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to a polishing conposition to be used for polishing for planarization
of the surface of sem conductors. Mire particularly, it rel at es
to a polishing conposition useful for forming an 10 excellent polished
surface having an excel | ent planariia%ibn characteristic in polishing
for pl anari zation of the surface containing copper and t antal um
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composition to be used for polishing for planarization of
the surface of semiconductors. More particularly, it
relates to a polishing composition useful for forming an
10 excellent polished surface having an excellent
planarization characteristic in polishing for
planarization of the surface containing copper and
tantalum or a tantalum-containing compound, and a
polishing process employing this composition.
15 PRIOR ART
Progress of so-called high technology products
including computers has been remarkable in recent years,
and parts to be used for such products, such as ULSI,
have been developed for high integration and high speed,
20 year after year. Along with such progress, the design
rule for semiconductor devices has been progressively
refined year after year, the depth of focus in a process
for producing devices tends to be shallow, and
planarization required for the pattern-forming surface
25 tends to be increasingly severe.
Further, to cope with an increase in resistance of

the wiring due to refinement of the wiring, it has been
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25 %eflds to be i ncreasingly severe. Further, to cope with an

i Aicrease i n resistance of the wring due to refinenment of the wring,
it has been - 2- studied to
enpl oy copper wiring instead of tungsten wiring and alum numw ring, as
the wiring material. By its nature, copper is hardly processable
by etching, and accordingly, it requE{es the followwng 5 process.

Nanmely, after formng wiring grooves and “perforations on an insulating

| ayer, copperS@ha&ggs 8[§m%}0% %@?%rgyifi tqu éﬂéﬂﬂ égg_ and t hen an

unnecessary el nsu atl ng is renoved

by cheni cal rrmmg;cghdpgmbw gL NAS W SfRIERA g AGaas OVP) whi ch

is a conbination of nechanrica |sh|ng

towever, in such a,PLaeesge il %géppfg %Qfaﬁ Ogr?&@%)%aeﬁl tb%ﬁs il

diffuse into the insdlating layer evi‘ce

Copper atons, B RGE aﬁﬁr%wgrd%ﬁ%f’%ép?%%%’% T b A o

copper atons €en s on the

insulatings pyokauer h@a&h@g{wa{fg& HANE %r&%rf%%kzg@sakar med. As a

material for Such a barri ayer, netal tantal un1o

tantal um cont a.RirRg ¢ PBRAUEH éﬂeiﬁé@f&tﬂ&%vﬂé}ex@e%ﬁééﬂ widd R glerred to

as a tantal umcontaining conpound) IS noDs
formed by sputtering or plating, and then an unnecessary

copper layer deposited on the insulating layer is removed
by chemical mechanical polishing (hereinafter referred to
10 as CMP) which is a combination of mechanical pblishing
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
15 purpose of preventing diffusion of copper atoms, it has
been studied to provide a barrier layer on the insulating
layer having wiring grooves or perforations formed. As a
material for such a barrier layer, metal tantalum or a
tantalum-containing compound (hereinafter will generally
20 Dbe referred to as a tantalum-containing compound) is most
suitable also from the viewpoint of the reliability of
the device and is expected to be emploved mostly in the
future.
Accordingly, in such a CMP process for a
25 semiconductor device containing such a copper layer and a
tantalum-containing compound, firstly the copper layer as

the outermost layer and then the tantalum-containing



suitabl e also fromthe viewpoint of the reliability of t he device and

I S expected to be enployed nostly in the future. Accordingly,
in such a CWP process for a 25 sem conductor device containing such a
copper |layer and a t ant al um cont ai ni ng conpound, firstly the copper

| ayer as the outernost |ayer and then the tantal um containing

- 3- conpound | ayer as the barrier |layer, are polished,

respectively, and polishing will be conpt et ed when it has reached the
i nsul ating | ayer of e.g. S|I|con di_.oxi de or silico i fluoride. 5
PROBLEM'T% BEg VERF B AVERTIOaYrier 1ayer'na§§tﬁ’glé%ﬁ dor ocess for

form ng copper wrings, t he follow ng, XISt nel t he nost
seri ous BFoBEEhEVRRY- b%néLR9#¥§E&nQI%§j503ﬁ% §$E%% it has
polishing are recessed as, co ared h the |nsulat|n 10 | ayer so-called
di shi ng), andrﬁaﬁla?a ]F\ev\h’%?‘é A+ Yer oL, 1% Heriel 69/%1 s OFecessed
as conpared WAIT f étlons (so-called er05|on) As an i deal
process, it isS* 1condE§}f%Ho H3aE- by u5|ng onIy one type of a polishing
conposi tion, h Qpt ai ning 15 conpound

| ayer are [ si ngl e polishing step,
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the following problems exist. Namely, the most serious
problems may be such that the copper wirings after
polishing are recessed as compared with the insulating

10 layer (so-called dishing), and a portion where wirings
are densely formed, is recessed as compared with other
portions (so-called erosion). 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 dAifficult to adopt such
an ideal polishing process. Accordingly, the following
two or three step polishing process (hereinafter referred
to as two step polishing or three step polishing) is

25 being studied.

Such two step polishing or three step polishing will

bring about a cumbersomeness such that CMP processing



However, copper and a tantal um containing conpound are different in
thReir hardness, chem cal stability and 20 other nechanical properties and
accordingly in the processability, and thus, it is difficult to adopt
such an ideal polishing process. Accordingly, the follow ng t wo
or three step polishing process (hereinafter referred to as two step
polishing or three step polishing) is 25 being studied. Such two
step polishing or three step polishing wil4 - bri ng about a

cunber soneness such that CMP processing .

-4- condi £PBACRERE Baveetadhefept thy rdspeTRrCEivepstensd and an

i ncrease of costs due to the cunbersoneness. Accordingly, it has been
desired to enpPoylgEedfgI PLacoSts Hind ek ofhe yHERFISFEYSH i shi ng
conpositions as possible 5 which are_sujtable for CVP processing of both
copper and  ACCPREIRGAYal U B3Rt BEPR IPTHIPOUR BRI Do Sse1sBtlilvél y

control the CMP processing conditjons by a neans not,  to acconpany an

i ncrease of c@y¥fger of tybes ghyERei BAhl SRIRY KPP HOH NGRS -Ed st ep
10 polishing is.generally,classified into the foll ow WO t ypes
depending_ﬁppW%P% PF?SFXbB?Piﬁi%ars@%% Proceghidibi p%ﬁ%?ﬁ%ﬁ@??é@¥%o as
first polishing and the . se5ond polishing,siep, (heyelnalder referred
control the CMP processing conditions by a means not to
accompany an increase of costs.
Conventional two step polishing or three step

10 polishing is generally classified into the following two
types depending upon the first polishing step
(hereinafter referred to as first polishing) and the
second polishing step (hereinafter referred to as second
polishing).

15 Firstly, the first type is such that in the first
polishing, using a polishing composition capable of
polishing a copper layer at a ﬁigh efficiency, the copper
layer is polished using e.g. a tantalum-containing
compound layer as a stopper until such a tantalum-

20 containing compound.layer is reached. Then, in the
second polishing, using a polishing composition capable
of polishing mainly the tantalum-containing compound at a
high efficiency, the tantalum-containing compound layer
is polished until the insulating layer is reached.

25 (Hereinafter, this method will be referred to as an

overpolishing method.) Further, if necessary, in a third

polishing step (hereinafter referred to as third



poliéhing). 15 Firstly, the first type is such that in the first

pel i shing, using a polishing conposition capabl e of pol i shing a copper
| ayer at a high efficiency, the copper | ayer is polished using e.g. a
t ant al um cont ai ni ng conpound | ayer as a stopper until such a tantalum
20 contai ning conpound | ayer is reached. Then, in the second
polishing, using a polishing conposition capable of polishing mainly
the tantal um contai ning conpound at a ~ - high efficiency, the

t ant al um cont ai_ ni ng. coppound. |,ayer I s polished.until £he i.nsul ating
aver 15 reachebt SHsESTPbEr IS astae el Rt e el o 2s "
oY er P heres nOPFERCRY) THAS TEE ek I RSP, i bt a9

- 5- pol i shi.ng ol 1 shing defe ((hereinafter referred to as

scrat ches) na?age%ﬁagﬂ#§s%%§d%%,r%éﬁﬁ%téb?réﬁjaﬁqqﬁ; | ayer may be

P omr hot Caucpn' BRebRALPnana, the sHLARR MO, NANG, Gl fecond type

is such that in S 0 |Sh!ng, or f urpose of n form ng
ayer surfhce  SorrehengorE R By ok othe BB B Frot, fomhd 1 TG the
Lt et um cont G04BAe ous€QUBOUMLEY Sty e I & commaL gy ol |
' ) pol 1 shing, the renaining
on the copper layer surface, polishing is terminated
immediately before reaching the tantalum-containing
compound layer i.e. while a copper layer still slightly
10 remains, and then, in the second polishing, the remaining
thin copper layer and the tantalum-containing compound
layer are continuously polished, and polishing is
completed when it has reached the insulating layer.
(Hereinafter, this method will be referred to as an
15 underpolishing method.) Further, as mentioned above, if
necessary, in a third polishing, scratches may be mainly
mended, and the insulating layer may be polished to
reduce the dishing.
Further, the polishing composition to be used in the
20 first polishing is required to have a property such that
it is capable of polishing the copper layer at a high
stock removal rate. With respect to such a polishing
composition for a copper layer, for example, JP-A-07-
233485 discloses a polishing liquid for a copper type
25 metal layer, which comprises at least one organic acid
selected from the group consisting of amincacetic acid

and amidesulfuric acid, an oxidizing agent and water, and



thin copper layer and the tantal um containing conpound | ayer are

continuously polished, and polishing is conpl eted when it has reached
the insulating | ayer. (Hereinafter, this method will be referred to as
an 15 underpolishing nmethod.) Further, as nentioned above, if

necessary, in a third polishing, scratches may be mainly mended, and
the insulating |layer may be polished to reduce the dishing.

Further, the polishing conmposition to be"u%ed in the 20 first polishing is
required to have property sych.that ., 1t .is_capable of polishing the
copper | ayer gtmf%ﬁpghgor Er?HBEkngeﬁD%%Tl??HQQC%@E T SYH a

pol i shi ng conmposi.tion.for .a copper |ayer, for exanple, JP-A-07-
233485 disclo?e?oggﬁgﬂpgh?ﬁguﬁgquid for a copper type 25 metal |ayer,
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a high ions are taken into a chelate compound, whereby a high
stock removal rate can be obtained. Such a polishing
composition is considered to be useful for the first

10 polishing.

However, an ideal polishing composition which is
useful for polishing a tantalum-containing compound layer
i.e. for the second polishing, has not heretofore been
proposed for the CMP process based on the above concept.

15 Under these circumstances, the present inventors have
previously proposed a polishing composition comprising an
abrasive, an oxidizing agent capable of oxidizing
tantalum, a reducing agent capable of reducing tantalum
oxide and water, and a polishing method employing it in

20 JP10-342106. By this invention, a tantalum-containing
compound can be polished certainly at a high stock
removal rate, and this polishing composition can be used
for the second polishing.

However, when polishing is carried out by means of a

25 polishing composition composed solely of the above-

mentioned components, a new problem has been brought

about that the copper surface after polishing is likely



stock renoval rate can be obtained. Such a polishing conposition is

considered to be useful for the first in polishing. However, an

i deal polishing conposition which is useful for polishing a

t ant al um cont ai ni ng conpound | ayer i.e. for the second polishing, has
not heretofore been proposed for the CWVP process based on the above
concept. 15 Under these circunstances, the present inventors have

previ ously proposed a polishing conpositi @h-conpri sing an abrasi ve, an
oxi di zi ng agent capabl e of oxidizing tantal um a reduci ng agent

capabl e of reddudngFazundgdim Furthexi dehemdtibs e2omReRi Bl ¢bl §¥hithe net hod
employing it in 20 JP10-342106. By this invention, a tantal um containing
conpound can $rRcPyl inhedhiag Mas ysed oK grlisbirg a waferphavirate, and

this polishing conposition can be used for the secaond polishing.
However, wherCoRRES HHGNSS calishd@dowashypubsiagténla apg pbl Wahi R
conposi tion conposed solely of the above- ment i oned conponents, a new

probl em has B¥&Fbieright usefulghout that the copper surface after polishing
is likely t o _be corroded.

: : - 7-
Further, when t hi The oFRseRt oot i has hesth AR dsoltios Koty ewddSused for

olishing a wafer havin co r wirings, dishin s substantial, and
Ft was ngt above problems. Na%giy, it 18 an objecg g? the present

invention to provide a polishing composition which is
capable of polishing a tantalum-containing compound layer
at a high stock removal rate and whereby the copper

10 surface after the polishing will scarcely be corroded,
and to provide a polishing process which is capable of
suppressing dishing substantially.
MEANS TO SOLVE THE PROBLEMS

In order to solve the above-described problems, the

15 present invention provides a polishing composition
comprising an abrasive, oxalic acid, an ethylenediamine
derivative, a benzotriazole derivative and water, and not
containing an oxidizing agent, and a polishing
composition comprising an abrasive, oxalic acid, an

20 ethylenediamine derivative, a benzotriazole derivative,
water and hydrogen peroxide.

Further, the above polishing compositions are
preferably characterized in that the pH is within a range
of from 3 to 6, the abrasive is silicon dioxide, the

25 abrasive is colloidal silica, the abrasive has a specific
surface area of from 50 to 300 nF/g and its content is

from 10 to 200 g/f based on the polishing composition,



practically useful. 5 The present invention has been made to sol ve

t he above problens. Nanely, it is an object of the present

i nvention to provide a polishing conposition which is capabl e of
pol i shing a tantal um contai ni ng conpound | ayer at a high stock renova
rate and whereby the copper 10 surface after the polishing will scarcely
be corroded, and to provide a polishing process which is capabl e of
suppressi ng di shing substantially. MEANS TO SOLVE THE PROBLEMS

In order to s%kée t he abovg-described_ roblens, the 15 present invention
provi des a polPShCRGLEBRPBSi PXBRLC acid ok rikiig: &h wassiofe fToRal i ¢ aci d,
an et hyl enedi am ne derivative, a benzotriazole derivative and water,
and not CofPai fPnf-8h BR1 4 Rasphgenttheameld spangskomgosition,
conposition ¢ rising an_abrasive, oxaljc acid, an_ 20 efhyl enedi am ne
derivative, a%ggn?GEVgﬁESﬂéaﬂé?? gryative 1gA% e Yhd sipfHicFERenski de.
Further, the above polishing conpositions are Preferably,characterized
in that the pHtSsc@RPtRRf asrirge 0-001 ko B 1l M, basedabrashee is
silicon digxide .tge 25 abragive IS cgﬁlg%gal silica, the ,abrasive has a
specific PO FRERIFRRPEPL F 3 59 t BRI MR T33P St atorifedt i s

from.10 to 209 grlerck Baged gn; Lhe RLLEM 19 AMRRSIL 1 ige of from

0.0004 to 0.002 mol/¢, based on the polishing composition.
Further, the content of hydrogen peroxide is within a
range of from 1 to 30 g/f, based on the polishing

10 composition.

Further, in order to solve the above problems, the
present invention provides a polishing process for
forming a copper printed wiring, which is a polishing
process for a semiconductor device containing a copper

15 printed wiring in its interior and which comprises a
first polishing step wherein polishing is completed
immediately before reaching a barrier layer while a
copper layer still slightly remains, and second and third
polishing steps wherein the remaining copper layer and

20 the barrier layer are polished, wherein in the second
polishing step, a polishing composition containing
hydrogen peroxide is used and all the copper layer to be
removed, is removed by polishing, and then, in the third
polishing step, a polishing composition not containing

25 hydrogen peroxide is used and all the barrier layer to be
removed, is removed by polishing.

Further, the polishing process is preferably



the content of oxalic acid is within a range of from 0.001 to 0.01

nol /[err] based on the polishing conposition, t he et hyl enedi am ne
derivative is an ethyl enedi am ne and its content is fromO0.001 to
0.005 nol/[err] based on the 5 polishing conmposition, or the benzotriazole
derivative is benzotriazole and its content is within a range of from
0.0004 to 0.002 nol/[err], based on the pq%ishing conposi tion.

Further, the content of hydrogen peroxide 1s within a range of from1l

to 30 g/[err ol shi 10 ¢ 0si,t i ur.t her, in
or der ?o[solbgh?%ggg E%Eeproﬁléﬁ%p amoanrn) é%?%ﬁﬁﬂp%ﬁ1ﬁﬁ4%/¥ﬁes a
pol i shi ng Progggs b9 sning LORELRS: £ degojgrpe{ rs!é‘é&% &1l hﬁ'pgra 15

pol i shi ng CEss BRT Con evice comtain ng

pri Nt ed w1 gl Bo Emmgsrag%?a@é%ww& QSR ce of TSl RO Shi ng

step wherein polishi IS co oF € Tedc Fng a

barrier 1 ayer 1uLLe R pe xoRORRRTL NS 0 ﬂéhﬁ&%gmlehgeg@a % A, second

and third i Ng steps whetern € Tenmining copper layer aﬁd 20

the barrieg Iaxeaeggﬁdeﬁ psﬂ tﬂ@eﬁﬁi&%&déhgfs‘er?é)r@o r BQldsShipgstep,

a polishing conposition al ni ng rogen pero Be i§de an al

the copper |a¥%&o§%db§nd ther@H?¥ﬁ9?sésofegﬁgeﬁgf%&é¥ﬂiéygf“£C)%Qg then, in

the third polishing step, a polishing conposition not containing 25
hydrogen per oxg@ ks B§e€hénﬁo§££hiﬂé DRrehereh YErsd & be renoved, is
renoved by polishing. her, the polishing process is preferably

In the polishing process, the polishing composition used
in the third polishing step preferably comprises an

10 abrasive, oxalic acid, an ethylenediamine derivative, a
benzotriazole derivative and water, and the polishing
composition used in the second polishing step preferably
comprises an abrasive, oxalic acid, an ethylenediamine
derivative, a benzotriazole derivative, water and

15 hydrogen peroxide.

Further, the polishing process is preferably

characterized in that the polishing composition used in
the second and third polishing steps has a pH within a
range of from 3 to 6, the abrasive in the polishing

20 composition used in the second and third polishing steps
is silicon dioxide, the abrasive in the polishing
composition used in the second and third polishing steps
is colloidal silica, the abrasive in the polishing
composition used in the second and third polishing steps,

25 has a specific surface area of from 50 to 300 m?/g and
its content is from 10 to 200 g/¢, based on the polishing

composition, the content of oxalic acid in the polishing



-9- characterized in that the anbunt of hydrogen peroxide in t he
pol i shing conposition in the second polishing step, is controlled
dependi ng upon the thickness of the copper | ayer to be renoved by the
polishing in the second step, 5 or depending upon the thickness of the
copper |layer to be renmoved and the thickness of the barrier layer to
be renoved by the polishing in the tqbrd st ep. In the polishing
process, the polishing conposition used™ “in the third polishing step

preferabl y comprib3gs ey d0.8DEASENE: < QXaLd Catfl hi AT peéalnﬁgéq%glgf’gg@o”se

derivative, a enzotrrazo érivative and water rSsHi ng

iti d in.th d | Lshi f bl [
cbr bl ve, _OxakicAEin Ant BAYI Bhett a Re0oL O b ThARIVE: Ba8EA.BEr azol 6

derivative, “@E%rpQQQShé?grégﬁgggftpgﬁOxﬁgg'eth%%ﬁpedig%?ﬁé] %gﬁﬂ%%ive

pol i shing process 1S pr characteri In that t i shing

conposi tion uggd el gglgsﬁ'ﬂﬁgsggﬁggstﬁﬁﬁoﬁ Ny L8y Pl 1 shd r@eé&rﬁ?éﬁ?ﬁ%ﬁﬁ"

within a range rom e abrasive in the po

conposi tion usediishihBeseg gvdigﬂgﬁﬁméﬂe@%% N SLERS conted:S 18 11 CON

di oxi de, the abrasive in the polishing conposition used 1n the second

and third polisshing $hepso o ggkonGell Ohlalodidd e (A9 alasive 10 the

pol i shi ng ~ conposi tion used in the second an ing steps,
25 has a specCidonposiifiagse aneapehzbtoin01&0a80vat 8¢ |19 @ia its

content is from10 to 200 g/[err], based on the polishing
polishing composition used in the second and third
polishing steps, is benzotriazole and its content is from

10 0.0004 to 0.002 mol/¢, based on the polishing composition,
or the content of hydrogen peroxide in the polishing
composition used in the second polishing step, is within
a range of from 1 to 30 g/f, based on the polishing
composition.

15 Now, the present invention will be described in
detail. The following description is intended to
facilitate understanding of the present invention, and by
no means restricts the present invention.

As mentioned above, in the first aspect, the present

20 invention provides a polishing composition comprising an
abrasive, oxalic acid, an ethylenediamine derivative, a
benzotriazole derivative and water and not containing an
oxidizing agent, and in the second aspect, the present
invention provides a polishing composition comprising an

25 abrasive, oxalic acid, an ethylenediamine derivative, a

benzotriazole derivative, water and hydrogen peroxide.

Further, in the third aspect, the present invention



conposition, the content of oxalic acid in the polishing

-+10 - conposition used in the second and third polishing steps,

is within a range of fromO0.001 to 0.01 nol/[err], based on t he
pol i shing conposition, the ethyl enedi am ne derivative in the polishing
conposition used in the second and third 5 polishing steps, is

et hyl enediam ne and its content is from0.001 to 0.005 nol/[err],
based on the polishing conposi tion; the-benzotriazol e derivative in

t he pol i shing_conposition used in the second and third pol i shi ng
steps, is benPbPYiaes| 2 ROHLTRENE @tearss £ GArMIGS) 2000PPES PropLed
mol/[err], based on the polishing conposition, or the content of

hydr ogen peroWrHéﬁgn W?@?%kﬁl@ﬁﬂ#ﬁf ng stenfpslioon ngs i Figsé safond
pol i shing step, |s Wi t hin range of from1l to 30 g/[err], based on
the pol i shi ngSecondcapesieioh. th%fpreseHQWiﬁVQPﬁéﬁb¥é@@h@ﬂfﬁﬁéﬁﬁﬁéﬁ‘mnll be
described in detail. The fallowi ng description is intended to
facilitate unﬂgwg%%ﬁﬁrn@@ﬁe%ﬂmfﬁﬁéébﬁtpP%%éﬁﬂPSnDraﬁﬁsﬁy Or a po means
restricts the present invention As nentioned above, in the first
aspect, the pP @éﬁ?nd?ﬁt?ﬁvgﬁﬁ+?ﬁl?ﬁ%ﬁﬁ%ﬂ%ﬁ%ﬁﬁuﬂqgﬁﬁrhéuééﬁﬁﬁk“ﬂFéﬁg
conprising an, abr asi ve, lic acjd, | enedi am ne derivative, a
benzot ri azol e BeltF¥atPier L @\%‘ge?m%ﬁﬁll%ﬁﬁ ecd%tra?y pr?é'lzfﬁlmg St8R di zi ng

agent, and In Q%e%gcggglgh eCt¢st£gh eégg]immedlately before

reaching a barrier layer while a copper layer still
slightly remains, and second and third polishing steps

10 wherein the remaining copper layer and the barrier layer
are polished.

According to the third aspect of the present
invention, in the second polishing step, a polishing
composition containing an oxidizing agent, i.e. the

15 polishing composition according to the second aspect of
the present invention, is used and all the copper layer
to be removed, is removed by polishing, and then, in the
third pelishing step, a polishing composition not
containing an oxidizing agent is used and all the barrier

20 layer to be removed, is removed by polishing. Here, this
third polishing step is not intended to reduce scratches
on the insulating layer or to reduce dishing of the
copper wirings, as described with respect to the
conventional method, and is carried out simply for the

25 purpose of removing the barrier layer (in the present
invention, the barrier layer corresponds to the tantalum-

containing compound layer) by polishing.



i nvention provides a polishing conposition conprising an 25 abrasive,
oxalic acid, an ethyl enedi am ne derivative, a benzotri azol e
derivative, water and hydrogen peroxi de. Further, in the third
aspect, the present invention provi des a polishing process
for formng a copper printed W ring, wherein polishing steps enpl oying
the first and second aspects of the present invention are effectively
conmbi ned. Nanely, it is a polishing proceé@ for a 5 sem conductor device
containing a copper printed wirjng inits interior and conprises a
first polishing st&peinattgrer Bhf Bb¥$§h¢$ﬁﬁ¢% Congretessitedi atel y before
reaching a barrier |ayer ile a copper |ayer still slightly remains,
and second ananVﬁPFaoﬁoWF i Ag Sebpisted obo vihgdivh ashe flawdi dinvgredppér

| ayer and the Parrler a are polished. According to the
third aspect B‘Vtﬁgcﬁpgséﬁ?eCt Ofl?ﬁ@ﬁﬂ??ﬁ?nqr%QWﬁ?§§éEbﬁﬁlﬁoFFShlng step, a
pol i shi ng ition, containin xj di zi ng agent i.e. the 15

pol i shi ng conﬁ82F¥?8 5805?@Pn§ Dt %F (ﬁﬂ?%ﬁﬁﬁﬁﬁ rofthe comprg 15iegent

i nvention, |s used a e c er |ayer 0 be renoved, is renoved
by pol i shinhg, WHOPhgﬁ g?hh E% PPEs Erﬁ? iﬁﬁ?%ﬂ1%ﬂ¥%ﬂ%ﬁ?n%iﬂﬁﬁ /i ng

conposition n ntaLnl xi di zi ng, a e i.s used and all the
barfler geferred 51mpfg (%omp051 10 the present

invention”. Further, the polishing process according to
the third aspect of the present invention will be
referred to as “polishing process of the present

10 invention”, wherein the first polishing step, the second
polishing step and the third polishing step will be
referred to as “first polishing”, “second polishing” and
“third polishing”, and the polishing ability in each
polishing step will be referred to as “stock removal

15 rate”. Further, the composition of the present invention
and the polishing process of the present invention may
generally be referred to as “present invention”. In the
present invention, .“a copper layer to be removed” or ‘a
barrier layer to be removed” means a copper layer or a

20 barrier layer which should not remain after completion of
polishing to form copper wirings, and specifically, it
means the entire portion except for the portions embedded
in the wiring grooves or perforations.

The first invention provides a polishing composition

25 characterized in that it exhibits a low stock removal

rate against a copper layer, a high stock removal rate

against a tantalum-containing compound layer and a low



20 layer to be renoved, is renoved by polishing. Here, this third
polishing step is not intended to reduce scratches on the insul ating
| ayer or to reduce dishing of the copper wirings, as described with
respect to the conventional nethod, and is carried out sinply for the
25 purpose of renoving the barrier layer (in the present i nvention,
the barrier |layer corresponds to the tantalum cont ai ni ng conpound

| ayer) by polishing. - 13 - - 12 -
Hereinafter, the first aspect of the present invention will be
referred to sPYPEY £§N®VPE refavegainet an in Sulai§1§ed6n&ﬂasp@b380f t he
present invention will be referred to sinply as "second invention"
the conpositi BR+1SBiRgNAEAPES1BEPR 9hethe rEirshdi meamrien veseshgomi | | be
referred to sinply as "conposition of the resent i nvention".

Further, the PYRFBRLA§hAREcBSstRecHIEFhP? Shlng t Fertherd aspést of the
present invention wll be referred to as "polishing process of the
present 10 PATENELERCEIVRerEi A PRELSHIRG Grmpatitpnsttep ba heese fond

pol i shi ng ste and khe third polrshrng step will be referred to as
"first polf H&"Su §888ﬁ8tp8FF%%@n%® %ﬁﬁﬂpg wherein (Qnlgblthshi ng”, and the
pol i shi ng abllrt olrshlqg step wll be referred to as

"st ock reanaIan%f%umrﬁpﬁtalﬁb?gh%?mp? %ﬁﬁ%%l%%(ﬁp brshete present

nvention and, t e poli shi,ad, Brocess of Lhe pressnt, i nvention my

composition whereby the copper layer removal rate can
freely be set by an addition of hydrogen peroxide and

10 which exhibits a high stock removal rate against a
tantalum-containing compound layer and a low stock
removal rate against an insulating layer. The polishing
composition of this second invention is used for
underpolishing as the first polishing, and it is also

15 effective as a polishing composition for the subsequent
second polishing, wherein the copper layer and the
tantalum~containing compound layer are polished
continuously and at substantially the same stock removal
rate.

20 The difference between the first and second
inventions is that in the first invention, no oxidizing
agent is contained, while in the second invention,
hydrogen peroxide is incorporated as an oxidizing agent.
Depending upon the presence or absence of this oxidizing

25 agent, the stock removal rate against the copper layer
changes, and by effectively controlling this change, it

is possible to set a proper stock removal rate against



generally be referred to as "present invention". In the pr esent

i nvention, "a copper layer to be renoved" or "a barrier layer to be
renoved" neans a copper |ayer or a 20 barrier layer which should not
remain after conpletion of polishing to form copper wrings, and
specifically, it means the entire portion except for the portions
enbedded in the wiring grooves or perforations. The first

i nvention provides a polishing conposition~ 25 characterized in that it

exhibits a | owrs QUpdelMder . Namd B} € AU NBIA CORRE di3uer, a high

stock renoval rate agai nst a tadntal um contai ni ng conpound | ayer and a
| ow invention, the stoc} 1 rateldgainst t1$d9& &{'Dva' rate
agai nst an_insulatiﬁgniayef.STﬁF? ?em?v%olT%h?ngg%%%%os?t%oﬁﬁ%é he first
invention is useédals set t3V8EPILLSNEARY aScbheiflres Pobishingy Further,
it is al so effective as a polishing conposition to be used for 5 the
subsequent seGeRfrAldrshithe WhekRi PeRBLY1t PEte agaiﬁé\&aéw&%%t ni ng
conmpound | ayer is polished. The second Tnvention provides a

polishing s l=8&WQsid en feRenebyethatConpPeprlaNgl 18p@Vab, radeuiseihg
freely be set by an addition of hydrogen peroxide and 10 "whic exhﬁ%lts a

hi gh stock remhalanforin® agahgdrogen perbantal ugrsankaasang conpound | ayer
and a | ow stock renoval rate against an insulating |ayer. The
pol i shi ng As mentioned above, the composition of the present
invention (common to the first and second inventions) is
a polishing composition which has a high stock removal

10 rate against a tantalum-containing compound layer, a low
stock removal rate against an insulating layer (mainly a
silica layer usually called a TEOS layer) and a corrosion
proof function against the copper surface after polishing.
The high stock removal rate against the tantalum-

15 containing compound layer is attributable to the
incorporation of oxalic acid, as described hereinafter,
and the low stock removal rate against the insulating
layer is attributable to the incorporation of
ethylenediamine as described hereinafter. Further, the

20 corrosion proof function against the copper surface after
polishing is attributable to the incorporation of
benzotriazole as déscribed hereinafter.

The oxalic acid incorporated in the polishing
composition of the present invention serves as a reducing

25 agent in the polishing composition. The oxalic acid is
believed to perform a function to again reduce the

surface of the tantalum-containing compound once oxidized



conposition of this second invention is used for under pol i shing as the
fi-rst polishing, and it is also 15 effective as a polishing conposition
for the subsequent second polishing, wherein the copper layer and the
t ant al um cont ai ni ng conpound | ayer are polished continuously and at
substantially the same stock renoval rate. 20 The difference
bet ween the first and second inventions is that in the first
i nvention, no oxidizing agent is contld ned, while in the second
i nvention, hydrogen peroxide is incorporated as an oxidizing agent.
Dependi ng upoMWHEGDPOIAFEENSr abkenterfce meidptidiyiaspings thgent, the
stock renoval rate _against the copper |ayer changes, and by
effectively ct@iumgontiad ndrgngemepund natpsapbysphPeceds seksa O oper
stock renoval rate against . o o - 14 -
the copper | ayér 2CtaRe0f Wat€sr drn§heorehéshingt corposi it idh, the stock
renoval rate a%Finst t he copper layer is set to be |ow, and according
to the second CARtalum ot itsH, PakEret dekSEehboallr 8k eO%yAI FRE F¥RE<opper 5
| ayer can bhe freely set at an option?I | evel by adjusting t he amount
of “hydrogeR p Fx08 Be 40gegd only at the Weryi shetredork, thte
conposition of_ the.present . | inventioa &connnn o the first and second

o]

i nventions) i &antalup-gantaindad. GRBBSHERohTHAT cANAaSCRS i &S Gtk remova

passive state. This passive state is meant for a
phenomenon wherein the oxide at the surface serves as a
protective layer, whereby oxidation will not proceed

10 inwardly from the surface.

The content of this oxalic acid is usually within a

range of from 0.001 to 0.01 mol/f, preferably within a
range of from 0.003 to 0.008, more preferably within a
range of from 0.004 to 0.006 mol/f. If the content of

15 oxalic acid exceeds this range, such will give no
influence over the stock removal rate against the
tantalum-containing compound layer, but the pH of the
composition tends to be low, and corrosion of the copper
layer is likely to be brought about, such being

20 undesirable. On the other hand, if the content of oxalic
acid is smaller than this range, the stock removal rate
against the tantalum-containing compound tends to be low,
such being undesirable.

U.S. Patents 5,391,258 and 5,476,606 disclose a

25 polishing composition wherein a dibasic acid is

incorporated as a compound which suppresses the rate of

removal of silica. Whereas, oxalic acid used in the



10 rate agai nst a tantalum containing conpound |ayer, a |ow st ock
renoval rate against an insulating |layer (mainly a silica | ayer
usually called a TECS | ayer) and a corrosion proof function agai nst

t he copper surface after polishing. The hi gh stock renoval rate

agai nst the tantalum 15 contai ning conpound |layer is attributable to the
I ncorporation of oxalic acid, as described hereinafter, and the | ow
stock renoval rate against the insulating | ayer is attributable to the

| noor porati on dhfesens setuleRadiagLngoas,desst ! bed herelnalisr Further.

the 20 corrosion proo nct'ion agai hst“the copper surface a t&r

polishing is ahigduutabhe &thhg%'ggﬂéggiagfog ?lca, an@efg ﬁ%#?ﬁ%§w

descri bed herei nafter. oxalic aC| I ncor orate

polishing 5 GeRRAsid @3 9fcthgshr Sgent réﬂx{?gi'%éefves as'a reduci ng

25 agent in the polishing conposition. The oxalic acid is believed to

performa funCt'(”THé)é%ﬁyﬂédéﬁyéﬁinkh@erlvathEfégﬁtginéﬁeln the
t ant al um cont ai ni ng conpound once oxi di ze

- 15 guri mﬁn@w&&po‘s’%l@ﬂrBecehexbgégépe ﬁ%‘éﬁéioﬁhfs
tantalun}contalnlng conpound naturally proceeds al so an action of

water in the poldsdidi CP9Ith@Randfic., Etﬁ\afgr?é&hfﬁn%é g ure is
stable in an oxidized state. 5 This oxide is forned only at the very
surface of theunctidmnialsuppeerkatRengteerPoLRdvhayesrangdsgonstitntes a
insulating layer. This function is believed to be
commonly owned by an ethylenediamine derivative. Such an
10 ethylenediamine derivative may, for example, be
ethylehediamine, N-methylethylenediamine, N,N-
dimethylethylenediamine, N,N-dimethylethylenediamine, 1-
fluoroethylenediamine, l-chloroethylenediamine, 1-
bromoethylenediamine, l-iocdoethylenediamine, 1-
15 phenylethylenediamine, ethylenetriamine, ethylenediamine
II acetic acid, or salts thereof.

By the incorporation of ethylenediamine, only the
tantalum-containing compound layer can be polished
without excessively polishing the insulating layer during

20 the polishing operation. Ethylenediamine is incorporated
to increase the pH of the polishing composition which has
become strongly acidic by the above-mentioned
incorporation of oxalic acid and to suppress the stock
removal rate against the insulating layer. By increasing

25 the pH, the copper layer after polishing tends to be
scarcely corroded, and further, the waste water treatment

may thereby be facilitated.



passive state. This passive state is neant for a phenonenon wherein
the oxide at the surface serves as a protective |ayer, whereby
oxidation will not proceed 10 inwardly fromthe surface. The
content of this oxalic acid is usually within a range of from0.001 to
0.01 nol/[err], preferably within a range of from0.003 to 0.008, nore
preferably within a range of fron1q.q to 0.006 nol/[err]. If the
content of 15 oxalic acid exceeds this range, such will give no

i nfluence over th I e k he t t ai ni ng
i nflu @l QS cLORDVR! oty EAIAL BN nlNEs usual APLA UE-LON

conmpound | ayer, but the pH of conpositi ow, and
corrosion of oppe er i hke he Qught about., such
being 20 undggﬁﬁgbﬁg.%Eﬁmtﬂébgghé? ﬁaé%g %%l% egggﬁ%%ﬁgﬁﬁ?“8igﬁpca

acid is smalleqthan e BLs,ranggs LheySEoCk { Soval JALe (1. 393LAst the
e 1 ow, such §andesiPanl e.

t ant al um cont ai ni'ng conpound tends to beimn

U.S. Patents %03@bsde80and b 4tfife QG AUSC| DS By 1253 0l NG xEREREST ti on

wherein a dibasic acid is ~incorporated as a conpound whi ch suppresses
the rate of this e@myal, eheStbppar YHEELaASur XL £F8&F baiSEshiy t he
present invention does not per se have a function to suppress the rate

of renoval of teindscao @dedcokrbadblershaB bein@ hidesiLibl®, | el @@se such
removal rate
other hand, if the content of ethylenediamine is smaller
than this range, the stock removal rate against the
insulating layer tends to be high, or the pH tends to be
10 low, whereby the copper layer surface tends to be
corroded, such being undesirable.

Next, the benzotriazole derivative to be
incorporated in the polishing composition of the present
invention is preferably benzotriazole. Benzotriazole

15 forms a protective layer on the copper layer surface and
has a function to suppress the stock removal rate against
the copper layer in addition to the corrosion prevention
after polishing, and this function is believed to be
commonly owned by a benzotriazole derivative.

20 Such a benzotriazole derivative may, for example, be
benzotriazole, 2-methylbenzotriazole, 2-
phenylbenzotriazole, 2-ethylbenzotriazole or 2-

propylbenzotriazole.
The content of benzotriazole is usually from 0.0004
25 to 0.002 mol/¢, preferably from 0.0006 to 0.0016 mol/{,

more preferably from 0.0008 to 0.0012 mol//{.

If the content of benzotriazole exceeds this range,



The et hyl enedi am ne derivative contained in the 5 polishing conposition of
the present invention is preferably ethyl enedi am ne. Ethyl enedi am ne
has a function to suppress the stock renoval rate against the
insulating layer. This function is believed to be commonl y owned by an
et hyl enedi am ne derivative. Such an 10 ethyl enedi am ne derivative may, for
exanpl e, be et hyl enedi am ne, N—nethylgthylenedlanlne N, N-

di et hyl et hyl enedi am ne, N, N—dlnethylethyfenedlanlne 1-

f1 uor oet hyl en 4
{oesrast e Jthel ety SIBANRR cbpper, Taver, KendR S0 ne.

br onoet hyl enedi am ne, 1-i odoet

et hyl enetri anppeg,, §5P¥%§Q§QE A&, andleégéglﬁzﬂy”f% @k sakbskheggof.

By the incorporation of ethylenediamne, only 't ant al'umcont’ai ni ng

compound | ayepogalnbes Robishefkion oméﬂw@em%%\é?ﬂtxoaol 28 BgoLhe

insulating |ayer during he polishing operation. Ethyl'enediamne is

| ncor por ated removip 1iCs eAReiAdI i Qloddie Roljethicas cERPESI Lison which has

beconme strongly acidic by the above-nentioned i ncorporation of oxalic

acid and tp SHREr&§88et N€aSE OCKF the JSMMA JRLRBYAINSLARE isnsul ating
| ayer. By increasing 25 t he pH, the copper |l ayer after polishing tends to

be scar cghy1terr gdgd, tiang féﬁéé“”théfBbﬂ%ﬁﬁﬁbdM§¥§Véhkﬁ%%ﬂ%$Eect may
t hereby be facilitated. 17 -

against the copper layer tends to be inadequate, and
corrosion is likely to take place by copper oxide or
copper hydroxide on the copper surface after polishing.

10 The second invention provides a polishing
composition containing hydrogen peroxide. The hydrogen
peroxide serves as an oxidizing agent as mentioned above,
and it oxidizes the copper layer surface and accelerates
the stock removal rate. The hydrogen peroxide contains

15 no metal ions and thus has little possibility of
contaminating semiconductor devices, and yet, it has an
adequate oxidizing power to oxidize the copper layer.
The content of hydrogen peroxide is substantially
proportional to the stock removal rate against the copper

20 layer, and it is possible to freely set the stock removal
rate by adjusting the content. However, the stock
removal rate against the copper layer is related also to
the content of the above-mentioned benzotriazole and is
accordingly determined taking the contents of both

25 components into consideration.

The content of the hydrogen peroxide is usually

within a range of from 1 to 30 g/f, preferably from 3 to



The content of ethylenediamne is usually within a range of from 0.001
te 0.005 nol/[err], preferably within a range of fromO0.002 to 0.04
nol/[err], based on the polishing conposition. |If the content of

et hyl enedi am ne exceeds 5 this range, the copper |ayer surface after

pol i shi ng tends to be corroded, such being undesirable. On the

other hand, if the content of ethylenediamne is snmaller than this
range, the stock removal rate against thel® - insulating | ayer tends to be
high, or the pH tends to be 10 |ow,_ whereby the copper |ayer surface tends
to be co&poﬁéﬂg RRP P N rkRiRisi ShEpIGe compositionnexEl the

benzotri azol e derivative, {o be incorporated in the polishing

conposi tion oFOPﬁSngrS eﬁﬁe gydr?ﬁ@%n??%ﬁf% eFﬁ%ﬁ%ﬁ%ﬁﬂé%%ﬁﬂﬁﬁﬁqqeiﬁﬁé. |
Benzotriazole 15 .fornms a.protective |ayer on the copper |ayer surface an
has a functioff ©5 sAFPP¥Es FRESSPEREDT bRl CoRe ?I‘stteg,‘§ES §hopper

| ayer in additiaon,tao,the corrosion event.ion fter polishing, and
this functionkfg g%ﬁpévgacﬁo ha"d ug&%%hﬁ%?ﬁ?'o&ﬁbéﬁfyoghﬁgh Vaiﬁle )
derivative h nzptri.azol e derivative my,, for_exanple, be
benzot ri azol e,%%f- ﬁgpﬁ%‘%eﬁ?o?ﬁ?aggﬁhé?g% PELOXIey/t b%?%]oltgrl? afz}tﬁré@“ls

2-ethylb tri I < I otriazol e. The cont ent
ofebe%zofpfgzgkéégéeggéagfgcrr5%&698%0§§9§5a?%5Tf%KﬁP?nﬁ??Qﬁ?]la¥5 ef erably

from 0.0006 1o AQ048 BBl LLST Lhaly, sulREeRLSTSIADLY, fom 0. 0008 to 0.0012

mol /[err]. the content o nzotri azol € exceeds this range,
The abrasive contained in the present invention has

a role as so-called abrasive grains and serves to perform

10 mechanical polishing in the CMP processing. In a
conventional polishing composition to be used for the CMP
process, the abrasive may usually be, for example,
silicon dioxide, aluminum oxide, cerium oxide, silicon
nitride, zirconium oxide, silicon carbide, or manganese

15 dioxide. BAmong these, as an abrasive to be used in the
present invention, those which are stable even in the
presence of additives such as oxalic acid,
ethylenediamine, benzotriazole and hydrogen peroxide, are
preferred. Accordingly, it is preferred to employ

20 silicon dioxide which is chemically stable against these
additives.

Further, it is preferred to employ an abrasive in a
colloidal state with a uniform small particle size in
order to reduce precipitation of the abrasive in the

25 polishing composition during the storage and to prevent
formation of scratches on the object to be polished, due

to the abrasive. Namely, as the abrasive, colloidal



- 18 - the stock renoval rate against the copper layer tends to

be suppressed too nmuch, and especially in the case of the pol i shi ng
conposition of the second invention, the stock renoval rate against

t he copper layer can not be set. On 5 the other hand, if the content of
benzotriazole is smal l er than this range, the corrosion preventive

ef f ect agai nst the copper |ayer ten to be inadequate, and

corrosion is likely to take place by coppe? oxi de or copper hydroxi de

on the Coppef?ﬂ’{é@% P PUd ShrRgre 2Pe two E.EE@ eS65PNG, 1 TWELH on

provi des a polishing conposi tion contalnlng dr ogen peroxi de. The

hydr ogen pﬂ%'gg%se&y %@c%l%cf&éfg g -age o@%hﬁsetweg%ﬁﬂgve

and it oxidizes t per Tayer sur acce erates e stock

removal rate. JP@L&W@r@&Plrbﬂ%[lO)@ﬂ%c%o%tbaéaﬁiedl ByndcReLaknbags ged thus has

little p055|b|I|ty of contam nat1 ng sem conductor devic and yet, it
has an aglequah &s 03 cZd NG ARPWRTe IR A gir%@utc'&a B9pﬂ9arbwg5ng an The
content of hydrogen peroxi de i$ substanti al proportiona ﬂe

stock remyval aTRéLy #OPAAS twidl HORRSIA O%Oah%qu, (@ed1btgk3 BO$SLR! € to

freely set the stock renoval rate by adjusting the content. However,
the stock  mad€npyah seitesro 1 1NE RPPRIG)|.ayRhoh§ £8b8E e0t@d so to
the content of the above-nentioned benzotriazole and is accordlngly

deter m ned t akbNUoidi€l COIL LI e 8t kh2BO0RANERROINE G poBFederali on.
The content of the hydrogen peroxide is usually
since a product of high purity is available.
The specific surface area of the colloidal silica is
10 usually within a range of from 50 to 300 mz/g, preferably
from 70 to 150 nﬁ/g. In the present invention, the
specific surface area is meant for a value measured by a
so-called nitrogen adsorption method (BET method), and
this specific surface area represents the primary
15 particle size. Namely, the primary particle size of the
abrasive in the present invention can be obtained by the
formula of primary particle size = 2727/ ({specific surface

area), and the primary particle size corresponding to the

specific surface area of from 50 to 300 mz/g, will be

20 from 9 to 55 nm.

If the specific surface area of the abrasive is
smaller than this range, the action of mechanical
polishing tends to be large, whereby the stock removal
rate against the insulating layer or the copper layer

25 tends to be too high, or the surface roughness of the
polished surface tends to be large, or scratches are

likely to be formed, such being undesirable. On the



within a range of from1 to 30 g/[err], preferably from3 to

-19 - 20 g/[err], based on the polishing conposition. If the

content of the hydrogen peroxi de exceeds this range, the stock renoval
rate agai nst the copper |ayer tends to be too high, such being
undesirable. On the other hand, if 5 the content of the hydrogen peroxide
is smaller than this range, the stock renoval rate against the copper
| ayer tends to be too small, such bei2ng-undesirabl e. The
abrasive contained in the present invention has arole as so-called
abrasi ve grai R¢hagdheadvesd ft shperbeeihfidOsunbetmmmced olistgery tmrt he CVWP
processing. In a conventional polishing conposition to be used for
the CWP pfhéGegangehe ther astienney mechdnicak, pédbiskanpiends to
silicon dioxide, alum num oxide, ceriumoxide, silicon nitride,

zi rconi um oxi ®e s§eflilcoandatbpdetosk nenganbseatdagalimsd déhe Anong t hese,
as an abrasive to be used in the present invention, those which are
stabl e even i fraff@lum-coptasahee epraedndi vaverutends oxdbe csreelild,

et hyl enedi am ne, benzotri azol e and hydrogen peroxide, are preferred.
Accordi ngl §, iSUGHs bsiegerpdgsisabiploy 20 silicon dioxide which is

chem cal ly stabl e agai nst these addi tives. . Further, it is
preferred to enpl Y aFORGFRS 0& theaabrasive in the polishing

composition of the present invention is usually from 10
to 200 g/¢, preferably from 30 to 100 g/¢, based on the
polishing composition. If the content of the abrasive is

10 smaller than this range, the mechanical polishing power
tends to be low, and the stock removal rate against the
tantalum-containing compound layer tends to be low, such
being undesirable. On the other hand, if the content of
the abrasive exceeds this range, the mechanical polishing

15 power tends to be strong, and the stock removal rate
against the insulating layer tends to be large, such
being undesirable.

The pH of the polishing composition of the present
invention is usually within a range of from 3 to 6,

20 preferably within a range of from 4 to 5. As mentioned
above, by neutralizing the pH, corrosion of the copper
layer surface can be avoided. On the other hand, if the
PH is increased too much, the stock removal rate against
the tantalum-containing compound also decreases. In such

25 a trade-off situation, a proper performance is obtainable
within this range. Namely, if the pH is smaller than

this range, the copper layer surface is likely to be



colloidal state with a uniformsmall particle size in order to reduce
preci pitation of the abrasive in the 25 polishing conposition during the

storage and to prevent formati on of scratches on the object to be
pol i shed, due to the abrasive. Nanely, as the abrasive, coll oidal

- 20 - silicais preferred. There are two types of coll oi dal

silica i.e. one obtained by particle gr ow, of ultrafine particle
colloidal silica obtained by ion exchange of sodiumsilicate, and the
ot her pr oducegoby ofiedr ol o ik altndy aldexysid ane Wil B.Rcagl drot al kal
(colloidal silica made by a so-called sol-ge nethog). nong t hese,

t he col | gidale, SkhecatBBRerByot e 504 A8ka BLhad,d Schaﬂ{t%fl(?fn{—ed’
Iaﬁ?e. T

since a product of high purity is avai e speci fic surface

area of the cebhebdalingi bbfpolisd dOnasisti@lhy Wit hid@ nangg, of from50 to
300 m/g, preferably from70 to 150 nferr]/g. In the present

i nvention, thandesirspeei.fic surface area is neant for a val ue neasured by
a so-cal l ed nitrogen adsorption nethod (BET nmethod), and this

specific ssrface amheaokepriesagt gbhe WRLEBI ¥s déntPSHLd Gher Shii®: ndlanely,
the primary particle size of the abrasive in the present invention can

be obtai ned bpet kentainefiof muthe of i P&t NBhyeReldh Cl € Shatht= 5424 (specific
surface area), and the primary particle size corresponding to the
speci fic surfacepened ehithoarbf ¢ SO cheset/Tayart [dub®ice to form
copper oxide or copper hydroxide. Specifically, it may,
for example, be hydrogen peroxide, urea, iron ions,
10 cerium ions, chlorine, bromine or nitric acid.

The medium for the polishing composition of the
present invention is water. The water is preferably one
having impurities removed as far as possible, so that the
above-described additives can accurately perform their

15 roles. Namely, distilled water or water obtained by
removing impurities by an ion exchange resin and removing
suspended matters through a filter, is preferred.

According to the first invention, a low stock
removal rate can be realized for polishing of the copper

20 layer and the insulating layer, while a high stock
removal rate can be realized for polishing of the
tantalum-containing compound layer. The stock removal
rates are such that in the case of a blanket layer (a
layer having only a copper layer, a tantalum layer or an

25 1insulating layer formed without any pattern), the copper
removal rate is usually at most 100 A/min, the tantalum

removal rate is usually at least 400 A/min, and the



20 from9 to 55 nm If the specific surface area of the abrasive
is * smaller than this range, the action of nechani cal pol i shi ng
tends to be | arge, whereby the stock renoval rate agai nst the
insulating |ayer or the copper layer 25 tends to be too high, or the
surface roughness of the polished surface tends to be |arge, or
scratches are likely to be forned,_sggh_being undesirable. On the

- 21 - other hand, if the specific stUrface area is |larger than

this range, thesectiafy ofaymBehaniGals AQlieshi 08-1604S Lo ggpl |, and
t he stock renDJ% ré?ggaéiinst the = *f%ﬂtal&%}confaiﬁiﬁs 8gﬁﬁaﬂﬁd | ayer
tends to be sgalj,sr 3§yl ng undesirable. The content of the
abrasive in the polishing conposition of the present invention is

usually Trom10 p spb@i 200 Mafdd los RISHRS Y JI0mdQd ek giLh8h]

based on the pol 1 shi ng conposition. e content of the abrasive is
10 smal | er thgp thisefangenddg MBeRancale ROl ShiAY Rover tends to be

| ow, and the stock renoval rate against the t ant al um cont ai ni ng

conpound layer tepdstho PeriOWhoBiing, udBING WMeRid aMRsiQr the ot her
hand, if the content of the abrasive exceeds this range, the

mechani cal POLE&SVAY by SodOMELiALNSIS 410 ha SIURRBr aRddhecskack renoval
rate against the insulating | ayer tends to be | arge, such
removed (overpolishing) is carried out, and then, using
the polishing composition of the first invention, all the
barrier layer to be removed, is removed by polishing. By
10 this method, polishing can be carried ou; without
increasing the dishing of the copper wiring portions
formed by the first polishing.
According to the second invention, a low stock
removal rate can be realized for polishing of an
15 insulating layer, a high stock removal rate can be
realized for polishing a tantalum-containing compound
layer, and further, for polishing the copper layer, the
stock removal rate can freely be adjusted by changing the
amount of hydrogen peroxide to be incorporated. The
20 stock removal rates are such that against the respective
blanket films, the copper removal rate is usually from
300 to 1,000 A/min, the tantalum removal rate is usually
at least 400 A/min, and the insulating layer (silica
layer) removal rate is usually at most 300 A/min.
25 A specific method of using the polishing composition

0of the second invention will be shown below.

In the first polishing, using a common abrasive, the



bei ng undesi rabl e. The pH of the polishing conposition of the

pr esent invention is usually within a range of from3 to 6, 20
preferably within a range of from4 to 5. As nentioned above, by
neutralizing the pH, corrosion of the copper | ayer surface can be

avoi ded. On the other hand, if the pH is increased too nuch, the stock
renoval rate against the tantalun}cogaalnlng conmpound al so decreases
In such 25 a trade-off situation, a propéer perfornmance is obtainable

within this r er'\@g@éy tcsfbé f&eevméas snBlJflot@iyy po1ikhiifg @Rge. the

copper | ayer surTace is Tikely t

-22- corgpdedon I the @waﬁcénﬂgbeﬂfwfffaﬂ@ﬂdﬁ%cq%ﬂﬁekﬁbilshlng5ange

the stock renoval rate against the tantalum cont ai ni ng conpound tends

to be | ow, sughgbehag, u51n¢”@E§'ﬂ&¥&§hln§5compoéEQﬁo%Xb@'%h@gséggﬂh whi ch
is nmentioned but nust not be contained in the first invention, is

meant for a inve&@IBRUNEhIN &k BCtiRy fgﬁ& CORRET tlAYRS r@%ﬁ;@eeahe form
copper oxide or copper hydroxide. SpeC| ically, it may, for exanple,

be hydrogen p@ﬁéxbéiﬁrlélfeﬁayéfotfb 119 Sremckiba G Wi eRsovell 8k ne, bromi ne
or nitric acid. The medi um for the polishing conposition of the

present invenbbdishsnyat eoccltdE neatey ths sprekeeabl ¥ynene will Bavhag
inmpurities renoved as far as possible, so that the
substantial dishing of the copper wiring portions after
the first polishing, and in the second polishing, by
adjusting the stock removal rate against copper, the
10 stock removal rates against the copper laver and the
barrier layer can be brought to be substantially the same,
whereby dishing of the copper wiring portions can be
improved over the above-described overpolishing method.
However, with the polishing composition of the second
15 invention, dishing of the copper wiring portions will
form to some extent due to the difference in the stock
removal rate as between the copper layer and the
insulating layer.
Now, the polishing process of the present invention
20 will be described in further detail.

Namely, in the first polishing, using a common
abrasive, the copper layer to be removed is removed so as
to leave only a thin skin (underpolishing)}. Then, in the
second polishing, using the polishing composition of the

25 second invention, the remaining copper layer to be
removed is all removed by polishing, and then in the

third polishing, using the polishing composition of the



above-descri bed additives can accurately performtheir 15 roles. Nanely,
dicstilled water or water obtained by renmoving inpurities by an ion
exchange resin and renovi ng suspended matters through a filter, is
preferred. According to the first invention, a | ow stock
renoval rate can be realized for polishing of the copper 20 |layer and the
i nsul ating layer, while a high stock renoval rate can be realized for
pol i shing of the t ant al um cont ai ni ng 22orpound | ayer. The stock renoval
rates are such that in the case of a blanket |ayer (a | ayer havi ng
only a copper Hi&pér inyengaoal utihbayerroerahayes to nisel aémonged ayerafior ned
W t hout any pattern), the copper renoval rate is usually at nobst 100
Almin, the tadedloy®d by pedastahgrate is usually at |east 400 A/nin, and
t he , . - 23 - i nsul ating | ayer
(silica layer) reds\PsIrdisue tios thidgabkpcess, aftepsth800ivémipolishing, A
speci fic nethod of using the polishing conposition of the first
i nvention wil ItNS&esHadA bel s, substantiah dhehing sof podpsn neiriusi ng a
common abr asi ve, rempval by polishing gf all the copper |ayer to be
renoved (over PONitfeFg) @R éar £hedseapndapdl i sleing usbnggdjustine o i shi ng
conposi tion of thgﬂfirst invention, all the barrier layer to be
renoved, is r&ONEd TFOFEE SRFRgAIBYNSLOCOPRES. nEkhodtoPol Temival can be
carried out w_thout .
rates against the copper layer and the barrier layer can
be brought to substantially the same level, whereby there
will be no substantial dishing also in the second
10 polishing. Thereafter, in the third polishing, the
copper removal rate is suppressed, whereby dishing of the
copper wiring portions will not increase, and dishing
will rather be improved corresponding to the amount of
removal of the barrier layer. Accordingly, as compared
15 with polishing employing either one of the polishing
composition of the first invention or the polishing
composition of the second invention, a superior polished
surface can be obtained by sequentially using and
controlling the two types of the polishing compositions
20 of the present invention in accordance with the polishing
process of the present invention.

Further, in the polishing process of the present
invention, the first invention and the second invention
differ only with respect to the presence or absence of

25 hydrogen peroxide, whereby polishing can be accomplished
efficiently as described below even though polishing is

carried out till the third polishing. Namely, the



incréasing the dishing of the copper wiring portions formed by the

fi-rst polishing. According to the second invention, a | ow stock
renoval rate can be realized for polishing of an 15 insulating |ayer, a
hi gh stock renoval rate can be realized for polishing a

t ant al um cont ai ni ng conpound | ayer, and further, for polishing the
copper |ayer, the stock renoval rate can freely be adjusted by
changi ng t he anount of hydrogen pero%idé to be incorporated. The 20

stock renoval tes;ake : ~agai nst k e ive . bl anket
pbatighiak c?HﬁBsEE?BM ga *é T$§%§ T éﬁﬁkﬁa

films, the copper renbval rtate Is usua djﬁ,OOO Almn, the

tantalun1re”Dﬁ%blﬁﬁﬁﬁak§1955§5#¥red aidy Lﬁaéﬁe4§g£$¥éiéh%‘%ﬁg.the
(sil ay uall

i nsul ating | ayer ica ery renoval rate is u y at ‘nost 300

Amin 25 hyaRosBRchbie.iELhed Qhaus! | St GQImosi L on

of ;he_second_?ﬁvggtio% mﬁfl be_shgﬁn e?%m%ﬁg}ég&i§ﬂkﬂ§%$ E?%%%%g%
pol i shing, USLEJtAcCOAWRR 2RLBALYEn 4PCthe same time as the initiation

- 24 - copper |ayer to be renoved, Is renovedm%y pol'i'shi'ng so !

that only ¢heisusf aeackayeeawhbbasesBhinéndespol is0i W qperac:dpd then,
usi ng the polishing conmposition of the second i nvention, the renaining
copper |ayer batbe tenpyegadBdtheSpol enad ré&hpd elond Q08 gare all
renoved by pol i shi ng. Accord?%g to ?ﬁ?s né%hod,(%hefé &#f%ﬁ%%ﬁﬁ%

substantial diiskiengioh,tBadceRReto¥bE: NTaPOF LEONSe bdiived, is

polished. Then, in the third polishing, mixing of
hydrogen peroxide is stopped, and using the polishing

10 composition of the first invention, polishing is carried
out until the barrier layer is removed. According to
this process, the polishing composition can continuously
be changed from “the second invention” for the second
polishing to “the first invention” for the third

15 polishing, whereby the control is easy, and such change
can be carried out on the same polishing table.

The polishing compositions of the present invention
are usually prepared by mixing and dispersing in water
the above-mentioned respective components, i.e. abrasive

20 grains, oxalic acid, ethylenediamine, benzotriazole, and,
in the case of the second invention, hydrogen peroxide.
The abrasive grains are uniformly dispersed in the
composition to form a suspension, and other components
are dissolved in water. An optional method may be

25 employed to mix such compositions. For example, they may
be stirred by a vane-type stirrer, or they may be

dispersed by ultrasonic wave dispersion.



the first polishing, and in the second polishing, by adj usting the
stock renoval rate against copper, the 10 stock renoval rates against the
copper | ayer and the barrier layer can be brought to be substantially
t he sane, wher eby di shing of the copper wiring portions can be

i nproved over the above-described overpolishing nethod. However, wth
the polishing conposition of the second _ i nvention, dishing of the
copper wiring portions wll formto sone extent due to the difference

in the stock e aﬁiﬁfﬁﬁhgﬂkﬁfg%ﬁbge £pBpet Layer hgng%%%eh?

i nsul ating Iayer process” of

i nvention éﬂaﬂgﬁ.%@%ﬁﬁhﬁ%grlﬁyf“Etﬁeétdﬁﬁé'lee of us?ayer @%& | i t he

first pollshlng, usi ng a commo rasive, the copper

remved s remRYRAEA 3% the cbipbBALEANLY @h&h%; cBHANAYIGEI RO 1S Sh' ng).

Then, in the second polishing, using I ng Conposi i S of the
25 second i nveidd esd heqi@RRisNi Ng copper Iayer to be renoved is al
renoved by polishing, and then in the third polishing, using the

pol i shing sonposi tioht1fr t e polishin composition of the present - 25 -
first invention, the barrier |ayer to ge renoved 1s ar renoved by
pol i shi ng. 1nventﬁﬁ£@h§l%@ beebhi-aapr gegssa &Ft eFahbsoftEstipolishi ng,
form of a stock solution having a relatively high
concentration, so that it may be diluted for use at the
time of actual polishing operation. The above-mentioned
10 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 concentration.
15 The contents of various components as defined for
the compositions of the present invention represent the
contents in the compositions finally prepared for
polishing. Namely, when hydrogen peroxide is added for
incorporation of an oxidizing agent immediately prior to
20 the polishing or when ethylenediamine is added to adjust
the pH, the various contents are defined as a composition
having such additional amounts added. Likewise, the
contents in the compositions shown in the Examples given
hereinafter, represent the contents in the final
25 compositions immediately prior to the polishing

operations.

Now, the practical embodiments of the present



there will be no substantial dishing of copper wring 5 portions, and in

t he second polishing, by adjusting the stock renoval rate against
copper, the stock renoval rates agai nst the copper layer and the
barrier |layer can be brought to substantially the sanme |evel, whereby
t here will be no substantial dishing also in the second 10

polishing. Thereafter, in the third pollshlng t he copper renoval
rate i s suppressed, mhereby di shing of th&8 - copper wiring portions wll
not i ncrease, (S er b roved corresponding to the
anount  of ﬁ&%ﬁ%v&i“ Hrl%hBG g???ﬁ’rb?‘g %“c%% diHgt e e eifhdred 15

with polishin lLoyi ng_.ei ther one qf th olishin conposi tion of
the first |nv%%§E%legr t%% '%ﬁﬁshﬁhQQWNLMféghﬁb %ﬁogftﬁﬁé §8€ond

invention, a i&%%rb Bg % b urface can be obt aj ned by sequentially
usi ng and cont rof i’y %ﬂ% tfo ¥y$% NHFIF HeeH FSHh T oHsdsi ti ons 20
of the present e@%%@EI%Qa accordance with the polishing process of
the present inventio " Further, in the polishing process of the

pr esent E&ﬁﬁﬁ B, the first invention and the second invention

differ onIy with respéct to the presence or absence of 25 hydrogen

per oxi de, wher eby hi.ng ) |IS ficiently as
descri bed beIOW/e&Eﬁh'hoagha%% sﬁFnégggQ g%?%?%ﬁ lT?II the third

pol i shing. Na v r
pol i shi ng COHS%?%tI%%EOFufﬁ%C?i 589 nven Q%? jogepared by a sol- 5t

method, a polishing composition was prepared to have the
proportions as identified in Table 1. As an oxidizing

10 agent, hydrogen peroxide was used, and using as such
hydrogen peroxide a commercially available 31% agueous
solution, 3 g/f as pure hydrogen peroxide was mixed
immediately prior to polishing in the case of “Oxidizing
agent, Present”.

15 As objects to be polished, a 6 inch silicon wafer
having a copper layer formed in a thickness of 10,000 A
by sputtering, a 6 inch silicon wafer having a tantalum-
layer formed in a thickness of 2,000 A by sputtering and
a 6 inch silicon wafer having a silica layer (TEOS layer)

20 formed in a thickness of 10,000 A by CVD, were used, and
the layer-formed side of each wafer was polished.

The polishing method was as follows.
Polishi 31t
Polishing machine: AVANTI 472 (manufactured by IPEC

25 Westech Co.)

Polishing pad: IC-1000 (manufactured by Rodel Nitta

Co.)



prelimnarily prepared, and in the second polishing, hydr ogen peroxi de
is added to the polishing conposition of the first invention at the
same tinme as the initiation, 5 in a controlled predeterm ned anount at the
operation site, to prepare the polishing conmposition of the second

i nvention, and the copper |layer to be renoved, is polished. Then, in
the third polishing, mxing of hydr ogen peroxide is stopped, and using
the polishing |0 conposition of the firsR9i rvention, polishing is carried
out until the barrier layer is renmoved. According to this process, the
pol i shi ng conposi tHodrA skangc banenuclghyn . be changed from "t he second

i nvention" for the second polishing to "the first invention"” for the
third 15 poli shi fgatenerebptihoatoapeed:i S®kagyy and such change can
be carried out on the sane polishing table. The polishing

conposi tions of tKRapiesemptiamionalonapeed: gtk mpsual |y prepared by mixing
and di spersing in water t he above-nenti oned resBective conponents,

i.e. abrasive 20Dypwai dorcexal3 cOgesd, (avdd exlddiggmimé, benzotriazol e, and,
in the case of the second invention, hydrogen peroxide. The abrasive
grai ns aresuni f or Mol ighsper setpbrithen supptwnpesdtiare t o 1H50r mlaf
suspensi on, and ot her conponents are dissolved in water. An optional
net hod may be 25A&Hsroped iedingx shehwabppodasi seaueroralehamsshed hey may
be stirred by a vane-type stirrer, or they may be di spersed by

ul trasoni c wafEdrEpérsi grd the stock reméval rate was obtained by the

following method.
Copper layer and tantalum layer removal rates:

10 Resistance type thickness measuring apparatus RS-35C
(manufactured by KLA-Tencor Co.)

Silica layer removal rate: Optical thickness measuring
meter Lambda-A (manufactured by Dainippon Screen
X.K.)

15 Measuring method: 49 points were measured in the
diameter direction of the wafer. The stock removal
rate was calculated from the difference in thickness
as between before and after polishing.

Then, the copper layer wafer after polishing was
20 observed by an optical microscope. The results are shown
in Table 1 together with the composition of the polishing
composition. Evaluation in Example 1 was made in
accordance with the following standards.
Evaluation standards
25 ©: No corrosion of copper observed.
O: vVery small corrosions with a diameter of not

more than 0.5 pm observed.



- 27 - Further, as nentioned above, the first invention is

prepared prelimnarily, and at the tinme of use, it nmay be adjusted to
t he conposition of the second invention, as the case requires. 5
Further, the polishing conposition of the present i nventi on may be
prepared, stored or transported in the formof a stock solution having
a relatively high concentration, so at it may be diluted for use at
t he time of actual polishing operation. The above-nentioned 10

preferred range foc.t ke GORGERLS atian,i aigﬂgt%?rg%gg?ding actual polishing

operation. Needless to say, In the case 'mg~suc Y™ et hod of
use, the stock sol uti @pservegduring the storage or transportation is a

sol ution havi ng a higher concentration. 15 The contents of

vari ous conmponents as defined for t he conpositions of the present

i nvention represent the contents in the conpositions finally prepared
for pol i shing. Nanely, when hydrogen peroxide is added for

i ncorporation of an oxidizing agent imediately prior to 20 the polishing
or when et hyl enediam ne is added to adj ust the pH, the various
contents are defined as a conposition havi ng such additional anounts
added. Likew se, the contents in the conpositions shown in the
Exanpl es gi ven herei nafter, represent the contents in the final 25
conpositions imediately prior to the polishing oper ati ons.

Now, the practical enbodinments of the present



i nvention

5 EXAMPLE 1

pr esent

HSL-D

d

with reference to

(specific surface area: 95

a polishing conposition was

in detail

speci fic Exanpl es.

silica
net hod,

N neor-ocd

be descri bed
col | oi dal

proportions as-identified in Table 1. As an

e

it should be understood that the

oAt

i nvention will

However ,

as abrasive grains,

28 -

Exanpl es.

is by no neans restricted to such

Usi ng,

nmMerr]/g) prepared by a sol -gel

prepared to have the
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25 . West ech Co.) Pol i shing pad: 1C 1000

(manufactured by Rodel Nitta Co.)

- 29 - Polishing time: 1 mn. Pl aten rotational speed: 30
rpm Carrier rotational speed: 30 rpm Down force: 3.0 psi
(about 211 g/cnferr]) 5 Pol i shing conposition supply feed rate: 150
m/[err] After polishing, the wafer was sequentially washed

and dried, and the stock renoval rate was Ibt-ai ned by the fol |l ow ng

met hod. Copper |l ayer and tantal um | ayer renoval rates: 10

Resi st ance type tHﬁEkﬁ%§§£W@é§Uhaﬁgh@ﬁ@@ﬁaﬁ@§aRSn35€I0m the regéuhnsf act ured
by KLA- Tencor q?ﬁ? ; Silica |ayer renoval rate: Qptical thickness
measuring or Tahhg dr- LE#BEARIW (Fardfaetred ¥y Caiwligpomascr een

K K) 15 Ma uring met had: 49 points were neasured in the

di amet er direé@?@ﬁ”d@ tfe IRECEPOTEEst SEkskaRrbially no adequate siack
calculated framthe difference in thickness as between before and
after polishidgmoval rate pga, bei REtaspEer aFajRFtwAREr OBEtRE PAPPEhi ng was

20 observgd Qy %pjoptic%!,nicroscope. The results are shown
anta.um and insulating layers. Further, in a case of No,

8 where no oxalic acid is incorporated, no adequate stock
removal rate can be obtained against tantalum. In a case
of No. 17 where no ethylenediamine is incorporated, the
insulating layer removal rate is high, and if this is

10 adopted in a practical copper CMP process, it is likely
that the insulating layer will be polished more than
necessary. In a case of No. 24 where no benzotriazole is
incorporated, after the polishing, corrosion is observed
on the surface of copper.

15 Further, from the results of Examples, the functions
of the respective components are considered to be as
follows.

Namely, with respect to the abrasive, as its content
increases, the stock removal rate against each layer will

20 increase. Accordingly, the stock removal rate against
each layer can be adjusted by the content of the abrasive.
Oxalic acid changes the stock removal rate against the
tantalum layer. Ethylenediamine serves to lower the
stock removal rate against the insulating layer, and

25 Dbenzotriazole serves to prevent corrosion of the copper
layer after polishing.

EXAMPLE 2



in Table 1 together with the conposition of the polishing conposi tion.

Eval uation in Exanple 1 was made in accordance with the foll ow ng

st andar ds. Eval uati on standards 25 [err]: No corrosion of copper
observed. [err]: Very small corrosions with a diameter of not

nore than 0.5 pm observed. - 30 - X
Corrosions with a dianeter exceeding 0.5 [err]m observed. [err]

- 32 - The follomjng has becone ar ent fron1the results of
Table 1. Firstly, 4 se N 2 ve is

i ncor por at ed, substan %1yC%ga§§Equ§F81§FOC§O1*Old? F fate can be

obt ai ned again Ve :0 1pf capper antal um and in ating |ayers.
SR NG et B, T ROR Tl e ¥ b oo

Further, in a case o o™oX 15tled, no

adequat e Stochethmar%ﬁQ%ﬁhs% %ﬁ E@%g§§199Eﬁ'QSS 8%%%%%%%%g§ Iunl 'na

case of . 17 'where no e ramne I'S Yihe
prepared so that as the final composition, the abrasive

5 grain concentration would be 50 g/¢, the oxalic acid
concentration would be 0.005 mol/f, and benzotriazole

would be 0.0007 mol/¢. Then, ethylenediamine was added

to adjust the pH as identified in Table 2. Further, two
types of compositions were prepared so that one type

10 contained 3 g/f of hydrogen peroxide and the other type
contained no hydrogen peroxide. Then, polishing tests
were carried out in the same manner as in Example 1. The
results of the tests are shown in Table 2. When the PrH
is low, corrosion tends to form on the copper surface

15 after polishing. On the other hand, if it is high, the

tantalum removal rate tends to be low.



i nsul ating | ayer

practical copper
will be polished

benzotri azole is

renoval rate is high, and if this is 10 adopted in a
CWP process, it is likely that the insulating | ayer
nore t han necessary. In a case of No. 24 where no

i ncorporated, after the polishing, corrosion is

observed on the surface of copper. 15 Further, fromthe results
of Exanpl es, the functions of the respective conponents are consi dered
to be as f olows- Ner Iy,"w?ﬁh‘respect to the abrasive, as
its content i pcre@ses, tlhe sftogk renoval rate against each |ayer wll
20 increase. Acc%rQLQgﬂét tthe stork renoval rate against each | ayer
can be adjusted hyuot he @@ @he abrasi ve. Oxal i ¢ acid changes
the stock renoval: fat e| agai ngt |t hie tantal um | ayer. Ethyl enedi am ne
serves to | ower thg stogk irenoyal rate against the insulating |ayer,
and 25 Dbenzotrila®o| e| seryes tio prevent corrosion of the copper | ayer
after polishing. | 5 | EXAVPLE 2 -
33 - Usiing, | Ao abt@si® @pi ns, colloidal silica (specific
surface area: 11Q nferr]/g) prepared by a sol-gel met hod, a polishing
conposition was préljmnarily brepared so that as the final
conposition, the %prdb VE
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5 grain concentration would be 50 g/[err], the oxalic acid

concentration would be 0.005 nol/[err], and benzotriazol e woul d be

0. 0007 nmol/[err]. Then, ethylenedi am ne was added to adjust the pH as
identified in Table 2. Further, two types of conpositions were
prepared so that one type 10 contained 3 g/[err] of hydrogen peroxide and
the ot her type cont ai ned no hydrogen erOX|de Then, polishing tests
were carried out in the sane manner as in3Exaane 1. The results of
the tests aresghgwhd B Table 2. Wien the pH is low, corrosion tends to
formon the copper surface 15 after polishing. On the other hand, if it

i's high, the dantalam s%ﬁ&%%'(b§ESa288dﬁyt8 98118$i method) [err]

[err]
having a specific surface area as identified in Table 3

was prepared. Then, a polishing composition was prepared

w

so that as the final composition of the polishing

composition, the abrasive grain concentration was 50 g/¢,
the oxalic acid concentration was 0.005 mol/f, the
ethylenediamine concentration was 0.003 mol/¢, and the
benzotriazole concentration was 0.0008 mol/f. Then,

10 polishing tests were carried out in the same manner as in

Example 1. The results are shown in Table 3.



- 35 - EXAMPLE 3 Col l oidal silica (prepared by a sol -gel

nmet hod) havi ng a specific surface area as identified in Table 3
was prepared. Then, a polishing conmposition was prepared 5 so that as the
final conposition of the polishing conposition, the abrasive grain
concentration was 50 g/[err], the oxalic acid concentration was 0.005
nol /[err], the et hyl enedi am ne coacggtgation was 0.003 nol/[err], and
t he benzotri azol e concentrati on was 0.0008 nol/[err]. Then, 10
polishing tests rejcarried dut] ip the same manner as in Exampl e 1.
The results are sh@wn in Table 3. - 36 - [err]
- 37 - &n gh@s;@e@f@@@'face area was set to be small,
t he stock renoval| inat € pgal nst{ each |ayer increased. However, in No.
39, relatively shaly pw scyatiches; whi ¢h woul d bring about no serious
probl em were obslefved—orm—5tihe—spr{ace after polishing. On the other
hand, if the w
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specific surface area becones |arge, the stock renoval rate tends to

be small against all of the |ayers. EXAMPLE 4 Col | oi da
silica (prepared by a sol-gel nethod) 10 having a specific surface area of
80 g/[err], was prepared. Then, a polishing conposition was prepared
so that as the final conposition of the polishing conposition, the

abrasive grain concentration was 50 g/[err], the oxalic acid
concentration was 0.006 nol/[err], the étﬁYIénedianine 15 concentration

was 0.003 nol/[er¢ ngd,t he_benzotriazol e ~..concentratian was 0. 0008
ﬂg?% Tpt ESFCl%ﬁg °urgaﬁﬁsaa%ﬁéﬁa§os?$gﬁoEbﬁe?ﬁﬁ%ﬁentration

mol /[err]. Then, hydrogen p&roxi

f hyd [ d h in.Taple 4,.t
ol 4hing | GoRbesi FERETHLI FACE I BORT EnT G comiEel e G 2011 o

pol i shi ng osi tion. ishing 20

tests were cagpiedoout shncbeysang mRoner as i RABLe do oo oy ThE

results of the polishing test owh ™1

resul s, ! vapuaundthal ghe B goriaGO enti ol ik onsy, e e

i ncreased, the copper y enbva Sed I7&! t ant al um
| ayer erDya|th%5sh§EScénngQ§ %?ff%ﬁiﬁ%g ng?ﬁm!%HB%ﬁjb%%h? V&' €ne
substantially constant or slightly decreased.
specific surface area becomes large, the stock removal
rate tends to be small against all of the layers.
EXAMPLE 4
Colloidal silica (prepared by a sol-gel method)
10 having a specific surface area of 80 g/{, was prepared.
Then, a polishing composition was prepared so that as the
final composition of the polishing composition, the
abrasive grain concentration was 50 g/f, the oxalic acid
concentration was 0.006 mol/{, the ethylenediamine

15 concentration was 0.003 mol/f and the benzotriazole

concentration was 0.0008 mol/{. Then, hydrogen peroxide

was added so that the concentration of hydrogen peroxide

would be as shown in Table 4, to prepare a polishing

composition. Using the polishing composition, polishing
20 tests were carried out in the same manner as in Example 1.

The results of the polishing tests are shown in

Table 4. From the test results, it was found that as the

content of hydrogen peroxide increased, the copper layver

removal rate increased, while the tantalum layer removal
25 rate and the insulating layer removal rate were

substantially constant or slightly decreased.



[err] - 39 - EXAVPLE 5

For the first polishing, a polishing conposition conprising 100
g/[err] of colloidal silica, 0.1 nol/[err] of glycine and 6 g/[err] of
hydr ogen peroxi de, was prepared. 5 Using this polishing conposition for
the first polishing, t he copper layer portion of a CVWP test wafer for
form ng a copper printed wiring (926 wafer having a copper |ayer
formed in a thickness of 15, 000 A, manufactured by SEMATECH) was
renoved by polishing in fa thickngss| of 10 about 13,000 A. Then, a
pol i shing conposjt®on as ijdentified in No. 28 in Exanple 1 was
pr epared, and Bfirstly hydr ogen per oxi de was added, and the copper
| ayer portion to|bg renoved wag polJshed so that the second pol i shing
was conpl eted whengall of the cggper
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15 layer portion to be renoved, was renoved. Then, using t he sane

pol i shing conposition as used in the second pol i shing except that no
hydr ogen peroxi de was i ncorporated, only the tantalum | ayer was
pol i shed, and the third polishing was conpl eted when all of the 20
tantal um |l ayer portion to be renoved, was polished off. Al'l of the
pol i shing operations were carried out under the follow ng polishing
condi ti ons. Pol i shing conditions = 32 - Polishing machi ne: AVANTI
472 (nanufact%&%% b PEC 25 Westech Co.)

Pol i shi ng pad®*f€F1§08 (manufactured by Rodel Nitta

Co.) . , C - 40, : . Platen
rotational speed: T30 tPgmiirst poliphipgerarBPatFRHEY SPERFLEEPH pm

Down force: 3.0 psi, . Pol i shing conposition supply feed rate: 150
m/[err] 5 TREAPZASIRENnd08f 94! Dol M idaly SidritGaon Owilt Bod /éenfer

chip width of 50 m was neasured by neans of a profiler (P-2
manuf act ur ed B yﬁﬂﬂﬁTéﬁéoﬁ)g/zs3%lﬁégQﬂﬁgntQﬁ¥°X1de«ﬁWﬂﬁ Bg SPeFSEe was 350

Ao i on UPABATLVE RXAVBLE 11389 compolf 108 2aLfBNRE 2Ly Bampl e S

the copper layer portion of a CMP test wafer for forming
a copper printed wiring (926 wafer having a copper layer
formed in a thickness of 15,000 A{ manufactured by
SEMATECH) was removed by polishing in a thickness of

10 about 13,000 A. Then, a polishing composition as
identified in No. 28 in Example 1 was prepared, and
firstly, hydrogen peroxide was added, and the copper
layer portion to be removed was polished so that the
second polishing was completed when all of the copper

15 layer portion to be removed, was removed. Then, using
the same polishing composition as used in the second
polishing except that no hydrogen peroxide was
incorporated, only the tantalum layer was polished, and
the third polishing was completed when all of the

20 tantalum layer portion to be removed, was polished off.

All of the polishing operations were carried out
under the following polishing conditions.
1ishi 1561
Polishing machine: AVANTI 472 {(manufactured by IPEC
25 Westech Co.)

Polishing pad: IC-1000 (manufactured by Rodel Nitta

Co.)



conposition for the first polishing was prepared, and a copper | ayer
portion of a CWP test wafer for formng a copper printed wiring, was
renoved by polishing in a t hi ckness of about 13,000 A. Then, the sane
polishing 15 conposition for the second polishing (containing hydrogen
peroxide) as in Exanple 5, was prepared, and all of the copper | ayer
portions to be renoved were polished off. Furt her, continuously, the
tantalumfilmportions to be renoved4@ere all polished off to conplete
the second 20 polishing. The polishing conditions were the sanme as in
Exanpl e 5. The di $Hthgwastatasaredsrand: asita B8sul t, t he di shing
degree was 1, 400 A ‘ COVPARATI VE EXAMPLE 2 The sane polishing
conposi tion for tKR&XEilest ropgtpeppshfhgeds vedd™ Exanple 5, was prepar ed.
Usi ng the poli shing conmposition, the copper |ayer portion of a CW
test wafer for foPfiRgi&TE6pped- Prifh ed wiring, was
- 41 - polished, and the polishing was conpleted when all of the
copper |ayer portiPedd shdngecpapogetioneserpbynieedbyate: 158 mdHilng. Then,
the sanme polishing conposition for the , third polishing (containing no
hydrogen per oXt'§&y Geshany 87 ExQAPPRT SV IRSNPrRYET RN WHd! & IS athe
tantal um | ayer . , .portiaons to be renoved re polished off to conplete
t he secoﬁ@lﬁbWFgﬁ%n g %ﬂempW?Fsﬂ?ﬁﬁuf% d?¥i%%%?%wﬁ%aqrﬂ¥Qﬁ%ﬁ?r
(P-2, manufactured by KLA-Tencor). As a result, the
dishing degree was 350 A.
COMPARATIVE EXAMPLE 1
10 In the same manner as in Example 5, a polishing
composition for the first polishing was prepared, and a
copper layer portion of a CMP test wafer for forming a
copper printed wiring, was removed by polishing in a
thickness of about 13,000 A. Then, the same polishing
15 composition for the second polishing (containing hydrogen
peroxide) as in Example 5, was prepared, and all of the
copper layer portions to be removed were polished off.
Further, continuously, the tantalum film portions to be
removed were all polished off to complete the second
20 polishing. The polishing conditions were the same as in
Example 5. The dishing was measured, and as a result,
the dighing degree was 1,400 A.
COMPARATIVE EXAMPLE 2
The same polishing composition for the first
25 polishing as used in Example 5, was prepared. Using the

polishing composition, the copper layer portion of a CMP

test wafer for forming a copper printed wiring, was



as in Example 5. The di shing was neasured, and as a result, the

10 di shing degree was 2,200 A EFFECTS OF THE | NVENTI ON The
pol i shing conpositions of the present invention provi de poli shing
conpositions suitable for the second pol i shing and third polishing,
whi ch are excellent in the 15 corrosion resistance against the copper

| ayer and whi ch provide a high stock renoval rate against the

tant al um cont ai ni ng compound, in d‘éNP'brocess for producing

i conduct 1 tai ni . | d, .
sem conduct o a6, CONLALSLNG B SORRST LEVEE 00 80 von it ot e ne
toi ti i | .ishi wh b . d di shi
present | nventondr oy oS .R0LLSNLO0 - cpBrogese, wher bl 2, 0g0d o ohing
LR o SRS EOTRREL L o8, S0, Lhalo L e, Second RO STUnD
| i shi , h QX s i R S ,
Pol Shi n0.” hydhagen auiofds |8CEEURNEMy no kuawoagn ererice e dn 0 e

for oot 00 SOMRARGRIS 31%aA00-BLANY D0aRM 9XbHI Zh00CA0ENT 4y 1o @) 20

abr asi ve, (b) oxalic acid, an et hyl'énédi am né derTvatTVvE; (d) a

o A (B gl ML B g el S ool o
pol i shing comEsiddPBAGERIGGNT 9 & Miling conditions were the same
as in Example 5.
The dishing was measured, and as a result, the
10 dishing degree was 2,200 A.
EFFECTS OF THE INVENTION
The polishing compositions of the present invention
provide polishing compositions suitable for the second
polishing and third polishing, which are excellent in the
15 corrosion resistance against the copper layer and which
provide a high stock removal rate against the tantalum-
containing compound, in a CMP process for producing
semiconductor devices containing a copper layer and a
tantalum-containing compound. Further, the polishing
20 process of the present invention provides a polishing
process whereby a good dishing state can be obtained by
controlling the amount of hydrogen peroxide in the
polishing composition so that in the second polishing, a
proper amount of hydrogen peroxide is added, and in the

25 third polishing, hydrogen peroxide is removed.



wherein the abrasive is colloidal silica. 4. The polishing conposition
according to claim1l, wherein the abrasive has a specific surface area of
from50 to 300 nferr]/g and its content is from10 to 200 g/l, based on the
pol i shi ng conposition. 5. The polishing conposition according to claima1,
wherein the content of oxalic acid is within a range of from0.001 to 0.01
mol /1, based on the polishing conposition.,, 6. The polishing conposition
according to claim1l1, wherein the ethyléné&ianine derivative is

et hyl enedi ami ne and its content ﬁ§§ir§§]£D£ﬂ%ﬂ52H9'005 nmol /1, based on the

pol i shing conposition. 7. The pol'Tshing coﬁposl ion according to claim 1,

wherein the bgnzohr§%§Q'%'Hsrhxﬁ%bgﬁtiﬁnbé iﬁéﬁ& 'Ehé”%%%f&wﬁ%fte”t IS
moll T 2b e polls -

from0.0004 to 0.00 ased on t I ng” conposition. 8. A
pol i shing compegbbheRtEOHRA! 55PIcb0Ea 1 A1 AOW NG LUMRONEN S et (8) an

abr asi ve, P rcep a%erren’t V\é}shgcétgl (r}qug%aﬁr}tc' aci d, (c)
an et hyl enedi am nqadegihvabir¥eive, (d) a benzotriazole derivative, (e)
wat er, and (f) hydrogen peroxi de. -
43 - 9. The pol)i shing-cqppgsi tion according to claim 2, wherein the

content of hydrogen peroxide is within a range of from1l to 30 g/l, based

on the polishing genpesi kt8i}iencdQamife 8O11ShE NG cOMposi tion according to
claim8, wherein the abrasive is silicon dioxide. 11. The polishing

conposi tion accor didngat Begkatmi 8zonbesstdvhhevaprasqve is colloidal silica.
12. The polishing conposition according to claim8, wherein the abrasive
has a specific sur(fkaceaaeea of from50 to 300 nferr]/g and its content is
from10 to 200 g/l, based on the polishing conposition. 13. The
pol i shing conBoesi A polastdndi ngmposttabm Bomphes Endl tihe tortemnsf oxalic
acid is within a range of fromO0.001 to 0.01 nol/I, based on the polishing
conposi ti &h. compongh&spol i shing conposition according to claim8, wherein
t he et hyl enedi am ne derivative is ethylenediamne and its content is from
0.001 to 0.005 nol{A), apagbdasavehe pol i shing conposition. 15. The
pol i shing conposition according to claim8, wherein the benzotriazol e
derivative is benZ&¥rC¥2dié amfddits content is from0.0004 to 0.002 nmol /1,

based on the polishing conposition. . _ ,
(c) an ethylenediamine derivative,

(d) a benzotriazole derivative,
15 (e) water, and
(£) hydrogen peroxide.
3. The polishing composition according to Claim 1 or 2,
which has a pH within a range of from 3 to 6.
4. The polishing composition according to any one of
20 Claims 1 to 3, wherein the abrasive is silicon dioxide.
5. The polishing composition according to any one of
Claims 1 to 4, wherein the abrasive is colloidal silica.
6. The polishing composition according to any one of
Claims 1 to 5, wherein the abrasive has a specific
25 surface area of from 50 to 300 m?/g and its content is
from 10 to 200 g/l, based on the polishing composition.

7. The polishing composition according to any one of

RN O T"”""‘i”,‘i"’m’inmﬂ




16. The pol i shing conmposition according to claiml or 8 which has a pH
within a range of from3 to 6.

REPLACEMENT SHEET 4 JAN
2002 - 44 - conposition not
cont ai ni ng hydrogen peroxide is used and all the barrier layer to be
renmoved, is renoved by pol i shi ng. 2. The polishing process

according to daim11, wherein 5 the anount of hydrogen peroxide in the

oot N3 oS IERMROR! 08, | UnkRE:8eER00.BRLLSE 08 SEoMic iascf<g“~tsr°' ed

dependi ng upon the t Rness"oF "the copper Iayer moved by the
pol i shing in {igy secand.sigp. g%igﬁp?”gb Oeo 0 oF'RED FNE AIUEKNGSS 0l the

copper layer to e renove h hlckness o th'e barrier Iayer to

be renoved bYEbﬁ%shln EQ#F%%&E jn the third step. 13. The polishing
process according to wher ein the polishing conposition used

in the third @Ol'aﬁkﬁ%ollsh;gbeQomﬁggﬁEﬁ5ﬁsaEQSrBQ£% ?6 qgmgquts and

does not 15 contain an oxi di zing agent bra5|ve

(b) oxalicsacidaims 1 to 7(C%h@?e?thHQn@@ﬁ?ﬂéﬂ@ddgﬁiﬂ@ldé%avatlve ig (d) a
benzotri azol e derivative, and

ethylenediamine and its content is from 0.001 to 0.00S
mol/l, based on the polishing composition.
9. The polishing composition according to any one of
Claims 1 to 8, wherein the benzotriazole derivative is

10 benzotriazole and its content is from 0.0004 to 0.002
mol/l, based on the polishing composition.
10. The polishing composition according to any one of
Claims 2 to 9, wherein the content of hydrogen peroxide
is within a range of from 1 to 30 g/l, based on the

15 polishing composition.
11. A polishing process for forming a copper printed
wiring, which is a polishing process for a semiconductor
device containing a copper printed wiring in its interior
and which comprises a first polishing step wherein

20 polishing is completed immediately before reaching a
barrier layer while a copper layer still slightly remains,
and second and third polishing steps wherein the
remaining copper layer and the barrier layer are polished,
wherein in the second polishing step, a polishing

25 composition containing hydrogen peroxide is used and all
the copper layer to be removed, is removed by polishing,

and then, in the third polishing step, a polishing
ST

L
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20 (e) water. 14. The polishing process according to Claim11l or

12, wherein the polishing conposition used in the second

polishing step, conprises the foll ow ng conponents: (a) an
abrasive, 25 (b) oxalic acid, (c) an ethyl enedi am ne
derivative, (d) a benzotriazole derivative,

- 45 - (e) water, and () hydrogen peroxi de. 15. The
pol i shing process according to any one of ai ns 11 to 13, wherein the
pol i shing co Ltion.used in e .5 s n i .pal i;shing steps has a
pH within a ?gﬁé%8£9“18%f9?¢o%§%%%i?%ﬁ§uﬁ§é¥é§§%‘%%3&%8¥%§ﬁfn§s%90§@§5

according 1o gny ofe L. 08l Mayer dlnd by dherel ndheapigsive 1n the

pol i shi ng conpositron used i'n e secon I Shing steps 10

is silicon digaxh : 17. The polishing process according to any one of
Cl ai nms lgéfgggé?gmherein t he abrasive in the polishing

conposi ti on usgd el BR138EORY BDG.LOL T LLROLLANL NG, SLERS, 11 it o dal
silica. 15 18. The polishing process according to any one of ai s
5 the amount of hydrogen peroxide in the polishing
composition in the second polishing step, is controiled
depending upon the thickness of the copper layer to be
removed by the polishing in the second step, or depending
upon the thickness of the copper layer to be removed and
10 the thickness of the barrier layer to be removed by the
polishing in the third step.
13. The polishing process according to Claim 11, wherein
the polishing composition used in the third polishing
step, comprises the following components and does not
15 contain an oxidizing agent:
(a) an abrasive,
(b) oxalic acid,
(c) an ethylenediamine derivative,
(d) a benzotriazole derivative, and
20 (e} water.
14. The polishing process according to Claim 11 or 12,
wherein the polishing composition used in the second
polishing step, comprises the following components:
(a) an abrasive,
25 {(b) oxalic acid,
(c) an ethylenediamine derivative,

(d) a benzotriazole derivative,

) 0 R




11 to 15, wherein the abrasive in the polishing conposition used in

the second and third polishing steps, has a specific surface area of
from50 to 300 n2/g, and its content is from10 to 200 g/l, based on
the polishing 20 conposition. 19. The polishing process according to
any one of C ains 11 to 17, wherein the content of oxalic acid in the
pol i shing conposition used in the second fp third polishing steps, is
within a range of fromO. 001 to 0.01 25 ol /T, based on the polishing
conposi tion. ﬁ%) %ﬁ 01{nng process according to any one of Cains
11 to 18, wherein the e ‘enedi am ne derivative in the

- 46 - polishing g@pﬁga ) t he second and third polishing
steps, is ethyl enediam e‘%ﬁﬁl%Fgggég&ent is from0.001 to 0.005 nol /I,
based on the poli | i_shin [ocess ccordlng
to any one of Claﬁﬂggqu \ﬁﬁgﬁgsﬁ%fﬁggﬁéﬁ§bt§. ?%IgnﬁeP?vg??v@ |n t he

pol i shing_composigy oy us&fgfaan@ secondrand Lhbbdss poLLshLng ke

benzotri azol e and its ‘content 7? base éon t he

Ao
pol i shi ng_ gOMRASIddPhng 3% ?@gjoqq'smgngtg qoess acgar dipg Lo, apy gne of

Clains 11 to 19, wherein t ntent of hydrogen peroxi in
polishing comosifinn Hsed 4 n the second polishing step,

16. The polishiﬁg process according to any one of Claims
11 to 14, wherein the abrasive in the polishing
composition used in the second and third polishing steps

10 is silicon dioxide.

17. The polishing process according to any one of Claims
11 to 15, wherein the abrasive in the polishing
composition used in the second and third polishing steps
is colloidal silica.

15 18, The polishing process according to any one of Claims
11 to 15, wherein the abrasive in the polishing
composition used in the second and third polishing steps,
has a specific surface area of from 50 to 300 m?/g, and
its content is from 10 to 200 g/l, based on the polishing

20 composition.

19. The polishing process according to any one of Claims
11 to 17, wherein the content of oxalic acid in the
polishing composition used in the second and third
polishing steps, is within a range of from 0.001 to 0.01

25 mol/l, based on the polishing composition.

20. The polishing process according to any one of Claims

11 to 18, wherein the ethylenediamine derivative in the

A




S wi-thin a range of from1l to 30 g/l, based on the polishing conposition.
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polishing composition used in the second and third
polishing steps, is ethylenediamine and its content is
from 0.001 to 0.005 mol/l, based on the polishing
composition.

5 21. The polishing process according to any one of Claims
11 to 19, wherein the benzotriazole derivative in the
polishing composition used in the second and third
polishing steps, is benzotriazole and its content is from
0.0004 to 0.002 mol/l, based on the polishing composition.

10 22. The polishing process according to any one of Claims
11 to 19, wherein the content of hydrogen peroxide in the
polishing composition used in the second polishing step,
is within a range of from 1 to 30 g/l, based on the

polishing composition.
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