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invention relates generally to mcro and/or nano-
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technology. Exemplary imprint lithographic processes are described in
detail 1n numerous publications, such as United States published patent
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number 10/264960 on October 4, 2002 and entitled METHOD AND A MOLD TO
ARRANGE FEATURES ON A SUBSTRATE TO REPLICATE FEATURES HAVING MINIMAL
DIMENSIONAL VARIABILITY; United States published patent application
2004/0065252, filed as United States patent application number 10/264926
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[0014] F:Lg 6 is 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;



| ayered structure, shown in Fig. 5, after subjecting a
crown surface to an etch to formrecesses in a prinmer
| ayer; [0015] Fig. 7 is a sinplified cross-sectional
view of the nmulti-layer structure shown in Fig. 6
after deposition of a second etch differential |ayer;
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[0025] Fig. 17 is a cross-sectional view of the substrate shown in
Fig. 16 with nadir regions removed;

{0026} Fig. 18 is a cross-sectional view of the substrate shown in
FPig. 17 with a conductive layer disposed thereon;

[0027] Fig. 19 is a cross-sectional view of the substrate shown in
Fig. 18 after-chemical mechanical polishing/planarization;

[0028] Fig. 20 is a cross-sectional view of the substrate shown in
Fig. 19 after removal of the organic acrylate material;

[0029] Fig. 21 is a cross-sectional view of the substrate shown in

Fig. 20 in accordance with an alternate embodiment;
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[0038] Patterned layer 22 and etch-differential layer 24 define an
etch rate differential interface 28 that results from the relative etch
rates and thicknesses of the materials from which patterned layer 22 and
etch-differential layer 24 are formed. This facilitates formation, on
substrate 10, of a pattern corresponding to a shape of patterned layer

22. For example, as shown, patterned layer 22 is provided with features



with planarity perturbations having a frequency that

is less than the frequency of the planarity

perturbations in surface 20. [00381 Patterned | ayer 22

and etch-differential |ayer 24 define an etch rate

differential interface 28 that results fromthe

relative etch rates and thiocknesses of the materials

fromwhich patterned layer 22 and etch-differentia
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[0041] Etch-differential layer 24 provides added variability in a
given pattern 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 varying the time required before the etch chemistxry breakthrough



may result in exposure of sone regions of substrate 10
in superinposition with projections 34 before
exposure of regions of substrate 10 in
superinposition with recessions 32. As a result
features of the pattern may be lost, which is
undesirable. [0041] Etch-differential |ayer 24

provi des added variability in a given pattern
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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



wafer, a galliumnitride wafer and the |ike.
Furthernore, substrate 10 nmay include any one of the
af orenenti oned wafers with one or nore pre- existing
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Etch-differential |layer 24 includes first and second
opposed sides. The first side faces patterned | ayer
22 and has a profile conplenentary to the profile of
the patterned | ayer 22. The second side faces away
from patterned layer 22 formng a substantially
snmooth if not planar surfaceg - defining a

normal i zation surface 40. [0047] The materials

enpl oyed to formthe patbemosetiohayer 22 and
etch-differential laygL,24,@re.S8Lected to obtain the
desired etch- differential 1nterface 28. In one

exanpl e, patterned | ayB*3pt €12 ol yeri zed and
cross-linked sili cevhyfleme ghercérdiakrflerered fromt he

fol | ow ng compagidked-meth1 -1 -cRMPOEbLAN1 lonkesOboOT Ny
acrylate n-hexyl acrylate rSL hyl ene gl ycol diacrylate
2- hydr oxy- 2- met hyl - i - phenyl -pf opan-1-one R R2 [0048]
The acryl ate conponent isobornyl acrylate (IBOA) has
149481 f ol | G Rgriate coup@ent) isbborayls acrylapnd IBAIPREsS B8
BRPEIRE NFr@Ehr§5% of COVPOSI TION 1 by wei ght:, but may
conprise 20-80% of the sane. As a result, the

mechani cal properties of patterned |ayer 22 are
primarily attributable to | BOA. Ag-exenplary sanple
of IBOA is available fromSi grm-dri ch of St. Louis,
M ssouri under product punbe PMO03. The conponent
n-hexyl acrylate (nHA) hgs owi ng structure: O
and conprises approx 7% O0COVPQOSI TI ON 1 by
wei ght, but may conprise ®to 50% of the same. Al'so.
provi di ng mechani cal strength to patterned |ayer 22,
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and comprises approximately 27% of COMPOSITION 1 by weight, but may
comprise 0 to 50% of the same. Also providing mechanical strength to
patterned layer 22, nHA is employed to provide the desired viscosity of
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:

\/”\o/\/o\[(\
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- 10 and conprises approxi mately 15% of COWPOSI TI ON 1
by wei ght, but nmay conprise 10-50% of the sane. ECGDA
facilitates cross-1linking of nHA and |BQA during

pol yneri zation of COMPCSITION 1, as well as
contributes to the nodulus and stiffness build up.
An. initiator conponent, 2-hydroxy-

2-met hyl - I - phenyl - propan-1-one is available from C ba
Specialty Chem cals of Tarrytown, New York under the
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i nclusive, and R2 = CH2CH20(CH2CH2O)xH, with X is in
a range of 0 to 15, inclusiv The surfactant may be
any known in the art tAh pr%/ld lst(]VP(BITI(]\Il W th
suitable wetting propg S bHaui d phase, as
well as desired relea fharacterlstlcs in the solid
phase. For purposes of this inve®bgon a surfactant is
defined as any nol ecule, one tail of which is
hydr ophobi ¢c. Surfactants ma% be either )
PRAGPIRE Eh PRI TR L6 33, °F CPROPLRIONGE PY U5iFe ¥,
cemrrEye ndt tongt gwdechansamkl uGhe Neitirtbhds wypdmmévamb a broad
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Aslease adatdctenisplas &b ithy soft idipbpdeat Bor( pofposdsown kthif -
1dvenk 1o brﬁlulrﬁgztgm ek id’é'fl&ﬁeaéjaﬂp&ioi&ﬂl@t @He Qéul of which is

n zatlon
Bﬁéx&ﬁ%ﬁEQ ?;g%éaaganﬁgco %;Ctg ttq-h uo;ﬁ;'le con a1n1 g, e g.,
include a fluorlne chain, or may not 1nclude any fluorine in the

surfactant molecule structure. An exemplary surfactant has the

following general structure:

CH, 0
\ S~
cr:3 CH2 0 CH, JH

and is available under the trade name ZONYL® FSO-100 from DUPONT™, which
consists of 0.25 to 2% of the composition, with the remaining components
being reduced a proportionate amount.

[00501] In the present example, etch differential layer 24 is formed
employing the drop-dispense technique discussed above with respect to

patterned layer 22. As a result, a plurality of droplets (not shown) of



Exenplary inprinting materials from which
etch-differential layer 24 is a polynerized and
cross-linked material fornmed fromone of the follow ng
conposi tions: COVPOSI TI ON 2

acryl oxynet hyl pent anet hyl di si | oxane i sobornyl

acryl ate ethylene glycol di-acryl ate

2- hydr oxy- 2- net hyl -1 - phenyl - propan-1-one R R2
GCPROBInG &N e2iddi hfeebspdsi o4t EXNPEShAteinéd yyelrh® and a

%Hgé\trkéaltgbrp%opg (stﬂﬂm is placed in contact therew:.th
acr'¥l oxynet gl pent anet hgl di si | oxane

FEPTPONN S P UCBUPREET 43S ohrom [y eh egeh- Slérfﬁée?téﬁhlﬁll'eﬁg“ is
eorrponerized ohd COMPOSIHKeONaReied fiomed §rareorss of the following
CoMREeiBheN 1, but are present in differing amounts.
For exanple, I1BOA of COWPCSITION 2 typically
conpri ses approximtely 37% of COWPCSI TION 2, and
EGDA and 2- hydr oxy- 2- metR¥CSEIE Ry | - pr opan- | - one,
conprising appzaxisaheihyldd¥%sraptbly 3% iloagpect i vel y.
The surfactant RIR2 i SisosppRyD%cARLe:Y 0. 5% of the
COMPGSI TI ON. - COMPCGL T
acryloxynethylb|s€?¥ﬁhgkag?§Fﬁl % crjﬁgtﬁyIS|lane
i sobor nyl acr 3THEEBTHFrEne- ’g‘P? “RRCREH T e
2- hydroxy- 2-net hyl - | - phenyl R@opan-1-one RLR2 [0051]
Composition 3 differs from COMPCSITION 2 only by the

1.0 t X
%&%&i’fﬂgg g;&fﬁég(“fg%(r{) %EEF{%%EPP% 3% rrettﬁ'c:l;o% c?ﬂ;gHA with
?FﬁylefﬁyﬁE#%}ﬁ?ntamethyldlsl oxane that has the ollow1ng structure:
acryloxynethylbls(trlnethyIS|I xy) net hyl si |l ane has the
follow ng structure: i g 3 00S (Ow)3
The rel ative quantlbr/s F conponents of
COMPCSI TION 3 are the ne as dlscussed W th
COWPCSI TION 2. [0052] Reterring to Figs. 1 and 2,
afd eemdioinmtorpanaits etfc FOMPASFTION @ndreakhdtayare 2 CEMPOSITION
bl aRkelre 81:eBedtSiNQi rdeRinL URdRALE. ardd Exfpb0E380a BELH A
g%nggleIl}Olgazs ml)é%i‘{r eco(r)nf rla raOXI %@&até{ 307%) &F‘clo@aglﬁgn/"z,

PR o Tenpve 8r of

RN P‘F%Fé’i‘ﬂdir%?fy Fa'y?éilﬂz& ‘g’ﬁ’b’gt BFtReat}-gne. comprising

approximately 18% and 3%, respectively. The surfactant R;R, is

approximately 0.5% of the COMPOSITION.

COMPOSITION 3

acryloxymethylbis (trimethylsiloxy)methylsilane
isobornyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1-phenyl-propan-1-one
R:R,

[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:



uniformy over a volune thereof to provide a crown
surface 44. O her gas mxtures that nmay be include
contains CHF3. SF6 and other fluorinated chem stries
know to one of ordinary skill in the etching art. An
exenpl ary etch chem stry is discussed by Johnson et
al. in ADVANCES | N STEP ANDiFL-ASH | MPRI NT
LI THOGRAPHY, in a white paper di stributed at the SPIE
M crolithography Conference h M@gnt a Cara,
California from February 23-Fe ru ry 8, 2003. Crown
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remai ning portions of etch differential |ayer 224 may
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the dinensions of the features in the patterned | ayer
122. [0063] Another advantaggsw th the tone reversal
is found when fabricating patterned |ayer 22
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| ayered structure 338. 100661 Referring to Figs. 11
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~discussed-gn United States patent application number 10/789,319-filed = - =ur-

February 27, 2004 entitled COMPOSITION FOR AN ETCHING MASK COMPRISING A
SILICON-~CONTAINING MATERIAL. To that end, the following compositions
may be employed:
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energy, the remalnlng 10% of the solvent evaporates, leaving etch-

differential layer 24, 124, 224 and 324 with approximately 20% silicon
by weight.

[0072] An exemplary method of forming etch-differential layers 24,
124, 224 and 324 includes spinning-on approximately 4mL of the silicon-
containing material deposited proximate to a-=center of the 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
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simlar to that described above. 20 [0075] Referring
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[00791] Referring to Figs. 19 and 20, foldowing 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 understood that the this same process may be employed to



and oxygen-based chem stry, as di scussed above. The
etch process renobves projection 430, |eaving a

plurality of spaced-apart nmetal lines 450. It should
understood that the this sane process may be enpl oyed
to 21 formnetal lines 550 with stepped shapes, e.g.,

a pair of spaced-apart shoutders 552 di sposed between
an apex surface 530 and substrate 510, shown in Fig.
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substrate 702 that might be useful for generating optical elements.



differential |ayer-70F8. In a second enbodi nent, the
etching chem stry is such that a high etch
selectivity is achieved 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 elenents.
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GEﬂWWEmIS A nethod of patterning a substrate having
surface planarity perturbations, said nethod
conprising: formng, on said substrate, a first film
havi ng an original pattern that includes a plurality
of projections a subset of which extends froma nadir
surface termnating in an apex surface defining a

hei ght therebetween; disposing, upon said first film

a second filmdefining a normalization surface
spaced-apart from said apex surface of said plurality
of projections, with a variation in a di stance between
sai d apex surface of any one of said plurality of
projections and said normalization surface being
within a predeterm ned range; and transferring onto
said substrate, a recorded pattern corresponding to
said original pattern, with said predeterm ned range
being selected to mnimze pattern dlstortlons in
said recorded pattern.



2. The method as recited in claim1 wherein formng
further includes formng said second filmto provide
said variation that is |less than said height. 3. The
nmethod as recited in claim1 wherein form ng further
includes formng said first filmto provide said
subset of projections wwth a shoul der disposed
bet ween sai d apex surface_and_said nadir surface. 4.
CThe nmethod as recited in claim1 wherein form ng
Ydf'ther incl udes depositing said first filmwith a
nadir region, in superinposition wth said nadir
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2. The method as recited in claim 1 wherein forming further includes
forming said second film to provide said variation that is less than
s said height.

3. 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.

4. The method as recited in claim 1 wherein forming further includes
depositing said first film with a nadir region, in superimposition
with said nadir surface, having a thickness associated therewith
that is approximately equal to said height.

5. The method as recited in claim 1 wherein forming further includes
depositing said first film with a nadir region, in superimposition
with said nadir surface, having a thickness associated therewith
that is greater than said height.

6. The method as recited in claim 1 wherein forming further includes
depositing said first film with a nadir region, in superimposition
with said nadir surface, having a thickness associated therewith
that is two times greater than said height.

7. The method as recited in claim 1 wherein forming further includes
depositing said first film with a nadir region, in superimposition
with said nadir surface, having a thickness associated therewith
that is ten times greater than said height.



