TI TLE PROCESS FOR FORM NG METAL DAMASCENE STRUCTURE TO PREVENT DI ELECTRI C
LAYER PEELI NG BACKGROUND OF THE INVENTION 1. Field of the Invention: The
present invention relates to a process for formng a netal danascene
structure, and nore particularly to a process for formng a netal
damascene structure to prevent peeling of the dielectric |ayer, wusing a
special plasma treatnent after damascene opening etching. 2. Description
of the Prior Art: Due to their high degree of conductivity, alum num (Al)
and al um num al | oy have been inportant as conductive nmaterials in the
devel opment of the integrated circuitrIqueC). However, integration of
sem conductors has rapidly increased, and the conductivity of al um num and
e ooy PiRER: 1 B08Ey e Al Y Lo REP GG E T Sl By

eV C ST e e o e opPe— o S———grateary—1epracCl Ng
al um num as a conducti ve matgEdlcrrIbeavse ©¥eits: | ower resi stance and
better reliability. |In additron, copper 1s nore resistant than alum numto
el ectrom gration. Therefore, in devices with design rule beyond 0.13 m
t echnol ogy, copper has beeRAEHEHPEH Bt THEESPVENBAPEron ULSI (very large
scale integration) _netallization and interconnection. Since copper cannot
be patterned by T -kthithg, TaVeBh#eBtene techni que is general ly used to

form copper - The present invention relates to a process for

forming a metal damascene structure, and wmore
particularly to a process for forming a metal damascene
structure to prevent peeling of the dielectric layer,
using a special plasma treatment after damascene opening
etching.
2. Description of the Prior Art:

.Due to their high degree of conductivity, aluminum
(21} and aluminum alloy have been important as conductive
materials in the development of the integrated circuit
(IC) . However, intégration.of semiconductorg has rapidly
increased, and the conductivity of aluminum and aluminum
alloy can no longer satisfy the speed requirements for
semiconductor devices. Therefore, cépper {Cu) 1is
gradually replacing aluminum as a conductive material,-
because of its lower resistance and better reliability.
In addition, copper is more resistant than aluminum tb
electramigration. Therefore, in devices with design rule
beyond 0.13 pm technology, copper has been adapted for
deep submicron ULSI (very large' scale integration)
metallization and interconnection.

Since copper cannot be patterned by dry etching, a

damascene technique is generally used to form copper

s i



i nterconnections. FIGS. la to 1d are cross-sections illustrating the
process flow of form ng a copper damascene structure according to a
conventional process. Referring to FIG la, a cap |ayer 200 such as
silicon nitride is forned on a first copper |ayer 100. Next, an

internetal dielectric (IMD) layer 300 is formed, including sequentially a
first dielectric |ayer 320, an etch stop |layer 340 such as. silicon
oxynitride (SiON) , and a second dielectric |layer 360. The cap |layer 200 is
typically.used to prevent diffusion of the first copper |l|ayer 100 into the
overlying | VMDig0€rcGusetjuest.| v, FI@S er ta ngot adFlaGe | dxos: fdgcttionghot or esi st
mask (not shom@% is formed on the second. dielectric |layer 360 and

ani sot ropi ¢ et th R3S EonblEt EFOFFS of AW \ATa RBEBIRI0 2x(CERBPAG t hr ough

the second dﬁ%@&é%ﬂ& sk @Y eruB0 G e die 8 $ BBnir@ME{cﬁr’fa?ig *Opr%@@sghe first

dielectric layer 320. Next, a second photoresist nmas t shown) is
formed on t heRskeonchdlitel eCiG. dd,ayerca36(agrd 200s @uchpiec etidhicng i s
conducted to fornhﬁ tregch 320 in_the second dielectric layer 360 stopping
at the etch Btoptayér T8EBeC 9RS £fArsti fPRA% IREEE 4490 adtfthe®french 420

constitutes a;gualndanBscaag-pPeaLNY (#29 SUhssauend v.; 4 efrerting to FIG.
1c, copper is deposited by electrodeposition or electrol ess deposition to

fill the dualimeiesoeneeqpentigl iP0y Fiomswi dgedesecond ayeoppen,| ager 500.
Next . chen cal, nechani cal_ bl shina. (Y], s conducted 1o gl anarize the
a second dielectric layer 360. The cap layer 200 is
typically used to prevent diffusion of the first copper
layer 100 into the overlying IMD 300.

AS-ubsequently, referring to FIG. 1b, a first
photoresist mask (not shown) ié formed on the second
dielectric layer 360 and anisotropic etching is conducted
to form a wvia hole 410 extending through the second
dielectric layer 360, the etch stop layer 340, and the
first dielectric layer 320. Next, a second photéresist
rﬁask (not shqwn) is formed on the seconci dielectric layer -~
360 émd anisotropic etching is conducted te form a trench
420 in the second dielectric layer 360 stopping at the etch
stop layer 340. Thus far, the via hole 410 and the trench
420 constitutes a dual damascene cpening 400.

‘Subsequently, referring to FIG. 1c, copper is
‘deposited by electrodeposition or electroless deposition
to £fill the dual damascene opening 400, forming a second
copper layer 500. Next, chemical mechanical polishing
(CMP) ié conducted to pl.anarize the second copper layer
500.

Generally, after anisotropic etching to form the via

hole 410 and trench 420, it is difficult to prevent that



Generally, after anisotropic etching to formthe via hole 410 and trench
420, it is difficult to prevent that inpurities such as fluorine, chlorine,
carbon, oxygen, and so on will renmain on the first copper |ayer 100.
Fluorine or chlorine will attack the interface between the first copper

| ayer 100 and the cap |ayer 200, and oxygen wll oxidize the first copper
| ayer 100, form ng copper oxide. Mreover, the cap layer 200 will form
blisters due to the resi ducﬁll cargon, fluorjpe, chlorine, or oxygen from
the phot oresi st ARG THE &t tH FPoddLeTiRg: ac‘}rd;%‘iﬂnce,' FeeeRg  OF¥IERe
intermetal di ehagt 5bCoh! MD11308meaRDEAVEALEE 10r BEELENG VLA ) oWl || result
after the substrate is subject to repeated thermal cycles; as shown in
FIG |d. The Béerrire erahdicringotildneytaddube iyitelrdackubte aresm thei ni sh
reliability. reover, severe electromigration . (EM and stress mgration
(SM probl emslvgégﬁ? CB/ERTEr APV Fet ood§nﬁ1a _ etFé‘é’n%?%%n%‘f%dW grYevtate the
peeling via proplBBxislich afePhOO SRR Nay¥d LIt et ngf E%}_ﬁpéfni ng
via/trench etching recipes, revised design Ttules and so on. e peeling
via i ssue, howe¥ede. cdpmeausss the dse bayrwBOewildupamerliateets dhe in U. S

Pat ent No. 6,4§§,t 89 discl Osesbog}f,'gfﬁ damascefe techni que. Silicon carbide

is formed on 5° &COFpeS1IRe T & B HYthCa TapFraf e rorRF " AT BARC

(bottom anti - reh¢ @bbt¥ees LOALLADhe dHMS prbhess di AR ASIONA 1 ﬁ@&yi’_?y of the
dual damascene structure formed thereon is inproved. Zhao iTn U S Patent

No. 6,071, 809 @f sEhesieeamether dielectric (IMD) 300 (abbreviated to

“peeling via”) will result after the substrate is subject
té repeated thermal cycles, as shown in FIG. id. The
peeling via will not only reduce yield, but also diminish
reliability., Moreover, severe electromigration (EM) and
. Btress 'migration (SM) problems occur.
Several methods have been attempted to alleviate the
peeling via problem, such as photo stripping without CF,,
' -fine tuning via/trench etching recipes, .revised design
rules and so on. The peeling via issue, however, cohtinues
to be a problem.
Subramanian et al. in U.5. Patent No. 6,465,889
- discloses a dual damascene technique. Silicon carbide is
formed on a copper line to serve as both a cap layer and
a BARC (bottom anti-reflective coating).  Thus, the
dimensional accuracy of the dual damascene strﬁcture
formed thereon is improved. | |
Zhao in U.S. Patent No. 6,071,809 discloses another
~dual damascene technique. The cap layer is silicon
nitride and a pair of CMP hard masks is emﬁloyed: a silicon
dioxide layer and a silicon nitride layer. The siiicon

dioxide layer protects the underlying silicon nitride



dual damascene technique. The cap layer is silicon nitride and a pair of
CWP hard masks is enployed: a silicon dioxide layer and a silicon nitride
| ayer. The silicon dioxide |ayer protects the underlying silicon nitride
-3 layer during the dual danascene etching process, but is subsequently
sacrificed during CVMP, allowing the silicon nitride |layer to act as the
CWP hard mask. In this way, delamnation of the lowk material is
prevented. Chooi et al. in U S. Patent No. 6,435,824 discloses a novel |ow

di el ectric consgantsurahge’ tak & la%%aééeaeC@@chi@(gm@gggyy ign layer)
e a

for copper. The novel low dielectric constant nmatérial can
car bon- doped swhssamemtdyt sechel fiaeel dhoinedMB; abhovimy thesabbkiddmut ed

anmoni a precursor. and_a substituted or osilane in a_ pl asma-enhanced
cheni cal deposi rﬁé% gﬁg%e?r? aﬁBWﬁRV‘%%ﬂ%H%aFﬁl\fﬁ?\ﬁJFmIﬁntgbf @Y of the
present invertdQdminstiensekVvend heow-abake=enyi oged-HFghl s and provide a
process for formng a netal danascene structure.” After the damascene

openi ng etching, tHeopresedt. invénti Geteatl Be s a3speciialisplasm treat nent
to renove the resi | i rifies. Thus eelin f the internmeta
i el oot o (VB Fay o BUB PGLEER e REC Tt FOF oeos Sos0IRR
Moreover, . theRiresgissiA¥eBhi 98yEaN PasS cbpgest I e Mkl on,and
electro-mgration tests. Mreover, yield and reliability are inproved. To
achi eve the -BisdestabFectonatiatprveessidbr ckor fbnga carbon-doped

silicon nitride layer formed by reacting a substituted

ammenia precursor and a substituted organosilane in a

plasma-enhanced chemical deposition chamber.
SUMMARY OF THE INVENTION

An object of the present invention is to solve the
above-mentioned problems and provide a process for
forming a metal damascene structure. After the damascene
opening etching, the present invention performs a special
plasma treatment to remove the residual impurities. Thus,
peeling cof the intermétal dielectric (IMD) layer due to
the remaining impurities is solved. Mo:fe'over, -the present
invention can pass the stress migration aﬁd
eléétro—migration.tests. Moreocver, yieldenuireliability
are improved.

To achieve the above object, the process for forming
a metal damascene structure according to the present
invention includes the following steps. Fifst, a-
dielectric layver is formed on a substrate. Next, the
dielectric layer is etched to form a damascene opening.

Next, a plasma treatment is provided to remove remaining



a netal damascene structure according to the present invention includes
the following steps. First, a dielectric layer is fornmed on a substrate.
Next, the dielectric layer is etched to forma damascene opening. Next, a
plasma treatnment is provided to renove remaining inpurities on the
dielectric layer. Next, a netal is filled in the damascene openi ng.
According to the present invention, before the dielectric |ayer is forned,
a first netal |ayer can be formed on the substrate. Thus, the plasna

| ayer. At this

treatment is rfornmed on urface of _.the first netal

time, the plasﬁé ettt %%u1é;ﬁlq9§rﬁgn6@¥anpuyﬁflesa 85Eehe ifi rst metal
| ayer and repgillédeibond damabBetneeSpedify first metal |ayer and the
dielectric layer. According to the present” invention, after the first

nmetal layer is formmgbeﬁ@r éheh@nﬂﬂS@Méctxmteﬂiaym, i sefdox metie a cap
| ayer can be for{e J%_ the first neta Thus,, the plasma_ _treat nent

can act to repalr 3idiShg Lo EPTRER f%ﬁ%%f“ﬁﬁga laysFeF2BnBSt he cap

| ayer. The pl 8sseed rc&ﬁﬁ:lﬁi@nbuﬁé’@ré'@@ aﬂm@r OgRE- SO NG erRkRSHE, @
ni trogen-containing plasnma, an oxygen- contalnlng pl asma, or m xtures
t hereof . AccoP@ffrrmest an ftihes@mpféeﬁ%pf ddeefbosl mefielofaydre. Ay ehent

invention, etc g f e_danmpsc Qpeni n conducted by .fluorine
cont ai ni ng pIaQ#% §$1 EJEcﬁTn rea cﬁan %“ﬁ%ﬁﬁﬂmﬁﬁﬂlfﬁﬁ¥ﬁFé§ﬁa
treat nent usesn thedrragen- ﬁ@@épllrwag: Bh@sﬂ@pafﬁrtl?é(%ﬂﬂcﬁ’nghlﬁgrcgggﬂ (H2)

pl asma, ammoni a (NH3) plasma, H2/ NH3 plasma, or H2/ N2 pl asma
the first metal layer and the dielectric laver.
According to the present invention, after the first
metal layer is formed and before the dielectric‘layer is.
formed, a cap layer can be formed on the first metal layer. ‘
Thus, the plasma treatment can act to repair the bonding
between the first metal layer and the cap layer.

- The plasma treatment can use a hydrogen-containing
plasma, a nitrogen-containing plasma, an
5xygen—containing plasma, or mixtures thereof.

According to a first preferred embodiment of the -
present invention, etching of the damascene opening is
conducted by fluorine containing plasma or a
chlorine-containing plasma, and the plasma treatment uses
hydrogen-containing plasma. For example, hydrogen (Ha) .
plasma, ammonia (NE,) plasma,Ih/NH3plasﬁa,orIﬁ/szlasma
can be used. The hydrogen bond of the hydrogen-containing
plaéma is ionized to form ionized hydrogen atoms. These
icnized hydrogen atoms can deoxidize undesired copper
oxide and react with free fluorine or .chlorine.
Therefore, dielectric layer peeling due to residual

fluorine or chlorine can be eliminated.



can be used. The hydrogen bond of the hydrogen-containing plasm is
ionized to formionized hydrogen atons. These ionized hydrogen atons can
deoxi di ze undesired copper oxide and react with free. fluorine or
chlorine. Therefore, dielectric |ayer peeling due to residual fluorine or
chlorine can be elimnated. According to a second preferred enbodi nent of
the present invention, the cap layer is nitride and the plasnma treatnent
uses nitrogen-containing plasnma. For exanple, nitrogen (N2) plasma,
ammoni a (NH3) pl adoeerd2idNz pleaswaondoprBRENHSE pixriireart o Gved. The .

ni trogen-contai hing . plasna ¢ repai.r the, bondi hg between the first netal
I :ayer gand t‘hgrlgﬁlﬁn FRERPEr %C.Pl%ﬁé’?,r Jt%glglﬁ‘g‘f‘ I Hie Egﬁgral and t he

cap | ayer hayvecgepdn@dfes Ay rahch ReRItaNG I ngf pTdindli ekestddapllayer can be
elimnated. According to a third preferred enbodi nent of the present :

i nvention, thétphotor@kl splawsk fomonhe (hmspbaena ogedNa@lésgRiing cont ain
carbon, and the_p ma.treatnent, uses.oxygen-containin l_as such as N20
pl asma or ox?ﬁeﬁz}bﬁ%Z)plesggnﬁ?mTﬁg 8§§%én-gg%t%%%?%ezbl%srfr%lgaqﬁgr eact W th

the remaini nﬁlﬁ@ﬁgoaantﬁﬁaﬁ evient bavr frof dtueRnOft heblfisteer mettug to
remai ni ng carbon. BRI EF DESCRI PTION OF THE DRAWNG FIGS. la to |d are
cross-sect i oAsyerlarst thei ¢rp thyerpfodesisid)|.oWlsis f 6hai hjrat e65pér damascene

structure aicordin tQ a conXenti nal process, FIG _2 is fllg har t
T ERE g

of . forning a~f¥fal? Y FHATT % SROCOFarRE TY tHE BESSERT i nventi on.

of the dielectric layer can be eliminated.

According to a third preferred embodiment of the
present invention, the photoresist mask for the damascene
opening etching contains carbon, and the plasma treatment
uses oxygen-containing plasma such as Np0O pla}sma or oxXygen
(0;) plasma. The oxygen-containing plasma can react with
the remaining carbon, thus preventing formation of

biisters due to remaining carbon.
BRIEF DESCRIPTION OF THE DRAWING

FIGS. la to 1d are cross-sections illustrating the.
process flow of forming arcopper damascene structure
according to a conventional process

FIG. 2 is a flowchart of forming a metal damascene
structure according to the present invention.

FIGS. 3a to 3c are cross-sections illustrating the
process flow ﬁf forming a metal damascene structure
according to a preferred embodiment of the. present
invention.

FIG. 4a is a top view and FIG. 4b is a side view of
+the testing structure for electromigration (EM) and

stress migration (8M).



FIGS. 3a to 3c are cross-sections illustrating the process flow of formng
a netal damascene structure according to a preferred enbodi nent of the
present invention. FIG 4a is atop viewand FIG 4b is a side view of

the testing structure for. electromgration (EM and stress mgration
(SM. -6 FIG 5 shows the EMtest result for the testing structures of the
present invention and the Conparative Exanple. FIG 6 shows the SMtest
result for the testing structure of the Conparative Exanple. DETAILED

DESCR PTI ON OF Tifed WENTLO FLG. 2 16,8 1laisharto,of Lorl gg ot o

damascene structuré daccor present 1 nventi on. a to 3c

are cross-segidntarek! ustial ipdgsthe precesiodf ko ehe Compearg: araret al
damascene structure according to a preferred enbodi nent of the present
i nvention. AX¥ARledanascene process is taken as an exanple in the

foll owi ng descri pti.ons. vek, [ e]%%rﬂq%cqg% I PCESS:- 4,87 al SO within
t he scope of thei%lp:)cerészntgﬂ:%\rtly\%e‘ricthleo?ig.m'S t%ggfterrl ng to FIGS. 2 and 3a, first, a

cap |l ayer 2%:tisidtereeds o adngatativkabxbayes. 10 (step S21). The cap | ayer
20 is used to prevent diffusion of the first netal layer 10 into the

overlying internetal pghetiest Hreckk Mol coberny anvetrrona | ater step. The
cap layer 20 can be nitride or silicon carbide (SIC) . Representative

exanples of the prg. 2 is a flowchart of forming a metal damascene
structure according to the present invention. FIGS. 3a
to 3¢ are cross-sections illustrating the process flow of
forming a metal damascene structure according to a
preferred embodiment of the present invention.

A dual damascene process is taken as an example in
the following descriptions. However, a single damascene
process is also within the scope of the present invention.
Referring to FIGS. 2'and 3a, first, a cap layer 20 is formed
on a first metal layer 10 (step S21). The cap layer 20
is used to prevent diffusion of the first metal layer 10
into the overlying intermetal dielectric (IMD) to be
formed in a later step. The cap layer 20 can be nitride
or silicon carbide (SiC). Representative examples of the
nitride cap layer include silicon nitride, titanium
nitride (TiN), tungsten nitride (WN), titanium silicon
nitride (TiSiN)} and tungsten silicon nitride (WSiN).

Subsequentlf, still referring to FIGS. 2 and 3a, a
dielectric layer (intermetal dielectric layer; IMD) 30 is
formed on the cap layer (step 522). The dielectric layer
can include three sequentially formed layers, e.g., é
first dielgqtric layer 32, an efch stop layer 34, and a

second dielectric layer 36. The first and second



nitride cap layer include silicon nitride, titanium nitride (TiN)

tungsten nitride (W), titaniumsilicon nitride (TiSiN) and tungsten
silicon nitride (Wi N). Subsequently, still referring to FIGS., 2 and 3a, a
dielectric layer (intermetal dielectric layer; IMD) 30 is forned on the
cap layer (step S22). The dielectric layer can include three sequentially
formed | ayers, e.g., a first dielectric |ayer 32, an etch stop | ayer 34,
and a second dielectric layer 36. The first and second dielectric |ayers
32 and 36 can bk eliddtede agrades 82 a9id 3€ean bu §11 deof exi@d Rys chem:cal vapor
deposition (CVD),. Alternatively, the first and second dielectric |ayers 32
and 36 can be FYFWG ef €EP$S ¢ byonghemicalat BRPRF (dep®sdtion uf@an). for

exanpl e, an or i r Al s 1 F E, . PAE- and _SI LK, a
non- or gani c m?g?iegwagggﬁﬂg’s ﬂﬁésgl%%':u%#%%ieﬁgggt%ﬁ;éé%ﬁlcaﬁﬁy%% ydr ogen

si | sesqui oxane)andoBackadi Beand,ocwo ikl gbt bl @cdorditamnglat LHBD) . (ke et ch stop -

| ayer 34 can be sili.cop nitride or silicon oxynitride (SIGN). ,
Subsequent |y, F&f BRERRY tiOIEEsTP2e a P I5T2RRe Palideacrpterialeuado s
etched to forma gdappscens _gpen 0, (ste Far_.exanple, a
via-first technique canh be -per %?ﬁ%ﬁf %f?% Erigﬁ%?saipxgggr%%@%ﬁswask (not
shown) is forme¢ on (fheosesbhikbaiel eeflase) | ayend 36 megl a fhiydElogen

ani sotropi c etchgggﬁis,conducted to forma via hole 41 extending through

the second dief guigyare 36, bladk efxdrongt.opn difeh P ackniamend r st

dielectric |ayqgpd?. Naid ecch 3659MELRNOLG 85k He MIKLAOL  ShoW),l s formed.

on the
silicon oxynitride (SiON).

Subsequently, referring .to FIGS. 2 and 3b, the
dielectric lavyer 30 is atéhed to form a damasceﬁe opening
40 (step 523). For example, a via-first tech.nique can be
performed. First, a first photoresist mask (not shown)
is formed 61'1 the second dielectric layer 36 and a first
anisotropic etching is conducted to form a via hole 41
extending through the second dielectric layer 36, the etch
stop layer 34, .and the first dielectric layer 32. Next,
a secopd pPhotoresist mask '(not shown) is formed on the
second dielectric layér 36 and a second anisotropic
etching is conducted to form a. trench 42 in the second
dielectric layer 36 stopping at the etch stop layer 34.
Thus far, the via hole 41 and the trench 42 comstitutes
the dual damascene opening 40. |

Subsequently, still referring to FIGS. 2 énd 3b, a
special plasma treatment of the present invention is
performed (step S24). The special plasma treatment caﬁ :
remove remaining impurities on the dielectric layer 30.
‘For example, hydrogen-containing plasma,

nitrogen—containing plasma, oxygen-containing plasma, or



second dielectric layer 36 and a second anisotropic .etching is conducted
to forma trench 42 in the second dielectric |layer 36 stopping at the etch
stop layer 34. Thus far, the via hole 41 and the trench 42 constitutes

t he dual damascene opening 40. Subsequently, still referring to FIGS. 2 and
3b, a special plasma treatnent of the present invention is perforned
(step S24). The special plasnma treatnent can renobve renaining inpurities
on the dielectric layer 30. For exanple, hydrogen-containing plasna,

ni Lrogen- . cont ALpLAG. PLAST: OXY95N- 608! b1 Pl PLASKRy Ofyafna T X1 Ure

t her eof can be use e speci asma treatne ow rate of the

pl asma for theepimaita tTheafmewt reed HE A0 TAemno £30thecplaFhe
above-nentioned first anisotropic etchin%rto formthe via hole 41 and the
second ani soE¥RPIRCIEL CRInge 2O $@FM the A ERER-42 can be perforned using a

f1 uor i ne. cont ai nifig, BhAS/ER L 306k Ok Der CORL BbRLYG:  PLASHEN, EQT exanple,

CF4 can be used. escri be n the prior art, uorine, or chlorine
i mpurities webim daneia Ablersvismdhahe aadotd enclscetropiimgetwhiog attack the
interface between the first netal |ayer 10 and the cap, |ayer 20. As a
result, peel FRg 6 hEhEi eF 6RFH ¢ 42ay6AT 3B WiRFTIRTH al'BeP9t hd substrate .

S subj ect o {SRGAlRn LRRTHRI SUEIES. oT0 P UAY-iLC AhebentabC | aver
peeling, the present 1 nvention ‘can per?orn1a pllasma treatnent W th
-hydr ogen- conpaastang. poaseramghe, hykir eganbeomdesd ni gy described in

the prior art, fluorine, or chlorine impurities will

remain after via hole and trench etching, which attack the

interface between the first metal layer 10 and the cap

layer 20. As a result, peeling of the dielectric laye:

- 30 lwill occur after the substrate is subject to repeated
thermal cycles. To prevent the dielectric layer peeling,
the present invention can perform a plasma treatment with
hydrogen-containing plasma. The hydrogen-containing
plasma can be hydrogen (Ha) pla;ma or ammontia (NHi3) plasma.

The hydrogen bond of the hydrogen-containing plasma
is ionized to form ionized hydrogen atoms. These ionized
hydrogen atoms can deoxidize undesired copper oxide and
react with free fluorine or chlorine under plasma and high
temperature (about 400° C) chamber conditions. Thexrefore,
dielectric layer peeling due to the residual fluorine or
.chlorine can be eliminated.

In addition, when the cap layer 20 is nitride, the
plasma treatment of | the present invention can use
nitrogen-containing plasma, such as nitrogen (N,;) plasma
or ammonia (NH;) plasma, after the damascene opening 40
etching. The nitrogen-containing plasma can repair the

bonding between the first metalrlayer 10 {such as Cu) and



pl asma can be hydrogen (H2) plasma or ammonia (NH3) plasma. The hydrogen
bond of the hydrogen--containing plasna is ionized to formionized
hydrogen atons. These ionized hydrogen atons can deoxi di ze undesired
copper oxide and react with free fluorine or chlorine under plasna and

hi gh tenperature (about 4000 C) chamber conditions. Therefore, dielectric
| ayer peeling due to the residual fluorine or chlorine can be elim nated.
In addition, when the cap layer 20 is nitride, the plasma treatnment of the

present invepipo €np NiLT, -C i Ni C ni trogen
(N2) plasma. E%% %r#%n%fé’?(ﬁiﬁegﬁl&(}g?%%; gﬁ%’ ttE% ggﬁ%@eer%lioggﬁgﬁg 40
et chi ng. Thelni &ndgeaie capt abpenge pliasmm goad adipas o heandogedilhiggbet ween t he
first metal layer 10 (such as_Cu) and -9 the cap layer 20 (nitride). Thus,
the first mePal thaydielefbrdfdleker cad Ty e ?6’1?{5% good adhesi on, and

peeling of the dh?'a%ﬁRHLSn! MR HAIL she ﬁ%wggnekglﬁd%hit Angt he

phot oresi st mask generally contains carbon. After etc ‘ng of the damascene
openi ng 40 (s&epon23pfrbhectodp dayér tRO ddndscearnvbéniterdd deeepo t he

resi dual carbon, fluorine, chlorine, ar oxygen fromthe photoresist and

the etch proéeéss. tfe SpPed@HET Mlertildn ¥dh Peritdim £ aktaFPeat ment
W th oxygen-gong ﬁgggbehésmofm& 251020 B! aSHBQfAX ¥gem (A2) pl asmy;

after etching o amascene openi ng 40. The ~oxygen-contai ni ng pl asna
can react W phothesgimininghe eachoprotéss. preweptesgntf dnvant onnof ,
blisters. can perform a plasma treatment with oxygen-containing
plasma, such as N,0 plasma or oxygen (0} plasma, after
etching of the damascene opening 40. - The
oxygen-containing plasma can react with the remaining
carbon, thus preventing formation of blisters.

| Subsequently, referring to FIGS. 2 and 3¢, a metal
ig fiiled in.the damascene opening 40 to form a second
metal layer 54 (step 25). Before the second metal layer
52 is formed, a barrier layer 52, such as Ta or TaN, can
be first formed to line the damascene opening 40. A seed
layer (not shown) can then be formed on the barrier layer
52, and then the metal layer 54 is formed. The metal layer
54 can be copper or copper alloy formed by electroless
deposition or electrodeposition. Next, the metal layer
54 is planarized by chemical mechanical polishing (CMP) .
The seed layer can be copper or alloys of copper with
elements such as magnesium, aluminum, zinc, zirconium,
tin, nickel, palladium, gold or silver.
Example

According to the above-menticned process of the

present invention, after the dielectric layer was etched

to foxrm a damascene opening, a plasma treatment using

-10-



Subsequently, referring to FIGS. 2 and 3c, a netal 1is filled in the
damascene opening 40 to forma second netal |ayer 54 (step 25) Before the
second netal layer 54 is formed, a barrier layer 52, such as Ta or TaN,
can be first formed to line the damascene opening 40. A seed |ayer (not
shown) can then be forned on the barrier layer 52, and then the netal

| ayer 54 is forned. The netal |ayer 54 can be copper or copper all oy

formed by electrol ess deposition or el ectrodeposition. Next, the netal
olishing (CMP)  The seed

| ayer 54 is pl rized by chem cal nechapi cal ,

| ayer can be %dppérp%arsn};ﬁ ¥"8§sp%¥§%’ﬂﬁ?er #?ﬂ' Ritfent@Sshiehigs Hagnesi um

al um num  zi nthe Zdaf@BteR obbAind) ¢keloomale-adihm - 0l 4+QlorSi Lygr . Exanpl e
According to the above-nentioned process of the present invention, after
the diel ectri®Piaijern Wostidsehbducterd oheva dafldSSonéaopshidhy, Thel asma

treat ment usi - H2/NH3_ pl asma was_perforned. Then, copper s filled in
t he danasceneg%%)%%r%&%\eg &b F%?%E%Yal 1 §PPon 2 ¥HGS o bPF ng]éo‘fl\é\gti ng
structure shown irnrfd G3a 48 andAbiedhend ¢appeinlifes aue ¢appegs by SiN cap
| ayers (not shown) FIG 4a is atop. viewand FIG 4b is a side view of

the testing sthctafelrdr sereetwenm §oat isdectEMpignaticn r &) niardtion (SM.
The testing s u Lncl ude four_.| evel s .of tal, Synpol_ 61 indicates a
netal line ( 1{%Leé%{’sl E@?EF%K}%}) ﬁc,’#”a‘nd %&%lgglggﬁﬁc%’éﬁgi T netal
pads (the sectwith llevely of inetshi.chsihBopagh G2h:i¢ORBECESMENSEL 1ine

(the first level), and symbols 621 and 622 indicate metal

pads (the second level), in which the pad 621 connects the

metal line 61 via a plug 611 and the pad 622 connects the

metal line 61 via a plug 612. Symbols 631 and 632 indicatel

metal pads (the third level), and symbol 64 indicates a '

metal line {the fourth level), in which the pad 631

connects the metal line 64 via a plug 633 and the pad 632

cennects the metal line 64 via a plug 634. The width (w)

of the metal lines 61 and 64 is 3.5 um and the length (1)
~is 55 Hm. The plugs (or via holes) 611, 612, 633 and 634

have a diameter of 0.5 um.

Comparative Example

The same procedures as described in the Example were

employed except that after the dielectric layer was etched

to form a damascene opening and before copper is filled,

no piasma treatment was performed.

EM Testing

The testing structures obtained from the Example

. {the present invention) and Comparative Example were

stressed at a constant current of 5 mega A/cm® at 450°C

respectively for EM testing. The results are shown in FIG.

5 and Table 1. It can be seen that TTF (time to failure)

-11-



nmetal line 61 via a plug 611 and the pad 622 connects the netal line 61
via a plug 612. Synbols 631 and 632 indicate netal pads (the third |evel),
and synbol 64 indicates a netal line (the fourth level), in which the pad
631 connects the netal line 64 via a plug 633 and the pad 632 connects
the metal line 64 via a plug 634. The width (w of the netal |ines 61 and
64 is 3.5 }gymand the length (1) 1is 55 }gym The plugs (or via hol es)
611, 612, 633 and 634 have a dianeter of 0.5 m Conparative Exanple The
sane proceduf&g) & €RS Hdhadyl &t L 0a P8Pl @heWsFEseRho¥ed;  8xCcapt t hat
after the dielectric layer was etched to forma damascene openi ng and

bef ore coppéeingressied dgom i@ pasnee t BeasaenbywabepdefBiepl a8 Testi ng The
testing strq&%&&g% %btained fromthe Exanple (the present invention) and
Conmparative anﬁ}g'mere stressed at a constant current of 5 nega A/cnR at
450C respectively for EMtesting. The results are shown in FIG 5 and
"Table 1. It can be seen that TTF (tine to failure) -11 (t,90) of the
testing structure @ficthe present invention is increased from13 sec to 59
sec by the H2/ NH3 plasma treatnment. Table 1 Resul t sConparativeThe present

i nvention Si gmaOre4Q4166 Comparative The present
' invention
Sigma 0.94 0.56
tso (sec) 13.31 58.16
tp.1 (Bec) 0.73 10.33
Jmax (mA) 0.301 1.129
SM'Tésting

The testing structures obtained from the Example
(the present invention) and Comparaﬁive Example were
-stored in a vacuum oven within 100°C-300°C for 3 weeks
respectively for SM testing. The testing structure 6f the
Comparative Example failed to pass the SM test as shown
in FIG. 6. However, it is found that the testing structure
of the present invention passed the SM test without any
failure.

In conclusion, after etching to form the damascene
opening and before metal ig filled in the opening, the
present invention performs a plasma treatment with
hydrogen-containing plasma, nitrogen-containing plasma,
oxygen-containing plasma, or a mixture thereof. Thus,
remaining impurities can be removed and peeling of the
dielectric layer due to remaining impurities is

eliminated. Additionally, the testing structure obtained

-12-



t.50 (sec)13.3159.16 t0.1 (sec)0.7310.33 Jmax (nmA)O0.3011.129 SM Testi ng
The testing structures obtained fromthe Exanple (the present invention)
and Conparative Exanple were stored in a vacuumoven w thin 100C 300C for
3 weeks respectively for SMtesting. The testing structure of the
Conparative Exanple failed to pass the SMtest as shown in FIG G
However, it is found that the testing structure of the present invention
passed the SMtest without any failure. In conclusion, after etching to

form the damgsgen iLng .and bhefore t Ls.filded in_the opening, the
present i nvent P@neeﬁng?%?rﬁnlg aafoef aggrﬁs??egt?ﬁ%%{m\?\}t ﬁ’é hgld? oé’err?-sggﬁt ai ni ng

pl asma, nitr dgeantbah apasHgs Plias "Bl ectroMfiRfrat@bhai(EMIg spliasFeser a mxture
t hereof. Thus, remaini rll“g impurities can be renoved and peeling of the
diel ectric | dygFabient CM¥erf&seng inpurities is elininated. Additionally,

the testing struciyre @Q}géggg?hlge%égﬁ% oyLpg E?E plpar% r%(egat ment of

the present invention pas e e omgration M “and Stress

m gration (SHnbbéshentsThef f ehegotingedesst i his obeoh phespnetér ced
enbodi ments of this inventjon has been presented for purposes of

i || ustrati onPHRBCRS cOipt +HHISTERAIGEs 2RBdidIsCalP6As or vAPVAOHENs are

possible in Ebgﬁfiggtféﬁé or variations are possible in light of the
above teaching. The embodiments chosen and described
provide an excellent illustration of the principles of
this invention and its practical application to thereby
enable those skilled in the art to utilize the invention
in various embodiments and with various modifications as
are suited to the particular use contemplated. 2all such
modifications and variations are within the scope of the
present invention as determined by the appended claims
when interpreted in accordance with the breadth to which

they are fairly, legally, and eguitably entitled.
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above teaching. The enbodi nents chosen and described provide an excell ent
illustration of the principles of this invention and its practical
application to thereby enable those skilled in the art to utilize the
invention in various enbodinents and with various nodifications as are
suited to the particular use contenplated. Al such nodifications and
variations are within the scope of the present invention as determ ned by
t he appended clains when interpreted in accordance with the breadth to
which they are fairly, legally, and equitably entitled. Wat is clained
is: 1. Aprogess Ler-igifadg A nmetal danascene structure, conprising the
followng steps: formng a dielectric |ayer on a substrate; etching the
dielectric layer to forma danmascene opening; providing a plasm treatnent
to renpve remaini hg A Prgeesd fes furntihg adinet et tameskapergtmandurklling a
metal in thecganasceneig?e ' 9. 2. The process as clained in claiml1,
wherein the “plrasnea ¥ e ?égﬁl G¥&BIa5HkF bgen- cont ai ni ng pl asma, a

ni trogen-cont ai ni Agr Rl @ MR.qian gg¥g§n1£fg;qﬁpinguﬂgg QR.. Or mi-xt ur es
thereof. 3. The process as élafned in C ain12é where?n ?he

hydr ogen- cont ai ni fgcpins she slipidrcsgen (HZErpkasiaror a akmasicané NH3)
plasma. 4. The process_as clainmed in claim2, wherein the
ni t rogen-cont ai ni ng pl VA& TS nitrogen (N2) plasna or

providing a plasma treatment to remove remaining

impurities on the dielectric layer; and

filling a metal in the damascene opening.

2. The process as claimed in claim 1, wherein the
plasma treatment uses a hydrogen-containing plasma, a
nitrogen-containing plasma, an oxygen-containing plasma,

or mixtures thereof.

3. The process as claimed in claim 2, wherein the
hydrogen-containing plasma is hydrogen (H,) plasma or

ammonia (NHi) plasma.

4. The process as claimed in claim 2, wherein the
nitrogen-containing plasma is nitrogen (N;) plasma or

ammonia (NH;) plasma.

5. The process as claimed in claim 2, wherein the
qugen—containing plasma is N0 plasma or oxygen (O,)

plasma.

€. The process as claimed in claim 2, where the pilasma
treatment step uses H, plasma, NH: plasma, Hz/NH; plasma,

or Hz/N; plasma.
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ammoni a (NH3) plasma. 5. The process as clainmed in claim2, wherein the
oxygen-containing plasma is N20 plasma or oxygen (02) plasma. 6.. The
process as claimed in claim?2, where the plasma treatnent step uses 'H2

pl asma, NH3 plasma, H2/NH3 plasma, or H2/ N2 plasma. 7. The process as
clainmed in claim1l1, wherein the danmascene opening is a via. 8. The process
as clainmed in claim7, wherein the danascene opening further conprises a
trench above the via. 9. The process as clainmed in claim8, wherein the
metal filling step includes filling copper or copper alloy in the trench

and the via. 10. E??ﬁigﬁg%gsgsaglgi L4 N Elaimel g behateshhenediel ectric

| ayer is forned, conprising formng a first netal layer on the
substrate. l8amdbe=mr epessingsiglaiwed. in claim 10, wherein the first netal
| ayer is copper or copper alloy. 12. The process as clainmed in claim11,

wherein the plas reatnent is perforned on.the surface of e first

netal |ayer. 13_ gﬁéhﬁiéfﬁ§§?§sa5!5§ﬁﬁﬁg$ﬁjbfgﬁﬁpi§: WﬁgFS?ﬂ %ﬂ% pl asma
treatment repBRXEScARMRIJANG. FRVEWLL eSoRfr e T kSbnbBt abol-ayehe 14. The
process as clainmed in ¢claim12, wherein the plasnma treatnment repairs the

bondi ng bet wega. the first
9. The process as claimed in ‘claim 8, wherein the
metal £illing step includes £illing copper or copper alloy

in the trench and the via.

10. The process as claimed in claim 1, before the
dielectric layer is formed, further comprising forming a

first metal layer on the substrate.

11. The process as claimed in claim 10, wherein the

first metal layer is copper or copper alloy.

i2, The process as claimed in claim 11, wherein the
plasma treatment is performed on the surface of the first

metal layer.

13. The process as claimed in claim 12, wherein the
plasma treatment removes remaining impurities on the

first metal layer.

14. The process as claimed in claim 12, wherein the
plasma treatment repairs the bonding between the first

metal layer and the dielectric layer.

15. The process as claimed in claim 10, after the

first metal layer is formed and before the dielectric
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nmetal layer and the dielectric layer. 15. The process as clainmed in claim
10, after the first netal layer is forned and before the dielectric |ayer
is formed, further conprising formng a cap layer on the first netal

| ayer. 16. The process as clained in claim15, wherein the cap layer is
nitride or silicon carbide. 17. The process as clained in claim15, wherein
the plasma treatnent repairs the bonding between the first netal |ayer
and the cap layer. '18 A process for form ng a netal danascene structure,

conpri sing mfe{ﬁié_ %r‘ﬂ%d?tfﬁfékhélorégmggiéiﬁ@pféﬁﬁi%{g ancayfiLsdr metal |ayer;

formng a dielectric layer on the cap layer7 etching the dielectric |ayer
wi th fluorioe-coat&imtngepbasiayer. chlorine-containing plasma to forma
damascene opening; plasma treating using a hydrogen-containing pl asng;

and filling a ne%glﬁjn t he danasceﬂe.qﬁfnin 191jjhe rocess, as clainmed in
ol aim 18, wher ei 11 AES RYQTOTRRACENEATII NG pLash-a s THYAroderes k) pl asma

or amoni ac4NHR v ARG 208 THE PI0GRSS cashehal med in claim 18, wherein
the plasma treatnent step uses H2 plasnma, NH3 plasma, H2/NH3 plasma, or

H2/ N2 plasma. 21. The process as clainmed in claim118, wherein the
17. The process as claimed in claim 15, wherein the
plagma treatment repaifs the bonding between the first

metal laver and the cap layer.

18. A process for forming a metal damascene
structure, comprising the following steps:
| forming a cap layer on a first metal layer;

forming a dielectric layver on the cap layer;

‘etching the dielectric' layer with
fluorine-containing plasma or
chlorine-containing plasma to form a damascene
opening;

plasma treating using a hydrogén-containing plasrﬁa;
and |

filling a metal in the damascene opening.

19. The process as claimed in claim 18, wherein the
hydrogen-containing plasma is hydrogen (H;} plasma or

ammenia (NH;) plasma.

20. The process as claimed in claim 18, wherein the
plasma treatment step uses H; plasma, NH: plasma, H/NH;

plasma, or Hz/N, plasma.

21. The process as claimed in claim 18, wherein the

damascene opening is a via.
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damascene opening is a via. 22. The process as clained in claim2l, wherein
the damascene opening further conprises a trench above the' via. 23. The
process as claimed in claim?22, wherein the netal filling step includes
filling copper or copper alloy in the trench and the via. 24. The process
as claimed in claim 18, wherein the first netal l|ayer is copper or copper
alloy. 25. The process as clained in claim 18, wherein the cap |ayer is
nitride or silicon carbide. 26. A process for formng a nmetal danmascene
structure,. conprising the followng steps: formng a cap |ayer on a first

nmetal |ayer, whesgi Apet B?OE@?S laﬁbyg'iaﬁiﬁeﬁ_iq{ thidg éf—%’%ﬁefeqlhnkﬂg a
dielectric layer on the cap layer; etching the dielectric |layer to forma
damascene OpemEerne piresvimat feathay osmmg seanid rrogerhc ebbakenthg pl asma; and
filling a netal in the damascene opening. 27. The process as clained in
claim 26, whefein the etching step uses fluorine-containing plasma or

chl orine-contai ning plasma. 28. The process as clainmed in claim26, wherein

the nitrogen-com aithiengrOtasaRd s18Ehe@UEN c(R2) PP AS/MRred®. tBe process as
clainmed in claim?26, wherein the plasna treatnment step uses NH3 plasma, N2
pl asma, H2/ ®erl £illing step includes £illing copper or copper alloy

in the trench and the via.

24. The process as claimed in claim 18, wherein the

first metal layer is copper or copper alloy.

25. The processg as claimed in claim 18, wherein the

cap layer is nitride or silicon carbide.

28, A. process for forming a metal damascene
~ structure, comprising the following steps:

forming a cap laver on a first metal layer, wherein
the cap laver is a nitride layer;

forming a dielectric layer on the cap layer;

etching the dielectric layef te form a damascene
opening}l

plasma treating using a nitrogen-containing plasma;
and

filling a metal in the damascene opening.

27. The process as claimed in claim 26, wherein the
etching step uses fluorine-containing plasma or

chlorine-containing plasma.

28. The process as claimed in claim 26, wherein the

nitrogen-containing plasma is nitrogen (N,) plasma.
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pl asma, or H2/ N2 plasma, 30. The process as clainmed in claim?26, wherein
the damascene opening is a via. 31. The process as clained in claim 30,
wherein the danascene opening further conprises a trench above the via.
32. The process as clained in claim31, wherein the netal filling step
includes filling copper or copper alloy in the trench and the via. 33. The
process as clainmed in claim26, wherein the first nmetal |ayer is copper or
copper alloy. 34. A process for formng a netal damascene structure,
conprising the following steps: formng a cap |ayer on a first netal |ayer;

form ng a diel ectyy ‘CThgyﬂ?,ﬁ%é he igﬁ%rib%%q&; cl;gr[lrgéwg%vgﬁﬁg%ég%eesi st pattern

on' the dielectric |ayer, rein toresist pdt ai ns carbon
et chi ng t he mpliadnecttreathayer stisp NGdsh@pphalamesi st ppadder n,a8ua mask to
form a damascene opening;.. plasma treating using an oxygen-contai ni ng

pl asma; . afdt39MA0 7§ H2/Met BL2PRat he damascene openi ng. 35. The process as
claimed in claim 34, wherein the etching step uses fluorine-contai ning

plasma or chl ori ne- COAL NG PLASHBaimed in claim 26, wherein the

damascene opening is a via.

31. The process as claimed in claim 30, wherein the
damascene opening further comprises a trench above the

via.

32. The process as claimed in claim 31, wherein the
metal £filling step includes filling copper or copper alloy

in the trench and the via.

33. The process as claimed in claim 26, wherein the

first metal layer is copper or copper alloy.

34. A process for forming a metal damascene
structure, comprising the following steps:

forming a cap layer on a first metal layer;

forming a dielectric layer on the cap layer;

forming a photoresist pattern on” the dielectric
lavyer, wherein the photoresist pattern
contains carbon;

etching the dielectric layer using the photoresist
pattern as a mask to form a damascene opening;

plasma treating using an oxygen-containing plasma;
.and

filling a wmetal in the damascene openingf
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36. The process as clained in claim34, wherein the
pl asma is N20 plasma or oxygen (02)
claim 34, wherein the
clainmed in claim37, wherein the

oxygen- cont ai ni ng

pl asma. 37. The process as clained in
darmascene opening is a via. 38. The process as
damascene opening further conprises a

trench above the via. 39. The process as clained in claim38, wherein the

nmet al

filling step includes filling copper or copper alloy

and the via. 40. The process as clained in claim34, wherein the
is nitride or silicon carbide.

35. The process as claimed in c¢laim 34, wherein the
etching step uses fluorine-containing plasma or

chlorine-containing plasma.

36. The process as claimed in claim 34, wherein the
oxygen-containing plasma is N0 plasma or oxygen (Os)

plasma.

37. The process as claimed in claim 34, wherein the

damascene opening is a via.

38. The process as claimed in claim 37, wherein the
damascene opening further comprises a trench above the

via.

32. The process as claimed in claim 38, wherein the
metal £illing step includes filling copper or copper alloy

in the trench and the via.

40. The process as claimed in claim 34, wherein the

cap layer is nitride or silicon carbide.
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