P&HI:NG SYSTEM AND METHOD OF CONTROL OF SAME BACKGROUND
OF THE I NVENTION 5 1. Field of the Invention

The present invention relates to a polishing system which

automatically transfers in, polishes, and transfers out nmagnetic disks or

ot her wor kpi eces. 2. Description of the Rel ated
Art 10 As this type oft polishing system there is for
exanpl e the related art shown in Fig. 10. In

Fig. 10, reference nuneral 110 is a first transfer unit for
transferring the unppOLISHINGSYSTEM ANDWMETHORIGF OONTROIEDEISANM
polishing unit for polishing the transferred workpi eces Wto a
predet erm ned 15 t hi ckness, and reference nuneral 130 is a second
transfer unit for transferring the workpi eces Wpolished at the
polishing unit 120 out. The first transfer unit 110
pi cks up workpi eces BASKGRQUNDOF THE INVENHIOAbl e 111 by chucks 113 fi xed

to a | oader 112, noves th r 112 .al ong a rail 140, then
transfers ihe wor kpi ices lsld(;%ﬂﬁ?@l%f)gs 121a of carriers 20 121 of
the polishing unit 120. The present invention relates 1'a pfishiRg sistetWhich20 91 ps
t he workpi eces Wheld in the . .carriers 121 between a lower plate 122
and an upper pl automatigallytransfersdnspelishes, and traesfersiout reagnedicatisks errotherkes
t he upper and lg)ﬁﬁ{pi éﬂ%tens 122 and 123 - rotate in nmutually opposite
directions so a fsh the two surfaces of the 25 wor kpi eces W

That is, by driving 2he spasdipfibn bfthd RelgdcPAft, the carriers 121
rotate and revol ve in the donut-shaped shape between the sun gear 124 and

an interrd gear 125, so Asthiswyprmfpolishing systems thereds farexamplethe

effectively ' d. t oppositely rotating | ower platen 122
" and upper plat eﬁeﬁtfg%Wé%% mtpfg. ﬂ?

In Fig. 10, reference numeral 110 is a first transfer unit for
transferring the unpolished workpieces W in, reference numeral 120 is a
polishing unit for polishing the transferred workpieces W to a predetermined

15 thickness, and reference numeral 130 is a second transfer unit for
transferring the workpieces W polished at the polishing unit 120 out.

The first transfer unit 110 picks up workpieces W arranged on
a table 111 by chucks 113 fixed to a loader 112, moves the ioader 112 along
a rail 140, then transfers the workpieces to holding holes 121a of carriers

20 121 of the polishing unit 120.

The polishing unit 120 grips the workpieces W held in the
carriers 121 between a lower plate 122 and an upper plate 123, drives a sun
gear 124 to rotate, and makes the upper and lower platens 122 and 123
rotate in mutually opposite directions so as to polish the two surfaces of the

25 workpieces W.

That is, by driving the sun gear 124 to rotate, the carriers 121
rotate and revoive in the donut-shaped shape between the sun gear 124 and
an internal gear 125, so the workpieces W in the carriers 121 are effectively
polished by the oppositely rotating lower platen 122 and upper platen 123.



2 w0 The polishing work is stopped when the workpi eces Ware
polished to the desired thickness. The
second transfer unit 130 noves an unl oader 131 along the rail 140
to the polishing unit 120 side, takes out the polished workpieces W 5
fromthe hol ding holes 121a of the Cafrlfﬁs 121 by chucks 132 fixed to the
unl oader 131, then carries the workpieces to a table 133 and arranges them
t here. In order for the |oader 112 of the first
transfer unit 110 to reliably transfer the unpolished workpi eces W

uni cader 131 of TPRLINIAE ol B stothed whbH g RfieRche Warl Bty e, o o,
the polished wodesiretthickéss.om t he hol di ng hol es 121a of t he

carriers 121, however, it_jis nec ar t ha e carrie 1.and.the '
hol di ng hol es 121a be ret-ﬂi’%ﬁﬁcq %fdé'?'h%dlgwaﬁsﬁﬁé'"f%éfag &engthsr ¢ he

pol i shi ng when Hile‘lﬁf’fo'tﬁa H%ﬁsﬂlaghpﬁ'ﬁb e, takes out the polished workpleEéQWeS 11A

and 11B are schenatic Vi e or expl ai ni ng e positions of
the carriérs anﬂ'ohnﬂhélhwilhg)heles 1I2!1gmféha!:arr&rs)ﬂ\21 birehucks 132 fi anbtu theons at

posi i ons-at 1 HENGRAeL St iRen SRR g Workpisced to & able 1 ind Sfianoes e

Fig. 11A if thghgel ishing is started when the 20 centers of the three
carriers 121-1 to 121-3 and the centers of the hol ding hol es 121a

lie on three straight |ireorderfeothelgades!tdhafthe ﬁmﬁél’ﬁﬂsfﬁf unit 110 to

oS T iiRpstarsRESfE RhEoRng wlfrbreE By S e hlabainoles f244r 5 O ©

f The cemters fHe carriers 121 dritbfor thie usibadd2131lof thesétond traasfel uakadouet h the
lines mbut the centers of the 25 hol di ng _hol es 121a are not on the

lines mas showe iﬂp'YttFﬂi‘Sfﬁilth%l pplishes werkpieces W from the aalding holestR tesof i xed
e vor oraet W G el 1 her R e corggp Y e 20
carriers 121. holding holes 121a be retumefébmcthdlpmgitlpnsahme timeliofigtairtsf thel i shi ng,
it is also necessa
llshYng when the polishing is finished.
15 Figures 11A and 11B are schematic plan views for explaining
the positions of the carriers and holding holes. Figure 11A shows the
positions at the time of start of the polishing, while Fig. 11B shows the
positions at the end of the polishing.
As shown in Fig. 11A, if the polishing is started when the
20 centers of the three carriers 121-1 to 121-3 and the centers of the holding
holes 121a lie on three straight lines m 120 degrees apart, when the
polishing is ended, if the centers of the three carriers 121-1 to 121-3 are off
from the lines m as shown by the broken lines in Fig. 11B or if the centers of
the carriers 121-1 to 121-3 are alighed with the lines m but the centers of the
25 holding holes 121a are not on the lines m as shown by the sofid lines, the
chucks 113 and 132 fixed to the loader 112 and unloader 131 will not be
able to transfer the workpieces W into and out from the holding holes 121a
of the carriers 121.
Accordingly, when ending the polishing, it is also necessary



- 3- that the centers of the carriers 121 and the centers of the
-hol ding holes 121a be positioned on the lines m

Therefore, this polishing systemis designed to set the gear ratio
am)'ng the sun gear 124, the internal gear 125, and the carriers 121 to 5
1:3:1 so that when the sun gear 124 rotates by exactly a whole nultiple of

4, the carriers 121 will returf to their positions at the start of
revol ution and the hol di ng hol es 121a of the carriers 121 w ||
return to their positions at the start of their rotation.

That is, the syﬁa«f@ﬁé %ﬁ{ﬁ? %ﬁ?lcgﬁleh*ﬂ@?ﬂﬁﬂﬂﬂhé Benterdlohdholdiflg i‘a@les121a1 A

rotates by exac e of 4 fromthe state shown in
t he sybemsmmnedpettmhnea)nm he start where the centers of the

O haP A 2 e oo R o 11

(herei nafter ref&fdﬁﬁoﬁ?ﬂ@sdﬂ@earmdﬁi&htémﬁcbmﬂ25'Qtl‘ﬂdthe carriers f¥foe") .
This makes it possible kpi eces Wto be re transferred 15

into or t’ansfedi3tisothatwhentbeisungeay 184 relatesshyexactly elemidtiplef 4, by
th th
abgve poI i shi ngﬁ%yéﬁré%éoﬁllt%@??@%&a@ga{rﬁo §th'i?(r)]?vea\t/(tahre st?hteorféevolutlon and the pe t ﬁe

fol I ow ng probl aeMing holes 121a of the carriers 121 ill reteratptheir positions at trehstad
wor kpi eces Wfromthe state 20 shown in Fig. 11A and stopping the drive
of the poli shi ngf thgirtrot@tionuhen t he wor kpi eces Ware pol i shed to a

desired thickness, the cafyiied Sthéggstgm&d%sﬁggd so'tRaCivRen fHd oS T oémgés'?at e in

al t never end up in the abdve
practice.10 rotates by exactly a whommwfpin of 4 from the qiaie mwrgmsﬁlgt HA.dhet he
related art,

h |
times after thes%?w Hé%tgrw’ o the's arrYWhﬁf-?r te?ﬁtﬂ?\t%ﬁg’é Srsdié PZ 4247
thi ckness so as tll@ dn%ért@eb%afgﬂt 1ih&$ fn drd R Kbiding holes 12ftotbdahieriol es

121a to the pre eterm ne ositlon state. Even if
the sun gear 12421#ie lootthe hnles, ostherainaftertrefastedrto asithe "predetermined position 121

Wil rotate and £ exolMis ekl i poesBR for MERBHpces' WS befikl] transferred

15 into or transferred out of the holding holes 121a of the carriers 121 by the
loader 112 or the unloader 131.
In the above polishing system of the related art, however, there
were the following problems.
For example, when polishing workpieces W from the state
20 shown in Fig. 11A and stopping the drive of the polishing unit 120 when the
workpieces W are polished to a desired thickness, the carriers 121 and
holding holes 121a will almost never end up in the above predetermined
position state in practice.
Therefore, in the polishing system of the related art, it was
25 necessary to rotate the sun gear 124 several times after the workpieces W
were polished to the desired thickness so as to return the carriers 121 and
the holding holes 121a to the predetermined position state.
Even if the sun gear 124 is rotated just once, however, the
carriers 121 will rotate and revolve a considerable number of times. During



-4- that tinme, the workpieces Wwill end up being polished nore

t han necessary. In particular, when the carriers
121 or the holding holes 121 a are slightly off fromthe

predeterm ned position state, despite the workpieces 5 W bei ng t he
desired thickness, the sun gear 124 nust, be rotated as nuch as

about 4 tinmes in order to return the carriers 121 and the hol ding hol es
121a to the predeterm ned position state. The loss in the workpi eces Wends
up becom ng remarkably great in such a case. In this

way, in the pol tietitifte, HheweikpRicesW wiltefll @ ¥ing pbishé@mdre than nBEESSHHH Y O
n

sacrifice sone of the polishing precision of the workpieces |
order to reliably transfer the workpieces Win and out. In particular, this

probl em was conspi cuous wi.t L&A | | bigh pal jshing
Do S ot ph e KA #21 8 R R hoR 12 02,
invention was naceslightipefftions the/sredbterminBdponition state, EBspite theWorkprecas i ts
object to prow&g a, Bgéejshl_ng %ﬁ(}]em and a nethod for control of
the same, Swhi chY'chelpg dke desirad thickness, dhe supgeqapl 24 must beirotatetiasmuchf t he
system whi |l e ' Y W~ of S rkpl
To achi eve thrzé%%?%@tﬁﬁpﬁgﬁlpgﬁegﬁt]%&s%? ?ﬁqﬁﬁgg?gléﬁg%%ﬂgmf g@gispect
of the inventi of2%eto themprédetermined positionrstate sThe tossdn trhivokpistes Watdey a
sun,.gear .able to rotate about a center of

20 r ot at abl e Lovver. BI at eﬁﬁﬁ
the | ower Up begrming fema V9%t I $URNA F3%€-gear arranged
concentrically at the outmuﬂgwgﬂ‘,’ ife o“sh;n%]sxggg., 6ﬁﬁé¢el§té8‘£??ﬁfw9% .

f unber of “ hol'di ng

cadgyi ers having around the centérs thereof M
hol es fodfred atns@spamtpsachificessorae of thedpelishinggweciaionof dhe weripisdesrW in

of the sun gear 60| L nt.erval,s.in tate engaged.w th the sun
gear and 25 orlﬁh[ g’r%&&'@k@ﬁﬁ%w %(H"i%%%ﬁé\?!ﬁata@ﬁ %ﬁ@%a&"f‘@raﬂ\iﬁi n an
opposi te directproblefry icud 1) iShi iti i i[RI e
wor kpi eces in t%e hol‘giaﬁacoﬂ%?lgg ljobew wdlﬁhﬁg%ltggro Wﬁgh@&%uﬁgirn@g&a % 1 the

lower platen; a firsSUM YQF'EHEHE\‘VENT{@N& | oader novabl e to the
e e e R R R A B B A B oy arotems* "
15 and has as its object to provide a polishing system, and a method for control
of the same, which enables reliable transfer of workpieces in and out of the
system while maintaining the polishing precision of the workpieces.
To achieve this object, the polishing system according to a first aspect
of the invention set forth in claim 1 comprises a polishing unit having a
20 rotatable lower platen, a sun gear able to rotate about a center of the lower
platen, a rotatable internal gear arranged concentrically at the outside of the
sun gear, n number of carriers having around the centers thereof m number
of holding holes formed at 360°/m intervals and arranged around the center
of the sun gear at 360°/n intervals in a state engaged with the sun gear and
25 internal gear, and an upper platen able to rotate in an opposite direction to
the lower platen in a state gripping the workpieces in the holding holes of the
carriers together with the lower platen; a first transfer unit having a loader
movable to the polishing unit side, n number of mounters provided on the
loader in an array corresponding to the n number of carriers and able to



5 rotate, m nunber of chucks nmounted on the nounters in an

array corresponding to the m nunber of holding holes, and a
rotating nechani sm provi ded on the | oader and enabling the n
inunber of nounters to rotate all together, the first transfer unit
?plcklng up the unpolished workpieces bygthe 5 chucks and transferring
‘theminto the holding holes forned in the carriers of t he

polishing unit; a second transfer unit having an unl oader novable from
the polishing uni t side, n nunber of nmounters provided on the unloader in

Totate, mnunberotts, A of e BB e Abu B ibEriey .5 o oy

‘correspondi ng t mdrdyspmd:ﬁg to thdmrmmﬂbesrfof Imldhmbolbej ad ar0Eting hidohiahiRen
mechani sm provi ded ,on der and engblémgHt he n nunber of

mounters to rot &raviged WGB%!Q?QP" apqi,gnabllng the n gwRB atess taiotaterddlki ng

out the poli sheqo%%h [ f i ol es
of the carriers a ?f’)éﬁés;ﬁ'?;[ ??ﬂ%ﬁf Hﬁﬁp{‘cﬁ@ JB Et{né) OIIShed Weﬁ(p%eg lﬂqhEatlon;
an a m/?molr]tj ol I umMchmfknmyansferwmeFrmtdmemMng dnolelsrfennédlinth:e tm?érs r?'IS

of a ole multi 360 osettoarevoutlo e of the
carriers and epo h},‘?g)HbFr?gl Litls WFQQQ?UFIHEH?FWgVQHSJF%e

wor kpi eces becorge b hing unit sf edﬁﬁhﬁ%rb{“hﬁﬂﬁﬂ% r5\)| 84 e fif bﬁ&éﬂﬁ @l e
of the carriers at t posi t |on controllingt

rotating mec hanlafw cxmﬂespendma&theem dumbeoatiearriers and abletto rotates m hamber
nmounters of the l.o r and u exact | rotation

T, of 8RESs RB{iniEd REIhe anouiitdfsdn A eartasPoRtingile iR M oh ng

unit, wherp at |¢@Hbé?%?hcldmg holes Cénd@ﬁ)téﬂﬂg ﬂ\%%haﬁi@ﬁi pradidediionthal gear is
made to rotate and the upper and | ower platen are made to rotate

in nutual |y opp@l@lqa@leaan@@nabmg therenumbenefanounters to rotate afidegetbes the r anged

the 1 x m numbePoBy R arRbEEt Hihd S1iIhy Rotied WanpRes by e chtiksrem ©
hol es forned ar ¢heHold m&ofmeafarméteaﬂdrtrarsfemng thErf ke ardrédetehipedal s are
si mul t aneously ?ollshe When t he  wor ﬁeeces reach the desired thickness,

in the control ipRation @ aspnirel unit- aking the garigreravaveda a revplition @gglee to a
revol utiofy angl ¢ gyt hlifidst 8668 cRisesRlLrevbiutioh!#tiRfPbf the daifers and

revol ution angle
stopping the polishing unit at the time when the workpieces become the
desired thickness, finding a rotation angle of the carriers at the stopped
position, and controlling the rotating mechanisms of the loader and unloader
to make the mounters of the loader and unioader rotate by exactly that
20 rotation angle.

According to this configuration, in the polishing unit, when at least one
of the sun gear and the internal gear is made to rotate and the upper and
lower platen are made to rotate in mutually opposite directions, the n number
of carriers arranged at the 360°/n intervals rotate and revolve and the two

25 surfaces of the n x m number of workpieces held in the m number of holding
| holes formed around the centers of the carriers at 360°/m intervals are
simultaneously polished. When the workpieces reach the desired thickness,
in the control unit, contro! is performed to make the carriers revolve to a

revolution angle of a whole multiple of 360°/n closest to the revolution angle



:of the carriers at that tinme and stop. Suitably thereafter, the rotation

angl e of the carriers at the stopped position is found and the n
nunber of mounters provi ded on the unl oader of the second transfer
unit-are nmade to rotate by exactly that rotation angle. Due to
thi.s, the mnunber of chucks nounted Qngb5._ the nounters are positioned
mat chi ng the positions of the polished wor kpi eces, and the
wor kpi eces are taken out fromthe hol ding holes by the chucks and
transferred out to a predeterm ned |ocation. Further, the n nunber

of mounters provfgrcatiets it thaaite afd stdi Suitably theRRREE the! Pathtic Qng'lbgif?

rotated by exactly the rotation angle of the carriers, the m nunber
chucks 10 nihe cariesnatithe stappeddositionds feind andhthe nravbengf meuntess di ng

hol es of the " ' - - | t he
chucks are tran E f Devr'.cr’eedd&Cil td ﬁﬁlﬁad]@frﬁ?ct)”? Eg&%@pﬁn%g{ @ﬁ{ngféhergﬁgg W rd‘lBtebtyy
Further, accor diesgctlycthahwtation arigle Dy &3 this, the a1 mambér, oftdhtscks rictitatbon
systemset_forth in claiml1l is confjgured s% t hat, when the rotation angles
of 15 the su eg@éwnmam@s'medg@atc%m@ R Rositions of the pelishedver s of
teeth of the : s ' | n,
and Zc, based oﬁv%rkrpée#bgng%womﬁe%ﬁ%% g%@ﬁ%hQFW%éﬁ%E@ and r
= (Rl- A) . Zs/ Zc, | bhatf:kscandtnfnsiair?d out toa?redetém 'nemteacaﬁmn.iFexrB\/ er,lethelnve untilh a
revol ution angle of a ole nultiple o 6 rr cl gsest to the
revol ution angl pumber HE%HF‘T@'%P?&%Wﬂ?lﬁﬁgﬁb‘i’fégﬁgi['sgé"a]"sperh‘&ﬂ@r? 8lf%hed
the desired i rdtaferhy &ty HoORTatidiPagIE 3 Md dirfers! fife MHUpAbEADS chucks
angle r of the carriers at that stopped position, and nakes the nmounters of

t he | oadel) and muunietbon the moenteys arespositionddomatdhing thedwlding hAblesrofdhgl e r
of the casriers nfiguration,
ol

) , . t h b
*h the control  GAErs. ARg;unpqlishast workpiases HeE s By 1A pRugks are dinsteie

t hi ckness, the g tHeém gflﬁbl@iﬁ ¢oled. revol ve and stop at an angle
of a whole multiple of g O[errJ/n closest to the revolution angle

R at that time. FurtReither aecardingite e pakighing systemiie clgdn 2, $hespelishingat ti e
the | oader ang Syeten et ufin, R 1 IETRATE SONTR WBRIRE o@foMBHOIR T .
15 the sun gear and internal gear are A and B and the numbers of teeth of the
sun gear, internal gear, and carriers are Zs, Zin, and Zc, based on the two
equations R = (A-Zs+B-Zin)/2(Zs+Zc) and 1 = (R-A)-Zs/Zc, the controf unit
makes the carriers revolve until a revolution angle of a whole multiple of
360°/n closest to the revolution angle of the carriers when the workpieces
20 have reached the desired thickness, then stops them, calculates the rotation
angle r of the carriers at that stopped position, and makes the mounters of
the loader and unloader rotate by exactly the calculated rotation angle r of

the carriers.
Due to the above configuration, in the control unit, when the
25 workpieces reach the desired thickness, the carriers are made to revolve and

stop at an angle of a whole muiltiple of 360°/n closest to the revolution angle
R at that time. Further, the rotation angle r of the carriers at that time is
calculated by a later indicated equation and the mounters of the loader and
unloader rotate by exactly that rotation angle r.



-7- _ There are, however, diverse nodes of polishing at the

pollshlng unit, such as polishing the workpieces in a state where
just the i nt er nal gear is stopped. Therefore, the polishing system
according to the invention in claim 3 conprises the polishing
systemas set forth in claim2, wherein the 5 pol i shing unit makes the
sun gear rotate in a state mhere the intérnal gear is st opped and,
based on the two equations R = A Zs/2(Zs+Zc) and r = (R- A) . Zsl Zc,

the control unit nmakes the carriers revolve until a revolution angle

carriors P nathetR g et ki e antby kB Brieiait s

then stops them sddh as olfshtr@tthatmkpnbees maiﬁiawwhéﬁé jast thefintehsal goaf iser s at

t hat stopped position, and .the mounters of the | oader and
unl oader rot at e #9ppadcthejefore the POilShlng §$‘-’ft€fﬂil %qceedmgatcathednvqﬁ@nenrclam t he
carriers. W | to the

i nvention in clal coTprisestH:e%élEﬁ{Tgr I’se ?%Ieégo %ﬁrsﬂy emé@stnget forth

in claim?25 \Aherpollshtriga:mnr;k:sﬁ@smgearwme 1rgiktateWhere ﬂmegnmﬂxalmra is ]
rotate in a state e sun ar 1s st e . bas on the
two equations R °PP?‘§ﬁ7‘é( 5 dWP eﬂ“ﬂg 'Aﬁ#(lﬂ?& 2 rol unit
makes the carrie f

mil tiple of 360[@?%??“"?%?@??‘ {nifmaRee IS tAeRTIBE unfl A ioion angle

t he wordfia whele rhakipleraf86064h ¢losesids thecrtvohitioh angle, oftthe masierss
them cal cul ate

st gped posi ti O%%@Wt%glqrc%%glvg?e&%%dﬁhr 2 gréé]ﬁ]ic ! r§| ¥ QB op em
unl oader qgtate dycifHReithy rdtQﬁ’orFéﬁgjlé'r%‘f ﬁiie ééﬁlé% &that stopped p@él%ﬁ‘ dnef the

carriers. t he pol i shing system according to the
i nvention in cl anakes the mounterS:ofntbeﬂ@Qdﬁrtamd yndoadsiirolgtesby exactlytheet forth

in claim2, whergj makes the sun gear and the
internal gear ro‘f {]‘gétgg r?%hbﬁ%g@%&?ﬁpgpg”&ré rotate to a
predeterm ned positi @urihed, thl pokichi syéteniam:oﬂﬂngttb thesinPertion in claim 4

(A Zs+B. Zin)/2(Zs+Zc) and r = A Zs/ t he cont rol, unit cal cul ates_the

rotation angl e rCOpPNSEs tb%PP"Qh*@Q ﬁStﬁthf@fit ineainy dswheein theopolishing t he
mounters of the | aafeke M HEMAYREr FRLR R Putafr Bhéiehd 26n Gear 1§ &bpfed

rotation and, based on the two equations R = B-Zinf2(Zs+Zc) and r = R-Zs/Zc, the
control unit makes the carriers revolve until a revolution angie of a whole
multiple of 360°/n closest to the revolution angie of the carriers when the
workpieces have reached the desired thickness, then stops them, calculates

20 the rotation angle r of the carriers at that stopped position, and makes the
mounters of the loader and unloader rotate by exactly the calculated rotation
angle r of the carriers.

Further, the polishing system according to the invention in claim 5

comprises the polishing system as set forth in claim 2, wherein the polishing

25 unit makes the sun gear and the internal gear rotate so that the carriers
rotate to a predetermined position and, based on the two equations 0 =
(A-Zs+B-Zin)2(Zs+Zc) and r = A-Zs/Zc, the control unit calculates the
rotation angle r of the carriers at a predetermined position and makes the
mounters of the loader and unloader rotate by exactly the calculated rotation



- 8- angle r of the carriers. Further, the

: pol i shing system according to the invention in claim6 conpri ses
lthe polishing systemas set forth in claim2, wherein the polishing

funit makes the sun gear and the internal gear rotate so that the revol ution

§5 direction of the carriers beconesgthe sane direction as the rotation
i direction of the sun gear and, under the condition R>0 and based
on the two equations, the control unit makes the carriers revolve
until a revol ution angl e of a whole nultiple of 360[err]/n cl osest
to the revoluti B thePbartifs carriers when the workpi eces have

i
reached the desgﬁgg thi inaeﬂés& then stops them 10 cal cul ates the

rotation angle r of Emerathlel puiishiag system acenpgding tpdha iﬂventloramcblalm 6
makes t he nmount ers of der d unl o r, ot exac t .h
cal cul at ed r ot at9BR" QHO?%?'"Sﬁ £a1 2% §$t:|‘8rth i bRl 2 Wherais t“?%P?'f?Z\mg t he

pol i shing syst egmipfiaRes lﬂélsﬁ@%éé}fhddfhéﬁﬁibﬂihl gaaﬂoiat@s% that the revoligR' | Ses
the polishing systemas set in claim?2, wherein the polishing 15

uni t make$§ the diectignaf thexcamiers benomessthegame disection asthenatation diregtion er s

(A 7558 2 ny | 2 08 gt RS, Giat 8 Eoniit Rk asel by o (e

rotation angle é?@tuohbethéafohtrar@nuamanes)ﬂmrﬂém ra¢dive umtil 4 PsvoRitidn the
mounters of the |oader and unl oader rotate by exactly the cal cul ate

rotation 20  OfmwhelermyltiplerRf 3647 i elesest to the revolution angiq:refrthqgamqrae
l'ishi t
pol i shing sys eﬂh?vgm a\gb@(getc% Trht'%@e &kt t(:I'tﬂ@fl'(-}@lr &ﬂ'h&nés'ﬁéthe st%%l e I ses

tr@pollshlng Sys |nca|m erernt
unr't makde the calculgiesitharstatibreangleeofithe mersaﬁthamteppempbsmm and/ol ution

di T oot on of 1 HaakeneIaPUBIEEs OLiadradetanagIsades foiRte Y RSThABE on t he. ¢ vo
s O {1 okl kbnHKRS fecaiar S, TeuP LE UM ! B YOI
angl e of the carri erfurther, the polisiing syﬁemmdqndmgéethaamamfmmheﬂamhé desired
tcglr (r: Ikgfz S at t [] ﬁgcfosré?rgﬁ?ﬁetﬁe g)bg?rlm% ﬁystgrﬁloaas Set fgrttﬁ I &Ig?n QOt ﬁ%'re?r[l] tHe' ollshmgOf the
15 unit makes the sun gear and the internal gear rotate so that the carriers

rotate to a predetermined position and, based on the two equations 0 =

(A-Zs+B-Zin)/2(Zs+Zc) and r = A-Zs/Zc, the control unit calculates the

rotation angle r of the carriers at a predetermined position and makes the

mounters of the loader and unloader rotate by exactly the calculated rotation
20 angle r of the carriers.

Further, the polishing system according to the invention in claim 7

comprises the polishing system as set forth in claim 2, wherein the polishing

unit makes the sun gear and the intérnal gear rotate so that the revolution

direction of the carriers becomes the opposite direction as the rotation
25 direction of the sun gear and, under the condition R<0 and based on the two

equations, the control unit makes the carriers revolve until a revolution angle

of a whole multiple of 360°/n closest to the revolution angle of the carriers

when the workpieces have reached the desired thickness, then stops them,

calculates the rotation angle r of thé carriers at that stopped position, and



-9- makes the nmounters of the | oader and unl oader rotate by
exactly the calcul ated rotation angle r of the carriers.

Further, the rotating mechanisms of the first transfer unit and the
isecond transfer unit need only be able to nake the n nunber of mounters 5
rotate all together. As an exanple of _t hy s, the polishing system according

ﬁo the invention in claim8 conprises the polishing system as set
forth in claim 1, wherein the rotating mechani sms of the | oader
and. unl oader are conprised of gear mechani sns. In

articular, the polishing systemaccording to the inventiaon i laim9 10
(F:)orrpri_ses t he po'l%iagﬁmf 8"99%/"@5? gtt?@épa %!’rqu[ ‘Fm"%‘f%{i'mage,in%,ﬁé?‘étryn&sach of the
‘gear rechani sns éﬁcﬂﬁ@rbﬁéf@nQngbbeﬁb(ﬂﬁﬁr&unit provi ded at each of the n

gear

:nunber of nounters, "a secon unit for making the first gear units

rotate - al | tEgthergthe r_ataﬁnﬁ mbdhmianllis of thefirstdransfer:unit anstthed. gear
Yo make the n nusRronddranslet unit st oty B8 bfe ek R hfitrbet 8P pidnlets "

angl e of the carfgtspsll tbggh_aelﬁlsssﬂ 8dample of this, hepolishing &gstehhacéardingdo

invention in claim10 cohprises the polishing system as set forth
in claim9, whertherinventiopdn claimdecomprises the pelishing systagaksetiferth in claim

all of the n nunper, of.first r it L shi cording to
t he - [ n%n‘f’lﬂ?fﬁ'q f,ﬁ'eJPﬁﬁ%ﬁSHg%&?&’ﬁ‘gsgﬁhF ﬁéé%égl#ghﬁgé{éys eém as set
forth in clai m 9gomfrised ofiftir phéthanisne.e gear is interposed between the n

nunber of first gear units .and the second, gear,, upit; .and the
poyhi ng system accondariculd, thepolishing svstqweﬁqrat;% tofhe invention in.glapn O es
t hé  pol i shi\ng sy . QIR ' i 3 ' ess
chain is \rmund béé'ﬁgaé%%etggfpog%lbggy%eﬁ{u%o%ﬁgp htn? Flg%m 8, Whereih @Sg”;r(f gﬁ'} ts
and the second ggedr methanisihs is comprised dfia filstgeart urdt providstiat gasly of the n

System as set 1 GRUTbRT OB, Ageeoa gerunt SrsTRRge e fist SSabuisimtdld, o
the loader and t&?Tdé@tr%?dé’ﬁd é‘rd‘ﬁvé%ﬁrfblfjrﬁgléiﬁ? the5écond gear unitTBti@ands. | n

particul ar, the polrshing system accor 0 the invention in
wherein the control unit controls the drive unit to make the n number of
15 mounters rotate by exactly the rotation angle of the carriers; the polishing

system according to the invention in claim 10 comprises the polishing system
as set forth in claim 9, wherein the second gear unit is made to engage with
all of the n number of first gear units; the polishing system according to the
invention in claim 11 comprises the polishing system as set forth in claim 9,

20 wherein an idle gear is interposed between the n number of first gear units
and the second gear unit; and the polishing system according to the
invention in claim 12 comprises the polishing system as set forth in claim 9,
wherein an endless chain is wound between each of the n number of first
gear units and the second gear unit.

25 Further, the polishing system according to the invention in claim 13
comprises the polishing system as set forth in claim 1, wherein the rotating
mechanisms of the loader and the unloader are comprised of belt
mechanisms. In particular, the polishing system according to the invention in
claim 14 comprises the polishing system as set forth in claim 13, wherein



claim 14 conprises the polishing systemas set forth in claim 13, wherein

- 10 - each of the belt nechanisns wi nds an endl ess belt

bet ween each of the shafts of the n nunber of nounters and a shaft
.of the drive unit and the control unit controls the drive unit to
‘make the n nunber of nounters rotate . 49 . by exactly the rotation angle
iof the carriers. 5 To sol ve the above problens, further, the

nmet hod of control of the pol i shing system according to a second
aspect of the invention in claim15 , conprises a polishing step for

ki t | t f . d ; _ t | tate,
Taking n nurber oAGhthe bell mathanisEts winds s endesshaltheteen each affhe ne sun
gear at 360[errHH&fth’Hf%?’ﬁ'n%nﬂféY@f%u%r&%nﬁ%ﬂ%é&ﬁtgﬁio‘%é?@g nghRee the 10

sun gear and the i1 nternal gear are engage wo Surfaces
of wor kpi eces heatomtriohunit comtials thef diivel uhiitip make thef mnumibeaobmodintdrs rotaty er s

of the carriers at _36Q/mintervals b nuPer pl aten and | ower platen
rotating in nmut H?’Wﬂ}ﬂ?&%m&%ﬁ% ?@?%’Bﬁ@“&‘%@r rier revolution angle _
adj ust ment 5 SHEFoIE the BTVRDrbBIBE2 Rt Sthe HEhYE of Bbhfroltofitee 0! ut i on

angle of a whole 15 mul tiple of 360[err]/n closest to a revolution
angl e of the carpdlighipgwystem aecording fo a segond gispectof thainventiorein ¢laim 15

t hi ckness, then ' t I ti . v i oper ation of
the carriers st %ﬁ%ﬁ@tﬁgﬁs%\&s&? Bﬁq’gﬂ?@ i W&ﬂ %rﬁe §¢ %%un?%ga?angapor
finding a rotatiigtersdlgear fAftafeDfmakig n Aumber of barrisisiriathedairblin® the eertegond
transfer step for making n nunber of nounters provided on an unloader in 20

an array correspdtier agn geat ai360°fuintrnvalsrevalve while rotating.in @ stede where thed

cor rosponi ng. t Suryset BT L TS B6kriotE eBHEcE ahd Bl Bh@bwp surtages

rotation of workpiecey hélién apnurmbersof oldidg iholdsifermed arqund beadjentarsangl e
determ nation step so . Lhat the chucks are {)osi tioned substantially
mat chi ng t he po&ftheearrigrs at36074n mte"‘ﬁ& b AR4PREF Rigtescand lower platent he

POt vare e S80I HLFR ORISR Rebhons, a parir EIBIGH e SRRTHEN,
of nounters prowsteefdromaking thedwrriéns ravolee until acrevoksipn ratighegoft awhble n
15 multipte of 360°/n closest to a revolution angle of the carriers when the
workpieces reach a desired thickness, then making the rotation and
revolution operation of the carriers stop; a carrier rotation determination step
for finding a rotation angle of the catriers at the stopped position; a second
transfer step for making n number of mounters provided on an unloader in
o 20 an array corresponding to the n number of carriers, able to rotate, and
having m number of chucks mounted on the mounters in an array
corresponding to the m number of holding holes rotate by exactly the rotation
angle of the carriers found in the carrier rotation angle determination step so
that the chucks are positioned substantially matching the positions of the
25 - polished workpieces, holding the polished workpieces by these chucks, and
transferring them out from the carriers; and a first transfer step for making n
. number of mounters provided on a loader in an array corresponding to the n
number of carriers, able to rotate, and having m number of chucks mounted

on the mounters in an array corresponding to the m number of holding holes



nunber of carriers, able to rotate, and havi ng m nunber of chucks nounted
on the nounters in an array corresponding to the m nunber of holding holes
rotate by exactly the rotation angle of the carriers found in the carrier
‘rotation angl e determ nation step so that the chucks are

:posi tioned substantially mat chijpg the positions of the polished
‘wor kpi eces, and transferring unpol i shed wor kpi eces held by these
chucks into the holding holes. 5 : Further, the nethod of
contral of a polishing systemof claim 16 conprises the met hod of

control of a polishing system as, set fo;é]& 'bn claim \ 15, wher.ein
the carrier revdPiate 5i exastisthedatationangleof the capiars foynd,ipthe cafier rotation
angl e det erm nat] ol L S i i on
angle r el SrERnTAEH sRrfod a1 thickg afg BoSNcha Suetaiall o
equations R = 1(natching.tfe pBsifion} bPthespalished workpiecgsRany transtarringer e t he

rotation angles of the . u egr and interngl re A and B and
the nunbers of tmghﬁd Wﬂ@‘pﬁﬁ?S%e?dgy es&é;i‘r”c% m%ﬁ?alﬁﬁé@gﬁfo‘?%d carriers
are Zs, Zig, and ZC. Fyrher, the method ofﬁnt?atgm!pﬁsimh%fgwém bfdlaifpgod of

t
control of a polishing system of aim 17 Conprises the nethod of
control of a poldoshprisgsthe methed obeantfobof & polishing systemasseatdorthiireclaim t he

pol i shing step es the.sun gear s : he

i nternal gear i%?’@}%@ﬂ ﬂi?lﬁa&'ﬁé r@fgﬁ{ﬁf&hﬁht‘.{j@ﬁﬁeﬁ ?ltgﬁ aé'gj tﬂ?ﬁﬁgﬁ%@é‘

and the carrier grpjedéRfmiation steprédiuiate! £ revoRitionlangle R arev@rotafiemangigire R
and a rotation angle r of the garriers at the stopped position

baged on the twof the carriers aliharsteppedrpesitionsom the hye pauatiens R=( R ) zs/ zc;
the met hogo of Cgfi]\t-gsgrlsgi}m)/g(%s%lzlcg ﬁp@l’gg ROANZs 2L SR Hle fotatigR %@gitéﬁ BPtHe €S

t he met hod” of c system as set In claim
16, wherein t he guplgesniand intesral yeears AendB and te numbers of tgetiroftbe sur i n a
state where the sun gear is sto;gfed and t 2arri revol ution

adj ust nent st ep 9896 iR gear.and GArHersAe & Mﬂaﬁghcon step _
e o™ S Ll epoue 3 SAShFRELRN, I Hcthod O Al of a i SpEpheE
and r = cldimz7 Zomptises thetmhethodfof controlosf agpolishingl Systern gsseé farth of
claim19 %) mpr Sir? Sélaim 16, wherein the polishing step makes the sun gear rotate in a state
where the internal gear is stopped and the carrier revolution adjustment step
and the carrier rotation determination step calculate a revolution angle R and
a rotation angle r of the carriers at the stopped position based on the two
equations R = A-Zsf2(Zs+Zc) and r = (R-A)yZs/Zc; the method of control of a
polishing system of claim 18 comprises the method of control of a polishing
system as set forth in claim 16, wherein the polishing step makes the internal
gear rotate in a state where the sun gear is stopped and the carrier
revolution adjustment step and the carrier rotation determination step
calculate a revolution angle R and a rotation angle r of the carriers at the
25 stopped position based on the two equations R = B-Zinf2(Zs+Zc) and r =
R-ZslZc; the method of control of a polishing system of claim 19 comprises
the method of control of a polishing system as set forth in claim 16, wherein

the polishing step makes the sun gear and the internal gear rotate so that

the carriers rotate to a predetermined position and the carrier rotation



the nethod of control of a polishing systemas set forth in claim 16,

wherein the polishing step nmakes the sun gear and the internal
‘gear rotate so that the carriers ' rotate to a predeterm ned
‘position and the carrier rotation

- 12 - determ nation step cghculate a rotation angle r of the
carriers at the stopped position based on the two equations 0 =
(A. Zs+B Zin)/2(Zs+Zc) and r = A Zs/ Zc; the method of control of a
pol i shing system of claim 20 conprises t he met hod of control of a
polishing systemas set forth in claim16, wherein 5 t he polishing

step makes the aéteramﬂow&e;s batcultes mahtnaﬁah?réqt@rttﬁe e8rriehdht the stopped t he
revolution direction of the carriers becones the sane direction as %

rotation direct positioh beged onthe twe eguatiansd & 4ArdsaB-Zin)/2{ZstZohandif Bst ment

Fevol uti on ang! & R/aR 8 hetba of Bt 2tk B vel of GBin SpEpmcRel e
st opped posi ti othemetisodoof domtrot m?a b@llshmg wlme li8itn GGFWh?ﬂeﬂP of

R>0; and the nethod of control of pol i shing system of aim 21
conpri ses % he nihepelishingsep mk%ﬂh%spwegham@the internal ge@ymtata sathatt forth

in claiml6, wh fe%fu%g %ﬂ%b@ﬁe&‘ﬂhé | On%gortngg tﬁé’%argp diregtion g§@he and the

i nt ernal gear r ate so revo Irectio

carriers becomesotatien dipgotiontof thie smgeammstﬁéwmat reivolution adptrent stépt he
sun 15 gear El%@t he carrier revol ut* adj ustment step and the _carrier
rotation earrenatation detepmingtion s ylale# faveiiionagole Randd a

ro{ation angle p gy nanglrt]arofttﬁécﬁﬁferré Sfﬁe@t@ﬁﬁé@@ﬁﬂa&w&)ﬁ R psed on

the two equations un
BRI EF DESOR! PTI equaﬂanmrndaﬂmdmnm of R>0; and theémeethbd of canitblasflaer obj ect s,

features, and advant ages, of sent t|on vm |l become nore
readi |y appar enPo¥ $EemQ F‘&WB@@ cRIPRfises the methoa/ aRRto!ioh @ Ratishinga
presently pref egygemesied foriin Qhint 16, whMRH ﬂh@rbdh@iﬁﬁﬁ stéb makes the sun
conjunction with the acconpanyi ng draw ngs, 1n which Fig

1 is a schematigeanant theiieternsl geapttatersothatthe: rewolation ditectipnt of the 25
first enmbodi meni, of I NG M3 oppokd bir8Sion as the rotation direction of the sun

15 gear and the carrier revolution adjustment step and the carrier rotation
determination step caiculate a revolution angle R and a rotation angle r of
the carriers at the stopped position based on the two equations under the
condition of R>0.

BRIEF DESCRIPTION OF THE DRAWINGS
/ 20 The above and other objects, features, and advantages of the present
invention will become more readily apparent from the following detailed
description of a presently preferred embodiment of the invention taken in
conjunction with the accompanying drawings, in which:
Fig. 1 is a schematic front visw of a polishing system according to a

25 first embodiment of the present invention;

Fig. 2 is a sectional view of a'polishing apparatus;

Fig. 3 is a schematic plan view of the array of n number of carriers;

Fig. 4 is a sectional view of the table, loader, and unloader of a first
transfer apparatus and second transfer apparatus;



|

Fig. 2 is a sectional view of a polishing apparatus; Fig. 3
is a schematic plan view of the array of n nunber of carriers;

[Fig. 4 is a sectional view of the table, |oader, and unloader of a first
itransfer apparatus and second transfer apparatus;

i-13- Fig. 5is a schematic view of the structure of the
| oader and unl oader; Fig. 6 is a plan view of the table;
‘Fig. 7 is a block diagramof a control apparatus; Fig. 8A
to Fig. 8E are views explaining the process of the polishing 5

system Fig. 9Ato Fig. 9E are schematic plan views of the

state of rotation angig. 5 is a schematicofiew obthedstrudigrecsttiie RiaBleP8Ad URRaER! € Of
rotation of the noun ig. 10 is a schematic
e

ers;. . F
‘perspective view of %‘%3'?%'%@"%?@?@6?“% related art; and 10
Fig. 11A and Fig. 11k; i W ositions of the
o P

carriers and hol di ng 'ng systeém Fig. 10.

DESCRI PTI ON OF THE PRigFBARBIFigE\NSOBe RIS explaining the process éhtherpulighignt  of
the invention will., be explained next with reference to the

drawi ngs. -15 system; Figure 1 is a schematic front view of a polishing

system according to gj ; ' Yalel t ' Lon.
As shown in Fig. 1, tF lgégéooi,:sl%ién%éz%lss em | ﬁ%%%%e@%?ggai%gf fdéﬁﬁY‘ﬁgéhg
appar atus 1 (porewition ofithe parriers and the stateséfrotatincofdhe molintérsy st tr ansf er

unit), a segong.transfer aratus 3 (second transfer unit), and a
control apparat us 20?{9.qOAse&&ﬁ?maﬁggﬁﬁpfpﬁvewgwofapollshlng system of theni ng

a ratus 1 is gelhted -t Gadl appi ng machine for polishing the two
surtaces of workpieces Wby a | ower platen 10 and an upper platen

19 rotatilfy i n nut uaFigy 16p@ndiftie. 1B ara sehematic plan views of the poSitigns ef thé s a

sectional view gl L0e. PP hbiRiHg Wbid Rh8 phtisting system of Fig. 10.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the invention will be explained next with reference
to the drawings.

15 Figure 1 is a schematic front view of a polishing system according to a

first embodiment of the present invention.

As shown in Fig. 1, the polisi\ing system is comprised of a polishing
apparatus 1 (polishing unit), a first transfer apparatus 2 (first transfer unit), a
second transfer apparatus 3 (second transfer unit), and a control apparatus

N 20 4 (control unif).

The polishing apparatus 1 is a two-side lapping machine for polishing
the two surfaces of workpieces W by a lower platen 10 and an upper platen
19 rotating in mutually opposite dirédions.

Figure 2 is a sectional view of the polishing apparatus 1,

25 The lower platen 10 of the polishing apparatus 1 is supported so as to
be able to rotate about a shaft 11. A sun gear 12 is affixed to the center
portion of the lower platen 10, that ig, the end of the shaft 11. Further, an
internal gear 13 arranged concentrically with the lower platen 10 and the sun
gear 12 is rotatably supported.



25 The | ower platen 10 of the polishing apparatus 1 is
supported so as to be able to rotate about a shaft 11. A sun gear
: 12 is affixed to the center portion of the |lower platen 10, that
~is, the end of the shaft 11. Further, an i nternal gear 13 arranged
. concentrically with the |ower platen_104and the sun gear 12 is

- rotatably supported. - 14 -
Gears 10a, 1lla, and 13a are provided under the |lower platen 10, the

sun gear 12, and the internal gear 13. By driving notors 18a, 18b, and 18c
t hrough gear nechanisns 17, not shown, engaged with these gears 10a,

1la, and 13a, the S@e&@ﬁ'ﬂaﬁh'éﬁ@‘ﬁ@éﬁﬂﬂwﬂ@d Lﬁiﬂérﬂ@l@%@?‘?t 2881740 fReCan be
5 made to rotate independentl surface of
the | ower pl at stmgeaiia, pnd&lwmtemal gear 3, Byidriving motors 18a, 1&h ag!drwmurrber

nt ornal goar  daroubh el ndtRBRRRHS 11, e sRGw EndiERkith ABSp asars, 198, of 1 ne

array of the n ftayanad 13&, & sun gezrr2, werplaten 10, and internal gear’™s3 689H8 i N
Fig. 3, the n nunber of carrlers 14 are arranged around t he center

of the suh gearMage i rotggiadenendentiy.er val s. These carriers 14 are

hol di ng.the wor kpi ot oriep SUabE RERE el Bain 10 aRELRERd e ot

360[ err]/ m 15 integet)anuwaber.of camiers 14 in a state efgagée withiike sbagdar 12 andg. 2,

t he upper pl at 19 i s sus ded from above directly above the

| oner pl aten 1gaefﬂe'@@§3%?fpg1to grip the vvorkpl eces with the | ower
phkat en 10. F | &%Oﬁ 19 and
the | ower platen 10 &%ureSts?a&?:gb@aftlEp‘Fa ymé%%gé? g {Hb%?é?and
driving Hl | easarriere 14f the sun gear 12 and the |nternal gear 13

L e e oL R bl BBl KB 14 are amrened S "
hol es 15 of thehe BénterbFthbreuil déar2 RPE0S/iERterval TPhése@arriers 14 are
formed with m {m is a positive integer) number of holding holes 15 for
holding the workpieces W around the centers of the carriers 14 at 360°/m
15 intervals.
On the other hand, in Fig. 2, the upper platen 19 is suspended from
above directly above the lower platen 10. It descends to grip the workpieces
with the lower platen 10.
Due to this, by making the upper platen 19 and the lower platen 10
&7 20 rotate in mutually opposite directions and driving at least one of the sun gear
12 and the internal gear 13 to rotate, the carriers 14 will rotate and revolve
around the sun gear 12 and m x h number of workpieces W housed in the
holding holes 15 of the carriers 14 will be polished at one time.
The apparatus for transferring the unpolished workpieces W to this
25 polishing apparatus 1 is the first transfer apparatus 2 shown in Fig. 1.
The first transfer apparatus 2 is comprised of a table 20 on which the
unpolished workpieces W are arranged and a loader 23 which slides along a
rail 22 and loads the workpieces W on the table 20 in the polishing
apparatus 1.



"The apparatus for transferring the unpolished workpieces Wto this 25
-pol i shing apparatus 1 is the first transfer apparatus 2 shown in Fig. 1.
‘The first transfer apparatus 2 is conprised of a table 20 on which the
unpol i shed wor kpi eces Ware arranged and a | oader 23 which slides along a
.rail 22 and | oads the workpieces Won_ the table 20 in the polishing
-apparatus 1. - 15 -

‘'Figure 4 is a sectional view of the table 20 and l-oader 23 of the first
‘transfer apparatus 2; Fig. 5is a schematic view of the structure of the
| oader 23; and Fig 6 is a plan view of the table 20.

As shown in Fig. 4, ré 43€8's e%ﬁohap mbﬂmaqablemamoﬁdbpzawmrsﬁ

and descend with respeéect to the table 20 at a position directly above the
tabl e 20. At it ¢ransfesapparatus:2; FigeS fs a sclimatic ewsnfithe strueture ef thedoader

The n nunber of 0 5, are provided in an

array corresponasoanégﬁ ﬁzsz?rq Wmébgtgt}@ of the polishing apparatus
1 (see Fig. A%)shomqnfﬁ’%w thellbadef 28 tsed@mgmoeroswébleae asbend i n
Fig. 4, are 10 orted earings 24b fixed to the | oader 23.

Fu:ﬂtj her , f & ht hE andtdesnem:vdthcrespeﬂ ta tln@ table?Q:ata pasitior disecticakayethe y
Lo "the hol ding. a8 2008t Y lchel Sulrice 4R Bidyffed™ HuimBer St Molifterg 24 2 POTLL N0

nunber of mounters 24‘héfrﬁmﬁhb@1§f€rﬂomtewmtds$hmvmmﬁg.55 arepcdvndédaldarader
23 at 360[err]/n intervals, while the mnunber of uck

mount ed around BR@Y&efespending totherastan (?f@fsam 93%8? Wﬁ?b'm ?HP%rlaNﬁ .Y
TPRSE o rhoer Bed Bl B e shaft 24U tAE ftbunford 24786 Shbin' 3 Fig 4R

al "t oget her by ni'sm t he
rotating ruechansaﬁpmedabgbeanWmedtoAheskbadanzzo in Fig. 4 and Fig.

portion of each of ¢ Ferheat BabOpmUTaCet NG RRIISE 74 R tAHORdRY ot
the center of thgnihdt OFBRCKI 250 RbRIiy thé \ﬁé}ﬂpi%%w faMatray 2otre8pondisg gear
to the holding holes 15 of the carriers 14.
That is, the n number of mounters 24 are arranged around the center
15 of the loader 23 at 360°/n intervals, while the m number of chucks 25 are
mounted around the centers of the mounters 24 at 360°/m intervals.
These n number of mounters 24 are designhed to be able to be rotated
all together by a rotating mechanism.
Specifically, the rotating mechanism is a gear mechanism. As shown
& 20 in Fig. 4 and Fig. 5, this is comprised of a first gear unit 24¢ provided at the
top portion of each of the mounters 24 and a second gear unit 26 provided at
the center of the n number of mounters 24 and engaging with all of the gear
units 24¢. By making the shaft 27a connected to the gear unit 26 rotate by
the motor 27 (drive unit), the n number of mounters 24 are rotated all
25 together.
Further, a spring 28 is wound around the shaft 27a of the motor 27.
One end of the spring 28 is fixed to the motor 27, while the other end is fixed
to the shaft 27a. Due to this, when the motor 27 makes the shaft 27a rotate,
the spring 28 is compressed, while when the drive force of the motor 27 is



“units 24c. By naking the shaft 27a connected to the gear unit 26 rotate by
-the nmotor 27 (drive unit), the n nunber of nounters 24 are rotated all 25

i t oget her. Further, a spring 28 is wound around the shaft
{27a of the notor 27. One end of the spring 28 is fixed to the

. motor 27, while the other end is fixed 4 . to the shaft 27a. Due to
“this, when the notor 27 nmakes the shaft 27a rotate, the spring 28
is conpressed, while when the drive force of the notor 27 is

- 16 - di sengaged, the shaft 27a rotates in reverse to its
original position due to the recovery force of the spring 28. That

s, th t i ) t
e e, T G o 20 e o fo B GRIBATRSIER AL <

the drive force are designe
recovery force recoveny foreei ofdhe Sprimge28.1 Thatds,ithe niaunters @4 made tGrotate bypaor 27
I s di sengaged. han t he t 0 asd%\own I n

. n h | ,
o o Rader aredeternined angle a8 £ B JiviSfost B theurtctor 37 afe Agsighe
These recei ver she? fosdt By #id ?éwéryqefdee@ﬂqﬁéégﬂg? D8 viHen tAB\HMvBTorcd?df the

The m nunmber of unpoliShed workpi eces War aced on the receivers 21 10
by a not §hown motasi27 is disengaged. The wor kpi eces Ware placed in the

receivers 21 in a ner [o]# ngj 1 he nting state of

t he chucks 25. Duenfta@nﬁfﬁ ch%@ﬂdmtﬁﬁféﬁg%' gggﬂg‘&géﬁ pﬂgggﬁﬁﬁgtrﬁﬂmgﬂo&e t hem
i s made to descegéivetsh®! 6 iteHsp garfade.t he nmounters 24 and the

wor kpi eces Wof the receivers 21 match conpletely. 15 Accordi ngly,

by making the | oaderThesedeseivers 21 are aranged aarespending o the mounters 24a) | of

| osder 25 al ang! 0 dfipb0Y Epblafia Wefpetts W e pacaBbl Pikebafers21,c 1

The wor kppeces By @bt shidwh pdbdthe pol i shing apparatus 1 are
transferred out by the second transfer apparatus 3. The second

[ _ 20
transfer apparatus 3'heworkpiaces V¥ are placedn the receivers 21 itamanner ¢ ansfer
apparatus 2.  eorresponding to the mounting state of the chucks 25. Due to this, when the

~ loader 23 directly above them is made to descend, the chucks 25 of the
mounters 24 and the workpieces W of the receivers 21 match completely.
15 Accordingly, by making the loader 23 descend, it is possible to pick up
all of the workpieces W on the table 20 by the chucks 25, then move the
loader 23 along the rail 22 shown in Fig. 1 to the polishing apparatus 1.

The workpieces W polished at the polishing apparatus 1 are
transferred out by the second transfer apparatus 3.

N 20 The second transfer apparatus 3 has a similar structure to the first
transfer apparatus 2. ?

That is, as shown in Fig. 6, it is provided with a table 30 having n
number of receivers 31 arranged at 360°/n intervals and an unioader 33
having at 360°/n intervals n number of mounters 34 to which m number of

25 chucks 35 are mounted at 360°/m intervals.

In the same way as the loader 23, the unloader 33 has a rotating
mechanism in which a second gear unit 36 is engaged with first gear units
34c of the mounters 34 with shafts 34a axially supported by bearings 34b. By
making the shaft 37a connected to the gear unit 36 rotate by the motor 37



' That Is, as showmn in Fig. 6, it is provided with a table 30 having n
nunber of receivers 31 arranged at 360[err]/n intervals and an unl oader 33
thaving at 360[err]/n intervals n nunber of nounters 34 to which m number of

i25 chucks 35 are nounted at 360[err]/mintervals. In the
‘sane way as the |oader 23, the unloader 33 has a rotating mechani sm
I n which a second gear unit 36 is engaged with first gear units 34c

of the nmounters 34 with shafts 34a axially supported by bearings 34b. By
maki ng the shaft 37a connected to the gear unit 36 rotate by the notor 37

- 17 - (drive unit), it is possible to make the n nunber of
mounters 34 rot gdrﬁeadrirz itis gos?ibléfégﬁék@fhe il hﬁm&%ﬁﬁio‘ﬂﬁté@ ﬁ%tagéaﬂ to be
reset by the recover orc spring 38 when the drive force

of the notor 37tagsthﬁrs£hgambamsm is designied to be reget byotherfegoveméormlqﬁader 33

amparatus o s NGLAPTG 4, BRES pCANR @RGS0t e rualie? €UebReRRL e

tabl e 30 at a positipfe ¢ fHi§,th¥ uAlader 88 takeabut aﬁ(bfﬂ%‘e\?liéh%ﬁ%orkbiéces
hel d workpi eces Won the receivers 31. The workpi eces | aced on the

recei ver s531 arW fraretheolishing appatatlam.vslsdeam@th@tableswsw deseandset t es

pparatus 1, ¢ Howagd e BEBP R0 LGRS RBR oer =iy 68 BHRYD By Biebitne

transfer appar aheld workpiBees VR bA it receivers 31. TiReWokKpistea W placsd6R itk
transfer apparatus 3, and the rotation and reset operation of the

mount ers 24 andreseivere:3tere takensut by ainet shewnrgbotanshstarassin cassettes etg,

Chavn 10 Fro. 7.t ne MORPINIM phetfugf Bt 4R SRET ARt Ao ppRratus 1 the

unit 40, 1@ rev oWutkpcebea\Mmsmi spératiorof the |fkst4|hns€errapxpatatus 2att@ tfansfer

cal cul ation stem roI
The setting uni ?PQFGUP% ofﬂle WB%@“?%@PP@W Hﬁ'@ﬁél%rﬁﬂdsrqsﬁé
nunber of teet h of
t he 20 pol i s‘ﬂé.’ﬁgg’zggg%a'?ﬁgﬁtf&% hﬂ%?ﬁbr%% c%ﬁ ﬁ’{)lclaéeof t eF%EEPéta}lilfst S 24c
(gear units
Figure 7 is a block diagram of the conirol apparatus 4.
15 As shown in Fig. 7, the control apparatus 4 is provided with a setting

unit 40, a revolution angle calculation unit 41, a rotation angle calculation
unit 45, and a system control unit 46.
The setting unit 40 is the portion in which the operator inputs the
number of teeth of the sun gear 12, internal gear 13, and carriers 14 of the
& 20 polishing apparatus 1, the number of teeth of the gear units 24c (gear units
34c) and gear unit 26 (gear unit 36) of the first transfer apparatus 2 (second
transfer apparatus 3), the number of carriers 14, the number of holding holes
15 of the carriers 14, and the rotational speeds of the sun gear 12 and the
internal gear 13.

25 The revolution angle calculation unit 41 is the portion for finding the
revolution angle of the carriers 14 &t the time when the workpieces W being
polished by the polishing apparatus 1 reach the desired thickness based on
the rotation angles of the sun gear 12 and the internal gear 13 at that time.

Specifically, a measurement device 43 calculates the thickness of the



.340) and gear unit 26 (gear unit 36) of the first transfer apparatus 2

(second transfer apparatus 3), the nunber of carriers 14, the
nunber of hol di ng hol es 15 of the carriers 14, and the rotationa
-speeds of the sun gear 12 and the i nternal gear 13. 25

The revolution angle calculation unit_4lgis the portion for finding the
revolution angle of the carriers 14 at tﬁe ti me when the workpi eces W bei ng
pol i shed by the polishing apparatus 1 reach the desired thickness based on
the rotation angles of the sun gear 12 and the internal gear 13 at that
tinme. Specifically, a neasurenent device 43 cal cul ates the

thickness of t h?vogkpieceﬁ W based on electncal sngnals from an eddy current sensor &8 -
WOr kpl eces W base on el ectri cal na S roman ed y current sensor or

ot her thickness oﬂarémckmeysmte@mg@mouﬁz swpwted pa thg yeperniatenr 210f the t he

Phe - 0 “PPUL Pl enpsiehiR f il AiafEh Eno TSt TAL mohiBl e,

and nonitors 5value df'ise ﬁﬁél@@ssmpmlfmtm measurenient devios 43rgidemenitorsr  44a
of the sun gear and a rotation angle sensor 44b of the internal

gear 13. § the detection signalsdrom arr@taﬁiﬁntanshe sensgs 4da of tha,smgednlZingl e R

of the carriers 1l tion (1) fromthe
rotation angle ﬂné@ r%mg&p@%%&jso?ﬁtﬁ)%tﬂ%hﬁgﬁﬂhp&%wl on angle B of the

i nternal gear 13 whepyithér, wd usit 81 fhbsqi@m{utnenangfammftﬁeacarﬁewwrrent
devi ce 43 reaches the desired value. Note th in, and Zc are

t he nunbers of basedosdhe failowing equatigad) ﬁQm thﬁéo‘iaﬁﬁ’% eAgle /Qéﬁﬂ'le sungear 13

e car ! " and ho Ryffdh B bf ieiidBRar 28y Fen e Wis Mg est
(1) 15 10 from thelmheasuremenat device mBe'eaehesl theidesired yaleecNbtauthat Zsn uni t
"ndi 6ating the 7in #di are the humbergPLEeh SPkATAE 80N BRR 16, R BHTH BERE 14
revol ve unti|l a15e4 \Hd GiigRo4 Phnd B are the rotatifiPbRgledof tHel surbgeatSft errl/n
cl osest to the reVqutlon angl e ound. This bel ng done, the
syst em control andthelteroat gedrs13d he notors 18a and 18c so that the

R = (A-Zs+B-Zin)/2(Zs+Zc) (1)

15 Suitably thereafter, the revolution angle calculation unit 41 outputs to
the system control unit 46 a correction signal 81 indicating the rotation
angles A and B for making the cartiers 14 revolve until a revolution angle of
a whole multipie of 360°/n closest to the revolution angle R found. This being
done, the system control unit 48 controls the motors 18a and 18¢ so that the

7 20 carriers 14 revoive by exactly the angles shown by the correction signal S1,
then makes the motors 18a to 18c stop.

That is, assuming that the workpieces W reach the desired thickness
when the for example 10 carriers 14 rotate by exactly 363720° from the start,
since the angle of a whole multiple of 360°/n (= 360°/10 = 36°) closest to

25 363720° is 363960°, the revolution angle calculation unit 41 controls the
motors 18a and 18c so that the carriers 14 rotate by exactly 24° from the
current positions.

The rotation angle calculation unit 45 is the portion which finds the
rotation angle r of the carriers 14 at the time when the polishing apparatus 1



20 carriers 14 revolve by exactly the angles shown by the correction
signal S1, then nakes the notors 18a to 18c stop.

‘That is, assum ng that the workpi eces Wreach the desired thickness

when the for exanple 10 carriers 14 rotate by exactly 363720[err] fromthe

start, since the angle of a whqhe multiple of 360 [err]/n (=
360[err]/10 = 36[err]) closest to 25 363720[err] is 363960, the
revolution angle calculation unit 41 controls the notors 18a and
18c so that the carriers 14 rotate by exactly 24[err] fromthe

current positions. The rotation angle calculation unit 45
i's the portion Waé pBef shisppeity the above cofiffélabirtitie andhfikes Yhe huntérsJeer s 14
at the time when the polishing apparatus 1

- 19 - and 34ief therioader 23 ppd dhe ynioadendd vatatecatta predetartimed and nmakes
t he nmounters 24 . and 34 of the l‘oader 23 and the unl oader 33
rotate at a prewgpgknined timng. Speci fically,

it finds the rotati oSpadifidaty! it fivds te otetionairylel fotthrearids 14%sirr%tﬁé' | owi ng
equations (2) and (3) based on the revolution angle R at the ti of

st oppi ng Phe poioflewingequatians (2)sand @)based anthe ravelulionzegieRrat/the timedoft he

the " An9C SoBoinbythe BESIHTE SpRat hunost i ok 380 AL Bha e 3097 e
| oader 23 rotation ghghe Aosfdhe s8R gear A2 ENGXt, R Fings the iofetionCariie ToftRg! € 1

and outputs the 10  rotation signal S2 for making the gear units 26 and
36 rotate by exgRarnupitsiZé and 36 for making theymounters2¢and 34.ef thedeader28 and 37.

Notsg” t hat Zs' y it 26
(36 and the gen Gfiopderss Rfate by excty MERRARPang g Falg Bundlé i w0,

E 3)= (R- AL0Zs/ Zorotation Tsr:%nask SSZt for mcaé(r!]r:gr tge gl?r?ir unEtléZ 2i6 Shhtd H’ieG rgé?tteibgn@)ﬁcagEIy fvd / Zs
control ling t hé’oﬁﬁ'ﬂo\?i@@f%ﬁcp%% motors t%rﬂﬂ)r%'ﬂgﬁgqe thﬁtezﬁcﬂquzﬁ'ﬁgemfbr ation of
the polishing %Rﬁﬁsgfstbz rt\%ethto%é gééﬁirfﬁf 26 (36) and th%?@?ﬂ%ﬁi&“zé’é (343§ skt 4651

transfer apparatus the transfer op tron
the setting unit 40.
r=(R-A)-ZslZc (2
15 C=rZcfZs' (3)

The system control unit 46 is the portion for controlling the driving and
stopping of the polishing operation of the polishing apparatus 1, the transfer
operation of the first transfer apparatus 2, and the transfer operation of the
second transfer apparatus 3.

Specifically, in Fig. 1, the motors 18a to 18¢ are driven in the state
where the workpieces W are gripped between the lower platen 10 and the
upper platen 19 so as to make the lower platen 10, upper platen 19, sun
gear 12, and internal gear 13 rotate: '

Further, the system control unit 46, as explained above, controls the
25 motors 18a to 18c to make the cartiers 14 revolve by exactly the angle

shown by the cotrection signal S1 then stop when the correction signal S1 is
received from the revolution angle calculation unit 41 and controls the upper
platen 19 to make it rise.

Suitably thereafter, the systerh control unit 46 makes the unloader 33



1isecond transfer apparatus 3. 20 Specifically, in Fig. 1, the

.motors 18a to 18c are driven in the state where the workpi eces W
iare gripped between the |ower platen 10 and the upper platen 19 so
tas to make the |ower platen 10, upper platen 19, sun gear 12, and
‘internal gear 13 rotate. soFuUrther, the systemcontrol unit
‘46, as expl ai ned above, controls the 257 nDtors 18a to 18c to nmake the
carriers 14 revolve by exactly the angle shown by the correction
signal S1 then stop when the correction signal Sl is recei ved from

the revolution angle calculation unit 41 and controls the upper

platen 19 to nakey eéssédoﬁa transfer ynit 3 move direttly a5ve thBoweY pisten 10'6f heSt €M

control unit 46 e un
- 20 - polxshmg apnarauwohand nmthartransmlmoﬂﬁheeaﬁdvp ratation t he

I | at 10 _of . | i.shi t d t ts th
 ane sal on of SEhal §2 5 the rotatiorfngle GaiiehaBBE AR S helo RSN 1 Ton angi
cal cul ation uni ynadees? feaches Hirebtly Sove the lower platéhaﬂ?rFu?t’hefetﬁéfsgt em

directly above the | ower platen 10.” Further, the system 5
46 perforfs conconrirolsmit4A6 performsecantrol 50 B8 4ol makezhe enloader 33 descend t owar d

wor kpi aces. w by e dhe BN ioh 3B, R HAGE tE ibaduri AclficBdne haished o 5o

Further, the sygiofdpiscestWdy theichubRs 86 ?igé dndemevetd direttly RBVRE thetdbie 30,
not or 37 before or when the unl oader 33 reaches directly above the table 10

30. That is, it perfbumthercthesystern sontraldinitdfe stons the surply of pewer tarthe not or

Chit abl e 30, ot 57 86T GPRhER NG BN A5 Rl ARG shaRRBE RO T [ e

recei ver 4031 of 30.HFhat is, it perfom%llimtrwto d&eﬂigﬂmhetdrﬁfefsrcéldfﬂ‘ié mot&bgx.e the

t abl e 30. ther, the systemcontrol unit 46 control’s the

| oader 23 of t hthep R%ff’"I@ cont"P'r@rfﬁ?@ thesinipaders3ddesesnd dowars ﬂhﬁ tablegital | el
iy 53" seoceRlet BEUMARS plfos e wonglecss W in Rk 41 SRKEC 1,
hol ds t he unpol iablaeal) Nibmiakeg it eise \directhk above thei table30d
Further, the system control unit 46 controls the loader 23 of the first
15 transfer apparatus 2 substantially in parallel to the control of the unloader 33.
That is, it makes the loader 23 descend toward the table 20, then,
after the loader 23 holds the unpolished workpieces W, makes it rise and
then moves it to directly above the lower platen 10 of the polishing apparatus
1.
o 20 Further, it instructs the transmission of a rotation signal S2 to the
rotation angle calculation unit 45 before or when the loader 23 reaches
directly above the lower platen 10, Next, it makes the loader 23 descend
toward the lower platen 10, then, after the loader 23 releases the workpieces
W from the chucks 25, makes it rise and makes it move directly above the
25 table 20, The system control unit 48 disengages the drive force of the motor
-27 before or when the loader reaches directly above the table 20.
Next, an explanation will be made of the operation by the polishing
system of this embodiment. Note that this operation is specifically achieved
by the method of control of the polishing system according to a second



! : : L
then noves it to directly above the | ower platen 10 of the polishing

‘appar at us 1. 20 Further, it instructs the transm ssion
lof a rotation signal S2 to the rotation angle cal culation unit 45
ibef ore or when- the | oader 23 reaches directly above the | ower

;pl aten 10. Next, it makes the |oader 23.,descend toward t he | ower
.pl aten 10, then, after the | oader 23 releases the workpieces W

fromthe chucks 25, nakes it rise and nakes it nove directly above the 25
tabl e 20. The systemcontrol unit 46 di sengages the drive force of the

not or 27 before or when the | oader reaches directly above the table
20. aspeti®fithe fHveftih.anation will be made of the operation by
t he pol i shing system of this enbodinent. Note that this operation

i s specifically achi Figue 8A to Fig. 8Ehare viewsexplathing theqprocesds of thetpolishingshi ng
system accordin

ATV gyétgm‘?‘ Figif.ﬁé% to:Fig+ 9F arg sthematic plan views of the state ofrefatien ga

to Fig. 8E are ahewevcﬂuﬁ&rabnha%amé}sﬁﬁ%ﬁﬁﬁﬁe%ﬁat&b?r&ﬁii&f fﬁ% mounters 24

system Figure 9A to Fig. 9E are schematic plan views o state o
rotation $ (34). and revolution of the carriers 14 and the state of
rotation of the noun As shown in Fig.

24 . ) . e
9A and Fig. 9B, the %glrsf'gwpﬁ@':sfﬂ'(%\e@é@ PRethe polishing processdy e appar at us
1 is executed, pélishiny@ppdratusot istkechtedas Eﬁoﬁh%}i Fig‘r’]"eﬂ from the state whéi@

r
positions of the carriers 14 and the positions of the fhounters
conpl et el y mat ctheprsitiansafitae cawiess 14 anddhe positiens ohitheimoustess 24) . 10

-crggf;eir : oi‘ nt Lgeﬁbtﬁt}%% @#@%Qﬁ;ﬁ@g@ggﬁgfi@d g;ng% @Aﬁ{ﬁﬁ%gn)o? B’ce'ﬁl{] gr l i nes
of 10 revol ut i Dhatlis,dh tRé Mtk slate, assoweinFigeeA ahd Fig OB dhe! i nes M of
the | oader 23 unl oader 33) (hereinafter referred to as the

"predet er mi ned ?%’VSTslﬂfité_ﬂ n number of caeriars i14-ie)onihg, n pumbaeef carter inestafr s of
honony. o "ot o SRRl ko golé AR ofTieddh 41, I,
first transfer (unjoadar 38) thefginafier reférred tohas ther'bradeteriminée reVuldtion
position") and, further, the centers of the holding holes 15 positioned at the
15 outermost sides in the m number of holding holes 15 of the carriers 14.
Further, in the first transfer apparatus 2 (3) as well, the centers of the chucks
25 (35) positioned at the outermost sides among the m number of chucks 25
(35) of the mounters 24 (34) lie on the center lines M.
If the polishing operation of the polishing apparatus 1 is started from
w 20 this initial state, as shown in Fig. 8A, the two surfaces of the n x m number of
workpieces W held in the holding holes 15 of the rotating and revolving
carriers 14 are polished by the lower platen 10 and the upper platen 19
rotating in mutually opposite directions.
The value of the thickness of the workpieces W being polished, as
25 shown in Fig. 7, is monitored by the revolution angle calculation unit 41 of
the control apparatus 4 through the thickness detection sensor 42 and the
measurement device 43. When the workpieces W are polished to the
desired thickness, calculation is performed using the above equation (1) in
the revolution angle calculation unit 41 from the rotation angle A of the sun



25 (35) positioned at the outernost sides anong the m nunber of chucks 25
(35) of the nmounters 24 (34) lie on the center lines M | f
ithe polishing operation of the polishing apparatus 1 is started from 20
:this initial state, as shown in Fig. 8A, the two surfaces of the n x m

nunber of wor kpi eces Whel d inj,he holding holes 15 of the
rotating and revol ving carriers 14 are polished by the | ower

pl aten 10 and the upper platen 19 rotating in nmutually opposite
directions. The val ue of the thickness of the workpi eces W
bei ng polished, as 25 shown in Fig. 7, is nonitored by the revol ution

angl e cal cul at | 4Ra41f) bnd Indfotation ane B BFNGHeid] gBAPES Bhisgh frin g | he

t hi ckness det ecti On and sur enen When
t he workpi eces Ytation angle seasgofsai4aand 44b. desired thickness,

calculation is perforned uysing the aboyve uati o 1) In .the

revol ution angl 2 cal Atthis g, asshown in F\élgng&hy&‘ﬁﬂglaé F%W%M arepesitiongd s n

- 22 - i ' r 13
obtai ned from tﬁféfr&ﬁﬂ'{e &govr%yg??f;eﬁﬁmang %9@%@2&8 gﬂ ﬁié&%?ﬁ\%ﬁtﬁr{?ﬁglgw

At this tiste, asfthecaboverequation ¢1) willimehbe lrewkale multiple bf 360&nposi ti oned

off fromthe above predeterm pned,revol ution positions, .the revolution angle
R 5 of the abovéc‘é‘?{gﬁ‘g&am %cﬁq’i{h‘?ﬁﬁ 109 apg %leg'mqfﬁﬁg%'ﬁ 360
[err]n. ppegformed. Accordingly, in this case, the revolution angle

adj ust ment step' | perfornmed. That is, the angle
of the whol e nul ti pl haffis,86[amgid ofthelvduids muitiple bf380Yn elosest to the above

i 10 " %21 Fovonitks Hngls BIBUGH ISiaicuumtoe by e SR Al Spleulton it of
unit 46. g 41 and the cofrd@idrPsighals 1 s EEnf RS MleSsybein abftrdidmitds.t he

pol i shi ng appar at us are controll ed by the .Sg.St em control system
46 and, as shown in Pugto this, theeotors 18a and 18¢ ebthe palisbingrappasatus 1rareol ve

DY et o 2ROl B b SO kgt Y5, a5 shown pFESBLRATE
apparatus 1 is RumBBESf dlers0of4 pvohva@Byérattigah.-angle smaller than 360°/n. When
reaching the predetermined revolution positions, the operation of the
15 polishing apparatus 1 is stopped (ehd of polishing step).

In this way, according to the polishing system of this embodiment,
after the workpieces W reach the desired thickness, the carriers 14 only
revolve by an angle smaller than 860°/n while the polishing apparatus 1 is
being made to stop, so the rotation angle is also small at that time.

w20 Accordingly, the amount of polishirig of the workpieces W polished after the -
desired thickness is reached is also slight and the polishing precision
becomes extremely high. The greatér the number n of the carriers 14, the
more remarkable the effect producéd. It is consequently possible to secure a
sufficient polishing precision even in a polishing apparatus 1 of a high
25 polishing rate.

The revolution angle adjustment step, however, merely adjusts the n
number of carriers 14 to the predeteérmined revolution positions. it does not
return the positions of the m number of holding holes 15 of the carriers 14 to
the initial state shown in Fig. SA. Therefore, in this state, as shown in Fig. 9B



In this way, according to the polishing systemof this enbodi nent,
after the workpi eces Wreach the desired thickness, the carriers 14 only
revolve by an angle smaller than 360[err]/n while the polishing apparatus 1

is being made to stop, so the rotation angle is also small at that
time. 20 Accordi ngly, the anDunt_of:io[ishing of the workpieces W
polished after the desired thiTkness is reached is also slight and
t he polishing precision beconmes extrenely high. The greeter the
nunber n of the carriers 14, the nore remarkabl e the effect
produced. It is consequently possible to: secure a sufficient

POl I SNING. Pr C1 44 PRigPYBY trd posifistsl oFthe Shadis 1R mBuliede 28334) gnd

polishing rate. revol on a ?g adj us
however, ner el ythegjositions tofithexholding holes mﬁnbthe cﬂrnersr‘m aften dd nobrriabeh.

redet erm ned revol on, posi ti gns urn, .t he
Bosi tions of t hevm #ﬁ%@@p%fé ﬁ%’l"&f Fﬂja{iﬁﬂ ﬁggeiﬁan?élogaﬁt?p gthgrqﬂ'lq 0 .
tFlhg 'nitial St adigRot ate hdtmadetd rolte! Bitthe mduhtdrdi2 YRhR madetsOVn 1 N
and- Fig. 9D, t hretate<o makesthefchutis 25 (33)snatsh ties holdingt halesrt&iin posmdn ig 34)

and the positions of the holding holes 15 of the carriers 14 often
do not match. performed. Therefore, a carrier rotatlon angl e

det er i nat i on Step Wigits, Wifon the revolutiGipéngi6 a8jubfnaftstaf s fifed the ot ate,
ITB.

but the nounters 24 4 are chucks 25
(35) match the rbtat@nramgimbdsulaﬂom unqbé@@iwiates the rotatnon angie f of thed.

That wh th t | f

{dustt 1 on angl e T 4 o ia APy eBttR &7 Dondii reRurlel AHE R MRl ¢ e
carriersid4 frafukipR citBBOS/) Wi the daflers J4re shsppedy aldlilatss thedbiation( whol e
10 mul tiple of 360/ n) when the carriers 14 are stopped, calculates t he

rotation angle.kpfdhegenr units 26and 3Rifosmaking the mmﬁersr%ka

second tr anst eta P AnSfer anparAHE 2idthe SeabiRd @éﬁf’gﬁﬁéﬁﬁi&%ﬁ as
the rotation argdaetly tHe samé hﬂﬁmmmmn@mg[@ from the above aqdatidre(3by
determ nes the arn%t t%te}'é)br;l dgetgrmmes %1e rotation sighal S2.

15 Suitably thereafter, the second transfer step is performed.

That is, as shown in Fig. 8B, the unloader 33 of the second transfer
apparatus 3 is moved to the polishing apparatus 1 side under the control of
the system control unit 46. Further, while the unloader 33 is moving or when
it reaches directly above the lower platen 10 of the polishing apparatus 1, the

20 rotation signal S2 is sent from the rotation angie calculation unit 45 to the
motor 37 of the unloader 33 under the instruction of the system control unit
48, whereby the gear unit 36 of the i_mloader 33 is rotated by exactly the
rotation angle C. ‘

As a result, the mounters 34 rotate all together and, as shown in Fig.

25 9E, the chucks 35 match with the holding holes shown in Fig. 9D in position.

In this state, as shown in Fig. 8C, if the unloader 33 is made to
descend toward the lower platen 10 of the polishing apparatus 1, all of the
chucks 35 come into contact with the polished workpieces W in a one-to-one
cofrrespondence.




'15 Suitably thereafter, the second transfer step is perforned.
That is, as shown in Fig. 8B, the unloader 33 of the second transfer
japparatus 3 is noved to the polishing apparatus 1 side under the control of
ithe systemcontrol unit 46. Further, while the unloader 33 is npving or
‘when It reaches directly above2 t,he lower platen 10 of the
‘pol i shing apparatus 1, the 20 rotatlén signal S2 is sent fromthe
‘rotation angle calculation unit 45 to the not or 37 of the unl oader
‘33 under the instruction of the systemcontrol unit 46, whereby
‘the gear unit 36 of the unloader 33 is rotated by exactly the

rotation angle C. ; ; t ate all

t oget her and, as shoMeftnh'%ﬂaeuatgéae%%?%hetéﬁggﬁ{’%ﬁ&@ﬁeﬂﬁ%ﬁ t he

hol di ng hol es slehutks 36 fbld-th€ Workpiesss W aind can be moved to the taBlé 3plyide gé at e,
as shown in Fig. 8C I f.the unloader 33 is nade to descend toward

the | ower platefh qwn i Fig.8Dpol i shing apparatus 1, all of the
chucks 35 come into RAhGE Il e LiBaBS! 48 RSHoVRG 6P WAt MabRed by O On°

correspondence.

After this, theabov/@ttmelabléaio sherdrive farce oﬁthe motdr67ss disenghged uhder the
chucks 35 hold the VYO kﬁ) s W and caﬂg to the table 30 side as
shown in Fig. ggpntrolofthes em contrp| ypiL 4 %ﬂ%eosim éhe@@qrgelﬁow ng
or when it reac G 3 t ce of
the notor 37 |sb§|%sféelgéﬁb Xhe %covenﬁ@ fthe sbﬁﬁ %8 fﬁen 8 Feiéwg?g “control
unit 46. The r o8kt tharummdenb’@rdeasends]an&ﬂumpeh@ed workplecesw areplaesdionby

the recovery fo e rin wn.in Fig. 8E,
t h&stnl oader 33{@e@8&%@"g}% WQHS@"\%&IPE?%EQ Ware pl aced on
the tabl 30, wherebyhé hetsraﬁeedsferpa@%&éeutéa%abefaﬁﬁauﬂﬂ paralel to theThe first

transfer step is executed substantially in parall econd
transfer step. secondtransferstep. That is, under the control of t he system

control unit 46, as ﬁ%"}gttﬁ@eﬁtrbeeg%rg%g'f&e gﬁt&ﬂdconlrgl ur§F46tahsest%o%ndf?1r 23 of

the first transfer a
Fig. 8B and Fig. 8C, the loader 23 of the first transfer apparatus 2 descends

toward the table 20 and the workpieces W on the table 20 are held by the
15 chucks 25. The loader 23 then rises, then, as shown in Fig. 8D, is made to
move to the polishing apparatus 1 side.

While the loader 23 is moving or when it reaches directly above the
lower platen 10 of the polishing apparatus 1, the rotation signal S2 is sent to
the motor 27 of the motor 23 and the gear unit 26 of the loader 23 is made to

g 20 rotate by exactly the rotation angle C.

As a result, the mounters 24 rotate all together and, as shown in Fig.
9E, the chucks 25 are positioned to match the positions of the holding holes
15.

In this state, as shown in Fig. 8E, if the loader 23 is made to descend

25 toward the lower platenn 10, the chucks 25 are positioned corresponding to
the empty holding holes 15 on a one-to-one basis. The unpolished
workpieces W are placed in the holding holes 15, then the loader 23 is
raised and is made to move to the table 20 side.

Further, while the loader 23 is moving or when it reaches directly



'toward the table 20 and the wor kpl aces Won the table 20 are held by the 15
-chucks 25. The | oader 23 then rises, then, as shown in Fig. 8D, is nade to

{nmove to the polishing apparatus 1 side. Wil e the | oader 23
{is moving or when it reaches directly above the | ower platen 10 of
{the polishing apparatus 1, the rotation,signal S2 is sent to t he
imotor 27 of the notor 23 and the gear unit 26 of the | oader 23 is nade to
20 rotate by exactly the rotation angle C As a result,
“the mounters 24 rotate all together and, as shown in Fig. 9E, the

chucks 25 are positioned to match the positions of the holding holes

15. ' i i i 23 is
made to descendag%ve tlhgtt{i)lgvzllgfz ’pﬁée@%@r pl a esndr:1r tﬁ%%qlﬁ\gergr?&cirjséggé are
posi ti oned gor rﬁepfwslctrar@h : ferlrste%ends. the enpty hol ding holes 15 on a

L e T . : : :
Pol di ng hol s 15, t HAETIRE, fredeishing step, revolution 8hge adRimant Soheeen move
E)(r) \t/\ﬂgnt ?P' re.eggrﬁzéstﬂ)grlarnegé? Fﬁtermination stézﬂfrsEBSﬁd trahifef stePCahd fiFk trafdfdrS Vi NG
25 - 5 steplare repdated intthe safhe why. h xmhumbepofwoikpiecesfWtidre nounters
24 are reset and .the first trapsfer step ends.
After this, thdPQlishedatadigh Brecisioneach B8 angl e adj ust nent step, carrier
rotation angl e det erg’w\%léqn step, second transfer step, and first transfer

5 step are repeated in the sane way. n x mnunber of workpieces Ware
pol i shed at a hi gh pexampledrshesushdetailsof the above embodimentcThsiumber n of

Exanple 1 sh det ail s .gf th nbodi ment . The. f
Chobar i er s 1AnGEaRs Jdiafs RerniAERaEt T s sl BV ndler mtoer
of 10  ghol diﬁkﬂdﬁ@'tﬁfes;ﬁé efzthbft%rﬁé}émiﬁé%em 59, tﬁétndn‘ibé'ré'bftéé’!ﬁzgymﬁﬁgs of

teeth Zs, Zin, c of the sun gear 12, the internal gear :
and the carri erandiZc of thessun gear 12, the internatger,13; sad the eardiersi 14 are set to

respectively, thgonugbaT A8l 4 £6¢ Pedectiflly HE Mififller of teeth Zc’ of the gear
units 24c¢ (34c) of the first transfer apparatus 2 {(second transfer apparatus 3)
is set to "110", the number of teeth Zs’ of the gear unit 26 (36) is set to
15 330", the internal gear 13 is fixed ini place (B=0), and the sun gear 12 is
made to move. |
These values are set in advance by the setting unit 40 of the control
apparatus 4.
By this configuration, when the motors 18a and 18c are driven and the
W 20 polishing apparatus 1 actuated in the state with the internal gear 13 fixed in
place, 10 x 5 = 50 workpieces W are simultaneously polished.
Further, when the workpieoeé W are polished to the desired
thickness, the revolution angle calculation unit 41 of the control apparatus 4
calculates the revolution angle R of the carriers 14 at that time.
25 That is, this is calculated by the following equation (4) which is a more
specific form of the above equation (1):
R = A-Zsf2(Zs+Zc)
= 3A/8 _ . (4)
If the whole multiple of 360°/n = 36° closest to the revolution angle R



‘units 24c (34c) of the first transfer apparatus 2 (second transfer

appar at us 3) Is set to "110", the nunber of teeth Zs' of the gear
unit 26 (36) is set to 15 "330", the internal gear 13 is fixed in place
:(B=0), and the sun gear 12 is made to nove. These
val ues are set in advance by the settingsunit 40 of the control
- appar at us 4. By this configuration, when the notors 18a and
18c are driven and the 20 pol i shing apparatus 1 actuated in the state
with the internal gear 13 fixed in _ place, 10 x 5 = 50 workpi eces W
are sinmultaneously polished. : : Further, when the morkpleces w

are pol i shed t %ka%t?réggéu 28B6°-P (P jsa whblé:ﬂfmﬁﬁér) thBFotaesAla F;Ié’ﬁl ol

cal cul ation unit the control apparatus culates t
revol uti on angl@geaR 1&giving adevelution amgleaxftlnenaamerw op 86°- P is 96°-P. AThat i s,

Spect 1 for m groergoasel SRty FiRHEA angle Kls Sent t%ﬁe@‘i S50 2( 25+2c)

3A/ 8 control unit 46, _
If the whole nultiple of 360[err]/n = 36[err] cl osest tothe revolutlon
angle R § Due to this, the sun gear 12 is rotated untif the rofatiorrangle A

con” 7o SnRkBIA £rine f HRRkE MUIRCHel b o | 0, 2790501 1

36[err] P is 96[err] RAs dresult, if the rewlmiantamgle §fm@€dar|‘4'iirsSIh0Nhétheh' s rotation
angle Ais sent to the s wstem ntrol unit 46 Due to

this, the sun heverearhedithe dﬁﬁiéed thickness LRy f@e/carners 14 are
begomes S6ler ]mgﬂ%w Sy R 14 TP AL el iRE G e

wor kpi eceg W hapredetennmed remumpwtbnd: MThieresslution Bigletié anemgle ahalle’lr4 are

made to revol ve by exactly "36-P-R1" and are pfloned at th

predet er mi ned rtB3®B6¢ |s!ﬂ?er$6§ icﬁff@tﬁ% 4%31"@03?@??%#’ dﬂ]@f"@q s'n@r'i"%lﬁgﬁ(b
|

ggg[ ere;] /10 = égfe” nﬁgggrrbflﬂ?ﬁtH&ﬁoFkB%cE@Wc%@e&ﬂuﬁﬁ&ﬂ%t?@\F&@tﬁbr%

slight.
Suitably thereafter, the rotation angle calculation unit 45 finds the
15 rotation angle r of the carriers 14 from the following equation (5) which is a
more detailed example of the above equation (2). Note that negative signs
mean that the sun gear 12 is made to rotate in a reverse direction.
r = (R-A)-Zsl/Zc
= 3(R-A)
o 20 = 3(36°-P-96°-P)
=-180°-P (5)

As ciear from the above equation (5), when the integer P is an odd
number, the carriers 14 rotate by exactly 180° from the initial state, while
when the integer P is an even number, they may be considered not to rotate.

25 Therefore, the rotation angle calcufation unit 45 makes r 180° when
the integer P is an odd number, makes r 0° when it is an even number,
performs calculation using the follovéing equation (6) which is a more detailed
example of the above equation (3), and outputs a rotation signal S2
indicating the rotation angle C of the gear unit 26 (36) to the motor 27 (37) of



t he amount of work on the workpi eces Wcaused during that revolution is

slight. Suitably thereafter, the rotation angle cal culation
‘unit 45 finds the 15 rotation angle r of the carriers 14 fromthe
:follow ng equation (5) which is a nore detailed exanple of the

- above equation (2). Note that negative gj(grls mean that the sun
"gear 12 is nade to rotate in a reverse rection. r =
(R-A). Zsl Zc = 3(R-A 20 =
3(36[err]-P-96[err].P) = -180[err]-P

(5) As clear fromthe above equation (5), when the integer

P is an odd the adé}l%hlo Beagprriers 14 rotate by exactly 180 fromthe
initial state, ? o %iithe i nteger P is an even nunber, they

may be consi der ed nd® =tréB r ot at e. : Therefore, the rot dﬁ) on angl e

calculation unit 45 es r 18 nt.eger |s n odd
nunber, makes r Of erlF' 904@ "Qhﬁ@gﬁxﬁm%%rsme tﬂe revo'u%é}"f‘ ﬁa

cal cul ati on usithg Wdﬂ%pié@éé W‘bé@blﬁéWé HesgirddothickRbsSis! smalleiigh 96‘* Qhél‘é‘is
exanpl e of the above equation (3), and outputs a rotation signa

i ndi cati n§ t he litie amount efwasted polishing ogeuiring diuring that 3ige and aaa nesulmt 27

Eﬁg) | gfader 23 (lﬁﬁpgglggrtoyneveahlgh precision of pglishing. 27

(6) THe feBt 6f m@wonﬂg@:andn Ndiction, Rd adexrtapésus effeute atde

revol ution angle after workgl eces Wbecone the desired

t hi ckness is srthmsemetaﬁathoge[omq abQ‘f?e‘P'E pdiment, so willinat be explained of wast ed
pol|sh| ng occuhf{J g during that tine and-as a result it i's

poS«i bl e to ac “a high precision of polishing. The rest
of the comfiguratiorExangglé@n, and advant ageous effects are t he
sanme as those of the_ above ephodinent, so not Pe exp

further. 10 Exampie) difiers from the above Example in the po:nt thatthe sun

gear 12 is fixed in place and the internal gear 13 is driven.
Due to this, when the workpieces W are polished to the desired
thickness, calculation is performed using the following equation (7) which is a
15 more detailed example of the above equation (1) at the revolution angle
calcutation unit 41:
R = B-Zin/2(Zs+Zc)
=5B/8 @
The rotation angle B of the internal gear 13 for making the carriers 14
W 20 revolve to the revolution angle 36°-P closest to the revolution angle R is
"57.6°-P", so the correction signal $1 indicating this rotation angle B is sent
to the system controf unit 46, the motors 18a to 18¢ are stopped, and the
carriers 14 are positioned at the predetermined revolution positions.
At this time as well, the revolution angle of the carriers 14 is smaller
25 than 36°. .
Suitably thereafter, the rotation calculation unit 45 finds the rotation
angle r of the carriers 14 from the following equation (8) which is a more
detailed example of the above equation (2):
r=R°ZslZc



iExarrple 2 differs fromthe above Exanple 1 in the point that the sun

gear 12 is fixed in place and the internal gear 13 is driven.

.Due to this, when the workpieces Ware polished to the desired

‘thickness, calculation is performed using the follow ng equation (7) which
;is a 15 nore detailed exanpl e of ghe%Bab_ove equation (1) at the

revol ution angle cal cul ation unit 41: R=1B
Z.inl2(Zs+Zc) = 5B/ 8

(7) The rotation angle B of the internal gear 13 for naking
the carriers 14 20 revolve to the revolution angle 36[err]P closest to
the revol ution angle 33'!-\,9 "57.6[err]P", so the correction signal
S1 indicating this rotation angle B is sent to the system control
unit 46, the notors 18408%P18c are stopped, and the (8)carriers 14

are positioned at th redet erm ned reyol.uti Qqn positi . )
At tﬁi sI t: me as wel I,Eq‘ltc')?f@"r mq}’{b%‘i’ﬁ“’a*@p(‘fﬁs&% néﬁé?&@%ng_m%ﬂ%@m er 25

than 36. However, Q isH infdlef é%@%ﬁﬁfsfthe réfBiridel {64,236p7) cul ation unit

45 finds the rotation r of e carrier t he

fol I owi ng5equati on (185 3@80f-€H#ris a nore detai |l ed exanpl ggpf the
above equation (2): pnerefore, the rotatign caiculition unit 2% diides the “1083¢P"found

(8) by the above edt@t8h | 0°THKd® Rl Lurfche
foll ow ng equatisé)n_e(ESIB)o.“'ee 8 (8’)*?03{56 I-iq;\?é\ievefﬁ’j Q iés}hgﬂ’rﬁarte ger (é>§loshteand r'
i s the renai ndootatiparangis optihe]garriers 14 toperform calculation usingéhe apove

9 . . [.01.aL ] | at,. it 45

i ties ¢ he " 10aton g, ghaButp s the holBtdshigha S oG 1 Tnteflep apgie
360[ er r] 10f i ndsCt ¢the MSkarZfe37) bftHeﬂGéd&SZS{unﬁ_adehQS). rotation
angle r of the carriers 14 to perform cal cul ati on using the above

equation (6), and oukhsutest ofieeraonfigutation; agtien, and advantageous effécts ace at i on
angl e the same as those of the above Example 1, so will not be explained further.
Example 3
Example 3 differs from the above Example 1 and Example 2 in the
15 point that the rotational speeds of the sun gear 12 and the internal gear 13
are controlled so that the carriers 14 do not revolve, but continue to rotate at
the predetermined positions.
That is, the setting unit 40 of the control apparatus 4 sets R to 0, so
the revolution angle calculation unit 41 performs a calculation using the
N 20 following equation (10) which is a more detailed example of the above
equation (1):
0 = (A-Zs+B-Zin)/2(Zs+Zc)
= (3A+5B)/8 _ (10)
The system control unit 46 controls the motor 18a and the motor 18¢
25 based on the result of the above calculation in the revolution angle
calculation unit 41 so that the sun géar 12 and the internal gear 13 are made
to rotate in opposite directions and by the rotational ratio shown in the
following equation (11): |
A/B =-5/3 (11)



10 Cto the nmotor 27 (37) of the |oader 23 (unl oader 33).
The rest of the configuration, action, and advantageous effects are

;the sane as those of the above Exanple 1, so will not be explained further.
: Exanpl e 3 Exanple 3 differs fromthe above Exanple 1
-and Exanple 2 in the 15 poi nt Egat the rotational speeds of the
sun gear 12 and the internal gear 13 are controlled so that
the carriers 14 do not revolve, but continue to rotate at t he
" predeterm ned positions. That is, the setting unit 40
of the control apparatus 4 sets Rto 0, so the revol ution
angl e cal cul ation urgrhet, wnéﬁﬂféWou«pre@bswarepahsrfedrtathéqe@Ped fol I ow ng
equation (10) which is a nore detailed exanple he above.

equation (1): thickness, the revolution angle-Rof the wr@rsﬂ qupyngcfyom the

= (3A+5B)/8
The system contrﬁﬁt'oﬂﬁ' ?Pefé‘s&ﬁi"m%“l‘ﬁé“ﬂ&eaF 1%@ éﬂ%'qtﬁ@%%r 13_’L§Ethat 25
based on the reimé baséd bhehsabove equiation{iOpn i n the revol ution angle
calculation unit 41 so that the sun gear. . 12 and the inter naamgear 13 are

t

made 5 t At rtb@fatt"@e,lsmf@p‘ib@sfﬂ@'uﬁw agglednis alwaysy0'tand alwexsi onal
'&/a}g' °s g;)\g/n in rﬁgﬁzhes 36°-P, a correctiOh sRWaI'81 TuSatny tné }%tﬁl?nal speeds A and

- 29 - B of the sun gear 12 arfdthietinternaligear B &t Wt ipoint of imé/ig senpl) | shed
to the desired [ the reyol utjon anle Rof t he

t hi cknes
carriers 14 is th%&u%temenﬁt{ql.ymt'*% and the motors 1831q 18e.are €ﬁ§° alopat B of

the sun gear 134, he internal gear 13 at that ti me based
on~¥he above equation (10). 5 _ At that tine, since the
revol uti dd angle R |Su|tablyatgaereaﬂér,ethel ratauuysalculatlon unit 45 findsethe hetati6®OP, a

of the sun gearngls EAtMEIETIare dHIm Jam oot eq IR T2 RGh it potes sen
;g de to stop atdeténré%l AR of HY étsﬁvettsudaﬂéﬁ (zmbéefa%mﬂfe%ﬁaﬁb%ﬁl speddicaar e
and B of the sun gear 12 and the internal gear 13 at that time:
r=-AZslZc
15 =-3A (12)
Equation (12) may also be modified as shown in the above equation
(9), so the rotation calculation unit 45 divides the "-3A" found by the above
equation (12) by 360°, finds the remiainder r’, regards r' as r to perform
calculation using the above equation {6), and outputs the rotation signat S2
20 indicating this rotation angle C to thé motor 27 (37) of the loader 23
(unloader 33). :
in this way, since this examplé is configured so that the polishing
apparatus 1 is made to stop immediately when the workpieces W are
polished to the desired thickness, there is no subsequent wasted polishing at
25 all and a high precision of polishing becomes possible.
The rest of the configuration, action, and advantageous effects are
the same as those of the above Example 1 and Exampie 2, so will not be

explained further.

(«

Example 4



"that tinme. 10 Suitably thereafter, the rotation cal culation
unit 45 finds the rotation angle r of the carriers 14 from

the follow ng equation (12) which is a nore detail ed exanpl e
of the above equation (2) based on the rotational speeds A

:iand B of the sun gear 12 and the internaj, gear 13 at that tinme:

r = -A Zsl Zc 15 =-3A

(12) Equation (12) may al so be nodified as shown in
the above equation (9), so the rotation calculation unit 45
di vides the "-3A" found by the above equation (12) by

360[err], finds the 'E%E‘ Iiffa ; . -

cal culation using the a ﬂ%gga%egf@ﬁg?{@%ﬁﬁé&%%?sﬁt )Ieaﬂﬁ‘g%gt'f]gﬁe EPmal '
'S2 20 i ndi cathatdhe otational speeds efthecsufi gearti2eaanttherintema] géar 98 arde

| oader 23 In this way,

| gader 33 oy o
since this ex anﬁpgr?'?%ﬁﬁ%afa%garrgﬁf% Hurevolve indhe samg lirection as the sun

apparatus 1 is £190 stop imedi ately when the workpi eces Ware
polished to the“desired thickness, there is no subsequent wasted polishing
at 25 al | ambatishthgrepolution angleatalquiationhinity? heftthewonfrobsi bl e.

The rest of the _configquration, acti and v ageous effe re .

the same as tho?BpﬁrPt& P&Hﬁvas @%H@BQH fsﬁ'ﬁgﬁﬁi‘gf?&ﬁ@ 99“%119"\/@%%53‘”&;‘ iBa
expl ai ned furt hgfore detailed ' ; :

e ® detalled example of the ahovpEefiod (130 dves the follqwing
Exanpl e 3 in thequation (14): that the rotational speeds of the sun gear

12 and the internal gea 3. Ak controlled so that the carriers
14\s&vol ve in the saﬁe’ G'?ﬁ%@‘i@’%@’f%@ sun gear 12. 5

That is, mphe revol utiag@aras)g cal cul ation unit 41 of the control 13)
apparatus 4 perforns_cal cul ation using the foll ow ng equation (1(3) which is
a nore det aN%B'@fﬁanpl e of the above equation (1) @AY derives the

fol I owi ng Due to this, the system control unit 46 controls the motors 18a and
18c based on the results of the calculation at the revolution angle calculation
unit 41 so that the sun gear 12 and the internal gear 13 are made to rotate in
15 opposite directions and by a rotation ratio larger than 5/3.

Further, when the workpieces W are polished to a desired thickness,
calculation is performed using the above equation (13) to find the revolution
angle R of the carriers at that time, a correction signal S1 indicating the
rotational speeds A and B of the suh gear 12 and internal gear 13 for making

N 20 the carriers 14 revolve to the 36°-P closest to the revolution angle R is sent
to the system control unit 46, and the carriers 14 are positioned at the
predetermined revolution positions.

Suitably thereafter, the rotation calculation unit 45 finds the rotation
angle r of the carriers 14 from the following equation (1 5) which is a more

25 detailed example of the above equaition (2). Here, however, "A" is the
revolution angle of the sun gear 12 when making the carriers 14 revolve to
36°-P. '

r=(R-A)-Zsl/Zc

= 3(R-A)



“equation (14): R = (A Zs+B. Zin)/2(Zs+Zc) 10 =

(3A+5B)/ 8 (13) A B >
:-5/3 (14) Due to
rthis, the systemcontrol unit 46 controls the notors 18a and 18c

: based on the results of the calcul at i_on3f1t the revolution angle calculation
unit 41 so that the sun gear 12 and the“internal gear 13 are made to rotate
in 15 opposite directions and by a rotation ratio |larger than 5/3.
~Further, when the workpieces Ware polished to a desired thickness,

cal cul ation is perforned using the above equation (13) to find the

revol ution an ofbah the carriers at that tinme, a cory I on
signal S1 indicating tﬂgﬁ $A§ rotational speeds A and B of t(ﬁ? sun gear
12 and internal gearEqumtioor{15pmayglsecbe modified asshaven in the above lequation t he

36[err] P cl osest,,t0o the vol ution. angl.eq R . to.the system
control unit 46(,9)'aﬁ?dﬁ‘ft{8{a?i38!pﬁkwgaq'fﬁ l%ﬂ’téé;g)'ﬁ*ggﬁ%m?oq ﬂ%gle a?the righ

predet erm ned rgy@bfbg@atiorod6) bg 860°, finds the remainder r' Jebhrdd Vas heg eaf ter,

the rotation calculation unit 45 finds the rotation angle r of the

carriers 34 frparfom ealculatiomusiag the abeve aquatini(Eh and qutputs dhe potation

reval uti on angi 00 SATRCERING bt andin g (S EmARE ! 15T of g el e 1o

g?[ err]pP 23 (unloader 38).= ( ?( g%- éS{A\)ZC | = 3(RA
(15) The rest ofthemonfiguralion. antipnaard agantaaequscefiests srmwn i n

di W¥des the rot tion (15)

by 360[el0], fiexptaitdefurtheni nder r', regards r' as r to perform
cal cul ation using the above equation (6), and outputs the rotation
signal S2 indicatin Xemrle Sot at i on angle Cto the notor 27 (37) of the

| oader Example 5 differs from the above Example 4 in the point that the

G0, e g s of e, A SR 1 8 B ADGSE SBTHEER T 5
5

rotational speeds of the sun gear 12 and the internal gear 13 are controlled
so that the carriers 14 revolve in the opposite direction to the sun gear 12.
15 That is, the revolution angle calculation unit 41 of the controi
apparatus 4 performs calculation using the above equation (13) under the
condition R<0 and derives the following equation (16):
AB < -5/3 | (16)
Due to this, the system control unit 46 controls the motors 18a and
N\, 20 18¢ s0 that the sun gear 12 and the internal gear 13 are made to rotate in
opposite directions and by a rotation ratio smaller than 5/3.
The rest of the configuration, action, and advantageous effects are
the same as those of the above Exafrhple 4, so will not be explained further.
Note that the present invention is not limited to the above embodiment
25 and may be modified in various ways within the scope of the gist of the
invention.
For example, in the above embodiment, the gear units 24c (34¢) and
the gear unit 26 (36) comprising the rotating mechanism of the first transfer
apparatus 2 (second transfer apparatus 3) were directly connected, but it is



123 (unl oader 33). The rest of the configuration,

action, and advantageous effects are the sanme as those of the
;above Exanple 1 to Exanple 3, so will not be 10 expl ai ned further.
Exarrple5 Exanple 5 differs fromthe above Exanple 4
lin the point that the r ot %tzl onal speeds of the sun gear 12
‘and the internal gear 13 are controlled so that the carriers
‘14 revolve in the opposite direction to the sun gear 12. 15

"That is, the revolution angle calculation unit 41 of the control
apparatus 4 perforns cal cul ation using the above equation (13) under t he

Z;—"gd 't '57’?) R0 aggodsdssitictd provide! drie"brifofAidR g&dts %ﬁ&?en She gear units 24c

Due to this, th(a&tq)andrthegearmmt26\(36)@1d:tmnsnmtmetmtatmmfrtbe géear amiti260
18c so that the ear 12 h a 13 ar de to otateln
opposi te direct (ﬁg 9?@’ "H’a@%(i%ﬁw ﬁi‘pﬂ s@rp‘ﬁﬂﬁ@ g;agonnect
The rest of theqEaNinioR (348) arkf Hicde zsicse?b PRI @ik are
g 2,50 Wi

the sane as tho t he a ove Exa not be explained further.
Not e t hat 5t he presenFunhmemﬁhemhwemmqulmenha gearm&cmmmswsedmt

t2 ﬁe and may 81e %agh{g: rﬁ%cﬁgmélr% rbﬁﬁts is ‘Hies’ p&stitné &H@jﬁ%ﬁgn%%% E;ng
enbodi nent, t henﬁkérthe' @ehﬁurﬁ(bcﬂo'ﬁfﬁlb) and the gear unit 26 $3® pelle and Wohnéét ( 36)

conprising the rotating mechanism of the first trans
apparatus 2 (setese byramendessipplhwithout sibstantialline 8bp-1 y connected, but it

S al so
poS&¥ bl e to provide owgh%'r 'W#B‘Fea“éi? e"bbeogj@egt m/\?ere?r‘l’ ol@éngaggile ﬁ?l??'é"%’hc
(34c) andgt he ganit 44 zalcukited &8 revollition zngle R of tie cartiet i14>|at tHe firhe s uni t
26 (362 to the gear units 24Ce%34cih Furt her I s al so possible
to connect the theworkpiecgs iV reaghed the degisag fmssgmtbeaboweguem §9) by

ﬁgcﬁgﬂ: S?n Swgga{é‘é gu?g correction sigh#'$'fdr maKing ffe GRAYE RIRRANVERBy 2 gear
revolution angle of a whole multiple of 360°/n closest to the revolution angle
R to the system control unit 46, and controlled the motors 18a and 18c by
15 the system control unit 48, but the invention is not limited to this. it may also
be structured to control the system i_n the following way.

That is, when the value of the thickness of the workpieces W
indicated by the signal from the measurement device 43 reaches a desired
thickness, the signal is output from the revolution angle calculation unit 41 to

s 20 the system control unit 46. Receiving this signal, the system control unit 46'
controls the motors 18a and 18¢ to slow down the rotational speeds of the
sun gear 12 and the internal gear 13. Suitably thereafter, the revoiution
angle calculation unit 41 applies the rotational speeds A and B from the
rotational speed sensors 44a and 44b to the right side of the above equation

25 (1). When the left side becomes an angle of a whole multiple of 360°/n, a
stopping signal is sent from the revblution angle calculation unit 41 is sent to
the system control unit 46. Further, when the system control unit 46 receives
the stopping signal, the motors 18 io 18¢ are made to stop.

As explained in detail above, according to the present invention, since



t he rotating mechanism but it is also possible to nake it a belt

mechani sm make the gear units 24c (34c) and the gear unit 26 (36)
pul | eys, and connect t hese by an endl ess belt w thout
substantially no slip. Further, in the above enbodi nent,
the revolution angle cal culation 10 nit 41 calculated the revolution
angle R of the carrier 14 at the tinme” ) t he workpi eces W
reached the desired thickness by the above equation (1), out put a

.correction signal S1 for making the carriers 14 revolve to a
revolution angle of a whole nmultiple of 360[err]/n closest to the

revol uti on angl : i Lol led
the notors 18a gl;t%.arllglg lyyWﬁigﬁ the ?ﬁrg@!ﬁé@@nﬁgzgjﬁ {‘:g(;’lawl%lnllg ts ﬂ%(g,e%ﬂc‘ﬁbtel nup
invention i s notuntil thetpalishing opetationtis stoppedsafter the workpidvesTesaeisttieg ed to
control the systemin.the follown i's, when the

val ue of the t hidgﬁﬁﬁgg" fIeSh ﬁ%’%%éié'wﬂ'? wasted ppliﬁliing;glg’é!gjpat peried gnal
from the nmeasur aRAs SRt High pRAGUIGH of pIRHINESE the workpieckd heldifss. e

signal is output fromthe revdlution angle ca ation
t he syster cont possiblei in particiar, ¢he largert thesnusnhperadf catriers thenggrecont rol  uni t

46 controls the tars a and 18c to.sl ow dg the rotational

speeds of the conspicuowﬁ‘e)gggpt. NsRAUe S’v Frﬁ”gsf‘?‘%ﬂt Rgﬁ%mnq@erfemam gan

t hereafter, the i P iehi i TRl pes the
bé elittd &Vén in a Qﬂlghm@rlﬂﬁﬁ\%g:é' 'thH Oé]tgllsH@g 2 g@g@%h

rotational speeds A and B from _ rot at s 44a
and 44b to the pingait igpassible tomeduterthe wasted polistig work fihp afldhée t he | eft

St bgbi ng. o gnar PUGEE gty SedidhBlfiest. i PoSialihe fitetirshe avstemican <
sent to 10 beﬁrhprcﬁfﬁdtaﬁ?ﬂla?s%\t‘ésﬂtlthh@ﬂ pretfsior WofkpiéoesVdibd AgssySt €m

control unit 46 receives e stopping signal, the notors 18 to 18c
are made to stoproduced ata fastspeed. As explained in detail above, according
to the present invention, since

- 33 - the angle by which the carriers are nmade to revolve is
smal l er than 360[err]/n up until the polishing operation is

st opped after the workpi eces reach the desired thickness, there is
extrenely little wasted polishing during that period and as a

result a high precision of polishing of the workpi eces becones



5 possible. In particular, the |arger the nunber of carriers, the nore
conspi cuous the effect. Consequently, a sufficient polishing performance

can be secured even in a polishing unit having a high pollshlng
rate. Further, since it is possible to reduce the wast ed O|IShI ng
work tine after the wor kpi eces Jeach the des I IHB

operating rate of the system can. 10 e 1 nproved a

preci si on workpi eces can be nass produced at a fast spee

- 34- CLAI M5

A polishing system conpri sing: a polishing unit
having a rotatable |ower platen, a sun gBhAIMSI e to rotate about a
center of the | ower il at egm’g r.ot at%bl e |nternal gear 5 arranged
concentrically at thé- out sRYpg Sysled| SPBRASING ., nunber of carriers

havi ng around the center é:@@ﬁﬁﬁﬁ []hmﬁgﬁgg aﬁbﬁ}@b@%\ﬂem %Z. By aﬁ“able

360[err]/mintervals and a range aro e center of sun dear at
360[err]/n to rotatershout alcenter of the lower plejem,cairatatablesiatetnaligeagear and

t I d : | e t t at t
i ect  ont o HATARGEH copeantipall2h Te S8 Ine St el mhimbet draeffdBes | n
the holding hol ﬁéwﬁ{; a&i\ﬂa&%rdeﬁte? tﬂé}%fhﬁﬁumberofhol&hé*holé%efohﬁé&%\t pl aten;

a first transfer un ving a | oader novable at t egglshlng uni t
si de, n nunber BBO?fnuntervals;and\armedramwm the-center of t sumgeyrab%@%mondu ng

to the n nunber r.riers, and abl.e.to chucks nount ed
15 on said W&M?grgalﬁatgﬁ%ag% Vﬂ%‘ %@%ﬂ'ﬁ?ﬁra? ﬁé éﬁl":aaf

hog_% ng uppér ;ﬂétenaéblle fo fotatatih ag dpp@bmumtmuﬁequ plaenligader and
en ing said n mber of nounters to rotate all together, the

first trdfisfer state gripRiRg ﬂge workpiases in the holdingholessetthecartiers degether t he

chucks and tran ,nto t he hol di ng holes forned in the
carriers of the‘ﬁ'BﬁIﬂ’%Rﬁ‘f?tgrq)téh]e{.I a second transfer

unit having an unl oader r@ﬂfslbtranéfeﬁnhlthavingaIoadermovablbiaugwelpbusrmgimitn
nunber of rmunters rovided _on the unl o i

der in an ] arra .
correspondi ng t#$dend NHMheRSE masint %PF‘P‘Q‘?J%W‘%@P@{@?%?E?%?OW%WQ

to the n number of carriers and able to rotate, m number of chucks mounted

15 on said mounters in an array corresponding to the m number of holding
holes, and a rotating mechanism provided on the loader and enabling said n
number of mounters to rotate all together, the first transfer unit picking up the
unpolished workpieces by the chucks and transferring them into the holding
holes formed in the carriers of the polishing unit;

20 a second transfer unit having an unloader movable from the
polishing unit side, n number of mounters provided on the unloader in an
array corresponding to the n number of carriers and able to rotate, m number
of chucks mounted on said mounters in an array corresponding to the m
number of holding holes, and a rotzting mechanism provided on the

25 unloader and enabling said n number of mounters to rotate all together, the
second transfer unit taking out the polished workpieces by the chucks from
the holding holes of the carriers and transferring them to a predetermined
location; and

a control unit making the carriers revolve to a revolution angle



! : : :

‘of chucks nmounted on said nmounters in an array corresponding to the m
nunber of hol ding holes, and a rotating nmechani sm provi ded on the 25

unl oader and enabling said n nunber of nounters to-rotate—al—together, the

-second transfer unit taking out the polished workpie from
‘the holding holes of the carriers and_trﬁns_f erring tﬂmﬁﬂllgmﬂgﬂgggmm ned
| ocation; and acgtrol unit makli ng the «arsfi @f's
‘revolve to a revolution angle of a whole multiple of
360[err]/n closest to a revolution angle of the carriers and

stopping the polishing unit at the tinme when the workpi eces becone the

desired thi Ck”e%?arvgrﬁ??higlﬂtﬁ% bP36G /A Blokaet é’fevbﬁﬂioﬁaétr{%éaﬁﬁﬁtggtcam?ra%apped

position, and cont rotating nechani sns o er an
unl oader 5 stoppinghetpolishing unitrat the timeavherdtiherwerkpieces bacemetine at e by
exactly that | i shing

system as set fOPFiFeq Wr"%tn%tﬁ%n%d?qnﬂ%?@ﬁ\on angle of the cariefs at the dtop n the

rotation angl es P@éiﬂbl“i‘,@hrﬁ%brﬁ%fngﬁtﬁé rbﬁliﬁ? Ridchaf®ing6fthe loader andArddtid? and
t he nunbers of teeth of the sunlogear, I nternal gear, and carriers 10

are Zs, Zin, antpb makeihe swuntersiof theloadeiand ynloader rotate by exactly that R =

(A. Zs+B. Zi n) | 2( Zsx4c d r = (RA).Zs/Zc

the control uni %&ﬁé%iﬂg&ﬁe carriers revolve until a revolution

angle of a whole mulpjpl eA%Ii&ﬁﬁ%%?éth‘a&ééﬁ@ﬁh in Blairi g, Whepdind i on angl e of
the 15 carriers when the workpi eces have reached the desired thickness,

t hen st ops t hemwhen the mtation anglesebihesungegr and internal gesnars er s

Cnfwder 1 ot ot eAd B and RERLGLER: oFBRTRRS R ReRh, et dbar AL CRBR , FC”

carriers.ip are Zs, Zin, and3Zc, baded @ thbitwo eguatioms as set forth in claim 2,
wherei n: 20 t he_pol i.shi ng. unit makes the sun gear rotate in

a state where th@ﬁ&\‘@?ﬁ'zi *r?sc)?PGpped and, based on the two
equat i ons r = (R-A)-Zs/Ze
the control unit makes the carriers revolve until a revolution
angle of a whole mulitiple of 360°/n closest to the revolution angle of the
15 carriers when the workpieces have reached the desired thickness, then
stops them, calculates the rotation angle r of the carriers at that stopped
position, and makes the mounters of the loader and unloader rotate by
exactly the calculated rotation angle r of the carriers.
3. A polishing system as set forth in claim 2, wherein:
N 20 the polishing unit makes the sun gear rotate in a state where
the internal gear is stopped and, based on the two equations
R = A-Zs/2(Zs+Zc) and
r=(R-A)ZslZc
the control unit makes the carriers revolve until a revolution
25 angle of a whole mulitiple of 360°/n closest to the revolution angle of the
carriers when the workpieces have reached the desired thickness, then
stops them, calculates the rotation aingle r of the carriers at that stopped
position, and makes the mounters of the loader and unloader rotate by
exactly the calculated rotation angle r of the carriers.



R = A Zs/2(Zs+Zc) and = (R A-Zs/ Zc

- the controt—unrtt—neke the carriers revol ve unt|I a revolution 25 angl e
~of a vvhole err]/n closest to the revolution angle of the
carriers wh n}@@m@ ih have reached the desired thickness, then

stops them €alc ot ation angje r of the carriers at that st opped
position, and makes the mounters of the |oader and unl oader rotate by
exactly the calculated rotation angle r of the carriers.

4. A polishing systemas set forth in claim2, wherein:

the polishing unit makes the internal gear rotate in a state

where the sun gear s st PpSithiyCbystirn ad serfdriteinioleinea iereins

R = B.Zin/2(Zs+Zc) and r = R Zs/ Zc
the control unit nakes tﬂ@pdﬁmrm@mt@a&ermternalegeaémtn inonstate

Tha o O MONindRishé Blf oBay B Ve A, BeBaBh g e BalfidhY | "Cei Pea

t hi ckness, then R= BZ|ﬂlZ(E§+Z&)eam calculates the rotation angle r
of the carriers at that sto %gd 10 position, and nmakes the
nmounters df the | oader ahd er rotate by exactly the

cal cul ated rotation angl ' i : 5. A
pol i shi ng system as set ?tﬁrftlrc}rll rﬂn@'t?ﬁél(e%ﬂﬁé carriers revolve until a revolution?

t he polishing amgle ubéxwhotetmumple @‘eiemtmdosw to rﬂiearevaluttgnangle of the

rotate so that the carr te to a r m, ned ti on and, based
on 15 cgﬁ'ge@ me{gﬁﬁ aeces have fe eacﬁeé the desiredth ﬁmesq, then’

(A. Zs+B. Zi n)/2 é;e
th%”’control unlt cmagtglecgl ethreortogatnlogr?n lefgftrheo m%eaggr%rtl er dt

a predet Hrm neqbopmlsnt anch makes tizd FoOUNtEFS nbtha leadendnd heloadermtatery 20
unl oader rotate b(Y,tIyefﬁaCt ll(}{Jf tgg rgt%!tlngaﬁé f%g'&é%rérsangl e r of the carriers.
5. A polishing system as set forth in claim 2, wherein:

the polishing unit makes the sun gear and the internal gear

rotate so that the carriers rotate to a predetermined position and, based on
15 the two equations

0 = (A-Zs+B-Zin)f2(Zs+Zc) and

r=AZslZc '

the control unit calculates the rotation angle r of the carriers at
a predetermined position and makes the mounters of the loader and

o 20 unloader rotate by exactly the calculated rotation angle r of the carriers.
6. A polishing system as set forth in claim 2, wherein:

the polishing unit makes the sun gear and the internal gear
rotate so that the revolution direction of the carriers becomes the same
direction as the rotation direction of the sun gear and, under the condition

25 R>0 and based on the two equations,

the control unit makes the carriers revolve until a revolution
angle of a whole multiple of 360°/n closest to the revolution angle of the
carriers when the workpieces have reached the desired thickness, then
stops them, calculates the rotation angle r of the carriers at that stopped



‘-6. A polishing systemas set forth in claim2, wherein:
the polishing unit makes the sun gear and the internal gear
rotate so that the revolution direction of the car

ggagﬂ : 82 as tthr otation direction o;é:gnzugagggr quﬂlm WIIM“‘““L

‘the control unit makes the carriers revolve until a revolcutLons

angle of a whole multiple of 360/ n closest to the revol ution angle of t he
carriers when the workpi eces have reached the desired thickness, then

stops them calculates the rotation angle r of the carriers at that stopped

37 pasmbh%hd AiakeS e MolifereBfiNedbadér aridnibadétabtag gyun! oader

rotate by exactly the calculated rotation angl e r of the carriers.
7. A pol i shi ngxactitthmecalculated refation angle|rof the carmiges. ei n:

So that the revol utian ai Apisfo 8F8EnEaEshttBuhd Bz, WABfeins o 10 © °

direction as the rotati Onth@'ﬁcﬂiﬁhlhgrurﬁtfmék& tﬁé%tﬂfg’ﬂar&hd thé'iiémal §&ar
condi tion R<0 and based on the two equati ons,

the contrd uni fotatessthatherevelution directinn ef thewcarriers begemesthe opposite

i S0 * corr Pop 8 retorafRfieEhon of 8P adeh Ay AMILRBRRY, ool

t hen st ops t hem Reglagid|baised ontthe twb equatiorss)gl e r of the carriers
at that stopped tooleon and makes the nounters of the | oader and
unl oader rotate by he coplret yRit m&e\%m%ear&@&feveh@tqn@ihaml@qn of the

' . ) I 1,
whirgin 15 AR o Ao mytieRt sod ot HieRuElon BhbR difhe 7.

conpri sed@of geearriers when thetwohipiecesthave reached the desired thicknessptiernshi ng
system as set fO{t h j each of the

gear mechani snsSiops 3 f%@é@a&s tﬁgi? qgtgbgn gbgle 1 pfithe carriers at that $topped at each
of the n nunber 55§l HHdEMakeSHEIRBURteAESF thBNoAddrAnd BHibdWkr rotate by
exactly the calculated rotation angle r of the carriers.
8. A polishing system as set forth in claim 1, wherein:
15 the rotating mechanisms of the loader and unloader are comprised of gear
mechanisms.
9. A polishing system as set forth in claim 8, wherein:
each of the gear mechanisms is comprised of a first gear unit
provided at each of the n number of mounters, a second gear unit for making
w20 the first gear units rotate all together, and a drive unit for making the second
gear unit rotate and
the controf unit controls the drive unit to make the n number of
mounters rotate by exactly the rotation angle of the carriers.
10. A polishing system as set forth in claim 9, wherein:
25 the second gear unit is made to engage with all of the n number of first gear
units.
11. A polishing system as set forth in claim 9, wherein:
an idle gear is interposed between the n number of first gear units and the
second gear unit.



20 the first gear units rotate all together, and a drive unit for
maki ng the second gear unit rotate and t he

f’control unit controls the drive unit to nake the mmunber—ot——
mounters rotate by exactly the rotation angle of th Hm”!

10. A polishing systemas set forth ingaim9, wh i Eﬂ'ﬂﬂ!’! ”m second

gear unit is made to engage with all of The n nunber

units. 11. A polishing systemas set forth in cIa|n19

wher ei n: an idle gear is interposed between the n nunber of first
gear units and the second gear unit.

-38 - 12. Apolisﬁiagsyﬁenphssémghsryaraﬁmgawm?éu pnforth in claim
9, wherein: an endl ess chain is wound bétween each of the n
nunber of first aeehdiess ehain is wound between each afithe Qduwmherglfd'ustlgear units

13. A polishin rth in claim1, wherein: t he
rotating rrechanlg's‘ﬁgﬁ ?é%(ﬂ‘@ &e%é; *and the unl oader are conprised of

bel t mechani sns. 13.  Apolishing systemlds setAorthlin élblnﬁ'@l i as set forth
in claim13, ?é% ach of the belt

mechani sm® wi nd r@ﬁam@g@cb@nﬁmfmmader and the unloadefa%ne esmprisedsefaf t s of
the n nunber of éﬁ d a shaft of the drive unit 10 and

t he control un| contro e drive unit to nake the n nunber of

nmounters rotate by emctlapblwwlnyéﬁtemmlforﬂ@fn ¢léien 48] whérein:
15. A nethod of controllln afﬁOlISIn stemcorrprlsm
a polishing step for makigRENAT the helt apisms wingd ij%nd@‘-ﬁﬁjb@lhbetweenlS

anpLy ™! 9°ar " ehci GryERHns of i RGBT of RELReS oR HUBELARE KA LB,

rotatingldn a samd e where the sun gear and the i nternal gear
are engaged, and polishi qﬂﬁt he, t wo surfa wor kpi eces
[

held in m nunber of hol dith§ CABIrEIUNitRaRte %@iﬁ&ﬂ@etw t@@?ﬁk@r@e n number of
mounters rotate by exactly the rotation angle of the carriers.

15. A method of controlling a polishing system comprising:
a polishing step for making at least one of a sun gear and an

15 internal gear rotate, making n number of carriers arranged around the center
of the sun gear at 360°/n intervals revolve while rotating in a state where the
sun gear and the internal gear are engaged, and polishing the two surfaces
of workpieces held in m number of holding holes formed around the centers
of the carriers at 360°/m intervals by an upper platen and lower platen

N 20 rotating in mutually opposite directions;

a carrier revolution angle adjustment step for making the
carriers revolve until a revolution angle of a whole multiple of 360°/n closest
to a revolution angle of the carriers when the workpieces reach a desired
thickness, then making the rotation and revolution operation of the carriers

25 stop; '

a carrier rotation determination step for finding a rotation angle
of the carriers at the stopped position;

a second transfer step for making n number of mounters
provided on an unloader in an array corresponding to the n number of



!!of the carriers at 360/ mintervals by an upper platen and | ower platen 20
rotating in nutually opposite directions; a

‘carrier revolution angle justment step for making the
carriers r lution angle of a whole nultiple of 360/n

.cl osest \[‘m(‘\‘ K\“ﬁol ution ang e of the carriers when the
“wor kpi eces r%w hi ckness, then naking the rotation
op

and revol uti ertati®on of the carriers 25 st op;
a carrier rotation determnation step for finding a rotation angle
of the carriers at the stopped position; a second

transfer step f@érri@?é('dﬁ!bt%r%tﬁf@eén@ﬁa\im%ﬂiﬁtﬁrﬁberofchucks mourfté®Bh &g on_an
unl oader in an arra&aorrespondl n e n nunber of 39 -

carriers, able meuntarairean aﬂaymvreagondmtmme remugtheriof hotsiing halesotats d

by oxactl y t he PheRpriAnG GR0R NGt thy Batlolt R R saRCedttetmpatisy ' ©

rotation an lémérnﬁﬁétﬁm%tapfsbmat&hs@ha&st aretpdsitonedstistantially
posi ti oned substantla tch |n t he 03|t|ons of the poli'shed
wor kpi ece§, pi cmatrg‘umq)thernoq@imnsmféhe polis hed wor&enerags,éuelgnmypttmgshshmbks

st transt or UpiREss tyahbaihiides: Bhd bhSterithem gyt from the carers; and 1,

| oader in an array correspfintitragsfepstepfonmakingar nombersf meuaters previded
rotate, and havi ng m nunber of chucks unt eqd on said unters 1 n an 10
array correspon@!’| ﬁd@@"t'ﬂ@"rﬁﬁﬂﬁﬁ%ﬁesﬁf’" 50 &0 the maLUmber of sarsiers, %&Iy t he

k2t mat on® sLEnd ARG a7l i hiE 8 L AEARAREIPR . 1 o
t he posi tlgons oarraWeonneépaidmy tocthé ph aumber efhbldingridles rotate bymddlyfﬂwl
Tor P h et hod oot agie gf the e TpuER By S rader cORISBANG n ol ai m
égr r \|N2rer relotnat | O%etgﬁgﬁna’ﬁgﬁ sfed'4d fiat frie/cHucks afe positiShetPSibstamtialiy Matchfg
the positions of the polished workpieces, and transferring unpolished
workpieces picked up by these chucks into the holding holes.
15 16. A method of control of a polishing system as set forth in claim
15, wherein:
the carrier revolution adjustment step and the carrier rotation angle
determination step calculate a revolution angle R and a rotation angle r of
the carriers at the stopped position from the two equations
o 20 R = {A-Zs+B-Zin)/2(Zs+Zc) and
r=(R-A)ZslZc
where the rotation angles of the sun gear and internal gear are
A and B and the numbers of teeth of the sun gear, internal gear, and carriers
are Zs, Zin, and Zc.
25 17. A method of control of a polishing system as set forth in claim
16, wherein:
the polishing step makes the sun gear rotate in a state where
the internal gear is stopped and
the carrier revolution adjustment step and the carrier rotation



‘det er ni nati on step calculate a revolution angle R and a rotation angle r of
the carriers at the stopped position fromthe two equations 20

‘R = (A Zs+B. Zin)/2(Zs+Zc) and r (R-A). ZsT Zc

Where the rotation angles of the sun gear and internal e'mm“m'"

.and B and the nunbers of teeth of the syn gear, internal "«Wl lmrs
‘are Zs, Zin, and Zc. 25 17.7" A method of contr'ol ‘of *a %ol§ shing
fsystem as set forth in claim 16, wherein:

‘the polishing step makes the sun gear rotate in a state where t he
internal gear is stopped and the carrier revolution

adj ust ment st epgét in Rmifktiohdtér Eélcﬁléie?‘% ir&blution anglv 5 and a rotation anglerof

140 mnatlo ste ate a ution angle
‘rotation angl e theogarriers at the stdm)edaposﬂmnsbmdtdﬂbthetiwpmdam ti on based on

‘the two equations A. Zs/ 2(Zs+Zc) and
r = (RA.Zs/Zc 5 R= AZsiZéZsi'Ac)m%nod of control of a polishing

system as set forth in clpiqR.A)Zs/zc 16,- Wwherein:

t he polishing step makes the internal gear rotate in a state wher e
the sun géar is stopﬁ)&d aAdnethod ofcontrol of a polishing systencas setforthdn alaimi on
adj ust nent step & e carrier rotation ‘10 determ nation step
calculate a revae’u P%ﬁrhngl e Rand a rotation angle r of t he

carriers at the stopped p@gigdlishin %?éﬁinﬁkeéﬂiéhwnﬁl?lﬁr'r&ﬁ&inastate
R = B.Zin/2(Zs+Zc) and B 5 19.

A net hod of conwhere the sunggardisstoppedndm as set forth in claim 15 16,
wher ei n: the carridr Feviation: B4jStnid R epRE tHe Gamiirotsifn 2nd

t hesl nternal gear
10 determination step calculate a revolution angle R and a rotation angle r of

the carriers at the stopped position based on the two equations
R = B-Zinf2(Zs+Zc) and
r=R-ZsfZc
19. A method of control of a polishing system as set forth in claim
15 16, wherein:
the polishing step makes the sun gear and the internal gear
rotate so that the carriers rotate to & predetermined position and
the carrier rotation determination step calculate a rotation angle
r of the carriers at the stopped position based on the two equations
w20 0 = (A-Zs+B-Zin)/2(Zs+Zc) and
r=AZslZc
20. A method of control of a polishing system as set forth in claim
16, wherein:
the polishing step makes the sun gear and the internal gear
25 rotate so that the revolution direction of the carriers becomes the same
direction as the rotation direction of the sun gear and
the carrier revolution adjustment step and the carrier rotation
determination step calculate a revolution angle R and a rotation angle r of
the carriers at the stopped position based on the two equations under the



‘rotate so that the carriers rotate to a predeternined position and
the carrier rotation determ nation step calculate a rotation angle
r of the carriers at the stopped position based on the two equations 20

.0= (A Zs+B. Zin)/ 2(Zs+Zc) and r—A2stte—

20. A nmethod of control of a polishinggsystemas set I | ai m

16. wherein: the polishing step ,mg%w ﬁﬁtmwar
and the internal gear 25 rotate so that the revol utd 0 ONiEgt t he
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