; e3eDd C T 2002 COPPER | NTERCONNECTI ON STRUCTURE | NCORPCRATI NG A
NETAL tleld o the Invention The present invention generally
reIat rconnection structure for providing electrica

connunlcaﬂm%ﬁzmnth an el ectronic device, and nethod for fabricating such
structure and nore particularly, rqlates to an intezggggtfti tructure
for providing electrical connections to an el ectron i éﬁﬂyfthe

i ncorporation of a copper aIon seed Iayer sandmnched |n bet ween a copper
conduct or body Qo ENFERCONNIECTICON (33 JOORPORARING ect romi grati on
resi stance, the adhesron and the surface propertles of the i nt erconnecti on
structure. Background of the AnveTAL GEE@AYERhNOl ogy of making

i nterconnections to provide for or vial, lines and other recesses in

sem conductor chip structureseld! et ﬁggyinﬁagggbays and package

applications has been devel oped for nany years: For instance, in devel oping

i nterconnection ¢eehne| Q% nkor Merdnd @ge- ?&ﬁé%ﬂiﬂl egrai 8do{ VLSL) an
structures, alum num has been utilized as the prinary netal source for

cont aCE%t@EéohHé@EEQH”QEHcN‘réef%EO;?%c%d QIIRNS10h1de¥hkGR 1 E2CAL S 0“ a
singl e substrate. Alum num has been the material of choice because (<

2 50 G;iTrh200¢ ZePécﬂEén @Wd%??tce 9098y ORI G, LONEJEL @Ml@a%nﬁongﬁ'gﬂ' vi ty

However, pure al um num thi n-fi [ mé&onduct ors have undesirabl e properties

ch a I t erdo ko
Efocesé.t%‘g@é%%‘;’.a%r P L A e e etn ilur mhg Taeear A UEgon
| eads t d i an tiLon ntI ,
a nunbtgﬁ&r%?%?%mfﬁﬁmﬂaﬁr‘mﬁﬁéeg&en GevseRhegion el u ég‘-’gééﬂﬁées Y

OVEr PY& ;U p&‘{% 1o %%5@9?% 2 coﬁ?&?rﬁll _séed@%eéééggh%w es a

conductive Ia an afl'oy o um nuht contai ning u

ol cotr OM OrArTER Pes Soa U e Bateh “%%%%%%%%g%grsrgz A u%n"XEm
al | oys 1y %v%lnge ntr}iém%@éjcleroml %%E he r853 Hﬁ&g tond ”B&r‘?é!&&l egigopgration

resistan ope tec n ogy has pl aced nore stringent
demands, (rodae pticbbng ;6 EaYE MBI N 5 il e eégr@ % high circuit
densities er operating speeds reqU|re8 devi ces. This |eads
to hi gher current densities in increasingly smaller conductor lines. As a
result, higher conductance wiring is desired which requires either |arger

cross-section wires for abya QU éﬁlégrégganQEgE§ogr a different wiring
mat eri al that has a hi gher conhductance. € obvious choice in the industry

I's to develop thelatLef,48bn9 cRE“Ex\%kERBp?ﬁtéPéor{ne%t‘i%ﬁ'sr@Q'perc!%% for

vias, lines and other recesses in semiconductor chip structures,

flat panel displays, and package applications has been developed
for many vyears: For instance, 1in developing interconnection
technology for very-large-scale-~integrated (VLSI) structures,
aluminum has been utilized as the primary metal source for contacts
and interconnects in semiconductor regions or devices located on a

single substrate. Aluminum has been the material of choice because

T
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t 1\t 250CT 2002 conductivity. In the formati on of ULSI

p i nterconnection structures such as vias and |ines, copper can be deposited
into such recesses to interconnect sem conductor regions or devices |ocated
on the same substrate. However, copper is known to have problens at

seni conduct or device junctions due to its |ow el ectrom@Ra(@T ?@@2& ance.
The el ectrom gration phenonenon occurg when the superpdsition of an

electric field onto randomthermal diffusion in a netallic solid causes a

net drift of ions_in the direction . of the electron flow.  An i ffusion of
copper i dfs iMito tRE 595on98aBstPEEE cﬁﬂntﬁﬁ%ea&gbigégﬁaf¥ﬁg CELRILY.

addi tion, pure copper does not adhere | to oxygen containing dielectrics
such as s%$%?%ﬁ¥7di§%F8e %ﬁﬂ“ﬂBV@iﬁ$&87¥§'meﬁq Y PFerh%%%péW%Fﬁlrabfe
i nt erconnection technol ogy, the adhesion gﬁgerti s_Qf .cop nmust al so be

, copper
i npr oved. PXPRETLISE SHCINGS 3 4Ho3h MeiA1ngsR G AT bAmon® 488 §RedOBf

the present invention, discloses the use of a copper alloy containing an
al | oyi ng BPERRFRCGIC PESSCERART 2 RATHIPE CodbyTF 1t 1ddposhei figl PrafleynEnt o
the recess of an interconnection structure and then form ng a copper alloy
pl ug and aCReRhiNAyENIGh ahedRF d&of CPRE2EF | WichgIerertAP off e expssed
surface of the 11 250CT 2002 plug. However, the technique stil

does not ShEFE¥§it@tivie sCPPAGERENFBGUIT SWERES PR BLYM 4R (ililgwss hfier e
critical dinensions
been developed which provided advances over pure aluminum. For

instance, U.S. Patent No. 4,566,177 discloses a conductive layer of
an alloy of aluminum containing up to 3% by weight of silicon,
copper, nickel, chromium and manganese was developed to improve
electromigration resistance. U.S. Patent No. 3,631,304 discloses
aluminum alloys with aluminum oxide which were also used to i1mprove

electromigration resistance.

Recently developed ULSTI technology has placed more
stringent demands on the wiring requirements due to the extremely
high circuit densities and faster operating speeds required of such
devices. This leads to higher current densities in increasingly
smaller conductor lines. As a result, higher conductance wiring is
desired which requires either 1larger cross-section wires for
aluminum alloy conductors or a different wiring material that has
a higher conductance. The obvious choice in the industry is to

develop the latter using pure copper for its desirable high



of less than 0.5 um place a considerable burden on thin filmchip

i nterconnections. The use of standard Al (Cu) alloy and a silicon dioxide
dielectric in a deep-submicron logic circuit wiring structure results in a
| arge circuit delay caused mainly by the wiring connections. The use of Cu
as an alternative material to AL (Cu) in ULSI wiring structures to increase
the chip speed has been attenpted by ot hers. However, nunerous problens are
incurred in Cu interconnections suclh as the tendency zéCﬁEttT) mode and
the fastoRifdacs (Jiffusion rates of copper in thin fi [ own t hat
pure Cu has a small'er electromgration activation energy, i.e., 0. 50.8 eV,
than that in Al (Cu) of 0. 80.9 eV. This inplies that the advantage of
using Cu for reducing i nterconnecti on electromgration failure at chip

operating conditignsnbscbanelon GOMBLOM SAtrcorhcdehBARLE Fudlu AN SOlar ged,

cross-sectional view of an ectronic structure that utilizes conventi onal

i nter cogpe‘pjodso%c{@dﬁecg E,%r %5#10)5@' 8e889%ed Ni ki QU Eorl ¢ P%% % e(EEr oni C

structure contains two copper I nterconnecti ons

5 T t t b

5 iR A one s%&,ﬂgog?é% AT D8 EOREL TG e oY
t trate 24, As i Fi |

R T
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dielectric sta he dielectric sta i.s .t pat L er ned and .et ched
usi ng s?eml WCttCh The %ur?ftdlrons clﬁet(gachr%’lscqsuglg To %%o u%’%lga{?a%e&nr ed
wiring of.viapatter nThThe processLe ddien el baued, by, dherelal, o

deposi tFORE S 1 hi nT Xah&STSHF AT Lo | PREPOTB"QRd copper ?%y ©

metal | ur erein_a_bott silLco nltrldel I 8isu

di f f usi %%g%%?os FYhet 78 § reec\r/qr&us%y Qde & 58“%‘?\%% A Hé§FUSloré 20 to
protect_a t, copper di ffusion .copper IIo I Nt ercon tion 12
is forr’r%(f(%’eq:atnltSl 5 S lgoﬁa‘ﬁ???l d@elta?/relré% slo gp%)%l %eed désreg% PC%PZ{:?\&

| ayer for defini t he e .copper interconnecti.on 1 After. a second
| evel df ie?%%??rilc@g?gw gki] epuossllOn t a Tece Icsl?rcl)? alrr}tlont% Feonnect™ s

et ched |nto the di eI ecctrlc a t3 A re ? S|Gli Lon nitruirgec(l)a er 32. A
interl eVer® ?)%%r ‘h&PS&ua ﬁe aflhul irier 2279 et P pper does

not adhere well to oxygen containing dielectrics such as silicon
dioxide and polyimide. To fully utilize copper in interconnection
technology, the adhesion properties of copper must also be

improved.

U.S. .Patent No. 5,130,274, assigned to the common
assignee of the present invention, discloses the use of a copper
alloy containing an alloying element of less than 2 atomic % by
first depositing an alloy into the recess of an interconnection
structure and then forming a copper alloy plug and a thin layer of

an oxide of the alloying element on the exposed surface of the



depgsited by a technique simlar to that used in depositing the first |evel

copper alloy interconnection 12. A variety of netal deposition techniques

can be used for filling the trench or via. These techniques include a

collimated sputtering process, an ion 250 CT 1002 cluster beam
rocess, an electron cyclotron resonance process, a cheng

8eposition process, anyelectroless @Iating process andzgﬁq@tezﬁﬁgnatic

pl ati ng process. O her techni ques such as a co-deposition nmethod in which

copper @\g,; an a L,aykng %@mc%tchataugos(ti&@@s'dtoe@ Ggt aksps bey ueﬁg '@'artorm ng

t he copper” all oys. For .instance, such co-deposition nethods inc

co- SpUt rﬂ%ﬁtCQBgGH: en€é’ SGher £alk 1y é?GEeQ%ﬁﬁ%}Ot bQthBgl ArRYanenat i on.

Af ter t et the inter eve copper 14, anot her

simlar, frpecseg ah roe%e g %Qe fé”éBn%*l%e%SB dbh?&l&é 88&%%%; Cq}t%{%% ect i on

16 with Tiner relectric stac | ayer stop ayer

36 of Slkt&f@odﬁetcr %%s' S yhé't{s%e%fbﬁtx\ﬁc%'rd@ﬁ g and, gih&n&eac%’lq yel

i nt erconnéections inal'ly, a top silicon n|tr| I'ayer 42°1s de osited on
top of &hgxﬁg peﬁjﬁkglngcstructurg %gp SB f ect Cthglg vnce frontthe
envi ronnent’. ferR6FkaFs havé afterpted to Use c pper “a oys i pr8V|d|ng
enhanced electrontg 4.on, resi taqgenJﬁ%ﬁt t%nceause% lne ‘h
5,023, 698 P ea Lt %ﬁim§ %ﬂloy ntalnlng a ]1853 one Ao Vn eleﬁent
sel ected, frontth Qup of Al, Be, C, Fe, My, Ni, Si, Sn and Zn u. S
Pat ent KbT1BI d?%“?é%? t%®4ches copper alloys containing at |east one nenber
selected fromliIn, Cd, Sb, Bi, Ti, Ag, Sn, Pb, Zr and Hf where the wei ght
percent of the aIoning eIenent used i s between 0.0003 to 0 01 The copper
al l oys are used 2 5 C T 2002 iin TAB progcesses and r.cui t

é Eﬁgn f{;t%

board nenbers. LJ%?erﬂﬁ ettt & 35, 2804} %%et%%%% 3 copp YRS film

carrlerEgB?Lé%%bbgph% 9§%£3%§9 %P Igﬁg&ﬁgnis on|$ﬁpelenent ﬁeleqﬁfqugO;L
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I nter connectl [0) asqtal,%et ures on &JE%| eVl ces I’TUS? pr OV de ense

conti nuo ys netal w nsuI tor struc at Les

t han O. § 5 trﬁmmgd?h gn%a T &t peclpté?eggtﬁgahe n?h g ny ?%§¥efore
an object o& the ﬁresent i nvention to provide an |nterconnect|on structure
of copper glpoy fhat does not

A schematic of an enlarged, cross-sectional view of an
electronic structure that utilizes conventional interconnections
made of copper alloy is shown in Figure 1. The electronic

structure 10 contains two levels of copper interconnections 12, 16



\ £,25 0 CT 2002 have the drawbacks and shortcom ngs of conventi onal

. copper interconnection structures. It is another object of the present
invention to provide an interconnection structure of a copper alloy that
has i nproved el ectrom gration resistance, adhesion properties and ot her
surface properties. It is a further object of the presegtpri tionto .
provi de gn Pnterconnecti on structure {‘ copper all gy th2t5uﬁbﬁ072&)% seed
| ayer at the interface between a copper alloy interconnection body and an
el ectroni gndeHLedda 1eveonngci ehdtdathhgi & adwddernifihhet rebi €ed 9f 4 he
present invention to provide an interconnection structure of copper alloy

by i ncor posmdddtthed p@RREE 8h | P reeedblaystesardwicehed, i mHRetweene & opper
conductor body and an el ectronic device to which the interconnectionis

connect edpuiit ich o iddniaBehhgtt Ok efbsRiratBe2 pr esentsrcamenhi piqgh P Pr oy de
an interconnection structure of copper alloy by depositing a copper alloy

seed |ayefypréor gathalshenboi SRl an ef rfher fonRar ceopgduatoripedy t WBhehr a
contains at | east one elenent of Sn, In, C, 41 2 oc T 2002 Ti, Zr,

O O or Si50f i AREOYEPP; L hergbpCcbBOm Ofiad | Qe {&SI SIANSEAOf BBe is then
i nterconnection structure. It 1s yet another object of the present

| vent onpt o faY] dgndN oA EHCANRG! AN SLEHC LR L2 ERPPCL ! 1Y DY o

depositing a copper alloy seed layer prior to the forhation of the copper

o Ca, _sr Ol ALY BELUAEE FLkeREh 2eG SIYe SELEELES aheRRoeddl,
LU Another TURther ablegledol hbe PRESCRLeIVenLLOR:L Rl Ovhde 8 vnin
i nterconnection structure of copper alloy by utilizing a copper alloy seed
I whi j i : I t : :
el LGB EES A% B ER 18P0 PLOTRLo SE) 26069 KON A 1. uFieso T
propertieg gbrthe 5Nt PEGONMAGHIQAN 1SYEHCHRT £5 dded SSU I (NQLDET LEULL ber
obj ect of ‘the present invention to provide an interconnection systemo
copper 3 kpkeOYsdaRast Lo, Gy arial sead LBYohes 2AIWLEDEL: DEb wesn, BoEopper

conduct or y and an e evice of "a netal selected fro

or Co to LgRtiQve LA& SORRY: GQRHUC! RF AERPR LhBPe P PSS interconnection

12 is formed, a top silicon nitride layer 32 is deposited as an

w

etch stop layer for defining the next level copper interconnection
14. After a second level dielectric stack 34 is deposited, a
recess for an interconnect is etched into the dielectric layer 34

and the silicon nitride layer 32.

A interlevel copper alloy stud 14 with liner 22 is then
deposited by a technique similar to that used in depositing the
first level copper alloy interconnection 12. A wvariety of metal
deposition techniques can be used for filling the trench or via.

These techniques include a collimated sputtering process, an ion



It rs still another further object of the present invention to provide a
smethod for formng an interconnection 250 CT 2002 structure by first

depositing a copper alloy seed |ayer on an el ectronic device and then

form ng a copper conductor body on the seed | ayer such that

el ectrom gration resistance corrosion resistance and adhesi on of the

i nterconnection structure are inprowed wherein the see@ H Q€T iA0Ddides

copper and at | east one el enent selected fromthe group consisting of Sn,

In, Zr, cThstér Bral ptdcddl Sn e1bbtPHAMBYY1 & rdherdsHnanRkOprbBe @€ cOs dance
with the present inventjon, an interconnection structure of copper alloy

that haghbRPEQYeshd e ddyuighshi Prodes Stanegecadhess O IRAARG! brEse 80d
ot her surface properties is provided by utilizing an additional copper

al l oy sggd gaygieéeﬂgM@iftedp1baecti\4>f§eBrbhes§9pp@En@p&¢mnqrqua9dxpéﬂdaé he
el ectronic device. In a preferred enbodi nent, an interconnection structure

for provpbdyBgos! €641 1 6adh SOMUNKGRRI @BEp Mt hh @M el LCIJAMIGC cABMERE ASe
provi ded which includes a body that is ?orned substantial'ly of copper and a

copper @l)l—eiépéﬁ?ﬁie(:iaé/ﬂ Seddichedql InbebWeery angk i dbdtd MRt gy gont agt with
t he body and the electronic device for Inproving electronlgraylon

resi stangegholhe Sk eroRnesLi O SLEUGIAL. | TR LORREIs Ak oY g edcbayer s

formed by copper and at | east one el enent of Sn, In, , i, C°O N d or

S. In aggggﬁagpr sé-e%ﬁgﬂi@g@%gé%ptgeg@@i}%ﬁrg@@ﬂ@&l&@gosﬁ_tawgw eégggﬁm o

provi di ectrical connect n electronic device is provi

i ncl udes, a CopRer.GaNAUG! a1 bady 90,8, caRREL-aLl 9y seedy qyer

1.ched
in between and I'n intinate contact w copper nduct or bggégg%% a

i TTuS! QR eRALE! Shrocels 243 (pel:800%d AY8HnT AHERA QA1) ELEF! LBBLE - devi ce

for inproving adhesion

interconnection 16 with liner 24 in a third dielectric stack layer
38. An etch stop layer 36 of silicon nitride 1s utilized between
the stud and the second level interconnections. Finally, a top
silicon nitride layer 42 is deposited on top of the copper wiring

structure 10 for protecting the device from the environment.

Other workers have attempted to use copper alloys in
providing enhanced electromigration resistance. For instance, U.S.
Patent No. 5,023,698 teaches copper alloys containing at least one
alloying element selected from the group of Al, Be, Cr, Fe, Mg, Ni,
Si, Sn and Zn. U.S. Patent No. 5,077,005 teaches copper alloys
containing at least one member selected from In, Cd, Sb, Bi, Ti,
Ag, Sn, Pb, Zr and Hf where the weight percent of the alloying

element used is between 0.0003 to 0.01. The copper alloys are used



underl ying diffusion barrier |ayer, the copper alloy seed | ayer consists of
'copper and at |east one el enent selected fromthe group consisting of AQ
My, Be, Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm Eu, Gd, Tb, Dy, Ho, Er, Tm
Yb, Lu, Hf, V, Nb, Ta, C, Mo, W M, Re, Si and Ge. In still another
preferred enbodi nent, an interconnection systemfor providing_electrical
connection to an electronic device is provided which irEIﬁJ(ﬂéTazaaﬂper
conductor body and a copper alloy seed | ayer sandw ched in between and in
L ntiat e O AGH: LN 8 GOROSL GANRICLAS ¢ NGl AitlnbRe el egt s ot g ce
for inproving the surface properties of the electronic 3evi ce, the copper
alloy s I Si f p d I - n ; . N, P,
e TR 08 TR0 B R R 8L RS PR T P e B
conmmuni cation wth an.electronicg, device i vj de i i ngl S copper
conduct og(g%%adlyn%nrﬁj a% r%éb’ %ﬁ (s)réeeaalflao et sgggr\rf‘\n&gﬁeéd%%t\gét \%\gg{ﬁl ghgzglf’n (?jrfti mat e
contact with, the, copper ,conductgr body, and.the el ectranic.,device for
i nprovi niémetkrllb/[eg’cg[\;l)lp’ePspnc,’orj%AL C?{%I' g%pogl t%%’nd%or’ogenés%%t’ hglhe¥%1 %%eacf‘#)az);\er is
deposi ted. of met whi ch .has sol ubi lity in coppe ow, such that
substant‘l’%ﬁlygﬁ% %gip%%lrngcc%?gﬁﬁgs082\%6%%raft&rorrr1§'d%rgﬁ géggrg?,ot ew‘?’rle(-{qh has
an el ectrical resiéfli Vi 5}/ subst ant i a(JSIlﬁy Si nr?'nleacc.'%o ?'hed 3n2.5 0 C.T 2002
el ectri cBPEFRR_F sti vPEy2dtO¥oppetr . UKL AT aBi"E St AP 67T hd" nePRFISRR | ayer
is Ag, Mo, Wor . _The present invention is further directed,t hod
for fornfhECRhCi CBéPcB‘ﬁHEEH%n stFruﬁgF'ﬁ]F%OIf%r '{l)'r%\/i FHy el %trﬁCng'Emsé
connection to an el ectroﬂjc devi ce whi ch can be carri ed:L ut . ba/ t{'ue
oper at i ngeéFaﬁé GPPPEF sl 48hds PR HY H Yopper L &1 oy et + QYEPY ofl gRent
el ectroni c_device, and then faqrmng a copper_conductor body on the copper
2l 1oy SeBALPRVER FRORNStel 4 bdridi g Har ¢ her 1 2yeruh /¢ Ak 8hectt omigr ati on
resi stance of the interconnection structure is 'grrproveg. The present
i nventi ot s“Par thefedi Fect ¥ tU & nehod f 6 f 8PnifRg &n i A& EOAAEERT on
structure _for Er ovi din (gl ectrical communication with an el ectroni¢c device
n

that hasSMiBPBYRd258hESPON % tRCTHF WIS WIPER"c8h bBScGPPPEE Bttoby the
LR phLlShadSpEshiL 0.2 comaer .l ovy sgel ueron Lhe eLaetione.
Yo, Lu ARPTOVERRtnasies an TaReAChRRY & ThI R TR een { BPHEREEA |
copper conduct or. body Ln Intimte contact,ulth.ihg conpqr all oy peed Laver.
sufficiently improved for use in ULSI on-chip or off-chip wiring
interconnections to meet the electromigration resistance and the
adhesion property requirements. Interconnection structures on ULSIT
devices must provide dense, fully continuous metal wiring in

insulator structures with features much less than 0.5 pm in width,

and with aspect ratios higher than 1.

It is therefore an object of the present invention to

provide an interconnection structure of copper alloy that does not



2 5.0 CT 2002 The present invention is further directed to a nethod for
formng a conductor for providing electrical conmunication with an

el ectroni c device which can be carried out by the steps of first depositing
a copper alloy seed | ayer on the electronic device to inprove theist of
copper and at |east one elenent of B, 0, N, P, Fe, Ru, Gs, Co, Rh,  Ir, N
Pd, Pt, Ag, Au, Zn or Cd, and then formng a conductor2dy @@ﬂ‘ @002nd in
intimate contact with the copper alloy seed |ayer. The conductor is forned
of copper._and, petween .about 0.0l apd { ig of at | east
one o PSR BloHRE "EFR SR (Ul 3RSPOGINGD WE DRbnDERERMa O Rppefes
directed to a nethgd for foqyin% a conductor for providing electrical
communi ¢AEERCAPERAR” F Wt FHi°E *devi ce which can be carried out by the
steps of first depositing a netal seed |layer on top of the electronic
device, the netal seed layer is deposited of a netal that has a solubility

in and an affinity with ¢ er so |l ow h that no .copper. compound .can be
forned, and then ¥5rh?ﬁﬂ“%ﬂgﬁbﬁgPe%Bﬁﬁigﬁgrpﬁgﬁﬁn%ﬁL 5%E5Pna BN nat e
contact with the netal seed | ayer. Igg net al seeg | ayer cqg be deposited of
a et al Mel'ACEGOPPERTAGD RETUPULG Bp2 BOPEFTDESEPY pthdh 915 (HP ™SR ngs
5250 c¢ T 2002 These and ot her objects, features, and advantages of the
present SYRFREFCRSATREF PP D 235 Far ?ﬁe?%QﬂnﬂFﬁgeFBf?%ﬁfﬁbO&E?Ej?%ﬁface

properties.

It is a further object of the present invention to
provide an interconnection structure of copper alloy that utilizes
a seed layer at the interface between a copper alloy

interconnection body and an electronic device it is connected to.

It is another further object of the present invention to
provide an interconnection structure of <copper alloy by
incorporating a copper alloy seed layer sandwiched in between a
copper conductor body and an electronic device to which the

interconnection:is connected.

It is still another object of the present invention to
provide an interconnection structure of copper alloy by depositing
a copper alloy seed layer prior to the formation of the copper

conductor body which contains at least one element of Sn, In, C,



description and the appended drawings in which: Figure 1 is an enl arged,
cross-sectional view of a conventional interconnection systemutilizing
copper alloy. Figure 2 is an enl arged, perspective view of an electronic
structure having the present invention interconnection system built
therein. Figure 3A is an enlarged, cross-sectional view of an opening for
form ng a present invention interconhection system havi @561 LT REDRN
barrier layer deposited therein. Figure 3B is an enlarged, cross-sectional

R e R B S

Fi gure 30% 1§, an rélr%%%%%{:t%gsgt-gec tulr%r]al vi ew of the opening for formng

t he present Invention interconnection system of Figure 3B having a copper
conductor material deposited therein. 16 2 50 CT 2002 Figure 3Dis an
enl arged, cross-sectional view of the present invention interconnection

system of Figure 3% havi ng_t he xcess%Jgo erfrg}r]rgved. Fitgure 4A 1s a
C

enl arged, cross-séectithal Vi WP U an dpEni ny™ forcf BFRT Y t e Pl etdht °

| nvent i on, it et connecti on, system of A fual -Tptmagene, trugture havi ng

a copper alloy seed layer prior to the formation of the copper
conductor body which includes at least one element selected from
Al, Mg, Be, Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu, another further object of the present invention
to provide an interconnection structure of copper alloy by
utilizing a copper alloy seed layer which contains at least one
element selected from B, N, P, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt,
Ag, Au, Zn or Cd for improving the surface properties of the

interconnection structure.

It is still another further object of the present
invention to provide an interconnection system of copper alloy by
depositing a metal seed layer sandwiched between a copper conductor
body and an electronic device of a metal selected from Ag, Mo, W or

Co to improve the copper conductor deposition process.

It is still another further object of the present

invention to provide a method for forming an interconnection



deposited therein. Figure 4B is an enlarged, cross-sectional view of the
opening for form ng the present invention interconnection structure of

Fi gure 4A having a copper alloy seed | ayer deposited on top of the
diffusion barrier layer. Figure 9Cis an enlarged, cross-sectional view of
t he opening for formng the present invention interconnection structure of

Figure 4B having a copper alloy depbsited therein. Figur }

enl arged, cross-sectional view of the present invention Zﬁ%@ﬁh?@lﬁz on
structure_ of Figure 4C. hayi t he_excess ¢ r _renoved, 5 0 C T_2002
Pet a1 | ot GOET P 1 90 OF e he BPBPOF TR BiSoRPREnce e Tkt nveht Pon
provi des f ovel, i%er.cdnneﬁt 'tgn s{ruc.ture fcor 8%tgbrll(ih§cionlg b%Idectri gsl
comuni catFormr Y6 af & AORI E" RV LR Gt iFPEFhg- 2 Copper CONdaEt 6P body

and a copper | oy seed | ayer sandw ched, bet ween the conductor body.and the
ol ectr o esten R L Tha o GLESHEGMGEAT Toh BT CTAES © (e RGHEE: on
property and other surface properties ar e_i{r%)r oved. The present invention

al so di sEFISTLRRF | APEr cHHEtATonO8t & ul REFHTOPISRA g S EF et i aPre

connection to an electronic device by utilizing a copper conductor body and
a netal SBRECYSH erdwi ife F 56 WBER Tt F’@C%B‘ﬁ%l%c?%?peg‘gcﬂﬁdar?& t585&| @BEr oni ¢
device for inproving the copper conductor deposition process in which the
netal seBHEPAersS IS HEFoEFPRICRT JXORRt €92 STOMIAGL R, Mol Tcoli e fresent
invention further discloses a novel nethod for formng an interconnection
structur® fot Mdiding el ectrical comunication with an el ectronic device
that has inproved adhesion with the device key first depositing a copper

al l oy seed |l ayer onto the electronic device prior to the formation of a
copper conductor body .on top of the seed |layer. The seed | ayer can be
formed by copper and at |east one elenent of AQ M), Be, Ca, Sr, Ba, Sc, Y,
La, Ce, Pr, Nd, Sm Eu, Gd, Th, Dy, Ho, Er, Tm Yb, Lu, Hf, V, Nb,



250CT?2002Ta, C, Mo, W M, Re, Si or Ge. Asimlar nethod for
formng an interconnection structure that has inproved el ectrom gration
resi stance of the structure is provided by utilizing a copper alloy seed

| ayer deposited by a copper and at |east one alloying el enent of Sn, In,
Zr, Ti, C, 0, N, C1 or S. Another simlar nmethod for form ng a conductor
for providing electrical connunicauhon with an el ectroni ge i jdﬁ? has

i nproved surface properties on the electronic device is ﬁr dﬁhﬁﬁ

utilizing a copper alloy seed | ayer conS|st|ng of copper and at | east one
elenent of B, O N, P, Fe, ﬁ&ﬁétﬂée—hﬁh—Jiﬁ—N?— t D pd, Pt, Ag, Au, Zn or
Cd. The present inventi'on novel nethod for formng a conductor to provide
electrlfurther cal?i eRSOFIBPCAL i I'1iithg &"&eedP TR t habVBBELOhoOt Ent ai n
copper, i . , anetal seed layer that is deposited of a netal having a
sol ubi | ﬂﬂyeaﬁanaﬁctawm m%t;mmtpﬁeco%em@@erromﬁ%ﬁ% fhat nBagophErra®ehound
can be forned, for instance, a netal of Ag, Mo, Wor Co. Referring nowto
Fi gure Ele@hépﬁi%r@hl@hl%@&anﬁérs?ﬁs’tﬁﬁJ\Pél premeshies mheks efber nyerid asn

i nterconnection structure 50 is shown. The interconnection structure 50 is
bui |t omrarsubsesate PF2vWHrerbYmriBézingixbRdditéPhet swmmaondley oreed
material in which electronic devices are contained. The device 66 with W
st uds andykocabanavecicohndsttivers 6thar eedppielrt 6ANALEEMH cheduct émg tie 2 5 0
C T 2002 substrate 52. Vertical connections between wiring levels are

provi deg¢llegt@anstudesicaicture 60 and Wstud structure 62 which connect the
wiring to the device contact 64. The device 66 shown generally represents a
CMOS transistor, but may be any el ectronic device. To prevent diffusion of
copper into the insulators 54 or device 66, diffusion/adhesion barrier

| ayers are normal [y aspdefermsid rappodithet copperntdg;ccddecandn56t riheure

di ffusi on/ adhesi on barrier layers may be insulating |ayers 70 or conducting
| ayers 72r Phevidndgcelagtdiddusicomubdralréens ayeyh 1 allsctpprove désviachesi on
for the copper to the underlying materials, even though they are referred
to as siimplprovidehi shdobumemtudss teheobar that Layerrmep]l sobshenhiahlFigure 2,
are the seed layers 76 and 78 which are normally deposited under the main
copper compdgct end ayepsprdf, abloamees6 la¥he bagdridrsl amd betineehoasdoint he
seed |l ayers are described in reference to two nethods of fabricating the

i nt er conimacdmiadme stonicaclr ewgith. dhe abxivhghed Dames celfetpoodes slearidcea thoml
Damascene process. A single Danascene process for fabricating the present

i nvent i dmpeMEing nedecomneigrahict r etsdsgansesheoin tihe Fiigheaso8pegbDion n
Figure 3A, the structure. of a line or stud 46 is shown. 250 CT 2002
An i nsulsitmrctuzper 100 arpper dilflfoysseed athesi s Barmgadrby sypmprer0anisati r st
deposited and patternee omtted. The liner layer 72 is deposited on top of
a nitrideeastictenst ¢g snepér of03n, This 45 Fifabri fatTorthetthdd known as a

si ngl e Damascene process. Next, a seed layer 78 is deposited over the
barrier layer 72, as shown in Figure 3B. The material used fox the seed

| ayer and its deposition nethod are given in a latter section since

di fferent materiall mapobkepr efzafiegdefiorendfgidntg deff editroenogetign
enhancenments. The function of the seed layer 78 is to provide a base onto
whi ch a siurtoreiuteor prayéedingy ebectielosl t ednnaeiion stehamn electronic

device is provided which includes a copper conductor body and a
copper alloy seed layer sandwiched in between and in intimate

contact with the copper conductor body and a diffusion barrier



in Figure 3C, wherein a nmain conductor |layer 82 is deposited on top of the
seed |l ayer 78. To conplete the wiring step in the single Danascene~process,
t he excess copper is planarized by a nethod such as chem cal nechani cal
pol i shing such that the excess top surface nmain conductor 82, seed | ayer 78
and barrier layer 72 are renoved, while |eaving an isol ated E Qﬂb&?e
46. Finally, an insul ator barrler Iay%r i.s deposited as s &;ﬁ) HD

3D. This same procedure can be repeated for the next wiring |l evel and/or
studs to E?gpeg f Y E%{S iU ero%?””(?&&t@é‘ B Hﬁgi"&? ndo%d%e§ AN, pglhod
of fabricatrng Tie pr esen |nven ion nove I Nt erconnec n-s s em connDnIy
known as a_dua ¢ rqgess. . hat i.ne

| evel areupg tha?gga %? ep%aﬁ%rﬁ%%ﬁeé s eﬁ%‘ Eghg?éﬁjlﬁyggﬁé wﬁlrn
Figure 2, the

d 60., Ref
wher ei n acsawt? ? %%%p%f ?gé’f%fr i S%%?teel&m%me%saf Gl e HR el
89. h t f th | ted
on 0p_of CPREIBLT RO L] ajer U2, Bae SRoET oI 53?2‘} %erﬁﬁ:n Ronheis
| 90 th d t d to fill the | / . Th h
|ﬁyle:|rgur eI ZICC Ganptrgﬁgﬁi’z:'t‘?'ooﬁz%lt ey Eg aI trl]gc qUe ﬁ% éEheIHﬁ!)ts:a"lfs M,

mechani cal_ polishing .is then carried out to conplete the wiring structure
of line S@Qanélsﬁﬂa 88 together. It should be noted that, in this

dual - Damascene process, a silicon nitride etch stop Iayer 70 is used both
in formng the line 56 and the stud 60, or can be omtted. A final

passivation and etch stop layer silicon nitri |.ayer 101 .is deposited, as
shown in Figure 4D. 1¥nEtisided PB?%FFGFﬁPFfES‘%§X¥HEEBFe§¥hﬁ“tﬁ§8EP?%% EHvel
i nterconnection, structure serves several desirable functions. For instance,
in a chem%a?t%SSF PEDBLG D9 L5LEE SR ANNSGAPR ESpere IGoHdGRt 6r de % GRed

| ayer is desirable for the initiation of chem cal
is provided which includes a copper conductor body and a copper

alloy seed layer sandwiched in between and in intimate contact with
the copper conductor body and the electronic device for improving
the surface properties of the electronic device, the copper alloy
seed layer consists of copper and at least one element of B, O, N,
P, Fe, Ru, Os, Co, Rh, Ir,connection system for providing
electrical communication with an electronic device is provided
which includes a copper conductor body and a metal seed layer
sandwiched in between and in intimate contact with the copper
conductor body and the electronic device for improving the copper
conductor deposition process, the metal seed layer is deposited of
a metal which has a solubility in copper so low such that
substantially no copper compounds can be formed. In general, the

metal has an electrical resistivity substantially similar to the



reactions which | ead to the deposition of copper. For an electro plating
process for form ng,a nmain copper conductor, a seed |layer is desirable to
provi de electrical continuity to the el ectrodes 22 2 5 OC T 2002 which
supply the plating current. For a high tenperature reflow sputtering or
chem cal vapor deposition process for a nmain copper cond r WR | ayer
is desirable for providing a surface i th good wetting aﬁZ%ﬁéﬂﬁzatﬂbﬁ
growt h characteristics. The main copper conductor body is typically forned

not of purg, GORREN r@étlsggv?-t%”& Wy .CORPEY ; Wit Tk glarahl e¥ing, &l

such as C, N, 0, Cl or S which have beén shown to inprove the reliabi |ty
of the c fé%&WQEP@g ogoamqthqy of copper with other netals which have
al so been s to inprove the reliability. The above alloying el enent in

the all oy nay be in the range fromabout .001lw.o0 to about 10 w. o. The
present invention novel seed |ayer for depositing a copper conductor body

can be formed of agopReC.all QY. an.oLhel, Malahs thal. dagsc gof LoNLal f,,

copper. By the appropr e selection of the alloy seed | ayer conp05| |on

the seed Layer can hav t he pro ertle i are ne r
deposi ti 0#1 %‘? e “Copp gtrerccéj gc or "hot rmt%gfge ﬁoo ﬁg‘g?%éf g el

reliability of the veraII osi te conductor.. The, co 05|t aQn.an
structure® %?necgeéh ayer 5%0% A de Sebeh% %(§£h€ea% e(%onﬁOEYt?%% and
structure _of the main_conducto er b ody. For instance seed | ayer
oy e anCRTTE: W T CRonT Ger i GRPPbat f e PRpret fy o0 Seed 18,286 &

electronic device, and then forming a copper conductor body on the
copper alloy seed layer intimately bonding to the layer such that
electromigration resistance of the interconnection structure is

improved.

The present invention is further directed to a method for
forming an interconnection structure for providing electrical
communication with an electronic device that has improved acdhesion
with the device which can be carried out by the steps of first
depositing a copper alloy seed layer on the electronic device, the
seed layer consists of copper and at least one element of Al, Mg,
Be, Ca, Sr, Ba, 8¢, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb, Lu, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Si or Ge, and then
forming a copper conductor body in intimate contact with the copper

alloy seed layer.



~ 5 0C T 2002 than the main conductor copper. Furthernore, the seed |ayer
. alloy may not even contain copper. As long as the cross-sectional area
occupied by the seed layer is a small fraction of the entire conductor
cross-sectional area, the overall line resistance will be determ ned by the
resistivity of the main conductor and thus, not increased undesirably by
the seed layer. It should al so be noted that the curren used
in this application includes netal conounds as well 2 erﬁt@T mﬁlzl ons or
t wo- phase m xtures_of netal  phase p nventi novel, seed | ayer
can therefore be cﬂb%é’rtetsgnﬁr bW%‘etll%rleéﬂrtgteercfjtlfiﬁ?b?(gt{l ot PEI &t gﬁ

d_adh t Y 1 b d d
curi aco BROBORY i Le Dl tiEste o SHESANA BReGr™LREL mueéﬁat,e?rﬂrw%%ﬁre

body. The_novel osjtio f c r allo e heen shown to
irrp)r/ove EhEcEFeRis "ﬁ?ﬁi%%'.@hlﬁbsﬁ{) g‘ﬁcé:ar%lléau ah%y e %tcﬁ?ﬁer%f forste cu
(Sn), gl n),. Cu Zr% TJoi‘P and Cu (C, % resent

i nventi oH REYEEIN%t Br COMRRE 17 DI %1397 L}raé’ezil 98 GPFI 1R trcchlﬁe ALCEy $Cas

seed | ayers whi CQ}(‘!AHQPI‘ ove the adhesjon properties relative to pure copper

whi ch i nél"ggeveu ‘Nﬁ)er A &t d§ashf OB G ERCRE Y Bre&et Nve Pret al s

such as Be, Ca, Sr, Ba, Sc Y, La, and rare.earth series elenents of Ce,
Pr, Nd, SRy BY: @é ﬂ?r BR. HEr B, B W akPLdvadd 9 Ogr pRd thens o c
T 2002 24 Ta, Cr, M, Re, Si and Ge. The present invention novel

i nt er conkOETLBE St F@éﬁ&ﬂéoﬁupﬁ‘héwutqfl ik iR isede Aandichg YarenmdRes

whi ch i nprove surface properties for the seed layer including B, O N, P,
Ee, Ru, ©SPPes, aphoY| peef lapgr- pt ThRag COPUCYRr ahdl EREMeG HaLomwer Podnd

t hat copper alloys which provide a surface suitable for deposition of the
mai n con@GEHEETCABIRT Bbd)t 13T RROUthdsk Wit RETFERTT G madn 1eReEs Sinfe
anount of surface oxide. Therefore, the alloy seed |ayer may be formed from
copper t 6gérhePlANEAtonk ©r Mok 6t PReSabove al oying el ements in order to
obtain the best conbination of electrom gration resistance, adhesion and
surface properties. A typical exanple of the present invention is a copper
alloy with 0.25 to 1.5 atomic o Sn or In. The electromgration life tine of
Cu (Sn) or Cu (In) TQ?e%tJEGF%ﬁréé(éééf8§t%%’atlso@6€l?%rG}felcttegst%lasfﬂe%%%i%fe to
interdiffuse Cu, Sn or In, and to cunulate Sn or In at the Cu surface in

t he tenpé?ﬁ?ﬁ@@ ?aﬁ%@d%ﬁtQKNﬁQESBEPV1dlng electrical communication with an

electronic device which can be carried out by the steps of first
depositing a metal seed layer on top of the electronic device, the
metal seed layer is deposited of a metal that has a solubility in
and an affinity with copper so low such that no copper compound can
be formed, and then forming a copper conductor body on top of and
in intimate contact with the metal seed layer. The metal seed

layer can be deposited of a metal selected from Ag, Mo, W or Co.

Brief Description of the Drawings




In.a second preferred enbodi nent of the present invention novel

. I nterconnection structure, a netal alloy seed | ayer which does not contain

" copper can be advant ageously used. The properties of the metal alloy seed
| ayer nmust neet the requirenments of seeding the main copper deposition
process while not introducing any 25 2 5 OCT 2002 contam nation or
conpound formati on which would increase the resistivity copper
conductor body. A specific exanple ig%Ag, whi ch has Iowzg)l gt?-lrln??/@lzn Cu
and forms no Cu copgpounds. In addition, Ag has |low resistivity that js
conparabl e to the mMaFH ¢ dpé’rr%h(%na etorsS: %er%”rﬁ‘gt af %%‘Ganatlal%fsogf té%rre
metal s which have low soluhility in Cu and formno, co conpounds ich
Can be ABTERERGeLTLTYE byl PHEOT: RERE PhvEHIT ShecbRoRl IbrErAoded
enbodi ment i n¢clude Mo, Wand Co. In a thjrd preferred enbodi nent of the
present RPEREPEACROIBE TRt HREGRAEET FBRY 514Ut U8 Y  seed | ayer that is the
sane | ayer as the barrier layer may also be utilized. The properties of the
seed | ayer must neet the requirenents of adequate adhesi on and diffusion
barrier effectiveness plus providing the seeding properties of the normally
separated seed | ayBf9uFd dti1f ARotHERGHCEr er G ERBOULABAL o e he®Tor 8sent
i nvention novel,interconnection structure, the barrier |ayer and the seed
| ayer cafByestigafdr dOtTRIN 1At OPhEY f LR dperltiZd89aFergr adeld Fr-om one
interface to the other. For instance, the conposition and structure would
be optim zed for adhesion at the bottominterface by including, for
exanpl e, reactive nmetal constituents. In the mddle of the barrier/seed
| ayer, the 26 2 5igere2002 tonpssi ENOATERY stREIEPEFELERe BIRY nicfed 2for
di ffusion barrier effectiveness by including, for exanple, refractory netal
ni tri des SYWadt LORGICPREUECHIE? ORI TG (Hhe. PAESEMe ¥oEnddPhatet@fcqection
barrier/seed | ayer, the conposition and structure are optim zed for seeding
and adhestwited e tndharesdpper conductor body by including, for exanple,
copper or silver. It should be obtained by either a sequential deposition
of layers, or by deposition of a graded conposition structure in one
deposi tion process. The present invention advantageous alloy seed |ayer may
be fabricated by ndRgudrf f3ér et et ABREIAh deirsSalsecthendkedipuyef Wl | be
deposited onto an underlying barrier |ayer, which may contain materials
such as 1qgquﬂg N@ng§9rm%mg VVIKNQFQWFN}HTSSFKEH intérconnection system

having a diffusion barrier layer deposited therein.

Figure 3B is an enlarged, cross-sectional view of the
opening for forming the present invention interconnection system of

Figure 3A having a copper alloy seed layer deposited therein.

Fiqure 3C 1is an enlarged, cross-sectional view of the
opening for forming the present invention interconnection system of

Figure 3B having a copper conductor material deposited therein.



Wi N, TiAIN, Ti SiN. The seed | ayer may be deposited by reactive or
rnon-reactive sputtering froma single alloy target or fromnultiple
targets, by ionized sputtering which directs ionized species to the
substrate, by chem cal vapor deposition, by evaporation, or by

el ectrochem cal , neans. The all oy seed | ayer nmay al so be osited by a
sequential deposition of copper and tibe all oying elenentﬂiﬁﬂﬂeﬂ-ﬁﬁmﬁ&hen be
interdi ffused by an appropriate heating treatnent. A suitable thickness for
the present inventiigiraogel isee@ endarded, OcEods200% iloayer iRy fo@Ngahd rom
several nonolayers at smaller than 1 nm i . a . , 0.1 nm up to about 100
nmin sype aranetifientiik® Wndbhson®Ectipnt Gyakent 020% ghird hec | haxeinyg dite i n

wi der lines. A preferred range for the thickness is between about 1 nm and
about | QkduBs Boppele rAnspegi fic exanpl e of the present invention novel
metal alloy seed layer is a structure containing a seed |ayer of copper
alloy with 0.25 to 1.5 atomic % Sn or In. As shown in Figures 2, 3A~-3D, the
i nterconnection structure may have a mai n body conductor dinmensions of |ess

than 0.5 umline \@iigmeatm hes | ONeEn Y Fédg, | e S5 oh83S v BAN ok 2y im at
t he higher levels. The thickness of the interlevel insulators may be |ess

than 1 Ugpari M08 Bafind!thel Ofcddit! anoent LoPiiaabl oo Silich UPL e These

insulator materials may typically contain Si and O, anganpy contain F, may
be pol yngrig, JAiLhalcABd JBY, A& ROT LS ng'he | asEt@lifg dhitusiom barrier

| ayer may be typlcglly between 10 nm and 100 nmthick, and may typically
contain épéﬁEEQE /8y, be polymeric materials. The conducting diffusion
barrier [ayer may have a thickness of about 10 nm or in the range of
several nmto 100 nm It may contain Ta, Ti, W Nb, My, Si, N, d, 0 and
may be amorphous or polycrystalline. For exanple, TaN, TiN or TaSi N nay be
suitably used. f%%n% O ils 200% TiNG RLES &b skD¥EBE | oML Seetl) ayergay be

an alloy of Cu w 25 to 1.5 atom c % Sn deposited by sputtering from an

al l oy t aggsainé s RLEKDE %ﬁﬁ%ﬁd@im@nw&g%n@@%@@e@&% xR O

about 100  nm and nore préfe etween about 1 nmto about 100 nm The

Tai 1 SOPRE rpOaAUOLRT ATy HRYoRE. AoRAs)! adehY) shemaaloaper ofepgsi £ on or

by el ectroc cal neans, ave an overall thickness between about
0.2 um apg.a nyu;-ghtqgrﬁggp&agep[anarization process is carried out by a
chem cal mechani cal polishing nethod, the excess copper, seed |ayer and

di ffusi on/ adhesi on | ayers can be renoved. The sequence of fabrication in

t he dual Damascene process is essentially the sane as the single Danascene

process for the bap[igf. ide;segd anthidie,MaincopRer;seaductor SRt epbal s,
with the exception that both the wiring |level and stud | evel are conpleted

I n one pLEeasHySEAMERER: nhlrRNgEbdebe 1A0bRH bR veichbanbbei B @380kture
i nvention has %een illustrated in the above exanple, alloy seed | ayers for

copper i RireR¢eNRECH b ONSy IRy ab%ogggénéﬁﬂgpwpbs%@g be A4 seni conduct or
structures in-advanced chip applications or display applications. Wiile the
present invention has been described in an

Figure 4D is an enlarged, cross-sectional view of the
present invention interconnection structure of Figure 4C having the

excess copper removed.



illustrative manner, it should be understood that the term nol ogy 250c¢C
t zou2 29 used is intendeore, while the present invention has been
described in terns of several preferred enbodinents, it is to be
appreciated that those skilled in the art will readily apply these
teachings to other possible variations of the inventio - %‘~ - 2500¢C
T Q02 W Caim 1. An interconnection structure for DQE’IQC% QUQctri cal
connections to an el ectronic device conprising: a body forned of copper and

bet ween about 0.Q01_ and out .1Q .wei ght , percent of egst _ope all o5zng
el ement selectedg %al qp scrl(%l n g the & e ,r g? .,o. m Q - and ' a

copper alloy seed er sandwi ched in between and in intimate contact with
bt sard bdy. and B4 BBFERL r O eI SR aRePrsr BOVRY. SPLRTroN g ahaon
resi stance of said interconnection structure, 2. An interconnection

struct ur §FOCEMIPNg 15 clsat@PEiShABP ei AIEGFE TCpper Uiy added | &fer a0
conpri ses _copper .and at |east one elenent selected fromthe group

consi sti FFSGET8R1C fevige by uteliginga epPRpY SNABCAR Pofe A0GnARRR:T
structure according to claiml, wherein said copper alloy seed | ayer has a
t hi cknesSHEMneIEhbRRNCD. 123 L @aRATverdo the PG teRt dodenfdct i Hie
structure according to claiml, wherein said copper alloy seed |ayer has a
t hi cknesLYHELONALI epaceveafhabbat Aheins Wofrf Bdgratbormeststagee, the

i nterconnection structure according to claim1, wherein said copper alloy
seed | ay@dhesipg, pEarerty aed HthionPodRaceaPReRt1KH iagesdrpervpdor Bhe
two- phase m xtures of netal phases. 6. An interconnection structure

accor di ngPreFditailmventipper el po sdi I losgFe P al- NS cEEL AtdpEr Stsugt esppeer
contai ning about 0.5 atomc %of Sn or In. 7. An interconnection structure
accor di nPRY idi&Im lelegheierh seRMNEAAGBt uFR | 3D uSTFPBIRWEF oACERED ORY of f
chi p.

utilizing a copper conductor body and a metal seed layer sandwiched
between the conductor body and the electronic device for improving
the copper conductor deposition process in which the metal seed

layer is deposited of a material of Ag, Mo, W or Co.

The present invention further discloses a novel method
for forming an interconnection structure for providing electrical
communication with an electronic device that has improved adhesion
with the device by first depositing a copper alloy seed layer onto
the electronic device prior to the formation of a copper conductor
body on top of the seed layer. The seed layer can be formed by
copper and at least one element of A{, Mg, Be, Ca, Sr, Ba, Sc, Y,

La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, V, Nb,



8. An interconnection structure according to claim1, wherein said

. Structure is a nenber selected fromthe group consisting of a via, a |ine,
"a stud and a wiring lead for TAB, BGA or PGA 31 250 c T 2002 9, An
i nterconnection structure according to claim1l1, wherein said

i nterconnection structure is a nufti-Ilevel structure having between 2 and

10 wiring levels, 10. An interconnec{d on structure accorg_i@gopd]' ?0@2{11 1,
wherein said interconnection structure is built on a previously deposited

| ayer of t silicjde or stud and Wlgpcal interc ctigns. 11. An
i nter connigagt i%(fn gﬁ'u t Ul £107 rloﬁrdlgﬁg e?e‘?: nrl}lrc]aél mcegﬁ%gc%?gn]? Thdy @n

el ectronic device conprising: .a _copper, conductor body, and copper, al |l oy
seed Iayelr“tseérﬁa’\ﬁ“@ﬁgggpn %‘é’tq&’/%té)r{eangg?ﬁ i%??na%‘%p%oafr% act Qﬁcgﬁo qp%atslaqxh
copper conductor bod nd a diffusi,on barrier |ayer fornmed on said

ol 66t r oni EHENFES 8F HFroiPRG HaHEsPORY oG 41 CHANGEH 59 g CAPPF st HhPY
barrier |ayer, said cogg,er al | og seed I%yer coirgri ses coqqer .and at | east
one el enefrf)tedsélaé(@treﬂerf’ hr @h&YgPoTPPRUNATSE Phg RS Onavg M B 1 gL lagentg,
Sc, Y, La, Ce, Pr, Nd, Sm Eu, G, Pb, % Ho, Er, Tm .Yb, Lu, Si and Ge.
12. An i ftferfbnrdot i%n diruftuPe Becol ding t o LTANATL BimihaF ePHt e ot Yopper
all oy seed |l ayer has an electrical resistivity |larger than the el ectrical
resistiviiSFH9 PhECRBPPEIT COFIBES BRI CPE T LARL | RIS LN oW SR rdftt ur e
according to claim1l, wherein said copper alloy seed |ayer has a thickness
bet ween abERALIPME hnARFRbBURL 1085 nAHIPIZYeAn SUTEEFEoMTEREIEASSt Pict the
according to claim 11, wherein copper conductor body forned substantially
of copperelechanicd ¢V icEppet RV isecnesh WhbtAZzI0 DR SPRPHboU LMD SREGht
percent of at |east one alloying el ement selected fromthe group consisting
of C, N, BYHhFOSIFtEnIaat|erRrcCoRREcRT ol 3T ROCUPECERRbIYT iy Bo Btafm 1
|, wherein said copper alloy seed layer is fornmed of a netal conpound, a

metal sol Fer §8tutQonCor Bht whbtphlse PRt xEur &9 0P met Al OpHebes The present

invention novel method for forming a conductor to provide
electrifurther carried out by utilizing a seed layer that does not
contain copper, i.e., a metal seed layer that is deposited of a
metal having a solubility and an affinity with copper so low such
that no copper compound can be formed, for instance, a metal of Ag,

Mo, W or Co.

Referring now to Figure 2, wherein an enlarged,
perspective view of a present invention interconnection structure
50 1is shown. The interconnection structure 50 is built on a
substrate 52 which may be silicon or other semiconductor material
in which electronic devices are contained. The device 66 with W

studs and local interconnections 62 are built on a semiconducting



- 32 - 25 0CCR 2002 16. An interconnection structure according to claim
« 11, wherein said structure is a nenber selected fromthe group consisting

of avia, aline, a stud and a wiring |lead for TAB, BGA or PGA 17. An

i nterconnection structure according to claim 11, wherein said

i nterconnection structure is a nulti-level structure having_be 2 and

10 wiring levels. 18. An interconnecfd on structure accor B 'tﬁﬁﬁ m 11,

wherein said interconnection structure is built on a preV|oust deposi ted

layer ofsumiwedatsd | 62] de.vei®idd | ddeicanmect ivutvayst e £ 0ig PLevéds Ndre

el ectrical connection to an el ectronic device conprising: a copper

conduct ogsrbeied and @u copRer sakheyuseest | ayerwsandw chedckirbetpeqniand in

intimate contact with both said copper conductor body and said el ectronic

devi ce f@snhdd PHANGitNBgSULT 858 BEPRAY doRTaet bhe erestdonide dRVist@wnsai d
copper alloy seed |ayer conprises copper and at |east one el ement selected

from t heggropp GONS %@gtgfchM@E Nearf3i t@r, Rdut GRay Be dlectMoniRd,
Pt, Ag, Au Zn and 20. An i nterconnecti on system according to claim19,

wher ei n §éw£h@ppper aIon seed | ayer has a thickness between about 0.1 nm
and about 100 nm 21. An interconnection systemaccording to claim 19,
wherein said structure is a nenber selected fromthe group consisting of a
via, aline, a stud and a wiring lead for TAB, BGA or PGA. 22. An

i nterconnecti on sygj %@e@%ﬁ@r&iiﬁﬂuéfor{;'o%' Ebﬁﬁermﬁd&'t@xes%gu?%@@é gopguct or

body fornmed substantially of copper 1s forned by copper and between about

0. 001 andoaboultsd0 diel Ghls ROLERRL: 8h Byt 85 9R5LEEVHOM Sl ETeNleeLect ed

fromthe group conS|st|n and 23. An | nterconnection

SyStem a%ﬁ?fguﬁ]@ @ %Egh%lﬁa "é‘berﬁh sfea TH?%%rfu%'l'oﬂy/aﬁﬁsgﬂﬁﬂfarrﬂl%r
rmed of a netal conpound, met'al soli'd solution or a two-phase m xtures
Of nEta|199§§§Smay be insulating layers 70 or conducting layers 72. The
conducting diffusion barrier layer 72 also provides adhesion for
the copper to the underlying materials, even though they are
referred to as simply in this document as the barrier layer. Also
shown in Figure 2, are the seed layers 76 and 78 which are normally
deposited under the main copper conductor layers 46, 60 and 56.
The locations and functions of the seed layers are described in
reference to two methods of fabricating the interconnection

structures, i.e., a single Damascene process and a dual Damascene

process.

A single Damascene process for fabricating the present
invention novel interconnection structure 1is shown in Figures

3A~3D. In Figure 3A, the structure.of a line or stud 46 is shown.



- 33-250CT zuu~ 24. An interconnection systemfor providing
el ectrical connection to an electronic device conprises: a copper conductor
body; and a netal seed | ayer sandw ched i-n between and in intinate contact
wi th both said copper conductor body and said electronic device for
i nprovi ng the copper conductor deposition process, said netal seed |layer is
deposited of a netal which has a solubility in copper I é@hr hat
substantially no copper compounds c%h be forned, said ﬁﬁ&sﬁ yer
havi ng a thickness between about 0.1 nmand about 100 nm 25. An
i nt er cohnett$wirsystiemeacd6Pding a odifishopd adiphet e nbaay e 1l favesi 481l
barrier layer is deposited of a material selected fromthe group consisting
of Ti, Ta, fANbst MiepdaN;edVantNpaTitRrnaSpiNLt W8I N, THeAl N rard TRYSIIN.72268s An
i nterconnection system according to claim 24, wherein said structure is
used ei dhposbnedhop aopobff ehipitrdde Atahntsragonieestn or0lst r u€buseiaceor di ng
to claim 24, wherein said structure is a nenber selected fromthe group
consi st fagrofatim apetehdd reowa ssud andgdewbrnagedmad faresEAB, N8GA,0r PGA.
28. An interconnection structure according to claim 24, wherein said
i nt er connedt Lapest TRICtUdRpos idedubter | Bvelbagtrieet UrgehaV? ngaHethwsen i2 and
10 wiring levels. 29. An interconnection system according to claim 24,
wher ei nFiguden®® al Thasmate el Bctisedatfor ediestseeilt Yawubsinant tal dgpsdimilear to
the electrical resistivity of copper. 30. An interconnection system
accor di agthodchae mddkn whenelattsat deretiah s5neelddfedchtomtbel groumy
consisting of Ag, Mo, Wand Co. 31. A nethod for formng an interconnection
structube beerpreoyidisg RlEeingali €0anect imtbdeartgn eahaatendnes devi ce
conprising the steps of: depositing a copper alloy seed | ayer on an
el ectronic device; and form ng a copper conductor body on said copper alloy
seed layer intimately bonding to said | ayer such that el ectrom gration
resi stance of sai gdhéntefCOIVILc aheSiskkdt UB@erS78 NPs ovedprSaidk coppease
conductor body is forned by copper and between about

onto which a main conductor layer may be deposited. This is shown

in Figure 3C, wherein a main conductor layer 82 is deposited on top
of the seed layer 78. To complete the wiring step in the single
Damascene process, the excess copper is planarized by a method such
as chemical mechanical polishing such that the excess top surface
main conductor 82, seed layer 78 and barrier layer 72 are removed,
while leaving an isolated stud or line 46. Finally, an insulator
barrier layer is deposited as shown in Figure 3D. This same
procedure can be repeated for the next wiring level and/or studs to

build a multi-level interconnection structure.

In a second method of fabricating the present invention

novel interconnection system, commonly known as a dual-Damascene



- 34, - 25 0 GI 200Z 0.001 and about 10 wei ght percent of at |east one
.alloying elenent selected fromthe group consisting of C, N, C and O 32.
" A nmet hod according to claim31, wherein said copper alloy seed |ayer
conprises copper and at |east one elenent selected fromthe group
consisting of Sn, In, Zr, Ti, C, O d, Nand S. 33. A nmethod according to
claim 31, wherein said copper alloy geed | ayer is deposi t2c5 @Ca' Qaﬂ@nl que
selected fromthe group consisting of reactive or non-reactive sputtering,
i oni zed %%lbtée%rs',ngotﬁhggh?@i IR "’rl%osﬂeyeqnarév%?%&%é@é‘dahﬂg the same

el ectrochem cal neans. met hod according to clarm 31, rein said

copper a'd%g%ﬁ;ﬁlgté@/efﬁﬂ ngpgggf?éé,t ed LRoAnt i %‘i’&%ﬁ%ﬂeh&r’ﬁﬂiﬂ@oﬂév& ka

m
and about according to clai fu er conprising the
step of si;tin diffusj rrier._|ayer.o ai g, el Qqni ¢ devjce
pri or todiﬁﬁog écpeeposgl_i"fcli oérslé st e%g#]%lr?la%% ?Ogogcpoerbﬂ%%%ey &eﬁ%"%}g}r 2 3%5' A%t hod
according to claim35, erein . said.diffusjion barri.er layer, 1s deposited of
Tt er| 8 dé ol From LI Draas dbke: Srr At B Tne MR SRR W
WN, TiN, TaSi N, WS N,  TiAl nd Ti SIN. 37. A nethod accordi to. cl ai m31,
wher ei n B &SSO RAEE: Pont 8% AT € Fed D miPt 11 d0er & Faedi iy
bet ween 2t and 10 3/4 ring l.evels. 38.7CZA net hg fr(?r f orlﬂi ng an ént erconnection
struct ur & $%r°pr & Fdit%?gréﬁgctlraiygﬁl Smitihi 23BN Wit hBH %l Het r odi Vi ce
havi ng i nproved adhesi on with said device npr.i sing the steps of: .
Goposyt i i spen i oy snd iy drottiad FPRrodtr oM oAby FEES QT e
| ayer co i ses _copper and at, | east one, el enent sel ected.fromthe gro
consi st i %L{of APLISMGS BEOYE, ing Figure JC- Y,rrRLé),la@é’,rlﬁﬁ,glRla, Séﬁ‘]p'Eg),y (%
Pb, Dy, Ho, Er, Tm Yp, Lu, Si and . and_formng a copper conductor body
on sard CobEraA By Beet heperal edpnd el Sal A A S800% SRR E ot
according to claim38 further conprising the, step of deposjiting a diffusion
bar ner | ay@roYW i et FORT csﬂr%\ﬁt8§epf3%of“f’% ?ﬁeaxﬁgpgp&é’idt i68n98‘9‘°e’bh?16'r
sai d copper allay seed | ayer. 40. A nethod _according to claim 39, wherein
caid diffESiTIP DS ProPoT Sy driaty dBpbdt 3 DEMRRPERP TG Set B b he
group consj st of Ti, Ta, Nb, . TaN, . TI_N, TaSi N, i N, _Ti AIN and
TiSiN 41?1%%‘%%9 o act 8P dl 7} ELH W%@}g%ﬁrl& AOSBHBO ct(ﬂ?pﬁ?nﬁl _nga%%ed
Lgﬁf{e;fngﬁé’;’%ﬁdﬁg@?yo? LN 9U8 8k ected i amLhg; gL ot ConSLELhng. 8F
layer silicon nitride layer 101 is deposited, as shown in Figure

4D.

The seed layer utilized by the present invention novel
interconnection.structure serves several desirable functions. For
instance, in a chemical vapor deposition process for a main copper
conductor, a seed layer is desirable for the initiation of chemical
reactions which lead to the deposition of copper. For an electro-
plating process for forming a main copper conductor, a seed layer

is desirable to provide electrical continuity to the electrodes



sputitering, chem cal vapor deposition, evaporation and el ectrochem cal

. nmeans. 42. A nethod according to claim 38, wherein said copper conductor
body is fornmed by copper and between about 0.001 and about 10 wei ght
percent of at |east one alloying elenent selected fromthe group consisting
of C d, N, Oand S. 43. A nethod according to claim 38, wherein said
copper alloy seed layer is deposited,to a thickness bet t nm
and about 100 nm 44. A nmethod for (z)rm' ng a conduct or }Azegp@w(ﬂdhil

el ectrical communication with an el ectronic device conprising the steps of:
deposi ti H§1aPcSPPRLY alFByPiRetPd 581 et -saif@ ePebi FBnF emRRRACEe &%d 18T ni ng
a copper conductor on top of and in intimate contact with said copper alloy
seed | ayEPUSFCEOPPEPT aftPHedde RPAB0UEP©S DDA mF o456 6t £2D Tyt G9PPeEnt of
at | east one alloying el enent selected fromthe group consisting of C, O,
N, O andcSndaston, nat Hath dayerdiliggdesliedal ¢n 4, PAeFLEI AT sai M elsseridn oy
seed |l ayer is deposited by a technique selected fromthe group consisting
of sputt dCcAgretbhng ednd pridleaitign ehewiafbatsterdépdshti on, evaporation
and el ectrochem cal neans. 46. A nethod according to claim44, wherein said
copper alloy seed layer is deposited to a thickness between about 0.1 nm
and about 100 nm 47. A nethod according to claim44, further conprising
the step of deposi Thagraindichbnsi orprshatioar body drs drpsad bl elfectedniet ¢dvi ce
prior to the deposition step for said -36- 25 ACT 2002 copper alloy seed
| ayer, saudedicbbpeironbbar pfea hayerrd oidapurietredyioh annat beyahg selemindd
fromthe group consisting of Ti, TiN, Ta, No, Mo, TaN, W WN, TaSiN, WS N
Ti Al N ancdsubhSidd @38.NA fet 8dd ofrorS fvgrirtbndhasrec drethuc t growinort qoriovimivieg the

el ectrical communication with an el ectronic device conprising the steps of:
deposi ti npld apetlalt ysedd thay ecpprrt opndficsard ef egt r ahley deli ceppesaiwdi tfet al
seed |l ayer is deposited of a netal that has a solubility in and an affinity
wi t h coppgrhesomkbwl s ughi dthabvaoca toppeenconpourid caprdee fidremed] iandl ftorm ng
a copper conductor body on top of and in intinmate contact with said netal
seed | ayéthe £povh metllbgdngcedeniémy to Wlaaiahl4y, malyebei Ansahd neted Sesd

| ayer is deposited of a
about .001wt.% to about 10 wt.%.

The present invention novel seed layer for depositing a
copper conductor body can be formed of a copper alloy or other
metals that does not contain copper. By the appropriate selection
of the alloy seed layer composition, the seed layer can have the
properties which are needed for high quality deposition of the
copper conductor body, while not degrading the reliability of the
overall composite conductor. The composition and structure of a
seed layer do not have to be the same as the composition and
structure of the main conductor copper body. For instance, the

seed layer may be an alloy with a higher electrical resistivity



netal selected fromthe group consisting of Ag, Mo, Wand Co. 50. A nethod

saccording to claim48, Werein said nmetal has an electrical resistivity
substantially simlar to the electrical resistivity of copper. 51. A nethod

according to claim48, wherein said netal seed |ayer having a thickness

bet ween .about 0.1 nm and about 100 nm

A5 AL A A A AS@AFU . ASU A AAR . AB?. Al A A sy. Ase. s By 0020208 A assL.
AU A TA@ A{ . A@ A9. Ayf 2. A AF. A(. A2. A. A. ACh() U bH |

osi ks, bt kil enbeg o cplealomsd cghrlegl ek dhsaleal oo
may not even contain copper. As long as the cross-sectional area
occupied by the seed layer is a small fraction of the entire
conductor cross-sectional area, the overall line resistance will be
determined by the resistivity of the main conductor and thus, not
increased undesirably by the seed layer. It should also be noted
that the current “metal alloy” used in this application includes
metal compounds, as well as solid solutions or two-phase mixtures

of metal phases.

The present invention novel seed layer can therefore be
chosen to provide improved electromigration resistance, improved
adhesion to the underlying diffusion barrier layer, and improved
surface properties suitable for deposition of the main conductor
copper body. The novel compositions of copper alloys which have
been shown to improve the electromigration resistance relative to
pure copper incliude Cu {(Sn), Cu (In), Cu (2r), Cu (Ti) and Cu (C,
N, O, Cl, 8)., The present invention novel interconnection
structure also utilizes copper alloys as seed layers which improve
the adhesion properties relative to pure copper which include Cu
(A0), Cu (Mg}, and alloys of Cu with other reactive metals such as
Be, Ca, Sr, Ba, Sc, Y, La, and rare.earth series elements of Ce,

Pr, Nd, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, ¥b and Lu, and Hf, V, Mb,
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possible to interdiffuse Cu, Sn or In, and to cumulate Sn or In at

U&'
U&'
U&'
U&'

the Cu surface in the temperature range of 300-450°C.

In a second preferred embodiment of the present invention
novel interconnection structure, a metal alloy seed layer which
does not contain copper can be advantageously used. The properties
of the metal alloy seed laver must meet the requirements of seeding

the main copper deposition process while not introducing any
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contamination or compound formation which would increase the
resistivity of tﬁe main copper conductor body. A specific example
is Ag, which has low solubility in Cu and forms no Cu compounds.
In addition, Ag has low resistivity that is comparable to the main
copper conductor. Other metals and alloys of some metals which
have low solubility in Cu and form no copper compounds which can be
advantageously used in the present invention second preferred

embodiment include Mo, W and Co.

In a third preferred embodiment of the present invention
novel interconnection structure, a seed layer that is the same
layer as the barrier layer may also be utilized. The properties of
the seed layer must meet the requirements of adegquate adhesion and
diffusion barrier effectiveness plus providing the seeding

properties of the normally separated seed layer.

In still another preferred embodiment of the present
invention novel.interconnection structure, the barrier layer and
the seed layer can be structured such that their properties are
graded from one interface to the other. For instance, the
composition and structure would be optimized for adhesion at the
bottom interface by including, for example, reactive metal

constituents. In the middle of the barrier/seed layer, the
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effectiveness by including, for example, refractory metal nitrides
with amorphous microstructure. At the top surface of the
barrier/seed layer, the composition and structure are optimized for
seeding and adhesion of the main copper conductor body by
including, for example, copper or silver. It should be obtained

by either a sequential deposition of layers, or by deposition of a

graded composition structure in one deposition process.

The present invention advantageous alloy seed layer may
be fabricated by many different methods. In general, the seed
layer will be deposited onto an underlying barrier layer, which may
contain materials such as Ti, Nb, Mo, Ta, TaN, W, WN, TiN, TaSiN,
WSiN, TiAlN, TiSiN. The seed layer may be deposited by reactive or
non-reactive sputtering from a single alloy target or from multiple
targets, by ionized sputtering which directs ionized species to the
substrate, by chemical vapor deposition, by evaporation, or by
electrochemical .means. The alloy seed layer may also be deposited
by a sequential deposition of copper and the alloying element,
which may then be interdiffused by an appropriate heating

treatment.

A suitable thickness for the present invention novel seed
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about 20% of the line width in wider lines. A preferred range for

the thickness is between about 1 nm and about 100 nm.

Example

A specific example of the present invention novel metal
alloy seed layer is a structure containing a seed layer of copper
alloy with 0.25 to 1.5 atomic % Sn or In. As shown in Figures 2,
3A~3D, the interconnection structure may have a main body conductor
dimensions of less than 0.5 pm line width at the lower wiring
levels, and less than 1-2 nm at the higher levels. The thickness
of the interlevel insulators may be less than 1 pm or more than 1
pm, for instance, typically 0.5~1.5 pm. These insulator materials
may typically contain Si and O, and may contain F, may be polymeric
material and may be porous. The insulating diffusion barrier layer
may be typically between 10 nm and 100 nm thick, and may typically
contain S8i and N, or may be polymeric materials. The conducting
diffusion barrier layer may have a thickness of about 10 nm, or in
the range of several nm to 100 nm. It may contain Ta, Ti, W, Nb,
Mo, Si, N, Cl, O and may be amorphous or polycrystalline. For

example, TaN, TiN or TaS3iN may be suitably used.
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overall thickness between about 0.2 um and about 1.5 pm. After a
planarization process 1is carried out by a chemical mechanical
polishing method, the excess copper, seed layer and
diffusion/adhesion layers can Dbe removed. The sequence of
fabrication in the dual Damascene process is essentially the same
as the single Damascene process for the barrier, the seed and the
main copper conductor materials, with the exception that both the

wiring level and stud level are completed in one process seguence.

It should be noted that while the present invention has
been illustrated in the above example, alloy seed layers for copper
interconnections may be advantageously used by any semiconductor

structures in advanced chip applications or display applications.

While the present invention has been described in an

illustrative manner, it should be understood that the terminology
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and

a copper alloy seed layer sandwiched in between and in intimate contact with

both said body and said electronic device for improving electromigration resistance of

said interconnection structure.

2. An interconnection structure according to claim 1, wherein said copper alloy
seed layer comprises copper and at least one element selected from the group consisting
of Sn, In, Zr, Ti, C, N, O, Cl and S.

3. An interconnection structure according to claim 1, wherein said copper alloy

seed layer has a thickness between about 0.1 nm and about 100 nm.

4. An interconnection structure according to claim 1, wherein said copper alloy

seed layer has a thickness preferably between about 1 nm and about 100 nm.

5. An interconnection structure according to claim 1, wherein said copper alloy
seed layer is formed of a metal compound, a metal solid solution or a two-phase mixtures

of metal phases.

6. An interconnection structure according to claim 1, wherein said copper alloy

seed layer is a copper containing about 0.5 atomic % of Sn or In.

7. An interconnection structure according to claim 1, wherein said structure is used

either on-chip or off-chip.

8. An interconnection structure according to claim 1, wherein said structure is a
member selected from the group consisting of a via, a line, a stud and a wiring lead for
TAB, BGA or PGA.
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10. An interconnection structure according to claim 1, wherein said interconnection
structure is built on a previously deposited layer of metal silicide or W stud and W local

interconnections.

11. An interconnection structure for providing electrical connection to an electronic
device comprising:

a copper conductor body, and

a copper alloy seed layer sandwiched in between and in intimate contact with
both said copper conductor body and a diffusion barrier layer formed on said electronic
device for improving adhesion to said underlying diffusion batrier layer, said copper alloy
seed layer comprises copper and at least one element selected from the group consisting
of Al, Mg, Be, Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Pb, Dy, Ho, Er, Tm, YD,
Lu, Si and Ge.

12. An interconnection structure according to claim 11, wherein said copper alloy
seed layer has an electrical resistivity larger than the electrical resistivity for the copper

conductor body.

13. An interconnection structure according to claim 11, wherein said copper alloy

seed layer has a thickness between about 0.1 nm and about 100 nm.

14, An interconnection structure according to claim 11, wherein copper conductor
body formed substantially of copper is formed by copper and between about 0.001 and
about 10 weight percent of at least one alloying element selected from the group
consisting of C, N, Cl and O.

15. An interconnection structure according to claim 11, wherein said copper alloy
seed layer is formed of a metal compound, a metal solid solution or a two-phase mixtures

of metal phases.



108 (z109& () - SH109& () - SHL109& () - #109& ()- #109%& ()-L#L10% ()-Y Uxnb@
10! DLf: 109 ()- 10 10 101 4" 109%& ()- & 2109&' ()-f, #109& ()- *#10%& () - ObC
10'L 10%m& ()- !10%m& ()- GLO%T& ()-310%m& ()- 10 10 10y@1Q% ()- 0] ) HIEbC
10! 1 10%n& () - @O%M& ()- "10%m& ()-3(10%r&5()- ! 10%& ()-S, 29 6CT 2002
10%m& () - HAEVAEbC

10! . 1 10%1& () - z+10%1& () - Y(! 10%1& ()-#! 10%& ()-z! 10%& ()-4 10%& ()-Y, @
103! 109B& (16! F10%@B&tetdondectionm sthotutdngcording to claim 11, wherein said structure is a

10%r&’ - 8! 10%& - 31 10%m& -yzdE @.10f s109B&’ - ..
TovBe: () L1 TSViRer bYestih S9mee eouLting of F0vise 4 a-sifiong 3 yiring lead for
(! 109B& () - YABEA br PEALOYBE () -, !! 109B& () -!1098& ()- f109B& ()- WIdE: /
10B

17. An interconnection structure according to claim 11, wherein said interconnection

structure is a multi-level structure having between 2 and 10 wiring levels.

18. An interconnection structure according to claim 11, wherein said interconnection

structure is built on a previously deposited layer of metal silicide.

19. An interconnection system for providing electrical connection to an electronic
device comprising:

a copper conductor body; and

a copper alloy seed layer sandwiched in between and in intimate contact with
both said copper conductor body and said electronic device for improving the surface
properties of the electronic device, said copper alloy seed layer comprises copper and at
least one element selected from the group consisting of B, O, N, P, Fe, Ru, Os, Co, Rh, Ir,
Ni, Pd, Pt, Ag, Au, Zn and Cd.

20. An interconnection system according to claim 19, wherein said copper alloy seed

layer has a thickness between about 0.1 nm and about 100 nm.

21, An interconnection system according to claim 19, wherein said structure is a
member selected from the group consisting of a via, a line, a stud and a wiring lead for
TAB, BGA or PGA.

22, An interconnection system according to claim 19, wherein said copper conductor
body formed substantially of copper is formed by copper and between about 0.001 and
about 10 weight percent of at least one alloying element selected from the group
consisting of C, N, O, Cl and S.

23. An interconnection system according to claim 19, wherein said copper alloy seed
layer is formed of a metal compound, a metal solid solution or a two-phase mixtures of

metal phases.
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a copper conductor body; and
a metal seed layer sandwiched in between and in intimate contact with both said
copper conductor body and said electronic device for improving the copper conductor
deposition process, said metal seed layer is deposited of a metal which has a solubility in
copper so low such that substantially no copper compounds can be formed, said metal

seed layer having a thickness between about 0.1 nm and about 100 nm.

25. An interconnection system according to claim 24, wherein said diffusion barrier
layer is deposited of a material selected from the group consisting of Ti, Ta, Nb, Mo,
TaN, W, WN, TiN, TaSiN, WSIN, TiAIN and TiSiN.

26. An interconnection system according to claim 24, wherein said structure is used

either on-chip or off-chip.

27. An interconnection structure according to claim 24, wherein said structure is a
member selected from the group consisting of a via, a line, a stud and a wiring lead for
TAB, BGA or PGA.

28. An interconnection structure according to claim 24, wherein said interconnection

structure is a multi-level structure having between 2 and 10 wiring levels.

29. An interconnection system according to claim 24, wherein said metal has an

electrical resistivity substantially similar to the electrical resistivity of copper.

30, An interconnection system according to claim 24, wherein said metal is selected

from the group consisting of Ag, Mo, W and Co.

31. A method for forming an interconnection structure for providing electrical
connection to an electronic device comprising the steps of:

depositing a copper alloy seed layer on an electronic device; and

forming a copper conductor body on said copper alloy seed layer intimately
bonding to said layer such that electromigration resistance of said interconnection

structure is improved, said copper conductor body is formed by copper and between about
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0.001 and about 10 weight percent of at least one alloying element selected from the

group consisting of C, N, Cl and O.

32. A method according to claim 31, wherein said copper alloy seed layer comprises
copper and at least one element selected from the group consisting of Sn, In, Zr, Ti, C, O,
Cl,Nand S.

33. A method according to claim 31, wherein said copper alloy seed layer is
deposited by a technique selected from the group consisting of reactive or non-reactive
sputtering, ionized sputtering, chemical vapor deposition, evaporation and

electrochemical means.

34, A method according to claim 31, wherein said copper alloy seed layer is

deposited to a thickness between about 0.1 nm and about 100 nm.

35. A method according to claim 31 further comprising the step of depositing a
diffusion barrier layer on said electronic device prior to the deposition step for said

copper alloy seed layer.

36. A method according to claim 35, wherein said diffusion barrier layer is deposited
of a material selected from the group consisting of Ti, Ta, Nb, Mo, TaN, W, WN, TiN,
TaSiN, WSIN, TiAIN and TiSiN.

37. A method according to claim 31, wherein said interconnection structure is

formed in multi-levels having between 2 and 10 wiring levels.

38. A method for forming an interconnection structure for providing electrical
communication with an electronic device having improved adhesion with said device
comprising the steps of:

depositing a copper alloy seed layer on said electronic device, said seed layer
comprises copper and at least one element selected from the group consisting of Al, Mg,
Be, Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Pb, Dy, Ho, Er, Tm, Yb, Lu, Si and
Ge; and

forming a copper conductor body on said copper alloy seed layer.
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41. A method according to claim 39, wherein said copper alloy seed layer is
deposited by a technique selected from the group consisting of sputtering, ionized

sputtering, chemical vapor deposition, evaporation and electrochemical means.

42. A method according to claim 38, wherein said copper conductor body is formed
by copper and between about 0.001 and about 10 weight percent of at least one alloying
element selected from the group consisting of C, C1, N, O and S.

43, A method according to claim 38, wherein said copper alloy seed layer is

deposited to a thickness between about 0.1 nm and about 100 nm.

44, A method for forming a conductor for providing electrical communication with
an electronic device comprising the steps of:

depositing a copper alloy seed layer on said electronic device; and

forming a copper conductor on top of and in intimate contact with said copper
alloy seed layer of copper and between about 0.001 and about 10 weight percent of at
least one alloying element selected from the group consisting of C, CI, N, O and S.

45. A method according to claim 44, wherein said copper alloy seed layer is
deposited by a technique selected from the group consisting of sputtering, ionized

sputtering, chemical vapor deposition, evaporation and electrochemical means.

46. A method according to claim 44, wherein said copper alloy seed layer is

deposited to a thickness between about 0.1 nm and about 100 nm.

47, A method according to claim 44, further comprising the step of depositing a

diffusion barrier layer on said electronic device prior to the deposition step for said
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copper alloy seed layer, said diffusion barrier layer is deposited of a material selected
from the group consisting of Ti, TiN, Ta, Nb, Mo, TaN, W, WN, TaSiN, WSiN, TiAIN
and TiSiN.

48. A method for forming a conductor for providing electrical communication with
an electronic device comprising the steps of:

depositing a metal seed layer on top of said electronic device, said metal seed
layer is deposited of a metal that has a solubility in and an affinity with copper so low
such that no copper compound can be formed; and

forming a copper conductor body on top of and in intimate contact with said

metal seed layer.

49. A method according to claim 48, wherein said metal seed layer is deposited of a

metal selected from the group consisting of Ag, Mo, W and Co.

50. A method according to claim 48, wherein said metal has an electrical resistivity

substantially similar to the electrical resistivity of copper.

51, A method according to claim 48, wherein said metal seed layer having a

thickness between about 0.1 nm and about 100 nm.



