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The present invention relates to the dedosition of a |ayggen a substrate.
More specifically, the invention relates to deposition of a doped | ayer on
a substrate. Background of the Related Art 10 Consistent and fairly
predi ct abl e i npr oMEEIHODNAND AFPARATES O FORMING ASPUERDPERED on has
been observed in the | ast decade DOREDSEEDOLAXERSSful inprovenents is
mul tilevel interconnect technology, which provides the conductive paths
bet ween the devices of an integrated circuit (1C and ot he Mmmum
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(ULSI) technol ogy, has increased the inportance of reducing capacitive
coupling between interconnect |ines and reducing 20 resistance in the
conduct L,ve feat ] ymp.has traditional ly been the choice of
conduct PHEHA i o v=fretal | i zation. However, snaller feature sizes
havg creat edc%nﬁeeﬁt faﬁ& aﬁ;ﬂg AISLENR RBYEAbntM hibQURId ERS1iBdoYighYaddian
al um num Copper 1s now bei'ng considered as an I nterconnect mat erral to
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1.7 S2-¢m ared to 3. 52-cm for al um nd. hi gher current
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However, précur sors CESSes I Ng COpper currently
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2 feat uindegratign fVEEHAnd witradugeasealervisertiian dAgsl, te@m@tquobaamqar@ased the

processes reyvi ous used primarily-ily. for C|r ui t board fabr are
bei g duRm IRy fofedistBEFePi Coliting meble i blftehrm ol vt ot L ot
todg || r@@dceﬁ@mwﬁgu%@kﬁwp@g rate. However, electroplati ng 5 has its
own challenges in depositing uniformy on a subst rate. El ectroplating uses
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interconnect material to replace or complement aluminum because copper has a lower

25 resistivity (1.7 pQ-cm compared to 3.1 uQ-cm for aluminum) and higher current carrying
capacity.

Despite the desirability of using copper for semiconductor device fabrication,
choices of methods for depositing copper into features having a high aspect ratio above
about 4:1 in sub-quarter micron features are limited. In the past, chemical vapor

30 deposition (CVD) and physical vapor deposition (PVD) were the preferred processes for
depositing electrically conductive material, typically aluminum, to fill the contacts, vias,
lines, or other features formed on the substrate. However, precursors for CVD processes
for depositing copper are currently under development and PVD processes for filling

copper features can bridge the openings of very small features and leave voids in the



10 ‘However, PVD of copper tends to aggl onmerate across the depositiqu Y 2
surface and in the lines and vias due to surface diffusion of the coprA 002
material. As the copper is deposited on 2 substrate, a high surface
diffusivity of copper, which is a function of the deposition tenperature,
causes’ the deposited copper filmto agglonerate such that the filmwll
eitherﬁgﬁwgi, t hereby becom ng di sconti nuous, and/or roughen such that the

15 aggl onmeration reduces the overall surface energy of the exposed copper
surface. Thids aggllowé CMD and Pa8D chellagesrdet®bl ol pocassybssdusit used
electroplating)pnocess such that either the discontinuous filmwll lead to
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evenly distributed over the surface of the seed layer and may result in
nonuni ¢lectmcdidp osnductive sked layehsuguenta aippet laypl earddrmalipedeppaitehby LLVB r at e.
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uni formty of subsequent deposition thereover. Preferably, the layer is
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pr oces&gsr oncheglibegateVD, chemi cal vapor 15 deposition (CVD),

el ectropl ating, electrol ess deposition and other deposition processes. In

one aspect, HUEBCEReSe ROPPRR dht highlypsesceaialeaty oxidatianusviish wepasss ity a
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doping material selected fromthe group of phosphorus, boron, 20 indium

tin, bEPRRIritAANEOKYETHBINHES i BsdatiaradePppemingisasdidhe sespivity aftibe linoesrd on

provid%ﬁl%bgggfd conductive target for sputtering a |ayer on a substrate.

The dopeg conductive target conprises a conductive material selected from

the group OfTHzedIRRY thetd! RASAI. foRht MnPHTe@ def@MRIMBot &3 Shdthedeet t@nvbids

dopi ng materi al selected fromthe group of phosphorus, boron, indium tin,

beryl | infaatureprodoedsi fiemi osmduibieveembterikhdepositive rndspbicts unwanteh prideiion

provi de substrate having a doped seed | ayer deposited by a sputtering
@ies§ﬁ%ﬂsPH2ﬁ%ﬂ%§¥w8te. The doped seed | ayer conprises a conductive

material selected fromthe group of copper, tungsten, alum num or

conbi nations thereof and a doping naterial selected fromthe group of

phosph&uingmappobthe Invention

The present invention generally provides a method and apparatus for forming a




30-indium tin, berylliumor conbinations thereof. In another aspect, the
invention provides a nethod of sputtering a layer on a substrate,(} 8 MAY 2002
conprising generating a plasma in a subsgrate processing chanber,
sputtering material from a doped conducti-ve target, the target conprising a
conductive nateri al 0 8 MAY 2002 4 selected fromthe group of copper,
tungsten, .al um num or, conbinations thereof apd a doping material sel ected
from t FPsg {ﬁ‘!ﬁr Sk %ﬁ%@%ﬁ’{)‘? & ,1m|859v5:n9m? 1{YHPP§WF,€%‘%II 0 OBrtﬁéﬁﬂﬁ?rnat i ons
t her eopyegadlydeReSIalbigs t fgositel s &d eil " A
conductlleve Pa}?/er ofaslcop%edrﬂﬁ)gan e%epgg?%gg?}e(% %fes@gu%ﬁ’r@gf‘%gp}%é&

mat er i dépospricef @VaD) o, Iohidey MetabPheimagMa) PND, uisigesdopeBrtiugkt bbssiduptiveon of
the Drawi ngs So that the manner in which the above recited features,

advant Bg&siahn drefsr iy sthef canductsye sutarial.npehtasoiwrasie iaetlayedkwitng depsntbe
unders d.j L., re t.i.cyl ar. SCriwpLi.on t he .inventjon,
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t her eoflepiitidh @fioriityust thadefed MythevaRRefdReadrsayfabdtnd 1d relificd OxiBgtidaot ed,
however, that the appended drawings illustrate only typical enbodi nents of

thi s i eléstonducetivg materinh it éf belsvadthat thepasddiftomso ohed epintistch Anghesphprus,
scope, for. the invention nza dm.t to other euallé/ effective nbodtiments.
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on the s t Description o e Preferred E I ment 20 The
prigs entudhnthenttho terpleayy de sagglomérhedonind bagae aisesntimrouk ok medgced, diogrelsly | ayer
on a supstrate, pref _erablé using a sputtering process. The doped | aye
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sputtered target material. A sputtering chanber, known _as an | VP
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sputtered target material to becone ionized as the sputtered materi al
passes onlkeubstiste.apmprivies h priceaiing nhambdslasd atdoped pondustivd targeterThe targst be

attracted i.n a substanti all erpendi cul.ar direction to a biased.substrate
ur f acEomAtSrer SRBRTe Hiterla R ER LGB arohp Gh ctfrec rBubh SRR B “The
hi gh dessibinatibhe 8lFRed fandUPRYih & thdddiA s6Rbted lfiddn kY dgegﬁlof&)ﬁom%n@) BBRAY
through which AC 5 ~ ~I~Y 2002 current is passed. e current couples

wi 20 t slivmotis, ldry Jimen andorspintatiensethermmferi al to i oni ze a significant

ti th f. . Th h 100 i | id |1 ] 01, Ij 102 d
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a '; ar 9¢dyel O Qf sifieaftBt efildop @l REnEERRR! {88kt comprises a conductive material
selected from the group of copper, tungsten, aluminum or combinations thereof and a
doping material selected from the group of phosphorus, boron, indium, tin, beryllium or

25  combinations thereof.
In another aspect, the invention provides a substrate having a doped seed layer
deposited by a sputtering process on the substrate. The doped seed layer comprises a
conductive material selected from the group of copper, tungsten, aluminum or
combinations thereof and a doping material selected from the group of phosphorus, boron,
30  indium, tin, beryllium or combinations thereof.
In another aspect, the invention provides a method of sputtering a layer on a
substrate, comprising generating a plasma in a substrate processing chamber, sputtering

material from a doped conductive target, the target comprising a conductive material



5 The target 105 is preferably nade of a conductive naterial and a %o;ﬂr*g
material. The conductive material is selected froma group of coppB AY” 2002
tungsten, alum num or conbinations thereof. The doping material is selected
froma group of phosphorus, boron, indium tin, berylliumor conbinations

t hereof. Preferably, the conductive material is copper and the doping

material is phosphorus. The percentage by wei ght of the doping 10 naterial
i's frotrlebslifron AMoEEYPaBbGPPRRSofUNgsER e RABHYUELFUEODIDAORS thasenft asl 805 The

t ar get %qﬁhﬁ i.far eh p oxi de
into ado%qﬁ%%éﬁﬁg%%%g%dn%%rtﬁgl erOfeB%{%%ﬂgé%gglr)\%Pgl r?irlfgfr%rrgipl 58%@%{%;6?&1 cally
rel easqnifingtidrirethetsdd fnd depdbitsih eeuspuatdebdCORREAr mbRIAEdni tht Gudstk@BJes. A
nunber of processes known to netallurgists are possible to produce a doped

t ar getcontlgciaye ayendineprpeBscimbe Aepasiiedrbesr theepwiessd depsdanetesisl, fpoeferablvbot
(ngt sglowné to lg\eﬁi ver and retrieve substrates 110 to and fromthe chanber
08. AXHhEErTPRHUBEBIAESS112 supports the substrate 110 in the chamber and
is typically grounded. The substrate support 112 is nmounted on a lift notor
114 that raises and | owers the substrate support 112 and a substrate 110

di sposBrief DesadmtiorAof tHeg Dpdwings 116 connected to a |lift notor 118 is nounted
20 in the chanper 100 and.rai ses and |owers pins 120a, 120b npunted in the
substrat e sappbaitthe mannenrewhichsthe apave nesped feptures, adyanisges andhabiseisiir at e

110 fr .surface . r pQr 12, oil .: is
nmount etglrenb‘gjtg \g\%{éﬁnﬁlﬁgl@u%ltset gg feig%t&ggo‘?#b@é&‘ﬁgﬁé%? ﬁeﬁ[ g?téé’t alégg%ﬁart%cr%ga\;i des
i nguct desetiptiew vplties inrariet, sridflyebdsmiardzéd ebolansr be Q8d b9 RE&GEiSde fonthe
generating and maintaining a _plasm between the target 105 and substrate
112. Terabedmentsztherzof whichmare ildystiatedin theoanpesdeddrawings. bet ween t he t ar get
and t

Carget 1 05. el 1 RECIRIED, DOHE Fofra: 155 e otrahine drEgfparbagpea” '

phosphghpsaimbags sominayvagicemesae tdlrefobensiab bekedsiaoret din{@ing &9&&%@& to
the target dopi ng percentage depending on the desired | ayer “conposition and

i s enpforitiainivgntiet sapiadedt foyothareghaldy effiectiveleattiodenetdpi ng per cent ages. Power
supplied to_the 30 coil 122 densifjes.the as ich ionizes the
SHBFtered mEUBRF L1 & ST ST YRUGR A1 B ShOA AMPEEERd t ovar d ¢ he
substrate 1§{ha0d jdeROSIAAM &B&L &RRonAvidw 6 4 ateswﬂh%%%@fia Pedrdifed

chanber 100 t©o shield the chanber sidewalls 181 romthe sputtere
mat er i ah theldwbstsdteel d 124 al so supports the coil 122 by coil supports |26.
The coil supports 126 6 0 8 MAY 200Z

Detailed Description of the Preferred Embodiment

20 The present invention provides a method and apparatus for forming a doped layer
on a substrate, preferably using a sputtering process. The doped layer preferably

} comprises copper doped with phosphorus.
Figure 1 is a schematic cross-sectional view of an IMP chamber 100, capable of
generating a relatively high density plasma, ie, one with a capability to ionize a
25  significant fraction of both the process gas (typically argon) and the sputtered target
material. A sputtering chamber, known as an IMP Vectra™ chamber, is available from
Applied Materials, Inc. of Santa Clara, California. The IMP chamber can be integrated
into an Endura™ platform, also available from Applied Materials, Inc. The IMP process
provides a higher density plasma than standard PVD that causes the sputtered target
30  material to become ionized as the sputtered material passes therethrough. The ionization
enables the sputtered material to be attracted in a substantially perpendicular direction to a
biased substrate surface and to deposit a thin layer even in high aspect ratio features. The

high density plasma is supported by a coil 122 internal to the chamber through which AC



electrically insulate the coil 122 fromthe shield 124 and the chanber 100
and can be made of simlar material as the coil. The clanp ring 123 QSM 2002
nount ed between the coil 122 and the substrate support 112 and shi S éﬁ
outer edge and backsi de of the substrate fromsputtered materials when the
substrate 110 is raised into a processing position to engage 5 the | ower

ortion of the cl ing 128. | sor hanber confi rations, the shield
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t he0 I omatedialsp didne aboutn®0 By tal aboanas %, phaeabbsibait ©.0120 .to 280hr @58ssThg gas,

such as an inert gas of argon or heliumor a reactive gas such _as nitrogen,
i s supfareeldcan benrepdath & eomplar By girgdg mixing a1 sphems gadde dufocas
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controller 149 general Iétcont rols the functions of the power supplies, lift
I

not or s metaldergistore peptiblsItp preducem dgasd taipelet i on, vacuum punp, and ot her
asspci at ed chanber. conyponent s ,and f tions, The controller 149, cqontrols
CheS pover subpepenisg TBLA Hir sfithee 100, 80 Tes dess Al acrobRb L GEBREN 1f gas
to forMevet! ARt saBstbdted 1 1R 4RI §6M RRIAAMBEr 1001€ ACRBLE AL s8ppdi#d 12l SO
controls the power supply 132 coupled to the coil 122 to increase 30 the

densi t yupportstbe shbsrate hhdlin thaichembbramshigtty@caty gmuedédl Thebubstrotwtsupbdrr 149
rols the rovide di

I ly, 134 t t] | att i f th
on zed 1B riwuide addr oMol Ihibes iR R dOYs BE SubHe: slorGl 12Fhd e
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enbodi nent is a hard disk drive, can
20  in the chamber 100 and raises and lowers pins 120a, 120b mounted in the substrate support

112. The pins 120a, 120b raise and lower the substrate 110 from and to the surface of the
) substrate support 112. A coil 122 is mounted between the substrate support 112 and the
target 105 and provides inductively-coupled magnetic fields in the chamber 100 to assist
in generating and maintaining a plasma between the target 105 and substrate 110. The coil
25 122 is sputtered due to its location between the target and the substrate 110 and preferably
is made of similar constituents as the target 105. For instance, the coil 122 could be made
of copper and phosphorus. The doping percentage of the coil 122 could vary compared to
the target doping percentage depending on the desired layer composition and is
empirically determined by varying the relative doping percentages. Power supplied to the
30 coil 122 densifies the plasma which ionizes the sputtered material. The ionized material 1s
then directed toward the substrate 110 and deposited thereon. A shield 124 is disposed in
the chamber 100 to shield the chamber sidewalls 101 from the sputtered material. The
shield 124 also supports the coil 122 by coil supports 126. The coil supports 126



0 8 MAY 2002 7 include analog and digital input/output boards, interface
boards, and stepper notor controller boards (not shown). Optical aff AY 2002
magneti c sensors (not shown) are genes aly used to nove and determ ne the
posi ti on of novabl e nechani cal assenblies. An exenplary process regine for

a copper seed | ayer doped with phosphorus on a 5 200 mmwafer will now be
descri : , I T4 i i.nt anber
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-50C to about 150C, preferably bel ow 50C is useful for processing during

the seefblgsubstaedsiston. The 15 copper/ phosphorus material is deposited
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| ayer 204 is deposited on the substrate 110 and etched to formthe feature
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1 1. Al1@QRRARHE tB%nﬁecHgﬁtgétgfég%@, BRLR RS &l viNcchtRYPBEAA 6 1EQHheSERY: 2

a) a processing chamber; a doped conductive target conprising: 4

i )2@& condutratiel ds nebedlyadefaeddest ¢t fundenlyihg materipl ahd cappecludeungstien of5

al um nldrrpdgrﬁyigg a}i/err]gt IT gsdiélggtrriecoll;élerafod4 can be a pre-metal dielectric layer deposited
over a silicon wafer or an interlevel dielectric layer.

A liner layer 206, such as a Ta layer, is deposited on the dielectric layer 204 as a
transition layer to promote adhesion to the underlying material and reduce contact/via
25  resistance. The liner layer 206 is preferably deposited using a IMP PVD process and can
be deposited by other PVD processes, such as collimated or long throw sputtering or other
methods such as CVD. Collimated sputtering is generally performed by placing a
collimator (not shown) between the target and the substrate to filter sputtered material
traveling obliquely through the collimator. Long throw sputtering is generally performed
30 by increasing the spacing between the target and the substrate. The increased distance
increases the probab'ility that the sputtered material reaching the substrate is directed

normal to the substrate surface. A barrier layer 208 of tantalum nitride (TaN) is deposited

on the liner layer 206 using PVD, and preferably an IMP PVD process, especially for high
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ndium tin, berylliumor conbinations thereof. 1 2. The apparat ud) BrMAY 22002
, wherein the doped conductive target conprises copper '2 and phosphorus.
1.3. The apparatus of claim1l, further conprising a coil bias generator
coupled to a coil 2 disposed in proximty to the target. 1 4. The apparatus

of claim3 eint coil. c ri ses a ed caonducti.ve terjal. 1 5.
She. aptsest mlOapePes nfe st TR bRSeS F0GHn 7 AT R DA AsRE! Bssonor us.
L 6. ThenRPPanaluge blrelad itfer IHREHAAGT bi%icf Mo MAPEASES usibRb afthian! v the
sanme dopl ng material as the target. 1 7. The apparatus of claim 3,

f ur t he¢Tixotifaniusn ngtradec RN) p hirstenh@V i tangiten anmideo{Wdh) dnel 3ther egfrastolnd t o
control application of about 500 watts to about 5000 watts to the coil with
3 the w§ials prddeyanbidedspuristiasisi ze doped target material sputtered from

the target. ,1 C chlve. target  f tenin | r a
subst  ate,  AogprErag e Ce e Yl Sk 608 e CtnSPAlFObPE 7 eV E oui
of coppel préfRgst BUP BVa, Umhewze® Naye hioniat depasitdd 8y ephiteraitt adoaiudiwtopi ng
mat eri al selected fromthe group of phosphorus, boron, indium 5 tin,

beryl | tangat retesatly ripedrreith phespdbrus. The gogdugiye Jogeridl 8. seltvted fogetheof
claim8, wherein the target, conprises copper anpd osphorus. 1 10.. The
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t ten, 4 alumnm i nat j t f: d5 dopi i al
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12, whagmisited beerpthe baiiyr Usycs @08 ab ayedd lagemior a eabdeguivedppgerdbyit212. 0l % t o
about 15% of the seed layer. 1 14. The substrate of claim 11, wherein the

sputtering PHScearpedapel 243 e beriepesitel by PVE:i RGP pDfRs slectroplating,

15 electroless deposition, evaporation, or other known methods. Preferably, copper layer 212

6 ii) a doping material selected fromthe group of phosphorus, boron,
i
I

is deposited using electroplating techniques. An exemplary electroplating system is
described in co-pending U.S. Pat. Appl. No. 09/350,877, filed on July 9, 1999, and in co-
pending U.S. Pat. Appl. 09/289,074, filed on April 8, 1999, and are incorporated herein by
reference. A description of an electroplating chemistry, particularly the composition of the

20  electrolyte and additives, is provided in co-pending U.S. Pat. Appl. No. 09/245,780, filed
on February 5, 1999 and is incorporated herein by reference.

) Subsequent processing can include planarization by chemical mechanical polishing
(CMP), additional deposition of layers, etching, and other processes known to substrate
manufacturing.

25 The doping material is believed to reduce surface diffusivity of the sputtered
conductive material, such as copper, as the sputtered material is deposited. Less
agglomeration occurs with the doping and the sputtered conductive layer is deposited more
conformally with less voids. For a subsequent process, such as electroplating, that is
affected by the integrity of an underlying seed layer, the doped layer yields a more uniform

30  subsequent layer deposited thereon.

Phosphorus and other doping materials also reduce copper oxidation due to their
generally greater affinity for oxygen than copper at processing temperatures. It is believed

that oxygen reaching the substrate surface prefers initiating bonds with the dopant, leaving
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generating a plasma in a substrate processing chanber; 3 b) sputtering
material froma doped conductive target,9the target conprising: 4 i) a
conductive material selected fromthe group of copper, tungsten, 5 alum num
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1 3. The apparatus of claim 1, further comprising a coil bias generator coupled to a coil

2  disposed in proximity to the target.

1 4 The apparatus of claim 3, wherein the coil comprises a doped conductive material.
1 5. The apparatus of claim 4, wherein the coil comprises copper and phosphorus.
1 6. The apparatus of claim 4, wherein the coil comprises substantially the same doping

2  material as the target.

1 7. The apparatus of claim 3, further comprising a controller wherein the controller is
2 programmed to control application of about 500 watts to about 5000 watts to the coil with

3 the coil bias generator to ionize doped target material sputtered from the target.

8. A doped conductive target for sputtering a layer on a substrate, comprising:
a) a conductive material selected from the group of copper, tungsten,
aluminum or combinations thereof; and

b) a doping material selected from the group of phosphorus, boron, indium,

[U, T -G VS A S A

tin, beryllium or combinations thereof.
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2 substrate, the doped seed layer comprising;

3 a) a conductive material selected from the group of copper, tungsten,
4  aluminum or combinations thereof; and

5 b) a doping material selected from the group of phosphorus, boron, indium,
6  tin, beryllium or combinations thereof.

1 12 The substrate of claim 11, wherein the doped seed layer comprises copper and

2  phosphorus.

1 13. The substrate of claim 12, wherein the phosphorus seed layer comprises between

2 about 0.01% to about 15% of the seed layer.

14.  The substrate of claim 11, wherein the sputtering process comprises an ionized

2 sputtering process.

1 15 A method of sputtering a layer on a substrate, comprising:
a) generating a plasma in a substrate processing chamber;
b) sputtering material from a doped conductive target, the target comprising:

1) a conductive material selected from the group of copper, tungsten,

i1) a doping material selected from the group of phosphorus, boron,

2
3
4
5  aluminum or combinations thereof; and
6
7  indium, tin, beryllium or combinations thereof, and
8

c) depositing the sputtered doped material on the substrate.

1 16. The method-of claim 15, wherein sputtering material from the target comprises

2 sputtering copper doped with phosphorus.
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19.  The method of claim 18, further comprising sputtering material from a doped coil
having:

a) a conductive material selected from the group of copper, tungsten,

aluminum or combinations thereof; and

b) a doping material selected from the group of phosphorus, boron, indium,

A L AW

tin, beryllium or combinations thereof.

1 20. The method of claim 15, further comprising depositing a conductive material on

2 the sputtered doped material.



