APPARATUS AND METHOD FOR SHAPI NG POLI SHI NG PADS Background of (HSRL=F

| pventi on This invention relates generally to mai ntenance of \ROSoqﬂ
~polishing pads and nore particularly to shaping a 5 polishing pad to
maintain flatness of a sem conduct or waf er . _ The final step in

a conventional sem conductor wafer shaping process is a polishing step

to produce a highly refl ective, damage-free and flat surface on one

face of 10 t he sem conductor wafer. Polishing usually includes both

shapi ng, which is acconplished by one or nore rough pol i shing steps,

and final snoothi nYPPARATUSI AND METHODOFQOR| SHAPING POLISHINGpRADShi ng step.
“Typical ly, 95- 98% of the stock renoval occurs in the rough polishing

15 step(s) which largely determ nes the final wafer fl at ness.

Seni conduct or wBackareusd of hiei dnygntion particularly flat in preparation

for .printing circuitgneg mventt*i%nw@tﬁa%el@ygaﬂeelﬁqs,r ea ReaArkhhhegr aphi c
or photollthggﬁgphlc process. Fl atness .o surface 20 on

which circuits BP é&d|§°EP|PPE§FCPﬁa6iHeF° shapiggngi nt ai n

resolution sf tpellishing wajdcltocmlmaasl fflaBness ofsalsemitondaetbess.

Fl atness i s quapn ffled in part by a Total Thickness Vari ation
measurenent (TT Ad Site Total Indicated 25 Reading (STIR). TTV is the
di fference between t Fe finajnsitepmiand wionventiohadksemieondficthe wafer

and represghRby iy proRedd Mid o potdkfink! 8t88Sto pIbBuke LNRighly
reflective, damage-free and flat surface on one face of
10 the semiconductor wafer. Polishiﬁg usually includes both
shaping, which is accomplished by one or more rough
polishing steps, and final smoothing, which is
accomplished by a finish polishing step. Typically, 95-
98% of the stock removal occurs in the rough polishing
15 step(s) which largely determines the £final wafer
' flatness. Semiconductor wafers must be polished
particularly flat in preparation for printing circuits on
the wafers by an electron beam-lithographic or
photolithdgraphic process. Flatness of the wafer surface
20 on which ciréuits are to be printed is critical in order
to maintain resolution of the lines, which can be as thin
as 1 micron or less. _
Flatness is quantified in part by a Total Thickness
Variation measurement (TTV) and Site Total Indicated
25 Reading (STIR). TTV is the difference between the
| maximum and minimum thicknesses of the wafer and
represents an upper limit to wafer flatness. 'STIR is the
sum of the maximum positive and negative deviations of
the surface in a small area of the wafer from a reference
30 plane which is parallel to the back surface of the wafer
and intersects the front surface at the center of the -
local site. Total thickness variation in the wafer is a
critical indicator of the quality of the polish of the

wafer. Preferably, a polished semiconductor wafer will

N,



sum ‘of the maxi mum positive and negative deviations of the surface in
a small area of the wafer froma reference 30 plane which is parallel to

the back surface of the wafer and intersects the front surface at the
center of the | ocal site. Total thickness variation in the wafer is a
critical indicator of the quality of the polish of the waf er .
Preferably, a polished sem conductor wafer wll

2 have a TTV of |ess than one mcrop and a STIR of |ess t han
one-half mcron for any 20mm X 20mm | ocal site.. Pol i shing of the

\sAﬁ_m' ﬁonduct or mfv?r- a ?I"I&ﬁfb?ﬂfnld'%dﬂﬁﬂlan orly rd o¥Rehanet ke STIH of deass in

ich arotatin pol i shi ru a pali.shin rr I nst_ t he wafer
In a conventio ansé?ﬁec%ﬁ&{l‘}gt@fcw %'rsorp(ﬂpr}ysﬁqu g{ ?l?ﬁ"ééﬁ‘é’%%al %%'(%e ‘t he waf er
i s bonded with wax fHcltisigaiqsf dhpldestiqupnductomiwedier s actfompldmhed
pol i shing bl oc jtd Aggh | .0, SiHg arm

agai nst a pol i sHi %gtms%u%éace %ﬁ%]i .pe??%%itlrgg?ﬁ% %fﬁgﬁe&m%er surface
area of thé& padolishingpadituke & frliBringh&luny agaimshthadafiqtt i ng

polishing pad. rHe RUAFEHIHLRIN SERYi B rihidEdLe Wdfer poMEHIRS, aCTASFdde
pol i shing pad in an

oscillatory fashjon, as fhe pad rotates under,neath
them The rigi ®HdRsH ’i?%l?ﬁ'&sﬁd\’/’r%é”%r a&rga}ﬁ,ae"rb"f%r?e% lt‘Fﬁ'f:é'égbect

to g/hi ch tB]&:l.clrJO.I [ srﬁ?gnmfam&icﬁolmw &ldck shapedidythpal itsdlichg

to be an essenti.ally. parallel, flat_.plane. As a result, Y | Qﬂpﬂ? g

surfaces of thé’% efrcp%‘?eé %r%l?%ﬁ?}gme%c%m z’“-:’a"J'orﬁiéler"’.E pOhShlA]ge ad!
10 (i.e., that portion of the upper surface area of the pad

which contacts and polishes the wafer) of the rotating
polishing pad. The polishing arm may also move the
wafers across the polishing pad in an oscillatory fashion
as the pad rotates underneath them. The rigid polishing

15 block provides a reference plane with respect to which
the polishing surface of the wafer is shaped by polishing
to be an essentially parallel, flat plane. As a result,
the opposing surfaces of the wafer are parallel to each
other.

20 A typical rough polisher pad is made of polyester
fibers impregnated with polyurethane resin. The pad
structure remains sufficiently porous after impregnation
of the fibers with resin to carry the SIurry under the
wafer. The pad may have a central opening, such that the

25 pad has an annular shape. The slurry is typically
comprised of a colloidal dispersion of ultrafine
particles in an aqueous medium together with additives
which stabilize the colloid. Other additives may also be
used to increase chemical reactivity of the slurry so as

30 to increase polishing rates.

The polishing pad must remain substantially flat in
order to produce a wafer having a flat polished surface.
However after a number of polishing cycles, the heat and
pressure on the polishing pad causes a central annular

35 region of the pad between its annular inner and outer
edge margins to become compressed so that it is thinner



20 A typical rough polisher pad is nmade of pol yester fibers

I.mregnated with pol yurethane resin. The pad structure renains
sufficiently porous after inpregnation of the fibers with resin to
carry the slurry under the waf er. The pad nay have a central opening,
such that the 25 pad has an annul ar shape. The slurry is typically
conprised of a colloidal dispersion of ultrafine particles in an:
agueous nediumtogether with additives 3 whi ch stabilize the coll oid.

O her additives may al so be used to _increase chem cal reactivity of

the slurry so &bagothe iimBexadadpoutsHi R§oramaggins. Thus,TRBepEKPSHi ng

pad must renmai BestRdhant p&lclﬂu@ ¥ ithe ohehdﬁg barﬁaeauag a&hweapad having
a flat pollshegesurface Ilshlng cycl es,
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becone co res S s i.nner,
ha thg‘%asl%r?ng:roEl é‘o&’t 5 ftl ge nérccordm‘?%gé tpﬁepg}a.ssglng pséict i onal

proflle of t hempslti el mgﬂﬂhanﬁﬁauﬁ MQMgrp&@e inngac onds cuseFaedgevaf er s
pol i shed by a H@@g‘ifnsc%lic%‘f% pad (EBO%%eSQ“eRr'eQ”o@ %h%h%l%ﬁ@r\éﬂlt BeBQlons
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smaller than the polishing surface of the polishing pad.
The block is not capable of engaging the polishing
surface across its full radial width at any one time.
Pad shaping is carried out by moving the block across the

15 pad so that some of the pad underneath.the block is
abraded away. For instance, the block may be moved along
parallel chords across the polishing pad to reduce the
concavity of the pad. Occasionally when the pad is too
convex in cross section (e.g., when it is a new pad) the

20 block may be moved along diametrical lines passing
through the center of the pad to reduce the convexity of
the pad.

It has been found that even in the hands of an

experienced operator, the existing pad shaping method

25 results in uneven shaping of the pad so that, for
example, the radially inner area of the polishing surface
of the pad produces a convex wafer while the radially
outef area produces a concave wafer. In addition, there
is no certainty that the pad will be shaped in the same

30 way every time it is abraded using the existing method,
which relies entirely on human judgment. Another problem
arises when the polishing surface is less than the entire
upper surface area of the pad. The unused areas of the
pad tend to be very high relative to the polishing

35 surface and require extensive abrading to bring level
with the polishing surface of the pad. It is very



10 hand hel d abradi ng bl ocks having a morking area nmuch smal | er than

the. polishing surface of the polishing pad. The bl ock is not capable
of engagi ng the polishing surface across its full radial wdth at any
one tine. Pad shaping is carried out by noving the block across the 15
pad so that sone of the pad underneath the block is abraded away. For

I nstance, the bl ock may be noved al ong paral l el chords across the
pol i shing pad to reduce the concavi4y of the pad. Qccasionally when
the pad is too convex in cross section when it is a new pad)

the 20 block faffheudsyvEe Bring éPHﬁthPcHPuﬁﬁae§rﬁé§sWﬁShOUt OVBrough t he

center of the BBQaHQnge@%%ea&@QsC@EVehbtﬁoQishlng blefRae. adjacent tolt has
been found that, even

t he hand experienced operator, the
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pad will b& shaped. Amomaeuhgngem@raWaybeesty ehde featugesbofdsbdeusi ng t he
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10 way on every application; the provision of such apparatus
and method which remove human judgment from the shaping
process; the provision of such apparatus and method which
are capable of leveling extraordinarily high portions of
the pad without over abrading portions of the pad

15 adjacent to the high portions; and the provision of such
apparatus and method which are economical and easy to
use. .

Apparatus of the present invention is used for

shaping a polishing pad mounted for rotation about a

20 center of rotation on a polishing machine for polishing
and shaping objects. The polishing pad has a polishing
surface defined by a radially inner and a radially outer
boundary and having a predetermined radial width. . The
polishing surface has a cross sectional profile between

25 its radially inner and outer boundaries. Generally, the
apparatus comprises a pad shaping tool havihg a center
and a pad shaping surfaée engageable with the polishing
surface of the polishing pad for shaping the polishing
surface to change the cross sectional profile of the

30 polishing surface from a curved shape to a more flat
shape. A fixture is constructed for holding the pad
shaping tool free of fixed connection thereto in a
position in which the shaping surface of the pad shaping
tool engages the polishing pad for shaping the pad as the

35 pad rotates relative to the fixture and pad shaping tool.



difficult to bri ng down the unused areas w thout over- abr adi ng the

areas of the polishing surface adjacent to t he unused areas of the pad.
Summary of the Invention 5 Anong the several -objects and features of
t he present invention nmay be noted the provision of apparatus and a
met hod for shaping a polishing pad which uniformy shape the pad over
its entire surface; the provision of such apparatus and net hod whi ch
shape the pad in the sane 10 way on eVﬁ%y application; the provision of
such appar at us and net hod which rendve human judgnent fromthe shaping

process; the Pefdi 408,00 BUABLIARALALYS BAH BREEQMBLEN srom 26eataBA ©

of leveling extraordinaril over
abradi ng port i 8Rubf thﬁecsa&ersof zetatder e the Hpéhsbéﬂﬂ' BAs aadd the

provi si On Of Seehstram%pm@abeate&do&etthedpahl ehaphageeeANiFedn and easy
to Aﬁo ﬁ%& ifOf t he res? |nventlgp Is used f
shaplng a poI|§HPﬁ§aB§& GRCEd -t BPVEBE abdye Loohe center SF the

rotation oB a pauushung padhlne for polishlng and shapi ng objects. The
pol i shing pad has a poI | ef.i_ n | IIy i_nner and
a radially outer %ﬁga% R@lﬁg ﬁé gg %S&@?&?#P%é %% % 541 Wdth? The
pol i shi ng surfaaéehapoél@h@@g m@chu@nahawn@glEerbeame@g P@lleuggr@@dally

i nner and out ek S FRldgses a pad
shapi-ng t ool h%ﬁ?ggaqﬁgl% 801@%%35§13ﬁr f%gﬁgﬁr9§ﬁéﬁkng§§§ab|e with

the polishing genergddycomprises Soe §P’Heﬁ’g a@ oldshdmgsiaty kef@thSMieshi ng
surface tgochapgee! bF @=0%S ofeel ifdRdt Plua1a tef otfh%eaacomdcs;tasmg surface

[rom 2 curved Shae. 0 IoLe Lol e soppieReo el Xagd S quliyet od for
position in whistlrfake dsamond toredte dhudnmlmadwﬂmmhemgthe pﬁnﬁﬂleemgages_
the polis p'engngﬁgag %‘fﬁ?fg}%u%c%a%e%n{e%e mie RV A SHPA R 10
permltteéjby a process tolerance amount. If the
15 determined shape of the profile of the polishing surface
is more curved than the process tolerance amount, the
polishing pad is shaped by placing a pad shaping tool in
a fixture such that a pad shaping surface of the tool
engages the polishing surface of the polishing pad across
20 the entire radial width of the polishing surface. The
polishing pad is rotated while the pad shaping tool is
constrained by the fixture from rotation about the center
of rotation of the polishing pad whereby the pad shaping
tool shapes the polishing surface. Thereafter, at least
25 one face of each of a second plurality of semiconductor
wafers is polished.
Other objects and features of the present invention
will be in part apparent and in part pointed out
hereinafter.

30 Brief Description of the Drawings
FIG. 1 is a top plan schematic view of a rough

polishing machine and a finish polishing machine showing
apparatus for shaping a polishing pad of the rough
polishing machine;



5 The fixture constrains the pad shaping tool fromrotation about
the center of rotation of the polishing pad and constrains the center
of the pad shaping tool from substantial radial novenent relative to
the center of the 5 polishing pad. A nmet hod for polishing

sem conductor wafers, using a waf er polishing machi ne having a rotating
pol i shing pad I ncl udi ng a polishing surface as previously defined,
generally conprises the step of polishing at | east one 10 face of each of
a first plurality of_ sem conduct or waf ers. The cross sectional profile
of the polishing FIfZade ian midiangest frgamendanhaigvetdfertheharqualti| e
of the pol igthiihisiy fchilkpcomes nore curved in shape than

permtted by a process taql erance amount. |f the 15 deteymned shape of the
profile of the polisHi%g Sdr¥ & Lottom Rlap Ve, Qfed trh"é% Fharingdeal '
tol erance anouwrif tHee appargmid;shing pad i s shaped by placing a pad shaping
tool in a fixt . S at..a pad . .shapi ng,.surface .of the tool

engages the5 pol i shi lr%l%s'u%g'cée ffﬁar@‘e&ﬁqrs)}ﬁisr%tﬂfala}crv&esw ﬁ?%{?heasenti re
radi al w dth ofindieatsid v gireurd-dcef Filgs 2; polishing pad is rotated .
whil e the pad shapi 0 3 %H%M Lne | 4 tation
about the center ri&(%)'f c%irp(‘)t%t iaonfro t he ag‘l&{]'l g#lgr%gst %ﬁﬂvﬁ%ﬁg J:‘%ﬂg‘%f;d

shapi ng t $&1e addahing pad iiddiuRFraking e cpngays ryofhke e 25
one face of eagdlafsihirif EuiiEFddd!lcH ithe fadiBHSORMET OF wafers is
p0||5h6d'10 FIG. 5B is a fragmentary, cross sectional view of

the polishing pad illustrating a flatter profile of a
polishing surface of the machine.
Corresponding reference characters indicate

corresponding parts throughout the several views of the
15 drawings.

Detailed Description of the Preferred Embodiment
Referring now to the drawings and in particular to
Fig. 1, a rough polishing machine and a finish polishing
machine (designated generally by reference numerals 10
20 and 12, respectively) for polishing of semiconductor
wafers are shown. The rough polishing machine 10
includes a table 14 which supports a polishing pad
(generally indicated at 16) mounted on a turntable, which
is not shown in the drawings because it is covered.by the
25 polishing pad. The turntable is capable of rotating the
polishing pad 16 with respect to the table 14 about a '
center of rotation C,. A drip pan 18 underneath the pad
16 catches polishing slurry which drips off of the
polishing pad. A polishing arm, generally indicated at
30 20, includes a chuck 22 for holding a polishing block and
wafer mounted thereon (not shown) for polishing one face
of the wafer on the polishing pad 16. A tube 24 mounted
on the polishing arm 20 is capable of delivering a
polishing slurry to the polishing pad 16. The polishing
35 pad 16 is generally annular in shape and, in the



O her ohjects and features of the present invention will be in part
apparent and in part pointed out herei nafter. 30 - Brief Description
of the Draw ngs FIG 1 is a top plan schematic view of a rough
pol i shing machi ne and a finish polishing machi ne show ng apparatus for
shapi ng a polishing pad of the rough pol i shi ng nmachi ne;

6 FIG 2 is an enlarged fragnentary view of the rough _
pol i shi ng machi ne; FIG 3is a 55tton1p|an vi ew of a pad shapi ng

t ool f th t4sS; . FlG 4 is,afragnentary, sectional view
tgﬁen as ° iﬁﬁﬁ%ﬁ?%%eéjeTgﬁglﬁgﬂtbfﬂ?fg? Q?llShlng su?$%¥e5 gis a
fragnentary,.crossreepondhag_VOgmhefentirehenmwlashmpgppadurfaustmﬁttm@ a
concave profil e%é?é. @ The BBiiéHiﬂgctéﬁﬁé‘fE& 9k iéftﬂé‘e%ﬁgﬁipo do O

FIG 5B is a fragnentary,”cross sectional view o i S |ﬁ%epad
i1 lustrating a WPRE¥ cPubtaee| @fokhg polighingtpad 16rwhiehoengagesnihe ne.

Cor r espondisg r@ﬁg@gn@@rgﬁgrgglggﬁih dicate . correspondi ng parts
throughout the sever%ﬁ ¥h§“§rgEe§?§d gmbgéfmgggsﬁhe shape of the
polishing pad 16 and the motion of the polishing arm 20
during polishing is such that the wafer moves over the
full radial width W of the polishing pad upper surface.
10 The polishing surface in other polishing machines (not
shown) is less than the entire upper surface of the
polishing pad. Typically, when the polishing surface is
smaller than the upper surface of the polishing pad,
there are inner and outer peripheral margins which may
15 never contact the wafer during polishing. In that event,
the radial width of the polishing surface would be the
radial width of the upper surface of the pad less the
radial width of the inner and outer peripheral margins.
It is to be understood that the polishing surface may be
20 less than the entire upper surface of the pad and still
- fall within the scope of the present invention.

A first holding station 30 is located in one corner
of the table 14 for receiving a polishing block and wafer
and holding the block and wafer just prior to polishing

25 by the rough polishing machine 10. The polishing arm 20
is pivotally mounted on the table 14 so that it may swing
from a position where the chuck 22 is over the first
wafer holding station 30 for piﬁking up a polishing block
and wafer, to a position overlying the polishing pad 16

30 for polishing the wafer, and finally to a position over a
second wafer holding station 32. The rough polishing arm
20 is shown in the position over the second wafer holding
station 32 in Fig.1. _

The second wafer holding station 32 is on a table 34

35 of the finish polishing machine 12. Like the rough
polishing machine 10, the finish polishing machine 12



Det ai |l ed Description of the Preferred Enbodi nent Referring now to
the.draw ngs and in particular to Fig. 1, a rough polishing machi ne
and a finish polishing machi ne (designated generally by reference
nunerals 10 20 and 12, respectively) for polishing of sem conductor

waf ers are shown. The rough polishing rmachi ne 10 I ncludes a table 14
whi ch supports a polishing pad (generally indicated at 16) nounted on
a turntable, which is not shown in 8he draw ngs because it is covered
by the 25 polishing pad. The turntable is capable of rotating th

pol i shing pad icliudes &smsdtighsnch®adalFie MpUNAeS ONga tUrnEak

rotation qerrly oenﬁr'ﬂ%xp%tﬂa&ltam%wtﬁgg&tp% the chbleaant raol i shing

sl urry. whi ch drlps of f of polishjn pol j shing_ar
general |y indi @@P@@ratOfBGOtafGOT}rn(ﬁr{?d@s d&’tan o t?ep@quh, ng
bl ock and Wil JHIHY edeni h @fetdiy (111Gt :sfaiwa)te‘d)ratpalo shjmgumﬁs faace -

of the wafer th hi p. 16. A t.u

pol i shi ng §rm cg‘ é?pé%‘? q&lcﬁé 211ng b Sal‘ll hg sqe%prmf &et%e
pol i shing pad therBum i s;inhgsl&&lg pmi t:]t& |;z>lgeaham IBadar&ﬁ}I aA itnkehadde
and, in the ountﬁ ?? the ?llsh%ﬂ? arm 40 is clﬁfﬁ%e lqgﬁfVJ

enbodi nent, has correspo e entlre
annul ar upper mlﬂfﬁl@-rlﬁ ﬁhé‘fry tgddhe prligdtinghinagd sur 690216‘-% BchArm

20&; } gp gL “t 23 4§O|1Ié;r§)ﬁgo@éztw%&ité&l%xpcdnes i dah Komhivihangpdmsor he
10 a position in which the chuck 42 is over the second wafer
holding station 32 for picking up the polishing block and
wafer, to a position overlying the polishing pad 36, and
to a position over a wafer exit holding station 46. A
primary difference between the rough polishing machine 10

15 and the finish polishing machine 12 is the composition of
their respective polishing pads 16, 36. The rough
polishing pad 16 is everywhere of uniform construction
and relatively robust for performing its wafer stock
removal function. The finish polishing pad 36 is more

20 sponge-like in construction and has upper and lower
layers (not shown) of different materials. However, it
is to be understood that the precise construction of the
pads may be other than described without departlng from
the scope of the present invention.

25 Referring now also to Figs. 2 and 3, apparatus
indicated generally at 50, for shaping the rough
polishing pad 16 is shown to comprise a pad shaping tool
52 in the form of a disk made in the preferred embodiment
of aluminum and having a diameter of 304 millimeters and

30 a thickness of 17 millimeters. As may be seen in Fig. 2,
the diameter of the pad shaping tool 52 is such that it
overlies the entire polishing surface 26 of the polishing
pad 16 so that shaping of the entire radial width of the
polishing surface occurs at one time. A pad shaping

35 surface 54 of the tool 52 comprises an annular area of
abrasive material, such as 50 grit resin bonded Al,0,



In t%e preferred enbodi nent the shape of the polishing pad 16 and the

not.i on of the polishing arm 20 during polishing is such that the wafer
noves over the full radial width Wof the polishing pad upper surface.
10 The polishing surface in other polishing machines (not shown) is
| ess than the entire upper surface of the pol i shing pad. Typically,
when the polishing surface is smal | er than the upper surface of the
pol i shi ng pad, there are inner and quter peripheral margins which may
15 never contact the wafer during polighing In that event, the
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tabl e 34 35 cPfade he I ihe Polustnatpdramhaddiment, 13 akspd hapfhle 53
pol i shing machijie iHbhlddw fdrisle AP D¥ he™pEE Bhabing tool 52 for

ease in placing the tool on and lifting the tool off of
the pad 16. '

15 The pad shaping apparatus further includes a
fixture, generally indicated at 56, comprising a bracket
58 for mounting the fixture on the rough polishing
machine 10, and an arm 60 extending from the bracket.
Correct mounting of the fixture is aided by a pair of

20 studs (not shown) extending up from the bracket 58 which
are received in a pair of openings 59 in the arm 60 of
the fixture 56. The bracket 58 supports the arm 60 in
cantilever fashion above the top of the rough polishing
machine 10 so there is no contact between the rough'

25 polishing machine (including the pad 16) and the arm.
The arm 60 is made in the preferred embodiment of a 6.4
millimeters thick aluminum plate having an arcuate recess
62 in its distal end. Two rollers 64 are mounted by
respedtive shoulder screw connectors 66 on the arm 60 in

30 the recess for rotation relative to the arm. Low

| friction washers 67 permit the rollers 64 to rotate
freely with respect to the connectors 66 and the arm 60.
The recess 62 has a radius corresponding to that of the
pad shaping tool 52 for feceiving a segment of the tool

35 in the recess into engagement with the rollers 64. The
rollers each have circumferential grooves in which is



g I ncludes a polishing pad 36 mounted on a turntable (not shown)

for. rotation with respect to the table about a center of rotation, and
a drip pan 38 underneath the pad. A polishing arm generally indicated
at 40, includes a 5 chuck 42 for holding a polishing block and wafer

nount ed t hereon for polishing on the polishing pad 36. A tube 44
nmounted on the polishing arm40 is capable of delivery a pol i shi ng
slurry to the polishing pad. The poli shi arm 40 is pivotally nounted
on the table 34 for swinging from1l0 a ggsition i n which the chuck 42 is

O ex g™ S Ssq an LAG & Ui hell (e MBI, it ligll 10

to a position dhke ok %R . eX|t holdlng statlon 46. A primary
difference between tfg r;?&@ 'E&W'l@ a]r_o a]l51 Aidnd 16 fddi S 5
e conp05|t|on of hei r respectlve pol 1 shi ng

pol i shing machipe 1
pads 16, 36. THet %égq’PnneCt’p?ﬂl tithe SHktre sssever% G T/Nni for m
constructi @ consthims atheletic)bl BRI rdnd rr et iemridebut Stmf@éntséle&kf

renoval functiaqn., The fiQis | i shiing,pad 36 .i 20 s
construction artPHis ?Fbp‘g‘r % 0\?/&1 1enin ng) Reg 36(' no?hghg e%f al?feJFgﬁt
mat eri al s. Howenest ,shaping tosl t%R his wadsy stamatnaiated ergm emilsstantial

ConStructi on ol ddiEa) mot PAIS-ATH IRe Ad8nd Nyl 62 HRAALIGOW, d0as no

from t he scope of resent 1 nvention erring now a
to Figs. 2 and BRlightnat 16. iHewevald Yenaillsratpsonit dihetegdng the

rough 100! i s @a@béﬁ 55 SOVt EHBUL Sit dtts&hap) mtthoglespect 52
in the formof a |s de in e preferred enbodi nent of al um num and

havi ng a di amet%? W¥fiMeters and 30 a thickness of 17 nillineters.
As may be seen in Fin @se, the tdwmdanef atheoffidtmmmdbehopi Npittallp?2 is

such that it o YSCHIEE SN RO UL SINIG SHIARE 26 OF RS, HpLd Shi ng

pad 16 so that Tha ping o
it 1s also env151oned that the arm 60 could be pivotally

15 mounted on the rough polishing machine 10 so that it
could be swung away from the polishing pad 16 when not in
use without complete removal from the polishing machine.
It is also envisioned that the tool 52 could be connected
to the arm 60 for pivoting with the arm. A first

20 plurality of wafers (not shown) are polished on the rough
polishing machine 10 and finish polishing machine 12.

The cross sectional profile of the polishing surface 26
of the polishing pad 16 is monitored to determine whether
the profile of the polishing surface becomes more concave

25 in shape than permitted by a process tolerance amount.
The cross section profile of the pad when it has become
concave is illustrated in Fig. 5A. The amount of
concavity is exaggerated so that it may be seen on the
scale of Fig. 5A. Typically, monitoring is accomplished

30 indirectly by measuring the flatness of the polished face
of the wafers polished by the polishing machines 10, 12.
For example, the measured total thickness variation (TTV)
of the wafer should be less than one micron. Over time,
the polished faces of the wafers tend to become more

35 convex, which indicates that the polishing surface 26 is
becoming concave. Of course, other ways of monitoring



poliéhing surface occurs at one tinme. A pad shaping 35 surface 54 of the

toal 52 conprises an annul ar area of abrasive material, such as 50
grit resin bonded Al [err]Jerr] 9
abrasive cloth having an adhesi ve back for attachnment to t he bottom of
the tool. The abrasive material covers the radial ly outer 25
mllimeters of the bottom surface of the tool 52. It is to be
understood that the precise 5 material and di nensions of the pad shaping
tool 52 may be other than described ¥or the preferred enbodi ment and

remain within the scope of_.the ent | ven nera S
satisfactory t& ggnyﬁﬁﬁ Iﬂ%y Ebﬁ&ﬁ AEPRTHL €%¥mhﬁ%@h i s
about 56 nnllas@epeth&hthé pﬂusenuﬂﬂmVéhmﬁcmhe pol i shing surface on the
pol i shi ng pad th e r n

I ncl uded on the toplor;’fc %@epfg%%gs;sl g: %T%%%lqlcge%ou%t q'i‘—’le%gq}(ae@'?1 qjﬁ%é;?,%r% th
tool on and |i thengough medlisifingmac ln@héopakﬁ B&opped with 1@ pad

shapi ng apgar aige3 fslﬂltdgerafnncddlcﬁﬁaa ositildnXidVed tIRNYRIdnE Wadierat ed at
56, conprising_ a brac et 8 for nDuntlng the fixture on the rough

pol i shi ng heddinge st@t g % &m0 SaWEh dith § itd-orh  heF sy ARLt60 1s
Correct nounti mdlefed R1tdo XHE emaﬁcwuiest moumted forpft had roxﬁ;w(iml(mlng

spoun) ext endl g R 4B Ule DI 2 Hhasng Uy LSFF Al 2
supports the asa.60 The pad shaplng tool is placed in the arcuate recess

10 62 of the arm 60 on top of the polishing pad 16 such that
the pad shaping surface 54 extends across the entire
radial width W of the polishing surface. The rotation of
the polishing pad 16 is indicated by arrow A in Figs. 1
and 2. The direction of rotation drives the pad shaping

15 tool 52 into the arxrcuate recess 62 and into engagement
with the rollers 64. Thus, the tool 52 is constrained by
the fixture 56 from rotating with the polishing pad 16
about its center of rotation C,. Moreover, the center C,
of the pad shaping tool 52 is held from substantial

20 radial movement with respect to the center of rotation C,
of the polishing pad 16. Contact of the tool 52 with the
rotary pad 16 causes the tool to rotate about its center
C, relative to the arm 60. The finish polishing machine
12 may continue operation while pad shaping on the rough

25 polishing machine 10 begins. Once finish polishing of
the wafer by the finish polishing machine is completed,
the arm 40 of the finish polishing machine 12 places the -
wafer and polishing block on the exit station 46} and
halts further operation.

30 The shape of the pad shaping surface 54 of the pad
shaping tool 52 is particularly suited for making the
profile of the pad 16 more convex. The pad shaping tool
52 of the preferred embodiment abrades away more of the
polishing pad 16 along the radially inner and outer

35 margins, making-the profile of the polishing surface 26
of the pad more nearly flat. It is envisioned that the



cantfleyer fashi on above the top of the rough polishing machi ne 10 so .
there is no contact between the rough 25 polishing machine (including the

pad 16) and the arm The arm 60 is made in the preferred enbodi nent of
a 6.4 mllimeters thick alum num plate having an arcuate recess
62 in its distal end. Two rollers 64 are nounted by respective
shoul der screw connectors 66 on the arm60 in 30 the recess for rotation
relative to the arm Low frictionXMhashers 67 pernit the rollers 64 to
rotate freely with respect to the connectors 66 and_the arm_60.

The recess 62 pR¥agivedpas SHAPINGRYTEGCLoSEher Shet kool 52 gyldnkEi ng
tool 52 for repgdel 16 AiTFeFRME ebnfiguiratliodd for redaidiegethe NtO

engagerent wi t (he Lol S 3 poliZhing ehrhte® 2820 S13'Erglity e ont

recei ved an O kontithted Foased thiae dgetpmmiiged &ygayengperatiore baseld b
The pad shaping,to i (A e . i n tign to
the fixt urg 56.%h?h§eft:?;>%<:ttl?r%e%fgn?gﬁslttty;?§sft?%ept%fgo%hgflﬁgz)%?%ta%% %(ra?c'ab(%ut
the center of typicadt @edomshepdng tdime: ie gdouthiteg tad thd rtphsesomds: C2
of the pa NG 1{:QOl sl ! gieike r 4

radi al notion g§f2?¥$§g¥%gfﬁgé%gﬁ$% ﬁﬁgééﬁﬁiion %g%r%%%?kﬁﬁgﬁnﬁrQrupt
pol i shing pad t&e ROAdEhing machiine. Y P&sr t Thke gﬂé&tﬁ? CrXQ$HHi ng tool 52
to rotate aboulgeldticiRill PrdFild IO nerPeRilishing @urfadd deursf tafr

In use, the arm @%{ﬁgtﬂgaééﬁgﬁﬁéié% ffsfffdgé¥gééd in Fig. 5B. 1In

practice, the polishing surface 26 may be given a
slightly curvex profile (not shown) to permit greater
intervals between pad shaping. The pad shaping tool 52
and fixture 56 are removed. A second plurality of wafers

15 are then polished on the newly flattened polishing pad 16
in the same manner as the first plurality of wafers. The
flatness of the second plurality of wafers is monitored
until it is indicated that the pad 16 must be shaped
again. '

20 - As various changes could be made in the above
constructions without departing from the scope of the
invention, it is inténded that all matter contained in
the above.deécription or shown in the accompanying
drawings shall be interpreted as illustrative and not in

25 a limiting sense.



not nmounted on the rough polishing machi ne 10. However, it is also
envi sioned that the arm 60 could be pivotally 15 nount ed on the rough
pol i shing machine 10 so that it coul d be swung away fromthe polishing
pad 16 when not in use wi thout conplete renoval fromthe polishing
machi ne. It is also envisioned that the tool “52Z coul'd be connected

to the arm60 for pivoting with the arm A first 20 .' f fers
(not shown) are polished on the rough pol i shi nulmmﬂi‘E'mﬂﬂelH finish
pol i shi ng machi ne 12. The cross seddional profike © @ pelishing
surface 26 of the polishin ad 16 is nonitored to determ ne whet her
the profile of the Eaﬂisﬁﬁngbééﬁﬁﬁeﬁﬁbecones nore concave 25 in-shape
than permitted by a process tol erance anount. The cross section
profile of the pad en_it has becone ._concave.is.illustrated, in Fig.
5A. The anount of b @QﬁfﬁﬁiPﬁ %SreigagéPgtEdpgglFﬁéPgiPaﬁa?°BEt§§en on
t he scal efot Foggatian apputakl gentremi 06r rayationcoonpl pohéghlag '
indirectly by i.n ls S [ ce :

waf er s poIisheﬁggégbﬁegﬁ%rggﬁﬁ%éﬁﬁ cﬁgﬁe%H§8?8§2§B§QCEgFthgxgogﬁgﬁggﬁe
measur ed tot al pefli brNdsg wapoddisbingTeyyrface degfippd Waf ar réﬁégEéYbe-l ess
than one msCroApnne¥ehand BB radialliNBubelkl 5Baddh#¢eanal hhbenyakers tend to

beconme nore 35 onvex,, i ch j,ngdicates that the,polishing_surface.26 is
beconi ng concab&® %ﬁmhﬂgé T w&9§i@ftﬁ6nPPg}gﬁ@ng suTface aving o

pad profile mg beosscdeadtional gepfilenpetweent hes radiadpe dhniele apdesent
i nventi on. '

outer boundaries, the apparatus comprising:
a pad shaping tool having a center and a pad shaping
10 surface engageable with the polishing surface of the
polishing pad for shaping the polishing surface to change
the cross sectional profile of the polishing surface from
a curved shape to a flatter shape;
a fixture.constructed for holding the pad shaping
15 tool free of fixed connection thereto in a position in
which the shaping surface of the pad shaping tool engages
the pdlishing pad for shaping the pad as the pad rotates
relative to the fixture and pad shaping tool, the fixture
constraining the pad shaping tool from rotation about the
20 center of rotation of the polishing'pad and constraining
the center of the pad shaping tool from substantial
radial movement relative to the center of the polishing
pad.

2. Apparatus as set forth in claim 1 characterized
in that the fixture is constructed to hold the pad
shaping tool for rotation of the pad shaping tool
relative to the fixture.



Once the process tol erance anount has been reached, t he rough polishing
machine 10 is stopped with its 5 polishing arm20 in a position over the
second waf er hol di ng station 32, as is shown in-Fg—f—The armo0 is
bolted onto the bracket 58 nounted on the rough polishj 10 in
a position for holding the pad shapi ng tool 52. TFuﬂ mm n ol is
pl aced in the arcuate recess 10 62 of the arm 60 on kShi ng
pad 16 such that t he pad shapi ng s& ace 54 extends across the entire
radi al wi dth Wof the polishing surface. 4The rotation of t he polishing
MM“MWWMW%%MEQ#WMW%M%MW%M
rotation drives the”pad g E into the arcuate recess 62 and
i nto engagenenleturemP?hfPﬁéhﬁ§IFbﬁ§aGHer¥ﬁ9§ by hgol bg¥sspoprted QR aj ned

b¥ tthe ;'Ehér?1§§u&é0Eb&0ES%hE§oﬂﬂtEhéhﬁoDDéréhbéﬂnﬁadoﬁﬁtru?teﬁbOUtd
its center of rotation reover of the pa
shapi ng tool 53% aFEPHC%ﬁOﬁL§USEFQHFPgItgﬁ pa aﬁﬁ%?cagvékgﬁttﬁﬁth respect
to the censer ebnseraunonhé[gad]shaplngftbbé pobmshongtpad aboutohhact of
the tool 52 w d 1. he o} its
conter - SARFIFLPS: Fobdrgoh, 88 B BYTRR b phA knt Rey BLERFLERAL.

12 may contlnuﬁoﬁgén@nl@ﬁ wihiel Poddshdngpprad salahdéveotighths LpBENERIng
machi ne 10 begins. Once finish polishing of t he waf er by the finish
pol i shing machine is conpleted the arm 4Q of ;the finish |sh|n
machi ne 12 places tfAe APPagpaftils 2%d5881 LOKtRgIBI BLkNSK PRE 8£ §Pﬁﬁlgn
46, and hahts 4f whigheinopdreatfiiaturdlis charaEheriheﬂebyfatbeankdt

hapi f 54 of th . .Shapi I rl d
or maki ng t ho£oF moymsind: the fiareaa psd b8 peTfobinBThachine Rl HY' oo
52 of the prefammeéx&&hdﬁkmgdhxmbm&ﬁebrawkytmnFheoﬁrmhbaVlng pollshlng pad
16 along tBe T adhalfynasie il dls pagn TREOuEscn gPag the peafil e of

t he polishing ace mor e near s envi si oned
that the shaping tool be1ng received in the recess

5. Apparatus as set forth in claim 4 characterized
in that the shaping surface of the pad shaping tool is
defined by an annular area of abrasive material on the
pad shaping tool for reducing the height of radially

5 inner and outer portions of the polishing surface of the
polishing pad relative to the height of a central portion
of the polishing surface. '

6. Apparatus as set forth in either one of claims 1
and 6 characterized in that the pad shaping tool and
shaping surface are dimensioned such that the shaping -
surface is engageable with the polishing surface of the

5 polishing pad across its entire radial width.

7. A method for polishing semiconductor wafers
using a wafer polishing machine having a rotating
polishing pad including a polishing surface defined by a
radially inner and a radially outer boundary and having a

5 predetermined radial width, the polishing surface having
a cross sectional profile between its radially inner and
outer boundaries, the method comprising the.steps of:



12 ‘abrasive pad shaping surface 54 on the tool 52 could be made in
different configurations for reducing the convexity of the polishing

surface 26. Pad shaping continues for a tine determ nedby—theoperator
based on 5 the detected concavity of the pad shaping surface 2
typi cal pad shaping tinme is about ten to thirty secon ﬂN‘IN‘ uk !hls

shapi ng procedure does not seriously disrupt the

cycles. The flatter cross sectlonaluﬁroflle of the pollshlng surface 26
after 10 shaping is schematically illus®rated in Fig. 5B. In

practice, the pO|IShI urfac sl i htl curvex
profile (not shown) R a&éﬁa& one \5’% £35h &hapi ng.

The pad shapi ngplhoml 337 of saald.donmut&:xsﬁvaafre&sr,enoved A second plurality

'n the Sar mannor Aoy EI Grlfhd ok gy BN il

t he second pl umﬁqfsﬁmfthﬁafm?%fﬂsﬁ rﬂﬁ‘llt'tl'@’ @pllshmmtaurﬁatce Pequiien e hat

the pad 16 nustei&redalRfbhape AR Perftted by’ s WdULS @E!L&Pa%&é)u' d be
made in the above constructlons w t hout d parting fromthe scope of

t he i nven3MNG%4 is intended that all matter contained in t he
above description orifshte detéddieimal @HPY 0 the pﬁﬂ&@gﬁf i | be

i nter pr et %.% as plollll tJ.rnagt Isvlfrflar]éje niost nllonre25curvae trﬂ qu’leS pq:'socess

tolerance amount, shaping the polishing pad, said step of
shaping the polishing pad comprising the steps of placing
a pad shaping tool in a fixture such that a pad shaping
surface of the tool engages the polishing surface of the
20 polishing pad across the entire radial width of the
polishing surface, rotating the polishing pad and
constraining with the fixture the pad shaping tool from
rotation about the center of rotation of the polishing
pad whereby the pad shaping tool shapes the polishing
25 surface;
polishing at least one face of each of a second
plurality of semiconductor wafers.

8. A method as set forth in claim 7 further
characterized by: _
a step prior to said step of placing the pad shaping
tool in the fixture of positioning the fixture on the
5 wafer polishing machine so that the fixture is disposed
for holding the pad shaping tool on the polishing pad;
and
a step prior to said step of polishing at least one
face of each of a second plurality of wafers of moving
10 the fixture away from its position for holding the pad
shaping tool on the polishing pad.



13 WHAT |'S CLAIMED | S: 1. Apparatus for shaping a
pol.i shi ng pad nount ed for rotation about a center of rotation on a

pol i shi ng machi ne for polishing and shapi ng ObjgggngﬂlinﬂJ;ﬂuimL

pad having a polishing surface defined by a radially I nner and a

radi ally outer boundary and having a pr edet er m ne ' “mlm he
pol i shing surface having a cross sectional profil “!ﬂﬂ“nu““ lally
i nner and outer boundaries, the appgr@atus conprising:¢ *+ ™" 5 a” pad

shapi ng tool having a center and a pad shaping 10 surface engageable with

the polishing surfage of {aenod aBOLEshiEBILRAYn! BlaghaR HEetREnPALIENI NG
surface to change t he craoss sectional profile of th%, ol i shing_surface
from a cur E@PsR&pPoLd shindaptedeaghpene face of a, Firgt plurghdt¥uct ed

for hol ding thefpaéf&&%ﬁii@g chi_rab(t@&'if&éﬁebQ; pb'%z{eﬁingn@ad_aj onet Hfiarcet ofin a
osition in ich the i ng_surface.of .t api .QQl, es
?he pol i shi ng Sggﬁf8g ?ﬁ&ﬁfﬁﬁp gp gﬁagggyhgfpggfgggaﬁgsg Bglﬁ%%épgcg%gb
the fixturé andfpadrehghi wafesopolilshingxmachine apdnpoldishiing saddhame
shapi ng tool fEam.r Qa8 %%%i@%tlﬁ&aﬁ%?é?‘fo tf'éQIsatdno'% %fo_lti@‘hingl

pol i shing pad and constrainin e cen .he pad shaping todl from
subst anti al pad ofi & fHisiatemates polishisg: Rachdmecer 33 MheTsam g
pad. step APRMPiIY dheSPollidhihg Pad dsMchaahditrstiodd e in

that the fixture i'§ constructed.t.o hold the pad . s .
s aping E%e polishing pad o é%e rough polishing machine,

10 said step of shaping occurring during a time which at
least partially overlaps the time in which one of the
first plurality of wafers is being polished on the finish
polishing machine.

10. A method as set forth in claim 7 wherein the
step of monitoring the shape of the cross sectional
profile of the polishing surface is characterized by
measuring the flatness of the first plurality of wafers

5 to determine whether the shape deviates from being flat
by more than a process tolerance amount.



éhapfng.tool for rotation of the pad shaping tool relative to the

fixture. 14 : 3. Appar at us
as set forth in claim2 wherein the fixture is further characterized by
rollers nounted on the fixture for rotation, the rollers being
constructed and arranged for engaging the pad shaping tool to 5
constrain the pad shaping tool fromrotation about the center of
rotation of the polishing pad while permtting rotation of the
polishing pad relative to the fixture. 17 4. Apparatus as set forth

2 bracket - for MROBVRTRS NS il RGR BrbBine EhkiGurker PR an

arm extending fromthe bracket, the armhaving a 5 general ly arcuate

recess in its gishal, K¢ lﬁ%%clos aping tool being received in the
recess. rth in claim4 characterized

in that the shapi ng ARRaratasffam ehaminghaniped isbdng pad ingdudesd abpagdn

annul ar area olgnalyidy WOJBIAd A FXktfiR for PRAGMPILME R shapikgduci ng
t he hei ght _of radlall 5 i hner_and.outer portions qof thé polis EE%

surface of 3t he to0l F3e& Rt ixas @rg{qq}:é.qrb toh&hgeifdftude -a &t
portion of sha@ipw) itdoInhawird 3l shaping surface which engages a

polishing surface of the polishing pad to shape that

surface. The pad shaping surface is sized for engaging
the polishing surface across it entire width. The

10 fixture constrains the tool from movement about the
center of rotation of the polishing pad and constrains
the center of the tool from substantial radial movement
with respect to the pad. A method for shaping the
polishing pad is also disclosed.

Fig. 1



6. Apparatus as set forth in either one of claims 1 and 6

characterized in that the pad shapi:ng tool and shapi ng surface are
di mensi oned such that the shaping surface i s engageable with the
polishing surface of the 5 polishing pad across its entire radial w dth.
7. A nethod for polishing sem conductor wafers usi ng a wafer polishing
machi ne having a rotating polishing pad including a polishing surface
defined by a radially inner and a radially outer boundary and having a
5 predeterm ned radial w dth, the polishing surface having a Cross
sectional profile between its radially inner and out er -boundaries, the
met hod conprising the steps of: 1/3 15
polishing at | east one face of each of a fi[st @&ur [ty of
sem conductor wafers; 10 moR_t ori ng §§e cro§g\se j onal profile to
determ ne whet h the profile t he poli"shi ng rfage becomes nore
curved in shape thanrp ' S GALIAL
i f the determ ned shapz ' sgurffade is nore
curved than the process _ A he 3pgl ifshilng pad,
said step of shapi g m@ {1e ifeps csgpla0|ng
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a pad shaping tool in a fixture such that a pad shaping surface of the
t ool engages the polishing surface of the 20 polishing pad across the

entire radial width of the polishing surface, rotating the polishing
pad and constraining with the fixture the pad shaping tool from
rotation about the center of rotation of the polishing pad whereby the
pad shaping tool shapes the polishing 25 surface; pol i shing at

| east one face of each of a second plurality of sem conductor wafers.
8. A nethod as set forth in claim?7 furjpgr characterized by:

a step prior to said step of placing the pad shaping tool in the

fixture of positioning the fixture on the 5 wafer | shi h|ne SO

that the fixture i for h

pol i shi ng pad; and a Step prior to at

| east one face of each of a second plurality

the fixture fpwaysiasmmadidls position for §§Iding \Qye pad n

t he polishinp pagd. - A

met hod as sef forth in cIa|n17'ﬁ%erein ald\Q ste pol i shing at Iéast
ng

one face of fa first pkyrallty of wafers \s charac -rzed-by-po+ksh1
sai d one facje of ~ ;
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each‘ojisaid first plurality of wafers on a polishing pad 5 of a rough

wafser polishing machi ne and polishing said one face of each of said
plurality of wafers on a polishing pad of a finish wafer polishing
machi ne, and wherein the step of shaping the polishing pad is
characterized by shapi ng the polishing pad of the rough polishing
machi ne, 10 said step of shaping occurring during a tinme which at

| east partially overlaps the tine in which one of the first plurality
of wafers is being polished on the finish pol i shi ng machi ne.

10. A nethod as set forth in claim7 w¥®in the step *of nonitoring
t he shape of the cross sectional profile of the pokishing s face S

characterlzed by measuring the flatness of the f| | ur al of
waf er s ' get whet he he shape dgvjates fronu?é?n | at by
nor e than a p océe i eranceééﬂ%unt 454* é;ZbI’//)
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