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A METHOD TO AVOID COPPER CONTAMINATION DURING COPPER ETCHING

AND CMP
BACKGROUND OF THE INVENTION
(1) F1e1d of the Invention

The 1nvention relates to a method of

metallization in the fabrication of 1ntegrated circuits, and

'more particularly, to a method of av01d1ng contamination 1n
_'copper metallization in the manufacture of integrated

- circuits.

(2) Description of the Prior Art

Copper metallization has become a future

”trend in 1ntegrated circuit manufacturing., However, copper
_contamination of the 1ntermeta1 dielectric layer is a '

_problem. Copper 1s a very dangerous contaminant and

diffuses very quickly 1nto silicon oxide, the most common
material for 1nter1eve1 dielectric (ILD) and 1ntermetal

dielectric (IMD). The application of a barrier layer

.underlying copper has effectively prevented the copper from
' making contact to the ILD or IMD layers during

| :metallization. However, exposure of the IMD and ILD

layers to copper during etching, chem1ca1 mechanical

o polishing (CMP), cleaning, and other processes is 1nev1table._
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. This poses a threat for“copper'contamination control.

For example, when a copper layer 24 and

' barrier 1ayer 22 over an oxide layer 14 are patterned, as

ﬂshown in Fig. 1, copper 1ons 25 Wlll penetrate the oxide

layer 14 Likew1se, when a damascene or dual damascene

process is used, as shown in Fig. 2, the copper 26 1s

typically polished us1ng chemical mechan1ca1 polishing (CMP)."

Some of the copper may “smear" 27 onto the oxide 14 causing

contamination. It is desired to prevent copper contamination

5dur1ng process1ng, including etching and CMP

' A number of patents address the damascene -

-prdceSs. U.S. Patent 5,451, 551 to Krishnan et al teaches a

method of forming a titanium tungsten cap over copper and

_polishing away the excess capping layer. U.Ss. Patent
;.5 470,789 to Misawa shows a titanium nitride layer that is
buff-abraded. U.s. Patent 5, 693 563. to Teong shows a barrierf.i~'
_layer for copper, but the copper metallization is not _
'recessed. U.S. Patent ‘5, 744 376 to Chan et al discloses a’ B

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.-



. Other patents teach etchlng of metal layers.
"_U S. Patent 5, 766 974 to Sardella et a1 shows a 810N etch
_stop layer under a metal layer._-U S. Patent 5, 578 166 to
.H1rota teaches a refractory metal barrler in copper etchlng,
_-but no barrler over the oxide layer. U. S Patents 5, 240 559
to -Ishida, 5,200, 032 to Shlnohara and 5 591 302 to Shlnohara -
" et.al teach varlous RIE methods for copper, but w1thout
barrier- layers over the oxide.- U. s Patent 5, 827 426 to
_"Kamide et al dlsclose a 2-step-etch1ng of alumlnum 11nes.? d,".
_ U.S. Patent 5 783 483 to Gardner teaches a metal oxlde etch -
.'barrler under a metal layer. Gardner s harrler has a f*"

'-hlgh d1e1ectric constant and nonunlformlty problems
SUMMARY OF THE INVENTION

A principal ohJect of the present 1nventlon 1s“
;to prov1de an effective and very manufacturable method of
o copper metallizatlon in the fabr1catlon of. 1ntegrated circult

dev1ces._

Another oh;ect of the 1nventlon 1s to prevent
copper contamlnatlon of’ the 1ntermeta1 d1e1ectr1c layer

dur;ng etchlng of_a copper_l;ne,-



Yet another obJect of the 1nvention is to

'prevent copper contamination of the intermetal dielectric.::
: 1ayer during chemical mechanical polishing 1n a dual

' damascene process.

A further obJect of the 1nvention 'is to |

'prevent copper contamination of the 1ntermeta1 dielectric'l-

layer durlng copper etching by forming a dielectric cap for

1solation of the underlying dielectric layer..'

A st111 further ob]ect of the 1nvention 1s to

prevent copper contamination of the 1ntermeta1 dielectric

' 1ayer during chemical mechanical polishing of copper by

forming a dielectric cap for 1solation of the underlying

' dielectric layer.

Yet another obJect of the invention is to

.prevent copper contamination of the 1ntermeta1 dielectric

layer during etching, chemical mechanical pollshing, or

'cleaning of - copper by forming a dielectric cap for 1solation _

fof the underlying dielectric layer.

In accordance with the obJects of" this _
invention a new method to prevent copper contamination of the'

intermetal dlelectric layer during etching, CMP, or cleaning



by forming a dielectric cap for isolation of the-. underlying

dielectric layer is achieved. In one embodiment of the
'1nvention, a dielectric layer 1s provided overlying a

_semiconductor substrate. A dielectric cap layer 1s depos1ted

.overlying the dielectric layer. A v1a or contact opening is

made through the dielectric cap layer and the dielectric

.layer and filled with a metal layer and planarized A copper-”“
'_layer is deposited °Ver1y1ng the dielectric cap layer and
f;planarized metal layer. The copper layer is etched to form a

"copper line wherein the dielectric cap layer prevents copper ,:_,”

contaminatlon of the dielectric layer during etching.

In another embodiment of the 1nvention,-a

-dielectric layer-is prov1ded overlying a semiconductor
-substrate.. A dielectric cap ‘layer is deposited overlying :
.the dielectric layer. A dual damascene.opening is formed
,through the dielectric cap layer and the dielectric layer."

; iA barrier metal layer is depos1ted overlying the dielectric

'b cap layer and within the dual damascene opening. A copper
-layer is deposited overlying the barrier metal- layer and
-filling the dual damascene opening.. The copper layer 1s

: “‘polished back to leave the copper layer only w1thin ‘the dual

"_ damascene opening wherein the dielectric cap 1ayer prevents ,-

copper contamination of the dielectric layer during

'polishing.
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Also, in accordance with the obJects of the'-5”°

invention in the second embodiment, the copper layer is

-,.etched to form a recess within the dual damascene opening.i,

second dielectric cap 1ayer is deposited overlying the

':barrier metal layer and the copper Wlthln the recess. The -

first and second dielectric cap - layers and the barrier

layer are removed except over the copper ‘within the recesslf'

'wherein the second dielectric cap layer prevents copper

contamination in the fabrication of an integrated Circuit

device.

 ‘BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying draWings forming a

material part of this description, there is shown°
Fig. 1 schematically illustrates in cross-
sectional representation copper contamination in an etching

process of the prior art.

Fig.. 2 schematically illustrates in cross-

sectional representation copper contamination in a chemical

mechanical polishing process. of the prior art.



Flgs. 3 through 11 schemat1ca11y 111ustrate in
cross-sectlonal representat1on a process of the present

'1nvent1on.
Flgs. 12 and 13 schematlcally 111ustrate in
cross-sectlonal representatlon a first preferred embod1ment

-of the present 1nventlon.

: Flgs. 14 and 15 schemat;cally 111ustrate in

' cross-sect10na1 representatlon a second preferred embodlment K

of the present 1nvent10n.
DESCRIPTION QF-THE_PREFERRED EMEODiMENTS _

The present 1nventlon prov1des a method for

: preventlng contamlnation of . an 1ntermeta1 d1e1ectr1c 1ayer byr

jcopper durzng process:ng such as etchlng, chem1ca1 mechanicalh7_:

| pol1sh1ng, and post-etching and post-CMP cleanlng. A

"d1e1ectr1c cap layer is formed over the d1e1ectr1c layer to

'-protect the d1e1ectr1c layer from copper contamlnatlon dur1ng.

R process;ng. This protectlon w111 be 111ustrated 1n the case

of etching a copper line w1th reference to Flgs. 3 4 and in

- the case of pollshing copper in a dual damascene process w1th :

reference to Flgs. 5—8
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Referring now 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.. o

An intermetal dielectric (IMD) or interlevel dielectric (ILD).'

layer 14 is deposited on. the substrate wafer._ Semiconductor
_deVices structures, such as gate electrodes, source and drain
regions, or metal interconnects, not shown, may be formed in

and on the semiconductor substrate and covered by the IMD or $'

ILD layer 14. Layer 14 contains one or more than one layer

" of dielectric materials, possibly including an etch stop

layer.

Now, the dielectric cap layer of the inventionj
will be formed. A dielectric 1ayer 16 is depos1ted over the :

surface of the IMD or. ILD 1ayer 14 to a thickness of

-_between about 500 and 3000 Angstroms. The dielectric |

-layer 16 may " comprise Silicon nitride, s11icon oxynitride,-

silicon carbide, or a low dielectric constant material

possess1ng the property of a copper diffusion barrier, such

.‘as,_but not limited to, perfluorinated hydrocarbon polymer.'

The dielectric cap layer of chOice is based on

=device performance, manufacturability, and ease of process

integration.- The_factors that need toibe-considered_are film"



' thickness uniformity, dielectric constant, etch selectivity,'

cleaning process compatibility, CMP compatibility, and anti— .

_copper diffusion capability.

Typically, a Vla or contact masking and

_ etching Wlll be performed at this point and the via or

contact w111 be filled with, for example, tungsten 18, and

planarized such as by CMP The dielectric cap layer of i

‘ithe invention can act as a CMP polish stop. The contact

' underlying the Via 18 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._f

Next, referring to Fig. 3, a barrier metal

Tlayer 22 is. deposited over the dielectric cap layer l6.

nypically the barrier metal layer will comprise titanium or: af

_3titanium compound, tantalum or a tantalum compound, or

tungsten or a tungsten compound, and have a thickness of

between about 50 and 2000 Angstroms. A copper layer 24 is f

fdeposited over: the barrier metal layer to a thickness of

between about 3000 and 20 000 Angstroms Finally, an. anti-'

freflective coating (ARC) layer 28, such as, but not limited

'[1to, titanium nitride, Silicon nitride, Silicon oxYnitride,

and any combination of these materials, covers the copper

, 1ayer to a thickness of between about 100 and 2000 Angstroms.lf



' Referring now to Fig. 4, the ARC layer, the
'copper layer and the barrier metal 1ayer are patterned to
'_ form copper interconnection 1ines. The dielectric cap layer.
16 prevents contamination of the IMD/ILD layer 14 by copper
i:during etching of the copper lines. During ashing to remove g
the photore31st mask, not shown, and cleaning steps, the
d;;1ectr1c cap continues to protect the dielectric layer l4

from copper contamination from copper or any copper o

containing solution.

The second embodiment of the 1nvention w1ll
now be descrlbed with reference to Figs. 5-8. Referring now fi
rto Fig. 5, a dual damascene process will be described. An
intermetal dielectric (IMD) or interlevel dielectric (ILD) E
1ayer 14 is deposited over’ the substrate 10 It w111 be. )

_understood by those skilled in the art that the IMD or
' 5_ILD layer 14 may comprise multiple layers of dielectric |
materials and may 1nc1ude etch stop. layers. Now, the first
dielectric cap layer of the 1nvention w1ll be formed -A'
. dielectric layer 16, such as silicon nitride, silicon B ”.
foxynitride, 81licon carbide, or a low dielectric constant e
;jmaterial, such as, but not limited to, perfluorinated
'hydrocarbon polymer 1s depos;ted over the surface of the IMD”
or ‘ILD layer 14 to a thickness of between ‘about 500 and 3000
Angstroms

.10



A dual damascene opening 17 is patterned 1nto"
the IMD or ILD layer 14, as shown in Flg. 6. The patternlng
'may be done by any convent10na1 method, 1nc1ud1ng via flrst,s'
trench flrst, or embedded v1a.- A semlconductor device .
structure to be contacted not shown, may 11e under the dualp
damascene open;ng.

Referrlng now to Flg. 7, a barrler metal layer -
‘122 1s dep031ted over the first d1e1ectr1c cap layer 16 ‘and
w;thln the open:ng 17 The barrler metal layer may comprlse,:._fr
for.example, t1tan1um or a t1tan1um compound tantalum or - a - .i.f. .-r
| tantalum compound, or tungsten or a tungsten compound and may | | |

have a thlckness of between about ‘50 and 1000 Angstroms

A copper 1ayer 26 is formed over the barr1er.
metal layer 22 as shown in Flg. 8, by any of the '
;conventional means, 1nc1uding phys1ca1 or chemlcal vapor |
.ldeposition, e1ectrochem1ca1 platlng (ECP), or electroless :

K plat1ng, and so on.

The excess copper layer over the IMD or ILD

R layer 1s polished off by chem:cal mechanical pollshlng (CMP),

[”for example, as shown in F;g. 9r The barrier metal. layer 22
is also polished away over the f1rst d;electric cap layer 16.

A portion of the flrst dielectr;c cap 1ayer 16 is not

11
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polished away, remaining to prevent copper contamination of i

the IMD/ILD layer during the CMP process and subsequent

E cleaning and other processes.

. Referring now to Fig. 10 the ‘copper - 26 in the
trench is partially stripped by a wet chemistry, for example,-'
using CHsCOOH/NH4F 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 Angstroms for a.
- dual damascene trench depth of between about 3000 and 20 000 L
'.lAngstroms.

Now, a second cap layer is to be : formed over B

- the copper metallization 26 to fully encapsulate the copper.'

'hA second dlelectric cap layer -30 is 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 to be

Tremoved except where it covers the copper layer 26 w1thin the -

'.trench This may be done 1n one of two ways.

In the" first alternative, a spin-on material

32 is coated over the dielectric cap 1ayer ‘30 to a thickness

12



: of between about ‘500 and 4000 Angstroms, as 111ustrated in
.Fig. 12, This spin-on material may comprise a barrier and
organic bottom and anti-reflective coating (BARC) layer, or
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 1n Fig..13, a blanket etch backﬁ

:and stripping off of the cap 1ayer and the spin-on material .'f" _:' Ce é

is performed. The first and second dielectric caps 16 -and 30:f -a_ff--d"f

l'and the thin layer of spin-on material 32 above the - field

| area are etched away by a chlorine or fluorine plasma,_f

'1eaving the thicker spin-on material and- second dielectriC'

‘cap above the trenches. The purpose of creating the recess

'A, as shown in Fig._lo, becomes obv1ous. 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

R can be stripped off by an 02 plasma or by a forming gas

plasma The removal of the first dielectric cap 16 is
foptional. If the dielectric cap 16 has a higher dielectric

- constant than the IMD/ILD, 1t is better to remove the cap

g.1ayer 16 to reduce the effective dielectric constant of ‘the :-'.

IMD/ILD

13



.Referring now more particularly to Figs. 14 -
and-lS, a second alternative for remov1ng the dielectric cap
1ayer except where it covers the copper layer 26 within the

-trench is described.

Referring now to - Fig. 14, a layer of .

photoresrst is coated over the substrate and patterned to -

.form a photomask 35, u51ng a reverse mask or by u81ng a .

reverse tone re81st The purpose of creating the recess A,_

as shown in Fig. 10, becomes obvious. It is to give enough ST
'hmargin during the overlay of the mask .80 that even 1f there-.

N is misalignment of the mask, as shown in Fig. 14, there is

-Stlll enough dielectric cap material on the trenches after -

etch back. | |

-.'As shown'in.Fig. 15,'the first and'secondw

tfdielectric cap layers 16 and 30 are etched away where they

are not covered by the mask 35, using a Cl or F plasma

Again, removal of the f1rst dielectric cap layer 16 is e

optional After etching, the remaining resist can be

'stripped off us1ng an Oz plasma or a forming gas plasma. The :

..copper material is completely encapsulated by the barrier :{

dmetal layer 22 and the dielectric cap 30.

.14



The process of the present 1nvent10n av01ds.v-
copper contaminatlon Auring the entxre ‘course of processlng.
.81nce the first d1e1ectr1c cap layer can be removed after 1t.

is no longer needed, the overall d1e1ectr1c constant can be_"

reduced.. Dishlng and erosion durlng CMP are also reduced.

Whlle the 1nvent10n has been particularly
-shown and described with reference to the preferred ;.
" embodiments thereof, it will be understood by those skilled
" in the art. that varlous changes in form and detalls ‘may be
" made w1thout departlng from the sp1r1t and scope of the :

1nventlon.

15
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1. A method of preventing copper contamination of a

dielectric layer during etching in the fabrication of an

': 1ntegrated circuit device comprising:

- providing a'dielectricflayer overlying'a.

..semiconductor subStrate,z

dep031t1ng a dielectric cap layer overlying said

..dielectric layer,

opening a v1a through said dielectric cap layer and -

said dielectric layer,"'

filling said via with a metal layer and planarizing; i

said. metal layer; f

deposrting a copper layer overlying planarized

B said metal layer and said dielectric cap layer, and

15

etching said copper layer to form a copper line'

. wherein said dielectric cap layer prevents said copper

contamination of said dielectric layer during said

-etching.

: 2 The method according to Claim 1 wherein said
*.dielectric cap layer comprises one of the group

containing silicon nitride, Silicon oxynitride, silicon o

carbide, and low dielectric constant materials such as

"-perfluorinated hydrocarbon polymer hav1ng a thickness of'
' between about 500 and 3000 Angstroms '

16
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3 The method accordrng to C1a1m 1 further comprrslng-:
o de9081ting a barr;er metal layer underly:ng sa1d

. copper layer and overly:ng sa1d_d1electr1c cap_layer;
and : . _ : . r

| _depositingdanlantierefiective:coating.1ayer-

‘overlying said copper layer.

4. The method according to C1a1m 3 where:n sa1d step of
etchlng said copper 1ayer compr;ses etchlng through said
_.antl-reflective coatlng layer, sa1d copper layer, and '

sa1d barrler metal layer._'-'

- 5. The method according to'CIaim 3 wherein said
barrier. metal- layer comprlses one of the group _
-conta1n1ng tltanium,_trtanzum compounds, tantalum,'

'tantalum compounds, tungsten,_and tungsten compounds.

- 6. The method accordrng to. c1aim 1 wherern said
dielectric ‘cap layer also prevents sa1d copper_
'-contamination of said dielectr:.c layer during

:post-etchlng cleaning.

h7 A method of preventlng copper contamlnatlon of a
-dielectric layer durrng chemlcal mechanxcal pollshlng in

"5the fabrlcation of an. 1ntegrated c1rcu1t dev1ce

17
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- comprising:

.opening,

_j4~———__;;;i_;;_;_;;.

Y

prOViding said dielectric layer overlying a
semiconductor substrate,' | '

depos1ting a dielectric cap layer overlying said

 dielectric layer;’

forming a dual damascene opening through said

_dielectric cap layer and said dielectric 1ayer, :

depOSiting a barrier metal layer overlying said ;

dielectric cap layer and within said dual damascene

depositing a copper layer overlying said barrier

'metal layer and filling said dual damascene opening, and

polishing back said copper layer to 1eave said

copper layer only within said dual damascene opening o

, wherein said dielectric cap layer prevents said copper'
_contamination of said dielectric layer during said

polishing. ;

8. The method according to Claim 7 wherein said
: dielectric cap 1ayer comprises one. of the group

'.-containing Silicon nitride, silicon oxynitride, silicon N

carbide, and low dielectric constant materials such as .

'perfluorinated hydrocarbon polymer haVing a thickness of'

'-between about 500 and 3000 Angstroms.

18
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9. The method accordlng to C1a1m 7 whereln sa1d barrler

._metal layer comprlses one of the group contalnlng

t:Ltan:.um, titanium compounds, tantalum, tantalum

-compounds, tungsten, and tungsten compounds.

'10 The method according to C1a1m 7 whereln sa1d

pollshing comprlses chem1ca1 mechanical pollshlng.

: _11 The method accordlng to C1a1m 7 whereln sa1d
, d1e1ectr1c cap layer also prevents sa1d copper
) contam1nat1on of sa1d d1e1ectric layer durlng post— '

-pol1shing cleanlng.

12. A method of preventlng copper contamlnatlon of a -

‘dielectric layer in the fabricatlon of an 1ntegrated

'circuit dev1ce compris:ng._

prov;ding sazd d1e1ectr1c layer overlylng a

semlconductor substrate,-

deposxting a flrst dlelectrlc cap 1ayer overlylng ld
"'sald dielectric layer, . ) d |
formlng a dual damascene openxng through sa1d f1rst

-d1e1ectr1c cap 1ayer and sa1d dlelectrlc layer,

depos1t1ng a barrler metal layer overlylng sald

flrst d1e1ectr1c cap layer and w1thin said dual

:adamascene openlng,

19
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depositing a copper layer overlying said barrier:'

'_ -metal layer and filling said dual damascene opening,

15

25 .

. 30

35

polishing back said copper layer and said barrier

metal layer to leave said copper 1ayer and said barrier '
-metal layer only’ Within said dual damascene opening . .
~iwherein said first dielectric cap layer prevents said -
'_copper contamination of said dielectric layer during

; 20. said polishing,

_ etching said copper layer to form a Tecess Wlthln

.said dual damascene opening,
depOSiting a second dielectric cap- layer overlying-”

fsaid barrier metal layer and said copper within said

recess,

'coating a spin-on material overlying said second '

dielectric cap layer,'

etching ‘back: said spin-on material and said first_-~
" and second dielectric cap layer over said dielectric

layer wherehy all of said first dielectric cap layer isi

removed' and

thereafter removing all of said spin-on material

'~1eav1ng said second dielectric cap layer only over said’
copper within said recess wherein said second dielectric

. cap layer prevents said copper contamination in the _.'

fabrication of said’ integrated circuit device.

%
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13. The method accord;ng to Cla1m 12 whereln sa1d f1rst
3die1ectr1c cap layer comprises one of the group
_'containlng 8111con n1tr1de, s111con oxynltrlde, s111con :
'carblde, and low d1e1ectr1c constant materlals such as
_perfluorlnated hydrocarbon polymer and has a thlckness

of between about 500 and 3000 Angstroms.

.~14 The _method accordxng to Cla1m 12 whereln sa1d
.barrler metal layer compr;ses one of the group -
_conta1n1ng tltanlum, t1tan1um compounds, tantalum,

. tantalum compounds, tungsten,_and_tungsten'compOundsi_

: 15 The method accordlng to C1a1m 12 whereln sa1d
f1rst dlelectrlc cap- layer also prevents sald copper
:contamlnatlon of sa1d d1e1ectr1c 1ayer durlng post—_

fpolish1ng cleaning._

16 The method according to C1a1m 12 wherein sa1d recess

1s formed by a wet etch method

-17 The method according to Clalm 16 whereln sa1d wet
g:etch method comprlses CH:COOH/NH4F or DMSO/CClql
"chemlstry

21 -
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- 18. The method accordlng ‘to C1a1m 12 wherein’ said second
dielectric cap layer comprlses one of the group
'conta1n1ng 8111con nltride, silicon oxynltrlde, s111con
carblde, and low d1e1ectric constant materlals such as

.'gperfluorlnated hydrocarbon polymer and has a thlckness

.'of between about 500 and 4000 Angstroms

19. The method accord;ng to C1a1m 12 wbereln sa1d spin—-'
-on mater1a1 is deposited to a thlckness of between about

500 and- 4000 Angstroms.._

20, - The method accordlng to C1a1m 12 whereln sa1d step
of etching back sa1d spin-on mater1a1 and sald flrst and
- second dielectric cap layers over said d1e1ectr1c layer

; comprlses a Cl. or F plasma etch

21. The methodfaccording"to'c1aim 12'where1n said Step'_
of removlng said spin-on material compr;ses strlpplng in

an Oz plasma or forming gas plasma.

.22 A method of preventlng copper contamlnatlon of a
dielectrlc layer in the fabrlcatlon of an 1ntegrated
1:'CIIC01t dev1ce compris1ng° _ '
providlng said d1e1ectr1c layer overlylng a

hsemlconductor substrate,
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30

.said dielectric layer;

_—

RO

depositing a first dielectric cap 1ayer overlying

‘e

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,

depos:ting a copper layer overlying said barrier

' .metal layer and filling said dual damascene opening,

15

polishing back said copper layer and said barrier

metal layer to leave said copper layer and said barrier o

'dmetal layer only w1thin said dual damascene opening

: wherein said. first dielectric cap layer prevents said

copper contamination of said dielectric layer during “f

-said polishing,_-

etching said copper layer to form a recess w1th1n :

-said dual damascene opening,

depositing a second dielectric cap layer overlying

_ said barrier metal layer and said copper w1th1n said

'recess H

forming a mask over said dual damascene opening and

Z,etching away said first and second dielectric cap layers_

: where they are not covered by said mask' and

thereafter remov;ng said mask leav;ng said second

dielectric cap layer only over said copper w1thin said

23



) B f'-',-f” :'
LU

recess wherein said second dielectric cap layer prevents”
'_ -said copper contamination in the fabrication of said

integrated circuit device.

_-23 The method according to Claim 22 wherein said first-
-.dielectric ‘cap layer comprises one of the group
.containing silicon nitride, silicon oxynitride, Silicon -
carbide, and low dielectric constant materials such as
:t perfluorinated hydrocarbon polymer and has a thickness.]

-of between ahout 500 and 3000 Angstroms

24 The method according to c1aim 22 wherein said
barrier metal layer comprises one of the group
:containing titanium, titanium compounds, tantalum,

. tantalum compounds, tungsten, and tungsten compounds.'

- 25. The method according to Claim 22 wherein said first
dielectric cap. layer also prevents said copper ' |
'-contamination of said dielectric layer during post-v

-1polishing cleaning.

26 The method according to Claim 22 wherein said recess"'

-'-18 formed by a wet etch method

24
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27. The method according to Claim 26 wherein said wet

' -etch method comprises CHzCOOH/NH4F or DMSO/CC14
;_chemistry

: 28 The method according to: Claim 22 wherein said second

dielectric cap layer comprises one of the group o

- containing silicon nitride, silicon oxynitride, s111con
~carbide, and low: dielectric constant materials such as
:perfluorinated hydrocarhon polymer and has a thickness

;_nof between about 500 and 4000 Angstroms

- 29, The method according to Claim 22 wherein said step
: of forming said mask comprises us1ng a reverse of a mask f f'

" used to form ‘said dual damascene opening.

130 The method according to Claim 22 wherein said step

" of. forming said mask comprises ‘using a mask used to form R

said dual damascene opening and a reverse tone resist. L



