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LAYER RELATED APPLI CATI ON This Application is rel ated
to U.S. Patent Application Serial No. 10/318, 605,
entitled "A Method for Depositing a Metal Layer on a
Sem conductor Interconnect Structure", filed even
date herewi th. BACKGROJND -OF THE | NVENTI ON The present
invention relates to sem conductor processing and
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I nterconnect structures using copper mnetall urgy.
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BACKGROUND OF THE INVENTION

The present invention relates to semiconductor processing
and more particularly relates to the processing of
semiconductor wafers incorporating advanced interconnect

structures using copper metallurgy.

Advanced 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 stress

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



2 nmetal lines and interconnects. Thus, Hsiao et al.
U S. Patent 6,191,029, the disclosure of which is
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for fabricating a nmetal interconnect including
depositing a barrier netal layer in a trench,
depositing a conductive netal such as copper to fill
the trench, etching away part of the copper to forma
concavity in the trench,2and filling the concavity
wi th a top barrier Iayer and then dielectric
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current leakage.

Nogami et al. U.S. Patent 6,214,731, the disclosure of
which is incorporated by reference herein, discloses a process
for fabricating a metal interconnect including depositing a
barrier metal layer in a trench, treating the barrier metal
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 of 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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of sputtering steps in
Currently known metal barrier schemes include, among

other things, argon sputter cleaning of the patterned
dielectric. 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 sputtering steps in
between sequential metal layer depositions. In practice,
deposition 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:
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shi el di ng. BRI EF SUMVARY OF THE | NVENTI ON According to
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BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be novel and
the elements characteristic of the invention are 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 reference to the
detailed description which follows taken in conjunction with

the accompanying 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 depositing 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.



t he acconpanyi ng drawi ngs in which: Figures 1A to 1lE
are cross-sectional side views of a sem conductor
wowadoansiod ustrating a first enmbodi mrent of a prPOEB®03/050957
according to the present invention for depositing a
nmetal layer. Figures 2A to 2E are cross-sectional side
views of a sem conductor wafer illustrating a second
enbodi ment of a process according to the present
i nvention for depositingSa- netal |ayer. WO
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diffu31on of conductive line 14 into ILD 18. In the next

level, ILD 18 is deposited on cap layer 16 using conventional

techniques.

Any dielectric material can be used for ILDs 12, 18.
However, the demands of current sub-micron high-density
integrated 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
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requirements of the fabricated multi-level semiconductor

integrated circuit. Very Large Scale Integration (VLSI)

technology may include five or six (or possibly more) levels

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 of 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 patterning 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



can include any desired pattern of lines (trench
structures), vias (interconnects) and ot her
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etched, part of the capping layer 16 is redeposited 22 onto
the sidewall of the circuitry pattern 20, more particularly
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 via 20b, and
alleviates electromigration and TDDB problems that may arise

later.

Sputter etching is a process whereby a wafer is held
between two electrically biased 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 have
found that the preferred operation conditions of the argon
sputter etching are as follows: gas flow of 20 scem argon,
temperature of 20 °C, bias of top electrode of 400KHz and 750



According to the present invention, a sputter etch is
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Fill metallurgy 28 is then conventionally deposited
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 copper, the
wafer is removed from the deposition chamber and copper fill
metallurgy 28 is plated conventionally. If the fill metallurgy
28 is W or Al, the W or Al could be deposited in the same
deposition chamber or, more 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.



8 W table bias of 13.56 MHz and 400W and a process
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chanber, a liner layer or layers are deposited in the
circuitry opening 20. Preferably, a first layer 24 of
TaN, Ta, Ti, Ti(Si)N or Wis conventionally deposited

(e.g., by chem cal vapor deposition (CVD), plasna
vapor deposition (PVD)y or-other process) followed by

a second conventionally deposited |ayer 26 of TaN,
nmetal conductive |ine

e
1FEEERRT S B AR g B Todeint doranot her
TaNcHanb8t, iFi (§esNr ext. WI fs coppertimatldy béepolsé tedt ehieal

semfdbhdbbﬁbfnﬁéQErCIUWdHQtﬁéﬁE§ub9§c@é& tbNgid e QOE%%Hin§eed
| aye not _s osit d on_top of the

I
he R P S oy 4 PUTBF G BABOAREHESeY i 1
ear}yﬁ;erlg4thy§ E@p@dyy@ggrmfItayepréaéntlsnﬁﬁmtﬁohl(mﬂadlby

layeth4CQnQpQ,rap @&9 13%8r16 l:'rlel %@t%l - HE&yedzgtl $nd NGRe.
fol | owed

nventl na deposi t ed ['anari zati on
tlm 805‘3%“]&1 é@ (ﬁ%éﬁ?%%e SREEh Eé?u%lz shi9igor if he
deSJIneIde $m1trt@$uetcmmgt hay ster gotuirmedspasin the Eamgpinmg 1F.

laydd 16h&o fdsl Itor@&ﬁj bHEQYt}%Smét?af%H@ﬁctl%ellM\@flqlr h‘ﬁ
ved posi tion charrber and copper fi T

metal"regg?'?ﬁrzg‘ly% ﬁsﬁ s 3 feia*f}?fd’ CBRREIR i18¥aF 1V aFf the fill
redepesatedirify onP@ the WdewaAll, of hthe\Wwda Alb.c 06l thebeetal

condﬁ%ﬁQSétﬁﬂie|m4tiB3aiaﬂf%pdi%QPSéédH%a Céﬁ%%b%ﬁeometaqore in
conventi ona ctice, would be noved to

COH%C%EV?T’DelP esg‘ecll [ e%oestltﬁﬁ ﬁ) onfiantie LAPRFGEIAl fill
cappiwpaldyargy 28. Referring now to Figures 2A to 2E, a
second enbodi nent of a process according to the

nvention i s descri bed.
p&gsehorfzontgh portions of first metal layer 24 on the

top of ILD 18 and in trench 20a are usually much thicker than
the horizontal portion of 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

remain, although thinned somewhat.

Thereafter, 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 usually be deposited a prior copper
seed layer. The semiconductor wafer 10' is then planarized 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



Figure 2A is identical to Figure 1A previously
described including the materials that nay be used

wo evo4ib®7vari ous layers. Simlarly, Figure 2BPCEEP2003/050957

identical to Figure 1B except that sputter etching
does not take place yet. WO 2004/ 053979

PCT/ EP2003/ 050957 9 Referring nowto Figure 2C, a
first netal layer 24 of TaN, Ta, Ti, Ti(Si)N, or Wis
conventional ly depositedl0The semn conductor wafer 10
i's now subjected to sputter etching. The operating

inv I rl£q1those di.sc earlier.

Q%Wﬁgflﬁjétg? % “{h?fd e e?’h{fgﬁﬁ esrgihed r}ez%&?er

may 2be J1Rde culitiong P%lgﬁbrrtlﬂe ffan shetairicteheteat the sane

anEmtﬂDnt0A¢¢ﬁﬁ$1hglyLtdﬁ&hShédﬂﬂi@5€%§H%0§Be'ébd@lQHEQH:2D q

wi [ [ i er _etchi.ng .may, he conti nue
tﬁﬁa trllle ééope %§ &?éj %QHEJ& e?%]hquagx TIHEE

he capping layer 8§65 as
app%%%ﬁﬁ St¥M¥uctive |ine 14. The netal | ayer 24 first,
and then capping |layer 16 are redeposited 30 onto the
sidewal | of the via 20b. If the netal conductive |ine
14 is also sputter etched, then the netal conductive
line 14 is redeposited 30 onto the redeposited
cappi ng layer. The horizontal portions of first netal
| ayer 24 on the top of ILD 18 and in trench 20a are
usual ly much thicker than the horizontal portion of
first metal |layer 24 at the bottom of via 20b as a
nor mal 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 remain, although thinned somewhat.
Thereafter, as shown in Figure 2E, a second netal
| ayer



26 of TaN, Ta, Ti, Ti(Si)N, Wor Cu is conventionally

deposited. The wafer is then renoved fromthe
woemamsioron chanber foll owed by deposition of pET/EP2003/050957

metal lurgy 28, preferably plated copper. If copper is

used as the fill netallurgy 28, there will usually be

deposited a prior copper seed |ayer. The

sem conductor wafer 10" is then planarized by

chem cal - mechani cal potiighing or other simlar process

to result in the structure shown in Figure 2E It

w Il be apparent to thgse skilled in the art having

regard to this di scl ost®™Fhat ot her nodifications of

this WO 2004/ 053979 PCT/ EP2003/ 050957 - 10 invention

pbméendd tﬂwssesdmcﬁqhgeytn@tgpeﬂ;elrc 8h! ¥ daseri ey fcleef e

t th t
TN T (A

stepsorsi dered w thin the scope of the invention as
limted solely by the appended claims. WO 2004/ 053979
(a)PQELEE%pOSQOQQQQY - td ains 1. A nethod for
FEBEET 11N E" a M S T e P EERC AT S RPBRTORECR MeatetbiE ur e
condugiton anveiredneiu@t oppmvafdelayehendes hiice lechpi¢ Siaygrt he
steps of : (a) providing an interconnect structure
rls ng onduct or, covered pi ng
o) FATBe R s Re MEederb fie YEH o e a1 pRPRING AR
expageg| ‘é‘tﬁ rclaepiw/é@we fupmthe rfedi aopdurabr; exposes the
cappi ng | ayer over the netal conductor; (c)

the c [ | ayer to expose the netal
(c) 58H£E§¥ e Eﬁggéui capéy%% Tgker %o expose the metal
conductor and at least partially redepositing the capping
layer on a sidewall of the opening; and

(d) depositing at least one layer on the wall of the opening
and covering the redeposited capping layer.

2. The method of claim 1 wherein prior to step (c), further
comprising the step of depositing a liner layer on a wall and
bottom of the opening, and wherein in step (c), the liner
layer is also sputter-etched to expose the capping layer and
at least partially redeposited on a sidewall of the opening.

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

silicon dioxide and organosilicate glass.

4. The method of claim 1 wherein the capping layer is thinner
in thickness than the dielectric layer.



conductor and at |least partially redepositing the
capping layer on a sidewall of the opening; and (d)
walepamssiorng at | east one |layer on the wall of P&EEP2003/050957
opening and covering the redeposited capping | ayer.
2. The nmethod of claim1l wherein prior to step (c),
further conprising the step of depositing a |iner
| ayer on a wall and bottom of the opening, and
wherein in step (c), thel2iner layer is also
sputter etched to expose the capping layer and at
gast eposi ted i dewal | f t he,
> o eni nlgglo(§ quj ‘T’%alm Q'gar%ﬂ‘n (,t?’ﬁl %f ie\?ﬁ‘ér%rien £K8* cHppi ng
Selﬁﬁw frfgm el geewr donshsting gf otaN.cBasiBii Ag (8f)N and
w. Silicon nitride, silicon carbide, silicon oxycarbide,
hydr ogenated silicon carbide, silicon dioxide and
organosilicate glass. 4. The nethod of claim1 wherein
6. Thit meappd i Fager 3 yhehehhdhe thicknpekrebshehnetalhds
10 b edoechhdgsxroayer. WO 2004/ 053979 PCT/ EP2003/ 050957 -
12 5. The nmethod of claim1l wherein the at |east one
| ayer is selected fromthe group consisting of TaN,
- THe mpthog ofi fheigh@ wirersin The kmenmodaysr dsaseldrted
froMV|tﬁieEk;Boﬁﬂ'lQohB_’_Lr§&<ﬂ)@SSﬁ0Tdal\t PQallTBileﬂ Th%Sl)l@ ah@ iﬁ%d
t of .claim i,nt iner
theI ay o |s serZL ec ch'{‘?r o?n?%é:hﬁr%ﬂoﬁp(:%%%sfls%llﬁ %“reil
Ta, T’é’-r Fi (STNe Sy 2 dkd-Wand  the netal layer is sel ect ed
fromthe group consisting of TaN, Ta, Ti, Ti(Si)N W

d £Ih f. cl 7 wherein .the |ine
o. P8 fheor DS P 0l Bl Pl PR 408 £
the at least one layer is Ta.

9. The method of claim 1 further comprising the step of
filling the opening with copper.

10. The method of claim 2 further comprising the step of
filling the opening with copper.

11. The method of claim 1 wherein the opening is a via or a

trench.

12. The method of claim 1 wherein the metal conductor is
selected from the group consisting of copper, tungsten and

aluminum.

13. The method of claim 1 wherein a gas for sputter etching
is selected from the group consisting of Ar, He, Ne, Xe, N,,

H,, NH,, N,H, and mixtures thereof.



9. The nmethod of claim1l further conprising the step
of filling the opening with copper. 10. The nethod of

W@ b@uns®7d urt her conprising the step of fillipQrEbhmo3/050957

opening with copper. 11. The nethod of claim 1l wherein
the opening is a via or a trench. 12. The nethod of
claim1 wherein the nmetal conductor is selected from
the group consi sting of copper, tungsten and
alum num 13. The netheod3s3of claim1l wherein a gas for
sputter etching is selected fromthe group consisting
of Ar, He, Ne, Xe, N2, H2, NH3, N2H2 and m xtures
14. ¢ 87 ditthofP L (34 B53 G TeEY HPAHO3F BRI 95 7SPULtEY 14,
etchiing, ngtehedutterlegichdg witepei aftier ahe 1shep pdrtspalyer
sput@eNe NG nENer S L eT c Sl DP. stops after at | east
partially™ sputter etching the netal conductor. 15.
The nethod of claim1 wherein in the step of sputter
15. etTbdimarhotihef spatimet vdterkingirstbpsstap aft sputsenf ace of

etcHilg, ¢ dbuUW¥etRing stops on a top surface of the

metal conductor.



