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SEMICONDUCTOR WAFER POLISHING APPARATUS WITH A
VARIABLE POLISHING FORCE WAFER CARRIER HEAD

CROSS-REFERENCE TO RELATED APPLICATIONS
- This is a continuation-in-part of Application No. 08/800,941, filed February 13,
1997, and which is incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

BACKGROUND OF THE INVENTION

The present inventioh relates to semiconductor processing equipment, and more
particularly to carriers for holding a semiconduictor wafer during chemical-mechanical
planarization. |

Semiconductor waférs ére polished to achieve a smooth, flat finish before
performing subsequent pirocéss steps that create electrical citcuit layers on the wafer,
Many systems in the pricr izt sccomplish polishing by securing the wafer to a carrier,
rotating the carrier and plscing a rotating polishing pad in contact with the rotating
wafer. The art is replete with Various types of wafer carriers for use during this

polishing operation. A comion type of carrier is securely attached to a shaft which is
rotated by a motor. A wet folishing slurry, usually comprising a polishing abrasive

suspended in a liquid, is 2pliéd to the polishing pad. A downward polishing pressure
was applied between the rotating wafer and the rotating polishing pad during the
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polishing operation. This system required that the wafer carrier and polishing pad be
aligned perfectly parallel in order to properly poliéh the semiconductor wafer surface.

The wa.fe_r carrier typically was a hard, flat plate which did not conform to the
surface of the wafer which is opposite to the surface being polished. As a consequence,
the carrier plate was not capable of applying a uniform polish pressure across the entire
area of the wafer, especially at the edge of the wafer. In an attempt to overcome‘ this
problem, the hard carrier piate often was covered by a soﬁer carriei film. The purpose
of the film was to transmit uniform pressure to the back surface of the wafer to aid in
uniform polishing. In addition to cﬁmpensating for surface irregularitiw between the
carrier plate and the back wafer surface, the film also was supposed to accommodate
minor contaminants on the backside of the wafer surface. Such contaminants could
produce high pressure areas in the absence of such a carner film. Unfortunately, the
films were only partially effective with limited flexibility and tended to take a "set”
after repeated usage. In particular, the set appeared to be worse at the edges of the
semiconductor wafer. |

Another adverse effect in using conventional apparatus to polish semiconductor
wafers was greater abrasion in an annular region adjacent to the edge of the
semiconductor wafer. This edge effect resulted from two main factors, assuming a
uniform polishing velocity over the wafer surface, (1) pressure variation (from the
nominal polish pressure) close to the edge area and (2) interaction between the polish
pad and the edge of the semiconductor wafer.

This latter factor was due to the carrier pressure pushing the wafer into the

polishing pad. Thus,thépolishingpadwascompressedbeneaththe wafer and
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expanded to its normal thickniess elsewhere. The leédix;g edge of the wafer was
required to push the polishing pad downward as it rode 6ver new sections of the pad.
As a consequence, an 6dter annular region of each wafer was more heavily worn away
and could not be used for electronic circuit fabrication. It is desirable to be able to
utilize the entire area of the wafer for electronic circuit fabrication.

Yet another problem with using conventional apparatus to polish semiconductor

wafers was slower removal rates of material in the vicinity of the wafer’s center (an

effect referred to by some in the art as “center slow”). More specifically, when

removing thin film layérs, such as oxide film layers, from the wafer, the resulting oxide
thickness was greater near the center of the wafer, as opposed to the more peripheral
areas of the wafer. The post Chemical Mechanical Polishing (CMP) oxide pattern on
the wafer surface typically resembled a dome-like shape with the thickest portion of the
oxide located near the ¢eniter of the wafer. Therefore, there existed a need to provide an
improved semiconductor wafer polishing apparatus including a wafer carrier head
design that corrects the center slow pi-;ablem, as well as the additional shortcomings

noted above.

BRIEF SUMMARY OF THE INVENTION
A general objeéct of the present inivention is to provide an improved wafer
carrier head for polishifip sttiticonductor wafers.
Another objétt i to Provide a carrier head which applies uniform pressure over

the entire area of the semiconductor wafer.
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A further object of the present invention is to prcivide a surface on the carrier
which contacts the back surface of the semiconductor wafer and conforms to any
irregularities of that back surface. Preferably, the surface of the carrier plate should
conform to even minute irregularities in the back surface of the semiconductor wafer,

Yet another object is to provide a carrier plate which eliminates the greater
erosion adjacent to the semiconductor wafer edge as produced by previous carriers.

Still another object of the present invention is to provide a carrier head which

| applies non-uniform, yet controlled pressure over the area of the semiconductor wafer

to correct center slow or other troublesome removal patterns.

These and other objectives are satisfied by a carrier head, for a semiconductor
wafer polishing apparatus, which includes a rigid plate having a major surface. A
wafer carrier membrane of soft, flexible material has a wafer contact section for
contacting the semiconductor wafer. The wafer carrier membrane is connected to the
rigid plate and extends across at least a portion of the major surface defining a first
cavity therebetween. A retaining memﬂer is secured tb the rigid plate around the wafer
contact section of the wafer carrier membrane. A first fluid conduit enables a source of
pressurized fluid to be connécted to the first cavity. The term, “pressurized,” as used
hereinafter, is intended to mean pressurizing a fluid to any desired positive pressure or
providing a vacuum. An internal wafer carrier membrane is _also provided, and is also
preferably made of a soft, flexible material. The internal wafer carrier membrane

~ includes a section for contacting the back or inner surface of the wafer carrier

membrane’s wafer contact section, and the internal wafer carrier membrane is

connected to the rigid plate and extends across at least a portion of the major surface,
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thereby defining a second cavity therebetween, A second fluid conduit is provided by
which a source of pressurized fluid is connected to the second cavity.

In the preferred embodiment of the present invention, the major surface of the
plate has a plurality of open channels which aid the flow of fluid between the plate and
the membranes. For example, the major surface may have a plurality of concentric
annular channels interconnected by a plurality of radially extending channels.

The preferred embodiment of the wafer carrier membrane has the wafer contact

| section connected at its edge by a bellows from which a flange outwardly extends. The

flange is sandwiched between the major surface and the retaining member to form the
cavity. The preferred embodiment of the internal wafer carrier membrane comprises a
membrane including a central section for contacting the back or inner surface of the
wafer carrier membrane’s wafer contact section, a beflows connected at its edge to the
central section, and a flange connected to and outwardly extending from the bellows
wherein the flange is sandwiched between the major surface and a locking member to
form the second cavity therebetween. Alternative embodiments of the internal wafer
carrier membrane include: 1) a simple membrane including a central section for
contacting the back of the Wafercc;ntact section of the wafer carrier membrane, a2
sloped section coupled to and extending upwardly from the central section, and an
outer section coupled to the sloped section and which is sealably connected around the
perimeter thereof to the rigid plate to form a cavity therebetween; and 2) a balloon-like

membrane including a central section for contacting the back of the wafer contact

section of the wafer carrier membrane.
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During polishing, the cavity is pressurized w1th fluid which causes the wafer
contact section of the wafer carrier membrane to exert force against the semiconductor
wafer pushing the wafer into an adjacent polishing pad. Because the wafer carrier
membrane is very thin, soft and highly flexible, it conforms to the back surface of the
semiconductor wafer which is opposite to the surface to be polished. By conforming to
even minute variations in the wafer surface, this reduces point pressures caused by
defects in the wafer surface, thereby producing uniform polishing. By applying an
appropriate pressure, using any one of the internal wafer carrier membrane

embodiments, to the back of the wafer contact section of the wafer carrier membrane,

‘the localized pressure in the vicinity of the wafer center may be increased, thereby

alleviating the center slow problem.

A lower edge of the retaining member contacts the polishing pad and is
substantially co-planar with the semiconductor wafer surface being polished. This co-
planiar relationship and the very small gap between the inner diameter of the retaining
member and the outer diameter of the semiconductor wafer significantly minimizes the
edge abrasive effect encountered with prior polishing techniques. The retaining
member pre-compresses the polishing pad before reaching the edge of the
semiconductor wafer. With only a very small gap between the retaining meinber and
the édge of the semiconductor wafer, the polishing pad does not expand appreciably in
that gap so as to produce the edge abrasive effect previously encountered.

These and other objects, advantages and aspects of the invention will become
apparent from the following description. In the description, reference is made to the

accompanying drawings which form a part hereof, and in which there is shown a
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preferred embodiment of thé invention. Such embodiment does not necessarily
represent the full scope of the invention and reference is made therefor, to the claims

herein for interpreting the scope of the invention.

BRIEF DESCMON OF THE SEVERAL VIEWS OF THE DRAWINGS
FIGURE 1 is a diametric cross-sectional view throngh a wafer carrier;
FIGURE 2 is 2 bottom plan view of the rigid plate;

FIGURE 3 is an entlarged cross-sectional view of a section of Figure 1 showing
details of the flexible wafer carrier membrane;

FIGURE 4 is a diametric cross-sectional view through another embodiment of
the wafer carrier of the present invention showing the carrier chucking a semiconductor
wafer;

FIGURE 5 is a Yiametric cross-sectional view of the wafer carrier of Figure 4
showing pressurization 6f the cavity associated with the wafer carrier membrane;

FIGURE 6 is a diametric cross-sectional view of the wafer carrier of Figure 4
showing pressurization of the cavities associated with both membranes;

FIGURE 7 is a diametric cross-sectional view of another embodiment of the
wafer carrier of the present invention;

FIGURE § is & diafetric cross-sectional view of another embodiment of the
wafer carrier of the present invention;

FIGURE 9A is & #lametric cross-sectional view showing a portion of the wafer
carrier from Figure 4; and

FIGURE 9B is a bottom plan view of the carrier’s rigid plate.
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DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, wherein like reference characters represent
corresponding elements throughout the several views, and more specifically referring
to Figure 1, a semiconductor wafer polishing apparatus has a carrier head 10 mounted
on a spindle shaft 12 that is connected to a rotational drive mechanism by a gimbal
assembly (not shown). The end of the spindle shaft 12 is fixedly attached to a rigid
carrier plate 14 with a flexible sealing ring 16 therebetween to prevent fluid from
leaking between the spindle shaft 12 and the carrier plate 14. The carrier plate 14 has a
planar upper surface 18 and a parallel lower surface 20.

The lower surface 20 of the_ carrier plate 14 has a plurality of grooves therein as
shown in Figure 2. Specifically, the lower surface 20 has a central recessed area 22
with three spaced apart concentric annular grooves 23, 24 and 25 in order of increasing
diameter. An annular recess 26 extends around the peripheral edge of the lower surface
20. Four axial grooves 31, 32, 33 and 34 extend at ninety degree intervals from the
central recess 22 to the annular recess 26 throﬁgh each of the concentric annular
grooves 23, 24 and 25. Thus, each of the annular grooves 23-25, central recess 22, and
peripheral recess 26 communicate with each other through the axial grooves 31-34.

Four apertures 36 extend from the central recess 22 through the carrier plate 14

to a recess on the upper surface 18 in which the spindle shaft 12 is received, as seen in

| Figure 1. Apertures 36 communicate with apertures 38 through the end of the spindle

shaft 12, thereby providing a passage from a central bore 39 of the spindle shaft 12 to

the underside of the carrier plate 14.
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A retaining Ying 40 is attached to the lower surface 20 of the carrier plate 14 at
the peripheral recess 26. The retaining ring 40 is secured by a plurality of cap screws
42 which are received within apertures 44 that open into the peripheral recess 26 of the
carrier plate 14. A circular wafer carrier membrane 46 is held between the carrier plate
14 and the retaining ring 40 stretching across the lower surface 20 of the carrier plate
14 to forin a flexible diaphragm beneath carrier plate 14. The circular wafer carrier

membrane 46 preferably is formed of molded polyurethane, aithough a thin sheet of

- any of several soft, resilient materials may be utilized. Moreover, the circular wafer

cartier membrane 46 may be mads from several soft, resilient sheets of material
connected into a single sheet.

Referring in addition to Figure 3, the flexible circular wafer carrier membrane
46 has a relatively planar, circular wafer contact section 48 with a l;lurality of apertures
50 extending therethrough. The circular wafer contact section 48 is between 0.5 and
3.0 millimeters thick, for example 1.0 millimeter thick. The circular wafer contact
section 48 is bounded by an annular rim 52 which has a bellows portion 54 to allow
variation in the spacing between the bottom surface 20 of the carrier plate 14 and the
back of the wafer contact section 48 of the membrane 46. The opposite edge of the
annular rim 52 from the wafer contact section 48 has an outwardly extending flange 56
which is squeezed between the peripheral recess surface of the carrier plate 14 and the
retaining ring 40 due to the force exerted by the cap screws 42,

In order to précess a semiconductor wafer, the carrier head 10 is moved overa
wafer storage area aiid lowered onto a semiconductor wafer 60. The spindle shaft 12 is

connected to 2 vacuum Source by a rotational coupling and valve (not shown). With
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the carrier head positioned over the semiconductor Wer 60, the vacuum valve is
opened to evacuate the cavity 58 formed between the carrier plate 14 and the wafer
carrier membrane 46. This action draws air into cavity 58 through the small holes 50 in
the wafer carrier membrane 46 and creates suction which draws the semiconductor
wafer 60 against the wafer carrier membrane 46, Although evacuation of chamber 58
causes the membrane 46 to be drawn against the lower surface 20 of the carrier plate
14, the pattern of grooves 23-34 in that surface provides passageways for air to
continue to be drawn through the holes 50 in the membrane 46, thereby holding the
semiconductor wafer 60 against the carrier head 10. It should be noted that the interior
diameter of the retaining ring 40 is less than five millimeters (preferably less than one
to two millimeters) larger than the outer diameter of the semiconductor wafer 60.

The carrier head 10 and loaded semiconductor wafer 60 then are moved over a
conventional semiconductor wafer polishing pad 62 which is mounted on a standard
rotating platen 64, as shown in Figure 1. The carrier head 10 then is lowered so that
the wafer 60 contacts the surface of the polishing pad 62. Next, the valve for the
vacuum source is closed and a pressunud fluid is introduced into the bore 39 of the
spindle shaft 12. Although this fluid preferably is a gas, such as dry air or nitrogen
which will not react with the surface of the semiconductor wafer 60, liquids such as
deionized water may be utilized. The fluid flows from bore 39 through apertures 38
and 36 into the pattern of grooves 23-34 in the bottom surface 20 of the carrier plate 14,
thereby filling the cavity 58 between the carrier plate 14 and the flexible wafer carrier
membrane 46. This action inflates the cavity 58 expanding the bellows 54 of the wafer

carrier membrane 46 and exerts pressure against the semiconductor wafer 60. The fluid

-10~-



i¢

15

20

WO 00121715 - PCT/US99/23362

may be pressurized to Jéss than 15 psi (preferably between 0.5 psi and 10 psi) with the
precise pressure depending upon the characteristics of the semiconductor wafer 60 and
the abrasive material applied to the polishing pad 62. The pressure from the fluid is
evenly distributed throughout the cavity 54 exerting an even downward force onto the
semiconductor wafer 60.

Because the membrane 46 is very thin, it conforms to the top or backside
surface of the semiconduictor wafer 60. The membrane 46 is soft and highly flexible
conforming to even the minute variations in the wafer surface. As a consequence, a
carrier film is not required between the wafer 60 and the membrane 46 as the
membrane 46 will conform to even minor surface contaminants on the backside of the
semiconductor wafer 60.

During the polishing operation, the carrier head 10 is mechanically pressed
déwnward so that the retaining ring 40 depresses the polishing pad 62. The lower edge
65 of the retaining ring 40 which contacts the polishing pad 62 is substantially co-
planar with the semiconductor wafer surface being polished. This co-planar
relationship and the very small (<5 mm) difference between the inner diameter of the
retaining ring 40 and the outer diameter of the semiconductor wafer 60 significantly
minimizes the edge abrasive effect encountered with prior polishing techniques. This
abrasive effect was due to depression of the polishing pad 62 by the edge of the
semiconductor wafer 60 ‘as it rotated against the pad 62. As seen in Figure 1, the
retaining ring 40 of the present carrier assembly depresses the polishing pad 62 and
because only a very siall gap exists between the interior surface of the retaining ring
40 and the edge of the seniiconductor wafer 60, the polishing pad 62 does not expand

-}1-~
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appregiably in that gap, thereby eliminating the severe edge abrasive effect previously
encountered.

In addition, the present wafer carrier head 16 applies extremely uniform polish
pressure across the entire area of the semiconductor wafer. The extreme flexibility and
softness of the wafer carrier membrane 46 with the integral bellows 54 allows the
carrier membrane 46 to réspond to small disturbances on the face of the semiconductor

wafer 60 which may be caused by some aspect of the polishing process such as pad

" variation, conditioning of the pad, and slurry flow rates. The flexible wafer carrier

membrane 46 is thus able to automatically compensate for such variations and provide

uniform pressure between the semiconductor wafer 60 and the polishing pad 62. Any

' energy associated with these disturbances is absorbed by the fluid in the cavity 58

behind the wafer carrier membrane 46 instead of increasing the local polishing rate of
the semiconductor wafer 60. |
Referring to Figures 4-6, a semiconductor wafer polishing apparatus has a

carrier head 100 mounted on a spindle shaft 102 that is connected to a rotational drive

- mechanism by a gimbal assembly (not shown). The end of the spindle shaft 102 is

fixedly attached to a rigid carrier plate 110 with a flexible sealing ring 114
therebetween to prevent fluid from leaking between the spindle shaft 102 and the
carrier plate 110, Carier plate 110 is preferably made of stainless steel, though
alternative materials with rigid, sturdy characteristics may be used. Spindle shaft 102
may be attached to camer plate 110 using #simple friction fit, or any other means for
attachment well known to those skilled in the art. Additionally, spindle shaft 102 is

preferably made from stainless steel, though it may be made with any suitable material,

-12-
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A button member 106 fs provided between spindle shai% 102 and carrier plate 110.
Button member 106 is preferably made of a plastic material; however, any appropriate
material may be used for button member 106. An additional flexible sealing ring 116
is provided between button member 106 and spindle shaft 102, Carrier plate 110 has a
planar upper surface 119 and a parallel lower surface 118.

Tubing 107a and 107b comprises a first conduit running from a first
pressurizing source (not shown) to fasteners 132 connected to carrier plate 110. The
first pressurizing source comprises any conventional system that provides regulated
pressure or vacuum to fluid within tubing 107a and 107b. Another conduit comprises
tubing 104, channels 108, and apertures 112. One end of tubing 104 is connected to a
second pressurizing source (not shown) that comprises any conventional system
providing a regulated pressure supply to fluid within tubing 104. The opposite end of
tubing 104 is coupled to channels 108 within button member 106. In the preferred
embodiment, there are fotir separate channels 108 in button member 106; however,
only two channels 108 are shown in phantom in the figures, and a different number of
channels 108 is permissible. Channels 108 intersect with apertures 112 in carrier plate
110 to complete the seécond conduit path. Tubing 107a, 107b, and 104 comprises any
conventional, and preferably flexible, tubing for use in a pnevmatic and/or hydraulic
system. A cover 146 is éonnected to carrier plate 110 using fasteners 148. Cover 146
protects the internal componants of the carrier 100 from external debris.

A wafer carrier mémbrane 134 is coupled to carrier plate 110 by clamping the
flange 138 of membriié 134 between retaining member 140 and carrier plate 110.

Retaining member 140 i domnected to carrier plate 110 using fastenets 142. Wafer

-13-
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carrier membrane 134 includes a centrally located wafer contact section between
positions 133 and 135 of wafer carrier membrane 134. Thus, the wafer contact section
preferably compriseé- a circular-shaped portion centrally located in membrane 134. The
wafer contact sectiox_i inéiudes a plurality of apertures 144 therethrough. Here, two
apertures 144 are shown, but more or less could be used. Membrane 134 also includes
a bellows 136 that is coupled between the membrane’s flange 138 and the edge of the
wafer contact section. A cavity 154 is bounded by wafer carrier member 134 and
carrier plate 110. Wﬁfer carner membrane 134 is preferably formed of molded

polyurethane, although a thin sheet of any of several soft, resilient materials may be

.utilized. Wafer carrier membrane 134 of Figures 4-8 is preferably substantially similar

to wafer carrier membrane 46 of Figures 1-3. Accordingly, wafer carrier member 134
may also be made from multiple sheets of material connected into z'x single soft,
resilient sheet. ]

An internal wafer carrier membrane 122 is coupled to carrier plate 110 by
clamping a flange 126 of membrane 122 between a locking member 128 and carrier
plate 110. Locking lpember 128 is connected to carrier plate 110 with connectors 130.
A section of membrane 122 between positions 123 and 125 is for contacting the back
or inner surface of the wafer contact section of wafer carrier member 134. This section
of membrane 122 is preferably circular in shape and central to membrane 122.
Membrane 122 also includes a bellows 124 located between the membrane’s central
section and flange 126. An additional cavity 120 is formed between internal wafer
carrier member 122 and carrier plate 110. Cavity 120 is thus subsumed within cavity

154 formed by wafer carrier membrane 134. Internal wafer carrier membrane 122is

~14-
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also preferably forméd ¥ nolded polyurethane, howevef; a thin sheet of any of several
soft, resilienit materials may be utilized. Additionally, multiple sheets of material may

be connected mto a single soft, resilient sheet for internat wafer carrier membrane 122,
A semiconductor wafer 150 is bounded by wafer carrier membrane 134, a polishing

pad 152, and retaining member 140.
Referring to Figures 7 and 8, two different embodiments of the carrier head 100

are shown that are both similar to the embodiment of carrier head 100 shown in Figures

4.6, Referring to Figures 4 and 7, the internal wafer carrier membrane 122 of Figure 4

has been replaced with an elastomer 254 in Figure 7. Elastomer 254 does not have the
bellows and flange arrangement of the internal wafer carrier membrane 122 from
Figure 4. Gerietally, elastomer 254 has a unique shape. Specifically, elastomer 254
has a peripheral section 254a substantially parallel with the wafer 150. Section 254a is
clamped between locking member 128 and carrier plate 110. Moving inward from the
perimeter of elastomer 254, a section 254b is tapered to slant downward with respect to
section ﬁS‘ta. As elastomer section 2541: approaches wafer cartier membrane 134, a
section 254c is substantially parallel to section 254a. Additionally, section 254¢
substantially abuts an intérnal surface of wafer carrier membrane 134, Elastomer 254
is preferably made froth molded polyurethane, but a thin sheet of any of several soft,
resilient materials may bé implemented. Similarly, multiple sheets of material may be
connected into a single Soft; resilient sheet for elastomer 254,

Referring to Figirés 4 and 8, the internal wafer carrier membrane 122 of Figure
4 has been replaced with & billoon-like membrane 156 in Figure 8. Balloon-like
membrane 156 may be conniécted to carrier plate 110 and/or the central conduit fed

-15-
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from tubing 104 using any conventional manner. Balloon-like membrane 156 is
preferably made of a molded polyurethane, dmduéh.a thin sheet of any of several soft,
resilient materials may be utilized. Balloon-like membrane 156 could also be
fabricated out of several soft, resiliant sheets of material bonded into a single sheet.

Referring to Figure 9B, a bottom plan view of the lower surface 118 of carrier
plate 110 is shown. The diametric cross-sectional view of Figure 9A aids in

understanding the layout depicted in Figure 9B. The lower surface 118 of the carrier

| plate 110 has a plurality of grooves thereir. The lower surface 118 has a plurality of

raised sections 118a, 118b, 118¢c, and 118d. Also included are three spaced apart
concentric annular grooves 164, 166, and 168, in order of increasing diameter. Annular
recess 170 surrounds raised section 118d of lower surface 118. Annular recess 170

includes a plurality of apertures 176 for connecting locking member 128 (see Figures

~ 4-8). Raised surface 186 bounds annular recess 170. Raised surface 186 includes a

plurality of apertures 188 that supply a source of pressure or a source of vacuum to
cavity 154." Annular recess 190 forms the outermost section of carrier plate 1_10.
Annular recess 190 includes a plurality of apertures 192 for receiving fasteners 142 for
connecting retaining member 140. The central raised portion 118a of lower surface

118 includes a plurality of apertures 112 that are in fluid communication with tubing
104 (sec Figure 4-8). Axial grooves 170-176 run from the center of raised surface 118a
to surface 118d. The depth of axial grooves 170-176 preferably exceeds the depth of
annular grooves 164-168. Pressurized fluid supplied through tubing 104 and channels
108 is in fluid communication with apertures 112, which are also in fluid

communication with axial grooves 170-176, and annular grooves 164-168, thereby

-16-
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permitting pressurization of cavity 120. Additional axial grooves 178-184 are shownin
raised surface 186. Axial grooves 178-184 are not in fluid communication with axial
grooves 170-176. Accordingly, pressurized fluid or vacuum supplied through tubing
107 and apertures 188 are in communication with cavity 154.

In order to process a semiconductor wafer 150, the carrier head 100 is moved
ovér a wafer storage area and lowered onto a semiconductor wafer 150. The wafer 150
may also be loaded by a separate robotic wafer transfer arm, The spindle shaft 102 is

connected to a vacuum source by a rotational coupling and valve (not shown). With

* the carrier head 100 positioned over the semiconductor wafer 150, the vacuum valve is

opened to evacuate the cavity 154 formed between the carrier plate 110 and the wafer
carrier membrane 134. This action draws air into cavity 154 through the small
apertures 144 in wafer cirtier membrane 134 and creates suction which draws
semiconductor wafer 150 against wafer carrier membrane 134. This process is referred
to by those skilled in the art as “chucking,” and it is depicted in Figure 4. Although
evacuation of cavity 154 causes wafer carrier membrane 134 to be drawn against raised
surface 186, the pattern of axial grooves 178-184 in surface 186 provides passageways
for air to continue to be drawn through apertures 144 in membrane 134, thereby
holding semiconductor wafer 150 apainst carrier head 100, Less effective chucking is
established without use of axial grooves 178-184, It should be noted that the interior
diameter of retaining member 140 is less than 5 millimeters (preferably less than 1 to 2
millimeters) larger tha the outer diameter of the semiconductor wafer 150.

The carrier head 100 and chucked wafer 150 are then moved over a
conventional semiconductor wafer polishing pad 152, which is mounted on a standard

-17-
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rotating platen (not shown). Carrier head 100 is then lowered so that the wafer 150
contacts the surface of the polishing pad 152. Next, the valve for the vacuum source is
closed, and a pressurized fluid is introduced into tubing 107a and 107b in spindle shaft
102. Although this fluid preferably is a gas, such as dry air or nitrogen, which will not
react with the surface of the semiconductor wafer 150, liquids such as deionized water
may be utilized. The pressurized fluid flows through tubing 107a and 107b, through

conduit fasteners 132, and into cavity 154. The pressurized fluid then creates a force

' against the interior surface of wafer carrier membrane 134 that causes bellows 136 to

expand, thereby applying a downward force against semiconductor wafer 150, which is
supported by polishing pad 152 and platen. The opposing force of the semiconductor
wafer 150 against the wafer carrier membrane 134 seals apertures 144, and therefore,
cavity 154. The pressure from the fluid is evenly distributed throughout cavity 154
exerting an even downward force onto semiconductor wafer 150. By adjusting the
pressure supplied through tubing 107a and 107b, the substantially uniform and
downward force applied against semiconductor wafer iSO by membrane 134 is
controlled. The fluid may be pressurized to less than 15 psi (preferably between 0.5 psi
and 10 psi) with the precise pressure depending upon the characteristics of the
semiconductor wafer 150 and the abrasive material applied to the polishing pad 152.
Because the wafer carrier membrane 134 is very thin, it conforms to the top or
backside surface of the semiconductor wafer 150. The membrane 134 is soft and
highly flexible conforming to even the minute variations in the wafer surface. Asa

consequence, a carrier film is not required between the wafer 150 and the membrane

-18~
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134, as the membréne 134 will conform to even minor surface contaminants on the
backside of the semiconductor wafer 150.

Referring to Figure 5, only the outer membrane (i.e., the wafer carrier
membrane 134) is used to polish semiconductor wafer 150. The internal wafer carrier
membrane 122 is not being used in Figure 5. Additionally, each embodiment of the
carrier head 100, as depicted in Figures 4-8, may operate in a state whereby only the
outer membrane (i.e., the wafer carrier membrane 134) is used to polish the
semiconductor wafer 150. When using only the outer membrane 134 to polish the
semiconductor wafer 150, carrier head 100 operates substantially like carrier head 10 in
Figures 1-3. However, each embodiment of carrier head 100, as depicted in Figures 4-
8, includes an internal wafer carrier membrane that may be selectively used in order to
correct the center slow removal problem.

Specifically and with reference to Figure 6, pressurized fluid is introduced into
tubing 104 which is in communication with channels 108, apertures 112, and cavity
120, As pressurized fluid is introduced into cavity 120, bellows 124 expand ina
downward direction, thereby forcing at least part of the central section between
positions 123 and 125 of the intemnal wafer carrier membrane 122 against the interior
surface of the wafer carrier membrane 134. By controlling the pressure supplied
through tubing 104 into cavity 120, one can control the magnitude of force applied by
the internal wafer carrier membrane 122 against wafer carrier membrane 134. Thus, a
region of localized, higher pressure may be applied in proximity to the central region of
semiconductor wafer 150. Specifically, a portion of semiconductor wafer 150 located

beneath a circular region having an approximate diameter equivalent to or less than the

. -19-
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 distance between positions 123 and 125 of the internal wafer carrier membrane 122

may be subjected to the glcvated force.

Figure 6 depicts gavities 120 and 154 being exposed to pressurized fluid
through tubing 104 and 107, respectively. At least a portion of the internal wafer
carrier membrane 122 is forced against wafer carrier membrane 134, thereby exerting a
region of greater force against the semiconductor wafer 150 where the membranes 122
and 134 meet. The greater force applied where the membranes 122 and 134 meet
facilitates greater removal rates underneath this region on the semiconductor wafer 150.
By controlling the pressure of fluid introduced into cavity 120, one can control both the
degree of contact between the membranes 122-and 134, as well as the magnitude of
localized higher force applied against semiconductor wafer 150, thereby controlling the
increased removal rate in the vicinity of the center of the semiconductor wafer 150.

' Referring to Figure 7, the wafer carrier membrane 134 is in forceable,
downward contact with semiconductor wafer 150 due to pressurization of cavity 154.
Similarly, elastomer 254 1s in forceable, downward contact with wafer carrier
membrane 134. Specifically, the abutting section 254c of elastomer 254 is in
forceable, downward contact with.wafer carrier membrane 134 due to the
pressurization of cavity 120. By controlling the pressure within cavity 120, the
removal rate of material underneath abutting section 254¢ on semiconductor 150 can be
increased in a controlled manner, thereby correcting the center slow removal problem.

Referring to Figure 8, the wafer eaﬁ'ier membrane 134 is in forceable,

downward contact with semiconductor wafer 150 due to the pressurization of cavity

* 154, Similarly, the balloon-like membrane 156 is pressurized through tubing 104,
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thereby causing a portion of balloon-like membrane 156 to fnake forceable, downward
contact against wafer carrier membrane 134. By choosing an appropriately sized
balloon-like membrane 156, in combination with selecting an appropriate pressure to
apply to balloon-like membrane 156, one can control the removal rate of
semiconductor wafer 150 underneath the region where wafer carrier membrane 134 and
balloon-like membrane 156 make contact.

These features of the present wafer carrier head 100 produce uniform or non-

' “uniform polishing across the semiconductor wafer, as desired, to enable use of the

entire wafer surface for circuit fabrication.

1t should be understood that the apparatus described above are only exemplary
and do not limit the scope of the invention, and that various n;odiﬁcaﬁo_ns could be
made by those skilled in the art that would fali under the scope of the invention. For
example, more than one internal wafer carrier membrane could be used, and whether
one or more internal wafer carrier membranes are used, it need not necessarily be
centered with respect to the semiconductor wafer surface. Though described with the
carrier above the platen, those skilled in the art could accomplish similar results with
different orientations of these items.
Additionally, the terms “wafer” or “semiconductor wafer” have been used extensively
herein; however, they may be more generally referred to by the term, “workpiece,”
which is intended to include the following: semiconductor wafers, both bare silicon or
other semiconductor substrates such as those with or without active devices or
circuitry, and partially processed wafers, as well as silicon on insulator, hybrid

assemblies, flat pane] displays, Micro Electm-Mechanical_Sensors (MEMS), MEMS
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wafers, hard computer disks or other such materials that would benefit from

planarization. Additionally, the term “polishing rate” is intended to mean a material

removal rate of anywhere between 100 Angstroms per minute to 1 micron per minute.
To apprise the public of the scope of this invention, the following cl:'aims are

provided:
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What is claimed is:
1, A carrier for an apparatus which performs chemical-mechanical
planarization of a surface of a workpiece, wherein the carrier comprises:
a rigid plate having a major surface;
a wafer carrier membrane of soft, flexible material with a wafer contact section

having an outer surface and an inner surface wherein the outer surface is for contacting

' an opposite surface of the workpiece, the wafer carrier membrane connected to the

rigid plate and extending across at least a portion of the major surface thereby defining
a first cavity therebetween;

an internal wafer carrier membrane with a section having an outer surface for
contacting the inner surface of the wafer contact section, the internal wafer carrier
membrane connected to the rigid plate and extending across at least a portion of the
major surface thereby defining a second cavity therebetween;

a first fluid conduit by which a source of pressurized fluid is connected to the
first cavity; and

a second fluid conduit by which a source of pressurized fluid is connected to the

second cavity.

2. The carrier as recited in claim 1 further including a retaining member
secured to the rigid plate around the wafer contact section of the wafer carrier

membrane.
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3. The carrier as recited in claim 1 wherein the wafer carrier membrane has a

plurality of apertures through the wafer contact section.

4. The carrier as recited in claim 1 wherein the wafer carrier membrane in the

5 wafer contact section has a substantially uniform thickness.

5.- The carrier as recited in claim 1 wherein circumference of the wafer contact
section of the wafer-carﬁer membrane is coupled to a bellows which is coupled to the

rigid plate.

- 10

6. The carrier as recited in claim 5 wherein the wafer carrier membrane further

comprises a flange extending around the bellows and abutting the rigid plate.

7. The camerasrec:ted in claim 2 wherein the wafer carrier membrane further
15 includes a bellows having a first end attached to the wafer contact section and having a
second end, and a ﬂangé projecting from the second end and sandwiched between the

major surface of the rigid plate and the retaining member,
8. The carrier as recited in claim 1 wherein the rigid plate has a plurality of

20 channels on the major surface and the fluid conduits communicate with the plurality of

channels,
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9. The carfierés recited in claim 1 wherein thé rigid plate has a plurality of

concentric annular channels on the major surface.

10. The carrier as recited in claim 9 wherein the rigid plate further includes

axial grooves interconnecting the plurality of concentric annular channels.

11. The carrier as recited in claim 1 wherein the intemal wafer carrier

membrane comprises a soft, flexible material.

12. The carrier as recited in claim 2 wherein the workpiece has a perimeter, and
the retaining member has a perimeter which is less than five millimeters larger than the

perimeter of the workpiece.

13. The carrier as recited in claim 2 wherein the retaining member has a surface
which is substantially coplanar with the surface of the workpiece undergoing chemical-

mechanical planarization.

14. The carrier as recited in claim 1 further comprising a fluid within the
cavities, wherein the fluid is selected from the group consisting of air, nitrogen and

water.
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15. The carrier as recited in claim 1 wherein circumference of said section of
the internal wafer carrier membrane is coupled to a bellows which is coupled to the

rigid plate.

16. The carrier as recited in claim 15 wherein the internal wafer carrier
membrane further comprises a ﬂahge extending around the bellows and abutting the

rigid plate.

17. The carrier as recited in claim 1 wherein the internal wafer camrier
membrane further includes a bellows having a first end attached to said section of the
internal wafer carrier membrane and having a second end, and a flange projecting from

the second end and sandwiched between the major surface and a locking member.

18. The carrier as recited in claim 1 wherein the wafer carrier membrane and

the internal wafer carrier membrane are connected to each other. .

19. The carrier as recited in claim 1 wherein an area of the section for
contacting the wafer contact section is less than an area corresponding to the wafer

contact section.

20. The carrier as recited in claim 1 wherein the second cavity is within the

first cavity.
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21. A carriér for an apparatus which performs éhemtical-mechanical
planarization of a surface of a workpiece, wherein the carrier comprises:

a rigid plate having a major surface;

a wafer carrier membrane of soft, flexible material with a wafer contact section
having an outer surface and an inner surface wherein the outer surface is for contacting
an opposite surface of the workpiece, the wafer carrier membrane connected to the
rigid plate and extending across at least a portion of the major surface thereby defining
a first cavity therebetween;

an internal wafer carrier membrane comprising a balloon-like portion with a
section for contacting the mner surface of the wafer contact section;

a first fluid conduit by which a source of pressurized fluid is connected to the
first cavity; and

a second fluid conduit by which a source of pressurized fluid is connected to a

second cavity formed by the balloon-like portion.
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22. A method of operating a carrier for an appafatus which performs chemical-

mechanical planarization of a surface of a workpiece comprising the steps of:
providing a rigid plate having a major surface;

pressurizing a first cavity formed between a wafer carrier membrane of soft,

flexible material and the major surface such that an outer surface of 2 water contact

section of the wafer canie; membrane contacts an opposite surface of the workpiece;
and

pressurizing a second cavity formed between an internal wafer carrier
membrane of soft, flexible material and the major surface such that an outer surface of
a section of the internal wafer carrier membrane makes contact with an inner surface of

the wafer carrier membrane.

23. A method of operating a carrier for an apparatus which performs chemical-
mechanical planﬁrization of a surface of a workpiece comprising the steps of:

positioning the carrier including a membrane with at least one aperture
therethrough over a surface of the workpiece;

applying vacuum through each aperture to chuck the workpiece against the
membrane;

moving the carrier and chucked workpiece into position against a polishing
surface;

releasing vacuum through each aperture; and

applying pressurized fluid into a cavity lc;cated between a surface of the carrier

and the membrane.
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