;] ~_"abe3e2T| h@T2r , Qur Ref:FU 32(P0107-009) - 1 PCLISH NG COWPCOSI TI ON
AND POLI SHI NG METHOD EMPLOYI NG I T The present invention relates to a
pol i shing conposition to be used for polishing substrates for
sem conduct ors, photomasks and various nenory hard disks, 5 particularly
for polishing for planarization of the surface of device wafers in e.g.
sem conductor industry. Mre particularly, the present invention relates to
a polishing conp05| \ mm“ s highly efficient, provides high
sel ectivity and lsm“mm o formation 10 0 i.sh urf ace

in the polishing o senlﬁ yaduct or deV|ces %chxég Q§$ &@8£%Zh§@%f
mechani cal poli shing t et nol ogy is applled, in the processing of device
waf ers, and a polishing nmethod enpl oying such a conposition. i5 Progress of
conput er products mmmmmmﬂmm”mmarkable in recent years, and parts to be used
for such products, devi ces, have been devel oped for high
integration and hi gh speeds year after year. Along with such progress, the
design rule for sem conductor devices 20 has been progressively refined
year after year, the depth - 2 of focus in a process for producing
devices tends to be shallow, and planarization required for the
patternform ng surface tends to be increasingly strict. Further, to cope
with an increase in resistance of 5 the wiring due to refinenment of the
wiring on the device, -1 -

POLISHING COMPOSITION AND POLISHING METHOD EMPLOYING IT

The present invention relates to a polishing
composition to be used for polishing substrates for
semiconductors, photomasgks and various memory hard disks,

5 particularly for polishing for planarization of the
surface of device wafers in e.g. semiconductor industry.

More particularly, the present invention relates to
a polishing composition which is highly efficient,
provides high selectivity and is applicable to formation

10 of excellent polished surface in the polishing of
semiconductor devices to which so-called chemical
mechanical polishing technology is applied, in the
processing of device wafers, and a polishing method
employing such a composition.

15 Progress of computer products has been remarkable in
recent years, and parts to be used for such products,
such as ULSI devices, have been developed for high
integration and high speed, year after year. Along with
such progress, the design rule for semiconductor devices

20 has been progressively refined year after year, the depth



it has been studied to enpl oy copper instead of tungsten or alum num as
the wwring material. By its nature, copper is hardly processabl e by

ani sotropi c etching, and accordingly, it requires the follow ng process. so
Nanmely, after formng wiring grooves and vias on an insulating |ayer,

copper wirings are formed by sputtering or plating (so-called damascene

met hod), and then an unnecessary copper jayer deposited on the insulating

| ayer is renoved by chem cal nechanical polishing s5 (hereinafter referred
to as "OVP")ophioh,is;p £qNbLnati op, of o rEshan cabpeLLsht ngsand,cpem cal
pol i shi ng. F%mever, in su a process, 1t may happen at “coppér atons w ||

diffuse [Nt oLhe psUlah | B0l ayesal Qolel el oral ecbbe flevhgecDLgper i os.

Therefore, for the 20 purpose of preventing fusion of copper atons, it

has been stughegifto PEAKANE 8088 TS od Aygirofis i1y nsutating |ayer having

Wi ring grooves or vias forned. As a material for Such a barrier |ayer,
metal tantal um ofpyachapt atym6QAt i BhnanCoAPLEAdeSHshrasitaRhakuRyni tride
is 25 nost suitable fromthe viewpoint of the reliability of the device and
i s expectsed tige beieimd oxed t®SELFindmdhe detthe. winihfeopr esende ivention,
"a tantal um contai ni ng - 3 compound” includes not only a conpound such
as tantal um it thaslebdatt atsdiomtiod émplay umpppeat Icopped” of nelbgdesenot only
copper but also a copper alloy with e.g. alumnum 5 Accordingly, in such a
CVP process éorabusiEmrcongsctioe wevice candnial ng Buchsa eoppser, | ayer and a
tant al um cont ai ni ng conpound, firstly the copper |ayer as the outernopst
| ayer and thesrpére iantardhy coneesssailedapoumidstbyeriasctieibar réed | ayer
are polished, 1o respectively, and polishing will be conpleted when it has
reached the FPGRF @R | alferf UL S %lwi%%ﬂlwmgd@r%?e%noﬂ uoro silicon
oxi de. As an ideal oces it_is desired, that by using_only one type of a
pol i shi nd conposN?ng,'tﬁ£t€6p58?mF%9eW15ﬁHgtﬁﬁogﬁﬁFaP th ¥oAfaPRi AG i 5
conpound | ayer et:lLJIQi ffarlm rgm)vefj b'rfr?léShéé]g i:pmg S| ngée ggl i shing
step, and pot TEATRGNT | TEHE conprRTed ter TSt ntyS wheh™Te Ras FRatREd T he
| nsul ating | gy a5y . fouev eLo- £OPPEE ARk &-LA0LALURLEPN! 281 PcfromROUNd are

a c ot her

different in their dness, em cal stabirlity and 2 nmechani cal

properties ang SEL9LH-NUYphOr t DOy OF 068SSaDELAtYn BRE tHYS1atings difficult
to adopt such an ideal polishing process. Accordingly, the follow ng two

step poli shingyer otesgemdved el tdhgaProeeissn eyl dedlishongwo steps, is
being studied. 25 Firstly, in the first step polishing (hereinafter
referredst o Hsetdendftrst seéBerpedishiag)CMBRI hgwlalpbl i shangowbipasidnon
capabl e of polishing a copper |ayer - 4 at a high efficiency, the copper
| ayer is pol¢EHeechaiigat. ol ishong adndn cornbeal ngotbdhoudd | ayer as a
stopper until such a tantal um containi ng conpound | ayer is reached. Here,
for the purpose BPWRBEYf ofRi Agchafi BuECEss, 1t may happen that

copper atoms will diffuse into the insulating layer to
deteriorate the device properties. Therefore, for the

20 purpose of preventing diffusion of copper atoms, 1t has
been studied to provide a barrier layer on the insulating
layer having wiring grooves or vias formed. As a
material for such a barrier layer, metal tantalum or a
tantalum-containing compound such as tantalum nitride is

25 most suitable from the viewpoint of the reliability of
the device and is expected to be employed mostly in the

future. In the present invention, “a tantalum-containing



5 surface damages such as recesses, erosion, dishing, etc., on the copper
| ayer surface, the first step polishing my be term nated i medi ately

bef ore reaching the tantal untontai ni ng conpound | ayer i.e. while a copper
| ayer still slightly remains. Then, in the second step polishing 10
(hereinafter referred to as the second step polishing), using a polishing
conposition capable of polishing mainly a tantal um contai ni ng conpound

| ayer at a high efficiency, the remaining thin copper |layer and the

tant al um cont & Hhngq copROLNdeL ayst &hey PRI ESHSSuMS! BFct hes 18.4 PsUhAt i ng
| ayer as a stopper, and polishing is conpleted when it has reached the

i nsul ating |ayeriadlepgs &£866S8E6al e A8t OMuANTa 8 ST HGoaF € Sk f@ges danages
due to excessive polishing of the wiring portion. The recesses are neant

fox dents i mébeomiyi dgopertbep £0sécopPpsppén dhisy casel.eapd they are
usual | y caused by a chem cal etching action to the wiring portion. The
erosion i s neamhifh@h.a phenonenon such that at an aligned copper wring
portion and an insulating portion, the insulating portion is excessively
pol i shedsas conpacedr@bnwilyyh &n bnshl at CMg areaepsr foona(a non-al i gned
portion), and it is usually caused by elastic deformation of a pad, a high
stock renovatemitendfictbe devitatcogtéaygeng suchna compxeeskiver predsare
concentration to the insulating portion. The dishing is neant_ for a
phenonenon suehtahan-aengatopper corpewed poftrohlyiaviiagcerper atayer yas de
wi dth, the center portion of the wiring is recessed in a 5 dish shape, and
it is usualI?h%aﬁggﬁr%9sﬁe¥%¥ﬁﬁt?%ﬁ bren phd. LArbRGIN SRR HRERYr i zat i on of
devices, the cross sectional area of a,wiring | ayer has. beco smal |,

wher eby t he QHBveY ni?%ﬁ@da§uF?%c%aﬂﬁhﬁﬁegag?E'I?%%I%O}bgaﬂggccur when
devi ces are produced nd the area of the.wring portion.-w.l thereby be
furt hor Pedubed uherehy « Hacr Bef Soarad Tagt heredlel e tpen it
case, contaclof@hbAr enlBynLeskllng THEPEL0RE o1 1hE1 [E:81a8LPspObL SN NG,
it is inmportant not to permt surface damages z5 to formon the wring
llayer, whi chn6ahsDRbrbest empy¥gdoRyqthe Aeeand &P PRldeshi ng,e Whi l e the
stock renoval rate against the copper |ayer should not be inpaired. As an
exanpl e of thespptdsbhag BPMIeshyi N1V 0ohe tged ddraspehidhindg step
pol i shing) JP-A-7-233485 (prior 20 art 1) discloses a polishing liquid for
a copper typeomposaitiager thehcobpeonpaysesand tkastannelwongeencateioy

sel ected fromthe group consisting of am noacetic acid (hereinafter
referreds o eemgbyefinéiyandanfi destipFuty crarpded apy age 8i ohieg atfend and

wat er, and a pethod for 25 producing a sem conductor_devi ce using_such a
pol i shing |igtraleFapthehingpsheR. sa80oral $816R8sWah! aBE asPiRl WhEdh

contains am noacet] ¢ achd,and/ gr  am derUb ML Cinsa18ting layer.
However, copper and a tantalum-containing compound
are different in their hardness, chemical stability and
20 other mechanical properties and accordingly in the
processability, and thus, it is difficult to adopt such
an ideal polishing process. Accordingly, the following
two step polishing process, i.e. polishing process
divided into two steps, is being studied.
25 Firstly, in the first step polishing (hereinafter
referred to as the first step polishing), using a

polishing composition capable of polishing a copper layer



acid, an oxidizing agent, water and benzotriazole or its derivative, and a
pol i shing nethod using such an abrasive. Wen a copper |ayer is polished by
usi ng such a polishing liquid (or an abrasive), a relatively high 5 stock
renoval rate can be obtai ned. However, as a result of the experinments
conducted by the present inventors, it has been confirnmed that when a wafer
having a pattern including a copper wiring formed thereon, is polished by
using a polishing liquid sinply 1o contailning an abrasive, glycine and

hydr ogen peraxi de,. ghem : [ f e e [ t he
copper surfa&geé %ﬁ?le#}bt eE%%%%ﬁF’ngg?egné oelﬁgla;pé;ﬁijf’sl ?;%tfékgﬁ%q?%ﬁn%ti on of
recesses on j.rir i tfgﬁF% i ther, in
aib5 case vvhée':bg' E%%?%‘%P%’ﬁ%ﬁ%ma u th%rgd}]bfaf %%E%?ggss%?‘? rr%%cal

etching effeqgl: On SopPes {snt NEARROSRLLoh il FGREol R SUPRLLSSs er osion on
t he copper surface, if the addition anmount of benzotriaZole is too |arge)

the stock remy@led at gicdfe,! R CAPRELURRE ENEDH GhR12QY Hagiduscant |y
|l ow, and the polishing takes long tinme, such being inefficient. On the

ot her hapd, difrfde: atthddon AN s Ofe DS | 1Bz Fork S d0sh 5@ et dO,
adequate function to suppress chem cal etching effect can be obtained, and

it is theremnithposséiiber t Dapste it Bdde 25 Isdppiess §ospadis Disloing asesses on
the copper wiring portion. Thus, according to the experinents conducted by
t he presert temweniaresd immddisatelbn Yaolowe i meogsid eclo tprmova denan
adequate stock renoval rate of a copper layer and at the sane tinme to

suf fi ci ent | yconippiebrg formpeiet bivekcessesvlohle a&opperemi Fayryr potilbn,
when the copper 5 wiring js polished by using a polishing _conmposition
conpri si ng aht ¥y VEEMFRRR | ndheBenist ez 5196 CaRd SkgPe PO ld$HiR% he above

prior art 1. Here, with reference to Fig.. 1, the phenonenon, of, formati on of
Fecesseswi | {BTTR1HAFE B TOHETHRA o6 13DME SF YA Totherf L1 0 AShpo nt

Fig. 1 ill h f a devi i shi h d

bt | ayot (tht AR CONI T oL Te o G L bs Al ety ar e
I d vi ' j N Fi ' ts. Fig. 1(d

Chove the. stare o s S0 gt Holfhd AR te B hown by B gs.

1(a) to 1(deriictache coactumed, LAt HEESSHSAr £k NRds bynd wo effects

which will be described below. Nanely, the first effect is an effect by a
vol t age f or nesh ty1 drhec difit £1 h Did| ¢ S S1en d Mok 10 Sedtk o St S Mg tei P the
polishing. As shown in Figs 1(a) and 1(b), the surface of the

t ant al umscont@asul avgi o nbaved as axs$ diEssr byartdegbl slsihnogi compasi¢ted and
wi |l readily be changed into tantal um oxide (Ta205). Tantalumoxide is a

hi ghly di el egten cllantedieeaehedtthe Tudstanvey ket hus, when a 25 pressure
is exerted to this tantalum oxide, a,voltage will be fornmed. Accordingly,
during the polishfRg: FECESPREssEFesapy #PEcHiDharIfdFeeSAFE2eXerted to the

Vi . . s .
device damages due to excessive polishing of the wiring portion.

The recesses are meant for dents in the wiring portion

20 (copper in this case), and they are usually caused by a
chemical etching action to the wiring portion. The
erosion is meant for a phenomenon such that at an aligned
copper wiring portion and an insulating portion, the
insulating portion is excessively polished as compared

25 with an insulating area portion (a non-aligned portion),
and it is usually caused by elastic deformation of a pad,

a high stock removal rate of the insulating layer, or an



_ g _ surface, a voltage will be fornmed by a piezoelectric effect on the
surface of the tantal um containing conpound changed to tantal um oxide (the
surface |l ayer side is negatively charged, and the Ta interface side is 5
positively charged). The second effect is an effect by a so-called gal vanic
cell, which will be forned between copper and the tantal um containing
conpound. This effect is caused by a difFerence in the specific

el ectrochem cal potential between copper (Cu) and the tantal um containing
10 conpound.exaieivd e PASE MRSt erdtSr LOTmares whd hddelating

tant al um cont ai ni ng conpound and is readily soluble in water. Accordingly,
if a vol t agedrx fan medhy dilkeé ibhigr 9t afcbect foel eciphensmnen emredHy t he
positively charged tantal um oxi de, whereby copper tends to be readily 15
ioni zed, andtas shupwer nwihihg eyt i@ofpering seateldt ingd W sutbjlected to

chem cal etching, whereby as shown in Fig. 1(d), deep recesses wll be
fornmed al ongvitdieh coppercentréngpporidom afties WMJmllsmergess%dtmtatl me,
the polishing conposition serves as an electrolyte and thus 20 pronotes the
chem cal 5et cHigly Hidmet .aEcor dingisually icasigeodny Celesinaticn devel op a
pol i shing conmposition which has an adequate stock renoval rate of a copper

| ayer and wia#whi ch pol i shing can be carried out without formng recesses
on the copper wiring 25 portjop, i.e. while reducjng chemcal etching to
copper, in poI|s%ﬁ?@ﬁ3%16%1%%E1?EP¥kF%Eﬂ?%h%% WRet SR oppl? @FASEhe

tant al um contai nin ound.are coexi stent. The present invention
has been nacﬁ?cttolos‘%r ? Yo fdlidedtd i r%’?—el?gﬁcm%%os’%lf's an obj ect of

t he present _i.nvent.i rovide a shi.n osition
pol i Ehl ng car¥1 23 a(r)trrhl e PR OUL- v m‘?rhtlcprfeé %l %em car et c%lanrge e %V\ry agal nst
copper, .. €. oé&hﬁ%%r?séé\%’c Ori@d | &Icéc?ceaﬁ?t?strg{ 48, COPPBLe W i ng

portion, wi thout inpairing the stock renoval rate a copper ayer in a

CMP process fi6Fi Y QEBied 1K6h 8y SENM QONHIGE Ole 081G £ TR ST et &35
| ayer nmade of 10 copper and a | ayer made of a tantalun}contalnlng conpound

on a substraitey Heh et NG Eidinde et oM ngh Sasethr @mpatdsdj ng
conposition. The polishing conposition of the present invention
contact failure may result. Therefore, in the first step
polishing, it is important not to permit surface damages
15 to form on the wiring layer, which can not be removed by
the second step polishing, while the stock removal rate
against the copper layer should not be impaired.
As an example of the polishing composition to be
used for such first step polishing, JP-A-7-233485 (prior
20 art 1) discloses a polishing liquid for a copper type
metal layer, which comprises at least one organic acid
selected from the group consisting of aminoacetic acid
{(hereinafter referred to as glycine) and amidesulfuric
acid, an oxidizing agent and water, and a method for
25 producing a semiconductor device using such a polishing

liquid. Further, JP-A-8-83780 discloses an abrasive

which contains aminoacetic acid and/or amidesulfuric



conprises (a) at |east one abrasive selected fromthe 15 group consisting
of silicon dioxide and al um num oxi de, (b) at |east one organic conpound
selected fromthe group consisting of a polyethylene oxide, a polypropyl ene
oxi de, a pol yoxyet hyl ene al kyl ether, a pol yoxypropyl ene al kyl ether, a

pol yoxyet hyl enepol yoxypropyl ene al kyl 20 ether and a pol yoxyal kyl ene
addition polynmer having a C Ctriple bongl,-represented by the fornula (1):
RBRA I ~n"Cx?~c'c _--_ GCCCep oRz 25 wherein each of RLto Reis a Cl |lo

al kyl oroupogash o Kasodfly ANhe |5 B el sne, Sroup, o1 Sopropy! ene

group, and ea mand n 1s a positive nunber o roml to 20, ) at

[east one poldshiagnpgceked &l g sompaynge sel ecterhd rase hen or oup
I C acCl d,

consisting of citric acid, oxa 5 tartaric acid, glycine, a-alanine

and histidingr{d)val herst OnQRRl AQRASIIe paliatHed hy UBitke WPUP
consi sting of benzotriazole, benzim dazole, triazole, imdazole and

tolyltriazolg,pdElshyel oOBgu PEr X den @b Ive WAt Lrre 5o IRRGL PO i §hi ng
conposition of the present invention is characterized in that the organic
conmpound s5( b)scasipriamsvd blyated d@ashe osieraigadi ¢ conpound sel ected fromthe
group consi sting of a polyethylene oxide, a polypropyl ene oxide and a

pol yoxyal kyl ene Addeténn 45 porgselthalfi nge aetper Gnéntpl eohdudtedepyesent ed
by the above fornula (1), and (b2) at |east one organic conpound sel ected
from the grotipe corssent ngnoinopsl yoxyleahyhese edkylresdeghatn when a

pol yoxypropyl ene al kyl ether and a polfoxyethylenepolyoxyprop | ene_al kyl

et her. 20 THea%eH i B3V HP corppsteFanl®? LY dE P r setRPehHVeHE 118 g%r%@@o
characterized in that, the organic conpound (ég conprises (b3) a

pol yoxyal ky| &her &l t+orPPbt PavitRS £ RO i el U BSent ed by
the above fornula, (1 and_(b2).at |east.one organic conpound sel ected from
the 25 gPoup BHTRrSIh R0 o R8T Joxy BTy Ena Sl KT Erher o oride!
gf'r]g??‘ypmpy&?&%i@éfyét&faﬂ% SPF & PO YOXYSL YL eheRpbyoxyrLopyh gne al kyl
copper surface after the polishing tend to be
significant, and formation of recesses on the copper
wiring portion tends to be substantial. Further, in a
15 case where benzotriazole having a function to suppress
chemical etching effect on copper is incorporated in
order to suppress erosion on the copper surface, if the
addition amount of benzotriazole is too large, the stock
removal rate of the copper layer tends to be
20 significantly low, and the polishing takes long time,
such being inefficient. On the other hand, if the
addition amount of benzotriazole is too small, no
adequate function to suppress chemical etching effect can
be obtained, and it is thereby impossible to adequately
25 suppress formation of recesses on the copper wiring

portion.

Thus, according to the experiments conducted by the



- 11 The polishing conposition of the present invention is characterized

i n that the pol yoxyal kyl ene addition polyner having a C = C triple bond,
represented by the above formula (1), is a dialkyldi methyl butynediol 5

pol yoxyet hyl ene gl ycol ether represented by the fornula (2) HQ (CzH40)m C-C
© G CCC2H40~n"OH 10 ~z R2 wherein each of R and R2 is a Cl_10 al kyl

group, and each of mand n is a positiveynunber of from1l to 20. The
pol i shing nmethod of the present invention conprises polishing a

sem conduct o deyl ce; having  at 15 %—?@%eé’n' &Edoimﬁé@gﬁ&lﬁ”@oa | ayer of a
nas Wt t

t ant al um contai ni hg conpound Tornmed o ubstrate, e above

i shi L : . Ll b . :
pol1shing CM%}% Novsud fe @Eﬁél@r%ezhé‘é‘éﬂ QP Wl 5 @o;ﬂ;?ifrlgfg In

further det th reference to the preferred 20 enbodi ne I'n tﬂe _
acconpanyi NGy aW NGSe FAMS - t &) £ & Osdf £ c PELL BENEIBLFEs ¥ T BYBatisgtrating

t he mechanismfor the formati on of recesses at a copper wiring portion of a
device. 25 AW asdddsdde abrastyspas wneind $erposeNtsheh the eobbshi ng

5 wiring is polished by using a polishing composition
comprising an abrasive, glycine, benzotriazole and water,
as in the above prior art 1.

Here, with reference to Fig. 1, the phenomenon of

formation of recesses will further be considered from a

10 physicochemical viewpoint. Fig. 1l(a) illustrates the
state of a device when polishing has reached a barrier
layer (tantalum-containing compound: Ta). Figs. 1(b) and
1(c) are enlarged views of portion A in Fig. 1l(a) to
illustrate effects. Fig. 1{(d) shows the state of the

15 device after the polishing. As shown by Figs. l(a) to
1(d), it can be concluded that recesses are formed by two
effects which will be described below.

Namely, the first effect is an effect by a voltage

formed by the frictional force and pressure during the

20 polishing. As shown in Figs 1(a) and 1(b), the surface
of the tantalum-containing compound is oxidized by the
polishing composition and will readily be changed into
tantalum oxide (Tay;0s). Tantalum oxide is a highly
dielectric and piezoelectric substance, and thus, when a

25 ©pressure is exerted to this tantalum oxide, a voltage
will be formed. Accordingly, during the polishing, if a

pressure and frictional force are exerted to the device



conposition of the present invention plays a role of - 12 nechani cal
polishing in the CMP process, and as such an abrasive, it is comonly known
to enploy fine particles of e.g. an oxide, a nitride or a carbide of a
nmetal. In the present invention, at |east one nenber selected fromb5 the
group consisting of silicon dioxide and alum numoxide, is used, and it is
particularly preferred to enploy silicongdioxide. The silicon dioxide

i ncl udes nany types differing in the properties or in the processes for

thei _producti ppa 2o 4 nelehag gel] oidelosilicsy 1 e siilse pad ot hers

In the presen Fhvents on em or a m Ity of them
may be enpl oye V. f _ I lica.
The al um nun%o%%gb%c%deéﬁrfé %ﬁéﬁa@ﬁ% %lﬁjﬁl&ngﬁ %%EP%Q&’ %ﬁé ncic@)lérﬁi%L %m na

and ot her Mé’@'t@@' Eé[ngéiﬁrﬁr&@}.d@”?@he Fé‘lﬁ:?@&ée ié;?é‘%'é:?dé’ri)&ess there
he

is one called | oi dal al um na or funed al um na. present invention,

one of them@igar (H&iyrenofgdaplama@l iy of {hem nBye bei @apl oyed. However,
it is 20 preferred to enploy colloidal alum na or fumed al um na which can

be di spersedhdsitivdbpl ehe&odd@) dalThsd ater dridl WeHRIct AW theraf fdte ayr @asive is
one which polishes the surface to be polished, by a nechanical action as
so-called galvanic cell, which will be formed between
copper and the tantalum-containing compound. This effect
is caused by a difference in the specific electrochemical
potential between copper (Cu) and the tantalum-containing
10 compound. Copper is a base metal as compared with the
tantalum-containing compound and is readily soluble in
water. Accordingly, if a voltage is formed by the first
effect, electrons are removed by the positively charged
tantalum oxide, whereby copper tends to be readily
15 ionized, and as shown in Fig. 1l(c), copper is selectively
subjected to chemical etching, whereby as shown in Fig.
1(d), deep recesses will be formed along the copper
wiring portion after the polishing. At that time, the
polishing composition serves as an electrolyte and thus
20 promotes the chemical etching effect.

Accordingly, it is strongly desired to develop a
polishing composition which has an adequate stock removal
rate of a copper layer and with which polishing can be
carried out without forming recesses on the copper wiring

25 portion, i.e. while reducing chemical etching to copper,

in polishing an object to be polished where copper and

the tantalum-containing compound are coexistent.



25 abrasive grains, and the particle size is influential over the stock
renoval rate or the quality of the polished surface. Nanely, with a viewto
maintaining a - 13 sufficient stock renoval rate and suppressing
formati on of defects on the device surface after the polishing, the
preferred particle size is from10 to 100 nm nore preferably from20 to 80
nm still further preferably 5 from30_.te 60 nm as an average particle
size obtained fromthe surface area neasured by a BET net hod. The
concentration of e LVe. | he_pol Lshi osjt] LS ef erably
fromO0.5 to 200 E%Q~P?§%§§kp?%?g?ggg§ g%%n?%ggoﬁ%gg S#~$8Fyétﬁgé

concent tat i oft 0fc L 9eLbes K 35} v 3 ogub O Lheapeghaaleabe PokL shi ng pover

tends to decrease, ere e stock renoval rate e copper |ayer may

decrease i n $pUB.GESERyo P biler 1DV DGy 1101 coNCoRbsaLE o of the

abrasive is I gh, the nmechanical polishing power tends to I ncrease,

whereby 15 theck afRioh polishing the pantalHmgonteihifg gonpeund |ayer
tends to be too high, and erosion is likely to result. Organic conpound The

or gani ¢ GonperEdi @s1 oaecRing oappeent sgoinsbec@epPp| | shé ngogonposi tion of
the present invention is at | east one nmenber selected fromthe group

consi sting ofupppesyehdyteneaokodesf ar ot ype o pyh etice oxdBieer awiring

pol yoxyet hyl ene al kyl ether, a pol yoxypropyl ene al kyl ether, a

pol yoxyet hylpoepoby oxyptibpyt eivepal kKithg et her s anck 26emopal yoxyal &l &ne
addition polyner having a C = Ctriple bond, represented by the fornula
(1): - 14 cepper Layer ~xim &-EMR precess oRer Sonpdvelmoeach of RL to R6 i s
a Cl_1o al kyl group, each of X and Y is an ethylene group or a ropglene
group, and caThHlePRANGRET ndPElGe peRIRT Vel Rginber LeRSE rantaye®d wge ©

10 copper and a layer made of a tantalum-containing compound
on a substrate, and a polishing method employing such a
polishing composition.

The polishing composition of the present invention
comprises (a) at least one abrasive selected from the

15 group consisting of silicon dioxide and aluminum oxide,
(b) at least one organic compound selected from the group
consisting of a polyethylene oxide, a polypropylene
oxide, a polyoxyethylene alkyl ether, a polvoxypropylene
alkyl ether, a polyoxyethylenepolyoxypropylene alkyl

20 ether and a polyoxyalkylene addition polymer having a C=

C triple bond, represented by the formula (1):

R, R,
R,0-(X),C-C=C-C(Y),-OR,

25 R5 R6

wherein each of R; to R is a Ci.10 alkyl group, each of X



The pol yethyl ene oxide is usually called 1o pol yethyl ene glycol and has the
follow ng structural formula. H ( OCH2CH2 ) n-OH wherein n is an integer
representing noll of added ethylene glycol. 15 The pol ypropyl ene oxide is
usual |y call ed pol ypropyl ene glycol and has the follow ng structural
formula. H ( OCH ( CH3 ) CHZ ) mOH wherein mis an integer representing
nmots of added 2o pol ypropyl ene oxide. _Thg ool ecul ar wei ghts of the

pol yet hyl ene oxi de and the pol ypropyl ene oxide are not particularly

limted, butardtdiey i exrprefigfialy Hamouds ddid &l aehage 4/ ecddar
wei ght of from 100 to 10,000, nore preferably from 200 to 25 1, 000. The

pol yet hyl ene 0xi dgha@nd tden pod 3 BRY e axidke may 1B dolx of (supar essi ng
recesses on the copper wring - 15 portion in polishing of a device. In
order to havedde drd equerdrore dsdl fdd eimd Yondwuramidlte dfed Bigm addi tion

Is preferably from1l to 200 g/.~, nore preferably from10 to 100 g/ ~, based
on the entirthemng tdRisiddfinded ammind dsid omamld ,adial adequat e ef f ect
for suppressing
5 tartaric acid, glycine, wa-alanine and histidine, (d) at
least one anticorrosive selected from the group
consisting of benzotriazole, benzimidazole, triazole,

imidazole and tolyltriazole, (e) hydrogen peroxide, and

(f) water.

10 The polishing composition of the present invention
is characterized in that the organic compound (b)
comprises (bl) at least one organic compound selected
from the group consisting of a polyethylene oxide, a
polypropylene oxide and a polyoxyalkylene addition

15 polymer having a C=C triple bond, represented by the
above formula (1), and (b2) at least one organic compound
selected from the group consisting of a polyoxyethylene
alkyl ether, a polyoxypropylene alkyl ether and a
polyoxyethylenepolyoxypropylene alkyl ether.

20 The polishing composition of the present invention
is also characterized in that the organic compound (b)
comprises (b3) a polyoxyalkylene addition polymer having
a C=C triple bond, represented by the above formula (1),
and (b2) at least one organic compound selected from the

25 group consisting of a polyoxyethylene alkyl ether, a
polyoxypropylene alkyl ether and a

polyoxyethylenepolyoxypropylene alkyl ether.



recesses can be expected. On the other hand, if the anbunt is too |arge,
the polishing accelerating effects of the abrasive or the polishing

accel erating conpound tend to be prevented, and the stock renoval rate nmay
10 likely be decreased. The pol yoxyet hyl ene al kyl ether has the foll ow ng
structural fornula and is one having ethyl ene oxide addition-polynerized to
a linear or branched higher alcohol. 15RO ( CHzCH20 ) n-H wherein Ris
an al kyl group, and n is an integer representing nols of added ethyl ene

gl ycol . The Tivd yoxypsiopyd enenad kit i @t hef tias pheséot | Dnwegt Sémucs ur al
formula and is one having propyl ene oxide 20 addition-polynerized to a

| i near or braimchedtdr ghed @b cotmt . tHRe oy CHZCHkY 168 3d0iiomH wherein R
is an al kyl group, and mis an integer representing nols of added propyl ene
gl ycol . 25 Thelypotydxyeimyl 2nefda yoxydreofpdrene radudseettiest thashde
follow ng structural formula and is one having propyl ene oxi de and et hyl ene
oxi de additi@repel Homemikad(l) » 16 atdialkyhéameohybratvhedidl gher al cohol
RO (( CHzCH( CH3 ) 0 ) m ( CH2CH20 ) "-H wherein R is an al kyl group,
and m i s 5an potvepyethptesenylyerhotther oekledseropyl evietlgeyEotmudad n is
an 5 integer representing nots of added ethyl ene glycol. The

pol yoxyal kyl ehk: addi ti on pol yner having a C = C triple bond, represented by
the formula (1), is preferably a dlalkyldlnethylbutynedlol polyoxyethylene

gl ycol ether represented by the Rfé 10 C HO(CZI-40)m CGC
C-CCCzH40)"-OH ~x R2 wherein e 3of R2 |s a Cl |lo al kyl group, and
each

Iqro_(c;mo)m-g-c_c-cl-(CZHA,Q)n -OH
R1 I‘Z

10

wherein each of R; and R; is a Ci-19 alkyl group, and each
of m and n is a positive number of from 1 to 20.

The polishing method of the present invention

comprises polishing a semiconductor device having at

15 least a layer of copper and a layer of a tantalum-
containing compound formed on a substrate, with the above
polishing composition.

Now, the present invention will be described in
further detail with reference to the preferred

20 embodiments.

In the accompanying drawings, Figs. 1l(a) to 1(d) are
schematic views illustrating the mechanism for the
formation of recesses at a copper wiring portion of a
device.

25 Abrasive
The abrasive as one of components of the polishing

composition of the present invention plays a role of



s5 of mand n is a positive nunber of from1l to 20. The nol ecul ar wei ghts
of the pol yoxyet hyl ene al kyl ether, the pol yoxypropyl ene al kyl ether, the
pol yoxyet hyl enepol yoxypropyl ene al kyl ether and the pol yoxyal kyl ene
addition polynmer having a C = Ctriple 20 bond, represented by the formula
(1), are not particularly limted. However, they are preferably conpounds
havi ng an average nol ecul ar wei ght of _-frem-1, 000 to 30, 000, nore preferably
from2,000 to 20,000. Fromthe fact that no effects can be obtained if only

25 hydr ophi | Iﬁﬂﬂﬁ se in.t cule, it
i s evident t¢éﬁﬁ% %ﬂ%ﬁ%%ﬁ%?&?;PEC%QQ?ﬁﬁﬁégé o %dr%ﬁﬁr ?c§€$%g%§
(ethyl ene oxide)s and the ;s -cdufmoly r@@ﬁ@@'@o9@&5@§y(§&%¥|ﬁaf§1éﬂ@§rtant

Nanel y, the anount of the added hydrophilic groups 1n the nolecule is

preferably fgore 19. to, Q% asurdheirridie ool yoxyebhytese alkytaet her the
pol yoxypropyl ene al kyl ether and the 5 pol yoxyet hyl enepol yoxypropyl ene

al kyl ether tmy hoyveertn DRFéONBbN Al iyl 1G4 Otpod tidiib@r I 88D ol £ Boh npai r
the effects of the present invention. The pol yoxyet hyl ene al kyl ether, the

pol yoxyprsopytieneyedy| catdiest amgl ¢Hesilbi pob ydkyel dy | @ne pol yokypnopyl ene

al kyl ether, play a role of suppressing recesses on the copper wring
portion in pmh@éu ngsoisaddeann@eltlrscpahetlct@ldmalf_e phetent ed peo f or ned
sufficiently, the amount of their addition is preferably from1l to 50 g/:
more prefer ast;nzyl¢ym121¢@13®1q>51@¢l L, based on the entire conposition.

Furt her, the anount of _the pol yox aIkerne addi tion polyner having a C = C
triple bond, repFe8ehidicRy ehext ?nwal%@?? ranyr e¥eeabfytfesime. 50t o 100

g/.~, nore preferabl from1l to 50 ~, based on the entire_conposition.
I'f the amourt? %dp¥%9%%EF%?mﬁ¥ l%ot%%eﬁﬂ%f%s%ﬁ? T f e%ﬁp%?%%%?%bo?ecesses

Sgrl gﬁl ﬁép:g%gc?]ekﬂcghl?% %ﬁ%ﬁ‘% J;fsf%ﬁecaabrg %go%ﬁ%%% %% |% %lgé acrc][% erating
conmpound i s %%eac% * I&g;{@{l Sgt%ﬁ?d fh@héﬁoc&r?’?ﬁi’ﬂuf@t@f nay |ikely

be 25 decreased ene OXI t he ‘pol ypr opyl ene oxi de,
t he p0|yOXYQﬁﬁﬂfémﬁtﬁl5fltﬁéﬂeﬁaytﬁ@ employed. However, it is more
preferred to employ colloidal silica.
The aluminum oxide includes a-alumina, <y -alumina,
15 B —alumina, «k -alumina and other morphologically
different ones. Further, from its process, there is one
called colloidal alumina or fumed alumina. In the
present invention, one of them or a mixture of a
plurality of them may be employed. However, it is
20 preferred to employ colloidal alumina or fumed alumina
which can be dispersed in a stable colloidal state in
water.
Further, the abrasive is one which polishes the
surface to be polished, by a mechanical action as
25 abrasive grains, and the particle size is influential

over the stock removal rate or the quality of the

polished surface. Namely, with a view to maintaining a



- 18 pol yoxypropyl ene al kyl ether, the pol yoxyethyl enepol yoxypr opyl ene

al kyl ether and the pol yoxyal kyl ene addition polyner having a C = Ctriple
bond, represented by the forrmula (1), is a nonionic type 5 organic conpound
and is not one which increases the electrical conductivity of the polishing
conposition. Accordingly, it is considered that even if such an organic
conpound is incorporated to the polishing conposition, the electrical
conductivity of the polishing 1o conposition can be maintained to be | ow,

and the polishi Ag. camposi {hon-&ends) toahardly agl,Assam el aekrolyig during

polishing. Specifically, the electrical conductivity is preferably at nost

100 umcm  Ther ped yed hy | SMecixi dsy i ddies ot yd ot &hec1oxi €l i dhend d the
pol yoxyet hyl ene al kyl ether, the pol yoxypropyl ene al kyl ether, the

pol yoxyet hyl&Repo yax v Pyt Baes B &yl s efhefi B0 d heo ook Oxysd &yl ene
addition polyner having a C = Ctriple bond, represented by the fornula
(1), are reqershdilpercimsnd viesl &0 ranspentell further corpbsidhon. A 20
plurality of the above organi c conpounds rmay be used in conbination within
a range mot fom NP@itot e &f f exd sarofatdengs gsentidcIweii®pbaathédey nmay be
conbined in optional proportions. Further, copolyners of such

pol yoxyet hyl &Enem at kg | s\ 25f &t dexy e pohgaxyped pyy emeBET kydtleeder and

pol yoxyet hyl enepol yoxypropyl ene al kyl ether, i.e. a polyoxyethyl ene

copol ymer, a pol Yosypeopghenat copodynehe abragivegngnathe polishing

pol yoxyet hyl enepol yoxypr opyl ene copol yner, are expected to have simlar

ef fects. Pol FEMIR BEeiel BF 20T HEL TP UREPTHE: HFe shd h Aocddiat i ng
conmpound as one_of 5 copponents o he pol i_shi conposition of the present
inventionisPEﬁf?¥%E}yc$g;Wm$hﬁﬁ g%ﬁé%ﬁgd F%oﬁgghgoﬁFSGﬁrEGﬁQPsPﬁng of
citric id, .oxalic acid,.tartarjc aci.d | y.cl ne e-al ani ne and hi sti di ne.
Here, " '?IrC?e ptbl??s lfﬁjsjal\(:%e:‘r.%r At njgo%’on"a%%nlgeé/}?asn}%%ﬁtp%ﬁ l%n%%‘ﬂ%ﬁ wher eby
S0 copper. Cail e, Moy aleadily, dinsplupd-aben AL s BRLISNI Ad 806P! eLati ng
conpound is contained in a sol ution faving hydrogen peroxide dissolved in
pure vater, &@hoStichhFer HIPP UL SELYESiAd Osshel & & £OPRRI dHRelRB)e A O

accel erate poli'shing of the copper |ayer. Anong them glycine is 15 nore
preferred. Thenaolunttiod SeiEdepotd shbvmgo Bced esiedd Hipve orPotdsl h gy ef erably
from2 to 20 g/~, nore preferably from5 to 15 g/.L, based on the entire
conposi ti on.thé néchambunl peligsting hwower giends the Stackasenovidrelaye of
the copper 20 layer tends to be snmall, such being undesirable. On the other
hand, i fl15t hethamotaite ext deebi Soing | the t fansa bak- e@hpvEl inGit @ormpo@ copper

| ayer tends to be too_high, whereby the polishing control tends to be
difficult. ARG FRIYS B0 doR B0 18R r ARA rePHon s t1Heebf &Ring 25 1t.
Anticorrosiyga;yfianticorrosive as one of conponents of the

Organic compound

The organic compound as one of components of the
20 polishing composition of the present invention is at
least one member selected from the group consisting of a
polyethylene oxide, a polypropylene oxide, a
polyoxyethylene alkyl ether, a polyoxypropylene alkyl
ether, a polyoxyethylenepolyoxypropylene alkyl ether and
25 a polyoxyalkylene addition polymer having a C=C triple

bond, represented by the formula (1):



- 20 polishing conposition of the present invention, is at |east one
menber sel ected fromthe group consisting of benzotriazole, benzim dazol e,
triazole, imdazole and tolyltriazole. Here, the anticorrosive is one
raving a 5 function to protect the copper surface during and after
polishing and to suppress erosion of the copper surface. Anong them
benzotriazole is nore preferred. The amgynt. of such anticorrosive is
preferably from0.01 to 0.2 g/.~, nore preferably from0.02 to 0.1 g/.~, so

based on the entire conposition. If the ampunt is less than 0.01 g/.~, the
copper surface after polishing tends to be readily corroded, such being
undesirable. On the other hand, if the anpbunt exceeds 0.2 g/.~, the effect

for forming a protective layer fRr copperg{fnds to be strong, 15 whereby
Qely to

non-uniformty in polishing is I|1i i nduced, and the stock renoval
rate of copper is |ikeglyt eteéizéaLe C ei undesi rabl e. Hydrogen
peroxi de The hydrogenigéabz}gﬁﬂa = é:JE‘ f the 20 polishing
conposition of the present invention, servks as an oxi di zi ng agent. And,

t he hydragen peroxi de has an ad ate oxi ing power to oxidize copper and

has a characteristic such that on& containing no netal ion as an inpurity

can readily pgcpyah | @RtR. o ACRDIH NGl Vs iat LS, 2R1RAL t§EoB! | ¥aSHI babke for
t he polishing conmposition of the present invention. The anmount of hydrogen

peroxide in 4he polishhngthyierd g£OUPOSHt hoProsypectesabhy, faam 2atn 40
g/~, nore preferably from5 to 20 g/~, based on the entire conposition. If
t he anmount off hydawgen peraxpdeitsvéonusballodrftom 1atge20t he stock
renoval rate of the copper 5 layer nmay likely be small. Water The water as
one of conponent $hef pphgepblishengxecdrpdsi tEunldy thélpdesent invention is
preferably one having inpurities reduced as far_ as possible, so that the 1o
above- ngift | oprely ¢elpeenevelenporent Bagahhpr fel sevVingestoratrehelir rol es.
Nanely, it is preferably distilled water, or one having inpurity ions
removed by abP¥BRl@xchange resin and having suspended matters renoved by a
filter. 15 PolisgL?g oty stégon The polishing conposition of the present

i nvention is prepa §°p i"ssol vi ng or di spersing the abovedescri bed

esecti v SPREPRERLE bioapaiobedh PapERLEsLuE Aol ecteiglpn i 0roup
conpound ethylene glycol.

15 The polypropylene oxide is usually called
polypropylene glycol and has the following structural
formula.

H- (OCH(CH3)CH;)~0OH
wherein m is an integer representing mols of added

20 polypropylene oxide.

The molecular weights of the polyethylene oxide and
the polypropylene oxide are not particularly limited, but
they are preferably compounds having an average molecular
weight of from 100 to 10,000, more preferably from 200 to

25 1,000.

The polyethylene oxide and the polypropylene oxide

play a role of suppressing recesses on the copper wiring



selected fromthe group consisting of a polyethylene oxide, a polypropyl ene
oxi de, a pol yoxyet hyl ene al kyl ether, a pol yoxypropyl ene al kyl ether, a
pol yoxyet hyl enepol yoxypropyl ene al kyl ether and a C = C 25 triple bond)
represented by the fornmula (1): - 22 RB~4 RIO-(~~CC=CGC(Y-n OR2 5
wherein each of Rl to R6 is a Cl_1o al kyl group, each of X and Y is an
ethyl ene group or a propyl ene group, andceach of mand n is a positive
nunber of from1l to 20, at |east one polishing accel erating conpound
selected framithe group consisting.of citric acid, ali.c acid artaric lo
261 0. gl yci Hor AU et RS ARE FIS Thi S M T cadt’ SHE o SErSsiVE sel ect ed
fromthe gr | st o] iazol b i dazo, .irlazole
| dazol e and koIt T ADST o e Ry Shert perr el o Wik e i
sonme cases, L Ng= sUp si ng. agent y 1 .q The
Pé‘ﬁ%%%f‘%@o F&m ST NGo 29E0 %f@a é%ﬂf‘éjfe]r%bﬁ{}g A%

nmet hod and ord ol ving or dispersing the respectl conponents are
optional. Fof,exsipy gy, Sidddd th h& ANEd YRGuRIdMd&In OF T$URRESONI €

di spersion may be enployed. By such a nethod, the conponents other 20 than
the abrasi veandibht bes di 8§06t , andl ddegabtaséveeit | fobes@hshessadyin

wat er, whereby the conposition will be a uniformdispersion. Further, at
the time of peepasdagcihebabexsePobdshiolg tRASIdY 0an® Rasitheconpound, a
various 25 surfactant and others may suitably be m xed for the purpose of
mai nt ai ni ng dmeumial  t yoof lahege proldeighbo b shtig pai @ve e g Srad et Ffexrt lependi ng
upon the type of the object - 23 to be polished, the polishing

conditi ons antl ohdéesbnesessi ¢y tlhe polishing.adbel gréoing heomgodurshi ng
conposition of the present invention is not particularly limted, but it is
5 preferred t¢rd thebeorposenieon i anAdihiet 2ot FeNevpH 3% MY 10. Vari ous
basi ¢ conpounds may be_nentioned as an agent to increase the pH.

Speci fi &8l | yLik@donPa, deEh§ReRe: di ani ne, tetranet hyl ammoni um hydr oxi de,

hyl [ hydr oxi d ' droxid di hydr oxi d
b1 per 1 i he. b et B51 HE-EY BF ARG St P M he b 8Bl 607 DBVHLI oned
Arong them Lhgse wlehehaye 2 soml|o ebehing, ot o d 0 copperaand whi ch

i
hardl y aggl onera rasive grains, are preferr 0oSe contai ning no
ot her netal s,;88; { {PHLbE Ger 8 €a PEST £T1 £ 2 2 5o FI10RASLEH VL BYROL Nt S,
t et ramet hyl anmoni um hydroxide 1s preferred. On the other hand, as a
pHcontrol | i aDcagent to be used to | ower the pH the above-nentioned citric
acid, oxalic acid, tartaric acid and an etchi ngsuppressi ng agent may have
such effiscts. AsSReORECH,CH;0),-H

wherein R is an alkyl group, and n is an integer
representing mols of added ethylene glycol.
The polyoxypropylene alkyl ether has the following
structural formula and is one having propylene oxide
20 addition-polymerized to a linear or branched higher
alcohol.
R-0- (CH,CH(CH3)O)pnH
wherein R 1s an alkyl group, and m is an integer
representing mols of added propylene glycol.
25 The polyoxyethylenepolyoxypropylene alkyl ether has
the following structural formula and is one having

propylene oxide and ethylene oxide addition-polymerized



20 exanples, inorganic acids such as hydrochloric acid, nitric acid,

sul furic acid, carbonic acid, phosphoric acid and chl oroacetic acid, my,
for exanple, be nmentioned. The polishing conposition of the present
invention 25 may have an et chi ng-suppressi ng agent incorporated to suppress
a static chem cal etching action to copper. Here, "static" neans a chem ca
et ching action when the - 24 object ihg exposed to the polishing
conposition w thout receiving any nechani cal action before or after

polishing. T §tfﬂjxéyf SW%P&%&W%?Q%%E&S?I@&% for a conpound havi ng at
ac

| east one carboxyl group 1n a ne of a saturated hydrocarbon or a

hydr ocar bon havi pg,0ney ¥y wisat s atedbopds. Further, anong such
conpounds, one hav?ng a?cagggg %ﬂn&erzgﬁ &F east 10, is preferred.

Furt her, pr%@éf@&iﬁ_%%ﬁ@igm By SOUHDI dih & Ym T s Wat e[ @6g @k nost 0.2 g/ 100
g. Specifically, lauric 1o acid, linolic acid, nyristic acid, palmtic

acid, stearifgemedsono Bl s bt SRRAEH Copsh el and EDEEEBN0L] Oh acs daay, for
exanpl e, be nentioned. re preferred is one having one carboxyl group, and
fromthis vievwnejét  régeddenoiid mdinabf cadged, etyyishe conpedl. pal mtic
acid, stearic acid 15 or oleic acid is preferred, and lauric acid or
linolic acid i s Theepplebryatdyldbe addinionfpbhegmetchangnguppcessi ng agent
in the polishing conposition is usually fromO0.01 to 1 g/.~, preferably
from 0. 02 tocidleg/bendbaseurererthed ént i tlee 2Doconipdsii) onis|f the anount of
t he etchi ng-suppressing agent is less than 0.01 g/.~, such is not
sufficient ter leky a helahemddne dichbwgyredioh polroppethyBene he ot her
hand, if the amount of the etching-suppressing agent exceeds 1 g/.~, it
tends to supprEsl tHenE oeRODSS RN JPY riEke BFrTRER chpber | ayer
excessively, and its dissolution i he pgbkihing conposition tends to be
di fficul*. - 25 In the polishi onpos-Etpn of the present invention,
the surfactant may further be used to incréase the di spensability of the
abrasive or to adj usHOHECH;O)si-Q-CEGLC H,O) e@Hon of the polishing
5 conposition. The surfactants incl ude, fol ex npl € a di spersing agent, a
wetting agent, a thickener, a defggm ng ad&gt, a foam ng agent, a water
repellent, etc. The surfactant to be used as a dispersing agent, may
usually be of a sulfonic acid type, a phosphoric acid 1o type, a carboxylic
acid type orwker@it sdch typer, Hae pgl Lshang, Genpusyt i @rowd, tdwed psesient

i nvention may be prepared, stored or transported in the formof a stock

sol ut i onshavwhgn aan@lat ived yods ghiconrenbentodnfreo thadt 20. may be dil uted
for use at the tine of actual 15 polishing operation. The above-nenti oned

preferred range The molecular weights of the polyoxyethylene alkyl

ether, the polyoxypropylene alkyl ether, the
polyoxyethylenepolyoxypropylene alkyl ether and the
polyvoxyalkylene addition polymer having a C=C triple

20 bond, represented by the formula (1), are not
particularly limited. However, they are preferably
compounds having an average molecular weight of from
1,000 to 30,000, more preferably from 2,000 to 20,000.
From the fact that no effects can be obtained if only

25 hydrophilic groups or hydrophobic groups are present in

the molecule, it is evident that the balance of mols of

the added hydrophilic groups (ethylene oxide) and the



for the concentration is one for the actual polishing operation. Needl ess
to say, in the case of adopting such a nethod of use, the stock solution
during the storage or transportation is a solution having a higher 20
concentration. Further, hydrogen peroxide has a characteristic such that it
deconposes in the presence of e.g. netal ions or ammoni umions.

Accordingly, it is advisable to add andqfix it to the polishing conposition
i medi ately prior to 25 the actual use for polishing operation. Such
deconposi ti oge X] d t~.) east. one

organi ¢ conp ngdpés%%%([ge%r%% ﬁ@‘%@guﬁg wﬁgﬁghs%@r}y'oﬁf

pol yet hyl en i.de, y. I i de; xy.et her, a
poIyoxyprop??@ﬁ%ggf%gl€ééké§€%¥g %bif%é;ggﬁiﬁ%ﬁg%%$y%§f%%%ggﬁgﬁékg%kg et her
and a pol yoxyal kylgane, addidiopn folyier hawiddg.2 G GdividheteAtne
represented by the formula (1) to sone extent, but it can be suppressed

al so by m xigwkgnadhesr al €ed1abo BF o8 ROXY1 dife ag118y1 RFRELCIand tths possi bl e
to obtain such an effect by the ‘above-nenti oned pH adj usting agent.

However , ssucho Desoreesy 1émspdlydxper o1 eed cetkylD etisor byay heawd ofiage
environment, and there is a possibility that part of hydrogen peroxide
under goes demmipmsal i atkyluegtou@ weripet sd wenghange wdurimgalir arisportati on
or due to formation of a stress. Accordingly, it is preferred to m x

hydr ogen pereidelets Sof nreei mtetgntbefrovent ten pol i shing. Polishing method The
pol i shing nmethod of the present invention conprises polishing a

seni conduct or dePheerhiypbrigetlylenstabkyhyether, cbpper and a | ayer of a
tant al um 20 cont ai ni ng conpound fornmed on a_substrate, with the polishing
conposi t i on ROFMPFERFPY HAbde He_RER$ e eSPRct i ve conponents i.e. at

| east one abrasive selected fromthe group consisti of sjlicon djoxide

and al uiPnurR SR ey S THY R0 TY e BRI LbR Thnoht Sereiot dal 1Y ofn THES 25

group consisting. of a polyethyl ene oxi a_pol ypropyl ene oxide, a

T oy ot byt SheSutr £ BHd UL ENEE W Cene % BAIIPI P OK 66

pol yoxyet hyl YOXVPE OPYAERFCE! Ky ovaed! LG 3B adud yoxyal kylene
o)

addi tion pol'yner having a C Ctriple nd, represented by the formula (1),

at | east ong@ptdSitAd@EERt L&A 1NT CREPOHREL Sebected £ ronaibeo9r o8P

consisting of citric acid, oxalic acid, tartaric 5 acid, glycine, a-alanine
and hi stidi nerefdrdiebgt fo6e Antd CHO resl,venced aotetb faing theomgrown 30
consi sting of benzotriazole, benzimdazole, triazole, imdazole and
t ol yl t ritazole/ 0 hydrsrge ropertoxiae, i mndomgiceyitiand, Forsbee, cabes, an
et chi ng- suppressing agent. 1o By this polishing nethod, polishing can be
carried amount of the polyoxyalkylene addition polymer having a
C=C triple bond, represented by the formula (1), is
preferably from 0.5 to 100 g/f, more preferably from 1 to
50 g/f, based on the entire composition. If the amount
20 is too small, no adequate effect for suppressing recesses
can be expected. On the other hand, if the amount is
excessive, the polishing accelerating effect of the
abrasive or the polishing accelerating compound is likely
to be prevented, and the stock removal rate may likely be
25 decreased.

Each of the polyethylene oxide, the polypropylene

oxide, the polyoxyethylene alkyl ether, the



out with a | ow chem cal etching action to copper i.e. while suppressing
formation of recesses on the copper wiring portion, wthout inpairing the
stock renoval rate of the copper |layer. s5 The reason for such a | ow

chemi cal etching action to the copper |ayer i.e. suppression of formation
of recesses, is considered to be as follows. Nanely, it has been nade
possible to suppress formation of recessgs _on the copper wiring portion by
20 incorporating at | east one organic conpound sel ected fromthe group

i sti f | yet h i de, I I i de,
pol yoxyet hy ey SRR P ZEPF, 2P orbhene. ol kyl ether . a
I t hyl I I | Kyl
S e R e S i B
dditi on_pol YT = T . et ed |
"2 Compolnaty TR Rl PER v e B o PRI e R veion o

SUpDI esses 11640l £o38e 80k, £ ecky oLy e et apeel erat esadi st ut Eppeof

copper by the above-descri bed two effects on the copper wiring portion (see
Figs. 1(3) Sit&d{d)domsbenduitders Abe andigrisRsiNerehfestenare pronoted
by the anticorrosive incorporated to forma protective |ayer on the surface
of the coppesléayeicaFusdh@lictivity epnshdepsti thahgt BempOsOtponati on of an
et chi ng-preventing agent serves to suppress a static so chem cal etching
action, and &vesrdhrenly heiobiectotoi derpdl tishedeven ekposedht ant he poli shing
conposition before or after the polishing, the chem cal etching action can
be suppr esseal gdur¢ heompotmed r b$ esnowiedra bedr espeice i pel tohpogent s z5 ot her
than the above will play in the polishing of copper, are considered to be
as foll ows. PTResItiene Hpe asleetvegbscondpet vty sof chéedohbehangcal
pol i shing and acce| erates polishing. Hydrogen peroxi de oxidizes the copper
surface 0o RS br1PR | e2loxPdi B taieed 29 Farteer, 28RetB8I i shing
acceleratianCﬁnggund affects _the oxigized ﬁo$§§r surface to forma chel ate
with copper TOnESRHY eSOPRPTEHT MY OF-EBphRr Pt 9tedSt by a®Ronbi ned ef f ect
of the chem f OoR.coppe 0og roxi nd..t he pol i shing
acceleratindgg%%%géﬁgé%n%ufﬂggiéog%%ﬁ%%%baﬁgggﬁécCmgﬁéﬁhekg%rasive.

Fur ther, tI‘%?@étP?ééPS%é!ﬁdéé'@P&%e§s%PétQPaBithE’ £ORPet o§uLhage, af ter

t he polishing, and further suppresses an excessive - 29 chemcal etching
action to copperthbtpbiyeengidgeedxihal biet Be3opebbotisie bREABLI @ROf
recesses on the copper wiring portion can be suppressed, and a high stock
renoval isat eo@fyexppehy tane belkehl ¢ Ziedr, StMbepo aysrfperobaveng alkeli ce
pattern contai ning copper and a tantal um contai ni ng conpound forned

t hereon, is ¢ohéshethdypatyoyye ey boh¢shivgxypnppsienenabkylhetheesent

invention i.e. _the one_conprising at |east one abrasive selected fromthe
gr oup ConSiSQmﬂgt%? rRplyewyalkylene addition polymer having a C=C

triple bond, represented by the formula (1), are reguired
to be dissolved or suspended in the composition. A

20 plurality of the above organic compounds may be used in
combination within a range not to impair the effects of
the present invention, and they may be combined in
optional proportions.

Further, copolymers of such polyvoxyethylene alkyl

25 ether, polyoxypropylene alkyl ether and

polyoxyethylenepolvoxypropylene alkyl ether, i.e. a

polyoxyethylene copolymer, a polyoxypropylene copolymer



1o dioxi de and al um num oxi de, at |east one organi c conpound sel ected from
the group consisting of a polyethyl ene oxide, a pol ypropyl ene oxide, a

pol yoxyet hyl ene al kyl ether, a pol yoxypropyl ene al kyl ether, a

pol yoxyet hyl enepol yoxypropyl ene al kyl ether and a s5 pol yoxyal kyl ene
addition polyner having a C = Ctriple bond, represented by the fornula
(1), at least one polishing accel eratinggconpound sel ected fromthe group
consisting of citric acid, oxalic acid, tartaric acid, glycine, a-alanine

and histidine, at ﬁyﬁg i e @g&%Ft roup
consi sting %&db%hf%?S?éggﬁg?a%%nZ|#§§%§§%g¥$?%?%3g%§gﬂinl ézo%ggand
tol yl tri azolgy, JNUPIN HREJLOH U8 1 AL M1 K. |1 N the above-menti oned

preferred ranges of concentrations or anmounts, it is possible to acconplish

a stock rempeali 23 HRR 1 428 IGRPRYmJA¥RI being at |east 5,000 /mn, and
a depth of recesses onm a copper wiring portion having a wwring width of 10

~Xxm bei ng not nomes e G0hg ddtdlerat 3 -comshat® adheasee o y the copper

| ayer is renoved. Now, the practical enbodinments of the present invention
wi || be desceianpethdnt deffaidhaniddl irsdfigiee reendas iiamploss .t Hdowavessend t  shoul d
be understood that the 5 present invention is by no neans restricted to
such speci f iimvenanpinesis BXAMRIEES brieo nElend SEQRARAT | AOrEXAPIESUD t 0 8
Preparation and contents of polishing conpositions Colloidal silica having
an average pamsictarg & ofitiQ A@aWd aoxdd alpcds] vaagflardinacisi t he
pol i shing accel erating conpound, benzotriazole as the anticorrosive,

hydr ogen perdgwicdére .arl-abenons epfebiasidgeat i fHek i n' thdrohiskying he
organi ¢ conpound, were mxed to water so that they will be blended in the
s5 proporti GfEASHateMd fGEPIUPTabis Mt fhre Farcemanick sfsdiq e

pol Lshi 09 CoUposLtofls of XAl e, Lt 0 SLANLLIRA! A4 RARlise T 10 &

accelerating compound is contained in a solution having
hydrogen peroxide dissolved in pure water, and such a
compound serves to chelate copper thereby to accelerate
polishing of the copper layer. 2Among them, glycine is

15 more preferred.

The amount of such polishing accelerating compound

is preferably from 2 to 20 g/£, more preferably from 5 to
15 g/, based on the entire composition. If the amount
is less than 2 g/£, the stock removal rate of the copper

20 layer tends to be small, such being undesirable. On the
other hand, if the amount exceeds 20 g/, the stock
removal rate of the copper layer tends to be too high,
whereby the polishing control tends to be difficult.
Accordingly, a due care is required at the time of using

25 it.

Anticorrosive

The anticorrosive as one of components of the



pol yet hyl ene oxi de, a pol ypropyl ene oxi de, a 20 pol yoxyet hyl ene al kyl

et her, a pol yoxypropyl ene al kyl ether or a pol yoxyet hyl enepol yoxypr opyl ene
al kyl ether was used as the organic conpound, and its nol ecul ar wei ght and
anount were changed, and the anounts of other conponents i.e. colloida
silica, glycine, benzotriazole 25 and hydrogen peroxi de were the sane,
respectively. In Exanples 18 to 53, a-pealgyet hyl ene oxi de (nol ecul ar wei ght:
400) or a - 31 polyoxyethyl enepol yoxypropyl ene al kyl ether (nolecul ar
wei ght: 8, 0000, yies; s edofsol ies 65 9BA! EncoppOUag: 1 Exaph esid8,to 23 among

them the anmount o he organi ¢ conpound was varied, and 1n Exanples 24 to

29, the amduni, gt ObnkhReRBLYCLbYLERES 0K & VRS ARgeEon FPEE DY) o N
Exanples 30 to 35, the concentration of the colToidal silica was changed,

and in Exanpheszsfrigzdle, then2imidtzoie 9l ¥Ei1 Lo VRS Changesh e Fiid her, in
Exanples 42 to 47, the amount of benzotriazol e was changed, and in Exanpl es

10 48 to 53, céheleppanblel Muhrogaihdermdda was vehangemhe ankd;ieachy of ot her
conponents was the sane. Further, in Exanple 54, a polyethyl ene oxide

(nol ecul ar wehgbtiod00d pndtacpot yoxyebbyt emepdd yoxgm opy| &ne afkyt et her
(rmol ecul ar 15 weight: 9,000) were added as two types of the organic
conpound, ampdolhshanpuatd ob stberesongoneids akrEehd heospee aisrfacE&Exanpl e
1. Further, in Exanple 55, the anounts of the abrasive and ot her conponents
in Exanpl e 1Anere thereabedzobniatal Exhapherscreberedpl e 57, lauric 20
acid and Iinolic acid were, respectively, added as the etching-suppressing
agent to the sanBheoapesnti 88 a¥chnapkafprécsivenieorpatarreYEkam®Bl e 1, no
or gani ¢ conpound was incgggorated. I n_Conparative Exanples 2, 5 and 8, no

25 abrasi ve %a%liheof poraf btd, M) F5F M5 A Bledipl e & il 8 anong

t hem patassi ecul ar, wei ght_:

| | . | | 000 | yvvi nyl
al cohol ‘Cnol %%%gfo&gfé%t$£gl£gg%°m%?%bﬁioﬂeré? §g§b§§F?nq1§% %%P as the

i . A FuEt N t] , 7 i
ol yacryl at eois; oo i he ik AR S hoth e A e L
wei ght: 5,000, pR0L¥¥hDY) abepbalad Saphesdl g Vehdbi 2190 00Q), aik

pol yvi nyl al cohol
other hand, if the amount exceeds 0.2 g/f#, the effect for

forming a protective layer for copper tends to be strong,

15 whereby non-uniformity in polishing is likely to be
induced, and the stock removal rate of copper is likely
to deteriorate, such being undesirable.

Hydrogen peroxide

The hydrogen peroxide as one of components of the
20 polishing composition of the present invention, serves as
an oxidizing agent. And, the hydrogen peroxide has an
adequate oxidizing power to oxidize copper and has a
characteristic such that one containing no metal ion as
an impurity can readily be available. Accordingly, it is
25 particularly suitable for the polishing composition of
the present invention.

The amount of hydrogen peroxide in the polishing



(ol ecul ar wei ght: 5,000) were, respectively, used as the organi c conmpound.
As the hydrogen peroxide solution, a comercially avail abl e 31% aqueous
solution was used, and it was m xed 1o imediately prior to the polishing.
However, the anmount of hydrogen peroxide in Table 1 is the real anount in
t he conposition. Table 1 No . Organic conpoundCol loidal Silica Gycine
BTAHydr ogen per oxi de O her St ock rennvajéggte of copper

Recesses' f YPeg/ ~g/ ~g/ L~g/ L~g/ Lg/ ~A/ m nAEx. 1PEG M400503090. 05106, 000400Ex.

VB000703000 - 0B105: ZA003308k" BPCELCPAE 100001030867 ORIG3, 2003308x.
\P00803090. OB105- - S004abES" SREC, RLO0R03B00 05105 = 6807 0Ex 10PEG

MLO000503090, 05105 ; 590500, LPES, NPODO 4.5 200
L2PCEPOPAE. NBOOL03050_ 05105 10530050 LaRCERCIAR R Do thidP

MLO00103090. Ord 09, 800830 Exardd POEROPAE,MODEAG3990,- 054 065 0003305 0e
15POEPOPAE M20000103090. 05105, 500400Ex. 16POEPCPAE M30000103090. 05105,

100400Ex.5 17P&EPOPARy MIORE0JE08899mAD103, 900330Ex. 18POEPOPAE
MB000O. 53090. 05106, 300650Ex. 19PCEPOPAE MB00013090. 05106, 100550EX.
20PCEPOPAE NB&DO23090. 05105, 500500Ex. 21PCEPOPAE
MB000303090. 05105, 000400Ex. 22POEPOPAE MB000503090. 05104, 500330Ex.
23POEPOPAE MBO0O0OTBE 1w8Ber9&B50182pf906B06n¥AYE oFabhe pholCehingued)

composition of the present invention is preferably one
having impurities reduced as far as possible, so that the

10 above-mentioned respective components can precisely
perform their roles. Namely, it is preferably distilled
water, or one having impurity ions removed by an ion
exchange resin and having suspended matters removed by a
filter.

15 Polishing composition

The polishing composition of the present invention
is prepared by dissolving or dispersing the above-
described respective components i.e. at least one
abrasive selected from the group consisting of silicon

20 dioxide and aluminum oxide, at least one organic compound

selected from the group consisting of a polyethylene
oxide, a polypropylene oxide, a polyoxyethylene alkyl
ether, a polyoxypropylene alkyl ether, a
polyoxyethylenepolyoxypropylene alkyl ether and a C=C

25 triple bond, represented by the formula (1):



No. Organi c conpoundCol Il oidal silica dycine BTAHydrogen peroxide

O her Stock renoval rate of copper RecessesTypeg/~g/ ~g/ L~g/ ~g/ ~g/ ~A m nAEX.
24PEG M4000. 53090. 05106, 500670Ex. 25PEG M40013090. 05106, 400600Ex. 26PEG
M400103090. 05106, 200500Ex. 27PEG M4001003090. 0510S, 600470Ex. 28PEG
M4002003090. 05105, 000430Ex. 29PEG M4003003090. 05104, 500400Ex. 30PEG
MA00500. 390. 05102, 500270Ex. 31PEG MA0G50Q. 590. 05105, 000400Ex. 32PEG
MA0050590. 05105, 500430Ex. 33PEG MA005010090. 05206, 500500Ex. 34PEG
M4005020090. 05107, 200600Ex. 35PEG M4A005025090. 05107, 500830Ex. 36PEG
MA00503010. 0510900100Ex. 37PE 005030R), 05102, 900270Ex. 38PEG
MA00503050. 05104, 800430EX. 39P Nﬂ00503 i50 05107, 200600Ex. 40PEG
MA4005030200. 0S107, 8Q0620 41 0 8, 500930Ex. 42PEG
MA00503090. 005107, ﬂéb%éﬁ%n ’ , 500600Ex. 44PEG
M400503090. 02106, 100500EXx. 45PEGNﬂ005030 0. 1105 200500Ex. 46~EG M40O |50
130 19 10.2 110~ 14, 100 500 1 Tabl (Conti nued)

Col | oi dal Hydr ogenSt ock renoval O~gani ¢ conpoundi i d yci neBTA dO hert

f RecessesNO. ghér&ah 0Xa€haof R; to Rg is a Ci.ip alkyl group, each of X
and Y is an ethylene group or a propylene group, and each
of m and n is a positive number of from 1 to 20, at least
one polishing accelerating compound selected from the
group consisting of citric acid, oxalic acid, tartaric

10 acid, glycine, a-alanine and histidine, at least one
anticorrosive selected from the group consisting of
benzotriazole, benzimidazole, triazole, imidazole and
tolyltriazole, and hydrogen peroxide, in water. Further,
in some cases, an etching-suppressing agent may be added

15 and mixed.

The method and order for dissolving or dispersing
the respective components are optional. For example,
stirring by a vane-type stirrer or supersonic dispersion
may be employed. By such a method, the components other

20 than the abrasive will be dissolved, and the abrasive
will be dispersed in water, whereby the composition will
be a uniform dispersion.

Further, at the time of preparing the above
polishing composition, a basic compound, a various

25 surfactant and others may suitably be mixed for the
purpose of maintaining the quality of the product or for

providing safety or depending upon the type of the object



e o0 copper Typeg/ ~g/ ~g9/ ~g/ ~g/ ~g/ ~A/ m nAEx. 47PEG M400503090. 3103, 000500Ex.
48PEG MA00503090. 0512, 900400Ex. 49PEG MA00503090. 0524, 000430Ex. 50PEG
MA00503090. 0554, 500470Ex. 51PEG MA00503090. 05205, 100500Ex. 52PEG
MA00503090. 05404, 400470Ex. 53PEG MA00503090. 05504, 000430Ex 54~ ~j p~ @090.
05105, 100330.p 00010Ex. 55PEG MA00200100450. 25505, 500400Ex. 56PEG
MA00503090. 0510La ~~, U4, 300530Ex. 57PEG MA00503090. 0510Ln

j ~US4, 000570Conp. None503090. 05106, 5001, 000Ex. 1Conp. p~ MA0050Nonel0. 05101,

tmsaose BT e R IO SO R B oo

5Co 00 0 6_Co 00103090. 05106, 200750Ex.
7Coggpp pCpgg (%% Pg% %05%% %E%O% np p*hé?e In actual polishing, the
conposi tion was @hé'ﬂhe{%k Brbi BBS 1 Wht hi &@ﬁgasiéleﬁrgﬁ ehevgleEepps added

to 1 part of the polishing conposition). In Table 1,  EG represents

et hyl ene gl yoolen PR Pod yigb by &9@1@%19§1yPPﬁhP@é&PFB@¥|§391@X|de POEAE
pol yoxyet hyl ene al kyl ether, POPAE pol yoxypropyl ene al kyl ether, POEPOPAE

polyoxye%hyWﬁﬁ@ﬁé&ﬁ@dy@m@@ytn@ec@mﬁaé151@ﬁhgé,a&@ubtédaﬂannauawpa 3

pol yacryl ate, Pa-K potassi um pol yacryl ate, and PVA pol yvi nyl al cohol .
Further, eacto gt ecll avaseicqyd bBas irce preegenirets intays beh néeraiuresd tdxatan f or
exanpl e, a nol ecul ar weight of 1,000 is represented by MLO00. Further, BTA
represents beynaot riazoheredse 10héaoii ¢ e fiared ln ldmgdriica,aci d. Pol i shing
tests Using the respective polishing conpositions of Exanples 1 to 57 and
Conpar at i ve €Xampre diamige. poetsanaghwasmeartiedhydroxnder the fol | ow ng

conditions s5 against_the filmforned, surface of the object _to be_polished.
However, in @W%hx%am%%l%vw@r%éd%or@%w?bﬁmdliW@%%l@et i FR4IWt h

ure wat er
P 10 hygéox1de, piperidine, piperazine and ethanol amine may,

for example, be mentioned. Among them, those which have
a small etching action to copper and which hardly
agglomerate abrasive grains, are preferred, and those
containing no other metals as impurities, are preferred.

15 From such viewpoints, tetramethylammonium hydroxide is
preferred. On the other hand, as a pH-controlling agent
to be used to lower the pH, the above-mentioned citric
acid, oxalic acid, tartaric acid and an etching-
suppressing agent may have such effects. As other

20 examples, inorganic acids such as hydrochloric acid,
nitric acid, sulfuric acid, carbonic acid, phosphoric
acid and chloroacetic acid, may, for example, be
mentioned.

The polishing composition of the present invention

25 may have an etching-suppressing agent incorporated to

suppress a static chemical etching action to copper.

Here, “static” means a chemical etching action when the



pol i shing conposition: pure water=1:4) was enployed. Polishing conditions
20 Pol i shing machine: single-side polishing machine for CMP (Mrra,

manuf actured by Applied naterials Conpany) Object to be polished: copper
bl anket wafer (8 inch silicon wafer having a copper 25 |ayer formed by

el ectrolytic plating) copper pattern wafer (854 mask - 37 pattern,
manuf act ured by SEMATECH Conpany) Pol i_shigng pad: | am nated polishing pad
made of polyurethane (I'C 5 1000/ Suba400), manufactured by Rodel Inc., USA)

EgLLS?LPg 8?9?ie po |s .%é%%ﬂ%%gﬁg §%KEQ%BJ '80%8é§E%§rrler r§€%t?gn;Fm
speed: 80 rpqg%&gL m%?ﬁ % ock rempyalLate.Was garLied out by means

of a copper i Ng was
pollshlng. The etching-suppressing agent is meant for a

compound having at least one carboxyl group in a back
5 bone of a saturated hydrocarbon or a hydrocarbon having

one or two unsaturated bonds. Further, among such
compounds, one having a carbon number of at least 10, is
preferred. Further, preferred is one having a solubility
in water of at most 0.2 g/100 g. Specifically, lauric

10 acid, linolic acid, myristic acid, palmitic acid, stearic
acid, oleic acid, sebacic acid and dodecanocic diacid may,
for example, be mentioned. More preferred is one having
one carboxyl group, and from this viewpoint, lauric acid,
linolic acid, myristic acid, palmitic acid, stearic acid

15 or oleic acid is preferred, and lauric acid or linolic
acid is more preferred.

The amount of the etching-suppressing agent in the
polishing composition is usually from 0.01 to 1 g/@,
preferably from 0.02 to 0.1 g/0, based on the entire

20 composition. If the amount of the etching-suppressing
agent is less than 0.01 g/8, such is not sufficient to
suppress the chemical etching action to copper. On the
other hand, if the amount of the etching-suppressing
agent exceeds 1 g/f, it tends to suppress the stock

25 removal rate of the copper layer excessively, and its
dissolution in the polishing composition tends to be

difficult.



carried out for one mnute, and the |ayer thickness before and after the
polishing of the object to be 15 polished, was neasured by neans of a sheet
resi stance neter (VR-120, manufactured by Kokusai Denki System Service
K.K.) and the | ayer thickness difference was cal cul ated, and fromthe

cal cul ated val ue, the stock renoval rate was obtai ned. 20 Further,

eval uation of recesses on the copper w rishg was carried out by nmeans of a
copper pattern wafer. Polishing was carried out until copper at the area

portion was conp&ﬁtghg_ggh&gﬂgﬂ%ﬁgggﬁgggggﬁ% g@dthgepgggggEence i n hei ght

bet ween the copper wring por arrier-lTayer after the

pol i shi ng V"%n?/?ﬁé cISI‘?d DY "BEPSA OFf o PHEY | f@ftlﬁéﬁpﬁé%s%n%aﬁﬁ%égsgy KLA

Tencol e Conpan ch s a contact type surface measuring - 38 apparatus

to determ ne-fheqdepthsobiiDeyr 660686520 a6 COPPEE ¥EE5LBE PRELI ON of 10
um of the object to be polished, after the polishing. e results of the

stock renmovaligabeiepdot hendephhr Hcof t&hei 6 LCEESEB PO SEVMAgI N Table 1. It
is evident fromTable 1 that in Exanples 1 to 11 in which one of ethylene
glycol, & potymbbylenenoxime i taroy|iena wid defom palndeyetdyl ene

al kyl ether, a pol yoxypropyl ene al kyl ether and a 1o

pol yoxyet hyl @hepet yoxy piopyt ene wdkyinethigent | sausktliclasnan, osggani c
conpound, and its nol ecul ar weight is changed, an adequate stock renoval
rate of coppeéefosmohyarpeabt e, 2 ahdahongradgent of aresessesepal t Get copper

wiring portion is small. However, if the nolecular weight of such an 15
organi ¢ conpBufadsihirebalt beybadutae P efcfiBderahne, agaetst®RX renova
rate of copper tends to be small. Further, also in Exanples 12 to 53 in

whi ch the coRSedt+atPencdracort6PEaf aFIfchvRAd ® nelamdiftsCofCithe organic

conpound, glycine, benzotriazole and hydrogen 20 peroxi de were changed,
gogg Ee§§l?s¥%é?e %b?%fﬁ%ﬁ§€§?ha?% p%%%et%ge%c%O%EO?hélE¥B§k rennva? rate

of copper and Fopm! [gg; of[ecessess  EVINSE. | ALeg, L0 Frampl e, pd pherein a

plurality of organrc™coipoun : use herein-a _
CorDOS o1 iy 0 BPeSERGHT LS 01 25 Vo BpsRect andl ueco g ately
linolic aci ds¥eskagddedt 8nthev eh&hh NBe SHPPFESS| RIgRIEPhceBOPLion, so
that it may be diluted for use at the time of actual
15 polishing operation. The above-mentioned preferred range
for the concentration is one for the actual polishing
operation. Needless to say, in the case of adopting such
a method of use, the stock solution during the storage or
transportation is a solution having a higher
20 concentration.

Further, hydrogen peroxide has a characteristic such
that it decomposes in the presence of e.g. metal ions or
ammonium ions. Accordingly, it is advisable to add and
mix it to the polishing composition immediately prior to

25 the actual use for polishing operation. Such

decomposition of hydrogen peroxide can be suppressed by

at least one organic compound selected from the group



- 39 results were simlarly obtained. Whereas, in Conparative Exanple
wherein no organi c conpound was incorporated, it is evident that deep
recesses were formed on the copper wiring portion. 5 Further, in

Conpar ative Exanples 2, 5 and 8 wherein no abrasive was incorporated,
was a problemthat the stock renoval rate of copper was |ow, since no
adequat e nmechani cal polishing by an abrasj ve was carried out. Further,

Conparative Exanples 3 to 5, a polyacrylate so was incorporated as the

recesses werg.fgrmeg 881%B§y8999§én$‘élﬂglpéEEéPn1a ﬁglyéx*ﬁrﬁ%& Sﬁé t

t he organi ¢ 15 conpound

1

t here

in

6 | al cohol
s i ncor por PR S T Re b BaRPE) Conpatna, Thirc i n" ek B phiEe Y ases, de

ke a polyacrylate and a po ar

yVvi ny

capabl e of S&PPKPSétHQrf05”§Blgre?étﬁ?§§ﬁé§§ly§%§ﬁ¥$ 16det Q1401 and

COMPARATI VE EXA

LES 9 and parati on and contents of polishing

deep
hat
e not

conposi ti onsepklobdal aspblgaxhavkpUend adQLEY6nPBOLTRES BhEen®fa20=40 nm
as the abrasive, glycine as the polishing accel erating conpound,

benzotri azol e asipbe Bohdcorepseventbidbpgenepeooxite and varsous types as

identified in Table 2, as the organi c conpound (organic conpound 1 and

organi ¢ conpexrhdnf) , buer etntardbeoswabeess@8 sbsohlay mheyngeaeobhended in
the proportions as identified in Table 2, to prepare the respective
pol i shing coaposhelons okrbrawplesasidto Molthed it 40 rOorpidrla it
Exanples 9 and 10. In Exanples 61 to 73, two types of organic_conpounds

i .e. organi coebapBuRdch BélﬁéfGFFsBMUF??d@h@Vﬁym%@Fyﬁ@ﬁ@dPHp@@y@%9é@9yIene
gl ycol ether 5 represented by the chem cal, formula (3):

H~- ~~H4~~15- ﬁgeﬁﬁ

organi ¢ compoynd 2, bel,ng g polyoxyet byl enepol yoxypygpy! epeal kyl ether

(nol ecul

15

20

25

possibility that part of hydrogen peroxide undergoes
decomposition due to a temperature change during
transportation or due to formation of a stress.
Accordingly, it is preferred to mix hydrogen peroxide
immediately before the polishing.

Polishing method

The polishing method of the present invention
comprises polishing a semiconductor device having at
least a layer of copper and a layer of a tantalum-
containing compound formed on a substrate, with the
polishing composition comprising the above-described
respective components i.e. at least one abrasive selected
from the group consisting of silicon dioxide and aluminum
oxide, at least one organic compound selected from the
group consisting of a polyethylene oxide, a polypropylene
oxide, a polyoxyethylene alkyl ether, a polyoxypropylene

alkyl ether, a polyoxyethylenepolyoxypropylene alkyl

di@ﬂeﬂﬁﬂh4ﬁﬁchqQ§$PW§%?HFkPQJW?¥ﬂ4Q§4 Qﬁ%FQ§$?QJ{3 and
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0), were used, and their amounts were z5 changed, and the

ther conponents i.e. colloidal silica, glycine, benzotriazole
per oxi de, were the sanme, respectively. In Exanples 74 to 97,
the organic conmpounds in the sanme anmobunts as in Exanple 64 were enpl oyed.
20 74 to 79 anong them the concentration of colloidal silica
and in Exanples 80 to 85,_ t4ie amount of gl yci ne was changed.
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Exanpl e 98,
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only organi c conpound 1 was enpl oyed, and
anticorrosive selected from the group consisting of

benzotriazole, benzimidazole, triazole, imidazole and
tolyltriazole, hydrogen peroxide, and water, and, in some
cases, an etching-suppressing agent.

By this polishing method, polishing can be carried
out with a low chemical etching action to copper i.e.
while suppressing formation of recegses on the copper
wiring portion, without impairing the stock removal rate
of the copper layer.

The reason for such a low chemical etching action to
the copper layer i.e. suppression of formation of
recesses, 1s considered to be as follows.

Namely, it has been made possible to suppress
formation of recesses on the copper wiring portion by
incorporating at least one organic compound selected from
the group consisting of a polyethylene oxide, a
polypropylene oxide, a polyoxyethylene alkyl ether, a
polvoxypropylene alkyl ether, a
polyoxyethylenepolyoxypropylene alkyl ether and a
polyoxyalkylene addition polymer having a C=C triple
bond, represented by the formula (1), to the polishing

composition. By the incorporation of such an organic



15 in Exanpl e 100, organic conpound 2 anong the organic conpounds in
Exanpl e 64 was changed to pol yoxyet hyl enepol yoxypropyl ene al kyl et her

(ol ecul ar wei ght: 4,000), and in Exanple 101, the anmounts of the organic
conpounds in Exanple 64, the abrasive and other 20 components, were

I ncreased (the anmpbunts of the respective conponents in Exanple 64 were

i ncreased by twice as much) . In Conparatg ve Exanple 9, the abrasive and
organi ¢ conpound 2 anong the organi c compounds were not 25 incorporated

and in Conpataf A’&‘n%é so{eu_?&Pls}@Pn&béé’ﬁﬂEé!&@%n'QEO Hé”;?/{» a%F“”her

t he hydrogen p oXi conner0|al e 31~ aqueous

o1 ut i on ves; sed: ; 84ds b vBs. 0L Xedl 1 el AL ch f%&’ﬁfow ohishi ng.

However, the anount of rogen peroxide in Table real amount in the
CONMpPosi tion. 38ce1dAht &5 231 D01 9801 55 COIPRNATL} Organk 5o corpaund; BLa! | oi dal

two effects on the copper wiring portion (see Figs. 1(a)
5 to 1(d)), and further, the anticorrosive effects are
promoted by the anticorrosive incorporated to form a
protective layer on the surface of the copper layer.
Further, it is considered that the incorporation of an
etching-preventing agent serves to suppress a static

10 chemical etching action, and even when the object to be
polished is exposed to the polishing composition before
or after the polishing, the chemical etching action can
be suppressed.

Further, the roles which the respective components

15 other than the above will play in the polishing of
copper, are considered to be as follows. Firstly, the
abrasive serves to perform so-called mechanical polishing
and accelerates polishing. Hydrogen peroxide oxidizes
the copper surface to form a brittle oxidized layer.

20 Further, the polishing accelerating compound affects the
oxidized copper surface to form a chelate with copper
ions. Here, polishing of copper proceeds by a combined
effect of the chemical effect on copper of hydrogen
peroxide and the polishing accelerating compound and the

25 mechanical effect of the abrasive. Further, the
anticorrosive suppresses erosion of the copper surface

after the polishing, and further suppresses an excessive



silicad yci neBTA~' ~g~ peroxi deStock renoval rate of
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oS i ganpee g A S 1 U o e of
represents oxide, a polypropvlene oxide, a polyoxyethylene alkyl
ether, a polyoxypropylene alkyl ether, a
polyoxyethylenepolyoxypropylene alkyl ether and a
15 polyoxyalkylene addition polymer having a C=C triple
bond, represented by the formula (1), at least one
polishing accelerating compound selected from the group
consisting of citric acid, oxalic acid, tartaric acid,
glycine, a-alanine and histidine, at least one
20 anticorrosive selected from the group consisting of
benzotriazole, benzimidazole, triazole, imidazole and
tolyltriazole, hydrogen peroxide, and water, in the
above-mentioned preferred ranges of concentrations or
amounts, it is possible to accomplish a stock removal
25 rate of the copper layer being at least 5,000 A/min, and

a depth of recesses on a copper wiring portion having a

wiring width of 10 um being not more than 600 A in a



di i sobut yl di net hyl but ynedi ol pol yoxyet hyl ene gl ycol ether represented by
the chemcal formula (3) and B represents diisobutyl di nmethyl but ynedi ol

pol yoxyet hyl ene gl ycol ether 5 represented by the chemical fornula (4).
Further, C represents a pol yoxyet hyl enepol yoxypropyl ene al kyl et her

(ol ecul ar wei ght: 8,000), and D represents a

pol yoxyet hyl enepol yoxypr opyl ene al kyl _ether. (nol ecul ar wei ght: 4,000). 1lo
Pol i shing tests Then, using the respective polishing conpositions of

Exanpl es 61 égéengﬁgpef$ éwgﬂgéﬁpp% e fgqré&%vgﬁllshlng was carried

out under the sane cond ve-descri le 1, etc.

agai nst the fil mlp feﬁgegrahégcgi &ﬂsoaghgﬁEStefbehgogfagsgt However , in

Exanple 101, one Vi ng the conposition uted tw ce pure water

(poli shing Cﬂ%ﬁié&ﬂm?ﬂ@e“@é@éfﬁbé& Yesa &Pl PYiede n FHEFDEEn L NES
evaluation of the stock renoval rate, 20 and the evaluation of recesses on

the copper wixd re}mrer\}eqd G divdile A dBNRIo AT HAt (e
above-descri bed anple 1, etc., and the results of the stock renoval rate

and formati ofr &8 i €CRSSES: 1 A ei§h§wm Mmd@bd erdsttictsdevd dentnfrom Tabl e 2
that when the 2s diisobutyl di methyl butynedi ol pol yoxyet hyl ene gl ycol ether
represent ed dyedheichenamaleformula (4) of Bin Table 2 and the
pol yoxyet hyl enepol yoxypropyl ene al kyl ether of C

EXAMPLES 1 to 57 and COMPARATIVE EXAMPLES 1 to 8

Preparation and contents of polishing compositions

Colloidal silica having an average particle size of
10 40 nm as the abrasive, glycine as the polishing
accelerating compound, benzotriazole as the
anticorrosive, hydrogen peroxide, and various types as
identified in Table 1, as the organic compound, were
mixed to water so that they will be blended in the
15 proportions as identified in Table 1, to prepare the
respective polishing compositions of Examples 1 to 57 and
Comparative Examples 1 to 8.
In Examples 1 to 17, an ethylene glycol, a
polyethylene oxide, a polypropylene oxide, a
20 polyoxyethylene alkyl ether, a polyoxypropylene alkyl
ether or a polyoxyethylenepolyoxypropylene alkyl ether
was used as the organic compound, and its molecular
weight and amount were changed, and the amounts of other
components i.e. colloidal silica, glycine, benzotriazole
25 and hydrogen peroxide were the same, respectively.
In Examples 18 to 53, a polyethylene oxide

{(molecular weight: 400) or a



- 46 were used as the organic conpounds, an adequate stock renoval rate of
copper was obtained, and formation of recesses of the copper wiring portion
was small. Further, in Exanples 61 to 97 wherein the concentration 5 of
colloidal silica and the anmounts of the organic conpounds (organic
conpounds 1 and 2), glycine, benzotriazole and hydrogen peroxi de, were
changed, good results were obtained alsgw.th respect to each of the stock
renoval rate of copper and formation of recesses. 1o Further, also in

Bxampi &5 66 08y 82yLend b ke bho1 LuBea10f 1tQ€hQ£9?ﬂ&fe8€fQPU”ds ver e

changed, I ol polyoxyethylene glycol ether

of A represep %?&M@y éh@oébemgahséargyl ehé%r Bni@blengoghal represented by
the chenmical formula (4) was used, 15 and in anp e ereln a

conposi ti on Bayhpged bBQBoCQBICQHEﬁQt tH@mWaﬁh@r gnangd andcdi! vtgshic

i mredi ately before the polishing, good results were simlarly obtained.
Wereas, in Eorpanalli ¥&sE¥appkas anandn?enbRpeed DO 8! 28| VEh¥aASmount
incorporated, al t hough the organi c conpounds 20 were incorporated, it is
evi dent tshatofhehe pasyactphybbhenogiab wwhat chhrgsiockruiimml irate of copper
was | ow) since no adequate nechani cal polishing by the abrasive was carried
out. FurtherExatpiesev¥Ddent 3bhathencancaserahéoe ob othgaocotleddpbund was
incorporated as in Conparative 25 Exanple 1 in Table 1, deep recesses were
formed on theitbppewasi rhagopdst &0A. I1AsEdesplbedti hot Ak, f bheganagatt he

pol i shi ng - 47 conposition of the present invention conprises (?) at

| east one abPésPlEciBrevtedhPrBfftne Hrourtonst FHAPIIS si7 it T oxi de
and al um num oxi de, (b) at_|east one organi c conpound sel ected fron1the
group consi sFFﬁga’BPuﬁt505010%?1%9%%06% Has ahpBeGPr opytete BXFHRICH

| h | | h ol | k h
b0l Yoxyetthy| SRE0I §bxy bPOpgreRCaPky Y BE Rern oRira*Fupy bty o RPLERR: addi ti on
| h t f | 1): 10 R3
D 1o, (o Plaletep. A e & Vo al kyl group

each of X 15 andp¥ k§ean ehhyhansier @Mp ar p@l?@@ﬂ%ﬁh@ﬂ@ gkeuR, and each of m
and n is a positive number of from 1 (C) at least one polishing

accel erati ng (gempeundrsekeghed hoom1ghg group consisting of citric acid,
oxalic acid, tartaric acid, glycine, a-alanine and histidine, (d) at 20

| east one anpbtgvxrgeiliglerbpoligdxfppapiyhengr alipytoashsti fgobécular
benzotri azol e, benzi m dazole, triazole, imdazole and tolyltriazole, (e)
hydr ogeripperogigbt:afd0PP) waeee. afideflsashewebyypessebl eheocovpeain a
pol i shing compound, and the amounts of other components were the
same as in Example 1. Further, in Example 55, the
amounts of the abrasive and other components in Example 1
were increased, and in Example 56 and Example 57, lauric
20 acid and linolic acid were, respectively, added as the
etching-suppressing agent to the same composition as in
Example 1.
In Comparative Example 1, no organic compound was
incorporated. In Comparative Examples 2, 5 and 8, no
25 abrasive was incorporated, and in Comparative Examples 5

and 8 among them, potassium polyacrylate (molecular

weight: 5,000) and polyvinyl alcohol (molecular weight:



25 conposition whereby polishing can be carried out in a | ow chem cal
etching action to copper i.e. while suppressing formati on of recesses at
the copper wiring portion, - 48 without inpairing the stock renoval rate
of the copper layer, in the CW process in the production of a

sem conductor device containing at |east a |ayer of copper and a | ayer of a
tant al um cont ai ni ng conpound on a 5 subsiyate. In the polishing conposition
of the present invention t he organi c conmpound (b) preferably conprises

o byl oact PG oHE n'Cr88§88F99e§ L°GhEg REomLENe-gLoke Gopsbabang O 2

pol yet hyl ene™ oxi d ené 0 oXrI de an yoXya ene addition

pol yrer havi pg, ,6.C. &5'@13&859 yLepLeseiLed by4th§ 58&”‘7" Mgnlgﬂd (b2)

at | east one or gani c conpou ecte omt he roup consi st ng o

pol yoxyet hyl h o} | en Ky nd a 15
poIyoxyethyI%ﬁgyé+§%£3g%og§0é%599£¥ ?¥P§ﬁg¥ gmgggzbyb?ﬁégiﬁ%@e descri bed

effects can 5@1§Q@fypgtén@ﬁ8@ééalgy @@9§htwosooonprepengamhylcamgeﬂa@s I'n
t he polishing conmposition of the present invention, the organic conpound

(b) pref%rathoP@6@1556§e2§h€b3i030005yaﬁ&ab5Y¥€BﬁyadQl&b@61p0|ynEf havi ng
a C=Ctriple bond, represented by the above fornmula (1), and (b2) at

| east one or gadié&cecdapouatgrek est edof reerthergspapt Loy st usgdoasathe

pol yoxyet hyl ene al kyl ether, a pol yoxypropyl ene al kyl ether and a 25

pol yoxyet hyl engsol yoxgppopytiene al kyl ether, whereby an organi ¢ conpound
havi ng a hi gher effect can be included, and the above-nentioned effect can
further be increasetihe hyds9gen phéOﬁ@ﬁEsﬁpﬁgtégnpogl?pmmeéﬁlﬁﬁéYpresent

i nvention, the polgox yal kyl ene addition polymer having a C = Ctriple bond,
represent ed dyathe i@r%ﬁ%aaemfopg EPéPEFSBIWaé Hﬁaﬂkyﬁadné%hyﬁﬁumyﬁ@éuo|

polyoxyethylene et her re esen by the formula (

Ho { C214) gl%;%fycﬁmey toxCRE FOLSOnRNEr o HPREERT or A WRI 1 a
Cl lo aIkyI each of .m an ositive nunber of fro 1 to
207 whor oby ThePB0aencRer PRt erPettB  Eah B GOEArFol SR Phet ™

pol i shi ng é@ﬁgogi RQ present invention is a nethod mhlch conprlses
polishing a enlcon uctor device having at |least a |ayer of copper and a
| ayer of a tantal um containing conpound formed on a substrate, with the
above-descri bed polishing conposition, whereby polishing can be carried out
wi thout inpairing the stock renoval rate of the copper layer, 20 while
suppressing formati on of recesses on the copper wiring portion, since the
pol i shing conposition contains at |east one organi c conpound sel ected from
the group consisting of an ethylene glycol, a polyethyl ene oxide, a

pol ypr opyl ene oxi de, a pol yoxyet hyl ene al kyl ether, a



25 pol yoxypropyl ene al kyl ether, a pol yoxyet hyl enepol yoxypropyl ene al kyl
et her and a pol yoxyal kyl ene addltlon polynmer having a C = Ctriple - 50
bond, represented by the formula (1). The entire disclosures of Japanese
Pat ent Application No. 2001-220803 filed on July 23, 2001 and Japanese
Patent Application No. 2002-128372 filed on 5 April 30, 2002 including
speci fication, clainms, draw ngs amhsumrary are incorporated herein by

reference inits entlrety - 51 CLAIME: 1. A pollshlng conposi tion
conpri si ng: @y [atT teagt prng ghrasy ve elec eq—froprtrhg—grogp fconsysti ng of
silicon digx@gde %Qd al ym jnum oxi|de} 5C$%% llegst oﬁe orqgnic clonpound
sel ected frjom L& gﬁd)&# FOASRSF Mg 81 3 Poby el R B8 | eXikles | & @lr‘?pgopyl ene
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pol ynmer havipg a 1o ¢ triple Hond, [repriesented by theg Torjrulja [(I): |R3 R4
R10- (~~ C-( g:&C-C- ' $~n 4R2|s5 wherein eﬂch of Rl tolRg ik a Clllo aIkyI
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of mand n is a positive nunber of from1 to 20, (c) at |east one polishing
accel erating conpound selected fromthe group consisting of citric acid,
oxalic 20 acid, tartaric acid, glycine, a-alanine and histidine, (d) at

| east one anticorrosive selected fromthe group consisting of

benzotri azol e, benzim dazole, triazole, imdazole and tolyltriazole, (e)
hydr ogen peroxide, and 25 (f) water.;2._The polishing conposition according
to Claim1, wherein the organic conpound (b) conprises (bl) at |east - b2

one organi ¢ GO und [Seregtred [fr nwt € [gr pup_ Ccongi $tTNgyr o pFT ety ene
oxi de, a pol yp ogélgfgjox de and| a gfkyoxyalggleneWadditi)gjpol Tercpaving
a C = C triplle|boRds | IST ese® <l By /1% 3bay&|fDr MG X 1R Sl £b2) St 5
| east one rgpﬁicwtﬁhﬁquﬁdqﬁéqéﬁk%d“f#bﬁ? e HYroup | QN f Fge o | & |
pol yoxyet hyl enge @l kyl| et her,| @ ppl yoxypropyllene gal kyl| et her |and a
ponoxyethyLFerol_oxyprooylene al kyl| efher.| 3. [The pol'l shing [coffpgsi|ti on
accordi ng t%gg!ain11, lo mh$rein t he orga1iﬁ ﬂowpound (b) ccngrises (jb3) a
pol yoxyal kyllceBe_additli on_ pal| ymer gaéiqg(g Cl1= G LRl e band,| Lepfegented by
the above f|dt RliERS © laado( b)o pd asto pne corgpdi © cmnq:itbrdo:&e egteed from
the group cdhsi&rTng St A Boryoxyst Hy“end| Al gl < ethél, 215, 1 =1 I -
pol yoxypr opid gire| al Kyl [ef hén <5rfd| ‘4| puI'y|dxy et hyl nEpst [yox§Fprapy| ‘ene | at kyl
et her. 4. T@gﬁ)olishing cpnposgi t OT acclordi ng [to| any jone of [Cllaifs |1 to 3,
wher ei n t he pol yoxyallkyl epejadditi on |p IyHer having @ Q =|{Cjtr|i pl e (bgnd,
represented by|the|20 adboye|farnula (1)|, {s]a [di pl kylldi et hyl but ynedijol
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- 53 of mand n is a positive nunber of from

1 to 20. 5. A polishing nethod which conprises polishing a sem conduct or

device having at |least a | ayer of copper and a | ayer of a
t ant al um cont ai ni ng conpound forned on a 5 substrate,
conposition as defined in any one of Gaims-1 to 4.
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molecular weight 1s represented in such a manner that,
for example, a molecular weight of 1,000 is represented
by M1000. Further, BTA represents benzotriazole, La

10 lauric acid, and Ln linolic acid.

Polishing tests

Using the respective polishing compositions of
Examples 1 to 57 and Comparative Examples 1 to 8,
polishing was carried out under the following conditions

15 against the film-formed surface of the object to be
polished. However, in Example 55, one having the
composition diluted 5 times with pure water (the
polishing composition:pure water=1:4) was employed.

Polishing conditions

20 Polishing machine: single-side polishing machine
for CMP (Mirra, manufactured
by Applied materials Company)

Object to be polished: copper blanket wafer (8 inch
silicon wafer having a copper

25 layer formed by electrolytic
plating)

copper pattern wafer (854 mask
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5 1000/85ubad00), manufactured by
Rodel Inc., USA)
Polishing pressure: 2 psi (about 13.8 kPa)
Table rotational speed: 80 rpm
Feed rate of the polishing composition: 200 cc/min
10 Carrier rotational speed:80 rpm
Evaluation of the stock removal rate was carried out
by means of a copper blanket wafer. Polishing was
carried out for one minute, and the layer thickness
before and after the polishing of the object to be

15 polished, was measured by means of a sheet resistance
meter (VR-120, manufactured by Kokusai Denki System
Service X.K.) and the layer thickness difference was
calculated, and from the calculated value, the stock
removal rate was obtained.

20 Further, evaluation of recesses on the copper wiring
was carried out by means of a copper pattern wafer.
Polishing was carried out until copper at the area
portion was completely polished and removed, and the
difference in height between the copper wiring portion

25 and the barrier layer after the polishing was measured by

means of a profiler (HRP340, manufactured by KLA Tencole

Company) which is a contact type surface measuring
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The results of the stock removal rate and the depth
5 of the recesses are shown in Table 1.
It is evident from Table 1 that in Examples 1 to 11
in which one of ethylene glycol, a polyethylene oxide, a
polypropylene oxide, a polyoxyethylene alkyl ether, a
polyvoxypropylene alkyl ether and a
10 polyoxyethylenepolyoxypropylene alkyl ether, is used as
an organic compound, and its molecular weight is changed,
an adequate stock removal rate of copper is obtainable,
and formation of recesses on the copper wiring portion is
small. However, if the molecular weight of such an
15 organic compound increases beyond the preferred range,
the stock removal rate of copper tends to be small.
Further, also in Examples 12 to 53 in which the
concentration of colloidal silica and the amounts of the
organic compound, glycine, benzotriazole and hydrogen
20 peroxide were changed, good results were obtained with
respect to each of the stock removal rate of copper and
formation of recesses. Further, also in Example 54
wherein a plurality of organic compounds were used, in
Example 55 wherein a composition of a high concentration
25 was prepared and diluted immediately before the polishing
and in Examples 56 and 57 wherein lauric acid or linolic

acid was added as the etching-suppressing agent, good
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 10%& () - \@8%88{, IC%%M / " 85.&)15 evident that deep

(IIO%Z&T()-III W& ()- 91096&f() 105
recesses were formed on the copper wiring portion.

5 Further, in Comparative Examples 2, 5 and 8 wherein no
abrasive was incorporated, there was a problem that the
stock removal rate of copper was low, since no adequate
mechanical polishing by an abrasive was carried out.
Further, in Comparative Examples 3 to 5, a polyacrylate

10 was incorporated as the organic compound, and in
Comparative Examples 6 to 8, a polyvinyl alcohol was
incorporated as the organic compound, but in each of
these cases, deep recesses were formed on the copper
wiring portion, and it is evident that the organic

15 compound like a polyacrylate and a polyvinyl alcohol are
not capable of suppressing formation of recesses.
EXAMPLES 61 to 101 and COMPARATIVE EXAMPLES 9 and 10

Preparation and contents of polishing compositions

Colloidal silica having an average particle size of
20 40 nm as the abrasive, glycine as the polishing
accelerating compound, benzotriazole as the
anticorrosive, hydrogen peroxide and various types as
identified in Table 2, as the organic compound (organic
compound 1 and organic compound 2), were mixed to water,
25 so that they were blended in the proportions as
identified in Table 2, to prepare the respective

polishing compositions of Examples 61 to 101 and
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i.e. organic compound 1 being

diisobutyldimethylbutynediol polyoxyethylene glycol ether

5 represented by the chemical formula (3):

o o
HO-(GH,0);5-C-C=C-C-(CH,)15-OH
CH, CH,
. CHyCH  CH-CH,
CH, CH,

and organic compound 2 being a
polyoxyethylenepolyoxypropylene alkyl ether (molecular
weight: 8,000), were used, and their amounts were
15 changed, and the amounts of other components i.e.
colloidal silica, glycine, benzotriazole and hydrogen
peroxide, were the same, respectively.
In Examples 74 to 97, the organic compounds in the
same amounts as in Example 64 were employed. In Examples
20 74 to 79 among them, the concentration of colloidal
silica was changed, and in Examples 80 to 85, the amount
of glycine was changed. Further, in Examples 86 to 921,
the amount of benzotriazole was changed, and in Examples
92 to 97, the amount of hydrogen peroxide was changed,
25 and the amount of each of other components was the same.
Further, in Example 98, two types of organic

compounds i.e. organic compound 1 being
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and organic compound 2 being a

10 polyoxyethylenepolyoxypropylene alkyl ether (molecular
weight: 8,000), were used, and their amounts and the
amounts of other components were the same as in Example
64. Further, in Example 99, among the organic compounds
in Example 98, only organic compound 1 was employved, and

15 in Example 100, organic compound 2 among the organic
compounds in Example 64 was changed to
polyoxyethylenepolyoxypropylene alkyl ether (molecular
weight: 4,000), and in Example 101, the amounts of the
organic compounds in Example 64, the abrasive and other

20 components, were increased (the amounts of the respective
components in Example 64 were increased by twice as
much) .

In Comparative Example 9, the abrasive and organic

compound 2 among the organic compounds were not

25 incorporated, and in Comparative Example 10, no abrasive
was incorporated.

Further, as the hydrogen peroxide solution, a
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15 polyoxyethylenepolyoxypropylene alkyl ether, whereby the
above described effects can further be increased by such
two or more organic compounds.
In the polishing composition of the present
invention, the organic compound (b) preferably comprises
20 (b3) a polyoxyalkylene addition polymer having a C=C
triple bond, represented by the above formula (1), and
(b2) at least one organic compound selected from the
group consisting of a polyoxyethylene alkyl ether, a
polyoxypropylene alkyl ether and a
25 polyoxyethylenepolyoxypropylene alkyl ether, whereby an

organic compound having a higher effect can be included,

and the above-mentioned effect can further be increased.
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10 C triple bond, represented by the formula (1):

1}3 1}4
R1 O- (X)m- CI:'C =C- (-;"'(Y)n'ORZ

R, R,

15 wherein each of R, to R, is a C,,, alkyl group, each of X
and Y is an ethylene group or a propylene group, and each
of m and n is a positive number of from 1 to 20,
(c) at least one polishing accelerating compound
selected from the group consisting of citric acid, oxalic
20 acid, tartaric acid, glycine, a-alanine and histidine,
(d) at least one anticorrosive selected from the
group consisting of benzotriazole, benzimidazole,
triazole, imidazole and tolyltriazole,
(e) hydrogen peroxide, and
25 (£) water.
2. The polishing composition according to Claim 1,

wherein the organic compound (b) comprises (bl) at least
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- 52-
one organic compound selected from the group consisting
of a polyethylene oxide, a polypropylene oxide and a
polyoxyalkylene addition polymer having a C=C triple
bond, represented by the above formula (1), and (b2) at
least one organic compound selected from the group
consisting of a polyoxyethylene alkyl ether, a
polyoxypropylene alkyl ether and a
polyoxyethylenepolvoxypropylene alkyl ether.

3. The polishing composition according to Claim 1,
wherein the organic compound (b) comprises (b3) a
polyoxyalkylene addition polymer having a C=C triple
bond, represented by the above formula (1), and (b2) at
least one organic compound selected from the group
consisting of a polyoxyethylene alkyl ether, a
polyoxypropylene alkyl ether and a
polyoxyethylenepolyoxypropylene alkyl ether.

4. The polishing composition according to any one of
Claims 1 to 3, wherein the polyoxyalkylene addition
polymer having a C=C triple bond, represented by the
above formula (1), is a dialkyldimethylbutynediol

polyoxyethylene glycol ether represented by the formula

(2):
G
HO{(GH,0),,-C-C=C-C-(C,H,0),-OH
I{I ]RZ

wherein each of R, and R, is a C,,, alkyl group, and each
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of m and n is a positive number of from 1 to 20.
5. A polishing method which comprises polishing a
semiconductor device having at least a layer of copper
and a layer of a tantalum-containing compound formed on a
substrate, with the polishing composition as defined in

any one of Claims 1 to 4.



