
;$%&'e3eG@@ATCDt6G6lGTG#h 2 5 APR 200;i 1. CARRIER HEAD WITH CONTROLLABLE
PRESSURE AND LOADING AREA FOR CHEMICAL MECHANICAL POLISHING Background The
present invention relates generally to chemical mechanical polishing of
substrates, and more particularly to a carrier head for chemical
mechanical, 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 surfaca of
the substrate, i.e., the exposed surface of the substrate, becomes
increasingly nonplanax. This nonplanar surface presents problems in the
photolithographic steps of the integrated circuit fabrication process.
Therefore, there is a need to periodically planarize the substrate surface.
Chemical mechanical polishing (CMP) is one accepted method of
planarization. This planarization method typically requires that the
substrate be mounted on a carrier ox polishing head. The exposed surface of
the substrate is placed against a rotating polishing pad. The polishing pad
may be either a "standard" or a fixedabrasive pad. A standard polishing pad
has a durable roughened surface, whereas a fixed-abrasive pad has abrasive
particles held in a contaiment media. The carrier head provides a
controllable load, i.e., pressure, on the     '2 5 APR 20~, 2 substrate to
push it against the polishing pad. Some carrier heads include a flexible
membrane that provides a mounting surface for the substrate, and a
retaining ring to hold the substrate beneath the mounting surface.
Pressurization ox evacuation ref 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 standard pats
is used, is supplied to the surface of the polishing pad. The effectiveness
of a CMP process mar 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 flatness axe determined by the pad and slurry combination, the
relative speed between the substrate 



and pad, and the force pressing the substrate against the pad. A
reoccurring problem in CMP is the so-caxled " edge-effect" ( i.e. " the
tendency of the substrate edge to be po~,ished at a different 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 effect" , i.e " the tendency of the center of the
substrate to be underpoliished. Summary In one aspect, the invention is
directed to a carrier head for a chemical mechanical polishing apparatus.
2 5 APR 2003 3 The carrier head has a first pressuxiaable chamber at least
partially bounded by a first flexible membrane, Gild a second pressurrible
chamber positioned to apply a downward force to the first chamber. A lower
surface of the first flexible membrane provides a first surface 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 tray 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 connectable 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 carrier head. 



A boundary between the first and second chambers may be formed by a rigid
member or a flexible member, and the second chamber tray Form a generally
annular volume or a generally solid volume. The lower surface of the first
flexible membrane may provide a mounting surface for the substrate, yr 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 chamber. The first flexible membrane may be movable into
contact with an upper surface of the second flexible membrane is the
loading area to apply pressure to   2 5 APR 2003 4 the substrate. The lower
surface of the first, flexible membrane may be 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 first chamber,
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 serpentine
path between the first structure arid the first spacer ring, around an
inner surface of the first spacer ring, and outwardly around an upper
surface of the first spacer ring. A second support structure may be located
in the third chamber between the first and second flexible membranes and
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 rang. 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 portion, and a second flexible membrane portion. The
first flexible membrane portion extends beneath the bees and defines a
first pressurizable Chamber. and a lower surface of the first flexible
membrane portion provides a mounting surface to apply a pressure to a
substrate in a leading area having a controllable size. The second flexible
membrane portion   2 5 ApR 2~3 5 couples the first flexible membrane
portion to the base and defines a second pressurizable chamber so that a
first pressure in the first pressurizable 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 another aspect,
the invention is directed to a carrier head for chemical mechanical
polishing having a base) a first flexible membrane portion, a second
flexible membrane portion, and a third flexible membrane portion. The first
flexible membrane portion extends beneath the base to define a first
pressurizable chamber, and a lower 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 pressurizable
chamber, and a lower surface of the second flexible membrane contract a tap
surface of the first flexible membrane in a loading area having a
controllable size. The third flexible membrane portion couples the second
flexible membrane portion to the base and defines a third pressurizable
chamber so that a first pressure in the second pressurizable chamber
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.
In another aspect, the invention is directed to a carrier head for chemical
mechanical polishing having a first biasing member and a second biasing
member. The first biasing member includes a first pressure chamber, and a
lower surface of the first pressure chamber is bounded by a flexible
membrane that provides a first surface to apply a 



2 5 APR 2000 6 load to a substrate in a loading area hawing a controllable
size. The second biasing member is connected to the first biasing member,
and the second biasing member controls the vertical position of the first
biasing member so that the second biasing member controls the site of the
loading area and the first biasing member controls the pressure applied to
the substrate in the loading area. In another aspect, the invention is
directed to a carrier head for chemical mechanical polishing having a
flexible membrane that provides a mounting surface for a substrate, means
for controlling a size of a loading area in which a load is applied to the
substrate, and means for controlling a pressures applied to the substrate
in the leading area. In another aspect, the invention is directed to a
method for chemical mechanical polishing a substrate. In the method, a
substrate i9 held against a polishing pad with a carrier head, a load is
applied to the substrate in a loading area with a first chamber in the
carrier head, the size of the loading area is controlled with a second
chamber in the carrier head, and relative motion is created between the
substrate 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 a8 a function of time, and the derivative of the pressure in the
chamber is calculated. Whether the substrate is adjacent a substrate
receiving surface in the carrier head is determined from the   2 5 APR 2003
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 dose riot exceed a
critical value. Advantages of the invention may include the following. Both
the pressure and the loading area of the flexible membrane against the
substrate may be varied to compensate for non-unzform polishing.
Non-urrifarm polishing of the substrate is reduced, and the resulting
flatness and finish of the substrate axe improved. Other advantages and
features of the invention will be apparent from the following description,
including the drawing and claims. Brief Description of the Drawings FIG 1
is an exploded perspective view of a chemical mechanical polishing
apparatus. FIG 2 is a schematic cross-sectional view of a carrier head
according to the present invention FIG 3 is an enlarged view of a substrate
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 zypothetical flexible membrane. FIGS. 5A and 58 are
schematic cross--sectional views illustrating the variable loading area of
an internal flexible membrane from the carrier head of FIG. a against the
substrate. 



2 5 APR 2003 s FIG. 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
derivative of the pressure (dP/dt) in the lower floating chamber as a
function of time during a substrate detect iron procedure . FIG. 8 is a
schematic cross-sectional view of a carrier head having an internal support
plate . FIG. 9 is a schematic cress-seCtianal view of a , carrier head
having a flexible membrane with a lip. FIG. 1o is a schematic
cross-sectional view of a carrier head having a flexible membrane that
directly contacts the substrate in a variable loading area. FIG. 11 is a
schematic cross--sectional view of carrier head having a valve for sensing
the presence of a substrate. Like reference numbers axe designated in the
various drawings to indicate like elements. A reference dumber with a
letter suffix indicates that an element has a modified function, operation
or structure. Detailed Description Referring to FIG 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,S74. the entire disclosure of which is incorporated herein by
reference. The CMP apparatus 20 includes a series of polishing stations 25
and a transfer station 27 for loading arid   2 5 APR 2003 9 unloading the
substrates, Each polishing station 25 includes a rotatable platen 30 on
which is placed a polishing pad 32. If substrate 10 is a six-inch (150
millimeter) or eight-inch (200 millimeter) diameter disk, then platen 3a
and polishing pad 32 may be about twenty inches in diameter. If substrate
to is a twelve-inch (300 millimeter) diameter disk, then platen 3o and
polishing pad 32 may be about thirty inches in diameter. For most polishing
processes) a platen drive motor (not shown) rotates platen 30 at thirty to
two-hundred revalutions 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
conditioner of the polishing pad. A slurry 5o containing a reactive agent
(e. g., deionized water for oxide polishing) and a chemically- reactive
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 abrasive
particles (e. g., silicon dioxide for oxide polishing). Typically,
sufficient slurry is provided to cover and weft the entire polishing pad
32. Slurry/rinse arm 52 includes several spray nozzles (not Shawn) which
provide a high pressure rinse o polishing pad 32 at the end of each
polishing and conditioning cycle. A rotatable multi-head carousel 60 is
supported by a center post 62 and rotated thereon about a carousel axis 64
by a carousel. motor assembly (not shown) . Multi-head carousel s0 includes
four carrier head systems 70 mounted on   2 5 APR 2003 io a carousel
support plate 66 at equal angular intervals about carousel axis 64. Three
of the carrier head systems position substrates aver the polishing
stations, and rune of the carrier head systems receives a substrate from
and delivers the substrate to the 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 head 1o0. Each
carrier head 100 independently Rotates about its own axis, and
independently laterally oscillates in a radial slut 72 formed in carousel
support plate 66. A carrier drive shaft 74 extends through slut 72 to
connect a carrier head rotation 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 can be linearly driven along the
slot by a radial drive motor to laterally oscillate the carrier head.
During actual polishing, three of the carrier heads are positioned at and
above the three polishing stations. Each carrier head 100 lowers a
substrate into contact with polishing pad 32. The carrier head holds the
substrate in position against the polishing pad and distributes a force
across the back surface of the substrate. The carrier head also transfers
torque from the drive shaft to the substrate Referring to FIG. 2, carrier
head 10o includes a housing 10Z, a base assembly 1o4, a gimbal mechanism
106 (which may be considered part of the base assembly), a   



2 a APR 2003 m loading chamber 108, a retaining ring 11o, and a substrate
backing assembly 112 which includes three pressurizable chambers, such as a
floating upper chamber 236, a floating lower chamber 234, and an outer
chamber 239. A description of a similar carrier head may be found in U.S.
application Serial No. 08/851,260 by Zuniga, et al., filed May 21, 1997,
entitled A CARRIER HEAD WITH A. FLEXIBLE MEMBRANE FOR A CHEMICAL MECHANICAL
POLISHING SYSTEM, and assigned to the assignee of the present invention,
the entire disclosure of which is incorporated herein by reference. The
housing 10Z can 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 polishing.
Housing 1o2 may be generally circular in shape to correspond to the
circular configuration of the substrate to be polished. A vertical bore 130
may be formed through the housing, and three additional passages (only two
passages Z32, 134 are illustrated in FIG. 2) may extend through the housing
for pneumatic control of the carrier head. O-rings 13e may be used to forty
fluid-tight seals 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 144. A passage 1.96 may Extend through the body
of the gimbal mechanism, the annular body, and the clamp ring, and two
fixtures 148 may provide attachment points to connect a flexible tube
between housing 102 arid base assembly 104 to   2 5 APR 2003 12 fluidly
couple passage 134 to one of the chambers in substrate backing assembler
112) e.g., chamber 238. A second passage (not shown) may extend through
annular body 1.40, and two fixtures (also not shown) may provide attachment
points to Connect a flexible tube between housing 102 and base assembly Q04
to fluidly couple the unillustrated passage in the housing to a second
chamber in substrate backing assembly 112, e.g., chamber z36. The gimbal
mechanism 106 permits the base assembly to pivot with respect to housing
l02 so that the retaining ring may remain substantially parallel with the
surface of the polishing pad. timbal mechanism 106 includes a gimbal rod
150 which fits into vertical bore i,30 arid a flexure ring 1.52 which is
secured to annular body l40. timbal rod 150 may slide vertically along bore
130 to provide vertical motion of base assembly 104, but it prevents any
lateral motion of base assembly 104 with respect to housing 102 and reduces
momement generated by the lateral force of the substrate against the
retaining ring. timbal rod 150 may include a passage 1S4 that extends 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 Z08
is located between housing 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 10g relative to polishing pad 32 is also controlled by
loading chamber 106. 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 160 may be clamped to base assembly 10a by
2 5 APR 2003 13 outer clamp ring 164. Thus, rolling diaphragm 160 seals the
space between housing 102 and base assembly x04 to define loading chamber
Z08. A first pump snot 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 assembly 7.04,
e.g., by bolts 1.28. When fluid is pumped into leading chamber 1o8 and base
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
channels to facilitate transport of slurry from outside the retaining ring
to the substrate. An inner surface 126 of retaining ring l10 engages the
substrate to prevent it from escaping from beneath the carrier head.
Referring to FIGS. 2 and 3, substrate backing assembly 1I2 includes a
flexible internal membrane 116, a flexible external membrane 116) an
internal support structure 120, an external support structure 230, an
internal, spacer ring 122, and an external spacer sing 232. Support
structures 120 and 230 and spacer rings 122 and 232 may be " free-floating"
, i.e., not secured to the zest of the carrier head) and may be held in
place by the internal and external flexible membranes. The flexible
internal membrane i,16 includes a central portion 20p which will apply
pressure to the substrate in. a controllable area, a relatively thick
annular portion 202 with an "L-shaped" cross-sectzon, an annular   



2'~ APR 2003 14 inner flap 204 that extends from the corner of L-shaped
portion 202, an annular outer flap 2o6 that extends from the outer rim e
L-shaped portion 202, and a perimeter portion 2o8 that extends around
internal support stricture 120 to connect L-shaped portion 202 and central
portion 200. The rim of inner flap 204 ie clamped between flexure ring 152
and annular body 14o, whereas the rim of outer flap 206 is clamped between
outer clamp ring 164 and lower clams ring i44. The volume between base
assembly 104 and internal membrane 116 that is sealed by inner flap 204
provides a pressurizable floating lower chamber 234. The annular volume
between bass assembly 14g and internal membrane 116 that is sealed by inner
flap 204 and outer flap 206 defines a pressurizable floating upper chamber
236. A second pump (not shown) may be connected to the unillustrated
passage to direct fluid, e.g., a gas, such as air, into or out of the
floating upper chamber 236. A third pump (not shown) may be connected to
bore 130 to direct a fluid, e.g., a gas, such as air, into ox out of
Floating lower chamber 234. The second pump controls the pressure in the
upper chamber and the vertical position o the lower chamber) arid the third
pump controls the pressure in the lower chamber. As explained in greater
detail below, the pressure in floating upper chamber 236 will control a
contact area of internal membrane z16 against a top surface of external
membrane 11a. Thus) the second pump controls the area of the substrate
against which pressure is applied, i.e " the loading area, whereas the
third pump controls the downward force on the substrate in the leading
area. The external membrane i.18 includes a central portion    2 ~ APR 2~3
15 210 that extends below external support structure 230 to provide a
mounting surface to engage the substrate, and a perimeter portion 27.2 that
extends in a serpentine path between external. support structure 230 and
external spacer ring 232 to be secured to the base assembly. For example,
an edge of the external membrane may be clamped between lower clamp ring
144 and retaining ring 110. The sealed volume between internal membrane
11.6 and external membrane 118 defines a pressurizable outer chamber 238.
Thus, outer chamber 238 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 gas, such as six, Into or out of outer chamber z38. The fourth pump
controls the pressure in outer chamber 238. The internal support structure
120 may be a generally rigid annular washer-shaped body located inside
floating lower chamber 234 to maintain the desired shape Qt internal
membrane 116. Alternatively) the internal support structure may be a
disk-shaped body with a plurality of apertures therethrough. The
disk-shaped support structure would provide a backing surface to prevent
the substrate from being damaged due to warping. The internal spacer ring
122 is a generally rigid annular body which may have a " C-shaped" cross,
section. The internal spacer ring may include a cylindrical portion 19o, an
annular upper flange 7.92, and an annular lower flange 19e. The internal
spacer ring 122 may be located in outer chamber 238 above internal support
structure 120. The annular lower flange 194 can be supported by the
internal support structure, whereas annular upper flange 192 can   2 5 APR
2003 16 extend aver extex-nal support structure z30 and external Spacer
ring 232. ~'he internal membrane 1l5 is formed of a f lexib~,e and elastic
material, such ag an elastomer, an elaetomer coated fabric, or a thermal
plastic elastomer (TPE), e.g., HYTRELT" available from DuFoat of Newark,
belaware, or a combination of these materiaxs. Preferably, internaX
membrane 1l6 is somewhat less flexible than external membrane 118. As
discussed above, a controllable region of central portion 200 of internal
membrane 7.1s can contact and apply a downward load to an upper surface of
external membrane 118. The load is transferred through the external
membrane to the substrate in the load~,rig area. The bottom surface of
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 perimeCar portion 20s of
the internal membrane extends upwardly around an outer surface 1B0 of
internal support structure 12o, and inwardly between lower flange 194 of
internal spacer ring 122 and an upper surface i.82 at the internal suppoz~t
structure to connect to the lower edge of L~ehaped portion 202. Th.e
L-shaped portion 20z of the internal cnembrarie extends inside cylindrical
portion 190 and over annu7.ar upper flange 192 of the internal apaaex ring
122. The external support structure 230 is located inside outer chamber 238
between internal membrane 116 and external membrane 118 to maintain the
desired shape of external membrane lib and to seal the external membrane
against the substrate during vacuum-chucking. Specifically, external 



2 5 APR 2003 17 support structure z30 may have a generally rigid
ring-shaped portion 17o with art annular projection 1,72 that extends
downwardly from the ~cim of the ring-shaped portion. Alternatively,
projection 1,72 may be positioned to contact a top surface of the external
membrane to pxeferential~,y apuly pressure to selected areas of the
substrate, as discussed in U.S. Application 5exial No. 08/907,81v, by
Steven M. ~uniga, et al., filed August B, 1997, entitled A CAItRxER HEAD
WITH LOCAL PRESSURE CONTROL FOR A CHEMICAL MEC~TANZC~.Z, POLISHING
APPARATUS, and assigned to the assignee of the present in~rsntion, the
entire disclosure of which is invarporated herein by reference. The
prajeGtion 1T2 may be. formed by adheeively attaching a layer of
compre~d~i.ble material, to a Lower surfaaa o ring-shaped pvrtion,170. The
external. spacer ring 232 is a generally annular member positioned between
retaining ring 110 and external membrane 1z8. Specifically, external spacer
ring 232 may be located above external support structure 230. External
spacer ring 232 includes a cylindxiea2 portion 184 and a flange portion 186
which extends outwardly toward ~,nr~er surface x26 of retaining ring 1.10
to ma~,ntain the lateral position of the external spacer ring. External
membrane 11.8 is a generally circular sheet formed of a flexible and
elastic material, such as chloraptene or ethylene propylene rubber, or
silicone. Aa noted, central portion 21d ef the external membrane defines a
mounting surface for the subatzate, whereas perimeter pvrtin 2XZ extends in
a serpentine fashion between external support structure 230 and external
spacer ring 232 to be clamped between base assembly 104 and retaining ring
110.   2'~ AP R 200 18 Specifically, perimeter portion 212 extends upwardly
around an outez- surface 1'74 of extexnal support structure 230, inwardly
between flange portion of external spacer ring 232 and an upper surface l96
of external support structure 230, upwardly az~ound cylindrical portion 184
of extez-nal spacer ring 232, and then outwardly to a rim port~.on 214
which is clamped between ~,ower clamp ring 144 and retaining ring 1,1o to
form a fluid-tight seal. A " free span " portion 216 of the external
membrane extends between rim portion 214 and the outer diameter of the
upper surface of external. spacer ring 232. The external membrane 7.1.8 may
also include a thick portion 218 that extends upwardly between ~.z~ternal
spacer ring l22 and external spacer ring Z32. The external mernbxane may be
pxs-molded ir~.to a serpentine shape. In operation, fluid is pumped into ox
out of floating lower chamber 234 to control the downward pressure of
internal membrane i.16 against exteL'xial membrane 118 and thus against the
substrate, and fluid ie pumped into or out of floating upper chamber Q36 to
control the contact area of internal membrane 116 against external membrane
1z8. The 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 49. Referring tv FIG. 4A, a
hypothetical and highly schematic polisher 3o0 includes a ~~fxee-floating'
flexible membrane 302 that defines a praesurizable chamber 305. Assuming
that no external pressu~ces axe applied to flexible membrane 302, it will
be generally spherical and have an interior pressure Howevex, a.f the
membxane is cot~tpressed, a.g. ( between a rigid plate 304 and substrate
10, the f~,exib~.e membrane will   2 ~ APR 2000 19 deform into an oblate
shape which contacts the substrate ~.n a generally circular contact region
308. Assuming that rigid plate 304 applies a downward force F to f7,eXxble
membrane 3v2, force balancing reguires that F=OPA<,, where AP xs the
difference between the inteznal pressure pl in the chamber 306 and the
external pressure Pz 6urrounding the ~3.exible membrane, and A~ is the
surface area of contact region 308. Thus, the diameter p~ of contact region
308 will be given by: D ~ 4 F ~P Consequently, any circular contact profile
and pressure can be obtained by a two step process where the pressure pl is
selected, and the applied force F is adjusted to determine the diameter of
the loading area. Although FIGS. 4A and 4g illustrate the concept in a
highly schematic fashion, the invention may be generaXly implemented by
applying a downward force to a free-floating membrane chamber. 



Referring to FxGS. 5A arid 5$, the contact axes of internal membrane 116
against external membrane 118, and thus the loading area in which pressure
is applied to substrate ~.0, may be controlled by ~raryxng the pressure in
floating upper Chamber 236. Hy putqpixlg fluid out of floating upper
chamber 236, L-shaped portion 202 of internal membrane 1~.6 xe drawn
upwardly, thereby pulling the cuter edge of central portion 200 away from
external membrane me and decreasing the diameter of the loading axes.
Conversely, by pumping fluid into f7.vating upper chamber z36, L-shaped
portion 202 of internal membrane 116 is forced   2 5 APR 2003 zo
downwardly, thereby pushing central poxtion 200 of the internal membrane
into contact with external membrane 118 and increasing the diameter of the
leading axes. In addition, i l.uid is forced into outer chamber z38, L
shaped portion z02 of internal membrane 11s is forced upwardly, thereby
decreasing the diameter o the xoad~.ng area. Thue, in carrier head 100, the
diameter of the loading area will depend vn the presatures in both the
upper chambex' and the outer chamber. Rn exemplary gxaph 400 of diameter of
the contact area as a function of the pressures in upper chamber Z35, lower
chamber 234 and outer chambex 238 is shown in FZG. 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-a~ris represents the contact area. The sets of graph
Zines 402-418 represent the xelationship of the upper chamber pressure to
contact area fox various pxessures in the lower chamber 236 and the outer
chamber 238, ae summarized by the ft~llowing chart: Graph LinePreaeure P1 



in Outer chamber 238Pressure P2 in Lower Chambsx 234P2-P1402~. . 07. , 50 .
54441.02.0Z.04063.03.50,54083.04.01.04103.04.51.54125.05.50.54145.06.01.04l
65.06.5~..54185.07.02.0 Carriex head 100 may also be ogexated in a   2 ~
APR 2003 21 " standard " operating mode, in Which frosting chambers 233 and
236 are vented or depressurized to lift away from the substrate, and outer
chamber 238 is pressurized to apply a uniform pressure tv the entire
backside of the Substrate. As previous~.y discussed, one reoccurring
problem in CMP is non-uniform pr~lishing of the Substrate center. ~iowever,
the controllable loading area can be used to compensate for polishing
profiles in which the center of the substrate is underpolishad by applying
a sequence of polishing steps with different diameters of the loading area.
Fdx example, the oaxrier head may be used to faolish a region of the
substrs.te hav~.ng radius zl far a first duration T~, them polish a larger
region hawing a radius x, For a second duration T=, and then pol~.sh a
still larger region having a radius r, for a th~.rd duration T, . Th~.s
ensures that the different regions of the substrate axe pv~.isb.ed with a
total tame acrd pressure required to reduce polishing non-uniformities. As
previous~.y discussed, another reoccurring problem in CMP is noa~uniform
polishing near the edge of the substrate, However, external Spacer ring 232
may be used to control the pressure d~.stribution applied by external
membrane 1~8 near the substrate edge. Specifical7.y, as discussed in U.S.
Application Serial No. o9/169,500, by Steven Zuniga, et al., filed October
9, 1998, entitled A CARRIER HEAD WzTH A FLEXIBLE MEMBRANE FOR CHEMICAL
MECHANICP~L POLZSHxNG, 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 surface of the external spacer ring
can be selected to   2'~ APR 2003 22 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 1?Z of external support structure 230
downwardly against the upper surface of eattetnal membrane 118. This forces
the external membrane into contact w~.th the substrate tv form a seal. The
floating lower chamber 234 is vented, 



e.g.) connected to the external atmaephere) and outer Chamber 238 is
depressurized. This causes the external membrane 118 to be drawn ~.award~.y
to vacuum-chuck the substrate to the carrier head. Then the floating upper
chamber 236 is depressurized to draw the internal and external membranes
upwardly and lift the substrate off the polishing pad. Finally, loading
chamber ~.oe is evacuated ro lift base assembly 104 and substrate backing
assembly away from the polishing pad. The operation of carrier head 100 to
load a substrate into the carrier head at txan~fer station 27, dechuck the
substrate from a pol~.ahiag pad at polishing station 25, and unload the
~aubstrata Erom the carrier head at the traneFex station 27, i~ summarized
by the following tables. Load operativeStepZni.tial StateDetract lower
assembxyInflate MembranePush substrate into MembraneGrip
WaferouterventventpressureventvacuumbowerventventventventventUpperventvacuu
mvacuumvacuumvacuumRingvacuumvacuumvaGUUmvacuumvacuum   



2 5 APR 2003 23 Time delays may be taken after the i.nflatian) pushing and
griping steps, reapectiveZy. Dec uck OperationStepInitial StateApply Seal
ForceGrip` SubstrateLift SubBtrate from PadLift Ring from
padouterventventvacuumvacuumvacuumLowerventventventventventUpperventpressuz
~epressurevacuumvacuumRindpressure ~preesurepressurepressurevacuum Time
delays may be taken after the sealing, gripping and lifting steps,
respectively. Unload OperationStepInitial StateExtend Lower AssemblyRelease
SubstrateElect SubstrateDeflate
MembraneOutervacuumvacuumventventventLowerventventventpressureventUppez~vac
uumpressureventventventRingvacuumyacuumvacuumvacuumvacuum Time delays may
be taken after the 7.owering and 



election steps, respectively. zn order to determine whether the substrate
was succesefusly attached to the carrier head after the 7.Qadi~g or
deGhueking operations, the CMS apparatus may perform a substrate detection
procedure. This procedure starts with outer chamber 238, upper floating
chamber 236 and loading chamber 10s under vacuum) and lower floating
chamber 23~ vented. The lower floating chamber 23~ is connected tQ a
pressure source at a fixed pre~sux'e. Referring to FzG. ~a, the pressure in
the ~.ower floating chamber is measured as a   2 5 APR 2003 24 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 pressurized. If
the gubetrate is trot present. the lower chamber will bow outwardly and
have rr~om to expand, zn contrast, if the substrate is present and chunked
to the carrier head, the volume in the lowar chamber wzll be limited, and
consequently the pressure in Che lower chamber will rise mere quickly.
Therefore, if the substrate may be detected by determining whether the
derivative dP/dt is exceeds a Grit~.cal value C1. This cz~itical value Ca
may be determined experimentally. If the derivative dP/dt exceeds the
critical value C1, then the aubetrste is present. On the other hand, Zf the
derivative dk/dt does not exceed the critical value Cl, then the substx~.te
is absent. Lower floating chamber 234 may be returned to a vacuum after the
substrate detection procedure is complete. Referring to FAG. 8, in another
embodiment, carrier head 100a~includes a generally disk-shaped internal,
support plate 120a that prov~.dee a barx.ier between floating upper chamber
236a and floating lower chamber 234a. The internal membrane 116a is a
generally circular sheet, with a central portion 200a, an edge portson 24o
secured to base assembly 104a, and ari annular interior region or flap 242
secured to an outer edge 244 of internal support plate 120a. The central
portion 200a of the inGeriox membrane extends beneath internal support
plate.120a to define floating lawex chamber 234a, whereas the volume
between the backing plate and the base assembly that is sealed by edge
poxtipn 240 of internal ~ttsmbrane 116a defines floating upper chamber
236a.   2 5 APR 2003 z5 The disk-shaped internal support plate 120a
incxeaees the contact area between floating upper chamber 235a and floating
lower chamber 234a. The external support structure 230a may include a
ring-shaped portion 170a, an annular flange portion 178a that projects
upwardly from an inner edge of ring-shaped portion i'7oa, and a projection
172a that extends downwardly from the outer edge of rang-shaped portion
170a to contact an upper surface o~ external membrane lxea. The fl.angE
portXon 178a of externa3, support structure 230a may be secured tv internal
support plate 120a ar to internal membrane 116a. Alternatively, external
support structure 230a may be free~floating in outer chamber 238, Carr~,er
head ld0a functions in a fashion similar to carrier head 100,
8pec~.fa.eall.y, the pressure in floating upper chambex 236a controls the
oontact area of the internal membxane against the upper surface of the
external, membrane, arid the pressure i.n floating lowex chamber 234a
controls the pressure applied to the substrate in the xoading area. Tv
remove a substrate from the polishing pad, float~,ng uppex chamber 236a is
pressurized to force projection 172a r~rr externa2 suppoxt structure 230a
against the upper surface of external membrane 118a. This pxes6ee the
external membrane against the substrate to form a fluid-tight t9sal
therebetween. Then the floating lower chamber is vented, and outer chamber
238a ie depresaurized to pull the external membrane against the internal
membrane. Finally, the floating uppex cha~tbex is depressurized to pull the
substrate off the polishing pad. Referring to FzG. 9, in another
embodiment, carrier 



2 5 APR 2003 26 head 100b may include an external, membrane 118b having an
annular Zip 250. When outer chamber 238c is evacuated, lip 2S0 may be
gulled against substrate 10 to ;~oxm a seal and improve the vacuum-chucking
of the substrate, ae described in U'.S) Patent 3~pplication Series Na.
09/149,806 by Zuniga) et al., f~,led August 31) 1998, entitled A CARRxER
HEAD FOR CHEMZCA.L MECHANICAL POLIBHTNG, and assigned to the assignee of
the present invention, the entire dzeclosure of which is incorporated
herein by reference. Referring to FIG. 10, in another embodiment, carrier
head 100a includes a single flexible membrane 1.8c and a disk-shaped
backing etruature 122c. A center portion 260 of fxexible membrane 118c
extends below backing structure 122c to provide a mounting surface to
engage the substrate. 11 perimeter portion 2s2 of the flexible membxane
extends upwaxdly and inwardly around a aylirtdrieal rim 264 of the backing
structure. The perimeter portion 262 includes an inner flap 266 which is
clamped between a clamp ring 266 and an upper surface 270 of backing
structure 122c, axed an outer flap 272 which wraps around spacer ring 120c
to be clamped between retaining ring 7.10c and annular body 140c. Thus, the
volume between back~.ng structure 122c and flexible membrane l~.a define~a
a pressurizable floating lower chamber 234c, and the volume between base
assembly 104 and backa.ng structure iZ2c that is sealed by inner and outer
flaps 266 and 2~2 defines a presgurizable floating upper chamber 236c. one
pump may be connected to floating upper chamber 236c by passage 154 in
gi.mbal rod 15o, and another pump may be connected to floating lower
chamber 234c by passage 1,34 in housing 102, passage 280 i.n base assembly
104c, and a   2'~ APR 2~3 2 ~' passage 282 through back~,ng structure
1.22c. Fixtures 289. arid 286 provzde attachment paints fer flexible tubing
to fluidly couple the passages the passages through the base assembly and
the backing structure to connect passage 134 to floating lvwex chamber
234C. The bottom surface Z74 of the backing structure may have a projection
276 that extends downwe,rdly from an outer edge of the structure. 7~
plurality of grooves 278 may also be formed in bottom surface 274 of
backing structure 122c to ensuxe that fluid can be evacuated from between
the backing stxwcture and the flexible membrane. Hy controlli,t~g the
pressure in she upper and floating lower chambers, k~oth the contact
pxessure and load~.ng area of flexible membrane 116c against the substrate
can be controlled. 'ro remove'the substrate from the polishing pad.
floating upper vhamber 236c ig pressurized to force projection 2~6
downwardly and create a seal between the substrate and flexible membrane,
and then floating lower chamber 234c is evacuated to vacuum-chuck the
substrate to 



the carrier head. Referring to FIG. 11, i,n another embodiment, carrier
head 1.00d, which is similar in constzuction to carrier head 100e) may
i.riclude a valve 300 in backing structure 122d to fluidly couple uppex
chamber 23rd to lower chambex 234d. Valve 300 includes a disk-shaped valve
body 302 and an annular valve f7.ange 304. Valve body 302 may Eit in an
aperture 306 in backing structure .22d, and valve flange 304 ma,y be
adhesively secured to a top surface 312 of backing struetuxe 122d. An
annular seal 308 fits in a shallow deprese~,vn 320 ~.1~ top surface 312
surrounding aperture 306.   2 5 APR 2003 28 A pJ.urality of vertical
channels 3s4 may be formed through disk-shaped valve body 302 above seas
308 to flu~.dly couple lower chamber 234d and upper chamber 236d. Valve
flange 304 acts as a flexure spr~.ng to b~,ases valve belly 302 downward7.y
av that vertical channels 314 abut az~nula,r seal 308 to close the valve.
However) if valve body 302 ig forced upwardly, then the seal will no longer
be contact the valve br~dy xrtd fluid may leak through channels 3i4. As
such, valve 300 will be open and lower chamber 234d and upper chaavber z36d
will be in fluid communication via channels 314. Valve 300 may be used to
sense whether a substrate has been chucked to f~.exible membrane 118d.
Specifically, a first measurement of the pressure in upper chamber 234d can
be made with a pressure gauge (not shown) after the upper chamber is
pxessuz'ized but before the lower chamber is evacuated. The upper Gharnber
234d should be isolated from the pump that pxessurixes or evacuates that
chamber. Then, after the lower chamber is evacuated, a second measurement
of the pressure in the upper chamber is made by means 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 118d will be maintained in close proximity tv the substrate by a
low pressure poc?~et between the substrate and the flexible membrane.
Consequently, valve 300 will remain ba.ased in its Closed position, and the
preesuz'e in the upper chamber will. retna~,n constant ox may increase. On
the ether hand, if the substrate is not present or is not vacuum-chunked to
the carrier head, then   2 5 APR 2003 29 when lower chamber 23gd is
evacuated, flexible membrane 118d will defJ.ect upwardly. The flexib7.e
membrane will thus apply an upward force tv va~.~re body 302 and will open
valve 30o, thereby ~luidiy cvnnsctirig upper chamber 234d to upper chamber
236d. This permits fluid to bs drawn out of upper chamber 236d through
lower chamber 234d. Conseguently, the resulting pre~asure in the upper
chamber will be lower ;,~ the substrate ~.s not present or is not
vacuum-chucked to the flexible membrane than if the substrate is properly
attached. This difference may be detected to detexrnixie whether the
Bubetxate is chucked to the cazrier head, Similar apparatus and methods for
sensing the presence of a substrate in a carrier head are described in
psndi.ng U.s. appxication Serial Np. 08/852,350) by Horis Govzmari et al.,
filed May 23, 1,99`7, entitled A CP~RRTER READ WxTH A SUBSTRATE DETECTION
MECHANISM FOR A CHEMICAL MECHANICAL POLTSHING SXSTEM, and assigned to the
assignee of the present invention, the entire disclosure of which is
incorporated herein by reference. A variety of coz7tiguration$ are possible
for a carrier head that implements the invention. Eor example, the
flaat~,ng upper chamber can be either an annular or a eoJ.i.d volume. The
upper and lower chambers may be separated either by a flexible membrane, or
by a re7,atively rigid backing or support st~vcture. The substrate can be
contacted directly by a flexible membrane in a variable loading area, or an
internal membrane can contact the interior surface of an external membrane
~.n a variable contact area. The support structures could be either
ringshaped or diek~ehaped with apaxtures therethxough.   2 5 APR 2003 30
The present invention has beers described in terms of a number of
embodiments. The inventiori~ however, is not limited to the embodiments
dep~.cted and described. Rather, the scope of the ~.nvention is defined by
the appended claims. 



2 5 APR 2003 31 What is claimed is: 1. A carrier head for a chemical
mechanical polishing apgaratus, comprising; a first pres~surizable chamber
at least partially baunded by a fi.ret flexible membrane, a 7.ower surface
of the xirst flexib~.e membrane providing a first suxface to apply a
pressure to a substrate in a loading 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 configured such
that a first pressure in the first chambex controls the pressure appried to
the substrate in the leading area, sad a second pressure in the second
chamber controls the size of the loading area. 2) The carrier head at claim
1, further compris~,ng a vertically movable base that forms at least part a
an upper boundary of the eeavnd pressurizable che~mber. 3. The carrier head
of c~.aim 2, further comprising a housing connectable to a drive shaft and
a third chambex disposed between the hougirig and the base. 4. The carriex
head of claim 3, further comprising a reta~,~nx~ng ring connected to the
bape to m~3iz~tain the substrate beneath the carzier head. 



5. Thc~ carrier head of claim 1, wherein a xigid member forma a boundary
between the first and second chambers. 6. The carxier head of claim 1,
t~rherein a fle~ei,ble   2 5 APR 2003 3z member Forms a boundary between
the first and second chambers. 7. The carrier head of claim 1. wherein the
second chamber terms a generally annular volume. 8. The carrier head of
claim 1) wherein the secend chamber forms a generally solid volume. 9, The
carrier head of claim 1, wherein the lower surface of the first flexible
membrane provides a mounting surface for the Substrate. 10. The carrier
head of claim 1, further comprising a second flexible membrane extending
beneath the second flexible membrane to prQ~ride a mounting surface for the
substrate. 11. The carrier head of claim 10, wherein the volurc~e between
the first tl,exible membrane and the second flexible membrane defines a
third pres,surizable vhamber. 12. The carrier head of claim 11, further
comprising a first suppoz~t structure located in the first chamber, and
wherein the first flexible membrane extends arQUnd an outer surface of the
first support mtructure. 13. The carrier head of claim 12, further
comprising a second support structure located in the third chamber between
the fixst and second flexible membranes and  



'2 ~ APR 20d! 33 positioned to surround the first supports structure. ~,4.
The carrier head of claim x3, wherein the second support structure ~.s
generally annular ~,n shape. Z5. The carrier head of :claim 14, further
comprising a first spacer ring positioned in the third chamber between the
first and second flexible membranes, and wherein the f~.rst flexible
membrane extends in a serpentine path between the first structure and the
fiz~st spacer ring, around an inner surface of the first spacer ring, and
outwardly around an upper surface of the first spacer ring. 16. The carrier
head of claim 15, further comprising a aecAnd spacer zing xocated outside
the third chamber above the second support ring, and wherein the secor~d
flexible membrane extends in a serpentine path between the second support
structure and the second spacer ring, around an inner surface of the eeaond
spercer ring, and outwardly around an upper surface of the second spacer
ring. 17. The carries head of claim 16, wherein g portion of the First
spacer ring extends oven a portion of the second spacer ring, so that
pressurization of the second chamber applies a downward force to the second
suQport ring. ~.8. The carrier head of claim 17, wherein the second support
ring includes an annular projection extending downwardly to contact a top
surface of the second flexible membrane.   2 5 APR 2003 34 . Z9. The
carxier head of claim 1.0, wherein the f~.rst ~f7.exible membrane is
movable into contact with an upper surface of the second Exexible membrane
in the ~.oading area to apply pressure to the substrate. 24. The caxrier
head of claim Z9~ wherein the lower surface of the first flexible membrane
ig textured to provide fxu~.d flow between the first and second flexible 



membranes when they are in contact. 21. The carrier head of claim 1,
further comprising a first guppoxt structure peeirioned 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,
where~.n the first support Structure is generally annular in shape. 23, The
carrier head of claim 21, wherein the first support Structure corqprises a
generally disk-shaped body having a plurality of apertuxeg thexethrough.
24.. The carrier head of claim 21., first spacer ring positioned outside
whereix~ the f irat f xexible membxax~e path between the first structure
and around an inner surface of the first outward7.y around an upper surface
of further comprising a the first chamber) and =xtende in a serpentine the
first spacer ring, Hpacer ring, and Che first spacer ring.   2 5 APR 2D05
35 25. A carrier head vr.chernical mechanical polishing, comprising: a
base; a first flexible membrane pvlrt~,on that extends beneath tht base and
defines a fi~cst pressurixable ahambex, a lower surface of the first
flexible membrane portion providing 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
pressure in the first pre9eurizable chambex contro~r 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
ehemioal mechanical polishing, comprising: a base; a first f7.exible
membrane portion that extends beneath the base to define a first
presauri~able chambex, a lower surface of the first flexzble membrane
portion provid~.ng a mounting surface for a substrate; a second flexible
membrane portion that extends beneath the base and defines a second
pressurizable chamber, a lower suxaee of the second flexible membrane
portion contact~.ng a top surface of the fixst flexible membrane in a
loading area having a controllable size; and a third flexible membrane
portion that couples the second flexible membrane portion to the base and
defines a third pressurizable chamber so that a fixst pressure in the 



~SAPR~ 36 second pre$suxizable chamber 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. 27. A carrier head for chemical
mechanical polishing, compz~iaing: a first biasing member including a first
pressure chamber, a lower surface of the first pressure chamber bounded by
a f7.exxble membrane that provides a first surface tv apply a load to a
substrate in a loading area having a coatxolJ.able size; and a second
biasing member connected to the first biasing member, the second biasing
member controlling the vertical position of the first biasaag member eo
that the second biasing member controls the size of the loading area and
the first biasing member controls the pressure applied to the substrate in
the loading area. 28. A carrier head far chemical mechanical polishing,
comprising: a flexible membrane that provides a mounting surface for a
substrate; means for cantro111t:g a size of a loading area in which a lead
is applied to the substrate; and means for controlling a pressure applied
to the substrate in the 7.oading area. 29. A method for chemical mechanical
polishing a substrate, comprising: holding a substrate against a polishing
pad with a   



~ 5 APR 2003 37 carrier headf apply~.ng a load to the substrate in a
loading area with a first chamber in the caxrier head: controlling the size
of the loading axes with a second chamber in the carrier head: and creaxing
relative motion between the substrate and the polishing pad. 30. A method
of detecting a substrate in a carrier head for a chemical mechanical,
paJ.ishi.ng system, comprising: connecting a,chamber in a carrier head tv a
pressure source; measuring the pressure in the chamber as a function of
time; calculating the derivative of the pressure irz the chamber;
determining whether the substrate is ad~aaent a substrate receiving surface
in the carrier head from the derivata.ve . 3Z. The method of claim 30,
iuxther comprising indicating that the substrate Zs present if the
derive~tiwe exceeds a critical value. 32. The method of claim 30, further
compris~.ng indicating that the substrate zs absent if the derivative does
not exceed a critical value. .A;
s9.AU.A3.A`.Ah.AA.A9(F.ALH.A{.A.A.A9.AL.As.A{.AU.A.A .AUs.An
sL.AA.AL.A^s.AU`.Ar.A.A9s 
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