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IMPROVED BARRIER LAYER F OR ELECT ROPLATING PROCESSES

5 ' BACKGROUND OF THE INVENTION

Fleld of the Invention _
The present. mventron generally reldtes to electrochermcal deposrtlon or B
_ . eleetroplatmg a metal onto a substrate More partlcularly, the present mventlon relates o |
| ' 0. to methods of forrmng a bamer layer and a seed layer pnor to ﬁllmg the structures SO
- formed ona substrate usmg an electroplating process ) ' -

: COpper has become a chorce metal for ﬁlhng sub-mlcron hlgh asp ect ratro -

15 _mterconnect features on substrates as clrcurt densltles mcrease for the next generatlon L

7 efultralarge. SCal""; mtegratlon 'because coPPet and its alloys have lo ver resrstlvmes ahd S

- '.'-"."stg;mﬁcant.ly hrgher electronugratlon resrstance a8 compared to aluMum These ' :':

charactenstrcs are unportant for supportmg the hlgher current densmes experrenced at '
hxgh levels of i integration afid increased device speed. ' : '
20 The aspect ratio for the features Le., the ratio of the feature herght to the feature
- .w1dth, mcreases w1th hlgher levels ‘of mtegratlon. Many u‘adlhonal deposrtion o .
_' ‘processes have dlfﬁculty ﬁllmg structures where- the aspect ratio exceeds A l and; -
partlcularly where 1t exceeds 10:1 and is less than 0 25um wide. 'I'herefore, there isa s
_ great amount of ¢ ongomg effort bemg dlrected at the formation of voxd-ﬁee, sub-rmcron' _
25 high aspect Tatio features. Addmonally, as the feature widths decrease, the intérconnect .
' features experience: increased currént densities that requlre good, void-less forrnatlon of -
the metal within the intercorinect feature. '
Despite the desirability of using copper for semiconductor device fabrication
chorces of fabrication methods for depositing copper into very high aspect ratio features
30  are limited because common chemical vapor deposrtlon processes ‘and physical vapor
o depos1t10n processes have provided unsatisfactory results for formmg vordless
metallization of sub-mtcron high aspect ratxo interconnect features. As a result,
electroplating or electrochemical deposmon is becoming an accepted method for copper
metallization of mterconnect features on semiconductor devices.

35 : Figures IA-IE illustrate a typlcal metallization techmque for forrmng.
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mterconnect features na multr-layered substrate’ 10 Generally, _the method compnses .

. physmal vapor deposrtmg a bamer layer over the feature surfaces, physmal vapor_' .

20
E shown havmg a dual damascene structure 18 and a connectlon llne 20 patterned and' -

25

30

' -deposrtmg a conductrve metal seed layer, preferably copper over the bamer layer, and i

then electroplatmg a conductive metal, preferably copper, over the seed layer to fill the
mterconnect structure/feature Fmally, the deposited layers and the dielectric layers are

_ plananzed, such as by chermcal mechamcal pohslung (CMP), to d deﬁne a conductlve '

mterconnect feature ' - _ .

c Frgures 1A through lE are cross sectiorial views of a. substrate 10 havmg malti-
‘ : -.layered structures mcludmg a drelecmc layer 12 formed over an underlymg layer 14_

10

' the form of a’ doped srhcon substrate or it may be a. ﬁrst or subsequent_ 3

which contams an electncally conductmg feature 16. The underlymg layer 14 may take

| 'generally known dlelectnc etchmg processes, mcludmg plasma etchmgt Although a:-'
'dual damascene structure and a connection hne are illustrated in Flgures IA-IE, other
- types of i mterconnect features are typ1cally metalhzed usmg thls techmque as well

Refemng to Frgure lA, a partlal cross-seetlonal d1agram of a substrate 10 is

etched in the drelectnc layer 12 The dual darnascene structure 18 typrcally compnses a
via portlon 21 and a trench portron 25. The v1a portlon 21 of the dual damascene '
structure 18 is deﬁned by avia floor 22 exposing at least a portlon of the conductwe '

feature 16 and lower sidewalls 24. The trench. portlon 25 of the dual damascene -

structure 181 is defined by the step surfaces 26 and upper sidewalls 28. Frgure 1A also

shows a connectron lme 20 which is typlcally formed through a groove on the surface

of the dielectric layer 12 that provrdes electrical connectioris across the surface of the
dielectric layer 12 to other structures and/or devices. The connection line 20 is defined
by a line bottom surface 30 and line sldeWalls 32 etched in the dielectric layer 12.
Referring to Figure 1B, a barrier layer 34, preferably comprising tantalum (Ta)
or tantalum nitride (TaN), is deposited over the surface of the substrate 10, including

the surfaces of the dual damascene structure 18 and the connection line 20. The barrier
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-layer is typxcally deposrted usmg physrcal vapor- deposmon (PVD) by sputtenng a B
_tantalum target m an argon plasma or by reachve physmal vapor deposrtlon by
'.sputtenng a tantalum target in a mtrogenlargon plasma Other deposrtxon processes,
-such as chemrcal vapor. deposmon (CVD) or combmatlon of CVD/PVD may be used'.
: to deposxt the barrier layer for improved texture and ﬁlm propertles "The barrier layer
_ ,lnmts the drfﬁlsron of copper mto the sennconductor substrate and the drelectnc layer .

e is prefen'ed that the barner layer has 2 thxckness between about 25 A and about 400 A, : .:_ i

10

15
" _'Howevers the electroplatmg m

20
Co _pOhShmg (CMP) Dunng thQ plananzatlon pmcess’ pomOIlS Of the copper layer 3 8 - "

25

30

' copper layet

most preferably about 100 A

Referring to Figure 1C, a copper seed layer 361is deposrted over the barrier layer '

- 34 usmg PVD, Other metals, partlcularly noble metals can also be used for the. seed | L
_layer The copper seed layer 36 prov1des gbod adhesxon for a suhsequently depos1ted

Referrmg to Flgure 113
layer 36 0 metalhze the-d'" l__'ﬁ'

 voids 40 i in the mterconnect features that may lead to defectWe devrces or prerriature L
.breakdown of the devrces, as. dlseussed in more detail below. - o

Refemng to Flgure lE the top portlon of the proeessed subsu'ate 10 i e., the -

'_ copper seed layer 36, barner layer 34, and a top surface of the dlelectuc layer 12 are .
.removed from the top surface of the substrate leavmg a fully planar surface wrth

conducuve mterconnect features such as the dual damascene structure 18 and
connection line 20. o

Metal electroplating in general is a well known art and can be achieved by a
variety of techniques. Present designs of cells for electroplating a metal onto a
substrate are generally based on a fountain plater configuration. In the fountain plater
configuration, the semiconductor substrate is positioned above a cylimlrical electrolyte
container with the plating surface facing an opening of the cyllndrical electrolyte
container. The electrolyte is pumped to ﬂow upwardly and contact the substrate plating
surface. The substrate is electrically biased and connected as the cathode of the plating
system, and the surfaces to be plated are electrically connected to the cathode power

/
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source to prowde the electncal current that mduces the metal jons in the platmg'
| . solutlon to deposn onto the exposed conductive surface of the substrate An anode is -
- typrcally dlSpOSCd in the eleclrolyte and electncally biased. to attract the negatrvely

~charged counte_rparts of the .metal ions in the_electrolyt_e_. .The- fountain pl_ater is

‘generally adequate for electroplating large, low aspect ratio features (e, larger than

;nncrnmeter-srzed and lower than 1: 1 ‘height to width ratro) However, a number of
. -obstacles 1mpa1r consrstent electroplatmg of copper onto substrates havmg sub-rmcmn,
_ -_1'-h1gh aspect ratro features a |

First, a contmuous metal seed layer is essentral for conductmg the current :
required to the surfaces to be plated by the electroplating process ‘When a

o ,dlscontmulty is present in the'metal seed layer, the portron of the seed layer that is not '

electrrcally connected to the bras power supply does not recelve deposmon dunng the

_ electroplatmg process Pamcularly with physrcal vapor deposmon of a seed layer, 1t is |
very drfﬁcult to deposrt a contmuous umform seed layer wrtlun a hrgh aspect ratlo,' _
_.sube-mlcron feature ;The seed layer tends to become drscontmuous especlally at the G
) -bottom surface of the feature because 1t is drfﬁcult to deposrt through the narrow (z e., ,
:sub-rrucron) aperture Wldth of the feature. The drscontmumes in the seed layer prevent o

proper electroplatmg of the metal onto the seed layer, resulting in defectlve devices on
the processed substrate ' '

Second, dlscontmultles in the metal seed layer also cause vord formatlons in -

L hrgh aspect ratlo mterconnect features Dunng the electroplatmg prOcess, the metal ._" L

25

30

deposrts on all of the surfaces that are electncally connectéd 1o the bias power supply
Because the electroplated metal. grows in all directions, the deposition around an area of
dlscontmurty in the seed layer typxcally forms a bndge over the drscontmmty, leavinga:
void adjacent the drscontmurty within the feature. The void changes the material and
operating characteristics of the interconnect feature and may cause improper operation
and premature breakdown of the device.

Therefore, there is a need for a consistent metal electroplating t'echnique to form
void-less metal interconnects in sub-micron, high aspect ratio features on
semiconductor substrates. Particularly, there is a need for a method for preparing a
substrate prior to électroplating that overcomes the problems presented by currently
practiced seed ‘layers used in electroplating and reduces the formation of defective

devices due to unsatisfactory electroplating results.
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SUMMARY OF THE INVENTION _ _
. | The mventlon generally provrdes a method for preparmg a substrate prior: to'
electroplatmg for formmg void-less metal mterconnects in sub—mlcron, high aspect ratio
5 features on sermconducto_r_ substrates. The mventmn .overcomes_the problems presented
' by currently practiced'barrier layers used in electrOplating and reduces the fonnation of -
defectlve devices - caused by unsatrsfactory electroplatmg results Generally, the'
"mventron prowdes a method for forming a high conductance (z.e resrstrvrty <<1 60p.m- -
cm) bamer layer on whlch metal can be electrc-chermcally depos1ted to srgmﬁcantly :
10 - reduce the defect formations formed durmg the electroplatmg process due to '.
. d1scont1nmtles in the seed layer ' : : .
B One. aspect of the invention prov1des a method for preparmg a surface for' |
electrochemmal deposmon compnsmg formmg a lugh conductance barner layer on the
_surface and deposmng a seed layer over the bamer layer Preferably, the hlgh '
15 -:conductance \

jer layer compnses a matenal selected frcm tungsten, mngsten mtnde
X, &7 .tltamum and trtamum nitride,’ and/or eombmatrons thereof. The
lngh conductance bamer layer prondes a surface on wh1ch metal can be electro-

_ chem1cally deposrted and therefore significantly reduces the defect formatrons formed |
during the electroplatmg process due o dlscontmultles in the seed layer _
20 . Another aspect of the 1nvent10n provrdes a method for formmg a hlgh :

. deposrted tantalum layer at a temperature between about 350"C and about 600°C for
~ between about 30 seconds and about 30 minutes.
. . Arnother aspect of the’ lnventron provrdes a method for forming a hlgh
25  conductance barrier layer compnsmg depositing a tantalum barrier layer at a substrate
temperature between about 350°C and about 600°C.

Yet another aspect of the invention provides a method for forming a high
conductance barriér layer comprising fonning a first barrier layer comprising a material
such as TiN,, W or WN,, over the surface using chemical vapor deposition and forming

30 a second barrier layer comprising a barrier material such as TiN,, Ta or TaN,, over the
first barrier layer using physical vapor deposition:

Yet another aspect of the invention provides a method for filling a structure on a

substrate, comprising depositing a high conductance barrier layer on one or more
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_.'surfaces of the structure, deposrtmg a seed layer over the barner layer, and'

- jelectrochemrcally deposmng a metal to ﬁll the structure

BRIEF DESCRIPTION OF THE DRAWINGS '

So that the manner in. whlch the above recited features, advantages and objects

o 'of the present mventmn are attamed can be understood m detall, 2 more parttcular

o descnptlon of the mventlon bneﬂy summanzed above may be had by reference to the

R -embodlments thereof wluch are 1llustrated i the appended drawmgs

10

25

30

i 1s to be noted however, that the appended dIangs 1llustrate only typlcal N

'embodrments of this mventton and are therefore not to be considered hm1tmg of its

_ 'scope for the mventlon may admlt:to other equally effectWe embodlments

Frgures lA-lE are cross

'ros‘s sechonal vxew of a h1gh~:'

mventlon

Flgure 3 isa ﬂow dlagram 1llustratmg a metallizatton techmque for ﬁllmg an -'

_ . mterconnect structure accordmg to the mventlon.
20

Flgure 4i isa cross sectlonal v1ew of a sunphﬁed electroplatmg apparatus 100

" DETAILED DESCRIPTION OF THE PREFERRED EMBQDIMENT

* The present mventton prowdes methods for improving the electroplatmg ﬁll of 3 _

high aspect ratio, .stib-micron . mterconnect featuree Although the invention is’

described using a dual damascene structure on a substrate the invention coutemplates _
apphcatrons in other mterconnect features and other mtegrated circuit features (i.e.,
lines, v1as contacts, plugs, etc) that require ﬁllmg the features formed on a substrate
with a metal. Also although the invention is. described using copper as the
electroplated metal for metallization of the feature, the invention is applicable to other
metals that can be electroplated onto a substrate. - '

Generally, a continuous metal seed layer is essential for conducting an electrical

current to the surfaces to be plated by the electroplating process. Typically, the seed

- layer is deposited using PVD techniques, which has not provided satisfactory results for

/
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o 'forrmnga umform, contmuous seed layer at the bottom of hlgh aspect ratio, sub-rmcron o

- features * Thus, currently practlced electrOplatmg techmques suffer ﬁ'om defect
o formatmn due to dlscontmurtles in the seed layer The mventlon generally prondes a

method for formmg a bamer layer that reduces the need for a contmuous seed layer.

I—Il_ .h Conductance_ Bar__;ler La. er_Materlals

One aspect of the i mven, ion Improves the eleetroplatmg ﬁll of hrgh aspect ratlo,

o '-sub-mlcron mterconnect features through the use of a higlr conductance bamer layer N

10

= matenals as well as alloys of these»-matenals The b -er-layer accordmg to the_ -

deposmon thereon. The invenitors have discovered that the demmental effects of a

dlscontmuous seed layer are srgmﬁeantly rmmnuzed by provrdmg a barner layer '
| matenal havmg a surface on whlsh a metal, partlcularly copper can be electroplated .
The barner layer matenals that have th1s property mclnde tungsten (W) tungsten

mvenuon can be: depesrted ver the surfaces of the features/structures formed on ‘the
substrate usmg PVD CVD or other deposmon methods commonly known in the art.

- Preferably, the barrier layer has a thickriess between about IOA and about SOOA fora

'matenal that provrdes sufﬁclent elecmeal conductmty to faclhtate electro-chermcal RURE

sub—mlcron mterconnect feature,j Because ‘a metal, partlcularly copper can “be b

- : _eleetroplated dlrectly onto the: surfaces of these bamer matenals the metal deposrts G e.

25

30

electroplates) on ‘the surfaces of the seed layer as well as on exposed surfaces of the-
-barner layer not. cOVered by the seed layer, resultmg ina s1gmﬁcant reduction of the
_ formation of defects due to the dtscontmumes in the seed layer.

High Conductance Tantalum Barrier Layer
'Another asp'ect of the invention provides a method for forming a.high

conductance barrier layer comprising annealing a dep031ted tantalum- (Ta) barrier layer.

' The inventors have discovered a method for s1gmﬁcantly improving the conductance of

a tantalum barrier layer deposited using physical vapor deposition techmq_ues.
According to the invention, a barrier layer comprising tantalum is deposited using

typical PVD techniques, preferably in a high density plasma (HDP) PVD chamber, such

as the IMP™ chamber available from Applied Materials, Inc., Santa Clara, Califomia.-

R ———
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Frgure 2 is a cross sectional view of a high densrty plasma physrcal vapor' .

_ deposmon (HDP—PVD) chamber useful for forming a barner layer accordmg to the
, 1nventlon The HDP-PVD deposrtlon chamber 600 generally mcludes a chamber
_enclosure 602, a substrate support member 604, a target 606 a shleld 608 and a coil

610. The target 606 compnses a sputterable material and is disposed opposite of the

' substrate support member 604. “The target 606 is electncally connected toa DC power

f:_- _supply 612, as shown in Flgure 2, ‘and can be biased by an. RF power source (not
shown) rnstead of the DC power: supply 612. The slueld 608 gcnemlly surrounds the

. region ‘between the target 606 and the substrate support member 604 and is typrcally |
connected toa ground connectlon. The coil 610 is dlsposed interior of the shield 608

: and is connected to an RF power supply 614 A gas inlet 616 dlsposed through the

enclosure 602 mtroduces one or- more processing gases irito the chamber dunng

_ processmg A vacuurn system 628 is connected to the chamber 600 through an exhaust

As shown in Frgure 2, the subsu'ate support member 604 is attached to an
actuator shaft 618 dlsposed through the bottom of the enclosure 602 The actuator shaft

. 618 is connected to an actuator 620 wlnch facrhtates movement of the substrate support
_member 604 to vanous posrtrons in the chamber A slit valve 626 dlsposed ona
srdewall of the enclosure 602 faclhtates transfer of substrates into and out of the

chamber whrch is typrcally performed utlhzmg a robot and robot blade " A substrate
lift assembly 622 disposed relative to the substrate support member 604 facrhtates
positioning of a_substrate onto and off of the substrate support member 604." As shown
in Figure 2, the substrate support member 604 is in a wafer transfer position. During

. processing, the substrate support member 604 positions a substrate disposed thereon to

a position below a cover ring 624 disposed on a lower portién of the shield 608 to-
shield the perimeter edge of the substrate from deposition. The substrate support
member 6.04.engages the cover ring 624 and typically lifts the cover ring 624 off the
shreld 608 At this posrtron a processing region is defined by the exposed surface of
the target 606, the shield 608 and the substrate on the substrate support member 604. A
power supply 632 is electrically connected to the substrate support member 604 to

provide an electrical bias to the substrate during processing. The power supply 632 can

This Sheet Has Been Rep laced :
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be a DC power source, an RF power source ora combmatlon of DC and RF power_' R
sources . ' : '. : -
Several parameters of the HDP-PVD process mcludmg the processmg pressure, _ |

the RF bias to the RF coil, the DC or RF bias to the target, and the DCor RF b1as tothe

. '5_ - substrate, can be adjusted to achleve the desired seed layer deposxtlon proﬁle havmg -

- '-rmmmal sidewall coverage and substantial bottorn coverage Preferably, the HDP-PVD .

- "_'___:chamber is operated wrthm the followmg parameters chamber processmg presswe':__ e o

c ';jbetween about 20 mT; r-4nd about 100 mTorr, RF Soute

Cé power to the HDP-PVD coill

" between about 1000 Wand abiout 5000 W, target DC bias between about 500, w and -

' tO ~ about 3000 W and substrate DC b1as between about 100 W and about 500 W.

. Preferably, the ﬂepostted Ta bamer layer has a thrckness between about IOA'. B |
Bt and about SOOA and ‘more’ preferably between about 100 and about 250A. Thc'_ s o
| deposrted PVD Ta ban‘wr layer.xs :annealed at. a temperature between about 350°C and o

. desrgns, mcludmg convennonal and rapid thermal anneal chambers, ¢
3 the art and comrrmrcrally avallable For example the anneal process can be performed-'- __
. -utrhzmg the RTP XEpIus’l'M ot the R XETM thermal processmg chambers avaﬂable' B
20 __ | from Apphed_ Matenals, Inc., Santa ‘C
1 chaiber described in Us ‘Patent No. 5,155,336, Gr

-lara, Cahforma, or the thennal processmgf;.__'. L o
et al ‘_'whlch 1s hereby_. o

_ meorporated by reference in lts entlrety The mventors also contemplate usmg other. .

commerctally avallable thermal processors from manufacturers such as Eaton

' Corporatlon Thermal Processmg Systemis, Peabody, Massachusetts For a conventlonal

25 | furnace anneal chamber, the anneal treatment is preferably carried out for between
about 5 minutes and 30 minutes at between about 450°C and 500°C. For a rapid
thermal anneal chamber, the anneal treatment is preferably carried out for between
about 30 seconds and 5 mmutes at between about 450°C and 500°C The inventors

have discovered that after the anneal treatment, the PVD Ta barrier layer exhibits a high

30 - conductance-(or low resistivity) that is about 16 times that of a conventional PVD Ta
layer without an annealing treatment. The PVD Ta layer deposited according to the
invention exhibits low resistivity of about 10pQ-cm as compared to conventional PVD

Ta layers without annealing treatment which typically have a resistivity of about
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IGOuQ-cm The high conductance annealed PVD Ta barrier layer accordmg to the

.mventton is able to conduct sufﬁcrent electncal current where dlscontmumes in the

seed layers exist and therefore allow electrochemlcal deposmon to occur where the Ta
layer is exposed at the dlscontmultres in the seed layer.

Altematlvely, instead of annealing a typical PVD Ta barrier layer, the"inven'tion
provrdes a method for forrmng a h1gh conductance bamer layer compnsmg deposrtmg a
tantalum barrier layer ata substrate temperature between about 350°C and about 600°C.

'The temperature of the substrate dunng the deposition process is preferably controlled '

by controlling the temperature of the substrate support surface on the substrate support
member or pedestal. The inventors have discovered that a PVD Ta layer deposrted in

this temperature range exhibits unexpected hrgh conductance (or low resrstrvrty) ‘The

PVD Ta layer deposlted accordmg to the mventlon exhlbrts alow resrstlvrty of about 10
pQ—cm, whrch is about 16 ttmes more conductive than PVD Ta ﬁlms deposrted at low

.temperatures w1thout annealmg One example of a process ‘for formmg a htgh '
conductance barner layer on a 200 mm substrate usmg an. I—IDP-PVD chamber (as _
‘shoWn in Flgure 2y mclude the followmg processmg parameters chamber processmg | -

pressute between about 20 mTorr and about 100 mTorr, RF sotirce power to the I-lDP-
PVD coil between about 1000 W and about 5000 W, target DC bias between about 500

2 W and about 3000 W substrate DC bias between about 100 W and about 500 W, and
substrate temperature between about 350°C and about 600°C.

Combmatl Of CVD And _PVD Barrrer La ers

Another aspect of the invention provrdee a method for forming a high
conductance barrier. layer comprising forming a ﬁrst barrier layer over the surface using
chemical vapor deposition and forming a second bamer layer over the first barrier layer
using physical vapor deposition. The invention contemplates utilizing a variety of
CvD techniques to form the first barrier layer, including well known CVD techniques
such as metal organic'chemical vapor" deposition (MOCVD), atmospheric pressure
chemical yapo'r deposition (APCVD) and plasma e_nhanced chemical vapor deposition
(PECVD-). The invention also contemplates utilizing a variety of PVD techniques to
form the second barrier layer, including well known PVD ltechniques such as
conventional sputtering, collimated sputtering, long throw sputtering, ionized metal

plasma sputteﬁng and hollow cathode sputtering. Preferably, the first and second
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bamer layers are formed utxhzmg an mtegrated system platform havmg both CVD and :

o PVD processmg chambers, such as the mtegrated system descnbed in U.S. Patent No. '_'

5, 186 718, Tepman et al., which is mcorporated by reference in its entlrety
Accordmg to the invention, 2 ﬁrst barrier layer compnsmg a bamer material

such as TiN,, W or WN,, is deposued using a CVD techmque to provide a ¢onformal

bamer layer ‘over the surfaces of - the mterconnect structure.- Typically, for an
: -_1nterconnect structure/feature havmg sub—rmcron openmg wrdth, the ﬁrst barner layer is -
' '..'deposrted using commonfly lenown CVD techmques to a thlckness between abiout SOA e L

and about 250A. Then, a second barner layer compnsmg a barrier matenal such as
TiN,, Ta and TaN is deposrted over the first barrier layer using commonly known '

. 'PVD techmques to- a tluckness between about SOA and’ about 250A. The resultmg

combmed barner layer compnsmg a ﬁrst CVD layer and a second PVD layer provrdes

- an effectlve conductwrty that is much htgher than that ofa PVD barrier layer alone or a'
R ;{CVD bamer layer alone because the CVD layer prowdes goed conformal coverage of

$ surfaces whrle \

,-'layer prQVldeS good bottom ﬁll of the features

i _'_Substrate _Preparatlon and Metalhzatlon Proeess

20

25
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Fxgure 3'is a flow dlagram 1llustrat1ng a metalhzatlon techmque for ﬁllmg an

mterconnect structure accordmg to the mventlon Frrst, a hlgh conductance bamer . .
_'_'layer 1s deposrted (Step 302) over the surfaces of the substrate mclud.mg the surfaees.

outlmmg the. intercormect structure The barner matenal is deposrted usmg ane of the |

| ) above-descnbed techmques accordmg to the mventlon For a hlgh cOnductance barrier -
layer compnsmg a h1gh conductame matenal selected from the group consrstmg of

- tungsten, tungsten mtrlde (WN,, where x £ 3), tltamum and tltamum nitride, and the -

combmatrons thereof the bamer layer can be depos1ted by a variety.of deposmon '
methiods including PVD and CVD. The conductance of the barrier layer can be further
1mproved by utilizing CVD techmques and PVD techniques to form a combination
CVD (TiN,, W or WN,J and PVD (TiN,, Ta or TaN,) barrier layers. For a high

conductance barner layer compnsmg tantalum the barrier layer is preferably deposrted'

by low temperature (<350°C) PVD and then annealed at between about 350°C and
~about 600°C, or deposited by PVD at a high temperature between about 350°C and

about 600°C. Preferably, a barrier layer has a film thickness between about ZSOA and

- about S00A for_an interconnect structure/feature having sub-micron opening width.

Secoud, a seed layer is deposited (Step '304)'over the barrier layer, preferably;
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usmg HDPvPVD tecluuques to maxm:nze the ‘seed layer deposttton on ' the- bottom_'
: _portlon of the mterconnect features and minimize the seed layer deposrtlon on the .

sidewall portlons of the mterconneet feature The copper seed layer is preferably

deposned utlhzmg a I-IDP~PVD chamber, as descnbed above in Flgure 2 havmg a

- copper target. Preferably, the HDP-PVD ehamber is operated W1tlun the following
- paranieters: chamber processmg pressure between about 1 mTorr and about 100 m‘l‘orr, -

RF source power to the HI)P-PVD corl between about 1000 W and about 5000 W,
target DC bxas between about 500 W and about 3000 W and substrate DC blas between .

-'about 100 W and about 500 W. Altematlvely, the seed layer can be formed by other' :

deposmon techniques, such as conventional PVD and CVD. The seed layer preferably :

‘hasa s1dewall ﬁlm thlckness less than about 250A and a bottom film thlckness between . -
 about 250A and about 1500A Step 302 and step 304 ‘together prepare a substrate?
plating surface for the electroplatlng process that ﬁlls the mterconnect -

featmes/structures

__e electroplatmg process can be 4

variety of electroplatmg apparatus anid techmques Flgure 4is @ cross sectlonal view of K '
.a s1mphﬁed electroplatmg apparatus 100. Although the mventlon is descnbed using a

srmphﬁed .electroplatmg apparatus the .inventors contemplate utlhzmg other

_ electroplatmg apparatuses to achleve the desxred processmg results such as the " - o

Mrllema"‘I ECP system, ava;llable ﬁom Apphed Matenals Inc Santa Clara, Cahforma, |
and the- electroehenucal deposmon system descnbed in commonly ass1gned and'.
copendmg U.S. Patent Apphcatlon 09/289 074, entltled “Electro-chemmal Deposxtlon:
System % -filed on Apnl 8, 1999, whlch is hereby mcorporated by reference in 1ts _
entirety. As shown in Figure 4, the srmphﬁed ele_ctroplat_mg apparatus 100 includes a
container 102, an anode 104, a substrate holder 106, a cathode 108 and a power supply
110 connected between the cathode 108 and the anode 104. A substrate 112 is

- posmoned on the substrate holder 106, and the cathode 108 contacts the seed layer on
_ the substrate plating surface. The power supply delivers an electrical current to the seed

layer on the substrate plating surface 114. An electroplating solution or electrolyte 116
fills the container 102 to allow the substrate plating surface 114 to be completely
submerged in the electrolyte during the electroplating process. The electrolyte 116
supplies the metal to be electrochemically deposited onto the seed layer of the substrate,

" This Sheet Has Been Replaced.
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and the anode 104 is a non—consumable anode. Alternatrvely, ‘the anode 102 is a

| consumable anode that supphes the metal (e, copper) to be electrochemrcally.' .

deposxted onto the substrate and the electrolyte 116 effectuates the transfer of the metal

' from the anode to the cathode

Dunng an electroplatmg process the power supply 110 provrdes a negatlve'

_ voltage 1o the cathode 108 a:nd a positive voltage to the anode 104 to eﬂ'ectuate |

N _ electrochermcal deposmon of the metal i 1ons in the electrolyte 1i6 onto, the. substrate

10

- ‘plating surface- 114. The'-electrlcal power (ie., voltage and’ current) supplled tothe - -
substtate plating surface 114 is adJusted according o the electroplatmg solution tsed - -

and desrred deposition rate and charactenstlcs 'For example, to deposit a copper layer .

L on a 200mm substrate usmg eopper sulfate as the electroplatmg solutron, the cathode g

20
o process 10 enhance the m : _____:llzatlon process Preferabl _' the de-plate process is carnedi' B

25

30

_ 108 § is blased to provtde a forward platmg current denS1ty across the substrate platmg -
o surface at betwcen about lO mA/cm and about 80 mA/cm The copper electroplatmg'___

ettistry, partlcularly the cofiposition of theielecm‘y‘e and addiives, i

' .prov1ded in commonly as51gr1ed and: copénding’ U8, Patent Apphcatlon No.

09[245 ;780, entitled “Electrodeposmon Chemistry for Improved Flllmg of Apertures,”
ﬁled on February 5, 1999 wh1ch ls hereby mcorporated by refereuce in 1ts entlrety
Optlonally, a de—platm odic ] '

out usmg the electroplatlng apparatus W1th the bias polanty reversed (opposﬂe of the '
 forward electroplatmg polanty) to cause a portmn of the deposrted metal to be removed :

from the interconnect feature Because the de-platmg process tends to remove: more '

deposited material from the opening of the interconnect feature, void formations in the
interconnect features are further reduced. For example, the de-plating process is carried
out by applying to the substrate a de—platmg voltage at between about 10 V and about
25 V magnitude or a de—platmg (reverse) current densrty across the substrate plating
surface at ‘between about 10 mA_/cm and about 80 mA/cm? magnitude. ‘Typically, the
de-plating voltage is applied for between about 0.1 seconds and about 5 seconds. The

electroplating process is resumed after the de-plating process to complete the

. metallization of the structure.

After the electroplating ﬁll or metallization of the structure, the surface of the
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processed substrate is typxcally plananzed usmg CMP tecmuques or other plananzatron -

B methods and the substrate is ready for other processes to complete the fabncatlon of '
the mtegrated circuit. ' : .

| Whlle the foregomg is dxrected to the preferred embodiment of the present
mventron, other and further embodrments of the mventmn may be dewsed without

| departing from the basic scope thereof The scope of the mventron is determmed by the |

:clarms which follow
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CLAIMSt et R
1 1L A method for prepanng a surface for electrochemtcal deposrtxon compnsmg
2 a) forming a high conductance barner layer on the surface; and
b) -depositing a seed layer over the barrier layer.
2. R 'The method of clazm 1 Whereln the hlgh conductance bamer layer compnses a
2

matenal selected from the group conststmg of tungsten, tungsten nitride (WN , where x

3 : <3), titamum and titanium mtnde and the combinations thereof.

AWM

AW N - nos W N e

A W B W N

3. The method of claun 1 wherem the hlgh conductance barrier layer compnses a
'multr-layered stack of one or more matenals selected from the group consisting of
: tungsten, tungsten mtnde (WNX, where 0 2x< 3), titanium - and trtamum nitride, and the
'oombmatlons thereof RS ' ' -

4, 'l’he method of clatm l wherem the step of formmg a lngh conductance bamer' |

_ layer comprises:

deposrtmg a barrier layer compnsmg tantalum;;:
annealmg the barrier layer at a temperature between about 350°C and about

' 600°C for between about 30 seconds and about 30 mlnutes

5. The method of clalm 1 Whereln the step of formmg a htgh conductance barner '

layer compnses

deposrtmg a barrier layer compnsmg tantalum at a substrate deposmon
temperature between about 350°C and about 600°C.

6. The method of claim 1 wherein the step of forming a high conductance barrier
layer comprises: | | o

forming a first barrier layer over the surface using chemical vapor deposition;
and |

forming a second batrier layer over the first barrier layer using physical vapor

deposition.
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7. . The method of clalm 6 wherem the ﬁrst barrier layer compnses a matenal
selected from the group consxsnng of TiN,, W and WN, and combmatxons thereof

8. The method of claim 6 wherein the secon_d barrier layer comprises a material

selected fro_m the group consisting of TiN,, Ta and TaN, and combinations thereof. -

9. A method for ﬁlhng a structure ona substrate, comprising:

a) depesxtmg a hlgh conductance barner layer on one or 1more surfaces of
the structure; _ _ -

b) depositing a seed layer over the barrier layer; and

¢) - electrochemically _deposlting ametal tofill the structure.

10.  The method of clalm 9 wherein the high conductance bamer layer compnses a
material selected ﬁ:om the group consxstmg of tungsten tungsten mtnde (WN,‘, where x

< 3), tltamum and txtamum mtnde, and combmat:ons thereof

11.  The method of claim 9 wherem the high conductance barrier IaYer compﬁses a
multi-layered stack of one or more materials selected from the group consisting of
tungsten, tungsten nitride (WN,, where 0 > x <'3), titanium and titanium nitride, and

combinations thereof, -

12.  The method of claxm 9 whereln the step of forrmng a h1gh conductance barrier
layer compnses :
- -dépositing a barrier layer comprising tantalum, _ :
annealing the barrier layer at a temperature between about 350°C and about
600°C for between about 30 seconds and about 30 minutes.

13. The method of cla1m 9 wherein the step of fonmng a hlgh conductance barrier
layer comprises: - ' '

-depositing a barrier layer comprising tantalum at a deposition temperature
between about 350°C and about 600°C.

- 14.  The method of claim 9 wherein_ the step of formlng a high conductance barrier
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formmg a first barner layer over the surface usmg chemlcal vapor deposmon

" and

forining a second Baxrier layer over the first barrier layef using physical vapor

deposition.

15. The method of claim 14 wherem the ﬁrst barrier layer compnses a matenal

" selected ﬁ'om the group cons:stmg of T1N W and WN and combmatlons thereof

- 16.  The method of claim 14 wherem the second barrier layer comprises a material

selected from the group cons1st1ng of TIN Ta and TaN and combmatmns thereof
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