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barrier t Odup ﬁ)%%nhmpgx@hange between conducting electrons and diffusing metal atoms. Electromigration causes

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

very high current density and temperatures of 100C 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

25 non-conformed deposition. The thickness of the barrier material is reduced by chemical vapor deposition
(CVD) or atomic layer deposition (ALD) processes. These advanced deposition processes form hightly
conformed barrier metal films. However, reducing the barrier thickness causes the barrier to become more

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

FIGURES 1A and 1B illustrate a schematic cross-sectional view of a portion 100 of an
30 integrated circuit including a copper layer 110, a copper via 120, a copper layer 130, a dielectric layer 150, and a
dielectric layer 160. Via 120 and copper layer 130 are separated by a barrier layer 140.
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FIGURES 3A and 3B illustrate portion 100 having an EM failure or void 155 in via 120 due

to copper diffusion from copper via layer 120. FIGURE 3A shows a portion formed according to a single
damascene process (as described with reference to FIGURE 1A) where copper layer 110 and copper via 120 are
25 formed in two separate steps or processes. FIGURE 3B shows a portion formed according to a dual damascene

process (as described with reference to FIGURE 1B) where copper layer 110 and copper via 120 are formed in
one step or process.

EM 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 positive
30 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 an interconnect or via having less resistance while not experiencing

electromigration in via or line failures. Further, there is a need for a method of forming a large grain size




to copper diffusion fromcopper via layer 120. FI GURE 3A shows a portion
formed according -to a single damascene process (as described with
.reference to FIGURE | A) where copper |ayer 110 and copper via 120 ar RARE0G
formed in two separate steps or processes. FIGURE 3B shows a portion forned
according to a dual damascene process (as described with reference to
FI GURE 1B) where copper |ayer 110 and copper via 120 are formed in. one =
. step or process. EMfailures have been described by Stanley WIlf, Ph.D. in- -~
Silicon Processing for the VLSI FEra, Lattice Press, Sunset Beach, T

- Californi , 5 (19 a.Dr. Wlf.explains t.hat a_positive 30
di ver gencgin%e?@'tnﬁg‘%nw o ?sgaﬁfe? h%r_glljnoﬁgx}rg]angs é‘&fnhlgbt%&WO@&&@E%I%WBIW-

accurul at i Bvendfrthers ahere ds a eed forngnthodi of isthgt ffhary 8BS ICfd. Mhids, may
ultimately g'r owto a size that results in opégn-ci rcuipt%le? gﬁ%@e@?ﬁ&e
conduct or 1PPTEsIstAgesand; Inggerain sige fpdeigomnect.an i nt er connect or via having -
| ess -resistance while not experiencing electronmigration in via-or line
failures. Further, there is a need for .a nmethod of formng a |arige grain.
size 2 2 \$NIMMARY QRTEHIINCENTIONg staffed grain boundaries for high

el ectronmigration reliability.  Even further, there is a need for. a nmethod
of using ter nar"gn &% APRBRdimsntoisrelated fo 2 msthedef Bibdeatinganditegrated’ gr ai n

si ze i nt ergGRAREERL nﬁﬂ?@@@ ' ) exenpl.ary enpbodi.ment is -
related to a net hgd of fa 5?%@??@%&%%@?@%‘?@?vﬁ%{&é“ﬁqﬁ% hod can

i ncl ude f chottomgofaa viscaprertare amlyprovidingng téradre icappes iatiey Wit hatedidnahe Rfat t om of -
a via aperat yre %ng. %ow di S.H a, ternary, copger alloy via material in the via
aperture t8OFEEHLe & Vithe v VR dsErtUtseon g%ﬁﬁ?(j%ﬁe&?'@étm'i@@%e ;
ternwy cofipgrvid inakiialaid dledhicany Bonddfl L HRE SohBUyK laydt HHICE selbrld St~
conductive Iglye_r and . a second ‘conductive layer. LI' e ¥ernary.-copper -al | oy
vi a mat er {qRdYEve daxese The demaryecopperoalioy vinanitetialrhelpsathd . vimhatvens leaered grain
si ze. "Anothes. oxel laﬂfiﬂct@@@%&ﬂ?&&e,i s related to a nmethod of using ternary -
copper alloy to obtain a l'ow resistance .and large. grain size interconnect -
or via: This . Ansthadxtémplaayembodimaat v relued itd\g ntiod Tlusing ietHE ickPpérayer -
over an i np}e rat ed. ci liCUi t .substr i"% providing a conformal Tlayer section
‘at a bot t SHPRAYORGYLE low resistanicg aa% B% B 3¢ {nterRerpecionteyia Fis micthod ~
condiEt i veah délidd prévadifl 3 BAK dofflucti$ i L S APEELHT Eplit o t he
first conductive | gyer, HFi ' 1ing th% v?g&%;})ed&tgru%%%%teg @écpﬁa?r%)?g%ag%per
al | oy vi a PRe¥iding & conformal layer section at a bottom and sides-of a via aperture'pgs:_it_ibned

over the first conductive layer to form a barrier separating the via aperture from the

first conductive layer, ﬁll_in'g the via aperture with a terilax_y copper alloy via material
to form a temary copper alloy via, and providing a second conductive layer over the '
20 ternary copper alloy via such that the ternary copper alloy via electrically cénnécts the
first conductive ;ayer to the second conductive layer. o
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30 conductive layer and the second conductive layer.
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25 Wth refEshowing s temprypgpst alloy ixtersermekin picerdanperith ansasmplagrvabodipientyy
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conductive showing a ternary copper allow interconnect structure in accordance with another exemplary embodiment;

15 FIGURE 6 is a schematic cross-sectional view representation of a portion of an integrated

circuit, showing a ternary copper alloy interconnect in accordance with another exemplary embodiment; and

FIGURE 7 is a schematic cross-sectional view representation of a portion of an integrated

circuit, showing a ternary copper alloy interconnect in accordance with yet another exemplary embodiment.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

20 With reference to FIGURE 4, a schematic cross-sectional view representation of a portion 400
of an integrated circuit includes a conductive via layer 410, a conductive layer and via section 420, a conductive
layer 430, a barrier layer 440, a dielectric layer 450, and a dielectric layer 460. Portion 400 is preferably part of
an ultra- large-scale integrated circuit having millions or more transistors. Portion 400 is manufactured as part

of the IC on a semiconductor wafer, such as, a silicon wafer.

25 Portion 400 can also include a dielectric layer 442 that is separated from conductive layer 430
by an etch stop layer 474. In an exemplary embodiment, dielectric layer 442 is an oxide material and etch stop
layer 474 is Silicon Nitride (Si;Ny) or other suitable material. Etch stop layer 474 prevents diffusion of
materials from conductive layer 430 into dielectric layer 442. Conductive via layer 410 can be a layer of any

conductive material, such as, copper or another metal.
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Chromium (Cr) is less than 1 atomic % As another exanple, Cu-X-Y can be
Cu- Zn- Cr where Zi nc Ad#ljctrbfatihgShitidnfoCulZnalr Q16ydefési@idhCean include Cu salt as 2 Cu ion

source, Zn salt as a Zn ion source, Cr salt as a Cr ion source, complexing agents for metallic ions, pH adjuster,

’1

and organic additives. Concentrational ratios of the metallic ions in solution are optimized to form Cu-Zn-Cr
25 films with less than 1 atom % of Zn and Cr in the alloy film. Complexing agents can be selected from the group
of ethylenediamine, ethylenediaminetetraacetic acid, and tartaric acid. Organic additives are selected from the
group of polypropylene glycoles, polyethylene glycoles and mercaptan disulfides providing favorable conditions

for shape evolution in via/trench area to complete Cu-Zn-Cr fill and to form conductive via layer without voids.

Anneal of electroplated Cu-Zn-Cr layer can be performed to complete recrystallization

30 process further resulting in increased grain size and lowered resistance.

Chemical mechanical polishing, chemical polishing and/or electropolishing can be used to
remove Cu-Zn-Cr and barrier layer from the dielectric forming planar surface ready for the next dielectric layer

deposition.



20 Chromum (Cr) is less than 1 atomic % In the case of Cu-Zn-Cr, the
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employed to include elements that lower resistivity and elements that increase grain size. A variety of different
 elements and combinations of elements can also be used.

FIGURE 6 illustrates a schematic cross-sectional view representation of a dual damascene

portionr 600 of an integrated circuit (IC), including a conductive layer 610, a via/trench section 620, a conductive

25 layer 630, a barrier layer 640, a dielectric layer 650, and a dielectric layer 660. Portion 600 also includes a
’ dielectric layer 642 that is separated from conductive layer 630 by an etch stop layer 644. Portion 600 is similar

to portion 400 described with reference t6 FIGURE 4 with the exception of via/irench section 620 having a

shape of a wide interconnect, compared to shape of via/trench section 420 of narrow interconnect.

Dielectric layers can include low dieleciric constant materials deposited by CVD or spin-on
30 techniques. Low dielectric constant materials can have dielectric constant k = 1.5-3.5 and can include porous

materials with porosity between 10 and 45%. Pore size can have dimensions of 1-15 nm.

Dielectric layer 650 can be separated from copper layer 630 by a barrier layer 652. Similarly,
dielectric layer 660 can be separated from copper via layer 610 by a barrier layer 682. Barrier layers 652 and
682 can be Tantalum Nitride (TaN). Etch stop layers 672, 674, 676, and 678 can be Silicon Nitride (SiN).




be used in a two step via/trench formati on process. The resist |ayer or

| ayers are renoved before depositing via/trench material in conduthA‘ﬂ%nﬁ

| ayer and via section 420. Conductive via layer 410 is fornmed to

el ectri cavo 93/046%79connect conductive | ayer 420. Referring por/GseaIRows5, a
portion 500 of an integrated circuit includes a dual damascene vial/trench
section having a ternary copper alloy. Via/trench section can include
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materi al s deposited by CVD or spin-on 30 techniques. Low dielectric
constant materials can have dielectric constant k = 1.5-3.5 and can incl ude
porous materials with porosity between 10 and 45% Pore size can have

di mensions of 1-15 nm Dielectric |ayer 650 can be separated from copper

| ayer 630 by a barrier layer 652. Simlarly, dielectric |ayer 660 can be
separated from copper via layer 610 by a barrier |ayer 682. Barrier |ayers
652 and 682 can be Tantalum Nitride (TaN). Etch stop |ayers 672, 674, 676,
and 678 can be Silicon Nitride (STN). 6 2 MAR 2006 5 WO 03/ 046979

PCT/ US02/ 32605 FIGURE 7 illustrates a schematic cross-sectional view
representation of a single danascene portion 700 of an integrated circuit,
i ncludi ng a conductive |layer 710, a via section 720, a conductive |ayer

730, a barrier layer 740, a dielectric layer 750, and a dielectric |ayer
760. Portion 700 also includes a dielectric layer 742 that is separated
from conductive layer 730 by an etch stop |ayer 744.




Advant ageously, use of a ternary copper alloy in the formati on of vias or

i nterconnects can provide inproved reliability and performance. For

exanpl e, electromgration reliability can be inproved due to staffed grain
boundaries. Further, electromgration is inproved due to incr easZeW\RgZﬂ%ﬁ n
"size. Wiile the exenplary enbodinments illustrated in the figures and

descri bed above are presently preferred, it should be understood that

" these enbodinents are offered by way of exanple only. Qher 10 enbodinents -:
may include, for exanple, different nethods of inplanting copper allays and..
different elenents into alloys. The invention is not limted. to a B
parti cul artCleATMS8: nent, but extends to various nodifications, conbinations, :
and pernutations that nevertheless fall within the scope and spirit of the
appended clains. 7 2 MAR 2006 CLAI M5: -A net hod of -fabricati-ng an integrated
circuit (400), £ { b STt § : jar ayer . (440)

al ong | at gr' al sﬂ& ggﬂi\%gltoltﬁ?%and %%@h n%t%(; %@&?@ﬁghgg{ar ogr.cg, p?%le%w a
aperture bei ng foumhg guagdert layere@dDY eloag titerahsitle malls . ahd at battorsbf iacdb | y -

connects a_first_conductive, l.ayer (410) and .a second copductjve.l ayer
(4307; AndPEPYSG: thevie aparture, bei g GBMF‘} ERfeive & Vichmateria| that ﬁim. Ya
aperture. chfnectf fitsBlcotidetivel 41 , alrl viay materi al

i ncl udi ng cZi nec (Zr])s., Si vlevre' ﬁ(]%g)x :d)grﬁqagi'édr%% %%‘ﬁ?eﬂg%r(}aatr (%%(25.%_1@0ne, el -enent
for increasi ng P§eading gitemaiynesippdi allpyCes oiaterial iDathe oia apbfture 16 Hbomiauvia (Cr ) .

2. Aneth f ing -ternary capper, all.oy .o gbtain, a,.low rési s nce and- -
| arge gr ag%z@t g‘éstfwg‘gr %ogﬁﬁreﬁltloyo\‘lg\waé??ﬁ] H%éfﬁfié?ﬁwcz‘z%ﬁ'{sﬁeﬁ&:&gewai i¥i ng a
first congSsy antbal Ry oeddlBthe@VRE ifdtedsipepram! Ak Hclidid CalRRA(@RF.orl5
provi di ng conf or TT§| | ayer section (44 at a bottomand sides of 'a via
apertfur e o) over the first conductive |ayer (430) to forma barrier
separating the via aperture fromthe first conductive layer (430); filltng
the via aperture with . a ternary. copper alloy via material to.; forma’
ternary cépper Anniethodvofasing2@nary beppeeatiay to oltpiper lost resistance andllageal -
i ncl udi ng - 20 one.elenment, f.or | owering resistance, and at |east
one . of Cﬁrr%l;ﬁ’ls%%ﬁ?%??mgfto@‘%i (PECaT CBRYSIE providing a second conducti ve -
layer (41.0) oyesviding affiesteandtictiop Reer (430) Gér ¥n ftegrated circuit subjstrate; -
15 providing a conformal layer section (440) at a bottom and sides of 4 via
aperture positioned over the first condu_gtive layer (430) to form a barrier sépa'réting
the via aperture from the first conductive layer (430); '

filling the via aperture with a ternary ccopper alloy via material _fq~fo'r_m_a
ternary copper alloy. via (420), the ternary copper alloy via material including at least -
20 - one element for lowering resistance, and at least one of Chromium (Cr) or Cal_cium
(Ca); and ' | - o
providing a second conductive laye; (410) over the ternary copp‘e_ai” .al_leiy'-: v'ia'
(420) such that the {emary copper alloy via (420) electrically connects -fl;e “first
conductive layer (410) to the second conductive layer (430).
25 : - .
3. The method of claim 1 .or piaim 2, wherein the temarycoppcralloy via -

material includes an element with a characteristic for lowering resistance.

4. The method of claim 3; wherein the elémient with a characteristic for lowéring-
30 resistarice is one of Zinc (Zn), Silver (Ag), or Tin (Sn).




(420) such that the ternary copper alloy via (420) electrically connects
the :first conductive |ayer (410) to the second conductive |ayer (430). 25
3. The- nethod of claiml .or claim2, wherein the ternary copper JEAE? ﬁi a
material includes an elenment with a' characteristic for lowering rg %{]
4. The. nethod of claim 3, wherein the el.enent with a characteristic for
|l owering 30 resistance is one of Zinc (zn), Silver (Ag), or Tin (Sn). 8 2 - -
MAR 2006 10 5. The nmethod of claim3-or claimd4, wherein the el errent with ai._
characteristic. for lowering resistance is one atomic per cent .| ess. 'of '
the ternary copper alloy via materi-al. 6. The nethod of. - any- pr ecedl ng.
claim wheréin t Mitheteethad pf clramnéror clatt & whtteinrthé eldeentwith lactheractenistitn a-
characterl tic for increasi.n rain size. 7. The. gethod of clai
wherei n - t haolONFERG TRISANC if KAF AATF PSToeRt or Jegof ¢ ﬁwgasqoaaﬂgaﬂ@rn“%i ze is
Cal ci um (Ca}n gifghromum (Cr). 8. The nethod of claim6 or. claim7; :
wherein the e errent with a cha acten.stic. for-increasing grain:sizeis
one atomic percent or |ess of the. ternary copper aIon via matgrial. 15 9 .
The nethod of cla,m6, 7.,or. 8 wher aln ize is betwee
The nethod & an roethed of [yaprsre %? ?e’c“e F{PaR, W@T‘ﬂ("c‘?y Via
material  coppitb$AIndhtite Gh elehléRivith 2 CNLALR SIS follhO@SEang Srain size. "

7. The method of claim 6, wherein the element with a characterlstlc for L
increasing grain size is Calcium (Ca)-or Chromium (Cr). '
10 o | | R
8. The method of claim 6 or.claim 7, wherein the element with 2 charactenstxc :
for increasing grain size is one atdmic percent or less of the terary copper alloy via .

material.

15 9. The method of claim 6, 7 or 8, wherein the gram size is between. 05and30 o

pm.

10.  The method of any preceding claim, wherem the temary copper alloy via ©
material comprises CuAgCr CuSnCa, CuZnCa, or CuAgCa. ' '

e,




