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A METHOD TO AVOID COPPER CONTAMINATION DURING COPPER ETCHING 
. AND CMP· 

BACKGROUND OF THE INVENTION 

(1) Fiel<l of the Invention 

The invention relates to a method of 
. 

. metallization in the fabri~ation of' integrated·circu~ts,.and . . . . . . ' 

· more. particularly, . to a method of ayoiding contamina't;:i,on in 
copper metallization inthelllallufacture of integrated· 
ciJ:cuits~ 

(2) Description of the.Prior Art 

C~pper metall_ization has become a future 
·trend in integrated circuit nianufacturing •. · However, copper 
contaminati0n of the in1:ermetal dielectric layer is a 
problem. Copper is.a very dangerous contaminant and 
diffuses very quickly into silic(?n oxide, the most common 
material for i~terlevel dlelectri.c (ILD) _and 'intermetal· 
dielectric (IMD) ~· The application of a· barrier laye~ ··. 
1.inderlying·copper has. ef~ectively prevented the copp~r from 
making contact to the ILD or IMD layers during. 
metallization. · However, exposure of the IMD and ILD. 
layer~ to copper during etdiing~· chemical .. mechanical 

. . . .. 
po~ishi~g (CMP), cleaning, aD.d other processes is inevitable. 
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This poses a threat for copper contamination control. 

For example, when a copper layer 24 and 
barrier layer 22 over an oxid' layer 14 are patterned, as 
shown in Fig. 1, copper_ ion~. 25 will.penetrate the ·oxide 
layer 14. -Likewis·e, ·when a damasceri.e or _dual damascene 

. . . . .. . . process is use~, as $hown iii Fig. 2, the copper· ·25 ~s 
typicallypolished using ch~cal mech8ni<:~l polishi~g-(CMP). 
Some of the copper uy 11 smeat 11 ·27 onto the ox~de. 14 causing 
contamination. It is desired to prevent copper contamination 

.-during processing, including etching and CMP. 

A nuiDber of· -patents address the damascene 
process. U.S. Pat"E!nt 5, 451, 55~ to Krishnan et al teaches. a 
method of forming a titanium tungsten cap over copper·and 
_pol i"shing away.· the excess· capping lay~r. u. s. ~atent 

. . 

5,470, 789 to Misawa_ .shows a titanium nitride· layer tiiat is 
buff-abraded~ U.S. Patent 5,693,563.to Teong shows a barrier· 
layer for copper; but the copper metallization.is not 

· recessed. u.s. Patent -5,744,376 to Chan et· .al discloses a 
capping layer over _a non-recessed copper metallization •. U.S. . . . 

.·· 
·. . 

. 

Patent 5,818,110 to Cronin shows a damascene·process with an 
etch stop layer over metal plugs. 
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Other patents teach etching of metal layers. 
U.S. Patent 5,766,974 to.Sardella et al shows a SiON etch 

. . stop layer ulider a metal layer.·. u.s. Patent 5,578,166 to 
Hirota teaches a refractory metal·· barrier in copper etching, . . .. 
but· no barrier over the oxide. l_ayer. U.S. Patents 5, 240, 559 
toishida, 5,200,032 to Shinohara and 5,591,302 to Shinohara 
et al teach various RIE methods for copper, but without 
barrier layers over the oxide. u~s. Patent 5,827 ,_426 to 
Kamide et al disclose a 2-step etching of alUm.in11111: lines. 
U.S. Patent 5,783,483 to Gardner teaches a metal oxide etch 
barrier linder a metal layer •.. Gardner's barrier has a 
high dielectric constant and nonuniformity·problems. 

SUMMARY OF TJ12 INVENT.;tON 

A principal obj~ct ·of the present invention·is 
.to provide an effective· and ve:r:y manufacturable method of·· 
copper metallization in. the .fabrication of integrated circuit 
devices. 

Another object of the invention is to· prevent 
. . .· . . : 

copper·contamination ·of· the intermetal dielectric layer 
. . . 
during etching of a copper line· •. 
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Yet another object of. the invention is to 
prevent copper contamination of the intermetal dielectric 
layer during chemical mecl)anical polishing in a dual 
damascene process. 

A further Object of the inventiori·is to . 
prevent copper _contaJilination of the intermetal dielectric · . . . . 
layer during copper etching-by forming a· dielectric cap for 
isolation.of the underlying-.dielectric layer. 

A still. ·further object of the invent:i,on is to 
prevent copper c0ntam.ination of the intermetal dielectric 
layer during ·chemical mechanical polishiriq of coP,per by 
forming a dielectric cap for i_solatic.>n of the underlying. 
dielectric layer. 

Yet another object of the invention is to 
_prevent copper contamination of the intermetal dielectric 
layer during etclling, chemical mechanical polishing, or' 
cleaning of ·copper by forming a dielectric cap for isolation 
of the_ underlying dielectric layer. 

In accordance with the objects of this 
invention a new method to prevent copper contamination.of the· 
intermetal dielectr:i,c · layer during etching, CMP, or cl_eaning 



by forming a dielectric cap for isolation of the· underlying 
dielectric layer is achieved.· In· one embodiment of the 

. . invention, a dielectric layer is provided overlying a 
. . semiconductor stibstrate.. A dielectric cap layer is deposited 

overlying the dielectric layer. A via or contact opening is 
made through the dielectric ·cap -layer and ,the dielectric-· 
layer and filled with a metal layer and . plan~rized. A copper .· 
layer is deposited overlying the d,ielectric cap lay~r and 
planarized ~etal layer~ The copper layer is etched ~o form a 
copper line wherein the. dielectric cap lay_er prevents copper 
contamination Qf the dielectric layer during etching • 

. In another embodiment of the invention, a 
dielectric layer is prov:i.d~ ov~rlying ~ semi.conductor 
substrate. A dielectric cap layer is deposited ov~rlying 
the dielectric layer. · .ll dua,i damascene ap&iling is formed 

. through the dielectric cap layer and the dielectric layer.· 
A b~rrier metal layer is. depo1ii te.d overlying the dielectric 
cap layer. and within the dual· damascene opening. I\. copper 
layer is deposited overlying ·tiie ·barrier metal· 1ayer .. and 
filling the dual damascene opening. The copper layer. ·is 
polished back to lea-y'e the copper lay~r only within the dual_ 
d~scene' opening wherein the di~le_ctric cap laye_r prevents· 
copper contamination.of the dielectric layer during 
polishing. 
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Also, in accordance with the objects of the 
invention· in the secQnd embodiment, the copper layer is 

. etched to form a recess within the dual damascene opening. .· A 
second dielectric cap layer is deposited· overiying the 

·barrier metal layer Clrid the ·c0pper within_ the recess. The 
first and second dielectric cap.- layers and the barrier .· 
layer are remov_ed except over the copper within the ;-~cess .. . . 
wherein the second dieiectric cap layer pi:events· copper 
contamination in the fabric~tion of an iptegrated circuit 
device. 

.·BRIEF DESCRIPTION OF THE DRAWINGS 

:: 

In the accompanying drawings forming·a 
material part of this description, there is shown: 

Fig •. 1 schematically illust.rates in cross­
sectional representationcopper contamination in an ·etching· 
process of the prior art. 

Fig~. 2 schematically illustrates in cross­
sectional representation copper ~ontam.ination in a chemical 
mechanical polishing process of. the prior art • 
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Figs. 3 through 11 schematically illustrate in 
cross-sectional representation a process of the presen_t 
invention. 

Figs. 12 and 13 schematically illustrate in 
cross-sectional representation a first.preferred embodiment 
of the present invention. 

Figs. 14 and 15 schematically illustrate in .. 
cross-sectional representation a second pref erred embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provi_des a method. for 
preventing contamination of :an intermetal dielectric layer·by 
··copper during prOCeSSiri.g SUch aS etching I chemical. meehanical 

•. . polishing, and post-etching ailci post-CMP cleaning. A 
dielectric cap layer.is formed over the dielectric layer to 

-protect the.dielectric layer.from copper contaminati~n during_ 
processing. This prote~tion will be illustrated in the case 
of etchin~ a copper .line with reference to Figs. 3-4 and in 
the case ·of polishing copper in·~ ~ual damascene process with 
reference to Figs~ 5-8. 



Referring new more particularly to Fig~ 3, . 
there is illustrated. a portion of a partially completed 
integrated circuit device. There is shown a semiconductor . 

. sUbstrate 10, preferably composed of monocrystalline silicon. 
An intermetal dielectric ( IMD) or interlevel dielectric ( ILDr 
layer 14 is ·deposited on the substrate wafer. Semiconductor 
devices stru9tures, ·such as .gate ele"ctrodes, sourc.e .and drain 
regions, or metal interconnec::ts, not shown, ~ay-be formed in 
and on the semiconductor sUl;>strate and. covered by the IMO or 
ILD layer 14. ~a~er 14 contains one or more than one iayer 
of dielectric materials, possibly including an :etch:stop 
layer •. 

Now, the dielectric cap layer of the· invention 
will be.formed. A dielectric layer.16 is deposited over the 
surface of the.IllD orILD layer.14 to a thickness of 
between about soo and 3.ooo Angstroms. The dielectric 
:1ayer 16 may comprise silicon nitride, silicon oxyni tride', . . ' 

silicon carbide, or a low.dielectric constant material 
possessing the property of a copper diffusion barrier~ ·such 
·a.s, but not limite:d to, perfluorinated hydrocarbon polymer. 

The dielectric cap layer of choice is ba$ed· on 
.·device performance, manufacturability, and ease of process 
integration. The factors that need to be considered are film 
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thickness ·uniformity, dielectric con~tant, etch selectivity, 
cleaning process compatibiiity1 CMP compatibility, and anti­
copper diffusion capability. 

Typicaily, a via or contact masking and 
etching will. be performed at this .point and the via c:>.r 

.. 
contact will be filled with, for "example, t~gsten 1a,· and 
planarized such as by CMP. The dielectric cap l·ayf:!x:. o~ 
the invention can act as a CMP polish stop.· T;tie contact 
underlying the via 1_8 is not shown in the figures,. but should .. 
be Understood to. be a semiconductor ·device·structure, such as 
a gate electrode, source or drain region. 

~ex~, referring "t;o Fig. ~, a barrier metal 
layer 22 is deposited over the ·dielectric cap layer 16 .• 

. Typically. the barrier metal .layer wi'll .comprise t"i tani\.un or a . 
·titanium compound, ·tantalum or a tantallim compound, or 

. . : . . · · · tungsten or a tungsten. CQJllPOund,. and have a thickness Of 
between: about 50 and 2000Angstrams. A copper layer 24 is 
deposited over the barrier metal.layer to a thicknes~·of 
bet~en about 30QO and 20,000 Angstroms. Finally, an anti-

. reflective coating (~C) layer 28, such as, but not limited . .· . .· 
to, titanium nitride, ~ilicon nitri.de, ·.silicon ox"yni tride,• 
and any combination· of these materials, .-c~vers th~ copper 
.layer to a tb.ic_kness ·of b~tween cibout· 100 · and 2000 Anqstrems • 
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Referring now to Fig •. 4, the ARC layer, the ·· 
copper layer and the .barrier metal layer are patterned· to 
form copper interconnectio~ lines. The dielectric cap layer 
16 prevents contamination of the IMD/ILD layer 14 by copper 
during etching of the coppe·r lines ... During ashing to remove 
the photoresist.mask, not·s~own, and cleaning steps, the 
~ . . . .· . . . .·· . . dielectric cap continues to·protect the dielectric layer 14· '. . . . .. 

from copper_ contamination from copper. ·or any copper· 
containing solution. 

The second_ embodiment of the inventio?l wiil . . . . . 
now be described with reference to Figs. 5-8. Referring now 
to Fig. 5,. a dual d.amascene process will ··be described. An 
intermetal dielectric (Um) or inter:I:evel dielectric: (ILDJ 
layer 14 is deposited over.· the substrate 10. It wi·11. be 
understood by .those ski~led in the art that the ~MD or .. · 
ILD layer 14·may cOJllPrise_multiple layers of dielectric· 
materials and may include etch stop. layers. Now, the ·first· 
dielectric cap layer of the invention will be formed. A 
dielectric layer 16, such as silicon nitride, silicon 
o:xynit:I,"ide, "si"lico11 carbide, or.a low dielectric·constant 

· material, such as, but not limited to·, perfluoririated 
. . hydrocarbon polyiUer is deposit~d over the surface of the IMD. 

or ILi> layer 14 toa thickness of between about 500 and 3000 
Angstroms. 

10 

.,. 
~; 

. \ 



. A dual damascene. opening 17 is patterned into 
the IMD or ILD layer 14, as shown in Fig. 6. The patterning 
may be done by any conventional method, including via first, 
trench first~ or embedded via •. · A semiconductor device 
structure to be contacted, not shown, may lie under the dual 
damascene opening. 

Referring now to Fi_g. 7, a barrier metal layer 
22 is deposited over ~he first dielectric cap_layer 16 and 
within the opening 17. The barr~er metal layer may comprise,_· 
for example,· titanium or a titanium compound:, tantalum. or ·a· 
tantalum compound, or tungsten or a tungsten compound.and may 
have a thickness of between about·SO and 1000 Angstroms. 

A copper lay~i 26 is formed over the ba~rier 
metal layer· 22, .as shown in.Fig. a, by any of the 

. conventional means;. including physical or -Chemical vapor 
deposition, electrochemic;:al plat_ing (ECP),. or electroless · 

.. 
plating, and so on. 

The excess.copper layer over the IMD .or. ILD 
layer is polished o~f by chemical mechanical polishing (CMPJ, 
for example,· as shown in Fig. 9-.· The barrier metal layer. 22 
is also polished away over the ·first· dielectric cap layer 16 •. 

.. •. 

A·portion of the first dielectric cap layer 16 is not 
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polished away,. remaining to prevent copper·. conta.m::Lnation· of 
the IMD/ILD layer during the CMP process and subsequent 
cleaning and other processes. 

Referring: now '.t:O Fig •. 19 the copper·26 in the 
trench is partially stripped by a wet· chemistry; for_ex~ple,· 
using CJl3COOB/~4F or CC14/DMSO chemistry, or any other 
chemistry, to form a recess A.. This recess may · 
have a depth of between about 500 and 2500 Angstrollis for a .· 
dual damasc·ene trench depth of between about 3000 .and 20,000·. 
Angstroms. · 

Now, a second cap layer is to be formed over 
the copper metallization.26 to fully_en~apsulate the copper~ 
A second dielectric cap lay9r .-30 1s deposited over the first 
dielectric cap layer 16 and.the copper layer 26 recessed. 
within the trench ·to·a thickness of between about 500 and 
4000 Angstroms. 

Now, the dielectric cap'layer. 30 is t~be· 
I ·. . . ·removed .except whe:i:e it' covers the copper layer 26 within the 

trench. This may be done in one of twO ways~ 

In·the .first.alternative, a spin-on material 
32 is coated over the dielectric cap.layer 3Q to a thickness 
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of between . about· 500 and 4000 Angstroms, ·as illustrated in 
Fig. 12~ This spin-on material may comprise a ba,rrier and 
organic bottom and anti-reflecti~e coating (BARC) layer, OJ; 

. . resist, or any other suitable material that can fill in the 
recess and offer protection ·.to the dielectric cap on the 
trench during the subsequent plasma etch. 

Next, as shown in F.ig. 13, a blanket etch back· 
· and stripping ·off of the cap layer and the spin-on material.· 
is performed. The first and second dielectric caps 16 and 30 . 
and the thin layer of spin-on material 32 above the field 
area are etched away by a chlorine or fluorine plasma, 
leaving the thic~er spin-on material and· second dielectric 
cap above the trenches. The ~urpose.of .creating the recess 
A, as shown in Fig. 10 1 becomes obvious. It is to give. 
enough margin during the blanket etch back so that enough of 
the dielectric cap material 30 will remain·on the trenches~ 
After etching back, the remainder of the spin-on material 32 
can be stripped off by an 02 plasma or by a forming gas 
plasma.. The removal of the first dielectric cap 16 is 
optional. If the dielectric cap 16 has a higher dielectric 
constant than the IMD/ILD, it is bette.r to remove the cap 
layer 16 to reduce the effective dielectric constant of the . 
IMD/ILD. 
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. Referring now more partieularly to Figs. 14 
and·15, a second alternative for removing the dielectric cap 
layer except where it covers the copper layer 26 within the. 
trench is described. 

Referring now to Fig~ 14,· a layer of 
photoresist is coated over the substrate and patterned to 
form a photomask.35, using a reverse mask or "by"usi~g·a 
reverse tone resist. The puri)ose of creating the re~ess A, 
as shown in Fig. 10, becomes obvious. It is to give enough . 

·margin during the overlay o.~ .t:tie mask so that even if there · 
is misalignment of the ~k,as shown in .Fig. 14, there.is 
still enough dielectric cap.material on the trenches after 
etch back. 

· · . As shown in Fig. 15, · the first and· second · 
··dielectric cap layers 16 and 30 are etched away where they 

are. not covered by· the mask 35,·~sing a Cl or F plasina. 
Again, removal of the first dielectric cap layer:l6 is 
optional. After etching, the remaining resist can ~e· 
stripped off using an Oz plasma or a forming g~s plasma. The · 
copper material is qompletely encapsulated by the barrier 
metal layer 22 and the dielectric cap 30. 



;, . 

The process of the present i,nvention avoids ·· 
copper contamination during the entire course of _processing. 
Since the first dielectri~ cap· layer can be removed after it 
is no longer needed, the overall dielectric constant .can be. 
reduced. Dishing and erosion.during CMP are also reduced. 

While the invention has been particu~ar"iy · 
shown and d~scribed with. reference to. the pref erred . · 
embodiments thereof, it will beunderstc;>odby those skilled· 
in.the art that various changes in form· and details may be 
made without departing.from the spirit and· scope of .the 
invention. 
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CLAIMS. 

1. A method of preventing eopper contamination of a 

dielectric layer during etching in the fabrication of an 

integrated circuit dev~ce comprising: 

providing a· dielectric. layer overlying a 

. 5 .semiconductor substrate; 

depositing a dielectric cap layer overlying saiQ 

. dielectric layer; 

opening a via through' said di.electric cap layer and . 

said dielectric layer; · 

10 · filling said via with a metal layer and planarizing 

said.metal layer; 

depositing a· copper layer overlying planarized 

said metal layer and said. dielectric cap layer; and 

etchin~ said copper layer to form a copper .line 

15 wherein. said dielectric: cap layer prevents said· copp_er 

contamination of said d~electric layer ·during said· 

·etching. 

2. The method according to Claim l wherein said 

· . dielectric cap layer .comprises one of the group 

con1;aining silicon nitride, s:i,lico:n <»tYnitride, silicon· 

carbidei and low di·electric c0nstant materials such as 

perfluorinated hydrocarbon_polymer having a th~ckn~ss_of· 

between about 500· and 3000Angstroms. 
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3. The ·method according .. to Claim 1 further comprising: 

depositing a barrier metal layer underlying said ,. 
copper layer and overlying saiddielectric cap _layer; 
and 

depositing an anti...:reflective.coating lay~r 
overlying said.copper layer. 

4. The ~ethod according to Claim ~wherein: $aid step ·of 
etching said .copper layer comprises _etching throusih said 
anti-reflective coatin~ layer, said copper layer, and 
said ·barrier metal. layer_ •. 

s. The method according.to Claim 3 wherein said 
. . . . barrier. metal· layer compr~ses on~ of the group 

. containing titanium, t"i tanium compoUn.ds, tantalum, . 

. tantalum compounds, .. tungsten, and tungsten ·c0Jilpound1f. 

6. The method according to.Claim 1 wherein said· 
dielectric.cap layer also prevents· said copper 
contamination of· said dielectric layer_ during 
·po~t-etching cleanin~. 

· 7. A method· of preventing co~per contamination of a 
·dielectric layer during chemical mechanical·polishing in 
·the fabrication of an.integrated circuit device 
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comprising: 

providing said dielectric layer overlying a 

semiconductor substrate; 

depositing ·a dielectric cap layer overlying said· 
,diel~ctric layer; · 

forming a·dual damascene opening through said 
10 dielectric c::ap layer and said dielectric layer; 

depositing a barrier ·metal layer overlying said 
dielectric cap layer and.within said dual damascene 

.opening; 

. depositing a copper layer overlyinq · said barrier 
. . . 

15 ·metal layer and filling said dual damascene open~ng{·and 

polishing back said .copper layer to leave said 
. . . . . . : . . 

copper layer only within said dual ~amascene opening 
wherein said dielectric" cap layer prevents said copper . . . . . . . 

contaminat,ion of said d~electric layer during said 
·20 :Polishing. 

8. The method according to Claim 7 wherein said 
dielectric cap layer comprises "one.of the group" 

con~aining silicon n~tride, . silicon oxynitride, .s.ilicon 
carbide, and low· ci.ielectric constant materials such as 
perfluorinated hydrocarbon_.polymer; having a thickness.of· 

.between about-500 and.3000 Angstroms. 
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9. The ·method according· to Claim 7 wherein said barrier .: . . : ·, 

. metal layer comprises . one of the group con1:ai:iting 
titanium, titanium com.pounds, t~talum~ tantalum 
compounds, tungsten,. and tungsten compounds. 

10. The method.according to Claim 7 .wherein said 
polishing comprises chemical mechanical .polishing. 

11. The method according to Claim 7 wherein said 
dielectric cap layer also prevents said copper· 
contamination of said dielectric layer 'during post-
pol ishing cle.aning. 

12. A method of preventin~ copper contamination of a 
dielectric layer in the fabrication of an integrate~ 

... ·circuit device comprising: 

providing said dielectric layer overlying a 
5 semiconductor substrate; 

10 

depositing a first dielectric cap layer overlying 
said dielectric layer;· 

.forming a.dual ·damascene opening through said first 
dielectric cap layer and said dielectric. ·layer; 

. . depositing a barrier metal layer overlying said 
first dielectric.cap layer and within.said dual 
damascene. opening; 
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depQsiting a copper layer overlying said barrier 
·metal layer and filling said dU.al damascene opening; 

polishing back said copper layer and said barr.ier. 
metal layer to leave said copper layer'and said barrier 

·meta;t layer only.within.said dual. damascene opening 
wherein said first dielectric cap layer prevents said 
. . . . copper cont~ination of said dielectric layer during 

20 said polishing; 

etching said copper.layer to foX'in a recess within 
. said dual damascene opening·; · 

. depositing a second dielectric cap-la~r overlying 
··said barrier metal la17er and said copper within said. 

25 - recess; 

coating a spin-on ~aterial ovex-lying said second 
dielectric cap layer; 

. . 
etching back·- ~aid spin-mi niater~al and. said fi:r;-st. 

and second dielectric"c~p· layer over said dielectric . 
30 layer whereby all o.f .said ·.first -dielectric cap layer. is -

r~moved; "and 

thereafter removing a11· of said spi~-on material 
•. lea~ing said. second· dielectric cap iayer only over said 
copper within said recess wherein said second.dielectric 

. 35 cap layer prevents said copper contamination in the 
~abrication of .said integrated circuit device. 

20 
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. . . 13. The method according to Claim 12 wherein said first . 
. diel°ectric ·cap l~yer comprises one of the group 
containing silicon ni~ride,· silicon ox:fnitride, silicon 
carbide, and low dielectric•constant materials.such as 
perfluorinated hydrocarbon· polY"mer and has a thickness·· 
of between-about 500 and 3000 Angstroms. 

·14. The method according to Claim. ·12 wherein said'. . . . , barrier metal. layer c~rises one of·thegroup 
.. . . containing titanium, titanium comi)ounds, tantalum, 

tantal1:JD1 compounds, tungsten, and tungsten compounds. 

1'5. The.method according to Claim 12·whereiil said 
first dielectric cap-layf!lralso prevents said eopp~r 
contamination of said dielectric layer during p·ost-:-" : 

·polishing cleaning. 

16. The.method according to Claim 12 wherein said. recess 
is formed-by a wet etch method. 

17. The method according to Claim 16 wherein.said wet 
. ·. etch method COillprises CH2COOH/NH .. F or DMSO/CCl .. . . 

· chemistry. 
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18. The method according . to Claim 12 · where.in· said second ·· 
dielectric cap layer.comprises one of the group 
containing silicon nitride, silicon oxynitride, silicon 
Carbide I and lOW dieleCtri.C COnStaDt materials SUCh aS 

.perfluorinated hy(irocarb~n polymer and has a thickness 
of between about 500 and 4000 Angstroms. 

19. The method according to Claim 12 wherein- said spin­
on material is deposited.to a thickness·of between about 
.500 and· 4000 Angstroms. 

20. The method according to Claim 12 wherein sai~ step 
of etching back said spin~on material· and said first and · 
second dielectric cap layers over.s~id dielectric layer 
comprises a Cl or F piaSma:.etch. 

21. The method according to Claim.12·wherein said step 
of removing said spi~-on material comprises stripping in. 
an 02 plasma or forming gas plaama. 

22 •. ·cA methOd of . preventing: copper contamination of a 
dielectric layer in the f abr~cation of an integrated 
circuit. device c~prising: . · 

providing.said dielectric layer _overlying -a 
5 · ·semiconductor substrate; 

22 



.. 

10 

11111111 IJllll 1111111111111111 * C L M S * 

depositing a first dielectric cap layer overlying 
. said ·dielectric ~ayer; .. 

forming.a dual dainascene opening through said first 
dielectric cap layer and said dielectric layer;. 

depositing a barrier metal iayer overlying said 
first dielectric cap layer and within said dual 
damascene opening; 

depositing a copper· layer overlying said barrier 
. metal layer and filling said dual damasc.ene opening; . . . ~ . . . . . . 

15· polishing back said copper layer and said.barrier 
metal layer to leave s~id copper layer and saidba:r:-rfer 
metal layer only within said dual damascene opening . 
wherein said.first :dielectric cap layer prevents ~aid 
copper conta.Dination of said. dielectric layer during 

.20 .said polishing; 

etch~ng ·said copper.layer to.form a recess within 
said dual damascene opening; 

depositing a second dielectric cap layer overlying. 
said barrier metal layer and· said copper within sa:i.d .· 

· 25 ·recess; 

.forming a mask over said dual damascene opening and 
etching away said · f i·rst and s·econd dielectric cap layers 
where·they are not C()Vered.bysaid mask; and 

thereafter removing. said mask leaving sai.d second . 
30 dielectric cap layer only over said copper within said . 

. I 
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recess wherein said second dielectric cap layer prevents ·· 
·said copper contamin~tion in the fabrication of said 
integrated circuit device. 

23. The method accor4ing to Claim 22 wherein said first 
dielectric cap layer comprises one of the group 

.. containing 1$ilicon nitride, .silicon oxynitride, s.ilicon 
carbide, and low dielectric constant materials such as 
perf luorinated hydr~carbon polymer and has a thickness . 
. of between about. 500 and 3000 Angstroms. 

24. The method according to Claim 22 wherein said 
barrier metal layer colllPrises one of.the group 
containing ·titanitim, titanium compo~ds, t~talum, 
tantalum compounds, tungsten,· and timg.sten com~o~ds. 

2.5. The methOd · according to Claim ·22 wherein said first .. 
dielectric cap.layer .also prevents sa~d copper 
contamination of said dielectric layer during post- .. 

·. polishing cleaning. 

26. The method.according to Claim 22 wherein·said recess 
is formed by a wet etch method. 

24 
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27. The method according to Claim 26 wherein said wet 
· etch method comp:r;-ises CHzCOOH/NH4F or DMSO/CC14 

chemistry. 

.. 
28. The method according to Claim22 wherein said second 
dielec~ric·cap.layer comprises one of the group 
containing .silicon nitride,. silicon oxynitride, !!!Silicon· 

. . carbide, and low di.electric constant ·materials such as 
. . perfluorinated hydrocarbon· polymer and has a thickness 

. Of between about 500. and 4000 Angstroms. 

29. The method according to Claim 22.wherein said :step 
of forming said mask comprises using·a reverse of a mask 
used to form said dual dam,ascene.opexiing. 

. . ·. 30. The . method according . to Claim 22 wherein ·said st.ep 
of.· forming said mask . compr.ises ··using . a mask used to. form 
said dual damascene opening an,d. a reverse tone resist. · 
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