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BACKGROUND OF THE INVENTION

i. FYELD OF THE INVENTION

The present disclosure relates to the ficld of fabrication of microstructures, and, more particularly, to a
method for defining microstructure features on the basis of nane imprint techniques.

2. DESCRIPTION OF THE RELATED ARY

Fabrication of microstructures, such as integrated circuits, requires tiny regions of precisely controlled
size to be formed in a material layer of an appropriate substrate, such as a silicon substrate. These tiny regions of
precisely controlled size are generated by patterning the wmaterial layer, for instance, by performing
photolithography and etch processes, For this purpose, in conventional semiconductor technigues, a mask layer
is formed over the material layer under consideration to first define these tiny regions in the mask layer.
Generally, a mask layer may consist of or is formed by means of a layer of photoresist that is patterned by a
lithographic process, such as a photolithography process. During a typical photolithography process, the resist
may be spin-coated onto the wafer surface and is then selectively exposed to ultraviolet radiation. After
developing the photoresist, depending on the type of resist, positive resist or negative resist, the exposed portions
or the non-exposed portions are removed to form the required pattern in the fayer of photoresist. Since the
dimensions of the patterns in sophisticated integrated circuits are steadily decreasing, the equipment used for
patterning device features have {0 meet very stringent requirements with regard to resolution and overlay
accuracy of the involved fabrication processes. In this respect, resolution is considered as a measure specifying
the consistent ability o print minimum size images under conditions of predefined manufacturing variations.
One important factor in improving the resolution is represented by the photolithography process, in which
patterns coniained in a photo mask or reticle are optically transferred to the substrate via an optical imaging
system. Therefore, great efforts are made to steadily improve optical properties of the lithographic system, such
as numerical aperture, depth of focus and wavelength of the light source used.

The quality of the lithographic imagery is extremely important in creating very small feature sizes. Of
at least comparable importance, however, is the accuracy with which an image can be positioned on the surface
of the substrate. Many types of microstructures, such as integrated circuits, are fabricated by sequentialily
patterning material layers, wherein features on successive material layers bear a well-defined spatial relationship

to one another, Each pattern formed in a subsequent material layer has to be atigned to a corresponding pattern
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BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the following description taken in conjunction with
the accompanying drawings, in which like reference numerals identify like elements, and in which:

Figures la-le schematically illustrate cross-sectional views of a microstructure during the formation of
a via/line metallization structure in a common imprint process for directly forming the respective openings in an

interlayer dielectric material according to illustrative embodiments disclosed herein;
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according to yet other illustrative enbodi nents;
herein;

Figures 6a-6¢ schematically illustrate cross-sectional views of a plurality of imprint mokds or die having
a non-perpendicular sidewall conmfiguration of respective negative forms of metallization features for
semiconductor devices according to illustrative embodiments disclosed herein;

Figures 7a-7b schematically illustrate cross-sectional views of a semiconductor device during the
formation of isolation trenches on the basis of tapered imprint die or molds according to yet other illustrative
embodiments; and

Figures Ba-8d schematically illustrate cross-sectional views of a semiconductor device during various
manufacturing stages for forming a conductive line, such as a gate electrode, having a modified sidewall
configuration obtained by an imprint technigue according to other ithustrative embodiments disclosed herein,

While the subject matter disclosed herein is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and are herein described in
detail. It should be understood, however, that the description herein of specific embodiments is not intended to
limit the invention to the particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the invention as defined by the

appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Various illustrative embodiments of the invention are described below. In the interest of clarity, not all

features of an actual implementation are described in this specification. It will of course be appreciated that in
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by a direct mechanical contact between a moldable rpaterial amt a corresponding imprint mold or nano die or
stamyp, wherein, in some aspects, twa different types of features may be formed in a common imprint process in
order to reduce the number of required alignment processes and also reduce the number of individual process
steps, such as deposition steps, planarization steps and the like, In another aspect, the shaping of respective
features may be accomplished by appropriately designing respective imprint molds in order to enhance
performance of the respective feature and/or enhance the performance of the respective patterning process. For
example, in some illustrative embodiments, tapered vias or frenches may be formed on the basis of corre-
spondingly designed imprint die or molds in order to significantly enhance the fill behavior of a corresponding
deposition process for reliably filling in a conductive material, such as metals, metat alloys and the like.
Consequently, the overall process efficiency and thus production costs may be reduced, since, at many

manufacturing stages, highly cost extensive and complex photolithography steps may be avoided, or respective
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any such actual enbodi nent, nunerous

i mpl enent ati on-specific decisions nmust be nade to

vo6 hingM&seshe devel opers' specific goals, SUCW«@ﬁusmm/mmsn
conpliance with systemrel ated and busi ness-re
constraints, which will vary from one |nplenentat|on

to another. Moreover, it will be appreciated that such
a devel opnent effort m ght be conpl ex and

i me-consum but uId nevert hel ess be a routine
phowitgHEPL BRI FOF ' hSel o B FAPY Ak PP g gy comidesly

“nultip A tﬂcgcfﬁcnﬁcm ﬂ‘@frésﬁect@fe pﬂﬂi:&o&épﬁﬁﬁr@&&ér $hce a single hoto!ﬂ;b%raphy Process
present subject matter will now be describe
may resuigfirep esreepotdingt nerigtriciicdvete fitgy mes maX/by mmﬁorstqmsnwf elgrality of
systems and devices are schematically depicted in the
rawi ngs for purposes of explanation only and so as to
o0 NS GitleRailcNE PRASENT Alichsd0eKI evith N0, dekiad, | & dohat ilustrative
are well known to those skilled in the art.
embodingsipe mpsh eEpressst 2 feppsorfitiacladet it Ay rigyeiveas aeiiledtordecterp in order to
etcciiofl§ 3GEP oo URLAeMerd LIPS BLLNE,, %ﬁ@émger%m?m 5l 1, formea
pr esent Scfosure. "The rases used herein
therein. Shodtbetl c3@, thB edrstraoe: @mick lﬂ()trﬁij;p{pﬁis@da tevida am@ngafofiRa MicRE opto-
consistent with the understandi ng of those words and
electronﬁhcfo&g%@ntbﬁnd(t:ﬁ 6%Béha§lkqi [cPragrenty apgh ghey léclc e\}réﬁtm‘%{?sfm"“ﬂb device 100 may
compr!s§ pgﬁ&u@!e Igleu‘ligilz L}é)ﬂ'&ﬂggm Qnytaﬁﬁ’mlgg suQJ%t@Ssﬁch als a Sticoftbased semiconductor
definition that is different fromthe ordi nary and
smmwm@mgm@nadwwwéawﬂngﬂa@ghnd@mgmmmﬁwnwabh@@@ngkwhmeﬁﬂhmmmmmmm

consieis. %y R 5 R BT REB ST Broh Tt R SRTBRT IALe fer oot
cases, tlte&ﬁﬁhﬂ& 1R SGrdshe hidtaBRehRtte b AM@IAR hSMRThRkd MBI 2R Pppropriate
i.e, a neaning other than that understood by skilled

materialgpye] Geirplowssho Ry ise PHIesPeREFd 1P e Wi it e e&ﬁ!rf@srsfiyyeqmre a
coxrespo%gl g tn&!!lh%txén d’LJ?lgc %%?(&ll' Io atd!‘: 9}@ efe&nc%i ﬁtglfc!)nl;]léct !)nobe%.fe%rhthe respective

substrat(d.

manner t rectl uneqU|voca provid
circuit «3ge@t. aln sdmbuhm chde) Ithefsﬂi?stmtehl@l ey mafafemphy as@priate carrier material, above
Generally, the subject matter disclosed herein rel ates

which nstta bcafort:réze R H:f:talu;@n@osltmoft%ei. t}ﬁt ﬁx@y Ereéréz[xséﬂré%to @fespective semiconductor device in a
later Sid%g SIap SJ MEHbHaRRor oS %re%gtais Qmo‘ﬁl@ QQH&L@remg&“ﬁe@lg She‘asmw;tchﬁ)] may
e, in which at |east sone of the photol|thography
have forgied ﬁts*‘eia@eluraéprloa@etelmﬂolycllaims |rmmtrvn twrtaeic,rmuq U8, Wiichatry dh payvided in
the me;ch%?Hr cdndzitcévefsemtcoxl?fJ Egjr re;éona, mcta ie ons a dgf{éﬁ hC aI orccg/ r Itayer of moldable
materialDi0t Weer: farn@® hidapie stﬂﬁ:ﬁaiﬁm}@k\rh@ﬁﬂ iTuh€ o BISPR r'ldzlst[&&d in Figure 1a, the
i nmprint nold or nano die or stanp, wherein, in sone
fayer “Esﬁféfc’le%“isuﬁv% gprppiae gipectiy 5’é‘§f“’6ff°‘"f featngr ‘é‘@"“i‘r’é‘?‘“ﬁé of ajpelzation
structurd, N @ CONMMON i nprint process in order to reduce the
nunber of required alignnent processes and al so reduce
tHoe 1rﬁturrtbem sofe iilvelfayivedanebdipEnGc 68 Sncktallp SnateS8aI G t@Slayer 103 may be
gH%OSItI st eps, .pl anari zation steé% and the like. In
compris PH@F‘“‘&%%&‘B‘E re{aﬁ"é PERIARN G b 27 SepiEtnes alk fif BRIy plered
10 as 102 dREGAGIL bR OBV oAR RIRANI: A% &hN1dG8 SR8 in18S REEL: 14 the term
imprint nolds in order to enhance perfornmance of the
‘%mMﬂwésﬁétpmv@ﬂﬂebm@wgmanui@bwemhdmmeﬂﬂhempahﬁwmmammemwfm&Laﬂ
negnive G SF A PRESes 07 R b Ou P e B 1pieraly GIOga oot ol o
subscqu&n’fl? RCRASe n&)&es@&;uteoifnpﬁﬁl die, nmlieh.@m tﬁ’aﬂﬁﬁe&néﬂfabi@ HatleB8 PENEINGLsMntiatty
designed inprint die or nolds in order to
maintainstey ¢ Frinedasitne yie mimerad ef Bhgpfint|poldy flansxponte, gfwidg class of thermal plastic
correspondi ng deposition process for reliably filling
in a conductive material, such as netals, netal alloys
and the |ike. Consequently, the overall process
efficiency and thus production costs may be reduced,
since, at many manufacturing stages, highly cost
extensi ve and conpl ex photolithography steps may be
avoi ded, or respective WO
2008/ 005087PCT/ US2007/ 008371



phot ol i t hogr aphy processes may be used for form ng
appropriate inprint nolds, thereby considerably

“mul tiplying" the efficiency of the respective

wh ale@hdshdrogr aphy process, since a single PCT/US2007/008371
phot ol i t hography process may result in a correspondi ng
inprint nold or die that in turn nmay be used for

processing a plurality of substrates. Figure 1la
schemati cal | y illustrates a mcrostructure device 100,
whi us ratlve enbodi nent s, re
1 1
materia s axc avaf able Wél {rxo}r/ l)e r\o/ugctem oha?w v: >?usr séate upméapg!ymg heat po t%at in the low

viscous gmi aleslpbcmtdtcmqasanrou G bhe@ridl 103QK:0 88 act hpBIEEL Whdr Gl skNeooling down the
connect respective circuit elenments, such as

thermal plpsipgptaiab e resnserpaidaferrdsshane gy By lefn‘rsaiwﬁ evep hieer teink*ei of the deforming

impr mth C. In otgert herlgl Q:iwelmnate%als %rch%sa S m’cr mdt nals ré:s1rst attena §a %tlze like, may be
dev 166 nﬁy represén¥ Fevicce avi ng Tor ne - Ay

prov:dec{ 1]11 e l'oerl vﬁccﬁlpit@@zlne ahy, o Gorfaeﬂmmﬁeﬂbt&ta@ Meldr Rl md¥E GO RRefaa) for instance

onents and the like. The m crostructure device 100

on the biﬁ*ay Lomition deshiratgaiepdielikece s \Fpehs fhajerepttrent any
?tplgg %E%nﬂ&%bﬁ%p ﬁg &H& ?a th% thchos%tuge d%va:e lG(p iQ shlggiﬁrgn o éhe contact with
sem conduct or substrate may | ncl ude

a respecmva gwr:aﬁmqn:gar Hia y#rwh(ch oy SInpiMR  subsdw@I15 Bmade of any appropriate material, such

licon-on-insulator (SA) architecture i s considered,

as sahcmii ﬁl!:ﬁmIdt’oﬁld%ﬁletalﬁwe&\b?i‘o& gertain maﬁla m{(jla:ilsdwd f]15§}l§:r prgltewfe”@a lmprmt

mold 150 BaPookBSR 8 Ghiad§ of ReMivA a0l sk Y RfpectildcoRpBEEpeFRAS &S0 BA&I in the
substrate 101 nmay represent any appropriate carrier

material fpgi¢rd 3. dp thhy av‘wri'gle'fitelmmdm@ trpeﬁeeﬁ’rrasrﬁappnr @prisat eia getier 53 and a

trench p(l():r%%qg%r:téﬂ ich ngtco?cs;éou%[ % resr[}eecyvc?a vgafl\%ru rﬁnegal Pnes cr)feasrﬁ)e?a&zatlon structure to be

formed i Ok mas(mﬁn@brngs net abhhipiZ & dopHistiSddd uﬁcw{r&mt eﬂ:lf:\ﬂcfeg ewch EEQhe device 100,
provide the electrical interconnection between the

respective @gipldipesioygleg fondugiive He#séw@mas*vidﬂr 9f aggpgxfupatetyt 1fEpm @a@e@ wrtrrm have

{ t
to be fomlec{3 §eﬂaengllng onltg%l\e/vgp% the rrE {aﬁua [fm suﬁctXrF arel rr(,glee}ldergtu}fel axfdﬁll;c m:fumum critical

dmmmmﬁi%u&pu&aumhamsﬂm%d&&mnbmnsferred to a respective
sem conductor device in a later stage, as will be
é‘é%‘@‘f“?ub{é gplagf%a‘cspsﬁw? f‘f“twﬁsf(é mﬁtélpgpqm slryq&preg@rﬁ@/pamlly formed on the basis
of photol,h hJ)glxja%gnr QJdl c¥§esm9éjétémﬂgr§sscst Q/%eug’ y Q%M %Lrgple:kQEmogB%y hé})\(s including
fornmed therein a plurality of features inc i ng
highly cho@Sp eitdninie camcimaacrtqu#rcelglmrm dli@Pectivhiamhfaawals BeuepleGutifgtathg a via
t he for of hi %onductive sem conduct or .
and a mertag*@ﬁe el P %é’ BRBreTeRa T TEr &SI BR Bt 24 Payippave to
be align@f o BRh daB] S1ibBLSS fidly 103 HBYesP&ufOfiPRAnAROV i thh€io be taken into
substrate 101, wherein, in the enbodinment illustrated
considerjtiqn 1Bj @g‘e@eqiae de[sigferu]eayléy usipegmrmgrinp @ﬁfl e¥dpptudipp the respective negative
forms !S?E §¥' Sc?rgs Eﬁ%g g:a% n%% '}ngargar‘:% e{u,éc?flﬁluC?%ZBereprcscntlgg ;:esI}JEct;ve trenches, the
vias andi dSd ARG @re duPMBRAE dhkllcl:ll&di Eaxh io\her Ql[ﬁblﬁﬂi renios,, thctl&w reducing process
mol dabl e materjal of the |ayer 103 may be conprised of
complexisy, {preAsBE {4V IF P HA PG ™ epablinghoyedugtiop ﬁﬁpmc?svﬁntfsymd at gugly 4y to be
prov;ded% &!&'uﬂé &)Qsmmlayon a&38in d!!‘ée%'ﬁ m@{llﬁn&éﬁpﬂemu olbﬁu nﬁ{ Inf gen%l%s as
l'ow-k dielectrics or even as ultra | ow Kk ectrics.
ht tygdud whocksd Bova T it @ nhictostritnge e@nb axt ntah @bmytriae thk EBIMwing
"mol dabl e" refers to material characteristics that
processes; ARG AOHRIEOR ATAPE BiCos Bt et ifed: FﬂS'F ot CPRIF v igpeions 102, or
any othe{‘j&n%mt terfents o 1B @&Qtolt Vit E%%@fte%q&p %nlcﬂ gm} Q)n*ﬁﬁse pggtMgraphy
in the material |layer 103, so as to deformt
processeqTw| dah lngrimat@esieal 2s anld bs dssdglikrt by :mujannaequr@eastEctch techniques,
respective inprint die, wherein then the nol dable
material 103 may substantially maintain the deforned
shape after renoval of the inprint nold. For exanpl e,
a wde class of thermal plastic WO
2008/ 005087PCT/ US2007/ 008371 materials are avail abl e
whi ch nay be brought into a | ow viscous state upon
appl ying heat so that in the | ow viscous state a
respective deformation of the material 103 nmay be



As previously expl ained, respective features of
nmetallization structures are typically fornmed on the
basi s of photolithography and correspondi ng etch

w6 SReaEee. Wherein highly conplex I'ithographye1:29hsnos37:
i ncluding highly conplex alignnent entities are

requi red. During a respective manufacturing sequence
for formng a via and a netal |ine connected thereto,
irrespective of the process strategy consi dered, the

plancm.aa \NP]H %’ﬁt.essgsnag? thlgﬁ el, thg mlgla\gﬁ:tmag:ng 3}3 lhg 111:133' e?ocr:'rgcd oni}%e basis of any

approprié Be@bsitloh &t,hnh;acs ItoE)mbﬂtcci B @Yeri 103 ﬂaﬁ&ﬁ\ﬁili@tﬁiﬁi atldvioﬂsc@jé stal3®y spin-on
respecti ve design rul es. By using the inprint nold 150
techniqugsrpedl grdy h@m{iihtéinqdég ﬁ@d‘?"f V“@’O'Fﬁqueﬁt e if 9 e eroble pitesigf such as a specific
polymer ma{erla?s prr?orl](pi)lg g{asx\s/tl max‘xtegig e?l%(e aﬂdothtep iﬁ sﬁ"’%ge embog"mun [ g;% Ial é’%% may
epresenti ng respective trenches, t vias and’ metal
be formeJd Ibﬁﬁﬁr 'iﬁff@ti&hlﬁ@ﬁmbh Getnlqye aall hl@rtﬁdpﬂr@nﬁaﬁﬁba@iﬂ ek toWadshl into a highly
gh precision, thereby reducing process conplexity,
clefomaﬁtiﬁw%gglmr@ncﬁ é](/}teébtreﬁt@gflﬁ rYEe% A BesEB Piaﬁl@ mptgial is used. Nexi, the
' imprint J:nglg qg& |1solﬂe lgcsﬂgrgg Gred dimdg'l:imﬁ/e ttg] ﬂm‘é: nHé&Lﬁ'LcltLXe %Vcﬁl t;mp bgg of well-
provided to take into ®consi deration a certain degree
establishef alighsal tcg\s,nEn’[usth)eé mgrrewecaveopamnmgghamdntt rne@lnqh:es,hown), optical
i cal rocess flow for formng the crostructur
aligomery é\?‘i&E@i‘* 5 ?ra‘i?““‘& 't‘ﬂ*if?i’“aéeév R Iﬂi di%i“ﬂ‘gm"d‘{nbs@ é%ds%"sm‘“ﬂt“i"éti‘” 100
relative {bREn HAERL tn@ﬁn@ﬁol(ﬁm R/ RS Ea el Lacl 8AKH @ Snovddf relatively to each
provi ded, such as the conductive regions 102, or any
other as iptlipptad by fbe e‘EPiWF 18 véttewb%anmﬂy tptaiping fhgr lpfral position.
Lrle ]'F?L%l icaﬁ gstitatgsc e mi étur‘f’:\'lalv%g l(%a \Mlen 1'9 i 1n J:ontgct wrth the 1mprmt
ot o o ra rocesses or ot her i nprint processes
mold 15@%@%‘11 the i‘:bepeetes Serghtbie chirhsats e ﬁav@ﬂb,forin&ﬂpﬁﬁﬂﬂcaﬁlb ﬁﬁterﬁl’ @ﬁéﬁﬂﬂ%order to
~etch techni ques, WO 2008/ 0050VPCT/ US20071008371 .
define thg Vig QB "E 419 O Pritds sPeeakffel " [feer | Piceny b HerteoPatmes by reducing
the tcmp%tn% Itl‘le@:l)f th‘dCIl E@thé @3}’6@ [03109§n sﬁﬁﬁ%pri%% tlfeé:ftrr'igle gucQQs IN"&‘:&QQ%E% radiation
any appropriate depoSition technique. For Instance,
and the itkh,en bragy @y brib Be mayriabel ti&pfprlen lgﬁj mtonz sgbslagiallwios- Cougalgd saataethmys, ina
|n on techni%ues maintained in the | ow
state in ljich Sy jaategpl gpr ! %ri"i‘é’h*‘”F o “é‘ 5"“8‘15%‘ foam pist Bl °f§‘ifd'ﬁl’r5‘§m%i“ 130
with a d3RR Gl kG PO iRy, Material, a nol dable resist materia
and the like. In other illustrative enbodi nents, the
IF'ay'erlC TOBmriglhidusrapn el TiRosERtraficoprl whee Heprpsht gk 150 is
removed c%qia%a%%ylgynt?%grmqﬁ?{a hﬁy‘%%%ag‘g‘%ﬁat eltlx sEibrstgn ialfydnoﬁ Ig%fcg‘?hgble state of the
material 0§53, hesapecﬁweeﬁ;trinmg sti@rel 18y edmpliG3;, a wharan@ toagranml tr@lia st4BCwhich
material is used. Next, the inprint nold 150 is then
S”b“a““b’gs‘iotri”‘ﬁ?ﬁ‘éﬂ’“éi’r‘él a‘!ﬂl si’a@ﬁ 5’0‘}”‘? BIPETI S Reettye e Widr'ost raetelircls of te
imprint n:!‘thp 158, nItgingd p@a%bn%crz@éd tlyz\@tlmi xm@x%tt g\bidlim hé\’ela Wtsmrt Q QIIG Pmaterial of
i nstance using respective nmechani cal alignnent
the anerntgir legts éqipg@nttgikyom)ieformpﬁq sl wigidh rgqyrbe nrtcoqmpﬂqgorathdbasihef a respectwc

ke. After. appro teI sitionjng the inprint nold
st it 5 e PBTRRT e U & TR O e UM O GRh p Hpseeses.
Moreovek, iGrirly @B rhdAly iRPrlnaliBOiRdpeHi 0 104 1 e GERE d4b Glid i S1afle VI3 Cife neight
100 are noved relatively to each other as indicated by
h“ﬂOfWhemaWPGW@kW§30ﬁh$Y@mgaégﬁﬁﬁFwﬁﬁbvlﬁﬂWﬂPQWhWﬁQNWhE%ﬁWG%mw
s, wouef} e PRg T e e v DRty SHBR b o o
respectivle e Rt Beds 18b tabtosks R dubEphick b1, Mehéeh B0 MARKRMAG bRGeen respective
respective negative fornms 152 have deforned the
portions phthgdpice [9Patcers &P StRAYAET 1O 0| 19t 8 dwridydoog éFirre né Gip gattern
opening and a trench therein. Thereafter, the |ayer
103 may be treated, for instance by reducing t he
tenperature thereof, hardening the |ayer 103 by an
appropriate treatnment, such as W (ultra violet)
radi ation and the like, in order to bring the materi al
of the layer 103 into a substantially non-defornable
state, that is, in a state in which the material |ayer
103 may substantially maintain its formafter renoval



WD 2008/ 005087PCT/ 1 1S2007/ 008371 configuration of the
negative forns 152B, substantially suppressing a fluid
communi cation in a final stage of positioning the
wdBlkMisogol d 150 in the material 103, the mycg, k5@
have respective fluid channels (not shown) which may
provi de an efficient comrunication between different
devi ce portions or which may all ow renoval of excess
mat er i aI of the layer 103. Consequent ly, upon renovi ng
conﬁgurgstg)g é)k th cgatrvr: ;{}DIH% hége %Fa‘r‘rta supgres% a ﬂgai"t gzcd o mcation mﬁ final stage of
positionidg asarr.pr&umaqa} GaRf hguniabs, o HaY 1emabtal r@s@éin‘y&ﬁﬁ:fd&lhﬂmels {not
dependi ng on whet her excess material of the layer 103
shown) whigh Pryarevida %Qﬁéﬁenpngnif'@o:bl?q‘wﬁgql ﬁié(’erferﬁ devipg patigpg pr whfch may allow
removal o?éghtccﬁs mziq%‘r:;fegg fhf%agerqebn (%%fetgtr;a? bl Zn{%t r1:6g’ rﬁmtafll;]i?rﬁl C%(I(?] géggr%glfthe layer
103 in fsh@bdalady n&Q&fc&lﬁab&rdt@, B&hﬁsiyntdﬂgp@férhat' @@faccrushift @A, be obtained
respective material residues 104C may still be present
whereinggepeadipg "GRG £*°FR é’atﬁfé‘é‘ffé‘t?tiﬁyﬁfe‘ 0% b2 PesH ETIONY $71F (RN GRphg rgaterial
of layer ! %3“9 fis 2R %cfgswalglg !:m me %RMMSJJ} tkre%?ygrel%g mg)obetdt}greﬁtqyofnaa%%ckness of the
t opography of the mcrostructure 100 and/ or of the
layer 108 rgp priigidtallymiddp obitddd O urthdner@ byspae@sUhdtirialgresidreal 0AO map gilif e Qiescat at a
nmechani cal contact wth the underIX 1 strycture, such
bottom 3%&;{: H@p%gﬁdﬁ%f)?ee}xggsr b{}éf\ochlg tclﬁ'?nor non-Gnifo gﬁe@mﬁ% r(isaect to the, surface
mpogralﬁg b@ ARt hiSBddhidhurk 1 SlibRbEeSe RSN hEIOSH MG EuigGV i Cnon-perfect
in a further advanced manufacturing stage, in
mechanwh Pm:lhctt“hté thg tpdgrsting seucth@Osuihas Sig bjrdetiedeaicrs A et ch
%E\%’l{'eﬁgtscihﬁma%cz?lé 1tlust1r~.a gsc tétl,é rgigzﬁ?étgmture n{eelcr:el barﬁeérltldru gvarglcgg manufactunng
stage, invAYchlXe sthsae: oo ASGsﬁiQ@fed toQnekh kei@ntdsyod @ROE tht Reterial resxducs 104C.
~ residues 104C, wherein, in some illustrative _
During BeHefoiroRsyit!eS, Wal-esspishidrecpsgymaebegredsia Puptp ¢iigigpipfempysdhe residues
104C, uﬁ"xgag"l;' 119 L‘o%@ :l'cf\Is{rQ{wé)Imbtomgerpsr Qgcgéi% c[']:&ge s&&t:&@%?glggtcﬁ ghex‘ﬁ’g@y of the
teri al the conductive regions 10
Process p]S(thh dedqet td the fhddrgl qﬁ@yconﬂh@vepqsgj;megg nfay bﬁeor@ffdect ht@th@tu@}h the process
_ rocess 105 na be c$ iro led so as to relj abl¥ renoye .
time of fﬁétulx grgi:easug)g mf tcoag 18 go 1SH% reg b Pglmglﬁl) rf:srl ?s 10 (bicxess 1e entire
substrateS 1 Slb@RHhIB] Widodbd BRI NS & HNHUE1yRRRRIR b Mdi&ver, due 1o the
underlying regions 102. Moreover, due to the etch
etch prom@@‘ég@ted@ 5f thqm@eireﬁ ey ‘:@freﬂtorvi@ Oimaymf RV oneaygsﬁé‘“‘r hpve fowever,
the zespct:(hwe Ae sp(g (§ eit{/egcll 1%4!%% em IH eSL:ilthtPne ra]lcl: emg sainﬁgg rrglf c)r{nectrlrrgcnt material
removal StHDEL t&ntrd:nallx hysst ke tlﬁzaﬁﬁmﬁkuesutf@e tphiiors QIOELI 6T BN kycARG3ewiRl the total
_ renoval within the trench 1048 and the horijzontal
thicknesg gf P lEer Ay PIvdtigedrdSersPinge Pagrere DB iiitRre i e rars 105
Thmanmu@m@é&m%m tBce! BY Glay 123 dFRYa BG m@%@%pe@iepgﬁgﬁ,mglm by 2
the degree of over-etching during the process
conductﬁheﬂe—af, tuels as ateivel, nictalathst mdcitedike indeder ©@rodig0a ms}cnbe'n and metal ling
ared for filling the rez}pectlve structure 104 by a

mordergo d—:fsl)vgvaﬁrg{aglﬁugrr ruchbc&?{tfg gﬂsﬁgcthg? 100 metal alloys and

teMRrel 1k Kc@xemdtu&all? Elfdﬁfate& @e plfc%ﬂthﬂﬁre&ie&&ﬁ]@@ﬁltd Ml@iex\/ddaanazﬁ %anufacturmg

nmetal line in order to forma respective netallization
stage, wWhtreiy ekngrtee gfas 1096 an erpvdsist rWl}b*tl Wreerrd@Qsly formed via qﬁ#tgw &04Aeso as w0
connect ?-08185 tFl:Ber £ lﬁl?l'%lj}l]clglfel rlél S%/nrance uﬁa ﬁur%g{)rﬁ Jn(reuicl:nte U{OQB are V\%Im% Wlthm the

previoud,©&RRE trbiées VH4BS Cl&@cﬁerﬂ&,&hcﬂﬂa@dﬁhﬂ%dr WBtrJMeEEnﬁnE Qny appropriate dielectric
previously forned via openi ngs 104A so as to connect

materialtiggyt ip @orphivddm| Wiy ‘@th%fﬁéﬂ‘ila&é ?Peg\dél‘i?swam?ﬁf’* Afirg hispgpive metalli-
conductive lines 106B are forned within the previously
defi ned trenches 104B. Consequently, the materi al
| ayer 103 representing any appropriate dielectric
material may, in conbination with the conductive |ines
1068 and the vias 106A, define a respective netalli -
WO 2008/ 005087PCT/ US2007/ 00837 |




zation |ayer 107, wherein the respective conductive
lines 106B provide the inner-level electrica
connection, while the vias 106A provide electrica
wonasdsnd0 the conductive regions 102, whi chpdfkan07/008371
represent contact plugs, contact regions of circuit
el ements, netal regions of lower-lying netallization
| ayers and the like. It should be appreci ated that,
dependi ng on the technol ogy node of the m crostructure
I n nsi der l.ate i La,. ] .
st A R R b Pl s TERe R kgl oroocion
while maﬂﬁk 1Dévepreadckiseditay ean{attrﬂcﬁse bOBEve Repiynse2, FHI0h AIN r@iEneat@MAct plugs,
gnificantly |less for gﬁly advanced sem conduct or

contact ﬁé“s’/‘}sé’égr"“'@\ﬁ@?"éf‘“‘ﬁn‘i‘ﬂ éeg'r‘"ésé“b ETIYRE HTREAR s m&yhed@b efh grould be

applecla% tﬂah Qie}gigythé: gn h@%&kmo%@? n&E %F ﬁl@%&gg&rluéﬁgc Cfé}br gngg}t consideration, lateral
densi'ties occurring during operation of the

dimensigns,G .0 tiauct la e hohgvid em@@&s oMbe es\ie6A andthestrdudick lves 106B, may be

preciated tha e ec i.fic shape of the respect]|
100 mr\”g)gSevgha;ng C‘“&‘B’n % Cgf \lré Ylaﬁ\fé%cecié O%Wtoxlgervves %gean the respectwc

dimensiéHs GQF L8436 8n Wk lidVicEl R Sd! GHA (e REMLLVE BRIt FensiliQloc @M ALRKS: opbBon of the
wi dt h and/ or the depth of respective conductive |ines
micmﬂl@@ﬂ Geviray b eMoragviee @ shouldie prirdsated drtethaievdiisehipepbhg respective vias
and/or corgiuctw blYneP [O%MI gx!éga%/e %tapcblgg]ncéj e esel nOr{: u%eﬁl%)g( T U|CI t %10 rt]he V{ ?{h and/or
the depth Gﬁrﬁ@ﬁiwdﬁ @n@Pe dihds QDA mGeR ddrkdl ®m5u thP a0 @SR CONdiekds BSviding a
of deposition techniques and the |ike. The sane hol ds
high df’@’rﬁ‘ﬁ &f F‘B‘r“"’t‘h d? WS HUIEOBIA respsGie HRAAMEPHED StTHES i vAE "TUBA 12 qpprational
condmow Bro GG ddnY B¢ Aekmén 008,08 ik ORI mORoidshGe RAF Sias 1064
any appropriate conductive nmaterial, wherein, in
Furthenscmqa ihestas d dse wdapfptqn@auwedm@ 1068 gplay e mowdwctthcwesxsrmftaai/ gppropriate

conducti%% %thsr[xaaie%ozpmgymﬁcép%ﬁg “g‘gﬁ f"% icati d%rh:glhkvcgzgd&}?f% lgtgtFe]!{: d?a]clhlas? Xc)pg'fg,d copper

alloy, siR@f $i1 Qo 11 BIRR G tﬂ@[ﬁi@l thdy BathskOR oﬁ&rrtéllg&lﬂc%%h pf%ﬂﬁmmﬁglhgﬂoﬁ fA@ctures.
characteristics of the conductive material to be

Dependipg P @ejclipeteyistigge! P spdectivoveatepipldo bpis figpstha gsppetistida openings 104A

and trcucﬁe@ %Jﬂf Sth 9 ‘x‘igjct Je 1§atengp qy C]h:I’OV(% te ear co%‘%luct%g}‘:a:%!e Srgateriai in order 1o

rise a conductive rrier faterial in order to

substmt&l]gbﬁé\@ﬁttd[fﬁhxbiyo{pxl‘eaVﬁﬁtthedmfoﬁiM&lgGlm:lba,f;c edal of tha ta@ertl PiRand thus finally

surroundi ng dielectric material of the |layer 103 and

into sengitfy gevicp ﬁ‘ﬁ?slavd P ALY FHpRren Ayt ’&ﬁ?“ﬁ’r?&twf‘ﬁ digfegie material
or reactSUERH A AhnladreFHRRR SIS 18 yHIVRBLR Und B 8L AR 1RNesRREWRERIctive
dielectric material or reactive conponents contai ned
mmwmﬁ%@wewmpﬂsnmhwﬁswewy@@ﬁw fluorine and the like, with
1§ mEm%s eﬁ%%' Iég aasn g&gﬁg h]'gl.\llrg Ierrl%!:y c fonnéd_loﬁ lflh% rl‘)as?s?)g §1 ?oﬁ C\{Lh processes.
After uﬂ; QQh @socah oummlgmreFlcg,uﬁ eorﬂae;urmyuvb embdaniee DORspkhe: Eﬁ&icﬁve barrier
of the follow ng processes. After the etch process 105
matenal((pqt @I?PP”@) p@o be qeﬁosgegnaé ﬂfa| qaifs?fra@t ?W@pr@%ms%h?@mq@ such as sputter
depos:t;%n? égglg‘;!]l v\é;?of &;@Q&b%t(b\\/ gc,ac[érgllasg E:latqgt cﬁc{nll 9laye(‘ H&%Lsm%h ?MEB) agg%e like.
é deposited on the basis of any ap riate
For mstdeqo @8 hiipka@riatt @@t GGukd, as ssuehmaentﬂthE tmepmsildadmnmmde, tungsten,
n1ca| vapor deposition ( el ectrol ess pl ating,
tungstendlftatfﬁ aa tf‘t%lii}cé,rmaaé)baeg?sttfddﬁ S[(uAch &pozatﬁ}d v«@mﬁ-@n li:chgdmf,r_thitter gtch step which
may be pdMS RN GEhe Alh RRRS PR dr & 8 2IRIEH k@] stepSHEesAPinh AR Udsure of te
tantalumnitride, titanium titaniumnitride
underlyihgnogdtion legtonm@gt Bareitet, pri geromiag sdefh@atbriak exch myppbr@nd the like, may be

deposxtegpigrtlflsédrnc A utt§rp chla%gs%\%\h Ieh. L%I%éstdepiosngtlo\gésc? %IF ﬂlggfog weg E%thg?cé)ﬁsmon of
process 105 or as an additional etch step, may result
in a reliable exposure of :tlhe underlyi ng conducti ve
regions 102. Thereafter, an appropriate seed material,
such as copper and the |i ke, may be deposited, for
i nstance by sputter deposition, electrol ess deposition
and the like, followed by the deposition of WO
2008/ 005087PC f/ US2007/ 008371 the bul k netal, such as
copper, copper alloy, silver, silver alloy and the



Figure 2a schematically illustrates a mcrostructure
devi ce 200 conprising a substrate 201, which may have
formed therein conductive regions 202 to which an
wheakhbe@l connection is to be provided by oRe@haTBESH
netallization |layers to be fornmed above the substrate
201. Wth respect to the conponents 201 and 202, the
same criteria apply as previously explained with
reference to the mcrostructure device 100
the bu}k me¥'a sucg'g;%gp%ar, rI:qB}écr Q]llos s:[.[\g,gglflvclbatllu rGaIu? %g‘ﬁsc% bse%»; : a e 0256 T%ttexr:ali such as
barrier Mh&fale kdad tnbnenanraﬁceahe adtua0buit Reaiding)l BClefib@d loaYRrvadOdt s Yppropriate
be selected with respect to its characteristics as an
*Cchmqlienw*@hlﬁay Eehug eéqc'éww@ fidinerhaticef grchapicglerofihing LR @pd the like. In
some li (‘*j ?\f emlo:&lr;m éag[pxlng the! 1 Q‘H‘mcﬁgvlakcé’t&gessagxgrem? aa.t bbg{’] procetssh %ay be
ectric i ayer y conprise a
peﬁorm&ﬂ@ﬁﬁ@&ﬁ@SﬁMxﬁﬁ&Sﬁ%@d 10083k} ofine fne:eisﬁ'ucﬁ:rdmtu&r 108, which may also
Mor eover, a mask |ayer 203 may be forned above the
remove gnyJngifed |dk§felle;&r§s'ep1 hoig Ie%w}eﬁa Wwawomb?qe%g@tcafdu@g the common
imprint ﬁpéegqr@lfoem.msv;a @A% i Ams}me fenlRL RUB @l V@f My have a
|y deformabl ate when nech anlca%ly cont acted by
an a rmyr, itha tneikagor? BB &§7dnading the masymée alyf tbwg:lnﬂuc!mth@es A06B, which
non def?rnable t at

may e ST O ST SR Pt BY B ISH TLL ROy T eSS st vit o

rcduced\ﬁkgﬁ-da of NReds Wpﬂeﬂiy, BRe €he 220106 K Qd tRGR0P]iRs 1068 Gra M BeSiKrrde @WK basis
203 may conprise a noldable resist material, a

of a comjpa pﬁmﬂme:cess VRt seapiring apjindipidnal qhﬁ@neanﬁ@mq%;ppqqu rdrepver, the

et B ST D 55 STRELNE USRS Bk

designed RIC hcﬂtﬁlﬂaﬁ@ |t egat i@ irdn@ntnNwRbRA bEiR redtritieBb pﬁ@hdtdh&ogﬂipay and etch

openi ng and a correspondi hg negative form 252B
techniaqust, ft 18 85 GHE B §OHOEPBhRACTINg BH e PR EEH D SUREM gl e 1064

and/or me drcr%ﬁe@ !O@hﬁa}%%dw aldsﬁerdlt@pr@&’:ﬁl Md @esncp (’éayl eQH:ﬁJ ¥s witl be described
explained wth reference to the nol

hmrOﬂXHmmgdﬂhebﬁammﬁacvuhmngmgaagemayostMh wﬂwﬁng@mewgalmow%

ligned wit ect to the
Leclm1qUﬁ% &uc!b tpE‘OtgliﬂmF%pha é tcéx pﬁ)ﬁﬁses gﬂ?ﬁe(‘vg 1nhhc em%c?dlmegls %an w:th respect to

y as |
Figures 1884 e bRd 1800MR oM Iuh:s N@BPEHL bel Bredil) @orthRY CRe 3RQcu@NEatdiBBof the
nmol d 150, and then the nold 250 is brought into
metallizptiopiege { 07viiep i tehrsdele patpriglfaser PP 3herehgalioriefjueiag REgrep forpliaty-
1thm§rcagc§ t% Fig E,mﬁ a%dnﬁj#(lﬂp 1]1%%&8 L@%g%e:gsp g‘l tfllc%ul;Jégt tQﬁttLrQ‘le losed herein
Vi scous or or mab 5b
will o8 @hmﬂiﬂbﬁhﬂldy(— ﬂdtdniusltwﬁlaiheshjghheg:ﬁd ﬁﬂmﬁdbﬂlnf Mﬁﬂn&dhﬂth respect to the
s in contact with the nask | a

dxclecm? Glgterlwéﬁrnzgeitql}:zgnop éagﬁ'esa ttl]avém—tn}o@%&l%ﬁcfnalsgxﬁé ﬁe ggcta/e% é%ﬁi while vias
and &en&iﬁ@;ﬂgymrﬁe f@ﬂ@h’@fa c&Manaiqf)rﬁE tlz(gﬁ\quel S per formed in order
to bring the material of the nmask |layer 203 in a
Hiizgtel 2y schorticy @Ipsmtaﬂgs} pmigtogfugure device 200 (ﬁmgu;rng a Pybstrate 201 which may
mat i ¢ the re

{
have f'cnr?’r?:f%&{1 éligﬁmguctl% 1?% d)n %ret{g e%l aP ﬁigctrécfi c8 ctﬁ:g & to {;‘ er?vg%cg by one or more

metallizEtRS Whdrd 0 Qe [hnddeSPRGH s\li%uélé 01 0PGBI P&t %Qﬂaﬁma;mem RNGRESN, the
20413 due to the substantially non-defornabl e state of

same c:rifeﬁ@apﬁlagq@rqvg)y@r explgiged Wtrqﬁ‘erqngg%@etnicyc@umw& device 100, Furthermore, in this
manufacsmui?# %%E (égclc%yﬁxo %(‘)r’}]’::gnlg? F]e epn%?.r boy?ﬁ.hee sgbs?yrage COP 1 %/hlglr%}{’\lllhe é'nrz)ttrcj a)} of the
dielectria Siydd REMh QWS kdlecRN PhtArBRE WMid di\arﬁ@afnarce RCA iht&aldd Qicled R thdMrial for a
nmol d 150. Thus, after renoval of the inprint nold 250,
metallazftﬁé lapj"é‘t f %rcf?é’(ﬂlenﬁ§‘?@hlsgfg;\féf} a;@b’.gn%)yhetdﬁé:ﬁmb @yﬁggﬁmrgsco:a?flse a low-k
i mage or mask during a subsequent anisotropic etch
process for transferring tihhe via openi ng 204A and the
trench 2048 into the underlying dielectric |layer 207.



Figure 2d schematically illustrates the mcrostructure
devi ce 200 during an anisotropic etch process 205, in
whi ch an etch chenmistry may be used that results in a
veoTmasal,e etch rate for the material of tthWﬁ%&memyn
| ayer 203 and the underlying dielectric material of

the layer 207. Consequently, a highly anisotropic etch
behavi or nmay be established, since a pronounced etch
selectivity between the materials of the |ayers 203

d:e]ecmczﬁfgenalné\{mé?ovnog m?sﬁ t ugrr.’zﬁaslﬁy lrcufs enreaé:j %ra geséelt}ﬁcg‘%téaggr §uch may be
comprisdd@PPYAGLR k@R G L Whaki R, JVRL:Rik vk mz@fha\%)é PR6Ie detpahiit @ﬁ&wm mbdABricalty
dielectric layer 207. In this way, the vias 204A and
contacted #emh@wm&%%@ﬁ ang hrghicfrereyi bk asﬁeﬂht o3 bigldy peredeBspgibiaglap so as to
mamtam Q‘(lt’ls I'c]:\e ve de G Qdc:tfg]rr%at%nc usc%tbr he con %\B ith t?hggsmpsrigt n%ﬁd 55‘8 For example, the
Al y ?a In resp ectiver vi
mask laﬁgﬁlﬁ/ RO DEMékd G%MISQ@Q;' 4 Qﬁﬁiﬁﬂl AR SnaDAAR@DE like. The imprint
trenches 20713 in the dielectric Iaxer 207, wherein a
mold or die g} o GPreRsisHY regeeiye fubgiate i2f hayreg & HEEBTPI oY Frageagirpeforms 252
mcludmérg Je&ﬁvehfoglbbx.’lﬁa%rssp H;&le ercl?Jg‘tYAgand Qaf cofnjgs%ox{&[lgqlgélﬁ ezggn 252B
at a final stage of the etch process , tFe
correspoddu@l teat:ttrﬂhthc WilyrepecR0 henmytinhreol CH0.keadndyyitcii @plve s prelit@s 9éxplained
mask | ayer 203, now indicated as 203R, while the
W“hmﬁﬁ?ﬁﬁ°$?%§%§ 205 may be continued in order to reliably
ENRORSK rﬁahﬁ‘a&tﬁi%@ﬁ%'ayﬁlo@x@ﬁ GFUEE DY @ Exﬁgxhtofﬁlﬁd 24035 fibneh R€h respect to
bottom of the via openings 207A, wherein the residue
the micr@GBRvayiccH90.cisrigtlyreds s dedyebed ploke ﬂpﬁlcese@stozlﬁﬁew@ﬁ 0 gyghe mold
150, and dtLenL!IS %{155%_?15 ﬁrgllxg%g in{recomac]t w{t}hL?e Clﬁa(yjféjrr%gg eag éndg%%l bé'qpaarrows 253,
memBMbﬁﬁQ@&B&iWm&ﬂmﬁddb&b@ﬂ@hmﬁk&hmpﬁﬂaeSS for instance
a wet chem cal process, or a dry chem cal process
REYF Ayschrrighy eract Piipaionstepdie irrrnian bt 8 s ta Fongst with ghe mask
layer 202{ %érgllr@rc%@&la: @Jslgnehp:glclgz!sqlllg&&'gagm%nt al@%@ EJVZ‘Qd?ﬂtiom)ﬁet}ﬁ)%ned in order to
erformed for renoving the residue 203R, théreby
1xmgmqnmmdﬂdﬁngm@nhaﬂe@ﬁnph@Mﬁ@ﬁc@%ﬁ»@ﬂﬁd@ ty, S|nce the
initial, thickn ness of the mask |ayer 203 is | ess
g‘g}irle FcCSélrematmally il ustraiﬁt?eé‘?l‘il(t\’ﬂ éf tPPelﬁxﬁ%grnoIngS(% ﬁsemcpnéxglj %ge arrows 254,
thereby %&Sﬁg bl)’:es&:gbevee\hc Bbeﬁiﬁgg},%é;ﬁ araQéaners ZbMB &ic whﬁ ﬁﬂb{ﬁﬂgl]y non-deformable
additional etch step, the further processing for the
state of ﬁaf: ma%fyieﬂ%f)@u rVéithiisspieqs &0 Q@g‘la%?‘islﬁfé o‘b@p frorigegolil 350in view of surface
ddhesxontan : gllcjef g@nagn%f Sr%Ski!: ﬁaglygxresr\é\hoouqilé [a dnxi.ciiw{th Lg%encc, to Hw E‘mep% errtz:o d 150,
Thmgﬁ&ﬂﬂﬁﬂﬂbf@&ﬁmﬁﬁ@ﬁesso$equemﬁﬁmﬂﬂymhﬂ3Bﬁf%ﬂﬂﬁﬁdﬂhﬁmﬁﬁﬂeﬁnmw
to fill in an appropriate conductive material, such as
during 2 SUbFRApeR| ABECURBIP é‘F‘f %“Pcessaf?fd“ﬁf“’ﬁ 312 9"" K ARFEIES 7448 *Pbha ety 3448 into the
underlyn@ El&EwiL QuePE@Vi de respective vias and conductive |ines
to define, commonly with the dielectric |ayer 207, a
Fagp et taherantipndy allulstr?@attheomcrbwa deBon S e dnya,ms'tthelc etch process
. respecti net al on structure may be for
2035, in “fhhc a:betc%m éenbzftry é"‘%b& meé/ thgt r?svlg ughztomparﬁ?fel rzberfBr sg%lgatenal of the mask
layer 20MRQT @ ModEBSREGAAMNE kcRal P @RI 1ES108N Eoht SRANES g arbs%uopm etch
formed in a cormmon process step while addltlona
behavmrhﬂagha creliphed sgfe f dreapeirighd dop 9elqctrvtts ehveen ingaterislsapihbe '@mﬁﬂ&i ad 207
e rial

| ect
is not re mred q\"gps,r urmgr{P ch pW?sF]QJS ateria o tge ?asE‘Efﬁag?J %Xaér 1sn§éy removed along

eren
with matﬁﬂhl bhosdd IpbitiSis loathk RIe@AO@} RN TnShivhyl 10 OME TVRA and trenches 2048 of
described, in which a netallization structure may be
the masif Igyief0d| 24 PRofepdnalya gsbieds fintofe dfifeirie faamt20¢ s iafine el rgprstive via
wherein a sacrificial |layer may be used for defining
respective via openings and trenches and for formng
the netallization structure. Fi gure 3a
schematically illustrates a cross-sectional view of a
m crostructure device 300 conprising a substrate 301
and a layer of nol dable material 303 forned
t her eabove. Moreover, an inprint nmold 350 including a
negative formfor via openings 352A and for trenches



WD 2008/ 005087PCT/ US2007/ 008371 appropriate carrier
material for formng thereon the nol dable nmateri al

| ayer 303 and may, in sonme illustrative enbodi nents,
wavesheoged therein respective circuit elenqqh%ygngmmmﬂ
conductive regions (not shown), while, in other

enbodi nents, substantially no other functiona
conmponents may be provided in the substrate 301. The
nDIdabIe material |ayer 303 nay be provided in the

r.m of appropr the el ectr _
openings ALY AFTE FRE BRI EHE Ry W0 BE" S4BT o 6 ftely o b
accomptlem@d (lu@bé@(re h%gl?’ arfmyopk}Q:ekhSﬁpbf e p@cegm._g .| ’fhluQ LnaJ fi nl}ia,.Mgcr of Ihba(th process
may be renoved after formng therein respective vias

205, thea}iﬁﬁbcixﬁetawr 247 vpps §e covered by the Fqsgqp(oé‘ thg blagcdahferrﬁﬁﬁ inew |ir1d'yﬂted as 203R, while

us te crostru re
the etch ap docess Egﬁa naﬁgv% t:ﬁu?n ?t} 10. or cr tg tre‘afjabe ex escs }{ze retslfe{:/tge \C}onglécn%ég’&ms I?(% at the

bottom Sfﬂﬁﬂihh(?dpkn‘vﬁ@s 1078 eﬁerQ@B ré@fdee zfom madge%{qmea b 1h€ etch process 205. In some
sacrificial layer 303, wherein any appropriate
illustratye, qEbRSTIeYe Urarcadir AP3Rnag fsmain deins sy iy 1 teteesh progegs 205 and

subsequ@rﬁgp\n M%ogahe%ch pl‘o@(gsg fo%%@icel Q Qiﬂ: lclall plr&:gsts @L hry%hem:cal ocess having a
e y tal,

di ment roprlate conduct i ve et
high seBttEiy m»eeocp‘p aﬁtgznaCﬁlpprEi’emralk IZQB)]RSqnd e ldistyic BivdrzeT, nal b@ges-"ormed for
and the lik may filled into the respective vi

wmm&f&w%& 2%5@‘4;@"’5‘?%!’?”?%‘%%“"% OB fﬁ"&’d% sief) the Wﬁ’é‘rtE‘F‘ﬂ“&"f the
mask I 8GOk Gishiep for form ng a respective barrier
material may not be necessary since the correspondi ng
béfter ihe remetrbefaictreidpsIMR §y tragichiyeocess 888 @ érla palsequepigiditional etch step,
the furtl?er Prgcessmg grhryagcrdss%nbg%td’e?{t:el ?é(g eynl%o erf'ormp I‘lln g é;%él%;nrxafm%?aes is previously
descnba‘ﬂﬂﬂﬂx&%écﬁtoﬁﬁ@&t il fySihe 8RNl nms[u,c?lay afprdpaihik PRbbddRequence may be
pl ati num copper and the |ike, which my be exposed
performgd in joder 1 ﬂe“ﬁbfrpﬁfﬁr*faer?oefwtweﬂtwlawdp@eﬁ PHYY "3O8Z aghieiitrenductive
metals 11:1 &%Q‘mﬁcﬁzm@ peﬂ';@ctwtﬁgs d coHJ;LQJ;Ue Ynegto de{i:rleecl%imgllxl? &Fﬂ( t% (ﬁé mc layer 207,
['ating techni ques may be used, for 1nstance on
a neSpednasm&li@it:o@ eppeCongnendy0 mp&&fpcﬂﬂvd: mgt@l;zaﬁdnembxye may be forrned on the basis
.significantly relaxing any constraints with respect to
of a 1115,{1] gf{’ Igipnt Impﬂlétwé\?ers% Iwh%{gm g?péctltvilﬁ? %pglinPgS? alé’l’f’(?&‘f,’llﬁst xgzi.yé:a fqnﬁed In a common
process GR %ﬁﬁtahmuy%lhgﬁtdgé?&l c@tﬂéxnﬂlﬂ ﬁgblgﬁ& zfnoerppr‘()ﬁ‘ldtcwleymc material for a
filling high aspect ratio openings In a bottomto top
metallizigghvgrrpr@dmsequent |y, in combination with a highly

ent d finiti respective vj e .
e\gf,lo\re%’ﬁ" e to ﬁurﬁs 3a~3§8’4@1§r L‘ilusgatw(. exgb glmcnts w 1}?1:\:\;0%*#12 sg@%?sl,’m which a

tre
metallization Al Giutein@n 84 formd UE the ORis Iof'lanlihlffﬂﬁ:ﬁﬁﬁﬁplﬁl@ [Hﬂ{ne;)id:, twyer@ M 6 sacrificial layer
process performance with respect to fill behavi or and

may be ppad for FfnippFBETE VErPPTRS 156 BB eafi &y forming the metpiigigngtrgure.
Sl %tséhgrﬁzltlLayly 1£luLtH|§aL b %S%&chcﬁ% MJf 9%1&&%&{&@ dcgﬁé/ .JSG% %ompnsmg a
300 during a Selective 1sotropic etch process 30

substratg @Pipwid glateh ef meidablef madrial 303 ayrerd BOGteel eblbievet, yan tuom‘mheold 350

R e e LR ST L T
tayer 363€9hi8EisQh fhlgﬁl&'nm héf&rﬂ‘:aﬂléqstzfte‘hﬁ St %C&elf'géqregjectlap P& anln@st B4A and

materials is provi ded, since the layer 303 is only
trenchesyaiﬂéﬁ/ihded Witk ﬂqssﬁrfewl@@haﬁtceniﬂmf the SiprigiduaihiPP dtit eferret tp therespective
compong mar%g né :‘}I?OS {:s %rew%uﬁlé :Tgs(c):lflbegr g-{ul%re?ne el :Fxcrostrlgz?turg%g&?né% Eegresent a
micmsnSdu.s EhHRIBpieoiddslyedctibetd SAtk RfeRBoelid1Be d'HvithsQS(I A QB OL: Bia @M EsER 2 base

300 in a further advanced manufacturing stage. Here,
compongrfy ér EYipg Eergpopeios mey Plalbitaden streptiest Tt otbstraip 80 gy represent any

formng a respective barrier |ayer 310 on exposed

surface portions of the netsal |ization structures 306.

As previously explained, for a plurality of highly

conductive netals, such as copper, copper alloys and

the like, a reliable enclosure of the netal is

required in order to
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interaction with the surrounding dielectric material.

Furthernmore, due to the noderately high current

vitenmi/bdses that may typically be encountered i Rb@Rhiksn

sophi sticated integrated circuits, electromgration

effects may play a dom nant role Mﬁth respect to the

overall reliability and thus lifetime of respective

mst aI I i zati on structures. Since electromgration
approprt:a.e fc*u ll,lcé g}gt%rrjap g){ Fogm tlj;grgt;;rn:]tger %lgag[g n}ateea?lt(l)ag(g 3?2%%\;1%1::%9 G soq'le illustrative
embodin@69,8@ Abinytd Me@h| npspefitct diedd elamchib arl’d&ﬁﬁlfﬂé}tve te@ions (not shown), while, in

el ectrom grati on and hence the overa
other em@p@ER¢ RPN 9f OBEHAGHBR STEPPIEEEN eé’f"é‘ﬁ"fdf L (a4 Vo AL
motdabld AGcli Ahel ¥oLfna )f he FEROLG 'th\éefo;lnmo? LRGSR Rak€ the dieteotric

arrier materi a &nsequent ly, due’tot he provi si on

charactediicd di@vhid@meyi /et bel casyieinl, 340 thwildybrd0t mbhie upriesenodicalf layar that may be

surrounding dielectric material, highly efficient
m“”““ﬁﬁﬁﬁ?&@ﬁﬁFmﬁgﬁ$ﬁ%ﬁﬁ?ﬁﬂ%§wm@ﬁﬁh as el ectrol ess plating,
FRY-cB8 séﬁaﬁa%any hﬁ&s@ymp FQVsflicRE de@le 8018 BNE: A4Mnfe@ ifhufacturing
encl osure of the netallization structures 306 while
stage. Rasﬂaehnm onabdaanheagiilcyvedinfs@04h arefolygd mitkr theretificiablhygr 308, rdirein any
approprlgtﬁ aOf@ﬁgv@}f{l%&ﬂgg %lsr?té Ql%sgc? t%aogi'mm t\?\%‘avtgslslbg{] g‘l% ﬁheo \71\'/??%?6?30 ni('l) rﬁrpeLiI[?utstratwa
embodin@ent) O plofRile HlxAN CRIRYR BEd, sedh@Etoppicepatatian sifef, @%z&zllb)@ and the
conmbi nation with copper material . Cbnseqyentl
like, may b filed e iF FgESveXip SEPIE fre angh frepokiesdOffd Figues e 8Fefﬁ*'}1”epf€°ed’“g
step foﬁ?o@&%& I Z%Eﬂeé%oe %LJ‘:H-C&H&%I 31939' not rll)@ r&&%%cstu{cé/ Qhenpotnggpbxﬁlng barrier
may be dep05| ted In a self-aligned manner, thereby
charactefi@itNinigoet M@videdinra lewr dt@y.etn SHo :llustmavemrrgbﬂuyenmm #chpqmportwn of the

s B SRR o SoPHER B e BB ARG oSt e e
which rr%!{ g@k;&bs@@‘ﬁl}: %’ thé @%ﬁﬁ%&dhm& JJp%mﬁlg%\é@fﬁl He R SenchRduee d‘ience, highly
process conplexity and increased accuracy may be
efficientgutdairdese tlatghg dechrgnutsheayclgraveh préttblame i rﬁ*g t@fi“ ?fhfeppef and copper alloys,
thereby 's_.xfgmp ant}ys;elaxm\él Qy QGQSmmF gmth?:’{:)s? ttor 1 ftelg i vgr %d&@r %{é}%d}l{l 8ncaulpté:red in
convemid&v kl6@o@flly ebgicd) Gr aand:e)pmsmg Qs PEQERSBerdibd inf OFott§rd Fonb Gshion.
an appropriate dielectric |layer 307 in order to
Conscquqeify; 'R éombilrﬁhoedvl%F h‘é‘t‘Y tfhuw qu?n cﬁmé)f H‘éfeéﬂe‘]’tivﬁ ‘éﬁ ?paxﬁngs 304A and trenches
304B mgtc&*}ﬁgc;nq&ﬁﬁxt p?t‘g)c@sm el aﬁcﬁ%gﬁ pctiéc\/: 1%@@ cbn%ﬁ&xn?ﬁad lp%}fé?é‘ perfa-rmgnce with
eposition process 311 may represent any appropriate
respect ol @ o tidr oint taugichimpogitien, mag e bbtasd.spi n- on t echni ques, CVD
trﬁf%“h:%t ulf%?“]dtggf gllj]stl'at?‘; 2 tﬁ% tmljcrroé.gu%rgﬁaggev}ct? OechuIH%faJ ¥colccp ive lqo%rgplc eich.
rocess Qb€ lfa% QJn{obLGg BlsRkEad! lay@hﬁ@hsel@@;yeiﬁ aVvV@Be ﬂaeﬂal@ﬂé{n&rﬁihﬁiuhry €06. For this
p
permttivity as may be required for sophisticated
purpose; imtésgfem:teva eigh reetmsvaay ‘@ep@nuilm ohizk Heree 9hPEOLEY inghq felgotion of
appropntalﬁ ma\rI nai @ r(lkeé Is ngi/ er .S}(ﬁ is on V) écg‘/?%d rr‘g@e ds%&]; tg?l:el%%sgt@d af:ri_llég];cterlstlcs
during cﬁb}eo% it ﬁﬁddarwhn@mmewrmeha&csmaus;ttr&ﬁ:bf addd 1h‘§kivp{t anar
surface topography, wherein the process may
rréG“Ff’a’SISS}‘e%‘t‘G‘g‘pﬁé St[fﬁ’é e SUBEERALF depipet®® fot ?‘F}Bﬁ%‘“’?ﬁ’?“’t‘ﬁé“f"cmr“‘g
A b Glicl Y Rlsordbla vanain% kdafatfx}ar b Lol sdd bhdeVByer 310 a
siage. nbgd‘l%rﬁgn ts, CE/P B be f:n(tmbl ned ng ﬁ pg sel egt 1|%\!;3re eto?:?]xpose
surface [HHOOES He nmdanixmhoﬁmycnaésgaﬁ be pwmsry@bcﬂ’laer@bd dw aphelify aBliighlygbnductive
the exposure of the barrier | ayer 310, . Wth
metals, fuch a3 iR CP%"“”F‘?”Q-‘(?raég 4R fe‘fag%teﬁcé?‘”i? Pf fig gl p yrguired im order to
embodi ments wi Il now be described, in which an
appropriate inmprint nold or die may be fornmed so as to
provi de a negative formfigr a via opening in
conmbination with a trench. WO
2008/ 005087PCT/ US2007/ 008371 Fi gure 4a
schematically illustrates a cross-sectional view of an
imprint nold or die 450 in an advanced manufacturing
stage. The die 450 may conprise any appropriate



A typical process flowfor formng the inprint nold
450 as shown in Figure 4a nmay conprise the follow ng
processes. First, the substrate 451 may be patterned
WO 20i@si O receive respective trenches, “hHQhwﬁﬁMnh%yn
acconpl i shed on the basis of photollthography and
respective etch techniques in order to provide a
respective resi st mask and patterning the substrate
451 on the basis of the resist mask. In other

|ustrativ

nts ares Cg e mask | a
supprcss anézl mtamctxon w%h S{F aun*BTmr;lr%ﬁateIccmc fnater%? ure 1ermf)lieedue tcaYhe ﬁn@fi(i;]ratcly high

efl a rne
curcent hh’ﬂﬁhe‘é 10f ma RS DeRtchdnddBh highly m%ll:&:c:&&dmt‘égihmt@,telleytrom!gratmn
the resulting patterned mask |ayer may be used as an
effects ways Rl2pdsfemingpt rplp aﬁ%fréwcit iy te rfercrrlésaﬁéélttﬁ' 9 thpse Rigtiyass of respective
metallizlatlryi} stmclauressgb%t e!‘lc,% igkation egec:{s arc r‘ﬁJ (%rrelatcds Q%CEL- \égstt%geco diffusion
techni ques for ST %on or any ot hier appropriate
paths, aﬁﬁtn&:ﬁkc&hcg&ﬁﬁmﬂﬂld espeGhIBighsEdcal Rith Rpeand elechb@ibQAful Q4 hence the
trenches formed in the substrate 451 may be filled by
overall ﬁﬁ“%‘ﬁ'ﬁf“b‘ﬁ‘r"lﬁ&f‘%‘ T leendagisnifstdn o de g1ty ob e EERSRtve é“eﬁfﬁ“ds with the
barrier l:nglgr ali I I@nseiﬁi&ﬂ&r h(ﬁle Q@%‘Je Sbr&ﬁsmyl\e)lf ltheeb?al:r@p kak{é @@&' “ﬂﬁcﬁp%etﬂr@&ce of a
techni ques, such as high density plasm
surrounduhdicitonpladli f@h(\‘c\ﬁﬂicamdmtnhfeculrmk echnifher welf ttsereptmllal%piatmg, may be

surface, topogr nari zed by CVP and the
s, WGERLEES PRy POABET B RSl Hn e CONGY ISRl oS einels
highly dtediikd Sh@ier ﬂﬁ;}ha*@ Qudﬁ%@&ﬁbl{f@@s@%ow_ﬂ,ecoﬂﬁiﬁﬁz@st&fphos;vhomus and the like, may
wel | - establ i shed process techniques. The | ayer 456 may
be formb(bwagl'p@'g ikxtogg 1o gxpypit § Righ m@t@cb%ajng\ﬁlemp@effemn combination with
copper %Eg%gm{ . q[?:)%z%?lll? ﬁTl{ Lg? C OC%A 9 Qﬁ g{?&m@é@gﬁ%& é)ogxglﬁtolf gle n}erﬁﬂzatdg]nestmcture
306, thelra;y@rweél:ﬁ&nmyaybedqa&tt&ﬂﬁ A &tk atighed RGBErMBerdb@ m&elag Y Rurrier layer 310 in

openi ngs corresponding to the negative fornms 452A,
a hnghlwrfw ﬁs&yn b(éonaeextcﬁ%fhfz SHEY POTPTPHES ¢ 4Re respegtive metallization structure 306
may be QEQF&!L&}I lp&egle@p.fn% r@&%@é@é 1%%&10[9&:953 Q&IQJ'& W 26 %%@éd chcurQ:Q may be
the basis of an inprint process technique, in which
achieved:@c chsmmdpmttqmmmabb gspeeivetia alenihea @i andityenthes F068.ned
e layer 456 that may then be patter ed. b
é%lbc 3(.@1: %Batli(. H[i\uﬁfatef 818 ﬁr}!ﬁr(& céurc iC&i %OO éll.lréné 8%081{.1? %}gﬂ:ess 311 for
forming @B QY Repridib B8R T 1B E: 30D BSREr @NHcBicCiR s RIROINAH Ghel BSShtion structures
mask or any other etch mask, t he | ayer 456 may be
306, a wippeit meleliarrt e The SpRoBitInRECCeD Ehi MEPSTCPIaRtBRY PREfOPIiteedposition
¥s L€ o
tcchquQ sagxniﬂ Qpl?rFJnQeQMaq%) n%\g%%:gﬁ%qﬁé annstﬁecimal%imi é% rtgigln%/% Iggsétﬂ% énatagvat:on
smemrftsl’SOFlwghl mieapfapriig\dicizerié obwamd vowrh the hbasilsy afative permittivity as may be
wel | - est abl i shed photollthography techni ques or on the
requiredpfigrqoghigipatqd iigerif SFEth dYHEERE Ph i GRIPERCTHE o & Jenogigen process 31,
mwemé@%ﬂ&nﬁ%?ﬁe&&ﬁm&5%ﬁrﬁﬁ@mﬂ%@%&@&kukﬁﬂa&ﬂe§N@ﬁﬁQH€QL:owowmq
process steps. Figure 4b schematically
substantjally ptar avke tiveraphppwierds @ ercdB0maynbearefaglytsivered adwarrestls upper
portionsgg’lqgec a%eg aéetr%h()s tw? C é%gtgezs[;uestﬁaléllwl: g ég;%::ztv% nngd croalélrned with a
selectivd SchPRICAS, buh By afs@lﬁgl\ﬁﬁrotlal%n MR bR bahe Rfostrher tiltea;yﬁﬁr 148810.
whil e substantially maintaining the material of the
ﬁfé"gmefeweftco?imes 45%\‘&'“% rﬂh‘istrﬁét%%@@“mmsgﬁli yousk degtipadein which an
approprav\% :mpar_trp ] c%l oorrd See ect ‘Ip e s%%? eﬁé)%[lcea 1}4\:% ln e o f?x‘%laf:y]asoggm in combmatton
with a wg@8pect to silicon d|0X|de I n ot her enbodlnents,
highly sel ective dry etch processes may be used. In
other illustrative enbodi nents, the etch process 457
may represent a highly anisotropic etch process based
on an etch nmask (not shown)s-that substantially covers
the negative fornms 452A, which may be directly forned
fromthe | ayer 456. For this purpose, the inprint nold
450 may be forned so as to receive the negative forns
452B in a simlar way as previously described with
reference to Figure 4a, and subsequently the etch stop
| ayer 455 and the | ayer 456 may be deposited as
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structure to be forned in other substrates on the
basis of a common inprint process. It should be
vappoeaisayed that the die 450 may be prepar egciriisdynoss
appropriate manner for subsequent inprint processes
by, for instance, surface nodification processes in
order to appropriately reduce the surface roughness or
adhesi on w th respect to any appropriate nol dabl e
%re 44 sc}mmancady ilins! %t%sndc edéss-srecgtl%oz? Q%B\éf a(l)]t!trg[%ngl nﬁé’f%eglgscl.S% in grrl] advanced
manutactuﬂﬁ‘éWﬂa\gﬂ.U a%; diz UIGdﬂ n@aP cdaiihe Ak Dp;ﬂt’;]:dmt& hﬁ)stl'akckﬁl \bHithﬁJS}GEpresent any
illustrative enbodi nents, respective surf ace
appropritp eptcRMeTE] haping fomied farene spfachpertiop gt ey snabla ép apprapiafe piterning in

accordang%\}rélfgh af'gsgp& pqgcg@ chnﬁlu&r %% anm%:epcﬁ%\éléf%f %bg%gxlegeﬁq silicon su.(ljastrate

aracteristics. hou e appreciate
having foidhad herckepemidtbmgyedr stibe cﬂd’x@ﬁ &8s, treeNotha u@sopridtd@aterial providing the
speci fic configuration, si ze and shape of the

required rnéa%tﬁgﬁzll letﬁ ér&d'{:qpvgvefea:lh ﬁgaracﬁﬁ?msb(gm%ﬁh% gngalegr?rqcﬁgng for forming

thereln ab@s%e&w@&egstng iREEGEFING: B QEOSS Al LENOEDUESresphiRing negative forms of
instance, if a different height for respective

trenches A &Pabdy\pe fcfrmdmsanzi@@&ortsm p“emmbseeﬁ; 45@ @r mespwnr@bitmvgltcrhl layer provided

on the sz@agtgﬁt;ei 4§B§%lg'leﬁtd£§1ﬁzfai§ f?rBB Iltg%\e/r{z%’yﬁ) ﬁ?naaélée d anﬁp%Oémate material, such as
silicon P OLIRRA nivficOmblel: 10, SRHLRE) URL Y Hi@NRC:-RALRS WAl rdfe@No the
non- covered negative forms 4528. In other cases, when
surroundirjganajedid gEhe jupwrate tlh Memeskes aapleh derflivaeds pyy ﬁerﬁmﬁt%ﬂbove the substrate
| e r
451 f‘oil&v?e(d‘ Igg én? %’%T;ﬁmﬁag g{ L?a\l/ g@% g?é’ré“ ir%%gga f tn;%xeé) fesg%ﬂ%e B gatwe f‘o s of via
opcnmgm 2A& hehehagiia: Iﬁlfns #3720, 1@ SP &Gpkized of dil]i)s[ahtﬂﬁly nmiadxs matenal as the negative

Consequently, the die 450 may be eff|C|entI% used in
forms 4321 g ’B?yd’éé%‘%m‘tseé'c?ﬁﬁ?‘ Hﬁ% magriaf, r‘i‘é’\?i‘%é’l‘ e BeE b lycteqements. In
the xiluséa%t@gnﬁu@@;ﬁnegt Qhotvn%‘n lﬂﬁu@é‘ A It HQ:EM Qll' théjlg%!‘ %%ncﬂ-@gmatgrgpofaﬁdnegatwe

300 and nay al so be used in conbination with other
forms 4321 mps ex bty aviéchalpdieedit peintelsctiyity ith koedy & adesidied deidecipen For lustaﬂce,
the layer fg%m%b%tcg eprns%(l:colf U e}blﬁi&a{}n andgthc, lq:g o\)\qulngaimig?tg% {clzlmos ﬁ@ggs) rr!m&ébf comé)nsccf of
mmmnMMM@BhaaymMB&Mub&k.inprlnted" on a respective

m crostructure device, such as the devices 100, 200

Fnlgric proggss %?’“é(?r Bnﬂgip%ltha FeEny Held 450 as shown Ep:ii"gﬁﬂa da may comprise the
['Ollowmg %Qé%@?\ik Il'ﬁ‘ | tL%/SﬁﬁsE %ér’:‘iﬁtl i g:f ﬁez)tat?elar{l? &g dlgll rré@gén%geﬁ[%gtrvgggnaﬂﬁ which may
be acmmmsqf @ieth@tdsaa&' pamk)hfhog’fpﬁly aitd reppdcdveaich gilelyuds hatrder 8 ptogdcbzerespective
nmechani cal g%?connected

to .
resist m@lgglﬂ @%ﬁt&'l\i}lé %swé)lstglécttllstlgrt tl[ﬁ' Eé"qma ed"ésmgzﬁﬁk l\m%hta Hlluﬁ;ﬁyvc embodiments, a

respective GREGSRNhcl S 8 MoEMNHMEL QAT mA@% ipsiRmbd 6l ikt G & relebth@lndptid mold
of circuit elenents 510 connected to a respective

and Subsmmlbie l‘hcwsuitj@mﬂ@mw pottivergy §4 Esed 5Fhe etnletualc for 'Z‘cmfFrd’ns the respective
trenches 1ntct~o e mlx Zatcl %?1 r}g(yeéc?np t ﬁe’ég?actg;g é:ve:q ees g'?{ sizl%orn nQé y othe{ F{Jéymprsatc
material B@&SHeR- eﬁibhﬁlﬁ&mﬂﬂd}ﬁﬁ%w&zﬁ@th Bérghbe Sonadd! P ke ibatisl 491 may be filled by an
described with reference to the respective B _
approprigig ma{Fria sush povicpredjRids amighe lika oy the fsis 3O 7ellgstaliplicd fepepifipn fsehniques,
§ig] TR, REE R A Dotk GRS B 5o i O W BSanlERE LIRS o0
uch a9 "9# erse?]gﬁsgri o the |arrr§)r5|mntm die 28 hl(?/#eh%ga I'n % Y pifeiplly may
be planafi28 PECUP vl tiRega ttby/ieyef 415 nsr lmycebamfr@d’d%ﬂw&fmﬁlhﬁimh&&ida)oswed on
_of an appropriate netal _material. In one illustrative
the has“"’e‘“ﬁ‘%‘&?ﬁ‘i’ﬁ&(wd FHES RSP THHPEh* 8ty bt dspeitd sy ipfgg)octp tow pressure
formed on the basis of respective inprint processes
for conmonly patterning re§pective netal lines 552B in
conbi nation with respective vias 552A, as is
previously described, wherein a plurality of
respective process sequences may be repeated in order
to provide a plurality of netallization |layers, if
desired. The netallization structure 550 may then be
aligned with respect to WO



Wth reference to Figures 6a-6c¢, further illustrative
enbodi nents wi Il now be described, in which
appropriately designed inprint nolds or die are
wWo osmisgedlsd n order to provide appropriate sShaR&Sys2007/008371
especially of sidewall portions, of respective circuit
features. Figure 6a schematically illustrates
an inmprint nold 650 conprising a substrate 651 and a
plurality of negative fornms 652 of respective circuit
CvD wrle%‘%'i'&{dgt‘? in M’ehfo%b pf a 1% ygpcon Iml {gxuit L%E(‘!C{yﬂ%ﬂ}e mQa ern%@tma gg}{attemed 0
represent negatlve orns 652 or VI & openi ngs an
receive naa@atve wenih@reomsBhlik3o hotiegdtvenahas2 A, onice 0nds GicoMBishdd BRGe basis
metal | jzation structures. In other illustrative
of Ph"tcé’ﬂ’ﬁ%f eRbBRt FisotoRis eﬁ“‘é%rﬁfé%ffsl QG en fhe b el ‘PB‘I"%“’@SSZE%WE’ in which a
correspdn@RY BRRMe ALOBE 116d: WY 1&@"%9&3% AUE Ds@Fad 24 LFLLH R batterned by
trenches, gate electrodes and the Ii1ke, as wll be
resraectltbesmrﬂnt lwe?duduast @fis 090 desuitrd R ved eltharedfier, Wstdpnraes pegdndibretif @ask or
s ition of the substrate 651 and the
any othﬁreeécgjt 1?1:{?E tf“f)ll 4é%21ay ﬂ;uh gattglaﬁieang rtlixc:t ré?pfcé:v%wplg}gs qgay be refilled by an
appropridfe @4leAMShidh 4 SRk BB M thl kLl RLLNERIVT B LBl IMLIDa in Figure 4a
nol ds 150, 250, 350, 450. In the enbodi ment shown, at
may bel @a@ei qnpp% haSpmitweaﬂsabbﬁhecr e@p»étb@ampw & ldemel ¢rson615@§asefof imprint
teclquuﬁs in whmglég IuV anve g)P\I'lS e4r5]$85 nfl gSnEg V?Arctnﬁsm%tsurcgc suésequc.nt Bro%etss steps.
pm@hnmnuﬁaaamummemﬁmnwlmﬁmome4mm$usﬁm@hmMﬁgeﬁhmamwaﬁkm@.In
the respective sidewall portion 652S nmay define a

one illuguzive FBEPATAD & ST B icth PgeeatST At arsdu™Hl Beregr striiffiragove the

matemal%‘f th& lak %p@\gltlile gt%st&“ags a&%fu‘ng @l HQIerlay bﬁh&@%b%‘lﬁn‘s@% For instance,
trenc which may "efficiently inprove the fil

highly sbe:hm/w@ phedunan qrpg proefs@eart waliesstahgistes irt theomt tbresellmmqguesovmg polysilicon

ure 63 mati c illustrates the inprint nold
i s T Al FoD it TREPEN: VHE HEGat - T RE 8t ok 1ot

Nustratib€SPBG kAL thY ki PRed Hﬂﬂﬁay réWscﬁrh 8Yy Jﬁﬁotﬁigﬁ{ aBit YRR WSsed on an etch
when a patterning process may be perforned WO
mask cnmw@@@osmn@rwm@%@wn@@%ﬂms ey ahigh paf prdinggtly fbrmed from the
layer 45? ﬁgor} éhlrl] SWZT%? ! r e 4%4{8@?102 gog 1(% \;sg g t(g' IP(%)T] § \%gllé,%u%ﬂvg iormts 452B in a
similar S QESS&T bl yeshﬂ}hkﬁwﬁ raﬁ@ﬂﬁ:d 1A Higuts 44, & @kbkdaGenty tﬁdﬂ@chtsl’dwﬁ layer 455 and the
entire depth but %1have di fferent sidewall angles,
fayer 43¢ @ﬁ%??d’iﬁ??@'mé A° terrEbdatAve e hafﬁaﬂ‘efp? BEEYYe PEGUFT EFffERSe inlgform of o
resist mzlisQ %:@J@@@y pl@toﬁl]h(q;pipw cﬁ@rﬂl otl§ 9&@ 191]:1115];[29& f§1mg@g\§3#nlpmﬂ Qf.c{“u{ (RIP may be
S may only be provided at an upper portion thereo
used in vmipd te cevel BpPrtipor§lAQ munlayldmavebcatowbgtramtthualtclh yrocess 457 ﬁom the
i REHREIE ) B0 S BT A0 LRI BEEL L0 AR e
provideddROMhOBElple b BERCHIA Grobti ztsh.e devi ce requirenents.
Figure 6¢c schematically illustrates the inprint nold
6507 ¥ crhaettisgly tifveratre Gatirret %ﬁiorcwri%%zaﬁmeo Felqc@sp@bno'roofes 458 in
order to sglgcnigt{if ?c'em\é\@e megengnco"%‘rh\?:sﬁf ga(?eg {gl Wit r?c’si)ctzcﬁt’o tﬂenla;}teb‘i%ls t%e negatwe forms
452 A, 400 tmansan% 2@1ﬁméccbe etafxecwcel &drch‘zﬂ\n@c‘sﬂ RECAMGEpadt & Bilicon dioxide are
device requirenments.

weH established in the art, In order to reliably control the etch process 458, a corresponding etch stop layer (not
shown), which may be comprised of substantially the same material as the negative forms 452A, 45203, may be

provided for this purpose. Consequently, after the completion of the etch process 438, the respective negative

forms 452A, 4528 are exposed and may substantially represent corresponding via openings and trenches for a
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Consequent |y, upon using the inprint nolds 650 for
form ng respective openings, the fill behavior in the
subsequent deposition of a barrier material and/or the
wanbdesmmbsar i al may be significantly enhanced,pchiiRb®Bioss71
increasing the reliability of the respective
metal lization structures, since, for instance, a nore
reliable deposition of barrier nmaterial nay
significantly contribute to an enhanced resi stance
metal]tzz@?nastlﬂé’ure ?0 b%cft Q(Inn%}:? rtsl.lb% teasr(])dthwgys l‘"ﬁsgorn%r (r:l)\llﬂl’ipd gt plro SS. OIY qmutd be
trical ani cal characteri stics. TFor
apprecia@X Aiflelje r:tsdn Qa:,lr HpkepiEd tmydplﬁéaataaarahawrguﬁs@uéﬁt igiphR pld&isses by, for
may be advantageously used in conbination with the
mstance,mu@e@ggd:tic:ét&ﬁﬁroqﬁgg inpadep-tp Fl@écmr:aé%v@we the sugifpge gppehess or adhesion with
respect tg ?@Q%ﬁ &Jru\étg m\éldgblé)ﬁﬁglap g:%r i@@ﬂc Feﬁ)@&ﬂg §1m%[xr$a g Qﬁ, gy ber}'m%ed on the
ormoDN | Mprint process. hand, the I mpri nt
basis of Hml“odﬁatcﬁﬁﬂ:)s%n sthoiymes] sachfak gUDB&EShld ardik6&Ccin mayr liDEtratlvc embodiments,

advant ageously used in respective process sequences,
respective §ur{RfG R P &B‘&é ¥ WE“’V‘F’%\“S FEih g8y B Prehereer tg prgvide the
desired :Qﬁicg %ﬁa%gnét:@s Sk Qfﬂ:‘:l@tago BE ﬁ§§tc<§ﬁ1§p&pendmg on the Wot:égs techniques, the
reference to Figures 7a-7b and 8a-8d, further
specific | dnf &vs*tlwat ¢ \BEE emw m‘atm fsspwtlvd nemw foenschesydr diettd pinthe basis of the

precedmﬁ BrﬁceE)S et?cgrg %FE; 'é.lFtan§l arzhf efent hsxi;ltt I;‘lodﬁcgpcg;ge n%gétwﬁ §Oéias 6%581? is required,
correspofk@itel BRDANG & di &wotma@|b8 IBRS arﬂtm{'resiuhﬂiﬂg Hfﬂstoﬁ%dld A RAs may be
structures for sophisticated integrated circuits.
performqdjipgrges towée%'&mmﬂe@awerrv fipin epstoreatdageativedirms 328 e bxdtherpaes, when
the respe\ét!w% \é{clpfnas% é@ﬁ@f Se%ri;g “ﬁ&rgg tecgﬁ}{desc gxferng si%g qpcf éofcr"xls rclgtheares cctwe negative
substrate /701 may represent any appropria
forms 453&13@13 ratye:ehwmnemgm ir@ baBf tdreneoit iaptitheld. slonkqyely, tﬁeatﬁe 450 may
rmng therein sem conductor elenents, such as

be Effc’t"’rlﬂéiﬁ’éﬁds‘t‘ FESProEEFHETPGT & HAPThESFRS W“‘Fé“rfe“é’&%i’?ﬁl‘ee‘“‘°f°ﬁ@°‘“‘“’
devices THDBb bRt B0 L dVBYe0 HE ML R Dhbihti GAT T RLF mlRLAE Ieaéod!a% 88 10 ve
formed thereon a silicon-based seniconductor |ayer for
described. olp gt lingghet hleahem epbsipepts,| thegmpring e t50aheientts Fovingl o himstallization
structure w%%regc{y O%e d bc, 1Jm E:ug;cﬂ v gaseqﬁgcgtfevpi/“%g‘%%%%%o evxcea¥ lr 1 as tﬁe Jev:ces ?00 200
zmd%ﬂ&@ﬂhﬁ&ﬁdﬁﬁh&ﬁ | ayer conprising a S|gn|f|cant amount of
silicon, for instance approximately 50 atom c percent
Eigp C%ﬁcl—ﬁfnatﬁﬁq-ye 1111:Ry5|fpéo'«\/é}etaillgtxﬂuhgkucpaeyéfo mhﬁﬁ’y spyge  illustrative
embodnrrggtg Wr?a@ lﬁb&)}(s@dek@ edS Hbis‘tﬂjhrﬁtn%id? Qzldlgnﬂatm?){o Qea r%mfxtgc{ I?? mechanically
herern respective openings 70 avi ng si 7048
cormectew t@ regtectlve agdtrostrygaird degibd 3p0.aviivh map eppendi sewic@iluctor device including a

I.ent t|on wth respect to a bottom 704D of t he
plurality é’b%ﬁmheg%ne‘?ﬁ éAO Lorxri;'ect&i,l a] Fslp?j:gsterng?l‘nev éf c%t portions 511, 'I‘he metallization

strunture%@(olgéﬁg @Q&%Bgs/e M%glem&z;mbn ﬁﬁi%qut H‘x@_\,nﬁawe lteglefo%@ Qﬂ H9Susis of

704B may represent trenches used for formng
the PTOC‘E%)‘F%SL&E)W‘T'{QUQW depreihrdgvith qurqqee s i stneetive m?temzanwxsiy@h Hye3p7 and
307 or w%mg m%% lﬁal mie 1;:mlcc? glgt %Z}n Cprgcﬁ,g’s(s) F (aw as c? (.nl:J]eé fw:tn éefeé%cr:erig 316 gﬁjdrmtndgxe 450,
wherein M&dsﬁb&tv&&@jaﬁm&m rkal) @ oAbt ohake@adtOdF. an appropriate AehilyidiSiall In one
. process flow for formng the device 700 as shown in
illustratiye; e@@?c@ncpé t%?et@b%?"i Wigotpry &5 Hiy WOWg:d o Jheelysip ¢f regpeqtivg imprint
processe{)ltaxecog&agyliz §%t91@m8teslgegt§re %‘é@ﬁ&&%ts%: %Q&mbmap o1 w;%yﬁ rect?vg%lam/k as is

e formed appropriate deposition tec ﬁ
plevmuslﬁ(ﬁ’d@?br@jedf] umérem aatuamyaf reaafectitmﬁodeaye;nenmamy Se @peand idakalereo provide a

erial, that is, the |ayer 703 be in a state of

plurality P%W*E\%’fzgtt‘)aéwfff ‘WS'W&yT%émﬁ?{ @’ﬁ‘f’%ﬁt‘t}%‘ffb ety eheippretienss Bifyfgpect

into contact with a corresponding inprint nold (not

shown) which may have any lappropri ate shape, as is for

i nstance explained with reference to Figure 6¢c. Hence,

the respective inprint nold having respectively

desi gned sidewall portions may result in the formation

of the correspondi ng openi ngs 704B having a required

non- per pendi cul ar shape, for instance a tapered

configuration as is shown in Figure 7a. Thereafter,



Figure 7b schematically illustrates the sem conduct or
device 700 after the conpletion of the etch process
705, wherein respective openings 706B are forned in
whensuisesr at e 701, wherein a desired taperingraidddtoossr
I's, a non-perpendi cul ar configuration of the
respective sidewall portion 706S, is obtained on the
basi s of respectively shaped openi ngs 704B. Hence, by
providing t he respective inprint nmolds with a desired
the devaca .’:%8 ngmse b%g%ea! Ig é:ro %Ergscgs \C/izgio&:s Y, eF]G%g(i'C]! Io?cri]w rf111 Fsctm% iHustrative
emboduwnts th b | dELRE} Uy b sngm@rbe gsiiotiiiea &ini .ysma&aspme%nemhm& ﬁﬁahﬁﬂaﬂ W Sopriate
and the |ike. ure 8a schematically
electrolype splydany feppreghigp, %W%ﬁd’ﬁg ¢ @Pta'éi@ii?“c%“fs%ﬁ?m‘iﬁ rilled$vergP03, a sclective
matc.nai%%&%E m% §eoi:l’ntxht§(y }nncgde qle cﬂﬁrﬁ%? and it at %Eilcg‘ltacL a}{he {he contact
ch may, 1n one I TUstrative eﬁ% di nent
port;onscsonpnmeeaﬁaﬂyxcagspﬂepmioathe l4yat i ady, be&‘chﬁ&recﬁSndSﬂlziyl ®0@placed by an
di oxi de and the |ike, which may be conpatible with
ammw”%ﬁﬁ?@ﬁﬁ@ﬁ?“ﬁrﬁ%%ggw@F@%@dm&ﬁﬁ@bW@P“S&wnask | ayer 803
@i/secia@mfyotiimgmﬁmmﬁcne 1s9%EY b SR LuANM tiiz%xmfm@mi QFelBA iemprint
therein"a correspondi ng openi ng 804B having a
techniqugpp@c pfevxeidlysdi&acp:eedi wbdraird b high alemeneiperelingi «f ukeapro®is e iahning the

.. portion 8 to a hottom 804D of the
et AR SO T B SR BBT B e (1 TSP BT P o
elementBiday $eRhiORENLNGisBAA BBy AV Ry kiRE 1O AT IS AIBELhciging the

an upper portion while exhibiting a substantially
metallizggigh gugipre Sof thd Rhegemigpniugipedeviproiof imen be fepificands rrgiced, whitpeadditionally
process Agi‘%ﬂe E%égna epr(gvg ébt% I‘§ 1Eu%6%aﬁie m&ailect'ior&ggmture or rrﬁhe device level
nmymxpﬂoﬁessﬁhremmﬁamnmmﬁﬁmmgd&he sem conduct or deVice 800

as shown in Figure 8a may conprise simlar processes. _

dEABEENT SR G eBOlA ST B VEPIRBIITHE FHPARAPT bicrrd, in which
appxoprzﬁgly dés%@édq;n SR mefad H—Qﬁe%e ovid%in%then@;?mkaﬁe ar}{)@pnate shapes, especially of

2008/ 00508 7PCT/ US2007/ 008371 forned on the basis of
SM“““PS@@@#f@ﬂm@WEﬂGhe%ﬁaﬁ shown in Figures 7a and 7b t he

gate% a %X% 1§q7 may. be for d on .t he basis

Wl S ST YBT TR A ‘&‘éb%’sﬁ‘“f’i“&i’i“’ hitrgURe *"‘i‘*ii%‘i“e‘é%‘ “&‘i a plarality of
negative Fd¥@s Jifﬁyﬁfes;%&?vc efcuitRidabhigenB LAY i@kt B YR8 mE Qe qep@ﬁ:nt negative

the basis of appropriate techniques and thereafter the
forms G@p’i‘efr‘fi ﬁi@ WOWES ﬁﬁyne@gwq EFretP28 o the@clﬁeagqr Songpctizg lines of metallization
sructure P QRE 'ug%ﬁiii/cg%?igi%@%%d%i BRLAL o419 ape s 31 %%)Wre?,aent other cirouit
elements8£i:4:tBas ibotatib i @engife® O blec@X@NPK e like, St BAL BNkdcailell Yatet ONBR AL detail.

ortion of the substantially constant wi dth may

i i i o PG DB PG G e e fidefheapeenicrs oy
as previdu@P 8dsBivedMi] @retch tHRPED Qolal 093, £93€458 0650 MR Ynd U @Y HE: shown, at
enhanced conductivity of the respective gate
least uppef e‘eweeiéreswttve sidgvils §589 HﬁthF ofsatdf forve 6639 BFARgMB0BBildy o non-
perpendlfw(i])ar ogfg‘ig!?%nc 1it Vrlg ec?{%ra e{gclmn rt dm $?;Jh e%ggrelg 3g 0%3 s{ﬁ%@%&)ogmeﬂt, the
respective uiai:\eutpedmﬁ @528 tha SIPAG bl ApBred MaSeOfr6 @ deCanChdedise P me&siia%gér at a
to commonly renove material of the layer 803 and of
respectiv%%%iswmﬁ Gf Vig Gpfgingsfangd ﬁ@cﬁesay.@ch 8@y <tli¢itndy egpyove the fill behavior during
REL&As LA L ransferring the opening 804B into the
mqm“wkd%ei 563.KM3 Figure 8b schematically illustrates
Fip@e devikeeatBON ihbkdas tk heprpomb @50 BRing flodhblethe@tdahhe negative forms

process 805, thereby resulting in a correspondi ng
652A foroiﬁ@ﬁcitiﬁcgwgegegmgs, which may be advantagecus when a patterning process may be performed
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Figure 8c schematically illustrates the device 800 in

a fin-ther advanced manufacturing stage. Here, a gate
insulation |ayer 812 is forned at the bottom of the

WP eRkaGesH07B, wherein the gate insul ation | gyghy8ddnosst
may have any appropriate configuration with respect to
mat eri al conposition and thickness as is required by
respective transistor elenents still to be forned.

Mor eover, a Iayer of gate electrode nmaterial 813, for

sepamtcl{yg'grtvgro%gﬁ]% r%/l tl’iell‘lc ?Sh tslg)glcgjﬁ)f Erg)reglﬁﬁtgfhatﬁlo rs1df\}/ﬁll%t%ﬁa P%{b rggatwe form
652A m@PRY: Q&Edsz@ﬁyehddoep %hﬁub@r}?ﬂe&%rhmng YR SntirS B 13SmdyOMe different sidewall
pressure CVD and the |ike, may be used. Thereafter,
angles, dangpdiok ceds dpieand aioceesfrcquhenelnay épr @ﬂ@cmyish@cathMG“thewali
portion %yg may onévolﬁ pmw.r:dgciJ t an 8d Sgr%%dn\rjgﬁ*%og‘, dvh% ?] {lj) g‘u?)%:cEvnla'rtﬁa 1§{eglgstébstantiaily
perpendld@fr@ritif@od @Mﬁ&:sp&@ % th&o&&:ﬂ'&?@ﬁd 19 Qev@S aly@tHIBdda Al dOnfRurgkdh Ghay be
~electrode 813A having an upper portion with a width
providegs $eydinp e thedAVAyreaFRAlEr portion with a width 813L,
t ehy..p C e
ST RL RO LETTPRLIRREURE bl B st SRS o
respectiVe@R@dhls Wilk@tn dnSipsebist aind, inathd yredafckaed, byesliehﬁe whalbdof the sidewall
813L. The gate el ectrode 813A may be fornmed on the
portionspAH &Y B p‘%\"“f"ffi riFsyrianst it qevies requis ﬁ“eﬁi?s ocess, wherein
V&L,Jequgﬁiyamha S8 el mm g@:ugss@tf&f}ortn@g h&béa%%pm% m@m: behavior in
used. For instance, if the gate insulation |ayer 812
ﬂwsumﬁayﬂb@mgwmpfag@@tmﬂ%@lhﬁ@omchﬂkmmd@!mmﬁhﬁ%m@@ﬂbhﬂsh&@ﬂmwﬁy
incras:asixlfglitlget r%r‘%l?deit? iog i?lg %fp[‘:(ﬁ: B?%hzgt;%gti%m\lljﬁ% gﬁiccp ?336 {Fft?jlé% a :x:n%re E’ﬁilge[)?evd%position
of barridr @aBRizDfna SdidnitG Ny dﬂn@%ﬁtﬁ@,dn SihbREd dediRind ¢ aplnst Jlﬁtr(ﬁxﬁérﬁion and may also
_electrode 813A and the gate insulation |ayer 812. In .
provide drpiieyed @%é%‘,a“i?\ﬁ’é“l*l’m’(‘q"’lb"h@fa‘t‘%‘“i‘cﬁs Gfrefeamepie: fhajranringrod ﬁsﬁy‘s Bigvwn in
Figure 6fa Qr(agE? aﬁgﬂitasga)g )lg ngille ecg{)bexr? Itlwa o\?mtqtﬂg l)rgga%/sgtgchléfglgs’ &%?cg QEAV@,IEI? which
respectiteSl @AGRs Sidlttleﬁb@tﬁ af¥l fornedli®,a conmaniyhpitt f@tesa EPIrtEOticaiagd, the imprint
mat eri al ,  such as pol

molds 631y 8P tyB B ERFISERY %W%@%me%ﬂ%f BT RFSPEENEPPIE SFaREes: In which
the mpm&n P@.}ﬁg&mh YerBRY Se b REmAAPRPI frdkeLbegnabl ing a
reliable deposition of the gate el ectrode nateri al
8\(1131 refelcnce to Fighwes Ja-flpayd |8¢-84, ﬁh@ers[}bﬁ:@@q copppdifnengs Vdii sl ipglegribed in
which rgrs,%ectfvc xnel].e‘{nto ?%Olgsehav:gn%o%ngx?gl icular sxed dwaqlpgrlflignsfmoag $ 113 %Iftflpn\%)ég circuit
cmmmu&mbﬁﬂhﬂﬁﬂm&mwﬁ&mﬁﬁ&ﬁ%hﬁﬂﬁ%&ﬂﬁnﬁﬁﬁﬁahﬁmﬁs such as vias
and netal lines, on the basis of inprint techniques,
| FERURHP é‘l‘f”ﬁ?“ﬁ’é‘é%‘“’é‘ﬁﬁﬁfr@ﬁs‘ﬁwnﬁ‘a‘ww AGEIRFIP Y iy 700 comprising a
substratd ﬁ)q %%q mQ}y re Sgllltqh)ndgpr 1a! @&?&aneﬁ&ﬂ% ‘f&%@@&l&&%n@“ﬂ%’ﬂg%‘ for forming
procedures by conmonl y I mprinting via openings and
therein iememirm f:!ex‘f?@rs 2 =5 trPiFPOSERaci@BRROPE ikat Blr yxawtmfﬂhegmnsteld: 701 may
rint s |nclud|n a via and line structure
1epresenb a Cﬂ'gcé dnatelnﬁi Forrgeélﬁge&etog stiﬁ(gl lg'xffgﬁ.érmcqnﬂucﬁéwqr 6?.5' f%ﬁ:nmg therein
z‘espectx&chc@rcﬁﬂ g@ﬁt\;@tlsl I@ansf }egyw aEI E Bddn QISG({ m%&téﬁ‘eﬁy@f‘ rs%“bE understood as a
f eat ures, apted on the basis of respectively
Substantdérswg'ﬁéénel Frmqomuctwo lagks | cotmhdsirgby smn@iwndlamgma oRisgftpn, for instance
approx:ra;lug)hee?tgxfuc g 8 t g’écogl I0 aglgrgagéo&%w{r? shg)gs II?yg ’?Ogtx?aasr?e lllormed above the
substratd FRNGNQKy hPdlmEmed @etih Qéiﬁ&ti@%ertu&@ 7hd K BiwinMI8EwRIIS 7048 With at least.
addition to the overall size, the sidewa
pamailym%;peg:grp%iampeﬂﬁyn Byigh ra@gptoe\@otg:@l 4D piohd openfngd[@44, In one illustrative
non- per pendi cul ar portion for inproving the
manuf act uri ng process and/qar the final performnce of
the respective circuit feature. Thus, in addition to a
reduced process conplexity, an enhanced device
performance nmay be achi eved since, for instance, with
respect to netallization structures, an enhanced
reliability and performance in view of
el ectrom gration may be obtained. Mreover, the



What is clained: 1. A nethod, conprising:
comonly inprinting a via opening and a trench into a
nol dabl e naterial |ayer forned above a substrate, said

woanepekng and said trench correspondi ng t opdeadMiR8s371
of a netallization structure of a mcrostructure

devi ce; formng a via and a conductive line on
the basis of said via opening and said trench by
substantial ly conpletely filling Sald vi a openi ng and

renchlP a conducti ve

n‘
embodngca;qu a}ﬁ:f\m %s‘. éf n‘iff\]}(’isﬁlt treél(é 1ies sed f?n’g()l Bllmé GO E!f“poridmgltrelrch%? in thﬁ: substrate

1, wRXPISE a8 ULsf a&a.opmebdhwl&r Qbphsala@d \ebiicaAB@ioS Abdbes in order to define
conductive |ine; and form ng a conductive

correspdydipg deidye rdeipper thepubstiee 7Bkposed surface portions to

1{] yplgfﬁ) ;an‘r%asssi?olwdfoav [lormmgrlpc d%vncudmg as sh cl)’lu(r:nt nln Cigure l73 may comprise the following

processes, After the provision of the substrate 701, the layer 703 may be formed by any appropriate deposition
technique, wherein the material of the layer 703 is a moldable material, that is, the layer 703 may be in a state of
tow viscosity or may be highly deformable when brought into contact with a corresponding imprint mokd {(not
shown) which may have any appropriate shape, as is for instance explained with reference to Figure 6c. Hence,
the respective imprint mold having respectively designed sidewall portions may result in the formation of the
corresponding openings 704B having a required non-perpendicular shape, for instance a tapered configuration as
is shown in Figure 7a. Thereafter, the imprint mold may be removed, as previously described, while the material
of the layer 703 is in a highly non-deformab.Ie state. Thereafter, the device 700 may be subjected to a
corresponding etch process 708, during which material of the layer 703 and the material of exposed portions of
the substrate 701 may be removed, thereby increasir.xgly transferring the opening 704B into the substrate 701,

Figure 7b schematically illustrates the semiconductor device 700 after the completion of the etch
process 705, wherein respective openings 7068 are formed in the substrate 701, wherein a desired tapering, that
is, a non-perpendicular configuration of the respective sidewall portion 7068, is obtained on the basis of
respectively shaped openings 704B. Hence, by providing the respective imprint molds with a desired size and
shape, the respective configuration of the openings 70618 may be designed with high flexibility without requiring
specifically adapted etch techniques and the like.

Figure 8a schematically illustrates a semiconductor device 800 comprising a substrate 801 having
formed thereon a material layer 807, which may, in one ilustrative embodiment, comprise any appropriate
material, such as silicon dioxide and the like, which may be compatible with subsequent process steps.
Moreover, a mask layer 803 may be formed above the layer 807 and may have formed therein a corresponding
opening 804B having a specified shape including a non-perpendicular sidewall portion 804S with respect to a
bottom 804D of the opening 804B. In the embodiment illustrated in Figure 8a, the opening 3048 may have an
increased diameter at an upper portion while exhibiting g substantially constant width at a lower portion. For
example, the opening 804B may represent a gate electrode to be formed above the substrate 801.

A typical process flow for forming the semiconductor device 800 as shown in Figure 8a may comprise

similar processes as described above, wherein, after the formation of any isolation structures, which may be
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2. The method of claim1, wherein said noldable
material |ayer conprises a dielectric material having
arelative permttivity of approximately 3.0 or |ess.

wWo 20bkeusiget hod of claim 1, further conpri si NGd@RBMHAICk3TT
resi dues of said noldable material |ayer froma bottom
of said via opening prior to formng said via and said
conductive |ine. 4. The method of claiml1,
further conprising fornming an inprint nol d

formed on Qe 51 th usopa]gonahegggsa ts sl\xlo%n i n?%mas(%a ansd% qhevtjxlafi‘englgayer 8%17 may be formed

conductive T1ne and commonly inprintin
on the QPEFT W} esBIBThh&Bdeflosttib 3QRiqdAt Thadeafdy) uﬁfﬂlayct 303 momdb@datateal may be

materi al |ayers provided above a plurality of
formed gy fhgftapigt! @Rpropriate techniques anpi{perqaqr H’deeé‘f‘g #*8imy ‘EF forgrgndiierpasis of an

appropr[afgﬁ%sggcd%%rgﬁ xlngﬂi) [o ogtgun lde%n&i‘%: fei L2fon oP&d .sfh Lt tnﬁg)pgmlg 804B. In the

hogr aphy process and an et c process or patterni ng
present axanfﬁib G ssiybmtinatdsts0loas phoior &R Mistasiiigl cd’ilﬁglat\ddkh&nabf nagevidcd in

said via opening and said trench.
order t%‘f“ﬁ dtbfelind &?f?ﬁ%‘h Whkertes wAPeE BYrdpnithTsPS He P'i?tﬁ‘F‘“oe“Pdgcef‘ Eﬂ“ﬂ%a""y of

the respbdlvcagﬂte eﬁR{ob&ﬂtAfQF € &PmRation of the opening 8048 by correspondingly hardening the layer
803 and removing the respective imprint mold, the device 800 may be subjected to a respective anisotropic etch
process 805 to commonly remove material of the layer 803 and of exposed portions of the tayer 807, thereby
increasingly transferring the opening 8048 into the layer 807.

Figure 8b schematically illustrates the device 800 after the completion of the etch process 8035, thereby
resulting in a corresponding opening 8078,

Figure 8¢ schematically illustrates the device 800 in a further advanced manufacturing stage. Here, a
gate insulation layer 812 is formed at the bottom of the opening 8078, wherein the gate insulation layer 812 may
have any appropriate configuration with respect to material composition and thickness as is required by
respective transistor elements still to be formed. Moreover, a layer of gate electrode material 813, for instance
polysilicon and the like, may be formed so as to reliably fill the opening 807B. For this purpose, appropriate
deposition techniques, such as low pressure CVD and the like, may be used. Thereafler, any excess material of
the layer 813 may be removed by CMP.

Figure 8d schematically illustrates the device 800 in a further advanced manufacturing stage. Here the
layer 807 is removed 50 as to maintain a gate electrode 813 A having an upper portion with a width 83U and
having a lower portion with a width 813L, thereby providing increased conductivity of the gate electrode $13A
while still maintaining a required gate fength that is su‘bstantially defined by the width 813L. The gate electrode
813A may be formed on the basis of a highly selective etch process, wherein well-established isotropic etch
techniques may be used. For instance, if the gate insulation layer 812 may be comprised of silicon nitride, well-
established isotropic etch recipes may be used in order to remove the material of the layer 813 when provided in
the form of silicon dioxide, selectively to the gate electrode B13A, and the gate insulation layer 8§12, In other
cases, when the gate insulation layer 812 may be formed on the basis of silicqn dioxide, an appropriate material

may be selected for the layer 807, for instance silicon nitride, or any other appropriate material, such as polymer
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materials and the like, which may only have the capability of enabling a reliable deposition of the gate electrode
material 813.

As a result, the subject matter disclosed herein provides an enhanced technique for pattemning features
of microstructures and, in some illustrative embodiments, of metallization structures, such as vias and metal
lines, on the basis of imprint techniques, in which process complexity may be significantly reduced by avoiding
at least some complex alignment procedures by commonly imprinting via openings and trenches. For this
purpose, appropriately configured imprint molds including a via and lne structure may be used. In other
aspects, the shape, in particular the sidewall configuration of respective cirenit features, may be adapted on the
basis of respectively designed imprint molds, thereby providing a high degree of flexibility for the formation of
circuit elements, such as vias, metal lines, isolation trenches, gate elec_:trodes and the like, wherein, in addition to
the overall size, the sidewall configuration may be adapted 50 as to include a non-perpendicular portion for
improving the manufactuzing process and/or the final performance of the respective circuit feature, Fhus, in
addition to a reduced process complexity, an enhanced device performance may be achieved since, for instance,
with respect to metallization structures, an enhanced reliability and performance in view of electromigration may
be obtained. Moreover, the “mechanical” patterning of at least significant portions of a metallization structure
may provide increased flexibility of forming the respective structures, wherein, in some illustrative
embodiments, the formation of metallization stiuctures may be completely decoupled from the formation of
circuit elements in the device level, which may significantly reduce the overall manufacturing time and increase
production yield.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different bul equivalent manners apparent to those skilled in the axt having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different mjder.
Furthermore, no limitations are intended to the deiails of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below,
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What is claimed:

1. A method, comprising:

commonly imprinting a via opening and a trench into a moldable material layer
formed above a substrate, said via opening and said trench corresponding to features of
a metallization structure of a microstructure device;

forming a via and a conductive line on the basis of said via opening and said
trench by substantially completely filling said via opening and said trench with a
conductive material;

substantially removing said moldable material layer to expose surface portions of
said via and said conductive line; and

forming a conductive barrier layer on the exposed surface portions to encompass

said via and said conductive line.

2. The method of claim 1, wherein said moldable material layer comprises a

dielectric material having a relative permittivity of approximately 3.0 or less.

3. The method of claim 1, further comprising removing residues of said
moldable material layer from a bottom of said via opening prior to forming said via and

said conductive line.

4, The method of claim 1, further comprising forming an imprint mold
representing a negative image of said via and said conductive fine and commonly
imprinting said via opening and said trench info a plurality of moldable material layers

provided above a plurality of substrates.
5. The method of claim 4, wherein forming said imprint mold comprises
performing a lithography process and an etch process for patterning a mold substrate so

as to receive said negative image of said via opening and said trench.

6. The method of claim 4, wherein said imprint mold is formed by an imprint

process.
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