A CARRI ER HEAD W TH A FLEXI BLE MEMBRANE FOR A CHEM CAL:, - .
MECHANI CAL PCLI SHI NG SYSTEM Background of the Invention
The present invention relates generally to chem cal nechanical polishi'ng of
substrates, and nore particularly to a carrier head for a chemcal
mechani cal polishing system Integrated circuits are typically
formed on substrates, particularly silicon wafers, by the sequenti al
deposition of conductive, sem conductive or insulative |ayers. After each
| ayer is deposited, the layer is etched to create circuitry features. As a
series of layers are sequentially deposited and etched, the outer or

upper nost surface of the substrate, i.e., the exposed surface of the
substrate, becones increasingly non-planar. This non-planar outer surface

presents a prokl em.for t integrated. circuit manufacturer. |If the outer
surface of theéHéEﬁ5%ﬁ5;Hi#9—Eiié1&—ELEK;&LE—MEM§BQEE—EQB—A

CHEMT MECHAN P SHING SYSTEM

Backgroupd of the Invention

The present invention relates generally to
chemical mechanical polishing of substrates, and more
particularly to a carrier head for a chemical mechanicel
polishing system.

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. Aas a
series of layers are gequentially deposited and etched,
the outer or uppermost surface of the substrate, i.e.,
the exposed surface of the substrate, beécomes
increasingly non-planar. This nen~planar cuter surface
presents a problem for the integrated circuit
manufacturer. If the outer surface of the substrate is
nen-planar, then a photoresist layer placed thereon is
also non-planar. A photoresist layer is 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 betwaeén the peaks and valleys
of the ocuter surface may exceed the depth of focus of the
imaging apparatus, and it will be impossible to properly
focus the light image onto the cuter substrate surface.

It may be prohibitively expensive to design new
phctolithographic devices having an improved depth of
focus. 1In addition, as the feature size used in

integrated circuits becomes smaller, shorter wavelengths



non- pl anar, then a photoresist |ayer placed thereon is also non-planar. A
photoresi st layer is typically patterned by a photolithographic apparatus
that focuses a light imge onto the photoresist. If the outer surface of
the substrate is sufficiently non-planar, then the maxi num hei ght

di fference between the peaks and valleys of the outer surface nay exceed
the depth of focus of the imging apparatus, and it wll be inpossible to
properly focus the light image onto the outer substrate surface. I t
may be prohibitively expensive to design new photolithographi c devices
havi ng an i nproved depth of focus. Fn2atdition, as the feature size used in
integrated circuits becones smaller, shorter wavel engths
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avai | abl e;epid) Hfail M depth offhes@ipre, there is a need to periodically
pl anari ze the substrate surface to provide a substantially planar |ayer

sur f ace. EherréarermeER8ARCAF BoPreri hg PERMYIiS2bhe accepted met hod

of planardzaid Pike HHis fFdZat@Prace to provide a
substantially planar layer surface.

Chemical mechanical polishing (CMP) is one
accepted methad 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 contxollable load, i.e.,
pressure, on the substrate to press it against tha
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 leas® one chemically-reactive agent, may be
distributed over the polishing pad te 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 rgactive agen<
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 pelishing.

An effective CMP process has a high polishing rate
and generates a substrate surface which 1s [inished
{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

inadeguate flatness and finish can c¢reate defective



met hod typically requires that the substrate be nmounted to a carrier or
pol i shing head. The exposed surface of the substrate is then placed agai nst
a rotating polishing pad. The carrier provides a controllable |oad, i.e
pressure, on the substrate to press it against the polishing pad. In
addition, the carrier may rotate to provide additional notion between the
substrate and polishing pad. A polishing slurry, including an abrasive and
at | east one chem cally-reactive agent, may be distributed over the
polishing pad to provide an abrasive chem cal solution at the interface

bet ween the pad and substrate. -~ 3 ACW process is fairly conplex, and
differs fromsinple wet sanding. In a CVP process, the reactive agent in

t he sIur$Wb$EééF§«mnFhetﬁélégteﬁnseff&cﬁpk#SNJRQsnﬁﬁndnﬁeﬁlwrfwrn1reactlve
sites. Tmﬁaswsw 3 eéuw@ype&eébt@@ Wdc@dr@%mar%a/ef dicles with the
reactive sites results in polishing ctive process has a
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and finish can create defectlve
the substrate against the pad. Specifically, the greater

this force, the higher the pelishing rate, If the
carrier head spplies a non-uniform load, i.e., if the
carxier head applies more force to one region of the
substrate than to another, then the high pressure reglons
will be polished faster than the low pressure regions.
Therefore, a non-uniform load may result in non-uniform
polishing of the substrate.

An additional consideration in the preduction of
integrated circuits is process and product stability. To
achieve 2 nhigh yield, i.e., a low defect rate, each
successive substrate should be polished under
substantially similar conditions. Each substrate should
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
and finish. Specifically, the chemical mechanical
polishing apparatus should have a carrier head which
applies a substantially uniform load across the
substrate.

Summary of the Inventigpn
In one aspect, the present invention is directed
to a carrier head for a chemical mechanical poiishing

apparatus. The carrier head cemprises a base, & support



-3- substrates, the selection of a polishing pad and slurry conbination is
usual ly dictated by the required finish and flatness. G ven these
constraints, the polishing rate sets the maxi numthroughput of the
pol i shi ng appar at 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 carrier head applies nore force to one
region of the substrate than to another, then the high pressure regions
will be polished faster than the | ow pressure regions. Therefore, a
non-uni form | oad may result in non-uniform polishing of the substrate.
An addit i DHEPCEORS| GeratFord i Fo tHee Prattudiy on Gfexunesgraatced: circuits i s

process apgePrOMLICeRbADAL | EdnnedCe Y Q4fe asdapqndtyiset'_ ’ct.juzebe.’ a | ow def ect
I under substa

rate, each successive substrate shoul d be polishe r ntially
simlar chmeli flonsbleEamemarane e SHAHN ing Folbfsised figr approxi matel y the
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In view of the foregoing, there 1s a need for "a chem cal rnechani ca
pol i shi ngiapbat a® uGhamPeR- opti ni zes pol i shing throughput while providing

the desired flat reg3 etatchithiopR. ofSPREI £h68hE Yont NE-£h&81 £8L mechani cal
pol i shi ng apparatus shoul d have a carrier head Ich applies a

subst ant i 57} 3P URPY or FRe oRHeXFe JR3Y e fiassthasd detween an upper

clamp and a lower clamp, and the membrane may be secured
between the lower clamp and the support structure, The
flexure may be substantially horizental 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
the plate may be connected by an aparture through the
plate to a portion below. An cuter 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 tec a drive shaft to
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 thé flexible membrane, and a loading
mechanism connecting the housing to the base to apply a
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 dispesed in
the passage. The gimbal mechanism may include a bearing
base with a spherical outer surface connected to a lower
end of the rod and a gimbal race with a spherical inner
surface engaging the bearing base.

The support structure, flexure and membrane mnmay be

configured such that a downward pressure on the flexure



Summary of the Invention I n one aspect, the present invent
directed to a carrier head for a chem cal nechani cal polishing apparatus.
The carrier head conprises a base, a support
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structure connected to the base by a flexure, and a flexible
connected to the support structure.

ionis

nmenbr ane

The fl exible nmenbrane has a nounting

surface for a substrate and extends beneath the support structure to define
a chanber. | mpl ement ations of the invention include the fo
The fl exure may be secured between an upper clanp and a | ower cl anp, and
t he menbrane may be secured between-t he-l ower clanp and the support
structure. The flexure may be substantially horizontal and annul ar,
outer ci r’cﬁjn%léh’%?ﬁmta}ab&t*?w'a@%c%cm MR h B sk e rivies
circunt eraifdatc POFFhOtu A L aShegh ¢ 0 t&@wﬁ&wféresésﬂﬁfé W thelNy
structure may i ncl ude an annular ring or a circular plate. N por
chanber dbovd'® HESTratee nhy bed Totiee: by tiy"-arﬁaéﬂﬁ‘eratajrae ddrroiashs t he

pressure at other portions of the membrane. A surfacs
area of the 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.

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 another aspect, to a carrier head includes a
housing., a base, a lcading mechanism, and a gimbal
mechanism. The gimbal mechanism includes a rod having &n
upper =nd slidably dispesed in the passage in the
housing, and a slightly flexible member connecting a
lower end ¢f the rod to the base.

Implementations of the invention include the
following. The member may be a ring with an inner
circumferential portion'connected to the rod and zn outer
circumferential portion connected to the base. The
member may be bendable vertically but is rigid radially.
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
the base relative to the housing, and a cushion attached
to a lcwer surface of the housing to stop an upward

motion of the bkase.

| owi ng.
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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 followi ng: a housing connectable to a drive shaft to rotate
therewith, a ginbal nmechani smpivotally connecting the housing to the base
to permt the base to pivot wth respect to the housing, a retaining ring
connected to the base and surroundi ng the flexible nmenbrane, and a | oadi ng
mechani sm connecting the housing to the base to apply a downward pressure
to the base. The housing may have a substantially vertical passage, and the
gi nbal mechani sm may include a rod-wéth its upper end slidable disposed in
t he passage. The ginbal nmechanism may include a bearing base with a
spherical outer BSurdredchecomaraed tihea dagwere remeaef irfed udsds @nd a gi nbal

race wnt@agespgeﬁiegf k@e§5b§gr§gﬁgrgﬁgagéﬁ& 1 e begki P bas The

support structure exure~an rane’ may be CORf I gured sugﬁ t hat
downwar drgyplesanee offthehfirpBexmembrane has a mountingubst aceafdy bal anced

by an UPHIS dnBE £3EHT §niabBEnSUPROEL: 8T UEKHEE: 3O HHE! sgcgRyNUATd pressure

membrane is connected to the base and positioned above
the first membrane to define a second chamber. The
second membrane is positioned to exert a downward
pressure on the first membrane when fluid is forced into
the second chamber.

Implementations of the invention include the
following. The first membrane may be attached to a
supportl 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
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
suppozrt ring, and the second membrane may be positioned
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
measuring a pressure in the second chamber.

In another aspect, the carrier head includes =z
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
extends beneath the base to define a first substantially
circular chamber. The second membrane portion is connect

to and extends bencath the support structure to define a



of the menbrane is substantially the same as a downward pressure at other
portions of the nenbrane. A surface area of the | ower surface the support
structure nmay be approximately equal to a surface area of the upper surface
of the flexure. An outer dianeter of the clanp nmay be | ess than an outer

di aneter of the support structure. 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
t he gap. I n anot her aspect, to a carrier head includes a housing, a
base, a |oading nechanism and a grnbal nechanism The gi nbal nechani sm

I ncl udes a rod having an upper end slidably disposed in the passage in the
housi ng,seawhd stbshehyisl éxi dhreubenbehagosnesis nguradiroyerhend of the rod
to the bases+ champet NPl enentations of the invention include the foll-ow ng.
The menber  may be a ring with an inner circunferential portion connected to
the rod and an dopdensintairifansemf alhepdmvieos ioonisctadet shehe base. The

menber dabj e; ygLti kY. buf i | B di ; y be
connect re%ylfg&tl%g&upp%rlée{néyoga%hée(cgodftgh |€ni€3%gﬂéhn\?\é/agr%1? %‘%e : o'?ﬂt he base.
| n anot Hexy aepetact aokabei ekthehedi kel adespre houst fage obadee a | oadi ng

mechani sgg &HﬂQE$$§QaBQeoBEH§EHQ to the base to control the vertical
t

position o e base relative to the housing, and a cushion attached to a
| ower surface ofint kadidest mpresist dhe mrrgpear dewdt has ef subpobhse.

structure having a bottom face, a flexible membrane
defining a chamber, and a port for applying a vacuum to
the chamber. There 1s a recessed region in the bottom
face 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
of a substrate, The recessed region distributed in an
asymmetxical fashlion.

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
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 positicned to
contact the first membrane above the mounting surface.
The second chamber is sealed. A subsgtrate 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 1s measured a second time.

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



I n anot her aspect, the carrier head includes a base, a first flexible
menbrane, and a second fl exi bl e nmenbrane. The first nmenbrane has a nounti ng
surface for a substrate and defines a first chanber. The second nenbrane
i's connected to the base and positioned above the first nenbrane to define
a second chanber. The second nenbrane is positioned to exert a downward
pressure on the first nenbrane when fluid is forced into the second

chanber . | mpl enent ati ons of the invention include the follow ng.
The first nmenbrane nay be attached to_a support structure which is
connected to the base by a flexure.” &he second nenbrane may be positioned
to contact_either the support structure or the first nmenbrane. A support
struct ur @5 HE cohfetidn 1o RF o3 SHF8xutBe NP IH@YSE rst nenbr ane
may be attaached itradisguk extendnibedigaj h t he support structure to define the

first chanber. he_support structure may include a support ring, and the
second menbr ane gﬁyaﬁgg 8§iPFBﬁgﬁ'tBgﬁxf€#EFT+ﬁQniﬁl?hggﬁﬁﬁ?eF°g? t he

support miethdd ccordtantkimg § i SudsURidy anea kbaneahgy erdread ¥y Qe used in

a polishin ppar.atus wth first fluid supply connected to the first
chanber, s%c%nd‘eﬁ id gsusp%fi/t%‘rﬁwe‘cst EF S LPREYs 888AR Shadsage, and a

sensor f ooursasy iy eqe asS W ediridre leadond Fehadbek. forced into
a first chamber defined by a first flexible membrane to
apply & downward pressure to an annular area of
substrate, and fluid is forced out of a second chamber
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 incliude the
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.
The carrier head is able to vacuum-chuck the substrate to
lift it off the polishing pad.

Additional advantages of the invention will ke set
forth in the description which follews, and in part will
be obvious from the description, or may be learned by
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
The accompanying drawings, which are incorpcrated
in and constitute a part of the specificatiocn,
schematically illustrate the present invention, and



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
menbrane portion. The first nmenbrane portion is connected to and extends
beneath the base to define a first substantially circular chanber. The
second nmenbrane portion is connect to and extends beneath the support
structure to define a second substantially annul ar chanber
surroundi ng the first chanber. | mpl enent ati ons of the invention
include the following. A lower surface of the first menbrane portion may
contact or be attached to an upper suyface of the second nenbrane portion.

I n anot her aspect, the carrier head has a support structure having a bottom

face, a theeithler wembr anhe @%hbmbngd@sebaﬁb@bn ghden RBLLef @hgaRpkYi Ng a

vacuum t g nglegaggscrl E ere s a Legessed region in the bottom face of
t he support structure. Re S0 SHe °F O¥rr §RgEH to explain the

principles of the invention.

FIG. 1 is an exploded perspective view of a
chemical mechanical polishing apparatus.

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 aleong line 3-3, and partially a
schematic diagram of the pumps used by the CMP apparatus.

rlG. 4 is a schematic cross-sectional view of a
carrier head in accordance with the present invention.

FIG. 5 is a cross-secticonal view of the carrier
head of £IG. 4 along line 5-5,

fIG. 6 1s a schermatic, exploded and partially
cross-sectional perspective view of the carrier head of
FIG. 4.

FIG. 7 is a schematic c¢ross-sectional view af a
carrier head in which s bladder is positioned to directly
contact a flexible membrane.

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

FIG. 9 is a schematic cross-sectional view of a
carrier head in which a support plate is used in place of
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 exploded and partially cross-
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
evacuated to produce
and an upper surface

asymmetrical fashion

pulled into the recessed region if the chanber is

a reduced pressure area between the fl exible nenbrane

of a substrate. The recessed region distributed in an
I n anot her aspect, the invention is directed

to a method of sensing the presence of a substrate in a carrier head. A
first chanber, fornmed by a first flexible nmenbrane having a nounting
surface for the substrate, is pressurized. A second chanber forned by a
second flexible menbrane to a first pressure is also pressurized. The
second nmenbrane is positioned to confgact the first nmenbrane above the
nmounti ng surface. The second chanber is sealed. A substrate is placed

agai nst the nougting13uikaae schrshaftlidi ¢ ressteecedonul ofietvheff kr st chanber

to create a reduced pressure region to chuck the substrate to the nounting
sur f ace. STt HE 3 eb sét??\{:t ® g’é%o‘ﬁ%‘:%%rﬁ;b%’?is“%eoaéuﬁ ed a second time.
| mpl enrergudis toresté Ncl ude the followng. |If the second pressure is greater

than the first QEggsqﬁeistgegc he %ybstrate nagtbe igdicated as present.

|f the second

ematlc cross=-sectional view of a

carriexr head including a stop-pin assembly.

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 <0

may be found in U.S. Patent Application Serial No.
08/549,336, by Perlov, et al., filed October 27, 1996,
entitled CONTINUQUS PROCESSING SYSTEM FOR CHEMICAL
MECHANICAL POLISHING, and assigned to the assignee of the

present invention, the entire disclosure of which is

hereby incorporated by reference.

According to the invention, CMP apparatus 20
includes a lower machine base 22 with a table top 23

mounted thereon and a removable upper outer cover (not

shoewn). Table top 23 supports a series of polishing

stations 25a,

25b and 25c¢, and a transfer station 27.

Transfer station 27. forms a generally sguare arrangement
with the three polishing stations 25a, 25b and 25c.
Transfer staticn 27 serves multiple functions of

receiving individual substrates 10 from a loading

apparatus (not shown), washing the substrates, loading

the substrates into carrier heads (to be described

below), receiving the substrates from the carrier heads,

washing the substrates again, and finally transferring

the substrates back to the loading apparatus.

Each polishing station 25a-25c includes a
rotatable platen 30 on which is placed a polishing pad

32. TIf substrate 10 is an eight-inch (200 mm) diameter



pressure is equal to the first pressure, the substrate may be indicated as
m ssi ng. I n anot her aspect, the invention is directed to a nethod of
chucking a substrate to a mounting surface of a carrier head. A substrate

i s positioned against a nounting surface of a carrier head. Fluid is
forced into a first chanber defined by a first flexible nmenbrane to apply a
downward pressure to an annul ar area of substrate, and fluid is forced out
of a second chanber defined by a second nenbrane to pull the second
menbrane upwardly and create a reduced pressure regi on bounded by the
annul ar area to chuck the substrate 1 {he nounting surface.

| npl antations of the invention include the following. The first nenbrane

may cont@tskei then phetsanb3tr ahe, pal ssippog tpsd riTtwir ) s dhwasecond
nmenbr ane,

The first chanber may inclyde an nul ar_ vol ume,
Advant ag%‘%elagyt h’é"%‘ﬁ%nf’i %hafnﬁ#ﬁde ?ﬂ%t‘?rblfdc:vﬁsng‘?ml‘ﬁ%r%@ﬂiaer head applies
a uni formwtetndble bhemsnbst vat etaThkesarstiearl otk e sc@biectad e uum chuck

t he substr LfL.LLyO . shi. di tiona
advantag%sgési%ggg%nééh%}oéia}Pﬁ ggig%téﬁ%ﬁéﬁgﬁ?Ft%&?%ﬂiﬁk%;) i on which
f ol | ows, phatenndpare wekbrbéadboi nas $hwwnit-he Resoregrt ipwligkimpy be
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The accoggggﬂ Ag ggﬁ%gggot%iggﬁﬂgﬁﬁgﬂ #ed,ddyand constitute a part

of the specificatio chemati ca e the present invention, and
Polishing pad 32 may be a composite material with

a roughened polishing surface. 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 s preferably 3 material composed of
polyursthane mixed with other fillers. The lower layer
is preferably a material composed of compressed felt
fibers leached with uvrethane. 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
Rodel, Inc., located in Newark, Delaware (IC-1000 and
SUBA-4 are product names of Rodel, Inc.).

Each polishing station 252-25¢c may further include
an associated pad conditioner apparatus 40. Each pad
conditioner apparatus 40 has a rotatable arm 42 holding
an independently rotating conditioner head 44 and an
assoclated 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.

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



together with the general description given above and the detail ed
description given below, serve to explain the principles of the invention.
FIG 1 is an exploded perspective view of a chem cal nechanical polishing

appar at us. FIG 2 is a schematic top view of a carousel, with the
upper housi ng renoved. FIG 3 is partially a cross-sectional view of
the carousel of FIG 2 along line 3-3, and partially a schenmatic di agram of
t he punps used by the CMP appar at us. FIG 4 is a schemtic
cross-sectional view of a carrier. head in accordance with the present

I nventi on. FIG 5 is a cross-ggctional view of the carrier head of
FIG 4 along line 5-5. FIG 6 1s a schematic, exploded and partially
Cr 0SS- SeGLi-0Ral; RELIARCHVG) Y 2y gtjpyngeaaesl eheheadeobeFLE 4. FI G

7 is a schematic cross-sectional view of a carrier head in which a bl adder
i s posi t Peted e diPREe B4y P¥odt 41 TEAYf PERPBY et HERDPANe. Sufficient

slurry is provided to cover and wet the entire polishing
pad 32. Two or more intermediate washing stations 55a
and 55b are positioned between neighboring polishing
stations 2%a, 25b and 25¢. The washing statioens rinse
the substrates 3s they pass from ¢one polishing station to
another, .

A rotatable multi-head carousel 60 is pesitioned
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 €6
and & cover 68. Multi-head carcusel 60 includes four
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
delivers the substrate to transfer station 27.

The four carrier head systems 70a-70d are mounted
on carcusel support plate 686 at egual angular intervals
about carcusel axis 64. Center pcsﬁ 62 allows the
carousel motor to rotate the carousel support plate €6
and to orbit the carrier head systems 70a-70d, and the
substrates attached thereto, about carousel axis €4.

Each carrier head system 70a-70d includes a
pelishing or carrier head 100. Each carrier head 100
independently rotates about its own axis, and
independently laterally oscillates in a radial slot 72
formed in carousel support plate 66. A carrier drive
shaftr 74 connects a carrier head rotation motor 76 to

carrier head 100 (showrn by the removal ¢f one-guarter of



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

two chanbers. FIG 9 is a schematic cross-sectional view of a
carrier head in which a support plate is used in place of a support ring.
FIG 10 is a schematic cross-sectional view of a carrier head illustrating
a gi nbal mechani smincluding a ginbal body and a gi nbal race. FI G
11 is an expl oded and partially cross- sectional perspective view of the

gi mbal mechani sm of FIG 10. FIG 12 is a bottomview of the support
pl ate of the carrier head shown in FIG 9. FIG 13
IS a schematic cross-sectional view @ a carrier head illustrating the
vacuum chucki ng of a substrate. FIG 14 is a schematic

Cross- segbiapaksyi.ewrbkra carbher chezdernakdengharst apaphbragsenbl y.
for esach head.

Referring to FIG. 2, in which cover 68 of carousel
60 has been removed, carousel support plate 66 supports
the four carrier head systems 70a-70d. Carousel support
plate includes four radial slots 72, generally extending
radially and oriented 90° apart. Radial slors 72 may
either be close-ended (as shown) or ¢open-ended. The top
of support plate supports four slotted carrier head
support slides 80, Each slide 80 aligns a2long one of the
radial slots 72 and moves freely aleng a radial path with
regpect to carousel support plate 66. Two linear bearing
assemblies bracket each radial slot 72 to support each
slida 80.

As shewn in FIGS. 2 and 3, each linear bearing
assembxly includes a rail B2 firxed to varcusel 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 B84 separate each hand 83 from rail 82
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 cne
of the rails 82 prevents slide 80 from accidentally
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
mounted on carcusel support plate 66. When motor 87
turns lead screw 86, slide 80 moves radially. The four
motors 87 are independently operable to independently



Description of the Preferred Enbodi mnent (s) Referring to FIG 1
one or nore substrates 10 will be polished by a chem cal nechani cal
polishing (CWP) apparatus 20. A conplete description of CVMP apparatus 20
may be found in U S. Patent Application Serial No. 08/549, 336, by Perlov,
et al., filed October 27, 1996, entitled CONTI NUOUS PROCESSI NG SYSTEM FOR
CHEM CAL MECHANI CAL POLI SHI NG, and assigned to the assignee of the present
i nvention, the entire disclosure of which is hereby incorporated by
reference. According to the invention, CMP apparatus 20 includes a
| ower machi ne base 22 with a table_tPf 23 mounted thereon and a renovabl e
upper outer cover (not shown). Table {op 23 supports a series of polishing

stati onspged, tRabrand 3§§de§ngl@ﬁ%r?ﬂa;?id?%gt%ﬁgfg772TIQnSfer station 27.

forms a general |y square arrangengen ree polishing stations 25a,
25b and $BECUTEANEFEPORtaPRaRe2%6serves nultiple functions of receiving

i ndi vi dual substgy a8 I THJHR & d QaH S 3 3 shing the
substrat es, Ioading tﬁé substrates.i#?gO%S%%%?%%Hegggﬁk?EQ%Q&Héﬁﬁribed
bel ow), ?ecCRFVERY PRABIsUBC:r &t 63TFiBMm €REVeathatt heads, capsheng the

substratgstegans, and &l aal.—!:asuaaﬁﬂ?fﬁaﬁlwtwﬁa@%éf@tﬁéupfﬁg to the
| oadi ng appar at us. Each polishing station 25a-25c 1 ncfudes a

rot at abl &° pl 4Feh+5B<¢oRPWARER P§ ghacéaua pbida%i ngPhae 3hafLf substrate 10
s an eilgbbsingh76200188) adi dBEEBAFL 74 by paired sets of lower

ring bearings 88 and a set of upper ring bearxings 89.
Each carrier head assembly can be assembled away from
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
couples two or more fluid or electrical lines %2a-92c¢
into three or more channels 94a-94dc in drive shaft 74.
Three pumps 932-33¢ may be connected to fiuid lines 92a-
$2c, respectively. <Channels 94a-%4c and pumps 93a~9%3c
are used, as described in more detail belcow, to
pneumatically power carrier head 100 and to vacuum-chuck
the substrate to the bottom of the carrier head. In the
various embodiments of the carrier head described belovw,
pumps 93a-93c remain coupled to the same fluid lines, .
although the function or purpeose of the pumps may change.

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-23¢c. Carrier head 100 lowers a substrate into
contact with polishing pad 32, and slurry 50 acts as the
media for chemical mechanical polishing of the substrate
or wafer. The carrier head 100 uniformly loads the

substralte ayalinst the polishing pad.



- 11 - disk, then platen 30 and polishing pad 32 will be about twenty
inches in dianmeter. Platen 30 is preferably a rotatable al um num or

stainl ess steel plate connected by a stainless steel platen drive shaft
(not shown) to a platen drive notor (also not shown). For nost polishing
processes, the drive notor rotates platen 30 at about thirty to two-hundred
revol utions per mnute, although |ower or higher rotational speeds may be
used. Pol i shing pad 32 may be a conposite material with a roughened
pol i shing surface. The polishing pad 32 nay be attached to platen 30 by a
pressure-sensitive adhesive layer. Polishing pad 32 may have a fifty m|

t hi ck hard upper |ayer and a fifty’n1$ thick softer |lower |ayer. The upper

| ayer is preferahly a material, conposed of pal yurethane m xed with other
fiilers. The | JURAHTLE profomifdt iy Febdeica® e 9pB8ued Bl econpr essed
felt fibpesibranhedtupsh Unetbangg aAngOAMPS1LyRiA@YESEePOihahing pad, with
t he upper Ia¥er ﬁgggosed of 1CG 1000 and the |ower |]ayer conposed of SUBA-4,
i s avai | 5b8*¢ P8 48P SFRR: FBEalBY FA*REBAr kST 5BFR (1 G 1000 and
SUBA- 4 ausuploguptriapmedobt Retdetiohne53, carrier Hesd poObimdyng station

25a - 255 gﬁg furghgr I pcl ude_an aﬁsgcigted ead gonditi ner apparatus 40.
Each pad®®Bndi Bi oREFr aBparBPL8* 202 HEsY a* PR atAbF ™ A 22% WB8F Ui ng an
i ndependsgubyer dhahi ngsépndbt eonstrheadldd aht subsequent

stations, carrier head 100 may apply more or less force.
For example, for a final polishing step, usually
performed at station 25c¢, carrier head 100 may apply a
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 substantlially the =zame rate.

Generally, carriexr head 100 holds the substrate
against the polishing pad and evenly distributes a
downward pressure across the back surface of the
substrate. The carrier head alsc transfers torque from
the drive shaft to the substrate and ensures that the
substrate does not slip from beneath the carrier head
during polishing.

Referring te FIGS. 4-6, carrier head 100 includes
a housing 102, a base 104, a gimbal mechanism 186, a
loading mechanism 108, a retaining ring 110, and a
substrate backing assembly 112. The housing 102 is
connected to drive shaft 74 to rotate therewith about an
axis of rotation 107 which is substantially perpendicular
to the surface of the peolishing pad., The loading
mechanism 108 is positioned between housing 102 and base
104 to apply a load, i.e., a downward pressure, ¢ base
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



associ ated washi ng 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. A slurry 50
containing a reactive agent (e.g., deionized water for oxide polishing),
abrasive particles (e.g., silicon dioxide for oxide polishing) and a

chem cally-reactive catal yzer (e.g., potassium hydroxide

- 12 - for oxide polishing), is supplied to the surface of polishing pad
32 by a slurry supply tube 52. Sufficient slurry is provided to cover and
wet the entire polishing pad 32. Two i -nore internmedi ate washi ng stations
55a and 55b are positioned between nei ghboring polishing stations 25a, 25b

and 25c. dhenwasdi Ngroé adn Ofise réuset kdtee BT} essasmB ey PAss from one
pol!shlnqa§tat|og 0 qgother. tié}g tatable nulti-head carousel 60 is
posi ti onetl HHOVES | BRETE it nie PaREr oA TR FE SO FFRIRE by a
center poste 6Rubntrsios adqiiddereaon phoikhindg PuiselThe substrate

backing assembly 112 includes a support structure 114, a

filexure 116 connected between support structure 114 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

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.
Housing hub 122 may ineclude 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
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
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 te limit
the upward travel of base 104. Cushion 121 may be an
open-cell pad, such as a fifty mil thick POLYTEX™ pad
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



axis 64 by a carousel notor assenbly |located within base 22. Center post 62
supports a carousel support plate 66 and a cover 68. Milti-head carousel

60 includes four carrier head systenms 70a, 70b, 70c, and 70d. Three of the
carrier head systens receive and hold substrates and polish them by
pressi ng them agai nst the polishing pad 32 on platen 30 of polishing
stations 25a-25¢c One of the carrier head systens receives a substrate from
and delivers the substrate to transfer station 27. The four carrier
head systens 70a-70d are nounted on carousel support plate 66 at equal
angul ar intervals about carousel axip764. Center post 62 allows the

carousel notor to rotate the carousel support plate 66 and to orbit the

carrier pped systesturfai3fdroandohhREcEiRgt & apessfid aciedd hgreto, about
carousel fXi$ 24. Ea%h cgrrler ?eadds€sten170a-70d i ncl udes a

pol i shi nfr8F+R4F r FPeHLRAT 18B°VEACH" cAr FF RHITRiP Y IR P JRMERt | y rot at es
about i tsoomtedxes, landri sdepeadenBbycfaleveal | ywossstdpdresizé. a radi al sl ot

carrier FRaRet St EPREn noBBPE b B ELPR SO Y T e L enoval o

one-quartke oéntral 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
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 cylindricel surface of bushing 142. Bushing
142 may be a hard plastic material, such as a mixture of
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
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 94¢c. A flange 148
projects outwardly from upper hub portion 124 of housing
102. Flange 148 mates to flange 96 of drive shaft 74.

A clrgular 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
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 larxger than the dlameter of lower hub portion



- 13 - cover 68). There is one carrier drive shaft and notor for each
head. Referring to FIG 2, in which cover 68 of carousel 60 has been
renoved, carousel support plate 66 supports the four carrier head systens
70a- 70d. Carousel support plate includes four radial slots 72, generally
extending radially and oriented 90[err] apart. Radial slots 72 may either
be cl ose-ended (as shown) or open-ended. The top of support plate supports
four slotted carrier head support slides 80. Each slide 80 aligns along
one of the radial slots 72 and noves freely along a radial path with
respect to carousel support plate 66. Two |inear bearing assenblies bracket
each radial slot 72 to.support each x3i<de 80. As shown in FIGS. 2
and 3, each |inear bearing assenbly includes a rail 82 fixed to carousel
support pRhte B6topndurfechahly 88 tbelhasmelintluwheshan sanbhblstrated in

FIG 3) Lixedsso shidg 80,00 Ghappelhessabl ndbe DEAringR.8ds sgparate each

hand 83 fromrai o provide free and snooth novenent therebetween.
Thus, thannphhasr rpeaFEny~>4ssehidl pRBUpRr NdePTaES 5PN 236 goayY dfrove freely

al ong ra@hghedl @hSakRular recedsPe8pi NOTREOPaSe BOENRELULE OFdhReQuUt €r end
of one of the rails 82 prevents slide, 80 fron1aCC|dentall%%con1ng of f the

end of tRE ParfgidORaterigheSuFhsasf atuphnan; 280N LEHE af FeehoT

uniIIustgatggeghggagggr&sgebygggigavity or hut fixed to the slide near its
distal end. The threaded cavity or nut receives a wormgear | ead screw 86

driven by a slide BLRAGAT JRT Magt e AHGCIER houR SP¥GT SHEFSE support
pl ate 66150VBENHEBROLDST tgLBEdbealssChew i86lusti dem8bRyesieadi al | y.

The four mators,8fp2teny IR IR0LLY 005 80! 8L Optndeperdent iy ax
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
clamp ring. As discussed below, one of these holes (¢n
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
membrane 162 are fit above wings 167 of ¢lamp ring 166.
The entire assembly is placed in annular depression 156.
Clamp ring 166 may be secured to base 104 by screws 168
(cnly one screw is shown on the right hand side of this
cross~sectional view because the other hole is used as
passage 172)., Clamp ring 166 seals membrane 162 te base
104 to define a volume 170. A vertical passage 172
extends thrﬁugh 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
shown) may connect fixtdre 133 to fixture 174.

Pump 93b (see FIG. 3) may be connected t¢ 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
pl at e 66. A carrier head assenbly or system each including a
carrier head 100, a carrier drive shaft 74, a carrier notor 76, and a
surroundi ng non-rotating shaft housing 78, is fixed to each of the four
slides. Drive shaft housing 78 holds 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 polishing apparatus 20, slid in
its untightened state into radial slot 72 in carousel support plate 66 and
between the arns of slide 80, and theye. tightened to grasp the slide.

A rotary coupling 90 at the top of drive notor 186 couples two or nore
fluid Orfﬁéﬁ%uc&bbél nest 9£laos9x2)c. i pd Ssdd¥ eES O inbEs € hEoelsndP4a- 94¢ in

drive shaft 74. ee pupps connected.to fluid |lines 92a-
92c, resPeEFRIel }7 ﬁa‘ﬁﬂ&‘ ﬁ%\gg% d1b€ 2 FREGTE dised, as

descri bed1hfdpopeetietably bel o6, tOuch as air, into volume 170,
then bladder 160 will expand downwardly. ©On the other
hand, if pump 93b evacuates fluid from volume 170, then
bladder 160 will contract. As disc¢ussed below, bladder
160 may be used to apply a downward pressure to support
structure 114 and flexible membrane 118. Gimbal
mechanism 106 permits base 104 to move with respect to
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 axls of rotation 107, and to
pivot, i.e., to raotate about an axis parallel to the
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 t¢ the housing. Gimbal
mechanism 106 is unloaded; that is, no downward pressure
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 pelishing pad, to the
housing.

Gimbal mechanism 106 includes a ¢gimbal rod 180, a
flexure ring 182, an upper clamp 184, and a lower'clamp
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 t¢ uppex clamp 184.
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 lowexr clamp 186 and
upper c¢lamp 184, whereas the cuter edge of flexure ring



pneumatically power carrier head 100 and to vacuum chuck the substrate to

the bottomof the carrier head. |In the various enbodi nents of the carrier
head descri bed bel ow, punps 93a-93c remain coupled to the sanme fluid |lines,
al t hough the function or purpose of the punps may change. Duri ng

actual polishing, three of the carrier 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 nedia for chem cal nechanical polishing
of the substrate or wafer. The carri et head 100 uniformy | oads the
substrate agai nst the polishing pad. The substrate
is typi caldyy isubjeenired ttw mHd ilpwe rmpehirdhiceg 1SOep€, basel ddidng a main

ouai 'y Beresad aPet B SR TY BEAD 1k R R A SRR Ce ot
appr oxi matleimp fif4, tand e dsS harys peansedndle Gesiure éplﬁﬁb‘éfter ate 10. At
subsequent; o 12 to base 104. Gimbal rod 180 may slide
vertically along passage 188 so that base 104 may move
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
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
the base with respect t¢ the housing, without breaking,
and to have a moderate elastic modulus. The flexure ring
182 is sufficiently elastic that the carrier c¢an underxgo
small pivoting motions without substantially changing the
load distribution on the retaining ring. However, the
flexure ring is sufficiently rigid that it effectively
transmits the side load from the base to housing. The
flexure ring is not as flexlble as membrane 162 or
membrane 118. Specifically, flexure ring 182 should be
flexible encough to permit base 104 to pivot s0 that one
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 Dupont of Wilmington, Delaware. Alternately, the
flexure ring may be formed of a laminate of ¢glass fibers
and epoxy resin, such as G10. Flexure ring 182 may bend
slightly in the vertical direction, but is rigid in the
radial direction.



stations, carrier head 100 may apply nore or |ess force. For exanple, for a
final polishing step, usually perfornmed at station 25c, carrier head 100
may apply a force of about three psi. Carrier notor 76 rotates carrier head
100 at about thirty to two-hundred revolutions per mnute. Platen 30 and
carrier head 100 may rotate at substantially the sane rate.

Cenerally, carrier head 100 hol ds the substrate against the polishing pad
and evenly distributes a downward pressure across the back surface of the
substrate. The carrier head also transfers torque fromthe drive shaft to

t he substrate and ensures that the.sppstrate does not slip from beneath the
carrier head during polishing. Referring to FIGS. 4-6, carrier head

100 includes a RowsicRg 1502, sté&ﬁﬁ‘el'ﬂ‘i;o a gopbslLrmaebanioame¥Oghea | 0adi ng
mechani sm 108, a retalnlng ring g a substrate backlng assenbly 112.
The hous¥HEPaAbFPe RynhRE %dSFBGUF‘l 113 sﬁ%‘ﬂy NG PL e therewith about an

axis of goéahi@he 104 YRbCBrbSssybet gbhhal ¥yewes perni€sll gpin§o19he surface of
t he polishing pad._ The | oading nechanlsn1108 [ osi ti oned between housi ng

102 and b%%%lﬁo4°?ﬁyaﬁBFyPé“I6§ds PWR) PIOIRfn iﬁ%%%hf% L¥base 104.
The baseswlé isofangdfiel ahtyethe aal:eehsmcspaphezubybdl@ﬁdm@glmcham sm
108. ssur tion f a chan? 290 ogl bet wee gage é$4 and
substrat %ﬁct% g288s ﬁﬁFytﬁlﬁ ggﬁeV§F 3 % a%H%l??ﬁcg AT EhtY base and a
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
free to slide in passage 188, pressure cannot be applied
from housing 102 to base 104 through the gimbal
mechanism., Stop 190 algo limits the downward travel of
base load 104 to prevent over-extension of the carrier
head. Pins 194 will catch against the bottom ledge 185
cf vertical slot 146 to halt the downward travel of the
base.
Gimbal mechapism 106 may alsc include a vertical
passage 196 formed along the central axis ¢f the stop,
the gimbal rod, the upper clamp, and the lower clamp.
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
housing 102 is controlled by loading mechanism 108. The
loading mechanism includes a chamber 200 located between
hoeusing 102 and base 104,
Chamber 200 is formed by sealing base 104 to
- housing 102. The seal includes a diaphragm 202, an inner
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



- 16 - downward force on the substrate backing assenbly. The downward
force on the substrate backing assenbly presses the substrate against the
polishing pad. The substrate backing assenbly 112 includes a support
structure 114, a flexure 116 connected between support structure 114 and
base 104, and a flexible nenbrane 118 connected to support structure 114.
The fl exible nmenbrane 118 extends bel ow support structure 114 to provide a
nounting surface 274 for the substrate. Each of these elenments will be
explained in greater detail below. Housing 102 is generally circular
in shape to correspond to the circul gp gonfiguration of the substrate to be
pol i shed. The housing includes an annul ar housing plate 120 and a generally

cylindrigateporagagziopb 123neHOE8§@92h0b0¥2313§Mré§ﬁ|Ed@ a8syppgh hub
portion 124 apd a_l ower hub portion 126. The | ower hub portion may have a

smal | er # En%?@r°Fh9ﬁsﬁhéoﬁpp§ﬁtﬁuBnEGFtFSES ZiﬂethEéP§g°ﬁﬁété 120 may

surroundyfQyer 2ybyROELT #Ani28 18R Qqethk&Qdeaeaueﬁe£1HU?590rt'On 122 by
bolts 128. Both housing plate 120 OUSIn%le nay be formed of

stai nl ess steel WM&H FHARENTing 26: aphragy 482 at t ached,

for exanpbepaby §O4adh?§éVanbQ elh&gE&lagrEaseslﬁ§1ﬁarb?ySbﬂgfﬁhgt§h120
0u3|ngpaeso a e

Cushi on ig% énL into a Lecess 12

cushi on' ofREnT@8r fRCBUFETT HiPh 240 WhiRE PERBECEEr PYEE BidERe housing

plate. Asidiscuased behsmp, rihg goihiiensaehizeastd Baké sbop k@rl imit
example, by bolts 218, to firmly hold the inner edge of
diaphragm 202 against base 104.

Outer clamp ring 206 is used to seal diaphragm 202
to housing 102. The protruding ocuter 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
outer edge of diaphragm 202 against the bottom surface of
housing plate 120. Thus, the space between housing 102
and base 104 iz sealed to form chamber 200.

Pump 93a (see FIG. 3) may be connected to chamber
200 via fluid line 92a, rotary coupling 90, channel 94a
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. 1If pump 93a pumps fluid into chamber 200, the
volume of the chamber will increase and base 104 will be
pushed downwardly. On the other hand, if pump $3a 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.
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



the upward travel of base 104. Cushion 121 nmay be an open-cell pad, such as
a fifty ml thick POLYTEX[err] pad available from Rodel, Inc. of Newark,

Del awar e. The housi ng hub 122 includes two passages 130 and 132

whi ch connect an upper surface 134 of upper hub portion 124 to a | ower
surface 136 of | ower hub portion -
17 - 126. A fixture 133 for connecting a passage 132 to a flexible tube
(not shown) in a fluid-tight nmanner may be nmounted on | ower surface 136 of

| ower hub portion 126. In addition, a central vertical bore 138 nmay extend
along 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 t he; Ler LS c 0 dr i f | indrical bushing
Mo ot SEELRE mOERGnL L LR CREGR Dodble 4 I VEC IR gk || L s ot g
i n | owersnbptpatei vh desachhfcemstbescansi¢pmMsadne of which is shown due

to the cross- SeHdOR; M Ua & AR Al HelangA1gY, AuskBhbydl S 10 the
i nner cylindrical surface ofabushln 142. Bushi ng

202 also rotates. Because diaphragm 202 is connected to

base 104 by inner clamp ring 204, the base will rotate.

In addition, because support structure 114 is connected

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

Retaining ring 110 may be made ¢of 3 hard plastic
or a ceramic material. Retaining ring 110 may be secured
to base 104 by, for example, bolts 240. In addition,
retaining ring 110 may include one or more passages 236
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
structure. '

Retaining ring 110 may alsoc 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



142 may be a hard plastic material, such as a m xture of TEFLO\[err] and
DELRI N[ err]. 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 dowel pin holes in drive shaft flange 96. This
circunferentially 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 102.

Fl ange 148 mates to flange 96 of driyg shaft 74. A circular clanp (not
shown) may clanp flange 148 to flange 96 to securely attach carrier head

100 to dreygespeftedds on rim 2Basef 19drasningenaid@l1)o ramg- shaped body
| ocat ed beneath the hou

approxina?%??“?ﬁe°§%ﬁeh§ég?ﬂ%0%h?ggebgg;gi%ﬁu%igﬁéﬁﬂjgﬁﬁﬁgéﬁ%Oqﬁg?yagg t he
i nner di agBhponehtbase d4rf@y headobedhasudlmrgerdidpticddre 202et er of
i hUbf 8&t£ggtamination by slurry 50.

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. 1In conjunction with base
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
by annular recess 154 formed in base 104 and retaining
ring 110.

Support structure 114 includes a support ring 250,
an annular leower clamp 280, and an annular upper clamp
282. Support ring 250 is a rigid member which may have
an annular outer portion 252 and a thicker annular inner
portion 254. Support ring 250 may have a generally
planar lower suxface 256 with a downwardly-projecting lip
258 at its outer edge. One or more passages 260 may
extend vertically through inner portien 254 of support
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 outer portion 252 of
the support ring. Support ring 250 may be formed of
aluminum or stainless steel.

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



- 18 - 126. A top surface 151 of the base includes an annular rim 152, and
a lower surface 150 of base 104 includes an annul ar recess 154. An annul ar
depression 156 may be forned in annul ar recess 152. The base 104 may be
formed of a rigid material such as alum num stainless steel or a
fiber-reinforced plastic. A bl adder 160 rmay be attached to a | ower
surface 150 of base 104. Bl adder 160 nmay include a nenbrane 162 and a cl anp
ring 166. Menbrane 162 may be a thin annul ar sheet of a flexible material,
such as a silicon rubber, having protrudi ng edges 164. The clanmp ring 166
may be an annul ar body having a T-shaged cross-section and including w ngs
107. A plurality of holes, spaced at equal angular intervals, pass

verti cal laktladfdd Hrddis d audd hrdse S G bekaw. e qof ;t:hese hol es
(on the left side of. FIG 4) may SE used aséggégsgégg f%% %fl% eumati c

control &F% ARG aropl ey RRs e ieke R6FeSIngpteal d bolts to

secure t heyr&lidy 2919 iR 3P, al I  ~b0G.¢ Hr.at rudi ng
edges 16?%of nenbrsane é£1%{2 l[';{fr%"e fi13.e?b%\;%sv%n%gggﬁfggg?%glcgngGrqi r?gt 166. The
entire aS¥&® PAEIRWERE i n Brttiudinge @dgeskdR osemetioamper ili§ 166 may be

secured wRyase LG D89 68 (19 Béd‘&'éeo?cﬁ\é’xkﬁlﬁh%% nkhe right

hand side _of this cross-sectional view bécause the other ["e"I's used as
passage ]]:71%) 1s GLaRPSd R HHETs S07 Hsiiren 8896 ando SHRPOTE04ing define a
vol une 1280.A vertical passage 172 extends through clanp ring 166 and is
aligned with a vgétig?I aSSﬁgg %58 I n base 104. A fixture 174 may be
inserted into pasS8gettB8reahdCatf| axpererdate Rifasmumylamy connect

fixture ¥3%Qd.0 fEDEAUMe A% is flexidleinosRe(seetkbE1L 3k rdR) kg, connect ed
to bl adder ,16Q vi.a géyid | ne 92b, roLaréh%ouplin 90, channel 94b in drive

shaft 74 2 5adN L% XML TG 18 i radial and tangential

directions. The material of flexure 116 is selected toc
have a durometer 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
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
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.
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
structure 114, flexure 116, base 104, and gimbal
mechanism 136 defines chamber 290. Passage 196 through
gimbal rod 180 connects chamber 2%0 to the upper surface
of housing 102. Pump 93¢ (see FIG. 3) may be connected



- 19:- flexible 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, then bl adder 160 wi |l expand downwardly. On the other
hand, if punp 93b evacuates fluid fromvolunme 170, then bl adder 160 w ||l
contract. As discussed bel ow, bl adder 160 may be used to apply a downward
pressure to support structure 114 and fl exible nenbrane 118. G nba
mechani sm 106 pernmits base 104 to nove with respect to housing 102 so that
the base may remain substantially parallel with the surface of the
polishing pad. Specifically, the ginpgl —-mechani smpermts the base to nove
vertically, i.e., along axis of rotation 107, and to pivot, i.e., to rotate

about ant@xtBapBeal beb waat Heusdr lase obcl heopatysbouglpag, 994th respect to
noust 19, 102 b8 UBET s OLIREL TRChENATLILC LYt pobase ShdaLiom oV ng
to the hesai ngo. Gmbghmpseebantfs&bb%ai ﬁumaoapledfethmyls g8 downward
pressure_ |s aggllgd f&ggbtg a u5|gg0thrgughtg &Eglogegggnisn1

chamber will increase and flexible membrane 118 will be

forced downwardly. On the other hand, if pump 93¢

evacuates alr from fluid chamber 290, then the valume of

the chamber will decrease and the membrane will be forced

upwardly., It is preferred to use a gas rather than a

liquid because a gas 18 more compressible.

The lower surface of flexlble 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
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 280, the center of
flexible membrane 118 may be bowed inwardly and pulled
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 subsgstrate. This low pressure pocket
will vacuum-chuck the substrate to the carrier head.

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
against polishing pad 32 is controlled by both the
pressure in chamber 200 and the pressure in chamber 230.
Specifically, the load on retaining ring 110 is equal to
the pressure in chamber 290 subtracted from the pressure



to the base. However, the ginbal nechanismcan transfer any side |oad, such
as the shear force created by the friction between the substrate and
pol i shing pad, to the housing. G nbal nechani sm 106 incl udes a
ginmbal rod 180, a flexure ring 182, an upper clanp 184, and a | ower clanp
186. The upper end of ginbal rod 180 fits into a passage 188 through
cylindrical bushing 142. The |lower end of ginbal rod 180 is attached to
upper clanp 184. Alternatively, upper clanp 184 may be forned as an
integral part of ginbal rod 180. The inner edge of flexure ring 162 is held
between | ower clanp 186 and upper ¢l 3qp_184, whereas the outer edge of

flexure ring - 20 - 182 is secured
to the | QpelcheHACS o0 ofe t@éeg& Q\A{Scikézlb@?yzbs yged to secure
| ower clanp 186 to upper clanp 1

SCrews 5 be used to secure
fl exure 9FEIFerB3ENaR Mseepmsue%eﬂ qhaa\bfgozﬁﬁy 5pi deaderiiléabry al ong

passage 13@15ed ) RasAnkldy MBHdMMD. The independently
controllable loads permit optimization of the retaining
ring load in order to minimize the edge effect, as
described in U.S. patent application Serial No.
08/667,221, filed June 19, 1896, by Guthrie, et al.,
entitled METHOD AND APPARATUS FOR USING A RETAINING RING
TO CONTROL THE EDGE EFFECT, and assigned to the assignee
of the present invention, the entire disclosure of which
is hereby incorporated by reference.

Flexure 116 improves the uniformity of the load
applied by flexible membrane 118 to substrate 10.
Specifically, because support structure 114 may pivot and
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
to the surface of the 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
is tilted with respect to the carrier head. Flexible
ﬁembrane 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
substrate will remain uniform even 1if there are surface
irregularities con the backside of the substrate.

In addition, the load to substrate 10 will remsin
substantially uniform even at differing pressures.



vertically with respect to housing 102. However, ginbal rod 180 prevents
any lateral notion of base 104 with respect to housing 102. G nba
rod 180, upper clanp 184 and |lower clanp 186 are formed of rigid materials,
such as stainless steel or alum num However, flexure ring 182, as its nane
inplies, is formed of a noderately flexible material. The flexure ring
material is selected to be able to withstand high strains, induced by
pivoting of the base with respect to the housing, w thout breaking, and to
have a noderate elastic nodulus. The flexure ring 182 is sufficiently

el astic that the carrier can underga&mall pivoting notions w thout
substantially changing the |load distribution on the retaining ring.
However , Spaeiflicrliy.rifagxuseslifipeenity sippert heiructerd eblifvely

transni t Spi"f18k i8I LORLNbEINL! I8 0BS nb0q OLPLNGaL TP L1 £HINE €410 1 5 no!

as erX| e as rane rane exure ring 182
shoul d bbagkeibbl.e Whenglfluddpésnpumpeseinta chambwntZ%@.tﬁhgxwm% edge of

the base, ga agﬂﬁr%' g&e@tydfowsa&algen H%;L‘éa?iaxg%e{hé e d‘t“j“’? SH98,of the

opposi t e“base. XUré rin astic, such as
DELRIN[echkwbavalIsbbauhﬁomhaupéﬁxibieVNEangnenmotk$ambt@ th¢dternate|y,

the 11 exuiBobirdd gaudiaonind ohig Lagtaghe pbrdlassolibasp and epoxy

resin, suc exure ring |ght y int vertica
di rect i ofie£bgm ther iegiog iof the ﬁéaxablgumembr@ne Consequently,

the c¢orner of flexible membrane 118 at thé lower edge cf
support ring 114 will apply substantially the same load
as the remainder cof the flexible membrane.

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

Furthermore, flexure 116, support structure 114
and flexible membrane 118 are configured and arranged so
that the prasence 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
of base 104, flexure 116 prejects 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
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 11l6. Since
chamber 290 extends around both upper surface 258 and



- 21 - A stop 190 is secured to a top surface 191 of the ginbal rod
by three screws 192 (only one of which is shown due to the cross-sectional
view). Three pins 194 (again, only one pin is shown) project horizontally
fromstop 190 and fit into the three slots 146 in bushing 142. Pins 194 are
free to slide vertically, but not laterally, in slots 146. Thus, base 104
can nove vertically relative to housing 102 without affecting the rotation
of the carrier head. In addition, because ginbal rod 180 is free to slide

i n passage 188, pressure cannot be applied from housing 102 to base 104

t hrough the gi nbal nechanism Stop P#-also limts the downward travel of
base | oad 104 to prevent over-extension of the carrier head. Pins 194 w |
catch adgaiwest thefbottdit) etge 489% qfrasentdecdls sipgtlileth by thed t t he

downwar LAY, I e ' ani 06, may al so include a
verti ca%hpassegﬁee{iggngo‘?@%r a?%%gl?ﬁeg (r:gé%{fraarzl%csgxi sﬁc]i}sl't ﬁae stop, the ginbal
rod, thelaywpeard| pnpssand ohethovwbrexizapladdwyaationitc thadies upper
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bet ween pesmihre odn180e asdpposthi Ning42.The passaries @& iwaroymdsi tion of

The | oadi T St nEAhEntp P et B B e e s ng 102

and basepddion 294 ofChhabker 2080 i thdbrimd dsateshldberédsee 104 to
support structure and the remainder of chamber 290.

There is a gap 296 between support structure 114
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 outer edge of the support
structure. For example, the lower clamp need hot extend
all the way to outer surface 268 cof support ring 250.
¥ith 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
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
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
atmosphezre cutside cof polishing head 100. This ensures
that air can be vented from the gap so that support
structure 114 is free to move vertically.

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



housi ng 102. The seal includes a diaphragm 202, an inner clanp ring 204,
and an outer clanp ring 206. D aphragm 202, which may be fornmed of a sixty
ml| thick silicone sheet, is generally ring-shaped, with a flat nmddle
section, a protruding inner edge 210 and a protruding

- 22 - outer edge 212. Inner edge 210 of diaphragm 202 rests on rim 152 of
base 104, with inner edge 210 fitting over a ridge 214 which runs along the
outer edge of rim 152. I nner clanp ring 204 is used to sea

di aphragm 202 to base 104. The inner clanp ring rests primarily on rim 152
and has an outer |lip 216 which projeggs-over ridge 214. Inner clanp ring
204 is secured to base 104, for exanple, by bolts 218, to firmy hold the

inner edgepotratapheagiviAg 2gaesst2paseididthe backs{A es£ctR@p ring 206
of i apkt SR 3%¢ 280 ERREPEREE RS SBeFEreare Lhre TEPHRL Ot Couter clamp
ring 206mefdbigfieCiasdp rPOgp206bi puspsuredid oimodi b adeeat 6420, . e. g., by
Dol te 2288: 4 0oL s BEaQUbe" 18098 L fhRRNL A0 20% 20l gst the Pottom

structure 114 downwardly. The downward motion of support

structure 114 causes lip 258 to press the edge of

flexible membrane 118 against the edge of substrate 10,

creating a fluid-tight seal at the edge of the substrate.

Then pump 93¢ evacuates chamber 290 to create a low-

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.

Carcusel 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

support structure 114 and flexible membrane 118,

Finally, pump 93¢ may pump a gas into chamber 2%0 to

apply a downward load to substrate 10 for the polishing

step. )

In the alternate embodiments of the carrier head
discussed below, elements with medified 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
nuhbers. For example, certain of the carrier heads
discussed below are configured for pollshing a six-inch
(150 millimeters) diameter substrate. The changas to the
size and shape of the elements to accommodate polishing
of a six-inch substrate will not be discussed in detail,



housi ng pl ate 120. Thus,

t he space between housing 102 and base 104 is

seal ed to form chanber 200. Punp 93a (see FIG 3) may be connected
to chanber 200 via fluid line 92a, rotary coupling 90, channel 94a in drive
shaft 74, and passage 130 in housing 102. Fluid, preferably a gas such as

air,

I's punped into and out of chanber 200 to control
base 104.

the | oad applied to
I f punp 93a punps fluid into chanber 200, the volune of the

chanber will increase and base 104 will be pushed downwardly. On the other

hand,

wi |

i f punp 93a punps fluid out of chanber 200,
decrease and base 104 will be-p2ll-ed upwardly. The optiona

t he vol ume of chanber 200

cushion 121 may be positioned in housing plate 120 directly above inner
cl anp ringr204ll Cadhients2¢hangedaton thét puopose bel tefheregweed notion

of base ;Qéﬁ §§QﬁﬁafEgggkganhgngQ@gber 200 is evacuated and base 104
I

noves upwar

motions whi6ls LERL G2YSRsRedABUYOY CNWFKRDugh pumps 93a-93c

remain coupled to fluid lines 92a-92c, respectively, the
purpose or functien of the pumps may change. In
particular, the pumps may be connected to different
pressure chambers in the different embodiments of the
carrier head.

Referring teo FIG. 7, in anothexr 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.

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 meounting surface 274 of flexible membrane 118,
Pump 93b pumps air into volume 170' to inflate bladder
160'. This causes membrane 162' to apply a downward
pregsure 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
substrate. Then pump 93c may evacuate fluid out of
chamber 290 to create 2 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
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

ring 204 abuts against cushion 121. This
prevents any suddemddition, as discussed above, in the - 23 -

jarring



substrate to detach fromthe carrier head. When drive shaft 74
rotates housing 102, diaphragm 202 al so rotates. Because di aphragm 202 is
connected to base 104 by inner clanp ring 204, the base will rotate. In
addi ti on, because support structure 114 is connected to base 104 by flexure
116, the support structure and attached flexible nenbrane will also rotate.
Retaining ring 110 may be secured at the outer edge of the base 104.
Retaining ring 110 is a generally annular ring having a substantially flat
bottom surface 230. When fluid is punped into chanber 200 and base 104 is
pushed downwardly, retaining ring ¥182is al so pushed downwardly to apply a
| oad to polishing pad 32. An inner surface 232 of retaining ring 110

def i nes, TPncEgRLEn SiTEs swicnh theusubag§rates atbe23ybgt rarexibl desenbrane 118,

a substra&ﬁ& %v'frfgcrt%%u%% the Eﬂ&akﬂhggg&bees;lo pRevents the

substrate escaping t rece|V|ng recess transfers the lateral |oad
from t he2fgdi&iore tthe @&péh of the RECHLARNGUPi A§ EPOtHAYlBBlAmde of a hard

plastic phed %%%@ﬂﬁéﬂ@ﬂfﬁ'ﬁﬁ cH@@H@H”thtﬁénBa%%QeQBMeQQ sgeylgdrt o base
104 by, for exanpl bo 240 dition, retaining r|n 110 may i ncl ude

one or mdbE’ p§§§a§€5125@a§@ﬁhé€tdﬁﬁlﬁﬁédrnnéf Bhpfdes 288" tésan outer
surface gﬁelaégdp 28l 1@w, ap@sgggggrggg @bom%q§ ggeﬁgﬁﬁg?eqU|llbr|um

bet ween t outsi'de of the carrier head and et ween t | exure and
t he supp@ewnyargdivur ehiareasddrf td addsar éGPI’eésvéﬁﬁlééledwomembﬁﬁnéf t he

support 34 BUCME substratRalAWIINIbE! Bd1148 UBWa2k39.i nclude an annul ar
rim?242 which fits around the outer ciftcunference of base 104. A shield 244

may be placed oveRecBFFPLRMhERAT 13® hppen encountered in chemical
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. In this
'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
lo¢se substrate, i.e. one not attached to a carrier head,
may be knocked about by the moving compeonents of the CMP
apparatus, potentially damaging the CMP apparatus itself
or leaving debris which may damage othexr 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
the carrier head, the apparatus may alert the operator
and automatically halt polishing operaticns to avoid
wasted time and potential damaga.

Referring to FIG. 3, apparatus 20 may include a
valve 302 and a pressure gauge 304 placed in a fluid line
92b between rotary coupling 90 and pump 93b. Valve 302
and gauge 304 are shown in shadow because these elements
are not used in conjunction with the embodiment of the
carrier head previously described. When valve 302 is



- 24 - that it rests on rim242 of retaining ring 110 and extends over
housi ng plate 120. Shield 244 protects the conponents in carrier head 100,
such as di aphragm 202, from contam nation by slurry 50. The
substrate backing assenbly 112 is | ocated bel ow base 104. Substrate backing
assenbly 112 includes support structure 114, flexure 116 and flexible
menbrane 118. The fl exi bl e nenbrane 118 connects to and extends beneath
support structure 114. In conjunction with base 104, support structure 114,
flexure 116, and gi nbal nechanics on 106, flexible nmenbrane 118 defines a
chanmber 290. Support structure 114 anad-attached flexi bl e nenbrane 118 are
suspended from base 104 by flexure 116. The support structure 114 may fit

into thekpeed, fsiede by7@NNLE agedlani $xohb puimpy P8t iahdbgae skideand _
L0 A 30f G nqamgr o R S el s S e
ring 250 is a rRgtdrnénetoViiiGh Myappaeatus abbusensest ehepbeki on 252 and
Bl anar 1B St T A A S S B TR e 3 s 08 ac it outer
edge. Onfolrowmr e Tias ssugtest 250e ny/ loaded into substrate

receiving recess 234 so that the backside of the

substrate contacts mounting surface 274. Pump 93b

inflates bladder 160’ to form a seal between flesible

membrane 118 and substrate 10. Then valve 302 is closed

to seal volume 170°'. Pressure gauge 304 is used to

measure the pressure in bladder 160. Then, pump 93c

evacuates chamber 2%0' to c¢reate a low pressure pocket

betwe;n the flexible membrane and the substrate.

Finally, pump $3a evacuates chamber 200 to lift substrate

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

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

in volume 170'. ©On the other hand, if a substrate is not

present in the carrier head, then no upward force will ke

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¢

pumping air out of chambex 230', the CMP apparatus has

successfully vacuum-chucked the substrate to the carrier

head. Pressure gauge 304 may alsoc be used to

continuously monitor the pressure within volume 170' to



extend vertically through inner portion 254 of support ring 250 connecting
| ower surface 256 to an upper surface 266 of the inner portion. An annul ar
groove 262 may be forned in an upper surface 264 of outer portion 252 of
the support ring. Support ring 250 may be fornmed of al um num or stainless
steel . Fl exi bl e menbrane 118 is a circul ar sheet forned of a
flexible and elastic material, such as a high- strength silicone rubber.
Menbrane 118 nay have a protrudi ng outer edge 270. A portion 272 of
menbrane 118 : - 25 - extends around
a lower corner of support ring 250_a41dip 258, upwardly around an outer
surface 268 of outer portion 252, and inwardly al ong an upper surface 264

of outerqPeéét othdSgreséthdd ¥l fa OGS LD OF 1 TBIHY aler A0S Nyadit into

groove 262. The edge of flexible nmenbrane 118 is cl anped between | ower
cl anp 28bt PECEEPFDrI39¢ ntPdopetects 2 PRCF4aASR i, 10IE° i RTGSEFferal | y

pl anar agawW, glukeNg70 F) exlge, 1R 16 €randpderidy tife VaOlKd€adedirection, and
may be flexible or_rigid in the radial and tangentj al

between polishing stations or between a polishing station

and a transfer station, then this is an indicatien 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' also utilizes a different method
to attach the retaining ring to the base. Retaining ring
110' may bhe 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
annular lip 316.

Referring to FIG. 8, in another embodiment, in
which similar parts are referred to with double primed
reference numbezrs, carrier head 100" includes a generally
circular inner chamber 320 and a generally annular ocuter
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 upper membrane or membrane portiocn
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 upper membrane 324 defines inner chamber 320,
whereas outer membrane 326 defines outer chamber 322.
Flexible membrane 118" may be formed of a flexible and
elastic material, such as a high strength silicone
rubber.



directions. The material of flexure 116 is selected to have a duroneter
measur enent between 30 on the Shore A scale and 70 on the Shore D scale.
The material of flexure 116 nay be a rubber such as neoprene, an

el astoneri c-coated fabric such as NYLONJerr] or NOVEX[err], a plastic, or a
conposite material such as fiberglass. Flexure 116 should be sonewhat nore
flexible than the flexure ring 182, but may be approximtely as flexible as
flexi ble menbrane 118. Specifically, flexure 116 should all ow support
structure 114 to nove vertically by about one-tenth of an inch. The outer
edge of flexure 116 is secured betwe@s +ower surface 150 of base 104 and
retaining ring 110. The inner edge of flexure 116 is secured between | ower
clanp 280 and uppeper|mepboge Féxwaye Hd 6 prigeciar isteerdlof faomits

attachimepa (el | M %@%sgé% ﬁ@@ugeh 4P Eoﬁgagabagz appuLar | ower

clanp 28 support ecure screws 284 to
assenblem@mpp@mﬁ §RMu@wwr@aye4a protrudIng opsee bdgaeéHStlethle menbr ane
118, supRQK e 4, .a | nmechani sm 136
defi nes gﬁé Qﬁﬁhééggﬁ%J?gg&%ﬁ%égehggﬁ ép Pgdgggghggﬁnects chanber

290 to th@tmpyﬁw uEhasd agf wiowsiddg ©62an RPonplescclemp EiGy 330may be
connected s a rim 334 on flexure ring 182". Clamp ring 330 may
be secured in a recess 33€ 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
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
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 suppert ring 250.

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 chamber 320
provides a circular inner portion of the substrate
mounting surface, whersas the portion of membrane 118"
below chamber 322 provides an annular outer portion 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 outer membrane 326. Alternately,
upper menmbrane 324 and lower membrane 32€ may be
different portions of a single lower membrane.

Pump 93¢ may be connected to inner chamber 320 by
fluid line 92¢, rotary coupling 90, channel %94c in drive



- 26 - to chanber 290 via fluid line 92c, rotary coupling 90, channel 94c
in drive shaft 74 and passage 196 in ginbal rod 180. If punp 93c forces a
fluid, preferably a gas such as air, into chanber 290, then the vol une of
the chanmber will increase and flexible nenbrane 118 will be forced
downwardly. On the other hand, if punp 93c evacuates air fromfluid chanber
290, then the volune of the chanber will decrease and the nenbrane will be
forced upwardly. It is preferred to use a gas rather than a |iquid because
a gas is nore conpressible. The | ower surface of flexible nenbrane
118 provides a nounting surface 274.;puring polishing, substrate 10 is
positioned in substrate receiving recess 234 with the backside of the

substr at gnpesi yiOnghaagasysbe tt@swungimaﬁ%éa%ﬁm@élge of the
substrate |7%Pcontact he r ised lip support ring 114 through

f1 exi bl eSHBABARAE. 1BETP 92b maypheptappegted LTe Vitebichipesr 3290, the
center obyf lrexigl mr&nbasnerétgrgwo@ﬁl?ﬁa\eﬁo' W1 a@@bl%' ed above lip

258. If a substrate i S positioned_agal nst nDuntl%f surface 274, the upward
def | ecti BF18f Fhaktbi’d.neAseame 138 | powsind LG4 cv Presibie pocket

bet ween ¥hg;aerBraserard (hbe §Heshrat§as sgé 19V i assee el@@ckst.dvv' 2
vacuum chuck the substrate to the carrier Carrier head 100

prOV|desalHééﬁéﬁ&eﬁﬂﬂyléoﬁﬂPBPIEBPS P38ds to the substrate and the

retaining ring. c'me:ﬂ@tﬂrweacﬂ moesswye wWcuinfehbleg BREbaRRel kieagai nst
substrate 10 is co trokled g i ressure in chanber 290. The downwar d
g

pr essur ePEESPEFEI ATnG® Fﬁgaifol nERC pERFEIS NP9 2 2SERBRAEPDI | ed by
both thespmgsaur ol BhakaviethdORagpfet hgefdessUF R | M chamber 290.

SPecl 1 0ty £10211529 02 1h' 2he' Sdchimdcnicking SEocess, pump
92b may pump fluid into outer chamber 322, c¢ausing the
cuter annular portion ¢of membrane 118" tc press directly
against substrate 10 toc form a fluid-tight seal. Then
valve 302 (see FIG., 3) is clased and a first measurement
of the presgsure in outer chamber 322 is taken by gauge
304. Then pump 93¢ 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.

Angther 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
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
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.



the pressure in chanber 290 subtracted fromthe pressure

- 27 - in chanber 200. |If the pressure in chanber 290 is greater than the
pressure in chanmber 200, no load will be applied to retaining ring 110. The
i ndependently control |l able | oads permt optimzation of the retaining 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 Guthrie, et al.,
entitled METHOD AND APPARATUS FOR USI NG A RETAI NI NG RING TO CONTROL THE
EDGE EFFECT, and assigned to the assignee of the present invention, the
entire disclosure of which is herehyshncorporated by reference.

Fl exure 116 inproves the uniformty of the |load applied by flexible

menbrane 118 to mubsddpttedheHPperodi caf | m1G bec SHPHd Sdddicture 114

may pivot and ve . vertically relative to base 104 and houysi 102, the
suppor t §Prﬁ??g§edﬁ£§efgﬁﬁi&°§EBSF§hF'§IFﬁgﬁaFB%IEFnFﬁrtﬁ §Bgface of the

pol i shi ngupadratBecagse clrle@xieblse pravsisiaee aitferencoanebkedelba gHRPOrt
structure 114, the flexibl.e nmbrane will alsq rempip substantially
parallelcenter and edge of the sd%strate, %lagderngse' begins in
a deflated state and chamber 290 is pressurize to a
desired pressure. Then blédder 160' is inflated so that
membrane 162' contacts the upper surface 300 of flexible
membrane 118. This effectively seals an annular outer
portion of 304 of chamber 290 from a circular inner
portion 302 of chamber 290. To increase the pressure on
the center of the substrate vis-a-vis the edge, pump 93¢
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
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 boended or clamped to
flexible membrane 118, the seal created by bladder 160
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 periodically perform the procedure described
above.

Referring to FIG. 9, in another embodiment, in
which similar parts referred to with triple primed
reference numbers, substrate backing assembly 11z2'"®
includes a support plate 350 rather than a support ring.

Support plate 350 is a generally disk-shaped body.

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



to the surface of the polishing pad. Therefore, the flexible nenbrane may
adjust to a tilted polishing pad without deform ng the portion of the
menbrane near the edge of the substrate. Consequently, the | oad on the
substrate will remain uniformeven if the polishing pad is tilted with
respect to the carrier head. Flexible nmenbrane 118 may deformto match the
backsi de of substrate 10. For exanple, if substrate 10 is warped, flexible

menbrane 118 will, in effect, conformto the contours of the warped
substrate. Thus, the |load on the substrate will remain uniformeven if
there are surface irregularities on 3the backsi de of the substrate.

In addition, the load to substrate 10 will remain substantially uniform
even at MY g isRcyredstiw en edge portion 362 of the support - 28 -

Speci fi caldde B axfEs L permts support structure 114 and flexible
rnermrangpalllBe t oSL rmvet ve%]ftﬁﬁ cally relative to base 104. Wen fluid is punped

into chanber 298WpPPba%updates 3wl hadehl genedabbyaptiayari boweasi ng t he

volune of,te-& 325‘%@?‘2%3‘?%“@ jé(?qys%cﬁjﬁge%g{]%nn%\ﬁeasmbvgg h the

support structure | cal” ot on
290"'" by flexure 116. A plurality of apertures 354

extend vertically through a center portion 364 of the
support plate to connect lower surface 352 to an upper
surface 360. Apertures 354 connect a portion 356 of
Cchamber 230''' located above the support plate to a
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 356 to chamber portion 358.

Flexible membrane 118 is clamped between support
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
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
carrier head.

One problem encountered in the CMP process is
difficulty in removing the substrate from the polishing
pad. As previously discussed, a thin layer of slurry is
supplied to the surface of the polishing pad. When the
substrate contacts the polishing pad, the surface tension
of the slurry generates an adhesive force which binds the
subatrate to the polishing pad. If this surface tension
holding the substrate on the polishing pad is greater



deform the edge of the flexible nenbrane. Consequently, the corner of

fl exi ble menbrane 118 at the | ower edge of support ring 114 will apply
substantially the sanme | oad as the remai nder of the flexible nmenbrane.

The flexure 116 prevents support structure 114 and fl exi bl e nmenbrane 118
fromrotating with respect to base 104. Flexure 116 transfers any torque
| oad, such as the frictional force fromthe rotating polishing pad 32, to
base 104, which, in turn, transfers the |oad to housing 102 through gi nbal
mechani sm 106. As base 104 rotates, flexure 116 also rotates, forcing
support structure 114 and fl exi bl e~n@®brane 118 to rotate thereby, causing
substrate 10 to rotate with carrier drive shaft 74. ) Furt her nor e,
flexure PRGN $hepdrrce: hadddre the sHESEFakepPe FHeAbranciensherd. configured

and arr apged Sdehhahet BarRieseneadoketkgxtss 416 g@pstivteciepie an
addi ti onal downward pressure at the edge of the flexible nmenbrane. From

its attadBAeAR P& fheaPoldmBinguPRg8ce 150 of base 104, flexure 116 projects

inwardly into angué adr Ffeeated®o R fary Sldndativge thk4 extends outwardly
underneath flexure 116 beyond_its attachnent goint to_the flexure. Support

struct ur 8ubskrate fireputse1 pelicbingnPrgutedsaevens® THe- ski€facBSarea of

lover suighac 296 ralc.SuRPPOthe! HAGL238ukSoAPBEOXpERE GLYs €Yspl to the total
surface area of the upper_ surface 268 of support ring 250, annul ar upper

cl anp 282°TR%¢ fiowedr SurfacesdndeM@NaRBepsYONCEX{EnERTB®HUR2BOt h upper
surface 25R1iady symmetric. That is, the support plate may

include an area 370 with apertures and an area 372
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.

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
of the substrate away from the polishing pad. This
reduces the adhesive force due toc the slurry surface
tension, and improves the reliability of vacuum=chucking
the substrate to the c¢arrier head.

Referring to FIG. 14, in another embodiment, in
which similar parts are referred to with quadruple primed
reference numbers, the carrier head includes a stop pin
assembly 380 to limit the downward moticn of support
structure 114"".

In the carrier head of FIG. 14, inner portion
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



- 29 - lower surface 256, the sanme pressure is applied by the chanber to

t he upper and | ower surfaces. Thus, a downward pressure on the flexure plus
t he wei ght of the support structure is substantially balanced by an upward
pressure on the support ring. The passages 260 through support ring 250
provi de pressure equilibriumbetween a portion 294 of chanmber 290 that is

| ocat ed above the support structure and the remai nder of chanber 290.

There is a gap 296 between support structure 114 and the | ower surface of
flexure 116. Annul ar | ower clanp 280 may be configured so that gap 296 has
a wide portion, preferably near the @yter edge of the support structure.

For exanple, the |ower clanp need not” extend all the way to outer surface

268 of syppoff {wgcz.; s-éfxé&{?,béf oal Lg@éi Kb dhen chanber 290 is

pressurized during polishing, flexure expand I nto e wi de portion
of gap MW@homt%bmh%t|f1*§;tsupp@rb°15%$u3ﬁ rien biase 1941 t khdree

portion Qéo%hﬁufxée?éjﬁepf'@fécf‘%u@@ﬁi&%o#?&;( SUPPLY larid IHglgI €, al least a

portlon of he downward essure on ur“e" I's tran erred to retaini ng
ring 1102R%¢ k¥ waﬁsm%g%r%nswaemﬁerm 2341's r elfuclek kel § oad on -

Suppor | Skided Us £ed éngibé c2oo! | ynéiaezsﬁaf@r@ﬁn Sgpisad above, the

downwar ressure on the flexure plus the wel of 't he support structure

is subst%ﬁ%?%}ﬁyebh1&n@%ﬂn%?rﬁhyupﬁﬁrﬂpﬁﬁ%sﬁ&meﬁ&ﬁlQ#mﬁQﬂRﬁkﬁt ring.
The passggrg 256+ h;agyg@af@ﬁ aéabﬂﬂsf | 80P 195 £AM Y OV OB e SSHE €

eqUIIIbrégﬂhgggge ra 2 of tﬁg support structure.

The annular upper clamp 282"" includes one or more
radial grooves 330 (only one is shown} in upper surface
3%91. When bladder 160 is inflated and membrane 162
contacts annular uppexr clamp 282™", radial grooves 390
foxrm c¢hannels between the portions of volume 294 of
chamber 290 located on either side of bladder. The
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 eguilibrium to ensure uniform polishing.

An upper surface 235 of retaining ring 110" may
have a series of concentric circular ridges 39%92. Aan
outer annular area of lower surface 150 of base 104"" may
also include a series ¢f concentric clroular ridges 39%4.
When the carrier head is assembled, with retaining ring
110"" attached to base 104"", ridges 392 will mate to
ridges 394 and pinch the outer circumferential pertion of
flexure 116 therebetween. This provides an improved
clamp which prevents the flexure from slipping.

The gimbal mechanism méy include a Y-shaped stop
190"" with three arms 1394"". Stop 1%90"" 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



at nosphere outside of polishing head 100. This ensures that air can be
vented fromthe gap so that support structure 114 is free to nove

vertically. A carrier head of polishing apparatus 20 nay operate as
follows. Substrate 10 is | oaded into
- 30 - substrate receiving recess 234 with the backside of the substrate

abutting nounting surface 274 of flexible nenbrane 118. Punp 93b punps
fluid into bl adder 160. This causes bl adder 160 to expand and force support
structure 114 downwardly. The domnma* otion of support structure 114
causes lip 258 to press the edge of exi bl e menbrane 118 agai nst the edge

of subst r [ pdzti S { substrate.
Then pu rﬁg)&grg%&g%/%rg ukg?{eggg% Zuréé#* 25%{‘ ?%é% r gg{ e&a rf%‘\%-ﬁ.b :'lsdsji; rae‘%g ocket
bet ween ¥as&ede el Henbn aponaB wedd 18%@. backsi de of substrate 10 as

previously deschibed, Fiapalsley, gg@pwggglep%E§?ggggdggggsogeggﬁgper 200 to

lift base 104, substrate backing asse ubstr at off a
pol i shi mayae opsedittofhokd shimtde?dstonivin ¢ aubSatewoiniren, for
exanple,rfgéaifgu;he carrier head
Referring to FIGS., 10 and 11, in another
embodiment, a carrier head 400 includes a giﬁbal
mechanism 406 which includes a gimbal body 460 and a
gimbal race 462 rather than a flexure ring. Due to the
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
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.
Housing 402 includes a housing plate 420 and an
integrally-attached housing hub 422. A cylindrical
cavity 426 is formed in bottoem suzface 424 of housing
402. A cylindrical plastic bushing 520 fite into
cylindrical cavity 426 with its outer surface abutting
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
alse have a threaded neck 434 and two vertical dowel pin
holes 436. A threaded perimeter nut 98 (see FIG. 3) may
fit over flange 396 and be screwed onto threaded neck 434
of housing hub 432 to secure carrier head 400 to drive
shaft 74.



to a polishing station. Punp 93a then forces a fluid into chanber 200 to

| ower the substrate 10 onto the polishing pad. Punp 93b evacuates vol une
170 so that bladder 160 no | onger applies a downward pressure to support
structure 114 and fl exi ble nmenbrane 118. Finally, punp 93c may punp a gas

i nto chanmber 290 to apply a downward | oad to substrate 10 for the polishing
st ep. In the alternate enbodi nents of the carrier head discussed
bel ow, elements with nodified functions or operations will be referred to
with primed reference nunbers. Elenents which are nerely changed in size
or shape will be referred to with unpéiTed reference nunbers. For exanpl e,
certain of the carrier heads discussed bel ow are configured for polishing a
si x-inch (150 mifPR$aREr492 disneinsl udeh $Meatte r IHfe i st d ¥8he size and

shape of fhhfeel ameiis LRraeROBUREAEE PRLi ShidY Pfofest XapRghasybstrate will
not be di scussed i.n detai - 31 -

d I .
nor wil | +8temBRusS 108 8 9R4r t RBt 2881 pESR, HEWS PRFFRBEE 0 (DPEN pri ned
referencgnewiberS this cross-sectional view) also connect top

surface 432 of housing hub 422 to bottom surface {24.

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 torgue pin holes 448 may be found in
upper surface 442 of base 404 surrounding basin 440,

Two vertical torgue 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
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 teo move vertically relative to housing 402, but
if housing 402 rotates, then the torque pins will force
the base to rotate as well. The O~rings 452 are
sufficliently elastic to permit a slight pivoting ¢of base
404 relative to housing 402,

Gimbal mechanism 406 is designed to allow base 404
to pivot, i.e. rotate about an axis parallel to the
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 gulide pin 464, a
spring 466, a biasing member 468, and a stop 470.

Gimbal body 460 includes a2 ecylindrical gimbal rod
472 which projects upward from a bearing base 474.
Bearing base 474 includes a spherical outer surface 476



I n addi tion, as discussed above, in the enbodi nents di scussed bel ow,

al t hough punps 93a-93c renmain coupled to fluid |ines 92a-92c, respectively,
t he purpose or function of the punps may change. In particular, the punps
may be connected to different pressure chanbers in the different

enbodi nents of the carrier head. Referring to FIG 7, in another
enbodi nent, in which simlar parts are referred to wth prined reference
nunbers, bl adder 160" is positioned beneath base 104 so that nenbrane 162
may directly contact an upper surface,k 300 of flexible nmenbrane 118.

Carrier head 100" vacuum chucks sdbsf%dfes in a fashion simlar to that of

the carrj d of 4., Speciflc II substrate 10 i s serted into
substrateggg ﬁngggééssig s q?% ? $aRREi te BFOYRet Eutg?rate abutting
nDuntlngcsqssasecziénaﬂ friiexi bEeFi@nbt anewiidh éMh@n@BbromUﬂpe air into

vol une 1@8 t8fl gg&egp ggrg;§O£° ng%rtlgeg uppg 162' to apply a

downwar d p?essure I'fe h°annu? on’ o surfﬁce 300 of
erX|bIesueﬁbcanef1b83r1n§hbaseréaﬂebaa élu+ﬂhape@hdepeabsbehmeen t he

flexible ng..t. e P C y. C | ui d out
of chanbeggggéﬁggnzrggéggaéggégiﬁésgﬁggf% cﬁgﬁb%%dqggcﬁﬁgg gﬁh§§ithe
subst r at mecbankamc 406 ds feddy assenbledherd aykineveral bemests of using

bl adder 366" naBl 8dd9r, 400 {B OKEIES: BoROLL - 0L ISE oL RBLE BAGYI N for

flexible ere ore en t anber s evacuated and
f1 exi bl edhBabaadeant8heirs cylihdditabardtgssod¥drmay hee| 6oxpedssure pocket,

éggeedge aOtobNEuRECKR! 404! LeNgYRLE1 9LDL! £78! OPreEELEYSEgbNERG S NO hard
482 may be connected by a vertical passage 48€.

Guide pin 464 includes a guide rod 490, a disk 492
whieh projects radially outwardly from the lower end of
guide red 430, and a spherical preojection 434 on the
bottom of disk 492. Spring 466 fits inte recess 480 in
the bottom of gimbal rod 472, and guide rod 490 of guide
pin 464 fits inside gpring 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,

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-
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 to base 404 with screws (not shown)
which pass through outer piece 500 and into receiving
threaded recesses in the base.

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



- 32 -

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

I kely to

fracture during the chucking process. |In addition, the depth of the

suction cup is controllable.

Once substrate 10 is chucked to the carrier
head, bl adder 160" may be inflated or deflated. If bladder 160" is

I nflated, nmenbrane 118" and substrate 10 will|l be pushed downwardly, whereas

I f bl adder 160" is deflated, nenbrane 118 and substrate 10 will be pulled
upwar dl y. One problemthat has been encountered in chem cal

mechani ca

head may fail, and the substrate may4dletach fromthe carrier head.

occurs, _
head no $eagéencilei

the operator may not be able to visually observe that the

his wastes tine and decreases t roug put tro

polishing is that the attachnment of the substrate to the carrier

If this
carrier

Bgst hecsubyilrgt cecenst his snduatéomical CVP appar at us

1l t b :
EgllsﬁggééQPSsEQOngié ScC¥ Rl EEHEQP Lhecs §é£ﬁ£§ |sT dgggfﬁ ei ng

a | oose

subst r at@embes 48Recfhbs antackss Foséaﬁaﬁrdéprh%auonnﬁwobeSmenked about by
the novipg €9€D§H882§1SE Bhebsa?laapsae U§74p0teﬁé'@&éw éggﬁgfng the CWP

apparatus itsel

| eavi ng debris”“which may danmage ot her

strates.

A CVP appardeuBint fEAzEA§ScaPkrereress 300" Wkl b%so@@h%lb@alo sense the
Pr esencepeb)actBat 13 anghlyihgecONDCARPAEALUSs S54 5516 Shabidhengubstrate

IS mssmg

rom
member 468, The arms 510 of biasing member 468 extend

through glots 478 in bearing base 474 and into notches
506 in gimbal race 462. Bolts or screws 518 may be used
to secure arms 510 to gimbal race 462.

Once gimbal mechanism 406 is assembled, gimbal
race 4€2 is secured to base 404, and biasing member 468
is secured t¢ gimbal race 462. Guide pin 464 contacts
biasing member 468, and spring 466 urges gimbal body 460
upwardly away from the biasing member so that spherical
ocuter 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
to slide vertically in cavity 426 relative to housing 402
and to pivot in two dimensions rxelative to gimbal racs
462. WwWhen 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
not transmitted to carrier base 404, Because there is no
outward pressure on the center of the base due to spring
4€6, the lower surface of the base remains substantially
planar when gimbal mechanism 406 is attached.

Stop pin 470, which has a threaded lewer portion
528, fits inte 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



the carrier head, the apparatus nmay alert the operator and automatically
halt polishing operations to avoid wasted tinme and potential danage.
Referring to FIG 3, apparatus 20 may include a valve 302 and a pressure
gauge 304 placed in a fluid line 92b between rotary coupling 90 and punp
93b. Val ve 302 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 frompunp 93b and pressure gauge 304 nay
nmeasure the pressure in bl adder 160435 - Returning to FIG 7, apparatus

20 senses whether the carrier head successfully chucked the substrate as

fol | ows. 38t s ibiRtRk 3% 1" addd s REeuBch&irags Adlei vAnBerdc834 234 so
that the foankss deirdfatd ey dlgd 16H AGhS 4X0UBE RYUasyel 3gg 244. Punp 93b
inflateﬁé%§ggq§#%%§0' to forma S%P| bg&yﬁen fkebequnenngne 118 and
substra . QRAF BP9 Pds 3P s BEChBR e 49 902ndPr essur e gauge
304 is bmek t4D9TEESINE v prRsSIng 402h] adder st60. pIRenyopuap 93c
also include a vertical passage 526 to connect top
surface 432 of housing 422 to passage 486 in gimbal rod
472. Pump 93c (see FIG. 3) may be connected-via fluid
line %2c, rotary coupling 390, céntral conduit 9%4c in
drive shaft 74, passage 526 in stop pin 470, passage 486
and recess 480 in gimbal body 460, and slot 478 to
chamber 200. Thus, in the embodiment of FIG. 10, pump
93¢ is used to control the vertical actuation of the
carrier head.
Carrier head 400 may also include a slurry purge
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 ocuter portion
252, and vpwardly 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
passageway 530 in base 404 to passage 532 in suppert ring
250. The fitting 534 may be fixedly connected to base
404, project downwardly through volume 294 of chamber
280, and be slidably disposed in passageway 530 of
support ring 114. The fitting 534 may be sealed in
passageway 530 by O-rings 538.
Pump 23b may be cennected to passageway 530 via
fluid line 92b, rotary coupling 90, channel 94b in drive
shaft 74, a passage through housing 402 (not shown}, a



evacuat es chanber 290" to create a | ow pressure pocket between the flexible
menbrane and the substrate. Finally, punp 93a evacuates chanber 200 to lift
substrate 10 off of the polishing pad. Pressure gauge 304 then nakes

anot her neasurenment of the pressure in bladder 160" to determ ne whet her
the substrate was successfully vacuum chucked to the carrier head.

On one hand, if the substrate is present, then the | ow pressure pocket
created between the flexible nenbrane and the substrate will create an
upward force on the substrate. This upward force will cause the substrate
to press upwardly on nenbrane 162' - #¥&is will reduce the vol une of bl adder
160" and thereby increase the pressure in volunme 170'. On the other hand,

if a sub§ﬂﬁ&ﬂélﬂsfﬁ@ﬂdpF@§@ﬁﬂan(ﬁﬁéﬂcapﬁléhchéédsuﬂheﬁsne upwar d force

Wil be gpplshqd tt%ﬂéegs'%@%@@% yA¥32! g BLRERSYOG, | BndOkuRE40" Wi Il remain

constant Theref or e ressuré gauge 304 measures a pressufe increase
concur r eRS4wi t 15 Y5Pm? 283 @aﬁuﬁﬁFﬁ@ & Ligyidef ecHanHREOR9Ged YARCTMP appar at us

has succeagbuldhy peatiigavaliuciked tohE 1sehs siakeyt Qrbheﬁsﬁreeer head. Pressure
e 0 ™) o2 Banf o4 5 b OO TP e T P S
vol ume 170" to f

line %2a, rotary coupling 80, channel 8%4a Ln_drzve shaft

74, a passage through housing 402 (not shown), a flexible

fluid coupling (not shown), and a passage through bhase

404 (also not shown). Pump 8%3a may be used to control

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
to define a chamber. By pressurizing the chamber, 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
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.
Rather, the scope of the invention is defined by the
appended claims.

what is claimed is:



- 34 - detect the presence of the substrate in the carrier head. If
pressure gage 304 detects a decrease in the pressure of volunme 170", e.g.,
while transporting the substrate between polishing statlons or bet en a

polishing station and a transfer station, then thls | t hat
the substrate has detached fromthe carrier head. i@ﬁ nce,
operations nmay be halted and the CVP operator alert ¢ the bro | em

Carrier head 100" also utilizes a different nethod to attach the retaining

ring to the base. Retaining ring 1104, may be secured to base 104 by a
retaining piece 310. The retaining plece 310 may be secured to base 104 by

screws 312. The yet alﬁl%ﬁ@é)q‘m fﬁazt)%h dh’énﬁo%rlolrr?eghfaer rI §dge 314 of

retaining ring 110 an annul ar ing to FIG 8, in
anot her BRbIERABAL aPPATRRMER §PﬁPFa$lbﬁFts are referred to with double
prined reference rgydders, carrier head 100" includes a generally circul ar

i nner chanmber 320 and a generally annul ar outer chanber 322 surroundi ng

i nner chanber 32 .5upport s{ypghire HANN@CHeshd Lthe 83sg byuBstrat e backi ng
assenbl ysid2urkRckudes support structure 114, flexure 116, and flexible
menbrane 118". The flexible nmenbrane 118" may include an upper nenbrane or
nmenbr ane porti or? 3P4esiRl e TeRRTante HHAVARS o Mesiiage syaifEcen £326. Lower

nenbranea32§b's%rsQ@ne%‘adm%absaﬂemanﬁééy&auw ;&é, n%@&“é@é upper menbrane
324 is connected difectly to base 104. The rane 3 4 defines inner

chanber ézt}ea\ﬁheité&sSEE‘P@FtnéﬁﬁPQEEIQZB%é#h@% @)u@’éﬂ%ﬂbﬂ 322. Flexible
menbrane 118" may be forned of a flexible and elastic material, such as a

hi gh strength S|I|cone rubber,
The carrier head of claim 1 wherein the

flexure is a substantially horizontal, annular member
having an outer circumferential portion secured to the
base and an inner circumferential portion secured to the
support structure.

3. The carrier head of claim 1 further
comprising an upper clamp and a lewer clamp, and wherein
the flexure is secured between the upper clamp and the
lower clamp and the menbrane is secured between the lower
clamp and the support structure.

4. The carrier head of claim 1 wherein the
chamber includes a first porticn located between the base
and the support structure and a second portion located
betweaen the support structure and the membrane.

5. The carrier head of claim 4 whezein the
support structure has a passageway connecting the first
portion of the chamber to the second portion of the
chamber.

6. The carrier head of ¢lailm 1 wherein the

support structure includes an annular ring.



- 35 - Upper menbrane 324 may be a circular sheet of a material,
such as a high-strength silicone rubber. Inner nenbrane 324 may have a
protrudi ng outer edge 328. The outer edge 328 of upper nenbrane ggﬂzy be

captured between an annul ar wi ng 332 of an annul ar cl m‘\r\mg arim
334 on flexure ring 182". dCanp ring 330 may be secJ 36
between flexure ring 182" and base 104 by bolts 168". The cVanp ring
presses the inner nenbrane against the flexure ring to forma fluid-tight
seal. The space between upper nenbrane 324 and gi nbal nechani sm 106 defi nes

general ly circul ar upper chanber 3288 - Lower menbrane 326 may al so
be a circular sheet of material. Lower nenbrane 326 nay have a protruding

| ower edge 338. ’The APFaCRREAELORCRHtRF FEtMP dhe' %1% SRport structure

114 is sjubgoait tgx dder wdd acivRides0fa fdigeubhe peRBRQNe 118 to support
structure 114 in FIG 4. Specifically, outer edge 338 is secured in groove
262 and cl anped between | ower clanp 280 and support ring 250. The space

bet ween | ower neobr athe32@rri8pehesendr adlba R4 Hasenddd4ndélesime 116, and
support struycture 114 defines )
a retaining ring connected to the base and surrounding

the flexible membrane.

9. The carrler head of claim 1 wherein an outer
edge of the support structure includes a downwardly-
projecting lip, and the flexible membrane extends around
the lip.

10. The carrier head of claim 1 further
conmprising a housing connectable to a drive shaft to
rotate therewith, and lecading mechanism connecting the
housing to the base to apply a downward pressure to the
base.

11. The carrier head of claim 12 further
comprising a gimbal mechanism pivotally connecting the
housing to the base to permit the base to pivot with
respect to the housing about an axis substantially
parallel to a polishing surface.

12. The carrier head of claim 1 wherein the
suppeort structure, the flexurs and the membrane are
configured such that a downward pressure on the flexure
is substantially balanced by an upward pressure on the
support structure s¢ that a downward pressure at the edge
of the membrane is substantially the same as a downward
pressure at other portions of the membrane.



general |y annul ar outer chanber 322. The portion of nenbrane 118"
bel ow chanber 320 provides a circular inner portion of the substrate

nounting surface, whereas the portion of menbrane 118"
provi des an annul ar outer portion of the substrate m)unE ﬂig%”ﬁi
bottom surface 340 of inner nmenbrane 324 may be attacheds

adhesive, to a top surface 342 of outer nenbrane 326. Alternately upper
menbrane 324 and | ower nenbrane 326 may be different portions of a single

| ower menbr ane. Punp 93c nay be connected to inner chanber 320 by
fluid line 92c, rotary coupllng aq, 4Shannel 94c in drive

- 36 - shaft 7f3 an Qasgggﬁe gﬁ% gng%kmn? gﬁ q£106 Simlarly, punp

92b may be connecfed 0 Ou rotary
coupl i npuXachaned < ilowes vssusﬁm:fq the, qmamgesi:%ﬁcmmrhousi ng 102, a

flexible fl nnect or t shomn assage 8. .in_base 10 and a
passage?ﬁﬁéjéﬁm%{%%irquégqb sugfa%éurler %gad f@@ermiyﬁﬁﬁﬁiunchuck
and sensEf ttftes ffflesence of substrate 10 in the carrier head in a fashion

14, The carrier head of claim 1 wherein the
flexure is secured to the support structure such that a
gap is formed between the flexure and the support
structure, and the.support structure includes a passage
connected to the gap for introducing a fluid into the gap
to force a slurry out of the gap.

15. The carrier head of claim 1, wherein the
support structure includes a recessed region and the
membrane is configured to be drawn into the recessed
region if fluld is forced out of the chamber.

16. A carrier head for positioning a substrate on
a polishing surface, comprising:

a housing connectable to a drive shaft to rotate
therewith;

a base;

a gimbal mechanism pivotally connecting the
housing to the base to permit the base to rotate with
respect to the housing; and

a2 flexible membrane having a mounting surface for
a substrate, the membrane connected to and extending
beneath the base to define a chamber.

17. The carrier head of claim 16 wherein the
housing includes a substantially verxtical passage and the
gimbal mechanism includes a rod having an upper end
slidably disposed in the passage.



simlar to that of the carrier head of FIG 7. Specifically, during the
vacuum chucki ng process, punp 92b nmay punp fluid into outer chamber 322,
causing the outer annular portion of membrane 118" to pr directly

agai nst substrate 10 to forma fluid-tight seal. Then gm m&m

3) is closed and a first neasurement of the pressure in Eb

I s taken by gauge 304. Then punp 93c evacuates i nner chanber 320 % oscredt e

a | ow pressure pocket to vacuum chuck the substrate. |If the substrate is
successful ly vacuum chucked, the pr ure measured by gauge 304 shoul d
I ncrease. Anot her problem that has been encountered in chem cal

nmechani cal poll§g|ngTh§ EQ ElEthqueogfC&ngsypsgﬁg E14S ten polished at

a different rate (usual ?aster but occasionall %omersg han t he center
of the @b@hahtr@cm@w@bms ewd:pﬁaxfmqné:alscaadwts\ @nisirdremiiyzadppl i ed to

t he subs&%%gle sudF éhéslcﬁjértecetrvd q:rhecte]:ao%er %20 and outer

chanber may app eren oads he su strat ring polishing.
For exangie, Gimbqhen%d'g@mmtﬁergmmmmlenda; Foldighiaig magee Wiitdwl y t han t he

cent er, 4 N LANN & MM AuPHEL Soalisie 2% T iR eater than the

pressure wthin Inner anber t her eby 1 ncreasi polls Ing rate at the
subst rat@%esurfaﬁ%@%c%h%gb?ﬁ@fiﬁl%ﬁ%%@ﬂmg r'ﬁg\ee imsiefror m pol i shi ng of

the subsdyatg-dmyr D@ imyed race,

19. The carrier head of claim 17 wherein the
gimbal mechanism includes a slightly flexible ring
connecting a lower end of the rod to the base.

20. A carrier head for positioning a substxate on
a polishing surface, comprising:
a housing connectable to a drive shaft to rotate
therewith;
a base;
a loading mechanism connecting the housing to the
base to apply a downward pressure to the base:; and
a gimbal pechanism connecting the housing to the
base to permit the base to pivot with respect to the
housing about an axis substantially parallel to the
polishing surface, the gimbal mechanism including
a rod having an upper end slidably disposed
in a vertical passage in the housing, and
a flexible member connécting a lower end of
the rod to the base.

21. The carrier head of claim 20 wherein the
member is bendable vertically but is rigid radjally.

22. A method of sensing the presence of a

substrate in a carrier head, comprising the steps of:



- 37 - The carrier head 100" of FIG 7 may al so be used to apply
different loads to the edge and center of the substrate. To create a

pressure differential between the center and edge of the m’mmﬂﬂ er
160" begins in a deflated state and chanmber 290 is press m’ ]r
pressure. Then bl adder 160" is inflated so that nenbrane 162° dontfacts #
upper surface 300 of flexible nmenbrane 118. This effectively seals an
annul ar outer portion of 304 of chanber 290 froma circular inner portion
302 of chanber 290. To increase the ptessure on the center of the substrate

vis-a-vis the edge, punp 93c may force fluid into circular inner portion
302. Because outRFeHIRIIDINGBOL firseativmier Hoamdst M6® fintst pressure does

not changgeﬂmee%%%%n%hﬁal%‘a?s U GoBRr LR g@PE&&eOEthngubst rate

vis-a-vis the edge, punp 9 evacuate nner portion after bl adder
160' f or FBPEREASLAE| . Si nce nenbrane 162" is not bonded or, clanped to

flexible menbrangeddSurihengenl s€csnd ehambdy adds
conpl et el (f}f«‘r tr Th eéfe osFe flurd my g radl?ally Iéeﬁ'ji =E)k%ween t he

fl, ui
nenbrane§xﬁﬁﬂph epBrIPERR 352 and 1364 ﬁﬁ@és?ﬁ%fsﬁhﬁ pEES8BAre. Thus, it may

be necesg@fprhfePpbisadiionkly tRELhAkELEhener o5ear feflBsshEDEHCAROVE.
Referrlngpto FIG 9, in another enbodinment, in which simlar parts referred

to with FpF@uBFﬁﬁﬁdsPéﬁéFénce nunbers, substrat e backi ng assenbly 112"

includes a Suppoééapiﬁ?et@é%é@émfvém-a support ring. Suppor t
plate 350 is a generally disk-shaped % part of support structure
114' "', the ent,pkagh@%ogtsubstrate agalnst the mounting surface;

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

measuring a second pressure in the second chamber.

23. The method of claim 22 further comprising
indicating that the substrate is present in the carrier

head if the second pressure is greater than the first
pressure.

24. The method of claim 22 further comprising
indicating that the substrate is not present in the
carrier head if the second pressure is equal to the first
pressure.

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

positioning a subgtrate against 2z mountihg surface
of a carrier head;

forcing fluid into a first chamber defined by a
first membrane to apply a downward pressure to an annular
area of substrate;



pl ate may nove vertically and pivot with respect to base 104. Annul ar | ower
clanp 280 and annul ar upper clanp 282 may be secured to an
edge portion 362 of the support plate by bolts 284" "', port plate

350 has a generally planar |ower surface 352. Support mﬂ’“'ﬂ l""ﬂm ,ma
suspended in chanber 290''"' by flexure 116. A pluralit 4
extend vertically through a center portion 364 of the support plate td

connect |ower surface 352 to an upper surface 360. Apertures 354 connect a
portion 356 of chanmber 290''' |ocated,ahove the support plate to a portion
358 of chanber 290''" |ocated bel ow the support plate. Alternately, |ower

surface 352 of sge&e&hgplf%qd?:égtm Qa¥€c§n£e<9ﬁ§rﬁ}§£lrr@Sf?HedV"bS(h a single
aperture connecting chanber portion 356 to chanber portion 358

Fl exi bl e $RFBrAMEMABIIS 'G:‘P FRY R RGPSl BRSSP W lah B bwer ¢l anp
280, and exdAulss beneatdy thecs oued S A & Rindelde SIURPY ta Rl When punp

93c evacuates chanber 290 , flexible nmenbrane 118 is pulled upwardly

agai nst §ﬁ$%br§°Fﬁ%H%kS%@?aﬁHP?Fﬁife to the mounting surface.

26. The method ¢f claim 25 wherein the first

membrane applies a downward force to an annular area of
the second membrane.

27. The methoed of claim 26 wherein the fizst
membrane directly contacts the second membrane.

28. The method of claim 26 wherein the second
membrane is connected ¢o a support structure and the

first membrane contacts a support structure.

28. A carrier head forx a chemical mechanical
polishing apparatus, comprising:

a base;

a first flexible membrane having a mounting
surface for a substrate, the membrane connected to and
extending beneath the base to define a first chamber: and

a second flexible membrane connected to the base
and positioned above the first membrane to define a
second chamber, the second membrane positioned to exert a
downward pressure on the first membrane when fluid is

forced inte the second chamber.

30. The carrier head of claim 29 further
comprising & support strucgture connected to the base by a
flexure, and wherein the first membrane is attached teo

and extends beneath the support structure to define the



apertures 354. |If the backside of the substrate is placed against nounting
surface 274, then the extension of the flexible nmenbrane into the apertures
creates a plurality of | ow pressure pockets 360 between the subg ate and

the flexible menbrane (see FIG 13). These |ow pr t
vacuum chuck the substrate to the carrier head. m““\\m
encountered in the CWP process is difficulty inr VENng-the substrate from
the polishing pad. As previously discussed, a thin layer of slurry is
supplied to the surface of the polishing pad. When the substrate contacts
the polishing pad, the surface tensi%h-of the slurry generates an adhesive
force which binds the substrate to the polishing pad. |[If this surface

t ensi on HoT T rghamee s b rbite secome otk sitiend. pachsis: igresad efo

- 39 - 5$Kihéém%ﬁéﬂéﬁb$g49iQgrﬁgﬁuégpstrate on the carrier head, then when
the carrier head retracts, the substrate will remain on the polishing pad.

One arrangenent for reliably renpving the substrate fromthe polishing pad
i's shown in FIG3112. the thewienEh@ ok2c1hif 8bSLRlpythopngf apertures 354

second membrane is positioned to directly contact the
first membrane. '

32. A carrier head for a chemical mechanical
polishing apparatus, comprising:

a base: and

a2 flexible member connected to the base to define
a first chamber and a second chamber, a lower surface of
the flexible member providing a substrate receiving
surface with a inner portion connected to the first
chamber and a substantially annular outer portion

surrounding the inner portion and connected to the second
chamber.

33. The carrier head of claim 32 wherein the
flexible member includes a first flexible membrane
portion to define the first chamber and a second flexible
membrane portion to define the second chamber.

34. The carrier head of claim 33 wherein a lower
surface of the first membrane portion contacts an upper
surface of the second membrane portion.

35. The carrier head of claim 34 wherein the
lower surface of the first membrane portion is adhesively
attached to the upper surface of the second membrane
portion.



across | ower surface 352 may be asymmetric rather than radially symetric.
That is, the support plate may include an area 370 with apertures and an
area 372 without apertures. Area 370 may be generally med

an angle a between 45[err] and 180[err]. Area 370 may al s E'EMH‘J
near the edge of portion 364 of support plate 350, rather than ax

the center of the support plate. During the vacuum chucki ng of the
substrate, the asymetrical distribution of apertures 354 results in an
asymmetrical application of an upmard_fgﬁce to the substrate. The
asymmetrical force creates a torque on e substrate which tends to
preferentially lifty@one trat fr pol i shing pad.
This reduces the adﬂ£S|J§q?or%ér%€§ ?%Q?ﬁgaéﬁaqugéufggtégsen5|on and

i nproves th€°W€F#§bPE|ﬁy569P956u§ﬁ¢@ﬁG@KPngoﬂhecse%stwaEQEtba$hebgaar|er
head. fleRakel " biRg bﬁerb@h %ﬁe E@r@@o%QﬁﬁrQH@oﬂéPgﬂém 18 which simlar
parts are referred to with quadruple prined reference nunbers, the carrier
head i ncl udESTRESEBE BPnthesbisiey 3380 the FRAPRA {MEMEBARMEP AT BBON0RS Of
support <§ruehHeetdddts. the support heucaftber head of FIG 14, inner
portion 254"" of support ring 5? "" has a generally medged-shaped
cross-section. An inner surface 381 of the wedged-shaped i nner portion has
an annul ar recess 382 forned therein, Three or nore stop pins 384 (only one
of which is shown :



- 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 angular recess 382 in support ring 250"". It
fluid is punped into chanber 290, thereby forcing support structure 114
downwardly, an upper rim 388 of support ring 250"" may catch agai nst stop
pins 384 to limt the dowmward travel of the support structure. The
annul ar upper clanp 282"" includes one or nore radial grooves 390 (only one
is shown) in upper surface 391. \Wen bl aglgler 160 is inflated and nenbrane
162 contacts annul ar upper clanp 282"", radial grooves 390 form channels
bet ween the portions of volunme 294 of chanber 290 | ocated on either side of
bl adder. T E?%ﬁﬁ?htion of volunme 294 into two separate portions is not
shown i n FIAGCARRIEHrecHIe Wil bt el L B veBrgieassenbl y 112 is shown in a
| ower ed posN t CkEMICAL pBOHANTCAY) PobUsHIKEN dysTReen in FIG 4. These channel s
permt pressure equilibriumto ensure uniform polishing. An upper
surface 239 of retdifrA§ierngjesdotopay RAvRiad ser¢@wmicrbirehtsiiai rcul ar
ridges 392,y QULES anfid afs Af £or meé@vﬁ{cl%‘a%fsa%ehééglgt; basg.104"" may

al so |nclude a series of concentric circular ridges 394. Wien the' carri er
head i s as$eMAFHINRIF TR BN iy FiPRpL FPChegisicheddt 8 S498tE0%=" | ridges

392 Wi || M dihd i pasnustd. anth9i Hebs € i O W=k 16lgr adRkakeRt i al portion of

flexure 116 ther ebetween. This provi des an i nproved

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

Figure 4A



cl anp ‘whi ch prevents the flexure from slipping. The gi nbal mechani sm
may include a Y-shaped stop 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 o - 41 - connection

bet ween upper surface 134 of housing 102 and passage 196 in ginmbal rod 180.
An annul ar seal 396 with a C shaped cross section nmay be used to hold
shield 244 on rim 242 of retaining nipg 110"". Referring to FIGS. 10
and 11, in another enbodinent, a carrier head 400 includes a ginbal
mechani sm 406 whi ch i ncludes a gi nbal body 460 and a gi nbal race 462 rat her
than a flexure ring. Due to the substantial changes in the housing, base
and gi nbal nechani sns, these parts will be rgfer~ed.to with new reference
nunbers. In contrast, except as discussed {4 ‘1e | oadi ng mechani sm
retainer ring, and substrate backing assen |

di scussed with reference to FIG 4, and w

20 0 UH o] 1-T76
S PN O T4
66/r L7
E7 100
%™ 400 10 i 0 \
100 / 10 | 70a
700

i

25b 52




to with unprinmed reference nunbers. Carrier head 400 includes a
housi ng 402, a base 404, a ginbal nmechani sm 406, |oadi ng nechani sm 108,
retaining ring 110, and substrate backing assenbly 112. Housi ng 402
i.ncl udes 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 housing 402. A circular flange 428 with an inwardly-
turned |ip 430 projects downwardly $428m a top surface 432 of housing hub
422 into cavity 426. Housing hub 422 may al so have a threaded neck 434 and
two vertical dowel pin holes 436. A threaded petinmeter nut 98 (see FIG 3)
may fit over flange 96 and be screwed onto threaded neck 434 of housing hub
432 to secure carrier head 400 to drive shaft 74.

- 42 - Housi ng 402 may include two torque pin holes 438 fornmed in
its bottom surface 424 which project upwardly innto housing hub 422. In
addition, two passages (not o




-shown 'in this cross-sectional view) also connect top surface 432 of housing
hub 422 to bottom surface 424. Base 404 is generally disk-shaped,
with a basin 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 holes 448 may be found in, ypper surface 442 of base 404
surroundi ng basi n 440. Two v i cal 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 housi ng 402 and proj ect wnwar dl y
into receiving torque pin holes 448 in base 404, Torque plns are free
to slide ver,-'mwm---'"vﬂ-!m"""ﬂu :

s 452 hold
each torque ﬁ

vertically rylatlve to housi ng 4

torque pins WMill force the base

sufficientlyflelastic to perng@—q,sllght.u

housi ng 402.

pivot, i.e.

pad and norngl to axis of rotat| _

SpeC|f|caIIy! base 404 may pi vot - p0|nt

pol i shi ng pa- 32. G nbal mechani $ ncludes a glnba

race 462, a guide pin 464, arsp o Di asi ng menber 68, and a stop
470. i mbal  body_46d+petuda

Ve—m=-. __..-..—------—.--—.an—--—- .

gi nbal fod 472 which
pse 474 KHncl udes a

projects upwdrd fromfa bearing base 474. Bearlng b
spherical oufler surfdgce 476
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- 43 -, with three radial slots 478 (only one is shown i-n 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 (not shown) which contains biasing nmenber 468 when

gi nbal mechanism 406 is fully assenbled. A cylindrical recess 480 nay be
formed in the bottom surface of ginbal body 460, and anot her cylindrical
recess 482 may be formed in a top/&urface 484 of ginbal rod 472. Recesses
480 and 482 may be connected by a vertical passage 486. - GQui de pin
464 includes a guide rod 490, a disk 492 which projects radially outwardly
fromthe | ower end of guide rod 490, and a spherical projection 494 on the
bottom of disk 492. .Spring 466 fits into recess 480 in the bottom of

gi mbal rod 472, and guide rod 490 of guide pin 464 fits inside spring 466.
When the ginbal mechanismis assenbled, the spring is conpressed between

the top of disk 492 and the upper portion 496 of recess 480. G nba
race 462 fits around gi nbal body 460 ang rests on base 404, G nbal race 462
Mmay i NGuedma—i-g—ott oM ' rests:on anpul al surface 444 and
a wedge-}haped | Jreq¥ gV ERANS N P, eqion 446. QA
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476 of bearing base 474. Three notches 506 may be cut into inner surface
504 of ginbal race 462. G nbal race 462 nmay be secured to base 404 with
screws (not shown) which pass through outer piece 500 and into receiving

t hreaded recesses in the base. The bi asing nmenber 468 is generally
Y-shaped, and includes three arns 510 which project outwardly froma
central section 512. The top surface 514 of central

-~ 44 - - section 512 has a circul 22% ecess 515 and a coni cal depression 516
at the center of the recess. The biasing nenber: 468 fits into the Y-shaped
depression (not shown) on the underside of bearing base 474. The di sk 492
of guide pin 464 fits into recess 515 with its:spherical projection 494
engagi ng coni cal depression 516 of biasing menber 468. The arns 510 of

bi asi ng nmenber 468 extend through slots 478 in bearing base 474 and into
not ches 506 in ginbal race 462. Bolts or screws 518 may be used to secure
arnms 510 to ginbal race 462. Once gi nbal. mechani sm 406 i s assenbl ed,
gl~ nbal race 462 is secured tglbag 40% acagd bi a%ng menber 468
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is secured to ginbal race 462. Cuide pin 464 contacts biasing nmenber 468,
and spring 466 urges gi nbal body 460 upwardly away from the 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 ginbal rod 472 of

gi mbal mechani sm 406 engages an inner surface 521 of bushing 520. The

gi nbal body 460 is free to slide vertically in cavity 426 relative to
housi ng 402 and to pivot in two di n®déPons rel ati ve to ‘gi nbal race 462.
When the ginbal pivots, arms 510 will slide in slots 478. However, because
bi asi ng nmenber 468 is fixed to ginbal race 462, the dowward force from
spring 466 is not transmtted to carrier base 404. Because there is no
outward pressure on the center of the basegflue to spring 466, the |ower
surface of the base remains substantially ptanar when gi nbal mechani sm 406
is attached. Stop pin 470, which hgs a threaded | ower portion 528,
fits into a stop pin hole 522 defined _bygaanwardly projecting flange 428.
The stop pin extends through an aperglre 5%8. the bottom of the stop pin
hole and is screwed intoggassage 48 of gi 5&”&_od 472. The recess

_45_ :v—\

FIG. 5




482 in.ginbal rod 472 fits around flange 428. A head 524 of stop pin 470
catches against lip 430 of flange 428 to'limt the dowward notion of
gi mbal mechani sm 406 and base 404 rel ative to housing 402. The stop pin
470 may al'so include a vertical passage 526 to connect top surface 432 of
housi ng 422 to passage 486 in ginbal rod 472. Punp 93c (see FIG 3) may be
connected via fluid line 92c, rotary,gpupling 90, central conduit 94c in
drive shaft 74, passage 526 in stop pin 470, passage 486 and recess 480 in
gi mbal body 460, and slot 478 to chanmber 200. Thus, in the enbodi mnent of
FIG 10, punp 93c is used to control the vertical actuation of the carrier
head. Carrier head 400 may al so include a slurry purge nechanismto
flush slurry out fromgap 296 between flexure 116 and support structure
114. The slurry purge nmechani smincludes a passageway 33QgWhi ch extends
vertically from upper surface 258 of inner portign 2bB4 &fgyupport ring 250,
radially outwardly into outer portjGf 252 ¥aad ﬁ/\@rr'é&ly rEqUeRskpuer clanp
280 of gap 296. The sl urry/py chism o0 | ,"‘\@',!\1 a
vertical passage 532 extending t ase K¥4. A ‘--Jf"ﬁ!‘\"-\)’mﬁq be
connected to the passage 532 ‘ >, A ﬁ Lt ng
AN t ring

2

; : Dot i
250. The fitting 534 may be f[xedl gfdonnect Rd 6 bakse AU/

sl
PILSHECL eag
downwar dl y t hrough vol ume 294 fof ch 290 ) PO i l‘.“i{t-_,./.-,-.. in
passageway 530 of support mung 114.T e fitt 15 34 Ao ;’- ~-;:\?Q’;/
passageway 530 by O rings 538 . Peyp ! Dnie g R\ GO\
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- 46 -° flexible fluid coupling (also not shown) such as a plastic tube,
passageway 532 in base 404, and fitting 534. Punp 92b may force a |iquid,
e.g. deionized water, through passageway 530 to flush slurry fromgap 296.
Punp 93e may be connected to chanber 290 via fluid line 92a, rotary
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 (al so not shown). Punp 93a8h23/ be used to control the pressure in
chanber 290. In summary, the carrier head of the present invention
suspends a support structure fromthe base of a carrier head by neans of a
flexure. A flexible nmenbrane is connected to and extends bel ow t he support.
structure to define a chanber. By pressurizing the chanber, an even | oad
can be applied across the substrate. In addition, the flexure allows the
support structure, and thus the entire flexible nenbrane, to pivot and nove
vertically with respect to the base. Thus, the Ioa&&s @Iiegm)re
uniformy-across the entire back side of theqsuggggaue. ™~ o™
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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. Rather, the scope of the invention is defined by

t he appended cl ai ns. VWhat is clainmed is:

- 47 - 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; and 9/ flexible nenbrane having a nounting
surface for a substrate, the nenbrane connected to and extendi ng beneath

t he support structure to define a chanber. : 2. The carrier head

of claim1 wherein the flexure is a substantially horizontal, annular
menber having an outer circunferential portion secured to the base and an
I nner circggferential portion secured to the support structure.
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3. The carrier head of claim11 further conprising an upper -clanp and a

| ower cl anp, and wherein the flexure is secured between the upper clanp and
the lower clanp and the nenbrane is secured between the | ower clanp and the
support - structure. 4. The carrier head of claim1l wherein the
chanber includes a first portion |ocated between the base and the support
structure and a second portion Iocaﬁs (petmeen t he support structure and

t he nmenbr ane. 5. The carrier head of claim4 wherein the
support structure has a passageway connecting the first portion of the
chanber to the second portion of the chanber. 6. The carrier.

head of claim 1l wherein the support structure includes an annular ring.
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- 48 - - 7. The carrier head of claim1 wherein the support
structure includes a circular plate. 8.. The carrier head of claim
1 further including a retaining ring connected to the base and surroundi ng
t he flexi bl e nmenbrane. 9. ° The carrier head of claim1l wherein an
outer edge of the support structuy.e éncludes a downwardly- projecting |ip,
and the flexible nenbrane extends J? und the lip. 10. The carrier
head of claim1 further conprising a housing connectable to a drive shaft
to rotate therewi th, and l'oadi ng nechani sm connecting the housing to the
base to apply a downward pressure to the base. 11. The carrier
head of claim 12 further conprising a ginbal nechani sm pivotally connecting
the housing to the base to permt the base to pivot with respect to the
housi ng abgut an axis substantially parallel to a polishing surface.

12. The cafIier head of claim1 wherein the support structure, the flexure

and t he jRyrane. are Md_ﬁug_h_}_m_a__d_qmmrd pressume on the
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is substantially balanced by an upward pressure on the support structure so
that a downward pressure at the edge of the nenbrane is substantially the
same as a downward pressure at other portions of the menbrane.

- 49 - . 13. The carrier head of claim 12 wherein a surface area of
a | ower surface the support struct2€20s approxi mately equal to a surface
area of an upper surface of the flexure. 14. The carrier head of

claim1 wherein the flexure is secured to the support structure such that a
gap is forned between the flexure and the support structure, and the
support structure includes a passage connected to the gap for introducing a
fluid into the gap to force a slurry out of the gap. 15. The
carrier head of claim1, wherein the support structure includes a recessed
region and the :
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menbrane. i s configured to be drawn into the recessed region if fluid is

forced out of the chanber. 16. A carrier head for positioning a
substrate on a polishing surface, conprising: a housi ng connect abl e
"to a drirve shaft to rotate therewth; a base; a gi nba
mechani sm pi votal ly connecting the hddsong to the base to permt the base
to rotate with respect to the housing; and . a flexible nmenbrane
having a nmounting surface for a substrate, the nenbrane connected to and
ext endi ng beneath the base to define a chanber.. : 17. The carrier

head of claim 16 wherein the housing includes a: substantlally verti cal
passage and the ginbal mechanismincludes a rod haV|ng an upper end
slidably di sposed in the passage.

-50-
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~18. The carrier head of claim 17 wherein the ginbal mechanismincludes a
beari ng base with a spherical outer surface connected to a | ower end of the
rod,- and the ginbal nechanismfurther includes a ginbal race with a
spherical inner surface connected to the base, the outer surface of the
beari ng base engagi ng the inner surface of the ginbal race. 19.
The carrier head of claim 17 whereiqgyzphe gi nbal mechani smincludes a
sl'ightly flexible ring connecting a |lower end of the rod to the base.

20. A carrier head for positioning a substrate on a polishing surface,

conpri si ng: a housing connectable to a drive shaft to rotate
therewi t h; a base; a | oadi ng nechani sm connecting the
housing to the base to apply a downward pressure to the base; and a

gi mbal nechani sm connecting the housing to the base to permt the base to
pivot with respect to the housi ngaboﬁ &N amsggbstantially parallel to

the polishing surface, the g| nEﬁnllncI‘ I ng - a rod.
havi ng an upper end slidably §i ertigal passagg~itd the housing,
and a flexible er ¥ nne_-' A2, d/of The rod to the
base. 21. ThegcarficqNnad2pf ot AT t@g menber is
~ bendabl e vertically but§s §iditdgrsi-al Iyl N
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22. A nethod of sensing the presence of a substrate in a carrier head,

conprising the steps of: - 51 -
pressurizing a first chanber formed by a first flexible menbrane having a
nounting surface for the substrate; pressuri zing a second chanber

formed by a second flexible nmenbrane to a first pressure, the second
menbrane positioned to contact the fird6/20enbrane above the nounting

sur f ace; seal ing the second vol une; pl aci ng a substrate

agai nst the nounting surface; forcing fluid out of the first chanber
to create a reduced pressure. region to chuck the substrate to the nounting
surface; and . measuring a seggnd pressure in the second chanber.

23. The nethod of claim 22 further @onpri sing indicating that the substrate
Is present in the carrier head if qhe second pressure Is greater than the

first re% _ —
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24. The nmethod of claim 22 further conprising indicating that the substrate
iS.not present in the carrier head if the second pressure is equal to the
first pressure. 25. A method of chucking a substrate to a nounting
surface-of a carrier head, conprising the steps of: positioning a
substrate against a nounting surface of a carrier head,; forcing
fluid into a first chanber defined by a first nenbrane to apply a downward
pressure to an annul ar area of gefedtrate;

- 52 - forcing fluid out of a second chanber defined by a second
menbrane to draw the second nmenbrang u rdly and create a reduced pressure
regi on bounded by the annular area g §huck the subsggate to the nmounting
sur face. : ‘ ' b :
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26. The nethod of claim25 wherein the first nmenbrane applies a downward
force to an annul ar area of the second nenbrane. 27. The net hod of
claim 26 wherein the first nenbrane directly contacts the second nenbrane.
28. The nmethod of claim 26 wherein the second nmenbrane is connected to a
support structure and the first nengbyzme contacts a support structure.

29. A carrier head for a chem cal nechanical polishing apparatus,

conpri si ng: a base; a first flexible nmenbrane having a
nmounting surface for a substrate, the nmenbrane connected to and extendi ng
beneath the base to define a first chanber; and a second flexible

menbr ane connected to the base and positioned above the first nenbrane to
define a second chanber, the second nmenbrane positioned to exert a downward
pressure on the first menbrane when fluid is forced into the second

chanber . 30. The carrier head of claim29 further conprising a
support structure connected to the base by a flexure, and wherein the first
menbrane is attached to and extends beneath the support sghucture to defi ne
t he - : <
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- 53 - first chanber and the second nenbrane is positioned to contact the
support structure. 31. The carrier head of claim?29 wherein the
second nmenbrane is positioned to directly contact the first nenbrane.

32« A carrier head for a chem cal nechanical polishing apparatus,

conpri si ng: a base; and %Bf5gxible menber connected-to the
base to define a first chanber and a secénd chanber, a | ower surface of the
fl'exi bl e menber providing a substrate receiving surface with a inner
portion connected to the first chagher.and substantially annul ar outer
portion surrounding the inner por&fgiﬁ?-d'tzanected to the second chanber.
33. -The carrier head of claim 32 erern t
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flexi ble nmenber includes a first flexible nmenbrane portion to define the
first chanber and a second flexible nenbrane portion to define the second

chanber . 34. The carrier head of claim33 wherein a |ower surface
of.the first nmenbrane portion coentacts an upper surface of the second
menbr ane portion. 35. The carrjgmohead -of claim 34 wherein the

| ower surface of the first nmenbrane portion is adhesively attached to the
upper surface of the second nenbrane portion. .

- °54 - . 36. The carrier head of claim35 further conprising a
support structure connected to the base by a flexure, and wherein the
first nmenbrane portion is connected to the base and the second nenbrane
portion is 5 connected to the support structure.
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