Title METHOD FOR FABRI CATI NG A DUAL DAMASCENE STRUCTURE Background of the
Invention 1 . Field of the Invention The present invention relates to a
nmet hod for fabricating a dual danascene structure, and nore particularly,
to a method for fabricating a dual damascene structure by using carbon
monoxi de (CO) and deionized (D) water for efficiently cleaning residues
in avia hole after an etching process. 2. Description of the Prior Art A
dual damascene process provides a nethod of forming a netal wire coupled
with a via plug as a stack structure. The dual damascene structure is used
to connect devices and wres in dif%e ent |ayers of a sem conductor wafer
and is insulated from other devices!'Bif t he inter-layer dielectrics (ILD)
around it. The copper damascene processes, which incorporate copper as the
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Background of the Invention

1. Field of the Invention

The present invention relates to a method for fabricating a dual
damascene structure, and more particularly, to a method for fabricating
a dual damascene structure by using carbon monoxide (CQ) and
deionized (DI) water for efficiently cleaning residues in a via hole after

an etching process.

2. Description of the Prior Art

A dual damascene process provides a method of forming a
metal wire coupled with a via plug as a stack structure. The
dual damascene structure is used to connect devices and
wires in different layers of a semiconductor wafer and is
insulated from other devices by the inter-layer dielectrics (ILD)
around it. The copper damascene processes, which incorporate

copper as the conductive material of dual damascene structures, are




to forma netal wire of sem conductor processes under 0.18 or deep

sub-m cro mcron generations in high integration and high processing speed
logic integrated circuit (1C) chip fabrication nmethod. Since copper has

| ow resi stance (30% | ower than alum num), better electromgration
resistance and lowk materials, it is capable of reducing RC del ays
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and nore mportant in I'C proce Typi c anmascene process
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defi ni ng a via.o enlnP I n dlelectrlc |.ayers and then Llnln a trench
above t heSYPaMYHENMIGreN) desiengtions dp dligh infegration an d fHgheptans 581Nk eps.

Pl ease refer to Figs. 1 -4, which are schematic diagrans of via-first dua
damascenespeeddegicintey mtad aisuwihdChehin fabrication smeshed. Simgecoppen

sem conduct or device 10 conprises a substrate 12 having a conductive |ayer

14, a di ehastloicrdsagtanca§30dhbveemptiroahaniumpykettan et tpmnégration t he
substrate 12 formbottomto top. An etching stop layer 16 nay al so be

formed onrédistaicel afel Rwikemaeandalst iives! @sibld4of AeBlefy RChemIaRY
between metal wires. Accordingly, copper damascene processes
become more and more important in IC processes. Typically, the dual
damascene process encompasses trench-first, via-first, partial-via, and
self-aligned processes, in which the via-first dual damascene process
comprises first defining a via opening in dielectric layers and then
defining a trench above the via opening by using several lithographic

and etching steps.

Please refer to Figs. 1-4, which are schematic diagrams of via-first
dual damascene process according to the prior art. As shown in Fig. 1, a
semiconductor device 10 comprises a substrate 12 having a conductive
layer 14, a dielectric layer 18, and a photoresist layer 20 disposed on
the substrate 12 form bottom to top. An etching stop layer 16 may also
be formed on the surface of the conductive layer 14. A photolithography
process is perfbrmed to pattern the photoresist layer 20 so as to form a

via pattern 22 on the photoresist layer 20.




process is perfornmed to pattern the photoresist |layer 20 so as to forma
via pattern 22 on the photoresist layer 20. 2 As shown in Fig. 2, an
etching process is perforned to renove a portion of the dielectric |ayer
18 through the via pattern 22, until the surface of the etching stop |ayer
16, for formng a via hole 24. However, residues 26 are fornmed on the
sidewal | or bottomcorner of the via hole 24 together with the etching
process, wherein the residues 26 usually conprises high-nol ecule polyners
wi th carbon, silicon, nitrogen, fluorine, titanium or other inpurities.
The re5|dues 26 ﬁoverjn ,thg surface of the via hg)e 24 influence the
critical di néWsEBAWNCH Fig. 2¢ an| Pwhieg Jresess és PastPrsaed dPnktReveR t he

sem conduct or deV|ce 10, such as the quality of contact plug |n the via
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In the prior art oxygen (02) is usually used to renove the photoresist
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residues 26 are formed on the sidewall or bottom corner of the via hole
24 together with the etching process, wherein the residues 26 usually
comprises high-molecule polymers with carbon, silicon, nitrogen,
fluorine, titanium, or other impurities. The residues 26 covering the
surface of the via hole 24 influence the critical dimension (CD) of
following processes and performance of the semiconductor dévice 10,

such as the quality of contact plug in the via hole 24, resulted in

reaction chamber memory effect.

| With reference to Fig. 3, an ash process is carried out to remove the
photoresist layer 20. In the prior art, oxygen (O2) is usually used to
remove the photoresist layer 20. In addition, the ash process may be
carried out by combining oxygen with nitrogen (N3) or a little amount of
tetrafluoromethane (CF4). Although the ash process causes an efficient

removal of the photoresist layer 20 and a breakdown of polymer bonds




tetrafluoronethane (CF4). Although the ash process causes an efficient
renoval of the photoresist |ayer 20 and a breakdown of polynmer bonds 3 of
the residues 26 present in the sidewall at the bottomof the via hole 24,
phot oresi st resi dues 30 may be newy forned on the dielectric |ayer 18.
However, the ash process is not able to effectively renove the
fluorine-containing residues 26. On the other hand, although the process
by conbi npﬁghgwgéﬁl% 26 presepiin tre sidavsall ab the hmttomnef thvimbeler esi dues
26, the method of renoving the photoresist layer 20 that utilizes

fl uori ne-gqgnt |n|n as e SI| remains fl I ne-cont ai ni | dues 28, 32
on the si dnaNoteF & ABrmay henaewhatoran @wod eloricaveice of the
dielectric Iayer 18, these resi dues 28, 30, 32 also af fect the performance
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to clean the senm conductor device 10 in conventional nethod. After the

resi dues Rorffe-cBhedining SFEALe 0260 0n NGRS _had! SIBMAGR e {7 ench

structure can orme er rrng erhe esi st |ayer
(not shown) is

process by combining oxygen with 4-5% of CF4 helps to remove the
polymer residues 26, the method of removing the photoresist layer 20
that utilizes fluorine-containing gas easily remains fluorine-containing
residues 28, 32 on the sidewall or bottom corner of the via hole 24 and
the surface of the dielectric layer 18, these residues 28, 30, 32 also
affect the performance of following processes and electric quality of
contact plug that will be formed later. As a result, liquid solvent having
high cost has to be used to clean the semiconductor device 10 in
conventional method. After the residues 28, 30, 32 are removed by the

high-cost liquid solvent, a trench structure can be formed.

Referring to Fig. 4, a patterned photoresist layer (not shown)} is
formed on the dielectric layer 18, wherein the patterned photoresist
layer has a trench pattern. Thereafter, the dielectric layer 18 is etched

through the trench pattern so as to form a trench structure 34 on the




formed on the dielectric layer 18, wherein the patterned photoresist |ayer
has a trench pattern. Thereafter, the dielectric layer 18 is etched

t hrough the trench pattern so as to forma trench structure 34 on the 4
upper portion of the dielectric layer 18. Finally, the patterned

phot oresi st | ayer and a portion of the etching stop |layer 16 are renoved
to expose the conductive layer 14 in the via hole 24, and the fabrication
of the duHPPghniordaB &fethfg dielectrigedayess Ifbnthioaldy dbevdatierned easily
to remain residues on the surface of the via hole during formng the via

hole. In agdition, ,the process of enmovi ng t he otoresi st | ayer by
P uor i ne- oAt JaySEn g acRortoreh TR Gldlinaiak IRt foate siedy) a hol o
or the dielectric layer. The above-nentioned residues have to be cl eaned

ot or ol s CaPRPgeREng RehangR¥dver, Palfifnbdfa B8N 24nandtob RbsRauBR o™ how
to inprove the dual danascene fabrication nmethod to reduce process cost is

still an of PROHAN HanTRHR neCb pl g BYSrAfdd!r ers. Sunmary of the Invention

As mentioned above, it is easily to remain residues on the surface of
the via hole during forming the via hole. In addition, the process of
removing the photoresist layer by fluorine-containing gas, such as CF4,
also forms residues on the via hole or the dielectric layer. The
above-mentioned residues have to be cleaned through using high-cost
solvent. Since the costs of solvent or chemical materials are generally
one of the keys of semiconductor process cost, how to improve the dual
damascene fabrication method to reduce process cost is still an

important issue for the manufacturers.
Summary of the Invention

It is therefore a primary objective of the claimed invention to

provide a method for fabricating a dual damascene structure by




It is therefore a primary objective of the clained invention to provide a
nmet hod for fabricating a dual damascene structure by 5 utilizing carbon
nonoxi de and DI water for renoving photoresist |layer and residues so as to
sol ve the above-nenti oned probl em of using high-cost solvent for cleaning
via hole in the prior art. According to the clained invention, the nethod
for fabricating a dual damascene structure conprises providing a substrate
with a coHBUING earhery enonaxide and RRlcwatey targiemeyisg, photaresisslayss | ayer,
and a first photoresist |ayer disposed on the surface of the substrate in

order, patterning the first photoresist |ayer to defi a vi.a pattern on
She firoranfiofesidubdio ai i BRR hETIRove dyShtipRed: PEISRTA ST aSRES 1o

renove a portion of the dielectric layer through the via pattern, until

G o1 oot ri PR B Kor g Wl b BTBLAR, &gk Arr v o T omove the

first photoresist |layer, wherein the ash process is carried out through
provi ding a CO containing gas. Thereafter, gap-fill polymer (G-P)
materials are formed in the via hole structure. A second photoresist |ayer
Is formed on the surface of the

According to the claimed invention, the method for fabricating a dual
damascene structure comprises providing a substrate with a conductive
layer, a first etching stop layer, a dielectric layer, and a first photoresist
layer disposed on the surface of the substrate in order, patterning the
first photoresist layer to define a via pattern on the first photoresist
layer, and performing a first etching process to remove a portion of the
dielectric layer through the via pattern, until exposing the etching stop
layer, for forming a via hole structure in the dielectric layer. Then, a first
ash process is performed to remove the first photoresist layer, wherein
the ash process is carried out through prdviding a CO-containing gas.
Thereafter, gap-fill polymer (GFP) materials are formed in the via hole
structure. A second photoresist layer is formed on the surface of the
substrate. Thereafter, the second photoresist layer is patterned to
define a trench pattern, and a second etching process is performed to

etch the dielectric layer through the trench pattern so as to form a




substrate. Thereafter, the second photoresist layer is patterned to define
a trench pattern, and a second etching process is perforned to etch the
dielectric layer through the trench pattern so as to forma 6 trench
structure in the upper portion of the dielectric |ayer, wherein the trench
structure exposes the via hole structure. Finally, the second photoresist

| ayer and the first etching stop | ayer exposed by the via hole structure

N1 ng ] Dy L
are renovEENCAcHsVEUsg IndherHiPREmpatiion of dhe idiplectriedavesawherein tigi ng a
via hole structure is further provided. The nethod conprising providing a

sem condugt or ,devi ce having a vj,a hole structure fornmed through an etching
process, wgl ﬁ*’%ﬁ%ﬂ zfxf'?gqsgsi epd’é?fh‘%lﬁeatrf‘ﬁ{'ﬁ'edﬁépéﬂy’r itE‘,eI d and has
after-etching residues therein. A reaction chanber is provided for

contai nin ] ' : Lol A .t roduced
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CO containing gas is used to performthe ash process because it is hel pful
to removesthrtufesidHanolBdt he via hole so as to avoid nenory effects in

the foll ow ng

According to the claimed invention, a method for cleaning a via hole
structure is further provided. The method comprising providing a
semiconductor device having a via hole structure formed through an -
etching process, wherein the via hole is positioned in a dielectric layer
and has after-etching residues therein. A reaction chamber is provided
for containing the semiconductor device. Then, CO-containing gas is

introduced into the reaction chamber.

It is an advantage of the present invention that CO-containing gas is
used to perform the ash process because it is helpful to remove the
residues in the via hole so as to avoid memory effects in the following
forming processes of conductive material in the dual damascene
structure, caused by the residues to affect, and to avoid the changes of

CD and performance of the dual damascene structure. Furthermore, the




form ng processes of conductive material in the dual damascene structure,
caused by the residues to affect, and to avoid the changes of CD and
performance of the dual damascene structure. Furthernore, the 7 present
invention may further use DI water to help cleaning the via hole,

repl aci ng high-cost solvent in the prior art, and effectively reduce
process cost and raise product profits. These and other objectives of the
present i BIRSRNIGAVERTipntpanduBher psedMewataritolelpsleaniog e \dadiokewr y ski | |
in the art after reading the follow ng detailed description of the

preferred enbodi nent that is, illustrated in the varigus figures and
ot ngs. FENABMASIGRT Hoso SOt Y MawPHiRY Rltgeand. eI crrathe ¢
di agranms of via-first dual damascene process according to the prior art.

Figs. 5-1 e.s i c_di f tbhe nethod for fabricating a dual
darrasceneagﬁeifcstﬁ(ﬁ%@ﬁg@gfgﬁg}@g&awpbg enbodi nent of the present

invention. Figs. 14-19 are schematic diagrans of the nethod for fabricating
a

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

Figs. 1-4 are schematic diagrams of via-first dual damascene
process according to the prior art.

Figs. 5-13 are schematic diagrams of the method for fabricating a
dual damascene structure according to a first embodiment of the
present invention.

Figs. 14-19 are schematic diagrams of the method for fabricating a
dual damascene structure according to a second embodiment of the

present invention.




dual damascene structure according to a second enbodi rent of the present
I nvention. 8 Detail ed Description Referring to Figs. 5-13, Figs. 5-13 are
schematic diagrans of the nethod for fabricating a dual damascene
structure according to a first enbodinment of the present invention. The
method is a via-first dual damascene structure nethod. First, a

sem conduct or device 50 conprising a substrate 52 is prOV|ded wherein the
sem conductor device 50 may HeetailednDescrdpidonr wafer. The substrate 52
conprises a conductive layer 54, an etching stop |layer 56, and a
dielectric layer 58 thereon, wherein the conductive |ayer 54 preferably
conpri ses copper or other netal conductive material and the etching stop
| ayer 56 may conprises silicon nitrogen (SiN). In addltlon a pad Iayer

t sh , h I fri .S
el ecrric | Aptbfimad fo iR, rar PGt h 1 HRG RS faglgo e oat e
above the surface of the dielectric |ayer 58. A phot oli t hography process

is carri e%é%g%dgfr?])r AR iatihd Daddl EBmBYAA SELRtu Y EorBn G Rods £k form a

via pattern

embodiment of the present invention. The method is a via-first dual
damascene strﬁcture method. First, a semiconductor device 50
comprising a substrate 52 is provided, wherein the semiconductor
device 50 may be a semiconductor wafer. The substrate 52 comprises a
conductive layer 54, an etching stop layer 56, and a dielectric layer 58
thereon, wherein the conductive layer 54 preferably comprises copper
or other metal conductive material and the etching stop layer 56 may
comprises silicon nitrogen (SiN). In addition, a'pad layer (not shown),
such as oxynitride (SiON) layer, may be disposed on the dielectric layer
58. Thereafter, a first photoresist {ayer 60 is coated above the surface of
the dielectric layer 58. A photolithography process is carried out to
pattern the first photoresist layer 60 so as to form a via pattern 62 on

the first photoresist layer 60.

As shown in Fig. 6, a first etching process is performed for etching




the first photoresist layer 60. As showmn in Fig. 6, a first etching process
Is perforned for etching 9 the dielectric layer 58 through the via pattern
62. Accordingly, a via hole 64 is forned in the dielectric |ayer 58. At
this time, after-etching residues 66 are usually renmained on the sidewall
surface and bottom corner of the via hole 64. Normally, the residues 66
conprise polyners wth carbon, nitrogen, silicon, fluorine, and titani um
Then, a fihedieleetrislayessithrpughdhawia patiesmbre Adsordingly, a pladheleesi st
| ayer 60. Please refer to Fig. 7, the first ash process may be practiced
ratus, 100, The apparatus 100 conprises. a action

by the pragess .appa . r
c%anberpl g *Safpg%leg i dhge iglectis Iqg‘é‘?ﬂ"er .o\t 1td6s tH“GOafﬁfﬁﬁlt&@Surce 108,

and an oxygen (02) supply source 110. The reaction chanber 102 conprises a
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resi dues 66, CO-containing gas is utilized to renove the first photoresist

| ayer 60 ll':?rgﬁé}goff {tlLeZ{li]aaﬁ&epG@ﬁﬁﬁ?maﬂ?,Cﬂﬁ@ir@ﬂdh@s%@c@ﬁ?pﬁﬂét pbIE&L! on.  As

shown in irst as

with carbon, nitrogen, silicon, fluorine, and titanium.

Then, a first ash process is performed to remove the first
photoresist layer 60. Please refer to Fig. 7, the first ash process may be
practiced by the process apparatus 100. The apparatus 100 comprises a
reaction chamber 102, a radio frequency (RF) generator 106, a CO
supply source 108, and an oxygen (O2) supply source 110. The reaction
chamber 102 comprises a chuck 112 for supporting the semiconductor
device 50, and the RF generator 106 is connected to the chuck 112. In
order to effectively clean the residues 66, CO-containing gas is utilized
to remove the first photoresist layer 60 in the first ésh process
according to the present invention. As shown in Fig. 8, the first ash
process is carried out by providing about 20 to 100 standard cubic
centimeters per minute {sccm) of CO gas through the CO supply source

108 with about 15 to 30 seconds, under a pressure of about 30 to 100
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process is carried out by providing about 20 to 100 standard cubic
centineters per mnute (sccm of CO gas through the CO supply source 108
wi th about 15 to 30 seconds, under a pressure of about 30 to 100 10 miorr
and at a total power of about 200 to 1000 watt. In addition, during the
first ash process, about 200 to 800 sccm of Oz can be further provided
together with the COgas. Since COis utilized as the reactant _gas of the
first ash"pk@Eedrd atha totalhprmsreef abiosicg00rtor d90Quwatselnadditiaxry or
fluorine materials can be obviously inproved so that |less residues 66 are

remai ned ijn the,vig hole 64 after, the_fijrst h process. he. reacti on
Cquat 1 on Bhringech i asBRiosas 1o 7Bk P Sebndit OoeredtsET
Furthernore, the first ash process with CO as reactant gas does not cause

ach:procolloPHERARShERIGH Bls, 20 dlSY R0, FouIERE SsobeCtesat 0, nio

the reaction chanber 102, under a pressure of about 200 to 800 mflorr and

at a tot aga{?%ﬁ'heoffirstaé%‘h”brc?é&sf the LR effil e dY OFESSdLib %6 widgPout 40

to 90 seconds.

CxFy or fluorine materials can be obviously improved so that less
residues 66 are remained in the via hole 64 after the first ash process.

The reaction equation of the above-mentioned reaction is as below:
CO + F2 > COF; (gas)

Furthermore, the first ash process with CO as reactant gas does not

cause loss of SiN etching stop layer 56.

Next, with reference to Fig. 9, a second ash process is performed by
introducing about 200 to 2000 sccm of Oz into the reaction chamber
102, under a pressure of about 200 to 800 mTorr and at a total power of
about 500 to 2000 watt. The process time is about 40 to 90 seconds.
Then, as shown in Fig. 10, a DI water cleaning process is performed to

clearly remove the residues 66 in the via hole 64. As mentioned above,
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Then, as shown in Fig. 10, a DI water cleaning process is perforned to
clearly renove the residues 66 in the via hole 64. As nentioned above, >>
since COis introduced into the reaction chanber 102 during the first ash
process, CXFY residues can be quenched to inprove the cleaning efficiency.
Accordingly, the present invention nethod only needs to provide D water
for effectively renoving the residues 66 in the via hole 64 and on the

di el ect ri 8iNcgyeP isgirdreducad éntgsthgreactdier chambend Dduduripgnidd fiestt s, a
waf er backsi de cl eaning process nmay be performed before the DI water

cl eaning process. In rticyl ar apparatuses, the . wafer backsi de cleaning
process _cgﬁ%rl?ré"é?fupg?h@eﬁiﬁéeée?#)’ﬁg’ﬁdHH?BFhe‘glet\?i E'BDSQ)V%FR? H-ieé'é'l'i‘gconduct or
waf er upsi de down, cleaning the wafer backside with cleaning solvent, such

obver se. seAItELEy ALERHARGH “the HRERERE NV ST HeEh AR nBRdb MR onauct or
device 50 with DI water. The step of cleaning the obverse side of the

sem CondUPF&Fidgqyli ?teﬁofor‘gfs&tggl ﬁ{ov‘mg the r@?iﬂ%%étﬁﬁhﬂﬁ@vﬁ ﬁlafé' ng

process also can efrectiv ve the Tesrdues ter the rst ash
process, thus it may repl ace

64 and on the dielectric layer 58 after the ash processes. in various
embodiments, a wafer backside cleaning process may be performed
before the DI water cleaning process. In particular apparatuses, the
wafer backside cleaning process comprises turning the semiconductor
device 50 or the semiconductor wafer upside down, cleaning the wafer
backside with cleaning solvent, such as sulfuric acid, turning the
semiconductor device 50 back so that its obverse side is on top, and
cleaning the obverse side of the semiconductor device 50 with DI water.
The step of cleaning the obverse side of the semiconductor device 50
with DI water of the wafer backside cleaning process also can effectively
remove the residues 66 after the first ash process, thus it may replace
the above-mentioned DI water cleaning process for clearly removing

residues 66 by further providing DI water shown in Fig.10.

Please refer to Fig. 11, a GFP layer 68 is coated on the substrate 52,
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t he above-nentioned DI water cleaning process for clearly renoving

resi dues 66 by further providing DI water shown in Fig.10. Please refer to
Fig. 11, a G-P layer 68 is coated on the substrate 52, 12 so that the via
hole 64 is filled with the GFP | ayer 68. Conventionally, the G-P |ayer 68
I's conposed with I-Line photoresist (applied to 365 nmof wavel ength). The
coating process of the G-P laéﬁé@68 Is simlar to usual photaoresi st

coating pPBEbatEre viahplghsd bn adgth phe GFF lavenbgalopwentapalladtheut i f
desired. Then, the GFP | ayer 68 is etched back to a predeterm ned depth.

Thereafte secopd photoresist layer 70 is c¢oajed, on th ubstrate 50,
whi 1 ot heGBBIRYSHORMs B R0SEchBith B The Phatpresist (apmiieckto e6p MR i al s | s
al so coated with the second photoresist |ayer 70. A second

ayer. 70 SAvBENaSR) OFRE SonPof st GrelSh b o i SEARIRP IRheEl &' oy er

70. As shown in Fig. 12, a second etching process is carried out to etch

pat tern 79 R a TG BB R A IR Ao - bR SR Bl
carried out if desired. Then, the GFP layer 68 is etched back to a
predetermined depth. Thereafter, a second photoresist layer 70 is
coated on the substrate 50, while the portion of the via hole 64 not filled
with the GFP materials is also coated with the second photoresist layer
70. A second photolithography process is performed to pattern the

second photoresist layer 70 so as to form a trench pattern 72 in the

second photoresist layer 70.

As shown in Fig. 12, a second etching process is carried out to etch
the dielectric layer 58 to a predetermined depth, through the trench
pattern 72. Accordingly, a trench 74 is formed in the upper portion of
the dielectric layer 58. Sequentially, the second photoresist layer 70 and
the GFP layer 68 in the via hole 64 are removed so as to expose the
etching stop layer 56. Referring to Fig. 13, the exposed etching stop

layer 56 is then removed. Finally, a chemical vapor deposition (CVD)
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the dielectric layer 58. Sequentially, the second photoresist |ayer 70 and
the GFP |l ayer 68 in the via hole 64 are renoved so as to expose the
etching stop |layer 56. Referring to Fig. 13, the exposed etching stop

| ayer 56 is then renoved. Finally, a chem cal vapor deposition (CvD) 13
process or a sputtering process may be perforned to forma conductive

| ayer 78 in the trench 74 and the via hole 64, wherein the conductive

| ayer 78 REQCESSHIT & SBYtespbprocassnmayhe perfermad taefanm peganidugtive A
pol i shing process may be carried out if desired. Therefore, the

fabricatipn of_the dual d en tructpr is finished. P|ease refer to
Figs. 14- YN & tgﬁgfseﬁ'g?é‘fia@%d%m@og? é%héf"h%r@f'ﬁcygef‘iﬂ“ UfilMecati ng a

dual damascene structure according to a second enbodi nent of the present

 sent conaulaT A RN fodher abffuty dr S MR TmatR e A ayer
154, a first etching stop |layer 156, a bottomdielectric |layer 158, a
second et pBligging PrdcRusr méP: he ¢BRsed  BUE! RCstredy Thetébreanuxyni 11 de

pad | ayer 164, and an oxi de pad | ayer are disposed on theé’ substrate
152 frombottomto top. The first

fabrication of the dual damascene structure 76 is finished.

Please refer to Figs. 14-19, which are schematic diagrams of the
method for fabricating a dual damascene structure according to a
second embodiment of the present invention. First, a semiconductor
device 150 is provided, the semiconductor device 150 comprises a
substrate 152. A conductive layer 154, a first etching stop layer 156, a
bottom dielectric layer 158, a second etching stop layer 160, a upper
dielectric layer 162, an oxynitride pad layer 164, and an oxide pad layer
166 are disposed on the substrate 152 from bottom to top. The first
etching stop layer 156 may comprises nitride materials, and the second
etching stop layer 160 may comprises oxynitride materials. Then, a
patterned first photoresist layer 168 is formed on the surface of the
oxide pad layer 166, wherein the first photoresist layer 168 comprises a

via pattern. A first etching process is performed to remove portions of
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etching stop layer 1 56 may conprises nitride materials, and the second
etching stop layer 160 nmay conprises oxynitride materials. Then, a
patterned first photoresist layer 168 is fornmed on the surface of the

oxi de pad | ayer 166, wherein the first photoresist |ayer 168 conprises a
via pattern. A first etching process is perfornmed to renove portions of 14
t he upper dlelectrdc | ayer 162, the second etching stop | ayer 160 and the

bot t om di EMe&nes 'Sﬁqt”iﬂ@y%rxE@gedhﬁﬁelcﬁé'dvi!‘%;hp%tséﬁaﬁ layest 1 60; g8 sur f ace
of the first etchl ng stop Iayer 1 58 is exposed. Therefore, a via hole 170

I's formed,, At t £l |due 72 are maj.ned. t hr uhth f.irst
et ching. prie et HiBerlelbar B8 Fudtied TS it PO WRthe o 15, a
first ash process is carried out to provide CO 02 gas for renoving the

first photgraeksic Y AEsERNANY H0BTays PSR I d A AITHARSATE,

however, sone phot oresist resi are-re ned on the Surpace of the
oxi de pad Iayer 166. Thereafter, as shown in Fig. 16, 02 is further

provi ded h@l@??b%%ﬁnéﬁcﬂ'@‘i’hésﬂ"rrﬁr PESRItes! 174 Bfe F@rﬁhﬁ%&ﬂﬁ% Rightihe ce 150
followed with a DI water cleaning process so as to c I"ean t he

residues 172 in the via hole 170 and
first etching process on the sidewall of the via hole 170.

As shown in Fig. 15, a first ash process is carried out to provide
CO/0O2 gas for removing the first photoresist layer 168 and some
residues 172 at the same time, however, some photoresist residues 174
are remained on the surface of the oxide pad layer 166. Thereafter, as
shown in Fig. 16, Oz is further provided to perform a second ash process
to .the semiconductor device 150 followed with a DI water cleaning
process so as to clearly clean the residues 172 in the via hole 170 and

residues 174 on the oxide pad layer 166, as shown in Fig. 17.

Referring to Fig. 18, GFP fayer 172 is filled into the via hole 170,
wherein the GFP layer 172 may be formed with conventional photoresist
coating and baking processes. Then, the GFP layer 172 is etched back to

form a concave opening in the via hole 170. A second photoresist layer
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residues 1 74 on the oxide pad |ayer 166, as shown in Fig. 1 7. Referring
to Fig. 18, G-P layer 172 is filled into the via hole 170, wherein the G-P
| ayer 172 may be fornmed with conventional photoresist coating and baki ng
processes. Then, the GFP |l ayer 172 is etched back to forma concave
opening in the via hole 170. A second photoresist layer 15 174 is coated

on the su ce. of the substrate 152, and_a hot ol i t hogr.aphy process is
per f or mad'iI7 pat t(é?‘ﬂefjheo'%eégﬁd S%Eﬂﬁeoregi he) as;"‘%tﬂrf‘t?4 ]sr&’as*f’ﬂ form a
trench pattern 1 76. As shown in Fig. 19, a second etching process is

bad | ayer PROIORERETRRRY, i8R St if odastfitiefrtor SBStaPEghe: eetBhhen

pattern 176, until the second etching stop |layer 160. Accordingly, a dual
damascenepBfsiedstifer § 74 95 Bco Fod trerchspatennd BN HLERS AW ayer 174

and the G@P l'ayer are renoved, en the posSed first etching stop
| ayer 156 is also renpved. Thereafter, a netal conductive |ayer (not

shown) i _SngQrm,daislécohHeel‘i'h%? GAERESSNS pRRSHMEd 185retRoPs poRtibhRi s the
fabrication of the netal dual damascene structure.
the oxide pad layer 166, the oxynitride pad layer 164, and the upper
dielectric layer 162 through the trench pattern 176, until the second
etching stop layer 160. Accordingly, a dual damascene opening 178 is
formed. Finally, the second photoresist layer 174 and the GFP layer 172
are removed, then the exposed first etching stop layer 156 is also
removed. Thereafter, a metal conductive layer (not shown) is formed in

the dual damascene opening 178 so as to finish the fabrication of the

metal dual damascene structure.

Since the present invention method for cleaning a via hole provides
CO as a reactant gas during an ash process, it can quench CyFy residues
and improve the cleaning efficiency of residues. Therefore, only DI
water is needed for effectively cleaning residues in the via hole after the
ash processes, and the high-cost liguid solvent used in the prior art is

not needed anymore. As a result, the fabrication process cost may be
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Since the present invention nethod for cleaning a via hole provides CO as
a reactant gas during an ash process, it can quench CXFY residues and

i nprove the cleaning efficiency of residues. Therefore, only DI water is
needed for effectively cleaning residues in the via hole after the ash
processes, and the high-cost |liquid solvent used in the prior art is not
needed an As a result, the fabrication process cost may be

[e. .16
obvi ousl y%g‘é&'tsé%e%‘?crﬁéﬁ?ﬂerFMF TRGRE, RSB HESCOFT WVIED QQZ 92§ IScapabl e

of effectively renoving residues on the surface of via hole, such that a

Gl aps of CeprafE PReC Ok FRTuh R afue el g ARaREET R nelicscity e 2

and form ng conductive nmaterials in the via hole. In addition, the

cl eani ng %ﬁ;\ggr@ﬁerm@ @D'}ﬂ%\g b&halft er_gfgﬁ frf%lm\,bﬁ{g dﬁéé;fé%%é?%uéﬁ‘” ng

etching a steps for cleaning a resi such ~as
trench-first dual danascene or partial-via hole dual damascene processes.

Those ski hkethel Btdpe ofir dtrifing tHRAAH¢HINGDSRIY SaydtahaliiEsAdn MRdidd cations
and alterations of the device and net hod may be nade

materials and forming conductive materials in the via hole. In addition,

the cleaning method of a via hole may be applied to other processes

having etching and ash steps for cleaning after-etching residues, such

as trench-first dual damascene or partial-via hole dual damascene

processes.

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.

17




whil e retaining the teachings of the invention. Accordingly, the above

di scl osure should be construed as.limted only by the netes and bounds of
t he appended clains. 17 Cains Wat is claimed is: 1. A nethod for
fabricating a dual danascene structure, conprising: providing a substrate
having a conductive |layer, a first etching stop |layer, a dielectric |ayer,
and a first photoresist |ayer positipned on the surface of the substrate
in order;: patterning the first phot&f@8St |ayer so as to defined a via
pattern on the first photoresist |layer; performng a first etching process
to renove a portion of the dielectric |layer through the via pattern, until
the etching stop layer is exposed so as to forma via hole structure in
the dielectric layer; performing a first ash process to remove the first

phot or esi tht%"c‘ialmed f-oviding a gas conprising carbon nmonoxide
(CO cont al

1. A method for fabricating a dual damascene structure, comprising:

providing a substrate having a conductive layer, a first etching stop
layer, a dielectric layer, and a first photoresist layer positioned on
the surface of the substrate in order;

patterning the first photoresist layer so as to defined a via pattern on
the first photoresist layer;

performing a first etching process to remove a portion of the
dielectric layer through the via pattern, until the etching stop
layer is exposed so as to form a via hole structure in the dielectric
layer;

performing a first ash process to remove the first photoresist layer by
providing a gas comprising carbon monoxide (CO-containing
gas),

filling gap-filt polymer (GFP) materials into the via hole structure;

forming a second photoresist layer on the substrate;

patterning the second photoresist layer to define a trench pattern;
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gas); filling gap-fill polymer (GFP) materials into the via hole structure;
formng a second photoresist |ayer on the substrate; patterning the second
phot oresi st |layer to define a trench pattern; 18 perform ng a second
etching process to etch the dielectric layer though the trench pattern so
as to forma trench structure on the wupper portion of the dielectric

| ayer, the trench structure  exppsing the via hole structure; renoving the
second phot BPE’JérQT'"Qa%FEW t?féﬂt'?@ PROCESS s efgh tt}i'\ae diglgctiig daveh uct ure;

and renmoving the first etching stop | ayer exposed by the via hole

structure. 2. t f claiml wherein the, CO containin s further
conpri ses. oxyoaiopgByegrehe iRstRds RS & Prmr tihsP et F R o "oo
of the CO containing gas is about 20 to 100 standard cubic centineters per

mnute (sccm, \gphrd ddtiin’ A€ e WelettAPOMyerO0tHe FARCACSPucture
exposing the via hole structure;
removing the second photoresist layer and the GFP materials in the
via hole structure; and
removing the first etching stop iaye_r exposed by the via hole

structure.

2. The method of claim 1, wherein the CO-containing gas further

comprises oxygen (Oy).
3. The method of claim 2, wherein a flow rate of CO of the
CO-containing gas is about 20 to 100 standard cubic centimeters per

minute (sccm), and a flow rate of Oz is about 200 to 800 sccm.

4. The method of claim 1, wherein the first ash process is performed at

a total power of about 200 to 1000 watt.
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4. The nmethod of claim1l, wherein the first ash process is perforned at a
total power of about 200 to 1000 watt. 19 5. The nethod of claim1, wherein
the first ash process is performed under a pressure of about 30 to 100
mrorr. 6. The nethod of claim1l, wherein a process tine of the first ash
process is about 15 to 30 seconds. 7. The nethod of claim1, wherein the

nmet hod furt Cc ri,se erfor a second a rocess after the first
ash procelé_sﬁf%3 "\‘ﬂgo ﬁ&!ﬁpm el“@"?ﬁ%’in t fo%ﬁtr?' i}15’ QeTntd Egﬁgﬁ ss is
practiced by provi ding an 02-containing gas. 9. The nmethod of claim7,

scem 10 TSR RS Shr Lol nhblE St PR S econa non process is o

performed at a total power of about 500 to 2000 watt. 11. The nethod of
claim7, wherein the second ash process is 20 performed under a pressure
of about 30 to 100 mrlorr.

6. The method of claim 1, wherein a process time of the first ash

process is about 15 to 30 seconds.

7. The method of claim 1, wherein the method further comprises

performing a second ash process after the first ash process.

8. The method of claim 7, wherein the second ash process is practiced

by providing an Oz-containing gas.

9. The method of claim 7, wherein a flow rate of Oz of the O>-containing

gas is about 500 to 2000 sccm.

10. The method of claim 7, wherein the second ash process is

performed at a total power of about 500 to 2000 watt.

11. The method of claim 7, wherein the second ash process is
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12. The method of claim7, wherein a process tinme of the second ash
process is about 40 to 90 seconds. 13. The nethod of claim11, wherein the
met hod further conprises performng a DI water cleaning process to renove
residues resulting fromthe first etching process after the first ash
process. 14. The nethod of claim1l, wherein the nmethod further conprises

performng a fer backside cleanin rocess r e first ash process.
15. The neth]%fgaH?'eEﬁ'é" ha Rmé?léri%ogﬂgoblfg%e ﬁb@m QPEF- conprises a upper
dielectric layer and a bottomdielectric |ayer, and the substrate further
conprises a second etching stop | ayer positioned between the upper

dielectric layer and the bottomdielectric layer. 16. The nethod of claim
15, wherein the second etching process 21 renoves the upper dielectric

| ayer thrq>99ITHehﬁ.etthsac@f BRIy N WYk tahﬁroc%‘%%oﬂﬂeeéf:mé‘geﬁéﬁﬂ als%yef 17.

The nmethod of claim 1, wherein the net od further conprises ormn
conductive layer in the via hole structure and the trench

process is about 40 to 90 seconds.

13. The method of claim 1, wherein the method further comprises
performing a DI water cleaning process to remove residues resulting

from the first etching process after the first ash process.

14, The method of claim 1, wherein the method further comprises
performing a wafer backside cleaning process after the first ash

process.

15. The method of claim 1, wherein the dielectric layer comprises a
upper dielectric layer and a bottom dielectric layer, and the substrate
further comprises a second etching stop layer positioned between the

upper dielectric layer and the bottom dielectric layer.

16. The method of claim 15, wherein the second etching process
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structure after renoving the first etching stop layer in the via hole
structure so as to forma dual damascene structure. 18. A nethod for
cleaning a via hole structure, conprising: providing a sem conductor device
having the via hole structure thereon, the via hole structure being forned
by an etching process, positioned in a dielectric |ayer, the etching
process renainiqg residues.i,n the vi ol e structurgﬁrﬁrovidinﬁ a reaction

P hocter 1 or HAYES HiE AbPRE BitiRetrielael shro iy Hig Helich dttenantibrgie

CO-containing gas into the reaction chanber. 19. The nethod of claim 18,

wherein the THa)! rther conprises oxygen. 22 20. The net hod
of claim 195,’ r@?éf(ﬁhgbﬁggﬁfag%'g of CO of the CO containing gas is about

20 to 100 sccm and a flow rate of oxygen is about 200 to 800 sccm 21.
The nethod of claim 18, wherein the CO containing gas is introduced at a
total power of about 200 to 1000 watt.

17. The method of claim 1, wherein the method further comprises
forming a conductive layer in the via hole structure and the trench
structure after removing the first etching stop layer in the via hole

structure so as to form a dual damascene structure.

18. A method for cleaning a via hole structure, comprising:
providing a semiconductor device having the via hole structure
thereon, the via hole structure being formed by an etching
process, positioned in a dielectric layer, the etching process
remaining residues in the via hole structure;
providing a reaction chamber for containing the semiconductor
device; and

introducing CO-containing gas into the reaction chamber.

19. The method of claim 18, wherein the CO-containing gas further

comprises oxygen.
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22. The nethod of claim 18, wherein the CO containing gas is introduced
under a pressure of about 30 to 100 mflorr. 23. The method of claim18,
wherein a process tinme of introducing the CO containing gas is about 15 to
30 seconds. 24. The nethod of claim 18, wherein the nmethod further
conprises introducing an 02-containing gas into the reaction chanber after
i ntroducing the CO containing gas into the reaction chanber. 25. The net hod
of claim24, wherein a flowrate of 02 in the 23 Oz-containing gas is
about 500 to 2000 sccm 26. The nethod of claim 24, wherein the

vt 27, 2fha el fodidtqaft i e AbnE oo d ey gas 15

i ntroduced under a pressure of about 30 to 100 mTorr. 28. The nethod of

clai m 24, V@@"—@bﬁténﬂ’@@ﬁﬁs hbBAt 20 ﬂo“T(')?@EEhﬂ%nU‘z?ﬂoWraﬁ@rH @dﬁg\ gas is

about 40 to 90 seconds. . The nmet hod clarm 18, wherein t met hod
further conprises perform ng a DI water cleaning process to renove the

resi dues is about 200 to 800 sccm.

21. The method of claim 18, wherein the CO-containing gas is

introduced at a total power of about 200 to 1000 watt.

22. The method of claim 18, wherein the CO-containing gas is

introduced under a pressure of about 30 to 100 mTorr.

23. The method of claim 18, wherein a process time of introducing the

CO-containing gas is about 15 to 30 seconds.

24. The method of claim 18, wherein the method further comprises
introducing an Oz2-containing gas into the reaction chamber after

introducing the CO-containing gas into the reaction chamber.

25. The method of claim 24, wherein a flow rate of O in the

23




formed by the etching process after introducing the COcontaining gas into
the reaction chanber. 30. The nethod of claim 18, wherein the nethod
further conprises performng a wafer backside cl eaning process after

i ntroducing the CO-containing gas into the reaction chanber. 24

Oz-containing gas is about 500 to 2000 sccm.

26. The method of claim 24, wherein the O-containing gas is

introduced at a total power of about 500 to 2000 watt.

27. The method of claim 24, wherein the O:-containing gas is

introduced under a pressure of about 30 to 100 mTorr.

28. The method of claim 24, wherein a process time of introducing the

Oz-containing gas is about 40 to 90 seconds.

29. The method of claim 18, wherein the method further comprises
performing a DI water cleaning process to remove the residues
formed by the etching process after introducing the CO-containing

gas into the reaction chamber.

30. The method of claim 18, wherein the method further comprises
performing a wafer backside cleaning process after introducing the

CO-containing gas into the reaction chamber.
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