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A PROCESS FOR FORMING A LAMINATED STRUCTURE

Technlcal Field

fThe Dresent ~invention generally relates to. a

. proceﬂs for formlng a lamlnated structure.

. Background
Néﬁs—structures "have been used in a variety of
auplicatiqns such as in electrical, optical, photonic and
piclogical applications.' Nano—structures ; are usually
furmed on.a substrate by way of photo lithography, nano-
1mpr1nt llthograuhy, reverse impriniing d:'electron beaﬁﬁ
llthegraphy T : 4
T In o rder to p;otect the naﬁo Sbrhc ures from dusu'and,
damage, a laminate film can be applleu on top of the nano—'
structures.
In conventional lamination, an adhesion film is

usually required to ‘adhere the laminate Zilm to the

‘article to be laminated. The adhesion film will then .

require heat or pressure in order to adhere the laminate
film to the article. Hence, this process reguires an

édditional adhesioh‘film to be attéched to the laminate

‘?ilm, requ ring an add&tlonal manufac;uvlng step To appiy

tne ‘adhesion fllm to the =amlnate fl?m.

Another known method for applylng a-laﬁinaté film on

'top of a serles of ‘nano-imprints uses a roll lamination

method ‘in whlgh,_a ,lamlnatlon filﬂt’ls unwoundea from &
lamination roll and ‘then preséed to the nanostructured
surface‘using a Dihch roller. Due o' the use of the pinch
roller,j ithé" lamlnatlon film is pressed onto the-
nanostructures under pressure.- While the lamlnation fllm.

is adhered to the .nanostructur@s,f this: method 'requlresj

additional equipmeut'such as a plnch roll@r to ca ry out

the lamination process. turtner, it is.not certain that
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" the lntegrlty of the nanowimmrints‘ is opreserved aftef

pass ing through the pinch rcller dae to the small scale of

g the nanofeathres and the pressure involved. This process

3 wzll also £fill in the nanofeatures. There 1is no control

over the :Lnféltrablon of the polymer lamipate into the
nanofeatures L | o . 7 . '
There is & ﬁeéd to prov1ae lamﬂnating Drocess that
5ﬁércomes;; or at “least amelloratesf one 01' more of the'
disadvantages described above.
There 1is a nesd to provide laminated étructuie that

overcomes,_ or at least ameliorates, one or more of the

‘ dlsadvartages descrlbed above.

Summary
According to ‘a first aspect, there is provided a

process for forming & laminated structure, the process

- comprising the step of bonding a poelymer film to an array

of structures dispocsed on a substrate, and wherein a

‘plurality of cavities are formed 'between sald polymer film

and said array of structures durlng said bonding.

Advantagﬂously, the array of structures promotes the

'format;onj of the _CaVlLlES "therein. By selecting the

' distance between adjacent structures, the shape-and size

of the cavities may be adjusted accordingly. It 'is to be

- appreciatéd_ that ~the cavities' may be in. the form of

channels, ‘chambers or holés. which are depgndent on the
shape and conf;guiation of the array of structures.

The cavities may  be enclosed between the array of
eruﬂtures and the polymer film. The enclosed C&Vltles may

conta1n~a nmterlal_thereln. The material may be a fluld

" such as a2 liguid ©r gas. More advantageouSly, ?he C”VlLleS
"may be used to contain air. In‘anotber‘ambodlmengglvacuum

. may be introduced into cne or more of the cavities -such
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that the laminated structure may preserve atomic force
ﬁicroécopy tips by}means Qf V3Cuum.

The _cavitiesf ﬁay‘ have an opening  for permitting
'h@ﬁeriai,to flowgﬁherein. The gavities may have another
.bﬁenihgi'for permitting material Vio‘ flow: therethrough.
ﬂéﬁce, the caviiiés may function as channels for the
passage oﬁ a mater@alrfrom one openihg to another. |

Advantagaously; the polymer film may be placed on top
of the array of s*ructures without ‘lillng in the cavities
present between adjacent structuresq Henca,‘the lntegrluy:
bf_ the array of structures and ‘thé: cavities rih between
éagh structure may bé preserved. - j  ‘

S Advanbageously,_the dlsclosed p*ocess enanles prec sef
control of the extent of Lnflltxatlon of the lamlnat@ fllm
on the structure. Advanhageously, th@ disclosed process
enables the transfer of a laminate film onto a structure
- at high transfer yiélds. In one‘embodiment, the bonding
step comprises the step: cf manipulating the temperature
“and optionally at least one of pressure and time in order -
to bond the polymer film to the substrate.

: Advantageously, by "controliing thé‘ Temperature  and
optionally at least‘one of pressure and time, the degree
of. lnflltratkon of the polymer fiiﬁL iﬁto ﬁhe‘ structures
can ne controlled. . i - A

In one embodlm@nt, the polymér film . is a polymer ‘
laminate film. - | ' , ‘

Ad%antageously, due .to the layer of polymer film on
top bflthe arraylof structures, the exposed surface of'ﬁhe
polymer. film méy"allbw' for the mlanarization of the
structure such Lhat additional thin - -films or patLerns can
be placed on top- of the polymer fllHl in a homogeneous'
manner. In one embodlment,_the DProcess optlonally‘ﬂxc1udes‘
the step of using an additional adhesive layer to bond the

polymer laminate film to said structured substrate.
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Bccording to a second . aspect, there is provided a

laminated structurée- comprising a polymer film containing

: péiymer chains. that are at least partially bonded with an

érray of structureé:disposed onn a substrate and wherein a
plurallty of cav1L1es are provided -betweeh the 'polymer
fllm and the structures ' e

- According to . a third aspect,- there is provided a
photonic crystal :chprising a -polymer film .containing
polymer - chains that ‘are at least partlaily bonded w1tn an
array of structures disposed on a substrate and whereln a
pwural;ty cf cav1tles are prov1ded between ‘the polymer’

fLLm and Lhe struc;ares

4 Definitions
Thé followinQ‘wo:ds and terms used herain shall have‘
the meaning indicated: |
The phréses “bonding” and “bonded” as used herein

refers generally to the diffusion of the polymer éhains_

‘from the polymer “laminate into the structured substrate

such that the diffused polymer chains entangle with the

ufpglymer chains of the structured substrate. This diffusion

and entanglement of the polymer chains take place at the
interface between the polymer laminate and ihe structured

substrate.. The term “gléss transition temperature” (T,) is

to be interpreted to include any temperature of a polymer -

at‘whiCh‘the_polymer lies between the rubbery and glass
states. This means that above the Ty, the polymer becomes

rubbery and can undefgo gelastic or plastic deformation

- without -fracture. | Above this temperature, such polymers

cah be - inducéd to flow und@r' pressure. When thé‘

' ﬁeﬁperature‘of theiéolymer‘falls below the T4 ge ﬁeraliy,

the polymer will become inflexible and brittle such that'
it will break when a stress is applied to the polymer. It

should be noted that the Ty is not a sharp transition
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vemperature but a. gvadual transition and 1s subject to

some varlatlon dependlng on the experimental conditions

~1e“g fllTi thi ckness, tacticity of the polymer,: etc'}

The actual T, of & polymer £ilm will vary as a function of
falm thickness. ihe Tg will be defined hereln as: belng the
bp¢k glass- tran51tlon temperature of i the polymer
éﬁbétrate The bulk glass txaﬁsition teﬁperature 'is a
sﬁecific' value “that is . widely agreed upon in  the
llteratu“e Glass transition tmmperéture .valﬁes of
polymers may be obtalned, from - PPE Handbookmf‘éoftware,
edlted by Dr D. T..Wu, 2000. o

The term “ultra thin” as used. 1n ‘the context of tne;
5pec1f1catlon is ;to be inter preted broadly to,; un;essf'
specxfledh relatez‘tb an average fllm_ thlckness éf less
than 50 nm, and particularly from about 10 nm to about 50
nm. ’ v

The terﬁs “nano” and “nanco-scale” as used in the

context of the specification is to be‘interpreted broadly

'to,‘uﬁless spe ”ifﬁed relate to an average size of between .

about 1 nm to about 100 nm.
The term “1nf1ltratlon as used- in the context of the

specification refers~ to the physical transfer of the

polymer f£ilm into the protrusions of the structures, such

+hat the polymer film permeates into the protrusions.

The term “econtrol”, and grammatical variants thereof,
as used in the context of the specification.wben referring
to infiltration éenerally means that a knéﬁn amount of
polymer' filﬁl may infiltrate the array of structures by
manlphlatlng the process conditions of the bonding step
such as temperatu?e, prﬁssur@ aﬁdf tiﬁe. lAlte:nativély;'
conbroll;ng the extent of "nfthration may:alSOLrefer £o

achi eving a deSLred degree of infiltration by manlpulatlno

‘the process conditions of the bonding step.
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The term “array” generally refers to rultiple numbers

of struc;ures di strlbuted within an area and spaced apart,

onless otherwrse 1ndrcated.

The - terms ‘f¢rdered arréy“ or ‘"orderedj-pattérn“
generally refers;'rp 7the placement of eiéméﬁtél in. a.
specmfled or predetermrned pattern ‘where the elements have‘
distinct spatlal relationships to one another. Hence,. the
.terms "ordered array™ or "ordered pattern” generally refer
tb structures distributed within an area with distinct,

specrfled or predetermmned spatial relatlonshlps tc one

AaQOLher For example, the swatral relatlonshﬂns w1thrn an}

ordered array‘ or ordered pattern may be such that ~the;‘
strucLur@s are spaged apart from one another by generailyfﬁ
e@ﬁal distances. cher'ordered arrays or ordered-patterns
méy.use véryimg, but specified or predetermined spacings.
'The',term. “transfer yield” in the context of the
specification 1is defined as percentage cf useful area
wherein the polymer- £film has transferred onto the

structured substr are without completely £filling in the .

array of structures or, alternatively, by - infiltrating
- into the array of structures by a controlled amount. Fox
ﬁ exémple, 1f the startrng area before 1amlnatron is a lem x

lcm area of structures, and 80% of the Icm x lcm area has

been successfully laminated as previously described, then
the transfer yield is 80%. However, i1f the laminatiocon
fails over a certain'aréa, or if the structures are filled

in over a certain area, then the transfer vyield 1is

- reduced.

7 The ' word . “substantially”  does  not ‘:rexcludé
commletely e, g. -]aﬁ cémposition which is Msubstantially -
free” from Y may “be completely free from Y. Where

necessary, the word “substantially” may be omitted from

the definition of the invention.



10

15

20

. 25

30

WO 2011/115577 , - . PCT/SG2011/000163

9

Unless soec1f1md otherwise, the  terms "comprising"

and "comprlse and gxammatlcal variants thereof, are

ihtended to repr@sént-"open" or “inglusive".language such
that'_they' includéi;recited elements but also permit
iﬁCiusion of additioﬁal,<umrecited elements. | C

| Lz -used heréin;.the term "about"”, in ﬁhe context of
concentrations of ]components of the f formulations,
typlcally means +/=- 5° of the stated wvalue, more typically
+/- 4% of the stated valu@, more typlcal?y +/~ 3% of the

stated value, more typically, +/e 2% of the stated value,

{revan more typlcaliy +/- 1% of the stated va;uefland.even,

" more typically +/- 0.5% of the sbated value.

Throughout thﬂs disclosure, certain embodlments may'
be1d;sclosed in a range format. It should be understood
that the description in range format 1s merely for

convenience and brevity and should not be construed as-an

~inflexible limitation .on the scope of the disclosed

ranges. Accordingly, the description‘Of a range should be |

~ considered to have specifically disclesed all the possible

sub-ranges as well as individuasl numerical wvalues within
that range. For example, descfiption of a range such as

from 1 to 6 should- be considered to have specifically

,dlsciosed su%~ranges such as from 1 teo 3, from 1 to 4,

from 1 te 5, from 2 to 4, from 2 to 6, from 3 to & etc.,

as well as individual numbers within that range, for

example, 1, 2, 3, 4,'5, and 6 This applies. regardless of

the breadth of the range.

Detamled Disclosure of Embod;ments _
Exgmplary, non- llmltlng embod;ments of a p?ocess for
forming‘a:lamina_wd structure will now be disclosed.
‘The process comprises the stép of'bonding'a.polymer
film to ah array of structures disposed on a substrate,

and wherein a plurality of cavities are formed between the
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polymer film and.  the array of structures during the

'bdﬁdingi. step. AdvahtagDOLSEy,i the disclosed - process

éﬁables‘precise control of the extent of 1nflltratlon of
tﬁé po]ymer 1crllm- cn the structurmd substrare

Advantageously, the drsclosed process @nables *he transrer

- of & polymer fllﬁl ontc a structured substrare at high

transfer yields.
7 Advantageously, the polymer £ilm may be placed on top
of the array of structures without fllllng in the cavities
present “between eaqh, Srructure.‘ Hence, the rntggrlry qu:
fﬁé structures and the cavities in berweenﬂeaChfstruétﬁréz
may be preserved. - T
Morﬂ”advantagéoﬁéiy, due ﬁo thexlayer bfipblyﬁer fiiﬁT
on Top oF the structured substrate, *he EKPODEd surface of
rhe polymer f£ilm may' allow for the planarization of the

structured substrate such that additional thin films or

- patterns can be placed on top of the polymer film in a

homogeneocus manner. .
The 'cavitieS'fmay be defined _by enclosed walls for

containing a nmterial therein. The cavities may have an

opening for permitring material to fiow; thersin. The

cavities may have another opening for permitting material

" to flow therethrough. The plurality of cavities‘may have

an ordered pattern throughout the laminated structure.
In one embodiment, the process cohprises the step of-
undertaking the bondipg'ste@ under conditions to céuse the
poiym@r chalns lﬂ the polymer fllm‘ro at 1east partlally
dlffuse inteo said structurmd substrate -
_ Th@ bonding srep may comprise the step of selmctwr
the ‘condition from a temperature 'below“the' glass
transirion temperarure {Tg) of sald thermoprastrc polymer,

The bondlng step may be conducted at a femperature

~‘around the Tg of the pelymer £ilm. The range . of

temperatures ©f the bonding step may be selected from the
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) croup consmstlng of about 20°C below Tg to.about 10°C above
' fg, ‘about 20°C below Tg to about 15°C below Tg,  about
QG°C below Tg to about 10°C below Tg. about 20°C below . Tg
to about . ’OC below Tg, about 20°C below Tg to Tg,  about
20°C b@low Tg to about SOC above Tg, about 15°C below:Tg
to about 10°C above Tg, about ;O“C_below Tg to about 10°C
above Tg,” about 5°C beléw.Tg to about 10°C. above Tg, Tg
to about 10°C above Tg and about 5°C above Tg to about 10°C
above Tg. "A -
- Advantageously, .the temperaﬁure chéseh ;for-rthe.
bondlng step enables pﬁecise iCont%oi  of fthé_lamount of?
5 pglymer. £1ilm ,tﬁéft infiltraies into 'lthéZ' struc;ured.
substrate. S o
' The bdnding éte? may comprise the step of sélecting
the cendition frcﬁ 'a preésure selected from the range
consistihg of about 40 bars to aboﬁt 60 bkars, about 45
~bars to about 60 bars, about 50 bars to about 60 bars,
about 55 bars to abquf 60 bars, about 40 bars to about 45
jfbars, about 40 ba*S to about‘SO bars and about 40 bars to
‘aﬁbut 55 bars. It. 1s to be noted that the pressure is the
driving. force tnat causes the‘ polymer. chains from the
polymer laminate to move in a preferred diréctlonb Hence,
by changing the pressure, the rate of moﬁement in the
preierred -direction_'wiil change accordingly. Thereforé[
the pressure may be selected in @rder ‘teo control the
infiltration of the polymer laminate into the structures.
‘The bonding step may comprise the steé of éeiecting
; the condltlon From a time duratlon selected from the range;
von51s*lng of about 150 seconds to about 300 seconds,rqr}
about’ 150  seconds, to about 250 seconds, .or .dbout 15Q
seconds tb about 200 seconds, or about 250 -secondé. to
" about . 300 seconds{ or ébout' 250 ssconds tb about 300
. seconds. However, it 1is to be noted that the above 18

merely a general range for the time duration. The bonding
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Ee+1me may increase dependlng on the Young’s Modulus of the

' pOLymer fllm '

‘ i The bonding may cause the polymer fllm to 1nflltrate
the array of structures by a d;stance selerted from the
range consisting of 0 to 200 microns. ‘

In one embodlment, the peolymer £film abuts the .

structured ‘substrate. Specifically, in ﬁhis embodiment,

the polymer film has an infil*ratibn distance of O nm. In.
tﬁis embodiment, the lamlﬁation temnerature is about IO“CQ
eower than the Tg of the po?ymer fllm In ehls embodlment

the lamlnatlon pressure is 50 bavs and *he duratlon of the}

‘ bondlng step is 150 -seconds. : _ :

In another embodement the polymer'film-iﬁfiltraﬁee
into the array of: structures. The 'polymer film may
infiltrate into the ‘array‘ of structures in a range of
about l'nm to about ZOQ-nderons, cr abocut 1 nm to about
150 microns, or about 1 nm to about 100 microns, or aboet
1 mm to abeut 50. mierons; or about 1 nm to about 10

1microns, or ebout i nm to abeut 1 micron, or about 1 nm to
ebouthGb ﬁﬁ,'or aEOqtlllﬂm-te"abouttGOG nm, . or'about i nm
to about 400 nm, er abdbut 1 nm te about 150 nm,‘o;‘about 1
nm to‘about 100 nm, or about 1 nm to about 50‘nm,ﬁer about

1 nm to ebeut 40 ﬁm, or about 1 nm to‘abeut 30 nm, or
abogt 1 nm to about 20 nm, or about 1 om to'about lO_nﬁ,

~or about 1 nm to .about 5 nm, or ebeut 5 nﬁ to about 2007
nm; or about 10 nm to about 200 nm, or about 20 . nm to

ﬁ_about 200 nm, or about 30 nm to about 200 nm, or about 40‘
‘hml to about 200 nm, or about 50 nm to about ZOO ‘nm, dk[
about 100 nm fo about 200 nm, or about 150 nm to about 200
nm, or about 400 nm to about 200 mlcrons, or about 600 mm
to aboﬁt 200" microns, or about 800 nm to about 200
microns, or_about‘l micron to-about 200 microns, or about

10 microns to about 200 microns, or about 50 microns to
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'about 200 mlc*ons, . or 'about 100 microns to about 200

m&crons, O? about 150 microns to about 200 m*crons ,

: . In one embod;ment,‘*he oolymer £ilm 1nLlltrates into
the eructured substrate in a range of aboub,OILo about
200 nm, or 5 to about 20 nm, or about iO hm to about 20
nm. Advantageousiy,‘by selecting‘an infiltration distance

less than or egual to about 200 nm, a uniform infiltration

across the array of structures may be achieved. Hence, at:

any po.z,n‘r along the rarray of structuxes, the infiltxation
dlstance may bea substantially bhe same.‘ : ‘

The hlqh@r the temperature chosen for fhe lamﬁnatlng:
$ﬁép,.tha higher the rate of Lnflltrapzon of-the-polymer‘
film into the stipcﬁﬁred substrate¥ Advantageously, at a
teﬁperatufe of about 10°C lower than-Tg, polyme; chains at
the surfaces of the‘ polymer film start gainiﬁg enough

energy to become mobilée, and are thus able to infiltrate

- and  form entanglements with polymer chains of the

structured substra#e. at, a- slow enough rate to be

fcbntrollable. Atftémp ratures well above'the Tg ¢f the

?hexmopléétic polyﬁ@r'laminate, thélinﬁil?ratioﬁ rate of
said laminate into tﬁé sttuctured substrate would be- too
high to precisely control. " Therefore, ﬁemperatures near
the Tg (in the range of 20°C below Tg to 10°C above Tg) of
the_thermoplastic polymé: laminate must be used to'contrdl
the infiltration rate. .

" The infiltfation and entahqlementi betﬁeen the
po¢ymer"chalns -of‘ the polymer Vfllm and structurﬁd_
substrate ‘may enable a high transf@r yleld of the poiymer?

f;lm onto the structured substvate More advanfagaously,'

the high transfer ylelq is achleved without the use of an

addltlonal adhesive layer to bond the polymer film onto

the structured sunstrate. However, the precise wvalus of

the transfer yield depends on the materials selected,
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- feature geometries, bonding surface area and processing

steps utilized. |
. The infiltration rate may be very fast, perhaps on
the order of 'the‘lheight of the substrate features. For
example, if the substrate feature height is 100 nn, the
1'ﬁ‘filtratiOﬂ rate'could be 100 nm/second However, if the
infiltration rate is well ‘above the’ feature. height of the
structured substrate, preolse -long-range control ‘of the!
extent of 1nf11*ratlon ‘may not be achzeved ‘ , o
Arter the ‘bond;ng step, the formed ]laminaﬁed{

strucLure:may then be cooled to aatemperature.far below

15

20
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30

: The process may further comprise ‘the step of
selecting'a thermopiastic polymer as the polymer film. The
polymer film may be a laminate film. The laminate film may

comprise . of a thermoplastic polymer. Exemplary

- thermoplastic polymers may be selected from the group

COHS’Stlng cof poly(methyl methacrylate}, polycarbonate[

polyaty:ene, cycloolefinpelymer, polyimide, © pely(p-

~pheny1ene vinylene)s (PPV), poly(naphtnarene vinylehe)

{PNVS),: polyfluorenes, | polytnzophenes, o?lgothlobhenes,

polywp;phenylenes, ‘ poly{phenylene ~ethynylene)s

‘substituted polyacetyienee, poly (pyridine)s, oxadiazoles,

chemical derivatives thereof, and combinations thereof. In

one embodiment,-the thermoplastic polymer is poly(methyl
) meﬁhecrylate) (PMMA)( The polymer may be a light emitting

and conductive oolymer The polymer may be a spie%coatebie-
he:moplastlo polymer | ' | '

The thermopras ic polymer may be coated. on a base
substrate. Spec1f1cally, the thermcoplastic polymer may be
spinmcoeted on the surface of a base sobetrate. In one

embodiment, the base substrate is treated to redoce its

‘surface energy, thereby encouraging the f£ilm to transfer
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' onto the imprint patterned f£ilm. The base substrate may be

treated w1th phbnﬂthylmethyldzﬂhloLosxlape {DEDS) ‘

The base subatrape chosen-may hnve an extremely flat
surface,  where the surface has . a mlnlmal .tbzckness
vériation. The average surface roughnesslof'the extrem@ly
flat  surface may. be 10 nm per. uniﬂ area or less. To
achieve an extremely flat surface, the basé substratse may
be' treated -with~f§ nmixture of hydrogmn perox1de and.
sulphurlc acid, thereby remov1ng any part1c1es on’ thmz
Surface. Alter at+vely, the base substrabe may be cleaned;
ﬁging ultrasonication in an - organic solvent. In - one
embodiment, the base substrate is a ‘silicon' wafer. ~Thé
5ilicon wafer may 'be a double-sided polishéd silicon
wéfer.-Advantageously, the laminate film retains the flat
sﬁrface of the wafér even after lamination.

The process may comprise the step of selecting the

thickness of the Tpdlymer laminate film from ‘the range

"COHS;Sting of 106 nm to 10 mm. The polymer film may have a
thickness of about *O nm to about’ 5 - mm, or about 10 nm to -

‘about 1 mm, or aboub‘lo nm t©o about 100 um, or about 10 nm

tc‘abdut 18 uﬁ, or about 10 nm to about 5 um, or about 10

nm to about 1 um, or about 10 nm to about 500 nm, or about

10 nm to about 100 nm, or about 10 nm to about 50 nm, or

about 10 nm to about 40 nm, or about 10 nm to about 30 .nm,

or about 10 nm to abeocut 20 nm, or about 20 nm to .about 10

pm? or about 30 nm to about 10 pm, or about 40 nm to about.

1 10:um, oriabouﬁ 50! nm to about. 10 um, or about'loO nm ﬁbj

about 10 pm, or abouk’ 500 nm tofabouﬁ 10 ﬁm,‘oriéﬁout l_ﬁm-.‘
Lo abouf 10 pm, orAéboﬁt 5 pm to about 10 um, or about 1
mm to about 10 mm, or about 5 mm to about 10 mm. ,

In one embediment, the polymer film has a thickness
of about 10 nm to abbut 50 nm. In anbther e@bodiment, the

polymer film has a thickness of about 500 nm to about 10

mm. In this embodiment, the thicker polymer film may be
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”‘Lsed for apollcatlons in which vacuum is to be lntroduced

into the cavities so that the thlcker polymer film can
contain and withstand the vacuum without Dreaklng.
Advantageously, the disclesed process enables a large
range of polymer film thickness to be used__becauée the
infiltration raté-'is .independent of the. polymer £film
thicknessL However; polymer film of a thickness of less
than lO‘nm may not be suitable to laminate an 1n@r1ntﬂdf
xesst because a thlckness of less than 10 nm is generaliy}

balow the typical’ radlbs of oyhatlon of 1nd1vmdual re51st~

' molecules

e rocess m mprise - the ey £ electing a
Th cess a comprise  th step of select

the”mosettl 1g  polymeric substrate as the substrate.
Advantageously, the thermosetting leymericfsubstrate has
a high cross-linking density and can withstand high

annealing temperatures - of . more | than 250°C, The

© thermesetting polymexic substrate ‘méy be a photoresist
‘material. The pho;or951st material  may Dbe an epozry

'pclym@r. Exemplary - h:ghly' 'crosSélinked I therﬁosetting

polymeric‘substrates;are Mr~I' 9000M available from Micro
Résist'Technoiogy Gmbh, Germany and SU-8™ resist available

from MicroChem Corp. of Newton, Massachusetts, United

States of BAmerica. In one embodiment, the thermosetting

polymeric substrate is Mr-T 9000M.

| The substrate may be ' a ross~linked polymer
sgbstrafe. In one embodiment, the thermosetting polymeric
substrate is a éfoss—linkedk.pofymer substrate "In ‘thié

embodlmant, the cross llnked polymer substrate lS a fuily

'cured, structured, poﬁymer substra*e

The thermosegtlng polymeric substratermayibe coated
on a supporting substrate. The supporting substrate may be

any substrate suitable for costing a thermosetting

poiymeric substrate thereon. The Supportihg substrate may

be a planar substrate. In one embodiment, the planar
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egbstrateiis a glaee,substrate, In anothér embodiment,_ﬁhe
p;anaf substrate is a nktal*coated substrate;'Any:ﬁetals
that may "be thermally 'evaporatedr 5; sputteread 'ohte ﬁhe
substrate 'may ke used. Exemplary metals may i1include
aluminium, eoppez{‘nickel, gcld, chromium and platihum or
alloys thereof. Hence, in one embodiment, the metal-ccated
Substiate‘may be an ARl-coated substrate. '

To remove any partlcles on the’ surface oF the p?amar;

substrate, the planar substra*e may be treated‘ w1tn a;;‘

m;xture, Tof hydrogen peroxzde Nend suenhurlc j ac d
Aiiernatiﬁely, the planar substrate may be’ cleaned u51ng
ultrasonﬂcatlon ' '

The seruceured substrate may further comprise an
adhesion promoter to increase the adhesion of the
thermosetting polymeric  substrate onto the planar
subst:ate, The adhesion preomoter may aid to increase ﬁhe

:;adhesion of the thermosetting polymeric substrate to the
pianar substrate. in one embodiment,  the adhesion promoter_
'is  coated onto the planar substratei before the
*hermosettlng polymerlc ‘substrate is cecated ente the
planar substeate -

The prO“GSS may comprise the step of providing an
ordered array of structures on the thermosetting polymeric
substrate. The Structufes may comprise of an array of

:'structures such as holes, channels, trenehes, 'columns,
prejections, p1l1a#s, gratings or -combinations :thereofﬁi
The sﬁﬁuetures may protrude from the . surface of the.
substrate, such as, for aexample, columns; -prdjections,
piliaxs-and gratings. The structures ﬁay not protrude from
the surface ~of the. substrate, such ° as, for exampie,
trenchee,}helesland channels. The seructures mayjhave a
diﬁension in the nene*scale size range. Each structure may

have a diameter of about 1 nm to about 200 microns. In one
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embodiment, each structure may have a d;ame*er of about 1

nm to about 100 nm. o
Each' structure may have a height of about 5 nm -to
sbout 200 microns, or about 5 nm to about 1000 nm. Wheie
the structure is a trench, hole or a channel, thé:height
?efers to the depﬁh-of-the trénch, hole or channel.
: In one embodlment, the structures in thé array are of
di fferent dlmens1ons
In another embodlment tﬁe straﬂtures 1n the array~
are of th@ same dﬁmen51ons Iin: this- embodlnent the axray:
lS an orderma array ' o '
The array of structures may ﬁéva a cross- sectmonal
area less than cross= sectional area of the polymer film.
The process may comprise the step of imprinting the
structures on the substrate before the bonding step. The

imprintiﬁg step may comprise the step of nancimprinting.

*Hence, the array of structures: may be formed on the

structured substrate us;ng nanOmevlntLBg

The process may coemprise  the step of form;na the

structures on the substrate by cne cf photolithography, e-

beam writing and focused ion-beam writing technigues.
In one embodiment, there 1s provided a laminated
structure comprising a polymer f£ilm containing polymer

chains that are at least partially bonded with an array of

 structures disposed on a substrate and wherein a plurality =

"df cavities are prdvidéd between the polymer film and the

sz*ucbures, ' ‘
- The laminated structure comprises. of & polymer £ilm
and a structured substrate. -
The polymer‘-film' may comprisé of & th@rmoplasfic
polymer. Exemplary thermoplastic polymers may be selected

frbﬁl the group consisting of poly(methyl methacrylate),

. polycarbonate, poletyrene, cycloclefinpolymer, polyimidé,

- pely(p-phenylens ‘ffinylene)s (PEV), poly (naphthalene
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© vinylene)s  (PNVs), polyfluorenes;, ~ polytniophenes,
cligothiophenes, " poly-p-phenylenes, poly (phenyleng

ethynylene)s, substituted polyacetylenes, poly(pyridine}s,
oxédiazoles,‘ chemical derivatives therecof, and

combinations therecf. In one embodiment, the thermoplastic

polymer is poly(methyl methacrylate) (PMMA).'ThQ polymer

ﬁay be a light ‘émifting and ﬁoﬁduﬁ*iveﬁ polymer.' Ihé}
polvmer may be a spln coatable thermoplastlc polymer : i

' Tne substrate may comprise a thermosatulng moiymﬂr
The substxate may be a cross- -linked polymer. subszrate 'In

oné @mbodlment, the thermesetting polymer is. & cross-

'linked‘polymer substrate. In this emoodlmvng, the cross—

linked- polymer substrate 1s a fully cured, structured,
polymer substrate. )

Advantageously,ﬁthe thérmosettihg.polymeric substrate

“has a high crossjlinking density and can withstand high

annealing temperatures of  more than 250°C. The

thermosetting polymeric substrate may  be Ea photoresist

material. The photdresist material may be an epoxy

polymer. ' ExempLary highly cross-linked . thermosetting
polymerﬂc substrates are Mr- I 9000N available from Micro
Resist Technology Gmrbh, Germany and SU-g™ resist available

from MicroChem Corp. of Newton, Méssachusetts,  United

States of -America. In one embodiment, the. thermosetting

25 1 pd1ymeric;Substraté?is,Mr*I 5000M.

‘Thé-polymer film may abut‘the,structuﬁed substrate.

The polymer film may infiltrate into the érray of

structures in & range of about 1 nm fo about 200 microns,
or about 1 nm to about ;50 microng, or about 1 nm to about
100 microns, or about_l nm to about 50 microns, or about 1
nm to about 10 microns, or about 1 nm to about 1 micron,

oriabout 1 nm to about 800 nm, or about 1 nm to about 600

,nm, or about 1 nm to about 400 nm, ©or about 1 nm to about

. 150 nm, or about 1_nm to about 100 nm, or about 1 nm %o
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about 50 nm, or about 1 nm to about 40 nm, or about 1 nm

to about 30 nm, or about 1 nm to about 20 nm, or zbout 1
nm to aboqt 10 num, or about 1 nm to about 5 nm, or about 5
nm to -about 200 nm, or zabout 10 nm to about 200 nm; or
about 20 nm to about 200 nm, or about 30 nm to about 200
mn, or about 40 nm to about 200 zmm or about _50 nm to
about 200 nm, or'about 100 nm::o about 206 nm,_o; abowt
150 nm to about 200 _nm, Or about” 400 nm: oo about 200'
Tmcrons, or about. 600 nm to about 200 m1orons,_or abouo
800 nm to about 200 nucrors, or about 1 nucroni*o‘about
ZQO m;crops, or about 10 microns to about 200 microns, or
about"SG . microns: -ﬁo about 200 microns, | or about 100
microhs to about 200 microns, or ‘about 150 microns to
about 200 micrens.

In one embodlmenh, the pelymer film infiltrates into

.the structured‘substrate-in a range of about 0 o about

"200 nm, or 5 to about 20 nm, o:.about 10 nm- to aboutr2o

nm. Advantageously;'by selecting an infiltration distance .

less than about 200 nm, a uniform infiltration across the

array of structures moy be achieved. Hence, at any point
along the array of structures, the infiltration distance
may be substantially the same.

The array of structures may have a dimension in the
nano-scale size range. | '

Theré is also. provxaed a photon?c crystal compr;szﬁg

e Dolymer Film contalnlﬂg polymer chains that are‘at laas*

paVLlally bonded w1th an array of structures dlsposed on a
suberate.and wheLeln 8 t)lmalz_ty of cavities are provided

between said polymer film and said structures.

'Brief Description Of Drawings

The accompanying drawings 1llustrate a disclosed

- embodiment and ser&es to. explain' the principles of the

disclosed . embodiment. It is to be understood, however,
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that the drawings are designed ~for  purposes . of
illustration only, and not as a definition of the limits

of the invention.

Fig. 1 is a process  flow diagram of the.

nanoimprinting and lamlnatlon process according to one

B dlsclosed embodlment

Fig. 2a is a'SCanning EleCErdnrMicrochpe (SEM).imdgél
at 50, 000X magnlflcatlon showing a heavily cross-linked

1mpr1nfed ‘resist w1th 150 nm alameter,‘SO‘nm deep holes

thh 300 ‘nm pltch and a 50 nm thick 350k'DﬂG'PMMA' £ilm e

restlng on the top w1th a ultra- thln layer of Poly (methyl
methacrylate) {(PMMAE) on top

Fig., . 2b is ‘a SEM image at .45,000X magnification
Shbwing‘a”heavily crosS~iiﬁked imprinted resist with 150

nm diameter, 80 nm. deep holes with 300 nm pitch and a 50

-nm thick 350k MW PMMA on top that extends beyond the edge

of the imprinted layer

blg._Sa and‘Elg. 3b are SEM images at 27;OOOX and
40,000X magnification, respectively, showing a heavily
cross~1inked imprinted resist with 150 nm diameter, 80 nm
deep holes with 450 nm pitéh and a 50 nm thick 350k MW
PMMA film resting on top. In the case of Fig. 3b, the

imprinted ' resist f£ilm rests on top of a 400 nm thick

~aluminium f£ilm.

Fig. 4 shows  a - large area Atomic Force Microscopy
(AFM) scan of an éxtérnallyffacing surface of a iéminated
350k MW PMMA film on. top of the cross-linked, nano-

structured resist film according to an embodiment of the

. present inventicn.
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Detalled Degcription of Dxaw;ngs

Ref@rrlng to- Flg 1,  there is shown a prdcess flow
diagram  of the nano—lmprinting‘ and lamination process
according to one disclosed embodiment.

Here, in the first step depicted by arrow 20, a glass

'.substrate 2 was spun coated thh a. layer of an adhes;on

f promoter 4. Before spln coatlng, the glass substrate 2 nadﬁ

been pr@pared by . 1mmer51ng the glass substrate 2 in. 31
COTIOSive solutlon of hydrogen percx1de and suiphurlc aczd:
ana subsequently ,drled. For substrates which, cannot be
cieaned -with the‘i above corrosive solutioh, these
Sﬁbét:at@é can be wultrasonicated for two minutes. in
ééetone, followed by two minutes wultrasonication in
neutral defergent,_ two minutes ultrasonication in water
and Lben rinsed in 1sopropyl alcohol and blown dry.
Follow1ng which, a -thermosetting polymer 6 in the

form of a mr-I QOOOM series polyme:jwas spun-coated onto

the -adhesion promoter layer 4 (as depicted by arrow 22).

‘Thern, the coated glass substrate 2 was Dbaked for a
_sufficieht period of time to allow the solvents to

-evaporate away but without cross-linking the thermosetting

polymer & prematurely.
An imprint mold 8 having an 1mprint forming surface

10 made up of a series of protrusions and trenches was

 then appiied on-top of the thermosetting polymer 6'of the

gléss substrate 2 (as dépictedfby arrow 24). IThé;imprint
mold 8 was appliéd to . the thermosetting polymer . 6 for a
seriés cf imprint témperatures and imp:int" pregsures in
o:déx; tb ensﬁre that a negative 'reﬁliCa of the imprint
forming surface iO‘was transferred to the thermesetting
poiymer 6. The thermosetting polymer 6 was then cured

whilé tbe imprint ﬁold 8 was still attached to the glass

substrate 2. After imprinting, the imprint mold 8 was

removed and any resist residues were removed. After the
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imprint mold 8 was removed (as depicted by arrow 26), an
imprinted thermosetting polymer 6a was formed which
consisted of a series of imprint 'patﬁéxns 10a which 1is

OppOSlt° to the imprint forming . surface 10 of the imprint

‘ mold 8. Followmng the 1mprlnt1ng step, the surface of thei

ihprinted thermosettlna polyme? ba was acthated using’
oxygen plasma or UV czone in order to lmprove the adhesaon{
of the lmprlnted thermosettlng polymer ta to the polymer:
lamlnate flim 12. o |

A-polymer laﬁinate film 12 that had been spuﬁ—coated

-o? a 5111con wafer‘ chip 14 was then applied‘ onto the

' 1mprlnted ;hermosetulng polymer - 6a at. a - selected

lam%natlng temperatdre and pressure (as depicted by arrow
'28) Follow1ng whlch the temperature was cooled down in
order to remove the silicon wafer chip 14 from the polymer

laminate film 12. Subseguently, as depicted by arrow 30,

- the assembly consisting of the polymer laminate,film 12 on

top of the imprint patterns 10a ddhered to the glass

substrate 2 was obtained.

Examples

Non-limiting examples of the invention will Dbe

- further described 4in greater detail by reference Lo

specific Examples, which. should not be construed as in any:

way limiting the scope of the iﬁvention.

Example i

‘The process df'Fig 1 was followed here to produce a

lamlnated lmprlnted Suruc+ure

Preparation of Glass Substrate 2

A glass substrate 2 {obtained from Sumitomo Chemical

-Co., Ltd of Japan) was .cleaned using a liguid mixture of

nydrogen pefoxide and sulphuric acid for 10 minutes. This
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- liguid mixture is extremely corrosive and destroys all

organic particles . and residues. Fellowing which,  the
glass substrate 2 was rinsed in water and blown dry with

nitrogan gas.

preparatlon of - Slllcon Wa*er Chi D 14 .
' A 51llcon wafer chip 14 (obtalned from Montco Slllcon‘
Technologles, Inc.” of San Jose, California . .of the‘Unlued

States of Americal’ was cut from an ultra flat B” Dsp wafer

. w1th mlnlmum DOSSlble total thlckness varlatlon The wafer

Chlp 14 Should be larger in area than the patterned area

'of the idmprint mold 8 used to pattern the resist on the
‘ glass substrate 2. The same corrosivé mixture as above was
ﬁ Lsed to clean the 51llcon wafer Chlp 14.

LI

The silicon wafer Chlp 14 is then immersed 1in a

ligquid solution of phensthylmethyldichlorosilane (PEDS,

- cbtained from Alfa~Aesar of Ward Hill, Massachusetts of

the United States of‘America) in a ratio of apprbkimately_

1 ml of PEDS to 25 ml of anhydrous heptane. This solution

was prepar@d in a glovebox te minimize premature reactions
by reducing ambient humidity. The silicon wafer chip 14
Was immersed in the above soclution for 15 minutes, rinsed
in heptanes and dr#ed with a cleanrocm wiper. By treating.

thé;silicon'wafer:chipll4 with, PEDS,_thisfsigﬁificantly

reduces the surface. energy of the silicon'surface,Athus

aséistihg-with transfer and lamination of the uitrawthin
PMMA laminate filﬁ 12 which will be spin-coated On top of
the smllcon wafer: chlp 14 as will be described further
below |

The surface partlcles and crosslinked r651dues on the

surface of the 5111con wafer chip 14 was removed with a

. cleanroom wiper and‘acetone. The silicon wafer chip 14

~ was then ultrasonicated in acetone to remove excess PEDS.
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The silicon wafer -dhip 14 was  baked at 150° € on a

hotplate for 5 minutes to remove all solvents.

- Preparation of Imprint Mold 8

. The imprint mold 8 was prepared by ‘evapoﬁating"a‘
$é1f—asseﬁbled monclayer {SAM) coating' of
éé&f1ﬁorodecyltricholcrosilane ﬂFDTS} obtained from Aliéjf
Aegar bf Ward Hill&fMasSachusetts oﬁ the United Statésldf‘

Aﬁérida) :bn the Cimprint. mold 8 containing  an impﬁint

-fd?ming surface 10 made up of 'an 1 cm % 1 cm array of 150

nni diameter pillars with 80 nm height. Evaporation of the
FDTS was  effected by placing the ‘imprint meld 8 in- a
va;uuﬁ desiccator ~overnight or in a SAM coating machine

fQi‘Severél minutes: After deposition of the FDIS,  the

imprint ‘mold 8 was rinsed with chloroform to remove excess

FDTS.

Coating of Glass Substrate 2

An adhesion promoter layer 4 was spun-coated 6nto the
glass substrate 2'{affow 20y . “The adhesion promoter layef'
4 was made of up of a.2Z nm thick Transpin {(from Moclecular
Imprints, Inc. from Texas, Austin of the Untied States of

America) to coat the glass substrate 2. Prior to coating

~the adhesion promotér layer 4, the glass substrate 2 must

be baked on a hotplate at 195° C for 5 minutes to rcmoﬁe

~water from the surface. The spin-coating was conducted at

' lSQO RPM, 1800 R/S'ﬁor 1 éecond, and final‘casting speed

was 3000 RPM,'6QO‘R/S for 30 seconds. Following which,

- the coated substrate was baked at 195° C for 2 minutes on -

- a hotplate.

After the adhesion promoter layer 4 was spun-coated

Qnto the glass substzate 2, & 380 nm thick layer of mr-I

L '9000M series polymei (from Micro Resist Tachnology Gmbh

:Afrcm'Berlih of Germany) as the thermesetting polymer & was

Spunmcoated-on the'glass substrate 2 {(as dépicted“by Arrow
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225 . For this, 9100M series resist was used which was 1

um thick and diluted »y 1/3 in anisol by . weight.

Spreading was conducted at 400 RPM, 400 R/S for 2 seconds.

Final casting speed'was 4000 RPM, 1000 R/S for 3C seconds

The coaued substrate was baked at 100° C for exaculy two:
mlﬁutes on the Hotplate to bake out solverts but Lo av01d3
c;oss 11nk1ng ‘the,freSLSt prematurely. ' Mr I 9000M has‘
siﬁilail.properties to SU-8 in that it has a very nlgh

cross-link density and forms a very hard, permanent resist

: material on the surface of the substrate after it is

thermally cured. However; mr-I 2000M has superior imprint

performance to SU-8 and better residual layer uniformity.

Coating of SlllCOﬂ Wafer Chip 14 7
' A 50 nm ultra-thin Film of.VBSOk MW PMMA  (1.5%

solution in cyclopentanone, obtained from  Sigma-Aldrich

- Corporation of St. Louis: Missouri of the United States of

America) as the polymer laminate film 12 was spun-coated

‘on the PEDS coated silicon wafer chip 14.  Spreading was

conducted at 400 RPM, 400 R/S for 2 seconds, and final
coating speed was 2000 RPM, 1000 R/S for 30 seconds. The

PMMA coated silicon wafer chip 14 was baked on a hotplate

.at-150°C for 5 mihptes t6 bake out solvents.

“Imprinting of Thérmosetting Polymer 6

‘Thé‘imprint mold 8'having an imprint fbrming Surface
10 as mentioned above is applied ontc the surface of the
thermosetulng Dolymer 6 coatlng on the glass substrate 2

(as depicted by arrow 24). The 1mpr1nt mold 8 is centered

~on top of the thermosetting polymef 6. The imprint mold
. should be smaller?'than the substrate. An Obducat ¢”
Cimprinter was used. to carry out the 1mprlnt1ng process

. according to the ;o¢}0w1ng recipeg:
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Step No. Temperéturé {°C) Pre$suré {bars) | Time (seconds)
1 160 60 | 500
2 1060 . , 15 f 20
3. 140 .15 600

After the- thlrd step, the assembly was removed fromﬁ

' the Obducat 1mpr1nter 1mmed1ately w1th no cool down,

Poét—lmprihting Treatment
. After the assembly was removed from the Obducat

imprinter, the. assemb 3% was annealed 1p a conve»tion oven

- a’220°C‘to fully curn the mr-I-900C M while leaving -the
' mold attached to the substrate. '

10

After annaallng, the 1mprlnt mold 8 was demolded from
the thermosetting polymer 6 to reveal the series of

imprint patterns 10a on  the imprint@d jth@rmose%tingr

‘polymer 6a. Any residue resist material surrounding the

lmprlnted area was also removed. It is to be noted that
for the first several imprints with the imprint mold 8,
there is'é possibility‘of transferring some FDTS molecules
onto ‘the surface of the imprinted thermosetting polymer

6a. These molecules can be removed by ultrasonicating the

- glass substrate '2' with the - fully cured, pattexnedf

thermosetting polymér in‘ acetone for 15 mlnut@s afber

_anneallﬂg and demoldlng " If these FDTS'IESldues are not

removed,. Lhey can SLgnlflcantly impact the transfer yleld
in-during the lamlnatlon step (arrow 28) .

”he imprinted thermosettiﬂg polymer 6a was ‘then-

' actlvated by a brief exposure to oxygen plasma  or UV-
Eozone. ‘Here, a Trion Reactlvel¢on Etching (RIE) machine

'wa§ used rand was set at 10 scom oxygen, 250 mTorr gas

préssﬁre, and 25 watts forward power for 2 seconds. This

surface activation. step will dfamatically improve - the

adhesion of the ultra-thin 350k MW PMMA film (the polymer
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laminate file 12) to the mr-I 9000M patterned film (the

imprinted thermosetting polymer 6a).

 Lamination (or Transfer) Step

The silicon Qafer chip 14 coated witﬁ fthé:.polyﬁerj

s 1aminate film 12 . was placed face - down on top fof the

imprintéd'thermosetting polymer 6a. -The silibon wafer chip
14 should;be largé: than'the imprint area. After leocading
this assembly into the Obducat 47 imprinter, the £ollowing

raecipe was used:

ES?e?-NO- .E Temperaﬁﬁ:e {°c) Pregsure (bars) Time - {seconds)
1 95 - 103 ~5C - 60 | 150 - 300
2 - ] Cool down to &5 50 - 60 : 600

It is to be noted that the temperature, pressure and

- time used in the first step is dependent on the extent of

infiltration of the poiymer laminate film into the

imprinted thermosetting polymer. If no infiltration is

désired, then the. lower value of the ranges mentioned -
above fFor stép 1 should be used. However, if partial

infiltration is desired, then the higher value of the

' ranges mentioned above for step 2 should be ﬁsed.

- During the second St@p, the temperatuxé'was decreased

~but the pressure used should be the same as that used in -

the firét_step. By ‘having a lowered temperature in the
second step,. thiS isg to cool down the whole assembly to a
tempeiature far below the glass transition temperature of

PMMA .

. Post-Lamination Treatment

After cool—doWﬁ, the assembly was removedﬁ and the

silicon wafer «chip 14 was detached from the glass
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substrate 2. Any PMMA residues surrounding the imprinted

_area was then cleaned with acetone and a c¢leanroom wiper. .

- Example 2
The process .described abobve ﬁas used to  ¢btain§fa;

laminatediétructdﬁe_with an ultra—tbin.?MMAifiimVEiovidéd '

con top of the imprinted mr-I 9000M  resist. Here,f the

laminating 'temperatur@ used was 95°C, the laminating

pressure used was 60 bars and the lamina%ion time was 300

. seconds. As this temperature was below the glass

tfansitioh temperature of bulk PMMA (105°C), the PMMA £ilm
diﬁlnot'déform and;infiltrated into. the imprinted pattern.

Fig.. 2a 1is diSEM image of the heavily crdss—link@d

- imprinted mr-I 9000M resist with 150 nm diameter, 80 nm

deep holes with 300 nm pitch and a 50 nm thick 350k MW

PMMA film resting on the top. The 50 nm thick PMMA £ilm
extends out beyond the edge of the imprinted resist which

is indicative that the PMMA film rests on top of the

'imprinted layer but does not actually infiltrate into’ the

imprinted features. ‘ _

A similar result is shown in Fig. 2b where the ultra-
thin PMMA film extends even further beyond thé edge of the
imprinted resist such that the underside of the £ilm can

be imaged with r@asonable clarity.' From Fig. Zb; it is

ciear that the. PMMA film does not infiltrate into the

impxinted patterns and the underside of the PMMA film
remains -undeforméd and thus shows no evidence of any
infiltration. |

From Fig. Za- and Fig. 2b, it can be seen that

 cavities exist which are bounded by the polymer film and
'}the'stfuctures. Iﬁ?Fig. Za and'Fig.‘Zb, it appears that

“the PMMA film seems to bend into the imprinted. pattern.

However, this is believed to be an edge effect caused by

the disruption of the PMMA film when the sample was broken
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- for SEM preparation and imaging. - In additicn, because, the

imprinted pattern is diécrete”aﬁ&'in Ehe'ﬁaho4scaleA and
the sample was broken by handh;the_sample wiilfnotibregkr
along a line paraliél to the discrete features. Therefore, .
tﬁé feaﬁures in Figfﬂ2a-g;ew slightiy larger in diﬁensiéﬁf
frbm left to righﬁ; due to the orienfation of the featurés-
nﬁﬁ being:exactly ?arallel to the cross-section.

In any case, since these figures were obtained at a

: lémination temperatuﬁé of 95° C, which is below the glass

transition temperature of bulk PMMA (105°C), the PMMA film

".dld not deform and infiltrated lnto the 1mDr¢n+ed pattern.
jThls 15 conflrm@d by the SEM images depicted in' Fig. 2a
j‘and Fig 2b.

Tfurther Fig;"2a and Fig. 2b confi#med that the
integrlty "and  structure of the nano-imprints were

preserved even though the PMMA film was applied to the

‘nano-imprints at a high temperature.

7 Exam@le 3
The process described in Example 1 was used to obtain
a laminated -structu”e with an ultra-thin PMMA film

prov1ded on top of the imprinted mr- I 9000M resist. Here,

,the laminating t@mperaturn used was 102° C the laminating

pressure used was 50‘bars and the laminaticn time was 150

seconds. As this temperature was only a few degrees below -

thé‘glaés transitionftemperature of bulk PMMA (103°C), the
PMMA film partially infiltrated 1into the imprinted

- pattern.

'Fig. 3a and Bb“SEM images of a heavily cross-linked

imprinted - resist WithaESO nm diameter, 80 nm deep holées
with 450 nm pitch and a 50 nm thick 350k MW PMMA film
' résting ori the top. Hence, it can be,seenjfrbm Fig.:3a and

. 3b that cavities exist which are bounded by the polymer

£

film and <the struqtures. In the case of Fig. -3b, the
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1mpr1ntec. resist fllm, itself rests on top. of a 400 nm
f;thlck alumlnum. fllm.‘ Hehce, an aluminium coé*ed_ glass_
suberate (obtalned4 from Sumltomo Chemlcal Co. "Ltd of
Japan) was used to-form the lamlnabed structure’ shown lﬂl
Fig. 3b in place of the .glass ‘substrate 2. For both Flg
Béjand 3b, the substxate used ié glaSS. It is to:be noted
tméi the PMMA® filﬁﬂjwas cleaved such that for the"most
_ pért it'does not  extend over the edge of‘the_imprinted
reSlSt layer except, to & minor exLent between inéividual
features This phenomenon is the- result of the partlal
1nf1¢trat10n of the laminated PMMA film intc the imprinted
-J{f feathres _ | | v
o On close lnspectlon of the 1mages, especialiy Fig.
3b; it was observed that the DMMA = £ilm dld infiltrate
about 20 nm into the 1mpr1nted holes. 'These sampi@s weré
imprinted at ~102°C, which is a few aegrees below the bulk
- glass transition of PMMA. TbereLore, it was expected that
scme deformation of the PMMA film and some infiltration of
‘the PMMA film into the impriﬁted features would take place
and this was confirmed by rig. 3a and Fig. 3b.
- Further, Fig.; 3a and Fig. 3b confirmed that the
1ntegrlfy and structure of the nano~¢mprlnts were'
preserved even though the PMMA film .had lnLlltrated lnto
the’nanoﬂlmprlnts at a nlgn temperature.
~ The témperature.and the pressure.applied during the
lamination step can be'manipulated to control the degree.
of. infiltration_‘of the PMMA film into the imprinted
pattern :In addition} the laminatibn temperature can be
1 contreimea to p*even# ‘ﬁomplete‘;filiing of the Cimprinted
.Lpa;tern by the PMMA fllm,' which would occur if the
temperaﬁﬁré is ra;sed about one or two degrees above
102°C,  Control of this behavior on the nano-scale is a

. significant accomplishment.
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Pig} 4 shows a iarge area AFM scan of an externally—

'Lac1ng surface of the iamlnated 350k MW PMMA film on top

of the cross—*lnked nanostructured resist £film accordkngl
to this Example. eThe scan area was 10 um sguare. The 27:
renge bar as displayed on the right is 10 nm. The peak—
td?troughz:Zwrangei for this‘ scan is _aboutl 2 nm.  The
tfoughs can clea@ly be seen as Ethe ‘iﬁprinted holesg
uﬂderneath the laminated,film. It is believed that the
lam1nated PMMA fllm shows these :denrees*ons over the
lmprleted holes due to some lnflltt&thﬁ of the PMMA film

1nto “the‘ 1mpr1nted, holes (volume displ acement) in

"comb1nat10n with some bending of the laminated EMMA fllm

lnto the.holes because of the low modulus of the ultra-
then PMMA film in suspen51on | j
Nonetheless, the z- range for the scan is only about 2

nm, which is generally negligible £for the purposes of

- device building on top o<f the Iimprinted structures

underneaﬁh. In addition, the RMS roughness of the PMMA

film given at 1 um scan aree ig only about (.2 nm. This

closely resembles the expected‘RMS reughness of the 87 DSP
wafer chip surfaee: ﬁhat the EMMA‘ film was - spincoated.‘
against. ‘ : .

Applications

The disclosed .proeess may noet reguire the use of

~additional equipment in order to carry out the lamination

process. The disclosed process may not require an

additional  adhesion  film  to be applied to the

© thermoplastic Dolymer in OVdEI to promote adhesion be*ween

the thermoplastlc polymer and thermosetting polymer since

the adhe51on between the Two polymers is already promoted

f by the. bondlng between the polymer chains present in. the

two polynmers.

. The dlsclosed process may enable the lamlnatlon of a

structured substrate while preserving the cavities that
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exist between the array of structures. This is unlike

conventional lamination which results in filling 4in any
cavmtles that are preseee in Deuween the structhres '”
The dlsclosed ‘process to fabrlcate | lamlnatedL
Structure ‘may be used to planarize a varlety of d;ffereetJ
nano- structured surfaces for applicaticns such - as thln‘
zllm, device manufacturing, displays, eolar panels,
lntegrated c1rcu1+s,‘etc
. For example, a transparent ultra thln fllﬂl may be
used as the polymer lamlnate film and since the “llm would

be much- thlnner %han any wavegulde nodes  in the dEVlGe,

-the disclosed process may be used to bulld szngle~ or

'mul+1 levei ale—polymer photonic waveguldes w1tn photonlc

cr;stals arranged vn such a way as to guide llght around
corners as well as up and down different levels of the
device.

The disclosed process may also be used to planarize

an array of nanochannels and reservcoirs s¢ that a

‘nanofluidic device may be built.

In an embodiment, where the polymer laminate film is

‘a" functiocnal mat evlal such ée a thermoplastic ,iight

emitting polymer, tne polymer laminate film may be used as

part of an organic llght emitting . device (OLED). For

example, one could pattern one or more layers beneath . the

“light emitting polymer (LEP) laminate using nano-imprint

lithogrephy, and ther transfer the LEP laminate on top of
the imprinted patterns using the disclosed process. A

cathode metal may . then be deposited on top of the LEP

Telamlnaee to complete an OLED device.

The planaelzatloﬁ layer described in ‘an embodiment
dlsclosed heréin may alseo act as a fluid/gas diffusion
membrane, which would mediate the diffusion of gas into a

fluid, where the polymer laminate film would be

impermeable to the fluid but permeable to the gas. An
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easlly discernible application in this instance would be a
bloodA oxygenator ‘where the po?ymev material and ﬁhe:
thlckn@ss of the 1am1nate would be chosen to Optlle@ the:
d fFu51on of oxygen into. Dlood for patzents whos& lungsf
are aamaged or ouherw;se unable-to breathe on their own.

In accordance w1th an embodzment disclosed hereln, i1f
a. layer of oxide such as silicon oxide is dep051ted oh top
of the ultra-thln-polymer fllm under vacuum, it m;ght be
pOSSlble to retain' a vacuum within' the nano-scale

1mprﬂﬁted Leatures for a -long period of tlme. There may

be; several commercxai applxcatlons for this arrangement

‘sach as for AFM tlps

Further, the disclosed process may provide an
inexpensive process for suspending an ultra-thin. laminate
film over recessed features. The suspehsion of ultra-thin

laminate films in this manner would -enable a variety of

“scisntific studies to directly probe the mechanical

properties of sald films without interference in the

measurement from a supporting substrate. This could"

perhaps be accomplished wusing various AFM probing

_techniqﬁes against the suspended‘regionse

The materials selection, selection of imprint meold to

pattern the cross-linked polymer . film, ‘the selected

thigkneés -of the PMMA 'laminate, thé design of the mold

features can all be controlled to achieve application-

specific results as discussed above. -

The disclosed process may allow the ability to

- transfer: an intact ultra-thin (< 50 nm) polymer film and |
Tiaﬁinatéliﬁ‘over,a patterned polymer'film comprising of
"ﬁaﬁo~sca1e features,  thus generating 'an all-polymer or

S all- veszst construct w1th controllable 1nf11tratlon of the

polymer laminate into the nano- scale features. in

addition, nanc-scale contrel over the'distance set between

the sealed features and the external surface ' of <the
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construct can be achieved simply by adijusting the spin-
coatlng parameters,‘and thus the resu¢elng tnlckness,,off

the polymer lamlnate

It will be apparent that wvarious other modlflcathﬂS : -

and adapeatzons of the Adnventicn will be apparent to the
person sk;lled in the art after -:eadlng -the forego;ng
dieclosure withoue;departing from the spirit and scope of
the invention and - it is intended that all such

modlflcat;ons and adaptatlons come w1th1n the scope oI the

appended claims
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Claims

1. A process for forming a laminated structure, the

process comprising the step of bonding a polymer f£ilm
tc an array of structures disposed on a substrate
under conditicons to cause the polymer chains in said
polymer film to at least partially infiltrate into
said array of structures, wherein gaid conditions are
suitable for contrelling the degree of infiltration of
said polymer chains into said array cf structures, and
wherein a plurality of cavities are formed between
said polymer film and said array of structures during

gaid bonding.

. The process as claimed in claim 1, comprising the step
of imprinting the structures on the substrate bafore

said bonding step.

. The procegs as claimed in claim 1, wherein the
cavities are defined by enclosed walls for containing

a material therein.

. The process as c¢laimed in c¢laim 1, wherein the
cavities have an opening for permitting material to

flow therein.

. The process as c¢laimed in claim 4, wherein the
cavities have another opening for permitting material

to flow therethrough.
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. The process as claimed in claim 1, comprising the gtep

of selecting a thermoplastic polymer asg said polymer
£ilm,

. The process as claimed in claim 6, comprising the step

of gelecting poly{methyl methacrylate) as said
thermoplastic polymer.

. The process as claimed in claim 6, comprising the sgtep

of selecting said condition from a temperature in the
range of about 20°C below the glass transition
temperature to about 10°C above the glass transition

temperature of said thermoplastic polymer.

. The process as claimed in claim 8, comprising the step

of selecting saild temperature from the range
consisting of 20°C below said glass transition

temperature to the glass transition temperature.

The process as claimed in any one of the preceding
claims, compriging the step of selecting said
condition from a pressure selected from the range

consisting of 40 bars to &0 bars.

The process as claimed in any one of the precsding
claims, comprising the step of selecting said
condition from a time duration selected from the range

consisting of 150 seconds to 300 seconds.

The procesg as claimed in any one of claims 1 to 11,
comprising the step of providing an ordered array of

structures con a planar substrate.
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The process as claimed in any one of claims 1 to 12,
wherein the plurality c¢f cavities have an ordered

pattern throughout the laminated structure.

The process as claimed in any one of the preceding
claims, wherein said Dbonding ¢auses sgald polymer
laminate f£ilm to infiltrate said array of structures
by a distance selected from the range congisting of 1

nm to 200 microns.

The process as c¢laimed in ¢laim 14, wherein the
infiltration distance is selected from the range

consisting of 10 nm to 20 nm,

The process as claimed in any one of the preceding
¢laims, comprising the step of selecting the thickness
of said ©polymer laminate film from the zrange

consisting of 10 nm to 10 millimeters.

The process as c¢laimed in any one of the preceding
claims, comprising the step cf selecting said array of
structures having a dimension on the nano-scale sgize

range.

The process as claimed in claim 2, wherein the

imprinting step comprises nanoimprinting.

The process as claimed in claim I or c¢laimsg 2 to 9,
comprising, before the bonding step, the step of
forming the structures on the substrate using a

technique selected from the
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group consisting of photolithography, e-beam writing

and focused ion-beam writing.

The process as claimed in any one of the preceding
claims, comprising the step of selecting a

thermosetting polymeric substrate as said substrate.

The process as claimed in any one of claims 1 to 20,
comprising the step of selecting as said substrate, a

cross-linked polymer substrate.

A laminated structure comprisging a polymer film
containing polymer chains that are at least partially
bonded with an array of structures disposed on a
gubstrate, wherein said polymer film at least
partially infiltrates into the array of structures,
and wherein a plurality of cavities are provided

between said polymer £ilm and said structures.

The laminated structure ag claimed in claim 22,
wherein said polymer £ilm comprises a thermoplastic

polymer.

The laminated structure as claimed in claim 22 or
claim 23, wherein the polymer film infiltrates into
the array of structures by a distance selected from

the range consisting of 1 nm to 200 microns.

The laminated structure as claimed in claim 24,
wherein the infiltration distance ig selected from the

range congisting of 10 nwm to 20 nm.
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The laminated structure as claimed in any one of
claims 22 to 25, wherein the array of structures

have a dimension in the nano-scale size range.

The laminated structure as claimed in any one of
claims 22 to 26, wherein the gubstrate comprises a

thermosetting polymer.

The laminated structure as claimed in any one of
claimg 22 to 27, wherein the substrate is a cross-

linked polymer substrate.

A photonic c¢rystal comprising a polymer film
containing polymer chains that are at least
partially Dbonded with an array of structures
disposed on a substrate, wherein said polymer film
at leasgt partially infiltrates into the array of
structures, and wherein a plurality of cavities are
provided between gaid polymer film and said

structures.



