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MODULAR CHAMBERS FOR MANUFACTURI NG MAGNETI C DI SKS
FI ELD OF THE | NVENTI ON The present invention relates to
the manufacture of nagnetic disks and, nore
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storage. Depending upon the requirenents of the
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one to nultiple hard dISkS and data may be stored on
particohelyora boodulsurdoatgwadn dac hlirk@rlgi skgnedhichambras dusdd ska  the

drives are traditionally thought of as a conponent of a
manufiRhgeBakuchcligiut er or as a network server, usage has

greatly expanded to include other storage and

retrieval appshetdROBNGYOR BIE HVENAROROXES for
recording and tine shifting of television prograns,
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ch havi,ng different  informati on Storage capacit 1
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wi th functional magnetic recording capabilities on one
from gpe potmyligle hawdedi skt andriatagingk be |sipreh an @Re iop el syrfaessid@ach
these hard disks are produced by subjecting one or
disk. b®thilediadd diskfdraves alrstraditienally skoughti ol 2a$ q@ingesentadraapérsqnal
metal or netal alloy, typically an al um num based
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manuf acturi ng processes. Active materials are deposited
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are su ect processi ng

programs, personal digital assistants, cameras, music players and many other consumer
and industrial electronic devices, each having different information storage capacity
requirements.

Typically, hard memory disks are produced with functional magnetic recording
capabilities on one or both surfaces of the disk. In conventional practice, these hard disks
are produced by subjecting one or both sides of a substrate disk, such as glass, ceramic,
metal or metal alloy, typically an aluminum based alloy, or some other suitable material,
to numerous manufacturing processes. Active materials are deposited on one or both
sides of the substrate disk and one or both sides of the disk are subject to full processing
such that one or both sides of the substrate disk may be referred to as active or functional

from a memory storage stand point. The end resuli is that one or both sides of the
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such that one or both sides of the substrate di sk may
be referred to as active or functional froma nenory
storage stand point. The end result is that one or both
fuﬁsh%ﬁgl‘iesi gilhe Jc'esns[%uscygl%r tgqéll%reg%l{a%'a&]cﬁsu g%ﬁgﬁﬁr%d% TRL&" a%ngtlc
recordi ng.an rovi de data storage. The processing of
recorgjgg jgn Pﬁﬁ@%’ tﬁ%ﬁ”ﬁﬁd doubl e- si ded hard nenory dISkS
involve a nunber of discrete process steps usual
pertfedraesdsing of bethadng!e-sias end lednegided ham mrsflpp@adwlss involve
twenty-five substrate disks are placed in a plastic
a nuabasef tescme paroese stepaxisallyy pafirgreédni o ceasirngheenvownment.
Because the di sk manufacturing processes are typically

Typice@Rdugdeefiat sahnacedickd O@ailheasinusplagicdidst@feedt carrier, axially
equi pnent, the cassettes are noved from process
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substrate disks are 1 n y reno rom-t

te b ut.onat ed both surface
condfited 8 et BN o S RER R RRE. B RSt hRSRA from
process, and the processed disk is returned to the
Proces SHRHaRG 10 APPERA ol R y, FPhh SeBRePIFEEES se, S%PSBP‘Gr disks yare
of disks are sinultaneously processed. For exanple, in
indivistueHy remsoved deum direcassetivoneduomated cquipment ege of beth skaces of
may be sinmultaneously processed. Once the disks have
each dskrrd subljactqartocies padodadpioedssy amddhé proclaed dak setetiened foghe
cassette is transferred to the next station for further
casseﬁEOC%h%MAQVQ@ i &ofieS kifoceskes, M iAurBiiyt bEWiskE | afe diMuRaneously
conventional “di sk manufacturing process, the substrate
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exturing p ebares the surfaces bstrat e

simuliheb 5 o i\ reB ot BE b et Ly BocesafL i efiradfigyme

each disk surface. Texturing is typically acconplished
casseff. (B CREFUIT S yRasiaBrd e e npstation ief faFthfFrrIgece&ﬁrl&gF (g disks.
texturing. Foll ow ng
More particularly, in a conventional disk manufacturing process, the substrate

disks are initially subjected to data zone texturing. Texturing prepares the surfaces of the
substrate disk to receive layers of materials which will provide the active or memory
storage and retrieval capabilities on each disk surface. Texturing is typically
accomplished by either fixed abrasive texturing or free abrasive texturing. Following
texturing, the cassette is typically moved to an adjacent station for washing. Washing is a
multi-stage process that usually includes scrubbing of the disk surfaces in the presence of

cleaning liquids or water. The textured substrate disks are then subjected to a drying

N
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20 texturing{mthe cassette is typically!nbved to an
adj acent station for washing. Washing is a nulti-stage
process that usually includes scrubbing of the disk

surfaces.in the presence of. . cl.eani [iquids. or er..
proccitic DPERE it Bt el BeFRFA Rl of B PRR AL Eing ol o e
drying 7 process. Drying is typically perfornmed on al
samedme he di sks froman entire cassette at the sane tine.
Fol | owi ng the drying process, the disks are returned to
t Hiplloadum thee devaR iprodess, the ks tae rhiarmedsier the ggesette and it is
texturing station where a | aser beamis focused on and
movéddnbehabiser zdneviexthrioh stetiat ehperd jassrheaf it fiecudedsén st fravoects
to create an array of bunps upon which the head and
with 8lsb@R pRESRHTtNe Wikl kurf2B¢0 eRarRE aly of bumpasRin WIRIBE the head
texturing is typically performed one disk at a tine.

and shida! ﬁserﬁlﬂ? wiftd t&lnﬁaélid%%l%é' deQJe[‘ g&ettgxtﬁﬂﬁg ?ggéi@ﬂly performed

stations for was yl'ng process

=gl . ow.nq the.last dryjng.ste the disks are.the .
one et EE v Jpb el B Eneh 16 s Rl SRghATr washing
materials to either one or both surfaces for purposes

and dEying PRSP YCRPat a storage and retrieval capabilities.
The di sks nmay be processed individually or in groups.
Thigolheyping ithe cat dfyingasiep.i he ditkyarrs tent sibjegiedstalrs progess which
may be acconplished by sputtering or by other

adds tiggdin ioff ussteKalown citherperics ondotf safices fomphidpeseardf. créftng data
sputtering process is typically conducted in a series

t aYBEHYE0C BaBeTRs. The disk et fro@séc@Wn@ividuk I 8F |y grbfps.
SOmg‘figned aﬁd %ﬁ?ercgnnectghsgﬁgnbéfg fo mheréudggks 1%75@5
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o o b, KO R BRI e BT e P
typically conducted in a series of vacuum chambers. Fig. 1 depicts a row of linearly
aligned and interconnected chambers 10 where disks 12 move from one chamber to the
next, for example from chamber 10a to 10b to 10c, etc. The disks 12 travel through the
row of interconnected chambers 10 using automated means known to those of skill in the
art. Conventional process chambers 10 are typically rectangular in configuration and
adjacent process chambers, for example chambers 10b and 10c in Fig. 1, and are typically
connected to one another via their abutting sidewalls 14.

Typically, the first one or two chambers, for example 10a and 10b, add a soft
under layer, for example an iron cobalt alloy, to the substrate. The under layer facilitates

the magnetic flux path during read and/or write operations . Several deposition chambers
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art. Conventi onal process chanbers 10 are typically
rectangular in configuration and adjacent process
chanbers, for exanple chanbers 10b and 10c in Fig. 1,

re. typicall .C.ON t Vi

t0c, FREe R R BhAE Rty 6% FERLFRARELS 30 D6 30 TR Lhtyen types
or two chanbers, for exanpl.e 10a and, 10b, add a saft

of dogRgiP™ IPEQRERSES f dRe B MR BTE HoTISBITC BELPEEAF TSy PPy [n @
substrate. The under layer facilitates the magnetic .

vacuym (Spuperie @uederyy rieBewimgdiher dapopitiag ofermatungerdayer, Sevesggtic
deposition chanbers 3 ICc, 1Gd and 10Ge usually follow

recortling layer tihdtheahanberwal @geramel addag, onfovthecaonfromort sppkases dfeach
deposi tion processes include vacuum deposition and

disk. ME8ARN SiteEHE iSadcBplikifedaby MAtHtMaSpikhbEe béth@elp FIRCRSEsiting
follow ng the depositing of an underl ayer, a nagnetic

matefi@qRedatPdl rth@%%uh@&f‘ci%b@f’@ﬁﬁ@ﬁﬁe LRy ifh Sadldethamber

onto the surface surfaces of each 5 disk. Vacuum

sputtering i s _acc l.i she Lying a ; :
contaf B S ERipkhed SRR Aot o B R e B A PGy i
ro%gdﬁd canber wal I.s gthe ode% in a va?uunlchapber
placeg ot tAF AP de Y RARUERTIRG 1958 SYIRH A8CEAyB N Ohge i applied to the
magnetron sputtering a nmagnetic array is placed on the
sputtgraekigiagbthefresnlidnm masatye dieldpigaets puFibye wnpéyteispattering target.
voltage is applied to the sputtering target the
When egubitivagomegétesveith iagdnts atthe antxepdhd smeteriogsarpet 4 heface
sputtering target. 10 When a positive ion collides with

atomeLiMeRépriReds WS ftReQucaf td e spRitirin@r dhagbbar@e buktsier didGeare
at om becones sputtered. Subsequent to the sputtering

cooldATHE Bf’rg}{%gben%o%%gé E?ﬂﬁ@ergif&kfxaﬁ{p?e 16:0¢dced in one or nore

cool 1 ng ers, tfor exanple I'Oe, étc. Follow ng the

R TR e
surfaggspll 6i, %quli)r?ca%t faljlfgrs t?/gi%glli]}tf ispsip%%gg Ta -SI-L)llbpsiectl:L?elnlt %focgshs.e Typically, the
lubrication process is accomplished by subjecting an entire cassette of disks to a liquid
lubricant. After the lubrication process, the disks 12 are typically moved to the next
station and subjected to surface burnishing to remove asperities, enhance bonding of the
lubricant to the disk surface and otherwise provide a generally uniform finish to the disk
surface 16. Following burnishing, the substrate disks can also be subjected to various
types of testing.

Fig. 2 illustrates the conventional manner of interconnecting and sealing adjacent

chambers, for example, chambers 10d and 10e. Adjacent chamber sidewalls 14d and 14e

must be sealed in order to maintain the necessary vacuum pressure. Typically, an o-ring
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15 | ubri cation process i s acconplished by"subjecting an
entire cassette of disks to a liquid [ubricant. After
the | ubrication process the disks 12 are typically

ed.to the.next tio e 0 f ac
20 prfis ok Pt 60t ssnlinvat Bl siiRthet SRRREHCEd Bt f‘f?gw%fﬁh%fhé“
| ubricant to the disk surface and otherMAse e
illustigiedeaF185. dnidf 8Rdnds iR & Rorvsniigeal gghepbers | s gee 51 Wal 14d is
Fol | owi ng burni shing, the substrate disks can also be

machingtjte proatet ogroavs SU repdve ppegingf20; osn prigg 26 ig thep positioned

illustrates the conventional manner of interconnecting

withigiitt geald Py dlik aeeivie 22chardaads an bpeigx 24 ¢he diavddere each
10d and | Oe. Adjacent chanber sidewalls |4d and 14e

chamBSiio BRuPRAANIBEh IhR dNKEED atOrARpBi] RofhcRELSBESAD Yhe next, for
vacuum pressure. Typically, an o-ring 4 20 provides

e S8R j ke’ .
examplaGr 383 3h A0pe e Bt SSCE@?*%&%% i o HEYAL Lol 0o is
conv nt 0 one sidewal | ..14d i
mhwgéﬁ? RERYq& 51?831'11&8530 P fed ‘%@ LR aciagen charpgrs 104

An o-ring 20 is then p05|t|oned wi thin the groqgve
and 1@2 argfgalgd dvy ermppressing Hignergingn2® pelesy they tye adjpgent chamber
sidewal | s of each 5 chanmber 10 through which the disks
sidewbfs ddd andalfepokiged showmaotreseieatibml viov tofiéwnexdjacefitoghamber

exanple from 10d to 10e. The abutting sidewall 14e from

sidevlalle 1ad) agleMe ehapiesding €& bSing"®C hé peshido effe@iviedgating means
smooth surface to abut the o-ring 20. The adjacent

betw&RaAP 08 estQamBAd 1b@8nd i 6. seal ed by conpressing the
o-ring 20 between the two adj acent chanber sidewalls

fﬁ aﬁhﬂ%c% h b@rs g) azl.rg %%i%e& ?cgé ﬁg?tggér{% fggsg{he OV\Hng
20 ol BB S B S L S tRicP b8 it on
chamber sidewall 14d to align adjacent chambers 10d and 10e for physical
interconnection. Once the chambers 10d and 10e are proximally in place, each alignment
pin 26 of one chamber sidewall 14d is received by a cooperating opening or slot on the
adjacent chamber sidewall 14e (not shown). As further illustrated in Fig. 2, cutouts or
recesses 28 are provided adjacent to the four corners 30 of each sidewall 14d and 14e to
allow access to the head of a bolt 18 and a complementary nut (not shown) for physically
interconnecting the adjacent chambers 10d and 10e. In other embodiments, the chambers
14 may be physically interconnected by means of C-clamps spanning the complementary
recesses 28. The alignment pins 26 may be used to properly align the adjacent chambers

10d and 10e and then the C-clamps may be clamped onto the cutouts 28. In yet other
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The adj acent: chambers 10d and | Oe are fastened toget her
to conpress the o-ring 20 and forma seal. As
iIIustrated in Fig. 2, alignnent pins 26 are provided

n the si.dewal | 14 1o ali hanber s
embodRs i THBOFOPORHYSHOAFXTE 1ot pEh SHE THIpIAT erﬁe‘lrrﬁ@mect
chanbers I Qd and 10e are proximally in place,
with @) thegadeshborepim thzgsigewalhd 4e 104 ribe radiscartnehiamben d Op inot shown).
recei ved by a cooperating opening or slot on the
Becawadjthe ehdmbdraifene siedesmlyl antidepéaiadly shipaetpd t\sadwmt lpeassures
illustrated in Fig. 2, cutouts or recesses 28 are

and bk2vd giskk adjnaadBied Betivbén dRtbeeO RERHoAENIAS e@AGNthat adjacent
sidewal | 14d and 14e to allow access to the head of a

champé}g hod %n&‘ e %r&l%[f%l? NRALEYel) lﬂhﬁél@ﬁgr F0OWIhed P8, Further still,

ph gs:ca y 20 1 nterconnectingt acent chanbers 10d
0
in sofR @Rt B oo RBEP of T adhRE %?9%9 ﬁmbief’ssg%%ﬁé%

ene se 28. T e alignnent
toget%ynb@ggegae?%ctb‘?é&béra FharpeS oagh S0 fBEHE gr s¥elding
10d and | Oe and then the C-cl anps nay be clanped onto
chambere tegrtbert eampde very yesthotthdie overaliiybeli peasessing ling hepase it
bolt 18 may extend from one side wall 14d and
inhibitnlagar chamiesrtexchvingh and tdpaeaded bore in the sidewal |l 1l4e
of the adjacent chanber |0e (not shown). Because the

C e aisadvdhtaee td RRBUSNAligheanshd eReRbAMcS HRjLstiaf drecess
vacuum pressures and because di sks are transferred

P SRR b MR o

securel interc ted. Fur her
time §8?F€“E?$/ u’gs“i?%lh’g%s |tma>’snee§‘cep§a6?%°¥e ’F‘dﬂlson%‘“‘"és 1o for
process cha rs 1 Qd and | Oe ther in order to
TUmCEY S SRS gpr@@%g dRARISRIL 6@@% efﬁe%na’gacrﬂg&ﬂ@ Sud| pregange.

Wl ding chanbers together can be very costly to the
Routing emainfengiesk apd/ o e3psirnly patndwert passeble tunless the chamber 10 is

removed from the row of chambers. In addition, the individual layer deposition
processes used in manufacturing disks have evolved over time and continue to change.
Thus, many process chambers also become replaced and/or retrofitted as newer
technology emerges. However, in each of these instances manufacturers are forced to
sacrifice disk throughput while the process line is stopped so that the chambers may be
serviced, upgraded or exchanged. If a chamber 10 is to be removed from a row of
chambers, a significant number of electrical lines and plumbing lines initially must be
disconnected. Next, the mechanical interconnections must be disconnected, followed by

removal of the desired chamber. However, when the target chamber 10d is moved, a
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i nhi bits |ater: chanber exchange and repaff. 10 One
di sadvantage to axially aligned and interconnected
rectangular process chanbers is that renoval of one

fromthe ro of.ch trs 10 is difficult and
result iR ST U o0 XA o-H0E Ay T HeccP el BB ErAggpal Ve
fromthe process _|ine for nunerous reasons i ncl udi
of thengiicatiem 51ew, cxcalgaion, the gy Y as agevdidel mawagés@ewﬁﬁlgber 10d
Routi ne mai ntenance and/or repair is not always
relatiyoesinbidmcent| chgmbthtles HEib ealativg maichSbateeanvibel chmlmr:t hed and
row of chanbers. In addition, the individual |ayer
10e walie poisi dridoferhdps oL slses-ring @d. isnnimnufu@cm teplavgmenisdfshdaypeired
evol ved over tinme and continue to change. Thus, many

or neRf @afder, ThaRar $orb %Bplﬁ%cﬁﬁﬁelﬁs%ﬁ{@cﬁg t&BEY @amber 10d into the
retrofitted as newer ' technol ogy emerges. However, in

t c t r e

row i firs oA BiloARt A RIS @E%‘f%%‘f%c"é’ss%(ﬁn%n?a%e the o-

. ed.so th t th cha ers be 20 serv - ‘

ring 2 SREGRIIER S5 i GG SOV, BN T6 T ot S & ideigheo
froma row of chanbers, a significant nunber of

seal hasehachiashicved nall aHEr Pileuptoressingi kiess 15 Remplgtely, repgapectrd and
di sconnected. Next, the mechanical interconnections

procensisg isheswinst oIfrBesrtaéﬁas fiat| Heomvachibyed atweanadneodr mbee chambers,
desi red chanber. However, when the target chanber |0d

the piodestomes, again Be Esl@tS:LtlldWIﬂ@ncBﬂﬁaﬂiaﬂﬁJestth@mmScté’ckﬁﬁd @€paddied to
the o-ring 20. Fig. 5 shows a cross-sectional view of

corretiN@e ﬁﬂ@tﬁ&'ﬂn OF fu@e? &R vaXiRlc REuIANIN R8ther 1ds8DrifodRtiBn time and
resul’'t of noving one chanber 10d relative'to an

vaaﬁg acent chanber 10e. This relative notion between the
anbers I Qd and 10e will tw st and perhaps tear the

S T RN L
6A Il{uesltrgtsese ;11':1'11"11- mfe T'ce)wto%rlgleetrco?lggcque(rzha}r?bder; ?6&? —-tl%g First, the electric,
plumbing and other connecting lines of the chambers 10a — 10e must be disconnected and
moved as appropriate. Second, the alignment pins, bolts, and/or other securing means
must be removed in order to decouple the target chamber 10d {rom its adjacent chambers
10c and 10e. Then, as shown in Fig. 6B, the target chamber 10d itself must be laterally
separated on both sides from its adjacent chambers 10c and 10e which entails moving all
of the chambers comprising the in-line row of chambers 10a — 10e. To ensure the sealing
elements are not compromised a physical gap 32 must be present on both sides of the

target chamber 10d before the target chamber 10d can be removed from the process line.

Once the adjacent chambers 10c and 10e have been literally separated from the target
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row of chanbers may di sl odge the o-ring.ZO fromthe
groove 22 and/or danage the o- ring 20, preventing a
seal from being achi eved. However, it may not be

evi.dent that no eal. has . b chi eved .until, after_th
chaniigh Bk i BF ritEoye SRURRR TSI TPie BRORAESE B oo B Fik 6.
processing is resuned.  If a seal has not been achleved
Once Bistipsessaairambenppéilispinfarexchanged hmagy hedwgetihambgy ldor
be shut down and the chanbers di sconnected and
its repdaspareat td target chemberctOd st e o¢ihgialledrandt theanngeiomta the process
results in further |oss of production tine and
line. rAeyHtmu@sonnktigsn is6d\ timeborislinitgy arat eostlyeproany.erfor @rample, the
chanber exchange/renoval process. Fig. 6A illustrates

target%'ﬂm'nﬁeﬂ IUE%EQ\HE:Q& ahéﬁe%r\ﬁi‘ﬁf‘ﬁﬁ &dj8cknt PR $ 1 060Rd-10LQ@ith all of
First, the electric, 15 pl unblng and ot her connecting

the ad A&ﬁécl%&nﬁetlsela%ém o?ccé@voaﬁcgQettllgléﬁ;lgpﬁgntgﬂeﬁ{@@ H{%&I i RRgkq

as approp r|a

and/ or ot.her securin e.re
into tﬁ? awpkeawa%%&& BE eRRTE HoRuan B Ef%ﬁf’? Faa%ﬁwgmbef 10d
adj acent chambers = 10c and,  10e. Then, as shown in

must Bpmeghaniqally getouplranbidt theadiaceiahpmbest Opang Wemd lﬂ;ﬁ Al the
separated on both sides fromits adjacent chanbers 10c

necessavg cl@aioahipdimbing aintl o thep womecting liges wiustt beerectranebied s All this
conprising the in-line row of chanbers 1 Ga - | Ce. To

time, EdSbE:st e Bamt hagingeliskae Mhas, dulestatial Coinps eonld®a aghieved by
physi cal gap 32 nust be present on both sides of the

exchaglgf 19&hatBaIReh rorOdmeha rc@stteﬁﬁ:lérﬁ mhechanber | Qd can

renoved fron1the process line. Once the adjacent

I]écnglecfug%{[ O‘t‘hf?en O%e&? dsglh*?ﬁ Gfe dlglg g?c#ég%sg&e %ﬁﬁ %Eﬂlf&&&l‘ﬂg

can
indusEy g Eﬁ%é@%&%r’bﬁ%‘% SROBER At ot B oRe (BERGS ot
made the target chanber 10d or
requiring substantial labor or effort, or that at least minimize the amount of labor needed.
In addition, there is a need within the art of disk processing to facilitate the movement,
exchange, and maintenance of process chambers without undue process line interruption
in order to minimize disruption to disk throughput. Still further there is a need to prolong
the useable lifetime of a chamber’s sealing means by designing chambers to reduce the
shearing forces exerted on the sealing means when the chambers are exchanged.
Furthermore, there is a need within the art to have a design that facilitates exchange of

modular chambers in order to implement newer and more advanced technology into the

process chambers.
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its replacenent the target chanber 10d nust be
reinstall ed and reconnected to the process |Iine.
Agai n, reconnection is a time consum ng and costly

process. For ex 10d must be
re-aligned mnthggpb&égbgggﬁ#hghgﬁhgﬁﬁaggc and 10e wth
all of the adjacent chanbers laterally noved i nwardly,
thEhwdﬁ@awéﬁtfaeiIWée 2echange obanqdydasr ¢hagibersng@erahly comprises a
conpl ementary mating apertures in adjacent chanbers,
plurdlite of dragetoidi aaibped dlGuhbenusin bee medivdimadd thy ahembensl fede an
Wi th the adjacent chanbers 10c and | Oe and | ast, al
isosdel® trajReedsnklae| eithighabthep ttapbidighl aghdpert héll work too. This
connecting |lines nust be reconnected. Al this 10 ti ne,

trapdzBRlaPERERSS de's@ﬁ K Maly Q@J&hﬁ%eéj'1§J§l§d1n§rﬂé§reaﬁﬂé’$ﬁea%bﬁllt of

savings coul d be achi eved by exchanglng chanbers in a

time QA ‘fabok g%uﬁ%? H)C&?cﬁ %[gg gdr(fhpqgée JBRBES in g%@ LP{ oitrél'f]ﬁ.é]%er.

IS a ne processi ng

str for a s t ha faC|I|tat s exchange t he .
b rcbento i A Ay Ge OV e @s.mc’ﬁaﬂ lﬁﬁlg%lalrﬂnea?ldal
| abor or effort, or that at | east mnimze the anmount
charglfers Jbeifitateclasiar and meradeificicsh chambele remoyal nawdorickelange.
the art of disk processing to facilitate the novenent ,
Decergihgnte, amocht maf mrerzan dmeofntprigeess inchastse rdi;skvvﬂtrhuglmut by
undue process line interruption in order to mnimze

incrélismEURE biRd vaitidivglchithe Ol canSbé kdpldcdd bh@for ENBESEdS More

need to prolong the useable lifetinme of a chanber’'s

specﬂﬁ:@ll# NGhEEARDVYE & S84l Tbrt BRI SnleRohRIMEHalBers, none of

I ng forces exerted on the sealing neans when the
the cg:tpermflﬁmt%ﬁarneee Ean 9 eatg rl&ter%L al%acg 01"1.terr':11c?l%r ggé 3f fhe c%%%ber

excha ge of ul ar chanbers in order to | IenB
being gjpye an&nm@mgmmfelaf P%Iefrﬁ?afﬂgvgyemmc‘é Phisstisopes 8 line of

chanbers. ' _
chambers without damage to the o-ring. Moreover, because the line of chambers de not

need to move laterally to create space for removing and/or inserting a single chamber into
a preexisting line of chambers, much less disconnection and movement of electrical and
plumbing lines needs to occur. This results in a more efficient repair and replacement
process and a more preductive manufacturing line, which increases productivity and
profits.

The above-described embodiments and confipurations are not intended to be
complete nor exhaustive. As will be appreciated, other embodiments of the invention are
possible utilizing, alone or in combination, one or more features set forth above or

described below.



10

15

SUMVARY OF THE | NVENTI ON The design to facilitate
exchange of nodul ar chanbers generally conprises a
plurality of trapezoidal shaped chanbers. In one

Chape, al ii%%%ﬁ ﬁ?ﬁ@?ﬁi g&ié@@i’i ﬂ%ﬁ@?@@bﬁ 1 wbrk oo,

This 5 trapez nber eS| ant ages,
i EYeral HEWHeS 31@& L HEloRHb AT o W' iugge%tﬁﬁg ivention.
required to exchange or replace chanbers in a
Followingt Isgudwist deprsipsipn cofathsedrawingh ehpr Bhwianiei thg daydnpan and its
provi des advantages over the prior art in that
variols enpieximetas. chanbers facilitate faster and nore
efficient chanber renoval and/or exchange. Decreasing
g ang u%rsgéctﬁze%eﬁ f & tdV@ of MikeRfIy UREheuridffcRAG RS IEl SK
throughput y 10 increasing the speed with which the
chamfdl@nbers can be replaced and/or exchanged. Mre
specifically, when renoving a chanber froma |ine of
erconnect e hanmbe chanber.s
i 4 SRS P e e BV B sep R G, DECRE Efifeen
of t he chanber being noved. Any chanber may be
champgrysp &l ly renoved or inserted into a |line of
chanbers without damage to the o-ring. Mreover,
bdtabsie atchussiseeipnef viewanfisn ostippasiioned widinthe grameef a
laterally to create space for renoving and/or inserting
chamBerssideg¥adl. chanber into a preexisting |ine of chanbers,
much | ess di sconnection and novenent of electrical and

plttigrbi G drdRa8ctRAMSI VO IRE GUWing cdothSredsed BEilweh Adjacdr €
frcient repair and repl acenment ‘process and a nore

Chmng&q%ucéy%??y and %%% ?%?khggmfﬁgk&gove g@?i??bed

G TR M R
due t(? ?t;?gt(lj\lenn?gttiosﬁ b%ttwéerglechiagt\i/)grqst. lon are

Figs. 6A- 6C illustrate a conventional method for chamber removal.

Fig. 7 is a perspective view of a row of linearly aligned chambers of one
embodiment of the present invention.

Fig. 8 is an exploded perspective view of the sealing interface between adjacent
chamber sidewalls of one embodiment of the present invention.

Figs. 9A and 9B illustrate a method for chamber removal of one embodiment of
the present invention.

It should be understood that the drawings are not necessarily to scale, and that in

certain instances, the disclosure may not include details which are not necessary for an

10
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possi bl e utilizing, alone or in conbination, one or

nore features set forth above or described below 9

BRI EF DESCRI PTI ON OF THE DRAW NGS Several draw ngs have

been. devel oped to assi st with understandi, e
undeysapgig Arihe PIEsANt GWEREPT such gsyoprenyiogar lﬁ%ﬁ%ﬂgﬂrwﬁ%@ and

drawi ngs that illustrate the invention and its various
asserppiyoleli resa of skill i the art. Adsca whitle Shiperesonbdigelesire lesgriperihof

linearly aligned and interconnected chanbers. Fig. 2
inverti®ndn cexpiciciediitheliasp entbiodensniepveehtadhse ssadl bagnderstood that

i nterface between adjacent chanber sidewalls. Fig. 3

the itv@nflof [sG®% s1#RaY iRl tyiRY &hbaimentsi ng positioned
within the groove of a 10 chanber sidewall. Fig. 4 is

a cross-sectional ptihew &b BRseripT@§onPressed bet ween

adj acent chanber sidewalls and formng a seal between

t adj acent sidewalls. . .Fiqg. il lLustrates the,. .

r UG Shioal T cebostimsl 87 b4 Bt Bk o tiasanigped

Fig. 4 due to relative nntion_beﬁmeen chanbers. 15
trapemgél. chgmberssq pl (s et BVeBHRaRTN A mak GG may travel

chanber renoval. Fig. 7 is a perspective view of a row.
through th¢ sesies|of chambgre 80z hafbesisg efiloonted edys dinpentto dfose péskill

present invention. Fig. 8 is an expl oded perspective
in theiagtw Dlie tikles S2atdveqlingt @ irhelc aipatgiegweadjl@aentzoidal chambers
50a - 50g. The disks 52 may be processed one at a time or in groups. In the preferred
embodiment, the trapezoidal chambers 50a - 50g are inversely orientated so that the
longer end wall 54 of chambers, for example 54a and 54b, are on opposite sides of the
row. The trapezoidal chambers 50 are connected to one another via their sidewalls.
Preferably, the chambers 50 are formed in the shape of an isosceles trapezoid. If there
are an odd number of chambers, the row of linearly aligned and interconnected chambers
will form the shape of a trapezoid. If there are an even number of chambers, the row of
linearly aligned and interconnected chambers will form the shape of a parallelogram.

Referring to Fig. 8, the sealing means of one embodiment of the present invention

are shown. An o-ring 56 forms a seal between the adjacent trapezoidal chamber
sidewalls 58e and 58f of two adjacent chambers 50e and 50f. In one embodiment, the

sidewall 58e of chamber 50e includes a groove 60 to receive the o-ring 56. The adjacent

sidewall 58f of chamber 50f includes a smooth surface to abut the o-ring 56. The

11
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chanber sidewalls of one enbodi ment of the present
invention. 20 Figs. 9A and 9B illustrate a nethod for
chanber rennval of one enbodi ment of the present
inventio

houl d be under st ood th t he awi ngs
openiaft, o6 AL hE| igegnts ,eff-aﬁ g 30r i B Fed by
i nstances, the disclosure nay not |nclude details which
compagseing dke praipaSéhepvicarthasdiacent trpmdeyalsditagnd it he
present invention, such as conventional details of
f dbrdneagrloodimeot oﬁﬁmeplbi;ap,t iwentiog sibe cidestalll $86 furthhie includes
art. Also, while the present disclosure describes the

alignin@Ne Pins OFY. i nTIﬁaOEﬁh@ﬁei of thé taligihegepiastsadismenaBgn the adjacent
presented, it should be understood that the invention

trape@ N¥hadbéds Sk Ynd 507 b&breliRe El%%r@ﬁ@%t%ﬁto? sec@u‘ed into place
Al LED DESCRI PTI ON Turnlng to Fig. 7. one enbodi nent

In ong ﬁg{l.;gg mené,d:u[]cﬁnsts %rsrtegé&e%f%l ﬁlW B ir%élu%lea %]Er%v dter ?&%%% d;ﬂn%lmngs

resent I-nvention iIs

o8 il 8550t oMo s B 5Bl S o

in the art. The di sks 52 nove al ong a track runnlnﬂl i
togethent isrpurpesetaf dhrebdisdd) andhaiip & & oIS comppRgsion (g the o-ring
di sks 52 may be processed one at a tinme or in groups.
56 bétwvetdn ehep adjfiemt eamberbodiwealst 38et drel $3fapelicedale hmnberes In
50a - 50g are inversely orientated so that the |onger

anotiRPeémdalimdd, @t aahashar echl@eﬂ BURABBIs &SR 4Rd a0 ndAbbe Alfy@ically
on opp03|te sides of t row. The trape20|dal chanbers

mter%;r?lg?{et?% %%ﬁie chgﬁ%ﬁesg gk rﬁlcr’ea C}ﬁgﬁl}rge |eJr51eSt§ éﬁe sha et %mther
emb%ﬁmglﬁtoﬁtﬁglrgé a t}e'az %zc()jlf:lall |01r)1§lgh§?r§ %(f | %‘Hg d%aknglga% bgngl?ysmally
intertlzor}ltngétg ﬂ? ?r(l:etagg 0? erl] alneaJea bolt and threaded bore. In a further embodiment,
adjacent chambers 50¢ and 50f may be welded together. Different fastening means will
be known and appreciated by those skilled in the art to physically interconnect the two
adjacent trapezoidal chambers.

A benefit of the trapezoidal shaped chambers 50a - 50g of the present invention is
a substantial reduction in chamber exchange time. Unlike the conventional design for
chamber removal, which is labor intensive and time consuming, the trapezoidal chamber
design streamlines the removal and/or exchange process by eliminating certain steps.
Importantly, because the chambers are generally trapezoidal in shape, the operator may

easily remove and/or exchange chambers from the in-line row of chambers 50 without

moving any other chamber. Figs. 9A and 9B illustrate one embodiment of the trapezoidal
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will formthe shape of a trapezoid. If there are an
even nunber of chanbers, the row of I|inearly aligned
and i nterconnected chanbers will formthe shape of a
aral | el ogram Referrlng to Fig. 8, the sealing neans
chambBr geRiaBgH goflRE AETEYa) {HR@Cess-  edBrAne; URRIMER: KB & figiproidal
An o-ring 56 forns a seal between the adjacent )
chamben pizededalto bhaptyéred. pplasedewentherwigeexghanggds thefelqopral and
adj acent chanbers 50e and 50f. In one enbodi nent, the
plumbingeliadd ab8éisainnehiadrbeTh&l)eariynodaechesca grooarae@bnto such as
receive the o-ring 56. The adjacent sidewall 58f of

alignfRAMHRS 69 Aolds 70! OQREns, Sfr@ﬂitaﬁfa%ﬁiﬁlg%ahﬂ addtidcoliped. Because
o-ring 56. The 1|1 openings 62e and 62f of the adjacent

oo R0, R O LGP o S SR o
58f .
A N T

The se of the alignment pins 64 is to align th

(sec Hig a?g)e ntl Hssistgnaigepreyemant @H%ﬁ’ér“é’ﬂs%m&ﬂdmwalb@%ﬁ’sé fse
chanbers are fastened or secured into place. In one

laterad spandi doennot magd dabe crsated debwsso sheehamber bef forhel ramieded and the
provi de access to openings 68 designed to receive

adjadenl thaniBeranibarilesand? 509 isdonr beiagljramendd. c HEb@eamé&de of the
and 50f together. The purpose of the bolts 70 and nuts

lrapeZ&dhlScHaﬁlb%ﬂSSU Bl RARE 8BS hekshiy di@efn %1}’8%1 F &3 WEBBtween
t he adj acent chanber sidewalls 58e an f sufricient

the cilgmgé}g @clg)a? ‘Ia'eﬁ'hov By iliﬂ Ql%& r?l? Tg%?@ y‘rlgtgthavfn Go %ﬁ%@%@ﬁ&f the

rapezol ers e and phySi

i.nter onn cted b nean ann

charl S BrieCuetg CRBTe § Rer, . SUNE] (e a?‘ﬁ@ntlle chagber
adj acent trape20|dal chanbers 50e. and 50f may be

exchagps pRG(PT yemopile Prasaste ot grasyceadddiongl dimpg g aeed pyrce the
and threaded bore. In a further enbodi nent,

trapezoidal target chamber 50f is ready to be reinserted into the in-line row of trapezoidal

chambers 50 because the trapezoidal target chamber 50f can be positioned into the row of
chambers 50 without having to remove a previously created physical gap 32. Similarly,
the electrical and plumbing lines associated with those chambers may remain in place and
do not need to be moved either. Once the inserted trapezoidal target chamber 50f is
aligned, the trapezoidal target chamber 50f may be recoupled to the adjacent trapezoidal
chambers 50e and 50g and then the electrical and plumbing lines may be reconnected.
Overall, the modular trapezoidal chamber 50 design substantially reduces the chamber

exchange time.,  Because the trapezoidal chamber exchange/removal process takes less

13
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adj acent chanbers 50e and 50f may be wel ded toget her.
Different fastening neans wll 15 be known and
appreci ated by those skilled in the art to physically
. interconnect the two adjacent, trapezgjdal chanhers. A.
time (g PrOBTSS g e eﬁ?wa}ﬁw@ﬁa & 8Y BHRIMIZIEE Jhcgime
the present invention is a substantial reduction in
the dishprtnepsie inaisgeneparationghthe pEoupoichsl drruzbpe|is inerdagml.
for chanber renoval, which is |labor intensive and tine
c oAsfuntherg betidfe dfr pyesentiidedntiohastibat @@ weszgdal chamber design
streanli nes the renoval and/ or exchange process by
decrédkésNinRadrhdleht GET hBoMreqLRES to rdfP@ hdibl ¥xchABEAHSHainBer. The
chanbers are generally trapezoidal in shape, the

afore%&%[i@ﬁﬁr sdVYes. B2Sink ol BV R AREhRLr SX5RRNGaaHaMPES Sabor is
romthe I n-

i ne row of chanbers 50 w tthout noving any
te on

ot her chanber,, Figs. 9A and, 9B il |l ustr

reas i BeaeRRT ar or e Rnag 6o Bpas ook ¥l e B shpgpers 50 do
and/ or renoval process. In one enbodi nent, en a

not TGS BRG] be BIRATH beivsion aiaBat chambus Sbr Wfl:g@% befdre the target
repl aced, or otherw se exchanged, the el ectrical and

changier A8 Wgxthanged afindilabiodgse dabet is FERBIMCd whon Adieheasidsd chamber
i nt erconnections, such as alignnment pins 64, bolts 70,

50 isGemsamnuishecanisedt bar pdsitiined iimy neremins gasily evitdroothelredd to remove
Because 5 of the angled sidewalls 58e and 58f and 58f

a pap'¥b S58Gie fralRzbidaperahkial ddihoRtueta e Hélfs; teaN IdsBaRbor is

slide out orthogonally relative to its adjacent

requfrécﬁf&%@hﬁ%% u%ﬁézﬁ?ﬁ@%\%%@?& 50g (see Fig. 9b). This

I'S an i nprove e conventional renoval process

bega at eral.. space _does. ,not, need creat ed .
ot By oF PR a0 e Cabterint R yeuien i
chanbers 50a-50e and SOg_befor% bei ng renmpved. The

that figcvhgaring foFces e 1reuesdaEng; hambehERHBR TeAXCHinESt digcause
the necessity of creating a physical gap 32 between

the trapezoidal chamber 50f is more easily able to slide out from the in-line row of

chambers ‘50, less shear force is exerted on the o-ring 56. Moreover, because the
trapezoidal chamber 50f may be more easily reinserted back into the in-line row of
chambers 50, less shear force is exerted on the o-ring during reinsertion. Thus, the o-ring
56 is unlikely to become dislodged or damaged and a seal is more likely to be achieved
between adjacent trapezoidal chambers 50e and 50f. Additionally, less shear stress on
the o-ring 56 will extend the life of the o-ring 56.

Although this invention has been disclosed and illustrated with reference to
particular embodiments, the principles involved are susceptible for use in other

embodiments that will be apparent to persons skilled in the art. For example, the

14
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the chanbers before removal as illustrated in Fig 6B.
By not having to nove all of the chanbers in the
in-line row 50 to create a gap 32, substantial tine is

saved in e chanmber exchange . and/or renmpval proces
trapefil Shuaerof B 6T BReY R OIS p B R 2 BhE S Bjacent
. trapezoidal target chanber 50f is ready to be
side wellsefey baddng etambenareipargliche Nwswihgchampers e ngapeed 40 be shaped
chanbers 50 because the trapezoi dal target chanber 50f
in thecfonmbye aposistéleneaperzoitio Thireinvowioafis, thdraivbe te bs Consittibbonly as
having to renove a previously created physical gap 32.
indicSie@bk akid 3cope bhieelaat AndCadt lamdtdab uitérispdiinggts described herein.
associ ated with those chanbers may remain in place and

dorOtoPERfs (iR dIPY e theLidvBRion BICBednnBrebdhS& FRDurposes of
trapezoi dal "target chanber 50f is alignhed, the

a1l ARezoi . g . e . 1
s RSA A3Lf 50 SHRTRSE 30 TR AR L S6RUILER AN v
the el ectri.cal, and plynbing. |ines nay .be reconnected. .
Form (S UiseiGecoAUIEET 1 A JOTEGaIn e AAVEB O T BEERle, Various
substantially reduces the chanber exchange tine,

featups od tereiny prticrhgye peinddentifivsntievhosldchratigescaserbiiay these features
process takes less 13 tine the disk processing |line

may brayolnbinst] ogyeditbrfinp al sigde emiredinBnus: inbyarioun bthiez corgbinhieons as
time the disk processing |line is nonoperational the

appradfRid forofhe dhelkddcdh eRUGRP BT (HeS baddc I ¥B6 @bmeridndrdfhi@é component
benefit of present invention is that the trapezoida

piecet‘égﬂﬁf}’%[sod@ﬂ/,gj}bt HACEL ARGH meﬁgﬂﬁé?t‘hﬁﬁg"ﬁgﬁ TRAUREREd of

renmove and/ or exchange a c¢

. .aforenment] oned . .savin iy tlme r.rel at iml.ar ..
cisci0F FEE e PE Bt et o PPt Bl Blention

and/ or exchange a chanber because %ge t.rapegoi dal
requEeROET (SABORIAN 36 CHEHIY EFCHY Rpoas Yy NCuFRYeh chakginhe

adj acent chanbers 50e and 50g before the target
descipizarbef tonvenionhhangeded spiiptian 9f oncegismoghepbediments and

requi red when a trapezoi dal chanber
certain variations and modifications, other variations and modifications are within the
scope of the invention, e.g. as may be within the skill and knowledge of those in the art,
after understanding the present disclosure. It is intended to obtain rights which include
alternative embodiments to the extent permitted, including alternate, interchangeable
and/or equivalent structures, functions, ranges or steps to those claimed, whether or not
such alternate, interchangeable and/or equivalent structures, functions, ranges or steps are

disclosed herein, and without intending to publicly dedicate any patentable subject

matter.
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50 is reinserted because it can positioned in-line nore
easily without the need to renove 10 a gap 32. The
trapezoi dal chanber design requires fewer steps; thus,
less |labor .is .required to exchange.trapezoi da
C REHPORF SR FRVERIGR, | VeFigHT REDODIAR (neUf FEmPPaTS Grefhpds.
chanbers 50 of the present invention is _that the )
procesprsasysigms cindas anperatesd sestrngdally g earagierk rand edgsomped herein,
and/ or exchange. Because the trapezoidal chanber 50f
includimg marieueasbddimabisesitboorsbindgorsutnd sidisets hleereat: | Those phskill in
of 15 chanbers 50, |ess shear force is exerted on the

the a@-wWill M8 d&Sand/BHRAY Siake ROE At Be hRRenttih angidaiadal uthaideing the
50f may be nore easily reinserted back into the in-Iline

preseh®WsOibs S.h.‘”‘fﬁ%eéései@vin\Jeﬁﬁén,SiH%ioﬁ@é&ﬁo&i&eﬁ?&?‘Irfcﬁf&'ie@%r&v’i‘cﬁng
o-ring %ﬁrlng el nsertion.” Thus, the o-ring 56 Is
.unlikely to bhega di sl e a n . L: .
devidhf ol Pioberegs e st of L85 ] gBBE Ry BE 5B BEPherdif or i
. trapezoi dal chanpers 50e, and 50f. Additionally, |ess
variog, gipboginesiss iesroL. TR 5 1he S%eﬁ% Spch, JERS @S Y PaVveheen
of the o-ring 56. Although this invention has been
used dit raviBEHeaRgs ioF [PIGREREE.e®l S wilethimne eng PeEorpANCp.aFdhi iflgagase
enbodi nents, the principles involved are susceptible
and\droredusiag i ¢cosotdfeimplembmdiiorent Rathbiat aswitid fléoveippariants taflect,
persons skilled in the art. For exanple, the 14

inverdthv@pegeid Ebape 1t thhe fhahers ma)ényagiMFIﬁar edfeedigdTBéclosed
to chanber as long as adjacent side walls of a bolting

g er r o h ;

embdARAEACT THLS, I BbFing ddSs oler B FREForti 16 HRC Bcllcd
i.nventiqgn is, ,t.herefpore, to be construed only .as . .

Descighpne apiStedsty et Seupie Bp 1o Ran A Repaihicpivtimed Vinodimey of
.the enbodi nents descri bed herein. 5 The foregoing

the in§je8HeRssi on of the invention has been presented for
pur poses of
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illustration and description. The foregofng IS not
intended to limt the invention to the formor forns
di scl osed herein. In the foregoing description for

ex | e, various features of the invention have been
Eﬂﬁﬂﬁ%@&@ﬁﬂi@ﬂ. It should be appreciated that these

features may be conbi ned together into a single .

erthodi FehPReFatisifoy Beq 18 maldnmmasrabiststivkas Gossisig, 3 ody defining a

appropriate for the intended end use of the band. The
chambiernthediodp davhg e ontanpiola entfacepivdidssulrsigntadllydorm thye, shaps of a

still be within the scope of the invention. This nethod
trapeffid. di sclosure is not to be interpreted as reflecting

an intention that the clainmed invention requires nore

features than are expressly recited in each claim

Mor eover, though the description of the invention has

i nclud | pt i-on. of |1

WA G L TR R M e

and nodifications are wwthin the scope of the

invention, e.g. as may be within the skill and

know edge of those in the art, after understanding the

pries entﬂm apppIedFod clajp 1 whessinsthe deprtoytes Burdacss Eorghtiss a front

whi ch include alternative enbodinents to the extent
surfagee aibatk sdface nclinstsidgsualace andit egcond Skle chidmmgetip [ feont amdbawk

equi val ent structures, functions, ranges or steps to

surfadRQSEsubsALHE; padled] Bed o oN@E it SukBe ald BfcR3lMace has a shorter
I nt erchangeabl e and/ or equival ent structures,

length HRR OO Ber, AP ARSI siR! iR hds&oh@SRe sBgi R e 0N

eng%ﬁ?ﬁout&?ﬁiend?ﬁgutglpu |8 y dédfcate anﬁ paten?% l e
subj.ect tter. 15 The present invention, in various

Subm@#ﬁ@&ﬁﬁ%ﬁ?@} i'ncl udes conmponents, nethods, processes,
systens and/ or apparatus substantially as depicted and
descri bed herein, including various enbodinents,

subconbi nati ons, and subsets thereof. Those of skill in
The apparatus of claim 1, further comprising:

a. a second body defining a second chamber, the second body having at least
four outer side surfaces, the four outer side surfaces of the second body
comprising a front surface, a back surface, a first side surface and a second
side surface, the front and back surfaces are substantially parallel and one
of the front surface and the back surface has a shorter length than the
other, and the first side surface and the second side surface are of
substantially equal length; and

b. the first and second bodies are interconnected with the first side surface of

the first chamber positioned adjacent to the second side surface of the

17



the art will/ understand how to make and:use the present
i nvention after understanding the 5 present disclosure.
The present invention, in various enbodi nents, includes
prOV|d|ng es, and..pr,ocesses in he. absence, .of

P ers. not st cpanedninh HERRE Rptdded ERLARNERGR Raies
various enmhodi nents hereof, includin n the absence of
such it enubsiantially fospdna,be shangoda %ﬁ &ABus devi ces
or processes, e.g., for inproving perfornmance,

achi evi ng ease and\or reduci ng cost of inplenentation.
Rat her, as the following clains reflect, 10 inventive
asject sTHel pphnatdsedsldimhaln whbleirf leah theersodidasny fase nfithe first
foregoi ng discl osed enbodinment. Thus, the follow ng

cham%haélﬁﬁhélﬁe%oﬁ@ 5RB Yt REUTRIQS RESH dHAhtbet Hdn% dpehiabsé ®hermit one or
Description, with each claimstanding on its own as a

I H%n{ ention. 16
more@ﬁﬁ(t@ t@ln%&? IE'.%IT?%]I’E qﬁst%’i\gﬂgnﬂﬂ{s %eaér%g?rﬁi I‘%}ljs e in making
magneti ¢ di sks, conprising, a body defining a chanber,
t he body having four outer side surfaces which
substantially formthe shape of a, .trapezoid. 2.
appar at the appagat ghelaim, Srdier CQTHE“%‘F%@EC&VE f@rgleéﬁn the first side
i soscel es trapezoid. 3. The apparatus of claiml,
surfawhel thi firgt Iqbarﬁgwand gtepursiing the eperiogprrinsd imtherfopitside surface, and
surface, a back surface, a first side surface and a
a scabpeditivhed iflerid yrdomee, the front and back surfaces are
substantially parallel and one of the front surface and
back surface has a shorter |length than the other, and
the first side surface and the second side surface are

of 7.5 S U'Pl‘ﬁat %tafa%tllg of c?a%’laé, \411%1[}3% ﬁl‘e seal abuts the second side surface of the

second chamber and surrounds the opening in the second side surface of the second chamber

when the first and second bodies are interconnected.
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4. The apparatus of claiml1, further conprising: a. a
second body defining a second chanber, the second body
having at |least four outer side surfaces, the four
oyter sjde surfaces of the second body . .conprising a

f Pont §H}@§@§TEQ%B§@E”@JP%§@H?8§E$FP@¥H§F39 surface and
a second 5 side surface, the front and back surfaces
are sulist Arilwaliyyoidneanly aliensd ghynaers.grid ghampergjpterconnected
surface and the back surface has a shorter |ength than
the ot hesychdhat onber friorsdiskd Way pass fmgeosmchantver wabonekt
side surface are of substantially equal |ength; and b.
the firstadnenseipoitdr fadiresssing dndt er connected with the
first side surface of 10 the first chanber positioned
adj aceny hﬂalﬁﬁﬁ%@@%a’?ﬂ% Bthd ArRc@in hB8hdpk TRGAREZ0Id.
chanber, w'th the interconnected first and second
bodi es substantially form ng the shape of a
paral |l el ogram 5. The apparatus of claim4, wherein

baot h t first side surface of the first .ch er, and
DR secliderauS e, BreerLehopits Miralibas Hapeis tre
openings to pernit one or nore disks to nove fromthe
substintiadly femegdyathe dapp el yeisewglcs Hanwdid- 6. The apparat us
of claimb5, further conprising a groove fornmed in the
first side surface of the first chanber and
surroundi ng the opening formed in the first side

surtf aceth arafus € alaipGs Wwheeitethe ipturalaty @ ghaniwes isan olli@umber

apparatus of claim®6, wherein the seal abuts the second

of chdhf&s S [RGRuAfity! TR haBB&Q REbLLAANE ForAR I SiHapOHNERadSid.
opening in the second side surface of the second
chanber

11.  The apparatus of claim 8, wherein the plurality of chambers is an even number

of chambers and the plurality of chambers substantially forms the shape of a parallelogram.
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when the firist and second bodies are interconnected. 18
8. An apparatus for making magnetic di sks, conpri sing:
a. Aplurality of linearly aligned chanbers, said
chanbers interconnected such that one or nore disks
may pass from one chanber to the next adjacent chanber
for proceSS|n%H1and plurality of the chamhers

beliZng fIBAFEW GLAinCHdY %IF%‘;SQ aaql l%efﬁ?fé‘ﬁé%uclimb@'s useelgn making
apparatus of claim8, wherein each of the plurality of
magnetiadisks ssedrie diskulrvea thd gf dhambyers fiudharisemprisips apendphamber
i soscel es trapezoid. 10. The apparatus of claim 8,
at cadhh@idaifthe toev @lduatadast ynedhitecibactzeiter bssidoned ddtwaerller endof
chanbers and the plurality of chanbers substantially

chamﬁa@fs % el dTBARGIiniRg ARz Ithearl aligdhfe@ cARABEBHS mRthod
claim8, wherein the plurality of chambers is an even

conqﬂﬁ er of chanbers and the plurality of chanbers
antially forms the shape of a parallelogran1 19
In a EPMIOf linear| nd |nterc§ cted

charrberas L3RRS tRG R Y ﬂ% Fr R apibeti g

drives, the row of chambers further conprijsin r d
charberb. Kemoses n e iorchambeiiom theo id feanaizned chambers
interior chanber positioned between the end chanbers,

a met hod fothophinpviaganngf theethepwhashbdri.nearl y al i gned
chanbers, the nethod 5 conprising: a. Di sconnecting an

i nterior chanber from adjacent chanbers; and b.

Rermoving the interior chanber fromthe row of linearly

al { gnedrich}BMBH Sf claim 12, wherein moving the interior chamber comprises

moving the chamber along a path perpendicular to the row of linearly aligned and

interconnected chambers.

14, The method of claim 12, wherein a seal is positioned between the interior
chamber and an adjacent chamber, further comprising moving the interior chamber without

damaging the seal.

15.  The method of claim 12, further comprising inserting the same or a different
interior chamber into the space created by removing the interior chamber, and connecting the

inserted chamber to the adjacent chambers without moving the adjacent chambers.



wi t hout aning any of the other chanbers. 13. The
nmet hod of claim 12, wherein noving the interior chanber
conprises noving the chanber along a path

perpendicul ar to.the row of linearly al.i d._and .

oG Cofiinpgd BrARe) S Mg A s PrSib SR Sep Bt toinseried

wherejn a seal is positioned, between the jnterior . .
chambgpaskan adirFeahchag)bse et the seatbeRot dagiagsieqr destapied iy dpserting the

noving the interior chanber w thout damaging the seal.
chantbgr infththemewvd dinodrlycdlggnad ¢kambags.t her conpri sing

inserting the sane or a different interior chanber

into the space created by renoving the interior

chanber, and connecting the inserted chanber to the

adj acent chanbers w thout noving the adjacent chanbers.

20 16. The nmethod of claim 15, wherein a seal is

positi oned between the inserted chanber and an

adj acent chanmber and the seal is not damaged or

destroyed by inserting the chanber into the row of

linearly aligned chanbers. 21



