METHOD AND APPARATUS FOR FORMING STRUCTURES ON A RESIN Technical Field 5 The
present invention generally relates to a method and apparatus for performing nanoimprinting on a
resin substrate. 10Background Ultra-violet(UV)roll-to-rollnanoimprinting technology is a known
technique for producing nano-sized patterned features on a resin supported on a polymer 15 substrate
such as polye¥§EieDicAPht AFBRERETVE), ROKCFIRMIBSH SARUETURESpPICadioRE#TMe manufacture
of semi-conductor devices, e.g., transistors, microchips and MEMS devices.
Inparticular,inroll-to-rolinanoimprinting 20 processes, adhesion between resin and substrate plays a
crucialrole because it isa contact patterning technique, .e., where the patterning tool (such as a mold)
comes into contact with the resin while it {5, sypRorted lggg_gfdaolymer substrate. 25In this regard, one
commosn technical problem associated with conventional roll-to-roll nanoimprinting

The present inveniilon generally relates to a method
and apparatus for performing nanolimprinting on a resin

substrate.
10 Background

Ultra-violet (UvV} roll-to-roll nanoimprinting
technolegy is a known technique for producing nano-sized
patterned features on a resin supported on a polymer

15 substrate such asg polyethylene terephthalate (PET), which
has seen commercial applications in the manufacture of
semi-conductor devices, e.g., transistors, microchips and
MEMS devices.

In particular, in roll-to-roll nanoimprinting

20 processes, adhesion between resin and substrate plays a
crucial role because it is a contact patterning
technique, 1i.e., where the patterning tool (such as a
mold) comes 1into contact with the resin while it is
suppoerted by the polymer substrate.

25 In this regard, one common technical problem
associated with conventional roll=to-roll nancimprinting
methods is that the resin, after being contacted with =&
mold during an imprinting step, continues to adhere to
the mold even after the imprinting step. This may cause

30 the resin to peel off from the polymer substrate, rather
than from the mold, during a subsequent separation step.
This may result in damage to the patterned features on
The resin and render the resin unusable for further

applications. More importantly, the mold will need to be



methods is that the resin, after being contacted with a mold during an imprinting step, continues to
adhere to the mold even after the imprinting step. This may cause 30 the resin to peel off from the
polymer substrate, rather than from the mold, during a subsequent separation step. This may result in

damage to the patterned features on the.resin.and.render the resin un le f r applications.
More impor agh#ﬂ?%ﬁ%tﬁgld %vlflciﬂﬁeeg1 {0 b%mlallé%ﬁlgculfw?gd f?gr’ﬁg%ﬁeaslcrﬁain%%%aﬁ%é%%@n%%eaned to
remove the resin-asheradtherear,gesultingdhanrecessanedewntime ofthe imprigting process.

5Furthermore, the patterned features are usually of t rati ., about 0.5 to about 3.0).
. ASan e W.aSRect fatio (e.q.,
Therefore, |Pfh%er%§ﬁ1sf%ﬁ¥, it Sgﬁeréﬁﬁ faﬁé at tr%a(lir?%r ace sE)Leti/gvegtzz-n tﬁesresin and the polymer
substrate, where the cohesive strength of the assembly is the 10 weakest. In order to prevent

o ol o S S s eSOt e Ao g e
low aspect ratic (e.g., about 0.5 to about 3.0).
Therefore, if the resin fails, it generally fails at the
interface between the resin and the polymer substrate,
where the cohesive strength of the assembly 1is the

10 weakest.

Iin order to prevent <cohesive failure at the
interface between resin and polymer substrate, a number
of strategies have been proposed to reduce the resin
adhesion to the mold and to increase resin adhesion to

15 the polymer substrate. One such approach relates to the
application of anti-stick coatings on the mold. However,
anti-stick coatings typically suffer from limited
lifetimes and tend to degrade over the imprint cycles.
Another approach relates to the application of an

20 adhesion premoter film  betwesn resin and polymer
substrate. However, adhesion promoters can be costly
especially when there is a need to apply them over large
surface areas as 1s typically reguired for roll-to-roll
nancimprinting processes.

25 Yet another approach to solve the cohesive failure
problem resides in the use of low surface energy molds,
such as molds composed of fluoropelymer material. One
drawback assoclated with this approach is that
fluoropolymer materials tend to be soft and thus suffer

30 from creep resulting from cyclic loading over thousands
of imprint cycles.

Accordingly, none o©f the currently proposed and
adopted approaches are viable for scale-up production of

an imprinted resin using a roll-to-roll nanoimprinting



15 the polymer substrate. One such approach relates to the application of anti-stick coatings on the

mold. However, anti-stick coatings typically suffer from limited lifetimes and tend to degrade over the
imprint cycles. Another approach relates to the application of an 20 adhesion promoter film between
resin and polymer substrate. However, adhesion promoters can be costly especially when there is a
need to applyethemovel laege Surface areasas isstypicallysequired for soli-te=ro nageimpiinting

processes. 25Yet another approach to solve the cohesive failure problem resides in the use of low
surface ene%gi/rm(l)all?:ig,‘tL s%&”pa% ?n%oIé‘lsa(r:l(g)ri‘Ll?:r)igé":ej”é1 of ﬁ@or%&%m‘éf’?ﬁ?ﬁeﬁﬁ con trawbadcassociated
with this appreactisathat flucrepelyhier matehialsdend o be saftantkthas stuffer 30 dram creep
resulting from cyclic loading over thousands of imprint cycles. Accordingly, none of the currently
proposed and adopted approaches are viable for scale-up production of an imprinted resin using a
roll-to-réll nanoimprinting method. Therefore, tBemmigzyneed to provide a method for roll-to-roll
nanoimprinting that would overcome or at least ameliorate the technical problems described above.
5Summary In a first aspect, there is provided a method for forming a structure on a resin substrate,
the method comprisifig the Stéjss-of s@iy eohtactirtea tnoldshavingva dodefinedesurfade pattern with an

ultra-violet (W¥).qurable fesin-substraie supported %QE“_@“%%%%G{?Q%@?’ ag%oerphlgg]s’}pgg/mer

substrate, said defined surface pattern forming a structure on the UV curable resin substrate; (b)
curing the UYCEtR &b resinStppoites dn ¢iHe 15 amborpifdusisoymer subistrate hyaeipasirg said UV

curablegesi ia: UVatadiationz and {6)separatingihe gured resin fronmthe mejd., Inone gmpodiment,

the method may be for performing roll-to-roll nanoimprinting. In this regard, it has been surprisingly

found that 28Dy SuppoftittFihealiv curabekesih h a sibstanfally prstedegiagabkaantorphous
polymer substate; isignifiGant improvemestsinadhesionpetween the resinrand thepalymer substrate
can be achieved. Advantageously, the improved adhesion prevents the cured resin from sticking
orming a structure on the UV curable resin substrate;
() curing the UV  curable resin supported on the
15 amorphous polymer substrate by exposing said UV curable
resin to UV radiation; and (c¢) separating the cured resin
from the mold. In one embodiment, the method may be for
performing roll-teo-roll nanoimprinting.
In this regard, it has been surprisingly found that
20 by supporting the UV curable resin on a substantially
photodegradable, amcrphous polymer substrate, significant
improvements in adhesion Dbetween the resin and the
polymer substrate can be achieved. Advantageously, the
improved adhesion prevents the cured resin from sticking
25  to the mold after the contacting step (&) and/or curing
step (b). Hence, the cured resin supported on the
amorphous polymer substrate may be readily decoupled from
the mold withecut causing damage to the formed structures
on the resin. The disclosed method alsoc does not need to
30 be periodically interrupted just so that the mold can be
dismounted and cleaned to remove resin that may have
adhered to the mold’s surface.
Without wishing to be bound by theory, it is being

postulated that the amorphous polymer has more free



25 to the mold after the contacting step (a) and/or curing step (b). Hence, the cured resin supported on
the amorphous polymer substrate may be readily decoupled from the mold without causing damage to
the formed structures on the resin. The disclosed method also does not need to 30 be periodically
interrupted just so that the mold can be dismounted and cleaned to remove resin that may have
adhered to thelmelds surfaces oMathostwishingrto,beilkound by theomysitislleing pastelated that

the amorpho%s po%ggghas more free \éolu e,.a more open structgé% IS more peri eal?il:(-:'J to the UV
curable resiH, and” ﬁstFﬁg%afea?& pr ffensri’ty 0 p%ysis&'ﬁefﬁe resitxﬁnppartlcu r, the amorphous

nature of the polyiner:substrateriapraves ddhesionthecause it 5 deesnotpossess tira-tlosely packed
chains of a %r¥staCI ine pocl;/meré Whlgh }gvspéjé%gtherwse act as aab&,rl%e t((?)ﬁhebdéfé%%g%ofgher

r.
mex . St lmproves S .
molecules, stich as pre ol%%er oligomers or other pglymer chains and thus prevent formation of

entangl@menitssextending thraughethe 10Wrpstalline stdcturersi tie:polymie Additionally,amorphous
D B S R oL Loy s ane

photoinitiators,‘becausée amo S pglyme"\? chains do not stack.On the other hand, the 15 closely
packed chaihs of crystdlline pelymiefs maypreventaceess siphiotoinitators 46 the: fedetige groups in

the polymer chans.and ighiblphojadeqradaliotye, CB to a grystaline;gr;semirgrystalline
polymer, the disordered polymer chains of the amorphous 20 polymer more readily diffuse into the
polymer struetirgsi thefadjaséntresin farkviea vésas MesoraimbRy e amofphoushatié of the

polymepsubsirate. may serve to.prompote formation of enjanglements between its random, disordered

polymer chains and the polymer chains of the )
Additionally, amorphous polymers will generally

present more potential sites for reaction with other
polymer chains and/or photoinitiators, because amorphous
polymer chains do not stack. On the other hand, the
15 closely packed chains of crystalline polymers may prevent
access of photoinitiators to the reactive groups in the
polymer chains and inhibit photodegradation.
Compared to & crystalline or semi-crystalline
polymer, the disordered polymer chains of the amorphous
20 polymer more readily diffuse into the polymer structure
of the adjacent resin, and vice versa. Accordingly, the
amorphous nature of the polymer substrate may serve To
promote formation of entanglements between its random,
disordered polymer chains and the polymer chains of the
25 curable resin at the polymer / resin interface. The
formation of entanglements and increased diffusion are
both crucial for the adhesion of the amorphous polymer
substrate to the curable resin.
Additionalily, in one embodiment, the
30 photodegradable, amorphous polymer substrate 1is selected
be a chemically unstable polymer substrate containing
unstable bond conformations, such as but not limited to,
C-C bonds, C-0 bonds, C-5 bonds, C-N bonds, C-Cl bonds,

or C-Br bonds. These bonds are inherently unstable and



25 curable resin at the polymer / resin interface. The formation of entanglements and increased
diffusion are both crucial for the adhesion of the amorphous polymer substrate to the curable resin.
Additionally,inoneembodiment,the 30 photodegradable, amorphous polymer substrate is selected be a
chemically unstable polymer substrate containing unstable bond conformations, such as but not limited
to, C-C bon@&,YC-Bdorids; T-8asbn@s, CeNcHs, ©-C| berds) orGBreiands: These bdrds are

inherently unstable and \may be.attacked by,photons orresin phatoinitigtors. to form pojymerization

sites within the polymer itself. Advantageously, this allows the polymer to readily form covalent bonds
with the resiCataRé 2E§IA T pokmet Bisubstraterifteifhce, Reabifiteto ifhproved dehgsid®r™ In a

second aspeel; there s previded ap apparatys foLtorming a structure on @ resin sybsfrate, comprising:
(a) a moveable mold having a defined surface pattern, said mold bem@g configured to contact a layer of

UV 10 curaliiBk&Sinappohsd bhasitambPpiiony phbtodBgrsiztie pelyaTciBubstrate layer, said resin

being movable relative o said gold; {b}.eompressingdneans genfiguied to,engage-said pwld to
thereby sandwich said resin and polymer substrate layer therebetween, thereby forming a 15 structure

on said resin ) ATV R8urte Srfaigetits irdidtethe UV siwabie fdsin, antiay AdEestpling means

to decouple the cuseddesinfram thednaldnavia@nesembodiment, the disclesed apparatus may be an
apparatus for roll-to-roll nanoimprinting. 20The technical benefits of the disclosed apparatus are as

disclosed abdve forthie thethBd BF the Fdra8pesE  “9n £MiHE3Spect thefe provided 3 composite
comprising acueed resinsupporecd onan-amerphaus 2mpelymer spbsirate Jayes r said:composite

being produged by a methiog as disclosed ahove, or by,an apparatus ap disclosed above
relative to sald meld; (b)) compressing means configured
to engage said mold to thereby sandwich said resin and
polymer substrate layer therebetween, thereby forming a

15  structure on said resin;{c) an UV scurce arranged to
irradiate the UV curakle resin; and (d) a decoupling
means to decouple the cured resin from the mold.

In one embodiment, the disclosed apparatus may be an
apparatus for roll-to-roll nanoimprinting.

20 The technical benefits of the disclosed apparatus
are as disclosed above for the method of the first
aspect.

In a third aspect, there 1is provided a composite
comprising a cured resin supported on an amorphous

25  polymer substrate layer, sald composite being produced by
a method as disclosed above, or by an apparatus as

disclosed above.

Definitions
30 The following words and terms used herein shall have
the meaning indicated:
The word “substantially” does not exclude

“completely” e.g. a composgition which is “substantially

free” from Y may be completely free from Y. Where



Definitions 30The following words and terms used herein shall have the meaning indicated:
Theword"substantially"doesnotexclude "completely” e.g. a composition which is "substantially free"
from Y may be completely free from Y. Where necessary, the word "substantially” may be omitted
from the definition of the invention. Unless specified otherwise, the terms "comprising” and

"comprise”, rencegrasiaticahvaridaEthereel sre BhhtchHed tdrprésentBpeiesr "chiive”
language sygh.that they;inglyde reciteghelements butalso permit inclusion of additional, unrecited

elementg. As used herein, the term "about", in the context of concentra’g‘ions of components of the
formulations, 10 tyBichity eais $1-50%%f theatdd Satue Hhbre tiFicdlly +F-F0or e Stated value,

more typically, +/- 3‘@&{#!2@ stated value, meratypicaliy, 1+/- 2% obthesstaterkvalue, everrgore
typically +/- 1% of the stated value, and even more typically +/- 0.5% of the stated 15val

; " " D L ue.
Throughout tHis eNsEIcs e, ettt 8fbodimEamns may be discbLEdTr a r%ﬁ&g‘f’@r%eatﬁ‘flgﬁould be
understood that the descriptiondn rarge format ismetelyfos seBvenience and brevity antkshould not

be construed as an
inclusion of additional, unrecited elements.

&s used herein, the term "about", in the context of

concentrations of components cf the formulations,
10 typically means +/- 5% of the stated vwvalue, more

typically +/- 4% of the stated value, more typically +/ =

3% of the stated value, more typically, +/- 2% of the

stated value, even more typically +/- 1% of the stated

value, and even more typically =+/- 0.5% of the stated
15 walue.

Throughout this disclosure, certain embodiments may
be disclosed in a range format. It should be understood
that the description in range format 1is merely for
convenience and brevity and should not be construed as an

20 inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical
values within that range. For example, description of a

25 range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to &, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies

30 regardless of the breadth of the range.



20 inflexible limitation on the scope of the disclosed ranges. Accordingly, the description of a range
should be considered to have specifically disclosed all the possible sub-ranges as well as individual
numerical values within that range. For example, description of a 25 range such as from 1 to 6 should
be considered to have specifically disclosed sub-ranges such as from 1 to 3, from 1 to 4, from 1 to 5,
from 2 to 4, from 2 to 6, from 3 BiGelx sarwel fistpdivchalnmbersiwghinghat range, for example,
1, 2,3, 4,5, and 6. This applies 30 regardless of the breadth of the range. Disclosure of Optional
Embodiments Exemplary, non-limiting embodiments of a method for forming a structure on a
resin according to thedirst 5 agpect will howbel disclesédhd imémone embadiment dheréds disclosed a

method for formi struct resin substrat e method camprising the steps of; (a) contacting
9H?H§H% Ure Qnafes <§ g. ﬁeghn rglA E% %he Elrsg

a mold having a defihed surface pattern with an u ra—violeta(fﬁfs curable 10 resin substraté supported
on an aorgtiiess photobegradalbie pdlyaersebdtrate, said defined surface pattern forming a

structure on the UV urable resin substrate; (0) curing the Yy gurable. resin Zﬂ%’g%@ﬁ%‘;g&gﬁ

amorphous polymer substrate by exposing said UV 15 cura I]é resinto UV r
separating thé Eliféthregin fROTH Wsé wiotd. on The stRfEtire fonhed ontthe reslremayetidan imprint.

The imprint may he 3 microimarintora.nanaimprint; Inone-embodiment, fhe imprin,is a nanoimprint.
In one 20 embodiment, the amorphous polymer may be selected from the group consisting of

amorphous pélyeabdnatEst arforpRGUSFSly acriiates! armorplous palgéthyiehe raptisdiate, and

co-polymersthereof. The amorphous polymepmay:comprisegromatig,groups:25,inits, palymer
structure. The aromatic groups may be selected from phenyl groups, pyridine groups, pyrazine groups,

imidazole grolps ARfPREMRYrBuUpLCpyFEIE grotpS itk groapd hefzdnnifate FaRA18§S and
mixtures thegeaef: 30k ore embadiment Jhe polymer supstrate Mayyy  curable resin

substrate; (b) curing the UV curable resin supported on
the amorphous polymer substrate by expoesing said UV
15 curable resin to UV radiation; and (¢} separating the

cured resin from the mold.

The structure formed on the resin may be an imprint.

The imprint may be a microimprint or & nanoimprint. In

one embodiment, the imprint is a nancoimprint. In one

20 embodiment, the amorphous polymer may be selected from
the group consisting of amorphous polycarbonates,
amorphous polyacrylates, amorphous polyethylene

napthalate, and co-poclymers thereof.

The amorphous polymer may comprise aromatilc groups

25 in its polymer structure. The arometic groups may be
selected from phenyl groups, pyridine groups, pyrazine
groups, imidazole groups, thiophene groups, pyrrole

groups, furan groups, benzannulated analogs and mixtures

thereof.
30 In one embodiment, the polymer substrate may
comprise polycarpbonate (PC). In yet another embodiment,

Lhe polymer substrate may censist essentially of



comprise polycarbonate (PC). In yet another embodiment, the polymer substrate may consist
essentially of polycarbonate. A non-limiting, exemplary polycarbonate may be represented by the
general formula (I) below; 0 YH3/ 0-C-0 CH3 5Formula (I) wherein n may be any integer greater than
2. In one embodiment, polycarbonate is selected as it is fully amorphous, flexible, transparent and
is not semi-grystatlines Fhetamorphousaratdrehayrbe, attributet 18 1y a molecakartevel t&the bulky

methy! groups on fhe Janholpercaain yehare dipopsdietyean wa pheny! groups, thereby

preventing p|-s¥ac ?n&%?%e gheny grc}/up’ts etween neighboring polymer chains. In another
embodiment, the polymer substrate may be 15 selected to be a polymer that is at least partially
degradable by UV radiation. In one embodimqﬂq the UV degraglable polymer is polycarbonate. It has
been found that polycarbonate is capablé af a s&nﬁ?ﬁm@ le roéa etic ("EM") radiation in the
wavelength of 20 from about 200 nm tg aliout 00 mAwith patticutarly strong absorbance of EM
radiation below 300 nm. Advantageously, freeSrhldicals generated from'the photodegradation of the
polymeg substrate may participate in the polymerization feaction within the curable resin

wherein n may be any integer greater than 2.

Tn one embodiment, polycarbonate is selected as it
is fully amorphous, flexible, transparent and 1s not
semi-crystalline. The amorphous nature may be attributed

10 at a molecular level to the bulky methyl groups on the
main poelymer chain, which are disposed between two phenyl
groups, thereby preventing pi-stacking of the phenyl
groups between neighboring polymer chains.

In another embodiment, the polymer substrate may be

15 selected to be a polymer that 1is at least partially
degradable by UV radiation. In one embodiment, the UV
degradable polymer is polycarbonate. It has been found
that polycarbonate is capable of absorbing
electromagnetic (“EM”) radiaticn in the wavelength of

20 from about 200 nm to about 400 nm, with particularly
strong absorbance of EM radiation below 300 nm.
Advantageously, free radicals generated from the
'photodegradation of the polymer substrate may participate
in the polymerization reaction within the curable resin

25 during the curing step, thus allowing the polymer
substrate to form covalent bonds with the polymerizing
resin. Advantageously, the formation of covalent bonds
greatly enhances the adhesion between the polycarbonate
and the curing resin.

30 Further advantageously, as polycarbonate is
comprised of a random network of polymer chains with
randomly oriented aromatic groups, it 1s able to more

efficiently absorb UV radiation for generating radicals.



25 during the curing step, thus allowing the polymer substrate to form covalent bonds with the
polymerizing resin. Advantageously, the formation of covalent bonds greatly enhances the adhesion
between the polycarbonate and the curing resin. 30Furtheradvantageously,aspolycarbonateis
comprised of a random network of polymer chains with randomly oriented aromatic groups, it is able to
more efficieftAEapderbaIV vadidtion foregetmrating radicalsi Spedifically cthetrandoym odestation of
aromatic gralps ippiearhapale causes Juye fficient aspipiian. of randomiy,polegized pv photons,
allowing for uniform dispersion of free radicals capable of generating 5 photodegradative reactions
throughout tha sehcarborkite stbsteate. Hicortiat Grystalling polyiers sfichr as PETLexhibit

preferential grigpfation of aromatic graups in-thejr crystalline. regions, which cgn gnly_ghsorb UV

photons of a certain polarization, thereby reducing 10 absorption efficiency. I another
embodithenBieBARR BRGGESolyifier SBBSAteTHay Hersaleéied to behéne avingaronmatitgroups that

demonstrate;stsang-absorbance-ofithe Y Ph@99§1’{:%@@9;‘11!@rl)%:iigfpﬁé?%ges%f&ﬁoa@n £,850 nm. 15

Advantageously, after absorption, polymer chain scissioning follows with the formation of free radicals
at the ends 6FthetscissiBREd Bhaims 1 These TadicaRTHAY polymet Withathé FesiitmeRzuléd and form a

cross-linked; pevalently-herdead, and heawvily entangled network at the, 20 fesiny polymergubstrate

interface. In the disclosed method, the contacting step (a) and curing step (b) may be performed

concurrenthPidet Bressie. 1A oneSemBodiment {hE presstird for ifmpRRBRY and EALEGMTY may be
from about 6AQ:kPa ta ahoutrl; 00 &5KPa. In one embodiment, the mold and the resin supported on
the amorphous substrate may r%ergressed to%ether under pressure of about BOO kPa, for example, by

means of pressure T8llers> PRHdFming TP CSHASTHy step-ilider FrRSSREHAY aldbeTi€&tul in
squeezing osit ais thubbles 30 between the moted andihe resin angsmay alse.worl to-partially planarize
the resin, thys spreading the resin more uniformly across the pobipersubstiale. . oy
phetens, particularly in the range of 280 nm te 250 nm.
15 Advantageously, after absorption, polymer chain
scissioning follows with the formation of free radicals
at the ends of the scissioned chains. These radicals may
polymer with the resin molecules and form a cross-linked,
covalently bonded, and heavily entangled network at the
20 resin / polymer substrate interface.

In the disclosed method, the contacting step (a) and
curing step (b) may be performed concurrently under
pressure. In one empodiment, the pressure for imprinting
and UV curing may be from about €00 kPa to about 1,000

25  kPa. In one embodiment, the mold and the resin supported
on the amorphous substrate may be pressed together under
pressure of about 800 kPa, for example, by means of
pressure rollers. Performing the contacting step under
pressure may alsc be useful in squeezing out air bubbles

30 between the mold and the resin and may also work to
partially planarize the resin, thus spreading the resin

more uniformly across the polymer substrate.

In the disclosed method, the mold may be selected to

be composed of a reflective material. In one embodiment,



In the disclosed method, the mold may be selected to be composed of a reflective material. In one
embodiment, the selected reflective material is one capable of reflecting at least 80% of
normal-incident radiation below 400 nm in wavelength. A reflective mold is useful because UV photons
which 5 have passed through the resin/polymer substrate assembly without being absorbed at the
resin/polymetinterfackassrnede refletied-thiviggh thetresinddolymeér subistratcassemly again. This

increases the likelihoad of phatons heing absarbed by the polymersubsirate and gonseguently 10

increase the num%)er o%f?ee radicals generated. The method may further comprise using a UV source
that is instakedl with 40eflastor Yo Eaalsiesndltiple reflections through the resin / polymer substrate
interface. This would further enhance radical formation and further 15 improve the adhesion at the

resin / polymer sustrafe iHeeiFdcEs MOTRe #1I6eHFE MatbRa A cOMpREE 5 siidh Thetal. In one
embodigment, the mold;used iﬂﬁ%%ﬁ&b@ﬁé methad, mayicanaprisediiskel{(N). lasenarembodiment,
ally

the 20 mold may consist substanti of Ni.Advantageously, nickel molds are tough and resistant to

defect accuitiiationt NR&keNmMofdsSCaPaISo bk flekible FRER ProvidEE In thith §fidet $5mt 2Additionally,
Ni is a highly, geflestive material anghick mouldstaciirate Lvh25 abspeptioadey the sesinpolymer
substrate assembly. In another embodiment, the reflective material may gcomprise of alloys of Ni,
e.g., Ni-Co &RFs’+  THEOY chfsHi& F6§R may Sompris élﬁﬂ?ﬁoleogolfmégr PrecursSorthat is capable
of forming crgssdinkages upon 3¢.expasule/ie=WV radistion.sfhe polymer precsrsgumaylhye selected
from the group consisting of vm%llI grecursorsgxa;%ﬁr lic precursors eXPOXY, Rrecursors, eppxysilicone,

polydirhthylsilicbfig Sihotocrabie™isésql % icals

method may further comprise using a UV source that 1is
installed with a reflector to enable multiple reflections
through the resin / polymer substrate interface. This
would further enhance radical formation and further
15 improve the adhesion at the resin / polymer substrate

interface.

The reflective material may comprise a transition
metal. In one embodiment, the mold used in the disclosed
method may comprise Nickel (Ni). In one embodiment, the

‘20 mold may consist substantially of Ni. Advantageously,
nickel melds are tough and resistant to defect
accumulation. Nickel molds can also be flexible when
provided in thin sheet form. Additicnally, Ni is & highly
reflective material and which would facilitate UV

25 absorpticn by the resin / polymer substrate assembly.

In another embodiment, the reflective material may

comprise of alloys of Ni, e.g., Ni-Co alloys.

The UV curable resin may comprise a curable polymer
precursor that is capable of forming cross-linkages upon

30 exposure to UV radiation. The polymer precursor may be
selected from the group consisting of vinyl precursors,
acrylic precursors, exXpoxy precursors, epoxysilicone,

polydimethylsilicons, photocurable silsesguioxane or

10



mixtures thereof. The polymer precursor may be in liquid form, having a viscosity of less than 15 Pa.s.
The UV curable resin may be selected to be one where it is capable of diffusing into the polymer
substrate 5 network and to form polymerization sites within the polymer substrate. Accordingly, the
polymer precursor should be selected to be capable of forming entanglements with the polymer
substrate andiedvales boresarith the Polyrpersusstrate. skhenpalymsrprécarsons inaydiedof low 10

molecular wejght to facilit iffusion | e poelymer.s rate, In gne embodiment, the polymer
Pl o fashiate dfiysign o dhe pelviesyholpte 4n o

precursors have a molecular weight of less than 10,000. The polymer precursors may be provided

with photoinitiators-that aye capable,of stating 15.polymetization reactions hetween the polymer

precursors as well as to attack the unstable bonds’in the polymer substrate to form radical
polymerizatidh sites oRdRapbRymef subsirateS i enelembodimient, thé YHSIE issubstartiafy free of 20

an anti-stick.coafingx Thatis, the-dis¢lgsed method may.exclude a step.of applying.an anfisstick

coating to the mold. In one embodiment,the polymer substrate is substantially free of an adhesion

promoter. TRALETHE 25 drstidttFmetholRay disasextiude B ste ok WpPing aRaHEfon promoter

to the polymer. substrate. se1Ehe defined swfaceqattesn or the meld may e confighsed to impart
micro-sized or nano-sized structures on the imgrinted resin. The micro-sized or nano-sized 30

structures nayBe subStaRfaikfEomprisBd of pofymeTidede¥m Rt hdsBeeh clited by B9 radiation.

polymer substrate. The polymer precursors may be of low
10 molecular weight to facilitate diffusion into the polymer
substrate. In cne embodiment, the polymer precursors

have a molecular welght of less than 10,000.

The polymer precursors may be provided with
photoinitiators that are capable of starting

15 polymerization reactions between the polymer precursors
as well as to attack the unstable bonds in the polymer
substrate to form radical polymerization sites on the

polymer substrate.

In cne embodiment, the mold is substantially free of
20 an anti-stick coating. That is, the disclosed methed may
exclude a step of applying an anti-stick coating to the

mold.

In one embodiment, the polymer substrate is
substantially free of an adhesion promoter. That is, the
25 disclosed method may alsoc exclude a step of applying an

adhesion promoter to the polymer substrate.

The defined surface pattern on the mold may be
configured to impart micro~sized or nano-sized structures
on the imprinted resin. The micro-sized or nano-sized

30 structures may be substantially comprised of polymerized

resin that has been cured by UV radiation.

11



During the curing step (b), UV radiation having a wavelength of from about 200 nm to 400 nm may be
directed at the mold and/or the resin supported on the amorphous polymer substrate. In one
embodiment, the UV radiation 5 may have a wavelength of from about 200 nm to 350 nm, from about
200 nm to about 300 nm, or from 200 nm to about 250 nm. In one embodiment, the UV radiation has a
wavelength range offram280men toB850wym. sirepcuring stef{b) mali edmpriseexposingdhe resin to
CV radiation 10 while it is in contact with th The curing step (b) may also comprise jrradiating
parts of the YESIT fhearf%s:ai a r%a%ﬁ %Hﬁdéei%%%eceng@pr%%s%ﬁ bg%ﬁe Irlnl(((l)kr:}1 a?hegﬁvc%ﬁle%ioﬁ employed
during curing steph®) maycomprise anEnergyerange of:frommabout 3:0 eMito about B2V, In 15
another embodéiment the UV, radjtation may h ye an energy range oft%t%ouégsrea\é&oa@g%%t 5.0 eV (or
about 200 - 50 %Hrlr?)r . ges}‘_’nreathoed as d?escr%bed herein may Ee ‘performed continuously, wherein a
moving belt fery'web¥)ef polyrasr2@ sgbstratd (Withomsia ldepdsitéd Eheraony ¢s comtinususly being fed

to the mold fp Jprinting,and heragfter.decaypled amghe,mold aftergn impipbisdarmed. The
continuous method may be capable of fabricating micro- or nano-sized features at a speed of 1
mms-1. 25Themdvirif Beltsf-polymerstibstrétechag be fed-fowakis the #i6ld &t a spaed Between 0.1
ms-1 to 10 ms-J.As e, appreciated, this s jushan,gexemplary gange and the actual;speed can be
varied depending on the size of the apparatus, the circumference of the mold used, the 30 intended
output speed bfthe ifprifited SERIBEITESE SR DRETEMBGHIMERS étiring’stel (B)aRay béUndertaken
for a time pefiod:ranging fram 2o 3ypinites tg 1 secopd orlesser. In-one embodigent: the curing
duration may be selected from 200s, 190s, 180s, 170s, 160s, 150s, 140s, 130s, 120s, 110s, 100s,
90s, 80s, 7046085052405 3081805 905 15¢ 36 10547 143361 SThefeuring difatich magbe
dependent op-the sneedsat whighibepolumer Sguhstiaie andyesin ake fed towards,the mold.  In
another embodiment, the resin may be dispensed onto the surface of the mold and later contacted

with the polyRiéHstibstrateReR iie nfold is Gorftacted With tR& substrétdy comprise an

energy range of from about 3.0 eV to about 6.2 eV. In

15 another embodiment, the UV radiation may have an energy
‘range of about 2.5 eV to about 5.0 eV {or about 200 - 500

nm)

The method as described herein may be performed
continuously, wherein a moving belt (or “web”) of polymer

20 .substrate (with resin deposited therecn) 1is continuously
being fed to the meld for imprinting and thereafter
decoupled from the mold after an imprint is formed. The
continuous method may be capable of fabricating micro- or

. -1
nanc-sized features at a speed of 1 mms .

25 The moving belt of polymer substrate may be fed

''to 10 ms"t. As

towards the mold at a speed between 0.1 ms’
can be appreciated, this is just an exemplary range and
the actual speed can be varied depending on the size of
the apparatus, the circumference of the mold used, the

30 intended cutput speed of the imprinted structures.

In one embodiment, curing step (b} may be undertaken
for a time period ranging from 2 to 3 minutes to 1 second

or lesser. In one embodiment, the curing duration may be

12



10The disclosed method may further comprise a step of depositing the UV curable resin on the
amorphous polymer substrate prior to the contacting step (a). This deposition step may comprise
depositing the UV curable polymer precursor on the polymer substrate. The 15 deposition step may
comprise ink jetting, spraying or contacting the moving belt with rollers that have been immersed in the
polymer pretaisor setutidon 2 Exemplédysnontimiting émbadimierits of drib8pparatbi€fer forming a
structure aceqrding to,the sepond aspget.20 willnows e disglpsed . Inone embodiment, there is
provided an apparatus for forming a structure on a resin substrate, comprising: (a) a moveable mold
having said #¥6ld béitg.coffiguréda defifed suffaée paRérn, to EbAtacta fayer ¢fU ©2%surable resin

supported qp.an amorphaus, photedegradablepolymer subsirate, jayer, said resi

relative to said mold; (b) compressing means configured to engage said mold to

i

beingmovable
ereby sandwich said

resin afd p&liner sabstrae Jayet therebeivéat! therébydsmiiRg a80-Structure on said resin; (c) an
UV source arranged to irradiate the UV curable resin; and (d) aldecoupling means to decouple the

cured resin from the"mdid° the iy GRPefhbBaent, the apgpafdtis May b

SuitdIBPFRBTM roll-to-roll

nano-imprindingo  + Hhesameehous Poirersubstratesmay peassuch-descibed ahove.e

polymer substrate when tThe mold 1is contacted with the

substrate.

10 The disclosed method may further comprise a step of

depositing the UV curable resin on the amorphous polymer

substrate pricr to the contacting step (a).

This

deposition step may comprise depositing the UV curable

polymer  precursor on the polymer substrate.

The

15 deposition step may comprise ink Jetting, spraying or

contacting the moving belt with rollers that have been

immersed in the polymer precursor scluticn.

Exemplary, non-limiting embodiments of an apparatus

for forming a structure according to the second aspect

20 will now be disclosed.

In one embodiment, there 1s provided an apparatus

for forming a structure on a resin substrate, comprising:

{a) a moveablie mold having a defined surface pattern,

said mold being configured tc contact a laver

of UV

25 curable resin supported on an amorphous, photodegradable

polymer substrate layer, said resin being

movable

relative to said mold; (b)) compressing means configured

to engage sald mold te thereby sandwich said resin and

polymer substrate layer therebetween, thereby forming a

30 structure on said resin; (¢) an UV source arranged to

irradiate the UV curable resin; and (d) a decoupling

means to decouple the cured resin from the molid.

13



5The moveable mold may be a rotatable mold. The rotatable mold may be configured to move the
resin along its circumference as it rotates. In one embodiment, the mold is a rotatably-mounted roller
that is configured to engage the resin supported on the amorphous substrate to 10 thereby move the
resin / polymer substrate assembly along Its circumference via rotary motion. The decoupling
means may comprise one®r movedieniolding ollersaThe Yatnotdinegrolldrs may essbnfigured to

engage the o}ypegrgugsgggecgygr Eﬁl?;éh%r@?% ecouple the resin from the mold. The mold may
comprise a eflective material capable of reflecting at least 80% of normal-incident radiation having

wavelengths of ess ghan 400 3 The reflotye materaluabe a yansiignmelal. Inons,
el.

embodiment, 20 the mold comprises Nic The compressing means of the disclosed apparatus
may comprise esliers eonfiguréd o engage the mold to apply a compressive force on said resin. The
mold and mechanical rollers may be arranged to sandwich the resin and polymer 25 substrate

assembly therebetW8&n, &P fffe apPly Ecompresdife fétce 16 tid-a5dembly°THe mdidimay also

comprise a patterngd surface thatis bredghtinto;cantact with the vesin inordektonimpastan imprint on
the resin surface. The applied force may be sufficient to imprint 30 the r§§§ nd thereb%/ form
micro-scale 6F Rarsc-5EABIGHRNGRs BR the restF-&nface. T TREDV ey e Sdiected from a

fluorescent lapp, arcslamprgas-discharge lamp dight-emitiing-diade array,dasercarms:combination of
two or more of the above. In one embodiment, the UV spurce may be a merc . 5 short-arc lamp with
&g é% Su% tgat

a rated pow& G Gedst100 %" FHBRE EmMboditert the UV S8UCE mAY Be disposed within the

mold sugh thatdhe b rashationnwould bertranspuittedh#rosgiv thteresin beforenpassing thrgugh the

polymer substrate. . , .
its circumference via rotary motion.

The decoupling means may comprise one or more
demolding rollers. The demolding rollers may  be
configured to engage the polymer substrate layer to

15 thereby decouple the resin from the mold.

The mold may ccomprise a reflective material capable
of reflecting at least B8(0% of normal-incident radiation
having wavelengths of less than 400 nm. The reflective
material may be a transition metal. In one embodiment,

20  the mold comprises Nickel.

The compressing means of the disclosed apparatus may

comprise rollers configured to engage the mold to apply a
compressive force on said resin. The mold and mechanical
rollers may be arranged to sandwich the resin and polymer

25 substrate assembly therebetween, to thereby apply a
compressive force to the assembly. The mold may also
comprise a patterned surface that is brought into contact
with the resin in order to impart an imprint on the resin
surface. The applied force may be sufficient to imprint

30 the resin and thereby form micro-scale or nano-scale

structures on the resin surface.
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10In another embodiment, the DV source may be located external to the mold in order to irradiate the
mold, resin and polymer substrate at an incident angle of from 0 to about 90.More than one external
UV source may be provided to provide UV radiation at various incident 15 angles to the resin / polymer
substrate assembly. The UV source may be arranged to irradiate the resin / polymer substrate
assembly that is b8ing coMpressedosr has bedrecomiessed by theopressuriing needis: The UV

source may e gonfigured g it Y adiation haying puyavelength of 20 aboul, 200,40 about 400

nm. Brief Description Of Drawings The accompanying drawings illustrate a disclosed 25 embodiment
and serves &F&giain tHesgrinciples &f thecdibéloséd embaedimeitalt i o beailersfood ffowever, that

the drawings are desigped for.purpeses;afliystration qnly. apd.not as a definitionof the Jimits of the

invention. 30Fig. 1 is a schematic diagram of an apparatus for performing roll-to-roll nanoimprinting
accordifg tGFaR BMBEtimeARe WiFf. 2 i§ a'@6seapsehematic distam dfthe %pparatus of Fig. 1.
Fig. 3 is a graph showing the UV-Vis emission spectra of two UV sources that can be used in the 5

apparatus shown ihEigP1e 5§ 4<% FépreseRtative’ trahShisSonEpéctratiors 866 Phtithick sheet

of polycarbapate.in  Rige5ans aschematic dingram:ofa manufactyring precessfer fabrigating UV
cured polymer working molds. . _ ,
transmifted through the resin before passing through the

polymer substrate.

10 In another embodiment, the UV source may be located
external to the mold in order to irradiate the mold,
resin and polymer substrate at an incident angle of from
0° to about 90°.More than one external UV source may be
provided to provide UV radiaticon at wvarious incident

15 angles to the resin / polymer substrate assembly. The UV
source may be arranged to irradiate the resin / polymer
substrate assembly that is being compressed or has been
compressed by the pressurizing means. The UV sgource may
be configured to emit UV radiation having a wavelength of

20 about 200 nm to about 400 nm.
Brief Description Of Drawings

The accompanying drawings illustrate a disclosed

25  embodiment and serves fo explain the principles of the
disclosed embodiment. It 1is to be understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

30 Fig. 1 is a schematic diagram of an apparatus for
performing roll-to=roll nanolmprinting according To an

embodiment.

bt
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10 Fig. 5b is a method for forming bit patterned hard disk media. Fig. 6 is a scanning electron
microscope (SEM) image at 30,000 x magnification of an imprinted polycarbonate substrate web
having 50 nm linewidth data tracks made 15 according to Example 1 below. Fig. 7 is an angled
cross-sectional SEM image at 30,000 x magnification of the imprinted polycarbonate substrate web of
Fig. 6. ITig. 851 is a BEM image it 2,700 x hvagnifigation of@0VD tratksgeplicated in O¥ecurable resin
on a polycarhgonate web made according to Example 2 below. Fig. 8b is the cross-section view of the
resin of Fig.aéaf%eatglllesd f)%sgrllg[fonpdf Drawings 25 Referring togFig. 1, there is shown a schematic

diagram of an appgratus 1Q0 fqrforming g siryctuge, of Aigsinggubstigle. e appAraliisct0O is
suitable for performing roll-to-roll nanoimprinting. The apparatus 30 comprises: (a) a movable mold 2
having a defised-stdace patten4, thé merhZ Being Edifffgurédio coftacta¥ayer-n  the

5 apparatus shown in Fig. 1.

Fig. 4 is a representative transmission spectra for

a 100 um thick sheet of polycarbcnate.

Fig. B5a is a schematic diagram of a manufacturing
process for fabricating UV cured polymer working molds.
10 Fig. 5b is a method for forming bit patterned hard disk

media.

Fig. 6 is a scanning electron microscope (SEM) Image
at 30,000 x magnification of an imprinted polycarbonate
substrate web having 50 nm linewidth data tracks made

15  according to Example 1 below.

Fig. 7 is an angled cross-secticnal SEM image at
30,000 x magnification of the imprinted polycarbonate

substrate web of Fig. 6.

Fig. 8a is a SEM image at 2,700 x magnification of
20 DVD tracks replicated in UV curable resin on a
polycarbonate web made according to Example 2 below. Fig.

8b is the cross-section view of the resin of Fig. 8a.

Detailed Description of Drawings

25

Referring 'to ¥Fig. 1, there is shown a schematic
diagram of an apparatus 100 for forming a structure on &
resin substrate. The apparatus 100 1is suitable for
performing roll-to-roll nanoimprinting. The apparatus

30 comprises: f(a) a movable mold 2 having a defined surface

pattern 4, the mold 2 being configured to contact a layer

16



of UV curable resin 6 supported on an amorphous, photodegradable polymer substrate layer 8, said
resin 6 being movable relative to the mold 2; (b) compressing means in the form of pressure rollers 10
configured to 5 engage said mold 2 to thereby sandwich said resin 6 and polymer substrate layer 8
therebetween, thereby forming an imprint 12 on said resin 6; (c) an UV source 14 arranged to irradiate
the UV curabfe resin 6 intdortad@ withesaié mofd 2 B iierébyEeurehe URPcurableiesin 10 and (d) a

decoupling meaps i the-fosmef a ding Lollex 16.configured to decoyplesthe gured resin 18 from
the mold 2. The UV curable resin 6 is dispensed onto the polémer substrate layer 8 by a dispense
unit 20 and RESHBOtHEY 85 b8t by 86ctH? blade 22'SUcH et thé height or BRSSO He UV

curable resip6-0n:the polymer suhstraterlayar Sis stbstaptially.consisteatthraugheauy thedength of the
UV curable resin 6. Fig. 2 is a close-up schematic diagram of the 20 apparatus of Fig. 1. Here, like

features are*déHiEd bydike rdfétéhce ntiherdlSs bEPWitF AT BynTBaiT) H96kT the nidld 2 is made
up of a highlysefleective mgiaksugheasinickel and thad M\ saurgeddd, ingldesayreftactar: By having a
reflective nickel mold 2" and a UV 25 source reflector 14', multiple reflections can occur through the
interface 24 HetwEBRTHE UV tarabie redit 8 aﬁfcﬁa?ri’é"po@/fner{ﬁbst?aﬁe [2Yer 8°¥AFFhotohs can be
reflected thraugh the=polymerisuhsiraie layend multipte: iaeswhieh will @ssist indoereastng the

absorption of 30 UV phatons a tt%e interface 24b Free radicals ger{]erated f%ﬁ]}m photodegradation of the
polymer sub‘%ﬁ%ﬁé |S§ér 'rﬁ%épa ticﬂ?até: T thes ﬁ’olfﬁ%gﬁza? A reactioh Withif tHe OV cufable resin 6,
allowiri@ thegqolymet in the pelymes 1substraiedayer 8hto foren covalenitionds withtHeipakymerizing

UV curable resin 6' so.3s to greatly enhance adhesion.between the polymer subsirate_layer 8' and the
UV curable Fe%%nrkg'rat ]f%se ﬁ:ﬁi%}%c%{]ff. |?1C%ln(§ &M éL GémE% imce%]t%ﬁlot%%%\%vrﬁ),{nﬁul |6IééITJV sources
14' can be otieatedcdlmozt parallel to the polymer substrate layer 8' so as to increase the propagation
distance through the polymer substrate layer 8'.

The UV curable resin © 1s dispensed onto the polymer

substrate layer 8 by a dispense unit 20 and 1s smoothen
15 out by a doctor blade 22 such that the height or
thickness of the UV curable resin 6 on the polymer
substrate laver 8 is substantially consistent throughout

the length of the UV curable resin 6.

Fig. 2 13 a close-up schematic diagram of the

20 apparatus of Fig. 1. Here, like features are defined by
like reference numerals but with a prime symbol (7).
Here, the mold 2’ is made up of a highly reflective metal
such as nickel and the UV source 14’ includes a
reflecteor. By having a reflective nickel mold 2’ and a UV

25  source refliector 147, multiple reflections can occur
through the interface 24 between the UV curable resin 6’

and the polymer substrate layer 8’. UV photons can be
reflected through the polymer substrate layer 8’ multiple
times, which will assist in increasing the absorption of

30 UV photons at the interface 24. Free radicals generated
from photodegradation of the polymer substrate layer 8

can participate in the polymerization reaction within the

UV curable resin 6, allowing the polymer in the polymer
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10The UV source 14 used in Fig. 1 may be a mercury vapour arc lamp having one of the UV-Vis
emission spectra as shown in Fig. 3. Fig. 3 shows the UV-Vis emission spectra of a S2000 mercury
arc lamp and a S1000 mercury arc lamp. 15As shown, there is a strong emission peak from about 280
nm to 350 nm.This emission is sufficiently energetic to excite the phenyl groups of the amorphous

polymer such®s pofytarboharein the polyifier SWidtraté Bt STHe eREREDN Jf e phenfl groups in
the 20 polycarhopatecontiputestathebgtteradhesion eharagtedstics0f dhe pelygadiongitsrhis is

demonstrated in Fig. 4 which shows the representative transmission spectrum for a 100 um thick sheet

of polycarberithe SASBarPE SR Figha, tRe boRRErbIAARE 25 EReet HEGINs 10 abtib A%&round 400

nm wavelength lightand-strongly, agsorbs below 390 nne wawelength light. The aromatic groups in
polycarbonate are able to absorb light or UV photons efficiently in the 250 to 350 nm regime. Due to

the rangom orientatign &f theilarematic graups-30 wihin the pelyearbenate, mele efficientiabsorption of
the randomly polarized UV photons can take place to allow for uniform diipleriion tOf fre&radical
generating phdtédEGtadative réttionS To take BIACE FolWIRYG absBibtidn: polymet chail scissioning
often follows; @long:with the-tormatien of fiee radicals atthe eads otthe stissioreskchairis: These free
radicals can start a polymeriz§uion reaction with thr? r%%ig monomers toS f%rmt% g cro§élinek§d,

covalently bBARE S HERVIIT BRTEHUTE TethOHEAt the DolmietFesin intertace: Hence. it is preferable

for the amorphous polymer to be one which is strongly aromatic so that it can be used in conjunction
with a UV source with strong emission on the absorption
10 The UV scurce 14 used in Fig. 1 may be a mercury

vapour arc lamp having one of the UV-Vis emission spectra
as shown in TFig. 3. Fig. 3 shows the UV-Vis emission

spectra of a S2000 mercury arc lamp and a S1000 mercury

arc lamp.
15 As shown, there is a strong emission peak from about
280 nm to 350 nm. This emission is sufficiently

energetic to excite the phenyl groups of the amorphous
polymer such as polycarbonate in the polymer substrate
layer. The excitation of the phenyl groups in the
20 polycarbonate contributes to the better adhesion
characteristics of the polycarbonate. This is
demonstrated in Fig. 4 which shows the representative
transmission spectrum for a 100 um thick sheet of
polycarbonate. As can be seen Fig. 4, the polycarbonate
25 sheet begins to absorb at around 400 nm wavelength light
and strongly absorbs below 300 nm wavelength light. The
aromatic groups in polycarbonate are able to absorb light
or UV photons efficiently in the 250 to 350 nm regime.
Due to the random orientation cof the aromatic groups
30 within the polycarbonate, more efficient absorption of
the randomly polarized UV photons can take place to allow
for uniform dispersion of free radical generating

photodegradative reactions to take place. Following
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10 edge of the polymer.  Fig. 5a is a schematic diagram of a manufacturing process 200 for
fabricating UV cured polymer working molds using the apparatus of Fig. 1. Specifically, Fig. 5a shows
one possible application of a cured resin formed 15 from the disclosed method or apparatus. In
particular, the cured resin is hardy enough such that it may be used as a mold itself for subsequent

imprinting pf&EREES 101 An eRemfTary subBedient FApARAtiTY proBesSEsiAg the Earedesin as a mold

is shown in Elﬁbrﬁ? Wﬂ?ﬁe'%ﬁéoﬁ’&%&&%‘ﬁ"%@n%@o@E&c?@é,s wsed:toform @p imprint on a
layer of photoresist which is supported on a magnetic layer (CoCrPt) and an aluminum blank base

layer. This foRf of MFTitPIyGe typitally PerforMetfGuringitfe fraRtfittire 2Rard disktldtter. The

batch procegs shawn:2a:inikig. 3 mayibaathermal hot embessing methed Oranether LWV
nanoimprint process with a UV curable resin. Advantageously, the disclosed method and apparatus

may be’usel 18 hiassiprotitice dipHRABR Polymer iivtds viditHe rEfE0-PdiFprotes&EHes disposable
molds can he-3Q:ysed taperferan subseauantlithography+e batchamode lithegegphy {thermal of UV
nanoimprint) I Portantly, as these molds ma){j be produced at a sufficiently low cost, |
erable the amorphous polymer to be one which 1is
strongly aromatic so that it can be used in conjunction
with a UV source with strong emission on the abscrption

10  edge of the polymer.

Fig. 5a is a schematic diagram of a manufacturing
process 200 for fabricating UV cured polymer working
molds using the apparatus of Fig. 1. Specifically, Fig.
Hba shows one possible application cof a cured resin formed

15 from the disclosed method or apparatus. In particular,
the cured resin is hardy enough such that it may be used

as a mold itself for subsequent imprinting prccesses.

An exemplary subseguent imprinting process using the

cured resin as a meld is shown in Fig. 5b, wherein a

20 working mold {made from Fig. 5a) 1is used to form an
imprint on a layer of photoresist which is supported on a
magnetic layer (CoCrPt} and an aluminum blank base layer.
This form of imprinting is typically performed during the
manufacture a hard disk platter. The batch process shown

25 in Fig. 5b may be a thermal hot embossing method or

another UV nanoimprint process with a UV curable resin.

Advantageously, the disclosed method and apparatus
may be used to mass-produce disposable polymer molds via
the roll-to-roll process. These disposable molds can be

30 used to perform subsequent lithography in batch mode
lithography (thermal of UV nanoimprint). Importantly, as

these molds may be produced at a sufficiently low cost,
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they may be discarded after use or recycled for future use. Examples  Non-limiting examples of the
invention will be further described in greater detail by reference to specific Examples, which should not
be construed as in any way limiting the scope of the invention. Example 1 The apparatus of Fig. 1
was used in this example to form imprints of 50 nm linewidth data tracks on a 200 pm 15 thick
polycarbonaté:sybstrate layer.dihe-palyearberfate was obtamed from,Solves nhovativeskechnology
Pte Ltd, Singapore. The polycarbonate substrate is formed through a melt extrusion process to form a
reel of plastic web, which is then fed to the apparatus of Fig. 1 as polymer 20 substrate 8. The
apparatus 100 comprises a movable mold 2 in the form of a nickel mold having a defined surface
pattern 4 in the form of sub-50 nm data tracks. The nickel mold was fabricated by replicating a 2.5"
hard disk master mold 25 containing the sub-58%amribestracks onto the nickel mold by electroplating.
The nickel mold was fabricated to be approximately 100 pm thick so that it remains flexible and can be
mounted onto a cylindrical roller. Several commercially available UV acrylic resins may 30 be used as
the UV curable resiic6 as &l ifdsedacriiicrasirssexhitit similar belravior: Exemptary. tomingercial resins

are procured:ypderthe Trademarks.YNIL-R251, from Young,Chang Qge”!é%aﬂ&%n@é“\é%UfZlSF

from Micro Resist Technology GmbH, or MAR-02 from Beulah Company. The UV curable resin 6 was

dispensed by RE dispende @26 dnto 'the iofpous polpmer substeatediyersimade uplof
polycarbonatg, having aithickness; ot 2Q0 m-apd therheight § of the Y curable resin 6 on the

polycarhonate layer was made consistent by the doctor blade 22. It is to be noted that the nickel mold
was bafé with no anti-stick coating and the polycarbonate layer was also bare with no adhesion

promoter. Oxygen plasma treatment was not Example 1

The apparatus of Fig. 1 was used in this example to
form imprints of 50 nm linewidth data tracks on a 200 um
15 thick polycarbonate substrate layer. The polycarbonate
was obtained from Solves Innovative Technology Pte Ltd,
Singapore. The polycarbonate substrate is formed through
a melt extrusion process to form a reel of plastic web,
which is then fed to the apparatus of Fig. 1 as polymer

20 substrate 8.
The apparatus 100 comprises a movable mecld 2 in the
form of a nickel mold having a defined surface pattern 4
in the form of sub-50 nm data tracks. The nickel mold was
fabricated by replicating a 2.5” hard disk master mold
25 containing the sub-50 nm data tracks onto the nickel mold
by electroplating. The nickel mold was fabricated to be
approximately 100 um thick sc that it remains flexible

and can be mounted onto a c¢cylindrical roller.

Several commercially available UV acrylic resins may

30 be used as the UV curable resin 6 as all these acrylic
resins exhibit similar behavior. Exemplary commercial
resins are procured under the Trademarks YNIL-R2-1, from

Young Chang Chemical Co., mr-UVCur2l8F from Micro Resist

20



10 carried out on the polycarbonate. The thickness of the dispensed UV curable resin 6 varies with a
number of factors, e.g., the resin viscosity, dispensing speed, movement speed of the polymer
substrate 8 towards mold 2. Typically, the thickness of the dispensed UV curable 15 resin 6 is about
200 nm to 2 microns. As the UV curable resin 6 and polycarbonate layer moved along the
circumferen€é e fisel rigkel Aadtd,, the KickBandld, U\ etiraBle wésin 6Gwtlpolycartdrateéddyer were

sandwiched.ggethe under 2 pressyie.0f abau 41020 KRa bythe pressuteollers 0. The pressure

rollers 10 work to squeeze out air bubbles from between the nickel mold and the UV curable resin 6
and also wopk i parfiglly lararizaithe PAL EirableSekinte 86 as iegpread tHeady cukablefresin 6 more

uniformly acress the.23polycarbonate layer - ; Aftar passipg farough the pressure,ollers 10, the UV
curable resin 6 is cured by an UV source 14 in the form of a 100 Watt UV lamp in which the UV light is
guided dy fibeér optie cablests Abtinaethe UV GirableB30esic TRadbRE Bpt@light giifdes prevent

excessive eating otthed\ curable vesin 6 and-the.palycasponate layer by separatingthe YV lamp
from the UV curable resin 6 and the polflcarbonate layer. The curing of the UV curable resin takes

place at roof @mper&turel FhE U bléa@sif3bfiditiéd duiy Eiring thidugh raafcal pelymerization

to form the curad resia 18cH18,eureddasina 8 is dhen deceupled: (demolded)from the nickel 5 mold
after passing through the decoupling means in the form_of a demolding roller 16. The cured resin 18

had imprints6i S S8RacE WHicH GEre compleri&itanF P Surfab& paiteht 4 6f e nitkel mold.
Alternatively: #he-dtcurable esinteandel 1Q-depesitegedirecth=onto the:piskel matd instead of being
dispensed onto the polycarhonate layer. , , ,

dispensed UV curable resin ¢ varies with a number of

factors, e.g., the resin viscosity, dispensing speed,

movement speed of the polymer substrate 8 towards mold 2.

Typically, the thickness of the dispensed UV curable

15 resin 6 1is about 200 nm to 2 microns.

As the UV curable resin © and polycarbonate layer
moved along the circumference of the nickel mold, the
nickel mold, UV curable resin 6 and polycarbonate layer
were sandwiched together under a pressure of about 400

20 kPa by the pressure rollers 10. The pressure rollers 10
work tc squeere out alr bubbles from between the nickel
mold and the UV curable resin © and also work fo
partially planarize the UV curable resin 6 s0 as to
spread the UV curable resin 6 mcre uniformly across the

25 polycarbonate layer.

After passing through the pressure rollers 10, the

UV curable resin 6 is cured by an UV source 14 in the
form of a 100 Watt UV lamp in which the UV light is
guided by fiber optic cables to illuminate the UV curable

30 resin. The fiber optic light guides prevent excessive
eating of the UV curable resin & and the polycarbonate
layer by separating the UV lamp from the UV curable resin

© and the polycarbonate layer. The curing of the UV
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The rotation of the Ni mold 2 corresponds to the speed which the amorphous substrate layer 8 is being
fed towards the mold. In this particular embodiment, the 15 speed may be varied from 0.1 meters per
minute to about 10 meters per minute. It can be appreciated that the speed is dependent on other
factors like size of the apparatus and circumference of the mold and is not intended to form a limitation
on the present disclasute: 20T he duration dithe cating-step mayhesframuatzout 2 L2 mindtes to less
than 1 secon%,rda QdirrI% on nthessdnleiaglio irgtéltiocp of.the mo{gfi Fig. 6 ShO\p{S tggér? riEts on the
polycarbonacfe substrate layer. The imprints were oF 50'Am ﬁnewigﬁm 166 %m pitch;, which were
complementany. tortheisurfacerpattern dnthe riickel motck Henmess the suiface [Fatternconrthe nickel

mold could be replicated on the cured resin 18 effectively. Fig. 7 is an.angled c¢ross-sectional SEM
image at 30 %%deb j{ r%laglmsficzctlgoennoft & img £?§d pz y%%cr)t)%dn%(é SIrJ]Ers r%te ayeer gfllg%.e . The
residuablayerpwiiich fefers tpdlse layer dffcurediresiniisengathathe impdintee fewtures, hasa thickness

of slightly le n i ly, to 800 n ic ith,+ nm variatign,across the
sample area%%c&brﬁ1 rorrr?:1 Fié?.g ‘}?gsqg%[l%g arﬁ%%old%%c?sgénd (rf?e%ct;& sé{*\u@aﬁog?ded%%% sma;?]a%o%%%are visible.
The particles Weré Btikelytepdsited wWuéas handlirgoutside thecsledmen-white the shia holes

shaped defeg{&\@ggeeli@y:gggﬁo frapped ajr q%Jpg}Igeslt_% ¢id not fully dissolve during the imprint

process. These defects could be dealt with by introducing a helium shroud just prior to the UV curable

10 resin making contact with-the gickel meld. The-helium bubbles will dissolve muchmoreceasily into
the resin leaving a defect-free result. These images demonstrate the feasibilitg/ of fabricating working
molds1ys5 deposited directly onto the nickel mold instead of being

dispensed cnto the polycarbonate laver.

The rctation of the Ni mold 2 corresponds to the
speed which the amorphous substrate layer 8 1is being fed
towards the mold. In this particular embodiment, the

15 speed may be varied from 0.1 meters per minute to about
10 meters per minute. It can be appreciated that the
speed 1s dependent on other factors like size cof the
apparatus and clrcumference of the meld and 1is not

intended to form a limitaticon on the present disclosure.

20 The duration of the curing step may be from about 2
to 3 minutes to less than 1 second, depending on the

speed of rotation of the mold.

Fig. €& shows the imprints on the polycarbonate
substrate laver. The 1imprints were of 50 nm linewidth,

25 100 nm pitch, which were complementary to the surface
pattern on the nickel mold. Hence, the surface pattern on

the nickel meold could be replicated on fThe cured resin 18

effectively.

Fig. 7 is an angled cross-sectional SEM image at

30 30,000 x magnification of the imprinted polycarbonate
substrate layer of Fig. 6. The residual layer, which
refers to the layer of cured resin beneath the imprinted

features, has & thickness of slightly less than 1 upm
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Example 2 The apparatus of Fig. 1 based on the method described in Example | was used to form
an imprint 20 pattern of about 200 rim to 1 pm long concentric dots on a UV curable resin supported by
a polycarbonate layer. The same UV curable resin, polycarbonate and imprinting conditions are used
in this Example. The imprinted resin can be used as a DVD or DVD-ROMs. Fig. 8a is a SEM image 25
at 2,700 x magrificationof ehe DD Gracks réglic&ed infthe WY ctikablevresin oh aolycarbonate layer.

Fig. 8b is th@gfqéisc-g%q_iogc\g%\gg{@% r%sg%gigigaggaghpwing the residual layer thickness of the resin

as well as the relief profile of the imprinted dots. 30 Applications In the disclosed method and

apparatus, the curec-tesin may;be aghered e the, pelymer dayerand-may bg 3 defagided gasily from
the mold. Due to its enhanced adhesion to the polymer layer, the cured resin may not peel off easily

from the pol§hfEr $ayet Bfe fithe edie-dttefididifg frofithe moittethBddld cahhe tdrtinuously

used wihout having any: gperational dewntimesrassociated 10with geeling.off the kesin frgm the mold,
unlike in prior art imprinting. _The disclosed method and apparatus may not require any treatment of

the mold an'hehte, May ABEeqUIRCtSappiehich StrEamEstitk coating 6ntd the' fold® 15 Further,

it may not be ngepssarstorapply-an aghesionpramaterfilm beiween thedd¥ curableresingand polymer
substrate. Hence, the cost of imprinting can be regéj

ed since it is not necessary to factor in the costs
of the anti-sHIC cddli D adheSoH rom SR At SrB5th =26 THAmFoVAT aconbTics Wil make a big

difference initetmsof industrial adoption efihe present methothand:-appatatusypartiewanly:in

applications such as patterned media, optical films and coatings (anti-reflecti articularly), and
bi0|OgiqC'iZSil| aprp?isééﬁonrga(grl]ﬁl-?ouﬁﬁ& gﬁrcfiéce"%f Tﬁ%%is%l%%iégf 5d%nd a%%grapu%yﬁgé not require
bubbles will dissclve much more easily into the resin

leaving & defect-free result. These 1images demonstrate

the feasibility of fabricating working molds.

15

Example 2

The apparatus of Fig. 1 based on the method
described in Example 1 was used to form an imprint

20 pattern of about 200 nm to 1 pm long concentric dots on a
UV curable resin supported by a polycarbonate layer. The
same UV curable resin, polycarbonate and imprinting
conditions are used in this Example. The imprinted resin

can be used as a DVD or DVD-ROMs. Fig. 8a i1s a SEM image

25 at 2,700 x magnification of the DVD tracks replicated in
the UV curable resin on a polycarbonate layer. Fig. 8b is

the cross-section view of the resin of Fig. 8a showing

the residual layer thickness of the resin as well as the

relief profile of the imprinted dots.
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the use of molds composed of fluoropolymer material, which are known to be soft and thus suffer from
creep resulting from cyclic loading over thousands of imprint cycles. 30The disclosed method and
apparatus can be used to make working molds for subsequent lithography. UV crosslinked resins are
sufficiently hard and stiff due to its large Young's modulus and hence can be used as a mold material,
in particular, as a rigid patterned surface |&r®IdCGRipFPRIAg a resist layer on another substrate.
Bonding this crosslinked resin layer with a flexible and conformal polymer substrate layer creates the
best of both worlds, that is, rigidity at the interface with the 5 resist layer to be patterned and overall
conformality due td the pblymetilagér Te |anet 8af beadiustePnthickRess 16 Be MOFEDr less stiff
as required for.the given anplicatign. Pug tothe enhanced adhesionhatwean te palymeesubstrate

layer and the UV resin, working 10 molds with adequate cohesivestrength to survive subsequent

lithographic dperstivns capase anufa@lired:he  THE bisclosedemetifod diidP aparatas&an
manufacture, harLdisk as well.ag other pauemeg

method and apparatus can be used to form optical coatings and films, optical components
(photoniccry&gs, wadéguidesiate) Wirelrid- B6laf et EmHiSplaysy Bologitdl applicaliGns @htifouling
surfaces), and chemisiry:(supprortad catalysish 20 kil be apparent that vasiousrotbersmedifications

and adaptations of the invention will be apparent to the person skilled in the art after re

be used to

ia forraats syels as-BYD: 1hERe disglosed

%%mg the

foregoing dis@68ure Without deFartng frémih& BRIt andsedpe s iHvehth ARG 1Fis Titended that
all such(25 medificgfions;and adaptatiens-eame withintherssope Dfi thexappendeticlaimiso -

15

20

25

30

art imprinting.

The disclosed method and apparatus may not reguire
any treatment of the mold and hence, may not reguire the
application of an anti-stick coating onto the mold.
Further, it may not be necessary to apply an adhesicn
promoter film between the UV curable resin and polymer
substrate. Hence, the cost of imprinting can be reduced
since it is not necessary to factor in the costs of the
anti-stick coating or adhesion promoter film or both.
The improved eccnomics will make a big difference in terms of
industriai adoption of the present method and apparatus,
particularly in applications such as patterned media, optical
films and coatings {anti-reflection particularly), and
biclogical applications (anti-fouling surfaces).

The disclosed method and apparatus may not reguire
the use of molds composed of fluoropolymer material,
which are known to be soft and thus suffer from creep
resulting from cyclic loading over thousands of imprint
cycles.

The disclosed method and apparatus can be used to
make working molds for subsequent lithography. uv
crosslinked resins are sufficiently hard and stiff due to
its large Young’s modulus and hence can be used as a mold

material, in particular, as a rigid patterned surface
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Claims 1.A method for forming a structure on a resin substrate, the method comprising the steps of:
5(a) contacting a mold having a defined surface pattern with an ultra-violet (UV) curable resin
substrate supported on an amorphous, photodegradable polymer substrate, said defined surface
pattern forming a structure on the UV curable resin substrate; 10(b) curing the UV curable resin
supported oaalye amopphcuspolyinen gubstrate bytexpasimg said WY cLirahie sesin ta 4L radiation;

and (0) sepaggling Ihe cied resin fiom the.pold, 19,2 The method according o dlaim L where said
structure is an imprint. 3. The method according to claim é( Wherein said imprintlls a nanoimprint. 20
4. The methé@aEesrthdg toahyitiie obdams 4 te 3, Wherein said phetodegradadss polynier substrate

is capable of,genergling ffee radicals upon apsorbing UY.radiglion .t o race with the

5 resist layer to be patterned and overall conformality due
to the polymer layer. The latter can be adiusted in
thickness to be more or less stiff as required for the
given application. Due to the enhanced adhesion between
the polymer substrate layer and the UV resin, working

10 molds with adequate  cohesive strength to  survive
subsequent lithographic operations can be manufactured.

The disclosed method and apparatus can be used to
manufacture hard disk as well as other patterned media
formats such as DVD,

15 The disclosed method and apparatus can be used to
form optical coatings and films, optical components
{photonic crystals, waveguides, atc), wire grid
pelarizers, displays, biological applications (anti=
feuling surfaces}, and chemistry (supported catalysis).

20 It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of
the invention and it 1s intended +that all such

25 modifications and adaptations come within the scope of

the appended claims.

25



25 5. The method according to any one of claims 1 to 4, wherein said polymer substrate comprises
polycarbonate. 6. The method according to any preceding claim, wherein said contacting step (a) and
curing step (b) is performed concurrently under pressure. 5 7.The method according to claim 6,
wherein said pressure may be from 600 kPa to 1,000 kPa. 8. The method according to any
preceding claim, wherein said mold is selected%d®&=®mposed of a reflective 10 material. 9. The
method according to claim 8, wherein said reflective material comprises a transition metal. 15 10.The
method according to any one of the preceding claims, wherein said mold is substantially free of an

anti-stick coating.  11. The method-according-{eany one of the, preceding,20 claims.axherein said

polymer substrate is substantially free of an adhesion promoter. 12. The method according to any

one of the preBeEdlirg ERIME hWhErR T IV adkidh s §8IBcREIBhave a 25 wavelength of from 200

nm to 400 nm. 13. The method according to any one of the preceding ,
5 (a) contacting "a mdéld having a efined surface

pattern with an ultra-viclet (UV} curable resin substrate
supported on an  amorphous, photodegradable polymer
substrate, said defined surface pattern forming a

structure on the UV curable resin substrate;

10 (b) curing the UV curable resin supported on the
amorphous polymer substrate by exposing said UV curable

resin to UV radiation; and

{c) separating the cured resin from the mold.

15 2. The method according to claim 1, where said

structure is an imprint.

3. The method according to claim 2, wherein said imprint

is a nanoimprint.
20

4. The method according to any one of claims 1 to 3,
wherein said photodegradable polymer substrate 1s capable

of generating free radicals upon absorbing UV radiation.

23 5. The method according to any one of claims 1 to 4,

wherein said polymer substrate comprises polycarbonate.
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claims, wherein said polymer substrate comprises aromatic groups selected from the group consisting
of: phenyl 30 groups, pyridine groups, pyrazine groups,imidazole groups, thiophene groups, pyrrole
groups, furan groups, benzannulated analogs and mixtures thereof. 14.The method according to claim
13, wherein said 5 aromatic group is selected to absorb UV photons having a wavelength of 280 nm to
350 nm. 15.The nmidthodra&Eotdingo@angidre dfehepiecedingedldims cwhérein elsricestep (b)

comprises expoging said, L0 1gsjn 1o LY radiationwhen the resinds cqetgacaeg with said,mgld. 16.An
apparatus for forming a structure on a resin substrate, comprising: 15(a) a moveable mold having a
defined surfaeé patteri sail mokPBeRgtorfigared to contact a layer of UV curable resin supported
on an amorphous, photodegradable polymer substrate layer, said resin being movable relative to said
mold; 20(b) compressing means configured to engage said mold to thereby sandwich said resin and
polymeg substrate Iae(er therebetween, therehy formin% a structure on said resin;, ,

7. he method according t claim ©, wherein said

pressure may be from 600 kPa to 1,000 kPa.

8. The method according to any preceding claim, wherein
sald mcld is selected to be composed of a reflective

10 material.

9. The method according to c¢laim 8, wherein said

reflective material comprises & transition metal.

15 10, The methed according to any one of the preceding
claims, wherein said mold is substantially free of an

anti-stick coating.

11. The method according to any one of the preceding
20 claims, wherein said polymer substrate is substantially

free of an adhesion promoter.

12. The methoed according to any one of the preceding
claims, whereln the UV radiation is selected to have a

25  wavelength of from 200 nm to 400 nm.

13. The method according to any one of the preceding
claims, wherein said polymer substrate comprises arcmatic
groups selected from tThe group consisting of: phenyl

30 groups, pyridine groups, pyrazine groups, imidazole
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(c) an UV source arranged to irradiate the UV 25 curable resin; and (d) a decoupling means to
decouple the cured resin from the mold. 17.The apparatus of claim 16, wherein said moveable 30
mold is a rotatable mold. 18. The apparatus of claim 17, wherein said rotatable mold is configured to
move said resin along its circumference. 5 19. The apparatus of any one of claims 16 to 18, wherein
said decouplimg npeans thimprises ©ng voute dEMBING rolsrsUDe 20. THE P p&BLIESHclaim 19,

wherein saig,deoiting Les '%ﬁgﬂf&%gegﬁ%em%%espodx@fmbstrate layer to thereby decouple

the resin from the mol 1. The apparatus of any one of claims 16 to 20, wherein 15 said polymer
substrate layer comprises polycarbonate. 22. The apparatus of any one of claims 16 to 21, wherein
said mold comprises a reflective material. 20 23.The apparatus of claim 22, wherein said reflective

material comprises afransitr metal. according to claim 13, wherein said

5 aromatic group is selected to absorb UV photons having a

wavelength of 280 nm to 350 nm.

15. The method according to any one of the preceding
claims, wherein curing step (b) comprises exposing said
10 resin to UV radiation when the resin is contacted with

said mold.

16. An apparatus for forming a structure on a resin

substrate, comprising:

15 {a) a moveable mold having a defined surface
pattern, said mold being configured to contact a layer of
uv curable resin suppecrted on an amcrphous,
photodegradable polymer substrate layer, saild resin being

movable relative to said mold;

20 (b} compressing means configured to engage said mold
to thereby sandwich said resin and polymer substrate
layer therebetween, thereby forming a structure on said

resin;

(cy an UV source arranged to irradiate the UV

25 curable resin; and

{d) a decoupling means to decouple the cured resin

from the mold.

17. The apparatus of c¢laim 16, wherein said moveable

30 mold is a rotatable mold.
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24. The apparatus of any one of claims 16 to 23, wherein said compressing means comprise rollers
configured to 25 engage said mold to apply a compressive force on said resin.  25. The apparatus of
any one of claims 16 to 24, wherein said UV source is configured to emit UV radiation having 30 a
wavelength of about 200 nm to about 400 nm. 26. A composite comprising a cured resin supported on
an amorphous polymer substrate layer, said composite being produced by a method as claimed in any

one of claims 1 to 5 15, or by an Eparatus as claimed in any one of claims 16 to 25.
i8. The apparatus of claim 17, wherein said rotatable

mold 1is configured to move said resin along its

circumference.

5
19. The apparatus of any one of claims 16 to 18, wherein
said decoupling means comprises one or more demolding
rollers.

10 20. The apparatus of claim 18, wherein said demolding

roller is configured to engage the polymer substrate

layer to thereby decouple the resin from the mold.

21. The apparatus of any one of claims 16 to 20, wherein

15  said polymer substrate layer comprises polycarbonate.

22. The apparatus of any one of claims 16 to 21, wherein

saild mold comprises a reflective material.

20 23. The apparatus of claim 22, wherein said reflective

material comprises a transition metal.

24. The apparatus of any one of claims 16 to 23, wherein
said compressing means comprise rollers configured to
25 engage said meld to apply a compressive force on said

resin.

25. The apparatus of any one of claims 16 to 24, wherein
said UV source is configured to emit UV radiation having

30  a wavelength of about 200 nm to about 400 nm.

29



26. A composite comprising a cured resin supported on an
amorphous polymer substrate layer, said composite being
produced by a method as claimed in any one of claims 1 to

15, or by an apparatus as claimed in any one of claims 16

to 25.
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