
,. 

W099n53l2 PCT/US98/17931 · 

- 1 -

.POLISHING_ MACHINB INCLUDING A PLATFORM ASSEMBLY MOUNTED ON THREE COLUMNS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention pertains to polishing 

5 _machines, and in particular to. machines for imparting a 

: .w~ll-defined finish to one or more workpieces. The 

~present invention is especially adapted to the double­

·:~: s_ided preci_sion polishing of computer hard drive memory 
____ , __ ... storage disks. 
·······"'.; .. 

. ~.;-, .. : <-'·; .. . :" .. 

lO:i-:.2. ::·· .. Description Of The Related Art 
Machines have been made available for providing 

a very smooth, well-defined surface finish on workpieces, 

-- _,. such as computer_-.hard::dri~e· .. memC!ry storage disks. 

(:,;Although_. single-~.i.ded polishing has been .. performed to a 

15 <.~imited extent, the c~rngierciaL emphasis today .i.s on 'th1! 

::=:.<:_:;};ci,~uJ?le"."sided machjning of memory,disks, such· that-beth 
major_ surfaces of a di~k.structure can_ be utilized for 
l'{l~mory. storage, . t.hus r~ducing the size c·f memory _devices, 

while allowing greater memory capacities to be provided 

·20 .fpr a hard drive componen,t of a given size. Over time, 

·:J~.h~ magnetic density of memory storage disks has grown 
substant_ially, _ witb an ever increasing number of data 

bits being stored on a surface area of given size. As a 

:'.'~_.;result, -- data storage bits. have occupied increasingly 

2_5x.c.: ,sm_aller portions of a disk surf ace. Accordingly, the 

-~;>"'•->.surface characteristics of memory disks have drawn 

~-;;;>inc:reasing attention,--. with routine, extremely well-:­

.... defined polishing of .. the memory _disk surface being 

. ,;j required. 

30 . . ~:.-:'· . . ,. In an attempt .to improve hard drive access 

... ti~~s and memory transfer rates, memory storage disks 

are being driven at higher speeds of disk rotation. 

Accordingly, overall (or so'.'"called "global") dimensions 
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and tolerances of memory storage disks are becoming 

increasingly important for improved hard drive 

performance. Further, as disk speeds increase, it 

becomes necessary to hold the transducers, commonly 

5 termed "magnetic heads" as close as possible to the 

surface of the memory disk to obtain usable signal 

··strength. Thus, increasing demands are being made to 

reduce total run out of the memory storage disks and 
· · · surface variations of memory storage disks are bei~g more 

10 : closely examined with a view toward reducing "high spots" 

of eve% diminishing height. Further, in certain types of 
hard disk drive mechanisms, parallelism of the double­

sided surfaces is becoming increasingly important for 
~-- ::~; /1.,· "" attainment·: c:;>f desired device · ~erformance. 

15 ·.'.'."""" :-· \: ·: .. . '··· SUMMARY OF THE INYENTION 
'"" 1Yj~···;r.f. .. ·· · · ., ·> ·.It is an· object of the present invention to 

P.i·:·.::,:·_prov.ide·a'·high pel:'formal1ce polishing machine that is 
.· ,:!:;i<f.nherently· accurate, easy to use, and which is compatible 

··~·2::-:.;.~1 with commercial manufacturing environments. ·It is·· 

. ."~20J., important that such polishing machine be inherently 

hc·f.~) stable during all phases of a polishing operatior1i 

'"' T;without requiring special attention to changing con­

:;;:· -d~tions, ·and the effect tha~ resulting excursions may 

,' .: have on the surf ace quality of the workpiece being 
· 25 ... ;. treated. · 

, . ··.. · ·1n certain applications, it is required that 

::: : the workpieces continue to rotate as polishing pressure 

is relieved and it is at these times that the polishing 

surfaces and the surrounding mechanism supporting those 

30 surfaces are permitted a certain freedom of movement. 

··Any substantial misalignment or internal movement of the 

· various· cooperating components may result in unwanted 

;:~:contact of·· the polishing surfaces with the workpieces 

being treated, and it is an object of the present 
35 :':: invention to control such contact. 

.......... -~.,, •••"•r•o .. •••,.....,-·-•·•···· SUBSTITUTE SHEET (RULE 26) 
~ : . ··i :-· / ; .; -~ . : . : ; '. .• 
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It has been. found important ~o examine the 
rigidity of the overall machine construction and to 
develop new structures for supporting the polishing 
members to eliminate unwanted motions, especially during 
critical moments·, as when polishing pressure is in the 
process of being relaxed. 

These and other objects of the present 
invention which will, become apparent from studying the - . . ... 
appended description and drawing are provided in an 
apparatus.for polishing a workpiece, comprising:. 

a superstructure to receive support from a 
.. . . . ..•. supporting surf ace; . :- .... ..., . •. . . . . -

_, .. : .. , . . . an ~pper pp~ish plate; .. 
~ lower polish plate positioned beneath said ~ • ... -~"! ', ··,: ••. -. • • • . .. -· ·- • • . . • 

15., .. _.upper polish plate in :r;:egistration therewith; ~ -:.. ..• . .. . . . .. . . . . . . .. . . . . . 

.. :!':,~: ., ,. ·•;;- .. :~ .. , . , platfo~. me~~s of. generally .t:i::iangular 
. ·:· '.: _,._._c;:~~fi9\lration <iispose~. above said upper. polish pl_ate and 

· · · supported by said superstructure; . ~· ~- ... 
.. ,. >r:;;:i·;v:· :< .. ·:hanging. supE?ort means for resi_liently hangingly 

. 2.9.;.. l?Upporting. the .. upper polish plate from_ t;tie: platform .. •. ~ . -.. ;. ·"""' ""' -·· .. . . . . . . . ' . . . . . 
~;, : _]Ueans ; . and .. . ....... · ........ ,. •' . 

.... . . . ... ·. means for m_?ving said platform _means _and hence 
.. >, ;·.·.: ea.id upper. polish plate toward and away from said lower 

., ~-.c.·. pol~sh plat~ •.. 

25._,. BRIBF DESCR.IPTION OF THE DRAWINGS 
.. FIG. l is a side elevational view of. a • -~~ r.; -;~. : .. :.: :': : .. 

,, :·> _ J?Oli~hing .•machine. according. to principles of the present 
.· inve~tion; : .... ·-· .· .. . 

!'F'~<l· 2 i19 _a top plan view thereof shown partly 
,Jo.,. broken away;. ·' "· ,_,·:::.:_ .. ,.:: .. : .. .. .. . ... 

:: ;>.: .: ,_ o: . ;. . . ... FIGS. 3A ~4. _3B together comprise an exploded 
.. ~:: ~.: f>f!!~Sp_ective view C)f tile ~pper portion _thereof; 

:~-·:. ~-- FIG. 4 is a cross-sectional view taken along 
. the line 4..;4 of FIG. 2; 
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FIGS. 5-8 are views similar to that of FIG. 4, 
showing a sequence of operatior.; 

FIG. 9 is an enlarged fragmentary view of FIG. 
4·showing suspension of the upper polish plate; and 

S· FIG. 10 is an enlarged fragmentary view of FIG. 
4 showing an adjustable stop for the platform assembly. 

,. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

.~. ~· Referring now to the drawings, a Polishing 

machine according to principles of the present invention 
10' ·is generally indicated at 10. Machine 10 has found 

immediate commercial acceptance in the field of polishing 
memory storage disk substrates as well as the various 

_:.,_;_..·:,layers tormed· ·thereon.· It will be appreciated, however, 
that machine·10 can be. readily adapted for other uses,· 

. . 

·-15-.:.:.·including grinding, polishing, texturing and planariza-
'·· u ;_,, · ~;~:tion of ·machine tool parts and integrated circuit wafers, 

:,-;1::-:for example. 
· L ~~ :: ~ i:,;~;;· · · - In the prefex·red embodiment, a large number of 

·'. .,. , .• >workpleces1· (e.g.,· fiftyJ mem.ory disks, disk substrates, 
····20 ·machine parts or. other workpieces undergo simultaneous 

• ••• < • •• doiible-sid~d· polishing, .. thereby providing important 
·;.: ···i,.. •• : economies of-manufacture for the machine user. In order 

to accommodate the large number of workpieces, work-cage 
mechanisms, including geared work holders or carriers 12 

25 (see F.ig. 3B), are employed to confine the workpieces 
during· a polishing operation. It is generally preferred 

·· · · '/ that the work-cage mechanisms be of the planetary type 
where a plurality of carriers 12 are made.to revolve 

: ; ~1 :' between an outer ring· gear 14 and a central "sun" gear 
30. 16. The outer geared edges of the carriers are enmeshed 
t· :.:'.;>: with the central SUn gear I which imparts a rotary motion 

to the· carriers, so that the· workpieces move in respec­
!>-.·~tive·;'···generally cycloidal paths, revolving about the axis 

of· their carriers, as the carriers rotate with respect to 
35 the axis of the central sun gear. Also, rotations of the 
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upper and lower polish plates and of the work cage 
mechanism disposed between the polish plates can be 
operated in reverse directions of rotation, as desired. 
By regulating the directions and speeds of rotation of 
the sun and ring gears, as well as the upper and lower 
polish plates, virtually any desired polishing action may 
be obtained. 

In the preferred embodiment, five memory disks 
... 18 are loaded in each carrier, with ten carriers _being 

10 intermeshed between the central sun gear and the outer, '·.·.: ·. . . . . . 

... surrounding ring gear. Only two memory disks are shown '·'·· ..;,· .: ... ·.: ·.. . 
in the_ figures for clarity of illustration. However, 
:·. . . .. ' . .. . 

_, .. ,,._ ~.y:i,rtually any number o~ memory disks or other workpieces .•.• t...,; ·- - ., .. .... . .. . ., . ' 
·· :: ......... -~.ca.n .. be. ~~co~modated with. appropriate changes in carrier 

........... 'lo • • . ..... ~ . ... .. .. . . .. • . •. •. . . . 

+.~.,,,,.;de~~gi:i .. ,. T~e entire work-cage mec~nism. is rotated at. an 
•U. :i':T~ ~ ··•• ·-:_ ..... · .... - ·' ,, ' ··; . ' ·.. . ... . . .,. . . ' . 

-:;...":iqqependently._.controllable speed,. while the upper and 
-·~•.• .. I ....... r • .> •• •'·•· •·'•lo. • ••. • • ,,. ' ' ·• • • • . 

lower polishing plates 20, 26 ... (see Fig. 3B, -for .. example) . ·... ··. . . . . ,• 

:., . ,,.;.,. .ar~. :i,ndependently, rotated. at their own selected speeds. 
••"'" ~· • ···.~·· ;'"' • ":r"" , r • •O ., ... !' ~.·. , _ • . , ', 0 ' " • • • • 

me~:, >.,''-.:; .. · As. will be .. s~en h~rein, the. upper. polish plate 
2o:,_. .. 2~:. is, driv~n-:fr~m .. ~ve by ~ motor 44. (see F'ig. 3A) while 

.-.,~ .. ·--~·:th~·;_io.~~r poii~h plate. 26 is dri.~en from. below. in a 
- ~·· .... --· ....... •. ..... ••. . •. . z. . . ·, . •,. ~· . . . 

:·d : tC::_on!_entional: mcinner, by -~quipment contained in a hollow 
".' i · ._1?.Cis~ cC!lbinet 4 8. Access to . the equipment for driving the 

• ".! .. ,, f .. ,1·ower pol~sh plate through access doors 52, as can be 

~5;;:_ ,;:~7~n .. ~~ ~ig.. 1 . 
·j~.. In the present· invention is it preferred that 

the _.~op an,d bottom polishing plates be provided with 
::-.:.~~p~sed annular polishing .. surfaces and that they be 
· ::::fnde:penden.tly. rot=:a~ably mounted along a single common 

3 O ;-. .... axis . (see dashed line 2 8 in Fig. 3B) • It has been found 
,.~·;::i11~~-: .~_he ._~ttainm~nt- ?f a co~~n .·axis alignment or so-

,~., .. ._,·. ca,lled ... 11 focus 11 is important for obtaining the desired 
.....,~ - •• J ~ •• ~: ":'"'' c·· ·. ... - • .· ·' . - ' 

.. ,.,.)~-;;·;k~qli~9i_ng;_i;-esults_,. ~specially when _the geared cage . 
m~q~~nisms are made to undergo a complex motion, as in .. - , . . ... ~. . . . .. · 

35 the prefe.rred embodiment of the present invention. In 
order to improve the· concentric alignm~nt of upper and 
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lower polishing plates and to ensure such alignment 
during various phases of machine operation, it is · 
generally preferred that the structure supporting the 
top and bottom polishing plates have their positional 

s locating elements milled in a common milling operation 
with the components mounted in their respective 
positions, o~e to another. 

· .. As will be seen herein, various members of the 
' ') ; ·supPC>rting superstructure have a generally triangular 

i·c;<· configuration· .. It is generally preferred, therefore, 
·; ... :>'.that three vertical support columns 32-36 be employed, 

- with a triangular, generally horizontal top wall 38 
,: <.·; ... :extending between the upper ends of the columns (see Fig. 

:::~L. .. ::·3A, for ~xa~le). The base 40 of the framework is pre-
r-~ .:· .. "': ~:· ... ·:· .- .·· . . . . . . - . . 
-~1s·"' ferably made to have a generally rectangular shape· (see 

• • . .......... r=. .•. .. . ~ . •. . • • /.· "'.'.:7'Fig··~ ·· 3B) ;··although a three;.sided generally triangular 
( ¢:.iq~hape: could also be . employed .. 
. ~ ~ft~;;:;~.!£ . •.< . Referring to Figs·. 3 and 4 I the support columns 

.. s;i.~:,:(~'32:.36·: extend. from to:ir· wa11· 38. and are supported from 
:; .:.2·0:"; b~iow; ' passing. through base compartment. 4 8 to machine 

.. base 40~..: A platform· assembly generally indicated "at 60 
<""'·''c··L·slides up· and ·down along support columns 32-3.6 as can be 

.... 1-· .• .:. ... ~- ,.:. . . • . . ... .. . . '·"~-,: i:d '·seem·, for example, in· Figs. s and 6. With reference to 
::':i';'Fig. 4/ the platform 'assembly includes a· first~ smaller, 

25 upper platform 64 dimensioned to fit within the support 
,::;.:::~~:::rcoiumns ·32-3Ef, and· a ·second; larger,·· lower platform 66 

· ''ciimensioned for sliding engagement with the support 
columns.-· Ball screw· members 70 provide connection for 

": ·:piatforrri member 64 with screw shafts or threaded ·rods 
::..,.,._.·.;··· :.; . .. . ·. ··30'-· 72•76. · The threaded rods 72-76 are in turn supported 

··<from above by top wall 38 and are rotatably driven by 
h . . . . . 
'·''"drive motors 82-86. Thus~ as motors 82-86 are energized 
tO':dr~ve threaded rod.s 72-76, platform member 64 adv~ces 
along threaded rods 72-76, being raised or lowered, 

3!f ·'· depending upon the direction of rotation.· 
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Referring again to Fig. 4, the second platform 
member 66 also has a generally triangular configuration 
as can be seen, for example, in Fig. 3B .. Platform member 
66 includes downwardly extending collar portions 90 

5 located at its corners, cooperating with apertures 92 
which slidingly receive the support columns 32-3_6. 
Pl~~form 66 further includes apertures 94 for receiving 
the threaded rods 72-76. Platform member 66 further 
includes. three upstanding lift pins 96 received in . . 

10 ·apertures 98. formed in platform member 64 .. (see Fig. JA) . 
. W~t~ reference again to Fig. 3A, the platform member 64 

. , .:- further. includes apertures 102 to provide clearance for 
... , .... the. ball sc;rew connectors 70. As can be seen, for: -:.· .. ;;' ......... _ ..•. :. : .·. .. . ! : . 

.. .. . · .;example,. in. Fig. 4, lift pins 96 have enlarged heads . ··.::· .., .. -.. . .. . . . . - . . ... . -
15.-. ,. __ which engage platform member 64 when platform member 64 _; . ~-~"'.• ..... ;; • .. ,. .. . : ... . . . . . . . . : . . 

is .. raised with respect. to platform member 66 ... As -1~- ••• • . • . • • ..: - • • • • • • ·-

,. indicated in Fig. 4, lift pins 96 have an. axial length ~-· ·. . .· . . . . . :· . 

.. ,_ .. greater .than the thickness of platform member 64, thereby . -~- . .:.:! '"· ·: •• " . • • . •• • . . '. . . • ·_ -< 'ai_lowing platform member· 64 to slide back and forth along ,· .. - . . . - ... . . . . 
~9-·····~ ~he., lift pins. 96. . .. . ··•"':"'.'":'.!~-""· •.. . . . .. . . 

,,-,_.~,r ::::> ·· t".:. ,, As mentioned,. the upper polish plate 20 is 
;:::·. ~f,;;:ll~~gingly s:upported from above. With reference to Figs. 

3_, ,,4. and. 9, a drive _rod assembly generally. indicated at .,.•. '····- . . . . . 
106 extends from the center of upper polish plate- 20 in . '· 

25., .. an. upward. direction. As schematically indicated in Fig. ·~: .: ... -~''·' ., ' •• h. • • • -· • • • 

. ~-,~-' the b:>ttom end of drive rod assembly 106 is terminated 
.. :·.:,. at an interior. portion of upper polish plate. 20 with a .... ;., . . . .• . ' .. · . ; . . 
..... · :.:9~ml:>al .assembly. 108,. which allows upper poli~h plate 20 

· !·_.to,,assume_ a cant~~ position with respect to .. the axis of 
30 ¢irive rod assembly 106 .. With reference to Fig ... 9, drive 

~ ;od_"~~s~mbly ip6'-i~cludes an outer hollow sleeve 108 and -~- .•. • ~ . .• .. . . . • l ~ 

;:.C!l,. central drive ~od 110 passing through platform members . ~~:.: ... . ... . . ·•. . . . ,· .. . . . 

. ,,,: '.64, 66 .and top wall 38 for drive coupling with motor 44 ·~ ... . .. . •. . ~ . .. . . ·' . .. . . . 
( sh~wn_, for exam~le, in Fig. JA) . Thus, as motor 44 is 

35 .. energized, drive shaft 110 causes upper polish plate 20 ·,. 

to rotate about its central axis. It is preferred that 
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the drive rod assembly 106 passes through platform 
members 64, 66 in a frictionless manner so as to avoid 
interfering with balance and control functions of the 
polishing machine. 

5 Referring again to Fig. 9, the outer hollow 
sleeve 108 of drive rod assembly 106 is joined to a lift 

·plate 114 which is supported above platform member 64 by 
·,·spring arrangement 116. Preferably, spring arrangement 

116.comprises a plurality of spring members 118 disposed 
10 about drive rod assembly 106. Alternatively, spring 

·· ·· ·. 'lilrrangement 116 could comprise a single spring having a 
-~ .:',: -hollow center receiving the drive rod assembly or could 

comprise ·one or more spring/viscous damper combinations 
•0. :';.i:br./other · tyPes of conventionat deceleration controls. In 

*:Ls ·i:-:~Ither ·event,· lift plate 114 is resiliently suspended. · 
· - ·~:7:·al:i~e the "upper surface of platform member 64 . As 

rr .;~~.~::M .,-.;L .; 
0 

• • :•.. " .: I . -:-~····~"Previously mentioned, the outer hollow sleeve ios· is 
\'"·::;~:.-t~o.:~fj'di.hed· to lift plate· ll4 and thus. the weight of upper 

· .> · ,}Jr:.'?:~·1<-1Pbi£sli p·late 2 o is borne by lift plate 114, · being· · 
· r "2o :.;). hangingly suspended therefrom. The weight of the "upper 

-,.,. M .~ • 0 o ,• • • • 

··'polish ·plate 20 and· its related· components, such as the 
- ~•i:.· ~iweight ·c;t· the outer sleeve 108, causes spring arrangement 

' . ' 

::•h ~:ii6:· to· become· compressed between .. lift plate 114 and 
: J f· plat"£ orm "member 64 . 

· :,.; 2i ::.:_ ~ .. { .·:: · Referring ·to Figs. 3B and 10, bushing members 
i··' .•:i:].22- are provided at the upper end of. hollow base 148. It 

'' ·"1 ii~s been found generally desirable to provide adjustable 
'· : .. '::stops.124 for ready field adjustment and service for the 
., ···' ·:platform assembly. Adjustable stop collars 124 have 

':·, 3 O:;:_;', internal threads for engaging th~ external threaded .... ·.• ...... . 
. '·.· · ':·surf ace portions 126 of bushing· members 122. In this 

· '~;-... ~,;,:i..<;'inaiuier~ the adjustable stop collars 124 can be moved up 
'"' ~::an.a,· down in· the direction of arrow· 128 (see Fig. 10) so 
·' i ~ •s · to limit downward · movement of platform member 6 6 in a 
35 '··carefully defined manner. In Pig. 10, a relatively small 
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gap 132 is shown between stop collar 124 and the upper 
shoulder portion of bushing 122, to provide an amount 

. of adjustment for stop member J.24. If desired, the 
adjustable stop feature can be omitted, with the upper 

5 surface of bushing 122 providing a stop surf ace for the 
. .. .. platform assembly. 

~ .. :· .~: .... It is generally pref erred, during assembly of 
. machine 10, that the support coll,lrnrls 32-36 will be 
slidingly inserted through bushings 122. However, before 

10 construction of machine 10 is completed, the bushings 122 
will be fixed at a desired position along the support 
columns, so as to provide a-stationary reference for the 
movable stops 124 . , 

': .. ~ : .:: .:· I~ oper,a:tion,. polishing _machine 10 .undergoes 
"-'. i,_s .. •.; qe_rtain dis_tinct operating phases. . For example, afte+ . 

::.:>'f.6::W~;t'kpieces · are .. load,ed in . the work""'.cage: mechanisms, the 
'workpieces are pressed .. between. upper and ... lower polish 

<:rr.;:. p_lates 20, _26. , Initial,ly ,, . when the uppe:i:- and lower 
. :pti.J.:PO.lishing plates. engage the major surfaces of the· 

.,,; .. 2~J_>;;, w.~.rkpieces, higher pressures will be. experienced .by those 
. :~ ~prkpieces which are slightly thicker than the rest . 

. :: f"~.:. 'J'his. condition .. las~s. o_nly for a brief time and thereafter 
1;:.:be .. pressing force applied to the upper and lower polish 

;- plates is more equally distributed across each of .the 
25 workpieces being processed. 

. .. . . .: With the arrangement of the present· invention, 
·.>·::,..Polish pressure is obtained from the dead weight of the 

mechanism structure, rather than a pneumatic actuator or 
the.· like ... It is generally preferred that the bottom 

30t<Polish plate- 26·be main1:ained at a fixed vertical height . . 
l~>.L.:with respect to_ base 40, and that the upper polish. plate 

'··: '.:;.~/:; 0;2q~ alone be· mounted for reciprocal movement in vertical 
:L;;? __ d;J:".ect icms . As_ :wi 11; be appreciated by those skilled in 

the art, it is frequently desired to change the applied · 
35. :p:1::'essure during a polishing operation. With the 

arrangement of the present invention, polishing pressure 
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can be gradually continuously adjusted in small incre­

ments and a relatively minute vertical adjustment of 

upper polish plate 20 is required to adjust polishing 

pressures. 

5 When the polishing operation is completed, a 

much larger vertical movement of the upper polish plate 

.20 is required in order to gain access to the work-cage 

mechanisms. It has been found convenient to raise the 

,. ·. upper polish plate 2 o higher than would ·normally be 

.. · 10 :.· .. ·allowed if the platform assembly 60 were fixed in 

··· position. Accordingly, it has been found convenient to 

, .. ;_:,,,, mc>unt the platform assembly 60 for reciprocation in 

vertical directions in order to facilitate loading and 

, ~" -' :unloading o~ workpieces. Referring to Fig. 4, machine :LO 

15,;_<:is shown in _·a polishing position, with the opposed m~jor 

.; "'·''.;;:surfaces ·of workpiece·s 18 being simultaneously polished 

-: .•·#._by,·iUpper. and lower polish plates 20, 26. When the· 

-;_.; ::r;;polishing operation is c·omplete, drive motors 82-86 are 

... ~ ·.::energized so as to rotate threaded shafts 72-76 causing 
.. -:.::-20~.:; ball·· screw .connections 70· and hence platform member 64 to 

travel along threaded shafts 72-76 in an upward direc-

·. :: :; ;- tion, With upward movement of platform member 64, the 

·"":.>enlarged upper ends of lift pins 96 are engaged with 

'"platform member 66 being constrained to follow upward 

25 movement of platform member 64. As mentioned above, 
.. ·,_,;upper polish plate 20 and its associated mechanism is 

,,~ ~ coupled to platform member 64 by spring arrangement 116. 

:~As platform member 64 is raised, an upward force is 

applied to the bottom end of spring arrangement 116, 

3 O:· (causing the spring arrangement to compress. Depending· 

':-:," {'1pOn the spring c~nstant (s) employed, during the lifting 

Y·•,'"ciperation of platform member 64, an upward lifting· force 

... : ~\will be applied to· lift plate 114 and, by reason of its 

>·:,.C~onnection to ·the outer sleeve 108, lifts the upper 

35 polishing plate 20 with the aforementioned components 

··· eo-,·being simultaneously lifted toward top wall 38, 
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providing increasing clearance between top and bottom 
polish plates as shown in Fig. s. 

Lifting of the above-mentioned mechanism occurs 
at the end of each polis.bing cycle of the machine, when 

5 polishing of the workpieces is complet'ed, allowing their 
removal to a remote cleaning or s~orage station, for 
example. Fresh workpieces are then loaded into the cage 

. mechanism in preparation for the initiation of a new 
_polish cycle. The drive motors 82-86 are then energized 

10 ~o.as to rotate in an opposite direction causing.the ball 
... ~ ·. .:screw connectors 70 to travel downwardly along threaded 

>::t.'. ~fia~ts 72-76 .. At this point in time, the platform member 
·66 ~nd the µpper polish plate 20 are hangingly suspended 
·fro~_platfo~.member· 64. 

H.::~?1r~~)f;.'. .-::· .'. ;. ·_:Platform membe~· 64 bears the full weight. of 
, f~"r1i~n't:·P.~C1.tf orm. memb.er, .6 6, with , the· upper enlarged ends of lift 

-~;-::; ·:.Pi~s .. 9.6 engaging·.platform 64 ·at·· its outer corners~ Also, . . 
r.'r~ii-J:pe: full· weight. of· upper polish: plate 20· and its related 

• · ·: 9.~o~ent · is: borne by spring· arrange~ent 116 which in 
....... 20 ... turn is: supported, by platform member 64. With continued 

. , r·t'.}''l'.'.°otation. of. threaded. shaft .. 72-76 ,. the platform assembly 
·· 1~!.·.;•~/r·~ng_ upper: poiish, plate are lowered toward the lower 

p9lish plate 26.an~·the bottom of machine 10 .. Downward 
· mqvemeI;Lt ·.continues until the collar portions 90 contact 

2 S ~dj U,.Stable .. stops 124, thus prohibiting further downward 
~-.. . , tn..ac>vement of lower platform 66, . as indicated in Fig. 6. 
>·;·..<i;-·~th.ough not. visible in Fig. 6, at this point in the 

. ~~,:~·_operation of machine io, it· is preferred that the upper 
.-: r: · polish plate 20. be spaced at _least a small distance above 

.•: ·.30 -~~,,l?wer polish plat~. 26 and the work-cage mechanisms 
::.~:=i.'J'.·;·•t.C~~ried thereon.--: Further, at this point in the operation . . . . . . 

.·. ·< ,: _of ·:machine .. 10, the. combined weight of the upper platform 
. '. ~. ,me~er 6:4·, and of the upper polish plate. 20 and its 

related_ components, is borne by threaded shafts 72-76. 
35 .. · - ·:" · With continued rotation of threaded shafts 
:J!.'12-76, the upper platform member 64 is allowed to lower 
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an additional amount,. with its outer corners sliding 

along lift pins 96. As indicated in Fig. 7, this · 

additional displacement of the threaded shafts 72-76 

brings the upper polish plate 20 in contact with the 

s workpieces. If desired, it is possible to detect an 

6perating position, referred to as a "no load" position, 

··where upper pressure plate 20 is about to contact the 

,, workpieces, an operating condition indicated in Fig. 7. 
.. . .. ~· ~'. .. .- . ·.: .. .. ;. ·:- . With continued rotation of threaded shafts 

, .. 10 <· 72-76 in the same direction, increasing proportions of 

: , .• , .. ;:> the weight of upper polish plate 20 and its related com­

: . ·,:,~.>~: ponents is allowed to be borne by the workpieces being 

. ;.:~!: ' polished, thereby providing increasing polishing 

pressures, ~s desired, a condition schematically 

15~ ~> indicated in Fig. 8. With re la ti vely small displacements 

· .. , -~-~--.. :of threaded shafts 72-76 moving platform· 64 up and down, . 

, :·;~.LF:~h~r :loading· on spring arrangement 116 is made larger or 

i~·~d.~·~maller·, thereby providing lesser and greater polishing 

,::,i;~ pressures, respectively.· If· desired,· the polishing 

.,, '2 o ·!J pressure can· be readily determined using knowri 

·{:..:::•!"mathematical techniqties· based upon the effective spring 

constants of spring arrangement·· 116. It has been· found 

.>"I:k helpful. in this regard to continuously monitor the 

:c· :)'}':position of the upper platform member· 64, during a · 

·25-~'/r polishing operation. A· sensor 150 having an active 

.. :.~ portion 152 passing through platform 64, is provided. As 

shown in Fig. 4, the bottom end of sensor 150 is secured 

~r.:;-.i; to· platform member 66, for convenience of construction. 

:':'-''·:;~::\.>'' As. platform 64 is displaced with respect to platform 66, 

.· 30 ·.varying signals are detected in the active sensor portion 

:;,'.·!:.·~i-:·.1s2 and transmitted by conductors contained within sensor 

· .;~·f;;,..,;.;··1so, ·· sending positional information ·of platform 64 to a 

:< ·.:·computerized control device (not shown in the figures} . 

\ ~y · ; ·: It has been found advantageous to provide 

35 ·exceptional stability for upper platform 64. Accord-
·.··,o.· HJ.'ngl.y ·'• ~ .- ~ . . I lower platform 66 is made much more massive than 
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.is.structurally required. In this manner, the lower 

platform member 66 (even if made mobile so as to be· 

displaced with each polishing cycle) can, when seated on 

adjustable stop collars 124, be relied upon to provide a 

5 vibration-resisting fixed surface providing a stable 

reference for precisely controlled movements of platform 

... member_ 64 and for providing a reference for the posi-

- . _ ~:1-o:rial determination of the upper platform member. It 

·:,:::ha~. been found convenient in .this regard ~o provide 
10:.\ additional position locating means to. guide lower 

~-l~tform member _66 at its moment of contact with the 
__ .. ,_. ac;ijustable stop member,_ thereby improving the reliability 
. . . ·.•·· . .. . . - . . . . . . ' . . 

.. :.· 0£: _repeatably positioning the platform assembly with 
. . . ... .... . 7'- ~ . . -· . , . . 

: ~: .. :r:~~p~ct to the. central. axis of the _lowez:, pressure plate 

15 26.. . ' .. 
4 .:. . • . . . • • .. . • .• .•• . •• . 

:, ~·- ~· .. ,. _ . ,,. , . For .. example,. an upwardly directed diamond-'._. ·-· -· --- - . . -- .. -- .. -· 
shaped pin can be mounted to one side of.adjustable stops 
~ .. · ·' . .-· . . . . . .. .~ .,. . . . .. .. . . . 

. · -~.24, for mating engage_ment. with. a plate. extending from one 
. . -~ ,; .... _;.J ~ .. . • . • . •• •. • • . . . • • . . . .. ... . . • 

:, • .:· s:i.de .. of column _members-~ 9 O and containing., an ape~ture for 
.· . • J . . . 

20 <repeiving_ the· diamond pin, __ thereby positioning the 
•·• ... :· •. ".l !•" ... ,.... ... . . . . ·. . •. · . .. .. • . . 

... ,.platform assembly 60. with respect to the base. 48 (and 
~ .. :.. .. . . . 

. :., .... henc:e the central axis of lower pressure plate 26) to a ;:: ~ :~·=· '··- · ... .-.. .·· . . . ·. .. - ' 
very.close .tolerance. It is useful to note, in this 

: regard, -that Fig._ .4 . includes_ a schematic indication of 
~ .. ·-·. . . . . . . . . 

25 additional ~embers for ~~e accurate registration of upper 

-J~r .. ~d lower pressure pla~es 20, 26. As shown in the 
q~tral_portion of Fig~ 4, a pin_.member 160 extends in an 

up~ard direction, passing through the hollow c~nter of 

lower pressure plate 26. Pin 160 is received in a . ·~ ,. . . . . . . . . 

3 O · _ d~wardly facing rece~s formed in the center __ of upper 
pressure plS:te . 20 . __ In this manner, as _upper_ pressure 

pl~te 20 is moved_ to bear against workpieces carrie4 on 
~ . . . 

lower pressure! plate 26,_ alignment pin 160 is received in 

the upper pressure plate with a close.tolerance fit, to 

35 ·bring the upper and lower pressure plates into coaxial 
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alignment with one another and preferably, into alignment 
with the central axis of machine 10. 

With reference again to Fig. 4, flexible 
bellows covers 73 surround the moving mechanisms, to 

5 provide an extra measure of security for nearby 
personnel. Machines constructed according to principles 
of the present invention have been made to have a total 
height less than 10 feet and a relatively small footprint 
(6 ·foot square) and have thus been found convenient for 

10 use.-in clean room environments. In the preferred mode of 
aeisenibly, the collars 90 and platform 66 are joined 

. ~ i.; · ·t:ogether~ prior to milling common ·apertures for receiving 
:the support:· columns 32-36. Prefercibly,· the top wall 38 

-'='r:· ~ ·'i"i:i ·positioned atop the· platform member 66 and internal 
lS··support members (not shown in the drawings) located 

: <' ~- adfacent base 40 are also positioned with platform 66 
.··:;; .. ~ .• ~.'.atop wall 38 for a common milling operation so as to 
;,;,::-.·.~;ri!ceive support colurnn"s· 32-36 with a close tolerance 
;;._:~L"acc:Uracy •. ; Accordingly, as can· be seen in Fig. 4~ 
20 ·'-through-holes are formed in top'·wall· 38 for receiving 

';·supp.ort ·columns 32-36·· and end caps 33 are threadingly 
:·joined to top wall 38 so as to hold the support columns 

32-·36 captive. 
::. ~~- ;::;. :. :· · · ·· · ·: The· drawings·. and the foregoing descriptions 

25··~··~-'are not· intended to represent the only forms of the 
invention· in regard to the details of its construction 

... ~ .: and·· manner of . operation. · Changes in form. and in the 
- ·.:·-proportion· of parts, as well as the substitution of 

equivalents; are contemplated as circumstances may 
30 ';:'.::'shiggei:st or render expedient; and although specific 

: . :. terms ·have been employed·, ·they are intended in a 
."c6· generic and descriptive sense only and not for the 

·-:.-. L ;:·pti:tposes of lim~tation, the scope of the invention 
c:~f being· delineated by the following claims. 
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6. The polishing apparatus of claim 4 
'further· comprising linking means linking said first and 
second platform members together to allow said first 
and second platform members to move away from each 

5 other a defined, maximum amount . 
. .... : 

7. The polishing apparatus of claim 6 
wherein s'aid linking means 'comprise a plurality of lift 
pins extendirig·from one of said first and said second 
platform.members and'received in apertures formed in 

10:.: 'the other' of said first and said second platform 
; members . 

. ~ _· l.,:· .. .. ···•.. ... . . .. -. . . :. . . ' _ _..-·, ' 

· · 8 .- : -· The'· polishing apparatus of claim J. 
·.~·:.wherein said. hanging support means comprises . a shaft 
:--·;:'having a· lower e~d affixed to said upper polish plate 

15·;·:iand. having' a central axis, with means for mounting the 
· ··central shaft for· rotation about its central· axis, and 

:.;~ ·,.'.. an outer sleeve means . disposed about. said. central .. 
shaft, engaging said resilient bias means. 

9 ~ ·- · The polishing· apparatus of claim 1 
2o~;~·wherein said first and second platform members "have a 

. .. generally triangular.configuration and said 
;'.·;:;.,:: supe.rstructure 'includes a generally triangular top 'wall 

provi.dirig hanging: support.' for sa"id upper polish plate. 
: .. "":.: 

25 · 10. The ,.polishing apparatus of claim 1. 

>u- further comprislng .. 'cooperating alignment mean's.' on said 
~pper and said lower' polish plates to align said upper 

:. and said lower polish plates in registration as said 
upper· ends of lowe:r:polish plates are brought together. 

.. ~·---··-·-- ------... -- .. -.. -~ ... --· .... -.. ··~ ·-··~ 

= ~- rH ~>. .. ·.:'. • 
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WJIAT rs CLA+ME]) ZS: 

1. An apparatus for polishing a workpiece, 
. comprising: 

a superstructure; 
5 an upper polish plate; 

a lower polish plate positioned beneath said 
uppe;r polisJ:i plate; 

; ,...;·:. . : platform _means di,sposed above said upper 
:· '.PC>lish plate and supported by said superstructure; 

10 n . ,hanging support means . for resiliently 
hangingly supporting the upper polish plate from_ the r ,•.· •· • ' 

,platform means; and 
m~ans for moving said platform means and 

henc.e; said:. upper. poiis~ plate toward and. away from said .. ·• , •· ' ' '·'-: .~ ,;. • ', "', , • • •'. •·. "''. •, • • , • r •• 

15 ·il?'1er. polish. plate ..... . .• :· ..... , •. ) :: • •• • • . ~ • •• • • .. • • J. • 

~: :. . ~ :· . / r~.,-,_.• • -.:.: 
,;~;;.,: ., .. .". ; .. , ... 2 ... · "Th~_,poli_shi~g. apparatus of_ .. : claim l. .. . . , ... , ....... ,~ ."~··. ::·· . . ·~ .. '., .· . . -- .. •,... .. .. ' .. . ·. . .. . ... ,• . . 
tit:~~;-~~~:C-4!~n.·: ~~~d. ~l~~:f on.t means.:: ~ef~nes_ a cent~al 
· .. ;. pcis~ageway throug~. which .s!!id hanging support. means . . ·......... .. .. . . .... ,.. . .. · ... . . .. . . . 

,passes. 
', .... ··:·' ... ; 

2 o .. . .. · . . . 3 . . . The . ~olishing apparatus of . claim 2 
.. ..+.~rther .co111prising a plurality, of. stop blocks supported ~ .f.'.· ··-' '• " ·'·.··· . .. • . • :; . .. . . . . . • 

·. by said superstructure so as to. interfere with-. said . . . ' . . .· ... . . . . . . . . '. . . . - .. 
, . ,.,.platform. means so ·as . to limit the movement thereof, and .. : . • :. ~.:· ~. • •• ". . • • ,! : • • • :. • . • • • • • 

• 

~-<S.f>.-:~s to suppo_rt said platform. means at a fixed_. -
25 position above said upper polish plate. 

_,· · _,1 , .' i .:· 4. ·: . The polishing apparatus of claim 3 
.J:·l-t~!ie;-ei:n.,~~.i<; p°iat·f.~z;n .m~~ ~ompris~s. fi_rst and _second 
·:,\'.platf¢>rm .me~ers.-disposed one. above the other . • .;.. .... :"1 "i.-:-:.. •-v: } ' . . . .. . -. . . . ~ ·.- - ... . ~ . . . . . . • . . .· •' ..... 

;,, "':·~:·::. -~: ·• . 

. -.·T ·::" s. , TJ:le .J>olishing apparatus of claim 4, 
30 wherein said stop blocks are adjustably positionable 

with respect to said superstructure . . .. ···-· ·-····... .. ..• . ·~-· ..... ': 
.,·,.: ........ 

i 
' 
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11. The polishing apparatus of claim 1 
.wherein _said upper.polish plate has a central axis·and 
said polishing apparatus· further comprises means for . . 

rotating said upper polish plate ·about said central 
5 axis. 

... ·.· .. ; 
12. The polishing apparatus of claim 1 

further comprising cooperating sun gear m~~s, ring 
.... ·,gear, means and a plurality of geared ·carrier means . ·, -:. ', . . - ., . . ·. 

coplanar aligned with and disposed between said sun 
10 . gear means and said ring gear means, with said sun gear 

m~e1,ns,. _said rain geiiil:r means, and said plurality of 
,geared carriers carried on said bottom polish plate 
,:··~~~h t.hat. s~:i.d ge~;;ed car~iers are. rotated abo~t their ~·· ! .i " ... ~ ·~ 1 • ." - • • ~I •. . ·• ' ' .; ·' . • ' • ' .. • 

. ·,.: :,,,:; respectiye .. qentral axes as the geared carriers are ... ···:·•).............. . ............ .. . . . 

15~~·~,~.9~ta.,t:~~' _abo~~-. the .cent:,ral_ axis_ of the lo-wer poli~h 
. . pla:te. :: ~ :· '.·: . . _7 · ... 

~=·: . 
• ·· . . :.'. 1· ., : ,,. _;· .. 13.~ '-·· J.Ui .ai;>pa,ratus for polishing a workpiece, 

. : :· ' comprising:.. . 
; • , '. ~ • . . : .... , •' ,.. •' • ,. :. •. . : I , • 

.· . ./''. 

>J. .sr,:: ·.-.1~..-:: a . superstructuz:e; 
20: l::-~::i .. :<. ·,:. - . a11 upper_ polish plate; 

~ .. ~OWf!r polis_h plate po.aitione~ beneath said 

-~\-~-· ·., ..... -'. ,_. platform means disposed_ above said upper ~·.; ·.·• -.-: ... .. . ...,; ... -·· ' .· .. •·.· .. .. . . . . .. ., 

polish plate and supported by said superstructure, said 
2$ . platform means including first and second platform 

mel'.llbers, ,with the first platform member disposed above 
.·· .·.'the .. se~~~d ~latfoZ11\ .member; . 

'• . . ~--· ·.. . . . . . 

, . . ._,_:_ c.· ·' ·.llCi:i:1ging ~1:1PP~rt means for. hangingly 
· .supporting the upper,. polish plate from the first . . ··:. . . . . . •.• . . . . . - . -. - . .. . . . 

30>. ·platform melnber, said second platform member defining a 
· .·.. .,.ce~tral _passage.way. through which '·said hanging support 

:·:::> m,~~-s i;>ass_es;. 
a. plurality of_ stop blocks supported by said 

superstructure so as to interfere with said second 
~· ~--~<~-:: -~: ~ ··~:_l':~-~-~:..:~_:--'-;->~- ~~~-- :: :. 

.. -..r·.•·· ......... -~;-.-.... · SUBSTITUTE SHEET (RULE 26) 
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platform member so as _to limit the movement thereof, 
and so as to support said second platform member at a 

' fixed position above said upper polish plate; and 
resilient bias means coupling said hanging 

5 support means and said first platform member; and 
means for moving said first platform member 

toward and away from said lower polish plate to bring 
·. said upper polish plate into contact with said 
workpiece with a polishing pressure and to control the 

10 :polishing pres1;1ure . 
. ~.: . .:.:: . : ·~;. 

··14. The polishing apparatus of claim 13· 
''wherein· said first and said ·second platform members 

~".l-:::·•b:ave:a: gen~rally triangular configuration and said 
.:.;; .. · . super~tructure includes support ~olumns pass_ing through 

15. ~ ape"rtUres formed. in said second platform member so as 
· .. · ·.::~'.if~·to proy-ide sliding support there£ or. · ··· ·· · 

-:: t~):~.'!·:.! . .<~~- · :· .... ~··, :is. ·Th~~~pOlishing apparatus of claim 14 
c·~.: . wherein said superstructure includes a generally 

. · . · : triangular top wall providing hanging support for said 
· ~20· upper platform member and said.means for moving said 

· :i·;_;.!:·:first' platform member toward and away from said lower 
polish plate comprise platform hanging means for 
baligingly: suppo:ci:ing said first platform member from 

h.i;c.<-'• said top wall ... 
. · . 

·16. The.polishing apparatus of claim 15 
wherein said platform hanging means comprises a 
plurality: of rotatively driven rods threadingly 

.· .· engaging said first. platform merilber . 

... :•::::•:, ::, :':·; · · 1 7. The ·polishing apparatus of claim ·13 
30· .·. further comprising linking means linking said first and 

~-~.h second platform members together to allow said first 

.. , .... ~····· __ ..... ·-....... ___ .. ._ ............ ----- .. -··· 

111111111111111111111111111111 
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and said second platform members to move away from each 
.other a.defined, maximum amount. 

18~ Th~ polishing apparatus of claim 17 
wherein said linking means comprise a plurality of lift 

· ,.: 5 pins extending from cme of said first and said second 
platform members and received in apertures formed in 

: the·>~thei- of said fi~st arid -~~id" second platform 
,_,. .·.members' .. 

::--:l~ •.•.. , · ..• 
,:·:·:··. i 

' ................. 
l ... - 19. ·The po.lishing apparatus of claim 13 . · .... 
···1·; = ' 

;::':]. O\' -.w~reiri saic:i hanging_ 13upport means comprises a shaft . r·;:-_ -i. ! ·' · :.--~~ ... ·.·•·· · · ·::· .... ,.;, .• • -~ ....... .- .... ·•· - · ·· •. :· 

{~L~~ . ...::,_.,having .a: lower ··e:na: a:f(! .. ?Ced _t9_ !=laid. upper: polish plate 
;--·'~ .. '-"";i{a:~dF'l~~~i~~--~ .. -~-e~~·r..;1 axis, witli means for mounting the i : ·1'.·.···::·•·!.-·:·... . ......... , . .,.. .:.,_ .. ---····· .. . 
j. 'f::,-central· shaft. for' rotation about its. central axis, CU?.d ; . i- ':_ ·. _.:_.: ... : . .-· ·. ' . . : :. 

,·l. -·a~. outer• sleeve means dispo~ed about said central 
· 15 (: shcift, e~gaging said resilient bias means1 • 
I .. L.~~ .... ~···"···~ .... ~;~(:'• ~ ····":'. ,. • . .... : ..... ~ ... 
; : ·. ~. . . ; .... 

. ! --·~---····--:~;t:;::;,_,~, .. · --···· 20 .. The- polishing·· apparatus',: of: claim· ·19 . . ': .. : . . . . ~ : i ~ ·: .· .. : ·. . : ' . ·. . : : : . ... ·._. ... , · L :··:: ... further-- comprising· a lifting··platform disposed above 
said first platform member and wherein said resilient 

r·:··;'.·--··- .. _bias· .. means···is mounte~· atop said first _·platform member, .• 
. =20. supporting said lifting platform from·b_elow.· ·:. 1 .. 

i. 
! 

-; 

·: l· 
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