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(1) Field of the Invention

The present'inQention relates to the fabrication of
semiconductor structures, and more ?articularly, to the
formation of damascene interconnects through the creation
of platinum seed léye;s to selectively plate copper in the

manufacture of integrated circuits.
{2) Description of the Prior Art

As integrated circuit feature sizes continue to
decrease, it has become advantageous to construct metal
connections out of copper instead of aluminum. Copper ﬁas
a lower resistivity than aluminum, and therefore can form

higher speed connections for a given line width.

The disadvantage of copper, however, is that it is
more difficult to reliably etch than aluminum. To create

copper traces, therefore, alternative design approaches

han

uct ures
etches are



into the isolation dielectric material where connective traces are 4 APR 2004
pl anned. Then the copper is deposited to fill the traces. A polishiné
process is used to etch back any overfill of copper in the trenches. In
this way, damascene approaches allow the use of copper for interconnects.

, Referring to Fig. 1, a cross-section of a partially conpleted prior art
dual damascénehsas udangseens shdwivalA dagalbsenat st hayerrekOhise depirct ed. The
substrate | ayer 10 enconpasses all underlying | ayers, devices, junctions,
and ot her faatoyed.t Rt Usivg Deemsdorantdcpnioues o ddpperdepnsi ti on and
definition of the conductive traces 18 in the isolation |layer 14. A

di el ectric kagbes22rowriniestete Isaieatd, onrkayess 26-camdrpartial |y overlies
the conductive traces 18. A via opening is shown formed in the dielectric

| ayer 22 tonéxpose idwdatdpnsdiébes: fc matceondusidiee bhaestid= A trench
is also formed in the dielectric layer 22. A barrier layer 30 is deposited

overlying t headéel ®6d rdlannkayerTRen amMd bpr@%pﬂ§Qﬂxﬁ%ﬁqgﬁtEMefII?CGS 18.
The purpose 2 14 APR 2004 of the barrier layer 30 is to prevent diffusion

of the subsrquenides deposbl esh LOPRAIocEBEOE hesLonduekbuephtacas, 18 or the
dielectric layer 22. Since the copper layer wll be

overfill of copper in the trenches. In this way, damascene

approaches allow the use of copper for interconnects. P

Referriﬁg to Fig. 1, a cross-section of a partially

completed prior art dual damascene structure is shown. A
substrate layer 10 is depicted. The substrate layer 10
encompasses all underlying layers, devices, junctions, and
other features that have been formed prior to the
deposition and definition of the conductive traces 18 ih
the isclation layer 14. A dielectric layer 22 overlies the

isolation layer 26 and partially overlies the conductive

“} traces 18.

A via opening is shown formed in the dielectric layver
22 to expose the top surface of the conductive trace 18. A
trench is also formed in the dielectric layer 22. A
barrier layer 30 is depositéd overlying the dielectric

layer 22 and the exposed conductive traces 18. The purpose




de’osited using electroless plating, a seed layer 34 is deposited
ovgrl yi.ng t he garri er layer 30. The purpose of the seed |ayer 34 |s1fc9*PR 2004
provide a thin layer of activation atons to catalyze the electroless

pl ati ng process. The seed |ayer 34 nmay be made up of copper, platinum or
pal l adium The seed layer 34 is typically deposited by a physical vapor
deposi tion EPVDheobachen dalyerapor is depQsistian é{%@a&ﬁﬁpggs?h?ﬁbferrlng to
Fig. 2, the result of the electroless plating deposition o he copper

| ayer 38 i s sshewnuenitbswEpgiceRPEspMas Usedias t418:1.584¢.! g¥§ée.§418the seed
| ayer 34 is absorbed into the copper layer 38 during the eposition

rocess. Nobe thatdidke=cofpenakayess 38 4i$, cdenosid eve g\/\/.nerf n the
aafer overlying the barrier |ayer 30. Thfs unlvegggF‘geBogl foh 8t the

copper Iayede§8518e@eﬁﬁu@ﬁeﬂ@@t§§ﬁ§n§%M%Eiﬁé,“Q%ﬁﬁ%ﬁga9290§ht9d ever ywher e

on the wafer. To forminterconnect el enents; bot excéss topper |ayer

38 and the dzpesstamrdvedilidayethdbiMsler R, LEMYed, Ihis Is typically
acconpl i shed by subjecting ?he waf er s gb aycﬁenlcal %egﬁgﬁ?%%Jg olish

(CWP). 3 A 8hédRRea00rh Ref gur i 80 N dQ 4Bl 9- tliin C%L%rfe@gotfhaectlva on €55 the
copper layer 38 is polished down to a plug. An

atoms to catalyze the electroless plating process. The

seed layer 34 may be made up of copper, platinum, or

palladium. The seed layer 34 is typically deposited by a

physical vapor deposition (PVD) or chemical vapor

deposition (CVD) process.

Referring to Fig. 2, the result of the electroless
pléting deposition of the copper layer 38 is shown.
Assuming copper was used as the seed layer 34, the seed
layer 34 is absorbed into the copper layer 38 during the.

~deposition process. Note that the copper layer 38 is

e

deposited everywhere on the wafer overlying the barrier
layer 30. This universal deposition of the copper layer 38
is because the seed layer 34 was also deposited everywhere
on the wafer. To form intefconnect elements, both the-
excess copper layer 38 and the excéss barrier-layer 30 must
be removed. This is typicaliy accomplished by subjecting

the wafers to a chemical mechanical polish (CMP).




encépsul ation layer 42 is deposited overlying the copper | ayer 38 t44 APR 2004
proetect. thé copper from oxidation during subsequent processi ng steps. It
woul d be advant.ageous to elininate the CMP process used to polish down the
copper layer 38 in the prior art nethod. To do this, it is helpful to
deposit the copper only where it is needed. Likewi se, it would be

advant ageous to sinplify, and make |ess expensive, the process used to
formthe seed | ayer 34. Several prior art approaches attenpt to inprove

el ectrol ess pl at iBefepracgsses foOFigse 3, Nah AL RYH(EEVEI ﬁf&ﬁés ,rr%th%I i zation.
U S. Patent 5,674,787 to Zhao et al teaches a process to sel'ectively

deposit copperprar fleyer BBt es qmlietkedPbo@s th LQRREL | AN seed layer is used
to activate the electroless copper plating procesS. A dielectric layer is

deposited arehcapssdbrtdphcadyer etcheddbfos fIdNRHh 6l §CtHIEL Rarrier on the
Si Elevval | s of the connective trench. Aﬁ encapsuleat ?ongl ayeer %?—ceé:l ectrol ess

pl ated over ldwercopped pteigectUtSe Babgaﬁ %J@%ﬁﬁzt&&’n qwlnfg 14 APR 201
r

di scl oses an apparatus and a process fo orm ng copper interconnects.
Pl ati num or spalsleagienm ponice afiRigUsedpas the seed layer to activate the
el ectrol ess plating of the

1t would be advantageous to eliminate the CMP process
used to polish down the copper layer 38 in the prior art
method. To do this, it is helpful to deposit the copper
only where it is needed. Likewise, it would be
advantageous to simplify, and make less expensive, the

process used to form the seed layer 34.

Several prior art approaches attempt to improve
electroless platiqg processes for use in integrated circuit
metalization. U.S. Patent 5,674,787 to Zhao et al teaches

. } : 4 process tc selectively deposit copper to form
interconnect plugs. A copper ion seed'layer is used to
activate the electroless copper plating process. A
dielectric layer is deposited and anisotropically etched to
form a dielectric barrier on the sidewalls of the
connective trench. An encapsulation layer is- electroless

plated over the copper plug. U.S. Patent 5,723,387 to Chen




copper |ayer. The copper layer is not selectively deposited and a post
plating chemi cal nechanical polish nust be done. U.S. Patent 4,5741098PR 0%
Baum et al teaches a process to selectively deposit copper by fornmation of
a palladiumseed | ayer by photo-induced deconposition of gaseous conpl ex

at a wavel ength of 249 manoneters. The electroless plated copper |ayer is

then deposi edchhees dheapalatadi AN Y odeSsS@of Ofcgm.ngU.cg Pat ent
5,824,599 to Schacham Di anond et al teaches a process to nbA-Sel ecti vel y

deposit a cdppercbayectdy elleetinghess plalddidn A2l U num, Layer is
deposited overlying the copper seed Iapg/)cier to mpr evenat%o%%ﬁgt iagnglb? t he seed

l'ayer priorseedplayengco WcSivabat end &1.e3380126519 Kaldmang ef al discloses a
process to selectively deposit a copper |layer over anetal Silicide

| ayer. U. S. cBapentldy&b2, 348 tepLeprr i 8t gl di process to
el ectrol ess plate cobalt or -ni c'liiglg to y%kr mvi a p‘?lﬁégcgi%%l% APR 2004

SUMVARY OF aonéi\b@rHrfa\laApBéicnﬁw@inf@h% 1 Q% {&ﬁ&ezimgswgg”.“ on is to

provide an effective and very manufacturable method o f abr ting

| ntegrat od RLEEULS SIHd N G0BPCEal SHETLANIEHE o4 duill U8 LPPLECL, O the
a process to selectively deposit copper by formation of =
palladium seed layer by photo-induced decomposition of
gaseous complex at a wavelength of 249 nanometers. The
electroless plated copper layer is then deposited where the
palladium laver ié so formed. U.S. Patent 5,824,599 to
Schacham~Diamond et al teaches a process to non-selectively
deposit a copper layer by electroless plating. An aluminum
layer is deposited overlying the copper seed layer to
prevent oxidation of the seed layer prior to pléting. U.s.
Patent 5,308,796 to Feldman et al discloses a process t§

selectively deposit a copper layer over a metal silicide

layer. U.S. Patent 4,692,349 to Georgiou et al discloses a

R

process to electroless plate cobalt or nickel to form via

plugs.




pnévide.d met hod of fabricating copper interconnects by depositing copper
usi ng 'an etectrol ess plating process. Another further object of the bk&P8n200k
invention is to provide a nethod of fabricating copper interconnects where
t he copper layer is selectively deposited such that little or no excess
copper needs to be renoved by chem cal nechanical polishing. Yet another

further object of the present ig@m@@kyogFiﬁﬂEtjﬁvgpgybge a met hod of
fabricating copper interconnects by selective electroless plating of

copper catalyzed by a platinum seed .|ayer that is deposited by
phot o-reduction of a solution of platinumions. In accordance with the

obj ects of this Anvenidion, apBew net [ i ng _coppey _interconnects
is achieved. 6 14WXPR f%%ﬁ A 2e§$congﬁgig%e%u ét#ﬁﬁﬁgtﬁg?e?gi Oprovided.

Conducti ve phhaces &f & MRyigedjd Al 00, diglegtiheg! ayer. An

i nt ernetal gielectric Iaf%r IS ﬁggOS| egggggé yﬁ%g)ehgeté8%d% tive traces
d
1

and the isokagbing,di gl eclikl el. |,oterpetal dielectric |ayer is
patterned to forn1tHE%Chegbgﬁggﬁf%gggnﬁﬁehggﬁ %ﬂ%%ﬁ%eg%SFC?Wgaﬂﬁherlying
conductive traces. A barrier layer is deposited overlying the internetal

dielectric layer, the exposed conductive traces,
A further objectlof the present invention is to

provide a method of fabricating copper interconnects by

depositing copper using an electroless plating process.

Another further object of the present invention is to
provide a method of fabricating copper interconnects where
the copper layer is selectively deposited such that little
Or no excess copper needs to be removed by chemical

mechanical polishing.

Yet another further object of the present invention is

: } to provide a method of fabricating copper interconnects by
selective electroless plating of copper catalyzed by a

platinum seed layer that is deposited by photo-reduction of

a sclution of platinum ions.

In accordance with the objects of this invention, a

new method of fabricating copper interconnects is achieved.




and.withih the trenches. A platinumionic seed solution is coated 'wihﬂﬂQQM4
t he trenches and overlying the barrier layer. A platinumseed |ayer i's

deposited fromthe platinumionic seed solution by exposing the platinum
ionic seed solution to ultraviolet light. A copper |layer is deposited by
el ectroless plating to formcopper interconnects, where the copper |ayer

|5 only deposistrdoonentidndule Btat i am seedy LAYSS | thg tEgnches, and

where the deposition stops before the coppe ayer Ti 6*{fenches. The

exposed barlieks! Qi‘@rﬁofévl%'d' iﬂegndfgs\@l} éﬂt%nghgﬁtfgcéﬂr‘; al%g(ﬁgfm Egﬁ overlying

internetal dielectric Tayer. An enca ayer

the copper ipkecronnpcss. and Lhe, Lot erreal i %%S%%ﬁrréﬁ%ﬁ Fher 1o

passi vation layer I's deposite y|ng e en

conplete th i f egr at.ed C|rcu t _devi t 4 APR 2004
BRFEF DESCRFB%?%%F%@é1%%%%%§A%P%G§ﬁ% g%a%ﬁhc ﬁ?ﬁﬁﬁiﬂﬁﬁ%ﬁﬁgs fotning a

i al th - FE 1 through 3
22L2L£?|ca| %tfﬁ%%%$%2%%3%%%%?%Lg§y%ecereﬁtgﬁf??%quj%%WpFé?EBr%?lor art

i nt egrated r C nt e nnect sfructures. Figs. 4 through
12 schenatlggI§ %??Uﬂfrg%@ gBE%ace f%&m unéerlylng conductive

traces. A barrier layer is deposited overlying the
intermetal dielectric layer, the exposed conductive traces,
and within the trenches. BA platinum ionic seed solution is
coated inside the trenches and overlying the barrier layer.
A platinum seed layer is deposited from the platinum ionic
seed solution by exposing the platinum ionic seed solution
to ultraviolet light. A copper layer is deposited by
electroless plating to form copper interconnects, where the
cbpper layer is only deposited overlying the platinum seed
layer in the trenches, and where the deposition stops
before the copper layer fills the trenches. The exposed
} barrier layer is polished down to the top surface of the
intermetal dielectric layer. 2n encapsulation layer is
deposited overlying the copper intefconnects and the
intermetal dielectric layer. A passivation layer is
deposited oVérlying the encapsulation layer té complete the

fabrication of the integrated circuit device.




créss-sedt[onal representation the present invention used to Creatﬁ%&?@@@ﬁm;
i nit er connects. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The preferred®

enbodi ments of the present invention wll be disclosed in detail as
applied to the formati on of dual danmascene copper interconnects. In
addition, Fig. 12 illustrates the application of the present invention to

the formation of single damascene copper interconnects. Since the key
features of the present invention apply to either S the single or the dual
damascene case, only the dBRIERI@ESsREPEIOW |JF eedDeskngsd in detail .

Referring now nore particularly to Fig. 4, there is illustrated a portion
of a partially conpleted integrated circuit. In this preferred enbodi nent,
the present invention will be used to create copper interconnects. It wll

be understood bynt hbseaskirngeding thewaids tdamihhea mavantdionaceul d be
applied to the formati on of other copper structures. Substrate 50
enconpassesfalthisndestyipigion, aydese tevie®asm: junctions, and other features
that have been forned prior to the deposition of an isolation | ayer 54.
Conductive traces 58 are provided in the isolation |ayer 54 as
conventional in the art. An internmetal dielectric |ayer 62 is deposited

overlying the conguctiVéhrough 3 schematically illustrate in cross-

section partially completed prior art integrated circuits

using copper interconnect structures.

e

Figs. 4 through 12 schematically illustrate in
cross-sectional representation the present invention used

to create copper interconnects.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Ny | The preferred embodiments of the present invention
will be disclosed in detail as applied to the formation of
dual damascene copper interconnects. In addition, Fig., 12
illustrates the application of the present invention to the
formation of single damascene copper interconnects. Since

the key features of the present invention apply to either




traces 58 and the isolating dielectric |layer 54. The intermetal dielectric

| ayer '62 i s preferably conposed of an oxide such as | ow k-val ue & APR 200%
fluorinated silicate glass (FSG, which is planarized after deposition.
Preferably, the internetal dielectric layer 62 is deposited to a thickness
of between about 4,000 Angstrons and 18, 000 Angstrons. Referring now to

Fig. 5, thethateimatabrdikéedisl lamayeenb2case pahiergd dmf ormtrenches to
the underlying 9 14 APR 2004 conductive traces 58. Many conventi onal

techni ques @amascl habhebtodidordBdag ihhget4enches. One such technique is
to first etch through the internetal dielectric |ayer 62, where not

protected by a photoresist mask, to formthe narrower, via trenches to the
top surfaces of the conductive traces 58. Next, the internmetal dielectric

layer 62 is etcheddawngpashimdly paMiers: ety HPEet ed, byhé-« pROt or esi st
mask, to formthe w der, interconnect trenches. For purposes of the

preferred epbndiveiles at Bereosbidred ﬁh@ti&l%‘%@ﬂ@tb&t%% trench
will sinply be referred to as the trench. Referring nowto Fig. 6, a

barrier layefrAid.s 16epasEtSek QU ERFob Nt ehaebabsdiel ectric |ayer
62, the exposed surface of the conductive traces 58, and within the

invention will be used to create copper interconnects. It
will be understood by those skilled in the art that the
invention could be applied to the formatioﬁ of other copper
structures. Substrate 50 encompasses all underlying
layers, devices, junctions, and other features that have
5een formed prior to the deposition of an isolation layer
54. Conductive traces 38 are provided in the isolation
layer 54 as conventional in the art. 2An intermetal
dielectric layer 62 is deposited overlying the conductive
traces 38 and the isolating dielectric layer 54. The
intermetal dielectric layer 62 is preferably composed of an
oxide such as low k-value fluorinated silicate glass (FSG),
which is planarized after deposition. Preferably, the
intermetal dielectric layer 62 is deposited to a thickness

of between about 4,000 Angstroms and 18,000 Angstroms.

Referring now to Fig. 5, the intermetal dielectric

layer 62 is patterned to form trenches to the underlying




the trenches. The. purpose of the barrier layer 70 is to prevent oxidation |
and diffusi'on of the subsequently deposited copper netal layer while StAPR 2004
providing a low resistance contact path between the conductive traces 58

and the subsequently formed copper interconnects. The barrier layer 70 is
conposed of a lam nate of tantalum (Ta) and tantalumnitride (TaN). The

first |am n&cadurthral umcesi 6Bi. deMasy famviemptoned esiesieBst a-the

internetal dielectric layer. The second |lam nate, tantalum is a low 10 14

APR 2004 regivetilubly bar riceminghendarrdreihesayennd Osich fatmad by ;depositing
a layer of tantalumand tantalumnitride (TaN) to a thickness of between

about 50 Angst £omst amtkIBA0roAJEStRO Mt dRakebl | Ade NOW 10 Eiager?e an
inportant feature of the present invention is described. For electrol ess

plating of wheppenot omitektea Bpesl dray@relust gxdéiSt QN Lhg dgposition
surface prior to plating. The seed |layer acts as a catalyst in the plating

reaction andarsoeetheri:akhsenbrés tdtdhe ReppkatiNgksYutibgn or el se forns an
alloy with the plated |ayer. Such seed |ayers are typically conposed of

ei ther the conpotiitivd cdaeepl 88 ed, Ndkt! hitheCafE SRANAT qiQcAPPLher atonic
species that can effectively catal yze the
layer 62 is etched down partially, where not protected by a

photoresist mask, to form the wider, interconnect trenches.
For purposes of the preferred embodiments, the combined via
trench and interconnect trench will simply be referred to

as the trench.

Referring now to Fig. 6, a barrier layer 70 is
deposited overlying the intermetal dielectric layer 62, the
exposed surface of the conductive traces 58, and withiﬁ the
the trenches. The purpose of the barrier layer 70 is to
prevent oxidation and diffusion of the subsequently

deposited copper metal layer while still providing a low

)

resistance contact path between the conductive traces 58
and' the subsequently formed copper interconnects. The
barrier layer 70 is composed of a laminate of tantalum (Ta)
and tantalum nitride (TaN). The first laminate, tantalum
nitride is for improved adhesion to the intermetal

dielectric layer. The second laminate, tantalum, is a low

10




lating reaction. In the present invention, the seed |layer is conmposged of .
BI ati ng_m The platinumseed layer is formed in a sinple and novel ‘!/& APR 7054
First, a platinumionic seed solution 74 is coated overlying the barrier
llayer 70. This platinumionic seed solution 74 is preferably applied using

a spin-on procedure to forma thin |ayer across the wafer. As shown in

Fig. 7, a sigiiikceanty anunte0f the lﬁﬁﬂéroﬂag%ﬁl g(g'(t)% if%rmggebt renches. The

plati numionic seed solution 74 of the 11 14 preéesent Ynvention is

onposed of i €1 K rldfy%lre ] Jandi \ i.n_l.sopr nol .
(I:?e;rgrri ng nc()ﬁbtsghle:iigé ég ol | g\%\n %’%%@JHL&H& E%g’?%lnlg‘ggfltrtlﬁ% f)f num |hon|7g
seed sol uti @ Z4chiOEndef & betRXBRSAShu %ovhﬁmggé onfy arlf_:lldt bRy ol et 'h' KA
The |ight source 78 is conposed of spectral vel'engths shorter than
nanonet er s. shypesbmg. the platinumionic seed solution 74 to the |ight
source 78 causes photo reduction of the platinumcations in solution to
neutral platinum The platinumdeposits to formthe platinumseed |ayer

76. If for exanple, the ionic seed solution 74 is conposed of Na2PtCl6 and

| sopropanol , t hers.efi:6 rigPeslkeso! R $OI 4 baN shForh [LLL:. ThE {191 1 oW ng
exenpl ary reaction occurs in the
bresent invention is described. TFor electroless plating of
copper to work, a seed layer must.exist on the deposition
surface prior to plating. The seed layer acts as a
catalyst in the platingrreaction and is either absorbed
into the platiﬁg éolﬁtion or else forms an alloy with the
plated layer. Such seed layers are typically composed of
either the compound to be plated, iﬁ this case copper, or
another atomic species that can effectively catalyze the

plating reaction. In the present invention, the seed layer

is composed of platinum.

The platinum seed layer is formed in a simple and
novel way. First, a platinum icnic seed solution 74 is
Ccoated overlying the barrier layer 70. This platinum ionic

seed solution 74 is preferably applied using a spin-on
procedure to form a thin layer across the wafer. As shown
in Fig. 7, a significant amount of the solution collects in

the trenches. The platinum ionic seed solution 74 of the

11




i on seed Sol ution 74 when exposed to the |ight source 78 at spectral
frequencies of |ess than 488 nanometers: by PtCl62 + CH3-C-CH3 -~ P4 ApPR 2004
CH3CHO | OH A platinum seed |ayer 76 is thus deposited overlying the
barrier layer 70 in the trenches. This process for 12 formng a plati num
seed | ayer, for the subsequent deposition of copper by electrol ess

plating, re rgg;q%s a gignificant sinplification when conpared to prior

art approaches that*"G8&180nEs FFWCsedphl s iPELt « papia-dEFdsi tion  (PVD) or
chem cal va orcgsgggttionﬂéEVDr]to deposit the seed layer. At this point,

the barrier T4y fay S %hed away to the top surface of the

internetal dielectric l.ayer 62. This step is optional to the process
sequence and may be delayed until after deposition of the copper |ayer.
The disadvantage of this option is that the internetal dielectric |ayer
62 will be expostdStSiPAe"¥bpperiglafi nfellssling bhe Suime coappes cAn be
absorbed into the dielectric in this way. Referring to Fig. 9, another

i npor t ant f%&ﬁl? atdpuppionic seed solution 74, the wafer is exposed

to visible or ultraviolet light 78. The light source 78 is
composed of spectral wavelengths shorter than 488
hanometers. Exposing the platinum ionic seed solution 74
to the light source 78 causes photo reduction of the
platinum cations in solution to neutral platinum. The
p}étinum deposits to form the platinum seed layer 76. 1If
for example, the ionic seed solution 74 is composed of
NayPtCle and isopropaﬁol, the ionic specieé in solution is
PtCle¢™ . The following exemplary reaction occurs in the
ion seed solution 74 when exposed to the light source ?é at

spectral frequencies of less than 488 nanometers:

] hv
PtCle¢®™ + CH3-C-CH; = Pt° + CH;CHO

OH

A platinum seed layer 76 is thus deposited overlying

the barrier layer 70 in the trenches. This process for




present | nvention is presented. A copper layer 80 is deposited overl ;ﬁijgg

the pl-ati num seed | ayer 76 by electroless plating deposition. The copplAPREm%
| ayer fills the trench to form copper interconnects. The deposition
process is timed to stop before the trenches are conpletely filled with

t he copper |ayer 80. Because the copper layer 80 only fornms in the
trenches, wreiraihheapbait um seed Ldydr 4 f%BRtﬁ%’O&;B bnf6 exists, and does
not extend above the surface of the internetal dielectric layer 62, it is

not usual |y dep@ees$as Yot CdpRki-SBy AOWELSXA8SS £PRPS g,”%%%%élen@é gn the

prior art exanple. If a polish down of the copper [ayer IS required,

the amount efigaeki shhN s S REL S WS co Bsr&@%%fi%géﬁ@o |'s deposited

I
to a thickness of between about 3000 Angstrons a ngstrons. The

copper | ayegp8@oHeRosidHan yisa ien p nLal ning. sol ution in
an el ectrol egg 8eposi tion urracﬁ%%?fd'lz\%g Ogi P?%?%%tol 3’% %gi P?%ﬁéso Utions are

di scl osed W@VQ)a§rt¢ﬂgﬂ¥3alfQépékaﬁ%§§%35§d&@ﬂ@?QEH% %bsftf£ﬂ5t copper

contai ning solution is conposed of: H 4 ~concentration of about
3.1 grams/| 5tgs, 184s0di um salt of EDTA at about 20.0 grams/liter, HCHO
(formal dehyde) at = about 20.0 grans/liter, Na2SO .10H2O at about 40.0

At this point, the barrier layer 70 may be polished
away to the top surface of the intermetal dielectric layer
62. This step is optional to the process sequence and may
be delayved until éfter deposition of the copper layer. The
disadvantage of this option is that the intermetal
dielectric layer 62 will be exposed to the copper plating
solution. Some copper can be absorbed into the dielectric

"in this way.

Referring to Fig. 9, another important feature of the

present invention is presented. A copper laver 80 is

P

deposited overlying the platinum seed layer 76 by
electroless plating deposition. The copper layer £ills the
' trgnch to form copper interconnects. The deposition
process is timed to stop before the trenches are completely
filled‘with the-copper layer 80. Because the copper layer

80 only forms in the trenches, where the platinum seed

i3




grans/liter, and polyethyl enegl ycol at about 6.6 grams/liter. The @ APR 2004
the solution is adjusted to about 7.0 using NaOH The tenperature is

mai nt ai ned between about 10 degrees C and about 90 degrees C. A second
copper containing solution is conposed of CUSO4.5H20 at about 8.5

grans/liter, HCHO %f or mal dehyde) at about 37% sol ution, 2
mlliliters/i3%esr 7 andish Sodingmdoabt ndd <4 cAPRaR004 e EA-ak apout 57. 3

grams/liter. The pH of this solution is adjusted to about 11.2. The
t enper at ur e ¢ Aataracheld distleaboit BoyalegxrestCis Redterdduag :gow to Fig. 10,
the barrier layer 70 is polished dowmn to the top surface of the internetal

dielectric I"®¢€ES62Y 1¢ rhddhadoiver ekaysey cippersmpobisiiets dgwapprior to
t he deposition of the copper layer 80, then this step nay be omtted. The
pol i sh st ep Fi*$Oferfbrerairlgsi ngfaa conlient idonal o hemd cppagchapkeago pol i sh
(CW). Referring nowto Fig. 11, an encapsulation |layer 84 is deposited
overlying tRé &eppbredntidrecannest soBandntihg shawrl B alindinghectric | ayer
62.. The encapsul ation layer 84 .provides electrical isolation for the top
surface of The CeppperldvayeB080s démosneapsul atiOr-hRwer o84pke.psef erably
conposed of silicon nitride conventionally deposited to a

about 3000 Angstroms and 17,500 Angstroms.

The copper layer 80 deposition is performed in a
copper containing solution in an electroless deposition
machine. Two different deposition solutions are disclosed
here as typical for the preferred embodiment. A first
copper containing solution is composed of: Cu804.5H,0 at a
concentration of about 3.1 grams/liter, disodium salt of
EDTA at about 20.0 grams/liter, HCHO (formaldehyde) at
about 20.0 grams/liter, Nazsog.lonO at about 40.0
grams/liter, and polyethyleneglycol at about 6.6

grams/liter. The pH of the solution is adjusted to about

R

7.0 using NaCH. The temperature is maintained between

about 10 degrees C and about 90 degrees C.

A second copper contalning solution is composed of
CuS0,.5H,0 at about B.5 grams/liter, HCHO {(formaldehyde) at

about 37% solution, 2 milliliters/liter, and disodium salt

14




t hi ckness of between about 200 Angstrons and 1000 Angstrons. A passi $atARmR 2004
| ayer 88, preferably conposed of plasma nitride, is fornmed overlying the
encapsul ation layer 84 to conplete the fabrication of the integrated
circuit device. 15 14 APR 2004 Referring nowto Fig. 12, a conpleted
si ngl e damascene interconnect forned by the present invention is
il ustratedeCBﬁﬁﬁcat\ﬂbdumaGESB1§Ehmﬁﬁ1ﬂQvaidfﬁgigpzbﬂithgg Sgﬁﬁﬂfgf on | ayer
104 overlying the sem conductor substrate 100. A conductive via plug 116,
of tungstenléradbpperd ticsabbotned.in ahseeendeiHalal i@Nphayes; Jdg. The
principle features of the present invention are then exenplified. An
intermetal ditekkotlti&s ldmgered20.is deposited overlying the conductive via
plug 116 and the second isolation |ayer 112. The internmetal dielectric
| ayer 120 is patterned to form trenches to the underlying conductive via
plugs 116. A barrier layer 124, such as.tantalumand tantalumnitride, is
deposi ted overlymeﬁpﬁﬁmagiﬁb&rﬂ@tgﬂgjﬁlgleggéigéﬂfgg%rl%ﬁgr 7¢hﬁ3exposed
conductive via plugs 116, and within the trenches. e. platinum seed
| ayer 128 isolibgos] tdetn ovethyitip @ﬂ@f@@éréfﬂtﬂeaﬁﬁge}ﬁétgf descri bed
earlier in the enbodi nents. A copper layer 132 is deposited by

dielectric layer 62. If the barrier layer 70 was polished

down prior to the deposition of the copper layer 80, then

th;s Step may be omitted. The polish step is performed

K—

using a conventional chemical mechanical polish {(CMP).

Referring now to Fig. 11, an encapsulation layer 84 is
deposited overlying the copper interconnects 80 and the
intermetal dielectric layer 62.. The encapsulation layer 84
‘provides electrical isolation for the top surface of the
copper layer B0. The encapsulation layer 84 is preferably
composed of silicon nitride conventionally deposited to a

thickness of between about 200 Angstroms and 1000

N—

Angstroms. A passivation layer 88, preferably composed of
plasma nitride, is formed overlying the encapsulation layer
84 to complete the fabrication of the integrated circuit

device.

15




: . _ _ "
.ectrol-ess plating to fill the trenches and to thereby form copper 44 APR 20

?Lsgrcbnnectg. Thegexposed barrier layer 124 is polished down to the top
surface of the intermetal dielectric layer 120. An encapsul ation |ayer

136, such as silicon nitride, is deposited overlying the copper _
interconnects and the internetal dielectric layer. Finally, a pa55|vat|oP
llayer 140 is depBsi¢ed myeokytagride 1§ b4cHRR L4004 gRgaRsylaid an J ayer ]9
conplete the fabrication of the integrated circuit device. . The process o

L i i : | ectively
the present inhwectimsttpriovidasp M proMBAMT acidakle et hod to se _
platgrcopper for copper interconnec¥g by formng a pﬁatlnun1seed | ayer in

the fabricatlonsofamn.i nCeguatelveivide d6¥i £& Bobliqdyal, damgsgene and
si ngl e damascene copper interconnects have been fabricated using this

; . . . ] oo q
el approashlatWid datyee 0 0¥esid Ay R3S A8 eHe@dnaart 81! uggtq%mean _
gggcribgg with reference to the prefggred enbodi nment s t%ereo , 1t wll be

under st ood b§0t hasewmkiukkedeivid iRy b16t hat dé%%ﬁ.??a wd N lorm and
details may be made wi thout departing fromthe spirif ana‘scdpe~of the
invention. fidrmed in a second isolatien layer 112. The principle

features of the present invention are then exemplified. An
intermetal dielectric layer 120 is deposited overlying the
conductive via plug 116 and the second isolation layer 112.

The intermetal dielectric layer 120 is patternéd to form
trenches to the underlying conductive via plugs 116. A

barrier layer 124, such as tantalum and tantalum nitride,

is deposited overlying the intermetal dielectric layer 120,

the exposed conductive via plugs 116, and within the

trenches. The platinum seed layer 128 is deposited

overlying the barrier layer 124 as described earlier in the
embodiments. A copper layer 132 is deposited by

electroless plating to fill the trenches and to thereby

form copper interconnects. The exposed barrier layer 124

is polished down to the top surface of the intermetal

dielectric layer 120. An encapsulation layer 136, such as
silicen nitride,.is deposited overlying the copper

interconnects and the intermetal dielectric layer.

Finally, a passivation layer 140 is deposited overlying the

16




14 APR 2004 Clains What is clained is: 1. A nethod to form copper 14 APR 200%
interconnects in the fabrication of an integrated circuit device

conprising: providing a sem conductor substrate; depositing a dielectric

| ayer overlying said sem conductor substrate; patterning said dielectric

| ayer to formtrenches; depositing a barrier |ayer overlying said

dielectric ehagpsuaﬂfhdntjuy@rsabdcéﬁﬁygﬂ@e%hesgggkl tibRgea Phatinum an
ionic seed solution overlying said barrier layer; depositing a platinum

seed |ayer fiheaysatél bty Myel,90i ¢ seed sol ution by exposing said
platinumionic seed solution to Ii1ght; renoving said platinumseed | ayer

except within said trenches; depositing a copper |ayer overlying said
platinum seed |ayer by electroless plating to thereby form copper

i nterconnects, \Aﬁ}@éeﬁbfbc%%lsdogoglpgrpgé@é%q: nggn&e&ogjr%% Lb, said trenches,

and wherein said deposition stops before said er layer f19%% sai d
trenches; l18anufacturable method to selectively plate copper for

copper interconnects by forming a platinum seed layer in
the fabrication of an integrated circuit device. Both dual
damascene and single damascene copper interconnects have

been fabricated using this novel approach.

While the inﬁention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and detaiis may be made
without departing from the spirit and scope of the

invention.
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14 APR 2004 polishing away said barrier layer to the top surface of zghggﬂM*
dielectric layer so that said barrier layer remains only in said tréd ;
depositing an encapsul ation |ayer overlying said copper interconnects and
said dielectric layer; and conpleting the fabrication of the integrated
circuit device. 2. The nethod according to claim1l wherein said barrier

| ayer conprises tantalumand tantalumnitride deposited to a thickness of
bet ween about 50 Angstroms and 800 Angstroms. 3. The nethod according to
claim1 wherein said ionic seed solGi5l&8 conprises isopropanol and one of
the group of: PtCl4 and Na2PtCl 6. 4. The nethod according to claim1l
wherein said step of depositing said seed |layer fromsaid ionic seed

sol uti on Whatbysexpathed bxid i onic seed solution to visible or ultraviolet
| i ght conmposed of spectral wavel engths shorter than 488 nanoneters. 5. The
met hod according to claim1l wherein said step of depositing a copper |ayer
by el ectrol esslpl atAngetisod pes flormeddppea dakvktonneocnsi s itige of :
ChSCﬂ.SHZ%gbgggggiun1 Ealt of EDTAEJHJ«D f.ormal dehyde), and Na2SO4. 10H20

ion of an integrat clrcult device’ comprising:
providing a semiconductor substrate;

depositing a dielectric layer overlying said

gemiconductor substrate;
patterning said dielectric layer to form trenches;

depositing a barrier layer overlying said dielectric

layer and within said trenches;

spin-coating a platinum an ionic geed solution

overlying said barrier layer;

depositing a platinum seed layer from said platinum
ionic seed solution by exposing said platinum ionic seed

solution to light;

removing said platinum seed layer except within said

trenches;

depositing a copper layer overlying said platinum seed
layer by electroless plating to thereby form copper
interconnects, wherein said copper layer only deposits in
said trenches, and wherein said deposition stops before

said copper layer fills said trenches;

18




6. The nethod according to claim1l wherein said step of depositi nglgAPR 200k
copper |layer by electroless plating is 19 J 4 APR 2004 perfornmed in
solution consisting of: CuSO4.5H2 0, HCHO (fornal dehyde), and di sodi um
salt of EDTA. 7. The method according to claim1 wherein said

encapsul ation | ayer is conposed of silicon nitride deposited to a

t hi ckness of between about 200 Angstrons and 1,000 Angstrons. 8. The

met hod according_to claim1l wherein said step of polishing away said
barrier |ayer PS1pERIBE nEtRheidre Lasdiidrstlayest t@eEB@i tPRgSsRiFTopper

layer. 9. A wBtROMiLPefOFM COPRSF dE{GONNSE! $alPikher afabri&atdan of -an
integrated circuit device conprising: providing a sem conductor substrate;
deposi ti ngnavdiial eeidi er¢émghesover|ying said sem conductor substrate;
patterning said dielectric layer to formtrenches; depositing a barrier

| ayer overlying said dielectric layer and within said trenches; coating a
pl ati num i oni cdspedisbhat awrenvgrdyliaig saildyelrapreel yiayesaidlepositing a

platlnun‘%%%%ekaX%Eeiégg%gg%g égéuégggndielectric layer; and

completing the fabrication of the integrated circuit

device,

2. The method according to claim 1 wherein said
barrier layer comprises tantalum and tantalum nitride
deposited to a thickness of between about 50 Angstroms and

800 Angstroms.

3. The method according to claim 1 wherein said
icnic seed solution comprises igopropanol and one of the

group of: PtCl,; and NaPtCls.

4, The method according to claim 1 wherein said step
of depositing said seed layer from gaid ionic seed solution
is by exposing said ionic seed solution to visible or
ultraviolet light composed of spectral wavelengths shorter

than 488 nanometers.

5. The method according to claim 1 wherein said step
of depositing a copper layer by electroless plating is
performed in a solution consisting of: CuS0,.5H,0, disodium

salt of EDTA, HCHO (formaldehyde}, and Na;S0,.10H;0.

6. The method according to claim 1 wherein said step

of depositing a copper layer by electroless plating is
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ionic seed solution by exposing said platinumionic seed solution #& APR 204
light; 20 14 APR 20A depositing a copper |ayer overlying said platinum see

| ayer by electroless plating to thereby form copper interconnects, wherein
sai d copper |ayer only deposits in said trenches, and wherein sald
deposition stops before said copper layer fills said trenches; polishing
away said barrier layer to the top surface of said dielectric layer so

that said barrier layer remains only in said trenches; depositing an
encapsulapﬁéﬁorﬁ?@r1@v@r$®4¢ﬁﬁ@ﬂqunamﬂﬂ¥ag ofit eFo8AnddhsO ariCER d

d'e|60tr'8f5$ﬁ§ideﬁﬁ epoqyﬁ&n N 4heg, | %_rlgémEB@Aof the integrated circuit

devi ce. od according to claim erein said barrier |ayer
conprises tantalumand tantalumnitride deposited to a thickness of

bet ween about 50 An stro and 800 The net hod, according to
claim9 mherelz sai dT%ﬁ rﬁQCQﬁqgﬁge% gg?ﬁ?lﬁn Q%ﬁ%}?s%%ufsopropanol
and one ehcabeugaou@noiayeﬂlcgl%car@ﬁsl\dazetf%@h&an dheri@t hod according to
claim9 mhereln said step

deposited to a thickness of between about 200 Angstroms and

1,000 Angstroms.
8. The method according to claim 1 wherein said step
of polishing away said barrier layer is performed before

said step of depositing said copper layer.

9. A method to form copper interconnects in the

fabrication of an integrated circuit device comprising:
providing a semiconductor substrate;

depositing a dielectric layer overlying said

semiconductor substrate;
patterning said dielectric layer to form trenches;

depositing a barrier layer overlying said dielectric

layer and within said trenches;

coating a piatinum ionic seed solution overlying said

barrier laver;
depositing a platinum seed layer from said platinum

ionic seed solution by exposing said platinum ionic seed

soluticon to light;
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of depositing a copper |ayer by electroless plating is perfornmed i%i?

sol ution consisting of: CUS04. SH20, disodium salt of EDTA, HCHO APR 2004
(formal dehyde), and Na2SO4. 1 OH20. 13. The nethod according to claim?9
wherein said step of depositing a copper layer b electroless plating is 21
14 APP 2004 perfornmed in a solution consisting of: CuSO4.5H20, HCHO
(for mal dehyde), and di sodium salt of EDTA 14. The nmethod according to
claim9 wherein said step of depositing said platinumseed | ayer from said
pl ati num i oni deseedt: fod H | arppesr Bavexpesiergysagdsalat b atm noni =cseed
solution to visible or_ultravialet, |ight conppsed of spectral wavel engths
short er t%gﬁe£8gyn%%%%5f%}%§s]é;é%ﬁﬂg %ﬁiﬁ &5 XogaFﬂgC? faim9 wherein

sai d st epinoérpohhshifg Avere iSaidh ikBIddpper! aYoeri snperdosset defore said
step of depositing said copper |layer. 16. A nethod to form copper :
i nt er connBete FREERRES f AT MRS GH LS R OsPegihted ereR%ikelqig ce

conpri si ng;; Ar e¥bge N & Sent conduchior rsdbsheate; depositing a dielectric
| ayer overlying said sen conductor substrate; patterning said dielectric
| ayer to formtrenches; depositing a barrier |ayer overlying said

dielectric polishing away said barrier layer to the top surface

of said dielectric layer so that said barrier layer remains

only in said trenches;

depositing an encapsulation layer overlying said

copper interconnects and said dielectric layer; and

completing the fabrication of the integrated circuit

device.

10. The method according to claim 9 wherein said
barrier layer comprises tantalum and tantalum nitride
deposited to a thickness of between about 50 Angstroms and

800 Angstroms.

11. The method according to claim 9 wherein said
platinum ionic seed solution comprises isopropanol and one

of the group of: PtCl, and Na,PtCls.

12. The method according to claim 9 wherein said step
of depositing a copper layer by electrolegs plating is
performed in a solution congisting of: CuSC,.5H,0, disodium

salt of EDTA, HCHO (formaldehyde), and NazS0,.10H,0.

13. The method according to claim 9 wherein said step

of depositing a copper layer b electroless plating is
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| ayer and within said trenches wherein said barrier layer conprises
tantalum and tantalumnitride; coating a platinumionic seed sol ut i.'bh,qp
overlying said barrier layer wherein said platinumionic seed solution 2004
conprises isopropanol and one of the group of: PtCl4 and Na2Ptd 6i 22 d4
APR 2004 depositing a platinumseed |ayer fromsaid platinum ionic seed

sol ution by exposing said platinumionic seed solution to light at |ess

t han 488 nanoneters; depositing a copper |ayer overlying said platinum seed
| ayer by eketorotéssn pd atdgt itan tdverselyy igr mfc oppé®. . GHaber BOAGect s, wherein

said el ect ating is, perfarnmed in a_.s ion selected fromthe
group cont(g?%ﬁ%ggg%(%%)g’of%f%so |l§“15ndisl‘]"%1tsgrft E%#‘(III"’EDTA, HCHO (f or mal dehyde)
and Na2SO. 10H20) and (CuSO4.5H20, HCHO (fornal dehyde), and di sodi um
salt of EDTA) and erein sajd copper |ayer _only deposjts in said
trenches, and. P er €t @%ﬁ@%@ﬁﬁ%% ES 8EJ§1Ee?oY’]%gJ§%JrIEI Wighet-SRayer

fills sai @rt 4ep6HESindOLd SigIG AR Sied habbireFrbayssid pidteidp surface
of said dielectric_layer so that said barrier |layer remains only in said
t r enches; *8BpEsFEFRgE A eheap<sulbat icowasdyper seddr PYahiaaj dpnic sced

solution to visible or ultraviolet light composed of

spectral wavelengths shorter than 488 nanometers.

15. The method according to claim 92 wherein said step
of polishing away said barrier layer is performed before

sald step of depositing sald copper layer.

16. A method to form copper interconnects in the

fabrication of an integrated circuit device comprising:
providing a semiconductor substrate;

deposgiting a dielectxic layer overlying said

semiconductor substrate;
patterning said dielectric layer to form trenches;

depositing a barrier layer overlying sgaid dielectric
layer and within said trenches wherein said barrier layer

comprises tantalum and tantalum nitride;

coating a platinum ionic seed solution overlying said
barrier layer wherein said platinum icnic seed sgolution
comprises lsopropanol and one of the group of: PtCl, and

NaQPtCJ.s H
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copper interconnects and said dielectric layer; and conpleting the
fabrication of the integrated circuit device. 17. The nethod accor dishg ArR 20
claim 16 wherein said step of depositing a copper |ayer by el ectrol ess
plating is perforned in a solution consisting of: CuSO4.5H20 at a
concentration of about 3.1 grans/liter, disodiumsalt of EDTA at about

20.0 grans/liter, HCHO (formal dehyde) at about 20.0 grans/liter,

Na2SO4. 10H20 at about 40.0 grans/liter, and pol yethyl enegl ycol at about

6.6 grams/|itespabietRid) 4 ha pHmeh saled seluti ofohSsatl ystaddm 23 14 APR
2004 about 7,0 using NaOH and wherein the tenperature of said solution is
mai nt ai ned°Bef weeFR a?tﬂﬂd{tlfm g eesesdng §oed BBt IHEN G $58&Sr ding to

claiml6 uheneidn S@b i ieROn LePesishi BgsansAPREfeldyer by el ectrol ess
plating is perforned in a solution consisting of: CuSO4.5H20 at about 8.5

grans/liter, HCHO (fornmal dehyde) at about 37% sol ution, 2

T ter s/ 1T gk AN 1:500uD,5abty o0 oEDFA, 24200 17 Shf i | ter

wherein the pH utiron is “adjuste {0 about 11,2 and wherein the
t enper at utayef i Qilecy:mcultascm plstmmiantai hbdrabyabout &5%erl9. The net hod

accqrdingiﬁgegég'negt é%é&f%géid electroless plating is
performed in a solution selected from the group containing:
(Cu804 .5H;0, disodium salt of EDTA, HCHO {formaldehyde) and
Na,S80,.10H;0) and (Cu80,.5H,0, HCHO (formaldehyde), and
disodium salt of EDTA) and wherein said copper layer only
deposits in said trenches, ;and. wherein said deposition

stops before said copper layer fills said trenches;

polishing away said barrier layer to the top surface
of said dielectric layer so that said barrier layer remains

ornly in said trenches;

depositing an encapsulation layer overlying said

copper interconnects and said dielectric layer; and

completing the fabrication of the integrated circuit

device,

17. The method according to claim 16 wherein said
step of depositing a copper layer by electroless plating is
performed in a solution consisting of: CuS0,.5H;C at a
concentration of about 3.1 grams/liter, disodium salt of
EDTA at about 20.0 grams/liter, HCHO (formaldehyde) at
about 20.0 grams/liter, Na;S80,.10H,0 at about 40.0
grams/liter, and polyethyleneglycol at about 6.6

grams/liter wherein the pH of said solution is adjusted to
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step of polishing away said barrier |layer is perfornmed before said ep of
deposi ting said copper layer. 24 _ ‘ﬁ APR 2004

about 7.0 using NaOH and wherein the temperature of said

solution is maintained between about 10 degrees and 90°C.

18. The method according to claim 16 wherein said
step of depositing a copper layer by electroless plating is
performed in a solution consisting of: CuS0,.5H,0 at about
8.5 grams/liter, HCHO ({formaldehyde) at about 37% solution,
2 milliliters/liter, and disodium salt of EDTA at about
57.3 grams/liter wherein the pH of said solution is
adjusted to about 11.2 and wherein the temperature of said

solution is mailntained at about 65°C.
19, The method according to claim 16 wherein said

step of polishing away saild barrier layer is performed

before said step of depositing said copper layer.
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