METHOD FOR ELI M NATI NG BRI DG NG DEFECT I N VIA FI RST DUAL DAMASCENE PROCESS
Background of the Invention 1. Field of the Invention The present
invention relates generally to copper interconnects. Mre particularly,
the present invention relates to a via-first dual damascene process

capabl e of avoiding bridging defects. 2. Description of the Prior Art

Damascene PROCESOES FOIE GFRRK h t hpLefconnect technique are
known in the art, V\hiogﬁ alr'e Iﬁfgl%f%r{frig? 0 ngﬁggpzlgr%g%é@&%g)UAL _
processes” PAMASCENIIPROGHSS or industry. The continuous niniaturization
of copper chip wiring and consequently shrinkage of line width and via

si ze/ space poses significant challenges. In a via-first approach, the vias

are defi nedBhdiesbuddbiieInvBid | ayer dielectric, followed by patterning
t he trenches. %ﬁéhse uenée ofl%orning t he danascene recesses in the

via-first apgrieldet tiselgvergidsy exposing the via patterns with the first nmask.
After etching the vias conpletely through the entire dielectric stack
(except not through the barrier layer at the bottomof the dielectric

tack) and strirppi the inesikish, rdasec al is,Msed to pattern the
fr enc)hes. The,??gng%gs arle tr{er11 éraeat egé}%ila g?itﬁl r?gpﬁeqmgﬁcgﬁ %Ch’l @4(58\/\/11 to
the enmbeddetfrétwalstibp Pragest . inTypionatdates ther barfitserduabyamasdent hitobatt om of

i i . nfurther etching during the trench-etch by a
e S PUAL Pl ST

resi st |ayer After the resist is stripped and the
etch-stop layer at the bottomof the via is removed by dry-etching, the
metal that fills both the vias and the trenches can be deposited. After
deposi ti on 2 HESFPUOBEf thafdgpdék to create the dual - damascene structure.
FIGS. 1-5 are schematic, cross-sectional diagrams show ng several typical
i nternedi ate phases of a senmiconductor wafer during the via-first dual
damascene | pPuvesen@groralsagicorforetedriviel @pbeMBARRGnAS SRAWGLd NrEi 9- 1,
conducti Veklsl(t)\gfllilciltl 'fllgeea%’t, 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 diclectric 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
efching during the trench-etch 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 layer 115. The dielectric stack 120 is conposed

of a first greleschddoedih@y®thelddor & $£EBAAAJI §23,.and an
etch stop Ig){ga&%ZZ mt%r po]'seé%r t;et meﬁlgtahég Slﬁér“ggt‘ egly’ec(?%lggcqve %rruc *  and
I

t he second { 14 sudhapdlempsnedicaipel pamasxye pmotvrdeden h dydte Da{f,"& i| dhen
deposited gngd a 121. A first photoresist |ayer 140
havi ng vi a opsénﬁngcé]sduf%i d‘l raﬁt ZdeOS ‘4‘ %ﬁ@ﬂlgoky?lhéwswchc%ﬁn siggn riitridedis | ayer
130, assuni depdsited té I&evexltae ROl Lohtdcti® fRchsQ Pflegnc}’ : ?2 At QT fvide:

there is no,other via opening |located in the proximt e via openlng

141, and t hBYg i%p%n‘ihﬁ]ﬁctﬂ&zs jek &%@n@en\deaoquaﬂtcer tie d@pmg lape fis; Sthe
photoreS|st t.chin rocess is_perfornmed
g, 40128 12BN ey P 5L BB e

to etch awa in the order

diel ectric Byack3126d a:n etchiseopclapgi lrjlzg l@y 1 8&weeh BIOMEN l ' ngs
141 and 142 dtn'&ere rm ng vi a _hol eI; llgjise(an Weel2a/ A%Ms&&cr)%v\n%g%/eqqgﬁl

after stri papﬂ Ctb‘ﬁé@ﬁ"i 833t Sﬂ&’@ér@xl’ﬂ@irm’rbfla)temdfi&lé iheonleposited

oxy-nitrideyd @Mqirrstjéﬁgectﬁcga?g g%l ling polyner (GFP) layer 200 is coated on
the sem conductor substra 0 and fills the via holes 151 and 152a/b.

The GFP | ayer 200 is typically conposed of resist materials known in the
s, known in the art and an additi onal

t. Coati
ES(r)st baﬁl Inggst(:) ephﬁ%fﬁggr%sﬁﬁy@ﬂ%g‘glha‘ﬂﬁg Vifepanites 144 asd Jvig is formied @, the he GFP
| ayer 200 isslidoneskyetieh®dihac th;SQ .as. Lo form plu
2031/ in the i ;ol at eygﬁlw a r?g ehg%%sglr?gl gqgétg{h%\ggﬁ%%ﬁgllglt gh la%lﬁlf’é Vit aIo )

hol es 152. PRHE™Y bp Warcriase ashertie opénigs I@otdandhpRairity sf tmwaa obhian t he
top rmng recesses

f trid
302a and 3098 "Ae T ohERRE Y Gk et €St Aol s dhe Brs apeoree bt cont ed

on the senilénrdactdting ﬁmbl&taﬁladt@ﬁ@ﬁlo%l%ﬁ i &)lﬂlférlﬁéﬁietor&&eﬁ@ 1I§PI‘I]E a4 fecesses
302a/ b usi ng nFt hods known in the art such spl
silicon oxy-nitride layer 130, the dielectric stack 120 to the cappmg fayer 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 in

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 fornmed directly above the recess 302b. Pl ease

refer to FIG 6Aanbobiirefiy Haslowifs HeGoaling Whelaki ! 4i§ 1A R4BP Vi ew
of the via Riﬂe‘%a&nd trench patterngs of tah"égsecSnﬁ&gﬁo’)ﬁé”}oggﬁtlﬁfegfgﬁ %400 of

FIG 5, and CiRgowesE rhsaTisdautonae axpesedt sdcend glhongedist nigydr- 40ks FI G
6. As shown deQei D 0, lLing wi,dth L of the trench 412a is equa
to the dianeter %&Fﬁgf’ &ﬁ@gﬁyﬁ%\\g’ﬁ)p\%a TS8R 41%2‘5.&‘]9?&1%(99\12%/@,“? HECqss 381wi dt h

of the trendtendid2a ss équatl diectihebdiamt ficesf 304enUNASER Yi19g i¥if8rr{§é)d e
I I anet er

152b. The li.ne width of the trench pattern 411 is larger than +the
twggmvgt

of the undeffi§s ifgeess§ 382b.one dr awback of the above-described prior
art nmethod is that when etching trench |[ines into the dielectric stack 120
in the following trench form ng step, the exposed first dielectric |ayer

121 of the di elldetseirefesteallG. T20di bricieback a6 $36 S5, 30M6rcid 038, 6384 pm]?@ie%f e
al so | at eral%%eg}.a(r:g(t«)a[d. S| g(ggﬁt he via_152a and via 152b are very close to

each ot her, "sUCH T A& & natternp af Higpweend! phateesieti leyaciOpiod HiGysranti2 1

bet ween t heFiGlenses Viog- : bridgi.ng def fter
copper CMP. Summary 8?8 %%gallwﬁ\r}gerﬁ ?%%n%t%@sﬂ%%%?gflﬁ%r@ ‘%%?%’gin i e%

present i nvait p.ohciligetwidibr ol de @menchriipavedqualitatid dishe@Hal tHEARR A OR
roblem To

process to gl heyi r.elimnate the via-to-via_ bridging ‘
achi eve theﬁgglg}\;ée?%%j gé e?"”%?m\}%e ‘-’?i‘?’@& %@F tparadtents gralcledse dismmtavifded.
The vi a-fithstunderdying aimiss1ene2p I ORESS: + > e 4 N0 S:
provi ding a,sem E%*\d%ct or substrat eﬁﬁaﬁﬁgggﬁgﬁg %gtp?’#télqﬁvigelrssl%%glog}aped
over the stgﬁg@ﬂi‘?ﬁﬁ‘ﬁ&fé}?e Wilsdyingtvéa halpdpbin the dielectric layer has a via
opening; filling the via openings with a gap-filling polynmer to forma
gap-filling pol yner

One drawback of the above-described prior art method is that when etching

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
cach 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

the recess; perfdchinpgheaGEP ihegbhaahiot: H-A&ESS ! repeh Line pattern
in the photoresist, |ayer. above the Vi %eopgﬁ?lﬁgc?d%%r%e?oﬁ %g%?rpé%ﬂ’ &iene
pattern has &%IEPNEsBHTERN Rdosttheniage olibst GRE phlg iy looashanh b aavkdth L

and does not o Owe HldR M the vi.g opening, and a _second section that is
directly above the viﬁz{aE %l gh?l%e\ﬁgﬁ%mﬁgg aég‘{eéﬁa %8 e Ha oRFdRs  smal | er t han

L, wherein the |doating ghhbtokesiss :3abstanti aldiotueauadl, He o &r,0f e via
openi ng; anqhgtqchi ng the dielectric |ayer and ch IGFP ﬂgﬁ?&ftﬁggdg{ﬁ]}n%e
trench |ine pafterh using the photoresist layer as an etching mask. These

and ot her obj ectge¥Banl At ipnvention w Ll .no doubt becone obvious
to those of ordipr?ar ynsEiallPﬁ?Eﬁglg ﬁlgB %)rcfa &ats {}%I?n?gﬁa?lh]@“ec%tef"bml%Wh@oépétséi | ed

descri pti on laferphevgthetver opedinpnddiciremic tihdh 1ihs pitdaiBid AEEH sd Rk ey AL i ous
figures and as%g’t%'htgzﬁ@' Brief Description of the Draw ngs The acconpanyi ng
drawi ngs are T Rcrader CESpridincdmdt Land dees wideedsandhnie ob opthiag] andent i on,
and are i ncee@amiadcedon fhaahd dg | rt.of this specification. The
drawi ngs il usbr ate enmbodi mﬁ?@%%ﬁﬁgﬁgh?ﬁ@égﬁ%?%ﬂg 5%?”? SdéPﬂgé;?Wiethﬂhe
descri pt i onSMager an do vwpsimihe livewiith Roi pliesarially REAINY A of tﬁe%‘de
dr awi ngs: F-bgex}iné'oangi g.5 are cross-sectional schematic diagrans show ng
several typical “internmedi ate phases of a seni conductor wafer during the

:,,S a;f |t E, Fs)t Vidgsvl Oe:cﬁaig? tfi??@ieleﬁerCl‘ﬁ@r A&F aledbpe lE?erttﬂFou%fllt% @htn TRE hp%?t;emFl 9.6
using the ph%toresist 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 phot bt@slstepias ﬁHcﬁﬁP@&tQiﬂlgpﬁcﬁo ‘irﬁhﬁié ifﬁrt u@ﬁzﬁﬁ%ﬁa‘i gﬁtle%lﬂ 0%5@88‘“’31%“ ed

in FIG 13; ar]dFI%\ 15 is a plan view of cene's s of
FIG 12. DEPHCPRuImsste thpiniesernprdsereadepictedinmIg. T3tadFi g. 12. Fig.7 to

Fig. 12 are schejmtiisc - i | . diagrans illustrating the via-first
dual damascene Eipéclgggag%@%ﬁ%ﬁﬁg%htegﬂ?]ﬁ%anﬂﬁsgg@r%“é‘(:ltu“’érﬂf@éﬁ}nbgnt of this
invention. As shown in Fig.7, a sem conductor substrate 700 is provided.
Conducti ve ructures 711 and 712 such as damascened copper wirings are
provi ded in etﬂ@itté‘“éql%%’r 701 of the semi conductor substrate 700. The
device layer 701 may be a lowk dielectric, but not limted thereto.
Subsequently, a capping layer 715 such as silicon nitride is deposited to

cover the exposBtasondercto Fig. sta Bat 1. EES%JJ{I&_;i Flgg'\?\ngs%é%gh%?%de fgforslgl_ggdglt%g%il(a¥%

701 over thgisem' cg duct or subs%r ate 70

is formed onHE™ % E‘ﬁﬁr?fﬁlgl th evla-imst, duglrdamageesieaupedss astading 1@6hd srefomnos ed

of a first dmnb@eaidnt 6f HAY&lveAs e ectric Jfayer 723, and an

etch stop |ayer 722 int er povgedglbef?sv\ggoﬁﬂfﬁleﬁl:%%satsem“é(f”éiél?ll%f5”@85}9@%;)2‘1? and

t he second Biwidedt Cpeductiyestri@@es Pl ehad ab2 yuctbot dhntfscddag chpptwitthgd getric
| ayer 723 have a dielectric constant

| ayer 721 - second .di el ectri

of less thaﬁ% gf%.ﬁqﬁgr evxecfe{ﬁ%cireﬁﬁéﬁjitﬁ%ﬁ?l’é‘CPWCWWEbﬁfqt%lVO@-6ffhetCh?éfidf:ilasctr

di el ectric Telyemnyh2k landk HecaRES B0 ekego.! may, be sel ect ed
fromthe gr ,&Lgp i pcl udi ng, butc. not I_?%q%rgié&fgl,e}&?%%q“gﬁ%iaL%é’PR/lngslaye‘

pol y(aryl ent! eTHa R} sihigpy ridiide isslepdsited fo potey e appsdd dntinpeeducakyiim de,
HSQ BCB, F$@719i L i-oxide, ~and nanoporous silica, Still referring to
Fig.7, a sili c701%’ %)i(f/@‘ﬁid?{r"?éélea(} ‘a@@ro“?ég“’i ggmtl uefahystalg 78R 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
dielectric stack 720 is composed of a first dielectric 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 dielectric 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
the stacked |ayer 720, to the

order of, t 0e‘nsi I hcon .o>]< - ni,}ri%l a efﬁ%?’o ,

cappi ng | ayef s eetth%l}é]r?St R Blehidigd he averagrydipmster of gtiebgies 85%or ni ng
deep via hotsm ahahs2¥ 52aoand 0 22bmidheeayer age diameter 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 net hods inthe art. such as .oxygen plasma ashing. A
gap-filling po|§ér1§l\r/w‘?’d‘-‘ﬁ§‘g'l%a g1 SR gD atsBRP T 4o (s ilisenor
substrate B0niandt faidd BotthemeiRdRhesn T the a?@%ﬂ:hadgd)xpgépplaﬁg oStk Ayer

,» poly

800 may be conposed of an i-line resist such as novo
hydr oxyst yr#&ReliilipgigploneraéiiR) dexerbi¥eis thesicoged oSghe seoabhdgptaf subkzatGEP

| 800 i ' t ] - haki t b i ed
out 1 1 des PO e Wi AN s AP B, R LG A AR b EE U RBG Back ¢ o
a predet er mfmad-lirdepdift sach %ndv@laﬂc@f;diﬂlygfﬂrcﬁb/b@lﬁmg@%%Sﬁ%rﬂ%-&@&pre%ﬁhi n

the via holéts} 901, 9%%3 and 902b, respectively. e top surface of the GFP
pl ugs 801, ‘BERSO4HE Fobe G layaet00 sHeewnhia hepttaed optiont @osi-bakdam step

oxy-ni tri dgnlayetarfidPouliP8LgRY form ng recesses 901, 902a and 902h. The
recesses 901’}5‘%02%11%%116%%%%?%{(3 defined by the respective sidewalls 911,

912a and 912b and t he correspondi ng exposed top surfaces of the GFP plugs
801, 802a and 802h. As. sho in Fig.10, a second photoresist |ayer (Trench
Phot o) 1000 is§@6%93@18§Q5ﬁ2ﬂ§éﬁFEgﬁﬂﬁ8¥@HS§WBE@F%¥bb@$GDéh@ﬁﬂﬁpﬂﬁﬂﬁﬁe
treated recepsed asI9tornPORA AL @Q?%ﬁdn@%%%ﬂ% t%%%o]’e? Q?Eeb(ﬁﬁtan(? uch as

spin coati n%. As shown in FIG™ 11, followi ng the coating o e second
phot or esi s#URBywsspertively. The protwificehdghafifit phie 8045802 mal BOHdisolstver | n t he

photolitho phi.c c (or. trench. .photo-Lifthogr i c process), a photo
mask havi ng{agl tElF esggf{ragf% ﬁf ﬁrg: 1{1?%hgw-8g1£1§%f et 756, tlgregff) r}Iormmg 1ecesse?s 901,
902a and 902b. The recesses 901, 902a and 902b 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 coafing. -

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
therecon (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 irradiate the
underlying second photoresist Jayer 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. Thereafter, the exposed second photoresist |ayer 1000 is

devel oped usi nglaipilsparindeashopef thelpecskat aventdie e AffRRORS cRhMeheRRved to

formtrench 101 1 and 12b directly above the recesses 901,
902a and 982%% ?Eé%tarée‘%%g ‘%atilF ‘}eégjhgﬁéngrﬁifcrﬁsgrcéa?{ol%eﬂﬂdf9Q2I’@eal}9rp§i$fe&ib’
i nvention t hadskef har p@&%@ﬂ%@%e&ﬂ@ h%iog@s‘f@llz% Eﬁ'grc e n?t ?Xé’c??eéid by

nei ghbori ng recesses 902a and 902b are parti all

the second PheChE gpekinithymbsapeat tremt emhestetphus not exposed to et chant
used in the subsequent trench etch step. Please nowrefer to FIG 13 and
briefly back to FIG 11, wherein FIG 13 is a plan view of the via holes

previously fornBiasemdvhesfell ® BIet, ri3Ca ot 956 18 r t f the
second photo esi st 1000 of FI Cl;. 11 y@% 5‘%1&} ?pcxbherg(ﬁ ﬁl%{ rl% 8

cross- sect i BREIVIgY é\ﬁ/t%/ K@@%?&)P@Vlﬁuﬂlaf formed irotheFdiGecttid. stk EIOMRI renckl GS.
11 and 13, pihead i e 11 is lar erthanthe
di anet er ofpthenurfl)ggtg1 y%tﬁﬁnd) hohﬁ %Tl p@b@o?ig Fig jld e E‘é’f dir &da
embodi ment , cresetectibnd hvéow mmlamgtih@rlml ofiff?a 3and sﬁ@@ﬁ% F'ﬂ@% f‘ree%ndali' rst
section 120 overlap with the wunderlying via e and’has a

subst ant i al | %yth&gr%’gﬁn?f tr? HENGA) lﬁect“ﬁ“bﬁoﬁ isgdprgematham ey @dmetceoﬁﬂda Is*elcﬂymg 1300
h d
that iis si tuiatide d51.e8LIMARDAYNE Motk NBLEARDGY e%%t%d o rpagger e

line width that is |ess I"ay 0 THiting a

pattern of W@ﬁo@‘@sﬂ@ﬂbcmdmbpomdhmgsed:tmnt h=a ﬂta@rd‘@@r&ﬁtbwla rgandepi cted
FI G photo  nmask 500 includes a dark

FIG 13
tegi on 526, VRSN B bt s dinnalle DR uingmdtone i 0B Pred e
second photsot@si getcubnayleoo $RA0is stublch Ahfectty N80T E A OMia A HQbo LI hLN

trench
tapered line width that is less than L.

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 Tine 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., small
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 bri ght line region

512b is biased with a pair of dark regions 532b at the arca that is directly above the
via hole 752b.

According to the preferred embodiment, the biasing dark regions 532a and 532b
arc equal in size, and each of which is defined by a width w and length 1. Preferably,
the length | of the biasing dark regions 532a and 532b is equal to or greater than the

7



1012a, and a bright line region 512b for printing trench 1012b. The |ine
width of the bright line region 512a is equal to the dianeter of the
underlying via hole 752a and line width of the bright Iine region 512b is
equal to the dianeter 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
hol es). The ] e n . 5l2a 1s,biased Wt ir f dark regions
532a at the %dégai HH}] wa?:%r]%c 1 alcb‘g{ﬂéh t'hé® 9?%*%@09 ?gt e} {-gRer | i ne

region 512lsxiusplej &sedvinitiote aithai dilaﬁhﬁted@f Kb&R, Pﬂﬁa@ﬁ%’f&@tth& Qﬁnﬁ{)ﬁ% Jifhat I's
directly abo%/fjlrbg via hole 752b. According to the preférred e

t he bi asi ng 1358 dprk B avil B0 marenetual (niininsinz dengthyl X¥adb-cof
which is de %il elﬂctgré W(ﬁfgdth wand length 1. Preferably, the Iength 1 of

t he bi asi ng dar é Y 532a and 532b is equal to or greater than the 7
di anmeter of the via hole, and the width wis about 5% 30% of the length 1.
For exanple, for a via hole wwth a dianeter of about 0.2 mcroneters, the
di nensi on of eAé&shyymyl R 9 dRk! X, egingrihapitiervel 206nchpinaoetier kyémi tioragm

| th) X1 h FIGS. 12-13, th
pgtn tg er )ned sgl(l:g%l Il%aiwmagg’s?% %E nfdﬁ@"%% ?gmgmlng@ OHf ngetl‘fgrtEFnﬁﬁ%Elw%ﬂ’Grg

et chi ng proﬁess;sllellcs:tmaralyb;edzmuﬁoﬁ @k GRntl BIGHES 1HNT qoihe ctric
| ayer 721 t rouqﬂethe trench atg:herns 101? 1012a an 10%({)'1%1%%@ above
Y51

the recesse Hyoennal.di2s aﬂﬁé@ébclteﬁlvﬁ@tlyelyAMtear tltehesmte}slsstppes aatir i pped

and the etgh t of. the vi r

and__the eLsiofol BYE! e bRS OB LhE Wiy ST SIRYed bt e
deposi t ed. Bt bothdbposistandnhe titndlss I@@ih bsh@pbsxtB@CKftéxodéﬂo§ﬁ%ﬁ 1€ polished
dual - darrascbeng tructures 1410, 1412a and 1412b. The “dual - damascene

structure 14t0 LonPratgeticyidnalfampseansy stupiareguaflMandbderrad deidst Ghe 1412a
copri ses \hal-BhigelA02auclie dyg! AapRsCens ShEUGLYTC hE1ah, . oL, gzio‘“ a

plug 1402b. FIG 15 is a plan view o anmascene s
1412a and Bivowre dft13a compPisesAsias hbagn 1402aFITBe diml-desabecdt dtheture 1412b

dual - damas Gee, 36§ bSR3 122 and

FIG. 15 is a 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 aﬁd
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.



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

nodi fications and alterations of the device and nethod may be nade while
retaining the teachings of the invention. Accordingly, the above

di scl osure shoul d be construed as linmted only by the netes and bounds of
t he appendeﬂﬂmHE|ns 8 Claims What is clainmed is: 1. Avia-first dual

damascene p g r| sing: providing a sem conductor substrate having a
dielectric I‘@ﬂf s (8‘38 ied over the sem conductor substrate, wherein the

dielectric layer has a via opening; filling the via openings with a
gap-filling polynmer to forma gap-filling polymer (GFP) |ayer on the
dielectric iayé‘rVlaeftr@trﬂuagdamacéﬂ%anbeqse,rcoquilsldgo a predeterm ned depth to

forma GFP pl u%}] dt he vi.a (ﬁenl ng[? wherei n an exposed surface of the G-P
plug is | ower than %?gt%?fl%‘ﬁ?rf clor sgpstipishaying edielereicllayadepesiedstygr ther ni ng

a recess abavdcétiReiol aulRReRI ﬂfﬁmeﬁ%&'d@ec ,[(F’P?élq{agﬁl\/?& OLLe?ﬁ/n over the
dielectric Iaye t he phot oresi st |ayer recess; performng a

i t hogr aphi ¢ priglias gierda ppenings witlen ehpfilkive: }pxdyﬂnertm florm taheappifigih @ e Binsdr
| ayer above(tdﬁgi%;cgoga ‘i&%ftflgﬁﬁeyrfel n the trench line pattern has a first

section th a sub ’constant line width L and does not

overlap with thechigthe @ H Rger B 18 a p?@&é?é}ﬁq@&ﬁ&dp‘%}{‘tc}ﬂ h d @Eﬁ'ﬂ\;ﬁ%ﬁf the above

the via openlng and has a tapered line width snal n the
line width ‘12 PRCULHSYEHEIN 4N sxpetpdaurfaee @lffélmﬁlﬁ’r pbl‘g zs havamhan opgnintice and

et chi ng t herehLhiekbidcGaledy; er throu h the trench line
pattern using t he Co%%e?éggrgtgyfoamﬁg agecgsns et (‘f’ﬁh?

coatmg a photoresist layer over the dielectric layer, the photoresist layer filling
the recess;

performing a lithographic process to form a trench line pattern in the photoresist
layer above the via opening, wherein the french 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 diclectric layer and the GEP 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 dielectric and the upper diclectric,

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



2. The via-first dual damascene process of claim1l wherein the dielectric
|l ayer is a dielectric stack conprising a | ower dielectric, an upper
dielectric and an etch stop I|ayer interposed between the |ower dielectric
and the upper dielectric. 3. The via-first dual damascene process of claim

| wherein tfer gapnfdtthihfGmdRR! Yok il %‘P'ﬁﬁ’é k&8ss AbdveNBe MeSbSdSng & pdiifiy
via-first dual damascene process of claim| wherein when et %’n ng the

di el ect ri c Maghyetbuthg phpwrablavayer through the trench line pattern using
t he photoresist 9 layer as an etching mask, sidewall of the recess above
the via opening is partially nmnasked by the photoresist layer. 5. The

via-first dualTIW@‘Qfﬂl@alﬂi&i‘e@&ﬁm@fm@sﬁbﬂulnﬂm%ﬂﬁtd’h ihetidieatie iyl Rad Ayer
has a dielectric constant of less than 3.0. 6. The via-first dual

damascene Peéetsscaptapt of lgssi thehdfei n a cap Iayer is provided on the
dielectric layer. 7. The via-first dual damascene process of claim®6
wherein the cap | ayer conprises silicon oxy-nitride. 8. A via-first dual

damascene pr oB@sia- GOtk SdGiscRfcOMbeish @ @las@n “hadICE 0dp BybSkRAsEdHRVI Ng a
dep05| ted over the sem conductor substrate, wherein the

dielectric |

di el ectri cmllgﬁf[le REECENerrst via opening and a second via opening disposed
in close proximty to the first via opening; filling the first and second
.via openings with a gap-filling polymer to forma gap-filling polyner
(GFP) | ayef. offhehea-tistdedtdumstaypqrocests ohélagn 6 hehe@P theyeriabaciontpises

pr edet er m nﬁd dept h. t‘f forma first GFP plug in the first via opening and
a second ?fg’i" H'¢%he second via openi ng, wherein exposed surfaces of
the first and second GFP plugs are lower than a top surface of the
dielectric | ayer, thereby formng a first recess above the first via

openi ng and aAsdedig duabdunsscalrovectshecamuond: vi a openi ng; coating a

photoresi st | a}Xg&ldH\éear s&rﬁ&n%uc!o?%&bsh%tcl BXE ving a die?ucaholtd?/r g elpggltcdacyvex tf I11ing

semiconductor substrate, wherein the diclectric layer has a first via opening and a
second via opening disposed 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 dielectric 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 sccond section that is directly above the first
via opening thereof 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 first and second trench
~ line patterns using the photoresist layer as an etching mask.

i0



the first and second recesses; performng a |lithographic process to forma
first trench line pattern in the photoresist |ayer above the first via
opening and a second trench line pattern in the photoresist |ayer above

t he second via opening, wherein the first trench line patterns has a first
section that has a substantially constant line wdth L and does not overl ap
with the first via opening thereof, and a second section that is directly
above the first wvia opening thereof and has a tapered line width snaller
than L; whePei illtehdatfirvielual dirascind grosesb ot anihal wWicre@uak dicledi@neber ,0f t he
Vi a openi ng; .egng, ettcﬂ%ng the dielectric layer and the G-P layer fhrough the
first and soESHES FEHE FOMPISAE Sa rieleddningan Repgsibelestasiant dnagteh st an

et chi ng maskyvedBit@postDBeiNileds ki Al r ss..of claim8 wherein
the dielectr iyc I ai%%r IS ?&I&Fﬁeﬁr%{c)vte{rj?%iegggh{:%ﬁggﬁgglﬁ?ﬁ%@c 'Tower dielectri c,
an upper dielectric and an etch stop I|ayer interposed between the | ower
dielectric d . u . dielectric. 10. The via-first dual damascene
process of ¢ 'ai%gg’lﬂivﬁgsfg?aﬂ dapnascEne Pecess of dadyiet whersinghe dielgcaiie layer fesast ant
of less thadieRcBic chbhstadth IMks@ndni 7§t dual damascene process of claim38
wherein a cap layer is provided on the dielectric layer. 12. The via-first
dual damascene process of claim 11l wherein the cap |layer conprises silicon
oxy-nitride;; 1 e-Via-fiiyst dual damascene pracess of claim8 wherein
the gap-fi |H'nghﬁgp’y%‘\é? gu{Iclo({r%-‘raiS%eélg Pﬂ‘fﬁ"?%fc‘fq@é‘? gt ICTeY 3 CRRAXAT 48 PiovKied dual
damascene pnothesli&lafriclagern 8 wherein the line width L is substantially
equal to dianeter of the first via opening. 11

12. The via-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 damascenc process of claim 8 wherein the line width L is

substantially equal to diameter of the first via opening.
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