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M CROSTRUCTURES AND NANOSTRUCTURES FI ELD OF THE | NVENTI ON Thi s invention
relates to a new process for the replication of surface relief at the

m cr omet avO aom/oue0 nanonet er di nensi on scal e. Furt her norEGT/UR®ORODOMS S
provides for the transfer of the replicated pattern froma nmaster substrate
to a second substrate. 5 This invention describes a nethod of transfer

| ithography in which a disposable internediate tenplate is used. The
process is also suitable for replicating and/or transferring single or
multiple |layers of microscopic elenents that are to be used for photonic
applications, netrology applications, and in the fabrication of integrated
circuits and other mcrodevices. 10 BACKGROUND OF THE | NVENTI ON

M crolithographic patterning of integrated circuits has nade great

i nprovenents in the recent years. Prototype devices with dinensions |ess
than 100 nmin w dth have been denonstrated, and are expected to enter
routi ne production soon. 15 These integrated devices are typically
assenbl ed sequentially, through a series of process steps that carry out

t he necessary deposition, patterning, and etching steps that result in the
final device. A contenporary m crodevice often conprises nore than 25
distinct layers, each with its own mask to define feature di nensions, and a
14 MARCH 2007 WD 2004/027460 PCTI US2003/ 029040 sequence of process steps
that the entire wafer nust undergo to create the desired |ayer. Extrenely
hi gh resol ution |ithography can be carried out using el ectron beam (or
E-beam Ilithography. This prior art technique for fabricating m crodevices

is 5illustrated in FI GURE JREPHGMQWWM@%ERQW ally processed
device 100, conprising a substrate 110 with the previously fabricated

| ayers 120 contai ni ng MICROSTRIKGTYBES ANDMNANOSTRUETURESd with a uniform
| ayer 130 of the material to be processed (e.g. netal, polysilicon, etc.),
and then coated with a polyner |ayer 150, conmmonly called a resist,
sensitive to el ectron beam exposure. The sensitive layer 150 10 is then
exposed to HEEL® OF T¢{E QlIVENm()Nbearrs 160, as shown in FIGURE 1 a, where the
geonetric arrangenent and dose defines the pattern to be forned. The exposed
This invention relates to a new process for the replication of surface relief at
the micrometer and the nanometer dimension scale. Furthermore, the process provides
for the transfer of the replicated pattern from a master substrate to a second substrate.
5  This invention describes a method of transfer lithography in which a disposable

intermediate template is used. The process is also suitable for replicating and/or

transferring single or multiple layers of microscopic elements that are to be used for

photonic applications, metrology applications, and in the fabnication of integrated

circuits and other microdevices.

10 BACKGROUND OF THE INVENTION
Microlithographic patterning of integrated circuits has made great

improvements in the recent years. Prototype devices with dimensions less than 100
nm in width have been demonstrated, and are expected to enter routine production
soon.

15 These integrated devices are typically assembled sequentially, through a series
of process steps that carry out the necessary deposition, patterning, and etching steps
that result in the final device. A contemporary microdevice often comprises more than

25 distinct layers, each with its own mask to define feature dimensions, and a



material is then chemically processed, or devel oped, and, as JHMARCA200TCURE
| b, the unexposed regions 152 are left on the substrate. These serve as
protection for portions of the material to be patterned 130, so that after
subsequelP 804606849 ng, as shown in 15 FI GURE 1c, only tW&WW@-ﬁWéﬁl‘mportions
132 of the material 130 to be cessed remain. Although E- beam | i t hogr aphy
can produce®@¥qfre PVcﬁ?sﬁeﬂségg‘l ¢ PrIre eafergpiyt undergo tw atefhe dgsigidyhput  of
an E- beam ine is very slow Beans nust be directed to each spot on the
waf er in sequence, which makes the process generally slow and 20 inpractical
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formed by a high resol utlon patterni'ng techni que, suc
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The nost stma{mjzﬂtls mema:hdrnudaﬂlugirowssadnonde\telnp&dy\asl desleivapedFIGURE dpithe Chou
et. al, and is illustrat in, FElGU 2 rocess would take the sane
Chyer t o pameRpased €t B2 4 1EH G s Sohstialey ThedesoPa AR L G oS 5 00,
but coat thsttRepaiERLPG bép&iéme%t@ow hlaﬁaﬁé%ﬁ[)se%tjeﬁ &6&&3 bisshBamYMAEr 250,

as shown in FIGJRE 2a. The 5 nmaster tenplate 21 erns of

i ndent altsi orlSGRRE égrqné}sﬂmpipwgtexlmonmthﬁmi thevmatesial IthtQ beaprosessedtt ures are
desired, is fabricated by high resolution lithography techniques. The
tenpl ate 216™ t hen al i ghed over the substrate 100 and as shown in FlI GURE
2b, the two are RhesphE-begaRlgs a?ﬂ}&aﬂ Sdute Kk freel WhiBh resofition!patternis e

I ndentations 212 in the master zgr Th eqfrrraster I's then renoved, ﬂleaw ng a
pattern of thetwicalfroughpupgpank-heam machine istvery slowa Beamsmustberditecied toc

Subsequent AR § Spo onqgé wafer in sequence, which makes the process generally slow and

20 impractical for large numbers of microstructures. Instead, in optical lithography, the E-
beams 160 are replaced by an optical image of a mask, which exposes the sensitive
film 150 in parallel. However, optical imaging techniques do not have the same
resolution as E-bearn systems, and fabricating nanostructures (features with
dimensions on the order of 100 nm or smaller) in these layers has been growing

25. exponentially more expensive. As aresult, altenative paradigms for lithography of
these layers have been investigated.

One example of these novel technological patterning paradigms is nanoimprint
technd]ogy. In nanoimprint techniques, a master pattemn is formed by a high resolution
patterning technique, such as E- beam lithography. These high resolution masters are

30 then used to create a corresponding pattern on the IC layer without the use of an
imaging step, but with some kind of stamping or printing technique. This is in
principle very similar to techniques used for creating the microscopic patterns found

on compact discs (CDs).



such as etching, |eaves the desired result of patterns 132 for eMARGHRN0Zyer
130, defined by the |ocations of the remaining material 252, as shown in
FI GURE 2d. Chou has denonstrated the reproduction of features as small as
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and | eavi ng t hi ckef material 352 ovVer the portions of layer 130. Subsequent
processi ng, irsigntatiass 213tio thepastee 2l sTheroadersis than regwukd, ledvinga patters of 32

formadfromla er ,_defined b | ocat erralnln mat eri al
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master must ghg e{s%&‘?xﬁ{gefga)éeéjﬁl%‘ﬁem%h féﬂﬂt&f PRI Yokted fi8nf{18yérABOON of the
desired material. This can lead to danmage to the master through normal wear
and exposur defineddnrtha icationssof the comaming el @52, asushewntin FIGPRE:2d. €hou
diffractive structure sed for grat and ot her hotoruc devi ce

i nvol ves t hBa% %’éqqs{gﬁe‘eﬁ’errgqugﬁg tl fgg%taéffr’@ﬂszi d‘m‘l*ﬂﬂgg“ﬁffﬁ’b‘ﬂgel nvol ve
the creation of caeirﬁﬁlwmsaﬁemwm\e résRkd G ¥atiRien 64 thidReEnifYe APP! Ying a
thin vacuum 3 14 MARCH 2007 WO 2004/ 027460 PCT/ US2003/ 029040 deposi ted
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t hensel ves e ac 5 process |scar
when dapmgegk also sensitive to UV exposure. The transparent master 310 is pressed against the

polymer 350 on layer 130 and substrate 100. This layer 350 deforms, filling the
indentations 312 in the master 310 with material 352., while possibly leaving a thin
layer 351 still between the surface of the master and the substrate. The polymer
materials 351 and 352 are then cured and hardened using UV exposure 360, as shown
25.  in FIGURE 3b. Then, as shown in FIGURE 3c, the master is removed, and leaving
thicker material 352 over the portions of layer 130. Subsequent processing, such as
etching, leaves the desired result of patterns 132 formed from layer 130, defined by the
locations of the remaining matenal 352, as shown in FIGURE 3d.
A drawback to these techniques is that the master must be repeatedly used
30  again and again in the formation of the desired material. This can lead to damage to
the master through normal wear and exposure to contaminants. A common technique
used to replicate diffractive structures used for gratings and other photonic devices
involves the creation of replicas of a master grating. These methods involve the

creation of a master from which replications are made by applying a thin vacuum



George Witesides et al. have devel oped a sinilar process usiig MAREBROGT
or to tenplate, made from pol y(di net hyl sil oxane) (PDMS) for applications
what he calls " soft |ithography". They have al so devel oped a variation of
this pro¥@80474#9 an inking technique, to mninize da $2903/p3904%p| at e.
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used directly, but is’replicated as a polymer tenplate O wth raised
secti ons 4¢overed mastepnthegpmbinatien istbemcuaed amdtheqRocesh isscomplgted wheatid at e
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Wi t esi des’ process coats the aSsenbled substrate wth a layer of a special
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shown in F|GURES 4a and.4b, the tenplate 0.is forned from P y coating
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ot her coat pgn@afhaked. i Ng techni que. Then, as shown in FI GURE 4c, the

tenplate 25 410 13 then bonded to a carrier 430 using sone bonding |ayer
420, and renoveGeorgnWhitesideseat tabrhat©develdped a @mplanprcdssusing 4 tephicd,ionked"

with a thin | ayer of special chemcals 4 t hat. only the raige

porti ohd 41@@%“’1 made Bﬂﬁl %&?ﬂdﬁmema@%%gg@%[}% ?Pé’ﬁﬁﬁ\é‘h‘%c“ﬂat hg £alls gs shown
I n FI GURE }lm)?r I ' ' ; | cont act
with the séﬁ%%lra eép% 0 %hﬁh%g{]@%;l@gﬁ?i@g? te“zA %P@?so%g\c/fégg%ﬁlgl?hgo coat ed
with a | aisking chmiqpe,do esnirdzd d@mageodhetengshte] dheris4hfilartin@osdepttd ng t he
"ink" 414 to the substrate as sho in FIGJRE 4e The materjal for the ink
414 and ;hé‘ql&g@@issgb Eﬁmpﬁéoméﬂﬁh"i%‘ pge, .,coﬁﬂﬂ‘t‘loéémwgal tered |ayer
of materi agﬁ,lﬂlﬁ%ﬁbﬁg_l ocations touched by the ink 414, as illustrated in

Fl GURE 4f. is altered rratgri al 452 serves as a barrier 4 14 MARCH 2007 WO
2004/ 027460 PCT/AuC2Go8162bbusOprocess heillustrated onEIGREt4 cThempastered0ayish 130

formed fr offdeapapne40F Teiki Rl S5 imaty sl hEcut e & e polmeE R AUl &
Chat 11 m e s o o P, o e RO )
because of 41Beanib¢ fisadalirgetly fortimprimtlithographpisanshdiseeddd if demagésbthrengh t he PDVB
and the nolrglsg.a graicﬁilei'e &%%allniergaitgr%s 132 from a layer to be processed 130, coated on a
20  partially fabricated substrate 100, Whitesides’ process coats the assembled substrate
with a layer of a special material 450 which is selected for certain chemical
characteristics. As shown in FIGURE:s 4a and 4b, the template 410 is formed from
PDMS by coating the master 400 with the material, either through spin coating or by
some other coating and curing technique. Then, as shown in FIGURE 4c, the template
25 - 410 is then bonded to a carrier 430 using some bonding layer 420, and removed from
the master 400.
‘This template 410 is then “inked” with a thin layer of special chemicals 414
such that only the raised portions 412 of the template 410 are coated with the chemical
414, as shown in FIGURE 4d. The template is then aligned and placed in close
30  contact with the substrate 100 with partially fabricated microdevices also coated with a
layer to be processed 130 and chemical layer 450, transferring the “ink™ 414 to the
substrate as shown in FIGURE 4e The material for the ink 414 and the layer 450 will

be chosen to react, and leave an altered layer of material 452 in locations touched by

the ink 414, as illustrated in FIGURE 4f. This altered material 452 serves as a barrier



t hr oughput because of the tine needed for curing. It also sufftMARCHRA007
material inconpatibility since it will stick to |large areas of clean
silicon. In all of these fabrication techniques, the inprinting technique
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20 free of defects as it is used again and again can also present problems.

Furthermore, processing the wafer itself layer by layer, although the standard

fabrication technique for integrated circuits, may be less than optimal. For example, a
metal or polysilicon layer may be best processed at a high temperature for the best
results, but this degree of heating may damage or even melt the layers previously

25. prepared on the substrate. Because all subsequent steps in the manufacture of the
microdevice are deposited on the same substrate, however, these problems in process
compatibility and their required compromises remain.

| Some manufacturing processes in other industries avoid these problems by

having separate manufacturing processes for different components, and then

30 assembling these at a later stage of integration. The packaging of ICs is one example
of such a dual process, in which the IC itself is prepared on a silicon wafer, and then
cut from the wafer placed and bonded into a pre-prepared package. The preparation of
the package and the IC follow two separate manufacturing processes until the bonding

step is required.
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20 invention separating the preparation and imaging in lithographic materials, and the

subsequent steps of processing the image and transferring the pattern into the final

substrate. This was done by the formation of the required latent image in photoresist

on an intermediate carrier. The photoresist containing the latent image is then

mechanically aligned and transferred to the location on the final substrate where the
25 . subsequent processing is to occur.

This separation of processing steps allows an inventory of pre-processed latent
images to be formed that can be used upon demand without delay. These latent
images are typically formed on flat carriers under optimized imaging conditions. It
also allows the preparation to be carried out on the carrier using an optimized process

30  without concern for the immediate consequences on the substrate, since the substrate is
not part of the process. The only concern would be the interaction of residues and the
substrate once they are brought together.

Although the prior techniques reflect a great degree of innovation and

creativity, and can offer significant cost advantages over conventional lithographic



reusing a nmaster or tenplate. Furthernore, although the previ olsMardigs200dsed
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structur eS,ad@BﬂtaFésaJﬁfr%)Birﬁ&iﬁth ebat Boes’fdt HavS e \REbIEmS SBRLALG: wililli S

di ssol vabl e tenpl'ate is not” reused to pattern several substrates, but is
physi cal | y rewsingf enasted ot templateb Furth¢rmorgralthatglethe paeipusly dsclosethd

subsequent | I ssol ved. .Furthernmore, we disclose he a .net hg r

pre- pr ocess’ﬁﬂgc %ﬂsg?rs}'tﬁ?gr?_ tephafimec a?og?eeor{tﬁgs}? BT %L’?‘ﬂl& to the
substratse, ih&%‘é?@f?ne‘afw&og’éﬂﬂfaﬂl?ﬂﬁt ahd dide B foPogrhphieirubRirdd nal substrate
itself. We also disclose a nethod of actually tabricating layers or portions
.of |ayers oforeespendingtoahé topographfdesizedianghe fimalbwalessasf erri ng t hese
pre-assenbl ed el ements or nanostructures to the final substrate. To

I mpl ement tdi ster pattern using a high resolution 20
i thographimgﬁﬁg,fﬁ%mﬁ tron beamlithography, on a durable
substrate, such waslisdlédetere #methddldfZeplitifine Alidrvstridhn®s CRALRIstri@ufesr N Wi | |
have sone definition of the features to be created as variations in

t opogr aphy, fremc masferpprocessing tha replicated strueturesy andzanstarring themusing at her
nanoi npri nt ..l i thography .t ni gues.. The pajt.erns _on fhe master are then
replica Oed %?FOBY?@%&F&QY%}%%WR'B?]S&%@éé 1S Qgéf?ﬁfeé’ttg Raten %&vgr,a'i suppor t ed
by an int erdﬁﬁ%ﬁés‘;‘bﬁﬁfs;ﬂh%icalmaﬂs%ﬁéd%%sﬁ%ﬁ@f&%aﬁ&&ﬁddﬁm@&], andli sposabl e
replica of the master for subsequent use in an inprint |ithography system

or can ser\sabaequenidy digsdleed.or the formation of the nanostructure el enents
t hensel ves. These,nanostructures,my b ?at ed on t carri.qr rough the
gl

e,Ch he t
suitable sequ eBPO‘EeBS i |ae’BF‘P8B| %&pé?'pé%cé‘lsf’lﬁé m%%ﬁ“l B g, and/or

etching st %FLicJ\bﬁicBQresmkﬁ%hg_enéﬁ tothe SEtsssrattd ifdedadiof oMtldting QR §R6cessing he
specific application for the final device. Aside frommcro and

nanost r\ict emethetfimpl aubstratedtselé. devi ces, the tenplate may be used to
Labr) cat 2 O ASRb A B Rl AORLAN b BN RRERE BP0
7 14 NMARCH mfipddevite 02084 réphiéd Sdhdfahsfebai)OiheS25re Mdsdnbidb@rlensanpedrc onduct i ng
devi ces, anlgjant())ist%c(t)%iegg)l thg%%lali gu%tstir:?tg.s i nvol vi ng sel ective
To implement this method, we create a master pattern using a high resolution
20 lithographic technique, such as electron beam lithography, on a durable substrate, such
as silicon or quartz. Typically, this master pattern will have some definition of the
features to be created as variations in topography, and may be identical to the master
patterns used in other nanoimprint lithography techniques.
The patterns on the master are then replicated by one of a variety of processes
25. onto a template, supported by an intermediate carrier. The template can serve merely
as a disposable replica of the master for subsequent use in an imprint lithography
system, or can serve as the basis for the formation of the nanostructure elements
themselves. These nanostructures may be created on the camer through the suitable
sequence of deposition, electroplate, coating, patteming, and/or etching steps. The
30  selection of processing details will depend on the specific application for the final
device. Aside from micro and nanostructures for electronic devices, the template may

be used to fabricate a diffraction grating or other photonic device depending on the

desired application. Other applications are micro electro mechanical systems



patterning of protein and DNA sequences.. Once the tenplate | J4MAREH2WT o
the carrier, the carrier can be stored until it is- required for

manuf acturin At that tine, it is aligned to the final device substrate and
5 faci | i WX WR4AH6Y r ansfer of the pattern. The tenpl at e REFUESOZOMIOI0d t O
the surface directly or maybe applied using a formof inprint |ithography.
However, t MEMS), Slmemeﬁ@ctm deyicesrandrhiologicpbanplisetionsdnyelipesselective act ual | y
transferre r carrier renoved, |leaving the tenplate
on the subg?ﬁ&t’&]gﬁ hsafe}g;belﬁgqc %eglggy ng. The terrpl ate is destroyed by

t hi s subsequenOnge theeeﬁpla@ is Afladhiet ho thecvapeers theehyriarede b atgpeditutil, it ishi s

di sposabl e tenpl ?te t%gml que offers all. the advantcfa iaﬁ af nanoi npri nt

|'i t hogr aphyEauitRd for repnuiachiring At that et salienpdio Bedimal devieosistreteprat e

reuse. nce,difigiel E{Maﬁﬁkﬁr bP the! ﬁEﬁd Tlféqgﬁg e may bk:%dﬁér@&'io [, agdi ti onal

processing can ta ace on t ete prior“to the transfer. This can be

as sinpl e aieabadrimay Ibcoa@ﬂldd using aﬁbaalolﬁhﬁpﬁuhahﬁmepmytﬂamﬁat therkeganoi npl i nt
process, or 15 t he appli.cation of ings to 'allowthe tenplate itself to

become a oplement olpcBHPN l%théhthaéeraplﬁmlaavtr@lﬂy B?-“Sff?fé%@l the spkstraisandver, it
|
o 2o, BB BberSORBAS sl e T ATRE ARARTEDRSCRIRERRESS} ot oPs

nanoscal e Whéeeinp]ateci@desaﬁyed bydiis ebReduent proieedsig ed d| rectly into the final
devices. 20 These can then be transferred along with the dissol vable

tenpl ai®, usi n¥ith @e¥reasivelymads templatesaitus éﬁpﬁ»aab}e template tachpigue effesalbart  of

th f f d
e e 2 Al B S i ol B e RS IR b 0 B
1: Processiligugh efpldtoreupat Oacertheaemplateds chaatdd; Bewevdr] &t iogeanhyt (Pri or

Art); FIGURE 2: Processing steps for pattern formati on by the nanoi nprint
t echni que a@‘f‘“@ﬂilﬁ’f‘(@?ﬁl@ﬁ@ﬂr%e placeopthesemplate paay tﬁg}héfréb%felf ofhig & Bg ep and

flash proc Is <SS or. the
m cr ocont agfﬁgﬁll n%[{ér%ﬁggtﬁﬁt"gél ﬁ%lg ﬂe&fggééﬂrfg ?‘C Ket E] @ttﬁ eos\g/v c¥crhart of
generi ¢5 pr deespplicativnraficogrings td IaHownhetempcbme itsélf fdbcotme Poptivab somporeneps for

a nanoi npri nt prOCess us 9. dlssolvable tenpl ate according to the
i nvent i on; Swehias apQlgnz esnel lens.

However, it is also possible to carry out a more elaborate sequence of processing

steps on the template, actually pre-fabricating elements of components such as
nanoscale wires or contacts that can be transferred directly into the final devices.

20  These can then be transferred along with the dissolvable template, using a direct
transfer from a carrier to a substrate, as part of the manufacturing process for the final

device, or can be transferred as a nanoimprint process is carried out.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1: Processing steps for pattern formation by E-Beam Lithography
(l;rior Art);

FIGURE 2: Processing steps for pattern formation by the nanoimprint technique
of Chou (Prior Art),

FIGURE 3: Processing steps for the step and flash process of Willson (Prior
Art);

FIGURE 4: Processing steps for the microcontact printing of Whitesides (Prior

25  Ar);
FIGURE 5: Flow chart of generic process according to the invention;
FIGURE 6. Processing steps for a nanoimprint process using a dissolvable

template according to the invention;



WO 2004/ 027460 PCT/ US2003/ 029040 FI GURE 7: Representative fl owldVAKrRCH 2007
addi tional processing on the tenplate; FIGURES 8: Representative flow chart
for the creation of nanostructures on the tenplate; FIGJRE 9: Processing
steps for MK ati on of masters; FI GURE 10: Additi oP&AIT/By2083&4948g st eps
for the preparatio f_a multilaye master; FIGURES 11: A conpnventional spin
coating appar at @MI@BRE@STE?“W e gharpy .rsafie'é’é’“F mﬁ"ssr"‘rﬁ’é‘ﬁ”g?é@mﬂ?‘ﬁéd

di sk; Fl GURE 13p1FURESH RepRRehNe AW LhH FiIhONeghich bFfRloSiferiied of the

nanoi nprint 5 process usihg that tenplate; FIGJRE 14: process steps tor
prepari ng ptmmpateed materials on a tenplate and transferring the patterned

materials to a te: FI GQURE 15. Process ste for preparing
nanost ruct ur es gm&@&&%&‘%ﬁepﬂ%%gwqrﬁ@q‘Rémﬁ%{ﬁrﬁgt ructures to a
substrate; and f} lbﬁAdéNtifoﬂf,l béessi Ersfégg?&'tﬂg &g%mioh%ffa%ﬁﬁﬁjgwg _

t 3 Pn ed material s

patterned materials on a tenp e and transferr the pattern
to a substrmataster;10 Note: Al drawings in cross section are for illustration

I
pur poses only. Lmensions of the. layers in these illustrations are not
shown to scal e,;@@ﬁgﬁf CORYeNUOBALIPR FRANNEIBRRUSe desired rel ative

t hi ckness of th b kd_ Lhatdsons. Note: Al though
we have used idg%dg@ég?ﬁ&%%é%ﬂ‘{%&é@p@tgﬁﬁgagi’ép#‘délx_%ﬁeg?l%kg 15 substrate 100
and its el ement EIGEREVISt Prazsssl stapsrforl §sttering binte asteinplatetued a @pn@mprint ng t he
| ayer of material to be progcessed, it will be clear that any substrate with
any numbr Bfocesusing RademRIAS s can be used with this techni que. DETAI LED

DESCRI PTI ON OF Fi’dEUkE% NTioChY ' qﬂﬂﬁgﬁﬁﬂxgﬂ%@l\é diRA '51?%%3% é
manuf act uri ng techni qugl\ggr |snt gSrate 2 evﬁ’getsrmll}s?ng a is@g‘ltvgﬁ e
t enpl at e t hatnsferringuhe patternedndaterals bea ayhysitdatel t 0 nanoi nprint techni ques or

to the pre-fabrjcati of portions. of mcrodevices that are stored until
their use is reﬁm&ﬁ%@fq‘m stensderprepanng pangsirugtuees op ademplis gl of ¢ he

best and prghgdtsthetRORHos RGeS0 & sitrﬁté?ﬁﬁci on. FIGURE 5 shows a flowchart

for a manufacturi né process using tE'i?qs technique. 25 Initially, as shown in
FI GURE 5a, st epFHEGURErl®andtemative ptoeessieg stepsrfor pfeparingpatternédunaterialsai 4 he

structures o he fahricgted. Step 510 represents the replication of the
master in a%erq;ﬂﬁt&aaag_an ré"ﬁ'gé'%)p téeﬁ?eéjs@ﬂ'tggagﬁ‘éats}‘ %r of the tenplate to a

carrierpln steRoR3Al drawings in cross section are for illustration purposes only. The

dimensions of the layers in these illustrations are not shown to scale, nor should any
conclusion about the desired relative thickness of the layers be drawn from these
illustrations.
Note: Although we have used identical numbers to represent a pre-formed
15 substrate 100 and its elements, as well as layer 130 on this substrate representing the
layer of material to be processed, it will be clear that any substrate with any number of

preformed layers can be used with this technique.

DETAILED DESCRIPTION OF THE INVENTION
As indicated above, this represents a manufacturing technique for integrated
20 devices using a dissolvable template that is low cost, and can be applied to
nanoimprint techniques or to the pre-fabrication of portions of microdevices that are
stored until their use is required. We now present a more detailed description of the
best and preferred embodiments of the invention.
FIGURE 5 shows a flowchart for a manufacturing process using this technique.
25  Imtially, as shown in FIGURE 5a, step 500 creates a master pattern defining the layout
of the structures to be fabricated. Step 510 represents the replication of the master in a
template. Step 520 represents the transfer of the template to a carrier. In step 530,
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processing steps are carried out on the tenplate. This is also the step
where entire nanostructures or portions of other devices can be fabricated
on the tWRAPOAYE7440n step 540, the carrier and tenpl at e, PETIHZONH 28048y
structures fabricated on the tenplate, are placed intop storage. 5 In step
550, i niti aPptionaksdditional pracessing @a’wefﬁé‘egesgw thedemplate. Thigisgdsonthe | s

reached ggﬁe;fwﬁ,@l% &%&%gg@sggcrﬁpe@ ro?}%mg& Bflothgr GG fb@gm}ﬁ&ie%ﬁ?ﬁ {gp! ate

s requir n step e carrfer/tenplate 1's renove rom storage, and
i n step 570etdpdate.dnrstepr 5405 thel dagriednd template, slohg twith vy stmicairepfabfifated b8

tenplate is transferred to the substrate and the carrier renoved. This step
can conpri s@eAeRRRt: A5 platediiptoierage. met hod, or can al so conprise 10 a sinple.

compr i sedemals, afs Pl thod, or comrise
Cubstrath and AN Sb e s B EOTERA e LB ombldnF R retbll®, g

| eaves t he wWhéierthelpatpahing cbfresponting t6 tiespre Fhlsricatd ddeiipldie #reysired. R sep
detail ed sequence of steps for the npst general formof the process as we
have i npl enddf der Garmeritegiplate iremavert fro ageyand in pigp O4P the carperigtaligned| 5 as

ve i mpl ers " _ )
procise ni o PEENRoLPre REOIA RulFHER GondhRb 10 MMM it gl Y

| i t hogr aphyremiosed CEhik ¥tep cit6mpeibe 4 fanoimprinEtsirs fer @éihod, lolr ci® aBo cofipfise
material such as siljcaqn, although transparent materials such as quartz can

al so bellsetisimplemeshggnieal frapsfer {actlitated,by adhestvesinalky i $t2pi590; thesubstalg ed by
ting th ' f o 41 ' ical ial f
coating ¢ beufiehBlar 83040 BBl QL WuRRLE e s oREE Rl LT o1 T

i |1 ustrat edpdtieris SHARE s@bstrald)i s material is applied fromsolution by spin
coating, and the resulting tenplate 610 fills the topographic contours of

the master 600 KIGTURE 6:showisg monsalstailed sequence efztepsdfor Hiemaestiggnerphformpfe

t | ate 61Q i - i
25 630, "t oiepRagers Bt HERREnd ERRNEAS TREE Ebadilh O Mhe Bdshir et BrhRly
620-i s 1conaaised pbAidns®12 ahra sabstfatdmaterd E60®as shoxiPinFIGURE 8a pglaypmtaisd n

sheet, with a suitabl e adhesive 625. The renpval_and attachpent steps can
act ual |y behigBagsohiion hithographic tephpiqus, typisally using;k; heagyhbeeraphyobypicallyed i n

contect . gl Rk, fhubn LIRS AR RERIR iy A gg0c 1 o
substrat e lf@éhsparept matsiaiskuth a$ Gearpzaiantalsotbensed. | ayer 130, as shown in
R o < ST e 660 WithJatted Sachires 61 & then rented by coniigg the master
i ndent ati ons 61PnGiFmR! y g
20  with a conforming coating 610. A typical material for this is polyvinyl alcohol (PVA).
This results in a coated master, as illustrated in FIGURE 6b. This material is applied
from solution by spin coating, and the resulting template 610 fills the topographic
contours of the master 600 while leaving a back surface that is uniformly flat.
The template 610 is then removed from the master 600 and attached to a cammer
25 - 630, typically with a pre-formed sheet 620 to aid adhesion. The sheet 620-is
connected to the camer 630, made for example from a polyolefin sheet, with a
suitable adhesive 625. The removal and attachment steps can actually be combined,
by having a carrier 630 with adhesive 625 placed in contact with the back of the
template 610 and removing them together.
30 The carrier 630 with template 610 is then stored until a microdevice on a
substrate 100 is processed to the point where a layer 130, as shown in FIGURE 6d,
requires patterming using the layout corresponding to the indentations 612 on the

master 600.
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100 with layer 130 is then prepared for transfer by coating with an
def or mabl e Ig}\éer 650. This layer nay be fabricated fromthe sane materi al

used to NEKHYEY3¢%mbl e | ayers 250 or 350 in other nanoiRffYVH003H28¢8sses,
but can al so be.,angt he terial . T arrier 6 i.th.the approprjate
tenpl ate 610 isTP%ﬁ"gR; a{ef@rﬂﬂg' 239'8? E%glsglhe&' par%i)ﬁﬁigorwa[nﬁfefﬂé' °§8@’&&&t‘8”100,
as shown i n defodble 38yer 656 THAS IdB@fm@?@e/fabriceféwﬁdrﬂ thelmeSmbteen] Beg 36 ed
agai nst the deformable | ayer 650 |ayer on the material 130 and substrate

100, accor dimafedefommeblgllayesnd?hor 334 intather nppeimprint procgases, brtiser alsobeer i al

650 defornms tqg,fill t.  ndent atLons 2.1 h enpl ate 610, formdn
patterned naaP(cé{PfrefPatSP?@’c[?‘ﬁrg%?eéééﬁ)wfﬁg&%a rp??éqaﬁ%%gnr?lg%tfﬁg HS F gﬂ%‘(fg?forﬁeavi ng
the 10 tenplsekfpetahd atipledwith BidQbsiiRe 200,ads showH Gh FIGEREDGe. BfRicAftier §30 hown
I n FI GURE 6f. he substrate 100 with tenplate 610 is then processed in a

manner whi clemplatedilPds then pressedhpgainst thedeformablehlaper G0ayerygn thamajerial hi s i shy

i mrersion i ter ' di ssol.ve VA .er .t enpl a 10 _and the
pref or med sﬁgégmgi@sﬁ%%glo v%c,cofchgg an?{rg}a%%@ot"ﬁ_gpg?{l%ﬁf’mg? Sué-?‘ﬁgfé%nggnlgeon
portions of nidi&idl 836 defbdds tfilthdmdematiail 612MR b teffplROGID, fhaming Fl GURE 69.
Subsequent processing such as etching transfers this pattern to the

mat eri al | apeiterned matepial stepaterds 692. TheovamrierPI0iAbRE rgnoved, Lagringthehows a f 1 ow
hart f i ati f thi ' ' ddi ti | . ' t
Chrt 0 A S o L A Oy PSRRI, L

FI GURE 5 corpeiseltrafd RIBwith femplare.6101§lthéd Hrodessédiifi A Marfief Wihidh disvolve8ithd ayer
or 20 layers are coated onto the surface of the tenplate and processed. This

can prot ect template:6d@pmind shea 6201 Fymeallynthagishy immersien imwater, ovkigedissnlvesay e

of the. bar 1 PO TG e B ahd HeoeloRiha syl 8B Rlssalle, Bk pbiined L0 W

a metal, sucintésal @@hétures $529n Poftittisiof e lgy&)IS0asbe paneed aEmain s shéwm
Typi cal coating | ayers are on the order of 10 nmthick, although the exact
25, thi dknedsF 'UR\ém Subseguentiprepessing suchas etching wansders dhis patten taties can

further be aﬁérgﬁé?)@r]g)gbea?ﬁ%%#%sn%r riniﬁGﬁl&P&z.?"l for additional

protection. ayer can undergo further processing,

such as pl anari FRGURE. 7 $Howsafl®@ chae fortaalriatibh 8f FHiOpREEss, imwhith aliditibaal
deposition of a netal layer in stgnp 732 (in this case gold) as a barrier
| ayer, can [PEOCSFsiRg deaps e samed ont.d o this gxample,the optianal procesSingslep 53@he 1 ow

chert " ok B B ERES Bt e s BB fon eyt <

20 layers are coated onto the surface of the template and processed. This can protect the
template 610 from contamination during storage, or have other desired chemical and
physical effects. One option for the'formation of the barrier layer is that the surface of
the template 610 is coated with a metal, such as gold, using a sputtering system, shown
as step 732. Typical coating layers are on the order of 10 nm thick, although the exact

25. thickness will vary depending on the sputtering conditions. This can further be coated
with a polymer layer in step 734 for additional protection. In step 736, the polymer
layer can undergo further processing, such as planarization.

it can be scen that this process, in which the deposition of a metal layer in step

732 (in this case gold) as a barrier layer, can be altered to be create thicker structures

30 as well. The flow chart for this altered process is shown in FIGURE 8. For this
example, the optional processing step 530 from FIGURE S comprises steps 832, 834,
836, and 838 in which nanostructures are formed on the surface of the template and

processed. This may be especially effective if, for example, the deposited metal is

11



836, and 838 in which nanostructures are fornmed on the surfaceldMakeH 2007
tenpl ate and processed. This may be especially effective if, for exanple,
the deposited netal is 11 14 MARCH 2007 WD 20041027460 PCT/ US2003/ 029040
copper, dY20/03T60 abl e | ayouts and di mensi ons to form t RET/USZ@BMIMECt

| ayers (or portions thereof) of an integrated circuit. In step 832, a
coating of GoRPe: argd oksuitabls layquis andhdimeapions ta fosm the intereonnesh layersuet ures of a
| ayer of a mig ' ' ' the tenplate. This would be 5 a

mat eri al fﬁé@%?ﬂggﬁﬁggngﬁt? eg%dgﬂr gnto the material |ayer 130 used in the
ot her exanpl es Inktepl83e, apedtingaifimateridlRuRablé forike fabsicaporeofhposi ti on process,
or in turn may conprise nmany_ process steps, such as the initial s?utteri ng
of a seed |nppestruchyes efiwlpysyof 2 macrgdexigeis depesited onithe temnlate: Fhais wgnid be

el ectropl at . L. ' : ' out,

o oh oan 1iEreral 3 eAnpi e HielndidRle e Haspni Toher 130 o8 RARELAR: O\
conbi ned nedxampidsofcias applidation TEHis pawbes siethle derbsitivri proess cordh iniveh Ay
polishing process, so that certain portiaons of the coated netal are then
exposed, WHOMPIISEmRAnY Ryegass steRs.sheh pethg intiph pulteringof aseeddayer; iollaved byp 838

reat o, HICERRERSehERer i Pl el RS o FAE Mo AprBlebRl™ 157

di ssol vabl eah®@Rhftied dut, whieh ca thclddel coatiiLtheGAdtalowitR AipsBmierN BIQépTB36, Nt
transfer nethod, or can al so conprise a sinple nechanical transfer

faci | i ti4t edhpgombined materialygambgfugther prosessedyerg. ¥ith anetehing @p polishing r e
detail. Creat] t L0t t L.t hi ogess i1s the
creation ofpr&lées ’ons P iqé?tr?%ﬁa{r@g%gﬁénsg%fn@g?%tgdgmteﬁgm%l ‘gg%ﬁ’%b%ﬁ’ﬁ”e@k& e

essenti al gigiGm ark Ferhdift ppateéted NAN gddifiond) etefEs38ehay theh ARb betexefitéPlol Ses a

| ayout of the structures to be replicated in a reproducible form This is
nost si npl yPrawsethsgxpesedimajerialdor #91ge- as a relief pattern on a rigid
substrate. The | i | el ectively
etching a rigi r?%tcg%ft%’%égggﬂc%}-ﬁggﬁé%gﬁgg%%#a&gﬁ%% gi(?;ﬁ %Bgiﬂg%’t%t erning a
mat er i als degigsvlvable tefmpldi€in stegp §86.UKIHS st Can Soiftisesa naholifip@mat@bfepe oxi de

| ayers on quartz (a conventional photomask bl ank). Al t_hough a di sc shaped
mast er has Wehod, oF canalsacagwsise g suppls seeshanigal transter facilyptedbyeardherisgses,  such
as squares, re e 0 te. .can al so be used. The
master can be g\gg?'%’a e u%?a%é%?g%é\%g%??%ﬁgpo%{e}%ﬁf abrication or 30

nanof abri cati on techni ques. The preferred nethod involves the use of a

direct-wite E- beam Lithography systemto expose patterns in photoresist on
a silicon MM?“ ter

20 The initial step in this process is the creation of the original master containing the

layout pattern. The essential element in the patterning of the master is that it
comprises a layout of the structures to be replicated in a reproducible form. This is
most simply done by forming the layout as a relief pattern on a rigid substrate. The
relief pattern can be created by patteming and selectively etching a rigid material, such
25 - as a silicon wafer, or by patterning a material deposited on the rigid substrate, such as
a chrome/chrome oxide layers on quartz (a conventional photomask blank). Although
a disc shaped master has certain advantages for processing, masters of other shapes,
such as squares, rectangles, hexagons, octagons, etc. can also be used.
The master can be fabricated using conventional microfabrication or
30 nanofabrication techniques. The preferred method involves the use of a direct-write E-
beam lithography system to expose patterns in photoresist on a silicon wafer, because
of its high reliability and high resolution. This is illustrated in FIGURE 9. In this
process, an unpatterned material 900 (also sometimes called a “blank” is coated with a

layer 910 polymer material, commonly called a resist, sensitive to electron beam

19



of its high reliability and high resolution. This is illustratddMarcH Z00E
9. In this process, an unpatterned material 900 (also sonetimes called a
"blank” is coated with a layer 910 polymer material, conmonly called a
resist, sWRM/QF44 el ectron beam ) 14 MARCH 2007 WD POBAISA00343%940

PCT/ US2003/ 029040 posure. The sensitive |ayer 910 is.then exposed to
patterns of CEPAYIE- f}ﬁwsmvederﬁr &H%V@“Fﬁ@sﬁé&ﬂrﬁﬂq’&s of flegttanisams 490, dose

defines theynatd e cBﬁcmtaﬁgﬁgﬁﬂcnt%d%P%ﬁn'cg't}F B 9%e 1DRRe 40 IFGHh

mat eri al of Iayer 'S em cal processed, or developed, and, the
unexposed r ayFEKaVRE1%. Theexpelsed matdﬂaboﬁlaba'tm@tnethcas:hsmﬂylmo&sfddGbJRE ob.

These serve ,as .profectiion for rti.ons t he, bl ank hat .after
subsequent 8?%8@@@ themexpo; IrEg'BQS% Fr@‘ O?ﬂ]é’—sb‘g&‘{@&a&f PBRiR ons remin
as raises  PRGUREGb. GRese e Casi fibtebfich fd? oftivms BRIRIBIAMK 500, s8 %t Aasr been
etched. This creates a master 600 w th topographic structures 602

cor r espondi sgbsequerit qardcagscmg, foraaxampie by etchieg, the podested p@dionasersdinwam raised-| GURE

9c. 10 There are al atjives to el ectr t ho to create a

st or v ChPPaians R0 stle e pestaine iatossl Siien Bt beh BB B FEENEh opri cal

|1t hogr aphy n%fdr 00 WihlofogtBitic ikt 6L c4rhpbilihp B HRALIGRH Batéh/af fhe™et hods
grap f1y 0 Pnt I
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process had suitable resol UIIOI’I nd accura 15 Al t hough silicopn, i

conveni éht mat eﬁfﬂe ForlifIRAtVES 1 %Q“H‘H%'Peé‘lm F%“ﬂ@’faghﬁr‘%c %fmﬂ%{f’re‘ﬂdéré “?hat

could be us m%ﬁgﬂ@ have
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Si licon-on- Mms:(pqsedren(lmmaam OGeciP metthnids imxlede E;HN wl)emytiahugram)aer bl anks.

Metal s such as stainpless iro e aI um m C |.so be
Noed o5 b ARSITRrAL LSEERY- I hs EOUUhPSRNE echibe PRILRE et [ fERRE ¢ |
transferredpOomngstecash Ogcdeve?ﬂ)i:eﬁélgdddsuntBﬁE%doﬁhloWahh a%cmk)(ner such a

phot or esi st, expose an op the photoresist, and use the resulting
relief pattern adthohgh srhemas arcanhenient materipl to hsecﬁvgmdmestsn;blmqmnnanyet chi ng

and stripping,st e bl ank mat eri al her e.are n | | QWNn
processes fa%t?mﬁ?ﬁyaé ?H%ﬁdafgéﬂlelné% Of}beﬁlllff'ébe*‘u EFB’F%"E CtB'FKG%{ri ous
kinds. 25. AHaed %H_kﬂ&lrﬂ 'ﬁr@&ls%sfsﬁéh%ﬁﬁ(%rﬁrgeﬁﬁﬁuﬁﬂmsc&@l ass plates
coated with chrom uni chrone oxide materials that formthe;ia qgue | ayer of a

convent i onaISiliqﬂlilfmbimlistOT (SBDsGetnGaB, m8petei canlajsokecisgt as blanksuMistalgient st ep
Thi s

e 05 O RSO END O B BB B T SR S50
mat eri abo 94Qn(y* the tdpographitsstructife on the substrate is transferred, one could coat any rigid

material with a polymer such a photoresist, expose and develop the photoresist, and

use the resulting relief pattern as the master rather than go through the subsequent

etching and stripping steps for the blank material. There are many well known

processes for photoresist that can leave topographic profiles of various kinds.

25. Another matenial suitable for a master are quartz or glass plates coated with
chromium/chrome oxide materials that form the opaque layer of a conventional
photomask.. This can be especially useful if a subsequent step requires exposure
throuéh the master for UV curing. This is illustrated in FIGURE 9 as well. An
unpatterned material 930 coated with a layer of opaque material 940 (in this case, the

30 combination of 930 and layer 940 is sometimes called a “blank™ ) is coated with a
layer 950 of a polymer material, commonly called a resist, sensitive to electron beam
exposure. The sensitive layer 950 is then exposed to patterns of electron beams 970,
where the geometric arrangement and dose defines the pattern to be formed, as shown

in FIGURE 9d. The exposed material of layer 950 is then chemically processed, or
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are left on the blank, as shown in FIGURE 9e. These serve as protection for
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opaque nmaterial correspondi n'%eto the |l ayout pattern of the exposure 970.
Typi cal | y, mhtgriahgarespamlingto e lanoutpattarn obthefaxposue A7®t ure of chrone and

mmter als.  sacninicy, HetATameao ol ba R iehTed BotA R HeomR gLy ents i n
layer 940 fd&HromB@ixided Sypiadllyl zﬁaid s8ld dsHotGthask V1AM, HeWeverQbtheP A& Mls, such
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al so f or m omatepials such h$ glagsesrhardaped polymess, or dranspareri srystdls sichmstCali2reano ai d
' b t i . Th i of patt. | ted b

et chi ng. t heod PERISE el D26 BF well o Sl fon b BF 1 Bmepstoial Bablf BB gone
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procedures to create topo%rgghi c structures for phase-shifting 20 nmasks.
a5

Such pridceséémduscanhe usad & auhstraterP3fle tOnst ashildhajso formpri erat a indidposed

surface is se|lectivel poved through.a reaction with.a Liquid chem cal
Such s ¢ nealseal 1 Flof BERYED neees HER e SRREAER aiek il e ot chi g
procedure such B fefiafpdtiéen EdalsEbe brieB@d bilehing)the ripid bwtishiated fasqrnghanber .
O her etchants specific. to various other rigid substrate materials, such

as the seniwasigudirestlynhhiscar bs dpneusing serapenlyused ditkegraphy techniquesder |t may

Copogr aphy IASHARTaf! b @¥hrel RS Bhe e bR T s Bl

acconpldoshefiasks. Such processing steps can be based on wet etching, in which the exposed

surface is selectively removed through a reaction with a liquid chemical such as the

quartz etchant hydrofluoric (HF) acid, or a dry etching procedure such as reactive ion

etching (RIE) in a suitable plasma chamber. Other etchants specific to various other

rigid substrate materials, such as the semiconductor matenals listed above, can also be
25 - used.

It may be desirable to have a multi-level master, in which the several levels of
topography are defined. This is illustrated in FIGURE 10. This can be accomplished
through a second set of lithographic exposure and development steps. Although E-
beam lithography may be the preferred technique, it is easily recognized that any

30 lithographic patterning step that can be aligned with the initial set of structures can be
employed as well.

An example of this sequence is shown in FIGURE 10. For this process, the
onginal steps shown in FIGURE 9a-9c¢ are executed to create a master 600 with a set

of topographic patterns 602. This master 600 is then coated with another layer of a
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t hrough a second set of |ithographic exposure and devel oprment $4MeRCH 2007
Al t hough E- beam | ithography nay be the preferred technique, it is easily
recogni zed that any 30 |ithographic patterning step that can be aligned with
the initiwo 2e4/0260st ructures can be enployed as well. AcTaxs2ogs/eo@d this
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1010, commDEhws i FRSUREN®A] where R Sdolietfe rfariflefifehl 18 RREALANAARE E&ond ThE

sensitive layer 1010 is then exposed to a second pattern of el ectron beams
1060 as shoatternno bt GurEd] Tioaexpeiserd matenal ofdayert 1016 isithen pryeetesed, end dose
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flexi ble substrates wth topographic structures may al so be prepared to
f or m nast er defined lagoutsi n appl | cations. It will also be clear that any

lith hic t l.tipl. b I d h
s vl | T Al thoutM RGNS BapLpREI R Y RiGh SR LTEHES (S5 78R wat er ' and
convent '19”a|sul%tﬁ?earﬂhdehhi§0msadlgﬁf,to fho'sE STRLY irf¥he Iﬁrtﬁﬁﬁ@aﬁbh@@e%&és%{rj{#kﬁ?y (e.g.
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| i t hogr aphy maa/rttt allppred\for dn&ﬁermn&bopamrplmnqesmdgham substrates withb | y high

L I R e
It will also be clear that any llthographlc technique amenable to multiple

exposure can be employed here as well. Although we have patterned our masters using

20  silicon wafers and conventional e-beam lithography, extremely high resolution
structures (e.g. 10 — 100 nm in size) can be obtained using X-ray lithography, EUV
lithography, and even variations of optical lithography with a suitably high NA and the
application of various resolution enhancement techniques. Even nanoimprint
techniques can be used to fabricate the master.

25

Replication of the Master and Creation of the Template

Once the master has been created, the template that replicates the structures on
the master must be created. This can be done by a variety of molding techniques, most
of which comprise pouring a liquid on top of the master and allow the matenial to dry

30  or harden. The main requirement is that the material be able to adequately fill the
nanoscale topography structures on the master without the formation of bubbles or
other voids between the master and the coating. Other desired properties include the
ability to smoothly detach a smooth detachment from the mold, and the ability to

prevent the introduction of foreign substances, i.e contaminants such as dust, that may
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Replication of the Master and Creation of the Tenplate Once t ht4 MaRGE20§4s
been created, the tenplate that replicates the structures on the nmaster
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20 alcohol (PVA). PVA is a water soluble compound, and so solutions can be created
using purified water. Typical solutions can be obtained from a distributor such as
Fiberlay of Seattle, Washington, USA, and sold under the brand names of Fiberlease
or Partall Film #10 manufactured by Rexall. We have found the material of Fiberlease
to work exceptionally well. The concentrations of Partall Film #10 in the Rexall

25 - MSDS are water (56-61%), ethyl alcohol (31-34%), Acetic Acid Ethenyl Ester,
Polymer with Ethonol (7-8%), and butyl alcohol (1-2%). The material is usually used
as a release layer for molding applications.

The PV A solution is then poured onto the spinning master, using for example

spin speeds of 1800 RPM and 15 seconds on a conventional spin coater. If thicker

30 films are desired, the procedure may be repeated, or slower speeds may be used. The
resulting structures conform very well to the topographic structures on our masters,
even for dimensions as small as 40 nm laterally. We have found that the three-
dimensionally replication ability is excellent, that is the ability to replicate the pattern

in the vertical dimension replicated to within 20nm of 100nm steps, and perhaps
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pre-for med_di Scgoflediiif QAR isost ol BrmbE HRUAL PY AlDSsSAATERRL ed PVA

fromthe master. Pre- I SCS are commercial [y avallabl'e from
conpani es suahowed oSher spimcodted PV AdfrorBdin master. Rreifogsed &6cs@f PVApreocess usi ng

e L a2t Ly R s o an 5 608 Sl
coatingay  CA. A process using these is illustrated in FIGURE 12. In FIGURE 12a, a master 600
with topographic structures 602 has been coated with a PVA film 610 by spin coating.
This master is shown as being the master 600 of FIGURES 6 and 9, but can also be
replaced by any master, including those shown as 1000 in FIGURE 10. A pre-formed
disc 1210 of PVA mounted to a carrier 1230 with a suitable adhesive 1220 is then
25.  aligned with the master. This disc 1210 can be manufactured using a casting method
on a flat surface, for example. Such a disc is generally packaged with an adhesive
backing 1220 connecting the disc 1210 to a clear plastic flexible sheet . This
form is convenient for removal of the molded PVA from the master 900.
In this embodiment of the invention, a master 600 coated with an initial dried
30 film of PVA 610 is again spin-coated again with an additional layer of PVA 1205.
Immediately, before the solvent is completely dried from the additional layer 1205, the
pre-formed PV A disk 1210 mounted to the carrier 1230 with an adhesive 1220 is
placed on the coated master 600 with PVA, as shown in FIGURE 12b. After a drying
period of a minute or more, the structure 610, 1250, and 1210 bond together,

17



This master is shown as being the master 600 of FIGURES 6 and 94 MARCIE2007
al so be replaced by any master, including those shown as 1000 in FI GURE 10.
A pre-formed disc 1210 of PVA nounted to a carrier 1230 with a suitable
adhesive 1220 is then 25 aligned with the master. This disc 1210 can be
manuf actured using a casting nethod on a flat surface, for exanple. Such a
disc is generally packaged with an adhesive backing 1220 connecting the
disc 1210 to a clear plastic flexible sheet. This formis convenient for
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R
r equi renentrgqmrarélf)netsna?pﬁ% t% rmé?ena REPRERES properties. In one appl i cation,

the PVA fil m m .oat ed metal fi Thi coatin
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coating to protect the template from contamination or decay.

A common process operation that works well with PVA is sputtering or evaporation of
metal films. This is illustrated in FIGURE 13. In a sputtering system,
typically in a well controlled vacuum environment 1399, a target 1390 of the material desired
provides a source for atoms or particles 1392 of the material to be deposited as a layer 1302 on
the surface of the template 610, mounted to a carrier 630 or template portion of dried structure
1208. This is illustrated in FIGURE 13a.

Once the film has been created, the carrier 630 with the template 610 or the template
portion 610 of dried structure 1208 and film 30 1302 is removed, and can later be used for normal
imprint lithography, as illust;ated in FIGUREs 13 b-e (similar to the steps shown in FIGURE 6).

Sputtering tools are commonly available in processing labs, such as the Stanford
University Nanofabrication Facility, or can be obtained commercially such as the sputter coater
from Cressington Scientific Instruments, Inc., and distributed by Ted
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20 provided that the liquid not react or dissolve the PVA structure. Hence
the materi al Spin-coating of materials onto the PVA topographical can also be performed

20 provided that the liquid not react or dissolve the PV A structure. Hence the material
selection is limited to generally hydrophobic materials such as fluorine based

compounds, for example, that do not have solvents that will react with PVA.

Further processing of Structures on the Carner

25 It may also be possible desirable to perform additional processing on the
template. The layer on top of the PV A relief provides a convenient coating for the
further development, and aids in flexibility since the subsequent processing steps will
not interact directly with the delicate PV A matenial.

It may be desirable, for example, 1o use the PV A relief structures to actually pre-

30  process a photoresist material. This material would then be transferred, along with the
template, to the final substrate. To create a planar surface, at least two approaches may
be used. The first involves spin-coating or depositing using other means an organic
etch-resistant material such as photoresist on the barrier layer 1302. This matenal can

form a thick coating that may be thinned using subsequent etching techniques.
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enbodi Nt §uQfastheportions of resist 652 in the previously described embodiments of the

invention for the subsequent processing ot the substrate 100, to produce the result

shown in FIGURE 14g, where portions 132 of the layer 130 remain.

It is clear that this additional processing can also comprise the creation of entire
portions of nanostructures for microdevices, as long as a suitably reliable transfer

25 . mechanism is developed. In this case, the material deposited can be a much thicker
layer, and additional processing steps can also be carried out as well.

Although such a layer can be fabricated entirely by sputtering techniques,
another approach is to use a thin layer of sputtered metal as a seed layer, and then
perform electroplating techniques to create a uniform film. Such electroplating

30 techniques are useful with copper, aluminum, and gold seed layers.

One advantage that this technique has over other fabrication techniques for

layers of microdevices is that the creation of this individual layer is independent of the

layers that normally precede it in the fabrication process. This allows additional
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polyrer ""ﬂr'yﬁf'cah?, tiuhseig then coated with a layer of a polymer 1540, which is then

20  processed by etching or polishing to expose only the raised portions 1512 of the film
1502, while leaving lefiover material 1542 from the polymer film 1540 in the
indentations, with the result shown in FIGURE 15c. The structures 1512 are
essentially pre-fabricated layer of nanostructures that would normally have been
created as the structures 132 on a substrate 100. This prefabricated structure is then

25. stored until needed.

After a substrate with preprocessed layers 100 has reached the point in its
manufacture where this layer is required, the template 1510 with nanostructures 1512
and cﬁer 630 is removed from storage and aligned with the substrate 100, as shown
in FIGURE 15d. An adhesive coating 1562 on the substrate 100 may be used for

30 Dbetter attachment of the nanostructures 1512 on the template. The carrer and template
1510 are then brought into close proximity and pressed together, as shown in FIGURE
15¢. The carrier is then removed, with the result shown in FIGURE 15f.

The template is then dissolved, leaving only the polymer and the metal.

Subsequent processing can also remove the polymer material and the excess portion of
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structures 132 on a substrate 100. This prefabricated structure is then
st or ed unt i manefactark whéreahisdaysen isstequire, thet tempilate 6 02 Bsthathnbstypetered 0682has
reached them;)({)ci

arrll'[ieri &OI its ?‘emoved from storage and aligned with the substrate 100, as shown
20 in FIGURE 16d. An adhesive coating 1660 on the substrate 100 may be used for
better attachment of the nanostructures 1632. The carrier 630 and template 610 are
then brought into close proximity and pressed together. The carrier 630is then
removed, with the result shown in FIGURE 15e.
As a final step, the substrate 100 and template 610 with nanostructures 1632 are
25 . processed so that the template 610 dissolves, leaving only the nanostructures 1632 in
specific locations on the substrate 100. This corresponds to the structures 132 formed
on the ;ubstrate 100 in other processing sequences disclosed in this application.
Although we have originally conceived this as a technique for the prefabrication
of layers or nanostructures for integrated circuits, this can apply to any technology
30  which requires a patterning or lithographic technique. For integrated optical
applications, certain dopants for altering fused silica waveguides may be pre-pattemed
and placed on the template. For biochip applications, certain proteins or DNA strands

with specific sequences may be attached to the template and stored.
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20  structure may then be placed into the solid container for transportation.
The template or replicated structure may also be adhered, backside down, to a
glass or silicon disc as part of the storage process. This would allow the components
to be faceside up during the transfer process.
It may also be desirable to dice the template into individual components or chips
25.  aspart of the storage procedure. The dicing process enables more precise placement

of the fabricated piece during the transfer to the final substrate.

Transfer of the nanostructures to the substrate.

Once there is a substrate that requires the transfer of the particular pattern
30 replicated on the carrier, the suitable carmier is removed from storage. The surface of
the substrate is prepared, if necessary, with a suitable adhesion promoter layer 1462 or
1562 made from a suitable material such as cyanoacrylate ester. This can be done
using a simple deposition technique, such as applying drops of liquid onto the surface

from a nozzle, or using a more uniform spin coating technique. Other adhesive
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Once this step is finished, the template will adhere to the substrate, and the

carrier itself can be removed. Because the patterning material (e.g. gold and polymer
for our example) remains attached, the template can now be removed, leaving these
other atructures attached to the substrate. For our example of PV A as a template
25 . material, this can be accomplished by simply dissolving the PVA from the surface
with purified water. For other template maternials, other solvents may be suitable.
Additional steps of mild abrasion or wiping may also be used to selectively remove the
template material, while leaving behind the metal and polymer combination.
Now that a patterned structure has been placed on the surface of the substrate,
30 subsequent processing steps of deposition, etching, doping, or other chemical
treatments can take place just as they would in any other printing technique.
Additional methods of adhesion can be deployed from the area of wafer bonding.
Some methods include the thermal fusion of metal to metal or anodic bonding. Inthe

case of gold barrier layer contacting the silicon surface. An initial adhesion of the
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Adhesives that bind with pressure can be used, with the suitabjgyaiRld Ry On
of pressure. Adhesives that bind with heat can be used, wth the suitable
application of heat. Adhesives that bind with UV phot oexposure or curing
can be usw020ed/erTgeomi th 20 t he suitable application of Ug¥Caxmsasesioesssdnce
this step is finished, the tenplate will adhere to the substrate, and the
carrier its@ViA-omtaldayer smachéayed By dengsmng forpest tAfteri the PVek isrdissblved, the gol d

and pol yner _ for .our exanpl remai.n ttached, the t | at an now be
removed, |em‘%&‘€ﬁ‘é%‘8’e 'g?%ﬁ?ﬁ“g? 5%%‘?‘3}% ggﬁ:ﬁfﬁﬁfﬁﬁ}fﬂ?fﬁ asﬁ?ﬁ?ﬁ?ﬁf’%‘? For our
exanpl e of BMAvers tige meaPhmd §lliedn simfagél al , this can be acconplished by sinply
di ssolving the PVA fromthe surface wth purified water. For other tenplate

material s, ot heAnstheymsthodrnyolyes dirsctlxbeating snongiallioimigriace bpevesnh the | d

b ' e I b d tg. sel ecti . ‘1 t t
mat or ol wisReR el et HRERRRIA Betnt i SRR A AT PN ERIR hat o
patterned stgnmhgr@d@a&tﬁe@urbﬁl@gﬁggpn the surface of the substrate, 30

subsequent proce53|ng steps of deposSition, etching, dopin?, or ot her
chemi cal treat Whenghepanostiketursi itsel hiag beenakebrieatgd an thedemplasggnditransferpadi nt i ng

techni que. ,Addjti.onal nethods, of  adhesi on be depl d,fromthe area of
waf er gondi Hﬁ.a(@SﬂﬁeﬁqPﬁ%’b eisﬁkmn’l"ﬁt}%%‘ﬁﬁg ¢ %P%ﬁ%eﬁghﬁg]to netal or
anodi ¢ bondpfpertids dréfot ifipaRe®indidddl ddedifié R oh@awith B sabbtraldis difievkd.i con

surface. An initial adhesion of the IA 14 MARCH 2007 WO 2004/ 027460
PCT/ US2003/ C2o0mostralse bectaken toalign allsheetdrlappingisirucomes- axaoidy Although theaf t er

the PVA is dj.ssolved, th teri struycture . thep be. heated to,high
tenper at ur e iRty vafitier T eV iraflboSisod Bl &1 FBtiobt &8 oS mRBL Pace.
Anot her net Rasbstriid ®freslinag e hirdwaichiege ¥ithBiodl irkpeatabilftyf e et ween the 5
tenpl ate and substrate using an enercgetlc | aser beam This forns a weld

bet ween t he applisapibns @harepaic @ 8 singlecl Gy forrexaowplé)nyhengrtbeplahementiod gsingde ur e
itself has been fabric teg on the.tenplate and transferred the adhesive

| ayer on th@a%%%’&?%}%d?jrﬁ? e% gﬁ:'efully chosen so that electrical
properties are RGLilll d3vbd @fflesstébdadthe hedl icbsted t RCr potyericogtegubst r at e
Is achieved. to Care nust also be taken to align all the overl apping
structures tsmplpteycanalsphgmged enemagter dsehdnsubsequentiagassesomchding thpse housand

or even m | I .e-f i Ctur § y be hard to
achieve wt #@c@?&%‘%ﬁé‘s&taﬁﬁoﬁﬁﬁﬂﬁerewf se%g%%}cf[’%aﬁéc}%@maﬁﬁé nrlz;gpai r of a
single I C Uestro3xd) it againwhslicatedhandothaceplieas caf benstd gl destraedwitheucan add

value for an IC )
damage to the template.

20
Alignment of the Carrier and Substrate

To align and transfer the smooth template onto the substrate, standard wafer
aligners and bonders are useful. Examples of commercially available aligner
equipment that can be used to transfer the pattern onto the substrate include the

25.  EVG620 sold by the EV Group of Austria. Bonding equipment that can be coupled
include the EVG520 bonder sold also by the EV Group. In this approach, alignment
marks are recorded of the template. The gold or organic coating relief image creates
sufficient contrast to determine the position of the template relative to the substrate.
After recording the relative positions, servos manipulate the substrate to align and

30 contact the template. A vacuum assisted bond helps to remove air bubbles between

the template and substrate.

Additional Processing Options.
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151t will also be understood that the netal coated tenplate or | yier .
coated tenplate can also be used as a master itself in subseq&éﬁ?AXCH&ﬂD’
processes, including those found in the prior art nanoi nprint techniques.
In this W&sW04/0d6Q enpl ate is not destroyed, but agai n rEQUS20a3/e29p40and t he
replicas can be used and destroyed w thout damage to the tenplate. 20

Al i gnnent of t Rertimiproeassigggtess by bgtaddeahtoghe gboversgqueneede éorm specinlined h
tenpl ate onto.the ta r i gner nd _bonders, are
useful . Exﬁr}ﬁfﬁhé%&oﬁ q%%&é’?@rlgi‘% q")}’rhg@geﬁf g%%ge% A tlgér?g?’ © 13‘&3# rx}goﬁ’{e 'ﬁ'g{a?can be
used to tranfiRirepliva privrite kemovil Grohhthe M3t satfacd. ncl ude the 25 EVG620 sol d
by the EV'C?OUﬁ.of Austri a. Bondin% e?uipnent that can be coupled include

t he EVG520 bonlds alsepassibledo dovelonthelatentimage patterniog thg peniewnsd meatalgnment

mar ks are reecord t 0, i i relief inmage
creat esg RAN §%P 9%%’%?‘?%{5@@%?%&%‘5%8%%{%g‘éa{c)%es{pt%?'g{r)lﬁgg gﬁ'{?etﬂgerrpl ate

rel ative t geidiépedasierridoformAfmaiildyecaninig of irttdlahdbigmidMaieiaDMBhe Ser vos
mani pul ate the substrate to align and 30 contact the tenplate. A vacuum

assi st ed beemibinel stuetyre may thendieremared Bemihe awrdace of e mastpr vging thed

substrate. Additi.onal, ,Proc i i.on 't 1 2007 WD 2004/ 027460
PCT/ uszoo3?@5@82’8‘9989t‘%°5‘3‘q§'r%§6c2g%%‘}g&%‘? Z‘E)as‘/ dr%%’;‘/é%gé'gs‘gg‘éﬁ‘??'&"taﬁ Cove
sequence t gufstatd sriRed direatBd sStructures. It is possible to forma |atent

i mage on top of the PVA contoured nmetal surface replica prior to renoval
from t he mast eWhilerspgeidic materia)s,poalingsoeatipisesubstraies,andpre¢ess stepehavei mage

pattern on,the nt,our ¥et al S CE., se tl di t.i gnal . PVA

sol ution nB'fF"oSee? gmtéc eg‘f'lr!e]%Eg ?}1%%‘%{‘1?3‘?3; ey ey %godl %‘a%tel& r%fegr%gfeg}bﬁggméﬂh tilayer
structure gich'disadiptidif #0¢ SatThend® ©bedimitihB EModtitatibfdarsd chages BayBy then be
renoved fromthe surface of the master using the aforenentioned techniques.

The struct apparentyo thase skidled im therast, prdjit dhintensed daad this inveption he imited gaby
directly. 10 . While spgacifi terials, coatings, carriers, substrates, and
process st§§§“H§98e° gﬁpgéﬁﬁﬁéﬁ%ﬁgto descri be and exenplify this invention
and itgspreferred enbodi nent, such descriptions are not intended to be
limting. Mdifications and changes nay be apparent to those skilled in the
art, and it is intended that this invention be limted only by the scope of
t he appended cl ai ns.
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15 14 MARCH 2007 CLAIMS What is claimed is: 1. A method for 142MaRER2007
formation conprising: <creating a replica of a naster pattern; 5
transferring the replica onto a substrate conprising material to be
patterned; and destroying the replicgrwmise it is in contact with the
substrate. 2. The nethod of claim11, in which the replica can be dissol ved
in a solvent, and the step of destroying conprises dissolving the replica
in said so/Waits claimglisThe method of claim2, in which the replica is
fabricated from polyvinyl alcohol (PVA), and the solvent is an aqueous
solution. 4. The [ ] lL.ch the step of destroying
conpri ses gtchiﬁhHﬁﬁg%quéﬁ%%gfgb%m?hgoﬁ@bﬁgg’of claim1, in which the step
of creating the ci@bing@aepliviuiiasfsstaipaitern}d> coating of the replica naterial
froma solution onto the master. 6. The nethod of claiml1, in which the step
of creafing t he traaplering themenlica @ato & auhsiralg camprigingdnaserilie be pattemed;mast er .
7. The net of claim5 or 6, in which the step of creating the replica
al so conprises drying the liquid polyner. 20 8. The nmethod of claim5 or 6,
in which the st epstedying grtreplicatwikils € incdnakewith ggabitgas. UV curing of the
polynmer. 9. The nethod of claim5 or 6, in which the step of creating the
replica also caonprises heating the polyner. 10. The nethod of claim1,

f

conpri si ng2an addietnethed okelaim &sinvghigh thegephga Gapbeidissolved 1n p sphvereandist er
and attachi ' : Ll 8l e et claim 10, in which
the carri ertﬁe?%t%;g%@%%mﬁbglp%g?ﬁlﬁgﬁ%%jfﬂeprr‘egfrﬁr(gailg%g %ggf%%% to the replica.
27 14 MARCH 2007 12. The nethod of claim 10, in which the replica is coated
with alfatérial The methoddLclaohhn 2 sinovhith thelreplicaris fabricattd frobneolyeinydd of cl aim

11 or 12, i j t he hesjon pronotion terial conprise ol i nyl
al cohol (P%Ef’.m’]f (%‘I{/A), a\n(i1 ﬂle s%iventganaqutleous SO utlon.I prises polyviny

4. The method of claim 1, in which the step of destroying comprises etching the
replica.
5. The method of claim 1, in which the step of creating the replica comprises spin

15 coating of the replica material from a solution onto the master.

6. The method of claim 1, in which the step of creating the replica comprises

casting a liquid polymer on the master.

7. The method of claim 5 or 6, in which the step of creating the replica also

comprises drying the liquid polymer.

20 8. The method of claim 5 or 6, in which the step of creating the replica also
comprises UV curing of the polymer.

9. The method of claim 5 or 6, in which the step of creating the replica also

comprises heating the polymer.

10.  The method of claim 1, comprising an additional step of removing the replica

25  from the master, and attaching the replica to a carrier.

11. The method of claim 10, in which the carrier is coated with a material to

promote adhesion to the replica.
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5 14. The nethod of claim 11l or 12, in which the adhesi on promatMeRcHROET | al
conprises the sane material as the replica. 15. The nethod of claim 10,
further conprising the additional step of storing the replica and carrier.
16. The method of, cl ajjm.15, in ich, t st or.age envi.ropnment is. controlled
for 10 tenbor a Bpemelpd ofglaifidfhisivbiehfnre i COReT PRETE B age

envi r onment profofPsiteSioh 88l tHeQarridgum di ty. 18. The nmethod of claim 15, in

whi ch the storage environnment is controlled for pressure. 15 19. The net hod

of claim15, in which the atnosphere of the storage environnent is
control | ed ¥or chaginetiodedeipami lili arl 2, owhith ¢headhigeidn pforadtidnmaterial n whi ch

the replica is inserted int tective package during storage. 21. The
met hod of c‘foéli“?ﬂsfﬁg)o%yﬁl%%(‘fﬁh‘ﬁl{g{@[)w of transferring conprises aligning 20

the carrier to the substrate. 22. The nmethod of claim 10, in which the step

of transferr4.ng TRRkitvaSIREIGNING 12t BewhiRRkh<aihagoh pEombtith Bbeshr ate. 23,
The nmethod of claim22, in which the step of transferring conprises pressing

t he repli cacomprisas thetsameguaierialas ghe ®pliced. The met hod of claim 22, in which
the substrate is coated with a material to pronote adhesion of the replica.

28 14 MARCH 0071"5131?18}%9%%%1% Blrerek %rg})é{hég e a‘ﬁ{aitﬁg\gf ﬂe?%gp %ﬁﬁé’ﬂﬂe@f claim

pronotion nateria riS€s a  tyanoacr ester.

22, in whicleplibieariudasti¢rat e is coated with a deformable material. 5 27. The

met hod of claim 26, in which the deformable material is a polymer. 28. The

met hod of claim26, in which the deformable material is a photoresist. 29.

The met hod ¥ c| Bheangthodiof claamdy, ihwhighthy starsee epvurapmant iscontalledhfasrj al to

be patltoerntgglge reThe met hod of claiml1, in which the replica is created by
ng p

Spi n coati olyner filmonto a master conprising topographic

patterns, such that the polymer filmreplicates the topographic structures
of the mastEt., afhe methodeflclaia 1iSsirt which ftles stemige environment is controlled for

humidity.

18. The method of claim 15, in which the storage environment is controlled for

pressure.

15 19.  The method of claim 15, in which the atmosphere of the storage environment is

controlled for chemical composition.

20.  The method of claim 15, in which the replica is inserted into a protective

package during storage.

21.  The method of claim 10, in which the step of transferring comprises aligning

20  the carrier to the substrate.

22.  The method of claim 10, in which the step of transferring comprises touching

the replica against the substrate.

23.  The method of claim 22, in which the step of transferring comprises pressing

the replica against the substrate.

25 24. The method of claim 22, in which the substrate is coated with a material to

promote adhesion of the replica.
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onto the material to be patterned by transferring the pol ymer f4NMRRER 2807
carrier, aligning the carrier carrying the polynmer filmto a substrate, and
transferring the polyner film to the substrate, in a nmanner such that the
polymer filmtrapsfers th 0 raphj c, 15 ttern of the polyner filmto the
material tdbe ;a)ﬂ?et‘é‘fe ﬁ;ﬁﬁtﬁ‘b‘ggaemr‘@ib‘@i@?pdgeﬂ%PFQW@tPn IHYeHALCOMRIISEY 2t he
pol ynmer fil j Ilecfes attached to the substrate. 31. The nethod of claim
30, in whi céﬁhwg&%%ﬂefﬁﬁ’ used to formthe polynmer filmis polyvinyl

al cohol . 32. The nethod of claim 30, conprising an additional step of
storing the&6car rThermethod wif thim@Rymewhith khe substrae ecoatedev itted deformablesf er ri ng
the replica to.the substrate. 33. The nmethod of claim 10, conprising

addi ti onal IE‘[“EB@' of formng a barrier layer on the replica after the
replica is removed fromthe master. 34. The nmethod of claim 33, in which the

mat eri als fory t heranbingll ol @Msth 260MPVARRE the d2ithab?Om3krialliie goeyrhad of claim
34, in which the step of formng the barrier layer conprises deposition of

gold on the replica using a sputtering process. 36. The nethod of claim 33
or 35, con@8 si ntheamethadiof clarm[26snewhich theotefdmmpblmmatsddi isiagratorbastr i er | ayer
of polymer on the replica. 29 14 MARCH 2007 37. The method of claim36, in

whi ch the y barrier .l ayer, i S su. uent | etched.. 38. A ne d for
fornmng a %%lt t renriﬁéedmfetgﬁgro fS%Y e ‘ﬁﬁmgﬁ‘%a&z?fﬁﬁb}ea?@?m(%ﬁgﬁ? g‘ia}‘?&a} 5%
preparati ompaftbrdgnest er with topographic structures in a |ayout that
corresponds 5 to a desired pattern; coating the master with a polyner film
curing the 3poI ymer filmin a manner that forns topographic structures in the

pol ymer  fi30m t HEte mefhiof e4elainatl, irewbichshqusplieais coratedley sripeeatiasi ¢ pat terns
of the jgast eorljfl’%lgr rﬁllﬁ{}&'ﬁ% a @Qgt&%hgdégl t?ﬁc?g{rhﬁl% Bélt?er}lg %ﬂcﬁ{]@% %l?%%@l%efrpo' ymer

filmreplica e master to processi ng ilm
replica w tfiinBrephicutegthe tefogdiphissthdtaired efatie niuBierandltbe @PlicListtfinsferi@r t i ons
of the topograﬁ{éit c structures of the polyner film reFI ica, corresponding to
the desireémtgtermatarialdp bgpafierned by Hansfmgingithe polymsr il te 3 camerpdigpige: 15
bringing t : Pﬁz[n 3 rp%}?:l'ﬂ-a r g0k imty;
and transf gir%fr: ?%8% e }Erg% (Eaﬂrei als ?’f%l%pg)a% 531%8%#{? ’Z‘%nrqq%)agl? {e%%sﬁgﬁém&gg{nyner
filmrepli aathesubktzate, in a manner such that the polymer film transfers the topegraphic

15 pattern of the polymer film to the material to be patterned; and the replica is destroyed

by dissolving the polymer film while it is attached to the substrate.

31.  The method of claim 30, in which the polymer used to form the polymer film is
polyvinyl alcohol.

32.  The method of claim 30, comprising an additional step of storing the carrier

20  with polymer film for some time before transferring the replica to the substrate.

33.  The method of claim 10, comprising additional steps of forming a barrier layer

on the replica afier the replica is removed from the master.

34.  The method of claim 33, in which the material for the barrier layer comprises

gold.

25 35.  The method of claim 34, in which the step of forming the barrier layer

comprises deposition of gold on the replica using a sputtering process.

36.  The method of claim 33 or 35, comprising an additional step of forming an

additional barrier layer of polymer on the replica.
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substrate. 39. The nethod of claim 38, in which the sequence Qi MAirRE$2007
| eaving materials conprises sputtering a material. 40. The nethod of claim
39, in which the conposition of the naterial is selected 20 fromthe group

i ni I d, plat ] || adi.um, . | i hr o i ckel ,
i 11 con. "gertant e FURGTYLIRLTE B i GORP Bhtrets HFiiri el Bt e Lo o

41. The net brde®f claim 38, in which the sequence of steps |eaving materials
conprises electroplating. 42. The nethod of claim4l, in which the sequence
of steps conprises: 25 sputtering a layer of material; followed by a step

of el ectropB&ti ng msthed faﬁ&@impﬁmﬁé&ﬁﬁr o maggrial ona subgirape somposings sai d

| ayer of material; and such that t.he dinensions of the.la f materjal

i ncrease. 43. Th&RAHRS ngl r%a}sgﬁr ‘gé‘,OPPWa&HFéﬁuﬁtﬁrésé‘éaéféﬁ}ég{h&&%eé{%%“ Seavi ng
materialg 30 conprises spin coating a second polynmer. 30 14 MARCH 2007 44.
The net hod d‘f’agfsgg #%Mi n which the second material is a photoresist. 45.
The met hod of cl @&bating4he thastenviithla polymesBiiyence of steps additionally

conpri ses exposure

to ultraviolet light. 46. The nmethaod of claimd45 in
whi ch the sequench! tg%?%‘iﬁ’%‘eraflaﬁli‘PPG]‘?&?‘?W"%@’%? fogg%rgﬁgc %ﬂ‘\?ﬁ‘f%ﬁ? ﬁ‘é pf’ﬁ”eﬁer
phot or esi st .fji1fh fhat FpHcdiBith&@st DorGdniifihedSpogrdphittpatdind brehsRatane drafa st eps t hat
| eave solid materials conprises an etch process. 48. An article of

manuf actureP@iY@@PﬂéE’éireﬁllcat; he process of claim3. 49. The article of claim48

pr Oducego by the RLRGESIHe He polyielTitkOreplichGroaPthe MAGtedtblaicatrier;0f cl ai m 48
produced” by using an additional step conprising depositing a material on

the surface pogcessing thempolymerfiimagplicyrh g sequencs obpters thatAiaspmaCHIGAR EHIHhe
depos Led M Ridnghs th? h%s%%&&lﬁc&%@omﬁ podRiRne B Birpdiaind o eat i num

pal I adi um copper, a chromum ni ckel, silicon, ‘germani um
t ungst en, sidesigad pagierny i um barium cobalt, and carbon. 15 52. The article of

cl ai m 48 producedhy el BRAenSdag ftb.Sing coating a polyner on the
surface of the P%RQ%Pg{r?ﬁe%ggh {rﬁle g?t%%acﬁp% o# ‘C%’ai m 50 in which a polynmer is
coat ed (1) g] t Heinging ftteeqp lyanfier fikia replica and the substrate into close proximity; and

transferring the materials from said certain portions on the polymer film replica to the

substrate.

39. The method of claim 38, in which the sequence of steps leaving materials

comprises sputtering a material.

40. The method of claim 39, in which the composition of the material is selected
20  from the group containing gold, platinum, palladium, copper, aluminum, chromium,

nickel, silicon, germanium, tungsten, silver, yttrium, barium, cobalt, and carbon.

41.  The method of claim 38, in which the sequence of steps leaving materials

comprises electroplating.

42.  The method of claim 41, in which the sequence of steps comprises:
25 sputtering a layer of material,
followed by a step of electroplating using additional material of similar
composition as said layer of mateﬁal; and

such that the dimensions of the layer of material increase.

43.  The method of claim 38, in which the sequence of steps leaving materials

30 comprises spin coating a second polymer.
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deposited material. 54. The article of claim50 in which a | aygmMgeikceded
coated on at least a portion of the PVAfilm and coating at |east a
portion of the metal coated PVA filmwith a 20 polyner. 55. The article of

cl ai m 54,

10

15

20

25

! 24.Wh| ﬁiﬂe tn%t‘horae})fa c!lailms4£c1)1|1 gv'hichztge géLcond material is a photoresist.

45.  The method of claim 44, in which the sequence of steps additionally comprises

exposure to ultraviolet light.

46.  The method of claim 45, in which the sequence of steps additionally comprises

developing the photoresist.

47.  The method of claim 38, in which the sequence of steps that leave solid

materials comprises an etch process.

48. An article of manufacture produced by the process of claim 3.

49. The article of claim 48 produced by the process of claim 10.

50. The article of claim 48 produced by using an additional step comprising
depositing a material on the surface of the PVA film.

51. The article of claim 50, in which the deposited material is selected from the
group containing gold, platinum, palladium, copper, aluminum, chromium, nickel,
silicon, germanium, tungsten, silver, yttrium, barium, cobalt, and carbon.

52. The article of claim 48 produced by an additional step comprising coating a
polymer on the surface of the PVA film.

53. The article of claim 50 in which a polymer is coated on the surface of the
deposited material.

54. The article of claim 50 in which a layer of metal is coated on at least a portion of
the PVA film, and coating at least a portion of the metal coated PVA film with a
polymer.

55. The article of claim 54, in which the metal is gold.
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