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[0003] A common process employed during the manufacturing
of integrated circuits involves fabrication of metal
conductive lines and contacts. The contacts interconnect
adjacent conductive lines separated by an insulative
layer. Conductive lines and contacts are often
fabricated by forming a stepped structure in a substrate,
referred to as a via and a trench. A common means by
which to form the via-trénch stepped structure is known
as the damascene process.

[0004] Damascene involves forming grooves in an
insulating layer and filling the same with a conductive
material, such as aluminum, copper and the like. - In this

manner, conductive lines are formed in the groove. To



2 formthe contacts, as well as the conductive |ines,
a dual danmascene process is typically enployed to
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complete, both the vias and the grooves are filled with a
conductive material metal. Simultaneously £illing both
the grooves and the vias with conductive material is an
improvement over the single damascene process. However,
the dual damascene process is attendant with
disadvantages such as requiring alignment between two
different masks. In addition, td increase process time
and cost required by two mask steps, alignment becomes
critical to properly position the groove with respect to
the via.
[0006] There is a need, therefore, to provide improved
processes for forming stepped structures in furtherance

of the fabrication of integrated circuits.



3 SUMVARY OF THE | NVENTI ON [ 0007] The present

i nvention provides a nethod for formng a stepped
woidwed7sise on a substrate and features transfITUso4/012313
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radiation in accordance with the present invention;

BRIEF DESCRIPTICN OF THE DRAWINGS
[0008] Fig. 1 is a perspective view of a lithographic
system in accordance with the present inventiony
[0009] Fig. 2 is a simplified elevation view of a
lithographic system, shown in Fig. 1, employved to create
a patterned imprinting laver in accordance with the
present invention;
[0010] Fig. 3 is a simplified representation of material
from which a patterned imprinting layer, shown in Fig. 2,
is comprised before being polymerized and cross-linked in
accordance with the present invention;
[0011] Fig. 4 1s a simplified representation cf cross-
linked polymer material into which the material, shown in
Fig. 3, is transformed after being subjected to radiation

in accordance with the present invention;



WD 2004/ 097518 PCT/ US2004/ 012313 4 [0012] Fig. 5is a
sinplified cross-sectional view of an inprint device

wehegesdsgpart fromthe patterned inprinting |myUS2004/012313
shown in Fig. 1, after pattern%ng in accordance wth

the present invention; [0013] Fig. 6 is a sinplified
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ayer, sho in Fig. 5, after _formation

o ST by 1Ge! GERERe DY Sie IS FOR BFCCSiTt dFPTinting

sel Bgfdw tshdway eh, Fagl acerd fidieiat@erhin@Coor{ladiaance

Mﬁth ne enbodi nent _.of the present invention; [0014]

Fi g7itn the; Presshts fRUSRY Y sectional view after a

bl ams]et chral .t beiguhts in@viaried skbustssiaROW ikl of
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multi-layered structure, shown in Flg. 8, afterx

subjecting the crown surface to an anisotropic etch to .
form trench portions aligned with the wvia portions in
accordance with one embodiment of the present invention;
[0017] PFig. 10 is a simplified cross-sectional view of
the multi-layered structure, shown in Fig. 8, after
deposition of conductive material in the via portion and
trench portion in accordance with one embodiment of the
present invention;

[0018] Fig. 11 is a simplified cross-sectional view after
a blanket etch of the multi-layered structure, shown in
Fig. 6, to form a crown surface in accordance with a

first alternate embodiment of the present invention;



WD 2004/ 097518 PCT/ US2004/012313 5 [0019] Fig. 12 is
a sinplified cross-sectional view of the

wonabimerkgyered structure, shown in Fig. 11, afRGarUs2004/012313
subj ecting the crown surface to an ani sotropic etch to
forma first segment of a viaportion in a substrate;
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embodiment of the present invention;

[0024] Fig. 17 is a cross-sectional view of the
protrusions shown in Fig. 5, in accordance with a fourth
alternate embodiment of the present invention;

[0025] Fig. 18 is a top down view of protrusions, shown
in Fig. 17, in accordance with a fifth alternate
embodiment of the present invention;

[0026] Fig. 19 is a top down view of protrusions, shown
in Fig. 17, in accordance with a sixth alternate
embodiment of the present invention;

[0027] Fig. 20 is a view of a substrate having formed
therein a recess that is an inverse shape of the

protrusion shown in Fig. 17;



6 [0028] Fig. 21 is a cross-sectional view of a
substrate having islands fornmed thereon, in

wosegieance with a seventh al ternate enbodi newtt/o$2004x@2313
present .invention; [0029] Figg 22 is a sinplified
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DETATILED DESCRIPTION CF THE TNVENTION
[0033] Fig. 1 depicts a lithographic system 10 in
accordance with one eﬁbodiment of the present invention
that includes a pair of spaced-apart bridge supports 12
having a bridge 14 and a stage support 16 extending
therebetween. Bridge 14 and stage support 16 are spaced-
apért. Coupled to bfidge 14 is an imprint head 18, which
extends from bridge 14 toward stage support 16. Disposed
upon stage support 16 to face imprint head 18 is a motion
stage 20. Motion stage 20 is configured to move with
respect to stage support 16 along X~ and Y-axes. A
radiation source 22 is coupled to system 10 to impinge

actinic radiation upon motion stage 20. As shown,



radi ati on source 22 is coupled to bridge 14 and
i ncludes a power generator 23 connected to radiation

woawieesd2. [0034] Referring to both Figs. 1 porhug2004/012313
connected to inprint head 18 'Il;,)s a substrate 26 having
a patterned nold 27 thereon. Patterned nold 27
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the present exampl e substrate 31 i s shown as
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nitride (TiN). An additional etch barrier layer 31b
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substrate 31 is shown as including multiple layers 3ic
and 3le of dielectric material, such as organosilicate
glass (08G), which has a composition of S5iyzCxOyH:z.
Adjacent layers 31lc and 3le of 0SG may be separated by an
etch barrier 31d made from any suitable material, such as
titanium nitride (TiN). An additional etch barrier layer
31lb may be positioned between dielectric layer 3lc and
wafer 3la.
[0035] Referring to both Figs. 2 and 3, a flowable
region, such as a patterned imprinting layer 34, is
disposed on a portion of surface 32 that presents a
substantially smooth profile. Flowable region may be

formed using any known technique, such as a hot embossing



-8 process disclosed in United States patent nunber
5,772,905, which is incorporated by reference inits
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free radical generator sold under the tradenane
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pattern recorded in patterned inprinting layer 34 is

pr aiets, 3¢k famindhyresehbiked Roniwa nateRial 36c.
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glycol diacrylate, a cross-linking agent available from

Sigma-Aldrich Corporation of St. Louis, Missouri; and
approximately 4% by weight of a free radical generator
sold under the tradename Darocur® and available from Ciba
of Tarrytown, New York.

[0036] Referring fo Figs. 2, 3 and 5, the pattern
recorded in patterned imprinting layer 34 is produced, in
part, by mechanical contact with patterned mold 27. To
that end, imprint head 18, shown in Fig. 1, i1s adapted to
move along the Z-axis and to vary a distance “d” between
patterned meld 27 and substrate 31. In this manner,
patterned mold 27 spreads beads 36 so as to form

patterned imprinting layer 34 with a contiguous formation



WD 2004/ 097518 PCT/ US2004/ 012313 9 of material 36a
over surface 32. Alternatively, or in conjunction

woWobdlorsigr i Nt head 18, notion stage 20 may  NMONE/US2004/012313
substrate 26 along the Z-axis o allow nechanica

cont act between beads 36 and patterned nold 27. In one

enhadimaRRE-d adl SBén&@e Cisuﬁf%cfeedlcedAl’@eﬁhéﬂ.Wely, or in
sub-portions 34c of patterned inprintjng |aye 4 to
i NGBS e ARyt t T ANT PEEEsSds BRI EEag may

f agidviel at@stihee 02 IRy that Eeéﬁignt@aéiﬁvﬂ@ﬂedmhﬁicgi
to be inprinted into a flowable region of substrate

31.69¢@5F) PebweaRi Peact &% PPri RGEbPIPRE e Yg, In ome

matidodlimdBa, E8sPEed derr Wist RebiGed clbli £1 1Ry sub portlons
pro erties to conpletely fill recesses 28, whil

Q6 BAFEAERS B2 NRHIRTANICORYEE DALY GHIERTSN Tggo and

rmtb%r irah 1368cet Bed hes pragent fa@ﬂb@ﬂét@@tthes W-iRahki ons
34c of patterned inprinting _|layer in

supStREDs PRI BRAT IR prsidoér aﬁe eke 2@9%%&1 iRf-Pep

thedesbigdreysyrl by fMycFdmEdEst ance "d, " has been
reached, |eaving_a projection 34a with a thickness tl,

shd@0@3d s T amida tatehftkhexs A *&5@S868- pbr t PoFRT iz 362
W il 8 bbi gkaesstl ndrAetien g @%@p&@% dek$134b1y

define a bi-level protrusion on surface
sulfstldarecesses b pdriticoros2Eing yerkrsed2 yids a

resl E} abubﬁxeﬁommﬂoﬁ *afCEna@éﬁ;ﬁ $6a refl ned 1Re38nd
resi dual I ckness.  Thi cknesses "t2" and "t 3"
magrbedangnt hi skraxe tigesi Péd, Oﬁe@@hwemémrtlmémg
apRly t n [ LAY d

af It[i eb(%g gsih?ed %ﬁ%@é& W#)h Jg(gtnu}%erac%h‘:% 28 remain
r adifaeicohhgodeser &2, qmuad&yemlasmmmndi&ﬁﬁnqﬁ|“dm”thaﬁ been

e ST T e
composlﬂeoa bﬁspﬁﬁﬂemﬂeﬁicknpssrmdlmyd aybrp@dtions 34c
URLOTE LI b3 TRRCELE el o
todplfdmede Bi-e[Bex&eIU wfotpastennenl surface 32 of substrate
31. Sub-portion 34c is referred to as a residual layer,
and thickness t; is referred to as a residual thickness.
Thicknesses “t17, “t.” and “t3” may be any thickness
desired, dependent upon the application.
[0038] Referring to Figs. 2, 3 and 4, after a desired
distance “d” has been reached, radiation source 22
produces actinic radiation that polymerizes and cross-
links material 36a, forming cross-linked polymer material
36c. As a result, the composition of patterned
imprinting layer 34 transforms from material 36a to
material 36c, which is a solid. Specifically, material

36c is solidified to provide side 34d of patterned

imprinting layer 34 with a shape conforming to a shape of



imprinting layer 34 wth a shape conformng to a shape
of WD 2004/097518 PCT/ US2004/ 012313 10 a surface 27a

wo%bodb41gr ned nold 27, shown nore clearly in petrgrs2804/012313
In this manner, a plurality of,solidified bi- |evel

protrusions 34e is forned on i%bstrate 31. After

patd &uREackNRTANGE NGk i tadkeled3folle Eva%ﬁ@ﬁrﬁ%ﬂeﬂ clearly in
cons,i st _ of naterlal 36¢C, shown |

hedd 983 - sh&hntR+# IP—EF@PE‘—”I HB%QH frrﬁf’r]é%éled bi-

di stearraeprdtre®ibhat3qdatst ebmsdn@hds@asﬂwtdo&uterneder

|npr|nt|ng Iayer 34 are spaced-apart. [0039
STBRAPERFLBTIEVAY s G r 48 TR SRFD €0 consist

t r aﬁst@té@ﬂau N8 Gc s UNSdurati® Blgl 04f Ofdp@irtl @ LBPNshown
(not _shown) .and a trench portion (not shqwn) thereln
| n ihFL9- mhnnd? meYRE didrdRSTERge o3 1R1SA a Do Shat

(NQJatsbeonBd B6ed £5tal] isshedrasdaih 1191y ofaykRe34 are
di mensi ons of projections 34a, and the di nensions of

théPPF@ﬁcﬁPﬁﬁFtlon (not shown) are established as a
[}%'39']1 Qln tih&erdeNBRSHONSE qfl-ila%lldﬁ&gtgéyml@ 3%atis
en

an etch selectivity layer 40 own in Fi

i 5 tdrepEsEred at B eTHOXG ab 4t érﬁ%d’f@%r&} ﬁ&%angowgy@n' gaot

af t8hyn$Obhd 4 1 & | RM.L oRN QLSS 3481848 . D8R this
formed. Substrate 31, patterned |npr|nt|ng Iayer 34

andasnel, tet cdinanaipnsapdr the Wt iRRE . 9Rul (ot ghevel are
st lé‘E'éHfosﬁ@c]i ad %O@Jnﬁqfoﬁr Btnﬂhé QU Fheths i®nsLbEh

selectivity layer be applied using any known .
pr pereisctions U3j45nrg méemh@arimv@@mnajafosﬁha difepcyDportion
PhY 3 Eagh&@,gpr §ﬁaﬁ@héﬁ’vg>; 2 AR g 2Ad

|n onte ues. I 'n-on deposition of
sewambnsnowsIqﬁuﬁhouldﬂmﬁ Bébberks i tdiad aM@enanreCthing

patt | r-ou t ers unit .
e R G b Pl 48 Tl e S gpBRea
exantpheen'et’@dn e} teotnied ttytplralyriarngﬂfdaﬁrdéﬁogiﬂted

CTRLI408, 0} TBE Uyl BRLRONIOPLEISE SOUE e,

pasubstedté it attgrned imprinting layer 34 and etch
gelectivity layer 40 define a multi-layered structure 38.
[0040] Referring to Fig. 6, etch selectivify layer 40 may
be applied using any known process, including chemical
vapor deposition {CVD), physical vapor depesition (PVD),
sputtering and spin-on techniques. Spin-on deposition of
etch selectivity layer 40 may be beneficial when
recording patterns having numerous features per unit
area, i.e., a dense featured pattern. In the present
example, etch selectivity layer 40 is deposited employing
imprint lithography processes, such as those discussed
above with respect to depositing patterned imprinting

layer 34. To that end, etch selectivity layer 40 may be

formed from a polymerizable material similar to that



| ayer 34. To that end, etch selectivity [ayer 40 may
be fornmed froma polynerizable material simlar to
wol J0ad 0952004/ 097518 PCT/ US2004/ 012313 11 deqridxdod/012313
above with respect to Figs. 3,and 4, excepting that
the material from which etch %ZI ectivity layer 40 is
f ordedtribetudpsvsiwionsespeet, tbSFﬁg§1 |3 comt enteaicBhBfng

poI rizable material. e df X
S e kP goreer T ba T yHa ahigh PR oR Y be P e ek g0 £
48;%d1§1|e§\/\&gglnhd@§ dﬁ,:&i&?ﬂ,b?ce%zl aie (gl()éﬂ:w’iﬂ:e{comltadﬂﬁhg
coade an aval_l apl_e rom est
Nbrﬁﬂlé’%eFlléa%g%eTﬁ%“s%%F&m aPPafprERT ey &%}ﬂpﬁ@%?or use as
\AEIngah @felacsmrﬂy AGFan aatoe;.emﬂeﬂieéd s dodin@ thi@miss by

drich Corporatl M ssou
SO aPE 5 SH by e 6P TH uERe Ean el STA
SO|(ﬁZl‘@“dﬁ& Qﬁ@ﬂl@il&@ﬁmﬁbEl&éQZ Ind | 88 GRI@SkvilDE,
of Morrisville, Pennsylvania; and approxi nmat el ¥“H4%

weiEGRPSELVant R e ARREALAGHe P AF OFY EotdrtuRded BHEYL
-tr%@&@@ﬁ@eaﬂéﬂﬁﬁﬁﬁrévdﬂlib@éafkaﬁ|S&éﬁéﬁnﬂaﬂiﬁh @brporation

Tarrytown, New York. Etch selectivit
i n@fudés bepiss &H&%d%ﬁﬁ@%ﬁ%@%@ °F|brysf"'e§EHE of a

4051 @cs§m@@§5@fﬂeaﬁcé %&thhagr|1§lﬂ@du&4¢%@l@ kas @402,
profi onpl enent ar rofile of the patterned

to the
i nﬁrroﬁlt ﬁﬁbesT— ay®c: 34?fyﬂ?ér§§86£%135| RRnsyd@endfay 2RE om

Data%a Bh-Bgdnat s 'H}g Wed¥ak 34 LOoFMNG-RarEal h2atkkofor
surface 40a. rmal’i zati'on surface 40a is provided

wi tsleld usdest e itddpnesenBRreedr prot pEabyakhs uFiqy Ciba
th%tf trgﬁr digh anges wgtween: an @@f@%ﬁ%f@cqa%k b

each ro gctions 34a and normali zati on surface 40a
ar encéuéss afmr%n land kecoafdecnpdsehatidase difdraficeide 40b

be% {brﬂgd qg&h%%ﬁﬁ 3§Q¥ﬁ€d3@Q$ﬂpl3§ag'890flle

sur ace a IS tanti a sane an
di spmpﬂ.:em@eta/\aertoa thadiprofsle f af etigd padftegael dfhprinting

A RE' 81" S g B0 g e B 0 FRLLgBl

pr awpdénnbmgrald veat i3dn forming normalization surface 40a.
Normalization surface 40a 1s provided with a
substantially normalized profile by ensuring that the
distances between an apex surface 34f of each of
projections 34a and normalization surface 40a are
substantially the same and that the distance between each
of shoulders 34b and normalization surface 40a is
substantially the same and the distance between a nadir
surface 34g of each of sub-portions 34c, shown in Fig. 5,
and normalization surface 40a is the same.
[0041] One manner in which to provide normalization
surface 40a with a normalized profile involves use of a
mold 127 having a smooth suxface, i.e., featureless

surface 127a, coming into contact with etch selectivity



surface 40a wth a normalized profile involves use of
a nold 127 having a snooth surface, i.e., featureless

wstobd/eorgisl27a, coming into contact with etch pcT/US2004/012313
sel ectivity WO 2004/097518 PCJ4US2004/012313 12 |ayer
40. As nentioned above, this may be acconplished by
nmoviaygn Hr.i nﬂsmaxdtﬂ@ecsmel,ntﬁn_g mdy lad @rtg:otrrlp&lzhed
[ novi Ng.notio

0 th
oty "OTREPATPEY T AR 287 CRoUBpAP Atk (ometenthe 2-
selzedts, vidby inkayetidd sndreai ailongathat i-aaxisypiorgdsth.

sel ectj vi l.ayer 40 _to . polynerize and, ., .,
hahsrsre Sy Toby 177 yY Rerednncal Bedh e v splekg ivaty
Fi dsyet andaﬁd ac’biﬁd(e:tacﬁbﬁﬁthJ.mﬁmﬂdgéa/eibdrp efteRbVe
orti.ons ,of et h sel ctivit yer 40 r ov
AERHEE S P R Rt et T P R VR B
Anse»mmﬁlfgtryhetgim&r ocess enploys a CF4 plasma etch
whe redom nant portion of t et ch.gases ,
con@%&?ép f%ﬁ?mﬂn Exgﬁ%‘? aré/7 aé’t‘{;ﬁ'cﬁeﬁ'ilgflg?ti%mh 18
di sei369ed by JafRsopRiciahs bh AEMANGES JNVSTEP1AND: 40

FLASH | MPRINT LIT white pap
di & PBAVaEe vt J@!ﬂeﬁegl\\(/lsEFBFWﬁ%g?aadth&nFéPgﬁce

helsghrirBcSaBsa. O @ aaxerpAhirl,0LBER pFoFBFLRIpALYs a CF,
23- Febr uarg 28, 2003. Crown . surface 38a is defined by
an Péfi‘ﬁ@%eﬂ %ﬁbe‘i(h% & e3GPiBANT R sYojt bet pHAR gases

34a0aBdsUBpsr Sty.f agaSeREmPrddy ekt ry ef@'dfthﬂzssed
etch selectivity layer 40 after the bl anket™ etch

[ obx37oReFeR réthd o 1F31 GOVANCER (T STHRWADs AE-ASHEeIMBRINT

IstTﬁgbmﬁﬂ@d irp aam;h@%sggpeplmeéﬂbutﬂae ast Eﬁe SPIE
chem stry of the anisotropic etch is selected to

me Mt AT 261 BRI AR ICONSPEPREE | bk 3Um Sandat Réasegnent s
of cRR{ESLREY #4BM 'Erétk)'rﬁg.rﬁl Qi’ef'eé’ﬁf‘uaﬁh‘%‘@n bBoki g %Powﬂ n

superinposition therewt l'e m™nimzing etching
of svnéap%rw@r@ AFEingd bheanpqemceqﬁd @pgpperface 30f of

ad\éQBflaBEe en %%50545h§n8? éﬁﬁé&?télﬂ%ac% bRepSiti &N

cont ent e patterned i nprintin
40c that remaln on etch selectivity layer 40 after the

blanket etch.

[0043] Referring to Figs. 7 and 8, crown surface 38a is
'subjected to an anisotropic etch. The etch chemistry of
the anisotropic etch is selected to maximize etching of
projections 34a and the segments of patterned imprinting
layer 34, shown in Fig. 6, in superimposition therewith,
while minimizing etching of the portions 40c. In the
present example, advantage was taken of the distinction
of the siliéon content between the patterned imprinting
layer 34 and the etch selectivity layer 40.
Specifically, employing a plasma etch in which oxygen is
the predominant gas, it was determined that an in-situ

hardened mask 42 would be created in the regions of



| ayer 34 and the etch selectivity |ayer 40.
Specifically, enploying a plasma etch in which oxygen

WO SosbHdve1pr edoni nant gas, it was deternined thatt/eseoo4/012313

in-situ hardened mask 42 WOU'I% be created in the
regi ons of WO 2004/097518 PCT/'US2004/012313 13

porpdelicord0q opr @XbABkLrd Ot rawims ik dgee 382 . An
exen}PI ary etch chemistry is, discussed %N‘I‘? nson e

al .S*SIPIASYARCES PREBTEFANGS FLASRSFRA nson e

LI Tﬂﬂmalﬁ\ﬁm ANasTHRI AND (FRERESH dmkmbuLEmmRHmﬂ',SE’hEa
M crol.i thography . conference held_i E Sant ar a,
Ca|vrfflda%npaﬂpﬁroﬁ11%5m%ﬁﬁe 3 B PRAT yMS8T O DG IR RAY

I el e fdn@® hBedi Dhesactd @laref, theifornia from February
si | i con-cont ai ni ng gol ynerizable nmaterial wth

o ARTFSRSRE TpP s P00 A TG0 GREUGE t FEOR Al ot Srask ion

42 o@anthd R 1aBLEOLERR: Tty YPoltherekshl Hrieassial with the
regions 44 on _substrate 31 in superi n€05|t| on wWith

pr@%ﬁq%%ssﬁapéﬁ%maexﬁb%édrepﬁl{ch@f He hardspgipmesk 42

re%rmﬂ&%aaﬁeoexgﬁﬁ@&y afeaneokrehChrobadsd erre%;mms 44 on
shown in ewdth U of regions 44 is

optﬁ%ﬁwt@qé& ipoSypeR WAl tdRswiiFR PEeipctionsgdsa) are

Refordd=a .t 01kl ghe Bpr&fdit £6RQIUN €r0f: 6091 NS expBsed
fl uorine-based plasm etch, such as a type enployin

Craregssef arsbusaeriey Jdhnsbavat 1al Fign ?ADVAN@ESlth U
STER: ?{?@ gg/@tﬂ i%/PEiLSﬂ\IEnAd TUHOGRAPHY & 1a@h W, t ShoRRein

di str at t PI'E M'crolithography conf er ence
helRid-n2Santa dara, California from February

23- ﬁ.ﬂ&&%ﬂfﬁe@r&%@ﬂ%b 'ﬁ? g}g'&@& Qo8 MRYES feﬂéé’ib%s 44,

I't'i- 'ayere tructure I n supérinposition wth
harajeﬁie:@rrraskbmedswmna tRhg. sucht @s exgume cagilowing CFy

S B Y esonh (IR an smpp

andrIesh dEPRABT aLgl?Eéﬁﬁlﬁ%mUr,t ionadehabel pEParhddwdhiayted

48 extendy BQEWI?Q‘: g‘)ﬁg %BQféPQn & ndi ii?lnSéﬂta

de flnlng a Vi a por h roove por I on defi nes

a talemeh peﬂ.ﬁfomuanﬁk%rm&vghway 43-debiurey X8vi 4003, is
employed to remove regions of multi-layered structure 38
in superimposition with hardened mask 42, shown in Fig.
7, to expose regions 45a and 45b, shown in Fig. 9, each
of which has a width U’, which is optimally equal to Wa.
Regions 45a and 45b define a groove portion 46 and a
throughway 48 extending from regions 45a and 45b to
region 44 defining a via portion. The groove portion 46
defines a trench portion, and throughway 48 defines a via
portion. A subsequent etch process is employed to remove
remaining portions of layers 34 and 40. Thereafter, the
via portion and the trench portion may be concurrently

filled with a conductive material, such as aluminum,

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



portion. A subsequent etch process is enployed to
renove remaining portions of |ayers 34 and 40.

wolhweyeakiser, the via portion and the trench pariUse004/012313
may be concurrently filled with a conductive
materi al, such as al um num d pper, tungsten,

ti taHAmr bhat HAESE Eke Ot RAHDLENALHBAWE RQRA Q97518
PCT/ US2004/ 012313 _14 thereaof and the like, to forma

corftacactdvandine ebnditRAfVven FAE-550- shown in Fig.

10. [dod@4S]rdied&tidn@ ot @ifk9S2, 27 ahd@B]d 8het B&vantages of
advant ages of thi's process are manifold. For ﬁ
at ve

t h&higl BEPPESSepER Pt Vet weERTpBrETRHRY 4he

eXQQﬁ%dr@@@xbéﬁﬁééﬁepoﬁgﬁod@aﬁOQeahﬂ é&ﬁéﬁgﬂ3d§éxaaﬁﬂtace
1.5:1 to about 100:1 due to the presence of

harﬁﬁéﬁw@é&hﬁ@klﬂzé‘ range (s @heut debflafe g?r%‘t\llligg *dngue

trenches RR¥sBRCEOLFBLthd hasURebHALEsk 3d2 Whide a result,
precisely controlling the dinensions thereof. This

r ecasdds aliansterias saist tixsAshes TRE parfemeddn fabstrate

'”%ﬁf%@ligagﬁeei Qiy|éﬁﬁ%rdyﬁghgu§h9n@lﬁ%ﬁ%léﬂ%“@ﬁek@of
, 0 su strate 31 46] Referri to Figs

> msgreddéﬁﬁl Bran$ §er e tosaABRb| S1 i rAkiegRRPY the
Wi dohs,Uoandabl DEOOIERYAl Bb¥ebys ol ddepandesinolin Fig.

ess t3. The rate at which
polSineniteabhbstrate 334 1s the pattern on patter ned

10! ol SdSMBNSE] YoDEOPOr L4 OlRl 40k LeUREIOf, the

aresult, resid
t hicotesd b8 dayensionsl eddstist B Aasi W zkeeqqme@ugﬁéat:lvely

MAth%%t HQEEaQE +é§a%dfﬂih§%§hgg?t{ans b rate at which

di STErProns. t ét’ne I mprinting
I aytere 3élﬁzmemaalsln®sfhmtd afllllys Shdallc@!ntélrreevn patterned

T A RIS IS S0 S oot

patti}ﬁrcntﬁasﬁotgi 284 = akbehtf oremoﬂﬁarlomhflukedssi ti cay be
PR PP TRE b SR P RUERL PO AL CHte PhGaBd

t o indseaetah bastsbsr |ayarstIbdsandr3idl gy feeming

abro%%%%ged imprinting layer 34 from a substantially
silicon-free polymerizable fluid eases the cleaning
process of patterned mold 27, especially considering that
patterned mold 27 is often formed from fused silica.
[0047] Referring to Figs. 2 and 11, an additiomnal
advantage with the present invention is that the need to
use etch barrier layers 31d and 31b may be abrogated. As
is well known, by avoiding the use of etch barrier layers
31d and 31b, the overall dielectric constant of substrate
31 may be reduced, thereby making this process suitable
for fabricating vias and trenches in furtherance of the
fabrication of high speed integrated circuits. To that

end, etch conditions are established so that the material



is well known, by avoiding the use of etch barrier
| ayers 31d and 31b, the overall dielectric constant

woodogeisisr ate 31 may be reduced, thereby mekipmgtdross012313
process suitable for fabricating vias and trenches in
furtherance of the fabricatidn of hi gh speed

| Nt eghat8d bl BElht Se1dO-ialy 18Rdr, ebgbwk oiliddarRnsaneoc,
establi shed so that the material WD 2004/ 097518

PCRIYSZ0@4egtraE3laysr f iR Atec FsErbhi se s ot y
aaYﬁbst%B@ﬂBﬂP_ £ 801ONS, JA0C ot cANEnSh 8L €6} Tdnbh AN to
|

31lc are established to be substantially jnert to the
et cifmavenigteyiahpfs9Rdvieh PerbfE Rt HRP RN FirgmlfirEnS4

patterRedelPr kAt tRY b AYEIn 34 xaind 160 FRL . md e iR8 from
present exanple, the material from _which regions 140c
and'hdichl sepipes| Afee azd diglectsireloyes FRla@nefprmed

i neyd ﬂe@.a@ﬁ".vgi¥g§ﬂefﬂc asien L llygeh 098 mRed s i ng to

Figs. 11 and 1 crown surfacé "138a, fornmed in_a

maniRR48]i skekrarirabdve Figeh Fesptl %o cEPERNSUEERFACKE 82
% d kel 90 Z%m%ﬁnéyhifggﬁg%éhoa@BvQXNQQW AAxm et ehown
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As ‘aresult o e aforementioned etch selectivity
di ffuorfecees8aapexFsar face 5130 ersed chp At WIYSIRE WLepma

the  gnti AS SX{ESQ&L‘?“ o Pl LR8I B Bon SN WM AS b ctivity
al ong w t alT "material superinposed thereby in

i mptififieiregcrat eepeak shafare L34L,| hst pemovRthdionggwith the
first .seg 4 Via.. Porki,on | ryed,. [9949d Axcn
suﬁggﬁﬁgnggg%gﬁkgf égo %é}ﬁg%:ﬁBfg'e%%?%§é%?u§fng a& .

fl wdrli metbased steersiposecashdirebyssedimgpoivecinphaaterial

bl anket h renoyves ed 4 ieQN :
Dol FUn | RR: DALARNE TR e A SRS v
shgwrtienFiig. fotBed Concurrently w th exposing

O DR B s PRI b Sl ¥ 0S4 ing

di &l eulbirenbayesed 3dioemisitown as dRscud SBHGbRef.er Thag

Dl SUNEEGREFE BB By A5 T SO b8s el orgl enadider40°

134nowas iveFigasippties ialpcafe shpuldéingl34b, shown in Fig.
13. Concurrently with exposing shoulders 134b, a second
segment 148b of via portion (not shown) is formed by
removal of materizl of dielectric layer 131le¢c, shown as ma.
[0050] Referring to Figs. 13 and 14, an anisotropic
oxygen-based plasma etch is employed to remove hardened
shoulders 134b, as well as material of imprinting
material layer 134 in superimposition therewith, to
expése regions 145a and 145b of dielectric layer 13ic,
thereby forming a trench'portion 146. Concurrently with
exposing regions 145a and 145b, a third segment 148c of
the via portion is formed by removal of material of
dielectric layer 131c, shown as mz. The combined length

of via segments 148a, 148b and 148c defines a via portion



material |ayer 134 in superinposition therewith, to
expose regions 145a and 145b of dielectric |ayer 131c,

woldei/@yisf orm ng a trench' portion 146. Concur rimtis2004/012313
with exposing regions 145a agg 145b, a third segnment
148c of the via portion is faormed by renoval of

matefd aha@f isdhelgeédiwitatelentBlporshonvm &, NBn thes
conbined length of via, segnments 148a, 148b and 148c
def3EETa ¢ d°pbr i BIRID V0409 e8P USTFOFARFEssEsd-

16 fopditihate fSraldggned pykh 6 r8neh PO kABudABLhé Noresent
this manner, a self-aligned via and trench may be |
f apriveatden hF@O]B‘i?n REFRTYSSRG Mo tRi §RsPECharie Bprmation of

al thaF-LhegREgSeN addvarlica) Bas pestedl seHasRdon may
with respect to formation of a_self-aligned via and
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vard:Qu$1aY| L bh&kediSFULT W, e85550L at EXAMIE e 2%
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1344 ankapgi REPIRIEL %I ¢ SRdarvetivyslah cnntamsips 134e
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Ing to g. 17, additionally, each protrusion
234a@rdagei hétfideskowl wralfilgy éf.shoul ders 234a, 234b;

23 , ced- re.fr ac 34f at
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Al protighsfionr 234 suagf istrdukdersp2@ual 112341F, sk3addand

- 23 ar 0 in.r ity Ir e_ingl
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enéd34d ahoddf feroings hemughtaobld haves aral dn, nmespectively.
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coipl 8men ary o T He shape~of “prootrusion 234é.
Fuatrkeshoshpul ideresa 1A34a an@34hnbe 2 3y dred i284ddedy from 0

B RePRIR S 3 BTl YL o5 R 53 =

maywohd8 ¢asteslidgwmaldonldi aposednabatitmearexesestaseformed
into a surface thereof that would be complementary to the
shape of protrusion 234e. Further, shcoulders 234a, 234b,
234¢ and 234d may flank apex surface 234f, as shown in
Fig. 18. Alternatively, shoulders 234a, 234b, 234c and
234d may be concentrically disposed about apex surface
234f, as shown in Fig. 19. Employing protrusion 234e, a
substrate 231 may be formed to have a recess
complementary to the shape of protrusion 234e, shown as
250 in Fig. 20. Although substrate 231 is shown as being
from a homogenous material, e.g., silicon, any number of
layers {not shown) of material may be included on
substrate 231 and recess 250 may be formed in one or more

of the aforementioned layers and/or substrate 231.



234f, as shown in Fig. 19. Enploying protrusion 234e,
a substrate 231 may be fornmed to have a recess

woefphenent ary to the shape of protrusion 234epcsey4/012313
as 250 in Fig. 20. Although %I strate 231 is shown as
being from a honbgenous mate e.g., silicon, any

nunbertxer, Iua:;éerlay(eﬂ@tm§iaoawﬁsﬁt ot ahlyalha BBYiHE suitable
included on substrate 231 and recess 250 nay be

f or ¥ FSIGRRIBCTREr BXO8$2$H af or enent i oned | ayer s
andf{@issubsérat £idd ko WDG3004/ 884518, RGH 220044042843

17 Further, the |l ayers may consi st of any materia
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froma surface 328a having a projection 328b and
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i nprinting materi al di sposed on substrate 331 and
spradg PreIeetiPa é%@l?er dedavesyef 3mariptmsdisadal is
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pattern conpl enentary to the pattern on nol
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ab®a4.. In this fashion, the only portlons of etch

sel aia) i e AYSL 340 of SR 24 NG, PLer (LOLUBELOP & cecn
selectivity laver 340 is disposed upon patterned layer
334 and a crown surface 340a to form a muiti-layered
structure 338 formed as discussed above. In this
fashion, the only poxtions of etch selectivity layer 340
remaining after formation of crown surface 340a fills
recesses 334a. Crown surface 340a i1s exposed to an
oxygen etch chemlstry that is highly selective in
portions of patterned layer 334 not superimposed by
recesses 334a and is removed to expose regions 344 of
substrate 331, shown in Fig. 24. This is achieved, in
part, due to a hardened mask 342 that is formed by the

silicon present in the remailning pertions of etch

selectivity layer 340 when exposed to a plasma etch using



recesses 334a. Crown surface 340a is exposed to an

oxygen etch chem stry that is highly selective in
woReodid0058 of patterned [ayer 334 not superi npagagudyo4/012313

recesses 334a and i s renoved ;g expose regi ons 344 of

substrate 331, shown in Fig. This is achieved, in

part chémest Oy ac Rat quﬂ:ermﬁﬂfmsﬂéw hédmp s D fdfe@xﬁb_{jehhe
silicon present in the remai ning portions of etc

sel98EERyi By FEHERSIRM ARNH -exposed to a pl asma etch
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that i,s predom nantly conposed of oxygen_ gases,
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formati on of islands 335. It should be understood,

hokevertiemaRt aifylastdst Re5st ebbeth st ieesindenetendd
aba¥GevERY Bad %{ped;f @hghg§e§@émefeat%%%n%ﬁgleﬁ<9@ above
the pattern on nol 7, shown in Fig. 22. Further,
al mApUgh Termed rigt é:haglmagnghova*ﬁwdg@ugnglppﬁoﬁha pattern
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|at| source may produce ultravio ion.
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process:.ng.

[0058] Referring to both Figs. 1 and 2, an exemplary
radiation source 22 may produce ultraviolet radiation.
Other radiation sources may be employed, such as thermal,
electromagnetic and the like. The selection of radiation
employed to initiate the polymerization of fhe material
in patterned imprinting layer 34 is known to one skilled
in the art and typically depends on the specific
application which is desired. Radiation source 22 is
located so that patterned mold 27 is positioned between
radiation source 22 and substrate 31. As a result,
substrate 31 and/or patterned mold 27 may be fabricated
from materials that allow the same to be substantially

transparent to the radiation produced by radiation source



enployed to initiate the polynerization of the

material in patterned inprinting layer 34 is known to
wooney@kilgl ed in the art and typically dependecarusztim/oiziis

specific application which ig,desired. Radiation

source 22 is located so that "patterned nold 27 is

posi.i omeempehwe enatéaichiat ilaelsadf CleuRZaenchaulismiake to,

31._As a sult, substrate 31 and/or, patterned nmo
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MaiRkirdh c0&n€0HSt Tk 1t PRNMBYHAVED Bi)RldilecLXRARSY Bk,
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th@tnagg suPbbHEe SUPRRILS124, bamd&ef Jsdoag@n%gpoﬁag@
supporf 16 'may be fabricated from one or nore of the
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ef%bgkf@ﬁig fggﬂfﬁg%port Corporation of Irvine, California.

[0058] Referring to Figs. 1, 2 and 3, the characteristics

of material 36a are important to efficiently pattern
subatrate 31 in light of the unique deposition process
employed. As mentionsd above, material 36a is deposited
on substrate 31 as a plurality of discrete and spaced-
apart beads 36. The combined volume of beads 36 is such
that the material 36a is distributed appropriately over
an area of surface 32 where patterned imprinting layer 34
is to be formed. As a result, patterned imprinting layer
34 is spread and patterned concurrently with the pattern
being subsequently set by exposure to radiation, such as

ultraviolet radiation. As a result of the deposition



substrate 31 in Iight of the unique deposition process
enpl oyed. As nentioned above, material 36a is
wodeppehied on substrate 31 as a plurality of pdiTecet4®12313
and spaced- apart beads 36. Thg conbi ned vol une of
beads 36 is such that the matérial 36a is distributed
apRieisat ekyiovessiadd a:nm @htsu[éBC@GaBZlWErcﬁzrtaln
patterned i nprintin a r, i S 8 formed. As
res?hatracﬁﬁf:iLEFﬁ%ﬁl i &tf—‘a%?l S S SRACAfinY of
patiLfred1CoBEULA e}ﬁ&écys wWé bvekespaties naz bei Ahat all
subsequently set osure

by e t rad as .
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desired_that nmaterial 36a have certai
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all_ thicknesses ty are substanti all uni f or m and al
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[ 0032k uBeheshi BgbdOrdtidn313 apdikd: Ripl0W5H fhlﬁetlons,
conposi tions descri bed above in material 36a, g
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inter alia, rovi a standard interface with

pattoe CHEGOTHP | @ﬂqfh FPUsPEE 434the ety dleddornyhifl
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which substrate 431 is formed. |In addition, grlner

| ayew B56Eomagd bEr dorate @TERDAT aRR bR Gt ¢irklt & PaPaff t ptch
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| ayer Primer layer 456 is fabricated in such a
maRémesolaget of Spoiss debricabadi Huoikch gngepper so as to

relal gggya é?ﬁ%inJJ&gé saubEAce L Nat; ymY, %é@b%ktfr2%4

exgbl énf adhesion to patternéd I nprinting |ayer .
[0@61@]faAe|dt1tla‘ormy ;exhl@l@nsm:ellmt JeHtesdonego patterned
I mprin does not adhere to patterned
1gp§%n99n 27a ‘'may be treated with a | ow
suﬂmaée]em@ﬂgylooatimg “hGEnsure that patterned imprinting

layer 434 does not adhere to patterned mold 27, surface
27a may be treated with a low surface energy coating 458.
As a result, patterned imprinting layer 434 is located
between primer layer 456 and coating 458 upon contact of
patterned mold 27 with substrate 431. Coating 458 may be
applied using any known process. For example, processing
technigues may include chemical vapor deposition method,
physical vapor deposition, atomic layer deposition or
various other techniques, brazing and the like. 1In a
gsimilar fashion a low surface energy coating may be
applied to mold 127, shown in Fig. 6. Alternatively,
release properties of elther patterned imprinting layer

34 or etch selectivity layer 40 may be improved by



As a result, patterned inprinting |ayer 434 is | ocated

bet ween prinmer |ayer 456 and coating 458 upon contact
wodoogpasiser ned nold 27 with substrate 431. Coatdimgs206012313

may be applied using any knogr process. For exanple,

processing techniques may intlfude chem cal vapor

depesiitidengmeh hele maxhysisaltrvapenicepasd tdamr, iat omc

| ayer deposition or various other teghni ues, brazin
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i nwenti PA. descri bed
[0061] The embodiments of the present invention described
above are exemplary. Many changes and modifications may
be made to the disclosufe recited above, while remaining
within the scope of the invention. The scope of the
invention should, therefore, be determined not with
reference to the above description, but instead should be

determined with reference to the appended claims along

with their full scope of equivalents.



above are exenplary. Many changes and nodifications
may be made to the disclosure recited above, while
remaining wthin the scope of the invention. The
scope of the invention should, therefore, be
determ ned not with referEn€e to the above
description, but instead should be determned with
CLAdMS ence to the appended clains along with their
full scope of equivalents. 22 CLAIM5S 1. A nethod of
form ng & st eppedtetodfiraieg asteppaidigichue en a sulbstrate, said
éﬁﬁ?Od conprising: formng, on said substrate, a
m FOIRTE structure including a patterned |ayer
havi ng prahins bAREIdA0BstFRS AShilARReredtlicAie Richiding a
selectivity layer, with said patterned |ayer being
ratiiirapblower nsingawotrenons and yeqessions, agbiarsefrly slegtyity layer, with
qelectivit l r i [ [ J e
soi aF it st v Gnos L bty P S0 Sy Bhrand R Ay
layeRarittOregioas bf §didRisahd ig bejeriagloetioh withysaldneeessiohobethp g
a hard mask in areas of said nulti-tiered structure in
spacadraparhieny saideichpelectyvity da¥eBcesses; and renovi ng,
sel ectiv ﬁlﬂﬁﬁéega%&ﬂd%%k o a%@é bes%ﬂ i 668 SradeidGh Ur e
to expose regions of sald substrate In
supsatipgrositipa svith said wickdsessandl protrusions to form said
stepped structure..2, The nethod.,as.recited in claim

1 wher ei FPROYRE, SIGEHGHE RaFtions AEFYBIG-GPRe TGUCtTP 18 grpose
regz&gsotf rs;ﬁh%ub%i%a‘t’é ol sgﬁéﬁ_thﬁ’(%n?dﬂjwﬁh 5418 BRIIrRRAE 't(Pf(‘)rmVM'afdrbtfg)ped

I mensi ons said via portion being established as
strichweet | on of di mensi ons of said protrusions and
di mensi ons of said trench portion being established as
a functign of . di nensj ons .of. .saj . d _recessi o 3 el
met hod as’ rec FPSH{%P]O&CE}S&F?’?%? ! i@%ﬂn@%ﬁ&#ﬁ%‘“ﬁ%r lﬂ%F
inchitieh G6i8EngE P Osl bit@ratah diaBorfidn drlyetr@tth Portitel, Wi on
~said substrate by depositing a polynerizable fluid |
direeswisws Pt sasth vigrposiertbaing ettablishediapn luppHaicefdigensions of said
L . . . ey ¢ _
priERAE I benfioholo PPl (it 4 o of
dinietisions bf etidebcedsianst ur e and exposi ng sai d conposition
to actinic radiation to polynerize said conposition,
defining,a polynerized co sitjon. and coverin ai,d
ol yrmer ded o OB GRHERGH TR 18 Segh dogierEB ke Vige Fyter
inc}!tgiiéﬁ H@O@%ﬁnﬁ{%ﬁidﬁﬁﬁlﬁquééd §tRidtdr® GnsidGLBdtFatcL by @&iositing a
m ng further
polymerizable fluid composition on said substrate and contacting said composition

with a mold having a relief structure including a shape complementary to said shape
of said multi-tiered structure and exposing said composition to actinic radiation to
polymerize said composition, defining a polymerized composition and covering said

polymerized composition with said etch selectivity layer.

4, The method as recited in claim 1 wherein forming further
includes forming said multi-tiered structure from an organic polymerizable material
substantially free of silicon and covering said multi-tiered structure with said etch

selectivity layer formed from a silicon-containing material.



includes formng said nmulti-tiered structure from an
organi c polynerizable material substantially free of
silicon and covering said nmulti-tiered structure with
said etch selectivity layer fornmed froma
silicon-containing materi @3 °23 0 5. The nethod as
recited in claiml wherein formng further includes
form ng 8ai d rhemiethadegsggcitedripelaimd wheseindomging fyrther

. [ l.yneri zabl.e nd . rfactant .
incl 8 Rpmind B TRAC- BB Sy PRE D 4 BLE R R i A RPhrpatie
co@Peiglandaf susfRtiEnidehinpes utfibt endgypatiddessGhanhairfiet bedey
as recited in claiml1 wherein said etch selectivity
Ofﬁaﬂéf’lﬁ@nﬁ@ﬂﬁﬁ@nﬂ% a material having a polynerizable
conpound and a surfactant having a surface energy

that is kover #iafefod g§ {e?ﬁngﬁ‘;@%g‘%/ lhg'geéﬁj &hid etch selectivity

pol ynmeri zabl e conpoun as recited In
layet wiformedifhemn ai matbalhanggsigiolyre¢ridableselpotind arnd/a sufaetant

i.ncl udes spin-cpat.i a_silicon-containin terial on
ha € & SR cheity dRalds Wil CRnasar oS SRt S LR Pl
comPoidei m 1 further including formng, on said

substrate, an etch stop |ayer positioned between said

substrate and said nulti- tiered structure. 9. The
met hod a$% r ecifhemathpdssapeticd in glaithd rwhasein dernrpg said etch

oSBT B PP AR 5t

tiete@eirb&@dre N claim |l wherein said nulti-tiered
structure includes a stepped recess. 11. The nethod as
recited in claim 1l wherei nwéai d multi-tier

d.. .
structur® i ncilg@ethodgs reciiggin plagp | w_lnfﬁe@a&f%&%& on
saill sMshiale) Me Qtoﬁ'T% g@ﬁgonéﬂ‘ﬂe ! sgig ROQREIALRIN RN
an apex surface a ai d shoul ders bei ng spaced- apart
tiefed structmied apex surface and said substrate. 12. The

method as recited in claim1l further including

formng ,said. substrate froma wafer. and.a.fi.lmlayer .

and vher&in r SROURHSCAEPToiEH if Hn aduthe fuding berbsiing in
saidl OB pORGorPAndSal dirérich Pottaue h coddhctife flitdnad of fornming a

stepped-structure on a substrate, said nethod

conprising: 24 <creating a nulti-layered structure b
form ng, 1&n sAheimethodias Fecited in phaing | yhegsin gaid maltidie

Sﬂmgqnmgggg%e?@?&n%gggspns and recessions, and form ng,

upon sai
11, The method as recited in claim 1 wherein said multi-tiered
structure includes a bi-level protrusion including a projection and shoulders, with said
projection having an apex surface and said shoulders being spaced-apart from said

apex surface and said substrate.

12. The method as recited in claim 11 further including forming
said substrate from a wafer and a film layer and wherein removing further includes

exposing regions of said film layer.

13. A method of forming a stepped-structure on a substrate, said

method comprising:



| ayer, an etch selectivity layer, with regions of said
substrate in superinposition with said recessions

bei ng spaced-apart fromsaid etch selectivity |ayer,
said nmulti-layered structure having a crown surface
facing away from said subsi4 4te; and sel ectively

renmovi ng portions of said nulti-layered structure to

ex pereating g inolE-laystedssiiugtuse b faratieg, ion seidpebstrips ¢ inruylBriiered

it h,sali rotrusions fqrmn in id.su [ at
palrh 4 BF R OB ol Bisp o nd vl Spld Rf e
layef Gintefth delectlidy Ryd3 withirkbFiehs ofwaldidibegate apapetinpgsitibmwith
said via portion and said trench portion, a conductive
saifgecesyigns bejng spaprd-arartisem saidiciehy selegtivity layes mid guulti-layered

o di : ; . . : i
LI e g S
pr otseladively @ndvirg) preticisarfsaidimaéildydredstaithpetd éxpose regions
bei ng established as. a f.ynctjon of, dipensions 0 sai d
of saig adhratean SYRSTIMRQSItER VK sad PROGRpPRYIOTING sr?f‘;l%‘bsmte’ a
-W-&ig}l({@g%' fidy. ther includes exposing regions
VA [ 1e form ng gﬁhard mask in areas of said etch
selectivity layer in superinposition with said .
recessi ond. 17The Tethadeshredteddn claisntl @ duither dheluding Gepositing
. Wherein form.ng. further .includes.deposi.ting a
in 7y aroc e i ieh Bhpiser € PO CRRR e et rat e and
contacting said conposition with a nold having a

relief tasformheaicthddadstrediteddn CRa 3 vativteit ¥insisiigs 9abdld
.conposjtion to actini¢c radiation to polynerize said

vi sheingpitablishedrafe fpetauoldimeadpsef seid reptansiomand
dinfHe{cnk Bf %ﬁ? Heflsh e‘%ﬂfi&ﬁﬁéin% Eﬁ&l#lﬁﬂ&? ad PRILAG §Adifhensions of
ayer st re

patterne ruct rom an organic
saipodogpsdsriszabl e material substantially free of silicon
and formng said etch selectivity layer froma

silicon-contajihin terial ., .19 .T t hod as.recgited
o i8n ourhe B R st i Pairg 1S et et

inchitiedl e B[R rBGENd WHRE formPB AhdF8nedsk 34 afedy bMQidPetch selectivity
pol ynmeri zabl e conpound and a surfactant having a

laysuanfsaperirapesitipn wiiasaid gedessienst han a surface energy of
sai d polymerizabl e compound. 25 20. The nethod as

recited in cl &i rein form f I

di sposi ngﬂs ai 311%%0%%(5%@9 i@)‘f@@?& ey}/é?lg %fnr#-l%a [ Eé
inchudes Hémsnmg@ijolymerivgblerthlié combositiorsé shid aitsetiteadd

| ayer. 21. The method as recited in claim113 furth 1r
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mdp%%glrrlg g%d ciog@:gg‘.ugﬁid’%ﬂuﬁaaﬂuﬁﬂ H?ﬁ&l%@n%uf@dnqposmon.

18.  The method as recited in claim 13 wherein forming further

includes forming said patterned layered structure from an organic polymerizable

material substantially free of silicon and forming said etch selectivity layer from a

silicon-containing material.

19.  The method as recited in claim 13 wherein forming further
includes forming said patterned layer from a material having a polymerizable
compound and a surfactant having a surface energy that is less than a surface energy

of said polymerizable compound.



22. The nethod as recited in claim13 wherein said
multi-tiered pattern includes a stepped recess. 23.
The nethod as recited in claim13 wherein said
multi-tiered pattern includes a bi-Ievel protrusion
including a projection and2%shoul ders, with said
proj ection having an apex surface and sai d shoul ders
bei ng sp@bed- dhamethiadanrseited in glaam 1§ uhesgin ferming irther
. substrate. 24, The t.h as.recited..in_claim23 . .
ine8 sPo e it ek SpBRIY Rg P8 10 Pt BB R i ainipe
mat@{a bn 841d paériled lahep. | ayer and wherei n renoving further
i ncl udes exposing regions of said filmlayer. 25. A

nmet hod of form ng a stepped-structure on a substrate,

said nethod dfpretRadagresitsdin qlgimda fudher inglyting frering, on
4] S50 O g A 88 L oot
laysel ectivity layer, wth regions of said substrate in

superinposition wth said recessions being spaced-

apart fr sald etch selecti,vity.lgyer:; and.renmpving,

sl ecti vy, ABF FIHH Breciteryn pgim 15 prtisrelf Seif P et
patté?n BCPRRE a stePPéPRgesgf said substrate in

superinposition wwth said protrusions to for said

stepped structure having a via portion and a trench
por tion, 2% t hThe methadasgedtcddmrigmyild whserin paid mudi-tigred
. A AS] - . .
P BRAAETS: 8Pt B gl FRASABT BBl o i
projeitiog heeihg bh apdeshrfise and suld flicditiend beihgynusedagarbfromsaidd

recessi ons. |
apex surface and said substrate.

24.  The method as recited in claim 23 further including forming
said substrate from said wafer and said film layer and wherein removing further

includes exposing regions of said film layer.

25. A method of forming a stepped-structure on a substrate, said
method comprising: '

forming, on said substrate, a multi-tiered structure including a
patterned layer being disposed between said substrate and said etch selectivity layer,
with regions of said substrate in superimposition with said recessions being spaced-
apart from said etch selectivity layer; and

removing, selectively, portions of said multi-tiered structure to expose
regions of said substrate in superimposition with said protrusions to for said stepped
structure having a via portion and a trench portion, with dimensions of said via
portion being established as a function of dimensions of said protrusions and
dimensions of said trench portion being established as a function of dimensions of

said recessions.



