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APPARATUS 
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N.Y., assignors to Alliance Tool & Die Corp., ]Roches 
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lint. Cl. 132411 55/02 

U.S. Cl. 51-266 15 Claims 

ABSTRACT OF THE DISCLOS’URE 
A polishing machine or similar abrading apparatus hav 

ing a horizontal platen rotatable about a vertical axis with 
workpieces held against the platen by at least one vertical 
ly moveable support head. Cooling means are provided to 
maintain the operating temperature of the workpieces at 
desired levels by circulating coolant through the platen 
and the support head. 

Crossreference is made to copending application Ser. 
No. 862,423, entitled “Polishing Machine or the Líke With 
a Removable Platen,” ?led on even date herewith in the 
names of John L. Weber and George C. Klimas. 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to abrading apparatus 
such as polishing or lapping machines, and in particular 
to cooling means in the machines to maintain desired 
Workpiece temperatures during operation. 

Description of the prior art 

When polishing workpieces such as silicon or germanium 
semiconductor waters, it is important to maintain a pre— 
selected temperature range to prevent damage to the sub‘ 
surfaces of the wafers. Higher temperatures also reduce 
the uniformity of applied polishing material and can con 
stitute a hazard to operation. Heretofore, certain kinds of 
lapping machines designed for other purposes have been 
modí?ed to perform such polishing operations, but opera 
tion has been at slow speeds in such equipment to prevent 
high operating temperatures that can cause damage to the 
workpieces or create undesired hazards. These machines 
also need to be shut down for long periods for cooling 
parts between operations. U.S. Pat. No. 2‚869,294 de 
scribes one cooling system developed for such lapping 
machines, but no known machine has overall uniform 
cooling for eflìcient operation of machines of this kind. 

SUMMARY OF THE INVENTION 

According to the present invention, a coolant, pref 
erably water, is circulated through the platen in a con 
trolled path and through the support heads, the coolant 
either ‘being recirculated through a refrigerating system or 
dischar=ged. The platen assembly and supporting heads are 
speci?cally designed to maintain a -full head of water in 
each part with uniform levels to transfer heat from the 
work area 'with minimum temperature gradient changes. 
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BRIEF DESCRIPTION OF THE DRAWING 

The invention as well as objects and advantages there 
of will become more apparent from the course of the fol 
lowing description of a preferred embodiment, the ac 
companying drawing forming a part thereof and wherein: 

FIG. 1 is a partial perspective view of a polishing ma 
chine embodying the present invention; 

FIG. 2A is a partial elevational. view showing a work 
piece head according to the invention in cross section; 

FIG. 2B is a detail showing the support head lifting 
mechanism; 

FIG. 3 is a detailed cross sectional view of the platen to 
show the cooling path; 
FIG. 4 is a partial top view showing an end idler and 

its support head water discharge duct; and 
FIG. 5 is a schematic view of the machine showing the 

?uid paths. 

DESCRIPTION OF THE PREFERRED‘ ?‘ 
EMBODIMENT 

Referring to FIG. 1, a polishing machine incorporating 
the present invention suitably includes a support frame 10 
on top of which is mountecl a ‘work table 11 about waist 
high to an operator. The work table 11 de?nes a central 
circular opening 12 within which is located a horizontally 
disposed circular platen assembly 13 rotatable about a 
central vertical axis. Work pieces are positioned on the top 
surface of the platen assembly 13, or a polishing pad cov 
ering the platen, and are held agaínst the platen by a plu 
rality (3) of work supporting heads 14 which are ver 
tically moveable ‘by a pneumatic system located in a con 
trol head unit 15 supported by a hollow column 16 form 
ing part of the frame 10. In the operating position as 
shown in FIG. l, a plurality of idlers 17 frictionally en 
gage collars 20 on support heads 14 to transmit uniform 
werking rotational motíon to all of the workpieces. 

The control unit contains suitable control device means 
to operate the polishing machine, such as a pneumatc 
control knob 22 for each support head 14 to raise and 
lower the head, water valves 23 to control the ?ow of 
water through the support heads, a slurry feed button 24 
which provides a polishing compound in the form of a 
slurry to ‘be pumped from a reservoir and metered onto 
the work surface of the platen, machine start and stop 
buttons 25, 26, a timer 27 and timer reset button 28 and 
an emergency stop 29‘. The side of the control head not 
shown includes two pneumatic control knobs 22, a water 
valve 23 and an emergency stop 29. Additional control 
buttons may include a refrigerating unit start button 31 
and a circulating water pump or aspirator control button 
32. 
According to the present invention, each support head 

14 is designed to provide cool water circulating through 
it to remove heat generated during a polishing operation. 
As shown in FIG. 2A, the head 14 comprises a main body 
portion 35 having a central bore within which is located 
a hollow tube 36. The tube 36 extends above body por 
tion 35 to de?ne a reference post for attaching a plurality 
of semicylindrical weights 37, which are added or removed 
to adjust the level of working pressure desired. A cylin 
drical cap 38 overlies the weights 37 to keep them on por 
tion 35 while the head rotates. The cap is lifted to add or 
remove the weights as desired. 



The lower end of tube 36 de?nes a ?ange.40 which is 
?xed by 1bolts or the like to a collar portion 41. Fixed to 
the center of collar 41 is an aligning stud 42, around which 
are located a plurality of ports 43‘ which provide ?uid 
communication to the lower surface 44. The lower surface 
44 is recessed as shown, and at the periphery of the recess 
are a plurality of ?uid ports 45 to direct ?uid from the 
lower surface to an annular space 46 de?ned by body 
portion 35 and the outer wall 47 of collar 41. 
Within tube 36 is a hollow lifting tube 49 connected at 

its upper end to a hollow pneumatic piston 50 by joint 
coupling 51. The lower end of tube 49‘ de?nes a ?ange 52 
which enga-ges ?ange 40 on tube 36 to raise the head 14 
when tube 49 is lifted. In the down position as shown, 
?ange 52 is spaced from ?ange 40 and body portion 35 
such that the pneumatic system does not a?'ect the head 
pressure determined by weights 37. 
As shown in FIG. 2B, the pneumatic system includes 

a cylinder 54 and suitable air pressure lines 55, 56 con 
nected to a known air pressure source (not shown) by a 
valve controlled by knob 22 to selectively raise or lower 
the piston 50. A ?exible Water line 58 connects the top 
portion of piston 50 to supply coolant water to the head. 
T0 operate the machine, workpieces 60 (i.e. silicon 

wafers) are attached to the lower surface of a disc shaped 
mountíng block 61 by a known adhesive such as wax. 
The block 61 is then placed on platen assembly 13 be 
low a head 14 with the workpieces 60 against the platen 
surface. The upper surface of block 61 de?nes a center 
ing hole 62 which is engaged by stud 42 when the head 
14 is lowered to align the block 61 with the head 14. An 
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O-ring in a groove on the lower surface 44 of collar 41 ‘ 
provides a water seal in the operation position. 

Coolant water enters each head through piston 50 and 
tube 49 and passes through center ports 43 to the space 
between the recessed portion of surface 44 and block 61 
where it removes heat from the workpieces and block. 
The water then ?ows through peripheral ports 45 to the 
annular space 46 and removed from the space by a suc 
tion nozzle 63 connected to an aspirator pump actuated 
by button 32. The nozzle 63 is shaped to remain in posi 
tion during rotation of collar 41. 

Referring to FIG. 3, the lower platen assembly 13 sup 
ported by a hollow rotating spindle 65 passing through 
a support plate 66 in the frame 10. A gear box 67 trans 
mits rotary motion to spindle 65 from a rnain drive 
motor 68 by suitable bevel gears 69, 70. 
The platen assembly.l3 comprises a platen disc 72 

which is detachably connected by set screws in lugs 74 to 
a platen support member 75. The platen support mem 
ber 75 is ?xed to a ?ange 76 which in turn is welded 
to the central spindle 65. 
The platen disc 72 and platen support member 75 de 

?ne an internal chamber 77 with a central water path 
de?ecting plate 78 located in the middle of the cham 
ber 77 and supported by a spacing block 79 ?xed to the 
support member 75. The lower surface of the platen disc 
72 is recessed at 80, whereas the spacing block 79 ex 
tends upwardly from the platen support member 75 to de 
?ne a continuation of spindle 45 with its upper surface 
located above the lower surface of platen disc 72 as 
shown. 

Spindle 65 is hollow and within the spindle are located 
an inlet water line 81 and an outlet water line 82 through 
a water-tight divider 83 within the spindle 65 as shown. 
The water inlet line 81 is directed to supply the upper 
region of spindle 65 with coolant water which passes 
through the plurality of spaced ports 84 around the pe 
riphery of spindle 65. Water from the ports 84 then 
?ushes radially outward along the lower portion of cham 
ber 77 around the plate 78 and along the portion of the 
chamber above plate 78 to the center recessed portion 80 
of platen disc 72 where it is discharged through the out 
let line 82. As can be seen, the recessed portion 80 and 
the extension of spacing block 79 constrain the ?ow of 
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water to maintain a full level within the platen cooling 
chamber 77 to assure that all portions of the platen disc 
72 are cooled continuously. Coolant water is supplied 
to the inlet line 81 under pressure from a main water 
line or from the refrigeration unit by inlet 84. The water 
is removed by ?owing from the outlet line 81 along the 
spindle through a discharge duet 85 to a waste line or to 
be recirculated through the refrigerating unit. 
A hollow statîonary shaft extension 87 ?xed to gear 

box 67 and a stationary inlet water line portion 88, both 
with suitable ?uid sealing means to permit relative rota 
tion of the spindle 65 and line 81, are provided to com 
plete the coolant paths between the platen assembly 13 
and the inlet line 84 and outlet duct 85. 

Support of spindle 65 is provided by a support collar 
89 mounted on plate 66. Collar 89 retains a taper roller 
hearing 90 of the type that provides hearing support for 
spindle 65 while allowing thrust produced by the weight 
of platen assembly 13 through ?ange 76. Suitable ?uid 
seals 91 with an excess ?uid discharge line 92 are in 
cluded. 

Also known in FIG. 3 is an annular drain pan 94 sur 
rounding the platen assembly 13 to collect slurry and 
other waste materials developed during machine opera 
tion, as well as the standing water in each support head 
after operation when the mountíng block 61 and attached 
workpieces are removed. The lower end of pan 94 is 
inclined toward a drain line 95. 
To complete the coolant water discharge system in re 

lation to the upper support heads 14, each nozzle 63 is 
connected to an outlet line 96 by a hollow portion of an 
idler support column 97 ?xed to support plate 66. Noz 
zle 63 is slideably supported in column 97. Referring also 
to FIGS. 2A and 4, each idler 17 is rotatably supported 
by a block 98 pivotally supported about a pin 99. A lift 
able locating pin 100 in its seated position retains block 
98 in its operating position as shown in solid lines in FIG. 
4 but when raising of the support head 14 is desired, noz 
zle 63 is lífted to clear wall 47 and locating pin 100 also 
lifted to pivot the idler assembly to the dotted line posi 
tion of FIG. 4. ' 
As is described in copending application S.N. 862,423 

entitled, “Polishing Machine or the Like With a Remov— 
able Platen,” ?led on even date herewith, the platen disc 
72 may be removed by a suitable hoist mechanism lo 
cated in machine head 15 with a hook end to engage 
pins 105 on a center idler post assembly 106 that is ?xed 
to platen disc 72 (see'FIG. 2A). The center idler assem 
bly as shown rotatably supports an idler wheel 107 that 
engages each of the three collars 41 to maintain uniform 
rotary motíon for the three support heads. 
FIG. 5 shows a side view of the polishing machine in 

phantom with the coolant and slurry feed systems ac 
cording to the invention. Slurry feed is provided by a sup‘ 
ply tank 110 on a support platform 111 at the rear of the 
machine. Any known abrasive or polishing compound 
in slurry form (e.g. 50% compound, 50% water) and 
used for this purpose is fed through a supply line 112 by 
an electrical feed pump 113 controlled by button 24 to 
a plurality (three) of ?exible feed tubes 114 positioned 
to meter the polishing compound at a desired metered rate 
to each head, say 100-300 drops per minute per tube. 
Alternatively, it may also be possible to direct polishing 
slurry to the work area by placing the end of a tube 114 
in the central blind opening 115 of center idler post as 
sembly 106, such that slurry is fed to platen disc 72 by 
feed ports 115’ at the bottom of opening 115. 

Coolant water is supplied from an outside water tap 
line 116 with a suitable master control valve to a T 
connection 117 where water is dístributed by a line 118 
to the support heads, a line 119 to the platen assembly 
and a ?exible line 120 to a portable hand nozzle 121 10 
cated on the work table 11 to provide manna] cleaning 
or ?ushing of the machine working surfaces. Line 118 
feeds water to a junction box 122 where three lines 123 
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separately feed water to each of the support heads through 
a respective control valve 23 and ?exible line 58. Line 
119 in turn feeds water to the inlet port 84 of the lower 
shaft portion 87. 

Discharge of water in turn is accomplished by the three 
support head outlet lines 96 drawing a suction developed 
by an electrical aspirator pump 125, which is electrically 
controlled by button 32 as described to díscharge water 
through duet 126 to the drain line 95 which also drains 
pan 94l. Drain line 95 and platen outlet duet 85 in turn 
join to a common outside water discharge line at 127. 

In a further form of the invention, the cooling system 
may be provided with a recirculating refrigerating system 
to receive water from the discharge lines and after cool 
ing to a desired temperature recirculates the water through 
the machine. The refrigerating system as shown in dotted 
lines in FIG. 5 comprises a Water reservoir tank 130 to 
receive discharge Water by lines 126’ and 85' from the 
support heads and platen, respectively. Water from the 
reservoir tank 130 in turn is fed by a line 131 to a re 
frigerating unit 132 where it is cooled to the desired tem 
perature as determined by a temperature control thermo 
stat 133 located on the support column 16 as shown. A 
circulating pump 134 then directs water through lines 118’ 
and 119’ to the support heads and platen respectively. 
Thus, in lieu of the direct línes 118 and 119‘, water is 
supplied from outside at T-connection 117 to the reser 
voir 130 by a line 135, and an over?ow line 136 to drain 
127 is included in lieu of ducts 126 and 85. Any suitably 
known water level control to maintain the desired water 
level in tank 130 by controlling the master valve to 
intermittently supply water as required from tap line 116 
can be used. 
Depending upon the workpieces to be polished, water 

temperature can be controlled at any desired level of be 
tween, say 44° to 120° F., and with about a 16° range at 
the desired setting. A refrígerating unit with about 13,000‘ 
B.t.u. capacity easily supplíes this need. 

Thus, it can be seen that a uniform and e?icient cool 
ing system has been províded to polishíng machines or 
similar abrading apparatus of the class describecl. 
While the invention has been descríbed by reference 

to a preferred embodiment, it is evident that changes or 
modi?cations, for example with respect to size, shape or 
arrangement of parts, may be resorted to without depart 
ing from the spirit of the invention. 
We claim: 
1. Abrading apparatus comprising: a rotatable platen 

assembly supporting workpieces to be abraded, the platen 
assembly having means including a workpiece supporting 
platen portion and a support portion de?ning therebe 
tween a ?uíd chamber, means for dividing the chamber 
into two distínct ?uíd chamber portions with one cham 
ber portion contiguous with the platen portion and the 
other chamber portion spaced from the platen portion, 
the dividing means including edge means for providing 
?uíd communication between the chamber portions at 
peripheral areas of the platen assembly, and ?uíd feed 
means for feeding a temperature controllíng ?uíd into one 
of the two chamber portíons around the edge means to 
the other of the two chamber portions and then discharg 
ing said ?uíd from the chamber. 

2. Abrading apparatus according to claim 1 wherein 
the platen assembly de?nes a generally cylindrical shape 
with the platen portion comprising an upper end wall 
and the support portion comprising a lower end wall, and 
the dividing means comprises a solid disc located ‘between 
the end walls and spaced from the cylindrical side wall. 

3. Abrading apparatus according to claim 2 wherein 
the dividing means further comprises a spacer block be— 
tween the disc and support portion, the spacer block de 
?ning at least one ?uíd port to direct ?uíd from the feed 
means only into the chamber portion spaced from the 
platen portion and at least one port to discharge ?uíd 
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only from the chamber portion contiguous with the platen 
portion. 

4. Abrading apparatus according to claim 3 wherein 
the ?uíd is a liquid and the platen assembly is disposed 
horízontally for rotation about a vertical axis with the 
platen portion located above the support portion, the in 
ner side of platen portion end wall de?ning a generally 
?at wall and a central recessed area, the upper end Of 
the spacer block being located at a level higher than the 
?at wall area with the discharge port opening to the con 
tíguous chamber above the ?at wall to maintain liquid 
at a level engaging at least the e=ntire ?at wall area of 
the platen portion. 

5. Abrading apparatus according to claim 4 and fur 
ther comprising a hollow spindle connected to the Support 
portion and drive means to rotate the platen assembly 
by the hollow spindle, the ?uíd feed means including inlet 
and outlet lines located within the hollow spindle and 
communicating respectively with the ?uíd directing port 
and the ?uíd discharge port. 

6. Abrading apparatus comprising a horizontal platen 
assembly for supporting workpieces to be abraded and 
rotatable about a vertical axis, and at least one workpiece 
retaining support head for constraining movement of the 
workpieces relative to the platen assembly, the support 
head comprising: a collar portion, a detachable work re 
taining block portion, the block portion and collar por 
tion comprising means for alígning the block portion on 
attachment, means including the collar portion and block 
portion to de?ne a ?uíd space with inlet and outlet ports, 
and means for feeding a temperature controlling ?uíd 
into the space through the inlet port and discharging the 
?uíd from the space by the outlet port. 

7. Abrading apparatus according to claim 6 compris 
ing a body portion de?ning a central bore communicating 
with the inlet port and the collar portion includes an an 
nular wall to de?ne an annular space between the body 
portion and collar portion, the collar portion de?ning the 
outlet port to provide ?uíd communication between the 
?uíd space and the annular space. 

8. Abrading apparatus according to claim 7 wherein 
the ?uíd feeding means includes a ?uíd discharging nozzle 
located in the annular space to withdraw ?uíd from the 
annular space. 

9. Abrading apparatus according to claim 6 wherein 
the support head is movable and further comprising oper‘ 
able movíng means for selectively raísing and lowering 
the head, a body portion de?ning a central bore and the 
movíng means comprising a hollow ?uíd transmitting tube 
extendíng in the bore and including ?ange means coop 
eratively engaging the body portion to raise the support 
head when operating the movíng means. 

10. Abrading apparatus comprising: a movable platen 
assembly including a support portion and a platen por 
tion having a working surface to receive workpieces to 
be abraded, the platen portion and support portion de?n 
ing a chamber therebetween; a workpiece support head 
movable relative to the platen assembly, the support 
head including a removable collar portion and a work 
piece block portion holding workpieces to constrain move 
ment of the workpieces, the collar portion and block por 
tion de?ning a space therebetween; and means for feed 
ing a cooling ?uíd through the chamber and through the 
space to withdraw heat generated by abrading. 

11. Abrading apparatus according to claim 10 wherein 
the platen assembly further includes a plate within the 
chamber t0 divide the chamber into a ?rst chamber por 
tion adjacent the platen portion and a second chamber 
portion spaced from the platen portion, the cooling ?uíd 
being fed to the ?rst platen portion from the second 
platen portion by passing around the plate. 

12. Abrading apparatus according to claim 11 wherein 
the platen portion and the plate are círcular and rotate 
about a vertical axis, the coolíng ?uíd being a liquid and 
the platen assembly further de?ning a spacer block having 



a ?uíd outlet port to discharge ?uíd from the ?rst cham 
ber portíon and located to maíntaín ‘a level of water en 
gaging the platen portion at least along the entire Work 
íng surface of the platen portíon. 

13. Abrading apparatus accordíng to claim 10 wherein 
the collar p0rtíon de?nes at least one ?uíd inlet port and 
at least one ?uíd outlet port. 

14. Abrading apparatus accordíng to claim 13 wherein 
the cooling ?uíd is a liquid, and the collar portion further 
comprises an annular wall to form a reservoir to receive 
liquíd from the outlet port, and nozzle means for dis 
charging liquid from the reservoir. 

15. Abrading apparatus according to claim 14 whereín 
the support head de?nes a central bore communicatíng 

with the inlet port and comprising a pluralíty of outlet 
ports connecting the space to the reservoir. 
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