|  APPARATUS FOR PATTERN REPLI CATI ON W TH | NTERVEDI ATE STAMP  Field of

I nvention 5 The present invention relates to an apparatus for usable in a
pattern transfer process for inprint |ithography, which involves a process
for transferring a pattern froma tenplatk having a structured surface to a
target surface of a substrate. Mdre particularly, the invention relates to
an apparatus conprising double inprint units, which are operated in
synchroni zat i dPPARATEREORPASTERSY REBEFOA RGN VR THVEN EERMIEPIATds STAMP t he
first inprint unit, 10 a replica of the tenplate pattern is formed in or on
an internediate disc, preferably a flexible polyner foil, by inprint to
obtain an internedi ate stanp. The internediate stanp is then noved fromthe
first inprint unit to the second inprint unit, where the internmediate stanp
is used i n Hekafdnypatignstep to inprint the pattern in a nol dable | ayer of
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and, appli e e [ [ | r. of . | ed i.st, e.g.
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above t he gdyaskrohizatisi withBadhesth@rfat purforiing Havpsby pRcedst Inthe figst Sthpfipt urbt,
pressed towards the filmfollowed by cooling and rel ease - often called

denol di A§ -a wpliete! the tamplate patterp is foamed i orean Beintesmedigiepstise, prederplly @
transferredy]rs ficl. thyve . rat e | red by a
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that- it is igremmévedkisn tRoMrsEXRRmt iRt tothysédoad iidbaht (dily)wheatha iriteediite a
pre-polynmer which is cured into a polynmer upon exposure to radiation. This
requi res thdampisused it ;eccondasy stepteiraprint e Rattgrpin asmpldahledayes of thedanghte
appl i ed radjationg bsequently perfornmed process after the achieved
i nprint, tﬁgé%gfgg?ggm%gﬁ%fising the substrate and the patterned 30 pol yner
film- dan be post-processed e.g. by etching of the substrate within the
inprinted regions to transfer the pattern to a target surface of the
substrate..ﬁﬁggﬁwgﬁint process descri bed above exhibits sone difficulties,
whi ch have to b c L der ' . ' te fer
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in the order of 100 nm or smaller — is nanoimprint lithography (NIL). In nanoimprint

it
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lithography an inverted copy of the surface pattern of a template - often called a stamp - is

20 transferred into an object, comprising a substrate and, applied thereto, a film of a moldable
layer often called resist, e.g. a polymer material. 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 cooling 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.



If the tenplate and the substrate are not made of the same material, which
they generally are not, they will typically have different thernal
expansion coefficients. This neans that during heating and cooling of the
tenpl ate and the substrate, the extent of, expansion and contraction will be
different. Even though the di nensional cH%nge is small, 5 it may be
devastating in gpctBhphic #IARE SbstriteREENtIRade QAN SheGhatbhifl, RAIhEREY, O be
transferred are in the order of mcroneters or even nanoneters. The ‘result
may t her ef cgeperaly areonhicibely walptyipicaily bave diffietant thermvelrexparisiencasifidierfts.hihl e
stanp or substrate material is used his.can Jead to the inclpysion of
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substrate, and it is difficult to denold a substrate and a tenplate
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system [0avgubstrdi¢, Aol Mgkl e képliRhiidryfidelitgl Riftiheindrs, ifds¥iordd paitleabl e to
empl oy industrially. An enbodi nent of the invention, devised to fulfill the
st at ed obj ewtweaneitame and moldabledayra during af gpprint redesy eandgadtopmenannpedf a

d f of. | . sur f .of b ,
conpr 1 51 ng SEaEEr St Sthefins SR bt Sifisb Bariey A RS eifer B FUBRAEME: | g
mein parts q@bstedad c@ﬁi@@ﬁdtlgaﬂ@dm@enm.hﬂrys%t dn?dpeitd HRY SIRAD 8f Bef | 1 St

spacing, and a first ﬁress evice for adjusting the first spacing, operable
t o transf ersubizatpar bath gadlse he causep hparedaneolding of en wnilegitie stampdrom mdlegibde i n

a first {nprint step., .a,S6C {mprknt uni toincludi a second pair .of
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t he second spacing, and a feeder device operable to nove a disc fromthe

first spacing to the second spacing. In a preferred enbodi nent, the feeder

device is cgu%grlvlo éﬁv%t%% an inprinted disc 3

It is an object of the invention to provide a solution for an improved imprint
20 system, having high replication fidelity, and which is easy and suitable to employ
industrially.

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



inthe first spacing, nove it to the second spacing, and rel ease and
position the disc in contact with a substrate, such that the inprinted
surface of the internediate stanp faces a noldable |ayer on the target
surface of the substrate. Thereafter, th% second inprint unit is operable
to inprint the transferred pattern of the disc to the target surface in a
second 5 i MRk MirsB$RABIng [MBvd MYEMHel setbridPhAERY, ABH QMEARSnd PoRHbR IRIEEE ihMPr i Nt
apparatus, where the process of transferring a pattern froma naster

t enpl at e t coatasuivth patlstiate, penhftbatitheliropranted swiface ppthenntegnediate stamp fedesaut i n
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polymer foil, which mnimzes ( wear and the risk of damage, conpared to

i mprint @i risprinystom a conparatively hard seniconductor substrate. Brief
description of the.draw ngs 15 Enbadi nents of .the.invention wll, be

doscr i bed 1 morBedey bR Breky Py B 4% B A disd dmp it Arg e Bonfi hengrocess
drawi ngs, off tMhsfeRingtd Shttein S6MeBAdtGathplatd boUuSSubatRsistpRefol&t Si@PwHr ocess to
manufacture replicas froma_ tenplate into an object surface according to an
enbodi nent igfprinhgepyraanad @ in Ygoperativebieoraactadivmprap pintis Rreflgeablyragehanera
line pattern, .inprinted  in. SU38 by 20 nmean f a-fqethods, according,to, an
erbod! ment 01 i e o BilsE i e oA Sl TR BT g EEEIA AL o8
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the invention; Fig. 4 shows SEMimages of a pillar pattern having
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ac dance wi th an errr%g)dti ment of the 25 invention; Figs 5-7 illustrates
process st SpPEPUHLHH ent of the invention; Fig. 8 schematically
illustrates an enbodi nent of an inprint unit according to the 1invention,

for performng the process as generally described in Figs 1-3 or 5-7; Fig. 9
schemat i calByetidesqiiptionoftherdsawingsr i nt unit of Fig. 8, when |oaded with a 30
pol ymer ;gtanp a r . n inyhtial step.o h 0 S;.aF1g. 10
illust ré? es t hert?nrlr%ordl?%? Et{sj ﬁ?{h%éﬁ%ﬁ arsl k\@il tzli)ﬁgeg,%ltbg(?ma%m%ccﬁté\?fébeg(?‘g’c‘glsﬂg step of

transf erri ngfeferieatd giccédnopangihg dHivides, shuwiiiaee t o anot her object surface;
Figs 11 schematically illustrates an enbodi ment of an inprint anarat us
1

according to tHdginwehampiérally ddeqtielcs ithgivantien piscrsitio mentictireirealieasdaum a
device for t%gia?eginﬁ) 491' o%(j;ecqf surface according to an embodiment of the invention;

Fig. 2 shows an AFM tapping mode image of a line pattern, imprinted in SU§ 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

to the invention, comprising two imprint units and a feeder device for moving a disc



between the two units; Figs 12-16 schematically illustrate different process
steps using the apparatus of Fig. 11 in a two-step inprint process; Figs

17-19 schematically illustrate different solutions for grabbing and
separating 5 two el enents sandw ched together by an inprint process; Figs
20-23 schematically illustrate different ‘br ocess steps of an enbodi nent of

an inprint it With a.successively forwarded nmenbrane; Figs 24-27

schemat i ca!qey‘p?qwtﬁ%h%%%di fferent process steps using another enbodi nent
of an inprint apngd &l-U6 seHeaRtidalRGillusrdtd ifferstr Pidcess stépsaising@hs hstRrdtiPst nt - 10
process; and Fig. 28 schematically illustrates an enbodi nent of a first

i nprint unikigi W inpdwWooiteR eIPrind Brqca§sect i on nol ding unit, for creating a
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ref er r ed 5t awasei@nerity\emdivivhed mgbettet by ph @apEst prodess;s termis to be understood
as a process in which in a first step one or nore replicas of a tenplate
havi ng a nanometidgs Hhd? sshematicyhelaptrate didfesent pPrrcgesptensof ap embediment pben i nt o
one or T Qufi Gt GiRQl HPBKS LAY S ANIAnbMBEha! Process. The i mprint ed

pol ymer foil “may be used as a polyner stanp in’a second step. Alternatively,
the inprinted 2(Figo24rdescHeiakically llasEhtadifferait praeetstemkgingrmbther | npri nt on
anot her polyner foil, which is subsequently used in the second step. This
way, the figmtodipen ofAn irRBrNAPPYAtIS RESOTdBELP HicdnVRIHIOR Iha §¥95tee IHBTipher
replicagyg M}Sée%s-t g pattern is inverted to that of the original tenplate,
and flexibl'e poSitive polyner replicas, where the pattern is simlar to that
of the originalFigea8chéraatidally iihestars an@mbbéinent 6Da firsd ittt unétih kleafoeanfbe
used as a flexjble 25 polyner stanp to reproduce _the pattern into an_object
surface t hraéugwctaorsw%@eﬂwﬁb forfapatine ARPIYRFTSIHED frdEe dsa EepPOYNPIPtUREr nal
inprint, W-inprint, or both. The term "nano-inprinting process” or "inprint
process" as used herein refers to a process for the creation of an inverted
copy of a nastadedadedéription afipeefstrediehbodighestsr f ace pattern of a tenplate or

st anp, ich is generated by pressing the stanpp into a noldable 30 | ayer,
such asvig pol ynerhegresspenyentippaplates 40 gihatls %?WHH@#B?%W Rea| ByRspter THRMNG y o

may be a t i A inSUES t he
base and tﬁggﬁgé?{hﬁ%ﬁgqgfb . uh?%r?ﬂg?g%?a ?rgotcgsrsiqgl%@l.la{,&ln ter ng{tlgélg?eye,mﬁﬁge | ayer
may si nply moplias pba tdngplatethagingiamghemaotet end/ad micedheet sizaypateencdivarthayier i s
defined as a portion stretc%g%tlfrcima %l[,ljlrface_of the object down to a
certain depgPARFHIN eHeLTHROR fisrIblRolymcEolls by g ImpriabRPerss- s mpEpied; t her be
heat ed- up J5lymer 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

C 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



above its glass transition tenperature T. followed by cooling-down to bel ow
said glass transition tenperature during the inprinting (e.g., hot

enbossi ng) process, and/or the polyner nmay be cured or cross-linked with
the hel p of UV-light exposure during or after the inprinting process. The
patterned surface of the tenplate, and of Xt he inprinted |layers, 5 may have

structures @Qn a.mgronet e | h ip t of depth _and
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the nost casesitiohtanpdratueduringithe topitingi(8g., hot abewgRpiocesspaldyéahe a
t hernosetting polyner, and/or a _polyner, cross-|inkable after exposure to
radi ati on. MVEREPREbesedPheRssligedivith the holpaf UYdight ¢xposwadupag peaittonat e,
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is conpletely reproduced. In accordance with the invention, a two-step

i nprint process 18§ tyiyvilerdble plyares foil” retery o 4 flexapleand dugifle ihthe meg caseap
process, r i . WG [ . d by
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disc is a fpotyhéd eropslinkable dftdrlexpddareatotradintidrn. Pecfembdiémbadimeakis ©ffi thespohmher

di scussed any .further, is to provide the internedi ate disc by_neans of

anot her nat!@Hiingludepplyraghongte, pelymethyl methacrylate EMNA bandeyclogplgfye eepolymer

mat eri aljg O(E i ch one side is coated with a nol dable |layer, such 20 as a
pol ymer or pre-polymer. In such an enbodinent, it is the coated side of
t he _sheet that Tie tempiieplieionfideliy”frefestto shieegreationtoftah énveetep lcapeof thad - whi ch

iswsed as the stanp surface, in the second step. The use of a polyner foil
has sever al SIAR BHC¥E & thg\l}bwnvgﬁeﬁtoagmsw S8 ptagmiror pesdvisp §elyand t hat

t he pol yner, B%Hﬁéédal is generally softer than the material of both the
tenpl ate and the substrate. Bel ow, reference to a flexible polyner foil wll
25 theref ore nailnlagcdréantacdthvhe imviehigon, attero e iatpeintdpocedsds pioyiied sehlere fima a

second ep.the repljcas are used as. stanps, preferably flexible polymner

st anps, 155 ﬁrétp?‘%ﬁ?ﬁglsttﬁ’é‘sff‘é’[ﬁr%?eﬁsﬂrﬁﬁl&aéﬁggﬁﬂégﬁte éaylp&e@aﬁﬁrl%aﬁ?a&e &ftbsequent
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preferably perfornmed at a cont ro1 | ed constant tenperature,” such that
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means of ht ati iQ yrggrgriltggl in tiura] %rsrt %‘le%tvjlit etlhg teqr%lgte?gn% which is used as the stamp surface
‘ in the second step. The use of a polymer foil has several advantages, though, such as low
C cost and flexibility, and that the polymer material is generally softer than the material of
both the template and the substrate. Below, reference to a flexible polymer foil will
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



6 inflexible tenplate is used for inprint in the relatively softer and nore
flexible polynmer foil to create an internedi ate pol yner stanp, where after
the relatively flexible and soft polymer stanp is used for inprint in the
nol dabl e | ayer on the relatively harder and | ess flexible substrate, which
may be of e.g. silicon. An inprint step bt ween two substantially 5 hard and
i nflexible.npterials uch netal and sili.cqn_o r ST IS
thereby . adunraisduneed 1S erofdin i fedei bGP s Siord bl PRRBRRUTRE | &6

worn and f eféftio Gi¢hietanahtefmediste poBifag SAmpwhtReIMRP R, relajivels iflegibie ol soper f oi |
as a basis for the internediate disc or stanp, which is,trans&grent to a
wavel engt h ROAYRY stasmmisaisedfor dmprat injthgimeldagle layer onflg relgiiyslytgrdesapdiasyi ng a
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t he pol ySerhasd asinflexiblovasterisls, saoh h@etalibd siHteh ovduiatte ahdtiticéhi thaetp) at e and
the substrate nmay be provided in materials which_are not transparent to
radi ati on cidvaniagesysly axaided.eigh theresydhatthetemplale i less wora apd deyyersubsieatss
expensive el egenf 10 produce and it is, as 15 nentioned, generally not
possible to repait or recycle a once danaged tenplate. The pol yner stanp,

however, is easituythefnett At wsigda polgmen fui basaladisi fuethy intoexdias dise or sraingl | al
in accordance with the nethod according to the invention, and is preferably
di sposed afWiieh pdrangparedo 8 veayglsnathgangs ysahle foyrcrassdinking o igpther walye pol yner

st anp . H:%ggl yolg . SkL: . t :

away, g? bi '?S %Hgty a?i?(gg% vséélgﬂﬁ‘gg\%ﬁg%abg @P%II g@%%%ﬁggglg%gﬁlﬂ%tﬁ estetlés&lgl?wce of
t he_subst r dieaused bathlfat dreairightha pslyhiea blagpl dnd wittn usidlguhd polymet sampdortinprint

di £sol ve the golyrrer stanp, but not the substrate or the solidified . C

mol dabl e | 3pehe sibstraE. whitgBethds teappbateand fe subibets max be proyededip gatsrighy ed
pol ymer St affch Sreltffrafkpafin? BOARLAL of LIBIR GalMngfBnLE ON Lhe  target
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surface of the substra e substrate gener S not a pol yner
materi al, the 25 hehempiate iexpampanmivelgekpermsiverdanatt td podpad anddt issasanp and t he
substratg wll typical lﬁi’di ffer, In order to, overco t‘gﬁ af or enent i oned
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substrate, 1S pertormed accor to a conbi ne at1on- eat - assi st ed
i mprint proatesa.in Acoodahica gvithahd thiethodraocmdimg ta theadvattioaparslan preferablynmat er i al
is used as é,he I dag’l e 30 | ayer .on_the substrate, and the steps of pressing
the pol ymer _l&oa%af% Cingaiseq,pEPUPAE ef UEHOF A oYY BRH hBC PARMSHFERRINeAY b er
wi th radialdeaibladng: RRALLAKGABKE bsdking AP RIEATAARE 1 Ay, difBIRIePS Of
rel easing the predsure and denol ding the polyner sta rom” the substrate,
are per 20r nelibnadtillaattachicd\ta tlediarpehstrfact of trpebstaty @ anteathn tvith acsditblle figaids of a
solution selected to dissolve the polymer stamp but not the substrate or the solidified
C moldable layer on the target surface of the substrate.
Since the created polymer stamp is used as a secondary template for imprint on the
target surface of the substrate, and the substrate generally is not a polymer material, the
25 thermal expansion coefficients of the polymer stamp and the substrate will typically differ.
In order to overcome the aforementioned drawbacks resulting from such a scenario, at least
the secondary imprint step where the polymer stamp is pressed into the moldable layer on
the substrate, is performed according to a combined radiation- and heat-assisted imprint
process. According to this process, a radiation-sensitive material is used as the moldable
30 layer on the substrate, and the steps of pressing the polymer stamp and the substrate
together, flooding the moldable layer with radiation, and postbaking the layer, and
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



tenperature control device. The tenperature control device typically
includes a heater 7 device and a control circuit for bal ancing supply of
heat to obtain and maintain a determ ned tenperature, and possibly also a
cooling device. The first, or primary, Stfp of the two step process will now
be described with reference to Figs | ato If of the drawi ngs. The process
of the pringry st accqrdi nget LIt Qdj . r
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by means of a nenbrane, as w In nore erence
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C polymer foil 3, the polymer foil is heated to a temperature above the glass temperature Tg

of the used polymer in the surface layer of the foil. The polymer foil may be massive, i.e.
having more or less the same composition throughout the entire polymer foil, or it may

25 have a base composition of the actual polymer foil with an applied surface layer at surface
4 of another composition adapted for imprint. When the surface layer has reached its glass
transition temperature, pressure is applied to press template 1 and polymer foil 3 together
such that the pattern of surface 2 is imprinted in the surface layer at surface 4 of polymer
foil 3. Pressing may be achieved by means of a 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.



the primary step is not the final product, parallelismis not a crucial

el ement of the primary step in the same manner as for the secondary step. 8
As mentioned, the illustrated enbodi nrent nakes use of thermal inprint, and
polymer foil 3 is therefore heated before_the pressure is applied, in order
to soften the surface Iayer Speci fic ex%rrpl es according to the above
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pre- pol yger;s !n@é’lfé' {s be kept at a mininumlevel of only a few nanoneters.
This is partl cul ar useful when pre-polyner materials are used which do
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on top of I spense e- po ts vvlt Ion o air bI es,
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pr e- pol 2ferCampdrabondapag, bt ahp otHeeUbbbtyaiﬂe ptopblymEhmightdasutiioa jus as gb@hsred
fol I owed bybetter A good UV-polymer loses its UV-absorbing properties after curing in order to
increase UV-transmission in the second imprint stage. However, the combination of pre-
Q polymer and polymer sheet should be selected with some care to avoid chemical
dissolution of the sheet by the pre-polymer but having good enough interaction between
25 those to guarantee good adhesion between them. After the substrate foil is placed on top of
the dispensed pre-polymer droplets with inclusion of air bubbles, a UV -transparent
polymer membrane is placed 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, is covered with a suitable



renoval of inprint nmenbrane and denol ding of the thus-created pol yner stanp
fromthe tenplate. In a thernmal N L-process the tenplate, or naster, is

covered with a suitable 9 polymer sheet such as Topas from Ticona, USA, or
Zeonor from Zeon Corp., Japan. After pl a§errent of the inprint nmenbrane on
top of the polyner sheet the sandw ch is Sucked by vacuum and heated. Wen
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20-80 bars.” After pattern transfer to the polymer filmthe sandw ch is
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negative photoresist such as SU8 from M croChem USA, is spin-coated onto
t he pol ynerhigloinechanival steangthaefghd genemtedpanvomterdtpetiugasahat have tosgesvelds nivldught

t oget her and_ covered by an i i nt., nenbr.ane over t.h olyner foil. After
heating ¢ iR PHBEH POy MEsEenat Favarory et B RedRGoniEY f ng t he
entire nestpeéfidile inmprint process to elinmnate thernal expansion effects.

The sandwi ch is now pressurized and after a typical flowtine, e. g 30
segonds, the pollpapexisplerodesombinsd hogt apdradiaticut the polyoiar dewb ¢orrbspoadipgde

exposure bake of e.g.,30 seconds. cooling is.requir a he pressure
can 20" now b8 1961 it GERRAG phlfest o SaSsuEi e o pf P rEwmBrEh e ana
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properties after exposure. Dependent on the specific process used, i.e.

t hermal , UW'BA, is spiprasetgd onter tha polymer faily thg te ¢ dand thermeeted tpohanertfeipreat e 1

and t he . i.ngrint | yner foil,,3 can be separated I ther after,coqling or
ot hout 180gT R Bpebthel L Rkse B ay B PRl e e b i B8 b B o
dependi ng QB thdignpihe &RiperBiR thélatted heldsconbameddringhe AitireFest 6f Bas@pHAt t he
tenplate 1 fromthe polymer surface 4, the inprinted polymer foil 3, also

cal | ed t he pregsss toeglinginatptiagragl expangipy eifacts YT his semndwich iy prepsurized and aftarf ace
L d QR B e K500 b e A LR B e e
pol ymer st afjin fost xpoistileeakelsLElgl 30 deb6ndeNB RSN is 3 Hile@Parkdaht pRESIE€Eal he
PALLETN BT ow b released dircetly ollowed by removal of imprint membrane and demoldigs Aghin,
a good negative photoresist loses its UV-absorbing properties after exposure.
. Dependent on the specific process used, i.e. thermal, UV or combined thermal and
(:' UV at constant temperature, template 1 and the imprinted polymer foil 3 can be separated
either after cooling or without cooling of the polymer foil after the performed imprint
25 process depending on the chosen material and its properties. After release of the template 1
from the polymer surface 4, the imprinted polymer foil 3, also called the replica, displayed
in Fig. 1c¢) having a pattern in its surface 4 which is inverted or negative to that of the
original template 1, can be used as a flexible polymer stamp 5.
In accordance with the invention, polymer stamp 5 is either used in the secondary
30 step to transfer the pattern of surface 4 to a target substrate, or it is used in an additional
primary step to produce a second inversed replica 9 into another flexible polymer foil 6
according to Figs 1d) to 1f), 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,



primary step to produce a second inversed replica 9 into another flexible
polymer foil 6 according to Figs Id) to If), in a simlar process as
descri bed above. A purpose behind enploying a further prinmary step is to
ensure that the final pattern to be created in the target substrate is to
be an inverse of the tenplate surface pat ern In such an enbodi nent, 10 a
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surface 17 Iﬁgf'éesﬁﬁgblgﬁol@eﬁtb ia SRla8RYr6cess. The result is a new polymer stamp 8 with a

- surface 7 having a pattern corresponding to that of the original template 1.

The so-produced replicas 5 or 8 having inverted or identical surface patterns to that

25 of the original template 1, respectively, will be used as flexible polymer templates in a
secondary imprint step according to the invention, as schematically illustrated in Figs 1g)
to 1i) on the left hand side and the right hand side, respectively. Here, surfaces 4 or 7 of
one of the flexible polymer stamps 5 or 8 will be placed in contact with a surface 16 of an
object 12 comprising a substrate 13 having a target surface 17 covered by a thin moldable

30 surface layer 14 of a radiation-sensitive material, e.g. a pre-polymer or a polymer which is
cross-linkable with the help of the exposure to radiation. Surface 4 or 7 of the flexible
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



30 surface layer 14 of a radiation-sensitive material, e.g. a pre-polyner or
a polynmer which is cross-linkable with the help of the exposure to

radi ation. Surface 4 or 7 of the flexible polynmer stanp 5 or 8 exhibit

anti - adhesi on properties against surface 16 of the noldable |ayer 14, due
to the materi al corrpositions of the surfddes. Wth the hel p of an applied
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at a contralled eleva e ure 20 using, a UV cross-1linkable polyner
surface%ay}g’rpoﬁﬁn tfpeu F%‘ngnrpgf‘gaf‘e mlvf“‘nttcf?eﬁ??é‘ hinprint is used in steps | a)
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bet ween tenpl ate . ni ckel the polyner foil 3.
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. between template 1, which e.g. may be nickel, and the polymer foil 3. However, the
C resiliency and flexibility of polymer foil 3, which furthermore has a thickness which is
substantially larger than the height of the pattern structures, guarantees that the polymer
25 foil is stretched and contracted by the thermal expansion imposed on template 1, without
damaging the pattern features on the foil surface 4. The thickness of the polymer foil is
typically in the range of 50-500 um, whereas the height or depth of the pattern structures is
in the range of 5 nm to 20 pm, as will be shown by means of examples below. Other sizes
are possible though.
30 However, the second step depicted below the dashed line in Fig. 1 is preferably
performed using combined heat and radiation. The reason for this is that when imprint is to
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



are possi bl e though. 30 However, the second step depicted bel ow the dashed
line in Fig. 1 is preferably perforned using conbined heat and radi ation.
The reason for this is that when inprint is to be perforned on the
substrate, the remaining or residual surface | ayer on the target surface of
the substrate is generally extrenely thi r{ in the order of a few nanoneters.
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surface of the transfer layer 15, which in turn is arranged on the

subst r a8 Hemsfesnad tasbst®e 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,
C 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 or included 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 inside 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
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g For the purpose of providing controlled cooling of layer 14, heater device 20 may

further be provided with a cooling element 24 connected to or included in heater body 21,
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-L.6000.1 XP from Micro Resist Technology, which is UV cross-linkable.



cooling fluid through said channel or channels. Cooling elenent 24 is
further provided wth connectors 25 for connection to an external cooling
source (not shown). Preferably, said connectors 25 are conduits for
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when deposited. on,t te surface is typically 10 nm 10 m dependi ng
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20 invention, is that they are moldable and have the capability to solidify when exposed to
radiation, particularly UV radiation, e.g. by cross-linking of polymer solution materials or
curing of pre-polymers.

The thickness of layer 14 when deposited on the substrate surface is typically 10
nm-10 um, depending on application area. The curable or cross-linkable material is

25 preferably applied in liquid form onto substrate 12, preferably by spin coating, or
optionally by roller coating, dip coating or similar. One advantage with the present
invention compared to prior art step and flash methods, typically when using a cross-
linkable polymer material, is that the polymer material may be spin coated on the entire
substrate, which is an advantageous and fast process offering excellent layer evenness.

30 Cross-linkable materials, such as those mentioned, are typically solid at normal room
temperature, and a substrate which has been pre-coated at an elevated temperature may
therefore conveniently be used. The step and flash method, on the other hand, has to use
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
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temperature T}, is therefore set to a suitable post-baking temperature level already in the

- imprint step beginning at the step of Fig. 5.
C" 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 to 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
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processing of the substrate and its layer 14' wll not be dealt with here in
dissolves the material of the polymer stamp but not the substrate or material layer 14. The
C formed and solidified polymer layer 14’ remains on the substrate 12. The various different
ways of further processing of the substrate and its layer 14’ will not be dealt with here in
any detail, since the invention as such is neither related to such further processing, nor is it
25 dependent on how such further processing is achieved. Generally speaking, further
processing for transferring the pattern of polymer stamp 10 to the substrate base 13 may
e.g. include etching or plating, possibly followed by a lift-off step.
Fig. 8 schematically illustrates a preferred embodiment of an imprint unit
comprised in an apparatus according to the present invention. The apparatus, which
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



any detail, since the invention as such is neither related to such further
processing, nor is it 25 dependent on how such further processing is
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process, as will be nore thoroughly described in conjunction with Figs 9 and

10. A heatiswripbprpcess, dssvifl|bgaeercithpreeghly descripedhingioatunctios with Figo? and Bk of
plate 106. h%'%%% Eédybﬁdi% placed in contact with plate 106, or forms part of plate 106. Heater body
21 forms part of a heater device 20, and includes a heating element 22 and preferably also
a cooling element 24, as shown in Figs 5-7. Heating element 22 is connected through
25 connectors 23 to a energy source 26, ¢.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



21 fornms part of a heater device 20, and includes a heating elenent 22 and

preferably also a cooling elenent 24, as shown in Figs 5-7. Heating el enent

22 is connected through 25 connectors 23 to a energy source 26, e.g. an

el ectrical power supply with current control neans. Furthernore, cooling

el ement 24 is connected through connect ol 25 to a cooling source 27, e.g.
coptrolling flow

a cooling fluid reservoir and pu . W Lh control .reans far
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unlkgading the _inprint unit 100 wth a tenplate and a substrate, and for
arrangi ng td¢&crii®frint unit in an 10 initial operation position. The novenent
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i nprint process as su the odi nen

descri bed. dutthsd 10MaPref@ably, SALlmenitpr 1 (8IS af epdlesspesl sakh aead oMbt 48, whi ch
encircles surface 104. Preferably, seal nmenber 108 is an _endl ess seal such
as an odpi rafternstivelyhy compospdial seigralymtercopaecieshisakmempers gdiedy tagether form a
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may be R0cldiie!111) vitieh proferibiy compriscd 00is hn&tedid pdvest Badrce (not shown).
Radiation source driver 111 may be included in the imprint unit 100, or be an external
connectable member. A surface portion 112 of surface 104, disposed adjacent to radiation
source 110, is formed in a material which is transparent to radiation of a certain
wavelength or wavelength range of radiation source 110, preferably UV radiation. This
25 way, radiation emitted from radiation source 110 is transmitted towards spacing 103
between first main part 101 and second main part 102, through said surface portion 112.
Surface portion 112, acting as a window, may be formed in available fused silica, quartz,
or sapphire.
One embodiment of the imprint unit 100 further comprises mechanical clamping
30 means, for clamping together a substrate and a stamp (not shown). This is particularly
preferred in an embodiment with an external alignment system for aligning substrate and
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



connect abl e nenber. A surface portion 112 of surface 104, disposed adjacent
to radiation source 110, is fornmed in a material which is transparent to
radi ation of a certain wavel ength or wavel ength range of radiation source
110, preferably UV radiation. This 25 way, radiation emtted fromradi ation
source 110 is transmtted towards spacind9103 between first main part 101
and second nain .part 1 hr.ough _sai d surfage portion 112,  Sur partion
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For an @6baddBnestansuebodasertisactomethe bhedluseited alsl membrabil 8 fddded & o or med
'na material which is transparent to radiation of a certain wavelength or wavelength range of
C 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 polycarbonate, 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.




material which is transparent to radiation of a certain wavel ength or

wavel ength range of ¢ radiation source 110.. This way, radiation emtted
fromradiation source 110 is transmtted into spacing 103 through said
cavity 115 and its boundary walls 104 and,113. Exanples of wusable materials
for nmenbrane 113, for the enbodi nent of Figs 7-9, include 25 pol ycarbonate,
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formed in first main part 101 for allowing a fluid nedium either a gas, a
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may be 30 axéBblaad at®ichéd i¥ehi mémbér 1Rt of inprint unit 100. Pressure source
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stanp for inprint in a target surface of a substrate. A substrate 12 1% and
a pol yner seigmgnce 6 dsempdaioddes o7t hecosd smdimpart 62 bastkoee displiced gewrwards and
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openi ng_up spacing 103. The illustrated enbodi nent o Fitg. 9
20 Substrate 12 is placed with a backside thereof on surface 105 of heafer body 21, placed on

or in the second main part 102. Thereby, substrate 12 has its target surface 17 with the
C layer 14 of a polymerizable material, e.g. a UV cross-linkable polymer, facing upwards.

For the sake of simplicity, all features of heater device 20, as seen in Figs 5-7 are not
shown in Fig. 9. Polymer stamp 10 is placed on or adjacent to substrate 12, with its

25 structured surface 11 facing substrate 12. Means for aligning polymer stamp 10 with
substrate 12 may be provided, but are not illustrated in this schematic drawing. Membrane
113 is then placed on top of polymer stamp 10. For an embodiment where membrane 113
is attached to the first main part, the step of actually placing membrane 113 on the polymer
stamp is, of course, dispensed with. Furthermore, in an alternative embodiment the

30 polymer stamp 113 may act as membrane. In such an embodiment, no separate membrane
113 is employed, instead the seal 108 is placed directly in contact with the polymer foil.
Preferably, the polymer foil in such an embodiment has a substantially larger diameter than
substrate 12, such that the polymer foil extends beyond the orifice of conduit 118, and such

that polymer foil 10 is pressed between seal 108 and surface 105, in order not to place



shows an inprint unit |oaded with a transparent polyner stanp 10 on top of a
substrate 12. 20 Substrate 12 is placed with a backsi de thereof on surface
105 of heater body 21, placed on or in the second nmain part 102. Thereby,
substrate 12 has its target surface 17 w4h the c layer 14 of a

pol ynmeri zabl e material, e.g. a WV cross-Ili'nkabl e polynmer, facing upwards.
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Figs 5-7 are not shown in Fig. 9. Polymer stanp 10 is placed on or adjacent

t 0 subst r at wibstpate W2 and membrag 148 apeshavecospli¢talysenarated dorige sakesficlaridy 12.
Means for alignin ol yner, st 0 wt ubstrate 1 be provided, but
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on top of pol ymeFigstiMpstifles drospeiativepasitioAenthewesrd iffpmat amie 1003 ddséribed
attached to the first main part, the step of actually placing nenbrane 113
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whereas in Relymen stanp h8endpubshel Moul d be stacked on surface 105. Fig. 10
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and surface 105. In reality, both polyner sta 10 and substrate 12 are

very thin, thgpgudagellgyesaf thegabsteio}2. Presspeispitced 16 dribien dedsedde aaplywandi ng of
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seal 10 nmenhessuddif chbity UDhisiRbase bl kbmbrate 0GP PoE@idrRendpo10, Atcici@nbi ned
t hi ckness of polymer stanp 10 and substrate 12. Once main _parts 101 and 102
are engagedpressed faysdnatbsiraiad 2 fampsiiing fheppodymer stayap paitern Uhleyer 4. st dp®! i ed

by suction fr V) 1 i L incl-usi o [ OIF surface
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liquid or a gel. The qAﬁressure in cavity 115 is transferred by nmenbrane 113
to pol yrdr apredpr-Lo000xhXEPn When usingsaepelymsrss thedmpeint wrib1 4% haying cambingdi ng

the poly T 3L A0R agc?fléa?lhg cii&blilﬂ}/eir is %ﬁﬁicﬁfarly'ﬁisgful. However, for both these types of
-~ materials a post-baking step is generally needed to harden the radiation-solidified layer
| 14°. As previously mentioned, an aspect of the invention is therefore to apply a raised
temperature T}, to the material of layer 14, which is higher than T, for the case of a cross-
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 Tj, is naturally dependent on the
material chosen for layer 14. For the example of mr-L6000.1 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



6. Cross-linkable polymer solutions typically need pre-heating to overcone
its glass transition tenperature Tg, which may be about 60C. An exanpl e of
such a polymer is the 20 afore nr-L6000.1 XP. When using such polyners, the
inmprint unit 100, having conbined radiatjon and heating capabilities, is
particularly useful. However, for both t Hése types of materials a

post - baki ng i ral radiat i idified
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post bake, ig rbeth?erég 12%5%0 sgéorfd?,ewhere the range of 3-5 seconds has been successfully tested,

and postbaking is then performed at a T, of about 70°C for 30-60 seconds.
With the imprint unit 100 according to the present invention, post-baking may be
performed in the imprint machine 100, which means that it is not necessary to bring the
25 substrate out of the imprint unit and into a separate oven. This saves one process step,
which makes both time and cost savings possible in the imprint process. By performing the
post-baking step while the polymer stamp 10 is still held at a constant temperature T, and
potentially also with the selected pressure towards substrate 10, and, higher accuracy in the
resulting structure pattern in layer 14 is also achieved, which makes it possible to produce
30 finer structures. Following compression, exposure and post-baking, the pressure in cavity
115 is reduced and the two main parts 101 and 102 are separated from one another. After
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



predeterm ned constant tenperature Tp for a certain tinme period of e.g. 1-10
mnutes, if postbaking is at all necessary to solidify the |ayer. For the
exanpl e of nr-L6000.1 XP, postbaki ng is typically performed for 1-10

m nut es, pref erably about 3 m nutes, fzge 20 conmon process tenperature Tp
of 100-120C. For the tine of exposu to radiation is between 1 and 10
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s 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:



of Fig. 9, follow ng which tenplate 10 and substrate 12 are renoved fromthe
inprint unit for separation and further processing of the substrate. By the
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the air fromthe centre of the inprinted area to its_ edges where it can
UV-curable polymers can be used during the imprint process described above, even when

non-transparent templates and substrates are used.

o,

The very low surface energies of the most of the applied polymer foils lead to
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 industrially 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



15 leave the inprinted region. Due to the softness of the used polyner foils
particles between the polyner foil and the tenplate or object to which it
is pressed, as well as pronounced surface roughness of the tenplate or

obj ect, evident damages during an inprint_process displayed in Fig. |b),
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Not only t Q%Pﬁh&l%ﬂié&fbdtcﬁﬁ(. surface of an original tenplate but also the
Phys! Ca2|0 A replica generated in a polymer sheet can give access to a novel family
development process, which is not executable the common way by nickel-to-nickel plating.
Here, the imprinted polymer sheet is first bonded together with a rigid substrate by, e.g., a
e 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 includes 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, main

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



di nrension of the original tenplate can easily be transferred into a pol yner
foil. In sone 15 applications the placenent of the pattern on the final
substrate is critical. For e.g. hard disk drives the pattern should be
replicated and aligned to the centre of the disk. Here, the naster stanp
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pressure may al so be accorplished by displacenent ressing the main

parts t@@ardembachgod $eeof balts either by being directly attached to each other or by both being
attached to a common carrier 401. In an alternative embodiment, only one support frame is
comprised, in which both the first and the second cooperating main parts are suspended.

A feeder device 410 is operable to move a disc imprinted in the first unit, from the

first spacing 203, to the second spacing 303 for use as a stamp in the second imprint unit

25 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



preferably the actual inprint pressure is provided by fluid pressure and a
menbrane, as described with reference to Figs 8-10. The actual inprint
process will not be described in 15 detail with reference to Figs 11-15, but
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promoters apelied Lo either the femplate syrface 2, the disc surface 4. or
(' mechanism is operable to maneuver between a set of selectable templates, e.g. arranged in

a stack 421 such as in a template FOUP (Front Opening Universal Pod), and first spacing
203. The template charger mechanism preferably comprises a template grabber 422,

25 devised to engage and grab either a template or a template carrier in which one template is
suspended, and a lever arrangement 423. The template charger mechanism is left out in
Figs 12-16, where it 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



separate the inprinted disc fromthe tenplate in the first inprint unit 200,
feeder device 410 also conprises a separation unit in one enbodi nent. The
separation unit includes the disc grabbing nmenber 411 and a disc pulling
menber operable to separate the disc frog 15 the tenplate. Different nore
detail ed enbodi nents of the separation u Bt will be described below with
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nmenber devised to_en e an upper..surface of fresh disc in.the stack 431.
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substrate P, and 28" second spacing 303. T strate chargéer mechani sm
conpri ses asubstire. ik subptabbedtradtd? mechlenims eodmposes agaaisbead s, gicaiseditosarigage at e

fromthe _stack 441, and.a l.ever arrangenent 443. so the subsfrate grabber
442 nayeléor?a?iigééf gtopa g impieisyfy émoafgmeééabliv@il%r}%éme%%gé urf ace
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enpl oyed in the substrate grab 442, for collecting the substrates 1n the
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extractor nechanism.is laﬁlgé@bl eto g][%geu%er etween the secog_d ggaci ng 303
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rel ease the 10 inprinted substrate fromthe internedi ate stanp. The

denol di 2§ deameémblerdé2 may comprise a vacuum suction member devised to engage an upper
surface, i.e. the non-patterned surface, of the intermediate stamp. Alternatively, a tray
o member may be employed for collecting the sandwiched substrate and intermediate stamp
~ from underneath the substrate.
Fig. 17 illustrates a sandwich structure of a template 1 and an intermediate disc 10,
25 preferably a polymer foil, which has been imprinted by the template in the first imprint unit
200. A separation unit for feeder device 410 includes 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 1s 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 controlled. When



= mechani cal separator devised to pull and peel the internmediate stanp from
the inprinted substrate. In an alternative enbodi nent, the denol ding device
may conprise a bath with a Iliquid solution capable of dissolving the

i nternedi ate stanp while not affecting tgg substrate. The substrate
extractor nechani sm conprises a grabber 2, devised to engage 15 and grab

either the j j . ar r hab . 4 At jate
Stanp, or ‘Barm BrEeR duEe G i pu TRl B XA Mtk Mool ARl LR
i nt er medi atby asitagivpy @nbe theving. e liftigofosedxnty bé perpendiaulir t4 3He ergjape dis¢ ever
arrangenment 453. Alternativel grabber 452 c¢aqnpr.i ses, a denol di,ng devi ce
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surf ace, 5i .adjactiiteo tferengagddgrenphery pottane ful bieldabefallotva minerd oatess sdséypince the
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i ncl udes a di sc grabbi ng er 411 and a disc pulling nmenber 414. In this
enbodi ment 415 gpafg%ﬁli‘estﬁﬁﬂﬁi%en?our ce 415 is connected to selectively supply
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of disc 10. Disc pulling nenber 41 owever, 1s placed at a periphery
portion of editediniéntabough, dst patl|g mchbes 468 gotlnprismamaeihaaichlypinchinpmicabkt y

control | ed. en vacuum has bee uppl i t.o di sc pul L.ing menber 414, a
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preferably t ting force'is directed 1ghtly 1 nwards fromtl‘?e peri phery
porti on of fothbadnga redtamgales shapel wheh.is [angee thandemphte hdsndhérenmsinbegtidlyis

rel eased at an, edge dj acent taq the engaged,k pet.i.phe portion, fu)l
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separate th% di.sc 20 fromthe tenplate 1.

411, as illustrated.

C., In a preferred embodiment, disc 10 is a polymer foil. In such an embodiment static
electricity 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-ionizing 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



10 Fig. 18 illustrates schematical ly another enbodi nent for the separation
unit for feeder device 410, including a disc grabbing nenber 411 and a disc
pul l'i ng menber 460, al so when operating on a disc 10 sandw ched toget her
with a tenplate 1. The disc grabbing nenher 411 is simlar to that of Fig.
17 and will therefore not be described agdin. In this enbodi nent, though,

di sc pul i r
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grabbing nenber 411, as illustrated. In_a.p efe red enb ment, disc 10 is
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spau ng 203 and 30 before placing it in sec(gfﬂd first sg{a&na 303., Fig. 19
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surface. A Fyhstanivhfin ¥>o§1't161t1 support surface 471 carries a peripheral sea]
472, such as an o- ring placed in a retaining recess. Inside seal 472, an
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12-16 includes sinplif illustrations of the apparatus of Fig.
i |l ustrat e aitdrifestepacipg 3¢asl gak e Hogy impranterbidécrmediaipatist 1h Substrdte i npri nt
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units is depgim@nb chfr SocBnd %chr%r FNCAdighat t'HBrshrﬂfmcHé'aCiﬁﬁﬁﬁedlht@"ﬁlécrl olAhgdt wo
units 200 and 300. In Fig. first inprint unit 200 currently inprints a
sur f ace 2patthe pew afpented mpibsma@ 12A.
In Fig. 14 extractor mechanism has moved the sandwiched disc 10A and substrate
C 12A to port 451, and subsequently substrate charger mechanism has grabbed and moved a
fresh substrate 12B from stack 441 to intermediate spacing 303. Preferably, substrate
charger mechanism properly positions and then releases the fresh substrate 12B at a
25 support surface of the lower main part of the second imprint unit 300. In the first imprint
unit, the imprinted disc 10B 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



into an opposing receiving surface of an internediate disc | OB. Al so,
second inprint unit 10 300 currently inprints a surface pattern of a
receiving surface of an internediate disc I OA,.- into an opposing target
surface of a substrate 12A. Di sc charger mechani smand substrate charger
mechani sm are both standby to coll ect andll oad fresh obj ects, and feeder

device 410.is in a A ositj.an. In Fiqg. 1 th i.oprint units have
o eaced 1ok 4T Be KRS BRRC 4 os s s SEn0 Pask TR AR PRI b <
have been S@Q@F@t&dﬁﬁ&@gﬂﬂstﬁﬁbdiﬂ@g,mm ate spacing 203 and 303. \When the
cooperating main parts of unit 200 are separated feeder device 410 is
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inprinted substrate 12A. In Fig. 14 extractor mechani sm has noved the
sandwi ched plirsef n @rprnidinguB&th mfasence ta thg dogblsamprintunit appdratudrsalgeertiedy

substrate ch nmechani s s. gr abbed .and ,nove fresh substrate 12B
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25 support surface of the |ower main part of the second inprint unit 300. In
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pl ace a fresh . disc | OC t ate.l,,ip the first spacing, .where fresh disc
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assumed a sfiafeyd ARsddilneh, Ble MeRShA&FRdmEaFHeA4bmptiSesPatt of ¥6Herdb6@1 Lt di sc
charger nmechani sm has assuned a standby position atp disc 31 stack 431, and

the feedér ¥R ael amembeme aibbanda03 canfigueaddd pe pallidtdfbiromEharsprodleed@01li te anow
ready to continue gs Ll]Justrated in .Fi 12, Figs 20-23 i]llustrat

renbr ane. { GBI 8% st P RERERaRe 03 kb dieat Rl bRErTin e on.
The nenbr anwhtg g oA HhEMinra68 tibben h&thdeR uSdCiagSnpahdprosesd il spu g se
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parts of anl@3ppféeder davide. (no¥thowng fushe e etegtrichroido dbiviag isequnid moller002 to
apparatus ag, desciled. LN Leler ehce (0 B g8t 18 und Bl RS of
20 membrane ribbon 2003 into position in spacing 103. This is also the scene shown in Fig.
20.
C In spacing 103, a template 1 is 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



any of the two inprint units 200 and 300. It is, however, particularly
useful in the first inprint unit. The nenbrane feeding systemis therefore
not restricted to use in a double 10 unit inprint apparatus. Were they
correspond, |like elements in Figs 20-23 carry the sane c reference nunerals
as in Fig. 8, and where no reference numdgal s are included but referred to,

t hese correspond to the el enent Fig. 8. .S el enents need to carry
out the | RIPPIR bncaCumFaTFe Tt btsefsontyb TS STABB AL o SN HE ok of
si mplicity.whdh thB8brant boe3 Al prRAHH TR Alsc 3 hﬁré%@b@%lﬁsﬁﬁﬂ'o@%%ﬂér&em
conprises pair of rollers 2001 and 15 2002, and a nenbrane ribbon 2003
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receiving surface 4 facing a structured surface of tenplate 1, as in Fig.
a but upsi deandfewed t@BicFeqiviag surfdceof thetfed 3hioam demplaterlaibreondics ol mmemezetthise nber

is operagt.ed.to displ ace e ne e rti resent |n t i nternedi ate
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devi.ce of tagm iNIdahiNvichirlangdmént, 488 HiveAhted i Fi%'F he REARPNE 2008 phdtsrabilyams Ng.
towards the upper nenber of "the sandw ch pair and 3, in this case disc 3.

In the exanwificcnvtlopheurtircawil mghbet biesihemier zmis grefpiblysmspendedbpe biasahpri ses a
air of guide 3 |l ers 2004.and 2006, ea bei n uspended b cyl.i nder
D005 and 5 0wns A0l b ceriain ey (e vt eentive R e Rl ni b L FERh 201 acont
in spaci ng AR KON daBt bf rdkbBBverTBERIANRaRNOgES the adjacent surface of

disc 3. In a subsequent stép, when the main parts 101 and 102 are brought
t oget hed5and sdag. 2208usgragesgbs impriniprasnes whendthameri? 03 t Gwenddd)2duappor t

surface 105, vacuumwi || be 32. supplied fro cuum sour 117 t hrou
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be captured as the pressure around the periphery of disc 3 increases.
Si nce, i n arpngéreentdéd penidrodtheemprindids préipsshapdihied iopl, empohtymey alsobt which is

I T NN TR R S R
be transperipfhoh tdnfifaRacissind@1iQf3 fo fadition sensitive imprint layer of disc 3 engaged
by template 1.
o After the imprint process, possibly including postbaking, the main parts 101 and
- 102 are separated and membrane 2003 is lifted, as is illustrated in Fig. 23. The imprinted
disc 3, now stamp 10, is removed, possibly directly to a second imprint 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



Smal | distortions will be of no rel evance, since the backside of foil 3 is
not used. However, Dbubbles of air or other gas nay penetrate through the
pol ymer foil and damage the pattern transferred to the receiving surface of
the foil 3 fromtenplate 1. In order to minimze this 10 risk, a press
roller 2008 is controlled to roll over thH8 side of nenbrane 2003 faci ng away

fromthe sandw ch arran nt,.as i illustrated in Fi.g..,2]1. Press roller
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separated and nmenbrane 2003 is iifted, as is illustrated in Fig. 23. The
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fresh portion of nenbrane ribbon 2003 into position in spacing 103 to be

used when i dgseiibrd wigh tiferena to Figre§ and 1 hildementppresdnted baforg widhefoldrendesn t he
disc to be i inted i.s a flexibl lymer foil. Duking inprint, the.
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materi al . However, suitable menbrane materials, such as pol ycarbonate,
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Lo be’ usbd. PG e TOR e PaC L Fon b Ry e 0B P08 ng
surface 20f febgocliobll . FiBY impSaNmisioothiyhdveadhaabhaé 1Ry e ARIERIHEE
portion to be used, this problemis )
with reference to Figs 20-23. In the shown embodiment, though, first imprint unit 200 has
C a fixed membrane 213. Preferably, membrane 213 has a substantially rigid central portion
241, selected to correspond to a template dimension for which the first imprint unit 200 is
configured. The rigid central portion 241 may be connected at its periphery to membrane
25 213. Alternatively, membrane 213 covers the entire template, whereas the rigid central
portion 241 is a plate adhered to the membrane 213 on its upper or lower side. In this
embodiment, seal 208 is located under membrane 213. A template 1 is placed on support
surface 205 of the lower support member, where it preferably is retained mechanically and
by means of vacuum suction through a conduit 242 connected to 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, is 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



mnimzed. Figs 24-27 illustrate another enbodi nent of an inprint apparatus
according to the invention. In this enbodinent, the feeder device operable
to nmove an inprinted disc from the first spacing to the second spaci ng of
two cooperating inprint units has a different 10 configuration, and
conprises a polyner foil ribbon and a riBBon feeding nechanism Apart from
t he feeder evi%e th flrst q?d second | .1 nt uniti.n%%tSUQZ&@E@ially be
confi gur ed SHEP HEL AL LGS RPN UF QN EMY Y IECH s Sy ond, frRANt UBf ¥ presented
before W t hpied&ran88rillAisgeRfs 049 Hetabistopbly 4 theFefIBr & Wre-cusfbes n%@d_ to using
the sanme reference nunerals, shown in Figs 3427 or ‘'not. The enbodi nent of
Fi gs 24- 27 potymerrfrdne alpzg-pelymeesavirees 4, pntodusabsitatd 52 preserdrim setond spacing HS.

where the tterned surface | er .of the i rinted,substrates ,is . ,q. renain
on the subafiREEmEAY bettitpe by tollng anihs R PO ST, R 0y piired sipodjmen
produci ng RPPs1Y sHf£ee f tHel 16werdhain! JarSI02abapristien {pifiser 220 Quai thas egead 300
inprint units with their respective pairs of cooperating nain parts

separ at ed tdispgpeation frormdispanseri 243eand palatiog by spinagr 243 PBovid@ppireeqbiag ol Hiey .

First inprint it 200 may have.a nbr.ane f eedi tem as desgcrj.bed with
Tot or encp 1P tes e Tber B SRR ARSbRER: T2 RAT SR ARy SERAPER, "
200 has a o dpiPebABPRIEBE iPPravidEd edj8Ecdptd/secomIMiRRR udit 300aForm whidlsd anti al |y

rigid central portion 241, selected to correspond to a tenplate di nension
for whi ch tshbstfate drargarpicks up gaated agBtratss aabsiceeparvely, lamphes thgingether al
portion 241 ey be .connected at its periphery to nenbrane 25 213.

Al ter na |vegF§/(3 eABPene 213 covers the entire tenpl ate, whereas the rigid

ce \An;ér al  porti onpAfd embodinichf e Redededicé Qortoeyine abimiented dis@ froht the fBAGS Of
| o side. In this enbodinent, seal 208 is | ocated under nenbrane 213. A

tenpl at e 1 thesqspad Bapron ugiippesmbinedwith dle fpetiar ofithe dise wkargeru ppibetillystngtsdr |
where it preferably is.ratained nechanically.and by neans, of vacuum suction
through a oIt SsAhAIPES PRmRR Cn AN St a1 Sho PR ECon

i mpri nt - uniftesh $1a8R \YoB@tbr 6is 6B Y528 pR@sdd tgiste thd first BhRHIR MR, r@mFitGeh 8, and
has a fresh substrate 12 to be inprinted placed on the | ower main part 302.
Vacuum 3$8pgirst roBenthe ebbaryis guided Mlerongl fissd spasing 303, gacend ppasing HBsandiornect ed

to the suppart supf f th | ower i N rt. via. a conduit .342,

cor r espondi REEaoIHET  Fa b em MiTee PR yB st mitrud SRREH hiriior 2520, one
di f f er ence dfter theatcdn@iptiitur@e300TRmiyobd suctdbiaplyasit ip ndSepartit®l ARk e 34
stanp al so acts as the nenbrane. | n one enbodi nent, second inprint unit 300

al so i ncl wdelsusedrinteangdigte giagpeaesison follows glpagarithethe subsiiate/it bas imarintad) ip or
UV- cur abl e o1 Pt u];nrtgg%s.%bpr %él&osleéggtriofgr;({i%sglvzi440f #8 Erﬁg&e%fi’aﬁ? ihatke 12
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present in secon sp%lCl ng Spensi ng na e obtaine y rolifngron the

pre-pol g0er, butln Fip. 24the pelyhes feMbBbmMESY present over substrate 12 has been imprinted
by template 1 in first imprint unit 200 in a prior step, and then the ribbon 252 has been fed
C. forward by means of e.g. an electric motor (not shown) pulling the ribbon from the side at
which roller 251 is positioned. Over template 1, a fresh portion of polymer foil is present.
In Fig. 25, corresponding main parts 201 and 202, and 301 and 302, have been

25 brought together. In the first imprint unit 200, the fresh polymer foil portion is imprinted
by the structured template surface, by pressure provided from a pressure source 216 to a
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 a support surface of the ower main part 302 conprises a spinner 245, such
that central dispensation fromdispenser 243 and rotation by spinner 245
provi des spin-coating of the pre-polyner on the upper target surface of the
substrate 12. In an alternative enbodinment, a spin-coating station is

provi ded adjacent to second inprint uni t 3300, fromwhich a substrate

h i ck . ed b d hvely | h h ' h
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the function of the disc charger. In the illustrated enbodinent, the feeder
devi ce conp¥4dses a pair of rollers, where a first roller 250 with a fresh
bl ank pol yrmer faqil.:rihb i i f . (LSt | i nit,
o b ehTTs § it PR cSRerknha P?@gaﬁﬁlagﬁgeﬁpﬁa% t%ihrag‘?géab‘g%‘fér‘:‘g 203,

second spaciepgrafdd3aftemist ftpriat s&peMRtndPokgbly Podtballiag ans @kéeplasd. iSometform
rolling up the inprinted poh%ner foil ribbon 252 after the second inprint
uni t 300, iaf saearatian dayicedseli sheny) should pr emploxediartaisstepstnch asae of dach used
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substrate 12 has been inprinted by tenplate 1 in first inmprint unit 200 in
a prior stegconnianpringpnit fbuilt-mseparation deyiceyaanbs wgluded flg therlystiatedreans of
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i s gt esent .used intérn@diaSsta@pr r espondi ng nmain parts 201 and 202, and 301 and
302 have been 25 brought together. In the first inprint unit 200, the fresh
pol ymer foil pornifes 27stnatys etfeerer doviemis operati tarfecd the pplyaice failipbbene2 52y

pressure provigded 4 . .1yl nt in a
Cavi Ty 215 Sa oI IhEbGTIN I, RUAER EpRaG 1 3976w Bhsiliplo bR
presses f oidpadh@ 30D Wehiedsst irdpihtad eubbstraitle ik teEdbitpubled 6eSE siFading 803, xad mady or
radi ati on-assi sted, as sly described. In the second inprint unit 300,

t he prevPousisgpaated dom ﬁ{igﬁﬁgﬂ%@mermwesad’rrﬁe&blm dhpught separatipn frophibaifei e
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pressure preladeded the wed syppesisurfacsethe secdind ithpridt (@as300rby rthédms df pretssente i n a
cavity 315 behind the internediate stanp portion of ribbon 252. Preferably,
this proceégwﬂ§ﬁcarried out at a relatively |l ow pressure ranging froml to

20,021 22, 2 BN SIS G SOPR USRI, Crpoce:
pr e- pol Yoerdigistchrentinsgberts foopressngsgiidd rolles 2522ownwards and press rollers for
pressing out air, in accordance with what has been described 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



In Fig. 26, the cooperating main parts of the two inprint units have again
been 5 separated, after the inprint sequence and possibly postbaking has
taken place. Sonic form of separation device (not shown) should be enpl oyed
in this step, such as one of the solutiggs described with reference to Figs
17 or 18. This is particularly rel evant r the first inprint unit 200,
where the t | -ln the
second i mprner anree G PR AR Bl PEbE T, GHRREY boRH heiFRer S pRid

i|lustrat eq>ré£merrﬁmdbermﬂta,deﬂ hsmgbpactdgeadjmmhemtdedlcsubs;tmue séléhretly ittddoved to.
maintain in contact wth the wused internediate stanp .27, fi naI ly,
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charger. The odi nent describ erenc may al so

i ncl ude 20 cdéasqal }&ﬂﬁﬂ&fﬂtampl’dmrmaﬂlotypin’aﬁy$¢sﬂgl@w nim coblirgyis f35hodaaiwastds and
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e i ment of . Fi and the ane reference nunerals are therefore used for
certal n el éwwsﬂl Atg eeder deyigma tflﬁﬁ%t?@ﬁlﬂtpgntwatmﬁh@ké%? ¢ahed VEHY no

gas or |iquLl Resfhls D3 apply pressure. Atenplate 1 is illustrated as
pl aced on th " ower lSJpport surface 105, which tenplate is nade to hold a

sui tabl e process tenperature of e.g. 50-90C. The lower nmain part 202 is
novabl e\kgy means of spacing adjustnent device 107, 108, to adjust 30 spacing
203 bet mai n part 201 and | ower mai n part 202. Preferably, the

main parts ares%ﬁiéb%tl ﬁ@thﬁhge o-main part is located with a
down-faci ng surface 1 cI ose to t terrpl ate surface, about 0.1-1 nm At

t hat point, nol tTexpaspSﬂQﬂnﬁaasmﬂécma;ﬂmBH Gfennmyathmhyp]nsnmndm cd@ﬁlyrmehr ough a

conduit 281 is the upper nain r 1. Preferably,. the nolt
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108 to 26cuile} 500 poar biuekdtO pm thick foils have been used here. This material may also be
employed for injection molding in the first imprint step.
o 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 um 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 um. 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 pm 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.
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nolten pol yner material into the pattern of the tenplate. Alternatively, the
mai n parts 201, 202 are kept at the predeterm ned di stance from each ot her,
and the application pressure 5 for the nolten polynmer nmaterial provides the
only pressure. The nolten polyner materiagl_  typically holds 200-250C, and is
therefore rapidly cooled dowmn by the conﬁ%ﬁatively cold tenplate 1.
Furthermore, singe.d 0%, S805 WIRIARR ol L ALRISER G ERHLLREm AUgkneRS, of the
created pol yner stanp is so snall, prlcal y I'ess an nm - €oof1hg is

fast, nor mapHofo-Reist marial, ichaiblcldies egpusde toNghehnamd® avdl gt taeweg 30 andt ment
device 107, 108 acts tQ open up 10 spacing 203, after which the so created
pol ymer st afR9 mayAben edhesioa deorasiar brsveen the S8 filmeand the silispn syhstategathing t he
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f eeder device an e Sseco unit nmay take any form as descri bed
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co- pol ymer IMHEUY Appagatys accerdingiodha inyeatigr mgpbe employedi s transparent to |ight
wi th wavel engt hs above 300 nmand is characterized by a | ow surface energy.
The foil is available in thicknesses of 20 50 - 500 m 130 -140 mthick
foils have been used here. This nateriBtanily 1al so be enployed for injection
nolding in the first inprint step. Zeonar. ZF14 from Zeon Chem cal s, Japan:
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transm tiPankeengmpiiniedintga 198 va) &wé&w %Ekveﬂs%%p $ Hm pvagspi-gogied optga 40nm
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i mprint st elms bddn tréatedeby si additienal adatinigi kdvidpthe lpagose sehpreveSbB anti-adhesion

M croChem Corp.. USA, a photo-resist materi .. curable after exposure to
li ght havi nlbe}‘akﬁi\?ép%tWQFll‘]g‘e &/\é]élh the £iggnor foil. The imprint was perforn?ed at 78°C

and 50 bar for 3 min. The SU8 film was exposed to UV-light for 4 seconds through the
20 optically transparent Zeonor foil and baked for two more minutes. Both temperature and
pressure were kept constant at 70°C and 50 bar, respectively, during the entire imprint
C sequence. The release temperature was 70°C at which the Zeonor foil could mechanically
be removed from the SUS film without damaging the pattern of neither the polymer
template foil nor the replica film. The AFM image of an imprint result in the SUS§ film

25 deposited on a silicon wafer is shown in Fig. 2.

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 SU8 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.



400 nm As an adhesion pronoter between the SU8 filmand the silicon
substrate a thin LORO. 7 filmfrom M croChem Corp. USA has been used. 5 The
foll owi ng descri bes exanples of a two-step inprint process for which an

| nprint apparatus according to the inventjon may be enpl oyed. Exanple 1 A

ni ckel tenpl ate whose surface exhibits a 38 ne pattern, having a line width
of 80 10 nmand a height of 90 nm has been inprinted into a Zeonor ZFl4
foil at 150C and 50 bar for 3 mn. None of the surfaces have been treated
by any additional coating such as, e.gExan@léB-adhesion layers. The rel ease
tenperature was 135C, at which the Zeonor foil could nechanically be.
removed from t heAmickrblemplate haseogp uprsivhess sadaseroptpnsyatcremetaPaians Mith  t he

t enpl at e noy. ol i . r ' . e te,
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Spi n- coatsedhaigtit@f a7 280 Mhe lsGRadel Halbe@t @wietidByya SHusphat©bheed aatitadhéidi fiingon
substrate. Also here, none aof the surfaces _has been treated by an
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ot 70C " ana hC el 3P paHbraim 30E ke 5P Lol Atlonali6 haPiG: Mocrl B2 BERY 01

seconds t hraugllitidval Sfatiagthavalgl the plrposp@rimpiovéabnaiti-hdliesioandhdadesttheon t wo
nore mnutes. Both tenperature and pressure were kept constant at 70C and

50 bar, resihedtitvapiytc aad thorplyrebomta ilg. g relpse (QrpaMEeVasThY) Fettoyyeh
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tenpl at e f oddmapirig thb @atteaploff aéitier tia terhbratoAidYl theR@tica fTha polyeRibondte feibhdst i n
the.SU8 film 25 deposited on a silicon wafer_is shown in F,lﬁlg 2. Exanple 2
A ni ckel t ebRsnaised siforey tegaie foraprmprinsingo gl gpasfopathesmpringhasbeest r uct ur e

hei ghts  of %&R)Qm'éggt %Ug r%‘%:ﬁ%{_bil}fﬂfforli%‘s 911{? Rone P YRS hir@RLAHs %eﬁ%ﬁ%sg%? af€en

inmprinted into a usi ng the sanme process a
par anet er s ahlitidnaberdying dawirightbe piposdbodmpt@ie. thel ingri-adiesion behaviortrswesethe used

as a new tenplate, which has been jnprinted into a 100 nmthick SU8 film
Al so he\r,Yé t pRlycashanats anddas Topas forhel hedricassdemparaiirg was 704y abuhiehdbe Eppased i n

Coarml 1 MU PAEDHERH T RO B A L Bt 11
t enpl at e hasf re@ther ths ethplito f@il soirthaesplico filiniThs Topay foilrat érenatih asedss winehy
hi gh aspect-ratios ranging from1-28. The feature size ranges from 600 nmto
12 [1m at tgmplate, which has been imprinted into a 6000 nm thick SU8 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 SU8 film
and the Topas foil. The imprint was performed at 70°C and 50 bar for 3 min. The SU8 film
C« was exposed to UV-light for 4 seconds through the optically transparent Topas foil and
| 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



5 height of 17 m The surface has been covered by a phosphat e- based
anti-adhesion filmbefore the inprint. The nickel tenplate has been
inprinted into a polycarbonate foil at 190C and 50 bar for 3 min. The
surface of the polycarbonate foil has no% been treated by an additional
coating, having the purpose to inprove t @ anti-adhesi on behavior between

the N tenp| I : film The rel ease tenperature was
130C, at V\WE)F%%G%?L%dﬁé&gdoﬁai&ctéﬁgglﬁgﬁglﬁ%% coul d nmechanically be renoved from

the nickel surface without danmaging the pattern of neither the tenplate nor
the replica. The pol ycarbonate foil has _been used as a new tenplate for an
inprint into a Topas foil. The inpri rﬁXPﬁ%{@eB'@bn performed at 120 C and 50
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duning the entire process. .The rel egse tenperature was 70C. Afterwards the
Topas 25 F%WLSﬁ%%Bféﬁﬂﬂﬁﬁngp%gﬁﬂwaW§§BPVed in p-xylene at 60 C for one
hour. An SEM i Enrfeh i I i d

enbodi nment , annggparé%%%@?%fﬁg§%?¥®%3§g%?}%ﬁpghquéggégu%% Egﬁgg%ﬁthree

i mprint uniGasmSean dX2G00i MicsoscopsstiorkV.where the master tenplate is used to
provide a first internediate stanp, in polycarbonate in this exanple, in the
first inprint unit. The first internediate stanp is then used for inprint
on a second foil, Topas 30 in this exanple, for producing a second
internediate stanp in a second inprint unit. Ina third inprint unit, the
second internediate stanp is used for transferring its pattern top the
target substrate by inprint. One and the sane feeder device may be enpl oyed
for noving inprinted intermedi ate stanps between the inprint units,
alternatively one feeder device is provided between the first and second
inmprint units, and a second feeder device is provided 39 between the second
and third inprint units. Experinental The Inprint processes given in the
exanpl es above have been perfornmed with

C



5 differently patterned NI stanps, in sone cases covered by phosphate-based
anti-adhesion filns, using different process paraneters. The substrates (2
to 6 inch silicon wafers) have been cleaned by rinsing with isopropanol and
acetone directly before spinning the LOR, and the SU8 filnms. The sizes of
the applied stanps are 2 to 6 inches. Thé0; nprints have been carried out
usi ng an Obducat-6-i nch-N L equi prrent,CEIrA\?M' ed with an | V-nodule. 10
Atom c force mcroscopy (AFM in the tapping node with the help of a
NanoScope |Isla mcroscope fromDigital Instrunments was carried out to
investigate both the inprint results and the stanps after perforned

i mprint. Scanhi fypperatis fopHangferFipg @ palerpER)stiHelyrasdesurfaprefaiemplpte i) figraet
Obducat Canﬁglﬁpdcg/:éggg&syaafgﬁﬁﬁr@sﬁ at 256 W C 40 CLAIMS 1. Apparatus for

transferring a pa rn-o ctured surface of a tenplate to a target

surface §f a suldirsEibfrine OMPrchidig Dfiast phif 6f cdoPprating msih partsitanded@pposité r st
pair of cooperating main parts arranged opposite to one another with an
i nternedi ate 9 qr@tangﬁlab}mg ag eferangdiagte firss spagingrng afarst pressdfvicstiongdiugthig £ r st

e msieng e .
cirface of atiTE PRUREERREDI] ORoRd B Railn IR GBI R L RO B Y g

a second pai ropd dsoapefiat imgrintaiep, parts arranged 10 opposite to one another
with an internedi ate second s.i)aci ng, and a second press device operable to
adj ust the secordespuldmpgint unit mehdingresscerd paEPhEnOPeRENGHAN Parth AE@Ngehbm t he

first SRACT NIghOR GRS AARGH herrk e 054 SPRMIALNEa S BAN Bevice

conprising a suppor rane carrying t I'rstan secon

cogper ati ng mepdratilatd &djusi theldreoapgpaciagus of claim 1, wherein a first support
frage carries the first pair of cooperating nmain parts and a second support
frame carries t RRdeedss devichapcratle tomoye s gise Aionhie dastsppeng & thaseropler e a
fixation menbg‘{ ﬂlgl ds the first and the second support frames in a fixed
relation to edch 6ther. 4. The apparatus of claim1l1l, wherein one of the
first pair of cooperating main parts conprises a cavity for a nedium and a
pressur«i} supply system for adjusting a pressure 25 of the nediumin the
cavity, 18 wal & dihcapearatys of glaps psanapriiiga suneitdiame sagpyingibe Srstapd 818 one

side fornms a §elé8f?<9f)£ir 81"550%81%&5@%&%%5&? ot her of the first pair of
g

cooperatin

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.



main parts. 5. The apparatus of claim1, wherein one of the second pair of
cooperating main parts 30 conprises a cavity for a nedium and a pressure
supply system for adjusting a pressure of the nediumin the cavity, a wall
of the cavity conprising a flexible rrerrbrzne of which one side forns a
support surface facing the other of the ddcond pair of cooperating main
parts. 41 6. /T T i q -paj r of
cooperating ms61i gﬂlﬁga?)p gtraﬂ%:stﬁﬁ%{hggéwg%%‘n% a etﬁ ésﬁrpsgg%f 8@%(%053 grcafghéﬁaﬁlpgéésenpl ate
hol di ng devi ceomprisckhacaplats sippsrt edrfakavith Hiempliste BoMirdghdevicenpl at e hol di ng
device conprises a 5 mechanical tenplate retaining nenber. 8. The apparatus
of claim®6, wherein the tenplate hol ding device conprises a vacuum supply
source, a congui o norifice
in the suppo?'t zhfﬁg%%%ggaﬁgh\gga e%!ri}gt\lll:é e gireg%mh%ﬁiﬁ%{%ﬁéggs %0 9. The
apparat us of oileehanidal tashydateirctamivgs mémbére first pair of cooperating nmain
parts conprises a tenplate support surface with a heater device. 10. The
apparatus of claim9, conprising a tenperature control unit connected to the
15 heat er deV'SPthe]a:b ar-ghg o?RRANh R %el%fn ﬁl%@érﬁ%;l&t .h@'ilﬁﬁ%ﬂ&i@@&n%ﬁs%?g VE Judd
pai r of cooperating Fain parts ¢onprises a adiatlo source,” operable to
em t radi ati osufphywoudse, hlvenduit ainnecttdbewdemthe vasyan sugply Réird@andldreoriffgedn at us
of claiml1, erein one _of the second pair of cooperating main parts
conprises a r 4% SAPPYFhSWEEE ao‘i?é]r%rBV‘éiegBroé‘Hﬁifher(&H‘lcﬁti on towards the second
i ntermedipat e spacing. 25 13. The apparatus of claim6, wherein the feeder
devi ce conprises a separation unit, including a disc grabbing nenber

opzlabl e t o efgdie appdragrsadplaan 1i mheient edt ditbe firsppais efitodparating nfain parts

spaei ng, and a disc pulliﬂgtrrerrber%q? era%Ie to separate the disc fromthe
tenpl ate. 30 FAMPHHRS adPRAL YBPYT S Wi 2 gl deRictne disc pul |ing member
is configured to engage an inprinted disc at an off centre position. 15.
The apparatus of claim 14, wherein the disc pulling nenber is configured to
provi de a pul 1Drithefappamtits@f clhagm @, sampitisicga isnmbratectcedtralvait donoectedid thenpl at e
and

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
e 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



42 towards the centre of the disc. 16. The apparatus of claim 13, wherein
the di sc grabbi ng nmenber conprises a nechanical grabbing nenber operable to
grasp about a side edge of the disc. 5 17. The apparatus of claim 13,
conprising a vacuum supply system a conﬂ it connected between the vacuum
supply systemand an orifice at the disc érabbing menber, and a seal

arranged abou&n@ﬁ&ﬂﬂé%&h&?f&ﬂ@d&@' The apparatus of claim4, wherein the
menbrane i s separate Fom T he warn part and c¢ is configured to be placed in

engagenent with a gasket arranged about a portion of the main part to form
the cavity. 19, The apparatus, of claim 18, conprjsing a nenbrane feeding
syst em synchr bilAe@rparstugof glapmd3 s Whareinghedisc a@bF@g NS COMPESSPA v feed a

fresh nmenbran Wi ' r i i f .2 of the
st impri nt sy asicabgablitl melFLBRANEL gRRANR e PEFRT BEHE. 11 ane
feeding Systemincludes a pair of rollers and a nenbrane ribbon confi gured

to be rolled off froma first roller to ,a 20 position in the first
i nt er medi at e $padRRgrUAYs of sty déromprisiie vacuwasHeply system, a condpit  The

appar at us of i i i L56S a
menbr ane dispﬁ%@%ﬂ%%?mﬁéﬁﬁg%‘@%ﬁ?ﬁéﬁ@ggEgggﬁ%ggﬁgggﬁg%%ﬁﬁgggggﬁ%b%'rtion
present in tmember,ahd b néad armanigedtabosthe orifice.n a direction parallel to the

adjustnment direction of the 25 first press device. 22. The apparatus of
claim4, wherein the tenplate and the disc are positioned in a sandw ch

arrangefgnt | E‘S.H{Tﬁ eaH;z!ir%ﬁxs bﬁﬁlﬁfrﬂﬁ%ﬁér‘éinﬁﬂéﬁieﬁﬂxmﬁﬂg sdpatatEHORY RE ﬁlaiir§%art and

posi ti oned over andwi ch arrangenent, conprising a nenbrane press nenber
30 sontr ol | edistconbigurpd &cledplaceddorhgagement with a@pgaes atranged mbatten m@irtidhef the

me ane facing. away fromthe sandwi ch arrangenment, and a press displacing
uni t controll%@”¥%n%9§§ ﬁ%‘ﬁ?§§s menber over said opposite surface towards
a periphery of the nenbrane. 23. The apparatus of claim 22, wherein the
press menber conprises a press roller 43 controlled to roll over said
opposi t e surf 82eTh&dppaiites cffppamalt8, somprish@a meinbrarenfpedisg pyptan dymbramizdr t | on

devi ce, ,operable to_pick up a disc fro t gck, of discs, and to position
the di S457n ¢ Hétﬁfﬂi‘er@‘gt PGt %taf%ccgﬁém%éeagaf%h "t fist or "o ai m 1.
wherei n the djgGmlediafe $HAEMFRr dalh bycle 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.

C 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



26. The apparatus of claim25, wherein the polynmer foil is nmade from
pol ycarbonate, COC or PMVA. 10 c¢ 27. The apparatus of claim4, wherein the

menbrane is made of a polyner material. 28. The apparatus of claim4,
wherein the nmenbrane i s nmade of polycarbonate, pol ypr opyl ene, pol yet hyl ene,
PDVS or PEEK. 15 29. The apparatus of cl & 1, conprising a substrate

i nsertion deVI§%Fﬂﬁﬂq5%@i8“5%ﬁﬁh§%%ﬁﬁ% aéeubstrate froma stack of
Str

substrat es, 0 position 't ate i'n the second internediate
spacing. 20 30. The apparatus of claim1, conprising a source of de-ionizing
gas, and a nozzle connected to the squrce and directed to pass de-ionizing
gas towards t #8- Hiesappamus ofiglaimg, spmprising f discapserten W@ﬁevwr@h{@tcumglé upg 3

pol yer fo1 | SR SHE 8r AL, % LIBTRAGAES, IyR e At Phaghtl Wngageren:

with a gasket arrange a’portion o sal d one o
cooperatisng main parts to formthe cavity. 32. The apparatus of cIa|n11
wherein the feeder device conprises a foil ribbon of which successive

portions are d3edh §§PR%@UﬁP§@al%W}éﬁr@@é@%‘iﬁram?’gfﬁf ed feed the ribbon

to a position in the first internediate spacing for the first inprint step,
onward to 30 the second internediate spacing for the second inprint step and
subsequent | y @6t Tief apphmatussEebiin 2Spaberei thdPolyhiee feip panadeusorn pobicaribonde,
conprising a roller _on which the foil ribbon is wound, and from which the
ri bbon is rol (KL 8 FPMME- pull ed through the first and second 44

i nternmedipate spacing. 34. The apparatus of claim1, wherein the feeder
device i's operable to nove an inprinted disc fromthe first spacing to the
secend spaci n@y. Tieapphratushod chamacl) dvhiergi thetmerbbrand is maleafarpabirecrtmaterigdr i nt

th ransferred pattern of the disc to the target surface in a second
inprint step. 35. Apparatus for transferring a pattern of a structured

surface of 2 bRIPLAl ok dH A withid ARTAMbACHIRLGoATBRLE] N0 10 2

nol di ng unit, |rst pai r cooperating mai n pdarts arranged
opposite to @nbzpmm’lldme;po/lydzthylame PSS weBEBEKe first spacing, a first spacing
adj ustnment device, and a polyner applier device devised to provide nolten
polyner]' terial over the structured surface of the tenplate in the

internediate Higr e PALHRGARIHY, DApILiRER sWbsttclnsertion 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



receiving surface carrying a replica of the tenplate pattern, 15 an inprint
unit including a second pair of cooperating main parts arranged opposite to
one another with an internedi ate second spaci ng, and a second spaci ng

adj ustnment device including a press, a feeder device operable to nove a
stanp formed in the first nolding unit fA8m the first spacing to the second
spaci ng. 20 36. Method for transferring a pattern of a structured surface of
a tenplate to“%@?gﬁggiﬂmgﬁgface of a substrate, conprising transferring, in
a first inprint step, the pattern of the structured surface to a receiving
surface of an internediate disc in a first inprint unit; 25 noving the thus
i mpri nted i nt éf-wianperatisof clairarh wherein the feqdgpdqvige ig pperabls tamoaednd i npri nt

it d S ; g . _ _
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second imprint step.

35. Apparatus for transferring a pattern of a structured surface of a template to a target
surface of a substrate, comprising
10 a molding unit, including a first pair of cooperating main parts arranged opposite to

one another with an intermediate first 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,

15 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.

20
36. Method for transferring a pattern of a structured surface of a template to a target

C surface of a substrate, comprising
transferring, in a first imprint step, the pattern of the structured surface to a
receiving surface of an intermediate disc in a first imprint unit;

25 moving the thus imprinted intermediate disc from the first imprint unit to a second
imprint unit; and

transferring, in a second imprint step, the pattern of the receiving surface to the

target surface in the second imprint unit.

30 37. The method of claim 36, wherein the intermediate disc is a polymer foil.





