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IN-SITU POLISHING PAD FILATNESS CONTROL
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 workpieces, such as silicon 'sub-
strates or wafers used in integrated circuits, a wafer is
disposed between a carrier or pressure plate and 5
rotatable polishing table carrying on its surface a

: polishinq_pad. The pressure plate applies pressure so as
to effect removal of a determined amount of oxide coating
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 unpolished wafers
are adhered, with the wafer surfaces to be poliéhed exposed
to a polishing pad which engages the same with ‘polishing
pressure. The polishing pad and carrler are then typlcally

" both rotated at differential; we&ocltles to*caqse relative
lateral motion between the pollshlng pad ana* ihe wafer
front side surfaces. Aan abrasive slurryygsuch as ‘a
colloidal silica slurry, is generakly pnovxded«atmthe \ k;
polishing pad-wafer surface interféce du;inqﬁtqu*gblfshlng

" operation to aid in the polishing.
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front! side surfaces. An abrasive slurry, such as a colloidal silica
slurry, is generally provided at the polishing pad-wafer surface interface
during the polishing operation to aid in the polishing. -2- The
preferred type of machine with which the present invention is used includes
a rotating polishing wheel which is rotatably driven about a vertical axis.
Typically, the polishing wheel conprises-azhorizontal ceranic or netallic
pl aten covered with a polishing pad that has an exposed abrasive surface
of , for exanple, ceriumoxide, alum num oxide, funed/precipitated silica or

materi s, a5 15 known | LEEnE* areetentkRe RERaCRI Y iR Sy (oo DS

Typi cal |y, theppesenhi Agvpadien adsbused porjudeshangotatcingaakishingnd GS

series of polighbBY RRIEnAYEI kBRheabl9MaRedeh BLRAMCTS Vit i fbis.
Typically, the polishing wheel comprises a horizontal
ceramic or metallic_plateh covered with a polishing pad

’ that has an exposed abrasive surface of, for example,
cerium oxide, aluminum oxide, fumed/precipitated silica or
other particulate abrasives. The polishing pads can be
formed of various materials, as is known in the art, and
which are available 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 sd 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 substahﬁially _
free of surface irregularities. The polishing pads tend to -
wear uneveniy in the polishing operation and surface ir-
regularities develop therein, and these problems must be
corrected.

In wafer planarization-processes for oxide layer
polishing, the polishing pad may too rapidly become "out of'_
flat" by virtue of a groove called a "“track" being formed |
in the pad. Grooving or tracking of the polishing pad is
caused by the leading edge of the wafer dipping and digging
into the pad. Abrasive dressing of the pad to remove the
track also wears out the polish pad prematureiyf In
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Jof Stottsdale, Arizona. The hardness and density of the polishing pad is
routinely sel ected based on the type of material that is to be polished.
The polishing pad is rotated about a vertical axis and has an annul ar
pol i shing surface on which the work pieces are placed in confined positions
so that novenent of the polishing wheel and the superinposed attached
polishing pad relative to the work pieces Brkngs about abrasive wear of the
|atter at their surfaces in engagenent with said polishing surface. O

i mportance in all such machines is the mai ntenance of the polishing pad

surface in planar condjtion and substantially.free of surface
irregul ariti e9riveR HiAt PldEeRRdstRede?d TREe 9hebRAI PoLAShHEIHRSShi ng
operation and geHdLELY lrocd®gs!| fitthes oevefoPmt Breetantardakliese probl ems
must be corrected. In wafer planarization processes for oxide |ayer :
pol i shing, the polishing pad may too rapidly become "out of flat" by virtue
of a groove called a "track" beidkfid¢cs@f The hEnyantionoovi ng or tracking
of the polishing pad is £aupgdebyriPerd cadhponedgs1obplhetWaiekndisppi ng and
Flgglng 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
minimize the need for a separate aggressive pad con-
ditioning after each polishing operation.

A further object of the invention is to provide
for better management of the polishing pad surface profile
and roughness by achieving high poclishing removal rates and
improved removal uniformity across the surface of the
wafer.

A further object of the invention is to minimize -
surface grooves or tracks which form in the pad due to
polishing.

A further object of the invention is to control
and maximize uniformity of wear of polishing pads.

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 control the surface profile and
achieve uniformity in wear of a polishing pad by causing

the workpiece and polishing pad to oscillate radially
relative to one another with the extent of the oscillaéing
movement being sufficient so that the workpiece extends

over the edges of the polishing pad. The-relative .
oscillating movement is conducted while the pad and

workpiece are rotating, as is conventional.



Jinta'the pad. Abrasive dressing of the pad to renove the track al so wears
out the polish pad prematurely. In polishing silicon wafers individually
secured to power -3- driven flat platens, thewear rate of the polishing

pad generally occurs farther out fromthe center agiSshedtaSfdes REJacdhe

] provi de
for conditioning of polishing pads to remb¥e-surfac “ﬂ"ﬂu‘ummﬁs and
achi eve a planar pad condition. It is another object tionto
m ni m ze the need for a separate aggressive pad con- ditioning after each
pol i shing operation. A further o%bect of the invention is to provigde for

better management of thelpBl PERFRPCpaBVEDFEIRePEPYAARE BndSRRhiRKs by
achi evi ng hi ghpebi slsimeiga reovkplieceat wéthnd rotating polishing wheel

having a polish pad thereon to improve the flatness of the

Invention It is therefore a principal object of thlq

surface being polished. The method comprises bringing the
workpiece to be polished into contact with the polishing

' pad and applying pressure therebetween while both the
polishing pad and workpiece are simultaneously rotated.
While the pad and workpiece are rotating they are radially
oscillated relative to one another to the extent that the
workpiece extends over the edges of the polishing pad to
avoid tracking and distribute wear over the surface of the
polishing pad.

When the polishing pad is in annular form having
inner edges and outer edges, the rotating workpiece is
oscillated in an arc sufficient to extend over both edges.
Preferably, the workpiece is oscillated so that about one-

. sixth of its diameter extends over the edges when the
j workpiece is at the extremes of oscillation.

: Appératus advantageously used for practice of the
present invention comprises a rotatable polishing pad
mounted over a motor driven platen and a rotatable carrier
or head for carrying one or more workpieces to be polished.
The carrier head is adapted for vertical movement to bring
the workpiece into'conta¢t with the polishing pad and also
for radially oscillating movement to an extent that a work-
piece is rédially,cscillated'over and beyond the edges of
the polishing pad.

Brief Description Of The Drawings
Figure 1 is a perspective view of an exemplary

apparatus for practice of the invention. _

Figure 2 is a plan view of a polishing pad
showing the preferred extent of radial oscillation of a
6-inch diameter workpiece being polished.



;ﬁnprdved removal uniformty across the surface of the wafer. A further

obj ect of the invention is to mnimze surface grooves or tracks which form
in the pad due to polishing. A further object of the invention is to
control and maxim ze uniformty of wear of polishing pads. A still further
object of the invention is to provide consistency frompolishing run to run
due to the mnim zation of pad damage whiTh° 6tcur s during polishing.
Sutmary O The Invention The present invention is directed to conditioning
a polishing pad so as to control the surface profile and achieve uniformty
n wear of @ polishing padJureausida HANCIER] &P £bPOLA FRG agad to
oscillate radially . relative to one another with the extent of f

oscillating nm?@ﬁ%’r}mb&% REgfErEeshedenthaf madimk Igrebblakiendaf ovar
the edges of tieipeh Sianeteadwollkd ilededlieitP Pl isHddg novenent is
conducted while the pad and workpi ece are rotating, as is conventional.

Description Of Preferred Embodiments

Figure 1 illustrates the present invention and
shows a workpiece 11, such as a thin silicon wafer, which
is to be polished carried by a rigid head or carrier 13.
Various means are known in the art for securing the work-
piece to the head, including vacuum means or wet surface
tension. The head 13 is attached to operating arm 16 which
is adapted for vertical movement so as to raise and lower
the workpiece 11 out of and into engagement with the
polishing pad 18. The operating arm 16. is adapted for
vertical and horizontal movement through pressure cylinder
20. Arm 16 is also adapted for oscillating horizontal
movement so that the workpiece 11 traverses the entire top
surface of pad 11 and extends over the inner edge 18A and
outer edge 18B of the pad when at extreme limits of its arc
of:ogcillatioh. The specific structure of operating arm 16
is not of concern with respect to the present invention.
Operating arms which function to exert both vertical and
horizontal oscillation movement are known to-the art. For
example, an operating arm such as arm 16 can be of the type
described in United States Patent No. 4,141;180.

Figure 2 shows the preferred minimum extent of
radial oscillation of a 6-inch diameter workpiece relative
to the polishing pad. In this figure an annular polishing
pad 18 has an overall outside diameter of 32 inches and an
annular pad width of 8-1/2 inches, with the open center
portion thus having a diameter of 15 inches. With a
circular workpiece, such as a thin silicon wafer, having
an outer diameter of 6 inches, the preferred radial
oscillation of the workpiece is approximately 4.5 inches
with the result that at the extremes of oscillation the



;4 The present invention provides a method of polishing a workpiece with a
rotating polishing wheel having a polish pad thereonte—+nprove the -
flatness of the surface being polished. The nmethod conprises bringing the
wor kpi ece to be polished into contact-with the pollshlng pad and- applylng
pressure therebetween while both the polishing pad: and. workpi ece are

simul taneously rotated. Wile the pad and‘%orkplece are rotating:they are
radially oscillated relative to one another to the:extent. that the

wor kpi ece extends over the edges of the polishing pad to avoid tracking and

di st ribut e WegnrRYClxtRaSULhac ah (e gho! bHRAL Mol a\mn gL i g

pad is in annular form having inner edgés’and outer e e rotating.
wor kpi ece is 8§8FIFaﬁednpﬁraﬁdgﬁcl§6fﬁpél@HFGFOG@%FEﬁ§ \Rﬁ'?hﬁkp%@gbg

Preferably, the worKkpi e@&gu&eosmshbaﬁse%h%o E@E@r&@aﬂmﬁﬂﬁmﬁﬂ @ﬁt&ﬁtléﬁ

di anet er extendg ger gl %a en t i,ece .is at the, extrenf
oscillation. AREdFd RGto-2 r 28%s e&Pc shers MATKRARSR | TR ?ﬁéY%
i's provided appathEupoﬂashpnblphﬁng anwmhkpléagumelannannunaﬁepmﬂlshlng
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‘conprising: a polishing pad nounted in a polis Yo Yo Totare about
a predet er mi n@ANAIRE RREHVARENHGL AR APChES bt IhfuIonen R an i nner

portion thus having a diameter of 10 inches. With a

circular workpiece, such as a.thin silicon wafer, having

an outer diameter of 8 inches, the preferred radial
oscillation of the workpiece is approximately 6 inches with
the result that at the extremes of oscillation the wafer
extends 1-1/4 inches (i.g., approximately one-sixth wafer
diameter) over the inner edge 18A and outer edge 18B of the
pad 18.

It will be appreciated that during the polishing
operation osciliation of the workpiece over the polishing
pad is accomplished while both the workpiece and pad are
rotating. Usually the pad and workpiece rotate in the same
direction but at ‘different épeeds. For example, a typical
preferred speed of rotation for the pblishing pad is about
15 revolutions per minute.and about 35 revolutions per
minute for the wafer wqfkpiéce. - The extent or arc of
oscillation will vary depending ﬁpon the size of the
workpieces and the size of the polishing pad. The extent
of oscillation can be routinely determined for different
size workpieces and polishing pads so as to achieve the
requirement that the rotating workpiece be oscillated a
sufficient amount so as to exceed or extend over the edges
of the polishing pad. Workpieces such as silicon wafers
having diameters of 6, 8, 10, etc. can be polished
according to this invention.

The invention is applicable to operations wherein
a plurality of wafers are polished simultaneously. This

| is accomplished by securing the wafers to a carrier or head
which is movable both vertically and horizontally.



di amet er edge and an outer dianeter edge; pad drive neans to rotate the
pol i shing pad about the predeterm ned axis; a carrier head for carrying
only a single, unitary workpiece to be polished; a support arm neans to
support the carrier means from above, to pivot the support armso as to _
radially oscillate the carrier neans with an arcuate notion with respect to
the polishing pad and to | ower the support &arm nmeans to bring the workpiece
to be polished into contact with the polishing pad and to apply pressure

t herebetween; carrier "head drive neans for rotating and oscillating the

carrier head ang.t wor kpi ece. relative to the carrier_and rkpi ece. t
shift the wor kplkgbé)@gea(}:\}lesr (%1' Féﬁlfpg:syé)cf e’tfgé@o&‘fn %2 HYF i ¥Rt n m%al‘égﬁﬁﬁlpﬁg'
extend t he wor Ksire@xampdie t Han iUmidrech 8t ahdserPadtlyes Nd . the2do| 560i agdpad as

the workpi ece tyAMRIS Studled Mo tHd aRE. of, 4 PO I @b &9 @ch}]gégél Lﬁ%‘ ng

between radially .inner and outer positions with respect to the polishing
pad, to distri BRle S &ferf%%éfad?ﬁqsdlqﬁm‘{li?@rﬁﬁ?$@surface of the
pol i shing pad and to shi fin tdusesnkiiec ey gollsh npossed £6088aey wben
D ew of |an” oxediitd Y EEs et s s, S o b PHOHAT e “EhPRdoCRE o
pl an vi ew of a Rsolacsanpg isdeed hnitiyig Hewvendfiened Bixienis odccanpalished by
oscillation of <& i) tHARL HRALGS R P AUL H§%rm 16 through a
' self-aligning bearing which permits the head to swivel and
cause the leading edges of the workpiece to dip and dig
into the polishing pad so as to eventually eliminate the
tracks or grooves therein. United States Patent No.
4,270,314 is exemplary of known prior art for swivel
mounting of a pressure plate.

Practice of the present invention significantly
extends the life of polishing pads. By maintaining the
desired flatness of the pads and avoiding the formation of
tracks therein, the uniformity of the polishing oberation !
is significantly improved and removal of material from the .
workpiece is achieved at predictable rates. |

Those modifications and equivalents which fall
within the spirit of the invention are to be considered a
part thereof. '



l5- Figure 3 is a plan view of a polishing pad showing the preferred extent
of radial oscillation of an 8-inch dianeter workpiece beJng pol i shed.
Description OF Preferred Enbodinents Figure 1 illu

i nvention and shows a workpiece 11, such as a thin SI i con ch is
to be polished carried by a rigid head or carrier "ﬂ & Hre
known in the art for securing the work- -pBece to the vacuum
nmeans or wet surface tension. The head 13 is attached to_operatlng arm 16
mhlﬁh S agipcaulm?: vertical novenent so as to raise and | ower the

wor kpi ece out of and into_engagenent with fhe polish ad_18.. The
operating arm 16 is adapted PoWe$ngiBglPaiashﬁPEEBnﬁngﬁaf%ﬁbﬁPﬁ?hf%ugh
pressure cyl ipsest2Rg PeIidhing sheelaHapiag hopoddshlingt peg Hdrérmom o

novenent so that the,workpiec 11 stE r rsf d

11 and ext endS*BYVET %ﬁﬁegﬁ%ergt g%ﬁ égaoutgfgggg %f?%p s%ﬁ%%d dﬁgn

at extrene |liprisiong the steps Of :
bringing the workpiece to be polished into

-

contact with the polishing pad and applying pressure
'therebetween;
rotating the polishing pad and simultaneously
rotating the workpiece; and '
radially oscillating the workpiece and polishing
pad relative to one another to the extent that the work-
piece extends over all exposed edges of the polishing pad
to distribute wear over the surface of the polishing pad.

2. A method in accordance with claim 1 for
polishing a workplece in which the extent of radial
oscillation is such that about at least one-sixth of the -
workpiece area extends over the edges of the pcelishing pad.

3. A method of poliShing~a workpieée with a
rotating poliéhing wheel'having a polishing pad thereon to
remove irregularities from the surface being polished com-
prising the steﬁs of:

bringing the workpiece to be polished into
contact with the polishing pad and applying pressure
therebetween;

rotating an annular polishing pad having inner
and outer circular edges and simultaneously rotating the
workpiece; and ' '

radially oscillating the workpiece and polishing
pad relative to one another to the extent that the work-
piece extends over the inner and outer edges of the
polishing pad to distribute wear over the surface of the -

polishing pad.

heet Has Been Replaced
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of ostillation. The specific structure of operating arm 16 1S not of
concern with respect to the present invention. Cper

function to exert both vertical and horizontal osci BIMﬁﬂm"ﬂ mnm are
known to the art. For exanple, an operating arm such as atm £an be of
the type described in United States Patent Na. 4, 141, 180. Figure 2 shows
the preferred m ni mum extent of radial OSCI||atI0n of a 6-inch dianeter

wor kpi ece relative to the polishing pad. In this figure an annul ar
pol i shing pad 18 has an overall outside dianmeter of 32 inches and an

annul ar pad wi dth of 8-1A42 ineéhesthoed fint hecoreancenteirtiparlaim 3 hfisr havi ng

a_dianeter of 15;i0pN6% Wi iddet UlALREKRNEC Sorclifh 88 Ad i sili con

waf er, haV|ng out ér ~“di amet e pre

oscillation of osled M@tiienede isqchpfheti ﬁé’@é‘ﬁya& 3 gatthenen 3 ixEneot cBhet
that at the exiybempiedfe A3Ed ledtcad Ber the edges of the polishing pad.

5. A method in accordance with c¢laim 1 wherein

-

the workpiece is a thin circular wafer and the polishing
pad is of annular shape.

6. A method in accordance with claim 5 wherein
the extent of radial oscillation is such that about at
least one-sixth of the workpiece diameter extends over the
edges of the polishing pad.

7.  Apparatus for polishing a workpiece to
remove surface irregularities and to provide a generally
planar surface thereon comprising:

a polishing pad mounted in a polishing machine to
rotate about a predetermined axis;

pad drive means to rotate the pollshlng pad about
the predetermlned axis;

a carrier head for carrying at least one
workpiece to be polished; and '

carrier head drive means for rotating and
oscillating the carrier head and the workpiece relative to
the carrier'and workpiece to shift the workpiece over all
exposed edges of the polishing pad.

. 8. Apparatus in accordance with claim 7 wherein
the polishing pad is annular having an inner diameter edge
and an outer diameter edge.

9. Apparatus in accordance with claim 7 wherein

the carrier head is swivelable.



,
waf er' extends one inch (i.e., one-sixth wafer dianmeter) over the inner edge
18A and outer edge 18B of the pad 18. Figure 3 shows the preferred m ni num
extent of radial oscillation of an 8-inch dianeter Wornmﬂﬂmﬂlltnmﬁmo
the polishing pad. In this figure an annul ar polishing '
overal | outside dianeter of 32 inches andian-annul ar pal width 8f 1
~inches, with the open center portion thus having a dianeter of 10 inches.
Wth a circular workpiece, such as a thin silicon wafer, having an outer

di anmeter of 8 inches, the preferred radial oscillation of the workpiece is
approxi mately 6 inches Wiah tApparatis imaccardancexwidmeslaimoZcwheaeion
-the wafer exteyds okl HIEP ddrS i Y, = Syl fer

di aneter) over thecjairrjflnl:e}Il edge 1%%§lneds %'%lﬁﬂeag%{e@}lS%P(r}foﬁéi%% 18. It will
be appreciated that during the polishing operation oscillation of the

wor kpi ece over the polishing pad is acconplished while both the workpiece
and pad are rotating. Usually the pad and workpiece rotate in the sane
direction but at different speeds. For exanple, a typical

1
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preférred speed of rotation for the polishing pad is about 15 revol utions
per m nute and about 35 revolutions per mnute for the wafer workpiece.

The extent or arc of oscillation will vary dependi ng upon the size of the
wor kpi eces and t-he size of the polishing pad. The extent of oscillation can
be routinely determned for different site-workpieces and polishing pads so
as to achieve the requirenent that the rotating workpi ece be oscillated a
sufficient anbunt so as to exceed or extend over the edges of the polishing
pad. Workpi eces such as silicon wafers having dianeters of 6, 8, 10, etc.
can be polished according to this invention. The invention is_applicable to
operations wherein a plurality of wafers are polished sinultaneously. This

i s acconplished by secy&ﬁg[%g@%m(?ﬁﬁ) %L%%rﬂéﬁcﬁhflfﬁﬂ which is

novabl e both verticall

ABSTRACT

Conditioning of a polishing pad so as to control the surface profile and achieve -
uniformity in wear of a polishing pad (18) by causing the workpiece (11) and polishing
pad (18) to oscillate radially relative to one another with the extent of the oscillating
movement being sufﬁcieﬁt so that the workpiece (11) extends over the edges of the
polishing pad (18).

Fig. 1.
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Kﬁﬁafatus of this type is known to the art and described, for exanple, in
Unit¥ ed States Patent No. 4,239,567 and United States Patent No. 5, 329,732
~whi ch discloses the polishing of five wafers sinultaneously. In cases where
~the polishing pad is badly worn with undesired tracks therein, conditioning

of the pad can be acconplished by this ih2ntion. This is acconplished by
securing the carrier head 13 to operating arm 16 through a self-aligning
bearing which permts the head to swivel and cause the | eadi ng edges of the
wor kpiece to dip and dig into the polishing pad so as to eventual ly
elimnate the tracks or grooves therein. United States Patent No.- 4,270, 314
is exenplary of known prior art for sw,yel nmounting of a pressure plate.
Practice of the present-Twention sig J icantly éxtends the | £hesof)

pol i shing pads. By nmai e nJ he deSired—ttarRess—nf—the pads and
avoi di ng the formati opZ2elN& acks <gﬂg5'?=» e .~q;;§§TTP~;f‘ Re . pol i shi-ng
operation is significH N <t QUN he

wor kpi ece i s achieved|=
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Those nodi fications and equival ents which fall within the spirit of the

i nvention are to be considered a part thereof. CLAIMS 1. A nethod of
polishing a workpiece with a rotating polishing wheel having a polishing
pad thereon to renove irregularities fromthe surface being polished
conprising the steps of: bringing the mo&tgiece to be polished into contact
with the polishing pad and appl yi ng pressure therebetween; rotating the
pol i shing pad and sinultaneously rotating the workpiece; and radially
oscillating the workpi ece and polishing pad relative to one another to the
extent that the workpi ece extends over all exposed edges of the polishing
pad to distribute wear over the surface of the polishing pad. 2. A nethod
in accordance with claim1 for polishing a workpiece in which the extent of
radial oscillation is such. that about at |east one-sixth of the workpiece
area-.extends over the edges of the polishing pad. 3. A nethod of polishing
a workpiece with a rotating polishing wheel having a polishing pad thereon
to renove irregularities from the surface being polished
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conﬁ?ising the steps of: bringing the workpiece to be polished i nt%oGem wet
with the polishing pad and applying pressure therebetween; rotating an
annul ar polishing pad having inner and outer circular edges and

simul taneously rotating the workpiece; and radially oscillating the

wor kpi ece and polishing pad relative to one another to the extent that the

wor kpi ece exte s over the inner and outer edges of the polishing pad .to
distribute wea J|il % PEGSCRE, VERHQILPROV. starféetg Of peHghing, g wor EP“’?P mlrﬂ)aota%ng
accor dancepdlishingcwheehtavingra polishgpudrtereonas knpprove thefladess oft swfadeﬂiel

radial os Cg sgé% éh ﬁg)ﬁzcsﬁn%?iseﬁﬂﬁﬂgﬁn?tﬂﬁe %ﬂg)a%gﬁg%e)ﬁghsﬁetdh&g) ?cﬁ&{c'f Qm%lce

area exten

olishbd Ofp

t
accor danceth;/l nw8£m|WMMmg ﬂﬁ@%rﬂ@pﬂ%&% vhilehoth gher pelishingnpedeandand
the poli shweacpm dtésslﬁﬁltﬁiéﬂué rroatbaoe Whildtheashdeandy woRidce 37 reahﬁ%w o g

o Carr er ety oSty g“g%.r o BBy 2, pe Ua%m%%?&eéﬁe HeskposR, exteads
si ngl e uni OWyha\edgqsm’cme potishieg padrtmavmdrmkkig and distribute wear over the surface
of the polishing pad.
When the polishing. pad is in anmllar form havmg inner edges and outer edges, the
rotating workpiece is- osclllated in _an -arc : sufficient to extend over both. edges
Preferably, ' the workplece is scillated so;’that about one-s1xth of its dlameter extends.
over the edges when the wor' t the 'xtremes of oscﬂlatlon DR o
According to a f_m_'_the_r resent'jmventlon there 1s prov1ded apparatus

rotate about a predetermmed ax1s w1th the pohshmg pad being annular, havmg an inner

~ diameter edge and an outer dlameter edge, pad drive means to rotate the polishing pad
about the predetermmed axis; a carrier ‘head for carrying only a single, unitary
workpiece to be pohshed a support arm means to support the carrier means from above
to pivot the support arm so as to radially ‘oscillate the carrier means with an arcuate
motion with respect to the polishing pad and to lower the support arm means to bring the
workpiece to be polished into _coﬁ_tact' with the polishing pad and to apply pressure
therebetween; carrier head drive means for rotating and oscillating the carrier head and
the workpiece relative to the carrier and workpiece to shift the workpiece over all
exposed edges of the polishing pad and to extend the workpiece over the inner and outer
edges of the polishing pad'.as'the'wo'rk'piece travels over the surface of the polishing pad,
oscillating between radially inner and outer positions with respect to the polishing pad,
to distribute wear over substantially the entire surface of the polishing pad and to shift
the workpiece over all exposed edges of the polishing pad.

' Brief Description of the Drawi
Figure 1 is a perspective view of an exemplary apparatus for practice of the
invention. '
Figure 2 is a plan view of a polishing pad showing the preferred extent of radial
oscillation of a 6-inch diameter workpiece being polished.
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o A
pro(ﬁ ding a support armneans to support the carrier neans from above and
to pivot the support armso as to radially oscillate the carrier means with
an arcuate notion with respect to the polishing pad; sup er
from above by the support arm neans; the gtep of bringi nﬂmnumnﬁllﬂmm
be polished into contact with the poI i shing pad and appl yi nd pres8uré *
t her ebet ween includes the step of lowering the support arm neans; the step
of rotating the polishing pad includesCLiAdMS ep of rotating the poI i shi ng
pad while sinultaneously rotating the wor kpi ece; and the step of radially
osci | | ati nd-t hé vasthed afep%lrshlrwomwmlmgecpa‘aﬂhea zetaijeg molighing awhksehdaving a

conprises thg step adially oscillati { he rkp ece and O|IShIn pad
relative t&° nBal‘:L CRegn Y TEMONRt L ar’ft’r?é %c@r@ﬁ?e @IBg opelis %F

LRQGQU?PSQES%« lfﬁgg%slﬁ?f B i e OBk S egwghs%g&%&b it
aubst ant s aPPERAbY ?ﬂféﬁﬁiﬁsﬁ ofsife BebBUeBE PO a0 and 1o EL?HWS?L;’V-‘? |
wor kpi ece over r@ﬁﬂm Qhﬁﬁ%aaaa sm@t%%s?shirr%n%qﬂosm SeBhdgod in o

accordance wth cl a| m 5 wherein the exte atfon is such
that about at kafislty esgHsing ihle/oﬂkb Fadméwﬁveeeﬁt&&dﬁm%{artotme. .
edges of the poli Shl ng pad. 7. Apparatus for poli shing a-workpiece-te . . -
renove sur tgent ithatethel Wbrltplme axwendso opeoaildexposed edges of the pohshmg pad t0

distribute wear over the surface of the pohshmg pad. _ .
2. A method in accordance with claim 1 for - polishing a workplece in Wh1ch the €
of radial oscillation is such that about at least one-sixth of the workplece area extends S
over the edges of the pohslnng pad A e
3. A method of polishing a workpiece with a rotating pohshmg wheel havmg a -
polishing pad thereon to remove irregularities from the surface being polished
comprising the steps of: ' | ' o
bringing the workpiece to be polished into contact with the polishing pad and
applying pressure therebetween; | _ |
rotating an annular polishing pad having inner and outer circular * edges and
snnultaneously rotating the workpiece; and
N radially oscillating the workpiece and polishing pad relative to one another to the
extent that the workpiece extends over the inner and outer edges of the polishing pad to
distribute wear over the surface of the polishing pad. .
4. A method in accordance with claim 3 for polishing a workpiece in which the extent
of radial oscillation is such that about at least one-sixth of the workpiece area extends
over the edges of the polishing pad.
5. A method in accordance with claim 3 wherein the workpiece is a thin circular
wafer and the polishing pad has an annular shape with radially inner and outer circular

edges, the method further comprising the steps of:



a géherally pl anar surface thereon conprising: a polishin din a
pol i shing nmachine to rotate about a predeterm ned axqum ﬂﬂ ﬂﬂﬁnﬁﬁﬁﬂghhng
pad bei ng annul ar, having an inner di aneter edge and | r

edge; pad drive neans to rotate the polisging pad about the predeterm ned
axis; a carrier head for carrying only a single, unitary workpiece to be

pol i shed; 10 a support armneans to support the carrier neans from
above, to pi votprovidingippatier atcansto casryt enly adingld ynicay wWdrkgpiece; he carri er
means- W th an arcuate notion with respect to the polishing pad and to | ower
the support ar rmeusting the singlewnitane wadkpigiedndhe eartier meansshed i nto cont act
with the polishing pad and to apply pressure therebetween; carrier head

drive means forPTPHIRS AFUBPRIt GEW; TRafls; 10gSUPRArt he (capier ypsans frem; hovaAdptoece
relative taq.t

' d Kkpi .Shi h kpi 11,
exposed cddbeotdne Hepcih el iy A o BT PBRE b sortien dnenot RATCLAGYEE efion
I nner and %Jﬂ?{, sﬁgélptétﬂé Mkﬁjr%% shing pad as the workpi ece travels over

oty P ng

the surface e polTs ,~oscillating between radially inner and
O oL " SuBbSETAPCEL Rty R et P e over
the step of bringing th¢ workpiece to be polished into contact with the polishing
pad and applying pressure therebetween'_:ihcludes the step of lowering the support arm
the step of rotating the'polis_h.iﬂg' .pad: includes the step of rotatiné the pohshmg pad
while simultaneously rotating the workpiece; .and o ' | o |
the step of radially 'oscillati.ng the workpiece and polishing pad relatifre to one
another comprises the step :of radially oscillating the workpiece and polishing pad
relative to one another to the extent that the workpiece extends over the inner and outer
edges of the polishing pad as the workﬁiece travels over the surface of the polishing pad,
oscillating between radially inner and outer positions with respect to the polishing pad,
to distribute wear over substantially the entire surface of the polishing pad and to shift
the workpiece over all exposed edges of the polishing pad.
6. A method in accordance with claim 5 wherein the extent of radial oscillation is
N such that about at least one-sixth of the workpiece diatﬁeter extends over the edges of the
polishing pad.
7.  Apparatus for polishing a workpiece to remove surface irregularities and. to provide
a éenerally planar surface thereon comprising:

a polishing pad mounted in a polishing machine to rotate about a predetermined
axis with the polishing pad being annular, having an inner diameter edge and an outer
diameter edge; _ |

pad drive means to rotate the polishing pad about the predetermined axis;

a carrier head for carrying only a single, unitary workpiece to be polished;



-

t he "wor kpi ece over all exposed edges of the polishj ' mm“ mgr atus in
accordance with claim7 wherein the polishing pad k ﬁ i an
i nner di ameter edge and an outer dianeter edge. 9. +Apparatus in accordance
with claim?7 wherein the carrier head isqgw vel able. 10. Apparatus in
accordance with claim7 wherein the carrier head carries a plurality of
wor kpi eces.

a support arm means to support the carrier means from above, to pivot the support
arm so as to radially oscillate the carrier means with an arcuate motion with respect to
the polishing pad and to lower the support arm means to bring the workpiece to be
polished into contact with the polishing pad and to apply pressure therebetween;

carrier head drive means for rotating and oscillating the carrier head and the
workpiece relative to the carrier and workpiece to shift the workpiece over all exposed
edges of the polishing pad and to extend the workpiecé over the inner and outer edges of
the polishing pad as the workpiece travels ov_ér_ the -surface of the polishing paid,'
oscillating between radialIy inner and outer positions with respect to the polishing pad,
‘to distribute wear over substantially i:h_e'g_ﬁtire surface o_f ‘the polishing pad and -to shift
the workpiece over all exposed édges of the polishing pad. '
8. . Apparatus in accordance with claim 7 wherein the polishing pad is annular having
an inner diameter edge and an outer diameter edge.
9. Apparatus in accordance with claim 7 wherein the carrier head is swivelable.

10. Apparatus in accordance with claim 7 wherein the carrier head carries a plurality

of workpieces.



