;e3ey v~~tjv 6T TeZ' ,~ 8 ~ AN 2AAP y - 1 SPECI FI CATI ON COPPER
ELECTROPLATI NG LI QUI D, PRETREATMENT LI QUI D FOR COPPER ELECT Ii()é’lym 2062 AND
METHCD OF COPPER ELECTROPLATING 5 TECHNI CAL FIELD The present®invention
relates to a copper electroplating solution for form ng copper wiring on a
sem conductor wafer, and nore specifically to a copper elect romati nm

solution, 10 a pretreatnent liquid for copper electroplati mﬂmlﬂ mllﬂml hod
of copper el ectroplating suitabl e $BECIFICABEONi ne via hol s

formed on a sem conductor wafer w thout producing defects such+asésvoi ds or
seans. 15 BACKGROUND ART I n processing sem conductor wafers, alum num has

chiefly been 1 i n ecial; , | f_wrings
i ntegration ?ﬁgﬁgﬁﬁﬁﬁﬁﬁﬁf{%ﬁﬂgkgs %@@‘cﬁ £$8‘qgﬁr§¥l&{i{{38€??§ has
substituted al um t ' i I ' i gnal s.
For the forrratiE)EnLo %%&ﬁﬁrﬁ%%@@m@c%ﬂr@ %@éﬁﬁﬁl}%ﬁ I n which
after forging a wiring pattern on a silicon wafer, a barrier |layer and a
seed | ayer are formed using a CVD nethod or a sputtering nmethod, then the
W ring pattepfcgRrearnf Frkefd using el ectropl ating, and excessively deposited
copper is renoved using CVWP (chem cal - mechani cal poli shing)

The present invention relates to a copper electroplating

solution for forming copper wiring on a semiconductor wafer,
and more specifically to a copper electroplating solution,
10 apretreatment liquid for copper electroplating, and a method
of copper electroplating suitable for £filling fine via holes
or trenches formed on a semiconductor wafer without producing

defects such as voids or seams.

15 BACKGROUND 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 using CMP (chemical-mechanical polishing).

IMUVIMTAR
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_ 2 _ ~ ~ JAN 2002 In order to forma copper wiring on the sem conductor
waf er, as described above, it is required to fill via holes or trenches. In
recent times, however, since the Wring patterns have beco f A r2002t he
coverage of the copper seed 5 layers in via holes or trenches forned using
sputtering or the |Iike have becone poor, and the portions where the copper
filme is extrenmely thin are often produced. Al though an el ectroplating

sol uti on based orgfarpré%ﬁ}édij)s foamy 8 ¢ePrPeAt HiAiRg eBpple Iemiaerdueterfi ed
with sulfuric 10 acid has generally used for the above-descri bed copper

el ect r opl at i FFF her 8 GeTIRRS 2D0VE e ditr DB BEFTHF LD ITR itdtLa¥itadi RPE@Swi th
| furi id_h d h f di | ut i f Jo] o] d

Layers by suPFuPFEnadpa- cort arteht i PHes ol BT ati i S ot FORLoS

Therefore, t{?&‘é@e?ﬁ%ghg?g Ll Rl %e&h?ﬁ:hgf)?gﬁ:;é%% Qﬁ] 191%08%#)%9’ 804

defects such as vol and 'seans OCCUT ‘i nevi e area“racking the

seed | ayey dysygeﬁtmsv L S0 4 | -tﬂﬁﬁﬁ]@&me@agahgeL,sg.ftti;aghﬁtgi 89

sol utions and nhet hods of el ectropl ating, i ch enable the filling wthout

copper 20 seeHel Bies ﬂv@ﬁbébh@r‘pobﬁy%r{wtth@'§£€ﬂon§%éf@t@i@%§? Eer
solving the problens has been sought. DI SCLOSURE OF THE | NVENTI %he

obj ect of thf€ipmesest ekfivemnblgnthint ardeveken proanped.25 el ectropl ating
solution and a nmethod of electroplating for filling fine via holes or
trenches of a w rAhtghéudh ampeleetnopdatidgmriuisiom besedconranafioepuby
addi ng a copper dissol ution ~gJAN200Z - 3 inhibiting conponent in the
el ectropl at i #glysiani eantainppgpeerpentekiats anid H@dwidh snafucdat ai ns
a copper_dissolution inhibiting conponent so as to inhibit the dissolution
of the cbhpercifeliapagenesplpyorsedyéptgéhgngbove-described copper

electroplating, the use of such an electroplating solution
acidified with sulfuric acid has caused a phenomenon of easy
digsolution of copper seed layers by sulfuric acid contained
in the electroplating solution.

15 Therefore, there have been problems that copper is not
deposited, and defects such as voids and seams occur inevitably
on the area lacking the seed layer due to this dissolution.

Heretcfore, 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 ona semiconductor wafer, by adding a copper dissolution



5 prevent producing defects such as voids on seans. In view of the
above-descri bed problens, the present invention provides: 1. A1qunﬁmmu

el ectroplating solution characterized by,containing an azole or silane
coupling agent; 10 2. The copper el ectroplating solution according to the
above-described 1 , characterized by containing 1 to 10000 ng/L of the
azol e or silane coupling agent; 3. The copper electroplating solution
accor di ng t olnihtbibing-clapenery in Wimredecdropd@ thypcc setatacng ¢0 by 5000
ng/ L 15 of the azole or silane coupling agent; 4. The copper electroplating
sol uti on accRFerRgaEBeRhyudingha apbubieRsthrbedORtRHNS 21EPRREEri zed by a

| f | ect |l atj ng. sol uti tai ni , | furi
e, chl or | AEoSatAaR: Trbid: EEnd oot RRpE B &2 5B SR b ebFear mont
luti f | t] h ' LA I
1) anecoupl TR aLRREPREOETRAE LaPpERTRERR Laf S, 8 FADETLRNRa00 SKE1° O

el ect 1 OPISAt | BPeGRREr B8yt L"AROYE. daSA" hRogoBas ObAr B8LRYL 20 bY

containing 1°to e azol e or srlane coupling 25 agent; and 7.

The pretreat ment 5ol ¢4 &PNof OEn& ODREFe CAESEF OFe AP Fsh BERD] HRW b4

digx
above-descri bed 5, characterized by ~~JAN2~2 4 containing 10 to 5000

mg/ L of the aa@kAt®bnSpkakedesupling agent. The present invention also
provi des: 8. A nmethod of copper electroplating characterized by 5 i mrersion
in a copper 3%ul f aseceppet repeatroglsoingi solvobdmaichangadber azed cowr si |l ane
coupling agent and, as najor conponents, copper sulfate, sulfuric acid,
chl ori ne, andgoatdiningsapopzeleoog0sidgoadsouplingecagenhod of copper
el ectropl ating according to the 10 above-descri bed 8, characterized by
i mersi ok fo”-3 tBheocopper electroplating solution according to the
_ above~described l, characterizedbycontainingl to 10000 mg/L
of the azole or silane coupling agent;
3. The copper electroplating solution according to the
above—-described l, characterizedby containing 10 to 5000 mg/L
15 of the azole or silane coupling agent;
4. The copper electroplating 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 containinganazole 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

7. The pretreatment solution for copper electroplating

according to the above-described 5, characterized by



seconds; 10. The nethod of copper electroplating according to the
above-described 8 or 9, characterized by containing 1 to 10000 ¥§/JANO200R he
azol e or silane coupling agent; 15 11._ The nethod of copper electroplating
according to the above-described 8 or 9, characterixedby containing 10 to
5000 ng/L of the azole or silane coupling agent; 1.2 . A nethod of copper
el ectroplating characterized in that the electroplating is carried out

usi ng a coppe?ntiring YO @ &KAGtOmah o sHeuprehecont 8l hang eoppeing
sulfate, sulfuric acid, chlorine, and additives as nmmjor conponents after

i mrer si on i rP@®Bqueous sol ution containing an azole or silane coupling

agent; 13. The hod _of caopper_electropl ating acgcording to the 25
above- descri bed 1,e(ﬁﬁﬁ%ﬁﬂiiﬁe¥ﬁP?%Pﬁr#ﬁﬁ%i '$%#gﬁ:to 60 seconds in an

2002 -5 14" T O O M G o Sloif Y R AN 20q i ©
above. descri biifled 210AN2 25! Sobeed [N EUUE! 51 88cE8513cig 100 BEERRIS 1 1. an

aqueous solution contalning a e or silane c I ng~agent ; 15. The
net hod of cogpRtathesy @ al-id1% 35C8EdhAE ¢QusMVngfaddife Akl eadensfbped 12
to 14 , characterized by containing 1 to 10000 ng/L of the azole or silane
coupl i ng agesbmpéndnts, dbppaet ballfategoppdfueiechedl athDgrasePranag to
any of the above-described 12 to 14 , characterized by containing 10 10 to
5000 ng/ L of atfietazebefor 3itané0csapbndg;agent. BEST MODE FOR CARRYI NG OQUT
THE I NVENTION A via hole or a trench for filling copper wiring is formed on
the surface Bf a Therimethedtof ¢opper glectiepliting eaccddingl te Wwered
with a barrier metal selected froma group consisting of titanium (Ti)
tant al um{ TagPoveurgseshbedy 8, FhérﬁFgPFaégdthgréBP?rﬁhGntﬁ@rl$k59 ¥ a
t hi ckness of about, 0.01 to 0.1 um for preventing the diffusion of copper
(Cu) into siPPEBRYE&I ) on the surface by a covering method such as vapor 20
deposition spytter D, o] i rrier t al

| ayer is depggi't g&dﬂ’ %%ﬁog%%g&ﬁgﬁréj(ésggﬁéé’g%%%%ués'lgl%%lb%l%%v%c’ri nge met hod

such as vapoabg§ggaeghgggeaw5&e;,i BHar?BQe;.Cl/Ped%}Iy’;H:@Eé%ngﬂ%lﬁgﬁo SPQHB-

Since the above-descri barrier  metal has genel ectric
resistance, appdri Besyhsedusie 62PReMagkeehbupRliali Bgehe;be covered,
difference in"current densities between the vicinify of the contact
providedisn tthe TheOmdfMbd002 coPpeti 6TEftopDAtRhgpPRcEobPAinG thecnaf er
and the central portion

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 gsilane

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 agqueous solution containing an azole or silane

coupling agent;



becones | arge, copper, which has a low electric resistance, is pretigod @002
applied (thin coating). The thickness of the copper layer is 0.01 to 0.1 um
5 However, the thickness of the copperalgy_er may be determ ned optionally

i n sem conductor processing, and is not Timted to the above-descri bed
range. In general, the copper wiring (LSI etc.) is fornmed by using a
process, in which after formng a wiring pattern on 10 a silicon wafer

usi ng the Dahhscéie MAHRE of monner el8aramablngearqesdng £a Hihe copper

| ayer) are forned ysing,a CVD nethod or a sputtering nethod, then the
wiring patt e"i‘lﬁo‘?’%'a???gﬂbﬁé,\i/%' haracifnizen) by dgmersdes $ary3dpokd t ed

copper is renoved. using C-I P (chenmi.cal-nmechanical. polishin .15 The

pr ggent i nve%??%rﬁd%sl&gg %g‘ﬂﬁéFsesf oeltliq?lb% §PM6§'§&F§P?B@%°&Tﬁg éfn?ﬁga’é?\ azol e
or silane co g+#fgn&g$ﬁ£nti,npl ace of conventional copper electroplating

met hods for (’fJI I NQg- e alidition of an azols ox silane coupling agent to

the coppey efgct rapl MlthdS8EW oMo 212 Y uet& ot aéﬁawiﬁg;go t%&é’t o

present invention, and effectivel'y inhibits™t I'ssol ut'1 on seed

layer fornedihy Sfuld-edddridied A @oUll, dheriéobl £A8q ¢y LBatasayhience of
defects such as voids and seans in conventional copper electroplating

met hods for tol L00gocmg/heosotnedagbla 6ir 9keandScolipl arngl &gentedah@ t he
above-descri bed el ectroplating solution is the general termfor

het er ocycl i cléonpthmdethiddhof dopper Alerxdnd®platimcabogertiidngnp amy of nore
different atons, anong which at | east one is a nitrogen atom The

repr esent at i ¥heaahaypddefcrikedid ke 4 wckchagacterized by containing 10

10 +to 5000 mg/L of the azole or silane coupling agent.

BEST MODE FOR CARRYING OUT THE INVENTION

Avia hole or a trench for £illing copper wiring is formed

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

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

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

to 0.1 pm, 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 deposited 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 resistance, and in subsequent copper
electroplating to be covered, difference in current densities

between the vicinity of the contact provided in the



i m dazol e, thiazole, 1.,2,3-triazole, 1,2,3-thiazole, 5 Z, 2,3,4-tet r1a§Qj,aeN 2002
1,2,3,4-thiatriazol e, bendazole, benzimnm dazole, 1,2, 3-benzotriazole, and
5-met hyl - 1- H benzotri azol e. These azol_es6 have an excellent effect to form
conpl ex conpound with copper by the |lone electron pair of nitrogen 10 atom
to forma durable filmon the surface of coder, which inhibits dissolution
by an acid. Also, the silane coupling agent is an _organo-silicic conpound
(sil ane) halHerineeERR bl FeHON ehl iie WafgrapnS g hFEnkEREMW IR h an

I norgani c terial (coupling), and 15 has an qQrganic functional group (X
havi ng af fi MESPTRT YaHT 1 GOPPPTwi FRIERN? Fario¥ RALEFFLF ZRRESEIRRR ol yzi ng
group (OR) havin ‘z,iffi njly qgoi.r agti.\/it vm'th)the i norganic material. The
chemi cal strtittRTe tHerehi 2FR +%€r St ¢ Vrégg'eneral formula, XSi (OR)3.

20 The representaf,ive .ex | e of.the silane coupl.i ts includes
I m dazol e sil anealtaltlse [ nd’i%a i b°yft P (O glgalgeerng%aﬁp'ﬁc}rﬁr:u &s’ 1(%‘“-, (2) ,

and (3) 5 254ddver] &é%ﬂi%@ﬁk&%lsg §E)tiR L3pphd i&@@%%&b@e@gﬁéﬁnfn%df ogen

atom a vinyl group, or an alkyl group having 1 t0 carbon atons;

denotes a hygpeg6RaBl PMn Sercotdudtdlf PHOIEBL MY, an@ 28 R8EDPIMAELAS;
each of R3 and R4 denotes an al kyl group having 1 to 3 carbon atons; 15 and

n ra.enotes 8o théegbovéraasdribed. rangeam nosil anes (e. g.,

7-am nopropyl tri net hoxysil ane, 'y-am nopropyltriethoxysilane, N ~3-

(am noet hyl) -Jy-Tamgepropy| tthe neppery siirdng, (LSd etc.) is formed by

N ~- (am noet hyl ) ~y-am nopropyl tri et hoxysil ane); 20 epoxysilanes (e. g.

Y- gl yci doxyprappta ingedrsd/siinawgich after forming a wiring pattern on

‘ 10 a silicon wafer using the Damascene method, a barrier layer
and a seed layer (a2 thin copper layer) are formed using a CVD
methodorasputteringmethod, thenthewiringpatternisfilled
using electroplating, and excessively deposited copper is
removed using CMP (chemical-mechanical polishing).

15 The present invention uses a copper electroplating
solutioncontaininganazole or silane couplingagent, inplace
of conventional copper electroplating methods for filling.

The addition of an azole or 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 above-described electroplating

gsolution is the general term for heterocyclic compounds with



~- gl yci doxypr opyl net hyl di et hoxysi | ane, and

y-gl yci doxypropyl triethoxysilane); vinylsilanes (e. g., 18 JAN 2002
vinyltrichlorosilane, vinyltrinethoxysilane, and vinyltriethoxysilane);

nmet hacryl sil anes (e. g., 25 Y-nethacryl oxypropyl nmet hyl di met hoxy sil ane,

y- met hacryl oxypropyl tri met hoxysi | ane,

'y-nmet hacryl oxypr opyl net hyl di et hoxysi | ane, and ~ ~ JAN 2002

Y- et hacr yl ok¥BRopyPIE| BaWERG stWarey mang dHeffaganisigtefes amogyg, which
Y-nercaptoprogyltrinethoxysilane%, Al koxysilyl (Si-OR) groups in these

si | ane coupl Phgl8g&it SP&r &3hPdPd §?§8nb?éﬂﬁrer or nmoisture to formsilanol
5 groups, which react with thg urface of cogﬁeggto form S 0-Cu_bonds.

Furt hernore, renal AT ngeBF FAR1 ag?%ﬁp§¥aﬂm}ﬁh a72® ndFObTH LR copper,
are hydrolyz form sil.ox bonds ,w h othgr, t lting in the
formation ofggiP?Fﬁ?Sn t éggﬁggacg'%o3oFE38%§gF! #H?ésffﬁzgﬁggean excel | ent
ef fect 105 pralach GORRRLaGLaW, di3505ULL AR1die160030 ABkflaatBEaguantity of
the azol e or silane coupﬁlng agent "added to the copper electroplating

sol ution (COBbARtmiAaLAE el GLr,8Pbakiz8%raakuiieQNhnus preferably 1 to 10000
mg/L. This 15 is because if the cont~. ~ent is less than 1 ng/L, the effect
of preventi ng-ma&hg§ilsIcH+bletzodiribkellehi n copper filmdue to addition is
small; and if the content exceeds 10000 ng/L, since the effect of
preventa aag the Theseoamblies hdve hen tdnoeXgpperefifidan ciee floomaddimbiler | s
saturated, the excessive addition is 20 wasteful, and tends to have an
adverse effe unid Wity ch tbyi theckongeletren pader eddintitao ntity

is preferably 1 to 10000 ng/L. The preferable range for_effectively
preventih§y tBEH $QofArNed Frape tﬁjgﬂ eankBe surkace 9% coppatnWhish

nh

25 10 and 5000 ng/.L. As the caqpper el ectrqgp]ating solution, a copper
sul fate eIecﬂ£5¥gﬁﬂfhégiﬁfﬁﬂﬂbﬁﬁbéﬁléﬂhfﬁ%Ekopper sul fate, sulfuric

Also, the silane coupling agent is an organo-silicic

compound ({(silane) having the action to chemically bond an
organic material with an inorganic material (coupling), and

15 has an organic functional group (X) having affinity (or
reactivity) with the organic material and a hydrolyzing group
(OR) having affinity (or reactivity) with the inorganic
material. The chemical structure thereof is represented by
a general formula, XSi(OR)j;.

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

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

25 (1)



~ a JAN 2002 - to acid, chlorine, and additives as nmaj or conponentgJAN 2002
used. The addition of an azole or silane coupling agent according to the
present invention is particularly effective for the copper sulfate

el ectroplating solution. 5 The tinme of i rsion in the electroplating
solution according to the present invention is preferably 1 to 60 seconds .
The nore preferable range of the immersion tine is 3 to 10 seconds.

However, this imersion tinme can be changed dependi ng on the design of
filling, and it a.s not required 10 to limt in this tine range. In the
above description, although the azole or silane coupling agent is contained
in the coppeéﬁflectroplating solution, the dissolution of the thin copper
filmdue to acid can be effectively inhibited simlarly when 15 e?
ectroplating is carried out using the above-described copper sulfate

el ectroplating solution, after imrersion in a pretreatnent solution

consi sting of an aqueous solution ~iontaining the azole or silane coupling
agent. In this case, it is preferable that the content of the 20 azole or
silane coupling agent in the pretreatnment solution (in the aqueous
solution) is simlarly 1 to 10000 ng/Z. This is because if the content is
less than 1 ggyL, the effect of preventing the dissolution of the thin
copper filmdue to addition is snmall; and if the content exceeds 10000
ng/ Z, since 25 the effect of preventing the dissolution of the thin copper
filmdue to addition is saturated, the excessive addition is wasteful. The
nore preferable content range is 10 to 5000 ~ 6 J AN 2002 - 11 ny/Z,
simlarly in the case of addition in the electroplating solution. The tine
of immeridion in the pretreatment solution according to the present
invention is preferably 1 to 60 seconds . 5 If it is |ess than 1 second,
the effect is smaffh ﬁ%d‘ i fenetes @ dydrager adile, at Fnet RQUR - O%o2Ronger
changed. The_npr ref erabl.e range of the i rsi ime is 3.1tq 10
ceconds. ThehBYRAFSr eating LIt o sartpr aeres L o JelPes 2 nvHed8rpbe
bel ow, altho it ] t 2] M) t parti.cubar t Far. _ex le, a
sem conduct o%g\afg‘fe?#sav%%éﬁglgbggﬁgtlg??ﬁ tlo t%ebgl %%??%SI a og“ci’ %sacgll §ggsed

in an el ectrgplald #8 88h5c89 A9 J1%ky12GEBenadeds 1 e ?%&ﬁw Lapmsof the

. Qd§-
sem conductor wafer is sealed so as n6t t0 make ?ontact W t
15 and n denotes an integer 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.qg.,
vinyltrichlorosilane, vinyltrimethoxysilane, and
vinyltriethoxysilane); methacrylsilanes (e.g.,

25 7Y-methacryloxypropylmethyldimethoxy silane,
Y-methacryloxypropyltrimethoxysilane,

Y-methacryloxypropylmethyldiethoxysilane, and



the electroplating solut.ir~n | eaving the top surface to be 15 JAN 2002
el ectropl ated, and ~t.he contact for feeding electricity is di spolgd i.n
the vicinity of the edge of the sem co_ndéjcgor wafer. As the anode, a
phosphor us- cont ai ni ng copper anode (P content: D.O- - 0.065), ox an

i nsol ubl e anode is used. As the insoluble anode, the use of Pt or
Pt-electroplated Ti is 20 preferable. A commercially avail abl e di nensi on
st abl e anodey-{MEdA)a aryl ey dry hissice tharyrs dal gatelsip leaydu snemapdiosi idg nespper
anode is used, the copper consuned for electroplating is automatically
repl eni shed b§-Fhe HingxgaptoRraty keingidwysidanedn i nsol ubl e anode is

used, since the ¢ er c, ntenéﬁZS in the solutiqQn is creased due to
el ectropl ati ng, BoEt-sit f Je'%l%f)l HYBP si’éutgb%eeds it?lf?aicrﬂ‘ﬁ e
copper content, 1 AN. 2002 - .12 A typical ¢ sition of a.co r

A Rgenss o SRR B o il i el BTRRR, BB 2 ERRER

el ectroplatin ron-(exc he abo escribed azo

coupl i ng :age J f 3 r A d: 50,100 g/ L
(pref erat)5l y %&ébgbqé‘ol% k)g%guvﬁgﬁ%eagyg:%g%g14€§°é3593§% f() [’5?‘ e%gr)a y 10
to 300 g/L) pShEerine: 0.1 to 500 ny/L (preferably 30 to 100 ng/L) Organic
sul fur compound: 1 to 500 Etnol/L (preferably 4 to 200 ~.unol/L) 10

Pol yet her conpoursliréhdrrhérS M emaiioidd. (iua{cAr Yroypd.,5wha chORavenabkl)
Bal ance: water Furthernmare, a quaternary ammonium salt addition conpound
consi sti ng oboadedntiitdr yopph&y| aae mpdantyiéd rol fem shil oxahydramis ahdh
pol yal kyl et hyl eneimne or the |like is added within the above-descri bed
range as reqedehdthiRr exasplbing igl the foymatiiogn ebaditimns tdee agxfatkows
Current density: 0.1 t4 100 A/dmi (preferably 0.5 to 5 A/dnR) Sol ution
t enper atift e: ofFoRpesuC Thiefddaphys an exrabignipef faet foprokecteROPPGr
solution tenperature, imd the flowrate of the solution (relative rate
bet ween the SGPPafdSP8lBELEPeBRROSPaRBd2EAT t he sol ution bul k) in

o cctoplat1 19 hag SSRRIAE, Gl A4 R080KPR00 536 LIRS AnHhANE apded ang
copper 25 depgsihlOoRopbBEYSbakbiBEpiLaliGl G87ulEoAP BbARINt in the
electroplating sclution) is preferably 1 to 10000 mg/L. This
15 1is 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
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
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1 6 JAN ZOCa. - 13 The nethods for inparting the flowrate to the | 'ution
i nclude anmethod to swing or rotate the wafer to be el ectroplated, or a
method to agitate the ambient air. Also,,as the current to be supplied in
el ectroplating 5 not only a direct current, but also a pulse current or PR
(periodic reverse) current can be used. \Wen the pul se current is used,
after a current flows to deposit copper for a certain tine (on time) , the
current st oC¥ ofiHPHge o ekt AT Hiviee e8f Paf PReFOmMPeReRES ehg 19 10
copper-ion depleted state_in the vicinity of the el ectrode, where .
deposi tion (R EHLEIER PcPBIReharT 17 1805 EREPHANTI F9°RhATRP AT e (o

be hi gher thag Srdigiar.dl ieClUILenty 00 LNe gLhor PaRgy; phen.Lhe, PR
current Is uSed, copper eposited Th a E’ertal n ti I'S ISSO?VG% b

SUPDI yi NG 3 L GYRLS CadBefed S PLALr S0 186 S8 ke n i e Ther eby, the

deposi tion opper on the porti e current concentrates easily,

such as the cor nehft it def Giatbr Lih gi?n I4H RitleRGropllat 1902 M A% il

dHposits that cannob be obtained by a direct current 'to be obtained. 20 The
copper el ectiopbBdingseliid Pres@yt A%bALNoAN sP 1Y { Ub FU0SREMEs . The
organi ¢ sul fur conpounds include, for exanple, bis-sulfo disulfide disodium
salt, bis-(1riselhoretgydfexitsle fradeyalichdnenimmetrs ilbns tiRestikf Bettyl ()

di sul fide disodiumsalt, 25 bis-(3-sul fopropyl) disulfide disodiumsalt,

bi s- (4- sul f obatgnds di Sigwewes ditdddi vimmeaion drimenwtamy ehicleamged sul fi de,
tetraet hyl t hiuram di sul fide, ~ 6 JAN 2002 - 14 sodium

3- mer capt o- 19¢Pepakeg PR dthe deskin *fdifidhling, and it is not required

2, 3-di mercapt o- 1- propanesul fonate. These are evenly adsorbed on the entire
surface M t hbRt 1 HBPENER nER LA FHBepFaR8®0of the surface to be el ectropl at ed

in5the initial st | egtroplating, lerate th i on.
Howover . a8 1 he rEbRIA GYScOBRGLLPRa CRasol B P B, daIRe FEy o oFrBL bR essed
Ve 8s, ! Con. aens| . f
Phe. doposi 11 ox b biadordeff L poPpshRYg! FR AE ORbEP, olCbRo EEEASE i 1y
in the protrydedcpPGhl i O idi 4L &LDIdY 18k £hen CESSAE & 10 die ¥bdaRol € or

trench is lowered, resulting in the decrease of the deposition rate at this

portion. ThUéciah@aﬁoﬁéeéfQbaﬁi{rem&a&hﬁﬂbieédtEQﬁiEQﬁlﬂi Wh&g an organic
sul fur compound has a 15 signaficar~t effect to make the thickness of the

deposi t edb fi keevedplidbeénguantdiyi e otib&sdnhgaiticcalsol é-tde £aiiloeddopper
preferably ~. to 500 ~tnol/L. Al so, a poJ.yether conpound can be added to

t he copper ebetfrtpl elenyreplatiog. sPdhyévher afbapoimmerehan tanabe 20 used
include, for exanple, polyethyleneglycol (nolecular weight: 100 to 50000)
and pol ypr oppretegriaent golutipar cagpdrtingooft anseguepus Thedutipe
preferentially adsorbed on the_surface_of the wafer with a via hole or a

trench (pl ap@é"‘%ﬁé‘l’-?ﬁhﬁh_&t ﬁéoe'ﬁao%Sljr_EJF‘_é‘eoF"FPéﬁBﬁ) agenthe tinme of

or 1 on The quantrtYRER 4958 ity SEREF SEBABBARACRS A G 0.oF 895000
) I'mol/ I"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



~ ~ JAN 2002 - 15 Also as described above, a quaternary amoni um S?M 2002
addi tion conpound consisting of a tertiary al kyl am ne and 18

pol yepi chl or ohydri ne can be added as reqyired. This substance effectively
inhibits the deposition of copper on 5 the surface portion of the wafer in
t he sane manner as the polyether conpound. The quantity of the quaternary
ammoni um sal t ?ddi tion cqonmpound is preferably 0.1 to 200 Einol/L. Al so,

pol yal kyl et HWeBeisﬂ'imt’r&aE&ng’é hpieasePt REAESIPE 1R EBE b BF PR & HIGIt i on.
Thi s substance i€£i bits the 10 deposition of copper on the surface portion
of the wafer®?H*tH¥ sane manner as the pol yether conmpound. The quantity of

the pol yal kyl et hyheneijgne, d %nmeﬁiﬂﬁplgngggﬁh%gtrm& Jdtyaugh the

above-descri bed quat ernary armmoni um sal on conpound consi'sting of a

tertiary al kybogshify 88nlo o4 R E0LNeA BIMY 1 Ere Ay 1 £0 60 seconds

pol yal kyl et hyl enei mnhe are 'not necessarily required to be contalined as the

conponentss offthe & addsORhah 19s88bHE] OthdherFdde 1GoRERANY ;0hnkheso{gani c
sul fur conmpound and t he pol yether conpound is within the nost optinal

range, the eékeeédemso Becbndlk| ~hecbffact drs Abilongelr ¢iendéde Ahemdrdol e or
trench is nore stabilized when contained within the above-described range.
By addi ng t hprebebabléi oangé ¢ etladcinenaiasioon bdcheadadi Bi vos10 sa&confise
above-descri bed ranges of content of each conmponent to the copper

el ectropl ati ng sofhe imgthadoD sapnassielientnople tdngcdgperrsindbeuthasged
fromplace to place when copper electroplating is carried out on a

sen conduct oReHEF EPeqi AL HENAUTH dito 18; nPE gt ted 'toyg Particular

10 method. For example, a semiconductor wafer, which is a
material tobe electroplated, is disposed inanelectroplating
bath so as to face the anode. The back surface of the
semiconductor wafer is sealed so as not to make contact with
the electroplating solution leaving the top surface to be

15 electroplated, and the contact for feeding electricity is
disposedinthevicinityof the edge of the semiconductor wafer.

As the anode, a phosphorus-containing copper anode (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.



1 6 SAN 200Z That is, the deposition rate on the depressed portithiJ*f""lmz
via hole or trench can be increased, and the deposition rate on the
protruded portion in the vicinity of theg.entrance of the via hole or
trench, and on the surface of the wafer 5 can be decreased, thereby

I nproving the filling characteristics in the via hole or trench. The film
t hi ckness of copper electroplating nay be a thickness for filling the via

hol e or trench orf FHRIERT CRW oG HieR ShRiCOPRETAFC R 2 tinds et + R i ng
Wring by 10, pl anarization . using. subsequent chem cgl - nechanj cal pol jshing
(o 1 e S A A T R o F S g ol s aRRebE "y
be optionall _;[ssg%:gggfgo%t hout being limted to the above-descri bed range.
15 Exanpl es and nparative Exanpl es Next, the exanples and the conparative

exanpl es of Ulf‘of%gegxfs%’lhbﬁaﬂé’eewsoﬁogb%& ?e9df366ilw'g/£h?§?e‘?é§% §10

il lustrate or er abl e exanpl es; hepresent “'nvention Is
limted tp thesgoeyanpl es. The present invention 20 inevitably includes
nodi fications and ot her exanples within the range of the technical concept

thereof . El estgwphadidtades: COIT i€ 500 3l NGrelReal abi ke Sobugyans
shown in Exanples 1 to 7. Also, after imrersion treatnment by pretreatnent

sol uti ons shewthisrbxanpbes B8oab002ngfl ¢peefengibhy i QY VAS1CAIdy LK) out
usi ng el ectropl ati ng sol uti ons. ~~JAN2d" ~
® Organic sulfur compound: 1 to 500 pmol/L (preferably 4 to
200 pmol/L)
10 e Polyether compound: 0.1 to 5000 pumol/L (preferably 0.5 to
500 pmol/L)
s Balance: water
Furthermore, a quaternary ammonium salt addition
compound consisting of a tertiary alkyl amine and
15 polyepichleorohydrine, andpolyalkylethyleneimine or the like
is added within the above-described range as required.
An example of electroplating conditions is as follows:
¢ Current density: 0.1 to 100 A/dm* (preferably 0.5 to 5 A/dm?)
e 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.



- 17 A'so electroplating was carried out using el ectroplating sollgiJAN 2002
shown in Conparative Exanples 1 to 3 . As the material to be el ectroplated,
a silicon wafer with a fine via patternion which TaN (30 nnm)/Cu (100 nm is
sputtered was used. 5 Electroplating of about 1 dun was carried out at a
solution tenperature of 20C, and a cathode current density of | A/dnR2. The

i had g.d fo 1~ d, a hale di f 0,18 Exanpl

1) 16 Copper 15 S MRS EoRCHIPABELRS h RO FeCoo-ape, solkatn @ ©
| yet hyl i ght 335 Lo/ L. bis-

(3- Sul  opr opy ™ Lae B R 8 sHTRE e soestd i ueB® Veine B Agpyoptaten,

epi chl orohydg}nt];k,(‘?tﬂgat ggnggy_tgrtrgo:%g }Lgngdg%g’on conpound consi sti ng
y

of atertiary a am ne and 15 polyepi chl orohydrine) 6 unol/L,

pol ybenzyl et hyl engi 46 Neag £hd it ten B ABE GhHpIQledl 1aNe2bckPbgRzRliAgl | ane
(a m xed aqueous solution of 20 g/L of a silane coupling agent obtained by

the ec~, 3 nohat ohk@chi diretti gudaaale BAE also a pulse current or PR

Y- gl yci doxypropyl tri met hoxysilane or the |like, and 20 niL/L 20 of nethanol)
50 nL/L (Exarpkeidji€oppeerae)gcurrentf cancbacuded00 g/ L, chlorine 50 ng/L,
pol yet hyl enegl ycol (nol ecul ar weight: 10000) 10 ~nol /L, sodium

3- mer capt o- 1- pr opdines utferpusSOcEmrent Lis maadr mditer2® epirckhntr hypdsi ne
30Et nol/ L, 7-am nopropt}él trimethoxysilane 2 g/L 1 6 JAN 20Qa - 18 (Exanple
3) Copper 30tg/ €epgaltRPRPYE i fP1Y 80 cgritaightémenéon Jolngy 1 the current

pol yet hyl enegl ycol _(nol ecuLar wei ght: 15000) 10 _~unol /L, bis-
(2- sul f oet hyg)t°HF’sG$'?VHBgd‘f%5cﬁ GREAN f@mﬁur‘BSfLFi‘Behua”c%rrr?&F?se the

L e BB LA ] B B L e
Ffuri [ chl arij L, l. I
wei ght - 1000} 528 REnsStH LifeT By kY SR SERALYERL epuRE Y

quaternary epiyghhng’ ohy #ikee +0 e Mlghler than ordinarg direct current.

N ~- (am noet hyl ) - "y-am nopropyl tri mét hoxysilane 1 g/L (Exanple 5) 15 Copper

25 g/L, sulfuric osiehd0cigét hafd Orimid B eMpRLcuPPbier P sE I cwepler
(nol ecul ar wei ght: 8000) 15 Eunol/L, sodium

2, 3- di nmer capidepbsirtepaire ad & oreitre t 3ile 4sndl d 4ol ved bgrangppl yeinga reverse

i ehl or ohydrine 25 ~unol/.r.~, polybenzylethyleneimne 2 ~. tnol/L, 20

Y- mer capl bpr epydrtenitmiEehexysitaie t2mg/. L TiExwehpy e the dppsirtikh gf lcopp@rf uri c
acid 300 g/L, chlorine 50 ng/L, polypropyleneglycol (nolecular weight:
20000) 2.5 E9flthe PeFEiops-whgFe frvh purrendurenagentrabes gaskly, #mch

~.unol /L, 25 aﬂsgat er nar eprfi}%hl orohydrjne 60 ~tnol/L, palyallylet % enei m ne
1 N mol /L, 5amkthe CAFRBERbiteatsPRcacapyAe inhipigey. o ffeis enables

the deposgits 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,
big-(l-sulfomethyl) disulfide disodium salt,
bis-(2-sulfoethyl) disulfide disodium salt,

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

tetramethylthiuram disulfide, tetraethylthiuram disulfide,



pol yet hyl enegl ycol (nol ecul ar wei ght: 5000) 40 ~unol/L, bis-(2-su

di sul fide disodiumsalt 15 Eunol/L, 5_qgg;grnary epi chl or ohydri ne 20

~l mol/L, 1,2,3-benzotriazole 100 ng/L (Exanple 8) Pretreatnent solution: An

aqueous solution of imdazole ( a m xed aqueous solution of 20 g/L of a

sil ane coupling agent 10 obtained by the equinolar reaction of

i m dazol esi | aA€1uRd3 YngFgaPdexypPspprrepuRiABRYS)y | and spdine | i ke, and 20

mL/L of methanol) 100 nmL/L (10 sec i mmersion) Electroplating solution:

Copper 20 g/ £:358MPEFFRPLET4—BEOPEPESULRPBRLRe 80 ny/L, pol ypropyl enegl ycol

(nol ecul ar 15 wei ght : 10000& 5.~unol / I s-(3-sul fopropyl) disulfide

(i S0dt um sai © 30 TREIB IS SYERLY AFOPRER N Gho ORF R B LadR,§1 thout

pol yal I yl eth L. ne znol / e r et pentsQl uti-on: . .

1, 2, 3-benzot ¥%§§§Pgh§0%&n%’7?b(l %ﬁg%gﬁe is%flrggi%o%?% &c ercgcf):lo tlianqzéa dsﬂiflut I on:

Copper 25 g/ sulf Ukl L a2 ' 10 L h negl yco
% 0/ kneSuhiying 3560202 %&EctEBbQ%E_@gig Qnﬁga’c)ceggkxggi ¥he

(ol ecul ar wei ght: 5000) 307 Eunol /L, bis= I'f oet hy I su di sodi um

salt 15 El noiehetgyat eriehdver] Gl £h8 e din! racueak{,tu?éaagegg%&ahi ve
Exampl e 1) Copper 25 g/L, sulfuric acid 150 g/L, chlorine 50 ng/L,

pol yet hyl enegkyisdlty( iRl €Rel Aspres god . pdHOOS) W tidBii/d-hole or trench

elevates, resulting in the increase of the deposition rate

- 19 (Exanple 7) Copper 25 g/L, sulfuric acid 200 g/L, chlorine qbggﬂ@ﬂg
I'f y

at this portion.

10 In contrast, the adsorption density in the protruded
portion in the vicinity of the entrance of the via hole or
trench is lowered, resulting in the decrease of the deposition
rate at this portion. Thus, the copper electroplating
solution containing an organic sulfur compound has a

15 significant effect tomake the thickness of the deposited £ilm
even. The quantity of the organic suvlfur compound is
preferably 1 to 500 jmol/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 pumol/L.



1 6 JAN 2002 - 20 bis- (3-sulfopropyl) disulfide disodiumsalt 60 Einol/L,
quat ernary epichl orohydrine 15 ~l nol/L, pol ybenzyl ethyl enei m ne B Ao 202
(Conparative Exanple 2) 5 Copper 10 glLL;ssul furic acid 300 g/L, chlorine
Z00 ng/ L, polyethyl eneglycol (nolecular weight: 20000) 2.5 ~, nol/L, sodium
3- nmer capt o- 1- pr opanesul f onat e 60 ~t nmol / L, quat er nary epi chl or ohydri ne 30

chi or i re. 80 g/ L35 8 IRREGHORSFE GOTiRot o G E IR o C@s:;&ng@%%agm
tetrarrethylth | de. 20 Eun tern p roh drlne 60
Nanol /L, pol yéﬁ@{g’? y‘?t%“tﬁoellmrrcl1 r?eor?ll‘:suncﬂq I?%F% € r% g 5?1 gc e tlré% of
obt ai ned denasyepld fordonanfnd! dahabd & eewegg f@@&#&dbymﬁ avage

cross-secti Mobser tion, and results as shown in Table 1 were

obt ai ned. Assds@t£nde mﬁctmwlﬂmmckssm d‘é%'b%ll%&%ﬁusedcb%éﬂ)b&f _
Exan~pl.es 1 to 3 . However, voids and seans were produced in nparative
Exanpl es 51 tehe duebdesl poiicn astt Y aldfer 40 ThleUbaMBSmEAREAI &5 NEh&O

azol e or silane coupling agent of the present invention. Although the

r epr esent at i vel yecelngt ergrathncanpThatqueen tixeyrplfeth amatiesna rgbanmon 1 e
effect was confirnmed in all the conpositions according to the clains of the
present invesialonad@btiod SoulPdliR@0Rs-pRdfeifalbly Q.1 to 200 pumol/L.

Also, polyalkylethyleneimine can be added to the copper

electroplating solution. This substance inhibits the

10 deposition of copper on the surface portion of the wafer in
the same manner as the polyether compound. 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 polyalkylethyleneimine are not
necessarily required to be contained as the components of the
electroplating soclution when the content of the organic sulfur
compound and the polyether compound is within the most optimal
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.



Cccurrence ofvoids or seansExanpl e 1Novoi dsandseansExanpl e

2Novoi dsandseansExanpl e 3Novoi dsandseansExanpl e 4Novoi dsandseansExanpl e
5Novoi dsandseansExanpl e 6Novoi dsandseangkxanpl e 7NovoidsandseansE*ggyAgzmn
8Novoi dsandseansExanpl e 9Novoi dsandseansConpar ati ve Exanple 1~ Voi
seansoccurredConpar ati ve Exanpl e 2Voi dsand seansoccurredConpar ati ve Exanpl e

3Voi dsand d, | NDUSTRI AL APPLI CABI LI TY, Th f_th

ol act 1 oplati ng SO oI arithd REHS ST AARE PR 58, ABR 7P RapF BLBRL

i nvention h | f : Lssoluti
of o copper Ladnd SEMTE of e LR R RA ML TN GondeEERAL | ng

sol ution, whenethg, EHE%&%\;@ d PoTHARES ihidHB Lach gtg%f 'l:(l)xengﬂt}:g'ﬁcgm tom

;
of afine via or a tren Insufficient 1n 10 the past, a to enabl e

the copper tgebegnhbivi£thydd howte REQMNICIAHE Aol adleS s8ERACRS o¥OLHE @REegEANS
in afine via holes or trench forned on a seni conductor wafer.

REPLACEMENT &hliEde: debrébsed(VeherdBy NEMH oM NG the AN 2R§Z 1 . Anmet hod of
copper electroplating in order to forma copper 5 wiring on the
sem conduct ochachataristizedibythaneiai bnlenoa toppeh.sul fate
el ectropl ating solution containing the azole or silane coupling agent, and,
as mmj or conponerfke £bppethickfess ofutépper ebectreplating mapndeadditives
for 1 to bO seconds and filling copper into_fine via holes or trenches 10
of a wiring pRicErAspofaEdbhlirgdiecyiduBrde QmfeFench omaheepnsfase
copper es.ectro 'atiggi%ccord~.ng tg Claim1, characterized bé i mrer si on

c

for 3 to 10 S&c5hfsS ?ngﬁﬁPﬁoHag?rcoﬁﬁgrfBFe PrBpPdt FAEIE8cBYdi ng to

d ai har, ized b i ni { f th I

or i Tt colbPPRE EEERPH LB MBI ahe Spont Sptrmerutbh o ROMAE AB0r di ng

to-dainms 1 qgydy chaaglerized biye COMAkALLY 10 6% 509% WAL Slc
thickness may be optionally selected without being limited

to the above-described range.

15 Exampleg and Comparative Examples
Next, the examples and the comparative examples of the
present invention will be described. These examples
illustrate onlypreferable 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.



azole or silane coupling agent. 5 . A nethod of copper el ectropl at i1rmJi°‘H ne
order to forma copper 20 wiring on the sem conductor, characterized in
that the electroplating is carried out- ugi ng a copper sulfate

el ectropl ati ng sol uti on contai ning copper sulfate, sulfuric acid, chlorine,
and additives as major conponents after imrersion in an agueous sol ution
containing an az or.silane.2. 5 coupling agent and that c er |s f
filled into f fireXA 51?%8%58%?%?8# e a’glflggﬁnuﬁ‘}?gm;%\?@%‘Fﬁ%)%{ﬂléa"%n a
ser oonduct ofo et Bho sho TR AOEMENT. SHEETaApfos 1Y U G §; SAN 2002
6. The net hod of copper electroplating accor i ng'to Caimb, chafacterized
by i mersi ongfgle b1leR 3Q3pI0¢RAAS 4| £ AlcSHURMRE: witAl QR QQQtﬁé?Eanan
azol e or silane coupling agent. 7. The nmethod of copper el ectroplating
accor di ng toof! Rhilth, TENA(3Gt Bh) Z6d PYODHRYS S18NsheELSréQ WdsSeseads in an
aqueous sol ution containing an azole or silane coupling agent. 8. The

met hod ofs coppaetebptatonyadf b AEE Of JinGrdsd carield $0tChai A538§140idn
characterized by containing 1 to 10000 ng/L of the azole or silane coupling
agent. 9. Theempthatdupé abHppec, el ar epthbdaanmartddegsiayasw 1ef/aa?ai ns 5
to 7, characterized by containing 10 to 5000 ng/L of the azole or silane
coupl i ng agefihe vid paftewn hig] aAdapthAef 1AUn Atandi aAviolde; diAnkta®YoA2
.A(".AU. AN . AA. AH . AL. A ALI "' (e [710Z

H-yt oj e [ UU] Bal-8al®<a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] caU] C%ﬁg}i&;i%} E?U] c<alc<alcaUc aJcallL:f

10 Copper 15 g/L, sulfuric acid 180 g/L, chlorine 70 mg/L,
polyethyleneglycol (molecular weight: 3350) 50 pmol/L,
bis- (3-sulfopropyl) disulfide disodium salt 30 pmol/L,
quaternary epichlorohydrine (a quaternary ammonium salt
addition compound consisting of a tertiary alkyl amine and

15 polyepichlorohydrine) 6 umcl/L, pclybenzylethyleneimine 2
umol/L, anaqueous solutionof imidazolesilane (amixedaqueous
solution of 20 g/L of a silane coupling agent obtained by the
equimolar reaction of imidazole and
Y-glycidoxypropyltrimethoxysilane or the like, and 20 mL/L

20 of methanol) 50 mL/L
(Example 2)

Copper 20 g/L, sulfuric acid 200 g/L, chlorine 50 mg/L,
polyethyleneglycol (molecular weight: 10000) 10 pmol/L,
sodium 3-mercapto-l-propanesulfonate 30 pmol/L, quaternary

25 epichlorohydrine 30 umol/L, Y-aminopropyltrimethoxysilane 2
g/L
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| . <} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
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25 quaternary epichlorohydrine 60 pumol/L,

polyallylethyleneimine 1 pmol/L, 5~-methyl-1H-benzotriazole
200 mg/L
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Electroplating solution: Copper 20 g/L, sulfuric acid
300 g/L, chlorine 80 mg/L, polypropyleneglycol (molecular
15 weight: 10000) 5 pmol/L, bis-(3-sulfopropyl) disulfide
disodiumsalt 30 umol/L, quaternary epichlorohydrine 25 umol/1L,
polyallylethyleneimine 1 pmol/L
(Example 9)
Pretreatment solution: 1,2,3-benzotriazole 200 mg/L (10
20 sec immersion)
Electroplating solution: Copper 25 g/L, sulfuric acid
200 g/L, chlorine 100 mg/L, polyethyleneglycol (molecular
weilght: 5000) 30 pumol/L, bis-(2-sulfoethyl) disulfide
disodiumsalt15umol/L, quaternary epichlorohydrine 15 ymol/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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epichlorochydrine 60 u.mol/L polyallylethyleneimine 1 umol/L

The filling characteristics of obtained deposits into

15 fine via patterns were checked by cleavage cross-sectional

SEM observation, and results as shown in Table 1 were obtained.

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

any of Examples 1 to 9. 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



10(h( h!'t +mt' 109 h( h& () -! a+m 10%& () - H PIInKLLzX6r S1! 1! L" 109%&' () - | k§."JHO0/Z00%:

()f. gL" 10% (& () - 9FmM 109&' () - @ a9Fnt 10% (& ()- @! 10%& () - SLMVENSNGN7NDNKN} 0

P1!":10% & ()-9%0% & ()- 10zz 10zz _ ‘

10zz! L" 10%z& ()-1@" 10%& ()-!L"10%008 (%- KNNNN) Of OOdEoP1! * : 10%@

109 & ()-" 1109 & ()-S9 10% & ()-,Y 10% & ()-@ 10%& ()- |

10% & () - OOP PdEOPL! *: 10%/&8&10% & ()-f3 109 & ()-f" 10% & I()-fz}o%& ()-

f 10% & ()-8151655 5 P3N QORRRAEOPL! " : 109%y10% & () - &) " 10% & ()-y

10% & ()-° [10% & 10% & () - gI0%[& (): R .SNSSS_ TETGTHTdE 71 —10%

10\6108/3 & (}-5 10%( 2& {)-Lm" 151?)/». & () -1Y1- TR&E EIEE/° St Volds or seams

10% & () - @ 10% & () - PR 'IITTUKUxYl:j% 10\ f 9 ﬁe%&ms -dnd sdQRB& ()-fy
9%8& ()-f1076& T0Y% MEOYB & ()=t KU BUOVOWIE—

ig\ﬁ{f " g.)O‘VcS& ().- VSI%)%?%S f)e 2() No voids and seams

109%%& () - @30/5&' ()- ygﬂ.&ﬂ@]@e ©) - F109%& () - VMV\{:WWfdJ ‘and seams
10\ f " $109%& () @ 1095 & 1Yo & \ 1096& \ }
%@(Y‘d

1096& () - YL09%B& () - W3R E: /! 10\|fy/ No voids and seams

%58 ()-S 10%B& AE& ) - 9) "10%E& F1 3=
igoiggu 8_ $7 ];le{\(si/fj\llsl/\)l/\l/%m 10\ (5?\II1 m)m_w' Ol g|2‘\OA$-|,? 9 -‘g&’#)%? %&fg ?8%100/(5&' (@)
109%6& () - Y1| 109%6& )EWM[W[S[ u\ {\: bdl| 10\ !\&ano%:\& (End@agnd ()-S o
"1(1)%@%0%32/" 10°/IyHyf§én(ll%S"—,| 10%4&| R-Z! TTOVHGR {15 2 T Tdr At yk=f 41
9" " 10%& () 1Y k9" " 10%&@1(@ BY&F" 10%4&' () - @ "N6_voids ‘abd beams
10HH 1Y" 109%55& (-T2 TNGNQE ()= H Y 10% 5158 () =¥ 10%
& ()-" MLOYBR () - &10 q‘w “7aa. bbKczX6K=/ | No voids and seams i |
10! 9" " 10%-5+5&'Comph Da tﬂﬂ%ﬂaﬁ&ié)r I HQ" " 10(V<@§_Ldg)a,|l& LUk ?Ba& LD SYZ 10%BE& (
) - @ p&YZ" 104 ctciveNe bUbeLAAY'!
910%44&' () - f WWMWPE 199 () - Vraewgprec} -sepps5o8curred

Comparative Example 3 Voids and seams occurred

" &3

INDUSTRIAL APPLICABILITY

The use of the copper electroplating solution and the

5 pretreatmentsolutionof thepresentinventionhasanexcellent
effect to remove the phenomenon of dissolution of a copper
seed layer in sulfuric acid contained in the electroplating
solution, when the formation of a copper film in the hole or

on the bottom of a fine via or a trench was insufficient in

10 thepast, andtoenable the copper tobe filledwithout producing
defects such as voids and seams in a fine via holes or trench

formed on a semiconductor wafer.
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5. Amethod of copper electroplating in order to forma copper

20 wiring on the semiconductor, characterized in that the

electroplating 1s carrled out using a copper sulfate

electroplating solution containing copper sulfate, sulfuric

acid, chlorine, and additives as major components after

immersion in an agqueous solution containing an azole or silane

25 coupling agent and that copper is filled into fine via holes

or trenches of awiringpattern formedon asemiconductorwafer.
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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.




