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WAFER POLISHING APPARATUS AND METHOD 

Background of the Invention 

This invention relates to apparatus for 

polishing semiconductor or similar type materials, and 

5 more specifically to such apparatus which permits batch 

processing of the wafers with improved uniformity, 

throughput and yield. 

Polishing an article to produce a surf ace which 

is highly reflective and damage free has application in 

10 many fields. A particularly good finish is required when 

polishing an article such as a wafer of semiconductor 

material in preparation for printing circuits on the 

wafer by an electron beam-lithographic or 

photolithographic process. Flatness of the wafer surface 

15 on which circuits are to be printed is critical in order 

to maintain resolution of the lines, which can be as thin 

as 1 micron or less. The need for a flat wafer surface, 

and in particular local flatness in discrete areas on the 

surface, is heightened when stepper lithographic 

20 processing is employed. 

Flatness is quantified in part by a total 

thickness variation measurement (TTV) and site total 

indicated reading (STIR). TTV is the difference between 

the maximum and minimum thicknesses of the wafer. STIR 

25 is the sum of the maximum positive and negative 

deviations of the surf ace in a small area of the wafer 

from a reference plane, referred to as the "focal" plane. 

Total thickness variation in the wafer is a critical 

indicator of the quality of the polish of the wafer. 

30 Presently, flatness o~ the polish surfaces of the wafers 

are not significantly improved and may be worsened by the .. 

polishing process. In batch processing, there will be a 

significant number of wafers which fail to meet flatness 

and polishing specifications after polishing, thus 

35 adversely affecting yield in commercial production. 
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Conventional polishing machines include an 

annular polishing pad mounted on a turntable for driven 

rotation about a vertical axis passing through the center 

of the pad. The wafers are fixedly mounted on pressure 

5 plates above the polishing pad and lowered into polishing 

engagement with the rotating polishing pad. A polishing 

slurry, typically including chemical polishing agents and 

abrasive particles, is applied to the pad. 

In order to achieve the degree of polishing 

10 needed, a substantial normal force presses the wafers 

into engagement with the pad. The coefficient of 

friction between the pad and wafer is quite high, 

oftentimes in the vicinity of two. These high forces can 

give rise to certain distortions in the polish, such as 

15 by cr~ating a vertical component of the frictional force 

at the leading edge of a wafer as it encounters an area 

of particularly high frictional interaction with the 

polishing pad. A change in the net vertical force 

applied to the wafer locally changes the polishing 

20 pressure and the polishing rate of the wafer, giving rise 

to distortions .in the polish. 

Where batch processing is employed, several 

wafers are rigidly mounted to a single pressure plate. 

Different regions of the polish face engaging the 

25 polishing pad travel along separate paths because the 

wafers are rigidly attached to the pressure plate. A 

discontinuity in the pad (e.g., a small lump or an area 

of glazed slurry) may repeatedly encounter one region of 

the wafer and not another, causing an imperfection in the 

30 polish in the one reg~on. Further, forces and vibrations 

which are generated by the interaction of one wafer with 

the polishing pad are transmitted through the rigid 

structure of the pressure plafe to undesirably affect the 

polishing rate and mechanical characteristics of other 

35 wafers on the pressure plate. Moreover, wafers to be 

polished by batch process must be presorted so that all 
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wafers to be mounted at one time on a single pressure 

plate are of the same thickness to a high degree of 

accuracy. Otherwise, the pressure plate is tilted from 

the horizontal enough to introduce a nonuniform 

5 application of pressure to the wafers on the plate, 

causing undesirable variations in the polish finish 

between wafers mounted on the same pressure plate and 

over the polish surface of a single wafer. 

The problems of yield associated with batch 

10 processing are somewhat alleviated by single wafer 

processing, in which each wafer has its own pressure 

plate. Single wafer processing eliminates the problems 

of forces transmitted through the pressure plate from one 

wafer to another. However, single wafer polishing has a 

15 very low throughput because only a single wafer per 

pressure plate is polished at a time. · 

Summary of the Invention 

Among the several objects and features of the 

present invention may be noted the provision of a wafer 

20 polishing apparatus and method which improve the flatness 

of the wafers processed; the provision of such apparatus 

and method which increase yield in batch wafer polishing; 

the provision of such apparatus and method in which 

pressure applied to each wafer is substantially the same; 

25 the provision of such apparatus and method which permit 

batch polishing of wafers without regard to thickness 

variations between wafers mounted at one time on one 

pressure plate of the polishing apparatus; the provision 

of such apparatus and.,method which tends to average out 

30 the effect on the polish face of the wafer caused by a 

discontinuity in the pad; and the provision of such 

apparatus and method which move the wafers in a smooth 

and vibration-free manner. 

Generally, wafer polishing apparatus 

35 constructed according to the principles of the present 
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invention comprises a turntable having a polishing 

surf ace and a frame mounting the turntable for rotation 

relative to the frame about an axis. A pressure plate is 

mounted by spindle means for rotation about axes spaced 

5 from the axis of rotation of the turntable, with the 

pressure plate being held from rotation about the axis of 

rotation of the turntable. The pressure plate is 

constructed for simultaneously holding multiple wafers 

with a polish face of the wafers facing the polishing 

10 surface of the turntable. Force applicating means 

applies a force to the pressure plate to press the wafers 

against the polishing surface of the turntable. Means 

operatively connecting each wafer to the pressure plate 

is operable to reorient the wafer relative to the 

15 pressure plate in response to pressure differentials over 

the polish face of the wafer engaging the polishing 

surf ace to substantially equalize the pressure 

distribution over the polish face of the wafer . 
. 

Generally, a method of polishing an article 

20 such as a wafer made of semiconductor material according 

to the present invention includes providing a plurality 

of wafers to be polished. The wafers are releasably 

mounted on a pressure plate of a polishing machine in a 

generally free-floating relationship with respect to the 

25 pressure plate. Palish faces of the wafers are pressed, 

via application of force to the pressure plate, against 

the polishing surface of the turntable, and the wafers 

are oriented with respect to the pressure plate (and 

independently of the other wafers) in response to 

30 detected pressure differentials over the polish face of 
-~ 

the wafer to substantially equalize the pressure over the 

polish face of the wafer. 

Other objects and features of the present 

invention will be in part apparent and in part painted 

35 out hereinafter. 

...-..-----·----*----
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Brief Descriotion of the Drawinas 

FIG. 1 is a fragmentary elevation of polishing 

apparatus showing two pressure plates in raised position 

(a third raised pressure plate of identical construction 

5 being concealed by the two shown), and another_pressure 

plate in a lowered or polishing position; 

FIG. 2 is an enlarged elevation of one pressure 

plates with parts broken away to show a floating head 

assembly therein; 

10 FIG. 3 is a further enlarged fragmentary 

15 

20 

elevation of the pressure plate of Fig. 2 showing a 

wafer/wafer carrier unit as inserted into the pressure 

plate prior to bringing the wafer into engagement with 

the polishing pad; 

FIG. 4 is a bottom plan view of the pressure 

plate; and 

FIG. 5 is a schematic horizontal section of the 

polishing apparatus showing the pressure plates on the 

polishing pad as viewed from above. 

Corresponding reference characters indicate 

corresponding parts throughout the several views of the 

drawings. 

Detailed Description of the Pref erred Embodiment 

Ref erring now to the drawings and in particular 

25 to Fig. 1, polishing apparatus 10 constructed according 

to the principles of the present invention is shown to 

comprise a frame 12 mounting a turntable 14 for rotation 

with respect to the frame about a turntable axis 16. The 

frame 12 includes columns 22 extending up from the frame 

30 to mount an overhead support 20 above the turntable. The 

overhead support 20 mounts four hydraulic cylinders 36 

having arms 38 to which are attached pressure plates 

generally indicated at 40. Only three cylinders 36 and 

pressure plates 40 are shown in Fig. 1, the fourth 

35 cylinder and pressure plate, which are of the same 
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construction as those illustrated, are hidden in this 

view. Cooling fluid may be circulated through the plates 

by inlet and outlet pipes, designated 41A and 41B, 

respectively. 

5 Each pressure plate 40 is attached to a 

respective arm 38 for free rotation relative to that arm 

about a pressure plate axis 42 which is spaced from the 

turntable axis 16. Rollers 43 are engageable with the 

pressure plates 40 to assist in holding the plates from 

10 rotation about the turntable axis 16, but permitting 

rotation about the pressure plate axis 42 (Fig. 5). 

Brackets 45 mount the rollers 43 on the columns 22 and on 

a roller support 18 depending from the overhead support 

20. The overhead support 20, hydraulic cylinders 36 and 

15 arms 38 constitute "spindle means" in the illustrated 

embodiment. However, it is to be understood that the 

components of the spindle means may be other than 

described and still fall within the scope_ of the present 

invention. The frame 12, turntable 14, roller support 

20 18, overhead support 20, columns 22, cylinders 36, inlet 

and outlet pipes 41A, 41B, and rollers 43 are all of 

conventional construction, being of the type present on 

existing polishing machines. 

As shown in Figs. 2 and 3, an article, such as 

25 a wafer W made of semiconductor material, may be mounted 

on one of a plurality of wafer carriers (each designated 

generally at 44) of the apparatus 10 in a suitable 

fashion, such as by conventional wax mounting. The 

pressure plates 40 are constructed for simultaneously 

30 holding multiple carr~ers 44 with a polish face P of the 

wafers W on the carriers facing a polishing surf ace of an 

annular polishing pad 46 ·c Fig. 2) mounted on the 

turntable 14 for conjoint rotation about the turntable 

axis 16. As shown in Fig. 4, each pressure plate 40 has 

35 three carrier stalls indicated generally at 48 and 

constructed for receiving a wafer carrier 44 and mounted 

iHc.ss-H~;;~··r·~--~-·-···· . 
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wafer W ., (the unit farmed by the wafer carrier and wafer 

mounted thereon being designated generally by the 
. reference numeral 49). The hydraulic cylinders 36 are 
operable to raise the pressure plates 40 above the 

5 turntable 14 for loading and unloading the wafer carriers 

44 from the wafer carrier stalls 48 in the pressure 

plates. The pressure plates 40 may also be lowered by 

the hydraulic cylinders 36 to bring the wafers W into 
engagement with the polishing surface of the polishing 

10 pad 46 on the turntable 14. The cylinders 36 (broadly, 
"force applicating means") apply a downward force on the 
pressure plates 40 to press the wafers W against the 
polishing pad 46 with sufficient force to produce the 

necessary finish on the polish face P of the wafers. 
15 Floating head assemblies, indicated generally 

at SO, within the carrier stalls 48 operatively connect 
the wafer carriers 44 (and wafers W) to the pressure 
plate 40 for independently reorienting each carrier and 
wafer relative to the pressure plate in response to 

·20 pressure differentials over the polish face·P of the 

wafer to substantially equalize the pressure distribution 
over the polish face of the wafer. The structure and 
function of the floating head assemblies 50 will be 
described in more detail hereinafter. In the preferred 

25 embodiment, the floating head assemblies 50 comprise the 
"connecting means" set forth in the claims. However, it 
is to be understood that the connecting means may take 
other forms ~nd still fall within the scope of the 
present invention. 

30 As shown in.Fig. 2, each pressure plate 40 is 

35 

connected by.a universal joint assembly, designated 

generally at 54, which permits rotation about the 
pressure plate axis 42 and universal pivoting motion 

.about a point Ul on the pressure plate axis. The 
pressure plate 40 includes an upper member 56 connected 

·to a lower member 58 by suitable fasteners 60. The 

. · This Sheet Has Been Replaced 
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bottom face of the lower member 58 is covered by a sheet 

of material 62 attached to the lower member by fasteners 

64. The upper member 56 has an upwardly opening primary 

recess 66 in which the universal joint assembly 54 is 

5 received. A cover plate 68 mounted on the arm 38 closes 

the open upper end of the primary recess 66. The 

universal joint assembly 54 includes a first connector 

plate 70 suspended from the cover plate 68 in the primary 

recess 66 by fasteners 72. A second connector plate 74 

10 is mounted by fasteners 76 (only one is shown) on the 

upper member.56 of the pressure plate 40. The first and 

second connector plates 70, 74 have generally 

frustoconically shaped bearing surfaces, designated 70A 

and 74A, respectively, opposing each other in a spaced 

15 relation. When the arm 38 of the cylinder 36 is 

retracted to raise the pressure plate 40 above the 

polishing pad 46, the bearing surfaces 70A, 74A engage, 

and the pressure plate moves upwardly with the arm. 

However, when the pressure plate 40 is lowered (as 

20 depicted in Fig. 2), the space between the bearing 

surfaces 70A, 74A of the connector plates permits 

rotational and universal pivoting motion between the arm 

38 and the pressure plate. 

A secondary recess 78 located within the 

25 primary recess 66 of the upper member 56 of the pressure 

plate 40 is defined in part by a circular wall 80 

integral with· the upper member 56 and an annular shoulder 

82 which supports a roller bearing assembly 84. A plug 

86 received in the secondary recess 78 has an annular 

30 flange 88 located in.generally oppo~ing relation with the 

shoulder 82 and engaging the bearing assembly 84 to hold 

the bearing assembly in place. The bearing assembly 84 

permits rotary movement of the pressure plate 40 relative 

to the plug 86 (and hence arm 38) about the pressure 

35 plate axis 42. Universal pivoting motion is achieved 

through a ball-joint connection of the plug 86 to a 
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spindle rod 90 located within the cylinder arm 38. The 

spindle rod 90 projects out of the open lower end of the 

arm 38 and into a hole 91 in the top of the plug 86. The 

upper portion of a ball 92 is received in a generally 

5 hemispherical socket 94 in the lower end of the spindle 

rod 90. A corresponding socket 96 in the plug 86 at the 

bottom of the hole receives the lower portion of the ball 

92. There is sufficient spacing between the spindle rod 

90 and the sides of the hole 91, and between the lower 

10 end of the rod and the bottom of the hole to permit the 

pressure plate 40 to pivot a predetermined amount about 

any axis lying in a horizontal plane and passing through 

a universal pivot point Ul located in the center of the 

ball 92. It is to be understood that the pressure plate 

15 40 does not have to be capable of pivoting about 

universal pivot point Ul to fall within the scope of the 

present invention. 

The wafer carriers 44 are made of a ceramic or 

other suitable material, and are each generally disk 

20 shaped with an outwardly projecting annular· lip 98 at its 

upper end, and a beveled lower peripheral edge 100 (Fig. 

3). As stated above, a wafer W may be mounted on the 

bottom of the carrier 44 by suitable methods such as 

conventional wax mounting. The resultant wafer/wafer 

25 carrier unit 49 may be slid into one of the wafer carrier 

stalls 48 in the pressure plate 40. The wafer carrier 

stalls 48 are defined by openings 102 through the lower 

member 58 of the pressure plate which are closed at the 

top by the upper member 56. As viewed from the bottom of 

30 the pressur~ plate 40-.. (Fig. 4), the openings 102 have a 

generally horseshoe shape with a radially outwardly 

opening mouth 104. The width of the openings 102 is 

larger than the largest diameter of the wafer carrier 44. 

The sheet of material 52 affixed to the bottom face of 

35 the pressure plate 40 has three horseshoe shaped openings 

106 corresponding to the openings 102 in the lower member 

THIS SHEET HAS , , 
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58 of the pressure plate. However, the width of each 

opening 106 in the sheet 62 is less than the width of the 

corresponding opening 102 in the lower member 58 such 

that an edge margin of the sheet at the opening 106 

5 defines a retaining flange 108 projecting inwardly from 

the lower edges of the opening 102. When the wafer/wafer 

carrier unit 49 is slid radially inwardly through the 

mouth 104 into the wafer carrier stall 48, the lip 98 of 

the wafer carrier 44 rests on the retaining flange 108, 

10 but the wafer W and the portion of the wafer carrier 

below the lip extend through the opening 106 in the sheet 

below the pressure plate 40. The retaining flange 108 

thus holds the wafer/wafer carrier unit 49 from falling 

out of the wafer carrier stall 48. 

15 As shown in Fig. 3, the floating head assembly 

50 in the wafer carrier stall 48 includes a generally 

annular floating head, indicated generally at 112, having 

a generally cylindrical upper portion 112A and an 

outwardly flaring lower or wafer carrier engaging portion 

20 112B. The floating head 112 is formed with.a first 

interior shoulder 114 adjacent to the bottom of the 

floating head. The floating head 112 is constructed and 

dimensioned so that when the pressure plate 40 is forced 

downward and brings the wafers into engagement with the 

25 polishing pad 46, the wafer W and wafer carrier 44 are 

forced upward into the floating head with the lip 98 at 

the top of the wafer carrier 44 engaging the first 

interior shoulder 114 of the floating head. At least the 

first shoulder 114 and portions adjacent thereto which 

30 engage the wafer carrier 44 are covered with a ... 
high-friction material 116. The wafer carrier 44 and 

floating head 112 are effectively fixed to one another 

for conjoint movement solely by the pressure applied by 

the cylinder 36, without any mechanical or adhesive 

35 interconnection. 

. ........ ······ 
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In the preferred embodiment, the floating head 
112 is mounted on the pressure plate 44 by a conic 
bearing assembly (designated ·generally 118) and by a 
mounting ~ing 120 affixed by fasteners 122 to the upper 

5 member 56 of the pressure plate 40 and disposed 
interiorly of the upper portion 112A of the floating 
head. The mounting ring 120 has an annular sloped 
bearing surf ace 124 which engages an annular bearing 
surf ace 126 formed on the interior of the upper portion 

10 112A to support the floating head 112. The bearing 
surf ace 126 of the floating head has a slope 
complementary to that of the bearing surface 124. The 
bearing surface 126 is capable of sliding over the 
bearing surface 124 to permit the floating head 112 to 

15 pivot about a universal pivot point 02, and to rotate 
about a generally vertical wafer or floating head axis 
128 relative to the mounting ring 120 and the pressure 
plate 40. 

The conic bearing assembly 118 comprises an 
20 annular first raceway defining member 130 mounted on the 

upper member 56 of the pressure plate 40, an annular 
second raceway defining member 132 associated with the 
floating head 112, and a plurality of generally 
barrel-shaped roller bearings 134 located in the raceway 

25 .defined by the first and second members. The first 
raceway defining member 130 has a bearing face 136 having 
the shape of an annular spherical section engaging a 
rolling surf ~ce 138 of each roller bearing 134 which has 
a complementary spherical- section contour. The rolling 

30 surf ace 138 of the be~ring 134 also engages a bearing 
face 140 of the second raceway defining member 132 which 
has the shape of an annular spherical section. The conic 
bearing assembly 118 is constructed so that the rolling 
surfaces 138 of the roller bearings 134 freely roll about 

35 a roll axis 142 of the bearings for permitting the second 
raceway defining member 132 and the floating head 112 to 

THIS SHEEJ-;-...,-A-S __ _ 
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rotate about the vertical floating head axis 128 relative 
to the first raceway defining member 130 and the pressure 
plate 40. The rolling surface 138 will also slide over 
the bearing face 136 of the first raceway defining member 

5 130 about the universal pivot point U2 located on the 
floating head axis 128 to permit universal pivoting 
motion of the floating head relative to the pressure 
plate 40 about the universal pivot point. 

The second raceway defining member 132 is 
10 rigidly attached to the floating head 112 by a support 

plate 144 and a clamp plate 146. The support plate 144 
is generally circular in shape and has a flange 148 
engaging a second shoulder 150 formed in the interior of 
the floating head 112. The support plate 144, which is 

15 secured to the floating head by fasteners 152 (only one 
is shown) received through the flange 148 and into the 
floating head 112, closes off the interior of the 
floating head (and the conic bearing assembly 118 
therein) from the polishing pad 46 and abrasive and 

20 chemically reactive chemicals of the polishing slurry 
applied to the pad. An 0-ring 154 in a circum- ferential 
groove in the support plate 144 seals the support plate 
with the floating head 112 to prevent the incursion of 
debris and chemicals from the polishing pad 46 below 

25 which could damage the conic bearing assembly 118. 
The second raceway defining member 132 rests in 

a circular channel 156 in the upper face of the support 
plate 144 and against an interior wall of the channel. 
The lower portion of the clamp plate 146 is received into 

30 the central opening of the annular second raceway ... 
defining member 132 and is secured by a fastener 158 to 
the support plate 144. A circumferentially extending lip 
160 at the upper end of the clamp plate 144 overlies and 
engages the second raceway defining member 132 for 

35 clamping it against the support plate 144. A curved 
retaining prong 162 projecting from the lower end of each 

THIS SHBEYfIAS BEEN 
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roller .bearing 134 extends into an opening 164 in the 

channel 156 b~tween the second raceway defining member 

132 and an outer wall of the channel. The retaining 

prong 162 extends under a lip 166 formed on the second 

5 raceway defining member. Another retaining prong 168 

projects outwardly from the top of each roller bearing 

134. In ordinary operation of the polishing apparatus 

10, the prongs 162, 168 will not engage any component of 

the floating head assembly 50. The roller bearings 134 

10 are held in the raceway by a notch 170 at the bottom of 

the second raceway defining member 132 which receives a 

portion of the lower ends of the roller bearings to 

prevent the roller bearing from moving downwardly from 

between the. raceway defining members 132, 134, and by the 

15 tapered shape of the roller bearings which prevents the 

roller bearings from moving upwardly from between the 

raceway defining members. 

Operation 

The method of the present invention for 

20 polishing wafers W of semiconductor material is generally 

carried out in the operation of the polishing apparatus 

10 described above, but is not limited to the operation 

of this particular apparatus. Semiconductor wafers W to 

be polished may be provided in a conventional fashion. 

25 Sorting of the wafers into groups of similar thicknesses 

is not required before selecting wafers to be mounted on 

the same pressure plate. It is believed that differences 

in thicknesses in a range at least as wide as + 30 x 10·6m 

among the wafers W mou;ited on a single plate 40 will have 

30 no significant effect on the quality of the polish or 

mechanical characteristics of the wafers. Thickness 

variations outside this range do not typically occur in 

ordinary silicon wafer production prior to polishing. 

The selected wafers W are mounted on individual wafer 

35 carriers 44 to .form wafer/wafer carrier units 49, which 

THIS SHEET HAS BEEN 
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are slid through the mouths 104 in the pressure plate 40 

and into the wafer carrier stalls 48. 

In the illustrated embodiment, there are three 

wafer carrier stalls 48 for each pressure plate 40 in 

5 which wafer/wafer carrier units 49 are inserted. Figure 

4 shows one wafer/wafer carrier unit 49 fully inserted in 

a carrier stall 48, another partially installed and a 

third just outside the carrier stall. The pressure plate 

40 is in a raised position and the lip 98 of the wafer 

10 carrier 44 rests on the retaining flange 108 below the 

floating head 112, as shown in Fig. 3. The cylinder 36 

is activated to lower the pressure plate 40 and press the 

polish face P of the wafer against the polish surf ace of 

the polishing pad 46 on the turntable 14. The pressure 

15 against the p_~lish face P pushes the wafer/wafer carrier 

unit 49 upward. until the lip 98 of the wafer carrier 44 

engages the high friction material 116 on the first 

shoulder 114 in the floating head 112. T_he pressure of 

the engagement and the high friction material 116 on the 

20 first shoulder holds the wafer carrier and floating head 

together for conjoint movement. 

Differences in thickness between the wafers W 

in the different wafer carrier stalls 48 in one of the 

pressure plates 40 tends to tilt the pressure plate. 

25 However in that event, the floating head assembly 50 in 

each wafer carrier stall 48 will experience differences 

in pressure over the polish face P of the wafer. The 

conic bearing assembly 118 will pivot the floating head 

112 in response to the experienced pressure differentials 

30 to reorient the wafer,._to substantially equalize the 

pressure distribution over the polish face of the wafer. 

Moreover, the pressure applied to the wafer W in each 

stall 48 is substantially equalized. Reorientation is 

accomplished independently for each wafer W by pivoting 

35 motion of the .. floating head 112 about any horizontal axis 

which passes through the universal pivot point U2. 

·This Sh~et Ras Been Replaced 
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It is to be understood that the floating head 

assembly 50 permits .reorientation of the wafer about the 

pivot point whenever pressure differentials are 

experienced over the polish face P of the wafer W. 

5 Pressure differentials may be caused by conditions other 

than differences in thickness of the wafers W in the 

pressure plate 40. For instance, when a leading edge of 

a wafer W encounters a concentration of abrasive 

particles from the slurry at a location on the pad 46 

10 during polishing, there is a tendency for the friction 

force between the wafer and pad to have a vertical 

component, causing the pressure experienced over the 

polish face P to vary. The floating head assembly 50 

will again permit pivoting to reorient the wafer so the 

15 pressure is substantially constant over the face. Thus, 

the polishing pressure remains more nearly the same over 

the entire polish face P of each wafer so that a uniform, 

high-quality finish is obtained. 

The universal pivot point U2 is located at the 

20 center of a ·sphere on which the bearing face 136 of the 

first raceway defining member 132 lies. In the preferred 

embodiment, the pivot point 02 is located at or very near 

the interface of the polish face P of the wafer and the 

polish surface of the pad 46. This location of the pivot 

25 point U2 is pref erred because the substantial friction 

force between the pad 46 and the wafer W as the pad moves 

under the wafer does not induce undesirable pivoting 

about the pivot point. The friction force vector, which 

is perpendicular to the vertically downward normal force 

30 applied by the cylinde.r 36, ~s d1rected generally 

horizontally along the polish face/pad interface. No 

torque causing the floating head 112 to pivot about the 

pivot point U2 is produced by the friction force because 

the friction force vector passes generally through the 

35 pivot point. 

--THis SRHEB;;:T:-:H.:--A-S_B_E_E_N_ 
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The floating head 112 and wafer/wafer carrier 

unit 49 are also free to rotate about the floating head 

axis 128 1 which is spaced from the axis of rotation 42 of 

the pressure plate 40. The frictional interaction of the 

5 wafers w with the polishing pad 46 causing the floating 

heads 112 and wafers to rotate rapidly about the floating 

head axis 128. The pressure plate 40 also rotates about 

the pressure plate axis 42 carrying the wafers W from a 

radially interior to a radially exterior location on the 

10 polishing pad. The speed of rotation of each wafer W 

slows as the wafer approaches a circle C (Fig. 5) which 

has its center on the turntable axis 16 and intersects 

the pressure plate axis of rotation 42 of all of the 

pressure plates 40. Once on the other side of the 

15 circle, the direction of rotation of the wafer W is 

opposite. The free rotation of the wafers W relative to 

the pressure plate 40 allows all points on the polish 

face P of the wafer to have substantially identical, 

epicycloidal working pathways. In the past, where the 

20 wafers W were fixedly mounted on the p+essure plate, each 

point on the polish face P of the wafer was confined to 

its own circular movement about the pressure plate axis. 

A greater identity of working pathways for all points on 

the polish face P produces greater uniformity in the 

25 finish of the wafer. 

The free rotation of the wafers W relative to 

the pad 46 isolates the pressure plate 40 from the 

wrenching force which would be experienced if the wafers 

were rigidly attached to the pressure plate. The 

30 independent pivoting Jl!Otion of the wafer W about the 

pivot point U2 also isolates the pressure plate 40 from 

at least some of the forces encountered during polishing. 

Since many of the forces and vibrations experience by 

each wafer W during polishing are not transmitted to the 

35 pres.sure plate 40, they are also not transmitted to the 

other wafers W on the plate. Thus, the polishing method 
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of the present invention combines the high yield and 

quality heretofore associated with single-wafer polishing 

with the throughput achieved by batch processing. It is 

believed that TTV and STIR readings of the wafers after 

5 polishing are better by at least a factor of 2 over 

wafers polished using existing polishing machines and 

methods. 

In view of the above, it will be seen that the 

several objects of the invention are achieved and other 

10 advantageous results attained. 

As various changes could be made in the above 

constructions without departing from the scope of the 

invention, it is intended that all matter contained in 

the above description or shown in the accompanying 

15 drawings shall be interpreted as illustrative and not in 

a limiting sense. 
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WHAT IS CLAIMED IS: 

1. Wafer polishing apparatus comprising: 

a turntable having a polishing surface thereon; 

a frame mounting the turntable for rotation 

5 relative to the frame about an axis; 

a pressure plate constructed for simultaneously 

holding multiple wafers with a polish face of the wafers 

facing the polishing surface of the turntable; 

spindle means mounting the pressure plate for 

10 rotation about an axis spaced from the axis of rotation 

of the turntable, the pressure plate being held from 

rotation about the axis of rotation of the turntable; 

force applicating means for applying a force to 

the pressure plate to press the wafers against the 

15 polishing surf ace of the turntable, 

means operatively connecting each wafer to the 

pressure plate for reorienting the wafer ~elative to the 

pressure plate in response to pressure differentials over 

the polish face of the wafer engaging the polishing 

20 surf ace to substantially equalize the pressure 

distribution over the polish face of the wafer. 

2. Wafer polishing apparatus as set forth in 

claim 1 wherein said connecting means is constructed to 

permit universal pivoting motion of the wafer relative to 

25 the pressure plate about a predetermined universal pivot 

point. 

3. Wafer poJishing apparatus as set forth in 

claim 2 wherein the universal pivot point is located 

closely adjacent the polishing surface. 

11111111 Jlllll 11111 1111111 1111 
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4. Wafer polishing apparatus as set forth in 

claim 3 wherein the universal pivot point is located at 

the interface of the polish face of the wafer and the 

polishing surface. 

5 .. Wafer polishing apparatus as set forth in 

claim 4 wherein said connecting means is constructed to 

permit rotation of the wafer relative to the pressure 

plate about an axis of rotation spaced from the axis of 

rotation of the pressure plate. 

6. Wafer· polishing apparatus as set forth in 

claim 5 wherein the universal pivot point lies on the 

axis of rotation of the wafer. 

7. Wafer polishing apparatus as set forth in 

claim 1 wherein said connecting means comprises a 

15 floating head adapted to secure a wafer for conjoint 

movement therewith and a conic bearing assembly mounting 

the floating head on the pressure plate for ·rotation 

about an axis of rotation spaced from the axis of 

rotation of the pressure plate and universal pivoting 

20 movement of the floating head about a point on the axis 

of rotation of the floating head. 

8. Wafer polishing apparatus comprising: 

a turntable having a polishing surface thereon; 

a frame mouriting the turntable for rotation 

25 relative to the frame about an axis; 

a pressure ~late constructed for simultaneously 

holding multiple wafers with a polish face of the wafers 

facing the polishing surf ace of the turntable; 

spindle means mounting the pressure plate for 

30 rotation about an axis spaced from the axis of rotation 

of t~e turntable, the pressure plate being held from 

rotation about the axis of rotation of the turntable; 

11111111111111 llllt 1111111 1111 
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force applicating means for applying a force to 
the pressure plate to press the wafers against the 
polishing surface of the turntable, 

means operatively connecting the wafers to the 
5 pressure plate for permitting free rotation of the wafer 

relative to the pressure plate about a wafer axis of 
rotation spaced from the axis of rotation of the pressure 
plate and from the axis of rotation of the turntable. 

9. Wafer polishing apparatus as set forth in 
10 claim 8 wherein said means operatively connecting the 

wafers to the pressure plates is constructed to permit 
motion of the wafer relative to the pressure plate in 
response to pressure differentials over the polish face 
of the wafer engaging the polishing surface to 

15 substantially equalize the pressure distribution over the 
polish face of the wafer. 

10. Wafer polishing apparatus as set forth in 
claim 9 wherein said means operatively connecting the 
wafers to the pressure plates- is constructed to permit 

20 universal pivoting motion of the wafer relative to the 
pressure plate about a predetermined pivot point. 

25 

11. Wafer polishing apparatus as set forth in 
claim 10 wherein the pivot point lies on the axis of 
rotation of the wafer. 

12. Wafer polishing apparatus as set forth in 
claim 11 wherein said.~onnecting means comprises a 
floating head adapted to secure a wafer for conjoint 
movement therewith and a conic bearing assembly mounting 
the floating head on the pressure plate for rotation 

30 about an axis of rotation corresponding to the axis of 
rotation of the wafer and universal pivoting movement of 

1111111111111111111 1111111 1111 
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the floating head about a point on the axis of rotation 

of the floating head. 

13. A method for polishing an article such as 

a wafer of semiconductor material on a polishing machine 

5 having a turntable with a polishing surface, the 

turntable being mounted for rotation on a frame, the 

method comprising the steps of: 

providing a plurality of wafers to be polished; 

releasably mounting the wafers on a pressure 

10 plate of the polishing machine in a generally 

free-floating relationship with respect to the pressure 

plate; 

pressing polish faces of the wafers against the 

polishing surface of the turntable via application of 

15 force to the pressure plate; 

orienting each wafer with respect to the 

pressure plate and independently of the o.ther wafers in 

response to detected pressure differentials over the 

polish face of the wafer to substantially equalize the 

20 pressure over the polish face of the wafer. 

14. A method as set forth in claim 13 wherein 

the step of -Orienting each wafer comprises the step of 

pivoting the wafers relative to the polish plate about a 

universal pivot point in response to pressure 

25 differentials across the polish face of the wafer. 

15. A method as set forth in claim 14 wherein 

the universal pivot point is located closely adjacent the 

polishing surface. 

16. A method as set forth in claim 15 wherein 

30 the universal pivot point is located at the interface of 

the polish face of the wafer and the polishing surface. 

I lllllll llllll lllll lllll II llll 
* C L M S * 

THIS SHEET HAS BEEN 
REPLACEU 



WO 94/19153 PCT /US94/01675 

22 

17. A method as set forth in claim 15 wherein 

the step of mounting the wafers on the pressure plate 

comprises the step of mounting the wafers on the pressure 

plate in a free-floating relationship with respect to the 

5 pressure plate which permits rotation of each wafer about 

an axis generally perpendicular to the polishing surface 

of the turntable. 

18. A method as set forth in claim 13 further 

comprises the step prior to said step of releasably 

10 mounting the wafers on the pressure plate of selecting 

wafers for mounting on the pressure plate without regard 

to differences in thickness among the wafers. 

19. A method for polishing an articl-e such as 

a wafer of semiconductor material on a polishing machine 

15 having a turntable with a polishing surface, the 

turntable being mounted on a frame for rotation about an 

axis, the method comprising the steps of: 

providing a plurality of wafers to be polished; 

releasably mounting the wafers on a pressure 

20 · plate of the polishing machine, the pressure plate being 

rotatable about an axis of rotation; 

25 

pressing polish faces of the wafers against the 

polishing surf ace of the turntable via application of 

force to the pressure plate; 

permitting free rotation of the wafer relative 

to the pressure plate about a wafer axis of rotation 

spaced from the axis of rotation of the pressure plate 

and from the axis of ~otation of the turntable. 

20. A method as set forth in claim 19 further 

30 comprising the step of orienting each wafer with respect 

to the pressure plate and independently of the other 

wafers i~ response to detected pressure differentials 
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over the polish face of the wafer to substantially 
equalize the pressure over the polish face of the wafer. 

21. A method as set forth in claim 20 wherein 
the step of orienting each wafer comprises the step of 

5 pivoting the wafers relative to the polish plate about a 
universal pivot point in response to pressure 
differentials across the polish face of the wafer. 

22. A method as set forth in claim 21 further 
comprises the step prior to said step of releasably 

10 mounting the wafers on the pressure plate of selecting 
wafers for mounting on the pressure plate without regard 
to differences in thickness among the wafers. 
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WAFER POLISHING APPARATUS AND METHOD 

Backaround of the Invention 
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This invention relates to apparatus fo~1~r--~--~----~----1 

polishing semiconductor or similar type materials, and 

more specifically to such apparatus which permits batch 

processing of the wafers with improved uniformity, 
throughput and yield. 

Polishing an article to produce a surf ace which 

is highly reflective and damage free has application in 
many fields. A particularly good finish is required when 

polishing an article such as a waf~r of semiconductor 

material in preparation for printing circuits on the 

·wafer by an electron beam-lithographic or 
photolithographic process. Flatness of the wafer surface 
on wh1ch circuits are to be printed is critical in order 

to maintain resolution of the lines, which can be as thin 

as 1 micron or less. The need for a flat wafer surface, 

and in particular local flatness in discrete areas on the 

surface, is heightened when stepper lithographic 
processing is employed. 

Flatness is quantified in part by a total 

thickness variation measurement (TTV) and site total 
indicated reading (STIR). TTV is the difference between 

the maximum and minimum thicknesses of the wafer. STIR 
is the sum of the maximum positive and negative 
deviations of the surf ace in a small area of the wafer 
from a reference plane, referred to as the "focal" plane. 

Total thickness variation in the wafer is a critical 
indicator of the quality of the polish of the wafer. 
Presently, flatness of the polish surfaces of the wafers 

are not significantly, .1mproved and may be worsened by the 
polishing proces.s. tk. bate~ p'~ocessi,ng:,: there will be a 

, . , •. t.. ·' .·, I · · .. 

significant number of wafers which fail to meet, flatness 

and polishing specifications after polishing, .thus 
adversely affecting yield in commercial production. 
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Conventional polishing machines include an 
annular polishing pad mounted on a turntable for driven 
rotation about a vertical axis passing through the center 

of the pad. The wafers are fixedly mounted on pressure 
plates above the ~olishing pad and lowered into polishing 

engagement with the rotating polishing pad. A polishing 

slurry, typically including chemical polishing agents and 

abrasive particles, is applied to the pad. 
In order to achieve the degree of polishing 

needed, a substantial normal force presses the wafers 
into engagement with the pad. The coefficient of 

friction between the pad and wafer is quite high, 
oftentimes in the vicinity of two. These high forces can 

give rise to certain distortions in the polish, such as 

by creating a vertical component of the frictional force 

at the leading edge of a wafer as it encounters an area 
of particularly high frictional interaction with the 
polishing pad. A change in the net vertical force 
applied to the wafer locally changes the polishing 

pressure and the polishing rate of the wafer, giving rise 
to distortions .in the polish. 

Where batch processing is employed, several 
wafers are rigidly mounted to a single pressure plate. 
Different regions of the polish face engaging the 

polishing pad travel along separate paths because the 
wafers are rigidly attached to the pressure plate. A 
discontinuity in the pad (e.g., a small lump or an area 
of glazed slurry) may repeatedly encounter one region of 
the wafer and not another, causing an imperfection in the 
polish in the one region. Further, forces and vibrations 
which are generated by the interaction of one wafer with 
the polishin,g pad are transmitted through the rigid 
structure of the pressure plat¢" tt;>· unde.sirably affect the 

./ . •' \ . 
polishing rate and mechanical characteristics of other 
wafeT,s on the pressure plate. Moreover, wafers to be 
polished by batch process must be presorted so that all 
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wafers to be mounted at one time on a single pressure 

plate are of the same thickness to a high degree of 

accuracy. Otherwise, the pressure plate is tilted from 

the horizontal enough to introduce a nonuniform 

application of pressure to the wafers on the plate, 

causing undesirable variations in the polish finish 

between wafers mounted on the same pressure plate and 

over the polish surface of a single wafer. 

The problems of yield associated with batch 

processing are somewhat alleviated by single wafer 

processing, in which each wafer has its own pressure 

plate. Single wafer processing eliminates the problems 

·of forces transmitted through the pressure plate from one 

wafer to another. However, single wafer polishing has a 

very low throughput because only a single wafer per 

pressure plate is polished at a time. 

Summarv of the Invention 

Among the several objects and features of the 

present invention may be noted the provision of a wafer 

polishing apparatus and method which improve the flatness 

of the wafers processed; the provision of such apparatus 

and method which increase yield in batch wafer polishing; 

the provision of such apparatus and method in which 

pressure applied to each wafer is substantially the same; 

the provision of such apparatus and method which permit 

batch polishing of wafers without regard to thickness 

variations between wafers mounted at one time on one 

pressure plate of the polishing apparatus; the provision 

of such apparatus and method which tends to average out 

the effect on the polish face of the wafer caused by a 

discontinuity in the pad; and the provision of such 

apparatus and method which move the wafers in a smooth 

and vibration-free manner. 

Generally, wafer polishing apparatus 

constructed according to the principles of the present 
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invention comprises a turntable having a polishing 
surf ace and a frame mounting the turntable for rotation 
rP.lative to the frame about_ an axis. A pressure plate is 
mounted by spindle means for rotation about axes spaced 
from the axis of rotation of the turntable, with the 
pressure plate being held from rotation about the axis of 
rotation of the turntable. The pressure plate is 
constructed for simultaneously holding multiple wafers 
with a polish face of the wafers facing the polishing 
surface of the turntable. Force applicating means 
applies a force to the pressure plate to press the wafers 
against the polishing surface of the turntable. Means 
operatively connecting each wafer to the pressure plate 
is operable to reorient the wafer relative to the 
pressure plate in response to pressure differentials over 
the polish face of the wafer engaging the polishing 
surf ace to substantially equalize the pressure 
distribution over the polish face of the· wafer. 

Generally, a method of polishing an article 
such as a wafer made of semiconductor material according 
to the present invention includes providing a plurality 
of wafers to be polished. The wafers are releasably 
mounted on a pressure plate of a polishing machine in a 
generally free-floating relationship with respect to the 
pressure plate. Polish faces of the wafers are pressed, 
via application of force to the pressure plate, against 
the polishing surface of the turntable, and the wafers 
are oriented with respect to the pressure plate (and 
independently of the other wafers) in response to 
detected pressure differentials over the polish face of 
the wafer to substantially equalize the pressure over the 
polish face of the wafer. 

Other objects and features of the present 
invention will be in part apparent and in part pointed 
out hereinafter. 
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FIG. 1 is a fragmentary elevation of polishing 

apparatus showing two pressure plates in raised position 

(a third raised pre~sure plate of identical construction 
being concealed by the two shown), and another pressure 

plate in a lowered or polishing position; 
FIG. 2 is an enlarged elevation of one pressure 

plates with parts broken away to show a floating head 

assembly therein; 
FIG. 3 is a tu.rther enlarged fragmentary 

elevation of the pressure plate of.Fig. 2 showing a 

wafer/wafer carrier unit as inserted into the pressure 

-plate prior to bringing the wafer into engagement with 

the polishing pad; 
FIG. 4 is a bottom plan view of the pressure 

plate; and 
FIG. 5 is a schematic horizontal section of the 

polishing apparatus showing the pressure plates on the 
polishing pad as viewed from above. 

Corresponding reference characters indicate 

corresponding parts throughout the several views of the 
drawings. 

Detailed Descri~tion of the Pref erred Embodiment 
Ref erring now to the drawings and in particular 

to Fig. l, polishing apparatus 10 constructed according 

to the principles of the present invention is shown to 
comprise a frame 12 mounting a turntable 14 for rotation 
with respect to the frame about a turntable axis 16. The 
frame 12 includes columns 22 extending up from the frame 

to mount an overhead support 20 above the turntable. The 

overhead support 20 mounts four hydraulic cylinders 36 

having arms 38 to which are attached pressure plates 
generally indicated at 40. Only three cylinders 36 and 
pressure plates 40 are shown in Fig. 1, the fourth 

cylinder and pressure plate, which are of the same 
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construction as those illustrated, are hidden in this 

view. Cooling fluid may be circulated through the plates 

by inlet and outlet pipes, designated 41A and 41B, 

respectively. 
Each pressure plate 40 is attached to a 

respective arm 38 for free rotation relative to that arm 

about a pressure plate axis 42 which is spaced from the 

turntable axis 16. Rollers 43 are engageable with the 

pressure plates 40 to assist in holding the plates from 

rotation about the turntable axis 16, but permitting 

rotation about the pressure plate axis 42 (Fig. 5). 

Brackets 45 mount the rollers 43 on the columns 22 and on 

a roller support 18 depending from the overhead support 

20. The overhead support 20, hydraulic cylinders 36 and 

arms 38 constitute "spindle means" in the illustrated 

embodiment. However, it is to be understood that the 

components of the spindle means may be other than 

described and still fall within the scope of the present 

invention. The frame 12, turntable 14, roller support 

18, overhead support 20, columns 22, cylinders 36, inlet 

and outlet pipes 41A, 41B, and rollers 43 are all of 

conventional construction, being of the type present on 

existing polishing machines. 

As shown in Figs. 2 and 3, an article, such as 

a wafer W made of semiconductor material, may be mounted 

on one of a plurality of wafer carriers {each designated 

generally at 44} of the apparatus 10 in a suitable 

fashion, such as by conventional wax mounting. The 

pressure plates 40 are constructed for simultaneously 

holding multiple carriers 44 with a polish face P of the 

wafers W on the carriers facing a polishin~ surf ace of an 

annular polishing ·pad 46 (Fig. 2) mounted on the 

turntable 14 for conjoint rotation about the turntable 

axis 16. As shown in Fig. 4, each pressure plate 40 has 

three carrier stalls indicated generally at 48 and 

constructed for receiving a wafer carrier 44 and mounted 
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wafer W (the unit formed by the wafer carrier and wafer 

mounted thereon being designated generally by the 

reference numeral 49). The hydraulic cylinders 36 are 

operable to raise the pressure plates 40 above the 

turntable 14 for loading and unloading the wafer carriers 

44 from the wafer carrier stalls 48 in the pressure 

plates. The pressure plates 40 may also be lowered by 

the hydraulic cylinders 36 to bring the wafers W into 

engagement with the polishing surface of the polishing 

pad 46 on the turntable 14. The cylinders 36 (broadly, 

"force applicating means") apply a downward force on the 

pressure plates 40 to press the wafers W against the 

·polishing pad 46 with sufficient force to produce the 

necessary finish on the polish face P of the wafers. 

Floating head assemblies, indicated generally 

at SO, within the carrier stalls.48 operatively connect· 

the wafer carriers 44 (and wafers W) to the pressure 

plate 40 for independently reorienting each carrier and 

wafer relative to the pressure plate in response to 

pressure differentials over the polish face P of the · 

wafer to substantially equalize the pressure distribution 

over the polish face of the wafer. The structure and 

function of the floating head assemblies 50 will be 

described in more detail hereinafter. In the preferred 

embodiment, the floating head assemblies 50 comprise the 

"connecting means" set forth in the claims. However, it 

is to be understood that the connecting means may take 

other forms and still 'fall within the scope of the 

present invention. 

As shown in Fig·. 2, each pressure plate 40 is 

connected by a universal joint assembly, designated 

generally at 54, which permits rotation about the 

pressure plate axis 42 and universal pivoting motion 

about a point Ul on the pressure plate axis. The 

pressure plate 40 includes an upper member 56 connected 

to a lower member 58 by suitable fasteners 60. The 
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bottom face of the lower member 58 is covered by a sheet 
of material 62 attached to the lower member by fasteners 
64. The upper member 56 has an upwardly opening primary 
recess 66 in which the universal joint assembly 54 is 
received. A ·cover plate 68 mounted on the arm 38 closes 
the open upper end of the primary recess 66. The 
universal joint assembly 54 includes a first connector 
plate 70 suspended from the cover plate 68 in the primary 
recess 66 by fasteners 72. A second connector plate 74 
is mounted by fasteners 76 (only one is shown) on the 
upper member 56 of the pressure plate 40. The first and 
second connector plates 70, 74 have generally 

·frustoconically shaped bearing surfaces, designated 70A 
and 74A, respectively, opposing each other in a spaced 
relation. When the arm 38 of the cylinder 36 is 
retracted to raise the pressure plate 40 above the 
polishing pad 46, the bearing surfaces 70A, 74A engage, 
and the pressure plate moves upwardly with the arm. 
However, when the pressure plate 40 is lowered (as 
depicted in Fig. 2), the space between the bearing 
surfaces 70A, 74A of the connector plates permits 
rotational and universal pivoting motion between the arm 
38 and the pressure plate. 

A secondary recess 78 located within the 
primary recess ~6 of the upper member 56 of the pressure 
plate 40 is defined in part by a circular wall 80 
integral with the upper member 56 and an annular shoulder 
82 which supports a roller bearing assembly 84. A plug 
86 received in the secondary recess 78 has an annular 
flange 88 located in generally oppo~ing relation with the 
shoulder 82 and engaging the bearing assembly 84 to hold 
the bearing assembly in place. The bearing assembly 84 
permits rotary movement of the pressure plate 40 relative 
to the plug 86 (and hence arm 38) about the pressure 
plate axis 42. Universal pivoting motion is achieved 
through a ball-joint connection of the plug 86 to a 
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spindle rod 90 located within the cylinder arm 38. The 
spindle rod 90 projects out of the open lower end of the 
arm 38 and into a hole 91 in the top of the plug 86. The 
upper portion of a ball 92 is received in a generally 
hemispherical socket 94 in the lower end of the spindle 
rod 90. A corresponding socket 96 in the plug 86 at the 
bottom of the hole receives the lower portion of the ball 
92. There is sufficient spacing between the spindle rod 
90 and the sides of the hole 91, and between the lower 
end of the rod and the bottom of· the hole to permit the 
pressure plate 40 to pivot a predetermined amount about 
any axis lying in a horizontal plane and passing through 
a universal pivot point Ul located in the center of the 
ball 92. It is to be understood that the pressure plate 
40 does not have to be capable of pivoting about 
universal pivot point Ul to fall within the scope of the 
present invention. 

The wafer carriers 44 are made of a ceramic or 
other suitable material, and are each generally disk 
shaped with an outwardly projecting annular lip 98 at its 
upper end, and a beveled lower peripheral edge 100 (Fig. 
3). As stated above,· a wafer W may be mounted on the 
bottom of the carrier 44 by suitable methods such as 
conventional wax mounting. The resultant wafer/wafer 
carrier unit 49 may be slid into one of the wafer carrier 
stalls 48 in the pressure plate 40. The wafer carrier 
stalls 48 are defined by openings 102 through the lower 
member 58 of the pressure plate which are closed at the 
top by the upper member 56. As viewed from the bottom of 
the pressure plate 40 (Fig. 4), the openings 102 have a 
generally horseshoe shape with a radially outwardly 
opening mouth 104 .. The width of the openings 102 is 
larger than the largest diameter of the wafer carrier 44. 
The sheet of material 62 affixed to the bottom face of 
the pressure plate 40 has three horseshoe shaped openings 
106 corresponding to the openings 102 in the lower member 
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58 of the pressure plate. However, the width of each 
opening 106 in the sheet 62 is less than the width of the 

corresponding opening 102 in the lower member 58 such 

that an edge margin of the sheet at the opening 106 
defines a retaining flange 108 projecting inwardly from 
the lower edges of the opening 102. When the wafer/wafer 

carrier unit 49 is slid radially inwardly through the 

mouth 104 into the wafer carrier stall 48, the lip 98 of 

the wafer carrier 44 rests on the retaining flange 108, 
but the wafer W and the portion of the wafer carrier 
below the lip extend through the opening 106 in the sheet 
below the pressure plate 40. The retaining flange 108 
thus holds the wafer/wafer carrier unit 49 from falling 
out of the wafer carrier stall 48. 

As shown in Fig. 3, the floating head assembly 

50 in the wafer carrier stall 48 includes a generally 
annular floating head, indicated generally at 112, having 
a generally cylindrical upper portion ll2A and an 

outwardly flaring lower or wafer carrier engaging portion 
112B. The floating head 112 is formed with a first 

interior shoulder 114 adjacent to the bottom of the 
floating head. The floating head 112 is constructed and 
dimensioned so that when the pressure plate 40 is forced 
downward and brings the wafers into engagement with the 
polishing pad 46, the wafer W and wafer carrier 44 are 

forced upward into the floating head with the lip 98 at 
the top of the wafer carrier 44 engaging the first 
interior shoulder 114 of the floating head. At least the 

first shoulder 114 and portions adjacent thereto which 
engage the wafer carrier 44 are covered with a 

high-friction material 116. The wafer carrier 44 and 
floating head 112 are effectively fixed to one another 

for conjoint movement solely by the pressure applied by 

the cylinder 36, without any mechanical or adhesive 
interconnection. 
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In the preferred embodiment, the floating head 

112 is mounted on the pressure pl"ate 44 by a conic 
bearing assembly (designated generally 118) and by a 

mounting ring 120 affixed by fasteners 122 to the upper 
member 56 of the pressure plate 40 and disposed 

interiorly of the upper portion 112A of the floating 
head. The mounting ring 120 has an annular sloped 

bearing surface 124 which engages an annular bearing 

surf ace 126 formed on the interior of the upper portion 

112A to support the floating head 112. The bearing 
surf ace 126 of the floating head has a slope 
complementary to that of the bearing surface 124. The 

.·bearing surface 126 is capable of sliding over the 

bearing surface 124 to permit the floating head 112 to 
pivot about a universal pivot point 02, and to rotate 

about a generally vertical wafer or floating head axis 
128 relative to the mounting ring 120 and the pressure 

plate 40. 

The conic bearing assembly 118 comprises an 
annular first raceway defining member 130 mounted on the 

upper member 56 of the pressure plate 40, an annular 

second raceway defining member 132 associated with the 

floating head 112, and a plurality of generally 
barrel-shaped roller bearings 134 located in the raceway 
defined by the first and second members. The first 
raceway defining member 130 has a bearing face 136 having 

the shape of an annular spherical section engaging a 

rolling surface 138 of each roller bearing 134 which has 
a complementary spherical- section contour. The rolling 
surf ace 138 of the bearing 134 also engages a bearing 
face 140 of the second raceway defining member 132 which 

has the shape of an annular spherical section. The conic 

bearing assembly 118 is constructed so that the rolling 

surfaces 138 of the roller bearings 134 freely roll about 
a roll axis 142 of the bearings for permitting the second 
raceway defining member 132 and the floating head 112 to 
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rotate about the vertical floating head axis 1?2~Til~~:Vl!!l-~--J 
to the first raceway defining member 130.and the pressure 
plate 40. The rolling surface 138 will also slide over 
the bearing face 136 of the first raceway defining member 
130 about the universal pivot point U2 located on the 
floating head axis 128 to permit universal pivoting 
motion of the floating head relative to the pressure 
plate 40 about the universal pivot point. 

The second raceway defining member 132 is 
rigidly attached to the floating head 112 by a support 
plate 144 and a clamp plate 146. The support plate 144 
is generally circular in shape and has a flange 148 
engaging a second shoulder 150 formed in the interior of 
the floating head 112. The support plate 144, which is 
secured to the floating head by fasteners 152 (only one 
is shown) received through the flange 148 and into the 
floating head 112, closes off the interior of the 
floating head (and the conic bearing assembly 118 
therein) from the polishing pad 46 and abrasive and 
chemically reactive chemicals of the polishing slurry 
applied to the pad. An 0-ring 154 in a cir.cum- ferential 
groove in the support plate 144 seals the support plate 
with the floating head 112 to prevent the incursion of 
debris and chemicals from the polishing pad 46 below 
which could damage the conic bearing assembly 118. 

The second raceway defining member 132 rests in 
a circular channel 156 in the upper face of the support 
plate 144 and aga~nst an interior wall of the channel. 
The lower portion of ~he clamp plate 146 is received into 
the central opening of the annular second raceway 
defining member 132 and is secured by a fastener 158 to 
the support plate 144. A circumferentially extending lip 
160 at the upper end of the clamp plate 144 overlies and 
engages the second raceway defining member 132 for 
clamping it against the support plate 144. A curved 
retaining prong 162 projecting from the lower end of each 

THIS SHEET HAS BEEN 
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roller bearing 134 extends into an opening 164 in the 

channel 156 between the second raceway defining member 

132 and an outer wall of the.channel. The retaining 
prong 162 extends under a lip 166 formed on the second 
raceway defining member. Another retaining prong 168 
projects outwardly from the top of each roller bearing 

134. In ordinary operation of the polishing apparatus 

10, the prongs 162, 168 will not engage any component of 

the floating head assembly 50. The roller bearings 134 
are held in the raceway by a notch 170 at the bottom of 
the second raceway defining member 132 which receives a 

portion of the lower ends of ~he roller bearings to 

prevent the roller bearing from moving downwardly from 
between the raceway defining members 132, 134, and by the 

tapered shape of the roller bearings which prevents the 
roller bearings from moving.upwardly from between the 

raceway defining members. 

Ooeration 
The method of the present invention for 

polishing wafers W of semiconductor material is generally 
carried out in the operation of the polishing apparatus 

10 described above, but is not limited to the operation 
of this particular apparatus. Semiconductor wafers W to 

··be polishe~ may be provided in a conventional fashion. 
Sorting of the wafers into groups of similar thicknesses 

is not required before selecting wafers to be mounted on 
the same pressure plate. It is believed that differences 
in thicknesses in a range at least as wide as ~ 30 x lo-6m 

among the wafers W ~ounted on a single plate 40 will have 
no significant effect on the quality of the polish or 

mechanical characteristics of the wafers. Thickness 

variations outside this range do not typically occur in 
ordinary silicon wafer production prior to polishing. 
The selected wafers W are mounted on individual wafer 

carriers 44 to form wafer/wafer carrier units 49, which 

THIS SfJEE1· 
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are slid through the mouths 104 in the pressure plate 40 

and into the wafer carrier stalls 48. 

In the illustrated embodiment, there are three 

wafer carrier stalls 48 for each pressure plate 40 in 

which wafer/wafer carrier units 49 are inserted. Figure 

4 shows one wafer/wafer carrier unit 49 fully inserted in 

a carrier stall 48, another partially installed and a 

third just outside the carrier stall. The pressure plate 

40 is in a raised position and the lip 98 of the waf~r 

carrier 44 rests on the retaining flange 108 below the 

floating head 112, as shown in Fig. 3. The cylinder 36 

is activated to lower the pressure plate 40 and press the 

polish face P of the wafer against the polish surf ace of 

the polishing pad 46 on the turntable 14. The pressure 

against the polish face P pushes the wafer/wafer carrier 

unit 49 upward until the lip 98 of the wafer carrier 44 

engages the high friction material 116 on the first 

shoulder 114 in the floating head 112. The pressure of 

the engagement and the high friction material 116 on the 

first shoulder holds the wafer carrier and floating head 

together for conjoint movement. 

Differences in thickness between the wafers W 

in the different wafer carrier stalls 48 in one of the 

pressure plates 40 tends to tilt the pressure plate. 

However in that event, the floating head assembly 50 in 

each wafer carrier stall 48 will experience differences 

in pressure over the polish face P of the wafer. The 

conic bearing assembly 118 will pivot the floating head 

112 in response to the experienced pressure differentials 

to reorient the wafer to substantially equalize the 

pressure distribution over the polish face of the wafer. 

Moreover, the pressure applied to the wafer w in each 

stall 48 is substantially equalized. Reorientation is 

accomplished independently for each wafer W by pivoting 

motion of the floating head 112 about any horizontal axis 

which passes through the universal pivot point U2. 

THIS Sf-Jnr.-1- I-f.A S 1 '-<.~ • BEEN 
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It is to be understood that the floating head 

assembly 50 permits reorientation of the wafer about the 

pivot point whenever pressure differentials are 

experienced over the polish face P of the wafer W. 
Pressure differentials may be caused by conditions other 

than differences in thickness of the wafers W in the 
pressure plate 40. For instance, when a leading edge of 

a wafer W encounters a concentration of abrasive 
particles from the slurry at a location on the pad 46 

during polishing, there is a tendency for the friction 

force between the wafer and pad to have a vertical 

component, causing the pressure experienced over the 
polish face P to vary. The floating head assembly 50 
will again permit pivoting to reorient the wafer so the 
pressure is substantially constant over the face. Thus, 

the polishing pressure remains more nearly the same over 

the entire polish face P of each wafer so that a uniform, 
high-quality finish is obtained. 

The universal pivot point 02 is located at the 
center of a sphere on which the bearing face 136 of the 

first raceway defining member 132 lies. In the preferred 

embodiment, the pivot point U2 is located at or very near 
the interface of the polish face P of the wafer and the 
polish surface of the pad 46. This location of the pivot 
point U2 is pref erred because the su,bstantial friction 
force between the pad 46 and the wafer W as the pad moves 
under the wafer does not induce undesirable pivoting 
about the pivot point. The friction force vector, which 

is perpendicular to the vertically downward normal force 
applied by the cylinder 36, is directed generally 
horizontally along the pqlish face/pad interface. No 

torque causing the floating bead 112 to pivot about the 
pivot point U2 is produced by the friction force because 

the friction force vector passes generally through the 
'pivot point. 
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The floating head 112 and wafer/wafer carrier 

unit 49 are also free to rotate about the floating head 

axis 128, which is spaced from the axis of rotation 42 of 
the pressure plate 40. The frictional interaction of the 
wafers W with the polishing pad 46 causing the floating 
heads 112 and wafers to rotate rapidly about the floating 

head axis 128. The pressure plate 40 also rotates about 
the pressure plate axis 42 carrying the wafers W from a 

radially interior to a radially exterior location on the 

polishing pad. The speed of rotation of each wafer W 
slows as the wafer approaches a circle C (Fig. 5) which 

has its center on the turntable axis 16 and intersects 
·the pressure plate axis of rotation 42 of all of the 
pressure plates 40. Once on the other side of the 
circle, the direction of rotation of the wafer W is 

opposite. The free rotation of the wafers W relative to 
the pressure plate 40 allows all points on the polish 
face P of the wafer to have substantially identical, 

epicycloidal working pathways. In the past, where the 
wafers W were fixedly mounted on the pressure plate, each 

point on the polish face P of the wafer was confined to 

its own circular movement about the pressure plate axis. 
A greater identity of working pathways for all points on 
the polish face P produces greater uniformity in the 
finish of the wafer. 

The free rotation of the wafers W relative to 
the pad 46 isolates the pressure plate 40 from the 

wrenching force which would be experienced if the wafers 
were rigidly attached to the pressure plate. The 
independent pivoting motion of the wafer W about the 

pivot point U2 also isolates the pressure plate 40 from 

at least some of the forces encountered during polishing. 

Since many of the forces and vibrations experience by 
each wafer W during polishing are not transmitted to the 
pres.sure plate 40, they are also not transmitted to the 
other wafers W on the plate. Thus, the polishing method 

THIS SHEET HAS BEEN 
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of the present invention combines the high yield and 

quality heretofore associated with single-wafer polishing 

with the throughput achieved by batch processing. It is 

believed that TTV and STIR readings of the wafers after 

polishing are better by at least a factor of 2 over 

wafers polished using existing polishing machines and 

methods. 

In view of the above, it will be seen that the 

several objects of the invention are achieved and other 

advantageous results attained. 

As various changes could be made in the above 

constructions without departing from the scope of the 

invention, it is intended that all matter contained in 

the ab~ve description or shown in the accompanying 

drawings shall be interpreted as illustrative and not in 

a limiting sense. 

This Sheet HasB~en Rep:ace··' 
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1. Wafer polishing apparatus comprising: 
a turntable having a polishing surface thereon; 
a frame mounting the turntable for rotation 

relative to the frame about an axis; 
a pressure plate constructed for simultaneously 

holding multiple wafers with a polish face of the wafers 
facing the polishing surface of the turntable; 

spindle means mounting the pressure plate for 
rotation about an axis spaced from the axis of rotation of 
ithe turntable, the pressure plate being held from rotation 
about the axis of rotation of the turntable; 

force applicating means for applying a force to 
the pressure plate to press the wafers against the 
polishing surface of the turntable; 

means operatively connecting each wafer to the 
pressure plate for reorienting the wafer relative to the 
pressure plate in response to pressure differentials over 
the polish face of the wafer engaging the polishing 
surface to substantially equalize the pressure 
:distribution over the polish face of the wafer; 

said connecting means being constructed to 
permit universal pivoting motion of the wafer relative to 
the pressure plate about a predetermined universal pivot 
point. 

2. Wafer polishing apparatus as set forth in 
claim 1 wherein the universal pivot point is located 
closely adjacent the polishing surface. 

3. Wafer polishing apparatus as set forth in 
claim 1 wherein said connecting means is constructed to 
permit rotation of the wafer relative to the pressure 
plate about an axis of rotation spaced from the axis of 
.rotation of the pressure plate. 

111111111111111111111111111111 
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4. Wafer polishing apparatus as set forth in 

claim 3 wherein the universal pivot point lies on the axis 

of rotation of the wafer. 

5. Wafer polishing apparatus as set forth in 

claim 1 wherein said connecting means comprises a floating 

head adapted to secure a wafer for conjoint movement 

therewith and a conic bearing assembly mounting the 

if loating head on the pressure plate for rotation about an 

axis of rotation spaced from the axis of rotation of the 

pressure plate and universal pivoting movement of the 

floating head about a point on the axis of rotation of the 

floating head·. 

6. A method for polishing an article such as a 

wafer of semiconductor material on a polishing machine 

having a turntable with a polishing surface, the turntable 

being mounted for rotation on a frame, the method 

:comprising the steps of: 

providing a plurality of wafers to be polished; 

releasably mounting the wafers on a pressure 

plate of the polishing machine in a generally 

free-floating relationship with respect to the pressure 

:plate; 

pressing polish faces of the wafers against the 

polishing surface of the turntable via application of 

force to the pressure plate; 

orienting each wafer with respect to the 

·pressure plate and independently of the other wafers in 

response to detected pressure differentials over the 

polish face of the wafer to substantially equalize the 

pressure over the polish face of the wafer; 

the step of orienting each wafer comprises the 

=step of pivoting the wafers relative to the polish plate 

about a universal pivot point in response to pressure 

differentials across the polish face of the wafer. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\\\I\ 
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7. Wafer polishing apparatus for polishing a 

wafer mounted on a wafer carrier, the apparatus 

comprising: 
a turntable having a polishing surface thereon; 

a frame mounting the turntable for rotation 

relative to the frame about an axis; 
a pressure plate for holding at least one wafer 

with a polish face of the wafer facing the polishing 

surf ace of the turntable; 
spindle means mounting the pressure plate for 

rotation about an axis spaced from the axis of rotation of 

the turntable, the pressure plate being held from rotation 

about the axis of rotation of the turntable; 

force applicating means for applying a force to 

·the pressure plate to press the wafer against the 

polishing surface of the turntable; 
means operatively connecting the wafer and wafer 

carrier to the pressure plate comprising at least one 
wafer stall formed in the pressure plate, the wafer stall 

!having a laterally outwardly directed opening sized for 
receiving the wafer and wafer carrier into the wafer stall 

by generally horizontal movement of the wafer through the 

laterally outwardly directed opening. 

8. A wafer polishing apparatus as set forth in 
claim 7 wherein said means for operatively connecting the 

wafer and wafer carrier to the pressure plate is 

constructed for holding the wafer and wafer carrier 

·without adhering the wafer or wafer carrier to the 

pressure plate. 

9. A wafer polishing apparatus as set forth in 
claim 8 wherein the wafer stall has a generally downwardly 

directed opening sized for permitting access of the wafer 
to the polishing surface of the turntable. 

I If Ill~ 1111~ 11~1111(111 If II liUiilf 1iUIITirf 1ii~r 
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10. A wafer polishing apparatus as set forth in 

claim 9 wherein the downwardly directed opening of the 

wafer stall is sized larger than the wafer but smaller 

than at least a portion of the wafer carrier whereby the 

:wafer carrier is adapted to engage the wafer stall around 

the periphery of the downwardly directed opening for 

restraining the wafer carrier and wafer from falling off 

of the pressure plate through the downwardly directed 

opening in the wafer stall. 
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111111111111111iH1r 

I 1111111111111 11111 1111111 1111 
* C L M s * 



- 22 -

REPLACEMENT S~ET -~ 

[ 2 7 NOV 1996 ] 

WAFER POLISHING APPARATUS AND METHOD 

ABSTRACT 

Wafer_ polishing apparatus (10) includes turntable 

(14) having polishing surface (46) thereon, and frame 

(12) mounting turntable (14) for rotation about axis 

(16). A pressure plate (~0) mounted by spindle (90) 

rotates about axis (42) spaced from axis (16) of the 

turntable (14), but is held from rotation about axis 

(16) of turntable (14). The pressure plate (40) is 

constructed for simultaneously holding multiple wafers 

(w) with a polish face of the wafers facing polishing 

surface (46) of turntable (14). The wafers (w) are 

pressed against polishing surface (46) of turntable 

(14) by cylinder (36) which applies a force to 

pressure plate (40). A floating head assembly (50) 

operatively connecting the wafers Cw) to pressure 

plate (40) reorients the· wafers (w) relative to 

pressure plate (40) in response to pressure 

differentials over the polish face of the wafer (w) 

engaging polishing surface (46) to equalize the 

pressure distribution over the polish face of the 

wafer (w) • 

,, .;· 

.. .. '·.·· 

FIGURE 2 ··' 
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WAFER POLISHING APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus for polishing semi­
conductor or similar type materials, and more specifi­
cally to such apparatus which permits batch processing 
of the wafers with improved uniformity, throughput· 
and yield. 

Polishing an article to produce a surface which is 
highly reflective and damage free has application in 
many fields. A particularly good finish is required when 
polishing an article such as a wafer or semiconductor 
material in preparation for printing circuits on the wafer 
by an electron beam-lithographic or photolithographic 
process. Flatness of the wafer surface on which circuits 
are to be printed is critical in order to maintain resolu­
tion of the lines, which can be as thin as 1 micron or less. 
The need for a flat wafer surface, and in particular local 
flatness in discrete areas on. the surface, is heightened 
when stepper lithographic processing is employed. 

Flatness is quantified in part by a total thickness vari­
ation measurement (ITV) and site total indicated read­
ing (STIR). 1TV is the dift"erence between the maxi­
mum and xrrinhn:um thicknesses of the wafer. STIR. is 
the sum of the maximum positive and negative devia- · 
tions of the surface in a small area of the wafer from a 
reference plane, referred to as the "focal" plane. Total 
thickness variation in the wafer is a critical indicator of 
the quality of the polish of the wafer. Presently, flatness 
of the polish surfaces of the W'.afers are not significantly 
improved and may be worsened by the polishing pro­
cess. In batch processing. there will be a significant -·­
number of wafeIS which fail to meet flatness and polish­
mg specifications after polishing, thus adversely affect­
ing yield in commercial production. 

.:.:\· , ,, ,__ <' D \ ·~ 
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Conventional polishing machines include an annular 
polishing pad mounted on a turntable for driven rota­
tion about a vertical axis passing through the center of 
the pad. The wafers are fixedly mounted on pressure 
plates above the polishing pad and lowered into polish· 
ing engagement with the rotating polishing pad. A pol· 
ishing slurry, typically including chemical . polishing 
agents and abrasive particles, is applied to the pad. 

Jn order to achieve the degree of polishing needed, a 
substantial normal force presses the wafers into engage­
ment with the pad. The coefficient of friction between 
the pad and wafer is quite high, oftentimes in the vicin­
ity of two. These bigh forces can give rise to certain 
distortions in the polish, such as by creating a vertical 
component of the frictional force at the leading edge of 
a wafer as it encounters an area of particularly high 
frictional interaction with the polishing pad. A change 
in the net vertical force applied to the wafer locally 
changes the polishing pr~ure and the polishing rate of 
the wafer, giving rise to distortions in the polish. 

Where batch processing is employed, several wafers 
are rigidly mounted to a single pressure plate. Different 
regions of the polish face engaging the polishing pad 
travel along separate paths because the wafers are rig· 
idly attached to the pressure plate. A discontinuity in 
the pad (e.g:, a small lump or an area of glazed slurry) 
may repeatedly encounter one region of the wafer and 
not another, causing an imperfection in the polish in the 
one region. Further, forces and vi"brations which are 
generated by the interaction of one wafer with the pol­
ishing pad are transmitted through the rigid structure of 
the pressure plate to undesirably affect the polis~g 

rate and mechanical characteristics of other wafers on 
the pressure plate. Moreover, wafers to be polished by 
batch proce$ must be pres.orted so that all wafers to be 
mounted at one time on a single pressure plate are of the 
same thickness to a high degree of accuracy. Otherwise, 
the pressure plate is tilted from the horizontal enough to 
introduce a nonuniform application of pressure to tlle""-------­

REPLACEMENT SHEET ' 

0 7 M,~y 1998 



•.:; 

- 3 -

wafers on the plate, c:iusing undesir:iblc: ~acions in 
tbe polish finish between w:ifers mcWlted on the s:ime 
pressure plate 3.Ild over the polish surf:ic: of a. single 
wafer. 

The pro blcms of yield associated with batch process­
ing are somewhat alleviated by single w:Ucr precessing, 
in which och wafe:- has its own pressure plate. Single 
wafer proassing eHminates the problems of forc::s 
tr:msmitted through the pressure plate from one wafer 
to another. However,. single wafer polishing has a Verf 
low thrcughpct _bec:iuse only a single waic:- per pres­
sure plate is polished at a time. 

SUMM.ARY OF THE INVENilON 
A:nong the several objects and fe3.tures of the present 

invention may be noted the provision of a ~-af'e:' polish­
ing appar.itus and methcd which improve O.e f!arress of 
the wafers· :Prc-c::ssed; the provision of ~&Ieh apparatus 
and method which incr=se yield. i:a batch waf'cr poli,,h­
ing; the pro..r..sicn of such apparatus and method in 
which pres.w.re applied to each wafer is substantially the 
same; the provision . or such apparatus and method 
which per.mit batch polishing of wafe:s without r:gard 
to thickness variations betwee:i W2fers mounted at one 
time on one pressure plate of the polishing apparatas; 
the provision of such apparatus and method which 
tends to average oat the effect on the polish face of the 
wafer caused by a dlscontinuity in the pad; and the 
provision of such apparams and method which move 
the waf'e:s in a sm.ooth and V1'"bration-free manner. 

Generally, wafer polishing apparatus cODSUUded 
according to the principles of the present invention 
comprises a tarntable having & polishing surface and a 
bme mounting the tu.mt.able for rotation relative to the 
frame about an uis.. A pressure plate is mounted by 
spindle means for rotation about axes spaced from ~r------
axis of rotation of the turntable, with the pres.mre pJa REPLACEMENT SHEET .. ~-; 
being held Crom rotation aboat the am of rotation of 
tmntable. The pressure plate is constructed···ror simul 0 7 MAY 

1998 neously holding multiple wafers with a polish &Ce 
the wafers facing the polishing surface or the turntabl 
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Force applicating means applies a force to the pressure 
plate to press the wafers against the polishing surface of 
the turntable. Means operatively connecting each wafer 
to the pressure plate is operable to reorient the wafer 
relative to the pressure plate in response to pressure 
differentials over the polish face of the wafer engaging 
the polishing surface to substantially equalize the pres­
sure distn"bution qver the polish face of the wafer. 

Generally, a method of polishing an article such as a 
wafer made of semiconductor material according to the 
present invention includes providing a plurality of wa­
fers to be polished. The wafers are rcleasably mounted 
on a pr~ure plate of a polishing machine in a generally 
free-floating relationship with respect to the pressure 
plate. Polish faces of the wafers are pressed, via applica­
tion of force to the pressure plate, against the polishing 
surface of the turntable, and the wafers are oriented 
with respect to the pressure plate (and independently of 
the other wafers) m i:esponse to detected press:ure dif-_ 
f erentials over the polish face of the wafer to subs4U1-
tially equalize the pressure over the polish face of the 
wafer. 

Other objects and features of the present invention 
will be in part apparent and in part pointed out hereinaf­
ter. 

BRIEF DESCRIPrION OF THE ORA WINGS 
FIG. 1 is a fragmentary elevation of polishing appara­

tus showing two pressure plates in raised position (a 
third raised pressure plate of identical construction 
being concealed by the two shown), and another pres­
sure plate in a lowered or polishing position; 

FIG. 2 is an enlarged elevation of one pressure plates 
with parts broken away to show a floating head assem­
bly therein; 

FIG. 3 is a further enlarged fragmentary elevation of 
the pressure plate of FIG. 2 showing a wafer/wafer 
carrier unit as inserted into the pre§ure plate prior to 
bringing the wafer into engagement with the pow· UU&.1° L&------
pad; REPLACEMENT SHEIT·-

FIG. 4 is a bottom plan view of the pressure pla 
and 0 7 MAY 1998 
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· FIG. 5 is a schematic horizontal section of the polish­
ing apparatus showing the pressure plates on the polish· 
ing pad as viewed from above. 

Corresponding reference characters indicate corre­
sponding parts throughout the several views of the 
cb:a~gs. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to the dmwings and. in particular to 
FIG. 1, polishing apparatns· 10 constructed according to 
the principles of the present invention is shown to com· 
prise a frame 12 mounting a turntable 14 for rotation 
with respect to the fiame about a turntable axis 16. The 
frame 12 includes columns 22 extending up from the 
frame to mount an overhead support 20 above the tum· 
table. The overhead support 20 mounts four hydraulic 
cylinders 36 having arms 38 to which are attached pres-­
sure plates generally indicated at 40. Only three cylin­
ders 36 and pressure plates 40 are shown in FIG. l, the 
fourth cylinder and pressure plate. which are of the 
same construction as those illustrated, are hidden in this 
view. Cooling fluid may be ·circulated through the 
plates by inlet and outlet pipes, designated 41A and 41B, 
respectively. 

Each pressure plate 40 is attached to a respective arm 
38 for free rotation relative to that arm about a pressure 
plate axis 42 which is spaced from the turntable axis 16. 
Rollers 43 are cngageable with the pressure plates 40 to 
asmst in holding the plates from rotation about the turn­
table axis 16, but permitting rotation abo~t the pressure 
plate axis 42 (FIG. 5). Brackets 4S mount the rollers 43 . 
on the columns 22 and on a roller support 18 depending 
from the overhead support 20. The overhead support 
20, hydraulic cylinders 36 and arms 38 constitute "spin­
dle means" in the il1ustrated embodiment. However .. it 
is to be undetstood that the components of the spindle 
. means may be other than described and still fall within 
; the scope of the present invention. The frame 12., tumta· 
ble 14 .. roller support 18, overhead support 20, columns 
22, cylinden 36, inlet and outlet pipes 41A, 41B, and 
rollers 43 are all of conventional construction, being of r-:R=EP::-L-:-AC:-E-M_E_NT--SH-E-ET--. 
the type present on existing polishing machines. 

As shown in FIGS. 2 and 3, an article, such as a wafer 
W made of s~onductor.~terial, may be mounted on 07 MAY 1998 
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one of a plurality of wafer carriers (each designated 
generally at 44) of. the apparatus 10 in a suitable fashion, 
such as by conventional wax mounting. The press11:1"e 
plates 40 are constructed for simultaneously holding 
multiple carriers 44 with a polish face P of the wafers W 
on the carriexs facing a polishing surface of an annular 
polishing pad 46 (FIG. 2) mounted on the turntable 14 
for conjoint rotation about the turntable axis 16. As 
shown in FIG. 4, each pressure plate 40 has three car­
rier stalls indicated generally at 48 and constructed for 
receiving a wafer carrier 44 and moUDted wafer W (the 
unit formed by the wafer carrier and wafer mounted 
thereon being designated generally by the reference 
numeral 49). The hydraulic cylinders 3' are operable to 
:raise the pressure plates 40 above the turntable 14 for 
loading and unloading the wafer carriers 44 from the 
wafer carrier stalls 48 in the pressure plates. The pres­
sure plates 40 may also be lowered by the hydraulic 
cylinders 36 to bring the wafers W into engagement 
with the polishing surface of the polishing paa 46 on the 
turntable 14. The cylinders 36 (broadly, "force applica.t­
mg means") apply a downward force on the pressure 
plates 40 to press the wafers W against the polishing pad 
46 with sufficient force to produce the necessary finish 
on the polish face P of the wafers. . 

Floating head assemblies, indicated generally at 50~ 
within the carrier stalls 48 operatively connect the. 
wafer carriers 44 (and wafers W) to the pressure plate 
40 for independently reorienting each carrier and wafer 
relative to the pressure plate in response to pres,,urc 
dift"erentials over the polish face P of the wafer to sub­
stantially equalize the pressme distnlmtion over the 
polish face of the wafer. The structmc and function of 
the floating head assemblies 50 will be described in 
more detail hereinafter. In the preferred embodiment,. 
the floating head assemblies 50 comprise the "connect­
ing means" set forth in the c1a;ms. However, it is to be 
understood that the connecting means may take other 
forms and still fall within the scope of the present inv~-----. 
tion. REPLACEMENTSHEET 
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As Shown in FIG. 2, each pressure plate 40 is con­
nected by a universal joint assembly, designated gener­
ally at 54, which permits rotation about the pressure 
plate axis 42 and universal pivoting motion about a 
point Ul on the pressure plate axis. The pr~ure plate 
40 includes an upper member 56 connected to a lower 
member 58 by suitable fasteners 60. The bottom face of 
the lower member 58 is covered by a sheet of material 
62 attached to the lower member by fasteneIS 64. The 
upper member 56 has an upwardly opening primary 
recess 66 in which the universal joint assembly 54 is 
received. A cover plate 68 mt>unted on the arm 38 
closes the open upper end of the primary recess 66. The 
univei:sal joint assembly 54 includes a first connector 
plate 70 suspended from the cover plate 68 in the pri­
mary recess 66 by fasteners 72. A second connector 
plate 74 is mounted by fasteners 76 (only one is shown) 
on the upper member 56 of the pressure plate 40. The 
first and second connector plates 70, 74 have generally 
frustoconically shaped bearing surfaces, designated 70A 
and 74A. respectively, opposing each other in a spaced 
relation. When the arm 38 or the cylinder 36 is retracted 
to raise the pres5ure plate 40 above the polishing pad 46, 
the bearing surfaces 70A. 74A engage, and the pr~sure 
plate moves upwardly with the arm. However, when 
the pressure plate 40 is lowered (as depicted in FIG. 2), 
the space between the bearing surfaces JOA, ~4A of ~he 
connector plates permits rotational and universal pivot­
ing motion between the arm 38 and the pressure plate. 

A secondary recess 78 located within the primary 
recess 66 of the upper member 56 of' the pressure plate 
40 is defined in part by a circular wall 80 integxa.l with 
the upper member 5' and an annular shoulder 82 which 
supports a roller bearing ~bly 84. A plug 86 re­
ceived in the secondary recess 78 has an annular flange 
88 located in generally opposing relation with the 
shoulder 82 and engaging the bearing assembly 84 to 
hold the bearing assembly in place. The bearing assem­
bly 84 permits :rotary movement of the pressure plate 40 
relative to the plug 8' (and hence arm 38) about the · ~ 
pressure plate axis 42. Universal pivoting motion is REPLACElVrENT SHEfr·· · 
achieved through a ball-joint connection of the plug 86 
to a spindle rqd 99 located within the cylinder arm 38. O 7 M,.\y 1998 
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The spindle red 90 projects out of the open lower end of 
the a..'"!Il 38 :ind into a. hole 91 in the top of the plug 86. 
The upper ~rtion of a ball 92 is received in a gener:illy 
hcmispherlc:il sccket 94 in the lowet end of the spindle 
red 9C. A corrcspcnding scck:t 96 in the plug 86 at the 
bottom of the hole receives the lower portion of the ball 
92. T.aere is sufficient spaC:.i.ng bet"Nee:i the spindle red 
90 and the sldes of the hole 91, and between the lower 
end of the red and the bottom of the hole to p:ralit the 
pressu.""e plate 40 to pivot a predete.~ed amount 
about any a.'tis lying in a horizontal plane and passing 
through a. universal pivot point Ul lcc:ited in the center 
of the ball 92.. It is to be unde..."'Stcod that the pressure 
plate 4ij dces not have to be capable of pivoting al:out 
universal pivot ~int Ul to fall within the scope of the 
preSe!it inve:ition. 

The wafer c:in:iers 44 are Im.de of a ~amic or other 
suitable materi.al, and are each generally disk shaped 
with an outwa..~y projecting amiular lip 98 at its uppe: 
end, and a beveledJowe: peripheral edge 100 (FIG. 3). 
As stated above, a wafer W may be mounted on the 
bottom of the ca..1'ier 44 by suit:lble methods such as 
conventiooat WU mounting. The resultant waf'er/W3.fer 
carrier unit 49 may be slid into one of the wafer carrier 
st:ills 48 in the pressure plate~. The wafer carrier stalls 
48 are defined by openings 102 through the lower mem­
ber 58 of the pressure plate which are closed at the top 
by the upper member 50. As viewed from the bottom of 
the pr~e plate 40 (FIG. 4), the openings 102 have a 
generally horseshoe shape with a radially outwardly 
opening mouth 104. The width of the openings 102 is 
larger than the largest diameter of the wafer carrier 44. 
The sheet or material 6l affixed to the bottom face of 
the presSUie-plate 40-lias tiiiee. horseshoe shaped open- : 
ings 106 corresponding to the openings 102 in the lower 
member 58 of the presmre plate. However, the width or 
each opening lOCi in the sheet 62 is less than the width of 
the corresponding opening 102 in the lower member 58 
such that an edge margin of the sheet at the opening 106 
defines a retaining flange 108 projecting inwardly from 
the lower edges or the openbig 102. ~en the wafer/-
wafer carrier unit 49 is slid radially inwardly thro r-:--E-PL_A_C_H_JlE--i\-rf SiiEET 

-[-o ~j--=-~~;·4:9-9---8 J .... •~r-, ~ I 
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the mouth 104 into the wafer carrier stall 48, the lip 98 
of the wafer carrier 44 rests on the retaining flange 108, 
but the wafer W and the portion of the wafer carrier 
below the lip extend through the opening 106 in the 
sheet below the pr~ure plate 40. The retaining flange 
108 thus holds the wafer/wafer carrier unit 49 from 
falling out oithe wafer carrier stall 48. 

As shown in FIG. 31 the floating head assembly 50 in 
the wafer carrier stall 48 includes a generally annular 
floating head, indicated generally at 112, having a gen­
erally cylindrical upper portion lllA and an outwardly 
flaring lower or wafer carrier engaging portion 112B. 
The floating head 112 is formed with a first interior 
shoulder 114 adjacent . to the bottom of the floating 
head. The floating head 112 is constructed and dimen­
sioned so that when the pressure plate 40 is forced 
downward and brings the wafers into engagement with 
the polishing pad 46, the wafer W and wafer carrier 44 
are forced upward into the floating head with the lip 98 
at the top of the wafer carrier 44 engaging the first 
interior shoulder 114 of the floating head. At least the 
fixst shoulder 114 and portions adjacent thereto which 
engage the wafer carrier 44 are covered with a high­
friction material 116. The wafer carrier 44 and floating 
head 112 are effectively fixed to one another for con­
joint movement solely by the. pressure applied by the 
cylinder 36, without any mechanical or adhesive inter­
connection. 

In the preferred embodiment, the floating head 112 is 
mounted on the pressure plate 44 by a conic bearing · 
assembly (designated generally 118) and by a mounting 
ring 120 affixed by fasteners 122 to the upper member 
56 of the pressure plate 40 and disposed interiorly of the 
upper portion 112A of the floating head. The mounting 
ring 120 has an annular sloped bearing surface l24 
which engages an annular bearing surface l26 formed 
on the interior of the upper portion i12A to support the 
floating head 112. The bearing surface 126 of the float­
ing head has a slope complementary to that of the bear­
ing surface 124. The bearing surface 126 is capable of 
sliding over the bearing surface 124 to permit the floatr------~·~~=·o~" 
ing head 112 to pivot about a universal pivot point U~ f REPLACEMENT SHEET 
and to rotate about a generally v~al wafer or floatin : -~~ 
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head axis 128 relative to the mounting ring 120 and the 
pressure plate 40. 

The conic bearing assembly 118 comprises an annular 
first raceway defining member 130 mounted on the 
upper member 56 of the pressure plate 40, an annular 
second raceway defining member 132 associated with 
the floating head 112, and a plurality of generally bar­
rel-shaped roller bearings 134 located in the raceway 
defined by the first and second members. The first race­
way definmg member 130 has a bearing face 136 having 
the shape of an annular spherical section engaging a 
rolling surface 138 of each roller bearing 134 which has 
a complementary spherical-section contour. The rolling 
surface 138 of the bearing 134 also engages a bearing 
face 140 of the second nceway defining member 132 
which has the shape of an annular spherical section. The 
c0mc bearing assembly 118 is constructed so that the 
rolling surfaces 138 of the roller bearings 134 freely roll 
about a roll axis 142 of the bearings for permitting the 
second raceway defmmg member 132 and the floating 
head 112 to rotate about the vertical floating head axis 
128 relative to the first raceway defining member 130 
and the pressure plate 40. The rolling surface 138 will 
also slide over the bearing face 136 of the first raceway 
defining member 130 about the universal pivot point Ul 

: located on the floating head axis 128 to permit universal 
pivoting motion of the floating head relative to the 
pressure plate 40 about the universal pivot point. 

The second raceway defining member 132 is rigidly 
attached to the floating head 112 by a support plate 144 
and a clamp plate 146. The support plate 144 is gener­
ally circular in shape and has a flange 148 engaging a 
second shohlder 150 formed in the interior of the float­
ing head 112. The support plate -144, which is secured to 
the floating head by fastenexs 152 (only one is shown) 

- - . 
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received through the flange 148 and into the floating 
head 112, closes off the interior of the floating head (and 
the conic bearing assembly 118 therein) from the polish­
ing pad 46 and abrasive and chemically reactive chemi­
cals of the polishing slurry applied to the pad. An Q.. 
ring 154 in a circumferential groove in the support plate 

· 144 seals the support plate with the floating head lll to 
prevent the incursion of debris and chemicals from the 

.. polishing pad 46 below which could damage the conic 
·bearlng assembly 118. 

The second raceway defining member 13.2 rests in a 
. circular channel 156 in the upper face of the support 

plate 144 and against an interior wall of the channel. 
The lower portion of the clamp plate 146 is received 
into the central opening of the annular second rat:eway 
defining member 132 and is secured by a fastener 158 to 

· the support plate 144. A circumferentially extending lip 
. 160 at the upp;r end of the clamp plate 144 overlies and 

engages the second raceway defining member 132 for 
clamping it against the support plate 144. A curved 

· retainmg prong 162 projecting from the lower end of 
each roller bearbig 134 extends into an opening 164 in 
the channel 156 between the second raceway defining 
member 132 and an outer wall of the channel. 'The 
retaining prong 162 extends under a lip 166 formed on 
the second raceway defining member. Another retain­
ing prong 168 projects outwardly from the top of each · 
roller bearing 134. In ordinary operation of the polish­
ing apparatus 10, the prongs 162, 168 will not engage 
any compon~t of the floating head assembly 50. The. 
roller bearings 134 are held in the raceway by a notch· 
170 at the bottom of the second .raceway definfog mem­
ber 132 which receives a portion of the lower ends of 
the roller bearings to prevent the roller bearing from 
moving downwardly from between the raceway defin­
ing membexs 132, 134, and by the tapered shape of the 
roller bearings which prevents the roller bearings from 
moving upwardly from between the raceway defining· 
members. 

[ -~ 
REPLACEMENT SHEET 
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OPERATION 
The method or the present invention for polishing 

wafers W of semiconductor material is generally car- . 
ried out in the operation of the polishing apparatus 10 
described above, but is not limited to the operation of 
this particular apparatus. Semiconductor wafers W to · 
be polished inay be provided in a conventional fashion. 
Sorting of the wafers into groups of similar thicknesses 
u not required before selecting wafers to be mounted on 
the same pressure plate. It is believed that differences in 
thicknes,,es in a range at least as wide as ±30 X to-6m 
among the wafers W mounted on a single plate 40 will 
have no significant effect on the quality of the polish or 
mechanical characteristics of the wafers. Thickness 
variations outside this range do not typically occur in 
ordinary silicon wafer production prior to polishing. 
The selected wafers Ware mounted on individual wafer 
carriers 44 to form wafer/wafer carrier units 49, which 
are slid through the mouths 104 in the pressure plate 40 
and into the wafer carrier stalls 48. 

ln the illustrated embodiment, there are three wafer 
carrier stalls 48 for each pressure plate 40 in which 
wafer/wafer carrier units 49 are inserted. FIG. 4 shows 
one wafer/wafer caaier unit 49 fully inserted in a car- ' 
rier stall 48, another partially installed and a third just 
outside the carrier stall The pressure plate 40 is in a 
IUed position and the lip 98 of the wafer carrier 44 
rests on the retaining flange 108 below the floating head 
112~-is siiown in F.Ccf 3. The cylinder 36·IS-activated to 
lower the pressure plate 40 and press the polish face P 
or the wafer against the polish surface of the polishing 
pad 46 on the turntable 14. The pressure against the 
polish face P pushes the wafer/wafer carrier unit 49 . 
upward until the lip 98 of the wafer carrier 44 engages 
the high friction material 116 on the first shoulder 114 in 
the floating head 112. The pressure of the engagement 
and the high friction material 116 on the rust shoulder 
hol~ .the wafer canier and floating head together for 
conJomt movement. · 

REPLACEMENT SHEH 
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Differences in thickness between the wafeIS W in the 
different wafer carrier stalls 48 in one of the pressure 
plates 40 tends to tilt the pressure plate. However in that 
event, the floating head assembly 50 in each wafer car­
rier stall 48 will experience differences in pressure over 
the polish face P of the wafer. The conic bearing assem­
bly 118 will pivot the floating head 112 in response to 
the experienced pressure differentials to reorient the 
wafer to substantially eqmlize the pressure distribution 
over the polish face of the wafer. Moreover, the pres-­
sure applied to the wafer W in each stall 48 is substan­
tially equalized. Reorientation is accomplished indepen­
dently for each wafer W by pivoting motion of the 
floating head lU about any horizontal a.xi.$ which 
passes through the universal pivot point U2. 

It is to be understood that the floating head assembly 
50 permits reorientation 'of the wafer about the pivot 

. point whenever pressure differentials are experienced 
over the polish face P of the wafer W. Pressure differen­
tials may be caused by conditions other than differences 
in thickness of the wafers W in the p~ure plate 40. 
For instance, when a leading edge of a wafer W encoun­
texs a concentration of abl'aSive particles from the slurry 
at a location on the pad 46 during polishing, there is a 
tendency for the friction force between the wafer and 
pad to have a vertical component, causing the pressure 
experienced over the polish face P to vary. The floating 
head assembly 50 ·will again permit pivo~g to reorient 
the wafer so the pressure is submnriaJ1y constant over 
the face. Thus, the polisbmg prcs.1urc remains more 
nearly the same over the entire polish face P of each 
wafer so that a uniform. high-quality finish is obtained. 
· The universal pivot point U2 is located at the center 
of a sphere on which the bearing face 136 of the first 
raceway defining member 132 lies. In the preferred 
embodiment, the pivot point U2 is located at or very 

_ ne.ar the interface ~of the polish face P of the wafer and_ 
the polish s~ce o~ the pad .ti]~ location of the 

REPLACEMENT SHEET 
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pivot point Ul is preferred because the substantial fric- . 
. tion force between the pad 46 and the wafer W as the 

pad moves under the wafer does not induce undesirable 
pivoting about the pivot point. The friction force vec­
tor, wbich is perpendicular to the vertically downward 
normal force applied by the cylinder 36, is directed 
generally horizontally along the polish face/pad inter­
face. No torque causing the floating head 112 to pivot 
about the pivot point Ul is produced by the friction 
force because the friction force vector passes generally 
through the pivot point. 

The floating head ll2 and wafer/wafer carrier unit 
49 are also free to rotate about the floating head axis 
128, which. is spaced from the a:tis of rotation 42 of the 
pressure plate 40. The frictional interaction of the wa­
fers W with the polishing pad 46 causing the floating 
heads lll and wafers to rotate rapi4J.y about the floating 
head a.'tis 128. The pressure plate 40 also rotates about 
the pressure plate ans 42 carrying the wafers W from a 

radially interior to a radially exterior location on the 
polishing pad. The speed of rotation of each wafer W 
slo~s as the wafer approaches a circle C (FIG. 5) which 
has its center on the turntable axis 16 and intersects the 
pressure plate axis of rotation 42 of all of the pressure 
plates 40. Once on the other side of the circle, the dircc-. 
tion of rotation of the wafer W is opposite. The free 
rotation of the waf'eis W relative to the pressure plate 40 
allows all points on the polish face P of the wafer to 
have substantially identical, epicycloidal working path­
ways. In the past, where the waf'ers W were fixedly 
mounted on the premire plate, each point on the polish 
face P of the wafer was confined to its own circular 
movement about the pressure plate axis. A greater iden-. 
tity cf working pathways far· all points on the polish 
face P produces greater uniformity in the finish of the 
wafer. 

The free rotation of the wafers W relative to the pad 
4' isolates the pressure plate 40 from the wr • ,c;g;-R-EP ....... lA-C-Efi-\tlE-~-,T--··· 
force which would be experienced if the wafers w e ~ SHE~T 
rigidly attached to ~e .. P~essure plate. The.independ t 
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pivoting motion of the wafer W about the pivot point 
U2 also isolates the pressure pla~e 40 from at least some· 
of the forces encountered during polishing. Since many 
of the forces and vibrations experience by each wafer w 
during polishing are not transmitted to the pressure 

· plate 40, they are also not transmitted to the other wa­
fers W on the plate. Thus, the polishing method of the 
present invention. combines the high yield and quality 
heretofore associated with single-wafer polishing with 
the throughput achieved by batch procesmig. It is be­
lieved that TIV and STIR readings of the wafers after 
polishing are better by at least a factor of 2 over wafers 
polished using existing polishing machines and meth­
ods. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advanta­
geous results attained. 

As various changes could be made in the above con­
structions without departing from the scope of the in­
vention, it is intended that all matter contained in the 
above description or shown in the accompanying draw­
ings shall be interpreted as illustrative and not in a limit­
ing~ 
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I 11111 if l11u1~1ui11 CLAIM 

What is claimed is: 
1. Wafer polishing apparatus comprising: 
a turntable having a polishing surface thereon; 
a frame mounting the turntable for rotation relative to 

the frame about an axis; 
a pressure plate constructed for simultaneously hold­

ing multiple wafers with a polish face of the wafers 
facing the polishing surface of the turntable; 

spindle means mounting the pressure plate for rota­
tion about an axis spaced from the axis of rotation 
of the turntable, the pressure plate being held from 
rotation about the ms of rotation of the turntable; 

force applicarlng means for applying a force to the 
pressure plate to press the wafers against the pol­
ishing surface of the turntable; 

means operatively connecting each wafer to the pres­
sure plate for reorienting the wafer relative to the 
pressure plate in response to pressure differentials 
over the polish face of the wafer engaging the 
polishing SUiface to substantially equalize the pres­
sure distribution over the polish face of the wafer; 

said connecting means being consU'm?ted to permit 
univeDal pivoting motion of the wafer relative to 

--the pressure plate about i"predetemillied-universal 
pivot point. 

2. Wafer polishing apparatus as set forth in claim 1 
wherein the universal pivot . point is located closely 
adjacent the polishing surface. 

3. Wafer polishing apparatus as set forth in claim 2 
wherein the universal pivot point is located at the inter .. 
face of the polish face of the wafer and the polishing 
surface. 

4. Wafer polishing apparatus as set forth in claim 3 
wherein said connecting means is c:oastructcd to permit 
rotation of the wafer relative to the pressure plate about 
an axis of rotation spaced from the axis of rotation of the 
pressure plate. 

.. 

5. Wafer polishing apparatus as set forth in c1::z;·~4~----­
wher.:ein the universal pivot point lies on the ·sFJffjLACEMENT SHEl=T 
rotation of the wafer. -----
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6. Wafer polishing apparatus as set forth in claim l 
wherein said connecting means comprises a floating 
head adapted to secure a wafer for conjoint movement 
therewith and a conic bearing assembly mounting the 
floating head on the pressure plate for rotation about an 
axis of rotation spaced from the axis of rotation of the 
pressure plate and universal pivoting movement of the 
floating head about a point on the axis of rotation of the 
floating head. 

7. Wafer polishing apparatuS comprising: 
a turntable having a polishing surface thereon; 
a frame mounting the turntable for rotation relative to 

the frame about an axis; 
a pressure plate constructed for simultaneously hold­

ing multiple wafexs with a polish face of the wafers 
facing the polishing surface of the turntable; 

spindle means mounting the pressure plate for rota­
tion about an axis spaced from the axis of rotation 
of the turntable, the pressure plate being held from 
rotation about the axis of rotation of the turntable; 

force applicating means for applying a force to the 
pressure plate to press the wafers against the pol­
ishing surface of the turntable; 

means operatively connecting the wafers to the pres­
sure plate for permitting free rotation of the wafers 
relative to the pressure plate about a wafer axis of 
rotation spaced from ·the axis of rotation of the 
pressure plate and from the axis of rotation of the 
tum table; 

· said means operatively connecting the wafers to the 
presmre plates being constructed to permit motion 
of the wafer relative to the pres.mrc plate in re­
sponse to pressure differentials over the polish face 
of the wafer engaging the polishing surface to sub· 
stantially equalize the prcs,,ure distn"bution over 
the polish face or the wafer, 

said means operatively connecting the wafers to the 
pressure plates being further constructed to permit 
universal pivoting motion or the wafer relative to 
the pressure plate about a predetem:Uned ,J·~· ~lL··------i 
point. ... .. . .. . _ .. . ... ...... REPLACEMENT SHEET ... ---w 
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8. Wafer polishing apparatus as set forth in claim 7 
wherein the pivot point lies on ·the axis of rotation of the 
wafer. 

9. Wafer polishing apparatus as set forth in claim 8 
wherein said connecting means comprises a floating 
head adapted to secure a wafer for conjoint movement 
therewith and a conic bearing assembly mounting the 
floating head on the pressure plate for rotation about an 
axis of rotation corresponding to the axis of rotation of 
the wafer and universal pivoting movement of the float-
ing head about a point on the axis of rotation of the 
floating head. 

10. Wafer polishing apparatus as set forth in claim 1 
wherein said me:ins operatively connecting each wafer 
to the pressure plate comprises wafer stalls formed in 
the pressure plate, the wafer stall having a laterally 
outwardly directed opening sized for receiving the 
wafer into each wafer stall by generally horizontal 
movement of the wafer through the laterally outwardly 
directed opening. 

IL A wafer polishing apparatus as set forth in Claim 
10 wherein said means for operatively connecting each 
wafer to· the pressure plate is constructed for holding 
the wafer without adhering the wafer to the pressure 
plate. 

12. A wafer polishing apparatus as set forth in claim 
11 wherein each wafer stall has a generally down­
wardly directed opening sized for permitting access of 
the wafer to the polishing surface of the turntable. 

13. A wafer polishing apparatus as set forth in claim 
12 wherein each wafer is mounted on a wafer carrier for 
polishing, and wherein the downwardly directed open­
ing of ~ch wafer stall is sized larger than the wafer but 
smaller than at least a portion of the wafer carrier 
whereby the wafer carrier is adapted to engage the 
wafer stall around the periphery of the downwardly 
directed opening for restraining the wafer carrier . ...;an=d _____ ___, 
wafer from falling off of the pressure plate througl J tAIPLACEMENT SHEET 

downwardly directed opening in the wafer stall. r:-:;-:: . J 
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14. Wafer polishing apparatus for polishing a wafer 
mounted on a wafer carrier, the apparatus comprising: 

a turntable having a polishing surface thereon; 
a frame mounting the turntable for rotation relative to 

the frame about an axis; 
a pressure plate for holding at least one wafer with a 

polish face of the wafer facing the polishing surface 
of the turntable; . . 

spindle means mounting the pres~ure plate for rota­
tion :ibout an a.""Cis spaced from 'the a.""tis of rou.tion 
of the turntable, the pressure plate being held from 
rotation a.bout the a."tis of rotation of the turntable; 

force applicating means for applying a force to the 
· pressure plate to press the wafer against the polish­
ing surface of the turntable; 

means operatively connecting the wafer and wafer 
carrier to the 'pressure plate comprising at least one 
wafet stall formed in the pressure plate, the wafer 
stall having a later.illy outwardly directed opening 
sized for receiving the wafer and wafer carrier into 
the wafer stall by· generally horizontal movement 
of the wafer through the laterally outwardly di­
rected opening. 

15. A wafer polishing apparatus as set forJi in claim 
14 wherein said means for operatively connecting the 
wafer and wafer carrier to the pressure plate is COJ2o­
structed for holding the wafer and wafer carrier with­
out adhering the wafer or wafer carrier to the presure 
piatc. 

16. A wafer polishing apparatus as set forth in claim 
15 wherein the wafer stall has a gen.eraQ.y downwardly 
directed opening sized for permitting access of the 
wafer to the polishing surface of the turntable. 

17. A wafer polishing apparatus as set forth in claim 
16 wherein the· downwardly directed opening of the 
wafer stall is sized larger than the wafer but smaller than 
at least a portion of the wafer carrier whereby the wafer 
carrier is adapted to engage the wafer stall around the 
periphery of the downwardly directed opening for re-
straining the wafer carrier and wafer from falling off,__ ______ , 
the pressure plate through the downwardly direc 
opening in the wafer stall. 

• • * • • 
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ABSTRACT 

WAFER POLISHING APPAR.i\.TUS AND METHOD 

Wafer polishing apparatus includes a tumtable having a 
polishing surface thereon, and a tr:unc mounting the 
turntable for rotation relative to the frame about an a."ds. 
A pressure pb.te mounted by a spindle rotates about an 
a.~ spac:d from the a."tis of rotation of the turntable, but 
is held from rotation about the a."tis of rotation of the 
turntable. The pressure plate is constructed for simulta­
neously holding multiple wafers with a polish face of 
the wafers facing the polishing surface of the turntable. 
The wafers are pre$5Cd against the polishing surface of 
the tumtable by a cylinder which applies a force to the 
pressure plate. A floating head assembly operatively 
connecting the wafers to the pressure plate reorients the 
wafer relative to the pressure plate in response to pres­
sure differentials over the polish face of the wafer en­
gaging the polishing surface to substantially equalize 
the pressure distribution over the polish face of the 
wafer. 

FIG 2 
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