15 OCT 7004 DEPCSI TED THIN FI LM5 AND THEIR USE I N SEPARATI ON AND

SACRI FI Cl AL LAYER APPLI CATI ONS 5 BACKGROUND OF THE | NVENTI ON FI ELD5 QET ThHiE

| NVENTI ON The present invention is directed to deposited thin filns of ..0
sem conductors and dielectrics. The present invention further relates to
the wuse of these thin filns in separation, release, and sacrificial |ayer
applications. Separation |ayer and rel ease | ayer applications of these thin

films include functionpEMOSIFERIFHINTBILIMS DI THEIRIUBE Wt ures in
fabrication processing for fields such as microel ectronics, displays,

solar cells, 15 sSERARATIONANE SACRIFICALLAYER APPLIGATEINSI ogy, and

m cro-el ectro- nechani cal (MEMs) devices and systens. Sacrificial |ayer
applications of these thin filnms include sacrificial filmfunctions for
the creation of void regions for uses such as channels, tubes, "air-gaps",
and cavities for mcrofluidics, separation/sorting structures, fuel cells,
di el ed ri BACKGRGUND OROTHIE INMEMEONNd optical structures. DESCRI PTION OF
RELATED ART Separation |ayer approaches are used to physically separate
systens of materials into at |east two distinct systens. The approach is 25

based on %ﬂﬁﬂﬁﬁgﬁsﬂg@ﬁwy tion material positioned between ot her

mat eri al s Separation material nmay be etched, nechanically
abraded, or dissolved away | eaving at |east two, physically separated,

di stinct groupings of materials, Release |ayers cﬁ{rﬁ? ﬂ m | ?rl y used,;
however, in rdineayesealewveahon icdifedad 1o HePPREHEYRBT &' systens are not

totally 30 se t The . At i ; ; ' s often a
pol ymgl (3?@.‘&6}{%3&3@?9@3&@%% corfW glséﬁt: @g?ﬁ%‘#ﬁ%ﬁ@%&gtgﬂt? He% silicon
( Sang- GooksKigiaask: tHfy it ineepar atibn| releric, endRaepfiei) ialer 30 (1999).
Recently, electrochemcally etched porous silicon has been used as a

separ at | oApREcAICNs2(dePaTalien [axs IR0IGIRASEIa¥PT PRRIFIANE MRS s )
\Kg;te : ZCI Oﬁ[rﬂ%g{c?%egﬁr{c%%g%r %réﬁﬁé hRARSrAL anPaRNALA ARGaBrica@ifguchi
processing for fields such as microelectronics, displays, solar cells,
15 sensors, detectors, opto-electronics, biotechnology, and micro-electro-
mechanical (MEMs) devices and systems. Sacrificial layer applications of
these thin films include sacrificial film functions for the creation of void
regions for uses such as channels, tubes, “air-gaps”, and cavities for
microfluidics, separation/sorting structures, fuel cells, dielectrics, acoustic

20 structures and optical structures.

DESCRIPTION OF RELATED ART

Separation layer approaches are used to physically separate

systems of materials into at least two distinct systems. The approach i1s

25  based on the use of some separation material positioned between other
materials such that the separation material may be etched, mechanically
abraded, or dissolved away leaving at least two, physically separated,
distinct groupings of materials. Release layers are similarly used; however,
in release layer applications the two materials systems are not totally

30 separated. The separation or release layer material is often a polymer (e.qg.
photoresist), silicon dioxide, or polycrystalline silicon (Sang-Gook Kim and
Kyu-Ho Hwang, Information Display, 15, 30 (1899). Recently,
electrochemically etched porous silicon has been used as a separation



El ectrochem cal Society, Fall Meeting, Cct., 2000, Phoenix, Az.).
Sacrificial |ayer approaches are used to create mcro-scale and 5
nano-scal e void or cavity regions. Such voids or cavities are an eqqﬁmﬁeﬂ
enpty space, which may be subsequently filled. Void creation is ¢
acconpl i shed by renoving a sacrificial material thereby |eaving an enpty
regi on encl osed by an envel ope of one or nore materials. The size and

- ; . Ve \ sl Ciention.
shape o tp e\ég?/rd%r%rduﬁﬁ‘n‘d %,wc&ﬁan Aesiadl peef) Jr:%r%{b? rﬁuefilféléétFo | cation

The 10 sha € varied and serve a vari'ety o uncti1ons such as a
channel , &pplicationsr(Tgawhehara aad il \Bak@goomin iy stractd 438y Theci al | ayer
materials include polyners, silicon dioxide, and poly-crystalline silicon
(M B. St er nElegtvachemycalapecistycFell Mesting Ogic 2680, Fbeemal AzVol . B15(6), pp.

2887 (1997) and%ri&ia! Wepgbgfd}%ﬁ@s a u%gitgr&?@é{e hichE scate dnd/o! - 3258,

pp. 114 (1998)). posite ermall rown srlicon di oxide and

deposi ted pahy-scald veidrorarRitpiregiabky St viigd ocoavitied yreuseeénseedf i ci al
materials (P.J. French, J. M cronech. Mcroen% Vol . 6, pp.197 (1996) and
S. Sugi yan@mphospasatwhicRk repy ackdsaaaentylligchiVoid etevtipads, Dig. pp. 127

1994 0_t hei t t . ti. ' t h
epost 1 ed SFCARPINgsihBY E5rigRi- 78R i bRy el = 2 e
creation ofeqioN @ndlosedrBichefve®pelbf ahe & rabanReteridisbihe E2eidnd or
"airgap", these materials will, of course, be covered by a cap |ayer,

whi ch f or nghapre of thepvoidair aatvdy oaniie dedgrereiariiee sarpaifie &gibsatiorhd Reoi d or

ot er 18] TRy i NaBRP e Bt S Bce Rl SRR A B ey e
Thi s wi ndowiney, oxir4Rp” ebchsiny BerfacnIpdeteRRyOR| lapEpMitérigkiitclude

Consequent |y, 'the etch rate can becoire very | ow because the etch rate
depends onpelyearsasitipon diguide essolpicrydialiae sHiaad (KoB ditpon MoV.Geig

o 30"t nennigviiorge. THet S ehERh el 3 Tt o oo eI B e
et chant toryapd driteHr eMevalgreldt PRod. St R gl wett 14 @mdghe sacrifici al
| ayer material as well as chem cal etch rate. Consequently, materials that

may hdwe fast etch rates when deposited in open regions often have

considerably s Bvc\a%rosﬁég %r %hermaily grown silicon dioxide and deposited poly

silicon are probably the most commonly used sacrificial materials (P.J.
French, J. Micromech. Microeng. Vol. 6, pp.197 (1996) and S. Sugiyama,
O.Tabata, K.Shimaoka and R.Ashahi, IEDM Tech. Dig. pp.127 (1994)) and
20 their etch rate can be relatively very high when they are deposited on an
open region. When used as the sacrificial layer in the creation of a void
structure, such as, a channel, tube, cavity, or “airgap”, these materials will,
of course, be covered by a cap tayer, which forms the “roof” of what will
become the void region. The void or cavity region is then formed by etching
25  away the sacrificial layer material through a window or through holes in or
beside the cap layer. This window provides etchant access and reaction
product exit. Consequently, the etch rate can become very low because the
etch rate depends on the transport processes of the etchant solution, of the
reaction products, or of both rather than just chemical reaction rate. That is,
30 the removal of the sacrificial layer depends on the access of the eichant to
and the removal of the reaction product from the sacrificial layer material as
well as chemical eich rate. Consequently, materials that may have fast etch

rates when deposited in open regions often have considerably slower etch

2



15 OCT 2004 rates when used as sacrificial layers. Conventional poroig
silicon, produced by el ectrochenical etching of silicon, has al so béedCT 2004
tried for sacrificial layer application. (T.E. Bell, 5 P.T.J.Gennissen,

D. DeMunter and M Kuhl, J. Mcronech. Mcroeng. Vol. 6, pp. 361(1996) and
P.Steiner, A R chter and W Lang, J. Mcronmech. Mcroeng. Vol. 3, pp.32
(1993)). However, the use of the material is hanpered due to the

fol | ow ng: "3E8 Whrnused @si sasfific@liaxees.control 1 abi lity, the necessity of
having el ectrical conduction paths for the el ectrochem cal 10 etching
required to create the material, the fact that it nust be fornmed on a

conductor, and Junveesiorabporious ilidoneprddeicediby élBetro@tethical efhirf of t'S
el ectrochem cal etching. In general, there are a nunber of ways to produce

voi d st rucBlif@s. has alsg kern trieghfor sacdichy layeirannlication. (@yRBel, Al of the
T e el GGy SR KGR en B 9a°E! 120 7t

subst r at e- pp- 3GDEIGIB) anarP Gaéiter 0-Reher dhandi Dgn%t.ﬁqm&(%@ch.cr eates
features in surfaces using standard processes such as etching, mlling,

embossi ng, Migraeponyol- & ©p. Jh il 9%0h Hovelerathsuss obthe materiat@s cappi ng waf er

or substr I ' .nanp-, 0 i cr.ochannel, features. |.n

pri nci pl e%%@f)%?%%?@?éﬁétﬁ%%é!@%gﬁ&l rgs ECE@WHFWQ@ @?%P@%BH |§§/${he However ,
It requi r esecasuilyofdiavihidg erictr(danebactiRRNBELAY feH a8tk deheihichi cal

di sadvant age of needing alignment of top and bottom This nakes the

fabri d& i ngichngirauresharmiestedineanatesist ae factdiatit pwishbedounediosad i gnment

of 25 the trat | cr.0 voi orpation at the.bonding interface
duri ng thée ol‘?l ?ﬁggngrtg'%e%gg%@%%g@ﬁgeﬁ&ﬁ% '&1@26,’”% L8& i cr omachi ni ng,
is the ne¢lbottobasestapetdtieguse of sacrificial layers. Since it is based on

sacrificial layer use, it can produce channel dinensions down to a few
nanoneters although to date the sacrificial |ayer renoval step has been a

M cr ol ect rocherh 880 8] <fEREar B nims SR QEVEls sf pedd et F o H6tsss st ween
t hese 16echmidiues to sidingasacrifickd) RiyReS Ali BtheSapPostiies eskitigingankhRemost
reliable nmethod to fabricate fine structures and it certainly is the nost
of sacrificial layers, may be classified into two basic methods. The first,
bulk micromachining, the substrate-to-substrate or wafer-to-wafer bonding
technique, creates features in surfaces using standard processes such as
etching, milling, embossing, stamping, etc. and then bonds a substrate and
20  capping wafer or substrate, thereby creating nano- or microchannel
features. In principle, this bonding approach is a relatively simple process.
However, it requires anodic or direct (fusion) bonding and has the critical
disadvantage of needing alignment of top and bottom. This makes the
fabricating of small channei dimensions difficult because of misalignment of
25  the two substrates and micro void formation at the bonding interface during
the bonding process. The second technigue, surface micromachining, is
the method based on the use of sacrificial layers. Since it is based on
sacrificial fayer use, it can produce channel dimenstons down to a few
nanometers although to date the sacrificial layer removal step has been a
30  relatively complex process (M.J. de Boer, W. Tjerkstra et al., J. of
Microelectrochemical systems, Vol. 9, No.1, pp.84, March 2000). Between
these techniques, surface micromachining is considered to be the most
reliable method to fabricate fine structures and it certainly is the most

3



3 15 OCT 2004 reliable nethod for applications, such as optical resonate

cavities, which require strict structure dinensions. 5 The present}g [(J]U 2006
i nvention is based on using separation and release |ayer material an
sacrificial material approaches in device fabrication. Specifically, it is
based on using a new material for separation, release and sacrificial
applications and a new, sinple processing flow for separation. |ayer,

rel ease | pyeibl@ntktaedrof applidativagesudnas eptcal aesanate Tawitieswwhidheri al s 10
of the present invention are deposited |large nmaterial surface to materi al
vol ume r arequitenpliict Btristure fiMeRsIgaSsur f ace to vol une ratio insures a |large
enpty regi on between material (i.e., material volune) regions allow ng easy
access by etching chem cals and easy reaction product renoval- It insures
the materials essentially wet very uniformy leading to very uniform attack

15 and renoval. In addition, the |arge surface area assareﬁ%effici ent
chem cal at t adiheoprasest irvesatieals RAd 8R pSTELSSRF R FNAJSRERi cal s. The

I f to vol - t. ' kened
ot o 2l 1O PR Bt C i L e Pl Bl R B R o R B aT Y ol or o

whi ch gasepdeifdaig it ibadid ofRiskTg &hewayaterial sardsaparetidrareteaserndl . 20
Wth the materials of the present invention rocedures for separation

layer apphicoficiabagpliaions@ndendow) SimRie aiaress g TRWJPT $eRAEIY 4y er
applications ar nore reliable.t. a ;
pfgcesses?agﬁrer?qa@?% yteﬁéiﬁ‘ldas?ﬁcﬁ'gbg?%ytgggg&%n nééa@ff?@?% g]?g? Yaglrs)proaches,

and aﬁ?owo(;lﬂq@%r é}ﬁmm@ﬁrgréqjepdsneawbbirﬁa\t,eribhensréea:mtcemaﬂmﬂairi als are
deposited and, "therefore, can 25 be used with a vari et%ﬁof substrat es,
i ncl udi ngvolurhematio Kiinifired. {Towe lprassudace togyalyRes alifd eI 'P¥% s. 30

s st B SR LG Bl 8 St iomst hod for
substrat e;; {B)s I ERBgRHENiBaEh2E84 fiagtios prodcdus rameaat olt vtsuiee ratio
material |ayer over a Surface of the . .
the materials essentially wet very uniformly leading to very uniform attack
15 and removal. In addition, the large surface area assures efficient chemicai
attack of the material when exposed to removing chemicals. The large
surface to volume structure also leads to a mechanically weakened
material for which mechanical agitation can be helpful in removal or for
which gases trapped in this material may be used to enhance removal.
20  With the materials of the present invention, procedures for separation iayer
applications and the removal procedure for sacrificial layer applications are
more reliable than the other release and removal processes, are faster than
other release and sacrificial layer approaches, and aliow close process
control. In addition, these novel materials are deposited and, therefore, can

25  be used with a variety of substrates, including, but not iimited to, plastics,

- glasses and metal foils.

30 SUMMARY OF THE INVENTION

Fal

The present invention is directed to a method for processing a
substrate comprising the steps of (a) providing the substrate; (b) forming a
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substrate; and (c) during subsequent processing of the substrate, renoving

at least a portion of the high surface area to volune ratio mat eri a5 0y 80t

In an enbodi nent of the invention, high surface area to volune ratio

material 5 |ayer is deposited over the substrate in step (b). In another

enbodinent of the invention, the high surface area to volume ratio

mat eri al ﬁéﬁ{ '$ colunnar voi d | ayer, deposited netal, dielectric,
Yoy

seni conduc igado velreeirafio Wﬁf@"'é'd{amm\fer\ﬁ)ﬁﬂfﬁ‘é%/@f theonpri ses a

plurality gf 0 SGHH e units
penetrati ng %&%Etéﬂ? (ﬁtsjous g{/gﬁj%é’\ﬂ:u%?ﬁeﬁ%}{e%% ni ttngﬁs'é@)g?rg ﬁ{oﬁ’l"l'ed(r egul ar
spacing, atlieast alpoetiomof thenhihisyifaceaida &dyumhﬁéﬂfahd/ﬁfalt@dvélﬂaﬁbrawt er, and
the plurality of basic columar-like units are uniformy orientated and

di sposed @R amOdimest phihe inyRationdigh sulann area fawolyme Eatis @atIr i sed of

e e S U S M e e L

i s deposi t #r inrenation,aba igre suiface arsd toofolpmesatioendiesial Hyen iwanospheri c
pressure at a tenperature of |ess than about 2500C. In an embodi nment of

the i nvent PORMNER&OH @Y%Lﬁqp&@éeﬁﬂ'@%lai sligleriigesePEandUCPeS BFIRNIC| ayer is
formed upop, al-deagt, %ﬁmn%l%\ﬁelﬁgé'rg @}Sﬁ% égﬁ%ﬂpp&mf&ﬁﬂ he hi gh surface

area to volune rati eri anot her

enbodi rrentessferttiaaﬂylnweusﬁntaﬂmg hwcensmrﬁ:harafket@atsm@mtréiﬁ@arface area to
volune ratio material layer in step (c) is conducted by chem cal neans,
physi d8 neRMNUSUSY U WhieRaini tBR UniaMeye, adiwtablere@alarsiaciig. hi gh surf ace

area to Voé G%étﬂé LRifGRh RkldHt éﬁé’ﬁ?w%{bbﬁ‘%QBrAéﬁlércﬁgm%'E@r”‘aﬁﬁ theTBANS Via dry

et chi ng, or a mxture ereo portion of substrate may

al so rermwaldrél&j? of Baswrijdhﬁnnar-ﬁ}fé anhits arouhifgmay ohéﬂ%te&a&@ giopdsen of the
hi gh surface area to volune ratio material |layer in step (c). In a further
embodi mentodthe febstratent he hasie ¢RIvINaRike upha 8T%F@F\Péﬁ>ﬁﬁgl’fl HEAN. bet ween

the high \Sgédfn?%ﬁﬁ( %ﬁ%&gb%@’er{%ﬁﬁ&r B, o Mgfur@Meldls TRUDStrate is

al so reno
15 columnar void layer has a thickness of at least 10 nm and is deposited in a

vacuum environment of pressure less than atmospheric pressure at a

temperature of less than about 250°C.

In an embodiment of the invention, the high surface area to volume
20 ratio material layer is formed upon at least one intervening layer located
between the high surface area to volume ratio material layer and the

substrate.

In another embodiment of the invention, the removal of the high

25  surface area to volume ratio material layer in step (c) is conducted by
chemical means, physical means or a combination thereof. The removal of
the high surface area to volume ratio material layer in step {c) by chemical
means via dry etching, wet etching or a mixture thereof. A portion of the
substrate may also removed before, while or after removing at least a

30 portion of the high surface area to volume ratio material layer in step (). In
a further embodiment of the invention, a portion of the intervening layer
between the high surface area to volume ratio material iayer and the

substrate is also removed.



In a further enbodi nent of the invention, the above described nethod
further conprises the step of depositing at | east one coating overy pgpz .
hi gh surface area to volunme ratio material |layer after formng the % hIH
surface area to volume ratio material |ayer over a surface of the substrate
in step (b). The coating or coatings are either organic or inorganic. In
one enbodi nent of the invention, the above described nmethod further
conprises the step of fabricating a device, structure or both over the 10
at | east one cogf | Vi > I4: 419 or m xture
t hereof . Renovi %bgﬁag?r %@%?tdﬁgg@oéfﬁﬁéﬁl 0 Htfpﬂéﬁﬁ%ﬁéﬁg %‘gg)tég;]ea to vol une
rati o mat efricthod fyrttier corapaged the stbpiotlgpbsitag at kst eneawlating taveg
structure/coating or mxture thereof fromthe substrate. In one @referred

enbodi nent th highesurfageniearto walemaEatio matenaiiarerafigs fodaiaoithe hglep of 15
creati t - 1 | ' Lng or

i e ur &1 o TP 2653 Euc DB el BB e 688 SprRLE R e SRR T

layer. Their Stepueh-Ted esathenobeostireatad dithicooglariber ndrganiat e, coating or
coatings, or both. The nethod may further conprises the step of formng a
second coating over the device/coating structure/coating or m xture

t hereof. 20 The!ﬁ Bb%terﬁt?%}r%’t 0?%eoi%ﬁgﬁ@ihﬂgfagévgﬂe@c‘%é%?@%tﬁoé”bSt rate

t hereby carryin e conbl nati'on co evi Cés an ructures,
after renoyatha?fconisrisdd e st batmraeag tacdedde) sirucalire @rimitie bvet tHeayer of
step (c). '"In a further enbodiment of the invention, after renoval of the

hi gh skt f agkleastane ¢oaling ieroreide ving €ratian StalpdyrelePadingPr(BYURr ough t he

created thpough: hol es,. 25 i : vi.cel ' / coating
or i t ur ol EPL AR URe R BT RE SRS HE B PR RZ o SEME T RG the
step of usidi hBeerf@Nayein s taérRbY Iredistpesievidedcspyy at ed

devi ce/ coating structurelcoating or mxture thereof over a second

subst r at e. stocture/aaatingpr erear Mateoromige isbatigiconn APE@FEEGf renovi ng
(o or 1 ne s BeAb ety RO R st R Bt B Fep EUF) ol chi no
E Egr egxiegg %ﬂga&ég?ezgg%?ﬁ-h@|emhmghrm ideviRi@dtiag dtaytuire/cstingtdiat a portion
mixture thereof to remove the high surface area to volume ratio material
layer. The through-holes can be created through the substrate, coating or
coatings, or both. The method may further comprises the step of forming a
second coating over the device/coating structure/coating or mixture thereof.
20  The first coating, second coating or both act as a substrate thereby carrying
the combination comprised of devices and structures, after removal of the
high surface area to volume ratio material layer of step (c). "In a further
embodiment of the invention, after removal of the high surface area to
volume ratio material layer in step (c) through the created through-holes,
25 separating the device/coating structure/coating or'mixture thereof from the
substrate, thereafter further comprising the step of using the carrier
substrate to dispose the separated device/coating structure/coating or

mixture thereof over a second substrate.

30 In another embodiment of the invention, the step of removing a
portion of the high surface area to volume ratio material layer in step (c) of
the above described method comprises a step of selectively etching the
high surface area to volume ratio material layer, such that a portion thereof

6



I's retained. The method further conprises the step of formng at |east one
| ayer over the retained portion of the high surface area to vol une natlCd 2004
material |ayer. Another further step conprises creating through-holes to
access the high surface area to volune ratio material |ayer. Then, the step
5 of renmoving the retained portion of the high surface area to volune ratio
material | ayer uses the through-holes to produce a cavity structure. A step
of deposi t iswgtainete dde methddifurther comprises\the stéeobforingas it least bager ,

t her eb bl ockin he through-hol e ~follow. 10 In a further enbodi nent
of the i nviYEr SH,%f{'??efeé?‘é'ﬁgg}orﬁ?%\‘?fm%gg S%%?@tﬁ’ﬁ?éoivﬁ'%%ﬁa‘(%) of the
above deschq hrfsert : ! K cil layer
on the subma?glﬁlaelﬁa%%}?%fﬂm%rthe rsﬁﬁﬁﬁlrgégﬁrgﬁﬁ‘@g@%@? f'\?ge{s;e/ﬂarenovi ng a

portion of actesssthertugh suaaee aréate bglumearatiogmateriabhigees e 0 heor, thestegd  t he

bst d at | t one retai.ned _portion of the 15 stencil | ayer. The
Z)lj pzs;$ Sosﬁ%ﬁ"‘ﬂf’s &1 %@Hﬁ(fﬁ?'lé"om%ﬁ%wﬁ%b%@@nﬂef tog¢ ‘I“n’é’lﬁ r@EP%g t he
stenci| | appiterdsl 1aydrasdes thaahsd ’h-Bblek % Brodluce Jé”c&bit?%frﬁé‘&f?e.aﬁeé\eéo vol ume

ratio material |ayer conprises Tormng the high surface area to vol une
rati o mat e@f aeposiyrg ab@aspone fivthexdpysraverthe st deadt dnedagehsheraby and on

the at | east pne retaine ortion of the stencil layer, further conprising
the step glglqcﬁﬂgithst "fcf“'g?h'é&egl’%%fq?iof”ayer, t hereby al so renoving a portion
of the high surface area to volune ratio material |ayer deposited thereon.

A further step is depositing a second |ayer over the substrate and the
hi gh d& f ace ar nafurther embodanerd af Shenmtventiah, theystep df lrovigingw! es are then

ted th h.th d.l . After. | of the high f t
vol une. r at TEPTHAIEA SIEA G & 1A% ARG AeERIPE Birtaes PATBGRS Hop 85R 8 pr oduce a
cavity stryastadifng bieesal (e9er of Whé BEBsFRBPPAREMRNG fife SRR Myefeprsi ting a

| ayer that blocks the through 30 holes, as required. After renoval of the
col umar veRlgclivgeremavisgeppeaion efihewignaillayer ibarely sRvmgydn hol es to

d ' . f furth i Si f
i ng. o gaPaset forliph of e sPSESR et BEHE 8RR PoEn o s et ¢ or
furthes cogntsidiert TRegRsel ARAS bt iHOs b ItaNEmMA)BE sBbesksedthie

t hr ough- hol es and seals the cavity structure.
etched using the stencil layer as a mask.

The step of forming a high surface area to volume ratio material
layer comprises forming the high surface area to volume ratio material layer
20 upon the exposed surface of the substrate and on the at least one retained
portion of the stencil layer, further comprising the step of lifting off the
stencil layer, thereby also removing a portion of the high surface area to
volume ratio material layer deposited thereon. A further step is depositing a
second layer over the substrate and the high surface area to volume ratio

25 material layer. through-holes are then created through the second layer.

After removal of the high surface area to volume ratio material layer
through the created through-holes to produce a cavity structure, thereafter
further comprising the step of depositing a layer that blocks the through-

30 holes, as required. After removal of the columnar void layer in step (c)
through the created through-holes to produce a cavity structure, thereafter

further comprising the step of adding a gas or liquid in the cavity structure,



I n one enbodi nent of the invention, the step of providing a substrate 3
conprises the step of depositing a material system over the substrate],5 Rb 2004
sel ectively renoving portions of the deposited naterial systemretaining a
portion of the material system In a preferred enbodi nent of the invention.
the step of form ng the high surface area to volune ratio material |ayer

over the substrate conprises the step of formng the high surface area to
10 vol ure thetdafterfirenératorhprysing thve stephef drpasiting: 2 layed thaidlpekstheed

material, and further cqgﬁ%isin .{he stqp of renpbving a portion of the

hi gh sur f dbeoudirBales angbseaie e PAEYRIMEHY S | ayer to expose a portion of

the retained nmaterial. The nmethod further conprises the step of depositing
additional material over the high surface area to volunme ratio materi al
| ayer and 15 exipazedembodimest afthe revention tesstep i poevidied aravestiale, so t hat

a portion the _addjtional -nmateri.al confacts an _expos, rt f,the

prgvi otis| W%&fdﬁﬁ%l@@l S@BP@PPBF?*’W@ @FL@@E?Ygﬁ%ﬁ%frotﬁgiSg"%zﬁw?gé]'c?ﬁdect ed to a
met hod of [ G - i Al sehshihat

conpri si ngste?%wlgﬁ Frﬁ’ﬂg“'g'grﬁ%g%&ﬁ‘?f?g??eg&égg? (r)ﬁévig?%lrf?grt??i o mlrgr?al | ayer
onto a subsdriehef tdndtenaisygtean. Ireagiretaned evbodmerdwalthe iveritigh. sur f ace

or “bot h oVeP Sk chIoTBAd M RSNUHERG R 1P AP e AV ey B fe e e
structurelfadl agatl c%ﬁi@é@tﬁ%‘@l’éﬁcﬁf;m@ﬂﬂggﬂé B bhga @5 hi gh surface

area to voﬁurre ratio erial layer there separating the systemfromthe
subst ngt e.ydimmeneatio mhatdriakiayeobverttaei substiaicoand theerdiagied sateri@e area to

volune ratio material layer is a cqlumar void_ |layer, In r

enbodi rrentartﬁfmﬁ@ricﬁmtﬁ"aﬁﬂhecﬂ@%ﬁ|f%WHé{W9v%Paﬁhoﬁrt“?é"%ggﬁ%%d. The
col umar Vgl r. . = cgglg,g bt eAMRhS Fégirted a 30
plurality ag-Fguthl ﬁf%ézgg%ﬁgﬁ@aékﬁn@co tggt i ﬁ?ibasi c columar-like units
penet r at i ngagerzdNTheunethoddudhaheorapriseh theustiepof ieepesiimgurddibonalr equl ar

spaci ng, adjustabl e uniform hei ght nd adj ust abl e ri, abl | ameter, and 8
15 OCngoongtuezyalPHer gﬁﬁ@hiw I %%%?%VB@H X P—ﬁ“ﬁfﬁ\é'a%:l.%esfeaé’ge uni form y
ori entat ed, and o PROTEDs e BraSicteRSEEFMed material, so that a portion the

additional material contacts an exposed portion of the previously deposited

material.

The present invention is also directed to a method of transferring a

20 system of materials from a substrate comprising (a) forming a high surface
area to volume ratio material layer onto a substrate; (b) forming at least one
coating over the high surface area to volume ratio material layer; (c)
fabricating a device, structure or both over the at least one coating to form
a device/coating structure/coating or mixture thereof; and (d) removing the

25  high surface area to volume ratio material layer thereby separating the
system from the substrate. In one embodiment of the invention, the high
surface area to volume ratio material layer is a columnar void layer. In
another embodiment of the invention, the columnar void layer is deposited.
The columnar void layer is a nano-scale composition comprising (a)a

30 plurality of uniform essentially non-contacting basic columnar-like units
penetrating a continuous void wherein the units have adjustable regular
spacing, adjustable uniform height, and adjustable variable diameter, and



In a preferred enbodi nent of the invention, the first substrate is 5 rigid.
In a nore preferred enbodi nent of the invention, the first substrate is
selected fromthe group consisting of: silicon wafers, quartz, glak%ﬂCT2ML
organic materials, polyners, ceram cs, sem conductors, netals, insulator
materials, and mxtures thereof. 10 In an enbodi nent of the invention,

mmter a1 1) R Pty 57 Bt e Bhr kg yig g LhiBiy FEARRIA T om « ne
group congishdstd ohthslenpstrated, applied, spin-coat, screen, printed,

sputtered, evaporated, and spread. The at |east one coating is organic or
inorganic and is preferably a nmaterial selected 15 fromthe group

consisting of: chem cal ly active terials V.[er, i | at ors,
nitrides, oxi deIE_,a BT%?U@%@@C?(?%@,eﬁgf[rbee'lng'@?ﬁ(?@sfﬁgr@ftasf@%%%ﬁ%isoel ectrics,
bi ol ogs calrigidt & bahereaptisead epilibiinent of tHeendeice the fidst stibstratalise

sel ected fromthe group consisting of: sensors, actuators, electronics,

cheni cal rsetedted fuaraiths greup eensistingiek silieps walges, esiariic 6lassi egarp® sol ar

Cher cof - THOGHE SrsRn in e Sbam e SeRoRERBro. RerdR bR AR AR et noc

further ceMfmpaSres thkesofof creating through-hol es used to renove the high
25 surface area to volune ratio material |ayer- The through-holes are
created through at least a |ayer selected fromthe group consisting of:

the suybstrate, ,.the hi . f a t I t t erl. er, an
i nterJ\H/Qni ng Iax}grgh %&b%ggﬁ&ﬁth%qgﬁ ré\fe?rg&ogwgoﬁgﬁ ’5@5’5 ﬂelégsﬁosrﬁ%r gé@badr%é to
vol ume r athe hig elifate at@y & vollifeaiatiormbaRyel Byey 8i sidpe(higpestihege to
volune ratio material or a 30 conbination thereof; whereby creating

t hr ough- hélyes teghnigus selestad igmeOroup ERABHIBY H&| danasiteds 8RPEEYr oup
consi sting o L.SsSQl Vi . Lng, chi cti ' et chi ng,
cons ot | Sa0 s Phf AR S LR, o BBl AR St 1 PR Lol o o
anot her egpedidarig Bforbhsicishiedigadit afd ipeidrabB04d nizerivi sigetted hi gh
surface area to volune ratio material |ayer in step (d) is perfornmed by
cheni tal #sundhe geetranPasistingaf shemisalboasivieanptasials, polymers,

insulators, nitrides, oxides, piezoelectrics, ferroelectrics, metals,

pyroelectrics, biological materials and semiconductors. The device is a

structure selected from the group consisting of: sensors, actuators,

electronics, chemical micro-fluidics, circuits, displays, optics, acoustics,

20 solar cells, displays or opto-electronic devices, fuel cells and combinations

thereof.

in one embodiment of the invention, the above described method

further comprises a step of creating through-holes used to remove the high

25 surface area to volume ratio material layer. The through-holes are created
through at least a layer selected from the group consisting of: the substrate,
the high surface area to volume ratio material layer, an intervening layer
between the substrate and the high surface area to volume ratio material
layer, layer or layers over the high surface to volume ratio material or a

30 combination thereof; whereby creating through-holes are performed using a
technique selected from a group consisting of dissolving, dry etching, wet
etching, reactive ion etching, deep silicon etching, and magnetically
enhanced reactive ion etching. In another embodiment of the invention,

9



thereof. In a further enbodi nent of the invention, the present nethod
further conprises the step of disposing a separated devicel coatind3gLT 2004
structure/coating or m xture thereof over a second substrate- |In another
enbodi nent of the invention, the nmethod further conprises the step of
depositing at | east one coating over the device/coating structure/coating
or mxture thereof, where the at |east one coatigg Is a carrier substrate

used to diespwdpgdhe bigh sedarriaeadervaldme satie malepallayerg ster (d)ist em f r om
the 10 substrate

in step .(d) _In | -of.. the invention,
the seconkC?emed ﬁﬁ" & e@'%%&?ﬁ?%%ﬁ%%ﬁ%?ﬁ%%ﬁ%&d%@@s",ﬁ%{#&ﬂet al foil
material . desr fipla et PiSIBIMERI of e ingeattsh, Ihdptestirt metabdde, but are
not limted to, the fabrication of thin filmtransistors, electronics,

sensors, akriner os)prisesdbststes of dﬁép@&iﬂ@_ras%enﬁr@i@é’eqi%%féomani cal devi ces,
551065 "L 1 S 120 BN G BB sl oo

I nvent creating a cavity structure

conpri si ngef@bdfRERT Mand iRialicutiaartitsERurtter colpreesahe steprat eri al | ayer
over at |east a portion of a substrate;(b) formng at | east one 20 | ayer

over the hilghositing atkeast eactcoaliog Gver tha devigelceating stragture/caaling ey

[ ti f ot hi,.gh f ' ial |
{her oby o wRtve Pbrag, Where i o esTofs BRamhd i SattEy S BpbielBred B oY
the high Mi&?é@e ?ﬁﬁ?ats@cbﬂﬁhléﬁﬁstfraﬁeié?téf%tepfa'rétlngta)é@ysct&pcﬁrsjmetmbover t he
ep (a

substrate I1n s I's patterned usi ng a soft masking material, hard 25
maski g nesebstedte instep cHndn garretairehemdegiment of e vedighoiSrent of the

i nvention, renovi t he .part.ipn i.gh f une ratio
mat erial | %‘?/Cé?”ci/ﬁ&gﬁtéage('gﬁe’l“é%p%ﬁ 3&%@ b')lgk’ %%g%ﬁ %gﬁe%régﬁ!s&% r%sli cal means,
mechani cal (JgB3RSr Pl staftventhosetdier aafstrate irclddy, tthemrembotimitent of  the
I nvention, renoval of the portion of the high surface area to volune 30

rati o mat etd, dhe Faty&ation atteip file)trapsigors PN SPRPYE: BF YA Ssubst rate.
2t or i aptae e daletTam fhSHles TS TR ST o RIS, Ve 1
mat er i@ s, opRPLEERbAIcs drddlAtcs, nitrides, oxides, piezoelectrics,
ferroelectrics, metals, 10 15 OCT 2004
The present invention is further directed to a method for creating a
cavity structure comprising (a) forming a high surface area to volume ratio
material layer over at least a portion of a substrate;{b) forming at least one
20 layer over the high surface area to volume ratio material layer; and (c)
removing a portion of the high surface area to volume ratio material layer
thereby creating a cavity structure. In one embodiment of the invention, the
high surface area to volume ratio material layer deposited over the
substrate in step (a) is patterned using a soft masking material, hard
25  masking material, or a combination thereof. In another embodiment of the
invention, removing the portion of the high surface area to volume ratio
material layer in step (c) is performed by chemical means, physical means,
mechanical means or a combination thereof. In a further embodiment of
the invention, removal of the portion of the high surface area to volume
30 ratio material layer in step (c) also removes a portion of the substrate. The
one layer over the high surface area to volume ratio material layer is a
material selected from the group consisting of: chemically active materiails,
polymers, insulators, nitrides, oxides, piezoelectrics, ferroelectrics, metals,

10



pyroel ectrics, biological materials and sem conductors. In an enbodi nent

of the invention, gas or liquid is added into the cavity structure aff6g7 ypp
the high surface area to volune ratio naterial |layer is renoved in step
(c). In an enbodi nent of the invention, the nethod further conprises the
step of 5 creating through-holes through at | east one | ayer, the substrate
or both to access the high surface area to volune ratio material |ayer

And, the pyrsdiectritsybiblegicamategals artesemigonductoss. nimgn&mkefimendnal | ayer

Paterian of Hivantarcay of s it Seses it i SIS FuAliE AR " T o
embodi ”EHEHH %ﬁéﬁ:ﬁé% %mb%tib%ﬁ,@haplfa%/bh% rembviad imtdtep ey en is at

| east 10 n f the cavity structure is at |east about 10nm
15 The cr eatémbodimerief the inventionuiteumethaddviibes cempriske theusterat i on of a

| d f h I St f:. ME | | ,
Chem car - peartnenreydh BRBSaRETLAURAR e 1Bl Tng bl bpBl ! U e
formati 0n%cg@é@f@ﬁi@ﬁ'sMe@éhQ@voﬂﬁNé F@50 maldridNgyercamhd Itaey functions,

cell and other species studies and identification, gettering regions for
solid 20npdthsd fortlyat corhprises the sepfiforung@n additivagldayet e\Ritthees;

I nterlayer stress control; optical and acoustic I F?_E,‘Cﬂ devi ce

appl i cat i SHESUrAlSPH§ETOVEIR em@hf%{ﬁaccﬁe%eég‘# Vg\él\%xs{%?%{'cgghr el ogr aphy,
acoust i ¢S5 fdiglf o tcg flfeby BlRRIHANe3AFdUghOnol8B. The present invention al so
relates toa nethod of creating a cavity “structure in a substrate

conpri®ing (a) formng at |east one stencil |layer over at |east a portion

f bstrate; (b Vi ti f the stencil b
creat od an oxpdBE PBPEREHI! the rbispleRal e e are st SRS f ace
area to v ﬁﬂ%a%ﬁﬁb?ﬁgﬂaérgf i) wicRY 8F (HRVESvilyEr R it 0éadthdosd stenci |

Sups

| ayer and e expose trate; (d) lifting off a portion of the stencil
| ayer, thdOeby al so removing a portion of the high surface area to volune
ratio material |layer formed thereover and | eaving the portion of the high
surface area to volune ratio material |ayer fornmed on the exposed 11

15 The creation of the cavity structure provides for the fabrication of a
use selected from the group consisting of: MEMS, bolometric structures,
chemical reaction systems, accelerometers,"display, micro-mirror
formations, biomedical and medical devices, sorting, capillary functions,
cell and other species studies and identification; gettering regions for solid

20 phase crystallization or silicon on insulator structures; interlayer stress
control; optical and acoustic waveguide and device applications; and fluid
channels for chemical sensors; chromatography, acoustics, fuel cells and

molecular sorting.

25 The present invention also relates to a method of creating a cavity
structure in a substrate comprising (a) forming at least one stencil layer
over at least a portion of a substrate; (b) removing a portion of the stencil
layer thereby created an exposed portion of the substrate, (c) forming a
high surface area to volume ratio material layer over the portion of the

30 stencil layer and the exposed substrate; (d) lifting off a portion of the
stencil layer, thereby also removing a portion of the high surface area to
volume ratio material layer formed thereover and leaving the portion of the

high surface area to volume ratio material layer formed on the exposed

11



15 OCT 2004 substrate; (e) formng at |east one |ayer over the suffhgﬁg@
and the high surface area to volune ratio nmaterial |ayer; and (f fng
the high surface area to volune ratio nmaterial layer to forma cavity
structure. The stencil layer conprises a material selected fromthe group
consisting of 5 photoresists, nitrides, oxides, netals, polyners,

dielectricsg, L coRduct or s ] e i's

sel ected fg%l?ﬁﬁf% %So*éﬁmb’f%‘. %? Igtnghé(L#fe@?}v%\gﬁgeﬁjbé&ryﬁ?%ﬁﬂgﬁgb ,Haorgani c
mat eri al s, siphoEBres toORIGMieGatio matetiabiager tapi, (fmesrabsingahd highxt ur es
thereof. In an enbodi nent of the invention, the stencil layer_in step (b)
i s perfor nedrfare apadtorivmedatio Toatesrklgyertor foamacaitPreduwd. sTheg of :

di ssol vi ng,, dry, etching, . wet | ?ﬁg i ' . Ina
preferred %trerﬂﬁi"’?%?ﬁt ogﬁjr{%g 9 ﬁwég%é]%ﬁage efrgﬁ%te@%hggﬁ)n%ﬁghgﬁnci | | ayer
in ste (dphotordsstsonitmied)oxiiess ohethidg posires Ngielectied) gpiTictndadns or a
conbi nation thereof. In another enbodinent of the invention, the nethod

further coapd Mysrentheseeh bhe eresifalRgs sRlESIRFHUABIBE ABUPGORESERY the hi gh
surface arg f\?;gﬁeg,' #}énée%%tl#éasm é?ﬁib%at!eﬁ)é%r p?ll'ggneg%‘;%{éﬁg £s, enbodi nent of

the invent?o conprises addi ng gas or

liqui d i nt gefitRr@iaridrymetdlycand mialiter theheofhilglansembadinented the  vol ume
ratio material layer Is renoved in step (fz. In an enbodi nent of the
i nvent i on, inveetiemtthedtenatirrer EcHpPi(RES r@eeising adpeldiBiRg a further 20

| ayer "' SERbeb o Lot o € ERs RS BPERI A ig oot i G,

pol ynmeri ¢, gndebalbinditplsahesddt in Bi grefattad embddimentdfrtha invessionhtteeof . The
present invention is also related to a nmethod of produci n%m t 25 | east one

contact r elffliop diethaedenc! leyesin Hin (6) Saasiodmesier digsowng &RB0er  a
SUbsLT a1 GO FLTRLES 3By AR o el st o over

ng a“portion of mat eri system (c)

form ng hirgBngon fiaeenéhed fuaheotomprises the stepaficatatiraytrougtehotdse first
material system and the substrate; (d) renoving a_gortion of tthe hi gh
surfadé ar eaca@ssitbe Veghupeace Peain vaRe reHg Siategaklayss el BYtiGTon of the

sur tace. ar eop ¥ e e REEN R rRR e AR LRI e He SR B e of “the”
first mategddihg gas or liquid into the cavity structure after the high surface area t0
volume ratio material layer is removed in step (f). In an embodiment of the
invention, the method further comprises the step of depositing a further
20 layer, wherein the further layer blocks the through-holes. This further layer
is a material selected from the group consisting of: dielectric, polymeric,

metal, photoresist, nitride, oxide, and mixtures thereof.

The present invention is also related to a method of producing at

25 least one contact region between a first and a second material system over
a substrate comprising the steps of: (a} forming a first material system over
the substrate; {b) etching a portion of the first material system; (c) forming
high surface area to volume ratio material layer over the first material
system and the substrate; (d) removing a portion of the high surface area

30 to volume ratio material layer to expose a portion of the first material
system; (e) forming a second material system over the high surface area
to volume ratio material layer and exposed portions of the first material

system, so that a portion of the second material system contacts a portion

12



system so that a portion of the second material systemcontacts a qgrtlon
12 15 0 C T 2004 of the first material system. and (O renoving the @ﬁ?ﬂﬂ&
surface area to volune ratio material |ayer, thereby freeing a portion
between the first and second material systens while naintaining the at
| east one contact region. an enbodi rent of the invention, the first and

In
d t d f t f t al
s conducPbe ey RisiPtal i fud Mripmevteuhehid sfecemedtar ore,
nitrides, QXUASS raticPinRAEPAIE)ér BforebfirbeRIES bbHfch b@Wé?e?Lt‘ﬁ%tffrgéq%e

bi ol ogi cal materi al s, senmiconductors and conbl nat i ons ereo
substr at e $%ccmdrm%emal| systghesthile Mmamaining theaipeastrziescomtgcofegi@. waf er,

guart z, S teria olyners era em conduct or,
Teral o anh o eraliment 3 15 FveRlidn PR TABL o me i SSRERL | on.

r enpvals Ofa@%lbbﬁd@i frém thaGftoap @ankRtiMglor %té%t sem@driucidrsl ayer by
chemical neans has an etch  rate of about 25 4m per nminute or |ess. The

product i oncfaﬂma%aflyé?@@vedﬁ@teri@lﬁnp@bftmerégirtsnlab@méndasfwm@es and a second

material s [ OVI f 15 fabrication ctyre selected from
the group %%Féee[%i gefrro?\}%%csd%o LQSC ey P@‘\?@f"@hj? Lﬁij?ures micro-switch
structur eSserﬁlchrﬂu@fB@ HricorfiBinbaEs IHBre60 THe! i stielé i ‘t‘ﬁ&%nafind

actuators. The present invention is further related to a nmethod for

fabricati n‘@elaﬂfedzfmfasibetﬁwyp icaokisting gf t evafee pdnts. giasngrodmannel s wi t hin

t b t. t duct both, th
ChanndPs PR 4l Merg FhoRtia BETA it aRtaR aBrd b Becul arl y, the

met hod f orthbaddsfl Cai bREther ehidigeht oC@RIARShIh, (Bnc@PesiHe mgha maski ng
| ayer on a substrate-, (b) defining the | ocati'ons of the channel regions

in the masiurfacd agperto y l)lmgerab@\f@atengl lelrer bechaedcalegeamns has anchaski ng

| ayer and a St i on th acrificial |ayer

mat eri al : EPEPF‘H%Q;‘W p%@a@g{]@rqr Jl’rﬁglpé?@ﬁ&n}?é} %fa?ijf"a?trm%e stenci |

cover ed r%rﬁéét RidH 58RI iR o Bl ALl A AR I8 B Tbene |

| ayer, (e) depositing ano e and catalytic material “ over the entire

r esul ﬂﬁng fabriCacen ot{a)stqnm:turersalerged ficsn theet g@rdugl caryssdtey of MEMS 30 (e) to

formthe acpode %%) Pe pug an el ectro‘]yte on th1e resul tjng surface-,
vices, cantile ers ruc es, micro-switchstructures, field emission

sources, micro-mirror structures, and actuators.

The present invention is further related to a method for fabricating an

20 assembly including the step of forming channels within or over a substrate
for bearing reactants, reaction products or both, the channels being formed
by methods set forth above. More particularly, the method for fabricating a
fuel cell comprising (a) depositing a masking layer on a substrate; (b)
defining the locations of the channel regions in the masking layer; (c)

25  covering the defined regions in the masking layer and a stencil layer in
adjoining regions with a sacrificial layer material; (d) lifting off the sacrificial
layer material in the stencil covered regions by dissolving or etching away
the underlying stencil layer; (e) depositing anode and catalytic material
over the entire resulting surface; (f) patterning this material system of step

30 (e) toform the anode, (g) depositing an electrolyte on the resulting surface;
(h) employing means to access the sacrificial layer; (i) using such means
to etch or dissolve the sacrificial layer in the regions that are o be the

channels; (j) using these regions of removed sacrificial material as defining
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(h) employing neans to access the sacrificial layer; (1) using such ans
to etch or dissolve the sacrificial layer in the regions that are t
channel s; 0) using these regions of renoved sacrificial nmaterial as
defining 13 15 OCT 2004 regions for subsequent or continued etching or

di ssol vi ng of underlying material to create the channels beari ng fuel,

oxi dant, or both§ﬂ& g eEOSItIn and patterning the cathode and catalytrc

materi al ; affeB'ey MGt ahcontiwiedsiahing o dissobing etvadehingont act s as
necessary fﬁfatéﬂrﬁﬂbrdréél'e tﬁ!ércﬁ"%ﬂher% ﬂééﬁ’M@@! RN, erqgiégi RZ ng'iﬁ Qresent

I nvention is directed to the use of eposi ted ace to volune
rati o mat er aad patiernisgpbe a:etrmd,e ared eedsaemk:anymenahands(acde;bd)smrag armdterial s

applrcatrons In.these a i cati the se aratro 10 rel ease, and
sacrifici al PAREEITG er&r"g’g Mgﬁcwaﬁﬁ esggrfya ok eleciiical srrrentn,

mechani gal AN Al PBWEF pRIRICHBA] On. gas pressure or chem cal effects, or
sone conbi nation of these. In the case of the separation |ayer

applications, the renmoval of the material creates at |east two, physically
separated, mater n the case of the rel ease | a appl i cations,

t
15 the renoval #ﬁ?r%ggr%'ﬂetg?‘r’%{mcﬁr'éﬂr%?%ﬁoetpﬁéises‘ifs%rﬁ@pf)ﬁi?er d"largs n
attached id8fdcd RASSILRRARLIErerlalt R SepACHLN! [idded BYBE oARP! | CALTONS L he

renoval of the material creates an enc ose vord or y (which may or
may not be sacubmmjmmterrylsfambhed)romm hatMGeapraiIcsatrsrys,ttbmse‘ﬁhﬁatldwent ionis

denmonstrated, using de mar vordnt rk.thin filns with
cont r ol'Pabl ‘€83 a%@i %ﬁ&rUﬁ@ %ré 51258 FTRO%EC) ¥ rer'r'r'%!raéra%t erials- These

mterial s Mgyeor roH‘%‘h@Eﬁé@%l é@?étrfo'nsor"cﬁér’#g%ﬁ iéadpr%seha B0Lferhicaln 2

conti nuous fi no VoI ' mco

col umar - | |¢<f&aajﬂ| drssome gocuntétimroofthesei id; thardsé oy thee sepstatiahdayer whi ch the

networ k of col ummar-| hke units J‘gé‘ adher gd These columar void filnms can
&d obipe (2

be conduct FFRPICEERPEJRBUEMEVE! Jratesphreatasal leaghtwi, Pbys€a¥n cheni cal
el enents, Séeqﬂaraﬁeos 'n'rétéﬂQb sys9ShEBn tHBc28 I Me rdEEORRRr 8P Pmarfdﬁrses

thereof. The films may be ‘converted by chem cal reaction Into other
mat eri 4bs dhehemmveax ptithe, matdrtal ictates avalefialtsystemss tdtiremaomptacusd The
substrate Su%??erzgsltno%e aace In the sacrificial layer applications the removal of the
material creates an enclosed void or cavity (which may or may not be
subsequently filled) in 2 materials system. The invention is demonstrated
using deposited columnar void network thin films with controliable void

20  volume as separation and sacrificial materials. These materials have a
morphology that is variable and tailorable from a continuous film (no voids)
to a film comprising: (a) a network of columnar-like units in a continuous
void; and (b) a substrate to which the network of columnar-like units is
adhered. These columnar vaoid films can be conductors, semiconductors,

25 or metals. They can be based on chemical elements, such as silicon,
germanium, carbon, hydrogen or mixtures thereof. The films may be
converted by chemical reaction into other materials such as oxides,
nitrides, and inter-metallic compounds. The substrate supporting these
films can be composed of various materials, including but not limited to,

30 glass, metal, insulator material, polymeric material, semiconductor

semiconductor-containing material.

As noted, the concept of large surface to volume ratio

14



films can be conposed of various materials, including but not limted to,

30 glass, netal, insulator material, polyneric material, seniconductqﬁgg;zw‘
sem conductor-containing naterial. As noted, the concept of |arge surface

to volunme ratio 14 15 OCT 2004 separation/sacrificial films is denonstrated
in this invention using nanostructured columarlvoid material with a
network of units collected in clusters and fornmed by deposition in plasna

systens. The spaci apd ei ght t he .net war.k. of |u -like units are
adj ust abl _eswrgﬁp?%%pg@c'gl@gsggtdgﬁgqqsgmt?ﬁﬁﬁmﬁyegﬁﬁgi i%%g of : oxi dati on,
si | i ci dat | ganoRbsdfd colM@nbAYeId BEtdrRN withsP netwdte of Ariteadilevridinge bet ween
pl asma and substrate, substrate tenperature, plasm power, process

pressure, @ueters amddoened byfdegiagition intdasmaisystemef Thspaghg and e,
depositio ases.and flow rates. chanber .conditjonipg,, and.substrate
surface. %&ﬂﬁg%ﬁ\e %%P&?ﬁoﬁ'&f”lﬂ%rﬁik% %tstq{g Efdlﬁﬂaglgr?%?’ﬁ[é%@«gsst ructures
that an fQeelcRPrEd tﬁé,g%@ébbﬁsi'sﬁf%%ﬁ?cﬁﬁdé(ﬂdrh shidriztiepaeghify approach of

the present invention i's to dice e individual device-containing islands
of the pledtage, ourrenhaputingeyoltdod, avitage between plasepeaddmubgirate. These can

then be 15 assenbled into systens as needed using self-assenbli

t eohnol ogi DSBS AR FHIES FATER PONEEI BEEPSS PATTRAS. CREMPSADEIEr steric
conpat i bi | idyy.in 29 BRI HERCRLBTH SN, GepbloRRPUENGS Ffi@mrStel, a- d shows an
approach to using separation layers and through- hole access. Structures,
circuits, aembescomrditonihghamm shbsieatersurfeEes) are fabricated on a not her

subst rﬁ;tse and then subsequently separated- A 25 plastic material, deposited

or forfed before the device fabrication process flow, is used to provide

the mechani cal Aﬂgﬁgabprw&%duﬁ&wtr@% h¥ldr@Pmankt StrubfurgXhai ts the

rigid substrate he col umar void lNayer or sacrificial |ayer,
pol ymer cozan bhg caeatedeorni plastic amsioates wib thasepatktiposinpsdach béteon. Fig. | b

shows the through-ho|.es.etfched into,.the system Fjg. 1lc 30 sh t he
Femoval ofPERENEBIVERNGR is ) Gick dgeindiviosabdeicerantaripaisizhes gl
plastic or other material laminate into independent die. These can then be
15  assembled into systems as needed using self-assembling technologies

such as those based on electrostatics, chemistry, or steric compatibility.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 a-d shows an approach to using separation layers and through-
hole access. Structures, circuits, devices, etc. (shown here are TFTs) are
fabricated on a mother substrate and then subsequently separated. A

25 plastic material, deposited or formed before the device fabrication process
flow, is used to provide the mechanical integrity needed after separation.
Fig. 1a exhibits the rigid substrate having the columnar void layer or
sacrificial layer, polymer coating and device, sensor or actuator deposited
thereon. Fig. 1b shows the through-holes etched into the system. Fig. 1c

30 shows the removal of the columnar void layer or sacrificial layer thereby
separating the device from the substrate. Fig. 1d shows the separated

device deposited onto a rugged or flexible substrate.

15



separating the device fromthe substrate. Fig. 1d shows the separated

devi ce deposited onto a rugged or flexible substrate. 15 15 OCT Zogﬁmﬁi H}H[e
2 a-d shows anot her approach to using separation |ayers and throu

access. Structures, circuits, devices, etc. (shown here are TFTs) are
fabricated on a nother substrate and then subsequently separated. In Fig.
2, a plastic material, deposited or fornmed after the device 5 fabrication

process flopighre pasd Shgwgra(;]y,w&rémgﬁgﬁ/ ﬁgsibﬂﬁgggﬁ%nﬁ%g{s %ﬁd?par ation.

Fig. 2a exhi b| ts the rigid subst urmar- vol | ayer or

sacri fi ci al tHraygh-hot®byoess. chlatctogesawitcdits,idevicase R0 (siowaberahaay  and an
ting, on the device, sensor or actuator deposited

addi ti onal al
t her eon. gp%égg é??a“cf’??éj ‘P’P]PdU@tlh"-eﬁ§P9§tféﬁe(ﬁfébtheﬁt%lqsﬁéuﬁoﬂbyst em Fig. 2c

Separ at .“ﬁgr PRI L PO 2t B il QU0 R SRR Rk S e B, 0 =

devi ce |51vefabemtaannl poepess ftox) |9msedao Dm@dmm:hfahmal tegrityudfsdrr ate. 15
FlgureSdelcts a ure which i s made up of several plastic

| ani n?t eshc FRaPHPRg égréﬁt‘l?i‘@ 5%@%6%5%‘/7‘@&%53%'06Hhﬁé‘rofthr%ﬂ‘afc\él'@s In this
G epray. | THEvER8! saGMlcetEydiOBbRIE bRl SaBRVI, SaRely 8L AR i s

syst em haveamdiah duitiorfalpolyessrashating cﬁeﬁﬁi@é»@@b fsehkembngctagtdrodol ogi es 20
outlined in Figure 1 or 2. Fi &P]e 4 a-f illustrates use of a columar void

Setwork deF%%ci’Q%’(?ds‘hPf%h Fig: %@W%ﬂ'\ﬁ@fﬁ@ﬁ)h?‘eér%@ﬁedséﬁ@fm using a
caer it 6 ol S G0 9 tndliedne Bt AYRTE I GARATTRY 1 R

| i t hogr aphylagediieirethy Bgpafating ehe abvizadron thel subayfe. Figsagishbiweitak | ayer.
Fig. 4c shows the wall/capping |l a cﬁer deposited on the etched col umar void

| ayer or saXaRaratackdevigs svertiedgndideptring anle a reggrdnr flexiddes wi ndow
etching to ﬂb%g%qg t hrough-hol es as needed in top or sides for effective
etching. Fig ‘hows the etching of the columar 30 void |ayer or
sacrificial layer. Fig. 4f shows the window filling or the

15 Figure 3 depicts a CAPS structure which is made up of several plastic
laminates containing circuits and power devices such as fuel cells. In this
example the final laminate contains pixels making the system into a
display. The individual laminates that have been assembled to make this
system have each been fabricated and separated following methodologies

20 outlined in Figure 1 or 2.

Figure 4 a-f illustrates use of a columnar void network deposited silicon
film to form an empty cross section using a depaosition/etch approach. Fig.
4a shows the columnar void layer or sacrificial layer deposition on the

25  substrate. Fig. 4b shows the lithography and etching of the columnar void
layer or sacrificial layer. Fig. 4c shows the wall/capping layer deposited on
the etched columnar void layer or sacrificial layer, Fig. 4d shows wet
etchant access window etching to produce through-holes as needed in top
or sides for effective etching. Fig. 4e shows the etching of the columnar

30  void layer or sacrificial layer. Fig. 4f shows the window filling or the

deposition of another coating over said void structure.

Figure 5§ a-h illustrates use of a columnar void network deposited silicon

16



deposition of another coating over said void structure. Figure 5 a-h
illustrates use of a columar void network deposited silicon 16 15 OCT 2%04
filmto forman enpty cross section using a deposition/etch/lift-off 19 0CT 2004
approach. Fig. 5a shows the base | ayer deposition. Fig. 5b shows the

|'i thography and base |ayer and stencil |ayer etching. Fig. 5c shows the
deposition of a columar void |ayer or sacrificial layer. Fig. 5d shows

the |ift- dilfn torfocrasan 8mipty crassmeatigntusing a alepoisitioayetchfttdff approachon of t he

i ficial. | . Fig. 5 h he.. ' I ition. Fig. 5f
hows 1 he Hik S8t e e BB Rabusubn Fie o0 SiPte IR MHAERY hol es as
needed. Fighq Bise MY ahdSsteRtiPlyBE eRhildFRP 8Ty MclabiudfioRbr o

sacrificial layer. "Fig. 5h sho th ndow filling of the void structure.
10 Fi gur e ®lamnar vbigsleyet essargdiand! layarolRignad shoivg thetlfteotk pazgessi t ed
silico filmto forman encl osed. ty.structures such as channels. tubes,
cavi 11 Bs, ToF EemgynBhe o ey e Wil et st fie eSS ORI BRI cat od
with  si nuyWethetd iﬁ%‘haﬁr%p@@iﬂﬂh’? hﬂgt 5t BSoWe ek (Rt cldiyriaceatd ed,
deep-etch 15 reacti I'on "etching proceSs. Fig. 6a shows the base | ayer
deposi t i owiodbw etehsydstpratiece tloloudhdlssbstieaded. dpyi dglshetwshthst op or

barrier layer, deposited e.g., a-Si or poly Si nd hase | ayer (e.g.,
silicon nigtFhigg)of tﬁ?&PﬁEﬂ”érthﬁg Iaxq{éjqe,qug@gglnga tﬁ-téb%h@%i?g?e et chi ng.
Fig. 6¢c s - [m_:fa,r, MQl |.ayer or sacrificial |ayer deposition.
Fig. 6d SM@C’H@“WW 0 Olggtt Céurgtencil 20 layer with a portion of the

columaéar void |ayer or sacrificial layer. Fig. 6e shows the capping |ayer
deposition. Fig. 6f shows the etchant access w ndow etching. Fig. 6g shows

the sacri fHIGMEE 6 fFURTARE HgeH]P SPIBAERT VEIARIWAAK dﬁpes't%g'@ﬁems t he
i nd filg,i . ' ' - ' I ] h of i d
or "oavi ty i\ 1o0fm il iGeda by Sl PERr e Sl B N R P o oach

outlined igavities, efc. dfirglatiee!§ lagjcacros9secti@s thairahn BEMbricatabwithh of a voi d
or cavity structure fabricated follow ng the deposition/etch/lift-off
appr oach” GUMpPlehwgt cRemicgl etching without the need for the so-called, deep-etch

15 reactive ion etching process. Fig. 6a shows the base layer deposition onto
a substrate including substrate, optimal etch stop or barrier layer, deposited
(e.g., a-Si or poly Si) and base layer (e.g., silicon nitride). Fig. 6b shows
the lithography and base layer etching. Fig. 6c shows the columnar void
layer or sacrificial layer deposition. Fig. 6d shows the lift off of the stencil

20 layer with a portion of the columnar void layer or sacrificial layer. Fig. 6e
shows the capping layer deposition. Fig. 6f shows the etchant access
window etching. Fig. 6g shows the sacrificial layer etching and trench

creation. Fig. 6h shows the window filliing.

25 Figure 7 is a cross-sectional SEM micrograph of a void or cavity structure

fabricated following the deposition/etch approach outlined in Fig. 4.

Figure 8 is a cross-sectional SEM micrograph of a void or cavity structure

fabricated following the deposition/etch/lift-off approach outlined in Fig. 5.
30

Figure Sa illustrates a fuel cell fabricated using a silicon wafer.

Figure 9b illustrates a fuel ceil fabricated using deposited silicon on a

17



Figure 9a illustrates a fuel cell fabricated using a silicon wafer. Figure

9b illustrates a fuel cell fabricated using deposited silicon on a 1% (T%
OCT 1004 |ightwei ght substrate such as a polyner, glass, or netal foil.
Figure 10 illustrates a detailed fuel cell processing sequence for Figure

9(a) and 9(b). 5 Figure 11 a-c are pictures of an actual sorting structure
formed using the columar void |layer as the sacrificial material. Such a
structure dghtweight substaatessuohasea Pohimer, Blassher metaldall.i on procedure. Fig.

11 shove ARURIg S RE RG] ot R pFORGSRa B ROTbIYEA oS o T O

ol ecul ar igyapBhbiges.i on for detection. Detection can be acconplished by
nonitoring the ac or dc electrical response between the el ectrodes
i rmobi lizing the nolecular entity. 15 Figure 13 a-h illustrates the

f ti . ' ' : ial. Fig.
13a shoe (1906 AT essdldliss SrREBehE ot Ha kel e Biried e ™ - T °
et ching. FiclurhR&r shieVEyémes Gl suaifivRI thatesaMBLkh EBdteidtdle clRp@BetdPn. Fig.
13d shows the contact tip etching. Fig. 13e shows the beam support

et chi ng. Figglamigatesioonedtthethe sepsgatiphpraseduiee B@. ddbushowsthg net wor k
material. Fig. 13g,shows the. Au deposition, Fig. ,13h . sho the colum void
et wor keSS EpEE tCoCRh AR spd e ¥ SRR e B NIENHER The
approach t grpé@gHsedendtpd of FRl. 91w th large void volumes and therefore

| arge surface area to volune ratios in the present inventionis to use

deposi 1Pon to grow as-deposited porous filnms. In the present invention,

void regio ore).. are. reasgnabl y uniform.t. he t hj ss, of the
/7l m 30°and aePod 2y fuies AToRREUEy 1t Bt Ryt ot BRI ERe "hecause
it is perfc@hrw@aééomgnéﬁﬁwmbﬂn?&ﬁ@a@ro?%%rmecttﬂw%@p@né@ve o
denonstrated that the present invention can be used to control void size
and voi d f betveen the elestodied-moramiizing theormplemsiarentidyy does not vary over
t hi cknesses of

15  Figure 13 a-h illustrates the formation of a Release layer for application of
the present material. Fig. 13a shows the Cr/Au deposition. Fig. 13b
shows the lithography and etching. Fig. 13c shows the column void
network material deposition. Fig. 13d shows the contact tip etching. Fig.
13e shows the beam support etching. Fig. 13f shows the lithography of the

20  column void network material. Fig. 13g shows the Au deposition. Fig. 13h

shows the column void network material etching.

25 DETAILED DESCRIPTION OF THE INVENTION

The approach to producing materials with large void volumes and

therefore large surface area to volume ratios in the present invention is to
use deposition to grow as-deposited porous films. In the present invention,
void regions (pore) are reasonably uniform through the thickness of the film
30 and across the film. The process for deposition is unique because it is
performed at low temperature, the present inventors have demonstrated
that the present invention can be used to control void size and void fraction,

the void-column network morphology does not vary over thicknesses of
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18 15 OCT 2004 interest, the columms can be polycrystalline or anorphous
material. Plasma approach including dc and rf discharge, sputting ﬁ?ﬂ Pi@h
density plasma tools can be used to control the interaction betwee CT" 2004
deposition and etching during growth. The process, denonstrated using high
density 5 plasnma deposition etching interaction, is able to give high

porosity (of up to &gi)proxi mately 90% , controlled pore size materi al
Uiees canbed

wi t hout ~ an{ptergsk the #rY a8 HraBarRRUSINBIE | ng.  Unl i ke

ot her depogje d%ﬁ%ﬁ ; e iS5, qRawEs lgh- densi ty
pl asma deggatgwgﬁgret chi ?\'Sﬁlldﬁd;‘?%%b ﬁzﬁ&gﬁﬁé@%ﬁ §? H{é@gf ore, ggb’HeEfsg give a

hi gh degr eglatfhafoatooam blel wededetopmmiisi the intgrathod @¥ween deppsitbogydt hat does

not vary with thickness, and doped or un-doped polyc talline colums.
Al 'so uni quetching Svdng Bevthy nﬂ?ﬁ/ R%qeéﬁ» ‘F’%mpf@t?%tﬁdl Li'ﬁ'%gi‘é%‘é%‘ﬁ'ﬁfate hi gh

¢ ; e o . _ ) : . | ,
Surf 26 { QShTBepd i AR HEFKSHY, 1 XRAS ORBIGH FRIES BELHGLN ol ass
15 The hi ghpprexshatehpbadipcdhiMeddemresiza oratémall witlsrd any Hauoks

denonstration was an el ectron cyclotron resonance plasma nmachine. In

parti cul ar?orBaP‘Srﬁ%a%@*FﬁE%ﬂ‘P&S%IWﬁ?@@%‘?ﬁWQ}oU@Hﬁ%Pt%ﬂfWéttmr k silicon
was demons o%&%gegﬁhg%‘?egént@r{ﬁb@& %ﬁ%jgewor%@@ﬂ@eﬁs‘? ! ségmgi-bnE' ectron 20

Cycl ot ron 'Resohance Pl'asma ance em cal “Vapor posi (ECR- PECVD)

t ool (Pl aseidstion-StdRirg MiracsionGriadids eestorkd |ablet giveampigh(¢€yrSeH4) as the
precursor gas at substrate deposition tenperatures |ess than or equal to
about 1950001 camtecliabla perosity (g9 to §Df)ca8 mephriagy hatidoaepesyavorth o create a

tvo- di ensRRlesS! LASABORE P BAShAnBLYSh B IR BB RR ARG, At T con

colum size is COnNtro ween colums i s ntroll abl e,

and nor phahegyedepsinnehtiomisyitsaginiyf todabtitateigh sutfbce kmeskimdinl i ke ot her
deposited columar silicon materials, the columm spaci n%.ican be mai nt ai ned
[

as the fi|metprElen variqusdypes of adestelesintlugnalaso Mgl KQilen can be
C R A IOk e} g The resulting
15
The high density plasma (HDP) deposition tool used in this

demonstration was an electron cyclotron resonance plasma machine. In
particular, our high surface to volume ratio columnar void network sificon
was demonstrated by use of a high density plasma tool (e.g., Electron

20  Cyclotron Resonance Plasma Enhanced Chemical Vapor Deposition (ECR-
PECVD) tool (PlasmaTherm SLR-770)) using hydrogen diluted silane
(H2:SiH,) as the precursor gas at substrate deposition temperatures less
than or equal to about 250°C. This tool plays off silicon etching and
deposition to create a two-dimensional silicon array and analysis has

25 demonstrated that silicon column size is controllable, the spacing between
columns is controliable, and morphology does not vary significantly with
thickness. Unlike other deposited columnar silicon materials, the column
spacing can be maintained as the film grows in thickness and column
phase composition can be controllably varied from polycrystalline to

30 amorphous. The resulting columnar void network structure is nanoscale in
feature size and fully developed after a film thickness in the range of 10-20
nm is established. This enables the direct deposition of high surface to

volume ratio of crystalline or amorphous silicon on any substrate and at any

19



feature size and fully devel oped after a filmthickness in the range of
10-20 nmis established. This enables the direct deposition of hidhs (LT 2004
surface to volune ratio of crystalline or anmorphous silicon on any
substrate and at any 19 15 OCT 2004 t hickness greater than about 10 nm and
preferably between 10-20 nm The high void volunme sem conductor filns
produced by the present invention may be converted to insulators or

metal lic Cmm&wc},@yha{fgwngh?gauﬂ%ﬁngra RpRdinl GGRs-28 nfife Present

i nvention provi posi ratio | m

conpri si ngThe ligh abildtqoltolhe;wmmobdmd:tonﬁlnw(pmmﬂlceg yhteeqfresenti nto a void
havi ng a porosity of up to about 90% The plurality of perturbations are
di sposed sUWENHAR imaAY 99 genpered & I%U'ﬁtgrsaors'ﬂ?ﬁiﬁufca@%mpgﬁm‘i’%th"ﬁ@gﬁﬂﬁ

alternativeg, HPed Sﬁaﬁgéﬁﬁé%l The plurality of perturbations are rod-like

shaped colunns ycrystal line or anorphous, such as a silicon
materi @ . The porosity Is the result of a conti nuous void. The

perturbations have a hei ght adjustable by the fil mthickness and are of a
di aneter from aEB@tprQSfFﬁh'E“oe%{mrolfmsrﬁrﬂe%‘ﬁ'@%@%|5H"%’&f3lt9 VO{UBe col unms 15

have a di 1 ations
are found 'Oglﬁls% rﬁ@ﬁﬁhgﬁangmélgygﬁég &Joégitg\bvgglr% rﬁﬁrﬁﬁ trg%SfrBRgB.BB %m or
nore. The W@ﬁaﬁﬂm@htddrbstt;ﬁof@jtd Beowtevsi (e’ mlaralitnef painthbatiohwor k-t ype
20 of high surface to volunme thin filns are controll ed %ea nunber of

factors. Ta@s@ispasedgebsiqatigly peendipladedeerPirae sl Bridesubstrate, (b)

substr.at e t.ur | a r (d) rragnetlc
frara The eheBRLe B baté laBr S TRRAAEY S5eRuBaton: BIERRIE 10 (1o

rates, (f)shépﬁ@d@@bnﬁ%n@hblrﬁﬂ* b pdi §tQLII'hb€dfr|aT@o oiggsucraasizor (h)
substrate surface. 25 The influence a nunber t hese factors is not

what woul dsibeoregpseriad. THEhpOISEY ehithe frﬂﬁéﬁtqf@rpqrﬁ'lntiﬁéﬁ VﬁrdovT'a%s mat erials
and net hod
[ ndependen‘?érg%)%zgg,g%Fog%oﬁégégéﬁgﬁgpaﬁ% b? ?yﬁﬁ mk%%st?dﬁ%y separ at ed
systens, af@dnriQer fibARAHAE 1 nm to about 100 nm. More specifically, the columns

15 have a diameter of about 3 nm to about 7 nm. Further, the perturbations

are found in clusters having a diameter between about 50 to 500 nm or

maore.

The special attributes of the deposited columnar void network-type
20  of high surface to volume thin films are controlled by a number of factors.
These include the (a) voltage between plasma and substrate, (b) substrate
temperature, (c) plasma power and process pressure, (d) magnetic field in
the vicinity of the substrate, (e) deposition gases and flow rates, (f)
chamber conditioning, (g) sputtering voltage, and/or (h) substrate surface.

25  The influence of a number of these factors is not what would be expected.

The present invention further provides materials and methodologies
for separating material systems into physically independent systems, for
releasing materials into partially separated systems, and for creating

30 enclosed cavities in materials. A number of applications resulting from the
use of these materials and methodologies are presented. The invention
uses deposited large surface area to volume ratio materials as the

separation, sacrificial or release material. It is shown that particularly
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30 enclosed cavities in materials. A nunber of applications resulting from
the use of these materials and nethodol ogies are presented. The inven%i an

uses deposited | arge surface area to volune ratio materials as the 00T 2004
separation, sacrificial or release material. It is shown that particularly

20 15 OCT 2004 effective deposited | arge surface area to volune ratio
materials are provided by deposited columar void network filnms. The

present i nefedtivendeposietbasie strtace\atda o etk fratio exatepbls @ a 5 deposited

| ar ge surface(i%qvol ume rrgéerl al, the deggsﬂed col umar voi d network
silicon. TRIiGeA Bydeposited calmnigryoid aatwarkifiBsabl e, surface to vol ume
ratio (i.e., large surface area). This large surface to volune ratio neans
that the material has the large surface area, making it very vulnerable to

cheni cal attackTasgpreasnt invertiiraisi dexhoystrated evitda spbeifit @xaenpl® osar f ace to
volume rati o al so means that chem cal species can nove relatively freely

througR t HEeRRYES lepesauiasic &@’HH’%V@W@'C@PMSHPF COHEBAAT YPiIdt  t he
material  oWGkN ARBAURHiQ t¥n IV}‘r:'ésst é %nﬁaz{a u%(t?iﬁbé AHLER 1o €ading to

uni f orm renoval procedures Sed on c | ssol uti on.
Further, dusdutne tatie (i.ar, garg\zecmdfaoelame) (Th|§iargblsgﬁap9ﬁ0$btw‘ble oftid his 15
mat er i aI It can store gases whi ch can be used in renoval processes, if gas

pressure dregas thatleedpeiesms has &e sge syriape iereagapingdt ¥¥al systems in
| | |
rel ease a\YLﬁﬁ laatffl’é 'trggﬁ%ﬁ’ﬂ%l ,a-ﬁ ER%n@repa rﬁ%n@kﬁ% o hggfg@cng. arge

surface to vo ge surface area hni que
attradfi ngsdrfmcemvolatrteem:omsm ac@nstﬁabatwd:cehs;bémwtewmm y nentioned
el ectrochem cal etching. Wien el ectrochem cal etching is used to produce

| ar ge sur fr/eilively kgely tWQ}!Qﬁ’] thenvid eggipninggetratas byuthg olssifoM v t er ned
| 1y b
B3 o o Pl CRR OIS L tpn i zociamit 1 oy

t he el ect rteebm@t@ahﬂn;orrrﬂte@hwm pProy@Etureedbs@e dn[chenéilaaedisk eand T. Sakai

Rev. El ectron. myun. Labs. 19, 899 (1971). Recent discussions can be
found in F@'@SOIUlﬂ\ﬁ'ﬂeF%@Fﬁr Rue:to \ng jasge vamjv@uwp (F8biMigN PemstyaIOf Hiis

M crogkectf\Qferial. it can store gases which can be used in removal processes, if gas
pressure or gas inferactions are used to split apart material systems in

release layer applications.

There are various approaches to producing large surface to volume
20 (e, large surface area) materials. The technique attracting the most
attention today is based on the previously mentioned electrochemical
etching. When electrochemical etching is used to produce large surface
area silicon, the resulting material is commonly termed porous silicon.
Porous Si was first obtained in 1856 electrochemically by Uhlir at Bell Labs
25  but it was not until 1970 that the porous nature of the electrochemically
etched Si was realized [Y. Watanabe and T. Sakai, Rev. Electron.
Commun. Labs. 19, 899 (1971). Recent discussions can be found in R.C.
Anderson, R.C. Muller, and C.W. Tobias, Journal of Microelectro-
mechanical System, vol. 3, 10 (1994)].
30
The starting material for this wet etched conventional porous Si
material is either conventional silicon wafers or thin film Si produced by

some deposition process such as low pressure chemical vapor deposition
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mechani cal System vol. 3, 10 (1994)]. 30 The starting material for this
wet etched conventional porous Si material is either conventional $KI)(TqQp
wafers or thin filmSi produced by sone deposition process such as | ow
pressure chem cal vapor deposition 21 15 OCT 2004 (LPCVD) or plasm
enhanced chem cal vapor deposition (PECVD). In either case, the

el ect t ocho DY} R BABRASESherhRANERST dRSIIFPECUDI Ol sarpl e 1

exposed to a wef "sofutton and a current is passe a’'contact to the
et chi ng saeithar, case; theblachrecbemiial gves atqiling prdvessgaquines tratdle uti on (e. g.,

a mxture aof hydrofluori id, t d et I d h h

o Bctr ode SR ERMRE [ ERaRth P L Felohan Roda Sutentts grsten MPOoR Ty o
current c O BEAHCHN Gy s ,@;l,lu;,'

por ous ne?élv\%rgﬁtésc??%(t:@u%{ed ll%sfﬂrrrl]pﬁie el gg?ﬁ%%@r’r@cg?% aﬁg?iﬁ) et Sﬂlgng

lor oces éih_t hﬁ)lstiomnt;e.gr,ea (rextgre of hydreflgdrie asindwstrercantgthandl)t &ed por ous- Si

ayer thickness are controllable the resistivity of the .silicon itself
(magni 1 uaeioiach FpeySend erifiaatne e SBUESTHE Falisiden e PRPEt) of vt e
conposi ti ofisaPPldrf*bLEBs Hhe it of BIBPRIGBLIHR Si MfbIeHReaUEiAgtd Me.  For
sufficiently l'ong exposures aﬁnd Por suffi%i ent | yl t hi ck)ﬁIS stla?ti ng
material, pdricsiseledevriostieatiucal et chi ng process can be continued to the
poi nt where nanoscal e structure (i.e., features of the order of
manoneters) is obtained. The silicon features are a continuous single

crystglg when thg, ﬁ@@b@trbéh@h%@ﬁ&brfdd%ﬁeﬁcﬁag%r@cé‘dsﬁﬁbéﬂtrd&ﬂjrér(e.g’:.l,S is

usually done, or polycrystalline silicon en the sanple is etched froma
deposi t ed porefsizenandl dpadmgieancoreqtrdendli lqyer ducknesseareccantipllebthed) por ous

silicon materials are distinguished,b )  bei the r | .a wet,
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sanpl e an dcBPbtentibOWIddopHE ko SRR applckitiondoftiighs, teripeehheng, (3
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the point where nanoscale structure (i.e., features of the order of
nanometers) is obtained. The silicon features are a continuous single
crystal when the sample is etched from a single crystal wafer, as is usually
done, or polycrystalline silicon when the sample is etched from a deposited

20 film. Al these conventional (electrochemically etched) porous silicon
materials are distinguished by (1) being the result of a wet, electrochemical
etching process, (2) requiring a electrical contact on the sample and current
flow through the sample during this wet etching, (3) having generally
disconnected pore regions which can be connected after extensive etching,

25  and (4) being the result of a sequential processing first necessitating
formation of the silicon and then necessitating subsequent wet etching.
Besides the complexity of having to have electrical contacts and of having
to prepare, use, and dispose of wet chemical etching baths, these wet
etched porous materials suffer from a problem of residual etching species

30 and products remaining in the pores. In separation layer and sacrificial
layer applications of porous silicon, one must first establish electrical
contacts to, and then electrochemically etch, silicon in the region that is to

become the release or sacrificial layer.
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Besi des the conplexity of having to have electrical contacts and of having
to prepare, use, and dispose of wet chem cal etching baths, these wet

etched porous materials suffer froma problem of residual etching sp¢§m§$zwg
30 and products remaining in the pores. In separation |ayer and sacrificla

| ayer applications of porous silicon, one nust first establish electrical
contacts to, and then electrochemcally etch, silicon in the region that is
to becone the release or sacrificial layer. 22 1 5 OCT 2004 The approach

coe i he ial | _ 2004 The
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films gjr e epog%?ég%fa g??rs%ﬂt ﬁéaq':s'%%rh Qﬁﬁxgg%%gg%%%%n%n@? Eg\flég{ia?needed for
rel ease | ayeuldbegaeserdtiitita fillrawere eqmtinuoasisorshad hewoidsn A@réferdeiposi t ed

on planar or,. curved surfaces and on substrates of anﬁ? conBosition. They
fase

can be depBRI%EEAMNIZCEATEE dpYEIMMIAIC TatealA IS UR dPela to vol une
FAL T S e S e e

cont i nuous ace area Is m-area; ne to

mat eri al s thdyhangpnéedabiantreRae payarsirtsycrifiial 1bget dpSicationsi Tieylbagont r ol
feature, properties such as wetability, mechanical integrity, gas content,
and et'h rBeEepasiee apipBReE Cyyer seaacs aRe o whsieleppt @Ath  uses

oo g e HRRERITR Ty o bETRALIES Rl kR bAAELRE 1 he

required norp ogy. e 1S no specitic etchrn ep 1 nvolved and no wet
pr ocessi ngsusacke erepteepalvimegrdiios. it eaveatiernbastratield thhetHiheinagliigase | ayer or
20 sacrificjal layer., Also unique to the present jnvention is its ability
Lo fabri cablows MBPANRYT B AN NHRUS (A ROAGEs gio e UFpAG oGS HiEhed 1 o

o1 7P| W8P s RREIUSAIST e sihed el PELUBIIG sy ot e
I ncl uai5ng c:smtbtsltﬂeafwe, miclplert&xisr such as wetattiliy esechanical integrity, gas

content, and etch rate can be tailored, as needed. The present approach
uses deposition performed at low temperature and tailored to attain the
required morphology. There is no specific etching step involved and no wet
processing used in preparing the material that will be the release layer or

20  sacrificial layer. Also unique to the present invention is its ability to fabricate
these deposited films, with designed morphology matched to the
application, on various types of substrates including glass, metal foils,
insulators, plastic, and semiconductor-containing materials including
substrates with circuit structures.

25

The concept of as-deposited large surface to volume thin films for

separation layer and sacrificial layer applications is demonstrated using
columnar void network silicon material prepared by plasma enhanced
chemical vapor deposition (PECVD). In particutar, the present approach is

30 demonstrated by preparing columnar void network material using a high
density plasma tool (e.g., Electron Cyclotron Resonance Plasma Enhanced
Chemical Vapor Deposition (ECR-PECVD) tool (PlasmaTherm SLR-770)).
Deposition of the material utilized hydrogen diluted silane (Hz:SiH.) as the

23



25 The concept of as-deposited |arge surface to volune thin filnms for
separation |ayer and sacrificial |ayer applications is denonstrat ef’g hlﬁl ﬂ]ﬂk
columar void network silicon material prepared by plasma enhanced

chem cal vapor deposition (PECVD). In particular, the present approach is
30 denonstrated by preparing columar void network material using a high
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enabl es the direct deposition of a large surface to volune nmaterial (i.e.,

hi gh por osi @\aMifieEPeYeen 30 do @bput A00Tnd hus enablesitbeaslinetasepasitiamy
substrate a5I1da LGkn ater..than about .10 nm. The col umar/void
seni conduct or ﬁrpﬁs%r%gggﬁgégﬁ%?ﬂ{aﬁ ”%’r(ége o HQW‘V&HEW&?BB@ converted to

i nsul atl@r s aystalirieadr amofsHaeystikise &Y BHgRubSraict shPEt 8%y Blitkhd¥ocessing. In
addition, functionali zi nﬂel ayers may be fornmed or deposited after or

bef ore depd¥iegigsihan about A8 redl Thenaeluosial/veid semicanstuetardimsBy varyi ng t he

deposi tion ne.l I.gh- densi t | asma toql ,. either continuous
(void free)prl?’lﬁ{ri'?%§trl’?§c§|ﬁ%\tpt?“?&%)r#r1 'ﬁY%ﬂ'o\')c{Pﬁ}’/HEﬁﬁr‘[@nﬁﬂB@W%{f'a%?Obe pr oduced.
Unl i ke conwvestalinedmpenads tirbligs @M sitd BE es @itUTPraEe ¥Ghd! nfé&emlsnsi licon 20
used in the present Invention I's deposited rather than forned by wet

el ect r ocherfHegloraleNcigy eFemalPesfiormarng daposiedefteoonbdfaaaydapersdioon any
substrate- cHifie RORRAASARRNLSH Maferfr UBY Q4Ring HEMRbo— Lyt ure and

parameters in a high-density plasma tool, either continuous (void free)

intermediate, or high void density material may be produced.

Unlike conventional porous silicon, the columnar void network silicon
20  used in the present invention is deposited rather than formed by wet
electrochemical etching thereby allowing it to be formed anywhere on any
substrate. The present deposited has a unique columnar structure and
contains an inherently formed void (i.e. empty space) in between the
columns. That is, the morphology has the distinctive feature of being rods
25 (columns), which are essentially perpendicular or close to perpendicular to
a thin transition layer on the surface on which the film was deposited.
These columns penetrate through the void. The film void is continuous
facilitating fast removal of material in sacrificial, separation or release layer
applications by allowing fast transport of reactants and reaction products
30  through the layer and to and from wet-etchant, access windows or through-
holes. The fast removal of the sacrificial, separation or release layer
increases the reliability of the fabrication process because it reduces the
possibility that other structural layers could be damaged during wet etching.
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contains an inherently fornmed void (i.e. enpty space) in between the
colums. That is, the norphol ogy has the distinctive feature of bei ng rmdz
25 (colums), which are essentially perpendicular or close to perpen @ o
to athin transition |ayer on the surface on which the fil mwas deposited.
These colums penetrate through the void. The filmvoid is continuous
facilitating fast renoval of material in sacrificial, separation or rel ease
| ayer appllh additaoms thy peddemtidegosited coluamap ooid sificareast detiaidadsvii eact i on

roduct s 30 thro and to and from wet - et chant, access w ndows
bt hr ough SAMCY P el STEh s HRSn &SR SCPe el Saparaiel Bi- or
rel ease | aygys us'é‘r%tﬁéﬁ%uc{déeatd\%'n‘t | bf thy ffp otshgdfcﬁPfrhﬁgrt\}d?a rRHRGES because

it reduces the possibil hat other structural layers cou e damaged
during wet séiconiougr czmvestlm‘lm(mmctmthadﬂmnyomet ¢thbe@ pesan sntlecpm3| t ed

col um voi.d silicon can be n e of s trate, such as
pl asti gé g MU reqyifgs,H 9% é'r’bgfﬂqe V\glm? Bﬁ"ﬁ 2 ler%%fﬁeyrﬁ%ﬁﬂm uni que
advant age @'iedtrh&‘el(t%?%dttf@ﬂn@Gle‘é%%ﬁeﬁhﬂiéﬁf&%%n si licon over conventional
el ectrochenmically wet etched porous silicon, 5 which requires silicon

substrates or filns W|th at | east one underly| ng electrical contact for
its electr gemc rmat ion. 1. Separation layers 10 There is a great
deal of inf &pard 0? ﬁ¥?rc,sat| ng electronic, fluidic, solar cell, sensor
and detector, chemcals and al so on non- conventional flexible substrates.
These substrates can be rel atively inexpensive, lightweight, and flexible
(e.g.,1®l astic, Tgleasss acgreaﬂetﬂwloﬁmteoesbm faphiegting E@mtdmu:eﬂuwgmolameven

f | ddi t di tl b t d h t
be 15 ai 1 1 FEbIIoTGE A0 AHECT 9T E R RSP BB pn il HevBlerens onal

integrity Qubsﬁé{@@ $HBSE kabsPateIRANVLRIEAYF inckPEALIGE! ligrliveRIHYand
mcro-fluidic, and opto- electronic devices and structures that are

advant ageoﬂexlbb? (&g e ptastichgkass, emmetalémié)dawalnepoﬂm haee dooglesyndveansi st or s,
i LR Y L I S S
ﬁL ngg?@ogeﬁ@&ﬁﬂt A0l to Bid HFAUIRSS mntﬁ@éhﬁﬂi?‘é%ﬂtthg%‘?rheﬁéigﬁéf A&sitplters a
such substrates. The electronic, chemical, display, micro-fluidic, and opto-
electronic devices and structures that are advantageous to have on these
substrates can comprise diodes, transistors, sensors, actuators, heat
transfer systems, micro-electro-mechanical devices (MEMS), fuel cells,
20  solar cells, and combinations of these. Fabrication of such devices and
structures on non-conventional substrates offers a number of new
applications because systems can be created that are foldable, shockproof,
lightweight, or some combination of these. In addition the fabrication of
such devices and structures on flexible substrates also allows the
25  integration of substrates (laminates) into more complex systems, as in the
example of Fig. 3, and enables the concept of Customization and
Adaptability using Plastic Substrates (what we term the CAPS approach).
In addition to these advantages, these new devices and circuits can be on
polymer substrates such as elastomers that can be shrunk-fit to various
30 shapes. Devices and structures on flexible substrates can be operated on

curved surfaces as well as be used in harsh environments.

The present invention renders the fabrication of electronic, chemical,
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applications because systens can be created that are fol dable, shockproof,

| i ght wei ght, or sone conbination of these. In addition the fabri catl n ﬁf
such devices and structures on flexible substrates also allows the 0CT" 2004
i ntegration of substrates (lam nates) into nore conplex systens, as in the
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Adaptability using Plastic Substrates (what we termthe CAPS approach). In
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subsequént Iweres@'paTléT:e)cBrelfabFu:ajedbn anmanei bsitds Bndithensubseqlierstych as a
pl astic materi al osited or. fornmed befare the device fabrication
process f|o%§P"—‘if§fQ?si ef% 1tﬁr?ﬁ”‘@%%’tﬁgr%W\%ﬁﬂ@'a?“qrh@%érﬁ'??“%@@é%f@'after
separation cﬁéﬁb@rt@@%r%?rﬁé& be?d%@%é%‘e@rce'f@b#: b&tor?pr&eg 'hbwe E?‘? gigate
material such as a plastic material, 15 deposited or er the

devi ce fabr@féatdaﬁhepﬂecmcallIow,grﬂt}snee@@tj after :prr;;mratien rﬁmrlna‘ru caithemt egrity
after separat| n fro not her bstrate he |atter aﬁgroach offers the

advant age tIrtS F},% IBr d@e Skl ﬁ‘é?/te PRESPHSHER @54 Pirsis Malgfgl hi gh
t enper abur e4iRMed dr%ﬁhé@%ﬁepﬁfeede\ﬁéé ?ébnc‘éﬁ@ﬂrp%éé’éb fIdEisRIsRzf o carrier
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provide mechanical integrity after separatron from the mother substrate.

The latter approach offers the advantage that the processing flow may

incorporate at least some high temperature steps. In either case, after

separation, the plastic carrier material, for example, bearing the devices,

20 circuits, or both may be attached to other faminates (Fig. 3), other

substrates, or other objects.

In both approaches depicted in Figs. 1 a-d and Figs. 2a-d, a

conventional rigid smooth substrate such as a Si wafer, quartz, or a

25 Corning glass substrate is chosen as the rigid mother substrate due to its
having a smooth surface and compatibility with microelectronics
processing. This mother substrate is intended to be reusable and may or
may not have a covering layer on its surface. in the demonstration of the
approach of Figs. 1 a-d and Figs. 2a-d, we deposited a sacrificial layer onto

30  the smooth surface of a silicon wafer, which functioned as the rigid
substrate. In general, this sacrificial layer is designed to be removed by a
chemical means, mechanical means, or some combination thereof. As

seen in Fig 1a, a polymer film was then coated on the sacrificial layer and
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20 circuits, or both may be attached to other lam nates (Fig. 3), other
substrates, or other objects. In both approaches depicted in Figs. 1 g
and Figs. 2a-d, a conventional rigid smoth substrate such as a Si \ng[] ]:,ZE"]"
quartz, or a 25 Corning glass substrate is chosen as the rigid nother
substrate due to its having a snooth surface and conpatibility with
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substrate, aggﬁgﬁgﬁg&fc%hb?{gs%gé@ﬁ%@%&f ggwﬁﬁﬂ@‘fﬁ %Ee%q'f)gr"g Zits@%lrr\ iEs: t he
creation ofedhmiquehandletshediatw Hoted Withiaveactiee mn dtehee dhgsel thrmighsoat i ng
and sacrifjcjial layer. In this denonstration we defined the |qocation,
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for the chemca ase or organic So on) used to renove

the sacri f condlitd ayepenétratescdvm talhef fopws sabrificighiaybe seets tioadui t s and
penetrates down to the top of sacrificial |ayer, wets the sacrificial
| ayer, andSeHdR@dRYS andsbedieally attagksipesariicaglidayapeterial. Ing a
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through-holes were defined with lithography and the holes were etched by
reactive ion etching, the sample was dipped in an acid. The acid
penetrates via the through-hole conduits to the top of the sacrificial layer,
etching the sacrificial layer, and spreading laterally. The polymer coating is
20 separated as the acid moves laterally and etches the sacrificial layer. As

this separation process develops further, separated areas grow larger.

In a variant of Fig 1 a-d, the through-holes for chemical access to
the sacrificial layer can be in the mother substrate, which, as noted, may be
25 reusable. By removing the sacrificial layer, the device structures and
circuits on the laminate can be separated from the rigid substrate as
displayed in step (c) of Fig. 1. Since the separated device structures sit on
the flexible polymer transport layer, we can attach this device to any
rugged-surface substrate as shown in step (d) of Fig. 1, to any surface—flat

30 or curved, or to other laminates (See Fig. 3).

Fig. 2 displays the general features of a second version of this
approach. As shown in Fig. 2, a sacrificial iayer is first deposited on a rigid
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penetrates via the through-hole conduits to the top of the sacrificial

| ayer, etching the sacrificial layer, and spreading laterally. The pbI0ffepn;
coating is 20 separated as the acid noves laterally and etches the
sacrificial layer. As this separation process devel ops further, separated
areas grow larger. In a variant of Fig 1 a-d, the through-holes for
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conbi nation of these or other 5 devices and structures, a carrier substrate
such as a pBiguesrholagesingsphaledithenrepeic priveeseand eschmithet nolet wittsa As seen

in Figqn2, _ f he pal ] h i ficial
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process and etched the holes with a 10 reactive 1on e er or a
process. TREsTSHROIOgISMEIWS ik twseeebnditiscarid seriatrateb eosrerd thal topsed t o

renove the ifici,al laver, .This chemcal enters into the structure via
t hese cond&?géégﬁl&é&dg}ﬁ% Véﬁ%g"ﬁ LAY NP ’t%’fy Ical gitagk. | Rr  wets
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can be sepgLahedf JRFeldle £d gégar%yebc? hOR fhefig Jse B AYR, L displayed in
step (c) of Fig. 2. Since the separated device structures are covered by the
carrier layer such as a flexible polymer transport layer, we can carry the
laminate and attach it to any rugged-surface substrate as shown in step (d)
20 of Fig. 2. Such laminates may be formed together to create the system

seenin Fig. 3. Also the laminates can be attached to any curved surfaces.

This invention is directed to the use of general separation layers in
the process outlined in Fig. 2. It is also directed to the specific use of high
25  surface area to volume materials, such as columnar void network materials

as separation layers in processes such as those outlined in Figs. 1 and 2.

This separation process using through-hole conduits can be
employed
30 tofabricate a variety of devices and systems including thin film transistors,
sensors, actuators, microelectro-mechanical devices (MEMS), fuel cells,
and solar cells.on the transfer (laminate) layer of Figs.1 and 2. Of course,
the use of this sacrificial layer/through-hote and transfer layer approach can
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step (c) of Fig. 2. Since the separated device structures are covered by
the carrier layer such as a flexible polymer transport |ayer, we cdrh GEAriy
the lamnate and attach it to any rugged-surface substrate as shown in
step (d) 20 of Fig. 2. Such lam nates nay be fornmed together to create the
system seen in Fig. 3. Also the | am nates can be attached to any curved
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conduits can be | oyed, 30 tqo fabrjcat var, et f .devices and systens
i ncl udi ng t hin fﬁn%wggéﬁﬁo§%ﬁg? STRGhEEs et g Gragted on plastic

ni cr oel®ct tamimecdanithahe depatgon ch tRlalskehé Sised #enEMefiathel [ s. on
the transfer (lamnate) layer of Figs.l and 2. O course, the use of this

sacrifi ci aWa@yayer thassughrasoéFignd ardnat be fraped angpheathe ingividgalls o C T
oot b _ Y . i ! oxi o1 i ng. devi oes,
warers. " aSavisE AP B G BR L Hthe Bl SR A BBCat e on

plastic 5 tafrisoabed, o dthehhidesrparstbd atoanessatdert At Atieelaniges i n an
alternative wa i.e., the structures of Fig. 1 or 2 can be forned and

then the iﬁaiaﬁﬁéimlléd HéQisystarpnaaineeagd iusingnsrii-assermbeling technelagiest her
teri I ] t I, e t.h i . " I nt
deperientoal 8 580 0a8ed Bl el SRR, RErBY P s itk Y eeded usi ng

sel f-assenbl i ng technol ogi es 10 such as those based on el ectrostatics,
chem stry, or steric conpatibility. Aternatively, cavities (i.e.,
channel s) may b&lEEIgiveW SENiiesHee., gbpoRe!s bmay hienformeg ust@thaal accor di ng

2,1 PSRl VG L3 otels A0 A G BT nsRYBh v R o5

| ayers is a col umar Vvoi n Sec e used in

part of thsagréfigiainayersb@ndief thaengjersiha cllianar Veaesyérsaraditangther
material, such as a netal. It is the only sacrificial material in that
ot her 1gar t Sfoncheaieral pse USeRdn partrfdae stgigsitafertiie channel. The other

layer is some other material, such as a metal. It is the only sacrificial
material in that other part of the channel. The purpose of using two
materials for forming the channel is so that a very precise and very shallow
channel depth in a particular region may be created where the sacrificial
20 layers are used. That is, the shallow region can be as shallow as 10 nm in
the region using the metal and the deep region in the same channel or
cavity structure can be as deep as hundreds of microns in the region using
both sacrificial layers. Consequently, channels with widely varying depths
for sorting and sensor applications that can occur as molecules flow down
25 the channel. In sensor application, the sensor may be placed within the

shallow regions.

ll. Release layers
The release layer applications of the films according to the present
30 invention also can have a multitude of applications. These applications are
very similar to those of separation layers except the separated material
systems are not completely separated and remain contacted in at feast one

place.
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materials for formng the channel is so that a very precise and very

shal | ow channel depth in a particular region may be created where the
sacrificial 20 layers are used. That is, the shallow region can be1as)CT 2004
shallow as 10 nmin the region using the nmetal and the deep region in the
sanme channel or cavity structure can be as deep as hundreds of mcrons in
the region using both sacrificial |ayers. Consequently, channels with

wi dely varying depths for sorting and sensor applications that can occur

| | fl 5 th h | .. lication, th
Ty b pl-aced wi (1§ AOPABA0ER SrEGRPRaL A S! 14 Materas sl HiepBRentie &l case
layer appl iieehtirsindlelddi® IBYEMBpEIRSABAS B ERnildtRo RAESEBE sepitatigtyenti on al so

can have a nultitude of applications. These applications are very simlar
to those oflagesalheikey diigmncedx opjythahthesmptersle dystetey instblvedyst ens ar e

not conpl et arated. and remain contacted in at |east one place. 29 15
G 2008 THE RSy e istont RO FAMbR KSeRarpr A1 e br osont

i nventi on idbnt&dtease at Rt cpBpidgat ions are sinilar to those of separation
| ayers. The key difference is only that the nmaterials systens involved in 5
rel ease | ayer applications are not conpletely separated and remain

cont act ed ilg ;It I%ast”one gl ace. Ill. Sacrificial |ayers The present
i nvention i's @5’?{5 cip |1y directed to the use of as- 10 deposited

large surface t OTHObHBRNIRIVRNBH Fs BS0SPRIificafly dlreBRIAD! tAE 11sbAf 2l d - (
i.e., cavity) creation. The void-based structures that are created have an
enpty 3Pacsqposited Jargesyirtacedeivohae iImatanasrasetapdics naterials fopveid
materi al s. ,The si ze and,shape of .the cavjty can be nodified for the

opl 1 cat | ol 1 ay0a: 8RB YeidiPassa it S it 288 CreaiareVad s ed 1o
15 mcrof | Wbty spablEalitydegRHUbIMRdlLY APERLEIPEIGITNY GSold) cool i ng or
heating applications; in"mnicking circulatory systemcapillary functions
(e.g., nutmatenals rBns piaetand smrer aft theecavidptoaal e mogdehioréme etc.) for

cul ture, tiss?
appli

15 microfluidic applications such as in nozzle structures; in cooling or heating

gétion purposes. Such structures can be used as channels applied to

applications; in mimicking circulatory system capitlary functions (e.g.,
nutrient transport, temperature control, oxygenation, etc.) for culture, tissue,
and organ physical and nutrient support; in systems for drug diffusion and
delivery; in nebulizers for drug delivery; in chromatography tube

20 appilications; infiltering or catalytic structures; in liquid or gas delivery
systems and in reaction chambers in chemical devices such as fuel cells;
and in sorting and delivery structures for bead, particle, cell, or molecule
separation. These structures can also be applied o many MEMS devices

such as actuators, detectors, bolometers, and cantilever sensors.
25

The approach to cavity (void) formation disclosed here for structures
such as air-gaps, cavities, channels, and tubes is a surface micromachining
technique based on the use of sacrificial layers. The patterns defining the

30 cavity formation can be established by variety of pattern transfer
approaches including conventional lithography, jet printing, beam
lithography, and soft and contact printing methods. The key feature of the
present new process flow is that the structures are formed using deposited
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and organ physical and nutrient support; in systens for drug diffusion and
delivery; in nebulizers for drug delivery; in chromatography tube
applications; in filtering or catalytic structures; in liquid or gas]ﬁUET?ML
delivery systens and in reaction chanbers in cheni cal devices such as fuel
cells; and in sorting and delivery structures for bead, particle, cell, or
nol ecul e separation. These structures can also be applied to many MEMS

devi ces slarge ssifacetatvohsne dutecalasthesdarifreiat nmateaald Tharspeci#icer sensors.

25 Th h it t d I d h f t t
cuch s o PeginetBua ot Yok theaidle kg Sord naverkFaBhelaormcni ni ng

t echni que hﬁﬁ%.aﬂ.stmeué@ué?ﬁ 1&96%@6@%%&&% fatéh8). FRdl@hvtiegdel | ning the

30 cavity formation can be established by variety of pattern transfer

appr oachescharheld) efg. mth\mnssa eectionisi thabgm@m;aty precrops isections theat ane

| i t hograph a ntact printing nethods,. The key feature of the
present§ne%é9? ﬁ@%@?k r\cé gf’ tqﬁ‘)i’g"r@??r @?*aeﬁ'ég‘e&?la'sf%m?é/&%@ He)"Beposi t ed
30 15 OCT gRPéhnbBIGRpRIHUIREEcER w&éy%é@tﬁéla&maﬁ rﬁésgebé%mﬂ.heaal

material. The specific denonstration is done with the unique columar void
net wor k mowghahedyanital agitetiooh lﬁ t@emp@meﬂ Icelummaxr\gad suatteakistleft wol une

t | t t t hat t
o or ous’ SERFHTY KEE- i BRa0 paewey e craSsipaiomaaHER s B benbetal umar
voi d mat eranaéomﬁ%rae@m@m@yapﬁ.bagonsettmnb/&&mh gk Wy Ghatepgpss hol es, where

the etchin e conbined 'with nmechanical agitation. If the dep05|ted
col umi& v@qﬂllﬂm!t gnithis ¢asd t@Etcoiumnammd imetwetk miategial i sol sdarificedoccupy t he

cross sectjion) C sef in sorting and filteri
appl i cati ot U ieﬁiﬁ’ %tag %ﬁ%ﬂg SHPP‘E”F\ € MBIFAraIng gayféapgcﬁjto Gin t%I n this case
the col umgmyipi d network material is not sacrificed but used to establish

and support the void capping |layer and allowed to remain. The present
inventors have discovered that the key to creating 15 manufacturable,

eprodue Dl e Ao ol AR eSS B PRI By oS 1 e

15  manufacturable, reproducible and controllable enclosed empty regions in
materials is the deposited large surface to volume material approach. The
present invention demonstrate this approach using columnar void network
silicon, which, unlike conventional porous silicon, is deposited, involves no
electrochemical etching, and has a unique, regular and controllable

20  columnar void morphology wherein the silicon penetrates the void. Using
plasma deposition processes at low temperatures allows the material to be
laid down on a wide variety of substrates including previously formed
circuits and devices, plastics, glass, organic and polymeric maternials, and
metal foils. lts columnar void structure makes it a filter medium in filled

25 channel applications or an excellent precursor for the creation of empty
channels, voids, cavities, and tubes in empty cross section applications. In
the latter case, it is a sacrificial layer and, as such, gives a fast etch rate
even when etched through small sized, wet-etchant access windows. The
open region of the columnar void network silicon film allows fast transport

30 of the etchant and reaction products in sacrificial layer removal and the fast
sacrificial etch rate increases overall process reliability. In addition, the fast
etch rate allows the making of fine structures with thin capping layers. The
bottom, side-walis, and top of the channels formed by this approach can be
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present invention denonstrate this approach using columar void network
silicon, which, unlike conventional porous silicon, is deposited, involves
no electrochemcal etching, and has a unique, regular and control I1abild 20
col umar voi d nor phol ogy wherein the silicon penetrates the void. Using

pl asma deposition processes at |ow tenperatures allows the material to be

| aid down on a wide variety of substrates including previously forned
circuits asampsisedf a yarigtyiof oro@)iaasd igpigamcmatRigle M Ng material's, and

nmetal foil | l. 0} g, PRIESIS] ¢ f ' infilled
25 channel %5%56‘#?‘83%i'ﬁ%@g@ga’%&%%éwéﬁg& ecgélgbrﬂ%gr&%rtgécre trilégﬁ of enpty
channel s, yphdtve Riers 586h a8lidodalbrSOMPassng L upcos sasgioi siucamels| cat i ons.
In the latter case, it is a sacrificial |ayer and, as such, gives a fast

etch rate C@leatrvplerestRierQeiedAetgYIeRigCiics: itPelREfICe O MaRNeitcess

W ndowsg T n ' f in Lliecan fiid m al | ows
fast trans Bv%t?ﬁ%@ oﬁﬁ'ﬁhéﬁ%ﬁcﬁyr%f%gﬁ% react |cgéq%r%§gﬁ§%lls§ ' ??\lhga%@l%%i al layer
renoval anditdpd asd tutraccart Bisbdle edraprised ef matesals asichwesr sthall pr ocess
reliability. In addition, the fast _etch rgt_e al | ows t he naki ngm’of fine

st uct ur es OF@aMC MRIACIEBPPHBOIYENRES s TheRaCTiBeet BT BPa&aRdg §TP (?_dt op of
the channels £cORe, RYCHiO) SoRRIAGIGABAe(EG 450 GT 2004 comprised of a
vari ety of "organi c and I norganic errals Intluding elastomers,

i nsul at or s depesitioprActahgs kt-off forhation afbeactes (big. Savpjiced of active
| ayers such as those enconpassing current carrying structures, gate
st r uct 19 es copibinansdhered. pyroel ectrics, ferroelectrics or nagnetic 5

materials. The mr},%;‘}‘d%%ﬁgﬁfg éroa(%rsggir@gg Redt e Qé"ﬂmglsﬁccé@éfglsy

cavities, air-gaps conpii1sed 'of materials such as
smal | or gprbeeg¥nk @6 inese tioat theltinkness Fhinesdapraditiediftin tbéeeliftagsefican be
enpl oyed 1 n deposition/etching formation approaches (Fi 4 a-f), in

deposi t i onSBpeis brymuchrtbinger thep Hﬁ?@ﬁ%\fﬁﬁé@é”@%s'@??@f t@é 549, or 10
combi nat | OpaybRe{ el eighBLIRY bt iNBER: tid inPld bR TRESSH Obdig pesed. the key

to a succe procéss to 1 nsure E e thickness of the deposited
film tosbediddoheduebs. Thbmfbek, higt-oflptocebsesare bftan nohessed éntfid | ayer at t he
sides of ?aebriséa?i%n of MEMS or bioMEMS devices, since these can require
relatively thick films. However, the deposited columnar void silicon of the
present invention has a very unique continuous void (silicon columns
penetrating the void from a transition layer) morphology and this
20 morphology allows easy access of gases and liquids to the stencil layer
(the layer causing the lifting-off) for chemicals designed to remove this
layer. For example, if the stencil layer is photoresist, then we find acetone
is able to readily attack the photoresist located under even thick columnar
void silicon layers. In this case, acetone travels through the void region
25  penetrated by the silicon columns and reaches the photoresist (stencil)
layer, dissolves the layer, and lifts-off the silicon film that resided on the
stencil. Because of the unique columnar void morphology of the particular
silicon material, this lift-off approach works even for thick deposited
columnar void network Si films.

30
As noted, with the nano- or micro- voids, cavities, channels, etc. can

be fabricated either by some variant of deposition/etching processing (Fig.
4 a-f) or they can be fabricated by some variant of very advantageous
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pattern (see Fig. 5a-h), or to insure this filmto be lifted-off should be
15 di scontinuous. Therefore, lift-off processes are often not used in_the
fabrication of MEMS or bi oOMEMS devices, since these can require rb} 867 Wfiy
thick films. However, the deposited columar void silicon of the present

I nvention has a very unique continuous void (silicon colums penetrating
the void froma transition |ayer) norphology and this 20 norphol ogy all ows
easy acces $§eppsiigsiaiching/lift-offipiscassinghFigteadi)! In either cageltke | ayer causi ng

the lifting: . f hem cal ' d t hi I . F | e,
[ othe st olateqtigyder DR ey R IS Ha e PR s i S Nk DI e co ¢
readi |y at Gaelgrt ﬂﬂ.ﬂ’eé)h@@d&%sﬁﬁoﬂl@%ﬁr@liﬂﬁﬁ?{ro@é@%ﬁhq}ﬁi &dpdeiymar  voi d

silicon layers. In this case, acetone travels through the void region 25
penet r at ed 2Byantagesusistme it alagnefferangry simpistic phecessotg sepesflat( st enci | )

| . i and_|ifts-off the sil filmth i ded

the seinorirégte Lt ConaRilottrs’ B drar sl hiimacBs e Fide o O

particul ar 4 a“>f)|dr(‘(mpd”ﬁﬁflcﬁf!ét@hingtllm-éﬁ|p{(rééeé?;ﬁﬁgg§ﬁ%9@% d%?fﬂféaﬁyﬁéh for thick
ns.

deposited colummar void network Si fil . ‘not'ed, wth the nano- or
m cro- voi a3videdange & subpaaliesligslugng. organicshelaktits, iglas diegpsited by sone

vari ant of |11 e I rpcessin Fi 4 a-f) or they can be
fabricatedsgﬁﬂgﬁk%k@g%i%%?K%%dggfrsgﬂtﬁﬁpgﬁﬁgugagﬁoi éﬁ?““sa%d

deposi t i on¢ieipshsings ichipsadrfwarees essd metd Fbits. 1t5s a0 bk ndtéd ehdthees&ase the
fabrication can involve only | ow tenperature processes and has flexible
desi gn'G ul dbstrates gepdea euryRdeedmeriiaritptor efter fatwicetienng i s especial |y
advant ageous since it also offers very sinplistic processing, super flat 5
surfaces, and thin capping |ayers. Both deposition/etching processing (Fig.

4 a-f) or deposirhednt eLeht8gbhbfthe #hih RPRARSIBIBIstRtdresqefg.h) can be
applied to a w de range of substrates iIncluding organics,” plastics, glass,

deposi ted cheinalsiribiafiow) peossbimutibtibe §ftvift approech eos lagvartagiecas ed
ot ed ¢ hat & i B nbier el Becl R RS FrouPin Gonita ter *
fabri cia@ i odayer increase heat transfer efficiency by increasing the interface area in

contact with whatever is to be heated or cooled. Since the channels can be

fabricated with low temperature, non-destructive processes in the

methodologies, the present approach allows cooling (or heating} structures

to be built directly onto circuits and devices after their fabrication. Since the

20 channels of the present invention can be fabricated on metal or plastic foils,
heat sinking channel-based structures, for example, can be fabricated on
foil substrates such as the laminates of Fig. 3 and then adhered onto circuit

and device structures for cooling and temperature control.

25 The flexible design rules permitted by the present approach also
allow applying the voids, cavities, channels, etc. to a wide range of other
nano- or micro fluidic applications such as nozzles; mimicking circulatory
system capillary functions {e.g., nutrient transport, temperature control,
oxygenation, etc.} for culture, tissue, and organ support: capillary systems

30 for drug diffusion and delivery; nebulizers for drug delivery; tubes for
chromatography and fuel cells; filtering or catalytic structures; and sorting
structures for bead, particle, cell, or molecule separation. In addition

channels can function as scaffolds as well as capillaries for cell, tissue, and
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The flat surfaces and the thin capping | ayer structures (e.g., channels
for fluid flow) possible wwth the lift-off approach are advant ageo ]o 0
cooling or heating applications because the flat surface and thin gfai)g a]
15 layer increase heat transfer efficiency by increasing the interface area
in contact with whatever is to be heated or cool ed. Since the channels can
be fabricated with Low t enperature, non-destructive processes in the

met hodol ogi gga qg@vﬁ esent approach allows cooling (or heating) structures
to be built directly onto circuits and devices after their fabrication.
Since the 20 channels of the present invention can be fabricated on netal
or plastic foil sA deteded dimmsﬁgndﬁmmeeﬁ tis¢ predessdiow fbhvexaApl e, can

be fabricatg_’d $n foil f?g]bstrates 2 the |lam nates of Fig. 3 and then
adher ed ont B0'&%7¢R ngon!g '%QPE@E@ %W@'”ﬂ&ar@o@ﬂpﬁ@'%ﬂ@' nper at ur e

control .5 25sthh@utd£xabbe FReHIReR Us g@r H’e&f. el tﬁ)é delfody %Wofﬂgg roach

al so allow applying the voids, cavit channe etC. to a W dé range of
ot her nanostragturd of bigi4 affdsrdlcerpp[dxdrm fmhwastﬂdwas/ deprrdites; agd m cki ng
circulatory ' nutrient transport,

t | f t
t enper at ur e© %eﬁﬁlsgr'gi@nefcﬁﬁlfba%'ﬂ rﬂg‘%?p rgﬁl??s@lﬂtrtalﬁés'”&%gﬁménd or gan
suppor ; - caphéinfSRITE SBEISA ol btrehqes&ﬁé AR AUl NemREP UL | 26T S

for drug delivery; tubes ronatogra phy an ering or
catal ytic s\t&RMtdm;tloaﬂdE@%fHE(h‘gD Sthaidetailed db@bsmeactormrdnsCér%, cell, or
mol ecul 16 S¢ araﬁ)g ‘ gdl_lllon ch nnel s can function as scaffolds as
vel | asZap Efﬁcé eadnigbledy het?'@;%‘ifé I0X|6lg §3s ysepes al@@tiOTBrQ)ﬁf §Fowth. A
detai'l ed di ' [ n the
deposi ti on/tgﬁmgﬁﬁgb‘ﬁ?&’%ﬁg&@f}r@f @Qf\sﬂg{aﬁang- békﬁgy%fgr\r/@{ vm%

st ruct ur es foantidy cardee Lakd o psévent Bng.possipid substratbeatdﬁm’gr\\mafratheon of the
structure of  Fi n dioxide first was actually deposited as a

coating | a@“?’ﬁﬁ?vgﬁ&ﬁvﬂ%bh‘ ?aoqr glepse Ryef ibepedemaveduten§UsN Pl asm
deposi t10n ( ECRCEeD s ee el Rlses TR ARIMAE 6T jeer bed
in Tabllé 1.usidendhéideororditatiodef Waes puswed s dovaoibigt amHeagtehahmsed to

remove the deposited columnar void network siticon was tetra methy!

ammonium hydroxide (TMAH). The etch selectivity of TMAH to etching

deposited columnar void network silicon over silicon oxide is very high, and

the 500A of silicon dioxide used in this demonstration was thick enough to

20 protect the substrate. Another purpose of silicon dioxide (or other first layer)
deposition can be to act as an interdiffusion barrier layer and to improve the
interface with the substrate being used. The latter can be very important,

for exampie, for stress control

25 Micro- and nanoc-cavities, made with the present approach, can also
be used for dielectric isolation and for the tailoring of optical response and
interactions. For example, they can be applied to the intermetal dielectric
(IMD) microelectronic chip applications and optical device applications such
as anti-reflection and absorption structures, optical switches, waveguides,

30  and amplifiers. For optical applications the fundamental optical frequency
of cavities can be tuned by changing cavity size and shape, and
surrounding material refractive index, and this ability to tune the resonant

mode is very useful for the optical devices such as {unable optical filters,
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the void structure, and it (or other layers that may be used for the sane
function) can be used to prevent any possible substrate etching when the
col utmar voi d network silicon release |ayer is being renoved, i.éel} (&uggh
materials can be used as etch stop layers. In the case of the processing 15
used in the denonstration of the process flow of Fig. 4, the etchant used

to renove the de 03|ted mar yoi d net k silicon. was tetra nethyl
ammni um h?BPB‘?(" Q)%eﬁ‘m‘d%a H &Xlagggléfrpvﬁrltp{)s (ﬂnd%kﬂﬁgo et chi ng Y
deposited gq HBReClO! @ovoaiéI@éthc%ohsra% iQ/ Slowd (jeéﬁas&aaéhéieahsea@w hL gh,

and the 500A of silicon dioxide used thl S nonstration was th
enough to Blulipletcavitieshend wider sizes vomulyemerjmmsibanfopﬂcai con di oxi de (or
as,an.interdi ffusion barrier

other first |ayer depositjon can be to ac

Cayer and pBPRBISSRRUse the Sitaless neve b LB AP SFeERks nsed. The
|l atter §ancgﬁst\ée,[yefWﬁ@@hamcgpgtagmgnpl e, for stress control 25 Mcro-
and nano-cavities, made with the present approach, can also be used for

dielectric isolation and for the tailoring of optical response and
i nteractions. Forl h@menaar vwéywedwﬁﬂb@h%mmay@d% thedexhiayente Be di el ectric

| MD ' I i | I I
Such as aEposisd Bl FicatRRBERG ok M5 EitsiBh AR SISOl L ches
wavegui desch%béneoﬁamthng%rén RoérdRehl maémarywd &dldepnsiabig fiusdanent al

optical frequency of caVItles can be tuned by changing cavity size and
shape, andSushracoditdinmg o éeu&lefuléﬁrr ;a'@cea@cnntﬂeleor aeIaasﬂ:u senghelion.y to tune

t he re onant ve efu 0 ces such as tunabl e
optical fi Pt E?%”fd%%l %?ﬂ% iG(?ptl acfetaquegﬁargﬁgr 89;1” ! W'pghes channel drop
filters, aﬂéré?ﬁéIe?ékhatwsr@r@é@anﬁqﬁ@ déFﬁHhéI!#anbﬁCéré'd‘es%ﬂBé&IQfﬁllhéTa@I& | ow k)
appllcatlons can require nultiple cavities, and w der sizes of cavity

st ruct ur es2t Hae mdltmmg a:pmg ydroges phaserr 880 Ch¥gen NIRETNE ¥Eshave t o
Gol urmar vBPECBEAGMAL T eBf TLGEH tEber R ko ayafhet g8 ' deposited in
this demnﬁéfv@érk%coht 188 LdeBes thedazfitical BEE, RidiBencdgpdisteddnndi ti oni ng
usi ng hydrogen pl asnma and oxygen pl asnma runs.
15 the same ECR-PECVD.  Since this columnar void network deposited silicon
layer will be removed by a subsequent etching process (in this
demonstration TMAH wet etching was used) to create the cavity region,
this silicon deposition dictates what space will be the cavity region for the
airgap, channet, etc. As seen in the drawing of Fig. 4 a-, the thickness of
20 the deposited columnar void network silicon is the height dimension of the
cavity in this approach; consequently, the height of the cavity region can be
changed very easily and accurately. Alternatively, another material may be
deposited before the columnar void network silicon and it too may be
designed to etch when the columnar void material etches giving a deeper
25 final cavity { for a channel, airgap, etc.) whose depth is not controlled by the
columnar void silicon thickness. An example of such a void (cavity) is seen
in Fig. 6 a-h; in this case the processing approach of Fig. 5 a-h was

followed but that of Fig.4 also may be used.

30 Returning to Fig.4 a-f, after completion of the deposition of the
columnar void network silicon layer, another 5004 of silicon dioxide layer
was deposited on the silicon layer in this example. This was done because

the columnar void network silicon is extremely mechanically fragile
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Such conditioning can be useful for process control for rel ease,

separation, 10 or sacrificial |ayer deposition. The detailed chanmbky 0CT 200i
conditioning paraneters that were used in this denonstration are descri bed
in the Table 2. The conditioning using hydrogen plasna and oxygen plasm
was perforned for 30 mn and 10 mn., respectively. The columar void
network siljcon, to be used as the sacrificial |ayer, was then deposited by

15 the sanmebgepuse-oitbe Ruge porevalupts Ressible dsiedoritst morphadegyosf t ed sil i con

| ayer will . chin rocess (in this ..
denonstrat i gﬁlwgﬂ?@%t{@@%ﬁﬁgg&%éﬁ§ ﬁl@egchgﬁga{ HQHC%‘?}?”P{}‘ PUGPBN,  this
si i con depoa tectardagédeoanwyahesaeRpsrs bnBOHOG réavt reihdvetd Q8edi @y the
airgap, chapnel, etc. As seen in the. drawing of Fig. 4 a-f, the thickness

of 20 the dUPOIIIRY RGICERsRS. L oIEh AcOVRIMG taver tonotgsache hei ght di mensi on
of the gavity in this approach; consequently, the height of the cavity
regi on can be changed very easily and accurately. Alternatively, another

material may be irtpodetremshalion of thepesenimaenyoh &f Bengdpositbhcon and it
too may be designed to etch when the columar void nmaterial etches giving a

deeper 25 $¢!HEINS ¥01d petwarksiligopHamreate vaid §a, canity, thanogeaidgg,h | s not

controlled t u i iLicon thi ckness. An exanple of such a
voi d (cavi t%yz')i gs.{ﬁjscég%s‘ ﬁ%"ég '%ez-sﬁ’{‘g‘r"%ﬁ %ﬁeéeegéie’iﬁs %?5'5@5& ng approach
of Fig. 5 addsomiied thrdd auedsibiohs Wagtnext phitrrbdliSiAg MedP8pMpSRd 30
Returning to Fig.4 a-f, after conpletion of the deposition of the colummar

voi d ndOnorcBing ediive e pirugivetheeemsooRep of Figcdn Tdiesriwerelthgsr  was

deposi t ed ilicon . in thi le. Thi d th
col ummar vor Ao IR W RIE e R I A O e afr e BPPOS kEY FO TS5 15 oCT
2004 becausrEQW, hSilh@@%iﬁﬁi_@@%éﬁ‘@éﬁﬁ?tlﬁ@?ﬁbFﬁ 8nd¥8ppiig (FSoffRyePM gy of

colums penetrating a continuous void. e columar void hetwork silicon
can be damRfFticdiaegxpgrimeat.débeldsieies danpsiinet panastets arenghmvsirused in

Lo Ao g S e e BTG B el Blatede ° 'm0

15 deposited on the top of the three layers and on the sidewalls and bottom of
the holes. It was very conformal. The thickness of the silicon nitride layer
could be adjusted to modify properties such as strength, dielectric constant,
optical properties, diffusion barrier properties, thermal conductivity, or some
combination of these. Other coating materials may be used and similarly

20 adjusted. Alternatively lift-off processes may be used to form the deposited
porous silicon region and only a capping role would then be played by this

layer.

Small window structures are required in, or adjacent to, the cap layer
25  to etch out the deposited columnar void network silicon sacrificial layer, as
seen in Fig.4d. In this demonstration these were established using a
lithography process performed using Shipley 1813 photoresist. After the
lithography processes, the window patterns were etched by Plasma Therm
720 Reactive lon Etching (RIE) system. CF4/O; plasma was used and the

30 detail etching parameters were described in Table 3.

Table 1. ECR-PECVD deposition parameters
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columar void network silicon to create void (i.e.,~cavity,

airgap, etc.) structures,

channel ,
the three | ayer sandw ch present after th
previously described three depositions was next patterned using

| it hography and 10 etching to give the structures seen in step b of Fig. 4.

%5 007 200

These wer en coated by silicon nitride where this capping | ayer was
deposi ted by ECR- PECVD. Sitidm-ﬁﬁrves—&s—.t—he pillars and capping
(roof) layer in this pafticular Og'!((jperi mert IR YR ai | g Pitiegrositridenn
parametefs are shown in |Table 1. In the gigwepstjati on ghown, 1000A of
silicon Rﬂpgﬁey\m 5 dsgqgit d op_of the three¢ |ayers and on fthe
si dewal | s_and bot t o of holes. It vad)/ery conformilgggThe Thitkness of
the silicBocdssrPassupyel4 coul d beadidsted—to-—rodify properties such fas
st rengt h,@ili el.ectric constant, optical operties, diffdsion barrier
propertie ,O{rﬂermal conductivity, or some conbination pf these. O her
coati ng i | be—fsedand simlarly 20 adjusted. Alternatively

i ft-offr%t#%%:t%sezgémﬁéy ?ﬁ%ed to form {H80deposited pog i 2gi on
and only (&Cg¢apping rol e jwoul d then be played by this IJlayer. Small w ndow
structur ired|in, or adjacent|to, the cap layer 25 to etch out
the depddireegseélamhar V@M, nat wor K 5i -l . as seenTin
Fi g. 4d. IFrpovag%s gem)nitlation t hese werge e i shed u isnbhd!l | i t hography
process | pert o HEdSEESMhg| Shi/dt.éy 1813 p ooy @gi st. Afte Ntr}]es | i t hogr aphy
processe¢s, the w ndow pa%ggns wer e etched by Plasma Therm™ 720 Reacti je
lon Etching (RIE) system 4/ Q2 pl as was used and ther3® detail etching
par anet ePepesitendéser | bed 4/n Tabl € 3 Taft-e—+—EGR-RPECYD deposi tion

par anet 5 RF power (W 12@% orr) Substlrate

i{rﬁ 5 OCT 2004

Temp (C ocess Gas /

rocess Pr essurr

Table 2. Chamber conditioni

o nng parameiers
—
Hydrogen plasma Oxygen plasma

RF Power (W) 800 800 q
Process pressure {mtorr) {55 4

Substrate Temp (°C) 300 300

Process Gas / Flow Rate | Ar/ 3 Ar/3

(sccm) H2/20 0,718

Deposition Time {min) 30 10

5

Table 3. RIE etching parameters

BC Power (W) 400

Process Pressure {mtorr) 200 7
Substrate Temp. (°C) 25 /
Etching time {min) 1.10 ﬁ(
Etching Gas / Flow Rate (sccm) CF4/45 ]
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Fl ow Rate (sccm Deposifiontirre (mn) Silicon dioxide SiH4/4 02/5.1 Ar

' ' ' 2. Chanber

d network Si 500 SiH4/2 H2 /40 Table __
lcoﬁdicf: gmﬁg \[;glramaters RF Power (W Process pressure (ntorr) Subzt 23'{6%[ 2004
Temp (C) Process Gas / Flow Rate (sccn) Deposition Tinme (mn) Hydrog

pl asma Ar {(3—H2/20 Tabhle 3 RIF etching paraneters DC Power (W Prgcess

' ' me (m n) Etching
Pressure [nmtorr) Substrate Tenp. (C) Etg@bﬂglgl ( )

Fl ow Rat e (Ssccm 37 Srticonnit+ide—Si-H4/

Nanostrip removed the photoresist used to define the RIE step by

dipping the samples in the solution for 10 minutes. Next a 0.1% solution of
5  BOE (Buffered Oxide Etcher) followed to remove the natjve oxide layer on
the columnar void network silicon surface exposed by the windows. The
BOE process was a very important step because it could damage other
structural layers. Therefore, the BOE etching time and the concentration of
the solution were very important in this particular demonstration.
10

With the etchant/reaction product windows in place, the deposited
columnar void network silicon sacrificial layer was removed by TMAH
solution. For the void (cavity region) of this demonstration the columnar

void network silicon sacrificial layer removal took less than 30 minute

+
LA

w

15 complete, as compared to conventional release layer processes which can
take upwards of 20 hours. The rinse and dry processes foliowing etching
removal of the release layer were important process steps because the
structure became very fragile after etching the release layer. Rinsing was
accomplished by immersion of the samples into DI water with constantly

20  flowing, additional DI water entering the bath. The samples were rinsed
more than one hour, and dried by very weak nitrogen blow dry. The angle
of the nitrogen flow was also very important and the blowing direction was
almost parallel to the sample surface. It was found that vacuum chamber
environment drying was very effective and it was the least damaging

25  process to the sample. The result of this demonstration of the approach of
Fig 4 is the void structure shown in Fig. 7. The structure of the void-column
deposited porous silicon consists of an array of columns in a continuous
void (pore); hence, it is 2 void column network material.

A detailed discussion of an example of the very advantageous

30  deposition/etching/lift-off approach according to the present invention can
be undertaken using the method set forth in Fig. 5. In the actual processing
demonstration following this procedure Corning 1737 glass was used as
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Ar/ 3 Oxygen plasma Ar/3 02/18 15 OCT 1004 Nanostrip renoved the

phot oresi st used to define the RIE step by dipping the sanples in t he OCT 2004
solution for 10 mnutes. Next a 0.1 % solution of 5 BOE (Buffered Oxide
Etcher) followed to renove the native oxide |ayer on the columar void
network silicon surface exposed by the windows. The BCE process was a very
| nportant step because it could damage other structural |ayers. Therefore,

t he BOE et #1f hgbsirate. AsatongeIRA AR RIvwateowese useddo slaan thisswlesteateer y

| nportant j | t.1 cul . | /t.h the efchant/reaction
product w L oév\és]hﬁ?\&% éﬂf}%H "ﬁ{ﬁae%g{é?ggéﬁ é%}céﬁggpé&?xvf"w&'“mgi silicon
sacri fi ci alepeyiesd vashe elsavned shipsiFidLsiAg blEdtM. cyiitrdfestPlaficecavi ty
region) of this denonstration the columar void network silicon

sacrifici aP'qsﬁ‘\%?nFéﬂﬁQﬁbPthﬁ'Gﬁi YeRy danpsiton (BGRARECSVDY after @J@ﬂnlzl ete, az f
rds o
S0 Paurd ' SuEARHENASBAked Bh EARARIRY r RT RFRREE T Yinble Biabfis LPVE! 4

rel ease | ayapondihe detpid depositipn aorsitions epthedsiienis Aittide, wiilthwehgetdecane
very fragile after etchi n(% the rel ease | ayer. Rinsing was_ acconplished by
i mer si on GGG EAEPRL! the shanneldn s gixempie yeshawn PoTablevd ng,

addi ti onal ' - r | ) re than
one hour, %ﬁ’(ﬁ) l%fﬁggswb\%lﬁggwg u?ﬂ ??%b{eﬁrgqrgquﬁ é&%p\pﬁlféméﬁgfﬁ%b t he

ni trogen fpattemahealisaeyany thispattcanivagntethegdih owi the |di-ofprocesswas  al nost
parallel to the sanple surface, It was found that vacuum chanber

envi rc;ﬁ)henfh% ?H@ngﬁgt"%?é?fﬁh%f)hﬁtﬂr?%'ét WREE ACryRial fertorfentie lfkeHgi ng 25

process t The. 1 ' t e} f appr oach of
o a s (mocess Heatice ihe dibiesit viat SRS L B Foetyl?, o™ °
voi d- col urplasahepfos iatiedg piatey itscaild be drareemsd 508 coliicipe afffievt &f colums in a
continuous void (pore): hence, it is a void colum network material. A

P . . _
det ai | ed JdCSAESHIRIFCERNCHEADNE BENtiRan dirgsapichiatagdMrg of the

columnar void silicon film deposited on the stencil (here the photoresist)

15 lifted off within a minute of immersion in this bath, and the process was
completed after 3 minutes. The lift-off process provided super flat surfaces
without chemical mechanical polishing {CMP) processing, and it allowed
the option of a thin capping layer keeping the flat surface and it allowed
multiple layers of tubes or cavity structures with crossovers. The substrate

20 was cleaned using acetone, isopropylalcohol and deionized water after lift-
off, and baked on the hot plate for 10 minutes. Next 2000 A of siticon
nitride was deposted on top of the substrate as a capping layer. The
deposition condition was the same as the first silicon nitride layer and the
deposition rate was calculated from the first silicon nitride layer deposition.

25 The SizN4 was etched at 200W and 506 for 160 seconds, and CF4 and O
are used as process gases in the demonstration. One lithograph step
could be used to deﬂner both the channel bottom and the stencil layer, if, for
example, the photoresist served as the defining layer for the nitride etch
and as the stencil. The nitride was etched with reactive ion etching (RIE)

30 using CF4/O; mixed gases under conditions in the Table 5. The silicon
nitride layer was over-etched to make sure of the removal of the layer. In
this example the photoresist mask for this nitride bottom definition etching

was not used as the stenci! for lift-off. Instead it was removed using
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30 deposition/etching/lift-off approach according to the present invention
can be undertaken using the nethod set forth in Fig. 5. In the actual
processing denonstration following this procedure Corning 1737 gl asi$ DS 004
used as 38 15 OCT 2004 the substrate. Acetone, |IPA and DI water were used
to clean this substrate for 20 mnutes in an ultrasonic bath. Next 5000A

of silicon fidtohdeventhodgnase satePhdtbR st GAe HaHehs Wallrequédthre! ect ron
cyclotron resonance- plasima enhanced chem cal” vapor deposition ( ECR- PECVD)

after the ghefplewingdifial pracess. dhese werehue eegsansifor thexpbeloresist enove DI
t T il St di t f the, sjli itride,

whi ch servdemayAT e T R PR PR TR dRsidind pRl SERR A are

shown in Taldrenfbtersmd hiteASiiseahARE EHx@mBSthdSsbtbreisist hBell idsthe

| i t hography process (i.e., to pattern the nitride) and this pattern was
used ag&i n Mitide Mask was hardeped chissthelgciTivaseraesee e aridwas tiffipet

phot or esi st I rucial _factaor f the lift-off recess because, if the
Phot or esi stV BIRARgBRRGN 2R ShrbBRie R A 1 Sl PR eBn iR TR, 1
coul d be hastdepefambtbre dtdmbeerdid (ib6d thetdwak APV ¢St RBaAgEIPH: Cl eani ng
even in an ultrasonic bath. Mst of the columar void silicon film

deposi t ed dihateesiaténdhis exagie PreCeRssIbees iathe piesmarexpsofe. Mishin a

m nute of i Lan.in this b nd.t.he cess was .coppl eted after 3
mnut es. o Pe et Bebelditend 4 0 B P ERoRR uEBE P

chem cal meehwel 6/ niddé FROHEMDsiNMAReRThdEd St hifriddl &temg tot he opti on
of a thin capping |ayer keeping the flat surface and it allowed nultiple
| ayers of tafwsgednesaive yagiorudt seeendwhdtocruyismdeexposting washdnneatce 20 was

ot ond bAREn TS SEE, AReHTAREL S A et AP BBt e el Lo
nitride was|#aRee e ikd RP 19k dekenawpotdrabit appifcaiRPRirmPesbseire. The

deposition condition was the sane as the first silicon nitride |ayer and
the deposiftdreaxample, adkickel phudtaresistisepvinglas bathdhne gitlide etcminaskde | ayer

d i tiLon. 25 The, Si3 tched,at 200W and 50G.fqr. 160 ds, and
Crh andb 0 ari e aode heoadat e remove rnerCia dhisPbdfie i t hogr aph
step coul fﬁ}gﬁéﬁr?grblﬁﬁﬁ pracstef dmpidyetiin the prhmn akripistatbanditdhatiségnci |

| ayer, if,
non-polymeric materials could be used as the stencil for lift-off,

After creation of the stencil, a columnarfvoid network type silicon

20 was deposited using the same ECR-PECVD that was used for silicon
nitride deposition, and the detailed deposition parameters are described in
Table 4. Subsequently, lift-off was done in an ultrasonic acetone bath. Most
of the columnar void silicon film deposited on the stencil (here the
photoresist) lifted off within a minute of immersion in this bath, and the

25 process was completed after 3 minutes. The lift-off process provided super
flat surfaces without chemical mechanical polishing (CMP) processing, and
it allowed the option of a thin capping layer keeping the flat surface,
multiple layers of tube or cavity structure with crossovers. The substrate
was cleaned using acetone, IPA and DI water after lift-off, and baked on

30 the hotplate for 10 minutes. Next 2000A of silicon nitride was deposited on
top of the substrate as a capping layer. The deposition condition was the
same as the first silicon nitride layer and the deposition rate was calculated

from the first silicon nitride layer deposition.
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exanpl e, the photoresist served as the defining |ayer for the nitride etch
and as the stencil. The nitride was etched with reactive ion etchi nqb(@%u4
30 using CF4/ 2 m xed gases under conditions in the Table 5. The silic
nitride |ayer was over-etched to nake sure of the renoval of the layer. In
this exanple the photoresist mask for this nitride bottomdefinition
etching was not used as the stencil for lift-off. Instead it was renoved

i 39 15 : : th h th hot ist | tt
nas Pequi 1 od 1 oy S9tHioRGEHABE:ANSIL 60 W iheh ez tim e ormakgmadowm. r eacons. |
for the {dnmessdwies forrthawtamigses Beyus&d o 884 ﬂﬁ‘}él ?éocrﬁﬁ%lnﬁ%age he first one

is that, for the etch paranmeters and materials use @?'Arrpl e, the
phot or esP5PTaERE MEedHaCalions o allowrwek etemnh acdesed wheadiiangt ch pl asma

exXposur e, aind; iffd r Ve ing it a poor candidate for a

i 1t-of p@?ﬁg"é@?%%%ﬁ%%é forﬁtﬁ,e ‘%%Eg'”gé?qgﬁe?%%ﬂ%q%wmm.%eer ial's used,

t her e wastchindicokdieies waaaigs 1ha skhf af?q%gf&?c;ﬁ?hé‘ érﬂja@eﬁé‘tgﬁﬁﬂ T Processing
a factor

due to the plasma exposure- This cou M%ad to
fail ure WPS@AIRO FBICLlPAH am the Bist sificonesiside MictheneeThe Repsirkfd de mask

Factor . & SHGERT s 444 By Liniadler o idowo moyiasa tyer e St enci | -

AL { er nat meglnoveagiemi 61 SOEolie i d sfighh duRecchapged Lo gL nat e the

need for this second photoresist applicati £l exanpl e, a
t hi ¢Ker 'Bhet BlcdeIgs tThesy SVrigtrasadiogtrarimeniic Ty @08 (T Iomags v;é%and stenci |
1t

could h e or ve the need for this double ogr aphy
pr ocessq}é%bcfgoyg%ﬁ%g&ch@%ﬁgpw ‘ggrﬂﬂ%ﬁﬁ aclasn of Kie sacidicialédyer non- pol yneri ¢
mat er | alcolaowle voRS HRgsh athid M QBRIor Phs hhElaPli oo HRE, Sreat! on of the

stencil, a columar/void network type si FB8Jusi ng t he
same ECRIRRIYD WeTgrsuRsequently tieansdlin Gowiny DI iWdeerdepeshiiho@s 8rd t he

detaile QS]] raneters are described in Table 4. Subsequently,
lift-of %rﬁ'%d%%égﬁmﬁﬂgeﬁvﬂpf’%ni c acetone bath. Most of the col umar void

silitgon film deposited on the stencil (here the photoresist) lifted off
wthin a mnute of inmrersion in this bath, and the 25 process was conpl eted
after 3 ninutkse arerRss Windowfsfwereosardsd psaw Fided) YRRk of a Spin on

glass (SOG), and the thickness of the SOG film could be funed by
changing the spin speed of the chuck. The sample was cured on a
hotplgte. These access hole windows may be left unfilled, if advantageous

20  in applications such as nutrient delivery, drug delivery, nebulization.

Table 4. ECR-PECVD deposition parameters

Columnar void network Si | Silicon nitride

RF power (W) 500 900
Process Pressure (mtorr) | 8 4
Substrate Temp (°C) 100 100
Process Gas/Flow Rate | SiH, /2 SiHs /107
(sccm) H. /40 N-/8

Ar/3
Deposition time for 30 30
50000 (min)
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flat surfaces w thout chem cal nechanical polishing (CW) processing, and
it allowed the option of a thin capping | ayer keeping the flat surfagf
mul tiple | ayers of tube or cavity structure with crossovers. The sub PGk 404
was cl eaned using acetone, | PA and DI water after lift-off, and baked on 30
the hotplate for 10 m nutes. Next 2000A of silicon nitride was deposited on
top of the substrate as a capping |l ayer. The deposition condition was the
sane as the first silicon nitride |ayer and the deposition rate was
calculated fromthe first silicon nitride |ayer deposition. 40 15 OCT 2004
An additional |ithography step was then perfornmed to make w dows (access
hol es for tg@ chemical to be used to attack the sacrificial material) at
pr edet er m P.oREs plhing pardmetersiet et chant access to the col ummar 5 void
film R E was used for the etching of these spaced wi ndows. The etching
condition was also the sane as the previ ous one, and the etch tinme was

al so cal cDCaPewef (wm the TiTsT SiTTconmnidgt+de—-etch-rate. The substrate
was i mefrsed to the 1 % BCE for 2 mnuteg 0 renove any oxi de layer that
may have @Mﬁﬁsd?fetsh@rec@hmmar voi d silTegg surfacebeforethesacrifigial
10 layerw ranethyl amoni um hydroxide (THAN) was used
to do tHe 'R erf‘ﬁr@@@h the access hob8s, of the sacrificia tayer

col ummar TMAH-sol ution.was heated at 75C. The etched
sanpl es. E’t%hﬁm fb‘lglé(c{g}eﬁ?% c(fréaﬁed inflpMng DI water for 30m nutes, and '

dri ed irfﬁcha@HBEB¢$%mk¢ﬂﬂE e qggslne at E?SZ:¥¥+HMEM}AM¥ua_SPHIPd (see_Fig.
5) by uge of a spin on glass A hi ckness of the SOG film
coul d be tuned by changing the spin spe@g;gf t he chuck. The sanple wap
cured onma —hotptate—Fhese—access holel wi ndows nay be left unfilled, |f
advant ageous 20 in applications such as nutrient delivery, drug delivery,
nebul i zati on. Table 4. ECR- PECVD deposition paraneters Col umar void
network Si Silicon nitride RF power (W 500900

A cavity structure fabricated following the processing flow concepts
10 outlined in Fig. 5 is shown in Fig. 8 Fig. 8 shows a micro tube. The width of
this tube is in the range of about iess than 100um and preferably between
105m and 50Cm, and has a base layer under the tube structure. The
height of the tubes range between 0.5um and 50 ym and may be as low
as 50nm. Since a silicon wafer was used as the substrate, the base layer
. 15 SiaN4 was used for the tube to prevent substrate etching during the
sacrificial layer etching process. Capping layers used for these tubes were
5000A in thickness. This thickness is seen to be too thin for the 500m
wide tube, which is seen to have some cap layer bending in the middle.
The bending is caused by the bubbles produced during the sacrificial layer
20  elching. This bending increases as the width of the tube increases. For
example, for the 5000A capping film, the height of the bend ié about
1.50m. This is about three {imes higher than the original tube height. The
fast etch rate of this columnar void network material prevents thinning or
damaging of the other structural materials and allows the fabrication of up
25  to 100um wide tubes. For tubes more than 1000m in width, a 5000A
capping layer results in a cracked tube ceiling and ceiling collapse due to
stress from the capping layer bending. The thicker capping layer can
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Process Pressure (ntorr)84 Substrate Tenp (C) 100100 Process Gas/Fl ow

RateSi H4 / 2Si H4/ 10.7 (sccm) H2 140N2/8 Ar 13 Deposition tinme for30 0
(mn) 41 15 OCT 2004 5 Table 5. RIE etching paraneters Etching Gas ﬁgﬁfﬁ%&
Rate (sccm) DC Power (W 1200 Process Pressure (mtorr) 200 Substrate
Tenmp. (C) 25 Etching tinme for 5000 (mn) 1 CF4/ 45 O2/5 A cavity

structur ei%ﬁ@%&@%%ﬁg%%%ﬁagﬁeﬁéﬁgﬁer@ﬁl@ﬁﬂaﬁa allb@ihe JaBsEdtion 30 out | i ned in

Fig. 5is's ows a mcro tube. The width of this

. . . - . tUbe
i s in thewidewneidihs &btuesl ess t han 100m and preferably between 1013m and
50 =m and has a base | ayer under the tube structure. The height of the
tubes range between 0.54m and 50 mand may be as low as 50nm Since a

silicon vaf er yagdsetappind1ay8uos bRbG thd Rbrizatien |cAurdelaidhSH was used

for the tube to prevent ate etching during the sacrificial |ayer
teL _ch|k %) pnmrﬁgncﬁapgmggItra@desigus‘edam@pladmtmm ageess hglssoRMN n

i ckness. Is thickness is.seen tQ be too thin for 500m w de tube
which is $eanatheniariordpalowg ﬁ“gﬁeﬁ?r%@rﬁ?nﬁ” eﬁ”’?%'&%b dl'e. The bending is
caused by the bubbl es produced during the sacrificial layer 20 etching.
Thi s bending increases as the width of the tube increases. For exanple
fgr :h?h5000A_ cmﬁrmﬁfapbmat'tdm suehgha saiting kedditeanodoawbiah theréom This is
abou ree times higher t I gi '

may be advantageous 8 rlleévri]r?g the g(')lﬂr%lnatr l\fftc))% rraleet'\n%pﬁ in }lmeecavity,
10 channel, airgap, etc and not remove it. This could be done in either the

process flow outlined in Fig. 4 or 5 or some variant or combination of these.

The use of large surface to volume ratio materials as sacrificial

materials allows a deposition/etch approach or a deposition/etch/lift-off

15 approach to sacrificial material removal. The deposition/etch approach is
shown schematically in Fig. 4; the deposition/etch/lift-off approach is shown
schematically in Fig. 5. In the demonstrations of the present invention, both
approaches used in conjunction with the columnar void network silicon
deposited films. The lift-off based approach, which has never been

20 demonstrated or even proposed for conventional, electrochemically
prepared porous silicon, has several advantages, i.e., it is simple and
manufacturable, it allows the use of thick sacrificial layer silicon films, when
needed, and it can be used, when desired, to create extremely flat surfaces
for the empty region’s defining walls, bottom, and top. Alternatively, it can

25 be used, as seen in Fig. 6, to produce channels, tubes, sorting structures,
etc. of relatively large cross-section without the need for the so-called deep
etch reactive ion etching process. In general, the very effective lift-off
processing is possible, even when thick silicon sacrificial films are to be
lifted-off (i.e., removed in selected areas), because of the columnar void

30 network morphology of the present film. The unique columnar/void
structure aliows etching liquids to efficiently reach the stencil (lift-off
causing) layer under the columnar void silicon in inter-channel regions. The
stencif layer, which defines where the silicon material will be removed, is
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h rate of this columar void network material prevents thinning or
g:igg?;; of the other structural materials and allows the fabrication of up
25 to 1004m wi de tubes. For tubes nore than 100Dmin width, a 5000A 15 OCT 2004
capping layer results in a cracked tube ceiling and ceiling collapse due to
stress fromthe capping |ayer bending. The thicker capping |ayer can 42
150CT2004 igﬁ%ove t he cappi ng | ayer bendi ng problem and all ow t he
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region's defining walls, bottom and top. A ternativ | 25 be used,
as seen i n2PAgNIGE0-qoplqasdaasercarpiitations babasse sahickmgppirigueler €sn  etc. of

(el ati vel ¥ hBsgs shgRRasa e I g eed Lo, Lhe, sorcalled deep
procestd ngthescpssof bbme apmRanbes stibh ek 19éil debenneAdddihg |Rler Hidy™ are to be
actually be composed of a muititude of materials or sublayers some of
which may be patterned (e.g., grid-like or screen-like in their pattern). In
soeme applications such as sorting and sensing, the capping layer may be
patterned (e.g., grid-like, or screen-like) or a permeable membrane

20  separating the lower void region from another such region above.

IV. Applications

The above discussion outlines several specific applications of the

separation technology, of the release layer technology, of the sacrificial

25  layer technology, and combinations of these. In a number of these
applications it will be obvious that it is advantageous to create the
structures on a laminate on a mother substrate using the present sacrificial
layer approach and then to separate this laminate from the mother
substrate using the present separation scheme. In all cases, these

30 applications are intended to be suggestive of the flexibility and utility of the
approaches of the present invention.

(a) Fuel cells
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sensing, t g ayer may patte g., grid-like, or
screen- | i keits Qfsedof NiEtate Rbtenjumetivrawith 20 depasitad cjuiminer Moikenetwsir regi on

from anot her such_regi on above. |V. Appl,icatjops Jhe _aboyve discussion
bt 1| oo, Seaterial. Rl Pnagiarieantiaies, BRooHISY ST Al | BCTsd ogy. of
the release layer,te fm{ ST idr fhRdporeiaayas ih@ghipgl ogy, and
conbi ﬁgt i ﬁstkgfprph%nsggﬂfé]&gﬁﬁ%r& bg? t gis({a applpiocat ions it wll gbe obvi ous
that it | NFBrREbEgRUSHIzedC Iretiieaddrhenstration, deposited SisN4 was used as

a unique proton confinement layer. This application of nitride may or may

not be used, depending on the situation.

20 The advantages of this particular fuet celt design and fabrication
include: (1) ease of fabrication, (2) compatibility with lightweight substrates
such as plastics and metal foils, (3) ease of combining into stacked
structures and ease of integration with transistors, diodes, or both for power
management, (4) ease of integration with sensors for chemical reaction

25 control, (5) ease integration with a variety of micro-fluidics, display pixels,
sensors, and detectors for powering various functions, and (6) ease of

combining into stacked structures such as those seen in Fig. 3.

Figure 9a shows a fuel cell structure fabricated on a silicon wafer
30 according to this invention. Here a basic unit of electrode, solid electrolyte
and electrode is fabricated on the silicon wafer, in which the channels have
been patterned by setective etching of a sacrificial layer. The channels
embedded in the silicon substrate play the role of feeding paths for fuels to
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structures on a lam nate on a nother substrate using the present

sacrificial |ayer approach and then to separate this |amnate fromﬁhﬁm 0
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30 applications are intended to be suggestive of the flexibility and
utility of the approaches of the present invention. (a) Fuel cells 44 15

OCT 2004 T, t é?g[ e(pp%ﬁs or mcro-
scal e fueltlﬂbsfr;}ag&%géﬂe%'?ggﬁ%ﬂi&rﬁ?lﬁg%gggﬁ@;@g{a gf/%% hggrpdr?“{)ac a{():ﬂ;:ordl ng to
t he pr esenticohelgnikeanethaab, us&d thmopgle tes slanndiaforithg efectipsedeldieg ude

phot ol i t hogr aphy, reactive i etch| n osition 5
(QvD), sl @aEH98 SRED 18F i %y, 1 i géﬁ“‘? bHRUTE R zsdmﬁgﬁe‘x?é’?g the

uni que fe%gar%daae &ov\ergue%%ﬂg%hewp%ams BUES B8thydRY@RbHAS Tie i t's use of

| arge surface to volune ratio material for the sacrificial layer. In this
denonstr ateleotrpdesmﬁredhlaemeuaslsaaoremamﬁ ef catalytipreatenials| swehiaposi ti on
tenperature, ar voi d net eri.al s a 10

sacrifici a}lg&)!g\?gr}éﬁ%@ﬁg{ﬁ ef%‘?Wﬂtc'lg(?ﬁ‘ V\gﬁ'g b&ﬁhﬁrﬁ?ﬂ?m\}m rg’ﬁ%gfj rk silicon
|5 T emoveguibL ihBiah OGRS AL EVIdWark n@bBsbsitd bletiage materials (o

define channe fabrication. Another unique aspect of the
present workweivsr, iths edmﬁrcmfs anefhled{efd fromozmipung theopraidn transpod danssi t ed

col umar voi d network terja rth n the demonstratio eposited
Si 2 mat erb%ﬁawwfugse'awl%ea%*C@L%O@' ﬁyt 159%06’39‘? Pmﬁ”c@ﬁ'gﬁnagr ot on

transpeyt #6%95@1@ NES ”’d‘fr'i‘)gn DU O COsb 683 1ri the 28snbldahd he

denonstration osite 3N4 was used as a unique proton confinenent
| ayer. Thi éleapolyte:airlfoal cm‘ll for mardeyeay and ceaybe ﬂtﬁpmomﬁéﬂsp@éﬂ)%f&ﬂl ng on

the situat 20 The. ad Ft t f Ll d d
fabr i car | oR Fiange NS Y SRS GRSt EBIST M s i A CRSIBETRAN £y worh
i ght wei ghf; S4as (i RliShigh YT Bt scaidrtivey @nthigs baludedl ibe thié 8pli¢ase of

conmbining | n?o stacke structures and ease of integration with
transi st orgroteh edasporiayest Tihé rotoosgenetrateatendacirolyis (ee@s ANt egrat i on

with sensors for chemcal re i on 25 ntr ol 5 ase.integration with a
vari ethp forﬁlhcpwgqom%)égwaafgm Webp rgde, at wI(m?wtﬁe r&dLior

reaction occurs. This is a reduction of the arriving protons utilizing the
electrons that have come through the external electric circuit and oxygen.
In Fig. 9a, this oxygen is being supplied from the atmosphere. In other
arrangements the oxygen can be arriving through channels in the same
20 manner as the hydrogen. As seen in Fig. 9a, a deposited SisN4 layer may
be used with the hydrogen source channels to block lateral proton
movement. Alternately, this layer may be replaced by deposited SiO>

designed to create a more laterally uniform proton supply.

25 This fuel cell unit also can be fabricated on other types of substrates
such as polymers, glasses, and metal foils. For example, as seen in Fig.
gb, a silicon layer or other material can be deposited on a plastic, glass or
metal foil substrate and the fuel cell fabricated in the deposited silicon
layer. In this case the sacrificial layer is removed as in Fig 9a and the

30 removing chemical is used to etch the deposited silicon instead of a wafer

material, as necessary.
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'ae are shown in Table 7. After reactive ion etching of silicon nitride,
deposited columnar void network silicon material was deposited for the
sacrificial layer. Table 8 shows the details of columnar void network

material deposition. As seen, it was deposited on the photoresist and

20  silicon. After this deposition, the columnar void network material on the
photoresist was removed by the lift-off procedure discussed in detail above.
In the lift-off process, the columnar void network material outside of what
will be the channels, is detached by dissolving the underlying photoresist
(Fig.10 (a)).

25

Table 6. Deposition Condition for Silicon Nitride using ECR-PECVD

ltem Details Condition

Environment Temperature 100°C
Pressure 4mTorr

Gases Ar 3 sccm
SiH, 10 sccm
N2 8 sccm
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Table 8. Deposition Condition for Columnar void Network Material using

ECR-PECVD
ltem Details Condition
Environment Temperature 100°C
Pressure 8 mTorr
Gases Ar 2 scem
SiHs 40 sccm
Plasma Condition Upper Magnetic 173
Lower Magnetic 24
RF Power 500 Watt
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(Fig.10 (a)). 25 Table 6. Deposition Condition for Silicon Nitride using

ECR-PECVD Item Detail sCondition Enviro t nnmenTenper at ure100|C Pr es135uhﬁ4wm

mlorr Gases Ar3 sccm Si H410 scorn N28 s_cor22 37: éS chogos\gtf ?)Zggsition
It Magneti cl73 Lower Magnetic ower at t i or

%Pgag;ogzpﬁeEZSOgA @15 mn) Table 7. MERIE Process Condition for Silicon

. +Tomar At 11y sure?200 mTOI'I'
it ' di t1on EnviTonment Tenperat-tie >
Nitride | Depoeitn RERN %ccm Pl asrm Condi t i Omééﬁj?p@%o Gauss RF

GasesCF445 scecm 025 scem N28 _
Power 200f Watt Deposition Ratef000 Am n (3500A @ 30 ?%éoA@w min)

After the lift-off process, the catalyst/electrical contact layer aiding
5  proton formation and electron liberation is deposited over the whole surface
including the columnar void network silicon material remaining in what will
became the channels. In this demonstration, 300A of platinum layer was
deposited on photoresist by e-gun evaporation. The photoresist was
patterned to form a screen-like or grid-like catalyst layer, which resulted in
10 the metal having this pattern after another lift-off process. At this step, this
metal is sitting on and is supported by the sacrificial layer, After formation
of this electrode, a solid electrolyte was deposited. In the case when silicon
dioxide is used for th

~
(RPN ey LI s

roton tfransport medium, an ECR-PECVD process

<)

was used for deposition A spin-coating method was used when Nafion film
15 was employed for the proton transport medium. Table @ shows the process

condition for silicon dioxide deposition using ECR-PECVD. inthe

demonstration using Nafion, the coating procedure was carried out for

30~50sec with the spin speed of 500 ~ 4000 rpm, depending the target

thickness.
20

Table 9. Deposition Condition for Silicon Dioxide using ECR-PECVD
ltem Details Condition ]
Environment Temperature 100°C

Pressure 4 mTorr
Gases SiH, 4 scem

O, 5.1 sccm

Ar 3 sccm
Plasma Condition Upper Magnetic 173

Lower Magnetic 24

RF Power 900 Watt
Deposition Rate 130 A/min
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i . : i ed.out f ,
T%h000 T o e Ry e Fehigareleton WeREAm ol 21°C Afer througi

hole elching, the channel was opened by the selective etching of columnar

10 void network material and the substrate silicon in an etching solution, such
as TMAH (Tetra-Methy!l Ammonium Hydroxide), NH4OH solution. The
columnar void network material layer plays the role of a blotter allowing
easy and uniform access by the etchant. This columnar void network

material hag a high etching rat

Tas 4 oa

ion. The etchani is aiso abie

15 1o uniformly attack the silicon layer as seen in part d of Fig 10a. Thisis a
very uniform etch of the underlying silicon (which may be wafer material or
deposited Si) since the columnar void network material acts a s a blotter
and then very uniformly exposes the underlying Si to etching. Of course,
these blotting and etchant-source functions of the columnar void material

20  can be adjusted by adjusting film porosity and through-hole positioning and
size. In this demonstration, a 20min etching in 5% TMAH solution at 75°C
resulted in 15~20um deep-channels in the silicon substrate. The channels

fabricated by this etching allow fuel supply after completion of fuel cell
fabrication (Fig. 10a, part 5).
25

When the substrate is a [100]-oriented silicon wafer, the channel
shapes can be that seen in Fig. 104, parts 4 and 5. When the substrate is
silicon or other material deposited on a coated or uncoated mechanical

30  substrate such as glass, plastic, metal foil, or other material, the channel
shape will be that seen in Fig.10b, parts 4 and 5. The overhanging layer
(SisNs4 in Fig.10b) mechanically supports the grid and solid electrolyte.
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When SizN, is used, it also blocks communication among channels. When
this processing is done with this silicon or other material formed in or ona

laminate on a mother substrate, the laminate can be separated as outlined
and used as seen in Figs. 1, 2 and 3.

Depending on the position of the through-holes, after channel
formation, additional deposition of solid proton electrolyte may be needed
to cover the entire surface with electroiyte material. In any case, after filling
the through-hole, the top (reduction grid) layer is deposited on the top of
electrolyte and patterned with the same method of patterning used for the
other electrode.

The micro-scale fuel cell fabricated with this invention has a broad
range of applications. In addition, the size of fuel cells produced by this
approach outlined here can be reduced to make the cell as small as is
needed by the specific application. Current technology is easily capabie of
defining pattemns below hundred nanometers. In this size regime, the
channel can be defined as “nano-channel”.

A typical PEM fuel cell comprises one or more layered films and
separators altematively stacked with each other. This layered sandwich
consisis of a polymer electrode membrane (PEM), an anode and a
cathode, with the PEM film interposed between two electrodes.

Such small fuel cells, which can show better efficiency than the
usual conventional macro-scale fuel cells, can be on-site power generators
in integrated structures with MEMS devices, displays, sensor arrays,
detector arrays, and muitifunction systems all on the same substrate. In
addition, using the processing techniques outiined here, fuel cells can be
stacked onto each other to generate higher voltages or can be connected
in parallel to generate higher currents, as preferred. F urther, these cells
can be fabricated on plastic or other types of laminates and integrated into
systems as shown in the CAPS concept of Fig. 3. Fue! cells are a
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used to selectively etch the oxide wwth the etching rate of 14600A/ m n at

21 C. After th gh- hol t chi h h
eLchi ng of PEBTUAMAMeRTS,br @ RIS ROWET &1 i sicnahas ids LTS Feon i n'
an et chi ng ygAklibaNand Widh cAS o MBS CABAIARBAY in AorEBIoTBWRI e de)  NHACH

sol ution umar rk” material |ayer Iays the role of a
bl ot ter al linsildg thebadlramge oimoﬁetummaetmmsmb;s stieh esmélrnhonem s col umar

d t k | h h
etchant | lapeBRamIon sof g s oap somiceoidd fadepan dNeRE 68 s een i n
part d gf an@rolgﬁgle-'fneﬁcélﬁaﬁproé@ﬁ bntﬂ“héfﬂ(m@i%{t%hb@fral“er%dl*f@@fﬂa)éhﬁg. silicon

(whi ch may mat er i al deposited since the columar void
net wor k natgassds, aotsoits wilkallsivotheapowarnig Dh@hiweelghmiﬁspk&ym $ens@foses t he
underlying Si. to etchin

Funct | bns R4 ELY el oo G e apaee0 b b B BPeBP B, uet' ng
film poros%é(s@gg %thﬁ%se positioning and size. In this

denonstrati on, Om n etching in 5% TMAH sol ution at 75C resulted in

éLﬁ 20um deep clhfmnel s in the silicon substrate. The channels fabricated by
s et ow fuel supply after conpletion of fuel cell fabrication

(Fig. 1 Oa?g gma@)po% Wien the substrate is a [100)-oriented silicon

wafer, the channglg f@%@@%treeﬁr@@dﬁsb@ése%ﬁgtﬂowc&ﬁ Be fAb@Batelavitts 4 and 5.
When the substrate I's [1con or other material deposited on a coated or

un(r:]oat ed mecirastos, d&ﬁj%bsboﬁ(t ietegretechistagihesivel gelblayput. Wb ie foi |, or
e Tk anier SOH ko P S it PRl SRR A B0 S e
grid and sqli (yGeqd GRle/s 8marlpdweamidB@4 This smart power would on-

15  demand couple fuel cells in the laminate together in paralle! or series, or
variations thereof to give the instantaneous current, voltage, and power
needed in an application. Sensors, detectors, and MEMs devices can also
be incorporated into such systems to allow chemical reaction control and
fuel diversion and consumption control.

20
(c) Displays

The cavities and channels that can be created by the sacrificial layer
approach can be used in display applications. For example, these
structures can be created with electrodes in the enveloping layers. They

25  can accommodate field emission sources or be filled with gases selected
such that, when voltages are impressed on these electrodes, the gases
ionize forming a light emitting plasma. Hence individual cavities or channels
can be used as pixels, separately controlled, to form plasma color displays.
Control can be built into or on the materia! in which the cavities or channels

30 have been built. f transistors or diodes are used for this control, active
matrix plasma displays can be built. Obviously, this can be accomplished
on laminates which are then separated from the mother substrate using
also the separation methodology. Such display laminates can be part of the
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When S64 is used, it also blocks comuni cati on anong channels. When this
processing is done with this silicon or other material forned in or on a

| ami nate on a nother substrate, the | ami nate can be separated as outli(fédps
and used as seen in Figs. 1, 2 and 3. 5 Depending on the position of the

t hrough- hol es, after channel formation, additional deposition of solid

proton el ectrol ﬁte may . be. néegeg tg cover the entire surface with

el ectrol yt & shgwn jriFigh et tor fill ] ng the through-hole, the top
(reduction grid) layer is deposited on the top of 10 electrolyte and
patterned with the sanme nmethod of patterning used for the other electrode.

The mi cro- ¢dpSerting landeténsdarstroaturgswi th this invention has a broad range

f lications- In additign, the si f ] this 15
oppr bach out || nilse e sanriialaaetal we matioqdBbs foaeuest P, " ¢
needed dy H\PerﬁiBﬁ?E(fg:tig%?ﬁIPéﬂr@tdrﬁﬁser@érr k0Lt &S Banlbedablisawasévan eapabl e of

defining patterns undred nanoneters. In this size regine, the
channel campldsticdgleasnedr metaldaitn-Gombinng these PIOEGP@s WIBENS uel cel |

conprises one or. nore |ayered fi.los_and. s I ivel. t acked
Wi trrﬁ each 6?H@Fa?“°r1;ﬂ?l§erl'3 Ig%lﬁawm(e’ﬁns%ﬁg?:ir{ﬁé%ésg"ahg{eﬁﬁﬂ\% I>éctS rode
menbrane (BEMen ﬁ{ét%ﬁegsrg%ggﬂ%br?ﬁ%@bmlﬁ@s d thelnhseg2ikMed forusatier posed

between two el ectro smal | fuel cells, which can show better
ef fi ci ency sysmmg bech as irathecoonvaart ichfrig. hcrpbising hesgatruciynes Withhn be

on-site power generators .in integrated r res W MENS devi ces,
di spl a¥&, @&Hggl‘:'rﬁﬁ"f‘ﬁ entgdp gpd ﬁ\ﬁr“?ﬁ@é @%%Hﬁﬁlm%hgétlon systenms all on
the same s ZlithieOthd Y8iaRd Fidie psses shrgtia@mAgeesngut | i ned
here, fuel %@H@éggﬁhg)g 30 stacked onto ed;ch ot her to generate higher

vol t ages omstreaturbdabricaied usthg the seorificiablayes maeelst depigghafdcurrents, as

preferred. Further, these cells, can _be fabricated on plastic or other
types of | &@RTRlOQ @ﬁ{g]qdm%’r%wg'ae&ﬁ?a'ersystem; as shown in the CAPS
concept of Fig. 3. Fuel cells are a 51 15 OCT 2004

15 Structures with channels or even the varying cross-sections of Fig.
11 can have electrodes or conductive grids incorporated into the
enveloping cavity walls, ceiling, or floor. With careful control of electrode or
grid spacing, as is possible with the deposited sacrificial layers, these
spacings can accommodate molecular units. With the proper choice of self-

20 assembling molecules and electrode and grid materials, molecules can be
selected for attachment across these spacings. The molecules can be
selected for detection and sensing. For example, single strand DNA can be
attached in these channels such as those of Fig. 11 and used to detect
incoming DNA samples. Detection, for example, could be attained by a

25  change of conductivity between electrodes. Such detection can be attained
for other entities by selection of the molecules immobilized between

electrodes. The general scheme is seen in Fig. 12.

(e) Release structures
30 Our column void network material is very effective as a release

material. Release layers are commonly used in many MEMS devices to
form structures connected in at least one place to another materials

system. An excellent example of release layer applications is the creation

J 2]
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prom sing means for a portable power in nobile electronics due to their

| i ght wei ght and hi gh energy density. Applications in portable power uses
include the full range of consuner electronics, such as cell phone¥) OCT 2004
| apt op/ pal nt op conmputers, video canctorders, and So on. Integrating the 5
mcro-scale fuel cell approach onto |ightweight substrate such as plastics,
gl asses, and foils will allow the powering of |Iight weight displays, sensor
and det ect o ascanideverssiruatetee Qunmatiedalsi are s xcatentsips relasse kayer por at i ng

th d oth The fuel truct
i scuseed ARREIARE Bas taviivelioh e Fr s pbdac Saiethuly St bo n-
i ntegrat ed ddaﬁmohryeuéétﬁbtr@ﬁua||é§>6fwsucr\(\%%*1;nklaﬁ naﬁrd%smﬁufﬁn SR8, In

el ectronics, circuits can be integrated with the fuel structures to
give a srrarfﬁctpdiv%ﬁiql’b{m‘iﬁhaf the Cﬂbiumr@rmold swerk foy|215am/aén,demimedt coupl e

ther eof >t o B AP EREE R T kR 5L 85k Rt DR mBe S EnA Sk ondbded 1 n an
appl i cati ofhe Sm&r@nmdﬁﬁywx%le@%b@%tmﬁ 'a@@moﬁaﬂw@fa%@etd@ﬁra'té‘%fﬂ por at ed
into such systens to all ow chem cal reaction control and fuel diversion

and consumbte dtm ceduces ChQTO!O@d:)meJspgay‘@ dftedruchvial lsyergrandibannel s that can
be created.by the sacrificial can be used. in dis

appl i cat i oHCreRsES Qe %Oc?ﬁ%gfﬁpé%éw &p&t'flee W iErOssyiken i 't"ﬁt%é? ect rodes
N the envelan Blahpucsfa rdiBaYe By ek aNIAARATATEEGaild el d em ssion sour ces or
be filled with gases sel ected such that, when voltages are inpressed on

t hese &lectrodes, the gases ionize form ng alight emtting plasna. Hence

di vi dual t h d | tely
cont 1 o1 100, to. f'{ﬁ?ﬁtﬁiri&%ﬂ%&%ﬁwd&ﬁ%ﬁ%ﬁf@%ﬁPg’é?r?@%@ BOMBUI 11 1 Into o or
the materi ﬂ‘us‘tr’éh%'o? hd PRodedY| de‘ﬁ%oﬁr \/%%UQ%théfr?é%wlé%%d%%&ﬁ%hbﬁ? S IR

transistors or diodes ate used for this control, active nmatrix
di spl ays caanipe tevibed bgbhbsaskijled irhire arawitheubdepantihgdived theon | am' nat es

which are then separated fromthe nother substrate usj al so the
separ at i on"H&E G0l .rg@ﬁg/ht BIIS&Dt IYRPYRR Ssinteniaskt Op%F’Pra‘}@ Q'Le

15 such alternatives, modifications and variances which fall within the scope of

the appended claims.
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52 1 5 OCT 2004 systens shown in Fig. 3, if desired. (d) Sorting and sensor
structures Using the sacrificial materials and nmet hodol ogi es di sch&g€d b
this 5 invention, sorting, filtering, and sensor structures can be
fabricated even on plastic, glass, or netal foils. Conbining these
procedures with the separation |ayer nethodol ogi es, neans such structures
can be formed in and on materials on nother substrates and then separated

for use INeriygi‘%gm(Ssuch as in the concept of Fig. 3. Conbining these

structu tive circuit elements in and on the sane materials
means these structures can be adaptive and smart. Fig. 11 shows an actual
DNA sorting structure fabricated using the sacrificial |ayer materials,
desi gn, and 1f8233rnjl ad 8P fB%E&ﬁ%QJ%Xt:B tihped 15 Structures with
channel s or even t e var |ng CroSS- 26¢ |onElff ?fﬁfes'te$3f£ can have el ectrodes

or conduct i ves. depaditingnclaygrof highdiut fatcoarthi voehmefanﬂalmgeﬁﬂ\ﬂai/mg/aaidnawlical
ceiling, or floor. Wth careful control of electrode or grid spacing, as
i s possicRIUENnA SiRIGHyE oélérp%@rfaéﬁog%?éﬁl pybstatg) andayers, these spaci ngs can

ol ooul o, and” ot P g ot A potlch bR HEPRFC B8 Py Al Beo AUBRRVY, 01

attachnent across these spacings. The m)l ecul es can be selected for

detection and sensing. For exanpl e, S|n | e strand DNA can be attached in
t hese channels HfdRethed phejain éfwmr@m saifl Taglysustaee axe o uelume ratiqawianay DNA
sanpl es could be attained by a 25 change of
conductldﬁ¥h %%&ggﬁ g?rodes' Such detection can be attained for other
entities by selection of the nDIecuIes i mmobi | i zed between el ectrodes. The

general schenge is seen in Fi (e). Rel ease structures 30 Qur columm
voi d net wor k Jrekhermethod ef ?}é'r“}/ lewlfl%musarél hagh surfage argg do volgmeTptie mamsiabase

!ayersl it age% A ,ﬂar%féjlag Qﬁte%’*@aldﬁ}éleﬁz §e%1c$1&fxmo§§ﬂa?ﬁall” s connect ed

in at materi a syste exce exanpl e of
rel ease cbm&sﬁratia:modhmaf.l ons is the creation

4. The method of claim 3, wherein said columnar void layer comprises a plurality of
uniform essentially non-contacting basic columnar-like units penetrating a continuous void
wherein said units have adjustable regular spacing, adjustable uniform height, and adjustable
variable diameter, and said plurality of basic columnar-like units are uniformly orientated and

disposed over said substrate.
5. The method of claim 4, wherein said basic columnar-like units comprise at least
one component selected from the group consisting of silicon, germanium, carbon, hydrogen,

inorganics, organics, and combinations thereof.

6. The method of claim 3, wherein said columnar void layer has a thickness of at

least about 10 nm.

7. The method of claim 3, wherein said columnar void layer is deposited in a vacuum

environment at a pressure less than about atmospheric.

8. The method of claim 3, wherein said columnar void layer is deposited at a
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15 OCT 2004 of a cantilever structure. Qur materials are excellent for

rel ease | ayer applications because they have high etch rate and qt5cﬂgf” |
selectivity over comonly used structural |ayers such as silicon ni ri%qg
and silicon oxide. In fact, the etch rate of the columar void network
film 2.5*mmn, is about 5 four tines faster than that of poly silicon,
0.60m mn, and poly-Si is one of the nost commonly used rel ease materials.

I n addi tibperatufeofiBitthat Mduf 8s@cof the filmreduces chem cal exposing tine
of structural layers, and it 1ncreases overall process reliability. Figure

13 shows mcro-switch structure as an exanple of a rel ease |ayer
utilization i abrication.. 10 11 shoul d .be understood that the foregoing
descri ption idg ’@?ﬂ‘?et_%f)‘ia Pﬁ@f“r‘%?i\‘/ eTg Sﬁ‘ﬁlg’“%? @’{E?ﬁF aﬁ%&%ﬁ?‘iﬁ&}ira%m%?

al ter nat1a3>ee$s RAfed B dt Cetlsi SHRSnteFRRIMAafS YRR HkvdAQER }ﬁgn Sirefe aftalifie art
wi t hout departing fromthe invention. Accordingly, the present invention
i s i nt ervebung ratie mntered layet anibsaglipivstaateer nat i ves, nodi fications and

vari ances which fall within the scope of the appended clainms. 54 15 OCT
2004 IN THE CLAIMS: 1. A nethod for processing a substrate conprising the

steps of. a. |depaRihéthed 8f 1LY, vHerbth IMATHMbRA B 8418 RidhSu¥atdiiBa [ difne
mat eri al having a non-helical columar structure over a surface of said

subst r atratio maigribl layerrimsticp §b)ds comhsteddypbemicshmednss phiytidal gieassuorf ace area to
volume ratio material .l ayer. 2. The nethod of claim11l, wherein said high

surface Cg?l(lgﬂlaggns\/tbf“ﬁﬂﬁ ratio material layer has a ratio of up to 10,000 to
1. 3. The nethod of claim1l, wherein said high surface area to volune ratio

material layer is a columar void |ayer deposited netal, dielectric,
seni conduct orl lmdthemiethobef claionbiwharéio ssidirerepedof said higheunfaccharda tof vatimae m 3,

wh ' i d I : id .. ' | | i f. Hi .
eccont | ATy AERE AT A LT e TRy P st AF i ine

cont i NUQkE ei¢Bing, and combinations thereof.

12. The method of claim 1, wherein a portion of said substrate is also removed
before, while or after removing at least a portion of said high surface area to volume ratio

material layer in step (b).

13. The method of claim 9, wherein a portion of said intervening layer or layers
between said high surface area to volume ratio material layer and said substrate is also

removed.

14. The method of claim 1, further comprising the step of depositing at least one
coating over said high surface area to volume ratio material layer after depositing said high
surface area to volume ratio material layer over a surface of said substrate in step (a).

15. The method of claim 14, wherein said at least one coating is organic or inorganic,

16. The method of claim 14, further comprising the step of fabricating a device,

structure, or combination thereof over said at least one component selected from the group

consisting of a device, a coating structure, a coating, and combinations thereof.
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wherein said units have adjustabl e regul ar spacing, adjustable uniform

hei ght, and adjustable variable dianeter, and said plurality of basic
columar-like units are uniformy orientated and disposed over sai®diCT 200
substrate. 5. The method of claim4, wherein said basic columar-like units
conprise at |east one conponent selected fromthe group consisting of
silicon, germanium carbon, hydrogen, inorganics, organics, and

conbi nations ¢ eof .. 6 e, hod aof cl.aim 3, wherein said columar void
| ayer has a t]r#gﬂ}‘?ég‘%th‘&q Ogaam?”gé@’fh%%a%ldmnﬂwg of atigast appFion odsaid|haghm 3,

wher ei n sggthet £04 BRAImY Y daél&gzﬂ IayRr ﬂﬁg&}?@?f&ﬁ% ¢ dé{tggéég e@&%ﬁ&n\%ﬁﬁent at a

pressure | ess than about atnospheric arm 3] erein
sai d colselentad frooi dhelgeoguprconsistiegpolsi deviceath coating sirbct¥s] a 208thg, emder at ur e of

| ess than %bout 250C. .9. The thod of claim 1, wherein said high surface
area t o YBPHREORSICFOR PRy SeK] subsURIer s forned upon at |east one

I ntervening | ayer | ocated between said high surface area to volune ratio
material |ayer and said substrate. 10. The method of claim1l, wherein said
renmoval of salisd Theghethod dBclaminat &dutthercomprising thad step ofxireatinglthloayieholes st ep
(b) is condglcl:t ed by chem cal neans, physical nmeans or conbi nations

t her eof .thrpygh atjeastapgempsmept selseted ﬁ%ﬁreegrﬁ%%wﬁlé&ﬁﬁaﬂe‘aﬁe,saaqoatma gh

surface t [ ' [ 0: i

el cot odrare FpdlkTd S Ry Rk Mol fo by ST sitied e RARS

conbi natrattmatehieylegdr. 12. The nethod of claim 1, wherein a portion of said
substrate is also renoved before, while or after renoving at |east a

portion of said high surface area to volunme ratio naterial |ayer in step

(b). 13. The jret 1 [ . ' o) g i /e ng | ayer
or |ayers be?E m@%%ﬁ??ﬁﬁé sh6r acee?gr egn?lgégﬂo%u?egﬁczﬁt%gn@{o gélly g{ﬁegayer
and sai dhrsugissaidibubsirstead samovesnisMdgh sulrface Tlea toebla rafio alatdrial layed urt her
conprising the step of depositing at |east one coating over said high

surface area to volune ratio material |ayer after depositing said high

surface area jpo ’I‘ﬁ%l(@%[ﬁod 6# 418n{"PS, Sty DAYALnE YR stép SPULARE tRbugRhBles

substrate in step
through said at least a coating to remove said high surface area to volume ratio material layer.

21. The method of claim 16, further comprising the step of forming a second coating
over at least one component selected from the group consisting of a device, a coating

structure, a coating, and combinations thereof.

22. The method of claim 17 or claim 21, wherein said second coating system acts as
a carrying substrate thereby allowing transporting of the combination comprised of devices
and structures, after removal of said high surface area to volume ratio material layer of step

(b).

23. The method of claim 22, after removal of said high surface area to volume ratio
material layer in step (b) through said created through-holes, separating the at least one
component selected from the group consisting of a device, a coating structure, a coating, and
combinations thereof from said substrate, thereafter further comprising the step of disposing
said separated device, coating structure, coating, or combinations thereof over a second

substrate.
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15. The method of claim 14, wherein said at | east one coating is organic or
i norganic. 16. The nethod of claim 14, further conprising the stepl&fi(T 2;
fabricating a device, structure, or conbination thereof over said at |east
one conponent selected fromthe group consisting of a device, a coating
structure, a coating, and conbinations thereof. 56 15 OCT 2004 17. The

met hod of claim 16, wherein said renoving of at |east a portion of said

g, Surf aceare hany@b i 21 PBIGLLE) of ANRKh Ah8, Oladlhagnoages

| east one conponent el ecte e group consi evice, a

coat i ng sstfacecares ®, vodurneedtiongaterdal dayee aniepét) icompritdsey seaf off selwati ey dtchin
substrat e. lgﬁ; The nethod of claim 16, further conprising the step o

cr eat i ngatHHERFHIAcE PEd to valugiegRtiamafesiak layern gich shas drromtionsBpksef isdetingth t he
group consisting of a device, a coating structure, a coating, and

conbi nati ons thereof, to renove said high surface area to volune ratio
material | ayets. Ti.médhed oftlhiod24ffucheaicomphising thid ey offormingsit fQstdiR 18feep Of
creating through-hoJes. th ou&gﬁ_ sai d substrate to renove_ said high surface
area t o WET eiFaRGdPorHen e sard hgh sprfacg@reattp aolumarghio sratenjadilayens, furt her
conprising the step of creating through-holes through said at |east a
coating to renove said high surface area to volune ratio material |ayer.

21. The net hab. dfhechethod dbclaitni2 3, Herthe eompiising thet diegpssifep of forming a second
coating over, at | east one conponent se]ected fromthe group consisting of
a device, a dBHIFHYS tfg{quaktha}oeé,to accessa1dlyh srdace grasitp yevnisratip gatesral 22,
The net h%r-oafndd aim1l7 or claim?2l, wherein said second coating system acts
as a carrying substrate thereby allow ng transporting of the conbination
conpri sed of (Hemhmeing antrestinadoiomiasof safd leph sefimead volunsaho haghiablayérace
area to volunge ratio terial, layer of step (b). 23. The nethod of claim
22, aft &SNBSAGY OUSIF‘thF&’ PROgHCSFAVY SUUFIRES- t 0 vol ume ratio material |ayer
in step (b) through said created through-holes, separating the at |east one
conponent selected fromthe group consisting of a device, a coating
structure, a Xodthemgethahdlf claion®é, fatherrempliging dfe stepoofi remiodingushrlirerained
thereafter, further .co I sing the step.of disposing. sajd separated device,
coati ng PQFWcﬁfG?‘é‘,h‘%‘bgpfaﬁe ,aregrto Yolnmealiq marighlayaaping sad thraughdiqles to

subst r atesdued a cavity structure, followed by a step of depositing at least one further layer over said
at least one layer, thereby blocking said through-holes.

28. The method of claim 1, further comprises the steps of:

depositing a stencil layer on said substrate; and

patterning said stencil layer and selectively removing a portion of said stencil layer,
thereby leaving an exposed portion of said substrate and at least one retained portion of said

stencil layer.

29. The method of claim 28, wherein the step of depositing a layer of high surface
area to volume ratio material layer comprises depositing said high surface area to volume
ratio material layer upon said exposed surface of said substrate and on said at least one
retained portion of said stencil layer, further comprising the step of lifting off said stencil
layer, thereby also removing a portion of said high surface area to volume ratio material layer

deposited thereon.
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15 OCT 2004 24. The nmethod of claim 1, wherein the step of renoving a
portion of said high surface area to volune ratio material |ayer iq5qm¢qmu
(b) conprises a step of selectively etching said high surface area to
volune ratio material |ayer, such that a portion thereof is retained. 25.
The nethod of claim 24, further conprising the step of formng at |east one
| ayer over said retained portion of said high surface area to volune ratio

material |ayey, ﬂgéﬂe}{ﬁ%} é@él%\ﬁplyfﬁﬁﬂéic%ﬁﬁﬁpéﬁ{% u%of(\(gj@{ﬂoaiitig at;sg(?o&)ﬁéeps of

(a) creating thro 0 acdcess sal ace e ratio

mat er i allayel ayerrsaidanbist(at) andesaid/high ssidaod akeattaivoRehaxatib ntiteriil 15a4.d hi gh
surface to volune ratio material |ayer wusing said through-holes to produce
a cavity structure. 27. The nethod of claim 26, further conprising the step
of renoving i ' ' l.d:hi r r lL.ume

rati o materi :ﬁa}' ﬁé{;?gltrl&fﬁ%?ﬁ%c@g{ %dgﬁr}%éﬁﬁhgflgg q{lo&ébpér%g%é@gzﬁgg%'@leg

st r uct unlaouglosdidvedndlayer for éie remodspdsaitihih akfabemstol@ne rdtio hixefialllayeer over
said at |east one |ayer, thereby bl ocking said through-holes. 28. The

met hod &R step &)ihrough said preated dhrgughsbales ipapradugs cavity staeqhwsi ti ng a stenci |

| ayer on said substrate; and patterning said stencil |ayer and selectively
renmovi ng a portion of said stencil layer, thereby |eaving an exposed
portion of s&i2d Thehsdthal & agith 3, afteemovtlefseiddiigtechrfiot hieao 06lugriratio
stencil layer, 29. The nethod of claim 28, wherein the step of depositing a

:j ayer ofnatrigh layer atep (chthsenghgaidurenied thequeb-hedesde P&?dupﬁ?é?‘gbbﬁ?%‘ﬁt%‘és y
exposed nar ot dre ot BB FD D TRy o 1 RalBpBK Ale B AR °

portion of said stencil layer, further conprising the step of lifting off
said stencil __layer, thereby also renpoving a portion of said high surface

area to vol ure: riaemethed efglam 3 lapBer regopelaisald cohwmas yoiddgyersn sier (9004 30.

The net oA =Y fur l.SI Ng: ) LLi0g. a
second oyl sdl Beied Ryol i eL SRR Bl AL ERnea b enRR T e
rati o nualicesteslofladdias a g3d or [iudd iresdid cavidy salieturs; 304 ddpositingra layuiphiat bloeks t he
step of creating, through-holes through said second |ayer for the renoval
of sai dStddrroug-helesandysepls saidecavty slguct¥ieer i al | ayer

34. The method of claim 1, wherein prior to siep (a), a material system 1s deposited
on said substrate followed by selectively removing portions of said deposited material system

retaining a portion of said material system.

35. The method of claim 34, wherein the step of depositing said high surface area to
volume ratio material layer over said substrate further comprises the step of removing a
portion of said high surface area to volume ratto material layer to expose a portion of said

retained material.

36. The method of claim 35, further comprising the step of depositing additional
material over said high surface area to volume ratio material layer and exposed portions of
said previously deposited material, so that a portion said additional material contacts an

exposed portion of said previously deposited material.
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in step (c) through said created through-holes to produce a cavity
structure. 32. The nmethod of claim 31, after renoval of said high]§%5f?ﬁﬁ
area to volune ratio material layer in step (c) through said create

t hrough-hol es to produce a cavity structure, thereafter further conprising
the step of (d) depositing a layer that blocks said through-holes. 33. The
nmet hod of claim 31, after renoval of said columar void |layer in step (c)

t hrough sai d .created through-holes to produce a.cavity structure,
thereaf ter fqurgt @Peg@ﬂrﬂf?’?ﬂ%ﬁwnﬁﬁéy& rg3tengls fipg &8 §L31B COMPHENG i n said
cavity structy f&miﬁ%ﬂéha%ﬂomﬁgﬁ e b 88 vl i PhRriaPRIving %&P—Haiéap' es

and seal s said cavity Structure. 34. The nethod of claiml1, ereirn prior
to st ep cohmnaastmtweioato s3esd subsiratedeposi ted on said substrate fol |l owed by

2 porti on of S A REORT PGS Be VB dTHE: HilHi6d R0 ¥ WA TSHS TR n t ho
step of jgepositing said high surface area to volume ratio material |ayer
over said substrate further conprises the step of renmoving a portion of
sai d hi gh surc fbecatingat leasvaienmnpoaciteeketed fioai the gymp donsistimpstoa devimer 41 on
of said_ retained material. 36. The.nmethod of claim35, further conprising
thfa st eﬁo?tfn ﬁgjg]ﬁ’ iaﬁﬁdatéflﬁd??‘fngﬁ"“awgiﬁqrﬁqf Goeta &?‘i lﬂaﬁﬁf’gﬁcma@é‘{ area to
vol ume rati o Jrelnkdi i AHECCAFPLRROIRAY tati8MRatétal 1B2F, AhdtEBY PN
deposited nmateri al ,lﬁés%lt h%gl Sa portion said adldi ti on%l %%at erilg)r e?ontla ts an
exposed spdrat least ook cempdngnt esleded frymdbe group ednsistingrdfaldevise, 4 €0aGg 7004 37. A
nmet hod of transferrin system of, materials froma substrate conpri sing:
a. forn tﬁrerﬁﬁ%"’rn“gfg’fﬁa@ﬁ%é?fﬁpgﬁ e&eroégr s PhsEa®ati o material having a
non- helical columar structure onto a said substrate; b. formng at |east
one coating over said high surface area to volune ratio material |ayer; c.
fabricating 38 Thasethotofodapoiik mthesan snd bighfsndface drea tpredpme maiwisatenal of a
devi ce, ,a _coat y}ﬁ structure, a coating, and conbinations thereof over said
at | east@ShE AOMTHA VOUWAYY:  r emovi ng sai d hi gh surface area to vol ume
ratio material |ayer, thereby separating said at |east one conponent

sel ected fromthe group consisting of a device, a coating structure, a
coating, and 3orfbemaatheshef aldiar b wheramsaid non-belinsi celumnac®id Hyer iset hod of

claim BQEP&/{][g&el n said high surface area to volunme ratio materi al

40. The method of claim 38, wherein said columnar void layer is a nano-scale
composition comprising:

(a) a plurality of uniform essentially non-contacting basic columnar-like units
penetrating a continuous void wherein said units have adjustable regular spacing, adjustable
uniform height, and adjustable variable diameter, and

(b) said plurality of basic columnar-like units are uniformly orientated and disposed

on said substrate.
41. The method of claim 37, wherein said substrate is rigid.
42. The method of claim 37, wherein said substrate is at least one selected from the

group consisting of silicon wafers, quartz, glass, organic materials, polymers, ceramics,

semiconductors, metals, insulator materials, and combinations thereof.
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| ayer is a columar void layer. 39. The nethod of claim 38, wherein said
non- helical columar void layer is deposited. 40. The nethod of cl ai m 38,
wherein said columar void layer is a nano-scale conposition conpﬂﬁkmﬂgmm
(a) a plurality of uniformessentially non-contacting basic columar-1ike
units penetrating a continuous void wherein said units have adjustable
regul ar spaci ng, adjustable wuniform height, and adjustable variable

di aneter, angd,( ' Ity iL.c. caol ar-like units .are. uniformy

ori ent at ed a%%i‘ Ebgpogt%g%%aa%a*dw% e&aﬁ)gﬁl S aﬂe%g ¢ r%%ve&sal@lhéﬁhm 37,

wher ei n saffhdt Sedetviohinge fasiomhagbrthl 142r inlHhe ﬁ@i&;@foﬁhe@bﬁbm&ﬁmu@@aeaé@ sai d
e

substrate is at |east, gne selected fromt group consisting of silicon
waf er s, feipmaegrou consisting obenplyiRg tSBi-egalng, setepping.rinting ayputtering,

ST 2005 B g TRty AOUAL U GEURL Aol PUMSRERAPE) 20T one coat ing

over said high surface area to volune ratio material layer in step (b) is
performed by a techni que selected fromthe group consisting of applying,
spi n- coat i ng,4*s dheangthed ofslaipt 3 hgvhesgin said at lsast one geahiseas pggniccinerganig) | v

depositiopgomgffﬁxlz&rp@%e}sfdepositi ng, and spreading. 44. The nethod of claim
37, wherein sald a east one coating is organic, inorganic, or

conbi nation thereof. 45. The nethod of claim37, wherein said at | east one
coating is a material selected fromthe group consisting of chemcally

active mat er i4at dhepegthedetclaimndi; mhersin saidpt lepsh e8¢ coasingdea magirap slecied r i cs,
f | . b . AP o
son condioet oo Bnd ¥t AERELS sfive BSHAT, SlimR BRRR: pfles, o

conponenkides) pi¢zepictitics, fewogledtses natald, pasiclcotiits Biolbgitabmateriald] atrit or s,

el ectronics, chemcal mcro-fluidics, detectors, 1mobilizing structures,
ci rcui t SSMYPBYICERFE acoustic devices, solar cells, opto-electronic

devi ces, fuel cells and conbinations thereof. 47. The nethod of claim 37,
further conprising a step of creating through-holes used to renove said
hi gh surface 4&r hetneethva] efidainal?, ovherdiesdidiht leasy ene component in step (c)

comprises at least one of sensors, actuators, electronics, chemical micro-fluidics, detectors,
immobilizing structures, circuits, displays, acoustic devices, solar cells, opto-electronic

devices, fuel cells and combinations thereof.

47. The method of claim 37, further comprising a step of creating through-holes used

to remove said high surface area to volume ratio material layer.

48. The method of claim 47, wherein said through-holes are created through at least a
layer selected from the group consisting of said substrate, said high surface area to volume
ratio material layer, an intervening layer between said substrate and said high surface area to
volume ratio material layer, a coating layer on said high surface to volume ratio material, and

combinations thereof.
49. The method of claim 47, whereby creating through-holes is performed using a

 technique selected from a group consisting of dissolving, dry etching and wet etching and

combinations thereof.
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48. The nethod of claim47, wherein said through-holes are created tqrqﬁq%
at least a layer selected fromthe group consisting of said substraté Bo
said high surface area to volune ratio material |ayer, an intervening

| ayer between said substrate and said high surface area to volune ratio
material |ayer, a coating |ayer on said high surface to volune ratio
material, and conbinations thereof. 49. The nethod of claim47, whereby
creating through-holes is perforned using a technique selected froma

group consi sting of dissolving, dry etching and wet etching and

conmbi nations thereof. 61 15 OCT 2004 50. The nethod of claim 37, wherein
removing said high surface area to volunme ratio _material layer in step (d)

i s perfornmed ¥y ﬁ'ﬁé’fﬁ@%ﬂ ofdains3 st‘ﬂ'@F%Fe%&@&Salfﬂr@@hémfé%ﬂ arpifgriolurgg ratio

CUep. of @Rl ARE ten @8 fBoE) BEthelhich Rl Werlal e, PR i,

consi st iongombinaticiehereof. a coat i ng structure a coatr ng, and conbr nati ons
t hereof onto a second substrate. 52. The nethod of claim51, further
conprising the step of depositing at |east one coating over said at |east

one conponents IOfTh% egh&f 31; cl?rﬁ} 3%'?1%1‘1@%5‘19@1‘19 Il ﬁle%lt@t cgféii?p%ﬁr 1‘?%% geggttodllegs Zﬁ

one coati ng over sal ane nen

a secondompbdnt adlected from the gﬁruptcbﬂgstﬁ@ldiaatevice abtoatifg streciieOs ettink Nardit €
(d). 54. The method of claimb51, wherein said second substrate is flexible,

cur ved, COWPP@QGH‘%&PV@WHB@@“W sebiitiat i ons t hereof. 55. The nethod of
claimb54, wherein said second substrate is an organic material. 56. The

met hod of claimb51, wherein said at | east one conponent is for the
fabrication GR. @hé¢ Miethollidf dlasi St efirthist edinprisigethe slep df tepuitinpat (adtghe

consi sting, of transistors, diodes, displays, sensors, actuators,

det ect orcgat‘%d-ly&%%ql‘éaﬁé%tBB%CQJFPWE&%SEMCM oel ectro- nechanical devices,
fuel cells, biological systens or arrays, and solar cells. 57. A nethod for
creating a cavity structure conprising: a. formng a |layer of high surface
area to vol ursd. Mhkintethed eff dlain 3 evhete siithatléat endcdafib TR at least one

component of step (c) is disposed over a second substrate after separating said at least one

component in step (d).

54, The method of claim 51, wherein said second substrate is flexible, curved,

irregularly shaped, or combinations thereof.
55. The method of claim 54, wherein said second substrate is an organic material.
56. The method of claim 51, wherein said at least one component is for the
fabrication of a thin film system which is selected from the group consisting of transistors,
diodes, displays, sensors, actuators, detectors, acoustic devices or arrays, microelectro-

mechanical devices, fuel cells, biological systems or arrays, and solar cells.

57. A method for creating a cavity structure comprising:

a. forming a layer of high surface area to volume ratio material over a substrate
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having a non-helical columar structure; b. formng at | east one |ayer over
said high surface area to volune ratio material |ayer; and c. rem)vi nar 200
portion of said high surface area to volune ratio material |ayer thereby
creating a cavity structure. 58. The nethod of claim57, wherein said high
surface area to volune ratio material layer is a columar void |ayer. 59.
The met hod of claim58, wherein said columar void |ayer is deposited. 60.
The net hadingfa nohaielicdi&olumifl eirict&@l d col umar void layer is a nano-scale
conposition conprising: ga) a plural i‘tg_ of uniformessentially

non- cont act i iy feEEng atdenst airlayer qust said high spefarerarea fornglume eatioimatoda voi d
wher ei n @%}.qmgni ts have adjustabl e regul ar spacing, adjustable uniform

hei ght, and adj ustabl e vari abl e dianeter, and (b) said plurality of basic
col ummar - 1 i ke temdvingd Bortioh of k41l Yighr suefatedredioavituele sddRSAsteriAMeYer Sitréby
substrate. 61. The nmethod of claim57, wherein said substrate 1s selected
from t hérs3HBgA 2 dbr¥uelirg of silicon wafer, quartz, glass, organic
materials, polyners, ceramcs, sem conductor, netals, and conbi nations
thereof. 62. The nethod of claim57, whereby said high surface area to

vol ume rati o Sgatfkingdthod G@indsn Oickenl s @ighsaiflcsibsio @il@mt FatlRRefidl) 1S
subsequently patterned, 63. The nethod of claim57, whereby said high

sur f ace lacel a@lyanaiyeid @ysto material layer is patterned by using a soft
maski ng material, hard masking material, or conbinations thereof. 64. The
met hod of claim57, wherein renoving said portion of said high surface area
to vol une ratsivo Thetnssthad of dyier 58, wWhetdp sdid rolufinpevdio laediskiepedird cal neans,
mechani cal nmeans 63 15 OCT 2004 or conbinations thereof. 65. The nethod of
claim57, wherein renoval of said portion of said high surface area to

vol une ratio Hekidln 1ail -C). - : ' sal
substrate. 66. ‘Fﬁle mti%?ng%}%#g%g?@éﬁ% goég?ﬂg#]gbl Ig{'}gr%@é(ljl\g/er said
hi gh surbmpesidseeorhmrising! une ratio material layer is a material selected
fromthe groug consi_stitné; ,tof chem cally ) i . .

(2) a plurality of uniform essentially non-contacting basic columnar-like units
penetrating a continuous void wherein said units have adjustable regular spacing, adjustable
uniform height, and adjustable variable diameter, and

(b) said plurality of basic columnar-like units are uniformly orientated and disposed

over sald substrate.

61. The method of claim 57, wherein said substrate is selected from the group
consisting of silicon wafer, quartz, glass, organic materials, polymers, ceramics,

semiconductor, metals, and combinations thereof.

62. The method of claim 57, whereby said high surface area to volume ratio material

layer deposited over said substrate in step (a) is subsequently patterned.
63. The method of claim 57, whereby said high surface area to volume ratio material
layer is patterned by using a soft masking matenial, hard masking material, or combinations

thereof.

64. The method of claim 57, wherein removing said portion of said high surface area

to volume ratio material layer in step (¢} is performed by chemical means, mechanical means
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active materials, polymers, insulators, nitrides, oxides, piezoelectrics,
ferroelectrics, netals, pyroelectrics, biological materials and 15 0CT 2004
sem conductors. 67. The nmethod of claimb57, further conprising the step of
adding gas or liquid into said cavity structure after said high surface
area to volune ratio material layer is renoved in step (c). 68. The nethod
of claim57, further conprising the step of creating through-holes through
sai d at Jreambinafisnd ta¥esft 0 access said high surface area to volune ratio
material |layer. 69. The nmethod of claim57, further conprising the step of
formng an additional |ayer over said substrate after renoving said high

surface area to.yolu i.0 erial. |ayer f.ste c)., .thereby bl ocking
said through- o|ﬂ‘§.m%‘."[$¢$éa% SHeEtn By el S%a‘%%ﬁgéﬁ}f%én@isﬁ#ﬁc%f sai d
cavity sidathbhihd Btidnat@aslayePRAp (Prefloes 4 portib o £ S8l 3Qckuafe. ! @i m 57,
wherein the wdth of said cavity structure is at |least about 10 nm 72.

The nmethod of claim57, wherein creation of said cavity structure provides
for the fabrjcation of se | egt fromthe group . .cqonsisting of MEMS;
field enissidi glg’ﬁr“&“ég?d St & Feraﬁfé’tnﬁ 1y ot ey g i arepig nt

t rappi NGolunfSANs Rfafrial 156Fis SNARER selcb @A FhSHE ng#g &ﬁagﬁﬁag f dheRYY;
display mcro-mrror formations; bionedical an di cal devices; sorting

st r uct ureve matefiglaqralyners sinaitatass, Mittdesnekigeso pieomdlectses; farmglectrads) metals t i on,

wt h t . 64.1. 5 OCT, 2004 bot h: il f ti X tteri
Dot ons PPBkRtics Pigaisal Bptepls A saprariustii | | oon on i noutator o "

structures; interlayer stress control; optical wavegui de and optical device
applications; fluid channels for electrical, chem cal, and el ectro-chem cal
sensors, chrédndihegnethdd/of déiend T duirthes sempnising theditapt oftaddimggas or lifuidlinteel | s;

di spl .. .and. ml I t.ing. .73. T t hod.. of ' it
R L e L
over a swpgéyate; b. renoving a portion of said stencil layer thereby

created an exposed portion of said substrate; c. form ng a high surface
area to volune ratio material |ayer over said portion of said stenci

layer and Sa'6‘§. %@%e%ﬁlods clajfb cﬁéilrnagf;further comprising the step of creating through-holes

through said at least one layer to access said high surface area to volume ratio material layer.

69. The method of claim 57, further comprising the step of forming an additional
layer over said substrate after removing said high surface area to volume ratio material layer

of step (c), thereby blocking said through-holes.

70. The method of claim 57, wherein the height of said cavity structure is at least

about 10 nm.

71. The method of claim 57, wherein the width of said cavity structure is at least

about 10 nm.

72. The method of claim 57, wherein creation of said cavity structure provides for the
fabrication of a use selected from the group consisting of MEMS; field emission sources;
bolometric structures; accelerometers; light trapping; resonance; field shaping; transmission;
acoustic trapping; display micro-mtrror formations; biomedical and medical devices; sorting

structures for functions such as DNA and proteomic sorting; cellnutrition, growth control, or
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d. lifting off a portion of said stencil |ayer, thereby also renoving a
portion of said- high surface area to volune ratio material |ayer fd%nﬂH 2004
t hereover and | eaving the portion of said high surface area to vol une
ratio material |ayer formed on said exposed substrate; e. formng at | east
one | ayer over said substrate and said high surface area to volune ratio
material layer; and f. rempving said high surface area to volume ratio

mat er i alpoliR¥a&il149 fﬁlﬂftﬁh@ et r%regl%tnﬁ YalWli& th‘é crﬁ&ﬁléﬁ?&ﬂ%ﬁj Fl‘ﬁtoﬁ;% im73,

wherein sai'd stenci|l |ayer conprises a rrat rial romthe group
consi st |1m}}1ab¢r stiuctuprse gitartayer stiess cahim]; apticalewvegutalusd optalal devic dielectrics

and conbi na don reo 75, The t hod, of _claim 73, erein said

subst r at?8P lllcsa 198y i'é‘f‘l::@’afl??}ﬁﬁrﬁé“&?%gﬁe@%g ad F]t'?@tr%Fh@F‘IC\ffgﬁﬁs%f ers, quartz
| a c

gl ass, QhERMCrFHySEiedhital r@&k%ff@foﬁucﬂ?s&@ﬁ&r?sfuel c%ﬁﬁ‘odgﬁg%‘é moggé her eby

i nsul ators, and combi nati ons r eof The net

r enovi ngomalgd stencil layer in step (b) is performed using a technique
selected froma group consisting of dissolving, dry etching, wet etching
and conbi nations thereof. 65 15 OCT 2004 77. The nethod of claim73,

wher ei n sai d 78i gie StilRCST c@éa?iﬂ?ta(%a\\/l Hﬂfétlfré‘m Qsd@frﬁ@'c@fn Elﬂg i's
deposited. 78. The nethod of claim wherein said face area to

vol une rat i oanfermitigzt leassone staicil iaper ownad;ubaw 79. The met hod of claim
78, wh ' d i tion
10 e S L A e oSSBT AR

col uMmarkgpbgidse; uni t's penet rating a continuous void wherein said units have
adj ust abl e regul ar spacing, adjustable wuniform height, and adjustable
vari abl e di asefosminganligh byrfargiagcag wohinie mtiomabais tayemdwemsaid pbitioa afmaitls ar e

uni fornly orjent at.ed. over said substrate. 80. The nethod of
o VR R g B85 ot enc i i

claim 73 stencil layer in step (d) is perforned
by di ssol vi ng, llﬁﬁl‘gmff‘egp&{loﬁ@F@dl@%ﬁﬁﬂﬁyérhﬁfe%gf a%?) rerﬁb@ing‘ﬁtﬂ&%rpcff sgigai m 73,

wherein said at | east one layer is a material “sel ect
high surface area to volume ratio material layer formed thereover and leaving the portion of
said high surface area to volume ratio material layer formed on said exposed substrate;
e. forming at least one layer over said substrate and said high surface area to volume
ratio material layer; and
f. removing said high surface area to volume ratio material layer to form a cavity

structure,

74. The method of claim 73, wherein said stencil layer comprises a material selected
from the group consisting of photoresists, nitrides, oxides, metals, polymers, dielectrics and

combinations thereof,

75. The method of claim 73, wherein said substrate is selected from the group
consisting of silicon wafers, quartz, glass, organic materials, polymers, ceramics,

semiconductor, metals, insulators, and combinations thereof.
76. The method of claim 73, whereby removing said stencil layer in step (b) is

performed using a technique selected from a group consisting of dissolving, dry etching, wet

etching and combinations thereof.
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fromthe group consisting of chemcally active materials, polyners,
insulators, nitrides, oxides, piezoelectrics, ferroelectrics, ”Eta|35UCT2ML
pyroel ectrics, biological materials and sem conductors. 82. The net hod o
claim 73, wherein renoving the high surface area to volune ratio naterlal

| ayer in step (f) is perfornmed by chem cal means, mechani cal neans or

conbi nations thereof. 83. The nethod of claim 73, further conprising the

step of creatiNIHeHEAHENQAiIRS74, heg&ﬁ%ﬁé F%ﬂ'sﬁrfg&&p JAGSe Hifttmhi@ryo! une

ratio material layer. 84. The ngt er conprising the
st ep of lawdisnigpgawdor liquid into said cavity structure after said high
surface area to volune ratio material layer is renoved in step (t). 66 15
OCT 2004 85. The method of claim83, further conprising the step of

deposi ting a AgurthRehethGy St olam’VWR»g'{efblﬁ é&i hf%ﬁhﬂﬁée 48R v (? ?Eagiro Lidial

t hrough- hol es. 86. The nethod of alm erern sald a er is a
mat er i alis & e¢lamnavoid bma‘rt he group consisting of dielectric, polyneric,
netal, photoresist, nitride, oxide, biological, sem conductor, and

i nsul ator materials and combinations thereof. 87. The method of claim 73,

wherei n sai d 769avihk YncthddSt i TRV HRrdRe LMol Qnat vdlg?aéfehlsehqﬁm) C%Qﬁnm 88.

The nmethod of claim73, wherein said cavity structu as a w of at
| east abmgosm@wnmprwg The met hod of claim 73, vvherel n formati on of said

cavity struc re or the fabrication se sel.ected fromthe
group consi st lglfa?bi':‘%ém 10 c§seofp IS I Pheiashag aSlCB PB‘H‘E’E““&“‘%‘E% uct ur es;

accel er gﬂiﬁtﬁ[lﬁg a 'cbﬁlﬂiuo% IR vitbreih §5Q '&ﬁﬁé’ﬁavefa'd sf%bfer&"égﬂllglg -spa IE{I:I 1n ﬁgﬁ%ﬁl‘?n

acoustic trapping; display mcro-mrror fornmations di cal
devi ces undem height, snd adjestabds virgabld diamefenprmsdsuch as DNA and pr ot eomi ¢

sorting; cell, \nutyiti Qn rowt h, contr ol r bot capi | lary funpctions;
gettering reggli’)osrqéd' plg %‘P‘?‘Ei’%ﬁ&’é’ém@f Q@FH}’&? - lw ﬂnﬁlﬂ’oﬁemaMrﬁhﬁpﬁ% at or
st r uct ube&;saididuBsttaayer stress control; optical wavegui de and optical device
applications; fluid channels for el ectri cal , chem cal, and el ectrochem cal
sensors, chromat ography, chem cal reactant/product transport; fuel cells;

di spl ay, and nol ecul ar sorting.
80. The method of claim 73, wherein lifting off said stencil layer in step (d) is

performed by dissolving, etching or combinations thereof.

81. The method of claim 73, wherein said at least one layer is a material selected
from the group consisting of chemically active materials, polymers, insulators, nitrides,
oxides, piezoelectrics, ferroelectrics, metals, pyroelectrics, biological materials and

semiconductors.

82. The method of claim 73, wherein removing the high surface area to volume ratio
material layer in step (f) is performed by chemical means, mechanical means or combinations

thereof.

83. The method of claim 73, further comprising the step of creating through-holes to

access said high surface area to volume ratio material layer.

84. The method of claim 73, further comprising the step of adding gas or liquid into

sald cavity structure after said high surface area to volume ratio material layer is removed in

step (f).
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90. A method of producing at |east one contact region between a first and a
second material systemover a substrate conprising the steps of: a5 0CT /i
forming a first material systemover said substrate; b. etching a portion
of said first material system c. formng high surface area to volune ratio
material |ayer over said first material systemand said substrate; d.

renmovi ng a portion of said high surface area to vol une ratio naterial | ayer

to expose a gaory t
form g secaad tefeled 5Pyl 85 ShrfR-BibAling YR G oepd SRk T a7 er,
rati o rveieesin adid fayter iaedblesposedithpaighilohs. of said fi rst material system

so that a portion of said second nmaterial system contacts a portion of
said first material system and f. removing said high surface area to

vol ume ratio ggatﬁlre'r@éth&?gﬁﬁalﬁjgfr\ﬁ{yelﬂ &8 'ﬁﬂ%e?laa/gloirs 'xﬁﬁeﬁﬁts‘éﬁ‘éféd%%h? I 1'st

and second materi al mali n alnin east  one con% act

regi on. gidup cbineistingg dsfcxlieleétncJ polymE, nvdm;@duoreamdni&mdesbxmllabloglcasyst emis
sel ected fromthe oup consisting of netals, sem conductors, chemcally
active rafisopdycor, ﬁ‘%ﬁ{‘?ﬁ‘él?'é’r magerialy apd sembingtions tersof.oxi des, pi ezoel ectri cs,
ferroelectrics, pyroelectrics, biological mterials, organic material s and
conbi nati ons thereof 92. The nethod of cl ai m 90, V\/nerei n sai d subst rate S

a material s 0 consi,sti.ng of siJicon fers uart
o mes S e an i e holbf dgm A SRR DS D S b iR of At
conbi natzheng otfper eof . 93. The net hod of claim 90, wherein said second

material systemis selected fromthe group consisting of netals,
sem conductors, chemically active materials, polyners, insulat ors

nitrides, oxide tr| f er.roel ect. oel ectri b| ol ogi cal
mat eri al s, g;[’n‘i %ﬁ?“ﬁ?f ir‘i‘ﬂ]eﬁ%ﬁﬁqlﬂﬁi“f {i'rfimFWE‘%/%f Eth ‘ﬁat hod of
cl ai m 9Q@poth®h.N renoval of sal d high surface area to volume ratio

material layer is facilitated by chem cal neans, physical neans or
conbi nati on thereof. 95. The nethod of claim94, wherein renoval of said

1 G Ut 20 LSt ko] el 5T o Y S SR G SRR RS, &
product itl@d”‘fa@ﬁcﬁhn'o@ﬁ%%e SE1&PRbMGhe 5@8p @Busisting of MEMS; field emission sources;
bolometric structures; accelerometers; light trapping; resonance; field shaping; transmission;
acoustic trapping; display micro-mirror formations; biomedical and medical devices; sorting
structures for functions such as DNA and proteomic sorting; cell nutrition, growth control, or
both; capillary functions; gettering regions for solid phase crystallization or silicon on
insulator structures; interlayer stress control, optical waveguide and optical device
applications; fluid channels for electrical, chemical, and electrochemical sensors,
chromatography, chemical reactant/product transport; fuel cells; display, and molecular

sorting.

90. A method of producing at least one contact region between a first and a second
material system over a substrate comprising the steps of:

a. forming a first material system over said substrate;

b. etching a portion of said first material system;

¢. forming high surface area to volume ratio material layer over said first material
system and said substrate;

d. removing a portion of said high surface area to volume ratio material layer to

expose a portion of said first material system,

67



between a first and a second material system provides for fabrication of a
structure selected fromthe group consisting of MEMS devi ces, cantinQNmn'mm
structures, mcro-switch structures, mcro-mrror structure, actuators,
field em ssion structures, bolonetric structures, acceleroneters,
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second material system contacts a portion of said first material system; and
f. removing said high surface area to volume ratio material layer, thereby freeing a
portion between said first and second material systems while maintaining said at least one

contact region.

91. The method of claim 90, wherein said first material system is selected from the
group consisting of metals, semiconductors, chemically active materials, polymers,
insulators, nitrides, oxides, piezoelectrics, ferroelectrics, pyroelectrics, biological materials,

organic materials and combinations thereof.

92. The method of clatm 90, wherein said substrate 1s a matenial selected from the
group consisting of silicon wafers, quartz, glass, organic materials, polymers, ceramics,

semiconductor, metals, and combinations thereof.

93. The method of claim 90, wherein said second material system is selected from the
group consisting of metals, semiconductors, chemically active materials, polymers,
insulators, nitrides, oxides, piezoelectrics, ferroelectrics, pyroelectrics, biological materials,

organic materials, and combinations thereof.

94. The method of claim 90, wherein removal of said high surface area to volume

ratio material layer is facilitated by chemical means, physical means or combination thereof.

95. The method of claim 94, wherein removal of said high surface area to volume

ratio material layer by chemical means has an etch rate of 25 pm per minute or less.

96. The method of claim 90, wherein production of at least one contact region
between a first and a second material system provides for fabrication of a structure selected
from the group consisting of MEMS devices, cantilever structures, micro-switch structures,
micro-mirror structure, actuators, field emission structures, bolometric structures,

accelerometers, biomedical and medical devices, sorting and affixing structures, and
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electrical, chemical, and electrochemical sensors.
97. A method for fabricating a chemical transport/chemical catalysis assembly

including the step of forming channels within or over a substrate for bearing reactants,

products, or both, said channels and said catalysis structures being formed by claim 1.
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