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CAPACI TANCE SENSI NG FOR SUBSTRATE COCLI NG Field of the

I nvention This invention has to do with the cooling of
waestitares in the manufacture of magneti c nenPCHUSL9KEB15661

for conputers. Background of the Invention In the

subst 1 GAPAGRANGE sEN S ORISR TRATE BARENGner o
vari ous processes are perforned and where vari ous

Fielcﬁé?fﬁ‘e f}{\ﬁe,ﬂ sited onto the surfaces of the
substrates. e various process steps may include for

ex artps énvesdionritast foeds uhithtthatcepliog of sagstrates Snlisé neEreifacture
sputter coating,layers onto the substrate, |aying down
of m%@%@@ m@mﬁygﬁﬁ%%o'@ﬁﬁw&deposi tion and enhanced
pl asma techni ques, depositing protective carbon | ayers
Bagkgropmndsobthe lventignd ot her 1 ke processing steps. In

o) ' ' reoal ;
oy hEThaREE RS ert R 1 ot ltef nichnBlRS fratos are
cartibe into e sacwimtdnvirdasment bddrewaribas puodesyeprare gestesmea and

wh BRI EvErs HBe b St iB ahe mictaceRid decRibaifates. The
varduEUbioRBES Wi s RIBCRTRRIE R S@infbis! KlosirRf tl‘lfé"'§ubestrate, cooling

substrate. At |east follow ng deposition of th _
the isagatrale; sputter soating lpyetsronto thé subietpals;, taying downHayers using

chestfBb Ak cherpRtiod gicFiioqu dBBEAR 1o RgBps; Rigbositing
profdlivkr@irBoANgyédre iP5 substyataUiabldl dthet Nké RoSEdsiig tdps. In
as exenplified by U S. Patent 5,215,420, Broces& ng

sonae dnstansesrtbepdiskimandiactes @lso pirras adubrigant, aatauihe final

sur%rcgg'ofﬁs{ﬁ%ﬁe“e of substrates noves into the |oading
area o € Systemand then into the central area

carnutd e boVRE /86 Heihilard MaitlyarBh 2ifesEs, Al G ostrate
is typleaoReladibAy stspEdRRRSaNd Istinio08d intbad protdseintdctidiber where

central area. Alifter holds the disk %y its edges and
the disk i sinpuliangausly preressadi @hbeth sidgsi @nthensubstrate. At least

following deposition of the magnetic layers and prior to the deposition of the final
layers, one of which will generally comprise a carbon layer, it is generally
necessary to cool the substrate and to do so very quickly. In the prior art, as
exemplified by U.S. Patent 5,215,420, processing stations are positioned to
surround a central vacuum area. A cassette of substrates moves into the
loading area of the system and then into the central area where individual disks
are lifted from cassettes and carried into the system where they move
sequentially through various process stations that surround the central area. A
lifter holds the disk by its edges and carries the disk from station to station until
the disk has been processed at all stations at which point the disk is returned fo
a cassette and removed from the sysitem. One or more of the stations
surrounding the central area of this type equipment is a cooling station. Such a
station may appear more than once in the sequence of manufacturing a finished
memory disk. Cooling, in the prior art described, has been performed by gas

conduction by positioning a disk to be cooled between heat sinks, closing the



© 00 N O O bh W N -

W W W W W N DN DN DN DD DN DN N DNMNMDN =2 2 A aO A a3 A a a o
A WO N ~ O © 00NN O O b WON =2 O © 0NN O G b W N =22 O

the di sk has been processed at all stations at which
point the disk is returned to a cassette and renoved
wo c@aiidee4 system One or nore of the stations PCT/US2005/015661
surrounding the central area of this type equipnment is
a cooling station. Such a station may appear nore than
coofing ecompanment docseparate riafrionacitoel sgmpariméentseand from the

cenffBl A o fiesr o on &kt rBlis® 1BaNE GRee Confifiment
whitl dhaingee! e preisears imeiaé cdollig cophpatment Byceingdt toward

artnment to se&zj}rate it fromother conpartnents and

co , .
atmosBRelik @ngeet 7 pretarag pressHee Ws’?%@_h trapsfas by gashepnductivity.
Thi€$56ftates e tr‘é'n‘%?é?‘d?FHQQlafrbﬂPﬂ{e mgkc{g) fHPARase SHR? or cooling
pressure in the coollng conpartiment by raising I
plateswaositiahew sgrhexaich side oD tiee plisk avitréd theessmparthwent. Gases

h fer b ivity. This facili
tyPIEREY 1PShdPe s PUrBaRe RTOREIHE and RYAEPdark SREDIEs ishe two
bec\%ﬁsﬁ?@n‘e‘s@gg%@é ProlRiY bb@ﬂeﬂhe‘?ﬁa@‘%cﬁjcﬂ@it?‘cf& h’?eeﬁ'hfi?énsfer.

in the conpartnment.” Gases typically used for
Gengrafpée aressuie isirised uniibit sgachesntd withinsalkaguttdiel @ iao15 torr.

these. rovi oqd t.hernmml conducti vi.t.
Wil K SEreSE i F GPe° BB Ao Rer el de SRENHER llibite the
conma_rtrhethﬁ rehefiag es o lowar vacQuadpressafe d0abeutlfot &irf.. A station,
ile the ﬁ:essure in the conpartnment is raised th

as dpearbgde foi1e SEBISChE! tbifp FAtwRIne. 184TRAG SNt a SYStRErincluding
coofig St S Hefribedifas vk dnd Blufranfly i§ ksfibye Wpmercially

fromardtevasy e nofi 8ahtad Clayac @A | agd 96 alsossldinaeporatée dnto the
has, b cyrrently js available comercially from

Inteyvge év@gﬁ: %gg 'ﬂ?teﬂé{’rﬂ"ﬁ/ @ tﬂ@éﬂ‘%ﬁyﬁtﬁm iSs08¢ 4 WlyEl substrates
i eg ki t ) . : '

are, AL G Satibhind S SAarp Miefted W BIEUNIY dtSpach

statfarosimsdtaneously sk duringnthershnae dimnmuintevak dAflwough systems can

onePH B GRRENRy ol ABD e oBE A9 icbo BT LAl since
it iglirhbst emfidignt iRl theapRb@aSTONAST Rege Qﬁé‘ﬁtﬁﬁ’éét %%‘aé@m&@ially

in the field since_it is nost effrcient in .
accgpia@ir: finishedr disks.gd hysahless Emegrersoraepligidaia gool a substrate

ancP SR B, e Sl e d ik B Ee L Y ot
pariidulan operations doledhich ¢the subsirdterivexbbsed thdentitergystem would
have the capability of functioning more quickly and could in a unit of time
produce more finished disks. With time, commerce has demanded faster
speeds from these manufacturing systems, lower costs for the manufactured
disks and improved qualities in the manufactured disks including increased
storage capabilities. To satisfy this need there was developed a new system
which is described in pending application Serial No. 10/361,308, filed February
10, 2003. In this system the substrate is held in a slightly different manner being
gripped at its edges around its circumference in a disk carrier, again ‘however,
permitting processing of both sides of the substrate. Each processing
compartment is a self-contained vacuum chamber and, the holder, as in the
case of the earlier units, moves from processing station to processing station

where the substrate is subjected to treatment. Here too rapid cooling is an
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particul ar operations to which the substrate is
exposed the entire system woul d have the capability of

wo awvstiiewmi ng nore qui ckly and could in a unit PET/UBI0B5/015661
produce nore finished disks. Wth time, comrerce has

d, fas pegeds fr t hese manufacturing .
im B et nd e 38EETes ' bisrRRaFAG HPalcaliancs inpprporated
herelPhPYsfdréterl i ties in the manufactured di sks including
increased storage capabilities. To satisfy this need

t hegabdgx d8UGInRPaL duBSi: {%V?st% Ral %o 9€5% rbMAT =
hal fo WAL,

pendi ng appl | catl on erran
(Teraberatureg d@suﬁﬂf&e){'ﬁemlpesatﬂyétoﬁmobhﬂgSfilém)ra&’(dEAle— the gap

held in a slightly different manner bei r;gagrl pped at
beweene%e%ueﬁttﬂﬂﬁoand soeling piater elideqpoh plater arer eriyegenically

cocﬂﬁ@i %E‘ﬁ)éﬁt\{ltelrmpré%mem W&eoéé)&ﬁ@sﬂa@ C?B geoﬁl?flﬁll infPossible

ach processing
to a;cdﬂéve:bynaa:madmga@‘ﬂubut:bmmb@mmagldhetdap) tmd @ae caiss@mﬂcantly
t he case of the earlier units, noves from processi ng
mcgqa&e. & qoolipg gatesef agubstaieowitiines soplirg station: dnceneral, the

il S adting SabFates, B <BpbOf cefiers HRELLENE Boes of the
subs;brpltes:dﬂmmtraasporct mndcaratcﬂm_tihaoesly meserﬁfdmmgctGe ddesdihg step
peib-BR ot i A 6Es 6P St il ekt setveen
theCét%Ilri@gPI%lté’é ®r ﬂi@jcé?herstdlﬁnﬂﬁa&é)%&ﬁr@ Ip'i’@@es%“b%h@tt‘ﬁe gap

and coo | at e the co | ates a
corppglingeby Bm dgskczmner@ hag gmerfﬁechnn angptay eomtnol oomlmgerates for

SR 91047 5 TR A 1 RIS B i

platsd csoit td apat bNbsﬂﬁstfee@%ﬁlnbhﬂ'\@Q%dliﬁ@ b%@eéﬁ‘ Fhis requires
substrate within a cooling station. general, the

mopemgptobhet "r‘%ﬁisﬁdi@i?& iqwgardmﬁa\mxeﬁorrbthesmrrate @@rng epaled in
ordtetﬁatto it {H’? ﬁt G e %l%%ﬁlartér‘tlﬁf% S?Qﬁgo%olmg
a nuous e Coo

€ con resent urin
corppamlmtent)r WlﬁWtregtemhnhmdﬂodeinnm:blly mﬁe@smmg” thicegap between

the,s5{heirates Sad MoK S FEOkRES IS, e B@pds Tebitactiey fiaceuracy of
ecgRREhid i kel B it AL IR3SuaP it i e
plac%eobof the plage okther sulsstfaie Qa:sIoVawgnusosum;orpltapmarhthe plate
can not be Moved any closer than ¢ to the substrate without risking contact. This
restricts the plate from coming closer than about ~ 0.100 inch in processing
systems of the type now in use. However, if the plate could be placed ~ 0.025
inches from the substrate, for example, one fourth the distance described in the
previous sentence, four times the heat flux could be carried away from the
substrate. What is of interest in this technology is to be able to work with the
surfaces with a separation of less than about 0.100 inch apart and particularly

with a separation in a range of from about 0.02 inches to about 0.050 inches.
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pl ates closer to the substrate during the cooling
process, This requires novenent of the heat sinks
wo owarndioand away fromthe substrate bei ng cool BAT/UR2005/015661
order to permt novenent of the substrate into and out
of the cooling conpartnent. Wthout a techni que of
Sumpnany ekthe/Invemion ng t he gap between the substrate

et T FLPRER EtesLitadt B oed H B she il e Mipapically
metberiing &?@?ﬁplbbtwbbﬂrthwmstraté ahdeopling ?@@E & tot &eable safe
ne o e n position e,

| a substrate can vary | ~then
opdiatoR with 98RA atdheraidRpvion SXATTRIe 02bP. 02hih0 05 inchis, thereby
. > ) e
speSHR Y Eodlichdoth S hdiARb Loy SPefaILER ik fifacure
of gnmopledad digksy skhenwayfthishie achjeyedaw to confrel spboing dretweén the

sutsaeds 3nd 168 SpouRE AlAtES Borisg R lna RER @Y dynarmically
mea§§.¢rﬁg¥i BAE dontrollgPtheVdaptsthae BtE Peesent O thé BRfbJdi@ent herein
heat Tlux could be carried away fromthe substrate.

desgyiedithe gooling latss of the rpelingetmppagient andsubstrate ere used

to fotmh Uelalle! BIAB0-RRERRISIPE' ity WAFR TR TS g oser. the
caRiahet treasess.r aBgemebshrivgn thbocdpdbitdhdenthesgap becomes
about 0.050 inches. Summary of the Inventjion The

knqviy e MYiHovRieeeinchei@ies nediateacan PR dROVRHCIaBRIcathessubstrate
untll e %EQE&% %O@F%We'dr\ﬂhfchecogf’é%g*&%%‘@ﬁghés gl%(gired gap. Then

substrate and c Ing plates as to0 enab
theopeoaatd onoling tplatepen dhet dtheorsits of fthe sxkm@ite, beihg GCdaed is
to,0.05 inches, thereby speedin he cool.in rocess
moySl gAY INCFpTAG % CAPRPIANGEHUNY G RaPRRKANGR BuRagsied that
corféypINgls a8 HedesireiNgapa VaistidrSoRGhisA¥ 88 rhéadifte capacitance
control spacing between the substrates and the cooling
angrantsel spagng ddgng ke sipuitaneqlsameyeeant ¢f thercoeling plates to

act B BB 38 B! Ml 3R BB 5 Rl useo
to rabasilre theWapagitaned aThevsmbeditheht BS tHiSrR/ention Weeeribéd below
formparallel plate capacitors so that when the Cial at es

Is geprafPueer appreathipatiavmitas, ith@headdsbe pyndaratend fhat other
apﬁraﬁfﬁﬁaﬁ%?g%&i%gg gﬂﬁ@r&ggﬁ otn lfﬁ]é)gg%c(lzf%gﬁg Wr@:ht follows. It

cool'i ng ate can be nov 0Ser
shauld stsoalbe understood that although this invention may be incorporated into
a complete disk making unit, it may also be made available independently of a

system and added to an existing system.

Brief description of the Drawings
Figure 1 is a schematic illustration of a measuring system shown in two

embodiments, Figure 1A and Figure 1B.

Figure 2 is a schematic illustration of an embodiment of a dynamic cooling

system in which capacitance is measured using a reference capacitor.

Figure 3 shows data from the capacitance measurements using the

embodiment of Figure 2.
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until the capacitance is nmeasured which corresponds to

the desired gap. Then the second cooling plate on the
worieni®rde of the substrate being cool ed i s NPEBEUS2005/015661

agai n increasing the capacitance until the capacitance

is nmeasured that corresponds desi.red

varfigured Blistrafes i %etregwgmﬁtycaggm i Eocidance with the
illuﬁﬁd?é&%'mb?fb‘?ﬁ\bﬂg during the simultaneous novenent of

the p

cool 1 ng ates to achi eve spacings as desired. Any

De@ﬂ%d%e&chfq{fﬁt‘ﬁ&&m es can be used to neasure

€ capaci enbodi ment of this invention

desRefleleg heWwdtw Higure pnafFegmreMMﬂmreas illustiated an embodiment
aches woul d

in WRIGAIT00 56 FHIES Potdbd S EarOLGed AE0 BoREPRcHAER between the
sutfsﬂlalté’\’l’sand thes vl @bfé%. DendsIy §icRdrdd '8y ca éEi‘Pé‘rgfé monitor

hi's invention nma e |ncorporate Into a co
4. dlrslthnsalem’uyd.lmetn,t, icoolimg plbtes [2e anddd arﬁauplaoeda mto position

sedRRfBfy o Hode IR b8t Braliudl a5, i ppgitance

bet@«e’éﬁhﬁf@tdo@nhbl #l%'tésﬂtz ARdoB anﬂfﬁﬂéuéub‘ﬁréﬂésﬂe@ fl¥ured by
in two enbodi nents gure 1A and F?gure 1B, Figure 2

capagitanes Rriiore 4i Inlth@tq'rswt@ﬁtla@ twip cophoaipiaias. Blﬂe gmbodiment
inushA88'A J—ﬁgﬁ d ‘f% nﬁM&%&E&'éhd’”B}n%dﬁﬁgﬁﬂr{:%?c% {r% gpgling plates

nmeasure a rererence capacl Igure

maglaben rified tshﬁunanp@wélwsct@cmlaé uﬁenmtsscalmp’rgvid@emdependent
enbodi nent of Fi Figure 4 illustrates
MeASEHRINS RN ggnt S d?ﬂﬂ? Wil %R?é’érb@&ﬁh'%e e ﬁub#éate is grounded

as J {)/é‘r?ﬁlf ﬁﬁ’@ﬁ?in‘ﬁﬁ%atlo@é@ée‘?ﬁln%ﬁérdaBébﬁéhég R%ﬂ\‘feen each

nentlon eferring now to ure-1
platehand the islubstrateatteobeiravan‘bbté rﬁ@rnUSenmvvbonhroltlogl imigpendent

at e and ar rounded t he
moffeibnl ead lis: ineadh Chfiteserbues SRigte, 1S fupgsition on a
dlsk ﬁolﬂé@ﬁﬁléﬁ@ they sﬁﬁﬂ?é%let @ﬁ@ﬁtwﬁ%dhﬁg ;ﬂate‘srbrbf‘élﬁwlthm housing 6.
nbod IﬂEﬂt cool |ng fates ar e |l aced into
WhpoSﬁhﬂ ewoling stan iSapompletﬁthhgue@olm pkaées upeve away from the

sub%lir%'t‘é]%%% ggdsot Q”?mﬁ?a?\%%'utsﬂﬁgﬁer which the substrate may be moved

from the cooling compartment.

Although measurements between the substrate and the cooling plates
could be made using optical or inductive techniques to control spacing,
capacitance can be measured with a simple circuit that is much less expensive
than if optical or inductive sensors were employed. Also the gap may be
automatically adjusted correctly if there is a slight tilt to the substrate. This is
understood if one considers that the capacitance is proportional to

dA

X
where dA is an element of the surface of the substrate, x is the gap length, and
the integral is over the surface of the substrate. Similarly, the heat flux from the
substrate is proportional to the same integral. Thus, if there is a small tilt to the
substrate, the gap that results in the set capacitance will provide the desired

cooling.
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bet ween the cooling plates 2 and 3 and the substrate 1

is nmeasured by capacitance nonitors 4 in the circuit
w@booshetorawo cool i ng pl ates. The enbodi ment il | BST/US1088015661

in Figure 1B illustrates and enbodi nent in which the

coal i ng Blates may be noved simnmul taneous|y since the
noniigiehes c'HHSE?@ﬁ gBeitrabpiangcior Maassle dhtngapagignce in the

- t
curcgﬁgum'lg§ F@‘ﬁré M i F@Eﬁgeﬁ’z%@r‘é% gshtﬁesé%%wa?é fo b& cooled, 2

per m ormati o
andc® mmesén’gtfteheocdmaplatan 6erelpeesmﬂe$1 ﬂwshbsﬂraibecaﬁmér bhéfter to
ble fo ont r ol

suppHA dhe UBStSIR 0 dRE GoobTe Chambel dswey RYMAIR &1 T Figuee 2. the

capfa'cﬁblhéé m%légﬁhh?t §|réu1't54'rﬂe§§§ié§ @Re Oé'a@atgta?%eh‘b'e‘f\ﬁéeﬁ the
and the substra and two coomgpates are al

subgiraté andothei ﬁgolmg pates.t Qscidlatari h pgowsessarte?@lsegnai with a

snd B bR TR LT LI RcSghich g, B

conveHRat ftdo amsd befréqxﬁérhdwth‘eﬂﬂﬁabwﬂ@lﬁtbu Mthdrostgdy inductance and
measur enent s bet ween the substrate and the coolin

capgrianee does dobeaam Ui Bt iScalso doh ragugh eat the fitering
frorh AR ﬁg?éari Eés‘h‘?t%rao% ARG Q%Jfﬂ‘c‘:%‘ﬁ%bhé‘wib‘iﬂ ‘Eﬁggﬁé’fy response

nmeasur e Ci rcul I's muc
timesxeeuieddot ﬂrmap;fhcapbm ¢80 kde to NdElz; for e@mm«a)s Tiee AC signal

. enpl oyed. Also the be, aut omati.cal adj usf ed
s 16ARFo ) o) sanaiing folage AT oy gl RARAIGY 13 @nd the
capE'&it%nbé H@@étﬁb@o%e‘t\keeﬁetﬁ@%&qfﬁé%ﬁi ttHS coollng plates.

capacl tance 1S proportlona X where
Capslaiiossit! 20and H3 sanmfpdise @freiehiensea b@itageajlvwler sthah eeogms the

| h d t | th f f th
samet A%: Bigral * Iy aufle i ngchaf Siadn Be RibiasER dodim, effiat to the
caph8itRidPef iHePBabstiste!tbeotlifg plate8dhahe idifilPstatd withefhe plates
is asmll tilt to the substrate, the aﬁ_‘éhat results

apayip Fop éhis dpitiabgrnditiemthe twa inppt woﬂ@a@& fiffeence amplifier
16 %r%oécga 0 h%\?nllzlie%bltﬁ:ér{: S‘Lrll‘g) %ﬁ?g%g e s grL ﬁ\g‘@@&fﬁg plates
are fhghee oll;t” posiéipnesAstihetdrives absémblies t7ontm/e0thd pthte® in, the
capacitance between the substrate and the cooling plates increases, resulting in
a sine wave output which increases in magnitude as the plates get closer to the
substrate. In the example shown, the output of the difference amplifier 16 is
amplified with a bandpass amplifier 18. This provides a method of increasing
the signal to noise ratio, since the signal is amplified but most of the noise
spectrum is not. The AC signal must then be rectified by a rectifier 19 to be
useful as a control signal.

The rectifier can be one of many types, such as a diode circuit as shown,
or an RMS (Root Mean Square) amplifier. The output of the capacitance
sensing circuit 4 can be used by motor controllers which control the drive circuits
7. Because there is only one sensing circuit in this Figure, one plate must be
moved into position, then the second. (In Figure 1B a circuit arrangement is
provided to move both cooling plates at the same time relative to the substrate
being cooled.) For each side, the motor controller can be given a set point that

corresponds to the sensor signal a fixed distance from the desired final position.

6
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and 3 represent the cooling plates, 5 represents the
substrate carrier or lifter to support the substrate

w0 pooshetoepol i ng chanmber defined by walls 6 . | PCRUS0E015661
2 , the capacitance neasuring circuit 4 nmeasures the

ca aC| ance, bet n the subs te and t [of0)
Th%lpg? et v éo&fty ﬁ&ﬁ?ecﬁe opi \a@sda%ﬁrm@eswgabth%fvﬁgad'stance is
(l.eg gﬂl&mﬁtéﬁ@g@@‘éte mgtrﬁ{/i&%’@cﬁ/&én%ettﬁﬁe $t 6@9%@\’8 s'tc?p and the

t ar ary, I's convenient tO use
timeﬁiemmesyo almnpletd stapenbug Imaseam whichatheire mJatsmgie cantiol for

eadif BT, TRET 198 Br5t ate e Rt npitie, s8odhid Biale fin start

its ﬁwcﬁlo@\naﬂ'héﬂ sté@oﬁufélaté ﬁﬂitmhﬁ@%ﬁéé‘d We?ﬁfﬁé&dpécﬁﬁh@@ssénsor
times required for the ap Ilcatlon 810 kHz to

signalrreaghes ReHEComH éhW@hQIdi jchiig highaiidlaan e firs¢ apdcﬂowraséonds

Vi cLt
to § $abA8farftel L1 or RALSBt HehdhARAER Souge 1R aleifipge, before the
desire fimg) positicrs . ASafrmuild besapbaramicbdiB sideprasdeamade to move
reference vol tage di vi der that reduces the sane AC

simyigAgpusiyihy 39dillg BPecuRkEFTHY SlicWhin e argagamept shown in
Flg%ﬁ%"’l'B tey F RS @Mt ed ﬂﬁhﬁﬁéééﬁa‘?y 8y ﬂ%’%b@%% of the

tes Iin elnltlal state wt tes apart
systtdammovnbelr@I usashdi t i on the two i nput voI tages into the

di ff lifi | dt
o BondiatoR B subsEhie P i o Bt aPelEn witthin 0§t bRamber
6. tihe crtthbePRSsdd 1SN anfSgddsusH ay%eﬂaﬁeabhym Enngve nidamre of

plates in, the capacitance between the substrate and
thettwe i dedl intg chrathes 6 uring sdutar ¢anngctipn @ torineressadhapuessure

T e ST R

is thehpubved B (Yﬁdrlddarf 7 etoetheed gsirdd positiohband ti@émbobllﬂ% plate 3 is
with a bandpass anplifier_18. This prow des a net

moyeditaca ke q!@s'feﬁb Postionr Therratss 2 andod %‘En@é"ﬂtﬁ@ed in this
posslf@??érrh S|égd;1gﬁ%rr3 be%rgﬁeﬁc #ﬁ?éﬁ tﬁgqg’\tamr s again
loweeed itd itk Ieis@sl tod')tltn@ vaserﬁml sursounding theo thampealusinghthe vacuum
purapy 19 AN ABAS B1eEh e qRarBIe eRaySaay ByBetats 1. The
chaiBbY id %enéraearmﬁt}ﬁ)é“su%trbﬁ:flé?m'rér%%@d from chamber 6 and
travels on for additional processing. The substrate then may be moved into
other process stations for further processing. In all, it takes about 3.5 seconds
from the time a substrate enters the compariment until the time it exits the
compartment. This is typically the case in a compartment fitted for the system
described in application Serial No. 10/361,308 when the system is running ata
speed to produce about 800 completed disks per hour which permits the

passage of a second to transport the disks between processing stations.

Figure 3 shows the output for a system as described above in which a
programmable servo motor controller 20 (see Figure 2) is programmed to
compare the capacitance sensor signal to a reference analog signal (set point)
and move at a determined velocity inward until the two signals are equal then
with a determined deceleration, stop. The set point thus corresponds to a
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sensing circuit 4 can be used by notor controllers

whi ch control
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sensor signal reaches a second threshold which is

hi ghgurd pRhbAR Ebid daps fﬁ‘cﬁﬁrﬁst@@f“i'ﬂ th@ ?e;fr@ﬁﬁ@iﬁlﬁ?‘?@f the

sensor signal for a position a simlar fixed distance
mepkanse descrikad negonnectionpwitht Fighre s Bhhis case, instead of a

sutFR%% of g thdog b wERC ! WPl mBRHE IR afERHRlY eacn

sidé immnmwctweggéﬁsdrs mbignedan thé Ritatidhsy plite ke eRedftBAhe final
necessary for the speed of the system now being used.

positiprygEihgt plstes elstivs fo dre stationany plaiei N aest was made to
maWe h QWBOQHéEQPG\b@'@%r ﬁi@rglarm&aﬁt}@;@éﬁar?ﬁédsﬁabﬁﬁ]qeggfa\;c\;gnary
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thapdsPFBCSIARS i ahert beloe and, Fighesu Ah 8o B Fhow e sesults
obthimefihen noved by driver 7 to the desired position and
t hen coollng plate 3 |s aned to a like desired
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position fépgq € des re ﬂ {U?n 'gfragg?‘t'@r th Sipla[rﬁggg%re
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The B-side had a larger range because errors in A-side shift the read back at the
desired B location. This is not necessarily bad, since if A ends up too close, B
will tend to end farther away. This data illustrates that the method described can
result in very precise reproducible placement of the cooling plates using a simple
circuit. Although these two plates equivalent to the cooling plates were not set in
this experiment to adjust to an equal distance from the central plate, there is no
question that such a result can obtain with a proper setting controlling
movements and distances.

While there has been shown and discussed what are presently
considered a preferred embodiment, it will be obvious to those skilled in the art

that various changes and modifications may be made without departing from the




travels on for additional processing. The substrate
then may be noved into other process stations for

wo eooshetn7processing. In all, it takes about 3.BCHESHNEGIS661
fron1the time a substrate enters the conpartnent unt i |

t he t it _exits the c art ment S, 1S icall .
1 sodafe SadBis NNeBlABaPOReTDS! COVBERYS: Of nies ARRded *claims.
described in application Serial No. 10/361 ,308 when
the systemis running at a speed to produce about 800
conpl eted di sks per hour which permts the passage of
a second to transport the disks between processing
stations. Figure 3 shows the output for a system as
descri bed above in which a programmabl e servo notor
controller 20 (see Figure 2) is progranmed to conpare
t he capacitance sensor signal to a reference anal og
signal (set point) and nove at a determ ned velocity
inward until the two signals are equal then with a
det erm ned decel eration, stop. The set point thus
corresponds to aposition that is a fixed distance from
the desired end point. Wen the first plate conpletes
its nove, a signal is sent to the servo controller 20
of the second plate to nove the other cooling plate
into position close to the substrate. For the data
shown, the plates noved froma gap of 0.225" to 0.025"
in less than 150 ns. At a gap of 0.225 inches the
substrate has adequate space to enter between the two
cooling plates notw thstandi ng the presence of the
substrate carrier or |lifter holding the substrate.
Substrates are cooled by 30C to 50C. dependi ng on
condi tions such as spaci ngs, pressures, tinme, origina
tenperature, etc. Figure 4 shows sone data froma test
of the reproducibility of the mechani sm described in
connection with Figure 2. In this case, instead of a
substrate, a stationary plate was used with two novi ng
pl at es adj acent to each side with inductive sensors
nounted in the stationary plate to neasure the fina
position of the plates relative to the stationary
plate. No attenpt was nade to nmake the two sides nove
to a simlar distance separated fromthe stationary
pl ate. The object instead for this set of graphs was
reproduci bility. After nore



O 0 N O o A N -

N O G |
w N - O

—
N

N N DN N a2 a a a 4
W N A O W 00 N O O

N
D

N NN
~N O O

28

29
30
31

than 6,000 cycles the chart bel ow and Fi gures 4A and
4B show the results obtained. The B-side had a | arger
w0 annga1dsecause errors in A-side shift the readP@HUK208$/015661
the desired B location. This is not necessarily bad,
since if A ends up too close, Bwll tend to end
WHMr'ﬁle-AéMEP ISthi s data illustrates that the method
described can result in very precise reproducible
pl acenent of the cooling plates using a sinple
1. ci Gadling afpahatugHto ttheksuhstmtes ased irethe mahetacture afrmeagnetic
di cool i ng E’l ates were not set in this experinent to
ISk FOIIPTEN9an equal di stance fromthe central plate,
a vddiRhe compRftntBi 36 68! dike insdl eiaghetie DidK maRihgodd@bent,
with a proper setting controlling novenents and
cooting plates withinsaid copwastriert, been shown and di scussed

medh fihEe B SR sl B BhgBl WeyePh SHH S BARETS
said/ 8polints plaites) e gpaléctrivdilf icoaneotes tagrelate tapgaciarideobetween
saic G 815 DRI GRIGROIEr 47 RESWPH PSR APRERITES, 1

Cool i ng apparatus to cool substrates used in the )
a sefauneier goatreflempiggeammed keomparspthesearpcitanga begheen said

plat&s 'Hﬁﬂ%d?? beéﬁ)?t‘éqéﬂd Abps §a|d1?l%té?l%’tﬁ§aﬁh ‘Qa?d(Pﬁ?é(téqig position

equi prent ;" coolI'ng platés wthin sald conpart nment,
substmtially papaliet ¢o saitiuhidistrate ahd depacatetetelksftone &y leas than 0.1
. cooling plates, said cooling plates being electrically
incheonnected to create capacitance between said plates

and a substrate to be cooled in position between said

pl ates, a servo notor controller programmed to conpare

t he capacitance between said plates and said substrate
2. and\ covling aiamparimest gotipriséng ANsandopedtahanben two cooling

pla@3 Bsifehed REREY rof RBEE 4 opbBind e pfi iR thifedHin and
rem@Ral bh@ SEHRIAItEeNE Yt gdref@nngnahdsat shediieghamber, a
two cooling plates positioned within said chanber

motep shiivegsYsepe inimovensaidneeQlindonlaigs close to and into ’suggtantial
parallel position with a substrate in said chamber, a capacitance controller
system to measure capacitance between each said cooling plate and a substrate
in position within said chamber and to control drive circuits to position said
cooling plates in said chamber in respect to said substrate, and a pump and feed

system to control the pressure and environment within said chamber .

3. A cooling compartment in accordance with claim 2 in which the pressure
within said chamber is increased at the time of cooling to between about 10 to
15 torr.

4. A cooling compartment in accordance with claim 3, in which the vacuum
is pumped down to about 107 following cooling of the substrate and prior to

removal of the substrate from the compartment.

10
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removal of a substrate on a support therefor into and
out of said chanber, a notor drive systemto nove said
weombiing7pl ates close to and into substantial Per/ab100$/015661
position with a substrate in said chanber, a
capaci tance controller systemto nmeasure capacitance
bet ween each said cooling plate and a substrate in
position within said chanber and to control drive
5. ci rlhé ceoling pppanattmnofsaiadnc‘bm whighpsaid qxlates avel into position

to o dEee{aadlnf €3°TiAn Poh MEhes FiHESE IR aRdCIfh Pimen:

within said chanber . 3. A cooli ng conmpartnent in
accordance with claim2 in which the pressure within

6. gai tecrepHNg aPEARNE BREGIM A In WBiaf said dHates NPy intg "position
onebgﬁéfiﬁcﬁgoglt? qut 10 to 15 torr. 4 . A cooling conpartment

I N accordance with claim3 , in which the vacuumis
punped down to about 10 7 follow ng cooling of the
rat e, and emoval of the suybstrate from
7. tnais Eoslinthanpatisrheclg | My Bish-ealr HaGE Bpte o Rosition

sm\’)’ﬁéﬁéb@sﬂd pl at es m)ve into position to a desired gap
less than 0.1 inches in |ess than about 150 ns. 6 .
The cooling apparatus of claim1 in which said plates

i Nt { Ll . . .
Coonagoalis,of SRR 2 rElhiEh thesleontig P aecyrs a sai
chaniBe Agfih labB0t 8i588domaeous! y. 8. The apparatus of
claim2 in which the entire cooling cycle occurs in

sai d chanber wi thin about 3 5 seconds. 9. The

9. apgﬁ{éta@g%tp%'@f Blafm! 2 i i hséélﬁeéétﬂlnhnﬁla%sa‘a‘?éb;fcgs‘?tioned

oser to sal stra 0SSi

closéhr te aiaitl suisstratg ;c]rpératsqmwme mgd coolirdy platésowerm}asmﬁmed as to
t he upport mechanl.s or a substr eto e COool e
encigse ti\erﬁémpeat rafecmﬁmrff@r 3 sihsltiatelio 3%@99#3 processed in

t he manuf acture of magnetic disks, conprising placing
a substrate to be cooled into a cooling conpartnent
10. betAwsrethod oifi caplipgea sspstrate being processed in the manufacture of

magnetic disks, comprising placing a substrate to be cooled into a cooling
compartment between cooling plates,

applying an AC voltage between said cooling plates and said substrate,
measuring the capacitance between said plates and said substrate,

moving said cooling plates closer to said substrate using the measurement of
capacitance between said plates and said substrate until said plates are
positioned a desired distance less than 0.1 inches from said substrate as

selected prior to movement of said piates.

11. The method of claim 10 in which said desired distance comprises
between about 0.02 to 0.05 inches.

11
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appl yi ng an AC vol tage between said cooling plates and
sai d substrate, neasuring the capacitance between said
w@basassoand sai d substrate, noving said cool i NnBCPUSLB5015661
cI oser to said substrate using the neasurenent of
C|ta e between sai d and .sai d substrate
2 cntihe uthog et L8 1D pouRich e SERciRd iHALEaR s dlates and
sa.& @ﬁssﬂrat@nusoac-hé\rws? rh6ARY Semodm%léb,alemgtc%p@atéﬁé@@t ‘écblate to
prior to novenent of said plates. 11. The nethod
the subsimatetonenplate aha dimel desired di st ance conpri ses
bet ween about 0.02 to 0.05 inches.12. The net hod of
claim 10 in which the spacing between said plates and
sai d substrate is achi eved by noving and neasuring
13. Capl&té hesthed Aff daiph d0eint whichetheusdding dbetweep satic phates and

tinme. 13.. The net hod of clalml}t)%ln r‘éhrihthesacm
saifh spheieatesisi arhievad by 4navisg; spid piates A detespiing &apgitance

d i
for EBKh I, SRR SnameR S, POrpHP I AR 8l a defined
distanue @s rdetartmiaed dlyi capdcidastameasarendentsr m ned by

capaci tance neasurenents. 14. The nethod of claim 10

in which the set point for the cooling plate to stop

Is short of the final stopping point.

14. The method of claim 10 in which the set point for the cooling plate to stop
is short of the final stopping point.
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