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technology. Exemplary imprint lithographic processes are described in
detail in numerous 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 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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patterned |l ayer, etch-differential |ayer operates to
nodi fy the EPC by varying the tine required before
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{o014] Fig. 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;
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f00251] Fig. 17 is a cross-sectional view of the substrate shown in
Fig. 16 with nadir regibns removed;

[0026] Fig. 18 is a cross-sectional view of the substrate shown in
Fig. 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 pelishing/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
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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 chemistry breakthrough



may result in exposure of sonme 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 layer 24

provi des added variability in a given pattern
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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. [00471 The material s

enpl oyed to formthe patcb@ﬁdsedrohayer 22 and
etch-differential |ayer cted to obtain the
desired etch- dlfferent?bamﬁntg(é gge 28. I n one

exanpl e, patterned | ay8be¥#! i34 2ol yneri zed and
cross-linked sili cerhyflpee ghetodrdiabrflerered from t he

fol I owi ng conpagdlokPrb-metnd1 =1-GRMPOSIELLN1 lodes obor nyl
acrylate n-hexyl acrylate _ethylene glycol diacrylate
2- hydr oxy- 2- met hyl - | - phenyl <bfopan-1-one RIR2 (0048]
The acryl ate conponent isobornyl acrylate (IBOA) has
tdves) f ol | owe rgretate Globip@ien® igpborapt] acoyTpré S@BOA) has the
ARRLERAL NBLBLdh2D% of COMPOSI TION 1 by wei ght, but may
conpri se 20-80% of the sane. As a result, the

mechani cal properties of patterned Iayer 22 are
primarily attributable to | BOA exenpl ary sanpl e
of IBOA is available fromSi grm- '1 drich of St. Louis,

M ssouri under product unbe
n-hexyl acrylate (nHA) owi ng structure: O
and conprises approx t ; COMPCSI TI ON 1 by
wei ght, but may conprise ®to 50% of the sane. Al'so
provi di ng mechani cal strength to patter ned Iayer 22
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Bk FPan el e SORERIOTE oy SRR by
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St oduct. nu
HOEO 5o K" n“mls’%r-g | E)EI nérg?:ocrcr’ﬁ ment eétg?{yl ene latlen‘tc)n%) has
Hheatrlypire, staasturpe fol lowing st ructure: O - and
conprises approxi matelg 15% of COVPOSI TI ON 1 by

wei ght, but may \)k
\ /\/\/\
0)

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 4083505. A cross-
linking cbmponent, ethylene glycol diacrylate, has the following

structure:

\)]\O/\/O\[K\
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conprise 10-50% of the sane. ECGDA facilitates
cross-linking of nHA and | BOA during pol ynerization
of COMPOSITION 1, as well as contributes to the

nodul us and stiffness build up. An initiator
conponent, 2-hydroxy- 2-nethyl-I|-phenyl-propan-I|-one
is available from C ba Speci abty Chem cal s of

Tarryt own, New York under the trade nanme DAROCCUR 1173,
has the following structure: CH 0 QC-COH CH3

a0 CRORLS B ARRROXIITELE | SHALCEMEOR), TN Y ney
nprise . 1%t Y% of e_sane
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h pponent  RIR2 is a rf I, _havin the
sonari G Ra TRk, Bt Bzl iR e
F?t?f@'éab‘? oﬁ_ qaaryfow?,ngfvugpv%undegn qQErade name DAROCU‘R 1173, has
ChR C2TwOh P RO ENI4: With X is in a range of 0 to 15,
inclusive. The surfactant may be any known in the art
that provides COWPCSITION 1 wth suitable wetting
properties in the |iquyidpha¥e, GH:,weII as desired
rel ease characteristif N _tRe ¢ C?thase. For
pur poses of this inve a surfactant is defined as
any nol ecul e, one tail whi ch Gz hydr ophobi c.
Surfactants may be either fluorine-containing, e.g.,
include a fluorine chain, or may not include any
PPYGPTRTE SET 2PRREximate Fadt oAt CHBPLCTEPR 1sPY et dhte PupAfaY
exgnpsar ys surfact ant daas. t e ihplibow ng wepmsate to a broad
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and, i s, ava e under a i
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ttPRE9E onpostite| WHPORRRE H‘l‘?zh’e's PeTHIE ATYIGTE dGHfen Bkt geneBel ng
serficcett B PrRPBICF) pnaith ameing .in[ 058de bn 1 he 7preseudive,
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surfactant molecule structure. An exemplary surfactant has the

following general structure:

CH, 0
CF3 CH2 o o, | H

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.

[o050] 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



conposi tions: COVPOSI TI ON 2

acryl oxynet hyl pent anet hyl di si | oxane i sobornyl
acryl ate ethyl ene glycol diacrylate

2- hydr oxy- 2- et hyl -1 - phenyl - propan-1 -one R1R2
COMPCSI TION 2 differs from COMPOSI TION 1 by the
substitution of nHA with . 11 -

acryl oxynet hyl pent anet hyl di si | oxane that has the

§55419¥¥n89h5ik£§a§téyéedeﬂ051ﬂgaoadoﬁ Af éélkr53391£ﬁégfﬂznhﬁmga

nponent s of ON 2 are. that
EERPOSRTT L e v i oRaREe 1A PERe Ry EBunt s,
Pmmpée@awmpémqlemaé?namwmmewhrS%JpﬁfEﬁ?qtyal layer 24 is
& Jyhesesedcapiy oxés¥nlslkyd Hhiterdhl COMRGASEAImObhe2pf tatiEollowing
gg@gspcqgng hydr oxy- 2- met hyl -1 - phenyl - propan- | - one,
conprising approximtely 18% and 3% respectively.
The surfactant RLIR2 is approximately 0.5% of the
COVPCSI TI ON.  COVPCSI Tl ORCMEOSITION 2
acryl oxynet hyl hicg{1dxynmhhydeatdn@xyyraes hyksiel ane
i sobornyl acrylate etRhylene glycql.di acrylate
2- hydr oxy- 2- net hyl - | hen#k Lo an I - one R1R2 [ 0051]
Conposi tion 3 dlffé\;"s‘PF?eo &k 2 only by the
substitution MY@@FW%%W@WPMﬂMPWFd@@i | oxane
with acryl oxynet hyl bi s(tri st hyl sil oxy) net hyl si | ane.
The component

| ox neth | bi s(trinethyl silox thylsilane h
FOPHRIHG > Slaraes gren Soepbriay O bhiFie b8l BP B8 b S
Emrlwefrnmnyveerqaraﬁrmfﬁlesloe;ﬁneeabﬁt bts the febinydrme Ftucspre:
COWCOSI TION 3 are the sane as;di sclussed w th

COWPOSI TION 2. [ 00527 Ref r| n |gs 1 and 2,
after formation of @ﬁ:\lﬁg W\Iayer 24 a
bl anket etch using, for lexanpl IE process wth a
hal ogen gas m xture of pr oxi rratel y 70% CF4 and 30%

O réninRIFPLYEEENES dfefﬂMWGSﬂTQOﬁIZOKEE oflat same as COMPOSITION
et ¢0e dbL fRLenti Al ol AYeInL4nRUPSt 2Rl 8ldfie, 1m0a of
COMPOSITION 2 typically comprises approximately 37% of COMPOSITION 2,
and EGDA and 2-hydroxy-2-methyl-1-phenyl-propan-1l-one, 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-l-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:



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 I N STEP AND,fLASH | MPRI NT

LI THOGRAPHY, in a white paper distributed at the SPIE
M crolithography Conference h _qt?j. %'@nta d ara,
California from February 23-Fe g 8, 2003. Crown
surface 44 is defin by%@mg the apex surface 34
of the projections 30. [n theog @g{k exanpl e,

adj acent apex surfaces are se§§ 3& by regi ons 46
of etch-differential |ayer 24 remaining after
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forming etch-differential layer 24 using drop-dispense techniques, etch-
differential 24 layer may be formed employing spin-on techniques as
discussed in United States patent application number 10/789,319 filed
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 remaining 10% of the solvent evaporates, leaving etch-

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

ermal

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
etch-differential |ayer 24, 124, 224 and 324 is
formed, with thickness variations of 20nm or |ess.
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simlar to that described above. - 20 [0075]
Referring to Fig. 16, other processes in which an
organic patterned layer functions as a sacrificial
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~ [0079]) -Referring to Figs. 19 and 20, following formation of crownr
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 shoulyders 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 generxating optical elements.



differential |ayer 708. 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 mght be useful for generating optical elenents.
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be er m ned mn rence to the ap cl ai ns
wléhg*ewrteﬁcet I’i@lﬁhef"‘tﬂpFn‘?&o‘ﬁé”ﬁ 2longutiral E*?ﬁ% fulb geope of
ElgAlveBerdts. A net hod of patterning a substrate, said

met hod comprising: forming, on said substrate, a
multi-layer filmdefining junction having a plurality
of first portions each of which has a first éetch rate
associ ated therewith and a second portion having a
second etch rate associated therewith, wth adjacent
first portions being separated by said second
portion; and transferring a pattern defined, in part,
by said junction into said substrate, with a

di fference between said first and second etch rates
bei ng sel ected to mnimze bow ng of recessed features
formed in said pattern. 2. The nethod as recited in
claim1 further including cooling said substrate to a
predet erm ned tenperature bel ow anbi ent tenperature.

3. The method as recited in claim21 wherein
transferring further includes renoving said junction
enpl oyi ng reduci ng chem stries. 4. The nethod as
recited in claim1l wherein transferring further

i ncl udes sequentially renmoving said first and second
portions



uniformy over a volune thereof. 5. The nethod as
recited in claim1 wherein formng further includes
formng said plurality of first portions with a first
quantity of silicon and form ng said second portion
with a second quantity of silicon, differing from
said first portion and defining a difference between
said first etch rate and segpnd etch rate for a given
c\%ﬁg ~chemstry. 6. The method as recited in claim1l
erein formng further includes formng said
1P AMERLLSY o 8f p il £ 541 0K t 4 PBEr el Ns B qOMaMolt Yorh i Sinlgl: con
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igcgaayil ogygr{ggﬁyf pentamet hyl di si | oxane ~and a surfactant,
an geposi ting upon said first layer a second |ayer

2COfRY instigh ashydsieyl id unath onadurpwdry ShkDxAENE, cooling said
shestaiaes hox ¥ nptdayt eediani neppécituen éslbd ambéerdc it gnaydture.
nmet hyl anyl Kketone. 8. The nethod as recited in claim
37 Bherethodepdsiedingd uppreisandl  vheuein| Ay ipgringefurther

ipakidea eeTEY SR dPRY RAFH Ve BBNGYIRY SPNFITH AFatTes:
49'¥gécgggﬁgéogylggéiqgéhggyéIgign?'wherein transferring further
includes sequentially removing said first and second portions
uniformly over a volume thereof.

5. The method as recited in claim 1 wherein forming further includes
forming said plurality of first portions with a first quantity of
silicon and forming said second portion with a second quantity of
silicon, differing from said first portion and defining a difference
between said first etch rate and second etch rate for a given etch
chemistry.

6. The method as recited in claim 1 wherein forming further includes
forming said plurality of first portions with a quantity of silicon
in a range of 2-6% by weight and forming said second portion with a
second quantity of silicon at least 10% by weight.

7. The method as recited in claim 1 wherein forming further includes
depositing a first layer upon said substrate comprising isobornyl
acrylate, n-hexyl acrylate, ethylene glycol diacrylate, 2-hydroxy-2-

methyl-l-phenyl-propan-1l-one, acryloxymethylpentamethyldisiloxane
and a surfactant, and depositing upon said first layer a second
layer comprising a hydroxyl-functional polysiloxane,

hexamethoxymethylmelamine, toluenesulfonic acid and methyl amyl
ketone.

8. The method as recited in claim 7 wherein depositing upon said
first layer further includes providing said second layer with gamma-
glycidoxypropyltrimethoxysilane.



