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METHOD fQB·t.PRmG ELECTROMJGRATIPN-Wrsum ·. 

STRUCTURES BY DOPING 
ljeld otthe Invention 

The present invention generally ~lates to a tnethOd for fo.t.aling,.a copper ct>nductor in an. 

electronic: structure and structures fonned by such method and more·particularly, relates to a method for 

forming a oopper conductor that has improved cleotromigration resistance by hicoiporatirig dopant ions into 

the i;Ollductor and structures formed by such method. 

Ba.ckgrOund of the mvention . . 
The technolcigy of making metal ·condllCtors to provide for vias, lilies 8nd other 

recesses m semicondtictor chip stiuciures, t1at p8nel disj>lays and ~cka.ge apPiicati<>ns has been 
.. 

developed in the paSt decade. Far inStance, in developing'mterconnection technology for 

vexy-latge-:scale-integrated (VLSl) strilCture~ :alurriinutn. has beeii utiliiecJ as the pri:inaiy metal 

source for contacts and inte~~tS in semiCond~ior regions or d.ev.iees located on. a single 

substrate. ·Aluminum hi.$ been the .material of ~hoioe because. of its loW cost. goad ohmic contact 

and high conduetivi1}'. However. pure alUminum thin-film conductors haw unde$ttable properties 

such as a low meltinfi point which ·limits its use to low tempera~ pxocessmg possi"ble diffusion 

into the silicon during annealing which leads to contact and junction failure. and poor 

electronrigration resistance. Consequently, a number of alun::riri.um ·all0ys. have bee.ti developed 

which provided advances over pure aluminum. For instance~ U.S. Patent No. 4,,S66,177 discloses 

a conductive layer of an alloy of aluminum containing up to. 3% by weight of silicon. copper. 

nickel, chromium and manganese developed to improve eiectrOmiiratio1'nesist.ance. U.S. Patent 

No. 3,631,304 disclosesaluminum alloys with alUminU.m ®de which were also.used to-improve 

electromigra.ti.on resistance. 
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Recently deV'elopCd ULSI technology 1i8s placed more stringent demands on the wiring. 

requirements due t.o 1he ex.treniely high circuit densities and faster opera1ing speeds required of sueh 
devices. Tliif Jed'ds to higher current densities in increasingly smaller COPd.1!.Ctpr lines. As a result, l1ighcr 

conductance wiring is desired which requires either targer cross-settion wires for aluminum alloy 

conductors or a different wiring material that bas a highei .. conductance~ The obvious choice in the industzy 

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

In the formation ofoi:.sr interconnection stiuctures wch as vias and lines. cop~ can_be 

deposited into such recesses to interconnect Semi!lrinductor.regi.ons or dCViees located on the same 

substrate. However. copper is known to have problems in semieonductor deV:iceS. Sirice copper is a 

mid-level 1rap which degradCs the device~ The electromigta:tioi't phenomenon oCcurs when the 

superposition of an elee1ric :field onto random th~al diflbsio.1dn a ~~c'solid· cause5 a. net drift of jons 

in the ~tion of the ·electron flow. "Any diflllsio.1i"of oopper ions into the Silicon'substnlte can ea.use 
. . . . . . ~ 

device failure. In addition, pure copper d0es not adhere well to oxygen...:COntaining dieleetrics such as 

silicon dioxide and polyimide. To fully utilize copper in i,nterC;onnecti0n technology, tbe adhesion 

properties of copper must also be improved. 

U.S. Patent No. 5,130,274, assigned to the common assigrtee ofthe present invention, 

discloacs the use of a copper alloy c0ntaining an ati()ying clement of less th8n 2 atomic% by firstdepoSiting 

an alloy into the recess of an interconnection structure and then forming a ciopper alloy plug; However. the 

technique still does not satisfy thQ more stringent requirements in ULSl~tures where critical 

dimensions ofless than 0.5 µm place a considerabie burden on thin film chip interconnections. The use of 

standard~ (Cu) alloy and a 'SilicOn dioxide dielectric in a dcc~subrnio~n logic ·cjrcuitwirlng sbUcture 

results in a t~e cireuit delay caused mainly by the wiring connections. 



c_ 

.. _ ... 

; . ·":-

• 

3 

The use of Cu as an altemati"e materlmto'Al (Cu) in"ULSI wiring structures tO increase 

the chip speed has been attempted by others. HOwc\fer, numerous problems are incumd 1n Cu 

inte.rcOnnections such as the tendency of Cu tci corrode and the fast sWface diffusion rates of copper in thin 
.. 

films. It js known that pure Cu has a $111all~r electromigr~tion activati0n ene~. i.e .• 0.5-0.8 e Y, than that 

in Al (Cu} ofO.S-0.9 eV. This implies that the advantage of using Cu for reducing intereonneotion 

electromigration failure at cJµp operatiiig ·conditions is l~cly ool)iproinised. 

A schematic of an enlqed~ c.Wss-seeii~nal View of an electronic structUre that utilizes 

conventional interconnections made ofa: Copi>Cf .iJoy -is sJioWn in Figure. I. The electronic structUte 10 

contairis two levels of copper intercOnnections 1~ 16 and one stud level· 14 illustratiiig a copper wiring 

structunff<>rtned in a Damasccne procesS on • p~fabricated. dt,vi,ce 2o. The device 20 is 'built on a 
. . . 

semi-eonduc1ing subStrate 24. As sh<)wii"inFigwe 1; a-i}iPICat Dam~~ level is fhst:flabricated by the 

deposition.of a planar dielectric stack 26. The dicieoiric stack 26 .is tlicn:pattemcd and etched using 

standard lithographic and dry etch techniques to produce a· desired wiririg0r via pattern. The process is 

then foll~ J>y the metal depositions of a thin adhesion,ldiffilsion liner 1.8 and copper alloy metallurgy 12 

wherein a bottom silicon nitride layer 28 is u~ as a diftusion barrier which is previously deposited on top 
. . 

of the ·device 20 to protect agaiilst copper diffusion. After the copper alloy intere0nnection 12 is formed, a 

top silioon nitride layer 32 is deposited and used as an etch stop layer.for defining the next level copper 

interconnection 14. After a 8eeond level dielectric stack 34 is depO.sited, a recess for an inteiconnect is 

etched into the dielectric layer 34 and tlic silicon nitride laYer 32~ 

A interlevcl copper alloy -stud 14 with_lin'er 22 ·is then deposited by a technique similar to 

that used in depositing the first level copper aUoy inte!Wnnection 12. A variety of xnehtl deposition 

techniques can be used for filling the ttench or Via. -Th~ techniques include a collimated 

sputtcr:ingproc:ess, an ion·ciuster beam process;. an electron cyclotron resonance process;> a chemical vapor 
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deposition"proeess. an electroless plating process and-an elec1rolytic plating prbcess. Other t.echniques ·such . 

. as a co-deposition.method in which copper and an alioying element are Oo.:depOsited-can also be used° in 

forming the copper alloys. For instance. the· co-depoSition· methods include co-sputtering, "alloy plating••, ... . . 
sequential plating of different materials with subsequent annealing. chcniic.l vai)or deposition .. sequential 

chemical vapor deposition and co-evaporation. After the completion of the interlevel copper alloy stud 14, 

another similar process is repeated to form the second.tevel copper interconnection 16 with liner 24· in a 

third dielectric stack layer 38. An etch stop layer 36 of silicon nitride is utiliz.ed between the stud and the 

second level interconnections. Finally7 a top silicon nitride layer 42 is depc>sitcd on top of the wpper wiring 

structure 10 fotprotccting the device from the envif'9_nment. 

Other Workers ha~ attempU;d to u$e Copper alloys"in proVidi:ng enhanced clectromigration 

resistance. For instance. U.S. Patent No~ 5~023,698 teaChes Copper allo)'s eontainlng at 1• :0n~ alloying 

element selected from the group of Al, Be, ·Cr,. Fe, Mg; Ni,' Si, Sfi and Zn.· U.S~ Patent No. s,077,00S 

teaches copper alloys containing at least ohe member set~ ·ftoin Jn. C~ Sb~ Bi •. Ti, Ag, Sn> Pb~ -Zr and 

Hf where the weight percent of the allo}'iiig element used is betwccin 0.0003 to 0.01. The cappet alloys ate 

used in TAB processes and as print circUitboard ni~~. U.S. ~No. S.004,S20 al~ teaches copper 

foil for a film earner application containing at least oi:ie alloying element 5elccted from P,. Al,. Cd, Fe1 Mg~ 

Ni, Sn, Ag. Hf, Zn, B. As, Co. In,. Mn,. Si. Te~ Cr and zn with the alloying eleincnt concentrations from 

0.03 to O.S weight percent. The alloys ate used as connecting leads in imegrated circuit chip moitnting. 

Furthermo~ U.S. Patent No. 4,749,548 teaches copper alloys containing at least one alloying· element . . 

selected from Cr. Zr,. Li. P, Mg~ Si, Al, Zit, Mn, Ni,. Sn, Ti,. Be. Fe, Co, Y, Ce, La, Nb,. W. v. Ta,. B. Hf. Mo 

and C. The alloying clements are used to increase ihe stnmgth of"thc oo{>per alloy'. U.S. Patent Neis. 

5,243,,222 and 5.130,274 teach copper allays for improved adheSion and furmati<>n of diffusion barriers. 

However, none of these pnorwork teaches copper illloysthat me sufficiently improved for use in filSI 
.. 

on-chip or off-chip wiring interconnections to meci tho elcetromigtation resistance and the adhesion 

property requirements. Interconnection structures·on ULSI devices rm.iSt provide dense, fully c<>ntinuous 
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metal wiring in insulator structures with features much less than O.S p:m in width, and with aspect ratios 

higher than 1. 

) 
More recently, void-tree and sCamless conductors are produced by eleetroplatirig·copper 

from plating baths that contain additives. The Ca.pabilify of the electroplafuig method tostiper.fiU stiuctural 

features without leaving void·s or seams i!i Unique ·and superior to that Cf other deposition techniques. 

Eleottolytic copper pla1ing techniques used in dariiaaccne struclures can.be defecti-:6-ee if a 

seed layer deposited is continuous and h8s a uniform tmckn~s e\icn in _the de'epest area of the structUrat 

feature to be.plated. The copper seed layeristypicaily d~posited by a physical va?)r deposition t.echnique 

or a·sputtering tcchniqtie over a bani.er layer that prevents diflbsk>n of copper into the inSUlator such as Ta 

or TaN •. When the seed layer deposited is too 1hin at.the bottom or neat~bottOm walls ofa StruCt.utal 

featUre, plating does not occur and a void is created. 

In order to eliminate the non'"COirtinuous dgj,osl1ion probtem·occuning during sputtering of 

a copper seed layer, a Seed layer of a larger thickness is normally deposited.. The dcpc>sition of a thick.seed 

layer elitninates the plated Cu voiding problem~ howov~. it-creates another one of equal or even g(eater 

significance, i.e.. poor electromignmon resistance in the resultant stnicrure. The p0or electromigration 

resist.ancc of the structure is caused by the fact that the seed layet itself has weak eleotromigra.tion 

resistance when compared to the much higher resistance of the plakd film. It is also noted that in future 

generation of chips. the seed layer contributes an increasing part of the total strUcturebased on the 

dimensions of the features and the inability to decrease the thickness of the seed layer proportionally for 

reason stated above as well as~ thickness unifonnity requimiientS in electrolytic plating. 

Ion implantation m.ethOd ~s been used for placing impurity. or doping ions in 
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a.SemiCOnduct:Or:material such a8 in _a silicon sub~trat.e at precisely controlled depths and with 

accurate control of dopant ion concentration. One of the major benefits of the method is its 

capability' to ..:.precisely place idJ;lS at preselected locations and at predetennined dosage. It is a 
·- . 

~reproducible process that enables a high'level of dopant unifomrity. For instance. a typical 

variation ofless than 1% ~be obtained across a wafer. 

An ion implan;ter operates by prqviding an ion source wherein collisions of . ,· . 

. electrons"and ~tralatonis ~t~:a.Iarge num~ ofiOils being_produced. The ions required for 

_dopmg are then selected by an analyzing magnet and sent through an accel(Uation tu.be. The 

a.ocelerated ioQ.S bombard directlythe port.ion of a silicon wafer where doping is required. The 
. •· . 

bombardment ~the ion beam is usually coriduoted by scanning the beam or by rotating the wafer 

in order tO achieve unifonnl.ty. A heavy layer· of silicQn ~oxide or a heavy coating of a positive 

photofesist is used as the implantation mask. The depth of the dopant ions implanted can be 

determined ·by the energy possessed by the dopant i<>nS~ which is aqjustable by changing the 

acceleration chamber voltage.· The dosage level of the implantation, i.e.~ the number of dopant 

ions that ent.e.rs into the wafer. is de~ed by monitoring the number of ions passing through a 

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

beacbieved by adj~g the implantation energy~ while a precise control of the dopant 

concentration can be achieved by adjusting the dosage level. 
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It is th~fore an obj~t 'of the present invention to provide a method fo:r forming a 

coppetbonduCtor in an IC device tba.t does not have the drawbacks and shortcoinings of . . . 

conventional ·copper co~uctor devices. 

It is another object of the present invention to provide a. method for forming a 

copper condUctor in an electro~c ~cture that has improved electromigration-resistance by 

adding imp'ilrities into the. copper conductor. 

It is a further object of the present in:vention to provide a method for fomring a 

copper conductor in an.electronic device that has. ilJlproved electromigration-resistance property by 

doping the. copper condUctor structure with lln.puriti.es seiec~- from C. 0, Cl. S and N. 

It is another further object of the present invention to provide a method for forming 

a copper conductor in an electronic device that has improVed electromigration resistance by an 

electrolytic plating techtiique. 

It is still another object of the Present in-Yention to provide a method for funning a 

copper conductor in an electronic device that has improved eleotromigration resistance by first 

depositing a copper seed layer into a receptacle and then ion-Un.planting impurities into the seed 

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

elecli'Qflic device that contains impurities for improved electromigration resistance. 

It is yet an.Other further object of the present invention to provide a method for 

forming ·a copper conductor in an electroJ;lic device .that bas improved electromigration resistance 

by first eleotrodepositing a copper composition containfug impurities into a recept.aole and then 

annealing the electronic device such that impurities diffuse into a copper seed layer previously 

deposited in.the receptacle .. 

lt"is still another further object of the pl'esent invention to proyide a method for 

fonnin~ a copper conductor in an: electronic device tbathas improved electromigration resistance 

by first depositing a ~er layer into a· receptacle azi.d· then implanting dopant ions into the bani.er 

layer prior to depositing a copper seed layer on top of the baoier layer and ~ling the structure 

such that dopant ions diffuse into.the co~ seed layer. 

It is yet another further o:hject of the· pre~ent invention to provide a method for 

fonrung a copper conductor in an electronic str.ucture that has improved 

electromi.gration-resistance by first adding impurities into the copper conductor and then 

ion-'implanting a swface layer of the conductor with at least one ion of Co, Al, Sn, In, Ti, c. o. Cl, 

S, N, or Cr. 
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sun.mm of~ llmmtion 
In. a~_with the F.CSent invention, a solution to the electromigration 

: problem. caused: by thick copper seed layers is provided. The solution to achieve higher 

electromigration resistance in plated copper originates from the llicorporation of dopants into a 
. . 

·copper film during the plating process. The ideal dopants include. but not limited to, c. 0, S,. Cl 

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

in a copper film. 

In a prefened embodiment. a method for fomiing a copper conductor in an 

electronic structure can._be carried out by the steps offirst providing an ~ecttonic structure~ then 

forming a receptacle for a conductor in the ~leetronic str®ture, then depositing a copper 

. eompos~ti~ in the receptacle~ and addllig impUrities into the copper composition such that its 

electromigration 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 ~por deposition or chemical vapor deposition. The impurities 

inCOipOrated in the plating proocss or ino01p0rated in the copper film by a separate ion 

implantation method may be at least~ fype ofions selected from the group consisting of c, o~ 

Cl, S and 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 includC the steps of depositing a eopj)er .seed layer into a :receptacle, ion-implantingat 
'L .. --

least one "fype of impurities iilto the seed layer, and electrolytically plating copper into the 

iiiiir 
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receptacle. The seed layer may further be annealed·tounifoiinly distribute the impurities in the 

layer--:-'i'he deposition step for the copper composition ma.y further include the steps of depositing a 

Copper seed layer into the receptacle, electro-depositing a copper COll1pOSition oontaining 

·impurities .into ~d filling the receptacle, and BJ)llealing the eleotronic structure such that 

impurities diffuse into the copper seed layer. The impurities are dopant ions. 

The deposition ·step for t:J;e copper c0mposition uii.y further include the steps of 

depositing a barrier layer into ·the receptacie; implanting dopant ions into the barrier layer. 

depositing a copper seed layer'ori. top of the bmier layer~ and annealing the electronic structure 

such~~ dopant ions dilfuse into the copper seed 18.yer. The coppers~ layer may be deposited 
. . 

by a physic81 vapor deposi!i<>Ii tecl#C!'le 0r chemical vapor deposi4on technique. The method 

may~ include the step~ depositing a COpper composition~ and filling the receptacle. 

·such deposition step for the copper co~position can be canied riut by'electroplating7 physical 

vapor deposition or chemical vapor deposition. 

fu another pxefcxred embodiment. the present invention method for fonning a 

·copper conductor man electronic substrate can be cax;ried ·out by the operating steps of first 

providing an electronic substrate~ then forming a receptacle for a conductor in the electronic 

substrate, then depositing a COpPet seed layer into the receptacle.: then ion-implanting at least one 

type of impurities into the· seed layer, end depositing a copper composition in the receptaole. 

The wpper composition may be deposited. into the receptacle by electrolytically 
.. __ _.._ 

plating copper into the receptacle. The method may further include the step of annealing the 

This Sheet Has Been Replaced 
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seedl~ ~ ~mJly distri.bute the imputi~es in 1he layer. The method may further jnclude the .- . . •. . 

·. ~Of~ the s~ 1.ilyer tQ ullifoimiy distribute the impurities in the layer and to cause a . · .. '. . ·. . . . . . .. ·. . . -
· 4f®si~ of the ~ties into the ~trolyticaUy pJat.ed C<>pper. The copper composition can be 

·deposited by a teclullque s~~ected fi:om the grQup cOmisting of electroplating, physical vapor 

d~ition and ohemical vapor deposition. The impurities may be at lea.st one type of ions selected 
. . . . . 

from.t,he group consisting of c, O~ c4 S and N. The impurities can be added to the copper 

·composition in a concen1:ra.tion range be~ about 0.01 ppm by weight and about l 000 ppm by 

weight. 

In still another preferred emb~ the present invention method for tbnning a 

c6pper conduotoi in an electronic structure can be canied·out by the steps of first providing an 

"electromc s~ then forming a receptacle fur a conductor in the electronic structure, then 

. ~siting a copper seed layer into the recepWcle, then electro-depositing a copper composition 

contaiQing impurities-into and filling the receptacle, and annealing the electronic structure such 
.. 

· tbatthe impurities di.flUse into the co~ seed: layer. 

The method for forming a copper conductor in an electronic structure may further 

include the step of implanting impurities which are dopant ions. The impurities cm be at least 

one fype of ions selected from the group consisting of C, o. Cl. S andN. The impurities are added 

to the copper composition in a concentration range between about 0.01 ppm by weight and.about 

1000 ppm by weight The annealing step unifonnly distribute the impurities in the copper 

.composition. 

This Sheet Has Been Replaced 
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. · In.yet another~ embodiment. the pres~inventio11 method f~ fonning 
. . . 

acop~-cOnductor in an eJeCtronic.strQcture can ·be cmied out by the steps of first providing an . 
. . . . . . . . . . 
.~. . . 

. electro.Die sttucture. then fo.rmiDg a receptacle for a conductor in the electro.Die structure. then 

deposi~g a barrier layer into the xeceptaole and impJ~ting dopant ions in.to the barrier layer> then 

d.eJ><>s~ting a copper seed 13.yer ·on top of the bmier layer. and amlealing the electronic strocture 

such 1hat dopant ions diffuse into the copper seed layer. 

The method may further. include the step of depositing a ·copper composition into . 

and filling the reoeptacle .. The copper 'c¢nposition may be deposited by a technique such as 

electroplating. physical vapor deposition 0r chemical vapor dq;osition. The dopant ions can be 

.·implanted into the baII'ier layer in a· con=itra.tion range ofbetwectn about 0.01 ppm by weight and 

. :~bO~t 1000 ppm. by w~t. .The dopant ions arc implanted into the barrier layer and diffused mto 

the c:opper .seed layer such that their electrom.igration resistance is improved. 

In still anothei.~ embodiment, the present invention method for fOIIJJing a 

copper conductor in an electronic structure that has improved electromi.gration-resistance which 

can be carried out by first adding impurities such as C, o. Cl. S or N into the copper conductor 

and then ion-implanting a surface layer of the conductor with at least one ion of Co,. Al. Sn, In, Ti, 

C, o. Cl. ·S. N, or Cr. The surface layer may have a thickness between abo~ 30 and about500 , 

with a typical thickness of 200 . The advantages achievetj. by the dual-implantation process for 

further surfaee modification are the improvement of adhesion with subsequently deposited 

This Slw~t Ilas .Been .Replaced 
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· ~el~tn~ I~:o~ top of h copper Conductoi~ i.e."~ such es., nitride layer oi: ~oxide layer. and a 

~re&s~•~ the~~ ditlbsivif¥ by.the follll&~.of a· eopi)er '?OJllPlex or~-oxides 

·that' segl'ega~~acc; The metal ions chosen ~-the s.eoond~xli sur.&ce implantation process - .· . . - ·. '· 

. ~ve J:llgh ·affinity for oxy~ ·sucli that the i~ns $,egtegate to the o0ppet interface (or surface) to 

-~ 1:11etal oxides as a protective la}rer for the copi)er con<luctor. 

. BriefDescrip~on .. fthe D~ 
These and ~ther obje"cts. features 8.nd ad'Vantages of the present invention will 

become apPu'ent :from the following detailed de5cription and ·the appended drawings in which: 

Figure 1 is an enlatged. cross-seetional view of a conventional interconnection 

sY.stem utilizing QOpper alloy. 

figure 2 is an enlarged, perspective view of.a present invention copper 

inteiOOm;leotion structure. 

Figure 3A is an enlarged. cross-sectionat view of a structure for a single 

Damascenc process wherein an insulatfu.g.layer ofeithe.:r silicon oxide or a polymeric material is 

sandwiched by etch-stop and planari.zati<>.n layers of silicon nitride on top of a wafer. 

Figure 3B is an cnlarg~ oross~sectional view of the sttucture of Figure 3A with a 

resist pattern. fo.rmed on top. 

... ......... -

This Sheet Ila& .B 
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Figure.3C 1s 8.n enlqed~ ~c>ss-sectiOnal view of the structure of Figure 3B with 
• . ! 

theinSulatfus layer f~c;l In an etching process. and the resist layer removed. . . .. . . . . . 

· : Figutl' 30 is an erilarp, ·ctoss-s~ti.Onal view of the ,$tructute of Figure 3C with a 

bani.er Ia}rer. a seed layer 8nd a c0pper composition sequentially deposited into the receptacle. 

Figure 3E.is an enlarged. cross-sectional view of the structure of Figure 3D after a 

planar.i21tion process. 

Figure 3F·iS an enlarg~ cross-seotionalview of a dual Damascene structure 

~by a similar pro_c::ess. 

. l . . . . . 

Figure 4A i~ an entarged,.cross-seetional View of"a portion of a dual Damascene 

structure with a COpPer la.yer deposited, for the c:onciOO.tor. 

Figure 4B is an enl&rged. cross-sectional vi~ of the structure shown in Figure 4A 

with the .copper cond~ plan~. 

Figure S is an enlarged. cross-sectional 'View of a structure formed by the 

presentinvention dual Damascene process with a copper seed layer and a baxrier layer deposited 

wherein the seed layer and/or the diffusion barrier layer is ion implanted prior to copper 

deposition.. 
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Figure 6"is a ·gr:aph ill~ting 1he dependency Qf s.heet resistance on 
. . . . ·... . . -

. . 
platingtempeta.1:Ufes in -~··copper plating.process withoUt utilizing additives in the plating solution. 

Figure 7 is a graph illus1ratixig th~ dependency of Sheet resistance on plating 
" 

temPeratures in a cop~ plating process which utiliz.es additives in the plating solution: 

Detailed Description of the Priefetted and Alternate Embodiments 
The present invention discloses a method for for.ming a copper conductor in an 

cleottonic structure by depositing a copper composition in a receptacle in the electronic structure 

. ancfthen a~ impurities into the copper OOJDp<>sition such that the elec1romigration resistance 

. of eopper.is improved.. The copper composition may be deposited by a variety of techniques such 

as ~lectroplating. elcctroless plating physical vapor deposition or chemical vapor deposition. The 

impurities or the dopant ions may be added to the copper composition through a variety of 

· di~ methods. Jn one method, a eoppet s~ layer may first be deposited into a receptacle. 

impu.ri.~es are then ion-implanted into~ 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 comp<>sition 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 banie.r layer such as barrier layer 

first deposited into a reoepf.acle followed by an ion implantation process for implanting-dopant 
! 
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iOllS Dito the ~er layer. A~ seed layer-~ then deposi~ on top of the baxrier layer and 

· ~ ~ s~ that d~ ions JD8.y·diffilsc fi:om the l>amer layer into the~ seed layer . 
.. 

· :. 'Ihe d(,pan,t ions~ in the present.invention.maybe at least one ion select.ed from the group . . . . . . . 

. ·Corisisting ofC~ o, .s~ Cl, Al, Co~Sn. In,.:~ Cr aridN .. The.do~eofthe impurities implanted. 

-~ the_co~-composition is in a concentratiOn ~ ofbetw~ about 0.01 ppm by weight and 

about 1000 ppm by weight. 

Ref~ initially to Figure 2, wherein an enlarged.·perspective view of the present . 

. . _:iil_on copper interconnection structure 50 is shoWn.. The structure SO is built on a silicon 

su1;,strate 52. Multiple layer$ 54 of dielectric mat.erials suoh as Si02 are then sequentially 

deposited w;\th metal conductora fonned therein. The metal conductor layers 56 are fomied in the 

insulatirig layers 54 by standard photoli,th.Qgraphic_ method. A via 58 is provided for connecting 

the metal condt.lctor layers 56, A dielectric layer 62 forlned of a material such as Si~. is provided 

as. atn etch stop layer. A diffil$ion barrier layer 64.iS' further provided t.o prevent the diffusion of 

dopant ions. Also shown hi Figlire 2 is an IC devi~ 60 and. a tungsten stud or local 

. inierconnection 66 built on the semi-conducting substrate 52. The via 58 pro'\lides vertical 

connectie.n between wiring levels 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 8XlY other electronic device. 

To prevent diffusion of copper int<> the insulators 54 or device 60. 

adhesion/diffusion bani.er layers 62 are normally used to surround the copper conductors 56 and 

58. The adhesion/diffusion barrier layers 62 may be fooned of either an insulating material or of a 
...; 
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· ·. ®~UQtinz: ~~al. A ~ducting ditfusiQil bani.er layer may also provido adhesion for copper to 

:·· the.Ulide'.rlyiDg nmterlai. .even though.they~ simply r~ to in" this application a& bani.er layer. 

· N~tlho~ iii Figure 2 ·are the .seed layc:rS which me nonnally deposited under the main copper 

~aj~torlay~)6 and 58 •. The deposition of the see4 layers is desQll>ed. in reference to two 

dilf~ methods of fa~cating the interconnection structures. i.e., in a single Damascene process 

.-1'J).ci"in a dnal~J>rocess. These are shown in Figures 3A-4B. 

·. The present invention copper conductor structure wlrich has improved 

electromigratioli resistance ma.y be tabricated in one of several embodiments" In a preferred 

em.bodiJnent. dopant io~ Sie incoiporated in a seed layer by an ion-implantation process. 

· F<>l:lowing a deposition process for the copper seed layer·~to a receptacl~ various dopant ions 

may be implanted into the 'copper seed layer. An annealing step µiay then be carried out 'at an 

annea)ing tan~ture between about 300oC .and about 600°C·tQ \ltlifonnly distribute the dopant 

ions:throti:ghout the film thickness. An electrolytic plating process may then be used to deposit 

bullc ,copper.composition into the receptacle. The method in the preferred embodiment therefore 

allows the improvement inthe properties of the seed layer.and is independent of the filling 

technique which is subsequently used to completely fill the lines and/or vias. The electrolytic 

plating process utilized in the present invention method is ·substantially disclosed ]n a co~ding 

application filed under an attorney Docket No. of Y0995-137XL, commonly assigned to 

theassignee of the present invention. The application is hereby incorporated in its entirety by 

reference. 
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In the ~trolytic pla.ting'~s~ the fi.brica.'1.on of a low cost. higwy reliable 

ooppc,r iiiterconneot struciure ~wiring in IC Chips with void4fee seamless conductop; <)f 

. ··sub-Dlicron dimensions is possible. The· process is noiinally canied out by fuSt depositing an 

insulating layer on a: wderlJ lith<>gtaphi~ defi$g and fonuinS. sub;.nlicron trenches or holes in 

the:i:Dswatfugmateriat into ~h the conductor will b6 deposited to ultimately form lines or vjas, 

ckpositing a thlli c0nductive layer to seiVe as a seed layer or plating base. depOsiting the conductor 

by electroplating from a bath containiiig_additives and planariziDg ot chemical-mechanical 
.· •. . . 

polishing the resulting structure to accomplish electric&l isolation of :individual lines and/or vi.as. 

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

additives. The rate of copper electroplating from such bath is higher in a deep section within the 

cavi~ than elsewhere. The pl.8.ting process tbtis. produces unique superlilling properties and 

·~ts in void-free seaml~s deposits. ··Jnteiconnecti~ structures made by copper electropla~ are 

·mgbly ~lectromigration,;.mistanco witl;L a:n actiW-1:ion energy for electromigration equal to ot 

greater than 1.0 ·ev. The conduetor is composed su~tantially of copper and small amounts of 

atoms and/or molecular fragments of C (< 2 wt %) •. 0. (<l wt %)7 N {<l wt%)~ S (< 1 wt%) and 

Cl(<l wt%). 

Refening now to Figures 3A-3F wherein a Damascene plating process is shown. 

A Damascene process is one in which plating is canied out over the entire wafer surface and is 

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

· preceded by the deposition of a plating base (ar a seed layer) over the entire wiring pattern that has 
'!..---

been defined lithographically. :M'aterial layers that improve adhesion and prevent 
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. ·con~/i~tor interactlonS and·-~1C)ll-a:re~dqX>sited between thC plating base and the 
. :. . . . . . . .. . . . ... . . 

· iii$lat~. As ~c)~ ~ Figtues 3A-3F;. an insulating layer 70 of either silicQn oxide or a 
... , . . . . -

·.~l~~c ma~ whi$ is ~wi~ed byetch~lanariution 1~ 72p 74 of silicon nitride 

is .. ~t ~sited. on a ~6. A resist pattein 80 is then fonned on the sandwiched insulator and 

trmifetted tO ~'insulator layer 72. A barrier material1layer 8:! and a seed layer (of copper) 84 are 
. . . . . 

seqlleD.tially deposited on top of the stIUctufe. A copper layer 88 is then eleotroplated so that all 

features are filled. The strucmre ~ th~ processed to Its final ~hape as shown m Figure 3E by a 

planarization process: It is also p6ssible to define lithogxaphically multiple levels of patterns (i.e., 

in a dual Damascene struc~) onto the insuliitor. Tiiis is shown in Figure 3F wherein the same 

sequence of layer deposition is utilized. 

In order to avoid the forination of a void or seam.in a copper layer deposit.ed 

-· . 

. electrofytic8lly, the rate of eleotropiatlng Should be'higher at low or deep points within the feature 

than .elsewhere .. This is accomplished by'the use of additives in the plating solution. Additives 

Diay induce hi the ·conductor specific film mierostruotutes including large grain size relative to 

fi1in tbicknes~ OJ' randomly oriented grains. f\lrtheimore, additive$ :incoxporate m the conductor 

material molecular fragments containing a.tOJns selected from the group consisting ofC, 0, N, S 

and Cl suoh ~t the electromigration resistance is enhanced over pure copper. Moreover. 

additives may be added to the bath for inducing in the conductor speci:fio film micros1ruotures 

including large grajn size relative to film thickness or randoxnly oriented grains. whereby the 

electromigration behavior is enhanced over non-electroplated copper. 
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Refetrlng now to Figure 4.A, :Wbeteina schema.tic diagram depicting ion 

impiantatic>n of dopants intf>. amain 90ppcr ~ 90 in· a smgle Da:maseene ~s prior to 

·pJ~tlOit is sh9wn. Also s~owxl. in Figure. 4A are an etch-pl.anarivltion stop layer 92 of silicon 

nitride» a batrierlayer ~4 and a _copper seed layer 96. Figure 4B is a schematic diagram depicting 

. i~ implantation of dopants",in~ a m8m. ~·conductor 90 in a single Damascene process after 

. a planarli.atfon step has ~~ed. out . 

Refexring now to Figure SA,_w~ein a schema.tic. diagram.depicting ion 
lmpla,ntation of dopants intc>a main copper °'°ilductor 100 in a dual Damascene process prior to 

planarimtion. Also shown. in Figure SA are etch/planamation stop layer 92 of silicon nitride, a 

· diffiision banier "layer 94 and :a· copper seed layer 96. Figure 5AshoWs a schematic diagram 

depicting ion implantation of dopant Dito a· main copF conductor 100 in a dual Damascene 

process after a plimariz.ation step. Figure .6 .. is • schematic diagram depicting ion implantation of 

· dopants into a copper seed 18yer 96 and/or into a barrier layer 94 in a single DamasQCile process 

·prior to the. main copper ~or layer 9.0. deposition. Sinrilarly, the ion implantation process 

may be carried outpnor to the copper seed layer. deposition by implanting ions into the diffusion 

· ban:ier lay~ 94 alone. 

In another preferred embodiment, tb:e dopant levels in a plated film are defined 

taling into consideration the des.ired target of C:iopant concentrations in the final structure and the 

relative thicknesses of the plated or PVD films. The PVD seed layer can. be first deposited and 

followed by electropiating copper under suitable processing conditions. The dilfusion of dopant 

ions from the plated copper into the PVD seed layer can be accomplished by an annealing process. 
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· ·Iil. still another pref med em.bodimelit, ~ dopant ions are implant.ed into a 

cliffUSion ~er layer prior to a PVD depositi0n process~ the~ seed layer. An annealing 

process isq>.en used to drive the dopants· into the~· Dopants other than the kn.own 

Iion-metallio "jmpurlties in plated copper could also be tised, i.e.~ Ti, Sn, In.. etc. to improve the 

electromigration pexfor.mance of~ PVD seed layer. One advantage achieved by using ion 

implantation 1s the abiµtj to incmpora~·very small amolints of solutes, i.e., a ·few ppm w. in a 

well controlled and repeatable manner. 

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

. . 

othet ~plating can be ~proved. 11:a,ese other means may include. but is not limited to 
. . . . . . 

·.chemical vapoi;' deposition or physical vapor deposition. The improvement in perform.ance of 
: •. . . . 

these flhns em be achieved by means of ion implmting a diffi.ls.ion banier layer such as Ta, TaN, 

a seed layer, a cap layer or a thick.er copper layer. 

Chip interconnect structures made of plated copper have superior 

electromigratiomesistance when the plating process is conducted. in plating solutions that contain 

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, 0, Cl. S and N in ranges from less than 0.01 ppm w (part per million by weight) to 
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·1000. pP.m w. · ~ese &pants are 1;ypically imp~ted at various enersies ranging from a few ke V 

to-several hUndred keV, for inlt.ance, from 10 keV to about 600 keV. The distribution and depth 
. . ·. .·. . -

of d.~~t i~· obtained eq.be ealculated wifu computer programs such as TRJMC, It is noted 

tha~ implanting doubly charged or even triply charged ions is possible which allows higher dopant 

:distnbutions :to be obtained ·fu_ tmcbr-riiets.i filmlayers. Alternatively, repeated implantation may 

·1>0 OOJ:lducted intovariom thick film layers in order to o~tain the desired dopant distribution and 

depth. Dopants Used in eleetropl&ted -cop~ and the pre.fe!red range utilized· are shOwn in Table 1. 

Table 1 

·J?o.pant ~ - • cnnc !\.(Ore 
. ,.. 

r-.nnc.: .: 
~••••'.n') .. 

CarOO.n D.l -1900 1-200 
Chlorine ().1-'1000 1-200 
I ·O.l-200 1-SO ---.. ~-

. Sulfur 0.01-100 D.l-50 . 
Nitroan· D.01-100 . 0.1-50 

Well controlled dopant concentrations can be obtained in a number of different 

ways. For instance. dopant concentration may be controlled during deposition, dopant 

concexitration may be contro~ed through the use of ion implantation of various ·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 aohleving the present invention 

since the method is directional by nature and furthermo~e, the method may be repeated to achieve - .... _ .. _ 
a well controlled do}>?nt concentrations. It is thus possible to implant to the bottom of trmches 

. , 
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whioh'StibseqUently _improves the plating process and .furthermore, to implant onto the top of a . ·. . . . ... . . .. 

che;nrl~-mechani~ly polished cOpper sUtface which contributes to the iwprovem~t of 

eleotron:iigra~on·~~istance_ of th,e coPPer lines. This is important since the reliabiliW of fine 

copper lfu~s has been shoWn. to deereasewi~ decreasing line width. 

Variaus ·Ptlier s1Inctares may also ~e achieved which include ion implanting into a 

liner:.. into seed layers and/or into filled copper stxucture itself. The ion implantation into narrow 

lin~:is imp0~t since·fl:ie ~ electromigration mechanism is driven by surface diffusion. 

The. ~pper seed layer surface~ beleft as pure copper, while> the species of interest can be ion 

im~anted beneath this to~ copper s\itface region. This allows_ for the implanting process beneath 

the sutfiioe of the copper seed layer while.· at the same thne. doping the seed layer to improve its 

electrical properties. 

The present .inyention novel niethod therefore provides the desirable dopant ions to 

be used in a suitable range of concentrations and furthermore, provides the optimum range that 

prod.ucesimproved electromigration properties and vanous methods to change the dopant content 

in the film by changing plating p11ameters. For instance. dopant concentrations can be increased 

by increasiDg the level of agitation in the plating tool, e.g .• mcreasing the rotational speed of the 

wafer during plating in a cup plater. or increasing the frequency of paddle movement in a paddle 

cell. Other parameters 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). 

"'~---

. 
' 
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Data obtain.Cd on electrop~ted~ layer at 1 µm thickness when i10 additives .. . ' .. . 

are.~ed is shoWii m Table 2~ Varions dos~.~ dopant ions of.C, Sand Cl were utilized to . . . . . . .· ,; . . . -· 

a~eve varl~us _dopant dePth and~~ m the. she8t resistance. Similar data obtAmed on 

sp~tteled copper.films at 1 µm i:hi~s·is s~~ ~Table 3. lt is s~ that.-in Tables 2 and 3, 
. . . . . .... . . . 

one .Qan implant thre ion.~g]:J. the tbiclcness of.the :filn\ one n~ to vary the ion charge of 
. . 

~~ ng++ or 35Cl"* at the. same implantation.~.leyel which effectively doubles the depth of 

implantation. 11 a more unifolm profile b desired.. one can vary both the ion charge and the energy 

of Un.plantation. Table 2 shows that S l1I1d Cl have unexpected effeCts on copper causing a larger 

resistance.drop than the eontrol sample. ·Table 2 alsO shows· data on plated copper with no 

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

Table 3. show~ data obtained on 1 µm thick sputtered copper and doped with 

dopant ions (no plating). It was discovered that Cl and S are the most effective ions. 

·Table2 
Saniole# [on H(keV) .· bosa.e:e. ·em-2 Deoth() ~Drop 

1 f12c+ 110 . r7.0B15 6200 ~.5 

2 II2C+t 110 7.0EIS ~o ---

3 ng+ tzoo g.oE14 3000 11.5 

4 IJZs~ .... 2.00 S.OE14 5000 i---- . 

This Sheet Has Been Replaced 
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5 )jc1+ . 200 4.5El5 ~00 13 
-~ 

6 ~'Cl* 200 ~.5El5 f4,800 ---

Control N'one ~ -- I"- rr 
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Table3 

--

·Sample# on B (keV) Dosage Depth() ~RDrop 

blli-2 
.. 

SP-1 :-12 110 7.0El.5 3200 3.5 
. gp.s S-32 200 . . 8.0B14 ~000 &.S 

SP•9. c1~3s 200 . . ~.SE15 ~400 9.4 
.SP-11 Cl-35 zoo t5B1S Moo ---
SP-13 · Control i-- --.. . i...-- t3.6 

. SP-14 . Control 
.. ..._ __ 

i---~- ~-2 ~-

Electroplated copper film data Without additives and with additives are also 

presented in Figures 7 and 8. It is seen tbatFigure 8 ·shows data on 1 µm thick plated copper with 

additives during plating. showing an abxupt drop in sheet resistance at approximately I25°C. 

'Figunr7sh<>ws data for t·µm thickpla1ed copper with no additives, but implanted with Sat 200 

K.e V and a dosage of 8El 4/cm.''. showing a similar resistance drop m copper films with additives 

(Figure_ 8) occurs over a much wider range in teznperature, i.e .• over approximately 300°C. 

The present invention novel method may further be carried out in a 

dual-implantation process including a secondaly surface modification step of ion-implantation 
.. - - ~-

. into a ·surface layer with at least one metal ions selected fr~ Co. AI. Sn. In, Ti or Cr to a depth 
.. 

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

anaW!age depth at ·about 200 • The modified surface layer is situated on top of the copper 

oonduotor which has a thickness of about l ·µm and contains impurities of C, N, 0, Cl or S. The 

seconda.Iy surface modification by the ion-implantation process accomplishes two objectives. 

First. it improves the adhesion of the copper layer with a subsequently deposited dielectric layer on 

top of the copper conductor, i.e .• a nitride layer, ai1 oxide layer or a polymeric material. Secondly, 

the s~ mOdification process decreases ·the copper surface diffusivity by forming a copper 

complex or metal oxides thitt segre&ate to the surface in a thin layer of approximately 200 . The 

metaHom of Co, Al. Sn; In, Ti, or Cr are ~osen for their affinity for oxygen. The metal ions 

segregate to the copper. interface (or surface) and thus fon:ning ~etal oxides as a protective layer 

for the bulk copper conductor . 

. Table 4 illustrates data on the ~1 ions Used in the surface modification of the 

copper conductor. 

Table4 . 
ImJ)IEU1fation :e- -- · ~et.al Ion · l\.tomic:Mass I'hiokness. <) Dosaae, Atom/om: 
90keV Ti ~1.?5 317 3ElS 
50;1.ceV Al 26.98 H3 mis 
180keV Sn 119.9 ws . 3El5 

180keV In 114.9 . t299 3E15 

.......... -

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

shouldbe understood 'that the Wminology used Is intended to be. m.·a nature of words of 

description ratherthan of limitation.· 

Further.more. while the present invention has been described in terms of a preferred 

·and an alternate embodime~t, it is w be appreoiated that those skilled in the art will readily apply 

.these tea.chin.gs to other possible variations of the inventions. 

The einbodiment of the invention in which an exclusive property oi: privilege is 

cla.llned are defined as follows: 
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<Jahps 
1. A method for fonning a copper conductor in an electronic stmcture 

comprising the steps of: 

providing an electronic strricture. 

forming a recep~Ie for a coiiductor in said electronic structure, 

depositing a oopper composition in said reeeptaele, and 

adding at least On.e ~ties into said copper composition such that its 

electromigration resistance is improved. 

2. AmethOc;l for forming a copper conductor in an electronic struoture 

according to claim 1, wherein said cOpper Com~_ition is deposited' by a technique selected from 

the group consistitjg' of electroplatirig, electroless plating physical vapor deposition and chemical 
. . . . 

vapor deposition. 

3. A. II1etliod for fomring a copper conductor in an electronic structure 

according to claim 1, wh~ Said µnpuri.ties are at least one type of ions selected from the group 

consisting of C; O, C17 Sand N. · 

4. A method for forming a copper condl.ietor 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. 

S. A method for forming a copper conductor in an electronic structure 
~--

Th" She 
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according to claim 1, wherein said copper composition deposition step further comprises: 

depositing a copper seed layer mto said receptacle; 

ion-implanting at least one fype of impurities into said seed layer, and 

electrolytically pls.ting copper inti> said receptacle. 

6. A method for foirn:ing a copper conductor in an electronic structure 

according to claim 5 further oomprl$ing the st.ep of.annealing said seed layer. 

7. A method for fooning a. copper conductor in sn electronic structure 

according to claim l. wherein said deposition step for said copper composition further comprises 

the~of 

depositing a copper seed )ayer into said tecept.acle, 

~lectrodepositing a copper composition eontaining impurities irito and filling said 

receptacle, ·and 

annealing said electronic structure .. 

8. A method for fonning a _copper conductor in an electronic structure 

· according to claim l, wherein said deposition step for said copper composition further comprises 

the steps of: 

depositing a barrier difi.Usion layer into said receptacle, 

implanting dopant ions into said be.trier layer, 

depositing a copper se:ed layer on tQp of said barrier layer. and ·. -·-

iiiiU 
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annealing said electronic stroctu:re. 

9. A method for fOIJDing a copper conductor in an electronic structure 

·according t? claim 8, wherein said copper seed layer is deposited by a physics) vapor deposition 

technique. 

10. . A method for forming a copper conductor in an electronic st:ruoture 

~"°°rding to ·olall;n 8 further comprising the step of depositing a copper COinJiK>sition into and filing 

said receptacle. 

11. A methOd for forming a copper conductor in an electronic structure 

comprising the steps of: 

providing an electronic structure> 

fonning a receptacle for a conductOr in the electronic structure, 

depositing ~copper seed layer into the receptacle, 

ion-implanting at l~t one twe. of impurities into the seed layer. and 

depositing"a copper composition m said.receptacle. 

12. A method for fonning a copper conductor :in an electtonic structure 

according to claim 11 further com.prising the step of annealing the seed layer. 

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

accordiiig to claim 11 further comprising the steps of annealing said seed layer to-unif'oimly 

This Sheet Ras Been Replaced · IHIHf 
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distrib~te the impurities in the layer and to ca~e a diffilsion of the impurities into the 

,.. electm¥ically platCdcopper. 

14. A method for forming a copper conductor in an electronic strucrure 

according to claim 11, wherein said copper ·c0mposition is deposited by a technique selected from 
. . ' 

the group consisting of electroplatiiig, electroles$ plating-physical vapor deposition and chemical 
. . . . 

"Vapor deposition. 

15. A method for funning a 09ppei cOnductor in an electronic structure 

according to claim 11. wherein s8id impurities are at least Qne·type of ions selected from the group 

consisting of c. 0, Cl, S ·and N. 

16. _ A me~ fur forlning a copper conductor in an eleotrocic structur.e 

_according to_ claim 11, wherein said impurities ~ added to the copper composition in a 

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

17. A method for fomUng a <;<>pper conductor in an electronic structure 

comprisil:ig the steps of 

providing an electronic structure, 

fon:ning a recePtacle for a conductor in the electronic structure, 

depositing a ~ppcr seed layer into the receptacle~ 

electrodepositing a copper ~position containing impurities into the .receptacle. ... . . . .. ...... -

This Sheet Has Been RITilaced 
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annealing the electronic structure. 

18. A method for fonning a C:opper conductor in an electronic structure 

according to claim 17, wherein said impurities are at least one fype of ions select.ed from the group 

consistingofC, 0, Cl, S mtlN. 

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

according tO:claim 17. wherein said impurities are add~ to the copper co~position in a 

coneenttation range between about 0.01 ppm by weight and about 1000 ppm, by weight. 

20. A method for fomririg _a copper condUctor Ui an electronic structure 

~;rding tO claim 17. wherein said annealing step unifomtly distributes the impurities. 

21. A method for fo:nning a copper conductor in an electronic structure 

comprising· the steps of 

providing an electronic structllre, 

fonning a receptacle for a conductor in the electronic structure, 

·depositing a banier layer into the receptacle, 

implanting dopant ions into the barrier layer, 

depositing a copper seed layer on top of the bani.er layer, and 

annealing the elec1ronic structure s'Uch. thatdopant ions diffuse into.the Copper seed 

This Sheet Has BC4m. Replaced , ... / 
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22. A method for forming copper conductor in an electronic structnre according 

to claim 21 further comprising the step of depositing a copper composition into and filling the 

receptacle. 

23. A method for fonning a copper conductor jn an electronic structure 

according to claii:n 22. wherein the copper composition is deposited by a technique selected from 

the· group consisting of electroplating. eleCtroless plating physical vapor deposition and chemical 

vapor deposition. 

24. A method for fonning &·copper conductor in an electronic structure 

-aceording to ·claim 21~ wherein said copper seed layer is deposited by a physical vapor deposition 

·technique. . 

25. A method for f~g a copper conductor in an electronic structure 

accordfng to claim 21, wherein said_dopant ions implanted into said barrier layer in a 

conoen.tration range of between about 0.01 ppm by weight and about 1000 ppm by weight. 

26. A method for fo.xming a cower condu.otor in an electronic 

stnictureclccording to claim 21, wherein said dopant ions are implanted into said barrier layer and 

diffused int.O said copper seed layer such that~ elcctromigration resistance is ipipr~'!~ 

iiiiiii 
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27. A method for fonning a copper conductor in an electronic structure 

compming the steps of: 

providing·~ electronic structure~ 

forming a receptacle for a conductor·m. the electronic structure, 

depositing a copper seed la.yet into the receptacle, 

depositing a copper composition in said receptacle fonlling a conductor, 

planarizing said copper conduct.Or,. and 

ion-implanting at least ope met~l ion.into a surfa.ce layer of said copper conductor. 

28. A method for formirig a copper conductor· in an electronic structure 
. . 

accOrding to claim 27 ftttther comprising the ~p of a:imealing said electronic stmctute after said 

.ion-implantation step. 

29. A. :m.etltod tor formirig-.a Copper conductor in an electronic structure 

according to claim 27 further comprising tlie steps c)fannealing said copper conductor to segregate 

impurities to the sUrmce. 

30. A method for fonning·a copper conductor in an electronic structure 

according to claim 27, wherein said copper composition is deposited by a technique selected from 

the group consisting of electroplatin& electroless plating physic:a,l vapor deposition and chemical 

vapor deposition. 

31. A method for forming.a copper oonduotor in an electronic structure 

iiiHliT 
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~rding to claim 27. w~. said imputl\ies ate at lea$t one type of ions selected :from the group 
. . .. . . 

-· ""' . ~ 

consisting of C, o, ell' ·s and N. 

32. A method for_fonning a bopper conductor in an electronic structure 

·aCc(n'ding to claim 27, whe!'.ei~ saidji.o.purlties·are added to the copper com.position in a 
·. . . 

concentration range between·abouf 0.01 ppm by weight and about 1000 ppm by weight. 
. ·' . 

33. · A meth,od for forming a copper Conductor in an electronic structure 

accordmg to claim 27,w~ Said at leastone metal ion is selected from the group consisting of 

Co, Al, Sn,~ Ti~ Cr. 

34. · · A~ !Or f~g a copper conductor in an electronic structure 

-~·to claim "27, w~~ said surface layer of said copper conductor having the at least one 

metal ion implanted has a thic~ss between a.bout 10 and about SOO , 

.. 
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35. A methqd for fonning a copper conductor in an electronic structure 

. coxnprising the steps of: 

provi~ an el~tronic stru~ture, 

forming a receptacle for a co~ductor in the electronic structure, 

depositing a copper seed layer into.the receptacle. 

electrodepositing a copper composition containing impwities into the receptacle 

fonning said conductor, 

. ' 
planarizing said copper conductor, and 

ion-implanting at least one metal ion into a surl'ace layer of said copper conductor. 

36. A method for foIIDing a copper conductodn an electronic structure 

. according to claim 35 further ~prising the step of annealing said electronic structure after said 

ion-implanting s~. 

3 7. A method for forming a copper conductor in an electronic struoture 

·according to claim 35, wherein said impurities are at least one type of ion selected from the group 

consisting of C, 0, Cl. S andN. 

iiiifr 
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38. A methocf for fonning a copper conductor in an electronic structure 

according to claim 35, where.in 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 fonning a copper conductor in an electronic structure 

according to claim 35, wherein said at least one metal ion is selected from the group consisting of 

Co. Al, Sn. In, Ti and Cr. 

40. A n:iethod for forming a copper conductor in an electromc structure 

according to claim 35,. wherein said surface layer of said copper conductor having the at least one 

metal ion implant.ed has a thickness between about 30 and about SOO . 

41. ·A method for fomllng a copper conductor in an electronic structurQ 

comprising the steps of: 

providing an electronic stnlcture, 

fomrlng a receptacle for a conductor in the electronic structure. 

depositing a battier layer intO the receptaol~ 

depositing a copper seed layer on top of the barrier layer, · 

d~siting a copper coiiductor layer on top of said seed layer .filling said receptacle. 

planarizing said· copper conductor forming a conductor sud'ace layer. a11d 

ion-implanting at ~st one elcinent selected from the group consisting of C7 N. 

0,Cl. S, Al, Co, Ti. Cr, Sn and In into at least one of said baIX'ier layer. said seed layer.-said 
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copperconductor and said conductor suaace layer immediately after a deposition process for said 

layer.-.. 

42. ; A method for fomring a copper conduc~or in an electronic structure 

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

43. A method for fo:mring a copper conductor iii an electronic structure 

aCOOl'ding to ~laim 41 further· comprising the step of annealing said electronic structure after said 

fon-implan~tion step~ 

44. A method for foµning a copper conductor in an electronic structure 

according to claim 4 t wh~in 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 foxming a copper.conductor-in an electronic structure 

according to claim 41, whexein said copper seed layer is.deposited by a physical vapor deposition 

technique. 

46. A method for fm:ming a copper conductor in an electronic structure 

. according to claim 41:. where.in. said at least one element being implanted in a concentration 

rangebetween about 0.01 pPm by weiSbt and about 1000 ppm by weight . - -
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47. A method for funning a copper conductor in an electronic structure 

ace<mllng to claim 41, wherein said at least one element implanted improves the electromigrati.on 

resistance of the structure. 

\iliif 


