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1 HI GHLY SELECTJ WE AND COVPLETE | NFERCONNECT METAL LI NE AND

VI A/ CONTACT HOLE FiiLLI NG BY ELECTROLESS VA4 Cr et Ce. “577”*’&/'
PLATI NG BACKGROUND OF THE | NVBNTI ON FI ELD OF THE | NVENTION (FI ELD OF

THE INVENTION This invention relates to a nethod of fabrication used for
sem conductor integrated circuit devicesland nore specifically to a nethod
of activation prior to electroless copper plating for achieving highly

sel ective cobGHIEYi SEL/EOTIVE AND COMPEETE INTERCORNNECY METAL
DESCRI PTI ON OF RELATED ART  As semiconductor integrated circuits are
constantly beilliME ANBIVHIRIQONTAGCT HOLE FALLING B ELECTROLESS | ayers
of interconnections are thus required so as to neet the increase in the
packi ng density. Vias/contact hol es PUAEENGsuccessive |ayers of

i nt erconnections have had to have al nost near vertical sidewalls with high
aspect ratios and have had to be placed at snmaller spacing intervals to

fulfill such requirenent. Subsequent netallization processes are thus
necessary to fill the vias/contact holes conpletely wi thout voids with high
conduct i vi BACKGROUNDIOBITHEINEBNTIONFIELDOF FHENNMENTION deposi ti on of
copper have been known which, in general, include electroplating,

el ectroless plating, sputtered chem cal and physical vapor deposition.

Anong thes?lEL[@@ﬁﬁﬁthE‘?@'ﬁdﬂft hod appears preferabl e based on
considerations |1 ke the cost the fabrication process, the ease of

execution of the
This invention relates to a method of fabrication used for semiconductor integrated
circuit devices and more specifically to a method of activation prior to electroless
copper plating for achieving highly selective complete interconnect metal line and

via/contact hole fill.

DESCRIPTION OF RELATED ART

As semiconductor integrated circuits are constantly being scaled down to the deep
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 smalier spacing intervals to fulfil 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



process and the conplete filling capability of the process. However, in
general, prior to such electroless plating, an adhesive/catal ytic seeding

| ayer like Pd or CVD 2

(Chem cal Vapor Deposition) Cu has had to be laid down to facilitate
subsequent plating and high selectivity @ the plating is very nuch desired
such that a majority of the plated Cu is deposited in the interconnect

met al | i neqChethitdle/aparsdesotition) Cwhas had torbdJiaid dBain. toNacilitaté GGb88guent
n.et al on Dec. 1, 1992), a selective electrol ess

(issued to arles WC. Lin_ e ec. 1, 21 . tr
plating forP ﬁ@i%ﬁ"@&'ﬁ% eeleetivityiof fbe diptipg is vanemush desired sl dhatsa majeritysed.
The net hod [ r i I | L el | ace
by a pl as madf(r}lFI égﬂgtr%ge‘?gg% idgg?gteeglﬁnﬁg%t ﬁgé?%ér#r{aﬁa Erééégﬂu@'{é%r Qﬂluﬁ ﬂg&MdrsZ?&g%%td
sol ution, dulesating the netal conductor, and deactivating the dielectric
surface in a second acid solution, followed by electroless plating to
overcoat a netal on the netal conductor only. Also, in US. Pat.

No. 5, 017, S (9. 3UteRio! B ﬁﬂ@@ﬁggw&i o C}ﬁ)ﬁ/ﬂeé’wc'?tﬂiﬁ 80k of Ei&%hP,% 2), a

perform ng el ectrol ess pl at'i' ng ective I'n contact holes throug
sel ective mal¢cdtyeiaiesiralessplating tow noetateonduatars dispbséd Gh[zedie]eciric sifadeoised.

U.S. Pat. Np, .5 443,865 i tled "Method for Conditiopi Sybst r.ate, f
Subsequent B5adeth; o B8 BRI BRORS igovingLa sab e BB B dbS didkfirsg
22, 1995), dlirkekosea plasRizh@dchirgeebiidetresting e Metall éohdiRRRT int & dirstedeial nY

agents are adsorbed by a substrate which is then in contact with a seeding
medi um t o o8N aptyatingi the reelaticengucierh gad deactivatiag ithe (dislectipgurface in a

pr opar  ng. S50 S SPIIRR follobed by Heqiilest B3ind 19 ehisa el BA ik’
Vapor for Snbs¢qoedicttd @yrol ess Metallization" (granted to Carke, et al

on Sep. 26, 1989) describes a process whereby a volatile organonetallic
conmpound is allowed to react with active chemcal sites initially adsorbed

on a substr r ' I ' t ound
whi ch may tﬂ%ﬁ’ Lﬁqgaﬁfoﬁﬁeﬁoﬁ?? éb%ﬁéiaﬂrtr@fb\a to sMe{rF?e \éés?{ g%‘s]gaeg iﬂ@,r'a\
subsequent reethodr of geesfodmings idl¢cirnledth elatingl seleciheslyldposontaoh holes through

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

US. 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 organometaliic 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.

US. Pat. No.5674,787 entifled "Selective Electroless Copper Deposited



I's desired, a resist masking layer is used prior to form ng the seed |ayer.
U S Pat. No.5,674,787 entitled "Selective Electroless Copper Deposited
3 Interconnect Plugs for USL1 Applications” discloses a nmethod utilising
el ectrol ess copper deposition to selectively form encapsul ated copper plugs
In vias of a sem conductor, to connect cohductive regions on the

sem conduct or. Wth the above prior art techniques, growh of plugs has

been achi evhderepnaedti Riags dor USLA Applicatiengyfdiscids & enethed etilisihgiglectrdiese  of
the vias foll owed by el ectrol ess _depagsition of netal on the activated

surface. | n°9wrc9§%°%ﬁ'0fu ta sgiget 'VeN{o fenp encagsulated BeRRSTePIUgH: Br Vigs PE &
di ffusion b%hic%rndﬁ%? Jgib'onﬁlé&rbo%%uﬁﬁ A gﬁﬁsﬁﬁq{?b%nﬁa—ér@u the deposited

nmetal is copper. In or to activate e sem conductor is treated
in an activation solution which includes a surfactant to facilitate seeding

f Cu th I N f f act ant h t hyl | Trit
%100 can.  Mdae Stong: BBRE S e ORESo oM O7: BIGOT) 125 BRREh Sehisved 6 (
reliabl e opgefidiien of at igiddlelsf a bam\érlgzlnT%EbhwWhg\blas'Fo!lb\ﬁeérby

obj ect of the invention to provide a new method of form ng plugs in a
vi a/ cont act elgstrelesa ctep@aﬁtoncnfdnetabonMemmvatedcﬁsurfacag lsdheclase@faldts \Rati on

f b of t
Chvent on t NeRBrETRT Jlp AR’ el Tor pliysion. o AERBCaiA Br dlSRiym
i ntegrated pitfida!(TINY¥HdCthe dé&fdsrtéd NBetal is coppdroVindbriigr do SRAVaRNEeCTIN the
substrate having an insulating |layer with a contact hol e formed

t her ei n andsemifondusiopis freatedin gRoRGtYaton solitigawnick ingledes Ragerfactant i3
the hol e togilitate 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



formng a filmof polysilicon on a surface of the substrate in which the

hole is provi ded; subjecting the said substrate to an activation
aqueous sol ution; form ng an activation |ayer conprising copper

seedi ngs on the said

pol ysi licon; rinsing said sem conddictor substrate to renove said
aqueous sol ution; depositing copper on the activation |ayer by

el ectrol ess copplsiligemosi tion such the copper forns into said hole to
fill the contact hole and thereby provide a plug w thout voids;

rinsing said sem conductor, su strate | yin .
cheni cal - mechaflNE8g %Hf?%’mcﬁﬁ HEoF %ﬁ’ﬁﬁ;@t%ﬁﬂ E?nﬁﬁi’ley%e‘i’ ?HB%O%%OIU“O"; excess

copper external of said hole to thereby provide the substrate with a

smoot h t opogr aHEﬁesmng %bEEr 'Bﬁsfﬁ@ Baﬁ\gﬁomayﬁBbWt%s cEBﬁer‘ Béﬁ@éltlé’l’i‘ s

nore fully descri bed non-limting exanple only, reference
to the draw ngsuch rthamcmper forms intpi said hole ItE @l éhe: rcostacgéale (amil tharabymt i c

representation t nmet hod of one enbodi nent of the
present invent ?’591\}.'& l‘?g w&ﬁ%‘é&%—’ZB are cross-sectional schematic

representations illustrating the met hod of a second enbodi nent of the
present 1 nvent riaging 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.

BRIEF DESCRIPTION OF THB DRAWINGS

The invention is more fully described, by way of non-limiting example only, with
reference to the drawings, in which;

Figs. 1A-1E are cross-sectional schematic representations illustrating the

method of one embodiment of the present invention.

Figs. 2A-2B are cross-sectional schematic representations illustrating the
method of a second embodiment of the present invention.

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.



Figs. 3A-3E are cross-sectional schematic representations illustrating the
nmet hod of a third enbodi nent of the present invention. Figs. 4A-4E
are cross-sectional schematic representations illustrating the met hod
of a fourth enbodi nent of the present invention.

5 DETAI LED DESCRI PTI ON OF THE PREFERRBD» EMBODI MBNT  Referring to Figs.
1A- 1B, the sem conductor substrate 11 may be p- or n-type single crystal

silicon, bDETAILEDIDESCRIPTION®ORTHE PREFERRBD PMBOBIMBNI2 nay be a hi gh
dielectric material like silicon dioxide (Sierr]), BPTEGCS, spin-on-glass

(SOC) and SABPSG having a thi ckness of between about 4000 and 12000

angst o, BN 2FigK AL IO SR B 1) Ghby AP RUor g L on

(CVD) ponS| eJo) th't ss In the range o 00 angStrons
may be for engieocwsmsﬂmsmlmnumgoﬂ layitad thecatba&nh mwlaetm/g\daw 15 mzy\beng hagfwi dt h

Creu ot aodiblesli Talste ke sMona dinaR T RPAE do%ozgtggigrgéﬁ?'@éz:éﬁ%
et chi ng (Rlsﬁ)aﬁsz;r thidirldss ObF satwéehaésoutmbadn fanHS‘l d)%rn 585m §4

be Titaniumnitrid I N), Tungsten nitride (W) aum |tr|
deposi ted ppyspalt\ta@oeddepwltmméwa) ocalmemmatvapomeonl\(l@\ﬂé)cmlyqu@m The

pol ysilicon,l aye r ef rab do vm't ron, ,Arsenic .or err nd the
dopant con?gﬂylﬁhg ‘ q%g "31 h‘roﬁ s%’qsltfgfnstﬁ‘@ |b£/8}"J"WQ g?‘%
degree of gRudRY Myéd @@htﬁ@lchblb*sma% H>5 Havitly af widtt? e la@oufl 3500 Athd
activation Egroach usi ng an aqueous sol ution contai ni ng HF of

concent r at P8 @@gﬁfé@msanaxatbeiwaﬁd in e girlectic dsualingelayerst by gopeentional
about 100p8@sﬁlé‘d e?&ﬁcgggﬂprg %g% rr@&&ﬁ\% gf‘r{ }é@cﬁﬁhqg%@ > 386 %ﬂéeﬁnhé&u nmay

be used to ate he polysi I MTersin

seni conduc&obstmibsw difhsnandoaﬂen‘ ddembgyisy Jitadilmil Djtridat(OiIN)n T mbet&r nitrde oned
aqueous soIWmn for a duratjon of between about 15 and 60s _and f ol OBBd by

subsequent (VhBr 6[]6h Tantalymgnifiide, (1N aperesited: Y . spidigred golfispated, |
deposi t ed FADSSVBV'F‘W? 'E:\K?qWQchﬁﬂqup%'éoﬂtﬁy(lﬁﬁsl%ﬁ ng—%rhE &8@5&%&6‘@%@/ wikies 15

by electro plating froma solution C acuprlc source
(eg. CuSq &ordn, 5€H§;emc]dD)P and tetudopant a‘.gamnt(aiwgn 1$—I@H(aasDN/E$5cm s:mﬂﬁtétxe ng

al'ycol ) - antPyRtaREipa agesacortastiyip oG BRliRg ol Beeha kit A4 and

80[err] C. Bkmdiionl 888rosen pus'iﬁg i laquES iIsBURENnf SntaintHy MH of &dHcEhrbgow | Y
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 16 on the polysilicon 13 by immersing the semiconductor substrate and
surface layers (11-15) 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 17 is deposited on previously deposited copper 16
and in the contact hole/vias 15 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, TEAC) 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 surface plane of the contact hole/via is obtained. Subsequent rinsing with
ultrapure water, which preferably has a resistivity of about 1 8.2MQcem™, results in
peeling off of Cu deposits from top of the insulating layer 12 only, thus allowing
highly selective deposition in the via/contact hole. Finally, a CMP (Chemical-



| ong éuch that an overgrowth of copper of between about 500 and 2000
angstrons above the surface plane of the contact hole/via is obtained.
Subsequent rinsing with ultrapure water, which preferably has a resistivity
of about 18.2Merr]cnjerr], results in peeling off of Cu deposits fromtop
of the insulating layer 12 only, thus allbow ng highly sel ective deposition
in the vial/contact hole. Finally, a CwW (Chem cal -

6f Mechani da¢écHmicatiHolighing) opegess, Wiihidh uses a polisisihg nglustyurcomprising i ofi ng
of alum na, ulfrapure water and sulfuric acid in the pH range of between
about 2 andléminas YHEIRUWE Walet 8nd sHBVIS 2did iRt reags & oefiekn. Abevie? &5 act
hol e/ via ands bRFRALY % il i bibedBicRpPer PLp8RMe! ARRAEARIN Wk didcthe

copper surfdce and the insulating | ayer surface 12A. Conpl ete renoval
of the pol ywlysilcwom f3terotdainucapdandrcopography ofltbetadppal stdanectifo@ntdethaeen

erthod ment BRUIRHAS ISXRE R R AT PR temaal s e P RiRaRe BB enpires

contact w _ttgef% B d dibatyighl dBHinklior BEMRRNAAE IividiA filleambrise! v fill ed

wi t hout voids with copper 26 using the activation nethod of the present
I nvention. The sem conductor substrate 18 nmay be p- or n- type single
crystal silicon. The lnsulating, | 1 A pah. dielectri. I al
like silicdRoEMg & #('%?‘c%&#)? %h@mgﬁ%ﬂ%ﬁﬁg%&'#&@ﬁa%aﬁ%ﬁl%%%%
havi ng a t hije&eassa cdortadtwaek abostntdd@0Ritand ARINAyern gwdtallizationA pattern is
metal | ization pattern 22, with diffusion barrier layer 21, is forg%jfin t he

i nsul at i ng GamRietel) fillgd véeuhypigaarith coRRRrAE@ Wsingr ke actyalies aethiod OHDE of
CvD | i1 1 &0 th ' t Oe;
7000 anget rgeEhEitughich ' The RRRCoAdTCIdR Sbefigte 16 By HREB. S P8 SRRl
hmatly b(233dppec¥iystasgm:e@ﬂ['l;lﬂmmsv»1a}ﬁh? _ﬂaje&lrwmeyttm % inégHf dietectreorhate I et rlike sUtmonact
ol e is for. in. the_insul ating | aye i onal reactive ion
etching ( RESEP (SIGREPTEOR pin-6alase ST W SABERLS havine ¢ Tickachs of

pattern 22.pdifeBhl bl aD0APRAPAINS GAGFImaTUe PHetafidation WatepA! 20 Nhiith I

of concentration between about 1 % and 10% and Cu of concentration between
about | 00ppdiffasidn Sepipmiaytera2 t eispforaiedr in thet wseitatingolayep20aby sofvantiptahay

b d to ,outplate., 25 t lysi, i 24 by, i ' th
cen conduct BIEREY: vEt Siagessr 4 B pr QD wihifon s WD UikGRss" the
above- nent i Rpgd GIHeARESH 2BbUL 500 ah@ 080 Hhgatrbine iQforhféd’@@'th@h%ulaﬁh%eléV& 60s

and foll owed by subsequent thorough rinsing with ultrapure water. Xt ,
copper 26 i20.ddhespolysiiiern yeampy hetdepedoas Aascrlpd wjihareferepge dpdberfiisless

plating fro ut, i LSl .G L QR .
2261 o2 BpBPlaH SIS e el WY ph OBGREIRE 2038 porventonal
(Fg- FDTA) are&cﬁHz #sh wtdhiig (RIB) oFMAEBmaaetshing actraath (ieg mydtilayet mataiization
glycol) an pattern 22. An activation approach using an aqueous solution containing HF of

concentration between about 1 % and 10% and Cu of concentration between about
I00ppm and S00ppm 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.
CuS04.5H,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



additives (eg. KCN, TBAC) at a tenperature between about 25 and 80[err]C.
El ectroless Cu plating is continued for a duration sufficiently |ong such
that an overgrowth of copper of between about 500 and 2000 angstrons above
t he cont act 7 holel/via is
preferred. Subsequent rinsing with ultrapure water results in peeling off
of Cu deposits fromtop of the polysilicon 24 only, thus allow ng highly

sel ective defegid ls%e'féfréd‘%ﬁ’ds%‘é]bémfﬁr@ﬁg thﬁﬂtra;ﬁlréadléthér réSuﬁMi’n peehng off
(Chemi cal - Mechani cal - Pol i shin

g} process, which uses a OISII’I u
conpri si ng of Cul depasifs framrtapafdhaanclysilicen 24.0nlys |ﬂ&U%é‘|’QW‘i“E "I"EB "?%Fﬁée of
bet bo h th
contoct nor GoRASiff Jr; the DESIBHIES hAeLoTNAY, 8 THISTEnERRRRMEchE- { he
copl anar t Zp@msvg@ypr@f:ew?vm?:mms %Ap(gghmytﬁﬁrmgﬂmmsmgnsﬁmlamim@ uiegpure
surface eferring to. Fi - i i me resen

i nvention |‘é’a@érﬁﬂ@s$li%'gcﬁc'%fbglﬁ W:?zia@ﬁ%P e%@”g& ‘t‘fﬁ‘{]g %J'](? 5’10 Ito
conpl etely fdmding SRS dBbes oBldver grPégESﬁta?:@ Yeiviahd o %Frip‘félblyofén%%iémd

of the present 1nven sem con tor su strate may p- or n-
type singl etherpoiysilicon 24 twobtairheoplasar tepogrgphmy)éthezammy sbe‘aae ﬁﬁ@hand the
dielectric material like silicon dioxide (SiJerr]), BPTECS, spin-on-glass
(SOG and S‘NBP@@"EM%&“Q%P%?@ ess of between about 4000 and 12000
angstrons deposited on the sem conductor substrate 27. The diffusion
barrier 31 may be Titaniumnitride (TiN), Tungsten nitride (WN) and
Tant al um ni Refetdng Tto\)Figep@#i-BEd a)yths'guteﬂmoéid]’ne!dioqu i thet auesenDINVanioD, isPvD

ange o SORCRASTE. SHELTP i el Ends, AL e TREERZled Jufbc

preferably whig§ \ﬂnﬂp%@béeﬁ%rlﬁl@%ﬁﬁé’ dctivaimy metifod € the grésentappentiorh Thss ng
an aqueous solution containin of concentration between about 1 %'ﬂfﬂd

10% and Cu eemmmdgﬂhora&uhsﬁatfet%maya@@up- WORpYRA EIndie ppisial sdlicon

t enper at ur e, be n 8 r r 32
on the pol yg\ f’%ﬁ [fgg'o?% @ﬁ?ﬁgﬂhﬁ b gé on U%ﬁ%?ﬂ(&gﬂ'?ﬁﬁé&tﬁ% surgéce
| ayers (27- BBTEOS osgifonaflays(S®G) and@i\m@mmnr@a thickmessoof etaeeatabout of
bet ween about 15 and 60s and fol |l owed by Sugﬁe ent t rougkh'ﬁél nsi .mth
ul trapure waPeo . aﬂdeﬂ?m%cﬁﬂgﬁm!‘i@ fepeRilsdsPr 1Sy a#g
damascene s r b ty.ol [ (o] S of
a cupric i oﬁrﬁggl?lrﬁ Cgaﬁ%r 31 %g%? Hér)]ﬁéﬁ,[ugé ?ﬁ'%?g Qﬂ?g]dﬁ%@r%éﬁagrgﬁls éigg}ém) érﬁw
DVAB), a conh'mhnmgntagerﬂal(\l)agepMEA)by sputteredtjicollimated, &VDTMAGYDaFVD and

St ot B RS DEVE Gl AN R LV o Bl S P yrd PG oo
continued fghqaobier Mdstronts!isf fofmeRtdnythe 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. 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, 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



| ong such that an overgrowth of copper of between about 500 and 2000
angstrons 8 above the dual
damascene structure i s obtained. Subsequent rinsing with ultrapure water
results in peeling off of Cu deposits fromtop of the polysilicon 29 only,
thus allow ng highly selective depositiog to occur. Finally, a CW

(Chem cal - Mechani cal - Pol i shing) process, which uses a polishing slurry

conprising dﬁovéHHQ\dlﬂal dainbEeeny Str@be is dbthinsd. fSUbiseqaenitringing Mthpittrapurge of
bet ween about 2 and 3, is perforned to renpve the excess copper 33 over t he

dual danmasafer sesuitetin rn,eeémo offref GlongresitscliomAopad t%tPQlYﬁ"'@BBI?&n‘a'ﬂ‘y,
t opogr aphy é?lfo?g{ugtgp@g@?%&a & rtﬁ%@ ng%gc&h% daﬁﬁuég F]”t‘iewﬂgoehé% a!-méh%ﬁﬁ:a?SA

Referri ng to sen I nventi on
i |l ustrat ecRolishitiggiprocess, avhich ases aqtolnt;b:ngmuragcbomnsmglmfrmumlinaamltrapure

i ntegrated CII‘CUIt transi st or a MOSFET .is conpl ete 1] led wt out
voi ds wi th Vt@;sp@n lﬁéﬁ'fHﬂctaﬁlé’ 'acttmpit 510k BRINERR AU B S| RRTENTEOHD
device Wi th, g&m $s 3300k the SRIH ParfiBbetie? sthutRe O8d 4(P|e' :

built on the sem con trate 3 by conventlonal processes and is
sur rounded pwlysiliadni 28 tbi ditdinosoplanareigpograpby afdhesappeolsesfage 3/ ahdrimed i n

the insul atin entional plasma etching and reactive ion

et chi ng. TH@S‘ﬂﬁérﬁﬁl%YFﬁﬁu#%%g ée may be a high dielectric material |ike
silicon dioxide (SiJerr]), BPTEGCS, spin-on-glass (SOC) and SABPSG havi ng a
t hi ckness of between about 4000 and 12000 angstrons deposited on the

seni conductRefegingsto Eigs. 44-4ETadounith obiodimentof the prepentipveetion isdhisirated,

by sput  er HeTEh] PR Pam sy T 2bse ROIoNE R A ettt el OEhsiEERIRS 57
CVD pol ysi | MOSFBBis/¢dmpletif finss &ithduttvaidy wnaoopperbosn éie abbition(etiod
1000 angstrons, preferabl wi th dopants as descri bed ove, is fornmed on

the i nsul atafri§el @rﬁéentsovemraét dewice omith ppieoasifle 2 rnylséﬁﬂlcaatébu%o%t @&on
cont ai ni ng e tyge Yman

concentr at .@E'%é‘?%@% a out b@@ogrgmwgn%b@@ng‘#n&gtA)sgBtg téérrl%e(?gt gY (%,%@e\?/goﬂal
abogt 25 aqﬂoﬁ%wﬁre}r@ tsesurbﬁmdedcbyta)gmk ﬁ)éldtoaudeor@gmfn 33 @ontabtaholetsm aliecon
36 by |rmer5|n the sem conduct or strate_an urfac 34- 38 into
the above- f gt’d"r‘\é*&e i '§M‘Pfu . %wea'w? &T &?CW&{ arfgaﬁfb‘(ﬁ

and 60s anGetbRingOtRE 'rtgmét{hgasw ntag%oya hrdigRLhe Mbtehawutéﬁnéwredmto%r

Next, copper 4471 s depositéd on 43 and in tthe contact holes

el ectrol es S(SiDat BRT EOStmmw—ooJrgjasa)(rS%)rmd SABY S&3 hawog;artfnmkneas Q%bewemeg

?;gq EE)[I'L) > éper HO% argq g?gpé entdéoc%}ﬁg CI_‘OQW[ sem c’on@ugt%g%lu%stra% ggent
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. CuS0,4.5H,0), a reducing agent (eg. HCHO,
DMAB), a complexing agent (eg. BDTA), a pH adjuster (eg. TMAH), a surfactant



9 (eg. polyethylene glycol) and additives (eg. KCN, TEAC) at a tenperature
bet ween about 25 and 80[err]C. Electroless Cu plating is continued for a
duration sufficiently |Iong such that an overgrowth of 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 d@@ogbrytewérﬂe gs«é@m anElaaaltivés (&g. @&é’N(ﬂzw %@'a\ tdhfperftufbetween

Pol i shi ng) process, uses a polishing sl urr rising of alum na,

ultrapure viler 2hand LaOPGr i Eleatmless Su h@tlpﬁi i$ 8AQ m@r@trancanff igenthtl 3,

ol ysi 11 cortoat 3sF TG, Bla Graitror 23R8, %f“m%}%%ﬁ ah@ﬁtc%@@éﬁﬁ?ﬁbﬁaa?@s Snd
the i nsul atatgrd dyerconttdt aesles 4. prefeﬁ%dcéfsuﬁb‘éqaéﬂr ﬂﬂsmgeﬂnm hgltrapunwaner
provi des for convenient and reliable forpmation of I.n a sem conduct or

subzt rate, lﬁsﬁﬁ%df‘ ReplingoPl QfofrHl derasda fiemotopapt t'?%(ﬂ%ﬁ!fl?@§ 3¢ ealvediysiel y
secdl 16 o1 Sl B i B Sl 3P LAB e

activation so on and mnimsin
| evel of hyEolmmrng)opTocesﬁ ammolatuseﬂ a pnltshmgvslasy comfiiising ohalurmn@,nmlirapumas

been parti cul and, described with respect t he preferred
obod ment SWEBK Ang: TG AR T e rangs B BEMERgPa] 2 ML S, SPFTITeta he
art that thedaree Bicédd copps 4&%@9€fﬁe'd6ngél? rﬁo?é!éjaﬂsttﬁ%:' Eﬂ%)fcé}? RHE

therein without departing fromthe spirit he scope o e 1 nvention.
CLAI MB: -  abtainAcoplahad tegodgraphy ohtthercopper sudece ddﬁdaodcﬁhei insolating eldyer

circuit devi Cr?ace 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
technigues 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.



I ncl udi ng: provi ding a sem conduct or substrate having an insul ating

| ayer with a contact hole fornmed therein and a diffusion barrier provided
on sidewall s and a base of the hole; forming a filmof polysilicon on
a surface of the substrate in which the hole is provided,” ————stbjecting
the said substrate to an activation aquegys sol ution; H"

n
activation | ayer conprising copper seedings on the said lmmﬂmm”lm
rinsing saig amsconductor substrate to renove said aqueotis sOlUUIKOMg "1
depositing copper on the activation |ayer by electrol ess copper deposition
such the copper forns into said hole to fill the contact hole and thereby

na ¢ Bl R et Mrcation, toh) 47 sPRcRPfeBF hiRAGRE, it Bodar”

and excess coppfélu@linger nal of said hole to thereby provide the substrate
with a snooth topography. 2. The nethod of claim1, wherein said

activation aqueous, solution conprises HF of concentratjon between abqut, 1
and 10% and copyeridHio 8 SeRUsANGACI SuBsiraleciavishHan '%&3’&9&%@ %Bﬁ‘p?ﬁrgﬂg t he

acti vati on haahed sy bl o Ak R SroRRIeNRasABRMNs 3R sasbemel C

3_. The net ho ereln sal conduct or strate Is rinsed
wi th ul traphole; wat er having resistivity, of substantially 18.2

Merrjcnferr].
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 MQem™.



4. The nethod of claim1l1, wherein said copper is deposited by said

el ectrol ess copper deposition from an aqueous solution including a cupric

i on source, a reducing agent, a conplexing agent, a pH adjuster, a
surfactant and addulmﬁﬂllmmmut" erature of between about 25 and

90[err] C 5. Th I 1, wpprein said sem conductor substrate
is rinsed after sai 8 efectr8l eSs topper deposition to renmove copper
deposits from said polysilicon. 6. The nmethod of claim 1, wherein the

el ectrol ess copper deposition results in _formation of copper aboye a

openi ng of &ai d'Phﬂ)n@thQﬂ af pleimg ik, viereiatsaid SORPRIUS msmﬁgxmﬂb &)@g’é@pﬁ%.

7. The nmethod of ,claim 1. wherei ] - i : I S&

utilises a ?ﬂﬂgeé h‘iiﬁpé)sgl%"r W“b&‘?p?ﬁgé‘ﬂgs %pﬁﬁoﬁﬁncﬁpﬁ@%uggbo\gﬁ !gr1 %Bnl‘gge' a

sul furi c acigdutingtdienib tamprxiig pr@ﬂu&teﬂ asyHattant dhd additveswetahad as
claimed in any one of clains 1 to_7, wherein the plug is formed so as to
cont act nultempeyature af betwsenaboub2d andi%a€i on patterns on the sem conductor
substrate. 9. The nmethod as clained in any one of clains 1 to 7, wherein

the substrate includes an integrated circuit dual danmascene structure with
at |east twe coTh&@icthod ©f ciivd 1, hehereinhsald rsemitarsluctortsustratsl issritssdhgfter

filled with c_opPer PI ugs. 10. The nmethod as cl ai nmed.i ang @ne of.l. cl ai ns
1 to 7, whesaid glacolensoPper AeRRATHRIIC TRMAYRCPPELHERPSES ol SABRAUYRIIGHN- ¢ he

devi ce.

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.

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.



