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[0024] Fig. 16 is a cross-sectional view of a substrate patterned with
an organic acrylate material in accordance with an alternate embodiment
of the present invention;

[o025] 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
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 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;



material in the via portion and trench portion in
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invention; [0024] Fig. 16 is a cross-sectional view of
a substrate patterned with an organic acrylate
material in accordance with an alternate enbodi nent
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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



32. For a given etching process, therefore, etching
W Il commence sooner in regions of substrate 10 in
superinposition with recessions 32 than regions in
superinposition with projections 30. This facilitates
formation of a pattern in substrate 10 correspondi ng
to the shape of patterned |layer 22. [0040] By
properly selecting the inprinting materials and etch
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[0044] Primer layer 18 is applied to substrate 10 employing any known
technique, e.g., chemical vapor deposition techniques, atomic layer
deposition techniques, physical vapor deposition techniques, spin-
coating techniques, imprintz-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



interface. Considering that all or sonme of
etch-differential |ayer 24 and sone or all of
patterned | ayer 22 are sacrificed to formonto
substrate 10 the desired recoded pattern, it is seen
that etch differential interface 28 provides the
nmodi fication to the EPC. By _gstablishing a suitable
etch-differential interface 28 t he del eteri ous
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degrasirta emoireciinatjeessurpdvese@al vapor deposition
t%bblﬂj QUES ;rnS Riala LA IeRP1dyBE N BliGStnel PRteflea 1ayer 22 and
egct;loﬁgirf?g at.leggm §J4e§areandletcb:ed ltlokoq)taln tLe deglre%egttch
eXanpl e, patterned | ay8f° 25 &nd
d1fferent1a1 interface 28. In one example, patterned layer 22 is a
polymerized and cross-linked silicon-free material formed from the

following composition:



etch-differential |ayer 24 are fornmed enpl oyi ng
inprint lithography techniques. An exenplary
technique for formng patterned | ayer 22 enpl oys
depositing a plurality of droplets of inprinting
material, referred to as a drop-dispense technique.
An exenpl ary drop di spense _tgchnique is described in
United states patent application nunber 10/789, 319
filed February 27, 2004 e J@é§#§§§§§LPCSITICN FOR AN
ETCH NG MASK COVPRI SI NG CONTAI NI NG
MATERI AL, which is assil§PR™{o2tHe2tassi gnee of the
present invention. Typi ediekyl adrdptei spense inprinting

is practiced in a heliMend bmoatmgmgg@, e.g., wth
helium being f]owed into.a proce at_ about 5

S
pounds per squar Pﬁ%h'mEUIl TR g§1uggscr ed in
United States patent applicafi®on nunber 10/ 677, 639,
entitled SINGLE PHASE FLU D | MPRI NT LI THOGRAPHY METHOD
f idogsh Cct ohgy a%qlgg%p&ﬁn@&%mra%y aSY51aRD {180a) has the
N%qllaglggun er the trade nanme | MPRIO 10om from

eI TRPM Ri s, Inc. having a place of business at
1807-C Braker Lane, Suite 100, Austin, Texas 78758.
The system description for the IMPRLO|Oom"' is
avai |l abl e at MMMLnDIecuIarinprint com [0046]
At ures di scussed
above. Etch- dlfferentlaIC)ay mcl udes first and
second opposed si des. Jﬁe ghde faces patterned
| ayer 22 and has a pro npl enentary to the
profile of the patterned |ayer 22. The second si de
faces away from patterned |ayer 22 formng
sts'seamr i ses| 3PPERpiFRRelYT S30pE ﬁP%Rﬂ§FT%9§r¥z%¥ewelgﬁ%# PRE AgY
acampriel 2-abvs off Sur faee 406. a [r6HAE] theemdtbheidadllroperties of

eploMRE fa9ef Qb rraztehsrmﬁ gr HedilRYeT. 23 @84 A.n exenplary
etch di fferenti al ngﬁ . \r e sqgecged to qp

f he
P12 8T PRSP &P e P IS SFh onls' Mds3Gurs
e%@ﬁﬁlpé?dlﬁatlt‘@?ﬁ%éﬂjd’g?er Tho q°§P<HIeanG’I hererli o lahed (nHA) has
ctreSsellbnilkgdstsnbtzen-free material formed fromthe
foll ow ng conmposition: - 9 COVPCOSI TION 1 i sobor nyl

acrylate n-hexyl acryl et hyl ene glycol diacrylate
2- hydr oxy- 2- met hyl - &p /Vﬂvaaﬂ<L7@Q§ R1IR2 [00481
The acryl at e conponen |56bornyl acrylate (1BOA) has
the following structure: O

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/\/()\f(\

O



and conprises approxi mtely 55% of COMPCSI TI ON 1 by
wei ght, but may conprise 20-80% of the sane. As a
result, the mechanical properties of patterned |ayer
22 are primarily attributable to | BOA. An exenplary
sanple of IBOA is available from Sigma-Aldrich of St.
Louis, Mssouri under productonunber 392103. The
conmponent n-hexyl acrylate (nHA) has the foll ow ng
structure: O and conprises approxi mately 27% of

OSI TI.ON. 1 b t ut rise 0%
LR ogmrichy gl aop e EhbosiIPL BF (gl TOR,
p&PTREARA T et 55 AR | Gy EEED Cﬁ%i/llti‘é‘lt’%é’f nHA and
dgsox @dring gedgndry zafion COVRPBLIIIOMN 1, asnwelleab igutdbutes to

PRES Gwoal RsDial fti@rkA8 gﬁn&d ance i PRIESQSr co%BQx{e'ﬂ@ I' 2-hydroxy-

o5 DL D LIRS L Lo LI
avartigpl e of rTéﬁ*FYSPgI?mNe‘NYGF’f cﬂhd?ﬁ tlSt tragqsunape MF@%M” has
urdertopradue strusataer: 408905. A cross- |inking
conponent, ethylene glycol diacrylate, has the
following structure: 10 and conprises approxi mately
15% of COVPCOSI TION 1 by,_wej gh?, HDIH3 may conprise
10-50% of the same. EGBA flaci ll l%ross-l I nki ng of
nHA and | BQA during pwy 2 atl COWPOSI TI ON 1,
as well as contributes T0 the rrtﬁlldj,us and stiffness
build up. An initiator conponent, 2-hydroxy-
2-nmet hyl -I - phenyl - propan-1-one is available from C ba
SpeticaransChepreaimately Parafy FORASINNAY YYbY kielghte rbutheay
t catterisanes DARBCLR thd 7s3me hashe tikerifabbd @M RGp&ish U tedr € broad

Obgncpogdltl:ga Jrl(ﬁ'é'gﬁdleﬁﬂgn Ct%”P;!dﬁ?@at@pé%Q%“l'IHﬁﬁbymﬁ% of
rise .1%to 5%

of° ”F{'Sr’szﬁ'f‘r%m ‘T’Eéh‘? i ?°5’F8'f’s °§ Croég?jg&ﬁggﬁ"vé to a broad
bdftE9bf ul tTha-sAmpbnent rRalli at isopunfectaatitavieg dhe general
CeOASthieNki AG (@ALF,) POy ER i Bahh G 8frahfie of OMRONENLE106ive,

C%@I T!T}QZ\J-I QJ(CHL(QIO&)QJI uggh %o{g)qgeﬁ&‘a&% I S’i:c?l 15, inclusive.

surfact ant Ravi ng enera structure

R FERIF A PG BRI ot Ao b Bqvgaep COpoSITION 1

i HEfhuspireble weitim® Pfox@HZMQ(! CHE GHEO) XK Phasgi t #¢ ¥ellsasg gesired
arénage cBirddcéAsdfns ineheSoved phdde sl pagbadd offapibe

aQé(velﬁQ%a Isﬂrfall@arﬁ:r t.LS tcﬂ@&neﬁr QQI I ?}E%o%@lolﬁ qsll ofV\drht_LQh is

bevvettlngt? gertlesm ase,
c

\NBY?“%%“&%& red FR8E RnaHEET efrlf’g’f Escﬂn a’t‘ﬁé‘-"’s&t? d
pheciade Foflugpinsoshadnofort Mysnetheriude mna Syefixet Bnthe s
dehiraethn8Sncadyu180dteGed e . ORR dx@inpla®y SOBELIRahtS has the

following general structure:

H, CH, 0
N ~
CF3 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.

[0050] 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



hydr ophobi c. Surfactants may be either
fluorine-containing, e.g., include a fluorine chain,
or may not include any fluorine in the surfactant
nol ecul e structure. An exenplary surfactant has the
foll owi ng general structure: CFZCFCH2 CHO XY
CFC~CH OCH2 H and is avajl able under the trade
nanme ZONYL' PSO 100 from DUPONT~, which consists of
O'ir‘a‘ 5ri¥1toin28ma%f r}aliearceo %ékéeldogto Wlog hagtrl:%néde Er%léa@l ﬁgand a
component’s el ng reduced a prgpor_ Ionat e amount .
[ BHBOF 31T hECYsY Z%nfh"é’?bﬁﬁl placgd dR ERPFRET ERATPURICPE ayer
2&xemplinyr redtintgnp Iy enigls Heod ndpsidiesgedsferechal dager 24 is
dib SEi$ead - D NE cYbdsN1{RePeRtetiQ1 RAMELERGchAYLthd 20l 1owing
Ason%ogl sult, a plurality of droplets (not shown) of -
11 I npri At | ng material are deposited atop of
patterned |layer 22 and a planarization nold (not
shown) is placed in cont aowpdshereawet h. Exenpl ary
i mprinting mat erdglfod hom, Wne kbt di fkgdeent i al
| ayer 24 is a polyneri,zed and crass-Iinked materi al
formed fromone of the *F3rT8% AGY €6fposi ti ons:
COVWPOSI TION 2 acr yesiiane Ifyyentaesy e di si | oxane
I sobor nyl acr yi-ayercet fprhetrelgl-poelyldpapanradre
2- hydr oxy- 2- et hyl - | - phenyl - prgpan-1-one RI1R2
COMPOSI TION 2 differs from COMPOSI TI ON 1 by the
substitution of nHA with
aCMPPEEF AR 2h 1 ffert dret ROTRISETIONxakE HisatubhEiuEine of nHA with
f atdyowtyngeistiperchtdyldl silldxend ehat hihshe ORPLAEHG Stodcture:
COWPCSI TION 2 are that sane as g:O\/POEI TION 1, but are

’[s~ ex

present in differing amounts. F npl e, |1BCA of
COMPCSI TI ON 2 typi cal NS xi mtely 37% of
COVMPCSI TION 2, and EGDA fand

2- hydr oxy- 2-nmet hyl - | - phey| - pr opan-| -one, conprising

AP OXdTRE R Yorb8erRB b £3%eMpb 8516 1 YE] ¥rarl BoneS b fcBfdcRDETON
Rl | S __appr oxi mat ehy 0.5% of the COVPOSETI ON.
Cb%&ﬁf?(% nt i1n differing amounts. For example, IBOA of
AEMPPBETY PRE 2hiared FaYyyr ¢amet IRgE sdtpoAratt iy i ¢ FRMPOSITION 2,
and EGDA and 2-hydroxy-2-methyl-l-phenyl-propan-1l-one, comprising
approximately 18% and 3%, respectively. The surfactant RyR, is

approximately 0.5% of the COMPOSITION.

COMPOSITION 3

acryloxymethylbis (trimethylsiloxy)methylsilane
4 isobornyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1-phenyl-propan-1l-one
' RiR;

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

structure:




i sobornyl acryl ate ethylene glycol diacrylate

2- hydroxy- 2-net hyl - | - phenyl - propan-1-one RLR2 [00511
Composition 3 differs from COWPCSITION 2 only by the
substitution of acryl oxynethyl pentanet hyl di sil oxane
with acryl oxynethyl bi s(trimethyl sil oxy)nethyl sil ane.
The conponent
acryloxynethylbls(trlnethyIS|ony)nethyIS|Iane has t he
followng structure : 12 OS@Of\D(b i osSi(Oow)3 0
The relative quantities of eac I @onponents of

COWCOSI TION 3 are th sarr@ as 31+—scussed wth

COVPCSI TI ON 2. [oosf%ﬂém ___gf g}h@ 1 and 2,

after formation of etch-qdiffe ( ayer 24 a

bl anket etch using, for exan‘pl e a RRE process wth a
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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. 1In 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 the anisotropy of
the etch process, portions of patterned layers are removed substantially
uniformly over the volume thereof to expose regions 50 of substrate 10
in superimposition with projections 30. In this manner, a recorded
pattern is formed that is defined by pillars 52 and recesses 54.

[0054] After exposure of regions 50, suitable etch processes, such as

a types discussed above may be employed to transfer a pattern onto



content between the patterned |ayer 22 and
etch-differential l|ayer 24. Specifically, enploying
an RIE etch with an oxygen-based chenmistry, it was
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created in the regions 46 proximte to the surface
thereof. This results fromthg -interaction of the
silicon-containing polynerizable material with the
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[0056] It was al so determ ned that the resol ution of

the patterning process may be substantially decoupl ed

fromthe thickness t" in addition to the variations

in the sane. Specifically, wthout the presence of

etch-differential |ayer 24, the aspect ratio of the

recorded pattern was defined, in part, by the
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J‘r.:maa{*%q%)igde ng?ttgg I}t% tlIl%s o%l ng:eﬁ%llatt (ﬁgr:ds%%wrgf tlﬂ@o, the

féa*teur%%ubeé% ﬁ@ lﬁemﬁr)d’&a%%adﬁ? Fr?ef?aé'rea? FeBePAPTe PR Fhe

Ase@lpes dbdreasdd, iesrthdughtly ddi tedviszositivniimrZatinge

t RLCkDeSS Of. ! Javild L RBEeosiBE Br RESNGANOfs PéAABdiistY, wherein
grturbatlons contr.ol. over h|c ness

eDPatt {nlng YOCESS 13 %OHlnate by the. ¢a 1'ilarly cH:rrgg' of the

pro ecaus e same vari es area of
p ATRTAPHEE waéwralz‘zlthﬂﬂestm};af&l &t thowpl t PHRUItHSYPEpssive
padicet maly sl oppSed Specidh¢e ahd tinassqgneed twakilluthe features

V@‘k Lﬂ:ﬁe Q'.femﬁl?avtet (21@@ sho@rfﬂd Bheit rHrMY@sl U@ «_:Pf te mechan1ca1
i fference

t ??ﬁe%‘ ?ehoﬁf :Qﬁg B 'f:fglry Bt StheTeié epgtf) T‘Ttlon Phr gg?e PRaR"eat
t gtrengdapfiralsimte HE lfeéem’sdéd‘-lba‘ta(té‘?m wiBI PRt t5aningspaterials
FostiRgrhigh hessppeed, atg., Wi ahrdnbe ofatd ecrumgopregessises. At

oGk E;E@ééeil\@%nég t:? ngg&é&@@%ﬁg pgugert'xgné B@oé’e@s kte'c&?es dominated
reqwre fo fth f eat ur.es {en‘gl (dgocalla
WA Al °r°est ﬁ £ BT E4 T r“%aﬁrtla °Pﬁf’se| et Sa¥ed™™Y
a§°rtché f @ag GPRPTAPHEASTBAS rGﬁ“‘trH‘é t°t%ﬂ"ﬁF‘§t & dEeF4dR |

paddeir£all as |bglidvedl doowmcrkes@osuiyallypad BhidkgessTas ee¢ralasqs
E1dbst) hawm,gu@e BSLASI ihVefiod, es&lgbﬂﬁs& CRDhPARSES €, as

d h
eSlllI art?e fogFgalE.t er‘K Jt(rhe%spr OC}?eS%?d&l do f.tl':l';a unlaXJty:i] teh

t é#ﬁlraqr@t{rrsofhes mesvrtionl etheé rﬁetto*ﬁﬁ?r égs?ﬁvéorﬂfesr Fegeqrr§ed
bpatappd i €Ebrt GxamPltlC €hd REE HeirBR-el WGUEFEL Honk.O0arfd klnalde@ be the

fealuLes opfgrm@rt&gpltat eAémuo,%mp,vm)chkh@;se t2h8 be the
ren

[imts, nmechani cal h

uRRFS F4Aen @Q%T)stgf‘%ﬁnésslﬁ“t 8* MKt R0 %0 te‘f‘htemﬁtse AaHicE afen

strerfgt hdveptaagheithas st thellyninsreasdingithat triakngserf. is that
pedd estiragsifat@ital sequitad By dehi{Hve vVars GOStihy , précdps, mdynbe
st@@Qx?t:.Q{lyzﬁiéeger?cgnQQ)Q &?L@Lﬂegglé,e%hlél fa&h@.tggegaﬁa%f:ernlng

ran viscoslty ftternl n‘% rocess ONMBS . o ¢

d®ifi ﬁ%sc 88"‘“6?%?% 6ﬁ‘§°"fo €8 of "HHE™ nb‘%“rﬁ?flﬁ‘a rerness b

néacai i ites gsveaypes ele ttone 2Hi theapaptefpfeaed irhgubstrate so

CEHHl 8RSt hOf Be dofflistietetvitpaiht efdie 6 kR phtieri(pE
8Lk {5ePelieved to increase cubically as

| ckness_ t2 decreases. 0057 th the prese
i W’éﬁ]cl onREfﬁ’él’Hnattr oRES; nltL ‘g %I \(I:Vl‘%“rate : 35 S{‘]Wn | jredading

AEgse 2
t M@révaeT dvert Hisckh@astenash bayeroth2f #asdan ettﬁbnﬁlféﬁmawl layer
deix;eai@baéd' BRerdebR, WBSD tddrespoal tHohgrimeAtusyes 18O paeterned

fﬂgdzz' 0nd SCAI- Qie&era@asf&%ef% @é@mkﬁpelyhepmemd Layer

rence betwee

’rzzgf"é"&t‘%?s r%ﬁr?]i“y&fd?WSﬁ%f’?i/ 1Y rﬁngkﬂecﬁs’t"ﬁs :ﬁ %‘%t are

t éralogous to projections 30 and recession 32. Projections 130 extend
from a nadir surface 133, a distance h;, terminating in an apex surface
134. A normalization surface 140, defined by etch differential layer
124, is spaced-apart from projections 130 in a manner discussed above
with respect to normalization 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



sanme size as the thickness ti, or nmay be two to ten
times greater than ti. An advantage with
substantially increasing the thickness t2 is that the
conpressive forces required to achieve an inprint
process may be substantially independent of thickness
t2, which facilitates patternifig process dom nated by
vi scous forces. Further, increasing thickness t2
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pattern 239 is shifted in phase along the X-direction with respect to
pattern 133, with the understanding that pattern- 239 may shift in phase
along the Y-direction, which is into the page of Figs. 1-3.
‘Specifically, pattern 239 is shifted in phase in a direction so that
projections 230 are in superimposition with the same regions of

substrate 110 with which projections 130 are in superimposition.



respect to projections 130. Particularly, projections
135 are in superinposition with the sanme regions of
substrate 110 with which recessions 132 are in
superinposition. Mreover, the dinmensions of
projections 135 are defined by regions 146. [0061]
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of the dimensions of projectiohs, 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
preexisting 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,



recorded pattern as recessions. In other words, the
tone of the pattern in the tenplate may be chosen

i ndependent of the recorded tone of the recorded
pattern desired. Instead, the tone of the pattern in
the tenplate may be selected to satisfy other
operational characteristics-of; -the inprint process,
e.g., throughput by decreasing feature fill-tinme.
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[0070] Although the foregoing has been discussed with respect to
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:



Il selected to maxi m ze etching of projections 330
and the segnents of patterned |ayer 322 in
superinposition therewith, while mnimzing etching
of the regions 346. In the present exanple, advantage
was taken of the distinction of the silicon content
bet ween the patterned | ayer. 1322 and regions 346 to
expose regions 350 of substrate 310, as di scussed
above with respect to reg&@g§rﬁﬁnapd patterned | ayer
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material, approximately 90% of the solvent evapdrates during spin-

coating. Upon exposing the silicon-containing material to thermal
energy, the remaining 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 ‘@eposited 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
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18 B8Aki A kbR b eRN16RPE 32N 138 and 322 from coMpOSITIONS 2, 4
or 5, with etch-differential layers 24, 124, 224 and 324 being formed
from COMPOSITION 1. With this configuration, it might be beneficial to
form primer layer 18 from one of COMPOSITIONS 2-5, i.e., were the
surface upon which primer layer 18 disposed formed -from:a non-silicon
containing organic material. Additionally, it is possible to form
primer layer 18 from COMPOSITION 1. The etch process employed would be
established to provide the desired etch selectivity in the manner

similar to that described above.
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profile. Specifically, the faceted shape of apex surfaces is removed
while providing crown surface 444 with a substantially smooth if not
planar profile.

(00791 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 understood that the this same process may be employed to



[0075] Referring to Fig. 16, other processes in which
an organic ij patterned |ayer functions as a
sacrificial patterning |ayer may include formation of
metal lines. To that end, patterned |ayer 422 is
deposited on substrate 410 enploying any known
deposition nethod. In the pr exanpl e, patterned
Iayer 422 is fornmed from ITION 1 enploylng
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structures 712 and 714, shown in Figs. 26 and 27, respectively. 1In a

first embodiment, the etching chemistry is such that a low etch
selectivity is 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.



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 2shoulders 552 di sposed
bet ween an apex surface 530 and substrate 510 shown
in Fi 0080 Ref r|n t.o Fi
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okqpiejeetl ons 430, formng a nulti-layer structure
638 having a crown surface 644. Crown surface 644 is
formed to be substantially snooth, if not, planar.
[0082] Referring to Figs. 23 and 24, follow ng
formation of crowm surface 644, nulti-layer structure
638 is subjected to an etch process that includes R E
with an oxygen plasma chem stry as di scussed above.
The etch process renoves projections 430, |leaving a
plurality of spaced- apart dielectric pillars 650. It
shoul d be understood that the sane process may be
enpl oyed to formdielectric pillars with stepped
shapes, as discussed above. [0083] Referring to Fig.
25, a multi-layered structure 700 is shown having a
substrate 702, a primer layer 704, a patterned | ayer
706 and an etch-differential |ayer 708. Patterned
| ayer 706 includes projections 710, with projections
710 being arcuate in shape. Multi-layered structure
700 may be subjected to the process nentioned above
with respect to Figs. 4-9, thus resulting in the
formation of nulti-layered structures 712 and 714,
shown in Figs. 26 and 27, respectively. In a



first enbodi nent, the etching chem stry is such that a
| ow etch selectivity is achieved between the
patterned | ayer 706 and the etch- differential |ayer
708. In a second enbodi nent, the etching chemstry is
such that a high etch selectivity is achi eved between
the patterned |ayer 706 and the etch-differenti al
| ayer 708. Further processes,can be undertaken that
woul d result in different pa%ferns being etched into
substrate 702 that mght be useful for generating
| elenments. it 22 Particularly, by tailoring
the relative etch rates, and relative thicknesses of
i f 8 ed Y% 706 . pr.iJrer
IqayZIe% %8&1 %Lf }LaQ:XghllZl% abﬁﬁ%g{%{ es J_goﬁ%fhhog cﬁrﬂ)(}1p_{rlgrm
r ecqr,ded pag; er sgrra)%@grg ally i dters.f ran N8 prising a
pati&hal n %en@atatner nedh oaxregre%@@afe Iﬂp P,
ungenrstond w@r LaemLhehi GRAtaTekdest bES @gttprﬁneerlayer and
kay®rsubdO4tar esaStinpdtaerial thgerehehirgharaqt ef i strhetuwde; and
patterned | ayer 706. Furthernore, prinmer layer 704 is
optur@naﬁer’amdgrm rwréﬁ@tm@der@emdemd %J-}sk’@ﬁrﬂ?e with said
gadedt POFSIT0 TréRatho@y newtss r6fivhetpresyst and said
ggerﬁiﬁgﬁﬁe&ge%lrllﬁ‘éar'a%l\?@ e ERerRdaPyt t WEn Y EHE GBSt om
F5atts EatiCRE may be made to the disclosure

recrted bove whi| e re n|n thlnthe sc e, 0 e
R POREoSTR “oE s By f’ﬁ% tioh n80 {ndFues
lJ.ef ruct av1n lur eatures having
ﬁﬁ r{f & snhfe de “€rmi ned no F refer ence to ‘f]ﬁ

above descrl ptl on, but instead shoul d be determ ned
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scope of" equivalents. 23 - ~ A et ho

pat{Sraing & subst gg&se@raﬁel d, rrsgtreggnecdorre%f»'ﬂgmg a relief
foryBRge; ON said su trate, a multi-layer fil
conprising a patterned |ayer and an etch- dlfferentr al
| ay®ippssing eh chechdif frential 1hgyrercob&big Posntéoned with
betdweeslisdi dtpattwenethd ayepuaiRde Saspbssdbsippateie sed dsaid
pattdened deayeinghaviatgh adifdrraftist rinceukase apnd!
transaferrlrrlr a recorrded at teern onto sai dbssubstrat th said

ordgé (_a;tte n%kl;gfec@ Q(ai tﬁ bei 1EliL(il]ole gtlegi 1nterface
rfei skt ? afd _sald g ‘gl er entl &t
W t h said ecorded pattern ering from sald rellef

tr‘llfl%t Hé Sﬁg gdcl%§mr§%hg 9J.n| @O]g:hll% n}tilrt%lerl%lc@udes
05100 Mtigecter ;@ gaid 1 Sl eh) 8L Udt Ute: haVidiGures
Ba il ridf %Jn' t¥cfter ghigf atryk8SreR VAN GFurther includes forming
said recorded pattern employing a dry etch process, with a shape of
sald recorded pattern being defined by said dry-etch process and
said etch differential interface.

5. The method as recited in c¢laim 3 wherein depositing further
includes forming said etch differential layer with said surface
having has a smooth profile.

6. The method as recited in claim 3 wherein depositing further
includes forming sald etch differential layer with said surface
having a planar profile.

7. The method as recited in claim 3 wherein forming further includes
forming a crown surface by removing portions of said etch
differential layer, with said crown surface having a first portion
with a first etch rate associated therewith and a second portion
with a second etch rate associated therewith, and transferring



an arcuate shape. 3. A nethod of patterning a
substrate, said nethod conprising: formng, on said
substrate, a patterned |ayer having a relief
structure; depositing an etch-differential |ayer to
forman interface wwth said relief structure and a
surface di sposed opposite to said interface, defining
an etch differential interfage; and transferring a
recorded pattern onto said substrate, with said

recorded pattern being defined by said etch

' ent. | Lt d dif [ r saj ljef.
ek e R R e G
formng further includes formng said patterned | ayer
Wi thheandlistakd e ofed €hilfifheatMERSn BaMIiRg AR+ALLURLBudes
ghanegapsid ransdafhl NeydURtbera IQEhtdes ok 0EMiRGn S@odiated
teeafdes paldt easp@Iphayi FYreéhddr yiftGllepr oE@®mSng Wi dahida etch
shéfrecofialsdaykr eclovtdedi gyt erae beisigicef.i ned by said
dry-etch process and said etch differentia

interface. 5. The nethod as recited in claim3 wherein
depositing further includes form ng said etch
differential layer with said surface having has a
snooth profile. 6. The nethod as recited in claim3
wherein depositing further includes formng said etch
differential |layer with said surface having a planar
profile. 7. The nethod as recited in claim3 wherein
formng further includes formng a crown surface by
renmovi ng portions of said etch differential |ayer,
with said crown surface having a first portion wth a
first etch rate associated therewith and a second

portion wth a second etch rate associated therew th,
and transferring 24 further including renoving one of
said first and second portions wuniformy over a
vol ume thereof. 8. The nethod as recited in claim3
wherein formng further includes formng said

patterned layer with a quantity of silicon associ ated
therewith and depositing further includes form ng said
etch differential |ayer substantially free of
silicon. Ali




