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1ayer often called resist, e.g. a polymer materjal. After heating the object to a suitable
temperature above the glass transition temperature of the polymer film the stamp is pressed
towards the film followed by pooling and release - often called demolding - of the stamp,
after the desired pattern depth has been transferred into the film. Alternatively, the

25  substrate is covered by a photo-resist material, i.e. a polymer which is sensitive to radiation
such that it is cross-linked upon exposure to ultraviolet (UV) radiation, or a pre-polymer
which is cured into a polymer upon exposure to radiation. This requires that either the
substrate or the stamp is transparent to the applied radiation. In a subsequently performed
process after the achieved imprint, the object - comprising the substrate and the patterned

30 polymer film - can be post-processed e.g. by etching of the substrate within the imprinted
regions to transfer the pattern to a target surface of the substrate.

The imprint process described above exhibits some difficulties, which have to be
considered in order to achieve a perfect pattern transfer from the template into the

moldable layer covering the substrate.
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) An embodiment of the invention, devised to fulfill the stated object, relates to an
{' apparatus for transferring a pattern of a structured surface of a template to a target surface
of a substrate, comprising
25 a first imprint unit including a first pair of cooperating main parts arranged opposite
to one another with an intermediate first spacing, and a first press device for adjusting the
first spacing, operable to transfer the pattern of the template to a receiving surface of a disc
in a first imprint step,
a second imprint unit including a second pair of cooperating main parts arranged
30 opposite to one another with an intermediate second spacing, and a second press device
operable to adjust the second spacing, and
a feeder device operable to move a disc from the first spacing to the second
spacing.

In a preferred embodiment, the feeder device is controlled to grab an imprinted disc
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Brief description of the drawings

15 Embodiments of the invention will be described in more detail below, with
reference to the accompanying drawings, on which:
Fig. 1 schematically illustrates the two-step process to manufacture replicas from a
template into an object surface according to an embodiment of the invention;
Fig. 2 shows an AFM tapping mode image of a line pattern, imprinted in SUS by
20 means of a methods according to an embodiment of the invention;
Fig. 3 shows an AFM tapping mode image of a BluRay optical disk pattern,
imprinted in SU8 according to an embodiment of the invention;
Fig. 4 shows SEM images of a pillar pattern having micro-meter dimensions with
high aspect-ratios, provided by imprint in accordance with an embodiment of the
25 invention;
Figs 5-7 illustrates process steps of an embodiment of the invention;
Fig. 8 schematically illustrates an embodiment of an imprint unit according to the
invention, for performing the process as generally described in Figs 1-3 or 5-7;
Fig. 9 schematically illustrates the imprint unit of Fig. 8, when loaded with a
30 polymer stamp and a substrate at an initial step of the process;
Fig. 10 illustrates the imprint unit of Figs 8 and 9, at an active process step of
transferring a pattern from one object surface to another object surface;
Figs 11 schematically illustrates an embodiment of an imprint apparatus according

{o the invention, comprising two imprint units and a feeder device for moving a disc
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Detailed description of preferred embodiments

15 The present invention relates to what is herein referred to as a “two-step imprint
process”. This term is to be understood as a process in which in a first step one or more
replicas of a template having a nanometer and/or micrometer size patterned surface is
formed into one or more flexible polymer foils by an imprint process. The imprinted
polymer foil may be used as a polymer stamp in a second step. Alternatively, the imprinted

20 polymer foil is used as a stamp to make another imprint on another polymer foil, which is
subsequently used in the second step. This way, the first step of the process may generate
both negative polymer replicas, where the pattern is inverted to that of the original
template, and flexible positive polymer replicas, where the pattern is similar to that of the
original template. In the second step a so-produced replica can be used as a flexible

25 polymer stamp to reproduce the pattern into an object surface through a subsequent
performed imprint process employing thermal imprint, UV-imprint, or both.

The term “nano-imprinting process™ or “imprint process™ as used herein refers to a
process for the creation of an inverted copy of a nano- and/or micro-structured surface
pattern of a template or stamp, which is generated by pressing the stamp into a moldable

30 layer, such as a polymer or pre-polymer, in order to deform the layer. The layer may be a
separately coated film on top of a base or substrate, where the base and the layer may be of
different materials. Alternatively, the layer may simply be a portion of a single material
object, where the layer is defined as a portion stretching from a surface of the object down

to a certain depth into the bulk of the object. The moldable layer may either be heated-up



Det ai | ed description of preferred enbodi nents 15The present
invention relates to what is herein referred to as a "two-step
inprint process”. This termis to be understood as a process in which
inafirst step one or nDre replicas of & tenplate having a nanoneter

and/ or m cronet. r Si ned su is, forned into .o or r.e
b o O o s FEnB b R S5 @ o L 12 Bl s
foil may bgaskigsh @& raﬂﬁbﬂﬂﬁﬁg ﬁk@ﬂ%mhﬁnﬁe%%@nﬁb%g}&é&éﬁ%mﬂm
t he |npr|nted 20 polyner foil is uSsed as a stanéwto make anot her

i npri nt onpelyoeheay pelcyredior crish-linkigrd whhithe kalpeeld Velmght pxpasate Juaingigs after
second step, .T} gnﬁ focéJéeTrfxé st etd%Brf?{] éf*t mop‘iaﬁésanmﬂ%l gmt%‘ie‘%rtl%ers

both negative repli ern ’srnverte

of the i giahdhvd ﬁﬂmhat:seon @ﬁﬂcrf)hﬁtﬂr bt ﬁarmﬁi:‘dtérl segle pothyinesrmsefkdegsBisind width.
where the pattern is simlar to that of the qriginal tenplate. In the

second step a sébpieFaUEEbIplYREr iR THErsie adleaidleand duglils ig thasmost cases
pol ynmer st r r t h
a subsequeﬁ?aﬁég?gﬁﬁe |np5%2ﬁh%?% %%gc ﬁ%@%@?ﬂgptﬁ%%ﬁggp%ﬁ%%?ﬁ?@ﬂﬂ%

" UV-i mpr i npolyoier, leedsh-linkaide afemexpoaure ta rza;iiraitinhj Prgfepicd cadbedingmts’ dfrtber palymer

process” sed herein refers to oces 0 0 an
iver tod By GRAEPHEFBORHR o TR G o eiacateion BYNU RAE S oppledp OBy v
tenplatﬁ)ogg§@ fnp, which is generated by pressing the stanp into a

mol dabl'e 30 [ayer, such as a polynmer or pre-polymer, in order to
deformthe | ayeTfhe e “replicationafyddhigy arefeptarthe eteyﬂ@:{oaft adinf¢riadh copy b heof
a‘base or subst ate e bas and t di f.f er ent
mator a5, SHPPRRAETe BN 18 TS e Gt gt S Sreoprlal
single natﬁ?hahm@pject where the layer is defined as a portion
stretching froma surface of the object down to a certain depth into
the bul k of theijceréenceWéh thelieregstion afper-stamjmEint pegcehels eatdadl weresn a

oo e, o AR PRSI AR RS AR T G R SRR

bel ow sdi d ransrtr ure

hot enbos Sfdi@l)ed by depESt, m&ﬁdﬂt@ﬂ‘méd’kﬁe gk yIﬁEﬁomftterrﬁmﬂﬂﬁbrm’ given below, the
Cr 0Ss- Ilnked with the help of UV-Ilight exposure during or after the

i npri nt i ngdise e@e%elbiwelwtfet nﬁeaaigcar%fafeéotsrloeh%h% rﬁm%eecusarraalar further,
inmprinted |

scal e bot h i Pp eyt et YRS L B iR Ot HRTRL ctpls SATPIRLEST
pol ymer fonk&ﬂneﬁaﬁsmomhakﬁMExmhﬂﬁﬁaﬁﬂdﬂmmimﬂ@muna&&@nﬁn&hohhbbsamrsudl
transpayent foil co risin pl asti c. y.ner, )

pol yrer20. it BVEEEBTG HErohw e L MR RAB oG i g ettt ot he s
radi ation. ¢y ﬁfzﬁbﬁﬁﬁd@mqlrgﬁ%pswﬁﬁ tﬁeh@m%&ké’ BRA whetih!is {15l 44 e stamp surface
pol ycar bonate, polynethyl nethacryl ate M) and cycl o- ol ef

Cgpol ymer 0th¢ @oond step. The tgheof aeptnmaré@lﬂ h@sateweral advdetagtsythwehmush nplow
t he creation, of ert ﬂ¥¥ t he st str in g%
i nver ted t BbgL AP hE bl BBt dRuSi 4 et tba s e BitsEda g
accor dancepyh ke kﬂ@ldté\éﬁﬁmhh Qftbstidtel BoroW, @ffeicnbE torlal lEMiBIe PBFmiet foil will
provi ded, where in a
25 therefore mainly be made when the intermediate disc is discussed.
In a second step the replicas are used as stamps, preferably flexible polymer
stamps, to reproduce the pattern into an object surface through a subsequent imprint
process. In at least the second step, radiation-assisted imprint is preferably performed at a
controlled constant temperature, such that thermal expansion effects are minimized.
30 This way a durable and comparatively inflexible template may advantageously be
used, made of a material such as a metal, quartz, silicon or other substantially inflexible
material, for imprinting its pattern in a flexible polymer foil to create the polymer stamp,

and the polymer stamp may then advantageously be used for imprint in a moldable layer

on the target surface of the substrate. By means of the invention, the relatively hard and
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preferably also the steps of releasing the pressure and demolding the polymer stamp from

the substrate, are performed at an elevated constant temperature maintained by means of a

temperature control device. The temperature control device typically includes a heater
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i nt o ned By RS SpReCei e S CORPRGT HRave BTl Pefiiin ac ur o
control deydie@nihdtPlempbiayurk Nl YREeSHIF a3t @olind dédvé.ce and a control
circuit for bal ancing supply of heat to obtain and maintain a

det er mi ned t enpEnefiish ©F PEMEI SiRi0h e tHoSePPreeRsk M@n@@\he&éscrrbﬁé with
first, or f Wﬂ:

wth ref er%ﬁ%e 6%0 %eﬂ% 9 1{ E%F Eﬂ\‘& ?%Se&ggé\%&(r%\%:o %n%r c% ?I% :}ét%%o

primary 5st &ﬁfe&ﬁlc&hﬂbdigleh{s ai‘af\&hEmdlufaﬂl@rﬂﬁﬁtra&ﬁhﬁdhgTﬂnﬂ“he aroeess of Figs lato 1f
scherratlcally illustrated in Fi rocess Figs |la

. 1. Th
i |1 ust r at elEEse Peatien ok IPF?E@F%Q%PQ!S@%& HRYSIRg BTHNa]JIRENE ﬁf@ﬁ?ﬁﬁ there
I nprint. l‘?r%\’l?e& o§s|ﬂ)% f"ecﬁﬂ guc%tijafe ﬁ[g’?%l@ #)SW&? @ﬁhﬂJthssm lq{e oglﬂﬁéﬁ'b@ﬁ)w

t he pol yner stanp as w | e out I splays a
tenplate 1, COI’IElgSHddIS{ﬂa}S. gtempldte it,oum;npmerkeﬂ e. g;mln:tohemckﬁtoabtlmumtadisuch

pat ter nod SURFEESTS SU 06 R LRGP BELcHE) GEPRER bo 4 RGN Tpiface 2
recesseg) 115 5? O%V@MIMIO% ot Reckdies %ﬁﬁg h@f§hmaﬁamﬁ1§ﬁr§tmrorder of
nanoneters. The tenplate 1'is g@(ace with surface Z faci ng and

cont act i ngma:r@mcﬁam nan@ﬁetarSf esiebipdatp iy plaeed with srgfamdefa@ﬁg encg corgacting

t her nopl ast i ¢ Ly, r msett and/ or..a

which is c? 8§gap r?gglg}eéabé 50 Yt ﬁ’ﬂt%@%ﬂ%)tg%‘fa @XIB%OSDU?S 1C’tpSior adi atl on.
More speci tfhbﬁn&éﬂﬁi@p@gnﬁgr Md@t{l(ﬁ‘yrﬁ@l Witesh ik efdss-akald @,,lgswitliltﬂetlfé@ ah
pol ycar bonate, COC an In preferred enbodi nent, tenpla

| a
surface 2 efpoawd ieadiakion. Mogs Sp@ﬁréiCp%myaJés of giifably pokwmes; foil atersals include

ant | - agfe 0%&9@% rbtﬁzs?:l?cgﬁ@@ol}m%  piefe eQ%ngjﬁdm%‘ﬁ‘? t% 1%9:%¥fa£@ﬁ 6F bl

conposi t'l ons” or characte antr - provi ded on

tenpl at e ssrrfaace 02tfﬁﬁﬁdﬁﬁerpbﬂ)@@l’ubﬁt(ﬂnh—a&ihéilaﬁ:ﬁro@erti\élé tigmhmo bze:lhp)ﬂm‘r due to
suitable inprint process . as illustrated i gﬁae an |nverS| of 20
the patt erﬁ%‘l@éfm%t%“fﬁbF%%PBO%WWSéEéh%Ta?tEﬂ%tEﬁS anmzﬁ -gdlesionlpyes @rqvi tht

surface 4 @&1 ﬁaﬂ@d{rfa‘ééﬁ%@op?@&ﬁ}%ﬁf&%d fmae 4After the tenplate surface

2 has been ace In contac sur ace 4 of polyner foil 3, the
pol ymer foi I i S\Mmshah@hlelp of asmmhhﬁmmrmt praxboes iﬂlhmra@ldda §ig Emijpmria‘tfﬂxsien of

Tg of e used mer .in t rfacela ro

(il R e ot orfnlas® ey it ulopp B enaenifogiibal B fikore
t hroug hOUt pdlGelfiliy, %.f@?tﬁérf@ﬁlpfa&' siurfa@é 2 hhs BEY plRel @Y é‘orﬁaé@@\ﬁﬁl surface 4 of
conposi ti on of the actual polyner with an applied surface | ayer

at surf acepdywér arct Herpodynpdeilis mat@ida@ttempa@mm aprvierihe gloysdpmperature Tg

surface |a a ached its BS.tl pressure
o oot ectiibe PRELRREIN RS R Re o 3Fs bETREE RIS LBERSHHET -
t he pattermavig mbfef @C&sZhd SinigBomipabitidn ithroliftous tefcadite pay@Er @i, st frage
4 of pzéymar f0|I 3. Pressing nmay be achi eved by neans of a sof t

press t hhﬁvq gagssangpaitionidhaiciyd gobmep felk withansupind walapg layerp sugace
a_menbr ane4 o\ﬁ#elrl Bﬁoﬁ%& Qda%?e(a fbpﬁﬂr%gﬁ't ﬂ;f%tteﬁ'tﬂe Sk Iragérq{ag P&EndLicd Qgss

secondary S e process-accor e | nven

Al ternati Vﬁdm)mma tepEaimed) peditire ivdpphiad ¢ preestemipied hiagdipolymyr figl Jivgether
Since the polyner stanp cre ted in th_e@ﬁrlrrxalr3]/ll§t?i ﬁéls not. t he final

product, pachhahegipipg qfotrtacecs tsamann ST SHRRSF s eRplyRer
the same nRANEHASINE HayHAGCBREADRMLad 5P soft press technique using a fluid or gas

30 pressure supplied by means of a membrane, as will be explained in more detail with
reference to the secondary step of the process according to the invention. Alternatively, a
more conventional hard press technique may be used. Since the polymer stamp created in
the primary step is not the final product, parallelism is not a crucial element of the primary

step in the same manner as for the secondary step.



8 As nentioned, the illustrated enbodi nent nakes use of thernal ,
inmprint, and polymer foil 3 is therefore heated before the pressure
is applied, in order to soften the surface | ayer. Specific exanples
according to the above thermal prinmary sep are given bel ow.

Al t ti t |t t dit I I d d
exposur e of 5 sorERrE b UG P aier B oF B PR PERT BEEnd ¢
the materi ghlyRfer FHE3 RAhyERIe h&itdd beForltBOpleOsubisGHPBED, i Hidetofien the
exposure to radiation, either the material of the tenplate 1 or that

of the pol §urEaccasier. Spepifistexaaples asropding i the be vecdhenmnl PEBIFBePR RieEHven
Al t t
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such an %n@lﬁhté&;ﬁﬁnlhmﬂth@p@lbﬂmefd;m rediation. I the sidtdriah of t’nmpet}amantfeil Idhlso
is not necessary In one exanpl.e of a UV-NI L, F?](iorgess

UV- cur abl etopb%crﬁ%frlyﬂeri bW§XH?%lﬁ‘eW§é‘éla%‘?n §uh%rarb¢ RS féemgliigdor that of
surface 2 gf

pol ycar bonat g)@élgm3 ]rﬁ‘ésgtg ?njglt(l)s r eg Sf)oﬁl ‘é@ (% 5@@?1%1{':&?15@ embOdlﬁnemS
sheet wor kchalearthamally-or E{Bhsmabbrme—sub’mer abmposnmﬂnm tbesofiteilaypr arurface

process. Tha to the fact that a carrier .15 base i rovi by the
et - “whi SR PEYHRGH - SHe AT o FoRsRer it SV e S AP CiRR St
t he actyﬁl IS%B@&%ahayer provided by the pre-polyner |ayer can be

kept at a mininmum|evel of only a few nanoneters. This is

pgrtl cul arly ushbfare exheplafa-§ WHBWOQ@S,@UHF@rdﬁepmsedym istlispensed at

Toye Cosel S\ YARARSCANDAHER Baiats 2CCATfan %) BUgrfRer deqbf T

from Asahi pélyasBorde 60PN A%haR obaBgidndRigtto f61Y 3 & h@r 1 u?hecsheetbmks later as
pre-polymer mght function just as good or better. A good UV-polyne
| oses its UVY-Gisprsnhibpirapar thesec tl@ﬁméhl?lpﬁ%j?s i Thagkgerthe act H@F eaeeer

UV- t &
o pr ortSh) Bkl lidc 18y 300G, WERELOhi PO Sep NN S5V RO TR AR AR or
avoi d cheniheaktudl ﬁﬁ&bulayeﬂpz@iudeheymem pio;yym&"reamempbé et Hudinibawm fegel

good enough |nteract| on between . 25 th ﬁﬂe@@ ant ee good adhesi on
bet ween t heheningdey nﬁm@ngg@s?@ag%p%q 3@‘156 DERe-PRIFISE Mpfrsials are used

di spensed R enRE)! lf:thse q{e@x%?t LshsW¥ibidh p]%rﬂgérgﬁé@? cﬁﬁn@'sﬁc}pé&@kﬁﬁl ﬁ%m Toyo

UV-transparent po yner rane is on top of the polyne
sheet. Thi §osmrdapane<\no$hdrtueablanéfs&uaivlz@¢ -polytrkes io PYBSi ﬁ:@nsim ({isﬁassh a

| 20 d d b
or 1 qat PEeeiol Tot by afea G e oA e Gl SRR or
cures 30 t B&'te? re 99& Wﬁolgﬂﬂéf)k‘ﬂ& RLCAY OISR Bﬁ&he@ﬁﬂ:rhﬂﬁn%m B to

menbr ane thereby curing the pre-polyner and bonding it to the pol yner
foil. The prossut¥-iransmasseasiodhd sﬂcpmbmprw stagpaveve st ﬂlmrnhmatlon of pre-

A d f th
Tompl ate. - Poly e Rl SRk Bl R e LB Sl

covered W #iRscAutsdf dfahé sSheclbpilepi@bolshre bushithgamod @passH Ihﬂzlﬂc-ﬁbﬁ(bﬁﬂween
USA, or_Zeonor from Zeon Cor Japan. After placenent of the i
ﬁg‘?“ firg% of

menbr ar® ool DAk g9eHy Weqwée@aﬁﬂw &R splstigtecliod ds 5190
d heat ed, h
resuri selreluphaie ot BRI atEHah thétuidh SEREEIENE IR °

filmthe spslghiechen®raneadt pldced on top of the polymer sheet. This membrane is then

pressurized on the opposite side with a comparably low pressure ranging from 1 to 20 bar,
provided by a gas or liquid pressure, and UV-radiation of a suitable dose exposes and cures

30 the pre-polymer through the polymer sheet and the polymer membrane thereby curing the
pre-polymer and bonding it to the polymer foil. The pressure is released followed by
removal of imprint membrane and demolding of the thus-created polymer stamp from the
template.

In a thermal NIL-process the template, or master, 1s covered with a suitable



5 below glass transition tenperature followed by renmoval of inprint
menbrane and denol ding of the IPS stanp fromthe master. A good

t hernopl asti ¢ sheet needs to have a narrqw process w ndow regardi ng
inmprint tenperature and rel ease tenperat dre as well as hi gh

mechani cal _strengt f.the. er Str up es at ve

to serve. aBowentes et 8 ToBEieR S b s R P AN A ner
t r anspar enghpcémnt J¥tHeddlipgint @Rmbsankioghby ofl e BOneddr ch&dk the sandwich s Qitked by
exanpl e of a conbi ned heat and radjation the polyner. foil . .
cor r espondi#guiind heatedi Yhen theigippmt temnerbure dnispaicd thamembrrneds prssyygized
transferre 1 - . =4 I ,
g & neoai Vot 250 tBE, Wil LARRPALRTo el LR Al PR HORY

sSpi n- codt etlelowtgbask ivangitby teerpetabide . folldvecd nehatvel df iarpdint membeak add

pol ymer foil are 15 br ht taqgether and covered by an. i pprint

merbr ane oUBPORHE RS Sy ~t41ap FIOmE Braste Ak o FsrrpRaTlishrapeeds to have a
tenper at ur gart§i8 plRbdsBliniSwhedAdinge E}ﬁ{)&&t‘ceﬂﬂéﬂaﬁﬂe hereRiatd fefipkRfire 9 we&s
inmprint process to elimnate thermal expansion effects. The sandw ch

i s now pr ebighmicchenicgidtrafgieof thetggperetstl nirhametet steictuegthaGtive ée samdsas mold

the polyner is cross-liked b -radi ation foll owed . post ..
expomur o bEBE SfEsETEnt BeEo e SR oS BE L Vel R o nigy
pr essurig CeséheBBianow be rel eased directly foll owed by renoval of
i mprint nmenbrane and denol di ng. Again, a good negative photoresist_

| oses its | TV- absordxappleeichwmbiesd hept erd adigsen the polymer fofegneregeandingfo
.

t he speci fig 0 ed. .l.6,.t )Y i t (—im

UV at cons? gl}f{gt g’ﬁ%éhfhg%u{rgg ,[ér{lﬁlﬁ% II%?[ éﬁ?L g)nl%f: ttr%feﬁ%pgﬁe%?sgta bl%o y'nllea}lg%gﬂt' A
3 can be supatrateliniebldywlyaéd e, & aed4ting phdtowdsishaith ¢ SIS fagn OictdThem,
polymer foil after the performed inprint 25 process dependjng on the
chosen mat BPitals skHceated e therratwaer fagl; e teraplatedeandrthe pratedapilymeridfod are
fromt p r i W3 a0l o]

the rep) oQOUERaRAGaG cByert By WTRRb LRI Bl X polipePloTOARE, hfing
whi ch is i tovee imgridriempgature/the fater hdieldfortshuat duriigg tha lentienpdtaf éeimpciah
be used as a flexible polynmer stanp 5..1n .accorqdance with the.

i nvent i on, Prﬁsm%?h@tfﬁﬁﬁp& cimal cSpARion cieel TH PRLWLED e PyFeseizer apd aler
transfer tAgRal HEWMmK, B0 aERnds, iR Foll AEOBresREA 8 €1 v-Sddidtion! fBllowed
used in an additional primary step to produce a second inversed

replica 9 bnaposisspdrare bakeillblge3petopneés. Nooddolibg screquitkdagnd thepregsure ¢hn

ool oyi2fh "5 B PP e B REEyPupRat PR ahalire i aten BRI R g
to be creaj ggbd ieghhiee piat@RtisSloRStifsale-absorbig BRoitidsNRF 88pcRfret he

tenpl ate surface pattern. In such an enbodinent, 10 a pol émer foil 6
i s used which iRBepsaderpadbespasificaorpessy read, i.onbermag| LA or combispd thepmal and

t enper at ur j [ e iS4l g
T ex bre. patymehRl Bhath ERCIAME 1 S R HARLADAL 1 L08 be sepproied
of pol ymer eiftel hft& caoling bevgltbdnﬁ cpolingefiths pﬁm@ﬁﬂkiﬂd@ ithe ponformad lhgpﬂti)mn
propertjes agai nst to each other. Anti-adhesion properties caou e 5
pr esentZ r BRFEH SepRgiIngfAmige aﬁ%gepénattwle Hp E@mﬁ@ﬁ-u‘?éerdﬁle@w@ﬂﬁ%fef&mplate 1
pol yner f o} klplse i 1 : :

bt - adhesron aRUPcl St IEhBHL Y dbTTO0T, dIKPEIRH the replioa displayed
bot h pol ynrFigulrch Aeeng ahdderhiinitakbiygceidf whihie isgalsttadrorinepative ts bet bfithbe

cross-linked . after exposure to radiation at |east e of the pol yner

foils 5 antr@hiSIPBE brdhBpirdrt A HePaypIr S87Padi at i on or

al ternatively th%&%&n&%ﬁgﬂleri%n%h,%&rﬁer%%z?ﬁ §|isaeéﬁfepﬁs%dlihﬁ!@s@&)rﬁfary
oi [

10 the surface layer of foil 6, or the entire  if it is
massi vel0 step to t@mnefer therpatitrmeoisaviagot joreterget awhstgle, ohit thised in anvasiditahal

fromthe first polymer stamp 5 and thus substantiallyddentical to.

tenpl ate 1ParpRtEAlaretel TeR@rAar ekt ToRtita, i et s B e it
according to Figs 1d) to 11), in a similar process as described above. A purpose behind
employing a further primary step is to ensure that the final pattern to be created in the

target substrate is to be an inverse of the template surface pattern. In such an embodiment,



15 sheet to which a surface layer is applied at surface 7. In order

to be able to inprint the pattern of surface 4 in the surface |ayer

of foil 6, foil 6 is heated above the glass transition tenperature of
its surface layer if a thermal inprint p]fQ)cess is used. As shown in
Fig. le), pressure .is-t | i o] S firs 0 r._st.anp 5
nto the’ sBEPRBEPoll it BT SR B hfpPis B Bl oot ne
flexibl e pampreitustaaddmprisiaBmberafeaBMedei thamtiahes (A0 fleeibyemilyrhed dtarfip 5.
mechani cal Ly, i.e. nostly after cooli ng t he pol yner foil 9, or

al t er nat | vEPhermere,t eagingputtacss 4 gad viofmelvsterifell ¢ and Pexiblegobmestamp 5
chem cal | y_W:t. 1 ] : J SRS i

suttabre yPOULPal RS HEl S fhS SuilRa LD RIS ProbRs cpuld e
7 havi ng@ apgadrt érom thebegiapmadiundgo the chhmicabhattrivenfdltd wicd ablytrempdibt aadlor be

The so-produced replicas,5 ar. 8 having inverted or jdentical surface
pat torno. ¢ BHRRBENSE DY £i6 4rR0GH P PHAT F OB oF PSSR TR e poges
used as fl@ﬁbﬁé@r&ﬂﬁ}ﬂ@?yhe} SRl ot 9 dithori1$ EiF BRAR Yimér B I6thoSIHER cross-linked
according to the invention, as schematically illustrated in Figs 1Q)

to ti) on tlfe dxpdsurhrddisliceatdnabt pheol thg ptlyieen doissi Jand & mupldetiraneparent to

Here, surfaces r 7.0f o of.the flexible polyner stanps 5 or..§.
Wit be. pl Reaael e o flrrty sty et Pgiian S pfthEs sofiking of
conpri siNgihd ssHbsd bpdref i3] Bt thderirt #iD6f islshaeRel7 covered by a

thin nol dable 30 surface |ayer 14 of a radiation-sensitive material,

e%;,g. a pre- pol yheaatipn oha pov paymagsiaay §. svhdelois dnvorisk Aiemethgilist pohendrsigmp
otam. 5 of S gty Rtnacltid AR whn el bl Bl dnBheTibcing

t he nol dabpélymayaamps, withiits paitelieel sibftheds 4 fcinpoadda ichhtadtsvid] a klr€ace 7 of the
surfaces. Wth the help of an applied, pressure forcing one of the .
flexible pHcgabpolymspfct @Aspebpregsegonrd pymes foild may &e Rspsiymer hayg a carrier

Pl | e X aRst Sk 3 ShERETH DU HROPaRkHRET AR, b LA Rt i e

radi ati on, an I nversion o pattern o ol ymer stanp s aces
is formed pattetdef surfadab e tHeayedacelldyerad fisih Oyviilitnis Begjed hnve Theglhésaxinbition

polymer stanp 5 or 8.is transpartent to . the . applied.radiation or. shows
i o abeoRBRAERTE 81 F STAE GO Al TaHF EPERt ISR ts Gowa inTIE. o)
radi ation BRERSSANNerd Hplibdtd NssAhO¥irS pBFSud: kKT Dintd e TRl 1&er @F polymer

surface | ayer 14 upon exposure to radiation After performed inprint
and post - bkl thghftes pstiommed impEing the flexible helyfmeestabe qaolbgmemo Bheor
8 can renoved,.from t.he. sybstrate.13.nechani cally or, ternati vel
the whaile BATUREoIS Biehamicaly g & PoSiy FiieitooRpe E notymies foll s @ Gtivety
chem cal | ythaivitold éi@mlbzgl d? pofticR8 e f RlcafBE EisStli e etniSQIYARTHR thelHRIPof one or
sui tabl e process. 10Fig. |i) shows the resulting inprinted object 12

after rel enge BitaplgsolveriRiinp suifpblopreecsst Brpyesilols agiew pelynefetanp 8 with a

permanent |y affi t f t . « further
per et AL Phol S ADS! SLSRRLSTA LP UG SRR b |
portions of theThesmprotogdireplinai s ok @ axpditvdriad ot afegdtal Stificqaitdrhs @ that

the substrate, and then to either etch_the target surface or plate it
with arfor hekthpangmpkiempiaie | detnesiiveds gl ke %Fg philexiblgpolyaper fsrpplales iy

are not 15_J : i - L he, i 1,00 .
Flo 1 s R B ) o e oLl ak i Higs 1)
t o t he i nvienti} omtheTéfehaprd side yndsthe pghidepd cidedreapavieclyhBetashitded 4 ne7 of
may be perform Si, thermal inpri irectly .in the Ssi v

ol yrer "1 ofte Otckz HEuP s oot St g hop P Be P FRuRCStit: Acd TGt an
on the pol yiest 15Qbnpriding S WHSTAOEPHS ik a LR ERLHAR Bt cRelMyOhitoldable
el evated tenperature 20 using a W cross-| 1 nkable pol yner Surface

| ayer ¥ t hielapolayeet4 6od tadiatibniskiesitmve matepal aig. & pregmépménorst pgnérayhith is

lc), there will typical b difference in the.thernmal .expansgio.

et ween. t effprsuatable i bk r8f S s B ERE ebflatel s bR T GHERC R
polymer stamp 5 or 8 exhibit anti-adhesion properties against surface 16 of the moldable
layer 14, due to the material compositions of the surfaces. With the help of an applied

pressure forcing one of the flexible polymer templates 5 or 8 and object 12 together and



resiliency and flexibility of polynmer foil 3, which furthernore has a
t hi ckness which is substantially larger than the hei ght of the
pattern structures, guarantees that the {)ol ynmer 25 foil is stretched
and contracted by the thermal expansion osed on tenplate 1,

ith d f he f ...The .
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be performed on the substrate, the remaining or residual surface layer on the target surface
of the substrate is generally extremely thin, in the order of a few nanometers. Heating and

cooling a sandwiched pair of stamp and polymer having different thermal expansion, will



body 21, or attached to a | ower surface of heater body 21. In yet
anot her enbodi nent, heating elenment 22 is a forned channel in heater
body 21, for passing a heating fluid 13 through said channel. Heater
element 22 is further provided with connkétors 23 for connectlon to
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below the substrate base 13. In a process where the pattern of polymer stamp 10 is to be
20 transferred to substrate 12 directly through an imprint in a polymer material, said material
may be applied as a surface layer 14 directly onto the substrate target surface 17. In

alternative embodiments, indicated by the dashed line, a transfer layer 15 is also employed,

AT

of e.g. a second polymer material. Examples of such transfer layers, and how they are used
in the subsequent process of transferring the imprinted pattern to the substrate base 13, are
25 described in US 6,334,960. In an embodiment including a transfer layer 15, target surface
17 denotes the upper or outer surface of the transfer layer 15, which in turn is arranged on
the substrate base surface 18.
Substrate 12 is positioned on a heater device 20. Heater device 20 preferably
comprises a heater body 21 of metal, e.g. aluminum. A heater element 22 is connected to
30 orincluded in heater body 21, for transferring thermal energy to heater body 21. In one
embodiment, heater element 22 is an electrical immersion heater inserted in a socket in
heater body 21. In another embodiment, an electrical heating coil is provided mside heater
body 21, or attached to a lower surface of heater body 21. In yet another embodiment,

heating element 22 is a formed channel in heater body 21, for passing a heating fluid



25 for transferring thermal energy from heater body 21. In a
preferred enbodi nent, cooling element 24 conprises a forned channel
or channels in heater body 21, for passing a cooling fluid through
sai d channel or channels. Cooling el ement3 24 is further provi ded with
connectors,; 25 for. negt4 t t. I i S0
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further be provided with a cooling element 24 connected to or included in heater body 21,

is

25 for transferring thermal energy from heater body 21. In a preferred embodiment, cooling
element 24 comprises a formed channel or channels in heater body 21, for passing a
cooling fluid through said channel or channels. Cooling element 24 is further provided
with connectors 25 for connection to an external cooling source (not shown). Preferably,
said connectors 25 are conduits for attachment to a cooling fluid source. Said cooling fluid

30 is preferably water, but may alternatively be an oil, e.g. an insulating oil.

A preferred embodiment of the invention makes use of a radiation cross-linkable
thermoplastic polymer solution material for layer 14, which preferably is spin-coatable.
These polymer solutions may also be photo chemically amplified. An example of such a

material is mr-L6000.1 XP from Micro Resist Technology, which is UV cross-linkable.



25 preferably applied in liquid formonto substrate 12, preferably by
spin coating, or optionally by roller coating, dip coating or

simlar. One advantage with the present jnvention conpared to prior
art step and flash nethods, typically whth usi ng a cross-I|inkable
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repeated dispensation on repeated surface portions, since that method is incapable of

handling large surfaces in single steps. This makes both the step and flash process and the



pol ymer stanps created using radiation as descri bed above, the
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two or nore inprint units, may conprise different types of inprint
ur%n ts or imprintstep begmmng at the step of Fig. 5.

Fig. 6 illustrates how the structures of polymer stamp surface 11 has made an
imprint in the material layer 14, which is in fluid or at least soft form, at which the fluid
25 has been forced to fill the recesses in polymer stamp surface 11. In the illustrated
embodiment, the highest protrusions in polymer stamp surface 11 do not penetrate all the
way down fo substrate surface 17. This may be beneficial for protecting the substrate
surface 17, and particularly the polymer stamp surface 11, from damage. However, in
alternative embodiments, such as one including a transfer layer, imprint may be performed
30 all the way down to transfer layer surfacel7. In the embodiment illustrated in Figs 5-7, the
polymer stamp is made from a material which is transparent to radiation 19 of a
predetermined wavelength or wavelength range, which is usable for solidifying a selected
moldable material. Such materials may e.g. be polycarbonate, COC or PMMA. For

polymer stamps created using radiation as described above, the remaining layer of the



identical inprint units, and even if they are identical they are
advant ageousl y operated under different conditions. For one thing, if
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process. ASomprised in an apparatus according to the present invention. The apparatus, Whjch
30 comprises two or more imprint units, may comprise different types of imprint units or
identical imprint units, and even if they are identical they are advantageously operated
under different conditions. For one thing, if a polymer foil is imprinted in the first imprint
unit in a thermal process, the imprint temperature in that unit is higher than the glass

transition temperature of the polymer foil. In the second imprint unit, to which the



18 is indicated by the arrow in the drawi ng, the neans for adjusting
spaci ng 103 are devised to displace second main part 102 closer to or
farther fromfirst main part 101, by nea of a novenent
substantially perpendicular to the subst@ntially flat surface 105,
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part 101 conprises a peripheral seal nenb 108, which encircles

surface 104. PrEficcimying ung bl comptises 2108 mainpartdAdlang 8 sereat] meaie harg 402. In
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in the i npioPRY oLpditcenbls, 2 BievVioEsl sX iR PHIT dbik spbsiiice gy thegpecific
surfacq fpgér%bféﬂ%s%% QiR maH! &ﬁ‘ﬁﬁff%ﬂ? w sfS&Qy%_@H:oﬁﬁ'ﬂlé‘ﬁl%Hﬁ afethol 86HrBsb@Rerein,
source 110, is forned Iin a materia ich is transparent to radiation
of a cert abut mewdlcongt e comvined vethghb preacgenamtipmaibat nesdlegour ce 110,

ferably W radiatjon. This 25 , i ati itted f ,
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i mpri nt,, uni.t fur.t her conprise chani cal ,cl anpi 3 ans, , for
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systemfor ali ninglsubstrate and stanp prior to pattern transfer,

wher e the Bafeghedy St doNacedrip epaipeigvitthelaiet I9fporalems pat shiplgterl@b eHprier hady
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uae ate to

hol di ng device 1S inc not "shown or securfng a tenp
surface 10bcoclingslomant e, & shd®¥n in Figs 5-7. Heating element 22 is connected through

25 connectors 23 to a energy source 26, e.g. an electrical power supply with current control
means. Furthermore, cooling element 24 is connected through connectors 25 to a cooling
source 27, e.g. a cooling fluid reservoir and pump, with control means for controlling flow
and temperature of the cooling fluid.

Means for adjusting spacing 103 are, in the illustrated embodiment, provided by a

30 piston member 107 attached at its outer end to plate 106. Piston member 107 is
displaceably linked to a cylinder member 108, which preferably is held in fixed relation to
first main part 101. In a preferred embodiment, piston member 107 may pivot to a certain
extent in its suspension in cylinder member 108, in order to automatically assume

parallelism between surfaces 104 and 105 when brought together in the imprint process. As



mechani cal tenpl ate retaining nenber, such as a chuck or a set of
hooks securely holding the tenplate or a tenplate carrier to surface
105. Furthernore, the tenplate holding device may additionally or
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stamp prior to pattern transfer, where the aligned stack comprising the stamp and the
substrate has to be transferred into the imprint unit. In one embodiment, a template holding

device is included {not shown) for securing a template to surface 105. This may be a



subsequently used as a stanp for inprint in a target surface of a
substrate. A substrate 12 15 and a pol yrrer stanp 10 are placed in the
spaci ng 103 between main part 101 and n part 102, which constitute
cooperating nenbers. For better understa i ng of this draw ng,
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not to pla
embodiment, a centre portion, wide enough to completely overlap a template for which the

imprint unit is configured to be used with, may be substantially rigid, e.g. by attaching a
rigid plate thereto. Furthermore, in such an alternative embodiment, membrane 113 may be
firmly attached to main part 101, whereas seal 108 is disposed outwardly of membrane

20 113. For an embodiment such as the one illustrated, also membrane 113 is formed in a
material which is transparent to radiation of a certain wavelength or wavelength range of
radiation source 110. This way, radiation emitted from radiation source 110 is transmitted
into spacing 103 through said cavity 115 and its boundary walls 104 and 113. Examples of
usable materials for membrane 113, for the embodiment of Figs 7-9, include

25 vpolycarbonate, polypropylene, polyethylene, PDMS and PEEK. The thickness of
membrane 113 may typically be 10-500 pm. In a thermal imprint process as described, a
combination of membrane material and polymer foil material should be selected such that
an imprint temperature exceeding the glass transition temperature of the polymer foil does
not exceed a glass transition temperature of the membrane.

30 The imprint unit 100 {further preferably comprises means for applying a vacuum
between stamp and substrate in order to extract air inclusions from the moldable layer of
the stacked sandwich prior to hardening of the layer through UV irradiation. This is
exemplified in Fig. 8 by a vacuum pump 117, communicatively connected to the space

between surface 105 and membrane 113 by a conduit 118.
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30 polymer stamp 1 ent, no separate membrane
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that polymer foil 10 is pressed between seal 108 and surface 105, in order not to place




22 substrate are thereby made to arrange thensel ves absol utely
parallel in relation to one another and, the influence of any
irregularities in the surface of the substrate or pol ynmer stanp being
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necessary to bring the 25 substrate out of the inprint unit_and intq
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substrate 12 'of silicon covered by a |ayer o )
25 linkable material, and also suitable for postbaking of the radiation-exposed material.
Heater device 20 is activated to heat layer 14 through substrate 12, by means of heater
body 21, until T, has been reached. The actual value of T}, is naturally dependent on the
material chosen for layer 14. For the example of mr-L.6000.1 XP, a temperature T, within
the range of 50-150°C may be used, dependent on the molecular weight distribution in the
30 material. The pressure of the medium in cavity 115 is then increased to 5-500 bar,
advantageously to 5-200 bar, and preferably to 20-100 bar. Polymer stamp 10 and substrate
12 are thereby pressed together with a corresponding pressure. Thanks to flexible

membrane 113, an absolutely even distribution of force is obtained over the whole of the

contact surface between the substrate and the polymer stamp. The polymer stamp and the



23 14 of NIP-K17 with a thickness of 1 'Am After conpression by
means of nenbrane 113 with a pressure of 5-100 bar for about 30
seconds, radiation source 110 is turned on. Radiation source 110 is
typically devised to enmit at least in th& ultraviol et region bel ow
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as y=xJ10, pedifeking ibégoratly pehfermped fordt By memitdsi prgfariidy ebons Srminutes, at the

tolerange. In fact, it can easil ofulat ich effect
i 1§ e el eeTHOR RcE ERBARET On R0 Ase gL St GG FFQbsure to radiation
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per f or m ngpdrhgnRt @€ 8RSmprint madd@DO@FRBcIOmedtidh@ipisineahdoeskadf to bring the
flexible polymer foils within a "two-step” inprint process as
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The fl exible. pr L&S: I 1 gl | :
compl i cat 1 SHIAGPREREO BT ol Bl SOMATRRTRE il flep Pofl, Pl Ty prforming the
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used in the inprint-process.. Therefore, the technique offers i
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this, the substrate is separated from the polymer stamp and subjected to further treatment
according to what is previously known for imprint lithography.

A first mode of the invention involves a substrate 12 of silicon covered by a layer



The flexible and ductile properties of the used polyner foils prevent
the inclusion 10 of air during the inprint between the polyner foil -
havi ng either a patterned or non- patterned surface - and the other
object - e.g. a substrate covered by a yner filmor a tenpl ate,

conpri sing , uart ner_ materia i
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By the term constant temperature is meant substantially constant, meaning that

even though a temperature controller is set to maintain a certain temperature, the actual

20 temperature obtained will inevitably fluctuate to a certain extent. The stability of the
constant temperature is mainly dependent on the accuracy of the temperature controller,
and inertia of the entire setup. Furthermore, it is understood that even though the method
according to the invention is usable for imprinting extremely fine structures down to single
nanometers, a slight temperature variation will not have a major effect as long as the

25 template is not too large. Assuming that the structures at the periphery of the template has
a width x, and a reasonable spatial tolerance is a fraction of that width, such as y=x/10,
then y becomes the parameter setting the temperature tolerance. In fact, it can easily be
calculated which effect differences in thermal expansion will have, by applying the
respective coefficients of thermal expansion for the materials of the template and substrate,

30 the size, typically the radius, of the template, and the spatial tolerance parameter y. From
such a calculation, a suitable temperature tolerance for the temperature controller can be
calculated and applied to the machine for performing the process.

Advantages of the application of flexible polymer foils within a “two-step” imprint

process as described above and displayed in Fig. 1 include the following:



25 to apply them several tines in the secondary step of the inprint
process. Alternatively, the polyner stanps are used only once and are
then thrown away. In any case, this enhances the lifetinme of the
original tenplate 1, which never has to 4 used for i nprint against a

hard and non-fl.exi i ial . 5The flexible and ductile.. i
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first numepglcdahiBsbBatrPéantbe BEd Hididg %@?mgﬁﬁ’tr prb&&s 8@dEb&f above, even when
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another with an
pronounced anti-adhesion properties against other materials, making it ideal to apply them

25 in an imprint process. The deposition of additional anti-adhesion layers on low surface
energy polymers is in the most cases not necessary making the process described above
simple and indusirially applicable. Clearly spoken, it is possible to make the polymer
replica stamp in an anti-adhesive material.

The process described above and displayed in Fig. 1 is very suitable to produce

30 both positive (the pattern is similar to that of the original template) and negative (the
pattern is inverted to that of the original template) replicas if the material properties of the
different polymer materials - e.g. glass transition temperature, optical transparency, and
curability after exposure to radiation - applied in the process are adapted to each other.

The aging and wear resistance of the used flexible polymer stamps make it possible



26 internediate first spacing 203. A first press device is included

for adjusting the first spacing 203, including a suspension of main
part 202 such that it is displaceable towards and away from main part
201. Pure rrechani cal displ acerrent of secbhd main part 202 nay aI so be
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or by both being attached to a common carrier 401. In an alternative
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to engage and grasp esent ‘in first spacing e it
second spawithgfiBdi3¢plamtedtdisk: el ease it at the second spacing 303.

Preferably, as xe lified iin the dra f.eeder device 410
compri s’ one B saperatel Toh D ieh SRS dtes S e LEmiby

t el escopi C@dvkdopment process, which is not executable the common way by nickel-to-nickel plating.

f Here, the imprinted polymer sheet is first bonded together with a rigid substrate by, e.g., a

L

UV-assisted imprint process. Thereafter the sheet is metallized with a seed layer and
electropiated to receive a nickel copy of the original. Many other conversion process are
25 accessible via the described invention.

An embodiment of the apparatus according to the invention will now be described
with reference to Figs 11-16. Apparatus 400 inchides a first imprint unit 200 and a second
imprint unit 300. Any or both of the first and second imprint units 200 and 300,
respectively may be devised as described with reference to Figs 5-10. Elements described

30 with reference to the preceding drawings carry the same reference numerals, but with a
first numeral 2 instead of 1 for unit 200, and a first numeral 3 instead of 1 for unit 300. For
the sake of simplicity, though, not all elements will be marked in each figure.

First imprint unit 200 comprises a first pair of cooperating support members, mainl

part 201 and main part 202, arranged opposite to one another with an adjustable



30 extendabl e to maneuver between the first 203 and second 303
spacing. In the drawi ngs, feeder device 410 is drawn to be rotated
about an axis which is perpendicular to the vertical inprint
direction, whereas an alternative enbodi#®ent may incl ude novenent

about an axi.s iche.i arall.el .to the inprint. direction. The
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ieS, not used . for t%@e sake of..si.npl.ici.t. disc
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spaci n% 203. . The disc . . -
5 for imprint on the target surface of a substrate. In one embodiment, illustrated in Figs 11-
16, the feeder device 410 comprises a disc grabbing member 411 operable to engage and
grasp a disc present in first spacing 203, move it to second spacing 303, and to release it at
the second spacing 303. Preferably, as exemplified in the drawings, feeder device 410
comprises one or more arms 412, which are rotatable and possibly telescopically
30 extendable to maneuver between the first 203 and second 303 spacing. In the drawings,
feeder device 410 is drawn to be rotated about an axis which is perpendicular to the
vertical imprint direction, whereas an alternative embodiment may include movement

about an axis which is parallel to the imprint direction. The drawings are consequently

intended to indicate the general idea of the feeder device according to this embodiment, in



30 charger mechani sm conprises a disc grabber 432, devised to engage
and grab a disc fromthe stack 431, and a | ever arrangenent 433. The
di sc grabber 432 may conprise a vacuum suction nenber devised to
engage an upper surface of a fresh disc #h the stack 431. A
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unit 200. A separation unit for feeder device 410 includes a disc
gr abbi ng nepdianisanis operablg telmspeyier betfigena stieaf saledtable tethpletesrhg dirrangtd in
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posi ti onedfigs 124 6 neleare & is not used, for the sake of simplicity.
A disc charger mechanism is operable to maneuver between a set of discs,
preferably arranged in a stack 431 such as in a disc FOUP, and first spacing 203. The disc
30 charger mechanism comprises a disc grabber 432, devised to engage and grab a disc from
the stack 431, and a lever arrangement 433. The disc grabber 432 may comprise a vacuum
suction member devised to engage an upper surface of a fresh disc in the stack 431.

A substrate charger mechanism is operable to maneuver between a set of substrates

to be imprinted, preferably arranged in a stack 441 such as in a substrate FOUP, and



centre position of disc 10. Disc pulling nenber 414, however, is

pl aced at a periphery portion of disc 10 as illustrated. This may be
mechanically or optically controlled. Wien 29 vacuum has been

supplied to disc pulling nenber 414, a I2$ting force is applied,
illustrated by.,an arr Hn the drawing. The Lifting.force may b

per pond cursort SPichte B Ths oGl e emE Rt s BReSar G IR #ier 4
force is dusdeddad esfag@hinl\eraibwaibdeatt Hom tHaetdeR Ui ) Ipedrtatraio@hent B83 .
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arrangenent 4 connected to disc grabbin
i |1 ustrat eodr both, in thd secandspatiap 368, entio dermevd botld iteausdd intanadiaod stamp and the
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rovi ded f i i : i , j f
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de-ioni zi ng as, such as ioni'zed air. Nozzle 500 I's connected via
a condui t 9bstrato imthdesedandi spacigg 303 asd tv zendvedhe ddronidyd sthinp aheé irBOtnadiye

be carrjed wth.t disc _grabbi ng menber 411 on feeder. device 410, or
be sepdht BFPPoGBEHI T FUTBEE T o R P Brreesiset 1 egeat upper
enbodi nment surARE 3lce e Hn-Rfte@R bii€iceNOZ L %ﬁéﬂedpﬁ@mmﬂf)mu&ﬁaﬁw,@w@
gas, is operable to pass de-ionizing gas over the polynmer foil ‘also

bef ore pl awiemges may he pinplyed frcoHectp@3he sandsichsd Substrafs! andiinigrmeditn stamp

second fir i 3 Fig. 19 illustrates an enbodi nent of
a device 4§ém3§§§@§9?3@:%§§%%th hol d of a surface. A substantially

flat support suribatkilkiétateas sindsvich ARIctROBS alengRak 140d an Sit6hndi$at@bise10,
ring placed in a retaining recess. Inside _seal 472, an orifice 473 of

a conddit PRy golmar dnl.oureuhes hegn smpdnted bi e ewwinkemghe figst imprint unit

vacuum A sigy %Cé%pél%ﬁoﬂﬁﬁt b HSRH dbAte #Ficluds a disc grabbing member 411 and a
disc pulling member 414. In this embodiment, a vacuum supply source 415 is connected to
selectively supply vacuum through a conduit 416 to disc grabbing member 411 and
through a conduit 417 to disc pulling member 414. When vacuum is supplied a grabbing

30 force is obtained by suction, and when the vacuum is release to ambient pressure or above

ambient pressure, the grabbing force is released. In order to be able to lift and move a disc
10 in a controlled manner, disc grabbing member 411 is preferably positioned at or near a
centre position of disc 10. Disc pulling member 414, however, is placed at a periphery

portion of disc 10 as illustrated. This may be mechanically or optically controlied. When



grabbi ng menber 411 and disc pulling nmenber 414, or any other device
of the inprint apparatus operable for grabbing and lifting tenpl ates,
di scs, and substrates. Figs 12-16 includes sinplified illustrations
of the apparatus of Fig. 11, and illustrdde different process steps

not eq. ¢t iy ORTEEhbPRE) 05 b MenBRPRLE g oas BB Bfstrtes

and the actyah agy#RahiHRUraRingd ThdBNSEBrct Mgayt B e paddichtar itk endped disc
dependent on e difference in inprint process tine in the two units
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in awaiting position. In Fig. Inmprint units have rel®ease

thei r i nproperatps wduid downtit: templatewpecdisypullibg ceoper 4t4 ogeratestveseparate the
have been §e$2 %;ed t %@e up internedi ate spacing 203 and 303. Wen

t he cooper s g HE¥WE§3? Ee&f unit 200 are separated feeder device
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inprinted internmedi ate disc 10B. Substrate extractor nechanismis
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unit 300 tg.e d_spacing 303 .an [ the sandwi.ch . .
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In Fig. l4membestltios simEthantimoolBig. MDwad wil ehsabeims bedediised dghn dnthis
substrate 12A to port 451, and_ subsequently substrate charger

mechani sm FRCYPERb BRuahdlifrrbbingmendertch dostmriseea meshani@hPchior appber
to 1 nteryreh abBe PRl B IB3ut £ RLEbPM XS HD Thisba A fss TBERANIS Mer a

properly positions and then reledses the fre S
support sucdresporeiing dugzelodwenplatiln [ipéhe tillofratedeaseho ddhci 107 & Aexible folymer

300. In the. first inprint unit, the inprinted disc 10B has bee .
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In a preferred embodiment, disc 10 is a polymer foil. In such an embodiment static

- clectricity generated on surfaces of the foil is a separate problem. For this purpose, a

nozzle 500 is provided for subjecting the polymer foil to a stream or curtain of de-ionizing

25 gas, such as ionized air. Nozzle 500 is connected via a conduit 501 to a de-ionizing gas
source (not shown). Nozzle 500 may be carried with the disc grabbing member 411 on
feeder device 410, or be separately suspended in relation to support frame 219. In one
embodiment, nozzle 500, or another nozzle for providing de-ionizing gas, is operable to
pass de-lomzing gas over the polymer foil also before placing it in first spacing 203 and

30 before placing it in second first spacing 303.

Fig. 19 illustrates an embodiment of a device 470 usable for grabbing hold of a

surface. A substantially flat support surface 471 carries a peripheral seal 472, such as an o-

ring placed in a retaining recess. Inside seal 472, an orifice 473 of a conduit is formed,

which conduit is selectively connected to vacuum. A device 470 may be used for disc



| a. Substrate charger nechani sm has assuned a standby position at
substrate stack 441. In Fig. 16, also the disc charger nechani sm has
assuned a standby position at disc 31 stack 431, and the feeder

devi ce 410 has assuned its standby p05|t3Q)n The process is now ready
to continue rates a
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system conprises pair of rollers 2001 and 15 02, and a nenbrane
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position in the fi inte dj 3 bsequent |
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been used umﬁrinlamqﬁﬂlﬂgp@mﬁ;ess in spacing 103, a feeder device (not
shown) such as an_electric notor driving second roller 2002 to
rotation, feedsiniig Liskefhierpramits hoye reneselihcisimppeicireiyurEoandiihy reppective

fresh t ﬁlftmg Jﬁ%@?é BIE e EIP Pe%gra%%pt% c!pg% Bp E}Réllrﬁejd?ﬂe ksﬂ}aﬁ]g%h %8% 303

103. Th|s | e scene shomn I'n

tenpl ate lw}mnphammqbemnngrﬂaﬂmpﬂrtssnfpmﬁﬂmm §e@ﬁ1&teﬁﬂ&5edaﬁdd¢16@4ﬁ) is mggered to
preferably a flexible %é r fojl, to belgprlntedls pl aced on to
of tenpl at 84 At paging e il Repbd ?F%émﬂmr“& THermediats dise W St ce

of tenpl at @xti‘actcﬁ“?nécﬂafklﬁ is 41@09 eféﬁsﬁ 9@ %ﬂ co% ﬂau'l%'ﬁa{naﬁa?@ of
ope at e

how a menbrane di spl acenent sp ace
menbr ane pmlut B@Ihtomn&'emondmptm@ B@ﬁ Hrdngdb &teesasqb\mchasrgmltaﬁmadxatercém 1and

par al | an_adj d|r ion of a press device of the inprint
unit, |eio 8\‘7 Edﬂ“l“fdl P E%Trpl e of the drawing, towards the

upper member ofIntIl"lg BAAAMRR nRhAnidn ABEm3ved fﬁe%ﬂlcﬁvz@l@éﬂ%ﬁuﬁ?\g’md dulbstrate
the exanple of the draw ng, the nenbrane displacenent menbe

conpri ses &4p& porbfts herd sulseqyantly snbst2eoehasged nRQlBlsTR é@ﬁgbbqugaﬂd moved a
orevs the TonorBEl Ol oA B aCEHB euhERRREHAE Yo RS RS et
menbr ane eglgege sndchenigdjppeRily mwuitibas andheslkd€sds the fresh substrate 12B ata
25 support surface of the lower main part of the second imprint unit 300. In the first imprint
unit, the imprinted disc 108 has been separated from template 1 and lifted by feeder device
410.
In Fig. 15, feeder device 410 has moved the imprinted disc 10B from the first
spacing 203 to the second spacing 303, where it is placed with the imprinted receiving
30 surface downwards against a target surface of fresh substrate 12B. When disc 10B has
been removed from first spacing 203, disc charger mechanism operates to place a fresh
disc 10C on template 1 in the first spacing, where fresh disc 10 corresponds to foil 3 of Fig.
la. Substrate charger mechanism has assumed a standby position at substrate stack 441.

In Fig. 16, also the disc charger mechanism has assumed a standby position at disc



In a subsequent step, when the main parts 101 and 102 are brought

t oget her and seal 108 engages and presses nenbrane 2003 towards
support surface 105, vacuumw Il be 32 supplied from vacuum source
117 through conduit 118 for evacuation oflair. However, when nenbrane

here bot wiln Ahi i e Bst ) LB Bt |l dRaihn i fabess is now
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the inprint, As previousl gégoi nted out, inprint may al so be assisted
by radi at i Blstratad gebediment dnemembrageifendingsiysiem qommprisss pae pLigdersi2001 and

emt rady abg ?1%%11 n% R i Latl ]
sensi tif\?e ??r%’]fﬁ(?a ayergl(t)bf i scﬁgggnga%%%g@fﬁetsrglrlr%q éi?éi%ln{gﬁks?%l%ggpglrwa
t he i npri npogpiiccimsbe fippy ssetediataglaothicri@3 pad stigkquangy ohtretheatdong aslics 2002.
101 and 102 _are separ ﬁd an rrerrﬂtran 2003 is_ |ifted, as is . .

i |lustrated IH aFHO&%mZ the-Fen i'Hhbey has iﬁnﬁse%gb@%%t pryccysgn spacing

renoved, pPegsizltaged héﬁg&l@% %&v@h) RPN IR Dot dkivey JEeSErLRsD S’fo

with reference to Figs , and a fresh disc 3" to be Inprinted i
pl aced on tofafpinafeedd theisebmembpnt @Brtiofiveit o€ socongel 0B @adiarfpsk pettemof
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used when pgprinting disc 3'. Again, this is particularly useful when
the disc to be inprinted is a flexible polymer foil. During inprint,
the inprint ten&p@p&@lggéﬂéﬁﬁ@@@g&tq hés placed on a lower support surface 105. A disc 3,

preferably a flexible polymer foil, to be imprinted is placed on top of template 1 with a
receiving surface 4 facing a structured surface of template 1, as in Fig. 1a but upside down.
25 Fig. 21 illustrates how a membrane displacement member is operated to displace
the membrane portion present in the intermediate spacing in a direction parallel to an
adjustment direction of a press device of the imprint unit, i.e. vertically in the example of
the drawing, towards the upper member of the sandwich pair 1 and 3, in this case disc 3. In
the example of the drawing, the membrane displacement member comprises a pair of guide
30 rollers 2004 and 2006, each being suspended by a cylinder 2005 and 2007, respectively,
operated to press the membrane portion present in spacing 103 downwards until the
membrane engages the adjacent surface of disc 3.
In a subsequent step, when the main parts 101 and 102 are brought together and

seal 108 engages and presses membrane 2003 towards support surface 105, vacuum will be



30 glass transition tenperature for the polyner foil, but not the
glass transition tenperature for the nmenbrane material. However,

sui tabl e nenbrane materials, such as pol ycarbonate, polypropylene,
pol yet hyl ene, PDVMS and PEEK, selected d ndent on the material of
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200 may have a penbrane feedj ng system as _described with referenge.to
Fi gs 20- 23Prefet tfh%cwavwewg&sgipﬁ%salﬂr? 1% BeRFGHICdY I8f Membranstto i wruish
has a fixe : abl : o

S IREREANS gé%ftél;né Ff{egohﬁﬁ'ﬁst_ Pl A prEBiEhE ?ggm sbulﬂ,alﬁlgfmt may ago be

I
substantiallyrigid Ion 241, selected to correspond to a
tenpl at e dasyshedibyradietiomtin ghidhhvesd 4 ragliatiomppimee 1UMistin@00ed to emit radiation

configured., The rigid c ral ,.portion .241 may.be .connect ed ifs

or't phely e manS SR i I SRy RIaRE: 519 ool doesecd
entire tenp hplawhereas the rigid central portion 241 is a plate
adhered to the nenbrane 213 on its upper or lower side. In this

epbodi ment, seaf\ftoBe impligiqueceds, pasdbly regtdiag posthaking) theampingtaets 10§ gnd
o e on AR HEL SHEER- AL AL RO TARTL 2 s
through a giensiticw &ddpdonReehetd, fodity direGUAP layse&MdriGrint unit as described
25 with reference to Figs 11-16, and a fresh disc 3” to be imprinted is placed on template 1 in
spacing 103. The membrane feeding system feeds the used membrane portion out of
spacing 103 and a fresh portion of membrane ribbon 2003 into position in spacing 103 to
be used when imprinting disc 3°. Again, this is particularly useful when the disc to be
imprinted is a flexible polymer foil. During imprint, the imprint temperature exceeds the
30 glass transition temperature for the polymer foil, but not the glass transition temperature
for the membrane material. However, suitable membrane materials, such as polycarbonate,
polypropylene, polyethylene, PDMS and PEEK, selected dependent on the material of the
polymer foil to be imprinted, may suffer mechanical deformation in the imprint process.

Such deformation is typically caused in the periphery portions, by the edges of the



30 117. The second inprint unit is devised basically as described
with reference to Fig. 8, and has a fresh substrate 12 to be
inprinted placed on the Iower main part 302. Vacuum supply source
117, or another source, is preferably al 3 connected to the support

surface of (GO LomBD il B, GARGNY hoP2ea, SO SIRARLABLS 1.

i's that heggbseiieenpahyiprédebdes,fdoflieforastibmnginate mBin®FMR At 1R tradfesicdi®the
al so acts as the nenbrane. In one enbodi nent, second inprint unit 300

al so i ncl uBeymer feil wrheampainisdeprsbavep alithe backsidsl taereef 16 ppt 1 be usedrthel | y
or UV-cura r 4

cubstrate. 13opRafRHs Rimed R Fpdle U SOME Skt onblR. B

obt ai nedS byonsistdritlydeating foewprdez ot yeathradeyiortich @ Emneéd:rthle@rm&h ment

5 a support .surface of the ower main part 302 conprises a spinner

245, such gl tral dispensation from di spenser 243 and rotation

by spinner 245 P%@Qﬂ%llﬁﬂzﬂe &%ﬁér%ﬂqb%ﬁnﬁ&ﬁ‘ 095&&@{ TBpar 5&%&@% the
target surface of the substrate . Inan alter ive di ment

spi n- coat i myestict. ibothis @nmdmmcdiedleafdym davict opsaEde dmbnpan nnpmﬂect dlsﬂﬁpm

f whi ch bst r.at ha Kk t ed .subst r at d ..
cucoesst volly TAMEABS @ e HORe SPEeE 2bReERana dpAETG s B o fifferopt

enbodi neENt codM@rdtRBISIG Sevirkes § ?51ymay mgn@wbd 4Haral F R fEQrﬁ?% ﬂh@é}msﬁie Apart
first to the second inprint unit s conbined with the function of

disc char géem the fqeﬁer dqvuq9§h¢ frséandrdsond rmmnt unite nfag sulkstandielly be conﬁgured as

conprlses lers, r.ol
b1 ank por y b Pl FEIRES ML Bpd | Juielf srSbaREbotiea P i Rc o
unit, fronthabé 6@Wb@sfwml&heréf&é B¢ relfét€ed iohlRDiy the skt ﬁ%ﬂeﬁd&ﬁﬂﬁﬁi’ali ish&n in

spaci ng 203, second spacing 303, and to a second roller 251. an

al t er nat i vEIg6 g4l qunﬁg 7@'”6 epﬁ@dllﬂ‘iw R F s 200 Airprrticalarly psefbler ﬂglduélﬁlger
t he second i V.

sopar at 51 Eipred bRl whd le peBhcl S THETERT of ok dRuBRBes is o

al ong Wi t hremiein sntistsubstentd, tanth astentigtyi nubectjuently bemsaflmed, ¢. gyfor ploducing
for subsequent separation or dissolving of the internediate stanp. 20
In Fig. 24?WFW€Y§§?¥ner foil ribbon 252 present over substrate 12 has

been i nprinted 1?% b8 MRlsAhEs ﬂie'ﬂ}stfido%d'sg&?fn'd@bo%%ﬁ llzjn.qgt 'vﬂtk?th@ff}ir&%begctive

step, and then e ribbon 252 has been fed forwa means o

an el ectri paimﬂf@pommtmnghmmp)artpmparatgd tdm)emupbmnnmdmu‘a speeirg 28 atd 303,
which rgller 251 is siti.oned, npl ate, 1, f.resh ortl f
ol y et oftprfel ey sk ablif it 20058hy bR BiGhain S S

202, and 3@QihadrEredfio Mayeo-beem o shat@hbodiReRt NRugh, |fﬁsttlﬁﬁ)rﬁ1t ﬁl%E 200 has
inprint unit 200, the fresh Folyner foil portion is imprinted by the

%r uct ur eda flserbmambrang 2l 3 Jirelemblyraersbrage Bibhﬁscf’e‘ﬂlbﬁﬁabmlbf g1e senira portion

urce 216,40 0 resen cav nd _ne
305w th 7 aOSSRE oot TR Nt Paa B Bl Sul oy RN PR EES0 i
tenpl at e 1corﬁ‘i'garddmph¢ fidpeaegswrigy24emt BE Beineted b BériphBrya® ThahRene
as preV|ousI described. In the second inprint unit 300, the

previ odsl y2 50 Altegiativelydmpmibiang 218 pyerpdhansie mmlate véesensithn dgidsental e
stanp and 1@5@1’ %@Ja@%ﬁh&éd m%gﬁn@Z (ﬁ{lt %ﬁaeﬂ)r rls'ﬁg% HE' n

part 301. e inter late stanp Inprints t tar surface of
substrate &ﬁhhympmesﬁmQQBﬁﬂo&ﬁd@@ukrnnmﬂnmﬁﬁﬁsuA&a&ph&ﬁEm&&ﬁmﬂ@nam@mﬁ

or fluid presen aV|t 315 behind the interpediate s
portion of ¥ b oebe iBYertpant fRembR V5P I iederpbl Searianc Gamagically and

relativel y, Qe R 3Sas8n 5@BhiobPTcdnd Bt 20 Bafected® vacuum supply source

30 117. The second imprint unit is devised basically as described with reference to Fig. 8, and
has a fresh substrate 12 to be imprinted placed on the lower main part 302. Vacuum supply
source 117, or another source, 1s preferably also connected to the support surface of the
lower main part via a conduit 342, corresponding to the arrangement described for first

imprint unit 200. One difference is that here the polymer foil ribbon acting as intermediate



and UV-radiation of a suitable dose froma source 310. exposes and
cures the pre-polymer through the polyner foil 252 thereby curing the
pre-polynmer and bonding it to the substrate 12. In Fig. 26, the
cooperating main parts of the two inpri M4 units have agai n been 5

separated, after t i.print.se nce and.possi bly post.baki. S

t aken pl ac‘f’at.grn ciali?é) a?%ra%q%‘?mglgsaaﬁl 'tLii%cg)ﬁle8@@93&@3@%@6%&’?@%&]@%@0

enpl oyed i fhctudiesa sia6itial Sidpéhsais243)6p@hbl heasy Hithemsalld eswm@bwﬁfa:
e

reference to Figs 17 or 18. This is particul arlé rel evant for the
first inprPelymghiremeoeye-nakene Spﬁr@e%%mn& @sybstrals IaireRent i saeondrpacing 303.

separ at | on DR AEE be Cbaihelt by cifindRAARE bRk, Vb 1 ried rpfgiment
t hough, & hesippprtisotfect «fiths fovat enali?pars 360 toumdket @ spimhedt BiSnsich tharbaed]
n Fig. 27, fipally,. the feeder

with the used i nterpedi ate st . .
device i s DPRFESHRL g@ﬂﬂéﬁ@&ﬂ%@ﬁ%a@wﬁw&wwr@sﬁ% pigyidshpincaymeqfdhe

that the pgrtd tenl i IS 5N [ I
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process. Preferab t haugh, separation fromthe foil is perforned
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t hen pli@ceskcond §fagingower support surface of the second inprint unit

300 by neans of ‘a substrate charger. The enbodi ment described with
reference to Fi Jgshiz grbpdivegnt.dhe éeeidercdayitte foomdvisglan demented disathoms thiedirst to

ressin i rql.l er. A war, ds d.press |l ers.for pressin
out ai v+ e Sob R G MR S BBE AR ol Bt e PR PR B
Fi gs 20- 23embodimentAthedbdder Aatite/nerivesh pein bf aflletd) evheRvefist @Mllet 350 with a
iIIustratﬁg_ in Fig. 28. In this enbodinent, the first inprint unit
200, whi chish Blapkrpobypactsiod iibbph 26 s ripwdpdh Beforestha frst ipBHES U, Fomavkigh
unit. e i j I I - J: M t he
25 ermbad: it PP altbgfls ifeq (R A o 85, ST pRIR 30, ahd L
t her ef or e sesed! fobler 28 tAzian aftematnd ®. roBingipfthe angénted balyrgler foikribdvat252

there is nag nbr ane, .and. no | Qr liguid present to apply pressure.
A templ at ATET T SepMSIRLENE S0 et B Micehs NeBeH UBaBRoFRardiEd Fuidhat

105, whi chegbR AR EhR I SdiTRABI P RAbA FR 10 A @it@%&%ﬁﬁﬁrﬁ@%@%& igﬁ 1 fifedfn

e.g. 50-90C. The lower main part 202 is novabl e by neans I ng
adj ust menttheesdooé imprint undigor subseqljenbiepd@tispacdingl¥i0g obdtevimtermerige stamp.

oo ust el such Rdie e s IRbin b B 2L Sreihout whife B ten S fied
surface 104 ©h@&ee t o iReihSRAie08YH b3S ?t@;b, QHE tnkhd riBHAn fs‘Ezhﬁéa %E?]n fed

point, nolten polyner is applied froma polynmer source 280, rough a

condui t 28ervardibliancappef e gudmelparie mroar (0f sbbenhbuling thearilhohtfeom the side at

POL Ve » S, REGHAEdS B B ol 0 A RECs 2o LR i

Once the nol t ernfRig. \PSecoriespapiihd £din RERS9ULA] 0BY, 46 3p1 axd deH hdsé b&n
spaci n% ﬁaithSt ment device 107, 108 to securely introduce molten
pol ymer netrerghi fogethes Tniee Bt raprint onit2Q8. the frsbhapelymar foakpestionis|ipprintsd

i n part ytztﬁgé' s‘rgg:gﬁe&'ié?nﬁgt@tsuﬁacet, pg ppésﬁﬂgb%v%éa%rg ia%tr@s@ﬁ% shlRED LN

ot her, an cati'on pressu
gas or fluid present in a cavity 215 behind membrane 213 with rigid portion 241, which

membrane presses foil 252 towards template 1. The imprint process may be thermal or
radiation-assisted, as previously described. In the second imprint unit 300, the previously

30 imprinted polymer foil portion now acts as intermediate stamp and as membrane, and is
engaged by a seal 308 of the upper main part 301. The intermediate stamp imprints the
target surface of substrate 12 by pressure provided from a pressure source 316 to a gas or
fluid present in a cavity 315 behind the intermediate stamp portion of ribbon 252.

Preferably, this process is carried out at a relatively low pressure ranging from 1 to 20 bar,



5 for the nolten polyner material provides the only pressure. The
nol ten pol yner material typically holds 200-250C, and is therefore
rapi dly cool ed down by the conparatively cold tenplate 1.
Furthernore, since the spaC|ng 203 deflnﬁﬁg the resulting thlckness

f the cre ally less tha

cool i ng 1 < PELNPRAITL L ARG RS iR surtd 316 Fundsonfidoteas e pre Rdymer
spaci ng adjiustgiett pd%}im&€0110§2 theQbyaatifg e ﬁ?@%ﬂlyﬁ&r 10d HRGANE 1283, isubstrate
after which _the so created pol yner stanp may be denol ded and noved

fromthe filgst spacing 203 to the spacing of a second step |rrpr| nt

it, b e evice.an
o e un ¢ e | e ey o el e SRR R B PR BB BRRGE
5-23. 155 Exgrapited aﬂ&o’ﬂhre upphmqm‘rmehﬁdpb‘sstﬂty pEytbakéng e dal@hlace. Some form
Topas 8007P£r0n1T|c t her popl asti.c random co- po

having a g %ﬁ?a{aé‘ﬁﬁ FYCY ?’é’t 61?0‘@@”%0“{8 PEEMPLOYCH An Epnstem sueinay ongiaf t
wavel engt h§01§9&¥§%e§%eﬁ'vﬂﬁﬁ%§er&r§:e‘%§: @ (g%qt']%} I%eﬁ?lg % O%%rﬁ)g%iegﬁ]ﬁt ff}égle first

energy. The foil 1s available Int nesses 0 :
- 140 gm t himgriftoinft0fawberb dlentempbde iseo enainfhinst tlmtlewemupmy saffse. ABo i 1n the

I d f t n the first i
Eg4o¥$om %;CSI d ﬁl}lf:ltglglftsa u\?]éﬂ)‘giﬁf’pafaﬁ@?ﬁﬁ}%%w Wﬁgr ﬁﬁ&wihﬁtrate@ ass
t enper akur emaédﬁlr?eﬁﬁtmgh athk apiinttd @ﬁb%met@% QIINe@I%%JIH{aIM%%hﬁQ%‘{vRﬁ the

above 300 nm A used foil has a thickness of 188 gmbut is aval
i v ot her tH$eéKﬁTé§B@Eafpéﬁgimg from50 to 25 500 p.m This mat erial may

Seonex EadR 11 ol DB ChERH AP SR ot B 1B TR by 252
a gl ass t eopestey, duch Khﬁt thB@Qrtﬁﬂdasmm{nﬂﬂiﬂad by agpThict1a8 68w PosiBidled B second
wavel ength above 350 nm A used foil has t hi ckness of 75 gm This

mat eri al nERFCEIESES behelas impeated substrgie b 1Sctherﬁ’@r pilieg oupof m;ilﬂlgr?)@ﬁ and may
i i nty<st I r.om_Ba

LT U2 SRR AT 1y L RGNSt RIS B Sl BT B
and a | i ghits perfansed depamntdy mﬁergéz%ﬁailﬁdmayﬁcﬁiggid} AR sﬁ&@raﬁmz%ﬂh@@d
R T AR R I A S

injection gpkgisng in the first inprint step. 37 A resi st
material which has been used is SU8 from M croChem Cor p. U_SA, a
phot o-resi st matksr ¢abodimentalsheitef tvath refposarte Figs UiZghhahales iglude

2oL oo, T RELRSN S30 A 00,0, e g A0 0 prenler Bejves
M cr oChem g@éshg d4pAIN RS cB&QBNd4SHih what has been descnbed with reference to Figs 20-23.
; An alternative embodiment of the invention is illustrated in Fig. 28. In this

embodiment, the first imprint unit 200, which is then one shown in the drawing, is an
injection molding unit. The molding unit of Fig. 28 is to a large extent similar to the

25 embodiment of Fig. 8, and the same reference numerals are therefore used for certain
elements. A difference, though, is that there is no membrane and no gas or liquid present to
apply pressure. A template 1 is illustrated as placed on the lower support surface 105,
which template is made to hold a suitable process temperature of e.g. 50-90°C. The lower
main part 202 is movable by means of spacing adjustment device 107, 108, to adjust

30  spacing 203 between upper main part 201 and lower main part 202. Preferably, the main
parts are adjusted such that the upper main part is located with a down-facing surface 104
close to the template surface, about 0.1-1 mm. At that point, molten polymer is applied

from a polymer source 280, through a conduit 281 is the upper main part 201. Preferably,

the molten polymer is provided using a pressing force, e.g. by applying a force from source



5The follow ng descri bes exanples of a two-step inprint process for

whi ch an inprint apparatus according to the invention may be

enpl oyed. Exanple 1 A nickel tenplate whose surface exhibits a line
pattern, having a line width of 80 10 nndf@and a hei ght of 9]9 nm has
been i npri d.Jinto.a Zegnor ZF1l4 foil at C.and,50 bar r 3.mm ..
None of ¢ heb L0 P Se kel Shafmt st pebiperty - 00t trden pindid Btind
as, e.g. aptebsuaéf@shenrd ARl SingldPacingheasenchedResAL( e08VRSsedBdRfs inBbduce
whi ch the Zeonor foil could mecghani cal I'y be removed from the nickel

surface wi TRHeR pelamsgymatpriehitgctatemot thesiempéate. tﬁd@maéinrph}'aﬂ@_mﬂgn ﬁm@wl,
l'ica. j . ! { i,.C as
S beon | nas AERE at R broBEmRARD SNER B BaN NS R B o G0 g Sure

spi n- codt efbroint woRerPfiipmbORafetikpropiiey ihewalypreiure. ThabRlte PbBnér material

silicon substrat here, none of the surfaces has been treated by
2n add 1§ omicats aolohguo RS g HeBRSH 5B S cPRgR doBniHaRS comparatvely Sold

anti - adhesj [ &l 508, $dd B¢ ok Qlsl o e

i mpri nt vvase %é%?gfyn%ﬁ{eg? 7‘8%3{5%%1@‘5% %%r dtjo(;gr%ﬂ% %E?ﬁsﬁgﬁg%cﬁ%s%oms
exposed t ocreed pgllymef stamg is ez emal§, tyicaglessthen 2ehmpicotiag Isyfast, normally not
transparent Zeonor foil  and baked for two npre m nutes. Both

t enper at ur@o%tgarbﬁ%§?ﬁp‘és' \%Feé'w ﬁrgf)ﬂttL% Hiét J‘&Em%%eéﬁﬁ 18 19§ pacts to open up
r espect]iov edpscin@Wob Ntk Mhithe 58 clelRE pBlynfE I Ray BOBehSHERSR moyed fir

t enper at ur epé\?\gg 70C at wr11i ch th_geZeorlljor foil _cou_?%l n_e%hani cal I?/logee o
renoved friomirstersws 263 tothe spasing darsagindgterhienpiat teitrbyaheansiof hévedehe
pol ymer tempplate, foil npr.the replica film The AFM inmage of an . .
i mpri nt re@%’ﬁe' ?%e ?eﬁge%%gl%aflﬂ]ﬂfspsea%@ﬁr@a%ngiysf‘%ei aélé’%‘)’\}%f%gesfgbed with
shown i n Hegremde tEFPIBLE3. 2 A ni ckel tenpl ate whose surface
exhibits a BluRay pattern having structure heights of 100 nm and

w dt hs of 150 nm - investigated by AFM - has been inprinted into a 30
Zeonor £F1 i the sane process and the sanme paraneters as al ready
descri bléd imnﬁ%r&grrpl el . The Zeonor foil has been used as a new

tenpl ate, whi chSdmspdigesr foilpwhidiesiay bé asdl k€0 nm thick SUB film Al so
here the sane proce and the sane Earameters as already described in

Exanpl el have bEEHS 40%h TomnECouATTRAG & Bmany: therpropistic eadem corpalyiaer
SU8 film q’?ﬁﬁ%‘ 4 Qgssqgmﬁeﬁfulré Sf)gbc’@f[%ﬁasl ig traﬂscb\éﬂan't b illzéfﬁ with wavelengths above

300 nm and is characterized by a low surface energy. The foil is available in thicknesses of

20 50500 pm. 130 —140 pm thick foils have been used here. This material may also be

employed for injection molding in the first imprint step.

Zeonor ZF14 from Zeon Chemicals, Japan: thermoplastic polymer having a glass
temperature of 136°C and a light transmittance of 92% for wavelengths above 300 nm. A
used foil has a thickness of 188 pm but is available in other thicknesses ranging from 50 to

25 500 pm. This material may also be employed for injection molding in the first imprint step.

Zeonex E48R from Zeon Chemicals, Japan: thermoplastic polymer having a glass
temperature of 139°C and a light transmittance of 92% for wavelength above 350 nm. A
used foil has a thickness of 75 pm. This material may also be employed for injection
molding in the first imprint step.

30 Polycarbonate (Bisphenol-A polycarbonate) from Bayer AG, Germany:
thermoplastic polymer having a glass temperature of 150°C and a light transmittance of
91% for wavelength above 350 nm. A used foil has a thickness of 300 um and is available
in many other thicknesses up to 1 mm. This material may also be employed for injection

molding in the first imprint step.



38 Exanple 3 A ni ckel tenplate has been used whose surface
contains mcro-neter patterns with high aspect-ratios ranging from
1-28. The feature size ranges from600 nmto 12 Rm at a 5 height of
17 'm . The surface has been covered by &7phosphat e-based

anti - adhesion fi| fore the inprint. The nickel te at e _has_ heen
imprinted into A %8’?5%13{683%‘5@811?{% #’eeﬁtusicg’@gfégﬁ’go@d\di‘fg&}fe& Cy A fhe
surface of phb@-pakiyaaehgnai-gblt afibr B@ssioto Hgﬁ@m{'ﬂhg@&e&@ieﬁgthﬁﬁetween 350 and
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behavi or b&PREEh ASise adhesianporeter dadveen shaBly Edmisoa thesiliGonmubstiate a thin
rel ease te t [ e ycar bonate foil
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for 3 mn. None of the surfaces has been di sposed by an additi onal
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bet ween the 15 pol ycarbonate and t he Esgmaplefloil. The rel ease
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SUs fil m spird-eratNee ohths surfatasihgombesntisnatedthy afly sdditiend coatargsuoh as,feeg.

surfaces has: heen. trneated. by .any  additional .coating, .having the
pur pose to@ﬁ%@gglgntl er%ﬁj[hle}f%l S\ést?%%er%télﬁea\y?%fgogt @a\Se%lﬁglf‘ H’é’%@ggﬁoﬂrﬁould
and t he Topmehdnidally bEhembvaarfidth thasicIRg bh@ioeBMtiRfut ddEa@nd (R Pahan JrakiRer
mn. The SU8 filmwas exposed to UV-light for 4 seconds through the

optical |y Pedsspaicair thegisalcs dhe Zaprpriaik bas resn usedbasrorey femmplateswhich has
wi t houtysch i ; . ressure of .50 bar
s oo hoPASL RS A TPROARTRPL L0, Pl S8 5GP ol 20

Af t er war dsLORef 1o pas/i Al siih-chasd caoplsdicehywubeere. dilssiady,e@né Bf the surfaces
p- xyl ene algl Gb% C for gne hg(ﬁr_. An SEM jmage of the result is shown in
Fig. 4. In3 %PRietpdly anpddiine coatig. hppnag heinase lo ErproyHige soti-adhgsion

Process CORgMay B BohltR thel SIS Filth aliHeZRREANCThd DoSHE ;LL,H& UGRe
0 Pate St anp, in

the master tenplate is used to provide a first Interne
pol ycar bonartde3U bertién Sméx diglSA]8 film wasetpased to rlight farm decorkiRehfolipls the

i nter j ate. sta is then used. for, imprint on a second foil, Topas
50 1o ok comiehs Mandeprsht Sorin £tk Lo R Bort e ek ot Balk oot i and
second i Mpprcsiurdiibile kepfcostaht &FOPORAE BO HEN -késpeétﬂﬁly? a6k RL&f-TROHAL ©

stanp is used for transferring its pattern top thé target substrate
by i npri ntsequpnecahl rhessigmperabadavas deVE eewhiay tveZempt tykcbuldmectomically

by i mpri e . crasgersdE cenhey tocvem
al Ler nat 1 o1 Sne (oe? SHED R ASE Aol Tedisat St teves e polmer

second i npeinplatefiittor teNdphcSBe0 MThel/aRdemageyf SEimprinR Vi dethe IR film
bet ween the second and third | r’rgri nt units. Experinental The |nprint
proceses gfedi 99 & Hacanoumsr Bshawaieiade been perfornmed with

Example 2
A nickel template whose surface exhibits a BluRay pattern having structure heights
of 100 nm and widths of 150 nm — investigated by AFM - has been imprinted into a
30 Zeonor ZF14 using the same process and the same parameters as already described in
Examplel. The Zeonor foil has been used as a new template, which has been imprinted
into a 100 nm thick SUS film. Also here the same process and the same parameters as
already described in Examplel have been used. The AFM image of an imprint result in the

SU8 film deposited on a silicon wafer is shown in Fig. 3.



5 differently patterned NI stanps, in sonme cases covered by

phosphat e- based anti -adhesion filnms, using different process
parameters. The substrates (2 to 6 inch silicon wafers) have been

cl eaned by rinsing with isopropanol and 3Retone di rectly before
spinning the LOR and the SU8 filns. The sizes of the applied stanps
are 2 to 6 inches. The inprints have been carried out using an
(bducat - 6-i nch-NI L equi prent, provi de@ixwple BN thm)ﬂu: e. ]iLOAt om ¢
force mcroscopy (AFM in the tapping node with the help of a _
NanoScope ilia mEFed sopriatehgnpesngisedwhpssstriane peraipamigameterpagatnstvgth
I nvesti gat e; hea: | I: u - St f er.f ormed

I mprint. ﬁléﬂ%%ccgaﬁfdﬁg ‘e {rplglrs]l k%(?hggg%t&p%es(%é%g% rr%é('éonﬁget? ?(%l”ﬁ%&ta
usi ng a bleight ofG4nBo abhelsnifbX@b3hebh covsabpea phos%ﬁatk%ased?&ti@dﬁ?é‘i’&l Bim
Apparatus for transferri a pattern of a structured surface of a.
tenplate t efrﬁ‘_-‘et%P §8£ﬂ%tujrrggel§k§ftef82 i PEERIMRIBHs N hBolpearbenaty foil at

| npri nt Unﬁ?O%d%%f&jﬂnﬁﬁ@h@@hffg&fof@ﬁ)@]‘&ﬁ?&% té@il@)}@?ﬂ&ttb%en treated by
arranged opposite to one another with an internediate first spaci ng
and a firsen pddsdenallevdting, haonngidie pstriosgict inepréver the astpadhaspn leheviabbawtea

transfer t ttern of. the tenplate.to.a receiving surface of a disc
oo et UEabple 8 heB el SRR pht heffeess et e s8tonal wiich
pai r of1(xogRebAch@ni@ifHil Bl $nRhABOUShe FORBPABHLA thoniekE ARt hout
with an internedi ate second spaci ng, and a second press device

operabl et daarging thematierned anidhes aecienglate norghe wgea- B@mob@adpgatagd:éhaso
nove a dis r ' | to. the secaon paci ng. . . e
appar at us g efnclﬁgﬂl %{név& E)%{l)p#?t%?ﬁrgﬂ%m ﬁlﬁl%bnr? aﬁfé B%foﬁafﬁ??ﬁjd“&ﬁgs beeRst
and the  performed at 120° C and 50 bar for 3 min. None of the surfaces has been disposed by an

additional coating, having the purpose to improve the anti-adhesion behavior between the

15 polycarbonate and the Topas foil. The release temperature was 70°C, at which the Topas
could mechanically be removed from the polycarbonate foil without damaging the pattern
of neither the template foil nor the replica foil. The Topas foil has then been used as a new
template, which has been imprinted into a 6000 nm thick SUS film spin-coated onto a
silicon substrate. Also here, none of the surfaces has been treated by any additional

20  coating, having the purpose to improve the anti-adhesion behavior between the SUS film
and the Topas foil. The imprint was performed at 70°C and 50 bar for 3 min. The SUS8 film
was exposed to UV-light for 4 seconds through the optically transparent Topas foil and

e

baked for two more minutes without changing the temperature of 70°C, or the pressure of
50 bar during the entire process. The release temperature was 70°C. Afterwards the Topas
25 foil has completely been dissolved in p-xylene at 60° C for one hour. An SEM image of
the result is shown in Fig. 4. In a preferred embodiment, an apparatus for carrying out this
process comprises three imprint units arranged in succession, where the master template is
used to provide a first intermediate stamp, in polycarbonate in this example, in the first
imprint unit. The first intermediate stamp is then used for imprint on a second foil, Topas
30  in this example, for producing a second intermediate stamp in a second imprint unit. In a
third imprint unit, the second intermediate stamp is used for transferring its pattern top the
target substrate by imprint. One and the same feeder device may be employed for moving
imprinted intermediate stamps between the imprint units, alternatively one feeder device is

provided between the first and second imprint units, and a second feeder device is provided



second pair of cooperating nmain parts. 3. The apparatus of claim1,
wherein a first support frame carries the first pair of cooperating
mai n parts and a second support frame ca&gies the second pair of
20cooperating main parts, and where a fi%xation nenber holds the first
and the seggud, H@Q@E&xﬁ&ﬁﬁﬁ§di Ahifigd relation to each other. 4.
The apparatus of clarm1, erein one of the first pair of
cooperating main parts conprises a cavity for a nedium and a
pressure supply systemfor adjusting_a pressure 250f the mediumin
the cavity, a wall of the cavity conBprPSiRgMal f| exi bl e nenbrane of

whi ch one side g%%%f j L5 St
pair of coopera??%gﬁlﬁﬁﬁHggg%é. 5}ﬁ$ﬁg&gp ggg%ﬁgzo ?%2?%?§?ﬁﬁg3?§ n
one of theddkcomly ppHemedNi swopsiatsomg camiscopaed by hosphpicitass] aticalhiesiyn

for a nedi and a.pressure supply. s em.for adjustin ressur

of the rredﬁ[ﬁ%i“ﬁm%ﬁﬁ%ﬁ%&f%“ﬁp&g@%@&{ﬁ‘ﬁé‘ﬂ@%ﬁeﬁ @o%ﬁéﬁwgnaf crs) have
flexi bl e npadriRe@by Wakiah vaNEssirdfaroPidBacdtcidRRekty @éfaxfeasgﬁmix%%@@oxz
the other of the second pair of ‘cooperating main parts. 1 . The

appar at us @&fd e SUS filmswhbe sikes afiibe afpliedl stahipsate Htn ¢ inghesc dbpanpitiataave

mai n parts, conprise . lat.e support surface with.a tenpla

hol di ng del\)/elze%g.}'?ime% But %51%5 gﬁr(]%dgcbag ;é?%{% i\‘l%eq&pgw#)ﬂ }‘o“ﬁ%llr \gﬁﬁ ay pg/-module.

t enpl ati® hol di ngtdieivifeRe &08MEIHEIABNDITR CARApSiaL nicdBRtia! @e h@l&%ﬁfﬁiMOScope
menber. 8. The apparatus_of claim®6, wherein the tenplate holding
devi ce conPl BEsossoRabEMRISipIRfryBenis was saredh v tp ivvsriigate bethils inensint

t he VaC““”}§@Eﬂhﬁ¢ﬁ@HﬁﬁgsQﬂgqﬁﬁmﬂﬁ%%h&%hhﬂ t he support surface, and a
ce.

seal provided around t orifi
Scanning Electron Microscopy (SEM) has been performed using a Obducat

CamScan MX2600 Microscope at 25 kV.



9. The apparatus of claim1, wherein one of the first pair of
cooperating main parts conprises a tenplate support surface with a
heat er devi ce. 10. The apparatus of claim9, conprising a
temperature control unit connected to th#0 15heater device. 11. The
apparatus of claim1, wherein one of Qgﬁﬁgggst pai r of cooperating
main parts conprises a radiation sourcCg, rable to emt radiation
towards the first internediate spacing. 20 12. The apparatus of

claim1l, wherein one of the second pair of cooperating main parts

conpri ses a rladfapiais deuiransieringes pEien pha aaiuied giriade o atovplpigdo riierget
second i nterngdi at gfas%gtirﬁg.mg@% in The apparatus of claim®6, wherein

t he feeder device conprises a epaﬁation unit, including a disc

gr abbi ng nenber a fipet iraptist unix ieclgdige adiist GirasRoaperatiiy mhing@rtd k§enged opposite
present in the first spacing, and a disc pulling nenber operable to.
separat e t he ‘Q°B& 2RHRsH YKot Bipmstiate %tlwﬁcmﬂéngﬁﬁéﬁéﬁ% dgyice fogjagiusting
wherein the dj i i | i : ]

Gi'sc at an o[- conireRoofFacto iRk BiCarol e RHAGE (B riRibd hithee
wherei n the difsdigsuhlifigf impnioestep,s configured to provide a pulling

force to the disc which is dlneﬁtgd away fromthe tenplate and 42
towards the cent P¥OBY TRHAHIZICIUGIBE & PREONGHEH A CHRPEIUING i ihPaHs arranged

wher ei n¢ he d:i{p%@siﬁrtaléﬁé BEOtAE R arf DR Rk @cé@?ﬁ%@%d@@@@d‘#@s device
menber operable to grasp about a side edge of the disc. 5 17. The
appar at us of oppPHblnte3djusaivpseeondgpacinacuum supply system a conduit

comeet Dot e R RS SR R AR B P % e L0581

gr abbi ng nmenber; seaF "a
spacing.
15 2. The apparatus of claim 1, comprising a support frame carrying the first and the

second pair of cooperating main parts.

3. The apparatus of claim 1, wherein a first support frame carries the first pair of
cooperating main parts and a second support frame carries the second pair of
20 cooperating main parts, and where a fixation member holds the first and the second

support frames in a fixed relation to each other.

4. The apparatus of claim 1, wherein one of the first pair of cooperating main parts

comprises a cavity for a medium, and a pressure supply system for adjusting a pressure
25 of the medium in the cavity, a wall of the cavity comprising a flexible membrane of

which one side forms a support surface facing the other of the first pair of cooperating

main parts.

5. The apparatus of claim 1, wherein one of the second pair of cooperating main parts

30 comprises a cavity for a medium, and a pressure supply system for adjusting a pressure
of the medium in the cavity, a wall of the cavity comprising a flexible membrane of
which one side forms a support surface facing the other of the second pair of

cooperating main parts.



1018. The apparatus of claim4, wherein the nenbrane is separate from
the main part and is configured to be placed in engagenent with a
gasket arranged about a portion of the main part to formthe cavity.
19. The apparatus of claim 18, conprisinéla nenbrane feeding system

synchroni zed 25w P FSt. press device t,o successively feed a
fresh nenbr ané’ wgggﬁég}gﬁugggafﬂﬁ@g’r‘ﬁé Flgtoéleé)gittbelﬁrﬁtl?aérro SRERTAVRY Bagyparts
the first i rrpasdnmrimepempiatezapdpomrﬁp@wmtau@m fat&ﬁcﬁaiﬂghevic&her ein the
menbrane feedi ng systemincludes a pair of rollers and a nenbrane

ri bbon configured to be rolled off froma first roller to a
20position imnthe.t i i : i ubseqguently .onto a
second roller. 21? %%Eﬁ%ggggﬁg"g &%lﬁgﬁgh{eg‘g{lﬁgﬁ%@gi%&? he C%“éﬁlﬁ%ﬂf’e

f eedi ng 3yst emedonisrl Seplae reathingmeentbespl acement nenber configured to

di spl ace the nenbrane portion present in the first internmediate

spacing in a direction parallel to the adjustnent direction of the
25f i rst pressg deyk GSparatdLof dilifh @RPRALEHYS: Rhnpkid] bk

tenpl ate and the dilg%rar eOpCosi ti’oneé |hn a Isnﬁldéwh%%gr&r@gﬁégh@ﬁ%&%na‘faﬁléum
first internedppysossac: epduindnndeedrietveeartbe vauposiubplyrsedrcoiad ah beifice in
sandwi ch arrangenent, ri sing,a neparane press_nenber 30

control | ed taﬂggupﬁogégﬁgﬁaﬁiﬁﬁ%éprw aéo‘iﬂﬁiﬁégf’{i@c"surface of the
menbrang) f aci ng away fromthe sandwi ch arrangenent, and a press

di splacing unit_controlled to pass the press nenber over said

opposi t e sur facéhe anparates of gaim bivéreyeinone hithedimgmanef cod@raiomtmaih pects

to roll over .o i rface.. 24...Th ratus of claiml,
conprising a %ﬁggs?sﬁegféﬁp?%%&g) Vi (:Slelffa%ep‘glrﬂéﬁl%gﬁglg&ﬁiw@k up a disc froma
stack of discs, and to position the disc in the first internediate

spaci ng. 25. Th% agparat us of claiml, wherein the disc is a polyner
foil. 10. The apparatus of claim 9, comprising a temperature control unit connected to the

15 heater device.

11. The apparatus of claim 1, wherein one of the first pair of cooperating main parts
comprises a radiation source, operable to emit radiation towards the first intermediate
spacing.
20
12. The apparatus of claim 1, wherein one of the second pair of cooperating main parts
; comprises a radiation source, operable to emit radiation towards the second

intermediate spacing,.

25 13. The apparatus of claim 6, wherein the feeder device comprises a separation unit,
including a disc grabbing member operable to engage and grasp an imprinted disc
present in the first spacing, and a disc pulling member operable to separate the disc

from the template.

30 14. The apparatus of claim 6, wherein the disc pulling member is configured to engage

an imprinted disc at an off-centre position.

15. The apparatus of claim 14, wherein the disc pulling member is configured to

provide a pulling force to the disc which is directed away from the template and



26. The apparatus of claim25, wherein the polymer foil is nmade from
pol ycarbonate, COC or PMVA. 27. The apparatus of claim4, wherein the
menbrane is nade of a polynmer material. 28. The apparatus of claim
4, wherein the menbrane is nade of pol yc4#bonate, pol ypropyl ene,

pol yet hyl ene, REQE 9,. The apparatus of claim1, conprising
a substrate ﬂﬁser ﬁ%%mfggggg%”%%%rable to pick up a substrate froma

stack of substrates, and to position the substrate in the second

internediate s ing. 2030, The apparatus of claim 1, conprising a
source of de-Vﬁﬁﬁ%?ﬂﬁ“@%&?f%ﬁﬁlHiﬁﬁﬁ%@@ﬂﬁﬁhﬁéﬁﬂﬁﬂﬂgﬁmﬂﬁ@rgnuwmﬁsand
directed to pasHaBtal R9biA gﬁg; ' . 31...The.
appar at us of c|a?%?§F9§ﬂé?%?ﬁg?%%5 |ség?§§§§b%#§ﬁ%?d 89@3%%%?ﬁ8&red
to act ds the menbrane by being placed in engagenent with a gasket
arranged abo ortiaon of 25said one of the second pair of i
cooperati ng ﬁg'r ﬁhgﬁl?ﬂaéati‘%m{%?lm fs'lnéo’@gwlfl??vag‘ﬁ%m W‘hﬁﬁmtﬁjfnéw
claim 1, wher@hheddiebd-864he JSMIURE LSRRGS |l fi el BN i
successive portions are usea as th§ﬁ§5£8% anﬂﬁgﬁggggkﬁbBbph%3%$?5%$ed
feed the ri bbeembes, andpossal dromged alhdns the orslicei nt er medi at e spaci ng f or
the first inprint step, onward to 30the second internedi ate spaci ng
for the second inprint step and subsequently out of the second

spaci ndl0  33.18THk: gppatadd ol £hHRISthe BOHBLS is%pzﬁ'a{eq:l'dn?{hg% i%mgnd
led o an

the foil ribbon is wound, and from which the ribbon is rol _
pull ed t hr oughcaigusadrigbe plaged dtensdgementiwither gaslietarengpbationya podién of the

The apparatu§n£ﬁa§%?¥%&%ﬂh¥@$ﬁtin the feeder device is operable to

nove an inprinte rom “first spacing to the second spacing,
wherein the second inprint Sunit is operable to inprint the
transferred qgt&%rn of the_disc to the target surface in a )
. The apparatus of claim 18, comprising a membrane feeding system synchronized
15 with the first press device to successively feed a fresh membrane to the first

intermediate spacing for each cycle of the first imprint step.

20. The apparatus of claim 19, wherein the membrane feeding system includes a pair of
rollers and a membrane ribbon configured to be rolled off from a first roller to a

20 position in the first intermediate spacing and subsequently onto a second roller.

; 21. The apparatus of claim 19, wherein the membrane feeding system comprises a
membrane displacement member configured to displace the membrane portion present
in the first intermediate spacing in a direction parallel to the adjustment direction of the

25 first press device.

22. The apparatus of claim 4, wherein the template and the disc are positioned in a
sandwich arrangement in the first intermediate spacing, and the membrane is
positioned over the sandwich arrangement, comprising a membrane press member

30 controlled to be placed in contact with a opposite surface of the membrane facing away
from the sandwich arrangement, and a press displacing unit controlled to pass the press

member over said opposite surface towards a periphery of the membrane.

23. The apparatus of claim 22, wherein the press member comprises a press roller



second inprint step. 35. Apparatus for transferring a pattern of a
structured surface of a tenplate to a target surface of a substrate,
conprising 10a nolding unit, including a %irst pair of cooperating
mai n parts arranged opposite to one anofher with an internediate

first spaci ng,o@ofild & OﬁQﬁﬁféﬁhﬁﬂﬁﬁﬁ Blee device, and a pol yner

applier device evised to provi n polyner material over the
structured surface of the tenplate in the intermediate first spacing

to forma st ith a rec |V|n surface carrying a replica of the
tenpl at e pat ?g H"We FRRARathRpt ¢l OfIRLISHIS A G NEETE R BRHCH QPprable to pick up a

cooper ating nBLNGHAML SR JFANGE %9@ g§§1{1(§1 @ (AGn BRAE hte%gﬁatggge%%g.

i nt er nedi at e second spaci ng, and econd spaci ng adj ust nment
|nclud|h§ a press, a feeder deV|ce operable to nove a stanp foilled

!s g af: Ihﬁ gf I rst fgj ! ﬂllena%para ts ofc axmtlhwh!arlepr;[ thg '8%% IISnzg pOI())(mehFOIIS econd

26. The apparatus of claim 25, wherein the polymer foil is made from polycarbonate,
COC or PMMA.
10

s 27.The apparatus of claim 4, wherein the membrane is made of a polymer material.

28. The apparatus of claim 4, wherein the membrane is made of polycarbonate,
polypropylene, polyethylene, PDMS or PEEK.

15
29. The apparatus of claim 1, comprising a substrate insertion device, operable to pick
up a substrate from a stack of substrates, and to position the substrate in the second

intermediate spacing.

20 30. The apparatus of claim 1, comprising a source of de-ionizing gas, and a nozzle

connected to the source and directed to pass de-ionizing gas towards the disc.

31. The apparatus of claim 5, wherein the disc is a polymer foil configured to act as
the membrane by being placed in engagement with a gasket arranged about a portion of

25 said one of the second pair of cooperating main parts to form the cavity.

32. The apparatus of claim 1, wherein the feeder device comprises a foil ribbon of

which successive portions are used as the disc, and a feed motor configured feed the

ribbon to a position in the first intermediate spacing for the first imprint step, onward to
30 the second intermediate spacing for the second imprint step and subsequently out of the

second spacing.

33. The apparatus of claim 32, comprising a roller on which the foil ribbon is wound,

and from which the ribbon is rolled off and pulled through the first and second
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intermediate spacing.

34. The apparatus of claim 1, wherein the feeder device is operable to move an
imprinted disc from the first spacing to the second spacing, wherein the second imprint
unit is operable to imprint the transferred pattern of the disc to the target surface in a

second imprint step.

35. Apparatus for transferring a pattern of a structured surface of a template to a target
surface of a substrate, comprising

a molding unit, including a first pair of cooperating main parts arranged opposite to
one another with an intermediate fixst spacing, a first spacing adjustment device, and a
polymer applier device devised to provide molten polymer material over the structured
surface of the template in the intermediate first spacing to form a stamp with a
receiving surface carrying a replica of the template pattern,

an imprint unit including a second pair of cooperating main parts arranged opposite
to one another with an intermediate second spacing, and a second spacing adjustment
device including a press,

a feeder device operable to move a stamp formed in the first molding unit from the

first spacing to the second spacing.



