;e3e| ryvVeTrWcGOS nuG tt0i SPECI FI CATI ON COPPER ELECTROPLATI NG LI QUID ,
PRE‘w%mH'mﬂ | D FOR COPPER ELECTROPLATI NG AND METHOD OF COPPER )
EL ECHasH I I TECHNI CAL FIELD The present invention relates to0d a8
el ectropb@ding sol ution for form ng copper wiring on a sem conductor wafer,
and nore specifically to a copper electroplating solution, 10

pretreatnment |liquid for copper electroplating, and a nethod OW’#W”

el ectroplating suitable for filliS§EGiAeHTE Mol es or trench WMW a
sem conduct or wafer w thout producing defects such as voids or semg. 1
BACKGROUND ART I n processing sem conductor wafers, alum numhas chiefly
been used as kol b vy K g$@§'t o Kot

i ntegration Fﬁf&ggggg?eg%ﬁggg#lﬁﬁ?@ﬁﬂﬁﬁé ﬁ?%?%?Ae eﬁ?ﬁ¥§ﬁ§%ﬁ%ﬁ%??%59$; has
substituted al unkNEETROPRABYRE! ARS UPPASHSEF | BobPER IELAYTROPEAPING! gNal S.
For the formation of copper wirings , the Danmascene nethod is used, in
which aftgr formng a wiring pattern on a silicon wafer, a barrier |ayer
and a seed |layer are formed using a CVD nethod or a sputtering nethod, then
the wiring paEcHaNICc2d. irFxHID | ed using el ectropl ating, and excessively

deposited copper is renoved using CVMP (chem cal - mechani cal polishing) . Q
5 AUG 2002 - 2 | Bhermiessent ioveniicoppsliatves tn@ onpphe sslevtumpdiedtion
waf er, as described above, it is required to fill via holes or trenches. In

recent tines,3HoWeRsY foF fRENiNG ARPReTyWHELREr 2hasriserdneter n@fer he
coverage of the coeper seed 5 l.ayers in via holes or trenches formed using
; and more specifically to a copper electroplating solution,
Sputtering o
10 apretreatment liquid for ccpper electroplating, and a method
of copper electroplating suitable for £illing fine via holes

or trenches formed on a semiconductor wafer without producing

defects such as voids or seams.

15 BACKGROUWT ART

Inprocessing semiconductor wafers, aluminumhas chiefly
been used as a wiring material; however, as the density of
wirings integration increases, copper, which has higher
electric conductivity, has substituted aluminum to prevent

20 increase in the delay time of signals.

For the formation of copper wirings, the Damascene method
is used, in which after forming a wiring pattern on a silicon
wafer, a barrier layer and a seed layer are formed using a
CVD method or a sputtering method, then the wiring pattern

25 is filled using electroplating, and excessively deposited

copper is removed usi'ng CMP (chemical-mechanical polishing).



the |Ii ke have.beconme poor, and the portions where the copper filns is
extrenely.thin are often produced. Al though an el ectroplating sol upgoxuG 2002
based on an aqueous sol ution containing copper sulfate acidified with

sul furic 10 acid has generally used for the above-descri bed copper

el ectropl ating, the use of such an electroplating solution acidified with
sul furic acid has_caused a phenonenon of easy dissol ution of copper seed

| ayers by sul furi édRaBFde€okPafAsl FnC?H@e%I¥k%¥¥ﬁﬂ%ﬁlqﬁ?fﬁﬂqhﬁ “CTOE

Ther ef or e- ~~~ here hare begn probl ens, that co i and

t
I S WER A o b RS AR e i Tl
seed 1ayer dug. ta gl g 539l yLin, HareLof gre.gapper hscggpma ng

sol utions an electrop at ing, Whi ¢ enable | 'ng

copper 20 se 1E{ d
solving the g%g%Ienﬁaﬁ%@éﬁggkbg%ugﬂﬁggDm%%iggbRE 5 %EEFﬁﬁﬁﬁ %ﬁﬁ%?ég

obj ect of st heLBfasLNin VIEMIIYY oY £2@edB8HBEOPoAMEQPRSIng SRl EEdF O} &ld NY
solution and a nmethod of electroplating for filling fine via holes or
trenches of atid Nikg (1&%k)beabhe Pgodw) aRd e pEATIRBNGHErer tNafppdly
addi ng a copper dissol ution 0 5 AUG 2002 - 3 inhibiting component in the
el ectropl ati nfjilnms uis cextoemdaly priein eateremfitersipupducsmi.uti on t hat contains
a copper dissolution inhibiting conponent so as to inhibit the dissolution
of the copper seedlithpughofinpebectrerlatinaselstjravkatedcadasiaqpeaimiect s
such as voids on seans. In view of the above-described problens, the
present i nverﬂ‘?JO‘hth?%\ﬁQié%a“lln@\‘%RﬂRﬁﬁ Sé‘llgéttﬁoﬁFéfliLﬁgeéthFhO?Plfurlc

characteri zed containin azol S|Ian cou ent; 10 2. The
Coamor | et vt i Sohare Bl 2ERet P oS S G e Ok jigpre?

characterized 1 to 1000 of t zoI or_silan coupllng
agent; 3. Theeg%%%erég?ec? bp a?l%sge s% E?{lccl‘!)inagc%or ?a“%ﬁ% s81%eL0n
@ dn Jé s

above-descri bgél&lffgarﬁceﬁ%a%r% Q04 3l dy egug,gdtg 5751% n,;he
azola :r silane coupling agent e copper electr ating solutio

accor fll Ng to anyseiuthenabovepgdescsbbed ald:e Bycélﬂlrﬁﬁtﬁ bzed byndacRaper
sulfate ~.y

in the electroplating solution.

ey
w

Thersfors, there have been problems that corper is not
deposited, and defects such as voids and seams occur inevitably
on’the area lacking the seed layer due to this dissolution.
Heretofore, copper electroplating solutions and methods
of electroplating, which enable the filling without copper
20 seed layer dissolution, have not existed, and the method for

solving the problems has been sought.

DISCLOSURE OF THE INVENTION
The object of the present invention is to develop a copper
25 electroplating solution and a method of electroplating for
filling fine via holes or trenches of a wiring (LSI) pattern

formed on a semiconductor wafer, by addinga copper dissolution



el ectropl ati ng sol uti on containing copper sulfate, sulfuric acid, chlorin
and additiwves as nmmjor conponents; 20 5. A pretreatnent solution fd}5é@ﬁpgmz
el ectropl ati ng characterized by contain@g_an azol e or silane coupling
agent; 6. The pretreatnment solution for copper electroplating according to

t he above-described 5, characterized by containing 1 to 10000 ng/L of the

azole or silane coupling 25 agent; and ~ ' 7. The pretreatnent solution for
copper el ect ARG EoBPENagtt dnt Hoe apboetHRER TiRA 3P 1wt Pred by
05 AUG ~ - 4 containing 10 to 5000 ng/L of the azole or silane coupling

agent. The pPFSHTEFTRAE NGHRA So SOLARLPES that KoRdeRad 6t CCBPSEr

| ect | ati h teri.zed. hy .5 | [ ' . f.at
c1 ct 1 opl at i A SRS CORCRIIRG CREERING e &9 Be SRR nG Sgent and,
' { - | f fuyi ' | Qri iti
For 1 o 60 Soranduc R M (Abber Hotl 1o Be B cier B0 300 1 '

the 10 aboveydesaiihest fiuthRy ARIIELS f3h BRI diflsednls 10 seconds;

10. The method of copper electroplating according to the above-described 8
or 9, characterized RYewObEAAENALSVECqLECRILEH/ breblbhe ,azakepebsahkane
coupling agent; 15 11. The nethod of copper el ectzoplating according to the
above- descri hadréhtaror prottateact eri zed by containing 10 to 5000 ng/L of the
azol e or silane coupling agent; 12 . A nethod of copper electroplating
characteri zed i n Bhzopples ellectroplattimg iseloddonedharachernged bgpper

sul fate 20 el ectroplating solution containing copper sulfate, sulfuric

aci d, chlori fentningian azelks omj vl ashpEiinafagent mmer sion in an
aqueous solutjon containing an azol e or silane coupling agent; 13. The

met hod of-Ocopper dP&crepest PlGCAcOR ditigs salndion a56p&degctrpésel?,

characterized by i rsiqn r 1 to ''60 secaonds in an, aqueou l.ution
cont ai ni ng af%é&ﬁégg%cﬁﬁ‘%%g'aﬁﬁﬂ%qﬁfﬁhﬁﬁﬁ%yc°8t§1ﬁﬁﬂgﬁ256§°§8§“‘éi The
met hod of copper e | afi cor.di_ng. e .apove-descri bed 12,
characterize yﬂ?ém‘r%r‘gsf%n& or 3 ieo Jl%‘\é%lc%%a%&?nn@’an aqueous sol ution
cont ai ni ng an azokg Hre}ideAN@ 1GMNIII% B9 Mso1ution according to the

above-described 1, characterizedby containing 10 to 5000 mg/L

15 o

N

the azole or silane coupling agent;
4. The coppexr elaectroplating solution according to any of
the above-described 1 to 3 characterized by a copper sulfate
- electroplating solution containing copper sulfate, sulfuric
acid, chlorine, and additives as major components;
20 5. A pretreatment solution for copper electroplating
characterizedby containing an azole or silane coupling agent;
6. The pretreatment solution for copper electroplating
according to the above-described 5, characterized by
containing 1 to 10000 mg/L of the azole or silane coupling
25 agent; and - v
7. The pretreatment solution for copper electroplating

according to the above-described 5, characterized by



5 15. The nethod of copper el ectroplating according to any of the
above-described 12 to 14 , characterized by containing 1 to 10000 nﬁBLAWizmz
the azole or sil-ane coupling agent; and 16._ The nethod of copper

el ectropl ating according to any of the above-described 12 to 14 ,
characterized by containing 10 10 to 5000 ng/L of the azole or silane
coupling agent. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON A via hole or a
trench for fiFIFFRERUPED WGS90 C 097 &r REALRR RFRLL MY atielafte goupling
seniconducto&ﬂgsuch as silicon) wafer, 15 and is covered with. barrier

netal sel ect $Fom a group consisting of titanium(Ti) , tantalum (Ta) ,

tungsten (W ( theyy tyldes tltrt']ig,{vteerq{;‘etl&?{] 1te IIjoLg,q_,de%f: a thickness of about

0.01to 0.1 ~,m for preven usion of copper (Cu) into silicon

(Si) on the sgrfage b Qerd dihdetdidh 134 aﬁn@%&x%@:t%%{?&%idt b9

n
sputtering and CVD nethod or the“like. On the barrier netal layer is

deposi t ed sa t {ihfle EOPHE! ith Y Sl o SELTU L BFES IS ¥ G LoV b IR such as
vapor deposition, sputtering, and CVD, simlarly to the above. Since the
above- descri beshtainied tHs alzdlas ogeselahe Yeaip ity Glyediteahtl, Cas esddance,
and in subsequent copper electroplating to be covered, difference in
current densi¢ompsobetteencdipeeri suhfdaye pf sthfuciomtacid pratvl aleiche n drde - 6
45 A UG2002 circunferential portion of the wafer and the central portion
becones | ar geaddbppees fprch has6 sewwrditric resistance, is previously
applied (thin_ coating). The thickness of the copper layer is 0.01 to 0.1
dun. 5 Howeve?: tHE% IR CHICWRET MIRFLIWIALIRY are FetiadritipedFhe
optionally in_sem cqnductor .pfrocessin apnd i.s. not limted to the

Sbove- dedth | bRROPRFORSCFHORARRy aFRarRAtEhbbRr W FRBETEA che )3 150 (i med
by using a prgggggds,in which after formng a wiring pattern on 10 a
silicon wafer“0sSrng "t he Damascene nethod, a barrier 1 ayer and a seed | ayAr

(at':in COppr.' Yed )m@&?oéoégegoﬁéxf]gefe% tfﬂﬁ% Oic:[aoftﬁlﬁ &d 3§1e
nmet hod, then the wring pattern i iTled using electroplating, an
excessively dgBegbledsceRBBE § Sr/E BN L bt POz &a bl dShe Cudg TRC 960 66
polishing) . 15 The p~-present invention uses a copper electroplating
sol ution contagfLngfaknedheoe skl antaseupbuipyiageaentnpl ace of
conventional copper electroplating nethods for filling.

15 11. The method of copper electroplating according to the
above~described 8 or 9, characterized by containing 10 to 5000
mg/L of the azole or silane coupling agent;

12. A method of copper electroplating characterized in that
the electroplating is carried out using a copper sulfate

20 electroplating solution containing copper sulfate, sulfuric
acid, chlorine, and additives as major components after
immersion in an aqueous solution containing an azole or silane
coupling agent;

13. The method of copper electroplating according to the

25 above—-described 12, characterized by immersion for 1 to 60

seconds in an aqueous solution containing an azole or silane

coupling agent;



The addition of 3n azole or silane coupling agent to the copper 05 AUG 2002
el ectroplating solution is a significant feature of 20 the present
invention, and effectively inhibits the dissolution of the seed |ayer
formed by sputtering. As a result, the problens of the occurrence of
defects such as voids and seans in conventional copper electroplating

met hods for filling can be solved at a stroke. 25 The azol e added to the
above- descri Béd e?gﬁt?ﬁbPa?iﬂﬁ SOPRET Rl PSEFARLBERRY AP CERF A RGrto the

het erocycl i ¢ _conpound |t 0 5 A UG 2002 fjve, atons, having two or. nore
i foront by GROVRSHASE ribied 120 PRALHCLABLFed DY LRETERioR AL Ao 20
representati of the azoles iLpnclude imdazol e, _thiazole..
o ot aror BB RIPLE Bl Al RROL Ty ASh e LA S o QL 8% Sapme |

bendazol e, benziTiidaZzal@ntl, 2, 3-benzotriazol e, and
5-net hyl - 1- H- benzot ri aZzol e.” These azol es have an excellent effect to form

conpl ex cenpawsnd mh{ahn@gp&&rofo&ob?erl ONEc €+ 514 PinPaAdcoaift £89a1, L@ at om
to forma durable filmo” the surface of copper, ich inhibits di'ssolution

by an acid. Alh®0abbire-gekarebedup? ity 1Agedharacerfked Oy Sddrittd niaamound
(silane) having the action to chemcally bond an organic material with an

i nor gani ¢ matter i10000c gl rf) theamckdl®e has sil anregavoup 1iimge bigenal; gndup ;' ~)
having affinity (or reactivity) with the organic material and a hydrol yzi ng
group (OR) haw.ngThefnethed (@ copreri elegtwpphating amnordiing tatany aif. The
chemi cal structure thereof is represented by a general fornula, XSigFFQS.
20 The repreddift aPpye-dranpibedils o 3f) Sharantprirphyeentatringd o

;gldd(a.gi)l ?8‘2|58i:?>‘€i)58030()| rrlncgfLatoefd 13}/& tahzeo]]ceourovginlgangeerlzeoruafblljfn%r g‘é_;leaﬁs‘s:.( o2

BEST MODE FOR CARRYING OUT THE INVENTION

Avia hole or a trench for filling copper wiring is formed

on the surface of a semiconductor (such as silicon) wafer,
15 and is covered with & barrier metal selected from a grcup

consisting of titanium (Ti), tantalum (Ta), tungsten (W), the

nitrides thereof, and the like, of a thickness of about 0.01

to 0.1 im, for preventing the diffusion of copper (Cu) into

silicon (Si) on the surface by a covering method such as vapor
20 deposition sputtering and CVD method or the like.

On the barrier metal layer is dc.aposited a thin copper
layer (seed layer) using a covering method such as vapor
deposition, sputtering, and CVD, similarly to the above.

Since the above-described barrier metal has generally

25 a high electric reqistance, and in subsequent copper
electroplating to be covered, difference in current densities

between the vicinity of the contact provided in the



(2) 5 (3) 10 5 AUG 2002 (where R1 denotes a hydrogen atom a vinyl group,
or an al kyl group having 1 to 5 carbon atons; R2 denotes a hydrogﬁg at om
or an al kyl group having 1 to 20 carbon gtaons; each of R3 and R4 rftGe 40021
al kyl group having 1 to 3 carbon atons ; 15 anal n danotes an integer from
l1to3. ) ; am nosilanes (e. g., y-am nopropyltri met hoxysi | ane,

f)(/ :m Pogrp(r)gr%:l Hcl éid'ﬁg Pgﬁ’élmérﬂ(fa%goa?éggr and the central portion

~- amnoet a ropyltriet si |l ane 20e
Y- o] §/CI doxypr opyf“;ér Tafﬁgxy‘gg %%lé (‘I){“ycl?la oxillb? opy qi%ﬁ ar ?ﬁgéygl I'ane
and Y-glycid I AN Igl ; nes (e. g.,
vinyltrichl o(r%’)s/ Ir%&éotu lﬁ’t %W%“ﬁg%‘é a%tﬁ'n%z vinyltriethoxysil ane);

met hacryl sil anes ¢gq qhmaﬁezsws?shaﬁayheggeeomxya?t py! @i get hoxy_ $ihane,

y- met hacryl oxypropyl tri nmet hoxysi | ane

y- met hacs yl eoweiveay, GrEhyh di et dox \oH tR8Gohél 1afer Mbks B3 termined

Y- met hacryl oxypropyl tri et hoxysilane); and mercaptosil anes (e.g.,

Y- mer capt opr eptitanaidiyhdxy siemdeehdulitbexysotgbs {5y ; GR)d groups: Limilkese
silane coupling agents are hydrol yzed by water or noisture to formsilanol
5 groups, whiteh thea@bonetdgdnrihed awaasf. copper to form Si 0- Cu bonds.

Furt hernore, renaining silanol groups, which have not bonded with copper,
are hydrol yzed t o IRoBRPSFEdxaikBehBARREH ‘t’hrb%%h(%‘i%eﬁtc-r)esltﬂ thoggreidnbvhe
formation of a filmon the surface 10 o %?F er. This filmhas an excell ent

effect to prAEAT BoBpeFefPantbi Ebtld é’%ngn AT IR GRRR Oy of

the azol si_l, ne coullngaent added to the c r electroplating
sol uti Onﬁgcorﬁ & gf ng the q}amasc ne me%px%% barrier layse

and a seed layer (2 thin copper layer) are formed using a CVD
methodora sputteringmethod, then thewiringpatternis filled
using electroplating, and excessively deposited copper is
removed using CMP {chemical-mechanical polishing).

15 | The prezant invention uses a copper elsctroplating
solutioncontaininganaczoleor silane couplingagent, inplace
of conventional copper electroplating methods for filling.

The addition of an azeole oxr silane coupling agent to the
copper electroplating solution is a significant feature of

20 the present invention, and effectively inhibits the
dissolution of the seed layer formed by sputtering.

As a result, the problems of the occurrence of defects
such as voids and seams in conventional copper electroplating
methods for filling can be solved at a stroke.

25 The azole added to the abov;a—described electroplating

solution is the general term for heterocyclic compounds with



el ectroplating solution) is preferably 1 to 10000 ng/L. This 15 ks beﬁﬁyse
if the content is less than 1 ng/L, the effect of preventing th

di ssolution of the thin copper filmdue to addition is small; and |f t he
content exceeds 10000 ng/L, since the effect of prenenting-the di ssol ution
of the thin copper filmdue to addition is saturated, the excessive
addition is 20 wasteful, and tends to have an adverse effect on filling
char act er i st ifds7e PHOMSt SRYINGChEVRIATT FORe (GRREPFNT s2 BTRY eraIfE ¥hish1 0000
ng/ L. The preferable range for effectivel reventing the dissolution of
the thin copfer 933k e He® GitEHeHR \ﬁéxﬁ‘i‘PZS 10 and 5000 nmg/L. As the

copper eIectropIaEhngF%%E%%%p Lv%o% er qu %BeI%%%&% egbggdsolutlon
cont ai ni ng copper 301 Faré rlc aci €hl ori ne,

and addi U1 vesyas B, GHBANAILS sﬁ]%%la%eaddl 13 o afs An,azol e or

sil ane coupli'ng agent ‘a e present invention I's partlcularly

effectivesfory thes coppstrsabial e 8 estd.opl ald N A0l dif iIthaz e, time of
i mersion in the el ectroplating solution according to the present invention

i s preferabl ydn Ontdh HELONDS, 2, Feerdy € 2508 ald@a range of the i nmmersion
time is 3 to 10 seconds. Fbmever, this imersion tine can be changed
dependi ng on S-wetiegl-gn-Wibdnzdtripzela. it is not required 10 to limt in
this time range. In the above description, although the azole or silane
coupl i ng agent i s WmEseniazed esn hialve epppscedlevtr epfattngosHvomi owmplde

di ssolution of the th|n copper f|In1due to an aC|d can be effectlvely

i nhi bi ted si nEPERYNAVIELh e f ; ] o8 ‘

above-descri bed coppe

a pretre&pnedE5ﬁﬂﬁhﬁ%ﬁﬂb&n§E£ﬁﬁﬂiiﬁ;ﬁhf 3 - oF
azol e or silane coupli g, agen this cas it is preferable that t he
content of t gzéE%Pg—%$—i§§¥ﬁ¥e5@éé§ﬁﬁﬁéiggent in the pretreatnent

| ut th | ut { 0]
bocousa it The e a}glugeé)usu.? éjli%?ané%pshlrﬂé ac.{(#/n é)a]lpoqol%pr evenJi Uk | o

because if the content’ ess Ted |ng t he

di ssol uti on Oéo&\l?guxﬁ@' @sfi’&ﬂ@f ﬁélrﬂh&“@héoaé‘-gﬁbﬁ' 28 tRemiBhiiy %afaﬁ he

content exceeds since 25"the effect of preventlng th

di ssol ution 0$r§£‘§1éhﬁaﬂt§mﬁﬂﬁtﬂzj Bhdi€ot 9= 206l ind v 81 &ebubatle@) t fed
excessive addition is wasteful. The nore preferable content range is 10 to
5000 015 Alke2082 erddniagfhncsiahkargyoun t(he nasengfafflilhiten(on the

el ectroplating solution. The tinme of inmmersion in the pretreatnent solution
accordi ng to rhacpiesent withebhpardanipr sherabhy and s IEimEwidyy gréupf it
is less than 1 second, the effect is small; and if it exceeds 60 seconds,

t he ef fect |s(ﬂB)IBﬁgéﬁgcﬂaﬁgéatyTH@rnﬁ?éﬂﬁﬁéﬁeﬁébWéthaﬁﬁé dRorgenifmer si on

timis 3 to 10 secogds
teri=

The chemical structure thereof is represented by
a general formula, XSi(OR)j.

20 The representative example of the silane coupling agents
includes imidazolesilaneas indicatedby the followinggeneral

formulas (1), (2), and (3).

25 (1)



The net hod of . copper electroplating is carried out as descri bed bel ow,
although it is not limted to a particular 10 nmethod. For exanple, a

sem conductor wafer, which is a material o be electroplated, is gi O% d
in an electroplating bath so as to face the anode. The back surfg.éﬂ3§ ﬁﬁe
sem conductor wafer is sealed so as not to nake contact with the

el ectroplating solution leaving the top surface to be 15 al ectropl at ed
aced, and the contact fofor-r feeding electricity is disposed in t-the

vicinity of the edge of the sem conductor wafer . . _ As the anode, a
phosphor us- cont ai ni ng copper anode (P content: 0.04 - 0.06s), or an
i nsol ubl e ano is used. As the insoluble anode, the use of Pt or

Pt-electroplated Ti is 20 preferable. A comercially avail abl e di nensi on
stabl e anode (DSA) can al so be used. When a phosphorus-cont ai ni ng copper
anode is used, the copper consunmed for electroplating is automatically
repl eni shed by the dissolution of the anode. Wien an insol ubl e anode is
used, since the copper content 25 in the solution is decreased due to

el ectroplating, a copper sulfate solution is supplied to maintain the
copper content. - 12 0 5 AUG 2002 A typical composition of a copper

el ectropl ati ngBsol uti on (excludi ng the above-descri bedazol e or sil ane
coupling agent) is as follows: Copper sulfate (as copper) : 0.1 to 100 g/L
(preferably 10 5 to 50 g/L) Sulfuric acid: 0.1 to 500 g/L (preferably 10
to 300 g/L) Chlorine: 0.1 to 500 ng/L (preferably 30 to 100 ng/L) Organic
sul fur conmpound: 1 to 500 ~unol/L (preferably 4 to 200 ~.~nnl /L) 10
Polyetheﬁ conmpound: 0.1 to 5000 uznol/L (preferably 0.5 to 500 punol /L)

Bal ance: “\fat er Furthernore, a quaternary ammni um salt addition

(where R’ denotes a hydrogen atom, a vinyl group, or an
alkyl group having 1 to 5 carbon atoms; R? denotes a hydrogen
atom, or an alkyl group having 1 to 20 carbon atoms; each of
R® and R* denotes an alkvl group having 1 to 3 carbon atoms;

15 &and n denotes an integar from 1 to 3.);
aminosilanes (e.g., Y-aminopropyltrimethoxysilane,
Y-aminopropyltriethoxysilane,

N-B- (aminoethyl) -y—aminopropyltrimethoxysilane, and
N-B- (aminoethyl) “y-aminopropyltriethoxysilane) ;

20 epoxysilanes (e.g., Y—glycidoxypropyltrimethoxysilane,
Y-glycidoxypropylmethyldiethoxysilane, and
Y-glycidoxypropyltriethoxysilane); vinylsilanes (e.g.,
vinyltrichlorosilane, vinyltrimethoxysilane, and
vinyltriethoxysilane) ; methacrylsilanes (e.qg.,

25 Y-methacryloxypropylmethyldimethoxy silane,
Y-methacryloxypropyltrimethoxysilane,

Y-methacryloxypropylmethyldiethoxysilane, and



compound consisting of a tertiary al kyl am ne and 15 pol yepi chl or ohydri ne,
andr ol yal kyl et hyl enei ~-nine or the like is added within the abovqnsgﬁﬁ{aﬁfd
range as required. An e:canple of elec[r%pLating conditions is as 0
Current densitl : 0.1 to 100 A/c3m (prefeerably 0.5 to 5 A/dne) Sol ution
tenperature: 10 to 80C (preferably 15 to 30C) 20 The current density,
solution tenperature, and the flowrate of the solution (relative rate

bet ween t he JoreiBactylpeyprepviopiatiaxyadlane)sobndi sarpabkpsihanes

el ectropl ati ng has dependent rel ationship on each other, and by

i npar ti ngapr offerd 1 dWEECAPLEPERRYSFimPSROXYSddaPred deposition rate and

25 d iti tall, t b bt ai . - 13..0 5 AUG
CODBer 20, USPo {ARALFITIAL 15 g% MLk, 230 0 B ione ot a8
anmet hodt o sw%ngs raq'.tea 9&%@.3}%&6% ! %Q%egl gtg.t 1%89%%?9’ t rf s;[irloacxilotlo
| SO, as 0 I n

agitate the anmbient air. e curren € supplie

el ectropl @tinﬁroﬁ;%y),t wRAkY Pkl f GAlHCHAE BNl rr AU o2l SOoBe PWSEoEHT LT PR

(periodic reverse) current can be used. en the pul'se current is used,
after a curregyndd ows to deposit copper for a certain tine (on tinme) , the
current stops flowing for a certain tine (off tine) , to release the 10
copper-ion depl et Ethrahairora ,t femaitifgt githnblegebaphl, odiRicMitive not
deposition takespl ace,therebl enabling current density during on tine to be
hi gher than drended yighreoppetr aeathyda livieedt b dormestl] oxdme bohdsRE Wur r ent
is used, copper deposited in a certair_ time is dissolved by supplying a
reverse 15 c-ea¢kepthergrrepul ting Anitherfermarieniof a fiidrden shetdunt aste
cc~ope= on the_portions where the current concentrates easily, such as the
corner oftt HF FPBRER; cHMHELLAMAN REXCPALSTERDT R FAPTIESES TP ML

cannot be obtajned.b direct current to pe obtained. 20 The copper
el ectropl at i n&%u?*%%%@l%nq‘é? ntarPdr3EFc sul fur conmpound. The organic

bi's- (1- sul Foret hy 1 HEEEPFias & &R fro b Ui ol S £ HORAS AIMRE, o
g: :??L{J?UF?LLE? 2?:1@éaﬁ%é%i@@fé@ﬁ_ﬂih%?%éi&&%SP&'&HQ&&@' in the
yl') disulfide disodiumsalt, tetranmethylthiuramdisulfide,
tetraet hyl t hi sr@stdbslhtif solution) is preferably 1 to 10000 mg/L. This
15 is baceuse if the content is less than 1 mg/L, the effect of
preventing the dissolution of the thin copper film due to
additionis small; and if the content exceeds 10000 mg/L, since
the effect of preventing the dissolution of the thin copper
film due to addition is saturated, the excessive addition is
20 wasteful, and tends to have an adverse effect on filling
characteristics.

Therefore, the addition quantity is preferably 1 to 10000
mg/L. The preferable range for effectively preventing the
dissolution of the thin copper film is the content between

25 10 and 5000 mg/L.
As the copper electroplating solution, a copper sulfate

electroplating solution containing copper sulfate, sulfuric



0 5 AUG ~p~ _. 14 _ sodium 3-nercapto- 1- propanesul fonate, and sodi um

2, 3-di mer capt o- 1- prvpanesul fonate. These are evenly adsorbed on t dbb AbGi 2062
surface wi thout depending on the place of,the surface to be el ectroplated
in5the initial stage of electroplating, and accelerate the reaction.
However, as the reaction proceeds, the adsorption density in the

depressed, portion~in_the via hole or trench elevates, resulting in the

i ncrease of PR&9dePBLPFLBA rake 2addiH €T MY OXLGOPROBERERaLE, UBRE-
adsorption d%ﬁsitg in.the ﬁrotrugﬁg%gortign in the vicinity of thg,entxance
of t~'ze via H§l BGHTEPRARH 3% 33 d, 31 e30F (TWP P RESGECPEGSEULRIt he

deposilon eyl LDLSCRET LAy TN o L SONDSLS) St g B gl on

cont ai ni ng an orga npoun Si ~t e &¢t to

make the thi%%§5§§ gglgg%ed%gggggggégghgbfﬁgﬁftIgg_quantity of the organic

sul fur compound™is preferably 1 to L. Al'so, a polyether conpound

can be adgled to tfR=COPRE o8l emhbOBh8hi NE EREULL 8A+r 69l ¥ELAGT s SPAPOLNAS
that can be 20 used include, for exanple, polyethyleneglycol (nolecular

wei ght: 100 ta@ec2R@if)y ttdthe pirypenpyilraglisinl s praFacabady 1w ghkecdddst 0
50000). These are preferentially adsorbed on the surface of the wafer with
a via hol e oTha moeecprefleaadd eotrhaget hnthéeimmer2bomatieneorig Bemwh)l0at t he
time of electroplating, and inhibits the deposition of copper on the
surface portiseeonfise glaweivey,othiheipveysihnr ténepoandbe scprrgedably 0.1
to 5000 ~unol/L. ~a ~ J~U~ ~0~2 - 15 Also as described above, a
quat er nary afeReNgRnsarr 486 €raagrofpolhll todisi and gk dff Rotteremadyed ky

am ne and pol yepi.chl orohydrine can be added as required. This substance
effectively |’¥?nﬁt}|“\"'§:tjﬁ‘e FiM%F3¥opper on 5 the surface portion of

the wafer in the sang, ;ROOSS, %4 16 A %P1 NTEnGUROMAY: o J0Fe WA LY Of the
quat ernary ammoni Um
coupling agent is contained in the copper electroplating
solution, the dissolution of the thin copper film due to an
acid can be effectively inhibited similarly when
15 elactroplatingiscarriedoutusingtheabove-describedcopper
sulfate electroplating solution, after immersion in a
pretreatment solution consgsisting of an aqueous solution
containing thes azole or silane coupling agent.
In this case, it is preferable that the content of the
20 azole or silane coupling agent in the pretreatment solution
(in the aqueous solution) is similarly 1 to 10000 mg/L. This
is because if the content is less than 1 mg/L, the effect of
preventing the dissolution of the thin copper film due to
addition is small; and if the content exceeds 10000 mg/L, since
25 the effect of preventing the dissolution of the thin copper

film due to addition is saturated, the excessive addition is

wasteful. The more preferable content range is 10 to 5000



salt addition conpound is preferably 0.1 to 200 Eunol /L. Al so,

pol yal kyl et hyl enei mi ne can be added to the copper el ectroplating 88 AUG3R02
This substance i-nhibits the 10 depositiop, of copper on the surface poxtion
of the wafer in t...he sane manner as the pol yether conpound. The quantity
of the polyalkylethyleneimne is preferably 0.1 to 7 Etnol/L. Al though the
above-descri bed _quaternary anmonium salt additjon co ouqq consi_sting of a
tertiary al k\A9/dti ﬁéméﬂarig PoHeFath OF A FH? 1gnthe electroplating
ponaIker~~B@y %pe%pine are not necessaril y required to be contained as
t he conponent’s of e el ectropl ate ng solution when the content cf the

organi ¢ sul fur COE‘HQ“?%@”S& ?ﬁg&?%#l}zﬂgh %@pggg‘ﬂr%ﬁtﬁﬁhrgpis?%é@?oﬁoat

opti mal range, the effect on characteristics I'ne 20 via

hol e or trench.deydMPe s tAR demed MIRNa CRNG AL BT ekl iiNE, BB IesCr | bed

range. By addi ng the conbination of the above-described additives wthin

the abovesdesgr ijhed s’ 2B98StRAN CONH&IYnDf t9RC R FERIRONENEMA D] § hend GPAR
el ectropl ating solution, the 25 deposition rate of copper can be changed

from pl ace t exueanh dbhadecapies thbefifayi AbintylbAgeachatdyedlt DReaore
sem conductor wafer with a fine via hole or trench. - 16 0 5 AUG 2002
That is, the rgfosiahlon renge of the dopeasdod pdmei ba 3 nte HD \sexcdrglse or
trench can be increased, and the deposition rate on the protruded portion
in the vicinity offhehmetfrdanéecoprereedpatropbabingr taceRrBive ANt &8
surface of the wafer 5 can be decreased therebﬁ inmproving the filling

i

char act eri st 929509 Ralowhopd thPuphehtnis ek Hirtes R R CHRTer
oL e Lo B O g RS L e B 0] £ al Tl o (e
Genoral .t he T ech 8 H Bl RS FBL TR AR e b el Pl b
optional l'y selgct et Wid hQyitefed Nghd IdRd&Y. The back surface of the
semiconductor wafer is sealed so as not to make contact with
the electroplating sqluﬁign leaving the top surface to be
15 alectronlated, and the contact for feeding electricity is
digsposedinthevicinity of the edge of the semiconductor wafer.

. . As the ancde, a phosphorus-contalining copper ancde (P
content: 0.04 — 0.06%), or an insoluble anode is used. As
the insoluble anode, the use of Pt or Pt-electroplated Ti is

20 preferable. A commercially available dimension stable anode
(DSA) can also be used. When a phosphorus-containing copper
anode is used, the copper consumed for electroplating is
automatically replenished by the dissolution of the anode.

When an insoluble anode is used, since the copper content
25 in the solution is decreased due to electroplating, a copper

- sulfate solution is supplied to maintain the copper content.



to the above-descri bed range. 15 Exanp' es any. Conpaxavive Ex~;ples D ext,

L~: ne exanpl es and the conparative exanples of the present inven iin &\nm

be descri bed. These exanples illustrate ﬁ@lyphf erabl e exanpl es , iy

t hepresent invention is not limted to these exanples. The present

invention 20 inevitably includes nodifications and other exanples within

the range of the technical concept thereof. Electroplating was carried out
Feoplag

usi ng el ect ropl at PigPIRak FIRRCSHoVRP PH aSCRRT e8¢ R@ sodpitdpn

i mrersion treatnent,.b retyeatment sol utiong sho in Exanples 8 and 25 9,
el ect ropl at | NEABEATE it BRY TRP RGTEPBRAPEREAY T Bt GPRERSS 2GRy 5 -
.~ ~ ~ Z002 elLegt,r .ating wascarried out using electroplating

sol utions sh?v?/fl%sn%gr%ﬁg'{ya'tive Exanples 1 to 3 . As the material to be

el ot opl ated cBpdbll GOReUBLE[a i ddbehiNG M BoPBH €Y, O BTN 630

nm/Cu (100 nm Sputtere u 5 El'éctrop out m W\as
carried ogt alo eyl on tenperature of 20C, and a cathode current density
of | AdnR2. The via pattern had a depth of 1 dun, and a hole dianeter of 0

.18 ~Im . (BEeagpheukkcl8cParper 11809560 %ntfggsf@f@ﬁmélt?ﬁb %d-.300Nlg9myne 70
ng/ L, polyethyl eneglycol (nolecular weight: 3350) 50 Eunol/T~,

bi s- (3-sul f opr aplojrigiesulof.i1d @ odisD@d mdiis (preFerabil/ B0 goateonmgyL)

epi chl orohydrine (a quaternary ammoni um salt addition conpound consi sting
of a tertiary QrkphnignsudfandcdBppohgepl dd GOGhyHPLAB) (Brefmtdbly 4 to

pol ybenzyl et hyl enei m ne 2 ~unol /L, an aqueous sol ution of im dazol esil ane
(am xedaqueo®d&dmak/dn of 20 gl L of a silane coupling agent obtained by

t he equi mgl ar reaction of imdazole and Y-glycido égropyl trimet hoxysil ane
or the |iRe, "aR@l¥6therLc28P8R Aet Bahoty %H"El? SRPpEESTIPES P D g/ L,

sul furic aci db'(%)om%f/mcm orine 50 ng/L,

® Balance: water
Furthermore, a quaternary ammonium salt additiocn
compound consisting of a tertiary alkyl amine and
15 polyepichlorohydrine, androclyalkylethyleneimine or the like
is added within the above-described range as required.
An example of electroplating conditions is as follows:
e Current density: 0.1 to 100 A/dm® (preferably 0.5 to 5 A/dm?)
® Solution temperature: 10 to 80°C (preferably 15 to 30°C)
20 The current density, solution temperature, and the flow
rate of the solution (relative rate between the surface to
be electroplated and the solution bulk) in electroplating has
dependent relationship on each other, andby impartingaproper
flow rate to the solution, a desired deposition rate and copper

25 deposition (crystalline state) can be obtained.



pol yet hyl enegl ycol (nol ecul ar weight: 10000) 10 Nxnol /L, sodiwm

3- ner capt o- 1- propanesul fonate 30 ~unol /L, quaternary 25 epichl orohydrine

30~, i nol/ L, Y- anmi nopropyl tri met hoxysilane12 g/L ~ 5 AUG 2~2 - 18 ~ [OiExaupI 802
3) Copper 30 g/L, sulfuric acid 180 g/L, chlorine 100 ng/L,

pol yet hyl enegl ycol (nol ecul ar wei ght: 15000) 10 Eunol /L, bis-(2-sulfoethyl)

di sul fide disodiumsalt, 20 .Nmol/L, 5 quaternary, epi.chl orohydrin 5
~unol /L, polyall y%ﬁh??é%?ﬁirg * fmﬂaﬁ%fﬂ?, HAE" 21 SPL AL LML i on

"y-gl yci doxypr. ' i (@gﬁg@f

sul furic aci ﬁ%%ﬁ{%gﬁ?éﬂ%@@b&%h, aLfS po yet%#grb%%%tcﬁ%%(l%ﬁegdul ar
vei ght: 1000)o230 mattdd Lo tLYF MRS hld hinadpdisd fide 60 ~. 1 mol/L,

guat ernary epi chl orohydrine 45 ~tnol /L,

N-~- (am noet hyl) - ¥1a®i,napr epyl tarrehRox¥Sbtagepgl 0éd {xemgy erdplakbirgppper
25 g/ L, sulfuric acid 200 g/7 , chlorine 70 ng/L, polypropyl eneglycol

(ol ecul ab wengthtonlBP00)dilbect uNt¥dnt Sdsiitimlso a pulse current or PR

2, 3-di mer capt o- 1- propanesul fonate 30 ~l nol /L, quaternary epichl orohydri ne
25 ~unol /L, ptéepierrid atendesel ndymerent cam|Pe uddd.

y- mer capt opropyl tri net hoxysilane 2 g/L (Exanple 6) Copper 15 g/L, sulfuric
acid 300 g/L, chl dtiene 3@ pylise syrysndpiBeneghycafterot ceureenhch ks
20000) 2.5 Etmol /L, bis-(3-sul fogrop‘{[ﬁ% di sul fide disodiumsalt 45 unol/L,
25 quat er nar Y@ AN BroIfPRRSTe £680 2 CRHFAR RS o1y LAFRY I e FRE nFiHerent

EUIL 5 TR AR S R0 MUk oft Mg DRPLELLLY 000
oLy L L9ty ok Sl o A 2000, A0 oIl ket 2 gibgget )
Elmol /L, 1,2 3n0e0aRbbazabe +H0QdWdce, thereby enabling current density
during on time to be higher than ordinary direct current.
On the other hand, when the PR currxent is used, copper
deposited in a certain time is dissolved by supplying a reverse

15 current for a cartain time. Thersby, the deposition of ccpper
on the portions where the current concentrates easily, such
as the corner of the trench, can be inhibited. This enables
the deposits that cannot be obtained by a direct current to
be obtained.

20 The copper electroplating solutionmaycontainanorganic
sulfur compound. The organic sulfur compounds include, for
example, bis~sulfo disulfide disodium salt,
bis-(l-sulfomethyl) disulfide disodium salt,
bis-(2-sulfoethyl) disulfide disodium salt,

25 bis-(3-sulfopropyl) disulfide disodium salt,
bis~ (4-sulfobutyl) disulfide disodium salt,

tetramethylthiuram disulfide, tetraethylthiuram disulfide,




(Exanple 8) Pretreatnent solution: An aqueous solution of imdazole ( a

m xed aqueous solution of 20 g/L of a silane coupling agent 10 obtmsngd W2
the equinol ar reaction of imdazolesilang, and

7- gl yci doxypropyl tri nmet hoxysilane or the [i3ce, and 20 nL/L of methanol)
100 nmL/L (10 sec i mersion) Electroplating solution: Copper 20 g/L,

sul furic acid 300 g/L, chlorine 80 ng/L, palypropyl eneglycol (nolecular 15
wei g: ~t: 100(98)7115‘“‘3/ﬁﬁf“FE,caBité’-“1(‘3’-17§’QPHFS§7‘EFBB§‘F?'dP§GI fPHEUMi sodi um salt 30
~unol /L, quaternary epichlorohydrine 25 Jungl/L, polyallylethyleneimne 1
Nmol /L (E, xarErz‘p?é%éx'ﬁfgf“?éﬁt—r}ﬁﬁ%?&a&teﬂfi.f°i’,a%,33- benzotri azol €200 ny/L (10 20
sec i mmersion) El i L0, 2 | ¢.agid. 200
g/L, chlorine 100@%%§PA€%IE%HE§JI §§§§?§?8§|0 %Ieegﬁ?g#em%gg{aflgé %6%8‘5"%0
~, imol/L, bi < t j [ S0 dUMy 3 / ;
guat er nary egii_eg%%grio ygrr?it%}iéé g“(yacwnglklﬁﬁ%gg ( Conpar %?ﬂl)%/ee]%xcaérrfy}}lﬂel%e l|t]r)1per 25
g/ L, sulfyrignacichika@19/skeadeldd lerl%&%gﬂ/;tbin@ol walihyleaeahueal +hapl ecul ar
wei ght: 10000) 10 ~unol /L, 0 5 AUG Q002 bi s- (3-sul fopropyl) disulfide

di sodi um sal trea@tioml / Bowgiakeram it ecpeLdt D60 pydicieeds] St Rdsohption

pol ybenzyl et hyl enei m ne 2 Eunol /L (Conparative Exanple 2) 5 Copper 10 g/L,
sul furic aci de3@ity in theodeperet8edngbtipnl et tiyd enieglhadad dmmdrecushar

wei ght: 20000) 2.5 ~.tnol/L, sodium 3-nercapto-1-propanesul fonate 60

Et mol / L, quatedevatesepiresuditdmagdinnsheoigerpase ¢Tomrdarosd thamplade3) 10
Copper 30 g/L, sulfuric acid 200 g/L, chlorine 80 ng/L, polyethyleneglycol
(mol ecul ar wétgHPLISERPELRR ~i . ~nol /L, tetranethyl thi uram disul fide 20

~l mol/ L, _quat ernary epi chl orohydrine 60 )unol/L, polyallylethyleneimne 1
ol /L He fill ﬁé ERACZECET| 'ecé"dﬁf’zgl’}ﬁé??‘ng‘ﬁnagﬁgsi"fls&ﬁt BEPETRACe via

pa.tte~~"s weroe_tc,ho%ckedtly (%).%631_\4& e CIr0 éseggci onal S I~§eo@§erv ti on, and
results as shown i3 Tabl% r&oBt SinedS RS -TabFE 1 sT‘fows, an(}u?/?c?s and
seans were prfg‘cg;&qg-' N e BX LeSqld fnd i : ns
were produced in _Co?'r!f)ar ative 'Exa?rgfes 1 o 3 Efgglg\ég\é\%ft ﬁﬁgl%éorasggﬁ%??ng 20
sol utions contaidig 10 LZU L Qn ST TaRG Ceudl kBgpagert ek rbpeakragent

i nvention. Although the representative Exanpl es and Conparative Exanpl es
are shown abavsElutivn efdreed i sy comnfordath ¢ sl fud horggIasSiHdonrs accor di ng

to the clainms of the present invention. 25
15  significant effsct tomake the thickness of the deposited £ilm

even. The quantity of the organic sulfur compound is
preferably 1 to 500 umol/L.
Also, a polyether compound can be added to the copper
electroplating solution. Polyether compounds that can be
20 used include, for example, polyethyleneglycol (molecular
weight: 100 to 50000) and polypropyleneglycol (molecular
weight: 100 to 50000).
These are preferentially adsorbed on the surface of the
wafer with a via hole or a trench (places other than the via
25 hole or trench) at the time of electroplating, and inhibits
the deposition of copper on the surface portion. The quantity

of the polyether compound is preferably 0.1 to 5000 umol/L.



~~AUGR2002 - 21 Table 1 Cccurrence ofvoids or seans Exanple 1 Exanple 2 ~
No No voids voids and and_ , seans seansExanpl e 3Novoi dsandseansEXg@®pAes 2002
4Novoi dsandseansExanpl e 5Novoi dsandseansfxanpl e 6Novoi dsandseansExanpl e 7
Novoi dsandseansExanpl e 8Novoi dsandseansExanpl e 9Novoi dsandseansConpar ati ve
Exanpl e 1i Voi dsand seansoccurredConparative Exanpl e 2Voi dsand
seansoccurredConpar ati ve Exanpl e 3Voi dsand seansoccurred | NDUSTRI AL

A. PPT_~I CABI LI TY Fhe%u2@ 6esERéPedppRrver att ABRFaFPATY YBReRIYh Sttthe 5

retreat nent lLut.i on of thepresent inrentionhas an excellent effect to
Penpve the. pRARGTERENCOFPAREEoFARP BATHPSAOE b ™ S [ PRISS! AOF o

aci d contali n%%l%egi%%ﬁo%loﬂggi%q Iegtci %?P%Ola'lﬁ%iiegn .sWQ-% HQ%df.Or'J?}?{é on of a

copper film ol e or om0 I'né Via or a trench was

i nsufficient ghigifQnlde eR2abr 1389 4t %nﬁﬂﬁ@jtg tne %@&Pﬂti&l R& copper o

. . n
filledw t houtproduci ng defects sich as voids and seans in a finé via holes

or trenchsf ordiRd @R £facReBLeRRBNCHE thal fafer DR AMG 2002 mandfer ABSERACT In
filling fine via holes or trenches of the wiring (LSD) pattern fornmed on a

seni conduct opolgfetherdc6@PHERAD elfs thapkaltyngf itheCqtidtE€enOty afvhonsiumg a
copper el ectroplating solution containing an azole or a silane coupling

agent, or a ceApeadliadiondRordduhd 9.sCpvdfRtaklly af.tlercd 2001 pBLIToN into a
pretreatment solution containing an azole or a silane coupling agent. As
illustratively shdamcatpekyalkelethlylé¢neimine can be added to the copper
electroplating solution. This substance inhibits the
10 deposition of covper on the surface portion of the wafer in
the same manner as the polyether compcund. The quantity of
the polyalkylethyleneimine is preferably 0.1 to 7 pmol/L.

Although the above-described quaternary ammonium salt
addition compound consisting of a tertiary alkyl amine and

15 polyepichlorohydrine, and polyalkylethvleneimine are not
necessarily required to be contained as the components of the
electroplating solution when the content cf the organic sulfur
compoﬁnd and the polyether compound is within themost cptimal
range, the effect on the £filling characteristics of the fine

20 via hole or trench is more stabilized when contained within
the above-described range.

By adding the combination of the above-described
additives within the above~described ranges of content of each
component to the copper electroplating solution, the

25 deposition rate of copper can be changed from place to place
when copper electroplating is carried out on a semiconductor

wafer with a fine via hole or trench.



10 of a conponent having the action to inhibit the dissolution of copper to
an electroplating solution or the pretreatnent by a solution contai %i ng %
conponent having the action to inhibit_the dissolution of copper c AUG 2002
inhibit the dissolution of a copper seed Tayer covering poorly, and thus
can prevent 15 the occurrence of defects such as voids and seans.
REPLACEMENT St ~EET. 22 NEW CLAIMS 5 AUG 2002 1. A nethod of copper

el ectropl ating i nTBR8et St oRBr APRCBHHIRE BAYH AT dH6h deRE es&fcc BRAGEPBY |

characterized by imersion in a copper %ulfate el e trogl ti q sol,ution
Cont ai ni ng t 18 RBIE LROLFI b EBaBI Ty PRgHIRT S3tH - 3BUEH© A RBREGAER: s,
copper sul  abig, SULTWIL B0ty BUOLLNS, ANE BYAIdINES, BRMed. L0400 sgc0NdS

and filling copper I'ne Vi a €s 0r awring p

formed on a sgmgNAYEt A61WRES! £rédnchhea AR 8000l HOPRATe %@%reowagfg&ng

according to Claim1l, characterized by rmmersion for 3 to 10 secon

The nmet hod ofcaG0RRE G RGEHIRD) %Héﬁk%ﬁqg{ﬁldwnbotﬂealﬂmﬂn@r 2,
characterized by containing 1 to 10000 ng/L of the 15 azol é or sil ane

coupl i ng agerdharhctelditstiRiddch athe ofipehaAlee @y afleddchng according to d ai ns
1 or 2, characterized by containing 10 to 5000 ng/L of the azole or silane
coupling agent. . The fiAmnthHeknesscofpeoppkeeceileptabphgtingomdgrbeoaform a
copper 20 wiring on the sem conductor, characterized in that the

el ectropl at i idhiickness ifed St lavonthe Chpgwle gkt frenchedrcthe gHutbany

sol ution containing copper sulfate, sulfuric acid, chlorine, and additives
as mayor conpfhdme SEMIGONGHARAYT HREIT arfith Rdu S IFHAT dH-Xida Bvhi ng an

azol e or _silane - 25 coupling agept and that copper is filled intq fine via
hol es or 1Pr e dOHRR =L 17 PRGNS JEEPRC B FAF TN o -B6 Rl halvig

-23- REPLACE SHEET 5 A~-G 2002.6. ,The.nmet hod of copper, el ectroplating
accor di ng to%)m 5, nclngrngﬁaé'r'i %5’& 6&’1‘%‘&5& 3f fPor %otg %'s%&%n ®in an
aqueous 5 soluti [ i ‘ I i i t 3 s e

ot hod of copmey o Cet s HH AR T ERY, HRLRLLRDLEBRS 1 sl
imrersion fored ¢10e bhSecodsciihad agueous sol ution containing an azol e or

silane coupling agent. 8. The nethod of copper electroplating according to
any of
15 Examples and Comparative Examples
Next, the examples and the comparative examples of the
present invention will be described. These examples
illustrateonlypreferable examples, but thepresent invention
is not limited to these examples. The present invention
20 inevitably includes modifications and other examples within
the range of the technical concept thereof.
Electroplating was carried out using electroplating
solutions shown in Examples 1 to 7. Also, after immersion
treatment by pretreatment solutions shown in Examples 8 and
25 9, electroplating was carried out using electroplating

solutions.



10 Cains 5 to 7, characterized by containing 1 to 10000 ng/L of the azole
or silane.coupling agent. 9. The nethod of copper electroplating aqﬁc)gg ?‘ﬁ
to any of Claims 5 to 7, characterized_byscontaining 10 to 5000 ng %
azol e or silane coupling agent. .A A .AA A .ALI .A N Asn . A AsNf . AL . A As
AE LA A @ A {.A&S. As2 AL .AsY.Af.Ae .A Ay[ ! ZP

cal ca] cal ca] ta] 22}«35]0%1 @J@adaﬂa%ugdﬁa cabaaborloplegh el aiakasenl o

wr mhc” cal ajc C . cal ca
2. Lo 1] calcalcal.calcal oa h‘agagae%ﬁaﬂaeag ol b eshsalanan o
<FGxypRh$&, . .
ca] c)a]Dca] ca] ﬂ?&f%gg Jgg?éy%ga OQia ﬁﬁ];fa‘%ﬁg} c%g'%fgé] &ﬁ%}p%q;]t%%ca] el
D wr mhce” Y] | cadse adrtiadic ale] el cxaﬂ)cm@admi qabcas]scaelp:fﬂt@kl&paaacsalu%%hca] ca] ca]
caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! DzW @
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25 epichlorohydrine 30 pmol/L, Yy-aminopropyltrimethoxysilane 2

g/L
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109! () - s@ 10%&! () 10%& $S10% () - DzdBj % ()-s*"109% ()
100& ()-°s Y" 100& TP /é}’ ﬁ?ﬂ% s3I0 @ hos SELLP- 38 nd/L,

10%: () - Q3L0%. ()21 Ly Qﬁ@gﬁgcéfl 28 Ldaid 1078 e ¥ @FY 450 umo1st,

tetramethylthiuram disulfide 60 umol/L, quaternary
epichlorohydrine 45 pmol/L,

N-B- (aminocethyl) ~y-aminopropyltrimethoxysilane 1 g/L
(Example 5)

15 Copper 25 ¢/L, sulfuric acid 200 g/L, chlorine 70 mg/L,
polypropyvleneglycol {molecular weight: 8000) 15 pmol/L,
sodium 2,3-dimercapto-l-propanesulfonate 30 pmol/L,
cquaternary epichlorohydrine 25 pmol/1L,
polybenzylethyleneimine 2 umol/L,

20 7y-mercaptopropyltrimethoxysilane 2 g/L
(Example 6)

Copper 15 g/L, sulfuric acid 300 g/L, chlorine 50 mg/L,
polypropyleneglycol (molecular weight: 20000) 2.5 umol/L,
bis—- (3-sulfopropyl) disulfide disodium salt 45 pmol/L,

25 quaternary epichlorohydrine 60 umol/L,

polyallylethyleneimine 1 umol/L, 5-methyl-l1H-benzotriazole
200 mg/L
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Pretreatment solution: An aqueous solution of imidazole
( a mixed aqueous solution of 20 g/L of a silane coupling agent

10 obtained by the equimolar reaction of imidazolesilane and

Y-glycidoxypropyltrimethoxysilane or the like, and 20 mL/L

of methanol) 100 mL/L (10 sec immersion)
Electroplating solution: Copper 20 g/L, sulfuric acid

300 g/L, chlorine 80 mg/L, polypropyleneglycol (molecular

=
(€3]

weight: 10000) 5 pmel/L, bis- (3-sulfopropyl) disulfide
disodiumsalt 30 umol/L, quaternary epichlorohydrine 25 umol/L,
polyallylethyleneimine 1 pumol/L
{(Example 9)

Pretreatment solution: 1,2,3-benzotriazole 200 mg/L (10
20 sec jimmersion)

Electroplating solution: Copper 25 g/L, sulfuric acid
200 g/L, chlorine 100 mg/L, polyethyleneglycol (molecular
weight: 5000) 30 pmol/L, bis-(2-sulfoethyl) disulfide

disodiumsalt15umol/L, quaternary epichlorohydrine 15 umol/L

25 (Comparative Example 1)
Copper 25 g/L, sulfuric acid 150 g/L, chlorine 50 mg/L,

polyethyleneglycol (molecular weight: 10000) 10 pmol/L,
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e e g
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10966& () 3" W@m%a(ﬁa'ﬂ: Q{mp(]_)e— &y/ 10%& () - & rrfLO%r& ()-L+10%r& () - =====>M
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1066\ >>>?¢???dEH7 cbBps@6H8 Igl@)Esq) £Fexid Aeid Boo dﬁ%&'ch)l.o&ine 100 mg/L,
10%&' ()-s, F109%&' ()- 10%& () - ???%@ @@@WEH7 10 1066! s$@ 0% () -"&10%& () -
M 1098 () - 5 1G96R etk dl-y AR n(01-=@NUNABRRBRMENC 200 0006 6!. 51 Qmbd /1.,

' sodium 3-mexcapto-l-propanesulfonate 60 umol/L, quaternary
epichlorohydrine 30 umol/L
(Comparative Example 3)

10 Coppexr 30 g/L, sulfuric acid 200 g/L, chlorine 80 mg/L,
polyethyleneglycol (molecular weight: 5000) 30 umol/L,
tetramethylthiuram disulfide 20 umol/L, quaternary
epichlorohydrine 60 umcl/L, polyallylethyleneimine 1 umol/L

The filling characteristics of obtained deposits into

i5 fine via patterns were checked by cleavage cross—secticnal
SEM observation, and results as shown in Table 1 were obtained.

As Table 1 shows, no voids and seams were produced in

any of Examples 1 to 8. However, volds and seams were produced

in Comparative Examples 1 to 3 treated with electroplating

20 solutions containing no azole or silane coupling agent of the
present invention.

Although the representative Examples and Comparative

Examples are shown above, the effect was confirmed in all the

compositions according to the claims of the present invention.

25
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1066! @ 10%& H)= A
Example 4 No voids and seams
Example 5 No voids and seams
Example 6 No voids and seams
Example 7 No voids and seams
Example 8 No voids and seams
Example 9 No voids and seams
Comparative Example 1 Volds and seams occurred
Comparative Example 2 Voids and seams occurred
Comparative Example 3 Voids and seams occurred

INDUSTRIAL APPLICABILITY
The uses of the copper elesctroplating solution and the
5 pretreatmentsolutionof thepresentinventionhasanexcellent
effect to remove the phenomenon of dissolution of a copper
seed layer in sulfuric acid contained in the elecfroplating
sclution, when thé-formation of a copper £ilm in the hole or
on the bottom of a fine via or a trench was insufficient in
10 thepast, andtoenablethecoppertobefilledwithoutproducing
defects such as voids and seams in a fine via holes or trench

formed on a semiconductor wafer.
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] Kl 0]]]1] dEYNGdXNition containing an azole or a silane coupling agent, or
a copper electroplating is carried out after the immersion
into a pretreatment solution containing an azole or a silane
coupling agent. As illustratively shown above, the addition
10 of a component having the action to inhibit the dissolution
of copper to an electroplating solution or the pretreatment
by a solution containing a component having the action to
inhibit the dissclution of copper can inhibit the dissolution

of a copper seed layer covering poorly, and thus can prevent

15 the occurrence of defects such as voids and seams.
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1l or 2, characterized by containing 10 to 5000 mg/L of the

azole or silane coupling agent

5. Amethod of copper electroplating in order to forma copper
20 wiring on the semiconductor, characterized in that the

electroplating 1s carried out using a copper sulfate

electroplating solution containing copper sulfate, sulfuric

acid, chlorine, and additives as major components after

immersion in an aqueous solution containing an azole or silane
25 coupling agent and that copper is filled into fine via holes

or trenchesof awiringpattern formed on a semiconductorwafer.
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10 Claims 5 to 7, characterized by containing 1 to 10000 mg/L
of the azole or silane coupling agent.
9. The method of copper electroplating according to any of
Claims 5 to 7, characterized by containing 10 to 5000 mg/L

of the azole or silane coupling agent.



