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CARRI ER HEAD W TH A FLEXI BLE MEMBRANE FOR A 5 . CHEM CAL
VECHANI CAL POLI SHI NG SYSTEM Background o hep

| nventi on 10 The present invention is a divisional appli?ﬁﬁion

of Si ngapore Patent Application No. 9703975-4 and rel ates generﬂlp@osto
chem cal nechani cal polishing of substrages, and nore particularly to a
carrier head for a chem cal mechanical polishing system 15

Integrated circuits are typically forned on substrates, particularly
silicon wafers, by the sequential deposition of conducti ve,

sen conductive or insuhatARRIHRAWERD. WIfH e8 FEEEMBLEVEMBRANE @OROBI t ed, the

| ayer is atched to create phi@tkil WMHRRAKYERS PASTSHINGSSYEPSv Of | ayers are

sequentially deposited and~etched, the outer or 20 uppernost surface of the
substrate, i.e., the exposed surface of the

Background of the Invention

10 The present invention is a divisional application of
Singapore Patent Application No. 9703975-4 and relates generally
to chemical mechanical polishing of substrates, and more particularly

to a carrier head for a chemical mechanical polishing system.

15 Integrated circuits are typically formed on substrates,
particularly silicon wafers, by the sequential deposition of
conductive, semiconductive or insulative layers. After each layer is
deposited, the layer is etched to create circuitry features. As a
series of layers are sequentially deposited and etched, the outer or

20 uppermost surface of the substrate, i.e., the exposed surface of the
substrate, becomes increasingly non—planar. This non-planar outer
surface presents a problem for the integrated circuit manufacturer.
If the outer surface of the substrate is non-planar, then a
photoresist layer placed thereon is also non—planar. A photoresist

25 layer 1is typically patterned by a photolithographic apparatus that
focuses a light image onto the photoresist. If the outer surface of
the substrate is sufficiently non—planar, then the maximum height
difference between the peaks and valleys of the outer surface may
exceed the depth of focus of the imaging apparatus, and it will be

30 impossible to properly focus the light image onto the outer substrate

surface.

It may be prohibitively expensive to design new
photolithographic devices having an impfoved depth of focus.
35 In addition, as the feature size wused in integrated

circuits becomes smaller , shorter wavelengths
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anar- e substrate surface to provide a
Chemical mechanical polishing (CMP) is one

accepted method of planarization. This planarization
method typically requires that the substrate be mounted
to a carrier or polishing head. The exposed surface of
the substrate is then placed against a rotating polishing
pad. The carrier provides a controllable load, i.e.,
pressure, on the substrate to press it against the
polishing pad. In addition, the carrier may rotate to
provide additional motion between the substrate and
polishing pad. A polishing slurry, including an abrasive
and at least one chemically-reactive agent, may be
distributed over the polishing pad to provide an abrasive
chemical solution at the interface between the pad and
substrate.

A CMP process is fairly complex, and differs from
simple wet sanding. In a CMP process, the reactive agent
in the slurry reacts with the outer surface of the
substrate to form reactive sites. The interaction of the
polishing pad and abrasive particles with the reactive
sites results in polishing.

An effective CMP process has a high peolishing rate
and generates a substrate surface which is finished
(lacks small-scale roughness) and flat (lacks large-scale
topography). The polishing rate, finish and flatness are
determined by the pad and slurry combination, the
relative speed between the substrate and pad, and the
force pressing the substrate against the pad. Because

inadequate flatness and finish can create defective



5 substantially planar | ayer surface. Chem cal nechani ca
polishing (CMP) is one accepted nethod of planarization. This

pl anari zati on met hod typically requires that the substrate be nounted
to a carrier or polishing head. The exposed surface of 10 the substrate is
then pl aced agai nst a rotating polishing pad. The carrier provides a
controllable load, i.e., pressure, on the substrate to press it against
t he polishing pad. In addition, the cafrier nmay rotate to provi de
additional notion between the substrate ahd 15 polishing pad. A polishing

slurry, including an abrasive nd _at ast ,qQne .chem.cal | y-r jve
agent, may béulbsgd’i irb Ut &d scS"\;'grcq’l:tl‘ﬁ’é.1 ﬁoél %s%"r*‘ésglég'lat ?a(g?g\k/llﬁdg gn ]‘Jzybr asi ve
chemi cal sol gordirait iidhe fisntaifaddey hibioveeed by pheé aeduiresulfdtrishe. 20

A CWP process is fairly conpl,ex, and differs fr.o i_mpl e .wet, sanding. In
a CWP proces@nd {d& si'vg%&xf&ﬂ these, ct%%ﬁalif&}'réi‘&n%%l\tgﬁ% out er
surface of th@te sEHISHMRY endxdnfudl BHRAGHPLE ft ehe Podiishtieigacti on of the
pol i shi ng gad and abrasive particles with the reactive 25 sites results in

pol i shing.® @PParatusa, effective CMP process has a high polishing rate
and generates a substpatgosushdfg yhtehdepehdldi gpesl the (f6cké pratkingal e

roughness) and flat (l'acks | arge-scale t opogr aphy) ., .The polishing rate,
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pressing the substrate agai nst the pad. Because | nadequat.e fl atness and
finish Can(”qgﬁnggﬁngﬁéagpplles a non-uniform load, 1l.e., if the

10 carrier head applies more force to one region of the
substrate than to another, then the high pressure regions
will be polished faster than the low pressure regions.
Therefore, a non-uniform load may result in non-uniform
polishing of the substrate.

15 An additional consideration in the producticn of
integrated circuits is process and product stability. To
achieve a high yield, i.e., a low defect rate, each
successive substrate should be polished under
substantially similar conditions. Each substrate should

20 be polished by approximately fhe same amount so that each
integrated circuit is substantially identical.

In view of the foregoing, there is a need for a
chemical mechanical polishing apparatus which optimizes
polishing throughput while providing the desired flatness

25 and finish. Specifically, the chemical mechanical
polishing apparatus should have 2 carrier head which
applies a substantially uniform locad across the

substrate.

Summary of the Invention
30 In one aspect, the present invention is directed
to a carrier head for a chemical mechanical polishing
apparatus. The carrier head comprises a base, a support



- 3- substrates, the selection of a polishing pad and slurry

conbination is usually dictated by the required finish and fl at ness.

G ven these constraints, the polishing rate sets the maxi mum t hr oughput
of the polishing 5 apparat us. The polishing rate depends upon the
force pressing the substrate against the pad. Specifically, the greater
this force, the higher the polishing rate. If the carrier head applies a
non-uniformload, i.e., if the 10 carriey head applies nore force to one
regi on of the substrate than to another, then the high pressure regions
will be pol iéﬁlﬁihtfnaﬁéeéoﬁdn@@tédletéONh@rmrb}{raEQIm&re, aerefore, a

non uni f orm ) oad, uIt i n non-uni form ol i shing of the substrate.
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l.e., a lowdefect rate, succe55|v substrate shoul d be pollshed
under subRdRFhFaE¢ yand n?’l‘%?n%rmri?m HHRRAF SRISHIRAR 20 be
pol i shed By @GPPI MBEANbEPE Sane anmount so that each i nt egr at ed
circuit is substantlally I denti cal I n view of the foregoing,

there is a need for Qplem@ﬁéﬁﬁéﬁpsnﬁéhﬁhﬁcéPVBBFigﬁlh@céﬁﬁﬁrﬁbas whi ch
optinizes £Poldeihdd T OEpbRNEe Viﬁﬁ;}- Qoé)réé&ﬁ‘éw Btardlits  dif dpt ness 25

and fi ni sh. S ecifically, the chemc mechani cal
clamp and a’lower clamp, and the membrane may be secured

between the lower clamp and the support structure. The
10 flexure may be substantially horizontal and annular, with
an outer circumferential portion attached to the base and
an inner circumferential portion attached to the support
structure. The support structure may include an annular
ring or a circular plate. A portion of the chamber above
15 the plate may be connected by an aperture through the
plate to a portion below. An outer edée of the support
structure may have a downwardly projecting lip.
The carrier head may include one or more of the
following: a housing connectable to a drive shaft to
20 rotate therewith, a gimbal mechanism pivotally connecting
the housing to the base to permit the base to pivot with
respect to the housing, a retaining ring connected to the
base and surrounding the flexible membrane, and a loading
mechanism connecting the housing to the base to apply a
!5 downward pressure to the base. The housing may have a
substantially vertical passage, and the gimbal mechanism
may include a rod with its upper end slidable disposed in
the passage. The gimbal mechanism may include a bearing
base with a spherical outer surface connected to a lower
10 end of the rod and a gimbal race with a spherical inner
surface engaging the bearing base.
The support structure, flexure and membrane may be
configured such that a.downward pressure on the flexure



pol i shi ng apparatus should have a carrier head which applies a

substantially uniformload across the substrate.

sumary of the Invention 30 In one aspect, the present invention is
directed to a carrier head for a chem cal nechanical polishing
apparatus. The carrier head conprises a base, a support

-4- structure connected to the base by a flexure, and a flexible
menbr ane connected to the support structuber The flexi bl e menbrane has a
nounting surface for a substrate and extends beneath the support

structure to EsdEdbﬂEaattahhbebalanced by an | ygpk e e $ suse oént tike
upper ol anb BR8P BRRrEur et “ehat (R R g RS sefureg Sdge
bet ween t he Iqﬁwﬂh@lmembnmdeths sﬂbgﬂ&ﬁtﬁéli&ttﬁ@ séﬁﬁiéﬁ i | @xwmearay be
por i on att adHeee O E et akhe Brae Elond o e et Shent (4l SpEFEFEn
attached té& t&EESLmtmmbe lower surface the support structure may be

approximately equal to a surface area of the upper

surface of the flexure. An outer diameter of the clamp

may be less than an outer diameter of the support

structure.

10 There may be a gap between the support structure
and the flexure, and there may be a passage through the
support structure to carrying a fluid into the gap to
force a slurry out of the gap.

In anothexr aspect, to a carrier head includes a

15 housing, a base, a loading mechanism, and a gimbal
mechanism. The gimbal mechanism includes a rod having an
upper end slidably disposed in the passage in the
housing, and a slightly flexible member connecting a
lower end of the rod to the base.

20 Implementations of the invention include the
following. The member may be a ring with an inner
circumferential portion.connected to the rod and an outer
circumferential portion connected to the base. The
member may be bendable vertically but is rigid radially.

25 A stop may be connected to the upper end of the rod to
limit downward travel of the base.

In another aspect, a carrier head includes a
housing, a base, a loading mechanism connecting the
housing to the base to control the vertical position of

30 the base relative to the housing, and a cushion attached
to a lower surface of the housing to stop an upward
motion of the base.



structure. The support structure may include an annul ar ring or a
circular plate. A portion of the chanber above 15 the plate may be
connected by an aperture through the plate to a portion below. An outer
edge of the support structure may have a downwardly projecting lip.

The carrier head may include one or nore of the foll owi ng: a housing
connectable to a drive shaft to 20 rotate therewith, a ginbal nechani sm

pi votal |y connecting t he housing to-l&e ase to permt the base to pivot
W th respect to the housing, a retaining ring connected to the base
and surroundi ng t he I exiddicerendpedts, e cadnpstt fgead imehadesna

connecting the housi to the hase to ly a,.5 downwar essur.e to the

base. The hoti&Pfig ﬁaggﬁigef2e31%§&b§FE%E$5¥ryaQ§rPiE§F°B§s§g§éﬁgﬁﬁh t he

gi nbal EEChaﬂémaneﬁﬁyThﬁgf:idetahmléﬁﬂr\!héhh'a'ssarmgﬂht&mj shirdaldee bﬁﬂizsposeﬂ
in t he passage. , The gi nba chani sm,may i nc e a hearin ase wt

a spheri cal BquPS§6P Scé“éoﬁﬁggpgﬁ FogérPﬁwEBa ®&nd % etﬁé%P&ﬂ and a

gi nbal race wehbBranspher connected to ther base andagiordtikaeckealove base.

The support structure, flexure and nbrane may be onfigyred such that
a. downwar d pFBEsErESEnTEADTANE, (Pedetine a second chamber. *the

- 5- second membrane is positioned to exert a downward
pressure on the first membrane when fluid is forced into
the second chamber.

10 Implementations of the invention include the
following. The first membrane may be attached to a
support structure which is connected to the base by a
flexure. The second membrane may be positioned to
contact either the support structure or the first

15 membrane. A support structure may be connected to the
base by a flexure, and the first membrane may be attached
to and extend beneath the support structure to define the
first chamber. The support structure may include a
support ring, and the second membrane may be positioconed

20 to extend through the center of the support ring to
contact the first membrane. The carrier head may be used
in a polishing apparatus with a first fluid supply
connected to the first chamber, a second fluid supply
connected to the second passage, and a sensor for

25 measuring a pressure in the second chamber.

In another aspect, the carrier head includes a
base, a support structure connected to the base by a
flexure, a first membrane portion, and a second membrane
portion. The first membrane portion is connected to and

30 extends beneath the base to define a first substantially
circular chamber. The second membrane portion is connect
to and extends beneath the support structure to define a



I's substantially bal anced by an upward pressure on the support structure
so that a downward pressure at the edge of the nmenbrane is substantially
the sane as a downward pressure at other portions of the nenbrane. A
surface 5 area of the |ower surface the support structure may be
approximately equal to a surface area of the upper surface of the
flexure. An outer dianeter of the clanp may be | ess than an outer

di aneter of the support structure. 407 - There nmay be a gap between
t he support structure and the flexure, and there may be a passage

t hr ough t hesecofdppablstantiailuye anpudat vhagberf surgdtounddnighehgap to
force a slurn¥ out . of the gap. I n anot her aspect, to a carrier
head incl udé4T§t15PABREIg, a base, a | oading mechani sm and a gi nbal
nmechani sm The gi mbphp I@s&Re EIbHHCHEIdEe aineshtibon Nthélude tipger end

slidably dispgsed.in the passage in the ousi.ng, and .a slightly flexible
menber conn§83i951§g' Pol&™en® aFﬁe°Fo&gFo%ﬂﬁ thasEbrage Yorcion
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and an out efecong PEMPRANEKRICAL 498t i on connected to the base. The
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of the basefyce of the support structure. The membrane is arranged
and configured to be pulled into the recessed region if
the chamber is evacuated to produce a reduced pressure
area between the flexible membrane and an upper surface

15 of a substrate. The recessed region distributed in an
asymmetrical fashion.

In another aspect, the invention is directed to a
method of sensing the presence of a substrate in a
carrier head. A first chamber, formed by a first

20 flexible membrane having a mounting surface for the
substrate, is pressurized. A second chamber formed by a
second flexible membrane to a first pressure is also
pressurized. The second membrane is positioned to
contact the first membrane above the mounting surface.

!5 The second chamber is sealed. A substrate is placed
against the mounting surface, and fluid is forced out of
the first chamber to create a reduced pressure region to
chuck -the substrate to the mounting surface. Then the
pressure in the second chamber is measured a second tinme.

30 Implementations include the following. If the
second pressure is greater than the first pressure, then
the substrate may be indicated as present. If the second



- 6- _ I n anot her aspect, the carrier head includes a base, a
first flexible nenbrane, and a second flexible menbrane. The first
menbrane has a nounting surface for a substrate and defines a first
chanber. The second 5 nmenbrane is connected to the base and positioned
above the first nenbrane to define a second chanber. The second
menbrane i s positioned to exert a downward pressure on the first
menbrane when fluid is forced into I hg second chanber. 10

| mpl enent ati ons of the invention include the followi ng. The first

menbr ane nay e slleddRedqidd do thHRRYYL PriddGures WHe upsaqnected to
the base by a fl exure.” The second nenbrane nay be positioned to

contact eitRey bee ingdisatiedasuifsdng- the first 15 nenbrane. A support
structure may be Cof‘ﬂeﬁrgsghéf’?oﬁngﬁﬁct,b@ﬁé PyvénfiSXUis afpdcbbg Ebr gt

menbrane may be attache , extend beneath the support structure to
define the methiodstofirhvekingrie suhgigiatesthoud moantdng mynfdcen of support

Center of >t HE2aSRoNEi g it o WEAIREDY HeElorbd B 4 OO e
head may bemesedt ing isurfamsd ichiangappearatheada t IFlaifd st fidndedl s v
a first chamber defined by a first flexible membrane to
apply a downward pressure to an annular area of
substrate, and fluid is forced ocut of a second chamber
10 defined by a second membrane to pull the second membrane
upwardly and create a reduced pressure region bounded by
the annular area to chuck the substrate to the mounting
surface.

Implantations of the invention include the

15 following. The first membrane may contact either the
substrate, a support structure, or the second membrane.
The first chamber may include an annular volume.

Advantages of the invention include the following.

The carrier head applies a uniform load to the substrate.
20 The carrier head is able to vacuum-chuck the substrate to
lift it off the polishing pad.

Additional advantages of the invention will be set
forth in the description which follows, and in part will
be obvious from the description, or may be learned by

25 practice of the invention. The advantages of the
invention may be realized by means of the
instrumentalities and combinations particularly pointed
out in the claims.

Brief Description of the Drawings
30 The accompanying drawings, which are incorporated
in and constitute a part of the specification,
schematically illustrate the present invention, and



connected to the first chanber, a second fluid supply connected to the
second passage, and a sensor for 25 neasuring a pressure in the second
chanber . I n anot her aspect, the carrier head includes a base,
a support structure connected to the base by a flexure, a first nenbrane
portion, and a second nmenbrane portion. The first nmenbrane portion is
connected to and 30 extends beneath the base to define a first

substantial ly circul ar chanber. The sgcgnd menbrane portion i s connect
to and extends beneath the support strucfure to define a

chanber . Coatnd; TG e e TOBHe P} FAERFIRI0 oIV PakdFe anl ERE

fol |l owi ng. Adéﬁmeledudéac51ptlbhegiVeBtbQEQMramerm@rtmoexﬁlaay tbat act or
be attached to.an.ugger guiﬁac of Eﬂe second menbrane portion.
I n anot her RPEREIPtRR R4 F'&r *RZERHR" a support structure having a
bottom face, a flexifi® rmrntyaneexpmeimmgs@emmemandafa gort for
appl yi ng %fwecuun1t C i S a recessed region in the

a

10 t hanber, Ther
bot t om e%?°?ﬂe %ﬁBﬁB?FaitPgi%ﬁ?éngTﬂ%p$5$5Y§ne i s arranged

FIG. 2 is a schematic top view of a carousel, with
the upper housing removed.
FIG. 3 is partially a cross-sectional view of the
carousel of FIG. 2 along line 3-3, and partially a
10 schematic diagram of the pumps used by the CMP apparatus.
FIG. 4 is a schematic cross-sectional view of a
carrier head in accordance with the present invention.
FIG. 5 is a cross-sectional view of the carrier
head of FIG. 4 along line 5-5.

15 FIG. 6 is a schematic, exploded and partially
cross~-sectional perspective view of the carrier head of
FIG. 4.

FIG. 7 is a schematic cross-sectional view of a
carrier head in which a bladder is positioned to directly

20 contact a flexible membrane.

FIG. 8 is a schematic cross-sectional view of a
carrier head which includes two chambers.

FIG. 9 is a schematic cross-sectional view of a
carrier head in which a support plate is used in place of

25 a support ring.

FIG. 10 is a schematic cross-sectional view of a
carrier head illustrating a gimbal mechanism including a
gimbal body and a gimbal race.

FIG. 11 is an expleded and partially cross-

30 sectional perspective view of the gimbal mechanism of
FIG. 10. .

FIG. 12 is a bottom view of the support plate of
the carrier head shown in FIG. 9.



and_configured to be pulled into the recessed region if t he chanber is

evacuated to produce a reduced pressure area between the flexible
menbrane and an upper surface 15 of a substrate. The recessed region

di stributed in an asymmetrical fashion. I n anot her aspect, the
invention is directed to a met hod of sensing the presence of a substrate
in a carrier head. A first chanber, fornmed by a first 20 flexible
menbrane having a nounting surface for, the_  substrate, is pressurized. A
second chanber fornmed by a second fl éxi ble nenbrane to a first pressure

s also  pressuriged. e, second DD angrl3eposLiiongd boew ogogtact the

first nmenbrane abov nDuntlng sur second chanber is seal ed.
A substrat eciaxrpjea:cérbad iddaistta ttimeg rohen tMasyunnchaskingnef laiid is forced
out of the.f |rst chanber to create a reduced pressure region to chuck
_the substr&PSFANFe nounting surface. Then the pressure in the second
chanber is neasuredFaGseménﬂstanncheﬁatlc crosspsegtnonailomsewnolfude t he

then”" "Phe el ne AL RIS BRI 1 he tecona” "
-8-
Description of the Preferred Embodiment (s)
Referring to FIG. 1, one or more substrates 10
will be polished by a chemical mechanical polishing (CMP)
apparatus 20. A complete description of CMP apparatus 20
10 may be found in U.S. Patent Application Serial No.
08/549,336, by Perlov, et al., filed October 27, 1996,
entitled CONTINUOUS PROCESSING SYSTEM FOR CHEMICAL
MECHANICAL POLISHING, and assigned to the assignee of the
present invention, the entire disclosure of which is
15 hereby incorperated by reference.
According to the invention, CMP apparatus 20
inéludes a lower machine base 22 with a table top 23
mounted thereon and a removable upper outer cover (not
shown). Table top 23 supports a series of polishing
20 stations 25a, 25b and 25c¢, and a transfer station 27.
Transfer station 27. forms a generally square arrangement
with the three polishing stations 25a, 25b and 25c.
Transfer station 27 serves multiple functions of
receiving individual substrates 10 from a loading
25 apparatus (not shown), washing the substrates, locading
ﬁhe substrates intc carrier heads (to be described
below), reéeiving the substrates from the carrier heads,
washing the substrates again, and finally transferring
the substrates back to the locading apparatus.
30 Each polishing station 25a-25c includes a
rotatable platen 30 on which is placed a polishing pad
32. If substrate 10 is an eight-inch (200 mm) diameter



pressure is equal to the first pressure, the substrate may be indicated

as m ssing. I n anot her aspect, the invention is directed to a
nmet hod of chucking a substrate to a nmounting surface of a 5 carrier head.
A substrate is positioned against a nounting surface of a carrier head.
Fluid is forced into a first chanber defined by a first flexible
menbrane to apply a downward pressure to an annul ar area of

substrate, and fluid is forced out of a ggcand chanber 10 defined by a
second nmenbrane to pull the second nenbrane upwardly and create a
reduced presgyisg r RGie AWMUMEEPYnd gdI8 sHIRY Yad?322 W 1CHKCK

substrate to the nounting surface. | npl ant at1 ons of the

i nvention i néMeadEt HOCRS din diiargteme fladenmdfbisn@nedprediact eit her
the — substrfege i1 R el 46! Lgrt%inqrestsh%t%%fig\g,gaaﬁg%ro%%ctteﬁew first

chanber may include an annular volune. ges of
i nvention i n@ sd@imesso|steflnplatemmdrive shafthdadtashioras &oud f orm | oad

o the subst palbger? QiR RTINS ot Filokmh] VIBHRAMHOILIBPSL T al o

to lift i t he Addi ti onal antages of the
i nventi on w Pragesses, thepdnivien mateordesdaitesi @d awenc30f altl @wutand in

part will IQSyi u Qm.t lp4d:an,.. or | eqr. ?%%6%525
practice of tt%g i vet%t |Sc(§jrlJ %g%ﬁ%%&%;tlogst %grnmingx&gm %&% e

reali zed by fieareyr efr thisgther incdtarbimeralalspeicgls may benimseat.i ons particul arly
poi nt ed out |

Drawi ngs 30 " th?ﬂgkgtggﬁp%ﬂgiﬂa ﬂ?%m?ﬁg%,céﬁéégﬁggzgéI%%#%ﬂrﬁi%%he in
and constl® uize rougdreneaf pidld siyiey fsuxdlaice), The polishing pad 32 may
be attached to platen 30 by a pressure-sensitive adhesive
layer. Polishing pad 32 may have a fifty mil thick hard
upper layer and a fifty mil thick softer lower layer.
The upper layer is preferably a material composed of

15 polyurethane mixed with other fillers. The lower layer
is preferably a material composed of compressed felt
fibers leached with urethane. A common two-layer
polishing pad, with the upper layer composed of IC-1000
and the lower layer composed of SUBA-4, is available from

20 Rodel, Inc., located in Newark, Delaware (IC-1000 and
SUBA-4 are product names of Rodel, Inc.).

Each polishing station 25a-25c may further include
an associated pad conditioner apparatus 40. Each pad
conditioner apparatus 40 has a rotatable arm 42 holding

25 an independently rotating conditioner head 44 and an
associated washing basin 46. The conditioner apparatus
maintains the condition of the polishing pad so that it
will-effectively polish any substrate pressed against it
while it is rotating.

30 A slurry 50 containing a reactive agent (e.gq.,
deionized water for oxide polishing), abrasive particles
(e.g., silicon dioxide for oxide polishing) and a
chemically-reactive catalyzer (e.g., potassium hydroxide



schematically illustrate the present invention, and

-9- together with the general description given above and the

detail ed description given below, serve to explain the principles of the
i nventi on. FIG 1 is an exploded perspective viewof a 5

chem cal nmechani cal polishing apparatus. FIG 2 is a schematic
top view of a carousel, with t he upper housi ng renoved. Fl G
3 is partially a cross-sectional view ofjiphe carousel of FIG 2 along

line 3-3, and partially a 10 schematic di agram of the punps used by the CWP

apparatus.  for oxide gb@lsﬁma)a ssheupphsear Q%StﬁﬁckhQﬁaEeVbQW of a
carrier head in accordance pr esent |nvent| FIG 5is

a cross-sect P@Aaishingwpad tﬁebwa@rﬁéPrrY RYRE BftPPG.SZ -al SR LEGHe™- 5. 15

FIG 6 is a gghest '1% pPeRlieded t%n@o%:&t hﬁh' Vet tﬁéoéﬁtiQét b%'li'shm_?
perspective view Of the carrier head of FI G s a

schemati ¢ cr pad Sécti Gwal Ol'éwi@fléterm§éﬁﬁﬁérWﬁé&éngnsﬁﬁtéﬁn§ $52dder is
posi tioneds t gndi KRR Lyo2B3ARL 3N bk wéeRl ReTBRBE228g polishing

stations 25a, 25b and 25¢. The washing stations rinse
the substrates as they pass from one polishing station to
another. .
A rotatable multi-head carousel 60 is positioned

10 above lower machine base 22. Carousel 60 is supported by
a center post 62 and rotated thereon about a carousel
axis 64 by a carousel motor assembly located within base
22, Center post 62 supports a carousel support plate 66
and a cover 68. Multi-head carousel 60 includes four

15 carrier head systems 70a, 70b, 70c, and 70d. Three of
the carrier head systems receive and hold substrates and
polish them by pressing them against the polishing pad 32
on platen 30 of polishing stations 25a-25¢. One of the
carrier head systems receives a substrate from and

20 delivers the substrate to transfer station 27.

The four carrier head systems 70a-70d are mounted
on carousel support plate 66 at equal angular intervals
about carousel axis 64. Center posf 62 allows the
carousel motor to rotate the carousel support plate 66

25 and to orbit the carrier head systems 70a-70d, and the
substrates attached thereto, about carousel axis 64.

Each carrier head system 70a-70d includes a
polishing or carrier head 100. FEach carrier head 100
independently rotates about its own axis, and

30 independently laterally oscillates in a radial slot 72
formed in carousel support plate 66. A carrier drive
shaft 74 connects a carrier head rotation motor 76 to
carrier head 100 (shown by the removal of one-quarter of



FIG 8 is a schematic cross-sectional view of a carrier head which

I nctudes two chanbers. FIG 9 is a schematic cross-sectional
view of a carrier head in which a support plate is used in place of 25 a
support ring. FIG 10 is a schematic cross-sectional view of a
carrier head illustrating a ginbal mechanismincluding a gi mhal body and
a gi nbal race. FIG 11 is an exploded and partially cross- 30
sectional perspective view of the ginbal chani sm of FI G 10.

FIG 12 is a bottomview of the supporf’ﬂ1 te of the carrier head shown
in FIG 9. FIG 13

. : ...~ 10 .
is a schemat iCE DL )sectTRRE 11 SPDrearrier grivg 531% iANURERE ng t he
vacuum chuckifiigr &fach headlbstrat e. FIG 14 is a schematic

cross-sectional view_,of a 5 carrier_head including a stop-pin assenbl
Descri ption of the PF&F@FFéBgEﬁBOE&ﬁEng(S}n whichcover 88 of carouse

60 has been removed, carousel support plate 66 supports

5 the four carrier head systems 70a-70d. Carousel support
plate includes four radial slots 72, generally extending
radially and oriented 90° apart. Radial slots 72 may
either be close-ended (as shown) or open-ended. The top
of support plate supports four slotted carrier head

10 support slides 80. Each slide 80 aligns along one of the
radial slots 72 and moves freely along a radial path with
respect to carousel support plate 66. Two linear bearing
assemblies bracket each radial slot 72 to support each
slide 80.

15 As shewn in FIGS. 2 and 3, each linear bearing
assembly includes a rail 82 fixed to carousel support
plate 66, and two hands 83 (only one of which is
illustrated in FIG. 3) fixed to slide 80 to grasp the
rail. Two bearings 84 separate each hand 83 from rail 82

20 to provide free and smooth movement therebetween. Thus,
the linear bearing assemblies permit the slides 80 to
move freely along radial slots 72.

A bearing stop 85 anchored to the outer end of one
of the rails 82 prevents slide 80 from accidentally

25 coming off the end of the rails. One of the arms of each
slide 80 contains an unillustrated threaded receiving
cavity or nut fixed to the slide near its distal end.

The threaded cavity or nut receives a worm-gear lead
screw B6 driven by a slide radial oscillator motor 87

30 mounted on carousel support plate 66. When motor 87
turns lead screw 86, slide 80 moves radially. The four
motors 87 are independently operable to independently



Referring to FIG 1, one or nore substrates 10 Wil | Be polished by a

chem cal mechani cal polishing (CW) apparatus 20. A conpl ete description
of CMP apparatus 20 10 nay be found in U S. Patent Application Serial No.
08/ 549, 336, by Perlov, et al., filed Cctober 27, 1996, entitled

CONTI NUOUS PROCESSI NG SYSTEM FOR CHEM CAL MECHANI CAL POLI SHI NG, and
assigned to the assignee of the present invention, the entire disclosure
of which is 15 hereby incorporated by re{grence. According to

t he invention, CMP apparatus 20 i ncl udes a | ower machine base 22 with a

tabl e 10D 23nove™yat ¢dutnen sas2d0Rq" ¢V aRLEAPREELQUYSY sGOVEr (not

shown). Table top 23 supports a serie shi ng stations 25a, 25b
and 25c, andcarephgmdi EHPPEati PAage. 66. Transfer station 27. forns a

general ly square ar rﬁsr%e{?argr Z}l/eéé&eta&é%ﬂ]ir%ees[guﬂ.n%{]'i g S atd s Aeg: . 25b

and 25c. Transfer station rves mui I ons  of recet ving
i ndi vi dual sabsaraties heafir 380a kosdrnje2Sdapper ahaft(iét shommyiewashi ng

t he substrat 0gdi n t .ates._Lnto.carrier, head to _be
described 5. ﬁ%éf’%w? %r dng; o ?ériﬁﬁﬁéiéﬁét RoPoEoFRbEPELERALE ﬁ8§‘3388ds,
washi ng the 3Z8bstisafeésedgabneaahdofi nhkl fotirasdfidesi. ngbrivehehaibstrat es
back to the ol.i s sta%ign 25a- 25c¢c

i ncl udes a LgﬁggggagﬁgﬁéﬁégZﬂrggeoﬁhﬁﬁFcEgﬁggpgaéﬁﬁggggﬁﬁi9 i ng¥Had 32.
| f substraterifigi beaminggh8s8i and &266tnof dpp&et eing bearings 89. '

Each carrier head assembly can be assembled away from

10 polishing apparatus 20, slid in its untightened state
into radial slot 72 in carousel support plate 66 and
between the arms of slide 80, and there tightened to
grasp the slide.

A rotary coupling 90 at the top of drive motor 186

15 couples two or more fluid or electrical lines 92a-92c
into three or more channels 94a-94c¢ in drive shaft 74.
Three pumps 93a-93¢ may be connected to fluid lines 92a-
92c, respectively. Channels %4a-94¢ and pumps 93a-93c
are used, as described in more detail below, to

20 pneumatically power carrier head 100 and to vacuum-chuck
the substrate to the bottom of the carrier head. 1In the
various embodiments of the carrier head described below,
pumps 93a-93¢ remain coupled to the same fluid lines,
although the function or purpose of the pumps may change.

25 During actual polishing, three of the carrier
heads, e.g., those of carrier head systems 70a-70c, are
positioned at and above respective polishing stations
25a-25c. Carrier head 100 lowers a substrate into
contact with polishing pad 32, and slurry 50 acts as the

30 media for chemical mechanical polishing of the substrate
or wafer. The carrier head 100 uniformly loads the
substrate against the polishing pad.



di sk, then platen 30 and polishing pad 32 will be about twenty i nches in

dianeter. Platen 30 is preferably a rotatabl e al um num or stainl ess
steel plate connected by a stainless steel platen drive shaft (not
shown) to a 5 platen drive notor (al so not shown). For nost polishing
processes, the drive notor rotates platen 30 at about thirty to

t wo- hundred revol uti ons per m nute, although | ower or higher rotational
speeds may be used. : Pol i shi ng, pad 32 may be a conposite nateria
with 10 a roughened polishing surface. %g pol i shing pad 32 may be

attached to platen by ur.e- en5|t e adhesi ve | a Pollshlng
pad 32 may have a flslsf%}ey eraq St& War i}éﬁ’ersqbéf&te&d: a"%l"ﬁftt t hi ck
softer |owerpbayshing sibpsupmﬁclhdyﬁg asmamnfpoabbhlﬁgnnteplahdcanposed of
15 polyureth th other filler The is preferably
a materi al BSL gfm%bﬂﬁrégggd f ePF ghefWBéPsp?iéﬁﬁgﬁgmfFﬁpurethane A
conmon t wo- |ﬁ§6£lly pekifabinad Eﬁdst&tibntBBaUp@&friéyehe§§nvoseﬂa?f | G- 1000

and the | aower | ayer conposeg of SUBA- 4 %val able from 2Q Rode I nc.
| ocated i P NBRBI¥, 2aDEPRRAr 8 pRPTOXIMARALY fUEATR hPR BPBAHE:PRANES of

Rodel , Inc. )square inch (path pel sebstgaskatoon ﬂ5338§§e§§¥nﬁurther i ncl ude
an aSSOCIated pad conditioner apparatus 40. Each pad condi tioner

appar at us 4osﬁé§lanﬁotQPEEPSraPﬁF§21ﬂBI@PﬁgaEBlﬁnmPﬁGeﬁEnaﬁﬁFI§°F6Fat|ng

condi ti oner hgade44mpnd, afor aaﬁﬁﬂslabsﬂlgﬁshgn9t99§lGsé@llihe condi ti oner
appar at us maintai hs the conditjon of t he polish |n8o SO that it

will effectiPBF§CEBRAsAtaA2EdBBL £aEe S?§§éé§ hgafdnsPOimay apply a
10 force of about three psi. Carrier motor 76 rotates

carrier head 100 at about thirty to two-hundred
revolutions per minute. Platen 30 and carrier head 100
may rotate at substantially the same rate.

Generally, carrier head 100 holds the substrate

15 against the polishing pad and evenly distributes a
downward pressure across the back surface of the
substrate. The carrier head also transfers torque from
the drive shaft to the substrate and ensures that the
substrate does not slip from beneath the carrier head

20 during polishing.

Referring to FIGS. 4-6, carrier head 100 includes
a housing 102, a base 104, a gimbal mechanism 106, a
loading mechanism 108, a retaining ring 110, and a
substrate backing assembly 112. The housing 102 is'

25 connected to drive shaft 74 to rotate therewith about an
axis of rotation 107 which is substantially perpendicular
to the surface of the polishing pad. The loading
mechanism 108 is positioned between housing 102 and base
104 to apply a load, i.e., a downward pressure, to base

30 104. The base 104 is fixed relative to polishing pad 32
by loading mechanism 108. Pressurization of a chamber
290 positioned between base 104 and substrate backing

assembly 112 generates an upward force on the base and a



while it is rotating. 30 A slurry 50 containing a reactive agent
(e.q., dei oni zed water for oxide polishing), abrasive particles

(e.g., silicon dioxide for oxide polishing) and a chem cal l y-reactive
catalyzer (e.g., potassium hydroxide

- 12 - for oxide polishing), is supplied to the surface of pol i shi ng
pad 32 by a slurry supply tube 52. Sufficient slurry is provided to
cover and wet the entire polishing af 32. Two or nore internediate
washi ng stations 55a 5 and 55b are posit %ned bet ween nei ghbori ng poli shing
stations 25a, 25b _and_25c. The_washi ng,Linse e sufjstrates as
t hey pass frﬂﬂVBH@raoFP§ﬁFnansF5?l HQ?Bra ea 3Ek&pg assemﬁ?y. AEBStatable
mul ti - head CdeHﬁadeQOr&epeﬁlthénedbiﬁrabeVBabQﬂng aasémnEybpsesaas

Carousel 60 is suggorted bg a center 62 ana égted t hereon about a
skyakecapaiask FoP° §§ iBPyPRBcat W PRFRTBESe 22.

car ousel ERess

Cent er post ﬁgc&MﬁQOEESeﬂbQ§rszehn&MQﬁeétaphﬁb@oﬁﬁ straddudecoya; &8.

Mul ti - head carousel 60Q includes four 15 carrier head systens_70a, 70b, 70c,
and 70d. Thr &éegpre lﬁﬁeCEBPFFEFdhgﬁawgﬁgtéHEPPéﬁngéuSﬁHrﬁoFa4sGBQtrates
and base 104, and a flexible membrane 118 connected to

support structure 114. The flexible membrane 118 extends
below support structure 114 to provide a mounting surface
274 for the substrate. Each of these elements will be

10 explained in greater detail below.

Housing 102 is generally circular in shape to
correspond to the circular configuration of the substrate
to be polished. The housing includes an annular housing
plate 120 and a generally cylindrical housing hub 122,

15 Housing hub 122 may include an upper hub portion 124 and
a lower hub portion 126. The lower hub portion may have
a smaller -diameter than the upper hub portion. The
housing plate 120 may surround lower hub portion 126 and
be affixed to upper hub portion 122 by bolts 128. Both

20 housing plate 120 and housing hub 122 may be formed of
stainless steel or aluminum.

An annular cushion 121 may be attached, for
example, by an adhesive, to a lower surface 123 of
housing plate 120. Cushion 121 may fit into a recess 125

25 in the housing plate so that the cushion's bottom surface
is flush with the lower surface of the housing plate. As
discussed below, the cushion acts as a soft stop to limit
the upward travel of base 104. Cushion 121 may be an
open-cell pad, such as a fifty mil thick POLYTEX™ pad

30 available from Rodel, Inc. of Newark, Delaware.

The housing hub 122 includes two passages 130 and |
132 which connect an upper surface 134 of upper hub
portion 124 to a lower surface 136 of lower hub portion



pol i sh them by pressing them agai nst the polishing pad 32 on platen 30
of polishing stations 25a-25c. One of the carrier head systens receives
a substrate fromand 20 delivers the substrate to transfer station 27.

The .four carrier head systens 70a-70d are nounted on carousel support

pl ate 66 at equal angular intervals about carousel axis 64. Center post
62 all ows the carousel notor to rotate the carousel support plate 66 25
and to orbit the carrier head systens 70a-70d, and the substrat es
attached thereto, about carousel axis 6417 - Each carrier head
system 70a-70d i ncl udes a olishing or carrier head 100. Each carrier
head 100 1aéepeﬁd§hFF9rﬁoﬂ55e§°§b©9Pn¢€§lenaaRF§Sa§ﬂd13© tadependent |y

laterally Osflékéﬁfé tibe RﬁétaEFéL a fieiaEéL;Hccaaﬁ g' ayrBa !

plate 66. A carrier drive connects a cafrier ation
nmot or 76 to mountedi en ﬂaeuerlsgrésngmh%yofhbowenmhab pbérohenqlidbter of

cach head, 1 addPtiop PaRckAcedf FREELGRITRLYR, THR haBPEkERRA" alonhly,

5 the central axis of the housing hub. O-rings 140
surround both passages 130 and 132, and central bore 138
to provide a fluid-tight seal when the carrier head is
attached to the drive shaft. A cylindrical bushing 142
is press fit in central bore 138 and is supported by a

10 ledge 144 formed in lower hub portion 126. Three slots
146 (only one of which is shown due to the cross-
sectional view) are formed at equal angular intervals in
the inner cylindrical surface of bushing 142. Bushing
142 may be a hard plastic material, such as a mixture of

15 TEFLON™ and DELRIN™,

To connect housing 102 to drive shaft 74, carrier
head 100 is then lifted so that two dowel pins (not
shown) are fit into two dowel pin holes (not shown) in
upper surface 134 of upper hub portion 124 and two paired

20 dowel pin holes in drive shaft flange 96. This
circumferentially aligns passages 130 and 132 with
channels 94a and 94b (see FIG. 3). Central bore 138 will
be aligned with central channel 94c¢. A flange 148
projects outwardly from upper hub portion 124 of housing

25 102. Flange 148 mates toc flange 96 of drive shaft 74.

A circular clamp (not shown) may clamp flange 148 to
flange 96 to securely attach carrier head 100 to drive
shaft 74.

Base 104 is a generally ring-shaped body located

30 beneath the housing 102. The outer diameter of base 104
may be approximately the same as the outer diameter of
housing plate 120, and the inner diameter of base 104 may
be somewhat larger than the diameter of lower hub portion



60 has been renoved, carousel suppor t plate'66 supports 5 the four carrier

head systens 70a-70d. Carousel support pl ate includes four radial slots
72, generally extending radially and oriented 90[err] apart. Radi al
slots 72 may ei ther be close-ended (as shown) or open-ended. The top

of support plate supports four slotted carrier head 10 support slides 80.
Each slide 80 aligns along one of the radial slots 72 and noves freely
along a radial path with respect to cgyousel support plate 66. Two

| i near bearing assenbl i es bracket each’ radial slot 72 to support each

slide 80. 15 As sho I n .2, and 3. each,linear b '

assenbl y i ncldfes & Fap|s%§@§F§eggf§5£aF€ﬁggfsgug%%%gdgg é?a%gﬁgggrand t wo
hands 83 (onkymODEZQfamﬂiahlbser sutFaser afedof nb&$& 18¥ ifingbddes shi de 80
to grasp the

Lo provi do 17RBLAE ERGROR TabenchP CRAVOBE IERRCSTAOG, L5 PRE PRnoar

beari ng assepbthesd Qﬁrahhulhg aétdss 862t o0 Thenbasefleelmaalbegfoaﬂédl
slots 72. earlnglstogp85 anghored to the guter nd of one

of theI%mﬁs°§23pFé9éﬁt§a§PFa 8BUFR AT 2R LHRERRSY | $EOENLERPnFEEPE PRe end

of the rails; ©pgeptrbhffarBE4Ob188€Nc. slide 80 contains an unillustrated
threaded receiving cavity or_ nut fixed to the slide near Its distal end.

The threaded cavity ProlRAdenddq dan Rbrktgehed &1 2 1S\ FURF4fS ven by

a slide radi @Booaf'bhateoaoqot 05184420 fmunhs PActaBaUaChefBPAAE! 1BRAt € 66.
When not or turns | ead screw 86, slid Q_noves radially. The_four

notors 87 arénﬁnéeﬁéﬁménrlygoééﬁablgeﬂbrﬁﬁﬁebéﬁd@ﬂYIye a thin annular
10 sheet of a flexible material, such as a silicon rubber,

having protruding edges 164. The clamp ring 166 may be
an annular body having a T-shaped cross-section and
including wings 107. A plurality of holes, spaced at
equal angular intervals, pass vertically through the

15 clamp ring. As discussed below, one of these holes (on
the left side of FIG. 4) may be used as a passage 172 for
pneumatic control of bladder 160. The remainder of the
holes may hold bolts to secure the clamp ring to the
base. To assemble bladder 160, protruding edges 164 of

20 membrane 162 are fit above wings 167 of clamp ring 166.
The entire assembly is placed in annular depression 156.
Clamp ring 166 may be secured to base 104 by screws 168
(only one screw is shown on the right hand side of this
cross-sectional view because the other hole is used as

25 passage 172). Clamp ring 166 seals membrane 162 to base
104 to defipe a volume 170. A vertical passage 172
extends through clamp ring 166 and is aligned with a
vertical passage 158 in base 104. A fixture 174 may be
inserted into passage 158, and a flexible tube (not

30 shown) may connect fixture 133 to fixture 174.

Pump 93b (see FIG. 3) may be connected to bladder

160 via fluid line 92b, rotary coupling 90, channel 94b
in drive shaft 74, passage 132 in housing 102, the



- 14 - nove the four slides along the radial slots 72 in carousel
support plate 66. A carrier head assenbly or system each

i ncl udi ng a carrier head 100, a carrier drive shaft 74, a carrier 5
notor 76, and a surroundi ng non-rotating shaft housing 78, is fixed to
each of the four slides. Drive shaft housi ng 78 hol ds drive shaft 74 by
paired sets of | ower ring bearings 88 and a set of upper ring bearings
89. Each carrier head assenbly can be_assenbl ed away from 10 pol i shing
appar atus 20, slid inits untightened stabe” into radial slot 72 in

carousel sup Baate 66 bet ween t he ar of sg ig, and there
ti ght ened to ex@ &ptlRE PP&e5h°wn)' passagg 8r y1cBASPi 90288 the top

of drive notgasi8gelld7eoupl e3apo rahgmee.f | DEdpamnpebadt Eoeaksl anes 92a- 92¢
into three or ngre channel s _94a-94c in drive shaft 74. Thr ee_punps
93a- 93c nmay BeUiBanBEREGERBLY @i 23Sk n&¥cH28s alrgzéntPegﬁéBBFvé75 Channel s

94a-94c and pHBRSbHI3AUBSC 160 @i 1UeRPanadSqERANALREY.i NOADERedBERLE bel ow,
to 20 pneunatlcally power carrier head 100 and to vacuum chuck t he

subst r at e X oDBRE, baft BRMBF 98Re evacvpELshEANid| Aremevolungr 1d0s 8hBDdi nent s
of the carrigiabgad Q%éc&hﬁﬁchﬁEQ RYMBEs 8385 24CHE '“bigaagﬁd O the

sane fluid |ines, unction or purpose 0 the
change. 25 160 maYDbeungedcmgahppéwushdngnwandepresSuhe tarsupport

structure 114 and flexible membrane 118. Gimbal
mechanism 106 permits base 104 to move with respect to

10 housing 102 so that the base may remain substantially
parallel with the surface of the polishing pad.
Specifically, the'gimbal mechanism permits the base to
move vertically, i.e., along axis of rotation 107, and to
pivot, i.e., to rotate about an axis parallel to the

15 surface of the polishing pad, with respect to housing
102. However, gimbal mechanism 106 prevents base 104
from moving laterally, i.e., along an axis parallel to
the polishing pad, with respect to the housing. Gimbal
mechanism 106 is unloaded; that is, no downward preséure

20 is applied from the housing through the gimbal mechanism
to the base. However, the gimbal mechanism can transfer
any side load, such as the shear force created by the
friction between the substrate and polishing pad, to the
housing.

25 Gimbal mechanism 106 includes a gimbal rod 180, a
flexure ring 182, an upper clamp 184, and a lower élamp
186. The upper end of gimbal rod 180 fits into a passage
188 through cylindrical bushing 142. The lower end of
gimbal rod 180 is attached to upper clamp 184.

30 Alternatively, upper clamp 184 may be formed as an
integral part of gimbal rod 180. The inner edge of
flexure ring 162 is held between lower clamp 186 and
upper clamp 184, whereas the outer edge of flexure ring



heads, e.g., those of carrier head systens 70a-70c, are positioned at

and above respective polishing stations 25a-25c. Carrier head 100 | owers
a substrate into contact with polishing pad 32, and slurry 50 acts as
the 30 nedia for chem cal nechanical polishing of the substrate or
wafer. The carrier head 100 uniformy |oads the substrate against the
pol i shi ng pad. The substrate is typically subjected
to multiple polishing steps, including a nmain polishing step and a

final polishing step. For the main polislahg step, usual |y perforned at

station 25a, carrier head 100 may 5 apply a force of approximately four to
ten pounds persgz i§0$@é@rédlctkb(mé)lcbmeﬁlmmtfme 150 o sases eh@ent

or o final P b bimty RUSFEY £ HeeTEs riarer S P Sske ERYY o
head 100 may epithy P840 419d CE€cPéwDDRT rhdly ase pssedG&f rsegur®t Hlexibre ot at es
carrier head 100 at about thlrtg4to t wo- hundr revol ut ons per m nute.

Platen 30 andFied ri®d HReHRRA90104- neGimahi &P tl%QJB%‘T!érﬁ}r ¢y the same
rate. 5 vert{EAEI! dVYongApitEigbcrel 180 tadpide robshipifove

vertically with respect to housing 102. However, gimbal
rod 180 prevents any lateral motion of base 104 with
respect to housing 102.
Gimbal rod 180, upper clamp 184 and lower clamp

10 186 are formed of rigid materials, such as stainless
steel or aluminum. However, flexure ring 182, as its
name implies, is formed of a moderately flexible
material. The flexure ring material is selected to be
able to withstand high strains, induced by pivoting of

15 the base with respect to the housing, without breaking,
and to have a moderate elastic modulus. The flexure ring
182 is sufficiently elastic that the carrier can undergo
small pivoting motions without substantially changing the
load distribution on the retaining ring. However, the

20 flexure ring is sufficiently rigid that it effectively
transmits the side load from the base to housing. The
flexure ring is not as flexible as membrane 162 or
membrane 118. Specifically, flexure ring 182 should be
flexible enocugh to permit base 104 to pivot so that one

25 edge of the base is approximately five to ten mils higher
than the edge of the opposite base. The flexure ring may
be formed of a hard plastic, such as DELRIN™, available
from Dupent of Wilmington, Delaware. Alternately, the
flexure ring may be formed of a laminate of glass fibers

30 and epoxy resin, such as Gl0. Flexure ring 182 may bend
slightly in the vertical direction, but is rigid in the
radial direction.



15 against the polishing pad and evenly distributes a downwar d pressure
across the back surface of the substrate. The carrier head al so
transfers torque from the drive shaft to the substrate and ensures that
t he. substrate does not slip frombeneath the carrier head 20 during

pol i shi ng. Referring to FIGS. 4-6, carrier head 100 i ncl udes

a housing 102, a base 104, a gi nbal nmechani sm 106, a | oadi ng nechani sm
108, a retaining ring 110, and a sub§t%fpg backi ng assenbly 112. The
housing 102 is 25 connected to drive shaft” 74 to rotate therewith about an

axis of rotation 107 Lch i\S~substant.i al per pendi_ cular ot surface

of the polishing pad.AW?ﬁé’pl 3‘?& ﬁ‘& Se%r‘f‘&@l‘?la)r‘fios% %gg PEEAE5S: ilgbre ES en
housi ng 102 amiinibekerod HP4ithoeapstyeas| b2, (onky ,oree dofrwmieich ptessure, to
base 30 104. The base 104 is fixed relatjve fo polishi ad 32 y

| oadi ng mech '%ﬂﬁlﬁkfJ?Qeggﬁr?ﬁ%f?Bﬁeﬁéi%p%#a - éﬁkgéo%}??o%%g

?etmeen base %ﬂgaﬁmﬁ onbpt 69é eprCcks Nnghown pSesid Ot Her Dbt al B¢ Ahoxpwar d
orce on the bhase

a . . ) 7 16 -
downwar d f FC%F%RIfﬁg AP st P RRCKIAERE R AgES *AE in RuFhERE $d2ce on
the substrat eehiecki9y fseefpPey ©5eS5e8e vertically, but not laterally,

in slots 146. Thus, base 104 can move vertically
relative to housing 102 without affecting the rotation of
the carrier head. In addition, because gimbal rod 180 is

10 free to slide in passage 188, pressure cannot be applied
from housing 102 to base 104 through the gimbal
mechanism. Stop 190 also limits the downward travel of
base load 104 to prevent over-extension of the carrier
head. Pins 194 will catch against the bottom ledge 195

15 of vertical slot 146 to halt the downward travel of the
base.

Gimbal mechanism 106 may also include a vertical
passage 196 formed along the central axis of the stop,
the gimbal rod, the upper clamp, and the lower clamp.

20 Passage 196 connects upper surface 134 of housing hub 122
to a lower surface of lower clamp 186. O-rings 198 may
be set into recesses in bushing 142 to provide a seal
between gimbal rod 180 and bushing 142.

The vertical position of base 104 relative to

25 housing 102 is controlled by loading mechanism 108. The
loading mechanism includes a chamber 200 located between
housing 102 and base 104.

Chamber 200 is formed by sealing base 104 to

- housing 102. The seal includes a diaphragm 202, an inner

30 clamp ring 204, and an outer clamp ring 206. Diaphragm
202, which may be formed of a sixty mil thick silicone
sheet, is generally ring-shaped, with a flat middle
section, a protruding inner edge 210 and a protruding



t he substrate agai nst the polishing pad. The substrate backi ng assenbly
112-includes a support structure 114, a 5 flexure 116 connected between
support structure 114 and base 104, and a flexible nenbrane 118
connected to support structure 114. The flexi ble nmenbrane 118 extends
bel ow support structure 114 to provide a nounting surface 274 for the
substrate. Each of these elenents will be 10 explained in greater detai

bel ow. Housing 102 is generally circular in shape to

correspond to the circular configuration é2 the substrate to be
pol i shed. The housing includes an annul ar housi ng. plate 120 and a
general |y cyl pwtercadgfoddng ﬁ053122¢9§52i@u§ﬁn§lﬁ9brégm Ay irestsdenan

upper hub portigh 24o2ndase 2040WRE R BnRRE! bAB1300 FiELiARCHVRYD GPOITI ON
may have a smalTer dianefer than the upper portion. e housi ng
pl ate 120 nayrédgeodhd wbiweh hubspalongntheconkdr edpge aff rimdl16&.upper hub

portion 122 by bolts t J ' housj] may
be formed of st ai njrégésr s%{ie%fggrrf}%]?nﬁmﬁlu% Uded 4 %%IA%&aArél}gﬁg;#mc%&s) i on
121 may be Sattachase 104. Tbheafpher byamp adhgsreststprimkoidy sarfrdee 123
of housi ng ateql shij 1 fit.Lpt . S 25 in the
housi ng platelgg %ﬁgtﬁgﬁeggughﬁgﬁ'élgg?#gnyé r agggjéggg ?V%Ehrégﬁﬁ t he

| ower surface2dt.t hEnhenschgmpl ziieg 204 isdsecuseddtbebase 1Dé,cdslti on acts

be an " opercatRPiBahy heht e 2RYY Foy FRRIvnheadrERaTapE, FagRass0
avai |l abl e frodi&phebgml 202 agabaserkasbellgvare. The housi ng hub
of “upper b - por KOS £ AES T B rh B S b e AR 130
to housing 102. The protruding outer edge 212 of
diaphragm 202 rests in a groove 220 on an upper surface
of outer clamp ring 206. Outer clamp ring 206 is secured
to housing plate 120,. e.g., by bolts 222, to hold the
15 outer edge of diaphragm 202 against the bottom surface of
housing plate 120. Thus, the space between housing 102
and base 104 is sealed to form chamber 200.
Pump 93a (see FIG. 3) may be connected to chamber
200 via fluid line 92a, rotary coupling 90, channel 9%4a
20 in drive shaft 74, and passage 130 in housing 102.
Fluid, preferably a gas such as air, is pumped into and
out of chamber 200 to control the load applied to base
104. If pump 93a pumps fluid into chamber 200, the
volume of the chamber will increase and base 104 will be
25 pushed downwardly. On the other hand, if pump 93a pumps
fluid out of chamber 200, the volume of chamber 200 will
decrease and base 104 will be pulled upwardly.
The optional cushion 121 may be positioned in
housing plate 120 directly above inner clamp ring 204.
30 Cushion 121 acts as a soft stop to halt the upward motion
of base 104. Specifically, when chamber 200 is evacuated
and base 104 moves upwardly, the inner clamp ring 204
abuts against cushion 121. This prevents any sudden



- 17 - 126. A fixture 133 for connecting a passage 132 to a flexible
tube (not shown) in a fluid-tight manner nay be nounted on | ower surface
136 of |ower hub portion 126. In addition, a central vertical bore 138
may .extend along 5 the central axis of the housing hub. Orings 140
surround both passages 130 and 132, and central bore 138 to provide a
fluid-tight seal when the carrier head is attached to the drive shaft. A
cylindrical bushing 142 is press fit in central bore 138 and is
supported by a 10 | edge 144 forned in to#@r—hub portion 126. Three slots
146 (only one of which is shown due to the cross- sectional view) are
formed at eqiiarringuratipnsewbirh might cpusenaevaeypinaghbekpdsur face of

bushi ng 142. §H§@ TEIt°1égt§B§EE§°ﬁ[Qﬁﬁdcgk§§ékchg§&erlal such as a

m xt ure of 15 TEFLON[ err To connect housi ng
102 to drive shaft en:adrrmeer shaffeatf w0B-dtes howsing dd %o dirphiagm dovel

pins (not 2550&@$?a£st££5 tﬁekﬁﬁ3§0§ﬁgp gHObsﬁ ﬁgog ggeggéd'go

upper surface 134 of upper ﬁub porti two pal
holes in dribasenhiPé byamgBGQGCIEmpsrinchQéuntbeehaselwylhlrgnatpassages

130 and 132 yhthaascEBANNELEE4E B0PpER CREGcELE Pla EENELRhRRLG 138

to base 104 by flexure 116, the support structure and
attached flexible membrane will also rotate.

Retaining ring 110 may be secured at the outer

10 edge of the base 104. Retaining ring 110 is a generally
annular ring having a substantially flat bottom surface
230. When fluid is pumped into chamber 200 and base 104
is pushed downwardly, retaining ring 110 is also pushed
downwardly to apply a load to polishing pad 32. An inner

15 surface 232 of retaining ring 110 defines, in conjunction
with mounting surface 274 of flexible membrane 118, a
substrate receiving recess 234. The retaining ring 110
pPrevents the substrate from escaping the receiving recess
and transfers the lateral load from the wafer to the

20 base.

Retaining ring 110 may be made of a hard plastic
or a ceramic material. Retaining ring 110 may be secured
to base 104 by, for example, bolts 240. 1In addition,
retaining ring 110 may include one or more passages 236

25 connecting the inner surface 232 to an outer surface 238.
As discussed below, passages 236 provide pressure
equilibrium between the outside of the carrier head and a
gap between the flexure and the support structure in
order to ensure free vertical movement of the support

30 structure.

Retaining ring 110 may also include an annular rim
242 which fits around the outer circumference of base
104. A shield 244 may be placed over carrier head 100 so



be aligned with central channel 94c. A flange 148 proj ects outwardly
from upper hub portion 124 of housing 25 102. Flange 148 mates to flange 96

of drive shaft 74. A circular clamp (not shown) may clanp flange 148 to
flange 96 to securely attach carrier head 100 to drive shaft 74.

Base 104 is a generally ring-shaped body | ocated 30 beneath the housing
102. The outer dianeter of base 104 may be approximately the sane as

t he outer dianeter of housi ng plate 120, and the inner dianmeter of base
104 may be somewhat |arger than the-de4meter of |ower hub portion

- 18 - 126. A top surface 151 of the base includes an_annul ar rim

152, and a | ohet $btrtesesi60 oimbade e64rphainded BT 1ARndP@r recess 154.
An annul ar dgg&gé§§o§¥é26pgg¥égﬁaPlaigrqgg.|nsﬁﬂgyaa24ae§§§§eé§3.tmae base

104 may be forme erial such as alunlnunb st ai nl ess st eel
or a fi becomponeoksednptasrier head 100, AughaagefiaBbragp B82att ached

to a | owner sgg%gﬁSOPFﬁééggggoﬁgﬁgr%gérfggggger 160 may include a nenbrane

162 and a may be a thin annul ar
5 The substrate backing assembly 112 is located

below base 104. Substrate backing assembly 112 includes
support structure 114, flexure 116 and flexible membrane
118. The flexible membrane 118 connects to and extends

beneath support structure 114, In conjunction with base

10 104, support structure 114, flexure 116, and gimbal
mechanics on 106, flexible membrane 118 defines a chamber
290. Support structure 114 and attached flexible
membrane 118 are suspended from base 104 by flexure 116.
The support structure 114 may fit into the space formed

15 by annular recess 154 formed in base 104 and retaining
ring 110.

Support structure 114 includes a support ring 250,
an annular lower clamp 280, and an annular upper clamp
282. Support ring 250 is a rigid member which may have

20 an annular outer portion 252 and a thicker annular inner
portion 254. Support ring 250 may have a generally
planar lower surface 256 with a downwardly-projecting 1lip
258 at its outer edge. One or more passages 260 may
extend vertically through inner portien 254 of support

25 ring 250 connecting lower surface 256 to an upper surface
266 of the inner portion. An annular groove 262 may be
formed in an upper surface 264 of ocuter portion 252 of
the support ring. Support ring 250 may be formed of
aluminum or stainless steel.

30 Flexible membrane 118 is a circular sheet formed
of a flexible and elastic material, such as a high-
strength silicone rubber. Membrane 118 may have a
protruding outer edge 270. A portion 272 of membrane 118



10 sheet of a flexible material, such as a silicon rubber, havi ng
protrudi ng edges 164. The clanp ring 166 may be an annul ar body having a

T- shaped cross-section and i ncluding wings 107. A plurality of holes,
spaced at equal angul ar intervals, pass vertically through the 15 clanp
ring. As discussed bel ow, one of these holes (on the left side of FIG
4) may be used as a passage 172 for pneumatic control of bladder 160.
The renai nder of the hol es may hold bolts to secure the clanp ring to
t he base. To assenbl e bl adder 160, prod¥uting edges 164 of 20 menbrane
162 are fit above wings 167 of clanp ring 166. The entire assenbly is

pl aced i n anrextendeparesndne 1bever coraep of nguoBErkaying 22@urtdlip base
104 by screws,d&8 upw ?ﬁ'iy Qf'cguﬁﬁr?f{v 61%1:&?0%(5&9%:% heed | gPtoliggg side of
nal -~ vl ew er ho

this Cross-secti ecause the ot e I's used as 25 passage
172). C anp rpopties 282} sandnbneardlylalondadr uppdnisunfaesi 264aofol une

al i gned wi t h SucEE BOFEId %sp TRFRERUAIRGENGE AP0S4 et B0 1
inserted i3t onprsEageidts, ganave 262xi blke t edige (nbt £ Béx Shbsvmjiemayanennect
Lgﬁ;g;?eéS?otg}%hﬁéféfaﬁgég %?5???ﬁi%°Y$%285%%$ é%f:?éag%%é%?ﬁgyﬁgsgchannel
94b in dri2B0shaft 74, passage 132 in housing 102, the :
The flexure 116 is a generally planar annular
ring. Flexure 116 is flexible in the vertical direction,

10 and may be flexible or rigid in the radial and tangential
directions. The material of flexure 116 is selected to
have a durcmeter measurement between 30 on the Shore A
scale and 70 on the Shore D scale. The material of
flexure 116 may be a rubber such as neoprene, an

15 elastomeric-coated fabric such as NYLON™ or NOMEX™, a
plastic, or a composite material such as fiberglass.

Flexure 116 should be somewhat more flexible than the
flexure ring 182, but may be approximately as flexible as
flexible membrane 118. Specifically, flexure 116 should

20 allow support structure 114 to move vertically by about
one-tenth of an inch. The outer edge of flexure 116 is
secured between lower surface 150 of base 104 and
retaining ring 110. The inner edge of flexure 116 is
secured between lower clamp 280 and upper clamp 282.

25 Flexure 116 projects inwardly from its attachment point
into recess 154. Annular upper clamp 282, annular lower
clamp 280 and support ring 250 may be secured together by
screws 284 to assemble support structure 114.

The space between flexible membrane 118, support

30 structure 114, flexure 116, base 104, and gimbal
mechanism 106 defines chamber 290. Passage 196 through
gimbal rod 180 connects chamber 290 to the upper surface
of housing 102. Pump 93¢ (see FIG. 3) may be connected



- 19 - fl exi bl e tube (not shown), passage 158 in base 104, and

passage 172 in clanp ring 166. If punp 93b forces a fluid, preferably a
gas, such as air, into volune 170, t hen bl adder 160 will expand

downwar dly. On the other 5 hand, if punp 93b evacuates fluid from vol une
170, then bl adder 160 will contract. As di scussed bel ow, bl adder 160
may be used to apply a downward pressure to support structure 114 and
fl exi bl e nenbrane 118. G nbal mechani sm 106 pernmits base 104 to nove
with respect to 10 housing 102 so that'tﬁesbase may remai n substantially

parallel with the surface of the | shin S eC|f| he gi nbal

mechani sm pertift (chamke 230 tvia £ g %4 yEotaxy %ﬁg"%x?

rotation 107, y?ang-t D 94 Qrive Eshaftd THIAME plosdg &M g% $n ;traﬂ:éel to

the 15 surfac éthegpcof)jl'r\sfhﬁllé egg avvlth res ct to hou%f g 102.

However, gi nzed fethani Binnwe p? cfeeconse Gbuid, Rrefis helGRerally,

i .., along aﬁf@d"assp@{] Al | 8led Chambde 290] stridy fm@l,vamrhe réspess to the
a

housi ng. G nb hi'sm 106 i s unl oaded; that is downwar d pressure

20 is appl 5ed=hambﬁ1t hel hbuknerease oxnrth thexbbheaneml k8 witd PRe base.
However, the gl éﬁgﬁﬁg* f@caﬂoﬁréﬁ@fé%her dYd S| fe pagd. gsech as the

shear force created friction between the substrate and polishing

pad, to the eva‘mteg aps from fluig nphamberhd®0snthes the | weikeme gf nbal
rlgg 1‘?’ﬁe 3pper %ﬁlﬁb%#% #5_32 dgii]%%??% s&:ﬁ??e %ﬁ%ﬁgeﬁipvﬁ fﬁflou h
cylindrical tnpﬂar@ﬂﬁAZ IThes | preferred ofo usegiabeds roathso thaataached to
upper clagy 180y, 39 BLLSEIILVELY 1 YARSEe CLARPr 4SS MY, De Tormed as an
The lower surface of flexible membrane 118
provides a mounting surface 274. During polishing,
substrate 10 is positioned in substrate receiving recess
234 with the backside of the substrate positioned against
15 the mounting surface. The edge of the substrate may
contact the raised lip 258 of support ring 114 through
flexible membrane 118.
By pumping fluid out of chamber 290, the center of
flexible membrane 118 may be bowed inwardly and pulled
20 above lip 258. If a substrate is positioned against
mounting surface 274, the upward deflection of flexible
membrane 118 will create a low pressure pocket between
the membrane and the substrate. This low pressure pocket
will vacuum-chuck the substrate to the carrier head.
25 Carrier head 100 provides independently
controllable loads to the substrate and the retaining
ring. The downward pressure of flexible membrane 118
against substrate 10 is controlled by the pressure in
chamber 290. The downward pressure of retaining ring 110
30 against polishing pad 32 is controlled by both the
pressure in chamber 200 and the pressure in chamber 290.
Specifically, the load on retaining ring 110 is equal to
the pressure in chamber 230 subtracted from the pressure



infegral part of ginbal rod 180. The inner edge of flexure ring 162 is
hel d between | ower clanp 186 and upper clanp 184, whereas the outer edge

of flexure ring - 20 - 182 is
secured to the |l ower surface 150 of base 104. Screws 187 may be used to
secure |l ower clanp 186 to upper clanp 184, and screws 187 may be used to
secure flexure ring 182 to base 104. G nbal rod 180 may slide 5
vertically al ong passage 188 so that base 104 may nove vertically with
respect to housing 102. However, ginbak 27 rod 180 prevents any | ateral
notion of base 104 with respect to housing 102. G nmbal rod

180, upper cliamehb@dbean@doaver £l pkeskideaia thamberoR90i disd materi al s,
A | mpi | o5 SRR YRS HRITOIEHE ROGHRAEE v ERRBrE 20%mrS, iehd HiEn 18 0
ri ng mat eri alappd iwRl ad Qdaﬁai_rﬁ.&lg rialy €10 Mhbswd@plemgleneztlwal ns, i n_duced
oy P b Sonb il e S pSRRC oot iR SR g VBl 9
sufficientby rgimsticad haf dditerald infiniedzeintier gdge effect, as
described in U.S. patent application Serial No.
08/667,221, filed June 19, 1996, by Guthrie, et al.,
entitled METHOD AND APPARATUS FOR USING A RETAINING RING
TO CONTROL THE EDGE EFFECT, and assigned to the assignee
10 of the present invention, the entire disclosure of which
is hereby incorporated by reference.
Flexure 116 improves the uniformity of the locad
applied by flexible membrane 118 to substrate 10.
Specifically, because support structure 114 may pivot and
15 move vertically relative to base 104 and housing 102, the
support structure may remain substantially parallel to
the surface of the polishing pad. Because flexible
membrane 118 is connected to support structure 114, the
flexible membrane will also remain substantially parallel
20 to the surface of thé polishing pad. Therefore, the
flexible membrane may adjust to a tilted polishing pad
without deforming the portion of the membrane near the
edge of the substrate. Consequently, the load on the
substrate will remain uniform even if the polishing pad
25 is tilted with respect to the carrier head. Flexible
hembrane 118 may deform to match the backside of
substrate 10. For example, if substrate 10 is warped,
flexible membrane 118 will, in effect, conform to the
contours of the warped substrate. Thus, the load on the
30 substrate will remain uniform even if there are surface
irregularities on the backside of the substrate.
In addition, the load to substrate 10 will remain
substantially uniform even at differing pressures.



smal | pivoting notions without substantially changing the’ | oad
distribution on the retaining ring. However, the 20 flexure ring is

sufficiently rigid that it effectively transmts the side |oad fromthe
base to housing. The flexure ring is not as flexible as nmenbrane 162 or
menbrane 118. Specifically, flexure ring 182 should be fl exi bl e enough
to permt base 104 to pivot so that one 25 edge of the base is
approximately five to ten mls higher t han the edge of the opposite
base. The flexure ring may be formed &8 a hard plastic, such as
DELRIN[err], avail able from Dupont of W/ m ngton, Del avar e. Alternately,

t he fl exur%’?‘F-hﬁl%%/lbe fb??‘r\éﬁe ot 16 POFMHES eSRPYF asStFRpErEe 3bl4nd
epoxy resin, sughsasx 3P mgxlnSi‘b.'ﬁS 1180td hov@Yvdetifall gl F8Ddt Yvé Nehe

verti cal dlrectlon but 1s rlg in the radi al direct’ion.
- 21 - base 1Qdst oWhenofividetsrpumped aintp chamber 299, oflexere

gi mbal rod byliglr‘ggﬁfcagﬁ?eégz‘j&?ﬂbé{r@fﬁ Oi‘.m‘!‘Pé&Qlﬁ? the SROWImEUSE L@héhe

cross-sectional vie I NS agal n y one pinils
proj ect hobi ZeramPey. fr%ﬁﬂaBSthbelgbe&mlhmeW«UlQ HeoYes eeith otRe 146 in

bushing 142. gupFbpf 4PfulkGrl’ 884! Ochls AfeVElLifahdYioPWolOtnbaterally,

deform the edge of the flexible membrane. Consequently,
the corner of flexible membrane 118 at the lower edge of
support ring 114 will apply substantially the same load

10 as the remainder of the flexible membrane.

The flexure 116 prevents support structure 114 and
flexible membrane 118 from rotating with respect to base
104. Flexure 116 transfers any torque locad, such as the
frictional force from the rotating polishing pad 32, to

15 base 104, which, in turn, transfers the load to housing
102 through gimbal mechanism 106, As base 104 rotates,
flexure 116 also rotates, forcing support structure 114
and flexible membrane 118 to rotate thereby, causing
substrate 10 to rotate with carrier drive shaft 74.

20 Furthermore, flexure 116, support structure 114
and flexible membrane 118 are configured and arranged so
that the presence of flexure 116 does not create an
additional downward pressure at the edge of the flexible
membrane. From its attachment point at lower surface 150

25 of base 104, flexure 116 projects inwardly into annular
recess 154. A part of structure 114 extends outwardly
underneath flexure 116 beyond its attachment point to the
flexure. Support structure 114 and flexure 116 are
configured so that the surface area of lower surface 256

30 of support ring 250 is approximately equal to the total
surface area of the upper surface 268 of support ring
250, annular upper clamp 282, and flexure 116. Since
chamber 290 extends around both upper surface 258 and



in slots 146. Thus, base 104 can nove vertically rel ative to housing 102
w thout affecting the rotation of the carrier head. In addition, because
ginmbal rod 180 is 10 free to slide in passage 188, pressure cannot be

appl i ed from housing 102 to base 104 through the ginbal mechani sm
Stop 190 also Iimts the downward travel of base | oad 104 to prevent

over -extension of ‘the carrier head. Pins 194 will catch against the
bottom | edge 195 15 of vertical slot 146 to halt the downward travel of the
base. G nbal nechani sm 106 ma¢3alFso include a vertica

passage 196 formed along the central axis of the stop, . the ginbal rod,
the upper cl Aowerashrnfacd Ak, dhensare pressyge 156 aopied Pupd® surface

134 of hous! iafir128 cnd QrbdO WY SWhACR Birdader ahamp 186, O-rings
may be"sel” into recessés in bushing 142 to provide a seal bet ween
gi mbal rod 18owandrsugiiessus on the flexurghplysr tiheawed@ditt iafn We base
oadi ng. mechANEEGE A A S e SR 181 palalcay B Ul o2 and
base 104. 5 pressureClamire 20prcxtf arimgd byl hee plaissg aess @ S04 hrugh housi ng
outer ol amp HIRIE Lo £HF R adage e W A ddetpels B
thick silicopprticshed4 of qeaxdyed 1280 ithgts hapdscatidd abdveatths ddl e
section, a prs%[prpuoci'itn%t‘irnuncetrureedgaendz %%ea@%m%i%%trr uocy "Wamber 290.

There is a gap 296 between support structure 114

10 and the lower surface of flexure 116. Annular lower
clamp 280 may be configured so that gap 296 has a wide
portion, preferably near the ocuter edge of the support
structure. For example, the lower clamp need not extend
all the way to ocuter surface 268 of support ring 250.

15 With this configuration, when chamber 290 is pressurized
during polishing, flexure 116 may expand into the wide
portion of gap 296 without contacting support structure
114. Since the free portion of the flexure does not
contact the support structure, at least a portion of the

20 downward pressure on the flexure is transferred to
retaining ring 110 rather than support structure 114.
This reduces the load on support structure 114
sufficiently so that, as discussed above, the downward
pressure on the flexure plus the weight of the support

25 structure is substantially balanced by an upward pressure
on the support ring.

The passages 236 through retaining ring 110 can
provide pressure equilibrium between gap 296 and the
atmosphere outside of polishing head 100. This ensures

30 that air can be vented from the gap so that support
structure 114 is free to move vertically.

A carrier head of polishing apparatus 20 may
operate as follows. Substrate 10 is loaded into



- 22 - outer edge 212. Inner edge 210 of di aphragm 202 rests on rim
15Z of base 104, with inner edge 210 fitting over a ridge 214 which runs

al ong the outer edge of rim 152. I nner clanp ring 204 is used to
seal diaphragm 202 5 to base 104. The inner clanp ring rests primarily on
rim 152 and has an outer lip 216 which projects over ridge 214. | nner

clanp ring 204 is secured to base 104, for exanpl e, by bolts 218, to
firmy hold the inner edge of di aphragm 202 agai nst base 104. 10

Quter clanp ring 206 is used to seal di-a@0 agm 202 to housing 102. The
protrudi ng outer edge 212 of di aphragm 202 rests in a groove 220 on an

upper surf acegubsﬂfawtﬁéc@iampg rtelge§£)6230n:etrh cttkaerrbad:hg:.&é)&f stkecured
to housing plate 120

ts_ 222, to.hol 5 d i
di aphr agm 20?%%1??%?%7%“96’(%/%@%‘&5?’5&% %‘fzofag%gzu%s?ﬁ%%pfg eﬁlzg g'el'h(tjs th
space betweenndisieang 102, Pampl H3isepuids | Blsidl bt ¢ dbladderhhéder 200.

Punp 93 FIG 3 d to chanb 200 yia fluid Ii
o2a, rotary QORI FR0E RFAKIEF D64 50 THPUR VR Eoe Suthee ;ssa'gEelso

i n housi ng5102: ructiteli 4 PASERNEBEYy 2 UPige SESIMW@SrAi ot i6n pofpsdppote and
out of chanber 200 to control the Ioad%fgplled to base 104, I f punmp 93a

punps fluid ifEEuCHaE®etl40pausps 11pP nE® Pree Ehenddsewt| increase
and base 104 ﬂéh@f?%eﬁyfaﬁé E'Péméi?éef'ﬁé’t Eﬂbtéﬁ‘gétéﬁrsﬂgﬁ@raté porp 93a

pumps f|UIcrggéng a fluid-tight seayoagnghg egggnggrthe substrate
Then pump 93¢ evacuates chamber 290 to create a low-

10 pressure pocket between flexible membrane 118 and the
backside of substrate 10 as previously described.
Finally, pump 93a pumps fluid out of chamber 200 to lift
base 104, substrate backing assembly 112, and substrate
10 off a polishing pad or out of the transfer station.

15 Carousel 60 then, for example, rotates the carrier head
to a polishing station. Pump 93a then forces a fluid
into chamber 200 to lower the substrate 10 onto the
polishing pad. Pump 93b evacuates volume 170 so that
bladder 160 no longer applies a downward pressure to

20 support structure 114 and flexible membrane 118.
Finally, pump 93c may pump a gas into chamber 290 to
apply a downward load to substrate 10 for the polishing
step. .

In the alternate embodiments of the carrier head

25 discussed below, elements with modified functions or
operations will be referred to with primed reference
numbers. Elements which are merely changed in size or
shape will be referred to with unprimed reference
numbers. For example, certain of the carrier heads

30 discussed below are configured for polishing a six-inch
(150 millimeters) diameter substrate. The changes to the
size and shape of the elements to accommodate polishing
of a six-inch substrate will not be discussed in detail,



deC[ease and base 104 will be pulled upwardly. The optiona

cushion 121 may be positioned in housing plate 120 directly above inner
clanp ring 204. 30 Cushion 121 acts as a soft stop to halt the upward

not i.on of base 104. Specifically, when chanmber 200 is evacuated and
base 104 noves upwardly, the inner clanp ring 204 abut s agai nst cushion
121. This prevents any sudden -23-
jarring notions which m ght cause a vacuum chucked substrate to detach
fromthe carrier head. When -drdlve- shaft 74 rotates housing 102,

di aphragm 202 al so rotates. Because di aphragm 202 is connected to 5
base 104 by ineremidilargplenent 0chandrd for thidtd putpase be refeiced itom,

because suppq{itthst[ﬂﬁq{ég gréfé%e{[r?ce?qmﬂﬁﬁd to base 104 by flexure 116,

t he support structure and ~ ached exi bl e menbrane will also rotate.
Retaining ring 110 map bddi&donedast diseusaedr albOvedgénothehe base 104.

Ret ai ni ng ri@%kﬁgi. ﬁnpul Feoyl ayvi suybstantial ly

flat bottom sur acéﬂ&%%fgﬁgeéné@ kaﬁ S ag'utnt{)ae“gggq [huo é:]%agsﬂ)aer 0 and base

104 i s pustesd ldowouplied , to efiid Ngines PP acs, atesspautsihwslly, the
purpose or function of the pumps may change. In

particular, the pumps may be connected to different
pressure chambers in the different embodiments of the
carrier head.

10 " Referring to FIG. 7, in another embodiment, in
which similar parts are referred to with primed reference
numbers, bladder 160' is positioned beneath base 104 so
that membrane 162' may directly contact an upper surface
300 of flexible membrane 118.

15 ' Carrier head 100' vacuum-chucks substrates in a
fashion similar to that of the carrier head of FIG. 4.
Specifically, substrate 10 is inserted into substrate
receiving recess 234 with the backside of the substrate
abutting mounting surface 274 of flexible membrane 118.

20 Pump 93b pumps air into volume 170' to inflate bladder
160'. This causes membrane 162' to apply a downward
pressure directly to an annular portion of upper surface
300 of flexible membrane 118'. This creates a fluid-
tight seal between the flexible membrane and the

25 substrate. Then pump 93c may evacuate fluid out of
chamber 290 to create a low pressure pocket and vacuum-
chuck the substrate to the carrier head.

There are several benefits of using bladder 160'.
Bladder 160' provides a soft and deformable backing for

30 flexible membrane 118'. Therefore when the chamber is
evacuated and flexible membrane 118' is pulled inwardly
to form the low-pressure pocket, the edge of the pocket

will have a gentle slop. Because there is no hard edge



downwardly to apply a load to polishing pad 32. An inner 15 surface 232 of
retaining ring 110 defines, in conjunction wi th nmounting surface 274 of
fl exi bl e menbrane 118, a substrate receiving recess 234. The retaining
ring 110 prevents the substrate from escaping the receiving recess
and transfers the lateral load fromthe wafer to the 20 base.
Retaining ring 110 may be nmade of a hard plastic or a ceramc nmateri al
Retaining ring 110 may be secured to base 104 by, for exanple, bolts
240. 1n addition, retaining ring 110~md§ Tnclude one or nore passages
236 25 connecting the inner surface 232, to an outﬁ@ suLface 238.

qgh
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di scussed bel 8%, C5§85898L TS5 SRobNge SHPSLLAFE, ¢ ?EFPGE\S@t%@éﬁ t he

outside of thejganky b Feadtand aurlngaehEe&waenlhbeF&be&use ang the
support structure in order to ensure free vertical novenent of .the
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104. A shield may be placed over carrier head 100
- 24 - 5 160’ may be inflated or deflated. If bladder 160' is
inflated, membrane 118' and substrate 10 will be pushed
downwardly, whereas if bladder 160' is deflated, membrane
118' and substrate 10 will be pulled upwardly.
One problem that has been encountered in chemical
10 mechanical polishing is that the attachment of the
substrate to the carrier head may fail, and the spbstrate
may detach from the carrier head. If this occurs, the
operator may not be able to visually observe that the
carrier head no longer carries the substrate. 1In this
15 situation, a CMP apparatus will continue to operate even
though the substrate is no longer being polished. This
wastes time and decreases throughput. In addition, a
loose substrate, i.e. one not attached to a carrier head,
may be knocked about by the moving components of the CMP
20 apparatus, potentially damaging the CMP apparatus itself
or leaving debris which may damage other substrates.

A CMP apparatus utilizing carrier head 100' may be
operated to sense the presence of a substrate. If the
CMP apparatus detects that the substrate is missing from

25 the carrier head, the apparatus may alert the operator
and automatically halt polishing operations to avoid
wasted time and potential damage.

Referring to FIG. 3, apparatus 20 may include a
valve 302 and a pressure gauge 304 placed in a fluid line

30 92b between rotary coupling 90 and pump 93b. Valve 302
and gauge 304 are shown in shadow because these elements
are not used in cenjunction with.the embodiment of the
carrier head previously described. When valve 302 is



‘that it rests on rim242 of retaining ring 110 and ext ends over housing
pl ate 120. Shield 244 protects the conponents in carrier head 100, such
as di aphragm 202, fromcontam nation by slurry 50. 5 The
substrate backing assenbly 112 is | ocated bel ow base 104. Substrate
backi ng assenbly 112 incl udes support structure 114, flexure 116 and

fl exi bl e menbrane 118. The flexi bl e nmenbrane 118 connects to and extends
beneat h support structure 114. In conjunction with base 10 104, support
structure 114, flexure 116, and gi nbal = 33nBchani cs on 106, flexible
menbrane 118 defines a chanbgrl . 290. Sapggrt strucgg e 114 and attached
flexible ReRBESme VOLETE: & 70/ s pén§88 1 PP0 I BRs BUTB4 & PRExEEESEYES  The
support strughuge 3b4 mRYy hehsureo theepgpasarboinedlifdey agoular recess
154 fornmed in base 104 and retainin '

& ring 110. Support
structure 114 incl uRREW RGP Fihg DoRPParatils 4 san$te¥heTRged 230,

and an annul gheURR%rierafRad sd3€esS¥RRN chuBRedS@hkeS s@bkitdiademargber whi ch
may have 20 an annul ar outer portion 252 and a thicker annul ar inner

portion 25%. fodppwst rThg 25bskapteads dogdmdr Aty subgrzase | ower surface
256 with a d?@@%@%@hé;?%%ﬁ%%tb@ﬂ EFpthatzﬁﬁeﬁbabk§i8!t6E_%ﬂ@e- One or rnore

passages 260 ma vertically through inner portion 254 of support
25 ring 250 SuhsEzaiteycopractsumoynsingesusianeugidr sEMRc&®3b 266 of the
i nner portio Nk I 12 b OLERd ol r, surface
264 of outerﬁgg@?F%% %5%Eg%roq!®heQ§ug%§PtsrFﬁgi §§§p§F9 ?Pﬁéﬁggg may be

formed of  membramemld® angd subssrateel0.30Then valvel 8RRbis wdmisedne 118

ngn- BT grns PRRIRE A7%0:, ° Fredsuaecotigerald 18 UkE k8 Ban O @
outer edge 2measmreothieoprzzzurfe menbladder1360. Then, pump 93c

evacuates chamber 290' to create a low pressure pocket
between the flexible membrane and the substrate.
Finally, pump 93a evacuates chamber 200 to lift substrate

15 10 off of the polishing pad. Pressure gauge 304 then
makes another measurement of the pressure in bladder
160' to determine whether the substrate was successfully
vacuum*chucked to the carrier head.

On one hand, if the substrate is present, then the

20 low pressure pocket created between the flexible membrane
and the substrate will create an upward force on the
substrate. This upward force will cause the substrate to
press upwardly on membrane 162'. This will reduce the
volume of bladder 160' and thereby increase the pressure

25 in volume 170'. On the other hand, if a substrate is not
present in the carrier head, then no upward force will be
appliéd to the membrane and the pressure in volume 170'
will remain constant. Therefore, if pressure gauge 304
measures a pressure increase concurrent with pump 93¢

30 pumping air out of chamber 290', the CMP apparatus has
successfully vacuum-chucked the substrate to the carrier
head. Pressure gauge 304 may also be used to

continuously monitor the pressure within volume 170' to



- 25 - extends around a | ower "corner of support ring 250 at lip 258,
upwardly around an outer surface 268 of outer portion 252, and inwardly
al ong an upper surface 264 of outer portion 252. Protrudi ng edge 270 of
menbrane 118 5 may fit into groove 262. The edge of flexible nenbrane

118 is cl anped between | ower clanmp 280 and support ring 250.

The flexure 116 is a generally planar annul ar ring. Flexure 116 is
flexible in the vertical direction, 10 and nay be flexible or rigid in the
radi al and tangenti al directions. The #kterial of flexure 116 is
selected to have a duroneter neasurenent between 30 on the Shore A
scal e and 70 datenat therpressngeecfThhenfvbetuptefin theegarsiexrchgagd.be a

rubber such aﬁfnﬁeesepee gggs_ﬁs@haa&eae&'gcacoa&eéeigériﬁ §Heh?e§ergkg\'[e”l

or NOVEX[ err] or a conposite material such ass
Fl exur e 116 shﬁuvqlbeesbﬁﬁhhae gos ewhidgi branspanting thef sukatwateng 182,

Speci 1 cal 1y, DFFaeiRC oY RiharSEsh ats or habhbphca BEPLAERg Braricn.
vertical |l y hyanddoat transfer station, then this is an indication that
the substrate has detached from the carrier head. 1In
this circumstance, operations may be halted and the CMP
operator alerted of the problem.

Carrier head 100’ alsoc utilizes a2 different method

10 to attach the retaining ring to the base. Retaining ring
110' may be secured to base 104 by a retaining piece 310.
The retaining piece 310 may be secured to base 104 by
screws 312. The retaining piece may catch in a
projecting ledge 314 of retaining ring 110' with an

15 annular lip 316.

Referring to FIG. 8, in another embodiment, in
which similar parts are referred to with double primed
reference numbers, carrier head 100" includes a generally
circular inner chamber 320 and a generally annular outer

20 chamber 3é2 surrounding inner chamber 320.

In the carrier head of FIG. 8, substrate backing
assembly 112" includes support structure 114, flexure
116, and flexible membrane 118". The flexible membrane
118" may include an uppér membrane or hembrane portion

25 324 and a lower membrane or membrane portion'326. Lower
membrane 326 is connected to support structure 114,
whereas upper membrane 324 is connected directly to base
104. The ﬁpper membrane 324 defines inner chamber 320,
whereas outer membrane 326 defines outer chamber 322.

30 Flexible membrane 118" may be formed of a flexible and
elastic material, such as a high strength silicone
rubber.



one-tenth 6f an inch. The outer edge of flexure 116 is secur ed bet ween

| ower surface 150 of base 104 and retaining ring 110. The inner edge of
flexure 116 is secured between | ower clanp 280 and upper clanp 282. 25
Fl exure 116 projects inwardly fromits attachnment point into recess 154.
Annul ar upper clanp 282, annul ar | ower clanp 280 and support ring 250
may be secured together by screws 284 to assenbl e support structure 114.
The space between fl exi ble nmenbrane 118, _support 30 structure 114, flexure
116, base 104, and gi nbal mechani snT 188 efi nes chanber 290. Passage 196

t hr ough gi nbal rod 180 connects chanber 290 to th %Pp r surﬁgce of
housi ng 102. Punp 9HPR&R&,MIREANY & MY QhfeGidfFular sheet of a

- 26- to pheaben1729Quehaakl! Hi HibhRet98Rgthos2LYc6REPLIBEe ), Innekannel
94c in drive shaft 74_and passage 96 in glnbal rod 180, | f pupp 93c
forces a fluRMBMPERBRePAAl 2y Ba¥e 2 RLERrYdiRgr OUFAF oedBanBaB - 208het hen the

vol une of théuéefhéaﬁér3!@|bfiﬁﬁﬁéﬂsﬁeﬁ59a5893ﬁb|ﬁa?éﬁbréaﬁtééédwﬁ" be
forced downwardly. O1 the other hand,__if punp 93c evacuates air from
fluid chafbebebygent RBnaphulasl WiBgoB32 of an annular clamp ring 330

and a rim 334 on flexure ring 182", Clamp ring 330 may
be secured in a recess 336 between flexure ring 182" and
base 104 by bolts 168". The clamp ring presses the inner
membrane against the flexure ring to form a fluid-tight

10 seal. The space between upper membrane 324 and gimbal
mechanism 106 defines generally circular upper chamber
320.

Lower membrane 326 may also be a circular sheet of
material. Lower membrane 326 may have a protruding lower

15 edge 338. The attachment of outer membrane 326 to
support structure 114 is similar to the attachment of
flexible membrane 118 to support structure 114 in FIG. 4.
Specifically, outer edge 338 is secured in groove 262 and
clamped between lower clamp 280 and support ring 250.

20 The space between lower membrane 326, inner membrane 324,
base 104, flexure 116, and support structure 114 defines
generally annular outer chamber 322.

The portion of membrane 118" below chambei 320
provides a circular inner portion of the substrate

25 mounting surface, whereas the portion of membrane 118"
below chamber 322 provides an annular outer portiocn of
the substrate mounting surface. A bottom surface 340 of
inner membrane 324 may be attached, e.g., by an adhesive,
to a top surface 342 of ocuter membrane 326. Alternately,

30 upper membrane 324 and lower membrane 326 may be
different portions of a single lower membrane.

Pump 93¢ may be connected to inner chamber 320 by
fluid line 92c, rotary coupling 390, channel 94c in drive



t he chanber will decrease and the nenbrane will be forced upwardly. It
Is-preferred to use a gas rather than a 10 |liquid because a gas is nore
conpressi bl e. The | ower surface of flexible nenbrane 118

provi des a nounting surface 274. During polishing, substrate 10 is
positioned in substrate receiving recess 234 with the backside of the
substrate positioned against 15 the nounting surface. The edge of the
substrate may contact the raised lip _of support ring 114 through

fl exi bl e menbrane 118. By pumping fluid out of chanber 290, the

center of f,l exi rane 118 he [ rql.y ul led 20
above lip 258‘.“% b’a“e's:%g)rpa%sesal‘gse plgtl%orﬁg&gaéai%\ﬁa%lsﬂg&%teﬁng surface
274, the upwsSimmidetlaet ipummpmisZh endblbe conmedirexhet ol titwin Ichamdsire 322 ow

bressur e pocitit FU{ Ting S2kn CRIAEY S RRY S Tt S head. 25

Carrier head dfi0veprshd f£ies74 hdepegutpntl32 in dmuiginld A0y loodiediblae

substrate gnd_t he,retainin ring. The downward essure of flexib

nmenbr ane 18 flu’afba‘i“?fé‘fe%‘ifg‘ét Rt %&?‘f'@ 'C(ﬁﬁﬁﬁqeeol% lt‘hé’aﬁt‘eeslsdfr'e 3

chamber 290. alhsasoygava3 4l PieSS1Em ofinet3Bo ng ring 110 30 agai nst

FﬁLiShing pad 32 Lsnggggggglggagy ggkh t he cuﬁﬁggsurg indchanber goland
pressure in cha . Spali's ey Ve gcPBgl 8Rdr &EBFRI KBSring

110 is equal presenddcoPrassstatd Khaihethe ¥hotidy adRy ifn amtdehivressure

similar to that of the carrier head of FIG. 7.

10 Speéifically, during the vacuum-chucking process, pump
92b may pump fluid into outer chamber 322, causing the
outer annular portion of membrane 118" to press directly
against substrate 10 to form a fluid-tight seal. Then
valve 302 (see FIG. 3) is closed and a first measurement

15 of the pressure in outer chamber 322 is taken by gauge
304. Then pump 923c evacuates inner chamber 320 to create
a low-pressure pocket to vacuum-chuck the substrate., If
the substrate is successfully vacuum-chucked, the
pressure measured by gauge 304 should increase.

20 Another problem that has been encountered in
chemical mechanical polishing is that the edge of the
substrate is often polished at a different rate {usually
faster, but occasionally slower) than the center of the
substrate. This may occur even if the load is uniformly

25 applied to the substrate. To compensate for this effect,
inner chamber 320 and outer chamber 322 may apply
different loads to the substrate during polishing. For
example, if the edge of the substrate is polishing more
slowly than the center, the pressure within outer chamber

30 322 may be made greater than the pressure within inner
chamber 320 thereby increasing polishing rate at the
substrate edge. By selecting the relative loads, more
uniform polishing of the substrate may be achieved.



- 27 - i n chanber 200. If the pressure in chanber 290 is greater

than the pressure in chanber 200, no load will be applied to retaining
ring 110. The independently controll able | oads permt optimzation of
the-retaining 5 ring load in order to mnimze the edge effect, as
described in U S. patent application Serial No. 08/ 667,221, filed June
19, 1996, by cGuthrie, et al., entitled METHOD AND APPARATUS FOR USI NG A
RETAI NI NG RI NG TO CONTROL THE EDGE EFFECT, and assigned to the assignee
10 of the present invention, the entire &3B6 osure of which I s hereby

I ncor porated by reference. Fl exure 116- i nproves the uniformty

of the | oad appl i @tebyatirésrbheadeignane 183Gt o7smagt 6ake HE. used
Speci fically,_because support structure 114 nm ivot and 15 ve
vertically r etr%t?%uf oélogg%rﬁ’brzl %%‘S%B%i'#ge ﬁazlg,ept centpmdth e ucture
nmay remain suhshsriand ]y Taratdete tH presdiers Wi Bfer it 1d1e Ml nehpad.

Because fl exible nmepbrane 118 .is connected to support structure 114, the
flexible mentfrSHE qrpggngp r%ﬁlmrirfﬁ Lrated 1Bl asdden 1180 b dhepinsieirur f ace

of the pol 5Shi nge Pesked U A OTdhd tdkambe s | 290 il $ RIGMANE, 18 3l Ust to a
tilted polishing, pad wi t hout deforn1q$ the portion of the nenbrane near
t he edge deFikrd BEITSHEE- Jekrdder (1RO deid imfkated sasudmtate

Wl remain 4drrdpeVedR | feddia Pl ighd srr faxd g ct to
the carrier head. Flexible menbr ane ﬁp may deformto mat c%lmt’ﬁgﬁbpe:cksi de

of subst r AEDFANE FoiE ox it 2 effectiie hutseals iap wipE@r outer

portion of 304 of chamber 290 from a circular inner

10 portion 302 of chamber 290. To increase the pressure on
the center of the substrate vis-a-vis the edge, pump 93c
may force fluid into circular inner portion 302. Because
outer portion 304 is sealed by bladder 160', its pressure
does not change. To decrease the pressure on the center

15 of the substrate vis-a-vis the edge, pump 93¢ may
evacuate inner portion 302 after bladder 160' forms the
seal.

Since membrane 162' is not bonded or clamped to
flexible membrane 118, the seal created by bladdei 160"

20 may not be completely fluid-tight. Therefore, fluid may
gradually leak between the membranes until portions 302
and 304 have the same pressure. Thus, it may be
necessary to ﬁeriodically perform the procedure described
above.

25 Referring to FIG. 9, in another embodiment, in
which similar parts referred to with triple primed
reference numbers, substrate backing assembly 112''!
includes a support plate 350 rather than a support ring.

Support plate 350 is a generally disk-shaped body.

30 As part of support structure 114''', the entire support
plate may move vertically and pivot with respect to base
104. - Annular lower clamp 280 and annular upper clamp 282



flexible menbrane 118 will, in effect, conformto’the contours of the
war ped substrate. Thus, the |load on the 30 substrate will remain uniform
even if there are surface irregularities on the backside of the
substrate. In addition, the load to substrate 10 will remain
substantially uniformeven at differing pressures.

- 28 - Specifically, flexure 116 permts support structure 114 and
flexi ble menbrane 118 to nove vertically relative to base 104. Wen
fluid is punped into chanmber 290, flexur88 - 116 will deflect downwardly,
i ncreasing the volune of the 5 chanber. Because the flexible nenbrane
noves with tmay b&upmm‘edsttpuahuedgkl@ortttiio@ Béi2t iodaltheoishppoddes not

deformthe e Iex Ie nenbrane. Consequently, t he corner of
flexible nen%ggﬁ f%g%gé ﬁomer edge of support ring 114 wll apply

substantially the saﬂwpp@ﬁm dlats 35@ h@mnan@emeréllympléma&tnaueenbrane.
The flexure 116 prev S S ort .stru 114 and nbrane 118
B depoct U Troa30

from rotating% ectgg PREL Pla FP@X&Pépffg FréﬁsF &y torque
| oad, suchsaggiohe ' byf filekugaalllieQr ca fprloxrf»aufmyr oifatipegtRekiss3isag pad 32,

to 15 base 10%. oM Varc12a1) enroloh o Tehter pateidn"34% oF the
support plate to connect lower surface 352 to an upper
surface 360. Apertures 354 connect a portion 356 of
chambexr 280''' located above the support plate to a
10 portion 358 of chamber 290''' located below the support
plate, Alternately, lower surface 352 of support plate
350 may have a recessed region, with a single aperture
connecting chamber portion 3356 to chamber portion 358.
Flexible membrane 118 is clamped between support
15 plate 350 and lower clamp 280, and extends beneath the
lower surface of the support plate. When pump 93c
evacuates chamber 290''', flexible membrane 118 is
pulled upwardly against support plate 350 and into
apertures 354. If the backside of the substrate is
20 placed against mounting surface 274, then the extension
of the flexible membrane into the apertures creates a
plurality of low-pressure pockets 360 between the
substrate and the flexible membrane (see FIG. 13). These
low-pressure pockets vacuum-chuck the substrate to the
25 carrier head.

One problem encountered in the CMP process is
difficulty in removing the substrate from the polishing
pad. As previodsly discussed, a thin layer of slurry is
supplied to the surface of the polishing pad. When the

30 substrate contacts the polishing pad, the surface tension
of the slurry generates an adhesive force which binds the
substrate to the polishing pad. If this surface tension
holding the substrate on the polishing pad is greater



102 t hrough “gi mbal nechani sm 106. As base 104 rotates, flexure 116 al so
rotates, forcing support structure 114 and fl exible nenbrane 118 to
rotate thereby, causing substrate 10 to rotate with carrier drive shaft
74.. 20 Furthernore, flexure 116, support structure 114 and

fl exi bl e nenbrane 118 are configured and arranged so that the presence
of flexure 116 does not create an addi ti onal downward pressure at the
edge of the flexible menbrane. Fromits attachnment point at | ower
surface 150 25 of base 104, flexure 116 $2ofects inwardly into annul ar
recess 154. A part of structure 114 extends outwardly underneath fl exure
116 beyond i tbant thehfencepbphding the substeateconstppocarsiencheed, 114

and flexure 448nalfien tggnE599589 ROa4NgbrLOEeS M tRGesAbERL Ol ! QYR Surface

256 30 of support ri I'S approximately equal to t tota surface
area of the uppeunsonfahe p63ishisgppadt ring 250, annul ar upper cl anp

282, and flexure 116On angeme'}ﬁ:n%r ?xQeQJa)gﬁpq'sem rv%.lfu@d t%?t h upper

surface 258 and | ower
surface 25b, stbetzame ﬁtemsuhe pelaphingdpby fbheshownhdnbBIGt 012he Apper
and | over sur %&%SlnT?H&u 32, the distribution of apertures 354

across lower surface 352 may be asymmetric rather than

radially symmetric. That is, the support plate may

include an area 370 with apertures and an area 372

10 without apertures. Area 370 may be generally wedge-
shaped, with an angle o between 45° and 180°. Area 370
may also be located only near the edge of portion 364 of
support plate 350, rather than extending to the center of
the support plate.

15 During the vacuum-chucking of the substrate, the
asymmetrical distribution of apertures 354 results in an
asymmetrical application of an upward force to the
substrate. The asymmetrical force creates a torque on
the substrate which tends to preferentially lift one edge

20 of the substrate away from the polishing pad. This
reduces the adhesive force due to the slurry surface
tension, and improves the reliability of vacuum-chucking
the substrate to the carrier head.

Referring to FIG. 14, in another embodiment, in

25 which similar parts are referred to with quadruple primed
reference numbers, the carrier head includes a stop pin
assembly 380 to limit the downward motion of support
structure 114"".

In the carrier head of FIG. 14, inner portion

30 254"" of support ring 250"" has a generally wedged-shaped
cross-section. An inner surface 381 of the wedged-shaped
inner portion has an annular recess 382 formed therein.
Three or more stop pins 384 {only one of which is shown



downwar d pressure on the flexure plus the weight of the support
structure is substantially balanced by an upward 5 pressure on the support
ring. The passages 260 through support ring 250 provi de pressure

equi l i brium between a portion 294 of chanber 290 that is | ocated above

t he support structure and the remai nder of chanber 290. There
Is a gap 296 between support structure 114 10 and the | ower surface of

fl exure 116. Annul ar | ower cl anp 280 y be configured so that gap 296
has a w de portion, preferably near”tﬁg outer edge of the support
structure. For exanple, the |ower .cla need not extend all the way to
out er surfac3“56§°gﬁh§uﬁﬁ@Fﬁﬂﬁﬁﬁflfgﬁipf%eﬁsfhpPﬁF§188ﬁFiQﬁrﬁﬁPS , when
cEanb_egI 290 iaslnlﬂlﬂ.%&SU.:cﬂtEerazlgsédlﬂiitE@nw hohiesy 38l exubaséléorey . expard |12£1 0
t he w de portion of _gap wi t hout contacting.s ort structure :
Si nce the fr§§°ﬁoﬁﬁqﬁ1ié41ﬂﬁ93ﬂc§xﬁwé“@6§s Jﬂz°%t@gﬁ§aépdtHBtgupport
structure, afangddlr aeR@sls FB20Min RRipHdréowing’ dspressure @nutife ifsl exure is
transferreg to etaining ring 110 rather than support structure 114.

Thi s reduces PPA®ECIMteh hagett 290 udhgreby1£orcings sUPPEELI y so that, as

di scussed ab%\t%ucttmﬁedqmwo%waﬂl%starneug&setrh%ﬁn' g %fpe\%gpw% wei ght  of
the support 25 structure is substantially balanced by an up d pressure

on the supporing gp0"" may catchrirgajassagéor2pénshi8dgkor imini tdering 110
can Provi ¢ uinase te sl |d O kinem W&%nngBc%%Qea”d t he at nosphere
3

out si de of polishing head 100. This efsures t hat air can be vented from
the gap so that suppbh® annglapcepper 1g9kame 282%" t bnebwdes cone e Igore

A carri er1858 dila YAV FHPAHIYS ot T8Y shoulI®iA! SpBes' Buk2dre
Substrate 10 is |oaded into
391. When bladder 160 is inflated and membrane 162
contacts annular upper clamp 282"", radial grooves 390
form channels between the portions of volume 294 of
chamber 250 located on either side of bladder. The
15 separation of volume 294 into two separate portions is
not shown in FIG. 14 (because the substrate backing
assembly 112 is shown in a lowered position for
polishing), but can be seen in FIG., 4. These channels
permit pressure equilibrium to ensure uniform polishing.
20 An upper surface 238 of retaining ring 110" may
have a series of concentric circular ridges 392. An
outer annular area of lower surface 150 of base 104"" may
also include a series of concentric circular ridges 394.
When the carrier head is assembled, with retaining ring
25 110"" attached tc base 104"", ridges 332 will mate to
ridges 394 and pinch the outer circumferential portion of
flexure 116 therebetween. This provides an improved
clamp which prevents the flexure from slipping.
The gimbal mechanism méy include a Y-shaped ‘stop
30 190"" with three arms 194"". Stop 190"" may be connected
to top surface 191 of gimbal rod 180 with a single
central bolt 396. The central bolt 396 may have a
vertical passage 397 therethrough to provide a fluid



- 30 = substrate receiving recess 234 with the backsi de of the
substrate abutting nounting surface 274 of flexible menbrane 118. Punp
93b punps fluid into bl adder 160. Thi s causes bl adder 160 to expand and
force support 5 structure 114 downwardly. The downward notion of support
structure 114 causes lip 258 to press the edge of fl exi bl e nenbrane 118
agai nst the edge of substrate 10, creating a fluid-tight seal at the
edge of the substrate. Then punp 93c evacuates chanmber 290 to create a

| ow 10 pressure pocket between flexi btedlrermbrane 118 and the backsi de
of substrate 10 as previously described. Finally, punp 93a punps fluid
out of chanbeonﬁectionlbétweenbappexoaurﬁagstlaﬂeOBabQUagnas%@&baydllz, and

substrate okLs a t of the transfer station. 15
Car ousel 60 ?%258 %o?ggxghp &Qg?gtg ? e carrier head to a polishing

station. Punp 93a t fen dromclesr as_efallud:BG witht @ chahepeR@rdss |saeridme
Shostrate 10n80" Bet DEsa, sRChbIY UR1RSH. 2RHR,CHbncKROUBCRAKRLHIRGLTO B0

t hat bl add® app ownwa pressure sgpport
structure 5114ingd1dD&Xi bl e nenbrane 118. Finally, punp 93c may punp a

gglsi ISEIt ggchanber Zg%ettoerrinaé)pégl EaI(gé)\Aqv@ c{ci d t:.% sat{,lbosttrate 10 for the

embodiment, a carrier head 400 includes a gimbal
mechanism 406 which includes a gimbal body 460 and a
gimbal race 462 rather than a flexure ring. Due to the
10 substantial changes in the housing, base and gimbal
mechanisms, these parts will be referred to with new
reference numbers. In contrast, except as discussed
below, the loading mechanism, retainer ring, and
substrate backing assembly are similar to the components
15 discussed with reference to FIG. 4, and will be referred
to with unprimed reference numbers.
Carrier head 400 includes a housing 402, a base
404, a gimbal mechanism 406, loading mechanism 108,
retaining ring 110, and substrate backing assembly 112.
20 Housing 402 includes a housing plate 420 and an
integrally-attached housing hub 422. A cylindrical
cavity 426 is formed in bottom surface 424 of housing
402. A cylindrical plastic bushing 520 fits into
cylindrical cavity 426 with its outer surface abutting
25 housing 402. A circular flange 428 with an inwardly-
turned lip 430 projects downwardly from a top surface 432
of housing hub 422 into cavity 426. Housing hub 422 may
also have a threaded neck 434 and two vertical dowel pin
holes 436. A threaded perimeter nut 98 (see FIG. 3) may
30 fit over flange 96 and be screwed onto threaded neck 434
of housing hub 432 to secure carrier head 400 to drive
shaft 74.



st ep. In the alternate enbodi nents of the carri’er head 25

di scussed below, elenents with nodified functions or operations will be
referred to with prined reference nunbers. El enments which are nmerely
changed in size or shape will be referred to with unprinmed reference
nunbers. For exanple, certain of the carrier heads 30 di scussed bel ow are
configured for polishing a six-inch (150 mllineters) dianeter
substrate. The changes to the si ze ang shape of the elenents to
accommodat e pol i shing of a six-inch su%strate wi |l not be discussed in

gﬂaﬁyn',ts changed forHCH'n Jtm{)u‘}ropzosntlaa elnrce uedrer et 05013&% t%irbrnoﬁ?traedswrja#%rence
nunbers. formed ihni&ddbbittnm asrﬁaseusﬂedwhboheprbnetbeupwaedmgdinents
020 92, roshaepi DepPHEnRBE e R, DoTB BHITLAGHT oR 81 PERESRBRpAPEY change.
I n parti cahawn ﬁhetbmspsrna; bectdonelt edletp dlsbetonhect pbpssure
UL i§' tsﬂgfglctef %3” eW&%QEH‘S” OEZEhto bogggrrnl glrlrt‘:]ace 424.
Base 404 is generally disk-shaped, with a basin
440 formed in an upper surface 442 thereof. Basin 440
has a flat annular surface 444 surrounding a flat-bottom
depression 446. Two torque pin holes 448 may be found in
10 upper surface 442 of base 404 surrounding basin 440,
Two vertical torque pins 450 are used to transfer
torque from housing 402 to base 404. The torque pins 450
fit securely into torque pin holes 438 in housing 402 and
project downwardly into receiving torque pin holes 448 in
15 base 404. Torque pins 450 are free to slide vertically
in receiving torque pin holes 448, but O-rings 452 hold
each torque pin 450 in place laterally. Thus, base 404
is free to move vertically relative to housing 402, but
if housing 402 rotates, then the torque pins will forcé
20 the base to rotate as well. The O-rings 452 are
sufficiently elastic to permit a slight pivoting of base
404 relative to housing 402,
Gimpbal mechanism 406 is designed to allow base 404
to pivot, i.e. rotate about an axis parallel to the
25 surface to the polishing pad and normal to axis of
rotation 107, with respect to housing 402. Specifically,
base 404 may pivot about a point located on the surface
of polishing pad 32. Gimbal mechanism 402 includes a
gimbal body 460, a gimbal race 462, a guide pin 464, a
30 spring 466, a biasing member 468, and a stop 470.
Gimbal body 460 includes a cylindrical gimbal rod
472 which projects upward from a bearing base 474.

Bearing base 474 includes a spherical outer surface 476



10 Referring to FIG 7, i'n another enbodinent, in whi ch simlar

parts are referred to with prined reference nunbers, bl adder 160" is
posi ti oned beneath base 104 so t hat menbrane 162' nmay directly contact
an upper surface 300 of flexible nmenbrane 118. 15 Carrier head
100 vacuum chucks substrates in a fashion simlar to that of the
carrier head of FIG 4. Specifically, substrate 10 is inserted into
Ssubstrate receiving recess 234 mﬁth_t%g backsi de of the substrate
abutting nmounting surface 274 of flexiblé& nmenbrane 118: 20 Punp 93b punps

air into volyu 170" to_inflLate d 0 ...This e rane 162
to apply a dgaﬁaaggreg.5P§§§Ergl§%?egﬁﬁy(?gign° ﬁng a?ﬁggﬁtingg? upper
surface 36Poss~Ekexibhe lneibwané FI18.. 1Thi vhichateteadf fuon- the ti ght

| bet the flexibl d_the, 25 substrate. 03
cvacuate |1 FHIBUPEOPULeE, AETEBFeoU00, bocRLaRaLasPtn fPessare BBRRE and

vacuun“lr o C§ggkabbeo$ub&h[§|ah dbasﬁggnahaisgla ggaﬁa;{g‘g depresgi?o'here ?re |
severa enefits of usin er Lo, aaaer ' rovi des ,a, sqft an
ot o mabl & bARREnBPPHR) SODARBy FONEANBLPAAS LBaRerRAE, 468, HARRCA LTRE]
fchanbe[] ils me@h&ﬁﬁl&fnedOGE(isf Eeﬁﬂkﬂ Ssaem?maﬁe 11\8'I<<:y'&$n§!l&_bﬁ?ﬂ Ea\a@@dl y ItO
ormthe | ow pressur pocket, the ge of the paocket M ve a gentle
sl op. Becauségph@?X gg ﬁBrﬁﬁﬁdlédﬁge bottom su@face of glmLal gody

460, and another cylindrical recess 482 may be formed in
a top surface 484 of gimbal rod 472. Recesses 480 and

10 482 may be connected by a vertical passage 486.

Guide pin 464 includes a guide rod 490, a disk 492
which projects radially outwardly from the lower end of
guide rod 490, and a spherical projection 494 on the
bottom of disk 4%2. Spring 466 fits into recess 480 in

15 the bottom of gimbal rod 472, and guide rod 490 of guide
pin 464 fits inside spring 466. When the gimbal
mechanism is assembled, the spring is compressed between
the top of disk 492 and the upper portion 496 of recess
480.

20 Gimbal race 462 fits around gimbal body 460 and
rests on base 404. Gimbal race 462 may include a flat
outer portion 500 which rests on annular surface 444 and
a wedge-~shaped inner portion 502 which fits into
depression 446. A spherical inner surface 504 of wedge-

25 shaped portion 502 engages the spherical outer surface
476 of bearing base 474. Three notches 506 may be cut
into inner surface 504 of gimbal race 462. Gimbal race
462 may be secured toc base 404 with screws (not shown)
which pass through ocuter piece 500 and into receiving

30 threaded recesses in the base.

The biasing member 468 is generally Y-shaped, and
includes three arms 510 which project outwardly from a
central section 512. The top surface 514 of central



- 32 - to create stress on the substrate, the substrate is |ess

likely to fracture during the chucking process. In addition, the depth
of the suction cup is controll able. Once substrate 10 is chucked to the
carrier head, bladder 5 160" may be inflated or deflated. If bladder 160
S i nfl ated, menbrane 118" and substrate 10 will be pushed

downwardly, whereas if bl adder 160' is deflated, nenbrane 118' and
substrate 10 will be pulled upwardly. One problemthat has been
encountered in chemcal 10 nechanical poBAshing is that the attachnent of
t he substrate to the carrier head may fail, and the substrate may
det ach from SRELARY %92 thédd 2 Qirquias secess, Silffe and Gp@oaicalmay not be

able to vi suab ¥ QI B 1l G ttf?Fe centlT o3 tﬂ%a‘Ie'E%slsong%rhec%r Hsih

substrate. his 15 situation, gparatus Wil continué to o erate
even thouﬁ‘ﬁ“lbl%' 46s thigise lmé'rOné'Weoﬁgé a@eldnglepm%n@m (Tioits showmst es

time and decegaste WHRAY 3:4 Bedddnly BAse? 474 | 0G50 %‘g%it 43 - € One

not attached to a carrier may “be knocked abou t hé "noVvi ng
conponent s° ofUiREe OV @@4aﬁb$ﬁaﬂm§° g@@@ﬁﬁléﬂﬁde&hagmﬁgspher@hﬁlapparatus

tself or ph83WcAA LRGeS s hegg%fggﬁﬁggyggﬁ%%si%s% LS piasing o

CWP apparatus ufilizing carr 0] er
presence of membiest dife. [Mhet leems 5C0Podppdeating tembetrs dtiBakxteadsubst rat e

Is mssing f t I ri-gr .he .h ar y ;al ert the operator
and autonatlgggF%gﬁa@aﬁ?%|4g§| % %%gféPgoﬁggFoqzyoFg% inkesPeGc g?ﬁe and
potential daf@§ein.gimbal radaefqérzri ngotLustfa sdreappaNadt nay2Bemageidncl ude

a val vgg 3Q3 ard err %q n% §§§1p%§? 4§32a fluid Iine 30 92b

bet ween rotary coup |ng
Once glmbal mechanism 406 is assembled, gimbal

race 462 is secured to base 404, and biasing member 468
is secured to gimbal race 462. Guide pin 464 contacts
biasing member 468, and spring 466 urges gimbal body 46Q
15 upwardly away from the biasing member so that spherical
outer surface 476 of bearing base 474 is pressed against
spherical inner surface 504 of gimbal race 462. The
gimbal rod 472 of gimbal mechanism 406 engages an inner
surface 521 of bushing 520. The gimbal body 460 is free
20 to slide vertically in cavity 426 relative to housing 402
and to pivot in two dimensions relative to gimbal race
462. When the gimbal pivots, arms 510 will slide in
slots 478. However, because biasing member 468 is fixed
to gimbal race 462, the downward force from spring 466 is
25 not transmitted to carrier base 404. Because there is no
outward pressure on the center of the base due to spring
466, the lower surface of the base remains substantially
planar when gimbal mechanism 406 is attached.
Stop pin 470, which has a threaded lower portion
30 528, fits into a stop pin hole 522 defined by downwardly
projecting flange 428. The stop pin extends through an
aperture 523 at the bottom of the stop pin hole and is
screwed into passage 486 of gimbal rod 472. The recess



and gauge 304 are shown in shadow because these el enents are not used in

conjunction with the enbodi nent of the carrier head previously

descri bed. Wen valve 302 is - 33 -
cl osed, volune 170" is sealed from punp 93b and pressure gauge 304 may
measure the pressure in bl adder 160'. Returning to FIG 7,

appar atus 20 senses whet her the carrier head successfully chucked the
substrate as 5 follows. The substrate is |oaded into substrate recei ving
recess 234 so that the backside of the- 45ubstrate contacts nounting
surface 274. Punp 93b I nfl ates bl adder 160' to form a seal between

flexible e 2o rian g Tdkee larebd B2 riittes EOoumiserf haige 4852 |  deamsbd2D0 to

bl adder 160, Snart Bl cEIS LA ASMUNE b PR Bl FRRTC 1
pressure pocKeimit thee viemwared frietddr e fregimede meahartiesns A rad.
POl [sh ho pais B el L S Hoihd A2 oo TONE R SR HY O tne
pressure i b Elseincluds(® vertistel PassagetIdd tdeousdtr atap was
SucceSSfUIIysurface 432 of housing 422 to passage 486 in gimbal rod
472. Pump 93c (see FIG. 3) may be connected via fluid
line 92¢, rotary coupling 90, céntral conduit 94c in
drive shaft 74, passage 526 in stop pin 470, passage 486
10 and recess 480 in gimbal body 460, and slot 478 to
chamber 200. Thus, in the embodiment of FIG. 10, pump
93c is used to control the vertical actuation of the
carrier head.
Carrier head 400 may also include a slurry purge
15 mechanism to flush slurry out from gap 296 between
flexure 116 and support structure 114. The slurry purge
mechanism includes a passageway 530 which extends
vertically from upper surface 258 of inner portion 254 of
support ring 250, radially outwardly into outer portion
20 252, and upwardly through lower clamp 280 of gap 296.
The slurry purge mechanism may also include a
vertical passage 532 extending through base 404. A
fixture 536 may be connected to the passage 532 at upper
surface 442 of base 404. A fitting 534 may connect
25 passageway 530 in base 404 to passage 532 in support ring
250. The fitting 534 may be fixedly connected to base
404, project downwardly through volume 294 of chamber
290, and be slidably disposed in passageway 530 of
support ring 114. The fitting 534 may be sealed in
30 passageway 530 by O-rings 538.
Pump 93b may be connected to passageway 530 via
fluid line 92b, rotary coupling 90, channel 94b in drive
shaft 74, a passage through housing 402 (not shown), a



vacuum chucked to the carrier head. ’ On one hand, if the substrate
Is present, then the 20 | ow pressure pocket created between the flexible

menbr ane and the substrate will create an upward force on the
substrate. This upward force will cause the substrate to press upwardly
on nenbrane 162'. This will reduce the vol ume of bl adder 160" and
thereby increase the pressure 25 in volune 170'. On the other hand, if a
substrate i s not present in the carrier head, then no upward force w ||
be applied to the menbrane and the pre$&ure in vol ume 170 wil |
remain constant. Therefore, if pressure gauge 304 nmeasures a pressure

i ncrease conchitesablei £AusdnpsouBeing pampPnhohi FheUR) ofuEhadBer 290', the
QWP appar at Uspliagsic SUBGESBhubkyeagUsmpChrichage! ossUBRHT Lect gt he

carrier head. Pressure %auge my also be used to,  contindously
moni tor the pP@8sur BumPt APR PaYufRrEeoa i4quid, e.g. deionized water,

- 34 - de&ﬁebughepagesgaasyossbhepsybéghasfuteytb?oﬁa§épeégb?ad- I f
pressure gage 304 detects a deCrease in the pressure of volune 170",

e.g., Wwhilé& transpor tFHeEP t hia Juals theteennePeadideh Fumban AP & eka dnidiis
between a pol h $4kNG2al akb@Bry coupling 90, channel 94a in drive shaft

74, a passage through housing 402 (not shown), a flexible
fluid coupling (not shown), and a passage through base
404 (also not shown). Pump 93a may be used to contrel

10 the pressure in chamber 290.

In summary, the carrier head of the present
invention suspends a support structure from the base of a
carrier head by means of a flexure. A flexible membrane
is connected to and extends below the support structure

15 to define a chamber. By pressurizing the chambex, an
even load can be applied across the substrate. In
addition, the flexure allows the support structure, and
thus the entire flexible membrane, to pivot and move
vertically with respect to the base. Thus, the load is

20 applied more uniformly across the entire back side of the
substrate,

The present invention has been described in terms
of the preferred embodiment. The invention, however, is
not limited to the embodiments depicted and described.

25 Rather, the scope of the invention is defined by the
appended claims.



5 and a transfer station, then this is an indication that the substrate
has- detached fromthe carrier head. In this circunstance, operations my
be halted and the CWP operator alerted of the problem
Carrier head 100" also utilizes a different nethod 10 to attach the
retaining ring to the base. Retaining ring 110" nmay be secured to base
104 by a retaining piece 310. The rgggining pi ece 310 may be secured to
base 104 b screws 312. The retaining'piece may catch in a proj ecting
| edge 3143%A”W§taining ring 110° with an 15 annular lip 316.
Referring to FIG 8, in another enbodi ment, in which simlar parts are
referred to with double prined reference nunbers, carrier head 100"
i ncl udes b gener & 1§arrierchead| ' i rdereisahbaechavicahdreligingr apbgratuaul ar
outer 20 campiieing322 surroundi ng i nner chanber 320. _ In the
carrier head of FIG 8, substrate backing assenbly 112" includes support
structure 114, flexure 116, and flexible nmenbrane 118". The flexible
menbr ane a bagé8" may include an upper nenbrane or menbrane portion 25 324
and a | ower nenbrane or nenbrane portion 326. Lower nmenbrane 326 is
connected to support structure 114, wher eas upper nenbrane 324 is
connect ec® @HPREFY $truetusaconnectigd to the hagrebyreeflexure s82als dtiefienaw® vieabhbr
chanber 3RBependdiigy epshOwhge: BRabr ane 326 defines outer chanber 322. 30
Fl exi bl e nen%rane 118" may be formed of a flexible and elastic materi al,
such as a high strength silicone rubber .

a flexible membrane having a mounting surface for a substrate, the membrane

connected to and extending beneath the support structure to define a boundary
of a pressurizable chamber, wherein a portion of the membrane along an edge
of the mounting surface is vertically movable relative to the base.

2. The carrier head of claim 1, wherein the support structure includes
a generally cylindrical outer rim, and the flexible membrane extends around a
rim of the support structure.

3. A carrier head for a chemical mechanical polishing apparatus,
comprising:
a base;

a retaining ring secured to the base:

a support structure connected to the base by a first flexible member so as to
be moveable independently of the base; and

a second flexible member having a mounting surface for a substrate, the
second flexible member connected to and extending beneath the support
structure to form a boundary of a pressurizable chamber, wherein the support
structure and first flexible member are configured so that at least a portion of
a downward force on the first flexible member caused by injection of fluid into
the chamber is transferred to the retaining ring.

0



- 35 - Upper menbrane 324 may be a circul ar sheet of a
material, such as a high-strength silicone rubber. Inner menbr ane 324
may have a protrudi ng outer edge 328. The out er edge 328 of upper
menbrane 324 nay be captured 5 between an annular wing 332 of an annul ar
clanp ring 330 and a rim334 on flexure ring 182". Canp ring 330 nay
be secured in a recess 336 between flexurﬁ ring 182" and base 104 by
bolts 168". The clanp ring presses the i'n &7 menbr ane agai nst the
flexure ring to forma fluid-tight 10 seal. The space between upper

menbr ane 324 and (gl gl e, h@%ﬁhgp'c?%{“?@ \ggé@ﬁsangewﬁéra o¥ti6h &t aerQ er

chanber " 320. acircu eet
of matfeaxiblle, meovikar extedsney32@n wayehpoetian pf éhqz unl@wylm@mrfaps elithe 338.

The attaglym@ily @éxi8ld RiemiBrENeane 326 to support structure 114 is simlar
to the attachnment of flexible menbrane 118 to support structure 114 in

FIG 4. Specifically, outer edge 338 is secured in groove 262 and
cl anped ket ween ITowercaetianmheal0ofirdaismpRorwherdig 25¢hp 3R phhetesptive dugémeen

cuppor t RPHRRUPE s e RoRPEFe YEpe ge ARREr JotyahoF1 R A% 18DBre

The portirnembdfernenbrane 118" bel ow chanber 320 provi des a circul ar inner
portion of the substrate 25 nounting surface, whereas the portion of

menbr ane 118" bel ow chanber 322 provides an annul ar outer portion of
6. The carrier head of claim 5, wherein the first flexible member can

extend downwardly into the gap without contacting the support structure.

7. An apparatus for a chemical mechanical polishing system,
comprising:

a carrier head having a base and a flexible membrane coupled to the base to
define a boundary of a first chamber, a lower surface of the flexible membrane
providing a substrate receiving surface;

a vacuum source connected to the chamber to evacuate fluid from the
chamber;

a pressure sensor to generate an output signal, wherein the carrier head is
configured such that if the substrate is attached to the substrate recei\)ing
surface and the chamber is evacuated, the sensor measures a first pressure
that is different from a second pressure that would result if the substrate were
not attached to the substrate receiving surface; and

a processor configured to indicate whether the substrate is attached to the
substrate receiving surface in response to the output signal.

8. The apparatus of claim 7, wherein the carrier head includes a second
chamber, and the pressure sensor is placed to measure the first and second
pressures in the second chamber. '

LU



t he.substrate nmounting surface. A bottom surface 340 of I nner menbr ane

324- may be attached, e.g., by an adhesive, to a top surface 342 of outer
menbrane 326. Alternately, 30 upper nenbrane 324 and | ower nenbrane 326 nay
be - different portions of a single | ower nenbrane. Punp 93c
may be connected to inner chanber 320 by fluid Iine 92c, rotary coupling
90, channel 94c in drive 49, - o - 36 -
shaft 74, and passage 196.in gi nbal necﬁaﬁisn1106. Simlarly, punp 92b
may be connected to outer chanmber 322 by fluid |ine 92b, rotary coupling

90, channgl 94ppLnypparlisVés él'&%tB,R&hsﬂ%ﬁ‘ﬁ?ﬁg%elgﬁgg&i‘liaw‘ggqiégf?e’da%%m’e a

flexible 5 f|uid connector (not shown), passage 1,
passage 3h% fir$tqhamben i thabinward motion ofve flexibie atembranerggmpresses
vacuum c heks edvth ssSemsmbehe presence of substrate 10 in the carrier head

in a fashion simlar to that of the carrier head of FIG 7. 10
Specifically, during the vacuum chucki ng process, punp 92b may punp
fluid into outer chanber 322, causing the outer annul ar portion of

Flui ot i sl e O Gl s PRBNEP B STRGHR LT £ RMUFk rear

nmeasur engsgmprising the steps of:

pressurizing a first chamber formed by a first flexible membrane having a
mounting surface for the substrate;

forcing fluid out of the first chamber to create a reduced pressure region to
chuck the substrate to the mounting surface; and

measuring a pressure associated with the carrier head to determine whether
the substrate was successfully chucked to the mounting surface.

11. A method of chucking a substrate to a mounting surface of a carrier
head, comprising the steps of:

positioning a substrate against a mounting surface of a carrier head that is
provided by a lower surface of a first flexible membrane that defines a
boundary of a first chamber;

forcing fluid into a second chamber to apply a downward pressure to an upper
surface of the first membrane in a first region; and

fdrcing fluid out of the first chamber to create a second region of reduced
pressure that is bounded by the first region to chuck the substrate to the
mounting surface.

12. The method of claim 11, wherein forcing fluid into the second chamber
causes a second flexible membrane to extend downwardly to directly contact
the upper surface of the first membrane.

* C L M § *



15 of the pressure in outer chanmber 322 is taken by gauge 304. Then punp
93c. evacuates i nner chanber 320 to create a | ow pressure pocket to
vacuum chuck the substrate. |If the substrate is successfully

vacuum chucked, the pressure neasured by gauge 304 should increase. 20
Anot her problemthat has been encountered in chem cal mechani cal
polishing is that the edge of the subs% ate is often polished at a
different rate (usually faster, but oc é\s'i onally slower) than the center
of Ithed sulrolstrate. This may occur even if the load is uniformy 25
applied tgo the_substrat oppe far f t e er
320 and older 'Eﬁ é{h gggf Iﬂ\ ﬁ\ 'F’P Qﬁl@lﬁ? RJ citng ﬁu ifn & thg g{edg’ﬁgu%gﬁgtgg
duri ng potawseisn@ sewmond ft@mh‘pl enembrarrﬁe f@dgfét%ﬂdtﬁ‘éwgl’)’l?é@'tyata@dl @PPY iZhi ng

hor e WWaFﬂZ%rQQ?u Feeﬂ:t 8 supptft Biragfiteethyit icdnfacteitae WpPsTDAIrface 322

may be reater than the pressure within inner chanber 320 t hereby
i ncr easi ni§ep 'Iﬁfsm?'fﬁ‘gr?%l?e at the substrate edge. By selecting the

rel ative | oads, nore uni form polishing of the substrate may be achi eved.
- 37- The carrier head 100" of FIG 7 nmay al so be used

14. A carrier head for chemical mechanical polishing, comprising:
a base;

a flexible membrane coupled to and extending below the base to form a first
chamber having a first pressure, a lower surface of the flexible membrane
providing a mounting surface for the substrate, wherein a first load applied to
the substrate is controlled by the first pressure;

a retaining ring coupled to the base; and
a second chamber having a second pressure, the chamber located above the
base to control a downward load on the base so that a second load applied to

the retaining ring is increased by increasing the second pressure and
decreased by increasing the first pressure.

15. A method of chemical mechanical polishing a substrate, comprising:

holding a substrate with a carrier head having a substrate mounting surface
and a retaining ring;

selecting a first pressure for a first chamber in the carrier head, the load
applied to the substrate being controlled by the first pressure; and

selecting a second pressure for a second chamber in the carrier head, the load

applied to the retaining ring being increased by increasing the second pressure
and decreased by increasing the first pressure.

* c L M S *



to apply different |oads to the edge and center of the substrate. To
create a pressure differential between the center and edge of the
substrate, bladder 160" begins in 5 a deflated state and chanber 290 is
pressurize to a desired pressure. Then bl adder 160" is inflated so that
menbrane 162" contacts the upper surface 300 of flexible menbrane 118.
This effectively seals an annul ar outer portion of 304 of chanmber 290
froma circular inner 10 portion 302 of chanber 290. To increase the
pressure on the center of the substypte vis-a-vis the edge, punp 93c

may force fluid into circular inner portion 302. Because outer portion
304 is sealed by bladder 160', its pressure does not change. To decrease

the pressure on the center 12 of_tge substrate vis-a-vis the edge, punp 93c
may evacuat e i bl adder 160" forns the seal .

Si nce nenbrane 162' is not bonded or clanped to fl exi bl e menbrane 118,

the seal created hy L80° ely fluid-tight.
Therefore, fluid %&?dﬁég h-l]‘} vgg‘égﬁ% Bﬁ; E%Eréﬂgs until portions
302 and 304 hal&THY o : HING necessary to

periodically performthe procedure described above. 25 Ref erring

to FIG 9, in another enhodinent,.in ich simlar parts referred to

with triple prined rreT?‘erc’ae!n"'clee’cnﬁe derfé’,rwgucg‘sef‘ﬁr?%?r?emgg%%sﬁéiagg Jr’ﬁS‘I1§7‘3112' v

i ncl udes a suppor taRpiazeEuS50 That¢rerriehdiead sepydes ¥ ihoygsing, a base, Support

rlnllzf e 35?h| s at gerherlakhm{ilm%%nsml | ,dab@ﬂabalaﬁéc%%{@ﬁ{,lt laaa §d%9 Ek?éérgﬁture
: e entire s or ate may.mve _vertjca a ivot w

respect to base® ebafggggﬁﬁ‘?ﬁf"a?h O&BF %‘fbefﬁﬁa%gaﬁkjd‘gaﬁﬁﬁ?’g&?l upper clanp 282

includes a support structure positioned below the base, a

substantially horizontal, annular flexure connecting the
support structure to the base, and a flexible membrane
connected to the support structure. The flexible

10 membrane has a mounting surface for a substrate, and
extends beneath the base to define a chamber.

Fig. 4A



- 38 - may be secured to an edge portion 362 of the support pl ate by
bolts 284"'". Support plate 350 has a generally planar | ower
surface 352. Support plate 350 is suspended in chanber 5 290'"'"' by flexure
116. A plurality of apertures 354 extigng vertically through a center

portion 364 of the support plate to connect |ower surface 352 to an
upper surface 360. Apertures 354 connect a portion 356 of chanber
290''" | ocated above the support plate to a 10 portion 358 of chanber 290
| ocat ed bel ow t he support plate. Alternately, |lower surface 352 of
support plate 350 may have a recessed region, with a single aperture
connecting chanber portion 356 to chanber portion 358. Fl exi bl e
menbrane 118 is cl anped between support 15 pl; Q. and | ower clanp 280,
and extends beneath the | ower surface of ¢ grt plate. Wien punp
93c evacuat es chanber 290''', flexible e 8is pul | ed
upwar dl y agai nst support plate 350 and into 280 354. If the
backsi de of the substrate is 20 placed agair tifng surface 274, then

t he extension of the flexible menbrane in he apertures creates a
plurality of |ow pressure pockets 360 betwee




substrate and the flexible nenbrane (see FIG 13). These | ow pressure

pockets vacuum chuck the substrate to the 25 carrier head. One
probl em encountered in the CVMP process is difficulty in renoving the
substrate fromthe polishing pad. Aszpgeviously discussed, a thin |ayer
of slurry is supplied to the surface of the polishing pad. Wen the 30
substrate contacts the polishing pad, the surface tension of the slurry
generates an adhesive force which binds the substrate to the polishing
pad. If this surface tension hol di ng the substrate on the polishing pad
IS greater - - 39 - t han the
force holding the substrate on the carrier head, then when the carrier
head retracts, the substrate will remai n on the polishing pad.

One arrangenent for reliably renoving the 5 substrate fromthe polishing
pad is shown in FIG 12. As shown in FIG 12, the distribution of
apertures 354 across |l ower surface 352 nmay be asymmetric rather than
radially synmmetric. That is,_tkm%dnuuxnt pl ate may i nclude an area 370

82

wi th apertures and an area 372




10 wi thout apertures. Area 370 may be general |y wedge- shaped, with an
angle a between 45[err] and 180[err]. Area 370 may al so be | ocated only
near the edge of portion 364 of support plate 350, rather than extending
to the center of the support plate. 1359 During the
vacuum chucki ng of the substrate, the asymmetrical distribution of
apertures 354 results in an asymmetrical application of an upmard force
to the substrate. The asymmetrical force creates a torque on t he
substrate which_tepds tq preferenfiglly ljifi gne e% the s %strate
esive

away fromthe oT 1 s Ing pad. This reduces the a ce to the

slurry surfac tension, and i ity of h83%i ng
the substrateffto the carrier head. 'f@ to 14,,

anot her enmbodfimrent, in 25 which qimlar p erred thh-‘

quadr upl e pri fled ref erenceShmypers, th i ncl p“ stbg) pi n

assenbly 380 flo limt the downwarjd noti on str urgo4114'
In the carrieff head of FIG 14, ilnner porfion 30 254'g%¢c of s
82 f

250"" has a g#neral | y wedged- shaged crjoss-section. An in
of the wedgedfjshaped I nner pork= = an annul ar recess
t herei n. THree or nore stop pips 384 [only one of which i shggm
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- 40 - due to the cross-sectional view), positioned at equal ~annul ar
intervals, fit into holes 386 in base 104"". The stop pins 384 project

outward horizontally and into angul ar recess 382 in support ring 250"".
If fluid is 5 punped into chanber 29Q,,Jjghereby forcing support
structure 114 downwardly, an upper rim 388 of support ring 250"" may
catch against stop pins 384 to limt the downward travel of the support
structure. The annul ar upper clanp 282"" includes one or nore 10
radi al grooves 390 (only one is shown) in upper surface 391. Wen
bl adder 160 is inflated and nenbrane 162 contacts annul ar upper clanp
282"", radial grooves 390 form channel s between the portions of vol unme
294 of chanber 290 | ocated on either side of bladder. The 15 separation
of volume 294 into two separate portions is not shown in FIG 14
(because the substrate backing assenbly 112 is shown in a | owered
position for polishing), but can be seen in FIG 4. These channel s
permt pressiro—oguiti-b ; SRR An upper
surface 239 Tof Tefjini ' . : concentr}c
circul ar idge§§39’. Uy face 150 ¢f base
104"" mayS «al i i irdges 394.
Wien the ca@®i ; RBN 0"" attached
to base 104"",?éi o ' yéR i nch «rhe ¢uter
ci rcunferenty,al™ er ebe |s.p£3vides an
| mpr oved :g!anp ' ts e exure fromyslip ) The
gi mbal mechani sz clu < &
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30 190"" with three arns 194"". Stop 190"" may be connected to top;
surface 191 of ginbal rod 180 with a single central bolt 396. The

central bolt 396 may have a vertical passage 397 therethrough to provide
a fluid 5/20 - 41 - connection

bet ween upper surface 134 of housing 102 and passage 196 in ginbal rod
180. An annul ar seal 396 with a C shaped cross section may be

used to hold shield 244 on rim 242 of retaining 5 ring 110"". _
Referring to FIGS. 10 and 11, in another enbodi nent, a carrier head 400
I ncl udes a gi nbal mechani sm 406 whi ch includes a ginbal body 460 and a
gi nbal race 462 rather than a flexure ring. Due to the 10 substanti al
changes in the housing, base and gi nbal mechani sns, these parts will be
referred to with new reference nunbers. In contrast, except as discussed
bel ow, the | oadi ng nmechanism retainer ring, and substrat e backing
assenbly are simlar to the co neps s qgchscussed with reference to FIG
4, and will be referred to h rlgdﬁ ere@e nunbers.

Carrier head 400 includes a hou$}ng” 40p v bus
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404, a gi nbal nmechani sm 406, | oadi ng mechani sm 108, retaining ring 110,

and substrate backing assenbly 112. 20 Housi ng 402 includes a
housi ng pl ate 420 and an i ntegral ly-attached housi ng hub 422. A
cyl i-ndri cal cavity 426 is forned in ggebpom surface 424 of housing

402. A cylindrical plastic bushing 520 fits into cylindrical cavity 426
with its outer surface abutting 25 housing 402. A circular flange 428 with

an i nwardly- turned lip 430 projects dowwardly froma top surface 432
of housing hub 422 into cavity 426. Housing hub 422 may al so have a
t hreaded neck 434 and two vertical dowel pin hol es 436. A threaded

perinmeter nut 98 (see FIG 3) may 30 fit over flange 96 and be screwed onto
t hreaded neck 434 of housing hub 432 to sPcure carrier head 400 to drive

shaft 74. - - 42 - Housi ng
402 may include two torque pin holes 438 ormed in its bottom surface
424 which project upwardly i nto housgtng u“.422 In addition, two
passages ( not shown in this cross-~ect|on.s"ew® al so connect top 5

124. Base 404

om surfa

\
In
-\ \\

surface 432 of housing huuamzz\ao bo
is generally disk-shaped, with

FIG. 5




440 formed in an upper surface 442 thereof. Basin 440 has a flat annul ar

surface 444 surrounding a flat-bottom depression 446. Two torque pin
hol es 448 may be found in 10 upper surface 442 of base 404 surroundi ng
basi'n 440. Two vertical toragug,fins 450 are used to transfer
torque from housi ng 402 to base 404. The torque pins 450 fit securely
into torque pin holes 438 in housing 402 and project downwardly into
receiving torque pin holes 448 in 15 base 404. Torque pins 450 are free to
slide vertically in receiving torque pin holes 448, but Orings 452 hold
each torque pin 450 in place laterally. Thus, base 404 Is free to nove
vertically relative to housing 402, but I f housing 402 rotates, then the
torque pins will force 20 the base to rotate as well. The Orings 452 are
sufficiently elastic to permt a slight pivoting of basew8404 relative to
housi ng 402. G nbal nmechan sa=4855i s deg g¥2d & &Y | ow base 404
to pivot, i.e. rotate about an axi s/p§ “TB) tfhe ’5su ‘,_.-. e
pol i shing pad and normal to axis of ti oy 10K K ;&@:&L-\x
housi ng 402. Specifically, : Q apo ﬂt‘*‘-"\\' B Qpd on
t he surface of polishing p , Wz HC /¥ N\
gi nbal body 460, a ginbal race 462, 'h
bi asi ng menber 468, and a stop #70. &
cylindrical gimbal rod 472 N
474. Bearing base 474 i ncfud N
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- 43 - with three radial slots 478 (only one is shown in the
cross-sectional view of FIG 10) which extend fromthe edge of outer
surface 476 to ginbal rod 472. The | ower surface of bearing base 474 has
a Y-shaped depression 5 (not shown) which/ggntains biasing nenber 468 when
gi nmbal mechani sm 406 is fully assenbled. A cylindrical recess 480 may
be formed in the bottom surface of ginbal body 460, and anot her
cylindrical recess 482 may be formed in a top surface 484 of ginbal rod
472. Recesses 480 and 10 482 may be connected by a vertical passage 486.

Qui de pin-464 includes a guide rod 490, a disk 492 whi ch projects
radially outwardly fromthe | ower end of gui de rod 490, and a spherical
proj ection 494 on the bottom of disk 492. Spring 466 fits into recess
480 in 15 the bottom of gimbal rod 472, and guide [ ofN 49@of &i de pin
464 fits inside spring 466. Wen the ginbal i sindis a¥enbl ed, the

spring is conpressed between the top of digk er portion
496 of recess 480. 20 G nbal race 462 fl Q #hbal body 460
and rests on base 404. G nbal race 462 may Xn d I out er
portion 500 which rests on annular s 444 wept shaped i nner
portion 502 which fits into depr es&i en~4A46. S kg&gr surface
504 of wedge- 25 shaped portion 502 engdgg t he B outel surface
476 of bearing base 474. Three notche y b (o) i nner surface
504 of ginbal race 462. G nbal race AN
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462 . may be secured to base 404 wth screws (not shown) whi ch pass

t hrough outer piece 500 and into receiving 30 threaded recesses in the
base. The bi asi ng nenber 468 is generally Y-shaped, and

i ncludes three arms 510 which project pouyignardly from a central section
512. The top surface 514 of central

- 44 - section 512 has a circular recess 515 and a coni cal

depression 516 at the center of the recess. The biasing menber 468 fits
into the Y-shaped depression (not shown) on the underside of bearing
base 474. The disk 492 of 5 guide pin 464 fits into recess 515 with its
spheri cal projection 494 engagi ng coni cal depression 516 of biasing
menber 468. The arns 510 of biasing menber 468 extend through slots 478
in bearing bgse 474 and into notches 506 in ginbal race 462. Bolts or
screws 518 ,may be usgd 10 to secure ar 510 to ginbal race a§2

Once gi nbal YegecHani sihl406 | s _gssenbled, ‘gi nhal rdce 1462 N securad to
base 404, an@bi] N rafe 462. Quide
pin 464 coB}-acty

| ge ngbaI body
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15 upwardly away fromthe biasing nenber so that spherical outer surface
476 of bearing base 474 is pressed agai nst spherical inner surface 504
of ginbal race 462. The gi mbal rod 472 of ginbal nechani sm 406 engages
an inner surface 521 of bushing 52 /Ege gi nbal body 460 is free 20 to
slide vertically in cavity 426 relative'to housing 402 and to pivot in
two di nensions relative to ginbal race 462. Wen the ginbal pivots, arns
510 will slide in slots 478. However, because biasing nenber 468 is
fixed to ginbal race 462, the downward force fromspring 466 is 25 not
transmtted to carrier base 404. Because there is no outward pressure
on the center of the base due to spring 466, the |ower surface of the
base renmi ns substantially pl anar when gi nbal mechani sm 406 is attached.
Stop pin 470, which has a threaded | o@r portion 30 528, fits into a stop
pin hole 522 defined by downwardly rojecting flange 428. The stop pin
extends through an aperture 523 at the bottomof the stop pin hole and
i's screwed i nto passage /

- 45 - 482 in ginbal r 472 fi%& g@unr A ad 524
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of stop pin 470 catches against |lip 430 of flange 428 to limt the
downward notion of ginbal nechani sm 406 and base 404 relative to housing
402. The stop pin 470 may 5 also include a vertical passage 526 to connect
top. surface 432 of housing 422 to pasgage 486 in ginbal rod 472. Punp
93c” (see FIG 3) may be connected via fluid line 92c, rotary coupling
90, central conduit 94c in - drive shaft 74, passage 526 in stop pin 470,
passage 486 10 and recess 480 in ginbal body 460, and slot 478 to

chanber 200. Thus, in the enbodi nent of FIG 10, punp 93c is used to
control the vertical actuation of the carrier head. Carrier
head 400 nmay al so include a slurry purge 15 nmechanismto flush slurry out
from gap 296rbet ween flexure 116 and support structure 114. The slurry

pur ge mec&ani sm i ncl udes a passageway 530 whi ch extends vertically
from upper suyface 258 05 I nner portion g54 of support ] ,
radi ally GHFF-T L er_portion 20 Y252, _and upvardly t i ough Twmer
clanp 280 of &p12oorN //’ nAm Rpy al so
i ncl ude a g;;[e_r,t—"cé" ~ ' ef404j A filxture
536 may be eoqagg, _ ur f oof bdse
404. A fitti ngT53RN ah b 04} o0 passdge 532
i n support ring ' B ¢dl negl ed to Hase
404, project qQ .2 cha 90y and be
slidably di spog ort ryng 1IW. e fittijng 534
may be sealed in gewa | 538. Pump 93b nmay
be connected to sage N ARSNN 92@, r otigr y fgoupl i ng 90,
channel 94b i (Bd+f a%Sage thr§?gh housifyg #92 (not
shown), a — ¢q| © o ~
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- 46 - flexible fluid coupling (al so not shown) such as a pl astic

t ube, passageway 532 in base 404, and fitting 534. Punp 92b may force a
liquid, e.g. deionized water, t hrough passageway 530 to flush slurry
fromgap 296. 5 Punp 93a may “be/gonnected to chanber 290 via fluid
l'ine 92a, rotary coupling 90, channel 94a in drive shaft 74, a passage

t hrough housing 402 (not shown), a flexible fluid coupling (not shown),
and a passage through base 404 (al so not shown). Punp 93a may be used to
control 10 the pressure in chanber 290. In summary, the carrier
head of the present I nventi on suspends a support structure fromthe base
of a carrier head by neans of a flexure. A flexible nmenbrane S
connected to and extends bel ow the supgort structure 15 to define a
chamber. By pressurizing the chanbér, @&n even | oad can be applied across
the substrate. In addition, the flexkure allows the support structure,
and thus the entire fl exi ' vertically
with respect to the base. us, theebopdbi s, ' niformy
across the entire back sidfjof the & B&str
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The present invention has been described in terns of the preferred
enbodi nent. The invention, however, is not limted to the enbodi nents
depi cted and described. 25 Rather, the scope of the invention is defined by
the = appended cl ai ns. "13/20 - 47
- CLAIMS 1. A carrier head for a chem cal nechanical polishing
appar at us, conpri sing: a base; a support structure connected to the
base by a flexure so as to be noveabl e i ndependently of the base; and a
fl exi bl e nmenbrane having a nmounting surface for a substrate, the nenbrane
connected to and extendi ng beneath the support structure to define a
boundary of a pressurizabl e chanber, wherein a portion of the nenbrane

al ong an edge
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of the mounting surface is vertically novable relative to the base. 2.
The carrier head of claim1l, wherein the support structure includes a
generally cylindrical outer rim and the flexible nmenbrane extends around a

rimof the support structure. 3. 1472 carrier head for a chemi cal
mechani cal polishing apparatus, conpri sing: a base; a retaining ring
secured to the base; a support structure connected to the base by a first

flexi ble menber so as to be noveabl e i ndependently of the base; and a
second fl exi ble nmenber having a nounting surface for a substrate, the
second fl exi ble nenber connected to and extendi ng beneath the support
structure to forma boundary of a pressurizable chanber, wherein the
support structure and first flexible nmenber are configured so that at |east

a portion of a downward force @@ téme figgst § Lexi bc% menber caused by
t

injection of fluid into the chaﬂbe+fﬁs Nrafsferre o the ret%%ning ring.
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- 48 - 4. The carrier head of claim3, wherein an inner portion of
the first flexible nmenber extends over an outer portion of the nounting
surface of the second flexible nmenbrane. 5. The carrier head of
claim4, wherein a gap separates the outgs/portion of the support structure
fromthe inner portion of the first flexible nenber. 6. The carrier
head of claimb5, wherein the first flexible nenber can extend downwardly
into the gap without contacting the support structure. 7. An
apparatus for a chem cal nechanical polishing system conprising: a
carrier head having a base and a flexi ble nmenbrane coupled to the base to
define a boundary of a first chanbe®& a lower surface of the flexible

menbr ane prOV|d|ng a substrate receifving surface; a vacyum source

connect ed—f\:lgnf ( ‘Lg D O O g \
Ness s 87 ;=; T sh-g
8 " T ey ©
\\\ U nm
>
3 o8
< E@
=fg] 2 g
23 o
L Y s




a pressure sensor to generate an output signal, wherein the carrier head is
configured such that if the substrate is attached to the substrate
receiving surface and the chanber is evacuated, the sensor neasures a first
pressure that is different froma second gy essure that would result if the
substrate were not attached to the substrate receiving surface; and a
processor configured to indicate whether the substrate is attached to the
substrate receiving surface in response to the output signal. 8. The
apparatus of claim7, wherein the carrier head includes a second chanber,
and the pressure sensor is placed t ogre&Bure the first,and second pressures
in the second chanber. N N

-~ - 49 -
9. The apparatus of claim8, mhepdinjthe segond ch&fber is |ocated above
the first chanber so that in \A/exible nenbragg conpr esses
7z,
t he second chanber. \ 7 2225555 =
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10. . A nethod of sensing the presence of a substrate in a carrier head,
conprising the steps of: pressurizing a first chanber fornmed by a first

fl exi bl e menbrane having a nmounting surface for the substrate; forcing
fluid out of the first chanber to creat®/ z reduced pressure region to chuck
the substrate to the nounting surface; and measuring a pressure
associated wth the carrier head to determ ne whether the substrate was
successfully chucked to the nmounting surface. 11. A nethod of chucking a
substrate to a nmounting surface of a carrier head, conprising the steps of:
positioning a substrate against a nmounting surface of a carrier head that
I's provided by.a | ower surface of a first flexible nenbrane that defines a
boundary of a first chanber; forcing fluid into a second chanber to apply
a downward pressure to an upper surface of the first menbrane in a first
regi on; and forcing fluid out of the first chanber to create a second
regi on of reduced pressure that is bounded by the first region to chuck the
substrate to the nmounting surface. =

FIG. 11
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12. The nethod of claim 11, wherein forcing fluid into the second chanber
causes a second flexible nenbrane to extend downwardly to directly contact
t re upper surface of the first nmenbrane.

- 50 - 13. The nmethod of claim 11, wigypepn forcing fluid into the second
chanmber causes a second flexible nmenbrane to extend downwardly and apply a
downwardly pressure to a support structure that contacts the upper surface
of the first nenbrane. 14. A carrier head for chem cal nechani cal
pol i shing, conprising: a base; exi menbr ane coupled to and

ext endi ng bel ow t he base to formaigmﬁgt Hﬁgﬁber having a first pressure, a
| ower surface of the flexible nmenbrane_providing a nounting surface for the
substrate, wherein a first load applied to
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the substrate is controlled by the first pressure; a retaining ring
coupled to the base; and a second chanber having a second pressure, the
chanber | ocated above the base to control a downward | oad on the base so
that a second | oad applied to the retai@bzgoring is increased by increasing
the second pressure and decreased by incféasing the first pressure. 15.
A net hod of chem cal nechanical polishing a substrate, conprising:

hol ding a substrate with a carrier head having a substrate nounting surface
and a retaining ring; selecting a first pressure for a first chanber in
the carrier head, the load applied to the substrate being controlled by the
first pressure; and sel ecting a second pressure for a second chanber in
the carrier head, the load applied to the retaining ring being increased by

I ncreasing the second pressure and decreased by increasing the first
pressure.
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