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| NFERCONNECT METAL LI NE AND VI Al CONTACT HOLE FI LLI NG BY ELECTROLESS PLATI NG
|1, eBAGKGROUND OF THE | NVBNTI ON FI ELD OF THE | NVENTI ON ABELEnQky THID3
| NVENTI ON This invention relates to a nethod of fabrication used for
sem conductor integrated circuit devices and nore specifically to a nethod
of activation prior to electroless copper plating for achieving highly
sel ective conplete interconnect netal fine and via/contact hole fill.
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i nterconnections have had to have iirrgg(m@ar vertical sidgwalls with high
aspect ratios and have had to be placed at™ smaller spacing|i nyﬂwmm
fulfill such requirenent. Subsequent netallization process ;S W’m ”m
necessary to fill the vias/contact holes conpletely w thou oi ds gk
conductivity netal such as copper. Various techniques of dep03|t| on o

o1 oot ol BACKFRDUIE O HHE My NTIRRGEFLD DRTHENTEREION Srodi 1 on.

Among these, the el ectrol ess met hod appears pref erabl e based on
considerations like the cost of the fabrication process, the ease of
execut i FAIEMD DheTHFJBRMMNEINthe conplete filling capability of the
process. However, in general, prior to such electroless plating, an
adhesi ve/ cat ai yti c seeding Iayer like Pd or CVD ., 15'"" January 2003 2
(Chem caTh'&;’eipvuentDaﬂpmﬁéte‘a dm)a lﬁethmisohiwribatidneu*c‘.ed torazmmiconddictor Integraéed

subseque ti.n h sel.ectjvjty of t pI desired
stch: ¢ nadreat dpiPes Fng Mot spraficalvds #aReipdcotadhvafith miiof $o iddfeless

metal |ig§spet aﬂlﬁkj? for é‘éﬂléﬂﬁé élrﬁéhlp@é&tlvb%dﬁlﬁetéaﬁﬁercbﬁne&)méﬁﬂ #82add ssued
to Charles W Lin et al on Dec. 1, 92), a selective electroless plating
for net aV!ammettf‘@ﬂ%ﬂdjl sposed on a di eI ectric surface is disclosed. The

nmet hod i ncludes renoving a carbonized filmfromthe dielectric surface by a
pl asma di scharge) acid treating the netal conductor in a first acid

sol ution, acti vati ng the metal conductor, and deactivating the dielectric
surface in ' d acid sol utian, foIIowed by electroless plating to
over coat DES@?@“QIN pﬁeRﬁbAJEQ:ﬁﬁa—uctor only. Also, in US. Pat.

No. 5,017,516 (granted to Andreas M T.P. van der Putten), a nethod of
perform ng el ectroless plating selectively in contact hol es through

sel ect i vAsraemhieanducter idégrated tioouitscarescunsirntlyrbeifig Bdaled dawnlies theodeep

submicron regime, multiple layers of interconnections are thus required so as to

meet the increase in the packing density. Vias/contact holes between successive
layers of interconnections have had to have almost near vertical sidewalls with high
aspect ratios and have had to be placed at smaller spacing intervals to fulfill such
requirement. Subsequent metallization processes are thus necessary to fill the
vias/contact holes completely without voids with high conductivity metal such as

copper.

Various techniques of deposition of copper have been known which, in general,
include electroplating, electroless plating, sputtered chemical and physical vapor
deposition. Among these, the electroless method appears preferable based on
considerations like the cost of the fabrication process, the ease of execution of the
process and the complete filling capability of the process. However, in general,

prior to such electroless plating, an adhesive/catalytic seeding layer like Pd or CVD
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U.S. Pat. No. 5,443,865 entitled "Method for Conditioning a Substrate for
Subsequent El ectrol ess Metal Deposition” (issued to Tisdale) et al on Aug.
22, 1995), discloses a nmethod whereby el ectrochenically géfteraati&g 2688ici ng
agents are adsorbed by a substrate which is then in contact with a seeding
mediumto ' deposit Palladium seed for subsequent el ectrol ess and
electrolytic netallization. U S. Pat. No. 4,869,930 entitled "Method for
Preparing Substrates for Deposition of2 Metal Seed from An Organonetallic
Vapor for Subsequent Blectroless Metallization” (granted to C arke, et al
on Sep. &emigab)apes Bapesiion) Kiwbas haghter beyaid dawmto Facilateaadrssaqudntc

conpound,_i. | t ct o\ i 1 ca | t Lhi.tial ly.adsorbed
on a sug?#'ﬁgf%‘d%@ﬂosfekéﬁ&e%%é I?)bqqﬁ\gh'é%ﬁg? iﬁﬂc@oﬁgﬂetdﬁ%ﬁh g}at %hg%é%rﬂiﬁound
whi ch rrthrtehFlatétt Qu @ndéposiedl inthe mtércornadttrabtal linesrand the waskeotdaer
subsequent el ectrol ess deposition. When sel ective deposition is desired, a
resi st RASRI ng |ayer is used prior to formng the seed layer. U S. Pat.

No. 5, 674,787 entitled "Selective El ectrol ess Copper Deposited 15"
January 2003 3 Interconnect Plugs for USL1 Applications" discloses a nethod
utilisi hgeSePat.dNesS, 167982 (idsyext ko iCharkes AT ekini etedlyord @eu. dnc@9)] at ed

A T e S I L
been acRiRuR@dPY 7R intéfhoaNingludesStémavity & carbbalzEdSiin RbAT i didledripase of

the vias followed by electroless deposition of netal on the activated
sur f acesutface thy aaplasima disshame: acih treabng, the metab doaductor inea dirstaacids a

di ffusiqn, harri teri | tand 4L i eposi ted
metal 1 S0uERhepERY e B SBoiubl, PRLAGH ol et delleaE Py W RC: ca
in'an agktymd iaeid solutiohp folldweth biyneleuliclese patidgats anérdoat faamidtalt 8hetheeedi ng
of Cu on the Ti N Use of a surfactant such as polyethylene glycol or Triton
X-100 c&etahendustor 9y s oduce hydrocarbons into the vias which may effect
reliable operation of the plug. SUMVARY OF THE INVENTION It is an object of
the invention to provide a new nethod of formng plugs in a vialcontact

hol e i nAsseim UdddBat.oNovia,0 ho6t6r (@uantednty Aateasi Mel .&ctvamateouifend, a

method of performing electroless plating selectively in contact holes through

selective nucleations using a low concentration of PdCl, is disclosed.

U.S. Pat. No. 5,443,865 entitled “Method for Conditioning a Substrate for
Subsequent Electroless Metal Deposition" (issued to Tisdale, et al on Aug. 22,
1995), discloses a method whereby electrochemically generated reducing agents
are adsorbed by a substrate which is then in contact with a seeding medium to

deposit Palladium seed for subsequent electroless and electrolytic metallization.

U.S. Pat. No.4,869,930 entitled "Method for Preparing Substrates for Deposition of
Metal Seed from An Organometallic Vapor for Subsequent Blectroless
Metallization" (granted to Clarke, et al on Sep.26, 1989) describes a process
whereby a volatile organometallic compound is allowed to react with active
chemical sites initially adsorbed on a substrate to form a species of the metal
constituent of the compound which may then be transformed into a free metal to
serve as a seed for subsequent electroless deposition. When selective deposition

is desired, a resist masking layer is used prior to forming the seed layer.

U.S. Pat. No.5,674,787 entitled "Selective Electroless Copper Deposited



barrier surface in a base of the hole. In accordance with the invention
there.is provided a nethod of fabrication for a sem conductor integrated
circuit device, including: ' providing a sem conductor sub%tUapatg&ylE0oang an
insulating layer with a contact hole forned therein and a diffusion barrier
provided on sidewal s and a base of the hole; formng a filmof polysilicon
on a surface of the substrate in which_the hole is provided; subjecting the
said substrate to an activation aqueou§ solution; form ng an activation

| ayer COHEHISIHQ copper. seedi ngs on the said | 15" January 2003 4

pol ysi | ilBisconne frlygs 4pa US4 Replisations” digelospafemednad HBIENG slertedessous

sol uti or rfq’%? iég%g?@o,pqspgél Gl Goftit & éidisﬂlﬁtéc?y p1plé?/ ﬁhﬁ&t hobﬁés gapper

depositio e co ornB into sai eto e contac hol e
and t hersshgicpnductde, ta thugctmaﬁmutlve/oeglems on tisé sgmécmindustar conduct or

substrate; and applying chem cal - mechani cal polishing to renove said
pol ysilicon and

With the above prior art techniques, growth of plugs has been achieved by
activation of a surface of a barrier material in a base of the vias followed by
electroless deposition of metal on the activated surface. In the case of U.S. Pat.
No.5,674,787 the barrier material is a diffusion barrier material such as titanium
nitride (TiN) and the deposited metal is copper. In order to activate the TiN the
semiconductor is treated in an activation solution which includes a surfactant to
facilitate seeding of Cu on the TiN. Use of a surfactant such as polyethylene glycol
or Triton X-100 can, however, introduce hydrocarbons into the vias which may

effect reliable operation of the plug.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a new method of forming plugs in a
via/contact hole in a semiconductor without requiring selective activation of a
barrier surface in a base of the hole.

In accordance with the invention there is provided a method of fabrication for a

semiconductor integrated circuit device, including:

providing a semiconductor substrate having an insulating layer with a contact
hole formed therein and a diffusion barrier provided on sidewalls and a base
of the hole;

forming a film of polysilicon on a surface of the substrate in which the hole is
provided;

subjecting the said substrate to an activation aqueous solution;

forming an activation layer comprising copper seedings on the said



excess copper external of said hole to thereby provide the substrate with a
snodot h t opography. BRI EF DESCRI PTI ON OF THB DRAW NGS The invention is nore
fully described, by way of non-liniting exanple only, w tig*rkehesg@®3 o the
drawings, in which: Figs. 1 A-1 E are cross-sectional schematic
representations illustrating the method of one enbodi ment of the present
invention. Figs. 2A-2B are cross-sectignal schematic representations
illustrating the method of a second enfodi ment of the present invention.

Figs. 3A-3E ar'e r 0ss-sectional schematic representations illustrating the
net hod of a PAYPHC®Mbodi nent of the present invention. Figs. 4A-4E are
cross-sectional schematic representations illustrating the nethod of a

fourth enbodiifiBing s¥id E6MidYNEEEI subYRatel tBtemova Baid d@iBtisysol@ibh; 5 DETAI LED
DESCRI PTI ON OF THE PREFERRBD EMBCDI MBNT Referring to Figs. 1A-1'B, the

sem conductor, substrate 11 nmay be F or n-type si ngl e crystal silicon) but
is not |init&8PPHERGIGPPPRA QMihe Activfiamiayer by pigrligless BeRperadepesition ¢

material |ik i 1460 [ X G;Si ; FSINRN A QR

SABPSG havi ngughtthlgcibrfgjg)qgﬁﬁ Be‘tﬁt mﬁ%ldaggi%@(ygomaenggﬁgg%%%%%ﬁ ror?s%A
physi cal vappuovidepqsig witho(P¥dis;or chem cal vapour deposition (CVD)
polysilicon 13 with thickness in the range of 500 and 1000 angstrons may be
formed on the insulating.layer., Contact haoleslvias 15 having a width

bet ween abou{'"§§@§aé‘iae&m%§ﬁ@§tsygﬁ€a¢%9nﬂe formed in the dielectric

insul ating |layers by conventional plasma etching processes and reactive ion
etching (Rl E)apb(yiﬁ(iiqﬂa&’(érhhal-mebhﬁmﬁals \pestishiabe to Aretihdvd is%ii@n?@@émd:&i add may
be Titaniumnitride (TiN), Tungsten nitride (WN) and Tantalumnitride {TaN)
deposi t ed by Xg6$% epaRer exermal@fsgid bl tatirgreby pipyidadhe moibstatenwitied. The
pol'ysilicon | L rably doped with Boron, Arsenic or P+ and the
dopant concer??‘ér{ﬁtpgép%ggﬁy'l east 1 E15cm 3 so that the | ayer has sone
degree of conductivity to facilitate plating of, for exanple, Ti N An
activation approach using an aqueous sol ution contai ni ng HF of
concentration between about 1 % and 10% and Cu of concentration between
about 1 ERFEE BESCRIPTIMONOFTHE DRAMINGS bet ween about 25 and 80C may be
used to outplate copper 16 on the polysilicon 13 by inmersing the

sem conductor substrate and surface |ayers (11-15) into the above-nentioned

aqueous | ution.for._a duratio f.. het t and 60 nd_fol |l owed by
eubsequenine IsEBtigf is P&t Bk farlines. U8 Bor iaRRS Soill pyy with
deposi t edeftefcets PlesdrawiteRo#i wWaithcopper 16 and in the contact holelvias 15
by el ectroless plating froma solution conprising of a cupric ion source
(eg. CuS04.5H20), a reducing agent (eg. HCHO, DMAB)) a conpl exi ng agent
(eg. BDTA), ; Lakst _ t - pal A

gl ycol) and gﬂgﬂ ﬁ\%?(%{;e. E%ﬁ%%ﬂ g? ﬁ%&%%g&mrgpéets&ﬁgbtggg V\/}eﬂg%ﬁédgﬁq}ﬁ h§5 and
80C. El ect r ol rmethodofpinet embodimend of theuprdseot insentiorat i on sufficiently | ong
such that an overgrow h of copper of between about 500 and 2000 angstrons
above the surface plane of the contact holelvia is obtained. Subsequent
rinsing with Hgé.r PPUPB AR RrossM4UctiBnRl BEREMALIY r!é??es%n'iﬁﬁin%t i:mfk,frxw?& fhBout
18. 2M5Zcm ~, reésults in peeling off of Cu deposits fromtop of the

i nsul ati ng | apethotiofensgcondembadiment of the piesgnkievertionve deposition in the
vi al contact hole. Finally, a CwW (Chem cal

Figs. 3A-3E are cross-sectional schematic representations illustrating the

method of a third embodiment of the present invention.

Figs. 4A-4E are cross-sectional schematic representations illustrating the
method of a fourth embodiment of the present invention.



15" h January 2003 6 Mechani cal - Pol i shing) process, which uses a polishing
slurry conprising of alumna, ultrapure water and sulfuric acid in the pH
range of between about 2 and 3, is performed to renove thé"ekeesy 200Her 17
over the contact hole! via and the polysilicon 13 to obtain copl anar

t opography of the copper surface 17A and the insulating |ayer surface 12A
Conpl ete renoval of the polysilicon | ayer ensures there is no electrical
connection between the individual fill%d hol es. Referring to Figs. 2A-2B, a
second dinment of the invention is illustrated, wherein a contact hole
in cont i&hﬁb\ﬁ'—tﬁp bﬁﬁ%l'ﬁ?&OEeT'éEﬁ&%EEBR%EN@QQMB&%pl etely filled

W t hout voids with copper 26 using the activation nmethod of the present

i nvention. The sem conductor substrate 18 may be p- or n- type single

cryst al Refeiringnto Fiigs.i hadBatthagsdnaigondugtonsybsisate hi ghayli e qet o a-typeeri al

like silicon dioxide (SjQz. PT L SPikn-pn-qgl ass (,.SOC) ,.and BPSG havi n
2 thi cksuEie sisfA lgsh. bEbnItatHeT e BB AR irkyEgrievet 2ty b Aot
pat t er n elctrict fatdirfal Uik odiliduar Biokidd €3i6),),2BPTED S, 0§piRGniglaké qsiow&J/laﬂai ng

| ayer 20 by conventional integrated circuit processes. A PVD or D

pol ysil i 8% havingt ai thickasess iaf hefweennglowr 4004Q \iwdn 13000 targstroams A000
: i N j o
e dopedvabal Jarait bdsifor! (FHPY Bl 4F habobr, dSoRRINCVOT BBYysiieSh, "y .

23 ihs fqmwﬂhithickhlﬁsé 'rrstﬂeatairr]ugg dfe500 add r?lo)jbgcmgmhrs)m hs@mmnl iedao'notne
etching . (Rl B) or aspma_etching to reach the nmultil ayer talljzation
pattern! .'a&ﬁe @%rviqwtdﬁﬂ? 465 %'%aaﬂ@@&ﬁﬁﬁ%t#ﬂﬁﬁﬁﬂng HF
of conc i 9 006 an ; t i t ween
about | OSSR bR G hed LT VR e M) DS ) pThisRloRt 12
used t o plasphaetehingp peocedsSes nanchaepdtivesidn etehing (RIE) naeresichg thehesilicon

i cond LAt d.surf | s (18 ' L
above. mapeais Aqutfieh et 5 ey B Jiparhtstgie siink ohhdsiEe nitidga sos
and fol luRyl d sPhfarmenhitddeor(THEY aépsdited Wyt Bﬂuﬁérreap%@limtar,- ONeaxt

copper 26 is deposited on 25 and in _the contact hole/via 23 by el ectrol ess

pl ati ng MO, BYDuandiMPoephniguag dhepalysilican layar isopfeterapbydogebadtrs H20) |

a reduci g - i ] ) H
adj usterI§I 8@: wgrﬁgﬁ%ﬂa a"{%&@%@f%t“ﬁ%@%ﬂ%&i a§§t2%‘3‘. I ves
(eg. KCNaydBAds seineadégrap esfaiondeactivtyvio dacitifatel plaling afdfdd @XantplecTin| @ss Cu
plating is cgntinued for a duration sufficjently |on ch that an

over gr ovv'iBCH'V@f'O'é AREPAGH YSiRGEE agHeeYs mt&‘l‘d C?%f@ﬁ‘"ﬁdi#r?fnﬁoﬁmtl%
cont act. peteen sl A% A0F)% dHl €4 drbdribeRiraiSH bBHvect BBSHFIBREhEHAS
with ultrapure water results in peeling o of Cu deposits fromtop of the
pol ysi | i 3@0pmv aird yemphatuel between abait 25 20ide88IG, enaje pesisdd to ioutplate

vi asl contact hgles. Finally, a (.Chem cal . Mechani cal Pol i shin progess)
wh o asesprer ot o tre PavaiegS By TRGSGR L APRGEoRRLERRr St tie B
sul furi csi@fddd laeish@l 1PTHY iRtDMeCdbdiRL e AtioRdd B udowNgolBlion SorPg Idupatiglof O
renove the exceSs copper 26 over the contact holelvia and to conpletely

rerove tbetweenyaboulcdh aad t@PsoBndi fellewpd abiasubspaigiptpremgh Hinsig yeth
f syl Ak : y ' [ 0S. 4 B3A- 3E,
St hira RO e, N, Bobdi AP HeBUIAC 6 HiGviolRl Hdidilelibdndlt 164 B0

damascenand tin tied oortadOhole/\das b dlyElgctrolese glatingfoorh av soldtionicomprisine of 33

using the actjvation nmethod of the present invention, Tnﬁ i‘ﬁglf) duct or
subst r at 8 GHPrigaIPNROYICe dBdn CuSHhedldi(ly|a redusih A8 (§HHIC ht? ng

| 08 : o . . . ST L . |
spTecs,  npiaid At G BOTA) SamBHeadster (o TMATE &' BHHEGENE 88 b ou
4000 andpayetylerey giyootysankd pukiitives (By. tKENs dBAChdta tempeatattreabet@@en The
di f fusi b i 3 Tj t ani itrid TN, T ten nitrid

S Yo il 56 o Lt DL Rk ol B bR,
PVD and |dfg $urdhinafi iR overdrowtybr _@6p;f§éﬂ?)fﬂga|twééﬂl 860t 860 Whil 20U SkgaRsmsn the

range of 500 and 1000 angstroms is fornmed on the insulating |ayer 28,
pr ef er abhove the swfiaca plage of dieecoriact holalyiais. obiaingdt Subsequend piestgcwittsi ng

2006 and_Llraicd B bR SRRt £ £ SRS AR e ZEGRT. fpstind iR
t enper at b_éeurkg?me@mgab@éﬁo%_m B ofMME P8UMEARY 1APer0¥? Il SthelPARIwiRg ON

the polysilicon 29 by inmersing the sem conductor substrate and surface

| ayers ( hightp)seleativet Hepositior-inethei vindeprdaciebale. sionally,oa E€HP a(Gharaicabn of
bet ween about 15 and 60s and fol |l owed by subsequent thorough rinsing with
ultrapure water. Next, copper 33 is deposited on 32 and in the dual
damascene structure 30 by electroless plating froma solution conprising of
a cupric ion source (eg. CuSO4.5H20}, a reducing agent (eg. HCHO, DMAB), a

™~ N A



15t' " January 2003 9 (eg. polyethylene glycol) and additives (eg. KCN,
TEAC) .at a tenperature between about 25 and 80C. Electroless Cu plating is
continued for a duration sufficiently long such that an ag&rhou a3
copper of between about 500 and 2000 angstrons above the contact holes is
preferred. Subsequent rinsing with ultrapure water results in peeling off
of Cu deposits fromtop of the polysilicon 36 only, thus allow ng highly
sel ective deposition to occur. Finall y§ a Cw

(Chemi cal - Mechani ca( Pol i shi ng) process, which uses a polishing slurry
conpr i siMgclanigali?elishing)| Progasse WRICEr usRd 3uPPUSNIRY aBIMEYi FOMREISHIY r@hge of
bet ween ; g f \/ r the
cont act o, R e o B RS ¥ e
copper s3yris pecfotnsd dadetroveithe wWxaes gopparet? overf theccaddact hade/cvda drel the
appreci ated .the ipvention provides for convenient and reliab forption of
o Cge- 1 PVl 4 da-peipm RREREE opdlraRLET the SePE! sUfaRs P st o
techni qliﬁ§u|9ﬁn?%ﬁﬁt s0rfdce $2Rdi Canfpits RniAeE obfthé pRlpsilRonAYet RAsURS of a
surfactant in the activation solution, thereby sinplifying fabrication and
m ni ni si thgre isenq elgetrical cogrraioarhaiween themdhdayal filled hp?%. vias. Wile the

I nvention has been particularly shown and described with respect to the
preferred enbodi nents set forth above, it will be understood by those

ski | | ed Refdrtirg abt Figsat2A-pB, faosegond emissdiniche rof cthanipeentiov ds nillasteatedf ai | s
may be made therein wi thout departing fromthe spirit d the scope of the
i nvent i owherein sa- contagh Mple o3 ceptast Avits: a1mu "%ﬁfh&&?@ﬂ@%} iRAHSBNS or a
sem conculshBletd!P B AR Vdids WiieUdgRlr 2GsHE! M adtivatib! Metid of the
sem conduct or substrate having an insdlating yer wmth a contact hole
f ormed t persent irveatiandiThEuseroicobductoe rsupstraied#8 roay diedpwalr| - type ainglese of

whi ch t nERG SieanoT berigudetd Vs (erigay Re S4 dEiR et dRCER T | on

e sai o R o e ol

agueous bgtwge;mra,bout’moo andg 12000 angstroms. A metallization pattern 22, with
diffusion barrier layer 21, is formed in the insulating layer 20 by conventional
integrated circuit processes. A PVD or CVD polysilicon 24 with thickness in the
range of between about 500 and 1000 angstroms is formed on the insulating layer
20. The polysilicon layer may be doped, as described with reference to the first
embodiment. Contact hole 23 is formed in the insulating layer 20 by conventional
reactive ion etching (RIB) or plasma etching to reach the multilayer metallization
pattern 22. An activation approach using an aqueous solution containing HF of
concentration between about 1 % and 10% and Cu of concentration between about
100ppm and SO0ppm at a temperature between about 25 and 80°C may be used to
outplate copper 25 on the polysilicon 24 by immersing the semiconductor substrate
and surface layers (18 and 24) into the above-mentioned aqueous solution for a
duration of between about 15 and 60s and followed by subsequent thorough rinsing
with ultrapure water. Next, copper 26 is deposited on 25 and in the contact hole/via
23 by electroless plating from a solution comprising of a cupric ion source (eg.
CuS0,4.5H;0), a reducing agent (eg. HCHO, DMAB), a complexing agent (eg.
BDTA), a pH adjuster (eg. TMAH), a surfactant (eg. polyethylene glycol) and
additives (eg. KCN, TBAC) at a temperature between about 25 and 80°C.
Electroless Cu plating is continued for a duration sufficiently long such that an

overgrowth of copper of between about 500 and 2000 angstroms above the contact



deposi ti.ng copper on the activation |ayer by el ectrol ess copper deposition
such the copper forns into said hole to fill the contact hole and thereby
provide a plug w thout voids; rinsing said sem conduct or 19Msdnuatye206hd
appl yi ng chem cal - mechani cal polishing to renove said polysilicon and
excess copper external of said hole to thereby provide the substrate with a
snoot h t opography. 2. The nethod of claim1, wherein said activation
aqueous sol ution conprises HF of concedtration between about 1 and 10% and
copper of concentration between about 100ppm and 500ppm and the activation
| ayer i shelgiviis prefared pubsratent pigsingewith siirapure watgr rerultssin perlingeeffiod of

claim1, r gi [ emi~C : t i ' ;WA [
waer haoh CE Gefodty fofC@BCON e bOl RO 24 bR, s BcHinY higny LERBE
2003 11 depdsiiometnhdbieofvias/eontadt, hates.eifinallyi, dac &WEr(Chemicqiddecleahibgl- sai d

on sour oSG RlncERg BhisheUses’ & olrafiE: S0ty etttz ot Afntife, Hieare" ' ©
sur f act ahatershd 8giftiric/86id iAthé pHerRfeddfbstwebnoMt eNard BYis perfaitied?s: S-

The nmethod of claim1l, wherein said sem conductor substrate Is rinsed after

sai d el etamoYe e e¥eRRs CoRIAIAG PRl the eantactehdelyirernd dp wompletaly rervave

doposi t1 T peeficdt 24 ARl cohlBial opedt FBA P e fo B iGeB A Bl e .
a hei ght iguldiidguager srtade 2000 and 3000 angstrons. 7. The nmethod of claim1,

wherein the chem cal -mechani cal polishing utilises a polishing slurry
conprising alumna, ultrapure water and sulfuric acid in the pH range of

between plpitiing #5drFjs. S3a b BRUARY MbslifhERd of "tRIYprRBEnPTinfeMidEF i 1O
: pl'ug s fornmed
demonstrated, wherein a dual damascene structure 30 is completely filled without
voids with copper 33 using the activation method of the present invention. The
semiconductor substrate 27 may be p- or n- type single crystal silicon. The
insulating layer 28 may be a high dielectric material like silicon dioxide (SiO,),
BPTEOS, spin-on-glass (SOG) and SABPSG having a thickness of between about
4000 and 12000 angstroms deposited on the semiconductor substrate 27. The
diffusion barrier 31 may be Titanium nitride (TiN), Tungsten nitride (WN) and
Tantalum nitride (TaN) deposited by sputtered, collimated, CVD, MOCVD, PVD and
IMP techniques. The PVD or CVD polysilicon 29 with thickness in the range of 500
and 1000 angstroms is formed on the insulating layer 28, preferably with dopants
as referred in above. An activation approach using an aqueous solution containing
HF of concentration between about 1 % and 10% and Cu of concentration between
about 100ppm and 500ppm at a temperature between about 25 and 80°C may be
used to outplate copper 32 on the polysilicon 29 by immersing the semiconductor
substrate and surface layers (27-32) into the above-mentioned aqueous solution for
a duration of between about 15 and 60s and followed by subsequent thorough
rinsing with ultrapure water. Next, copper 33 is deposited on 32 and in the dual
damascene structure 30 by electroless plating from a solution comprising of a
cupric ion source (eg. CuSQ04.5H,0), a reducing agent (eg. HCHO, DMAB), a
complexing agent (eg. BDTA), a pH adjuster (eg. TMAH), a surfactant (eg.
polyethylene glycol) and additives (eg. KCN, TEAC) at a temperature between
about 25 and 800°C. Electroless Cu plating is continued for a duration sufficiently

long such that an overgrowth of copper of between about 500 and 2000 angstroms



so as to contact multilayer interconnect netallisation patterns on the

sem conduct or substrate. 9. The nethod as clained in any one of clains 1 to
7, wherein the substrate includes an integrated circuit da4lJadaargs2003e
structure with at |east two contact holes and the nethod results in both
hol es being filled with copper plugs. 10. The nethod as claimed in any one

of clainms 1 to 7) wherein the plug |s&crow ded in contact with active
regi ons of the device. .AFY.Ahfl.
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wherein a via in contact to the active regions of an integrated circuit transistor like a
MOSFET is completely filled without voids with copper using the activation method
of the present invention. A device with gate oxide 42, polysilicon 41, source and
drain regions 40 is built on the semiconductor substrate 34 by conventional
processes and is surrounded by a thick field oxide region 35. Contact holes 38 are
formed in the insulating layer 39 by conventional plasma etching and reactive ion
etching. The insulating layer 39 may be a high dielectric material like silicon dioxide
(Si0,), BPTEOS, spin-on-glass (SOC) and SABPSG having a thickness of between
about 4000 and 12000 angstroms deposited on the semiconductor substrate 34.
The diffusion barrier 37 may be Titanium nitride (TiN), Tungsten nitride (WN) and
Tantalum nitride (TaN) deposited by sputtered, collimated, CVD, MOCVD, PVD and
IMP techniques. The PVD or CVD polysilicon 36 with thickness in the range of
between about 500 and 1000 angstroms, preferably with dopants as described
above, is formed on the insulating layer 39. An activation approach using an
aqueous solution containing HF of concentration between about 1 % and 10% and
Cu of concentration between about 100ppm and 500ppm at a temperature between
about 25 and 80°C may be used to outplate copper 43 on the polysilicon 36 by
immersing the semiconductor substrate and surface layers (34-38) into the above-
mentioned aqueous solution for a duration of between about 15 and 60s and
followed by subsequent thorough rinsing with ultrapure water. Next, copper 44 is
deposited on 43 and in the contact holes 38 by electroless plating from a solution
comprising of a cupric ion source (eg. CuS04.5H,0), a reducing agent (eg. HCHO,
DMAB), a complexing agent (eg. BDTA), a pH adjuster (eg. TMAH), a surfactant
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allowing highly selective deposition to occur. Finally, a CMP (Chemical-Mechanical-
Polishing) process, which uses a polishing slurry comprising of alumina, ultrapure
water and sulfuric acid in the pH ranQe of between about 2 and 3, is performed to
remove the excess copper 44 over the contact holes and the polysilicon 36 to

obtain coplanar topography of the copper surface 44A and the insulating layer
surface 39A.

As can be appreciated the invention provides for convenient and reliable formation
of plugs in a semiconductor substrate, without the more complicated prior art
techniques of selectively seeding only a base of the vias and the use of a surfactant
in the activation solution, thereby simplifying fabrication and minimising the level of

hydrocarbon contamination in the vias.

While the invention has been particularly shown and described with respect to the
preferred embodiments set forth above, it will be understood by those skilled in the
art that the foregoing and other changes in‘form and details may be made therein
without departing from the spirit and the scope of the invention.
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1. A method of fabrication for a semiconductor integrated circuit device,
including:

providing a semiconductor substrate having an insulating layer with a contact

hole formed therein and a diffusion barrier provided on sidewalls and a base of the
hole;

forming a film of polysilicon on a surface of the substrate in which the hole is
provided;

subjecting the said substrate to an activation aqueous solution;

forming an activation layer comprising copper seedings on the said
polysilicon;

rinsing said semiconductor substrate to remove said aqueous solution;

depositing copper on the activation layer by electroless copper deposition
such the copper forms into said hole to fill the contact hole and thereby provide a

plug without voids;
rinsing said semiconductor substrate; and

applying chemical-mechanical polishing to remove said polysilicon and
excess copper external of said hole to thereby provide the substrate with a smooth

topography.

2. The method of claim 1, wherein said activation aqueous solution comprises
HF of concentration between about 1 and 10% and copper of concentration
between about 100ppm and 500ppm and the activation layer is formed at a
temperature between about 25 and 70°C.

3. The method of claim 1, wherein said semiconductor substrate is rinsed with

ultrapure water having resistivity, of substantially 18.2 MQcm'™.
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copper deposition from an aqueous solution including a cupric ion source, a
reducing agent, a complexing agent, a pH adjuster, a surfactant and additives, at a
temperature of between about 25 and 90°C.

5. The method of claim 1, wherein said semiconductor substrate is rinsed after

said electroless copper deposition to remove copper deposits from said polysilicon.

6. The method of claim 1, wherein the electroless copper deposition results in

formation of copper above an opening of said hole to a height of between about
200 and 3000 angstroms.

7. The method of claim 1, wherein the chemical-mechanical polishing utilises a

polishing slurry comprising alumina, ultrapure water and sulfuric acid in the pH
range of between about 2 and 3.

8. The method as claimed in any one of claims 1 to 7, wherein the plug is formed

so as to contact multilayer interconnect metallisation patterns on the semiconductor
substrate.

b 9. The method as claimed in any one of claims 1 to 7, wherein the substrate
includes an integrated circuit dual damascene structure with at least two contact
holes and the method results in both holes being filled with copper plugs.

10. The method as claimed in any one of claims 1 to 7, wherein the plug is
provided in contact with active regions of the device.



