, xye3eYVd( $06f TCl , CHEM CAL MECHANI CAL POLI SHI NG PAD HAVI NG WAVE- SHAPED
GROOVES Techni cal Field The present i nventi on relates to a polishing pad 5
used in a chenical nechanical N and nore particularly to,
a cheni cal wgeamisgal polishing p a pol i shi ngpckR@me4sl her eof
with a plurality of wave-shaped concenﬁmma grooves of different dianeters
each having a desired depth, width and shape. 10 . Background Art
General |l y, chem cal nechani cal polishing (CNP) is a high precision/mrrored
surface polishing nmethod used to pl anari zation in a
semn conduct or device nanufacturl Hmmmmmmmwmm | n accordance with such CWP, a
15 slurry is supplied between a pollg als) pad and a wafer to be polished,
so as to chemically etch the surface o1 the waf er. Usi ng the polishing pad,
the etched surface of the wafer is nmechanically polished. Referring to Fig.
1, a typical CWP machine, which 1 WD 03/017347 PCTI KRO1/ 01464 is denoted
by the reference nuneral 1, is schematically illustrated. Also, a CWwW
met hod using the CVP machi GEEMICAL SBEHMANTLCAA POLIEHING rRtled in Fig. 2. The
CWP net hod i ncludes a chem cal etching reaction process and a 5 nechani cal
pol i shing process, which are d&VJIN& AVESPIRPED SAA0YESng pad 10 included in
the CWP nachine 1.' The chem cal etching reaction is carried out by a
slurry 42. That is, the slurry 42 serves to chemcally react with the
surface of a wafer 30 t Ilsﬂg t hereby making 10 it possible for the
mechani cal pol i shi ng §&© é§§ FH%1%wi ng the chenical etching reaction, to

B e oo £ e o LR S S0 L PR Bi e ol 9
wnich 1S TLTm Y del dmby S EE] Shasha i Son 3R§La§e L4 ARG hbaLi ng. A

slurry containing abrasi ve par es 'S su e poli'shing pad 10 by

a slurry supply, mﬁ%(}l\%;h%osugpl E fc’:ali”he'cﬁah%é@d%&ﬂé@ﬁh‘@eeﬁaﬁhe
an .

pol i shi ng pad 1 fer 30. The introduced abrasive particleés
formed at a polishing surface thereof with a plurality of

wave-shaped concentric grooves of different diameters

each having a desired depth, width and shape.

10 . Background Art
Generally, chemical mechanical polishing (CMP) is a
high precision/mirrored surface polishing method used to
obtain global planarization in a semiconductor device
manufacturing process. In accordance with such CMP, a
15 slurry is supplied between a polishing pad and a wafer to
be polished, so as to chemically etch the surface of the
wafer. Using the polishing pad, the etched surface of
the wafer is mechanically polished.

Referring to Fig. 1, a typical CMP machine, which




20 come into frictional contact with the wafer 30 by virtue of a relative
rotating speed difference between the 2 WO 03/ 017347 PCT/ KROL/ 01464
pol i shing pad 10 and the wafer 30, so that they conduct mechani cal

pol i shing. wowe/tarry 42 is a colloidal |iquid containi ngrcaikRmiovsas
particles having a grain size of nanonmeters. This slurry 42 is spread on
the polishing 5 pad 10 during the polishing process. As the polishing pad
10 rotates during the polishing process, the slurry 42 supplied to the
polishing pad 10 is outwardly discharged fromthe periphery of the
polishing pad 10 due to a centrifugal force caused by the rotation of the
10 polishing pad 10. In order to achieve an enhanced polishing efficiency,
many abrasive particles should remain for a desirable | engthy period of
time on the upper surface of the polishing pad 10 so that they participate
in the polishing of the wafer. That is, the 15 polishing pad 10 shoul d nmake
the slurry 42 be held on the surface thereof for as long a period of tine
as possible. Céstdehoget byr dthegaedeaendedopinagatl hd, r dsaschamatieakl VP pad
is higher at a position nearer to the periphery of the polishing, pad, Du€e
to such a 20 céninptugheds orideadi fof SMEnaet andj Eher BMP maghipe 1

ositions on the polishin ad, the slurry on the 3 0 17347

PCT/ KRG /01464iﬁorﬁ@ﬁrﬂﬁéigagl}éxh%‘iﬁ?%ﬁ? et esed f ovﬁ%)%t g‘(“gsmﬁ‘fhm
approaches the peti phery of the, i shi ad. Thus., the slurry_j
ngﬁ-uniforn1y &B§§Paﬁﬁtgﬂ i9P?ﬁﬁgﬁadF&Fgngecf?%ﬁF%ﬁntIﬂfﬂ&g Fs%?ﬁé pad. Due
to such a non 5 uniformdistributio f _the r t 1,54

nonuni f or _y_pgﬁf RE4°H c%ﬁ%%fqﬁn ﬁgpﬁgﬁ%hgwﬁg e %%?\égﬁ%ﬁ%&%gpgﬁéFﬂgaoh a
radial positio ﬁgﬁ.ﬁhg}Lﬁgp%édShi@g iRB9u48q CoRt agle WP tWRGHWALEr .S swhbace.

Such a vari ati

chemical etching reaction is carried out by a slurry 42.
That is, the slurry 42 serves to chemically react with
the surface of a wafer 30 to be polished, thereby making
10 it possible for the mechanical polishing process,
following the chemical etching reaction, to be easily
carried out. In the mechanical polishing process, the
polishing pad 10, which is fixedly mounted on a platen
20, rotates. Thé wafer 30, which is firmly held by a
15 retainer ring 32, rotates while oscillating. A slurry
containing abrasive particles is supplied to the
polishing pad 10 by a slurry supply means 40. The
supplied slurry is introduced between the polishing pad
10 and the wafer 30. The introduced abrasive particles
20 come into frictional contact with the wafer 30 by virtue

of a relative rotating speed difference between the




polishing rate affects the planarization of the wafer. 10 As a result, the
polishing pad exhibits a considerable difference in polishing rate between
its central portion and its peripheral portion. For this reason, it is
necessary wopeswifaarmy distribute the slurry over the polrcarkmoyopsms by
controlling the flow of slurry on the 15 polishing pad. During the
pol i shing process, the wafer is pressed agai nst the polishing pad so that
it cones into frictional contact with abrasive particles. Due to this
pressure, however, it may be difficult for the slurry to 20 reach the
central portion of the wafer. For this reason, the slurry may be
distributed at the central portion of 4 WO 031017347 PCT/ KRO1/ 01464 the
wafer in a relatively reduced anount, as conpared to the anmount at the
peri pheral portion of the wafer. As a result, the wafer is non-uniformy
polished. In order to solve such a problem a method has been 5 proposed,
in which holes or grooves having a desired wdth, depth and shape axe
formed on a CMBopashisgcpatiolesand gheoveferncd0i oseobhall theie ¢onsinaind

di stribution of the slurry continuously supplied during the polishing
process. 10 Nomechahiésabr rpldebésgeconvEhei oHaiany f 82 melP of aCpbleiding pad
w Il be described in conjunction with the annexed drawings. Fig. 3ais a
schemati ¢ vi ewliiphidt FapEAERENDAREARITE ﬁ&dﬁ@&iﬁﬁdhﬁﬁiﬁgg?oﬁﬁéﬁf size
Cr o8- sect i naPFVPRRPRAKERS ol Y % RUSFFRGIA 1o Rzesd pn 540 Retidhlhe i n
concent 11 0 ci 1 8Pds 1hi AGi19 ERACBA ST rPEI S i nevel ok T
direction Mhil%aganK&otates during the polishing process, the slurry
42 supplied to the Ipolishing pad 10 is outwardly
discharged from the periphery of the polishing pad 10 due
to a centrifugal force caused by the rotation of the
10 polishing pad 10. In order to achieve an enhanced
polishing efficiency, many abrasive particles should
remain for a desirable lengthy period of t:i_.me on the
upper surface of the polishing pad 10 so that they
participate in the polishing of the wafer. That is, the
15 polishing pad 10 should make the slurry 42 be held on the
surface thereof for as long a period of time as possible.
Centrifugal force generated during the rotation of
the CMP pad is higher at a position nearer to the
periphery of the polishing pad. Due to such a

20 centrifugal force difference between different radial

positions on the polishing pad, the slurry on the



20 different dianeters, respectively. The slurry, which is continuously
éupp]ied onto the polishing pad, is forced 5 WO 03/017347 PCT/ KRA /01464
to nove outwardly by a centrifugal force generated as the polishing pad
rotates. Asweaosemsd7t, during the polishing process, the sporkgroi/fdcs
tenporarily collected in the concentric circular grooves, and then
outwardly 5 discharged fromthose grooves. An exanple of such concentric
circular grooves is disclosed in U S. Patent No. 5,984,769. Fig. 4a is a
schematic viewillustrating a polishing pad formed with grooves having the
formof a 10 lattice. Fig. 4b is a cross-sectional view illustrating the

| atti ce-shaped grooves of Fig. 4a. The polishing pad showmn in Fig. 4a has a
plurality of grooves extending an X axis and a plurality of grooves
extending a Y axis while crossing the X-axis grooves to forma lattice. |5
Such | attice-shaped grooves serve to collect a slurry continuously supplied
onto the polishing pad, thereby retarding the discharge of the slurry
caused by centpblighindompael eéxhiliecscase ofnctemssghvéhbworndtepokieshiing pad
20 having grooves uniformy spaced apart from one another, the slurry
suppl i ed ont o ehprpathehithe meatipheprynaér tbe 6polinhiory EB47THeY/ KRB/ 01464
fromflow ng toward the central portion of a wafer being polished at

regi ons where BABTEDI | $Bi nGopatiniSormlE ondheEriuted heltwaf B A%2@dizbsul t,
a degradation in polishing rate occuyrs,at the central portion of the wafer.
5 Since IattiCQ;EﬁSEéﬂngﬁg%vE%eefPéﬁahFﬂgaﬁmgpeneBugt % FYCRhé& pBPPphery

f th | i shi .pad w t.h hayi | d i , | lied
onto the.poi | SAAEOHAA S8 SEAEPEYOR! ot 0 Lot hEnBo R ng Patiot A o
result, the 'ahh&%giﬁgepsglggﬂgaeseswee 205 1001 NGk 635 ef CONSYMRL L PB4 Of

slurry, as conparée
depending on a radlal position of the polishing pad in

contact with the wafer’s surface. Such a variation in

polishing rate affects the planarization of the wafer.
10 As a result, the polishing pad exhibits a'considerable

difference in polishing rate between its central portion

and its peripheral portion. For this reason, 1t is

necessary to uniformly distribute the slurry over the

polishing pad by controlling the flow of slurry on the
15 polishing pad.

During the polishing process, the wafer is pressed
against the polishing pad so that it comes into
frictional contact with abrasive particles. Due to this
pressure, however, it may be difficult for the slurry to

20 reach the central portion of the wafer. For this reason,

the slurry may be distributed at the central portion of



concentric circular grooves. It was also reported that hol es cause
increased consunption of slurry, as conpared to |attice-shaped grooves,
because those holes involve a reduction of the cross-sectional area capable
of storingwiposwhmary. | n the case of concentric circul ar REVKRD1468
superior slurry storage capacity i s obtained because each groove has a
partially closed structure having vertical groove walls capabl e of
retaining the slurry in the groove against centrifugal force, as conpared
to other 20 structures. However, this structure has a drawback in that each
groove has an insufficient depth corresponding 7 WO 03/017347
PCT/ KRAO /01464 to 1/4 of the thickness of the polishing pad. Since the
conventional method, which is used to form grooves at a polishing pad,
utilize a cutting process conducted by a lathe or mlling, the grooves have
5 a fixed pattern such as concentric circles or a lattice. For this reason,
it is difficult to forma groove pattern capable of effectively controlling
the flow of a sherwgferniorderelattoile madiiced pmobhtm apt comparsdstary to
design the shape, density and distribution of grooves, 10 taking into

consi derati on §heeampehtshtngherperirhesiding ns@éhthe Wafe¥if ffmla force
and wafer position. Di sclosure of the Invention Therefore, an object of the
invention is t&epréli deha vakendd rep-anekerplyRISHSch is formed with

ravel S shaped 91 couge copebles olte! anchng, s recoraLal faglpeslur Y
Ot o % ReBaPH S5t SRELA b e Chablfed DYSYAE" d Sobfspig v co 3
width, depth and shape are formed on a CMP pad. Such
holes or grooves act to control the flow and distribution
of the slurry continuously supplied during the polishing
process. i
10 Now, holes or grooves conventionally formed on a
polishing pad will be described in conjunction with the
annexed drawings.
Fig. 3a is a schematic vie& illustrating a
polishing pad formed with grooves respectively having the
15 form of concentric‘circles. Fig. 3b 1s a cross-sectional
view taken along the line A — A of Fig. 3a. As shown in
Figs. 3a and 3b, the grooves formed on the polishing pad
have the form of concentric circles uniformly spaced
apart from one another in a radial direction while having

20 different diameters, respectively. The slurry, which is

continuously supplied onto the polishing pad, is forced



WO 03/01?347 PCT/ KRO1/ 01464 effectively controlling the flow of a slurry
supplied onto the polishing pad during a CMP process. |In accordance with
the present invention, these objects are acconplished by providing a CWP
pad used fOoVO®3/M178KP process, wherein a plurality of wavepeh&meroggncentric
grooves of different dianmeters each having a desired depth, a desired w dth
and a desired shape are forned at a polishing surface of the pad. Brief
Description of the Drawings 10 Fig. 1 is a schematic view illustrating the
configuration of a typical CMP machi ne and a polishing nethod perforned
using the CWP machine: Fig. 2 is a schematic view illustrating the concept
of a CMP nethod: 15 Fig. 3a is a schematic view illustrating a polishing
pad formed with grooves respectively having the formof concentric circles;
Fig. 3b is a cross-sectional view taken along the line A- Aof Fig. 3a; 20
Fig. 4a is a schematic viewillustrating a 9 W0 03/017347 PCT/ KRA /01464
polishing pad formed with |lattice-shaped grooves having a conventi onal
structure; Figtod4poive autvasdlydit imowentvifugsal | isteatdengralied as the

| atti ce-shaped grooves shown in Fig. 4a; 5 Figs. 5 and 6 are schematic

vi ews respecti POLYSPLNGsPAt FOptRS - sSAPNg patileacitingrddenpohighpnaral ity

of wave-shaped concentric groqQves having the sane shape while havin
di fferent di anPrEFESEn ahor FIHEE YW +H &r?éﬂpﬁiré“s’"éﬂrﬁ’ i AEHRGRS 1B FF%%. 7

Formed i th t hECBARBLES Bov et RO R or FECBSHA ng. THE o erhs. SHCHARAE upi
g 0 S. ile
being di Viéjed id'ltsghta%e&adhaémr%%ioggs af’?gb@gsd' ffﬁrrlenéxaq{pq_oeveo%paggéﬁ
concentric circular grooves 1s disclosed in U.S. Patent
No. 5,984,7609.
Fig. 4a 1s a schematic view illustrating a
polishing pad formed with grooves having the form of a

10 ] lattice. Fig. 4b is a cross-sectional view illustrating
the lattice~shaped grooves of Fig. 4a. The polishing pad
shown in Fig. 4a has a plurality of grooves extending an
X axis and a plurality of grooves extending a Y axis
while crossing the X-axis grooves to form a lattice.

15 Such lattice-shaped grooves serve to collect a slurry
continuously supplied onto the polishing pad, thereby
retarding the discharge of the slurry caused by
centrifugal force.

In the case of the conventional polishing pad

20 having grooves uniformly spaced apart from one another,

the slurry supplied onto the polishing pad is hindered



15 Fig. 9 is a schematic viewillustrating the polishing pad of Fig. 7
further formed with a plurality of concentric circles of different

di ameters each conposed of holes; and Fig. 10 is a schematic view

il lustrati rvgoa3/@034o0l i shing pad formed with a plurality opcrmererabaped
concentric grooves while being further formed with a 10 WO 03/ 017347
PCT/ KRA / 01464 plurality of concentric circles of different dianeters and
di anetrical straight lines. Best Mdde for Carrying Qut the Invention Now,
the present invention will be described in 5 detail in ternms of its
constitution and function, with reference to the annexed drawi ngs. In
accordance with the present invention, a CMP pad is provided which has, at
a polishing surface thereof, a plurality of wave-shaped concentric grooves
of different 10 dianeters each having a desired depth, w dth and shape. The
wave- shaped grooves of the present invention have the form of concentric

si nusoi dal | oops each having a desired anplitude and a desired nunber of
cycl es. Vari oufrenafpbwingf touatd iehe-candiiyad gossles afealsaferuaeinged in
Figs. 5 to 10, respectively. Such waveshaped concentric grogves each having
the formof a $oAisbrdaht| BePlony eheirgeitse BALbYSIN PACC3BIARCEORFRFE t he

nunber of cycles and anplitude of the sinusoidal |oop., For exanple, the
wave- shaped coiddht e §edeves B9 ﬂaﬁeﬁﬁgé &h H&H&E&°Ehéﬁe90 RLrdnly,

t he sinusoidal 1 WO 03/0%7 47 PCE/KF£1/0%464 lP has .a_nunber of cycles

correspondi ng 68 P§CHEBORT The SHAFE LoPOF é°%r%03%§’¥5§36é varied by

adj usting 4 he numberg ole £y ¢hes: ACAIUd {Witofls t BReshdUSR 4l b80Red "
gi'ven polrshing conditr1ons.
state to the periphery of the polishing pad without
having any closed portion, the slurry supplied onto the
polishing pad is easily discharged from the polishing
pad. As a result, the lattice-shaped grooves cause an
10 increased <consumption of slurry, as compared to
concentric circular grooves. It was also reported that
holes cause increased consumption of slurry, as compared
to lattice-shaped grooves, because those holes involve a
reduction of the cross-sectional area capable of storing
15 slurry. In the case of concentric ¢ircular grooves, a
superior slurry storage capacity is obtained because each
groove has a partially closed structure having vertical
groove walls capable of retaining the slurry in the
groove against centrifugal force, as compared to other
20 structures. However, thls structure has a drawback in

that each groove has an insufficlent depth corresponding



5 Referring to Figs. 5, 7, and 9, wave-shaped concentric grooves each
having "the formof a sinusoidal |oop having a nunber of cycles
corresponding to 12 are illustrated, respectively. Also, Figs. 6 and 8

i1l ustratewavmergdaaped concentric grooves each havi ng thepdDKRo@i4ca

si nusoi dal 10 | oop havi ng a nunber of cycles corresponding to 6,
respectively. Such concentric grooves, which have the sane wave shape, are
formed on a polishing pad while being spaced apart from one another in
accordance with the present 15 invention. Preferably, each groove has a
width of 10 '"Emto 10 nm Al so, the space defined between adjacent ones of
the grooves is preferably within a range of 10 'Emto 100 mm The

wave- shaped concentric grooves formed on the 20 polishing pad may be
uniformy or non-uniformy spaced apart from one another. Referring,to
Figs. 5 and 6, 12 WO 03/017347 PCT/ KRA /01464 polishing pads are
illustrated, each of which has a plurality of wave-shaped concentric
grooves uni f or oy 1¢pacEdtaparhidknemmsond &het helisiTirg @asbve space may vary
in accordance with the 5 radius thereof. Preferably, the poglishin ad has
at least two sets ofSigrasovEBehBanTgndirnateMetfictoy eVt ed s rP"’cﬁ‘ge %to
mnimze the non-uniformty of the slurry, caused, by centrifugal force
gener at ed duri Fgra pﬁF?gﬁ?ﬁg‘ﬂ%oéesg9li%g¥ﬁﬁ é&%hpl&?lgﬁ%egr 0 Etgﬁﬁge may

be gradually reduced from.t he ntral rtion_to.the ri pheral rtion of
thegpol iushi %g ﬁg’cﬁﬁf’l EOBQP'ﬁJ@eg%ﬁér%é%%ﬁr 1950??‘?6?1%9’ E%%prgrlor?%reggg@’:en t he
radi us thereof. In accordance w e Ny i , e ishin

pad may beg di viadé{i]"ﬁeﬁt 5’5% ot SPfL‘F‘yggf Cgé‘gférg&lréegélﬁgfr%l.e%g&ﬁﬁrg ?gﬁ%%égi ong

of the pol i shi ng, pag umy geROr G YidiTa YT bl EYrRfa G5 A0KRS piticns the

same shape whil'e being uniforfy spaced apart from one another. Each radial

regi on may have, 2, .91Q0%¢ dephBri g 0P rdiNind0tRe SIORVSE G fdierent from
that of the remaining radial region. 13 WO 03/ 017347 PCT/ KROLlI 01464 As

shown in Fig. 6 or 7intbedes! tshiselvpadushy aberdiblieted iitntis inwwmrssamy out er
radi al regions respectively defined at opposite sides of a circle having a
radi us ro. The iqrsigadithk skgben derssity adiduslistmiibetiohaef tdrwoves,

10 taking into consideration given polishing process

conditions such as centrifugal force and wafer position.

Disclosure of the Invention
Therefore, an object of the invention is to provide
a CMP pad for a CMP process which is formed with wave-
15 shaped grooves capable of retarding the discharge rate of
a slurry supplied onto a polishing surface while
uniformly distributing the slurry over the polishing
surface.
Another object of the invention is to provide a CMP

20 pad formed with wave-shaped grooves capable of



5 radius ro (r <ro) whereas the outer radial region has a radius |arger
than the radius ro ( r >ro ) . Each of the inner and outer radial regions
has a uni form groove space. Al so, the inner radial region may have a | arger
groove spameobyi@nisrhat of the outer radial region. 10 CongenkRboisdsr Cl €S or
| i nes each conposed of holes, grooves, or a conbination thereof nmay be
additionally fornmed on the polishing pad forned with the above descri bed
wave- shaped concentric grooves. Referring to Fig. 9, a polishing pad is
illustrated 15 which has, at its polishing surface, a plurality of
concentric circles of different diameters each conposed of holes, in
addition to the grooves shown in Fig. 7. The space between adj acent ones of
the concentric circles may be uniformor non-uniform Also, the circle
space 20 may vary gradually in accordance with the radius thereof.
Referring to Fig. 10, a polishing pad is 14 WO 03/017347 PCT/ KRO /01464
illustrated which has, at its polishing surface, a plurality of concentric
circles of diffedfifectiverimetaansreddingoresetla h6l s ahdrfpusupplied

di ametrical ly-extendi ng straight |ines each conposed of holes, in addition
to the 5 above o@dscithgeRohdFoinhfRcH dEABaner F¥P RFReSSpr ef erabl y, the
straight lines fornmed on the oIishinqbpad areéggmmtrical jn a djanetrical

direction. O coursellj ta¢® epl BL R EOPMRESSE ght 1NYFRSI 9 t RBEFBr m of
latti bli, [ .10 . t_f th d ipti.on, th
o cent 1 nvent ROH O P de 25 HBF LLRTRG DA B nEdSus ROG. BEd APPRy ToF
Ceh . ' . ! di .
0 aet or o 51t o SO f SRR ek nbRELE T oF  RERE YY) Ugie L BdeehiBeg]

varying the 15 a@l\e%n%@ee?r%gqgge obl Qi reQERPV A1 SRREL OF cJEROKEYSRGCE. The

pattern of the grooves ma urther diversified where the polishing pad

is additional | ywdaraRd qddth,a Pl gé dddy WIAGONGRNTE T BeSLFEH €§nQbe ShEAI ght
| i nes each conposed of grooves, holes or a conbination thereof. 20 Tn order

to allow the slfgrmed ateaspbyishpi@aniridee e€nthalpgpdsrtion of the wafer
during the polishing 15 WO 03/017347 PCT/ KRA /01464 process, the groove
space, wdth or depth at a portion of the polishing pad nost frequently
contacting the central portion of the wafer may al so be adj usted.
Preferably, the fornBrief Résdwipddonr ofir boeeRradviagsor ding to the present
invention is achieved using a |aser machining process. The |aser nmachining
process pt®vi des adthgageg i 4t hat Pehemakkpapriews PrlEtsstyngackPfi ng

hol es or grooves havin conpl i cated, structure, ki n he hol.es . qr
gr ooves wﬁthza@ﬁﬁﬁ%qvéggionlg% a typical CMP machine gné a pofisﬁgng

method performed using the CMP machine; :
Fig. 2 is a schematic view illustrating the concept
of a CMP method;

15 Fig. 3a 1is a schematic view illustrating a
polishing pad formed with grooves respectively having the
form of concentric circles;

Fig. 3b is a cross-sectional view taken along the
line A - A of Fig. 3a;

20 Fig. 4a is a schematic view illustrating a



10 inner surface, and easily adjusting the shape, size, and depth of the
hol es or grooves. Industrial Applicability The polishing pad, which is
formed with a plurality of wave-shaped concentric grooves having the sane
shape 15 whwoes/besimng different diameters in accordance WetiykiRBBo1RE£ESENt
invention, is advantageous in that it can have diverse groove and hol e
patterns capable of optimally L. neeting the given polishing process
conditions. The wave-shaped grooves of the polishing pad 20 according to
the present invention provides an increased 16 WO 03/017347
PCT/ KRA / 01464 area, through which a slurry passes before outwardly being
di scharged during a polishing process, as conpared to grooves having the
formof concentric circles. Accordingly, it is possible to retard the

di scharge rate 5 of the slurry while uniformy distributing the slurry over
t he polishing surface, and effectively controlling the flow of the slurry
during the polishing process, thereby nmaintaining a stable desired

pol i shi ng rat e ranidishdelgi @adnfoamed npiidv dad filimeasharedoprooved hdvimgugh t he

preferred enbodi nents of the invention have been disclosed fox illustrative
pur pose in conjeaianddopRth sEreetnBdd ng pad havi ng wave- shaped grooves,
those skilled in the_art wll appreciate that various nodifications

addi ti ons and substi F4¥i of8 é?ealgrﬁé§§FBFE$°%ﬁ%fﬂﬂﬁw(ﬁﬂﬁﬂ%ﬁqiiipﬂoﬁhﬁhe

scope and spi i of, Lhe,lnvention. 85 ds8l Gsedy? 4lig accompanying ol ai .

5 Figs. 5 and 6 are schematic views respectively
illustrating polishing pads each formed with a plurality
of wave-shaped concentric grooves having the same shape
while having different diameters in accordance with the
present invention;

10 Figs. 7 and 8 are schematic views respectively
illustrating polishing pads each formed with the same
grooves as a corresponding one of Figs. 5 and 6 while
being divided into two radial reglons having different
groove spaces;

15 Fig. 9 is a schematic view illustrating the
polishing pad of Fig. 7 further formed with a plurality
of concentric circles of different diameters each
composed of holes; and

Fig. 10 is a schematic view illustrating a -

20 polishing pad formed with a plurality of wave-shaped

concentric grooves while being further formed with a

10



WO 03/017347 C ainms PCT/KRO /01464 1. A chem cal nechanical polishing pad
used for a , chem cal nechanical polishing process, wherein a plurality of
wave- shaped concentric grooves of different 5 dianeters each having a

desi red deptdws@ardesi red width and a desired shape are f adiagraiorsds
polishing surface of the pad. 2. The chem cal nechani cal polishing pad
according to claim1l, wherein each of the wave-shaped concentric 10 grooves
has the form of a sinusoidal |oop having a nunber of cycles corresponding
to 3 to 1,000. 3. The chem cal nechanical polishing pad according to claim
1, wherein each of the wave-shaped concentric grooves has a width of 10 'Fm
to 10 mm 15 4. The chem cal nechani cal polishing pad according to claim1,
wherei n the wave-shaped concentric grooves are spaced apart from one

anot her, so as to have a groove 18 WO 03/017347

plurality of concentric circles of different diameters

and diametrical straight lines.

Best Mode for Carrying Out the Invention
Now, the present invention will be described in
5 detail in terms of its constitution and function, with
reference to the annexed drawilngs.
In accordance with the present invention, a CMP pad
is provided~which has, at a polishing surface thereof, a
plurality of wave-shaped concentric grooves of different
10 diameters each having a desired depth, width and shape.
The wave-shaped grooves of the present invention
have the form of concentric sinusoidal loops each having
a desired amplitude and a desired number of cycles.
Various examples of such wave-shaped grooves are
15 illustrated in Figs. 5 to 10, respectively. Such wave-
shaped concentric grooves each having the form of a
ginusoidal loop have diverse shapes in accordance with
the number of cycles and amplitﬁde of the sinusoidal
loop. For example, the wave-shaped concentric grooves

20 may have an asteroid shape. Preferably, the sinusoidal

11



space of 10 '"Emto 100 nm PCT/KRA /01464 5. The chem cal nechani cal
pol i shing pad according to claim1l, wherein the wave-shaped concentric
grooves are uniformy or non-uniformy spaced apart fromone 5 another. 6.
The chemni cavonwetiasri cal pol i shing pad according to cl ai m ger/kRerowasse- shaped
concentric grooves axe nonuniformly spaced apart from one another so that

t he groove space defined between adj acent ones of the grooves 10 is
gradual ly reduced froma central portion of the pad to a peripheral portion
of the pad. 7. The chem cal mechanical polishing pad according to claiml1,
wherein the pad is divided into a plurality of radial regions formed with

t he wave-shaped concentric 15 grooves, the grooves of each of the radi al
regi ons having the same groove depth, the sane groove w dth, and the sane
groove space while each of the radial regions being different fromthe
remai ning radial regions in terns of 19 WO 03/017347 PCT/ KRO1/ 01464 at

| east one of a groove depth, a groove wdth, and a groove space. 8. The
cheni cal nechadicogl hasl ias mumgpepadfacyolds ngorvezpyndimg do @ diond,000e 7,
wherein a plurality of 5 concentric circles each conposed of grooves, holes
or a conbi nati gihet hamst off delfurarRavesomayd ke ard |hYsrﬁanglsg&P9a<Eée.

number of cycles and amplitude of the sinusoidal loop in
accordance with the given polishing conditions.
5 Referring to Figs. 5, 7, and 9, wave-shaped concentric

grooves each having ‘the form of a sinusoidal loop having
a number of cycles corresponding to 12 are illustrated,
respectively. Also, Figs. 6 and 8 illustrate wave-shaped
concentric grooves each having the form of a sinusoidal

10 loop having a number of cycles corresponding to 6,
respectively.

Such concentric grooves, which have the same wave
shape, are formed on a polishing pad while being spaced
apart from one another in accordance withlthe present

15 invention. Preferably, each groove has a width of 10 Em
to 10 mm. Also, the space defined between adjacent ones
of the grooves is preferably within a range of 10 Em to
100 mm.

The wave-shaped concentric grooves formed on the

20 polishing pad may be uniformly or non-uniformly spaced

apart from one another. Referring to Figs. 5 and 6,

12



9. The chem cal nechanical polishing pad according to claim$8, wherein the
concentric circles are spaced 10 apart from one another so that they are
grouped into at |east two sets having different groove spaces. 10. The

chem cal mawhemial pol i shing pad according to claim8, weeayneooide
concentric circles are spaced apart fromone another so that the circle
space defined 15 between adj acent ones of, the concentric circles is
gradual ly reduced froma central portion of the pad to a peripheral portion
of the pad. 20 WO 03/017347 PCT/I1~t01/ 01464 11. The chem cal nechanica
pol i shing pad according to any one of clains 1 to 7, wherein one or nore
straight |ines each conposed of grooves, holes or a conbination thereof are
further formed at the polishing pad. 5 12. The chem cal nechanica

pol i shing pad according to claim 11, wherein the straight |ines are grouped
into a group of horizontal straight |Iines spaced apart from one another and
a group of -vertical straight |ines spaced apart from one another while
crossing the hgolishiady Irdst rarghtilliusésatedf orench | aft iwlait r besure. 13.
The chem cal nechanical polishing gad according to claim1l, wherein the
strai ght |inesPdis3sitpgedherae-ghared ecoprenksipol 9eaavias supifiesnly t hat

they are synnetrlcall arrapged in a di netrical direction. 15 14. The
cheni cal nechaﬁPé&Pdp ?EFl#é%ﬂﬁﬂ?ea€€8F Phg to any one of clains 1 to 7,

wherein a plurality concentric circles_each coqg osed, of gng%: holes

or a conbination t her'Bof 952" On8PHTE nBre JEFd

5 radius thereof. Preferably, the polishing pad has at
least two sets of grooves having different groove spaces
in order to minimize the non-uniformity of the slurry
caused by centrifugal force generated during a polishing
process.

10 For example, the groove space may be gradually
reduced from the central portion to the peripheral
portion of the polishing pad while being inversely
proportional to an increase in the radius thereof.

In accordance with the present invention, the

15 polishing pad may be divided into a plurality of radial
regions. Each radial region of the polishing pad may be
formed with a plurality of grooves having the same shape
while being uniformly spaced apart from one another.
Each radial region may bave a groove depth, groove width,

20 or groove different from that of the remaining radial

region.

13




WO 03/017347 PCT/ KRO J01464 conposed of grooves, holes or a conbination
thereof are further forned at the polishing surface. 15. The chem cal
mechani cal polishing pad according to any one of clainms 1 to 7, wherein the
wave- shapedwb ogorrsares are machined by a | aser. 22 . A A39. AtrRRoHN14&

9. A39. Ah3% AF% AF. AY. AF% AF. A3. AY% AhF% A {Y% A; FO. A{Y. A hFL. A{ 9. A

39%@ad . =ab#( 5| w mhc”XU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] cal] caU
] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] cTa 5D2| Upu|

FYEAT KDz #l %9%-% xr | gb] W] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU]c
aU] ca] ca] caU] calU] ca] ca] ca]ca]ca]ca]ca]calca]lcalcaUca ~%®9'))+):)))-

--& }--+111>1ML~555566>79990>6>C>R>~yt 0i d_YSU] cal] ca] ca] cal] ca] ca] ca] ca] ca]
cal] cal] ca] ca] cal] caU] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] caU] caU] ca] ca] ca] caU]
ca

R>BBBBEFFFFG 11 81 <I | QW dJkJzJJuK~KKKK: LaLLLL) M wr mhc”"YU] ca] ca] ca] ¢a] ca] ca]
ca] ca] ca] ca] ca] ca] caU] ca] cal].ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] cal] c
aUl calcaljca )M MMMVMWM4 shown in Fig. 6 or 7, the polishing pad may be

NANv NNNO? QEQRQaQQQ-RRR, S[ SS4TmTTTTTUU~yt oi c”YU] ca] ca] cal] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] c&ivared] datpcadvnes] eaficapEar chpetd kafeeUresPesULval¥a) cal ¢

ELiJeW@'\BV\j’ WAWN@REEiRRAXRE YaRRYaThe Tohde U8k & Civoleale%iRal} ERYMS Eat ca] ca)
ca) cal cal oal calgal | calcal calea) caloatl caled calealsalea) gl cahs galoal oal
1 10% <2 <8 () - 3TV T0osER<( Fo5 TRENRADIRE (- TOMAEL FoPEPR HB0eRe () - o
radius larger than the radius rp, (r > rg). Each of the
inner and outer radial regions has a uniform groove
space. Also, the inner radial region may have a larger
groove space than that of the outer radial region.

10 Concentric circles or lines each composed of holes,
grooves, or a combination thereof may be additionally
formed on the polishing pad formed with the above
described wave-shaped concentric grooves.

Referring to Fig. 9, a polishing pad is illustrated

15 which has, at its polishing surface, a plurality of
concentric circles of different diameters each composed
of holes, in addition to the grooves shown in Fig. 7.

The space between adjacent ones of the concentric circles
may be uniform or non-uniform. Also, the circle space

20 may vary gradually in accordance with the radius thereof.

Referring to Fig. 10, a polishing pad 1is
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illustrated which has, at its polishing surface, a
plurality of concentric circles of different diameters
each composed of holes and four diametrically-extending
straight lines each composed of holes, in addition to the

5 above described wave-shaped concentric holes.

Preferably, the straight lines formed on the polishing
pad are symmetrical in a diametrical direction. of
course, it is possible to form straight lines in the form
of a lattice or oblique lines.

10 As apparent from the above description, the present
invention provides a polishing pad formed with a
plurality of wave-shaped concentric grooves of the same
shape while having different diameters. It is possible
to make the grooves with diverse patterns by varying the

15 wave shape, groove width, groove depth or groove space.
The pattern of the grooves may be further diversified
where the polishing pad is additionally formed with a
plurality of concentric circles or straight lines each
composed of grooves, holes or a combination thereof.

20 In order to allow the slurry to easily approach the

central portion of the wafer during the polishing
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process, the groove space, width or depth at a portion of

the polishing pad most frequently contacting the central
portion of the wafer may also be adjusted.

Preferably, the formation of holes or grooves

5 according to the present invention is achieved using a

laser machining process. The laser machining process

provides advantages in that it is capable of precisely

machining holes or grooves having a complicated

structure, making the holes or grooves with a smooth

10 inner surface, and easily adjusting the shape, size, and

depth of the holes or grooves.

Industrial Applicability
The polishing pad, which is formed with a plurality
of wave-shaped concentric grooves having the same shape
15 while having different dlameters in accordance with the
present invention, is advantageous in that it can have
diverse groove and hole patterns capable of optimally
meeting the given poliéhing process conditions.
The wave~shaped grooves of the polishing pad

20 according to the present invention provides an increased
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area, through which a slurry passes before outwardly
being discharged during a polishing process, as compared
to grooves having the form of concentric circles.
Accordingly, it is possible to retard the discharge rate

5 of the slurry while uniformly distributing the slurry
over the polishing surface, and effectively controlling
the flow of the slurry during the polishing process,
thereby maintaining é stable desired polishing rate and
~achieving an improved planarization.

10 Although the preferred embodiments of the invention
have been disclosed for illustrative purposes in
conjunction with a polishing pad having wave-shaped
grooves, those skilled in the art will appreciate that
various modifications, additions and substitutions are

15 possible, without departing from the scope and spirit of

the invention as disclosed in the accompanying claims.
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Claims

1. A chemical mechanical polishing pad used for a

chemical mechanical polishing process, whereln a
plurality of wave-shaped concentric grooves of different

5 diameters each having a desired depth, a desired width
and a desired shape are formed at a polishing surface of

the pad.

2. The chemical mechanical polishing pad according
to claim 1, whereiln each of the wave-shaped concentric
10 grooves has the form of a sinusoidal loop having a number

of cycles corresponding to 3 to 1,000.

3. The chemical mechanical polishing pad according
to claim 1, wherein each of the wave-shaped concentric

grooves has a width of 10 Em to 10 mm.
15 4. The chemical mechanical polishing pad according
to claim 1, wherein the wave-shaped concentric grooves

are spaced apart from one another, so as to have a groove
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space of 10 Em to 100 mm.

5. The chemical mechanical polishing pad according
to claim 1, wherein the wave-shaped concentric grooves
are uniformly or non-uniformly spaced apart from one

5 another.

6. The chemical ﬁechanical polishing pad according
to claim 1, the wave-shaped concentric grooves are non-
uniformly spaced apart from one another so that the
groove space defined between adjacent ones of the grooves

10 is gradually reduced from a central portion of the pad to

a peripheral portion of the pad.

7. The chemical mechanical polishing pad according
to claim 1, wherein the pad is divided into a plurality
of radial regions formed with the wave-shaped concentric

15 grooves, the grooves of each of the radial regions having
the same groove depth, the same groove width, and the
same groove space while each of the radial regions being

different from the remaining radial regions in terms of
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'at least one of  a groove depth, a groove width, and a

groove space.

8. The chemical mechanical polishing pad according

to any one of claims 1 to 7, wherein a plurality of

5 concentric circles each composed of grooves, holes or a
combination thereof are further formed at the polishing

surface.

9. The chemical mechanical polishing pad according
to claim 8, wherein the concentric circles are spaced
10 apart from one another so that they are grouped into at

least two sets having different groove spaces.

10. The chemical mechanical polishing pad according
to claim 8, wherein the concentric circles are gpaced
apart from one another so that the circle space defined

15 between adjacent ones of the concentric circles is
gradually reduced from a central portion of the pad to a

peripheral portion of the pad.
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11. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein one or more straight
lines each composed of grooves, holes or a combination

thereof are further formed at the polishing pad.

5 12. The chemical mechanical polishing pad according
to claim 11, wherein the straight lines are grouped into
a group of horizontal straight lines spaced apart from
one another and a group of vertical straight lines spaced
apart from one another while crossing the horizontal

10 straight lines to form a lattice structure.

13. The chemical mechanical polishing pad according
to claim 11, wherein the straight lines cross together at
a center -of the polishing surface so that they are

symmetrically arranged in a diametrical direction.

15 14. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein a plurality of
concentric circles each composed of grooves, holes or a

combination thereof and one or more straight lines each
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composed of grooves, holes or a combination thereof are

further formed at the polishing surface.

15. The chemical mechanical polishing pad according
to any one of claims 1 to 7, wherein the wave-~-shaped

5 grooves are machined by a laser.
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