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progressive damage to the metal conductors in an integrated circuit. In general, it is characteristic of metals at

20 very high current density and temperatures of 100°C or more.

Integrated circuit manufacturers have attempted to reduce via resistance as the via size
decreases by reducing the thickness of the barrier material. According to one conventional process, plasma
vapor deposition (PVD), IC manufacturers deposit a very thin barrier material at the bottom of the via due to
non-conformal deposition. The thickness of the barrier material is reduced by chemical vapor deposition (CVD)

25 or atomic layer deposition (ALD) processes. These advanced deposition processes form highly conformal -
barrier metal films. However, reducing the barrier thickness causes the barrier to become more permeable to

copper (Cu) diffusion, which can adversely affect resistance to electromigration.

FIGURE 1 illustrates a schematic cross-sectional view of a portion 100 of an integrated circuit
including a copper layer 110, a copper via 120, a copper layer 130, a dielectric layer 150, and a dielectric layer
30 160. Via 120 and copper layer 130 are separated by a barrier layer 140,
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FIGURE 1 illustrates a schematic cross-sectional view of a portion 100 of
an integrated circuit including a copper |ayer 110, a coppgyyyig 120, a
copper | Qxfdsokdfds @ dielectric layer 150, and a diel ectriger@68h2s580 160.
Via 120 and copper |ayer 130 are separated by a barrier layer 140. -1 WO
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f
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Si |4con Prchfﬁlggtsﬁ'ong:opper layer 110. FIGURE 3 shows a portion formed according to a dual damascene process (as
described with reference to FIGURE 1) where copper layer 110 and copper via 120 are formed in one step or

process.

Electromigration failures have been described by Stanley Wolf, Ph.D. in Silicon Processing
for the VLSI Era, Lattice Press, Sunset Beach, California, Vol. 2, pp. 264-65 (1990). Dr. Wolf explains that a

25 positive divergence of the motion of the ions of a conductor leads to an accumulation of vacancies, forming a

void in the metal. Such voids may ultimately grow to a size that results in open-circuit failure of the conductor

line.

Thus, there is a need for a barrier that is more resistant to copper diffusion. Further, there is a
need for a method of implanting barrier material after copper seed deposition. Even further, there is a need for a
30 method of enhancing barrier properties by providing an interfacial layer proximate a seed layer. Further, there is

aneed of implanting elements into seed layer.



for the VLSl Era. Lattice Press, Sunset Beach, California, Vol. 2, pp.
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aperture tvia skc 0 vRAdledtidily connects the first conductive layer and the second conductive layer.

Other principle features and advantages of the invention will become apparent to those skilled

in the art upon review of the following drawings, the detailed description, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

25 The exemplary embodiments will hereafter be described with reference to the accompanying
drawings, wherein like numerals denote like elements, and:

FIGURE 1 is a schematic cross-sectional view representation of a dual damascene portion of
an integrated circuit fabricated in accordance with prior art;

FIGURE 2 is a schematic cross-sectional view representation of the dua] damascene portion of
30 the integrated circuit illustrated in FIGURE 1, showing an electromigration failure;



| ayer, providing a seed |ayer over the barrier layer, providing an inplant
into the barrier layer and seed layer to 20 forman inplapg JyRyssws. filling
the aperiyg @abd8 @ via material, and providing a second gaigisskrase | ayer
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| ayer and the second conductive |layer. Qher principle features and
advant ages of the invention will becone apparent to those ski I'led in the
art upon review of FKEREJlslagepmagc ctosarvertivgal view hpeschation df thel dwlbligaséepd osian ofand
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FIGURE 3 is a schematic cross-sectional view representation of the dual
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show ng an_.electrom rat ure,

Cross- gectl o Lagtgdéﬁ'fré’t‘?c&% a?ﬁewﬁh ﬂ@PTF’WHPlWe“QPF‘W‘H &rated circuit,
showi ng a seed/ barrl er interfacial layer in accordance with an exenplary
enbodi ment; 5 FI GUREGHREJ ina psepesiiie croisvestionploiey-repessinfatmal 2 pirw of eyintessendt at i on
of @ port idl'ﬁhltaﬁov&{gallrmﬂ@gﬁcﬁfsﬁd circuit, showng a barrier/dielectric
interfacial |ayer in accordance with anot her exenpl ary embodi nent; FlI GURE 6
is a perspective cross-sectional view representation of a portion of an

i nt egr at e bETATILENDESCRSMAON 0 THEIDSN PLARY dMBOBBNEY | N accordance with

anot her exenplary enbodi ment; and FIGURE 7 is a perspective cross-sectional

vi ew representation 8 r.Cul show ng a
il ant at f.on el RQ‘*’“‘EE‘E%“’%E%%R Pisii] Bl Gt Pl s
Referring ¥ yﬁ%&% aﬁee BOE TRl Y5430 and p seechlpysty #49t Bebstater4dQifan be hé‘F‘E?H\és a
substrate I#Yalyﬂewyzlﬂa(},anea/of {iierent layerslirgovehich 4iPGsion ar rsgeh hastwareed. | Nt er f aci al | ayer
430, and a seed | ayer 440. Substrate 410 can be a dielectric

15 Barrier layer 420 is provided to prevent diffusion of material into substrate layer 410. Barrier

layer 420 can be Tantalum (Ta), Tantalum Nitride (TaN), Titanium Silicon Nitride (TiSiN), or any of a variety

of other barrier materjals. As an example, barrier layer 420 can have a cross-sectional thickness of 30-70

Angstroms. Seed layer 440 can include copper (Cu) or a copper alloy and can have a cross-sectional thickness
of 100-300 Angstroms.

20 In a first exemplary embodiment, seed/barrier interfacial layer 430 can include different
elements which are implanted to form a mixed region with a uniform distribution of elements. For example,
seed/barrier interfacial layer 430 can include metallic elements of 6™ period (Ta, W, Re, Os, Ir, Pt), metallic
elements of 5 period (Nb, Mo, Ru, Rh, Pd), and/or metallic elements of 4% period (V, Cr, Fe, Co, Ni). Such
elements have the characteristics of forming metallic materials with highest melting point and highest density.

25 As an example, seed/barrier interfacial layer 430 can have a cross-sectional thickness of 10-30 Angstroms. Ina

preferred case the seed/barrier interfacial layer includes Re or Cr.

Implants forming seed/barrier interfacial layer 430 can be deposited using ultra low energy ion
implantation (ULEII). Using ULEII allows for implantation of a multitude of elements into seed layer 440
without having to manufacture copper alloy targets, as are used in plasma vapor deposition (PVD) tools. ULEII

30 also allows for control of implant concentration and depth. Advantageously, uniform distribution of elements in
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| ayer or any of a variety of different |layers into which diffusion or
mgration is not wanted. Barrier |ayer 420 is provided tojp ﬁ di ffusion
of material into substrate |ayer 410. Barrier |ayer 420 can e Tantal um
(Ta), Tantalum Nitride (TaN), Titanium Silicon Nitride (TiSiN), or any of a
variety of other barrier materials. As an exarrple barrier layer 420 can
have a cross-sectional .thickness of 30-70 strons. Seed | ayer 440 can
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targets, as are used in plasnma vapor deposition (PVD) tools. ULEIIl 30 al so
allows for control of t concentration and dept Advant ageousl! y
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seed | ayer 540. Diele trl c | 510, can be any a variety of
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can be a | bayier laydyr6@Uughd a wheil dhplanted lager P Digleatrid lgyef 610nw@ul inclndet dne of & @ateiyafi of a
via as desgikdaRel phitdricskesie Bénbe . 0layet fiddills which Ianlaapaﬁéqpagtrﬁaﬁl? Rhar Myers as
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el enments that are | Ieant o forma mxed region with a uniform

di stribution of el emant S ?arrl er/dielectric interfacial layer 520 can
inc®ide C, B, P, Si,Bager jgyer 68san pslantglum ), Jpntala, Nitride fLaN), Fitgpium, Silfcan Nijrigle
barri er/ di EHEN% pi si atter birdee inaeridl. ayperierI@r 62Arrak have aocrGy-wgvnad dickiesnef] 30-70
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In a third exemplary embodiment, implantation of elements into seed implanted layer 630 can

modify the Cu-alloy in seed implanted layer 630, forming a modified alloy layer and improving

25 electromigration reliability. Implanted elements in seed implanted layer 630 can include Zn, Sn, Cr, Ca, Ag, or
In. Implantation can involve use of a ULEII process. Alternatively, seed implanted layer 630 can be deposited

by PVD, CVD, or ALD. As an example, seed implanted layer 630 has a thickness of 10-30 Angstroms. In an

exemplary embodiment, a thermal process is used to facilitate the intermixing of implants with the copper alloy

in seed implanted layer 630. In a preferred case the seed implanted layer includes Zn or Ca. Selected elements

30 can form CuZn and CuCa layers, which provide seed implanted layers with lowered electrical resistance. These

CuZn and CuCa seed layers also form interconnects with increased electromigration resistance.
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Advant ageousl y, uniformdistribution of elenments in barri er/ di electric
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barrier alloy targets, such as, those targets used in PVD tools. 20
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Nitride ( Il!yeglpwnone@ 'Bet@é‘éﬂ di@l%mrla)bxaﬂ’ 16 lmﬁrbatqa'tlé?ygrl 534, - A%@{ antﬁér e*aﬂ%l@ l'secd %'gplagl@@ have

a Cross-secl ness of ar r r can be
deposi t ed %@%esmb w‘ﬁ‘ °°tf’ﬁ%gm§‘%l‘sraﬁ"'§§%t@?y§f ’“&% Eﬁ%ﬁ%/g % npl ant ati on
of el ement s into' seed inplanted | ayer 630 can nodify the Cu-alloy in seed
i npl anted | ayer 630, T Brkiplnlgyes thapiarlide gﬁﬂ‘&meﬁyterfaayéayera*h@ barrigg figjeefriq dteplapial
el ect r om gitagdr i529n and@bed drtypldntetl Yayer l630pdné Ads@itledodit nEfednse to FICRUREM 4i6repd @nkckdedlimy er
638 Iiélé IaP ' ng&nfbﬂ@al lZﬁr se§Bn m?tpenc%sed éga vup rThe Juycail LJHB&@E}E&B %IQJ&ICQ]@QOI&&Y%L ﬁ?eré’ltse dOf
a process ivel an can be deposite
by D, OV ?E“”é\fé"f‘fi‘“%taé‘ﬁ“ ﬁlﬁﬁﬁyea dw&&g@axeﬁa? %?Pﬂ"ﬁb h;aylért 630 has a_

i ckness o ngstrons. In an exenplary enbodi nen a therma
process is used to fﬂ%} teferenee o HHRE g Fébemnt)}zlcﬁgzvfmiﬂlmWamesenwwhfatphlémtﬂ@@per
all oy in seadndgapt arhedc) ayees aﬁaﬁm& mos5ga @elefe lay@ d15; as &chtshg 156 @b, & tppeant ed

| ayer i n\?\::”l %géﬁ $3SZDoa9irer 1% 74§g$dea%%e§ %'e? dﬁl aﬂltlé la§e97£ qmﬁ sLe(a haVer %ﬁm@@gﬁ (%111 yer

Iayers pI’OVI de 'seed ers electri

resi't ance SecHgredish o), inplude g ‘E&‘E%Eds‘@’érds“ﬂh‘ifeﬁe‘?/b%m‘gd“t?‘f?F‘ﬁH oyt #30C berriqEdidlesttic t h
i ncreased @keefortial layer P03t seeimplagdd by a¥es descibed@ithi3spEd ®FKBIRESE-6JUN 2006

PCT/ US02/ 32554 Advant ageously, the exenplary enbodi nents described with
reference to FI GURESofiof) 7008d prefdrablyFhrtd ailMak Rigt-Schidegrhtey(OLSIPdrc@Bidg @Rlidnb At

i nmproves r % rlxo@pﬁ'ak%]s&&[s PI:JaS‘\n '}%Ms m%%f%&%gl £Ss é)%r?yf%{e 18 F al s@xglcon &toll':axﬁir,u sgc Sas ?sﬂlcon

i npl anted | ayer is as part Ion
seed/ barri &t nterfacial |ayer 430 described wit h r ef erence to FI GURE 4 is
an i nplanted | ayer positioned between barrier |ayer 420 and seed | ayer 440.
As Boanot her exanpl ejretyas 795eis faine in @teparation for de frgionlof b aipcy BRI & ewdmidfed
W th refer aRe@rid 8yer) 18R etén stop 1536 TR8TPARAEET0S can have a cross-sectional width of 50-200 nm.
Aperture 705 can also have two sections, one having a smaller width than another. For example, a top section of
aperture 705 can have a cross-sectional width of 100-150 nm and a bottom section of aperture 705 can have a

cross-sectional width of 70-100 nm.

25 In an exemplary embodiment, dielectric layer 715 is an oxide material and etch stop layer 725
is Silicon Nitride (SiN) or other suitable material. Etch stop layer 725 prevents diffusion of copper from copper
layer 735 into dieleciric layer 715.

Copper layer 735 can be a layer of copper positioned in proximate location to via section 720.
Copper layer 735 can be an alloy including copper (Cu). In an alternative embodiment, copper layer 730 is a

30 stack of several layers.

Barrier layer 745 can be Tantalum (Ta), Titanium Nitride (TiN), Titanium Silicon Nitride
(TiSiN), Tungsten Nitride (WNXx), or other suitable material. In an exemplary embodiment, barrier layer 745



| ayer positioned between dielectric layer 510 and barrier |ayer 530. As yet
anot her exanple, seed inplanted |ayer 630 described wth ngamm #ofFe to

FI GURE 6wisosdiled7gP! anted |ayer proximate barrier layer 63y 398l tiple
| ayers that 3;"’Hlecl ude seed/barrier interfacial |ayer 430, barrl er?%gdel ectric
interfacial layer 520, and seed inplanted |layer 630 and described with

reference to FIGURES 4-6 can be included in a 10 conformal |ayer section in
a trench ubred cosssectiongljthicknefing 36 70Angsqme Bagionityeryi4f e be depesitaddy ALB ahd/ioy CEBNnect
t WO | ayer SThe bari&ropdities bAYATIErQyEHTES daXl Be dnBi@H Sy Hefuaiian o2 ¢h Yl sbh @Y, 8CH Il 6r | ayer
and connecked by a via. Wth reference to FIGURE 7, a schematic
cross-sectional view representation of a portion 700 of an integrated
circuit (1C incl udes ert re 705, a dielectric |layer 715 an etch stop
| ayer 725, a copper Tg‘i?'&rr be LOPPg 1Py puch %Tyaérallﬁdxglud%‘a SpClapdiey dprad with 755
Barrier | awrothﬁ%tawt@de&edl ’axﬁe?SS 745 5e deposited &y Gioanbed PVRAICVIDay AED. TIh asaetplagn

whi ch can Edyehibehe s@iliajen s addt Beks boaioRdl tilaeld ofo-SReRahRS | er interfacial layer
430, barrier/dielectric interfacial |ayer 520, or seed inplanted |ayer 630

as described with r eS%&ielg}}er 9? J:xl ﬁ% éeec@i p%ﬁ %Sdefgl;eﬁ Iv&tﬂ T fQ‘ché B ]HE abl y

part of an ultra- |arge-sca aﬁg It havi gf ons or
nor e transPEFBIEL: ﬁSEf‘r‘PYebFFSTGD"ﬁ €p H&Plaé’fru?réﬁera@ b&?f@eﬂkaﬂteh@tef wiahlqyes as

sem conduc tleeeibsafi® respesiie FIGHRE 4.aFgthdr] ig gén anothexf eebodindpielatrier leyer B85 cansbefsepararad i n
prepar at i OBorh Bppet B £5024idIQMC Rfer P15y Bbdt¥or @LLHHL HebrefbiaPRYef ds QkorfBbd wifhl:&ligEed I'i C

| ayer 715 %q:%g&ﬁh stop layer 725. Aperture 705 can have a cross-sectional
wdth of 5 Aperture 705 can al so have two sections, one having a
smal l er width than another. For exanp a top section of aperture 705 can
have a cross-secti orfm SEFERay Wﬂm‘ief(fabl‘%ngrﬂﬂ“ahg’ownmﬁpﬁdﬁysfééf js@epodiied: gigfer t ur e
705 can hastep layer 125 5 deposdiadveraopadr lapsr At unddicletBic LHH 7113 depdaited AveLdtchIsfdb Ayey 725.

embodi ment A rgisﬁiygrqg tﬂénQe}JoﬁtY@d’verar’Ll‘éctﬁcﬁay@pl 189 XI'th%sné?ﬁ}e?fs 'ué&!l mﬂn@ gatﬁﬁuﬁganﬁ Et% llrfiy er

725 is Silicon gz é sui tabl e mat er . stop. | ayer
725 "r evenf“%leﬁﬁlafyﬁg?so‘ﬁ gt stop b"épsﬁ? B a@ﬁﬁﬁéf’s Trlafﬁ%%t Iy mf“ﬁ‘f"&“’tf?‘%ﬂ"é?ft“?% c

| ayer 715. vicogpialin kgypes 707 8%l deppsitinge cendictivedayerglectimibremeqied 34 dopreriexdr 736 by the

proxi mate lpcation to via section 720. Copper |layer 735 can be an all oy

i ncluding copper (Cu). In an alternative enbodi nent,, copper layer 730 is a

30 stack of several dRfminfidh iy &alyeﬁ&refoﬁargmyf%ﬂ%@a' K75 T B0 formed

Tltanluletrlde Ti n|um 1 con ungsten N tride
(WX), or &pteert %‘tﬂa?e P A0SgRetier laypr 747 Fan b, fourmed oy ALP e G B ﬂayefﬂa% 2 8%

| ay@s 745 foBmed by advanced PVD, CVD, or ALD.

In an exemplary embodiment, after formation of barrier layer 745 and seed layer 755, an

implant 795 can be made by an angle implant or an angle implant along with a no-angle implant. Implant 795

can be 35 and/or 65 degrees. The angle implant can be 35 to 90 degrees. In an exemplary embodiment, implant

795 is a dose of, for example, in the range of E16cm? — E15cm? forming a doped monolayer, and is implanted at

25 anenergy, such as, 0.25 KeV — 5.0 KeV. Implant 795 can form an interfacial or implant layer such as the
implant layers described with reference to FIGURES 4-6.

technique to achieve implantation of implant 795 at a titled angle is by rotating the integrated
circuit wafer including portion 700. As such, an implanting device can be directed in one direction and, due to
the rotation of the integrated circuit wafer, implant 795 can be provided along side walls all around the aperture

30 of via section 720, In another embodiment, the wafer is tilted to control distribution of implant 795.

Advantageously, the addition of implant 795 allows for the creation of a seed layer including a

seed implant as described with reference to FIGURE 6. In an alternative embodiment, implant 795 allows for

-




WD 03/ 046978 2 6 JUN 2006 PCT/ US02/ 32554 has a cross sectional thickness of
30-70 Angstroms. Barrier layer 745 can be deposited by ALD ghgjospfVD. The
barrier Woeaukdgs of barrier layer 745 can be enhanced Ry ,gggghti on of

an inplant, such as, B, P, Si, or Ce. Seed |layer 755 can be a copper

al | oy, such as, an aIon |ncI uding C, S, d and/or doped wwth 5 any, other
suitable material. Seed | ayer 755 can be deposited by advanced PVD, CVD or
ALD. | n anthesesfipn of# fped/berprcrtirfieia fayer sprseting sagideyer T6%eaheseraraied o barrelpyek Tiiad

t hi ckness adscrihédGritB Q8pebttg FIGUREBL. 1€ Andhaydibodidat, ﬁ@&nﬂ 08 biukle f@-th%@ﬁgaoh gpd ant

as describ GblgglgE Y 755 can
be separ at gdgne%%%m%glﬁeﬁcgpﬁ a %th:l#g 3}3@3 7§eeg? gﬂa : %S%f 1§1ec °la' ¥F5rb§yer as
descri bed HFThedERsEepcetdT E 4. Further, in yet anot her errbodl ment ,
barrier layer 745 can be separated 10 from copper |ayer 735 or diel ectri C
| ayet¥ 715 by a bar r ileplingheclements puch dsyB, Bror Ge ifiat cobpgnmesd degwsitths sliawis e the widtibn
reference oft fixddidpdRmitBunitbrih &Bxb%@ﬂtﬂle%{eﬁfs e AQehnk, eﬁeﬂibr[td &Gabt ﬂglaﬁ)&f fsin@Bh 700,
once copper[,|

r 2 osi ted over
copper |ayer g%gl 2 E%Baaa §fl°g§§¥%s7l 4154 P guc%flgedslaye% mcgés{f?g[ oy atg?flee °m§r§sg°ﬁ" SPEY | ayer
725. A r eddhesion peiyrsy layess aP%&ﬁthﬂéﬂfeW%mbf\?'@Pﬂ% Elveée%nralse foprp graqrpbpusportiqr ef
resi st | aybdtrier Byets Sdibbui laved deunpaf graiti boumigrieand et ching in 15 dielectric | ayer
715 and etch stop layer 725 to formaperture 705. The resist layer is

rempyed before de pOS\leL- e exeMplidy Efﬁ;oﬁﬁlénﬁllllubtﬂte@-ﬂ%{etﬁgﬁé add¥escARE aﬂméénﬁ')g a
conductive '%%1 t he via.

r. ric 0.C
Before depbs o 4 ehoelg Far méonI t%qrmse en%°d’?’°é‘ts7aﬁggfgﬁglbhwé¥ ? §’§78$¥7ﬂ§ M seed
| ayer 755 a?‘@dlwwsmmdeﬂedﬁgxamm dﬁffe(iﬁt mafheds plimplanigeSpecien The inventiopjsaet lim@ wan be
formed by ApaBicelsr@dhbudinedDut eSﬁﬂdtdva';b&l’moZﬁEatlﬁ@,mmﬂﬁlamﬁQalfd(ﬂﬁrﬂiaﬁlo@thaaﬁia\i@ﬂﬂﬂﬂﬁ PVD,

CVD, or ALQuwlﬁgmﬁglsc %anﬂroyth aglg after formation of barrier |ayer
745 and seed | ayer 5 an ant can be nmade by an angle inplant or
an angle inplant along with a no angle inplant. Inplant 795 can be 35
and/ or 65 degrees. The angle inplant can be 35 to 90 degrees. In an

exenpl ary enbodi nent, inplant 795 is a dose of, for exanple, in the range
of El6cnR - E15cnR form ng a doped nonolayer, and is inplanted at 25 an
-energy, such as, 0.25 KeV - 5.0 KeV. Inplant 795 can forman interfacial
or inplant |ayer such as the inplant |ayers described with reference to
FI GURES 4-6. technique to achieve inplantation of inplant 795 at a titled
angle is by rotating the integrated

-8-




circuit wafer including portion 700. As such, an inplanting device can be
directed in one direction and, due to the rotation of the integrated
circuit wafer, inplant 795 can be provided al ong side wal |l s abé Jae®00d t he
aperture 30 of via section 720. In another enbodinment, the wafer is tilted
to control distribution of inplant 795. Advantageously, the addition of

i npl ant Waht gldlamed iwr the creation of a seed |ayer including a seed

i npl ant as described with reference to FIGURE 6. In an alternative

enbodi ment, inplant 795 allows for -7 WD 03/046978 2 6 JUN 2006

PCT/ US024 3255% ﬁl&ﬁo bEAbHOKRH fan%nt%%?a dt@{cﬁiteche hféft}ﬁ)rdfc%ﬁipﬁlsmgayer separating
seed | ayer can e separate barrier layer 745 escribed with
respect to FIfadRingla birmeylkyeraddd,i580) dnb@wtmkmdewaﬂtﬂaldtabmmﬂ@m for the

creation of a rrier/dielectric in ci al er s i er
ayer | Tagesinee Chahdi Viageirs et ] o Eongtrie oy et SReB8hlY boq

Wi th ref @6&1@%&1@93@0%@1@%&&égeébﬁd‘%rﬁﬂlcﬁ‘b &t S, SUCh as, B P, or Ge
after copper seed deposition allows for the creation of m xed |ayers with
uni f orm di st r fdyoingmsestl lastee (4t 310) pmxanateﬁadrmréomlmtbgﬂwrhaﬂ@é(‘é@pl ant ed
using an nergy of 1-2 KeV and a dose of 5-7 E15cnR. Such m xed | ayers

i ncl udi na?’é3 : (gnt ed el enents can inprove adhesion between |ayers and,

further, el ecwrﬁmga@ﬁﬁpmé&iayamsho tm) pEBYhatdhdadohforinal 1 tReTBarplBOSer
portions of barrier |layers w thout lge amounts of grain boundaries.

Wi | e t hé536X e:mqothanmp@nteddammlgeremlthm ensed Jayerine barrgf\rfﬁi@éeoar#dméréﬁaew bed
above ar sent rnred t

enbodi mafﬁyg §F%058‘$ %l)%ty\é) mérl eé ?%%érjr% fi%le%?r clﬁgg%lﬁéa?e%ewgwnﬂéﬁ@eg ey
include, |dyer. exanple, di ffer ent met hods of i rrpl anting species. The
invention is not limted to a particular enbodi nent, but extends to
various nodifications, conbinations, and pernutations that neverthel ess
fall withint - Of APMER q; @fd}H@&rgOOG
What is 21 ai me e?[%%? a%g\&dﬁ% oclfa(l)liq 1f g’?r%iecat ?Egﬁ%ﬁ&}int}g?ﬁaat eégc(rcw t1 he
met hod congfacidl fayer Hisposed petwesaltid erri¢rdyyer agd 2@iel &) laatrdngatd:chb@owltheb‘l de

wal | s ang a bottom of a via
arricr ayer

3. The method according to claim 1, wherein the implanted layer (430) is a seed/barrier

interfacial layer disposed between the seed layer (755) and the barrier layer (530).

4. The method according to claim 1, wherein the implanted layer has a high melting
point and high density.
5. The method according to claim 1, wherein the implanted layer (520) is located

within the seed layer.

6. The method according to claim 5, wherein the implanted layer (520) is located on top

of the seed layer, in a middle of the seed layer, or at a bottom of the seed layer.



aperture (705), the via aperture being configured to receive a via materi al
that electrically connects a first conductive |ayer and a second
conductive layer; fornming a seed |ayer (440,540) proximate and6 funef290fml to
the barrier layer (420, 530); and formng an inplanted |ayer (520, 430)
proxi mate and conformal to the barrier layer (530) and the inp|anted

| ayer, wher ei whe msthogmceerding tp glaim 1, wherelsithe inplegied lavet (320) isaiedci al

| ayer di e gne‘gitgggmﬁg@%?gﬁgpﬁ%?ﬁgﬁ%ﬁ%Ogtgglegﬂgimq{‘ect ric layer |ocated

bel ow t he™barrier according to claim1, wherein the
inplanted layer is a barrier/dielectric interfacial |ayer disposed between
the barrier |ayer and a dielectric |a er,Iocgﬁfg(d be{owthe barrier |ayer.
3. The mBt hod The Bwtdigeerding tackain 1, wheie sse e{WﬁU&ﬁ%%&OW&p@i“)@ W) is a
seed/barrier interfacial |ayer disposed between the seed | ayer (755) and
the barrier layer (530). 4. The nethod according to claim 1, wherein the

i mpl ant efl. | ay&he hathod dot@tingeb clang 1, phewin the dnplagted deyes hesya crbss-Sehigonsabt hod
according.to claj wherein the inplanted | ayer (520) is located wthin
t he seed IQV@?SgéW'%Wd according to claimb5, wherein the inplanted
| ayer (520) is located on top of the seed layer, in a niddle of the seed
| ayer, or at a bottomof the seed |ayer. 9 26 June 2006 7. The met hod
accor di ng0t o Thainettbd ashediigrio chémilpphersinete implented 306y is forraedbyavanglegi on
with a uni flortrrtl di stribut..on ft .§I ﬁorren 2 conr%t ained therein. 8 The nethod
accor di nPPRANIP AFReYe a Ypiforny isTidy q%ée?m? ¢l udes a copper (Cu) alloy. 9.
The met hod according to claim1, wherein the inplanted | ayer has a
cross-sectional thickness of 10-30 Angstrons. 10. The method according to

cl ai m 1, liher &i methpé of impplaniatien aftey épppes seedrdepasiion Byandntseeated GHsMENt . t o

achi eve niformdistri ' ments. 11. A nethod of inplantation
after co%aﬁl)jglrca%%n O(gées%’otfsllé :égﬂr?(ai%r?g{gﬁl ilnﬁt egrated circuit fabrication process,

the met hod copfvidihg first conductive layer over an integrated circuit substrate;

providing a conformal layer section at a bottom and sides of a via aperture positioned
over the first conductive layer to form a barrier separating the via aperture from the first
conductive layer;

implanting an element into the conformal layer to form an implanted layer in the
conformal layer section;

filling the via aperture with a via material; and

providing a secpnd conductive layer over the via material such that the via material
is disposed between the first conductive layer and the second conductive layer, wherein
implanting an element into the conformal layer to form an implanted layer in the conformal
layer includes forming a barrier/dielectric interfacial layer between a barrier layer in the

conformal layer and a dielectric below the conformal layer.

12.  The method according to claim 11, wherein implanting an element into the
conformal layer section to form an implanted layer in the conformal layer section includes
forming a seed/barrier interfacial layer between a seed layer and a barrier layer in the

conformal layer section.
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providing a first conductive layer over an integrated circuit substrate,
providing a conformal |ayer section at a bottom and sides of a via aperture
positioned over the first conductive layer to forma barri er 26 &mer200ng
the via aperture fromthe first conductive layer; inplanting an el enent
into the conformal layer to forman inplanted layer in the conformal |ayer
section; filling the via aperture with a via material; and providing a

second C?@ductrhgﬁqehﬁ;\ﬁ%'&ccgaﬁ{ ib BRik 13, HRLEY ﬂl 1&%@&@%@5@&1@4}1@ materi al

i s di sposed between the t con ucilve r and the second conductive
| ayer, V\/omfemnal layasptcafmtmrag 1mqplaateeldeyﬁr in ﬁtea:onfmemalda:femntzﬁonl ingludestforniiog m an
i npl ant ed i ncl.udes form

barri er/ 8iP8T é&@?"h?@“%&‘?‘@gﬁ ' %Verl l?ﬁ%{? %‘E%%fr}a%e%’aﬂﬁ CQPPQ%%??a]e’?y?rr‘?‘nfiﬁe

Conformhlel&wsean&lﬁem%méﬁawy%&ﬁ@nconformal layer. 12. The method
according to claim11l, wherein inplanting an elenent into the confornal

| ayer section to form an inplanted |ayer in the conformal | ayer section

ahar 11 ot 41 ay SPe ethoRgcord e Rlinilay bhaEishs bipiEhiet S EER BB Ee P 7 ™

et hod aggds dighGndl@nEpsinn 11, wherein inplanting an el errent into the
conformal layer to form an |rrpl anted layer in the conformal |ayer section

includes formng a barrier/dielectric interfacial |ayer between a barrier

layer in, %he %ﬁ_&%{l{ﬁﬁlac&ﬁphrg &8@9&11% 1 d{’\lﬁér%g{[té ﬁnﬂ?ﬁt&& %%As%%r% gselsﬁ)&{ Lpr el

| ayer section accor t erein ant ed

| ayer hashieknes0dt 1de3BALystroasd a hi gh rrel ting point. 15. The net hod
according to claim 11, wherein the inplanted | ayer has a cross-secti onal
t hi ckness of 10-30 Angstrons. 16. A nethod of forming a via in an

integrated CiNGlidog BP&rﬁﬁ%@@a‘ﬁ? Hﬂ?fﬂt rdd Ciﬁgﬁ?% théth8d @oﬁl{)ﬁﬁﬁ .conductive

| ayer; depositing an et op layer er t I'rst conductive | ayer:
deposi ti ng andepsitingta firgt domyectivedayert he etch stop | ayer;

depositing an etch stop layer over the first conductive layer;

depositing an insulating layer over the etch stop layer;

forming an aperture in the insulating layer and the etch stop layer;

providing a barrier material at a bottom and sides of the aperture to form a barrier
layer;

providing a seed layer over the barrier layer;

providing an implant into the barrier layer and seed layer to form an implant layer;

filling the aperture with a via material; and

providing a second conductive layer over the via such that the via is disposed
between the first conductive layer and the second conductive layer,

wherein the implant layer is a barrier/dielectric interfacial layer disposed between the

barrier layer and the insulating layer.

17.  The method according to claim 16, wherein the implant includes metallic elements of
6t period (Ta, W, Re, Os, Ir, Pt), metallic elements of 5t period (Nb, Mo, Ru, Rh, Pd),
and/or metallic elements of 4™ period (V, Cr, Fe, Co, Ni).
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form ng an aperture in the insulating |layer and the etch stop |ayer;
providing a barrier material at a bottom and sides of the aperture to form
a barrier layer; providing a seed | ayer over the barrier |aye2é JuredddOdi ng
an inplant into the barrier layer and seed |layer to forman inplant |ayer;
filling the aperture with a via material; and providing a second conductive
| ayer over the via such that the via is disposed between the first

conduct i | a t u | ant | ayer
a2 bar Fer  drerBRd 4 SRR RLRES Shikh UGN G f Decklifab T

| ayer anthtérfidl ek déposed beyeen tht deedllagernmmt hisbaddadaytrng to cl ai m 16,
wherein the inplant includes netallic elenments of 6th period (Ta, W Re,
GCs, Ir, Pt), metallic elenents of 5th period (Nb, My, Ru, Rh, Pd), and/or
metal licqgl e ) : 18.
The nethé% aggﬂégwagﬁ#%&) g&&??g&xgﬁgﬁgPﬁﬁ% %%*“nd&%§§%g§ﬁggg%QQQ,

seed/ bar AiseGa, driticeelémental | ayer deposed between the seed |ayer and the
barrier layer. 19. The nethod according to claim 16, wherein the inplant
includes C, B, P, Si, N Al As, Ga, or Ge elenents. 20. The net hod
accordinggto q’h@h@}ij@@’ac%lﬁfn%'t@ cfali}ﬁ 162%héRln b Bhekt diefecirietift@GhBhydraner has
a high nelting point and a high density. 21. The nethod accordi ng to claim
16, wher ehightheltingpbmhend mbighdessign, Sn, C, Ca, Ag, or In elenents. 22.
The net hod according to claiml16, mherein the i npl anted | ayer is |ocated
within the seed layer. 23. The nethod according to claim16, wherein

provi di ngjan TH®hRHod et dingo BRithi16I whérditethe ﬁﬁ]lslaﬁﬁﬁdudie%yaf ShoCE, @amagn

i npl ant | ayer includes angle inpl ant i ng the inplant
or In elements.

22.  The method according to claim 16, wherein the implanted layer is located within the

seed layer.

23.  The method according to claim 16, wherein providing an implant into the barrier

layer and seed layer to form an implant layer includes angle implanting the implant.
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