METHOD FOR ELI M NATI NG BRI DA NG DEFECT I N VI A FI RST DUAL DAMASCENE PROCESS
Background of the Invention 1. Field of the Invention The present
invention relates generally to copper interconnects. Mdre particularly,
the present invention relates to a via-first dual damascene process
capabl e of avoiding bridging defects. 2. Description of the Prior Art
DamasceneMifIG@BsEORI REMNINAZING BRIDGINGD EEHBAErIdoMiAcFIREEHDUAlLe are

known in i also referred to as "copper danmascene
processesbgﬁﬁg%h@bﬁggﬁsggﬁguctor i ndustry. The continuous m niaturization
of copper chip wiring and consequently shrinkage of line width and via

si zel space poses significant challenges. In a via-first approach, the vias
are def i nBackigrausd of thet Ingeritioner - | ayer dielectric, followed by patterning

the trenc gL uence of form ng the danmascene recesses in the
[ e S0 1T

via-first ﬁ@'by exposing the via patterns wwth the first nmask.
After etching the vias conpletely through the entire dielectric stack
(except not through the barrier layer at the bottomof the dielectric
stack) and stlhppprasentt hevandien stclatgs sernerlly riais RopRST ubdercemsiepiat tMeTe t he

trenches. nghe ; . Cr d. by et.chi h jelectric down to
the embeddfe &g%g -Q@O%E §§€%QS¢§%i%%%%§Fpt g£b§?€%€@?%§%?gg %&%&bottom(ﬁ
the vias tspapkeefacsidgibridpinouletdesr etching during the trench-etch by a
resist layer that floods the vias. After the resist is stripped and the

etch-stop layer at the bottomof the via is renoved by dry-etching, the

metal thap mhidtiSuddt épﬁoy'ﬁs and the trenches can be deposited. After
deposition, It Ts pOFIS e ack to create the dual -danascene structure.

FIGS. 1-5 are schematic, cross-sectional diagranms show ng several typical
internedi at e _phases of a sem.conduct

gr fer dunh@g thetxé -first dua

damascene 1 0 BOCEPET ALCYRRE PP ofORRET IHETaReCt ASCUNGYh T Fig. 1,

conduct i VRndid HEher@S which are also referred to as “copper damascene processes” in the
semiconductor industry. The continuous miniaturization of copper chip wiring and

consequently shrinkage of line width and via size/space poses significant challenges.

In a via-first approach, the vias are defined first in the inter-layer dielectric,
followed by patterning the trenches. The sequence of forming the damascene recesses
in the via-first approach begins by exposing the via patterns with the first mask. After
etching the vias completely through the entire dielectric stack (except not through the
barrier layer at the bottom of the dielectric stack) and stripping the resist, a second
mask is used to pattern the trenches. The trenches are then created by etching the

dielectric down to the embedded etch-stop layer.

Typically, the barrier layer at the bottom of the vias is protected from further
etching during the trench-ctch by a resist layer that floods the vias. After the resist is
stripped and the etch-stop layer at the bottom of the via is removed by dry-etching, the
metal that fills both the vias and the trenches can be deposited. After deposition, it is

polished back to create the dual-damascene structure.

FIGS. 1-5 are schematic, cross-sectional diagrams showing several typical
intermediate phases of a semiconductor wafer during the via-first dual damascene
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111 and 112 such as danmascened copper wirings are provided in a device

| ayer 101 of a sem conductor substrate 100. A capping |ayer 115 such as
silicon nitride is deposited to cover the exposed conductive structures
111 and 112, and the device |layer 101. A dielectric stack 120 is then
deposited on the capping |ayer 115. The dielectric stack 120 is conposed
of a fi rsprod'e&sl aectnding loalie prid? irt raetb@t oxxdstaivel @cFigilc coddageve $ARurend an

etch sto e 2 jnt osed between, the first djelectri 21 and
Che soeomal BHE] L e BUBR G ORp S Yt vined Badievies doven 38l % o
deposi ted, QmitdiRubtof Shbghed q@br 'AC c%ﬁ)iﬁé 13:?& 1105 fsh&ﬁtas RiRRr afdidd id ayer 140

havi ng vi a openi ngs 141 and forned on the l'icon oxy-nitride | ayer
130, assudimgitehén coves the axmeducngdmymsyuemres sidit aftnédl W2, and phe tleviee | . e.

e T DI\ SRETE LR, ke B T D e

phot or esi ﬂielécﬁ'i/@!itackl‘frﬁb @ccﬁn s@@ldirgl ﬂﬁS iclevhri@ L0t NP1, 88668 didtedtes f or ned
to etch away, in the ord , the silicon oxy-nitri ‘de | ayer 130, the

di el ect ri éaygx bk ang@n etch %qpelamtpl@ﬂngtenw@i batysen th@tﬂf@i@ﬁe@tﬁ@ 1meal%em ngs
141 and 1 hol 5 Fig.2
atter st bikg bRl b RbEe 1l 123, R ffeoh by HiGigt 108t Fag E5nET QbsliBs

oXy- n|tr|dﬁﬂkﬂﬁ@f&&ﬁ&ncangapzflIllng polyner (GFP) layer 200 is coated on
the sem conductor substrate 100 and fills the via holes 151 and 152a/b.
The GFP | ayer 200 is typically conposed of resist materials known in the

art. Coating @f I r t r i onal
post - baki ng stﬁef;ljljls{:@1 gigem?:tal?&r/‘?el g%%dn% ‘Mlgémuﬂégdl 4heanaslt4%%ﬂirﬁ{&&?qugé t he G-P

| ayer 200silison legp-ngtidtdayebddk, sssuming %Et@rvmn:@dmngel[&ﬂ hssm lacslated viior m pl ug
201 in the |solat d via hq&g 151 and plu 20ﬁa/202b in dense via
hol es 152 PAHER % A0EE 15 At 815F V‘Pr?é’%‘(‘lﬁg% infhe PEYHRIY of el‘B@\é’Pe]Pﬂ%n t he

top surfage Hl thdQiaShchfRM QXY adnkd ¢R Jat¥el ULRHD the S phBthEERS 301,
302a and 30Zb. As shown in Fig.4, a second photoresist |ayer 400 is coated

on the serf@end @tehmg maskber eehmgmocesn Harformed Fectek ewends tBoardanef, r ecesses
302a/b us kh%qsmgon oxy—ml%ru? V\'ﬂlyer 130t hﬁe ecﬁ’xc Qa&slﬁplto t}(l:eoggﬂpﬂ% layer 115,

through the via openings 141 and 142, thereby forming via holes 151 and 152a/b.

As shown in Fig?2, after stripping the first photoresist layer 140 off the silicon
oxy-nifride layer 130, a gap-filling polymer (GFP) layer 200 is coated on the
semiconductor substrate 100 and fills the via holes 151 and 152a/b. The GFP layer
200 is typically composed of resist materials known in the art. Coating of the GFP
layer 200 is known in the art and an additional post-baking step may be carried out if

desired.

As shown in Fig.3, the GFP layer 200 is then etched back to a predetermined
depth so as to form plug 201 in the isolated via hole 151 and plugs 202a/202b in the
dense via holes 152. The top surface of the plugs 201 and 202a/b is lower than the top
surface of the silicon oxy-nitride layer 130, forming recesses 301, 302a and 302b. As
shown in Fig.4, a second photoresist layer 400 is coated on the semiconductor
substrate 100 and fills the recesses 301 and recesses 302a/b using methods known 1n

the art such as spin coating.




2 As showmn in FIG 5, following the coating of the second photoresist |ayer
400, a |ithographic process is carried out. The exposed second phot oresi st
| ayer 400 is devel oped using a proper devel oper. Trench 411 is forned
above the recess 301, trench 412a is forned directly above the recess
302a, and trench 412b is formed directly above the recess 302b. Pl ease
refer to FlI GAsshemm inrilef byfolawkng the Boa@ingsf thﬂ]mcend\plfdtﬁesﬁ lageratOp] @an vi ew

of the vi g and trench patte of the,seco hot ar esi st yer 400 of
2o e L R Bk R BBl LBl Tt srbar SR R T DS b TR

6. As showsvdlped @1%]5 propt (ﬁavelfobé‘ ITre@:hwi Ot [ for@ibd taB8vd fRNfRed g, i s equal
to the diameter of the underlyin via hole 152a. Likewise, the line w dth

of the tr&ia¢h 412515 bregdaliredy aheveitheriseess ¥Pa, anvk tremdet 125 isgfovined hol e

152b. The rench pattern 411 is larger than the dianeter
of the un hkﬂ@“%%géﬁggﬁm%qu 1. One drawback of the above-described prior

art nmethod is that when etching trench |[ines into the dielectric stack 120
in the foIIo%gng trench formng step, the__exposed first dielectric |ayer
121 of the ditlFBersPEIOGIE IO dcbricdyihiek feBls s whggein FEGo61s 2plan36oh ar e

al so | at el Y se to
each ot her, gﬁgﬁhggfg?%ﬁkﬂﬁ§> 0 s?Egmé%aggggﬂ?¥éﬁ?%%ﬁgﬁ@@??FgﬁF%%%? 121

bet ween t fEG. ﬁmlseross-aecnﬁﬁd aewd tail&ﬁtalmgdaiel lyl cREKRS. b.rslsﬁgwngn@éu‘}ﬁci after
copper CMP, . Su r t nvent o IS ect of .the
present iﬁW%ﬁt I% glgﬁ%6$%gﬂﬁh*ﬂﬁﬁﬁ%9@&-“%f 1@??% &8 vadehdRene
process t QiadIe V52 @ilwisd, e mat Widher mef%reheh Wi 2 Rrdod8l tB9he BaPRIcFEE TO

achi eve the above object, a via-first dual anascene process 1s provided.

The vi a- fherundediing \dahelsciéRb. Pheolies widthoff deegercheattotnl i is dargerciban
prOV|d|ngﬂﬁuﬁggagpgﬁﬁghﬁﬁﬂ, Strﬁ%ﬁdﬁZVIPg a dielectric layer deposited

over the “sem conduc tr At e “wherein the dielectric | ayer has a via
opening; filling the via openings with a gap-filling polynmer to forma

gap-filling porlleydrawback of the above-described prior art method is that when etchlng
trench lines into the dielectric stack 120 in the following trench forming step, the
exposed first dielectric layer 121 of the dielectric stack 120 in the recesses 301, 302a
and 302b are also laterally etched. Since the via 152a and via 152b are very close to
each other, such lateral etch of the exposed first dielectric layer 121 between the

dense via 152a and 152b usually causes bridging defect after copper CMP.
Summary of the Invention

It is the primary object of the present invention is to provide an improved
via-first dual damascene process to alleviate or eliminate the via-to-via bridging

problem.

To achieve the above object, a via-first dual damascene process is provided. The
via-first dual damascene process includes the following steps:

providing a semiconductor substrate having a dielectric layer deposited over the
semiconductor substrate, wherein the dielectric layer has a via opening;

filling the via openings with a gap-filling polymer to form a gap-filling polymer
(GFP) layer on the dielectric layer;




(GFP) layer on the dielectric layer; 3 etching the GFP | ayer back to a
predeterm ned depth to forma GFP plug in the via opening, wherein an
exposed surface of the GFP plug is lower than a top surface of the
dielectric layer, thereby formng a recess above the via opening; coating a
photoresi st |ayer over the dielectric |layer, the photoresist layer filling
t he recess; pekchiogthenGFR layet hady mphpredgemosskddpth fofomea GFRpbig inithe pattern
in the photoresi st hIa er above the via opening, wherein the trench |ine
pat ter n- AL GPEEs PhEEHR 110 ReRORcl SilRe oL (iR BT dBat MR SRS wi deh L
and does gothe@N&EAPIaYbr, thekdhs MhRIn@REBERYabRBGhAvia 9pGRAE Section that is
directly above the via opening and has a tapered line width snaller than

L, wherein theodtinge phofiresist layer oubrsthanidledtlis layqushe photetiesistdayar fdfing he vi a
openi ng; mdregeisghi ng the dielectric layer and the GFP | ayer through the
trench |ine patt’ern using the photoresist |ayer as an etching nmask. These

and ot her obj patirnesg SfithobRphiceRsdtss iofsantaltnciMihé pieert oLt pheeaRIRBt obvi ous
to those of ordinary skill I1n the art after reading the follow ng detail ed

descri pt i yebibavgdhsryia peening veimseiaithienchiize prderp by s firsisedtiontbathes var i ous
figures a ' ¥ ripgi AW Jhe. acgonpanyi ng
dr aw ngs gggb%%wdgggmg ot%@%vi eqéhﬁﬁ%ﬁé@{ %%%@Ps%g“%g%ga (E#%ﬁm%h% I nventi on,
and ar e i seenpoeeioadthhnisadicccdgnbbive thicevia gpehingadndt lhissa speeidflimmawidin. The
drawi ngs illustrate epbodi nents of the invention and, together with the
descripti 5R@ eraban, £ ngréwp'ihsﬁwet"ﬁéthpﬁ« ihuybsiaptally equabio ﬁ&i%‘ﬁ‘tef ghthe)a ¢ he

dr awi ngs: oﬁérgﬂ -ah@ Fi 9.5 are cross-sectional schematic diagrans show ng
several typical internmediate phases of a sem conductor wafer during the
vi a-first duatchiegthecdinlsctrisrloyesandathe 0Tl gyet hrohgh phd trenchr inavpatteonl; Fi g. 6

s atop \ﬁgiﬁévth%fphl(:)lcogés?s't layer as an etching mask.

These and other objectives of the present invention will no doubt become
obvious to those of ordinary skill in the art after reading the following detailed
description of the preferred embodiment that is illustrated in the various figures and

drawings.
Brief Description of the Drawings

The accompanying drawings are included to provide a further understanding of
the invention, and are incorporated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and, together with the description,
serve to explain the principles of the invention. In the drawings:

Fig.1 to Fig.5 are cross-sectional schematic diagrams showing several typical
intermediate phases of a semiconductor wafer during the via-first dual damascene
process according to the prior art method;

Fig.6 is a top view of Fig.5;

Fig.7 to Fig.12 are cross-sectional schematic diagrams illustrating the via-first
dual damascene process according to one preferred embodiment of this invention;

FIG. 13 is a plan view of the via holes previously formed in the dielectric stack
and trench patterns of the second photoresist layer of FIG. 11;
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Fig.7 to Fig.12 are cross-sectional schematic diagrans illustrating the
via-first dual damascene process according to one preferred enbodi nent of
this invention; FIG 13 is a plan view of the via holes previously forned
in the dielectric stack and trench patterns of the second photoresist |ayer
of FIG 11; 4 FIG 14 depicts the layout of a photo mask for printing a
pattern of pHdGolédesitts thotayespoha phefotmaskher printérgco patert iob phetomaistiepi ct ed

in FIG 13; and Fl 5.i.s a plan view of the -damascene structures of
Fa 2. Earaphadin o he e BuReR e be Hebuet B 70 R g 12 Fig. 7 ro
Fig.12 are sqignmes isG pled 0R&~ TeRd dahmaicAQSAburkd dUSLY 321 ng the via-first
dual damascene process according to the preferred enbodinent of this

invention. As shown in Fig.7, a sem conductor substrate 700 is provided.
Conducti v A . 711 and 712 such as damascened copper wrings are
provi ded ?ﬁﬁtgeg?\?y%gj%ﬁoéyer 701 of the sem conductor substrate 700. The
device layer 701 may be a lowk dielectric, but not limted thereto.
Subsequently, _a capg%ng Laéer 715 such as silicon nitride is deposited to
cover the expbéa¥ ©Hndadtigvetoskigdet bies to Fig. 1hate schomaigrresseseetadiake | ayer
701 over HWhsrSanGarduet y [ j i & i ack 720
is formed o%rthe cappl %gtﬂ‘% gg‘%é%@l%ﬁggcegkgﬁg%f%gog%%% @l%ﬁ%fgn?:%rrposed
of a firsembpdiheot of thid awenticiR B s shosecinnkigdi elsemiconductbrayubetrat2 JP0 and an

etch stop | ayer, Z22.interposed we he first dielectric layer 721 and
t he seconBrod%l‘gefieéP’?qut‘fth%§ C%“i"ﬁ%%i’f“é‘fgﬁaﬂ}c%as Wsﬁpe‘fﬁfé’pﬁ Wé‘?‘_}/gﬁiaé? ectric

| ayer 721ﬁr@m¥dtiﬁ€a REERNGy G 70l @fFtthd Serhid¥RTuctt? Jubkdd® Pood TRk stk fayePnst ant

of less than 3.0. For exanple, suitable lowk material for the first

di el ect ri @01 mparbemplpwak dial¢riric dvbnet limites deretd. Subseguentlp23 capyingéayse| ect ed

fromthe inchudi ng.. .but, not. lLimted,to FLARETM. Si LK _

ol y(ary! e RpBsah Ra? ¥ adiie (o M rpa P RARERMe 21 Vi i e,
HSQ BCB, aiB@E 2, ahd theaRvide daiedl 201 and tiaRRapeIndustosslbs@ae 780 | | referring to
Fig.7, a silicon oxy-nitride layer 730 is then deposited on the first

dielectric layer 721. A first photoresist |layer (Via Photo) 740 having via
openi ngs Likewise, a dielectric stack 720 is formed on the capping layer 715. The
diclectric stack 720 is composed of a first diclectric layer 721, a second dielectric
layer 723, and an etch stop layer 722 interposed between the first dielectric layer 721
and the second dielectric layer 723. Preferably, both of the first dielectric layer 721
and the second dielectric layer 723 have a dielectric constant of less than 3.0. For
-example, suitable low-k material for the first diclectric layer 721 and the second
dielectric layer 723 may be selected from the group including, but not limited to,
FLARE™, SiLK™ poly(arylene ether) polymer, parylene, polyimide, fluorinated

polyimide, HSQ, BCB, FSG, silicon dioxide, and nanoporous silica.

Still referring to Fig.7, a silicon oxy-nitride layer 730 is then deposited on the
first dielectric layer 721. A first photoresist layer (Via Photo) 740 having via openings
741 and 742 is formed on the silicon oxy-nitride layer 730, assuming that the via
opening 741 is an isolated via pattern, i.e. there is no other via opening located in the
proximity of the via opening 741, and the via openings 742 are dense via pattern.
Using the first photoresist layer 740 as an etching mask, an etching process is
performed to etch away, in the order of, the silicon oxy-nitride layer 730, the stacked
layer 720, to the capping layer 715, through the via openings 741 and 742, thereby
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741 and 742 is fornmed on the silicon oxy-nitride |ayer 730, assum ng that
the via opening 741 is an isolated via pattern, i.e. there is no other via
opening located in the proximty of the via opening 741, and the via
openings 742 are dense via pattern. Using the first photoresist |ayer 740
as an etching mask, an etching process is perfornmed to etch away, in the
order of, farmengsidepoom hobey 701t Ti2denti Ap@b. TIBOsverdpe dametkieo vindphss 7520, to the

cappi ng | r 7 t hrou via openings 741 and 742, thereby 5 formng
deep via %ﬁe@d%% 157%’?39@9%{%%5@b9mfﬁ‘%8r3aver age di ameter of via holes 751,
752a and 752b is about 0.08-0.2 mcronmeters. As shown in Fig.8, the first
phot oresi st layer 740 is stripped off fromthe silicon oxy-nitride |ayer

730 by met hod&s Kiawhini g 8hthedirst phothess 1oy géhispitapned odhipmghe gilicon

gap-filli ol I 0 i hen, coated on the sem conduct or
dubot r at e B BR AR w150 HENGT Rich I b3 G288 G B r i TSR T o s
800 may begasfitlipgsedymeaf (GHT)i laldrredor eshet csdted oashdeamilcakducdd|sybstrate
hydroxyst¥rene éPHS) or_ acryl ate-based resins. Spin coating of the G-P

| ayer 80079&and Blkhtheyia helenfl, dpde ot 73hall ho 6EP-1p¥aeiSHE mavd)s comppsese carri ed

out if desj - : ' [ t ' t back to
a predet e?%‘nﬁlﬁegl ﬁgﬁ%ﬁ\é‘%g& goS\Fo![l%c, B %lly nhS, ?i?gggf"lueg‘é%%’O‘Qfs%%&gﬁ’gsegd%ﬁ% thin

t he vi a hBpiascoddg oDORaGENthyeOB8@bis kresyeint thy eit\and Dpdoha posteiadkagestgf t he GFP
pl ugs 801, 802a ang 80%? i.s lower than the surface of the silicon

oxy- ni t ri §8Y P5yTcs 88t FaRsitedhy forming recesses 901, 902a and 902b. The
recesses 901, 902a and 902b are defined by the respective sidewalls 911,
912a and 912b and the correspondi ng exposed top surfaces of the GFP plugs
801, 802a andAseblawn isFigththe GFPHager1f0 ia theconbicdobaskdp esprsdettryieed ( Tr ench

Phot o) 10 j oated e _sem duc substrate fhlls the
treated rg%)éfég%gs %9%@%&&@11%%%@%3 ?ngt@'&b %&e ‘Qﬁé&%s ?{):ﬂﬁqga gl?dt such as
spi n coat Hob, répeshei) The tbp Gurfide of G| GFP HRLgk D 1c06d4 Aal 8f2Y Reoseeond
photoresi st | ayer 1000, a _photolithographic process is carried out. In the
phot ol i t hBgPaphreriisestdhe silispn oxmétide dast 330 theehy dptmiss pessesH0L a phot o
mask havi §gp 2,01 988 S '?@c%ssteg%(ib 0B L5 Y02 are defined by the respective

sidewalls 911, 912a and 912b and the corresponding exposed top surfaces of the GFP

plugs 801, 802a and 802b. As shown in Fig.10, a second photoresist layer (Trench

Photo) 1000 is coated on the semiconductor substrate 700 and fills the treated recesses

901, 902a and 902b using methods known in the art such as spin coating.

As shown in FIG. 11, following the coating of the second photoresist layer 1000,
a photolithographic process is carried out. In the photolithographic process (or trench
photo-lithographic process), a photo mask having a predetermined trench pattern
thereon (shown in FIG. 14) is provided, which is positioned over the semiconductor
substrate 700 in an exposure tool. Light such as deep UV is projected on the
photo-mask and passes through clear areas of the photo-mask to nradiate the
underlying second photoresist layer 1000, thereby forming latent trench images,
which is soluble in a developer, over the respective recesses 901, 902a and 902b in
the second photoresist layer 1000. Thereafter, the exposed second photoresist layer
1000 is developed using a proper developer. The latent trench images are removed to
form trench patterns 1011, 1012a and 1012b directly above the recesses 901, 902a and
902b, respectively.




thereon (shown in FIG 14) is provided, which is positioned over the

sem conduct or substrate 700 in an exposure tool. Light such as deep W is
projected on the photo-mask and passes through clear areas of the
photo-mask to irradiate the wunderlying second photoresist |ayer 1000,
thereby formng latent trench i mages, which is soluble in a devel oper,
over the respective recesses 901, 902a and 902b in the second photoresi st

| ayer 1000. T, ereﬁften, %he exposed second photoresist %%y r 10Q0 is
devel oped usithg® ANprBfRr AT IHHBF PIwEt [SNBHEN (henier| SRERemEPe Wenpved t o
form trenghepals €175.081ab 40 UandBRbokIL2RcLiéeoiday akboVR, hkepdi@aRsSES 901,

902a and 902b, respectively. It is the main feature of the present
i nvent i onmiagieed aafl treoteted by disnssaend pleotorshigichapdr| 1900.142d agerthus pebexgfosethe

nei ghbor i recesses 902a and 2b .ar artially nasked and protected by
t he seconggﬁﬂﬁ?gwgg?%ﬁwﬁ ngungﬁ?déﬁ%hgﬁg thus not exposed to etchant
used in the subsequent trench etch step. Please nowrefer to FIG 13 and

briefly back to FIG 11, wherein FIG 13 is a | an view of the via hol es
previously foflgesg How taier tgifdCed? rapd beicly badioty BKa iy aherein fHet B 52 of the

v To b oReA Sk B AV ol e Ryl Fodel 0 ¥E df0nGuic bl 79 G RAGEECH) PUe!
| i ne wi dt patedind o€ the esectnd gitloarresist Olhded 300@rgeFIG.han, thé ®icantt ds of the
underlyin%~0 vi a .hol. e 751. Accordingbgﬁwé$e preferred enpbodi nen ach of

Uhe 1t r oncHosHieEpTA Vi ikan dliged0e s AS Fhoven OB 0 8d8. £ hat
does not Pﬁé%ﬂe%?i&%&ﬂ#& Benc rean) Y@)ﬂgisgérgeﬂ%@t NHaasr & t%lé%ﬁ@l&[}tiﬁgal ly
1 ne w dt of L, an

const ant a tapere second section 1300 that Ts
si tuat ed diarlede |71 aBovedinigetoviha rcfesed kerbedimenndeachofdhe ttaper pdttérine wi dt h

that is | th The | t.of t f i nting. tt f
phot or esi 0T2%0R b dBbRITRE AT  FL ShTERe bR APY dfrea o shre redt e H & 18
is illustisde@Ridgviklfele 4dd hdhg shb@idialyaskstafQidenelddd es 12 afl@hkapeed on 525,

and bright line region 511 for printing trench 1011 in the second
phot or esi stcondyestiopoiP0 dabis ghtatdd dieectly gibere Hiepsiar e phareafi 4nd kasench

1012a, angw%eﬁﬂngﬂhmhkﬂﬁi£ﬁ§§@3n?}2b for printing trench 1012b. The |ine
wi dt h of e

The layout of the photo mask for printing a pattern of photoresist corresponding
to the interconnection area depicted in FIG. 13 is illustrated in FIG. 14. The photo
mask 500 includes a dark region 525, and bright line region 511 for printing trench
1011 in the second photoresist layer 1000, a bright line region 512a for printing trench
1012a, and a bright line region 512b for printing trench 1012b. The line width of the
bright line region 512a is equal to the diameter of the underlying via hole 752a and
line width of the bright line region 512b is equal to the diameter of the underlying via
hole 752b. The via hole 752a and via hole 752b are close to each other (i.e., smali
pitched, dense via holes). The bright line region 512a is biased with a pair of dark
regions 532a at the area that is directly above the via hole 752a. The bright line region
512b is biased with a pair of dark regions 532b at the area that is directly above the
via hole 752b.

According to the preferred embodiment, the biasing dark regions 532a and 532b
are equal in size, and each of which is defined by a width w and length 1. Preferably,
the length 1 of the biasing dark regions 532a and 532b is equal to or greater than the
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bright Iine region 512a is equal to the dianeter of the underlying via hole
752a and |ine width of the bright line region 512b is equal to the

di aneter of the underlying via hole 752b. The via hole 752a and via hole
752b are close to each other (i.e., small pitched, dense via holes). The
bright Iine region 512a is biased with a pair of dark regions 532a at the
ar ea t hat diasethr redfcthe wiaboles anthehw ivadtholveis7ddat SFhe0%rafgiht lkngtle Ir Egi on  512b

above. t ne UTHETBY & Fatie VALK BGTP of TE! [echBrBteRn Al mERon bho
biasi g dajdh bRaghe BarR32gANd P I£P 206! n&%@}s '(Iﬂnﬁma@e )S8CTPho whi ch. 1 s

defined by a width w and”| engt Preferab 1 of e bi asi ng
dark regi ansndda(widch)532b is equal to or greater than the 7 di arreter of
the via hole, and the width wis about 5% 30% of the Iength 1. For

exanple, for a via hole with a dianeter of about 0.2 mcroneters, the

di mensi on of AearhyPlAsIcRY lgair:’akgglﬁ?It%ﬁﬂ@h‘led%@c&ﬁ%@?%ﬁ%%% 1()5@ [l mum

| engt h) X 10-60 nanomneters own I n usi ng the
pat t er nedas etvbing lphdtrosksa dty kaliap [H008s &scarded etictoi eich hrandchesriisth tha dry

etchlngp arried out to etch trench into the st dielectric
| ayer 721" Sﬁ%b%@tpcf f?é’e‘i?&ﬂﬂo'@ttggﬁﬁgc B‘itiemslﬁizlal ]r?d”i’éllé)dzé idisety v above
the recesggsedd recfed 9aﬂcb&9?aad Joss p[%%écﬁ%ly AfEL @E 8 i§ @ﬁ»ﬂpg&d hifg stri pped
and the etch-stop |ayer at the bottom of via I's renoved

dry- et chi Hg, et@hﬂ%tomat att tha bottein| dfshewiaks t@mwm‘léps/ dpettahing, ttheemcﬂabélatan be

deposi ted- Af.t gr 05|t lished b Q creat th

dual - damaglgféﬁl)g&ls FUcTt U gstﬁeiEfE)Cheingg a@% Sitﬁizlgﬁer eé’OSIBBIézII Pr?ealksgg%e
struct ur ebdekl Qo corpei 48 dvhBdfhatgerded Glructiite dyed,- danRsGaae 1458, UThéir e 1412a
conprises via plug 1402a. The dual - damascene structure 1412b conprises via
pl ug 14028ual ﬂamaS%m drugtuse ol 10 eompriseshiadphig- d4Prhs dbpedupldamesress 1410,

1412a andgldlah 14h. Rl rPs% 5% p&%‘@’ﬁ(}% Z@aGduzfll %&gl?@(%:g? Urobfife 14120

dual - danascene structur I NC iTst section 1600
t hat doescomprisey eid dpg WM. t he underlying via plug

"FIG. 15isa plan view of the dual-damascene structures 1410, 1412a and 1412b
of FIG. 12. As shown in FIG. 15, each of the dual-damascene structures 1412a and
1412b includes a first section 1600 that does not overlap with the underlying via plug
and has a substantially constant line width of L, and a notched second section 1700

that is situated directly above the via hole thereof.

Those skilled in the art will readily observe that numerous modifications and
alterations of the device and method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be construed as limited only by

the metes and bounds of the appended claims.




and has a substantially constant line width of L, and a notched second
section 1700 that is situated directly above the via hole thereof. Those
skilled in the art will readily observe that nunerous nodifications and
alterations of the device and nmethod may be made while retaining the
teachings of the invention. Accordingly, the above disclosure should be
construed as limted only by the netes and bounds of the appended clains.
8 dains 1at is clained is: 1. Avia-first dual damascene process,
conpri si ng" “PFovi di ng a seniconductor substrate having a dielectric |ayer
deposi t ed vovRlis dlhighedgem conduct or substrate, wherein the dielectric |ayer
has a via opening; filling the via openings wiwth a gap-filling polynmer to
forma gap-filling polynmer (GFP) Iayer on the dielectric layer; etching

the GFP querA%cﬁsg&a?d%%%gﬁe r%esg g‘} th to forma GFP plug in the via

openi ng, wherein an expose sur ace of SH@FP plug is lower than a top

surface of thevilig @gémﬂcsnduayﬁ fsubdthaey lefingd Odidlcogicdaye depssiehove thhe via
openi ng; coating a photoresist |ayer over the dielectric |layer, the
phot or esi §¢micy t‘%‘fls}ﬂl’ﬁ"ﬁ& whggein dedidective layer s d yiaonaningsgr aphi ¢ process to

forma trenchalidenPaLBERREOuiiS BRANARESHher AU ARBYRI DBl OPEN! N0

wherein the tren I ne ern h section t
substantlaGFE)hpﬂsmahedkkNEKWBﬂth L and does not overlap with the Vi a

R L
subst ant | ald dpemia @ iiABRIAL! Qlrtdel® P AGERRADY le%w@fnqarea%y Rgkbe

dielectric |ayer and the | ayer through the trench line pattern using
t he phot opéicsliclecigielayer thenchot fotming araedss allove Theevigioperfing;st dual damascene
process of cl c%a@n% El\M?Ie 0%€SQStt1£]}%r%l\fgll t%Ctd’ieIectnc Yayer tﬁe Shotoresmt layer filling
the recess; |
performing a lithographic process to form a trench line pattern in the photoresist
layer above the via opening, wherein the trench line pattern has a first section that has
a substantially constant line width L and does not overlap with the via opening, and a
second section that is directly above the via opening and has a tapered line width
smaller than L, wherein the line width L is substantially equal to diameter of the via
opening; and
etching the dielectric layer and the GFP layer through the trench line pattern

using the photoresist layer as an etching mask.

2. The via-first dual damascene process of claim 1 wherein the dielectric layer is a
dielectric stack comprising a lower dielectric, an upper dielectric and an etch stop

layer interposed between the lower diclectric and the upper dielectric.

3. The via-first dual damascene process of claim 1 wherein the gap-filling polymer

comprises i-line resists.

4. The via-first dual damascene process of claim 1 wherein when etching the

dielectric layer and the GFP layer through the trench line pattern using the photoresist



dielectric stack conprising a |ower dielectric, an upper dielectric and an
etch stop |layer interposed between the | ower dielectric and the upper
dielectric. 3. The via-first dual danascene process of claim|l wherein the
gap-filling polymer conprises i-line resists. 4. The via-first dual
damascene process of claim 1l wherein when etching the dielectric |ayer and
t he GFP | tyer at hm stehingt inesk, sedewhlll afnibe patese pbovesthngid hperpoisopatalgt 9 | ayer

as an etchi idewal | of the recess above the via opening is
partialIynm%§§&§§h%9&FW3$ﬁL%Y%Tesist layer. 5. The via-first dual damascene
process of claim1 wherein the dielectric layer has a dielectric constant

of less than 3.0. 6. The via-first dual damascene process of claim1l
wher ei n adcapgheajeaefirst §ugh dewasiede piogessiod cliira|legher¢io theadielectriz layghbasd a- f i r st

dual danma 1%Feragicpcr AGESS éssgljla%iﬂ?G wherein the cap |ayer conprises silicon
oxy-nitride. 8. RNVFA-Ti et ‘dual” damascene process, conprising: providing a

sem conduct or substrate having a dielectric |ayer deposited over the

sem conduct or_substrate, wherein the dielectric layer has a first via

~ openi ng afd dheserBrt Waldapsesing grefcspoldam h vdicwmsna SRR JAYET Syregdede fir st
via openi pRinfdidikding1LBe first and second via openings with a gap-filling
polymer to torma gap-filling polynmer (G-P) layer on the dielectric |ayer;
etching the G-P | ayer back to a predeterm ned depth to forma first G-P

lug in he .first .vi peni ng and a second lug in the second via
gpe%i ng, \%\her é‘leﬁ“a'g?f)ggagdieagﬁF‘?e%@E"CS’fs ‘ifctfial?“i %ﬁe@mﬁg EORICTEBYIEYs are

| ower t hagligod &8-gitideace of the dielectric layer, thereby formng a first
recess above the first via opening and a second recess above the second
vi a opening; coating a photoresist |layer over the dielectric |layer, the

phot or esi %t lAa ¥1%[ﬁrfstl Aulai @gnas%fr:}% Jr'oéeség, c%pn%ri%ﬁl(gip nd recesses;

providing a semiconductor substrate having a dielectric layer deposited over the
~semiconductor substrate, wherein the dielectric layer has a first via opening and a

second via opening dispbsed in close proximity to the first via opening;

filling the first and second via openings with a gap-filling polymer to form a
gap-filling polymer (GFP) layer on the diclectric layer;

etching the GFP layer back to a predetermined depth to form a first GFP plug in
the first via opening and a second GFP plug in the second via opening, wherein
exposed surfaces of the first and second GFP plugs are lower than a top surface of the
dielectric layer, thereby forming a first recess above the first via opening and a second
recess above the second via opening;

coating a photoresist layer over the dielectric layer, the photoresist layer filling
the first and second recesses;

performing a lithographic process to form a first trench line pattern in the
photoresist layer above the first via opening and a second trench line pattern in the
photoresist layer above the second via opening, wherein the first trench line patterns
has a first section that has a substantially constant line width L and does not overlap
with the first via opening thereof, and a second section that is directly above the first
via opening thereof and has a tapered line width smaller than L; and

etching the dielectric layer and the GFP layer through the first and second trench

line patterns using the photoresist layer as an etching mask.
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performng a |lithographic process to forma first trench line pattern in
the photoresist |ayer above the first via opening and a second trench |ine
pattern in the photoresist |ayer above the second via opening, wherein the
first trench line patterns has a first section that has a substantially
constant line wwdth L and does not overlap wth the first via opening
thereof, and a second section that is directly above the first via opening

t her eof apd s a t.apered, line width small.er_than.L; ] t.chi ng. t he

di'el ectr &1 A& RahEP i YepSfoag rocthy Srnt hebers e itle S Ertnch

l'ine patt gichetriésitigk EhRpihed arewhs HiclRUeS aﬁﬁxmer BlefirtOari oK etchGtéh The
via-first dual danascene process of claim38 erein the dielectric layer is

a di el eclayprintrpasrd beswsen iclgwer diekgelric ané theappeidielagiriapper di el ectric and
an etch stop |l|ayer interposed between the |ower dielectric and the upper
dielectric. 10. The via-first dual damascene process of claim8 wherein the

di el ectri ¢0.l aernihfist dual de@bheehé poceBRFTCRh 80Fhdréis $hd dialectdic Qayeld has aThe
via-first dual danmascene process of claim8 wherein a cap |ayer is provided
on the di dicksetricnplagiet lessshanf@ via-first dual damascene process of claim
11 wherein the cap |ayer conprises silicon oxy-nitride. 13. The via-first
dual damascene process of claim8 wherein the gap-filling polyner

conpri sesli.- [Theeia-Bsst dtid. datdscehb @radess &1 ¢lsiim 8 wdlercii@nese éayer prppcedsd of cl aim

8 wherein t e(ﬁ%ne. fdth L is substantially equal to dianmeter of the first
via openi %t cfclectric layer.

12. The wvia-first dual damascene process of claim 11 wherein the cap layer

comprises silicon oxy-nitride.

13. The via-first dual damascene process of claim 8 wherein the gap-filling polymer

comprises i-line resists.

14. The via-first dual damascene process of claim 8 wherein the line width L is

substantially equal to diameter of the first via opening,
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