1 CHEM CAL MECHANI CAL ABRASI VE SLURRY AND METHOD OF USI NG THE SAME
Technical Field [00011 The invention relates to a chem cal nechani cal
abrasive slurry 5 that is effective -ilr pol i shing the surfaces of

sem conductor wafers. Background Art [00021 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 for prHEMICA], MHQH@&N@C‘ALCABRA@FV‘E SEURRYiIANgy ence in the

hei ght of deposited filns Cheni cal nechani cal polishing technique was
first applied to the prp@gqqqgﬂ)QqubgfgﬂgmﬁHE§spﬂynga size in the order
of 0.5 mcrons. Wth the reduction in the size of elenents, the chem cal
mechani cal polishing technique was applicable to an i ncreased nunber of

| ayers. Until the 15 el enments were devel oped to the order of 0.25 mcrons,
the chemical mechanical polishi n&@ﬁﬁi&l@ai n and essenti al

pl anari zati on technique I n general the polishing method for producing a
wire circuit ri nDuntl a seni conduct oy wafer on spi nni ng platen
equi pped Wi JAORH" Zhe duventioResintenio aaé?pqwﬁgmgﬁ AP ARSI MY conpri si ng

abrasive parjicles.20 and n omganugko thg surfage of t%% waf er to enhance
the abrisi orfi@le Egve[rb 35C% Oh SHFBEPRERCIBL IR Sdocunent s t hat
have disclosed using abrasive slurries in polishing metal |ayers on

sem conduct or wafers. For Background 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 clements 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 patent 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 AgNG3, solid abrasive particles, and an oxi dant
sel ected from H202, HOCI, KOC, Kl\/gO@,“ or CH30000H. The slurry is used
for polishing a copper |ayer 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 mechani cgl. . polishin rry.for an el ectroni c conpgnent
substrate. B‘ﬁF%IPIFﬂ@PﬂW%gg@@@ﬁ%@@é@SW&H%V%le%fﬂi’ﬁaP% #ft percent of
al um na, abrasive articl 9. S 2, Si | , or Fe203
particles), SSFWF%@BW fé’?ﬁhﬁ@&i %Q&ﬁa%@géglqr Q§3®O§§ol\lgﬁh9r§?‘?%iﬁ EDTA) for
B o LRSS CEbR i nSeRBi et SerSEaA Bt ng o ot
abr asi ve parti&l es and a chelatin ent selected from the group

consi sting &f° 'ﬂ)‘Eﬁ’S‘/ﬁWHﬁSé"é‘F%BQﬁ?g’ag rd (e.g. EDTA) and sodium and

potassiumsalts thereof. 15 [0006] Normally, the abrasive slurries proposed
preci pitati JROBHTTRES- BB SH9EIT! RE G PAARLE R BRECT LT B an
val ues Tor nEshE IR oRRTEeSuBhicGuBonT E R B nfhhBhe. coppor
br0cesSing, IR SERRSeLho Mk f bl S6L6 dru b ATIGALID ¢ catrent
particles (e.g. Si0,, CeO,, SiC, Si;N,, or Fe,O; particles), a transition metal
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



formed 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 unevenmness probl ens 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

dishing and tg t he rod on.capaci.ty 81 Ta and are two
maj or garrl é’?’lw%ﬁe&%i’@qf’é 188¢ rﬂFF‘i/e%%Q’étdal rwg@ﬁwswgde@ ng. The
selectivity of .an a | to co er netal, relative o barrier |ayer
s very.or ! RLHORSRRE Cgpléﬁlgdp&ﬁlyrrsm %ape%rpfﬁé ueSeasIto FphSsithe bar 1 e

| ayer serves as an. a‘ﬁg@l on result of the further

thi nni ng of ORPFY Wire df§iupg; 3’5‘?1‘5%%’ %‘Fé’(f%g‘é t’r‘?ﬁ] CHPAEMYE is a need for

abrasive slurries which exhi b| t a higher ﬁel ectivity asfsohto facili tatﬁ

h j ing. [0Q T. [
found. i oUgho8k: AdiEF AT e Ry e Raor T hdf 1Y BEHORS g%w%gﬁ%yﬁ%cﬂ‘éi g
bar i ol bs, AP EobBF ARt Betb B ar e 7 Sb R BHoBRe el “Thver o
TaN, and of urrEhEeRb BURRL 1M0G it YeFPEMRLIGN (Bl oERREPIe AL Bopdnd [ hus Wi I

ef fectivel y "avoi 1 Oné |sad €s enc Bt ed by

cheni cal "eqﬁeaiﬁaga%@ﬁmgy or SEHES € 5n JBRIEE Yo rzr%sgég Ay Fabig (00101 One

obj ect of thé i nvention i provi anica
the further thinning of barrier layer in advanced processing, there 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, 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 pﬁfrt I cles, wherein said conposite
abrasive particles consist of substrate particles coated with al um na.

[ 00111 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 agueous nedium a surfactant apd abrasive _particles,
char act er i zeHa5eFs, t"ﬁ&gh SAMPrisEs Ak AGUeNsS IEdINgY austactnt ausd aBrashfs asi ve
particles consj.sting of substrate partjcles cogted with aluymna. [0012]
Still anot hé;arggl]eg,&%a@ct@%th\;bﬁqgaé@a RSIE HGICE ATCUIRRRLGl 5 nechani cal

abrasion met hod.for polishing the surfaces of sem copdugtqr .wafers using
the inventi \PE”%%“&‘F P?f‘glchf‘e‘;t%qs (t;llné&f(s?’?‘lg’ﬁi“?%ﬁ’agfd?%%oqtﬁsg’h "gﬁn{l%lﬂ The

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

sem conduct C I n char.acterized in that it ¢ rises 10 conposite
abr asi ve paﬁppg?ﬁsﬁ@"ﬁfgﬁ%‘ ggttcgrthﬁg%\gqr\;lgndﬁiq P@%@%Sh@‘ﬁ?@}of substrate
P e EhE” o STl B et Bl B G i cr" 5 o0
Si3Nd  and m xtur ereof . .npreferably SiQ2. [0014] The anount of the
conposite ab‘V%&f%‘gSSIB%F}E‘?I Vggtl{&%gﬁfqyn the 15 invention, based on the total
wei ght of the abrasive slurry, is inthe range fromO0.1 to 29 w%

preferably 0.5 to 5 wt% bg&}ﬁhﬂgﬁrﬁﬁwﬁ%fﬂ&fﬁ%mﬁ% provi des a chem cal

mechani cal abrasi ve

[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,, Zr0,, CeO,, SiC, Fe,0,, TiO,
and Si;N, 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 Swi%.

[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 slurry, 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 o 3.0



slurry for polishing the surfaces of sem conductor wafers, which conprises
an aqueous nedium a surfactant and an abrasive material, wherein said 20

abrasive material conprises conposite-“abrasive 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, Isin the range from 70

t 99.5 wt % f | 0Ot bl 95 t 990.5

W The am e,em%q?ﬁﬁé?ﬁm&?ﬁm%w e oSS rampesie 5 0 o wto
f bl f 0.05 ¢t 1.0 % t

Darticles i aorviveRaTtisiesds i Higange ?r&ng@%ﬂ wﬁﬁf oFIERpTY Fiom B3 o s

wt % [0016] _Thg,aqueous nedi um which may be used in the inventionis 5

apparent to Se skilled in the art. For exanple, water; preferably
dei oni zed water can be used in the preparation of the slurry. [0017] The

A ﬁ%%ah%ﬁa%@gﬂ%%%ﬁ%@%%ﬁeﬁgﬁ%Hv%@ilﬁﬁg% on i mhi bi tor.
Ther e 15 no paieAEfd HoRE SchgtR i BEDHOr bRalaRE St BYefetbly' U dant
Ippg:‘ g(rj:blbyt lﬁg@&%@g;?@g&'ﬁ%gdnﬁﬁ?w@ ‘8%3“&‘32%?‘ Bo tgs ?ESem\/lh(??\ |,s a.

triazole conpound, which may be selected from benzotriazole, cyanuric acid

(1,3,5-tri az[ﬁﬂf?ﬁ Th Shifa@laht %ﬂﬁ%{u%&ﬁﬁ%‘?ﬂo‘ﬁ m%:fbggﬁr&nﬂﬁu&sgﬁﬂctaﬁ{ iazole, 3

-nitro- trlazoe purpa enzotri az

[0018] The abrasive slurry may optionally contain an oxidant and
corrosion inhibitor. The use of such additives is 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(NO,);, KIOs,
CH;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

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



carboxylic acid, 3-amno-1,2,4-triazole -5-carboxylic acid, 1-hydroxy
benzotriazole or nitro benzotriazol e, 6pref erably benzotri azol e. The

chem cal mechani cal abrasive slurry of*the invention nmay 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 so include other qu nts whi re well
Known” i n' chelfidBASe S AR épalasﬁ RGPS GRGR OngTTC O, G RadAR adver se
nfl uences aqn the i,tion of t, nven For exanpl e, an
or gani ¢ aci oS DRI ARG orAR sty AP r%&%ﬂ%? by aci o,

h A d dde to ad t he pH
Vel e, sul't 2T SRR @% Eédr%%aﬁ§cbq RPNt Ap B (VAISTH ted t o
formc acid, a c acid anoi ¢ butyri.c .ac aci d,
hexanoi ¢ :310|3c? ‘fﬁﬁ?‘aﬂ?l&'ﬂﬁﬁ gnacigﬁnﬁtalﬂq cgﬁu%cdllé“g&:dﬂ?lﬁ alﬁi’ﬂﬁoﬁﬁ%ﬁ%r ous 5
aci d, oallca IC'”dOC aci d malll alddgq#jtart I’IC acid. [0020] As
i || ust rated E}%/ %énF("jlﬂ ﬂtﬂﬁagiﬁaﬁbﬁ KAC¢ AR AL P urry of the

invention can increase the selectivity ratio of metal copper to TaN and

wlrjtshg?yrg?/ 'tog%bfo a ne%ﬁéﬂgat%gr pgﬁ@@ﬁfnggé@%ﬁﬁgﬁ&%g%%gg? Ve R‘itizgzductor
waf or's. COMPIhS i\rfRRIoth Mkl BRGHICERY iy TGS PR c%gngﬁfo"faﬁ' gry of the

invention to e Ssurtaces ers- an netal | ayer on

t he surface esch’ @?%\ééqﬁ P&tﬂfnéf@éo%%rdiéﬁidbg said slurry. Typically, the

net al Iayer S coppe

[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 pot limting the scope of the

i nvention. Any nodifications and charTgJ]e's easily achieved 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: AMAT/Mrra B. Conditions:
Menbrane Pressure: 2psi, l.nper_Tube; Vent -7 5 Retaining R ng: 2.6psi

Pl at en Speed: 93rpm qlglrnggf&@&j:zﬁﬁ?‘r pm Tenperature: 25C Pad Type: IC
1000, k-x y. Slurry Velocity: 150mImn. C Wafer: Patterned Wafer,

commercially avail abl e E,ﬁagm Serr%i e&B’ Type: 0.25mline w dth 854CVP017
wafer. D. Slurry: The abr#ER Bt urPfRE illustrated in the exanples, each
of which 10 further contains 3.0 wt % H202. Procedure of Polishing Test
100241 The invention us?fiamh@f§ﬁee%ol h.?l%in{lg machi ne of Applied Materials

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

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

Type: 0.25um line width 854CMP017 wafer.

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

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
as EP2 signal for the polishing procedure. During 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



for polishing. The signal obtained fromEnd Point Systemwas configured as
EP2 signal for the polishing procedure, During polishing, 20% over 15

pol i shing was conducted after the poI"i%‘hi ng with each of the abrasive
slurries shown in the exanples reached EP2. The wafers were cl eaned by
Evergreen Mbdel 1 OX Ceaner of Solid State Equi pnent Corporation after

polishing a n dried with N2. KLA-Tencqor P- | | Surface Profiler was

t hen used t&%ﬂégﬁu,@l{%&ahsgmwgg u@k@%‘ﬁ’ﬁ%?’e&?@rﬁl%. Copper wire with a 20
wi dth of 100 m was used as the neasuring reference point and its dishing
relative to of,t he rrier layer S asured. Exanple. | 8 [0025]

Col 1o dal i DD2B) et tEanl Bt 2Bl Fhrry Bos MR oW ipe SEMPPREicaul ¢ ant
abrasive slurry has the follow ng conposition: Colloidal silica: 3.0 wt %

Benzotri azol BIA) .:1:0.. %,. S Phosphorous acid: 0.2 wt%  Surfynol
CT-161: 0.1 (3?13 lgé)aﬁlgg%é'%d‘éous ammonia or nitric acid for adjusting pH

val ue and dei oni zed water. Results of the polishing test are shown in Table

1. 10 Exa : | NGT aving a conposition simlar to Exanple 1
e e RS, IR Ve par et o

was prepared, —except rasive particles were changed to al um na.
Results of the

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



polishing test are shown in Table 1. Exanple 3 15 [0028] A slurry having a
conposition simlar to Exanple 2 was ﬁ{epared, except that the pH val ue
was changed to be in the range of fromDS to 6. Exanple 4 [0029] A slurry
having a conposition simlar to Exanple 2 was prepared, except that the
al um na abrasive particles were changed to 3 wt % 20 conposite abrasive

particles. The conposite abrasive particles used. in . this - le are
col | oi dal si %%%Plﬁarweﬁ@gai%ﬁ%aaﬁﬁ% cRalRd wath akumina %w?tﬁr%ﬁ%ousm ng
test are shown. in Table 1 Exang&f% 5.[00301 A slurry having a conposition
simlar to testafs shpwhdRdable b except that the pH val ue was changed
to be in the range of from5 to 6. Exanple 6 100311 A slurry having a
conposi tion }l{e{lr};l'llél%(r:S to Exanple 4 was prepared, except that the weight

per cent age onposite abrasive particles was changed to 1 wt% 10
Exanple 7 [00321 A slurry having a conposition simlar to Exanple 4 was

Fromo- 2 wibBS8f oS Fnde fEQhisRh b iy RRRT RYRhBE B hdBity s b e
1. Bxanple 8except 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 §

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.



15 100331 A slurry having a conposition simlar to Exanple 4 was prepared,
except that adipic acid was used instg@P of phosphorous acid. Results of
the polishing test are shown in Table Exanple 9 [00341 A slurry having a
conmposition simlar to Exanple 4 was prepared, 20 except that formc acid
was used instead of phosphorous acid. Results of the polishing test are
shown in Table 1., - 10 Exanple 10 100351 A slurry having a conposition
simlar to Ig 1) \as prepared, except that the conposite abrasive
particles were changed to cerium oxide (CeQ2) particles coated with

| um na. R f th |i. shi t ble 1. 1 Table 1
Sol 1 dscu, TaNOBShi Ay RS REy Sin SHpteasiied Sl b EeebRlchnaaeeirtadded
e A D BAS
CT-161(0. 13- (&&?%ZI%JC?GS coated with alumina. Results of the polishing test are

5 shown in Table 1.



Phosphorous acid (0.2Chem cals subsided and 2Al um na3surfynol
CT-161(0. 13-4polishing could not be carried out Phosphorous acid (0.2
3Al um na3sur f ynol CT-161(O.15-6484833§§6 Conposi t e abrasi vePhosphor ous

acid 4particl es3(0.2%84796014238 (col | oi dal

CT-161(0.1 al um na Conposite abrasi vePhosphorous acid

S5particl es3(0.2% 5-6588325343 (col | oi dal

CT-161(0.1 alable a) Conposite abrasivePhosphorous acid

6particl es1(0.2% 3-4696712187 (col | oi dal

CT-161(0.1 alum na) Conposite abrasivePhosphorous acid

silica coated w thsurfyno
silica coated w thsurfynol

silica coated w thsurfyno

7particl es3(0.5% 3-4722514268 (colloidal silica coated withsurfynol
CT-162(0. 1 al um na)
Dishing
Solids . Cu TaN (A/100
. . Chemical added and removal jremowval
Ex. |Abrasive particles Content o H um Cu
the content (wt.%) rate rate .
(%) (A/min)  {(A/min) line
width)
Phosphorous acid (0.2
. . %)
1 Colloidal silica 3 surfynol CT-161(0.1 34 4768 172 1677
%)
Phosphc())/rc))us acid (0.2 Chemicals subsided and
2 Alumina 3 surfynol E‘,T-l 61(0.1 3-4 |polishing could not be carried
%) : out
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 |4 [7960 14 238
alumina) %)
Composite abrasive Phosphorous acid
particles {0.2%)
> l(colloidal silica coated with|" surfynol CT-161¢0.1 |6 [?883 |25 343
alumina) %)
Composite abrasive Phosphorous acid
particles (0.2%)
6 | colloidal silica coated with|" surfynol CT-161(0.1 [F 0967 |12 187
alumina) %)
Composite abrasive Phosphorous acid
particles {0.5%)
7 lcolloidal silica coated with|> surfynol CT-161(0.1 [0+ 722> |14 268
alumina) %)
Comp"sgta;?g:;“’e Adipic acid (0.2%)
8 {colloidal silica coated with 3 surfyno}}/())‘T—l 61(0.1 13-4 17648 16 257
alumina) °
Compos;;i?;r:sswe Formic acid (0.2%)
? (colloidal silica coated with|" S“rfyn"},/(;T"m(O'i 34 (7430116 262
alumina) B
Composite abrasive Phosphorous acid (0.2
particles %)
10 (Cerium oxide coated with surfynol CT-161(0.1 3-4 |6845 23 287
alumina) %)




Conposi te abrasiveAdipic acid (0.2% 8particles 3surfynol
CT-161(0.13-4764816257 (colloidal silica coated wth alum na)% Conposite
abrasiveFormc acid (0.2% 9particles 1%s’urfynol CT-161(0. 13-4743016262
(colloidal silica coated with alum na)% Conposite abrasi vePhosphorous acid
(0.2 10particles 3surfynol CT-161(0.13-4684523287 (Cerium oxide coated with
alum na -12 WNotee: Surfynobl CTTIAI6lisi an aanienicorsuefastant apiodntedriogusad by Air
Products Corp. [00361 The results of Exanples 1 to 3 show that al um na

abr asi ve pa‘i?mﬁtwfé§%hi eve higher rempval rate and better abrasive
selectivity ratio 5 than colloidal silica and performbetter in preventing
copper dishing with the only disadvantage being that the slurry is |ess

stabl e and q9p¥6f O ThH4RSHHCf Examples 1 to 3 show that alumina abrasive
particles achieve 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 1 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



[ 00371 The results of Exanples 1 to 4 show that conposite abrasive
particles are nore stable in slurry and can increase selectivity ratio and
10 prevent copper dishing, as conpared-wi th single conponent abrasive
particles. [00381 The results of Exanples 4 and 5 show that the slurries of
different pH values are applicable to the abrasive systemof the
invention. [00391 The results of Exanples 4 and 6 show that the slurries
cont ai ni ng ¢oppeblisbiig e particles with different solids contents are
applicable to the abrasive system of the invention and can increase
selectivity ratio and prevent copper, di shing. [00401 The results of

Exanpl es 4 al9443] sﬁﬂwlieﬁ‘élis %ﬁﬁ?‘ﬁ@l’%ﬁ&s@%}%ﬁ@w tdhe slugiies @k ent
concentrations to.the abrasive %*ﬁéries IS suitablﬁ for the 20 abrasive
system of t HOMPRARBHCIShGaviRg diHereak subsitematerialy areAnnbicanls topr event
copper dishing. . .[00411 The results qf Ex |l e 4, Exappl.e.8, and anple 9
Show t hat  sA8BEASHYS $stan ol 567 Byenton ART SBR ISréAseSF Hyity sadepidpl e f or
the abrasive systemof .the invention and can increase selectivity ratio
and prevent E%%%EHNEM@hﬂﬁEH¥$00421 The results of Exanples 4 and 10 show
that the slurries of conposite particles having different substrate
materials are applicable to the abrasive systemof the invention and can
i ncrease selectivity ratio and 5 prevent copper dishing. - 14



What is clainmed is: 1. A chem cal nechanical abrasive slurry, characterized
in that it conprises conposite abrasive particles consisting of substrate
particles coated with alumna. 5 2. “Me cheni cal nechani cal abrasi ve
slurry of claiml1, wherein the substrate particles are selected fromthe
group consisting of S, ZrA, CeX®, S C Fe2a®2, Ti® , Si3M and

m xtures thereof 3. A chem cal nechanical abrasive slurry for polishing the
surfaces of sem conductor wafers, said slurry conprising an agueous

medi um a 10\3itiigeladled ignd abrasive particles, characterized in that said
abrasive particles are conposite abrasive particles consisting of
substrate particles coated with alum na. 4. The chem cal nechani cal

abr asi ve sl ukr.r yAothemhigalm8clomqaliabrasgve daggdcharactehieed ot thiat ikei ght of t he
abrasive slurry, 70-99.5 w % of said aqueous 15 nedium 0.01-3.0 wm % of
sai d surf actcmeprisesdofnpbsite atuxif partickes consipsg vEsulistrass patipkest i cl es. 5.
The chem cal nechanical abrasive slurry of claim4, wherein the content of
t he aqueous crathdwith 2dmd®.5 wt % 6. The cheni cal nechani cal abrasive
slurry of claim4, wherein the 20 content of the surfactant is 0.05-1.0
W% 7. The chem cal nechanical  abrasive sl urr¥ of claim4, wherein the

content5Sof the dbapbeinicsl mmrchenical ghrasivelsbyry of clagng, wtheygin the
substrate particles are selected from the group consisting of S10,, ZrO,,

Ce0,, S1C, Fe,0,, T10,, Si13N, and mixtures thereof.

3. A chemical mechanical abrasive slurry for polishing the surfaces of
semiconductor wafers, said slurry comprising an aqueous medium, a

10 surfactant, and abrasive particles, characterized in that said abrasive
particles are composite abrasive particles consisting of substrate particles

coated with alumina.

4. The chemical mechanical abrasive slurry of claim 3 comprising, based
on the total weight of the abrasive shurry, 70-99.5 wt% of said aqueous
15 medium, 0.01-3.0 wt% of said surfactant, and 0.1-29 wt% of said

composite abrasive particles.

5. The chemical mechanical abrasive slurry of claim 4, wherein the

content of the aqueous media is 95-99.5 wt%.

6. The chemical mechanical abrasive slurry of claim 4, wherein the

20 content of the surfactant is 0.05-1.0 wt%.

7. The chemical mechanical abrasive slurry of claim 4, wherein the

content of the composite abrasive particles is 0.5-5 wt %.



8. The chem cal nechani cal abrasive slurry of claim4, wherein the
surfactant is an anionic surfactant. 9 _The chem cal mechani cal abrasive
slurry of claim4, wherein the substTate particles are selected fromthe
group consisting of Si02, Zr02, 5 Ce®, SiC, Fe202, Ti02, Si3N4 and
m xtures thereof. 10. The chem cal nechanical abrasive slurry of claim4

further conprisgin based on the, total I ght .of .th brasive slurry,
0 Bor o or® L nlthamical anerhanibal S5etieoriEy D6 RIS b HPE B or 11 The
chem cal nechaf?i‘h% .abr asi ve sl of claim 10, wherein said 10 oxi dant

al rr
is selected ¥ %Iﬁésa?aﬁlﬁn&%ﬁg?%“tf g of H202, Fe(N03)3, K103, CH3COOOH
and Kvh04 and said corrosion inhibitor is a triazole conmpound. 12. A nethod

chem cal e atn?@sfcﬁé%féaif%%ﬁ@msef@"i égrlﬁgﬁféﬁsﬁm W‘E[fﬁfaifg ?%&%ﬁ&ﬁ% ram‘?i'lyi e
f L ghi . t

surf aces. of HREls ARG e GaRL O PR ERb ABPIRIGL oL TYE 7B, "The

method of cl @l Kic, MOS0, 6, bk hifiies IebPPe

10. The chemical mechanical abrasive slurry of claim 4 further
comprising, based on the total weight of the abrasive slurry, 0.1-5 wt% of

an oxidant and 0.01-1 wt% of a corrosion inhibitor.

11. The chemical mechanical abrasive slurry of claim 10, wherein said
10 oxidant is selected from the group consisting of H,0,, Fe(NO,);, KIO;,
CH3COOOH and KMnQO, and said corrosion inhibitor is a triazole

compound.

12. A method for polishing the surfaces of semiconductor wafers
comprising applying the chemical mechanical abrasive slurry according to
15 any of claims 1 to 11 to the surfaces of the wafers and polishing the metal

layer on the surfaces of the semiconductor wafers by said abrasive shurry,

13. The method of claim 12, wherein the metal layer is copper.



