|  METHOD OF FORM NG COWPCSI TE OPENI NG AND METHOD OF
DUAL DAMASCENE PROCESS USI NG THE SAME BACKGROUND OF
THE I NVENTION Field of Invention The present
invention relates to a sem conductor process. Mre
particularly, the present invention relates to a
met hod of forming a conpositeg opening and a dua
danmascene process using the sane. Description of
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sem conduct or devices, the use of nmnulti-netal
i nt er connect BAMASFATOTRAGEW USING IS AMEual |y, the
| oner the resistance of the netal |ayer of the
mul ti-nmetal interconnects is, the higher the
reliability of elenments is, and the better the
performance of the el enent can be, Anpong net al
materials, the copper is suitable to be used for the
mul ti-netal i MBACKGROIND OFcHidin BEVENEION esi st ance of
copper is low However, as it is difficult to pattern
FitldefTpepesn i N the conventional photolithographic ’
etching techni que, a dual damascene process has been

devel Owﬁéj?res-EhﬁnﬁBdﬁbn RRARIE & BERHARES S ploSess. {6 Hatitlarly,
that involves fornmng a trench and a via opening in a

thél p@saﬁt;ﬂeﬁu&@mﬁes&aq &8 68forntrig0 coinpBiiabpdnthgl £ dual
rreta wire and a via. The dual rrascene process
Q#QES whi ch involve formng a via
opem ngr%l n t ctric layer : first and then

formng a trench, and formng the trench first and
then formng the via. 2

Description of Related Art

With the progress of integration of semiconductor devices, the use of
multi-metal interconnects are becoming wide spread. Usually, the lower the resistance
of the metal layer of the multi~metal interconnects is, the higher the reliability of
elements is, and the better the performance of the element can be, Among metal
materials, the copper is suitable to be used for the multi-metal interconnects because the
resistance -of copper is low. However, as it is difficult to pattern the copper in the
conventional photolithographic etching techniqué, a dual damascene process has been
developed. |

| "The dual damascene process is a technique that involves forming a trench
and a via opening in a dielectric layer and then refilling a metal to form a metal wire and
a via. The dual damascene process includes meany methods which involve forming a
via opening in the dielectric layer first and then forming a trench; and forming the

trench first and then forming the via.



When the nethod of formng the via opening first and
then formng the trench is enployed in the dua
damascene process, in the etching process of formng
the -trench, the corresponding netal |ayer under the
vi a opening may be damaged by etching, thus causing
the electrical problemof elenents. Referring to Fig.
1, in order to prevent the zorresponding netal |ayer
102 ungeh thd@embd of Paiifg tHer WM Jpeiiig fiekd AR Eebnbfprming the

etchant in the etching process of formng the trench,
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formed'in a dielectric |layer 106, first filling a gap
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correspondi ng netal |ayer 2 under the via
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t he net hod usual | y because of the shadow ng ef f ect
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formed I n t e subsequent etching, a dielectric [ayer
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referring to Fig in order to prevent the for
caysingt he prqblgse ef &@dﬁh@%é}fé‘éﬁwﬂ& | dlpaievernit i guit é{%ﬁlgt to

process, a polyner |ight process is adopted in
elimpnatecthe &mehshapeddielecttie layprt It injapplisgble thadipit éheehetlsl%s of dhe

the polynmer, the dielectric layer 106 at the corner

gaps fil) mnatsirial togreventrtbh forming; of thefoneeyshapadwiindestiinlaygre However,

et chant, and thus
under the influence of uniformity of etching and micro-loading effect, the thicknesses of

the gap fill material at the center of the substrate and at the edge of the substrate, or the
thicknesses of thé gap fill material in a dense region and in a loose region of the
substréte are greatly different, such that the process window is verj‘/ narrow.

In another aspect, reféning to Fig. 2, in order to prevent the forming of thé
fence-shaped dielectric layer in the efching process, a polymer light process is adopted
in a trench etching process. But, without the protection of the polymer, the dielectric
layer 106 at the corner 120a of the trench 120 is easily damaged by the etchant, and thus

the corner 120a of the trench 120 is rounded. After the metal layer 122 is deposited



the corner 120a of the trench 120 is rounded. After

the netal layer 122 is deposited 3 subsequently to

fill in the trench with the rounded corner, the two

nei ghbori ng dual damascene structures may be bridged

subsequent|y. SUMVARY OF THE | NVENTI ON Accordi ngly,

the present invention is directed to provide a nethod

of fabricating a dual dangscene structure, in, which

fubeequentlydp 1B inghe trepehnwith fhaypoupdes romeagthe e Feigabeype dual

rounded and al so the bridging of two nei ghboring dua

danrsespe fiEcErgsuray e dsidgedsnbisautlsr come. The present

invention is also directed to provide a nethod of

fabricating the dual damascene structure, in which

the form ng of a fence-shaped dielectric | ayer can be

prevent ed. The preseBVMMARKIOQICHHE ENVENTHEY direct ed

to provide a nethod of forming a conposite opening,

i n whi cAcdobdingly rthe rpreséntainnemt®nojsedirastpd ctanpiowidp r 2 vastiadd of

frombeing rounded and the form ng of a fence at the

fatericating 0dual henaseme siwotyrerin mdichahe trener pf e wenvhedn bd pevented

present invention provides a dual damascene process.
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substrate in which a liner is fornmed, and a via

capbyoveiconies formed in the dielectric |layer to expose

the liner on the substrate. Then, a gap fill nmaterial

is fillER prétedthevertich 0 RRO idRSste@Rhrévides msthad bf fabyiedting She

formed on the substrate. Next, a photolithographic

dRAIRRSE e WrudiireS InGilif10th B FR TS0 fAl fencde Shdrel ARbckR 1hyek Bardbe

trench in the dielectric layer to remain the gap fil
Qtqal having a top surface with a convex shape. In

the etching process, the etching rate of the gap fil

-mat eri apy el AxEl thvenliG B rther directed to provide a method of forming a
composite opening, in which the corner of a wide opening can be prevenfed from being
rounded and the forming of a fence at the comer of the narrow opening can be
prevented.

The present invention-provides a dual damascene process. In the method, a
dielectric layer is formed on the substrate in which a liner is formed, and a via opening
is formed in the dielectric layer to expose the liner on the substrate. Then, a gap fill
material is filled in the via opening, and a resistant layer is formed on the substrate.
Next, a photolithographic process and an etching process are performed to form a trench
in the dielectric layer to remain the gap fill material having a top surface with a convex
shape. In the etching process, the etching rate of the gap fill material layer is la.fger
than that of the resistant Iayef.- Then, the gap fill material, the resistant layer, and the

liner exposed by the via opening are removed, and a conductive layer is formed in the



than that of the resistant |ayer. Then, the gap fil
material, the resistant |ayer, and the |iner exposed
by the via opening are renoved, and a conductive |ayer
is formed in the 4 trench and the via opening. In the
dual damascene process according to an enbodi nent of
the present invention, in the etching process, the
etching selectjvity of the4gap fill material to the
trerehi and Zret vig egFBIET anges from 3 to 1.1. In the dual
damascene process according to an enbodi nent of -t he
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etching rate of the gap fill materjal is |larger than
invientionpfn theestaing| rwecess, ghel qighing sefastivifieolils |8am§ﬁré%%ﬁg to the
process according to an enbodi nent of the present
résisteahlayemangenfroma tefdhi ng process, the etching
selectivity of the gap fill material to the

di el ectinities fuml damaseengguodessoancdrdingtte ap embadiment of e present
damascene process according to an enbodi ment of the
ipefE@Nin th Riching ipeovesst the ewhinigiratg of dheegapffilk materialds Inggen than
| ayer is larger than that of the dielectric layer. In

tHanef it aleleti@iodecne process according to an enbodi nent
of the present invention, in the etching process, an

et chi ngn @asSduab ddmBcere fpréveyganording th e ahbalintahelthe peesent
process according to an enbodi nent of the present

VMR iPihe BRin@lRcUeRty ti@ascHigestidervithef the ghy fill matertd ¢ the
i ncl udes fluorohydrocarbon. In the dual damascene

dﬁ[e@&t%ii%re?{%ﬁ?ésfﬁoﬂm,g@)@_n enbodi ment of the present
I nvention, the etching gas further includes a carrier

gas. | %Wﬂ\%yéémag@éﬁesp?@d%% RESAMFSto A6 GRIbAHIREnE 6f e present
enbodi nent of the present invention, the etching gas
u{vgﬁticjﬂ,e the ief(’:ﬁinﬂ 088 oftfle AR l%qzr @A&rger than that of the dielectric layer.
In the dual da.niascene process according to an embodiment of the present
‘invenﬁon, in the etching process, an etching gas is free of oxygen.
In the dual damascene process according to an embodiment of the present
invention, an etching gas used in the etching process includes fluorohydrocarbon.
In the dual damascene process according to an embodiment of the present
invention, the etching gas further includes a caniér gas.
In the dual damascene process according to an embodiment of the present
-invention, the etching gas further includes an adjusted gas.
" In the dual damascene pmcesé according to an embodiment of the present
invention, the material of the dielectric layer comprises a low dielectric constant
.material.

According to the embodiment of the present invention, the dual damascene



In the dual damascene process according to an

enbodi nent of the present invention, the material of
the dielectric |ayer conprises a |ow dielectric

constant material. According to the enbodi nent of the
present invention, the dual damascene 5 process

further conprises formng a cap |ayer on the

dielectric layer before the ia opening is forned. In_
ploeesd Ufalthed aompden dorpimr e ssp dayeopulithegdieloctrin layan beforrethe via
of the present invention, the gap fill material

opdifgiis #emad.pol ymer wi t hout anti-reflective property.
The present inventi on provides a nethod of formng a
conposi T thepdnal dugpascefe prkessiaatordiay ér an smbalimend of fhegpresent
substrate, and then a narrow opening is forned in the
fRt@ionaihe bayRll mathiéal comprigap pblyinkr withomt ardil-reflectivo property. n
the narrow opening. After that, a resistant layer is
fornmed Qe phgens iisitoat@otidescomethod lof famaingra edmposijeeepening.
and the gap fill material. Then, a photolithographic
AMRRKESS 18/e6isabmit i gbiraes asd thiah @ maso epemng isdforthal imthe
a W de opening in comunication with the narrow
RBRANNSyek N N aFap Gl hidterikbly frmed 8tHe harawespehingt hafterathat, a
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the resistant |ayer are removed to expose the
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conmposite opening. In the method of formng the
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expose the wide opening and the narrow opening, so as to fprm the composite opening.

In the method of forming the composite opening according to an
embodiment of the present invention, in the etching process, the etching selectivity of
the gap fill material to the resistant layer ranges from 3 to 1.1.

In the method of forming the composite opening according to an
embodiment of the present invention; in the etching process, the etching rate of tﬁe gap
fill material is larger than that of the material Ia-yer.

In the method of forming the composite opening according to an
embodiment of the present invenﬁon, in the etching process, the etching selectivity of
the gap fill material to the material layer ranges from 1.2 to 2.

In the method of forming the composite opening according to an



enbodi nent of the present invention, in the etching
process, the etching rate of the gap fill material is

| arger than that of the material l|ayer. In the nethod

of form ng the conposite opening according to an

enbodi nent of the present invention, in the etching
process, the etching selectivity of the gap fil

material to the material |ayér ranges from1l.2 to 2.
¢mbadireentref tho gressnt ingentionghe Pehipg rgoe therepiplanilagr is larger than
according to an 6 enbodi nent of the present

thatvoef the moaterial kgeret ching rate of the resistant layer is

| arger than that of the material layer. According to

t he enbddéanding tcofhetdmboginenenf therpresent twvention, iththermpethodl of
of formng the conposite opening, the material of the
fyapingith¢ compexite adpewiogyphe seaterial gfothy rpep fill tdwtarial comprises a
anti-reflective property. According to the enbodi nent
siiyrhdieviphoatsatitefleoientoperty. i n t he nmethod of formng

the conposite opening, an etching gas used in the
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gas further includes a carrier gas. According to the
RisRAJaBHbof the present invention, in the method of
formng the conposite opening, the etching gas further
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. forming the composite opening, the etching gas further includes an adjusted
gas.

The method of fabﬁcaﬁng the dual damascene structure of the present
invention can prevent the corner of the trench from being rounded, preverit the two
-neighﬁoﬁng dual damascene structures from being bridged, and prevent the forming of
the-fence-shaped dielectric layer ai.thc corner of the via opening.

The method of forming the composite opening of the present invention can
prevent the comer of the wide opening ﬁdm being rounded and prevent the corner of
the narrow opening from forming the fence-shaped bump.

In order to the make aforementioned and other objects,' features and
advantages of the present invention comprehensible, preferred embodiments |

accompanied with figures are described in detail below.



t he-fence-shaped dielectric |ayer at the corner of the
vi a opening. The nethod of form ng the conposite
openi ng of the present invention can prevent the

corner of the wi de opening from being rounded and
prevent the coner of the narrow opening fromform ng
the fence-shaped bunp. In order to the nake

af orenenti oned and ot her objectg, features and

advant ages of BRE# IPEKIERTION @31t PRSI Ehensi bl e,
preferred enbodi nents acconpanied with figures are
descri bEg. 1 s dehanitichedsswectitnal BRVERT DESCRIHRPEdNcleRtriCHigyer
DRAWNGS Fig. 1 is a schematic cross-sectional view of
farrberlrin e cabaptmialddval @edascene pagess. formed in a
conventional dual damascene process. Fig. 2 is a

schemat Fig. 2 1i93s chadeitic aness-skdtenalofiew f the bdging cased &gt the
by the rounding of corner of a trench in a

oaiierificomal ofdwRhcitiaarsaenton 064 damascer@rocdss.t 0 3F
are schematic cross-sectional view of a dual

‘damascCeFigs. I RCHD SredSuhorhigtid) SrobsedtiorAlTiRds IBENE dedl dalRscene
present 1 nvention. Figs. 4A to 4D are schenmatic

PRERSSTREk ARl emtloB¥enPéf thdfreRinPiR&dRE. Of forming a
con‘posnte openi ng accordi ng to an enbodi nent of the
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"First E odinent Referring to Fig. 3A, the dual
danascene structure of .,this e i S .ned_on-a
boping awaf?&fea%meg\?g%mﬁa%f&e Rl

forned on the substrate. 300, and a liner 304 |s
al ready covered on the conductive |ayer 302. The

substrate 300 is, for exan(ﬁN a sen.c I\S;i];{gctor
substrate, such as LESCRIPAE

The First Embodiment

Referring to Fig. 3A, the dual damascene structure of this embodiment is
formed on a substrate 300. A conductive layer 302 is already formed on the substrate |
300; and a liner 304 is already covered on the conductive layer 302. The substrate 300
is, for example, a semiconductor substrate, such as a silicon substrate or a
silicon-on-insulator (SOI) substrate. The conductive layer 302 is, for example; a metal
interconnect, such as a copper wire. The liner 304 covered on the conductive layer
302 can be used to prevent the conductive layer 302 from being oxidized, the material
thereof is, for example, a layer of SiN, and the forming method is, for example,
chemical ‘vapor deposition (CVD). A dielectric layer 306 is formed on the liner 304,
and the material thereof is, for example, a low dielectric constant material. The low
dielectric constant material is a material layer with a dieiectn'.c- constant lower than 4, for.

example fluorinated silicon glass (FSG); silsesquioxnane, such as hydrogen



silicon-on-insulator (SO) substrate. The conductive

| ayer 302 is, for exanple, a netal interconnect, such
as a copper wire. The liner 304 covered on the
conductive | ayer 302 can be used to prevent the
conductive |ayer 302 from bei ng oxidi zed, the materi al
thereof is, for exanple, a layer of SiN, and the
formng nmethod is, for exanplg, chem cal vapor
stiepqioinand (HEYD)metd dilgdsqdbxane (VBB aidD Gybritlofarganedsilorane
the liner 304, and the material thereof is, for

pOXaEP (HOSE); |aitndlic dly@etirben, Gadls 4o Ml Kyairganbsilicatel flasd, oueh as
dielectric constant material is a material |ayer with
bikckl ideinf@l (BD),CIMS aus; poylede; Fiinfo-Folyner, sudxaRIEB, CYTOP,
fluorinated silicon glass (FSG; silsesquioxnane, such

TeSor) VbR 8§ Retliers), S bulch @R OPA B2 FNAREIHKdrous"BilfiMér, such as XLK,

si | sesqui oxane (MsQ), and hybrl do- organo sil oxane
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organosi li cate glass, such as black dianond (BD),
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deposition of the gap ﬁﬂ.-mateﬁal 312 is good, so the difference between the gap fill
material 312 in the dense region and in the loose region is small. The material of the
gap fill material 312 includes a polymer without anti-reflective property, for example,
GF43 and DUVS2, and the forming method is, for example, spin coating.

Afterwards,‘ referﬁﬁg to Fig. 3C, a part of the gap fill material 312 is
removed, and the gap fill material 312a. in the via opening 310 is left. The remaining
gap fill material 312a has a substantial flat surface or a depressed surface with lower
central portion and higher sides. The process of removing a part of the gap fill
material 312 can be an etch back process. Then, a resistant layef 314 such as a bottom

anti-reflective coating is formed on the substrate 300. The height of the remaining gap




deposition of the gap fill material 312 is good, so

the difference between the gap fill material 312 in
the dense region and in the |oose region is snmall. The
material of the gap fill material 312 includes a

pol ymer w thout anti-reflective property, for exanple,
GF43 and DW52, and the formng nethod is, for
exanpl e, spin coating. AfterWards, referring to Fig.
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the etching process, the etching rate of the gap fill material 312a is larger than that of

ﬁhw

the resistant layer 314, and the etching rate of the gap fill material 312a is larger than
that of the dielectric layer 306. Preferably, the etching rate of the gap fill material 312a
is larger than that of the resistant layer 314, and the etching rate of the resistant layer
314 is larger than that of the dielectric layer 306. The etching seleqtivity of the gap fill
material 3124 to the resistant layer 314 ranges, for example, from 3 to 1.1, and the
- etching selectivity of the gap fill material 312a to the dielectric layer 306 ranges, for
example, from 1.2 t0 2. In an embodiment, in the etchiﬁg process, an etching gas, for )
example, the gas free of oxygen, such as ﬂuorohydroéarbon, which is capable of

forming more polymers in the etching process is used as the etchant. The




t he opening pattern 318 to the dielectric |ayer 306
and to forma trench 320 in the dielectric |ayer 306.
The trench 320 is communicated with.the via opening
310. In the etching process, the etching rate of the
gap fill material 312a is larger than that of the
resistant |ayer 314, and the etching rate of the gap
fill material 312a is largeryghan that of the
flubreliydedchibon [saylecteBG6m aRredparoakibting dfl0F ., aEBHL OH:F.aCEHgfand
the gap fill material 312a is larger than that of the
the akinieatidredfay By anFinbodiargt, biesOahitlitbnCFaf ¢ 5Hcemimmd CFsH of
resistant layer 314 is larger than that of the
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gap fill material 312a to the resistant |ayer 314
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by the rounding .
remaihing gap fill material 312b is C1. 'When the height of the gap fill material 312a

is low, i.e. hy, the remaining gap fill material 312b is C2 (indicated by the dotted line).
No matter whether the gap fill material 312b is C1 or CZ,: the shadowing effect of the
gap fill material will not occur, and the fence-shaped dielectric layer will not be left at
the corner of the via opening 310.

Then, referring to Fig. 3E, the photoresist layerf 316, the resistant layer 314,
and the gap fill material 312b are removed. In an embodimenL the photoresist layer
316, the resistant layer 314, and the gap fill material 312b can be removed at the same

time through for example oxygen plasma ashing. Then, the liner 304 exposed by the



of the corner of the trench will not occur. In another

aspect, as the etching rate of the gap fill materi al

312a is larger than that of the resistant |ayer 314

and the dielectric layer. 306, in the etching

process, the gap fill material 312a when exposed is

qui ckly etched, so that the gap fill material 312b

| eft after the etching priacess has a top surface with

vy opefiny S10 S aved\h extidrivadied ghtiduafvetlagr 3ap if ifdrined on the

material 312a is high, i.e. hr, the remaining gap
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@ggg rﬁﬁ%er will not be left at the corner of
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IS for exanpl e, copper yer. Then, referring to
resuiogande,tbe1033%5&*9118?31%@586%&8 tive layer 322 is

renmoved, the conductive layer 322a in the trench 320

and t hehaSegonsfenpadinato is left. The conductive | ayer
322a includes a netal |ayer 324a and a barrier |ayer

326a. Hife 44 Endhi w9 whemalig wess-SeROBHCYIFWEIOT s REATPSE of

polishing. In the polishing process, the
forming a composite opening according to an embodiment of the present invention.

Referring to Fig. 4A, a material layer 406 is formed on the substrate 400, the
material thereof is not limited, and can be, for example, a dielectric layer such as a
silicon 6xide layer or any material that is predetermined to form the composite opeﬁjng,
an& the forming method is, for example, CVD. Then, the photolithographic process
and the etching process are performed to form a narrow opening 410 in the’ material
layer 406. The etching gas usgd in the etching process is relative to the material of the
dielectric layer. When the material layer 406 is silicon oxide, the etching gas is, for
example, CF/A/N, or CHF3/Ar/N,.  Then, a gap fill material 412 is filled in the

narrow opening 410. The uniformity of the deposition of the gap fill material 412 is



cap layer 308 is used as a polishing stop |ayer, so as
to elimnate the problem of over-polishing the

di el ectric layer 306 due to the different polishing
rates of the dense region and the | oose region on the
substrate 300. The Second Enbodi nent Figs. 4A to 4D
are schematic cross-sectional views of the processes
of formng a conposite opehing according to an
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method is, for exarrple CVD. Then, the
%ﬂ’&?rpa ﬁflﬁ%ﬁngphl c process and the etching process are
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and the form ng nethod is, for _exanple, spin coatln
b iadicatede b fthe dfgttesidmea .g. Thepmifermigy of dhe ¢ipfa baelp of fhe sap
material 412 is renoved, and the gap fill material
matedial 417 is geod rad differense Rtgensthe remainag gap filhmajesiakd 137 fpjthe

gap fill material 412a has a substantial flat surface
dense segibapné ésthd lease fegion iginpholiviner TFhereferg) the the resistant layer -

414 formed subsequently has a fine uniformity and the surface is quite flat. In the
subsequent photolithographic process, the quality of the patterning is not affected by the
uneven height of the surface 6f the substrate. Afterwards, a patterned photoresist layer
-416 is formed on the resistant layer.414. The photoresist layer 416 has an openiﬁg
| pattern 418, and the opening pattern 418 is a pattern that is predetermined to form the
wide opening in the material layer 406.

Then; refening-fo Fig. 4C, the photoresist layer 416 is used as a mask to etch
the resistant layer-414, and the material layer 406, so as to transfer the opening pattern
418 to the material layer 406 and to form a wide opening 420 in the material layer 406.
The wide opening 420 is communicated with the narrow opening 410. In the etching

process, thewétching tate of the gap fill material 412a is larger than that of the resistant



portion and higher sides. The process of renoving a
part of the gap fill material 412 can be the etch
back process. Then, a resistant |layer 414 is formed on
the substrate 400. The hei ght of the remaining gap

fill material 412a is not |limted and can be h3 or h4
(indicated by the dotted line). The uniformty of the
etch back of the gap fill 1@aterial 412 is good, and

lgiter b4, ené dheirichingerater ofctbe aamifilli myjeripd $124 is langan Gen Hiat of the
412a in the dense region and in the | oose region is
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such as nitrogen and carbon monoxide in addition to fluorchydrocarbon and the carrier

gas. As the etching gas used in the etching process is the etching gas that can form
more polymers, and the polymer formed in the etching process can protect the dieleciric
layer at the comer of the wide opening from being damaged by etching. Therefore, the
problem of ‘rounding the éo.rner of the wide opening will not occur. In another aspect,
as the eiching rate of the gap fill material 412a is larger than that of the resistant layer
414 and the material layer 406, m the etching process, the gap fill material 412a when
| exposed is quickly etched, so-as to maice the gép fill material 4125 left after the etching

process has a top surface with a convex shape. When the height of the gap fill material



etching selectivity of the gap fill material 412a to
the material |ayer 406 ranges, for exanple, from1l.2
to 2. In an enbodinment, the naterial |ayer 406 is
silicon oxide. In the etching process, an etching
gas, for exanple, the gas free of oxygen, such as
fl uorohydrocarbon, which is capable of forning nor e
pol yners in the etching prddess is used as
%2%15' high, i.eThethe reresining errofeihmsisrial 42k i Gt éthnrtb%heaght of the
group consisting of CF4, CF3H, CH2F2, CFH3, and the
gap illumeteritlet @afis low b Jenited remaining pp 780 meferial ¢63h is C4
CF4 of 155 sccm and CF3H of 95 sccmare used as the
(isdicatechy thasloties! Jire).f Gormater whethrribe gqir @t owterial 412b is C3 or
anot her enbodi nent, in the etching process, the
Cdt thaishaglogag dffigctt dfahe gamGll mabderiat svill inefr oagurs asdithe feree-shaped
argon in addition to fluorohydrocarbon. In another
matedteldayee istnot Jefi at the caherhif itig: rprrowapsning #0. et chi ng gas
further includes an adjusted gas such as nitrogen and
car bon Ther) eaferting toFigddd, tthophdterefiktuayeo B tlecasiitan layed 414,
the carrier gas. As the etching gas used in the
ae] B igAOfiR HOGRiasd 125 atdenrivediongpgastht Ratove apenimgr 400, amd the
polymers, and the polyner fornmed in the etching
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erial layer 406, in the etching process, the gap
I naterial 412a when exposed is quickly etched, so
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layer in the narrow opening first formed, and the remaining of the gap fill material

‘having a top surface with a convex shape. Therefore, the present invention can prevent

the comner of the wide opening from being rounded and prevent the forming of fence at

the corner of the narrow opening.

The method of fabricating the dual damascene structure of the present

invention is of using a gap fill material with the etching rate larger that of the resistant
layer in the via opening first formed, and the remaining of the gap fill material having a
~ top surface with a convex shape.- Therefore, the present invention can prevent the

corner of the french from being rounded, operate an etching process in an oxygen-free




C4, the shadowi ng effect of the gap fill material wll
not occur, and the fence-shaped naterial |ayer is not
| eft at the corner of the narrow opening 410. Then,
referring to Fig. 4D, the photoresist |ayer 416, the
resistant |layer 414, and the gap fill material 412b
are renoved to expose the narrow opening 410, and the
narrow openi ng 410 and t hé>w de opening 420 constitute
attnosgieos bevapaehk ngo 48hboning dwel etvbmskiens stryctuthg from being
photoresi st |ayer 416, the resistant |ayer 414, and
bidped gap pfavedt therfatnging of thd fétbe-clraped diclestniolayer i thet doenes afribe
time through for exanple oxygen plasma ashing. The
viaephag. of fabricating the conposite opening can be
used in any process requiring that the w de opening
and t hg wifirQppRar ih tesasdllédinthe atthat haiomamodificatons and
The nethod of form ng a conposite opening of the
viHa88@an bO WA 00he ktRkhitél 68 the Frédentdn@afor withouldép@eting from
with the etching rate [arger than that of the
the @8Rt @ pirit bAMR intdRtbAEe TPV RRGBIcBEN, it &linfeBdddliat the
and ‘the remaining of the gap fill material having
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present 1nvention can prevent the corner of the w de
w@ﬂﬁ%é&goﬁero?ﬁie?&ld%&n axindedq and Lhexems, the formng of

ence at® the cornetr of the narrow opening. The nethod

of fabricating the dual damascene structure of the

present invention is of using a gap fill materi al

wWth the etching rate larger that of the resistant

| ayer in the via opening first formed, and the

remaining of the gap fill material having a top

surface with, a convex shape. Therefore, the present

i nvention can prevent the coner of the trench from

bei ng rounded, operate an etching process in an

oxygen-free 15 atnosphere to prevent the two

nei ghbori ng dual damascene structures from bei ng



bri dged, and prevent the form ng of the fence-shaped
dielectric layer at the coner of the via opening. It
will be apparent to those skilled in the art that
various nodifications and variations can be nade to
the structure of the present invention w thout
departing from the scope or spirit of the invention.
In view of the foregoing, P is intended that the
WHABBRLAIMENS: on nodi fications and variations of this
invention provided they fall wthin the scope of the
f ol llonidng dehaters paordsst brnprisagui val ents. 16 WHAT | S
CLAIMED IS: 1. A dual damascene process, conprising:

pr o\pralidigg wsubstiagd, hasting a drandigiiye seghprrduered bea leagi on
covered by a liner; formng a dielectric |ayer on the
|'i negrmifpor didlegrialayérandlxeliviensg i n the dielectric |ayer
to align with the conductive region and to expose the
| i N@#rmidg d Vih BEendnggiaphé diclectrintlayet @l align withehe/candugsivn iregion
formng a resistant |ayer on the substrate to cover

arldt6 eliosd @6 tifdrc | ayer and the gap fill material;
perform ng a photolithographi c process and an etching

Pr OG@if ate@p FiRBkeRial MQRCHa opdhidghe di el ectric |ayer and

to remain the gap fill material having a top surface
Wi T B M @afnt $RP6h theBEHsBE® to Sovkhe GleldiriadayRr ALEES gap
the etching rate of the the gap fill material is

ﬁﬁﬁfa&ﬁ&'than that of the resistant |ayer renoving the
gap fill material, the resistant layer, and the |iner

ex p%&‘?&mﬁ:\é 4 iftolitiloBrdpRie Pr&lBss AA%n etching process to form a trench
in the dielectric layer and to remain the gap fill material having a top surface with a
convex shape, wherein 111 the etching process, the etching rate of the the gap fil
material is larger than that of the resistant layer

removing the gap fill material, the resistant layer, and the liner éxposed by the
via opening; and

forming a conductive layer in the trench and the via opening.

2. The dual damascene process-as claimed in claim 1, wherein in the etching
process, the etching selectivity of the gap fill material to the resistant_ layer ranges from
“3tol.1.

3. The dual damascene ‘process as claimed in claim 1, wherein in the etching
process, the etching rate of the gap fill material is larger tha.n that of th_e dielectric layer.

| 4. The dual damascene process as claimed in claim 3, wherein in the etching
process, the etching selectivity of the gap fill material fo the dielectric layer ranges from

12t02.



form ng a conductive layer in the trench and the via
openi ng. 2. The dual damascene process as clained in
claim1, wherein in the etching process, the etching
selectivity of the gap fill material to the resistant
| ayer ranges from 3 to 1.1. 3. The dual damascene
process as clained in claiml1, wherein in the etching
process, the etching ratérﬁf the gap fill material is
| ar gethe ¢rghdampgeens pracess ag clajnaedyip claim 4y wherein ghe efehingfgig| of
damascene process as clainmed in claim3, wherein in

the pesistantlayends Jareecibas that of dheedielpetiig laget ectivity of the
gap fill material to the dielectric |ayer ranges from
1. 2 6t dbe dual damgscerh progess|as ¢iaimed endaigr dcwbereingn dhapivhing
in claiml, wherein the etching rate of the resistant

proesps an piching eesde frehofoxyBet of the dielectric |ayer. 6.
The dual danmascene process as clained in claim1,
whe7eThe dwal damasemehprogess ps olabses! inantaimt k hitrerpin as eiching gas
free of oxygen. 7. The dual danmascene process as

used & theeching poaissrintluded@roeohydararbbehi ng gas used in
the etching process includes fluorohydrocarbon. 8. The
duaB, Tiendet dnsaspereqes®saas dhiaieddn claim ¢| aherein, thevetehing rgas
the etching gas further includes a carrier gas. 9.

fukthe inblirles dledtBagane process as clained in claim8,
wherein the etching gas further includes an adjusted

gasg. e dubl@ariiidine (RERELA Eaiflcd G2 SRInA S, WhéreiiBte biRhing gas
claim1, wherein the material of the dielectric |ayer

fuRi RichRiBSarfadiB¥WdGhe! ectric constant material. 11. The
dual damascene process as claimed in claim1l, further
CONMPY, IThe '§8al damascene process as claimed in claim 1, wherein the material of
‘the dielectric layer coﬁprises a low dielectric constant material.
11. The dual damascene process as claimed in claim 1, finther compﬁsing
‘forming a cap layer on the dielectric layer before the via opening is formed.
12. The dual damascene process as claimed in claim 1, wherein the gap fill layer
comprises a polymer without anti-reflective property.
13. Amethod of forming a composite opening, comprising:
forming a material layer on a substrate;
forming a narrow opening in the material layer;
forming a gap fill material in the narrow opening;
forming a resistant iayér on the substrate to cover the material layer and the gap
fill material;
. performing a photolithographic process and an etching process to form a wide

opening in communication with the narrow opening in the material layer, and to remains



|

formng a cap layer on the dielectric |ayer before the
via opening is forned. 12. The dual damascene process
as clainmed in claiml1, wherein the gap fill Iayer
conprises a polynmer wi thout anti-reflective property.
13. A nmethod of form ng a conposite opening,

conprising: formng a material |ayer on a substrate;
formng a narrow opening in the material |ayer;
thecgapifitigmatetid paving b temswrfacawithn qomeexnhepe whejsninrhe etching
formng a resistant |ayer on the substrate to cover
progess,the elcling rateagfdhe gapdilt materjalps lafder thanrthabed the resistant layer ;
perform ng a photolithographic process and anet chi ng
apt ocess to forma wide opening in conmmunication with
the narrow opening in the material layer, and to

r emaemevidgthe plyefil) aptdial indrnthe esisaht layger itogxkpaset thp widsrdpacieg
with a convex shape, wherein in the etching process,
aidtie il dpgningtse asto fohe tigapmbbdile opatieg.i al is | arger
than that of the resistant layer ; and renoving the
gap 1% The mtiRdi 6 foanthgt he coRpdik adpening e reldite® Xpabdm 13,
the wi de opening and the narrow opening, so as to

whersii ih Hie SO prdcessO R Ntdiihg sefbctiviie ok hag I mhteriali thghe
the conposite opening as clainmed in claim113, wherein

reg,gtaﬁthg,e{e;agjﬂslmmpg fCESS, the etching selectivity of the

gap fill material to the resistant |ayer ranges from
3 19511 nileﬁmd-rdiefoﬁﬁihgctge Qbm &‘Etg]di')gmh@%s GRARES i @laim 13,
openlngascalrredlncalm wherein in the

RLGh! Nfe 8 Eo il R8teHARs faldet than that
Wrratelrn‘in% Fglr%aeegrs t an t ﬁ% %ﬁ{e mat grl al ai‘égye?n
of the material Iayer.

16. The method of forming the composite opening as claimed in claim 15,

‘wherein in the etching process, the etching selectivity of the gap fill material to the

material layer ranges from 1.2 to 2.
17. The method of forming the composite opening as claimed in claim 13,
wherein the etching rate of the resistant layer is larger than that of the material layer.

18. The method of forming the composite opening as claimed in claim 13,

wherein the material of the gap fill material comprises a polymer without anti-reflective

property.

19. The method of formiﬁg the composite opening as claimed in claim 13,
wherein an etching gas used in the etching process includes fluorohydrocarbon.

20. The method of forming the composite opening as claimed in claim 19,
wherein the etching gas further includes a carrier gas.

~ 21, The method of forming the composite opening as claimed in claim 20, .



16. The nmethod of form ng the conposite opening as
clainmed in claim15, wherein in the etching process,
the etching selectivity of the gap fill material to
the material layer ranges from1.2 to 2. 17. The

met hod of form ng the conposite opening as clained in
claim13, wherein the etchinqgrate of the resistant

| ayer is |larger than that of the material |ayer. 18.

wirpraintha siehingoges fusthes ngudesencdivngsd 8% opening as cl ai nmed

in claim13, wherein the material of the gap fil
materi al conprises a polyner without anti-reflective
property. 19. The nethod of form ng the conposite
opening as clainmed in claim 13, wherein an etching
gas used in the etching process includes

fl uorohydrocarbon. 20. The nethod of form ng the
conposite opening as clained in claim19, wherein the
etching gas further includes a carrier gas. 21. The
met hod of form ng the conposite opening as clained in
claim 20, 19 wherein the etching gas further includes
an adj usted gas. : '



