Qur Ref.: FU-032 (P0107-009) - 1 POLISH NG COVPCSI TI ON AND PCOLI SHI NG
METHOD EMPLOYING I T The present invention relates to a polishing
conposition to be used for polishing substrates for sem conductors,

phot omasks and various nmenory hard disks, 5 particularly for polishing for
pl anari zation of the surface of device wafers in e.g. sem conductor

i ndustry. More particularly, the present invention relates to a polishing
conposition which is highly efficient, provides high selectivity and is
applicable to formation 10 of excellent polished surface in the polishing
of sem conductor devices to which so-caldedgeen ¢a}-gIEchaii ¢alo@] | shing
technology is applied, in the processing of device wafers, and a polishing
met hod enpl oying such a conposition. 15 Progress of conputer products has
been remarkable in recent years, and parts to be used for such products,
such as VLSI devices, have been devel oped for high integration and high
speed, year after year. Along with such progress, the design rule for

sem conduct or devices 20 has been progressively refined year after year, the
depth - 2 of focus in a process for producing devices tends to be shall ow,
and planarization required for the pattern- formng surface tends to be
increasingly strict. Further, to cope with an increase in resistance of 5

the wiring due to refinenent of the wiring on the device, it has been
studi ed to enpl oy copper instead of tungsten
- 1 -

POLISHING COMPOSITION AND POLISHING METHOD EMPLOYING IT

The present invention relates to a polishing
composition to be used for polishing substrates for
semiconductors, photomasks 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



or alumnum as the wiring material. By its nature, copper is hardly
processabl e by ani sotropic etching, and accordingly, it requires the
foll owi ng process. 10 Nanely, after form ng wiring grooves and vias on an
insul ating | ayer, copper wirings are formed by sputtering or plating
(so-cal |l ed damascene nethod), and then an unnecessary copper |ayer
deposited on the insulating |ayer is renoved by chem cal nechani cal
pol i shing 15 (hereinafter referred to-ag “CMP") which is a conbination of
mechani cal polishing and chem cal polishing. However, in such a process, it
may happen bhafocuepperaaponsessl fodi birosiacimgyo delve dass tleatdsng:d dyer to
deteriorate the device properties. Therefore, for the 20 purpose of
preventing dhallswonanfi pbpperiantnen reguagedvdenr sthediced tearrpr ovi de a
barrier layer on the insulating |ayer having wiring grooves or vias forned.
As a materfaiming suthaaeb&ender tbaper ingeeals inaitvalsimict .a

t ant al um cont ai ni ng conpound such as tantalumnitride is 25 nost suitable
from the vi ewpoFnirtbert hgor glopsbiwiithy agf indyeadwyiice raristarnxpeeted to be
enpl oyed nostly in the future. In the present invention, "a

t ant al urd cohhai wiithgng Guecoapveddnemspitudds thet wimlipga ccoriprutesiash as
tantalum nitride but also netal tantalum and "copper"” includes not only
copper but aksbas beppestubied Wot kmelgy cameirndms tBant cdr diungsten n such a
CWP process for_a sem conductor device containing such a copper |layer and a
t ant al um coRtrapAPRGNEBrPAEndhef WASHLNY fMR&eEdFder PHyéfsagature,

copper is hardly processable by anisotropic etching, and
accordingly, it requires the following process.

10 Namely, after forming wiring grooves and vias on an
insulating layer, copper wirings are formed by sputtering
or plating (so-called damascene method), and then an
unnecessary copper layver deposited on the insulating
layer is removed by chemical mechanical polishing

15 (hereinafter referred to as “CMP”) which is a combination
of mechanical polishing and chemical polishing.

However, in such a process, it 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, it 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. 1In the present invention, “a tantalum-containing



t he outernost |ayer and then the tantalumcontaining conpound |ayer as the
barrier layer, are polished, to respectively, and polishing wll be

conpl eted when it has reached the insulating |layer of e.g. silicon dioxide
or nonofluoro silicon oxide. As an ideal process, it is desired that by
using only one type of a polishing conposition, the copper |ayer and the
tant al um cont ai ni ng 15 conpound | ayer arge uniformy renoved by polishing in
a single polishing step, and polishing'%u be conpleted certainly when it
has reached the |nsulat|n | ayer. ver, g per_and a tantal um contai ni ng

conpound  aF@MEPHAG eAf G eFPth eds C RhISURhRS i {3 M 20 ot her
mechani cal pr.operti a accordingly t he cessabiljt and thus, it is
difficult tg‘ % %H&haéﬁlnlfetﬁlgtﬂ t@ﬂh ﬁﬁ'ﬁages%"p%”corﬁ? Lgesthe
following two st pol i shing praqcess, i ol ishing process divided into
two steps, MO8ty SCRRGEA.OU5 FSh e ORBRY [ Ko St &b ol i shi ng
(herelnafter referred to as the first step polishing), using a polishing
conposi tion &8&&5P€‘of pollshlng a copper layer - 4 at a high efficiency,

t he copper Iaye | i ed usi t ant al um: cont ai ni ng conpound
| ayer as’a stopp¥t Igfh 9-%uct ag‘?%lhtaagq}\?[fc%m%‘?ﬁ °tofrpound | ayer is

e Esore S NSRS Sl L S R R AT
per c e first
step poli shing, ey, hedermnay e ameel 2Rl L e qre, 1eAghing e tagtal um
the outermost layer and then the tantalum-containing
compound layer as the barrier layer, are polished,

10 respectively, and polishing will be completed when it has
reached the insulating layer of e.g. silicon dioxide or
monofluoro silicon oxide. As an ideal process, it is
desired that by using only one type of a polishing
composition, the copper layer and the tantalum-containing

15 compound layer are uniformly removed by polishing in a
single polishing step, and polishing will be completed
certainly when it has reached the insulating 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



slightly remains. Then, in the second step polishing 10 (hereinafter
referred to as the second step polishing), wusing a polishing conposition
capabl e of polishing mainly a tantal um containing conpound |ayer at a high
efficiency, the remaining thin copper |ayer and the tantal um containing
conpound | ayer are polished using the 15 insulating |ayer as a stopper, and
polishing is conpleted when it has reaghed the insulating |ayer. Here,
recesses, erosion and dishing are surface damages due to excessive

polishing of the wring_portion. he recesses are ,neant. for dents in the
W ring portFBnaZBl?%oﬁgéﬂcFﬁnFHPstgﬁséfppﬁﬁdﬁﬁﬁgV'éﬁbgﬁgdéﬁﬁypd§ﬁ§gﬂ by a
chem cal etching action_to the w.ring portion..  The erosion is neant for a
phenomenon Su€h Fh&?néFl&W’&Ppﬁﬁé&lngbﬁﬁgpqﬁqq;;?%ﬁﬁwﬁ%n?zﬁﬁ?gﬂ?q'nsulating

portion, the LEsulabing port&on i s excessivel polkf ed as conpared 25 with
B | houl at | REC A o8uE0r B SRICA 1A R GHEa Ao HETBIRNS AR Sh 4% heual | y
caused by eIasthddefornati n OE a gad, a high staock renoval .rate of the
i nsul ati ng F&PEFS%or BATS 5Lk %Es VEPDFEsQhr BOLohRERLPHt VB8R 1PE St he
i nsul ating grtion. ;he dis@j%? gs neagt for a q§non%?o§fsuch Hpat at a
copper i ri RGEpBFEI SATARITCN S IS BPafiSTESy SR dE T Wi, T i ¥ht &Dortion of
the wiring gs L %essedein a % dESQﬁfh%Pe’ %pgykltgst%§uakly %gused o]
def or mat i on°0f Sgg_p Al %ﬁ@’ Wi O T AL J’thi zatiton of- dew clé'ss e &0ss
sectional afea_of a w.rimng. | r..h Qﬁ ne snal l.. rehy th _
ahove ment | BRoaeEIPAEE BT =Y PR FBchind MRS Rl un
containing compound layer i.e. while a copper layer still
slightly remains. Then, in the second step polishing
10 (hereinafter referred to as the second step polishing),
using a polishing composition capable of polishing mainly
a tantalum-containing compound layer at a high
efficiency, the remaining thin copper layer and the
tantalum-containing compound layer are polished using the
15 insulating layer as a stopper, and polishing is completed
when it has reached the insulating layer.
Here, recesses, erosion and dishing are surface
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



10 occur when devices are produced, and the area of the wring portion wll
t hereby be further reduced, whereby the resistance nmay increase, or in an
extrene case, contact failure may result. Therefore, in the first step
polishing, it is inportant not to permt surface danages 1s to formon the
wiring layer, which can not be renoved by the second step polishing, while
the stock renoval rate against the copper |ayer should not be inpaired. As
an exanpl e of the polishing conposition-td be used for such first step

pol i shing, JP-A-7-233485 (prior 20 art 1) discloses a polishing liquid for
a copper typECRESAVe| RYEFSURRI ERNEEABERSASNAt] &hst imfallertddid ¢ aci d
selected fromthe group consisting of am noacetic acid (hereinafter
referred toP@stgPyei ne)e ahbshindess | fernt £arid, PRANGREAPRI AYclgéhatand

wat er, and a nethod for 25 producing a_seni conductor device using such a
polishing ®RFq@i 8OPREFt WaF INIPPAr 8188780 VaFgc PFoded adi VAlMaN e whi ch
contai ns am ngacetic acid and/or am desulfuric - 6 .acid, an oxidi zing
agent, wat eVi@h8: bERZoFPIEREI BOBI 1PRs O fgdiey #iini&d drfd 2G5S ehi ity dret hod
usi ng such an . abrasive. \Wen a copper. .l ayer is polished by using such a
pol i shi Ny |5aahdsbepeanaaér asi +8) Usyeldiacayerg hYgHlef sl demvat rate
can be obtai ned. However, as a result of the experinments conducted by the
present invBfitors, it has been confirmed that when a wafer having a pattern

T2 S S D 4 R R e e
sectional area of a wiring layer has become small,
whereby the above-mentioned surface damages are likely to

10 occur when devices are produced, and the area of the
wiring portion will thereby be further reduced, whereby
the resistance may increase, or in an extreme case,
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
liguid. Further, JP-A-8-83780 discloses an abrasive

which contains aminoacetic acid and/or amidesulfuric



chem cal etching effect on copper and erosion on the copper surface after
the polishing tend to be significant, and formati on of recesses on the
copper wring portion tends to be substantial. Further, in a 15 case where
benzotri azol e having a function to suppress chemcal etching effect on
copper is incorporated in order to suppress erosion on the copper surface,
if the addition anmount of benzotriazole is too |large, the stock renoval
rate of the copper |ayer tends to be 20‘%fgnificantly | ow, and the polishing
takes long tine, such being inefficient. On the other hand, if the
addi ti on amBgAE, oRNhericirilagopgend t ¥ te¥land menzafeAgele WwEtioh to
suppress chem cal etching effect can be obtained, and it is thereby
i npossi bl e f6rayagideel \NRE PEFEEEINT FEFRIDMNTMNT tEIsex on t he copper
wWiring portion. Thus, according to the experinents conducted by the - 7
present i nveREGEIVE-t WQ%“béeﬁOPEGHd1?%ﬁ65§?bpélﬂ§he§r@M(ﬂ?%ﬂgeﬁ%ﬁhate
stock renoval rate_of a_copper layer and at the sane tine to sufficiently
suppress f oPnROLGFDIHE LéCdSed Odn 38 CHPFSIRA i Ry TRr2tbrelwneie® ne copper
5 wiring is polished by _using a polishing conposition conprising an
abrasi veS gEyOCKe FeBONEdt MedFolSErame WRELNe%s in the above prior art 1
Here, with reference to Fig. 1, thF phenonmenon of, formatio recesses

% d’%h

of
will further beHWKider &F & FRsY c‘??&?%ﬁlﬁ%rllt%i%%g‘ilﬁ‘f?d@@. 1(a)

illustrates the state of, a device whe ol.ishing h reached a barrier
t%e present 1nventors, 1tlkéé been é%nff&me that when a

wafer having a pattern including a copper wiring formed
thereon, is polished by using a polishing liquid simply

10 containing an abrasive, glycine and hydrogen peroxide,
chemical etching effect on copper and erosion on the
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



| ayer (tantalum containing conpound: Ta). Figs. 1(b) and 1(c) are enlarged
views of portion Ain Fig. 1(a) to illustrate effects. Fig. 1(d) shows the
state of the 15 device after the polishing. As shown by Figs. 1(a) to 1(d),
it can be concluded that recesses are fornmed by two effects which will be
descri bed below. Nanely, the first effect is an effect by a voltage forned
by the frictional force and pressure during the 20 polishing. As shown in
Figs 1(a) and 1(b), the surface of thé ﬂaﬁtalun}containing conmpound i s
oxi di zed by the polishing conposition and will_readily be changed into

t ant al um oxPHESETA20BYeNtaEcal din Srisdses £ pwinghliynpafisiieks rie and

pi ezoel ectric substance, and thus, when a 25 pressure is exerted to this

t ant al um oxPdEVigdeyant agedugitiel sHeKorREPValcdatd mfl 2 RRBSYy taeer
polishing, if a pressure and frictional, force are exerted to the device - 8
surface, a @BPt a§ethirl Fape fdrRedbyud fHicd AR 1aCtSURPT &5F f Qo192 sur f ace
of the tantalumcontaining conpound .changed to tantalum oxide (the surface
| ayer side P§ TREGEERFeIP Gh&PHEET Ad e PRY Hlffer MRRN st §PBEHositi vel y
charged). The second effect is_an effect by a _so-called galvanic cell,
which witl Weridened Pelwedsd Sappernghd Hvd SR FRATRATHF Hithg conpound.
This effect is cauysed by difference in the specific el ectrochem cal
potential b&ECRRERSEHFpEM @%ﬁfséﬂﬁ't yFﬁﬁFhl§ﬁ¥E%REEﬁ4ﬁ?ﬂf’fﬁugdﬁ%B%ﬁd.

Copper is a base netal ,as conpared with the tantalum containing conpound
and is readPPyTol-i6 8R0S R&L&r. 3Kéedrdingly, if a voltage is formed by the

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

formation of recesses will further be considered from a

10 physicochemical viewpoint. Fig. 1(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. l(a) to
illustrate effects. Fig. 1(d) shows the state of the

15 device after the polishing. As shown by Figs. 1(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 l(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 (Ta0s). 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



effect, electrons are renoved by the positively charged tantal um oxide,
wher eby copper tends to be readily 15 ionized, and as shown in Fig. 1(c),
copper is selectively subjected to chem cal etching, whereby as shown in
Fig. 1(d), deep recesses will be fornmed al ong the copper wring portion
after the polishing. At that time, the polishing conposition serves as an
el ectrolyte and thus 20 pronotes the ch%nical etching effect. Accordingly,
it is strongly desired to develop a pol¥i Shing conposition which has an
adequat e stock renoval rate of a _copper |ayer and with which polishing can
be carriedsBufa@ir hduVollsegienyilddc £esder8I8t FyY Coppezafsdgr 25 portion
i.e. while reducing chem cal etching to copper, in polishing an object to
be pol i shedehheré evppbe aud facke ofarhy GRnEEHUEIFORT addrpsu rfPrepeund
coexistent. 9 The present invention has been nade to solve the

above- descr FbaagpfobPefntaddm pxigear thig spyr fgica Haygsr esigit Isvention to
provi de a polishing_conposition, wth which polishing can be carried out
with a | ow BeEREAVERY ENErPRE effecithggdiendttedfipée S14e I suppressing
formati on of recesses on the copper wiring_ portion, wthout inpairing the
stock rehovRPSE&L¥edY shaggsser | Bherserald elbeptodesanf 6F L5Csdd fg a
sem conduct or deyice coggrisin at |l east _a Lﬁﬁg&)ﬁ&de of . 10 copper and a

| ayer made 6P"§a9éﬁ§a93_ eorCa Rty Corhyourid %a%ﬂﬁﬂﬁqeﬁ%ﬁw a
pol i shing et nod eploying such . poli:shi g commost tipn- 1he pylA el ng
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.



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 polyethyl ene oxide, a polypropyl ene
oxi de, a pol yoxyet hyl ene al kyl ether, a pol yoxypropylene alkyl ether, a

pol yoxyet hyl enepol yoxypropyl ene al kyl 20 ether and a pol yoxyal kyl ene
addition polynmer having a C= Ctriple hond, represented by the fornula
(1): RBR4 RIO(X)- GCC CGC(Y)11 ORZ 25" Rp R6 wherein each of RL and R2
is aHor a Cl_10 alkyl group, each of R to R6 is a C -10 al kyl group,

each of X and Y iThe pr@seat stMANEASYy hgreoleesr Mads disyI1sedes i oup, and

each of mand n is a positive nunber of from1l to 20, (c) at |east one
pol i shi ng acebr¥eateagrébrpounebdemsct aadf E6mist BE gPGEF tcOdsitss ng of
citric acid, oxalic acid, 5 tartaric acid, ggﬁqine, a-al ani ne and hi stidi ne,
(d) at | easPrefenaninysRtéSNVEOSEIreriae Br BALERBiggoGPMPOGASIioN.ng of
benzotriazol e, benzim dazole, triazole, imdazole and tolyltriazole, (e)
hydr ogen per8xtBewhaal Pefyshaner canobeheapsicdhiong @afposi tiovh of the
present invention 1is characterized in that the organic conpound (b)
conpri ses® (bthenicpdastchaBdordifict GEApHEHRdCOPPEE ed - Sf-r M t he group
consisting of a polyethyl ene oxide, a polypropyl ene oxide and a
pol yoxyal kyl EHBPa&8FEREn L2586 PRe PEnEGCRESESCET H1F £°BBRY, Y&t dsent ed by
t he
portion, without impairing the stock removal rate of a
copper layer, in a CMP process for producing a
semiconductor device comprising at least a layer made of
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 polyoxypropylene
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
Rl O- (X)m' (IZ-C =C- (%-(-Y)n' ORZ

> Ry, Ry

wherein each of R, and R, is a H or a C,,, alkyl group,

each of R, to R, is a C,,,alkyl group, each of X and Y is



above formula (1), and (b2) at |east one organic conmpound selected fromthe
group consisting of a pol yoxyethylene alkyl ether, a polyoxypropyl ene al kyl
ether and a pol yoxyet hyl enepol yoxypropyl ene al kyl ether. 20 The polishing
conposition of the present invention is also characterized in that the
organi ¢ conpound (b) conprises (b3) a pol yoxyal kyl ene addi ti on pol yner
having a CC triple bond, represented by the above fornmula (1), and (b2) at
| east one organi c conpound sel ected frenlfthe 25 group consisting of a
pol yoxyet hyl ene al kyl ether, a pol yoxypropyl ene al kyl ether and a
pol yoxyet hyl @Repohybsiypromdane ol lay Prepiéeneoxy 19rqge, gld Sy conposition
of the present invention is characterized in that the pol yoxyal kyl ene
addi tion poPfner ahdvinngsaaCpogitriiviel aubbrd, ofefresert d Bt He) afove
formula (1), is a dialkyldinethyl butynedi ol 5 pol yoxyethyl ene glycol ether
represent ed Bpasheoher pollashipy acCHdl eCH3 indOCE@RIMBNGIET S (lzH0) - OH
10 R R2 wherein each of RL and R2 is a Cl-10 al kyl group, and each of m
and n is a pboset oveupurbasist ihgomil ci¢rie. athe, pokxadhingaist.hod of the
present invention conprises polishing a sem conductor device having at 15
| east a |lmyetaotacippecidndgdylcaper, of-aldmimel amdconsbiding, codpoahd for med
on a substrate, with the above polishing conposition.

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.



Now, the present invention will be described in further detail with
reference to the preferred 20 enbodi nents. In the acconpanyi ng draw ngs,
Figs. 1(a) to 1(d) are schematic views illustrating the nechanismfor the
formati on of recesses at a copper wiring portion of a device. 25 Abrasive
The abrasive as one of conmponents of the polishing conposition of the
present invention plays a role of - 12 nechanical polishing in the CW
process, and as such an abrasive, it~i$lcomonly known to enploy fine
particles o%€$.%.,%%Joxide, a niLrideigr a carbide of a netal.,In the
present i nvéRti BRI IERINGSOTERS Tee P s i (AP T UM FYFRE P BupS consi st i ng
of silicon dioxide and al um num oxide, is used, and it_is particularly
preferred t& aéﬁﬁF&f%ﬁ%é(ﬁﬂ1§ﬂ%5d§ﬂ? PR B FOEYE F et udes many
types differing in _the properties or _in_the processes for their production,
10 i ncl udi n§°daFeEsi $AV1iSd ic & =FuhEdPirl PORand SBERERE tah hd st esent

i nvention, one of them  or a mxture of a_plurality of them nay be

enpl oyed. & foila fgre Hﬁ%ﬁ69%4$¥¥%éiﬂﬁﬁ%%;%&ﬁ¥¥ﬁ®%$1siIica. The
al um num oxi de i ncludes a-al ”i”%6 y-alumna, 15 0-al um na, K—alfnina and
ot her nD?ph§P§§PéMq Y160 Srleife o fdd e TS e i PY sthe ok @EBU LR here i s
one called colloidal alumna or funed alumna. In the present invention,
one of them(d’ a mixture of a

g
HO{(C,H,0),-C-C=C-C(GH,0),-OH

10

wherein each of R; and R; is a C;.;9 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



plurality of them nmay be enpl oyed. However, it is 20 preferred to enpl oy
col l oidal alumna or funed alum na 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 nmechanical action as 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 nmaintaining a 13

sufficient stock renoval rate and supﬁrégsrng formati on of defects on the
device surface after the polishing, the preferred particle size is from10
to 100 nm mecdangcafle paBiiypinemizy the sMhRraasess. fapd s prehepably 5
from30 to 60 nm, as an average particle size obtained fromthe surface
area nmeasur é¥rieP 1 eBET theitch SPIIEHEL Y GHE®T re i o7y thtnqbpaskvelea the
polishing conposition is preferably from0.5 to 200 g/Q nore_. preferably
from5 to 16§ §-9- BR pﬁ@d%on@emtdﬂ% o acarelddrekivenesatoo Jow, the
mechani cal polishing power tends to decrease, whereby the stock renova
rate of the thE€opE&Sady R vihy R8br s el 937 s e aERe? GelaetethéFomhand, if
the concentration of the gbrasive is too high, the nechanical polishing
power tehds 6 IFOMRaSONSHTEEYY Ol Sl Goft xR | 3 gyl wREnUm

t ant al um cont gi ni ng conpound ayer, tends to be too high, and erosion is
likely to R&W%. 16 §afit @d}épdlfndlsw@%%%%r%@% grE8dohe of

conponents of the .. N
P emﬁioy silicon dioxide.

The silicon dioxide includes many types differing in
the properties or in the processes for their production,
10 including colloidal silica, fumed silica and others. 1In
the present invention, one of them, or a mixture of a
plurality of them may be employed. However, it is more
preferred to employ colloidal silica.
The aluminum oxide includes a-alumina, vy -alumina,
15 f -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



20 polishing conposition of the present invention is at |east one nenber
selected fromthe group consisting of a polyethylene oxide, a polypropyl ene
oxi de, a pol yoxyethyl ene al kyl ether, a pol yoxypropyl ene al kyl ether, a
pol yoxyet hyl enepol yoxypropyl ene al kyl ether and 25 a pol yoxyal kyl ene

addi tion polynmer having a CCtriple bond, represented by the formula (1): -
14 RB R4 RIO(X) GCGCCGCGnmMOR 5 RS R6 wherein each of RL and R2 is a H
or a C1_10 al kyl group, each of R t0O RS s a Cl_10al kyl group, each of X
and Y is an ethyl enoxy group or a propyleneoxy group, and each  of mand n
i s a positiveffdeientofstfocdmremayad0 rafire 3l yivnY efelexi Hernat yenal |y

call ed 10 pol yethyl ene glycol and has the followi ng structural fornmula. H
(OCH2CHR2) nofHAsAEcsisn o itheaslghcsysuniagsiesefishg- IR bishbed tleehyl ene
gl ycol. 15 The pol ypropyl ene oxide is usually called polypropyl ene glycol
and has t hePrafiesnesy Pstticle A129 dismfirem HO (tocH QEHEy . @M@Ye m OH wherein m
is an integer representing nols of added 20 pol ypropyl ene_ oxide. The

nol ecul ar WEFGHET adIl 1t H& QPFolArettty 1¥h&Mhxisdel ehdf Ut HeeH P ypFepsPkYie oxi de are

not particularly limted, but ) ) )
5 from 30 to 60 nm, as an average particle size obtained

from the surface area measured by a BET method.

The concentration of the abrasive in the polishing
composition is preferably from 0.5 to 200 g/f, more
preferably from 5 to 100 g/£. If the concentration of

10 the abrasive is too low, the mechanical polishing power
tends to decrease, whereby the stock removal rate of the
copper layer may decrease in some cases. On the other
hand, if the concentration of the abrasive is too high,
the mechanical polishing power tends to increase, whereby

15 the rate of polishing the tantalum-containing compound
layer tends to be too high, and erosion is likely to
result.

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):



they are preferably conpounds having an average nol ecul ar weight of from
100 to 10,000, nore preferably from200 to 25 1,000. The pol yet hyl ene oxi de
and the pol ypropyl ene oxide play a role of suppressing recesses on the
copper wiring - 15 portion in polishing of a device. In order to have the
role performed sufficiently, the amount of their addition is preferably
from1l to 200 g/B, nore preferably from1l0 to 100 g/L, based on the entire
conposition. If the 5 anount is too small4 no adequate effect for
suppressing recesses can be expected. On the other hand, if the anount is
too large, the polishing accelerating effects of the abrasive or the
pol i shing accel erating conpound tend to be prevented, and the stock renoval
rate may 10 |ikely be decreased. The polyagyethylene al kyl ether has the
followng structural formula an 3s one ulng et hyl ene oxi de

addi tion-polynerized to a |linear r branch hi gher al cohol. 15 R-0-

(CH2CH20) -H wherein i nteger representing

nol s of added et hyl eni{ggm Kg @o-ryg; m:'eg& kyl ether has the

followng structural formula an |s one vi ng propyl ene oxide 20

addi ti on-pol ynerized to a Ilnear br anc hi gher al cohol .

R-0-(CH2CH(CH3)O)mH wherein Ris an al kyl group, and mis an integer
wherein each of R, and R, is a H or a C;,, alkyl group,

each of R, to Ry is a C,,, alkyl group, each of X and Y is
an ethylenoxy group or a propyleneoxy group, and each

of m and n is a positive number of from 1 to 20.

The polyethylene oxide is usually called

10 polyethylene glycol and has the following structural
formula.

H- (OCH,CH3) n-OH
wherein n is an integer representing mols of added
ethylene glycol.

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

- (OCH (CH3) CHy) ,—-OH
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



representing nols of added propyl ene glycol. 25 The
pol yoxyet hyl enepol yoxypropyl ene al kyl ether has the follow ng structural
formula and is one having propyl ene oxide and ethyl ene oxide
addition-polynerized - 16 to a linear or branched hi gher alcohol. RO
(CH2CH (CH3) 0) M (CH2CH2O -H wherein Ris an al kyl group, and mis an
integer representing nols of added progélene glycol, and nis an 5 integer
representing nols of added ethyl ene gryeel -~ The pol yoxyal kyl ene addition
polymer having a C=C triple bond, represented by the fornula (1), is
pref erabl y Rodtabkyiai petlhyphbiigy eddieoldepysiafoxyénhykdre tgl hevle diiser
represented by the formula (2): 10 CH3 CH3 HO (C2H40)ID G C E G G (CQ2HO
-Oa Rl R WRérebgréqemedf sREfaederElys 4hel ampualtkydf grhwiy, adidfitebeh 15 of
mand n is a positive nunber of from1l to 20. The nol ecul ar wei ghts of the
pol yoxyet hyiénerafiegiablat Haom fthdopdlOPoxyPr o pyiren@rafiepiabdihdir,om H
pol yoxyet hyl enepol yoxypropyl_ ene al kyl ether and the  pol yoxyal kyl ene
addi ti on poltymdfOhavngbased epi phe 20tbserdcorepsdisdrned By the fornula (1),
are not particularly limted. However, they are preferably conpounds
havi ng ah afBPHgE Asl €09 shaddi gie @laFugrhe EIfTFt £ B0, DIWr ey Pr ef er abl y
from2,000 to 20,000. Fromthe fact that no effects can he obtained if only
25 hydr ophi FRES§ESSpSadr Iy BT gPBupscaPpéhpresend i Af the

amount is too large, the polishing accelerating effects

of the abrasive or the polishing accelerating compound

tend to be prevented, and the stock removal rate may

10 likely be decreased.

The polyoxyethylene alkyl ether has the following
structural formula and is one having ethylene oxide
addition-polymerized to a linear or branched higher
alcohol.

15 R-0- (CH,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)0) n-H
wherein R is 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



the molecule, it is evident that the bal ance of nols of the added
hydrophilic groups (ethylene oxide) and the - 17 hydrophobic groups (alkyl)
is inmportant. Nanely, the amount of the added hydrophilic groups in the

nol ecule is preferably from10 to 80% Further, the pol yoxyethyl ene alkyl
et her, the pol yoxypropyl ene al kyl ether and the 5

pol yoxyet hyl enepol yoxypropyl ene al kyl ether may have an optional al kyl
group within a range not to inpair the lgffrects of the present invention.
The pol yoxyet hyl ene al kyl ether, the polyoxypropylene al kyl ether and the
10 pol yoxyettlt?yIaerlelrl)l@lélyfo>@9fp130<3’|@}fllCé*lﬁﬂe1 dlighereteiohqlay a role of suppressing
recesses on the copper wiring portion in polishing of a device. In order to
have the role ﬁeﬁ}oﬁﬁb@H§Q$ﬁi@i&nﬁQHkCHtﬁenemDunt of their addition is
preferably from1l to 50 g/.Q_nore preferably from2 to 30 15 g/L, based on
the entire cbesedn iForis Ror BH&w ] @ UMANE Tofig RN pdtyessal kyl ene addition
pol ynmer having a CC triple bond, represented by the formula (1), is
preferably Fephesntiagowls 1of mﬂd@dprﬁefcewétﬁrxﬁ f¢lorral t ANGO g1 ) aBased on
the entire conposition. If the amount 20 is_too small, no adequate ef f ect

f or supp?eséﬂﬁ?%%%é§§€§53ﬂ%1q&aW%k%éﬁe@ddﬁﬁtQRbXﬁﬁﬁﬁ ®EYelif the anount
is excessive, the polishing accelerating effect of the  abrasive or the
pol i shi ng accel & i Xﬂﬁﬁéiﬁ%ﬂqﬁﬁlq JE YL BRlYRRYRREENIaAdCEHe st ock

renoval rate may I|kek¥ 25 decreased. Each of the Polyethylene oxi de,
t he p0|ypr06§' represented by the formula

preferably a dialkyldimethylbutynediol polyoxyethylene

glycol ether represented by the formula (2):

10 (EH% ﬁ]ﬂs
HO-(CH,0),-C-C=C-C-(GH,0),-0H
R1 R2

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

The molecular weights of the polyoxyethylene alkyl
ether, the polyoxypropylene alkyl ether, the
polyoxyethylenepolyoxypropylene alkyl ether and the
polyoxyalkylene 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



oxi de, the pol yoxyet hyl ene al kyl ether, the - 18 - pol yoxypropyl ene al kyl

et her, the pol yoxyethyl enepol yoxypropyl ene al kyl ether and the

pol yoxyal kyl ene addition polyner having a CC triple bond, represented by
the formula (1), is a nonionic type 5 organic conpound and is not one which
i ncreases the electrical conductivity of the polishing conmposition.
Accordingly, it is considered that even if such an organic conpound is
incorporated to the polishing conposttidén; the electrical conductivity of

t he polishing 10 conposition can be nmaintained to be low, and the polishing

conposi ti onhi;ardphb®ikakgoypact(adkydn iel eeigortdree duNafe 1p9! itsldi ng.
Specifically, the electrical conductivity is preferably at nost 100 pmcm

The pol yet hghenatoxifdehet heded yaRphand oxrdaipd e thke ped aniyked hys ene
al kyl ether, the pol yoxypropyl ene al kyl ether, the

pol yoxyet hybeaepehipdxy fropy l1énecalsinl. efhecheand thiee ppdlywexpalhkyleeree
addition polynmer having a C= C triple bond, represented by the formula (1),

are requiredlkiyd keheirssaheegodrysiyppengdcnen aliey Icamiost tarad. tife 20
plurality of the above organi c conpounds may be used in conbination wthin

a range mot pbaybmapeaithytllee epioflgoixypafopyillesmepradserit & theentmaon, hans ey may be
conbined in optional proportions. Further, copolyners of such

pol yoxyet hybemneéoaklylalkz3 etdoerp, wiahioxypremdeensotal thy | ingbdier tdnel
pol yoxyet hyl enepol yoxypropyl ene al kyl ether, i.e. a polyoxyethylene
copol yner, effiecyexydr apy @ressopoliyiemtion.
The polyoxyethylene alkyl ether, the
polyoxypropylene alkyl ether and the
10 polyoxyethylenepolyoxypropylene alkyl ether, play a role
of suppressing recesses on the copper wiring portion in
polishing of a device. In order to have the role
performed sufficiently, the amount of their addition is
preferably from 1 to 50 g/0, more preferably from 2 to 30
15 g/0, based on the entire composition. Further, the
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/8, 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



- 19 and a pol yoxyet hyl enepol yoxypropyl ene copol yner, are expected to have
simlar effects. Polishing accel erating conpound The polishing accelerating
conmpound as one of 5 conponents of the polishing conposition of the present
invention is at | east one nenber selected fromthe group consisting of
citric acid, oxalic acid, tartaric acid, glycine, a-alanine and histidine.
Here, "the polishing accelerating conpound" is neant for a conpound wher eby
10 copper can be nore readily dissol vedl®hen this polishing accelerating
conmpound is contained in a solution having hydrogen peroxide dissolved in

pure wat er, palgosyphopylenapalng lsemtes t alzhel ate copper thereby to
accel erate polishing of the copper |layer. Anong them glycine is 15 nore

preferred. pbeyampeihylenspoh ypsdyipHtipld cec el land idtheomolinthei s preferably
from2 to 20 g/0, nore preferably from5 to 15 g/Q based on the entire

conposi ti onpollfyotdya laglente aidsliltdsm tdrlymeg/Havihe stoek emplal rate of
the copper 20 |l ayer tends to be small, such being undesirable. On the other
hand, if theoafpuikpexceadsd®yg/ilhe tharmsileck(l)renval rMairowictbgpeopper
| ayer tends to be too high, whereby the polishing control tends to be
difficulsd. oAgeaidi eghmpouaddueddre rict regivtettiatindwedda® ofieusing 25 it.
Anticorrosive The anticorrosive as one of conponents of the - 20
electrical conductivity of the polishing composition.
Accordingly, it is considered that even if such an
organic compound is incorporated to the polishing
composition, the electrical conductivity of the polishing
10 composition can be maintained to be low, and the
polishing composition tends to hardly act as an
electrolyte during polishing. Specifically, the
electrical conductivity is preferably at most 100 umccm.
The polyethylene oxide, the polypropylene oxide, the
15 polyoxyethylene alkyl ether, the polyoxypropylene alkyl
ether, the polyoxyethylenepolyoxypropylene alkyl ether
and the polyoxyalkylene addition polymer having a C=C
triple bond, represented by the formula (1), are requirec
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 polyoxyethylene alkyl
25 ether, polyoxypropylene alkyl ether and
polyoxyethylenepolyoxypropylene alkyl ether, i.e. a

polyoxyethylene copolymer, a polyoxypropylene copolymer



pol i shing conposition of the present invention, is at |east one nenber

sel ected fromthe group consisting of benzotriazole, benzim dazol e,
triazole, imdazole and tolyltriazole. Here, the anticorrosive is one
having a 5 function to protect the copper surface during and after
polishing and to suppress erosion of the copper surface. Anmong them
benzotriazole is nore preferred. The anpunt of such anticorrosive is
preferably from 0.01 to 0.2 g/Q nore pPeferably from0.02 to 0.1 g/Q 10
based on the entire conposition. If the amount is less than 0.01 g/Q the
copper surfapd af pelypsiveshydgnemedy oxypriomyrlead |gprokyTetied, axtich bei ng
undesirable. On the other hand, if the anobunt exceeds 0.2 g/Q the effect
for form ngxaeptetetri Paveapgamifler edpgetst.ends to be strong, 15 whereby
non-uniforniti_in,polishing is likely to be induced, and the stock renoval
rate of coppBetisbihgkecgelegaddangr commoaindsuch bei ng undesirabl e. Hydrogen
per oxi de The hydrogen peroxi de as one of conponents of the 20 poli shing
conposi tion of {The poddeiingaeinslata sy axpmpoungh a%ieiei ¢ agent. And,

t he hydrogen peroxide has an adequate oxidizing power to oxidize copper and
has a char gemeenenite odcrhen®o ldrdisshcammiasg e il themzeserh i npurity
can readily be availahle. Accordingly, it is 25 particularly suitable for

t he pol i shi AGVEBRPES tisor tofl Sastte PByee FEMLM\EESUrEd TheoraigimtIBPuRydr ogen

peroxide in the polishing - 21 conposition is preferably from2. to 40 g/ Q
nor e consisting of citric acid, oxalic acid, tartaric acid,

glycine, a-alanine and histidine. Here, “the polishing
accelerating compound” is meant for a compound whereby
10 copper can be more readily dissolved when this polishing
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. Among them, glycine is
15 more preferred.
The amount of such polishing accelerating compound
is preferably from 2 to 20 g/f, more preferably from 5 to
15 g/0, 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



preferably from5 to 20 g/Q based on the entire conposition. |If the anount
of hydrogen peroxide is too snmall or too |large, the stock renpval rate of
the copper 5 layer may likely be small. Water The water as one of
conponents of the polishing conposition of the present invention is
preferably one having inpurities reduced as far as possible, so that the 10
above- nenti oned respective conponents can precisely performtheir roles.
Nanely, it is preferably distilled wat P, “or one having inmpurity ions
removed by an ion exchange resin and having suspended nmatters renoved by a
filter. 15 polliishiing composiittiiom THe the ismsentcompegitican dfs tde present
invention 1is prepared by dissolving or dispersing the above- descri bed
respective demsénemes merderatselesdtedorfaom biites i e lasutsic fitmmathe group
consisting of silicon 20 di oxi de and al um num oxi de, at | east one organic
conpound sbleacioéd ifzomet. hdegyzaay degndisst it afole polniatdnd eheandxi de, a

pol ypropyl ene oxi de, a pol yoxyethyl ene al kyl ether, a pol yoxypropyl ene

al kyl et her todygéinigepdehy| Batpol bryprépyPenesavryisecher havdrg @C 25
triple bond, represented by the formula (1): - 22 R3 R4 RI10-(X)m

C- C=C C-%) OFUORZ 1 0Rs tRe PF aftestteithee SPRFT RUfRfF RAUBLNY KRst &f@r | al kyl
group,

polishing and to suppress erosion of the copper surface.
Among them, benzotriazole is more preferred.

The amount of such anticorrosive is preferably from
0.01 to 0.2 g/8, more preferably from 0.02 to 0.1 g/@,

10 based on the entire composition. If the amount is less
than 0.01 g/0, the copper surface after polishing tends
to be readily corroded, such being undesirable. On the
other hand, if the amount exceeds 0.2 g/8, 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



each of RR to R is a C -,, alkyl group, each of X and Y is an ethyl enoxy
group or a propyl eneoxy group, and each of mand n is a positive nunber of
from1l to 20, at |east one polishing accelerating conmpound sel ected from
the group consisting of citric acid, oxalic acid, tartaric 10 acid,

gl ycine, a-alanine and histidine, at |east one anticorrosive selected from
the group consisting of benzotriazole, genzinidazole, triazole, imdazole
and tolyltriazole, and hydrogen peroii% , in water. Further, in sone
cases, an etching-suppressing agent. nay be added 15 and m xed. The net hod
and order f6Pm&P§§5P@Pn§Sopnﬁﬁ9§§#§ﬂhfﬁoﬁh@ s ftdnfe B@FSonents are
optional. For exanple, stirring by a vane-type stirrer Qr supersonic

di spersi on PFgfeEePdrpfePEd > By @@gﬁﬂgfnﬁﬁﬁéé,OPhéh@OEEGHéﬁts ot her 20 than
the abrasive will be dissolved, and the abrasive w | be dispersed in

wat er, wher ERYPCRe tdGRpost £i bBRewAMPUnBeCl BHPF8PRIdPEHEFIAEN 1SFHCher , at
the time of preparing the above _polishing conpagsition, a hasic conpound, a
vari ous ZSSQGﬁ alfa OaﬁérgﬁheFQQnﬁFQSﬁtﬁ%ﬂ%YQ%a?ﬁ%&u?ﬁ(ﬁhqfﬂPRRﬁﬁose of
mai ntai ning.the quality.of the product or for providing safety or depending
upon t he’t ypéY6Et Ry g&ﬁ@@ﬁ'kméme: ‘be polished, the polishing conditions
and ot her ne%essity for polishing. The pH of the polishing conposition of

t he presentW } ntion is not particularly limted, but it is 5 preferred

that the CorrposI’Itl'lleorxlﬂa{tseradésusgneed éx_p cho%/peorPel_lil‘gs of the polishing

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):



to pH 10. Various basic conpounds may be nentioned as an agent to increase
the pH Specifically, ammonia, ethylene diamne, tetranethyl anmoni um

hydr oxi de, tetraethyl amoni um hydroxi de, potassi um hydroxi de, sodi um 10
hydr oxi de, piperidine, piperazine and ethanol am ne may, for exanple, be
menti oned. Anong them those which have a small etching action to copper
and which hardly agglonerate abrasive grains, are preferred, and those
containing no other netals as inpuritiesz2are preferred. 15 From such

Vi ewpoi nt s, tetranethylannnniun1hydroxide is preferred. On the other hand,
as a pH-control ling agent used t mer the pH, the above-nentioned
citric acid, oxalic acid, tar 81 C aci d an etching suppressing agent
may have such effects. As other| 20 exanﬂle |norgan|c aci ds such as

hydrochl ori ¢ aci d, = bonlc acid, phosphoric
acid and chl or oacet |]c{1g2 @6 3: Q g; ﬁp nt| oned. The pol i shi ng
conposition of the present inveftion nay have an et chi ng- suppr essi ng
agent incorporated to suppres statl em cal etching action to copper.

Here, "static" means a chemi cal etching action when the - 24 object is
exposed t® t hthepelinskiary cdnBpantli Bpiwi ahBudbr a eCej,\vdlkgy lamyramechani cal
action befor eawh aft & top@kiishiang, , TAekel chi-t@p s UppFiessi Ng aagent iiss meant

for a conpoupd dravileaoal beaﬁg 8R€a G BARNMn QU rbipd Bagkedchone of a
saturated hydrocarbon or a hydrocarbon having one or two unsaturated bonds.
Furt her, anoed suemd 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 compbsitibn 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



conpounds, one having a carbon nunber of at least 10, is preferred.
Further, preferred is one having a solubility in water of at nost 0.2 g/100
g. Specifically, lauric 10 acid, linoleic acid, nyristic acid, palmtic
acid, stearic acid, oleic acid, sebacic acid and dodecanoi c diacid my,
for exanple, be nmentioned. Modre preferred is one having one carboxyl group,
and fromthis viewoint, lauric acid, linoleic acid, nyristic acid,
palmitic acid, stearic acid 15 or ol efc23ctd is preferred, and lauric acid
or linoleic acid is nore preferred. The anmount of the etching-suppressing
agent in theo pel pslilsteconbs thedn shsings walrdi tfircom i ¢tthdr g/ Q
preferably from0.02 to 0.1 g/Q based on the entire 20 conposition. If the
amount of t hecetschityyfeuppodssiligg.agent is | ess than 0.01 g/ Q such is not
sufficient to suppress the chenical etching action to copper. On the other
hand, if the amilng pdf athehet g nighsiuppresw ol t bgenef ekbeedsegdegtQ it
tends to suppress the stock 25 renoval rate of the copper |ayer excessively,
and its di sswentiion iis ted pelrdtshivgrlonpdsiitiesh tlandsitoide difficult. -
25 In the polishing conposition of the present invention, the surfactant
may further orefggeed dhartc tées e ondrs idilspensaditsted thehabe asiive or to
adjust the viscosity or the surface tension of the polishing 5 conposition.
The surfact &t ®H Adl.udéarionsekaspleconpodngpemgyndpeagemticnaketas mn agent ,
a thickener, a defoam ng agent, a foam ng agent, a water repellent, etc.
agent to increase the pH. Specifically, ammonia,
ethylene diamine, tetramethylammonium hydroxide,
tetraethylammonium hydroxide, potassium hydroxide, sodium
10 hydroxide, 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



The surfactant to be used as a dispersing agent, may usually be of a

sul fonic acid type, a phosphoric acid 10 type, a carboxylic acid type or a
noni oni ¢ type. The polishing conposition of the present invention may be
prepared, stored or transported in the formof a stock solution having a
relatively high concentration, so that it nmay be diluted for use at the
time of actual 15 polishing operation. The above-nenti oned preferred range
for the concentration is one for the act4fl~polishing operation. Needl ess
to say, in the case of adopting such a nethod of use, the stock solution
during the stbjagé 05 ekpamsporbathenpird ishdobutioowolsdviimg avililghdr 20
concentration. Further, hydrogen peroxide has a characteristic such that it
deconposes i netagvpngsenyemethangcadetgt ioonbedpreamwmorifian ons.
Accordingly, it is advisable to add and mx it to the polishing conposition
i medi at el y polbshtiog. 25Théectach Uad - sisppfosspodi sheng dpemadihonfosueh
deconposi ti on of hydrogen peroxide can be suppressed by at |east one
organi ¢ conpoomdosabebawdnfr om L kesgr onp caZboxydngirstipngrofa dguK yet hyl ene
oxi de, a polypropyl ene oxide, a polyoxyethylene alkyl ether, a

pol yoxyproopybene odl Rykatthakedahpdirporybohy benepblyyexpsrigey dree ialdky|

et her and a pol yoxyal kyl ene additi on polyner having a C= 5 Ctriple bond,
represent ed dpet he topnungatiyatedséandsext Buxrtheut #moseanspehsuppressed

al so by m xing another alcohol or carboxylic acid. Further, it is possible
to obtain seeRPanngsi eenebhavhedaborarkent ngAbepPfadgitudgasy 10, is

preferred. Further, preferred is one having a solubility
in water of at most 0.2 g/100 g. Specifically, lauric

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

15 or oleic acid is preferred, and lauric acid or linoleic
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/f, based on the entire

20 composition. If the amount of the etching-suppressing
agent is less than 0.01 g/£, 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.



agent. However, such deconposition will be influenced 10 al so by the storage
environnment, and there is a possibility that part of hydrogen peroxide
under goes deconposition due to a tenperature change during transportation
or due to formation of a stress. Accordingly, it is preferred to m X
hydr ogen peroxi de 15 i medi ately before the polishing. Polishing nmethod The
polishing nethod of the present invention conprises polishing a
sem conduct or devi ce having at Ieast‘a??ayer of copper and a | ayer of a
tantal um 20 containi ng conpound fornmed on a substrate, with the polishing
conposi tion conpm dihsy o sfhigvee -ead eldbn rels pdee i meesemponents i.e. at
| east one abrasive selected fromthe group consisting of silicon dioxide
and al uni nurmnvexitden atthiee 31 fowed agytg aaive fg@r‘q&mmdv%ase%d eieP f ¥agredee 25
group consistin%éof a pol yet hyl ene oxide, a polypropylene oxide, a
pol yoxyet hyltége ddisiogn sedtidr,tva ofolbhex phra@ivener dikyadasterthe
pol yoxyet hyl enepol yoxypropyl ene al kyl - 27 ether and a pol yoxyal kyl ene
addi ti on poMLFSIOSRAY 9§ éiil@: sug fgdepltensdimr afepiss e lesbing he formula (1),
at |l east one polishing accelerating conmpound sel ected fromthe group
consi sti g SPMEOELtd oxei dThExaRFéagaerBL st arcare 5 e ¢XagPd& n& a- al ani ne
and histidine, at |l east one anticorrosive selected fromthe group
consi sting OASPSERAIEG PdENte, DERATHFaPIERE 1 3 IZbIESH9¥ daFol e and
tolyltriazole, hydrogen peroxide, and water, and, in sone _cases, an
etc%ing-supﬁ?@§?¥ﬂﬁgg@€ﬁgﬁ' a oaﬁing 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
10 type, a carboxylic acid type or a nonionic type.
The polishing composition of the present invention
may be prepared, stored or transported in the form of a
stock solution having a relatively high concentration, 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



10 By this polishing nethod, polishing can be carried out with a |ow

chem cal etching action to copper i.e. while suppressing fornmation of
recesses on the copper wring portion, w thout inpairing the stock renoval
rate of the copper layer. 15 The reason for such a | ow chem cal etching
action to the copper layer i.e. suppression of formation of recesses, is
considered to be as follows. Nanely, it has been nade possible to suppress
formation of recesses on the copper wir2fg-portion by 20 incorporating at

| east one organi c conpound selected from the group consisting of a

pol yet hyl enecmeaiceirg qfolay e teneleng dexide pal yexdaigpehenal kyl et her, a
pol yoxypropyl ene al kyl ether, a polyoxyethyl enepol yoxypropyl ene al kyl et her
and a 25 pologdxieal leyIpenley caddithivdrerpoladieyrl hettigry @ GO lydxyerobphdne
represented by the formula (1), to the polishing conposition. By the

i ncor por at i @ikofl sdteran ompplYaxye 2y 1 emrpolyrkyRieopoene i hky tonposi ti on
of the present invention suppresses the role as an electrolyte which

accel er at es editsgoland on il yopperkblens eaddbovion kil hawnef#e€fs on the
copper wiring portion (see Figs. 1(a)_s to 1(qg), and further, the
anticorrbsi e tefifela ard iRttty Phethmtieombsi (k) i HeospdRated to
forma protective |layer on the surface of the copper |ayer. Further, it is
consi der ed tidtelthe Biie orpdiadt ikmh BIPRFESWE M hee greviekting dgekkeserves to

suppress a static 10 chem_cal etching_action, and even when the object to be
alcohol or carboxylic acid. Further, it is possible to

obtain such an effect by the above-mentioned pH-adjusting
agent. However, such decomposition will be influenced

10 also by the storage environment, and there is a
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

15 1immediately 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-

20 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

25 group consisting of a polyethylene oxide, a polypropylene
oxide, a polyoxyethylene alkyl ether, a polyoxypropylene

alkyl ether, a polyoxyethylenepolyoxypropylene alkyl



polished is exposed to the polishing conposition before or after the
polishing, the chem cal etching action can be suppressed. Further, the

rol es which the respective conponents is other than the above will play in
the polishing of copper, are considered to be as follows. Firstly, the
abrasive serves to performso-called nechanical polishing and accel erates
pol i shing. Hydrogen peroxi de oxidizes the copper surface to forma brittle
oxi di zed layer. 20 Further, the polishi A accel erating conpound affects the
oxi di zed copper surface to forma chelate with copper ions. Here, polishing
of copper prasdesdsiriyy aa pedidvixned kyefdreetadti timn ghelywat kdvecy anCeopper of
hydr ogen peroxi de and the polishing accel erating conpound and the 25
mechani cal €7 fretitplef hdmsl albreasiesentag therthe heorranta col r psavelsappr esses
erosion of the copper surface after the polishing, and further suppresses
an excessi vene 2®lighamc alcas gt atgirmr t¢ampaund oppeected fxomohlkeder ed t hat
by these effects, formation of recesses on the copper wring portion can be
suppr essed, Seira dengh sftigek o f emvial ¢ ragied ofoxobberachd, beareariged. 5 Wien
a wafer having a device pattern containing copper and a tantal um containing
conpound5f oraeed t leEneume, i&-pérhghedaby ggsﬁgdﬂﬁ@,péﬁiéﬁﬁﬁgiG@ﬁposition of
the present invention i.e. the one conprising at |east one abrasive

sel ect ed fromtimercsipcariettied) brok|the graw dtoxs detdndg afum num oxi de,

at | east one organic conpound selected fromthe group consisting of a
pol yet hyl endenzotriazole, benzimidazole, triazole, imidazole an

tolyltriazole, hydrogen peroxide, and water, and, in some
cases, an etching-suppressing agent.

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

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

Namely, it has been made possible to suppress
formation of recesses on the copper wiring portion by

20 incorporating 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

25 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



oxi de, a pol ypropyl ene oxide, a pol yoxyethyl ene al kyl ether, a

pol yoxypropyl ene al kyl ether, a pol yoxyet hyl enepol yoxypr opyl ene al kyl ether
and a 15 pol yoxyal kyl ene addition polyner having a CC triple bond,
represented by the fornmula (1), at | east one polishing accelerating
conmpound sel ected fromthe group consisting of citric acid, oxalic acid,
tartaric acid, glycine, a-alanine and histidine, at |east one 20
anticorrosive selected fromthe group‘caﬁsrsting of benzotriazol e,
benzi m dazol e, triazole, im.dazole and tolyltriazole, hydrogen peroxide,
and wat er, cemPRandabdie RYULSHEW BRI Pafeste RB®ERRErati ons or
amounts, it is possible to acconplish a stock renpval 25 rate of the copper
| ayer bei ng I@VeNddon SURRTSSaS, ththd oke depan orleeersese o acRopper
wiring portion having a _wring width of 10 um being not nore than 600 A in
a - 30 staPfEcfHEratGH Pisse QyRaPRer o’ abage; deher pPaet i cal
enbodi nents of the present _invention wil| be described in detail with
reference t FWOEEHRSIES FovdifeCORRELS WEH ThD LU Rt 63 tha¥St hé (&) present

invention is by no neans_restricted to such specjfic Exangles. EXAMPLES 1
to 57 and COPARAPIVE IBAANPLESSE + 51 FHeRPB DV andt E8RtEn2ESof pol i shing

conpositions Coll oj dal igéica_having an average particle size of 10 40 nm
as the abr aSitPFOtRY &R AHe PHESHI Y 1RV Ak $hgt @ ohpBiing,

benzotri azol e as the nticorrosive, hydrogen roxi de, and various types as
protecg1ve ayer on the sugggcg ofpghe copper fayer. yp

Further, it 1s 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



identified in Table 1, as the organic conpound, were mxed to water so that
they will be blended in the 15 proportions as identified in Table 1, to
prepare the respective polishing conpositions of Exanples 1 to 57 and
Conparative Exanples 1 to 8. In Exanples 1 to 17, an ethylene glycol, a

pol yet hyl ene oxi de, a pol ypropyl ene oxi de, a 20 pol yoxyet hyl ene al kyl ether,
a pol yoxypropyl ene al kyl ether or a poEgoxyethyIenepolyoxypropylene al kyl
ether was used as the organic conmpoundy”and its nol ecular weight and
anount were changed, and the ampunts of other conponents i.e. coll oidal
silica, glyEhRBLICHINESCHIRLIREIDTaR® KARRFen pér éXi donfEderatk e
respectively. |In Exanples 18 to 53, a pol yethyl ene oxide (nolecular
wei ght : 4oo¥>yOrth§S§1 ef £5QhFox FOIRA e ATy PEAFTIRA etie BPRYTORPRES
(ol ecul ar weight: 8,000) was _used as the organic conpound. In Exanples 18
to 23 anong“iFERY PRE tdRBURRT LS FIRRERERSS: Bbcum$RisSYefFed, and in
Exanples 24 to 29, the anobunt 5 of the polyethyl ene oxi de was changed.
Further, inTeBeyR3 &880 Ao CPPPYhEFbREMFH 1% of the colloidal  silica
was changed, and_in Exanples 36 to 41, the anount of glycine was changed.
Further,”in Exartfi<s #2¥ai¢yAaviie SARCOOHerYER 1 F 3B bR AN TAY changed, and

in Exanples 10 48 to 53, the amount of hydrogen engii e wa changed, and
each of ot hEPPE&FpEHENEs tREL B Cand-2 Sheéromy eﬁkﬂ%@ 4thgreon,

polyethylengsoggTisﬂQE”S§“ﬂ§¥hg Iﬁ@“ﬁofggniégnLékposition of the

present invention i.e. the one comprising at least one
abrasive selected from the group consisting of silicon

10 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

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



pol yoxyet hyl enepol yoxypropyl ene al kyl ether (nolecular 15 weight: 9, 000)
were added as two types of the organic conpound, and the anmounts of other
conponents were the sane as in Exanple 1. Further, in Exanple 55, the
anounts of the abrasive and other conponents in Exanple 1 were increased,
and in Exanple 56 and Exanple 57, lauric 20 acid and linoleic acid were,
respectively, added as the etching-supgressing agent to the sane
conposition as in Exanple 1. In Conpar Pive Exanpl e 1, no organi c conpound
was incorporated. In Conmparative Exanples 2, 5 and 8, no 25 abrasive was

i ncor por at e tad&ed wWihereomydivatinfe RRARH dRYST it IBRRRE- t hem pot assi um
pol yacryl ate (nolecular weight: 5,000)_ and pol yvinyl al cohol (nolecular

wei ght: 32 5, 000W.wdie praspedad gnpodisesnas ehetlbe gaveeerbnpound.
Further, in Conparative Exanples 3, 4, 6 and 7, ammonium polyacrylate

(nol ecul ar wEvgRtion 000), bhsordessiniheday etk vy eeifmenoRi gat :
5,000), polyvinyl alcohol 5 (nolecul ar_weight: 20,000) and pol yvinyl al cohol
(mol ecul ar é@ﬁﬁﬁ@?SS,OUGWeMéFe,lFe§B@é@ﬂv@ﬁyP“@9§§Q&?@Iﬁ?aQNEﬁﬁnc conpound.
As the hydrogen peroxide solution, a commercially _avail able 31% aqueous

sol uti on>waPrESERL amyantigds 1 Xd noLgrsafedietter e oFC t4€Re pol i shi ng.
However, the amount of hydrogen peroxide in Table 1 is the real amount in
the conposiSPeGH g3 Examples.

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
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compound was varied, and in Examples 24 to 29, the amount
of the polyethylene oxide was changed. Further, in
Examples 30 to 35, the concentration of the colloidal
silica was changed, and in Examples 36 to 41, the amount
of glycine was changed. Further, in Examples 42 to 47,
the amount of benzotriazole was changed, and in Examples
48 to 53, the amount of hydrogen peroxide was changed,
and each of other components was the same.

Further, in Example 54, a polyethylene oxide
(molecular weight: 400) and a
polyoxyethylenepolyoxypropylene alkyl ether (molecular
weight: 9,000) were added as two types of the organic
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
acid and linoleic 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
abrasive was incorporated, and in Comparative Examples 5
and 8 among them, potassium polyacrylate (molecular

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

Ln Ln
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polyacrylate (molecular weight: 5,000), potassium
polyacrylate (molecular weight: 5,000), polyvinyl alcohol
(molecular weight: 20,000) and polyvinyl alcohol
(molecular weight: 5,000) were, respectively, used as the
organic compound.

As the hydrogen peroxide solution, a commercially
available 31% aqueous solution was used, and it was mixed
immediately prior to the polishing. However, the amount
of hydrogen peroxide in Table 1 is the real amount in the

composition.
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wWwwwwwwww UWNOWOWOMOWOWOMNOW 3 - 36 In Table 1, EG represents

et hyl ene glycol, PEG polyethylene oxide, PPG polypropyl ene oxide, PCEAE

pol yoxyet hyl ene al kyl ether, POPAE pol yoxypropyl ene al kyl ether, POEPOPAE
pol yoxyet hyl enepol yoxypr opyl ene al kyl 5 ether, Pa-NH4 amoni um pol yacryl at e,
Pa- K potassium pol yacrylate, and PVA polyvinyl alcohol. Further, each

nol ecul ar weight is represented in such Yranner that, for exanple, a

nol ecul ar weight of 1,000 is represented by MLO00O. Further, BTA represents
benzotriazol e, LadnTakdurile &G dermmbamls refiferkeneiglycebl i BBEng tests
Usi ng the respective polishing conpositions of Exanples 1 to 57 and

Conpar ati ve Braygitéyleneo o&idepolHRShiped v pydrarieedxoide urRREAR he fol | owi ng
conditions 15 against the filmforned surface of the object to be polished.
However, in Exdypkeeshyleme kdwvig ather,cdfidd oy diynraat ene neskwl t h
pure water (the polishing conposition:pure water=l:4) was enpl oyed.
Pol i shi ng cordheronPOZFOPAE ol xvetiivienariodgieginioplotris H hgy hachi ne
for CMP (Mrra, manufactured by Applied materials Conpany) Object to be

pol i shed: 5 cogpberhl Fakditwatmenism pehyasryiless wibeK bakiasgiarcopper 25

| ayer fornmed by electrolytic '
polyacrylate, and PVA polyvinyl alcohol. Further, each

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 Lnlinoleic 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: gingle-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



pl ati ng) copper pattern wafer (854 mask - 37 pattern, manufactured by
SEMATECH Conpany) Polishing pad: |am nated polishing pad nmade of

pol yur et hane (I C 5 1000/ Suba400), manufactured by Rodel Inc., USA)
Pol i shing pressure: 2 psi (about 13.8 kPa) Table rotational speed: 80 rpm
Feed rate of the polishing conposition: 200 cc/mn 10 Carrier rotational
speed: 80 rpm Eval uation of the stock re al rate was carried out by neans
of a copper blanket wafer. Polishing was’' carried out for one ninute, and
the | ayer thickness before and after the polishing of the object to be 15
pol i shed, was measured by neans of a sHeRECLe®3i shametachered PYR 120,
manuf act ured by Kokusai Denki System Service K K ) and the |ayer thickness
di fference was calcul ated, and from t heEMRATECH St @BPIRAY le, the stock
removal rate was obtained. 20 Further, evaluation of recesses_on the copper
wiring was car i ShANHyPIdans of a cHPpErapat tRP hi5RIRY . PaPolRLRi ng was
carried out until copper at the area portion was conpletely polished and
renoved, and the difference in hei ght DetRReIHeNRBPpetCwiring portion 25
and the barrier layer after the polishing was ne red b nmeans qQf  a
profil er5(HRP340, manufactured by KLA f@ﬂ%%(%”bafgg)' nafufactured 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 K.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



Conmpany) which is a contact type surface neasuring - 38 apparatus to
determ ne the depth of the recesses of the copper wiring portion of 10 pm
of the object to be polished, after the polishing. The results of the stock
removal rate and the depth 5 of the recesses are shown in Table 1. It is
evident fromTable 1 that in Exanples 1 to 11 in which one of ethylene

gl ycol, a polyethyl ene oxide, a polypropyl ene oxide, a pol yoxyethyl ene

al kyl ether, a polyoxypropylene al kyl —eBBer and a 10

pol yoxyet hyl enepol yoxypropyl ene al kyl ether, is used as an organic
conmpound, argbpdsa s ecol @steenghé thechapgkdof 8headegusbessbdckheenova
rate of copper is obtainable, and formation of recesses on the copper

W ring porti®pper wimlhg poneven, of f 10 hemnof eenkabbyecghtoobesuch an 15
organi ¢ conpound increases beyond the preferred range, the stock renoval

rate of coppsslisels, tof ber sthél pol Fshihgr, also in Exanples 12 to 53 in
whi ch the concentration of colloidal silica and the anobunts of the organic

conpound, gl yci nehebeszalesazél ehandtbydr egrovaQ parexiatd weke depamged, good
results were obtained with respect to each of the stock renoval rate of
copper amd Jprim i oacofseecesseshokriherabaksod.in Exanple 54 wherein a
plurality of organic conpounds were used, in Exanple 55 wherein a
conposition of artigh eohdentr &rbmnTablwas phepadiedEsadpdidsutiedo miedi at el y
before the polishing and in Exanples 56 and 57 wherein lauric acid or
linoleic acim wiascladolee af éhkyktxdi afysoapprespohygeapghenegogdde, a
polypropylene oxide, a polyoxyethylene alkyl ether, a
polyoxypropylene 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 linoleic

acid was added as the etching-suppressing agent, good



39- results were simlarly obtained. Wereas, in Conparative Exanple 1
wherein no organic conpound was incorporated, it is evident that deep
recesses were fornmed on the copper wiring portion. 5 Further, in Conparative
Exanples 2, 5 and 8 wherein no abrasive was incorporated, there was a
problemthat the stock renoval rate of copper was |ow, since no adequate
mechani cal polishing by an abrasive was carried out. Further, in
Conparative Exanples 3 to 5, a polyacryﬁére 10 was incorporated as the
organi ¢ conpound, and in Conparative Exanples 6 to 8, a polyvinyl alcohol
was i ncor poeatédsayerke samganird ycompeumed but in each of these cases, deep
recesses were formed on the copper wring portion, and it is evident that
the organic 15 &bepeasd |k &ocapsalatdctey |Exanzinl la Wt ¥edmyho apxgwoicare not
capabl e of suppressing formation of recesses. EXAMPLES 61 to 101 and
COVPARATI VECBXANRRESWE saadlcOGPoPedesk. atlitort samy icemiterittatofdgrip i shi ng
conpositions Col |l oidal silica having an average particle size of 20 40 nm
as the abrage¢essgbyvene orree pol itde sProsicaligriard mprierpound,
benzotriazole as the anticorrosive, hydrogen peroxi de and various types as
identifi®d Farfhblre 2N &9MPR&asiysnifxaddbissurd (oragwhi& wherpouree 1 and
organi ¢ conpound 2), were mxed to water, 25 so that they were bl ended in

t he proport PEHSSaTE WASNEPFPEROrRERShI £PBTY] 37af S RTORIRN rididplecive

pol i shing conpositions of Exanples 61 to 101 and - 40-
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



Conpar ati ve Exanples 9 and 10. In Exanples 61 to 73, two types of organic
conpounds i.e. organic conpound 1 being diisobutyl di nmethyl but ynedi ol

pol yoxyet hyl ene gl ycol ether 5 represented by the chemcal forrmula (3): CH3
CH3 HO (C2H40)15 GG CG G (C2H40) 1504 CH2 CH2 10 CH3 CH CH -CH3 CH3 CH3
and organi c conpound 2 being a polyoxyethyl enepol yoxypropyl ene al kyl ether
(nol ecul ar weight: 8,000), were used, @g_their anounts were 15 changed,
and the amounts of other conponehts i.e. colloidal silica, glycine,

benzotri azol £ and dro r oxjde Ke t he same, respectively. In
Exanpl es 74 %p@ﬁragﬁ%egﬁﬁ%%gge%o%pgﬂﬁ in the sane anounts as in Exanple
64 were enpl oyed | e Q to 79 ~anong e t he concentr t|on of
col | oi dal siIicaIﬁagx%ﬂg &d, 81 §8 %é Eggﬁplgg%ﬁ)to g?aQﬁ1 anoint <§

gl yci ne was changed Furtge dEEx es 86 to 91, the amount of
benzot ri azol & Was® E%%%b%d © %8u I'n ggpPgs 92 to 97, the anount of hydrogen

per oxi de vais, changeel €5, 308l B ORBURL) oL 9360, 8L GHASE sampanens, s e

sane. Further or gani ¢
e S BB, oo e 13
T
HO-(C,H,0)15-C-C=C-C(C,H,0),-OH
o
N CH,CH  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
200 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 91,
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



CH3 CH3 HO (C2H40)5-C G C C (C2H40)5-OH CH2 CH2 CH3CH CH -MB CH3 CH3 and
organi ¢ conpound 2 being a 10 pol yoxyet hyl enepol yoxypr opyl ene al kyl ether
(ol ecul ar weight: 8,000), were used, and their anmounts and the anounts of
ot her conponents were the sanme as in Exanple 64. Further, in Exanple 99,
anong the organic conpounds in Exanple 98, only organic conpound 1 was

enpl oyed, and 15 in Exanple 100, organlc gfnpound 2 anong the organic
conmpounds in Exanpl e 64 was changed to pol yoxyet hyl enepol yoxypropyl ene

al kyl et her (nnlecular %%a; 00%? and in Exanple 101, the anpunts of
the organi cddéRpBUAYL GRSERY LS Yoed %Yﬁiwfaﬂcﬁr&ﬁ HEFY Rl FRShent s,
were increased (the ampunts of the respectlve onents in Exanpl e 64 were

i ncreased byTERFeECREInd¥h e fhEBHsEr )¢ 9, the abrasive and
organi ¢ compound 2 anong the o ic co ds were not 25 incorporated,
and in Conparative Exanple 10, EEFEbraS|g§3§;as i ncorporated. Further, as
t he hydrogen peroxi de sol ution, 42 co rcially avail abl e 31@6aqueous
sol uti on was useﬂ@ngc‘%ﬂ ®OZ%J®®:E(§B€I i%@) g‘ue polishing.
rﬁgegggpdngfoﬁhnunt Ny per oxide i real anount in
ct, i
CHGH G
CH, CH,
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 employed, and
15 in Exaﬁple 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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the amount of hydrogen peroxide in Table 2 is a real

amount in the composition.
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- 45-

In Table 2, A represents
diisobutyldimethylbutynediol polyoxyethylene glycol ether
represented by the chemical formula (3) and B represents
diisobutyldimethylbutynediol polyoxyethylene glycol ether
represented by the chemical formula (4). Further, C
represents a polyoxyethylenepolyoxypropylene alkyl ether
(molecular weight: 8,000), and D represents a
polyoxyethylenepolyoxypropylene alkyl ether (molecular
weight: 4,000).

Polishing tests

Then, using the respective polishing compositions of
Examples 61 to 100 and Comparative Examples 9 and 10,
polishing was carried out under the same conditions as in
the above-described Example 1, etc. against the film-
formed side of the object to be poliéhed. However, in
Example 101, one having the composition diluted twice
with pure water (polishing composition:pure water=1:1)
was employed.

Further, the evaluation of the stock removal rate,
and the evaluation of recesses on the copper wiring were
carried out in the same manner as in the above-described
Example 1, etc., and the results of the stock removal
rate and formation of recesses, are shown in Table 2.

It is evident from Table 2 that when the
diisobutyldimethylbutynediol polyoxyethylene glycol ether
represented by the chemical formula (4) of B in Table 2

and the polyoxyethylenepolyoxypropylene alkyl ether of C,

ro CUjrN NC O0ODUOOUOUODUUOOU1 QUI U UE nmv
OL LnLOLn mInLnLninLn mLn U mLn Lo Ll) mOIn U Q C
roOro Qv Cr 1b)0rJ uOoP7T PQW!'AO.I mPQWWWmPQWPQ



- 45- In Table 2, A represents diisobutyldi nethyl butynedi ol pol yoxyet hyl ene
gl ycol ether represented by the chemcal fornula (3) and B represents

di i sobut yl di net hyl but ynedi ol pol yoxyet hyl ene gl ycol ether 5 represented by
the chemcal formula (4). Further, C represents a

pol yoxyet hyl enepol yoxypropyl ene al kyl ether (nol ecular weight: 8,000), and
D represents a pol yoxyet hyl enepol yoxypr oyl ene al kyl ether (nol ecul ar

wei ght: 4,000). 10 Polishing tests Then, using the respective pol i shi ng

oo e LRGP SRR SIS g Bl o 0

out under saire |ons S
b d bed t t fi de of . th
obj ect ?icé'erecwasﬁ”x‘éatﬁoasis%pp% alW%arﬁﬁmgaﬁrb‘i R TR & oimon
diluted twice w't ure, ter po i shi é%é 03|t|on pure %eter-l was
enpl oyed. Fﬁ%Qﬁﬁseﬁﬁe eV AP USPPET of e S (B TP hoVAF  PARE - 20 and t he

I h d h
mannor aai B SR ovER °§§%w§%%%p%éx§@pﬁé‘%~h“%e§ln %' FeSRriR Bt *he
st ock reanaI d-formtion ecesses in Table 2. It is

ovident fromE a%c?fef% 3 SR R S RS o et RS s Pahas o

polyoxyethylene t y. .t che formula (4) of B
in Table 2 an&’ e po yog %ﬁy%@%@%ﬁﬁ?ﬁxypfﬁ%@ﬁ%ne g}géﬁ B8t her of C, - 46

benzotriazole and hydrogen peroxide, were changed, good
results were obtained also with respect to each of the
stock removal rate of copper and formation of recesses.

10 Further, also in Examples 68 and 93 to 100, in which the
types of the organic compounds were changed, or the
diisobutyldimethylbutynediol polyoxyethylene glycol ether
of A represented by the chemical formula (3) in Table 2
or B represented by the chemical formula (4) was used,

15 and in Example 101 wherein a composition having a high
concentration was prepared and diluted immediately before
the polishing, good results were similarly obtained.

Whereas, in Comparative Examples 9 and 10 wherein no
abrasive was incorporated, although the organic compounds

20 were incorporated, it is evident that there was a problem
such that the stock removal rate of copper was low, since
no adequate mechanical polishing by the abrasive was
carried out. Further, it is evident that in a case where
no organic compound was incorporated as in Comparative

25 Example 9 in Table 2, deep recesses were formed on the
copper wiring portion.

As described in the foregoing, the polishing



were used as the organi c 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 peroxide, were
changed, good results were obtained also with respect to each of the stock
renoval rate of copper and formation of rdcesses. 10 Further, also in

Exanpl es 68 and 93 to 100, in which the types of the organic conpounds were
changed, or tbepodiiitiohuyfl dheephelskunty nedicolt ipol yoxypetiydene )glatcol et her
of A represented by the chemcal fornmula (3) in Table 2 or B represented by
t he chem cal lkastubae( 4pbraad vesee,letd cand riom Bhanplreukd kodrersi in@a of
conposition having a high concentration was prepared and dil uted

i medi at el y beflacen thexpde shidng,lugdodnr esildes wWér)e e rideagt yorobt ai ned.
Whereas, in Conparative Exanples 9 and 10 wherein no abrasive was

i ncor por at ed prgbhhcughrploendr gadiec techifownd £ he? @y rwerce docorgioirad eoff at is
evident that there was a problem such that the stock renoval rate of copper

was | ow, %i npelyethydegeabeinechanipedlygroiydleneg dxi dehe abr asi ve was

carried out. Further, it is evident that in a case where no organic
conpound was pedyorpyetayeenas ailkylomidneat,i ve P28 voxanmpiapyd drre Talbtyel 2, deep
recesses were fornmed on the copper wiring portion. As described in the

f oregoi ng, tkéhesl i shioedyoxa? téwhersioolyexyb romy leres entky Invetrité orardnpr i ses
a) at

(a) a polyoxyalkylene addition polymer having a C=C triple

bond, represented by the formula (1):

10 R|3 R|4
R,0-(X)or G-C=C-C(Y),-OR,

R, R

wherein each of R, and R, is a H or a C,,, alkyl group,
each of R, to R;is a C,,, alkyl group, each of X and Y is

15 an ethylenoxy group or a propyleneoxy 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 acid,
tartaric acid, glycine, a-alanine and histidine, (d) at
20 least one anticorrosive selected from the group
consisting of benzotriazole, benzimidazole, triazole,
imidazole and tolyltriazole, (e) hydrogen peroxide,
and(f) water.
It is thereby possible to obtain a polishing
25 composition whereby polishing can be carried out in a low
chemical etching action to copper i.e. while suppressing

formation of recesses at the copper wiring portion,



| east one abrasive selected fromthe group consisting of silicon dioxide
and al um num oxi de, (b) at |east one organic conpound selected fromthe
group consisting of a 5 polyethyl ene oxide, a polypropyl 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 pol yoxyal kyl ene addi tion
pol ymer having a CC triple bond, repr_es498n_ted by the fornmula (1): 10 R3 " 4
R1IO-( XXM CGC CC(Y)p Ox-'"2 RS R6 whereln each of RL and R2 is a Hor a
Cl 1 alkyl group, each of RR to R is a ClL 1Q al kyl group, each of X and Y
is 15 an etHHNONSX VM HRGFETS S rdiRake r HAF© dhld EHRFFPFPFand n is a
positive nunber of from1l to 20, (c) at | east ope polishing accelerating
compound selé¥e&d firorhhe (K&1EyRRAS SSonsifs iy RO/ ITI® £F £ oxal i c acid,
tartaric acid, .glycine, a-alanine and histidine, (%I% at. 20 | east one

anti corr osi FETEEBERIEF Fr SRVHRE FRURITEAREIL i IRFETE DelBttT idbol e,
benzi m dazole, triazoJe, . imdazole and tolyltriazol e, (%2 hydr ogen

peroxi de, &YPPEF 2 hayeis chﬁ&ettﬁp T G Y% I%P%lbrll‘gsq’ﬁln% 25
conposition whereby polishing can be carried out in a low chem cal etching
action to c SLEELE - whil e suppressing formation of recesses at the copper

Wi ring portion, - 48 without inpairing the stock renoval rate of the copper
| ayer, in the CVP R R ‘f)?’%‘g%ﬁjo?flo?gathe present

invention, the organic compound (b) preferably comprises
(bl) at least one organic compound selected from the
group consisting of a polyethylene oxide, a polypropylene

10 oxide and a polyoxyalkylene addition polymer having a C=
C triple bond, represented by the 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

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.



sem conductor device containing at |east a |layer of copper and a |ayer of a
t ant al um cont ai ni ng conpound on a 5 substrate. In the polishing conposition
of the present invention, the organic conpound (b) preferably conprises
(bl') at least one organic conpound selected fromthe group consisting of a
pol yet hyl ene oxi de, a pol ypropyl ene 10 oxi de and a pol yoxyal kyl ene addi ti on
polymer having a C Ctriple bond, represented by the formula (1), and (b2)
at | east one organi c conpound sel ect ed f4°6Gm t he group consisting of a

pol yoxyet hyl ene al kyl ether, a pol yoxypropylene al kyl ether and a 15

pol yoxyet hyl enegal ydyey preophydfeimg st dipo st thiean ahetldyoregentabove descri bed
effects can further be increased by such two or nore organic conpounds. In
t he polishi Agvesipesi t ithe o lviexysrldydmne jaddimiash Pahenesr dw@v g ofpound
(b) preferably conprises 20 (b3) a pol yoxyal kyl ene additi on polynmer having
a C= C tri pFé&bortirtepbesdnt sgrbgsenéedbbye ther dgraule) (lands (b2) at | east
one organi c conpound selected fromthe group consisting of a

pol yoxyet hyp&géeziplplly et Bamlkyldigiardwiisropiiasio laingdyetrrihwiene 25

pol yoxyet hyl enepol yoxypropyl ene al kyl ether, whereby an organic conpound
havi ng a5 hi gR¥codf Réberc avrresandiafidy, thendameilehol)- mentioned ef fect can
further be increased. - 49 In the polishing conposition of the present
invention, the polyoxyal kyl ene @qgiti on(f yner having a cc triple bond,
represented by the formila (1) ifs 3 3

HO-(GH,0),-C-C=C-C{(GH,0),-OH
R, R,

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, whereby
the above-described effects can be obtained.

Further, the polishing method of the present
invention is a method which comprises polishing a

15 semiconductor device having at least a layer of copper
and a layer of a tantalum-containing compound formed on a
substrate, with the above-described polishing
composition, whereby polishing can be carried out without
impairing the stock removal rate of the copper layer,

20 while suppressing formation of recesses on the copper
wiring portion, since the polishing composition contains
at least one organic compound selected from the group
consisting of an ethylene glycol, a polyethylene oxide, a
polypropylene oxide, a polyoxyethylene alkyl ether, a

25 polyoxypropylene alkyl ether, a
polyoxyethylenepolyoxypropylene alkyl ether and a

polyoxyalkylene addition polymer having a C=C triple



preferably a dial kyl di met hyl but ynedi ol pol yoxyethyl ene 5 glycol ether
represented by the fornula (2): CH3 0143 HO (C2H4OID CGCC C (C2H4O "- CH
Rl R2 10 wherein each of Rl and R2 is a Cl1_10 al kyl group, and each of m
and n is a positive nunber of from1l to 20, whereby the above-described
effects can be obtained. Further, the polishing nethod of the present
invention is a nethod which conprises polishing a 15 sem conduct or devi ce
having at |east a |ayer of copper and ®U-ayer of a tantal um containing
conmpound fornmed on a substrate, with the above-described polishing

conposi ti onbonker ekyreelenskdn pyc ahebe cxanrlized(lgut wi t hout inpairing the
stock renoval rate of the copper |layer, 20 while suppressing fornmation of
recesses on the Ttepprertindg rdikg Jpordrna, o SiTaeartdee ppatsht ng conposi tion
contains at |east one organic conmpound sel ected fromthe group consisting
of an et hyl appldlcatdlon alocpol2petiI2exsd 30X idesd aon polwpropy | 20@l oxnde, a

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

pol yoxyet hy Tepepesyo Paeoty [Aepd iaakhiloretNrer 24010 4l 2 §11 Y okybé&ybene additi on
pol ymer having a C Ctriple - 50- bond, represented by the forrmula (1). The
entire dfschosidesOof 208Ranesd WdnentspeApd icedtian, Nola R091-226803g6i | ed on
July 23, 2001 and Japanese Patent Application No. 2002-128372 filed on 5
April 30, 2002 ismwmadiyngrspecidargatriedred dledans) by awefepsence in its

entirety.



and summary are incorporated herein by reference inits entirety. - 51 -
CLAIMS: 1. A polishing conposition conprising: (a) silicon dioxide as an
abrasive, (bi) at |east one organic conpound sel ected froma polyethylene
oxi de, a pol ypropyl ene oxide and a pol yoxyal kyl ene additi on pol yner havi ng
a CcCtriple bond, represented by the{farmula (1) RR 14

RHO- (XYmC 'CCGGC(Y)~-OR (1) 2 RR5 8 wherein each RLto R6is Hor a
Cl.10 al kyl group, each X and Y is an ethyl ene-oxy group or a propyl ene-oxy
group, andpraemgh of mand n is a positive nunber of from1 to 20, (b2) at

| east one organi c conpound selected froma pol yoxyethyl ene al kyl ether, a
pol yoxypropyl ene al kyl ether and a pol yoxyet hyl enepol yoxypropyl ene al kyl
ether; (c) at hLe - ol L shi A onpound sel ected from
citric ac?d, Oé&??%lggl Q %%r a%?%ﬂggsﬁfﬁﬁﬁfﬁgﬁﬁe, a- al ani ne and hi sti di ne,
(d) at least o anticorrosive. sel ected fraom. benzotriazol e, benzim dazol e,
triazole, inidggélglghgonto}OXlge a%églf%¥aﬁﬁ8%dgen peroxide, and (f)

ytriazo
wat er . .
(bl) at least one organic compound selected from a
polyethylene oxide, a polypropylene oxide and a
polyoxyalkylene addition polymer having a C=C triple bond,
represented by the formula (1)

R
° |*
R0~(X)y ~C—C=C—C—(Y),~ OR (1)
l !
R R
5 8

wherein each R; to Rg is H or a C;.10 alkyl group, each X and
Y is an ethylene-oxy group or a propylene-oxy group, and
each of m and n is a positive number of from 1 to 20,

(b2) at least one organic compound selected from a
polyoxyethylene alkyl ether, a polyoxypropylene alkyl ether
and a polyoxyethylenepolyoxypropylene alkyl ether;

(c) at least one polishing accelerating compound
selected from citric acid, oxalic acid, tartaric acid,

glycine, a-alanine and histidine,

(d) at least one anticorrosive selected from
benzotriazole, benzimidazole, triazole, imidazole and
tolytriazole,

(e) hydrogen peroxide, and

(f) water.

2. The polishing composition according to claim 1,

wherein (bl) comprises a polyoxyalkylene addition polymer
having a C=C triple bond, represented by the formula (1).



2. The polishing conposition according to claiml1, wherein (bl) conprises a
pol yoxyal kyl ene additi on polynmer having a C=C triple bond, represented by
the formula (1). - 52 3. The polishing conposition according to claim 2,
wherein the pol yoxyal kyl ene addition polymer having a C=C triple bond,
represented by the formula (1), is a jalkyldinethyl butynedi ol

pol yoxyet hyl ene glycol ether represented by the fornula (2): H3 3

HO (C2HAO MG CCCH-(CHIOc OH(2) I I R R 1 2 wherein each of Rl and

R2 is a Cb,10 ehkypoUi 8HPng ab6hgaeit dn JdBNRdifg $odcPasit bye nunber of from
1 to 20. 4nefepal tﬁ@lﬁ&p@immr@ afdzmrllo%e@orzgme%hhaglﬁg geaLeonduct or

devi ce ha%k@glgtbggéstrg lLayer of chu1a l@yer ;@f gt antal um cont ai ni ng
compound {96 Qm@thjﬂr'@ﬁ %ﬁé@mwg&m&,&wl\%&' nglwgﬁoahbgn as defined
in any OQ%p?esg BL8%be £8eSformula (2):
H, ?Ha
0—(C,H,0),— c—c=c—c—(C,H,0),—OH (2)
! I
R R

wherein each of R; and R; is a C;.39 alkyl group, and each of
m and n is a positive number of from 1 to 20.

4. A polishing method which comprises polishing a
semiconductor device having at least a layer of copper and
a layer of tantalum-containing compound formed on a
substrate, with the polishing composition as defined in any
one of claims 1 to 3.





