ar d_i terial 1106. . .
PR B S e A
| RoiBesifEAYeY having kead BIOED Which RADMsE ERpctedhshoditegNed
substantially parallelto their ong axis and parall el
[0153] 5 t he Asustiosge b FIEHhd9Cultlst catposite sthips H90Dnqansbd durther
1102 is.lamnated.. After.|lam nating conmposite 1102 to
o DR T BT Yt fine Fuiier Besopbismniegal 1905 %o
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P AP OB TR SRl 198 P Bl et Bt plaarized
i Aipipend elicdedtonlayér eindp fofded Fi Gpoftdh clthwexpds@l RihowiRw
of nanow e-naterLaIé§ site 1102 havi ng nanow res
a

1 1806 A Rlarern2qdnsting R$ELONS) @F expoged; rangwasiegjgan be
Vi | ; ' hMe 2 lamnated to
bR o SO I30T,C et

[0154frat er i &ls sHdv@Gin FIGA19thegreas Gekheee nexRaas datbmbiallized
pl anari zation.- 37 - After_ optional

ly pl i

c j §reas qfpglectii¢pd coppastkity and qu@é’esﬁQ? rnlléiétlrgdgflsholtais
i . . . 13A .13B sho

A T U S

pbuilt in e mbliizagorp stehe Mo diRNONIWIBCHTRAEREE M desired. For
conposi te 1302 having a square shape and havi ng _
n&FER1e-EG 188 shaws dewellived pesitvd electioiesl91Tad metallized
' ' Q i,te. can he arized into any
gﬁ%ﬁ"kf% ?I’e?ﬁ cger iagé? (%g?%%f;eﬁr{o Forrs 3 <ﬁodep 196‘13 fn 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.



of a plurality of |like or different shapes.
Al ternative shapes include, but are not limted to,
w@RresheE®™e2 r ect angl es, triangles, rings, ovals,PGIL/EHSNN4/025064
any ot her shape or any random pattern. FIG 13B shows
a side view of patterned nanow re-material conposite
1302 | am nated on substrate 1108 and havi ng nanow res
1104 enbedded in material 1496 and having an exposed
surface. After form ng patterned nanow re-nateri al
conposite 1302, a dielectric |ayer can be deposited on
conpos iLight EastingMiodhBmbrgiosats surface of substrate
1108. [0146] FIGS. 14A and FI G 14B showan exanpl e
i npl enentation of step 1002. FIG 14A shows api an view
[0155pf di eleen embodiayat, thelfr2sele p@sntiedl rélikes ths Hathmel dRSlay
and pat.terned nanowi re-material conposite 1302. FI
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i npl ement ati on of st egaqgggé%ﬁig‘a%ﬁfgaﬁ?%g%l é\eer}fmmmg
dhasiomaresi forl expenpld 4ADGaNs natowheed. The ftop Muyer (004 eprofeadbl

the di.electric.l.ayer and to.forma pattern of expose
- EntioEs b ehidifY Gmattrs dot Gk aEpich RN RevGEL e
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| mmbats off égters. OtheryemicohbRdtor sxpad: maRdbki foNue in light-

patterned _nanow.re-materjal conposite 1302. Etchin
CHEE SRPiCalifgs syt raoh Briteg PR daats cinag, IoP, TnAs,

P& ahaBbYibRafid Qfl%rg@f based etch plasma or reactive

ion etch is used. _148] FI GS. 16A and 16B show an
[0157fexanp| B dnnhtexdané the topdhyes bbgorBPlighor 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



shown in FIGS. A and 6B, the exposed nanow re-materi al
conposite is doped to form doped conposite 1602 and
waelopsd1®sel ectric | ayer 1604. Dopi ng can be doPeT/D§20841§25064
met hod known in the art. Preferred nethods include,
but are not Iimted to, spin-on-doping, |ow energy ion
i npl antation or ion showering. [0149] FIGS. 17A and
17B show an exanpl e inpl eneftati on of step 1008. As
shown in FIG 17A, dielectric |ayer 1402 is renoved to
expose patterned nanowi re-material conposite 1302 and
ebptyeed abart OV arelsabd a0 7 niReghodwulifbedapidted on top of all other

nanow g(\i;-grmt.eri‘aenll1 conposite 1602 are al s shown. FIG
178 %Eh OIS IXe Iy ey diese [ayems car be staglepdrim gl ffrgent orders.
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side view of regions 1802, 1804 and 1806.

Mother BrchAPPBeatioas be carried out using any met hod
known in the art. Preferably, the sem conductor device
regions are netallized by e-beam evaporati on.

Propiigioabhyed prhessiap eBodiféngr ai n el ectrodes are forned
wher eby the nanowi res form channels having a | ength
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l ess. [0151] An alternative process for producing an
elshewn BnilE. 6utsatheatsed fosforh thermixture:| KBS, fortBakion, of ke mixture
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[0161] 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.



along their long axis.A conposite 1902 is optionally
| am nated on a surface of a substrate. [0152] As shown
WO 0050 GE96219B, a portion of material 1905 is reP@ES2004/025064
fromthe nanowire-material conposite to form areas
1906, in which material 1905 has been renoved.
Material 1905 is renoved such that nanow res 1904
remain in areas 1906. Cbnpb@?te 1902 i s thereby
patterned into stripsof nanowi re-nmaterial conposite
1907 havi ng areas 1906, which conprise exposed
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[0164) s sepAfiat dpysiafe iRSEARIE oAkt fASrRL AL nkdfl is optionally

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 hppropriate volatile gases include inert gases
that do not react or interfere with the embedded nanowires, such as nitrogen,

helium, argon or the like.



di mensi ons for display applications. Therefore, sheets
of conposite 1913 can be forned that conprise a
w@bkwsaliosy of independently and electrically PCT/US2004/025064
addr essabl e pi xel sized diodes for flat-panel display
applications.- 40 - Light Emtting D ode Enbodi nents
[0155] In an enbodi nent, the present invention relates
to a flat-panel display comp¥ising as the active
| ayera Light-Emtting D ode (LED). The LED conprises
one or nore nanow re-material conposites having a
[0165p! ur al ih ¥n embbdidept atenforyirgtte almsiird-@ateliyl composite, it is
addressabl e pi xel sized. di odes, Each addressabl e di ode
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nanowi res, for exanple, InGaN nanowires. The top |ayer

2004 pr efer ably conprises blue-emtting nanowires, for
edampivee atmEanNbodimenisr es. Not e, however, the Iayers
can be arranged in different orders, and can have
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ﬁf,&reggm%&%st antial amount of the light emtted.from

ayer.
[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.



[0158] FIG 21 shows an absorption spectra 2102 for a
vari ety of nanow res conpositions. Nanow res absorbing
wo p@ho11eer/i ng wavel engt hs greater than about .BCTUS20041625064

shoul d be bel ow | ayers absorbing |ight having

wavel engt hs between about 0.7 and about .0 mcrons.

Nanow res absorbing Iight having wavel engt hs- 41 -

bet ween about 0.3 and about49:7 nicrons should be

| am nated on top of all other |ayers. Alternatively,

however, these layers can be stacked in different
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d ' [ ' [ T { t
CTRASHRES L it Ao e i o gl
s @uganic sqipdritCEhe amountrof]migteria thatl ie verdowdiStro GHP bM@posite

di spl ays, (e.g., .handhel d, notebook, desktop, |aptop),
oxﬂéP‘Wgé&n&h%IﬁﬂIB%?f aPRHEAIoN dPr 1B PRGN PReeHame, apoticarmf

o) . ' | Ans i sed processi.ng.
B O e R
| RumpbsitthitebAtaiexbOsed naldwitsd. Ik et higlh, M8k Wells comprising the
nanowi re-material conposite. FIG 22 shows flowchar
2 2000 GaRdokd amanadyte thapis analyzest wing thegxposed nanowires as

n i.f 8- rial conposite using solution based
wggﬁﬁ%égag%%grding to an enbodi nent of the present

[0169] nvent IFG, 24 llustr28s AAR3mpRAITAWahGHiréhiPayI00 AQERRY IV Ay
a material to forma mxture. Any material, such as

289 can be fgmed Aywnask2380 Ghown i BKG. 123 By sedextampl o MMat exied
m re, The formation of the. mxture can be . :

£ 2D 2o Ty Y e 2404 Aot Ageis s in which
b6 eh1 BAEYWhsbRerPRE109Ed BE ShdWAL Exldch lna?&vﬁ&%4@5 hrek@wn.
di spersing nanowires in the material. [0161l] In step

2 s nandverasi2d06 can hieproessedite atbvofor affeidnsdistaibetidrofhodlye
a.nangmﬁrﬁﬁzterial %&gposite. The m xture is,degosited
e Myelitethargat AaS SPIBURING dhe ERROSEd MepoYires  2406. For

q & . Syt _ . i
oFREBLEL Ak odTa i S EC R0 0 A
ofcanl eaptitd oyireptobivairfaedsl & ianddériod ol eaneirde1406¢an
dgﬁends on the type of material, substrate and

n

FRptively gemarishaydrerhofiessuriagesf andamaisriah2402 ean eoinprise
Ry ' . ite.. Meth f L
P%g%fgﬁc Eﬁ%ﬁé&;gh r%gé wﬁ%o%vgl o 0fe d)?goﬁc_ilgglé/t s?cﬁg fi)ﬁc’ l[heI a?{] how

S PhMowiedtdan Be pedcRsse@@d feRder 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



| angm ur - bl odgett techni ques and bl ade coating. It is
under st ood by one of ordinary skill in the art that

W b@sioireeur e can be deposited in a variety of POF/DS2004/025064
The forms include, for exanple, but are not limted to
a neat liquid or nelt and as a solution in a suitable
sol vent. Suitable solvents include aqueous and non
aqueous solvents.- 42 - [01482] I'n an exanple
enbodi nent, the mixture is deposited unidirectionally
such that the nanowires are substantiall y aligned
pawedehte invientidrh el IG. | 26B) shows an exangellchpicitbh@550, produced
deposition. For exanple, the mxture _is nade to flow

oEFordng te %}b@{l‘?%@e%&ﬂf Feprgsentimventiom Slgvrcdart 3500 begms with

#3250 ) ey e RNl 8 D PR e

caahdwiges Oriqed parp\ﬁﬂddcﬁlbﬁto fesSedhSosits stifcesishsibaiab. akor
alignment of the nanowires parallel to their long axis

arfiapalealiCe P58 shewenagopvdiethaerial Compowiie@A2, having nanowires

Al nat | trate i ed intoa bath of
thztg%!i 'S IlljtF epgrpe%dq?u&?féﬂﬁﬁmrc%’?poo& %ﬂrg{éFough cont ai ni ng
[01719he N Xk k. 25048 aSdoRGhAHEINS i GSPRVERY SHEBH Qdfactr the

nanovvl res are substantia ly aligned parallel to their

| dragstandisg @nmppatealmey conducting dmtemll @n beh depasﬁted on the
substrate m.t he bat

> SRRl P SEERY de chARPAbR Tf el it gidaly ARy method of
aldeBb ittt tlvi@m@ﬁ@@ﬁﬂfe cainbeﬁtégarfﬁé&aﬁﬁgey&dfwésuﬂaude but

deposition of the mxture are avail able ernative
mesn 8ot moited & elfeghrolessapiptln@ ang smttuenng adumly oretaimgndeiused,

f Q1 | h f
vl At ae7 gtas e SR vl Sog gsmplisact
andeMRARY WHR 1Rl BRIJoSHE Sx&h eQ 8t ﬂet@ﬁmtﬁle ﬁlgal%%gﬁrhﬁ&fjto

m xture or nanow re-nateri conposi t I rect
C Wtumaintim( Dickele beyyter,i sslver, @ﬂaﬂlnsmapmﬂ |gekdt Bot Geanipl tRIGe 26B

co osite ran out, V/cmto about 3000
VAERBIe Prs{}%séé aggﬁéS%E@O@&%%Wth SHrijess & gomppsitg
tiyggysufficient to align the nanowires. [0164] After
depositing the mixture on the substrate, the materi al

[0172]s opt ilostap 2506 s inselatop isateposRd on Any@eiaiuyfadd. Any insulator
proceSS|n teps can be performed, dependi ng on the
dé&an peused ?f%ﬂexam ali.umé@lr@pmdﬁ @amhmwr&qmwafpalayer can

Cc ehear t exa
Cagabiey PR A8, DS, HpoRag TR SRR LRl e
hasldemedrt. Pbit @Jaﬁi}ilé \EEIGD DEB %ﬁ@wbv@ msataaﬂaaye@ k58l @epddittd on
are not limted to curing,
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 ﬂlm.l The insulator film can be made

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



cross-1linking, polynerizing, photo polynerizing,
melting, crystallizing, oxidizing, reducing and

WO 2096017962 sol vent s, gases or other vol atile flRCTES2004/025064
Sol vents or volatile gases and fluids can be renoved
usi ng any nmet hod known to one of ordinary skill in the
art. Renoving volatile gases/fluids can render the
conposi te porous by renmoving6bthe vol atile gases/fl uids
qui ckly, or by selectively choosing appropriate
vol ati |l e gases. Exanple appropriate volatile gases
| 3tdpl2664, godd, br gthsamatttiall nahopmdicles e@clopesited bh & pbRioa of the
wi.t h_t he enbedded nanow res, such as njtrogen, helium
arBates fikmeAny misthod o deppyitigmran he apede AeyoRiampia, the gold

af j . N i teri [t Lt
SRR 08 NSRS P S b SR G o
sulist Makep 206enankiineelaye gidwe oA bdrtofeb@btisihg the gold
conposite is separated from substrate before optiona

f menopartigdeso begfap A0S, 8 maserial as depesitest carilie pertion to embed the

nanow re-material compaosi.te. tional .further .
oA AR e Enan B bt o B e g g msutator
plfamaTh 22k icibodidaint,thd inferial RRMsE Y prdpR R R AGEbmer
nanow re-material conposite fromthe Substrate,
dopixige. he anatprzalt isopptamally ufrther pawessed ihabptianat iforther

st eps. .Nanowi e arr nmbodi nents [[0166 an

o SRR F B8t AR Mabetadab T Gagxample the
NaRAWiA] BordbFists AnieRhdtHe RateP A HGH i

FI G 23Aosgovvs agl%?loowchart %380 show ngﬁgggﬁ%lﬁlzlgg%% tshe
f prepotyouercinstep26hronttalds depasited aicthe suifang off theaomposite to
ernpodi nentof the_inveption. In step 230

RGN P e oA e crecpeh @%ﬁ@al.%leﬁﬁﬁor@aaﬁa& the
R e i e e e S
naapavitoefln,katl sealiagohd wiied fim imayoitaisks. on. For

exanpl e, the nanow res can be oriented perpendicul ar
to the surface of the substrate or randomy oriented.

Théexdblgparacosipesite Hectiand paeofonembedimghist r at e, or)
formed as a freestanding conposite and attached to the

[01753 ubst r dh enismividbsenubB tprédenC BSentigh SlR8Sto 1DFAE-nhdlerial
step 2304, a nmask is applied to the nanow re-nateri al
c GAmpesitedimpgamprsing patgis exrescd resowdiss posttetparpendicaiar

Ofto ﬁle%%ﬁaé:eo& tﬁé cdmﬁo%ftiasaéndfrreﬁ@sttg fhethods for producing the same.

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



conposite. For exanple, the mask is a shadow mask. The
mask can be nade of any material that allows for the
waeiso1iove renoval of material fromthe conposPCEUSI004/025064
exanple, nmetal foil. Metal foils for use as the mask
include those foils that are inert and unreactive to
the conposite. The mask corrEri ses an arrayof shapes
that allows for patterns of fmterial to be sel ectively
renmoved, for exanple, the mask conprises an array of
circles, squares, rectangles or any other regular or
i 27 ebisipartiatly sgracvediropatangosite 2750. Brencoungubisite25) camprises
shown .in 3B, mask .23 an be used in steps 2304
SR 3 ntsie R 30 BE paort i 2153 ge gwaosed fo
apteicOhadofiCl €s 2354.- 44 - [0168] In step 2306,
material is selectively renoved fromthe conposite to
expose a portion of the nanowires. Any nethod can be
udadotive cempodtettiiee srabRlimadts For exanple, the materi al
can be renoved using a plasma etch or organic sol vent.
he a [ i v fromthe .
Lo osr & GEloolRAAL, b phadh: inboli ey oAb gfe pyporial
t hempositeyubes and proasssdsefor prodipirigithssaée. F. 28 A howsSlowchart
rggaﬁgp fromthe conposite to create an array of wells
i OWSRHISIPATY FAPS 1B Hrnaenratiop oS ranowineandterisd corfmsite
x| . risi.ng.the nanowi.res can hold
an anaf yt %Eﬂig@&@@ga N2 e{@c%g Mg HEe %6%@0@6‘3““"““6'111

Neep B804S BiktGRShipdisRL AR SBes dALAREHiSex@fed to form a
illustrates an exanple of a nanow re array2400.

NBHISWFeemalerial copupeite the. by wetired o Hex trrelstiorBEBvistonn of
i @l . ex | e. terial .2402.is shown )
h %ﬁ%@%ﬁ%@&#é& G 35 B Rt fi 6 e o TR decs omerials
Whinifg RRG@s sHaped Fdr BRsmpIe eihe BRAUE Ead
Expd?%d_na:omf?es 2206 g?e sﬁomn. T%%éﬁgﬁﬁﬁﬁggéﬂﬁ%ﬁga
ceifculas dig thorredeagtactubiilrnshape in ehdther exatuplt, stermixtire omobe
anal yte intqg the .1 s or areas 2408 conprising.the
LS ke PEeM BB Moo Snid comnB peehimgketep
CR806; AR BR MV ARFIrh e oBY 5% RAE S AR JultRLR igﬁér sﬁ‘rﬁ%s of
can conprise hydrophobic surfaces. It I's understoo
t atubedo owitiaBy e2pr66 theambetidermadwired. FIG. Q8B she®'s examples
2402 can conpri se

nyehRBhoR e 265 And oLl o can comr e
O HoRaeYmaktidllcomPodifd@ 856 $onli}9}§‘ing 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,



nanow res can be processed to render their surfaces

hydr ophobi c. For exanpl e, nanow res can be reacted
wavdokosrenl kyl f1 uorosil ane. Arrays prepared i NnPCT/US2004/025064

accordance with enbodi nents of the present invention

canbe usedin a varietyof devices. For exanple, they

can be used as senS|ng el ements for the analysis of

bi ol ogi cal material, 'includfhy, but not linitedto DNA

RNA, proteins, enzynes, antibodies and the Iike. High

Capaci t ance Capacitor Enbodi ments [0170] h an

embaelialentmot eifranesent bathuetht dater andliaee surfaedio file tube to

capa tance capacitors incl udi nanow r e- rraterl al

¥ €8R0se e crbPdiednangHTeR Hoes beh hqysor BdU kg nemeavire-
S %‘Een 'cgin t§ 3909 Vﬁavfri%oéﬁ‘%t}?erdtnaaaggemw ondné {ﬁ?%r f the
steps ucing a capacl tance capaci
acdelse; di ng to an embodi ment of the- 45 - present
invention. FIG 25B shows an exanpl e capacitor 2550,

[0178)¢ oduc &dCaddB rsapwg oK@mples @ﬁﬁhﬁj implamenptionh of @p@@bm 2900.
2502,
S%ﬁﬂ%ggn atgﬁa]ﬁr ee glteé@ggc% osvevlS Pe eﬁltﬁlltzg%? E‘F 5&9&4

h@mb@@ddalaiﬁ%tfeﬁﬁl mzemcesnaﬁédaﬁagbﬁi&ﬁﬁr fo0tht h;%rface of the
conposite surface is provided. For exanple, FIG 25B

s [FOWPOsiten Gampesitratepy 60csbﬂW®$ampleZ$SEmemmHong>f step 2904,
W|re 2554 oriented |ar to the site
o e 8 R0 oS S BB BB ncttses 2P Reowing

d RABPL %‘Apfé&eﬁﬁhﬁn §P§té§"m Bbndel %ré‘aﬁgg’?%@aﬁgéﬁﬂe ends

conposite. Any conduct’i ng materi al can eposi te

t lvemposteci %?6(1110@1&111 thisl tybularhshaeo Aaexhinp e mﬂﬁnemzhtldns)f

. An f d t th t al th
o 35 & shen rtapdenus i S04, TERulap rugpeserda compse
I . i na.
Sanhs R RS AONESREEL ORI
I rempogiet2980t hat i s highly conduct i ve and does not

react chemcally with the conposite. Exanples of
[017 %t al s Thadolpyang sxamplesangatugiiative, byt eotdinutingafithe method

it EpmoSEIRE of B Bl RuPheS Brad udBlnofifuiogg gnd
depgRiticdd obihe Ratidly s E¢dndfRas Aid FRsPas!s bBcRRZed lh%?o%re-

step 2506, an insulator is deposited on one netal
s paterd compgslterm‘gpag@tmn and processing that would be known to those

skilled in the art are within the spirit and scope 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



can be used. For exanple, alum num oxi de can be used.
The insul ator | ayer can be deposited on the surface
wagiosgiasy et hod known to one of skill in theP@EUS084025064
art. For example, FIG 25B shows insulator |ayer 2558
deposited on netal |ayer 2556a. [01 73] In step 2508,
a capacitor is assenbled. The assenbling of a
capacitor can include a varf®ty of steps, including,
but not limted to attaching | eads to both netal
surfaces, rolling-up the filnms, storing the rolled up
f iviakpwitinatmutZminsofeme andloftha kitstate emeesed &t the liqid Grix D6
S n anpl e capacitor 2560 having | eads 2562
a?%@ ﬁ@%ﬁélﬁ%@%ﬁ}%ﬁ@%@% hadygigised tha Hayig s e fifl theappoes
FlhGwedh R0 1% SliswaRards R30S RO tﬂ@viﬁf‘anﬂlé)tl&reﬁ ﬁ{i&éf% uv
process for producing a high capacitance capacitor,
adaop dongbdw IBSnménrive giolymdrizef the Hequid. €A eihotdigdsite Mdated
In step 26%%, a ngtal foil is provided in which one
s Gripsiete Wis Pprebyapainedoin whish dhgpanewines ivezn"frorsol at teir
fisls T, i ; filmcan be nmade from vari ous
iﬁggkg% r“ﬁggg%?%ﬁéj i ncluding, but not linmtedto
[01814! um nIFDdG.OXi de. ScanniAf Elecsiog MidEdddopedSIENL) iBlag® b Binowires
material, na oparticles are deposited on a portionof
t REeRtad peraensticwlartoihe Apsfageef w examipleieaselting Fompesiia material,
u : I . anoparticles can be
sg&%{eélgs eé‘gz{ %@8?%8}1%%’% gcga}olﬂ%ed%“geérrf ace of the
insulator film In step 2606, nanow res are grown on
the portion conprising nanoparticles. | step
2608, a material is dep%g%@ggtgﬂ the portion to enbed
the nanowires and forma nanowi re-material conpositeon
the surf.aceof the insulator. film In one enbodi nent,
t he'REREPYR g} NAUGHTF CORBOsiiesith Brpvres grichigd Berppndicular to
m xture. The material thesbgstiswddgel y further processed
in optional further processing steps. For exanple, the

terial d . mat er i al
0182 ot 1 o P o e B R TR finer S oG
pabaute O igzif agetoiee Afieep oleynmiutionfostel) a2l 01 .6an a8t 4 nrh Si
deposi.ted on _the surface of the conposite to forma
cHARYIES WA flisperped i@ thepalption iy semisaléqn: okboug 5 g of the

a ] E I t a i 1 Qr be assenbl e
o S HRIof ras TR XA 1ot RREARG b vlifn B FRGER: 7
c apact B5 aimf Thedislawds slaedd trgwediea pait dbedlediodss il £DC field

cont ai ner .
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 piaced
between two glass slides with a gap of about 0.3 mm. The glass slide was placed |



FI exi bl e nanoconposite sheet and nanofur enbodi nents \
I n an enbodi nent, the present invention relates to

w1962 mat eri al conposite filns conprising PEr/Usz04/§25064

exposed nanowi res oriented perpendicular to the
surface of the conposites and relates to nethods for
produci ng the sane. FIG 27A shows flowhart 2700
showi ng exanpl e steps in th&0preparati on of conposites
conprising partially exposed nanowires. In step 2702,
a nanowi rematerial conposite filmconprising enbedded
namdet £ BV lawp €sitl6 thipetepopdiyasraze thapolyethydeteldwel digcrylate
provi ded. Alternatively, a m xture of nanow res and
e el 2cgmpgite iedt WG tskRFSa ob Het Ognm.
anow r eria [ The extruskon process . .
[0184(1” ent sﬁtq;rgbnlgnao%]g&ggﬁ ;|9 étﬁ%ng e e@f ‘ir(%%ﬁtclﬂg P%t?%d%r%‘iﬁ}?al
| reosdpRpite] WHereid MRl idnoWired atd)ean@Bhiy iodlenicd drdNMpeedatbRal
partially egé)ose t he enbedded nanow res. Any nethod
krfomprises prig(cttylenrodide)i n the rel evant art can be used
to renove the material, for exanple, plasnma etching or
orqani c solvents are used. FIG 27B shows exanpl es of
the inpl enentation of sHEAMPLE2 and 2704.
Nanowi re- materi al conposite 2750 conprises nateri al
2751 and nanow res 2752 enbedded in material 2751 and
or i erkreparpisrpeidincuiracompoditeevithonpdsh hen@iitd atatatidht er
step 2704, material- 47 - 2751 is partially renoved

01830 row AR B 0% PR PRRCR SRR Spsil (ot achBRbvd regclea

2 3Rt Rh W R FRARA0aHot 5 0RAGf HahowhB\OYY di§ersed into the
conposite tube enbodinents [0176] In an enbodi nent,

t lelyticesensonicatient Aboutriek atff ébe tizperaioavwasetramsfeeredab a flat
c osi te tubes, and. progcesses r producing the sane.
e B Sl TR AL o306 SHOMIAS BRe P dIs) veedpaely
[ : - .

ol BRd IQI:}]@ : g%f 1%%(@)158& td@ﬁ%oﬁ%n@aﬁ&aﬁbng?ﬁ;%oe&mb@cﬁatéon of

N

t ubes. , nanowi res are conta
nmethesdladnt} ocdngrositasheekwiil e thitkmesd @fuba800109 mnirivsé olteined.
conprising nanowires and nmaterial is extruded to form

[0186] hanovile3 hitB PEM measssaying 2k eEIPaFe5ulHRS PrIpUSTRANOWIre-
e)ﬁﬁﬁtgﬂﬁt écﬁ%&%&%"@/h&%ino e & oéJﬂeL laaé r}aﬁcﬁ%lg eon%}/l?eﬁt and {he
can beé used. to pro e

|
trusi on can be use uc
mahaterdiallisP VIBFipoymea  The st idwasmadeqor@is d§Rdpad eviaP@ration of

mtﬁé gorhefen(’:tggetgnee. extruded through a
[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



circular die to produce a tubul ar shape. In another
exanpl e, the m xture can be extruded through a |inear
waele@sno79pr oduce a sheet of conposite. | n opti oPel/US1004025064
2806, material is renoved fromthe one or both of the
outer and inner surfaces of the tube to partially
expose the enbedded nanowi res. FIG 28B shows exanpl es
of the inplenentation of thelsteps of flowhart 2800.
FI G 28B shows tubular nanowi re-material conposite
2850 conprising material 2854 and nanow res 2852
e vl dednatlienitation. Tubilll berppaepds pereokdEdlddds tte rplevarit aft
of, terial 2854 renoved.fromthe inner surface and .
o RS el E s S b0 uhT Fbiameds ot vethaut departing
eRed dRAPHANAW &R AERE inveRioh! | T Ghe HroliVGnd éc%i%: PRk
2900 showi ng an alternative process of preparing
n@neswitieveantive shald natibp disiited by alyest thd abos t-@psc2iBO excuplary
freestandi ng nanowi re-paterjal conposite film )
c SRSl BtsBauade Aafrionlydn srepilareaigiip éHlomins dpims
t%n&ﬁﬁ&%ﬁﬁ$ﬁ%§h§ﬁ the conposite is provided, optiona
step 2904, the conposite filmis cut into strips of
any desired shape or size. In step 2906, the strips
are rolled to formtubes and the ends are bonded
toget her. The bonding or attachnment of the ends of the
conposi tes canbe done using any nethod knownto one of
skill in the relevant art. Exenplary nethods include,
but are not Iimted to, gluing or therno-welding the
ends of the conposite. optional step 2908, - 48 -
material is renoved fromone or bothof the outer and
i nner surfacesof the tubeto partially expose the
enbedded nanowires. FIG 30 shows a tubul ar
nanowi remat eri al conposite 3002, havi ng exposed
nanowi res 3004 on the interior of the tube. [0178]
FIG 29B shows exanples of the inplenentation of
flomchart 2900. Nanowi re-material conposite 2950
conprises material 2952 and nanowi res 2954 enbedded in
mat eri al 2952 and oriented perpendicular to the
surface of the conposite. Conposite strips 2960 show
exanpl e i npl enentati on of step 2904. Roll ed and bonded
conposite strips formtubular conposites 2970, show ng
exanpl e inpl ementation of step 2906. Bonded area 2972
attaches the endsof the



conposite strip 2960 to formthe tubular shape. An

exanpl e i nplenentation of 2908 is shown by tubul ar
w@ovposiooe 2980. Tubul ar conposite 2980 conpr i BEBUS2004/025064

nanow res 2954 having a portion 2982 exposed in the

i nner portion of tubular conposite 2980. [0179] The

follow ng exanples are illustrative, but not limting,

of the nethod and corrposit'i%?ns of the present

i nvention. OQher suitable nodifications and

adaptati ons of the varietyof conditions and paraneters

e tIerdAIMIBRABW remat eri al conposite preparation

and processing that would be known to those skilled in

the art are within the spirit and scope of the

i nventilon. BXAWStEES faxAbRidiciRp epanatowdre-mhterialn @ohipdsite,

cogtgosi.te wi th nanowires oriented perpendicular to the

sHYEPIYPEf ace [0180] About 1.0 g of liquid

Phe photo 001 parGhe 3 HhekRe 108te AR abialishe

wasrtiphad etlleasd oae gir&rs; andal . A silicon substrate,
measuring abqut 1x3cm was coated with40 n in dianeter
si |'i con nanb¥i r edePosiigienaieatpiiad soxgerseidoppisioneld form said

gh{%ﬁv@%&%eﬁ%&g@g’gﬁgi cular to the surface of the

ate. rate was placedin the glass- 49 -
vial, with about 3mm of one endof the substrate
~imersedin the liquid m xture. After about m nutes,
t he naRowi r &8¢ H@gespiod Rlagm tlhwhetein saidl supstrage fsid dilicomevafer.
spaces between them The substrate was renoved from
the vial and placed under a W lanp for about 15 mn

to pol gier i 7Be pd€essofelaf 1 AviadiA SATRREtrhE iCAREBSnductor,
substrate was thereby obtained, in which the nanowres

weless, ceragice polygter.thelhkorgompositd thegeoft h or i ent at i on.
[0181] FIG 31 is a Scanning Electron M croscope (SEM
i mage of nanowires oriented perpendicular to the

surface of @Re HY3ERbECIARS Y WHIRAEN SATRISH SR & d'd%l)up v
wherein the material conprises poly(ethyleneoxide).

Esempprilugtor, group II-VI semiconductor or group II-V semiconductor.

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

thermoplastic or thenposetting 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:

(c)  removing said parting layer from said substrate and said

composite to form a freestanding nanowire-material composite.



Preparation of nanowire conposite with nanow res
oriented perpendicular to the sheet surface [0182]
wWAR@aN1™65 g pol y(vinylidenefluoride) (PVDF) pRCHOE2004/025064
was contacted with about 1 of acetone. Aftera clear
solution fornmed, about 11.6 g of 40 nm Si nanow res
was di spersed into the solution by sonication. About 5
g of the dispersion was trad$ferred to a flat bottom
gl ass dish with an inner diameter of about 35 nm The
di sh was pl aced between a pair of electrodes and a DC
field GaboutThe@deresd efmlaiwi &, whenein said a¢monang egmprises:
el ectrode applied to.the top and posifive (+) i .
el ectrode aSBPREWS Wl{l RETHSt ey Witk 2 ‘ﬁﬂlﬁu&a that $aidnfuid
sqgﬁg{;gss\g@?aﬁﬁ@gqu&t ed under the field. EXAMPLE 3
Preparation of "nanowi re conposite with random nanow re
orientation [0183] About 13 nmg of 40 nm Si nanow res
was dis erseﬁﬁi n about 1 g of poal yethyl ene glycol
di acryI'8t e. TASEERCHPLAETOL- ivhergim Ry cgmprises:
2, 2-di met hoxay= 2= added. About 5
dr ops of th?%%%%eﬁ%%%ﬁl\%géﬁg&g%gg%ﬁaben two gl ass
slides with a gap of about 0.3 mm The glass slide was
pl aced- 50 - under aUV_ | anp for m nutesto pol ynerize
t he pollyet hylihemeosgsseislaing b svhereir ) sampyipest d a
conposite s t . W - hj ’ 3 0.3 nm [0184]
Fa 32 ts argepiideldbroRRg, Sl ARAKE 1 2 N
nanow re-material conposite, wherein the nanowres are
random y oriented and the material conprises
pol y( etlﬁyl erd§eressys oficlormr), hergn 8P gemptiess: of nanowir e
conposite w r [ . orientation [0185]
About 0.5 g °§% ;grn%{rﬁ\%\lgt\s%%lao esé%dgs %S%t 1Qg acetone.
Aftera clear solution was forned, about 8.5ngy of 40 nm
Si nanow res _was dispersed into the solution by
soni catlPon. Ths®IAcess of clffim; Re whierspesaid bladevasating comprises:

transferred a flat bofto lLass di.sh with L nner,
di amet er of bgagg u‘foahﬁg StHe naa?%rﬂalv\%g Sf“&o%‘ﬁ%? aﬂrtb?jt s#d
phl@ﬁ@odirés_rhr@alkf?@d phllal th e¥iSBhY @k, evapor ation. Upon
evaporation o
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.



the solvent, a conposite sheet with a thickness of
about 0.09 mm was obtained. [0186] FIG 34 is an SEM
w0 pge1 Wi ngan exanpl e resul ti ng porous PCT/US2004/025064
nanow remat eri al conposite, wherein the nanowires are
randomy oriented and the material is PVDF pol yner.
The material was nade porousby rapid evaporationof the
sol vent acetone. [0187] FI&5435 is an SEM i nage
showi ng a nanowi re-material conposite, wherein the
nanowi res are randomy oriented and the materialis
PVDF pol yner. The conposite is |ess porous than the
conposite shown in FIG 34. The sol vent was evapor at ed
at a deldr easkhe nragess oighimH , phersinsaid masEal somprises f migire
or03|ty of the conposite
cgdn %)é%gg) ﬂb bf%?ég%ﬁ??ﬁgﬁﬁ ng the rate at which the
vol atiles (e.g., gases and fluids) are renoved from
the nanowi re-material conposite during processing.
Concl usien [Braspcepned cdainaly, Wharsinesish el compfises hanixture
ré enmr}vegts n thave been descri bed above, it should
be Bisie (S Reie] S’{l they have been presented by way of
exanple- 51 - only, and not limtation. It will be
apparent to persons skilled in the relevant art that
var i ous20€han’5€§>rb¢ﬁSS of ¢lrian bl sdstmaterialds a beatpaljearher ei n
wi t hout departing fromthe spirit and scope of the
i nvention. Thus, the breadth and scope of the present
inventinn shpdfodies Sldim, WAk aMBktetidl @omprises a mixture
above- descri bed exenpl ary énbodi ment's, but shoul d be
deffiah kedstdwioyor mage epryamemlynerh t he fol I ow ng cl ai s
and their equivalents.- 52 - WHAT CLAIMED IS: 1. A
process for producing a nanow re-naterial conposite,
conpri siong: fR)proéRYb NG 1awﬁe&l%§f dafil BatBaM BPpAGR QYdi%tﬁs‘e
attached to a portion of at |east one surfacg and (b
degfosartonmey and matidoer. al over said portion to form said
nanow re-materi al conposite.

23.  The process of claim 22, wherein said initiator is a photoinitiator

or heat-activated initiator.

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.



2. The process of claim1, wherein said substrate is a

silicon wafer. . The process of claim, wherein said
W@ asSHIAbEi s a sem conductor, gl ass, ceram c, POI/YS®04/025064

nmetal or conposite thereof. 4. The process of claim 3,

wherei n said sem conductoris a grouplV sem conduct or,

group P-VI sem conductor or group -V sem conductor. 5.

The process of claim3, wheb®tn said polyner is an

el astoner, thernoplastic or thernosetting resin. 6.

The process of claiml1l, wherein (a) conprises:

provi di2Bg a Thelpsddesd & dhamn I)duatier cemptisiog efisu(bj:ace

covered by parting |ayer and nanowi res attached to a

portion of {ar d SR 24 Bpnoware-maeriph eRIBRASIE fITqa sfith

[ 032 oBRId OB h e RuRB O, O 2SS

6,

mes%la or sem conduct or~ rocess of claim7,
further conprising: (c) renoving said parting |ayer
fromsaid substrate and said conposite to forma

fr eest @idi nd P RFRARFT AL hmesd, sthercamgrid separating gompysesThe

process of ' L n.sal.d. L 3 .1 S8S.;
Cont acti ng Sohiaphsk siEhPldle Sl SERKHAR FRRTRIY e
saisthgflbladd. renoves said parting layer. 10. The process
of claim1, wherein (b) conprises: drop casting said
material on said surface. . The process of claim,

wher ei n,( b) I SEeSa [ ing.said material. on
oai d suPt acd o pbeeRfEr BB SR Rofrath SRy
conpri ses: liss6lRirpoaiid ngibs@ite tﬁaﬂ@féml fodi §#8H dfreestanding
surface. . The process of claim2, wnherein said \
bl ade- coati ng compreoweematiriabieorapnsiteng sai d nateri al

on said surface such that said nanowires are aligned

parallel to their long axis. 14. The process of claim

1, whengin (Mak pesUdRY éfffim 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.



renoving said portion froma bath of said materi al
such that said material is deposited on said portion
wW@eeseHio2 nanowi res are aligned parallel to theCT/USING025064
axis. . The process of claim, wherein (b) conprises:
appl ying said naterial to said substrate
unidirectionally such that said nanowires are
substantially aligned paratb®t to their long axis. 16.
The process of claim1, wherein said material is a
pol ynmer, prepolyner, ceramc, glass, netal or a
conposite thereof 17 The process of claim1, wherein
sai d terl i S a ast.aner, therm)g, astic or,

t her mo ét ] Plios%srs or- eggsiting orm@ecb%@ dies GPMpSing;,
wher ei n sai q%?.”?? z,mam QIR IER A Hgfrﬁn%résta lo a

two or nore rent polyners. e process o arm
, pottemeifat kait @nm&tcb,aizharelmaﬂsmawme hbgig Brso éndaattached to
poI ymer and solvent. 20. The process of claiml1, said

matidmoRion; andy neat pol ymer. . The process of claim,

wh | .
foo. or mor e Cpoxy ity P63y Bl 18  pfifabice

clnaatenalpombemte; n sai dmaterial conprises am xture of
nononer and |n|t| ator. 23, The process of claim 22,
wher ei n sai d°)i ni PRGBS seidangotiEsHmpicriak empssite to form a

h‘@@{tﬁrﬂ&{& &finitiator. 24. The process of claiml,

er conprising after (b): hardening said material.

25. The progéss eépaedtmighsdd, pmteeded Bompbditeh BoHE ¥hAY first
corrprl ses: evaporating solvent fromsaid nmaterial. 26.

THB %ﬁati‘cé%% of claim24, wherein sal d har deni ng
conpri ses: %m X }gr?’l%% sai a“&e%n Hgllpom St ednd substrate

pr epol yner s ‘t’o f& epoxy
such that said nanowires are aligned substantlally parallel to said second

substrate.

37.  Theprocess of claim 36, further comprising before (a):
growing said nanowires on said first substrate such that a portion

of each nanowi’re 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:



27. The process of claim 24, wherein said hardening
conprises: polynerizing said prepolynmer.- 55 - 2 . The
wee@ses®enf claim, further conprising after (BOT/USIP4/025064
separating said nanow ke-paterial conposite from said

substrate to forma freestandi ng nanow re-nateri al
conposite. 29. The process of claim28, wherein said
separating conprises: separaftng said

nanowi re-material conposite from said substrate using
a bl ade. 30. The process of claim28, wherein said
separ ati ng gqooydingesid s snbstiang havwing saidosdmostiees tatached
t her eby. Llorm sai.d freestandi ng nanow re-pmateri al
c&H%sg@%{P Y perpppdicyarioddortien %‘lg 3 ilepsoyne sHHat%i n sai d
separating conprises : etching away said substrate

el ectrochem callyto thereby form said freestandi ng
nanow - matTaripadbcesonfudasiid 36, whereid (1) cpmpeiesss of cl aim
28, further conprising: (d). separating said nanow res
from said frideRRYERR iSﬁé matsEdl pushathet said watepak cevers gaid
ThenfiRegess of claim 32, wherein (d) conprises:
contacting said freestandi ng nanow re-nateri al
conposite with a fluid such that said nmaterial is

di ssolved in said fluid, 34. The process of claim 32,

wher ei #3¢ d) Tdsgpsase of clamt 36 gvheasia spidemstesialdisra polymer,

n e i al, 6o [ e ature

P P B TR HRAT ol Corhfefle LRI 755" e
process of claim 28, further conprising: (d)

| am nati ng said freestandi ng nanow re-mat eri al
conposiitte orfhg Psecssherl @Flﬁl@b%gaamﬁfﬁg spidriosieral-isran elastamer,

C‘?ﬁ@?&%bfa@ﬁéoﬁﬁeﬁno%gﬁinA Focess for depositing oriented
nanow fes conpri si ng: g(é;s} ‘providing a first substrate
havi ng nanowi res attached to a

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:



portion of at |east one surface, wherein each nanow re

has a first end attachedto said portion; and (b)
waeleemidsng a material over said portionto forP@EI/US2004/025064

nanow rematerial conposite; (c) patterning said

nanow re-material conposite to forma patterned

conposite; (d) separating sajid patterned conposite

fromsaid first substrate; -afd (e) applying said

patterned conposite to a second substrate such that

said nanowires are aligned substantially parallel to

sai d second mttbrsmnﬁaei naBywirdmetqiab carnpositt uenlng amiod@iching

orl 8B e oS o S p it GHF o gacieLr
nampwd,f B, ahd Agi d end is doped. 38. The process of

clai m36, wherein (a) conprises: providing a parting
| ayer on said first substrate wherein said nanow res

are attache |on aid rting layer. 39.
The pr essd%’FpET’ PECHPIY 551‘3%’6‘9{3?‘?5'3%

separ ati ng d ftE aen

substrate azg’ saﬁ% nan vvlsre n%lgc{e@?ga cegﬁ{)o&ﬁ{posm dnto a
The process of clphimiiyef nudwevie-mataiabbloekzow res have

| engt hs between about to about 20 mcrons |ong. 41.
The process of claim36, wherein (a) conprises:- 57 -

provi disng said t v d nanow res

attached subst gn(lt"{egﬁt @%@r%@@ﬁ&ﬁf g?gltlrﬁ%a POPYTBn of

at | east ongatiemfrgomid ddowlieenfendesmpdbit€ lrdb Mpdality of
[ nprises: depositing said material suc

wh ) b) «
+ R trolea PG Whiwens i ek Bavaheight of essthan about 10

microns.

53. The process of claim 51, wherein () comprises:

@) applying said plurality of nanowire-material blocks to a

portion of said second substrate.

54.  The process of claim 53, wherein (e)(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



43. The process of claim 36, wherein said material is
a polynmer, prepolyner, ceramc, glass, netal or

W@ vposiove t hereof. 44. The process of cl ai m 3BCT/US2004/025064

wherein said material is an elastomer, thernoplastic
or thernosetting resin. 45. The process of claim 36,
wherein said material conprises a m xture of at | east
two or nore epoxy prepol yne?%: 46. The process of
claim 36, wherein said material conprises a m xture of
a nononer and an initiator. 47. The process of claim
AGubstantiaHg paratelgo issidsgeaidtsebstiaty anddtevingpodufficentaiengjty to
said nmononer to form a hardened nanow remateri al

cdl 8%‘?%91’6&%1.011‘?%%“&??@88 s of claim36, further
conprisin er - : = :
compos te) 59 “riking PRI SRLAIARNE BT Elohin gad
ddlipindgmodmpnéwiess; antbpi ng a second end of said

nanow res. . The process of claim 36, wherein (¢)
conpri ses: - ?k%B - I}‘B'Sﬁfl% FORIAGS §Ta‘1%8 SERICEMYCERr gV isp regions to
. . . Mt . = h
ey e LIORE chBieBl plo e oY R R
, O, Hand Ar. . The process of claim 36, wherein (c)

conpri ses: ) patternjng_said nanow re-material
conposi°Pe i&%18P&“Bﬁslﬂfﬁlaiﬂflﬁ6o‘f’heﬁﬁlﬁ<§9%ﬂr5@‘loﬁﬁ§@ﬁﬁ&¥e 1s a liquid

bl . ocess of claim42, wherein (1)
C%Eaz Fhs@%%}l))g{@la%.

furt es: patterning said nanow re-materi al
conposite into a plurality of nanow re-materi al

bl ocks, wherein sai d bl ocks havea hei ghtof |ess than
about RPcr oMsProsess forEodicingaaseletrogicaupstiratetsemprisinge)

ﬁgg.g\rl\j f’g? matQ )r i ZFR%%%@% %}%%(g\gﬂé-ﬂ{a?elr{ai %o&%osite 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.



portion of said second substrate. 54. The process of
claim53, wherein (e)(l) conprises: applying said

w@bkwsaliosyof nanow re-material bl ocksto a portPONUS2004/025064

sai d second substrate in a predeterm ned pattern. 55.
The process of claim53, further conprising after (e):
(f) planarizing a portion of said nanow re-materi al

bl ocks. 56. The process of-@}ai m55, wherein (f)
conprises: planarizing said nanowi re-material bl ocks
usi ngan oxygen plasma to expose a surface of said
nanow rds. The 'f)i’@:ew Qﬁe%&lmf 5@l awhersin, shidr tshbs*trate is a
conprising after renmovi ng said qg%erl from
s APRICARAEITT Bl ﬁsaﬁ@ﬁméﬂ pe gnetal eoppPsRcsat d
second substrate a thin filmof nanow res aligned- 59
- substantially parallel to said second substrate and
havi ng 63. sUfTfe@ir@REs cfeltinly, WheeivalAatetialafesid nawovite-
current level; (g) defining a plural.ityof

s epatesn ag@p@sited%w@wnﬁregxe@ﬁwr,s:aramlﬁ,m 35S, fIngtahos pomposite
ngﬂ$mg; and (h) formng contacts at the

hduct or devi ce regions to thereby provide
el ectrical connectivity to the pluralityof
sem conduct or devices. 58. The process of claim 36,
wher e| 6sai d'heaeenses aficlsmSe: wherem qa;dq@atgnewggmémanowne-
back ocess for roduc N

o0 P RRERish Faplatomsh i PESRGs o PEREHR A
nanomnre mat eri al conposite conprising a plurality of
nanowires to a portion of a substrate; (b) patterning
sai d nd&fow ridemaecsss ef cla;mﬁ%gwhﬁmsaﬂ@ﬁﬁtac@mnmm%r e
sem conduct or _devi ¢ . ons ormn ontacts
ot a1 semieBNAAL GPaaRd Y oRebls e

provi de el ectri cal connect|V|ty to said device

regions. 60. The process of claimb59, wherein (a)
conpri $8s: The process of claim 59, further comprising afier (a):

()  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 composite by plasma etching.

70.  The process of claim 59, wherein (b) comprises:

€)) 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:

@) 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.



| am nating said nanow re-material conposite to said

substrate. 61. The process of claimb59, wherein said
w006 71962 mat eri al conposite conprises a pl ur abCT/ysi004/025064

nanowi res with sufficient densityto achi eve an

operational current |level. 62. The process of claim

61, wherein said nanowi res are aligned substantially

parallel to their |ong axisf®l63. The process of claim

61, wherein said nanowi res have | engt hs between about

10 mcrons to about 20 mcrons long.- 60 - 64. The

process of claimb59, wherein said substrate is a

sem conductar, glass, . ceramnc ol r, nmetal or
con‘po_s:j] e t @%?Qes%ﬁci#%%w&%gg%ggowsﬁqﬁ 59,
wherei n sai ¢zymat 30?9! sQfdpe?Ebs@d%%ﬁkR%‘ﬂré—ﬁﬁ?Jrﬁ[ hposite.

conposite isap r, pol ynmer, ceram c, ass,
net al or conposite thereof. 66. The process of claim
59, wherein said material of said nanow remateri al
conposi/fte i dhgmreesslgiEm 73 Wi*’i?ﬁb(bgﬁmérl%ﬁs:

t her nosetti gg) r e%lﬂoviﬁgsaﬂla?el&ﬁ?ccﬁg&. of clai m59,

wherei n sai d ‘attaching”conpri ses: toating said

nanow re-nmaterial conposite on said substrate. 68. The
process of claimb59, further conprising after (a): (d)
pl anar i’2i ng TgirgosesnialaeL 1 vderes (¢ spppEsese t o expose

. IS ! f clai.
e e M B Bl GO b

S @bfinda e Nty Rid@dvidd ragiognMposi te by pl asma et chi ng.
70. The process of claim59, wherein (b) conprises:
(1) depositing a dielectric |ayer on said

ranon TR e SOTRIT S, g1 RERERS: Uyt

70, wherein sai

process of ehahlyin@, sidesepiiBorldddtor OMdideS 8Ssiods2by e-beam
etching said dielectric layer to forma pattern of

s &veporation.

77.  The process of claim 75, wherein said metallizing comprises:
(1) 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:



dielectric layer andto forma patternof exposed
nanowi remateri al conposite to define the one or nore
w@eewsooeIct or device regions.- 61 - 73. The prODES®00625064
claim72, wherein (b) conprises: (3) doping said
exposed nanowi re-material conposite. 74. The process
of claim73, wherein (b) conprises: (4) renoving said
dielectric layer. 75. The pbpdeess of claimb59, wherein
(c) conprises: metallizing said sem conductor device
regions to formelectrical connectivity to said device
-regi ons. 76.foiliag peaicekstrode @l the surfloe ofdedd rinows@idaterial
netal li.zin onprises: netallizing said sem conductor
dé\‘?P’é’@SlFf‘é&%&&’é{%ﬁ distapee pstegepwidgatonnd spif nanpirirgy1s pqugkto
of 490 hshekR said netal lizing conprises: (1)
fé)rr?nés%ﬁygolgpge anﬁlﬁg'r ain el ectrodes, whereby the
nanow res form channels having a | ength between
respecti ve ones of the source and drain el ectrodes.
78. Thé2pr oddsPresescollammy 78, whersin(2) cempesesit al | i zi ng

further co m}&%n'ﬁgg g rgént%??]ffcgg . ] ggﬁr?acg lo? Gid gaql%%v'ireg{g%terial

The process o ereln sal nanow res

aldogipesiteanpli thei thatidtancPbetabérdaid gatddhdaidhahGh Hegh eduatio
source and drain contacts. 80. The process of claim

791 legp dragiSrmasgmgteret al | i zi ng conpri ses: formi ng anode
and cat hode el ectrodes. . The process of claim78,
wherein (2) conprises:- 62 - fo ning a gate el ectrode

on the ggur f ageetoczad 6F AROYY, HEtHEREGhpMingONMPOSi te such
that the di stance between said gate and said
nanowi r esi s (@qualPtier tsr(a).derning and @ wizasonet er s.

84.  The process of claim 83, wherein step (¢) comprises:

(D) 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,

ZnO 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



82. The process of claim78, wherein (2) conprises:
formng a gate electrode on the surface of said
wmanemi19e2 mat eri al conposite such that the di SP@NUS2004/025064
bet ween said gate and said nanowiresis equalto or |ess
than'5 nanoneters. 83. The process of claim 59,
further conprising: (e) prior to (a), formng said
nanow res. 84. The process-©¥-claim83, wherein step
(e) conprises: (1) form ng said nanow re-nateri al
conposite to include p-n junctions. 85. The process of
cleaiitmlight, atwh ewaietengthediffeednt ffirh heherclopgrs icfesmid pRiyality of
form ng said panow res fromat |east one Iight
en’i‘?’f‘?‘?”g@ EWEP C¥aterial such that said p-n
junctions emt |ight during operation. 86. The process
of claim85, wherein step (2) conprises: formng said

nanow 188s f ritwpsaviesh aftcldimad, fintler borghdisiggm tti ng
sem conduct i ng terial that includes at |east oneof

GaN, GaP, Gi®k, Hofping afest nmléﬁw@af&némmm lgper of said
t % Qﬁ)t&of § K Iee ﬁﬁt%ﬁﬁ%%mg)% dl‘l:cj, 1@#& §§ %@t%ﬁé ight emitting

form

C @ammsnawsufng mrmﬂ wledtead % odit Hghtank bﬁxer@hewwélength
conposite |ayers, wherein each said nanowi re-materi al
conposite | &Per |‘P¥€P¥!|%lé§e%&ndl negevirgeatesial semgosite lppasit

o8l P 10 ASTLERTENSHARE, LR 34150t

Ofehﬁﬂtmgas@{ﬁorﬁlﬁlcﬁrﬁg Qha@éritﬂ adeldeyedoto @ﬁﬁp\Mgmeamt Sfded! light
conposite layers. 8 . The process of claim87, further
cofyeiesgthgand g) forming a first nanowire-materi al

conposi te I er ural it .
nanowi r e- rrat ri a?gnnlﬁ%%tsh?rtde aP%Vé%[glafthcoé?pqsgg?tye gaid
I |pﬂﬂﬁh O & hargvifeanhieAadofiposie: 1 §frb1ﬁ|at Ra4te6s Behtleitting

em t ht at a blue Iight wavel ength
semlcon ucting 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.



(h) form ng a second nanowi re-material conposite |ayer
of said plurality of a nanowi re-material conposite
WO 20081087962 om at | east one light emtting sem cPCTUS10041025064

material selected to emt light at a green |ight
wavel engt-h; and (i) formng a third nanow re-nateri al
conposite layer of said plurality of a
nanow re-nat eri al conposi t 64 ayers fromat |east one
light emtting sem conducting material selected to
emt light at a red |ight wavel ength. 89. The process
of cl ai%n 88, Thefsgsteinnf skhip 90 hrtbermonipsisiig: coupl i ng sai d
first nanowire-material c site layer to a fjrst
surface of San¥ealappitraies ‘?pQSﬁsastaé‘{méiené i sufstrate.
| ayer; and coupling a second surface of sald second ;
nanowi re-nmaterial conposite layer to a first surfaceof
sai d tl9i2rd T Gystem-ofadami %, whergho siit @hiralgraf nahewetsis

tep (a). . conprises _attaching a second surfaceof said
t ﬁvl?%an.tﬂaﬂmlg@drpafa@@ fézﬁh%}?asémén pag Baterils aj d
substrate. 90. A systemfor formng a conposite,
conprising: a substrate; a plurality of nanow res
growno®3a pdhkispsteh daldmApsheriesaidatierAabshMch®r flows
havi ng an _end attached to said portion; a materi al
dépdnaterpl ntosaidsubsie F%l@tsaddwehtyﬁunan@ms on,
wherein said material encases said pluralityof
nanow reson said portionto forma nanow re-nmnateri al
conposiote | ghekysterf4f claim 0 uh&iMpeiksingt ai m 90,
further conprising: a material applicator that
deposits saiddompeditd ardear thal hnrdaps seid anateria 2n sgideportion.
system of claim91, wherein said plurality of
nanowi res is substantially aligned parallel to their
| ong anks i IThe3ider@F elindbo, Bther aghpsi¥migem of cl ai m
91, wherein said materi al appl icator flows said
mat eri al on@EoBRPsitesrbessAt e to al | gn said plurality
of nanowires. 94. The system of claim90, further
conpri si ng:

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.



a conposite hardener that hardens said material on
said portion. 9 . The system of claim90, further

W@9p01®sNQg: a conposite processor. 96. The syRCEDSN4/025064

claim90, further conprising: a separator that
separates said nanowi re-material conposite from said
substrate. 97. A process for producing a
nanow re-materi al conposite®Seonprising: (a)
contacting nanowires with a material to forma
m xture; and (b) depositing said m xture on a
subst r d08. t dHeoprocessnafn olaim ehaired T, avhereimpesd tsbstBfe is a
The.process of cl ai m??, .Wherein said substrate is a
séﬁ?%ﬁ‘ﬁ@?fff’?or&}l%\g@a CBIRICCIagEfymer , metal or
conposite thereof. 99. The process of claim 98,
wherein said substrate is one or both of the interior
and extléii orTheuproeess sofodlaitn AP &hereGd said M&keridin€@mprises a
process of claim1l or 91, wherein said substrate is a
r SUXEGE 9f 2RoLmEr 3pbiobiE@tnet al, oxi de or ceranmic. 101.
The process of claim97, wherein said materi al
conprises a mxture of a polyner and solvent. 02. The
procesd00f dheipio@ds ofsdiith I8 k&t inddteri=d i MRABDoIPRleY.MET .
103. The process of claim97, wherein said nmateri al
conprises a mxture of at |east two or nore epoxy
pr epol rs. e e cl ai m. 97 erein.
sai d n?aipg'ri éﬁh%(cl%%n%ég?soefg&%&mﬁi’t %gre%ﬂ‘ sHd %%ﬁga%oénpnses a
| mhikkthae of at 1645t twidér R6R&PESy PrepSlyaiers 97, furt her
conprising after (b): hardening said conposite. 106.
The process of claim105, wherein said hardening
g&m; H;l;%gl Lg‘ﬂg\éérggeﬁg ?olef\r/cﬁaglf‘r{ B‘},o%g’r%ind said rma(l)t?ce’ll’ietdeco%prises 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.



107. The process of claim97, further conprising:

separating said nanowire-material conposite fromsaid
waasntaset o form a freestandi ng nanow r e- mat ePCHIUS2004/025064

conposite. 08. The process of claim97, further

conprising: applying an electric field across said

conposite to align said nanowires. 09. The process of

claimO08, further conprisin®-applying a dc field of

about 10-3000 V/cm across said conposite to align said

nanow res perpendicular to the nanowre-materia

conposite surface.- 66 - 110. A process for formng a

nanow re array, conprising: providing a ..
nanowi rl_gpnatpégﬁoﬁ?ss%gg} & BRI AHEY- £ ORRERING:
compr i sing 3rpalihehhahQydah Al ogheignt er i al
conposite t orma nasked conposite; renoving a

portion of tapplymateemaskl coipisiged patteenioosid LanbwireXpgtetal
the nanow res enbedded in said portion and form an

arcPEPoRte taxge e Mo FRINOsten sai d nanowi re- mat eri al
conposi te. . 0of ol aj [ [ d nask
compr: ses. mtar pe oripdor ettt Bon Uil GiboSRt e RS
whss @inowsres einbeatlkd fulsatd it GO fofil an arrPpdflegpdtel Rakowires
all ows for the selective renoval of said naterial.

1 1B said RANQYYiER-WateTIgk copINgsite. 112, wherein said pattern
conprises an array of circles, square, rectangles or
triangles. 114. The process of claim 112, wherein said
pat t er n1¢onIhe pREeRdI it §UD,arheRi §1 MaskddfpHERGESA 8.
claim 110, wherein said renoving step conprises :
renmoving said material using a plasna etch or organic

S0l Yentyuz TRINLS S BSORL A B0 A o

C PRAGHERGHoWSRREhd Rlecti¢OMMdVal Hiai et Ny a
free-standi ng nanowi re-nmateri al conposite;

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.  Aprocess 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.



depositing a netal on both surfaces of said conposite,;

depositing an insulator on a netal surface to forna
weapaoier film and assenbling a capacitor.- BJT/USZh€025064

process of claim 117, wherein said netal conprising

ni ckel, copper, silver, gold or platinum 119. The

process of claim 118, wherein said insulator is

al um num oxi de. 120. The pr@tess of claim 17, wherein

sai d assenbling step conprises: attaching leads to

said netal surfaces. 121. The process of claim 120,

wherein said assenbling step further conprises:

roIIinq sai d_capacitor fil and sealing said rolled
capaci t:dP- f ilRE Prgsess Qf&?ﬁl@tlgb » Wheroin sxidaneiplsoapgisgg nickel,
cl.al rei aj,.d nanowires in said conposite
af@h%?%%%F%gﬂgbﬁg@%%@#ﬁlIy per pendi cul ar to the
surface of said conposite. . A high-capacitance

capaci tor produced accordingto the processof claim,
117. 2419a ghedsacess af Clﬁ%dg&i wherginhaighinsaletos is alyednum
c Qﬁgitor conprising: providing a netal foil having
one side coated with an insulator; depositing gold
nanoparticles on a portion of said insulator; grow ng
nanow res on said portion;, depositing a material over
sai d pde?i ofheprosesseéiclaiat H Tnwherginsaid assethbling stemcomprises:
nanow r e- mat gf i osi.t,e: .de iting nmetal on said
nanow r e- matagéélha gl%%{r?r% 3?19(@?%5 PHa capacitor film
and assenbling said capacitor.- 68 -

121.  The process of claim 120, wherein said assembling step further
comprises:
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. A process 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 form a
capacitor film; and

assembling said capacitor.



125. The process of claim 124, wherein said netal is

al um num and said insulator is alum num oxide. 126.
wab@sprmeess of claim 124, wherein said nanopaPCT/Ubme4/025064

are gold nanoparticles with dianmeters of about 1 n to

about 50 nm 127. The process of claim 124, wherein

said nanowi res are grown perpendicular to the surface

of said insulator. 128. Theb&%rocess of clai m 124,

further conprising after said depositing step:

hardening said material. 129. The process of claim

128, wherein said hardening step conprises renoving

sol vent or polynerizing said material. 130. The .
procesd2%f dhgipsecesnof £34, vhigrean said angipl; is glusgigpm and
fuaﬁq&ﬁﬂﬁ§m@rb%:§mn%&g%ching | eads to both neta
st?rfiaces; rolling said capacitor film and sealing
said rolled capacitor filmin a canister. A
high-cagacitance capaci t or Broduceﬁ agcordig%.to t he
procesdaé. clTherpraceas ofi glaim A24hr wheein s9fd panepardicley ase gold

t ubul ar.. nanow re- nat eri al ite rising:

o verrig i i PTRes of Pt REE A SP3 o m &

m xture; and extruding said mxture to forma tubul ar
nanow re-material conposite.- 9 - 133. The process of
cl ai m 132, flhetivesess ofsliini 13¢; whereby iszid ranpwires are gpwn
said terial.fromone or.bo of the inner and outer
S&Fﬁﬁgg§u8¥&§3?ﬂughsﬁfg?ﬁﬁgﬂ%gfre-nateriaI conposi t e
to expose a portion of said nanowires. 134. A process

for producing a nanowi re-material conposite,
128. Theprocess of claim 124, further comprising 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 bot_h 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; The
process of claim 134, further conprising: hardening
.sai d conposite. 136. The process of claim 135, wherein
sai d hardeni ng step conpris@-renoving 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
procesd33f dihgiprecessof dlaipy 13y TEBHFImRIHIS cutting
said free-s I+ [ ' . j .
process of %%{a{&rﬁﬂgggg%glfoff %%9 h%t(t)&n%‘??éfln%e Oggﬁtg i°:1f-g% et

t aetdues sulfacsnetSsad tngald fahewirshaneial gofpoiasid exgose a
forma tubul ar nanowi re-material conposite.- 70 - 140.

- Theertpmodsgid ngnowires- m 139, wherein sai d bondi ng step
conprises gluing together said ends of said
free-standi ng conposite to forma tubul ar

nanow rg4nater pdkesg O fROPréducink4 b nihGvips-aRe5HE]1 chong}io@itép
140, further conprising renoving a portion of sai
mebmpriangf r om one or both of the inner and outer
surfaces of ,said .tubul ar nanowi re-material .c osite
Lo parti al | ORipuatred iRl Gett a5 Raor R e
oftoglp@ftmnqg’%t 1ehst’onB 8ArfE&RNMRAId Si ng renoving a portion of
the material fromone surface of said conposite to
expose a por(b) depositing ai mataraiowier said portiphdo geme e sneire-
claim. 42, further conprising renoving a portion of the
mebEFIHICOUBPHE> a pl asma etch or organic sol vent.

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 yest er, pol ycarbonate, p%&yanide, pol yur et hane,

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

pol ypepti de, polyimne, polyphosphate,

pol yphdsgiphoriEtegyrogess ys clhino h39, evhepsih yaid bbadiagistp .comprises

pol. yphosphazene, pol ysil oxane ghenol-fOInaldehyde

r VRS tegsthey seikends Gfhwaid fipeslenting corwRsis: taferghy debular
resi -gﬁ% ] hes | dehyde resin or a copol ynmer
tﬁ%#lg‘g?. %aﬁ‘%ﬁgﬁ%ﬁ%bw re-material conposite of claim
144, wherein a portion of said nanowires are exposed. -
71 - 147. The nanowire-material conposite of claim
146, wHélei nThgpspecsoefl amsk0aiuphpramsisingremexing seartion

a‘%f@ﬁiﬁqﬁfat%al “}ilorrr? gﬁea(';r B/é@l Lfgt'he mmner 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.  The nanowire-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.



