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nitride nikdeerial, or a conbination of both. A copper seed |layer 106 is then
bl anket deposited over the barrier layer 105 so as to line the inner walls
and s10 f a2.@eswviiptivnofttheRulated2xrthol e 102 and trench 104. The copper seed

| ayer is needed to pronote good adhesion and establish a good el ectrical
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15 cqnductive vias are formed to interconnect the transistors. When copper interconnect.
_metallization lines are used, processes referred to as damascene and dual-damascene are used |
to form trenches and via holes in dielectric layers. As will be described below, there are

several problems with the normal copper fill process.

Reference is now made to Figure 1A, which illustrates a cross-section view of a

20 patterned dielectric layer 100. As shown, the dielectric layer 100 has a via hole 102, and a

trench 104. A barrier layer 105 is typically deposited over the dielectric layer 100 and into

the via hole 102 and the trench 104. Typically, the batrier layer is a tantalum material, a

tantalum nitride material, or a combination of both. A copper seed layer 106 is then blanket
deposited over the barrier layer 105 so as-to line the inner walls and surfaces within the via =

25 hole 102 and trench 104. The copper seed layer is needed to promote good adhesion and *

establish a good electrical contact between copper interconnect lines. The copper seed layer

106 is typically deposited using either a chemical vapor deposition (CVD) technique or a

physical vapor deposition (PVD) technique. Once the copper seed layer 106 is deposited, the

wafer is moved out of the deposition chamber and introduced to atmospheric conditions and

30 exposed to oxygen before beginning a bulk copper fill process. During this time, which can
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transistor devices, such interfaces will most likely be compromised due to the reduction of

20  copper seed material that is needed to promote good bonding to the electroplated copper fill
108.

One solution to remove the oxidation is to move the wafer into an etch chamber to
etch away the copper oxide build-up. Although this technique can remove the copper oxide,
etching also removes some of the copper seed layer 106a. This is a problem since the

25  thickness of the copper seed layer 106 is already very thin on the walls 110. Any further
removal of copper from the seed layer 106 can present a situation where an insufficient of
copper secd layer 106 remains to cnable proper electroplating of copper. If too much copper
seed layer 106 is removed, copper interconnect lines and copper filled vias may present
defects that reduce reliability and performance of an integrated circuit device. For more

30 information on electroplating, reference can be made to U.S. Patent No. 5,882,498, which
illustrates conventional techniques for electroplating copper materials. This U.S. Patent is

hereby incorporated by reference.



defects that reduce reliability and performance of an integrated circuit
device. For nore 30 information on electroplating, reference can be nmade to
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el ectropl ating copper materials. This U S. Patent is hereby incorporated
by reference. WO 01/24257 PCTI TJS00126612 3 In view of the foregoing,
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el ectyopl ating operations are perfornmed to fill etched trenches and/or
vias fhat define copper interconnect structures. It 10 should be

appreci ated that the presen |nvent|on can be i npl emented i n numerous ways,
i ncluding as a process, an Rpiaa L : N devi ce or a net hod.
Several inventive embodinments of the present I nvention are descri bed
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configured to fill_fthe etchedfeat 8& the dielectric layer. In one
exanpl e, © \’f?—f‘“t‘?’lé%r?f PrB’f"“t‘l’?é"’E'@Bﬁ@ belo®r i ncl udes appiying a sol ution
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feat ur eShe copper seed layer is then treated to remove an oxidized layer from over the copper seed

layer. The method then moves to electroplating a copper fill layer over the treated copper
seed layer. The copper fill layer is configured to fill the etched features of the dielectric layer.
In one example, the treating of the copper seed layer includes applying a solution to the
20 copper seed layer including hydrofluoric acid (HF), citric acid, and ammonia mixed in de-

ionized water.

In another embodiment, a method for making copper interconnect features in a

dielectric layer is disclosed. The method includes depositing a copper seed layer over a

barrier layer that is formed over the dielectric layer and into high aspect ratio etched features

25 of the dielectric layer. After the copper seed layer is deposited, the copper seed layer is

treated to remove an oxidized layer from over the copper seed layer without removing the

copper seed laycr. Then, a bulk layer of copper is filled in over the treated copper seed layer.

The bulk layer of copper is configured to fill the high aspect ratio etched features of the
dielectric layer.

30 In yet another embodiment, an apparatus for fabricating copper interconnect lines is

disclosed. The apparatus includes: (a) a deposition station for depositing a copper seed layer



25 of the dielectric layer. After the copper seed |layer is deposited, the
copper seed layer is treated to renove an oxidi zed | ayer from over the
copper seed layer without renmoving the copper seed |layer. Then, a bulk
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| ayer of copper is configured to fill,the high aspect ratio etched features
of the dielectric layer. 30 In yet another enbodi nent, an apparatus for

fabricati i C lines is . disclosed. T ppar at u
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The present g?ﬁ/égﬁlt\?%n wiga Hflblggﬁ?;gggiplle;%ﬁﬁgg stn(go y "the fol I owi ng detailed
description in conjunction with the acconpanying draw ngs, in which |ike
reference nunerals designate |ike structural elenents. Figures 1A and 1B

i |l ugfprate cross-secti %m&@@“ﬁﬁfﬁﬂﬂﬁ” c layer 15 having a
barrier layer, a forne rrier layer, and a
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that includes a.seed |ayer deposition chanber and an el ectropl ating
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alternative enbodi nrent of the present invention. Figure 2C illustrates
anot her el ect r Giguadsi Iy amb[Rilhisutste crossMdction vides L& Gatkediyedd dielectric layer '

15  having a barrier layer, a formed copper seed layer over the barrier layer, and a formed

. copper fill layer.

Figure 2A illustrates a process system diagram that includes a seed layer
deposition chamber and an electroplating apparatus, in accordance with one embodiment

of the present invention.

20 Figure 2B illustrates an electroplating apparatus, in accordance with an

alternative embodiment of the present invention.

Figure 2C illustrates another electroplating apparatus in which the seed layer
treatment module includes two separate sub-modules for treating the copper seed layer
before electroplating is performed, in accordance with yet another alternative

25 embodiment of the present invention.

Figure 3A illustrates a flowchart diagram of the process operations performed
to pre-treat a copper seed layer used in copper interconnect lines before a bulk copper fill
operation is performed in an electroplating module, in accordance with one embodiment

of the present invention.



treatment nodul e includes two separate sub-nodul es for treating the copper
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a | gyuer CQIaJ]qIQ BREf ndR¥d gﬁe&e@sanly obscure the present invention.

In one embodiment of the present invention, a method is disclosed for forming a

copper seed layer over a barrier layer that is formed over a dielectric layer having etched
features, such as trenches and/or vias. The copper seed layer is preferably deposited in a
deposition chamber. Once deposited, the wafer having the etched features is then moved out
20  of the chamber and into atmospheric conditions that expose the copper seed layer to oxygen.
Depending on the amount of time, the exposure to oxygen causes a layer of copper oxide to
grow in the copper seed layer. Before copper electroplating is performed, the method moves
the wafer into a treatment module wherein the copper oxide is removed without removing the
remaining copper seed layer. Once the copper oxide is removed from the copper seed layer,
25  the wafer is immediately moved, e.g., within a few seconds, into an electroplating module. In
the electroplating module, a bulk copper fill layer is plated over the copper seed layer to fill
the trenches and/or vias. In the following description, several embodiments describing the
treating process and cluster modules that can be used to perform the combined treating and

electroplating are provided.

30 Figure 2A illustrates a process system diagram 200 that includes a seed layer

deposition chamber 202 and an electroplating apparatus 203, in accordance with one
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| ayer can be any suitable barrier layer. In a specific exanple, "the barrier
| ayerd5 cahe a taptalan matesiak a fantplume nitfidegnaterial  or gicambination thergef. nat erial , or a
conbi nati on thereof. In copper interconnect technology, dielectric |ayers
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lines that formt '

e network of inteérconnec )
define the locations of the metallization lines that form the network of interconnect

metallization for a given layer. The seed layer deposition chamber 202 will be configured to
deposit the thin layer of copper over the barrier layer. For example, a typical seed layer

20  deposition will deposit approximately 1500 A of copper seed layer over the top surface of the
wafer W. However, as discussed above, the amount of copper deposited on the walls of small
features having high aspect ratios will be substantially less, and typically about 10% of the
total 1500 A.

Once the wafer W has been deposited with the appropriate thickness of a copper seed

25 layer in seed layer deposition chamber 202, the wafer is removed from the chamber 202 and
exposed to oxygen before being introduced into the electroplating apparatus 203. Before
commencing the electroplating process in the electroplating module 206, the wafer is
introduced into a seed layer treatment module 204. The seed layer treatment module 204 is
configured to substantially remove any growth of copper oxide that occurred in the copper

30 seed layer that was deposited in chamber 202.
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concent T gt Sy e fuorite SBRpound I tiSsolved in ddfomzbd water'in % congentration tdnge of

approximately 0.1% to 5% by weight. In a more specific example, the copper oxide

removing solution can be 0.5% HF, 0.1% citric acid, and 0.4% NH,OH by weight mixed in

20  de-ionized water. The pH level of the solution in this example is approximately 3.

It should be noted that the seed layer treatment module 204 is therefore a module that

is capable of rinsing in a bath or scrubbing using scrub brush technology, the wafer W with a
cleaning solution to remove the copper oxide from over the seed layer deposited in chamber

202 before the electroplating module 206 performs electroplating over the seed layer. In this

25 manner, the electroplating module 206 will be capable of depositing a more uniform and
defect-free layer of copper over the copper seed layer and thus avoiding the problems

described with reference to the prior art.

It should also be noted that the electroplating apparatus 203 is preferably a combined
module that allows the treating and plating process to be performed in-situ and therefore,
30 allow the plating process to occur just after the treatment of the seed layer in module 204.

Thus, the electroplating apparatus 203 is preferably a clustered tool that will cfficiently



The fluoride conpound can be hydrofluoric acid (HF) or ammoni um fl uori de
(NH4F). Preferably, the fluoride conpound is dissolved in de-ionized water
I'n a concewd oxisesyn range .of approximtely 0.1%to 5% byropugdizssicn a nore
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men%
| ayerbefSPET CAIAPLIIM XY thoserh l8Yfaf er Winto the el ectropl ating modul e 206.
As mentioned above, the baths can be replaced with brush boxes. The wafer

is first inseQneethervaferaV hig teen Hhedite Gnlbat he20fFer ORiESinbathP04d and Ry al s

erfornmed on the seed. | ayer that s deposited in the seed | ayer deposition
P Is move nto a e-mmZXg water %ath 04b wh%re in the de-ionized water rinsei{ away tﬁe

oxide removing chemicals before being introduced into the electroplating module 206. In this
embodiment, it may be preferred that the solution used to remove the copper oxide in bath
20  204a be removed before performing the electroplating in the electroplating module 206. In
such a case, the de-ionized water rinse bath 204b will be configured to perform such a task to

substantially remove the copper oxide removing solutions.

Figure 2C illustrates an electroplating apparatus 203’’ in which the seed layer

treatment module 204 includes two separate sub-modules for treating the copper seed layer

25  before electroplating is performed in the electroplating module 206. In this embodiment, the
apparatus 203" may include a cassette 210 which is placed in a staging region 209. The
staging region 209 will holding wafers for some time before electroplated in the electroplating
module 206 is performed. In this embodiment, because the wafers W may spend some time

in the cassette 210 before being electroplated, the seed layer treatment module 204 wil) first

30  perform oxide removal in bath 204c and then move to a bath 204d wherein the copper seed

layer is passivated to prevent or inhibit the growth of copper oxide during the time the wafers
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diluted in _de- ionized water. For exanple, citric acid having a 0.2%

‘concent r&desmmayglsgdepprlieded (DI) water and a pH level of 2, hydrochloric
acid (HCL) having a 0.1%concentration in DI water, malic

Once the oxide removal is performed in the bath 204c, the wafer is moved into a bath

204d. In the bath 204d, the passivation of the copper seed layer is then performed to protect
20  against the growth of copper oxide in the copper seed layer. In one embodiment, the solution
is generally comprised of members of the azole family. Azoles, such as Benzotriazole (BTA),
are known to provide protection against the growth of oxides on copper. BTA is currently the
most widely used passivating agent for copper and is the major component of many
commercially available solutions used for copper oxide prevention. An example passivating

25 agent may include Stopox™ from Applied Chemical Technologies, Inc.

Other azoles that have been used for copper oxide prevention include Ineazole,
Bebnzimidazole, Indole, and Methylbenzotriazole. For more information on oxide removal

and passivating agents, reference may be made to U.S. Patent Application No. 09/282,596,
entitted METHOD AND APPARATUS FOR ENABLING CONVENTIONAL WIRE

30 BONDING TO COPPER-BASED BOND PAD FEATURES, and filed on March 31, 1999,

This application is hereby incorporated by reference.



10 acid having a 0.2% concentration in DI water, or malonic acid having a
0. 2% concentration in. DI water may all be used where concentration |evels
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etching technique in order to form the et eatures that will become the interconnect

metallization lines and conductive vias. Once the etching of the trenches and/or via holes is
complete in operation 304, the method proceeds to an operation 305 wherein a barrier layer is
20  deposited over the dielectric layer and into the trenches and via holes. In operation 306, a thin
seed Jayer of copper is deposited over the barrier layer. Typically, seed layer deposition
operation is performed in either a chemical vapor deposition (CVD) chamber or a physical

vapor deposition (PVD) chamber.

Commonly, the deposited seed layer ranges in thickness between about 100 A and

25  about 3000 A, and more preferably, between about 500 A and about 2000 A, and most
preferably about 1500 A. As mentioned above, the thickness of the seed layer on the walls of -
higher aspect ratio features is typically much less, and is believed to typically be about
between about 30% and 5% of the deposited thickness. Of course, the actual thickness of the

seed layer depends upon the process technology being implemented for a particular integrated

30 circuit design. Once the thin seed layer of copper is deposited in operation 306, the method

moves to operation 308 where an in-situ copper pretreatment is performed on the thin seed



reference to Figures 2A and 2B, it nmay be nore desirable to performthe
seed |l ayer treatnent imediately before performng, the el ectroplating.

Fi gure 3Avs’dd 528 pates a flowchart diagram 300 of the proegeasemissizati ons
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is electroplated over the thin seed layer to fill the trenches and/or vias. The removal of the

copper oxide is believed to reduce defects as well as improve overall consistency of the
20 electroplated copper film. Additionally, it is preferred that the pretreatment which
preferentially removes the copper oxides will leave the copper seed layer intact (i.e., minimal
attack on the copper seed layer), and thus will enable for a better bond and interface between
the copper seed layer and the bulk copper layer that is electroplated in operation 310. After
the electroplating is complete in operation 310, the method will proceed to an operation 312
25 where a copper chemical mechanical polishing (CMP) operation is performed to remove

excess bulk copper, excess seed layer copper, and barrier layer from over the dielectric layer.

Figure 3B shows a flowchart diagram 300’ in accordance with another embodiment of
the present invention. The method begins at an operation 320 where a diclectric layer is
formed over a particular layer of a substrate or wafer. Trenches and/or vias are then etched

30 into the dielectric layer to form the locations of the copper interconnect lines and c'onductive

vias. A barrier layer is deposited over the dielectric layer in operation 323, and then a thin



oxygen will thus inmedi ately begin to oxidize the thin seed | ayer of
copper. 5 Thus, the in-situ copper pretreatnent is configured to renove the
copper oxwdeibkasm the thin seed | ayer of copper. As exRE/VEN26Move,
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pol i shing "(CMP) operation is performed to renove e@gess bul k copper,
excess sevias arcipaneddio pheediclecinicilagery ri er | ayer from over the dielectric |ayer.
Figure 3B shows a flowchart diagram 300" in accordance wth anot her
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or waf er .invEnter fsedeserited.oTheimdtherd begintseat antapbration 340 whers 2 Hieledirie|layst is c
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vias. A barrier Tayer | s*deposited over e dielectric Tayer in operation
323, and thddinleetrit hiyar MOpexhli G 24/ a BaiTiel 396 i fvthed inl @peation 343,and a thin seed
layer of copper is deposited over the barrier layer and into the trenches and via holes in
20  operation 344. In operation 346, a copper pretreatment is performed on the thin seed layer to
remove the copper oxide build-up. As discussed above, the copper oxide is preferably

removed while leaving intact the copper seed layer.

Next, the method moves to an operation 348 where a corrosion inhibitor is applied

over the thin seed layer to prevent further oxidation. In this embodiment, the corrosion

25  inhibitor is preferably a passivating agent which will retard or further prevent the copper seed
layer from oxidizing before the electroplating is performed in operation 350. Once the
electroplating is performed in operation 350, a chemical mechanical polishing operation is
performed to remove the excess bulk copper, excess seed layer copper, and barrier material

from the dielectric layer and thus forming the copper interconnect and conductive via

30 network.



seed | ayer of copper is then deposited over the barrier layer and into the
trenches and via holes in operation 324. At this point, a copper
pretreat ne{$ oism2ger formed on the thin seed |ayer to renRSRUSORSSEDpper

oxi de build-up in operation 326. As described above, the pretreatnent is
configured to substantially renove alRf of the 5 copper oxide fromthe
copper seed layer while |l eaving the remaining copper. seed |ayer intact.
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water rinse |. N> i IS
el ot r oprpziisd B AL et T B8GH BhubaditbupTrotindsdintafARRRI sty
hol es i n thypdrmaingowilBRblize Magowsalterativnseatiditionerpermytations engheau vateats theregfer f or ned

in cases ere it js desirable to r. t C j to
remove tt%!kr]i’ﬁ?“é?é [3jé$°u§ F%%*és}lcﬁgffr&?cee l? ﬁ}e%}%foec rsb%ﬁgqll%%lés %gla%%éggﬁugngg?mmce

t he elsectsc@pbia wafkrs GanQOWoEk ®, petfinen thewiide demeval andap pessivating eperations eft i on
332 where a copper chem cal, chani,cal.. pol i,shi n operati.on is perforned to
renove e%E’é%’gseﬁg'l“Ke'E‘BBpéﬁiimB s egﬁéﬁb%%ﬂg’rog%%ﬁﬁt?g%ﬁé’ EdIG MY 12| aver to
form the gl &ch hé, 200 MHE300 Am, fahd Rirges) a8 wellas BhEVMek and shapppdris thetefsre onnect

lines and vias are fornmed in the dielectric |layer, 15 Figure .3C
i | | ust r atintendedithas therpagsentanyentioninglydesiall sueh alerations, addinens PoP Ui s ent

i nvention| i : L2 ofthedfivensf at i on 340 where a
dieIectrF@h§%§§§ﬁﬁgﬂﬁsgﬁﬁgﬁegggagguﬁgﬁéﬂ?n operations 302 and 320. Trenches
and/ o0 viWihdidt deimadés:t hen etched into the dielectric layer in operation
342, a barrier layer is fornmed in opeation 343,and a thin seed |ayer of
copper is deposited over the barrier layer and into the trenches and via
hol es in 20 operation 344. In operation 346, a copper pretreatnent is
performed on the thin seed |ayer to renove the copper oxide build-up. As
di scussed above, the copper oxide is preferably renoved while |eaving
intact the copper seed |layer. Next, the nethod noves to an operation 348
where a corrosion inhibitor is applied over the thin seed | ayer to prevent
further oxidation. In this enbodinent, the corrosion 25 inhibitor is
preferably a passivating agent which will retard or further prevent the
copper seed | ayer from oxidizing before the electroplating is performed in
operation 350. Once the electroplating is perforned in operation 350, a
chem cal mechani cal polishing operation is perfornmed to renove the excess
bul k copper, excess seed | ayer copper, and barrier material fromthe
dielectric layer and thus form ng the copper interconnect and conductive
via 30 network.



WO 01/ 24257 PCT/ US00/ 26612 | nvent I on has been described in
ternms of several preferred e W !Hﬂ @ be appreciated that those
skill ed iwollypszert upon reading thew speC| fi caPCOASOMAGI2st udyi ng
the drawings will realize various alterations, additions, pernutations and
equi val ents thereof. For exanple, al4 hough speC|f|c reference s made to
bat hs, brush boxes containing brushes for 5 scrubbing wafers can al so work
to perfoﬁm oxi de renoval and/or passivating operations of “the present
i nvention. Additig a]ﬁ% IR any
size wafer, guch A‘ag}leh%&&#}ﬁ % n%%{i;gﬁ%ﬁ&%# ger,&aegé\%estﬁl? as ot qa egl zes
and shapetsnprlstng:s therefore intended that the present inventi on | ncl udes
all such alterations, additions, pernutations, and equivalents that fall
wi t hin the trdeposipng & toppadsesd bayer @fer thealidlevimmiayerand 1180 Wiched fegtupdsaif thed | s:
I Ollélléﬁﬂlll}lll%lllll L]l PCT/ lﬁ% g/ 26612 WD 01/24257 L s 14 CLAIMS 1. A
EkiNg" Rl

met ho M &]%'Fr Pconnect features in a dielectric

| ayer, conpr deposi t| see ver the dielectric

| ayer and i nt%eaéf’gﬁg PR S dnlgyeéft °Ve§n8f‘%fz§§¥ {:Prf”gﬂ/ovl’er ﬁ'ﬁ Fr3*Sarrier

| ayer th@yeoand treating the copper seed |ayer to renove an oxidi zed | ayer
fromover the copper seed |layer; and electroplating a copper fill |ayer
over the treasledropRfipgt coppd filnlger oveh eheCoEydrY cdppérl seedl a3ef, theicogpee @ilif i gur ed

to fill et ched_f eaf ur of the dielectric |a 10 2. A method for
maki ng si‘ﬁ%’frcl??mﬁf(?{’wur? éﬁﬁ‘ﬂﬁﬁt&"tdff’@%ﬁ?éé le "%?%W%ctri c layer as

r eci &d in claiml, wherein the depositing of the copper seed | ayer is
perfofmed in one of a chem' cal vapor deposition chanber and a physical

deposi tion ctr]r?nber tfhe okﬂ 05|t|or5 fornms a thicker rof. § gper

over a bottonfsur f%&‘? Ppaking ssmicondyciar intercpngedt Fﬁ‘Hﬁ"e‘rm I“a‘ﬁ%‘?cmﬁ Yot

copper 0gs WitddSin @fairh NewRdr&if @k dePaditingEst the copper seed layer is performed in one of a
chemical vapor deposition chamber and a physical deposition chamber, and the deposition
forms a thicker layer of copper over a bottom surface of the barrier layer and a thinner layer

15  of copper on walls of the etched features.

3. A method for making semiconductor interconnect features in a dielectric layer
as recited in claim 2, wherein once the depositing of the copper seed layer is complete, the
copper seed layer is exposed to atmospheric conditions that cause oxidation of both the

20  thicker layer and the thinner layer.

4, A method for making semiconductor interconnect features in a dielectric layer

as recited in claim 1, wherein the treating the copper seed layer includes:

applying a solution including de-ionized water, an organic compound, and a fluoride
25 compound combined in an acidic pH environment to the surface of the copper seed layer just

before performing the electroplating.

5. A method for making semiconducto: ‘interconnect features in a dielectric layer

as recited in claim 4, wherein the organic compound is an organic acid.

eet Has Been Replaced

TR



3. A nethod for naking seni co]ﬁjct or interconnect features in a dielectric

| ayer as reci ted in claim2, jﬂ' Mﬂﬁl depositing of the copper
is expose?c.},gs@h spheric

seed Iayer ?agg)l ete, the
conditi ons tause oxi dation of both"tHe 20 t hi cker [ayer a t he

t hi nner Iayer. 4. A nethod for maki ngissem conductor interconnect features
in a dielectric layer as recited in claiml, wherein the treating the )
copper seed | ayer includes: applying a solution including de-ionized water,
an organi ¢ conpound, and a fluoride 25 conpound conbined in an acidic pH

environment t .t he ASuehae for@hakirpsefRiOAIct S OMBeb@LeN fehtkieh in D afeRERicRSel O M Ng
the electroplating, 5. A nmethod for, making sem conductor interconnéct

f eat ures 4srfe%1teﬂl’%F]é‘H¥ ot whergpdpe °§§"‘Fé€‘fit1§8“‘f fAf & FigiGRcad, amaliceagid, tadonde gani ¢
conpound Jcgi, SkbcMiORiH.C acid. This Sheet Has Been Replaced 11111111111113
Lrn till 11111711171142111111121111 1f 111 P T/1Tsoon6612 WO 01/24257 C L M's
C 1556. A nmethod for maki ng sem conductor interconnect features in a
dielectric layer as recited in claim5, wherein the organic acid is one of
a citric acidga rra,msma&fdil,mdmgcgefnfcon&&wm&e&mewfemaefﬂT Eieléc ;g,%} hod
for maki ng sem conductor interconnect features in a dielectri c

recited a3 redited in daimphevherein thedluoride eerapound g red hV@Oﬂmocﬁfmdqynmmhium)rl c
acid, anmgp bgg\ﬂ{“g?lorl de (NH4F). 10 8. A nethod for naki ng sem conduct or

i nt er connec Uf'es in a dielectric layer as recited in claim1, wherein
the treating the copper seed |layer includes: applying a solution including
hydrofluoric acid (HF), citric acid, and anmpbnia m xed in de-i oni zed water
Lo the surfacg. of WgefoPRe anaﬁgagqemxﬁaudovﬁ{mb&Ing&eremgs i LERRARL BL09. 15
9. A nethod for ng sem conddct or I nterconnect features I'n a d| ectric
| ayer asasmepited inckldim I whenginghe winting the copper seed dayenigcludesdone in-situ with the
el ectroplating. 10. A nethod for nmaki ng sem conductor interconnect features
in a diel ect r iapplyiag @rsolution including hydrofivoric acid (HF), citric acid, and ammonia mixed

in de-ionized water to the surface of the copper seed layer just before the electroplating.

15 9. A method for making semiconductor interconnect features in a dielectric layer

as recited in claim 8, wherein the treating is done in-situ with the electroplating.

10. A method for making semiconductor interconnect features in a dielectric layer

as recited in claim 1, wherein the treating is done in-situ with the electroplating.

20
11. A method for making semiconductor interconnect features in a dielectric layer
as recited in claim 1, wherein the treating includes:
applying an acid diluted in de-ionized water to cause the removal of the oxidized layer
from the coppcer seed layer; and
25 applying an azoles solution over the copper seed layer after the removal of the

oxidized layer, the azoles solution causing a oxide growth retarding passivation layer over the

copper seed layer.

e
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as recited in claim1, \/\herel doneln situ wth the

el ectroplating. 20 11. A neth mlm m&ﬁiﬂ conductor I nt erconnect

features % | ectric | aye cI aiml, vwaereswrtdie treating
I ncl udes: appfyl ng an acid diluted in de- |on| zed water to cause the renoval
of the oxidized layer fromthe coppeas seed | ayer; and 25 applying an

azol es solution over the copper seed |ayer after the renoval of the

oxi di zed | ay|er12 t ha rﬂé‘tﬁb(ﬁﬁarSﬁblkiﬂgis@ﬂﬂi&ﬁ%l&}d?@nt&c@@l(_dﬁdﬁe@b%ﬁmﬁgﬂegmﬂ ngsr | |
assivation |ayer qver the  coppe ed |ayer | t s Been Repl ace
DE1T11 1 12 Fecied in Glaimy 1y yerein fherapeles solytiamiy &%’i‘l"ﬂ‘%ﬁgﬁil WO 01/ 24257 C L M
s * PCTIUSOO 26612 16 12. A nethod for making sem conductor interconnect

features in a dielectric layer as recited in claim1l, wherein the azoles
solution is Benzotriazal e 1(BTA 13. A method for_ making cop

i nterconnect fldat ufedethodaton; making CPRPef dffigreonnast deAtyes 4 iy di "‘g"éﬁb’slﬁyfshg a
coppers se@ghptigigr over a barrier layer that is formed over the dielectric

| ayer and i nto i gh aspect ratio etched features of the dielectric |ayer;

treating the GepRAmgSLEHpENEd 1dyer 6RFRARIRR 18t BiaZ AtolANESve:r iRTHiRNEEict he
copper seed |ayer, the Freatl ng bei ng conflglured to prevent the renoval of

non- coppdayes andiiate highaspre raticetehed frarurescd dhq diclegtric laxers f i | | i ng a bul k | ayer
of copper over the treated copper seed |layer, the bulk |ayer of copper

bei ng conf i gurteEatingothe copper pred hayghtoasmers an pxifligeck layerefiprn @xer the Sopper sded
dielectrig r &F‘!@ r e u sina
dielectric J] aglhgrmgéndg Réng‘gg?f‘%r d‘?{? C aln%%wgm\%ﬁgelr%ﬁ&]t{?gﬁ% ‘F’{‘?Jng% gl Kk

| ayerlbf appeeeed layspemiiormed in an el ectroplati ng nodul e.

filling a bulk layer of copper over the treated copper seed layer, the bulk layer of

copper being configured to fill the high aspect ratio etched features of the dielectric layer.

14. A method for making copper interconnect features in a dielectric layer as
15  recited in claim 13, wherein the filling a bulk layer of copper is performed in an electroplating

module.

15. A method for making copper interconnect features in a dielectric layer as

recited in claim 13, wherein the treating includes:

20 applying an acid diluted in de-ionized water to cause the removal of the oxidized layer

from the copper seed layer.

16. A method for making copper interconnect features in a dielectric layer as
recited in claim 15, wherein the acid diluted in de-ionized water is buffered with ammonium
25  hydroxide (NH,OH).

17. A method for making copper interconnect features in a dielectric layer as

recited in claim 13, wherein the treating includes:
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15. A method for meki ng copper i nterconnect features in a dielectric | ayer

as recited in claim13, wherei nuwwm ' ! udes: 20 applying an acid
diluted i Glﬁ'z'&é)/ni zed water to c "m'”?mm of t heperrushozesaz | ayer .
from the ‘copper seed layer. 16. A'nethdd for snaking copper interconnect
features in a dielectric layer as rgcited in claim 15, wherein the acid
diluted in de-ionized water is buffered with ammonium 25 hydroxi de

(NHAOH) . 17. applyRighadivtion inthidingOHE aite bcid ing amaionamt hfdratide @E1,0H)just
dielectric layer as recited in ¢laim13, wherein the treating includes:

Thi s Shewforpperfaming thefillingo thfj?ﬂﬁ‘l'i!l?f? %ePPY oYen CFF*}“"\ﬁqPPef\RE?‘g'ﬂ“é4257
11212222 preeib rrerr oretrt orr 1t PCT/ Us00/ 26612 MS 17 applying a
solution including HF, citric acid, and amoni um hydroxi de (NH4AOH) | ust

before performng the filling of the bulk |ayer. of copper. over .the treated
copper seed [¥yer A mgthod ﬁ?ﬁt"%?ﬂ?ﬁ‘gf WP%WFW“E%Cbﬂ‘é*}I“rFH'gFc‘%ﬂﬁ@ef 19%6E@fires in
a di &) ecltiica ih BMHR 18 WheRik @€ rbRthe ad eleFilmglie pohemed m-sitke treating and the
filling are performed in-situ. 15. An apparatus for fabricating copper

i nterconnect |ines, conprising: a deposition station for depositing a
copper seed | ayer over a barrier layer, the barrier layer lining a

dielectric | ayer afthyBhGhe orlfRRichiRScoBper intércelinetidfmts, cémpadiRg: of a

substrate; 10 a treating nodule for receiving the substrate and renoving a

copper oxi de ] a¥6fitidd @MonF¥Laepblifing @ Boiier &8 thybroh@F 2 baidr Rfergthe Garrep! at i ng
modul e that is connected in-situ wth the treating nodule, the

el ect r oplexariliningrasbieleatriplayergnd etshad feptugs ?foth‘E)G‘FlGCtPFEZ}YC’E:‘Efﬁp%‘Ps%r the treated
copper seed layer and fill the etched features of the di el,gecszltri c. layer. 15
20. Mh appar & trsting mofulp forasesiving thsspkstrateipd rpaying ¢ coRPREXidslayrdfamy i n

claim19 p@ggﬁepséeg@aaﬁﬁgg@ct ion in-situ defines a commopn environment

. . ver .
W thin t?’ue ng no e and the electroplating nodule.
an electroplating module that is connected in-situ with the treating module, the

electroplating module being configured to bulk fill copper over the treated copper seed layer

and fill the etched features of the dielectric layer.

15
20. An apparatus for fabricating copper interconnect lines as recited in claim 19,
wherein the connection in-situ defines a common environment within the treating module and
the electroplating module.
20 21.  An apparatus for fabricating copper interconnect lines as recited in claim 19,

wherein the treating module is a copper oxide removing bath and the electroplating module is

an electroplating bath.

22.  An apparatus for fabricating copper interconnect lines as recited in claim 19,

25  wherein the copper oxide removing bath includes an acid diluted in de-ionized water.

23.  An apparatus for fabricating copper interconnect lines as recited in claim 19,
wherein the copper oxide removing bath includes HF, citric acid, ammonjum hydroxide

(NH,OH), and de-ionized water. .
This Sheet Has Been Replaced




20 21. An apparatus for fabr| catl n per interconnect lines as recited in
claim 19, wherein the”mm mr | s a copper oxide renoving bath and
the el ect Grpdipaldsag modd opI ating bath. 22pcroscepegratus for
fabricating copper inter “connect i nes "as recited in claim19, 25 wherein
t he copper oxide renoving bath includeés an acid diluted in de-ionized
water. 23. An apparatus for fabricating copper interconnect |lines as
recited in claim19, wherein the copper oxide renoving bath includes HF,
citric acid, amoni um hydroxi de (NH4OH), and de-ionized water. ----------
Thi s Sheet Ha94BeeAanpdraue¢br~fhlbndahhg ddpbtOintdrcohnédt [linkf 4d recited in claim 19,

ki } hé LTTOTEr 1 1l WO 01/24257 L Ms
PCT/ US00/ KBt eprarﬁﬂs gt féb‘ﬂ‘é eﬁt us for fabricating copper i nt erconnect

lines as recite n claim?19 wherein the a r.at ncl a
o ot s R B B s PSR ot g P ROUE T o e BB o1 g

nodul &,  the E&lfontied Walth ZR5dulecHeRly doadplied l&ﬁfdﬂﬁ)vs @hérhighlk @ced fr teaMseoetdien cal s
used for treating before Perform ng _el ectropl ating of copper in the

el ect r opl REEfPRnEBlaeiraplating of oapperip Ahefieriroplaiing @eUeat i ng copper i nter connect
lines as recited in claim19, wherein the apparatus further includes: 10
an oxide growh retardi ng nodul e between the treating nodul e and the

el ectroplatin nodul e. 26. An apparatus for fabricating copper

i nt er connect %ﬁnes Apsppgatus for fabricating RePPOT intafpaEpest Ainghas Kegitegeinflaigy 19,

retardi ng,RgH bR ?ﬁg};@gmh@“{q@m&ésvatl ng agent. 15 27. An apparatus for
fabricating copper Interconnect lines as recited in claim26, wherein the

passipating agankide H‘?&B@fn[g%ocﬁ'ib Betweed théiitding nldufe AARRE elbiRPRERE
Repl aced 1111111111111V 111
modulie

26.  An apparatus for fabricating copper interconnect lines as recited in claim 19,

wherein the oxide growth retarding module contains a passivating agent.
15

27.  An apparatus for fabricating copper interconnect lines as recited in claim 26,

wherein the passivating agent is a member of an azole family.
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