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STRUCTURES BY DOPING
Field of the Inveniion

The present invention generaﬂy felates to a method for forming.a copper cénductor inan
electronic structure and structures formed by-such method and more particularly, relates to a method for
forming a copper conductor that has improved clecttomigraﬁbn resigtance by .i,ricoiparatirig dopant ions into
the conductor and structures formed by such method. |

Backgro . und of the Tnvention S

The techriology of makmg metsl conductors to provide for vias, hnes anid other
recesses in semicondictor chip structmes, flat panel dxsplays and package app]mﬁhons has been
developed in the past decade. For mstance, in developmg mterconnectlon techno]ogy for
very-large-scale-integrated (VLSl) structures; aluminum has been utihzed as the pmnary metal
source for contacts and i mtexfooz,mects in semiconductor regions or devices Tocated on a single

substrate. -Aluminum has been fhe material of choice because of its low-cost, good ohmi¢ contact

and high conductivity. However, pure aluminum thin-film conductors havs undesirable properties

such as a low melting point which Jimits its use to low temperature processing possible diffusion
nto the silicon during annealing wiﬁch leads to contact and junction failure, and poor

electromigration resistance. Consequently, 2 number of sluminum alloys have been developed

which provided advances over pure aluminum, For instance, U.S. Patént_ No. 4,_566,177 discloses

a conductive layer of an alloy of aluminum containing up to 3% by weight of silicon, copper,
nicke], chromium and manganese developed to improve eiectrbmig'raﬁén'resistanﬁe. U.S. Patent
No. 3,631,304 disclosesaluminum alloys with aliwninum oiide which were also used to-improve

electromigration resistance.
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- Recently developed ULSI wchnology has plape'é more stringent demeands on the wiring
requirement's due to the extremely high circuit dens‘ii:ies_and"faster opergﬁﬁg speeds nequil;ed of such
dovices. THif ledds to higher current densities in increasingly smaller condutor lines. As 2 result, higher '
conductance wiring is desired which requires either larger cross-section wires for aluminum alloy

conductors or a different wiring material that has a highét conductance. The obvious choice in the industry

is to develop the latter which includes pure copper for its desirable high conductivity,

In the formation of ULSI interconnection sﬁj:o’tui__és such as vias and lines, copper can be
deposited into such recesses to interconsieot serniscnductor sogions or devioes lockted ori the same
substrate, However, coppcf is known to have problems in semiconductor deiiiééé. Since copper is a
mid-level trap which degrades the device. The ele_ctdthigéﬁéﬁ pﬁerxbn?enon' oi:eur_s when the '.
superposition of an electric field onto random thcn_ﬁal difﬁ'xsi'on'_in a metallic'solid causes a net drift of jons
in the direction of the electron flow. Any diffusion-of eopp;r fons into the siliconsubstrate can cause
device failure. In addition, pure copper dbc§ not adhere well to .oxygen-'éon_ﬁining' dicleotrics su_ch as
silicon dioxide and polyimide, To fully utiliz¢ copper in intérbohnmﬁh technology, the adhesion

propertics of copper must also be improved.

US. Patent No, 5,130,274, assigricd fo the corfmon sssigriee of the prosent invention,
discloses the usc of a copper alloy containing an nliéying element of less than 2 atomic % by firstdepositing
an alloy info the recess of an interconnéction structure and then forminé a copper aﬁoy plug.' Hdwcver,' the
technique still does not safisfy the more stringent requirements in ULSI 'wtum where critical
dimensions of less than 0.5 jm place & considerable birden on thin film chip interoonnections. The use of
standard Al (Cu) alloy and a silicon dioxide dielectric ina decp-subrmicron logio cirouit widng stracture

results in a large circuit delay causcd mainly by the wiring connections,
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The usc of Cu as an altérnative maneri:_d to°Al (Cu) in ULSI Witing structures to increasé
the ;h; speed has been attempted by others. Hdwcver,-'nnmcrous problems are incum_;c_l inCu
interconnections such as the tendency of Cut to cotrode and the fast surface diffusion rates of copper in thin
flms, Tt known that pure Cuhasa sm-axier_elecuamig_réif@ aeﬁ'vgﬁ;'m energy, .., 0.5~0.8 ¢V, than that
in Al (Cu) of 0.8~0.9 ¢V, This implies ﬁxa_i the advan_té_g'e'of using Cu for reducing interconnection

electromigration failure at chip Opmatihg' conditions is laigi.:ly éompromised.

A schematic of an erﬂarg'ed; cfoss-s_écﬁén&l_ view of ai eléctronio structire ﬁat utilizes
conventional interconnections made of 8 éopper alloy s shb‘wn inFigure 1. The elebﬁféxiic structure 10
contains two levels of copper intemo'nn'ecﬁoné 12,15 and -'o'tie' stud level 14 illustrating a copper wiring
suuomm--foméd in a Damascene process"on a ﬁre.-fabﬁcaﬁ_& dévi-ce 20, The device 205 builton a
semi-condueting substrate 24. As shown in Figure 1, atypiéal Damascene level is first fabricated by the
deposition of a planar dielectric stack 26. The qi'ciecﬁ'ie.-_sﬁ;k 26 is then patterned and etched using
standard lithographic and dry etch techniques to produce 2 &ésifed wiringor via pattern. The process is
then followed by the metal depositions of & thin adhesiphfdiﬁusion liner 18 and copper alloy metallurgy 12
wherein a bottom silicon nitrjde layer 28 is used as a diffusion bamer thch is previously deposited on top

of the device 20 to protect against copper di_ffils_ion. Afterthe copper alloy interconnection 12 is formed, a

_ top silicon nitride layer 32 is deposited and uscd as an efch stop layer for defining the next level copper

interconnection 14. After a second Jevel diclectric stack '34-is deposited, g recess for an interconnéet is

etched into the dielectric layer 34 and the silicon nitride layer 32

A interlevel copper alloy stud 14 with liner 22 is then depositcd by a technique similar to
that used in depositing the first level coppet alloy intexéo:iﬁecﬁqn 12. A variely of metal deposition

techniques can be used for filling the trenich or via, These fechniques include a collimated

sputteringprocess, an ion cluster beam process, an electron cyclotron resopance process, a chemical vapor
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deposition process, an electrolss plating process and ani électrolytic plating précess. Other techniques such

a——t

.85 a co-deposition. method in which copper and an alioying elément are co-depostted can also be used in

forming the copper alloys. For instance, the co-deposition methods include cf)-sputtering, “alloy platin ”
sequential plating of different materials \;rith subsequent apnealing, chenncal vapor deposition, sequential
chemical vapor deposition and co-evapoxatibn. After the completion of the interlevel copper alloy stud 14,
another similar process is repeated to form the second level copper interconnection 16 with liner 24'in &
third dielectric stack ayer 38. An etch stop layer 36 of silicon nitride is utilized between the stud and the
second Jevel i mterconnecuons Finally, a top silicon nitride layer 42 is deposxbd on top of the copper wiring
structure 10 for prowcung the device from: the cnvxronment | '

Other waorkers have atternpted to u_é'e copper allofsin prov:dmg cnhanced elecfrorhiéra_ﬁon'
resistance. For instance, U.S. Patent No: S;d23,6§8iteéehw copper al!oys confiining at least one alloying
element seleoted from the group of AL, Be; Cr, Fe, Mg, Ni, i, Shand Zn. Us. P&t_'ént No. 5_,0;[ 7 ;005
teaches copper alloys containing at least ohe member séléctéd from In, Cd, Sb, Bi, Ti, Ag, Sn, fb; Zrt and
Bif where the weight percent of the alloying element used is between 9.0003 to 0.01. The copper .a'iloys are
used in TAB processes and as print circhit Board members. US. Patént No 5,004,520 slso feackies copper
foil for a film carrier application containiﬁé at least one alloying element selected from P, Al, Cd, Fe, Mg;
Ni, Sn, Ag, Hf, Zn, B, As, Co, In, Mn, Si, Te, Cr and Zn with the alloying elemcnt oon_ccntratioﬁs from
0.03 to 6.5 weight percent. The aﬁoys are used as connicting leads in integrated circuit chip motnting.
Furthermore, U.S. Patent No. 4,749,548 teaches copper slloys containing at least one aﬂoymg clement
selected from Cr, Zr,Li, P, Mg, Si, Al, Zn, Mn, Ni, Sn, Ti, Be, Fe, Co, Y, Ce, La, ﬁb, W,V,Ta,B, I-If, Mo
20d C. The alloying elements are nsed to jncrease the strength of the copper alloy. U.S. Patent Nos.
5,243,222 and 5,130,274 teach copper alfoys for improved adhesion end formation of diffusion barriers,
However, none of these prior work teaches copper 'a_llbys&iht are suﬁ_iéiéﬁgly improved for use in ULSI
on-chip or:)ﬂ'-chip wiring interconnectioris to mect the electmmigfatiori- rwiétanc_c and the adl;aision

property requirements. Interconriection structures on ULSI devices inust provide dense, fully continuous
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metal wiring in insulator structures with festures mucii less than 0.5 pm in width, and with aspect ratios
higher than 1.

More recently, void-free and seamless conductors are produced by electroplating copper
from plating baths that contain additives. The capability of the electroplating mefhod tosﬁpe_rﬁll stitictural

features without leaving voids or seams i$ unique and stipetior to that of other deposition techniques.

Electrolytic copper plmﬁhg teéhniqu’cs used m damasccne structures can be defecf—ﬁ-ee ifa
secd layer deposited is continuous end his a.uxlait_‘bm_l thickness eienin thc deepest area of the structural
feature to be'plated. The copper seed layer _fs_'typicaily &éposiﬁed by a physical vapor deposiﬁon téchnique
or a sputtering técbniqﬁc over a barrier layer ﬁat-prevents diﬂ‘usii_:h of copper intb the insulator such as Ta
or TeN.. When the seed. layer deposited ié too thin at the bottom 6; near-bottorn walls of 2 'stmétul"ﬂ

feature, plating does not occur and a void is creatcd

In order to eliminate the non'-_céﬁtinuous dcpositior problemoccumng during sputtering of
2 copper seed layér, a seed Iayer of a larger thickness is normally deposited. The deposition of a thick seed
layer eliminates the plated Cu voiding gfoblem', howover, it-créa‘ﬁsanothgr one of equal or even greater
significance, i.c., poor electromigration resistance in the resultant stricture. The poor electromigration
resistance of the structure is caused by the fact that the seed layer itsclf has weak electromigration
resistance when compared to the much higher resistance of the plated film. Tt s also noted that in future
generation of chips, the secd layer conti'ibﬁtzs an increasing pmt of the total structurebased on the
dimensions of the features and the inability to decreasc the thickness of the seed layer proportionally for
reason stated above as well as the thickness uniformity requirements in eloctroiyﬁc plating.

Ton implantation method has been used for placing impurity, or doping jons in
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asemiconductor material such as in a silicon substraté at precisely controlled depths and with

accurate coptrol of dopant ion concentration. One of the major bepefits of the method is its
capability to_precisely place jons at preselected locations and at predetermined dosage. Itisa
very reproducible process that enables a high level of dopant uniformity. For instance, a typical

variation of less than 1% can be obtained across & wafer.

Anion unplanter ope(ateﬁ by prov:tdmg an jon source wherein coflisions of

'éIectrons' ‘and neutral atoms méxﬂt-ii;:a large numbar of ions being produced. The ions required for

dopmg are then selected by an anal}mng magnet and sent through an acceleration tube. The

_accelerated jons bombard directly the portion of a sificon wafer where doping is required, The

bombardment ofthe ionbeqm is nsmﬂyconduotedby_scanmngthebeam or by rotating the wafer
m order to achieve uniformity. Aheavy l,ayelf'of silicon dioxide or a heavy ooatmg ofa 'positive
photofeeiSt is used as the implantation mask. The depth of the dopant jons imiplanted can be
determmed by the energy pos;es!s'e_él by the dopant i§hs', which is adjustable by changing the

:_iqeelergﬁon chamber vﬁlt_age.' The dosage level of the implantation, i.e., the namber of dopant

‘jons that enters into the wéfer, is determined by'monito;ing the number of ions passing through a

detector. As a result, & precise control of the junction depth planted in a silicon substrate can

beachieved by adjusting the implantation energy, while a precise contro] of the dopant

concentration can be achieved by adjusting the dosage level.
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It is therefore an object of the present invention to provide a method for forming a
copﬁwndubmr'm an IC device that does not have the drawbacks and shortcomings of

conventional copper conductor devices.

It is another object of the present invention to provide a method for forminga
copper qoﬂ_dﬁctor in an electronic structure that has improved electromigration-resistance by

adding impurities into the copper conductor.

. Itis a further object of the present invention to provide a method for forming a
copper conductor in 'an'élgctrdﬁic device that has improved electromigration-resistance property by
doping the copper conduotor structure with impurities seleotod from C, O, CL S a0d N.

It is another further object of the present invention to provide 2 method for forming
a copper conductor in an electranic device that has improved electromigration resistance by an

electrolytic plating techmque

It is still ariother object of the present invention to provide a method for forming a
copper conductor in an eleotronic device that has improved electromigration resistance by first
aeposiﬁng a copper seed layer into a receptacle and then ion-implanting impunities into the seed

layer.
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It is yet another object of the present invention to proﬁde a copper conductor in an

electrdhic device that contains impurities for improved electromigration resistance.

It is yet another further object of the present invention to provide a method for
forming a copper conductor in an electropic device that bas improved electromigration resistance
by first elecufngpositing'a copper compositién wniginihg impurities into & receptacle and then
annealing the electronic devme such that mpmmes diffuse into a copper seed layer previously

deposited in the receptacle.

‘I_t'is_sﬁlli another fmther. object of the present invention to provxde a method for
foxmjn_g"; copper oonduct&: in an:electronic device thathas irnprovcd electromigration resistance
by first depositing a barrier 1ayer into a receptacle and then implenting dopant ions into the barrier
layer pn.or to deposiﬁng a copper seed layer on top of the barrier Iayer and annealing the structure

such that dopant ions diﬂ"use into the copper seed layer.

It is yet anotber further object of the present invention to provide a method for
formix;g a copper conductor in an electrOnic.suuc_t'ure that has improved
ehctomigt'aﬂon-msistanw by first adding impurities into the copper conductor and then
ion-implanting a surface Jayer of the oénductor with at least one jon of Co, Al, Sn, In, Ti, C, O, Cl,

S, N, or Cr.
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§u_xm ‘ ary of the Invention
In accordanee thh the present mvenuon, a soluuonto the electromigration

: problem caused by thxck copper seed layers is provxded The solution to achieve higher
electromigration resistance in plated copper originates from the incorporation of dopants into &

- copper film during the plating process. The 1dea1 dopants include, but not limited to, C, O, S, Cl

and N. Other than the plating process, ion implanfation may also be used to incorporate dopants

in a copper film,

Ina pref:fred embodiment, a method for férming a copper conductor in an
. electronic structure can be carried out by the steps of first providing an electronic structure, then
| foxmmg a receptacle for a conductor in the electronic structure, then depositing a copper

) oomposmon in the reéeptacle, and adding mpurmes into the copper composition such that its

.v;lectrc"migra'tion resistance is improved.

The method for forming a copper conductor having improved electromigration
resistance may be carried out by depositing the copper composition by a technique of
electroplating, physical vapor dcpositidn or chenncal vapor deposition. The impurities
_iilcorporated in the plating proccss or iﬁcqxporated in the copper film by a separate ion

| impiantation method may be at least one type -(laf ions selected from the group consisting of C, O,
Cl, Sand N. The impurities can be added to the copper composition in a concentration range of
" between about 0.01 ppm by weight and about 1000 ppm by weight. The copper deposition step
may further include the st'éps of deposmng a copper seéd layer into a receptacle, ion-implantingat

L nmpran

~ least one type of i impurities into the seed layer, and electrolytically plating copper into the
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receptéé_le. The seed layer may further be annealed tounifoinily distribute the impurities in the

1ayer_.“'fhe deposition step for thc copper composition may further inchude the steps of depositing a

- copper seed layer into the receptacle, eleéu-o-dcpositing a copper composition containing
“impurities into and filling the reeeptaéle, and epnealing the elestronic structure such that

i:np11:ities diffuse into the ooppef seed layer. The impurities are dopant ions

‘The deposition s'tzp for the copper eoﬁ:posiﬁon may further include the steps of

depositing a ba;iier layer into the receptacle; 1mp1antmg dopant ions into the barrier layer,

" ‘depositing a copper seed layer o top of the barrier layer, and annesling the electronic structure

such that dopant jons diffuse info the copper seed layer. The copper seed layer may be deposited

" by a physical vapor deposition techmqueor chemical vapor depos_itinq technique. The method

inay farther include the step of depositing a Sopper composition into and filling the receptacle.

Such deposition step for the copper composition can be carried 6ut by electroplating, physical

vapor deposition or cheszical vapor deposition.

In another preferred embodiment, the present invention method for forming a

copper conductor in an electronic substrate can be carried out by the operating steps of first

* providing an electronic s_pbsitate, then forming a receptacle for a conductor in the electromic

substrate, then depositing a copper seed layer into the receptacle; then ion-implanting at least one

type of impurities into the seed layer, and depositing a copper composition in the receptacle.

The copper composmon roay be deposited into the receptac]e by electrolytxcally

]

plating copper into the receptacle. The method may further mclude the step of annealmg the

This Sheet Has Been Replaced
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| seedlayer to 'umfonnly dxstnbute the mpunh&e in the layer. The method may further include the

steps ofannealmg the seed layer toumformly dlsmbnte the impurities mthe layer and to cause a

E diffusion o_f-the mpuntm mto the qlectrolyheally planed copper. The copper composition can be

: deposited by a techmque sgl__ect.éd from the group oonsxstmg of electroplating, physical vapor
: deposmonand chemical vapor deposition. The impurities may be at least one type of ions selected
ﬁ'omﬂle grcup consmung of C, 0, CL S and .N_.- The impurities can be added to the copper
'eoniéoﬁﬁon in a concenfration range between about 0.01 ppm by weight and about 1000 ppm by

weight.

In still another preferred embodxmznt, the present invention method for forming a
copper condustor in an electronic structure can be carried-out by the steps of first providing an
'elecir_qr_nic_strucmre, then forming a receptacle for a conductor in the electronic structure, then
deposmng a coﬁpex seed layer into the receptg;:Ié, then electro-depositing a copper composition
containing impurities into and filling the receptacle, and annealing the clestronic stracture such

‘that the impurities diffise into the copper seed layer.

The method for forming a copper cbnduct§r in an electronic structure may further
iﬁclﬁde the step of implanting impurities which are dopant ions. The impurities can be at least
one type of ions selected from the group consisting of C, O, CL, S and N. The imypurities are added
to the copper composition in a concentration range between about 0,01 ppm by weight andabout
1000 ppm by weight. The annealing step uniformly distribute the impurities in the copper

.composition, L e

o ——
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- Ih’yetaﬁotherptefen'edémbodimeng the present invention method for forming

acopper oonductor inen eleciromc sn'uctme can’be oamed out by the steps of ﬁrst providing an .
_'electromc structure. then for:mng a receptacle fora conduotor in the electronic structure, then
depos;tpg a barrier layer into the receptatle and implanting dopant ions into the barrier layer, then
4ep§§iﬁng__a copper see.d Jayer on top of the barrier layer, and annealing the electronic structure

such that dopant ions diffuse into the copper seed layer.

The method may ﬁn‘the: mclude the step of depositing a copper composition into
'and ﬁllmg the receptacle. The copper composition may be deposxted by a technique such as
c_legtroplating. physical vapor deposition or chemical vapor depos:tion. The dopant ions can be
’ melanﬁed in_tq the barrier layer in a concentration range of between ahout 0.01 pprm by weight and
'-‘__abéut.‘ 1000 ppm by weight. The dopent ions are implanted into the bamer layer and diffused into

the copper seed layer such that their electromigration resistance is improved.

In still another preferred embodiment, the present invention method for forming a
copper condustor in an elestronio structure that has improved electromigration-resistance which
can be carried out by first add;ing impurities such as C, O, C], S or N into the copper conduc{or
and then jon-implanting & su;face layer of the conductor with at least one ion of Co, Al, Sn, In, Ti,
C,0,Cl, 8, N, or Cr. The surface layer may have a thickness between about 30 and about500 ,
with a typical thickness of 200 . The advantages achieved by the dual-implantation process for

further surface modification are the improvemnent of adhesion with subsequently deposited

-
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: d:eleotrzclayasontop of the copperconducbor ie, stwhasammdelayeroranoxzde layer; and a

' deercasemthecopperﬂuﬁcedxﬁizsmtybythefomuon ofa coppereomplexm'metal oxides

SRR -that segregate thesurfacc The metal ions chosén for the secondary surﬁaoe nnplantatxon process

o l!ave_.h‘,gh aﬂimty for oxygen such that the jons s,gg:ega_te to the copper interface (or surface) to

foxm metal oxides as a protective layer for the copper conductor

: ief Descri tion. eD
“These and other objects, features end advan‘lages of the present invention will

beoome apparent from the following detailed dcscnphon and the appended drawings in which:

Figure 1 is an enlarged, cross-sectional view of a conventional interconnection

system utilizing copper alloy.

Fxgure 2isan enlarged perspecnve view of a present inivention copper

mterconneenon structure.

Figure 3A is an enlarged, cross-sectional view of a structure for a single
Damascenc process wherein an insulating layer of either silicon oxide or a polymeric material is

sandwiched by etch-stop and planarization layers of silicon nitride on top of a wafer.,

Figure 3B is an enlarged, cross-sectional view of the structure of Figure 3A with a

resxst pattern formed on top.

Thls Sbea

i
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Figure 3C is an enlarged, cross-sectional view of the structure of Figure 3B with

tinulaing laye formed i an etohing rocess nd the resitIayer romoved.

" Figure 3D is an enlarged, tross-sectional view of the structure of Figure 3C with a

barrier l#jer. a seed layer and a copper composition sj'gquénﬁally deposited into the receptacle.

Figure 3E is an:gnkxfged., _cross—sectiohal view of the structure of Figure 3D after a

plananzauon process.

Figure 3Fis an enlarged, cr_Oss-sectibnal"view of a dual Damascene structure

formed by a similar process.

Figure 4A isan _enla_}ge;fi,.cross—séc'ﬁbnal view of a portion of a dual Damascene

structure with a copper hy& deposited for ﬂ1econducﬁor .

Figure 4B is an enlarged, cross-sectional view of the structure shown in Figure 4A

with the copper conductor planarized.

Figure 5 is an enlarged, cross-sectional view of a structure formed by the
presentinvention dual Damascene process with a copper seed layer and a barrier layer deposited
wherein the seed layer and/or the diffusion barxier layer is ton implanted prior to copper

deposition. .

e



15
Figure 6is a graph illustrating the dependency of shect resistance on

- plaungtempemmres ina oopper plating process thhom utilizing additives in the plating solution,

.Figure 7 is .a, graph illust;:ati:ig- the dependency of sheet resistance on plating

tempcratures in a copper plating prooess which utilizes additives in the plating solution,

Detailed Dacrip. tion of gh- e Preferred and Alternate Emhodiments
The present invention discloses a method for forming a copper conductor in an

elecu'pnic structure by depositing 2 copper composiﬁon in a receptacle in the electronic structure

" and then idﬂiqg impurities into the copper commposition such that the eIWgaﬁm resistance

. of ¢§pper.is_ fmproved. | The copper composition may be deposited by a variety of techniques such
as Qiecizoplating, electroless plating physical vapor deposition or chemical vapor deposition. The
m'xprmues or the dopant jions may be added to the copper composiﬁon through a variety of

different methods. Tn one method, a copper sced layer may first be deposited into a reosptacle,
implrities are then ion-iraplanted into the seed layer followed by an electroplating process for
depositing bulk copper into the receptacle. In another method, after a copper seed layer is first
deposited into a receptacle, a bulk copper composition containing impurities is then
electrodeposited into the receptacle. The electronic structure is then annealed such thatimpurities
may diffuse into the-copper seed layer, In still another method, a barrier layer such as barrier layer

first deposited into a receptacle followed by an ion implantation process for implanting-dopant

- a—
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1ons mto thebamerlayer Acopperseedlayeusthendepos1tedontopoftheba1nerlayer and

' thenannealedsuchthatdopant ions maydxﬁ'uscﬁomthebamerlayermtotheoopperseed layer.
E | 'medopant ions utilized in the.pres_ent invention 1riay be at least one ion seleoted from the group
N -éénsisﬁné ofC, oS, CL AL Co S, In, i, CrandN. The dosage of the impuriies implanted.

'mto the copper composmon isina ooncentranm range of between about 0.01 ppm by weight and

: about 1000 ppm by weight..

Refc_:ﬁing initially to Figure 2, wherein an enlarged, perspective view of the present
 invention copper interconnection strucﬁﬁe 50 is shown. The structure 50 is built on a silicon
_subsirate 52. Multiple layers 54 of dielectric matem.ls suc'h.as_ 810, are then sequentially
deposited with metal conductors formed therein. The n_:etai conductor layers 56 arc formed in the
mstﬂaﬁng layers 54 by standafd pho’to'l_'i__tngraph_ic. method A via 58 is provided for connecting
| the .x'netal 'cgn_&x_zctqr layers 56, A &i’el'edric layer 62 formed of a material such as Si;N, is provided
| as an etch stop iayer. A diffusion barrier laye;: 641s further proyided to prevent the diffusion of
. dopant ions. ‘Also shown in Figiire 2 is 4n IC device 60 and a tungsten stud or local
interconnection 66 built on the semi-conducting substrate 52. The via 58 provides vertical
conmection between wiring leﬁls 56 and is formed with copper while the tungsten stud 66
connects the wiring levels 56 to the device contact 68: The device 60 shown in Figure 2 generally

represents a CMOS transistor, but may be any other electronic device.

To prevent diffusion of copper into the insulators 54 or device 60,
adhesion/diffusion barier layers 62 are normally used to surround the copper conductors 56 and

58. The adhesion/diffusion barrier layers 62 may be formed of either an Insulating nlate,;r—i;l orofa
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- conduotmg matenal A oonductmg daffusxon barrwr layer may also provxde adhesion for copper to

g the. mderlymg matenal, even though ’they are snnply rcferred to in thxs application as barrier layer.

K ) '-Notshowanlgurez are the seed hyemwhohaxe noxmallydeposlted under the main copper

g oondl;ctorlaye:s_ 56 and 58. The deposition of the seed layers is .dzs__cnfbed in reference to two
' d:ﬁ'erent methods of fabncahng the intercopnection structures, i.e., in a single Damascene process

andina dial Damasceneprooess These are shown in Figures 3A~4B.

“The present invention ooppor oondﬁcfor shﬁcture wlnch has improved -
electromigration resistance tnay be fabricated in one of so.veral embodiments. In a preferred
embodxment, dopant ions are incorporated in a seed layer by an jon-implantation process.
'_Following‘ a deposition process for the copper seed layer into a receptacle, various dopant ions
inay bo xmplatrtod into the copper seed layer. An annealing' steo msay then be carried out at an
armealmg tempmmre between about 300°C and about 600°C to uniformly distribute the dopant
mns throughout the filra thickness. An electrolytic platmg process may then be used to deposit
 bulk copper composition into the receptacle. The method in the preferred embodiment therefore
-allows the ﬁnpmvement"mme propefﬁes of the seed laﬁf-and is iridependent of the filling
technique which is subsequently used to completely fill ;he lines and/or vias. The electrolytic
plating process utilized in the present invention method is substantially disclosed in & co-pending
application filed under an attorney Docket No. of YO995-137XL, commonly assigned to _
theassignee of the present invention. The application is hereby incorporated in its entirety by

reference.
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In the elestrolytic plating process, the fabrication of a low cost, highly reliable

copper interconnect structure for wmngm IC chips with void-free seamless conductors of

.-'sub-mlcron dxmenﬂons is poss1b1e The proeess is normally carried out by first depositing an

. 'msulaung layer on & wafer hthogtaphxcally deﬁnmg and foxmmg sub-micron trenches or holes in

the msulatmgmatenal into which the conduetor will be deposited to ultimately form lines or vias,

| deposxtmg a thm conductive layer to sewe as a seed layer or plaung bme depositing the eonductor

: by electroplaung from a bath eontammg addmves and plananmng of chemical-mechanical

polishing the resulting structire to accomplish electrical isolahon of individual lines and/or vias.

The interconnection material may be copper electroplated from baths. that contain

additives. The rate of copper.eleetroplat_iné from such bath is higher in a deep section within the
| .cavi'ls' than elsewhere. The plating process ths. produces unique superfilling properties and
results in void-ﬁ:eé sea_ﬁﬂesé deposits.. Interoonnecuon structures made by copper electroplated are

| ‘higﬁly,e_iectromigration-’resistahee thh an acﬁvation energy for eleetmn'xigraﬁon equal to or

greater than 1.0°'€V. The conductor is composed substantially of copper and small amounts of
atoms and/or molecular fragments of C (<2 wt %),.0.(<.1 Wt%},N (<1 wt %), S (<1 wt %) and

Cl (<1 wt %).

Refemring now to Figures 3A~3F wherein a Damascens plating process is shown.
A. Damascene process is one in which plating is camried out over the entire wafer surface and is

followed by a planarization process that isolates and defines the features. The plating process is

- preceded by the deposition of a plating base {or a seed layer) over the entire wmng pattern that has

W mparesme

been defined lithograpbically. Material layers that improve adhesion and prevent — -—
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' conductor/msulator miemctxons and dlﬁ'usioﬁ“ax% deposxted between the plating base and the

' msu]ator As shown in Fxgurs 3A~3F an msu]atmg laycr 70 of either silicon oxide or a
. '.polymenc matenal which is sandmched by etch-stoP/plananzatxon layers 72, 74 of silicon nitride
is first deposxted on_ a wafer76. A resist pattérn 80 is then formed on the sandwiched insulator and

transfelred 1o the insulator layer 7-2 A barrier material layer 82 and a seed layer (of copper) 84 are

equenﬁa!ly deposxted on top of the sn-ucture A copper layer 88 isthen electroplated so that all
' features ate filled. The struc’une is then promsed to its final shape as shown in Figure 3E by a
planarization process. Iti is also possible to d_eﬁne lithographically multiple levels of pattems (e,
in a dual Damascene structure) onto the insulator. This is shown in Figure 3F wherein the same

sequence of layer deposition is utilized,

.In order to aw;id the formation of a void or seam in & copper layer deposited
_electrolyncally, the rate of electrop]atmg should be higher at low or deep pomts within the feature
than elsewhere, 'I'hxs is accomphshed by the use of additlvas in the plating solunon Additives
may induce n_1_-the ‘conductar specific filo microstructures including large grain size relative to
film thickness or randomly criented grains. Furthermore, additives incorporate in the conductor
fnaterial molecular fragments containing atoms selected from the group consisting ofC, O, N, §
anci C1 such that the electromigration resistance is enhanced over pure copper. Moreover,
additives may be added to the bath for inducing in the conductor specific film microstructures
including large grain size celative to film thickness or randomly oriented grains, whereby the

electromigration behavior is enhanced over non-electroplated copper.

e e
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Referrmg now to Fxgure 4A, wlmm a schematic dxagram depicting ion

nnplantanon of dopants mto a main coppcr oonductor 90 ina smgle Damascene process prior to
| 'planar;zatton is shown. Also shown mFlgure 4A are an etch-plamnzauon stop layer 92 of silicon
mtnde, a barrierlayer 94 and a copper seed layer 96 Fxgure 4B is a schematic diagram depicting
~ion mlplanta.uon of dopants/into a main oopper conductor 90 in a single Damascene prooess after

_' a plananzatxon step has bem oarned ont

Refernng now to Figuré SA., wherein a s;:hemiﬁc, &aéam.&pichg 1on
implantation of dopants into'a main copper céhductbr 100 in a dual Damascene process prior to
plananzauon. Also shown in Flgure 5A are etch/plananzauon stop layer 92 of silicon nitride, a
' dzﬁ'usxon barrier layer 94 and a-copper seed layer 96 Figure SA shows a schematic diagram
depicting ion mxplantatxon of dnpant mtq a main copper canductor 100 in a dual Damascene
process_ét_ter a pi'anarization step. Figure 'é’is a séhen':atibl diagram depicting ion implantation, of
-dopantslinto a copper sced layer 96 'aﬁd/df into a barrier layer 94 in a single Damascene process
prior to the main copper conductor layer 90 deposition. Similarly, the ion implantation process
~may be carried out prior to the copper seed layer deposition by implanting jons into the diffusion
" barrier layer 94 alone.

n another preferred embodiment, the dopant levels in  plated film are defined
taking into consideration the desired target of dopant concentrations in the final suuctu;e and the
relative thicknesses of the plated or PVD films, The PVD seed layer can be first deposited and

followed by electroplating copper undet suitable processing conditions. The diffusion of dopant

‘ions from the plated copper into the PVD seed layer can be accomplished by an annealing process.

e ——
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_ R Instlll anoﬂn_erpreferredetandimgﬂt,ihé dopant jons are impJanted into &
dJﬁ'uswn bamer layer prior to a PVD deposmon process_.fpr_thé copper seed layer. An annealing
p_roces.s 'isthen used to drive the dopants into.the cqmm.' ‘Dopants other than the known
_non-metﬁmé tonpurities in plated copper conld also boused, i, Ti, Sa, I, etc. to improve the
eleétoxnigl'éﬁqn performance '.of the PVD seed laye;'. One advantage achieved by using jon
imp-lantaﬁon‘is the ability to incorporat,e'-veryl smmall amounts of solutes, i.e., a few ppm W, n a

- well controlled and repeatable manner.

| In yet another preferred embodiment, the characteristics of copper formed by means

| other than -plé_ting can be i_lnp;:oved. Thége other means may include, but is not limited to

chemoal vapor deposition or';.)hysical vapor deposition. The improvement in performance of
these films éam be achieved by means of ion implanting & diffusion barrier layer such as Ta, TaN,

a seed layer, a cap layex or a thicker copper layer.

Chip interconx;ect structhres made of plated copper have superior
eiectronigraﬁomesistancé when the plating process is conducted in plating solutions that contam
additives which dope the plated metal with various dopants. The electromigration resistance of
lines made of copper plated from solutions without additives, as well as the copper deposited by
techniques such as PVD and CVD have been shown to be inferior. The dopants of interest

include C, O, CJ, S and N in ranges from less than 0.01 ppm w (part per million by weight) to

- e
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1000 ppmn w. These dopants are typically implanted at various ensrgies ranging from a fow keV

to.sevéral nndred keV, for instance, from 10 keV to about 600 keV. The distribution and depth

of dopant jons obtained can be calculated with computer programs such as TRIM®. Itis noted

that unplantmg douny charged or ev.en.u:_iply-.cha:ged ions is possible which allows higher dopant

_ "dis_'t'ribiutions_:to-be: bbtained m 'thickérmetn,l' filmlayers. Alternatively, repeated implantation may

be conductedmto various thick ﬁ]m layers in-arder to obtain the desired dopant distribution and

depth Dopants uised in electroplated copper and the preferred range utilized are shown in Table 1.

S . Table 1
D_Qﬁ&t {Preferred concfMore
T ormwy . bome,
Carbon - 0.1-1000 - [1-200
Chlorine 0.1-1000 1-200 .
Oxygen 1.1-200 1-50 .
§Sulfur - -[0.01-100 0.1-50
‘Nittogen  [0.01-100 0.1-50

‘Well controlled dopant concentrations can be obtained in a number of different
ways. _For_inst'ance, dopant abncmiration may be controlled during deposition, dopant
concentration may be controlled through the use of jon implantation of varions dopants to different
impurity levels and thicknesses in the film with various annealing process to redistribute dopants.
It was discovered that ion implantation is a desirable method for achieving the present invention
since the method is directional by nature and furthermore, the method may be repeated to achieve

a well controlled dopant concentrations. It is thus possible to implant to the bottom of treniches
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which subsequently improves the plating process and furthermore, to implant onto the top of a

chemical-mechanically polished copper surfice which contributes to the improverent of
eiectroniigraﬁ_on'resisﬁncg of the copper lines. This is important since the reliability of fine

eopper Iiixés has been shown.to dem'easemm decreasing line width.

R Varicus .'_oﬂ;er structures may also be achieved whwh include ion implanting into a
lmer, into seed layers and/or into filled copper structure itself. The ion implantation into parrow
lmes is unporrant since the copper electromigration mechanism is dnven by surface diffusion.
The copper seed layer surface can be left as pure copper, while the species of interest can be ion
nnplanted beneath this top copper surface région. This a]lmx)s; for the implanting process beneath
the Sinfaoe of ti_:e coppef seed ,lajfu while, at the same ﬁmé, doping the seed layer to improve its

electrical properties.

The present invention novel methoé therefore provides the desirable dopant ions to
“be used in a suitable raﬁge of concentrations a_nd furthermore, pfovides the optimum range that
producesimproved electromigration properties and various methods to change the dopant conteni:
in tﬁe film by changing plating parameters. For instance, dopant concentrations can be increased
by increasing the level of agitation in the plating tool, .g., increasing the rotational speed of the
wafer during plating in a cup plater, or increasing the frequency of paddle movement in a paddle
cell. Other paramsters that play a role in defining the dopant levels in the film are the

concentrations of additives and the deposition rate (or the current density).

o e
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Data obtamed on electroplated copper layer at 1 pm thickness when no additives

are used is shown in “Table 2 Vanous dosag% of dopant ions of C, S and Cl were utilized to
_achleve various dopant depth and changes inthe sheet ;rwstance Similar data obtained on
sputtered copperﬁlms atl pm thlckn,ess Is shown in Table 3. It is seen that, in Tables 2 and 3,
one ¢an implant thre 1or_1.ﬂu_ough the th;q‘l_cne_s; of the’ ﬁ.\m, one needs to vary the ion charge of

ﬂéﬁ g% or SCI* at the sarme implan__tatibn'_mi&gyﬁ level which effectively doubles the depth of
implantation. If & more uniform profile 1s desired, one can vary both the ion charge and the energy
of iniplanta’ﬁon. Table 2 shows that S and Cl ﬁave unexpeoted effects on copper causing a larger
resistance drop thanthe control sample'.l '_Tabie 2 alsashows data on plated copper with no

additives in the plating bath so that the additives are only achieved by implantation.

"Table 3 'showé' data obﬁined oﬁ 1 pm thick sputtered copper and doped with

dopant ions (no platmg) It was discovered thax Ci and S are the most effective jons.

“Table 2 : - :

Sample# _flon B (eeV). D?sasé;‘cm-z depth () 4R Drop

1 + o OB - B30 W.5

2 l2CH 110 7‘.0315' 65400 fe

3 g 200 .0E14 3000 11.5

4 ST - poo - .0E14 | 5000 - 1

This Sheet Has Been Replaced
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Table 3
|Sample # on B keV) Dosage - Depth () 4R Drop

ST o cm-2 .

SP-1 - [c-12 110 T HOB1S  B200  BS
iSp-5 32  poo-  ROElM4  B000 - RS
IsP-9 K135  ° hoo . W.5ELS 2400 b4
Asp-11 ~ - [C1-35. 00 4.5B15 D400 -
iSP-13- [Coptrol  }— A - 86
isp-14°  Control ~ |—- — - 2

Electroplated coppe} film data Witﬁout additives and with additives are also
presentsd in Figures 7 and 8, It is seen that Figure 8 shows data on 1 jum thick plated copper with
addmves durmg plating, showing an abrupt dr§p in sheet resistance at approximately 125°C.
‘Figure 7 shows data for 1 jum thick plated copper with no additives, but implanted with § at 200
' KeV_.aﬁd’a dosage of 8E14/om’, showing a similar resistance drop in copper films with additives

(Figure 8) occurs over a much wider range in temperature, i.e., over approximately 300°C.

| The present invention novel method may farther be carried out in a
duaI—i@pIantation process including a secondaty surface modification step of ion-implantation

into a surface layer with at least one metal ions selected from Co, Al, Sn, In, Ti or Cr to 2 depth

This Sheet Has Been Replaced
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between about 30 and about 500 , preferably between about 100 and about 300 , with

anavetage depth at about 200. The modified surface layer is situated on top of the copper
conductor which has a thxckness of about 1 -pm and contains impurities of C, N, O, Clor S. The
secondary surface modification by the ion-implantation process accomplishes two objectives.
First, it ixﬁproves the adhesion of the copper layer with é subsequently deposited diclectric layer on
to'é of the copper conductor, i.e., a nitride layer, an .oxide layer or a polymeric material. Secondly,
the surface modification process decreases thie copper surface diffusivity by forming a copper
complex or metal oxides that segregate to the surface in a thin layer of approximately 200 . The
metal ions of Co, All, Sn; In, Ti, or Cr are chosen for their affinity for oxygen. The metal ions
segregate to the copper interface (or surface) and thus forming metal oxides as a protective layer

for the bulk copper conductor.

‘Table 4 illustrates dats on the metal ions used in the surface modification of the

copper conductor.

: - ' __Table4

Implantation EnergylMeta) Ion : Atomm Mass [Thickness, () Dosage, Atomfcm’"
90 keV Ti {7.95 317 BE1S5

50 keV AL 6.98 13 , E15

180 keV n VY] 95 BE1S

180 keV ' : 1149 299 El5

Sheet Has Been Replaced
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While the present invention has been described in an illustrative manner, it

shoutdbe understood that the terminology used is intended to be in a nature of words of

description ratherthan of limitation.

Furthermore, while the present inventiop has been described in terms of a preferred
and an alternate embod:imex_zt, it is to be appreciated that those skilled in the art will readily apply

these teachings to other possible variations of the inventions.

The embodiment of the invention in which an exclusive property or privilege is
claimed are defined as follows: ‘



RSSO i

NI L

29
L. A method for forming a copper conductor in an eleotronic structure
comprising the steps of:
providing an electronic structure,
forming a reoeptacIe fora oonductor in said electromc struoture,
depositing a oopper.oomposmon in said receptacle, and
adding at le.a_'st' one impurities into said copper composition such that its

electromigration resistance is improved.

2. A methpd for formmg & copper conductor in an electronic structure
according to claim. 1, wherem sa:ld copper composition is deposxted bya techmque selected from
the group copsisting of _electroplating, electroless plating physical vapor deposition and chemical

vapor deposiﬁon,

3. A method for forming a sopper conductor int an electronic structure
according to claim 1, wherem saud impurities are at least one type of ions selected from the group

consxstmg of C; 0 Cl, SandN

4. A method for forming a copper conduetor in an electronic structure
according to claim 1, wherein said impurities are added to said copper composition in a

concentration range between about .01 ppm by weight and about 1000 ppm by weight.

5. A method for forming a copper conductor in an electronic structure

o st

—_—
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according to clain 1, wherein said copper composition deposition step further comprises:

- depositing a copper seed layer into said receptacle;
ion-implanting at Jeast éi;e type of impurities into said seed layer, and

electrolytically plating copper into said receptacle.

6. A method for forming a copper conductar in an electronic structure

according to claim 5 further comprising the step of annealing said seed layer.

7. A method for forming 'a_coﬁper conductor in an electronic structure
according to claim 1, whcrein- said deposition step for said copper composition further comprises '
the steps of* ‘ _

depositin_g’ a coppér séed Iay;r into said reegptacle,

electrodepositing a oopper cofrxposit.ion containing impurities into and ﬁlhng said
receptacle, and |

annealing said electronic structure..

8. A method for foxining a copper conductor in an electronic structure
- according to claim 1, wherein said deposition step for said copper composition further comprises
the steps of: '
‘ depositing a barrier diffusion layer into said receptacle,
implanting dopant i.o:qs_ into said barrier layer,

depositing a copper seed layer on top of said barrier layer,and - -

This Sheet Has Been Replaced
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annealing said electronic structure.

9. A method for forming a copper conductor in an electronic structure
'accdrding to claim 8, wHereiﬁ $aid copper seed layer is deposited by a physical vapor deposition

technique,

10.. A method for forming a copper conductor in an electronic structure
acoordmg to :claim 8 further comprising the step of depositing a copper composition inte and filing
said réoepﬁcle;

1L | A method for forming & copper conductor in an electronic structure
cox_ixprising the steps of
| providing an electronic structure,
forming a i'ewpmcle for a conductor in the electronic structure,
depositing & copper seed layer into the receptacle,
ion-implanting at least one type of impurities into the seed layer, and

depositing'# .copper composition in said receptacle,
12. A method for forming a copper conductor in an electronic structure
-according to claim 11 further comprising the step of annealing the seed layer.

13. A method for forming a copper conductor in an electronic structure

accordinig to claim 11 further compri‘sing the steps of annealing said seed layer to vniformly

This Sheet Has Been Re
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distribute the impurities in the layer and to cause a diffusion of the impurities into the

electrolytically platedcopper.

14, Amethod for forming a copper conductor in an electronic structure

- according to claim 11, wherein said copper 'oompésition is aeposited by a technique selected from

the group consisting of electroplatirig, electroless plating physical vapor deposition and chemical

vapor déposi_tion

15.  Amethod for forming a cqpéef conductor in an electronic structure

according to olaim 11, whei-ein sziid impurities are at least onetype of ions selected from the group

consisting of C, O, Cl, $and N,

16, A meﬂ_iod'fér’ forming a copper conductor in an electronic structure

_accordi_ng to claim 11, wherein said impmiﬁeé are added to the copper composition in a

- concentration range between about 0,01 ppm by weight and about 1000 pprm by weight,

17. A method fq formmg a copper coﬁduci:.or in an electronic structure
compﬁéing the steps of: |
| providing an electr&_nic structure,
forming & receptacle for a condustor in the electronio struoture,
depositing a copper seed layer into the receptacle,

electrodepositing a copper éomposition containing impurities into the receptacls,

R
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' annealing the electronic structure.

18. A method for forming a copper conductor in an electronic structure
aécording to claim 17, wherein said impurities are at least one type of ions selected from the group

consisting of C, O, CL, S and N.

| 19. A method for forming a copper conductor in an electronic structure
according td:chim 17, wherein said impurities are added to the mppcr composition in a

concentration range between about 0.01 ppm by weight and about 1000 ppm by weight,

20.  Amethod for formin'g_a"copper conductor in an electronic strcture

according to claim 17, wherein said annealing step uniformly distributes the impurities.

21. A method for forming a copper conductor in an electronic strugture
eoxﬁprising-the steps of: |
. providing an electronic structure,
forming a receptacle for a éonductor in the electronic structure,
'.deposiﬁng a barrier layer into the receptacle,
implanting dopant ions into the barrier layer,
depositi__ng a copper seed layer on top of the ban'ie;' Jayer, and
annealing the electronic structure such that dopant ions ciifﬂlse into the copper seed

.

—_—
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22.  Amethod for fom";ing copper conductor in an electronic structure according
to claim 21 further comprising the step of deposiﬁng a copper composition into and filling the

:edeptacle.

23.  Amethod for formmg a copper conductor in an electronic structure
according to claim 22, wherein the coppef composition is deposxted by a technique selected from
the group consisting of electroplating, electroless plating physical vapor deposition and chemical

vapor deposition.

24. A method for fonnmg a copper cohductor in an electronic structure
-according to"g:laim 21, wherein said copper seed layer is deposited by a physical vapor deposition

"tgchniq_uc.

25. A method for forming a copper conductor in an electronic structure
according to claim 21, wherein said dopant ions implanted into said barrier layer in a

concentration range of between about 0.01 ppm by weight and about 1000 ppm by weight.

26. A method for forming a copper conductor in an electronic
" structureaccording to claim 21, Wherein said dopant jons arc implanted into said barrier layer and

' diffused into said copper seed layer such that their lectromigration resistance is improved.

Sheet Has Been Replaced
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27. A method fpf forming a copper conductor in an elec;tronic structure
comprising the steps of:

providing an electromc structure,

formmg a reeeptacle for a conductor in the electronic structure,

depositing a copper seed layet into the receptacle,

depositing a copper composition in sejd receptacle forming a conductor,

planarizing seid copper conduotor, and

ion-implanting at least onemetal ion into a surface layer of said copper conductor.

28, A method for forming a copper conductor in an electronic structure
according to claim 27 further compnsmg the éfep of annahng éaid electronic structure after said

ion-implantation step.

29. A method for forming a copper conductor in an electronic structure
according to claim 27 further comPnsmgthe steps of annealing said copper conductor to segregate

impurities to the surface.

30. A method for forming a copper conductor in an electronic structure
according to claim 27, wherein said copper _compositidn is deposited by a technique selected from
the group consisting of electroplating, electroless plating physical vapor deposition and chemical

- vapor deposition.

31. A method for forming a copper conductor in an electronic structire

This Sheet Has Been Replaced
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. accordmg to clann 27, wherem sald mpmﬁes are at least one type of ions seiected from the group

- conmstmgofc 0o, Cl, SandN

32. A method fof_fox_ming a copper copductor in an electronic structure
according to claim 27, wherein said impuritios are edded to the copper camposition in

c_onbéntrétion range between abotit 0.01 ppm by weight and about 1000 ppm by weight.

33. A method for formmg a copper conductor in an electronic structure
according to claim 27, wherem said at leasi;m metal jon is selected from the group consisting of

Co, Al, Sn, In, Tiand Cr.

34 A mefhodfor fonmng a copper conductor in dn electronic structure
accordmg to claim 27, wherem said surface layer of said copper conductor having the at least one

metal ion implanted has a tbiclc_hés_s_betweeﬁabout 10 and about 500 ,
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35. A method for forming a copper conductor in an electronic structure

-comprising the steps of:

provxdmg an electromc structure

forming a:e_ceptacle fora cqnductor in the electronic structure,

dcpositing a copper seed lafd' into the receptacle,

clecfrodeposiﬁng a copper composition ébntaining impurities into the receptacle
forming said conductor,

plaﬁrizing said oopp;er conductor, and -

ion-implanfing at least one metal ion into & surface layer of said copper conductor.

36.  Amethod for forming a copper conductor in an electronic structure
~according to claim 35 further comprising the step of annealing said electronic structure after said

ion-implanting step.

37. A method for forming a copper conductor in an electronic structure
according to claim 35, wherein said impurities are at least one type of ion selected from the group

consisting of C, O, Cl, S and N.
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38. A method for forming a copper conductor in an electronic structure

—

according to claim 35, w_herein' said impurities are added to the copper composition in a

concentration range between about 0.01 ppm by weight and about 1000 ppm by weight.

39. A method for forming a copper conductor in an electronic structure
according to claim 35, wherein said at least one metal jon is selected from the group consisting of

Co, Al, Sn, In, I_'i and Cr.

40. A method for forming a copper ¢conductor in an electromic structure
according to claim 35, wherein said surface layer of said copper conductor having the at least one

metal ion implanted has a thickness between about 30 and about 500 .

41.  Amethod for forming a copper conducter in an electronic structurs
comprising the steps of: |

providing an §1ch structure,

forming a rebeptacle for a conductor in the electronic structure,

depositing a barrier layer into the receptacle,

depositing a copper sced layer on top of the barrier Jayer,”

depositing a copper conductor layer on top of séid seed layer filling said receptacle,

planarizing said copper conductor forming a conductor surface layer, and

ion-implanting at least one element selected from the group consisting of C, N,
0O,Ci, S, Al, Co, Ti, Cr, Sn and In into ét least one of said barrier layer, said seed layer, said

—_—
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ooppercoﬁductor and said conductor surface layer immediately after a deposition process for said

Peset P% .

layer.

42.' A method for forming a copper conductor in an electronic structure

ﬁncor_ding to claim 41, wherein said conductor surface layer having a thickness of not less than 30

43. ._A method for forming a copper conductor in an electronic structure
according to claim 41 further éomprising the step of annealing said electronic structure after said

ion-implantation step.

44. A method for fonmng a copper ¢onductor in an electronic structure
according to claim 41, wherein the copper composition is deposited by a technique selected from

the group consisting of electroplating, physical vapor deposition and chemical vapor deposition.

45, A method for forming a copper conductor in an electronic structure
according to claim 41, wherein said copper seed layer is.deposited by a physical vapor deposition

technique.

46, - A method for forming a copper conductor in an electronic structure
. according to claim 41, wherein said at Jeast one element being implanted in a concentration

‘rangebetween about 0.01 ppm by weight and about 1000 ppm by weight, =~ -~

\
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47. A method for forming a copper conductor in an electronic structure
according to claim 41, wheréip said at least one element implanted improves the electromigration

resistance of the structure.
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