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CARRIER HEAD WITH CONTROLLABLE 
PRESSURE AND LOADING AREA FOR 
CHEMICAL MECHANICAL POLISHING 

BACKGROUND 

[0001] The present invention relates generally to chemical 
mechanical polishing of substrates, and more particularly to 
a carrier head for chemical mechanical polishing. 

[0002] Integrated circuits are typically formed on sub 
strates, particularly silicon Wafers, by the sequential depo 
sition 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 presents problems in the 
photolithographic steps of the integrated circuit fabrication 
process. Therefore, there is a need to periodically planariZe 
the substrate surface. 

[0003] Chemical mechanical polishing (CMP) is one 
accepted method of planariZation. This planariZation method 
typically requires that the substrate be mounted on a carrier 
or 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 ?xed-abrasive pad. A 
standard polishing pad has a durable roughened surface, 
Whereas a ?xed-abrasive pad has abrasive particles held in 
a containment media. The carrier head provides a control 
lable load, i.e., pressure, on the substrate to push it against 
the polishing pad. Some carrier heads include a ?exible 
membrane that provides a mounting surface for the sub 
strate, and a retaining ring to hold the substrate beneath the 
mounting surface. PressuriZation or evacuation of a chamber 
behind the ?exible membrane controls the load on the 
substrate. A polishing slurry, including at least one chemi 
cally-reactive agent, and abrasive particles, if a standard pad 
is used, is supplied to the surface of the polishing pad. 

[0004] The effectiveness of a CMP process may be mea 
sured by its polishing rate, and by the resulting ?nish 
(absence of small-scale roughness) and ?atness (absence of 
large-scale topography) of the substrate surface. The pol 
ishing rate, ?nish and ?atness are determined by the pad and 
slurry combination, the relative speed betWeen the substrate 
and pad, and the force pressing the substrate against the pad. 

[0005] A reoccurring problem in CMP is the so-called 
“edge-effect”, i.e., the tendency of the substrate edge to be 
polished 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 ?fteen 
millimeters of a 200 millimeter Wafer. A related 
problem is the so-called “center sloW effect”, i.e., the ten 
dency of the center of the substrate to be underpolished. 

SUMMARY 

[0006] In one aspect, the invention is directed to a carrier 
head for a chemical mechanical polishing apparatus. The 
carrier head has a ?rst pressuriZable chamber at least par 
tially bounded by a ?rst ?exible membrane, and a second 
pressuriZable chamber positioned to apply a doWnWard force 
to the ?rst chamber. A loWer surface of the ?rst ?exible 
membrane provides a ?rst surface to apply a pressure to a 
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substrate in a loading area having a controllable siZe, and the 
?rst and second chambers are con?gured such that a ?rst 
pressure in the ?rst 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. 

[0007] Implementations of the invention may include one 
or more of the folloWing features. Avertically 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. 
Aboundary betWeen the ?rst and second chambers may be 
formed by a rigid member or a ?exible member, and the 
second chamber may form a generally annular volume or a 
generally solid volume. The loWer surface of the ?rst 
?exible membrane may provide a mounting surface for the 
substrate, or a second ?exible membrane may extend 
beneath the ?rst ?exible membrane to provide a mounting 
surface for the substrate. The volume betWeen the ?rst 
?exible membrane and the second ?exible membrane may 
de?ne a third pressuriZable chamber. The ?rst ?exible mem 
brane may be movable into contact With an upper surface of 
the second ?exible membrane in the loading area to apply 
pressure to the substrate. The loWer surface of the ?rst 
?exible membrane may be textured to provide ?uid ?oW 
betWeen the ?rst and second ?exible membranes When they 
are in contact. 

[0008] A ?rst support structure may positioned inside the 
?rst chamber, and the ?rst ?exible membrane may extends 
around an outer surface of the ?rst support structure. A ?rst 
spacer ring may be positioned outside the ?rst chamber, and 
the ?rst ?exible membrane may extend in a serpentine path 
betWeen the ?rst structure and the ?rst spacer ring, around 
an inner surface of the ?rst spacer ring, and outWardly 
around an upper surface of the ?rst spacer ring. A second 
support structure may be located in the third chamber 
betWeen the ?rst and second ?exible membranes and posi 
tioned to surround the ?rst supports structure. A second 
spacer ring may be located outside the third chamber above 
the second support ring, and the second ?exible 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. 

[0009] In another aspect, the invention is directed to a 
carrier head for chemical mechanical polishing having a 
base, a ?rst ?exible membrane portion, and a second ?exible 
membrane portion. The ?rst ?exible membrane portion 
extends beneath the base and de?nes a ?rst pressuriZable 
chamber, and a loWer surface of the ?rst ?exible membrane 
portion provides a mounting surface to apply a pressure to 
a substrate in a loading area having a controllable siZe. The 
second ?exible membrane portion couples the ?rst ?exible 
membrane portion to the base and de?nes a second pressur 
iZable chamber so that a ?rst pressure in the ?rst pressur 
iZable 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. 

[0010] In another aspect, the invention is directed to a 
carrier head for chemical mechanical polishing having a 
base, a ?rst ?exible membrane portion, a second ?exible 
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membrane portion, and a third ?exible membrane portion. 
The ?rst ?exible membrane portion extends beneath the base 
to de?ne a ?rst pressuriZable chamber, and a loWer surface 
of the ?rst ?exible membrane provides a mounting surface 
for a substrate. The second ?exible membrane portion 
extends beneath the base and de?nes a second pressuriZable 
chamber, and a loWer surface of the second ?exible mem 
brane contacts a top surface of the ?rst ?exible membrane in 
a loading area having a controllable siZe. The third ?exible 
membrane portion couples the second ?exible membrane 
portion to the base and de?nes a third pressuriZable chamber 
so that a ?rst 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. 

[0011] In another aspect, the invention is directed to a 
carrier head for chemical mechanical polishing having a ?rst 
biasing member and a second biasing member. The ?rst 
biasing member includes a ?rst pressure chamber, and a 
loWer surface of the ?rst pressure chamber is bounded by a 
?exible membrane that provides a ?rst surface to apply a 
load to a substrate in a loading area having a controllable 
siZe. The second biasing member is connected to the ?rst 
biasing member, and the second biasing member controls 
the vertical position of the ?rst biasing member so that the 
second biasing member controls the siZe of the loading area 
and the ?rst biasing member controls the pressure applied to 
the substrate in the loading area. 

[0012] In another aspect, the invention is directed to a 
carrier head for chemical mechanical polishing having a 
?exible 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 pressure applied to the substrate in the loading 
area. 

[0013] In another aspect, the invention is directed to a 
method for chemical mechanical polishing a substrate. In the 
method, a substrate is held against a polishing pad With a 
carrier head, a load is applied to the substrate in a loading 
area With a ?rst 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. 

[0014] 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 is 
calculated. Whether the substrate is adjacent a substrate 
receiving surface in the carrier head is determined from the 
derivative. 

[0015] 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. 

[0016] Advantages of the invention may include the fol 
loWing. Both the pressure and the loading area of the ?exible 
membrane against the substrate may be varied to compen 
sate for non-uniform polishing. Non-uniform polishing of 
the substrate is reduced, and the resulting ?atness and ?nish 
of the substrate are improved. 
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[0017] Other advantages and features of the invention Will 
be apparent from the folloWing description, including the 
draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is an exploded perspective vieW of a 
chemical mechanical polishing apparatus. 

[0019] FIG. 2 is a schematic cross-sectional vieW of a 
carrier head according to the present invention. 

[0020] FIG. 3 is an enlarged vieW of a substrate backing 
assembly from the carrier head of FIG. 2. 

[0021] FIGS. 4A and 4B are schematic cross-sectional 
vieWs illustrating the pressure and force distribution on a 
hypothetical ?exible membrane. 

[0022] FIGS. 5A and 5B are schematic cross-sectional 
vieWs illustrating the variable loading area of an internal 
?exible membrane from the carrier head of FIG. 2 against 
the substrate. 

[0023] FIG. 6 is a graph illustrating the relationship 
betWeen the diameter of the contact area and the pressure in 
the upper ?oating chamber. 

[0024] FIGS. 7A and 7B are a graph illustrating the 
pressure and derivative of the pressure (dP/dt) in the loWer 
?oating chamber as a function of time during a substrate 
detection procedure. 

[0025] FIG. 8 is a schematic cross-sectional vieW of a 
carrier head having an internal support plate. 

[0026] FIG. 9 is a schematic cross-sectional vieW of a 
carrier head having a ?exible membrane With a lip. 

[0027] FIG. 10 is a schematic cross-sectional vieW of a 
carrier head having a ?exible membrane that directly con 
tacts the substrate in a variable loading area. 

[0028] FIG. 11 is a schematic cross-sectional vieW of 
carrier head having a valve for sensing the presence of a 
substrate. 

[0029] Like reference numbers are designated in the vari 
ous draWings to indicate like elements. A reference number 
With a letter suf?x indicates that an element has a modi?ed 
function, operation or structure. 

DETAILED DESCRIPTION 

[0030] 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 US. Pat. No. 5,738,574, the entire disclosure of 
Which is incorporated herein by reference. 

[0031] The CMP apparatus 20 includes a series of polish 
ing stations 25 and a transfer station 27 for loading and 
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 30 and polishing 
pad 32 may be about tWenty inches in diameter. If substrate 
10 is a tWelve-inch (300 millimeter) diameter disk, then 
platen 30 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 



US 2002/0061720 A1 

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 main 
tain the abrasive condition of the polishing pad. 

[0032] Aslurry 50 containing a reactive agent (e.g., deion 
iZed 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, suf? 
cient slurry is provided to cover and Wet the entire polishing 
pad 32. Slurry/rinse arm 52 includes several spray noZZles 
(not shoWn) Which provide a high pressure rinse of polishing 
pad 32 at the end of each polishing and conditioning cycle. 

[0033] 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 60 includes four carrier head systems 70 mounted 
on a carousel support plate 66 at equal angular intervals 
about carousel axis 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 the transfer station. The carousel motor may 
orbit the carrier head systems, and the substrates attached 
thereto, about the carousel axis betWeen the polishing sta 
tions and the transfer station. 

[0034] Each carrier head system 70 includes a polishing or 
carrier head 100. Each carrier head 100 independently 
rotates about its oWn axis, and independently laterally oscil 
lates in a radial slot 72 formed in carousel support plate 66. 
A carrier drive shaft 74 extends through slot 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. 

[0035] 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 pol 
ishing 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. 

[0036] Referring to FIG. 2, carrier head 100 includes a 
housing 102, a base assembly 104, a gimbal mechanism 106 
(Which may be considered part of the base assembly), a 
loading chamber 108, a retaining ring 110, and a substrate 
backing assembly 112 Which includes three pressuriZable 
chambers, such as a ?oating upper chamber 236, a ?oating 
loWer chamber 234, and an outer chamber 238. Adescription 
of a similar carrier head may be found in US. application 
Ser. No. 08/861,260 by Zuniga, et al., ?led May 21, 1997, 
entitled A CARRIER HEAD WITH A FLEXIBLE MEM 
BRANE FOR A CHEMICAL MECHANICAL POLISH 
ING SYSTEM, and assigned to the assignee of the present 
invention, the entire disclosure of Which is incorporated 
herein by reference. 

[0037] The housing 102 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 102 may be gen 
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erally circular in shape to correspond to the circular con 
?guration of the substrate to be polished. Avertical bore 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 138 may be used to form ?uid-tight 
seals betWeen the passages through the housing and pas 
sages through the drive shaft. 

[0038] 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. Apassage 146 may extend through the body of the 
gimbal mechanism, the annular body, and the clamp ring, 
and tWo ?xtures 148 may provide attachment points to 
connect a ?exible tube betWeen housing 102 and base 
assembly 104 to ?uidly couple passage 134 to one of the 
chambers in substrate backing assembly 112, e.g., chamber 
238. A second passage (not shoWn) may extend through 
annular body 140, and tWo ?xtures (also not shoWn) may 
provide attachment points to connect a ?exible tube betWeen 
housing 102 and base assembly 104 to ?uidly couple the 
unillustrated passage in the housing to a second chamber in 
substrate backing assembly 112, e.g., chamber 236. 

[0039] The gimbal mechanism 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 mechanism 106 
includes a gimbal rod 150 Which ?ts into vertical bore 130 
and a ?exure ring 152 Which is secured to annular body 140. 
Gimbal 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. Gimbal rod 
150 may include a passage 154 that extends the length of the 
gimbal rod to ?uidly couple bore 130 to a third chamber in 
substrate backing assembly 112, e.g., chamber 234. 

[0040] The loading chamber 108 is located betWeen hous 
ing 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 108. An inner 
edge of a generally ring-shaped rolling diaphragm 160 may 
be clamped to housing 102 by an inner clamp ring 162. An 
outer edge of rolling diaphragm 160 may be clamped to base 
assembly 104 by outer clamp ring 164. Thus, rolling dia 
phragm 160 seals the space betWeen housing 102 and base 
assembly 104 to de?ne loading chamber 108. A ?rst pump 
(not shoWn) may be ?uidly connected to loading chamber 
108 by passage 132 to control the pressure in the loading 
chamber and the vertical position of base assembly 104. 

[0041] The retaining ring 110 may be a generally annular 
ring secured at the outer edge of base assembly 104, e.g., by 
bolts 128. When ?uid is pumped into loading chamber 108 
and base assembly 104 is pushed doWnWardly, retaining ring 
110 is also pushed doWnWardly to apply a load to polishing 
pad 32. Abottom surface 124 of retaining ring 110 may be 
substantially ?at, 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 110 
engages the substrate to prevent it from escaping from 
beneath the carrier head. 
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[0042] Referring to FIGS. 2 and 3, substrate backing 
assembly 112 includes a ?exible internal membrane 116, a 
?exible external membrane 118, an internal support struc 
ture 120, an external support structure 230, an internal 
spacer ring 122, and an external spacer ring 232. 

[0043] Support structures 120 and 230 and spacer rings 
122 and 232 may be “free-?oating”, i.e., not secured to the 
rest of the carrier head, and may be held in place by the 
internal and external ?exible membranes. 

[0044] The ?exible internal membrane 116 includes a 
central portion 200 Which Will apply pressure to the sub 
strate in a controllable area, a relatively thick annular portion 
202 With an “L-shaped” cross-section, an annular inner ?ap 
204 that extends from the corner of L-shaped portion 202, an 
annular outer ?ap 206 that extends from the outer rim of 
L-shaped 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 ?ap 204 is clamped betWeen ?exure ring 152 and 
annular body 140, Whereas the rim of outer ?ap 206 is 
clamped betWeen outer clamp ring 164 and loWer clamp ring 
144. The volume betWeen base assembly 104 and internal 
membrane 116 that is sealed by inner ?ap 204 provides a 
pressuriZable ?oating loWer chamber 234. The annular vol 
ume betWeen base assembly 104 and internal membrane 116 
that is sealed by inner ?ap 204 and outer ?ap 206 de?nes a 
pressuriZable ?oating upper chamber 236. A second pump 
(not shoWn) may be connected to the unillustrated passage 
to direct ?uid, e.g., a gas, such as air, into or out of the 
?oating upper chamber 236. A third pump (not shoWn) may 
be connected to bore 130 to direct a ?uid, e.g., a gas, such 
as air, into or out of ?oating loWer chamber 234. The second 
pump 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 chamber. As explained in 
greater detail beloW, the pressure in ?oating upper chamber 
236 Will control a contact area of internal membrane 116 
against a top surface of external membrane 118. 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 
loading area. 

[0045] The external membrane 118 includes a central 
portion 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 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 116 and external mem 
brane 118 de?nes 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 ?uid, e.g., a gas, such as air, into or 
out of outer chamber 238. The fourth pump controls the 
pressure in outer chamber 238. 

[0046] The internal support structure 120 may be a gen 
erally rigid annular Washer-shaped body located inside ?oat 
ing loWer chamber 234 to maintain the desired shape of 
internal membrane 116. Alternatively, the internal support 
structure may be a disk-shaped body With a plurality of 
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apertures therethrough. The disk-shaped support structure 
Would provide a backing surface to prevent the substrate 
from being damaged due to Warping. 

[0047] 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 
190, an annular upper ?ange 192, and an annular loWer 
?ange 194. The internal spacer ring 122 may be located in 
outer chamber 238 above internal support structure 120. The 
annular loWer ?ange 194 can be supported by the internal 
support structure, Whereas annular upper ?ange 192 can 
extend over external support structure 230 and external 
spacer ring 232. 

[0048] The internal membrane 116 is formed of a ?exible 
and elastic material, such as an elastomer, an elastomer 
coated fabric, or a thermal plastic elastomer (TPE), e.g., 
HYTRELTM available from DuPont of NeWark, Del., or a 
combination of these materials. Preferably, internal mem 
brane 116 is someWhat less ?exible than external membrane 
118. As discussed above, a controllable region of central 
portion 200 of internal membrane 116 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 loading area. The bottom surface of 
central portion 200 of internal membrane 116 may be 
textured, e.g., With small grooves, to ensure that ?uid can 
?oW 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 
?ange 194 of internal spacer ring 122 and an upper surface 
182 of the internal support structure to connect to the loWer 
edge of L-shaped portion 202. The L-shaped portion 202 of 
the internal membrane extends inside cylindrical portion 190 
and over annular upper ?ange 192 of the internal spacer ring 
122. 

[0049] 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 118 and to seal the external membrane 
against the substrate during vacuum-chucking. Speci?cally, 
external 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 por 
tion. Alternatively, projection 172 may be positioned to 
contact a top surface of the external membrane to preferen 
tially apply pressure to selected areas of the substrate, as 
discussed in US. application Ser. No. 08/907,810, by Steven 
M. Zuniga, et al., ?led Aug. 8, 1997, entitled A CARRIER 
HEAD WITH LOCAL PRESSURE CONTROL FOR A 
CHEMICAL MECHANICAL POLISHING APPARATUS, 
and assigned to the assignee of the present invention, the 
entire disclosure of Which is incorporated herein by refer 
ence. The projection 172 may be formed by adhesively 
attaching a layer of compressible material to a loWer surface 
of ring-shaped portion 170. 

[0050] The external spacer ring 232 is a generally annular 
member positioned betWeen retaining ring 110 and external 
membrane 118. Speci?cally, external spacer ring 232 may be 
located above external support structure 230. External 
spacer ring 232 includes a cylindrical portion 184 and a 
?ange portion 186 Which extends outWardly toWard inner 
surface 126 of retaining ring 110 to maintain the lateral 
position of the external spacer ring. 
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[0051] External membrane 118 is a generally circular 
sheet formed of a ?exible and elastic material, such as 
chloroprene or ethylene propylene rubber, or silicone. As 
noted, central portion 210 of the external membrane de?nes 
a mounting surface for the substrate, Whereas perimeter 
portion 212 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. 
Speci?cally, perimeter portion 212 extends upWardly around 
an outer surface 174 of external support structure 230, 
inWardly betWeen ?ange portion of external spacer ring 232 
and an upper surface 176 of external support structure 230, 
upWardly around cylindrical portion 184 of external spacer 
ring 232, and then outWardly to a rim portion 214 Which is 
clamped betWeen loWer clamp ring 144 and retaining ring 
110 to form a ?uid-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 118 may also include a 
thick portion 218 that extends upWardly betWeen internal 
spacer ring 122 and external spacer ring 232. The external 
membrane may be pre-molded into a serpentine shape. 

[0052] In operation, ?uid is pumped into or out of ?oating 
loWer chamber 234 to control the doWnWard pressure of 
internal membrane 116 against external membrane 118 and 
thus against the substrate, and ?uid is pumped into or out of 
?oating upper chamber 236 to control the contact area of 
internal membrane 116 against external membrane 118. 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 
4B. Referring to FIG. 4A, a hypothetical and highly sche 
matic polisher 300 includes a “free-?oating” ?exible mem 
brane 302 that de?nes a pressuriZable chamber 306. Assum 
ing that no external pressures are applied to ?exible 
membrane 302, it Will be generally spherical and have an 
interior pressure P1. HoWever, if the membrane is com 
pressed, e.g., betWeen a rigid plate 304 and substrate 10, the 
?exible membrane Will deform into an oblate shape Which 
contacts the substrate in a generally circular contact region 
308. Assuming that rigid plate 304 applies a doWnWard force 
F to ?exible membrane 302, force balancing requires that 
F=AP*AC, Where AP is the difference betWeen the internal 
pressure P1 in the chamber 306 and the external pressure P2 
surrounding the ?exible membrane, and Ac is the surface 
area of contact region 308. Thus, the diameter Dc of contact 
region 308 Will be given by: 

[0053] Consequently, any circular contact pro?le and pres 
sure can be obtained by a tWo step process Where the 
pressure P1 is selected, 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-?oating membrane 
chamber. 

May 23, 2002 

[0054] Referring to FIGS. 5A and 5B, the contact area of 
internal membrane 116 against external membrane 118, and 
thus the loading area in Which pressure is applied to sub 
strate 10, may be controlled by varying the pressure in 
?oating upper chamber 236. By pumping ?uid out of ?oat 
ing 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 
versely, by pumping ?uid into ?oating upper chamber 236, 
L-shaped portion 202 of internal membrane 116 is forced 
doWnWardly, thereby pushing central portion 200 of the 
internal membrane into contact With external membrane 118 
and increasing the diameter of the loading area. In addition, 
if ?uid is forced into outer chamber 238, L-shaped portion 
202 of internal membrane 116 is forced upWardly, thereby 
decreasing the diameter of the loading area. Thus, in carrier 
head 100, the diameter of the loading area Will depend on the 
pressures in both the upper chamber and the outer chamber. 

[0055] An exemplary graph 400 of diameter of the contact 
area as a function of the pressures in upper chamber 235, 
loWer chamber 234 and outer chamber 238 is shoWn in FIG. 
6. Such a graph can be determined by experimentation or 
calculated by ?nite element analysis. In the graph in FIG. 6, 
the x-axis represents the pressure in the upper chamber 234 
and the y-axis represents the contact area. The sets of graph 
lines 402-418 represent the relationship of the upper cham 
ber pressure to contact area for various pressures in the 
loWer chamber 236 and the outer chamber 238, as summa 
riZed by the folloWing chart: 

Pressure P1 Pressure P2 
in Outer in LoWer 

Graph Line chamber 238 Chamber 234 P2-P1 

402 1.0 1.5 0.5 
404 1.0 2.0 1.0 
406 3.0 3.5 0.5 
408 3.0 4.0 1.0 
410 3.0 4.5 1.5 
412 5.0 5.5 0.5 
414 5.0 6.0 1.0 
416 5.0 6.5 1.5 
418 5.0 7.0 2.0 

[0056] Carrier head 100 may also be operated in a “stan 
dard” operating mode, in Which ?oating chambers 234 and 
236 are vented or depressuriZed to lift aWay from the 
substrate, and outer chamber 238 is pressuriZed to apply a 
uniform pressure to the entire backside of the substrate. 

[0057] As previously discussed, one reoccurring problem 
in CMP is non-uniform polishing of the substrate center. 
HoWever, the controllable loading area can be used to 
compensate for polishing pro?les in Which the center of the 
substrate is underpolished by applying a sequence of pol 
ishing steps With different diameters of the loading area. For 
example, the carrier head may be used to polish a region of 
the substrate having radius r1 for a ?rst duration T1, then 
polish a larger region having a radius r2 for a second duration 
T2, and then polish a still larger region having a radius r3 for 
a third duration T3. This ensures that the different regions of 
the substrate are polished With a total time and pressure 
required to reduce polishing non-uniformities. 
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[0058] As previously discussed, another reoccurring prob 
lem 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 mem 
brane 118 near the substrate edge. Speci?cally, as discussed 
in US. application Ser. No. 09/169,500, by Steven Zuniga, 
et al., ?led Oct. 9, 1998, entitledACARRIER HEAD WITH 
A FLEXIBLE MEMBRANE FOR CHEMICAL 
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 surface of the external spacer ring can be selected to 
adjust the relative pressure applied at the corner of the 
external membrane to the substrate perimeter. 

[0059] In order to remove the substrate from the polishing 
pad, ?oating upper chamber 236 is pressuriZed to force 
projection 172 of external support structure 230 doWnWardly 
against the upper surface of external membrane 118. This 
forces the external membrane into contact With the substrate 
to form a seal. The ?oating loWer chamber 234 is vented, 
e.g., connected to the external atmosphere, and outer cham 
ber 238 is depressuriZed. This causes the external membrane 
118 to be draWn inWardly to vacuum-chuck the substrate to 
the carrier head. Then the ?oating upper chamber 236 is 
depressuriZed to draW the internal and external membranes 
upWardly and lift the substrate off the polishing pad. Finally, 
loading chamber 108 is evacuated to lift base assembly 104 
and substrate backing assembly aWay from the polishing 
pad. 

[0060] The operation of carrier head 100 to load a sub 
strate into the carrier head at transfer station 27, dechuck the 
substrate from a polishing pad at polishing station 25, and 
unload the substrate from the carrier head at the transfer 
station 27, is summariZed by the folloWing tables. 

Load Operation 

Push 
Retract substrate 

Initial loWer In?ate into Grip 
Step State assembly Membrane Membrane Wafer 

Outer vent vent pressure vent vacuum 
LoWer vent vent vent vent vent 

Upper vent vacuum vacuum vacuum vacuum 

Ring vacuum vacuum vacuum vacuum vacuum 

[0061] Time delays may be taken after the in?ation, push 
ing and griping steps, respectively. 

Dechuck Operation 

Apply Lift Lift 
Initial Seal Grip Substrate Ring 

Step State Force Substrate from Pad from Pad 

Outer vent vent vacuum vacuum vacuum 

LoWer vent vent vent vent vent 

Upper vent pressure pressure vacuum vacuum 
Ring pressure pressure pressure pressure vacuum 
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[0062] Time delays may be taken after the sealing, grip 
ping and lifting steps, respectively. 

Unload Operation 

Extend 
Initial LoWer Release Eject De?ate 

Step State Assembly Substrate Substrate Membrane 

Outer vacuum vacuum vent vent vent 

LoWer vent vent vent pressure vent 
Upper vacuum pressure vent vent vent 
Ring vacuum vacuum vacuum vacuum vacuum 

[0063] Time delays may be taken after the loWering and 
ejection steps, respectively. 

[0064] In order to determine Whether the substrate Was 
successfully attached to the carrier head after the loading or 
dechucking operations, the CMP apparatus may perform a 
substrate detection procedure. This procedure starts With 
outer chamber 238, upper ?oating chamber 236 and loading 
chamber 108 under vacuum, and loWer ?oating chamber 234 
vented. The loWer ?oating chamber 234 is connected to a 
pressure source at a ?xed pressure. Referring to FIG. 7A, 
the pressure in the loWer ?oating chamber is measured as a 
function of time. Referring to FIG. 7B, the ?rst derivative 
(dP/dt) of the pressure in the loWer ?oating chamber is 
calculated as the chamber is pressuriZed. If the substrate is 
not present, the loWer chamber Will boW outWardly and have 
room to expand. In contrast, if the substrate is present and 
chucked to the carrier head, the volume in the loWer cham 
ber 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 C1. This critical 
value C1 may be determined experimentally. If the deriva 
tive dP/dt exceeds the critical value C1, then the substrate is 
present. On the other hand, If the derivative dP/dt does not 
exceed the critical value C1, then the substrate is absent. 
LoWer ?oating chamber 234 may be returned to a vacuum 
after the substrate detection procedure is complete. 

[0065] Referring to FIG. 8, in another embodiment, car 
rier head 100a includes a generally disk-shaped internal 
support plate 120a that provides a barrier betWeen ?oating 
upper chamber 236a and ?oating loWer chamber 234a. The 
internal membrane 116a is a generally circular sheet, With a 
central portion 200a, an edge portion 240 secured to base 
assembly 104a, and an annular interior region or ?ap 242 
secured to an outer edge 244 of internal support plate 120a. 
The central portion 200a of the interior membrane extends 
beneath internal support plate 120a to de?ne ?oating loWer 
chamber 234a, Whereas the volume betWeen the backing 
plate and the base assembly that is sealed by edge portion 
240 of internal membrane 116a de?nes ?oating upper cham 
ber 236a. The disk-shaped internal support plate 120a 
increases the contact area betWeen ?oating upper chamber 
236a and ?oating loWer chamber 234a. 

[0066] The external support structure 230a may include a 
ring-shaped portion 170a, an annular ?ange portion 178a 
that projects upWardly from an inner edge of ring-shaped 
portion 170a, and a projection 172a that extends doWn 
Wardly from the outer edge of ring-shaped portion 170a to 
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contact an upper surface of external membrane 118a. The 
?ange portion 178a of external support structure 230a may 
be secured to internal support plate 120a or to internal 
membrane 116a. Alternatively, external support structure 
230a may be free-?oating in outer chamber 238. 

[0067] Carrier head 100a functions in a fashion similar to 
carrier head 100. Speci?cally, the pressure in ?oating upper 
chamber 236a controls the contact area of the internal 
membrane against the upper surface of the external mem 
brane, and the pressure in ?oating loWer chamber 234a 
controls the pressure applied to the substrate in the loading 
area. To remove a substrate from the polishing pad, ?oating 
upper chamber 236a is pressuriZed to force projection 172a 
on external support structure 230a against the upper surface 
of external membrane 118a. This presses the external mem 
brane against the substrate to form a ?uid-tight seal ther 
ebetWeen. Then the ?oating loWer chamber is vented, and 
outer chamber 238a is depressuriZed to pull the external 
membrane against the internal membrane. Finally, the ?oat 
ing upper chamber is depressuriZed to pull the substrate off 
the polishing pad. 

[0068] Referring to FIG. 9, in another embodiment, car 
rier head 100b may include an external membrane 118b 
having an annular lip 250. When outer chamber 238c is 
evacuated, lip 250 may be pulled against substrate 10 to 
form a seal and improve the vacuum-chucking of the sub 
strate, as described in US. patent application Ser. No. 
09/149,806 by Zuniga, et al., ?led Aug. 31, 1998, entitledA 
CARRIER HEAD FOR CHEMICAL MECHANICAL 
POLISHING, and assigned to the assignee of the present 
invention, the entire disclosure of Which is incorporated 
herein by reference. 

[0069] Referring to FIG. 10, in another embodiment, 
carrier head 100c includes a single ?exible membrane 118c 
and a disk-shaped backing structure 122c. A center portion 
260 of ?exible membrane 118c extends beloW backing 
structure 122c to provide a mounting surface to engage the 
substrate. Aperimeter portion 262 of the ?exible membrane 
extends upWardly and inWardly around a cylindrical rim 264 
of the backing structure. The perimeter portion 262 includes 
an inner ?ap 266 Which is clamped betWeen a clamp ring 
268 and an upper surface 270 of backing structure 122c, and 
an outer ?ap 272 Which Wraps around spacer ring 120c to be 
clamped betWeen retaining ring 110c and annular body 
140c. Thus, the volume betWeen backing structure 122c and 
?exible membrane 118 de?nes a pressuriZable ?oating loWer 
chamber 234c, and the volume betWeen base assembly 104 
and backing structure 122c that is sealed by inner and outer 
?aps 266 and 272 de?nes a pressuriZable ?oating upper 
chamber 236c. 

[0070] One pump may be connected to ?oating upper 
chamber 236c by passage 154 in gimbal rod 150, and 
another pump may be connected to ?oating loWer chamber 
234c by passage 134 in housing 102, passage 280 in base 
assembly 104c, and a passage 282 through backing structure 
122c. Fixtures 284 and 286 provide attachment points for 
?exible tubing to ?uidly couple the passages the passages 
through the base assembly and the backing structure to 
connect passage 134 to ?oating loWer chamber 234c. 

[0071] The bottom surface 274 of the backing structure 
may have a projection 276 that extends doWnWardly from an 
outer edge of the structure. Aplurality of grooves 278 may 
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also be formed in bottom surface 274 of backing structure 
122c to ensure that ?uid can be evacuated from betWeen the 
backing structure and the ?exible membrane. 

[0072] By controlling the pressure in the upper and ?oat 
ing loWer chambers, both the contact pressure and loading 
area of ?exible membrane 118c against the substrate can be 
controlled. To remove the substrate from the polishing pad, 
?oating upper chamber 236c is pressuriZed to force projec 
tion 276 doWnWardly and create a seal betWeen the substrate 
and ?exible membrane, and then ?oating loWer chamber 
234c is evacuated to vacuum-chuck the substrate to the 
carrier head. 

[0073] Referring to FIG. 11, in another embodiment, 
carrier head 100d, Which is similar in construction to carrier 
head 100c, may include a valve 300 in backing structure 
122d to ?uidly couple upper chamber 236d to loWer cham 
ber 234d. Valve 300 includes a disk-shaped valve body 302 
and an annular valve ?ange 304. Valve body 302 may ?t in 
an aperture 306 in backing structure 122d, and valve ?ange 
304 may be adhesively secured to a top surface 312 of 
backing structure 122d. An annular seal 308 ?ts in a shalloW 
depression 310 in top surface 312 surrounding aperture 306. 
Aplurality of vertical channels 314 may be formed through 
disk-shaped valve body 302 above seal 308 to ?uidly couple 
loWer chamber 234a' and upper chamber 236d. Valve ?ange 
304 acts as a ?exure spring to biases valve body 302 
doWnWardly so that vertical channels 314 abut annular seal 
308 to close the valve. HoWever, if valve body 302 is forced 
upWardly, then the seal Will no longer be contact the valve 
body and ?uid may leak through channels 314. As such, 
valve 300 Will be open and loWer chamber 234a' and upper 
chamber 236d Will be in ?uid communication via channels 
314. 

[0074] Valve 300 may be used to sense Whether a substrate 
has been chucked to ?exible membrane 118d. Speci?cally, a 
?rst measurement of the pressure in upper chamber 234d can 
be made With a pressure gauge (not shoWn) after the upper 
chamber is pressuriZed but before the loWer chamber is 
evacuated. The upper chamber 234d should be isolated from 
the pump that pressuriZes 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 ?rst and second pressure measurements 
may be compared to determine Whether the substrate Was 
successfully vacuum-chucked to the carrier head. 

[0075] If the substrate Was successfully vacuum-chucked, 
?exible membrane 118d Will be maintained in close prox 
imity to the substrate by a loW pressure pocket betWeen the 
substrate and the ?exible membrane. Consequently, valve 
300 Will remain biased in its closed position, and the 
pressure 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 When loWer 
chamber 234d is evacuated, ?exible membrane 118d Will 
de?ect upWardly. The ?exible membrane Will thus apply an 
upWard force to valve body 302 and Will open valve 300, 
thereby ?uidly connecting upper chamber 234d to upper 
chamber 236d. This permits ?uid 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 
?exible membrane than if the substrate is properly attached. 
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This difference may be detected to determine Whether the 
substrate is chucked to the carrier head. Similar apparatus 
and methods for sensing the presence of a substrate in a 
carrier head are described in pending US. application Ser. 
No. 08/862,350, by Boris GovZman et al., ?led May 23, 
1997, entitled A CARRIER HEAD WITH A SUBSTRATE 
DETECTION MECHANISM 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. 

[0076] Avariety of con?gurations are possible for a carrier 
head that implements the invention. For example, the ?oat 
ing upper chamber can be either an annular or a solid 
volume. The upper and loWer chambers may be separated 
either by a ?exible membrane, or by a relatively rigid 
backing or support structure. The substrate can be contacted 
directly by a ?exible membrane in a variable loading area, 
or an internal membrane can contact the interior surface of 
an external membrane in a variable contact area. The support 
structures could be either ring-shaped or disk-shaped With 
apertures therethrough. 

[0077] The present invention has been described in terms 
of a number of embodiments. The invention, hoWever, is not 
limited to the embodiments depicted and described. Rather, 
the scope of the invention is de?ned by the appended claims. 

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

apparatus, comprising: 

a ?rst pressuriZable chamber at least partially bounded by 
a ?rst ?exible membrane, a loWer surface of the ?rst 
?exible membrane providing a ?rst surface 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 ?rst chamber, Wherein the ?rst 
and second chambers are con?gured such that a ?rst 
pressure in the ?rst 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. 

2. The carrier head of claim 1, further comprising a 
vertically movable base that forms at least part of an upper 
boundary of the second pressuriZable 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 carrier head of claim 3, further comprising a 
retaining ring connected to the base to maintain the substrate 
beneath the carrier head. 

5. The carrier head of claim 1, Wherein a rigid member 
forms a boundary betWeen the ?rst and second chambers. 

6. The carrier head of claim 1, Where in a ?exible member 
forms a boundary betWeen the ?rst and second chambers. 

7. The carrier head of claim 1, Wherein the second 
chamber forms a generally annular volume. 

8. The carrier head of claim 1, Wherein the second 
chamber forms a generally solid volume. 

9. The carrier head of claim 1, Wherein the loWer surface 
of the ?rst ?exible membrane provides a mounting surface 
for the substrate. 
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10. The carrier head of claim 1, further comprising a 
second ?exible membrane extending beneath the second 
?exible membrane to provide a mounting surface for the 
substrate. 

11. The carrier head of claim 10, Wherein the volume 
betWeen the ?rst ?exible membrane and the second ?exible 
membrane de?nes a third pressuriZable chamber. 

12. The carrier head of claim 11, further comprising a ?rst 
support structure located in the ?rst chamber, and Wherein 
the ?rst ?exible membrane extends around an outer surface 
of the ?rst support structure. 

13. The carrier head of claim 12, further comprising a 
second support structure located in the third chamber 
betWeen the ?rst and second ?exible membranes and posi 
tioned to surround the ?rst supports structure. 

14. The carrier head of claim 13, Wherein the second 
support structure is generally annular in shape. 

15. The carrier head of claim 14, further comprising a ?rst 
spacer ring positioned in the third chamber betWeen the ?rst 
and second ?exible membranes, and Wherein the ?rst ?ex 
ible membrane extends in a serpentine path betWeen the ?rst 
structure and the ?rst spacer ring, around an inner surface of 
the ?rst spacer ring, and outWardly around an upper surface 
of the ?rst spacer ring. 

16. The carrier head of claim 15, further comprising a 
second spacer ring located outside the third chamber above 
the second support ring, and Wherein the second ?exible 
membrane extends 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. 

17. The carrier head of claim 16, Wherein a portion of the 
?rst spacer ring extends over a portion 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 doWn 
Wardly to contact a top surface of the second ?exible 
membrane. 

19. The carrier head of claim 10, Wherein the ?rst ?exible 
membrane is movable into contact With an upper surface of 
the second ?exible membrane in the loading area to apply 
pressure to the substrate. 

20. The carrier head of claim 19, Wherein the loWer 
surface of the ?rst ?exible membrane is textured to provide 
?uid ?oW betWeen the ?rst and second ?exible membranes 
When they are in contact. 

21. The carrier head of claim 1, further comprising a ?rst 
support structure positioned inside the ?rst chamber, and 
Wherein the ?rst ?exible membrane extends around an outer 
surface of the ?rst support structure. 

22. The carrier head of claim 21, Wherein the ?rst support 
structure is generally annular in shape. 

23. The carrier head of claim 21, Wherein the ?rst support 
structure comprises a generally disk-shaped body having a 
plurality of apertures therethrough. 

24. The carrier head of claim 21, further comprising a ?rst 
spacer ring positioned outside the ?rst chamber, and Wherein 
the ?rst ?exible membrane extends in a serpentine path 
betWeen the ?rst structure and the ?rst spacer ring, around 
an inner surface of the ?rst spacer ring, and outWardly 
around an upper surface of the ?rst spacer ring. 




