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SEMICONDUCTOR WAFER POLISHING APPARATUS WITH A 
VARI.ABLE POLISIDNG FORCB WAFER CARRIER HEAD 

CROSS-REF£RENCE TO RELATED APPUCATIONS 

10 This is a continuition:.iJl.part of Application No. 081800,941, filed Febnwy 13, 
1997, and which is incorporated herein by reference. 

STAT!MENTREGARDJNG FEDERALLY 
is SPONSORED RESEARCH ORDBVELOPMBNT 

20 

Not applicable. 

BACKGROUND OF mE INVENTION 

The present inventbl relates to semiconductor pt0cessmg equipment, and more 

particularly to carriers for holding a semicondUctor wafer during chem.ical-mecbanical 

25 planariDtion. 

Semiconductor Wa&isn p0llshecl to achieve a~ fiat finish befme 

performing subsequent prOCeSS Steps that create electrical circuit layers on the wafer. 

Many systems in the pi« itt ~niplish polishing by seeming the wafer to a calrier, 

rotadng the carrier and ptefiil. milting polishing pad in contact with the rotating 

3 o wafer. The art is R1tlete witfl ,;.nous types of wafer cmiers for use during this 

polishing operatiOI). A common~ of carrier is securely attached to a shaft which is 

rotated by a motor. A wet}Jl»'IWling ~urry~ usually comprising a polishing abrasive 

suspended in a liquid. is ~to the polishing pad. A dOWllward polishing pressure 

was applied between the mtating wafer and the rota1ing 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 polish the semiconductor wafer surface. 

The wafer canier 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, 

s the cmier 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 cmier plate often was covered by a softer carrier 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 compensating for surface megularities between the 

10 cmier plate and the back wafer smface, 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 cmier 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~ 

15 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 

unifonn polishing velocity over the wafer surface, (1) pressure variation (from the 

20 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~ pressure·pusbing the wafer into the 

polishing pad. Thus, the polishing pad was compressed beneath the wafer and 
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expanded to its normil thickness elsewhere. The leading edge of the wafer was 

required to push the p01isbing pad downward as it rode over new sections of the pad. 

As a consequenc~ an o&\ter annular region of each wafet was more heavily wom away 

and could not be used for electronic circuit fabrication. It is desirable to be able to 

s utilize the entire area of the Wafer for electronic circuit fabrication. 

Yet another problem with using conventional apparatus to polish semiconductor 

wafers was slower :rmu;'Val rates of material in the vicinity of the wafer's center (an 

effect referred to by sotrie itt the mt as "center slowj. Mole specifically. when 

removing thin film laylrs-, Inch as oxide film layers, from the wafer, the resulting oxide 

10 thickness was greater• the center of the wafer, as opposed to the more peripheral 

meas of the wafer. the post Chemical Mechanical Polishing (CMP) oxide pattem on 

the wafer surface typically resembled a dome-like shape. With the thickest portion of the 

oxide located near the teiiter of the wafer. Therefore, there existed a need to provide an 

improved semicondueto? \va:fer polishing apparatus including a wafer carrier head 
. 

1s· design that corrects the ·ce~ slow problem, as well as the additional shortcomings 

noted above. 

BRIEF SUMMARY OF mE JNVENTION 

A genen.l object Ot"tile present invention is to provide an improved wafer 

2 o carrier head for polisltibg 'sibltiConductor wafers. 

Another obj~ ii·uf}iovide a carrier bead which applies uniform pressure over 

the entire area of the ~smiiC:ohductor wafer. 
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A further objectofthe present invention is to provide 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 

confonn to even minute irregularities in the back surface of the semiconductor wafer. 

s 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 inventipn is to provide a cmrier head which 

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

to correct center slow or other troublesome rem.oval patterns. 

10 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 bas 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 

15 cavity therebetween. A retaining member is secured to the rigid plate arolDld the wafer 

contact section of the wafer canier membrane. A first fluid conduit enables a source of 

pressuri7.ed fluid to be connected to the first cavity. The term, "pres~" as used 

hereinafter, is intended to mean pressurizing a fluid to any desired positive pressure or 

providing a vacuum. An internal wafer canier membrane is also provided, and is also 

2 o 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 cmier 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 

s 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 

1 o 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 bellows comected at its edge to the 

central section, and a flange connected to md outwardly extending from the bellows 

wherein the flange is SB11dwichecl between the major surface and a locking member to 

15 form the second cavity therebetween. Alternative embodiments of the intemal wafer 

cmier membrane include: l) a simple membrane including a central section for 

contacting the back of the wafer contact section of the wafer carrier membrane, a 

sloped section coupled to and extending upwardly ftom the central section. and an 

outer section coupled to the sloped section and which is sealably connected around the 

20 perimeter thereof to the rigid plate to form a cavity therebetween; and 2) a balloon-like 

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

section of the wafertanier membrane. 
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During polishing, the cavity is pressurized with 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 

s semiconductor wafer which is opposite to the surface to be polished. ~y conforming to 

even minute variations in the wafer surface, this reduces point pressures caused by 

defects in the wafer smface, 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, 

10 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 polishina pad and is 

substantially co-planar with the semiconductor wafer surface being polished. This co­

planar relationship and the very small gap between the inner diameter of the retaining 

15 member and the outer diameter of the semiconductor wafer significantly minimi?.es 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 member and 

the edge of the semiconductor wafer, the polishing pad does not expand appreciably in 

2 o 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 fmm a part hereof, and in which there is shown a 
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preferred embodimeb.t nf th~ invention. Such embodinlent 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 DESC:iUPnON OF nm SEVERAL VIEWS OF nm ORA WINGS 

FIGURE 1 is a dimiietric cross-sectional view through a wafer carrier; 

FIGURE 2 iS a bott0m pl8n view of the rigid plate; 

FIGURE 3 is an ettlarged cross-sectional view of a section of Figure 1 showing 

details of the flexible waftr cmrier membrane; 

10 FIGURE 4 is a diametric cross-sectional view through another embodiment of 

the wafer carrier of the j>resent invention showing the carrier chucking a semiconductor 

FIGURE 5 is I 'diametric cross-sectional view of the wafer canier of Figure 4 

showing pressumatioil'of the cavity associated with the wafer ca.trier membrane; 

1s FIGURE 6 is a Ciiatiietric cross-sectional view of the wafer carrier of Figure 4 

showing pressuriz.ation 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 8 ls a d~aihemc cross-sectional view of another embodiment of the 

2 o wafer canier of the prestiit invention; 

FlGURE 9A is i iliametric cross-sectional view showing a portion of the wafer 

carrier from Figure 4; and 

FIGURE 9B is a bottom plan view of the cmier's ~gid plate. · 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, wherein like re~ce characters -represent 

corresponding elements throughout the several views, and more specifically refening 

to Figure 1, a semiconductor wafer polishing apparatus has a carrier head 10 mounted 

s 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 surf8ce 20. 

10 The lower surface 20 of the carrier plate 14 has a plumlity of grooves therein as 

shown in Figme 2. Specifically, the lower surface 20 -. a central recessed area 22 

with three spaced apart concentric annular grooves 23, 24 and 2S 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 

is central recess 22 to the annular recess 26 through each of the concentric annular 

grooves 23, 24 and 25. Thus, each of the annular grooves 23-25, central recess 22, and 

periphenl recess 26 communicate with each other througb 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 

20 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 und~ide of the carrier plate 14. 
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A retaining ring 40 is attached to the lower suiface 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 

cattier plate 14. A circular wafer carrier membrane 46 is held between the cmier plate 

5 I 4 and the retaining ring 40 stretching across the lower surface 20 of the carrier plate 

14 to fortn a flexible diaphragm beneath carrier plate 14. The circular wafer carrier 

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

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

carrier membrane 46 may be made from several soft, resilient sheets of material 

1 o connected into a single sheet. 

Refening in addition to Figure 3, the flexible circular wafer cmier membrane 

46 has a relatively planar, circular wafer contact section 48 with a plurality of apertures 

SO extending therethroUgh. The circular wafer contact section 48 is between O.S and 

3 .0 millimeters thick, for example 1.0 millimeter thick. The circular wafer c~tact 

15 section 48 is bounded by an annular rim 52 which has a bellows portion 54 to allow 

variation in the SJ18Cing between the bottom surface 20 of the carrier plate 14 and the 

back of the wafer contact section 48 of the mem~ 46. The opposite edge of the 

annular rim 52 ftmn the wafer contact section 48 has an outwardly extending flange 56 

which is squeezed between the peripheral recess surface of the cmier plate 14 and the 

20 retaining ring 40 due to the force exerted by the cap screws 42. 

In order to pri>Cess a semiconductor wafer, the carrier head 10 is moved over a 

wafer storage area ·am towered onto a semiconductor wafer 60. The spindle shaft 12 is 

connected to a vacuum source by a rotational coupling an~ valve (not shown). With 
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the carrier head positioned over the semiconductor wafer 60, the vacuum valve is 

opened to evacuate the cavity-SS formed between the cmier plate 14 and the wafer 

carrier membrane 46. This action draws air into cavity SB through the small holes 50 in 

the wafer carrier membrane 46 and creates suction which draws the semiconductor 

s wafer 60 agahlst the wafer carrier membrane 46. Although evacuation of chamber 58 

causes the membrane 46 to be drawn agahlst 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 SO in the membrane 46, thereby holding the 

semiconductor wafer 60 against the canier head 10. It should be noted that the interior 

l. o diameter of the retaining ring 40 is less than five millimeters (prefembly 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 

15 the wafer 60 contacts the surface of the polishing pad 62. Next, the valve for the 

vacuwn source is closed and a pressurized 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 

-deionin:d water may be utilized. The fluid flows from bare 39 through apertures 38 

2 o 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 

canier membrane 46 ~ exerts pressure against the semiconductor wafer 60. The fluid 
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may be pressurized to Jess tban 15 psi (preferably betWeen O.S 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 pressme ftom the fluid is 

evenly distn'buted throUghout the cavity 54 exerting an even downward force onto the 

s semiconductor wafer 60. 

Because the membrane 46 is veiy thin, it confonns to the top or backside 

surface of the semicondUctor 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 

1 o membrane 46 will confonn to even minor surface contmninants on the backside of the 

semiconduCtor wafer 60. 

During the polishing operation, the cmier head 10 is mechanically pressed 

downward 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-

15 planar with the semiconductor wafer surface being polished. This co-planar 

relationship and the Very small (<S 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 eft'ect encountered with prior polishing techniques. This 

abrasive e1fect was due to depression of the polishing pad 62 by the edge of the 

2 o semiconductor wafer 60 'as it rotated against the pad 62. As seen in Figure 1, the 

retaining ring 40 of the Pre$ent carrier assembly depresses the polishing pad 62 and 

because only a verY snmlt gap exists~ the interior surface of the retaining ting 

40 and the edge o(the ~b>nductor wafeJ' 60, the po~ pad 62 does not expand 
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appreciably in that gap, thereby eliminating the severe ·edge abrasive effect previously 

encountered. 

In addition, the present wafer canier head 10 applies extremely unifonn polish 

pressure across the entire area of the semiconductor wafer. The extreme flexibility and 

s softness of the wafer carrier membrane 46 with the integral bellows S4 allows the 

catrier membrane 46. to respond 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 slmiy flow rates. The flexible .wafer carrier 

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

1 o uniform pressme between the semiconductor wafer 60 and the polish;ng 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 

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

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

fixedly attached to a rigid canier plate 110 with a flexible sealing ring 114 

therebetween to prevent fluid from leaking between the spindle shaft 102 and the 

carrier plate 110. Carrier'plate 110 is preferably made of stainless steel, though 

2 o altemative materials with rigid, sturdy characteristics may be used. Spindle shaft 102 

may be attached to carrier plate 110 using a simple :friction fit, or any other means for 

attachment well known to those skilled ~the art. Additionally, spindle shaft 102 is 

preferably made from stainless steel, though it may be ~e with any suitable material. 
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A button member td(; fs provided between spindle sbd 1 o2 and canier plate 11 o. 

Button member 106 is preferably made of a plastic material; however. any appropriate 

material may be used for buttOn member I 06. An additional flexible sealing ring 116 

is provided between button member 106 and spindle shaft 102. Carrier plate 11 O has a 

5 planar upper surface l 19 and a parallel lower sm:face 118. 

Tubing 107a and 107b comprises a first conduit running ftom a first 

pressurizing source (not shown) to fasteners 132 co1U1ected to carrier plate 110. The 

first pressurizing source comprises any conventional system that provides regulated 

pressure or vacuum to flwd within tubing 107a and 107b. Another conduit comprises 

10 tubing 104, channels 108,ad apertures 112. One end of tubing 104 is connected to a 

second pressurizing so11rce (not shown) that comprises any conventional system 

providing a regulated pfesiure supply to tluid within tubing 104. The opposite end of 

tubing 104 is coupled to channels 108 within button member 106. In the preferred 

embodiment, there are fo'or separate channels 108 in button member 106; however. 

15 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 canier plate 

110 to complete the sdcond conduit path. Tubing 107a, 107b,. and 104 comprises any 

conventioml, and prefe?abi)' fleXible, tubing for use in a pneumatic and/or hydraulic 

system. A cover 146 ts ~Cted to cmier plate 1 IO using fasteners I48. Cover 146 

2 o protects the intemal ·compcments of the cmier 100 from external debris. 

A wafer cairia.tti&rnbriite 134 is coupled to carrier plate 110 by clamping the 

flange 138 ofmem~ t34 between~ning member 140andcarrierplate110. 

Re~g member r@ ·is Ctonnected to carrier plate 1 IO us~g fasteners 142. Wafer 
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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 comprises a circular-shaped portion centrally 19ca1ed in membrane 134. The 

wafer contact section includes a plurality of apertures 144 theretbrougb. Here, two 

s 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. Wafer carrier membrane 134 is preferably fonned of molded 

polyurethane!> although a tbin·sheet of any of several soft, resilient materials may be 

1 o ·utilized. Wafer cmrier membrane 134 of Figures 4-8 ·is preferably substantially similar 

to wafer carrier membrane 46 of Figures l-3. Accordingly, wafer carri~ member 134 

may also be made from multiple sheets of material connectecl into a single soft, 

resilient sheet. 

An internal wafer carrier membrane 122 is coupled to canier plate 110 by 

J.S clamping a flange 126 of membrane 122 between a locking member 128 and carrier 

plate 110. Locking member 128 is connected to cmier 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. 1bis section 

of membrane 122 is preferably circular in shape and central to membrane 122. 

20 Membrane 122 also includes a bellows 124 located between the membrane's cen1ral 

section and flange 126. ~ additional cavity 120 is formed between internal wafer 

carrier member 122 and canier plate 110. Cavity 120 is thus subsumed within cavity 

154 formed by wafer carrier membrane 134. Internal waf~ carrier membrane 122 is 
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also preferably fonn&i""Ntmoided polyurethane, howevd; a thin sheet of any of several 

so~ resilient materials lllay be utilized. Additionally. multiple sheets of material may 

be connected into a single sOft, resilient sheet for internal wafer cmier membrane 122. 

A semiconductor wafer ISO is bounded by wafer carrier membrane 134, a polishing 

s pad 152, and retaining member 140. 

Referring to FigUres 7 and 8, two different embodiments of the cmier head 100 

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

4-6. Refeiring to Figures 4 and 7, the internal wafer cattier membrane 122 of Figure 4 

has beeil ·replaced wi"th an elastomer 254 in Figure 7. Elastomer 254 does not have the 

10 bellows and t1angc amngement of the intemal wafercarriermembnme 122 iiom 

Figure 4. GeJietally, elastmDer 254 bas a unique shape. Specifically, elastomer 254 

has a peripheral section 2S4a substantially parallel with the wafer 150. Section 254a is 

clamped between lockin.g 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 

15 section 254a. As elastomer section 2S4b approaches wafer carrier membrane 134, a 

section 2S4c is substantially parallel to section 254a. Additionally, section 2S4c 

substantially abuts an internal SUlfice of wafer canier membrane 134. Elastomer 254 

is preferably made fronii molded polyurethane, but a thin sheet of any of several soft, 

.resilient materials may~ implemented. Siml1arly, multiple sheets of material may be 

20 connected into a sinite lei~ tesilient sheet for elastomer 254. 

Referring to Fi~ 4 and B, the mtemal wafer carrier membrane 122 ofFigure 

4 has been replaced with 11 binoon-like ~embrane 156 in Figure 8. Balloon-like 

membrane 156 may be cc)~cted to canier plate 110 and.I~ the central conduit fed 
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from tubing 104 using any conventional manner. Balloon-Iik~ membrane 156 is 

preferably made of a molded polyurethane, although a thin sheet of any of several soft, 

resilient materials may be utilif.ed. Balloon-like niembrane 156 could also be 

fabricated out of sevetal soft, resiliant sheets of material bonded into a single sheet. 

Referring to Figure 9B, a bottom plan view of the lower surface 118 of canier 

plate 110 is shown. The diametric cross-sectional view of Figure 9A aids in 

understanding the layout depicted in Figure 98. The lower surface 118 of the carrier 

plate 110 has a pluralitY of grooves therein. The lower surface 118 has a plurality of 

raised sections l 18a, 11 Bb, 11 Bc, and 11 Bd. Also included are three spaced apart 

lo concentric annular grooves 164, 166, and 168, in order of increasing diameter. Annular 
• 

recess J 70 smrounds raised section 1 ISd of lower surface 118. Annular recess 170 . . 

includes a plmality of apertures 176 for connecting locking member 128 (see Figmes 

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

plurality of apertures 188 that supply a source of pressure or a source of vacull:Dl to 

is cavity 154. Annular recess 190 fonns the outermost section of carrier plate 110. 

Annular recess 190 includes a plurality of apertures 192 for receiving fasteners 142 for 

connecting·retaining member 140. The central raised portion 11 Sa of lower surface 

118 includes a plurality of apertures 112 that are in fluid communication with tubing 

I 04 (see Figure 4-8). Axial grooves 170-176 run from the center of raised surface l 18a 

2 o to surface 11 Bd. The depth of axial grooves 170-176 preferably exceeds the depth of 

annular grooves 164-168. Pressuri7.ed fluid supplied through U.bing 104 and channels 

108 is in fluid communication with~ 112, which are also in fluid 

communication with axial grooves 170-176, and annular grooves 164-168, thereby 
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permitting pressurization of cavity 120. Additional axial grooves 178· 184 are shown "in 

raised surtace 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 ISO, the canier head 100 is moved 

over a wafer storage area and lowered onto a semiconductor wafer ISO. 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 ISO, the vacumn valve is 

10 opened to evacuate the· cavity 154 fanned between the carrier plate 110 and the wafer 

cattier membrane 134. This action draws air into cavity 154 through the small 

apertures 144 in wafer catrier membrane 134 and creates suction which draws 

semiconductor wafer ISO 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 

15 evacuation of cavey 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·awn through apettUres 144 in membrane 134, thereby 

holding semiconductor wafer 1 SO against carrier head 100. Less effective chucking is 

established without.Ust 6f axial grooves 178-184. It should be noted that the interior 

20 diameter of retaining tnenibe 140 is less than S millimeters (preferably Jess than 1 to 2 

millimeters) larger th8D lilt outer diameter of the semiconductor wafer 150. 

The carrier head JOO and chucked wafer 150 are tben moved over a 

conventional semiconductor wafer polishing pad 152. whi~ is mounted on a st.andard 
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rotating platen (not shown).· Carner head 100 is then lowered so that the wafer ISO 

contacts the smface of the polishing pad 1S2. ·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 

s react with the surface of the semiconductor wafer ISO, 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 ISO, which is 

10 supported by polishing pad 152 and platen. The opposing force of the semiconductor 

wafer 1 SO against the wafer carrier membrane 134 seals apertures 144, ~ therefore, 

cavity 1S4. The pressure from the fluid is evenly distributed throughout cavity 154 

exerting an even downward force onto semiconductor wafer 1 SO. By adjusting the 

pressure supplied through tubing I 07a and· 107b, the substantially uniform and_ 

15 downward force applied against semiconductor wafer ISO by membrane 134 is 

controlled. The fluid may be pressuri7.ed to less than 1 S psi (preferably between O.S psi 

and 10 psi) with the precise pressure depending upon the cbaracteristics of the 

semiconductor wafer 150 and the abrasive material applied to the polishing pad 1S2. 

Because the wafer canier membrane 134 is very thin, it confonns to the top or 

20 backside surface of the semiconductor wafer lSO. The membrane 134 is soft and 

highly flexible conforriling to even the minute variations in the wafer surface. As a 

consequenc~ a carrier film is not required between the wafer ISO and the membrane 
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134, as the membrane 134 will confonn to even minor surice contaminants on the 

backside of the semiconductor wafer 1 SO. 

Referring to Figure S, only the outer membrane (i.e., the wafer carrier 

membrane 134) is used to polish semiconductor wafer 1 SO. The intemal wafer carrier 

s membrane 122 is not being used in Figure S. 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 ISO, carrier head 100 operates substantially like carrier head 10 in 

l.O Figures 1-3. However. each embodiment of carrier head 100, as depicted in Figures 4-

8, includes an internal wafer canier 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 11~ and cavity 

15 120. As pressurized fluid is introduced into cavity 120, bellows 124 expand in a 

downward direction, thereby forcing at least part of the central section between 

positions 123 and 125 of the internal wafer carrier membrane 122 against the interior 

surface of the wafer carrier membrane 134. By controlling the pressure supplied 

through tubing 104 into civity 120, one can control the magnitude of force applied by 

20 the intemal wafer carrier Dlembrane 122 against wafer carrier membrane 134. Thus, a 

region of localized,. higher}tressure may be applied in proximity to the central region of 

semiconductor wafer tSO. Specifically, a portion of semiconductor wafer 150 loeated 

beneath a cUcular region hllving an approximate diameter ~quivalent to or less than the 
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distance between positions 123 and 125 of the intemal wafer cmier membrane 122 

may be subjected to the elevated force. 

Figure 6 depicts cavities 120 and 154 being exposed to pressurized fluid 

through tubing 104 and 107, respectively •. At least a portion of the internal wafer 

5 carrier membrane 122 is forced against wafer cmrier membrane 134, thereby exerting a 

region of greater force against the semiconductor wafer 1 SO where the membranes 122 

and 134 meet. The greater furce applied where the membranes 122 and 134 meet 

facilitates greater removal rates underneath this region on the semiconductor wafer 1 SO. 

By controlling the pressure of fluid introduced into cavity 120, one can control both the 

10 degree of contact between the membranes 122 and 134, as well as the magnitude of 

·localized higher force applied against semiconductor wafer ISO, ~by controlling the 

increased removal rate in the vicinity of the center of the semiconductor wafer 1 SO. 

Referring to Figure 7, the wafer carrier membrane 134 is in forceable, 

downward contact with semiconductor wafer 150 due to pressuri7.81ion of cavity 154. 

15 Similarly, elastomer 254 is in forceable, downward contact with wafer cmier 

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 2S4c on semiconductor 150 can be · 

2 o increased in a controlled manner, thereby correcting the center slow removal problem. 

Referring to Figure 8, the wafer cmier 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 pres~ through tubing 104, 
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thereby causing a j)ortt0n of balloon-like membrane 156 to ibake forceable, downward 

contact against wafer cmier 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 

s semiconductor wafer ISO 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 unifonn or non­

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

entire wafer surface for circuit fabrication. 

10 It should be understood that the apparatus descn1>ed above are only exemplaey 

and do not limit the scope of the invention, -and that various modifications could be 

made by those skilled in the art that would fali under the scope of the invention. For 

example, more than one intemal wafer carrier membrane could be~ and whether 

one or more internal wafer cmrier membranes are used, it need not necessarily be 

15 centered with respect to the semiconductor wafer surface. Though described with the 

carrier above the pla• 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»" 

2 o 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 panel displays, Micro Electro-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 claims are 

s 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: 

5 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 canier membrane connected to the 

rigid plate and extending across at least a portion of the major surface 1h=by defining 

10 a first cavity therebetween; 

an iDtema1 wafer carrier membrane with a section having an outer surface for 

contacting the inner surface of the wafer contact section, the internal wafer canier 

membrane connected to the rigid plate and extending across at least a portion of the 

major surface thereby defining a second cavity therebetween; 

15 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. 

20 2. The carrier as recited in claim I 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 canier membrane has a 

plurality of apertures through the wafer contact section. 

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

s wafer contact section has a substantially uniform thiclcness. 

S •. The carrier as recited in claim 1 wherein circumference of the wafer contact 

section of the wafer camer membrane is coupled to a bellows which is coupled to the 

rigid plate. 

10 

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

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

7. The cmier as recited in claim 2 wherein the wafer carrier membrane further 

1s includes a bellows having a first end attached to the wafer contact section and having a 

second end, and a flange 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 I wherein the rigid plate has a plwality of 

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

channels. 
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9. The caifier1s recited in claim 1 wherein~ rijd plate has a plurality of 

concentric annular channels on the major surface. 

1 O. The canier as recited in claim 9 wherein the rigid plate further includes 

s axial grooves interconnectiltg the plurality of concentric annular channels. 

10 

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

membrane comprises a so~ 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 

15 which is substantially coplanar with the surface of the workpiece widergoing chemical-

mechanical planamation. 

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 

20 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. 

5 16. The carrier as recited in claim IS wherein the internal wafer canier 

membrane further comprises a flange extending around the bellows and abutting the 

rigid plate. 

17. The canier as recited in claim 1 wherein the internal wafer canier 

10 membrane further includes a bellows having a first end attached to said section of the 

internal wafer carrier membrane and ·havin& a second end,. and a flange projecting from 

the second encl and sandwiched between the major surface and a locldng member. 

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

15 the internal wafer canier 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 conesponding to the wafer 

contact section. 

20 

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

first cavity. 
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21. A earner f6t mi-apparatus which perfonns ~heJtllcal-mechanical 

planarization of a surface of a workpiece, wherein the carrier comprises: 

a rigid plate having a major surface; 

a wafer catrier membrane of soft, flexible material·with a wafer contact section 

5 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 cazrier membrane comprising a balloon-like portion with a 

10 section for contacting the inner surface of the wafer contact section; 

a first fluid conduit by which a source of pressuri7.ed fluid is conpected to the 

first cavity; and 

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

second cavity fozmed by the balloon-like portion. 
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22. A method of operating a carrier for an apparatus 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 fonned between a wafer carrier membrane of so~ 

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

section of the wafer carrier 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 

1 o a section of the internal wafer carrier membrane makes contact with an irmer surface of 

the wafer carrier membrane. 

15 

23. A method of operating a carrier for an apparatus which performs chemical­

mechanical planarization of a surfi\ce of a workpiece comprising the steps of: 

positioning the carrier including a membrane with at least one aperture 

theretbrough 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 

20 surface; 

releasing vacuum through each aperture; and 

applying pressurized fluid into a cavity located between a surface of the carrier 

and the membrane. 
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