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CARR.IE~ HSAD WITH CONTROLLABLE PRESSORl3 AND ·LOADING JUU:'A 

FOR CHEMICAL MECHANICAL POLISHING 

Backgrollnd 

Tbe present invention relates generally to chemical 

mechanical polishing of substrates, and more pa~ticularly to 

a carrier head for chemical ~echanical polishing. 

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, it is etched to 

create circuitry features. As a series of layers are 

sequentially deposited and etched, the outer or uppermost 

surface of the substrate, i.e., the exposed surface of the 

substrate, becomes increasingly nonplanar. This nonplanar 

surface preeants problems in the photolithographic steps of 

the integrated circuit fabrication process. Therefore, 

there is a need to periodically planarize the substrate 

surface. 

chamical meehanical polishing (CMP) is one accepted 

method of planari~ation. Thia planari~ation method 

typically requires that the substrate be mounted on a 

carrier or polishing head. The exposed surface of the 

substrate ie placed against a rotating polishing pad. The 

polishing pad may be either a ''standard" or a fi~ed­

abrasive pad. A standard polishing pad nae a durable 

roughened surface, whereas a fixed-abrasive pad has abrasive 

particles held in a containment ~edia. The carrier head 

providaa a controllable load, i.e., pressure, on the 
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subst~ate to push it against the polishing pad. Some 

carrier heads include a flexible membrane that provides a 

mounting surf ace for the s'Ubstrate, and a retaining ring to 

hold the substrate beneath the mounting surface. 

Pressuri~ation or evacuation of a chamber behind the 

flexible membrane controls the load on the substrate. A 

polishing slurry, including at least one chemically-reactive 

agent, and abrasive particles, if a atandard pad is used, is 

supplied to the surface of the polishing pad. 

The effecti~eness of a CMP process ~ay be measured 

by its polishing rate, and by the resulting finish (absence 

of small-scale roughness) and flatness (absence of large­

scale topography) of the sUbstrate surface. The polishing 

rate, finish and flatn&ss are determ~ned by the pad and 

sltu:"ry combination, the relative sp~ed between the substrate 

and pad, and the force p~essing the substrate against the 

pad. 

A reoccurring problem in CMP is· the so-cal.led 

''edge-effect", i.e., the tendency of the substrate edge to 

be polished at a differerit rate than the substrate center. 

The edge effect typically results in non-uniform polishing 

at the substrate perimeter, e.g., the outermost three to 

fifteen millimeters of a 200 millimeter {mm} wafer. A 

related problem is the so-called " center slow effectn , 

i.e., the tendency of the center of the substrate to be 

unde:rpolished. 

summary 

In one aspect, the invention is directQd to a 

carrier head for a chemical mechanical polishing apparatus. 
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The carrier head hae a first pressurizable chamber at least 

partially bounded by a first fleJtible membrane, and a second 

pressurizable chamber positioned to apply a downward force 

to the first chatnbe~. A lower surfac~ of the first flexible 

membrane provides a first surf ace to apply a pressure to a 

substrate in a loading area having a controllable size, and 

the first and second chambers are configured such that a 

first pressure in the first chamber controls the pressure 

applied to the substrate in the loading area, and a second 

pressure in the second chamber controls the size.of the 

loading area. 

Implementations of the invention may include one or 

more of the following features. A vertically movable base 

may form at least part of an upper boundary of the second 

pressurizable chamber. A housing may be conneotable to a 

drive shaft and a third chamber may be disposed between the 

housing and the base. A retaining ring may be connected to 

the base to maintain the substrate beneath the ca~rie~ head. 

A boundary between the f irat and second chambers may be 

fo:rmed by a rigid member or a flexible member, and the 

second chambe~ may form a generally annular volume or a 

generally ao1id volume. The lower surface of the first 

flexible membrane may provide a mounting surface for the 

substrate, or a second flexible membrane may extend beneath 

the first flexible membrane to provide a mounting surface 

for the substrate. The volume between the first flexible 

membrane and the second flexible membrane may define a third 

pressurizable ~namber. The first flexible membrane ~ay be 

movable into contact with an upper surface 0£ the second 

flexible membrane in the loading area to apply pressure to 

• 
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the substrate. The lower surface of the first flexible 

membrane may ~e textured to provide fluid flow between the 
first and second flexible membranes when they are in 
contact. 

A first support structure may positioned inside the 

firet chatnbe~, and the first flexible membrane may extends 
around an outer surface of the first support structure. A. 
first spacer ring may be positioned outside the first 
chamber, and the first flexible membrane may extend in a 
aex-pentine path between the first structure and the first 
spacer ring, around an inner surface of the fi~et spacer 
ring, and outwardly around an upper surface of the first 

spacer ring. A second support struotUX'e may be located in 
the third chamber between the first and second flexible 

membranes ~nd positioned to surround the first supports 

structure. A _second spacer ring may be located outside the 

third chamber above the second support ring, and the second 
flexible membrane may extend in a serpentine path between 

the second support structure and the second spacer ring, 

around an inner surface of the second spacer ring, and 
outwardly around an upper surface of the second spacer ring. 

In another aspect, the invention is directed to a 

carrier head for chemical mechanical polishing having a 

base, a first flexible membrane po~tion, and a seeond 

flexible membrane portion. The first flexible membrane 

portion extends beneath the base and defines a first 
pressurizable chamber, and a lower surface of the first 

flexible membrane portion provides a mounting eurf ace to 
apply a pressure to a substrate in a 'loading area having a 
controllable size. The second flexible membrane portion 
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couples the f irat flexible mel'llbrane portion to the base and 

defines a aecond pressurizable chamber so that a first 

pressure in the first preseurizable chamber controls the 

pressure applied to the substrate in.the loading area, and a 

second pressure in the second chamber controls the size of 

the loading area. 

In ahother aspect, the invention is directed to a 

carrier head for chemical mechanical polishing having a 

base, a first flexible membrane portion, a second flexible 

tnembrane portion, and a third flexible membrane portion. 

The first flexible membrane portion extends beneath the baee 

to defin~ a first pressurizable chaft'lber, and a lo~er surface 

of the first flexible membrane provides a mounting surface 

for a substrate. The second flexible membrane portion 

extends beneath the base and defines a second preasurizable 

chamber1 and a lower surface of the second flexible membrane 

contacts a top .surface of the f i•st flexible membrane in a 

loading area having a controllable size. The third flexible 

membrane portion couples the second flexible membrane 

~o~tion to the base and def i~es a third pressurizable 

chamber so that a first pressure in the seccnd pressurizable 

chanlher controls the pressure applied to the substrate in 

the loading area, and a second pressure in the third chamber 

controls the size of the loading area. 

!n another aspect, the invention is directed to a 

carrier head for chemical mechanical polishing having a 

firat biasing member a~d a second biasing member. The first 

biasing member includes a first pressure chamber, and a 

lower surf ace of the first p~eesure chamber is bounded by a 

flexible me~rane that provides a first surface to apply a 
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load to a substrate in a loading area having a controllable 
aize. The second biasing member is connected to the first 
biasing met'tlber, and the second biasing member controls the 
vertical position of the first biasing member so that the 
second biasing member controls the size of the loading area 
and the first biasing member controls the pressure applied 
to the subetrate in the loading area. 

In another aspect# the invention is directed to a 
carrier head for chemical meehanical polishing having a 
flexible membrane that provides a mounting surface for a 
subetrate, means for controlling a size of a loading area in 
which a load is applied to the substrate, and means fo~ 
controlling a pressure applied to the eubstrate in the 
loading area. 

In another aspect, the invention is directed to a 
method for chemical mechanical poliebing a substrate. In 
the method, a substrate is held against a polishing ~ad with 
a carrier head, a load is applied to the suhetrate in a 

loading area with a first chamber in the carrier head, the 
size of the loading area is controlled with a second cnamber 
in the carrier head. and relative motion is created between 
the eubstrate and the polishing pad. 

In another aspect, the invention is directed to a 
method of detecting a substrate in a carrier head for a 

chemical mechanical polishing system. In the method, a 
chamber in a carrier head is connected to a pressure source. 
The pressure in the chamber is measured as a function of 
time, and the derivative of the pressure in the chamber ie 
calculated. Whether-the substrate is adjacent a substrate 
r~ceiving surface in the carrier head ie determined from the 



derivative. 

Implementations of the invention may include the 
following features. The substrate may be indicated as 
present if the derivative exceeds a critical value, or 
absent if if the derivative does not exceed a critical . 
value. 

Advantages of the invention may include the 
following. Both the pressure and the loading area or the 
flexible membrane against the substrate may be varied to 
compensate for non-uniform polishing. Non-uniform polishing 
of the substrate ie reduced, and the resulting flatness and 
finish of the substrate are improved. 

Other advantages and features of the invention will 
be apparent from the following description, ineludi~g the 
drawings and claitns. 

Brief Description of the Drawings 
FIG. 1 is an exploded perspective view of a chemical ' 

mechanical polishing apparatus. 

FIG. 2 is a schematic crosewseetional view of a 
carrier head according to the present invention. 

FIG. 3 is an enlarged view of a subptrate backing 

assembly from the carrier head of FIG. 2. 

FIGS. 4A and 4B are schematic cross-sectional views 
illustrating the pressure and force distribution on a 
~ypothetical flexible membrane. 

PIGS. SA and SB are schematic cross-sectional views 
illustrating the variable loading area of an internal 
flexible membrane from the carrier head of FIG. 2 against 
the substrate. 
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FlG. 6 is a graph illustrating the relationship 

between the diameter of the contact area and the pressure in 

the upper floating chamber. 

FIGS. 7A and 7B are a graph illustrating the 

pressure and deri~ative of the pressure {dP/dt) in the lower 
floating ehatnber as a funotion of time during a substrate 

detection procedure. 

FIG. a is a schematic cross-sectional view of a 

carrier head having an internal support plate. 

FIG. 9 is a schematic cross-sectional view of a 

carrier head having a flexible meml::>rane with a lip. 

FIG. 10- is a schematic c:ross-sectional view of a 

carrier head having a flexible membrane that directly 

contacts the substrate in a variable loading area. 

~IG. 11 is a schematic cross-sectional view of 

carrier head having a val~e. for sene1ng the presence of a 

l!IUbstrate. 

Like referenee nutnbers are designated in the various 

drawings to indicate like elements. A reference nutilber with 

a letter suffix indicates that an element has a modified 

function, operation o:r structure. 

Detailed Description 

Referring to FlG. 1, one or more substrates 10 will 

be polished by a chemical mechanical polishing (CMP) 

apparatus 20. A description of a similar CMP apparatus may 

be found in U.S. Patent No. 5,738,574, the entire disclosure 

of which is incorporated herein by reference. 

The CMP apparatus 20 includes a series of polishing 

statione 25 and a transfer station 27 for loading and 
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unloading the substrates. Each polishing station 25 

includes a rotatable platen 30 on which is placed a 

polishing pad 32. If substrate 10 ie a si~-inch Ciso 
millimeter} or eight-inch (200 millimeter) diameter disk, 

then platen 30 and polishing pad 32 may be about twenty 

inches in diameter. lf substrate 10 is a twelve-inch (300 

millimeter) diameter disk, then platen 30 and polishing pad 

32 may be about thirty inches in dia~eter. ~or most 

p~lishing proceeses, a platen drive motor (not shown) 

rotates platen 30 at thirty to two-hunQred revolutions per 

minute, although lower or higher rotational speeds may be 

used. Each polishing station 25 may further include an 

associated pad conditioner apparatus 40 to maintain the 

abrasive condition of the polishing pad. 

A slur:r:y SO containing a reactive agent {e.g., 

deionized water for oxide polishing) and a chemically­

reacti ve catalyzer (e.g., potassium hydroxide for oxide 

polishing) may be supplied to the surface of polishing pad 

32 by a combined slurry/rinse arm 52. If polishing pad 32 

is a standard pad, slurry 50 may also include ab~asive 

particles (e.g., silicon dioxide for ~ide polishing). 

Typically, sufficient slurry is provided to cover and wet 

the entire polishing pad 3~. slurry/rinse arm 52 incl~des 

several spray nozzles (not shown) which provide a high 

pressure rinse of polishing pad 32 at the end of each 

polishing and conditioning cycle. 

A rotatable multi·head ea~ousel 60 is supported by a 

center post 52 a.nd rotated thereon about a carousel axis 64 

by a carousel motor assembly (not shown) . Multi-head 

carousel 60 includes four carrier head systems 70 mounted on 
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a carousel support plate 66 at equal angular intervals about 

carousel wcis 64. Three of the carrier head systems 

position substrates over the polishing stations, and one of 

the carrier head systems receives a substrate from and 

delivers the substrate to t:he transfer station. The 

carousel motor may orbit the carrier head systems, and the 

substrates attached thereto, about the carousel axis between 

the polishing stations and the transfer station. 

Each carrier head system 70 includes a polishing or 

carrier bead 100. Each carrie~ head 100 independently 

rotates abou~ its own axis, and independently laterally 

oscillates in a radial slot 72 formed in caroueel support 

plate 66. A carrier drive shaft 74 extends through slot 72 

to connect a oarrier head rotatiou motor 76 (shown by the 

removal of one-quarter of a carousel cover 68) to carrier 

head 100. There is one carrier drive shaft and motor for 

each head. Each motor and drive shaft may be supported on a 

slider (not shown) which ean be linearly driven along the 

slot by a ·radial drive motor to laterally oscillate the 

carrier head. 

DU~ing actual polishing, th•ee of the car~~er heads 

are positioned at and above the three polishing stations. 

saeh carrier head 100 lowers a substrate into contact with 

polishing pad 32. The carrier head bolds the substrate in 

position against the polishing -pad and distributes a force 

across the baek surface of the substrate. The carrier head 

also transfers torque from the drive shaft to the substrate. 

Referring to FIG. 2, ca~rier head 100 includes a 

housing 102, a base assembly 104, a gimbal m.eehanism 106 

{which may be considered part of the base assembly}, a 
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loading chamber 108, a retaining ring 110, and a substrate 

backing assembly 112 which includes three pressurizable 

chambers, such as a floating upper chamber 236, a floating 

lower chaml:>er 234, and an outer chamber 238. A description 

of a simila~ carrier head may he found in u.s. application 

Serial No. 08/861,260 by Zuniga, et al., filed May 21, 1~97, 

entitled A CARRIER HEAI> WITH A FLEXIBLE MEMBRANE FOR ~ 

CHEMICAL MECHANICAL POL!SRlNG SYSTEM, and assigned to the 

assignee of the preeent invention, the entire disclosure of 

which is incorporated herein by reference. 

The housing 102 ean be connected to drive shaft 74 

to rotate therewith during polishing about an axis of 

rotation 107 which is substantially perpendicular to the 

surface of the polishing pad during ~olisbing. Housing 102 

may be generally circular in shape to correspond to the 

circular configuration of the substrate to be polished. A 

vertical po~e 130 may be formed through the housing, and 

three additional passages (only two passages 132, 134 are 

illustrated in FIG. 2) may extend through the housing for 

pneumatic control of the carrier head. o~rings 13B may be 

used to form fluid-tight seal• between the passages through 

the housing and passages through the drive shaft. 

The base assembly 104 is a vertically movable 

assembly located beneath housing 102. The base assembly 104 

includes a generally rigid annular body 140, an outer clamp 

ring 164, gimbal mechanism 106, and a lower clamp ring 1~4. 

A passage l46 may extend through the body of the gimbal 

mechanism, the annular body, and the elamp ring, and two 

fixtures 148 may provide attachment points to connect a 

flexible tube between housing 102 and base assembly 104 to 
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fluidly couple passage 134 to one of the chambers in 

substrate backing assembly 112,· e.g., chamber 238. A second 

passage (not shown) tnay extend through annular body 140, and 
two fixtures (also not shown) may provide attachment points 
to connect a flexible tUbe between housing 102 and base 

assembly 104 ~o fluidly couple the unillustrated passage in 

the housing to a second chatnber in sUbstrate backi~g 
assembly 112, e.g., chamber 236. 

The gimbal ~echanism 106 permits the base assembly 
to pivot with respect to housing 102 so that the retaining 
ring may remain substantially parallel with the surface of 
the polishing pad. Gimbal mechaniem 106 includes a gimbal 

rod 150 which fits 1nto vertical bore 130 and a flexure ring 

152 which ia secured to annular body 140. Gimbal rod 150 

may slide vertically along bore 130 to prov~de verticai 

motion of base assembly 104, but it prevents any lateral 
ruotion of base assembly 104 with respect to housing 102 and 
reduces momement generated by the lateral force of the 

sul:>strate·against the retaining ring. Gimbal rod 150 may 

include a passage 154 that e~tendP the length of the gimbal 
rod to fluidly couple bore 130 to a third chamber in 
substrate backing assembly 112, e.g., chamber 234. 

The loading chamber ioa is located between houeing 
102 and base assembly 104 to apply a load, i.e., a downward 
pressure or weight, to base assembly 104. The vertical 

position of base assembly 104 relative to polishing pad 32 

is also controlled by loading chamber lOS. An inner edge of 
a generally ring-shaped rolling diaphragm 160 may be clamped 
to housing 102 by an inner clamp ring 1G2. An outer edge of 
rolling diaphragm lGO may be clamped to base assembly 104 by 
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outer clamp ring 164. Thus, rolling diaphragm 160 seals the 

space between housing 102 and base assembly 104 to define 

loading chamber 108. A first pump (not shown) may be 

fluidly connected to loading chamber 108 by passage 132 to 

control the pressure· in the loading chamber and the vertical 

position of base assembly 104. 

The retaining ring 110 may be a generally annular 

ring secured at the outer edge of base aesetnbly 104, e.g., 

by bolts 128. When fluid is pumped into loading chamber 108 

and baee assembly 104 is pushed downwardly, retaining ring 

110 is also pushed downwardly to apply a load to polishing 

pad 32. A bottom surface 124 of retaining ring 110 may be 

substantially flat, or it may have a plurality of chalUlela 

to facilitate transport of slurry frqm out~ide the retaining 

ring to the substrate. An inner surfaoe 126 of retaining 

ring 110 engages the substrate to prevent it from escaping 

from beneath the carrier head. 

Referring to FIGS. 2 and 3, eubstrate backing 

assembly 112 includes a flexible internal membrane 116, a 

flexible external membrane 11e, an internal support 

structure 120, an external support st:r:ucture 230, an 

internal spacer ring 122, and an external s~acer ring 232. 

support structures 120 and 230 and epacer rings ~22 and 232 

may be ''free-floating", i.e., not secured to the rest of 

the carrier head, and may be held in place by the internal 

and external flexible membranes. 

The flexible internal membrane ll6 includes a 

central portion 200 which will apply pressure to the 

substrate in a controllable area, a relatively thick annular 

portion 20~ with an "L-shaped- cross-section, an annular 
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inner flap 204 that extends from the corner of L-ahaped 

portion 202, an annular outer flap 206 that extende from the 

outer rim of L-ahaped portion 202, and a perimeter portion 

208 that extends around internal support structure 120 to 

connect L-shaped portion 202 and central portion 200. The 

rim of inner flap 204 is clamped between flexure ring 152 

and annular body 140, whereas the rim of outer flap 206 is 

clamped between outer clamp ring 164 and lower clamp ~ing 

144. The volume between base assembly 104 and internal 

membrane 116 that is sealed by inner flap 204 provides a 

pressurizabl~ floating lower chamber 234. The annular 

volume between base assembly 104 and internal mambrane 116 

that is sealed by ~nner flap 204 and oueer flap 206 defines 

a preesurizable floating upper chamber 236. A second punip 

(not shown) may be connected to the unilluaerated passage to 

direct fluid, e.g., a gas, aueh as air, into or out of the 

floating upper chamber 236. A third pump (not shown) may be 

connected to bore 1·30 to direct a fluid, e.g., a gas, such 

as air, into or out of floating lower chamber 234. The 

eecond pUlJll:I controls the pressure in the upper chamber and 

the vertical position of the lower chamber, and the third 

pump controls the pressure in the lower cha'ttlber. As 

explained in greater detail below, the preesure in floating 

upper chamber 236 will control a contact area of internal 

membrane ll6 against a top surface of external membrane 118. 

Thua, the sacond pump controls the area of the substrate 

against which pressure is appli&d, i.e., the loading area, 

whereas the third pump controls the downward force on the 

substrate in the loading a~ea. 

The external membrane 11B includes a central portion 
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210 that extends below external support structure 230 to 

provide a mounting surface to engage the substrate, and a 

perimeter portion 212 that extends in a serpentine path 

between external support structure 430 and ~ternal spacer 

ring 232 to be seeured to the base assembly. For example, 

an edge of th~ external membrane may be clamped between 

lower clamp· ring 144 and retaining ring 110. The sealed 

volume be~ween internal membrane 116 and external membrane 

llS defines· a pressurizable outer chamber 238. Thue, outer 

chamber 230 can actually extend below the lower chamber 234. 

A fourth pump (not shown) may be connected to passage 134 

to direct fluid, e.g., a gae, such as air, into or out of 

outer chamber 238. The fourth pump controls the pressure in 

outer chamber 230. 

The internal support structure 120 may be a 

generally rigid annular washer-ehaped body located inside 

floating lower ehamber 234 to maintain the desired ehape of 

internal meinbrane 116. Alternat~vely, the internal support 

structure ruay be a disk-shaped body with a plurality of 

apertures therethrough. The disk-ahaped support structu~e 

would provide a backing surf ace to prev-ent the substrate 

from being damaged due to wa:r:ping. 

The internal spacer ring 122 is a generally rigid 

annular body which may have a "C-shaped" cross-section. 

The inteUJal spacer ring may include a cylindrical portion 

190, an annular upper flange 192, and an annular lower 

flange 194. Xhe internal spacer ring 122 may be located in 

outer ch~mber 238 above internal support structure 120. The 

annular lower flange 194 can be supported by the internal 

support struc~ure, wherea~ ianilUlar upper flange 1~2 can 
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extend over eltt~rnal support st::ucture i3o and external 

spacer ring 232. 

The internal membrane 110 is formed of a flexible 

and elastic material, such as an elasto~er, an elastomer 

coated fabric, or a thermal plastic elastomer (TPE)~ e.g., 

HYTaBL'l'K available from I>uPont of Newark, bela~are, or a 

combination of theae materials. Preferably, internal 

membrane 116 is somewhat less flexible than external 

membrane 118. As discussed above, a oontrollable region of 

central portion 200 of intern.al membrane 116 can contact and 

apply a dQwnward load to an upper surface of external 

membrane 118. The load is transfe:rred through the external 

membrane to the s~strate in the loading area. The bottQm 

surf ace Qf central portion 200 of internal membrane 116 may 

be textured, e.g., with small grooves, to ensure that fluid 

can flow between the internal and external membranes when 

they are in contact. The perimeter portion 208 of the 

internal membrane extends upwardly around an outer surface 

180 of internal support structure 120, and inwardly between 

lower flange 194 of internal spacer ring 122 and an upper 

surf ace 182 of the internal support scructure to connect to 

the lower edge of L~ehaped po~tion 202. The L-shaped 

portion 202 of the internal membrane extends inside 

cylindrical portion 190 and over annular upper flange 192 of 

the internal spacer ri~g 122. 

The external support structure 230 ia located inside 

outer chamber 238 between internal membrane l1G and external 

membrane 118 to tnaintain the desired shape of external 

membrane 118 and to seal the external membrane against the 

substrate during vacuum-chucking. Specifically, external 
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support structure 230 may have a generally rigid ring-shaped 

portion 170 with an annular projection 172 that extends 

downwardly from the rim of the ring-shaped portion. 

Alte~atively, projection 172 may be positioned to contact a 

top surface of the external membrane to preferentially apply 

pressure to selected areas of the substrate, as discussed in 

u.s. Application Serial No. OS/907,810, by Steven M. Zuniga, 

et al., filed August e, 1997, entitled A CARRIER BEAlJ WITH 

LOCAL PRESSURE CONTROL FOR A CHEMICAL MECRAN!CAL POLISaING 

APPARATUS, and assigned to the aseignee of the present 

invention, the entire disclosure of which is inooxporated 

herein by reference. The projection 172 may be formed by 

adhesively attaching a layer of compressible material to a 

lo~er surface of ring-shaped portion.170. 

The external spacer ring 232 is a generally annular 

member positioned between retaining ring 110 and external 

membrane 118. Specifically, external spacer ring 232 may be 

located abo~e external support structure 230. External 

spacer ring 232 includes a cylindrical portion 184 and·a 

flange portion 186 which extends outwardly toward inner 

surface 126 of retaining ring 110 to maintain the lateral 

position of the external spacer ring. 

External membrane llB is a generally circular sheet 

formed of a flexible and elastic material, such as 

chloroprene or ethylene propylene rubber, or silicone. As 

noted, central portion 210 of the external membrane defines 

a mounting surface for the substrate, wbe~eas perimete~ 

portion 212 extends in a eerpentina fashion between external 

support structure 230 and external s~acer ring 232 to be 

clamped between base assembly 104 and retaining ring 110. 
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Specifically, perimeter portion 212 extends upwardly around 

an outer surface 174 of external support structure 230, 

inwardly between flange portion of extern~l spacer ring 232 

and an upper· surface l?6 of external support structure 230, 

upwardly around cylindrical portion 184 of external spacer 

ring 232, and then outwardly to a rim port~on 214 which is 

clamped between lower clamp ring 144 and retaining ri~g 110 

to form a fluid-tight seal. A " free span"' portion 216 of 

the external membrane extends between riru portion 214 and 

the outer diameter of the upper surtaoe of external spacer 

ring 232. The external membrane llB may also inelude a 

thick portion 218 that extends upwardly bet~een internal 

sp~cer ring 122 and external spacer ring 232. The external 

membrane may be pre-molded into a serpentine shape. 

In operation, fluid is pumped into or out of 

floating lower chamber 234 to control the downward pressure 

of internal membrane 116 against external membrane 118 and 

thus against the substrate, and fluid is pumped into or out 

of floating upper chamber 236 to control the contact area of 

internal membrane llG against external membrane 118. ~he 

ability of carrier head 100 to control both the loading area 

and the pressure applied to the substrate will be explained 

with reference to the schematic diagrams of FIGS. 4A and 4B. 

Referring to FIG. 4A, a hypothetical and highly schematic 

polisher 300 includes a "free· floating" flexible membrane 

302 that defines a p~essurizable chamber 306. Assuming that 

no external pressures are applied to flexible membrane 302, 

it will be ~enerally spherical and have an interior pressure 

P1 • However, if the membrane is compressed, e.g., between a 

rigid plate 304 and substrate 10, the flexible membrane will 
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deform into an oblate shape whi~h contacts the substrate in 

a generally circular contact region JOB. Assuming that 

rigid plate 304 applies a downward force F to flexible 

membrane 302, force balancing requires that F;~P•Ao, where 

AP ie the difference between the internal pressure P1 in the 

chamber 306 and the external pressure P2 sU.?;rounding the 

flexible membrane, and ~ ie the eurfac• area of contact 

region 3Q8. Thus, the diameter De of contact region 308 

will be given by: 

Consequently, any circular contact profile and pressure can 

be obtained by a two step process where the pressure P1 is 

seledted, and the applied force F is adjusted to determine 

the diameter of the loading area. Although FIGS. 4A and 4B 

illustrate the concept in a highly schematic fashion, the 

invention may be generally implemented by applying a 

downward force to a free-floating membrane chamber. 

Referring to F!GS. SA and SB, the con~act area of 

internal membrane 116 against external membrane 118, and 

thue the loading area in which pressure ie applied to 

substrate 10, may be controlled by varying the pressure in 

floating upper chamber 236. By pumping fluid out of 

floating upper chamber 236, L-shaped portion 202 of internal 

membrane 116 is drawn upwardly, thereby pulling the outer 

edge of central portion 200 away from external membrane 118 

and decreasing the diameter of the loading area. 

Con~ersely, by P~lt\Ping fluid into floating ~pper chamber 

236, L-shaped portion 202 of internal membrane llG is forced 
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downwardly, thereby pushing central portion 400 of the 

internal membrane in~o contact with external membrane i1e 

and increasing the diameter of the loading cu:ea. In 

addition, if fluid is forced into outer chamber 238, L­

ahaped portion 202 of internal membrane 116 is forced 

upwardly, thereby decreasing the diameter of the loading 

area. Thus, in carrier head ioo, the diameter of the 

loading area will depend on the presQures in both the upper 

chamber and the outer chamber. 

An exemplary graph 400 of diameter of the contact 

area as a function of the pressures in upper ch~mber 235, 

lower chamber 234 and outer chamber 238 is shown in FIG. 6. 

such a graph can be determined by experimentation or 

calculated by finite element analysis. In the graph in FIG. 

G, the x-axis represents the pressure in the upper chamber 
234 and the y-axie rep~esents the contact area. The sets of 

graph lines 402-418 represent the relationship of the upper 

chamber pressure to contact area for varioue pressures in 

the lower -chamber 236 and the outer chamber 238, as 

summarized by the following chart: 

I Graph Line Preeaure Pl Pressure P2 P2-l?l 
in outer in Lower : 
chamber 238 Cbambel: 234 

402 l.O J.. 5 0.5 
404 1.0 2.0 l.O 
406 3.0 3.5 0.5 
408 3.0 4.0 l.O 
410 3.0 4.5 1.s 
412 s.o S.5 o.s 
414 5.0 6.0 1.0 
416 5.0 6.5 1.5 
418 s.o 7.0 2.0 

carrier head 100 may also be operated in a 
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\'standard'' operating mode, in which floating chambers 234 

and 236 are vented or depressur~zed to lift away from the 

substrate, and outer chamber 238 is pressuri2ed to apply a 

uniform pressure to the entire backside of the substrate. 

As previously discussed, one reoccurring problem in 

CMP is non-uniform polishing of the substrate eenter. 

However, the controllable loading area can be used to 

compensate for polishing profiles in which the center of the 

substrate is underpoliehed by applying a sequence of 

polishing steps with different diameters of the loading 

area. For example, the ca~rier head may be used to polish a 

region of the substrate ha~ing radius •i for a first 

duration Tl, then polish a larger region having a radius ~2 

for a second duration Ti, and then po~ish a still larger 

region having a radius r 3 for a third duration T3 • 'This 

ensures that the different regions of the substrate a~e 

polished with a total time and pressure required to reduce 

polishing non-uniformities. 

As previously discussed, anothe~ reoccurring problem 

in CMP is non-uniform polishing near the edge of the 

substrate. However, external spacer ring 232 may be used to 

control the pressure distribution applied by external 

membrane 118 near the substrate edge. Specifically, as 

discussed in U.S. Application Serial No. 09/169,500, by 

Steven Zuniga, et al., filed October 9, 1998, entitled A 

CARRI:SR READ W!TH A FLBXIl3LE MEMBRANE FOR CHEMIOL 

MECHANICAL POLISHING, and assigned to the assignee of the 

present invention, the entire disclosure of which is 

incorporated herein by reference, the surface area of an 

upper surf ace of the external spacer ring can be selected to 
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adjust the relative pressure applied at the corner of the 

external membrane to the substrate perimeter. 

In order to remove the substrate from the polishing 

pad, floating upper chamber 236 is pressurized to force 

projection 172 of external support structure 230 downwardly 

against tbe upper surface of external membrane 118. This 

forcea the external membrane into contact with the substrate 

to form a seal. The floating lower chamber 234 is vented, 

e.g., connected to the ex;ternal atmosphere, and outer 

chamber 238 is depressurized. Thia cauEJes the external 

membrane 118 to l:>e drawn inwardly to v-aouutn-ehuck the 

substrate to the carrier head. Then the floating upper 

chamber 236 is depressurized to draw the inte:rnal and 

external membranes upwardly and lift the •ubetrate off the 

polishing p?d. Finally, loading chamber ios is evaeuated to 

lift base assembly 104 and substrate backing assettlbly away 

from the polishing pad. 

The operation of carrier head 100 to load a 

substrate into the carrier head at transfer station 27, 

dechuok the s\lbetrate from a poliahing pad at polishing 

station 25, and unload the substrate from the carrier hea~ 

at the transfer station 27, is summarized by the following 

cables. 

Load Operation 

Step Initial Retract Inf la ta Push Grip 
State lower Membrane substrate Wafer 

assembly into 
Membrane 

1 outer vent vent preeeure vent vacuum 
1 Lower vent vent vent v-ent vent 
Upper vent vacuum vacuum vacuum vacuum 
~ing vacuum vacuum vacuum vacuum vacuum 
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Time delays may be taken·after the inflation, 

pushing and griping stepst respectively. · 

Dechuck operation 
Step Initial Apply Grip Lift X..ift 

State Seal Substrate Substrate Ring 
Force from Pad from Pad 

outer vent vent vacuum vacuum vacuum 
Lower vent vent vent vent vent 
Upper vent pressure pressure vacuutn vacuum 
Ring pressure pressure pressure pressure vacuum 

Time delays may be taken after the sealing, gripping 

and lifting steps, respectively. 

Unload Operation 
Step Initial Extend Release Eject Deflate 

State Lower Substrate substrate Membrane 
Assembly 

Outer vacuum vacuum vent vent vent 
Lower vent vent vent pressure vent 
Upper vacuum pressure vent vent vent 
Ring vacuum vacuum vacuum vacuum vacuum 

Titne delays may be taken after the lowering and 

ejection steps, respectively. 

!n o~der to determine whether the substrate was 

successfully attached to the carrier head after the loading 

or dechuaking operations, the CMP apparatus may pertorm a 

substrate detection procedure. This procedure atarte with 

outer chamber 238, upper floating chamber 236 and loading 

chamber 108 under vacuum, and lower floating chatnber 234 

vented. The lower floating chatnber 234 is connected to a 

pressure source at a fixed pressure. Referring to FIG. 7A, 

the pressure in the lower floating chamber is measured as a 
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function of time. Referring to FIG. 7B, the first 

derivative (dP/dt) of the pressure in the lower floating 

chamber is calculated as the chamber is preseurized. If the 

substrate is not present, the lower chamber will bow 

outwardly and have room to expand. ln contrast, if the 

substrate is present and chucked to the carrier head, the 

volume in the loWer chamber will be limited, and 

consequently the pressure in the lower chamber will rise 

more quickly. Therefore, if the substrate may be detected 

by determining whether the derivative dP/dt is exceeds a 

critical value Ci. Thie critical value C2 may be determined 

experimentally. If the derivative dP/dt exceeds the 

critical value c1 , then the substrate is present. On the 

other hand, If the derivati'Ve dP/dt does not exceed the 

critical value C1 , then the substrate is absent. Lower 

floating chamber 234 may be returned to a vacuum after the 

substrate detection prQcedure is complete. 

Referring to FIG. 8, in another embodiment, carrier 

head 1ooa·includes a generally disk-shaped internal support 

plate 120a that provides a ba~rier between floating upper 

chatnber 236a and floating lower chamber 234a. The inte~nal 
membrane ll6a is a generally cir~ular sheet, with a central 

portion 200a, an edge portion 240 secured to base assembly 

104a, and an annular interior region or flap 242 secured to 

an outer edge 244 of internal support plate l20a. The 

central portion 200a of the interior membrane extends 

beneath internal support plate. 120a to define floating lowe~ 

chamber 234a, whereas the volume between the backing plate 

and the base assembly that is sealed by edge portion 240 of 

internal membrane 116a defines floating upper chamber 23~a. 
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The disk-shaped internal support plate l20a increases the 

contact area between floating upper chatnber 236a •nd 

floating lower chamber 234a. 

The external support structure 230a may include a 

ring-ehaped portion 170a, an annular flange portion 178a 

that projects upwardly from an inner edge of ring-shaped 

portion 170a, and a projection 172a that extends downwardly 

from the outer edge of ring-shaped portion l70a to contact 

an upper surface of external membrane llSa. The flange 

portion 178a of external eupport structure ~30a may be 

secured to internal support plate 120a or to internal 

membrane ll6a, Alternatively, external support structure 

~30a may be free-floating in outer chamber 238, 

Carrier head 100a functions in a fashion similar to 

carrier head lOO. Specifically, the pressure in floating 

upper chamber 23~a controls the contact area of the internal 

membrane against the upper surface of the external membrane, 

and the pressure in floating lower chamber 234a controls the 

pressure applied to the substrate in the loading area. To 

remove a substrate from the polishing pad, floating upper 

chamber 236a ie pressurized to force projection l72a on 

external support st:r:ucture 230a agai~st the upper surface of 

external membrane ll8a. This presses the external membrane 

against the substrate to form a fluid-tight seal 

therebetween. Then the floating lower chamber is vented, 

and outer chamber 23Ba is depressurized to pull the external 

membrane against the internal membrane. Finally, the 

floating upper chamber is depreseurized to pull the 

substrate off the polishing pad. 

Referring to P!G. 9, in another embodiment, carrier 
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head ioob may include an external membrane llSb having an 

annular lip 450. When outer chamber 238e is evacuated, lip 

250 may be pulled against substrate 10 to form a seal and 

improve the vacuum-chucking of the substrate, ae described 

in U.S. Patent Application Seri-l No. 09/149,806 by Zuniga, 

et al., filed August 3l, 1998, entitled A CARRlER HBAD FOR 

CHEMICAL MECHANICAL POLISHING, and assigned to the assignee 

of the present invention, the entire dieelosure of which ie 

incorporated herein by reference. 

Referring to FIG. 10, in another embodiment, carrier 

head lOOc includes a single flexible membrane ll8c and a 

disk-shaped backing structure 122c. A center portion 260 of 

flexible membrahe 118e extends below backing structure 122c 

to pro,,ride a mounting surface to engage the substrate. A 

perimeter portion 262 of the flexible membrane e~tends 

upwardly and inwardly around a oylindrieal rim ~64 of the 

backing structure. The perimeter portion 262 includes an 

inner flap 266 which is clamped between a clamp ring 269 and 

an upper eurface 270 of backing structure l22c, and an outer 

flap 272 which wraps around space~ ring l20c to be clamped 

between retaining ring llOc and annular body l40c. Thus, 

the volume between backing structure 122c and flexible 

membrane 118 defines a pressurizable floating lower chamber 

234c, and the volume between base assembly 104 and backing 

structure 122c that is sealed by inner and outer flaps 266 

and 272 defines a pressurizable tloating upper chamber 236c. 

one pump may be connected to floating upper chamber 

2J6c by passage 154 in gimbal rod 150, and another putttp may 

be connected to floating lower chamber 234c by passage 134 

in housing 102, passage 280 in base assembly 104c, and a 



jlljHiZV __ .. _ .• --

21l 
passage 282 through backing ,tru~ture l22c. Fixtures 284 

and 286 provide attachment p~nts fo~ flexible tubing to 

fluidly couple the passages the passages through the base 
I 

assembly and the backing stru~ture to connect passage 134 to 

floating lower ohamber 234~. 

The bottom surface 274 of the backing structure may 
! 

have a projection ~76 that ex~ends downwardly from an outer 

edge of the atructure. 
I 

A plurality of grooves 278 may also 
i 

be formed in bottom surface 2?4 of backing structure l22c to 

ensure that fluid can be evac*ated from betw~en the backing 

stxucture and the flexible me~rane. 

By controlling the pre~sure in the upper and 

floating lower chambers, both ;the contact presaure and 

loading area of ·flexible membJane 11sc against the substrate . 
can be controlled. To remove the substrata from the 

polishing pad, floating upper Fharnber 236c is pressurized to 

force projection 276 downward1¥ and create a seal between 
I 

the subatra.te and flexible membrane, and then floating lower 
I 

chambe4 234c is evacuated to vacuum-ch~ck the substrate to 
I 

the carrier head. 

Referring to PIG. 11, in another embodiment, carrier 
! 

head lOOd, which is similar in;const:tilction to carrier head . 
lOOc# may include a valve 300 in backing structure 122d to 

fluidly couple upper chamber 236d to lower chamber 234d. 

Valve 300 includes a disk-shap~d valva body 302 ~ an 
I 

annular valve flange 304. Val~e body 302 may fit in an 

aperture 306 in backing structJre 122d, and valve flange 304 
. I 

may be adhesively secured to a Jtop surface 312 of backing 
I 

struatu~e 122d. An annular se~l 308 fits in a shallow 
i 

depression 310 in top surface ~12 surrounding aperture 306. 

- _I 
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A plurality of vertical channel~- 314 may be formed through 

disk-shaped valve body 302 above seal 308 to fluidly couple 

lower chamber 234d and upper chamber 236'.d. Valve flange 304 

acts as a flexure spring to biaaes valve body 302 downwardly 

eo that vertical channels 314 abut annular seal 308 to close 

the valve. However, if valve body 302 is ~orced upwardly, 

then the seal will no longer be contact the valve bodr and 

fluid may leak through channels 314. As such, valve 300 

will be open and lower chamber 234d and upper chamber 236d 

will be in fluid communication via channels 314. 

Valve 300 may· be used to sense whether a subst~ate 

has been chucked to flexible membrane ll8d. Specifioally, a 

first measurement of the pressure in upper chamber 234d can 

be made with a pressure 9Quge (not shown} after the uppe~ 

chamber is preesur1zed but before the lower chamber ie 

evacuated. The upper chamber 234d should be isolated from 

the pU\l\P that pressurizes or evacuates that chamber. Then, 

after the lower chamber is evacuated, a second measuremant 

of the pressure in the upper chamber is made by meana of the 

pressure gauge. The first and second pressure measurements 

may be compared to determine whether the substrate was 

successfully vacuum-chucked to the carrier head. 

If the substrate was successfully vacuum-chucked, 

flexible membrane l18d will be maintained in close p~oximity 

to the substrate by a low pressure pocket between the 

substrate and the flexible membrane. Consequently, valve 

300 will remain biased itt ite elosed position, and the 

p~essure in the upper chamber will remain constant or may 

increase. On the other hand, if the substrate is not 

present or is not.vacuum-chucked to the carrier head, then 



29· 

when lower chamber 234d is evacuated, flexible mernbrane ll8d 

will deflect upwardly. The flexible membrane will thua 

apply an upward force to valve body 302 and will open valve 

300, thereby fluidly connecting upper chamber 234d to upper 

chamber 23Gd. Th1s permits fluid to be drawn out of upper 

chamber 236d through lower chamber 234d. Consequently, the 

resulting pressure in the upper chamber will be lower if the 

substrate is not present or is not vacuum-chucked to the 

flexible membrane than if the substrate is properly 

attached. This difference may be detected to dete~mine 

whether the substrate is chucked to the carrier head. 

Similar apparatus and methods for sensing the presenee of a 

substxate in a carrier head are described in pending u.s. 
application Serial No. 08/862,350, by Boris Govztnan et al., 

filed May 23, 1997, entitled A CARRIER HEAD W!TH A SU'l3STRATE 

DETECTION MECHANISM FOR A CHEMICAL MECHANICAL POLISHING 

SYSTEM, and assigned to the assignee of the present 

invention, the entire disclosure of whieh ie incorporated 

herein by reference. 

A variety of configurations are possible for a 

carrier bead that implements the invention. For example, 

the floating upper chamber can be either an annular or a 

solid volume. The upper and_lower chambers may be separated 

either by a flexible membrane, or by a relatively rigid 

backing or support stJ;Ucture. The substrate can be 

contacted directly by a flexible membrane in a variable 

loading area, or an internal membrane can contact the 

interior surf ace of an external membrane in a variable 

contact area. The support structures could be either ring­

shaped or disk-shaped with apertures therethrough. 
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The present invention has been described in terms of 

a number of embodiments. The invantion, howeverr is not 
limited to the embodiments depicted and described. Rather, 
ehe scope of the invention is defined by the appended 
claims. 

What is claimed is: 
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1. A carrier head for a chemical meehanical polishing 

apparatus, comprising: 

a· first presau~izable chamber at least partially 

bounded by a first flexible membrane, a lower surface of the 

first flexible membrane providing a first surface to apply a 

pressure to a substrate in a leading area having a 

controllable size; and 

a second pressurizable chamber positioned to apply a 

downward force to the first chamber, wherein the first and 

second chambers are conf ~gured such that a first pressure in 

the first chamber controls the presuure applied to the 

substrate in the loading area, and a second pressure in the 

second chamber controls the size of the loading area. 

2. The carrier head of claim l, further comprising a 

vertically movable base that forms at least part of an upper 

boundary of the second presaurizable chamber. 

3. The carrier head of claim 2, further comprising a 

housing connectable to a drive shaft and a third chamber 

disposed between the housing and the base. 

4. The earrier head of claim 3, further comprising a 

rQtaining ring connected to the b~ee to maintain the 

substrate beneath the carrier head. 

s. The carrier head of clairu 1, wherein a ~igid member 

forms a boundary between the first and second chatnbers. 

6. The carrier head of claim l, wherein a flexible 

\ \11\Dl \1111\ II~ \\111 \t \II\ 
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member forms a boundary 

chatnbers. 

3i 
I 

bet-feen 
! 
' I 

i 

the first and second 

7. The c~rrier head of blaim 1, wherein the ~econd 
i 

chamber forms a generally annular volume . . 
I 
I 

i 
e. The carrier head of 11 . c aim 1, wherein the second 

·­. 
chamber forms a generally so~id volume. 

I 

I 

9. The carrier head of dlaim l, wherein the lower 
i 

surface of the first flexibl~ membrane provides a mounting 
I 

surface for the substrate. ! 

10. The earrier head of ~laim 1, further comprising a 
l 

second flexible membrane extending beneath the second 
! 

flexible membrane to provide;a mounting surface for the 
! 

substrate. 

11. The carrier head of claim 10, wherein the volume 
i 

between the first f laxible m~mbrane and the second flexible 
i 
I 

membrane defines a third prea;surizable chamber. 

I 

12. The carrier head of ciaim 11, further comprising a 
I 
I 

first support structure locat~ in the first chamber, 

wherein the first flexible melnbrane extenda around an 
I 
I 

surfa~e of the first support structure. 
I 
l 

I 
I 

and 

outer 

13. The carrier head of cl~im 12, further comprising a 

second support structure loca~ed in the third chanlber 
I 

between the first and second ~lexible membranes and 

\ 11111\\ \~11~ 1J I\ IJI 
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positioned to surround the :firse supports structure. 

14. The ca:r:rier head of ~claim 13, wherein the second 

support structure is generally annular in shape. 
! 

I 

15. The carrier head of ;claim 14, further comprising a 
i 

first spacer ring positioned in the third chamber between 
I 
I 

the first and second flexib~e membranes, and wherein the 

first flexible membrane extends in a serpentine path between 

the first structure and the 'first spacer ring, around an 
I 

inner surf aee of the first ~pacer ring, and outwardly around 

an upper surface of the firalt space~ ring. 
i 

I 
•' 

16. The carrie~ head of claim 15, further comprising a 

second spacer ring located outside the third chatnber above 

the second support ring, and wherein the second flexible 

membrane extends in a serpentine path between the second 

support structure and the second spacer rin9, around an 

inner surface of the second spacer ring, and outwardly 

around an upper surface of the second spacer ring. 

17. The carrie~ head of claim 16, wherein a portion of 

the first spacer ring extends over a po.rtion of the second 

spacer ring. so that pressurization of the second chamber 

applies a downward force to the second support ring. 

18. The carrier head of claim 17, wherein the second 

support ring includes an annular projection extending 

downwardly to contact a top surf ace of the second flexible 

membrane. 

1111111lrlllf11111 fllll IJ 1111 
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19. The carrier head of claim 10, wherein the first 

flexible membrane is movable into contact with an upper 

surface of the second flexible membrane in the loading area 

to apply pressure to the substrate. 

20. The carrier head of claim 19, wherein the lower 

surf ace of the first flexible membrane is textured to 

provide flujd flow between the first and second flexible 

membranes when they are in contact. 

21. The carrier head of elaim l, further comprising a 

first support structure positioned inside the first chamber. 

and wherein the first flexible membrane extends around an 

outer surface of the first support structure. 

22. The carrier head of claim 21, wherein the first 

support structure ia generally annular in shape. 

23. The carrier head of claim 21, wherein the first 

support structure corqprisea a generally disk-shaped body 

having a plurality of apertures therethrough. 

24. The carrier head of claim 21, further comprising a 

first spacer ring positioned outside the first chamber, and 

wherein the first flexible membrane extends in a serpentine 

path between the first structure and the first spacer ring, 

around an inner surface of the first spacer ring, and 

outwardly around an upper surface of the first spacer ring. 

\ \H\I\ l\\l\l 111\\ \\1\1 \\\II\ 
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25. A carrier head for. chemical mechanical polishing, 
comprising: 

a base; 

a first flexible membrane p rtion that extends 
beneath the base and def inea pressurizable ehamber, 
a lower surface of the first flexible metl\brane portion 
pr-0viding a mounting surface to apply a pressure to a 

substrate in a loading area having a controllable size; and 

a second flexible membrane portion that couples the 
first flexible membrane portion to the base and defines a 
second pressurizable chamber so that a first preaeure in the 
first pressuri~able chamber controls the pressure applied to 
the substrate in the loading area, and a second pressure in 
the second chamber controls the eize.of the loading area. 

26. A carrier head for chemical mechanical polishing, 
comprising: 

a base; 

a f iret flexible membrane portion that extends 

beneath the base to define a first pressurizable chamber, a 
lower surface of the first flexible membrane portion 
providing a mounting surface tor a substrate; 

a aecond flexible membrane portion that extends 
beneath the base and defines a second presaurizable cbamber, 
a lower surface of the second flexible membrane portion 
contaeting a top surf ace of the first flexible membrane in a 
loading area having a controllable size; and 

a third flexible membrane portion that couples the 
second flexible melnbrane portion to the base and defines a 
third pressurizable chamber so that a first pressure in the 

11111111 llllfl 111\111111111111 
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second pressurizable chamber controls the pressure applied 

to the subs~rate ·in the loading area, and a second pressure 

in the third chamber controls the size of the loading area. 

27. A oarrier head for chemical mechanical polishing, 

comprising: 

a first biasing menU:>e4 including a first pressure 

chamber, a lower surface of the first pressure chamber 

bounded by a fle~ible membrane that provides a first surf ace 

·to apply a load to a substrate in a loading area having a 

controllable size; and 

a eeco~d biasing meniber connected to the first 

biasing member. the second biasing member controlling the 

vertical position of the first biasing member so that the 

second biasing member controls the size of the loading area 

and the first biasing member controls the pressure applied 

to the eubetrate in the loading area. 

2s. ~ ~arrier bead for chemical mechanical polishing, 

comprising: 

a flexible membrane that provides a mounting surface 

for a substrate; 

means for controll1ng a size of a loading area in 

~hich a load is applied to the substrate; and 

means for controlling a pressure applied to the 

subst~ate in the loading area. 

29. A method for chemical mechanical polishing a 

substrate, comprising; 

holding a substrate against a polishing pad with a 

\ \11\11\ \\11\\ lllll \lltl \\\Ill 
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carrier head1 

applying a load to the substrate in a loading area 
with a tirst chamber in the carrier head; 

controlling the size of the loading area with a 

second chamber in the carrier head1 and 

creating relative motion between the substrate and 
the polishing.pad. 

30. A method of detecting a substrate in a carrier head 

for a chemical mechanical polishing system, comprising: 

connecting a.chamber in a carrier head to a pressure 
source; 

measuring the pressure in the chamber· as a function 

of time; 

calculating the derivative of the pressure in the 

chamber; 

determining whether the substrate is adjacent a . 
substrate receiving surface in the carrier.head from the 

derivative. 

31. The method of claim JO, fw:ther comprising 
indicating that the substrate is present if the de~ivative 
exceeds a critical value. 

32. The method of claim 30, further comprising 
indicating that the eubst~ate is absent if the derivative 

does not exceed a critical value. 
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