CAPACI TANCE SENSI NG FOR SUBSTRATE COCLI NG FI ELD OF
THE | NVENTI ON This invention has to do with the
cool ing of substrates in the mnufacture of magnetic
menory di sks for conmputers. BACKGROUND OF THE
I NVENTI ON I n the manufacture of hard disks for
conputer nenories, substrates are carried into a
vacuunCARACHIANGE SENSINGFORSUBSIRATELQOLING
performed and where various |l ayers are deposited onto
the surfaces of the substrates. The various process
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BHEKGEROEMN Taet WVENTRYqcesses, a substrate is
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processi ng chanber where the disk is sinultaneously
processed on both sides, of the substrate. At |east
P or LR g aarackAe ShASR! sks At prbtinter Bipbiaridsn sifstales
ar\%ﬁ#rh@d irfl§ ROPdduuph eRYirditfieht WhAbrd RIS proB&ssiis avei ch

general ly conprise a carbon layer, it is _
peytateresl angd whees varigus layetsoire depasiiedianie thexparfacesdy tbe

er uckly. . In the prior art S i fie
suffRighugh, T rioys roBiestieR s cfibieTpE BRampltiodh the
subsdiate, oRling thé Hubstrate, Spwiitidoating M stsoatEthe fibstrate,
cassette of substrates noves into the |oading area of

laying doywn layeemdsing ehemiga) viaper depesitipn apd enhapeed plasma
R BB el LB 8735 s, gl

likeasroogssing etgss irs samednstahbas tieudiskumahufatiereraaiso places a
area. A lifter holds the disk by its edges and carries

IUPH%a'HmiOﬁ%ﬁma'MidﬁGSﬁ &edigki on until the disk has
been processed at all stations at which

During the course of the described manufacturing processes, a
substrate is typically held along its edges and is moved into a processing
chamber where the disk is simultaneously processed on both sides of the
substrate. 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. Pat. No. 5,215,420, processing stations
are positioned fo 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
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1 point the disk is returned to a cassette and renoved

fromthe system One or nore of the stations

surroundi ng the central area of this type equipnent is

a cooling station. Such a station may appear nore

than once in the sequence of nmanufacturing a finished

menory disk. Cooling, in the prior art described, has
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m@ma‘agunrleguawﬂmlabe@mmwg &ls)r%ﬁlmemthwprmagt ﬁ@sqftbed has

oo RS PP L8 B0 e RO B 3Bk poweor

helal gum(slaasémgltnté daehhg f:bmﬂilafﬂgientdm sbﬁamt% itefrc{cm airt]hen nks
or cooling plates p05|t|one on eacC side of .the
cofRatimenisartcoipmrthreeniralareeofithpisyalen, Agea is mentqﬁtfed to

th%%fo%%ﬁeco%rﬁa&}ﬁbh%féﬂ%haﬂégé‘Pﬁ@grﬁg elne ol dhge two

ause ases provi de goo con tIVIty
cohwparimant by mhg it. to@ard: arhdsphdrie andetosal peeferred girgssiire for

neghlrpbstek YRR o B aBaba B TR 17 b8l o the
disK @R 4rksdt dobfin giﬂiéé B%mbnéé BRI dichAdid@ of Medisk

vacuum pressure of torr. A station, as
withirs the b@npartmetriheGas&t} typically uses forthis pumesesire elismeand

d t I
nyRRodLaHT hifes ACtnednBt Dk Jhesd BreeT BRI oaR I Pal,
cohBLEAS: fol REat ®anstaN Gerdranythe Biesbure i8ndised WaltisR réadties
incorporated into the Intevac's MDP 250. Noteworthy is

to witiin abeit afyi o § torp While thehprassyigis thgicosnrartmentis

e S
préssure dfaBott m@' 7 itcm eA widtionAbs ldesgibed ¢ GKESsma]chfdﬂﬁ at.
differently, IS approach ha been

Noy & 21,886 #nd ﬁesyﬁteén indlydipg coplin Q;St%@gener%a%h?d ih@s been
anﬁ%rre{?{t@qé'%?léﬁlgﬁ ghit Sklaqlﬁﬁfrhtlht%?a?‘;lggogﬁ"@nééﬁaeﬁlhya Calif.
andes lalsoesbld dnarpbraded iris thatrdewacls MDP [756. Nedarorthynisithat
the fs-;ystem is one in which substrates are carried from station to station and
are subjected to processing at each station simultaneously and during the
same time interval. Although systems can operate differently, this approach
has been generally accepted in the field since it is most efficient in the
production of large quantities of commercially acceptable finished disks. Thus
if less time were required to cool a substrate and if this lesser amount of time
were adequate to perform all of the other particular operations to which the
substrate is exposed the entire system 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.
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wer e adequate to performall of the other particular
operations to which the substrate is exposed the
entire systemwoul d have the capability of
functioning nore quickly and could in a unit of tinme
produce nore finished disks. Wth tinme, commerce has
demanded faster speeds fromthese manufacturing
syst'E!Jrsat!Sfxo‘ﬂms needttbereovas Hevelapad acnew systens whichng
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0 processing stat substrate 1Is
fast!mb.J Hud didclosute ebthisependihig eepim:miiordpiidcm‘porate@ hegeinby
| mportant factor. The disclosure of this pending
re ngﬂ?%atl on is incorporated herein by reference. Heat
flux leaving the substrate is proportional to AT/ AXx,
where AT=(Tenperature of substrate)-(Tenperature of
coolHeat ftnjxaea\)mgmue substrathds pgmmﬂimalléemwme, wlodret r at e
and cooling plate. If the cool tes ar

ATer{ sgneraiare of sebstee)-clgmpen ﬁto HQBFBQ&‘?&%} andg,. pxgthe
gepetREn b SubBRatCand bddirEtbibie i hERBBFLRCS &R

cnfogericalyosooled, g;igﬁlflwnuﬂnproummmsn thmeoolmg iatg caatbe of
a substrate within a cooling statlon eneral, the

dithigulh 98 irppossikisdp achiayg byipstaagingsAT oliaufstab ing the gap,
o Birrob At ARl 8 Sheo B bl eRg vt 29
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substrate, but require cl earance between the cooling
capriensdbat giip theeedges of the substrates during transport and are
continuously present during the cooling step permit processing on both sides
of the substrate, but require clearance between the cooling plates for the
carriers during the cooling process. Thus the gap compelled by the disk
carriers has an effect on and can control cooling rates for substrates. A way to
reduce the required time for cooling is to place the cooling plates closer fo the
substrate during the cooling process. This requires movement of the heat
sinks toward and away from the substrate being cooled in order to permit
movement of the substrate into and out of the cooling compartment. Without a
technique of dynamically measuring the gap between the substrate and
moving cooling plates, the gap is restricted by the accuracy of the placement
of the substrate between the plates. In other words, if the placement of the
plane of the substrate can vary in position €, then the plate can not be

- moved any closer than € to the substrate without risking contact. This restricts
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carriers during the cooling process. Thus the gap
conpelled by the disk carriers has an effect on and
can control cooling rates for substrates. A way to
reduce the required time for cooling is to place the
cooling plates closer to the substrate during the
cooling process. This requires novenent of the heat
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SUMMARY IGF SHESINVGENTIONr exanple, one fourth the
di stance described in the previous sentence, four
tinmes the heat flux could be carried away fromthe
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met hod and apparatus for ﬁ_ am cal |y nmeasuri ng
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In H&]e@b@@llm%nttf@re@rﬂw' edihe Fﬂ@"%?\ﬂ@:"é&@ C&?ﬁ@@r at es

coﬁﬂ%rﬁﬁé%tca‘?ﬂl RS LRS U %rﬁﬂpérﬁﬁ?lcﬂgﬂé acitbAl & that

nam ca neasur I ng contr ng the gaps
w!'tdrraheamateprm ehlser the capacitance increases. By measuring the

capacitance, the gap becomes known. With two cooling plates, one plate can
be moved closer to the substrate until the capacitance is measured which
corresponds to the desired gap. Then the second cooling plate on the other
side of the substrate being cooled is moved again increasing the capacitance
untif the capacitance is measured that corresponds to the desired gap. A
variation on this is to measure capacitance and control spacing during the
simultaneous movement of the cooling plates to achieve spacings as desired.
Any one of a number of techniques can be used to measure the capacitance.
The embodiment of this invention described below is a preferred approach.
However, it should be understood that other approaches would readily be
understood from the disclosure, which follows. It should also be understood

that although this invention may be incorporated into a complete disk making
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In the enbodi nent herein described the cooling plates
of the cooling conpartnent and substrate are used to
formparallel plate capacitors so that when the

pl ates get closer, the capacitance increases. By
nmeasuring the capacitance, the gap becones known.
Wth two cooling plates, one plate can be noved

unit| i seay also tieamade sivadakle imdependeatiy ap acystems end added to
ur ed ich corresponds to the desired gap. Then

nea
ant%sstg'&% Mooling plate on the other side of the
substrate being cooled is noved again increasing the

capaci tance until the capacitance is nmeasured that
ﬂ&@ﬁﬁ@ﬁlﬂmmﬁ WNES A variation on this
IS to nmeasure capacitance and control spacing during
the sinultaneous novenent of the cooling plates to
FIGC hiiguaschpagitiodiustaitida s sateasding systemf stowruimbievo of
t echni ques. can be used to neasure the capacitance.
embppdi@epie FieniAend G Bhventi on described below is a
preferred approach. However, it should be understood
t hat ot her approaches would readily be understood
FIGr 2ris tilsehdmstic dtustationtof @n drobodimeent of agdypaimic abslinge
under st 0o t hat al t hough thi,s inventjon may be.
YRR PPN SARPAa GE BIRERaMTBC Rt RakIRENeF SRrACHor
may al so be made avail abl e i ndependently of a system
and added to an existing system BRI EF DESCRI PTI ON OF
FIGHE shewaldi®s flenGthel capacitapca ensasusementssusiag the of a
asur i tem shown in two enbodinents, FIG 1A
e"ﬁ?ﬂfﬁrﬁﬁé]gﬁﬁﬁél G 2 is a schematic illustration of an
enbodi mnent of a dynam c cooling systemin which
capacitance i s nmeasured using a reference capacitor.
Figl &illustratesthedgpsoducihility i d@ﬁ@&t@@%@%ﬂ%\é@h tipdlystrated
e"ﬁd.d?'?'b e enbodinment of FIG 2. FIG 4 illustrates
&8 oduci bility of data in accordance with the
illustrated enbodi nent.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, in FIG. 1A there is illustrated an embodiment
in which cooling plates 2 and 3 are grounded and the capacitance between
the substrate 1 and the cooling plates 2 and 3 is measured by capacitance
monitor 4. In this embodiment, cooling plates 2 and 3 are placed into position
sequentially. In FIG. 1B the substrate is grounded and the capacitance
between the cooling plates 2 and 3 and the substrate 1 is measured by
capacitance monitors 4 in the circuit of the two cooling plates. The
embodiment illustrated in FIG. 1B illustrates an embodiment in which the
cooling plates may be moved simultaneously since the monitors can provide
independent measurements and controls. This will occur because the
substrate is grounded as to permit independent information conceming the
capacitance b.etween each plate and the substrate to be available for use in

controlling independent movement of each plate. In each of these figures,
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now to

FIG 1, in FIG 1A there is illustrated an enbodi nent

in which cooling plates 2 and 3 are grounded and the

capaci tance between the substrate |I and the cooling

plates 2 and 3 is neasured by capacitance nonitor 4.

In this enbodi nent, cooling plates 2 and 3 are pl aced
sublstratqobw ini pDSItICB‘Equ erdls!ahbljder brarf ite suibstratee andworcaoding

d th b
plafBsihs 20 At BouREa h W Beh ¥ Goeind 1186 FsdpsER e dooling
l&t@@@ﬁb@@ﬂ%y% Y Sudstidic bRE dd §¢ Sintuliheblslytafer which
coolin he enbodi nent |IIustrated|n FIG 1B

thelsubstratatmsy@e reavest fraamithe gpopg sempastmertol i ng pl at es
may be noved sinul taneously since the nonitors can
provide independent measurenments and controls. This

Wi | 1AleRigh rAesauremednie betwiist that substratyy andh tredicedlirigplates
permt independent information concerning the

coyécbbemm@smgtqn@@af A dpfugiveriechpigues o sl SPRENds be
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n WO COoQll.Nn a ar . . .
m@}ﬁée@émmﬁg%ﬂkvgqﬂlﬁ%tee il thei sauniahg iR if Thesunslle.
Trﬁwwﬁdaﬁie 09 éH@%ﬁﬁasrsa@Qt% &.g)a%.taﬁeé féﬂ&%%ﬁlbn%ﬂ ter

strate may be noved fromthe cooling
conpartnment. Al t hough neasurenents between the
substrate and the c ing plates could be nade using
optical or inductivpe_techniques to control spacing,
capaci tance can be nfasured with a sinple circuit that
I's much | ess expensive than if optical or inductive
sensors were enployed. Also the gap nay be

wifste Qs sraklemeaittiof e duiface eftheysubistrates xdsitise gapllemdth,
tilt to the substrate, This is understood if ope
angioieiiglegsalis gvet ihe wuafnseiafdhe §up§trﬁpo§m§)€fr mifre B%at fiuxa

frdtn 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.

FIG. 2 illustrates one technique to measure the capacitance in the
circuit. In this Figure, as in FIG. 1, 1 represents the substrate to be cooled, 2
and 3 represent the cooling plates, 5 represents the substrate carrier or lifter
to support the substrate in the cooling chamber defined by walls 6. in FIG. 2,
the capacitance measuring circuit 4 measures the capacitance between the
substrate and the cooling plates. Oscillator 11 provides an AC signal with a
single frequency. The frequency of the sine wave is somewhat arbitrary, but it
is convenient to use a frequency that is low enough that stray inductance and
capacitance does not cause confusion but is also high enough that the
filtering from AC to DC can result in a signal with sufficient bandwidth to

satisfy response times required for the application (10 kHz to 1 MHz, for
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where dA is an elenment of the surface of the

substrate, x is the gap length, and the integral is

over the surface of the substrate. Simlarly, the heat

flux fromthe substrate is proportional to the sane

integral. Thus, if thereis a small tilt to the

substrate, the gap that results in the set capacitance
exairigle)pToei AR signal iscresiuced by @otapayitivel @ltagei dividet eampgsing
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the aptit of the diffetarge ampilfdaafrl msmmmlﬁiedgmtrcamdpass amphﬂer

e e T R S
s@n@cl i%r%Bﬁﬂé@b&ﬁﬁésﬁbﬁth@@fméé@éectﬁﬁﬁlr@ﬁét trive A@BRyACmust
The val ue of capacitor 13 can be chosen to be

th@qbalrectdtetdrw a apelifier 4Ade befusaidl aza sepleksigaaleool i ng
plates in the initial state wth the plates apart.
For this initial condition the two input voltages into

t he THéi febeficmem Bephé fof Qiariyﬁtyﬁeg s:mhaés a\diadecividit as
lead to an ou%t vol tage - _Ilhe coo| i pl at es
shgwa, phapMEd nt$fa#are)x§nm%ear iNPeOURYERHNPes 7

S S R AR
thé drige slraatwﬁv@emﬂqmthemlsodnly poe sasisingi gircuit in this Figure,
one plate must be moved into position, then the second. (In FIG. 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. The pre-set velocity and deceleration will determine
what that fixed distance is (i.e. the distance the piate will travel between the
time it begins to stop and the time it comes to a complete stop). In a case in
which there is a single control for each plate, when the first plate completes its
motion, the second plate can start its motion. The second plate motion is
stopped when the capacitance sensor signal reaches a second threshold
which is higher than the first and corresponds to a capacitance sensor signal

for a position a similar fixed distance before the desired final position. As
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magni tude as the plates get closer to the substrate.

In the exanpl e shown, the output of the difference

anplifier 16 is anplified with a bandpass anplifier

18. This provides a nethod of increasing the signal to

noi se ratio, since the signal is anplified but nost

of the noise spectrumis not. The AC S|gnal must then
shba!d beappanmht bpthasmles caniber madetto muva siatulianggusly by
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beinghtsed.l ers which control the drive circuits 7.
Because there is only one sensing circuit in this
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for the system described in application Ser. No. 10/361,308 when the system
is running at a speed to produce about 800 completed disks per hour which
permits the passage of a second to transport the disks between processing

stations.

FIG. 3 shows the output for a system as described above in which a
programmable servo motor controller 20 (see FIG. 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 position that is a fixed distance from the desired end point.
When the first plate completes its move, a signal is sent to the servo controller
20 of the second plate to move the other cooling plate into position close to
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chanber 6. The chanber is seal ed and gas such as
hel i um or hydrogen or a mxture of the two is fed
into chanmber 6 using tubular connection 8 to increase
the pressure within the chanber to that desired for
conductive heat transfer. Cooling plate 2 is then
moved by driver 7 to the desired position and then
the:amlbstrajeplﬁmthexiata showadtheoplates meved §oma 9ee«fid-420" to
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to transport the di sks between processi ng stati ons.
the-fital B sitfonvef thaplates pekatlf/@ to wesy@tlemra{gola'@s&q gjtempt was

%??oﬁ%g@énﬁ% R&} s1d§:% r%ll%re '%t%rrgg tsg[)?ﬁa‘igﬁ F3k e

sttRPAR bRIE.ST jeEt "ﬁsmlfot m:gséeéﬁgrephsmsaiepmwmmy
(set " point) and nove at a determ ned vel 00|ty4é shOWC%he

Afienmoretthan 6.@00:¢ypies thesehart balow andhEIGRi 44 and
e decel eration, stop. The set point thus
re%ﬁ{sr%@sgﬁgs to a position that is a fixed distance
fromthe 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

)

coot ny—ptate Mo posSTtT oM CHosSe To 3 the SUDSTg@dhdard
For the data shown, the plates noved froma gap o t?

0.225" to  Average Minimum Maximum Deviation
Side A .0198" .0191 .0216 0002
Side B 208 .0182 0237 .0006

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.
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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 thstanding the presence of
the substrate carrier or lifter holding the substrate.
Substrates are cooled by 30C. to 50C. depending on
condi ti ons such as spacings, pressures, tine,

original tenperature, etc. FIG 4 shows sone data from

Wi 5o e RS 5 e e REERRY fgirec
pr;l,emfét‘-‘rkﬁﬁém%d%erﬁyﬁﬁl Bb®bvibus tBitheSRENIEd & thev@s thig 8drious

h two noving plates adjacent to each side with
changestandenedifisatiensimantheimadetwithost deparingfremdba seepe of

iFiBvdin aREHF BB KW pdha RS ' U ke the

two sides nove to a simlar distance separated from
the stationary plate. The object instead for this set
of graphs was reproducibility. After nore than 6, 000
cycles the chart below and FIGS. 4A and 4B show t he
results obtained. Standard Average M ni num Maxi mnum
Deviation Side A .0198" .0191 .0216 .0002 Side B
.208 .0182 .0237 .0006 The B-side had a |l arger range
because errors in A-side shift the read back at the
desired B location. This is not necessarily bad, since
if Aends up too close, Bwll tend to end farther
away. This data illustrates that the nmethod described
can result in very precise reproduci bl e placenent of
the cooling plates using a sinple circuit. Although
these two plates equivalent to the cooling plates
were not set in this experinment to adjust to an equa
distance fromthe central plate, there is no question
that such a result can obtain with a proper setting
control ling novenents and di stances. 9
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Wil e there has been shown and di scussed what are
presently considered a preferred enbodinent, it wll
be obvious to those skilled in the art that various
changes and nodi ficati ons may be nmade w t hout
departing fromthe scope of this invention and the
coverage of the appended clainms. 10 0 Wat is clai ned
Whgt islaimsgl iIshg apparatus to cool substrates used in
t he manufacture of rmagnetic disks, conprising, a
vacuum conpartnment to cool disks in a magnetic disk
1. mekiGwplipgagpaeatus to @obl subgitatéeasad irhthe mandfacture of
npartnment, neans to place a substrate to be cool ed

mg&iwsﬁi‘?@"&ﬂﬂiﬂ%@ YA compaimert 4p cag! ¢kt isa

. ._ _ : ;
ATl R Bl P padiphRAR IS0 hatB Wl SERAEIm AR Rent,
mearss fo plack etsubsiratatobecadled bedwesp said cailing plates, said
troll t th j t
copRrdhetiieS be o S aNEahurRrEdier K et capaia e FEteary
saFSHu S?e°s SR blsuBafrbtesSR Kk BOAES ith Posifion HeBvEERBaid plates, a

tantially parallel to said substrate and separated
senreemeterctaritiplier pexgramarediolicompare the cepacianse begtween said

aratus,of claiml in whic i d plat no [ nt

B8Rty SlnstrRe by Sar matts Ll 580 s BRlL sy
posiph dubiardifybaldiRl Psaidsubstiaicand sopaispitRrefodf by

claiml in which said plates nove into position one
lesgfthan G-hénahther. 4. The cool ing apparatus of claim1

in which said plates nove into position

simul taneously. 5. A cooling conmpartnent conprising an
2. enciToresbating dpparatusof etimi g whichtszdd plzdés mavednto

Wi thin said chanber, an opening to permt the
pOSifoBIP iEcHe g AR AbIeRP tan G 1SDEBeS i Esaihan gbpotq0 ms.

therefor into and out of said chanber, a notor drive

systemto nove said cooling plates close to and into
3. subSthentaddihg appasatus lof paémtt imnwiichisaid plabss mave into

sai d chanber,, a.capacitance controller
posﬁl[on onhe sﬁer the Dthar-

4, The cooling apparatus of claim 1 in which said plates move into

position simultaneously.

5. A cooling compartment comprising an enclosed chamber, two cooling
plates positioned within said chamber, an opening to permit the insertion and
removal of a substrate on a support therefor into and out of said chamber, a -
motor drive system to move said cooling plates close to and into substantial
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.
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systemto neasure capacitance between each said
cooling plate and a substrate in position within said
chanber and to control drive circuits to position
said cooling plates in said chanber in respect to said
substrate, and a punp and feed systemto control the
pressure and environnment within said chanber. 11 0 6.
A cooling conpartnent in accordance with claim5 in

6.5 Pheb e SFBaRrtl @ MRS S hyhpighiae™
pré@étfre withif\sgidadHamberasadreased at theatme lofl gockngniot hetween
claim®6, in which the vacuumis punped down to about

ab]?@ltégﬁo-wtpﬂ'rr following cooling of the substrate and
prior to renoval of the substrate fromthe
conpartnent. 8. The apparatus of claim5 in which the

7.ent iA eosling cargpanmieat bcacoosdamce with dlaiimeriie which then

VaGHITEYS SPesbapiT o Bbab L0 3hB- b st Tolbivaso Soplielig
sub@irteSARp ﬁ&tt‘g refitval 8f ﬁﬁsﬁiﬂ@tr%té frofPiné &iRpariient. at es

are positioned as to enclose the support mechani sm
for a substrate to be cooled. 10. A nethod of cooling

strate ocess manu ctur f .

o aPhArals ofEAET S 57 HETeh Belctfird eBaHAT IS oBbursdn
sai‘cpaheﬁﬂbeﬁmhm éblﬁlt'wseédﬁmsa””em bet ween cool i ng

plates, applying an AC vol tage between said cooling

pl ates and said substrate, neasuring the capacitance

9. cool TP we Rl S wdti et SBbIE) et R HH Posiied
claen 36/ 6akEsUbshbte tHaris ipdsedld  isarbroalmghlaleatare pasitioned
said substrate until said plates are positioned a

asdesinciasedhstsappert rageharisin for 4 suppialestorherealgr d
substrate as selected prior to novenent of said

plates. 11. The nethod of claim 10 in which said
10desiA pdtithdsbhomdingansubsteste bedigpmceabed in thedanofagtuys of
mellg?r?erhc 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 cocling 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 plates.

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

12.  The method of claim 10 in which the spacing between said plates and

said substrate is achieved by moving and measuring capacitance of a plate to

the substrate one plate at a time.

12 °



12. The method of claim 10 in which the spacing

bet ween said plates and said substrate is achieved by
novi ng and neasuring capacitance of a plate to the
substrate one plate at a tinme. 12 0 13. The nethod of
claim10 in which the spaci ng between said plates and
said substrate is achi eved by noving said plates and

13det drhe miethpdeeleiaim 40 de whidy theaspachio betweepl said plates and

T
foldachlbfsai@ phatds efmaltariebusy amd sobpind revemienpat adefined
the cooling plate to stop is short of the final

distanes PR geirimined by capggitansg meparveMaENtto cool
substrates used in the manufacture of nmagnetic disks,
conprising, a vacuum conpartnent to cool disks in a

14magMéte methozkofnai&inn 40 dg wihichethie, sat pointdor thieatosding plate to
separ,ated frgom one another, while in a facing

StQ%Eaﬁh%%frﬁ‘S%wafﬁﬁoﬁ’p% RPBbnpart ment, a substrate
support to place a substrate to be cool ed between

said cooling plates, said cooling plates bein
15¢| edladlingldppacatusdoicod! substraies used acthe manufacture of

SR ELRGRD cDulisuh el SRR ER REBAFERsREH
magfatlc sk RRIIREEqEBhent] @idting platBisepaitited fremrede aother

nove said plates as controlled by said el ectrical
whiledb @ fasingt relatienishipayithin saiidi cpmpagment, ¢ subgrteisgipport to

subst Iall a ' i .
oIt pEPReE BBl helfed bl BTG Bldief Ve ooling
- pl&tesbeitig elestrically bbrvstiee toefdableralzctrisalonehsingnuats to
fromsaid conpartnent. 13 0
determine distances between said plates and between a substrate to be
cooled in position between said plates, a motor programmed to move said
plates as controlled by said electrical measurements until each said plate is in
position substantially parallel to said substrate while separated therefrom by
less than 0.1 inch, and connections to introduce and remove a cooling gas

from said compartment.

13 °



