;e3ev,, 6" TvwsJ METHOD OF SI MULTANEQUS TWO- DI SK PROCESSI NG OF S| NGLE- SI DED
MAGNETI C RECQMMM 5 FIELD OF THE | NVENTI ON The present invention
relates to th m@@ﬁ% of hard nenory disks, tymi ml N ACKGROUND OF
THE | NVENTI ON Har_q I ives are an efficient anél“‘mmu Illmmn ive solution
for data storage. ¥5%*20 used in hard disk drives. Mre,spesi fically, it
relates to the processing of what are referred to as single-sided disks in
whi ch only oOMETHODHRF SHM HLFANEEOUSOTWO-DISK FROCEHSSINGrQE SES6UELSIDEDVI de
functional or active nenory MAGNETIGREGORDINGMIBKS, the present
invention relates to the processing of single-sided disks in pairs, where
two di sks are processed sinultaneously. Dependi ng upon the requirenents of
the particular application, a disk drive may include anywhere fromone to
ei ght hard di sks and data may bEESDOOETHENNMENDIONOt h surfaces of each
di sk. Wiile hard disk drives are traditionally thought of as a conponent of
a personal conpUherpresentainventipat ighates ©ethg ananufpshige of agrdesngmatedisks tymedliyde
ot her storage appl i cations such as ?et to oxes for recordiisng and tinme

1 Bhelswig

. p b
shifting ofiSebineRAd disk dpivesyr M speeificalyalt ralaigs {afhepagest Affefelred
nmusi ¢ pl ayers_and ot her,.consu el ectraoni c deviges, each having differing
"t or mt o 3t SPelsd e ik 7 MR pBhEd R Ih R e SN St ed a7
produced w . i i i ; it : ides
b s t acedof ¢ Rt fRbr FROERker) RS R ARR" M kA B st
preduced byth&protasing BPsiR@bRided dRks @fpads, vhrdloadislad lareptbsdssedistmliankoussuch as
gl ass, alum num or sone other suitable material, to nunmerous manufacturing
processes. Active nmaterials are deposited on both sides of the substrate
di sk and both sides of the disk are subject to full processing such that
both sides of the disk may BACKREROIND OF HIE BIVENIION functional froma
menory storage stand point. The end_.result is that both sides of the
fini shed disk héiﬁédtdfa§< AEvess argr oo Rifdentaind SRy faFﬁP‘éFctS%]PP%Qifefs dataqgsiprage t o

ff i C.. di d ' d .. Th cal |
et orred L OREBGPR Sroiea- pyun of ekt Gk F SRR ik of

a doubl e- si j-Sk I j i - LI r i
573, oy e RS Snd Sl ARROHN il Bl e, oDk of BSHL AL €
Assum ng bohéh §idk.f ROER HARPSisE @Fivdsfdr€ BhdiBon19Thdupdt SNad Nebnghonentdfagetsdnalbot h
sides of the disk may be referred to as active or functional for nenory

st or age purcpnpeter of he s metvek Seraere uSage dhe exmtdédtoainclddel bther stochge apgchtigass

di sks. Doubl e-sided test pass disks nay be used in a disk drive for

doubl e- si detch excssi dipri@xeup;wmtdimmd teroe hiGingiod écleyision programy, pérsival digit@lnor y
di sks invol ves a nunber of discrete steps. Ty%pi cally, twenty-five substrate
di sks are pFPHBMS, FAMETS, JBYSIG Players oande othey, capsuines clesharic| dpvices ¢agh chaving,

Because the, di sk .manuf.acturin rocesses are conducted at different |10
| o¥at i ons Lﬂé&?{ﬂlgdf%fr@?téoﬁ’t#%ﬁf?cﬁB@cﬁ?,reqtuﬁgm@étg'settes are moved from work

station to work hon t 4 S he: i .

i ndi vidually rer’r@@%gh#zr%a%gt %@s%lgl%s?gl%b gﬂ%egng%tg eﬁL@%ﬁen%.g?&%o%%&glm&es
or surf acesapdbilas dntHosK sidésCorSsubthced o @itk disk.t ercoﬂaér&ioﬁﬂgﬁ\éctﬂ@é,(lﬁﬁé%arcﬁdlﬂ(st he
processed disk is returned to the cassette. Once each di sk has been fully
processed aind preiuoeddy dubjettireg bathseddseof b hrawcmstenblt subssate rdisks fsech asl glass,t he
next work station for 15 further processing of the disks. Mre _
parti cul ar |ajyminpmgorcepimeestherosiitabld guaierial stodeumarpusk maARHRBEEUPIOPRFSSr odelvs,
the substrate disks are .initially, subjected to data zone texturing.

Tedt uri ng prEpeare drpodisdr acleth sides 196 the, pbstrate «lisk andsbath sidst af the dligk ates of
materials whijch w rovi.de the active. or nor.y, st or.age.capabilities on
each di sk ssﬂi’lle&tc@ . Ilullletg?‘ffts?l% S?’F&yth'fla&/?ﬁﬂ& fﬂ‘#%@ ogghea%%lb o4 ibsegrgge rrieﬁ E%? W 298y s
[Lxea abr ASiigich bl f hefior LBPcMAR N SXhU'Ehd Seouff ¥ e RUASIAUP of the
texturing i s analogous to sanding in 1ch a fine grade sand paper or
fabric is pifaeedidIRivasthe RRbdisat) deterRis MndSPHantMBLiSURGhTT ® SHf&K nia@netic
roughen or texturize both surfaces. Free abrasive texturing involves

appl yi ng a recodihg \and erovideldatacstargge. nShest lase ghinsiallg weféragke® asnlotible-sjsied pesvess of
a slurry. The slurry typically contains dianond particles, which perform
the texturing, a coolant to 25 reduce heat generated in the texturing
process and deioni zed water as the base solution. Texturing is typically
foll owed by washing to renove particul ate generated during texturing.
Washing is a nufti-stage process and usual ly includes scrubbing of the disk
surfaces. The textured substrate disks are then subjected to a drying
process. Drying is perforned on an




2 entire cassette of disk devices at a tinme. Follow ng drying, the
textured substrate di sks are subjected to | aser zone texturing. Laser zone
texturing does not involve physically contacting and applyi ng pressure

agai nst the substrate disk surfaces |ike data zone texturing. Rather, a

| aser beamis focused on and interacts with discrete portions of the disk
surface, 5 primarily to create an array of bunps for the head and slider
assenbly to |l and on and take off from Laser zone texturing is perforned
one di sk atdigkst jArechemiatic sipsssentation efvedoublessides] prgegsp diskdPd iswhemsn i Bigyi Ind
step, the djs are i ndividually subjected tq a process whjch adds ] ayers
of materialft ﬁﬁ%ﬁtﬁd du e ARG N B oged cnebith siien of éﬁ%ﬂhsggs &€
capabilities. Thi an be acconpl.i.shed by sputterin deposition b

othor t echitisuoegRrpEep e ERUBEMSE ok R bk BG83 Saf s ke
addi tion of er i ' I Leal ly
is appli ed.m hggfezg?éldc{agﬁso%\&lg% ggglggﬁggh%%géﬁg@ggn%ﬁagﬁégﬁggés su jegé:td %S)rég'm(aén
entg re cassefetied @ aéltisltSe-bidedtdsi itk diskslbDouBRIsideldtted] PaS disls MBEBe tigdlg adone
one disk at atinme. Drying is also perforned on an entire cassette of disks
at one ti naliskdvivedon dogbletdidddaedording. t he di sks are individually subjected to
surface burnishing to renove asperities, enhance bonding of the 15

| ubri cant to théanvenional dable-sidril proprseing ©F hardomierteryadigisniavelivesya nninberr of
finish to the disk surfac? Fol | owi ng_ bur ni shi ng, .Substrate disks are

) : ; g, .th .
al so subj ectiete sepnr fiealyy eatyolve ebptratg disksarmplaced it a plastq sagsatiscIiplly
glide testing tp find.and renove di sks with asperities that .could fect
Plying of tiignsing SnERS. ;EaIE 6 Hfnthi GrRRREPPEsER AT Ringtiey BifiratR
wifing to - [alo’® ' jif .cat [ '
al ls(;o used tlg S{égt% geiihggléf férgﬁrgo%/@?pfgé ngllktg Eg aéméﬁﬁsggsgé{ég {rﬁgt W&njgk%ﬁ%lefagﬁk%ace
unuseabl e f@itiodatidr SRt pdBessds ehefl JuBbtraiediskl Sk SndididuilieRmdOed HBInaRs ethsdt @
servo-witing process and placed in disk drives, or placed in disk drives
and then sy acdmged equipn; both sideg or furtacekadfoeaziv disktage subjécteg, tolthes partiadare
texturing, scrubbing, sputtering, burnishing and testing processes are done
one di sk atprecess,rapgd thd processedhdiskiis retusnest toathg icaggeite. dDoke pashrdiskohas deers &dly
si mul taneously. 25 Although the active materials and nanufacturing,
processes, M9cesirdiand seftined to thecasspits, ithe qapselin ds wansisred @ thegiexhypsplatign der t he

years, the hnol o us 0 manufacture hard nenory disks has rapidly
pr gressed.ﬁ’ﬁ‘geré’r?cég%?gt?ﬁgﬁé&ﬁsensi ty of information that can be stored on a

e - L M%&E@lﬂlﬁﬁlg, 'ix{'qec%gvexﬂﬂﬁﬁl Eubledkisbdt &k n&ﬁﬁﬁctﬂhﬁ&?{;}s&?&? e

personal 3 conput ave’ nmuch greater storage capacity tha

consuners r@@itdiedidhy drdthitidlR sabREMd td d4t8 z6He tbRBrif® MPkin@ing FroPdaNTRE Surfabsss
are forced to pay substantial anounts for excess storage capacity and the
conmponent s dfahasubesste Uishs terecadeslagés bAgatetialpadiich/wilTpiosidhals: asive edmsmorey

di sk drive manufacturers, in some current applications, to manufacture and
sel | di sk Sstetagesespabitifieshonieachidisk smfage. odextyiingmey typichdlybecacedngplishedibx twoas s
di sk for storage purposes or which yuse the good side of a doubl e-sided,
prdftess di sKaxphdixed ARG feRuEng LIsHer ARREIVE iR 11834 ARrasiY P iond
surface failed. In either.cas he second, surface, .despite being ful.
processed, alngfg’ﬁﬂ'ﬂfstgéf‘m‘ﬁ%g\/‘gﬁl,gh ¢ :@é‘e gagﬁ s R/agern%{ﬁl?récclls @Feé?eedra@aﬁées(’ﬂ? flggsc ost
by el im nat] . Q@ﬁﬁ i Il i 7R RS

t he unused éﬁgﬂhﬁ‘ﬁ% sur ﬁgﬂge(iﬁgklﬁg‘égﬁlgﬁgt t@&?[{llzgs ar gﬁ%{e%ir ?I:e Q§%sfgg e

si ngl e- si de@sldespBith AFdugh YWOveR EdbYic ugfstithe JiWMs@R-eh RS pRoSdTMe F & Kludlyl ves
to appeal to the I'ow cost end of the marketplace. Al though this approach
may reduce BEEwepypically cdogins tidmsrsidparecléd) evhids patbraotht tefturieg) uf@olanr tong

t he unused storage surface of each disk. Thus, substantial savings can be
achi eved byreduse lmat genesated arc ther iengridg precess and deionipesd watge b e basefsghiononal
side, but doing.so in_ a _cost-effective 15 manner. In contrast to a .

doubl e- si debexiring is fypiqaly fellosyeddry washing trsramaye paTtipuldtreseperateddyrag toranBey
surface wt ctive recording materials M. e, Flgs. 4-6.) .0t ks n a
doubl e- st et ok ftEReknEofRt bt SV indRES sabbBBe of v dish byble o e
has fail ed J f I ar i i

controll ed %gﬁﬁgﬁﬁg% y ?%ﬁ%ﬁgqg#hﬁﬁﬁ#&?ﬁgagﬁgﬁgégﬁﬁg-20 u |q&§HgP%gﬁg{%}ded
processi ng techniques. In contrast to gonventional doubl e-sided di sks,
active recording materials are only applied to, and full processing is only
conducted on, one side of the disk. Thus, substantial savings are achieved
by elimnating processing the second side of each disk. Additionally, the
present invention achi eves advantages by utilizing conventional 25
doubl e- si ded di sk manuf acturing equi pment and processes, with limted

nodi fication. The present invention enables sinultaneous processing of two

.. L " o o oy o S



time and using essentially the sanme equi pnent as currently is used in the
production of one doubl e-sided di sk. However, each single-sided disk has
only a single active or functional surface. For illustrative purposes Fig.
7 shows a side-by-side schematic representation of the processing of one
doubl e-si ded di sk Dd, depicted on the left side of Fig. 7, versus the 5

si mul t aneous processing of two single-sided disks DS, depicted on the right
side of Fig. 7. In each case, the doubl e-sided disk or the two single-sided
di sks are snbfeceassette op diskalesigaratpy times Folowing dryingyrtheitgxtuxed pupstrath disks are

si ngl e-si ded, di sk processing produces two disks in the sane tinme the

doubl e- si desHLigstek Br BEEsEMEgtepiEiREc e a8 eZE steXtupng st | Hot r¥RIY e dlpysigally

si mul t aneous_si ngl e-si ded processi ng of di.sks is,a bst.antial 10 cost

S noe acHPRRRI AP PG s pr PR ARt 1RG el ppiclstifing
processi ng n ] f. I T i -5 gnkf.L cant
cost sayindgﬁ%ghgggéaca?%@?ﬁg%?ghﬁgP??F%g&égﬁgﬁéﬁggﬁgﬁgﬁgég?g%%h%%gghw&
Pracessi Ng Rk R YreatdVart firdyl dTiblufifls R dhd hadbh@Ridet AssBhBISRS PanB@h afid Bke off
singl e-sided disks. A still further benefit is a substantial increase in
producti on ffomi. rMaskicione nexturiny Vqesfeimg bnddisklapenitng)g THP diskp afeSthes tavied. By
utilizing 15 existing doubl e-sided di sk processing equi pnment, approxinately
twi ce the mgaidudbllowing agdrying stenyvtbadisksate individualyssubiedted to d podcesswipicloeddss i s
achi eved (aon the_ basis of nunbers of disks produpeﬂ%ﬁin t he producti on, of

si ngl e- si daayeas ehkmaterpl lohath surfaces forinmEnasaselicrpatgdata yiprage cenabilidiegr dhis
achi eved at approximtely. the sane terial cost, excepting the substrate
i ok, a5 preBR ORI RedBY ARG He Pes GOt LR PSR SISV PERERS
prQcessi ng | | eye - .0 [ t ]
DrRESST 10t ASHE B ForliifEHN RS By T W) A PEL AR R,
are orient aghitdlydis hppked OTRAGIbricaloA prBBR chh ¥ hbcohipfisiRacky LibiRaRK a8 YhfiRces
either in direct physical contact or closely adjacent with a slight

separ at i on.caddette sLdisksabiadiyuithinbieangdhicy @et tdeti o BE duvel diediskadd aititkes YTHgNg
spacer. The substrate disk pair progresses through each process step in
much t he 25s slamperfimmed onenentieidabsetts biididksdit oke titngt Fallowingdubyicatien, dhe disisd| y
facing surface of each disk in the pair being subjected to the full

process. THigindividualy suliecied torsgefpqedusnishing o removnasreritigsy enbarcsrhogdingof thet i ve

Ot Bl 5 BAChAge SRt B R LS5 Sk SR Thafl f o "
T,El ! oW 'rllg ts e Wi*“%l#}ovﬂﬂ %uhﬁ'ﬁli eftﬁ@k@s&ﬁg cﬁs@c& afré) %Q:suﬁéctgcﬁt& 'Vgl%usatpges of
-side" reter to e active side and inactlve side of a disk

respect i velystinR- Hxdfiples otfrt‘;é‘sti_ﬁ% AR 1ideallidd eQ8inSto Yhdl land) B0 RidkE GrifIESPEFHART S
materials and nenory capabilitfy. The R-side may al so be referred to as the

active or fihncbuldrdfectsilyfg offthe headdililer assernblg agd dertifibaionhesing ivitidteis Grithg
active recording materials or nenory capabilities; it is non-functional or
i nactive frtoandredding fiwnotha geskste{aats.pOerification tesimggedlsornseddo lasaterand gerhave

di sks cl oser together to forma pair of disk alodisk pair or a

sulist rat e phgke With defestrhaymake @Sﬁvré@@éw?eah@}ﬁs datp, glorage.nd, hg dished disky cag sks
i ted f h, ot her. d)."Disk" . di,sk and
1P e R b BUTRIBL AL e B o AR s AR P e 3
Sh : . ~ R cH : _
dependi g coie fud VR 0% oo BROSNERRLT Tetalt G IRE Yort e,
pai r" or "sgh®bing! Huldide, birBRRmg N tedlifKBroPRsdstdr@d6ie dnB dfsRNt & fineW{tH8achdap

Merge or spacer nerge orientation.
surface of a single disk being processed simultaneously.
25 Although the active materials and manufacturing processes, by their nature, are
difficult and expensive to employ, over the years, the technology used to manufacture hard

memory disks has rapidly progressed. As a result, the density of information that can be

stored on a disk surface is remarkable. Indeed, double-sided test pass disks used in personal
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f) "Doubl e-sided di sk" means a single disk which has been subjected to
doubl e20 sided processing, whether or not both sides of the disk have
passed testing or only one side has passed testing. g) "Gap nerge" neans a
pair of disks that have been nerged, but a space is maintai ned between the
two nerged disks. One or nore spacers nmay or may not be used to nmaintain
the gap or space. Gap nerge includes both concentric 25 and non-concentric
merge. |t should be understood that there is no precise dinension or limt
to the spacempeteisdiaiie rieh greales storage capaciseihan mesh opsuecrgipguinedying thaagsiter ge

I i ncl ug; h i i wh h b di sk dyal |

oL 0,10l dge Ko, SLAMaLT R MaLs, 6 A, el el LU Sk gLatel L
di sks wh t i t . W=

0 oo e A 1 S BRI P he RL

peri meter QEGEiA &ivemaRFiRkkrs, W somd ARt ShiRtidHs St6Sma mef’anéisglgld%kdi sk

whi ch has been subjected to singl eSOS si de processing, where only one

sursf ace of deikves ohhik vitiSizé GhlyyorRr sideesfS£ doubll9-sid&P ASEPasERIsBEOr HIBRARS parpdRACHRT
body is used to create spaci ng between two gap-nerged disks. J) "Contact
mer ge" nearvhich nse gbel goailrsidd ofi skdoubleesidedt pecesssdidle wharé ame afrfaeaghasatidsk
is in contact with the inside surface of the other disk. Contact 1o nerge
i ncl udes ceadidisatianctegiing and thecssaenshiurfage fedjeln dither @sndemsechrd srsfage 'despitans

that two rge i sks haye the sape axis _and, assum ng the two di sks have
the same gﬁ’Fgﬁg%EHHP%?ﬁﬁﬁs s s ey U ra etk diie %@?ﬂ?%&aewdwq% itg &Att &
aperture), t.heir. outer and.inner perineter edges are, aligned.,, 15 1 .
Meoncentt | cltging e mERmIRE JEIIAF Ghogfafordhg st meiubb dishor
a fontact npige %@s@di?ﬁ&@@ataw &fe?i%gg&‘as {(Iﬁglé-blﬁ@ e b @szﬁlﬁ}gﬁééd% Hﬁxﬁf f

centered nerge" means the two nerged di sks  are not concenttic to each other

or their pehddEt&hoRHGRk dves ippedlitg fAetdowost AL CRNBEMREfplade.C Althéwsh RN ge”
nmeans the two contact nerged disks are not 20 concentric to each other or

t hei r peri mppeactedtgesedice somet cast] gndeds nBefedned thg wastedi gpst 8 manwfaaesngsthet | on
of a pair of gap-nerged disks is shown. The Rside (active or functional
side) is thausedisipapgs spribegcohenck diskaclduR substantighsayings oan bpiaehieved byaiot onlyhe
L-side (inactiye or nonfunctional side) (s the inwardly facing surface L of
each di sk I3 g ik pit |ahSleéﬁﬁaﬁwesfefng}mﬁwe?lo%%ﬂ\f@éb@?% Sin & cpskiereqive
cor}centri c contact nmerged disks 25 is shown in Fig. 8 The relative

ori’ent ati o8Pt he R-side and L-side of each disk remains the sane,

e et i b, 408 P IR
perinmeter Rnéhory b@fRkRaih Ltis&recdrding materials M. (See, Figs. 4-6.) It is not a double-sided
process disk where one side is not accessed or where one side has failed testing. Rather,
manufacturing processes are applied in a controlled manner only to one side of the disk using
20 unique single-sided processing techniques. In contrast to conventional double-sided disks,
active recording materials are only applied to, and full processing is only conducted on, one
side of the disk, Thus, substantial savings are achieved by eliminating processing the second

side of each disk.

Additionally, the present invention achieves advantages by utilizing conventional
25 double-sided disk manufacturing equipment and processes, with limited modification. The
present invention enables simultaneous processing of two substrate disks through the same

equipment and processes used to manufacture double-sided disks.  Simultaneously

processing two substrate disks results in the production of two single-sided disks in the same
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A conventional doubl e-sided disk is shown in Fig. 10. The left side surface
is referred to as the "A" side and the right side surface is referred to as
the "B" side. Both the A and B sides are subjected to processing, including
the addition of active or magnetic materials. In contrast, with reference
to Figs. 8 and 9, the R-side of each disk in a pair of 5 disks is oriented
on the outside of the pair and is subjected to processing in the sane
fashion as the A and B sides of a doubl e-sided disk. Conversely, the L-side
of each di gknd andausing ¢ssentially essaime equipmenteas awrentheisiused thethe raduetiquefrongnd
is not subjected to full_processing in the sane fashion as the A and B

si des of a dqubistsideddigky Hpwgver eackysingiersidedrdisihas) anrrsingle 3tve ot fRrrtionder
dvant by th i nbodi d fi f] f
he- br eoeneClsoer S FAE UG & CHRS doutr He e snelRea i grierhitpa e
processed [ROAKiAYE RAE ’Houﬁ@%icﬂﬂqgséﬁgg,t ?gitiétéd LR hPNOF SRR &QF%PF)V@&%SO%'

doubl e-si d I's one at a tine. e disks are positiGned In palrs

fors handl i RgmultansdERREdesshittoflivoRimesddd Wsks TS d&HAS] SRt rithtkide 8 18g. 7. In
positioned in close proximty with one surface of one substrate di sk

abutting oreac cghf the dmbleesidddr disk onehestwd siagleaidet Ndiskatdre sulsedisd tathe ddhrk.
This juxtaposition of the two disks permts simnultaneous processing. As a
resul t, onlpyocebrestepst bithfeughulNf hutethe sirigle-fidesii digls pragéssingeprodusesitek dishs & fhel | y
subj ected to each and every process. Because the jnside surfaces are not
fully pr océé’%‘%&,metthf‘e@“é}f‘esli){"r%iki Rreces#ing produsr gee digley are i ncapabl e of 20

toring data. | nbodj ment . for dat turj nd |
Cexturing. the &) SReGLPRI S simufizas b nd Aneh Bor Bamit Sk i eytgenia
ot TS dare . _ c . b
anif el cani ngd BB bUER ) SRREELE WBpIRIAS P! wBleh ] bhd Brockng G dHR! 1O
orient ati oniRNét sueh WNREdAl frth@NGRD gﬂﬁgtliég%rﬂi?fiﬁcdﬁ? C8R sBVih@NEA bORchidRE by

sputtering, the 25 disk pairs are ansported and processed in a
gap nerge atiliengadxisting dombletsidedi dislt ippatessine egliipientamethhBmied thodificatisp oot ed
and processed in an equally spaced relationship. Typically, all of the disk
in a cassetprecesy paisubf stighdsides disks. | Worstilafuirtber persiess aagubstantial anereasenip,
much i ke a conventional |ubrication process. Follow ng |ubrication, the

di sks are @roduction (or reduction in processing time depending upon perspective). By utilizing

15 existing double-sided disk processing equipment, approximately twice the productivity of a
conventional double-sided production process is achieved (on the basis of numbers of disks
produced) in the production of single-sided disks. Moreover, these increased productivity
levels are achieved at approximately the same material cost, excepting the substrate disk, as
producing half as many double-sided disks.

20 The simultaneous processing is achieved by combining two substrate disks together
into a substrate disk pair or disk pair. A disk pair is two substrate disks that are oriented in a
back-to-back relationship with the back-to-back surfaces either in direct physical contact or
closely adjacent with a slight separation. The separation can be achieved with or without an
intervening spacer. The substrate disk pair progresses through each process step in much the

25 same way as one double-sided disk, but with only the outwardly facing surface of each disk
in the pair being subjected to the full process. Thus, the outwardly facing surface of each

pair becomes the active or functional surface and the inwardly facing surface of each pair

remain inactive or non-functional.



repositioned into pairs having a concentric contact nmerge orientation. In
post -l ubrication processes of tape burnishing, testing and servo-track
writing, the disks are handled, transported and processed in concentric
contact nerge orientation. Follow ng testing and renoval of any failing
di sks, the disks are denerged or separated into cassettes where the 5

i ndi vidual disks are positioned (wth their active and inactive surfaces
oriented in the sane direction). The disks are subsequently assenbled into
di sk drives or Sonfenyenigeasiapdamderstpdingjthe)fodlowingdarmes will nve dhesdafingions sethe
present invention offers great flexibility. It will be appreciated that
sinultaneodgggingle-sided di sk processing techni ques do not need to be
utilized in each,conp t pragess.of ot | . t Hr 1 ng. pr-oc

For exampl o, ‘100" of RaRterBaarrany sierdrid B gk, e B BRCHLY S RACHRE .o

and cl eaned one substdgl&ivelySKkRaide id HEBsialthfl RRE NHrSWIT AGRS aﬁfve%ﬁ&dgfg;ﬁ

textured and cl eaned. Sputtéring, lubrication, burnishing and testing

utisl i ze si mul t aneous naitatialseandi @ forei capabillit).C G%8 IRAGidE Bl RIsAURSrefABH It ad theS

sl ows the throughput of the overall manufacturing process, substantial cost
savings are still achetercea foyctooainedei Tge $isidd tsathesids thatchadilistle s myhaivei ded
processing 15 prior to sputtering. Sputtering only a single surface of each
di sk saves signi fi cafco mawm% qrHaesey oA litigsa deisviiontfupiiogalugteagtivea
single-side disk driye. Flexibility |s.enhanced because the present

i nvention utilizes cgrﬁ%%@‘it%ﬁﬁliagﬁlg R ded di sk processing equi pment to
si mul t aneousl y nuf a re singlersided disks t a tine. Si.ngle-sided
sputtering techrll)' ques&elk'l%?clnﬁe&flngo Pl%\llg &oegléiésségse\ﬁ?oeg%hhgﬁt iéo aht v %eﬁls o
chgnges in disk ori era{sﬁz,gglgr QE&sfthggair.Ca” al so vary without jeopardizing
cost savings and efficiencies. For exanple in one enbodi nent, |ubrication
may occur with fche di-Blimedgs,”&of@Rsdl mEns tHa€ B indridd it Mdskst ib 3Epasiet #6m
equal ly apart. Follow ng lubrication, but while the disks are still |ocated
at the lubrication seathiaier. t he di sks nay be repositioned into a contact
merge orientation or left in gap nerge orientation or equal spacing

ori entation. 25dReposPiskorneags ianfinishedc swment disk andnalhdredaeases eonfigeratienson
can, instead, occur at .the burnishing station, sych as when individual disk
pairs are | oaded on 3“%%3 rfBFemé%‘étg?%‘g%ﬂ JHOGEsY | ARG WY r & WhStFRje disk and

Alternatively, follow ng sputtering. .the dis 2 ful | ene nd
pl RBced in conventi on&f® ?Sglgésf% acfé%‘g‘%%dt‘&%mg‘ﬁoﬁ%ca%ﬁ%“ I%Pl?oé-%{hlgé:ﬁ,n{e?ﬁgf °sks
may be 9 mer ged ink {GRBGERRICh G isaact nmerge orientation at the

bur ni shing station. urther variation is to maintain a gap nerge
orientation of the dipikiairrorfalbk@ne PeirsMdidsaiviontisks Pakitibedihdontatthterge,ze
of the gap. This slight denerging facilitates lubrication. Foll ow ng

| ubrication, the posigap owigegr sffactimergde skenpations i s converted into a
concentric contact nmerge 5 orientation. Yet another variation involves

pl aci ng the di sks i n“Rosplesided diskgmeansi asingle disk whigholiag heen sublrsted de dowble-
process or, at least,. jn those instances tha eferably call for a.
coffcentric contact né%dﬁ@pfﬂcF%H’cgaY"?‘Btﬁ?r %ot E?térs%ﬁio tre RS ‘Eﬁétt“?ﬁ  the

di sks to undergo contagt pr Ssin such as data zone texturing,
burni shing and, to _aOflfé'soélgF%)%?se%%s,gédttgsgltnghg, 1 o without suffering adverse
effects of disk How rg,0n, MDA d PaiP BE IRRO AL TBWY bednBedbd Kut & Sace is

subj ected to burhishing and testing processes. Burnishing i's intended to
el inmnate adverse aspefinthine®b@weéhtheawd nwegaidkac ©nefortnfte Spatkis miywrandgi st
in bonding the lubricant to the disks and to generally provide a uniform
finish to the disk suofbeesed ieshintgn ihe gap ndspate dGapmepeiifiojudes bpthreoncentric
processing of the disks. Gide testing 15 checks surface snpoothness with
red¥pect to flying chandapecpeenitis megdedt shopld breunfessigos) thatethergsis aptrgeise
Certification testi n%élgerforms, read and write tests on the surface of the

di sks. I'n both instafiBgsigor;limipfo-the spage bepypsp ﬂﬁ%‘zisﬁrtg%tecé‘k}?eﬁéhqr%to be gap
acconplished with the disks.in a concentti ont.act. e i t
Therefore, for pur poé%%geéjf g’?‘? R enrl)s/o, lr?cgud!%ss cfesslﬁl%{él%{gv ?r S tg%égﬂjgtr‘# eg ﬂéhedi sk
pairs In concentric GARt 3ty @&ré%&és%xﬁ%h@?exfiﬁlsﬂepmg&o'th@&lbp&b@itté E&irﬁ&& to

20 |l eave the disk pairs in coricentric contact nerge orientation tnroughout
burni shing and testing. Optionally, pagtial or conplete servo-track witing
may occur follow ng testing. Sinultaneous single-sided disk processing
techni ques may al so be used for servo-track witing. 25 The above-descri bed
enbodi nents and configurations are not intended to be conplete nor
exhaustive. As will be appreciated, other enbodi nents of the invention are
possi ble utilizing, alone or in conbination, one or nore features set forth
above or described below 10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
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Fig. 4 is a front elevation view of a single-sided processed disk. Fig. 5
is a cross-section taken along line 5-5 of Fig. 4. Fig. 6 is a partial
cross-section taken along line 6-6 of Fig. 5. Fig. 7 is a schematic of a
process for manufacturing doubl e-sided disks, on the left, 1 o and a
schematic of a process for manufacturing single-sided disks, on the right.
Fig. 8 is a cross-section of a pair of disks in concentric contact nerge.
Fig. 9 is a cross-section of a pair of single-sided disks in a gap nerge
orientation. Fig. 10efge af dreodisksswben the BYo disniare arfsles tognaed sacheetheti sha in
a spacer nerge orientation, Fig. 11 is a schematic view of a disk handlin
t ool engagi ng a si nmegaraplgp(s_wh@ the é?ﬁoﬁpf’%m%fers‘idrgéﬁr‘éﬁ g digkeate gpacgd °
enbodi ment of the di %( hand| i.rrl% t08I of Fi 9t ]11. Fig. 13 is a schematic
view of a di sk handl g PPERTBBL P8RS WA™r of disks in a gap nmerge

orientation. Figy 14 . gmgi, i : . ghihadi . di sk
handl i ng t ool o?l) Fig. 51’3151%1%@ I g. %Xéiwgﬁélgﬁéﬁtg@gﬁ\}}l ew gf@%fﬁ{? #ﬁ%l i ng
togl positioning a paide peiceshirikihérd ofR YHERlFACe of BHeldidklis ARy GRodREde8Nt at i on.
Fig. 16 is a schematic view of an alternative enbodi mrent of the disk

handl i ng tool ofi) Fi g“Sgdser Ribrgel’ gneads/ Aspaenbadyhienmtd © areaovspdcing lehiteden two
handling tool merging a pair of disks. Fig. 17Bis a schematic view of the
di sk handl i ng tool ofapmgreedAmks.f ol | owi ng nerging of the disks. Fig. 18Ais

a schematic view of a disk hand|ing tool nmerging a pair of disks. Fi g.
18B is a schematl ¢ vi SQnBf Ifl?fgedrr@gnsr\%ﬁ&rsewafro%ﬁ diges whege thegmside sprfess; ‘%g

merging of the disks. Fig..19A is a sorlg tic .view of di sk _handl |\ng t ool
denerging a pair of 8Pc§kg’.5k A & cqriget vyt c‘ﬂ@lﬂﬁts AR thO%Ifeﬁéﬁ T sFogtaCt
hapdl i ng tool of Fig ejr%ﬁ lg&)él I Aicnd BB Lgh M Rindhe di sks. Fig. 20Ais
a schematic view of a secon gr?bodﬁﬂng;ntn 09?5 ddlgsw%ﬁ%m ‘ing tool for
demer gi ng a pai ik)of cOBhRGiicTREGE” BealsSthartwio mdBRdi &isld R eRRkdnte ¥ti€ \Wndf
the disk handling tool of Fig. I9A follow ng denerging of the disks. 1 o
Fig. 21 is a schemat iassutming theawodfiska have rief @mesdutdideodiameteriatid aiside glianmszer
enbodi ment of a
(as defined by the center aperture), their outer and inner perimeter edges are
aligned.
15 )} “Concentric contact merge” means a pair of disks that are oriented in both a
contact merge and a concentric merge.
m) “Non-concentric merge” or “off-centered merge” means the two merged disks
are not concentric to each other or their perimeter edges are not aligned.
n) “Non-concentric contact merge” means the two contact merged disks are not
20 concentric to each other or their perimeter edges are not aligned.
Referring to Fig. 9, a cross-section of a pair of gap-merged disks is shown. The R-
side (active or functional side) is the outwardly facing surface R of each disk within the pair.
The L-side (inactive or nonfunctional side) is the inwardly facing surface L of each disk
within the pair. In comparison, a cross-section of a pair of concentric contact merged disks
25 is shown in Fig, 8. The relative orientation of the R-side and L-side of each disk remains the

same, however, the L-side of each disk of the pair are in contact and the outer and inner

perimeter P of each disk is aligned with the outer and inner perimeter P of the other disk.



mer gi ng/ denmerging station. Fig. 22 is a schematic end view of one

enbodi nent of the nerging/denerging station showi ng a cassette contai ni ng
25 pairs of contact nerge disks ready for denerging. Fig. 23 is a schematic
end view of the enbodi nent of Fig. 22 showi ng 25 pairs of 15 di sks engagi ng
a denerge tool. Fig. 24 is a schematic front view of the enbodi nent shown
in Fig. 23. Fig. 25 is a partial front elevation of the lift saddle of the
enbodi rent shown in Fig. 24. Fig. 26 is a partial end elevation of the |ift

saddl e shown in ¢|CQHVGZIQOMQ610|UWQ Sl@d digk as phoven & Fig dft Sheleft isida surface ot
t he demerge fool of Fi is a partial, end el evation ew of the
demer ge tnglleHFdFS? gsthng #}dg ang e %ﬁéﬁldswﬁ%?aéﬁreﬁrﬁﬁttow B e W]f‘réhege
O el il RISt TR @ BReBoRR fnsfiir B 25kugB SHSael? P mal

; p! S bnggg r of
25 di sks i r}nﬂgﬁvﬁ @tﬁgta%ﬁth rE gsncg‘go s 2 ﬁﬁf@rfﬁé Csu%@Qf é’dcﬁ‘é‘{ %I nslka ir of

enbodi nent s OW Nng t 25 pairs o ener ge engaged

by & mandr elisks 1£onedfédgon 88 olifide of eegiuRtdnd iaMjcéte@Mb pfockRMgaR RN R TishidhoWn
in Fig. 22, showng 25 pairs of disks positioned in a transfer cassette.

Fig. 33 is @& tscAamdB sdesnd adoableasidet liiske riometensent thol.-skdegpf edéh disthivd pedr efver y
ot her disk renoved fromthe transfer cassette by a transfer lifter. 5 Fig.
34 is a pardiskslis enented ey teiinsideos! the galramilsmwmg:tetdwte fulll prasessingondlae fantem
the transfer assenply b th t ransf Ilfter Fig. 35 is a partial front

vi ew of Fi g‘g‘Shi&P asgﬁ%&aﬁé Sd’rfg oy %\91@‘3 disk.om the transfer

10 SUMMARY OF THE INVENTION

These and other advantages are addressed by the various embodiments and
configurations of the present invention. Two single-sided substrate disks are simultaneously
processed using equipment designed and built for processing conventional double-sided
disks one at a time. Substrate disks are positioned in pairs for handling, transport and

15 processing. The substrate disks are positioned in close proximity with one surface of one
substrate disk abutting or slightly spaced from one surface of the other substrate disk. This
juxtaposition of the two disks permits simultaneous processing. As a result, only the outside
surfaces, the R-sides, of the two disks are fully subjected to each and every process. Because
the inside surfaces are not fully processed, they are inactive in the sense they are incapable of

20 storing data.

In one embodiment, for data zone texturing and laser zone texturing, the disk pairs
are handled and transported in a gap merge orientation and textured in a concentric contact
orientation. For scrubbing and cleaning, the disk pairs are handled and transported in gap
merge orientation and scrubbed in concentric contact merge orientation. For sputtering, the

25 disk pairs are handled, transported and processed in a gap merge orientation. For lubrication,
the disks are handled, transported and processed in an equally spaced relationship.
Typically, all of the disk in a cassette are subjected to the lubrication process at the same

time, much like a conventional lubrication process. Following lubrication, the disks are

8



cassette by the transfer lifter. Fig. 36 is a cross-section taken along the
line 36-36 of Fig. 33. 1 o Fig. 37 is a schematic end view of the

enbodi ment of Fig. 32, showi ng one-half of the disks being placed in a
cassette. Fig. 3 8 is a schematic end view of the enbodi nent of Fig. 22,
showi ng a mandrel engaging the renmaining disks in the transfer cassette.
Fig. 39 is a schematic end view of the enbodi nent of Fig. 22, show ng the
remai ni ng 15 di sks placed in a cassette. Fig. 40 is a schematic end view of
t he embodi nishesitisnediigio mars haWiggi smepnpentrs sRataet| meyge @ricpaiinie i pestdybsisation g
cassette, and 25 digks aligned in the opposite direction in.a second
cassette. |RIOHSES Pﬁs I'RSt L%Ig‘éq ngy, desting s?n%sf%‘é'trﬁ‘a( ATLE, fbe é%%é(ﬁrf‘rel?@dﬁfi’ t he

oL ! : | St . e
o 69 SRR B, e SR Bl RSl i
di sks of ong,aASRtdn§ f@imggi%qis,bme ﬂis@'afélrcl?émer@dgor SBarhRd 3ntd HSIRLS Fh&BGhe/ i ew

of the enbodi nent of "Fig. , show ng a of "the disks froma first
cassette pogiividuaedisksara pbéilosddevithtthdit edtiveand ehdclive FirGicedSridnteddinhd el i C
end view of the enbodi nent of Fig. 40, show ng a mandrel 25 engaging all of
t he di sks idireatisc dihd dishs sre stlsequengy astdmbled ints disk devescoreindilar ieguipméntt he
enbodi ment of Fig. 40, further showi ng the disks fromthe second cassette
engaged by the tThengngle-sidpq disk procgssingpigthe peespry inventipe wiferscerest dlewibdity.oflt t he

chsset oo, pith & Hinersad Moy yaRuRep s RT e 6E procupined eI o
;/ihgwt (r);ntspgl?ee r[gfs%g% g}e ee%%lég%négge hbé}rg%es%gﬁ t\(%a gl%rgljr ]magafagtﬁlem Sriolégss.oi:ordéxsar%l%let nm
10 other embodiments, the substrate disks may be textured and cleaned one substrate disk at a

time, with both surfaces of each disk textured and cleaned. Sputtering, lubrication,

burnishing and testing can utilize simultaneous single-sided disk processing techniques.

While this slows the throughput of the overall manufacturing process, substantial cost

savings are still achieved by commencing simultaneous two disk single-sided processing

15 prior to sputtering. Sputtering only a single surface of each disk saves significant costs when

the second surface will be unused in a single-side disk drive. Flexibility is enhanced because

the present invention utilizes conventional double-sided disk processing equipment to
simultaneously manufacture single-sided disks two at a time.

Single-sided sputtering techniques, including how the disks are handled and when

20 changes in disk orientation are made, can also vary without jeopardizing cost savings and

efficiencies. For example in one embodiment, lubrication may occur with the disks in a gap

merge orientation rather than spaced equally apart. Following lubrication, but while the

disks are still located at the lubrication station, the disks may be repositioned into a contact

merge orientation or left in gap merge orientation or equal spacing orientation.

25 Repositioning into a concentric contact merge orientation can, instead, occur at the

burnishing station, such as when individual disk pairs are loaded on a spindle assembly or

collet for burnishing. Alternatively, following sputtering, the disks may be fully demerged

and placed in conventional process cassettes. Following lubrication, the disks may be

9



5 Fig. 47 is a schematic end view of the enbodi nent of Fig. 40, show ng all
of the disks fromthe first and second cassettes nerged as di sk or
substrate pairs in a single cassette. Fig. 48 is a side elevation view of a
second enbodi nent of a denerge tool. Fig. 49 is a side elevation view of a
pair of denerged disks or substrate di sks engaged by a mandrel. 1o Fig. 50
iIs a front elevation view of the enbodinent of Fig. 49. Fig. 51 is a
perspective view of an enbodi nent of a tool for handling disk pairs

renovi ng a meaged afto dioséantria omtactcms:setar'entaﬁblg at ke jbermashing statied. e vt fugherof
the tool of Fig. 51. Fi 53 is a side elevation of the enbodi nent of Fig.
52. 15 Fig. vasathnsISéO BRBRAD §ep msFee icatrtian eh the|diskeaira fallpwing sugering butog

55 is an end vi ew of the erhadi t of Fi 56,1

o 0ss- sect MGG dReiaE) Bhi Prie SHESEIER drgeresd fapipicss HopigRign.  felipying
partial cr - [ n 0 nd| L sk
ai s 20 Argalih; B8 pBhinduRe 3P e GREGARNonilnd HAG cbilenl RSB uRIsR
handl i ng dig#nfadbss- Fig. 59 is a front el evation of a bl ade eI errent. Fi g.
60 is an enlarged partial perspective of the enbodi nent of Fig. 58. Fig. 61
i S cross-secti ornvedfanathefivarigiong &ivolves Gacitigs e Hisksvih Ghspdaer eliesdes oAdrtation

parallel to each other and a uniform space is forned between the disks. 25
Fi g. 62 i s throoglosis-theattienpwtesa @aiat leskt, gaphosr ppstadeeskthati prefdnabdin clalhefodias ks
do not have a uniform space between them and are touching at their per
peri met er &QPeENIriT qpntagBmprge grieptafian. p‘NathrV@wg:m)a@Frmu m@méthb@eﬁkmmn 120a
tool for hanrclltlal tn rodI §1l1<1 saulc as datagione texlturm ll;r(r)nss mS ea%tdI ’Pona Ee%ge(% rt?axt%lnto r'ggstllnl ne
64- 64 of Fi%gntagiapProgepsing, & g &
10 without suffering adverse effects of disk bowing or warpage.
In one embodiment, the disks are subjected to burnishing and testing processes.
Burnishing is intended to eliminate adverse asperities on the active surface of the disks, to
assist in bonding the lubricant to the disks and to generally provide a uniform finish to the
disk surface. Testing is conducted to verify proper processing of the disks. Glide testing
15 checks surface smoothness with respect to flying characteristics needed for the head/slider
assembly. Certification testing performs read and write tests on the surface of the disks. In
both instances, it is preferable that the processing is accomplished with the disks in a
concentric contact merge orientation. Therefore, for purposes of efficiency, it is desirable to
position the disk pairs in concentric contact merge orientation following lubrication and to
20 leave the disk pairs in concentric contact merge orientation throughout burnishing and
testing.
Optionally, partial or complete servo-track writing may occur following testing,
Simultaneous single-sided disk processing techniques may also be used for servo-track
writing.
25 The above-described embodiments and configurations 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



Fig. 65 is a cross-section taken along line 65-65 of Fig. 63. Fig. 66 is a
partial plan view of a mandrel engaging a pair of gap nerge disks at center
aperture. Fig. 67 is a perspective view of the enbodi nents of Figs. 61 and
66 working in 5 conbination as a disk transfer system Fig. 68 is a front
plan view of a fifth enbodi nent of a tool for handling disk pairs. Fig. 69
is a front plan view of a disk engaging blade. Fig. 70 is a front plan view
of a second enbodi rent of a di sk engagi ng bl ade of the present invention. 1
o Fig. 71 is a cross-section view taken along line 71-71 of Fig. 68. Fig.

72 is a cross-section view_taken alaong line 72-72 of Fig. 68. Fig. 73 is a
perspeftiveriemlzf.one ?n5%§?§9ﬁ§¢§#%§S@i§§Tﬁ%ﬁ%ﬁf~ : ftLanspggt 5 F
apparatus. Fig. 44 Jjs an view . enbo nt o ig. : ig.
75 is a side el eP\Yllg‘t|15ﬁafmng%eg%nopﬁ\éag%bgﬂflﬁg‘ﬁf’m{ﬁ?ssﬁ 73. Fig. 76 is an end
view of the enmbog, ety SissEkd; 1 ey 1, end view of the opposite
end of the enbogﬁ%ént%é?éﬁfd§w9§§mggggg9§g33§g?§%gés-section t aken al ong
ling 78-78 of Fimg, 3/#.a paitihl crbS-icttich Gk@SHomAald PRt Bken al ong |ine 79-79 of
Fig. 74. 20 Fig. 80 is a cross-section taken along |i'ne 80-80 of Fig. 77.
Fig. 81 is a parKigad isarfomselseation oiew alicesingié-sided pionesséildiskl of Fig. 79. Fig.
82 is a partial cross-section taken along |line 82-82 of Fig. 79. Fig. 83 1is
a partial expl odés Vis@wresgiseqiiof taken plogg liges-Skifdig. 84 is a partial expl oded
view of a cavity_for. supporting a.radjo frequency 25 identification tag.
Fig. 85 is a topfBioi a\HaEWQPS%S%E%ﬁ#Mi%goﬁﬁgaidi sk handling and

t t . .Fig, 86.i d el tiqn.vi f .t he.enbodi f
Flg B 15 Fge bt Sheric Br Epreg Fr BNy Al Sl uieEuRtoRt R o
85,,Fig. 88, - j 1 ; [ 85. Fig. 89
i's l%nl gnl ar %ﬂg %g%{é@ﬁsog? %E %dg%o%@gﬁgg%{@%l@&gidgfggﬁ%g{' f}gg%h%'he emlagdi ment
shown in Fig. 8%5ig%R fiaGrosdRedtidndna BHiH oPAIA iM c&YWeftriclbRaélintdigdrandl i ng and

transport apparatus shown in Fig.
Fig. 9 is a cross-section of a pair of single-sided disks in a gap merge orientation.
Fig. 10 is a cross-section of a pair of single-sided disks in a spacer merge orientation.
Fig. 11 is a schematic view of a disk handling tool engaging a single disk.
15 Fig. 12 is a schematic view of a second embodiment of the disk handling tool of Fig.
11.
Fig. 13 is a schematic view of a disk handling tool positioning a pair of disks in a gap
merge orientation.
Fig. 14 is a schematic view of a second embodiment of the disk handling tool of Fig.
20 13.
Fig. 15 is a schematic view of a disk handling tool positioning a pair of disks in
concentric contact merge orientation.
Fig. 16 is a schematic view of an alternative embodiment of the disk handling tool of
Fig. 15.
25 Fig. 17A is a schematic view of a disk handling tool merging a pair of disks.
Fig. 17B is a schematic view of the disk handling tool of Fig. 17A, following
merging of the disks.

Fig. 18A is a schematic view of a disk handling tool merging a pair of disks.
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98. Fig. 91 is a side plan view of the enbodinment of Fig. 90. Fig. 92 is a
top plan view of a side wall nenber of the enbodi nent shown in Fig. 98.

Fig. 93 is an end plan view of the enbodi ment shown in Fig. 92. 1 o Fig. 94
is an enlarged detail of the portion of the enbodi nent shown in Fig. 92.
Fig. 95 is a front plan view of the base nmenber of the enbodi nent shown in
Fig. 98. Fig. 96 is a top plan view of the enbodi nent of Fig. 95. Fig. 97
is an end plan view of the enbodinment of Fig. 95. Fig. 98 is a perspective
vi ew of a thirdFighdB meatschématicdvicw bt digy handlingr toak 96 rHig. 158 4apiollewings .
Fig. 99 is a top plan view of the enbodinent in Fig. 98. Fig. 100 is a
cross-sectFﬁﬁ@P&REWeéﬁ$ﬁg line 100-100 of Fig. 99. Fig. 1 O1 Ais a front

el evation view of apparat us f.or handling.,di sk irs.renmpving.a pair of
i ske from a cadidpa PhERRgR Lo o A3t ga sy Binki i Aldis e
along the line : . aFi 102, .en .ew of
a portion of théq) %p%aB}éﬁséP %%‘atﬁag‘ﬁ?”il%gﬁ%ﬁ? lrs'lg }%?dlé’%s‘?gﬁgﬁo%\}\% !%gﬁgow¥gl B.
Fig. 103 i yemefdiftdftRé @iviat i on vi ew of the apparatus for handling pairs of
di sks shown in Figs. 101A and 101B. 25 Fig. 104 is a cross-sectional view
of the apparat uFigf20A §.a dd8mhtk eiewabdagedond embodintedd obHh diskghandids toei for
105A is an enlarged view of the upper portion of the disk handling

appar at us cfenriging 4 pair ofi@ntactineyge dBKB i s an enl arged view of the upper

portion of an alternative enbodiment of the di sk _handl] n? apparatus of Fig.
105A. Fig. 20B is a schematic view of the disk handling tool of Fig. 19A, following
demerging of the disks.
10 Fig. 21 is a schematic top view of a transfer station illustrating one embodiment of a

merging/demerging station.
Fig. 22 is a schematic end view of one embodiment of the merging/demerging station
showing a cassette containing 25 pairs of contact merge disks ready for demerging.
Fig. 23 is a schematic end view of the embodiment of Fig. 22 showing 25 pairs of
15 disks engaging a demerge tool.
Fig. 24 is a schematic front view of the embodiment shown in Fig. 23.
Fig. 25 is a partial front elevation of the lift saddle of the embodiment shown in Fig.
24.
Fig. 26 is a partial end elevation of the lift saddle shown in Fig. 25.
20 Fig. 27 is a partial front elevation view of the demerge tool of Fig. 24.
Fig. 28 is a partial end elevation view of the demerge tool of Fig. 27.
Fig. 29 is an exploded front view of the demerge tool of Fig. 27, prior to demerging a
pair of contact merge disks.
Fig. 30 is an exploded front view of the demerge tool of Fig. 27, showing a pair of
25 disks in a demerged state.
Fig. 31 is a schematic end view of the embodiment shown in Fig. 22, showing the 25

pairs of demerged disks engaged by a mandrel.
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Fig. 106A is a front elevation view of another enbodi nent of an apparatus
for handling pairs of disks. 5 Fig. 106B is a side elevation view of the

di sk handling apparatus shown in Fig. 106A. Fig. 107 is an enlarged view of
a portion of the disk handling apparatus shown in Fig. 106B. Fig. 108 is a
pl an view of a contact roller for engaging pairs of disks. Fig. 109 is a
top el evation view of the disk handling apparatus shown in Fig. 106A, 10
further showi ng a disk carrying cassette and a spindle for engagi ng disk
pairs. Fig. 110A%g.s32isfa schematievnd visw of e eofbodineal shayn i Bigs2Zrhaying 26t
their central aperture by a spindle. Fig. 110B is a side elevation view of
the di sks aifdfs Opfisky ROSEIOBGAIN d{rapsfer casy gﬁ: Fig. 111 Ais a side elevation

i f th i ndl h in Fi W11 10B t t ended t
el the bl e ShoU LN % dt PRAILAROE B 13 SIS e
Of t he Spl ncﬂél?reﬁovgd ﬂomjt i Oﬁgeég%sggtfeﬁta! t?an € {IR&t el evation view Of a pal r

of texturing rollers posi ure e surface of a disk. Fig. 112B

is a side el evatpigmaiseyw fotiaae&ﬁu@vai‘on_t&mi%r3319116\91115&5@ dRRS rdrhAREFrdr? the
texture 20 the surface oip two disks. Fig. 113Ais a front elevation view of
a denerge tiamsfet agsesiBlythyghangamdfepdifter. of contact nerge disks. Fig. 113Bis a
| eft side elevation view of the apparatus of 113A Fig. 114A is a front
el evation vi ew dfigt3bas dpasiahfontonew ofiBign34, shewigg ond 8isk rahemed dpnp the thtaasfer
denmerge tool engaging a pajr of disks. Fig. 114B is a right elevation plan
vi ew of thecaéiﬁﬁﬁbéf}l?g'faélﬁfgb\hﬂ?rn Fig. 114A. Fig. 115 is a front el evation

viou ol {he deetge sed e, SRR AR, Bolh ud Tafaq A iR © 2 LoP el evation
10 Fig. 37 is a schematic end view of the embodiment of Fig. 32, showing one-half of
the disks being placed in a cassette.
Fig. 38 is a schematic end view of the embodiment of Fig. 22, showing a mandrel
engaging the remaining disks in the transfer cassette.
Fig. 39 is a schematic end view of the embodiment of Fig. 22, showing the remaining
15 disks placed in a cassette.
Fig. 40 is a schematic end view of the embodiment of Fig. 22, showing 25 disks
aligned in one direction in a cassette, and 25 disks aligned in the opposite direction in a
second cassette. it also illustrates the first stage of a second embodiment of the
merging/demerging station used for merging disks or substrate disks.
20 Fig. 41 is a schematic end view of the embodiment of Fig. 40, showing the disks of
one cassette engaged by a mandrel.
Fig. 42 is a schematic end view of the embodiment of Fig. 40, showing all of the
disks from a first cassette positioned in a transfer station cassette.
Fig. 43 is a schematic end view of the embodiment of Fig. 40, showing a mandrel
25 engaging all of the disks in a second cassette.
Fig. 44 is a schematic end view of the embodiment of Fig. 40, further showing the

disks from the second cassette engaged by the transfer lifter.
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Fig. 117 is a cross-section view taken along line 117-117 of Fig. 116. Fig.
118 is a perspective view of the denerge tool shown in Fig. 115. Fig. 119A
is a front elevation view of a disk handling apparatus positioned to | ower
a pair of disks froma denerge tool to a cassette. 5 Fig. 119B is a side

el evation view of the apparatus of Fig. 119A. Fig. 120 is an enl arged
portion of the disk handling apparatus and denerge tool shown in Fig. 119B.
Fig. 121 is a front elevation view of an alternative enbodi nent of a
denerge tool, sHdigisthichgapais ged viem ef the epbadimegt af Pigi A0.othowingcal! of the
Fig. 122 is, ide_ elevation view of a denerge rol lL.er engaging a pair of

di sks. i . disks Jromythe izt dnd secprd cassetis BOPORELin AiaRIFTPIRENt1 23 123 of Fi g.
121. Fig. 124 i s i 3 j . taxtyrir tus.
121 T 124 g A% SHENA! B R o drbBSlent B0l B kAR APBRAS
showi ng t he,,deBRASE ﬁ&hkﬁt&n@k?%&@t@%ﬂng&@H}%Hﬁn&!ﬂeﬁk pair. 15 Fig. 126 is a

top el evation view of the denerge device tool of Fig. 125. Fig. 127 is a
top el evati on ViR 49 isthechdmats gl Viea! ofSthewhbbdintene) of Fidd A0S shotxivgy alf boWeng a
retracted spindle. Fig. 128 is a front elevation view of a denmerge roller.
Fig. 129 i disksfensihediritwued sdicend chssatieemergodds disinor substeatelpais is e singleicaspette.
apparatus. 2o Fiﬁg. 130 is a perspective view of a portion of the scrubbing
appar at us shown Hig 4Biiga sido dlevaiionwiaygok agscpn anzbodiment eka dgyaeree toshed f or

scrubbing, alth certain conponents have. been repoved, such .as the
Sor ubbi g, br ushdle 9GS ek BevEHBIERA! pBaT of Giesed iR o SR gk ergaged

front plan b\éjaelwarpc{rela lift saddl e of the scrubbing apparatus of Fig. 129.
Fig. 132 is”a cross-section taken along line 132-132 of Fig. 131. 25 Fig.

éi?o i's a perspeqii 8 ivh BohievatdRiiewdt 1RARUTRIES: 5F Rg! 4, Si ded di sks engaged
Fig. 51 is a perspective view of an embodiment of a tool for handling disk pairs
removing a pair of disks from a cassette.
Fig. 52 is a front elevation of the tool of Fig. 51.
Fig. 53 is a side elevation of the embodiment of Fig. 52.
15 Fig. 54 is a cross-section taken along line 54-54 of Fig. 53.
Fig. 55 is an end plan view of the embodiment of Fig. 53.
Fig. 56 is a cross-section taken along line 56-56 of Fig. 53.
Fig. 57 is an enlarged partial cross-section of a second embodiment of a tool for
handling disk pairs.
20 Fig. 58 is a front plan view of a third embodiment of a tool for handling disk pairs.
Fig. 59 is a front elevation of a blade element.
Fig. 60 is an enlarged partial perspective of the embodiment of Fig. 58.
Fig. 61 is cross-section of a pair of gap merge disks in which the disks are parallel to
each other and a uniform space is formed between the disks.
25 Fig. 62 is a cross-section of a pair of gap merge disks in which the disks do not have
a uniform space between them and are touching at their upper perimeter edge.
Fig. 63 is a front plan view of a fourth embodiment of a tool for handling disk pairs.

Fig. 64 is a cross-section taken along line 64-64 of Fig. 63.
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an upper denerge saddl e of the scrubbing apparatus of Fig. 129. Fig. 134 is
an end plan view of the enbodi nent shown in Fig. 133, further showing a
fluid delivery path and water nozzle. 18 Fig. 135 is a schematic side

el evation view showi ng a scrubbing operation. Fig. 136 is an enl arged
cross-sectional view of a pair of concentric contact nerge disks just prior
to denerging by the lower |ift saddle. Fig. 137 is a perspective of one
enbodi ment of a mandrel for handling and 5 transporting disks. Fig. 138 is
a side el evat i ofiig/b&vs érosshecieondakanratong lise 065i6§.of Fa 63f urt her magni fying a
portion of the gand el. Fi .}i39 js a front ilevation view of the

embodi ment of Firg 9039 a wﬁ%ﬂ apview of paranpeet ePgA8Ng LRAHOT BAR MEFdsodiskRetit of
t he nandre%equghﬁm%resent 1 o invention holding a plurality of gap merge
pairs of di°SKE AoVE a cassette. Fig. 141 is a front elevation view of the

enbodi nent  of FiFQ%. n62741%1a2_5ér9pec§§02[s_d gv @flﬁifdéﬁﬁédtdﬁ}si\%@ of @ngeg??ﬁa %%or?fng':ihg'

140 taken al ong | 142 I OW Nng a erent caSsette

enmgodi NeNt combiaf&sasSEkk @hsfdrisghtend43 is a side el evation view of a
plurality of pairs of gap nmerge disks seated on a 15 mandrel and positioned

in a lubricati offig. 88ks a froig.plabddew sf afifth embodilnertaifiacool\forchvindfingdiek gaiisodi ment
of a mandrel of the present invention, returning a plurality of l|ubricated
di sks to a cont &g Ofis glont planatieve of Filigk engpgingdladecr oss- secti on vi ew t aken

along |line 145-145 of Fig. 144. Fi | 46 | s artial exploded view taken
fromFig. 145 ﬁwﬁgwﬁ%ﬂ@mwwﬁﬁ Frefcapd 2’81?%@@%%‘ e disk egging Rlage pf the
Fig. 147 is_a ﬁ)tarti ?| expl oded view taken fromFi g. 145 show ng the upper
peri met er present mvention.

10 Fig. 71 is a cross-section view taken along line 71-71 of Fig. 68.
Fig. 72 is a cross-section view taken along line 72-72 of Fig. 68.
Fig. 73 is a perspective view of one embodiment of a disk handling and transport
apparatus.
Fig. 74 is a top plan view of the embodiment of Fig. 73.
15 Fig. 75 is a side elevation view of the embodiment of Fig. 73.
Fig. 76 is an end view of the embodiment of Fig. 73.
Fig. 77 is an end view of the opposite end of the embodiment of Fig. 73.
Fig. 78 is a cross-section taken along line 78-78 of Fig. 74.
Fig. 79 is a cross-section taken along line 79-79 of Fig. 74.
20 Fig. 80 is a cross-section taken along line 80-80 of Fig. 77.
Fig. 81 is a partial cross-section taken along line 81-81 of Fig. 79.
Fig. 82 is a partial cross-section taken along line 82-82 of Fig. 79.
Fig. 83 is a partial exploded view taken from Fig. 82.
Fig. 84 is a partial exploded view of a cavity for supporting a radio frequency
25 identification tag.
Fig. 85 is a top plan view of a second embodiment of a disk handling and transport
apparatus.

Fig. 86 is an end elevation view of the embodiment of Fig. 85.
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edges of a few disk pairs. Fig. 148 is a partial perspective view of a
second enbodi nent of the mandrel for handling and transporting disks. 25
Fig. 149 is a front elevation view of the nmandrel of Fig. 148 engaging a
disk. Fig. 150 is a side elevation view of a plurality of evenly spaced

di sks seated on the mandrel of Fig. 148. Fig. 151A is a partial perspective
view of the distal end of the mandrel of Fig. 148. 19 Fig 151 Bis atop
pl an view of the enbodinent of Fig. 151 A Fig. 152 is per spective of one
enbodi nent of a T8 SR inapartipleglasged vigvaakthe emb mamartflfsg §énf|gured f or

of the éhﬁoﬁf’ﬂ;?g 5 %?Srogsi%gﬁ'ér?tah%&lg@%&? S5 Foew of the enbodi ment
of FIO. 12 Fi Gy 155.1.5 858500 5P kb BKaA! B0l U8 1T T5¢ BBl BhO.

154. Fig. 156 |s el evation view of cassette
of Fig. 15%h0§hglﬁk5% is an end el evation view of the base wall menber
shown in Fig. 156. Fig. 158 is a front elevation view of the enbodi nent

shown in Fig. 13%8g 90Gs i énd plabvied ofl tHeQliskehaBilidig nid thin§ptriodpparatils dRowsdinl Fig.
menber of the cassette shown in Fig. 152. Fig. 160 is an enlarged view of a

portion of %8he side wall of Fig. 159. Fig. 161 is an end el evation vi ew of
t he enbodi nent shown in Fig. 159. Figs. 162A, B and C are a sequence of
partial top el eV iddns &ridqnlas Nisw ofgheerphadimest of BiggP& ks | nt eractl ng wth

dj t bs of_.t f.th tt 152. _Fi
T63A B and ¢ alié Q‘ig {5 RUD P Ba s Pel PREE DS ERBI P RLOR B ng
with Figs. 162Ap an%qdﬁilﬁt ‘H%@%flh? ﬁ?%&lﬂxeﬁ &[\6%'19%me of a second

enbodi nment of th e cassette s in Fig. 152.
10 Fig. 94 is an enlarged detail of the portion of the embodiment shown in Fig. 92.

Fig. 95 is a front plan view of the base member of the embodiment shown in Fig. 98.
Fig. 96 is a top plan view of the embodiment of Fig. 95.
Fig. 97 is an end plan view of the embodiment of Fig. 95.
Fig. 98 is a perspective view of a third embodiment of a disk handling and transport
15 apparatus.
Fig. 99 is a top plan view of the embodiment in Fig. 98.
Fig. 100 is a cross-section taken along line 100-100 of Fig. 99.
Fig. 101A is a front elevation view of an apparatus for handling disk pairs removing
a pair of disks from a cassette.
20 Fig. 101B is a cross-sectional view taken along the line 101B-101B of Fig. 101A.
Fig. 102 is an enlarged view of a portion of the apparatus for handling pairs of disks
shown in Fig. 101B.
Fig. 103 is a front elevation view of the apparatus for handling pairs of disks shown
in Figs. 101A and 101B.
25 Fig. 104 is a cross-sectional view of the apparatus of Fig. 103 taken along line 104-
104 of Fig. 103.
Fig. 105A is an enlarged view of the upper portion of the disk handling apparatus of
Fig. 104.
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20 Fig. 165 is a front elevation view of the side wall nenber of Fig. 164.
Fig. 166 is a perspective view of one enbodi nent of a nerging station. Fig.
167 is a top plan view of the nmerging station of Fig. 166. Fig. 168 is a
perspective view of a disk cassette configured to position disks in a
concentric contact nerge orientation. 25 Fig. 169 is a perspective view of
a disk cassette configured to position disks in a gap nerge orientation.
Fig. 170 is a perspective view of a nerge station of the present invention
with a contact g d@5Bds geenlerged aéd ofphe pperiestiorpeinanedtermpgive embodigent ¢ g,
171 is a to JaB view of the nboginent shown in Fig. 170. Fig. 172 is a
si de el evatthedisk @EWnggﬂﬂqﬁpéﬁﬁﬂ-éﬁgaging a merge nest. Fig. 173 is a

side elevation view of a pair of concentrie contact r isks full
engaged by the HuFg il PSR SR0E S bF sEOMAGTRER 0 B Sppatls ror
enbodi ment pf ke R Legisest of the present invention, configured to

facilitate concentric contact nerge orientation. Fig. 175 is a perspective

vigw of a merge g a0eBs Hfidé blevapion SRML of thy €8k hardlihg agparLhsshatith Pig. fooaed
position where the disks are not fully engaged by the cassette. Fig. 176 is

a schemati c si d&igllVats anedérged pmiv ofod politiok ®f dhregdigh hgndhing appazatnatlionen th o
enbodi ment of the nerge nest. Fig. 177 is a schematic side elevation view
of a pair dfigg&6Bnerge disks fully engaged by the merge nest of Fig. 176.

Fig. 178 is a perspective viewaof a |lift saddle renoving a pair of gap
merge di sks froSﬁ‘% @gé%aelelﬁ%vwi%@ wstaftas%ergerrmgsiv%&lrng drf»i(g. 179 is a

partial per SpeCtPiiél.elogfis %Qc()ap € ie\§a io aijigw 3 thléicﬁ’s'k }il'aZl inegn%)%greagusbs%owng i@ %iglj ?bé&,r S
10 further showing a disk carrying cassette and a spindle for engaging disk pairs.
Fig. 110A is a front elevation view of a pair of disks engaged at their central aperture
by a spindle.
Fig. 110B is a side elevation view of the disks and spindle shown in Fig. 110A.
Fig. 111A is a side elevation view of the spindle shown in Figs. 110A and 110B, but
15 extended to permit engagement with a pair of disks.
Fig. 111B is a front elevation view of the spindle of Fig. 111A.
Fig. 112A is a front elevation view of a pair of texturing rollers positioned to texture
the surface of a disk.
Fig. 112B is a side elevation view of a pair of texturing rollers positioned to texture
20 the surface of two disks.
Fig. 113A is a front elevation view of a demerge tool for demerging a pair of contact
merge disks.
Fig. 113B is a left side elevation view of the apparatus of 113A.
Fig. 114A is a front elevation view of the demerge tool shown in Fig. 113A, showing
25 the demerge tool engaging a pair of disks.
Fig. 114B is a right elevation plan view of the apparatus shown in Fig. 114A.
Fig. 115 is a front elevation view of the demerge saddle shown in Fig. 113A.

Fig. 116 is a top elevation view of the demerge saddle shown in Fig. 115.
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Fig. 180 is a partial perspective view of the disk pair of Fig. 179 engaged
by a spindle assenbly. Fig. 181 is a partial perspective view of the disk
pair of Fig. 180 undergoing a tape burnishing process. 20 Fig. 182 is a
front plan view of the lift saddle of Fig. 178. Fig. 183 is a top plan view
of the enbodinent of Fig. 179. Fig. 184 is a cross-section taken along |ine
184-184 of Fig. 182. Fig. 185 is an end elevation of the enbodi nent of Fig.
182. Fig. 186 is_a partial exploded view of the disk contact portion of the
enbodi ment of 2§13:i187 isgporogssgetiongrzew dakgn plepg Bt i vkl Aaf &g di6.one embodi nent

f t act ; roller, . Fig. 188 i front. el i f th
Ce)nbgd?ﬁgn? Cof Oéi%srl?gfraoﬁﬁrﬁ’;“iv§b’9‘?“é °§‘%§ @%B?Fﬁ? ¥°3T€}}°§We‘\é?‘5éa?3%8b| e- gi ded di sk
d i | . . i . . Fis.,. i i. i t
R R Tl S T e S T

i's a schemgairGrisRivoh adledRER! 16013 deskséicsk undergoing testing. Fig. 192 is
a schematic view of a pair of concentric contact nerge di sks undergoing 5

testing. Fig. 1%3. i1$9BiLd si8Selewtivh Ofewosf the fpafatdfof Biggk19ath a |iquid |ayer

applied to the inside surface of each disk. Fig. 194 is a perspective view
of the di sk handiig. nig0ais par ettlarged pgdigh nyf the plagkr hanfllig spysaritns and dsmerge dooll o

Fig. 195 is_a perspective view of the disk handling apparatus repositioning
the di sks rsBawe&EdFigr b¥Ba cassette shown in Fig. 50. Fig. 196 is a

perspective vi e%fg f12t1 hlSe aq{'osnl?sele(\)lgtiolii %éwlo%Sanaalltie ggge ]::r(r)l[wcﬁrrrllgI(ilt(‘:]oefr(a{3 Héme\:,}jgé ?00?,
showing the demerge rollers engaging a pair of disks.

10 Fig. 122 is a side elevation view of a demerge roller engaging a pair of disks.

Fig. 123 is a cross-section view taken along line 123-123 of Fig. 121.

Fig. 124 is a side elevation view of a laser zone texturing apparatus.

Fig. 125 is a front elevation view of the demerge tool shown in Fig. 121, showing the
demerge rollers disengaged from the disk pair.

15 Fig. 126 is a top elevation view of the demerge device tool of Fig. 125.

Fig. 127 is a top elevation view of the demerge tool shown in Fig. 125, further
showing a retracted spindle.

Fig. 128 is a front elevation view of a demerge roller.

Fig. 129 is a perspective view of one embodiment of a disk scrubbing apparatus.

20 Fig. 130 is a perspective view of a portion of the scrubbing apparatus shown in Fig.
129, showing two pairs of disks positioned for scrubbing, although certain components have
been removed, such as the scrubbing brushes, to better show the position of disks.

Fig. 131 is a front plan view of a lift saddle of the scrubbing apparatus of Fig. 129.
Fig. 132 is a cross-section taken along line 132-132 of Fig. 131.

25 Fig. 133 is a perspective view of a pair of gap merge single-sided disks engaged by
an upper demerge saddle of the scrubbing apparatus of Fig. 129.

Fig. 134 is an end plan view of the embodiment shown in Fig. 133, further showing a

fluid delivery path and water nozzle.
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spindle assenbly. Fig. 197 is a perspective view of the disk handling
apparatus securing a disk pair to 15 the spindle assenbly. Fig. 198 is a
perspective view of a pair of disks undergoing testing. Fig. 199 is a front
pl an view of the disk handling device of Figs. 194-198. Fig. 200 is an end
view of the enbodinent of Fig. 199. Fig. 201 is a partial exploded view of
the di sk handling device of Fig. 199. 20 Fig. 202 is a cross-section taken
along line 202-202 of Fig. 199. Fig. 203 is a cross-section taken al ong

| i ne 203- 203 of Fig ¢35 isgaschemagic sidgelqvatien vigy shewing ¢iseubling apgsptiasr  ar t

servo-witing appar S use i.th a single,. doubl e-si d disk. Fig. 205

o e et | ongy “HREUBEHR anehipe oG Real e ale pa of concopic ooplaf mertsoe
i . . - ' th f f a disk b
he aoarolidks Sl Bighie MenABhER) Meb bl gyt e Jpper Burtace of & o evor

servo-pattern Wrd t£57 @ at BEsdeeMR o8 Wnka&Rbdtiméntdbsh R¥ndrBe f@PRAMaBhE Sand
illustrated in Figs. 204 and 205. 22 Fig. 208 is a top plan view of a

servo- W i t inagspopirgrdidkgs of the present invention used with a pair of nerged

di sks. Fig. 209 is an elevational view of the apparatus illustrated in Fig.
208. Fig. 210 i fign3gsanpdeclofatian yemwaf thatmbedimenti aftfen 187, futtkerovagaifyisgrf ace
of the upper 5 disk of a pair of disks by the apparatus illustrated in

Figs. 208 @egiopedthempgpdrelil s an exanple of a servo-pattern witten on the
t f .the | dj sk. of . i i sk t t

I st rat eq- i n Fild59 et gleseish s Pisg stbedtrertardluddive b ew of an

embodi ment  of - a g} skoNANALL A6 BRY EmBRRAER! M5 M8  midiFel HIrSGRE Bresent

i nvention.
10 invention holding a plurality of gap merge pairs of disks above a cassette.

Fig. 141 is a front elevation view of the embodiment of Fig. 140.
Fig. 142 is a side view of the embodiment of Fig. 140 taken along line 142-142 of
Fig. 141, but showing a different cassette embodiment in cross-section.
Fig. 143 is a side elevation view of a plurality of pairs of gap merge disks seated on a
15 mandrel and positioned in a lubrication tank.
Fig. 144 is a front elevation view of one embodiment of a mandrel of the present
invention, returning a plurality of lubricated disks to a contact merge cassette.
Fig. 145 is a cross-section view taken along line 145-145 of Fig. 144.
Fig. 146 is a partial exploded view taken from Fig. 145 showing the lower perimeter
20 edges of a few disk pairs.
Fig. 147 is a partial exploded view taken from Fig. 145 showing the upper perimeter
edges of a few disk pairs.
Fig. 148 is a partial perspective view of a second embodiment of the mandrel for
handling and transporting disks.
25 Fig. 149 is a front elevation view of the mandrel of Fig. 148 engaging a disk.
Fig. 150 is a side elevation view of a plurality of evenly spaced disks seated on the
mandrel of Fig. 148.

Fig. 151A is a partial perspective view of the distal end of the mandrel of Fig. 148.
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10 Fig. 213 is a top plan view of the enbodi nent of Fig. 212. Fig. 214 is
an expl oded perspective view of the enbodi nent of Fig. 212. Fig. 215 is an
expl oded end view of the enbodi ment of Fig. 214. Fig. 216 is a side

el evation view of the enbodiment of Fig. 212. Fig. 217 is a schematic end
view of the enbodinent of Fig. 212 in a first 15 configuration. Fig. 218 is
a schematic end view of the enbodiment of Fig. 212 in a second
configuration. Fig. 219 is a schematic end view of the enbodi ment of Fig.
212 in a third db&flidgRrsa topplanxgevrpfthe embodigentofdig WilAw of a side wal |
insert. Fig. 22l _.is artial to an view of a side wall jnsert with ribs
configured in a Fd%nl%c § ﬁel?eé%!’e%tf“{%eg% 8¢ (;:m%o%_nt 2 diskhagdhing and tepspertan
view of a sj ||l 4 nsert nmenber. with ribs confj.qur in.a gap nerge
orientati anpg%gﬁi%fzér}ﬁgélﬁ t|t°r5°°a{1 “pt %cmtaé:\}\f’}?fgeémﬁpt@bg‘ %f‘gSk i is a
Ccross-sectional pyd I ] ; of Fig. 223. Fig. 225
is a cross-secti%%g\lﬁ@?/gi%Sgtﬁogﬁgkgg?ﬂggﬁiog%%ég%?'er line of a plated disk
acoordi ng to an rghedisenp vidw sfiBe BhBSEMEntiofFENLFBRN. 23 Fig. 226 is a
cross-sectional view taken along the disk center line of a sputtered disk
based on the pl digd5Saiskcross-dectipn t2xm. aldrigdineA33-158 ofiFifzl b4 chart of a
substrate process according to an enbodi rent of the present invention
accordi ng to an Tegiléfinetep clsvatianevipy ef @ haseiwpllanerlesn of the casgetteoofditg.il§2a

cross-sectional viewtaken along a center line of a disk polishin
assenbly. F\{g. 157 1’is an end elevation view o teflle base wall member s owrrl) in Fig. 156(‘.:]

Fig. 158 is a front elevation view of the embodiment shown in Fig. 156.
10 Fig. 159 is a top elevation view of a side wall member of the cassette shown in Fig.
152.
Fig. 160 is an enlarged view of a portion of the side wall of Fig. 159.
Fig. 161 is an end elevation view of the embodiment shown in Fig. 159.
Figs. 162A, B and C are a sequence of partial top elevation views showing a pair of
15 disks interacting with adjacent ribs of the side wall member of the cassette of Fig. 152.
Figs. 163A, B and C are a sequence of partial front elevation views corresponding
with Figs. 162A, B and C.
Fig. 164 is a top elevation view of a second embodiment of the side wall member of
the cassette shown in Fig. 152.
20 Fig. 165 is a front elevation view of the side wall member of Fig. 164.
Fig. 166 is a perspective view of one embodiment of a merging station.
Fig. 167 is a top plan view of the merging station of Fig. 166.
Fig. 168 is a perspective view of a disk cassette configured to position disks in a
concentric contact merge orientation.
25 Fig. 169 is a perspective view of a disk cassette configured to position disks in a gap
merge orientation.
Fig. 170 is a perspective view of a merge station of the present invention with a

contact merge cassette loaded with disks mounted thereon.
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Fig. 228B is a cross-sectional view taken along a center line of a disk
polishing assenbly. Fig. 229 is a cross-sectional view taken along a center
line of a disk polishing 1 o assenbly. Fig. 230 is a flow chart of a nedia
process according to an enbodi nent of the present invention. Fig. 23l is a
cross-sectional view taken along the disk center line of a plated disk
according to an enbodi nent of the present invention. 15 Fig. 232 is a
cross-sectional view taken along the disk center line of a plated disk
accordi ng an entigiilibista top plangigy elsthaembedimantsbown B Big. D83 i s a

cross-sectional i t ake |l ong the disk center line of a sputtered disk
based on the di §p<g.§}9l2}qagslé162§q\{atlg§1 yew (g%ﬁ?ké’r"}ﬂ CHBAGNERINFIEE 188ty at ed and
pol i shed di sk aufagt.ured, by, a first 20 experd nental. pracess. Fi.gs. 4A
Bnd 2348 depi ot HE gaiied Srctishrionndty ar el fieot Moo e BOmG ereq 1k ay

experi ment 866 H% métbPRest 235A and 235B depict a plated and polished di sk
manuf acturzehg% tﬁe fnlarrgt <zasxperi mental process. 25 Figs. 236A and 236B

depi ct a pl at ed Fand 7pqs hgﬂa&geaiva!viéwaﬂf)@@ém&ﬂmbm dfhBe hriefdel neBiX Hfetht PRk
process. Figs. 237A and 237B depict a plated and polished di sk manufact ured

by the firsthveakperconignired tofacbeesondhtric dengst m2gs Ariematiad38B depi ct a pl at ed
and polished di sk manufactured by a second experinental process.
Fig. 175 is a perspective view of a merge station of the present invention in an
elevated or fixed position where the disks are not fully engaged by the cassette.
Fig. 176 is a schematic side elevation of a pair of disks engaging an alternative
10 embodiment of the merge nest.
Fig. 177 is a schematic side elevation view of a pair of gap merge disks fully engaged
by the merge nest of Fig. 176.
Fig. 178 is a perspective view of a lift saddle removing a pair of gap merge disks
from a cassette prior to tape burnishing.
15 Fig. 179 is a partial perspective of the disk pair of Fig. 178 engaged by merge rollers.
Fig. 180 is a partial perspective view of the disk pair of Fig. 179 engaged by a spindle
assembly.
Fig. 181 is a partial perspective view of the disk pair of Fig. 180 undergoing a tape
burnishing process.
20 Fig. 182 is a front plan view of the lift saddle of Fig. 178.
Fig. 183 is a top plan view of the embodiment of Fig. 179.
Fig. 184 is a cross-section taken along line 184-184 of Fig. 182.
Fig. 185 is an end elevation of the embodiment of Fig. 182.
Fig. 186 is a partial exploded view of the disk contact portion of the embodiment of
25 Fig. 182.
Fig. 187 is a perspective view of one embodiment of a contact or merge roller.
Fig. 188 is a front elevation of the embodiment of Fig. 187.

Fig. 189 is a schematic view of a double-sided disk undergoing laser zone texturing.
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Figs. 239A and 239B depict a plated and polished di sk manufactured by the
second experinental process. 5 Figs. 240A and 240B depict a plated and
pol i shed di sk manufactured by the second experinental process. Figs. 241 A
and 241 B depict a plated and polished di sk manufactured by the second
experinmental process. Figs. 242A and 242B depict a plated and polished disk
manuf actured by the second 1 o experinental process. Figs. 243A and 243B
depict a sputtered disk of a first experinmental Type B configuration. Figs.
244A and 244B dépg.di90as 8 pehemetie dicwi efikwefsingteesidedr disksasdergoing anaultanggye lager
configuration. 15 Figs. 245A and 245B depict a sputtered disk of the first
exper i ment ANGIFEWEConf i guration. Figs. 246A and 246B depict a sputtered

depi ct a oputt erdd TG SPorRle ViEP of P ol -+l sk SRrp sy e nt gur at 1 on.
5 Cont i guration. Biga " Sacuang rERTaen o cglechlif coaq miER Ak BBk e
experi ment akstihlgpe B configuration. 25 Figs. 250A and 250B depict a
sputtered disk of the second experinmental Type B configuration. Figs. 251 A
and 251 B depi ctFig 98Ut heresd-seetmk affa pdireofsdisiowith eXppiid hagert applidd/ pethB inside
configuration. 25
surface of each disk.
Fig. 194 is a perspective view of the disk handling apparatus engaging a pair of disks
in a cassette.
10 Fig. 195 is a perspective view of the disk handling apparatus repositioning the disks
removed from a cassette shown in Fig. 50.
Fig. 196 is a perspective view of the disks of Fig. 195 aligned for engagement with a
spindle assembly.
Fig. 197 is a perspective view of the disk handling apparatus securing a disk pair to
15 the spindle assembly.
Fig. 198 is a perspective view of a pair of disks undergoing testing,
Fig. 199 is a front plan view of the disk handling device of Figs. 194-198.
Fig. 200 is an end view of the embodiment of Fig. 199.
Fig. 201 is a partial exploded view of the disk handling device of Fig. 199.
20 Fig. 202 is a cross-section taken along line 202-202 of Fig. 199.
Fig. 203 is a cross-section taken along line 203-203 of Fig. 199.
Fig. 204 is a top plan view of a prior art servo-writing apparatus used with a single,
double-sided disk.
Fig. 205 is an elevational view of the apparatus illustrated in Fig. 204.
25 Fig. 206 is an example of a servo-pattern written on the upper surface of a disk by the
apparatus illustrated in Figs. 204 and 205.

Fig. 207 is an example of a servo-pattern written on the lower surface of a disk by the

apparatus illustrated in Figs. 204 and 205.

22



Figs. 252A and 252B depict a sputtered di sk of the second experinental Type
B configuration. Figs. 253A and 253B depict a sputtered disk of the second
experinmental Type B configuration. 5 Figs. 254A and 254B depict a sputtered
di sk of the second experinental Type B configuration. Fig. 255 is a
cross-section view of a prior art magnetic disk. Fig. 256 is a plan view of
a magnetic di sk according to an enbodi nent of the present invention. 1 o
Fig. 257Ais a cross section V|em/alon line 257-257 of Fig. 256. Fig. 257B
is a cross-sect itk 20B e palap Yiewo 2@?“25’?“‘8’@ qpp@ratuﬁséthemr@sentzsmupg uged

Cross- sect|0ﬂIV|ew Ion l.ine 257-257 of Fig. 256. Fig. 257D is a
cross-section YPEWHER ‘ihf’lﬁs 257-257 of Fig. 256. Flg 257E is a

cr oss- secti on vit 28y S o Aorsd A ¥ arbadln gt b a0 1T S
cross-section Viggymhq8an lekABpld df azsréﬁzooéattghlgwngfﬁﬁon ﬁl&out&%ﬁ@@&‘ﬁth@‘%@per

nmer ged di sks according to an enbodi nent of the present invention. Fig.
shows t he |diskeofafpairioidizks bf tha appaaarositlustexdéd iniRigst 20F 4idD0di ssi m | ar chanf er S
20 according to an enbodi nent of the present invention. Fig. 260 is a flow
chart of one entiugli2térs anfexample rofilat ervocpaticri wrjiten s dedowtérssurfaemnof thetlowéemg
process. ;g 261 is a flow chart of a second_ enbodi nent of a sinultaneous

si ngl e-si d ékcﬁfs"lpaﬁéﬁeﬁshﬂ’h?‘ieﬁ@P%‘FtB%’é]élétrat?ismlf‘@ 20%mndi20% | ow chart of a
Flo 263 15 b {1 R4S & BHHRTGER Dripcamimnrertot s Sntriing and baResrs =S
singl e-si deg, gdhk oFREBfRGH Vel OCESS.
L0 Fig. 213 is a top plan view of the embodiment of Fig. 212,
Fig. 214 is an exploded perspective view of the embodiment of Fig. 212.
Fig. 215 is an exploded end view of the embodiment of Fig. 214.
Fig. 216 is a side elevation view of the embodiment of Fig, 212.
Fig. 217 is a schematic end view of the embodiment of Fig. 212 in a first
15 configuration.
Fig. 218 is a schematic end view of the embodiment of Fig. 212 in a second
configuration.
Fig. 219 is a schematic end view of the embodiment of Fig. 212 in a third
configuration.
20 Fig. 220 is an end view of a side wall insert.
Fig. 221 is a partial top plan view of a side wall insert with ribs configured in a
contact merge orientation.
Fig. 222 is a partial top plan view of a side wall insert member with ribs configured
in a gap merge orientation.
25 Fig. 223 is a plan view of a disk.
Fig. 224 is a cross-sectional view along disk center line 224-224 of Fig. 223.
Fig. 225 is a cross-sectional view taken along the disk center line of a plated disk

according to an embodiment of the present invention.
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26 Fig. 264 is a flowchart of a fifth enbodi nent of a sinultaneous

si ngl e-si ded di sk manufacturing process. Fig. 265 is a flow chart of a

si xt h enbodi nent of a sinultaneous single-sided di sk manufacturing process.
5 Fig. 266 is a flow chart of a seventh enbodi nent of a sinultaneous

si ngl e-si ded di sk manufacturing process. It should be understood that the
drawi ngs are not necessarily to scale. In certain instances, details which
are not necessary for an understanding of the invention or which render

ot her details diFig i22aiig a crospeactena) giesntipkénaalenshide diskrrcntertine off a sputtered disks
under st ood, of 1 course, that the invention is not necessarily limted to
the partichesfd 6H‘ia¥?€rﬁ‘esl‘qfﬂ&u§§§--at ed herein. DETAI LED DESCRI PTI ON OF THE

PREFERRED ENMBCODI E il i he.. di )
ewarpl o5 descr i Bk arsrricrt S5 8 pseBHIORBESs RURERE T IIRGRRAL of he
95-milli matp_?i_ seft iERLBh ac&r(ﬁlﬁ% ﬂ@alnlegr[]sggﬁcfnggft}hgére%ﬁ&v%tﬁ) and a 0. 050 inch

t hi ckness. e present 1 nvention construed as limted to the

parsti cul ar si zegigli BBA ista sReubeibmal RSN esdedtatchet HRtntbhBnd bE SNk 'Fdswsﬁ ion
can be used with disks of different sizes. For exanple, the dianmeter of the

di sks may lassestblyf.| er or larger, and the thickness may vary as well. It

shoul d al so be appreciated that the present invention can be 20 used with a
varyi ng nunber d&fig pR8B&s afcrefissketiondlr vigwotakerpalong taocentgs| lineapf e \disk pelishing. 27
A. Meriging and Denmergi ng Di sks Generally, there are two ways in which to
handl e or %% rt hard nenory di sks. These are by engagi ng the outside

G <k Tormed by tHe tantet cuperripBl AR NBaobd i arat £k Baiineer -

pefyj meter edgenhen they are positioned in cassettes or Garners, or when
they are renoved from cassettes for processing, such as by a lift tool or

simlar mechani gig w0 &b B6\0 SRR Eofld¥8edd bRceRAENBEAE o AAGELIA M 81 fhe Present
t hrough an opening in the bottom of a cassette and vertically lifts the

di sk to a powntiomn above the cassette. Disks positioned in a cassette al so
may be engaged at the upper outer perineter edge by a gripping nmechanism
whi ch 1 o accesdis 23hds @i whss-se¢tionalghiew Hekenpadong s disk eenteadwetaf @ pldied Kiiskar e
engaged at atcpo?ilirng itongril gnei\bodiment of the present invention.
15 Fig. 232 is a cross-sectional view taken along the disk center line of a plated disk
according an embodiment of the present invention.
Fig. 233 is a cross-sectional view taken along the disk center line of a sputtered disk
based on the disk of Fig. 231.
Figs. 233A and 223B depict a plated and polished disk manufactured by a first
20 experimental process.
Figs. 234A and 234B depict a plated and polished disk manufactured by the first
experimental process.
Figs. 235A and 235B depict a plated and polished disk manufactured by the first
experimental process.
25 Figs. 236A and 236B depict a plated and polished disk manufactured by the first
experimental process.

Figs. 237A and 237B depict a plated and polished disk manufactured by the first

experimental process.
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di aneter by a mandrel or simlar nmechanism Two illustrations of disk
handl i ng nechani sns axe shown in Figs. 11 and 12. As shown, a di sk handling
mechani sm 10, whether it be the side wall of a cassette, a mandrel, or a
lift tool typically conprises a groove or channel 12 forned between raised
ribs or teeth 14. The channel walls may be rounded as 15 shown in Fig. 11
or may be straight as shown in Fig. 12. In either case, the outer perineter
edge or inside perineter edge of the disk sits within the channel and is
restricted in mblesnmdifA Byd Qg%B wWapicsa piatachandspelisbeshdisk gnanifastuged byeetspeond

Modi fication to di sk handling nechanisns is needed in order to handle

and/ or tr aNSPOYCFAPTECSf di sks for sinultaneous processing. Figs. 13 and

Lt e e M Db RO R P

rib or too hid.oned between | arger ribs or teeth 14. The smaller
profile ri%Q%%ﬁﬁﬁgﬁhgkggéired spaci ng between the two disks. The | arger

tegth, positiongghsopdoA BRI 2ABRA 2 NhtediakPolishBd BisRinTand B k@b PeGEdEd

bet ween adj acent pairs of disks of each pair. The ribs also define grooves
or channel sxfetiniental progegi ng ei ther the 25 outside perineter edge of the
disk or the inside perineter edge of the disk. The grooves nmay be rounded
as shown in Fi gFigs3241dy anch241Bhdgpitia platethapdpol{sbed Wisk maapufiytuses byhibewsedondFi g.
14. 28 Appar atus for handling or transporting pairs of contact nerge or
concentric® {2l REOCEY: di sks are shown in Figs. 15 and 16. Because the

L-si de surfacesof di re.i.n contac a. sl e _channpel . or . groove 12
is formed bet V\egﬁsrg@e@(ﬁ(@gﬁ g t@eqqﬁte(iﬁl}& %%%Egl(%ugﬁ@ﬁ%?y %gﬁ?ﬁ?nﬁs
dipensi one : wo di sks, rather than a single disk. The 5
réggectivegéégW%gPEB%%§ e U shaped or rounded as shown in Fig. 15, or
V-shaped as showfysi D4%A Jand1 8438 QlepRt MULHARRAUEIN diY QOBSS ekisbrimitall Blpg Bt @
time, it is also necessary to be able to change the orientation of "di sks.

| n gener al cosfigusatioane net hod of merging a pair of disks is shown in Figs.
17A, 17B, 18A and 18B. Figs. 17A and 17B show two di sks being brought 1 o
cl oser toget her Figs. 2&44n andd244B depiet 2 rspytigredralisyeoio theefitshtekparimenited EagpgeB of
the disks, either the outside perineter edge or the inside perineter edge,
engages t hEORMSFRUOY- surfaces 18 of the large ribs and slide to the position

shogwn in Fig. 17B. Thi r rocess decreases t spaci ng bet t

di'Sks. This pr oﬁggs}-ﬁ%ﬁ ‘g@ %@ dd?IBth?esgPtier ‘?S‘é% ﬁtgﬁﬁeﬁgfieéﬁm‘i”ﬁe@ﬂ’ew
reduce the g gt ween disks already in a gap merge orientation.
Simlarly, as own in ~ 5 Figs. 18A and 18B, a pair of spaced disks are
nerged into a cepkaoshcABmder458 aBtiat h QPuidted AERT SC tHeONrsP Rk ntdierypdt gi de
perineter edge or inside edge of the disk and the side walls 18 of the ribs
form ng theotfigmpatiznl2. The space between the two disks is conpletely
elimnated and the pair of disks are in a contact nmerge orientation. In the
si mul t aneous pr Gigess2tTy anld 24%B depicfl e-spiidered diiskkefl thehgrse capaimdntalsTypaeB t he
20 di sk pairs_nust also be denerged. Exanples of two nechanisns for
dedfer gi ng [SeHigIriong sks are shown in Figs. 19A and 19B, and 20A and 20B

Ui i zing & tooFHiagii BOHER arpiff SRuTEHEdRort b0 SRt CPAch s

with the exis¢ing. gap between the disks to create a | arger space or gap
%b@ﬁ%ﬁ&oﬁi
1 5KS.

bet ween t he As the L-side surfaces of the disks engage the

intervening ribrk bA9A ind6249854éi& lispittersd UHR Al PREohAxpetiméa TyreB20
of the rib until they are positioned fully within the channel or groove
with a | argeifigpaoa. bet ween them The shape of the ribs or teeth dictate
how far apart the disks can be spaced. Denerging a pair of contact nerge
dizsks is slight Figsd2$Gieradt250Bolepise at dputitred idids afuthe seendofxpetimentalsKypeaBe i n
contact. Wth_ reference to Figs. 20A 29 and 20B, the denerge tool 22

i ncl udes a“PRPEPA. | n addition, it is preferred that the di sks have a
chanf erred outside jreter_.edge. Cto create a ide 26 for .the demerge
Cool . For cing. ¢ FEvueuh gt Cbf BRichecihuiffed s offhe dPuid ePaifnatal, i,
between the disk pair. The gap permts other tools, such as a mandrel, to
conpl ete the nmerge process and forma 5 uni formgap between the disks.
The di sks nay al so be transferred to g.cassette configured to position the
disks in the desired orientation. One 3xanp|e of where di sk merging

techni ques are utilized is the beginning of the single-sided disk

manuf acturing process. Typically, the first process is data zone texturing.
Dat a zone texturing begins with conventional, highly polished, two-sided
substrate disks. 1 o The direction the substrate disks face is irrelevant;
both sides of the substrate disk are the sane. However, for handling
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20 The bel ow descri bed apparatus may al so be used to nerge substrate disks
or disks at other tines in the manufacturing process. For exanple, the
substrate di sks nay be individually subjected to conventional, double-sided
texturing and washing and then nerged into pairs in a gap nmerge orientation
prior to undergoing sputtering. An apparatus or workstation for

si mul t aneously conbining or separating disks is 25 illustrated in Fig. 21.
The apparatus consists of a three-axis robot 30 with a vertical arm32 with
a di sk carryi ng Hgmdrep ad 2328 depictenpridieredrdisk of hengeaetidepxpesimeniat Typs 8d t o
accommodat e Zgggalrs of disks (50 total). However, it should be appreciated
that the ndiBBEY YO sks can vary fromone pair to as many pairs as are
contained in a GASS ry 4K 1N I eul ar
in cross-section, é?géﬁoév?\lﬁl gr?%n%%sctoaf gé{{q%laefli (g%kr 8@“&%@% @,Lﬂ?gﬁpré}gﬁgmg %ay

al so be serjonfipuratidrAlr i N cross-section as shown in Fig. 50, or it may be a
t wo- pronged V-shape or a three-pronged shape as shown in Figs. 137 or 148,
respectively. Tiigsappdaadnds253Bsaepidicd sisitered disladf thef ée€dnd3bxpesinich@NIHHs B
lifter 84, a denmerge tool 5 40, and four disk handling stations 42, 44, 46
and 48. St atonbgurdiori.s a fixed transfer station. The nerge process begins by
pl aci ng two cassettes of equal nunber of substrate disks or disks at input
stations 46 and FAB 233 isheqss-Septiqn yyew aba prier artmagngtiediskes 90, 92 contain
virgin substrate.di.gks, it does not matter how they are positioned at

St a0l one 46 and 1B bgtenln Y ofoediatc Sk ASCCRE 4 caleti et g Frcrent,
processed ghaghg-sided di sks, orientation of the 1 o cassettes 90, 92 is
critical. I'n Such a case, cassettes 90 and 92 are | oaded such that the
origentation of the JByRiigdecREs-ddforiliskS1dng 188057088 sEkiE & dbace oppositely of
the disks in the other cassette. For exanple, the casSettes are |oaded so
that the orient &g Q37Bfis 4 fressResiicteview ARnadine 187-35e)Figfasehe di sks in
cassette 90 at station 46 face toward the front in Fig. 40, and the R-side
(the active sidd)ig.R67CdH s&ess-seciiasdet abng 2inalSER 8T ofdiig256f ace toward t he
rear in Fig. 40. 15 This orientation is required so that when conbi ned,
each di sk pair Wig25havea erees-secronsyiguwalqnghiae 261-2yEokkigf26es) faci ng out war d

and the L-side (fhe_ipactive or_ nonfunctional_sjde) facing inwardly of the
pair. Wth ref erFté%?él7€bs qFIgss-sgqtion HieW p9Rg m%#%#%c‘éfé{!% Zég station 48,
inserts the mangy el .into the. center [ f-the,di sks or substrate
di ESES, engages %rig_[ 28.%511&*‘ clrgssfsﬁge‘nog%éésvgfl ]togg Eﬁé %ﬁéﬁaf Elgh%sgslés themfromthe

cassette. The rqhobs3g if DEBsd-QB6h §ibFSfondink 3575 Pof Mg ddsansier cassette 82
at station 44 (Fig. 42). Next, the robot 30 wll simTarly engage the disks

and the cassett &iQ0258 skdvad 06 A& gddidiks 4ddoraing for aNSAMOYinAL Bf (the Bresent
position above the transfer station 44 (Fig. 44). Atransfer |lifter 84 is
posi ti oned ibemtian.h the transfer cassette 82 at station 44. A transfer
lifter 84 includes a plurality of lift rods 86 wth individual disk saddles
88 25 di sposed d&1g-t238 sheys e lngcef travel of »diagwnd tod bifuteferm dissimiler chasaférsand
load lifters i .e%ual t ne-half the nunber of disks in the cassette. Mre
sp¥ci fi cal I137°CTHRE ‘??fﬂ?q}? pntjof fhe Rresgut IBKCNAR | oad lifters 88 are

posi ti oned beneat ery. ot he i i tran r. e.82. The | oad
lifters extend ?:tl 'afago{ssi ?lgtr)f' élﬁ?gtvég(f) #‘162 e%jrggc\l}fngﬁts%glScl)a'glz%%%‘lsssfégg% g'tSldggéj]tlS?(on
44 and engaggudturinghfoddisks suspended fromthe mandrel 34 (Figs. 34-36).
The disks are transterred fromthe nmandrel to the load lifter. The robot 30
then retracts t iRy mands glflodAchartvg alse@smdlenfbodintenB8f 4 biemultamuwas sinflR-sitie@kiski Nt 0
the transfer cassette 82 at station 44 (Fig. 45). Conpared to a

convent i onahamifeseinger@®ss. 92 where the substrate di sks are positioned one
every 0.25 inches, 5 the transfer cassette positions two di sks or substrate
di ks every 0. 2%18 76Rds a flovasbarbpf @ dlirkembodimentonf acgimulipnesus gingle-sided ditknber
of substrate disks. or disks positioned in a conventional doubl e-sided disk
cassette. TREOUSHBIEDEPSHves to the center of the transfer cassette 82. The

mandrel 34 is inger t t : i S nd_enga nd
renoves all dis Ezg Z%Eﬂsggq{fgy%ﬂ?hge}eat %Brﬁfélgg}%(g%lg‘reﬁg%%as glla "ﬁ% Y ﬁlgrg]lgTss e§ G?Sg
station 42, ,4n6chRigrodelle disks into a cassette 50. (Fig. 47.) The
configuration of the nerge cassette 50 will influence orientation of the
disks in cassette 50. The merge cassetje may be configured to position the
substrate disks or disks in equal spacing, or in pairs having a gap nerge
orientation or a contact nerge orientation. If 15 equal spacing is desired,
the nmerge cassette 50 is configured identical to the transfer cassette 82
and the mandrel 34 nmakes a sinple transfer fromthe transfer cassette to
the nerge cassette. If gap nmerge orientation is desired, a cassette having
side wall ribs such as is shown in Figs. 17A, 17B is needed. As the disks
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The sane apparatus and process can be used for demerging pairs of

singl e-si ded di sks. The end of the manufacturing process is one exanple of
when separation of disk pairs is needed. Fully processed disks arrive at

t he denerge work station in cassettes 50. The 25 disks will be arranged in
pairs in the cassette with the R side of each disk facing outwardly of the
pair (see Figs. 8, 9). Thus, the position of each disk is reversed conpared
to the disk next_to it. The objective is to separate the disk pairs and

pl ace themin cd8&eittes astlew chirhof aHill erbodimentt efonsimyltanpons siaglesided disk t he
sane. Repositi?nin the disks will facilitate 32 subsequent aut onat ed
handl i ng, sU¥H!3% Po¥®y t he di sks froma cassette and placing themin

di sk drives. Begau t.he di sk re singlersided, it .is critical, that eir
o entat i on bo Kbt B hsul bF a P eaRlSEt e < piutplt e iRl dok
drive woul dngesithlridghréefonf unctional drive. 5 In one enbodi nent, the
cassette of finisheg single-sided disks will arrive fromtesting with the
paigs of disks iRig.266Q0h @6ty dHeft @€ a @veath ahbodimer\df & RPMItahébuFisthgledddedatisk
cassette 50 contalning pairs of contact nmerge disks is positioned at the

| oad st at i onamifactukingpactebs.fter 36 is | ocated underneath the cassette. The
load Iifter 36 is configured to engage and accomnmpdate all of the pairs of
contact nerged dt shayld fetunderstaad dhat dhdrawings apg mpt pedeesadihcte scaleri yscertaip 26,

the load lifter 36, includes a main bod ortiopn 52 with di sk contacting
surf ace 54.‘“%‘%“&%"&*‘%6 1%@;%1@0@199@%% forqan @%WH‘&@%&‘P@B%GT \)Oi%t‘q}il t he
radi us of the,disks.. The.disk contacting,surface 54 further.includes .a
Serios o JrEisyoleS pediEHal (ERBRA5, BT pav Rl Buited f BOCLbL GaddiRRalt
regj dent inohhe GASHELIRnRMh RSt hite&afifNiAitld BRAGFarRGI iffbntd fGstdkedt D
of each groébe 56 corres%ondsrko aSp?o@inately t%@ilélﬁﬁ%%%gesshﬁpﬁ?ﬁ%%

di sks. Eacheggipove 56 is forned between the sloped sidewalls 60 of adjacent
wedges 5 8. The sidewalls 60 join at a top ridge 62. The di stance between
adj scent ridges 62 is 0.25 inches. As illustrated in Figs. 24, 27 and 28,
a denerge tool is positioned above the |oad station 42. The denerge t ool
has a main body 66DRTALEDAEICRIBAIANOMEHE PREFERRED EMBINMEND o

correspond with the radius of the disks, The djisk contacting surface 68
2 so T hol udes a Heersgade RiTRRS6R dhespmbactimpnts and/gx ?fe@sweg hegein @ i fhe

' | i : S 72. Tl d e. d | i ned
manor 1o aerih Sl THERe Os RS R s TR DRE Gl iR AL
pair of CONhALIhilREACITI SKenf Mlehiltn %ﬂ%&%e%ﬁ%@ﬁ@ ZaEQﬁﬂteBg&S) rt%éé{)%rglélgél‘:'e

As can be appreciated, there are twce as many ri as ri

t he dener gesite@isk? StiABoldaeespprecidtddl that BRIPMRA RVEHtbnMdas keaitdd tWith digkdof
lifter 36 places a rib 58 between pairs of disks. In operation, and as
shown i n Fidiffere2i3siZ8, Borlaxhinplepthe7damettt of thealiskai mayobel ymplbertar darg&? andhithee
the denerge tool 40 remains stationary. As the contact nerged disks are

br ought i ntthickwess magragcas well-hIttsheul g appregfatedibatdherpregent imyigntierocant bee
wedges 72 force.the disks to s arg& .. Since the active side (the R-side)
of 2Bach i sSR! AryaRyingeRymbes plairs aﬁkﬂﬁvannetmg t?)apfl{ralthe RAISs |ittle
chance of damaging the active surface of the disk during the denerge
process. Chas disks. Next, as shown in Fig. 24, the robot 30 noves to
insert the mandrel 34 through the center aperture on all disks while they
are mai ntai ned between the denmerge tool 40 and the load |ifter 36. Due to
t he separation between the disks created by the denerge tool 40, a gap now
exi sts between every disk. The mandrel 34 is then raised slightly to
contact the upper 1 o internal edge of the aperture of each disk. The
mandrel 34 nmay be circular or sem -circular in cross-section and have at

| east one row of ribs 78. The mandrel may alternatively be Vshaped, have
two rows of ribs or may be three-pronged and have three rows of ribs. In
one enbodinent, the ribs 78 are 0.125 inches apart, spaced evenly. One rib
78 is positioned between each disk and each disk is positioned in a
separate di sk receiving groove 80. As 15 seen in Fig. 31, once the disks
are supported by the mandrel 34, the load lifter 36 lowers the lift rod 76
and body portion 52 and | eaves the disks suspended fromthe mandrel. The
robot 30 then noves all disk pairs to 2 position above the transfer station
44 where it lowers the disks into a transfer cassette 82 (Fig. 32). The
transfer cassette is configured to support the disks in an evenly spaced
distribution. The robot 30 retracts fromthe center aperture of the 20

di sks, leaving the disks supported in the transfer cassette 82 as seen in
Fig. 32. As previously described, a transfer lifter 84 is positioned
beneath the transfer cassette. The |ift rods raise the load lifters and
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The robot 30 positions the mandrel 34 in the center aperture of the

el evated disks to engage these disks with the mandrel 34. (See Figs. 33,
36.) Once the disks are | oaded on the 34 mandrel 34, the transfer lifter
84 lowers to a position beneath the transfer cassette 82. The robot 30
noves to station 46 where a di sk cassette 90 is positioned. The disks
supported on the nmandrel 34 are |loaded in this cassette 90 (Fig. 37). The
robot 30 then returns to the transfer station 44 and engages the renaining,
opposi tely oriedted Meiging ging Dipls r obot 5 30 noves these disks to

station 48 and | pads, .t hese dISkS—In ette 92 positioned at that

ocat ton (Fro. Soncthafgeats S wals My RBRD G fends ﬂﬁéraaaooat 136 g igks:
separ ated af t e i e
casactt o orgi SRR cldehlng SRR R AR Gae Be ol Lt Abob i Tnt T Bl
singl e- si degrifeik %d%er 8MiR BASREMEE by mt@c&tétlastnﬁe' ‘Iﬁsks5m§*][¥9|ehéd gl al thetrhe
disks in the cassetie are simlarly oriented . e disKs in
cagsette 1 outdigetimeteeicdgdRwhicsl @hdyasre @sitibreds ﬁﬂ‘éhsﬁlilttfe@@)’t icaftiersDlg fwhich thef axTehe
orientation when a full cassette arrives at the denerge station containing
pai rs of firemeveddfrehrngssettes fve pratesk, stddvesvigr a lidit tobher eimillan netlemiste mbiche or
separation operation, the disks have been placed in tw cassettes 90, 92
with the Resgages 8t qiespprigieisk eige aflibe disknshroughsan ereningdn e baitemsefecassette

directi on. These re easily . be |l oaded in _disk drives, wthout
mi sorient ] ﬁgdtVﬁréwg':l%liﬁr the digk t9ra eeltl%abﬂge e GEotetter LTS RTIERRD inyheaSsRliedl ol

Fewer ¢ nan AP ey, E0n@a i T8 Bnck At WATERY s PO ML B
enmpodi ment efestd eth@'dﬁs% @lﬁjehg‘f?t}fée(ﬁieﬁ Nop f %O&fséeab” 98)skOard o g&g%doﬂ Ethé:hah{mdéf

disks at a tine, rather than an entire cassette. Wth reférence to Fig.

and W th relifegér b9 semBidgeingr dififarl e@dhdnidnt.er TH2 ilistrhGord aalcﬁskofhaﬁdmtgact
merge di sks froma cassette until the upper perineter 20 edge of the disks
engage t he miehanges teoshowhhm Figadll afid é2. hA&s sboven, nglisk diaadlivg] mechagisoo® 106
to hold the disk pair in a contact nerge orientation. The denerge tool has
two channelvéhedier Hrogdheside wall ofepasseiteedi Mopdral, geal & tq@oyplqaﬂer camgitjecs\ai groove

G ok pai . IREbHEEhS PG t?ﬁ‘vp%feraéfgﬁeﬁ'@érk% |14t dfesbimel palCrmpte o
d bef 100, h K

el or 25 Apave i EUTHDOP ity of BB ndy gt L5 RRSH o] O b GhePopiider

wedge 116. ge?o\‘"eiﬂé]&e bfitefel ted%eg f é‘dﬁéilesﬁ%e%gﬁ e afkct xﬁslss&%’{@teh”m':' g.

49, to support the d| kK palr om1the | oa ter to return to its
posi tion ber@aidnthiahe daBEb tBe suFhRin@iny $ibs at testBaci Nng creat ed between the

di sks by the wedge 116 is dictated by the orientation of the cassette where
the 35 di sks Widdifilzéiodepodisk ddndliigempenadisals it Ofkeded in tohden tooheadlehanddirs k
pair to a receiving cassette. For nerging purposes, the nmandrel 100 will
engage two tegafnette peiry jof kdisksnfor hemyhansoes prasessmg. AfagSn 13t aed ddadlvatgpteftwone
two grooves and .center we E |1, determ ne the sp 5 of the two disks
orf% he randReshaniagl vays iy VaIC églh?a%fﬂ? of franspart ﬁé%aﬁrqéia Sﬁ%é‘? a&mnﬁfgerfﬁlep%%h sks

matoh t he o P RE el BT e e MonB T 1R B B BB

Wi th subst rigt ergl éihﬁle?tpr%mg rﬂ%eﬂ!nﬁ 3% c@ired Eiﬁcﬁﬁg%f\@é‘eh%é Ro RIsRE CTfe ldrker™ | |

be desired to position‘the two su strate di'sks”in a gap nerge orienta Ton.
Therefore, dieg (fmlﬁdﬁ@i outéilié edTRpAR of kS, Whaifthikdesirdtl Paéing BBwebn BEHA@AL pairs
orientation an hen deposit themin a cassette having the sane gap nerge
ori ent at i orof ddks wbrekéhnppitv The tito aldo slkneagroavdsi arehairetsr B fos engagieedthenthese a
transfer cassette. B. Sinultaneous Handling, and Transfer Tools for Two

Si #¥gl e- Si deptsiderperibiets sdmftthedlslagpél@tmsafie perimeter gdgeorfsheidisk ‘Bhogreewis mapyi s
handl i ng disks in indjvidual_ pairs 15 or in_multi a|rs A vari ety of
tools for é’@chH‘tﬂeFls*‘ﬁrsh%W‘t M Sigad & YLRRY PBYRYe Nerleprrf) (qrp) eh%peéh%thorf‘ene Fig
transfer tq or lift saddle 120 is provided for transferring a pair of
disks in a 3ép nmerge orientation either fromor to a cassette or container
122. As shown in Fig. 51, the lift saddl e noves vertically through the
bottom and top openi ngs of the cassette between a first position beneath
the cassette to a second position gene&ally at or near the top of the 20
cassette. In its novenent between | ower to upper positions, the lift saddle
engages and lifts two disks froma cassette and transfers themto a
position where the pair of disks are engaged by ot her autonmated processing
equi pnent. The ot her processing equi pment may include a second transfer

tool which noves the pair of disks to another |ocation for processing.
Alternatlvely, the di sks may be processed on the I|ft saddle at |ts ~upper
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36 processes that increase the tenperature of the disks, such as
sputtering, the curve should be slightly larger than the radius of the disk
to accommodat e thernal expansion of the disks. As best seen in Fig. 54, the
di sk engagi ng portion has a generally Wshaped cross-section conprising two
adj acent parallel grooves 128. More specifically, a center ridge or rib |30
is 5 provided to maintain the prescribed spaci ng between the pair of disks.
Thus, two channels are provi ded, each designed for separately engagi ng and
hol di ng one di sk%nparatusetgphandlin@ on trigagportimggrairs of eontactimerge Theorsentrio gpathcteach
channel, forned by the outer _side wall 132 and_ i nner side wall 134, )

t er mi nat es f%&fgeaﬁls%b@:rﬁ shaygn 1 Eiggnbivend Ho- FBgrausesthe Lsside syréaces,off e diskprare igy
the inside and outside walls of each.chann is designed to provide a width
o the: chafRBRet s sTsfirepaiel it Sogvale i HoRat herbfu Bipd Abtbfeef i s

t he di sks, ot o] r
peri neter é g8@§%+1?ﬁgﬁgfgﬁgsk?%g%tgﬁgﬁﬂggay)?Fﬁgﬁg&ﬁfg&gegfggghg"e?@%d,
the angle Q@sp%&@e%%e%ﬁﬁeﬁﬁ%a?@&ﬂf Rindddedsahewh Yn FB! €4, or V-6hAbeld Bshown
additional stability in holding the disk during transport operations. In a
second enbanFigené. of the [ift saddle, shown in cross-section in Fig. 57,
the channels 128 nay be formed with a flat bottom 15 surface 138. The width
WB of the flat [or sinmttaprously madressingatwehdisks #e tihe,dk iselsp udfcesshry tdibskeblentionus

the chanferred portions of the disk perineter edge, if any. A cutout_ or

hol | ow por tch#figethporientgionaf figksi An gensral jtermsopne methad phmsedine a pair of diskeis| j f t
saddl e to agconmpgdat e, .1,h i | end of.a |[ift 142. The. |lift. rod ves
The sadd e JEVE M byl Borade 1o ek PEe Fidnkl A pd R 565 rdf disksnbsing Bloyet
apgrtures i I . i i f e
ac@bnnndatéﬁﬁggkgﬁg&ggﬁgﬁga%@kh?EEr&?g@% %ﬁgg%nﬁéVﬁ?ggh$ﬁh§%%%§§’P%erFFft
saddl e to tdide perinfed? edBS oPBRlindilld PSihdbredigh,Nenlghgs thétslattB® s&eiced 18 BPIHel ON
140 allows the I'ift rod fo fit flush withinthe nain body portion to

m ni m ze t Nergwirids Andflidd e thefgossian dhewn ThiFR. N8B Tlis hivegel prbtess dedtmed thebe
utilized with conventional doubl e-sided di sk processi ng equi pnment and to
nove a pai rspafingbatgten- tiodbisksdiThisprogeshican bepmed o areitenigap ngrg@Srigetsiigmentoand
built to accommobdate a_singl e doubl e-sided disk. For exanple, the width W~
of the saddpdwcp|thespacebetlyeshdiskyalresdy jnsa gap grgerprisattiony Sipikslye ps showoeint er
di stance of_.th wo .channel s i s 0,085 inches .and the angle forned
betwaen t ndigt d8Mvid BB 3opa el spateds Gsaoiss Dieraraiaiy® S arb e ot on by
Thi s geonet, - t i i t.h [ G f.0.
Th 2 9o kb RAREIIRSR R MR S9ed e e or P RSRRRB AR,
because t he gdySthel SHPRIAINY Biel FoVE] ENITHETRAB bAWR&GT U dRks IshEorigeRNi NY
of the sputtering process and may approach 300 degrees Cel sius during the
sputtering epfmgtstandAhe pdit of didkeifdiad contapandapeisientdtioa. di sk wi | | expand,
perhaps by as nuch as seven percent. This 5 thermal expansion should be
account ed for. [n tshsinluateeus processingt dfdwohsangle-bided! diskh Shaye sreofimehwhehi e
engagi ng portions of the |ift saddl e can change de endin&ﬁggon t he size of
t W di sks idiskopajisgmust plspdbs deraerged: nExpmples of He @%ﬁ@l% Mmgeing paith of

si ngl e bl ock .of high-tenperature- i S i al.,.to.not . Vi
greater pr §k§iaEFnSh§WB ‘%gﬁgﬁr @&aﬁ%{ﬁﬁﬂﬁs 2@‘?@5@5@1[4”5%&?”%%%%Hg%s&%6 of
the 1 o saddl e, : . LEL. d I.n,:hi rature
envi ronment sSSP L P S Rs defeiekd byl fool BaiREL Bhie SladBob EFRER

di sks, the ik $nidlabts Skibl B 8dstind SHRRWEIUTRSAibIRAD &Bkte lCRFIr 3pALedGTEHES
Cel sius. One exanple of a high tenperature environnent is the sputtering
process WhedebvdqRaithediels. dssss Lwidd subfeces @fftheatisks engaga tiedfRflchihg ribliRjteuth 6l t o
nunerous sputtering steps and ultimately returned to a cassette. Machi ning
of 2% he di skhd Biskoslidecionguhé autesle fanect) efshe nbivdé! tey avutcasitdecdblllysvitl@® thel 34

of the two channels 128, allows the |ift saddle to handle both hot or cold
di sks. Accepeensi er goess withpdlergenspags befyeeththern cEe hape efvile ribg9e festh digtate

changes inc¢lude 304 gnd..316 stainless steel. (full hard). Alternativel
Gopend: ng. 5B HBAtL 5 iska cpB e ShRFFTo RrERTEIng haeiiob RO ameses s SFedfly
from pl asti [ enper ' - es
ol st s, ¢ 10T g BRSPS S R SRREHL T, OHEC Bt g oo norgER0RS
An exanple of this is sold under the trade nanes Utem or Vespel. For |ow
tenperature environnents, such as bel oW 40 degrees Celsius, the lift saddle
may still be nol ded from PEEK. PEEK provides good rigidity and is not
abrasive. However, PEEK is a relatively expensive, high performnce

pl astic. Other acceptable high performance plastics for |ow tenperature
envi ronnment s i nclude pol ybutyl ene 25 terephthal ate (PBT) or polyethyl ene
terephthal ate (PET). PET offers the best injection nolding characteristics
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A second enbodi nent of a transfer tool or lift nmenber 150 is shown in Figs.
58-60. Unlike the transfer tool of the first enbodinent, the lift nenber
shown here contacts each disk in three discrete |ocations rather than over
an extended perineter edge. Thus, the anmount of physical contact between
the lift nmenber 150 and the disks is substantially 5 reduced conpared to
the lift saddle 120. As a result, the |ift nmenber 150 is nore suitable for
sputtering or other processes which add material to the surface of each

di sk. Such aﬁﬁ@@&%}é@ﬁ@&t@ﬁ?@@@é@rlr#sa weslge 2t &t additiong itrie preared dhas tha diskso
the R-side.of the di.sks second |ift rrenber i ncl. d 152 an
three si nglP8Ypitetanterigd %ﬁ@ﬁﬁrpﬁﬁmﬁ%ﬁéﬁ’u ColP %Fﬁaéisg‘&g&% fhr qﬁ’ eé$eef‘?° d
enbodi ment g Hﬁgg Hrte%ggér ttgol%%ﬁrg%om V}Lanr r;t{ dfﬁ(g c}e%te% é&%%?wjeelfl therBEf a1r lll“:ho and

are not capa nent in one i've enbodi °t he
bl ades are g ?lﬁéﬁhﬁ@bﬁhe@t&i’sc Riech ha bBidldl,fo TRIRRE t}IEéYdé?ﬁ‘ér éFfo%&% alaéefoﬂﬁ a
other means to al |l ow positioned adjustnment of the bl ade % ative to the
body. The hinifdan gRybétwedrtie disks. ePhediskstdyetdsolefiraniRled I652 cdssdttelcbhSguped @OSE.
The center aperture 160 may be enlarged to permt fine adjustnent of the

bl ade' s pogiosition theTisks imthsdegredorientatibore t hree bl ades 15 to be properly
aligned relative to each other to optimally secure the disks. The outer
apertures |58, {82 srayprlscofsubare diskiraerging t@f%ntﬂugseﬂrﬁé%ﬂlé?d iscthe begiating Rbhes i n

2 commodat S AR To FE ARG plafe oy cRiie e BRI Gatpenth gturng.
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Fi g, aES”EPhDa‘?%#’% ROEERANE i LR Rnal Mo, DS sy Ref I

W ghaped f ofpeefigteSbl the sﬁl@it@té‘&s@qﬂcm 1'?1teﬁ'v5‘1‘1tn90thk§?deg%?'tﬁ@glb9@zge 'a‘tns#%? the
orientation of the pair of disks. As shown in Fig. 60, the edge o he

bl ade i s deangnedowével foeahdlkOpurddiBs, the QelbivePeridhitdtionr siht REbsdfatecdichs @i sk
al ong the perineter or outer edge of the disk. As shoul d be appr eci at ed,
the profi| empbrtirdte Poiferdelycthn sulstrytefdisks dird dreangexd inpaicqsestesn psins fin agap merge

mai ntai ning 25 different spacing between the di sks or accommodati ng

di fferent tomeaRAess Toerefrekis is peogesaryt ieecoprbing two egnveriions] easeetics 96 swapjratse

d d h d di sk b h
cqui pront . S 109 A nge cpisci el Shsreds @%%%3%@2% RSP i B8 TS oo
tr fasnsf err quJnE O&S‘n@e@@%&le&ohgle side pltrc'hcfegsm cn?%attes e su stra% h(ﬁ 5lf§pr1 essé!%lcgﬁ B%nt

transfer equr bac I'S”C

to the casSgifegapdd) witis AbGRAM (ﬁéﬁsrln bhladoM Dhe cefngfn%& ab} ﬁnélg"i}&sséttee isPRCi Ng

of the disks be consr stent to facilitate transfer anong the°various$ preces
of equi pnenhergforientatsdl the 30 skstaRYdibies Wikl eirdmRdd Viht 790 Bhirg hlan@ @Herge
spacing or orientation of the disks. 5 In one enbodinment primarily intended
for sputt erdriegtatiohwithagpreximatedj 025 itm0.8B § inchss, bateednehewisks afgeciopainatddne 100
and 110 degrees. A w de anIgI e such as this intentionally avoids contact

bet ween t hebaislexery Ocdgches along therlensthief the passasteof t he di sks so that the

sputtering process.is n eded on the R-side, of each disk .
retderence to Fi Sﬁ’ %’Qﬁ’“ﬁ(ﬁ% %lg}gleqppgptéla&ayﬁsg b§r"ée‘m°sr58r§88ul%§frat§ﬁh§ggf disks at
relative tohe.verti lin th 10 whj |nedb
he center WAcuehah B, HIECmsfline. Brg bR s o ke RS Y
menber and ;hhigfigs e%dff@‘é@mfeﬁf%ﬂah'dQﬁblE%{Hla&"té}&tH{r% dn| g%aﬁﬁlﬂgfandfﬁfeﬁ%éi’éed

such as 304 or 31 arn ess steel (full hard), I1n-order tha

W t hstand hnrgtpatreﬂfpeeg {ridr e:ﬁeﬂtertmﬁrpﬁam tt&@amg@ptkteﬁg W th disks havr ng a
t hi ckness of about 0%50 |gerlche the blade is pref era%ly 0. 250 inches w de
and 0. 015 i nchesArt hppkatus] br Avdrltatatxdndhbednuhaneowlfy eonttiifiing @ cedpaating disksnis i n
Figs. 63-66. The gap is not uniform between the disks D, as is the case
wi#h the f rltleatramddn &g @hd Télmapnﬁrmm@msraanfraethreetam rgbetcﬁorrgltlga ertigal|aym 32
decreases frogmthe, one er| me of th 0Si met er dge when
the two di skéh B dsk & ‘ir 2l 9Be e nbttﬁre Igeéisglueecq 8uish per

bre. Spaced Apppotai A pilss ?@pﬁ%%%odf“’taﬁ A fath“’“gﬁ o ShrrBF el T FhmBer
62. Wile ide QUL Ny FOR gﬁé g&ﬁ‘% | ar‘re?gk%’aﬁgt ?jl/ t@xﬁ?‘g B 3tca ite ke diked

wi th di sks of other sizes, n ness,

illustrative purposes, t he pr esent dee&rrptron addresses di sks or substrate
di sks of one size, namely, 95-mllinmeter dianeter disks having a 25
mllimeter dianmeter center aperture 10 and a thickness of 0.05 inches. A
gap nerge pair of disks of this size which are parallel 25 (Fig. 61 ) wll
preferably have a spacing or gap WL of approximately 0.025 inches. |If the
pair of disks are angled relative to each other, such as when the top edge
of the drsks are. |n contact (Frg 62) the preferred spacrng or gap YB at
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each disk in contact (Fig. 62) provides additional stability because it
provi des an additional point of contact for each disk. Mreover, one theory
of sinmultaneous single-sided di sk nmanufacture suggests that, if one disk of
a pair falls froma handling mechanism it is preferred that both disks of
the pair fall. Oienting the disks at an angle induces instability in to a
second di sk should the first disk dislodge and fall. Wth reference to
Figs. 63-66, a disk handling or transport device maintains disk pairs in a
gap nerge &PRaient TbH mandickmay de girgwar By @ossrigrtian, 8p shan in maguelithe figyres

ther, alloqw i nsi de ed f the disks t tact.. The lift
body 182 cOMHEr T UM S0 RIsEebe SGE U et BB gRopRdh FTERY. Pt
th | ' j t
15 body S0 B ARSFd AU o e B RRad s B RRRE' ERLBOIET,

the outer t¥Bedively. PIRABPardB¢ alsd 8R1uBRHRWAAI ITeFBE, a Bhsfep RYEr 4, didefrRfoRMRb01
shape than the central disk blade 186, shown in Fig. 65. These bl ades are

desi gned t @On@idifoa disk huddiig @ationt 4,406 arsd48: | S1gtiIIVIB a ifikedFirgnsfd@ 3tatidhius, as
can be appreciated, the shape of the disk contacting edge 20 nust be
different for tHAbemergerprodeasibegindy, pldcd® ozpasseties afenual abmberafsulidBteybgause
the disks are spaced differently at those two locations. It should al so be
appr eci at e®" disks atipRt StaHPRS 49ANdAS apsbowmm HaAD. df he shwpites 99 Lkoudae ¥ginng
edge, like shown i.n Fig. 64, for .the outer hl.ades, 6 184 and 188 yth .
efor ence cEPRRAE difks it s Tt maRenioRioey i oty Sl d8a apen if
contacting - e LY d. e . fr he
cont act 9 15 B8R Sy Sl oL R oReRLL AR ARk SO GRRoRLgMIEDS
fofpm two adhaefdtons 9tz ifbal. LASuch MUsE NtabirBeOYd Ghd POT 4r88iAEd S0FEHaOhet NE
two disks rest. The distance GCC2 represents the distance between the

cent er | i ne opitntatién 6ivhe Bi-SdsSof(thd@iskaip eacéRsette Tace@ppediteli (FttRdisks ifdte)othdrt 1S
al so a neasure 41 of the di stance between the centerline of the two slots
196, 198 atcasshits Por mtamply,tthe @Bssefids| drerdeaded dp dmattthe odérgktonhef/thaR-aide (D%
inch thickness and tilted at 0.6 degrees, the distance GCCZ will be 0.110

i nches. Thacdyestidm Of theedisksria gappieh?Q atsitationtd§ facestoyardgthe digntinggedGpard theon,
Y2 in Fig. 62, will be 0,060 inches. The differenge.is one-half the

Uhi cknoss” droinths actie S RE G F Rt Phtoudio Mrtacsie VRS et He 40.
reference .Fl g, . iLren f e center.. bl ade : i hgwn, The
di ¥k cont a?ﬁlsn%&gggghilggfﬁgrg@ gg ﬂgg!?ngqeg Cg}élﬁfng(r&’ ?aggtdﬁs%gr. W%ﬁl%svetst %%if %’Ssl%ersves
to separat g *aemtevgarfé%e%mcing RRYdrd Bl B i-ﬁ&@(#éﬁﬁaétivle br héhfGREBnARRte) g
center tooth 192 on the outér blades serve the sane purpose. The outer
teeth 190, idWddBroftipadut er bl ades restrain the disks and prevent 1 o the
disks fromtilting nore than intended. The shoul ders 202, 204 al so provide
sone support foWithefaemkdo Fighdlcthatraot B) arheeéds tpotsiion &3 aunsers therrpartdod! 3 m

peri neter edge of the two di sks where the separation is the |largest. As
shown in Fiilfo tho centereapgrtyteapidhe diskpet sibstrate disks,-coptges abrdigkpdn thiocagsetiR 92at

ol er 11 neandreries g Fome G theribebIBatenoRR e diorEE upse
nches.  As shonpsd i 351 80 1 BRUEELorEPS BiP Guify S8l feSfgagsa e

di sk pair. € nan imes also reterre er arm

button, seresus U aPUERASE @fg. UBPRRAGHIAT RN HodsfiRMBold e hraheireA 0

a second | ocation, explained1n nore de bel ow. The mandrel conprises an
arm 208 Wi t43 (Fipo44) @onasfe? lifter 41id paditiérvd bdhaittedhe @Atk fEasseng 8y htatioh@4upper

i nside di aneter edges of the disks forned by the aperture 180 at the center
of the disks. AAtwmséar lifeofhiRiilefa phwality af hi redsBorwith mdivadual Hisk dadslkes 88nd
an outer tooth 216 prevents the outer disk fromdislodging fromthe arm
20%. The ordispasegtdtdhe tp ofiragtelifreddes The aumbes oflift yodsernd dordilificss isgayelation

t he gap orien%gtion shown

i1 00" d SIEe AL 57 MOty R Sesin QL GRESH T IRGDNCR % PBnce

Ve b Be . . . . - : o
di stance. cit odE B8 s PR Rl HdhPaf i Il el BRQE o e,
the apexes 10§4 fifa&s EXRndfPLYEtiord BbVe Wépﬂeﬁ%hﬁ? joaﬁjscg disRs’ atd@Rioh4 Adlengapef er

systemin wnich a noveabl e"transport arm 218 Wwth a nmandrel or transter arm
button 206 is disposed at its distal ed. The transfer systemtypically
perforns at | east two tasks. In one scenario, it renoves a pair of disks
froma cassette at a 42 first location and transfers the disk pair to a
second | ocation where the disk pair is transferred to a |ift body 182
(shown in phanton). In a second scenario, a first lift nmenber renoves the
disk pair froma cassette and the transfer system noves the disk pair from
the first Iift body to a second |ift body at a second |ocation (shown in

T NN S o o o " o




1 o froma disk cassette and transferred to a lift body 182 which
sequentially noves between each of the 184 stations. \Wen the processing is
conplete, the pairs of disks are transferred fromthe lift body back to a
cassette. The gap nmerge orientation shown in Fig. 62, with a portion of the
top perineter edge of each disk in contact, is acconplished by the aid of a
tilted nmounting nmechanism whether 15 it be the mandrel which engages the
di sks of the center aperture or the blades of the lift menber which engages

the disks dbe fiske@ispeidad from brgnamdee! PauEies ptr3te e didkgeroransfraredifiges thethe
2 ONE e ormngra o BF oI o 858 S o8 nGgrR 4P rhe RiBrings Halins "

is the gapdi CR: r eob-s5i ge. of icSk 4 rge
a1 "Cacar v PRI RS BRULPSILe s 8 SRR 430 K LanfediR, T
such as machhigiibRd RhABEES), LoGrihete W substfateddisid #8HosTorled ok Sverf:25WhaHee X1
is the distance fromthe outside edge to the inside edge of the disk, and

25 swher e a thé tfansfagbasdiet paaionk heot dikksdbrS kisbsirdte tdisks pavery 0Q81igcHRe. 20rande
These di nensions are shown in Figs. 62-66. In the case of 95 mllineter

di anet er dicskssttevidZhnew destiamedwice el munted ofaqubsiiaie diske of disksOpBRionedidhas
and a disk thickness of 0.050 inches, 8 is approximately 0.6 degrees and 2A
i s approxi rrehengional soglesided diskrgasseffcder gap created at the bottom peri meter

d f th i sk i d 5 ad wh h i.Sk .
Chanerer red bor dMEnaOR AL et ARG B PREIRER <t Y B
the bott . Lhi . i i . 19 f
bl ade. ana BEned ML LBEREFN alPds@iRathahel MARmILOA Bk drl 48 e,

spfoead ori §gbctI0aRov¥eR GlINrAKEdidkd RVRatRn B SidolREs @6 Uik it farcaégs,&@gé gﬁgween
the lift nmenber 182 and the mandrel 206. 1 o Wien two disks are placed on

the three hi7gdes of the |ift menber 182 by the nmandrel 206, the center or

| ower | evel blade 186, disposed along the vertical centerline of the disks,
shoul d have a wilhercogaguratemt &ithe mergerdassetteliS tval defludnaa otidrgationt e rthd iakkem
184, 188. The best positioning stability is achieved by adopting bl ade
desi gns wi tqassgﬁ?)SQeEh%mtg@-Cé@mtfemaﬂbg@qﬁkgésedttﬁaﬁslmrethsﬁ@p@pﬁdﬁk&p@dﬁbﬂ hhe
vertical distgnces fromthe top perineter edge.of the 15 disks to the

| ocat i on of DAL i PHERCRA Mg SSRECHEE CRGHRHRR 9ok RISt HSFHe, wentalian. 16,

V1 : . - . ¢ . . .
ST T2 e Fkit bl S0S0 T R 5 S
out si de bl age,nkBtheOhakB8 4 SiakeOa %ﬁﬁﬁl@q}aing'ﬁr BRI R sk dabiendits lfhéﬁﬂ‘fegé;egﬁ

dianeter Y1 is the predeterm ned gap between the two disks Y2 is the
gap at the cassesté.ddf phiderdeBdrientftidn Ak SesicedNbambdete haGing iskle ¥3all sibt Reckdasls gap

at the center blade 186 disk contacting points 25 and then GCC (gap
cent er - t o- cbowe iir) Figs.slt7an d @B 1s heetled. whsthe disks sretlhwemi siko the aaksets, Fig. A 7W, ther
gap center-to-center design for the center blade 186 facilitates keepin
the two di $kis Vallcehthgcibsaforeentie tdigks imofgagrmeree wricetatianadiig. (1FBy. Sewlarlys ifor e
stable during transport . . . : : .
20 cotitact merge orientation is desired, the cassette will have side walls configured as shown in
Figs. 18A, 18B.

The same apparatus and process can be used for demerging pairs of single-sided
disks. The end of the manufacturing process is one example of when separation of disk pairs
is needed. Fully processed disks arrive at the demerge work station in cassettes 50. The

25 disks will be arranged in pairs in the cassette with the R-side of each disk facing outwardly
of the pair (see Figs. 8, 9). Thus, the position of each disk is reversed compared to the disk
next to it. The objective is to separate the disk pairs and place them in cassettes such that

their orientation in each cassette is the same. Repositioning the disks will facilitate
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44 conpared to parallel gap nerge (Fig. 61 ) transport where there are
only three contacts between the disks and the bl ades. The exanpl es and
illustrations given herein are for one enbodi mrent where the predeterm ned
space between the gap nerge disks is 0.025 inches, the disks are .050
inches 5 thick, have a 95 mllineter outside diameter (OD) and a 25
mllimeter inside dianeter {ID). The concept of noving two gap nerge di sks
simul taneously with the two disks touching at the top is extendable to

ot her gap rfgbsgauent awiepated handlsigysush agramraving the diskoliemn agagssti¢ andjplacing themo

.10 inches), a ther disk form.factors. Fqr exanpl e, ing the sane size
di sks, t he)lf‘icﬁg( a’ﬂ‘&fse gecfaB?e ﬁﬁgalﬁlﬁs@e Sele-Hded dt gIrJ ?ﬁtﬁl’“ﬁg‘ab%&“n‘érﬂﬁ’éat’é’ﬁ e Y,

out or bl adodongs, PaB0A ek oke SARLBIR TN, h 4 (PP R. PO seSu D by

appr oxi mat el ¥ tiohdQirivaches and a lower or center blade 186 gap
center-tocenter distance GCC3 of approxinmately .20 inches. An alternative
of #his third ermhoedé sibddimentsthe\vhssktfe &fi fiifished 8mgfe-sidedalidks fill BRIVe GfontRBIRIg Ses
a main body 222 with three di sk engagi ng bl ades 224, 226, 228. The outer
bl ades 15 22ih tl22ABirs of kiiskm in A cbhiget 1B ge odntatidn. t Ae shawrein Pigr R2ret easseddg® of
the disk pair at an angle of 55 degrees fromthe vertical center |ine of

t he di sks. cPhiindespairs af gontactaBeep disknisiogitigred/atdhe load statien ¢heAtlped bfteridd
apart. Quter teeth 232, 234 restrain e disk fromfalling off the bl ade.
The outer. B ddgae 21&,36"29%‘1 b Shoreiit o b opd fi8ep et BPAHE oy Amee 198
shown in Figs. The bl ade..226 1.s diffecent from center

bl ade 186 1 HETHACHRF S e B S Ph AL RHRARIAGH bR gAeE S Edge. provi des two

grppves 236, 238yarRateb&do gYﬁsS"IZLP-?@ tth@loadEdge A0 %&Zl%?% ?Bﬂﬁ%n tSE ?igli sks

at the determ ned spaci ng. er edges or teeth 242, aint i sks
wi t hin the gdisloy@sactingsurfdcat4 bThé Qidk patidtiap s@dRe 52 48c¥edad ehrreHORY RitR khe
channel is dinmensioned to allow engagenent with the outer edge of the disk
and, t her efradias iof thehdislsafheadislocomsdatig tsinfaces defurthérainclibes 4 bdrick 0€ goooés er

di sk. As nentioned previously in connection with 25 the enbodi nent of Figs.
63- 66, the chagebS6 farmad &y veedgesher nibseidh 28 theadisks Tatidens &1 the casseti¢ PQaterniy a he
di sks within each groove and at t, desiﬁed tilt or angle. Three apertures
250, 252, XsAtagh @e%emea@&%t § SEifitheok ¢ash 1FroRYE S0 EPIECRRONR !9, awaw&ﬁ-@y the

permt adjusting of. the.position of each bl ade relatiye to the.min hody.
TR et st Atk U0 GBRY FeiaBhve 36.ds ToRed by B iR, Mest aclalg otsY
relative t Ik g I i . er
i1 ows 1 epl SSEdBESSE T ARRAL 6B76In SFE W Hdkeitd: Fob Qi bmepd adidteh
angl es. Al tiupegh2 Rat25siaemd, i n Figs. 63-66, the blades 184, 186, 188 would
have simlar features to all ow replacenent and adjustabl e positioning.

Al ternatively, tAeilhkaated irbFigay24)€7pardn2)enddnyergd toat repositoned abdvef the oty

222 and not capable of change. The blades and lifter body of both

enmbodi ment sstatop 4Be Tha demerge ecd bpy dprindiody h mathi axdisk eantdseing syrface 68 curyeditoy
process within the qverall dis ufactuyring processes. For exanple, .if
us# in a rﬁogﬁSHOélﬁﬁ@Mﬁraéu@mf Mﬁ%nﬁ he disk [onBfacting, sitage; %affsotlﬂéydeééw%s
made with an. etchin rocess.from 304 or 6_stainless steel,(full hard).
A tor nat 1 velhoqs O pRRRSE T sofnl i ol ol e G BT BEnEASS a2t e PRy
182 and not - ING: AT, It hdhoe SAsks
162 and, N0ty £R3AE 5 aHARREmEd RS EB e AISMELLRRC NN G0 RS
manuf act ur i guefafds WFREEh pdir Y Edntdee nitegeldrdidls Qndl GhePdpace 74 Bethe® Baclli palSofi disks, gap
nmerge orientation. For exanple, as previously explained in connection with
mer gi ng t WoAs easled dgsecidteds tiiks¢ aattericei as ksanynibe 7@8nms ritle S8eiet aise thepdentesgentbol
disks in a gap nerge orientation. Also, in connection with the texturin
an# washi ngHpplaces 2gds72 petiveen everyidisk andathe leaddifter 36 pérces anb S8 beween rpalg%lpfg
merge orientation. In each of these scenarios a cassette can 20 facilitate
mer gi ng di Sliﬁairs into a gap nerge orientation, maintaining the desired

rer ge or ent 2t 1 O oPeREOT A HERe B ROy ol LT e b potich 2
300 The. cavhly (b mérke (T 0TRER) LEUHRAR, R, PRPukbRndUt A6 AOTRyBR AR

extending fromthe top edge 310 of theIFnd wal | toward the bottom edge 25
312. The side walls 314 conprise an upper portion 316, a | ower portion 318
and a base portion 320. The upper portion 316 is substantially vertical,
and the | ower portion 318 angles inwardly fromthe upper side wall portion
to the base portion 320. The | ower portion 318 may be straight, as shown in
Figs. 75 and 76, or it may be curved to generally match the profile of the
hard di sks (not shown).



46 A series of vertical indexing slots or openings 322 are di sposed al ong
the upper side wall portion 316 to allow indexing and novenent of the

cassette relative to the various process nmachinery that conprises the disk
manuf acturi ng process. (See Figs. 75, 79, 80.) For exanple, a cassette may
be positioned at a specific station and di sk pairs renoved and 5 processed
one pair at a tinme. As disks are returned, the cassette may be repositioned

using the indexing slots. Simlarly, the indexing slots can be used to
al i gn the cepntast wah dierwedgesébekthe deraerae ok A, theswedges 42 forpsthig disks fogseparate.

090t 0 enosiaes B acBir: GGk oigP) ChrachiSR IthITA PHEBFREr I & AT
th 25 i ndexi t | | t L f h
Si'de 1o walt 1R RS o7 Bt s ooRE8 sG] G MG IR aROferyPls Bloci
| ndexi ng mayh BereRES BHRid'egdlﬁﬁleYMr teggéé‘?&thﬁ@'cﬁ chrilitﬁ{%t& red %ﬁf?&;ﬁ%ﬁtm}h Bf the

24 Ide"wall s at the

addition, rows of slots are sposed along the s

junction ofditkze upper side wall and |lower side wall. These slots allow

|l i quids used in the various processes to drain and escape fromthe
cassette. For exsen) &, shownsoFig. 2dpthe 3eles 30suctes as irdart shezmasdrdlS34 taxdugh ithng
the entire cassette i s subnerged under water. The slots 324 allow the water
to enter aneknissehgrture ppalltdigks Gvsle dbayearp afaintaingdheetwesnsibe demerge tenl & and thehe

next work statigon. Turning to Figs. 74, 78, 79, 82 and 83, the inside
surface 326l° éilﬁﬁé%dawoghﬂsqp pn BEPEHINE dﬁ%,creetf@bbfhetd?@wgged%ol\/&&r P §2R314
conprise at_|east, qgne row of ooves 328 .f.qr. positioning..disks in._pairs and
o Bap. mer GG PR ERCATSSh e olbauditty s PR abisRTy 0 S e uae e lonee
channel s in; I | di | rom: i : or
perhaps by Bifh YaFortat pherithe oM TH ghirdf Syt Silcler 5 S ibliee
di sks, the midgssI3&ionl in@rads 8t IRE \WRE Fow BF FiBs 281d TREBlahdrePma R ditérhiveIe V334,
respectively. The larger ribs 332 are di sposed between and separaté di sk
pai rs. The shapgkihavd e 332 dfiaibe of g bealirbspidaged ardimde idhyred wovssafiribac @s o3 8
and 340 joined at an obtuse angle, as best seen in Fig. 83. The side walls
25 336 ner gembaglimentnthg nisdifearg4R125Anchasgipertssnared eveply33@n¢ sibdiSisapasitioned

bet ween consecutive | arge ribs 332. Like the |large nigi, the small ribs

al so have sPiwesfagach disksand gk diskys pogitiangia @cepaalg, diskrsceiying giroye 8Qn As

i bt ai n tHERBEERS  nCh Be AR btk mRihel 14 PR i g e
47 5P C! 10 B PR Rl AR IR 5, BN R RSHIRRD. BT RPN

0. 025 inches, an erably i I nc n addition, as s

Fig. 79, thsp iRhGfovel BR dBR%pa®X i€ B PoSitiOS 8hoviedhé hnPReRatiodt430keré RABWER thdre
smaller ribs 334. As illustrated in Figs. 82 and 83, the bottom surface 352
of each chadisied intcsa sarixééranssend BY (Figai2). Aht mangtr, casdetts iednfigived ap puppoitahed 5
that the channel may be V-shaped, with an apex at the bottomrather than a
fl at surf acéiskgpinanieyenly spaseduditribuéipn.t Rbe xoboh AP eadracts drome thejcgntevdfertoteeafithe o
accommodate the wwdth of a disk. |t is desirable to facjlitate a snooth

trahsfer of digkssleavingths disks suppogted insthe ansicrsassetto ot At BddEt32oni ng t he

di sks i i tati. ] | i.sh i i f
Vartous tapers | B et EBrER o Bt ars 38 Rabosiitst fed Y el
and 334. As L el thhPZi‘ft&r?ﬁse%i gglaég;ogc;u{téz aﬁcpfile17e§¥ aﬁfrﬁb%f%mm iAsh de taﬁ\gfeﬁs:le

326 of the Si wa r aper 1 nwa romthe open top unti

the poi nt WagkRietQinsah8 arhé BiedBtorS t.8! bveryl Binsr alsk OVihusli AKSF {he disks RRdttarall |y
| owered into the cassette prior to any interaction between the di sks and

the ribs 33&sentad withletktir Raside Hecinlg 3k sSheasamd divestiod drerddvatedi abooe ttie cassette,

cassette, two different tapers formed in 15 the ribs 332, 334 will also
faeblitate kavinpdbtiind abesithe disks witl theirgRsidedacieg by the wppesite diredtiva. f(SeeFig.
taper is best illustrated in Fig. 80, where the upper or |eading edge of

each rib 33%-4nd 334 is tapered to a point at 354 and 356, respectively.
Thus, the | eadi ng edge 4 of the |ar ibs. will initial segrega he
fi'SKS i nto pai r 5Ty ogas T peions e afted Bdpd henter phind of heldafitgds U
before the di Lot LW L. i 3 e L e, ot 20
gap bet V\eeng{ggithﬁ% @El{é‘]‘&& IHIY\%E? a\E}MHﬁ%P §ﬂ3</s§° E%??g\’/\gé}) %eett%a(%@%ﬁ en%h%@% tigggap
bet ween the disks will be further facigitated by the taper forned by the
upper side wall surfaces 338 and | ower "Side wall surfaces 340 of the |arge
ribs 332, best seen in Figs. 81 and 82. In one enbodi nent, shown in Fig.

83, the upper side wall surfaces forman angle A~ of approxi mtely 52
degrees which provides a wide opening to facilitate disk transition. As 25
shown in Fig. 83, the lower side walls 340 form an angle AZ of
approximately 20 degrees which also facilitates receiving the disks but

o S o o, e - o oy o o I T o



different pairs X2, or the thickness of a large rib 332, is 0.115 inches.
The gap center-tocenter distance X3, or the distance between the ridge of
two adjacent small ribs, is 0.25 inches. It should be appreciated that
based upon the thickness of the disks used, the edge-toedge separation (gap
separation) distance may vary between approximately .020 inches to 5 .075

i nches. Thus, the disks can be transitioned snoothly into the cassette 300
and mai nt ai ned by the cassette as pairs of gap nerge disks. The cassette

may al so i neprdie 3, thepransfer @gm 8‘9103\589 topropsiticnrhegeath thengansfed casetien®. The
cassette. Vi is de5| curably receive di.o, frequenc

i denti fi catﬁ°§?. 3?14@965 tp aat% casweégégg?setéona&dﬁ? diskpipeeited ¢ be
tracked b t u t. 4)..Eac

contain i %/stﬁgv\nn%a%ﬁrneﬁbéﬁeag?ll age& | (t:hg? | %ﬁet ur%gzg 3cﬂf FPdRPOte o%e %u%’fﬂ%ghe
cassettes. gihsfeRsQtioBIMNGHd e@agéttﬁ@re%alrgﬁ% %?p&s?t@lgl?)‘?leﬁfeégﬁﬁg(Ef%rﬁ%g@hé H)‘Bot

entire manufacturing process, even cust omer

coud d furt h3y moied ek dsks@a@tatibh U8 aNBNEUdY thdladiskO i & calsétvwd positdonsd af that
confirmation of the conpletion of each process step which could be witten
to the chi plobatioa (Figad%)m Theeprewissopdiiiof dombditimege tisks e epw skparstedtndvadéd
defects were | ater discovered, it would also permt tracking down the

| ocat i on of indwhe&epapaie @zﬁ&teﬁ)r\’a&e@s digksitn epplecassatte oripmted irMhe sanesdicectien.may be
i njection nolded_of suitable plastic,,K selected based upon the particul ar
use of the casseﬁeere{nﬁve e gl %ﬁﬁl@%ea% @rf 7k fm%eégﬁsettméo asﬁk&ﬁwm e
t echni que woul t|o nol di erformance.p such

ol ybutyr eraBiieEir B ks Btn Pasisfih SR SeRBTA0 P Tk o dite®
stggngth ang, g %élbklsﬁcfe Cfa&ﬂ@ﬁécshﬁ@ ik, fegyseﬁmﬁee&ﬁen&ﬁoﬁwen% | 2l Sads BT

has good injection no techni ques, but does not have as abrasion
char act eri sirti¢s atAhéd ﬁéxﬂ@agb \tiyn cmhﬁﬂﬁ'@t}ﬁh@%f @ihl‘sﬁé@ﬂﬁgl@@ﬂ%l{)dﬁl@y HoRvewsared: i f
the cassette will be used in a high tenperature environnent, such as
sputtering ivené of drpizhriger@epamionespetatidbOthel dipke kavelales Ipwéed Ixtavopdassetted
PEEK are sold under the trade 25 nanes Utem and Vespel. A second

enbodi ment ¥, 93 witlpthedk-gde @ésse;y tdfesk i Hleswaniercamietfs facdity ©6 saing ditetiogn eldhesor
use in the sputterlng process. IS shorter in _hejght than the enbodi nent
shown in Fi¢jgks cangipre easty b%loasi%*r lérd&éﬂ drivegyiheyt aﬁs%tl%ﬂg the digk ipihedE%Se t he

| ted disk t 4 | t t f the
gp Y?e(rai ngI f)roce erf“fh‘(lér es]%%dz’?’f“ét ﬁ’ﬁ;ﬂaﬁérngllédg ﬁ}%é g?rﬁ%‘ii& e?éregt@ﬁ d%W om
a single blge frnan AR feWEt i all E}%rﬁlé’ks% QQ% e&ﬁﬂfﬁg ugsvggds

the need to fast I'pi'e conponent pi eces toge ere yre ng the
oppor t uni t ys®foné @Hﬂaacﬂih{éﬁi bOihe RREMBLIVeUdsiRH UE Bshfignt<d th hﬁn&@ Whé Bhik BE dRKOHESS

by the cassette. 5 Joints and fastening apertures are sources of

cont am nant Sme,Gathecthhm am erstire asssettel rWah beférelicead Fili. 4R and With respactad demergingal so
be plated to inprove abrasion resistance. An appropriate plating materi al
is nickel. thoieeadiliferl62 hfive hair oSenmtasbmerge lghs fmimreatassptie unplthe pppeaperimeten| s

i nclude 304 or 316 stainless steel or alunlnugé whi ch can maintajn

ineegrity igRioGHD Q@ﬁlﬁiﬁ?@ﬁf‘r @ﬁedﬁmeFﬁﬁ’rFﬁ%lntEhea]ﬁ Méhh%ﬁ% 8inglg chngs! or grﬁo:;
may roach. ok BaBebe ORI M Sonad HEREE %%{nﬁf TEdeTieE R bt ol °
not typi cal {)rz%g&% {6 l?sﬁgarggngw&%veﬁgé fidJthe g ﬁ@%e%t% an i Ottg&%ﬁdﬂ%

wal | s 372, an open top an open

end wal | s hgyies & the $paNEEEr Q02 $85s-thé RK Ipafr lﬁa%hﬂa& with tHeQieﬂﬂ:E J ooACORGSa t O
the center aperture of the disks. The side walls are curved at 382 to
correspond $eparhbort hes avouvéad betweedf the diske iaxkandast d 00 kgl ienguigel ehesdiskis e eheIBrtenf
the side walls are configured with an alternating pattern of |arge ribs 386
an@ssmal | r amstu®8182 Tihe mandesl Heasf twoegraoysaild4 wpasit@bb)b@/wsd@el I6hdhnetedga®d]l As
best seen in Fig , the smal|l ribs 388 separate pairs of disks and the

large ribs @fsbetwa%%laﬁﬁparﬁ%d gisks. & shevahin Fig- 430 am@ tae d@h&’ﬁ“pﬁ‘&f‘ pllowy e
size of the ri a nensi.ons of the ps can pon .t

i 76 of ¢ neloit dRef dAhiE a8 Pasfion bR e “helh ol ARES RETIrE HFEkhess
of 0.05 inc

0. 025 1 ncnerraeet (F GRP SRTAL REReChiS dfvad By BRTRIGRAIEn GF L0, RALHGEE

i nches. The gap spaci ng between adj ace § pairs may al so range between 0.085
and 0.130 inches. The preferred spaC|ng is 0.115 inches. ldeally, each disk
pair will occupy a space no greater than 0.25 inches with a distance of
0.135 inches neasured fromR-side to R25 side for a gap nerge pair of

di sks. Referring to Figs. 85 and 87, a series of nmarks or holes 394,

precisely aligned, are machined along the top edge 396 of the side walls
372 of the |Ilustrated cassette to allom1p05|t|ve p05|t|on|ng of the

. . o, . o b o o o N




alignment mark 394 is positioned adjacent each pair of gap nerge disks. In
Fig. 87, the marks are positioned adjacent the gap between the two disks
conprising each pair of disks. Known optical and nechani cal systens may be
used for positioning the cassette based on these alignnment marks. They may
al so be used to index the position of the cassette relative to 5 the
processi ng equi pnent as successive pairs of disks are renoved and returned,
until the entire batch of disks has been processed. The alignnent holes are
machi ned t odigks sl ediepesitedonghe aandishdfl vall there mows ghe tdiskr pdimta egecedvingie
processi ng equi pnent and other machinery. A third cassette 400 for hol ding
a plurality’®ftSairs of disks in gap nmerge orientation 10 is shown in Figs.

90-100. The cassgtte is made fromthr dular pi eces, ..ei . pieces in
Cotal. 11 modul B MEEREPEae AR Iop CineRin o st g BB sy

i nt er changealidi.t v of L1 i L , W -
appar ent to@%%ééﬂe's léglq{nég‘leis g{lﬁgﬁtﬁ{% ,?\9(?%{88%%2‘28? !{e ‘g‘g‘g‘gﬁd ESM Egg%n [ glltjﬂree%g%l%g
position di sKeeitvodifkseneiht rdndfINt athe GRidre YaM a@SIiGAP mdRAREE 100! akd BBAg two
configuration needed during disk processing. In addition, the Iength of the
cassett e cadisksecldder cdpethgedutioachite y gdp hieegeesrientativhe Mhisodpacing khqudd matchlthe a
preferred enbodi nent, this cassette would be nmade from plastic and,

t heref ore, $maviagiof theysrgel ¢agsetted bgna ¢nabagliraenicvken working woith subetrgse disks af the

enpl oyed to nake the cassette. The end walls 402 are generally U shaped to
al | ow accesBeamIRG he maguiaciyringpiogers. 1& Wkl hp desirid éxposirionithe twd substise diskpf

t he ot her conponent pieces.. The U shaped openi ng.406 20, provi des .access to
the i oks. R D Ml SSGT o HmEaR: DrogEnGRL I Firee BB Woslsgdniogs gap
attgached to i I
rrerlrg ers andm}e%%toﬁggtg%r‘@l %/\lgl tlhgﬁ Q%ggi{a@gﬁlg El %;Et% %teetrtp?%@?getﬁé rQ%dqé; Jéo ug@‘%gﬁ%ﬁ@hﬂac h
the base waBl woskihd®itR o WRkd &-a tinfe, AH findMeed BUke 8§ hdRsMRhiseh®nbers 412 are
attached between each end wall to provide di sk support surfaces. Al four
side wall nenbers shown in Figs. 98-100 are identical to each 25 other. A
si ngl e side wal | BmeniBimultsnedhioWbndling lah@ Trandf2y T8Hs fof Mevo SinglesSided Had Biskd 4 of
the side walls, shown in Figs. 92 and 98-100, include a row of teeth,

al ternati ng bet wanother dspecgef sinndtarcb@s disll procesmild ivrhasdling AdB.in imdivitheal pairs

preferred enbodi nent, and as shown in Fig. 93, each side wall is octagona
i n1&r oss- seet MgRultiple pairgy ¥hvaricheeleinels feroacepyplishing this ase descrbefl hareiny dn onme
profile of on ap nerge .di sk suyppor ove 420 i.s shown. A pair, of |arge
Peath 425 arBoodliBitat BAMEY G o dEEPeyad e Fumat Rt kE ogeHonng 2 et Rl i |
of the large,t . e j 26, a n

o Lhe ot B ALY NS SRS BRI BB\ PO R PR e
> adj acent [ifrG&ilé aRMEs V&bMlydeBugs the ga?t%npﬁﬁietoﬁ%{p_feﬁiﬁébsopﬁle ASethd Slawial 4 S
forma 90 degree angle. The angle of the base porftion is designed to
accommodat efighpodigss berntathnthe @uésetie REE isBRInG Ipositigs Teddrallyhat 6H £dab thePop GfTheON
manuf acture of these grooves all ows maintaining consistent and accurate

al gnnment ofassdite. dn $k sjovemnenstbeiveeen dowe dauppdreositihes, tredit saddleaangigengnd lifts

required for single surface processing. It should be appreciated that the
conf i gur at i BYP ¢pkstiFrm a casseticeand tepnstersiBers gma pesitipnavhere thepair 9F disknayg gagaged

di fferent i gnment, ori.entation or spaci nong the disks. Thus,. side

wal | o 410 now PG th bR SR E I eRiragy (TF R e Bt dfgiinclude’a
orientation I: L4l rgi. of: 1di.sk fur :

Foci 111 at edsisyrnsahf BB RRSes Y BUPDe Ul & BrollBY, 8o b Bocssning ¢
a di sk cassgit@a @y, 3S HiRks niad bEGHEIRRIRA ths 11 sadiliskss its HpBerdpdifivh! ethe i
orientation, such as gap nerge orientation. Merge nests are discussed In

gr eat er det g@iddleliehleavuseld-to Rt theppRe 08 diflesto ardasigtt®fol ibwingSiro@ksgndi ded Har d

Di sks Turning to Figs. 101A, 101B, a cassette 450 is shown hol ding nmultiple
pai rs of gap mner @athdiefkencd.to Aigrad2+hés giee bfti seddlatcooprises pneiebodyd 1246 withhe

di sks at the beginning of the 20 texturing process. One enbodi ment of a
lift saddl ecused pisargedte disk gngagingcprstien A2 ffg@ tadinspafi the cyved ps prsugte shapsrd t o
the cassette. The lift saddl e 452 has, an. arcyat e shaped. di sk. en ing,.
bort§ on 454 SRR AR AT hS B Bovkiaveish (LB iy Took Sed
center ridge or rib 458 (Figs. 102-105). The outer walls 460 of the disk
engagi ng portion 454 support the outsi?& edge of the disks. The saddl e 452
i ncludes two recesses or bores 462 positioned 25 central to its body for
receiving and securing push rods 464. The push rods 464 nove the |ift
saddl e 452 between a first position beneath the cassette 450 and a second
position extended t hrough and above the cassette, as seen in Figs. 101A,
101B. As a result, the lift saddle 452 can renove and return pairs of disks
fromand to the same or a different cassette. 52  The push rods 464 w ||
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di sks having a thickness of 0.050 inches, the flat portion 466 of each
channel of the lift saddle has a width (W in Fig. 105) of approxi mately
0.046 inches. The center to center distance between the channels is 0.075
inches (W in Fig. 105). Therefore, the width of the center ridge 16 is
0.025 inches; this is also the gap distance between the L-side of each disk
1 oin apar. The angle of the side walls 460 for each channel 4S6 is
approxi mately 40 degrees, and the angle forned by the walls of the center
ridge or ribroaeses thatipereeski thateaippraige 9 gheedisks, such wap eputiesivg theerye sheuld be
chanferred quter perineter edge_th mat ches oy cl ose mat.ches t he angl e
of the rib SHEN A G the radpi ot fheﬁskﬁeraﬁoatﬁn%%ee Irrraﬁ FepEsian o t HISF% s
than the thjckness.of. t i sk.. The di mensi ons._of the  di en in rtion
of e 111 EhETGLEIE e B ok e BaTof s etref B VY A RPT Pl adhfod
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thesdi sk paplovile@ toTeiagR4ln tiROpreéceibbdibpadthg Hebgeedi tBk palabf disis. PTIRfsEfwadERannels
positioned In a concentric contact nmerge orientation. It is preferabl e when
texturing twe ptovidesl, sichdesigmeldfos epatatedy ertghging alikholding@hatlisk ef thepairemt gay

sl i ppage between 20 the two contact nmerge disks. To enhance the ability of
two di sks t mergs\aientgtiomi Tlambotiomeof qagh channel} fosmed by theouter gide avall 132 1aad inngr

fluid layer is upiformy deposited between the inactive side (L-side) of
each di sk, $HEVAUPH Fafaietes sex 23 ah A Bdde 5@&“1@% apa@%aﬁngqésby the
together. This,_may be.acconpl i.shed ubnergi ng.the disks .i.n a pool of
detoni ged b i SATF o 0 PPl ROTERRRE Bfale™s R, ReBE3natil o
t he,wat er w dr.al i i -wat.er, fh
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in the manufacturing process, the relative flatness of the surface wll

i ncrease st tlenifermed) elievaie diwhe tsisle whlsland ch@mfer Prdfératble ingaten peoviding-adiitional
106- 109, once a pair of gap nerge disks are positioned above the cassette
450 by the btabititysiadwldingige disknduringitransporteapgeatjens. bip aasepdnd erhbhadymertt of thel left s

or grip fingers 418. The rollers 418 are rotatably nounted on perge armns
470. The nefagdleaphpavningrosseqtign in Figr &/, thsheneels b%gm@f‘é‘?%mﬁﬁwﬁgrﬂ%t Beftom

rot at abl e housi ng,47 As . il ], ust rat in 5 Fi.gs.,. 107 .an 8, the.raollers
268%are shagtirer 33embe 8oV 308 CBlebiof ple iy IR ealiPand RO B £
contact ner 4 Lo, e R S More specifically, the
channel 474 dgﬁgfﬁﬁﬁﬁ%ﬁﬁgrng 5P£&ﬁ§%§5gﬁrggfg§%é&%g¥tion 476 having a

wi dth WB sim | ar Atitdudt hellow Bertibh a0 ROplokIBd 4EEndEidd BEthe hadimBbdy E5 6ffthé he
lift saddl e 452 (approximately doubl e thickness of a single disk). The
bevel ed i nslifisatdlt lis acbdthnaodateathe eistat dnditof a lift efdet42e dTlanlift eodinovesnthe saddle
approxi mately 94 degrees to accommodate the 45-degree chanfer in the outer
peri net er ewgrtically heheeediitskewenagdfuppertpositions A mgiagé apdnergsdide aesf pravidedingheng
their outer perineter. while the disks are_ sipultaneously supported by the
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470 noves the rollers aterally 1 nwar I nto engagenent wth the
di sks. As asdqagy! trhist pRnsHaRE 1HEsNERN S Be ulRkdd With HonkéntioBall @BIeddedAdisk
flexible or plastic cup 480 is nounted on the housing 472 and applies an
outwar d f or pcéssinge®uipnientiagd tdGbde wpairhofasisglekiled |didkatveithin espaoealoriginatlpe
gap between the disks and assists in squeezing sone of the deionized water
out2sf r om betlesigned tahé bRidt ©i askemmydate & singls dgublersadedidisk. heorepmpls, thepridél Wy no
nore than ten pounds_and further increases the stiction between tmﬁ%disks.
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sufficient to securely hold and nerge pe pair of disks and allow the lift
saddle to retract. Once the rollers 468 have securely grasped the disk pair
and the saddl e 452 has retracted, the housing rotates 90 degrees.
(Cockwise in Fig. 109.) The disks are now 54 positioned to be engaged by
a spindle assenbly 482. The spindle assenbly 482, illustrated in Figs. 11
OA, 110B, 111 A, 111 B, 112A and 112B, is primarily used in connection with
data zone texturing, although any suitable spindle assenbly would work, and
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series of teeth or a jaw set 488 alternately offset to engage the internal
edge 490 forned by the central aperture 492 of each disk. Thus, every other
t oot h engages one disk and the remaining teeth engage the other disk. The
spi ndl e assenbly 482 further includes a |ongitudinally extendabl e cam shaft
494 with a carom ng nenber 496 di sposed on the distal 1 o end of the shaft
494. In operation, wth the camshaft 494 extended as shown in Fig. 111 A
the dianmeter of the collet 484 is Less than the dianmeter of the central
aperture 49thicknessid GX¥kincheppanshona indfigsHafor siglyi lergeedisks t dhis 18 frapertant
menber 496 j nteracts Mith inside of the collet 484 to exp@pd the,colleﬁ
484, causi nbecew@ thee ik 48BPPEUER dh GEiee (FopmerfrEPeralyERd Ahote ofegiiing shtthe
aperture 492 of .both disks. Alternative a hown .in Figs., 110A, 110B. and
TETNET A o Sl bt 36 el abPRAG Aol el Orh ol e ose &t 2o
of both dis . it ol f-ar:t her
PR R e R R R S
Once the spihgehg cshabion4Béuld Be sRowdtediforo the disks, the grip fingers or
rollers 468 rel ease and the disk pair is fully supported by the spindle
shaft 486 in conkehdtuld be apmtaated thet e dmessidratafoie dikk endagingpeftems ef the lift
enbodi nent, a flexible cup 480 is also 20 utilized as a counterbal ance to

t he spi ndl esadlsenanichangg Aeperdimgappn decizesfpasdisksonedvesh Inrdditionsthe ljfiszddle
opposite the spindle assenbly 482. The 480 is hollow to allow the

spi ndl e assB#b|Dy Hachined §9&Ba%amglﬁrf893<h°f ﬁ@hégﬁwgmearﬁ@ﬁtmr@at&gﬁ ©r nqtrRnly

di sks. The cug. 80 provides a ﬁurface mh'ch.pq@h%ﬁ agginst tge nggs tR
count er bal aR@&"Erig&GERERY 'SP 4 é‘C‘éfFE‘iXs‘“bﬁ?“PWé pidvE Se24Rg POBERR 4P i %6 G
al I, el enent e tdl . ' | SEEHESLY
af fl ? xed to t dgre’s g%ltn |ag°§§§§‘§@| s%hﬁlg%& B’%S%g% lﬁ{&gggl ?ér%tﬁ%?rg@&?gﬁggcur e‘?ﬁ%n

t he spi ndl epssembl Yufi8e prdcBRingdf herdsmdhdy disks TBEdiSksHél subpdtEedav@ampier Qipeé he
di sks. The ﬁousing 472 tﬁen rotates back to its original position. Four
texturing rthat eansreadhO3 M degtdee Cepnsi tOmersxdmple fhadhiph temperagse eddidbhnantisth B;
55 two on each side of the spindle and two in contact wth each disk. If
fi xed abr asnutterie poacessgwhereupaitsi ofedisks withihearsimeared dpun ar c4sadiiei subjeied to
shown, is wapped around the rollers 500. The abrasive tape_contaijns fine
grit or di aRgReOPRFRYICHNG Steps japd fulypatgly iewimed 1004 cCaTSEltyy Machining obéne disk

h fabri i d . d h I I i i ed
g voven, LaDt Lk M APReLBE S SRERAPILE L ANY o Rty S FERARE,
di amond par .G aligR té%gﬁ@é?btlﬁl' ot 8} Rea i, %%E%ngoﬁfme ?s%&‘t”éan HIBhA HRs

| ower tenperatures an ei oni zed wat er base ron. I'n elther texturing
process, eaglirée ehPeraftiré Bhahg@Ofciude ROL BREY AERNRSS stdel QANE hRd). OAltanstively,
surface with approximately 2.75 pounds of force while the spindle assenbly
spi ns the péa¢pendihg dpak theadppiqation envieinaieyt, theOdick saidizl may barmage fromi plastie. IThi s
action textures the data zone of 1o the R-side of each disk. Optinum

t ext uri ng i Bighdeinpsrare ¢nvitoemente siick ks updo 390 depteps Celsias the lifosaddlermay her .
The inward pressure on the disk pair created by the opposed, action of the
texPuring rBRiefrempplyasisresteretans{EEEKY | éf‘ieéﬁmB%tQXélé‘ﬁ 1§ Wg‘fa?‘?kéhe tradgdirmicy e

tool 502 is;used unl ead, t h air of textured djsks fro he spindl e
assendly 48V e Vishdy 38 loypferBasyrE emiihingpt whh Bn beipyal drgbed Feftiindng 1o
The denerge 45, I LGl S i fppgearer : e : ted
on the hous}lf:ltgsag% ?L%%{l#ﬂget m?hdgg %%I{ril’ Pm)ve' I%@jﬁ%&%e (g)t%i égﬁ%}(’)aa'? ﬁelgq{w
housing to gREaGE ONRASict EPIORK Eik @?é]htﬁ%l}eé)gﬁdﬁl_eé, Righ tgeefosthies - plddtic beothes een
in Figs. 115 and 118, the denerge saddl es 504 include a curved portion 506.
The curved paeptable hightperfoerharte plaatigsefbr loof teppératureénviroamash imchrde polybutgknd08
with a ridge or wedge 510 separating the two channels. Simlar to the lift
saddl e 462, teréphtiphte KRB Rebs polysthylene dereptdbplate (PET).oWHTh effersdha desif injestionii sk
pair. The channels 508 may have a V-shape in crqQss-section., or, as shown in

Fig. 118, tAeldiagehagpeterishen @ddp therleast cady ofdlese Bvee plagticst PESalsorhas dhet leasth.
The wal I's 512 of . the channels .508 led to_match th le of
Chanfor of  THaRBlRabrs P g Brten, A0hp S R e T il M R SrRe kR v e

45-degree chanfer, the side walls 512 will be fornmed at about 90 degrees.
25 In addition to engaging the disk pair, a function of the denerge saddle
504 is to denerge the disk pair and reggsition the disk pair froma
concentric contact nerge orientation t0 a gap nerge orientation.

Accordi ngly, the wedge 510 abuts the groove 514 fornmed by the chanfers of
the abutting L-side disk surfaces (Fig. 114B). To successfully 56 dener ge
the pair of disks, the denerge tool 502 must overcone the stiction between
the pair of disks. In this circunstance, the stiction is increased due to
the pressure applied against the disk surfaces, such as by the tape rollers
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Wth the disk pair securely engaged by the denmerge tool 502, the housing
472 rotates to position the denerge tool 502 above the cassette as shown in
Figs. 119A and 119B. The 15 |ift saddl e 452 rai ses and engages the | ower
perimeter edge of the disk pair. The gap nmerge spacing of the channels 456
of the lift saddle 452 correspond to the gap nerge spacing of the channels
508 of the denerge saddles 504 as shown in Fig. 118. Wen the disk pair is
reengaged by the lift saddle 452 (Figs. 119A, 119B, 120), the denerge

saddl es 508 di seAgaepnd embhodinidnt of atrdhsfer4s0l drdifemsmberel Mi is khqyai in Eigsl S84t s
themin the cassette 450. The cassette 450 20 then indexes to a new

posi tion anbmikretheitrapstenieql ef ths firgrryahadimanscthe difiverabey shawn hsrercoptacicars
f th sette 450, Th f d h ir of .di d
on the. spt nOFS 15 QuBR iy Ba Tty TR d SRTHES 2OQBEh a0 | FEHARe pas
i t I £ Uyl j t . 0 d
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pregent i nVF‘eﬁﬁéé&Q_oﬁ}%Qreﬁ'téﬁxe d4Balk 1260 AL QresuASIBE 1iAINENER X 505 ke biieabR- o} de
surfaces of the disks. Wth |aser zone texturing, the disk surfaces are not

mechani cal | sputiefiigaet ather piScesses 8ithtadd tnfudérial tosthe é@ifadeF Bacht disk. | Sizh pesceses
the di sks. 57 Therefore, the denerge tool 502 nay be configured

di f f er ent | yednqirocged aselesyastruttedmanrer prlgsveds thetfasidé of the dibks.a zone texture
process. Figs. 121-128 illustrate a second enbodi prent of a di sk handling

assenbly 518. Thike grcend Hfinaembgy iacludastn Dodys 137 phires singleibipse dliskomepgingr
G oks. ar ot MEMOH chtladen 1546 n e et PR BENE LS bigdEs asergtmay Hxed
t i ng, i di i f | .and
SR el B @ISR STRBRRACRY Bl ARk iR E

di 1 er encesehddime RS e HadcOak fgaejug%% HRRIRA R bABer tyACQARANIS ok Butohe

lift saddle 1llustrated in F iIs primarily intended for use in

data zone t ashnsr fonglowr pesitssRd . adjudtnihk toff ¢k Blade @dlitere t0athk HodP0 ThebladeCinkide
an upper surface 406a and a | ower surface 460b. The upper surfaces of the
opposed si dinclk Ithreé apertuest 05&) lgde d62ahiayl this purposeovElre santdr aapeturefl60heay be

opposed side walls forma 20degree angle. The interface between the upper
surface 460enlarged fogwemitdinerdivemegbef Be blade’s apsitiory 4this Alsmpemits dheethiagdlades

portion 466 ich farns, th ase of the channels 456 (H in Fig. 105B). The
P08 n ot oatonot wimsdy MEnL s eRaufet P ol siga e is Sl 15
0. 050 inche i gt 0 center [ 4 ' 9.7 | Th
widih of t e fiS 156 ¢ Ju g L b E%I%Sdllni théfiﬁ%%% 0
518 of Fi gssho%k,‘ 348 tathe H&_ﬁﬁm& Q€ Erfidd '8 "R¥EmAbdks difiRMoRditfefdnt
saddl e 452, such as shown in Fig. 105B, can be used to engage and renove

di sks from aiatiefets. STBE k@naiabiAfydperits edplicBmehtSdfStht ®lales dhd teadsH @ b3thend
is primarily intended 20 for use in |aser zone texturing. The disk handling

assenbly 51&asoms]l udes two separate but identical disk handling nechanisns
520 positioned at opposite ends of a rotatable plate 522. Thus, the disk

had®ll i ng assenbl s sh@viednFigi 3 theabladas iS¢ bavne Fi'@Et%agéﬂgf qdge dpt thehisrggnerplly

di sks. Th tatable plate 522 h ivat. poj nt, 524 at it t i ch
S Foes {he. SPaReSE 55 Babie otune nd aBiBheRabTherad b e SEan 0,
Dot L o R o e
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posi tion ang ﬁ&ﬁﬁt@rﬁﬂin@@f%a&@&lsl@ﬂoﬂ%‘%%ﬁnﬁbér dr bieSbtdgdiotnd'@Rd! ABShould be
mechani sm 520 di sposed at one end of plate 522. Sinultaneously, the second

di sk handl i agprégabdnhée pdiRe of dhes plade dardvaryor aiffeasit tparppsel, lichl rempinddi€in®22,
has transported a second disk pair to a second 58 position for

pr asessi ng. diffeesnt speeingbetvess iteglisls or acqohenakdting didfepnathickB @R of disks. eslsastte t he
second di sk handling nechanismreturns the processed disks to the first

posi ti on whevoéile péthgi Wadepedee may beodesigned o mch o mainiin spackpaimparied & disked

to a cassette d ng first disk handiln nmechani,sm 450 nove%gaﬂ§§

unpr 0 ess odPHFSIRS OMST FHUPDEN, HEPT ATPICo T 157 SIS RIORSS BRFPreS SHISHARY by
i ncl ud f t . i

el udes | OUtaBR Sk SoBRE 6 81 PRl o BB 48 By e

allowing the rollers 526 to engage and _di sengage the di sk pair. A gap
roller 526 is showmn in Fig. 128. As shéwn, the roller 516 has a pai r of
channel s 550 separated by a control wedge 552. Each channel has a fl at
bottom portion 554, although each channel could also be V-shaped in 1 o
cross-section instead. As with the other rollers described herein, the
angle formed by the inner side walls 556 and the walls 558 of the wedge 552
correspond to the angles of the outer perinmeter edge chanfer of the disks.
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15 such as follow ng disengagenent of the pair by a lift saddle 452. In
this context, the plate 522 will rotate the disk handling mechanismto the
second or processing |location for presentation of the disk pair to a

spi ndl e assenbly 482. As shown in Fig. 127, the disk assenbly will engage
the pair and position the disk pair for engagenent by a spindle assenbly
482 for subsequent processing. The di sk handling nmechanism 520 w ||

di sengage 20 the disk pair, as shown in Figs. 125, 126. As shown in Fig.
124, such pauschacki th@usgyhlis whpindd handling oawipmend te Gl pagsqiler f lor yuehl absontexpat r

of | aser beans 550. The |asers perfo | aser zone texturing on the R-sjde
surface of %’aﬁlﬂiﬂipﬁf‘?mﬁIﬂi‘aé%?erf@g‘ﬂ?%@retggpﬁ  bg ¢pusigienido ﬁm\%ﬁ@nﬁf@%‘f{%‘?ﬂ% 520

will re-engage e di i.r. (Figs, =123 nd t he spi.ndl e .assenbly .482
WL b senglibub Rl g Bpirent ASPipl Hiche dhy RO gl Wreof o PREETPIFiRE o5
posi tion thgnkehwasn 8Ftmkgkout er perineter of the pair of contact nerged
di sks. The arns 528 wl| press inwardly on the disk pair, forcing the wedge

5325 bet ween the aine edfbodingdss prifefBUsRndddEfoB bputetifg) thSalghS A, sHvdm hIag. 59,
formed between the disks during data zone texturing, the gap rollers 526

ar e mechani sabdtweenudfpraximatelyt t00derdet He dedreesdi Akwide ainplevdudly at lids Sitemtibinellp9
assenbly to fully disengage. In this enbodi ment, approximately four pounds
of force appoidsdcangact fhetvepgp the|blasesedge | 154dandethgedatsh eonti ok she disksc emtthraghe
because the stiction between the contact  nerged gjsk pair is greater_in the
data zone t SPHIEHRMPFOESH LI Imperied fa) ?ées“ilf‘o@?eéw% ke Njtyetarence & Kigs Sk a
much great er .pey,i et | engt h than do t rollers .526. The 5 rger
cont act - ar e BeRSL 2 b€ Abretaf A ahebt rdiBe B hoigh demdnfiody! B o
t he, cont act el - Lyl S : i ' Q

Sitdl e G oA I€ el by e ;%a{{rﬁt'}igé N |I§§1§'$§?H§§&F%R€i“§%ﬁé?2§,%so‘% e85 The
enbodi ment B niddher BREBRHESMAP be HfaHS BRI EIgR Rénp¥five NesiRiA\hAG S| QLK as 304
stations 610, 612, 614, 616 at which cassettes 618 containing a 10
plurality obr dil6éksaibleas astqebqifill dasl), idThedeadmetit anay Mitlisavié kigh oempertatpe and
open bottomto allow &g‘:&rs of disks to be renoved fromand returned to the
cassettes 6GAYIrONMERtpt davazkie@ withgligke baving aducknessond abaett).@Wsindtes.gheblddé s
affixed to a lifter rod 622. Each shaft 622 nmpves the |lift saddl e 620
vertical |y §érsfeehlyd 10\inshepyideandQ.015dpebss tidkhe cassettes, and an upper

position, above . casset.tes and.w thin scrubbin ne.where the disk
paisrll‘s are subj ec%gﬁmi%mﬁ% @EWLPE&%%ASE’:QHL? l&/glé%@ 1%33126§di ° &R 1S W 4Pt oo
may be inte e SHC Sy, t.a faci i unifo nt
of each i f{)&g'g%gﬁﬁesasllﬁulg E'St ﬁethgccta goﬁistﬁot?g?fiﬁ ttaﬁglsggdggr%%?}lﬂé&{zt%nﬁe{g% h(g}e)i\rll[ﬁgg
coor di nat edspaging giitivaly Mefbides RNt tHehbRUSHMEterdsdpe Qe oPpSHE AR BYe Set
of denerge saddles 626, affixed on denerge shafts 628, are vertically

al i gned wi t Wwhemthepiwai disknnBdaralaoue ahple relafiteto satdities,beasisbalsd updel pstimateed
in Fig. 130. 20 The denerge saddl es 626 and denerge shafts 628 nove
vertical |y edeeswwéihendisky ate inoeintdchanditler hottase patmepies iedges rare FThased apart.geAn
shafts 628 may al so_be [nterconnected by a plate_or bracket 630 to .
faddlitate SIS A thisvasiriation Asilluptrated nzfig P2 \While) ¥ shquld bg gppregjated thas thivper
i nt erconnector, pl.ate 630 i attached.to ervo actuatar 632 i ch.noves

t e dener gettUH stBdguRY ay b et SRR A o oS ¥ P SRR At Ao MR
positions. t: i | Jwintd 20 04:tihe..c i e
oparatus, D HAE BlrShe fodtny Bosdith o B2 ARRLAL ks B ohe
actuators. dhe rﬁﬁiég(? 98.5ki HheRérSdimhét¥r SiSksPHaHeSL25 wililin®idh Edifet&ORhé: Apdrake
novenent of the saddl es 620 and 626. It shoul d be appreciated that other
means for nmbyamba @icknesshef (.05 ineliess ad dipem6i20 paitadf diske vfythissiztowhich afe, pasalleh as
pneumatic or hydraulic systens, may be utilized as woul d be known by
pekSons of @Hig.161) will pteerahly haveur spacigg pogdp s of aproxamately3dR025 inehesi 1fithegpaldl e
620 conprises a main body portion 634 attached to a shaft 622. In the |
preferred efbdigknaistangledaglative tosgarhi athere pyhaasi whemtheap pdgmaf heqtiskspase fin f ¢

ddl 620 t i haft .622. The |ift ddl 620 al i.ncl ud .di sk
cogagemont T dRles 28 Tt RieBRT cohaTE 95 BB: Lo b ERUSE; SUHlE PERTRED i
di sks. Th i i J
G40 Separ o THRURIRL o B AR At thd QRLHESE ol WR (plEAtle B BRUERMapGlBL TR S |

or wedge 642 may include nultiple high pressure j et openings or nozzles
644. The j et openings are connected t8a manifold or fluid 1 o delivery
system 646 whi ch delivers deionized water or other appropriate fluids to
the nozzles 644. A fluid source (not shown) is attached to the fluid
delivery system 646. Alternative fluids include air or nitrogen. The
grooves or channels 640 in the di sk engagenment portion 638 of the lift
saddl e 620 are designed to nmaintain a pair of disks in gap nerge

- . o A - Ar-- r ~ AN Y '



Four cassettes 610 are positioned at work station |ocations 610, 612, 614,
616. Additional work stations could be added or fewer could be enpl oyed.
The cassettes contain a plurality of disks positioned in a single row,
axially aligned. The disks are also preferably 25 arranged in gap mnerge
orientation (Fig. 9). Wth 95 mllinmeter diameter disks having a thickness
of approximately 0.050 inches, the space or gap between the disks
conprising a pair may range from about 0.025 to 0.035 inches, with the
pref er abl e @%tge Biskniy approyimatelp 84925 inchess . In i latighgapanergarientationkit grreferred

UL ze cleql DALSAS SCTABPLNG, SN LR bt BFc destaned ud by
The cassettgg, 6101368 @hs O PaSi-bLRRT, 1D AoleBdeX Ny éi;h%%ge{“fop@@tgt‘ qyn,

whi ch noves or "advances the C sse?ﬁe |ncren§%télly over 't he e 620
after a proggfsiestyPaitle & alfliw iR disk pats4s BeHakdled HiRI CARSGIddSvittdal cdliatn fohe
next pair of disks can be renoved and processed. 5 One enbodi nent of the
dengr ge saddiopsing dfe bSbdh Hisks eHoweverfthg gap Mdckedtidnthién withehdlpenie: Gigddr e
626 i ncludes a nmain body portion 656 and a di sk engagi ng portion 658. The
di sk engagi eaghplinkt in@on@&id Fen R poeslen additigyiab stgbibigyvleecause ghpnomeles &6 addigonakd
by two angled side wall surfaces 662 and a flat bottom portion 664. The
dener ge sadpeigt af sentaciciongach disly| Meanepysy, emne Heghy ot siguilfpreons singlersidpdzdisles
666 al ong the %gnter of Ehﬁ}ngt QQ{ iog 664. h% 1o noagles 666 .recei.ve
dei oni zed WEPBHAGICoEETS!Ss that 4h108° | ‘%ﬁu? atrmro@ﬁﬁ o 3 hiandiyag meghapism,oif dtn
668. In uni Vv 3. e . .

Vit saddl Pauel A B BaREr ARl Tulk ‘Ol ORI e B sty
caggette 6105008 disk bloukPaldliest QAR dishidaher.ge saddle 626 then nove
vertically upwardly, 1n unison, to re#bve the pair of 15 disks fromthe
cassette and nove the pair to a di sk scrubbing zone 670. Alternatively, the
pair of disks may be transported to the scrubbing zone 670 solely by the
lift saddl e 620. Witheretbeeree ge Rigsd @B 666 26diskaiandiingion tpospori devect mbimtednst disk
scrubbi ng zone 670 and engage the disk pair follow ng scrubbing for

pur poses of Patsalsi # i28P fAcreEn QTIERARITY MVhgret 11%@ digks ase gpgled slightbynoward gachaefliere
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intermtt ene&me&%d ﬁg éigtfogq},%d e@g'agé (HIDSB P Bidel B EARIRK! &n t0s ERBodiment,

scrubbing zone. T ayer asSsists 1n adhering the di sks together so

there is notHe®udritve dER\GRIRN 1 3 aBemowh e Mg, 85 Nakt b diftfraitengR thah the @éntral 29,
130 and 135, as a pair of disks enters the disk scrubbing zone 670 from

bel ow by wagisbblalhé86,ishows alBige6% 2Thest badepme dengredrto peuntame e oreanitption @hd t he
di sks are engaged by gugair of edge rollers 672. The edge rollers 672 have

angl ed i nsi srecingIshewsimbigntl. aThusets agnde aprretipissh thy shaprpbthe digk coptastingedgy 2

Combact yer GE-0ra GHEES B Sy, tadis 18hel 3B, e EFRT blece B8 nPee FEBikhe
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appreci ated that one benefit the present” invention is achieving
scrubbi ng apdd&d BaRNAg8®f two singl e-sided disks utilizing equipnent
designed and built to handl e one double-sided disk. In this context, a
conventi onal 95 Withl refeednee tadBighé4e shedmierdilales §&hdB&hhye hWsshapeddisik cradatiog
approxi mately 0.050 inches, while a single-sided disk of the sane dianeter
genéral | y hedgea Thay eteriseferably positionsd #edalegrees iom thhvarbenl cepterting of thediskéot o
for a pair), The .mensi ons _beco rel evant .when determ ni.ng .the

per mi ssi bl elyHS- g@t \%EE?F Fﬁfg @Png?c?quﬂm s adiaqent ﬂ°t§4§6’$eggg’8%ﬂ‘r‘ab'ili‘?é’?fef)n.
For exanple, t sinal exsi ded di t travel rt Ly fr t

casset o o1betEen et BB RE SURERTU e dHBR ol ehERuly L Beyesn
678. To avofl h@Alnklof A MM&]JS!(&@?%]S’ BéhtdrQo R¥htet diftandOBRICS: %6l 8o dinRdsure
manuf acturing equi pnment, the pair of disks nust travel in"a space created
for a single double 15 sided disk. Therefore, the gap or space between the
two single-sided disks nmust not be so large as to create an interference
between the disks and the Iift saddle on one hand, and the existing

equi pnent on the other hand. An acceptable sized gap nay range between

0. 025 inches and 0.035 inches for disks having a thickness of 0.050 inches.
Therefore, the overall thickness of the disk pair is no greater than
approxi mately 0.135 inches, which permts 20 existing processing equi pnent
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25 denerge tool 626 simnultaneously di sengage the pair of disks. In the
enbodi nent shown in Fig. 129, two brushes are utilized for each disk pair,
one on each side of the pair. In other enbodi nents, nore than one brush
could be used on each side of the disks. The brushes 678 rotate upwardly,
as shown in Fig. 135, which forces the disks against the edge rollers 672
63 and secures the disks without the support of the |ift saddl e 620. The
brushes also apply an inwardly directed force agai nst the R-side surface of
each di sk. phthendistandsobiitireent thetdeaterlimseefdthp e sslate 186pl9%at this point bWIBh8S i s

bet ween 20 and 30 pounds r square inc and prefe |y 25 pounds per
square inc hmﬂ%m?teé&&é“ett%l § haygne aerOé ‘Hﬁnl thaskngss apﬁlrﬂii?‘ibatr%? degress S"S destange
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art. The up agal nst t mal ntal ns t he
congentric aRNdidkd (ofeddclaleseitadht aRkPf the di sks against the edge rollers
672. The edge rollers 672 also maintain the disks in a concentric merge
orientation due Withlreferdrise 1 Ff 65 o eribreliment| of the denderblhirSEB86GS Ghowdr &he
precisely, the angled walls 674 correspond to the chanfer 652 of the outer
edge of t hedigk stmsaciing edgeingiudese sifigle bentdrtoath 360.t This t®716setmsrtesqp@rads;the twe he
t hi ckness of t he di sk pa | ess the chanfer portion 654. e flat bottom
portion 676disks émb%ra%ﬁwn%!ﬁwlaﬁo fashioss dhe gederdpaik 1P%|oatﬂilwt%rdoled$é Se¥eer .

cer ubbi ng ok T8 panre TR IGH TOF AL Rl E%ﬁssa?e%r? B R S g  ng

t hg,di sks tﬁaetlﬁsk%:l’z%h?%ﬁﬁg nfdfe HGh NGRS, TREGBLRER 208, oﬁﬁpé‘cﬂﬁe néﬁ?nor

stlctlon bet ween s 1s desired to prevent ‘suc |ve nove
slippage. SghiRE @iskd ThEchhd bl4RS§ géstnffoﬂea aﬂﬁie%té&dpmeeér cdfe BNMERRD disks
appropriate liquid creates a liquid filmbetween the concentric contact

mer ge di sk paere thdriephradon & thelagiesta dueshiowa ifi Bigh62,dhé distankiesKsbetwepmtthel-sides

wi thout relative notion or slippage. 20 The relative flatness of the

unpr ocessedof tiei the disksf atdbisqfointhe OdiSsinchesr Isudostparisom, diescﬂdstamesGCQm fheimees
stiction, as does the inwardly and opposed forces applied against the disks
by the scr umtﬁbn%r‘tfs‘h"eéwo viskh edveptber AgSiinchebigknessels G 1o iggheso Aschayndn s
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626 renoved S ng.
Frg. 136 shive Madiop b SaROhoRaRion S R olfosr 6oRARLRE B oAl 4RRL 3
before the gfhéhPiog s M6atié ExpRiRASE nldi€ ddkhi 310N d THD ¥RAn&WBYompries an
demerge saddle 626 is simlarly positioned proxi mate the upper perimeter
edge of theafh 36% withnwb gpasvead10,23pacthedistdidnd forheghgiandleappaf inslds Biamsppor t
fromthe brushes 678 and edge rollers 672 to the lift saddl e 620 and

dener ge sadedges 62 ehei disksHarmeadry theippsrtupe t §hastthe cantertoffi gheddiskss Aeentryddath @hdd
wi thin the channels 640 and 660 of the |ift saddl e and denerge sadd| e such

tha® when t REIHES Repsratios ofi Befsgeandnan @P@kéootbr?éGdPr§k@t5céIWnelftelbéwhr Eﬁ%ed
Rat h the di t hi n. t |'s 640 and.,660.,
poi nt. 't heesisb?‘gwga{rom IR, e T dlichfRfoR of (R0 o pre IS desinel o

necessary |i f d f

and return aﬂ{tg % %%S c(:)glgrg%tﬁ g}g’?@ glwﬁl §9| S co‘%?&ﬂ %gpéggr?bel{cteoﬁvﬂelg ﬁ
pairs in a aﬁps rrgg vk Hoddd iRonAdetibh aJnhml ket afeengtme by, fﬁens&qcih@Lfs?cfésand
demerge saddl e 626 nove towards each ot her t%e [ ast |ncrenental anount, 10
shown in Fi gf edc¥6disk at phiy Jodxal is y0.6250 aghesandhe alidtaree tGECJi Asasp@i rbetwahethe
jets 644 and 666 are activated and directed at the interface 680 between

t hesdi sks t cerftertings aftee diskslos betpaen theApexies of the ¢wlo Bspovmisq}%\ieclﬁw created
by the inside chanfer on the perinmeter edge of the disks, the j ets w.ll

create approxi maFi@ 7 depictos tiapefpr Qﬁﬁf’nbé‘i \)Oé’éfﬂl ?H@OVGP@Rs“anW%@m% I%ﬂ% %t 2| e,

21 ct on andHBCLY R SR ARI0S Tt ppoeed B e R Ahe Fuler YR ST
saddl e 620 Jfén&sm?fﬂe ggﬁ%atgglgah@%nw LRSS }epﬁvgsegﬁé@%rﬁﬂkéﬁfnﬁqm chldbats

saddl e and ener ge sa owar each other a physically engage

di sk pair. The beveled or angl ed S|des4 f the wedge will force the disks
into the two channels 640 of the lift saddle and the disks will be
denerged. In a second enbodi nent, the denmerge saddl e 626 may include a
wedge to assist in nmechanical separation 20 of the disk pair. In tandem
the servo actuators 632 nove the |lift saddle 620 and denerge saddl e 626,
together with gap nerge disks, back to the cassette 618. Each cassette is
then |ndexed to a nem1p05|t|on to aIIOM/the process to be repeated mnth a
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process. For exanple, cleaning may foll ow data zone texturing or |aser zone
texturing. Typically, before scrubbing, the disks are initially subj ected
to a pre-soak in soapy water to | oosen and renove organic naterials and
other particulates. Wiile in the pre-soak, the liquid is subjected to

ul trasound which turbulates the liquid and assists in renoving unwanted 5
particul ate. The process is conducted while the disks are in cassettes.

Next the disks, still within the cassettes, are subjected to a rinse of

cl ean wat er firsglocatishy ang trassfersdbedishpair whogeondlgestion Mhgrerthe fiskpait dranpferrpd|

soak and rinse, Fol | ow scruhbi ng, the cassettes a i sks proceed
through a St g begy Mg?%a}up gD 38 &pon acea%o,taﬂgﬁqufhme@g?reram%%&he

G 2o e 1 it PO 3t Qe At B s e oV e B o gt b ol "
achi eve opt jygup, d;’f-if?gg[)d}I 018, sdbotiSohoN (HoRRl B%m'td?n 1t ScEnatfo! $4€ mandrel

orientation, rather, a mninmum t hey shoul% el a gap merge

orientati onzod\/afgagééene dibks2t it dehi@al dip&turB AhutiS ad shown G Pig86. JEhtrrBTek 8fstedi)
may be efficient Tor processing purposes because the next process nmay
preferably thenlmeoves dhespsr b diakgpa seogé lantienwdbreothe disks aredirngleyred po adifng
the disks in a gap nerge orientation follow ng cleaning may not require 15
reori ent i ngmemberd| Ak exdmple whereradransisr olcthess. tyres ospursistin aspuitering pracess Wlte of
Si ngl e- Si ded Hard Di sks At so poi nt durjng_the manufacture of hard menory
di sks, the B disks I%‘H’Bf’%c’f‘%‘%(gg £B0RE £ PHIRIEROf BFPCcessing statipns.s FiBlexampls, tire

row of disks xi.ally.al,i d i ette 710 or other. suitable

cont ai ner - Re A tophdf dieREvat Sufh 738 Pt e S Rer LR iremaven,
th 20 cou b i 2y : [ L.

or 18t at  on e (8 Rl SREGERALANT HIboPTHR AFE) Roubliaf Fhoush Befveen

di sks woul dedchloglite £84 diatfons SUeh RS proCesEing &Cdotnpldte, 8hd PAFs oF AP afBif@Sferred
orientation or in an orientation with sone space between the disks. This is
because t hefrspithé Bftibody packeessassetlej ect s the disks to significantly el evated
tenperatures which could cause the disks to physically weld thensel ves

t oget her if theyThegap merge orientation shewitie Figap2.spitics neptionpf therigp perprasieri adge
upon the thickness and size of disks as would be appreciated by a person of
ski Il i t hef gch diskin caRiactolsAEsAmRIIShesbiA e i chfyactiied moioyag n&ﬁcgﬁwnhameﬂ&r a
0.050 inch thickness,. the.qap between.a paif of disks in rge .

o 180t at 1 ont 2 P dpiiss e P ke ¥ che Sn i orrBR LIREEIBE s i
this di nmensj yar [ t j ' S

gap space : FORRPLwiRiekeigh Bl dUE aPfirec Jofi0Rony e lothrtBnler b ERAE, |
equi prent  defé gRRde 3PehdmAAT dedighe thef@th NRAT GVHADickne: 6P uiks tivdydeshtslh Sik fvénh h
limted, if any, nodifications. A mandrel 712 engages all of the disks Din
a cassette vdficalianad iglec@®nt er aperture 5 714. As shown in Figs. 137-139,
one enbodi nent of the mandrel 712 conprisegs AP el ongate nenber 716
extending froma support post 718. The el oxgate nenber 716, shown in Figs.
139 and 141, is Mshaped to promkmeetmﬁﬁbpnthctxpoints 720 and 722 wth the
interior edge 724 of the disks. The two side walls 726 and 728 of the

el angat e nenber proviwherstG dcthargab distagice imegsurgd betwisen thedl-yide #€ eatiodigk fma
Figs. 137 and 138, the el ongate nenber 716 nmay be V.1 o shaped by )

el i mi nating the BiomsrasePaiiand. is|sslegied thy the itk mapfagtifrsr ¢ rhest magyfagtuging 20

and 722 remain. The el angate. nenber 716 1is preferabl i .SRES at an

upwar dl y i ncl i neBEdRgheh £ 8aRbindo ﬁesg“]ﬁbso‘&tl d8t .ar?éh‘g‘ IB&&ggr ed angl e of
ineline 1 s approxi Mt ghyetiQs HRAGERARM helRddOB10 hENfsiAdEdeL e ARG, ©
hel ps reduce lubrication ripples on the surfaces o t%e I sks ich can
occur during drapgjng of the lubricant fromthe tank or renoval of the

di sks 15 following lubrication. As seen in Figs) 137 and 138, a row of
teekh 730 are di sposewhas attieangle{ieiwdensheatigeliskefin thh @airavodiddle 200 t h each row
conprising a small tooth 732 di sposed between a pair of |arger teeth 734.
Thi s arrangenent of teeth maintains a gap nerge orientation of the disks.
As shown in Figs. 137-142, the elongate portion 716 of the mandrel 712 is
inserted through the 20 center aperture 714 of the disks and accurately
positioned such that the two rows of teeth 730 align with the spaces

bet ween the di sks. Mdre specifically, ugere is a larger space between pairs
of disks than between the two di sks of each pair. The small teeth are
aligned with the gap fornmed between the disks conprising each pair and the
| arge teeth are aligned with the space between each pairs of disks. Once
fully and accurately positioned inside the apertures 25 of the disks, the
mandrel 712 raises until the interior edge 724 of each disk is positioned
in the channel 736 fornmed between the successive teeth 730. As shown in

A AN " - - o o " » - . — N _ ey _ -




The mandrel 712 then nobves to a position above a lubrication tank 740 and
|l owers itself and the disks into the tank. In the preferred enbodi nent,

| ubricant L then fills the tank until the disks are conpletely subnerged
(Fig. 143). After an appropriate amount of time passes, the lubricant is
renoved fromthe tank 740 and the mandrel 712 |ifts the now 5 | ubricated
di sks out of the tank. In the preferred enbodi nent, the mandrel then noves
to a second position at the lubrication workstation and returns the disks
to a cassette asThgsewimensions gee shows iptigs1 48-66 Adn dhikieass o @5 bmillongterndigmetert y
of differené cassettes coul d be used to receive the |ubricated disks. For

opt i mum ef { ERKEY S deviredar srlecteh g disabe G ahidPaT inghesiand a dskaBistncss of 0.050
configured 1o Sog}stion th%ldb%hf inth (Prientati n ded for the next
process. 1 0 pen&PW@XH%%%ythe6§¥?%ﬁla_Ngﬁmag?F?%@’Pg_e@ﬁ%%equent
processing, the ﬁ?é%@&e? ggﬁp | ?cethE%ftﬂoﬂlU@é’rﬁnét& &Dédsgfg' &b *lﬁskggyffkﬁd%sg i

contact nerge orlentat gap nerge orientation or me ot her Ien I on.
O gourse, ﬁdwmd%es Kheiehe BoS@iskiCark BFadEBREd bitotthe t1§8S BRUSEOf § lihh&hbdrnEg.
arrived. As should al so be appreciated, nmultiple mandrels working in
cooper at i onThe widenpdpt dt phecbdtiohr facititatesplicamkst of dhe Bk emnpreoytesh eSIofWI trrtdales| v
to increase throughput of the 15 system A typical lubricant is

per f | uor opotndeplaeament PEMER othey disktinithe [othsr igeeove , 198ndThd wided Spread |orieetation

di anet er di sks having a 0.050 inch thickness, the disks remain in the

| ubri cant fSFhnigsralleMramearginder qrepr inBanséey prfweentiie liftypranber 182:8nd ta mandnsh

| engt h of t'&y the di sks are exposed to the |ubricant may al so vary
dependi ng upon the desired final lubrication on the 20 disks and the size

of 16 he di sks. ASwhBenld/BikeA0 bl P the rOIbLAR drdllig hehBYPTs 0y hHBLASANT

provide lubrication to t and remal ns on the surtaces o

The layer 080, aiy dehidhlor Wvidr 16Vl BRAE | 86, SRHYLAATorR tBE O&tEATehiflink e 1l Els,
surfaces during operation of the disk drive. However, it can al so

advant ageoustoyldeleive asvider gupheeaiey-e-contdr ligstdncs tidha thé osteskla@ai 184, 188. NBhidBaai N a
contact nerge orientation between pairs of disks during subsequent

pr ocessi ng. paBioniyge stobility shiachicwed tbgsadopgnartdadex despgneswith gapt eertteratb-center
subsequent processjng which could require contact nerge orientation where

t he adhesi v@stéﬁféﬁ dhat arg Bropetiopate {ththe| vgpicak distaness frame thedon ReRelstiedsy ol .

68 . As should alsq be appreciated, |ubrigant may he added.to the tank

folf owi ng SRR O‘Eﬂ%ofl ﬁg{hﬁﬁ%‘%? 7 ﬂuetsﬁ%n.t PII%W@EW%?HPBSM may be
present before the digks adged:,. the liquid is in the tank when the
di sks are added, the §§t§§g$3mﬁ€%ﬁqfkg di sks descend into the liquid should
be controlled to prewgmdre 1€ id iHRUAiGahdO ORI BleOMal RAtsRIREi AP (ODS 1§ Ksifid oM
5 the mandrel or fromunintentionally nerging pairs of disks into a contact
merge orientati adiaméter @Dpai r of di sks were to shift into a contact nerge
orientation upon entry into the lubricant, the contact orientation nmay
prevent |ubricant fro%2 ische distahegyfrem thexdislptaptedgd tot the outside dtade 84 sutdtedigls of
the disks. As discussed above, the cassette for receiving the now

| uB?i cat ed di sksCORBFUREPYNIS10 dependi ng upon the subsequent processing for
the disks. In the prgi rggddegquingnt, t he post-lubrication disk receiving
cassette will be conflgﬁr GAiFl USSR dBMElT ¢ contact merge orientation of the

di sks because the nex?lHQR@@%?&&QH%&M%&@H%%E&Mwﬁ%ghﬂ%? bur ni shing, which is
n [

optimally perforned on conc rrc co ct nerge sks. Al though the
concentric contact meyBf RS diSOEA dt Me RN RCBATTEY dflechndctihdfoih@Pe

burni shing station rather than at the 15 lubrication station, it is nore
efficient to place t g3 dithkSisk gapoat teeveret biade t8ENdisicéonpatiggepsinisent at i on when
returning themto a cassette follow ng lubrication, rather than
repbsitioni ng t anddheks again at the tape burnishing station. Therefore,
the post-lubrication receiving cassettes should be configured to position
the disks in the ori datateaRrepisHtn-seaterhiistante hHEks “@P@dé%t%.e dizly thigkness.

| t ti tot ) M d el desi ' t - dr el
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t hree- pronged mandrel 750 may be configyred to create equal spacing between
the disks, a gap nerge orientation, or any other desired orientation. As 25
previ ously mentioned, when disks are closely spaced on a mandrel, a
capillary action or w cking can occur between disks, particularly if the
disks are in closely spaced pairs in a gap nerge orientation. This
phenonenon i s based upon how cl osely adjacent di sks are positioned to each
ot her, not whether the disks are in a gap nmerge or equal spacing 69
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accomodat e different thickness disks. The notches are forned on each of
three rows 752, 754, 756 of the mandrel 750 to match the inner dianeter
radi us of the disk as shown in Fig. 149. This creates three contact points,
762, 764, and 766 on the disk, rather than two contact points created with
a V or Mshaped mandrel. In one enbodi nent, the outer rows of teeth 15 752
and 756 are forned at a forty-five degree angle relative to the mddle row
754. The mandrel is preferably disposed at an angle 8, shown in Fig. 15 |
A, pref er abbgmpgsest @xmmtl@ll gt wsragediec) trnsporhahere thewuare anly Hiree; Cetacts

| ubricant form ng khe di sk urfaces when the lubricant drains fromthe
di sks. The B‘F%’F%f%'ihééls hefidgthg pla %ﬁch notch 760 is 60 degrees as shown in Fi g.
151 A The angl e.of the notc Itered

20 formed on ther %Sf‘%jéplgdﬁggdﬁustuﬁﬁoﬁl §1I¥eré elEeHIe alf?e{rvlotrr%r}engpeﬁem?g Wﬁe
exanpl e, thgreﬁé}@l% &d géﬁet@@ ?ﬁ? P%&J&G}EOWQB Bndh€s, ftﬂsréﬁﬁg At (ﬁb’iﬁéﬁes

degrees to give en stab Because he incline or
tils angle gick h@vermsiﬁﬁllhmetda oﬁfsdﬁrdlér@etéi‘B(UD)éunﬂ a3 thilGiRbtePiniksidB dadnieds? (TI9). t he
di sks on the nandrel, the center row of teeth 754 nust be slightly forward
of the outefThe oameptfoﬁrﬂmtmg @ gaprmérge Hinks sinsultapeusiyrnwikh the td/6 HidRs tdushing at
addition, for optinmum 25 stability, the notches on all three rows of teeth
shoul d be r ttedppds Pxtendabl, tor athert gapemerge tianspegndvavingbyidemer rasigwen gapse(cass

the tilt an The tilt angle can be between 0.5 and 10 degrees above
hori zont al . %ﬂéto J0ninghes) %wéooqbwaﬂd% fonfaciers af Posramp ?Feuapgv&e SR SHEGrdgsks, the

: Sff.‘eﬁtg' il 3R o 0P o5 o B SR Bineet gt BST] 4 bidinEhebonil Shiihs 46
mangr el 750 pﬁ‘&hﬁia{e Cﬂh%ﬁesyﬂd fle ﬁé}gr BF&H&B&a&qu% 113 v&gfl hta%e%’aﬂ cRfftEr-ROTh AP

|nto cont acf uring processing by ‘more rigidly securing the
di sks on 5 HRENFRTGCE)] of 4 -BEﬁ)xEEﬁﬁtelyr 1T RcktRSha A 18P& R (cEMerOfladdT 886zap @bsitbr-to-
contact also inhibits disk attraction due to the capillary action created
as the | ubrcanstdigame GCGWEpprooimalety @6dmchehe di sks. Fol | owi ng | ubricati on,
the newy lubricated disks are returned to a cassette. As previously
mentioned, the pdstalteutiveaf thdmthti;tdmbnmjrs Bowaoinf Fig ro8el/ 2t oTlm)liﬂ memgber
disks in 10 any _desired orientation. next process foll

| ubri cat i onc?@PI’é%?bPé%ﬂHl hodyA9e vﬁm W@rﬂlfrkgengwn&kﬂnaé% 22423 13- pEliler %u%%rrk&ades
f er abl t
Nl Ll e e

concentric !—iaﬁg ng
Si ngl e- Si de§9aé§§$ [E%%k%%l ﬁlcg%ﬁéegﬁ ??%T%E}(%S{(ac I\éee?tgret ﬁl|rie§n a I on %es 9"
Cassettes Dyirbdifhe!th® dIKRUbAE! WDufer Aettd DA 1284 Sbstiath thaldshk TR Mkl Sff $he H)lhde\M I
be desirable to reposition pairs of disks into concentric contact nerge

ori ent ati onThéoutee ¥R 224, 208 lamvidagicaLifor the atifeo bladesn1 8dhareh] §8hshodinsik Figsr 63

spaced apart, it is desirable to position the disk pairs in a
and 64. The center blade 226 is different from center blade 186 in the first embodiment.

20 The disk engaging edge provides two grooves 236, 238 separated by a central wedge 240
which maintains the disks at the determined spacing. Outer edges or teeth 242, 244 maintain
the disks within the grooves. The flat bottom portion 246, 248 of each groove or channel is
dimensioned to allow engagement with the outer edge of the disk and, therefore is the same
as or slightly wider than the thickness of a disk. As mentioned previously in connection with

25 the embodiment of Figs. 63-66, the angled surfaces of the teeth 230 and 240 assist in
aligning the disks within each groove and at the desired tilt or angle.

Three apertures 250, 252, 254 are provided to secure the blades to the main body and

to permit adjusting of the position of each blade relative to the main body. The adjustability
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20 concentric nmerge orientation. This is because the process which
typically follows lubrication is tape burnishing. In tape burnishing, the
di sks are preferably in a concentric contact nerge orientation. This change
in disk orientation nmay be acconplished with a suitably configured
cassette. Turning to Figs. 152-161, one enbodi nent of a post-lubrication

di sk receiving 25 cassette 780 is shown. The di sk cassette 780 conpri ses

ei ght pieces. These include two end walls 782 with six apertures 784 for
recei vi ng seeumiisregcle bladete e pawerly mositiensd relatitretosthy @thewhiociropartyeand saeraely
the two end |1s 782 and are secured to the end walls through apertures
790 whi ch alh\F,’\@nth\ﬁA cgﬂws elt Jrehss r?jlogs dFplageagnty gfi damagedcbladey qrato Rositign digkspt

four side Ll.s 792 whi al so i nterconpect .t e | d a

secured t om%htjgergﬁc?ns\!ﬁ'l g‘m?%'igsnfft SB?W 8u S'sqg’ﬁ%e’: é@en@&‘iﬂrléae ﬁ%’%a{gg P‘foﬂldgléav’?%.
In this vergj I ' t I de. S

LTS et Sl Oladl o SRS MEBben 4R QMR Bl ARradhA, 160
nodyl arity ang beperhmbangatbhdd th Yhe IPhodBIRNE nott dABablSb£IHaRgNgeabi [ ity

all ows the di sk manufacturer to maintain an inventory of the side walls 792
to repl ace indi viTdedlades dad Uilel dolly dirtpgedmbsodiments mait beluidde oraifs eppropeate
modul arity allows side walls configured to hold disks in different

ori ent at i onsnatesiatsetodebslizediineanyfrsecesmwiihintthepverathdisk nmanufacisriegrbodéssesatFarhe
cassette may be configured to hold disks.in a contact nerge qrientation,

and in anot KSFMRIRLISASTHRHL 2 high teMperaliEn sryirepRene Suchipst SPRLGTEG. Hhsy can he mude| s
to hold the djsks  i.n ientati 1o T tte.780 |t
component  paiets eEnEpdFSs T et 6 S st Gyl P Lo A BRe s g iades

rogesses. Differ ' j i.ffc8r, o .S}l cs, can be
geﬁgcfstdeE%&é?ﬁggﬁggﬁﬁfﬁgﬁéﬁvp?%ﬂﬁg%?bﬁggﬁg?éﬂxgﬁéﬁﬁéggg %% aﬁll be used.
H gh performance plastics are preferred. In typical environnments such as

texturing, cleanidng, puhdi ?"T&dﬂ%oﬁ% bie! Mefé’ﬁg Biskt %@aﬂ%&&éjoﬁ‘%—%{i&l Usin
handl i ng of disks arogg ej%e manufacturing tacifities, ep asFTE‘IB‘ﬁ%y
be pol yethyl ene terep alate (PET), polybutylene terephthalate (PBT) or

pol yesteresterketone (PEEK). PBT is the easiest to nold, but has the | east
desjisr abl e abrasi ap veRaIsAsHRE i fHe%anuﬁEﬁxrﬁ%%b&@ss it REHITHRY deBRAHAS toPPace pairs of
characteristics. PEEK provides the best abrasion characteristics, is the
most dur abl diskfnth & gmp wickdesdrienchtibhe Foi gtaagile, tae preidislyr explaided ih Somlestor With
nost expensive of the three. It would al so be possible to cast, forge, etch
or machi ne Mergihg twonpaseitastof silbstrate disksnintoeonsl cassette lod pains ohdiskointa gapuingrge
|ikely be prohibitive. As illustrated in Fig. 161, the side walls 792 may
have an oct QFeration: rdlse.-ia sennestien with hsctextpring apdowashingsproapgses spairs 9 diskyare

al ong one side of the si wal | for en i ng disks, .as is shown in Figs.
Tsor 0180 3 6rehind: Beortsd Hikep anShe PRERRION 1a SrBSt Foat ReebaiohptBres Tan
surfaces 798, . L: r r i Vi

i e e dueiel HLER g5 e HR0 RGNS s UG, Mg (BEBlstel Herec
concentric eABLAGdn IRABspYtiR Y Shiaffy of B Jal®inSgap MG ESoriAthtioR00 are forned
at different angles. As shown in Fig. 160, the Tower side walls 798 form a
first angle of 9Qndegibedinend bfa 2bh arfhcaRsseng B0 &f illusteatddoivelig ST3d €Tt dssetté 98
conpl ement the chanferred outer edges of disks, fornmed at 45 degrees. These
angl es may h2s an oprnige 308 and opembeliane 304.f fTbe easetichbasfteossnd Wedls B9p ovithsa He

wal | 800 forms an angl e of 60 degrees. The 60 degree an%Ie formed by the
upper si de weaped opging3Bgxdendingsfrom the-tpp rdgeI9f ﬁ@ and ralltgwandthgboitonedegi ng

or 8t at | on 3198 Sl i Bnape’ parish ol FRS PAIiPel R bis
di sks. The S.upResi g6 WBLLS, 00, 9l SASILHRTO Rl AuRORLLEE: baHighadse 2

ridge line whi'ch for e apex of each ri al so "has
angl ed front,,ABdink@aTly B RE BpRPQide W P toQhe b6 phitdh 308S Tho Rivier PBrtBAS
together with"the increnental additional wdth provided by the angle of the
| ower side Bag ey b88traight; aesioomdn tFipsn®s aitdd 16) er ithhaskrassvedfto gyweraliyshaich fhbus,
each pair of adj acent ribs 792 hold a disk pair in concentric merge.

profile of the hard disks (not shown).
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1 o The nmerging of pairs of disks by the configuration of the side walls of
a cassette is illustrated in Figs. 162 and 163. For sinplicity in
illustration, the side walls of the ribs 796 are depicted as only having
one surface 800. Lower surface 798 is not shown. Fig. 162 is a top view,

| ooki ng dowmn fromthe top of a cassette at the perineter edge of a pair of
di sks D. The chanfer of the disks is designated Cin the figures. Fig. |63
is a front view showing the ~ 5 disks noving vertically downwardly into a
cassette with ri Bsseriggophwertiesl dnsleingshnthor eneaings %3 areisposridsalenectbe Wpper sidown
in 162A, between the ridge line 804 of two adj acent ribs, is desjgned to
be wi der t h3ypllpration 3k 1@ sloyrmdexng;pnd moyement pf Jhergassesteoralative 40 it variyss
if the disks are 0.Q050 inches thick and the gap is 0.035 jnches i &Kot he
i st ance v PERsE Bty 15 <pmetes tof Ak aaurSnf reisain (R Hdnai Farary
angl ed surf facidd ol t : r,.as
t he di sks a?gte?%%?%’ Hﬁ%égte?%ag’ Bc;g;fé(gg?) |ta éd gﬂ%jggc}glr{%asz%ﬁ? h@%&f%@gger@% .ﬂaPﬁus,
as tshe Wnd?jﬁﬂce?s@@ oflé pdip @t h GWRI SAd HiSksl 40 kdtGrAbE dhélsskditel HAyObd RBodiAGTREUsRg
780, the side walls 800 of each side wall 792 act to force the disks

t oget her. Thiee didskiagwidts. Similkny, the éndering slote @an éwet used tc aihigAdhe BESSEE with
orientation, shown in Figs. 162C and 1631 C, as they are 25 lowered into

t he casset t @roceysing equipnafinglsycthacomandng] foy esgagingdhé diskhalong thetcenter appetures
mandrel can be withdrawn fromthe center aﬁertures of the _ disks. In an

al t er nat i ve B RHSE tYRSROL egmipmsnt weerity sngaggshe auren gdee ¢fifbe digks. 1o dhe pxplenredo
be angled at _their adi n dges.to .create a w dened entry way 810 not.
present in teﬂji’o%enl’ 3‘?%‘6%8‘%@&38%‘#“&?1% v rg% 5%8(9%35%5 thﬁ.&ppéi %ﬁ%"ﬂog‘?ﬁcﬁﬁld\ﬁay
forped by t b e 4 of ricb :-796, r .

facli%Fi tates Q\er?gr gl;ﬁ% g?éééf)és'ﬁfs?éfﬁ%goﬁﬁ enogdzsgﬁ)t%pi %9@1%10 Héc?@?’thg es be
nmovement of abaenpliskddSwitinineciRakhl shphed feedPackt 0 ensure that di sks spaced
apart on the mandrel 712 or 750 properly realign into pairs of contact

mer ge di sks, wi t fn additigairewodf shotsl 324k arei dispeswialaipathe eide 3@8s al the juetion bethsane
way, the pairs of gap nerge di sks shown in Figs. 140-143 can be

r eposi t i onedppertsideawalbarsidawer side wall.adhesestagealtow Haitids ussd imthesiagoms proceseags .
145-147. The rows of ribs 796 disposed along the inside of the cassette 710
are sized tdo fepirand papy SR the cesseite oFRIAFAMRISy HoSBRS BIREHETSo suchTascdaty Fpne

h |l ed sid | I's 800 which d ly.f t t I-5KS, i t.act,
whi Bh TS {1 ISR DiF SR aiete e URREFERS phdep et ik 185753 ey B8 YR80 n
vari ous MNPt LDehoRFQEBREReNSIE SRRl iSseRl iholER SBR ErDYRTfEpM the

cassette one palr a or processing and returne cassette

fol  ow ng processiffing BSFiEAGH, PRI, §Baddedd iRadsidé AerRO324 bPihe AbpdrRBd lower
cassette relative to the processing equi pnent nay be adjusted to facilitate
renoval of tpbgionexdl6pais of khe Adeusillzehtd odmyprive g08ast ioha rofv dfhgrooassEI formay
be acconplished by placing the cassette in a guide or holder which is

pr epr ogr anmgdsitioniagljdisks in peirpesd iri gap vlergeherientetiont tThet greovse gnayebr formed by

i ncrenmental anount. Alternatively S,the cassette may i nclude one or nore

refr ence ofeqeRtREChERGIS InhE side xfalls g5 by cxiendieg ribg 3 g thegtide wallse aspahans
relative to,the pracessi equi pnent .. The.index. mrk may be a hole or rk
on the. cassBVtBBody BF gk GHOMEFTaRrLEta P BBt S8 s Ik duf SBF 0
feature of ) C the . I

nmay serve a;an%ﬁgt%f%&eﬁeg%aggé‘%ﬂr %ﬁalﬁa&?{l}%ﬁ? 3%332’ eg&utr% e 's’trg%gpéeﬁg'P 5 ? ﬁg&e
present i nVeRhbRA bétviden ahd SephRiidivit pdirsO e qiar%& rib@i382 Bhvesidd walls 388 6ieneld Hyno
reason, other than for greater throughput, that requires an entire cassette
| oad of di skwoRerfaces §&8lasd B0 joateduah yhtuddengla as best Gecteia iRy 880 sidenedlls 25
unchanged. Instead of using a mandrel as shown in Figs. 137 or 148, a
mectiani sm f 336 nzengt torfgmsa ridge342i. de singlie stnald aibr3d4 (Ldishaskd betwegn donseguiiek lagech
a di sk pair nechanism may include a two-di sk mandrel desi%n and a two-disk

saddl e. The ribaddReLiks thelarge ihsethe seall aibp alsp davipude walls Hh ormeday tuosuiefpess
and noves verti ly through the cassette tg a position above 74 he_,open
fop of tne. cdbs S istnepif A Btpisf Sug%) Shhres AoREF 9 ForRuaee skdpeasho e
pair of dis r - di ﬁm . i . - t or
t he mandr el lgﬁn’lgg Igrlgprr%falt§l r(‘)\%iéérsléef‘ e gl{ﬁ[{?g@%%tﬂg@[’i’ﬁé %1%g§ﬁ&%£ﬁoﬁ%5§§% of 't he
lift saddle. H Merge Nest to Faci Iitatg Mer~i n of Single-Sided Hard D sks
5 Merging of disks may be further faci 14"t at ed by use of a nerge nest. A
merge nest works in association with a disk cassette and assists in nerging
pairs of disks into a contact nerge, gap nerge or concentric contact mnerge
orientation. Turning to Figs. 166 and 167, a cassette platform or merging

station 850 is shown. The platformis configured to receive a disk cassette
or disk Garner 852. Cassettes




1 o configured for contact nerge orientation of disk pairs are shown in
Figs. 167 and 168. These di sk cassettes typically have an open top 854 and
open bottom 856, two side walls 858 with grooves or channels 860 for

hol ding a plurality of disks in a parallel axial alignnment and in
concentric contact nerge orientation, a pair of end walls 862 with U shaped
openi ngs 864 for accessing the disks. The platform 850 has a generally
rectangul ar channel 866 into 15 which the bottom portions 868 of the
cassette si GB2ciRe beiwemgn pHEOLMRP RSk disks may rengsdstvessn OHE a9d 02 Sdneheseands

the plati L??wofs’? pisRy i had? el oo SaTUORTRA R i o 7h° e T Sershly
cxamle, W b BREbSH G 38LAREHo R0 Hoel & TRGAF FRNE A b "

of the exterlor Si e casselté a I ovi

stability dypjfyg sﬁffﬁ’&e?ﬁ' &Qa&?@l{aﬁﬁél%&bst%guﬁgﬁﬂd%r A3 B0k gH, DRBEIIYR 4 hl%elaigd

utilizes a nest or nulti-d ner ge saddl e havi ng an arcuate ape
upper surf agkat 382 clidnélSiig be iV shEpe@i Wigh bh@pakl the HottdinStathed fighni ) fIBEA#fa0¢
the disks in a cassette. The nest is shown in Figs. 166, 167, 174 and 175.
The shape ofpravideddbe wetth ofithe V-shapédahenmal &f saffatiény tovercoine®dath therveid st aafisk.
curvature of the disks. The nest 880 is positioned in the center area of

t he pl at f or m 850 Itaffddesirablerie @pilitnn gesmrootih diapsier pe diske Antpsthp passgtie 300 sand

cassette seated gn, t he pl.atfor ILn this sane, enhodi nent, the nest. 880 js
connoct od t GSRlish paEPTIBE e Riks R fusoR BeFErPTERAN ¢ P QU4/|tQ aCORP ii sty s Ke

170) “and & <ofbofrbitFe ARES FL ol e oF de A i QYo 5 0k o
t hegupper  sufifa6Rd 387 (glgfﬁi}{%ﬁ?ﬁe 8se 117&35§u?f3€93%630f7tﬁe sidS WAROB 14 SraliHl

di sks in each groove igs. 166 an I'n addition, the grooves re
formed by atsRwirfardl§etdh ﬁﬁ&phat/dw@uanw BsntSiietee ViRl 1hige 880 337 B@rtanmtseﬂlowsde
wal |s 890 create a taper to the channel 886 such that each channel is w der
at the top tdiks td bepirtaliplowetdd intoethe bassettet price to any mtaracioh debween tioeditks and
contact nerge between pairs of disks, the wwdth of the 5 bottom of each
groove 886 éhﬁm@%ﬁ@nﬁgtto the thickness of two disks. In operation, as each

pair of spaced disks i wer ed ont e nest 880, the sj wal | s 890 of
each tooth 888 wNeKb %S}eéio éretkswe A siler i thespsstee e dfngé?}“é‘tPérslfB%*’rde‘B

Do e, "o L 992, 334 Syil afsh) it SipBe ft%é%lﬁﬂn GO Bl s POSARE, T
the chanfer ffr&rt efﬁest nﬁlst%{F@[n | 31 rSWlFefe ?gé%? lt.Qafdl \%%)P%%Pnjo 22l g

operati on, or simlar transport not ivers a
plurality 0f33d|1§ kipeted 18 Cpsimeit!33480d ﬁeateepbcaoelpl %ﬁ@rtﬁé &aling leApd BS4 bY thet he
nest wll rise through the open bottom of the cassette to a position above
t he bottom ddrge hibs caidls atitiadly {eBmegate Rheg.disk¥Gnfp pearst bye positiclrieg twowksks Hebweeen

di sks, and dependi ng ugon the relative position of the nest 880, the disks
may contact adiseentdarge bbs beferecbatdisks |llﬁgfatth\elﬂs theesmedl 1iks 34. t Atethe sme time, thdr
vice versa. For 15 exanp t he is relafivel t he di sks
coract the gﬁ%é’?”t?é‘? Gred wn?fa%tliwﬂ xe §?Ia<éwféaaf hegpa Wéngca%eetgmgeweeff 1t he

| | h
Casset te fi e Syl opnifngt uflodd b T pethsie hoBs bRE S 1AL Bt s
platform fingler difle Gall réﬁffaﬁessﬁo dMBe ga[rgé)i’iﬁ§ 33? BelesdRBSh Falst REMa H@E? 'Iﬂtcﬁlet he

desired nerge orientation causing t ower portion o the

merge into tehfhod@nt eshoWn @NIRAEI 85 e appdri §188 WAIE sUBERS PFACAS Sngdle Al of
initiated by the S|n1IarIy con |gured grooves 860 on the side walls of the
cassette. Ompprokimately SRsdegrees fiidhyprenideg e dvidy opdningeesfacilitdte disk hransidone As
independentg¥ supported in a vertical orientation, allow ng the nmandrel to
di s¥ngage eW® in Kiga 8éoﬁwd@werrm¢legwakbsr 34(hfoami asrangieeAs RbepproxinEteljs 20 dgereesnd
173. I n one enbodi nent, the nest and mandr ar.e Iomered relative to_the
stati onary ﬁl%glget%célttfﬁ% receidingiihg fisks ’ag afsee%tiﬁe ke hiitingdisk paveRgdy &8 thseo
on the side walls t he .casset d| 18 suf fi.ci ntI

orabi i sed. S RBRGPIC iR ot PEfat gt TaP s B o5l phf KEdr eoyidtngt,
suffici entIy aq]b];ﬂt S {
such as shownsg‘xlFl bgqui?%g E%hggs%hpﬁgtapgémgér&\%\%l%/ gqaglg of %&nd (%ﬁﬁ%tg% SI &t he
di sks are fully seated in 76 the cassgtte. In a second enbodlnent t he
nest 880 may remain in an el evated position, or nmay be permanently fixed in
an elevated position. In this case, the disks are not fully seated in the
cassette, but are adequately supported to permt renoval of the mandrel.
When the cassette is |ifted off the platform for exanple, to transport the
cassette to another processing 5 | ocation, the disks becone fully seated
mnthln the cassette In e|ther case, the nest faC|I|tates the de5|red

- . o r ) B Y b1 M



| arge and small teeth 898 and 900, respectively. The configuration creates
two grooves 902, 904 between adjacent |arge teeth and on opposite sides of
the small teeth as shown in Figs. 176, 177. The di sks are positioned
relative to the nest such that the large teeth will initially separate

di sks into pairs as the disks are |owered onto the nest. The side walls 906
of the 20 large teeth will nmerge the disks into pairs and into a gap nerge
orientation (Fig. 177). The small teeth 900 will naintain desired

separ at i on. differg@jt pairs Facoruthe ThipneBuphi sagntb S82.Tad). HiSnigrlkes Si Thedapientetios ks
The process of byrnishing typically follo | ybrication, Burnishing.i
preferably [S8¢fo 1ﬁ@ﬂ°eok3,pf§i ‘f);g disang ?ﬁg"eﬁB\gﬁ? F‘gﬁ"eﬂ o &HEB?{Ee“‘ma lirébscbsns-éét

e g0 0 TR, B o A e SRR s S TR
surfaces of e%l%e?ei) etigﬁ %%ﬁst %B%é@(ﬁl) %1%%1_@3%& ’{aﬁ)é RBERen & pllaﬂirnrfﬂté\\l? 02Cinches kto

surfaces. W renc 1gs. 1 gener al ™ sequence of dis
handl i ng ando7sr #RBROT tThus, 5B Oodksf 6n b QrdnsilienddU ERbSRIYNGIP RS @ERettd POO R
enbodi ment, a cassette 910 of disks is 77 depositeg at the tape

bur ni shi ng saddtaioed by thh caRettecdispairpad gap margeadisilancentri ¢ cont act nerge
orientation. Positioning the disk pairs in contact nmerge orientation nost

| ogi cal | y occur s The cpssstte rr@mal@atnpg\de Rattitlan gavity 33%e posibienasaati ane endaefi ba,
descri bed above. wever, .it should be preci ated that the disks m

arrive at t R&sSEHf nlhofiaMy ést‘%'ﬁligﬁ"ﬁl tﬁé@?w‘@ﬁwewﬁ 2 sedie fregyene idepiiBFegon CAF)
repositioned int.o a ncentric contact r orientation at.the burnishing
Seatton. S mie Thifh SnRAE b SETLR Ebne i BbettrieRE B wlbiplb SMfprmtitg (B pe
OUrgl Shing Whl 48 ERIPRPRNEEUSNE Gftfth 36 'owtRiriue iibndRaifdd flfhe NG HBEAPRoR
the invention that tape bufnishing nmay occur rn other orientations, such as
spacer nergell @h&Védasted. Nan dhisknadict ABREHaIfedivksSeHRPEY tr8cked Ufdubhdhe bhtfe
bur ni shing process is uniformy and consistently applied to the 1 o surface
of both di sk&anufacaridg pkocpsai and évehiohtto siedcisnitt.2 The RIFID aapecbulik fieththintlnde a
cassette 910 is utilized to renove a pair of disks fromthe cassette. As
shown in Fi gead/vir#te -m@aoryt that witld allesid ktetocsiongr ¢onbismatiomadih theoedmpdetipnwifi éachn
arcuate or curved shape di sk contacting surface 916. 182). The

Fi g.
arcuat e shapEsesisiep wiph seuld ke waitien i e ichip hyfetgansmiffey (aqislegigﬁegdv egglpprocess
di d bet ' ide 15 .walls . 920. (Figs. 184-186.) Th i
e e L o N A g R
cont act ner%ﬁFPﬁhag%%&kB&aiLnﬁeQﬁﬁ%hgé the lift saddle is provided with
e

internal cavitles t 0 engage rstal ends of lift rods (not shown).
The lift rods nOYge tchQettd frlay TR0E|RLALIMMRRA &F uithilb pRRAE,! deRRtcBERSRE Bpdnhthe
cassette and an upper position, shown in Fig. 178, in which the disk pair
are accessi lpheichir aishaf thanchssetg @anchet owenap andnuotuniag hgroeesss . Oné apploprine|
or groove 918 has a flat bottom portion 924 (Fig. 183) which engages and
supports t héechniguee weaid hetisiectisigmolding: hHighaperiirmikuce pihsticangyick asfpolybutydinde
walls is preferably oriented to correspond with the chanfer at the outer

per¥met er edgerhthalate (EBH) conld bepsed as Khphroseniakle strepgth and fdurability gharagtensfics. ne
di sk ir. V1t h f Ei .. 178 d 179, fall i N | f di sk
Carr From ¢ HotydubEn ket PN mes hod Metifn e Sne i hngeg PR dhes Rgy fane' ©

concentric . . i e
adially | naats oS A, Ml i) LRl ne (PORK] Bl SETaHT
edges of thend wissélieSksll Bk dsedlin UNhighr RinpedRAE RHvik@ERInt, 0fth asOdpuld lvBere90
degrees apart. One enbodi nent of a nerge roller is shown in Figs. 187 and

188. The 78 tempepdtines samieack 350 idgpreedCeloiuk.oBxamples of IPEEHT are\weldoundeh drenedde928
bet ween two angl ed side walls 930. Like the Iift saddle, the roller has a
fl a5 bott omnpmes Uem@82 Viskpiebh engages the outer perineter edges of the two
di sks. The channel forned by the side walls 930 and bottom portion, 932

mai ntai ns the di $ksesand embpdimens of @ pap mergeyiassetie. shagdn Kigs iy 8% iivdesignedire
the disk pair is,engaged by the four nerge .rol]er the lift saddl e.9

i Senoages. M6 e Sot R aaeeiss 19 horte o ek b b stalbainiont stpPR Fido oo

| ocation, s i n. El 0 h aj r. of di g . i er
aperture byaﬁygﬁégﬁpggggégﬁgﬁ%:ggﬂ{hﬁﬁgt%g%n e&%§%gﬁb?ggggggfghghéﬂgﬁgés
t he di sks along the inside edge 936 of4 he center aperture. The spindle is
designed to inpart a rotation to the disks during the tape burnishing
process. 10 Fol |l om ng engagenent by the spindle, the four nerge rollers

di sengage. A schematic diagram of four burnishing rollers 93 8 engagi ng
opposite sides of a conventional two-sided disk is shown in Fig. 189. In
conparison, Figs. 181 and 190 show four tape burnishing rollers 938
engaging the R-side of a pair of concentric contact nerge di sks. The

r I N 1



20 be no rel ative novenent between the two disks of the disk pair during

t he burni shing. Lubricant, previously applied to the disk surfaces, acts as
an adhesi ve between the L-sides of the contact nerge disks. Fig. |93 shows,
in concept, the lubricant fluid L positioned between the L-side surfaces of
the disks prior to repositioning the disks in a contact merge orientation.
Testing of different lubricants, sone with adhesives added to the

| ubricant, have 25 yielded good results. One solution used is a m xture of
AMBOO1 Lube resiitpgdenm theshishutsmprrBoeoidhn sputferingaemesss| The passatte gnaydeadic east,

esul s, 70 SATRER o5 4AGinER e HHEL PIRGH of KBl SRonsp P e e HO e of

050 ongage TR AT HRIRANS Bl RRIMNP SPmbShey PRRE okfiner MireS Bl 1 o

assenbly 934t Qnfh : I . i i t he
4)81% t§%‘?%gﬁrm%%n 'B%fn%Qn{rQ UeBd $utd AN ??Rﬁel ? k}smé Eﬁ)ggés e c'élsst‘:@ef-.|

lift saddle 2 where the I'i1ft saddl e places the cassette. e 5
ori gnt ati on Jeitstang fakithknglipeftued bileGoarc o B nehaaed .Corepandit\Gnuian dawhtdrer
processing of the disk pair. However, if the next process requires the

di sks to be disks.a Tencestiteimay alsé detplaed ge implove sibpsieh aedithwenoAn tappbprise ge
the disk pair but, instead, to transfer the disk pair to the next

processi ng Plasing srptenial iscniekesl. ndbragionds anvshior sewpr en¢ontamis@ivha ApprenTigee metals
orientation. J.. S nult ous, Testing of . Two Single-Sided Hard Di sks, 1 o At
many tinmes inekids, SPb s IGnsainleen siser A Ry RwEs W o PRI Iptgerity in high
single-sided disks, it .may be desirable t.o performtesting on t disks to
ensure the %&?ﬁﬁ%geu ?Vr%rgon%lregtéegrédsiv%hegc E?llfimgg%&llolf’)e e .%urﬁ)n(gSlfSOC a‘fnﬁlb%gah@pe

t estyi ng may Qfet IS o0l ' p i Shi f SE4 [ :
su@?tantialfy co%pegt%ﬁFﬁfgbggﬁggeggﬁ%%#%ﬁgg?g?ggeggﬁ#%%§%$n2a§g§ Eg Pﬁg
final manuf aghporit@s si @6 cabstes WD abERPicAly dxesdd 170 degre&e@&.ﬁﬁ@r y to verify the
di sks are nade 15 correctly. Testing typically includes a glide test which
det ermi nes t he piTaeemsettedd70aray tas pide ivtalle 8 7tivo flend owallsl 324) \aaropeh yopeF Toemt] anhe
flying of the head/slider assenbly. Testing also includes certification
testing whi ®hetpbottasn 488 rlhandlivhavaea dhehaped onsergreirchler apasiing 3Bt permitne

if there are defects whi ch woul reclu use of. the disk. The nechani cal
process st efsceFoio %g?nt?fgapamwﬂé}%ﬁewlﬁ gﬁﬁé!demlﬁf%qu 382 e earespd 19

that the disks arrive.at t.he testi.ng,station,jn concentri c centact .nerge
o5t aci on eyt De e il o Bl Bta? Sithier e Of B SBHAs bis oofRRRE iFRL
need to re LI i i : i LI i it i
Concentri o Rbmb@lk dalercliTP bl Ho ddSpRlidibs BRLT Tndtibd adthe Boal b QESy ke
vacuum gri pReinn3RAB90S ARt stéh 18R A9, thBEmbiIP B 388 eBhraR§fairsBE &Eks%ﬁ@h@lfarf@

di sk pair. One enbodi nent of the vacuum gripper is shown in Figs. 200-203.
The vacuum 2ibs @86 ppaintairothergap dsetweeanethe two dijsk9m? each paian Theocsiet & thhajbsdindi sk

engagi ng portion 954. The arcuate di sk engaging portion is forned by a

si ngl e gr oovémensicohafiriks saBecapopigrudepdnding mpon the Hizd of B diskskandjthe desired
concentric contact rge. The channel h a pair of angled sid |.1s 958
anda f1at BBEINm Babdicks houwme axiskness of g ehes, Me &P Drexeen 635K A Hecsamsi n
body conmuni _cate 80 i th bot.t om he.chagnel .and,forma manifqld or
vachum syst EAr6an nge bbinesy SR HRD e p o7 ke PRTGragY 9 PR um e
enbodi nent Vi Mgl i: ; .

eod et IR AG™ e ARShodife BRSAT UAAEH: PAATHBOLKE SRS SRLRRK DI Mg
of 95 m || i metserinéles Mahe preerdedOsdding AE D 85 inthéd)i KIKAIBS SadnSdiflepMERl Bccapyl a20
inches of 5 pressure. The vacuum gripper renoves the disks froma cassette
966 one pai spak na gréanse thahl(e25/iachaswithrd dipience\ddBS itidhes measarddatonoR-side thiRe
di sks 90 degrees (Fig. 51 ) and transports the disk pair to a second

| o2t i on as ssledowe gap riérge paioef digks. t he second | ocation, the disk pair is

engaged by a spindle assenbly 968 at their ¢enter aperture 970. FQll ow ng
engagement by 1 &eferdngn Rigs-e3Sakk Iays,enﬁﬁéf%ﬂﬁﬁlﬂ‘n fﬁsﬁ’ééfprﬂi"é‘?alh@g@tfé’ &8d

testi no. appdrabirsd aPoerhs W edte aDe Fdun et oifled e ot ST RARY |y
in Fig. 191. parak i i i
In g \Biotglﬂ(le %%Eﬁﬂéﬁlﬁ | FChR UaBRRE Selafit @ 1o 102 PSJ&Q%”?]&L gﬁclﬁ?%{:? ig%hlw

bei ng used a palr of concentric contact ne

shows the sane test 15 equi pnent 972 pqﬁitioned for sinultaneously testing
two concentric contact nerge disks. The disks are rotated by the spindle
assenbly and the equi pnment conducts glide tests and certification tests. At
the conclusion of the testing operation, the test apparatus retracts and
the disk pair is engaged by the vacuum gri pper. The spindl e assenbly

di sengages and the vacuum gripper returns the pair of disks to the cassette
and engages the next pair of disks in 20 the cassette, wherein the process
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81 both surfaces 1024 and 1026 of the single double-sided disk D. The
servo-witer apparatus conprises two separate actuator assenblies 1028 and
1030. Typically, one actuator assenbly is used to control and position the
ot her actuator assenbly relative to the surfaces of the disk. Mre
specifically, the first actuator assenblyl1028 includes a pair of
transducers 5 or read/wite elenents 1032 connected by actuator arns 1034
to a single pivot point or shaft 1036, with one head positioned adjacent

t he upper s@ﬁg@ment 1ok 39Ads tphetlmetdeadjmmdeapbwmcér@d mesge disks. adn Fighd7] theer
surface 1026. The wite elepment or transduc 1032 wites servo-tracks 1022
on both the Mg aﬁaﬂptﬁfteard@amft £.83 bROVEHEIGOYR Sitke CRBRHIIE Fch PaE OF OEKs.

i f f d
Servort rnok el it MECRRK D SR Fupy et o PRGN st Bissh By
as the two ttl'ie\%ﬁ §ﬁélﬁ1?é’n§ a3 0TIk Ry AROMY dusEJPﬁ) 5l gggﬁ)ﬂléﬁ (c}i(qge %asge{gtetrglhﬁve to

arrangenent en-witing servo-track data on a esli

critsical thage f)ﬂéeesfsﬁ\? dqipRRAt 8L RcBRO palabe dRkS AFNRMoPEY A RAIMEd, JRHl tHeve
along a conmon arc of notion. This is because, once the disk is instal | ed
in a disk drentir,batdheothdisidshdstteen prdcessbd The dlipemern ddlds rapgnablingd td glidwo bi-he
surfaces 1024 and 1026 of the disk D 15 will also share a common pi vot

poi nt and widitectipngle alignmenit sol theusessetiek eclativg & tho-processinguequipment aoéedherone
met hod of servo track witing involves using the head\actuator assenbly of
the di sk dri™MASh8Ywrite the servo-tracks after assenbly of the disk drive.

creat od on ?EZ 't%o 4 Cfﬂ%fsfi%ﬁ%%t%§@w°gf¥¥é%¥ai9?ﬂweaﬂa83@15%"&"%%53%?%%9% at’é’ﬁovvn

actuator asse udes an enc to p05|t| GuCers
1030 of the tétar Stts ﬁa@&&taﬁ @Jm@%ﬁ&ttptdf tﬁ@?e%la'b@h&it'o‘f@otr@pfe% o?blﬁtfeé%ﬁ@r?eﬁﬁthiyﬁﬁ
di sk. The encoder 1040 includes a single shaft or pivot point 1042 for a

pai r of act difeentBronfiféd piefesp (s, s willBéGppaerdits pas sdllal inttheard ithd edsseatad
of the actuator arns 44. A voice coil notor, generally including a coil
el ement 1048ambd reeonfiguredito pesithat diskoi, diffsremsomttonm rrach as gaheergepwsither
end of the actuator arns. A scal.e or gauge_ 1052 may al so_be jncluded as

part of the COBHEHEALH; neegigst @mnglchslt lmoseswast éwédla% thy lengherdhe casteie apibe
I t f th t 30 t

Codlt mna g% 3957 Bigt 1PbRYn 3525 Aol BER abaHGEh bR BEh B el

causes act U%&og%ﬂé H?a&é)ﬁémtﬁas?i'c\é% fgggfb&erﬁﬁve it$ P?J fimih fm%h%rgct&q& c§ BPfAct

of push pin 'l on actuator arm ative vemen p05| I ons
transducer s pifdge emplogdd t6endke tiH saksefiblr f aces 1024 and 1026. Thus, the voice
coil notor of the second actuator assenbly 1030 indirectly positions the
heads 1032 of t h&htiendtvakc4(Padre perrsaiyrihbhyapddtallwtyv dchess po theeliskt amdincinde sie
create the desired servo-tracks. The 5 first actuator assenbly | 028 may

al so i ncl udepertwes @4 &ui dttaphynent of g other vrupahehiepieersct TheeUdshapedgonehing 49ér vo
track witing ogeratlon Such a servo-track witjng apparatus wl| not mork
f or20ser vo- t PEER %ﬁc?qsﬁé" B1s disksaiA PoF °§Pﬁ*§§l"éa”s’inﬁ‘éher€h49 »SHpYN 4n ﬁéﬁsgg

pat terns. £ ortipmel i fernd wplf henssriamed bous g R heGRR wt FRETSngf & 2,
doubl - 51 de g ShNaL 5 ruA04-A00 20Prs ASF A 1. Ao i ERARTHLETRS

created by the tracks are opposite 1n therr ection or orientation.
Thus, if theJ&@oE, @apgaaat\m NB%Bert! 388 afOhitabhéd bét@e&LEAR chll aeHSto0Rolide disk
active surfaces (R—SI de) of a pair of nerged disks, the | ower disk would
not be functsuppvdd siurfaces. call\femt didakll dnesibetl shoan 1&51?1@&19881@0\5& plehtical s eavhul d
not be positioned in a manner that could be read and understood by a
cordsent i onaloither.18 singlesideiwhibmdmbiesik shoyeemidligs. 9Z198. f or egoi ng probl ens are
overcone by the \%Elpar atus and nmet hod shown in Fig 208 and 209. Therein,
two servo-track whpirsids surfage Aalﬁcpfiweawélstjﬁhqwrwédﬁgsﬂt’% nch s s inedpde a row’
positioned f |t| on .t he out surf the R- eto

062 and t hetdetb it elorg imen s b A pReer ikt L) T eh¢ Risiriiter
di sk 1064. r awiting
appar at us ﬁé@%ﬁlﬁﬁ&@%gﬂtg‘*@ﬁeﬁtﬁ S5 RADSR, Balfls oo ?ﬂ%‘”@gﬁsv%ﬁtf? hhal
servo-track witing on a single double gided disk except, each set of
servotrack witers pivot at different I'ocations, rather than a conmon

| ocation. More specifically, as illustrated in Figs. 208 and 209, each
servo-track witing apparatus 1058 and 1060 i ncludes a master actuator
assenbly 1066 for positioning a slave 25 actuator assenbly 1068 which
performs the actual servo-witing. The master actuator assenbly 1066

| ncI udes a posi t| on| ng encoder 1070 haV| ng a 5| ngl e act uat or arm | 072 WI th
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1066, including pin 1074. The actuator armnms pivot about a shaft 1076. The
voi ce coil notor includes a coil 1078 and a pernmanent magnet 1080. The coi
is energized under the direction of a controller, not shown, to position
the push pin relative the surface of the disks. The servo-track witing
apparatus further includes a second actuator assenbly 1084. 5 This second
or slave actuator assenbly 1068 includes an actuator arm 1082 which pivots
about a shaft 1084. A read/wite elenment or transducer_ 1086 is positioned
at the distal endVigr referencectouligo?4 sannemigesd vieweof tha msefile f one B wwree diskhe

servo-tracks under the positional guidance of the _encoder actuatar assenbly
1065, Ths. SHROTCHEDUAE0 hond: ASEDI Brarcseh (AqRT SR Plap B Brod.

controller, : tor ar u ins.: 10,,k0 to
posi 1 on't hanpter etz THESHE Galt G R e REabE o AR B R RR b0
of disks 102% ape B8 4bhe TH@E@&?&B&dW&eMﬂp&ﬁp&ﬁ%n%ﬁ% QflleSRAIOs1 fhRCKS
on the disk surfaces. The slave actuator assenblies 1068 may al so incl ude
voi ge coi | Bjabdns larbeltecth By60rVaedreks D ETHeNBSE ipeRiotsiof fig: §ibe walls ¥émi & 30kdegree
witing procedure. In addition, it is preferred that the shafts 1076 and
1084 use ai mnglealThagsgle aif Hbe baseaporhian lis Besigriedge . acéommbarae ichasfesr m the outer
snmoot her and introduce | ess vibration into the actuator arns 1072 and 1082
t han woul d Ipatimetge adges S thandiskh o Reecisipnmgnuiagigre qftthess grpqsies aHews meitainiig

di sks be in a concentric cont.act nerge arientati.on, althqu a congentric
Gap mer e OCRTER M LSS BRI GE T it BT RBTAE R oo BreSGE baulig!
An exanple of t serve-tr rn 1090 Gre . ryo-track witjhng

A Sxampl e Slole (SNEG MBEL pRALRLL 0 DR SPRL Y AR TRE bt
Serio- track ki bf s ARPRE 2hdikidR0adcOmARANG differhiCalighinr, Bribhibdior® 6 sgabing
servo-track patterns 1090 and 1092 are shown in Figs. 210 and 211,

respect i vel ymoAg teadiskae ThasRidewdtis @32 hadviflg @Rkl sedpbrt saffbcds that @ddohisddatetotirgs -
206 and 207, the servo-track patterns 1090 and 1092 are simlarly oriented.
Accor di ngl y diskheienaiées rsdycalso berutitizgs. 208 and 209 can be used

i nterchangeably in the same single-sided disk 25 drive for recording
because the servdlargiaglof slisks araysbe1ipdberafacilitatsbbiapte efohglergeaiest. Anmernge nest
preferred enbodi nent, . the encoders 1070 include a | aser positioning devi.ce,
not shown. THEKS lgsaé?ocwgptw@rﬂ BRSSTHEATG PSP TS GREE RAFS,Oh CIskS (NIoyR desired
posi_tion, such as defining a crash stop for,the actuatqr arng. 1072 .
a0 posi Cranierm Guphied daf gfirBFSrgpdn, Mg nfit U Bselbein gkt Befl
assenmbly 1066, n conbination with the | aser positioning device, can
incremental |y adjust the position of the transducers 1086 to create the
desired servo-tragk pgih@faleousdeRfurif@6f TwoSiniRysidesHatddbisks t hese are known
to those of skill in the art. In addition, an advantage of having the
second set of voiTasmingid Figntlola, A8 ci csstie WiS0 his shoevnShaddiog muhltiple phissve! gap

actuator assenblies 1068 is that once a sufficient nunber or volunme of
ser vo- t r ackgnergodisknB. 14 PRp anege preasion is peeferrrdolee the disksoat dht bepinning afheand

nove out of the. way of the seconpd actuqlor S gbli$s. The voice coil .

Tot@r s assodPHTIRE Ripeass-t Hie eahestinen)of 3 addls AoA o TiZed 0B mPR IR RAirS
it t he .t d tq . - S el . 1062
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create the r g{gﬁ,q‘%gagog,gﬁgﬁg & ENRARLIE BE £Ro s 4‘3@@?%%2&%@}% fhavsed cterﬁ&tricgetorr] éib

double-checf e previously witten servo-tr efore renovin

di sks from t43g (@RRAIGE-USS). | Theagitet valls 460 foh ehdTBisk @EgagipdpEEpR 484 Wpport the
di scussed above, at |least two alternative nmethods and apparatus exist for
creati ng seroutsider algk ofahe tisks. RThe dakilof52ainphides ofo dicsdsss ot horas #62 pbsitioned
alternative enbodinent, a tenplate with a preforned magnetic pattern
cor¥espondi regntra) td Bs bordy feerspeiving gud sesuringpush gedst46¢n Ihe sugioeds 4efmevehe lifie
R-si de surface, of egch sin%Ie-sLded di sk. An exaqgle 8f t he nagnetic
pattern i s tSRUISAZ Betyeertk TE POSHon Relisad thcasseiie 458 #8d asgcondpostinp exfapdedy

is made wit er,manent nets, The ma ti at n,dnflu es;.

magnetic | aglélr%u%}hatl(ﬁ%oﬁgggcfgssgﬁe’égéﬁendlgs@e 51 ’alpgélégf rte%ueftggheﬁréfg%ae e84 in
t he desired . R%"HEQ i @ k r be a

conpl ete sefﬁghﬁgé@€ggtrac ggﬁgﬁdgﬁg%gﬁﬂggﬁgﬁg?ﬁRg%Hyﬁ%m?fg%%&broduced by

per manent magnets conprising the pattery should exceed di sk coercivity or,
stated differently, should be sufficient to saturate the nedia at the
desired positions. Application of the tenplate to the disks will likely be
| ess than five seconds. To the extent that the tenplate only creates a
partial servo-track pattern, the remai nder of the pattern can be filled in
by the read/wite head of the disk drive perform ng self servo track 25
witing. A second alternative enbodi nent for creating servo-track patterns
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opaque sections on the glass. Opaque sections would preclude |aser |ight
fromstriking the disk surface and transparent sections would allow | aser
light to contact the disk surface. The pattern may be created using photo
|'i t hography techni ques. An exanple of a desired pattern is the servo-track
pattern shown in Figs. 209 and 210. In a first step, a laser light would be
5 applied of sufficient power to elevate the tenperature of the exposed
areas of the disk. Next, the disk surface woul d be exposed to a magnetic
fiel d. The magnefhowusharodsderewill move eherldt eqddleAS2 e atrositien arherenie willl ekgage a

surface whose coercjvity had heen altered by heating fromthe | aser heam
Thi s woul o SFSGEE TheAPUSTEr PR Jompis et B h PoSHen ARQNoihe CaFLe C5h
per manent or. ect rQ- net. The.strength. of. t net i ..el d..aroduced by
Phe magnet *1OEAGEIEY TR ised 86 SRRannle' (e R St e e
room t enper at, Un&it Yoly Equitadhe ¢ hEloW. t gol t ;
el evat ed terr%gr atlair?dgprl ﬁgﬁéﬁeﬁuﬁmrd’sﬁ&# Esgelbgsogjr %’(&tg%eﬁlgﬁlgieﬁ%%g%b&z?‘gg te
t he st enper afubddein @bnifeoti Gt Witk AhtaiZBAGteRfurinb Qind i Kormbétforcaittha ghneMseeth dakRve
roomtenperature that a sufficient differential in coercivity will occur on
t he di sk surlfske datiog al thakness @0 inclidsethd flay pokticar 466hef edchachandel o€ dhuc Bl
coercivity, but not the remaining areas. i 5 Once the disk surface cools
fromthe | aseddlbas ¢ madtht(Me inetjget(Se op appreximaidy0P4banches.. The omhtehta eamter
first altergative enbodinment, the pattern nay. be cgqrgl eT&le or partial. |If a
-O_

partial pat diance betdeemtheshagngss 15 QfHP Aerdies oV2 imBies prfoge, thg widthofthe pe
filled in b | £ .0 At Kk i.f.ing.teghni . L, Variable.EF Fact
e b ) AT S LT R L B BRLEM

Figg. 212-2 he (o] I 'y

r e%gvabl e o%pggjmg's? g ?fggqés%)ﬁtgg\%glg Iwa?lﬁgggtfdg%ﬁhlﬁﬁg%eé11%%6%%1@%3@#8&%& “Ras
an open t op aid #2 anSREBmAAByARR WAADoBNE coh&RIE Gr AP AR Mfppickdmately 4onRgRBH

wal I s 1124. The U-shaped opening allows access to the central aperture of

t he di sks. Theheatisks itichypdead dhapifemedooittioperimhes® gdpe tiat maabeessclbsely hatctesihs. A
disk 2s Dis shown seated in the cassette. The main body further includes
two i nt egr alangle ¢éthgalbl andougs walls.2Be bt pomtiex4tdrwilldayoe avidth hebs wean| the thixkness
plurality of slots or h(ﬁlgfgS,llSO are formed in the integral side walls

1126, 1128 &htheidisk nkhe daspyians ofhe disl eagaging prrinpidhe liftspddie canbealicsrddp ned
fromthe cassette d,.di sks.during processing. Wile the side walls 1126,
1178 are 86a°°°PP1"Zf§?er‘H§l‘5ci’lf§§F°FW8‘3?’é’rr‘%"9€%?rc?f‘ﬁ3‘8°l%\}6§% the end walls 1124,

t hey may be sepa i e : imlﬂ el | ;

pair of base ne @?@eﬁ&og@%g?(s? Zﬁg lﬁgfi %@n t %8%351%2% m%lﬁéthglnghﬁ({%n%g%rtom
of the cassebhBetivBhfdRAEEsABIYRAT the iSO phik QYd GRrgdddi bt YexhRinlsheheC ASR Yalreisand
forma support structure upon which the cassette rests (Fig. 215). The base
5 nmenbers mpyef&rably npasioatd Vin f20 comedntvic t dontdoe nengk watdtstionor Tiisy ple€erdtde vednas
separate pieces secured to the end walls through appropriate fasteners. The
si de wal | itexdeingstwpldisks simulangeuslyythatthatel ie arhrelative maviegpent @ ishippape betvaees
and 221. In general terns, the inserts preferably conprise a vertical wall
pord%i on 1134Nete contastmarge\diaks. S8 chagge Ehf?é’ﬂ?%f’ digks tgsmQyedn YAigPe 1% B

t he verti cal || .portion.and ang| ed. i nwardl to t he en i.nside of
the cassett é Shirfeinane et ahG asBR Pifdr AepRABE Brty ¥ BB TRqiF i
portions 1134, i i = . i I ,
whi ch defi nzﬁgld%%gvp%? R Hjlg gﬂ T%lgggfld\%l?}%%tr?g%%@g d%lg%%ﬂgﬁongﬁeé ?P{%lﬁ%)ks tﬁ%zher}'ngi?i ve
size and spagyd RbohpPlished BS siisméleingthe figks Masssbl WPABioh#2ed fvafed faehane Bft
the disk to bé utilized. In"addition, slots 1130 are also forned between
the ribs, alsadiffe kidves o didks froml tha@hdsetp itlid wated &3 denivdl aw sy derdingathe désired
portion 1136, to allow process fluids to enter into and escape fromthe
cas¥et te. Asvavesr fdmdayerion th¢ gwface bf thendisks1 ALheHayer iopreterably pgiween O bl
1142, 1144 extend al ong the length of each insert. The support nenbers
provi de st r seieps thickgi deeguse othe hdisksn agr palished substiaie disgks atetiis, PO Hai A,
war page or breakage. The support . .negbers be. hol L.ow, may be solid r
oy cont a1 n AL OgE RETe g T JEL A LEtares ALrin Sigo pHE ot e Sevin BF;
for the envi t. In addition, each end of the support nenbers is
provided with a securenent area | 146 which correspond to simlar securenent
areas 1148, 1150 and 1152 formed in th 3end wal I s of the cassette. Wen

al i gned, appropriate fasteners 1154 can be positioned through securenent
areas |148, 1150 or 1152 and into securenment area 1146 to secure the
inserts 1114, 1116 to the end walls at various positions. 25 As seen in
Figs. 217-219, the inserts may be secured at various positions relative to
the end walls by the predeterm ned pattern of the securenent areas 1148,
1150, 1152 to accommodate di sks of different dianmeter. Thus, inventory
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In addition, and/or alternatively, substituting different inserts having
differently configured or sized ribs 1138 wll allow the cassette to
accomodat e di fferent thicknesses of disks or to accommbdate pairs of disks
in different orientations. For exanple, if the cassette is to be used
during processing of single-sided disks, the ribs 1138 could be configured
as shown in Figs. 221 or 222 to accommpdate contact merge disk pairs or gap
merge di sk pairs, respectivel In Fig. 221, ribs 1138 define grooves |140
for orienting di INigh referanagdn a5t 10651 G9e pge aopaieoft gap ingmge dipksRirgpositxmed abave

di sks are positioned in a g p ner?e grientatjon betmeen | arge ribs 1142 and

small ribs 1 &assqf@r“r%& thﬁ eaddlerty2a g5 haiaisi c98aged Dycplyli Béoﬁw’é’é}érsfqrc%l’
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Alternatively, an abrasion resistive plastic, such as teflon, nay be added
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i ncl udes a substrate disk 1200 (whichis typically alum numor an alum num
al  oy), uppéhe disks arewimnultant@isfyasuppdréedeysthd Zifidsaldladd2 112 @ §af whergehorikhaation. It
typically nickel phosphorus), an underlayer 1212 {which is typically

chrom um or show# bemppmeiated d}a) thezanglg i dtei rollera parr chapgto(aptriptdmeny iecagle pf ite a
cobal t pl ati num based quaterna all oy having the formula CoPt XY or a five
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el ectrol ess plating techniques. The underl ayer, magnetic |ayer, and

overcoat | ayad applies adidutveardfdret Bj sden és Bigs 1¢aB)ewhich sisa@factlititeswrawsaliof the gap

typically fromabout 20 to about 100 nm and are 15 deposited by sputtering

techm ques. bthmmlgﬁﬂlsksmélasmbmpﬂqqumglsalylemﬁ thealeiopized sfatrs iovefomheveen dre
reSS|on or tensign, they are typically, deposited in conpression and the
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information storing side of the disk can cause problens. D sk concavity can

cause probl difs saddle ¢5@ rerhidviee thg disktpairnfsom Shieih satanatpeel pesitiveaih the asaksetig 450.
errors and undesired contact of the head with the di sk surface. Because of
t hede i ssuesAltiRBgh yipirgallerdiaskshopac thidecrailersrase sufficienteto sedurely heklkandrmerge the

i nformation-containing or active surface of the di sk of no rnore t han about
7 to about I®ing ér%&nd%@wﬁhrc lifysaddlg jorretacht ed, "flatness" refers to the
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Refernng to Fig. 225, a first enbodi nent of a disk according to the present
invention will be described. Although the invention is described with
specific reference to a magnetic 5 recording disk, it is to be understood
that the principles of the present invention may be extended to other
recordi ng nedia types, such as optical recording nedia, and nagnetoopti cal
recordi ng nedia, and can be used for floppy or hard disks. Fig. 225 depicts
a plated disk (or intermediate (disk) structure) 1300 havi ng upper and

| ower i nt er PagBonegdytabs engaped Ryd spEUL: asseslu 382y dihg spindicas ﬂg?oéllwrgl@d

1912 The e BRSO Pl a5 Y 0 A SR e B
i i |1 . i te. j b it abl.
1o om a5y G A o) S SENER, LBLRS, KSR RaRud b B

overlying magaghiCeduftt Q54 B9 usedY6iMads zb é’f&xfﬁl‘ih%g"’rhé‘&;ﬁﬁ&é a&mﬁpwzqﬁcm@s%ﬁel

nol ybdenum phosphorus, and nickel antinony phosphorus, wth the latter

t hrge mat er ieppsndhtse 0alidpUes podished hbthEkRAd bNh esihde ehdfedsy. SThbIOHetay3d idodfes ar e
typically the same chem cal conposition and have different conpositions
fromt he subsiesaifacath ska jav pet 8B dbematelynetsentol engagentht irsemaelssige 490 farbned ibgn
across the disk cross-section. As can be seen fromFig. 225, the_

t hi cknesses thsf cantal epsstare 4% of evgdr diflat Eﬂlﬂac@elryaqtbwstom%owgam ongoitsk i thi

are tU and tL, respectively, are different. Wiep the inter e layers are
20 deposi t edeBYnIRg FEefhpengage dsnpies di%n” hierElls Aeemh 4&%9@5%9@@3 a
stress, the thickness iU t he interface |ayer 1 wWhich is to
becons. t ho LM EERRR stendihte obR IRRS4 Wb aBine BERboL SRl fe' By
ovepcoat | aygs of i3 <REEHES A dpetatidf, YR thelddf it @58 @R 8nddd A &?ﬁ-m. 11A
interface IayeP 1388._T%%s causes ;ﬁe ngk 13%0 to gencurvég _e}g.geLavé a
spherical Cuie/alabheR} of TheCEAIRE 48£6d i@ than thadRnRted QfitheS ahip@] aprtult 497€of the
concave side of the disk 1300 2s being the surface on which the additional
| ayers are tdiskkheWdpentheraadshakti9d is straced) elaesmenemberc4ddpinessiswetisinsids sf the

the thicker lower interface | ayer 1308 exceeds the conpressive stress in
t he t hi nner coligieh84 itoexprand dlee ¢odlpied841 sosingtthe feetinA8840 sheage threintpinalk edge 499 of

For "hi s oML FETRE 4Pt OB, AEUTRs 8 AT i EGFolidy apans <
d 1 ned h ' jcal ' f i al .
Lechni que. ard Soiad POHE <G FiEBey PLEREOHER ot PrabhRbbR AR bl angs

of curvatur f ' j ' - i PR R
Csub2( 6 X Gt Qghittod LR AR, (e blfnipr LRI ERUEL] M8 ik poir,
1312, Qi ayqhd bfevbhiQidtith fd%k%ﬂgﬁhgb.n Ohbd K RFIHIRShABHIERRed & BARSHisiANthe|gBiper
interface |ayers 1304 and 1308, and E is the stress in each of the | ayers.
1 o Wil e tHmgemsloatrollees 468 eleassaristhetisk ipeirtisvullyaypposted dyahelspindie sludt 486 in

magni tude of the internal conpressive stress in each |ayer and the
conpr essi ve condeatriseoniapt merge spentatinne dn theypseferred erabadithentneBexible cumd8Qispise

e Sl A LS Sl At e R SRR
98. 3% . i cki ] i . 130 |
ferms, ¢ he R S P IE RS eingle Bseritly Bt 2 B8O SHFo B oy Pe BP0
7.5 i ) :
to a Outaggef‘nbﬁ'l%@%%Qg%r@-rmﬂohgﬁﬁﬁ%fent}ﬁggérﬂﬁ‘@ﬁ% gllft?a? HRkE TRY&H ﬁ?%ﬁo&&é@m

about 8 to about mcr n-ot her words, the erence Iin't ness

bet ween t he suppRte WARK!AYRE defiharthadRkd &y duniterifuldn® efglgbMerdtoftRaakkabPOHe
0.075 mcrons and nore typically ranges fromabout 0.2 to about 2 m crons.
The f1 at nesspindle. f Thestodpbratioe 96 hll clentdnes deastbs 4 30ftehiwicrehaci metgy fairgdt disid
t he fl atness

25 securely affixed to the spindle assembly 482.

Once the pair of disks is secured on the spindle assembly 482, the rollers 468
disengage and move away from the disks. The housing 472 then rotates back to its original

position. Four texturing rollers 500 are then positioned as shown in Figs. 112A and 112B;
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20 distribution, 36, is relatively low The flatness of each of the upper
and | ower surfaces 1316 and 1320, respectively, of the disk 1300 typically
is at |least about 5 mcrons and nore typically ranges from about 2 to about
10 microns. Fig. 226 depicts the sane disk 1400 after deposition of the
overlying |l ayers. Specifically, the upper surface 1404 of the disk 1400 has
t he underl ayer 1408, the magnetic 25 layer 1412, and the overcoat |ayer
1416 deposited, preferably by sputtering. The underlayer 1408 can be any
Tl or i al caEBIoB cath ek the Andinendiee inganiarlyilasach giskp B ited sbrieivmiRsETIEC

| ayer 1412. Preferably, the under]ayer 1408 is chromumor a chrom um all oy
and has a t Hf 8lilizeds an 2bgsive th%tjélH&tnoBéto&mabsomapﬁ ATOPDefthe Wﬂ@rﬁespﬁc ﬁ‘&yer
1412 can be any. 9 ferro net i c,.mat eri al i th.the cobalt-platinumbased
quat or nary APT8yetaicniepRERP ARt e MR oyt kP Guh iyl e
CoPt XYZ, wh J L : reQm
%‘Egg]“w&r%égai;aﬁzll%ﬁ%ﬁgﬁépﬁoﬁgd &2 Bfier Pea Qirry %ﬁp?g o e

boron, or nic ness of t magneti c | ayer ty y ranges from
about 7 to agb@thg didkdWd et tAY GiskOaThd aNey cditdifis BRMoBE parii¥ulaiss tRk@irize the
overcoat material, 5 with carbon being preferred, and the thickness of the
| ayer typi calidkysutfaceyesodlam o amothinJower eimperdatubesnand al dedonizedewsteabase tsylutioml | y
in conpression or have internal conpressive stresses. The stress in each

| ayer can bdnéherutestusias psoages, eheh ggﬁ@tnotiersé@@\/ié.presh@i against atpoviéomeigaidiskde
of the conpressive stresses in the upper.interface layer 1304, the .
under | ayer FHGECe WibapProXimatshet /L Peulepr @&whlbeﬁge sniadle peserbly sping jhe paindfe
counteract the ¢ r essi ss in the |ower interface |ayer, 1308 to
cause t ho. o e oD TRIREE el To0G Fopluligh BeroPils, LT hocRiriex R Ing i bR o
of t.he | owery l pterf r { : i | C t he
i s s § nvars Bl Aaeh BET chrim [RRrbE atAchleD ARG [ S iR HB Syl o
1304, 1408, td4dch oBd TH Grwald Rregatrt ¥n thd18isk lpdirNeSsedby tHeepRbseld abABD of &e
second flatness) is no nore than about 17 15 microns and nore typically is
no nore t hanesining rollers Murtiied ereaddsatictidndictwennigdistsudes of the cunul ative
conpressive stress in the upper |ayers 1304, 1408, 1412, and |1416 versus
that in the | owerA demengt ded J02yierusdB o8 unteyd the painof tskhveel digks fromi e spindle
desired degree of flatness in the final_disk. For ex

F | wh h
Cuml 5t 1 ve  coTambsa o6t feages (ool H2 GileitaledyB Fiesol Bhual nHe. | Therdsgerasmer
interf | .ot f f th isk wll h ith
heonan ng Wl inelhd A PBEhE St 3aRee 508 haf e itufed s e oup i 0L 56 dibe

conpressi ve i . i S i

ntert ace. | 4pg SnmoR BRRINAR: B fiBalint B Ea0OR ol ol e dhes of
the openi ng pd diske PRVMessHRREN fw%gi. ngs daa 8l thiNaeRerlob @addlelub@e inéRide a curved
conpressive stress in the upper Tayers is approximately equal to that in

t he | ower i rnfoetidna®d®. [Ty enrved pertiop 566 ircludkns pail d0ghraifel dmnhéle orlgrobvesiSOB whth
substantially or conpletely flat or planar as shown in Fig. 226. By these
t echni ques, adtidges obfvedge ﬁﬂ&gem@tmg e wigr hanuele Sieniley i theskBssaddlp 468, the
pr oduced. TXﬁécagﬁéi the fl atness val ues can be made to ra&gg from apout 1
to Hbout 50 P8 ago curvadhio folp the ragius of eherdigh RA oFhecdhpyinls P8 mpy have a
flatness of the di.sk can he inportant. .Nat Vol it i tant for..the

i ok o compIUARELR SHEr PR OF o8 choy L bis T Lt Rehitren et ot sgl Mg
temperar ur e b e Pl GdnfbiriBg TREGANE 11PoARELBRLADS0SHR ahle tHaleR R drl

t he di sk curvature changes. For exanple, the disk nay becOne nore concave
or convex dejyeRelimehfsr s1Mhd b@ter SérEnddér ABABOMe Aiskh.NFhEN Mthe F5ky Baveld £58eghde
each layer due to thermal fluctuations. In one configuration, it is

desi rabl e f athainkee, tié side vallb el wilkbecfonuaixat aboth 90 degreesper at i ng t enper at ur es

and nore concave at | ower operating tenperatures.
25 In addition to engaging the disk pair, a function of the demerge saddle 504 is to

demerge the disk pair and reposition the disk pair from a concentric contact merge
orientation to a gap merge orientation. Accordingly, the wedge 510 abuts the groove 514

formed by the chamfers of the abutting L-side disk surfaces (Fig. 114B). To successfully
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As seen in Fig. 230, for exanple, the thickness of the upper interface

| ayer 1804 can be selected to be thicker than that of the |lower interface

| ayer 1808 to provide a convex 1 o upper disk surface 1800. This surface

wi || becone even nore convex when the underlayer, nmagnetic |ayer, and
overcoat | ayer are deposited on the upper disk surface. In one
configuration, the underlayer, nmagnetic |ayer, and overcoat |ayer are
deposited so as to have a net internal tensile stress. This can be effected
by sel ecti ngleswigedhs painef disksaths dewerge sedl SP2 puwist eirernoic the stipdion etavesny thegsire
deposition techni que ot her than sputtering. In that 15 configuration, the
Us6 of an uBERKs i SUENee, BasHaIgn s Wreaied e fn R RSty AR AERISH I he
| ower interface | ayer b ed_to_coun act e tepsile stress to

b ovi et he e B R ¥ By F dapCraMPHCart Al e HGRE I BihF FrbClang us
s the Nt efifRen @Y sk MnloR & BESeRlivd Ml br el LishicP@SR shirel O HSRAS !
the layers with a desired degree of internal conpressive or tensile stress
by 30 varyi nenbobitndhf TRO8érhdrgdsaatilet 564 aleatebigiérdapplyalp tﬂgipﬁl@khnatéwqo pothiis

| ayers are in tensile as opposed to conpressive stress, the use of an upper
i nterface | afdbrcé304etivege the didki paigralthbagh ithe prafeveed ionter fessc fordeatoemidiMis
will, as shown in Fig. 231, cause the upper disk surface 1912 to be convex.

To of fset t Hpotenteldagage tthedigker [Thy emountafrierce aeedegdean ba relugedby appdying fher |
havi ng t he. (ISTERE o7 higeishe ey’ payanr GleF oh e, IBRE. L Argeiea P rovgr o g
eputtered. | SuEted S pREt s BE bat P20ist RE AL Piecinst EReRELAR ot
| aygr of f setgefibignd &’é?ﬁ&%r & 8108 fsearﬁll‘igg de tlbfﬁéﬂﬂ?n&ﬁmgireéi_téﬁg@g&g@od §)A6r3]5f E&h

provide a relatively pléanar dis 0 as shown 1 n

enbodi ment Qfen{ef% 046 93 shpp&fsqﬁa@esktzﬂm &htes KhObpifid10 BsseddDy 2800 ha2@iseMghgednOW
be discussed with reference to Figs. 227 and 22§? Refernng to Fig. 257, t he
substrate di(Big prardoess will first be discussed. In step 1500, the disk
substrate disk 1312 is stanped out of a sheet of material. The stanped di sk
in step 5 1504 i WVigh hgrkiskppirpeerelyengdgad by theplemesge toplp¥e, thadiongng472 rotates
substrate di sk surfaces. In step 1508, the disk is baked, din step.1516
chant er s ar do Pesifiey s eflﬁ@@dweﬁgﬁégavq DRSSy AVE ek Lgy sndeloBy J]hft ep
1520, the upper dlower interface l.ayers . which are, ni.ckel.phosphorus
ar e or med- Gt PHERS EF S A7) ks B bt g P oKy D R RO e
pl ati ng techni i ty; i :

gggeg,ggeéf tht PhdnLIS 456 6Pthe h*i‘tesaaﬂle gkh Gﬁféﬁgxﬂ{ tﬁtetﬁ'eg%&r{;eﬁﬂé‘r% %{LC% l%)‘f/"fa{et he

interface | are the same t o or substantia

t hi ckness ofchhkiR1sUSUREST theldeMmbiRe Bad BI04l & Abwh A Fig. aRQUIWRGR /e ik RIr is re-

t hi ckness of the |ower interface |layer and vice versa. Steps 1500 through
1520 are perehgigeddyulsd iy siceite4i20Figs. kitowr 10B, 120),sthe démerge kdddies SORdisangage.l n
steps 1524 and 1528, the interface layers are rough (step 1524) and fine
(step 1528) Thsilifesaddletdd2 dowers the diskepgil andesgaty thern wdhe Fageatigt458n 1be camsgfte 4595,
As shown in Fig, 228A 15 in each of steps 1524 and 1528 a di sk hol der 1600
cont®ai ns corffElt tETRs 40 Agievhpesiiion 4ngythe Yy ﬁé%ngweg&%d ESTAYFE A MEYRATO

(referred to,.as S'twg-at-a-ti i sk lishing"). Upper .and | ower polishing
bads. 1604 ek G 5 b HED o P alryed Sabity® dar PAE eef PEsisRhResBR oF i

t he adj acent C i - 1. L i d
1628 ar o norPRa Samtha® MERIE (clifed ARIBT 9810 ol Bl hACTE SOERAR

di sk surf acqekgdfs ishethid 1€ 4R cadRtté And Rinsw @O Hired iR i AL &LEiHw&h thé ALikARA

di sks are polished sinultaneously to provide a significant cost savings
relative to 488e costs to produce dual -sided disks. Preferably, the
reduction in thickness of the upper interface |ayer is at |east about 0.70%
and2snor e pref er abAsy prexingely $tatedn Bigopresent Onventia sagn asoobe urihiged forr tasetegencal

ways to effect the reduction in | ayer thickpness reductiqon ip the 25

pol i shi ng sttepuring thediraidg sprfenss 9f the diskss YWHB lassy é%?e@%t“’d?&ftg? disk surhasesaten
the upper and | ower .interface |layers is effected in the.r.ough polishicf

Step h0oa. It I BeiASFRch Na s rosiy e cehasts Hich P HnEanBF il
the upper and lower interface |layers is effected in the fine polishing step
1528. These two approaches require both sides of the disk to be polished in
94 one of the polishing steps, which gan be costly. The polishing in this
step is performed using one-di sk-at-a-tinme polishing as shown in Fig 228B.
Referring to Fig. 228B, upper and |ower polishing pads 1604 and 1608 engage
si mul taneously the upper and | ower sides 1704 and 1708 of each di sk 1700.
The carrier 1712 transports the disks through the polishing 5 operation. In
a third approach, a portion of the thickness difference between the upper
and lower interface |ayers is effected in each of the rough and fine

.y o N A NN N




steps, which can represent a significant cost savings relative to the other
two approaches. In one process configuration, the thickness of the upper
and lower interface |layers 10 1304 and 1308 is the sane after step 1520 and
range from about 8 to about 15 microns. In the rough polishing step 1524,
from about 70 to about 95% of the desired thickness reduction in the upper
interface layer 1304 is realized. The remaining desired thickness reduction
in the upper interface |ayer 1304 is realized in the fine polishing step
1528. Aft er Theeefarpnthepdanesgd ing! S08pgnaysbe configures) diftetendly sfer jaslasesrgone dextins
medi a process. 15 Thgﬁnedia rocess will be discussed with reference to

Fig. 229. | Preessthantona dplaeops ISk RHE PSS are merged for processing.
"Merging" refers o acy t.he disks, back-to-back.such.that t er,, di sk
surfaces 1316 f abRo it oLyt €428 SRRKGLS ARG Y P ity 3ES o855
are adj acenty; & Alen ARELHAY is JiFard Y i T
Fig. 228A) i r11 Wr?i ch %%se tgés ﬁow?ar 5131%% Supf%g%%@%%%ugﬁﬁgggrﬁﬁ%éEllﬂg%ﬁligtoo
physi cal |y cenldagdo By ecdfet Raalisy didldat Beied pointsinWheé slingageriddsrobR¥eln Bh&k
surfaces 1320 of each disk 1300 are separated by a gap. In step 1704, the
upper di sk zoné eeasingJlpainofgapganage disles drexhgapedbpy likrsaddie 462 bid guwsed from
step 1708, the upper disk surfaces 1316 are washed to renove any debris or
25 cont am nangassefteorheHdt saddle, sloven irekigul 058y hes epbtlel differcages Witlprespdse taifhser
di sk surfaces 1316 are Iager zone textured b kq?mn techni ques foll owed, by
@5 11f¥fe<.11

washi ng of t#& ERHIEINERUROY 304 fLBWATEH 9 ggllustipfedsing gy 199A qndeis
under | ayer 1408

ander et LB TRGEM o AR eSS TSo8le b T I o

cork g0t 2, e & el S0 g0 GREA S, Yot I B IR s

these | ayer sideswfli} fofin @\UdPRpdel MaBle! B¢ NoWw SR Efacds AT the opposed side walls form a 20-
degree angle. The interface between the upper surface 460a and lower surface 460b occurs
at 0.040 inches above the flat portion 466 which forms the base of the channels 456 (H, in
Fig. 105B). The width of each channel W; is 0.046 inches for disks having a thickness of

15 0.050 inches. The height H, of the center ridge 458 is 0.097 inches. The width of the center

ridge W3 is 0.045 inches.

The disk handling apparatus 518 of Figs. 121-128 can be used to engage and remove
disks from a lift saddle 452, such as shown in Fig. 105B, can be used to engage and remove
disks from a lift saddle 452 and to return disks to a lift saddle 452 and is primarily intended

20 for use in laser zone texturing. The disk handling assembly 518 includes two separate but
identical disk handling mechanisms 520 positioned at opposite ends of a rotatable plate 522.
Thus, the disk handling assembly 518 can simultaneously handle two different pairs of disks.
The rotatable plate 522 has a pivot point 524 at its center which allows the plate to move
through a 180-degree motion moving each disk pair between a first and second position.
25 The first position is located above a cassette such that a lift saddle can lift a pair of disks to
the first position and the disk pair can be engaged by a first disk handling mechanism 520

disposed at one end of plate 522. Simultaneously, the second disk handling mechanism 520,

disposed at the opposite end of the plate 522, has transported a second disk pair to a second
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5 beam t echni ques, plating techniques, and the like. The disk is then subj
ected to the application of a lubrication |layer (such as an organic
polymer, e.g., a perfluoropolyether) in step 1724 and tape burnishing in
step 1728. Steps 1724 and 1728 are perforned by techni ques known to one of
skill in the art. In step 1732, the adjacent disks are separated or
denerged to provide the finished 10 disk 1736. The | ower side 1420 of the
disk is the "inactive" or non-information storing side while the upper side
1404 of t he pabitiRn jfer pigeessiagt i When e prefesyingisi mmrg@tgd,ithg Phit 622 FOGRERPMENFAL
A nunmber of experjnents were perfornmed to illustrate the principles of the
present i nvéRiangdlisk hanglipg estiagish Tedire thepaReessed ks twgﬁfo PHPRY e tesks

d . b - at.- a- L -at-a-ti di sk | i shing.
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renoval of trhanmingdepimenge arentition aks dpksice only on one side of each disk
during this final_ polishi nqﬁstep. By adjusting polishing tine, the Ni P

t

. A J us, ;
thi ckness del ta BsSdeh and 133 show iaydisk AendliAg dReepanism dad Cameithe Pais o (diskig
degree of concavi

f b di sk . b Il ed. . T
proBess var it 8% hfﬁrq%t“fg:a ‘?%’%5&5% E’E fhﬁlé’sag&%'?aglﬁﬁl%%éfiﬂd& g?)é Oﬁ“ﬁ t@?sa%oe eéf’ltgélaxgl.ate

g/gggl Pglm Procgssyiftoti Hendid ih%ﬁfng FLEFEHER ol 8 secofd og'%%cless(?né?%c%énp Bor

presentation of the disk pair to a spindle assembly 482. As shown in Fig. 127, the disk
assembly will engage the pair and position the disk pair for engagement by a spindle
assembly 482 for subsequent processing. The disk handling mechanism 520 will disengage
20 the disk pair, as shown in Figs. 125, 126. As shown in Fig. 124, such processing may
include laser zone texturing performed by a pair of laser beams 550. The lasers perform
laser zone texturing on the R-side surface of each disk. Following processing, the disk
handling mechanism 520 will re-engage the disk pair (Figs. 121-123) and the spindle
assembly 482 will disengage. As shown in Figs. 126 and 127, the grip rollers 526 will
25 position themselves at the outer perimeter of the pair of contact merged disks. The arms 528
will press inwardly on the disk pair, forcing the wedge 532 between the pair of disks.
Because the stiction is less than that formed between the disks during data zone texturing,

the gap rollers 526 are mechanically sufficient to demerge the disks, allowing the spindle
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Slurry for the Rough Polish: Alumnia ( ~ 0.45 p size) Slurry for Final
Polish: Colloidal silica (35 ~ 100 nm si ze) Machi ne type used: Peter

Wl ters AC319TM Di sk Pol i shi ng Machi ne The intended thickness differenti al
inthe NiP layers on the active and inactive sides 15 was about 10 to about
20p", with the active side having the thinner NiP layer. The carrier had
six carrier holes, each accommobdating a single disk, in the rough polishing
step and si X holes each accommodating two disks, in the fine polishing
step. The t rseskibsdo dully Hiscugage.i eln thiss embedimenty appioximgstely Heur pomsids 6| foxsi ng
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624, to facilitate uniform movement of each lift saddle. Thus, the actions of multiple
scrubbing zones can be coordinated, and uniform efficient throughput achieved.
A complementary set of demerge saddles 626, affixed on demerge shafts 628, are
vertically aligned with and positioned above the lifter saddles, as best illustrated in Fig. 130.
20 The demerge saddles 626 and demerge shafts 628 move vertically between a first position
and a second position. The demerge shafts 628 may also be interconnected by a plate or
bracket 630 to facilitate uniform movement. As illustrated in Figs. 129 and 130, the upper
interconnector plate 630 is attached to a servo actuator 632 which moves the demerge saddle
626 and demerge shafts 628 between the first and second positions. Although not shown in
25 Fig. 129 due to the complexity of the apparatus, the lower interconnect plates 624 are
connected to similar actuators. The servo actuators provide precise, uniform and coordinated

movement of the saddles 620 and 626. It should be appreciated that other means for moving
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FI at nessNi P t hi ckness on A-si deMeasured N P thi ckness on B-si deMeasured N P
t hi ckness 0 (A-B)substrate lconcaveb. 167404 "415 "-11 "substrate

2concave4. 773368 "375 "-7 "substrate 3concave2. 673423 "432 "-9 "substrate
4concave4. 417402 "416 "-14 "substrate 5concaveb. 381400 "429 "-29 "T a
2substrate lconcave35.69388 "476 "-88 "substrate 2concave30. 31410 "485 "-75
"substrate 3concave38. 72388 "480 "-92 "substrate

4concave36. 18ndandandasubstrat e 5concave36. 38ndandanda (nda: no data
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t wo-sdi sks- atofanhé ilifesdddld 670 fQ rdeeived kiuA 6ZENtRE liff shifld 620 @IsoomeNdans diskne
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depicted in Fig. 228B) exhibited average fl atness val ues of about 2p (~50%
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dis Further experinments were perforned to determ egree to Ich
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di sks above. Two different types of nagnetic recordi ng disks were

fabri cat ed. flthds ihvlodgiif srerieogent ypes of di sks had the 15 fol | owi ng

structures: Type A NP layer thickness on right side: ~415p." disks NP
| ayer thickness delgsfqves ot ehanndls 540 g dlondisk lehgagpmenteposdon f3&of the At siddle
total thickness of ~300A 20 Ni.P | ayer.  thickness differential between the
right and | &R0 a5 designedyio mainfain apaiyob disky & gamneles osigntationy: j Bagh channel 640 is
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center wedge. These two surfaces are formed at an angle that approximates the angle of the
chamfer 652 on the outer perimeter edge of a disk. The flat base portion 654 of the channel
640 approximates the width of the disk, less the chamfer portion. In one embodiment, the
disks may be 95 millimeter in diameter and 0.050 inches thick, with a 45-degree chamfer. It

20 should be appreciated that the present invention can be configured to work with a variety of
disk sizes.

Four cassettes 610 are positioned at work station locations 610, 612, 614, 616.

Additional work stations could be added or fewer could be employed. The cassettes contain

a plurality of disks positioned in a single row, axially aligned. The disks are also preferably

25 arranged in gap merge orientation (Fig. 9). With 95 millimeter diameter disks having a

thickness of approximately 0.050 inches, the space or gap between the disks comprising a

pair may range from about 0.025 to 0.035 inches, with the preferable gap being about 0.035

inches. This gap allows a disk pair to utilize cleaning and scrubbing equipment originally
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Ni P | ayer thickness differential between right and left sides: ~20p." 25
The shapes and fl atnesses of resulting disks are shown in Figs. 243A and
248B (Type A disks) and Figs. 249A through 254B (Type B disks). The
flatnesses of the disks are set forth below Type A disk 1 (Figs. 243A-B)
30 disk 2 (Figs. 244A-B) disk 3 (Figs. 245A-B) R-convex 5.645 p, R-convex
2.870p, R-convex 4.808p. 99 disk 4 (Figs. 246A-B) R-convex 4.822udisk 5
(Figs. 247A-B)R-convex 5.31 p,disk 6 (Figs. 248A-B)R-convex 4.192 5 Type B
di sk 1 (Fi gslesigneshnarg) byiltrte jandle asviagle dgtﬂ%a—&ﬂe@ digk, withqujt gignifegpixmpgificetionpy ex
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t hi ckness differential of around Qu". This Ni P | ayer thickness differenti al
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as noted previously. The experinmental results provided above show t hat
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| ayer on one side of the disk and the thirnmer N ayer “and sputte

on the othergegi de of the disk) are cancelled. The cancellation (or 25
equal i zati on) of the conpressive stresses on both sides of the disks cause
the resul ting di Shan{saf,tthe sapobtteatdrstad2bmovel the temergé\saddid626 aofd Masiddia @os
and nodifications of the invention can be used. It would be possible to
provi de for is@reepdsitipnfengagementewith g eairiod disks itheagh cpsseta fi G gl life pasidler @28

For exanpl e i ne alternative enbodi nent he esent. i nventi on lies to
m f adigde (th ! A oo o

2y 1 of M1 actBrJeAeSE, SIS 76 LAY SRR RS ISP, 28 T TE

and1560 ml, CES(S rfjrclm tlﬁ:oca?s-eltte a%& '11150Vgitflé ngrr t02a5 dlgi( lscriugbi%g izgril(engﬁf " Alternatively, the
pair of disks may be transported to the scrubbing zone 670 solely by the lift saddle 620. The
demerge saddle 626 may remain positioned above the scrubbing zone 670 and engage the
disk pair following scrubbing for purposes of stabilizing and demerging the disks prior to the
lift saddle returning the pair to the cassette.

20 A fine mist may be applied throughout the scrubbing zone in order to form a liquid
layer on the L-side of each disk prior to changing the orientation of the disk pair into a
contact merge orientation. The mist may be continuously applied or intermittently applied as
disk pairs move from the cassette to the scrubbing zone. The liquid layer assists in adhering
the disks together so there is no relative movement between them.

25 With reference to Figs. 129, 130 and 135, as a pair of disks enters the disk scrubbing
zone 670 from below by way of the lift saddle 620, the upper outer perimeter edges of the
disks are engaged by a pair of edge rollers 672. The edge rollers 672 have angled inside

walls 674 and a flat base portion 676. The edge rollers 672 partially convert the orientation

62



I n anot her alternative enbodi nent, the thicknesses in the upper and | ower
interface 5 layers 1304 and 1308 is effected during interface |ayer
deposition rather than or in addition to that effected during rough and/or
fine polishing. In other words, differing thicknesses of interface |ayers
are applied to the different sides of the disk. In yet another alternative
enbodi nent, pre-bending or pre-shaping of the substrate disk and interface
| ayers can be acconplished using nechanical techniques (which cause the 1 o
pl at ed di sk aféheidilo pair pitegtconesnirie) contagematge origatAtivrykie Hrcing thedeprbpmian iob ths

t hereof. 101 N anfer Designs for Single-Sided Hard D sk can, be
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on both sid irqgn&l'lﬁuﬁg&r%ﬁk 1992; in 5 other words, each chanfer has the sane
angl e 0~, the sane chanfer length 1,, and the sane length 1 ~ of the

chanf er surface 1Q9btedgbotk, it sRRI@ PP bFEEAAEH that Be BIRHT 6f the pred&RAndedtionis
vari ety of reasons, including controlling the chipping and distortion of

t he di sk andchiesingstmbbing andcleasspeodf terorsirighs-sidéd dislarutdinthgahuipmienindedignedignd
handl i ng and shipnent and to facilitate lead in of the read/wite head on

t he di sk durbuiléto kandlevgrietdoubloeidedidinks . In s Fprjext2s goriventiongl S milligwtepdovtie
active (or inactjve) side of a disk according to an exenplary enbodi nent of

the present Sigpdahisk gsneraliy basy ticknessof appepy! Q-G inchss, yhilera swelergided tiskan
i nner dianeter, R~. The inner diapeter.or peripher.y | i he ol
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around the diepi@hawotindlfgidedtiRks Ansl ghp RRfgeRRIchifn. 8r exbiifls INE sfr%l#didié%ls
are located on the reverse side of tﬁe disk. As will be appreciated, the

di sk, in ot hisksaaust trgvel aeitiosldy, fromyhe casiettd ©1010d the tstr@bbing esnecd™ndnd ibetweeh e
inner chanfer, depending on the application. As can be seen Figs. 257A

t hr ough 257Gcrubhimgderughes ¢H&nf Er svaid significaot medifiwatdorBdoi axésting \doublegaled afiskt he

di sk (or inner chanfers on the active and inactive sides of the disk) are
di ssi il ar JpamfEcfEingsaMpmShG iscPair e disys Mugltravgl i8R specs oaied for dpiagle double-
identify or distinguish, . typically visuall d, nmechani cal.l t he act.ive
and™ nact i véliq%ochgg f#@ﬁ%ﬁ%%&n@ﬁ’h‘érspac %%/Péﬁg'ﬁt‘ﬁ% .Smg%fﬁefiﬁ\ﬁ%‘ﬁé’ﬁusig%e S0
illustrate ri i ' : Bt
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active and inactrve sides. Referring to a first disk confrguration in Fig.
257A, the adhéhes and 0932 3Benfos dzks hadig o fackiness t30050vihcHes. Therefongalid merall de
2308 has a second chanfer 2312. The first and second chanfer angles 0 are
i denti cal whthickngskef chediskr paie sghd g@ater dhan epraoNimatelyu 013 andhesigyhich pemmuigs
for the first chanfer 2304 are different fromthe chanfer | ength CLZ and
cha®f er sur fexdssing PrRgespingequipmenh o heaisgthq lishoyld de aprreatatedthat the spacings{Wesiom

Fig, 257A, it i,s generall referred, though not required, that the active
si de 2300 of&‘?ﬂlék &Vﬁééeﬁg\}lgup%g’gﬁ%}aﬁ@gﬁoﬁﬁ%?ﬁ@ l ength to provide the
active side 2300 - th. : fage, ar . bl e: i
infornmation. The ];Mler éﬁlﬁgﬂgﬁg tghrga Preu?l%%shé@y%?cbgﬁ@% rng(r%ggﬂg&f ggi?r]qré ghut%\;agc.[ 8%%‘% o]
about 0. 008 JpehagrRWMd) et EacRNdc PANbLdiskse Db oppoRéd Ald whriNgSFenichObT
about 0.003 to about 0.300 inches. Because the inactive side of the disk
does not st ohe brikhey 688 ifglly; renfvete thesspacing ivdeveeh| the diskgdsnthe Nifs edddizt 620gaidhe

di mensi onal paraneters of the second chanfer. Referring to a second disk
contj gur at i odemengeFiogl 62Z68Bultereeudly disengagel theguinaf diskanfle the embodiment shown in

Fig. 129, two brushes are utilized for each disk pair, one on each side of the pair. In other
embodiments, more than one brush could be used on each side of the disks. The brushes 678

rotate upwardly, as shown in Fig. 135, which forces the disks against the edge rollers 672
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|0 lengths CL and CL for the first and second chanfers 2316 and 2320 are
identical while the first and second chanfer angles 8~ and 62 and chanfer
surface lengths I, and |2 are different. The first chanfer angle typically
ranges from about 25 to about 50 while the second chanfer angle typically
ranges from about 2 to about 60. Referring to a third disk configuration in
Fig. 257C, the surface lengths 1 of the first 15 and second chanfers 2324
and 2328 are identical while the first and second chanfer |engths CL, and
CLZ and t he andsgeuremitie disks mdthewiahe suppargifdke Bft saditle 620. ahle bivsles elsospply=ane

lengths 1, and 12 are different. In the depicted configuration, the second

chanf er | engf¥amdyy dirsgted; foxcs; a8pmst theeR-siispurfpce plecashdisk. s Insprg pbodimept. thee
first chanfer length actiwve, side 2308 of.the disk. ferring to a fourt
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2330 is shown. As will be appreciated, the tirst chanfer surface 2330 can
be non- ci r cirashes EX&anate so somat thdeotadngbickd. cClearinly sdlhitiqat is @ppliedi t tisdiples. inAS
can be seen, the first and second chanfer lengths C-, and CLZ are

di fferent. 2BarRefkownrig thase af sKill iththdiagk The npwapdiratatiomof the Fiughes 3% Bgaingt thes

possi ble to have a nonplanar (or nonflat) surface for each of the first and
second chanf®§ks mapmpfaing & openiageontast mstgerosicaiationsaithg disks ageinst ge adgerallersst
and second chgnfers 2342 an 44 are.each arcuate in shape. The radii R
2 R of ¢ M2t THeredgn B St g Sy digisat S paaetuf B rentatih e &
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CLi and CLZ are different. Referring to a sixth disk configuration in Fig.
257F, it is cassjohieto the dvimessnofahé dsk phifr) 1a$y the dieshfgnpdréen 854 The fiieboktbfnst
and/ or second chanfer to facilitate identification of the active and

i nactive di glortgind@d$.alsapreventsiaserabmntién ofnngidisk reliive, tottheeothérr st and second

chanfer lengths C~, first and second chanfer surface lengths 1, and the
first and second RaWiiveanovamgniees sippaes bedasn iheadisksslusing cleaning @nd scrubbing can

I dentification,of one di.sk side vers the other is de,. possi bl e
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surface indentations, depending on the application. Referring to a seventh
di sk conf i guinathieO Bppropridtd liqa8 treatdsta liguif A BEeednOth dutceAtricadonmadt thegie Glisk
feature on the first and/or second chanfer to facilitate identification of
the active agnit viich acstd arcadiiesike i lubdd the Alisks together wishout frelativeRnetionxs Flippaghe
first and second chanfer Ient%téhs C-, first and second chanfer surface

lenffths 1, aH fehdive iflathessaplgths cmpragesedihrside sitice of theadisk, |y substiatn digly #soe

another. ldentification of one disk side versus.the other is de. possi.bl e
by & Step 2EBBASE SHEHO fRdoet hemurardiyaat opRosel forces abplkd asainst B Giskh BY Sice
could alter hyvel dditionally (a differently shaped or positioned
step) be Ioggbgﬁggﬁn%ﬁggsecond chanfer 2366. 20 As will also be

appreci ated, the whapsG@Hitk Re& 18 GRE s@¥o Actidorsed 3 Abvotaif diddlees BNiddy
shaped rai sed surface features, depending on the application. Fig. 258

depi cts firsdenfgt sa8dl0®md6 dits kiose paimingd wAle disles hFipaVASrghoive el lif sdddie6 29 of
first and second chanfers 2408 and 2412 merged for sinultaneous processing.
The2mct i ve sindedenR3gi0sadirh6Itamenoyvad e thehsdrebbidpezaneastdhvas durthgscledip dmsice

each other. The inactive 25 sides may be in contact with gand substantially
par al | el t o)scebbingndiigdB6 sBowhbarifi wddlef2p positioned proximate the disk pair just before

the scrubbing brushes 678 release the disks and move away. The demerge saddle 626 is

similarly positioned proximate the upper perimeter edge of the disks. An important aspect of
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merged) or may be separated by a gap (gap nerged). The processing of the
active sides includes polishing, sputtering, data zone texturing, |ayer
zone texturing, lubing, tape burnishing, testing, and washing. The second
chanfers 2412, being differently shaped or 104 dissimlar to the first
chanfers 2408, permt ready identification (and disk mergi ng/denerging), by
a nerging tool or denerging tool or by sight, of the active and the

i nactive sides. Fig. 259 depicts a cross-section of a stanmped di sk 2500

prior to shape Hgns§r of diski suppere frgmethe brushessSHind gdgoesilerssiydro dle 1ift gadateotnd

tool bit. Conputerized rica ntrol machij ni pr.ograns that determ ne
how machi i AR soIer 6 ROURAccR i TR ol ol Ab RiepOrie o BrSioa TG A | n
t he case of q j | Sk S .at ' vel | gure 0
yiold dffer SRS &0 Slalpeoriidnt URRadt BEderd B BoaHiaP o BBH 8L 178,
259, the patdjsppis BE disRE thO@kkdiannéiiR arSHRWNR AT the ditks BRI ddbturel withifBYeeS
linearly to point  "2", noves |0 linearly at a right angle to point "3",
noves | i neardhyn@ds @40 sltegse angle to point "4" noves linearly vertically to
paint "5", noves linearly at yet another right angle to point "6", and
finally noves | i nsdhisyoat, theidiak paieisaetytred toa gap merge BYientdtivm. dBs is necksay in
permts a singlepoint bit to create two dissinm|ar or differently shaped
chanf ers on A thatthe/kft saddle lbeansecuss thepalr 3 diskn andorstygn drem tedheifaskette H38,0,

Si ngl e- Si ded P i.ng~of Di sk jrs. The f i dd £ S, of
D S 0o SRRl sl LT B L S0 B SRS RRET BRI,
i mul t i i t hat | f h di sk

oL oSl A Ao 0 Bl O 8

progess 300Q,600RE FREI3646 *ibh%{i)caw @n %J%g Yfid @&qfeetgé _%f&k?aﬁ})%‘é‘f‘}ets%%%a %g@ are

First, at 3002, nerdging 20 substfat re merged into palirs positioned in a
gap nerge ordcepitad ia@d didettad Mt ah€ AneAAdeC68U betin@kn G iskE -to B¢k , thatdiske Qpatthe
di sks are subject to a data zone texturing process in which the gap nmerged
pai rs of di shksilitated benipog@ovd $8D omsiated dryetiie iimside clamntdenédn tie pointckatedge ofj ¢he
orientation for the texturing process, denerged at 3006, and returned to a
cassette postisksotedeispwillheregia ppproxpeately iae(hf)%\‘—ig insh. gapdiehwsenribe diske s iUsingnthisg
in a gap nerge orientation, the disks are subj ectd§5 to a washi ng and

cl eani ng opef&tieoh Water Bessaire 85 6Q ppyndsper srRalIarh HPRISHRS 1oy RHSERORY Biskemindon,

or Eht at on FBHAE Peaek 2B A¢ st asistBrBarngn aiS83 Vb R ienisly
demer ged andnt e dolBn G3AE i Sabile 554 LuRlrgb ARife KRSY (AUAIRRS bignh

a gap nerge orientatl or aaditiona anin rinsing.

di sks are nepysisall)j &Mphgsl HeQdiblapAr. 208Dl @dd bf hiiled@lidek0d{2the ABRAEE wiild Forde TS
are tenporarily nmerged into a concentric contact nerge orientation for the
| aser zone tdisksuntoniy fwoarhasmsels 649l df ol lifty sdddbeeand zlondi sksewill beidemered. 3MMsecorhie
di sks are denerged and repositioned in a cassette in a _gap nerge _

ori ent at i on. emtedimeni ke deraergheaddiafiZperayduclude awsdgedn @ssiv shinaghagicplrsspargiionat
3016. The di sks may be scrubbed a second tine_in the sa nner as

pred ously ddsbs i3k e 18 GHIRSHS (e SprvoActuatPrs 634 move thadk s ﬁ%f{}g?er Gethind demergre

cassettes in r orientation,.skippi t he scr i te f. 3016,
ond be. subj cerdd e BetFerchit Eud el gL AR b Fos IR g “68e indPe
second tine,; i : r I J t : Hale]
orocess ot SBI0EAh B ERARBSARAID nE LIS B rritel it f ek St
di sks are renRyBslively0 MeComipid RAdIRI626 Ahdy RnSin iR Pac@abr WEREEw GLIIRRL hile The
The di sk pairs proceed through the various steps of the sputtering process
and mai nt ai nlift saddbeo20eetgms olid disiisad thercassed 618M ng conpl eti on of the process,
the pairs of disks are returned to a carrier cassette in gap nerge
origntation. 15 Clesduslescryd aqtuateresysderai 132 aree pragrammatilen a¢qyrate and offer

| ubrication process at 3022. The |ubrication process is perforned on all of
the di sks ofsimukansees haadling.efi diskpags dirgughppt thepiogesscal | y not conduct ed on

pai rs of disks ingdividyall al t hough it coul d be ring.the.lubrication
rocess. i n one cHiscurBine progtst BaTRLH b 6 thereyehl AR e B st S iBef
equal spacin no al.{ I i1 g Fﬁﬁg' { 0g..hot h
surfaces of cg%l%h g?sg k Lleﬁrgflg\lhﬁ r%ﬁygtp%r%oééﬂg#ée{lglégid a g&%eraﬁg%ggﬁ%{{%ﬁ%g
the disks followi ng lubrication. For e&}%ciency pur poses, if the next
process is tape burnishing, the disks | preferably be placed in

concentric contact nerge orientation, such as at 3024. A nerge nest may be
used.




In the tape burnishing process at 3026, the disks preferably arrive in a
concentric contact nerge orientation within a carrier. Pairs of disks are
renoved fromthe carrier where 25 they are engaged at the center aperture
by a spindle and subjected to tape burnishing. Follow ng tape burnishing,
the disks may stay in concentric contact nerge orientation or they may be
denerged. If the next process step is testing, it is preferred that the
disks remain in a concentric contact nerge orientation. t06 In the
testing proce¥acess Fop@xample, eleaing aray ﬁogﬁw\x@@a FongnickWENg 5 Jaser @orm tPxturiag.

pl aced upon spi ndl e ;assenp| ere they are rqtated and the fest

appar at us apSTYPE%fﬁYFQﬂfW&&F%L%&&F ks FWe‘n’(ﬁ‘iaﬁk subjeaied 19 asPTESPRl Hctpapyy Water to
cassette. Disks that fail testing are scr ed. The dj.sks. be posi ti oned
T the. cassedbEem AT i PR aRERPOR TRl PSR SRR B e
dependi ng upag dhRcRES HAEERP wﬁicﬂpmr@%eﬁh@nqu?d b¥d ald\gY iﬂiﬁoﬁ%‘g@é a

concentric contact nmerge orientation. Servo-witing my next be cC

on the di sk sphifiatfs. The pricksre obigdusicd VISR tHEdiski & 1B @hMOitadN iNdxD thel disks, still
optional. In the servo-witing process at 3030, the disks are renoved from
t he cassett e withia thocdssattes, raee gpbjatddantaatse of clEmewdies k Scrableing rag agedibed atidvej r
1 o center aperture by a spindle assenbly which rotates the disk pair while
two separat e Wpicglbt fc&%wsmﬂe initial soek tand swpg o Folewing darubbing, theecagsgttésaands digks

the disks. Following the | ast processing step, once the substrate_ djsks
have been turW@%Fefiﬁg‘B“ A SEHfs fsqdﬁ'éuoealsr ‘H%dteg%ﬁ"éﬁ AR ?ryStﬁwkeél,totah@ywﬁsqxgle-

w Il go through dener r.oce at. 3032.. 1.n the dener.ge acess, t

pai rs of cont:l‘glf'ﬁ %y@géﬁﬁ?egﬁlgbw@re 8“’&‘?‘13‘1933 Wt Idr}lleﬁi‘?"iﬂhﬁ]ey&lgg 3%551 lggﬁ%lf?ts‘g%s‘b);t a
denerge tool . Wy : t : I sks e A: jp &

in ah?r ansf erSh}:leth%e??'g? &ﬁgrtgqu?g)é@%rtgﬁag&g?@%%ggﬁ %r,yﬁ]?hglemlgsl{fs&\?\nulﬁﬁﬁég R
separat ed i nt@ntasPmemesieh@EoN) rhfhel REa Brifinten HehTsA6Ad Bk i AP thetle brientdiRn.
cassette facing in the sane direction. Wth the disk pairs so separated,

t he carriers Mooveaghcing tiedishpgipein 4 gapambrge driehtstiontinhy be efiticha fdr prodessing
facility where the finished disks may be assenbled into hard disk drives.
20 A first alnuwpesas becausenthe diexieprocass mayeprefecabbswilize disksvim ajgap Phegge Qrightation.
this process, the_ disk wll bg,é%extured and washed, ?ne, at_ atine, in a.
convent i onal efREfiaely; Rlaingthe disss In argap mergk erigitationdallowing clepnipe By npt sawE

in a gap nerge orientatiqn_ at.3040. They will then be subjected to
sputf%ri ng i%egn?jﬁlﬂg&}@rddﬂ(sg?rit&ﬁf’?i{%ipﬁ%esﬁt 3042. The disks will then be
dener ged and posi tg onedy:| hes, .t k- LNg: bet ween the di sks
at 3044. The disks#'vﬁllcg—r‘ﬂ‘e‘n_giﬂfrdn “*ﬁf_% ‘%’?ﬁa ridl 9_ 1u_@ﬁ(‘:‘{‘ﬂ?“{%‘eat 3046.

Fol I owi ng | ubri catAOddme! gntdHusiks thid thhnuPRnir€BOBar Idkk& tROBisRCdre HEHj&Red
orientation for tape burnishing and testing at 3048. The di sks will be

subj ect ed t o toaplabtications Rigrd3athadX)siagid révnefi disks Dexiallyqlighed30 SZasdetd 7 obing
testing, the disks 1lo7 wi |l be denmerged and repositioned in two cassettes
with the R-sieberswitible orspineheAlhaigh thy dislks asel illustrated i agap diergecaricotatipm theit h
cassette at 3054, A second alternative process is shown in Fi

€ g, 262. |n,
t hi s2br ocess, CukbbesaRY shapcsd Withia fhy eantalrer Op I oRte ARG PrigHatiat r%ﬁéﬁ i@brwﬁtéon
disk at a tine using.doubl e-sided disk,prpocessing.5 techniques. .The disks
Wl then be ottt el afiav S5iebng g S MRS iRel Sl iyl rftgh
subjected to i j L J: k: :
sub) ot ed to (ot b B flrgeTeiyith BPROR RchGHLEEoRE sdfhd beobARfnatins s
spaci ng bet wegryetdifle dhes Kutte iR pRIVERTsubRIRVIEBE diske M GipRiflchly 6l8Ydte tdnieietures
the disks will be repositioned into a contact nmerge orientation at 3066.
Once posi ti onehich Royldicasseahe diskd fcphysiesliyewelditherhsetlesl tagether ifitkeydwere i contact.
pairs will be subjected to tape burnishing at 3068 and testing at 3070.
Fol | @wi ng t esThengap spaeingi mig veilyl deppeding: uporythe thickBers 2nd rize @félgisleq pewouldt be
the R-side surface of each disk in a cassette facin% in the sanme _directjon
A third al t er #RISCACdMH 8 deran©f skillsH i aitn Irithe context of 95 millameierydigmeter digks
disks will be textu an crubbed in any manner desi.red. Next, at 80,
the i oks. w HvEE HRESO AR AR g ol BOMeP A o e Thigep e g0
then go thro h0: ! " |
Thoy w11 al o Cishf SR Y ROPARTERRSS thefes) Eh s BlcAbA ) Yo sl i
orientation at 3084. Foll ow ng Iubricatigﬂ, the disks will proceed to tape
burni shing. At the tape burnishing station, at 3086, the disks will be
repositioned into a contact nerge orientation when | oaded onto the spindle
or collet at the tape burnishing station. The disks 20 will be subjected to
tape burnishing in a concentric contact merge orientation at 3088. They
will remain in a concentric contact nerge orientation and be subjected to
testing at 3090. Following testing, they will be denmerged at 3092 into two

. B - ~—~ "

_________



25 be textured, scrubbed and washed using any desired process techni que.
Then, the disks wll be positioned in a gap nerge orientation at 3100.
Sputtering will occur with the disks remaining in a gap nmerge orientation
at 3110. Follow ng sputtering, the disks will be denerged and positioned in
regul ar process cassettes at 3112. In other words, the disks will 108 not
be in disk pairs, but will be in cassettes designed to handl e doubl e-si ded
process disks. The disks will then be subjected to |ubrication at 3114

usi ng convent tangrl Withdiske -of ithie sizeli asgeptspadenin dbie sanga @llewapairsgo!l diskis ltowiikigg disk

| ubrication, the disks wll be repositiog%d into a contact nerge, . .
orientation abageetyrngecqyinmant designed ad copfiggyedsipt handpmg ongdouble-sided disk with
acconpl i shed when, 5. | oadi ach disk pair on the spindle assenbly or

col let. The dlingﬁ%d’\}&a\np’" e 1@6%108%t ed to tape burnishing at 3118 in a contact
merge orientation. j i e sibhecte t I in a
contact merge ori entl figérlﬁlfgme%%ﬁ% E@E’grﬁ% %‘E‘&t gﬁgr%gﬁﬁeatﬁgtﬁh%&e%%éégfgﬁg&
bet ween tape P MsihoRd iR Pihs! B91139dend@hdARhE of B thidhdrel 7B cSHhsicss M tibndite
denerged at 3122 into two cassettes with the R-side surface of each disk in
a cassette famemberiT6tdrendmperoti & 8appottposil7 8. ATHel dldrpatl hanbert7ile cshewhan iFigant
is shown schematically in Fig. 265. In this enbodi nent, the disk are
textured, scrlddbad ldidisddsharedus ipmyidmiyodesiactpbipis 926 9nd g2 wathithe ipderior Thgm,

the disks wil]l be goaiitioned in a gap nerge_orientation at 3130. The disks
are then subj &éddhs eiskputhedorifearalls 730 afhi/2& ofihp slongss membrerigide sEvgyeral

orientation. Fallow sputterin t di,sks repqsitioned, at..3184 from
S st gap MG o MRS B it iet 3 nd i, HEPGahesle Bt 0 iy pe' ¥
essence, the e ' '  d it i I.on-
The di sks ar eﬁl[a]geedr)\[%{ %’g@?%tg{éggg W\&gdés glgio@éﬁdﬁg%gtge}rr%rs %gﬁéoér“%oe% gdtc # Ig(ﬁﬁ%? %})E%gnz
Fol | owi ng | ubfehfas IMOR.cldndBtePheiser HIEIRTIGALIERPDLd £ 2h RPwhBhaRHd TREIS Frohf
contact nerge at 313 8. ['n a contact nerge orientation, the disks are subj
ected to tapethbuidin Slippog pist. STHOplctirtcdwaglemf ihaimkiif gpmbxidibély twiddeglésskbory €
then denerged into two cassettes at 3144 20 with all of the disks in each
cassett e havilmygizohtel. Fhsiindinsd mfgle dickpaaeduge ilubrichidorsrppedon gt suofacesof She tlisks
alternative process is shown schematically in Fig. 266. Here, the disks are
textured, scrybbkdanrgcwadig dainiy efnthe Jaknicapt figmothestank gr reraeial gfidhe disks,
the disks are.i.nitiall rged at 3150 into either a gap nerge or contact
mer g& ori ent a‘?’hBaniﬁg}/cag%EIks are then subjected to sputtering in their
merged orientation . j.eet ta | i i i r
orientation at 315'}&?&65;3%‘? %lgf .Zl??tagﬁtl g%ea " ﬁr°§?§eﬁf?i%d é}ﬁ d{sﬁ%&ﬁé)%g%dﬁ%? ?@ﬁ)t e:éldlgleson
at 3156, and suhé Riah@dl With RN S oinBritiRe a IREH oM 7TENEiSdsebétvechlPfhir of larger
Foll ow ng testing, they are denerged at 3160. As noted, the disks do not
change ori ent@éthor34durhingrranpemehnt dihecthtegiftainlk aSgdpt inerge REientatib bE el digks. As
burni shing or testing. 109 The foregoing discussion of the invention has
been pr esent eshofvorin pigsp b¥e 542 tthei dlongterporion? onef thesendrpt 71@nis imtketed tragbiting
is not intended to limt the invention to the formor forns disclosed

hereh. | n theenfesppeyire§laithe disks andaesursely pasitignedsugihiabthe iy raypofiiesth iiks
of the invention are _ grouped together. in . gne or .por nbodi ments for.the
purpose 5 of YiEneXth hyisREFSE rdt?gtwtfg%&eoé‘f}fse.ﬁ?ﬁi ?eﬂg{’)ﬂ@dﬁ’&f" 1§12 RS TRAES PLVAGH
to be interprgt i I.nt.ant | e i | AV i

[0 oe, L0t o P ke Bk S Rblca R BRI 1B, PR ded KGR AR e
the fol | ow ngghl BRI bevb&tihe disuye&hpﬁﬁréga&&ﬁ%ﬁ ahll €hd Rrdeassih bAdligadd with the
features of a single foregoing disclosed enbodi ment. Thus, the foll ow ng
clains are hespabybdtwear qaoh phiedof disks. Oncs fillstaadlaeclirilelypobipfibhedinsidé the apatres
claimstanding on its own as a 10 separate preferred enbodi ment of the

i nvept i on. Moofetbe disks, ttheoughdrehel 2dmsses inpilithaingdrior kdgd Tdeoftdacindiskhss positiondd th
description of one or nore enbodi nents and certain variations and

nodi fi cat i onsthe sh#rael v3§ iformed hstveasa the sliceessiveitentls 739- A% 1RWA in Hag. sld@purger
the invention,_e.g. as be within the skill and ow edge of thgse .

the art - af t ol s ks dramhiheraeting| & Uit PedORehee i fgnadd, 5. T
obtain rights i {ncl { i odinments to the extent
permtted, i n%q\g{l}é?%é 1§|at% E%%?&{eﬁ?tgP%ﬁsgﬁggag'Pe and/ or equi val ent
structures, functions, ranges or steps tg those clained, whether or not
such alternate, interchangeabl e and/or egui val ent structures, functions,
ranges or steps are disclosed herein, and without intending to publicly
dedi cate any patentabl e subject matter. 20 110




What is clainmed is: 1. A method for manufacturing hard nenory di sks, each
di sk having a first surface and a second surface, and further having an
outer perineter and a central aperture 5 defining an inner perineter, the
met hod conprising: a. aligning a pair of disks such that the first surface
of each disk faces the first surface of the other disk, the second surface
of each disk faces in the opposite direction of the second surface of the
ot her disk, the outer perineters of each disk are substantially aligned and
a space exists 1 olhsengnssel 11Adhen mRrues th a pasHionpba¥gyh dubrisaianctantn 40 prd lopsrs

h d f f h di sk sinmul l.y; .C.. lubri [ b
%u?fk aces o "ol & de dtbnine et PR enedt R AR Bl g genk
. H 0 S : RGO .
wih the firoEuLIFARly B PERR aretds R 1ok T abhy bl -RHEAl ke S ARC

of each di sk miBdl HRNRBHSNY is r&RHREHrdfAnt REKIY 50K Snd 4R fandBE 7T URQ%E Tnow

claiml, further conprising increasing the spacing between the disks prior

to | upricati ngblidiedddistsSout 3f thEnenkrelnhBé peferfeld dniBodiment)@h€ mandreNBh AYvENP a
space between the di sks conprises placing a portion of the perineter edge

of the di sks seporsl positige ahdstlubritBtidn wotkstatren hdireofrncihaidisks to avbassatieras shomavinng
t he space between the disks conprises placing the disks in a disk carrier.

111 5. The FigtHd4 o 1dai i addrogsed belaws aiguptypiididerspiacasseties orude be ged to
assenbl y. 6. FPHEVEEHUR e sm KO PREHLFTERH (187 AeT S e TARTETees 2
ai sks compr | nassuundoBRERuT o aPeigr an RiskY P go rishidich, petVE! Felh B Be™ A
sur f abe and A dshang ol (¢ RGTAIAIGIEY RrBecoaR Trdich g e Pibedcs dofla pe,
central aper tdohbgaed itdipasition thadigks RES icBRbEr mergh ®ridRlatio] &P Tdrks bAdntatdon or

aligning a pair of disks in a gap nerge orientation;
some other orientation. Of course, the disks may also be returned to the cassette in which
they arrived. As should also be appreciated, multiple mandrels working in cooperation with
multiple lubrication tanks can be employed simultaneously to increase throughput of the
15 system.

A typical lubricant is perfluoropolyethers (PFPE). With this lubricant, and with 95
millimeter diameter disks having a 0.050 inch thickness, the disks remain in the lubricant for
approximately 30 to 120 seconds. The type of lubricant and length of time the disks are
exposed to the lubricant may also vary depending upon the desired final lubrication on the

20 disks and the size of the disks. As the lubricant drains from the tank, a layer of lubricant
provide lubrication to the disks and remains on the surfaces of the disks. The layer of
lubricant will primarily serve as protection for the disk surfaces during operation of the disk
drive. Howeyver, it can also advantageously act as an adhesive on the L-side of disk pairs to
maintain a contact merge orientation between pairs of disks during subsequent processing.

25 Tape burnishing or testing are examples of potential subsequent processing which could

require contact merge orientation where the adhesive characteristics of the lubricant may be

advantageously used.
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b. sputtering the surface of each disk that faces outwardly of the pair; 15
c. lubricating both disks; d, aligning the disks in a contact nerge
orientation; e. burnishing the surface of each disk that faces outwardly of
the pair; f. testing the disks; g. denerging the pair of disks. 20 9. The
met hod of claim8, wherein testing the disks conprises performng one or
both of glide testing and read/wite testing. 10. The nmethod of claim8,
wherein demerging a pair of disks conprises 25 positioning the disks in a
cassette with the Apheudd cadsos be fapprecigfede dulicants Ray nbe [gddega tes dhe dankafollayinghe
sane direction. 112 1.. The nethod of claim8, further compyising
i ncreasing t HEASPKES Wdﬁ%@é\sseléﬁﬂﬁeﬁ i Siedicag} ming g Brsant betpraghe skichre pdded.
12. The meth fi: ¢l ai ' | 4. gni t i Sks .in. tact nerge. 5
orientation glg}r}%rlll é@s%?}et %ﬁ%ﬁé‘p{@ié{ 1%?821{2% nggég%%%gekat(yg}@} %‘?T&ls%%aesﬁnéﬁmo
met hod of cl %@liﬁ*@id‘@ﬁ@dl&'b@ c&htk&lahwgfeb&t%é id frofh &ga&%ﬁé oG
the dis

. . ¢ ore dhsks from
orientation conprises engaging the center aperture o s wth a

spi nd e assendt ynand@l ddfrorhN@idiEHt{da8l Iyome@lnpl S of Hidkd MeS a GOWINItindrforientation.
separating the pair of disks into different containers follow ng denerging.

15. A net hod 16h pamrdiidsks wetentg shidr thtone patact diesgesorientanpn upometryaintopths lubriomitng
a plurality of disks in a container; 15 b. arranging the disks in a single
row, axially the icgrfaef; ortentatiemrgayrijevenp libricatt fiing kentacting, allher pavhefkthgecontagting
pl aci ng the pair of g%escgskgi n a back to back orientation; e. sinultaneously
processi ng t H¥raegsof $*$ks i n back-to-back orientation such that only the
outwardly facing sAler% es cff t he

f

air of .disks is 2o fully. cessed; f.
pl aci ng the disks ‘in a ko) %1t|’°r‘{8’rt.h 1875° gornrlgf%‘élggé © B?Qilﬂl?/ric%e%vﬁ% Saiy vary,

pl aciqg the p@pénﬂ%gé&kﬁleisﬂbs%gl%? rdcBssPRCK: e{eiﬁaésngtxhg% ;gl?féﬁfeh_%ﬁr%o&hi%ﬁi,%

the disks in a gap ge orientation. 2571/. The net claim1le,
wher ei n pl acigigt-RiBtichatidhSHisk rébeditt2 RasiBticd ¥/ilPbe SdUnfiined 6P IBdeARRS QNERE ntge

the disks with a tool having at |east two separate disk contact areas. 113
18. The met hogtientatioh af the Hisks bbraned the aact pravegavatle typicaly bs tapel Bpinéstinigpwhiol &g e
chanfered portions of the disks.
optimally performed on concentric contact merged disks. Although the concentric contact
merge orientation may be accomplished at the tape burnishing station rather than at the

15 lubrication station, it is more efficient to place the disks in a concentric contact merge
orientation when returning them to a cassette following lubrication, rather than repositioning
the disks again at the tape burnishing station. Therefore, the post-lubrication receiving
cassettes should be configured to position the disks in the orientation required by the next
process.

20 An alternative to the V or M-shaped mandrel design is a three-prong mandrel design
shown in Figs. 148-151. The three-prong mandrel 750 applies equal contact pressure at
three different contact points along the inner circumference of a disk as opposed to two-
prong mandrel designs. The three-pronged mandrel 750 may be configured to create equal
spacing between the disks, a gap merge orientation, or any other desired orientation. As

25 previously mentioned, when disks are closely spaced on a mandrel, a capillary action or
wicking can occur between disks, particularly if the disks are in closely spaced pairs in a gap

merge orientation. This phenomenon is based upon how closely adjacent disks are

positioned to each other, not whether the disks are in a gap merge or equal spacing
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5 19. The nethod of claim 17, wherein the separate areas are shaped to

mai ntai n separation of the disks. 20. The nethod of claim15, wherein

pl acing the pair of disks in a back-to-back orientation conprises placing
the disks in a contact nerge orientation. 10 21. The nmethod of claim 20,
wherein placing the disks in a contact nerge conprises engagi ng the disks
with a tool having a single contact area which is adapted to position the
di sks in contact. 15 22. The nethod of claim 15, wherein processing the
pai r of di sksorfcutatiper Thespiord, ot ingsttheluprieption Peacesst it dnbadicwsrkihati aneorigntatern of
di sk simul taneously. 23. The nethod of claim15, wherein processing. the
pair of di SkeeHHY %/%‘Pe@%‘ﬁlﬁfr‘??é%ferF‘ii‘o?‘ie&étgﬁhé‘“eb%’t‘Weﬁf%‘R% E#%F@%‘i‘i%ﬁ%’i“??“%

o et 08 I3 s BT SO e SRR oy B HSEP oSG r

. 1.
conpri ses tEXPUI’ ng one Sufrace o

of claim 15, whgee &Esl&r&%%:d;:ﬂ.%d feh l?lﬁbl&qe@é, tifd 53)5 yﬂéﬂ%%éhe%cﬁﬁisﬁ%gglé&ixfﬁgigi o

bur ni shi ng one surface on di sk sinul taneous he net

15, wherein pryogessreiniatdey Maiyintliesdi sks further conprises scrubbing one
surface on each disk sinultaneously. 114 27. The nethod of claim 15,

wher ei n processi ngAd stewmainrFigd. 1d8,sk®, therthfeesprangag masée! 78S hasnhreenrews of teathe
on each disk sinultaneously. 5 28. A nmethod of manufacturing single-sided
hard menory di@kg54,céhmprihsiterth 788 aproerkatedhy Yogshapes netehestAp0.0fWikinshandiing disks
pairs, with each pair_in ap nerge orientation; b, transferring a pair of
gap nerge or i RYHER Qﬂg‘{{gncgdglg%@qsgctgg distrges M hebreendhe apex ot adirssristesth 758 (or
processi ng bath di sks_of the. di sk ir. 10 29, The t hod of ,claim 2
Rherein post tlebkrirg e i ardfiepym o Rtskias Shaidin P iaTA, ReRraply G148 ey 1
nmer ge, ori ent aglL,Qm, j i1 oni rakl i - of L
e O R L e

sai d si mul t angestahmpd4é afrs&it A claRiNdisksS KeheGfotdhBe aidi foknddadil caeR BPfiréLws 752,
sputtering. 31. The method of claim28, wherein said simultaneously

processi ng boti, @56 bthemdnlieel dbGto patich tleanperi dasetéraadius oNthe dAR a32howinén Fig.
met hod of claim 28, wherein said sinultaneously processing both disks of
t he di sk pai r149¢ ﬁlib,isj cgg@ewﬂayhicggact points, 762, 764, and 766 on the disk, rather than two contact
points created with a V or M shaped mandrel. In one embodiment, the outer rows of teeth
15 752 and 756 are formed at a forty-five degree angle relative to the middle row 754. The
mandrel is preferably disposed at an angle 6, shown in Fig. 151A, preferably approximately
two degrees. This helps reduce ripples of lubricant forming on the disk surfaces when the
lubricant drains from the disks. The preferred angle of each notch 760 is 60 degrees as
shown in Fig. 151A. The angle of the notch can also be altered to complement a chamfer
20 formed on the inside edge of the disk at the central aperture. For example, the chamfer angle
and notch angle can both be formed at sixty degrees to give enhanced stability to the disks.
Because of the incline or tilt angle of the mandrel, in order to maintain vertical
orientation of the disks on the mandrel, the center row of teeth 754 must be slightly forward
of the outer rows of teeth 742, 756. This is seen in Fig. 151B. In addition, for optimum
25 stability, the notches on all three rows of teeth should be rotated forward, relative to the

mandrel, by the same angle as the tilt angle. The tilt angle can be between 0.5 and 10

degrees above horizontal.
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33. A nethod of manufacturing hard nenory di sk having only one active side,
25 conprising: a. conbining individual disks into pairs of disks; b.
si mul t aneously processing the pairs of disks. 115 34. The nethod of claim
33, further conprising positioning each pair of disks in a back-to-back
orientation with a space between the disks prior to sinultaneous
processing. 35. The nethod of claim34, further conprising positioning each
pair of disks in a 5 gap nmerge orientation prior to sinultaneous
processi ng. 36. THa thetwodladt configuratdw, tifeudiskseare guergrsusientblpdsiswiinginggn ékech
pair of disks in g s%ace nerge orjientation q[ior t 0 sjinultaneous
processi ng. 1mgndset 712 ad petenBallotislodgingand falling. + Heg addsdthirdsoepniss 80w job fheky
each pair of gdisks.in a back-to-b arjentagtion.with one surfac f. one
i sk bont act i 1 e Qe REDE R S0coiEth ALk Stk pnd BAGrhiht 36 6f dne s
processing.  midhfudESRRA il SLRbELC uride b AGin S BTRORSHAGROSI LA AtksAC
pair of disks in cont act nerge.orlentgtlon prior to s nulpanegus
processing. 38e ni&iRrdIet 1RM nffre GgRi Aesdsh Fédiﬁétﬁﬁ‘()f aRepoiRt Bhisdt Mot AR Sdivk
processi ng each pair of disks separate trom each other pair of disks. 20
40. The net hodtradtionldat mo 82, caphilaryeadtios icraated e el Bibyicgit dexssSaway frére beaides tiod
di sks conprises one or nore of texturing, washing, sputtering, burnishing
and testing. digks. The nethod of claim 33, wherein separating each pair of
processed di sks caonmprises denerging the pairs of disks. 25 42. The net hod
of manufacturing sﬁ%w&gsmgaatwar ey lubgicated diskpie; iysped to a sagsgiteli i a
plurality of disks; 116. . ,positioning the pluralit f disks i irs.in
D ap merge orPERL FERtened, B GResRERR il il PpPeufb i Ry Bk in
8{ SE'ISO_Sks fr O”éln&hﬁes?r%“cﬁie‘ﬁ&'ﬁbn.d- A Béﬂ%’r&i@ésy folQ\gﬁﬁsiuBgcaqgﬁhisp%prcaff{/ tape
burnishing, in which the disk pairs are preferably in concentric contact merge orientation, the

post-lubrication cassette is preferably configured to position the disk pairs in a concentric

contact merge orientation.

15 G. Handling, Transporting and Merging Single-Sided Hard
Disks Into Concentric Contact Merge Orientation Using Cassettes

During the manufacture of single-sided hard memory disks, it will be desirable to
reposition pairs of disks into concentric contact merge orientation. For example, following
lubrication, in which the disks are spaced apart, it is desirable to position the disk pairs in a
20 concentric merge orientation. This is because the process which typically follows lubrication
is tape burnishing. In tape burnishing, the disks are preferably in a concentric contact merge
orientation. This change in disk orientation may be accomplished with a suitably configured
cassette.
Turning to Figs. 152-161, one embodiment of a post-lubrication disk receiving
25 cassette 780 is shown. The disk cassette 780 comprises eight pieces. These include two end
walls 782 with six apertures 784 for receiving securing elements 786, two base members
788 which interconnect the two end walls 782 and are secured to the end walls through
apertures 790 which align with securement apertures 784 in the end walls 782, and four side

walls 792 which also interconnect the end walls 782 and are secured to the end walls 782
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5 e. returning each pair of disks to a container. 43. The nethod of claim
42, wherein sinultaneous processing each pair of disks conprises one or
nore of texturing, scrubbing, sputtering, burnishing and testing. 1 o 44.
The met hod of claim 42, wherein sinultaneously processing each pair of

di sks conprises texturing and further conprising positioning the disks of
each pair in a contact nerge orientation for texturing. 45. The nethod of
claim 44, further conprising denerging7each pair of disks 15 follow ng
Lext ur i ng.  46hropE SHE\oh SePuGask ApaHuum, 9hdn Shin vereien ogiing crhedimpel; fedpulchidscs
conprises positiaopning the disks in a merge orientation. 20 47, The .
method of ol aVsal2 e tvpend wslisp?%r}s%nﬁgﬁfgmb %mewaerégg% agg; idgatigal; Thispprovides
addi tional si t o] I.ng. follaown enerai.ng, 48, .1he t hod of
claim s 1 or TR RGN, BIRGRRELRH, o ieh AR T, HydthankBon a0 h A Bl

orientation f i : i f .U :
RanPARHESH rﬁﬂntaﬁllsarﬁ?v%x} g&?sdf?l})él?&ie Rhncho t@réﬁﬁace Mﬁlgpfg?l side walls

conpri sing denerging each pair OW ng texturing an

scrubpi ng. 1ldamag&Por Wb diktikask @. qhaindddrityMIRRWRIsideskallcoafig@etBlovhold disks
processi ng each pair of disks conprises scrubbing and further conprising
posi ti oni ng eacdiffp@nt onéntaionk g0 ibe substinted dor pEhgather | €hosatin @ne feabodiment the
scrubbing. 5 51. The nethod of claim50, further conprising denerging each
pair of di skscapssite gudynbe senfiguiidnty. held diskseinnge comsert aherge Qriantation, \mgrieianother
si mul t aneousl rocessi ng, eac air of disks copprises sputtering. to 53.
The net hod ofSlfodie e %wﬂgrrg% PelftRgd 3‘%&&?\%@6&@9@ the ek 831 MeRge
plurality of dis S follow ng sputtering. 54. The nethod of claim53,

further corrpr?nselnnaloré'hangi ng the orientation of each 15 di sk pair between

fﬁgt E)drelr Lﬂ?af‘i”gn' ch) ?mg%?ﬁ*ﬁ? Zi@%& irTs*k%n{*p'%hQR BiREs &b PRty nIE bEpAstiNR N HfeBbn
molding processes. Different plastics, having different characteristics, can be selected
depending upon the environment in which the cassette will be used. High performance
plastics are preferred. In typical environments such as texturing, cleaning, lubricating, servo
writing, testing and general handling of disks around the manufacturing facilities, the plastic
15 may be polyethylene terephthalate (PET), polybutylene terephthalate (PBT) or
polyesteresterketone (PEEK). PBT is the easiest to mold, but has the least desirable abrasion
characteristics. PET provides better abrasion characteristics. PEEK provides the best
abrasion characteristics, is the most durable and can withstand the highest temperatures. It is
also the most expensive of the three. It would also be possible to cast, forge, etch or machine
20 the component pieces from metal, although the cost would likely be prohibitive.

As illustrated in Fig. 161, the side walls 792 may have an octagonal cross-sectional
shape. A row of ribs 796 is disposed along one side of the side wall for engaging disks, as is
shown in Figs. 152, 154, 155 and 159. In this embodiment, the ribs 796 have two side
surfaces 798, 800 which form channels or grooves 802 for receiving the disks. The grooves

25 802 are designed to position the pairs of disks in concentric contact merge orientation. The
two surfaces 798, 800 are formed at different angles. As shown in Fig. 160, the lower side
walls 798 form a first angle of 90 degrees. The 90 degree angle of the lower side walls 798

complement the chamferred outer edges of disks, formed at 45 degrees. These angles may
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conprises formng a | arger space between the di sks of each pair. 20 56. The
nmet hod of claim 54, wherein changing the orientation of each disk pair
conprises separating all of the disks by substantially the sane anount. 57.
The met hod of claim 53, further conprising positioning each pair of disks
In a contact nerge orientation follow ng lubrication. 25 58. The nethod of
claim57, wherein sinultaneously processing each pair of disks further
conpri ses sinultaneously burnishing each disk pair follow ng |ubrication.

11s  59. ThechsaghiocpcesmapdatendBterert ghamisrs. cBiepwnpet sige mall 08 teimpgareanste efi &k

Ol ai m 55, ahoiIeT1 T ChAEBHE PO pr GEis e e B o el BOGERS 1 dpirefie
conprises sinultan sl v..testing. each pair.of disks.follow ng,burnishing.
50 " The. met hotreBPeaTa Bty rhrt BT AoRBt P PR RS TkS it AP leR G R ol
In contact neLg6. kAN "l'g@se%'ﬂélh:glglagﬁﬁB 'chéh e%&a&%mnﬁd%&fé}@&erﬁfsized disks. The
manuf acturing hard nmenory di sks”havihg a si r%gle active side on each side,

conprg si ng:  auppef S¥¢ FRIKSED ¢T edéipdib 796 Sbo brkie tderesBARTHA tiné BB WhicE fdrads e
of the disks; c. processing the disks two at a tinme such that only one

surface of eaapex Db ealthsitb.i Eachuliy elsd das droarfgldd freort aaé s@ir sgrface 306.THae madthad tiod
claim 62, wherein processing the disks conprises one or nore of data zone
texturing, | alabasestione8Q8yragader with thstinergmentpladdisionslgyidthuprevidesd ingthe ergle phg
e B Ao el B BT Sk g 313
Phe. ai ske occti&3aTRrogrofts Gl ® grdnEle Bled o7 ocesses. 66, The met hod
g‘; og(llao;lis |mn82 1\fger etk AONY PatrdOr AlskeBY Rl ARnBHratitE ofiihg KiieQRAN 6T aPlak e i
illustrated in Figs. 162 and 163. For simplicity in illustration, the side walls of the ribs 796
are depicted as only having one surface 800. Lower surface 798 is not shown. Fig. 162 is a
top view, looking down from the top of a cassette at the perimeter edge of a pair of disks D.
The chamfer of the disks is designated C in the figures. Fig. 163 is a front view showing the
15 disks moving vertically downwardly into a cassette with ribs 796 positioned behind the
disks. The distance W,, shown in 162A, between the ridge line 804 of two adjacent ribs, is
designed to be wider than the thickness of two disks in a gap merge orientation. Thus, if the
disks are 0.050 inches thick and the gap is 0.035 inches thick, the distance W, should be
0.135 inches or wider.
20 In operation, the inwardly angled surfaces 800 facilitate movement of the disks
toward each other as the disks are lowered into the cassette and contact the surfaces 800.
Thus, as the mandrel 712 or 750 lowers the lubricated disks into the cassette 780, the side
walls 800 of each side wall 792 act to force the disks together. The disks will slowly move
into a concentric contact merge orientation, shown in Figs. 162C and 1631C, as they are
25 lowered into the cassette. Once the disks become fully seated in the cassette, the mandrel
can be withdrawn from the center apertures of the disks.

In an alternative embodiment, shown in Figs. 163 and 164, the ribs 796 may also be

angled at their leading edges to create a widened entry way 810 not present in the
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67. The nethod of claim 62, wherein changing the orientation of the disks
occurs follow ng processing. 5 68. A nethod of manufacturing single-sided
hard menory di sks having an outer perineter edge and a center aperture
defining an inside perineter edge conprising: a. providing a plurality of

di sks; b. placing the plurality of disks in a container, in pairs, with the
disks in a contact nerge orientation; 1 o c. renoving the pairs of disks
fromthe container one at a tine; d. sinultaneously burnishing the
outwardly f acdmi@dimﬁmﬂ at Eigaf l@aarid 16i3s KThierwidensdi anfryevaypfosndd mnihe devéied pafaces
in a container. he net hod of cl aim 68, wherein renoving the pairs

of disks fromk hél‘beﬁﬁ‘a&hrf& T durdhier faqilitates msraing ebdisky Jhisi Wigen WYSVKaYp%]ior s
t th | t 70. . Th f furth
corpr | 1 ng_ englAG v%%x'eﬁf‘; (g eits id Sagh Pty SR ol Bika s Eragh aror
to b hi 69.. f i
cocharsw pagte Fadb7 G, T DO Bl M Bl SRR PP L e o

from4 he contgaiies em@hwepgozt o0 burnishing. 25 72. The method of claim 71,
further conprising naintaining each disk pair in a contact merge

orientation whil e [Aenichghesdhe @hgKkh@paifs dfQzap nilirgd @iklendholvBGAtRi@N140L 248 canlbe
The met hod of claim®68, further conprising sinmultaneously testing the

outwar dl y f aciepapitsmed ante aofoneautic dbsthcti merge pekemtatioidas Siftwvnniﬂtﬁgsj Ia5- 17 ai e
73, wherein the testing occurs follomhwf burnlshlng 75. The net hod of
cl ai m 74, wheP®s Rf fibe796disrased dergiths igsisie Qf\merrglsiﬁaé 19 ansisizgd thioresi the digks into

76. The had di
LQ. ?scf’ﬂt S ot et TEPTAGaRodh HPh eyt oglen ot M@@‘ﬁbt'o% B0 e hes
pai %y [ 2 CoplaGkoTEaR ShEN AL AT B STM% Jufed of claim 75, further

conpri sing posi taliner ollomnng testing.
The cassette 780 may be used in various manufacturing processes where pairs of

disks are removed from the cassette one pair at a time for processing and returned to the
cassette following processing. As each pair is returned, the position of the cassette relative
to the processing equipment may be adjusted to facilitate removal of the next pair.

15 Adjustment of the position of the cassette may be accomplished by placing the cassette in a
guide or holder which is preprogrammed to adjust the position of the cassette the desired
incremental amount. Alternatively, the cassette may include one or more reference or index
marks which are used to adjust and align the cassette relative to the processing equipment.
The index mark may be a hole or mark on the cassette body or, with available optical

20 systems, an existing feature of the cassette, such as a corner of the end wall or other edge,
may serve as the reference mark.

It should also be understood that the present invention will also work with one disk
pair at a time. There is no reason, other than for greater throughput, that requires an entire
cassette load of disks be merged simultaneously. The cassette design would remain

25 unchanged. Instead of using a mandrel as shown in Figs. 137 or 148, a mechanism for
handling single-sided disk pairs (2 disks) may be used. Such a disk pair mechanism may
include a two-disk mandrel design and a two-disk saddle. The saddle is positioned beneath

the open bottom of the cassette and moves vertically through the cassette to a position above
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15 78. The nethod of claim 75, further conprising separating di sks based
upon results of testing. 79. The nmethod of claim 77, further conprising
denmerging the disk pairs following testing. 20 80. The method of claim 79,
further conprising separating the denmerged di sk pairs and positioning the

i ndi vidual disks in containers wwth the active side of each disk in a
contai ner having the sane orientation in the container. 25 121
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objective is to create a concentric contact merge between pairs of disks, the width of the
5 bottom of each groove 886 corresponds to the thickness of two disks. In operation, as each

pair of spaced disks is lowered onto the nest 880, the side walls 890 of each tooth 888 will
force the two disks into contact as they are lowered onto the nest (Figs. 172, 173). In the
preferred embodiment, the angle formed by each pair of side walls 890 will match or be
slightly wider than the chamfer formed at the outer perimeter edge 892 of the disks.

10 In operation, a mandrel or similar transport device (not shown) delivers a plurality of
disks to a cassette 852 seated on platform 850. Initially, the nest will rise through the open
bottom of the cassette to a position above the bottom of the cassette. (See, Fig. 175.) As the
mandrel lowers the disks, and depending upon the relative position of the nest 880, the disks
may contact the nest before contacting the side walls of the cassette, or vice versa. For

15 example, if the nest is relatively high, the disks may contact the nest before contacting the
side wall of the cassette or, if the nest is relatively low, the disks may contact the side walls
of the cassette first. In the preferred embodiment, the disks will contact the platform first. In
either case, the grooves in the nest either initiate the desired merge orientation by causing the
lower portion of the disks to merge into the desired orientation or continue the merge process

20 initiated by the similarly configured grooves 860 on the side walls of the cassette. Once the
disks are fully engaged by the nest, they should be independently supported in a vertical
orientation, allowing the mandrel to disengage. Disks in a contact merge orientation are
shown in Figs. 171 and 173.

In one embodiment, the nest and mandrel are lowered relative to the stationary

25 cassette until such time as the disks engage the grooves 860 on the side walls of the cassette.
When the disks are sufficiently stabilized, the mandrel may be removed. Alternatively, once

the disks are sufficiently stabilized in the nest but not fully seated in the cassette, such as

shown in Fig. 175, the nest may lower without the mandrel until the disks are fully seated in
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may be permanently fixed in an elevated position. In this case, the disks are not fully seated
in the cassette, but are adequately supported to permit removal of the mandrel. When the
cassette is lifted off the platform, for example, to transport the cassette to another processing
location, the disks become fully seated within the cassette. In either case, the nest facilitates
the desired orientation change from the positioning of the disks on the mandrel to the desired
positioning in the cassette. When the cassette is lifted off the platform, the disk become fully
seated in the cassette.

The present invention may also be utilized to position disks in a gap merge
orientation or to alter the size of the gap, such as by repositioning the disks from a first gap
merge orientation to a second and different gap merge orientation. In this case, the curved
upper portion 882 of the nest will have a configuration similar to that of the side walls of a
gap merge cassette which will receive the disks. As shown in Fig. 169, the inside surface of
the cassette side walls include a row of alternating large teeth 894 and small teeth 896 which
define the grooves 860. Thus, the nest 40 will have a pattern of complementary alternating
large and small teeth 898 and 900, respectively. The configuration creates two grooves 902,
904 between adjacent large teeth and on opposite sides of the small teeth as shown in Figs.
176, 177. The disks are positioned relative to the nest such that the large teeth will initially
separate disks into pairs as the disks are lowered onto the nest. The side walls 906 of the
large teeth will merge the disks into pairs and into a gap merge orientation (Fig. 177). The
small teeth 900 will maintain desired separation.

L Simultaneous Tape Burnishing of Two Single-Sided Hard Disks

The process of bumishing typically follows lubrication. Burnishing is preferably
performed on pairs of disks positioned in a concentric contact merge orientation. This is due
to the fact that opposed rollers with roughened tape are brought to bear against the outwardly
facing, R-side, surfaces of the two disks in the disk pair in order to burnish the surfaces.
With reference to Figs. 178-181, the general sequence of disk handling and transport is

shown for the tape burnishing process. In one embodiment, a cassette 910 of disks is
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appreciated that the disks may arrive at the burnishing station positioned in other orientations
and repositioned into a concentric contact merge orientation at the burnishing station.
Similarly, while it is preferred that the disk pairs undergo tape burnishing while in a
concentric contact merge, it is within the scope of the invention that tape burnishing may
occur in other orientations, such as spacer merge, provided the disks are adequately
supported such that the burnishing process is uniformly and consistently applied to the
surface of both disks in a disk pair.

A lift saddle 912 positioned beneath the cassette 910 is utilized to remove a pair of
disks from the cassette. As shown in Figs. 182-186, the lift saddle comprises a main body
914 with an arcuate or curved shape disk contacting surface 916. (Fig. 182). The arcuate
shaped disk contacting surface includes a single groove 918 disposed between raised side
walls 920. (Figs. 184-186.) The groove is dimensioned to hold a pair of single-sided hard
memory disks in concentric contact merge orientation. The body of the lift saddle is
provided with internal cavities 922 to engage the distal ends of lift rods (not shown). The lift
rods move the lift saddle between a first position beneath the cassette and an upper position,
shown in Fig. 178, in which the disk pair are accessible by other handling and transport
mechanisms. The channel or groove 918 has a flat bottom portion 924 (Fig. 183) which
engages and supports the outer perimeter edge of the two disks. The angle of the side walls
is preferably oriented to correspond with the chamfer at the outer perimeter edges of the
disks and to maintain the vertical alignment of the disk pair.

With reference to Figs. 178 and 179, following removal of a disk pair from the
cassette, the disk pair is engaged by a plurality of concentric contact merge rollers 926. In
one embodiment, the rollers move radially inwardly and outwardly to engage and disengage
the outer perimeter edges of the two disks at four uniformly spaced locations, for example,

90 degrees apart. One embodiment of a merge roller is shown in Figs. 187 and 188. The
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portion 932 maintains the disk pair in a concentric contact merge orientation.

5 Once the disk pair is engaged by the four merge rollers, the lift saddle 912 disengages
and the disk pair is moved to a second location. At the second location, shown in Fig. 180,
the pair of disks are engaged at their center aperture by a spindle assembly 934. The spindle
assembly securely engages the disks along the inside edge 936 of the center aperture. The
spindle is designed to impart a rotation to the disks during the tape burnishing process.

10 Following engagement by the spindle, the four merge rollers disengage.

A schematic diagram of four burnishing rollers 938 engaging opposite sides of a
conventional two-sided disk is shown in Fig. 189. In comparison, Figs. 181 and 190 show
four tape burnishing rollers 938 engaging the R-side of a pair of concentric contact merge
disks. The prevent invention allows equipment built for burnishing one double-sided disk to

15 burnish two single-sided disks simultaneously. A tape or rough woven fabric is positioned
around the rollers and provides the necessary roughness to burnish the surfaces of the disks
for purposes of removing asperities and excess lubrication. The rollers apply a force of up to
four pounds against the R-side surface of the disk pair from opposite directions.

For uniformity in the results of the tape burnishing process, it is preferred that there

20 be no relative movement between the two disks of the disk pair during the burnishing.
Lubricant, previously applied to the disk surfaces, acts as an adhesive between the L-sides of
the contact merge disks. Fig. 193 shows, in concept, the lubricant fluid L positioned
between the L-side surfaces of the disks prior to repositioning the disks in a contact merge
orientation. Testing of different lubricants, some with adhesives added to the lubricant, have

25 yielded good results. One solution used is a mixture of AM3001 Lube, X1P additive and
PF5060 solvent. Other lubricants, such as Z-Dol or Z-Tetrol, with and without additives,

may yield similar positive results.
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and are returned to a cassette. The merge rollers 926 engage the outer perimeter edges of the
disks which allows the spindle assembly 934 to disengage. The merge rollers transport the
disk pair to the lift saddle 912 where the lift saddle places the disks in a cassette. The

5 orientation of the disk pair could also be changed, depending upon further processing of the

disk pair. However, if the next process requires the disks to be in a concentric contact
merge, it is preferable not to demerge the disk pair but, instead, to transfer the disk pair to the
next processing station while maintaining their concentric contact merge orientation.

J. Simultaneous Testing of Two Single-Sided Hard Disks

10 At many times and/or locations within the process of manufacturing single-sided
disks, it may be desirable to perform testing on the disks to ensure the manufacturing process
is occurring properly. One location where testing may occur is following tape burnishing,
after processing is substantially completed. In some embodiments, tape burnishing may be
the final manufacturing step and, therefore, testing is necessary to verify the disks are made

15 correctly. Testing typically includes a glide test which determines the presence of any
asperities which could adversely effect the flying of the head/slider assembly. Testing also
includes certification testing which performed read and write operations on the disk to
determine if there are defects which would preclude use of the disk.

The mechanical process steps for testing are shown in Figs. 194-198. It is preferable

20 that the disks arrive at the testing station in a concentric contact merge orientation.
Therefore, if the testing follows tape burnishing, there is no need to reposition the disk pairs;
the disk pairs will be positioned in concentric contact merge orientation. As shown in Figs.
194 and 195, a vacuum gripper 950 is used to engage the upper outer perimeter edge of a
disk pair. One embodiment of the vacuum gripper is shown in Figs. 200-203. The vacuum

25 gripper comprises a main body 952 with an arcuate shaped disk engaging portion 954. The
arcuate disk engaging portion is formed by a single groove or channel 956 configured to hold
a pair of disks in concentric contact merge. The channel has a pair of angled side walls 958

and a flat bottom portion 960. A pair of bores or cavities 962 in the main body communicate
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Y10% & () capabilities of the gripper. In one embodiment the vacuum gripper is constructed from

polyesteresterketone (PEEK). The vacuum pressure applied to engage and support a pair of
disks of 95 millimeter diameter and 0.05 inches in thickness is between 5 and 20 inches of
5 pressure.

The vacuum gripper removes the disks from a cassette 966 one pair at a time. The
vacuum gripper pivots the orientation of the disks 90 degrees (Fig. 51) and transports the
disk pair to a second location as shown in Fig. 196. At the second location, the disk pair is
engaged by a spindle assembly 968 at their center aperture 970. Following engagement by

10 the spindle assembly, the vacuum gripper disengages and is removed from interference with
the testing procedures.

A conventional testing apparatus 972 for a single double-sided disk is shown
schematically in Fig. 191. For comparative purposes, Fig. 192 shows the same equipment
being used with a pair of concentric contact merge disks. Fig. 198 also shows the same test

15 equipment 972 positioned for simultaneously testing two concentric contact merge disks.
The disks are rotated by the spindle assembly and the equipment conducts glide tests and
certification tests. At the conclusion of the testing operation, the test apparatus retracts and
the disk pair is engaged by the vacuum gripper. The spindle assembly disengages and the
vacuum gripper returns the pair of disks to the cassette and engages the next pair of disks in

20 the cassette, wherein the process repeats itself until all disk pairs within the cassette are
tested. Disks that fail the test procedures are scrapped.

K. Simultaneous Servo-Writing of Two Single-Sided Hard Disks

Unlike the previous process steps addressed herein, simultaneous servo-writing is
optional. The servo-writing may be performed on a single disk at a time, such as after

25 assembly in a disk drive using self-servo-writing techniques. However, simultaneous servo-
writing of two disks will maintain the increased output provided by the present invention.

A servo-writer apparatus 1020 for a single double-sided disk with two functional or

active surfaces, shown in Figs. 204 and 205, simultaneously writes servo-tracks 1022 on
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assembly is used to control and position the other actuator assembly relative to the surfaces
of the disk. More specifically, the first actuator assembly1028 includes a pair of transducers
or read/write elements 1032 connected by actuator arms 1034 to a single pivot point or shaft
1036, with one head positioned adjacent the upper surface 1024 and the other head
positioned to interact the lower surface 1026. The write element or transducer 1032 writes
servo-tracks 1022 on both the upper and lower surfaces of the disk and both surfaces are
active or functional for memory storage. The two transducers 1030 write the servo-tracks
1022 onto the surfaces of the disk D in an arcuate pattern as the two transducers 1030 pivot
about the single axis 1034. In this arrangement, when writing servo-track data on a double-
sided disk, it is critical that the two transducers 1030 share a common pivot point and move
along a common arc of motion. This is because, once the disk is installed in a disk drive, the
heads that will be used to read from and write to the surfaces 1024 and 1026 of the disk D
will also share a common pivot point and will move in unison just like the servo-track writer.
Indeed, one method of servo-track writing involves using the head\actuator assembly of the
disk drive to write the servo-tracks after assembly of the disk drive. This technique is known
as self-servo writing. The servo pattern 1022 created on the two surfaces 1024 and 1026 of
the double-sided disk is shown in Figs. 206 and 207, respectively.

In this embodiment, the second actuator assembly 1030 includes an encoder 1040 to
position the transducers 1030 of the first actuator assembly 1028 relative to the surfaces of
the disk. The encoder 1040 includes a single shaft or pivot point 1042 for a pair of actuator
arms 1044. A push pin 1046 is disposed at the distal end of the actuator arms 44. A voice
coil motor, generally including a coil element 1048 and permanent magnet 1050, is
positioned at the opposite end of the actuator arms. A scale or gauge 1052 may also be
included as part of the voice coil motor. In this master/slave arrangement, the voice coil
motor for the second actuator assembly 1030 causes the actuator arm 1044 and push pin

1046 to rotate about pivot point 1042. In turn, this causes actuator arm 1034 to pivot about
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585100 & (han 1036 e To the conthdt of push pin 1046 on actuator arm 1084, This celadve
movement positions transducers 1032 relative to disk surfaces 1024 and 1026. Thus, the
voice coil motor of the second actuator assembly 1030 indirectly positions the heads 1032 of
the first actuator assembly 1028 at the proper location to create the desired servo-tracks. The

5 first actuator assembly 1028 may also include a voice coil motor, but it would be inactive

during this servo track writing operation.

Such a servo-track writing apparatus will not work for servo-track writing on a pair
of single-sided disks in a merge orientation. As previously noted, Figs. 206 and 207 show
exemplary servo patterns for the upper and lower surfaces 1024 and 1026 of the single

10 double-side disk shown in Figs. 204 and 205. As can be seen, the patterns created by the
tracks 1022 are opposite in their direction or orientation. Thus, if the same apparatus were
used for writing servo-tracks on the active surfaces (R-side) of a pair of merged disks, the
lower disk would not be functional in a conventional disk drive, as the servo patterns would
not be positioned in a manner that could be read and understood by a conventionally

15 mounted head disk assembly.

The foregoing problems are overcome by the apparatus and method shown in Figs.
208 and 209. Therein, two servo-track writers 1058 and 1060 are utilized, with one being
positioned for writing on the outer surface (the R-side) of the top disk 1062 and the second
for writing on the outer surface (R-side) of the lower disk 1064. As can be seen, the

20 components of the servo-track writing apparatus 1058 and 1060 are identical to those used
for conventional servo-track writing on a single double sided disk except, each set of servo-
track writers pivot at different locations, rather than a common location.

More specificaily, as illustrated in Figs. 208 and 209, each servo-track writing
apparatus 1058 and 1060 includes a master actuator assembly 1066 for positioning a slave

25 actuator assembly 1068 which performs the actual servo-writing. The master actuator
assembly 1066 includes a positioning encoder 1070 having a single actuator arm 1072 with a

push pin 1074 disposed at the distal end of the actuator arm 1072. The opposite end of the

actuator arm includes a voice coil motor which directly positions the actuator assembly
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1066, including pin 1074. The actuator arms pivot about a shaft 1076. The voice coil motor
includes a coil 1078 and a permanent magnet 1080. The coil is energized under the direction
of a controller, not shown, to position the push pin relative the surface of the disks.

The servo-track writing apparatus further includes a second actuator assembly 1084.
This second or slave actuator assembly 1068 includes an actuator arm 1082 which pivots
about a shaft 1084. A read/write element or transducer 1086 is positioned at the distal end of
the actuator arm 1082. The transducers 1086 write the servo-tracks under the positional
guidance of the encoder actuator assembly 1066. Thus, the encoder actuator assembly 1066,
under the direction of a controller, not shown, move the actuator arms 1072 and push pins
1074 to position the transducers 1086 at desired locations relative to the R-side of disks 1026
and 1068. The transducers 1086 write the desired servo-tracks on the disk surfaces.

The slave actuator assemblies 1068 may also include voice coil motors, but they
would be inactive during the servo-track writing procedure. In addition, it is preferred that
the shafts 1076 and 1084 use air bearings rather than ball bearings. Air bearings are
smoother and introduce less vibration into the actuator arms 1072 and 1082 than would ball
bearings. As shown in Fig. 209, it is preferred that the disks be in a concentric contact merge
orientation, although a concentric gap merge or concentric spacer merge orientation would
also be successful.

An example of the servo-track pattern 1090 created by servo-track writing apparatus
1058 and an example of servo-track pattern 1092 created by servo-track writing apparatus
1060 is shown in Fig. 208. A full set of servo-track patterns 1090 and 1092 are shown in
Figs. 210 and 211, respectively. As can be seen in Figs. 210 and 211, and in contrast to Figs.
206 and 207, the servo-track patterns 1090 and 1092 are similarly oriented. Accordingly, the
disks shown in Figs. 208 and 209 can be used interchangeably in the same single-sided disk
drive for recording because the servo-track patterns 1090 and 1092 are consistent.

In the preferred embodiment, the encoders 1070 include a laser positioning device,
not shown. The laser positioning device establishes a known initial position, such as

defining a crash stop for the actuator arms 1072 as a “zero” position. The voice coil motors
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can incrementally adjust the position of the transducers 1086 to create the desired servo-track
pattern. Laser position devices such as these are known to those of skill in the art. In
addition, an advantage of having the second set of voice coil motors associated with the
5 second or slave actuator assemblies 1068 is that once a sufficient number or volume of
servo-tracks 1090 and 1092 are created, the encoders 1070 can disengage and move out of
the way of the second actuator assemblies. The voice coil motors associated with the second
or slave actuator assemblies can then position the transducers 1086 relative to the R-side
surfaces of disks 1062 and 1064, utilizing the previously written servo-tracks, and fill in or
10 create the remaining needed servo-tracks or can be used as a test or double-check of the
previously written servo-tracks before removing the disks from the apparatus.
In addition to the methods and apparatus discussed above, at least two alternative
methods and apparatus exist for creating servo-tracks on the R-sides of a pair of disks. In a
first alternative embodiment, a template with a preformed magnetic pattern corresponding to
15 the desired servo-track patterns is positioned on the R-side surface of each single-sided disk.
An example of the magnetic pattern is the servo-track pattern shown in Figs. 209 and 210.
The pattern is made with permanent magnets. The magnetic pattern influences the magnetic
layer on the R-side of each disk 1062 and 1064 to be magnetized in the desired pattern.
The magnetic pattern can be partial or can be a complete set of servo-track data. The
20 strength of the field produced by permanent magnets comprising the pattern should exceed
disk coercivity or, stated differently, should be sufficient to saturate the media at the desired
positions. Application of the template to the disks will likely be less than five seconds. To
the extent that the template only creates a partial servo-track pattern, the remainder of the
pattern can be filled in by the read/write head of the disk drive performing self-servo track
25 writing.
A second alternative embodiment for creating servo-track patterns utilizes a laser

projection technique. In this embodiment a template is also used. The template would

preferably be made of glass. A desired pattern would be created using transparent and
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opaque sections on the glass. Opaque sections would preclude laser light from striking the
disk surface and transparent sections would allow laser light to contact the disk surface. The
pattern may be created using photo lithography techniques. An example of a desired pattern
is the servo-track pattern shown in Figs. 209 and 210. In a first step, a laser light would be
applied of sufficient power to elevate the temperature of the exposed areas of the disk. Next,
the disk surface would be exposed to a magnetic field. The magnet would magnetize the
receptive portions of the disk surface whose coercivity had been altered by heating from the
laser beam. This would create the desired servo-track pattern. The magnet could be a
permanent or electro-magnet. The strength of the magnetic field produced by the magnet
would need to be less than the coercivity of the disk at room temperature, but greater than
the coercivity of the disk at the elevated temperature. In other words, the laser beam would
need to elevate the temperature of select portions of the disk surface high enough above
room temperature that a sufficient differential in coercivity will occur on the disk surface to
allow a magnetic field to alter the areas of reduced coercivity, but not the remaining areas.
Once the disk surface cools from the laser heating, the magnetic pattern would be set. As
with the first alternative embodiment, the pattern may be complete or partial. If a partial
pattern is created, the remainder of the servo-track pattern can be filled in by self-servo track
writing techniques.

L. Variable Form Factor Cassette

An embodiment of multi-form factor cassette 1110 is shown in Figs. 212-220. The
cassette comprises a main body 1112 and a pair of removable or adjustable side wall inserts
1114 and 1116. The cassette has an open top 1118, open bottom 1120 and U-shaped
openings 1122 in the end walls 1124. The U-shaped opening allows access to the central
aperture of the disks. The open top and open bottom also provide access to the disks. A disk
D is shown seated in the cassette. The main body further includes two integral side walls
1126, 1128 which extend between end walls. A plurality of slots or holes 1130 are formed in
the integral side walls 1126, 1128 and in the inserts. The slots allow process fluids to be

drained from the cassette and disks during processing. While the side walls 1126, 1128 are
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between the end walls. Similarly, a pair of base members 1130 extend between the two end
walls along the bottom of the cassette. The base members also provide rigidity to the
cassette and form a support structure upon which the cassette rests (Fig. 215). The base

5 members may be integrally formed with the end walls, or may be formed as separate pieces
secured to the end walls through appropriate fasteners.

The side wall inserts 1114, 1116 are generally shown in Figs. 212, 214, 215 and 221.
In general terms, the inserts preferably comprise a vertical wall portion 1134 and a second
wall portion 1136 forming an obtuse angle with the vertical wall portion and angled inwardly

10 toward the open inside of the cassette. The inside surfaces of both the vertical and second
wall portions 1134, 1136, shown in Figs. 212-214, include a row of ribs 1138, which define a
row of disk receiving grooves or channels 1140. The relative size and spacing of the ribs is
determined based upon the form factor of the disk to be utilized. In addition, slots 1130 are
also formed between the ribs, along both the vertical wall portion 1134 and second wall

15 portion 1136, to allow process fluids to enter into and escape from the cassette.

As best shown in Figs. 212 and 214, horizontal support members 1142, 1144 extend
along the length of each insert. The support members provide structural rigidity to the
inserts 1114, 1116 to prevent bending, warpage or breakage. The support members may be
hollow, may be solid, or may contain a strengthening rod made of metal or other suitable

20 material for the environment. In addition, each end of the support members is provided with
a securement area 1146 which correspond to similar securement areas 1148, 1150 and 1152
formed in the end walls of the cassette. When aligned, appropriate fasteners 1154 can be
positioned through securement areas 1148, 1150 or 1152 and into securement area 1146 to
secure the inserts 1114, 1116 to the end walls at various positions.

25 As seen in Figs. 217-219, the inserts may be secured at various positions relative to
the end walls by the predetermined pattern of the securement areas 1148, 1150, 1152 to

accommodate disks of different diameter. Thus, inventory issues and cost issues are reduced

by allowing a single universal cassette to be utilized which is reconfigurable by repositioning
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the inserts to accommodate different diameter of disks. For example, using securement areas
1148, the inserts are positioned as shown in Fig. 217 to accommodate a large diameter disk.
Using securement areas 1150, the inserts are positioned as shown in Fig. 218 to
accommodate a slightly smaller diameter disk. Using securement areas 1152, the inserts are
positioned as shown in Fig. 219 to accommodate an even smaller disk. Thus, the cassette as
illustrated can be reconfigured to hold disks having at least three different diameters, perhaps
95, 84 and 65 millimeter diameters, although it should be appreciated that more than three
options can be provided.

In addition, and/or alternatively, substituting different inserts having differently
configured or sized ribs 1138 will allow the cassette to accommodate different thicknesses of
disks or to accommodate pairs of disks in different orientations. For example, if the cassette
is to be used during processing of single-sided disks, the ribs 1138 could be configured as
shown in Figs. 221 or 222 to accommodate contact merge disk pairs or gap merge disk pairs,
respectively. In Fig. 221, ribs 1138 define grooves 1140 for orienting disks in a contact
merge orientation. In Fig. 222, the disks are positioned in a gap merge orientation between
large ribs 1142 and small ribs 1144.

For most processing applications, a cassette made from polybutylene terephthalate
(PBT) plastic will be satisfactory. However, PBT plastic will not withstand the high
temperatures associated with the sputtering process where temperatures can reach 350
degrees Celsius. In high temperature areas like this, polyesteresterketone (PEEK) will
provide acceptable results, as will an entirely metal cassette. It may also be desirable to
utilize an abrasion resistive plastic due to the constant movement of disks into and out of the
cassette. Such a plastic is PEEK. Alternatively, an abrasion resistive plastic, such as teflon,
may be added as an outer layer over a core material, such as stainless steel or aluminum
alloys, providing the advantages of each material.

M. Single-Sided Hard Disk

A single-sided processed disk has been developed to provide a low cost storage

media. In such disks, only one side, the active or information-containing side, is typically
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subjected to various process steps. A recurring problem with single-sided processed disks is
the degree of planarity or flatness of the disk. Referring to Figs. 223 and 224, a single-sided
magnetic recording disk 1190 is illustrated. The disk 1190 includes a substrate disk 1200
(which is typically aluminum or an aluminum alloy), upper and lower interface layers 1204
5 and 1208 (which are typically nickel phosphorus), an underlayer 1212 (which is typically
chromium or a chromium alloy), a magnetic layer 1216 (which typically is a cobalt-
platinum-based quaternary alloy having the formula CoPtXY or a five element alloy
CoPtXYZ, where XY and Z can be tantalum, chromium, nickel or boron), an overcoat layer
1220 (which is typically carbon), and a lubricant layer 1224 (which is typically a
10 perfluoropolyether organic polymer). The nickel phosphorus layers have the same
thicknesses, "t," (upper layer thickness) and "t; (lower layer thickness), (each of which is
typically from about 8 to about 15 micrometers) and are typically deposited by electroless
plating techniques. The underlayer, magnetic layer, and overcoat layer have different
thicknesses (their total thickness is typically from about 20 to about 100 nm) and are
15 deposited by sputtering techniques. Although nickel phosphorus layers can be deposited in
either compression or tension, they are typically deposited in compression and the sputtered
layers are also typically deposited in compression. As can be seen from Fig. 224, the
compressive forces in the lower nickel phosphorus layer 1208 are more than offset by the
compressive forces in the upper nickel phosphorus layer 1204 and the sputtered layers 1212,
20 1216 and 1220, causing the disk 1190 to be concave on the upper side 1228 of the disk and
convex on the lower side 1232.
The disk concavity on the information storing side of the disk can cause problems.
Disk concavity can cause problems in read/write operations, such as due to head tracking
errors and undesired contact of the head with the disk surface. Because of these issues,
25 typical disk specifications require a flatness on the information-containing or active surface
of the disk of no more than about 7 to about 15 microns. As will be appreciated, "flatness"

refers to the distance between the highest and lowest points on a disk surface. With

reference to Fig. 224, the flatness is the difference in the elevations of points 1 and 2, where
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the upper disk surface 1228.

Referring to Fig. 225, a first embodiment of a disk according to the present invention
will be described. Although the invention is described with specific reference to a magnetic
recording disk, it is to be understood that the principles of the present invention may be
extended to other recording media types, such as optical recording media, and magneto-
optical recording media, and can be used for floppy or hard disks.

Fig. 225 depicts a plated disk (or intermediate (disk) structure) 1300 having upper
and lower interface layers 1304 and 1308, respectively, on a substrate disk 1312. The
substrate disk can be any suitable substrate disk, such as aluminum, aluminum alloys (e.g.,
AlMg), glass, ceramic materials, titanium, titanium alloys and graphite. The interface layers
can be any suitable material for achieving acceptable magnetic recording properties in the
overlying magnetic layer(s), such as iron oxide, nickel phosphorus, nickel molybdenum
phosphorus, and nickel antimony phosphorus, with the latter three materials being preferred.
The interface layers 1304 and 1308 are typically the same chemical composition and have
different compositions from the substrate disk to provide an uneven internal stress
distribution across the disk cross-section.

As can be seen from Fig. 225, the thicknesses of the upper and lower interface layers
1304 and 1308, which are ty and t;, respectively, are different. When the interface layers are
deposited so as to be in compression or have internal compressive stress, the thickness ty; of
the upper interface layer 1304 which is to become the surface for sputtering of the
underlayer, magnetic layer, and overcoat layer, is preferably less than the thickness t; of the
lower interface layer 1308. This causes the disk 1300 to be curved (e.g., have a spherical
curvature) in cross-section or have a bowl-shape, with the concave side of the disk 1300
being the surface on which the additional layers are to be sputtered. This is so because the
compressive stress in the thicker lower interface layer 1308 exceeds the compressive stress
in the thinner upper interface layer 1304, thereby causing the disk to be warped towards the

thinner interface layer.
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The stress € in a selected layer is determined by the unique physical properties of a
material and the technique and conditions of deposition:

The spherical curvature or radius of curvature R of the disk is provided by the
following equation.

R = s /(6 X Atigyer X €)
where tgp is the thickness of the substrate disk 1312, Aty is the difference in thicknesses
between the upper and lower interface layers 1304 and 1308, and ¢ is the stress in each of the
layers.

While the relative thicknesses of the two layers depends on the magnitude of the
internal compressive stress in each layer and the compressive stresses in the sputtered layers,
the thickness of the upper interface layer 1304 is typically no more than about 99.3%, more
typically from about 98.3 to about 99.3% and even more typically from about 97.7 to about
98.3% of the thickness of the lower interface layer 1308. In absolute terms, the thickness of
the upper interface layer 1304 ranges from about 7.5 to about 14.5 microns and that of the
lower interface layer 1308 from about 8 to about 15 microns. In other words, the difference
in thickness between the upper and lower interface layers is typically at least about 0.075
microns and more typically ranges from about 0.2 to about 2 microns.

The flatness (or first flatness) of the disk 1300 is relatively high and the flatness
distribution, 3o, is relatively low. The flatness of each of the upper and lower surfaces 1316
and 1320, respectively, of the disk 1300 typically is at least about 5 microns and more
typically ranges from about 2 to about 10 microns.

Fig. 226 depicts the same disk 1400 after deposition of the overlying layers.
Specifically, the upper surface 1404 of the disk 1400 has the underlayer 1408, the magnetic
layer 1412, and the overcoat layer 1416 deposited, preferably by sputtering. The underlayer
1408 can be any material capable of providing the desired crystallography in the magnetic
layer 1412. Preferably, the underlayer 1408 is chromium or a chromium alloy and has a

thickness ranging from about 5 to about 20 nm. The magnetic layer 1412 can be any
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tantalum, chromium, boron, or nickel The thickness of the magnetic layer typically ranges
from about 7 to about 20 nm. The overcoat layer 1416 can be any suitable overcoat material,

5 with carbon being preferred, and the thickness of the layer typically ranges from about 1 to
about 6 nm.

The layers are typically in compression or have internal compressive stresses. The
stress in each layer can be calculated using the equation above. The cumulative magnitude
of the compressive stresses in the upper interface layer 1304, the underlayer 1408, the

10 magnetic layer 1412, and the overcoat layer 1416 counteract the compressive stress in the
lower interface layer 1308 to cause the disk to flatten out or become more planar. For a
given thickness of the lower interface layer 1308, the resulting radius of curvature of the disk
is inversely proportional to the cumulative thicknesses of the layers 1304, 1408, 1412, and
1416. Typically, the flatness of the disk 1400 (or second flatness) is no more than about 17

15 microns and more typically is no more than about 12 microns.

The relative magnitudes of the cumulative compressive stress in the upper layers
1304, 1408, 1412, and 1416 versus that in the lower interface layer 1308 may be controlled
to provide a desired degree of flatness in the final disk. For example, when the cumulative
compressive stress in the upper layers exceeds that in the lower interface layer, the upper

20 surface 1404 of the disk will be convex with the opening of the bowl-shape facing
downward. When the cumulative compressive stress in the upper layers is less than that in
the lower interface layer, the upper surface 1404 of the disk will be concave with the opening
of the bowl-shape facing upward. When the cumulative compressive stress in the upper
layers is approximately equal to that in the lower interface layer, the upper surface 1404 of

25 the disk will be substantially or completely flat or planar as shown in Fig. 226. By these
techniques, disks of varying radii of curvature and flatnesses can be produced. Typically, the

flatness values can be made to range from about 1 to about 50 microns.
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5 on the rate of change of the compressive stress of each layer due to thermal fluctuations. In
one configuration, it is desirable for the disk to be more convex at higher operating
temperatures and more concave at lower operating temperatures.

As seen in Fig. 230, for example, the thickness of the upper interface layer 1804 can
be selected to be thicker than that of the lower interface layer 1808 to provide a convex
10 upper disk surface 1800. This surface will become even more convex when the underlayer,
magnetic layer, and overcoat layer are deposited on the upper disk surface. In one
configuration, the underlayer, magnetic layer, and overcoat layer are deposited so as to have
a net internal tensile stress. This can be effected by selecting suitable materials for each
layer and/or by using a suitable deposition technique other than sputtering. In that
15 configuration, the use of an upper interface layer having a greater thickness than that of the
lower interface layer may be used to counteract the tensile stress to provide the desired
degree of disk surface flatness.
When nickel phosphorus is the interface layer on both sides of the disk, it is possible
to deposit the layers with a desired degree of internal compressive or tensile stress by
20 varying the composition of the electroless plating bath. When the layers are in tensile as
opposed to compressive stress, the use of an upper interface layer 1904 that is thinner than
the lower interface layer 1908 will, as shown in Fig. 231, cause the upper disk surface 1912
to be convex. To offset this effect, the underlayer, magnetic layer, and overcoat layer, which
are in compressive stress, are preferably deposited on the side having the thicker interface
25 layer, which in the configuration of Fig. 231 is the lower interface layer 1908. The tensile
force exerted by the sputtered layers and the compressive force exerted by the upper
interface layer offsets the tensile force exerted by the lower interface layer to provide a

relatively planar disk 1950 as shown in Fig. 232.
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)5 and 356 will now be

discussed with reference to Figs. 227 and 228.

Referring to Fig. 227, the substrate disk process will first be discussed. In step 1500,
the disk substrate disk 1312 is stamped out of a sheet of material. The stamped disk in step
1504 is ground to provide flat or planar upper and lower substrate disk surfaces. In step
1508, the disk is baked, and in step 1516 chamfers are formed on the upper and lower
substrate disk surfaces. In step 1520, the upper and lower interface layers, which are nickel
phosphorus, are formed on the upper and lower substrate disk surfaces by electroless plating
techniques. In this step, the thicknesses of the upper and lower interface layers are the same
or substantially the same. Typically, the thickness of the upper interface layer is at least
about 95% of the thickness of the lower interface layer and vice versa. Steps 1500 through
1520 are performed using techniques known to those of skill in the art.

In steps 1524 and 1528, the interface layers are rough (step 1524) and fine (step
1528) polished to provide the plated disk configuration of Fig. 225. As shown in Fig. 228A,
in each of steps 1524 and 1528 a disk holder 1600 contains compartments (or holes) for
receiving two disks simultaneously (referred to as "two-at-a-time disk polishing"). Upper
and lower polishing pads 1604 and 1608 polish the outwardly facing surfaces 1612 and 1616
of the adjacent stacked disks 1620a,b. The contacting disk surfaces 1624 and 1628 are not
polished. The polished surfaces 1612 and 1616 are the upper disk surface 1316 in Fig. 225.
In this manner, two adjacent or stacked disks are polished simultaneously to provide a
significant cost savings relative to the costs to produce dual-sided disks.

Preferably, the reduction in thickness of the upper interface layer is at least about
0.70% and more preferably ranges from about 1.0 to about 4.0%.

There are several ways to effect the reduction in layer thickness reduction in the
polishing steps. In one approach, all of the thickness difference between the upper and lower
interface layers is effected in the rough polishing step 1524. In a second approach, all of the
thickness difference between the upper and lower interface layers is effected in the fine

polishing step 1528. These two approaches require both sides of the disk to be polished in
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5 operation. In a third approach, a portion of the thickness difference between the upper and
lower interface layers is effected in each of the rough and fine polishing steps. In this
approach, the disks remain in the carrier 1600 (Fig. 228A) through each of the polishing
steps, which can represent a significant cost savings relative to the other two approaches.

In one process configuration, the thickness of the upper and lower interface layers

10 1304 and 1308 is the same after step 1520 and range from about 8 to about 15 microns. In
the rough polishing step 1524, from about 70 to about 95% of the desired thickness reduction
in the upper interface layer 1304 is realized. The remaining desired thickness reduction in
the upper interface layer 1304 is realized in the fine polishing step 1528.

After the fine polishing step 1528, the plated disk is sent to the media process.

15 The media process will be discussed with reference to Fig. 229.

In step 1700, the plated disks are merged for processing. "Merging" refers to placing
the disks back-to-back such that the upper disk surfaces 1316 face outwardly. In other
words, the lower disk surfaces 1320 are adjacent to one another. The disks can be contact
merged (as shown in Fig. 228A) in which case the lower disk surfaces 1320 of each disk

20 1300 physically contact one another or gap merged in which case the lower disk surfaces
1320 of each disk 1300 are separated by a gap.

In step 1704, the upper disk surfaces 1316 are data zone textured by known
techniques.

In step 1708, the upper disk surfaces 1316 are washed to remove any debris or

25 contaminants from the data zone texturing step.

In step 1712, the upper disk surfaces 1316 are layer zone textured by known

techniques followed by washing of the upper disk surfaces in step 1716.
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Other techniques can be used to deposit these layers, such as evaporation techniques, ion

5 beam techniques, plating techniques, and the like.

The disk is then subjected to the application of a lubrication layer (such as an organic
polymer, e.g., a perfluoropolyether) in step 1724 and tape burnishing in step 1728. Steps
1724 and 1728 are performed by techniques known to one of skill in the art.

In step 1732, the adjacent disks are separated or demerged to provide the finished

10 disk 1736. The lower side 1420 of the disk is the "inactive" or non-information storing side
while the upper side 1404 of the disk is the "active" or information storing side.
EXPERIMENTAL

A number of experiments were performed to illustrate the principles of the present

invention. In a first series of experiments, various magnetic disks were made using both
15 one-at-a-time and two-at-a-time disk polishing to evaluate the varying degrees of flatness of
the disks and the use of such polishing techniques in the fine and rough polishing steps.

Type 1 disks were formed by electroless plating of nickel phosphorous (NiP) on both
sides of aluminum magnesium (AlMg) disks. The NiP layers on both sides of the disks were
equal and about 500p. The concavity of the disks was approximately Sp. The disk thickness

20 was about 50 mil with a 95 mm outer diameter (OD) and 25mm inner diameter (ID). The
Type 1 disks were rough-polished using one-at-a-time polishing (as shown in Fig. 228B)
maintaining equal removal of nickel material or both sides. The rough-polished substrate
disks were then washed thoroughly and ensured to be virtually free of particulates. Washing
of the disks minimizes formation of deep scratches during the final step polishing on the

25 non-information-storing side (or inactive side). Such scratches usually penetrate on the

information-storing side (or active side). The washed substrate disks are kept fully

immersed in distilled water until ready for the final polishing step.
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as shown 1n(1)ié. 228A. The carrier 1600 is designed to accommodate the thickness of the
two disks. The removal of the nickel material takes place only on one side of each disk
during this final polishing step. By adjusting polishing time, the NiP thickness delta between

5 the active and inactive sides and the resulting degree of concavity of the substrate disk can
both be controlled.

The process variables in the rough and fine polishing steps are as follows:

Machine/Process Set-up Conditions:

Pressure: 180 ~ 220 dAN
10 Rotation: 14~20 rpm
Slurry for the Rough Polish: Aluminia ( ~ 0.45 p size)
Slurry for Final Polish: Colloidal silica (35 ~ 100 nm size)
Machine type used: Peter Wolters AC319™ Disk Polishing Machine
The intended thickness differential in the NiP layers on the active and inactive sides

15 was about 10 to about 20p", with the active side having the thinner NiP layer. The carrier
had six carrier holes, each accommodating a single disk, in the rough polishing step and six
holes, each accommodating two disks, in the fine polishing step. The thickness of the carrier
was about 40 mil for the rough polishing step and about 90 mil for the fine polishing step.
For each run, nine carriers were used.

20 Type 2 disks were formed by electroless plating of nickel phosphorous (NiP) on both
sides of aluminum magnesium (AIMg) disks. The NiP layers on both sides of the disks were
equal and about 500u. The concavity of the disks were approximately 35u. The disk
thickness was about 50 mil with a 95 mm outer diameter (OD) and 25mm inner diameter
(ID).

25 The plated substrate disks were rough-polished by two-disk-at-a-time polishing
techniques, such that two disks at a time were loaded in the same or a common carrier hole.
The rough polishing step was thus different than the rough polishing step for Type 1 disks, in

which one-disk-at-a-time polishing techniques were employed. The removal of the nickel
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(&10%& ()- ! &10%4 (p)roce:SS&:k/Qr@){f’égé gv)ere the same as those shown above for Type 1 disk
fabrication except for the thickness differential between the NiP layers on the active and
5 inactive sides of the disks and the carrier thickness in the rough polishing step. The
thickness of the carrier for both the rough and fine polishing steps was the same at about 90
mil.
The intended NiP thickness differential for the active and inactive sides of the disks
was about 70 to about 80", with the NiP layer on the active side being thinner than the NiP
10 layer on the inactive side.
The shape and flatness of resulting disks are shown in Figs. 233A through 237B
(Type 1 disks) and Figs. 238A through 242B (Type 2 disks) and are summarized in the table
below. It is important to note that the Type 2 disk flatness plots appear to be truncated in

some areas because the measurement tool limits were locally exceeded.

Type 1 NiP Measured Measured
Shape | Flatness | thickness on NiP NiP thickness A
A-side thickness on (A-B)
B-side
substrate 1 | concave | 5.167u 404" 415u" -11u"
substrate 2 | concave | 4.773p 368n" 375p" -7u"
substrate 3 | concave | 2.673u 423" 432" -ou”
substrate 4 | concave | 4.417p 402p" 416p" -14p"
substrate 5 | concave | 5.381u 400p" 429u" -29u"
Type 2 | substrate 1 | concave | 35.69u 388u” 476" -88u"
substrate 2 | concave | 30.31p 410" 485u" -75u"
substrate 3 | concave | 38.72p 388u" 480u" -92p"
substrate 4 | concave | 36.18p nda nda nda
substrate 5 | concave | 36.38u nda nda nda
15
(nda: no data available)
The average NiP thickness differential for Type 1 disk samples is about 14p" while
that for Type 2 disk samples about 85u". Each value corresponds to the amount of NiP
20 material removed (stock removal) during final polishing (Type 1 disks) and during rough and

final polishing (Type 2 disks). Type 1 disks exhibited about 5u concavity, with simultaneous
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implemented in both the rough and fine polishing steps.
The degree of concavity induced as a result of uneven material removal on the
5 active/inactive sides appears to be proportional to the NiP layer thickness differential
between the two sides. Typical counterpart substrate disks polished utilizing conventional
methods (as depicted in Fig. 228B) exhibited average flatness values of about 2u (~50% of
the flatnesses being concave and ~50% of the flatnesses being convex) and the NiP layer
thickness differential being less than about 3pu". Strictly speaking, the thickness differential
10 is the average of the absolute values of NiP layer thickness differentials among the various
disks.
Further experiments were performed to determine the degree to which sputtered thin

films can flatten pre-bent disks, such as the Type 1 and 2 disks above. Two different types

of magnetic recording disks were fabricated. The two different types of disks had the

15 following structures:
Type A NiP layer thickness on right side: ~415u"
disks NiP layer thickness on left side: ~415p"
(control) Sputtered thin films with total thickness of ~300A
20 NiP layer thickness differential between the right and left sides: Op"
Type B NiP layer thickness on right (active)-side: ~415p"
disks NiP layer thickness on left (inactive)-side: ~435p"

Sputtered thin films with total thickness of ~300A
NiP layer thickness differential between right and left sides: ~20p"

25
The shapes and flatnesses of resulting disks are shown in Figs. 243A and 248B (Type
A disks) and Figs. 249A through 254B (Type B disks). The flatnesses of the disks are set
forth below:
Type A disk 1 (Figs. 243A-B) R-convex 5.645p
30 disk 2 (Figs. 244A-B) R-convex 2.870u

disk 3 (Figs. 245A-B) R-convex 4.308n
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Type B
disk 1 (Figs. 249A-B) Irregular shape 0.617u
disk 2 (Figs. 250A-B) R-convex 2.254u
disk 3 (Figs. 251A-B) R-concave 0.982p
disk 5 (Figs. 253A-B) R-concave 2.926p
disk 6 (Figs. 254A-B) R-concave 2.234p

As can be seen from the above test results, Type-A disks exhibited all "cone"-shapes
with higher flatness values whereas Type-B disks exhibited some "cone" shapes and some
"bowl" shapes but with reduced flatness values. Type-B disks were flatter than Type-A
disks because Type-B disks had a NiP layer thickness differential of around ~20u" whereas
Type-A disks had a NiP layer thickness differential of around Op". This NiP layer thickness
differential can be tailored to achieve specific flatnesses for specific applications, as noted
previously.

The experimental results provided above show that pre-bent disks can be utilized in
the magnetic media industry when one-side sputtering causes disks to bend and form a
convex shape due to compressive stress imbalance within the various layers/films. By
depositing sputtered films onto the side of the substrate disk which is already bent to form a
concave shape ("bowl"-shape, looking to the side in question), the two bending tendencies in
opposite directions (from the thicker NiP layer on one side of the disk and the thinner NiP
layer and sputtered films on the other side of the disk) are cancelled. The cancellation (or
equalization) of the compressive stresses on both sides of the disks cause the resulting disks
(after sputter) to be flatter.

A number of variations and modifications of the invention can be used. It would be

possible to provide for some features of the invention without providing others.
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A }orm(-t)actor éi(gi(, whetlge)r 95r{nm, 4mm(, )65mm, 48mm, or 25mmqgan ?ameter an(iL 80 m\lll, S(S )
mil, 40 mil, 31.5 mil, or 25 mil in thickness.
In another alternative embodiment, the thicknesses in the upper and lower interface
5 layers 1304 and 1308 is effected during interface layer deposition rather than or in addition
to that effected during rough and/or fine polishing. In other words, differing thicknesses of
interface layers are applied to the different sides of the disk.
In yet another alternative embodiment, pre-bending or pre-shaping of the substrate
disk and interface layers can be accomplished using mechanical techniques (which cause the

10 plated disk to deform plastically), thermal techniques, and combinations thereof.
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1984. For example, an identical chamfer 1988 is used on both sides of the disk 1992; in
5 other words, each chamfer has the same angle 6;, the same chamfer length 1;, and the same
length 1; of the chamfer surface 1996. As will be appreciated, the chamfer is used for a
variety of reasons, including controlling the chipping and distortion of the disk and also
minimizing cassette material wear and abrasion during handling and shipment and to
facilitate lead in of the read/write head on the disk during read/write operations.
10 Fig. 256 is a plan view of the active (or inactive) side of a disk according to an
exemplary embodiment of the present invention. The disk 2200 comprises an outer diameter
Ro and an inner diameter R;. The inner diameter or periphery is defined by a hole 2204 for
receiving a hub, spindle, or other rotational mechanism. The outer diameter or outer
periphery and the inner periphery each include outer and inner chamfers 2208 and 2212,
15 respectively. The chamfer extends radially around the diameter of the outer and inner
peripheries. The same features are located on the reverse side of the disk. As will be
appreciated, the disk, in other configurations, may include only the outer chamfer or the
inner chamfer, depending on the application.
As can be seen Figs. 257A through 257G, the outer chamfers on the active and
20 inactive sides of the disk (or inner chamfers on the active and inactive sides of the disk) are
dissimilar or differently shaped. The differing shapes permit one to identify or distinguish,
typically visually and mechanically, the active and inactive sides from one another.
Although Figs. 257A through 257G illustrate a variety of differing shapes for the chamfers,
it is to be understood that the figures are not intended to be exhaustive. An infinite number
25 of other shapes may be employed to identify or distinguish the active and inactive sides.
Referring to a first disk configuration in Fig. 257A, the active side 2300 has a first
chamfer 2304 while the inactive side 2308 has a second chamfer 2312. The first and second

chamfer angles 6 are identical while the chamfer length Cy; and chamfer surface length 1,
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10 20( X>o@1\3|f3’el?fB rreEc’iZ [though ngig requ&ed:l' 0lgat the active side 2300 of the disk 2200 have the smallest
chamfer length to provide the active side 2300 with as much as surface area as possible for
5 storing information. The first chamfer length typically ranges from about 0.004 to about
0.008 inches while the second chamfer length typically ranges from about 0.003 to about
0.300 inches. Because the inactive side of the disk does not store information, there is
considerable freedom in selecting the dimensional parameters of the second chamfer.
Referring to a second disk configuration in Fig. 257B, the first and second chamfer
10 lengths C;. and Cy. for the first and second chamfers 2316 and 2320 are identical while the
first and second chamfer angles 0, and 6, and chamfer surface lengths 1, and I, are different.
The first chamfer angle typically ranges from about 25 to about 50° while the second
chamfer angle typically ranges from about 2 to about 60°.
Referring to a third disk configuration in Fig. 257C, the surface lengths I of the first
15 and second chamfers 2324 and 2328 are identical while the first and second chamfer lengths
CL; and Cy, and the first and second chamfer angles 6, and 0, and chamfer surface lengths 1,
and I, are different. In the depicted configuration, the second chamfer length for the inactive
side 2300 of the disk is smaller than the first chamfer length active side 2308 of the disk.
Referring to a fourth disk configuration in Fig. 257D, it is possible to have a
20 nonplanar (or nonflat) surface for a chamfer. The depicted chamfer surface 2330 for the first
chamfer 2332 is arcuate in shape while that 2334 for the second chamfer 2336 is planar in
shape. The radius R of the first chamfer surface 2330 is shown. As will be appreciated, the
first chamfer surface 2330 can be non-circular. Examples include parabolic, and elliptical, in
shape. As can be seen, the first and second chamfer lengths C;, and Cy, are different.
25 Referring to a fifth disk configuration in Fig. 257E, it is possible to have a nonplanar
(or nonflat) surface for each of the first and second chamfers. The depicted chamfer surfaces
2338 and 2340 for the first and second chamfers 2342 and 2344 are each arcuate in shape.
The radii Ry and R; of the first and second chamfer surfaces 2338 and 2340, respectively, are
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5 identifiable design feature in the first and/or second chamfer to facilitate identification of the
active and inactive disk sides. As can be seen from Fig. 257F, the first and second chamfer
lengths C,;, first and second chamfer surface lengths 1, and the first and second chamfer
angles 0 are identical to one another. Identification of one disk side versus the other is made
possible by a groove 2346 on the first chamfer 2350. As will be appreciated, the groove
10 could alternatively or additionally (a differently shaped or positioned groove) be located on
the second chamfer 2354. As will also be appreciated, the groove could be replaced by a
variety of other differently shaped surface indentations, depending on the application.

Referring to a seventh disk configuration in Fig. 257G, it is possible to have a raised
design feature on the first and/or second chamfer to facilitate identification of the active and

15 inactive disk sides. As can be seen from Fig. 257G, the first and second chamfer lengths C,,
first and second chamfer surface lengths 1, and the first and second chamfer angles 0 are
identical to one another. Identification of one disk side versus the other is made possible by
a step 2358 on the first chamfer 2362. As will be appreciated, the step could alternatively or
additionally (a differently shaped or positioned step) be located on the second chamfer 2366.

20 As will also be appreciated, the step could be replaced by a variety of other differently
shaped raised surface features, depending on the application.

Fig. 258 depicts first and second disks 2400 and 2404, each having identical sets of
first and second chamfers 2408 and 2412 merged for simultaneous processing. The active
sides 2300 each face outward while the inactive sides 2308 face each other. The inactive

25 sides may be in contact with (and substantially parallel to) one another as shown (contact
merged) or may be separated by a gap (gap merged). The processing of the active sides
includes polishing, sputtering, data zone texturing, layer zone texturing, lubing, tape

burnishing, testing, and washing. The second chamfers 2412, being differently shaped or
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machining programs that determine how machining tool bits (which is normally a single-
point, diamond insert in the case of magnetic disk substrate disks) travel may be configured
to yield differently shaped first and second chamfers. As illustrated by Fig. 259, the path
2504 of the tool bit (not shown) starts at point "1", moves linearly to point "2", moves
10 linearly at a right angle to point "3", moves linearly at an obtuse angle to point "4" moves
linearly vertically to point "5", moves linearly at yet another right angle to point "6", and
finally moves linearly at an acute angle to point "7". The depicted path permits a single-
point bit to create two dissimilar or differently shaped chamfers on the active and inactive
sides 2300 and 2308 of the disk.

15 0. Single-Sided Processing of Disk Pairs

The foregoing addresses components of an overall single-sided disk manufacturing

process in which disks are simultaneously processed in pairs such that only one surface of

each disk is fully processed. In a first embodiment, illustrated in Fig. 260, the process 3000

comprises each of the above addressed component processes. First, at 3002, merging

20 substrate are merged into pairs positioned in a gap merge orientation within a cassette or disk
carrier. Next, at 3004 the disks are subject to a data zone texturing process in which the gap

merged pairs of disks are temporarily positioned in a concentric contact merge orientation

for the texturing process, demerged at 3006, and returned to a cassette positioned in the gap

merge orientation. Following repositioning in a gap merge orientation, the disks are subject

25 to a washing and cleaning operation at 3008. As part of the washing and scrubbing
operation, the disks are temporarily positioned in a concentric contact merge orientation for

direct contact surface scrubbing. At 3010, the disks are demerged and returned to a cassette

or carrier where they are positioned in a gap merge orientation for additional cleaning and
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temporarily merged into a concentric contact merge orientation for the laser zone texturing
process. Following laser zone texturing at 3014, the disks are demerged and repositioned in
a cassette in a gap merge orientation. The disks are then subjected to a second washing
process at 3016. The disks may be scrubbed a second time in the same manner as previously
described. Alternatively, at 3018, the disks may remain in the cassettes in a gap merge
orientation, skipping the scrubbing step of 3016, and be subjected to ultrasonic cleaning and
rinsing.

Following washing a second time, the disks are ready for sputtering. During the
sputtering process at 3020, the disks remain in a gap merge orientation. Pairs of disks are
removed from cassettes or carriers in a gap merge orientation. The disk pairs proceed
through the various steps of the sputtering process and maintain in gap merge orientation.
Following completion of the process, the pairs of disks are returned to a carrier cassette in
gap merge orientation.

Cassettes of sputtered disks are next taken to a lubrication process at 3022. The
lubrication process is performed on all of the disks of a cassette simultaneously. It is
typically not conducted on pairs of disks individually, although it could be. During the
lubrication process, in one embodiment, it is preferable to reposition the disks with equal
spacing among all of the disks to facilitate lubricant accessing both surfaces of each disk.
Numerous options are available for repositioning the disks following lubrication. For
efficiency purposes, if the next process is tape burnishing, the disks will preferably be placed
in concentric contact merge orientation, such as at 3024. A merge nest may be used.

In the tape burnishing process at 3026, the disks preferably arrive in a concentric
contact merge orientation within a carrier. Pairs of disks are removed from the carrier where
they are engaged at the center aperture by a spindle and subjected to tape burnishing.
Following tape burnishing, the disks may stay in concentric contact merge orientation or
they may be demerged. If the next process step is testing, it is preferred that the disks remain

in a concentric contact merge orientation.
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In the testing process at 3028, the disks are removed from the cassette and are placed
upon a spindle assembly where they are rotated and the test apparatus applied. Following
testing, the disk pairs are returned to a cassette. Disks that fail testing are scrapped. The
disks may be positioned in the cassette in any number of different number of orientations,

5 depending upon the next process step. For simplicity, they will remain in a concentric
contact merge orientation.

Servo-writing may next be conducted on the disk surfaces. Simultaneous single-
sided disk servo-writing is optional. In the servo-writing process at 3030, the disks are
removed from the cassette in a contact merge orientation. The disks are engaged at their

10 center aperture by a spindle assembly which rotates the disk pair while two separate servo-
track writers write servo-track data to the surfaces on the disks.

Following the last processing step, once the substrate disks have been turned into
finished single-sided hard memory disks, the disks will go through a demerge process at
3032. In the demerge process, the pairs of concentric contact merge disks will initially be

15 separated by a demerge tool. With a gap formed between the disks, they will be positioned
in a transfer cassette. From the transfer cassette, the disks will be separated into two
cassettes with the R-side surface of each disk in the cassette facing in the same direction.
With the disk pairs so separated, the carriers are ready to be shipped to a hard disk drive
manufacturing facility where the finished disks may be assembled into hard disk drives.

20 A first alternative embodiment of the process is shown in Fig. 261. In this process,
the disk will be textured and washed, one at a time, in a conventional double-sided process.
The disks will be initially positioned in a gap merge orientation at 3040. They will then be
subjected to sputtering in a gap merge orientation at 3042. The disks will then be demerged
and positioned in cassettes with equal spacing between the disks at 3044. The disks will then

25 be subject to lubrication at 3046. Following lubrication, the disks will be repositioned in a

contact merge orientation for tape burnishing and testing at 3048. The disks will be

subjected to tape burnishing at 3050 and then to testing at 3052. Following testing, the disks
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A second alternative process is shown in Fig. 262. In this process, the disks will be
subjected to texturing and scrubbing one disk at a time using double-sided disk processing
5 techniques. The disks will then be positioned in a gap merge orientation at 3060. They will
be subjected to sputtering in a gap merge orientation at 3062. They will be subjected to
lubrication at 3064 in a gap merge orientation or with equal spacing between the disks.
Following removal from the lubrication tanks, the disks will be repositioned into a contact
merge orientation at 3066. Once positioned in pairs of contact merge oriented disks, the disk
10 pairs will be subjected to tape burnishing at 3068 and testing at 3070. Following testing, the
disks will be demerged at 3072 into cassettes with the R-side surface of each disk in a
cassette facing in the same direction.

A third alternative embodiment is shown in Fig. 263. In this process, the disks will
be textured and scrubbed in any manner desired. Next, at 3080, the disks will be positioned
15 in a gap merge orientation. The disks will then go through the sputtering process in a gap
merge orientation at 3082. They will also go through the lubrication process in a gap merge
orientation at 3084. Following lubrication, the disks will proceed to tape burnishing. At the
tape burnishing station, at 3086, the disks will be repositioned into a contact merge
orientation when loaded onto the spindle or collet at the tape burnishing station. The disks
20 will be subjected to tape burnishing in a concentric contact merge orientation at 3088. They
will remain in a concentric contact merge orientation and be subjected to testing at 3090.
Following testing, they will be demerged at 3092 into two cassettes such that all of the disks

in each cassette will have the R-side surface facing in the same direction.
A fourth alternative embodiment is shown in Fig. 264. In this process, the disks will
25 be textured, scrubbed and washed using any desired process technique. Then, the disks will
be positioned in a gap merge orientation at 3100. Sputtering will occur with the disks
remaining in a gap merge orientation at 3110. Following sputtering, the disks will be

demerged and positioned in regular process cassettes at 3112. In other words, the disks will
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techniques and spacing. Following lubrication, the disks will be repositioned into a contact
merge orientation at the tape burnishing station at 3116. This may be accomplished when

5 loading each disk pair on the spindle assembly or collet. The disks will be subjected to tape

burnishing at 3118 in a contact merge orientation. The disks will then be subjected to testing
at 3120 in a contact merge orientation, without changing the orientation of the disks between
tape burnishing and testing. Following testing, the disks will be demerged at 3122 into two
cassettes with the R-side surface of each disk in a cassette facing in the same direction.

10 A fifth alternative embodiment is shown schematically in Fig. 265. In this
embodiment, the disk are textured, scrubbed and washed using any desired processing
technique. Then, the disks will be positioned in a gap merge orientation at 3130. The disks
are then subjected to sputtering at 3132 while maintaining the gap merge orientation.
Following sputtering, the disks are repositioned at 3184 from a first gap merge orientation to

15 a second gap merge orientation. In essence, the gap between the disks is widened to
facilitate lubrication. The disks are then lubricated in a second gap merge orientation at
3136. Following lubrication, the disks undergo a repositioning from gap merge to contact
merge at 3138, In a contact merge orientation, the disks are subjected to tape burnishing at
3140 followed by testing at 3142. The disks are then demerged into two cassettes at 3144

20 with all of the disks in each cassette having the R-side surface facing in the same direction.

A sixth alternative process is shown schematically in Fig. 266. Here, the disks are
textured, scrubbed and washed using any desired processing technique. Then, the disks are
initially merged at 3150 into either a gap merge or contact merge orientation. The disks are
then subjected to sputtering in their merged orientation at 3152, subjected to lubrication in

25 the merged orientation at 3154, subjected to tape burnishing in the merged orientation at
3156, and subjected to testing in the merge orientation at 3158. Following testing, they are

demerged at 3160. As noted, the disks do not change orientation during any of the steps of

sputtering, lubrication, burnishing or testing.
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or forms disclosed herein. In the foregoing Detailed Description for example, various
features of the invention are grouped together in one or more embodiments for the purpose

5 of streamlining the disclosure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed invention requires more features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive aspects lie in less
than all features of a single foregoing disclosed embodiment. Thus, the following claims are
hereby incorporated into this Detailed Description, with each claim standing on its own as a

10 separate preferred embodiment of the invention.

Moreover, though the description of the invention has included description of one or
more embodiments and 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

15 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.

20
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surface and a second surface, and further having an outer perimeter and a central aperture

5 defining an inner perimeter, the method comprising:
a. aligning a pair of disks such that the first surface of each disk faces the
first surface of the other disk, the second surface of each disk faces in
the opposite direction of the second surface of the other disk, the outer

perimeters of each disk are substantially aligned and a space exists

10 between the disks;
b. adding magnetizable material to the second surface of each disk
simultaneously;
c. lubricating both surfaces of each disk simultaneously;
d. removing the space between the disks such that the first surface of
15 each disk is in substantial contact with the first surface of the other
disk;
e. burnishing the second surface of each disk simultaneously;
f. separating the disks.
20 2. The method of claim 1, further comprising increasing the spacing between the

disks prior to lubricating the disks.

3. The method of claim 1, wherein removing the space between the disks
comprises placing a portion of the perimeter edge of the disks in a merge nest.
25
4, The method of claim 1, wherein removing the space between the disks

comprises placing the disks in a disk carrier.
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6. The method of claim 1, further comprising testing the disks following tape
5 burnishing,
7. The method of claim 6, wherein testing the disks comprises one or both of

glide testing or read/write testing.

10 8. A method of simultaneously processing two disks, each disk having a first
surface and a second surface, and further having an outer perimeter and a central aperture

defining an inner perimeter, the method comprising:

a. aligning a pair of disks in a gap merge orientation;

b. sputtering the surface of each disk that faces outwardly of the pair;
15 C. lubricating both disks;

d. aligning the disks in a contact merge orientation;

€. burnishing the surface of each disk that faces outwardly of the pair;

f. testing the disks;

g. demerging the pair of disks.

20
9. The method of claim 8, wherein testing the disks comprises performing one or
both of glide testing and read/write testing.
10.  The method of claim 8, wherein demerging a pair of disks comprises
25 positioning the disks in a cassette with the sputtered surface of each disk in the cassette

facing the same direction.
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"10% & ()- "10% & ()- "10% & ()- Z10% & ()- 10"hJJKaKKL! LdE:/ 10"
10% & ()-10% & ()-9L&IOW & ()- mOW & ()-, 10% & () -
"10% & ()-!LtLL. MMMBNDE: / 10" & "10% & () -
$Z10%W & () -, #10% & ()-9° 1" 10% & ()- "10%W & ()- Z10% & () - SNNNVPPDQGEHQaB7/
10 10"f,; 10% & ()- 7' 10% & ()-!93"10%"& ()-@ "10%W & ()- &s*"'10% & ()-(
"10% & () - HQ QIQRUBSSSeF/ 10 10"99109%&k ()- 10%&k ()-Y
109%& () -Y! &10%3(3& ()- | &10%°P& () - 10" 10" S7TwTT] WW[9F/ 10
. The method of claim 8, further comprising increasing the spacing between the

disks prior to lubricating the disks.

12.  The method of claim 8, wherein aligning the disks in a contact merge

5 orientation comprises positioning the disks in a disk carrier.

13, The method of claim 8, wherein aligning the disks in a contact merge

orientation comprises engaging the center aperture of the disks with a spindle assembly.

10 14.  The method of claim 8, further comprising separating the pair of disks into

different containers following demerging.

15. A method of manufacturing hard memory disks, comprising:

a. positioning a plurality of disks in a container;
15 b. arranging the disks in a single row, axially aligned,;
c. removing a pair of disks from the container;
d. placing the pair of disks in a back to back orientation;
€. simultaneously processing the pair of disks in back-to-back orientation

such that only the outwardly facing surfaces of the pair of disks is
20 fully processed;

f. placing the disks in a container.

16.  The method of claim 15, wherein placing the pair of disks in a back to back
orientation comprises placing the disks in a gap merge orientation.
25
17.  The method of claim 16, wherein placing said disks in a gap merge
orientation comprises engaging the disks with a tool having at least two separate disk contact

arcas.

113



19@"' 10%& ()- 9 !' 10%& ()-139° 1" 10%& ()- Z10%& ()-! Z10% & ()-"!

Z109%&' ()-" W Y/ YOYLY2YYY Z~ @ 10 ! ymlO%& ()-310%& ()- "10%& ()- 10 10
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$10°/«l?c'()-]]]]]]]f71§46

@The method of claim 17, wherein each separate area is adapted to engage

chamfered portions of the disks.

5 19.  The method of claim 17, wherein the separate areas are shaped to maintain

separation of the disks.

20.  The method of claim 15, wherein placing the pair of disks in a back-to-back

orientation comprises placing the disks in a contact merge orientation.

21.  The method of claim 20, wherein placing the disks in a contact merge
comprises engaging the disks with a tool having a single contact area which is adapted to

position the disks in contact.

15 22.  The method of claim 15, wherein processing the pair of disks further

comprises sputtering material onto one side of each disk simultaneously.

23. The method of claim 15, wherein processing the pair of disks further
comprises lubricating both disks simultaneously.
20
24,  The method of claim 15, wherein processing the pair of disks further

comprises texturing one surface of each disk simultaneously.

25.  The method of claim 15, wherein processing the pair of disks further

25 comprises burnishing one surface on each disk simultaneously.

26.  The method of claim 15, wherein processing the pair of disks further

comprises scrubbing one surface on each disk simultaneously.
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LL' 10% & ()- L' 10% & () - 100rig@eti@eeef Ef f 7g| [ : AGLOt' x9° | %0% ' F & ()-
NOT1940% & ()- 91 9%Q% ! 8&&)- 9 LIA0%E (). L9 LoAONE (- L
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L. 2nl0% & ()- L, 0 "10% & () L ./ YLO% & (}- LS .. o

9' 1 %0% & () - ARhh R A | SETabel %r%e%%r!&@b%s%? Wbediskppitg Ly, ;

10%g& ()- L4

29.  The method of claim 28, wherein positioning a plurality of disks in pair, with
each pair in gap merge orientation, comprises positioning the plurality of disks in a disk

carrier in gap merge orientation.

15 30.  The method of claim 28, wherein said simultaneously processing both disks

of the disk pair comprises sputtering,

31.  The method of claim 28, wherein said simultaneously processing both disks

of the disk pair comprises texturing.

20
32. The method of claim 28, wherein said simultaneously processing both disks
of the disk pair comprises washing.
33, A method of manufacturing hard memory disk having only one active side,
25 comprising:
a. combining individual disks into pairs of disks;
b. simultaneously processing the pairs of disks.
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10% & () -hhii % 4i 5i 6i pX=210t' Fs10% & ()- sFs10% & ()-Fs10% & () -

SLFs10% & ()-Fs10% & ()-6i ?2iijbk-11m[:=?10t"' 999' 109%8& ()- 399' 109%&& () -
99' 10%R&' ()- 999' 10%8& ()- 99'10% /% & ()- 999' 10%& () -

1m' 0z000000| [ NA41010&10&10& 9S,; 10%&& ()- 99109%&& ()- 9@' 109%&& () -
"9@"' 109&& ()- "9@' 10%&& ()- 0" pwpppZaq| [: NA41010 93" 10%&R&' ()- 98&10%R&' () -
9 Y YI0%&& ()- 9 109%&& ()- 9 "10%&& ()- 9

mMLO%&&' () - qgLrrrssss| [TNA41010&10&10& of ; 10%&& ()- 9L9G' 10%R&’ () -

"10%R& ()- 9 mlORgE ()Theyaegiorc) M@:%ésfurtbﬂmmpnmgpom@omeama(rpfdlsks ina

9' 8109%&&' () - - % 98109&& &1Q9
810908 () - k‘ﬁ%&ﬂr‘% fefign WK&G&P@%%C‘T@%@ @@0 Sg@%&e((“fqpmcessmg
OLL*' 100@3& ()- ' LL*' 100& ()- 9 (Y10%&' ()- 4 &10%&' ()- g|h|i|}1)bA410&

9 9710%-&& () .S  &10%-&& () L 9710%-&& ()- &LO9~&T& ()- &10%I~&JI& ()-

10&10&) / 3456| [NA 010 Ofmé& x odoh1Si e

ss*' 10%-8& ()- s 33(% mog}ﬁ%’ﬂda(& |&f%b/f.&&- pns@?f’oﬁiﬁﬁﬁ%&?‘rfg@ﬂg&mﬁ)-s
9&&10%-&& () gel&%n&&oﬁ rlox&S%ﬁQM@a&&u(s)pro&&:ﬁ' 10%6-&& () - 9S

"10%&& ()-9Jc| [ NA41010 95, # "10%&& ()-  9s '&10%~&& ()- 9S "10%&& () -
9710%&&' ()- 9@10%-&& () - 359 10%-&&' () -6t y|[:NA41010 9ss3' 10%-&&' ()- 9S1
"10%-&& ()- 9S/ "10%&& ()- 9-10%-&& (ﬁ‘g 9S,, 10%&& () -

9s’ *' 10%-&&' () - - |36b U4 llhe getiegd-drckeinn )34, thptheriq@uptiging positioning each pair of disks in a

space merge orientation prior to simultaneous processing.

10 37.  The method of claim 33, further comprising positioning each pair of disks in a
back-to-back orientation with one surface of one disk contacting one surface of the second

disk prior to simultaneous processing.

38.  The method of claim 37, further comprising positioning each pair of disks in

15 contact merge orientation prior to simultaneous processing.

39. The method of claim 33, further comprising simultaneously processing each

pair of disks separate from each other pair of disks.

20 40.  The method of claim 33, wherein simultaneously processing the pairs of disks

comprises one or more of texturing, washing, sputtering, burnishing and testing,.

41,  The method of claim 33, wherein separating each pair of processed disks
comprises demerging the pairs of disks.
25
42.  The method of manufacturing single-sided hard memory disks, comprising:

a. providing a plurality of disks;
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&10% k&{ & 0<&10%k &&' d,. & 78
LoV EAE () - @0k 810k b10k & B TBORL APy Yink B rRs it fom e ponigngrsg ()
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9S10%-&&' () - 10~&10~&10~& 9,; 10%-&& 8 9s*10%-&& ()-Xwh|[:vU410 9 9
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10 44.  The method of claim 42, wherein simultaneously processing each pair of
disks comprises texturing and further comprising positioning the disks of each pair in a

contact merge orientation for texturing.

45.  The method of claim 44, further comprising demerging each pair of disks

15 following texturing.

46.  The method of claim 45, wherein demerging each pair of disks comprises

positioning the disks in a gap merge orientation.

20 47.  The method of claim 45, further comprising subjecting each disk pair to

additional simultaneous processing following demerging.

48.  The method of claim 43, further comprising positioning each disk pair in a
contact merge orientation for processing.

25

49,  The method of claim 48, further comprising demerging each pair of disks

following texturing and/or scrubbing.
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95*10%-&&' () -VF% |.[ : 0 9 109K&R ()-9 7 &&RI10W& ()-- C&RI0YESK&S& () --
98810% $& ()rf‘%/rgg%‘ls‘%wI%ﬁ}cf“%é’%low&&' ()-(Ho| [: NA41010 9*109%K&& ()-9 9f &
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9, 1GLO%&&' () - 951, " HPUk&&hdd oKlclaihVPsh] Gdrehedfcomprising demerging each pair of disks

following scrubbing.

52. The method of claim 42, wherein simultaneously processing each pair of
disks comprises sputtering.
10
53.  The method of claim 52, further comprising simultaneously lubricating the

plurality of disks following sputtering,.

54.  The method of claim 53, further comprising changing the orientation of each

15 disk pair between sputtering and Iubrication.

55.  The method of claim 54, wherein changing the orientation of each disk pair

comprises forming a larger space between the disks of each pair.

20 56.  The method of claim 54, wherein changing the orientation of each disk pair

comprises separating all of the disks by substantially the same amount.

57.  The method of claim 53, further comprising positioning each pair of disks in a
contact merge orientation following lubrication.
25
58.  The method of claim 57, wherein simultaneously processing each pair of

disks further comprises simultaneously burnishing each disk pair following lubrication.
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10 62. A method of manufacturing hard memory disks having a single active side on
each side, comprising:

a. providing a plurality of disks;

b. changing the orientation of the disks;
c. processing the disks two at a time such that only one surface of each
15 disk is subjected to full processing.
63.  The method of claim 62, wherein processing the disks comprises one or more

of data zone texturing, laser zone texturing, scrubbing, sputtering, burnishing, testing and
servo-track writing.
20
64.  The method of claim 63, further comprising changing the orientation of the

disks following one or more of the processes.

65.  The method of claim 63, wherein changing the orientation of the disks occurs

25 prior to one or more of the processes.

66.  The method of claim 62, wherein changing the orientation of the disks occurs

prior to processing.
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<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr stuvwxyz{|}~

a pair;
€. positioning the pairs in a container.
15 69. The method of claim 68, wherein removing the pairs of disks from the

container one at a time comprises engaging the disk pairs at their lower outer perimeter edge.

70.  The method of claim 69, further comprising engaging each pair of disks at

their inside perimeter edge prior to burnishing.

20
71.  The method of claim 69, further comprising moving each disk pair to a
different location following removing each disk pair from the container and prior to
burnishing.
25 72.  The method of claim 71, further comprising maintaining each disk pair in a

contact merge orientation while moving each disk pair to a different location.
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73. The method of claim 68, further comprising simultaneously testing the

outwardly facing surface of each disk in a pair.

74.  The method of claim 73, wherein the testing occurs following burnishing,

75.  The method of claim 74, wherein the testing occurs following positioning the

disk pairs in a container.

76.  The method of claim 75, wherein positioning the disk pairs in a container

following burnishing comprises positioning the disk pairs in a contact merge orientation.

77.  The method of claim 75, further comprising positioning disk pairs in a

container following testing,

78.  The method of claim 75, further comprising separating disks based upon

results of testing.

79.  The method of claim 77, further comprising demerging the disk pairs

following testing.
80.  The method of claim 79, further comprising separating the demerged disk

pairs and positioning the individual disks in containers with the active side of each disk in a

container having the same orientation in the container.
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