Pol i shing Apparatus Wth Support Col umms Supporting Miltiple
Pl at f orm Menber s BACKGROUND OF THE | NVENTI ON 1. Field of
the 1nvention The present invention pertains to polishing

machi nes, andyigbe&is i cul ar to machines for inparting a wel |pahaissgremse i-ni sh
to one or nore workpi eces. The present invention is especially adapted to

t he doubl e- sided precision polishing of conputer hard drive nenory storage
di sks. 2. Description O The Related Art Machi nes have been
made avail abl e for providing -1- '
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BACKGRQO OF THE INVENTION
1. Field of the Invention _

The present invention pertains to polishing

S . machines, and in particular to machines for imparting a
. well-defined finish to one or more workpieces. The

. . present invention is especially adapted to the double-
.,;eided-precision polishing of computer hard drive memory
:;storage disks.

10,.2... cripti e-'e ed Art
Maehines have been made available for providing
~ a very smooth, well-defined surface finish cn workpieces,
';such as computer hard.drive.memory storage disks.
_ Although single- s:dad -polishing has been performed to a
15 11m1ted extent, the commercial.emphasis today is on the
ouble-sided machining of memory.disks, suck-that bcth

'”ﬁajor_surfaces-of a disk. structure can be utilized for
~ memory.storage, -thus reducing the size ¢f memory devices,
'.eﬁhile ~allowing greater memory capacities to be provided
20 for a hard drive component of a given size. Over time,
- the magnetic density of memory storage disks has grown
a substantlally, with an ever increasing number of data
bits being stored on a surface area of given size. As a
gﬁ;esult,=data storage bits have occupied increasingly
.. smaller portions of a disk surface. Accordingly, the
;surfaee characteristics of memory disks have drawn

;increasing attention,- with routine, extremely well-
. .- defined polishing of the memory disk surface being

;J;Lrequired _ -

'_” _ In an attempt to 1mprove hard drive access
tlmes 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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a very snooth, well-defined surface finish on workpieces, such as conputer
hard drive menory storage disks. Although single-sided polishing has been
performed to a limted extent, the commercial enphasis today is on the
doubl e- si ded wpebrdding of nenory di sks, such that both naj opcsusdsacsss of a
di sk structure can be utilized for nenory storage, thus reducing the size
of nmenory devices while allow ng greater nenory capacities to be provided
for a hard drive conponent of a given size. Over time, the magnetic density
of menory storage di sks has grown substagtially, with an ever increasing
nunber of data bits being stored on a surface area of given size. As a

result, data stqj rﬁg%gﬁke;?nlaage oP G ét'?ﬁ'%\ Samgkg ﬂ@lse%rouaq.glons of a

di sk surface.. Accor

have drawn i

he surtace char erls is of menory disks
t

ncr e’é‘eﬁrﬁﬁs&f‘ﬁ Wt ?-Bﬂ°r§\ﬂth ﬁ%t"?“ﬁ’é'm’%ﬁ? %8 1 - defined

polishing of theperfiormandesk Burther, ks i skegpeedd. increase, itin an

attenpt to

menory stor ag%
V

Accordi ngly,
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are bein riven at speeds, dISk rotatlon
oF“a§BeEgFI Repds)| <?0an° ?"sﬁu fignB? e to

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 being more

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

of ever diminishing height. Further, in certain types of
hard disk drive mechanisms, parallelism of the double-
sided surfaces is becoming increasingly important for

v attainment” Of desired device 'perfortllance .

SUMMARY. OF THE INVENTION _
w. It is an object of the present imvention te
prbvide“a*high'performance polishing machine that is
alnhereﬂtly accurate, easy to use, and which is ﬁompatlblp

~-z«‘w1th commercial manufacturing environments. It is-

0:i- important that such polishing machine be inherently
istable during all phases of a polishing operatiomn;

=1iwithout requiring special attention to changing con-
“““ditions,‘and the effect that resulting excursions may
‘have on the ‘surface quallty of the workpiece belng
25 treated.
v ~In 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
_ su:faces and the surrounding mechanism supporting those
30 surfaces are permitted a certain freedom of movement.
TAny substantial misalignmént 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
35:7 invention to control such contact.
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-2- and tol erances of nenory storage disks are be?on1ng . fh

i ncreasingly inportant for inproved hard drive per f or mance. Furt her,
as di sk sgeedswjmmsﬂase, It becones necessary to hold tiernisoasagiicers,
comonl y 5 ternmed "magnetic heads" as close as possible to the

surface of the nenory disk to obtain usable signal strength. Thus,

i ncreasi ng denands are being nmade to reduce tot :
nmenory storage di sks and surface vari ations of P PHEED SERNS ks
are being more 10 closely examned with a view towdcd r REFLARE hlqh

spots” of _ever dim nizghiag B@éﬂhkouﬁ@rﬂiﬁﬂﬁyéqﬁ %%réﬁamlﬁxpége f
hard di sk drive nechﬁgi n@hﬁggtallgl Iﬂ(ﬁéﬂ ] " H surfaces
i s beconi ng i ncreadt HEFROT TR IfEAnsSrugEirpeandete ce
perfornance . 1develop new structur SSMBRSUPPOHE NgNYBAThEN shing

s an oblest imides piceenthihatenthninids WS BsBbollaPELiaLIRRCe

ol i shi ng machi ne_t hat er ent accurat easy 0" use
Eorrpatl blge WIE'[ hgntr?fﬁs C|“5’f"e ﬁufﬁﬁt%}l“?ﬁgp%"rﬁﬁ ggsure;iggin the

. process of being relaxed. .
| These and other objectS'of the present
: ?1nventlon which will become apparent from studying the
df”appended descrlptlon ‘and draw1ng are prov1ded in an
_10_:apparatus for polishing a workpiece, comprising:
'h a superstructure to receive support from a
¢ﬁisupport1ng surface,:

.an upper polish plate, _ o .
T _..a lower polish plate pos;tloned beneath ‘said
15 ;upper pollsh plate in registration therewith;
Y platform means of. generally trlangular
zqﬂconflguratlon dlsposed above said upper. polish plate and
ﬁ=supported by said superstructure, ST

______ '-Qﬁ,,. +- - hanging. support means. .for res;llently hang:ngly
. _W:?b _supportlng the upper polish plate from the platform
;. means; and.

e _ means for mov;ng sald platform means and hence
fﬁTsald upper polish plate toward and away from said lower
. pollsh plate..._

‘25, . . PRIEF QESQIPTION OF THE DRAWINGS . .
-T:Jf:._ .FIG. 1 is a side elevational view of a
;H_pollshlng machine according to princlples of the present
'.glnventlon,_;_ :

gy e FIG. 2 is a top plan view thereof shown partly
.'broken away,t_:. - .

. ... FIGS. 3A and 3B together comprlse an exploded
Jﬁyperspectlve view of the upper portion thereof;

e FIG. 4 lS a cross- sectional view taken along
.. the line 4- 4 of FIG. 2,
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20 important that such polishing nmachine be inherently stabl e during
al | phases of.a polishing operation; W t hout requiring special attention

t o .changi ng con-

ditions, and the effect that resulting excursions my

have on the sydqafensuality of the workpiece being 25 treatcdssesnosil n

certain applications, it is required that t he workpi eces continue to
rotate as pollshlng pressure Is relieved and it is at these tines that
the polishing -~ surtaces and the surroundi ng mechani sm supporting those

30 surfaces are, permitted a certain freedbm of novenent. Any

subst anti al

n1saI|gnnent or internal novenment of the vari ous

cooper ating conpenents naypf&sulgt | Qrgnwg&%d%lmlla&orltoa(&agf Eth@ol‘l shi ng
trea

surfaces with the morkpleces be|n

pr esent
3

t he polishing nenbers
mome s

critical

is an object of the

35 i nvEROWHATL B IQAHeNGE §§cﬁP66ﬁFb€¥:
It has been fourm. rmefst ant ehDafyedi fiadnientary dieyw of Fie.

overal |l machi ne ﬁogﬁg&?%ée% 1%?1 ge_vg%xgpu%%‘r ?Jﬁ %g%_ltgoraﬁ pporting

-10°

te unwan arly ur|n
as when PHf an enlarged fragmentary view of F

4 showing an adjustable stop for the platform assembly.

DETAILED DESCRIPTION OF THE PREFERRED EMQODIMENTg
- Referring now to the drawings, a polishing
machine according to principles of the present invention
‘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

“iiilayers formed thereon.. It will be appreciated, however,

that machine ‘10 can be readily adapted for other uses,

"15-+including grinding, polishing, texturing and planariza-
5. ¥'tion ‘of ‘machine tool parts and 1ntegrated c1rcu1t wafers,

5*for example.

- In the preferred embodiment, a large number of

'ﬂ?workplecesa (e.g., £ifty) memory disks, disk substrates,

‘machine parts or other workpieces undergo simultaneous

'”fdoﬁble—sided-pblishing}’thereby providing important
'« 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 Fig. 3B), are employed to confine the workpieces

- during a polishing operation. It is generally preferred

%7 that the work-cage mechanisms be of the planetary type

- where a plurality of carriers 12 are made to revolve
“‘“between an outer ring gear 14 and a central "sun" gear
. .16. ~ The outer geared edges of the carriers are enmeshed
“iwith the central sun gear, which imparts a rotary motion
. to the  carriers, so that the workpieces move in respec-

7 €ive; generally cycloidal paths, revolving about the axis

35

of their carriers, as the carriers rotate with respect to
the axis of the central sun gear. Also, rotations of the
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pressure is in the process of being rel axed. The present. invention

provi deS an apparatus for polishing a workpiece, conprising: - A
superstructure; an upper polish plate; a | ower polish plate
posi tioned bepgpdonssiai d upper -polish plate; pl at f or npawresysneizsposed

above sai d upper polish plate and supported by said superstructure; _
hangi ng support means for resiliently hangingly supporting the upper polish

plate fromthe platform neans; means for noving said platform nmeans
and hence said upper polish plate toward & away from said | ower pol i sh
plate; and sai d polishing nmeans conprise first and second platform

menbers whi ch hayg,a, 92081 Aluet gyro §Qﬂ“#>g%té? 'Hﬂ:ﬂ‘gfatt'tﬁ%nw@»?ﬂ 8

superstructure in ?udes a gener u ar to rOV|§#n handi ng
support for sai dEpRRR1FM) %ﬁ?ﬁﬁ%ﬁ: etween the Jﬁ¥b§@ﬁFePn9éﬁtP6n al so
provi des an appacpéustédrimpatdverisegddraotkgmecsf maquion Ngs desired. a

superstructure; Bg 15!&ﬂ&”¥ﬂé Q@kééFlaﬁéléha speeds of L8¥§£188'6§h plate

positioned bepeat sal polis | at f or m means di sposed
above sai d upper *B%I F¢h ?J‘f‘)‘gtz'e‘ngn@eéﬁﬁpo?§e‘ﬂe]:)]y %sal':dmsub‘BngrﬁE@u}%we%al d

pl at f or m means i polish noldtest Wﬂmuuaémpndnpldaérreﬂ|ps&beh$ngma¢hioﬁmméyrst
pl at f orm menber ggsgpggihéﬁmwe the second pl atform nmenber; l'i nki ng

means linking said first a econd pl at f or nbers tqgether to allow said
first and sai.d second plaiﬁhﬁﬁi $g§r?6 ﬂ%%gf of ESNPcBRROBY Hatsks

defined, maxi munl@naxetloaded in eahhngangleuppmwdhluemnsarniehangehmyy
supporting the UEH@érrHé’él‘xéci‘ H¥tdletn £8S &@ﬁcﬁi HurP R fa{roraganﬁﬂéeéutéﬁ' d

second platforw1nenber |n|n%,a centrg passa ema
urroun 1ng ri gear nly two is are shown

- 1n the , Eigures for clarity of illustration However,
ol gv1rtually any number of memory disks or other workpieces
"*w,can be accommodated w1th appropriate changes in carrier
_ 15_ des;gn The entire work -cage mechanism is rotated at an
1ndependent1y controllable speed, while the ‘upper and
lower polishing plates 20, 26. (see Fig. 3B, -for. example)

'ﬂjr_aredindependently rotated at their own selected speeds

L , .. As will be -seen herein, the upper polish plate
R 20 20 is driven from. above by a motor 44 (see Fig. 3A) while
the .lower pOllSh plate 26 is driven from below in a

“Lbase cablnet 48 Access to. the equipment for driv1ng the
;g;lower polish plate through access_doors 52, as can be
gﬁlgseen in Fig. 1. | o o . .

. _ In the present invention is it preferred that
'__the top and bottom polishing plates be prov1ded with
'gﬁ}opposed annular polishing. surfaces and that they be
lgﬂindependently rotatably_mounted along a single common

,fﬁaXis (see dashed line 28 in Fig 3B). It has been found
chat the attainment of a common axis alignment or so-
;called "focus“ is important for obtaining the desired

: kpollshing results, especially when the geared cage .
';;fmechanisms are made to undergo a complex motion, as in
35 the preferred embodiment of the present invention. 1In-

' order to improve the concentric alignment of upper and
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whi ch sai d hangi ng support neans passes; a plurality of stop
bl ocks supported by said superstructure so as to interfere with said second
pl at form menber so as to linit the novenent thereof, and so as to support

sai d second plyiddpissieenber at a fixed position above sai d u&pg(,s,pmgbﬁh

pl ate; and
resilient bias means coupling said hanging support nmeans and sald first
pl at f orm nenber; and means for noving said first platform nmenber

toward and away from said |ower polish pl&te to bring said upper polish
plate into contact with said workpiece with a polishing pressure and to

control the poli present inyention also provides
an appar at us foriggg sﬁéﬁﬁﬁﬁ'%bP%afggeanghgor?%ﬁugf such”aliggment

superstructure; during V%ﬁ“ﬁﬁbﬁﬁaﬁﬁﬁlgﬁ %ﬁ%h%ﬂe operation,| dbeispol i sh pl ate
posi ti oned beneagenenalnyupryfem&basbhatatHe structufeph%bbe?ﬁlﬁ§afﬁedlZPgsed
above sai d upper sai erstructur S

pl at f orm neans .i ﬁc &%t?;trog'\ %ggégggggr%f%‘%’fhav grg SWFtPEhe first

pl at f or m nember Pgﬁ %Jmtﬁh@lééeenwm A9Mon MiFddng operatiomangi ng

support neans fowibhnghegompenppest noant @ ippe ipOliespept @@ fromthe

first platform ngghetiomdl dnaee@NdnpLlaLs or m nenber defining a central

passageway through As will be seen herein, various members of the

'supporting superstructure have a generally triangular

10 " 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.

““3x, for example) . The base 40 of the framework is pre-

*."15““ferab1y made to have a generally rectangular shape (see
i *:Flg. 3B),‘although a three-sided generally trlangular

-ﬁghape could also be- employed. ' -

Referrlng to Flgs. 3 and 4 the support columns

?‘20P below, pas51ng through base compartment 48 to machine
. base 40 T A platform assembly generally 1nd1cated at 60

*ﬁééeh; for example, in Figs. 5 and 6. With reference to
*'Fig. 4, the platform assembly includes a first, smaller,
25 . upper platform 64 dlmensioned to fit within the support
- columns 32-36, and a ‘second, larger, "lower platform 66
d1mensloned for Slldlng engagement with the support

columns. -~ Ball screw members 70 provide connection for
platform 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 drlven by
’drlve motors 82-86. Thus,'as motors 82-86 are energlzed
- to” drive threaded rods '72-76, platform member 64 advances
along threaded rods 72 76, being raised or- lowered,
35 dependlng upon the direction of rotation.
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whi ch sai d hangi ng support neans passes; ~a plurality of stop

bl ocks supported by said superstructure so as to interfere with said second
pl af form menber so as to linmit the novenent thereof, and so as to support
sai d second plwobdwsmzenber at a fixed position above said upgeusgsalryah-

pl ate; and o resilient -bias nmeans coupling said hanging support
means and said first platform nenber; - means for moving said first
pl at f orm nenber toward and away fron1saLd7I9mer_poI|sh plate to bring said
upper polish plate into contact with said’workpiece with a polishing
pressure and to control the polishing pressure; sai d hangi ng

support neans conpri sing akgffjﬁﬁﬁyaﬁg{ggnatbowéaegdf%g :{g'%%tﬂ&; ltg g{eﬁﬁﬂal
a
Doat o1 oo gALER0s8, P URls B hpetl i RN U S o
di sposed about. séﬁsdcéénbﬁaﬁe%lhafﬁor exgapilag $ni PigesiBi eRlatifasmmmanberand
alifting platfommldh&mﬁaeg @&ﬂM&?§ﬁyg$§té§gfﬁéaéépi qg¥$%$ﬁgﬂgg§2$reln
suppor t1ng sad TLEPLRD BF ot oo bapaReEat g with Foatelegs S2nvent i on
al so provides an“@ﬁﬁbrﬁ@ﬂ@lmsﬁy;ﬁﬂqeswﬁngha SPIQ te 0 L wmE 3251364
a superstructureplatform 66 afurthey ipelu88sPhSéfiures 94 for receiving
- - the threaded rods 72-76. Platform member 66 further
_ 1nc1udes three upstanding lift pins 96 recelved in
'”10 :apertures 98, formed in platform member 64 (see Fig. 3a).
With reference again to Fig. 3A, the platform member 64
further 1nc1udes apertures 102 to provide clearance for
the ball screw connectors 70. As can be seen, for
example, in Fig. 4 llft pins 96 have enlarged heads
hich engage platform member 64 when platform member 64
1s‘raised with respect. to platform member 66.  As
indicated in Fig 4, llft pins 96 have an. axial length
_"_greater than the thickness of platform member 64, thereby
.fi allow1ng platform member 64 to slide. back and forth along
'20' the .1ift pins 96. : .
| et AB mentioned,_the upper polish plate 20 is
hangingly supported from above. With reference to Figs.
3 4. and 9, a drive .rod assembly generally. 1nd1cated at
_ 106 extends from the center of upper polish plate 20 in
3§“u?nn upward“direction. As schematically_indicated in Fig.
7f:4 the bottom end of drive~rod assembly 106 is terminated
at an interior. portion of upper polish plate 20 with a
gimbal .assembly 108, which allows upper polish plate 20
..to, assume a canted pOSition with respect to. the axis of
30 drive rod assembly 106. Wlth reference to Fig. 9, drive
' *% rod assembly 106 1ncludes an outer hollow sleeve 108 and
fia central drive rod 110 passing through platform members
f64, 66 and top wall 38 for drive coupling with motor 44
. (shown, for example, in Fig. 3A). 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

15

........

- SUBSTITUTE SHEET (RULE 26)



a:l ower polish plate positioned beneath said upper polish plate;

pl at f or m means di sposed above sai d upper polish plate and supported by sai d
superstructure, said platformnmeans including first and second platform
menbers, W thyigwnkas st pl atform nmenber di sposed above the pegrigskabst f-orm
menber ; said first and said second platform nenbers have a
general ly triangul ar configuration and said superstructure includes support
col ums passing through apertures fornmed in said second platform nenber so
as to provide sliding support therefor;- 8 - hangi ng support neans-for
hangi ngly supporting the upper polish plate fromthe first platform nenber,

sard.second bl at (0L IR Sodl Sk Bty % 66 Udlech 319BASHE LGN Wi cT

sai d hangi ng support means | ocks
supported by saiBemRgEs sﬁ“r'ucﬁt%l@ §of§%°‘ﬂ?r+1|ﬂ5@r manael; 60 a3 P R

pl at f orm menber imtewfdming mitht balahveaid ddtrel fuaBEisss asE tthesUPPOrt
sai d second pl atﬁgﬂg %acﬁ{*).tn@ fi xed position above said upper polish

pl ate; and . resi[1ent bias neans coupling said hangin pport means
and said firsP platform mfif@rrigggagain to Figang. f&henw;mgkml@m r st

pl at f or m menber sbeeved 108l cefnvalyifreopod cddbdn®lss 106! ishjelmd® e HniiFe sai d
upper polish pl t L AC |

pressure and toa%%ﬁ%l Jﬁ'&%c& Fgﬂ%ﬁ?’%&e%s%@ E&FEI&&W g% @ THE
DRAW NGS APlymy ERFIRG FHTINGRFRDGe

described, by wal,flﬁ)fccunsmi}sess aopll.yra]z\ittlh ofefspirdagembnbéfe TNT Aipdsed
drawings. 10  abditd-drkives radsagsemfyafdsonam\éagwaeivqgolgrﬁaél o machi ne

according te.the- £resent i nvention
t her eof shown. pa? 11fpGould comprigeja 93A95ﬂdswrt%éﬁvﬁé’ﬂ éorrprl se
an expl oded pers‘tpﬂdtqwe:entan okcelreingpdre givieoro8hassaibly or could

r__comprlse one or more spring/viscous damper combinations
sr” other - ‘types of conventional deceleration controls. 1In
itper event, lift plate 114 is resiliently suspended. -
aboye the upper surface of platform member 64. As
jrev1ous1y mentloned the outer hollow sleeve 108 is
"pined to 1lift plate 114 and thus the weight of upper
E :pollsh plate 20 is borne by lift plate 114, - being
"*“20 hanglngly suspended therefrom. The weight of the’ upper
polish ‘pPlate 20 and its related components, such as the
we1ght of the outer sleeve 108, causes spring arrangement
“116" to" become compressed between 1lift plate 114 and
| “i “platform member 64. : : -
';HéS‘“-’“"“” " Referring to Figs. 3B and 10, bushing members
“f°”7*122 are prov1ded at the upper end of hollow base 148. It
has been found generally desirable to provide adjustable
) stops 124 for ready field adjustment and service for the
_ "f;jplatform assembly. Adjustable stop collars 124 have
-5

.3-,.‘5

> % In‘

ﬂlpternal threads for engaging the external threaded
fsurface portlonl 126 of bushing members 122. In this
fmanner, the adjustable stop collars 124 can be moved up
f"?end down in the direction of arrow 128 (see Fig. 10) so
tf “as'to limit downward movement of platform member 66 in a
3$charefu11y defined manner. 1In Fig. 10, a relatively small
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Fi-g. 4 is a cross-sectional view taken along the line 4-4 of Fig. 2;

WD 99/ 15312 PCT/ US98/ 17931 |

-4-- " FIGS. 5-8 are views sinilar to that of FIG 4,

showi ng a seqwowasag operation; _ FIG 9 is arpenisasamon
fragnentary view of FIG 4 showi ng suspension of the upper polish

pl ate; and 5 FIG 10 is an enlarged fragnentary view of FIG

4 showi ng an adjustable stop for the platformassenbly. _ _ DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 2 - - Reflerring now to

t he draw ngs, a polishing machi ne according to principles of the

resent inventiogap 2 i g@g@habgg 4 H';O zghgganghlo has found
Prmedl ate cormercz ﬁég@;g ance in ‘f’ §&f§ C?' 501 i TRATOT y

storage di sk subShe rfapep of ?y§prgg,;ﬂgg to prov;de an amount
. of adjustment for stop member 124. 1If desired, the

adjustable stop feature can be omitted, with the upper

5 surface of bushing 122 providing a stop surface for the

. platform assembly.

e It is generally preferred, during assembly of
machine 10, that the support columns 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. C S

IRT A In operation, pollshing machlne 10 undergoes

15 certaln dlstlnct operating phases. For example, after.

;ﬁ,*workpleces are loaded in the work-cage:mechanisms, the

- ‘workpieces are pressed. .between. upper and.lower polish
qv,plates 20, 2s6. a_In;tzally".when the upper and lower

v gpollshlng plates. engage the major surfaces of the-

,workpleces, higher pressures will be experienced by those

..~ workpieces which are slightly thicker than the rest.
_r;?;Th;s,condltlonﬂlasts.only for a brief time and thereafter
- - thehpressing force applied to the upper and lower polish
' rplates is more equally distributed across each of the
25 workpleces being processed.

5 .With the arrangement of the present invention,
polish Pressure is obtained from the dead weight of the
" mechanism structure, rather than a pneumatlc actuator or
- the:like.. It is generally preferred that the bottom
'*“ .30_ pollsh plate: 26 be maintained at a flxed vertical height
:jith respect to base 40, and that the upper polish. plate
20 alone be mounted for reciprocal movement in vertical
£ dlrectlons - As:will be appreciated by those skilled in
_ f the,art, it is frequently desired to change the applied -
35, .pressure during a polishing operation. With the
' arrangement of the present invention, polishing pressure
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l.ayers formed thereon. It will be appreciated, however, t hat machi ne
10 can be readily adapted for other uses, 15 including grinding,

pol.ishing, texturing and planari za- tion of nmachine tool parts and

I nt egr at ed -ci wowbissygf ers, . for exanpl e. I n the preferperiusesiiosinent ,
a | arge nunber of wor kpi eces, (e.g., fifty) nenory disks, disk
substrates, 20 machine parts or other workpi eces undergo simultaneous
doubl e- si ded polishing, thereby providing inportant econoni es of

manuf acture for the machine user. In ot ~ . to accommpdate the |arge
nunber of workpi eces, work-cage . mechani sns, including geared work

hol ders or carrigjys bLZgrgéuaiﬁﬁecgﬂtﬁnu%@slyaéﬁj@m@)’ﬁg stnfalqo%bee t he
wor kpi eces durin oli 'Q? }peratlon f n&hgreferred
-that the work- d%?@’é"sngeaa 3 By migu ‘p'Faﬁﬁf‘é?'?a fg%“s“‘e Fe a

plurality of canqmemspmllaheph@mhaZﬂammewehvered to badjnvedn p@disbing ring
gear 14 and a cejfida@hlregun” gear 30 16. The outer geared edges of the

carriers are enneshed th the c ntral sun_gear rts a rotary
not i on td the carrieF8eRHRe IRR ﬁﬁ?&nﬂbPRﬁg @nﬁﬁﬁé“Wﬁﬂggg ec®  tive,

general |y cycl oimh pargey vevulwahgniepentt hé Ghesupper poflishepilaterriers,
as the carriers Fptjat Qe%g.}f'eaef'rpe&fdéxo to3gaihhBcédss & the weeRlEdhesun
gear. Also, rotat%ggisgg ft has been found convenient to raise the
©: i upper polish plate 20 higher than would normally be
710+ allowed if the platform assembly 60 were fixed in
> position. Accordingly, it has been found convenient to
=1,  mount the platform assembly 60 for reciprocation in
}-.vertical directions in order to facilitate loading and
.+#:'unloading of workpieces. Referring to Fig. 4, machine 10
15=::is shown in _a polishing position, with the opposed major
';mﬁ?surfaces'of workpieces 18 being simultaneously polished
. i¥by:upper and lower polish plates 20, 26. When the
'=:ﬁpolishing operation is complete, drive motors 82-86 are
. :;u:;energized so as to rotate threaded shafts 72-76 causing
. #=20.F ball screw:connections 70 and hence platform member 64 to
f'tfavel along threaded shafts. 72-76 in an upward direc-

:ir tion: With upward movement of platform member 64, the

«..-enlarged upper ends of lift pins 96 are engaged with

i platform member 66 being constrained to follow upward

25 movement of platform member 64. As mentioned above,

=i uppexr polish plate 20 and its associated mechanism is
>z coupled to platform member 64 by spring arrangement 116.
5 As platform member 64 is raised, an upward force is
applied to the bottom end of spring arrangement 1le,

30 causing the spring arrangement to compress. Depending
upon the spring constant (s) employed, during the lifting
6§eration of platform member 64, an upward lifting force
_ éill be applied to lift plate 114 and, by reason of its

%ﬁiéonnection to the outer sleeve 108, lifts the upper
35'"pqlishing plate 20 with the aforementioned components
--being simultaneously lifted toward top wall 38,
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-5- " upper and |ower polish plates and of the work cage mechani sm
di spdsed between the polish plates can be operated in reverse
directions of Ww@bsss@n, as-desired. By regulating the d*, Dsy 2nd
speeds of rotation of 5 the sun and ring gears, as well e upper and

| ower polish plates, virtually any desired polishing actlon may

be obt ai ned. In the preferred enbodi ment, five nmenory disks
18 are loaded in each carrier, with ten-aarriers being 10 interneshed

bet ween the central sun gear and the outer surroundi ng ring gear.

ures for clarjty of
1 ustration. HERRyAEhE hS{hetng ) Sakonne BEreen daARLIEEOBr ot e
wor kpi eces canPedighcphatemtasl skiows appFogridte changes in carrier
design. The entire work- ca?ﬁfmrgham thel abéoéa&.&%fé%é?smadﬁﬁ%‘i g.tnggﬂ%éé
Sor LA e 203, i 4 0P G et o 15 of Aok o
sel ect ed speeés polishingj ot the swsakphiecesnist bomplyrsd pallilswipgathei20 20
is driven from gbmgealyté dddkotd! clebRifldor SMNoMYd 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. so as to rotate_in-an opposite direction causing the ball
~v. BCrew connectors 70 to travel downwardly along threaded
;. 8hafts 72-76. At this point in time, the platform member
66 and the upper polish plate 20 are hangingly suspended
from platform member 64. CeL
exd8pmawe .o 0 Platform member: 64. bears the full weight of
waaplatform member. 66, with.the upper enlarged ends of lift .
-pins 96 engaging- platform 64 at- 1ts outer corners. Also, '
the -full- weight - of upper polish: plate 20- and its related
S component is bormne by spring arrangement 116 which in
e .20 turn is. supported- by platform member 64. With continued
: rotatlon of. threaded shaft.72-76, the platform assembly
iy and upper. polish. plate are lowered toward the lower
o polish plate 26 and-the bottom of machine 10. Downward
o movement continues until the collar portlons 90 contact
25 adgustable stops 124, thus prohibiting further downward
oo, imovement of lower platform 66, as indicated in Fig. 6.

» -:-'._Although not: visible in Fig. 6, at this point in the
operatlon of machine 10, it‘is preferred that the upper
pollsh plate 20.be spaced at least a small distance above

;;30 mlower polish plate 26 and the work- -cage mechanisms
_carrled thereon... Further, at this point in the operatlon
ﬂr%ﬂ of machine 10, the combined weight of the upper platform
o ;member 64, and of the upper polish plate 20 and its
related components,- is borne by threaded shafts 72-76.
35 Lo With continued rotation of threaded shafts
. 72-76, the upper platform member 64 is allowed to lower
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the lower polish plate 26 is driven frombelowin a conventi onal manner,
by equi pnment contained in a hollow * base cabinet 48. Access to the

equi pnent for driving the | ower polish plate through access doors 52,
as can be 25y0%64813 N Fig. 1. I n the presenpcriossamdsion is
It preferred that the -top and bott-om polishing plates be provided with
opposed annul ar polishing..surfaces and that they be | ndependent |y
rotatably nmounted along a single conmon 30 axis (see dashed line 28 in
Fig. 3B). It has been found that theldttai nnent of a common axis

al i gnnent or so- call ed "focus" is inportant for obtaining the

nmechdni sns ar e
enbodi ment of th@lmslélftt th§n?$on s mdlcates\r a8r Fig- i Tmrdi® t he

concentric -al i gna@dit i¥nalpdtepdadement of the th¥Ea88418Rdfkrs 72-76
PCT/ US98/ 17931 brings the upper polish plate 20 in cofltact with the
.5 workpieces. If desired, it is possible to detect an

desired s POLU S IARSULT. oRSRECT Aldch WAEN RS 0B8R E W aing

- operating 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
v the weight of upper polish plate 20 and its related com-
;e ponents is allowed to be borne by the workpieces being
,"5pdlished, thereby providing increasing polishing
~ pressures, as desired, a condition schematically
15: indicated in Fig. 8. With relatively small displacements
' ‘of threaded shafts 72-76 moving platform 64 up and down, -
*Ehéwloading-on spring arrangement 116 is made larger or
3 smallex, thereby providing lesser and Qreatér polishing
5#%ptéésures, reséectively.' If desired, the polishing
720 pressure can be readily determined using known
+i%% mathematical techniques based upon the effective spring
" constants of spring arrangement 116. It has been found

a4 helpful' in this regard to continuocusly monitor the .
“*”‘position of the upper platform member 64, during a
25=*polishing operation. A sensor 150 having an active

~ portion 152 pa531ng through platform 64, is provided. &as
" shown in. Fig. 4, the bottom end of sensor 150 is secured
-3 to- platform member 66, for convenience of construction.

- As. platform 64 is displaced with respect to platform €6,
30 .varying signals are detected in the active sensor portion
3 "152 and transmitted by conductors contained within sensor
150, sending positional information of platform 64 to a
computerized control device (not shown in the figures).

S A It has been found advantageous to provide

35 exceptional stability for upper platform 64. Accord-
weringly, lower platform 66 is made much more massive than-
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| ower polishing plates and to ensure such alignnent during various

phases ‘of nmachi ne operation, it is generally preferred that the
str.ucture supporting the top and bottom polishing pl ates have
their positigp@bsnssiz 5 locating elements nilled in a comPoOT/UBY8NT793
operation with the conponents nounted in their respective
positions, one to another. As will be seen herein,

vari ous nenbers of the supporting superstructure have a generally
triangul ar 10 configuration . It sldenerally preferred, therefore,
that three vertical support colums 32-36 be enpl oyed, with a

upper ends of’ t col ums exa ase 40 of
the framework iB %F%Qr‘“ me ef555f ?‘é%‘l‘ylﬁré'%fé'lec 5‘%&9’8 §°g€‘ﬁeF‘él‘F‘?/
rectangul ar shaﬂﬁséramedﬁw;th 88rh polimhiyly ayidledecangdedhgrnseatéd on

triangular, genggald :zqgt #hhoPedd! lrPtpis nanaB¥l BLgoler neen L he

triangul ar %Q%lpdcgh.igrQelﬂr,pll%y%lled u on to rov.u%
Referring to Flg and 4, the sugxo t col unms 33 end ron1top
wal | 38 and &re %’a‘fﬁ)‘b’r‘tfbdfelsﬁéﬁﬂng 5gxe 2562 BTPNG nsoagﬁtﬁals%

conpar t ment . 48 refemerivencfor prec;sbbgec¢MtroLaqd aovememtssefibplaiomn al | y
i ndicated at 60memb r 64 %ﬂ&j%ruﬂré{?ﬁdﬁﬁb‘wh %g&eauap%& £RL UBYS: 32- 36 as

2.4 the pfeeﬁém Ao ADP b Che MbSE. FlaREPER, MeMBLSS Hhoer
platforn164 di-nbasilored found cowehient hin sdpmomegard to provides 32- 36,
and a secongg 'éﬁﬂfi1oﬂé%“§bd@t&b£0i8aﬁﬁhng means ¢oT8AgaaNeGwsLr sliding
engagement wi th i r&”%g. er 66 at its moment of contact with the
_.;,aélustable stop member, thereby improving the reliability
':;.6f repeatably positioning the platform assémbly with
. respect to the central axis of the lower. pressure plate
15 26 _ iy . i
b herne et For example, an. upwardly dlrected dlamond-
-_'shaped pin can be mounted to ocne side of. adjustable stops
© 124 for matlng_epgagemepg_w;th”a.plate.gxggpdlng from one
. .ijfféide of column members. S0 and containing. an aperture for
'--_HiZQ: receiving. the diamond. pxn,;thereby positioning the.
jL'platform assembly 60. with respect to the base 48 (and
_%&ayépge.theﬁcentraluaxls_pf lower pressure plate 26) to a

'vjvery.close'tolerance._ It is useful to note, in this
+-;regard, that Fig. 4 includes a schematic indication of
.'25 _ ac__id:q'.tiona_,l_qlembei:s_ for the accurate registration of upper

“ﬁb§nd_lower.pressure plates 20, 26. As shown in the

. central portion of Fig. 4, a pin member 160 extends in an
upward direction, paséing through the hollow center of
- lower pressure plate 26. Pin 160 is recelved in a -

,30 downwardly facing recess formed in the center of upper
_pressure plate 20.. In this manner,_as_upper_pressure
plqte 20 is moved to bear against workpieces carried on
lo@er pressure plate 26, alignment pin 160 is received in

.' the upper pressure pléte with a close tolerance fit, to
35 " bring the upper and lower pressure plates into coaxial
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colurms. Ball screw nmenbers 70 provi de connection for pl at f or m nenber

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 dri weoogdngsi2 drive notors 82-86. Thus, as nDt Gicsrikds/PRafr-€
energi zed to drive threaded rods 72-76, platform nmenber 64 advances
al ong threaded rods 72-76, being raised or |owered, 35 dependi ng upon
the direction of rotation. WD 99/ 15312

PCT/ US98/ 17931 ' - 14 - -7- .
Referring again to Fig. 4, the second pI atform menber 66 al so has a

. for_exanple, in Fig.
I Pl alf or m monboyeeht s bl anoenE? SR mFeLEaR Yo RER | LT ons
90 5 located atWitR Qﬁﬁrﬁﬁﬂ&raéoéﬁéﬁa?frmFQM#ﬂ¢ &ertures 92 whi ch
slidingly receive the supiith eefupescdagfin to FRgat hor B166ikh1k t her
i ncl udes apert urgg) fdhed Wove2se%! Brround 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 wuse in clean room environments. In the preferred mode of
‘assembly, the collars 90 and platform 66 are joined
iiffogetheriprior to milling common apertures for receiving
‘the support columns 32-36. Preferably, the top wall 38
SR pos1t10ned atop the platform member 66 and internal
15- support members (not shown in the drawings) located
5H?ﬂuédj5cent base 40 are also positioned with platform 66
' ”atop wall 38 for a common milling operation so as to
- @feceive support columns 32-36 with a close tolerance
'“;ufﬁécuracy;” Accordingly, as can be seen in Fig. 4,
20 -through-holes are formed in top-wall 38 for receiving
"tfsupport columns 32-36' and end caps 33 are threadingly
’jOlned to top wall 38 so as to hold the support columns
32-36 captlve. : Coe '

SELHELT oL The- drawings and the foregoing descriptions -
25£¥afe not- intended to represent the only forms of the
: invéntionfiﬂgregard to the details of its construction
' and manner of ‘operation.- Changes in form and in the
- ““p¥oportion of parts, as well as the substitution of
_.equlvalents, are contemplated as circumstances may
30 suggest or render expedient; and although speclflc
_,tsrms have been employed, they are intended in a
_ ﬁﬂ?&eﬁeric and desoriptive"Sense'only and not for the
"ﬁifﬁbufposes of limitation, the scope of the invention
¢7 being delineated by the following claims.
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the threaded rods 72-76. Platform menber 66 further i ncl udes three
upstanding lift pins 96 recei ve@i1"$$h¢¥@i'*s ?n!nt@s 98.fornmed in platform
menbér 64 (see Fig. 3A). ‘Wth! n to Fig. 3A, the platform
menber 64 W doRsy12 1 Nl udes apei pr ovi de cl earl,%.t}ﬁ%,;,%s . the
bal | .screw connectors 70. can be seen for - exanmple, in g lift
pi ns 96 have enl arged heads 15 whi ch=engage pl atf orm menber 64 when

pl at f orm nenber 64 is. raised with réspect to platformnmenber 66 . As
indicated in Fig. 4, lift pins 96 have-ah6axial ength greater than-the

t hi ckness of pl atform menber 64, thereby: . . allow ng platformmenber 64 to
slide back and forth along 20 the |'ift p_|ns 96. As
mentioned, the upper polish plate 20'is ' hangingly supported from above
Wth reference to Figs. ©-3, ZFhgnpodishing iapparatuassfnilaimeneral |y

i ndi cat ed gt d‘ * f6ft e itk Ryt mgnlle%ﬁ Heais qaaﬁine%aﬁ ﬁf’étﬁ a?rﬁi in 25
an . upwar ire e ca i ca

bottom end of dr%%%&’%é%%ﬁl E{gTb e/?%er “Fa 8daw°wa¥a%ﬂ‘| q’rﬁsé:rl or
portion of upper@idi§agens @tletierw mﬁn@ers togimonel away stk yeakd8, whi ch

al | ows upper polotdiewlatidefifed, mhRimesW@uhtcant ed position with respect
to the axis..of-30 drive rod assenbly 106.. Wth reference to Fig.. 9,
drive rod assenbly 106 includes an outer hol | ow sl eeve 108 and a
central drive rod 110 pasdic-ng Fheoeehighing epprrstberet claisn 6 66 and top

wal | 38 for driwdheomipl isadaMlihking liedtts ' compksBava, piﬁaﬂ%ie,h‘f'ﬂ Fig.
37 Thus, agorg)in%r it enifg- £E00 e b A5V e: S08T Ind 10 SRS upper
polish plate latform members and received in apertures formed in
10 * the other of said first and said second platform
- members. Co o

e e

ﬁl?ﬁ oo - g~ The polishing apparatus of claim 1
' :-.wherein said hanging support means comprises a shaft
hav1ng a lower end affixed to said upper pollsh plate
15_ and hav;ng a central ax;a, with méans for mountlng the
'7'centra1 shaft for~ rotatlon about  its central axis, ‘and
. an cuter sleeve means dlsposed about” said’ central
T shaft, engaging said resilient bias means.

'9.- The polishing apparatus of claim 1
zoiiwhereln said “first and second platform members have a
; generally trlangular ‘configuration and said
I“% supérstructure includes a generally triangular top ‘wall
prov1d1ng hanglng support for said upper pollsh plate.

25 "+ -10. The’ pollshlng apparatus of claim 1
further comprlslng cooperatlng al:gnment means on sald
F:'upper and said lower polish plates to align said upper
a_and said lower polish plates in registration as said
'f'upper'ehds of lower polish plates are brought together.

. - ' THIS SHEET HAS BEEN
SUBSTITUTE SHEET (RULE 26) REPLACED

. _ * ¢ L M 0§




to rotate about its central axis. IT_ s nrpfarred t hat WO 99/ 15312

PCT/ US98/ 17931 --8- the drive rod
asseribly 106 passes through platfo Smw“hﬁEWﬁBﬂ@lﬁﬂ 66 in a frictionless

manner so as ity 9313 -int erferl rmmﬂﬂn e and cont peymEalNGhI10ns
of the . ~pol i shing machi ne.
a

rrlng again to Fig. 9,
t he outer holl ow sl eeve 108 of drive ro

ssenbly 106 is joined to a
lift plate 114 which is supported above platform nenber 64 by

spring arrangenment 116. Preferably, sprir¢ arrangenent 116 conprises a
plurality of spring nmenbers 118 di sposed 10 about drive rod assenbly 106.

Alternatively, Spkdbd gegrent 116 coul d conprise a single spring
havi ng a yhol?@%&téﬁrg%g#%%grvfng the drive rod assenbly or could

conpri se one or nore spring/viscous -danper conbi nations or other types
of conventional deceleratipn caui ls@pparathB for polishing a workpiece,

. comprising:
o a superstructure;
5 '. an upper polish plate;
a lower polish plate positioned beneath said
upper polish plate; . L :
_ ;.. platform means dlsposed above sa1d upper
pollsh plate and supported by said superstructure,
10 S i e e hanglng support means for resiliently -
- hanglngly supportlng the upper pOllSh plate from the
platform means; and

means for mov1ng said platform means and
. hence said. .upper polish plate toward and away from said
: 15 lower pollsh plate.np
Sy e 2.i The pollshlng apparatus of .. clalm 1.
whereln sa1d platform means defines a central .
'.w passageway ‘through. whzch sald hanging support . means
.passes.

26” : &..: 3. .The polishing apparatus of claim 2
- further comprising a plurallty of . stop blocks supported
by said superstructure so as to. 1nterfere with.. .said
platform means so -as .to llmlt the ‘movement thereof, and
. 80 as to support sa1d platform means at a fixed .
25 pos1tlon above said upper polish plate.

._;'ﬁw . 4. . The polishing apparatus of claim 3
W ere1n sa1d platform means comprises first and second

- . ._5.h, The polzshlng apparatus of clalm 4.
30 whereln said stop blocks are adjustably positionable
_ w1tn_respect to said superstructure.
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15 either event, lift pIate 114 l's resiliently suspended above the

upper surface of platfo qEﬂﬁ@sBamR usly mentioned, the

out er’ hol | ow sl eeve 108 | s J mﬁm u ate 114 and thus the wei ght
of upper woisasnpl ate 20 is b | ate 114, belmng@s/imgl ngly
suspended therefrom The wei ght of the upper pol |sh pl ate It

rel ated conponents, such as the wei ght of the outer sleeve 108 causes

spring arrangenent 116 to becone conpressed between lift plate 114 and

pl at f orm menber 64. 25 Ref efrtfg=to Figs. 3B and 10, bushi ng

menber s 122 are provided at the. upper end of hollow base 148. It

has been found generally q33|rgﬁge ?fﬁéﬂﬁ?g(giﬁ%y %Eagkeclah%tpps 124 for

ready field adjustment and service orm assennly
Adj ugt abl e st op ¥ A Sp34 HRPEY 3B H%r&kﬁts ma&adscFBFré%g%’@l-%gafﬁle
ext er nal threadwlald palushdog ppparatuss MAftiferbusitiprgsedmbesans 1€x I n this

manner, the adj Uﬁ@eﬁﬂﬁlgs%ﬁdcﬁppérsp&ffsﬁaﬂlﬁ% WEE URiq cefiyhflown in the

direction of rrow 128 (see Fig I'm novenent
of platform %6 in a 35 ‘careful ly defined manner. In Fig. 10, a
relatively small.._ _
s 12. The pollshlng apparatus of claim 1
further compris;ng cooperating sun gear means, ring
..y gear, means and a plurality of geared carrier means
.f coplanar aligned with and disposed between said_sun
10 - gear means and said ring gear means, with said sun gear
-'means, said .rain gear means, and said plurality of
geared carriers carried on said bottom polish plate
?such that said geared carrlers are.rotated about their
_espectrgefqentral_axes_as the geared carriers are

_iwyg;;“l3 An apparatus for pollshlng a workplece,
compr1s1ng. L . e e
:151 . a superstructure,_.
an upper polish plate, _ .
o .. . .a lower polish plate pos;tloned beneath sald
upper polzsh plate,__

'ﬁﬁr; + in o, Platform means dlsposed above sald upper
pollsh plate and supported by said superstructure, said
25 platform means including first and second platform
members, .with the first platform member disposed above
the second platform ‘member; ;
_'L'_, _ .. hanging. ‘support means for hanglngly
: :supportlng the upper, pollsh plate from the flrst
30 platform member, said second platform member defining a
N central passageway . through which sa1d hanging support
means passes;. . . _
RSP - ¥ plurallty of stop blocks supported by sa1d
superstructure so as to interfere with said second
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-9- gap 132 is shown bet vvee@hﬁgﬁgt}ﬁg)hgeﬂk éldand t he upper

shoul’der portlon of bushing 122, nDunt of adjustment for
st op nmenber ‘13¥o eosisiizdesi r ed, theJ(m,I"mll lE “stop feat urgeTpdN9s/P@31 -
omtted, with the upper 5 surfac 2 providing a stop surface
for the platform assenbly. I's generally preferred, during
assenbl y of machi ne 10, that the support colums 32-36 will be

slidingly inserted through bushings 122z Yowever, bef ore 10 constructi-on of
machi ne 10 is conpl eted, the bushings 122 will be fixed at a desired

P erbotet ord A eRBER hepber S0 W3 T0ull Ele AWl i Bnar Y

reference for-.th ana e stop atldn
pol i shi ng machi nean_‘L’O S@n88r §8e§u11$"'c"erﬂad-|dnSGFgﬂﬂmla%ﬁﬁﬁ'mmeﬁé’%h&%g For
exanpl e, after. ' fisedkpoettionrabdvendadd nppee Polksk agavschad sms, the

wor kpi eces are pressed. . be}&‘@ &&O%ia%nﬁ.ehgwogﬁjf@ sa@.'dath%%tglz;lggmj or

Initially, when the upper ower gage

surfaces of the SPRRE kBF%E%san%ifﬁér fﬁF§§sB?-§§ oFm |membexipandenced by
those workpi eces whi ch armeshs gidrt ynovidingk eaid hfdwsth o laForm Tembegonditi on

lasts only for adyjaeh hhECakdly £ @2l ower polish plate to bring
' gaid upper polish plate into contact with said
workplece with a polishing pressure and to control the
10 fpollshlng pressure -

--14. The pollshing apparatus of claim 13-
whereln said first and said second platform membexrs
_ have a generally triangular configuration and said
f??*ﬁ superstructure ‘includes support columns pass1ng through
_ 15 apertures formed in said second platform member so as

?15.'The“polishing apparatus of claim 14
uiwherein said superstructure includes a generally
trlangular top wall providing hanging support for sald
20 upper platform member and said means for moving said
Flefiret platform member toward and away from said lower
polish plate comprzse platform hanging means for .
- hangingly- supportlng said flrst platform member from
i&: rsaid top wall o

e

'j253ﬁ5j~?5*"3 16. The ‘polishing apparatus of claim 15
- wherein said platform hanging means comprises a
- plurality of rotatively driven rods threadlngly

o engaging sa1d first platform member

. L "17. The’ polishlng apparatus of claim 13
30 further comprising linking means linking said first and
.~L ‘Second platform members together to allow said first

| - : THIS SHEET HAS BEEN \
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the pressing force appliedtothe upper and [ ower polish plates is nore
equal Iy distributed across eapl) sBfet 1A BediRe M&kal eces being processed.

Wth 'the arrangenent of the pr polish pressure is

obt ai ned fronwd®nsaad wei ght lmm“m\ﬂ] an| sm st ruct ur epcrveddsarest han a
pneumati ¢ actuator or t he erally preferred that the
bottom 30 polish plate 26 be nalntalned at a fixed vertical height wth
respect to base 40, and that the upper polish plate 20 alone be nounted
for reeiprocal novenent in vertical di &t ons. As will be appreci-ated
by those skilled in the art, it is frequently desired to change-the

appli.ed 35. pre&%arQaﬁaréeeoﬁaigldﬁ%Gkﬁgmeasééé'E@ moW Wy Erom eagh

arrangenent. Of th rese L hvent i on, ol 1 shi ng pr essure
99/ 15312 L %hg Qeflne maximu amounll:,CT/ U898/ 17931

- 10 -
18. The polishing apparatus of claim 17
whereln said llnklng means comprise a plurality of lift
ff*S' p1ns extendlng from one of said first and said second
“ﬁié"platform members. and received in apertures formed in
ithe ‘other of sald first and sa1d second platform
i_fmembers.-mu" s ' : )

, 19. The polishing apparatus of claim 13 .
~?where1n said hanglng support means comprises a shaft
”ha 1ng a lower end afflxed to said upper. polish plate
and av1ng a central axls, w1th means for mounting the
;,rgwcentral shaft for rotatlon ‘about its central axis, and
'i.ﬁ?fan»outer sleeve means dlsposed about sa1d central
“;15;15haft engaglng sald reslllent blas means .

. v -+ 20. - The- pollshnng apparatus of claim: 19
;gnfurther comprising-a-lifting’ platform disposed above
_ - said first platform member and wherein said resilient -
;- blag-means-is mounted atop said first platform member,?
20 . supporting said llftlng platform from below ; '

THIS SHEET HAS BEEN
REPLACED
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can be gradually continuously adjusted in small incre- ments and a

relatively mnute vertical adjustnent of upper polish plate 20 is
requi'red to adj ust pol i shing pressures. 5 When t he

pol i shi ng opgkﬁ% is conpleted, a much | arger verti g v nt .of -
t he upper polis hgﬁa - 20 is required in order to gai%%i%@§¥§gﬁo t he
wor k- cage nechanlsns It has been found convenient to raise the

upper polis Iaie 2 gher than would nornally be 10 allowed if the
platform assg re fixed in 1J&g3|t|on Accordingly, i}.has been
found conve unt 88e r ssenhl r recipgggé?ion I n
verti.cal dlrectl ns in order to Timcy|iif t gge | i ad&i\ uplipadd ng of

wor kpi eces. Referring t ' 1 iIs~$ho [ a
pol i shing position, with opposegli| gt et Surfaces,j ¥Rpi 18
bei ng sinmul taneously poli il I oper and | ower pl at es , 26.
When t he pol i shing opg+atiton = o

energi zed so as to rotateft|iead t; 7 RN bal[ TFHr ew
connections 70 and hence pligtf or eRaR’ J84 t =8 ongl { higepged
shaft.s 72-76 in an upw& dfdi <k rd gf DI @itd or m
menber 64, the: enlarged #igQ | 64t ¢5ar

pl at f orm nenber 66. bei.ng §qn - i f

pl at f orm menber 64. As neft|i i Yallillg fizxo! at D{@nd its
associ ated nechanismis Q H

arrangenent 116. - As pl g wper 64 is rais 'L 'fupyar fiqr S




applied to the bottomend of spring arrangenent 116, 30 causing the spring
arrangenent to conpress. Dependi ng upon the spring constant(s)
enpl-oyed, during the lifting operation of pl:atform nmenber 64, an upward
connect’ on (ROPHERHit e sl obve 108, 1ifts Lhe upper 35 pECIaR O Rl ale

] , upper 35 polishing plate 20
with the aforenenti oned conponents being simultaneously lifted toward top
wal | 38, SUBSTITQZRSSHEET (RULE 26) WO
99/ 15312 4 PCT/ US98/ 17931 - . 10
provi di ng increpsing cl earance betweefh top and bottom &84 polis | at es as
showmn in Fig. 5 _ ' Li £41 of the a#éve- megti oned chani sm
occurs at I he end of %&gh po@%ﬁ? i neg, when

=
A B

625 e




5 polishing of the workpieces is conpleted, allowing their renoval to
a renote cleaning or storage station, for exanpl e. Fresh workpi eces
are -then | oaded into the cage mechani smin preparation for the
initiation Qligedi8Y polish cycle. The drive notors 82p8ffysssardsnen”

. (]
energi zed 1 SO as to rotate in an opposite direction causing the bal
screw connectors 70 to travel downwardly al ong threaded shafts 72-76. At

this point i Pme tform manbergl 66 and the upper polish plate
20 are hangi e fromgp #%rn]ﬁEﬁber 64.

Pl atf orm e efml t of g4 platgeorm menber 66, with the
upper enlarged ends of I|ft : nlatfo 64 at its outer
corners. Also,| the full w83 and its $2l ated
conponent is bgrne by spring arra [
supported by pljat f orm nenber 64.
shaft..72-76, he platfornlas
| onered toward [t he | ower

g9 i ;‘;"_ flhchi ne 10.
Downwar d ement continues unt HRI=EE = _' pe; act 25
adj ust abl e stopls 124, thus proggbuk 3 3 € f

| ower platformi66, as i ndi cate '

6, at this point in the - oper at
t he upper polish plate 20gzessSp il
flower polish plate. 26 and the wor ki cagé ail
Further, at thils goint in tfhe operajion

wei ght of the quér pl at f ofm o

.| Fig. 3A

is. preferred t hat
di st Aance above 30
carri ed-t hereon.

, the ¢tonbined




menbér 64, and of the upper polish plate 20 and its rel ated conponents,

is borne by threaded shafts 72-76. 35 Wth continued rotation of
t hreaded shafts 72-76, the upper platformmenber 64 is allowed to | ower
WD 99/ 15312 _ PCT/ US98/ 17 .

- 12 - v%l(l)’l”gaadlzt i onal anmpbunt, with its outer corners S?ﬁ'{p%smm al ong
lift pins 96. As indicated in Fig. 7, this addi tional displacenent of
the threaded shafts 72-76 bri ngs the er polish plate 20 in contact
with the 5 workpieces. |If desired, |t |zﬁﬁossible to detect an :
operating position, referred to as a "no |oad" position, wher e upper
pressure pl 20 is ut to contact the wor kpi eces, an operating
condition i nP ﬁl g. 7. Wt h ggontinued rotation of

t hr eaded sha 6 in the sane direction,~i ncreasing proportions of

t he wei ght of upper pollsh plate 20 and its rel &ated com
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ponents is allowed to be borne by the workpi eces being pol i shed,

t hereby providing increasing polishing pressures, as desired, a
condition schematically 15 indicated in Fig. 8. Wth relatively snall
dlsplacenents of threaded shafts 72-76 noving platforn16chP

the | oading ¥ 9¥H¥th arrangenment 116 is nmade | arger or fer thereby

prov1d|ng Iesser and greater polishing pressures, respectively. |If
desired, ollshlng 20 pressure cahﬁyegreadily determ ned usi ng known
nathenatlcal based upon the ctive spring constants of
spring arra e It has beehOf ound hel pful in this regard to
conti nuously nD or the position the upper platform nenber 64, during a
25 polishing oper ti 064 sensor_150 having an active portion 152
passi ng through rm A1 Jis pfQvj ded. As shown in Fig. 4, the
bott om end of SO k] 3 rd tforn1nenber 66, for convenience
of constructi ¢n. ' Iaced wWth respect to platform
66, 30 varying gi i e active sensor portion 152
and transmt idned Wi thin sensor 150, sending
posi ti onal 3 flor ot @ conputeri zed control device
(not shown Thgth . e Baund geo to provide 35
except i onal : s{fab g g gl y, | ower _
pl atform 66:i § nfid6Tvich na;griﬂ h _
S b |
o 26 L 1 r J
{ . :l ‘{ 4 B
IR = K
s - 10 J 34
2 s~ 20
§ : 26
3 |
[
iE
4 \\ [ ]
« Fi19.8
_ 10
20 ' ‘J
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- 13 - ° is.structurally required. 1In this manner, the | ower
pl at form nenber 66 (even if made nobile so as to be di spl aced with each
pol i shing cyg MGIL when seated on - adjustable stop collars 124  be
relied tpon 1O provide a 5 vibration-resisting fixed surfaRSVBSB#7¥itng a
stabl e reference for precisely controlled novenents of platform
menber 64 and for. providing a reference Eﬂ@sthe posi - tional
determ nati on of the upper platformnmenbd/¥ |t has been found
convenient in this regard to provide 10 additional position l-ocating neans
t 0. gui de | ower pl atform nenber 66 at its noment of contagh with the

adj ust able stop menber, - thereby inproving the reliability - 9 3

repeat abl-y  posi-tioni ng the;platforn1assenbl¥7§? spec jIQe
central axis of the |ower pressure plate 15 ZGEEE;} : JFor -
exanpl e, an upwardly directed di anond- shap I n:can be}founted to one

side of adjustable stops - 124. for mating.engagement withyh plate

extending fromone

~708

; 5 )
/]
q
]
"\
L/
L/
YT
- / .
L/
-]
B %
“
4
/]
s

3
o
-

126~ | N ==ﬁ==’=’==..
; R > 124
- .,...__-:..._ - .a.. C et e -
B ¢ | / 1 IR
182

N
NN

a\\\




- sitde . of colum nenbers 90 and cont a,u;l@no%b %rﬂaﬁ-erture ﬁflPLﬂGEMEme.

the dianond pin, thereby positioning t pl at f orm ags¢nd

respect to the base 48 (and. hence the central jaxis

plate 26) to a very close tol erance. Pt ful

regard .that Fig. 4 includes a schematic indication off 2

menbers for the accurate registration of upper and

plates 20, 26. As shown in the central portion of Fig. — =,

menber 160 extends in an upwar d direction, passing through the hollow
center of | ower pressure plate 26. Pin 160 is received in a 30 -

downwar dl y facing recess for ridishingtApparatusaVitbfSupppet Columnsr essure pl ate
20. .In this manner, as upper d to bear
. : . Bﬁﬁﬁ?ﬁlﬂ\;\g Mult lb ﬁa@fo%ﬁlalkﬁng%\l‘? .

agai nst wor kpi eces carried on ssure p al i gnment pin
160 is received in .the upper pressure plate with a close tol erance fit,
to 35 bDbring the upper and | oweBACKERQUNIE gH SHES INVENT WX al WO
99/ 15312 1. Field of the Invention PCT(U898/17931

The present invention pertains.to polishing
machines, and in parﬁicular to machines for imparting a
well-defined finish to one or more workpieces. The
present invention is especially adapted to the double-
sided precision polishing of computer hard drive memory
storage disks.

2. Description Of The Related Art
Machines have been made available for providing

a very smooth, well-defined surface flnlsh cn workpieces,
such as computer hard drive memory storage disks.
Although single-sidad polishing has been performed to s
limited extent, the commercial emphasis today is on ths
doukle-sided machining of memory disks, such that bcth
major surfaces of a disk structure can be utilized for
memory storage, thus reducing the size <f memory devices.
while allowing greater memory capacities to be provided
for a hard drive component of a given size. Over cime,
the magnetic density of memory storage disks has grown
substantially, with an ever increasing number of Qdata
bits being stored on a surface area of given size. As a
result, dataistorage bits have occupied increaéingly
smaller portions of a disk surface. A Accordingly, the
surface characteristics of memory disks have drawn
increasing attention, with routine, extremely well-
defined polishing of the memory disk surface being
required.

In an attempt to improve hard drive access
times and memory transfer rates, memory storage disks .
are being driven at higher speeds of disk rotation.
Accordingly., overall (or so-called "global") dimensions

o R T—————



- 14 - alignment with one another and preferably, intoja
with the central axis of machine 10. Wth refér
Fig. 4, flexible bel l ows covers 73 surround the noving

5 provide an extra neasure of security fa@r nearby pers¢n
constructed according to principles of the present invenption have bee

| SRR

REPLACEMENT SHEET:

made to have a to hei ght.l ess fhan 10.fegt and.a rel,a2tt+ve STTE
f oot pri nt (6 ithB?s Qﬁ‘ﬂh?‘@&%am(?‘f%?w? e % 85‘%&”0_ b?n%?{?ﬂflw&%e
usleI in ngaaoﬁs&ﬁd P@i&?uhd qgg@é%&;p_ néw §tﬂ‘metuﬁéd sefaer slﬁs@omget_hef polishirglsiﬁgfﬁﬂem téd he
collars and_pl atform are j oi ne t.oget her, prior to mJlling_ cqommon
apertures f8iminate upwagted motiges, sepppaially dyringneritigal spoments,op% viiny, polishing op

wal | 38 Lgreggﬁgggiﬁ@ﬁéipﬁg&eorgang}meg[m menber 66 and internal 15
support nenbers (not shown in the draw ngs) | ocated adjacent base 40 are

al so positioned wilke presertoinyegdon pravides i |apparatusr for molIAg nit| Womlkgpiece,
operation sgorﬁgﬂg-ﬂ. receive support colums 32-36 with a close tol erance
accuracy. Seordi %’gly, as can be seen in Fig. 4, 20 through-holes are
fornmed in top wal bs@&rtorxcturecei vi ng support columms 32-36 and end caps

33 are threadi ngl | Qi ped to top wall 38 so as to hold the support
col unms 32- 36 &BP?%@PR&pl?%e drawi ngs and the foregoing descriptions 25

are not-intended &lowepolisieplatd pusitionbd béreatissaidiuppbepolish platsent i on in regard
to the details of iat omclolgggnrsu ig ioggd above said upper polish plate and supported by said
P p pper p P pp y
superstructure;

hanging support means for resiliently hangingly supporting the upper polish plate
from the platform means;

means for moving said platform means and hence said upper polish plate foward
and away from said lower polish plate; and

| said polishing means comprise first and second‘platform members which have a

generally triangular configuration and said superstructure includes a generally triangular
top wall proﬁding handing support for said upper polish plate.

The present invention also provides an apparatus for polishing a workpiece,
comprising: |

a superstructure;

an upper polish plate; _

a lower polish plate positioned beneath said upper polish plate;

platform means disposed above said upper polish plate and supported by said
superstructure, said platform means including first and second platform members, with the
first platform member disposed above the second platform member;

linking means linking said first and second platform members together to allow
said first and said second platform members to move away from each other a defined,
maximum amount;

hanging support means for hangingly supporting the upper polish plate from the
first platform member, said second platfonn member defining a central passageway through
which said hanging support means passes;

a plurality of stop blocks supported by said superstructure so as to interfere with
said second 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



REFLAGEMENT SHEET
and manner of operation. Changes in formand in the propoftjon of parts,
as well as the substitution of equivalents, are contenplatedfas Q4 DEC 2000
ci rcunst ances nmay 30 suggest or render expedient; and although specific
terms have been enployed, they are intendgd in a generic d-destrrpttve
sense only and not for the purposes of Timtation, the scope of the

I nvention bei ng delineated by the fol]ow ng clains.. ]
SUBSTI TUTE SHEET (qQ{!I_CEt bl@; means coupling said hanging support means and said first platform
CLAIMS 1.  menf¥ar;agRaratus for polishing a workpiece, conprising: a
superstructure; an upper polish plate; a lower polish plate
posi ti oned beneat mesas foruperdng paitl ifust platforey member towagd and eway froam saidi lopes ed

above sai d Yppgl pRRd t6 ik Aafy BPS-SPUIRR 'ise i Saiskt with said workpiece with a

polishing pressure and to control the polishing pressure.

The present invention also provides an apparatus for polishing a workpiece,
comprising:

a superstructure;

an upper polish plate;

a lower polish plate positioned beneath said upper polish plate;

platform means disposed above said upper polish plate and supported by said
superstructure, said platform means including first and second platform members, with the
first platform member disposed above the second platform member;

hanging support means for hangingly supporting the upper polish plate from the
first platform member, said second platform member defining a central passageway through
which said hanging support means passes;

a plurality of stop blocks supported by said superstructure so as to interfere with
said second 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 support means and said first platform
member;

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 polishing pressure;

said hanging support means comprising a shaft having a lower end affixed to said
upper polish plate and 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; and '

a lifting platform disposed above said first platform member and wherein said
resilient bias means is mounted atop said first platform member, supporting said lifting
platform from below.

The present invention also provides an apparatus for polishing a workpiece,
comprising:

a superstructure;

an upper polish plate;



supérstructure; hangi ng support means for resilientl m®£m‘ SHEET

supporting the upper polish plate fromthe platform neans;
for noving said platformmnmeans and hence said upper polish plaje tovi?ééizﬂdhd
away fromsaid |lower polish plate; and b said polishin relink
conprise first and second platform nenbers which have a genetally '

triangul ar confi guaat I on _g{]d said, _superstructure includes a §enerally
triangular top waPr 1ol n@tmwpﬁ@%ﬂbwdwperﬁl@hnmr Lpolish ol ate-
2. The pol i shphtfoRRRAsHs Uisgdbed BV ShidRBp&! polRfi flatt! Al pr@ﬁﬁﬂi said

i
defines a central passageway through which sald hangi'ng suppo

passes. 3. SuperstRietyse|seishplaorapmanntineluding dirsti and seond plasformompmbeisyyith th
plurality oh@b&@fo%qlﬁé&ﬁ?%g%%yd%o&yths@é&na Ritfoth rikphpre SO as to |

;
interfere with said plat means so as to Fimt the novenent thereof, and
so as to support 8aiflafipst aaridorsadmsenend aplatfofm xmempersi haven aalgeneralini tianpplar

polish plat . I shi tus of claim3 wherejn said

pl at f orm me g?l S lbé 0 nt%) r %@(sasa?&l) %@%@gﬁgmgeg@%@e% PURPP T SOl RASYDg ﬁé’ﬁ&g@&PWGS
above the ofdrered ifbsaid seconiti plapiokrh sienitser sp petoairovideslidihgéuppdrt Whes®E:n sai d
stop bl ocks are a 'usta%oﬁositi%nagl e.Wth respect to said

superstructure. 6.308ME dPFafiittg Y fuRpoginecths upper pelishiplate from the
conpri si ng Kirstlplatfdriaditbdr] sakd 8oriBpIatfdrn Sbmdad ctraf gfg%
together to allow said, first andofg%ond pl at f or m nenber s toﬁa?’f%%?g%; y ?gl(l)m
each ot her &i@%,lgw&wmﬁwwseﬁ The polishing apparatus of

claim6 wherein sgi ald | 1S : | LLEL . Qi .
extending from ong pg%r!alétgrﬂ Fblpi@ta a%nsg@g@?ég @egaéﬁéﬁi{)e?ga glrr%g?reagn%;e%@ég?%g with
recei ved i nsaifeeaond platfoommember so he toolimi thehovement therenf, amdsosmitd segmenshid

| at f orm e oli shing. apparatus of claim1 wherein said
Iﬁangi ng supg%r%%& Rggfﬁgn(%errn%ﬁr%? gg%hgecfg%ogﬁog%%gﬁ%ﬁaﬁwr H%h Hl A %end af fi xed

to said upper pol resiliept biae neeads beupling saiddenging suppdrt medhd Md B8 FirétPlatform
nount i ng thgjegﬁg)nt_r al, shaft for rotation about its central axis, and an
outer sleev Sﬁénﬂi sposed about said central shaft.

means for moving said first platform member toward and away from said lower
polish plate to bring said upper polish plate into contract with said workpiece with a

polishing pressure and to control the polishing pressure.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred forms of the present invention will now be described, by way of
examples only, with reference to the accompany drawings.

Fig. 1 is a side elevational view of a polishing machine according to the present
invention;

Fig. 2 is a top plan view thereof shown partly broken away;

Figs. 3A and 3B together comprise an exploded perspective view of the upper
portion thereof;

Fig. 4 is a cross-sectional view taken along the line 4-4 of Fig. 2;



16 '.9. The polishing apparatus of claim1 further conprising

cooperating alignnment nmeans on sai d . upper and said | ower
align said upper and said l'ower polish plates in registr
and said | ower polish plates are brought tggether. 10.

apparatus of claim 1 wherein said upper polish plate has

sai d polishing apparatus further conpri ns for rot
polish plate about said central axis. 1€:i‘ilﬂf§he pol i shin

claim1 further cqmﬁ'lﬁ}m@epmmgmo@mg,%mmgs, rijpg gear neans and

a plurality of geared carrier means coplanar aligned w th—amd—orsposed
bet ween sai d sun FeRPCIFEUFN®CANd said ring gear means, with said sun gear
means, said ring g@afppEadlah il said plurality of geared carriers are
carried on said bott(?% pol i sﬁ plate. 12. An apparatus for polishing a
wor kpi ece, conpr i ¢ lawer polish plate positigned beneath saidupper polish plate; upper pol i sh

pl at e; a l ' |t t ai d. upper | ish
bl at o/ o1 RS Bichi a8 Ao s el BORRL ot SRhiBtecon, i
supported byupersgudugeer structure, said platform neans including first anﬂ
second platformmgnbers, with the first.pl.atfor.m.nmenber .di sposed aboye the
second pl atform ere suppoxpmearrsi %Rrﬁ&lﬁh%%%‘}lﬂxi%v%%% i Yrper pelishaplatsn g
pl at f or m merfbsn thd plagémemedns; al | ow said first and said second platform

to nove away from each of her a defined, ) .
menber s v mé/ans for moving said platform means and hence said upper polish plate toward

and away from said lower polish plate; and

said polishing means comprise first and second platform members which have a
generally triangular configuration and said superstructure includes a generally triangular
top wall providing hanging support for said upper polish plate. A
2. The polishing apparatus of claim 1 wherein said platform means defines a central
passageway through which said hanging support means passes.
3. The polishing apparatus of claim 2 further comprising a plurality of stop blocks
supported by said superstructure so as to interfere with said platform means so as to limit
the movement thereof, and so as to support said platform means at a fixed position above
said upper polish plate.
4. The polishing apparatus of claim 3 wherein said platform means comprises first
and second platform members disposed one above the other.
5. The polishing apparatus of claim 4 wherein said stop blocks are adjustably
positionable with respect to said superstructure.
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 other a defined, maximum amount.
7. The polishing apparatus of claim 6 wherein said linking means comprise a
plurality of lift pins extending from one of said first and said second platform members and
received in apertures formed in the other of said first and said second platform members.
8. The polishing apparatus of claim 1 wherein said hanging support means comprises
a central shaft having a lower end affixed to said upper polish plate and having a central

axis, with means for mounting the central shaft for rotation about its central axis, and an

AR A0 AR |

outer sleeve means disposed about said central shaft.



maxi mum anount ; hangi ng support rreans.f
upper polish plate fromthe first platformn

menber defining a central passageway through
nmeans passes; a plurality of stopidld

superstructure so as to interfere with said
limt the ngvenmen thelieLo

menber at a’fixed Postron 6?88% ga‘fat(sjdﬁlﬁ‘bér

resilient bmanmasad wpper! andgaﬁabdeﬂwmh rp@téstmmgﬁ sﬁaatppezadiﬁ sl Pwek polish
salrd first platform nmeirber

Fover o and- ARG 1 Fegtetion o iEHouss AL TAD [Htes Do G ihSAe JFehagb {98 gl | <h
plate into ¢ontactTh¥ipblishisg ﬁbﬂéﬁ{tlks%ie&ﬁrryv'l tybheReiR QhidSiy EI? Jﬂis?i hi’é%a@rﬁdcén(eral

-

control the polishing pressure. . An appar at us

wor kpi ece, ®8f3pd Saidgpolishing appa@ttmfpeh@t qomprises means for rotaang tsglldeupmn :poht]h
| at e; pl ate positioned beneath said upper polis

BI ate; plateaﬂ)ohpwdcé}ﬁ]lalé?m m neans di sposed above said upper polish

pl ate super$truct @h@pom qypaaﬂmmﬁnhanﬂi’unthﬂrlcunblpngng coapierating saﬁ(geﬂdneans .
prattorm MenReldar fbdid ahf§ phickilly of gBhib® EAREPIREL JpRBRRSHEnd WE dnllSisoscd

pl at f orm menp _
between said sun gear means and said ring gear means, with said sun gear means, said ring

gear means, and said plurality of geared carriers are carried on said bottom polish plate.
12. An apparatus for polishing a workpiece, comprising:

a superstructure;

an upper polish plate;

a lower polish plate positioned beneath said upper polish plate;

platform means disposed above said upper polish plate and supported by said
superstructure, said platform means including first and second platform members, with the
first platform member disposed above the second platform member;

linking means linking said first and second platform members together to allow
said first and said second platform members to move away from each other a defined,
maximum amount;

hanging support means for hangingly supporting the upper polish plate from the
first platform member, said second platform member defining a central passageway through
which said hanging support means passes;

a plurality of stop blocks supported by said superstructure so as to interfere with
said second 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 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 polishing pressure.

13. An apparatus for polishing a workpiece, comprising: | |II|II| "ll" III" "III " IIII
a superstructure; * ¢ L M 8§ %

an upper polish plate;
a lower polish plate positioned beneath said upper polish plate;
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hangi ng support neans for hangi ngly supporting the upper p¢ ‘

the first platformnenber, said second platform nmenber def ini n% a ﬁfﬁtiﬂﬁﬂ
passageway through which said hangi ng support means passes; |
plurality of stop blocks supported by saig7superstructure qolas to
interfere with said second platformmenber so as to linmt tjhe novement
bosi t1on above saPHiBBReRs: fidfent 3PN S ibe b HaR, pifbrimontd foamaa
coupl i ng saisupdrstingiturg, sithplatfornmarans aokidingi fitst axrdas‘gc(nidqil&lﬁcﬁrm ?ieﬁib%fs; vsglthI the
means for I N aid first.platformpenber t rd and away from sai ower
pol i sh pl a'?g%ftégﬁ?qrﬂ'gm?&f’%f %%9@#38’8]"?@%55?0&‘9@?% BIAEEt with said

wor kpi ece with a mhehgiffistgpddl BS&is for hﬁiﬂgiﬁ%y GOpidrhg tHecuppet polNn Blaky §§§M§8?
sai d hangi ng. su rt neans conprising a shaft having a lower end affixed to
sai d upper %B#irgﬁgqsmwnh% saithsscapd nlatfamm membsydefining 1 eentrabpassagewaydbroughg

t he central vﬂﬁ@{;;aiagingqﬁgﬁfpb&@ assdsS central axis, and an outer sleeve
means di sposed about saird central s a%t’, engagi ng said resilient bias _
means; and a plurality ofjop blecksosuppattedhbys said sbparstruchird sbiasto ipteefefeowith

menber and I8l | Ll Lag. & ' t said first .
o1 at  or m meshaecdbdYtriihbinbt Yo o3 AP o R ot B &0 Suppriipia
appar at us f secondiplaformgnemberrak p fizedpositionabose sq:jcll upper polish pia&yg&% stru E:':] ure, .
an upper polish plate; ... a | ower i sh at e positionpe neat h. sai
uppelroppol i sh pl at &esilient bias m??l“ﬁf’?‘gﬁwg J%a"é : B@Tma%‘gﬁﬂdﬁ%ﬂaﬁeww
pl ate and sudibdred by said superstructure, said platform neans including

first and second platform menbers, with the first platform nmenber di sposed
above the second I%Feéfl? TeERg spid first platformy megmber foward gad savay fsero said lower

pl at f or m MeEBRES phay %o aoralgnfawlubyerlt ;S&lﬁﬁ%iht@ri_n?d)@f)ﬁtg&rgi]dl %i@%ﬂg@é . with a.

superstructure includes support colums passing throu apertur romed in
sai d second Pplighingpres togontsel thopelisbingdwessutierli ng support therefor;

said hanging support means comprising a shaft having a lower end affixed to said

upper polish plate and having a central axis, with means for mounting the central shaft for
rotation about its 6entral axis, and an outer sleeve means disposed about said central shaft,
engaging said resilient bias means; and '

a lifting platform disposed above said first platform member and wherein said
resilient bias means is mounted atop said first platform member, supporting said lifting

platform from below.

14. An apparatus for polishing a workpiece, comprising: I IIIlIII "II" III" "III " IIII
a superstructure; * € L M 8§ =

an upper polish plate;

a lower polish plate positioned beneath said upper polish plate;

platform means disposed above said upper polish plate and supi:orted by said
superstructure, said platform means including first and second platform members, with the
first platform member disposed above the second platform member:;

said first and said second platform members have a generally triangular
configuration and said superstructure includes support columns passing through apertures
formed in said second platform member so as to provide sliding support therefor;

hanging support means for hangingly'supporting the upper polish plate from the
first platform member, said second platform member defining a central passageway through

which said hanging support means passes;
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ining a _central

"~ hangi ng support neans for hangingly supporting the upper
the first platformnenber, said second platform nenber d
passageway through which said hangi ng support neans pass 04 BEC 2
18 a plurality of stop bl ocks suBported by said supprstructure sdg
as to interfere with said second platformmnmenber so as tojlTm{ (he

t th f,, i f
movenent ther eofy oiand ef%.émcﬁy mﬁe& %yc&aﬁieﬁagﬂtreét&te

fixed position above said upper p pl ate; an

means coupskidagcend platfemymen

resilient bias

engopasite limitihe mewemeat thereps, snd po as foouppert seidr :
and 1 ' ' r gﬁ{&; ngvgﬁ and awa
fromsaid SF%A\AIE&H%(% 'S g%ﬁg{%a?%egpﬁﬂgéigl ftus%@éjlﬁbp | ?E]pfg at e&ji nt o con%lract
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Wi th sai d wor kpiresibentitids means|cogplingysasd banging sapportt means rand shid figst plakfoshi ng
pressure. 15.. 'I('{ue pol i shing apparatus of claim 14 wherein said
superstruc‘?‘fﬁffﬂéerrm udes a generally triangular top wall providing hanging
support for sai dnednpdor flotingald fintpRtfoandnanbet towardsaridodwayoftomosaid idivdri st

pl at f orm nenber toward, and away fromsaid | ower polis lLate conmpri s

pl atform t%h@hr!&atﬁéar@%w&é‘ﬁ@?rng?ln}‘s Blsotntq ,qgntgagf d‘"aﬁ ?"é‘? ‘ﬁ?rgl"gg‘? ik Rber
fromsaid ﬁogghm@b}essﬁémdmggﬁgopmgipgﬁgm@?&w@t us of claim 15 wherein

sai d pl at form hangi ng_nmeans conprisSes a plurality of rotatively driven rods

t hr eadi ngl }- engakfiengokishing mppasatup| oft elainm e vherein said supersimcpue jinelndes a
appar at us ff6hdidihdghidritbh Wl fr3VREde hiligidd Hipdl RSP dppBXpAthotift fember
and said means for moving said first platform member toward and away from said lower
polish plate comprise platform hanging means for hangingly supporting said first platform
member from 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
member. .
17. . The polishing apparatus of claim 14 further comprising linking means linking said
first and second platform members together to allow said first and said second platform
members to move away from each other a defined, maximum amount.
18. The polishing apparatus of claim 17 wherein said linking means comprise a
plurality of lift pins extending from one of said first and said second platform members and
received in apertures formed in the other of said first and said second platform members.
19. The polishing apparatus of claim 14 wherein said hanging support means
comprises a shaft having a lower end affixed to said upper polish plate and 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 bfas means.
20. The polishing apparatus of claim 19 further comprising a lifting platform disposed
above said first platform member and wherein said resilient bias means is mounted atop |

said first platform member, applying an upward support force to said lifting platform.

A
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(54) Title: POLISHING MACHINE INCLUDING A PLATFORM ASSEMBLY MOUNTED ON THREE COLUMNS
(57) Abstract '

o A polishing machine includes a platform assembly (60) slidably
~ . | mounted on three support columns (32-36). .The assembly. (60)
| includes first and second platforms (64, 66) joined together and slidably
movable toward and away from each other. A lift plate (114) is .
supported above the uppermost platform (64) by a cofl spring, which
allows adjnsunent of the pressure applied on an upper polish plate |
(20) which is suspended from the lift plate (114) by a supporting
element which passes through the assembly (60). Drive shafts (72-76)
are suspended from an overlying superstructurc and engage the upper
phﬁom(wwuwnmemdlowertheusembly(ﬁo)andtheuppu‘
polish plate (20). .
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