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BACKGROUND OF THE INVENTION

The present invention relates to eemiconductor processing
and more particularly relates to the processing of
semiconductor wafers incorporating advanced intérconnect
structures using copper metallurgy.

Advaneed interconnect structures using copper metallurgy
present a number of technical challenges with regard to
functional performance. Foremost among these is achieving a
low contact resistance that is stable under thermal cycling,
as well as good reliability under electromigration and etress\
migration. ' '

Electromigration is the movement of the ions in a
conductor such as copper in response to the passage of current
through it and can ultimately lead to an open-circuit failure
of the conductor.

Various prior art approaches have been developed to

prevent or limit electromigration, particularly in copper
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metal lines and interconnects. Thus, Hsiao et al. U S.
Patent 6,191, 029, the disclosure of which is
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Nogami et al. U.S. Patent 6,214,731, the disclosure of
which 1s incorporated by reference hereln,.dlscloses a process
for fabricating a metal interconnect including depositing a
barrier metal layer in a trench, treating the barrier:metal -v-+ :Caa..
layer with a silane to form a silicon layer, and depositing. |
copper on the silicon layer to fill the trench, whereby the
copper and silicon react to form a copper silicide layer
between the barrier metal layer and the-deposited copper. The
copper silicide layer improves interface defect density and

electromigration resistance.

Despite the existence of various prior art methods for
addressing the known problems 6f electromigration, the prior
art does not appear to appreciate the contribution made by
‘conventionally-employed metal layer deposition steps to the
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other thlngs, argon sputter cleaning of the patterned
dlelectrlc Conversely, all existing solutions to the problems
of electromigration and TDDB known to the present inventors
. involve depositions of.metal layers, or sequences of metal
-layers, without any contemplation of sputterlng steps in
between sequential metal layer depositions. 1In practice,
deposxtlon tool .vendors specifically recommend against argon
sputtering on metal layers, owing to concerns relating to

shorting of the shielding.

. BRIEF SUMMARY OF THE INVENTION

According to the present ‘invention, there is provided a
method for depositing a metal layer on an interconnect _
structure for a semiconductor wafer, the method comprising the

steps of:



According to the present invention, there is provided
met hod for depositing a netal layer on an
4Tgltperconnect structure for a sem conductor wafer 0 t he
H&d? Conprising the steps of: WD 2004/ 05§§?§5P2 o3hsts7
PCT/ EP2003/ 050957 4 (a) providing an interconnect
structure conprising a netallic conductor covered by
a capping layer and a dielectric layer; (b)
patterning the dielectric_layer to forman opening
that exposes the capping | ayer over the netal
conductor; (c) sputter-etching the capping |ayer to
(a) ptposdirghen nettakcomperdust mictars catptisdsy paetabl iy
condiR48P vk OE x%hs g@whgglayeéy%d QNafer3bdemahbyof; the
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invention are set forth wth particularity in the
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laydrf Y8 isQBedd19€bE , tHOWBYEIng; bt as to organi zation and
nmet hod of operation, may best be under st ood by .
reference to the detailed descri ption which fol T ows
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views of a sem conductor wafer illustrating a first
‘enbodi nent of a process according to the present
|nvent| on for dep05|t| ng a nmetal layer. Figures 2A to
' RIE ¥cTHE ORAWINGSJe views of a sem conductor
vvafer illust ratl ng a second enbodi nent of a

The features of the invention believed to be novel and
the elements characteristic of the inventionzare set forth
with particularity in the appended claims. The Figures are for
illustration purposes only and are not drawn to scale. The
invention itself, however, both as to organization and method
of operation, may best be understood by reférence to the
detailed description which follows taken in conjunction with

the aécompanying.drawings in which:

Figures 1A to 1lE are cross-sectional side views of a
semiconductor wafer illustrating a first embodiment of a
process according to the present invention for dep051t1ng a

metal layer.

Figures 2A to 2E are cross-sectional side views of a
semiconductor wafer illustrating a second embodiment of a
process according to the present invention for depositing a

metal layer.
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particularly referring to Figures 1A to 1E there is
illustrated a first enbodiment of a process according
to the present invention. Referring first to Figure
1A, two | evels of senrg%nguctor waf er 10 are shown. A
first level includes -interlevel dielectric (ILD)
Iayer 12 netal conductlve line 14 and capping | ayer
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conposed of any lowk dielectric known to one skilled
!Xky dielectric material can be used, for ILDs 12, 18. '
However, the demands of current sub-micron high-density
ihtegrated circuits require that ILDs 12, 18 preferably
‘constitute organic dielectric layers, and more preferably a
low~k organic dielectric layer, i.e., organic dielectric .
materials having a low dielectric constant generally.defined
as about 3.0 or less. One preferred example of such a low-k
organic dielectric material is SilK (a poly (arylene ether)
available from Dow Chemical). The composition of ILDs 12, 18
are not limited to organic low-k dielectrics. Rather, they may
be composed of any low-k dielectric¢ known to one skilled in
the art to be useful. Capping layer 16 can be made of any
suitable capping material, such as silicon nitride, silicon
carbide, silicon oxycarbide, hydrogenated silicon carbide,
silicon dioxide, organosilicate glass, and other low-k |
dielectrics. The metal conductive line 14 may comprise copper,

tungsten or aluminum. If the metal conductive line 14 is the



the art to be useful. Capping Iayer.16 can be nade of
any suitable capping material, such as silicon
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organosilicate glass, and other lowk dielectrics.
The netal conductive line 14 nay conprise copper,
tungsten or aluminum If the metal conductive line 14
i's the WD 2004/053979 PET/ EP2003/ 050957 6 first
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of patterns of integrated and interconnected circuitry

elements having individual features of sub-micron dimension.

As also shown in Figure 1B, the circuitry pattern 20 has
now exposed capping layer 16. In the use of copper'wiring in
semiconductor devices, the metal wiring has to be protected
from oxidation, humidity and other environmental contaminants
during the processing df ILD 18. This is most particularly '
true of copper wiring. Hence, the protective capping layer 16.
‘The capping layer 16 may also be used as an etch stop during
the patternihg of ILD 18.

In the prior art processing method, the capping layer 16 .
would be removed by reactive ion etching or similar process,
the wafer removed from the etching chamber and then

transferred to a deposition chamber. During this transfer
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via 20b, as shown in Figure 1C. Such redeposition provides
some extra material (particularly useful as extra Cu diffusion
barrier material when Cu is the via/trench metal) near the
bottom of the Circuitry pattern 20, particularly via20b, and
“alleviates electromigration and TDDB problems that may arise
later.

Sputter etching is'a process whereby a wafer is held
-between two electrlcally blased electrodes in a vaccum chamber
and then a gas is fed into the vacuum chamber to create a
plasma which bombards the surface of the wafer. The ionized
particles cause etching of the surface of the wafer. Using Ar
gas during the sputter etching, the present inventors haﬁé
found that the preferred operation conditions of the argon
sputter etcﬂing are as follows: gas flow of 20 sccm argon,
temperature of 20 °C, bias of top electrode of 400KHz and 750
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| ayer 24 is TaN, second | ayer 26
- Fill metallurgy 28 is then conventionally dep051ted

followed by a planarization process such as chemical-
mechanical polishing or the like to result in the structure
shown.in Figure 1F. If the fill metallurgy 28 is coppef, the
wafef is removed from the deposition chamber and copper £ill
‘metallurgy 28 ié-plated conventionally. If the fill metallurgy
28 is W or Al, the W or Al could be deposited in the samé
deposition chamber or, morxe in keeping with conventional

- practice, would be moved to a chamber specially set up to
handle the W or Al fill metallurgy 28.

Referring now to Figures 2A to 2E, a second embodiment of
a process according to the present invention is described.
Figure 2A is identical to Figure 1A previously described
including the materials that may be used for the various
layers. Similarly, Figure 2B is identical to Figure 1B except
that sputter etching does not take place yet.
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Ti{S . IS _gonventiona e .
meta%eﬁrﬁyg%r':%%glﬁ warer cf‘%plﬁ’gv\%@(?d{)ggtaer& to sputter
redepegifteAg30 onhe Wisesidawadl pef dhet e 28k e IS ph¢ aeted
condedtize trecugsed aas|dpattet retches, enbodingenécnfl the
conal 8RN iddYeNtd QRgepBliaba d02¥%REo ?tqie%eggpme%g | ayer

16 gre_sputter etched at the sane tinme to result in
CePPHe “8¥FUcture shown in Figure 2D. Again, if desired,
sputter etching. may be continued past the capping

| Bitehodfe h@a Bdr@i L B hatls Lt ek JTBT e CORTYUEhYE i ne

' ng_ | ayer
cop qe 100 o8 B o BUAN 282 dach Senellll mislarr O Rl
the E&ﬂj?o??a% R&r i opf first metal layer 24 at the bottom
of via 20b as a normal consequence of the deposition process.
Accordingly, after sputter etching, the horizontal portions of
first metal layer 24 on the top of ILD 18 and .in trench 20a
remaih, although thinned somewhat. -

'Theréaf;er, as shown in Figure 2E, a second metal layer
26 of TaN, Ta, Ti, Ti(Si)N, W or Cu is conventionally
deposited. The wafer is then removed from the deposition
chamber followed by deposition of fill metallurgy 28,
preferably plated copper. If copper is used as the fill
metallurgy 28, there will usuallylbe deposited a prior copper
seed layer. The semiconductor wafer 10' is then pPlanarized by
" chemical-mechanical polishing or other similar process to
result. in the structure shown in Figure 2E.

It will be apparent to those skilled in the art having
regard to this disclosure that other modifications of this



conductive line 14 is also sputter etched, then the
metal conductive line 14 is redeposited 30 onto the
' [ted capping |layer. The hori zont al i.on
Wé?&?@% tal layer 2.4 on the top of ILD 18%#6*1&3&3/0%957
trench 20a are usually much thicker than the
hori zontal portion of first. netal |ayer 24 at the
bottom of via 20b as a normal consequence of the
deposition process. Acggrdingly, after sputter
etching, the horizontal portions of first netal |ayer
24 on the top of ILD 18 and in trench 20a remain,
InveR T IR8 Y AR eBbRdifsnts PRes thicpdly descsiloash hene
mayFpgyumade 28 thaus elepadtivet dkorh ayerspizétods tad, Ta, Ti,
1nv@heiSn) Mcbkainddy, |§u&pﬁxsmlc9@9$d45yargec%%§ b&fq The
er

t hen_Trénmoyed from't epositio
it Rl ehoBD e 08! LT tor™ 131 Fmiced 12heay g ehe
aPPﬁW%*%?%HW? pl at ed copper. If copper is used as the
fill -metallurgy 28, there will usually be deposited a
prior copper seed |ayer. The sem conductor wafer 10
is then planarized by chem cal-mechanical polishing
or other simlar process to result in the structure
shown in Figure 2E. It will be apparent to those
skilled in the art having regard to this disclosure
that other nodifications of this W 2004/ 053979
PCT/ EP2003/ 050957 10 invention beyond those
enbodi nents specifically described here my be made
wi t hout departing fromthe spirit of the invention.
Accordingly, such nodifications are considered within
the scope of the invention as limted solely by the
appended claims. 11 CL AIl MS



1. A nethod for depositing a netal |ayer on an
~interconnect structure for a sem conductor wafer, the
met hod conprising the stepgg of : (a) providing an
i nterconnect structure conprising a netallic
conductor covered by a capping |layer and a dielectric
| ayer; (b) patterning thE_QLéLécéLﬁc | ayer to form an
openi ng that. exposes the capping | ayer over the netal
conductor; (c) depositing a liner layer on a wall and
1. A F@th@@lﬁgrtﬂepo@ﬁeﬁhgga fidradpliayer- emcmmngntémﬂﬁfmeﬂt
ayer and cappi, ayer expo conduct or
Struc&ﬁaeaﬁoFeésFeﬂéFg Fe8868§rtﬁﬁ5 m??ﬂ?é ?@pp¥ay%?g the
agg¢.cappi ng | ayer on a sidewal | of the opening; and
(e) depositing at |east one | ayer on the wall and
S botton1of t he openi ng and covering the redeposited
Liner. f
() ProfREiay S, S8 ssERRBLRY, GRHRLeuss COARIN £ nebaimc
condugteupcooeseétbwgaotasphnqohamerramé a s@i¢kertrarryes /
silicon oxycarbide, hydrogenated silicon carbide,
silicon di oxi de and organosilicate glass. 3. The
(b) pHEEBQﬂlﬁ@ th&lﬂuklwhetécnlhhercappf¢@m|@qewpegumg”¢hﬁg

in thickness than the dielegtri he nmet hod
exposgf EPgi FRPPHREr dPNSFhEVSE ?éas 8%%2 ?éﬁ%ﬁc?%g-selected

fron1the group consisting of TaN, Ta, Ti, Ti(Sl)N and
: 5. The_net hod of cIa|n14 ere S
(o SepiBacTor in Lo La0hs kel Fin ohEh e Helnee

openihB€ nethod of claim1l mhereln the l'iner layer is
sél'ected fromthe group consisting of TaN, Ta, Ti,
Ti (Si )N, and W and

(d) sputter—etchlng the liner layer and capping layer to
-expose the metal conductor and at least partially redepositing

steps

:the liner layer and capping layer on a 51dewall of the

" opening; and

'(e)“depositing at least one layer on the wall and bottom of

‘the opening'and covering the redeposited liner layer and

capping layer.

2.. The method of claim 1 wherein the capping layer 1s
selected from the group consisting of silicon nitride, silicon
.carblde, silicon oxycarbide, hydrogenated silicon carbide,

silicon dioxide and organosilicate glass.

3; The method of claim 1 wherein the capping layer is thinner

in thickness than the dielectric layer.

4. -The method of claim 1 wherein the at least one_layer is

selected from the group consisting of TaN, Ta, Ti, Ti(Si)N and

W.



the nmetal layer is selected fromthe group consisting
of TaN, Ta, Ti, Ti(SI)N, Wand Cu. 7. The nethod of
claim®6 wherein the liner IRayer is TaN and the at

| east one layer is Ta. 8. The nmethod of claiml1
further conprising the step of filling the opening
with copper. 9. The method of claim1 wherein the

d 2 MiadnPa ¥hdreBRCRhellhilRAeBEt BOItRE fEEAIN is
5. T}%O\?#t?% n thé: r?etal conductor is selected fromthe

1 to gioum ddfsitst iS5 emgssFems) -t ungst en and al unmi num
-11. The nethod of claim 1l wherein a gas for ‘sputter
etching is selected fromthe group consisting of Ar,

6. T mM¥hodeofNElaim?l NH@reNﬁHEhanMinéxtbayerthsrseiected
12. The nmethod of .claim 1l wherein_in '

'fromsﬁﬂﬁlﬂﬁoupeF@ﬁﬁﬁétlpﬁé°§pﬁﬁperT@tcﬂﬁng ?Eigﬁgﬁgé Wgnd

eg:%%t L alsl ge1eReeE r8inC BhBOgt Bap NBbAS i SONEYCE OrTaN,
the T%%§%et hod gf cl aIWlf mherelﬁ |npthe s%ep of _

Ta, TEpufMidSi)dchi rgd CHe sputter etching stops on a top
surface of the netal conductor.

7. The method of claim 6 wherein the liner layer is TaN and

the at least one layer is Ta.

8. The method of claim 1 further comprising the step of

filling the 6pening with copper.

" 9. The method of claim 1 wherein the opening is a via oxr a

trench.

10. The method of claim 1 wherein the metal conductor is

selected from the group consisting of copper, tungsten and

aluminum.

11. The method of claim'l wherein a gas for sputter etching
is selected from the group donsisting of Ar, He, Ne, Xe, Ny,

H,, NH;,INﬁh and mixtures thereof.

12. The method of claim 1 wherein in the step of sputter
etching, the sputter etching stops after at least partially

sputter etching the metal conductor.

13. The method of claim 1 wherein in the step of sputter
etching, the sputter etching stops on a top surface of the

metal conductor.



