-1- CHEM CAL MECHANI CAL ABRASI VE SLURRY AND METHOD OF USI NG THE SAME
Technical Field [0001] The invention relates to a chem cal mechani cal
abrasivetslurry s that is effective-ilr polishing the surfaces of

sem conductor wafers. Background Art [0002] Chem cal nechanical polishing
(CWP) is a planarization technique which was devel oped to address the
probl em associated with the difficulty in focus during a photolithography

process | o1 PrOMEEAS MKEIIAGICAL ABIEASITS G RIEVRT ence, |1 (e
{15t gappl ed Lo the  piogspOD Clp RSP TIESy AR, 2 1 20 [ (he order

mechani cal polishing technique was applicable to an increased nunber of

| ayers. Until the is elements were devel oped to the order of 0.25 mcrons,

t he chemi cal nmechanical polishi riBeddeatdFialdai n and essenti al

pl anari zation technique. |In general, the polishing nethod for producing a
wire circuit conprises nounting a sem conductor wafer on a spinning platen
equi pped wi {000] TEhe asientoheadicartd aagheicalgnechaatvahsbrasivelshunry conpri si ng

abrasive particles 20 and an oxidant to the surface of the wafer to enhance
t he abisasi othatfi§ effective in[p@dioBingTthe serfaces of senrbenrdusforpeafers. docunent s t hat

have di scl osed using abrasive slurries in polishing netal |ayers on

-sem conduct or wafers. For '

Backeround Art

( [0002] Chemical mechanical polishing (CMP) is a planarization
technique which was developed to address the problem associated with the
difficulty in focus during a photolithography process for producing

10 integrated circuits owing to the difference in the height of deposited films.
Chemical mechanical polishing technique was first applied to the
production of the elements with a size in the order of 0.5 microns. With
the reduction in the size of elements, the chemical mechanical polishing
technique was applicable to an increased number of layers. Until the

15 elements were developed to the order of 0.25 microns, the chemical

| ( ' mechanical polishing became a main and essential planarization technique.

In general, the polishing method for producing a wire circuit comprises

mounting a semiconductor wafer on a spinning platen equipped with an

abrasive head and applying an abrasive slurry comprising abrasive particles

20 and an oxidant to the surface of the wafer to enhance the abrasion efficacy.

[0003] There are a number of pateilt documents that have disclosed using
abrasive slurries in polishing metal layers on semiconductor wafers. For

example, U.S. Pat. No. 5,225,034 discloses a chemical mechanical abrasive




exanple, U S. Pat. No. 5,225,034 discloses a chem cal nechanical abrasive
_2_ ,slurry which conprises AgNGBi solid abrasive particles, and an oxi dant
sel ected from H202, HOCI, KOCI, KMyO42-or CH30000H. The slurry is used for
polishing a copper |layer on a sem conductor wafer so as to produce a
copper wire on the wafer. 5 [0004] U. S. Pat. No. 5,084,071 discloses a -
chem cal nechanical polishing slurry for an el ectronic conponent
substrate. Sthaypehickikomprises daNOg copidiabeasiviopartickes anthan omsiaght per cent  of
al um na, abrasive particles (e.g. Si02, CeQ2, SiC Si3N4, or Fe233

parti cl es), selectecdifrom Ho@,ndOL11, EQEL Kavighssen CHECOHOHmH slwiryi®Hn EDTA)
for use as a polishing 10 accelerator, and a solvent for said salt. [0005]
U.S. Pat. NesedSospelishing dicoppeskayenopalseshconsluctorpuafer boas tconpri si ng

al um na abrasive particles and a chel ati ng agent selected from the group
consi st i ng podpet ¢ sappscairboxythe ovafer.d (e.g. EDTA) and sodi um and
potassiumsalts thereof. 15 [0006] Normally, the abrasive slurries proposed
~in the above Batents woul d suffer fromthe Brobl ens assocjiated with the

preci pht at i 9904} WS- PabMNesiS@84871 discloses a shampad machanpicak| urries and

could not neet the requirenments of higher renoval rates_and | ower dishing
val ues for Prlighingslupylios an glgctrpnig oomppngns subdiate.odhe poliskigst he copper
processing, the copper filmw |l he subjected to an anpealing treatnent
and a densesleB}semnpsises 8o magierthan |l weight percent of alumina, abrasive

particles (e.g. SiO,, CeO,, SiC, Si3N,, or Fe,05 particles), a transition metal
C chelated salt (e.g. ammonium iron EDTA) for use as a polishing

10 accelerator, and a solvent for said salt.

[0005] U.S. Pat. No. 5,336,542 discloses a polishing composition
comprising alumina abrasive particles and a chelating agent selected from
the group consisting of polyaminocarboxylic acid (e.g. EDTA) and sodium

and potassium salts thereof.

15 [0006] Normally, the abrasive slurries proposed in the above patents
would suffer from the problems associated with the precipitation of the
abrasive particles contained in the slurries and could not meet the
requirements of higher removal rates and lower dishing values for new-age

polishing.

20 [0007] In addition, during the copper processing, the copper film will be
subjected to an annealing treatment and a dense copper oxide layer will be
formed on the copper film. Moreover, unneeded copper often remains on
the wafers when part of the copper on the wafers has been removed and

~ dishings began to appear because of the unevenness problems associated




formeéd on the copper film Moreover, unneeded copper often remains on the
waf ers when part of the copper on the wafers has been renoved and di shings
'‘began to appear because of the unevenhess problens associated -3- with the
CWP processing. Thus, it is essential for CVWP processing to find solutions
whi ch could rapidly renove copper residue so as to reduce the copper wre
di shing and to pronote the production capacity. [0008] Ta and TaN are two
maj or bar r i withithy EMPprecasaing. cThuseittis gsseatidl fof CMPquppessingtodesti ng. The
selectivity of an abrasive agent to copper netal relative to barrier |ayer
i s very crisadletidns whichecosil@ pagfidly repmprei cogppeopssahie sossdb reducsathd barri er

| ayer serves as an abrasion stop layer. As a result of the further

t hi nni ng of cdpger inare diskiog and taduamode therprodaetioycapasédye is a need for
abrasive slurries which exhibit a higher selectivity as so to facilitate
the 10 operation of processing. [0009] The inventors of the invention have
found, t hr olégA8kx {Terand /EaNrase dwpahajor harriesdayasmaaierialsougienily ssehr i si ng
conposite abrasive particles may prevent the precipitation of abrasive :
parti ches, iafqoppes pricpssingahaesalpasiviteokan shuasiye agenidogioppeemetdlal | ayer to
TaN, and further prevent the is formation of copper dishing, and thus wll
ef f ect i vel yrelafipiedo hagriemlayer isreny cotied 1itbe sigpfontRIBORRESORPET ed by

chem cal mechani cal abrasive slurries. Summary of the Invention [0010] One
obj ect of twmetal thagid bammierdayas servssiagan:absamen &é)lp lngethahs @ sgsult of

the further thinning of barrier layer in advanced processing, there is a need
( A- for abrasive slurries which exhibit a higher selectivity as so to facilitate the

10 operation of processing.

[0009] The inventors of the invention have_ found, through extensive
research, that an abrasive slurry comprising composite abrasive particles
may prevent the precipitation of abrasive particles, effectively enhance the
selectivity ratio of the metal layer to TaN, and further prevent the

15 formation of copper dishing, and thus will effectively avoid the above-
mentioned disadvantages encountered by chemical mechanical abrasive

slurries.

Summary of the Invention

[0010] One object of the invention is to provide a chemical mechanical
20 abrasive slurry for use in semiconductor processing, characterized in that it
comprises composite abrasive particles, wherein said composite abrasive

particles consist of substrate particles coated with alumina.

[0011] Another object of the invention is to provide a chemical

mechanical abrasive slurry for polishing the surfaces of semiconductor




20 abrasive slurry for use in sem conductor processing, characterized in
that (it conprises conposite abrasive particles, wherein said conposite
abrasive “particles consist of substrédte particles coated w th al uni na.

[ 0011] Another object of the invention is to provide a chem cal mechanical
abrasive slurry for polishing the surfaces of sem conductor _4_  wafers,

whi ch conprises an aqueous nedium a surfactant and abrasive particles,
char act er i zahfem, whixth eaihprisdsrasiqueopancditmsa audactanpasl abeasisibr asi ve
particles consisting of substrate particles coated with alumna. [0012]
Still anot hpartishgse charatterizediimtmtisaiabirasive ppriwlésdoegonipesiteal 5 nechani cal
abrasi on nethod for polishing the surfaces of sem conductor wafers using

t he i nvent i ebrasiverpayticlee cansisiingDef sutispiicopartitles lroatedweith abming013] The

i nvention provides a chem cal nmechanical abrasive slurry for use in

sem conduct or processing, characterized in that it conprises 10 conposite
abr asi ve pat@®12] esStilbandthes epinst o€ thevinsentien sdotnrevide acdhesiisal of substrate
particles coated with alum na and sai d substrate particles are selected
from t e gr Bigsherinal shrpsign aretBpddor pelshinghexsurfices ofserpizonduatpr and Si 3N4
and m xtures thereof, preferably Si Q2. [0014] The anmpbunt of the conposite
abr asi ve pamafess asingsthg inventive sl@tynventi on, based on the total weight of
the abrasive slurry, is in the range fromO0.1 to 29 wt% preferably 0.5 to

5wt % [0015] The inventign further provides a_chem cal nechanical abrasive
Detailed Description of the Invention

( [0013] The invention provides a chemical mechanical abrasive slurry for
use in semiconductor processing, characterized in that it comprises

10 composite abrasive particles. Said composite abrasive particles consist of
substrate particles coated with alumina and said substrate particles are
selected from the group consisting of Si0,, ZrO,, Ce0,, SiC, Fe,0,, T10,
and Si3N, and mixtures thereof, preferably SiO,.

[0014] The amount of the composite abrasive particles used in the

15 invention, based on the total weight of the abrasive slurry, is in the range

from 0.1 to 29 wt%, preferably 0.5 to 5wt%.

[0015] The invention further provides a chemical mechanical abrasive
slurry for polishing the surfaces of semiconductor wafers, which comprises
an aqueous medium, a surfactant and an abrasive material, wherein said

20 abrasive material comprises composite abrasive particles which consists of
substrate particles coated with alumina. The amount of the aqueous
medium, based on the total weight of the abrasive shirry, is in the range
from 70 to 99.5 wt%, preferably 90 to 99.5 wt%, and more preferably 95 to

99.5 wt%. The amount of the surfactant is in the range from 0.01 t0 3.0 .




slurry for polishing the surfaces of sem conductor wafers, which conprises
an aqueous nmedium a surfactant and an abrasive material, wherein said 20
abrasive naterial conprises conpositeSabrasive particles which consists of
substrate particles coated with alum na. The anmount of the aqueous nedium
based on the total weight of the abrasive slurry, is in the range from 70
to 99.5 wt% preferably 90 to 99.5 w% and nore preferably 95 to 99.5
wt % The anwthit poffetably frond 6606a0tl.0 wi¥s Theamangeof temnikitto 3.0 -5- W %
preferably from0.05 to 1.0 wt% The anount of the conposite abrasive
particl es iabrasiveperticdesys ifithberange framab1 v 29 witefpefdrbhlyffram0t ® to 5
wt% [0016] The aqueous nedi um whi ch maybe used in the inventionis 5
apparent toSwhbse skilled in the art. For exanple, water; preferably

dei oni zed water can be used in the preparation of the slurry. [0017] The
surfactant used in the invention be an anionic surfactant. [0018] The
abrasi ve sl|#0¢] n@hmueonaqulmmémhrmybauMm thednveniondsi on i nhi bi t or .
The use of such additives is well known to those 10 skilled in the art.
There §s noppeeaitdd those skall¢din thoart, Heormxample, waesrinetesablyf t he oxi dant

i nclude but not limted to H202, Fe(N03)3, K103, CH3000CH and KMhO4,

pr ef er abl y derorized weaterogandad uﬂedunﬁh@preparatapmfthmﬂmo the invention is a
triazol e conmpound, which may be sel ected from benzotriazole, cyanuric acid
(135tr|a2|ne2 6-triol), triazole, 15 3-amno-1,2,4- triazole,
3-nitro-1, 20817} ﬂm@ﬁmw@dmmebeﬁ@mqnm|®@momc surfactant,

( L - [0018] The abrasive slury may optionally contain an oxidant and
corrosion inhibitor. The use of such additives 1s well known to those
10 skilled in the art. There is no special limitation for the oxidant. Examples
of the oxidant include but not limited to H,O,, Fe(NOs);3, KIO;,
CH3;COOOH and KMnQ,, preferably H,O,. The corrosion inhibitor
applicable to the invention is a triazole compound, which may be selected
from benzotriazole, cyanuric acid (1,3,5-triazine-2,4,6-triol), 1,2,3-triazole,
15 3-amino-1,2,4- triazole, 3-nitro-1,2,4-triazole, purpald®, benzotriazole-5-
carboxylic acid, 3-amino-1,2,4-triazole-5-carboxylic acid, 1-hydroxy
(. benzotriazole or nitro benzotriazole, preferably benzotriazole. The
| chemical mechanical abrasive slurry of the invention may comprise, based
on the total weight of the abrasive slurry, from 0.1 to 5 wt% of the oxidant

20 and from 0.01 to 1 wt% corrosion inhibitor.

[0019] The abrasive slurry of the invention may also include other
components which are well known in chemical mechanical abrasive art and
will not cause any adverse influences on the abrasive composition of the

mvention. For example, an organic acid can be added to enhance chelation




carboxylic acid, 3-amno-1,2,4-triazol e-5-carboxylic acid, 1-hydroxy
benzotriazole or nitro benzotriazole, preferably benzotriazole. The
chenical nechanical abrasive slurry ef-the invention may conprise, based
on the total weight of the abrasive slurry, fromO0.1 to 5 wt% of the
oxidant 20 and fromO0.01 to 1 wt% corrosion inhibitor. [0019] The abrasive
slurry of the invention may al so i nclude other conponents which are well
known i n chemadase peahanids siichads apicoes ammanmid or witkic acid, canbsaddeg adver se
i nfluences on the abrasive conposition of the invention. For exanple, an
organi ¢ aci to asdusbhegdlizalueo Sentableoergehiel axidsy among athers, inakrledrtan aci d,
such as aqueous ammonia or nitric acid, can be added to adjust the pH

val ue. Sui t abt Bodieddniformiciatsd, agaton geid; propspnoicadididetiate acidpvaleriai t ed to
form c acid, acetic acid, propanoic acid, butyric acid, valeric acid,
hexanoi ¢ acheid, hexaneicaeidj malagliciacid, ghuaiiel aciddagdipte aaid,dphashberorisr ous s
acid, oxalic acid, citric acid, malic acid and tartaric acid. [0020] As

i |1 ust sat edaeigd, praliq atif oitrigyacid amplie acic aned tapiasisiacid. sl urry of the
invention can increase the selectivity ratio of metal copper to TaN and
thus may avoid the generation of copper dishing. [0021] The invention
further rel HED]t 0AS iHstraéed by theploltiosring gxamples] thesabrasiveslusty efeni conduct or
waf ers conprising applying the chem cal rmechanical abrasive slurry of the
i nvention t BhaiReeniien sarbincerase thejselegtsrty raiodioetabeopnsr tvdaheand | ayer on
the surfaces of the sem conductor wafers _using said slurry. Typically, the
met al | ayer tinsduay peeiddhe gengratien pheepper dishing.

[0021] The invention further relates to a method for polishing the

10 surfaces of semiconductor wafers comprising applying the chemical
mechanical abrasive slurry of the invention to the surfaces of said wafers
and polishing the metal layer on the surfaces of the semiconductor wafers

using said slurry. Typically, the metal layer described above is copper.

[0022] The invention will be further described in detail by the following
15 examples which are descriptive and not limiting the scope of the invention.
Any modifications and changes easily achieved by those skilled in the art

( - are within the scope of the invention and the attached claims.
Examples
[0023] Polishing Test
20 A. Instrument: AMAT/Mirra
B. Conditions:  Membrane Pressure: 2psi

Inner Tube: Vent




[(0022] The invention will be further described in detail by the follow ng
15 exanpl es which are descriptive and not limting the scope of the
invention. Any nodifications and chahges easily achi eved by those skilled
in the art are within the scope of the invention and the attached cl ai ns.
Exanpl es [0023] Polishing Test 20 A Instrunent: AVAT/Mrra B. Conditions:
Menbrane Pressure: 2psi Inner Tube: Vent -7- Retaining R ng: 2.6psi

Pl at en Speed: 93rpm CdetamingSRawgl: 28pspm Tenperature: 25C 5 Pad Type:

| 1000, k-x y. Slurry Velocity: 150m /mn. C. Wafer: Patterned Wafer,
commercially available from Sematech, Type: 0.25mline w dth 854CMP0O17
wafer. D. Slurry: The dHatgpiSpeedi H3tpes illustrated in the exanples, each
of which 10 further contains 3.0 wt % H202 Procedure of Polishing Test
[0024] The invention used Mra polishing machine of Applied Materials for
pol i shing. The signal dBraenepedd-o®/M™ Poi nt System was confi gured

Temperature: 25°C
5 Pad Type: IC1000, k-x y.
Slurry Velocity: 150ml/min.

(“ C. Wafer: Patterned Wafer, commercially available from Sematech,

Type: 0.25pum line width 854CMP017 wafer.

D. Slurry: The abrasive slurries illustrated in the examples, each of which
10 further contains 3.0 wt% H,0,.

Procedure of Polishing Test

[0024] The invention used Mirra polishing machine of Applied Materials
for polishing. The signal obtained from End Point System was configured
e as EP2 signal for the polishing procedure. Du:ing'polishing, 20% over-

15 polishing was conducted after the polishing with each of the abrasive
slurries shown in the examples reached EP2. The wafers were cleaned by
Evergreen Model 10X Cleaner of Solid State Equipment Corporation after
polishing and then dried with N;. KLA-Tencor P-11 Surface Profiler was
then used to measure the level of the copper dishing. Copper wire with a

20 width of 100 pm was used as the measuring reference point and its dishing

relative to that of the barrier layer was measured.

Example 1




as EP2 signal for the polishing procedure. During polishing, 20%over 15
pol i shing was conducted after the polishing with each of the abrasive
'slurries shown in the exanpl es reache8-EP2. The wafers were cl eaned by
Evergreen Model 10X C eaner of Solid State Equi pnment Corporation after
polishing and then dried with N2. KLA-Tencor P-11 Surface Profiler was

then used to neasure the | evel of the copper dishing. Copper wire with a 20
wi dt h of 10(0025)asColdadabsilichevasensd ai abrasbfegragticies.poi nt and its di shing
relative to that of the barrier |ayer was neasured. Exanple 1 -8- [00251
Col l oidal silica was used as abrasive particles. [0026] The resultant

abr asi ve sl [({¥26] haBhe tesultant abrksiye slompolsast the fiollovOmig coinofadsitéon:i ca: 3.0 wt %
Benzotriazole (BTA): 0.1 % 5 Phosphorous acid: 0.2.w% Surfynol
CT-161: 0.1 W % Bal ance: aqueous ammonia or nitric acid for adjusting pH
val ue and €elletialsidicand 8rwi'&esul ts of the polishing test are shown in
Table 1. 10 Exanple 2 [0027] A slurry having a conposition simlar to
Exanple 1 was prepar.ed except that the abrasive particles were changed to
al umi na. ReBgneairiazoleBTAYo0ilsWi%y test are shown in Table 1.

5 Phosphorous acid: 0.2 wt%;
Surfynol CT-161: 0.1 wt%;

‘Balance: aqueous ammonia or nitric acid for adjusting pH value and

deionized water.
Results of the polishing test are shown in Table 1.
10 Example 2

[0027} A slurry having a composition similar to Example 1 was prepared,
except that the abrasive particles were changed to alumina. Results of the

polishing test are shown in Table 1.
Example 3

15 [0028] A slurry having a composition similar to Example 2 was prepared,

except that the pH value was changed to be in the range of from 5 to 6.
Example 4

[0029] A slurry having a composition similar to Example 2 was prepared,
except that the alumina abrasive particles were changed to 3 wt% |

20 composite abrasive particles. The composite abrasive particles used in this




(. Exanple 3 15 100281 A slurry having a conposition simlar to Exanple 2
was prepared, except that the pH val ue was changed to be in the range of
from5 to 6. Exanple 4 [00291 A slurPy having a conposition similar to
Exanpl e 2 was prepared, except that the alum na abrasive particles were
changed to 3 wt % 20 conposite abrasive particles. The conposite abrasive
particles used in this -9 Exanple are colloidal silica particles coated
with al um n&xampduiresodividdl siliqagrartiblesn goated with alustinanRiesulfadl the1. Exanpl e
5 [00301 A slurry having a conposition simlar to Exanple 4 was prepared,
s except t hpeolishing pidt ez showwmin Ealbleded to be in the range of from5 to 6.
Exanple 6 [0031] A slurry having a conposition simlar to Exanple 4 was
prepared, except that the wei ght percentage of the conposite abrasive
particl es wBSamplahged to 1 wt% 10 Exanple 7 [0032] A slurry having a
conposition simlar to Exanple 4 was prepared, except that the
concentration of phosphorous acid was increased from0.2 w%to 0.5 wt%

Results of (B0 AshrRghewns agampentipn pimitagie Exampledavas prepared, 10033] A

slurry having a conposition simlar to Exanple 4 was prepared
5 except that the pH value was changed to be in the range of from 5 to 6.

Example 6

[0031] A slurry having a composition similar to Example 4 was prepared,
(' ; except that the weight percentage of the composite abrasive particles was

changed to 1 wt%.
10 Example 7

[0032] A slurry having a composition similar to Example 4 was prepared,
except that the concentration of phosphorous acid was increased from 0.2

wt% to 0.5 wt%. Results of the polishing test are shown in Table 1.
Example 8§

(-- 8 15 [0033] A slurry having a composition similar to Example 4 was prepared,
except that adipic acid was used instead of phosphorous acid. Results of

the polishing test are shown in Table 1.

Example 9

[0034] A slurry having a composition similar to Example 4 was prepared,
20 except that formic acid was used instead of phosphorous acid. Results of

the polishing test are shown in Table 1.




except that adipic acid was used instead of phosphorous acid. Results of
the polishing test are shown in Table 1. Exanple 9 [0034] A slurry having a
‘conposition similar to Exanple 4 was- P epared, 20 except that formc acid
was used instead of phosphorous acid. Results of the polishing test are
shown in Table 1. -10- Exanple 10 [0035] A slurry having a conposition
simlar to Exanple 4 was prepared, except that the conposite abrasive
particl es wBkamplealthed to cerium oxide (CeQR) particles coated wth

alum na. Results of the polishing test are s shown in Table 1. C -11-
Table 1 D shing CU TaN Solids (A/ 100 _ Ex. Abrasive particles Content

Cheni cal adi¥d@5hndd glurrehexiag arcomapesition similas te fxase drwag prepared) rat e
rate (/o) (A/mn Almn) width) Phosphorous acid (0.2 1 Colloidal silica
3 surfynol @pﬁ%é@é}ﬂn@ Quypasiggabrzgve patticlessersreheaged seperiym oXidheni cal s

subsi ded and . . . L
(CeO,) particles coated with alumina. Results of the polishing test are

5 shown in Table 1.




2 Alum na 3 surfynol CT-161(0.1 3-4 polishing could not be carried out
Phosphorous acid (0.2 3 Alum na 3 surfynol CT-161(0.1 5-6 4848 33 836
‘Conposi te abrasi ve Phosphorous acid 4lparticles 3 (0.2% 3-4 7960 14 238
(colloidal silica coated with surfynol CT-161(0.1 alum na) Conposite

abr asi ve Phosphorous acid 5 particles 3 (0.2% 5-6 5883 25 343 (coll oi dal
silica coated with surfynol CT-161(0.1 alum na) Conposite abrasive
Phosphor ousTalsled 6 particles 1 (0.2% 3-4 6967 12 187 (colloidal silica
coated with surfynol CT-161(0.1 alum na) Conposite abrasive Phosphorous
acid 7 particles 3 (0.5% 3-4 7225 14 268 (colloidal silica coated with
surfynol CT-161(0.1 alum na) Conposite abrasive Adipic acid (0.21/0)

partiglesf 8 3 surfynol CI-I6I(0. 1T 3477648 16 257
Cu TaN Dishing
Solids . (A/100
. . Chemical added and removal {removal
Ex. |Abrasive particles Content th o pH pm Cu
e content (wi.%) rate rate .
) © {Amin) (A [
width)
Phosphorous acid (0.2
. oy %)
1 Colloidal silica 3 surfynol CT-161(0.1 3-4 |4768 172 1677
%)
( _ Phosphc;c;us acid (0.2 Chemicals subsided and
: 2 Alumina 3 surfynol CT-161(0.1 3-4 ggiashmg could not be carried
%)
Phosphorous acid (0.2
. %)
3 Alumina 3 surfynol CT-161(0.1 5-6 [4848 33 836
%)
Composite abrasive Phosphorous acid
particles (0.2%)
4 |(colloidal silica coated with|” surfynol CT-161(0.1 P4 |[7760 |14 238
alumina) %)
Composite abrasive Phosphorous acid
particles (0.2%) )
3> lcolloidal silica coated with|> surfynol CT-1610.1 P8 383 343
alumina) %)
Composite abrasive Phosphorous acid
particles (0.2%)
% |(colloidal silica coated with|® surfynol CT-161(0.1 [04 0967 |12 187
) alumina) %)
Composite abrasive Phosphorous acid
particles (0.5%)
colloidal silica coated wi s 0l CT- .
7 (colloidal sili d 'th3 urfynol CT-161(0.1 34 |7225 14 268
alumina) %)
C"mp"slif,t?gf‘ss“’c Adipic acid (0.2%)
8 lcolloidal silica coated with|” S‘“f’“"i/oc)T'm(O'l 34 7648 16 257
alumina)
C“’“poii;ig‘l’]r:SS‘ve Formic acid (0.2%)
9 (colloidal silica coated with 3 surfyno})/oC)T-IGI(O.l 3-4 7430 16 262
alumina)
Composite abrasive Phosphorous acid (0.2
particles %)
10 {Cerium oxide coated with 3 surfynol CT-161(0.1 3-4 6845 3 287
alumina) %)




(colloidal silica coated with /) alum na) Conposi te abrasive particles
Formc acid (0.2/0) 9 (colloidal silica coated with 3 surfynol CT-161(0.1
3-4 7430 16 262 9% alum na) Conposti2-abrasive Phosphorous acid (0.2 10
particles 3 3-4 oxide coated with surfynol CT-161(0.1 4 6845 23 287

alumna) %9 - - - ------- o -12 Note: Surfynol CT-161 is an anionic

sur fact ant uc | T Re-edyct (F | t . 0fy:Exanpl es |
to 3 show t g’?éj'al um n lercasﬁ\rég }kgar %@cag@gﬁﬁﬁéé@%pe%va ]Pr(ate and
better abr apfo@cgsedj@flj_i vity ratio 5 than colloidal silica and perform
better in preventing copper dishing with the only di sadvantage bei ng that

the slurry is |l ess stable and easy to subside. [00371 The results of
Exanples 1 (0.4 show that c osite abrasjve particles are nore stable in
slurry and LUAW ngf%%uﬁépgﬁgmﬁ%ﬁlr@cﬁ’éﬁ%wdhatlai%%bfﬂmwpper di shi ng,
as conpar ed wi.tp Si ﬂ?l e gonponent brasigﬁ ) . . )
particles achfeve higher removal rate and better abrasive selectivity ratio.
5 than colloidal silica and perform better in preventing copper dishing with
the only disadvantage being that the slurry is less stable and easy to

subside.

[0037] The results of Examples ! to 4 show that composite abrasive
( particles are more stable in slurry and can increase selectivity ratio and
10 prevent copper dishing, as compared with single component abrasive

particles.

[0038] The results of Examples 4 and 5 show that the slurries of different

pH values are applicable to the abrasive system of the invention.

{0039] The results of Examples 4 and 6 show that the slurries containing

15 composite particles with different solids contents are applicable to the

abrasive system of the invention and can increase selectivity ratio and

( prevent copper dishing.

[0040] The results of Examples 4 and 7 show that adding phosphorous
acid at different concentrations to the abrasive slurries is suitable for the
20 abrasive system of the invention and can increase selectivity ratio and

prevent copper dishing. |

[0041] The results of Example 4, Example 8, and Example 9 show that
'adding different acids to the abrasive slurry is suitable for the abrasive

“system of the invention and can increase selectivity ratio and prevent




particles. [0038] The results of Exanples 4 and 5 show that the slurries of
different pH values are applicable to the abrasive system of the

i nvention. [0039] The results of ExanpBBes 4 and 6 show that the slurries
containing 15 conposite particles with different solids contents are
applicable to the abrasive systemof the invention and can increase
selectivity ratio and prevent copper dishing. [00401 The results of
Exanpl es 4 ag pgr§@ﬁﬂkﬁhat addi ng phosphorous acid at different
concentrationsS to the abrasive slurries is suitable for the 20 abrasive
system of the invention and can increase selectivity ratio and prevent

copper di shife@42}l OFhd lresth® ISPl ARIATIHRD wHhaENR BRI ofand Exanpl e 9

show that adding different acids to the abrasive slurry 1s suitable for

the abrasiveo ite PafticlédWaviny ATt AMuER MARFLRARE aggii@eﬂﬂé Yoty ratio
and prevent -13- copper dishing. [0042] The results of anples 4 and 10

show that tiige %Méﬁrkz%grsféfn oFQIRAAGEH ROIPAI t4i BRrdagy bél@ctﬁ’d’if;f iR Ungpubstrate
materials are applicable to the abrasive systemof the i'nvention and can
increase selpesfdny cbypéralisigngnd s prevent copper dishing. -14- Wiat is
clainmed is: 1. Ane %od for polishing the surfaces of sem conductor wafers
conpri si ng : '




appl ying a chem cal nmechanical abrasive slurry to the surfaces of the
wafers and polishing the netal |ayer on the surfaces of the sem conduct or
waf ers by said abrasive slurry, wherel4h- sai d abrasive sl urry conprises
conposite abrasive particles consisting of substrate particles coated with
al um na. ¥Whahis cdeibthedlinof claim 1, wherein said netal layer is copper. 3.
The nmethod of claim1l, wherein said substrate particles are selected from
the groud- cond) methed forfpaisidag therefacee PsenBt@dubio? @aferd caMprihgN4 and

m Xt ures f ; f | ;,Shi the surfaces of senjconductor
vt er s cohpy ERroheisAnEERRCa Bt S Relnb SSSRs SR Rer ), T o 1 ne
surfaces @plishing twafeatsl layed onpind sigfeceg of the seaticdnduelyewafers bynsaigur f aces of
the semc k by .said . sjve slurr nerei n_sai d.abrasive
slurry co?r%%%@’%%’”éﬁ?g@%%é’ﬁ%a%b&%ﬁ'%g%E’?Ws‘i?mpé'é?%ﬁ%"%ﬁvﬂa aglﬁsé‘éq RASUIGER ¢ i cl es,
char act er ronsisting of habstrate partidesisoated pithtalurhins. are conposite abrasi ve
particles consisting of substrate particles coated wth alumna. 5. The

met hod of claim4, wherein said netal |ayer is copper. 6. The nethod of

cl ai m 4, &her eilhe gwithbdadfrciaim iewbbrein yaid avqialilses is dopped on the total wei ght
of said abrasive slurry, 70-99.5 wm % of said aqueous nedium 0.01-3.0 wW%
of said surfactant, and 0.1-29 w % of said conposite abrasive particles. 7.
The net hodl of Thameit®d oficlineiinwhéreircenk emistate patidenareaniscte®riom the 95-99.5

0. 05- 1. 0 P48 B tier S 210 CE0R- S B IRE: b LS hordara
conposite abrasive particles is 0.5-5 w% 10. The nmethod of claim§6,
wher ei n i d A He?l%aafg; péllséhf%B tl'?emsgrpa{c%s% gérﬁﬁ:&ﬁ@&c’tor wafers comprising
applying a chemical mechanical abrasive slurry to the surfaces of the wafers and
polishing the metal layer on the surfaces of the semiconductor wafers by said
. - abrasive slurry, wherein said abrasive slurry comprises an aqueous medium, a
surfactant, and abrasive particles, characterized in that said abrasive particles are
composite abrasive particles consisting of substrate particles coated with alumina.

e

5. The method of claim 4, wherein said metal layer is coppér.
6. The method of claim 4, wherein said abrasive slurry comprises, based on the
total weight of said abrasive siurry, 70-89.5 wt% of said aqueous medium, 0.01-3.0

wt% of said surfactant, and 0.1-29 wi% of said composite abrasive particles.

7. The method of glaim 6, wherein the content of said aqueous media is 95-99.5

wt%.
8. The method of claim 6, wherein the content of said surfactant is 0.05-1.0 Wi%.
) The method of claim 6, wherein the content of said composite abrasive

particles is 0.5-5 wi%.
10. The method of claim 6, wherein said surfactant is an anionic surfactant.

11. The method of claim 6, wherein said substrate particles are selected from the
group consisting of Si0,, ZrO,, CeQ,, SiC, Fe;0,, TiO,, SisN, and mixtures thereof.




¥1. The method of claim®6, wherein said substrate particles are sel ected
fromthe group consisting of SiQ2, ZrA2, Ce®, SIC Fe2®, Ti2, Si 3N and
m xtures thereof. -15- 12. The net hod t&- cl aim 6, wherein said abrasive
slurry further conprises, based on the total weight of said abrasive
slurry, 0.1-5 wt% of an oxidant and 0.01-1 wt% of a corrosion inhibitor.
13. The nmethod of claim 12, wherein said oxidant is selected fromthe group
consi sting of H202, Fe(NO3)3, KI03, CH30000H and KMhO4 and said corrosion
inhibitor1is a%riaz?‘le$orrpound. (,. . . )

2. the method of claim 6, wherein said abrasive slurry further comprises, based

on the total weight of said abrasive siurry, 0.1-5 wt% of an oxidant and 0.01-1 wi% of
a corrosion inhibitor.

. 13. The method of claim 12, wherein said oxidant is selected from the group
consisting of H,0,, Fe(NO3),, KIO;, CHyCOOOH and KMnQ, and said corrosion
inhibitor is a triazole compound.




