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CLISHING PAD CONDI TI ONI NG This invention relates to polishing of thin

rk- pieces such as silicon wafers used in sem conductors. Background of

‘The | nvention In machining processes such as polishing or pl ﬁ%gni
t hi n wor kpi eces, such as silicon sub- strates or wafers used in integrated -
circuits, a wafer is disposed between a carrier or pressure plate and a
rot atabl e polishing table carrying on its surface a polishing pad. The
pressure plate applies pressure so as to effect renoval of rough spots from
the wafer and to produce a surface of substantially uniformthickness on
the wafer. Cenerally, the polishing apparatus includes a rigid pressure
plate or carrier to which unpolished wafers are adhered, with the wafer
surfaces to be poli-shed exposed to a polishing pad whi ch engages the sane
wi th polishing pressure. The polishing pad and car ier are then typically
both rotated at differential velocities to cause relative [ateral notion
between the polis ing pad and the wafer front side surfaces. An abrasive-
slurry, such as a colloidal silica slurry, is generally provided at the
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POLISHING PAD CONDITIONING

This invention relates to polishing of thin work-
pieces such as silicon wafers used in semiconductors.

Background Of The Invention’

In machining processes such as polishing or
planarization of thin wofkpiéces, such as silicon sub-
strates or wafers used in integrated circuits, a wafer is
disposed between a carrier or pressure plate and a
rotatable polishing table carrying on its surface a
polishing pad. The pressure plate applies pressure so as
to effect removal of rough spots from the wafer and to '
produce a surface of substantially uniform thickness on the
'wafer.

Generally, the polishing apparatus includes a
rigid pressure plate or carrier to which unpollshed wafers
are adhered, with the wafer surfaces to be polished exposed
to a polishing pad whlch engages the 5ame with polishing
pressure. The polishing pad and carrier are then typically
both rotated at differential velocities to cause relative
lateral motion between the polisiing pad and the wafer
front side surfaces. An abrasive slurry, such as a
colloidal silica slurry, is generally provided at the
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pol i shing pad-wafer surface interface during the polishing operation to aid
_in the polishing. The preferred type of machine with which the present
“invention is used includes a rotating polishing wheel which.i ably
driven about a vertical axis. Typically, the poli T HASPBEEN bes a
horizontal ceramic or netallic platen_ lhe polish
various materials, as is known in the art, and whi -
commercially. Typically, the polishing pad is a bl own pol yurethane, such as
the 1C and GS series of polishing pads avail abl e from Rodel Products
Cor por at i on pf) §3HINGS pakicwalerZ8iRraddCiiPéFfRss QUKL RYe! polishiag

polishing pad is routinely selecited b d,on the type of material that is
to be poIisﬁﬁiraﬁiganPi§ﬁpnénp§%ei§°f€§g}%%‘about a vertical axis and has

an annul ar polishing Thef preferredi type hef madhinecdthawhichatbe i n
confined posj,tLl ) o] |1 Sk ;

superi npose?l{aets%glc%hgg‘v%gﬁgﬁioﬁggg dr%?%ﬁ%%t%%%&vim%goﬁggﬁghgﬁ ngs-
about abr as#heele¥hich dperphafablytdriver akpyth @ yerticidad®d®nt with said

pol i shing saniAcal11d, kRROPbEANSRihG WhéeD USSmpIidEs@s Horibataai nt enance of
the polishin ad surfac D, | ana CPnd%ééon %hﬁnm)t nt i él free of
surface irr PEG f’é's.me‘%ﬁhj bgl Pgﬁ{:ﬁﬁ pa t%?]gin %}F ngs n ? in the
pol i shi ng ofermeidowfandriontaneterialegudsiris ikpoweial dhet Betei apdand t hese
probl ems ”“§5f@i %9%rQQEEQable'commercially. Typically, the polishing
pad is a blown polyurethane, such as the IC and GS series
of polishing pads available from Rodel Products Corporation
of Scottsdale, Arizona. The hardness and density of the
polishing pad is routinely selected based on the type of
material that is to be polished. The polishing pad is
rotated about a vertical axis and has an annular polishing
surface on which the work pieces are placed in confined
positions so that movement of the polishing wheel and the
superimposed attached polishing pad relative to the work
pieces brings about abrasive wear of the latter at their
surfaces in engagement with said polishing surface. Of
importance in all such machines is the maintenance of the
polishing pad surface in planar condition and substantially
free of surface irregularities. The polishing pads tend to
wear unevenly in the polishing operation and surface ir-
regularities develop therein, and these problems must be
corrected.

Objects Of The Invention

It is therefore a principal object of this
invention to provide for conditioning of polishing pads to
remove surface irregularities and achieve a planar pad
condition.: '

_ It is another object of this invention to provide
an apparatus for conditioning of polishing pads during a
polishing operation to remove surface irregularities and

achieve a planar pad condition.
This Sheet Has Been Replaced
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2 2 APR1997 -3 - Summary of the Invention It is the object of the
present invention to aneliorate one or nore of the above- nentioned
ﬁlsadvantages According to one aspect of the invention there i s disclosed

an apparatus for polishing a workpiece which conprises T@ a
rotating polishing wheel having secured tqQ its top sur | HASiBEgNdad,
a vertically novable carrier elenent for carrying a ' EDe

polished into contact under pressure with said polishing pad, an
conditioning el enent supported by said carrier elenment and having on its

bottom surface cutti ngrm%uﬁtmesedjeataofl tRbkaineontion res imini-or
conditionin the gﬁllsrn41 con%act therewith. %ﬁccor$i to another

aspect of tHETFRVERE IR §sBHILSRELRS P
wor kpi ece mhatheroathspnixshmngﬂapgrataannler el enent and a condltloning

el enent, supporting the. @Qteb?"EHF Th%@nﬁf&ncf§ré6” N , anq

cont aCtI ng the workpiece wt the carrier enent so_as to press t e

- wor kpi ece i nf@r coptERT manaveRentt ofi fjepprlinhing prd| suFtade iRFBIAR ed on
I ts upper suUshd@CfoWdHiest Ia'ﬁmlwla@dmgn p&li@hﬁﬁéeﬁém@ﬁl Fd ks afnd he

Vo KPLeCe Kb a%ed? e s e iy S e Pl 6Lkl e i v P (e

wafer.

A further object of the invention is to minimize
any surface trench which normally forms due to polishing.

A further object of the invention is to achieve
practical benefits when longer polishing times are
utilized.

A still further object of the invention is to
provide consistency from'polishing run to run due to the
minimization of pad damage which occurs during polishing.

Summary Of The Invention
The present invention is directed to conditioning

a polishing pad so as to manage the surface profile and
roughness of the pad while the pad is performing a
polishing operation. This is accomplished according to the
present invention by use of a circular conditioning element
having on its lower surface cutting means which contacts
and abrades the polishing pad under pressure while the pad
is accomplishing polishing of a substrate. The condi-
tioning element is attached to the wafer carrier pressure
plate and rotates therewith. The conditioning element
extends below the bottom surface of the carrier and has a
downwardly extending leg portion with its terminus having
cutting means thereon. When the wafer carrier is applying
pressure to cause the wafer to contact the pad for
polishing the cutting means of the circular conditioning
element also contacts the pad and conditions it simul-
taneously with the polishing operation.

This Sheet Has Been RT
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Brief Description O The Drawings Figure 1 is a schematic side view of
~typical apparatus for polishing thin workpi eces, such as sem -conduct or
waf ers, and including the integral pad conditioning nmeans of this
invention. Figure 2 is a schematic bottom plan view tEee
pol i shi ng apparatus including the pad gogd_i_t I oni ng Ofaﬂi’g "@f‘ﬁ. HAS BEENi on.
Description O The Preferred Enbodinments Figure 1 illlustra EELRGED'preferred
formof conditioning elenment according to this invention. During portshing
the substrate 11 to be polished, such as a silicon wafer, is placed face

down to abut polishingrRad, ldccording WY thd pridsent! Ineth@gosdat 0 the upper

f f t at abl | i shi 15.. A netal ' ' 18 i
Gsed o appl FUESHERERAFD BF cRCL Shh 4 R QR S0Rer BrBPEGER i Pk e 10,
Substrate llcoathetdwithcarrotatiiy polishing whesds hkwdng on its appersuch

f ' ; [ I 19
of " ur ot hane SR FRSY, EOT IMEng pd lec s Z‘E@ﬁf?%%?gl%ﬂ?ﬁ&;?%ﬁéﬁf the

surface of tBubghtateor Whblerpokishing the isuthskrakeg thel pelishingi ng ring
20 is SeCUfeﬁaaoiﬁaéiésrc&ﬁti&%&&”ﬁftﬁ”atébdﬁ%ﬂﬁ@ﬂinbhélﬂﬁéﬁﬁ ﬁ&@ﬂh§|ipping
| aterally fr8n1beneath carrier 18 duying oI|ipg%%.cékagtgggagﬁgdpag.
Usually, and preferably, an abrasive slurry is applied
between the polishing pad and substrate to achieve enhanced
ﬁolishing.

'The present invention involves, in combination,
a rotating polishing wheel having secured to its top
surface a polishing pad and a vertically movable carrier
element for carrying a workpiece to be polished into
contact with the polishing pad and exerting a desired
pressure on the workpiece. Operatively attached to the
carrier is a conditioning element movable with the carrier
and having on its bottom surface cutfing means disposed in
a circular configuration for conditioning the polishing pad

utting means thereon which contac

by contact therewith.

Brief Description Of The Drawinds

Figure 1 is a schematic side view of typical
apparatus for polishing thin workpieces, such as semi-
conductor wafers, and including the integral pad
conditioning means of this invention. _

Figure 2 is a schematic bottom plan view of the
typical'polishing apparatus including the pad conditioning
means of this invention. '

Description Of The Preferred Embodiments

Figure 1 illustrates one preferred form of
conditioning element according to this invention. During
polishing the substrate 11 to be polished, such as a
silicon wafer, is placed face down to abut polishing pad 13

This Sheet Has Been Replaced
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carrier 18 is pad conditioning elenent 24 which is aring fornmed of arigid
material, such as netal, having an inverted L configuration. As shown in
"Figure 1, the downwardly extending | eg 27 of ‘conditioning el ement 24
‘termnates in a sharp cutting tip 30, say at an angle of about 450. The
cutting tip can be hardened for extended life, or provided with a dianond
cutting edge, for exanple. Leg 27 is of Bufficient length so that the
cutting el ement 30 contacts the polishing pad. Bolts 26 | oosely secure the
conditioning elenment 24 to carrier 18 so as to permt limted verti cal

nmovenent but_pot. | ateral venent .of. qgondi.ti oni ng el egent 24. i
vertical nov ﬁéﬁP ol b’ﬁ%&f’(’o ?Wlbefde&é’n%h’ﬂuﬁ’?ﬁ%egﬁrgggéeﬂénﬁ%.ag%é%ﬁﬁd 29
- is permttedpedishangcwhhéehglPpoi nt 30 contacts pad 13 by virtue of. its own

pergnt. Additlonal velghhefad |d0%dhafial 309098t 9000 t8PILY £EN!
24 to increase weight and conditioning capability. ternative he
downwar dl y eRP¥RVRRY PEessyre @m%m bagksdde, °€aﬁuh§véa53f¥£t bot t om’

surface 42 wshpbtraténierisiheXt thy farpierpher dly virdbusi héather kse@nent s
42a, 42b, 42¢ agg sorﬁorth carry?%gha harq cuétlg cnater|a+ M@Igh presents
a sharp cuttiRg*P8cBto PHE RF4 FXEP-Ss &Y Y8°EERRDI PERYE6ndi ti oni ng,
i .e., truingsunfadectension! tAhommtiecitiveylayer Répefsunethane or the
like is attached to pressure plate 18 to protect the |
surface of the wafer or substrate being polished. A
circular retaining ring 20 is secured to carrier 18 by
bolts 21 to prevent the wafer from slipping laterally from
beneath carrier 18 during polishing. Also attached to
carrier 18 is pad conditioning element 24 which is a ring
formed of a rigid material, such as metal, having an
inverted L configuration. As shown in Figure 1, the
downﬁardly éxtending_leg 27 of conditioning element 24
terminates in a sharp cutting tip 30, say at an angle of
about 45°. The cutting tip can be hardened for extended
life, or provided with a diamond qutting edge, for example.
Leg 27 is of sufficient length so that the cutting element
30 contacts the polishing pad. Bolts 26 loosely secure the
conditioning element 24 to carrier 18 so as to permit
limited vertical movement but not lateral movement of -
conditioning element 24. Slight vertical movement of
conditioning element 24 between spaced nuts 28 and 29 is
permitted so that cutting point 30 contacts pad 13 by
virtue of its own weight. Additional weighted rings 40 can
be added to conditioning element 24 to increase weight and
conditioning capability. :
Alternatively, the downwardly extending leg 27,
as shown in Figure 2, can have a flat bottom surface 42
which is interrupted to form a plurality of circular
segments 42a, 42b, 42c and so forth carrying a hard cutting
material which presents a sharp cutting face to the
polishing pad so as to accomplish conditioning, i.e.,
truing and dressing of the polishing pad. Representative
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-6- of said hard cutting materials 44 are dianond particles or grits,
'polycrystalline chi ps-slivers, cubic boron nitrite particles, silicon
carbide particles and saw bl ades such as band saw bl ades with the regul ar
alternate type, i.e., one bent to the right and the next to the left, or
with the alternate and center set in which one tooth is bent to the rlght
the second to the left and the third sfrélght in the center. Such separate
or discrete cutting elenents 44 can be secured to the bottom surface of the
conditioning ele- nment 24 by various nmeans such as, for exanple, by use of

kpown, DOl N, PGS 1SRN AR 1SS! oL kLE" g SIEk | Etmad hebilands 2

the like, ressure ate carriér
i s noved dowemirtdy p@}mystmbmenehhmrshivmnscw drenod ngdmdtsl |y by

the nuneral 3jrt@RAral Q&l%oﬁ”é&i‘ﬁiaé ﬁﬂi-tﬂgfés 3&1& AL D1AHEd VRS as
carrier platg 18. The_pneumati,c c¥€|n er |owers the carrier 18 and

adj ustabl y f say blages; Figh, §sﬁ?@l%f%}tiﬁnaafgeal%e'pé} iEshi APSpad
13. It is toHemthadcedhiehatighbeandt thagnertnso fhe ol f iomiwith thepad, be

L 2 sharp POl afd bnBerebat! VE! YnlLAlofd UL SPUBR 2 a1V ng

cutting ele I nuods rovi out
portions 50 ctightnf &hensespng tpspbecliedt cand thﬂe third straight in the

center. Such separate or discrete cutting elements 44 can
be secured to the bottom surface of the conditioning ele-
ment 24 by various means such as, for example, by use of
known bonding agents such as resins, rubber, shellac,
vitrified bonds .and the like, or nickel plating.

For polishing, the pressure plate carrier 18 is
moved downwardly by well known mechanical means designated
generally by the numeral 32. Operation of pneﬁmatic
cylinder 33 raises and lowers carrier plate 18. The
pneumatic cylinder lowers the carrier 18 and adjustably
forces, at a desired pressure, wafer 11 against polishing
pad 13.

It is to be noted that the dutting means for
conditioning the pad, be it a sharp pdinted tip 30 or a
relatively flat circular segment 42 carrying cutting
elements 44 is not continuous but is provided with spaced
cut-out portions 50 circumferentially disposed around the
lower periphery. These cut-out portions 50 permit swarf
and fluids to escape from the interior of the conditioning
device.

In a typical operation, a substrate 11 to be
polished, such as a silicon wafer held by carrier or
pressure plate 18, is brought into contact with polishing
pad 13 which is secured to polishing wheel 15. Preferably,
to maximize polishing, an abrasive slurry is introduced
between the pad and substrate. Various types of well known
abrasive slurries can be used. The pressure applied to the
polishing pad by carrier 18 can be selected as desired and
depends upon the speed of rotation of the wheel 15 and the
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| ower periphery. These cut-out portions 50 permt swarf and fluids to
.escape fromthe interior of the conditioning device. In a typical
“operation, a substrate 11 to be polished, such as a silicon wafer held by
carrier or pressure plate 18, is brought into contact with polishing pad 13
which is secured to polishing wheel 15. Preferably, to maxi m ze poli shing,
an abrasive slurry is introduced bet weerd the pad and substrate. Various
types of well known abrasive slurries can be used. The pressure applied to
t he polishing pad by carrier 18 can be selected as desired and depends upon

t he speed of_rotation of .the nd & - /- tupe br.asi ve
slurry used.tﬂ%foeé aagﬁ?,sﬁtvh%é s:%g‘%gly %%esét a%ggf?ﬁa}#%' s%ipn%_‘g{er%ctll%zn as does
the carrier ydtatesi grhithe same diregticnoasofoesathe JRrIARTMIALO1IA hese

el ements is Behj SURHE DF TRARTIh SrdsRakY FB! O'Rofsticn V&¥ ltndwuwn. Wen the
carrier plate 18 is lowered so as to aRgI% preasure on the subatratﬁégo
mgang Ry ¥ Waso -

cause it to ¢ReRts % ahieyed by Y SIHRRR 2% 1S

pressed dowkridwri hatwhdie thevcartrdey geptadisgipoléwared o sndd fappliyt ti ng

LT oA L i aReale' By Bkl 458 el W (e
polishing pad, conditioning element 24 is also pressed down
so that the downwardly depending portion carrying the
cutting elements contacts the polishing pad 13. By virtue
of rotation of the polishing wheel 15 and carrier plate 18,
a lateral drag is asserted so that the conditioning element
24 trues and dresses the polishing pad 13 while the
polishing operation is beihq conducted. Abrasive polishing
continues in known manners until a highly planar surface is
produced on the substrate. '

While the drawing illustrates apparatus for
polishing a single wafer, multiple wafers, such as five
wafers, may be polished at a time by a multihead wafer
polishing assembly operating in conjunction with a rotating
polishing wheel. Such multihead wafer polishing assemblies
are well known in the art, such as that, for example,
disclosed in United States Patent No. 5,329,732.

The present invention, which permits "in process"
polishing and conditioning of polishing pads, offers
numerous advantages. It is particularly advantageous for
polishing operations in which a plurality of workpieces are
simultaneously polished on a polishing wheel. In such
multiple polishing operations the damage to polishing pads
is generally greater. The invention enables greater
control of the polishing pad surface profile and roughness
which translates to higher removal rates and improved
removal uniformity across the surface of a thin workpiece.
Also, the need for aggressive pad conditioning after
polishing each batch is greatly reduced and may even be
eliminated. This results in improved throughput and cost
reduction. '



“conduct ed. Abrasive polishing continues in known manners !

a Iatéraf drag is asserted so that the conditioning elenen%\QARLng§\Eﬂg\\\‘
dresses the polishing pad 13 while the polishing operation is being
pl anar surface is produced on the substrate. Wile the dr

apparatus for polishing a single wafer, pultiple wafers; - such a§-fuwﬂ1¥wﬁﬂ
waf ers, may be polished at a tinme by a 1Ti head waf er pollshlng assenbl y
operating in conjunction with a rotating polishing wheel. Such nultihead
waf er polishing assenblies are well known in the art, such as that, for

exanpl e, disclosed in @Hbééqméaf¥fﬁhﬂf3ﬂ§"anﬁpeqﬁaaaieﬁeg wﬂﬂ@hpféifnt

i nvention, which, permts "ip proc ollshlng nd |t|on|ng 8
pol i shing paH&t hbﬁfE?% ﬁBﬁ¥&5d§Ed§Vhdﬂ% 1opy are 8r BcGPRPEFERAYaRt ageous
for polishi ngappethérens. i n which a pIurallty of workpi eces are

si mul t aneously polish Tl eel. In such nultiple polishing
operations the damage pof$gﬁbﬁgh%g§§is generally greater. The invention
enabl es greater control of the polishing pad surface profile and roughness
whi ch transl ates to higher renoval rates and i nproved renoval uniformty
across the surface of a thin workpiece. A so, the need for aggressive pad
conditioning after polishing each batch is greatly reduced and may even be
elimnated. This results in inproved throughput and cost reduction.



APR 1997 CLAIMS: 1. Apparatus for polishing a workpi g
in conmbination, a rotating polishing wheel having secur ed~to=
surface a polishing pad, a vertically novable carriér elenment for carryiT

a wor kpiece to be polished into contatt2under pressure wi tﬂﬂﬂﬂ’l ¥ G .
pad, and a conditioning elenent supported by said carrie[ “EfeiE Ii' I ””w
having on its bottom surface cutting neans disposed in acirculart # s ¥ .
configuration for condjtioping the polishi.ng,.pad by contact therew th. 2.
The apparatus of claint1 V\#@%%qﬁf%tﬁ%ﬁ%ﬁaéeWBFEPFIECEOHE?‘??Wi ng

el ement terobmprésesp instempinaiivn,t @ deftatdrigh@odishing whee. 3. The
apparatus o . A | | 1100 | ' ovided with
apaced cut -BariAaTEdcibe LS 1P ST R Al Bl TRl nl Bl et U of

cl ai m 1 whevVerhicaktly meyaklecarr ek elamentyforn Gasryingt 3 WerkPéaceo t he

\tzﬁt toms ;JL faseltotefp&hﬁsﬁe@diﬁwr&&a:ﬁteriﬁiagr %ﬁe_sg:ﬁﬁeaﬂg.ﬁha_ﬁi_ﬁidm claiml f

erein the c hg neaps copprise dignond particles. 6. e.apparatus o

1l m 1 whePBLiERRBECRRE: e RO ARAne: et pgpapie vieR Sas
carrier element having on its bottom surface cutting means
disposed in a circular configuration for conditioning the
polishing pad by contact therewith.

2. The apparatus of claim 1 wherein the bottom
surface of the conditioning element terminates in a sharp
point to define the cutting means.

3. The apparatus of claim 1 wherein the condi-
tioning element is provided with spaced cut-out portions
along its lower periphery.

4. The apparatus of claim 1 wherein the cutting
means are hard cutting elements secured to the bottom
surface of the conditioning element.

5. The apparatus of claim 1 wherein the cutting
means comprise diamond particles.

6. The apparatus of claim 1 wherein the cutting
means comprise cutting teeth.

7. The apparatus of claim 1 wherein the cutting
means comprise a serrated blade.

8. A method of polishing a workpiece which
comprises bringing under pressure a workpiece to be
polished into contact with a rotating polishing wheel
covered on its upper surface with a polishing pad so as to
effect polishing of the workpiece, and wh%iijggggﬂgyngggL;f;

is Sheet Has Been Replaced
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7. The bpparatus of claim1l wherein the cutting nmeans cqmp rrated

bl ade. 8. A nmethod of polishing a workpi ece which conprisd
carrier element and a conditioning el enent, supporting
element with the carrier elenent, and contacting the workpi ece
carrier element so as to press the morgg'qge into contacbmﬂ

r

: 9 :
rotating polishing wheel which is cove on its upper;s ”Hgfljl’,ﬂgﬂ”(l"/
polishing pad, so as to effect polishing of the workpiece; andisOydINt
condition the pad by contacting the pad wi-th the conditioning el ement whi | e
po"sh'rKJtI%%fﬂﬂﬂﬂ@ee%%n&%ctiﬁg”ﬁhaOﬂaécﬁﬂfﬂ'@gcéﬁai%iﬂﬂﬁﬁb afeaderith an
abrasive slurry s introduced between the p0||€h%$%“p d and, wor kpi ece
during pol i VS FRttAngePRENSEREFEPR LR CAURA WY '%ffer%q% t he
conditioning elenent is rotated while contacting the pad.
9. A method according to claim 8, wherein an
abrasive slurry is introduced between the polishing pad and

workpiece during polishing.

_ 10. A method according to claim 8, wherein the
conditioning element is rotated while contacting the pad..
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