; e3eZ>WIXT 6T>DR,. 26/ 04/2002 - 1 Met hod To Deposit A Seeding Layer For
EIec?roIess Cbpper Platinga ~g ~ae...~~~0. ., E.,ae- ~a.~ e ue~
Thi s invention relates generally to the el ectrol ess dep05|t|rgpkﬂ4ﬁmmm£r
pl ati ng for sem conductor devices and particularly to a nmethod for formng
a seeding layer for Cu electroless plating for a sem conductor device and
nore particularly to a nethod for fornlnq a Pd/ Pd acetate seeding |ayer for
a Cu plug for a interconnect. 2) Description of the Prior Art Wth
conti nual Medbpdale Pepeeht dorithesiog HaYPEeFar et easdCoppex! Rimrigrse in
packi ng density, parallel developnment of nultilayer interconnect technol ogy

cannot be overenphasi zed. Rel ated issues |i ke RC delay, cross
become nore inportant as the dinensions constantly scal ed down lmmwm m‘mw
subnicron regine. Thus, advanBagkgxaud 2f iIsiyep&terials are requir

Copper has been very rruch envi sioned to 26/ 04/ 2002 2 be t hd*h&xt

potential candi date and dep05|t|on by the el ectrol ess approach
be an att{f‘th; lé)ne based o Immmmm[n ‘m‘“‘

of the Invention
*G00002*
This invention relates generally to the electroless
depositing of Copper plating for semiconductor devices and
particularly to a method for forming a seeding layer for Cu
electroless plating for a semiconductor device and more
particularly to a method for forming a Pd/Pd acetate seeding

layer for a Cu plug for a interconnect.

2) Description of the Prior Art

With continual decrease in semiconductor device
dimensions and rapid increase in packing density, parallel
development of multilayer interconnect technology cannot be
overemphasized. Related issues like RC delay, cross talk, etc.
become more important as the dimensions constantly scaled down
to the deep submicron regime. Thus, advanced metalization

materials are required. Copper has been very much envisioned to



factors |ike | ow cost of ownership, conplete via interconnect fill, etc. In
general a catalytic seeding |ayer like 'CVD Cu or Pd/ Pt deposited on a
diffusion barrier like TiN and TaN is required. However, sucl?étodc/enare
either too costly or contain counterions. US 5674787 (Zhao ) Sel ective
el ectrol ess copper deposited interconnect plugs for ULSI applications -
shows a selective Cu electroless-deposition in a via hole using a seed
| ayer. A contact displacenent technique is-dsed to forma thin activation
| ayer of B®ppht Rfkta Bodeptdelneeaflidatf Rngk depRS1APRNRY sthf esent as a
covering |layer on the underlying netal |ayer. An el ectrol ess copper
deposi t i oRleeEFhi 2fife APPrORER ABRERYD HURS Gt AtFrReslyy depodiasedopper in
the via. US 9574095 (Baum): Sel ective deposition of copper teaches a
process fbrCEeFckikmellpwdepssi oFf ngreepPErR/bForPletesEl ecintaigpndepdsiti ng
pal | adi um seeds by irradiating a palladium conmpound with |ight. Follow ng
t he depostiibn @fcCt Hen menezdilumm seeakbyticpmeeding depesi L ke VDagu or
el ectrol ess process. 26/ 04/ 2002 - 3 US 4,282,271(Fel dstein) shows
anot her nBdhbd dépediemtd oheasddépositn fpp@i.erHdwieel (N amnd MaNoved nmet hod of
Cu el ectrol ess is needed.

required. However, such process are either too costly or

contain counterions.

US 5674787 (Zhao )Selective electroless copper
deposited interconnect plugs for ULSI applications - shows a
selective Cu electroless deposition in a via hole using a seed
layer. A contact displacement technique is used to form a
thin activation layer of copper on a barrier metal, such as TiN,
which is present as a covering layer on the underlying metal
layer. An electroless copper deposition technique is then used

to auto-catalytically deposit copper in the via.

US 4574095 (Baum):; Selective deposition of copper -
teaches a process for selectively depositing copper by first
selectively depositing palladium seeds by irradiating a
palladium compound with light. Following the deposition of the

palladium seeds, copper is deposited by an electroless process.



Summary of the Invention It is an object of the present invention to
,provi-de a nethod for using a palladium (Pd) acetate seed layer (wth
optional thermal deconposition) for el ectrol ess copper pl ati4¥d0%4/2002 an
obj ect of the present invention to provide a nethod for using a Pd acetate
seed layer (with/with out optional thermal deconposition) for electroless
copper plating to forminterconnect structurgs_in sem conductor chip. It is

an objective of t rese invention to,provide method to thermally
treat Pd acetate l%’%.&&%,%’gélrfrg?gﬁé?]omf or s ?885%% I’&?/gr?o.é)lotpi s yet

anot her objeftige of the preﬁgnt %nvention to forma Pd passivation cap

| ayer over arBLEIIRFS SERCSERT28 He oxidation of the Cu plug.  26j 04j 2002

-4 To acconplish the above objectives, the present invention provides a
met hod to deposit a seeding |ayer for electrol ess copper plating to form an

i nterconnect or conduct] [ne.. _The | t] S referr .
enbodi nents. The first %X %iﬁﬁhﬁ¥lp§P§§V§§ *%gggﬁéﬁéwgkgﬁgfg§8?gi§ Cﬁ%posed
of Pd acet af e gg a spin-on or dip process for the electroless plating of a
cu fill 16."88 ?Igs | A - 1D. The second enbodi nent fornms a Pd passivation
| ayer cap 17B over the Cu fill 16 to prevent the Cu fill from oxidizing.
See Figs 2Ato 2C and Fig 3.

Summary of the Invention

It is an object of the present invention to provide
a method for using a palladium (Pd) acetate seed layer (with

optional thermal decomposition) for electroless copper plating.

It is an object of the present invention to provide
a method for using a Ed acetate seed layer (with/with out
optional thermal decomposition) for electroless copper plating

to form interconnect structures in semiconductor chip.

It is an objective of the present invention to
provide a method to thermally treat Pd acetate (e.g., Pd metal)

to form a seeding layer.

It is yet another objective of the present invention
to form a Pd passivation cap layer over a Cu plug to minimize

the oxidation of the Cu plug.



The nmethod for the first enbodiment involves the follow ng steps: a) An
insul ating layer 11 having an opening 14 is formed over a spb3buabeo20; the

insulating |ayer 11 having a top surface 11A. b) A diffusion barrier layer
12 is forned over the insulating layer 11. c) In a key step, a seeding film
13 conposed of a conbi nation of Palladi un{Pd)and pal |l adi um acetate is
formed over the diffusing barrier layer 12. The seeding film13 is forned
by dip coating or spin-on. 26/ 04/ 2002 -5 d) In an optional thernal
deconposition step, the seeding film-43 is thernmally deconposed to change
the Pd acetate into Palladiumor a conbination of Pd acetate and Pd. e)
Next, we chem cal - necHani aatomqmol i sth €lnel alboveeobhecseérdsngthiel prédeand t he
diffusing barrier layer 12 fromover the top surface 11A of the insulating
| ayer lilhvdntiNow, pwevéHest reol meshpdpltat edE€posiéer 4 heesdédigngldydim £3r
formng a copper fill 16 (plug) filling the hole 14.
electroless copper plating to form an interconnect or conductive
line. The invention has two preferred embodiments. The first
embodiment forms an important seed layer 13 composed of Pd
acetate by a spin-on or dip process for the electroless plating

of a Cu fill 16. See figs 1A - 1D.

The second embodiment forms a Pd passivation layer
cap 17B over the Cu fill 16 to prevent the Cu fill from

oxidizing. See Figs 2A to 2C and Fig 3.

The method for the first embodiment involves the

following steps:

a) An insulating layer 11 having an opening 14 is
formed over a substrate 10; the insulating layer
11 having a top surface 11A.

b) A diffusion barrier layer 12 is formed over the
insulating layer 11.

c) In a key step, a seeding film 13 composed of a
combination of Palladium(Pd)and palladium acetate
is formed over the diffusing barrier layer 12.
The seeding film 13 is formed by dip coating or

spin-on.



g) The copper fill 16 is chem cal -nechani cal polished to planarize the
copper fill (copper plug) 16 to a |l evel even with the top surfa& 11A of
the insulating |ayer 11. The second enbodi ment forns a Pd p&gé?vZ??B% cap
17B over the Cu fill by a process involving the same steps as the first
enbodi ment up to the electroless plating of Cu. See gigs 2A - 2C. The
second enbodinent's Cu fill 16 only partially fills the hole 19. Next, a
key passivation |ayer conposed of a conbination of Pd/Pd acetate is forned
on the Cu plug and at least fills the5hole. The passivation |ayer is forned
by a 26/ 04/ 2002 - 6 process of dip coating or spin-on. The passivation
| ayer is then chér calnnmechappcadnpdl thhedalThedompemtiitders ftiast the
enbodi ment application of thermal / non-thermal treated Pd acetate film 13
as a catal ytic/seedi ngeedyag folmel 2ct9 dimgnaddppeeoempoiseg haschengeal
advantages: D the kinetics/rate of p!atiqg is either conparable or faster
than that of the convéR€i 5RaRC8ppFBathe’. Pad Jaf e dedd CREPARALABBSPE abl e

counter ions like C g%z be exclug%g #jth the present invention where by no
such species present. @& G 5at ‘conpri ses mainly two conponents: OO

Pd acet at d o iLabl lvent || ti onal d_bat hs, wher eb
hr oo or four oS aNiger Facr UL SHpBRaCT AL PRhErs G §oPRgCp Boont

i nvention has | over cqglefifnPYAS SN P-addecseCanes DAY BEPLI Q) §h5cpresent

invention forns
12 from over the top surface 11A of the insulating

layer 11,

f) Now, we electrolessly plate Cu over the geeding
film 13 forming a copper £f£ill 16 (plug) filling
the hole 14.

qg) The copper fill 16 is chemical-mechanical polished
to planarize the copper £ill (copper plug) 16 to
a level even with the top surface 11A of the

insulating layer 11.

The second embodiment forms a Pd passivation cap 17B
over the Cu fill by a process involving the same steps as the
first embodiment up to the electroless plating of Cu. See gigs
2A - 2C. The second embodiment’s Cu fill 16 only partially fills
the hole 14. Next, a key passivation 1layer composed of a
combination of Pd/Pd acetate 1is formed on the Cu plug and at

least fills the hole. The passivation layer is formed by a



a Pd cap passivation |ayer 17B over the Cu fill 16. The Pd cap passivation
| ayer 17B prevents the Cu fill 16 from oxi di zi ng. 26/ 04/ 2002 ' 7 _ The
“present invention achieves these benefits in the context of Xabd/Pe0Zess
technol ogy. However, a further understanding of the nature and advant ages
of the present invention may be realized by reference to the latter
portions of the specification and-attachedsdraw ngs. Brief Description of

the Drawigigs..Lhe keat yr&s, @y advapiages. Oft;]égrﬁaggtigﬁ’%‘i%t ngg?%%e

according to the present 1nvention and furt s of rocess o

fabricatkﬁgm?ggg_ﬂeéggagﬁgp 1Qfspd@vi ce in accordance with the present
I

i nvention w e nore clearly understood fromthe foll ow ng description
taken in conjunction with the acconpanying drawings in which |ike reference
nuneral s designate simlar or corresponding elenents, regions and portions

and in which: FiguresylA:; r r LO VA f ar
gur esplA HRERAYIE, 1D ﬁr%fﬁoeg@?g?ﬁlght Qﬁﬂllﬁﬁdaségc%& gtfe seedi ng

illustrating a first enbodi nent of a net using a

layer forelaghr 9l 683- 0e0ARI L 1118a%kd®Pd acetate film 13 as a

catalytic/seeding layer for electroless copper plating has

several advantages:

O the kinetics/rate of plating is either comparable or faster

than that of the conventional approaches.

O In the seed bath, undesirable counter ions like Cl™ may be
excluded with the present invention where by no such species

i3 present.

O The seeding bath comprises mainly two components: © Pd
acetate and ® a suitable solvent, unlike conventional seed
baths whereby three or four toxic and corrosive components are
required.

O The present invention has lower cost of ownership.

The second embodiment of the present invention forms
a Pd cap passivation layer 17B over the Cu fill 16. The Pd cap

passivation layer 17B prevents the Cu fill 16 from oxidizing.



sem conductor filling according to the present invention. 26/ 04/ 2002z _ 8
" Figs 2A, 2B, 2C show a second enbodi nrent of the invention that fornms a
'Pal | adi um (Pd) passivation |ayer 17B over the Cu plug 16 to meMmeat2dde
copper(Cu) plug 16 fromoxidation. Fig 3 is a flow chart outlining the
steps for the second enbodi nrent of the present invention. Detail ed
Description of the Preferred Enbodi nents Jhe_present invention wll be
described in detail with reference to the acconpanyi ng draw ngs. The
present invention pro$P8eBr§sﬁ%?hb&V%ﬁtHQﬁ’ﬁFﬁég§e§hE? i Qﬁneﬁgﬁ5thérnal
treated Pd acetate filmas a catalytic /seeding | ayer for electroless
copper pltaE FENESXCTRE FRRMENETOTSEENn EBERE_EIY 0 fHSMAVREY aP PaXEkehs, net al
| ines, interconnects etc. using damascene, dual danascene or ot her

pr ocessesngied sitangddng| ¢ fri theal nadurife 288nd AR BAION ShdWwe Pres@etfigures. In
the follow ng description nunmerous specific details are set forth such as
fl ow r at d\vepitdosumey siee t i erysi zachibyk ne§seencet e  the letder porpiand dxf a

nore thorough understandi ng of the present invention. It will be obvious,
however, the epecifithedon mridetarichebdatdradengs esent i nventi on may be
practiced wi thout these details. In other instances, 26/ 04/ 2002 * . _ 9
wel | known process have not been described in detail in order to not

unnecessarily obscure the present invention. Substrate 10 is understood to
possi bly include a seni cBriReftResagitédionagefi the RrrYWiddsi ve devi ces fornmed
within the wafer and | ayers forned on the wafer surface. The term
substrate"” is neant to include devices formed within a sem conductor wafer

and the | ayers overlying the wafer. The term "substrate surface" is neant
to include the upper Tsstfeatps8adaNAyRF CHR%ESsOH oREMEEIINEREr , such as

a silicon surface, insulating |layer and netallurgy Iines.
device according to the present invention and further details of

a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly
understood from the following description taken in conjunction
with the accompanying drawings in which like reference numerals
designate similar or corresponding elements, regions and

portions and in which:

Figures 1A through 1D are cross sectional views for
illustrating a first embodiment of a method for using a Pd
acetate seeding layer for electroless depositing of a

semiconductor filling according to the present invention.



1' Enbodi nent - Pd Acetate/Pd Seed Layer For Cu El ectroless Plating As
showmn'in Fig | A, an insulating layer 11 is ‘formed having an opening 14 over
a-'substrate 10. The substrate can represent a sem conductor 69672002
(e.g., Silicon) and conductive regions and isolating regions therein and
conductive layers and insulating |ayers over the substrate. In figure |A,
the substrate |10 preferably represents a conductlve (e. g., netal) line

(Tany titaniumnicrid °°p2ﬁfa1‘> e b, g el L e
| I U | I ,

Gol d (A | 11" .h face 11A
and s.(d?mwsn iendﬁ%l% FThe plnrng s Poh Y Ry rup e i ace

preferably silicon oxid di el ectrics (such
as Flare).t iHFaE?nEPIQﬁﬁﬁBn§r§$8r58P§e£&éLE1éﬂHQ:Qg%§§°Wn°%RQ%ﬁﬁRP(ﬁ
bet ween about SOO and 10,000 ~. Next, a diffusion barrier layer 12 is
formed over the insulating Iayer 11. The di ffusion barrier Iayer 12 is

preferably fornmed by Physi ap 0 PVD tr|
titaniumnitride (Ti N) Eh h% éa? @%ﬁ ogP?}gﬁl?év%g g?lde
(TaN), chenlcal vapor. . depos tantalumnnitride (TaN) CVD
tungsten MY G F&Rﬁ tC%é)%hﬁ1 §P3%P5nﬁ PYRRYEE preferably conposed of
tantalun1n|tr|de (TaN). The diffusion barrier layer 12 preferably has a

t hi ckness in a range of between about 50 and 5000 The opening 14 preferably

has & W dth in 2 530ge, gh PELURSRAONE Ond BMEds et dloaShikla ol o111 Ng

to Fig 1A ( in a inpor ant S a seeding f conpose d and
pal | adi um acetate is formed on the diffusion barrier |ayer 12. The seeding
film13 is fornmed by dip coating or spin-on. The invention's dip coating or

Spin on process is | es,expeushye; Apshi f%s MIAN0BLONSLIAKy 2610443902 - 11

conventi onal vapor coatin processes conposi tion O e pa Ium

baf f
i or of or ML F TRACTPERe AN 8 IR A oS anETE ?Zﬁfh%i%%%%ﬁs%bout 0. 2m

a0 T IS, bSO ol Y cACRIAL s AREHS B9 fofolh Bt 0o

treated Pd acetate film as a catalytic /seeding layer for
electroless copper plating 16. The invention can be used to
form metal patterns, metal lines, interconnects etc. using
damascene, dual damascene or other processes and is not limited

to the configuration shown in the figures.

In the following description numerocus specific
details are set forth such as flow rates, pressure settings,
thicknesses, etc., in order to provide a more thorough
understanding of the present invention. It will be obvious,
however, to one skilled in the art that the present invention

may be practiced without these details. 1In other instances,



preferably clean the diffusion barrier |layer using NHOF/ HF and then rinse
in D" water. The seeding filmis conposed of Pd or a conbina5%9%4950%3
acetate and Pd.- The seeding film 13 preferably had' a thickness'in"a range
of between about 100 and 1000 ~. The seeding is performed for a tine in a
range of between about 0.25 and 2 mn. And at a tenperature in a range of
bet ween about 25 and 30 C . Next, -in an epional process, the seeding film

13 conposerl afncwnCeibiaati RAveindld e Bakbadbu acedaifil Snt bensrl Ly
deconposed to forma seeding film 13 conposed of Pall adium The seeding

film 13 ast PRIy ihgabedcusd Nthed pRapiedtt haGERE 1400l or furnace or a
| aser. The wafers are 26/ 04/ 2002 -12 preferably heated to a tenperature

in a range of between about 250 and 400 C for a time in a range of between
about 1 mlli second and 5 m nutes. As shown in Fig 1B, the seeding film 13

(or seeding layer cosposeshtef 1@ cenbhadtstsbditPhoardobPy asetade 4 f not
thermal |y deconposed) and the diffusing barrier layer 12 over the top

surface oémidvhdurtraldafgr] ayeridd e pakeiveakapchadi fdndohiished and
renoved. As shown in Fig 1C, Cu is electroless plated only on the seeding

filmi3 £0e fpdB.A £OPRGKePSUGoEhdd Idn kel hlrbBOshReab0! € ik tApreferred Cu
bath for electroless plating is shown bel ow

“substrate” is meant to include devices formed within a
semiconductor wafer and the layers overlying the wafer. The
term “substrate surface” is meant to include the upper most
exposed layers on a semiconductor wafer, such as a silicon

surface, insulating layer and metallurgy lines.

1°° Embodiment - Pd Acetate/Pd Seed Layer For Cu Electroless
Plating

As shown in Fig 1A, an insulating layer 11 is formed
having an opening 14 over a substrate 10. The substrate can
represent a semiconductor substrate (e.g., Silicon) and
conductive regions and isolating regions therein and conductive
layers and insulating layers over the substrate. In figure 1A,
the substrate 10 preferably represents a conductive (e.qg.,
metal) line preferably composed of copper (Cu}, tungsten (W),
Al.Cu,, tantalum nitride (TaN), titanium nitride, tantalum (Ta),

Palladium (Pd), Silver (Ag), or Gold (Au).



26/ 04/ 2002 - 13 Chem cal Concentration rangeCuSo4 5H200.5 -0.1 MEDTAO. 1
-0.5 MIMAH TEAH **Et hyl ene d ycol 0.5 -50d yoxylic acid0.01- 0.1 M **
(tetranmet hly anmoni um hydroxi de) or anmoni um hydroxi de) to adjeu/sxs faoee pH
> 12.5 . The inventors have found surprisingly and unexpectedly high
quality Cu interconnects fornmed using the invention's Seeding |ayer bath
and the electroless Cu bath above.- Fi g' 1@Qoshows the step of

chem cal - mechani cal poli.shi the copper, fill 16 _to plaparize the copper
P 13ring, fP8 BLEF

fill 16 to a level eveh WNAAREI N top 51Face B8P PR3 ut it iavg | ayer

11. Next,. i l.ati nd. conductive | ayers,are forned thereaver to conplete
a sem con uéc}fa;irlsdel@%cgfagmﬁ%? 0@782(?%?11-1%@4?4% E’I‘ D e SR80 L BEEEi Y&t i on
Cap Layer_17B qver Cu Plug 16 Figs 2A 2B, .2C and flow chart Eig 3 show the
second efbo Y. G’?H‘B°§8§oﬂg %Jr?g‘occﬂnrr@ﬁtlgiam%?%“pdieﬁa%ri 38 igﬁ | ayer 17B
over th%df%&égégic%6(ggcgrggegia}g¥% %%epgggu}gtiégnlayer preferably

has a thickness in a range of between about 500 and 10,000 A.

Next, a diffusion barrier layer 12 is formed over
the insulating layer 11. The diffusion barrier layer 12 is
preferably formed by Physical Vapor Deposition (PVD) titanium
nitride, CVD titanium nitride (TiN), Physical Vapor Deposition
(PVD) tantalum nitride (TaN), chemical vapor deposition (CVD),
tantalum nitride (TaN), CVD tungsten nitride (WN) and CVD
tantalum and is most preferably composed of tantalum nitride
(TaN) . The diffusion barrier layer 12 preferably has a

thickness in a range of between about 50 and 5000 A.

The opening 14 preferably has a width in a range of

between about 0.1 and 1.0 um,.

Still referring to Fig 1A , in a important step, a
seeding film 13 composed of Pd and palladium acetate is formed
on the diffusion barrier layer 12. The seeding film 13 is
formed by dip coating or spin-on. The invention's dip coating or

spin on process is less expensive and less dangerous than



oxi dation. The inventors have found that electroless plated Cu fill's
sonet i nes oxi di ze which increases resistance and | ower device gerfornance.
The processing starts as described above and shown in Figs #6AP4A4098
Referring to Fig 2A, Wien the Cu fill 16 is electroless plated into the
hole 14, the Cu only partially fills the hole 14. See Fig 3, step 201. In a
key step shown in Fig 2B, a Pd acetate |ayer 17A is fornmed over the Cu fil
16 and over the insulating layer 11. The Pall adium (Pd) acetate |ayer is
formed using the invention seeding bath-and dip or spin on process
described in the first enbodi nent. Next, the Pd acetate |layer 17A is

t her maldopverdsitagth lasvaiesrr fpatinabowaracesisesm a T | egrepodBioseef stbe 203.
zb/ 04/ zooz - 15 As shown in Fig 2C, the Pd layer 17B is _chenica
nechanibédi! agdis peg tecrrea) ht 6ngeﬁ’6€/‘é EREVERL | &Y diredvairliliye Fohsgesatag

| ayer 11 and | eave_a Pd cap passivatjon | r 17B over the Cu plug, 16. The
Pd” cap FaERN&Eri GRPEPEPTT7BOpr E‘%ﬁ%’ie{‘ﬁe‘%}ﬁoﬁiﬁ ‘%t?’r Fo MBKETAERPEAC n
contrast to US 5 674, 78 hao, et al.)_ the invention' s Pd cap |ayer 17B is
o o BRI ath P b And o hottesaT? y Sub B! Ao oot Ba ' SReXt

i nsul atj ng and conducti ve, ayers are &éﬁ?ﬁd t hereover to conplete a

sem co e g dfitetC act e ad

Before the dip coating or spin process, we
preferably clean the diffusion barrier layer using NH,E/HF and

then rinse in DI water.

The seeding film is composed of Pd or a
combination of Pd acetate and Pd. The seeding film 13 preferably
had 'a thickness in a range of between about 100 and 1000 A. The
seeding is performed for a time in a range of between about 0.25
and 2 min. And at a temperature in a range of between about 25

and 30 °cC.

Next, in an optional process, the seeding film 13
composed of a combination of Pd and palladium acetate is
thermally decomposed to form a seeding film 13 composed of
Palladium. The seeding film 13 is preferably heated using a

Rapid thermal tool or furnace or a laser. The wafers are



Advant ages O The 2nvention~s 1 And 2d Enbodi nents The invention's first
enbodi nent application of thermal / non-thernmal treated Pd acetate film 13
as a catal ytic/seeding layer for electrol ess copper plating2R484420@2a
advantages . D the kinetics/rate of plating is either conparable or faster
than that of the conventional approach. D In the seeding bath, undesirable
counter ions like Cl- may be excluded with the present invention where by
no such species is present. 26/ 04/ 2002 - 16 O The seeding bath conprises
mainly two conponents: Pd acetate ankZ-C7 a suitable solvent. In contrast,
conventional seeding baths contain and require three or four toxic and
corrosppvreferalbilg preededt tionvertdnmpesiteower Tosanad olnkeethéen dtheuBecond
enbodi ment of the present invention forms a Pd cap passivation |ayer 17B
over tR&0Cerd [4006C Tloe Rd tdape passi veanan ¢hykeetygd prlevents mhelCa fil l
16 fromoxidizing. Wile the invention has been particularly shown and
descri sedonid RndefSemémagetso t he preferred enbodi nents thereof, it will be
understood by those skilled in the art that various changes in form and
details my be made w thout departing fromthe spirit and scope of the

i nvention.

As shown in Fig 1B, the seeding film 13 (or
seeding layer composed of a combination of Pd and Pd acetate if
not thermally decomposed) and the diffusing barrier layer 12 over
the top surface of the insulating layer 11 are chemical-

mechanical polished and removed.

As shown in Fig 1C, Cu is electroless plated only
on the seeding film 13 to form a copper plug (£fill) 16 filling

the hole 14.

A preferred Cu bath for electroless plating is

shown below:
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el ectr
interc
havi ng
surfac

ol ess copper
onnect; conprising ~he steps o
an openi ng over a substrate;
e; b) formng a diffusion barr

plating for a sem conductor device to form an

f: a) formng an insul at 26404
said insulating | ayer having
ier layer over said insulatin

49002
atop
g |ayer;

c) formng a seeding fil mconprised of Rakjadium (Pd) over said diffusion

barrier

gr oup
usi ng
mat er i
chl ori
seedin
renovi
top su
said s
nmet hod

| aver;

said seeding filmforned by (1) a process selected fromthe

c

5 for ned

Ibemicmg of dip coating and
oad of DPalll
UWIT}J'Ff a\.,u UI mAarT a

arse
C g fromthe group con

a

s¢mmnentranyan seedeng | ayer |
, atrrtd—ea—sotvent—o

S?S%Indfr chl or of orm and net

a
Nyl ene

dDEDand (2) heating sald seedi

fal

ng.fi+ntoM hermally deconpos

oanm-ocal
LA %]

b sai d
nd

g
n

Dj§§?—44>4¥¥44#ﬁ-“ﬂ —ahe—e)-
GTQ%%dlng filmand sald

TTTC

nmpehant f")lJf\I | chl nn
LAY %L |~J

di ffusing barrier |ayer from

bver said

r

egding f|In1fnrn1nﬂ a-copper—p

aeRyOknsatbye¢disul ating layer}

oamd- e93 el ectrol ess plating
o at 'FI_I_.LJ_Dg caid hanl

| east

over
2. The

FLYPRY MY It ein Step (e) f

oot

??@g;’iQ1 Ghés el ectrol ess pd-

ating Cu

over sai @xSeedtPEndthIY (HhrdcdiinanhGapeLidPl Ud erimpnpant hadtyxidd) Tdag sai d
and formng a passivation [ayer conposed of Pd acetate on said copper

hol e;

plug at ae%fstf ELhiDG,

f or med
spi n-o

The e

al doha e

by a process séf
n;

thod of claim1l wherein Step (e

sai d passivation |ayer
ected fromthe group consisting of dip coating and
and heating said passivation |ayer to thernally deconposed said
paSS|vat|on | ayer toThel Ladeneer itk vYsolfioshdngushF &S bkl éad on | ayer.
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further includes electrole

002 -18

3.
ss plating

Cu over ds@iegpsetdihy fidmduarliitygCu tbppEFOPIAfS St doared BELNg nhssai d hol e;

and ch

enm cal - mechani ca

pol i shing said copper plug to planarize said copper
plug to dnvewsioeVenseedingdiayeropashrapdetid dfcdriodsabatingatiayer.
met hod of claim 1 wherein said diffusion barrier

4. The

| ayer is conposed of a

mat eri al abelvect ed fromthe group consisting of TIN, TaN, WN and Ta. 5. The

met hod of claim1 wherein said diffusing barrier

| ayer has a thic

the range of between about 50 and 5000.

Fig 'lD shows the

step of chemical-mechanical

kness in

polishing the copper fill 16 to planarize the copper fill 16 to

a level even with the

11.

Next,

thereover to complete a semiconductor device.

11A top surface of the insulating laver

insulating and conductive layers are formed



6. The nethod of claiml1 wherein said insulating |ayer is conposed of a
mat eri al sel ected the group consisting of 'silicon oxide, and i mde; and
said insulating layer has a thickness 0 in a range of betwe / LA0GD0 t o
10, 000A. 7. The nethod of claim 1 wherein said seeding |ayer is forned
using a seed bath conprised of Palladium acetate, acetic acid 26/ 04/ 2002
-19 chl orof orm and net hyl ene chlori de mﬁtqﬁa concentration between about
0.2Mand 1.0M 8. A nethod to deposit a Seeding |ayer for electroless
copper pl art ngndcdim@nseri BanBassiora tden €ept bayer ni 4B cRFe CYpPhydaf 86 an
i nterconnect; conprising the steps of: a) formng an insulating |ayer
havi ng an opening over a substrate; said insulating |ayer having a top
surface; b) forming a diffucion barrier |ayer over said_ insulating |ayer;
c) forming a seedi ngibsl PhcodPostd a¥d BaPraghakt (PHY %ﬁﬁ“ﬁbFP&dPﬁﬁ?%ﬁetate
over said diffusion barrier layer; said seeding filmforned by a process
sel ect edmbbdimehe. gr e sraTvsics g dsnert pEXdR i FoaRaSEPVAC IR 1aWSF seedi ng
| ayer is formed using a seed bath conprised of Palladiumacetate, acetic
aci d chliomobeem taedc@ shlyarg tof paemanerike @elrdéged of £6581t he group
consi sting of chloroformand nthylene chloride with a concentration between
0. 2M t 0 okiQ@M 16} .t herae] Avertenemasiengosad dt sae di ey thiollgs s r phat etk iwt | east
a portion of said Pd acetate to Pd; e) chem cal - nechani cal polishing and
removi nge aig ggﬁgtggegléfa&ﬂubswmr&hduﬁénsam@sbwasmsmanhayendob@wesajd top
surface of said |nsulat|ng | ayer; and f) electolessly plating Cu over said
seedi ng Jédqu %erqgghgnggpper plug filling said hole; )
chem cal i cal polishing said copper plug to planarize said copper
plug to a level even with said top surface of said insulating | ayer.
26/ 04/ 202 - 20

The processing starts as described above and shown

in Figs 1 A and 1B.

Referring to Fig 2A, When the Cu fill 16 is

electroless plated into the hole 14, the Cu only partially fills

the hole 14. See Fig 3, step 201.

In a key step shown in Fig 2B, a Pd acetate layer
17A is formed over the Cu fill 16 and over the insulating layer
11. The Palladium (Pd) acetate layer is formed using the

invention seeding bath and dip or spin on process described in

the first embodiment.

Next, the Pd acetate layer 17A is thermally treated

as described above to form a Pd layer 17B. See step 203.



9. The nethod of claim9 wherein said diffusing barrier layer is conposed
of a material selected fromthe group consisting of TiN, TaN, WN and Ta.

10. The nethod of claim9 wherein said diffusing barrier |ayeeedolasod2

t hi ckness in a range of between about 50 and 5000 A) 11. A nethod to
deposit a seeding layer for electroless copper plating for a sem conduct or
device to forma copper plug for an interconnect; conprising the steps of:
a) formng an insulating |ayer having an opehfrg over a substrate; said

i nsul ating | ayer havi fi§ ahewp 1§Ur5fl§cg,c'b)'-h¢o?¢d kayer di'E dsi chebacaler |ayer
over said insulating |ayer; c) form ng a seeding filmconposed of Pall adi um
(Pd) and Pafhadicm etiabedoveMPedl dtoi fenesieothisaPdi dayényever saied seedi ng
filmforned bg a process selected fromthe group consisting of dip coating
and spi n- Rsusat ngeladliany Ulaped Leavoradtl ipngaassvedibat hayanmriesed of

Pal | adi um acetate, acetic acid chloroform and a solvent of a materi al

sel ected Prem the ¢r ipadrsi §hienhd ofarw IHamsdfvattirandape hyl ehepddettisde wit h
a concentration between 0.2Mto 1.0M d) thernally deconposi ng said seedi ng
filmtranshertugbligasd faopobkicatbdn sailh Rdnacakat eot©s P8, 68), 787 (Zhao
chem cal - mechani cal polishing and renoving said seeding filmand said

di f f usi ngebaati prtha@yetveandonsai Bdt €ip siieaca 76f isabf oosadetdmeparayer; and
f) electolessly plating Cu over said seeding filmto 26/ 04/ 2002 -21 form
a copper phagnét!hédds$saiid yhal en andf@idmWsrRdea . passi vation | ayer
conposed of palladium (Pd) and pall adium acetate at least filling said
hol e; said passivation |ayer formed by a process selected fromthe group
consisting of dip coating and spin-on; and polishing said passivation |ayer
thereby forming a Cu mkrg, Witdulatiassavat tondbeyere floryean arterspnaect . 12.
The nethod of claim 11 wherein said diffusing barrier |ayer is conposed of
a mat eri akhsekeeéedtd reyngie eghoypmcONEdisdiord dekridelN, TaN, WN and Ta. 13.
The net hod of claim 13 wherein said diffusing barrier |ayer has a thickness
in a range of between about 50 to 50001. 14. The nethod of claim8, step
(f) wherein said electroless plating Cu is perforned using a Cu bath with
the followi ng conditions: a CuS04 5H20 concentration between O Sto 1.0M a
EDTA concentration between 0.1 to 0.5M and an et hyl ene gl ycol
concentration between 0.5 and 50; a glyoxylic acid concentration between
0.01 and 0.1M and a TMAH TEAH concentration to adjust tr~e final to pH
greater than 12.&ivarSageieOfiethmdmfendionts11’® sndp2{F Embhdimentsai d

el ectroless plating Cu is perforned using a Cu bath with the foll ow ng
conditions: a CuS04 5H20 concentrati on between 0.5 to 1.0M a EDTA

concentration between 0.1 to 0.5M and an et hyl ene gl ycol
The invention's first embddiment dpplication of

thermal / non-thermal treated Pd acetate film 13 as a
catalytic/seeding layer for electroless copper plating has

several advantages :

0 the kinetics/rate of plating is either comparable or faster
than that of the conventional approach.

0 In the seeding bath, undesirable counter ions like Cl~ may be
excluded with the present invention where by no such species
is present.



26/ 04/ 2002 -22 concentration between 0.5 and 50; a glyoxylic acid
concentration between 0.01 and O.1M and a TMAH TEAH concentration to
adjust the final to pH greater than 12.5. 16. The net hod of 26A9#2Q02
wherein step (g) further includes after form ng the passivation |ayer:
heati ng said passivation layer to thermally deconposed said passivation
|l ayer to palladium .Ay.A & A AyS. A . AsU A . A3fe. AA . A&
. ASr. AS9. Ah. AUe. A9. A Y. A A A . Ay. A, . A2+U|r/75§6 Whi
| CDzupkf a\dq Bag ﬁ@d}n@apéapcama 6T ada]lda]th’a] canpengela] c4Pcaida] cal ca] ca
] ca] ca] ca] cajeaRaldne] exaUisapéa)] sa} ¢etSYZ, akpispet| V] calcaitaned] caV]
caV] caV] ca] caeftialx Fecac appapen) @ c%qq&a]r@a]:éa]eea?ca]mq ckd*da] @alca] ca] cal
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109B& (] : 010AB&(DroeP- 10YBEHI=i@ 2 seeding layer for electroless
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109& ()CPRROR (PI#5i09%& [PrcdaB)330dgo@uctor device’ to form an

(1)00/;{@' %i%@é@%f%é%t@ééﬁ%iélng) AR (dps S20%& ()-! SI"10%& () - ?oxyz{dYNC31
a) forming an insulating layer having an opening over
a substrate; said insulating layer having a top
surface;
b) forming a diffusion barrier layer over said
insulating layer;
c) forming a seeding film comprised of Palladium (Pd)
over said diffusion barrier layer; said seeding film
formed by
(1) a process selected from the group consisting
of dip coating and spin-on; said seeding layer
is formed using a seed bath comprised of
Palladium acetate, and a solvent of a material
selected from the group consisting of
chloroform and methylene chloride; and

(2) heating said seeding film to thermally
decompose said seeding layer to palladium; and

d) chemical-mechanical polishing and removing said
seeding film and said diffusing barrier layer from
over said top surface of said insulating layer; and

e) electroless plating Cu over said seeding film

forming a copper plug at least filling said hole.

2. The method of claim 1 wherein Step (e} further includes
electroless plating Cu over said seeding film to form a copper
plug only partially filling said hole; and

forming a passivation layer composed of Pd acetate on said

copper plug at least filling said hole; said passivation layer
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heating said passivation layer to thermally decomposed

said passivation layer to palladium; and

polishing said passivation layer.

3. The method of claim 1 wherein Step (e) further includes
electroless plating Cu over saild seeding film forming a copper
plug totally filling said hole; and

chemical-mechanical ©polishing said copper plug to
planarize said copper plug to a level even with said top

surface of said insulating layver.

4. The method of claim 1 wherein said diffusion barrier layer
is composed of a material selected from the dgroup consisting

of TIN, TaN, WN and Ta.

5. The method of claim 1 wherein said diffucing barrier layer

has a thickness in the range of between about 50 and 5000A.

6. The method of claim 1 wherein said insulating layer is
composed of a material selected the group consisting of silicon
oxide, and polyimide; and said insulating layer has a thickness

in a range of between about 500 to l0,000A.

7. The method of claim 1 wherein said seeding layer is formed

using a seed bath comprised of Palladium acetate, acetic acid
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chloroform and methylene chloride with a concentration between
about 0.2M and 1.0M.

8. A method to deposit a seeding layer for electroless copper
plating for a semiconductor device to form a copper plug for
an interconnect; comprising the steps of:

a) forming an insulating layer having an opening over
a substrate; said insulating layer having a top
surface;

b) forming a diffucion barrier layer over said
insulating layer;

c) forming a seeding film composed of Palladium (Pd) and
palladium acetate over said diffusion barrier layer;
said seeding film formed by a process selected from
the group consisting of dip coating and spin-on; said
seeding layer is formed using a seed bath comprised
of Palladium acetate, acetic acid chloroform, and a
solvent of a material selected from the group
consisting of chloroform and mthylene chloride with
a concentration between 0.2M to 1.0M;

d) thermally decomposing said seeding film transform at
least a portion of said Pd acetate to Pd;

e) chemical-mechanical polishing and removing said
seeding film and said diffusing barrier layer over
said top surface of said insulating layer; and

£) electolessly plating Cu over said seeding film to
form a copper plug filling said hole;

g) chemical-mechanical polishing said copper plug to
planarize said copper plug to a level even with said

top surface of said insulating layer.
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10. The method of claim 9 wherein said diffusing barrier layer

has a thickness in a range of between about 50 and 5000 A.

11. A method to deposit a seeding layer for electroless copper
plating for a semiconductor device to form a copper plug for
an interconnect; comprising the steps of:

a) forming an insulating layer having an opening over
a substrate; said insulating layer having a top
surface;

b) forming a diffucion barrier layer over said
insulating layer;

c) forming a seeding film composed of Palladium (Pd) and
palladium acetate over said diffusion barrier layer;
said seeding film formed by a process selected from
the group consisting of dip coating and spin-on; said
seeding layer is formed using a seed bath comprised
of Palladium acetate, acetic acid chloroform, and a
solvent of a material selected from the group
consisting of chloroform and mthylene chloride with
a concentration between 0.2M to 1.0M;

d) thermally decomposing said seeding film transform at
least a portion of said Pd acetate to Pd;

e) chemical-mechanical polishing and removing said
seeding film and said diffusing barrier layer over
said top surface of said insulating layer; and

f) electolessly plating Cu over said seeding film to
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14. The method of claim 8, step (f) wherein said electroless
plating Cu is performed using a Cu bath with the following
conditions: a CuSO, 5H,0 concentration between 0.5 to 1.0M; a
EDTA concentration between 0.1 to 0.5M; and an ethylene glycol
concentration between 0.5 and 5%; a glyoxylic acid
concentration between 0.01 and 0.1M; and a TMAH/TEAH

concentration to adjust the final to pH greater than 12.5.

15. The method of claim 11, step (f) wherein said electroless
plating Cu is performed using a Cu bath with the following
conditions: a CuSO, 5H,0 concentration between 0.5 to 1.0M; a

EDTA concentration between 0.1 to 0.5M; and an ethylene glycol
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concentration between 0.5 and 5%; a glyoxylic acid
concentration between 0.01 and 0.1M; and a TMAH/TEAH

concentration to adjust the final to pH greater than 12.5.

16. The method of claim 11 wherein step (g) further includes
after forming the passivation layer:
heating said passivation layer to thermally decomposed

said passivation layer to palladium.



