1 METHOD OF FORM NG AN | N- SI TU RECESSED STRUCTURE
BACKGROUND OF THE | NVENTI ON [ 0001] The field of
invention relates generally to mcro and/or
nano-fabrication of structures. Mdre particularly,
the present invention is directed to formng relief
structures in substrates. [0002] Mcro-fabrication
invol ves the fabrication of ; wery small structures,
e.g., having features on the order of mcro-neters or
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yields while increasing the circuits per unit érea
formed on a substrate, micro-fabrication becomes
increasingly important. Other areés of development in
which micro-fabrication has been employed include
biotechnology, optical technology, mechanical systems
and the like. '

[0003] Traditional micro-fabrication employs
photolithography techniqueé to replicate patterns on
substrates. Photolithography includes a combination of
an exposure tool and an image transfer process. To that
end, a process compatible masking layer, often referred
to as a resist-layer, is employed to provide the desired
pattern. That 1s, the material from which the resist-
layer is fabricated is optimized for the exposure tool
and the image transfer process. As a result, several
factors are considered when determining the proper

resist material, including the exposure wavelength and



resist material, including the exposure wavel ength and
E[5 2 {ip conpatlblllty of the resist-Ilayer

material to post imaging processes, e.g., subsequent
etch and deposition processes. In addition to the
resist-layer, replicating patterns wth well-defined
features i s dependent upon operationa

characteristics of the exposure tool. These
characteristics include, and are not limted to, the
nunerical Eerture of the exposure tool |ens,
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Egenumerous publications, such as United States
published patent application 2004/0065976, filed as
United States patent application number 10/264960 on
October 4, 2002 and entitled METHOD AND A MOLD TO
ARRANGE FEATURES ON A SUBSTRATE TO REPLICATE FEATU_RES
HAVING MINIMAL DIMENSIONAL VARIABILITY; United States
published patent application 2004/0065252, filed as
United States patent application number 10/264926 on
October 4, 2002 and entitled METHOD OF FORMING A LAYER
ON A SUBSTRATE TO FACILITATE FABRICATION OF METROLOGY
STANDARDS; and United States patent number 6,936,194
entitled FUNCTIONAL PATTERNING MATERIAL FOR IMPRINT
LITHOGRAPHY PROCESSES, all of which are assigned to the

assignee of the present invention.

[0005] The fundamental imprint lithography technique
disclosed in each of the aforementioned published patent

applications includes formation of a relief pattern in a



assi gnee of the present invention. [0005] The
fundanental inprint |ithography techni que disclosed
in each of the aforenentioned published patent
applications includes formation of a relief pattern in
a{ { 3 polynerizable |ayer and transferring a
pattern corresponding to the relief pattern into an
underlying substrate. To that end, a tenplate is

enpl oyed spaced fromthe substrate with a formabl e

liquid present  apart t] between the tenplate and the
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substrates containing topography.

image that corresponds to the pattern in the solidified
layer.

[0006] Generally, control over the dimensions of the
features formed with the aforementioned processes has
been dependent upon the topology of the underlying
surface in contact with the formable liquid. The
greater anisotropy of the surface, the greater the
distortion in the relief image.

[0007] There is a need, therefore, to provide improved

processes for forming relief structures on substrates

containing topography.

SUMMARY OF THE INVENTION
[0008] The present invention features a method of
patterning a substrate that includes forming from a
first material, disposed on the substrate, a first film
having an original pattern that includes a plurality of
projections. A subset of the projections extends from a
nadir surface, terminating in an apex surface defining a
height therebetween. A portion of the first film in

superimposition with the nadir surface defines a nadir



SUMVARY OF THE | NVENTI ON [ 0008] The present invention
features a nethod of patterning a substrate that
includes formng froma first material, disposed on
the substrate, a first film having an origina
pattern that includes a plurality of projections. A
subset of the projections extends froma nadir
surface, termnating in an gpex surface defining a
hei ght therebetween. A portion of the first filmin

superinposition with the nadir surface defines a nadir
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selected so as to be greatér than the height of the
projections of the second material to accommodate the
effects of removing the nadir portion. Specifically,
the apex surface facets during removal of the nadir
surface. As a result the faceted portion of the apex
surface, as well as portions of the projections of first
material in superimposition therewith, is removed to
form a crown surface. The crown surface includes
regions of the first material séparated by regions of
the second material. In one embodiment, the first
material is an organic acrylate and the second material
is a dielectric. 1In another embodiment, the first
material is an organic acrylate and the second material
is a conductive material. These and other embodiments

are described herein.



material in superinposition therewith, is renoved to
forma crown surface. The crown surface includes
regions of the first material separated by regi ons of
the second material. In one enbodi nent, the first
material is an organic acrylate and the second

mat eri al is a dielectric. In another enbodi ment, the
first material is an organi.c.acrylate and the second
material s a conductive materi al . These and ot her
enmbodi nents _are_descri bed_herein.
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embodiment of the present invention;

[0012] Fig. 4 is a simplified cross-sectional view of
the multi-layer structure in accordance with an
alternate embodiment;

[0013] Fig. 5 is a simplified cross-sectional view of
the multi-layer structure shown in Fig. 4 after being
subjected to a blanket etch;

[0014] Fig. 6 1is a simplified cross—-sectional view of
the multi-layered structure, shown in Fig. 5, after
subjecting a crown surface to an etch to form recesses
in a primer layer;

[0015] Fig. 7 is a simplified cross-sectional view of
the multi-layer structure shown in Fig. 6 after
deposition of a second etch differential layer;

[0016] Fig. 8 is a simplified cross-sectional view of
the multi-layer structure shown in Fig. 7 after being

subijected to an additional blanket etch;



the multi-layered structure, showm in Fig. 5 after
subjecting a crown surface to an etch to formrecesses
in a primer layer; [0015] Fig. 7 is a sinplified
cross-sectional view of the nulti-layer structure
shown in Fig. 6 after deposition of a second etch
differential layer; [0016] Fig. 8 is a sinplified
cross-sectional view of the pgulti-layer structure
shown in Fig. 7 after being~ subjected to an
addi ti onal bl anket etch; 6  [0017] Fig. 9 is a
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ross-sectional view o e nultr-Tayered sStructure,
showh-layergd (truatvee, <objnect byg ddpessanert @fa an

bl anket _etch to forma crowm surface; [0021]. Fig. 1
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subjecting the crowm surface to an etch to formvia
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a sinplrfied cross-sectional view of

subjecting the same to a blanket etch to form a crown
surface;

[0021] Fig. 13 is a simplified cross-sectional view of
the multi-~layered structure, shown in Fig. 12 after
subjecting the crown surface to an etch to form via
portions in the substrate in accordance with one
embodiment of the present invention;

[0022] Fig. 14 is a simplified cross-secticonal view of
the multi-layered structure, shown in Fig. 13, after
subjecting the same to an anisotropic etch to form
trench portions aligned with the via portions in
accordance with one embodiment of the present invention;
[0023] Fig. 15 is a simplified cross-sectional view of
the multi-layered structure, shown in Fig. 14, after
deposition of conductive material in the via portion and
trench portion in accordance with one embodiment of the
present invention;

[0024] Fig. 16 is a cross-sectional view of a substrate

patterned with an organic acrylate material in



the multi-layered structure, shown in Fig. 13, after
subj ecting the sane to an anisotropic etch to form
trench portions aligned with the via portions in
accordance wi th one enbodi ment of the present
invention; [0023] Fig. 15 is a sinplified
cross-sectional view of the nulti-layered structure,
shown in Fig. 14, after degositi on of conductive
material in the via portion‘and trench portion in
accordance wi.th one enbodi nent of the present
PROGRERABAE PO6R4PRFRgLerats grbrssigeddcifortdle RIGT BT
ansuhstrate patterned with an organic acrylate
material in 7 accordance with an alternate enbodi nment
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17 with a conductive |ayer disposed thereon; [0027]
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%g?¥§ﬁ%§gfgggﬁégrzation; [0028] Fig. 20 is a
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POBSDT < PP oS 21 $ha Ffoss PagetFanar Y6 of e oal
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al ternate enbodi nent; [0030] Fig. 22 is a
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acrylate material;

[0029] Fig. 21 is a cross-sectional view of the
substrate shown in Fig. 20 in accordance with an
alternate embodiment;

[0030] Fig. 22 is a cross-sectional view of the
substrate shown in Fig. 17 with a dielectric layer
disposed thereon;

[0031] Fig. 23 is a cross-sectional view of the
substrate shown in Fig. 22 after being subjected to a
blanket etch;

[0032] Fig. 24 is a cross-sectional view of the
substrate shown in Fig. 23 after removal of the organic
acrylate material;

[0033] Fig. 25 is a simplified cross-sectional view of
the multi-layer structure in accordance with an
alternate embodiment;

[0034] Fig. 26 is a simplified cross-sectional view of

the multi-layer structure shown in Fig. 25 after



di sposed thereon; [0031] Fig. 23 is a cross-sectiona
view of the substrate shown in Fig. 22 after being
subjected to a blanket etch; [0032] Fig. 24 is a
cross-sectional view of the substrate shown in Fig.
23 after renoval of the organic acrylate materi al
[0033] Fig. 25 is a sinplified cross-sectional view of
the multi-layer structure in accordance with an
alternate enbodi nent; [0034] Fig. 26 is a sinplified
cross-sectional view of the nulti-layer structure
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DESCRI PTI ON OF THE | NVENTI ON [ 0036] Referring to Fig.
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features having dimensions on the order of the
dimensions of undulations 12 and polygonal structures
>l4, because the substrate 10 presents a non-planar,
i.e., roughened topology, to the pattern process. As a
result, undulations 12 and polygonal structures 14,
commonly referred to as planarity perturbations, make
difficult controlling feature dimensions of patterns
formed on substrate 10. One of the advantages of the
present invention is reducing, if not abrogating,
problematic effects of planarity perturbations employing
a multi-layer film stack 16 to pattern the substrate
underlying the surface.

[0037] Multi-layer film stack 16 includes a primer layer
18 deposited on a surface 20 of substrate 10, a
patterned layer 22 disposed upon primer layer 18, and an
etch-differential layer 24 deposited upon patterned
layer 22. Primer layer 18 functions to provide surface

26 with planarity perturbations having a frequency that



difficult controlling feature di nensions of patterns
formed on substrate 10. One of the advantages of the
present invention is reducing, if not abrogating,

probl ematic effects of planarity perturbations
enploying a multi-layer filmstack 16 to pattern the
substrate underlying the surface. [0037] Miulti-I|ayer
filmstack 16 includes a pr'ner | ayer 18 deposited on
a surface 20 of substrate 1 a patterned | ayer 22
di-sposed u rimer |ayer and an

+fC eﬂ?f?%g ﬁ%lfF%QBPHQX 8§p6§?t8éaﬂﬁéﬁt§atterned

%@g@urggtlgﬁénfﬁ Layer-d8ofhunctions to provide surface
6 wth planarity perturbations having a frequency

[0R38D (atseress tlwaren he fareduendy-of £ tdeept ambhrliayer 24
epturbations in_surfa 20. . [0038] _Pattern r 22

BEELE R PFPn, B BE LR Ehns s 05T he R ELERTBE, | ALR

tesherentirah théeréageir8 thah réeéglb&dft@quh%sses of

relative etch rates and thicknesses of the materials
thomahtEhe bat fepRedn i ghepasbegRgdet e rditkf @nEhEitan -

4 fér@étfég IQ?@?d24TQké %QQhEHtat%glsf%r%ﬁﬁh%%te%”
substrate 1 a pattern corresponding to a shape
fwrmmmiemnednlaybstﬁateFéﬂ erdnpl patasrnskowresponding

tt d | ded th_f eat t hat
FRCH (R o bk 7R 308NATV RS A2c hi ERASETPL Sand®

S186@8 S| Past SendbaviAged bhi eknessvi dedMhasur ¢d ketraReRhat
prinmer lTayer 18 and a bottom of recessions 32.

qmﬁ%%%%s@r@ze¢%l@h@mﬁovaﬁypﬁg évéhlphéeﬁﬁealofand
£§§%§%D§QS %?yﬁévfé EHECE @Q@r y £§££H£Q§tF89éeen
tha Urve ayer

presents as surrace riner
dBimdhi thynessld 2ang arbbetbadoforaSeaSﬂeﬂBdB@L
%ﬁﬁgﬁgggg tJﬁkfﬁ;%%%?svgr%Ing over the area of patterned
layer 22 to the planarity perturbations that presents as
curved surface 26 in primer layer 18. Thickness t,; is
referred to as a residual thickness. Thicknesses “ti”
and “t,;” may be any thickness desired, dependent upon the
application.
[0039] Each of projections 30 has an apex surface 34 and
each of recessions 32 has a nadir surface 36. In the
absence of etch-differential layer 24, the thickness
differential between t; and t; of projections 30 and
recessions 32, respectively, defines the amount of etch
time required before exposing regions of substrate 10.
Specifically, some or all of patterned layer 22 1is
sacrificed during the etching process to provide the
desired dimensions of the pattern eventually recorded in
substrate 10. Assuming a uniform thickness t,, a greater

amount of etch time is required to expose regions of

substrate 10 in superimposition with projections 30



and "t2" may be any thickness desired, dependent upon
the application. [0039] Each of projections 30 has an
apex surface 34 and each of recessions 32 has a nadir
surface 36. In the absence of etch-differential |ayer
24, the thickness differential between t1 and t2 of
projections 30 and recessions 32, respectively,

defi nes the amount of etch 5ine requi red before
exposi ng regi ons of substrat® 10. Specifically, sone

or all of patterned |ayer 22 is sacrificed during the
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pattérn, may be controllTeéed as desired. To that end, it
transferred onto substrate 10, i.e., the recorded
pattern, may be controlled as desired. To that end, it
is desired that the etch characteristics of patterned
layer 22, for a given etch chemistry, be substantially
uniform. However, the presence of planarity
perturbations may result in exposure of some regions of
substrate 10 in superimposition with projections 34
before exposure of regions of substrate 10 in
superimposition with recessions 32. As a result
features of the pattern may be lost, which is
undesirable.

[0041] Etch-differential layer 24 provides added
variability in a given patterh transfer process for a
given patterned layer by modifying the EPC. This
facilitates overcoming problems associated with the
planarity perturbations. Specifically, for a given etch
process and patterned layer 22, etch-differential layer
24 operates to modify the EPC by wvarying the time
required before the etch chemistry breakthrough of all,



is desired that the etch characteristics of patterned

| ayer 22, for a given etch chem stry, be substantially

uni form However, the presence of planarity

perturbations may result in exposure of sone regions

of substrate 10 in superinposition wth projections

34 Dbefore exposure of regions of substrate 10 in

superinposition with recessigné 32. As a result

features of the pattern may be |ost, mhich is

undesi rabl e. [0041] Etch- dlfferentlal | ayer 24

BFo@Pé{e§u§d&é’ L1par PAbi GGy BaT TR GiRen PR ern TO expose

EE@”%E%EoRr%Qe%%b%Q&a%e gioven RAILr NGt daYeIn Bherewith.
nodi fying the EPC. This facilitates overcom ng

;ﬁp@BEérTsTIa@srm@dafe@aW@h ohethel BREr usydpeendebat hpns.

eC|f f or tch ess .an ned
PR =30 2oa oo 1 PaPetl T sy P oA e S
HECﬂaf:yvteh%tERCrﬁkte\éab)ﬂ R et Iﬂ%ttdrmeilsr ettt &duhﬁf or e

the etch chem stry breakthrough of all, 11 or an

BabLPEPEFOAIET e 3p&t @épﬁlediufa%%erztzlaﬂo lsgs el 4 13
of in.s i

FERAST TheSHREE TR Do tRE LA e o e

betvweah hawmadszacn@noﬁuwﬁese MdbEUKBEHndHﬂhﬂfadﬁeof

el ative etch rates of th erials fro

BatEeried ey er 53 s T L e 24, with
EﬁénﬁﬁteéﬁgbaebeﬁﬁgtQéfb&r%@&t%ﬁ@gﬂéﬂﬁhlﬂhﬂéﬁiﬁﬂéﬁad&b
bet ween nornmalization surface 40 and an interface of

PBRI &r ABETI &p€r aZ2anicth téec AR fféfrk@thaaqlaitdws am
Wi by Eerb?%%e;ha%%rﬁ%'ﬂQaftﬁf e red. aQ:eéélIOet#Ei AN ErT

Interface over ‘the area of t
aaeiatfonstunn difs t-arc e hb@kwedn ther nved liaztaitvieo rs heayrd sacef
gngo&ggllzatlon surface 40 and patterned layer 22.
It is the volume of etch-differential layer 24 disposed
between normalization surface 40 and the ERI that
defines an etch-differential interface. Considering
that all or some of etch-differential layer 24 and some
or all of patterned layer 22 are sacrificed to form onto
substrate 10 the desired recoded pattern, it is seen
that etch differential interface 28 provides the
modification to the EPC. By establishing a suitable
etch-differential interface 28, the deleterious effects
of planarity perturbations may be attenuated, i1f not
avoided.
[0043] For example, as mentioned above, the planarity
perturbations include undulations 12 and polygonal
structures 14; however, it should be understood that the
topology of surface 20 may include any known shape,

including substantially smooth, if not planar regions

over a substantial area thereof. Further, the entire



are a function of the shape of the relative shapes of
both normalization surface 40 and patterned | ayer 22.
It is the volunme of etch-differential |ayer 24

di sposed between normalization surface 40 and the ER
that defines an etch-differential interface.
Considering that all or sone of etch-differentia

| ayer 24 and sonme or all SL patterned | ayer 22 are
sacrificed to formonto s %trate 10 the desired
receded pattern, it is seen that etch differentia

It
PREERFECE V2B 5%i GEEPEREShodi ANCRHISH I thte EPC. Uy
i shi i | t Gh-di jjal o4
D e Dl e e PousPdr PPt gy s AnLAe 14,
pertbebat sons apry 2Be matt epo@tréde ioff rrotl icavviatet.any
0043] For exanpl e, .as. nentioned_ ahove, the planarit
Bt L P RET Gis EPREE o LARGURR S 13 Giff B ondl it @
stadghuBesil4cohowarer, oirt msRound lheicdungderisicoad t hat
the topology of surface 20 may include any known
BhapehatenyPh6irng as GBS tLANET SNSErsfsot i g, motIdlt eridr
' u ant:i.al ar t E
D Pae e B M AT ST ohe
2y oncihde entyi peesoff abe 20 omeynecanjuriese weoiemonal th

structures 14. _Futt@er, urfaceéép nmay C ggggse of
SPF1 SBn"SRE RA§~CRACT vaY0L RIS Tpr SSHR TG Ot TR 1Y
858806k alBdcW kR yapestangandesi ldcen maafar if Miyerial, a
i nclude an indium phosphate wafer, a gallium arsenide
dbebectaligampiamiani ori gempaina iomd g ddie.
g?'éwﬁgﬁ)fi‘%neﬁ“f’m%%&atfa .]j‘[)% %ﬂé‘&' udesgny 0ne.0f ot he
or enent’i'oned ers w € or nore pre-existing
tayeogidgpesit dotvhetrechniamye, ene.qf adunclrataywdmor
onprised of a netallic material, a
geggsitson techggques, atomgc %ayer deposition
techniques, physical vapor deposition techniques, spin-
coating techniques, imprint lithography techniques and
the like. In the present example, primer layer 18 may
be formed from a material available from Brewer Science,
Inc. of Rolla Missouri under the trade name DUV30J-6
that is spun-on substrate 10. Primer layer 18 is
typically provided with a thickness to function as an
anti-reflective coating and provide a continuous,
smooth, relatively defect-free surface that may exhibit
excellent adhesion to material deposited thereon and
without being opaque to optical sensing equipment
employed to detect patterns, such as alignment marks
(not shown), on substrate 10.
[0045] Both patterned layer 22 and etch-differential
layer 24 are deposited using any known technique, e.qg.,

chemical vapor deposition techniques, atomic layer

deposition techniques, physical vapor deposition



dielectric material or conbination thereof. [0044]
Primer layer 18 is applied to substrate 10 enpl oyi ng
any known technique, e.g., chem cal vapor deposition
techni ques, atom c | ayer deposition techniques,

physi cal vapor deposition techniques, spin- coating
techni ques, inprint |ithography techniques and the
like. In the present exanplg3 prinmer |ayer 18 may be
formed froma material avaiiable from Brewer Sci ence,
Inc. of Rolla Mssouri under the trade nane DUV30J-6
F%%?anuéﬁun§8ﬁn§88§Fﬂ§9etf@hnpﬂpﬁér LEjperinig jithography
typheabLysPaRYi dad wikh a thi ¢kpess Lo funclign As an
anti-reflective coating and provide a conti nuous,
sabbthnedelavevely defleetchrde fferkace atthdtayeay 24 are

xhi bi.t _excellent _adhesion ,to material deposited
SRS R AT St e S R
egehpren tesphoyad trerdebeealingabherksnesughias 22
alignment marks (not shown), on substrate 10. [0045]
Bor Ob&t@@PﬁEHtPQ9eE Eéuéﬁél§ﬂcﬁfdﬁﬁp@ﬁ@ﬁﬁ & impraiting
£4t§£§aggp9§fé§ eHSkBgagnﬁ b@%ﬁﬂd&%@%%%%u%e rdque. An
chent ca vapor deposition techniques, atomc a§%r
cepuslérpndtephdi guessephypshoalueapsr déeposidadnnldnited

hni , -coating_techni - imprint _.
TG BB C L BERAT AEGS CRnd R R4 5PN JHe TrSbnt
eXaPph €y 2PAt bepnednkayer 22oamrdsetrebndifbienentd@n TG

|l ayer 24 are formed enploying inprint |ithography ‘
NASTANPQMBRISHG Bx8RBIaPY -CONRAI §IHCE MATEGRIng which is

%?gfﬁﬁggdt#ayﬁé gg;iﬁHBEOX? QEQOEE%%g%taiWJéﬁﬁﬂ&ﬁ/éHa
ropfets of rnprinting material, referred to as a
Troprolb speadebyechfiequaceAnerexenpl ayyidedl vdi shense
éechnique,is described in UnLteg , _ ,
1spense imprinting is practiced in a helium rich
atmosphere, e.g., with helium being flowed into a
process region at about 5 pounds per square inch, in a
manner described in United States patent application
number 10/677,639, entitled SINGLE PHASE FLUID IMPRINT
LITHOGRAPHY METHOD filed October 2, 2003 and is
incorporated by reference herein. 2An exemplary system
is available under the trade name IMPRIO 100™ from
Molecular Imprints, Inc. having a place of business at
1807-C Braker Lane, Suite 100, Austin, Texas 78758. The
system description for the IMPRIO 100™ is available at

www.molecularimprints.com and is incorporated herein by

reference.

[0046] Patterned layer 22 includes the features
discussed above. Etch-differential layer 24 includes
first and second opposed sides. The first side faces
patterned layer 22 and has a profile complementary to

the profile of the patterned layer 22. The second side



St ates patent application nunber 10/789, 319 filed
February 27, 2004 entitled COVPOSI TI ON FOR AN ETCHI NG
MASK COVPRI SI NG A SI LI CON- CONTAI NI NG MATERI AL, whi ch
is assigned to the assignee of the present invention
and incorporated by reference herein. Typically, drop
di spense inprinting is practiced in a heliumrich

at nosphere, e.g., with heli peing flowed into a
process region at about 5 pounds per square inch, in a

manner described in United States patent application
hehBEr 2¥8K 67706382 &Rt %ed SENGPE PRASETLA D | MPRI NT

LLBEOSRAPEY 1 YESHOP hi li8d (it Qheha% 2003 @Nd deéFining a
i ncorporated by reference herein. An exenplary system
hermuaikablenuadefacke 40r.ade nane | MPRI O 100TM from

VBR55Y B okl 1abariall SR YD TEHE L T

Theersyst enndeseni-gtiifer ot itthe 1R Q418 EMdeslected to
avai | abl e at  www. nol ecul ari nprints.comand is

PREBIPoFBEedeRér8rn ehy¢hPéfidcased 106 e P@t®erated 11
e hacl f I i-Scu nAhov
é?%h%é%%F%?énP?g?ng%grq%k%Fﬁ?Fu gs% ?%ﬁg% anéﬁgéégﬁ%
oppesediskddssiTheohifsteesimde efrd@ds fopateide rinedh |taheer
%2 ?nd.has a BrotiLe conpl enentary to the profile of
ReIBYEPEr ABUPPEYEFC92. The second side 14 faces away
frompatterned layer 22 formng a substantially
snooth if not planar surface, defining a
normal i zati on surface 40MPPEGZZPNTHe naterial s
enpl oyed to formthe 22 and
etch-differential | gy%@%{%fga%}l e%eed to obtain the
desired etch-differentiladxyhtarface28. I n

ethylene glycol diacrylate
2-hydroxy~2-methyl-l-phenyl-propan-l-one
RiR,

[0048] The acrylate component isobornyl acrylate
(IBOA) has the following structure:

O

S

and comprises approximately 55% of COMPOSITION 1 by
weight, but may comprise 20-80% of the same. As a
result, the mechanical properties of patterned layer 22
are primarily attributable to IBOA. An exemplary sample
of IBOA is available from Sigma-Aldrich of St. Louis,



one exanple, patterned |layer 22 is a polynerized and
cross-linked silicon-free material fornmed fromthe
foll owi ng conmposition: COMPCSI TION 1 isobornyl
acrylate n-hexyl acrylate ethylene glycol diacrylate
2- hydr oxy- 2- et hyl -1 - phenyl - propan-1-one R1R2 [0048]
The acryl ate conponent isobornyl acrylate (IBOA) has
the follow ng structure: j(% and conpri ses

approxi mately 55% of COWP ¥ ON 1 by weight, but may

conprise 20-80% of the sane. As a_result, the
HE ERAHF daPPEREpBFOAES tof BhETerited Yy el i, caljRpnent n-

Héix?@r Lbyyaktel hubabl @ ak0 thBOA. 1A xR @i e e
of TBOA 1S available from Signma-Aldrich of St. Louis,

15 Mssouri under pro@Quct nunber 392103. The

conponent n- hexyl acrylate (nHA) has the foll ow ng
structure: OO an i$€S roxi ly 27% of

COWPCSI TION 1 by weight,” but may conprise 0 to 50% of
the sane. Also providing nechanical strength to

patterned |ayer 22, nHA is enpl oyed toC{Jrovi de the
8B€i FEBPYi§88sPPY oK INetoPESKTIFON f1 COQMP G HE 1Ny Ui PY

t el 29 o pQd her
B3R, Qubenkd, EoEREARZ0 coluntd B SAR, A0t

pkoCONPOS| MECNabhicAd exewmplodhy tosapaplitemfechHAviesr 22, nHA

R S P BT B ol Mo

COMPOSITION 1, in the liquid phase, to be in a range 2-9
Centipoises. Another advantage of nHA is that it
improves the flexibility of COMPOSITION 1. An exemplary
sample of nHA is available from Sigma-Aldrich of St.
Louis, Missouri under product number 408905. A cross-
linking component, ethylene glycol diacrylate, has the

following structure:

\)ko/\/ow/\

O

and comprises approximately 15% of COMPOSITION 1 by
weilght, but may comprise 10-50% of the same. EGDA
facilitates cross-1linking of nHA and IBOA during
polymerization of COMPOSITION 1, as well as contributes
to the modulus and stiffness build up. An initiator
component, 2-hydroxy-2-methyl-1l-phenyl-propan-l-one is

available from Ciba Specialty Chemicals of Tarrytown,



I i nki ng conmponent, ethylene glycol diacrylate, has the
follow ng structure: O and conprises approxi mately
15% of COWPOSI TION 1 by weight, but may conprise
10-50% of the sane. EGDA facilitates cross-|inking of
nHA and | BOA during polynerization of COVWCSI TI ON 1,
as well as contributes to the nodulus and stiffness
build up. An initiator co nent ,

2- hydr oxy- 2- et hyl -1 - phenyl™-propan-1-one is avail able
fromC ba Specialty Chem cals of Tarrytown, 16 W
YoV k' Ghbelr tRé Fbﬁdérﬁgﬁenéﬂﬁo@@ﬁ 1\#;3 %’ﬁ"eS fait
Following strueture: OCB -~ CCH CH3 and

conpri ses apprOX|nater 3% of COVPOSI TION 1 by
wei ght, but may conprise .1%to 5% of the sanme. The
initiator is responsive to a_broad band of
ultra-violet radiatiga-{o f ci ICHat e cross-1inking
and pol yneri zation ‘ npo enb of COWPOSI Tl ON
1. [0049] The conponse '¢R2 IS act ant having
the general structure = F(CHZ 2)y with y being
in arange of 1 to 7, inclusive, and R2 =
C%QC}QCXC}QC}QC»xFI with X is in a range of 0 to 15,
| usi ve. The surfactant.ma the art
tha CRPEe 6S CORPERLTEORY aitt FE SuMEsbe el di g
PEOPRES i BELI Ral/heohbatkd phaseo 3% Wi ltheasa@Rsi reiche
rel ease characteristics in the solid phase. For

put pb3ESr0i St KPSPPRGENHEI 6R 8 Surractand iof ddfinfed it
§§31§P£SQU£8 f88§13@5keogr%@|CElh&Jﬁ%ﬁ Qﬁp%Qh%ﬂerlzatlon

of the components of COMPOSITION 1.

[0049] The component RiR; is a surfactant having the
general structure R; = F(CFCF2),, with y being in a range
of 1 to 7, inclusive, and R, = CH,CH,;0(CH,CH,0)xH, with X
is in a range of 0 to 15, inclusive. The surfactant may
be any known in the art that provides COMPOSITION 1 with
suitable wetting properties in the liquid phase, as well
as desired release characteristics in the solid phase.
For purposes of this invention a surfactant is defined
as any molecule, one tail of which is hydrophobic.
Surfactants may be either fluorine-containing, e.g.,
include a fluorine chain, or may not include any
fluorine in the surfactant molecule structure. An
exemplary surfactant has the following general

structure:

CH, 0
////
CF3 CH2 \O/E ScH, , H



Surfactants may be either fluorine-containing, e.g.,

i nclude a fluorine chain, or may not include any
fluorine in the surfactant nolecule structure. An
exenpl ary surfactant has the foll ow ng general
structure: CFZCFCHZCHZ OXy CFZ CFZ CHZ OCH'" H
17 4 and is available under the trade name ZONYL(r)
FSO- 100 from DUPONTTM whi J7'1 gonsi sts of 0.25 to 2%
of the conposition, with the remaining conponents

bei ng reduced a proportionate anmount. [0050] In the
present exanple, etch differential layer 24 is forned

@ﬁﬁ| 651 AYatHedcopIdicspéise tEd i i%ﬂl%%lus%@ ~dfy & rom
WbBNTesPents & 4 &frsglegﬁgedo% 85522, #8 of £RSUIt, a

plurality of ets (not shown) of inprinting
matepBak iane dlam@sw&led r@m@pmfnqmidzmcrrezhtd ayern@ 2reahd-ed

a gl anari zati g:n nol d not shown) is placed in contact
£ hBF 8RPE Ir X CEXE rp PEAM r‘rpri nting materials from which

gbobodi ff ementtnal prayent24 dasnA HOl T | Zetke @itk ial
cross-linked material fornmed fromone of the

{ayebvwWAgieodpasied @ﬁl@loa@woslhﬁ O¥gp-dispense technique
aggxijgéxgegggk,%em el 1 oxang cd S TWer 22, as
acrylate ethylene gly coI iacry

2- hgdubxy- 2- p&hlmllﬂtypbényﬂlro@ﬂ@pmw (rconeshdRdR2 of
imprinting material are deposited atop of patterned
layer 22 and a planarization mold (not shown) is placed
in contact therewith. Exemplary imprinting materials
from which etch-differential layer 24 is a polymerized

and cross-linked material formed from one of the

following compositions:

COMPOSITION 2

acryloxymethylpentamethyldisiloxane
isobornyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1-phenyl-propan-1l-one
RiR;

COMPOSITION 2 differs from COMPOSITION 1 by the
substitution of nHA with
acryloxymethylpentamethyldisiloxane that has the

following structure:



COMWPCSI TION 2 differs from COMPOSI TION 1 by the
substitution of nHA wth

acryl oxynet hyl pent anet hyl di si | oxane that has the
follow ng structure: 0 18 The remaini ng conponents of
COWPCOSI TION 2 are that sane as COWOSI TION 1, but are
present in differing anounts. For exanple, |BOA of
COWPCOSI TION 2 typically conggg]i ses approximately 37%
of COVMPCSI TION 2, and EGDA and 2-

dr oxy- 2- net hyl - | - phenyl opan-1| -one, conprising
E%Er sRAateny f@W@ﬁ@I@% Orfeéé@qsxléll)pl\] herurthedt srame

B%Régg?gﬁgmﬁgﬁ'ﬁét%bx %r%%b%%s%%% ggp@%?%f@é?ﬁg amounts.
EcrybaxmpéEhyﬂBbé(bfiﬁEMWﬂ&iﬂI@NyFW§W@WG§Hkyuﬁomprises
I sobor nyl I t iacryl ate
S3Rparotg 3 Leny oF- bRER Rt bar ame"ﬂwwa]
ﬁpﬁ?@ﬁyLQOﬁeah Utﬁebﬁeﬁ@qmp BESh T, 2 Q- nd he

substitution of acryl oxymethyl pentanet hyl di si | oxane
WPPROEERG L&k ymeBRy BBds Gtri weskeicsivexy)-nethd siyrfrestant

lgl-cr:trgylc'i%xy th;ilbl trymatzh"ylosj‘iItohxe )COD{[%O? Ahe has the
follow ng structure: 0 -Si (Owe)3 OOS|((]VE)3 The
relative quantities of each of the_conponents of

COMPOSI TION 3 are the S3HBO24TdPYcdssed with
CONPC@E?V@ij%ethylbis(trimethylsiloxy)methylsilane

isobornyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1l-phenyl-propan-1l-one
RiR,

[0051] Composition 3 differs from COMPOSITION 2 only by
the substitution of acryloxymethylpentamethyldisiloxane
with acryloxymethylbis (trimethylsiloxy)methylsilane.

The component

acryloxymethylbis (trimethylsiloxy)methylsilane has the

following structure:

?—SNOMeh
#ﬁhMWﬁO“m/§k~
& 0 —Si(OMe),

The relative quantities of each of the components of
COMPOSITION 3 are the same as discussed with COMPOSITION
2.

[0052] Referring to Figs. 1 and 2, after formation of
etch-differential layer 24, a blanket etch using, for

example, a RIE process with a halogen gas mixture of



[0052] Referring to Figs. 1 and 2, after formation of
etch-differential |ayer 24, a blanket etch using, for
exanple, a RIE process with a hal ogen gas m xture of
19 approximately 70% CF4 and 30% 02, is enployed to
renove portions of etch-differential |ayer 24
substantially wuniformy over a volune thereof to
provide a crown surface 44,,Qher gas m xtures that
may be included contain , SF6 and ot her

fluorinated chem strjes know to one of ordinary skill
PRPERe e e i Ther Cramangalie) by CLf e FaRParFY Femove
beeusn8doly cdeRNSAF fRlrRlt1 a1l N ARVANGES YN SHER HND)
LASH | MPRINT LI THOGRAPHY, in a white paper

dnsteirplvedvat eh&ogPRE Mharsiclt Fegrashii deConfareiice

[ nt a ara, Li.forni a from Eehruary.
98- EabP 20y 26 B0 Dra ey 8T AR iy
expaaingCHiEe, apex s f@tiee B4f Diot Nea ps®] €eénOBEr38s khow
the present exanple, adjacent apex surfaces 34 are
§8parst ed Bydﬁééiré(n§k4élofmett@ﬁ3- Guerenta=l - | Her 24

EQBRLALRY atLar chermidon 1of Grwy W iacerdith s 40053141 .

Referring to Figs. 2 and 3, crown surface 44 i1s
snbPBYANEES0 IMN SARIPs ANTOBILA Sét ANMPRING St ITHIGIHHAREE r yin a

of .. the _ani satropi. tch i.s sel d t.o take ,advant.age
Shichngabier dubrPaputtl s r38 SRty d e aRRgS
bynreexhaezhBgdet ehisag tef (Naeja6Ciiaans o3t iand sy Siary

of patterned |layer 22 in superi rEpositi on therewth,
%ﬁrf@brﬁﬁﬁyn?§irnéoé)t3chi oo Begifers 46 iip defined by

l AROSi LI i esgi I -
R B S AP te “vad ~Eakan ot TRe Hgrd et o o ™
the prkEsenh emampnt,bediecrntt keoxatsterirect:d a3fera2?

SRS PRChK' BFETLEL Y T Layer 26
remaining after formation of crown surface 44.

[0053] Referring to Figs. 2 and 3, crown surface 44 is
subjected to an anisotropic etch. The etch chemistry of
the anisotropic etch is selected to take advantage of
the etch-differential provided by crown surface 44 by
maximizing etching of projections 30 and segments of
patterned layer 22 in superimposition therewith, while
minimizing etching of regions 46 in superimposition with
recessions 32. In the present example, advantage was
taken of the distinction of the silicon content between
the patterned layer 22 and etch-differential layer 24.
Specifically, employing an RIE etch with an oxygen-based
chemistry, it was determined that an in-situ hardened
mask 48 would be created in the regions 46 proximate to
the surface thereof. This results from the interaction
of the silicon-containing polymerizable material with

the oxygen plasma. As a result of hardened mask 48 and



chem stry, it was determ ned that an in-situ hardened
mask 48 woul d be created in the regions 46 proxinate
to the surface thereof. This results fromthe
interaction of the silicon-containing polynerizable
material with the oxygen plasma. As a result of

har dened nask 48 and 20 the ani sotropy of the etch
process, portions of patt ed | ayers are renoved
substantially uniformly over the volune thereof to

expose,regions 50 of substrate 10 in superinposition
S BRE 5 5P CLPPE ST aBhe RUCTPE Chgader PoF et &

patterfelis1éperedat-bat-chidvedekiped apy iR hhars 152 and,
recesses 54. [0054] After exposure of regions 50,
QUuerabhe wethnepibessséstosgehoas thgioysedldicfcussed

: transf er. att.ern.onto
SRR 16 sECPRLETnbRasta0N R P BB RS -
#Ahiernatnye) ya retorfedoppunet-non st erewid hhatthe s
recorded pattern ma covered with a conductive

be
ﬁ%?é??%lbin%%l%ﬁ6§n¥? snehrgsesgegniPium copper

t 00981 et AUJHBuAd -JANGST RN ONs @ SOMRLNAL T 9Pch
thereof and the'like, to, inter alia, fill recesses

pProfes sher apigeh ofiscoheacyptor masconsedi sboyse tha yimbree

ful bel ow. [ 005 An adyantage with the present
PPy St T RAT T E S ot PO SBUaC CThS. BRBRbRS T0f ¢ he
tentesesndisngfasi théaktedodaspi patthenpr esenreeneftively,

planarity perturbations on substrate 10. This is
e htevedh by Cehetir FAGTERAE R nof Bl L2806/ s BRF&ACE™MMEYs be |

provided, MA N, BoRBOLELG!ae09ULE (R dhBlANGESdth as
, , , 0 an k12 between apex surfaces 34 o
hohioinpropereer pnsuBfstand hotraliumat itdntsuofden 40 a
g%m ¥%§Pignatﬁé§g§ egghngge like, to, inter alia, fill
recesses in furtherance of contact formation, discussed
more fully below.

[0055] An advantage with the present invention is that
control over the dimensions of the features is
facilitated despite the presence of planarity
perturbations on substrate 10. This is achieved by
ensuring that normalization surface 40 is provided with
a profile to ensure that distances‘kz, ks, kg, ks, kip and
ki, between apex surfaces 34 of each of projections 30
and normalization surface 40 are within a predetermined
range. Specifically, normalization surface 40 is
provided with a profile to ensure that the maximum
difference between any two of distances ki, ks, ke, ks,
kio and kj; is less than %* the height of the smallest
projection 30. Control of variations between distances,

ki, k3, ks, ki, kg and kij; is not as critical so along as

the measure of any one of distances k;, ks, ks, k7, ko and



range. Specifically, normalization surface 40 is
provided with a profile to ensure that the maxi mum

di fference between any two of distances k2, k4, k6,

k8, klo and k12 is |less than 1~ the height of the
smal l est projection 30. Control of variations between
di stances, k1, k3, k5, k7, k9 and k11 is not as
critical so along as the q%fsure of any one of

di stances k1, k3, k5, k7, k9 and 21 kil is no |ess

han t he sure of the Iar est tanc anong

ot T e 60 e o sl frra PR stance
embher baskahegssati skiede,t hg, dikSt Qirtd 0NS. OCRUERI BB s
during formation of recorded pattern is substantially
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al so determned that the resolution of the patternin

PFOCEBs 1hey tHE SEESLANCRI I déGoun d@ g Ripress from

thécke§§§ttgg bﬁr@g@hhh%n1%P€H83ﬁﬁﬂéﬁﬂééyﬁg'Bv%@ethe
same. Specifically, wthout the presence of etch-

dreﬁepénpaéterayér124ertﬁé .aspect ratio of the
e Rattern defi ned a by the,.
EFRET s T T HPRehspetRcoision of the

ence e vveen

phavarhligperbuebat maps pet Zuhkaiaig ion thejcigylaf then
size of t1, or larger than tl, would result in no
?%%tEPé§kB§?ﬁgtbroﬂ%c%ﬂd%ElPﬁetoré@@raéélﬁéﬂpéﬁnlnA§h§

5§ﬁelt,sbect@§catgel WQ%%bt%dt%% éyéﬂasf&ﬂ“atch-
thi ckness of t2. Further, wit presence

@téﬁarﬁnylpérﬂaybatQémsth@onmmqﬂctoweﬁnkhmdknéss neorded
beconmes praobl.emati c, becaus the ne V. es over._the
APERBT PaC SPAGHTayar 23 CTHIY oy 490 TEEA Aeeen
t, and t;. In the absence of planarity perturbations, t;
being on the order of the size of t;, or larger than t,,
would result in no features being produced in the
recorded pattern. As a result, it was highly desired to
minimize the thickness of t;. Further, with the presence
of planarity perturbations, control over thickness t;
becomes problematic, because the same varies over the
area of pétterned layer 22. This may also result in a
loss of pattern features. Specifically, assume a
maximum value of t,, tomax, and a minimum value of t,,
tonin. Were the difference between toumx and tonin on the
order of the size of t;, or larger than t;, features in
the recorded pattern would be lost. Further, the speed
at which the patterning process occurred was often |
decreased due to the time required to fill the features
of a template (not shown). Also, the time required to

imprint increased as the feature dimensions on the



| oss of pattern features. Specifically, assune a
maxi mum val ue of t2, t2max, and a m ni num val ue of t2,
t2mn. Were the difference between t2max and t2mn on
the order of the size of t1, or larger than t1,
features in the recorded pattern would be | ost.
Further, the speed at which the patterning process
occurred was often decreasgg due to the tine required
to fill the features of a npl ate (not shown). Al so,
the tine uired to inprint increased as the feature
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forces of the inp rlntlgg.naterlal as opposed to
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i ncrease “cubi cal’l y as t'hickne ecreases.
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t hi ckness 2 as well as the averall, thickness
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8k opposed to capillary forces. The compressive force
required to pattern an imprinting material is believed
to increase cubically as thickness t, decreases.

[0057] With the present invention, variations in the
thickness t,, as well as the overall thickness, may be
modified without unduly deteriocrating the resolution of
the features to be formed in recorded pattern. For
example, the difference between topax and topin may be the
same size or greater than t;. Additionally, thickness t;
may be the same size as thickness t;, or may be two to
ten times greater than t;. An advantage with
substantially increasing the thickness t, is that the
compressive forces required to achieve an imprint
process may be substantially independent of thickness t,,
which facilitates the patterning process dominated by
viscous forces. Further, increasing thickness t;

facilitates reversing the tone of the pattern formed in



the features to be forned in recorded pattern. For
exanpl e, the difference between t2nmax and t2n n may be

the same size or greater than tl1l. Additionally,
thickness t2 may be the sanme size as thickness t1, or
may be two to ten tinmes greater than t1l. An advant age
Wth substantially increasing the thickness t2 is

that the conpressive forcq?%required to achi eve an
inprint process nay be substantially independent of
Blckness h facilitates the patterning

b 8c539586ﬁ1tﬁat58dt89t VPSC 5085 BPdedS ERIRESUrate with

tREr easkbngrt Rhekpasset-a %a%bkkk§%%% nevgnsiglg the
tone of the pattern fornmed in the substrate so
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pe2nendl ayeetth8didrpathernned lb@f&é@f 12422 iy sy thereon,
etch-differenti al Iayer 124 dlsposed t hereon, whic
tot FRsPERASEROPA er PrATEr 18Yepatler med Hegpgd zlzaY%qo?2
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[ayer 122 1 ncl u es ap ality'o OJeCtIO 130 an
lezess&aESlmBIuﬂhataapéuaaahmgowi pQOQEQUMmkﬂd§KB®nd
and rece ectl Qns 130 .extend fraom a dir
E0FPafES835152 ARaranck A= TPBRH e kG OHF h Heny And
seebaseod3dn . A pep bltl@hlsorlB@U ekaeedl4Qondef ined by
etch differential |ayer 124, is spaced-apart from
prbofeeei 648 180diAtanRENRer BFERUB3BEANEDAV 2R BREX

$FEPEEh 119 LORTRbLAaLL00.Su 366 S end o ot an.

dtéhedbﬁfeasﬁiﬁgiggayéé L8 45 ubjse sad etde apabitarfketn et ch
toform confopmal surface 144 in a manger discyssed . .
to hormallzatlon surface 40 and projections 30.

[0059] Referring to Figs. 1, 4 and 5, etch differential
layer 124 is subjected to a blanket etch to form
conformal surface 144 in a manner discussed above with
respect to forming conformal surface 44. To that end,
conformal surface 144 is defined by exposed apex surface
- 134 separated by regions 146 of etch differential layer
124.

[0060] Referring to Figs. 5 and 6, following formation
of crown surface 144, an RIE process with oxygen based
chemistry is employed to remove projections 130 and the
portions of patterned layer 122 in superimposition
therewith to expose regions 150 of patterned layer 122,
forming projections 135, spaced apart by recessions 137.
Projections 135 include a hard mask 148 of the material

from which etch-differential layer 124 is formed.

Regions 150 may be closer, further or the same distance



respect to form ng conformal surface 44. To that end,
conformal surface 144 is defined by exposed apex
~surface 134 separated by regions 146 of etch
differential |ayer 124. [0060] Referring to Figs. 5
and 6, following formation of crown surface 144, an
RI E process with oxygen based chemstry is enployed
to renove projections 130 ajyl ¢he portions of
patterned |layer 122 in superinposition therewith to

[ f tterned | 1 f '
D BoGtPaRS 3 L LOpaben SParE by ecsss oy ppeident
Bb@heﬁhboagplﬁéakﬂ%hudeAﬁh@@@%tﬁa%g,16% ofrctiR@tions 135

mat er i al romwhich etch-differential layer 124 is

i6r AedineReghons F1BCtHN I ¢hesell stfanaherepronhel 50 are
' 2 fr strat 1 adj [ ..

PR SLET8ER st hadh: M s et B fon dggons 150

heeghiopsh?, tof spbejteciticond 013han adefd nad-Bsca 133 and

function of 'the distance ne%{ons 150 are from
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provi de projections 135 with a height equal to

dhet andérepk ioRumtivér regpgicacttiooms olids taransshiFted in
hase al on the x-directi Wi_th respect t.o .
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110 with which recessions 132 are in superinposition.

IBreevernst hé? 8rRendi SNOSGETPPSiédOiNons Megeaifer, the

ef o] [ 11, Refgerdi .0, Figs.
T Do e st o138 Thve een Tor ped, 5 o
sétond etch-differential |ayer 224 is deposited over

P68£f?tiﬁg%éfgﬁngié$i§9gé?c Sg%gn§, after projections 135
have been formed, a second etch-differential layer 224
is deposited over projection 135, filling recessions
137. Etch-differential layer 224 is formed from the
material as discussed with respect to etch differential
layer 124. Etch differential layer 224 has a
normalization surface 240 configured in the manner
discussed with»respect to normalization surface 240.
[0062] Referring to Figs. 7, 8, and 9, a crown surface
244 is generated in a manner discussed above with
respect to crown surface 144. This is followed by
removal of projections 135. The result is that a
pattern 239, having a plurality of projections 230 and
recessions 232, is generated on substrate 110 that has
the same tone as the pattern in the patterned layer 122,
i.e., one may invert the pattern obtained by the process
discussed with respect to Figs. 1-3. Additionally, as
shown pattern 239 is shifted in phase along the X-



137. Etch-differential |ayer 224 is forned fromthe
materi al as discussed with respect to etch
differential |ayer 124. Etch differential |ayer 224
has a normalization surface 240 configured in the
manner di scussed with respect to normalization
surface 240. [0062] Referring to Figs. 7, 8, and 9, a
crown surface 244 is genegg;ed in a manner discussed
above mﬁth respect to crown surface 144. This is

f.ol | enoval roj tion 35. esult is
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that has the sanme tone as the pattern in the
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pattern 239 is shifted in phase ina direction so
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$sbsadnieiol Pe shef tedaifdngupoet iphaserakenrg the X
and Y-directions with respect to pattern 239.
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patterned layer 122.

[0063] Another advantage with the tone reversal is found
when fabricating patterned layer 22 employing imprint
lithography techniques. It has been found that filling
of features on a template (not shown), such as recesses,
may be difficult if the same are too small. With the
tone reversal process, the recess may be fabricated in
the template (not shown) as protrusions with the same
being subsequently formed into a recorded pattern as
recessions. In other words, the tone of the pattern in
the template may be chosen independent of the recorded
tone of the recorded pattern desired. Instead, the tone
of the pattern in the template may be selected to
satisfy other operational characteristics of the imprint
process, e.g., throughput by decreasing feature fill-

time.



patterned |l ayer 122. [0063] Another advantage with the
tone reversal is found when fabricating patterned
| ayer 22 enploying inprint 1ithography techniques. It

has been found that filling of features on a tenplate
(not shown), such as recesses, may be difficult if
the sane are too small. Wth the tone reversa

process, the recess nay be:f bricated in the tenplate
(not shown) as protrusions wWith the sane being

uently faormed into a recorded pattern a
TUOBEE s ol T it (THE Totie BIC Cre oot FarASi e
thertrentabacAByrBecchasen rendependent of tbheJraneided
tone of the recorded pattern desired. Instead, the

PBRECTBF DRABLpdt sénalpnreressenplavelmipgabarsel ectsed
&Qscﬁggéaf¥b85gerb896&§&l%&%% ga%aCH%rE%t%%%mgkgthe
inprint “process, "e.g., “throug putmgy Hecrea5|ng
peataresfhblinti be-126¢1[ 0864kskd shauldebe under,st ood
that the_benefits of the aforenentioned processes are
ROEPPEMi FRATEESFor nf R SpalPePns TRAGIRGNY to Figs. 10

shaol e; resessedabievelteabres, sasundhacyased ahoveity
but may al so be enployed form ng patterns having
of - fevehrescésswddf ent anbsfrite. 310st ppet fieatludes.

: e, ferring to, Fi.gs. 10 .and, 11, patt ed
voAs eI L 4T hAT Rt R BROPEP: £y P PeBiLT et
Haoviveg @ncisubeheas et 31thd whilshod el sgle 3pr oheethons
330 having a thickness t3, shoulders 331 having a
tlht ThPRSS t% ard SRS i DHS B3P s HEEs $hi cRpgsse a

%ﬁ%%%ﬁg}%&fé?@c§§9nagg §ﬁ8ugg§%§céséfdgﬁgggr§te g%g.
projection on the surface of substrate .

T elkress th lis naferrat] to a5 @ residual thickness.
Thicknesses “t3”, “t,” and “ts” may be any thickness
desired, dependent upon the application.

[0065] An inverse shape of patterned layer 322 is
transferred onto substrate 310 to form a via portion
(not shown) and a trench portion (not shown) therein,
discussed more fully below. In this manner, the
dimensions of the via portion (not shown) are
-established as a function of the dimensions of. the
projections, and the dimensions of the trench portion
(not shown) are established as a function of the
dimensions of the shoulders. To that end, substrate 310
may include several pre-existing layers disposed upon a
wafer 312, shown as layers 314, 315 separated by etch
stop layers 316, 317 and 318. Etch-differential layer
324 is disposed adjacent to patterned layer 322.
Substrate 310, patterned layer 322 and etch-differential

layer 324 define a multi-layered structure 338.



Thi cknesses "t3", "t4" and "t5" may be any thickness
desired, dependent upon the application. [0065] An

i nverse shape of patterned layer 322 is transferred
onto substrate 310 to forma via portion (not shown)
and a trench portion (not shown) therein, discussed
nmore fully below. In this manner, the dinensions of
the via portion (not shown),-are established as a
function of the dinensions of the projections, and

[ sions of .the .tren porti hown re.
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shpubdedstoTochbat pod:isdbsbrakec3lQirmayechféhudeayer
several pre-existing |ayers disgosed upon a wafer
34% tenhBhAvAde| ByEFs-Bayerads 338patatreduby wich téeop
L YRR Ss318a 814, 20d §}§wnEEB?fg'c%f E;%milsag lLayel 1324n
'S dlsposeg adj acent to patterne ayer 3 5
Sxbssedt ep840suphster ped bayerncB22ragdction 330 and

etch-dif ential layer 324 define_a nulti-Iayered
i bty o555 G rendlBhp T rer e feoorga. 1HvRng 324
dPted bhankeinptehetsh.enpl oyed to renove portions of
etch-differential layer 324 to provide nulti-I|ayered
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each projection regions 34 t remain
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067]. Referring_to Figs. 12 and 13, crown surface 344
12 o) St £0e 023 2 i oBFEMERER. OFhBAbEERNC laver

Them st sy¥pe Pimpdie: @ndsot hepLgiehchyhsisehert 8d-t g
maxi m ze etching of projections 330 and the segnents
Ffcipeny epheth¢ ayeyion2234h. super thposrerontt haperilen,
Aﬁgéﬁ%éggiﬁl§i9§ken of the distinction of the silicon
content between the patterned layer 322 and regions 346
to expose regions 350 of substrate 310, as discussed
above with respect to regions 46 and patterned layer 22
with respect to Figs. 2 and 3.

[0068] Referring to Figs. 13 and 14, after exposure of
regions 350, suitable etch processes, including the
processes discussed above, are employed to remove
regions 346 and portions of multi-layered structure 338
in superimposition with regions 346 to expose regions
354 and 356. Regions 354 and 356 define a trench
portion 358 and a via portion 360. A subsequent etch
process or lift-off process is employed to remove
remaining portions of layers 322 and 324. Thereafter,
via portion 360 and trench portion 358 may be

concurrently filled with a conductive material, such as

aluminum, copper, tungsten, titanium, ti-tungsten or a



etching of the regions 346. In the present exanpl e,
advant age was taken of the distinction of the silicon
content between the patterned |ayer 322 and regions
346 to expose regions 350 of substrate 310, as

di scussed above with respect to regions 46 and
patterned |l ayer 22 wth respect to Figs. 2 and 3.
[0068] Referring to Figs. and 14, after exposure of
regi ons 350, suitable etch processes, including the
Erocesses di scussed above, are enployed to renove

BGPoRST388 &NGTHEBIt PBAs CHF diEir- N8y érdd St it 362
338 al BodUperhFrosihionew t RLGYI qns 346 te expose
regi ons 354 and 356. Reglons 354 "and 356 define a
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thereof and the |1 ke, orn1a cont 62
pbadacttyepbrnerﬁsﬂ;oshomn in Fig. 15. [0069]

i to Figs., 2, 13 and 14, t dvant f
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preci sely control the di nensions thereof. This
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MASK COMPRISING A SILICON-CONTAINING MATERIAL. To that

end, the following compositions may be employed:



be formed enpl oyi ng spin-on techniques as discussed in
United States patent application nunber 10/789, 319
filed February 27, 2004 entitled COWOSI TI ON FOR AN
ETCH NG MASK COWPRI SI NG A Sl LI CON- CONTAI NI NG
MATERI AL. To that end, the follow ng conpositions may
. be enpl oyed: 29 COMPCSI Tl ON 4 hydr oxyl -functi ona

pol ysi | oxane hexanethoxyng#pyJnelanine

tol uenesul fonic acid neth anyl ketone COWPOSI TI ON 5
hydr oxyl - f uncti onal poI§S|onane
hexanethoxynethylnela POSITION 4

gama- gl yci dexypranyl taidmtiayisidangs esul fonic
aci d nethyl anyl ketone In CCNPOg ry% 6&£@Q

hydr oxyl - f unct i oln@xalp@tly@,xymahﬁlmeéﬁmlrlges
approximately 4% of _the co itia
hexanethoxynethylneF%E?%%eggg%?PégsagpprOX|nately
0.95% tol uenesul f eRithyacisthyComgaticEes approxi mately
.05% and nethyl anyl ketone conprises approxi mately
95% In COWPGSITION 5, hydroxyl -functiona

pol ysi | oxane conprisespoappsexiprtgly 4% of the
conposition, hexanet hoxynethy?ne#a M ne conprises
appr oxi mat el 2Wyortgyl-functional polysiloxane

gamma- gl yci doxy Itrlnetho sila ne conpri ses

appr oxi mately . §§@£ T%%%%%%?%%%W ¢ 8% 8 conpri ses
appr oxi mt@Ma-O@f@CMXWi@yjtl@Mhekﬁbﬁf}glﬁgﬂ‘@r' ses

approxi mately 95% [0071] Both COMPCSI TIONS 4 and 5
are rmde up of at tOluenesulfonlC acid

methyl amyl ketone

In COMPOSITION 4, hydroxyl-functional polysiloxane
comprises approximately 4% of the composition,
hexamethoxymethylmelamine comprises approximately 0.95%,
toluenesulfonic acid comprises approximately .05% and
methyl amyl ketone comprises approximately 95%. In
COMPOSITION 5, hydroxyl-functional polysiloxane
comprises approximately 4% of the composition,
hexamethoxymethylmelamine comprises approximately 0.7%,
gamma—glycidoxypropyltrimethoxysilane comprises
approximately .25%, toluenesulfonic acid comprises
approximately .05%, and methyl amyl ketone comprises
approximately 95%.

[0071] Both COMPOSITIONS 4 and 5 are made up of at
least 4% of the silicone resin. Upon curing, however,
the quantity of silicon present in etch-differential
layers 24, 124, 224 and 324 is at least 10% by weight
and typically in a range of 20% or greater.

Specifically, the quantity and composition of the



| east 4% of the silicone resin. Upon curing, however,
the quantity of silicon present in etch-differentia

| ayers 24, 124, 224 and 324 is at |east 10% by wei ght
and typically in a range of 20% or greater
Specifically, the quantity and conposition of the 30
sol vent present in COWPCSITIONS 4 and 5 is selected so
that a substantial portion-of o he solvent evaporates
during spin-coating application of the COVWOSI TIONS 4

or. 5 on patterned | rs_22 22 an 22. In_.th
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differential |ayers 24, 124, 224 and 324 incl udes
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center of the previously depoSited |ayer. To that
endrgsubsite aresaloingl110%opf3tDecarelypoh avapogetes,

evimin for 1 mnpute pl aci ng,substrat 0 1 r
LR DN e T hP Bt En'phap CLFTRF T20no 120 B240and 32
with cotbeonimbbeng patesialcbs Bybeetad. to thernal
energf by baking at 150 C for 1 m n. This produces
F}R7ET | i coe contEPhRAY WatepPfaPif FERMWRPCRtCh-

éﬁf%@f%ﬁﬁf%%ﬂi%g%rhayﬁf 244,124, 224 aRd 324108es

ornmed, W ckness vari ations of 20nm or | ess.
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previously deposited layer. To that end, substrates 10,
110 or 310 are spun at 1000 rev/min for 1 minute by
placing substrate 10, 110 or 310 on a hot plate.
Thereafter, the silicon-containing material is subjected
to thermal energy by baking at 150° C for 1 min. This
produces the silicon-containing material from which
etch-differential layer 24, 124, 224 and 324 is formed,
with thickness variations of 20nm or less. Were it
desired to increase the thickness of the solidified
silicon~containing layer, e.g., to provide the
solidified silicon-containing layer with a thickness of
200nm, the aforementioned spin-coating and curing
processes are simply repeated. As a result, the solvent
employed is selected so as not to remove, “wash away,”

silicon-containing material in a well-cured etch-

differential lavyer.



solidified silicon-containing |ayer wiwth a thickness
of 200nm the aforenentioned spin-coating and curing
processes are sinply repeated. As a result, the
solvent enployed is selected so as not to renove,
"wash away," silicon-containing material in a

wel | -cured etch- differential layer. 31 [0073]
Referring to Figs. 1-14, it,.has been determ ned,
however, that form ng patterned |layers 22, 122 and

om a_nndi fied conpositiogn_consisting of a

ﬁﬁé?%ie of R%PEBP% Eﬂsngigﬁndgz_,l‘lv\héﬁ $8d PR
860LBACHEAN MbfBvetchrdhtf enenthal pgex@&%eaﬁa%&»s 224
and 324, respectlvefy, formed from one of COVPOSI Tl ONs
422 aped 532 pr bypded wopefied conprslitover coheisting of a

[ 0 essions Ln the recaorded pattern.
@%%éﬁ%%ig?egéM%é%g%ggﬁfog %P%v?deggﬁgygngzi? 122 and
Sa2jwhihioappt oii satel ¥i2f6%at isill iagarby2wei ght., To4

%Qgt end, an exenplary nodified conposition consists

287 7095 BFPSEOMPOEY T ERFBSAui FRTt RBSr BfaRYEPSITIONS 4
£00sH Sth ARG, Olieq COMROSE TL N L IR 8y Eo¥hge§n§§%Fg§%&gof

content differential between one of patterne
Qe 1o smiton32Pn anlde onecofdetichadiéfer entThal mbayjdrisd

24, 124,. 224 and . 324. Specifica , b LLyl ati ng
Elmafreitt eareiads 19858, 1o a200k: pith gor” With
Deneenimate DPS2-06% SbEi §0Di coROM NGeDfnEECESSI BASE end,

e.g., recessions 32, 132 and 137 and 232, was .
Fedtredw 135y merdhbbrdedomrasi hepcoArpbEtso@ér 20-70% of
d MBI PP [ Ne; | ecssst

o Ve Y ool mg Sibet FhrEede b5 SRIET8%,
EPPr@sd hedel . zetflol degreesd€el si asliasnwebhtastby

§¥g¥é¥g{§kgfqg§é# eghggésg iS§tLQr£é§u1§§eEQezz, 122 and
322 and one of etch differential layers, 24, 124, 224
and 324. Specifically, by silylating patterned layers
22, 133 and 322 with low concentrations of silicon,
bowing of recessions, e.g., recessions 32, 132 and 137
and 232, was reduced, if not avoided. Further control
over formation of the aforementioned recessions was
achieved by cooling substrates 10, 110 and 310 to
approximately zero degrees Celsius, as well as by
employing reducing chemistries in lieu of the
aforementioned oxidizing chemistries during etching.
Exemplary reducing chemistries include H,/N,, CO/Ns,
CH4/N; and the like.

[0074] Additionally, should circumstances warrant,
the aforementioned processes may be altered to take
advantage of the material of the layer upon which
pattern occurs. For example, it is possible to form

patterned layers 22, 122 and 322 from COMPOSITIONS 2, 4



af orementi oned oxi di zing chem stries during etching.
Exenpl ary reduci ng chem stries include H2/ N2, CO N21
CH4/ N2 and the like. [0074] Additionally, should

ci rcunstances warrant, the aforenentioned processes
may be altered to take advantage of the material of
the |l ayer upon which pattern occurs. For exanple, it
is possible to form pattegg§d>layers 22, 122 and 322
fromCOWOSITIONS 2, 4 32 ©Or 5, with

etch-differentj al ers 24 24 224 an 24 bein

stot differential, Layers 24, 124, 224,anq,324, feing, 5,
bélﬁ@gh&rpsdbﬁﬁsﬁl@@@bosQTﬁ@NnnprlWEEh Layer 18 from

one of COWPCSITIONS 2-5, i.e., were the surface upon

Qmmﬁhgpraht©n}aybrm18haubso§édeﬁ@ﬁméa tpofora primer
f§9e§'ié°99%§°8§8'gknéoﬂﬁgéﬁbﬁpﬁétﬁf al . Aqd'%%%%a'%%
[ eto Form

'S possi orm primer [ayer
SOVPOSE Thigbh 1wh Thie ptmepr 06§8s eapﬁﬁ);é@dSWUlf@rh@d from
established to provide the desired etch selectivity in

§ Heowahhet CP nFPRFat B PHaPT8RAFi Belcabéve. [0075]

&@éf{{bﬂglig Fig. 1éﬁpoggQsﬁepEeC%é§ﬁskam@QIq%ye%nls
organic patterned [ayer functions as a sacrificCi al

poom eCOMAQSTBYRX hay Theladehfprnaesenemplwwﬁd woiudgls be

To th t en attern d er, 422 i,s

R S SR ER R e R g AT R R E
NS m@@n@fe§ﬁm11@ﬁaﬂaleha@aabgbneseaaasbvézz Is forned
from_ COWPOSITION 1 enpl oy |n% imprint |ithography

RN ht ed %@fe%rbm®r%P|Fygof §paeéaeapaF965ﬁ§Fécﬂmow§lch

300 B R 452, Ly BRE 401 T
ﬁﬁﬁ@ﬁrmxmgtkﬁfégsmaQGianﬁudé,fpamBEmnedoEamemal lines.
To that end, patterned layer 422 is deposited on
substrate 410 employing any known deposition method. 1In
the present example, patterned layer 422 is formed from
COMPOSITION 1 employing imprint lithography generated by
a plurality of spaced-apart projections 430 and
recessions 432. A nadir portion 436 of recessions 432
has a residual thickness ts.

[0076] Referring to Figs. 16 and 17, patterned layer
422 is subjected to an etch process/ such as an RIE
oxygen etch discussed above, to remove nadir portions
436. As a result of this process, pattern 433 is formed
on substrate 410. A deleterious effect that occurs
during removing of nadir portions 436 is that an apex
surface 434 of each of projections 430 assumes a faceted
shape.

[0077] Referring to Figs. 17 and 18, a conductive
material is deposited to cover pattern 433, including

apex surfaces 434, forming a conductive layer 424 having



422 is subjected to an etch process, such as an R E
oxygen etch di scussed above, to renbve nadir portions
436. As a result of this process, pattern 433 is
formed on substrate 410. A deleterious effect that
occurs during renoving of nadir portions 436 is that
an apex surface 434 of each of projections 430
assunes a faceted shape. [0074] Referring to Figs. 17
and 18, a conductive material is deposited to cover

gattern 433, including apex surfaces 434, formng
oﬁaeépménaaﬁéﬂ%z&orﬁlgﬂrﬁ@n@s te & ckrrsr @i n@aéat@éfn 433

§AAf ArMAYi b9 2o8NaRa 0k sRatli &R 438 o ﬁ?@%lte to the
normal i zati on side 440 di sposed opposifte to

conformiing siide. NprmEﬁzaamo@ns5d@e44@O|ss Spaced—apart

d f t
PR ERI R hhoarr TPD P o pRare ity MRy e Ny
ibeceppduct bue mawt encaliscment/ ored nabewve.duRQ %3]

Referring to Figs. 18 and 19, following deposition of
BRREGERI veNPRy&PNAZ4aREEMAl | zati on side 440 |s

fﬁébﬁited Rggéykﬁﬁ l@op?9%%55§% Eﬂdf%@”‘%wl i@y er
structure 438. i tabl'e“process may “i'nclude a
dapostalomechanbodhcpoleshagghiphanar npatiadn ze€EVen side

cess form wer e ctive Iayer 424 formed fro
PARarE srBirahtu, U8t EhElar S i Graatery 60 apam 94t
fovardst rastarsondyct i yespokypee. pkBckhRe pLEseRiclude a

exanple, a CVP process i s enployed to achieve
@%emh@@bnme@haal@@%spah@ﬁapn9/§ oemizetinot (FMEnar,

?@@séuf Eﬁf §4£ergtﬁbﬂéhc%9@e EE? Qr%% %%d?%ro

ected ase e nateri al erne
maw&l 422 bhdnkebnduchlwerbayeboﬁaécanaefamwed €@ 4t hat

E%Emegu%ggﬁeg conductive polymer. In the present
example, a CMP process is employed to achieve formation
of a substantially smooth, if not planar, crown surface
444. To that end, the CMP process is selected based
upon the material from which patterned layer 422 and
conductive layer 424 are formed so that apex surfaces
434 are exposed in normalization surface having a
substantially planar profile. Specifically, the faceted
shape of apéx surfaces is removed while providing crown
surface 444 with a substantially smooth if not planar
profile.

[0079] Referring to Figs. 19 and 20, following
formation of crown surface 444, multi-layer structure
438 is subjected to an RIE process and oxygen-based
chemistry, as discussed above. The etch process removes
projection 430, leaving a plurality of spaced-apart
metal lines 450. It should be understood that the this

same process may be employed to form metal lines 550



434 are exposed in normalization surface having a
substantially planar profile. Specifically, the
faceted shape of apex surfaces is renoved while
providing crowmn surface 444 with a substantially
snmooth if not planar profile. [0079] Referring to
Figs. 19 and 20, following formation of crown surface
444, nulti-layer structure,A438 is subjected to an RIE
process and oxygen based é%enistry, as di scussed
above.  The E Erocess renoves, %|ectio

u? f £

430,
V&hli ng=RPH £y’ of gpac@dpﬁﬁér ﬁ@?&ﬁgrﬁﬁé§t450

shoshestd bsoundepsteadptbatehhant Bbex $aFEaRLOCESS and
% be enploged to formnetal lines 550 34 wth
P

pedtshapes, skoygn, ia pabr 8f-spaced-apart

8

S RO T e M 4 e R e Mg i S
ﬁégsbe1doaedeazw1phoﬁenthGSndaat1ﬁaymbee®®mereé wi.t,ha
ﬁhnon conductive, materi ielectric

BEFFarLCt %aFﬁFﬁ?érngcFPF@ %é?é@céf4c Lexenrplarty

@ké&ﬁ?&fycdﬂgigétﬁhé hpebudeds ofcdigkeCt birCgielectric
materials applicable for this purpose, are

@at%esqh$o&@méscahaenéohythsslsegQ@sgxaﬁég, spi n-on

ss that are appl,i ed ng _conventional .
S oRr e BTt Ga Ry BR PP P B BOE B B4 seavare

@B&i@r@h483arel@pbuﬁéﬂgeﬁpﬁéyﬁﬁ@fa©Q$eﬁﬁéoné$ deposition
result, dielectric |ayer 624 includes a conforn1n%
Eﬁ%%ﬁl%%%$orn?h%l?ﬁtélcskéﬁéro§26a€9¥?ﬁS4Q§t5ﬁ6n 433,

IH%IE@i&@tAQQXSEQFfQéQsdh§@ose§s QPE%%hE% taléﬁ%ctrlc
conformng side. Normalization sid
b®ﬁ©ed6%®axm01m@ﬁ$paopeufoomsnéseldﬁoosmpfRemenglmg 1210
gﬂ Sé gg gggtggh 595' d gormallzatlon side 640 disposed
opposite to the conforming side. Normalization side 640
is spaced-apart from projections 630.

[0081] Referring to Figs. 22 and 23, following
deposition of dielectric layer 624, normalization side
640 is subjected to a blanket etch, such as a CF4/0;
plasma or CHF3/0, plasma etch, to expose apex surfaces
434 of projections 430, forming a multi—iayer structure
638 having a crown surface 644. Crown surface 644 is
formed to be substantially smooth, if not, planar.

[0082] Referring to Figs. 23 and 24, following
formation of crown surface 644, multi-layer structure
638 1s subjected to an etch process that includes RIE
with an oxygen plasma chemistry as discussed above. The
etch process removes projections 430, leaving a
plurality of spaced-apart dielectric pillars 650. It

should be understood that the same process may be



deposition of dielectric |ayer 624, normalization side
640 is subjected to a bl anket etch, such as a CF4/02
pl asma or CHF3/02 plasna etch, to expose apex surfaces
434 of projections 430, formng a nulti-I|ayer
structure 638 having a crown surface 644. Crown
surface 644 is formed to be substantially snooth, if
not, planar. [0082] Referrjdhg to Figs. 23 and 24,
following formation of crown surface 644, nulti-|ayer
structure 638 is subjected to_an etch process tha

PR GUBE kP On: I BREE S JenbRdeie GEM SLApDSS Snapes,
dssgussedsahoMpovdhe etch process renpves projections
430, leaving a plurality of spaced-apart dielectric
pYP83l s 65BefprrisfotiPdEbe - uRder st Hod tihae veredsane

. 35 I f [ tri il
TR P ML I e
Rejerriog, ta pagte2bedal aukli 7Dayaned ansteradt-ure 700

i.s_shown having a substrate 702, a prinmer _ |ayer 704,
AT pEFreRheall AOurr70R ana gkt 8BRS Brprer dAG AT clayes

P %e&@l&ﬁén?QoLaM?Eh7Q§058€E§@%% 7R00,881h40BS c(h@e in
with projections 710 being arcuate in shape.

Mukpée - | dfetbd-seyacedr et700tnay B60subjyebredubdecttieel to
ocess nentjoned above with respect to. Figs..4-9, ,
PhOSTERr T NG T hotRe FB7 Rt FoRTof CREFEL. Fay&igd - 42
stiisictesest 7dd andtiHddroshawnohnofi gs1t261agerdé,
respectively. In a first enbodi nent, the etching
EHEMFSEFSS | £13uBRCt hé - ashEW el Eh F48PectivPEs Pe -

Achh eved, be WeeﬁntQ?g%ﬁé%eéﬂﬁgdhﬁ¥§E,7Qﬁe§%@chﬁﬁgetCh'

differential |ayer In a second enbodi nent, the

ehehl sigrehesi stel) thasuehlomaetahhisgheetéhisel éstivity
achieved between the patterned layer 706 and the etch-
differential layer 708. In a second embodiment, the
etching chemistry is such that a high etch selectivity
is achieved between the patterned layer 706 and the
etch-differential layer 708. Further processes can be
undertaken that would result in different patterns being
etched into substrate 702 that might be useful for
generating optical elements. Particularly, by tailoring
the relative etch rates, and relative thicknesses of
differential layer 708, patterned layer 706 and primer
layer 704, the EPC may be modified so that the recorded
pattern substantially differs from the pattern of the
patterned layer 706. It should be understood that the
etch characteristics of primer layer 704 are similar to
the etch characteristics of patterned layer 706.
Furthermore, primer layer 704 is optional and may be

omitted, dependent upon the application.




is achi eved between the patterned |ayer 706 and the
etch-differential |ayer 708. Further processes can be
undertaken that would result in different patterns
being etched into substrate 702 that m ght be useful
for generating optical elements. Particularly, by
tailoring the relative etch rates, and rel ative

thi cknesses of differential.layer 708, patterned

| ayer 706 and pri ner Iayer % the EPC may be

that . th d tt bstantially
GPORA) < o e R e b i e83$%§%€ri§aév§£gba7oa
besshopkd BeowBdgkrst egdmphat -yt he vaghchnehafacteid stics

of primer layer 704 are simlar to the etch
BAGE AEEaFiioniPcBagf bpatedenée IthpediPOG.0S RS ek,

16 d,
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enbedtments mhetbeopeesénthenWanbmmnondeSﬁnﬂbEd above

e exe Many changes and. nodifications may b
?Pﬁ%éeﬁa heb8| ercsgwgeﬁeeﬂte&lt&bg\?éermqee %ﬁ-&}%.a}?@ve

MeEBEDptRenscope 9hsthad kAveNH 8R- JLhe $69Re: ofidihe
i nvention shoul d therefore, be determ ned not with
reference to the abmededegéaulp@u eAongutviithsttded r full
d_be deter d wwth reference to the appended
%Egﬁé ogloﬂulva?% ?ﬁe|r full scope of equivalents. 37
0 WHAT IS CLAINED IS: 1. A nethod of patterning a
substrate, said nethod conprising: formng froma
first material, disposed on said substrate, a first
filmhaving an original pattern



that includes a plurality of projections a subset of
whi ch extends froma nadir surface termnating in an
apex surface defining a height therebetween, with a
portion of said first filmin superinposition with
said nadir surface defining a nadir portion; renoving
said nadir portion to expose a region of said
substrate in superinpositiqp7theremﬁth, defining a
plurallty of recessions; disposing upon said first

ngd erial to forma second filmhaving a
P art from said apex surface of said
plurality of projections and filling said plurality

of recessipns tg mEQEBHao¥Ub%%tEEEQh%t%C%u5§%%ate, said
renoving said first filmand portions of said second

fethedocereateiagpl urality of spaced-apart .
projections_of.said secon on.sai.d substrate.

DO ot ds edfoa T B ofnlar oRer b sBPRRH! BE

sardhenbboehvdesaf efmsRg rsamdhbivisly Bl BfilAMaan pattern
organi c acrylate and di sposing further includes
Forhi HECleard dekbhgafitm pﬁowawsrﬁﬁo@ﬁ & svdsah ef

FRL el @l edas T Eoﬂeéhﬁgges %8%&%@ ‘t@r il othl?{ &0

di sposing furt i nc orm ng sal secon
ip@mwssafacspdafmnldgebeb&i@htnﬂhembabtweb@ct&dtmr@n1a
ric.material consistin

%%E%h??a?fys%%g g}ec Gaﬁgxéﬁeguperlmp051tf%n with said

i hyl setFSe8qué oxaneg andadpirnpertighass. 4. The
nmet hod as recited in claiml1l wherein formng further

i ncl udes AW Sasaldi R3difi ParEEom AR exXpose a region

of said substrate in superimposition therewith, defining
a plurality of recessions;

disposing upon said first film a second
material to form a second film having a surface spaced-
apart from said apex surface of said plurality of
projections and filling said plurality of recessions to
form a multi-film stack; and

removing said first film and portions of said
second film to create a plurality of spaced-apart

projections of said second material on said substrate.

2. The method as recited in claim 1 wherein
forming further includes forming said first film from an
organic acrylate and disposing further includes forming

said second film from a spin-on dielectric material.

3. The method as recited in claim 2 wherein
disposing further includes forming said second film from

said spin-on dielectric material selected from a set of



organi c acrylate and di sposing further includes
formng said second filmfroma conductive nmaterial.
5. The nethod as recited in claim2 wherein disposing
further includes formng said second filmfrom a
dielectric material is selected froma set of
conductive material consisting essentially of copper,
tungsten, titanium ti-tun%%ten and conductive
polymers. 6. The nethod as recited in claiml1l wherein
formng further includes formng said first filmto

P oVeder saitrsepseat ePnpiofEevi aRseMEALAYSREUI der

9i§@@§§9i§§$ﬂr§§,n n@ﬁ%@p@ﬁé@é{;ggsxéﬂgFsgha 0adhron

surface. e as reci inclaiml erein
gbmpying said first filmfurther includes selectively

renmoving portiaopns of said first apd second fil o_ .
expose por'ionéﬂ%? @%Fﬁoguﬁ§tF§?%Q?ﬂ %HDEEFﬁBOE?W%SﬁelD
b £hi SR £ P10 £CLhONSANET FEraveldsAgJeXpesHr ei0fh &r6ASan

of said substrate outside of said portions. 8. The
PRI FOHC ACT ek ted @ elapasinghéreiherdispdypag forming

| nel i di Ld. sur Lth a snooth

LAATLUEl e PESY L BRSO B RaeE AT 2
wherein disposing further includes providing said
surface wi.h a Tipt anmathpdoés| eeclBedThe akthondZ2asherein
ecited in claiml wherein _formng further includes

o T TS AT e uERPRNEF SR Y01 PEEOBR &P Tosho™

andh shepost 1d nehdr L heri s i 861 sdesq proyhdingesabd second
filmwith a quantity of silicon.

conductive material consisting essentially of copper,

tungsten, titanium, ti-tungsten and conductive polymers.

6. The method as recited in claim 1 wherein:
forming further includes forming said first film to
provide said subset of projections with a shoulder
disposed between said apex surface and said nadir

surface.

7. The method as recited in claim 1 wherein
removing said first film further includes selectively
removing portions of said first and second films to
expose portions of said substrate in superimposition
with said projections while avoiding exposure of areas

of said substrate outside of said portions.

8. The method as recited in claim 1 wherein
disposing further includes providing said surface with a

smooth profile.



11. The nmethod as recited in claim1l wherein formng
further includes formng said first filmusing a
deposition process selected froma set of deposition
processes consisting essentially of chem cal vapor
deposi tion, plasma enhanced chem cal vapor deposition,
spin coating, atom c |ayer deposition and drop

di spense inprinting. 12. e method as recited in
claim 1l wherein formng further includes patterning

said first_film usjing patterning processes sel ected
froma set9ofTh%r%%%%%%sa%oﬁ%?%?gﬂngfCégﬁ%aﬁwWhereln

DALHEE DhH0r@hehe Phohol 15B90LARYY 41 L3 sThe BBRLRAdA%ith 2
recited in claim12 wherein disposing further

Phehadesrdepbeiting said second film using a
deposition process selected froma set of deposition

grOCGSSES f&ﬁs'fﬁé“ﬁeﬁﬁéﬁnééaEEXigé ngnhighm YaPRbrein
eposi tion, plasm enhanced chém cal” vapor
fleposnd | burtiser nicoatdag, fatatrhg kayer fdepesictiian,

dro di spense inprinting, 40 O 14. The nethod as
%%%5?%%t+ oY af Ff 3O&h%%g%ﬁondﬁgﬁogﬁﬁ@Sﬁaﬂpﬂeﬁurther

ineludes PALYLaThHIsS8hdsSE6RRrE LM, 1 VAT B4RGRESEY BG
processes selected froma set of processes consisting

of Liecram patterni ng and photolithography. 15. The
nmethod as recited in claiml wherein farmng further

el udes for i ng. sald st TILm Ergm anc, of gani Gre s
acrylate material; W I Sposi ng Turther 1ncl uding
teposid | hgrehspi lmohude el ecthiggnmebedi airko fiommisand a
econd filmtherefro with renmoving said o
eposition process selected from a Set of deposition
processes consisting essentially of chemical vapor
deposition, plasma enhanced chemical vapor deposition,
spin coating, atomic layer deposition and drop dispense

imprinting.

12. The method as recited in claim 11 wherein
forming further includes patterning said first film
using patterning prdcesses selected from a set of
processes consisting of e-beam patterning and

photolithography.

13. The method as recited in claim 12 wherein
disposing further includes depositing said second film
using a deposition process selected from a set of
deposition processes consisting essentially of chemical
vapor deposition, plasma enhanced chemical vapor
deposition, spin coating, atomic layer deposition, drop

dispense imprinting.



first filmfurther including renoving said acryl ate
materi al and portions of said dielectric material in
superinposition therewith to |l eave a plurality of
spaced- apart regions of said dielectric material on
said substrate. 16. The nethod as recited in claim1l
wherein formng further includes formng said first
filmfroman organic acryhﬁ}egnaterial with

di sposi ng further including depositing a conductive
material to formsaid second filmtherefrom wth

renovi ng saftd first MefPRE ?ﬁrFﬁ@ﬂtﬁﬁbP@dﬁﬁ@lﬁbﬂﬁhﬂﬁﬁfreln

gakdo0r ggnicaragky! ahe yABkephal and ROrbiians of, %melm
conductive material in superlnp05|t|on fherew th t

Leine QaptarahngypobcespasedeAQamedrégman@ sk tsaifd
nductlve nat er substrat e, deflnlng sai d

e%%? 2d°partar lT? OfA Fﬁgdpgﬁtﬁgpﬁgﬁnl h§ a
§Mbsblatﬁog§apdy met hod conprising: ICl 41 formng
froman organic acrylate material, disposed on said
substrate,_a first filmhaving an original pattern
that inclutes alpfUraiiey ®f préfeetiBnslaisubsehespin

F@fﬁfn&xf§99ﬁe§r9HE§u3@g'Eorﬁﬁﬁgﬁﬁglhe%QE@@tEﬁgﬂ %f@% an

apex surface defining a height er ebet ween, wt
Ppoyaion @@rséadefmaserialn1wmthsdpeppapoglEummmmnlw

nadlr surface defining a nadir ortion; Vi
oo R ekl B e TSR
Sethstsat @ $@c§ﬂ@efil]f@0§hétéﬁrbﬁ¢f ewichh refekli Rigngaid
Plurallt of recessions;

rst film further lncludlng removing said acrylate
material and portions of said dielectric material in
superimposition therewith to leave a plurality of

spaced—apart'regions of said dielectric material on said

substrate.

16. The method as recited in claim 1 wherein
forming further includes forming said first film from an
organic acrylate material, with disposing further
including depositing a conductive material to form said
second film therefrom, with removing said first film
further including removing said organic acrylate
material and portions of said conductive material in
superimposition therewith to leave a plurality of
spaced-apart regions of said conductive material on said

substrate, defining said recorded pattern.

17. A method of patterning a substrate, said

method comprising:



di sposing upon said first filma second material to
forma second filmhaving a surface spaced- apart from
said apex surface of said plurality of projections
and filling said plurality of recessions to forma

mul ti-filmstack; and renoving said organic acrylate
material and portions of said second material in
superinposition therewith t.0d eave a plurality of
spaced- apart regions of said second material on said
substrate. _18. The_nethod as recited in claim17
wherein rERDUiRg S5PH %?g%ﬁ?@néﬁrﬁFéyzaﬁﬁt@?FSFlal

éyg bstqi pel udes shgapYhRg,val yrescofrigal daseendf il m
portions of said prOJectlons to generate a crown

@ul@an@lthattesn sbbst antiladey smpotiradnd vi wdl udes

region of said ani.c | at terlal se e by

g?ongloPssglaubsegon ng e%ia %ef ﬁomnet%%g%%é
i@ﬁf&@@ terelabmidd wherai Apedti spesiarg Leftihdhg a height
i ncludes formng said second filmfrom42

a
Eh%¥%%?FW%eﬁat§FF5Ias@PéE%@B PlofPaddsét st diléfMedty i c
netﬁfi_SI$9@§bﬁtwmehe§§§athahhx ghr%'h%e%%%ugﬁage% nadir

sesqui oxanes and spin-on gl ass.
pmﬁtmmmas recited in claim17 wherein dlsp03|ng
further |ncludes formng said secgnd filmfrom a :
conduct | ve T EFTE SSET SF Rl 1 Poht A0Let CoP *EaRAuE: FoELon
sBtesidl sepwssistengnesspatiapbyief ogopperewtithgSi@Fining
titanium ti-tungsten and conductive polyners. 21. The
et HoER sty eeft EECPASEPRPM 17 wherein forming further

| ncl udes for g 00; 581 dhLhrstifi kLo cpiAvhde.sahd

subset of projections wt
material to form a second film having a surface spaced-

apart from said apex surface of said plurality of
projections and filling said plurality of recessions to
form a multi-film stack; and

removing said organic acrylate material and
portions of said second material in superimposition
therewith to leave a plurality of spaced-apart regions

of said second material on said substrate.

18. The method as recited in claim 17 wherein
removing said organic acrylate material further includes
removing volumes of said second film and portions of
said projections to generate a crown surface that is
substantially smooth and includes regions of said
organic acrylate material separate by regions of said

second material.

19. The method as recited in claim 17 wherein

disposing further includes forming said second film from



di sposed between said apex surface and said nadir. 22.
A nethod of patterning a substrate, said nethod
conprising: formng froman organic acrylate nmaterial,
di sposed on said substrate, a first filmhaving an
original pattern that includes a plurality of

proj ections, a subset of which extends froma nadir
surface termnating in an gpex surface defining a

hei ght therebetween, wth a portion of said first

filmin superipposition.with said nadir surface .
det T RSt 2 Rl P2 p6i POAECr o g FHG BaFE i FLRdrEiGHS
@t 8Xpasecankegt9ng BkssakdasubsbrakelisBsquioxanes,
superinposition therewth, defining a plurality of
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material to forma second film having a surface
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vol umes of said second filmand ortions of. said ,
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organic acrylate material separate by regions of said
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material to leave a plurality of spaced-apart regions

of said SQ?PPQ T Fﬁé%ﬁgdog S?&giﬁggsﬁﬁaEQai%317T@%erein
method as tecited in clalm 22 erein disposing

foarnieg fuctbdesifolntlag $arudisgcenddf ithmsftr dmlm to
provide said subset of projections with a shoulder

disposed between said apex surface and said nadir.

22. A method of patterning a substrate, said
method comprising:

forming from an organic acrylate material,
disposed on said substrate, a first film having an
original pattern that includes a plurality of
projections, a subset of which extends from a nadir
surface terminating in an apex surface defining a height
therebetween, with a portion of said first film in
superimposition with said nadir surface defining a nadir
portion;

removing said nadir portion to expose a region
of said substrate in superimposition therewith, defining
a plurality of recessions;

disposing upon said first film a second
material to form a second film having a surface spaced-

apart from said apex surface of said plurality of



a dielectric material selected froma set of
dielectric material consisting essentially of

si | sesqui oxanes, nethyl-sil sesqui oxanes and spi n-on

gl ass. 24. The method as recited in claim22 wherein
di sposing further includes formng said second film
from a conductive material selected froma set of
conductive material consistdng essentially of copper,
tungsten titaniun1 ti-tungsten and conductive

gﬁ g % gh§ gﬁthod as re |teﬁ claim?22 . ‘
8r 8 loPérﬁ? tur tREr SPAE) B gge &Fﬁﬁ Rg S&CESFPgE tO
f@kﬁtgomuthvEggmsgtgcﬁubset of projections with a
shoul der di sposed between said apex surface and said
nadir. removing volumes of said second film and
portions of said projections to generate a crown surface
that is substantially smooth and includes regions of
sald organic acrylate material separate by regions of
salid second material; and

removing said organic acrylate material to

leave a plurality of spaced-apart regions of said second

material on said substrate.

23. The method as recited in claim 22 wherein
disposing further includes forming said second film from
a dielectric material selected from a set of dielectric
material consisting essentially of silsesquioxanes,

methyl-silsesquioxanes and spin-on glass.

24. The method as recited in claim 22 wherein
disposing further includes forming said second film from
a conductive material selected from a set of conductive
material consisting essentially of copper, tungsten,

titanium, ti-tungsten and conductive polymers.

25. The method as recited in claim 22 wherein
forming further includes forming said first film to
provide said subset of projections with a shoulder

disposed between said apex surface and said nadir.



