17 OCTOBER 2006 METHOD OF SIMULTANEOUS TWO-DISK PROCESSING OF SINGLE-SIDED
MAGNETIC RECORDING DISKS 5 FIELD OF THE INVENTION The present invention relates to the
manufacture of hard memory disks, typically used in hard disk drives. More specifically, it relates to
the processing of what are referred to as single-sided disks in which only one of the two surfaces of a
disk is fully processed to provide functional or active memory capability. Still further, dag@BEREM6
invention relates tg ;ba tg R Si| J& W rngﬁ\i Eﬁ@gﬁ sed
simultaneously. &6@5 @é%ﬁlﬁ% ?@gﬁ% ﬁéQ ?g‘;\%

effective solution for data storage. Depending upon the requwemen S Of the particular appllcat|on a
disk drive may include 15 anywhere from one to eight hard disks and data may be stored on one or
both surfaces of each disk. While hard disk drives are traditionally thought of as a component of a
perspnal computer or as a network serverrFusppe)FEBHEX PRVIRITIDINClude other storage applications
such as set top boxes for recording and time shifting of television programs, personal digital
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and characteristics required to effect magnetic recording and provide data storage. These are

generally referred to as double-sided process 1 17 OCTOBER 2006
BACKGROUND OF THE INVENTION

Hard disk drives are an efficient and cost effective solution for data storage.

Depending upon the requirements of the particular application, a disk drive may include
15 anywhere from one to eight hard disks and data may be stored on one or both surfaces of

each disk. While hard disk drives are traditionally thought of as a component of a personal

computer or as a network server, usage has expanded to include other storage applications

such as set top boxes for recording and time shifting of television programs, personal digital

assistants, cameras, music players and other consumer electronic devices, each having
20 differing information storage capacity requirements.

Typically, hard memory disks are produced with functional magnetic recording
capabilities on both sides or surfaces of the disk. In conventional practice, these hard disks
are produced by subjecting both sides of a raw material substrate disk, such as glass,
aluminum or some other suitable material, to numerous manufacturing processes. Active

25 materials are deposited on both sides of the substrate disk and both sides of the disk are
subject to full processing such that both sides of the disk may be referred to as active or
functional from a memory storage stand point. The end result is that both sides of the
finished disk have the necessary materials and characteristics required to effect magnetic

recording and provide data storage. These are generally referred to as double-sided process



disks. A schematic representation of a double-sided process disk Dd is shown in Figs. 1-3. As
illustrated in Fig. 3, materials M are deposited on both sides of the substrate disk S. Assuming both
surfaces pass certification testing and have no defects, both sides of the disk may be referred to as
active or functional for memory storage purposes. These disks are 5 referred to as double-sided test
pass disks. Double-sided test pass disks may be used in a disk drive for double-sitdeoCrsuriRl itngo
Conventional double-sided processing of hard memory disks involves a number of discrete steps.
Typically, twenfysfive aubsitaie;diskssAMmmIiRgedHA dhlasticsea H@gsacﬁ@lmyqns\cémmgwl@.rsQW-
Because the disk manufacturing processes are conducted at different 10 locations using different
equipment, theAasdettescdrenntiogiedl fnonenaby KVtattodeimsiterk osthtidn sides wiodtepsobessesisheS.
substrate disks are individually removed from the cassette by automated equi%ment, both sides or

surfaces of eachStHERE & YHRLRESBANCHETRAIIAR SrHRE IRy e Pricdesatiiders dbthienbitk o
the cassette. Onge gachidisly hgs.baem fully fﬂﬁ@ﬁ@ﬁéﬁﬂ)ﬁ%ﬁ?&y r&?&i%e%ﬁrﬁ@%%‘?“%@é@ gRgselte is

transferred to the next work station for 15 further processing of the disks. More patrticularly, in a
conventional dotfbtegidedsdiskbirasidédotistipgsprdickss, Dhebleutidtrhtesdisiss diskinitiaflypsubjeicted to
data zone texturing. Texturing prepares the surfaces of the substrate disks to receive layers of
materials whicKWhEprG AR SctideddierhEtitsry storage capabilities on each disk surface. Texturing

may typically be accomp)(zhed 'Qlt%%&g-w&y@:%ﬁ&&qs %%%%M@Hg)gyoaiﬁr &;ARIARIYS IeXIWing s

Fixed abrasive texturing Is analogous to sanding in which a fine grade’sand paper or fabric Is pressed
against both sidesr@é atspinningisalbstratagisk tostbugite nivkdextusiaecbathaspldfacesaskeae, akiabive
texturing involves applying a rough woven fabric against the disk surfaces in the presence of a slurry.

The slurry typicBiBpebHtaing siafdndBsattiesabe Witie M paHar i the RESaRHAYS eoRsfasfetbrositEatite

he ge”erate%f”%}?&nﬁexuﬁ%{ NG S%q%ﬁfm%%ﬁ?%zeega\é\é%%?ers aasrethn%ot\)f%aefrso%u%)({% Iﬁﬁ%“r{ 19 Rork
typically followed by washing to remove particulate generated during texturing. Washing is a

multi-stage progassmnHdisdallyprekides serubbingtoldibes diskistivanesly llemdaxduresh shdstratetelisks
are then subjected to a drying process. Drying is performed on an 2
by automated equipment, both sides or surfaces of each disk are subjected to the particular
process, and the processed disk is returned to the cassette. Once each disk has been fully
processed and returned to the cassette, the cassette is transferred to the next work station for
15 further processing of the disks.

More particularly, in a conventional double-sided disk manufacturing process, the
substrate disks are initially subjected to data zone texturing. Texturing prepares the surfaces
of the substrate disks to receive layers of materials which will provide the active or memory
storage capabilities on each disk surface. Texturing may typically be accomplished in two

20 ways: fixed abrasive texturing or free abrasive texturing. Fixed abrasive texturing is
analogous to sanding in which a fine grade sand paper or fabric is pressed against both sides
of a spinning substrate disk to roughen or texturize both surfaces. Free abrasive texturing
involves applying a rough woven fabric against the disk surfaces in the presence of a slurry.
The slurry typically contains diamond particles, which perform the texturing, a coolant to

25 reduce heat generated in the texturing process and deionized water as the base solution.
Texturing is typically followed by washing to remove particulate generated during texturing.

Washing is a multi-stage process and usually includes scrubbing of the disk surfaces. The

textured substrate disks are then subjected to a drying process. Drying is performed on an

2



17 OCTOBER 2006 entire cassette of disk devices at a time. Following drying, the textured substrate
disks are subjected to laser zone texturing. Laser zone texturing does not involve physically
contacting and applying pressure against the substrate disk surfaces like data zone texturing. Rather,
a laser beam is focused on and interacts with discrete portions of the disk surface, 5 primarily to create
an array of bumps for the head and slider assembly to land on and take off from. LASEIT2BER tefturing
is performed one disk at a time. The disks are then washed again. Following a drying step, the disks

are individually subiected:to o REOCeRSMAIGh AHAR . I3ISRh H@! iRcheliustiianseder BROses of

creating data storage capabilities. This can be accomplished by sputtering, deposition or by other
techniques knowbjtotpkrsonssef skifiel Gerithegart. IFslowintg thexaddigodoe$ |apersneblviatehiaditalbach
surface, a lubricant layer typically is applied. The lubrication process can be accomplished b

subjecting an e‘iﬂﬂ%%‘é%%@ﬁé‘ﬂﬂﬂﬂi‘%%?ﬁsélTFq%ﬁaiﬂﬁbm?a?ﬂ]??{ra@égﬁ#o%‘ﬁﬁ@ﬁﬁstgkﬁélﬁfﬁﬁ@%@’ﬁéﬁlﬁt a
time. Drying isgal§R PeriQimed on AGRNE GASARHEH RIARKR Al AR ARG FRlidrg b hrigadpp,the

disks are individually subjected to surface burnishing to remove asperities, enhance bonding of the 15
lubricant to thepdiskasiyfacecandiotiveayisiepngwi der ahgéredalhd shidar oz tnibhyto theddiskasinfae off
Following burnishing, the substrate disks are also subjected to various types of testing. Examples of
testing include Gt t&Sffig A MAHEAHE fe i AFE ARIES With %Eéﬁt?éé@ﬁat%%%l@%‘ﬁe%?f%b Wt

head/siider assempyy b SR IcHAR SRinG WA inpidaiiAnd dpadinadiepdis disisatilages:
Certification testing is also used tolocate and remove 20 disks with defects that make the surface
unuseable for dajerstdrageribhe fioibhadisisksocpargben becstibieg @dataar gervapuiling pMdessmnd
placed in disk drives, or %Iaced in disk drives and then subjected to servo-writing. The data zone

texturing, laserPfoMeErtiThed, b¥cRIBISHES sfReeting, BubnisHisfgterdisidg prdcksBes e okélone

diskat a time, yith,eagh yiface,of AsInple diske g PIPGeRsag SINUIBNGOHRY: LRA10QHgR he
active materials ang manufacturin processes, by their nature, are dlﬁ?CUlt and expensive to e pon,

over the years t{ipe:i8¢hiRalpgedsetHe nanufastiyie fardcmenaty dishsasyapideaiagrassadrAs a
result, the density of information that can be stored on a disk surface is remarkable. Indeed,

double-sided teatas<odidkssusetliauirgbrgant; it does not need to be done one disk at a time. Drying

is also performed on an entire cassette of disks at one time. Following lubrication, the disks
are individually subjected to surface burnishing to remove asperities, enhance bonding of the

15 lubricant to the disk surface and otherwise provide a generally uniform finish to the disk
surface. Following burnishing, the substrate disks are also subjected to various types of
testing. Examples of testing include glide testing to find and remove disks with asperities
that could affect flying of the head/slider assembly and certification testing which is writing
to and reading from the disk surfaces. Certification testing is also used to locate and remove

20 disks with defects that make the surface unuseable for data storage. The finished disks can
then be subjected to a servo-writing process and placed in disk drives, or placed in disk
drives and then subjected to servo-writing. The data zone texturing, laser zone texturing,
scrubbing, sputtering, burnishing and testing processes are done one disk at a time, with each
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

3



317 OCTOBER 2006 computers have much greater storage capacity than most consumers require
during the useful life of the computer. Consumers thus are forced to pay substantial amounts for
excess storage capacity and the components to access that excess storage capacity. This has
caused some disk drive manufacturers, in some current applications, to manufacture and sell disk 5
drives which utilize only one side of a double-sided test pass disk for storage purpog€sopBrRiitlcuse
the good side of a double-sided process disk where one surface passed certification testing and the

second surface fallgde N RNReh faSE G SREPDI-SPAIGENISSRIE BRIMINDEDIRERRSER S URLRRT.

However, the disk drive manufacturer reduces its cost by eliminating the mechanical and electrical
components nddded thacosgsithie uQussundiskih® suddoecelihespadisklohivgs hran@fetyddriteasss
single-side drives and are typically used in low- end or economy disk drives to appeal to the low cost

end of the markBYBIEERARSAGH i< ALK Rrirreulieb Sbie U @8aY Mot TBES HEthsted
cost of manufagtying: e HRUSRHTIRIAGE SHITaGEOL GAGR diskichibs, SUORARYALSAVIRAS AR

achieved by not only manufacturing disks with a single active or functional side, but doing so in a

costseffective b veamésh lntdontrady tana sidebie ssitteddisided sivgpessided disksDsapapamplysener

functional memory surface with active recording materials M. (SeeédFéigs. 4-6.) It is not a double-sided
i

process disk w0 it i Mt attesded ofhirei itk BiaerHas RilettestingeRutese passed
manufacturing BetHifaron RSt BHﬁ‘!H@ s%c%%'atE%U&‘éé%%‘?fﬂ@%ﬁ%ﬂ%@%ﬁﬁﬁé‘%ﬁeﬁ ﬁﬁi&?‘@&é%

unique single-si processingtechniques. In contrast to conven s, active
recording matebidis: &l p phyp appdie dstonasd full precessingdilodlyveansudietest, redeceside afsihieydisk.
Thus, substantial savings are achieved by eliminating processing the second side of each disk.

Additionally, thelipéseneiibe e arsmvay £l SOBP AR InGecord dntitisars 2B dBIedsIHgH disk
manufacture deublersicleddiskskSimwianeppsty to the low cost end of the marketplace. Although this
approach may reduce some cost, it does not reduce the wasted cost of manufacturing the
unused storage surface of each disk. Thus, substantial savings can be achieved by not only
manufacturing disks with a single active or functional side, but doing so in a cost-effective
15 manner.

In contrast to a double-sided disk, a single-sided disk Ds has only one functional
memory surface with active recording 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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processing two substrate disks results in the production of two single-sided disks in the same 4 17
OCTOBER 2006 time and using essentially the same equipment as currently is used in the production
of one double-sided disk. 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 double-sided disk Dd, depicted on the left side of Fig. 7, versus th®6TSatR{z0e0US
processing of two single-sided disks Ds, depicted on the right side of Fig. 7. In each case, the

double-sided digkOni&HH9 SiBglG=pgeckAigks 846iSHRIACIS RIS SANRIRIPARSS SRS broHgh N,

but the single-sided disk processing produces two disks in the same time the double-sided disk
processing prododds-sideddibkk. A Bewefitpavideoh fy-sided|idisle bas sy le-sidde processingqaidisks is
a substantial 10 cost savinﬂs achieved by eliminating the application of materials to and processing of

one side of ealtTidfdk. FORIRHIR L PHERER AT i At ilsPEaligs e Be Ry By Yifiging
existing do“b'%?é@@&iﬁl'%%Prcﬂfee%mﬂe@ﬁﬁéﬁnlﬁ&t'M%@B?&%Q BPWCRPRJO TRFESS PAIST he

single-sided disks. A still further benefit is a substantial increase in production (or reduction in
processing timeinkependingrpan gper specivengBysiddiziigd B exigting dl oullohe -s he di dést pigc@sding
equipment, approximately twice the productivity of a conventional double-sided production process is

achieved (on tHféWasiscof frtidrrs orda s 3ot ars ihdpistidctishsotSinyRissiad duidgssame
Moreover, theﬁé@%@%&gﬂ ﬁ’fﬁ%&gg{éﬁéﬁ}{%ﬁeasfiﬁﬁ&-';m&ddﬁﬁﬁ;i@é%ﬁ[ﬁ%f&(dﬁ&%é%\%‘?&F& t%ﬂaéh%ost

excepting the substrate disk, as p ing half as"'many dou s. 20 The simultaneous
processing is achevaddayicaonablaisiddvd supstadedisksdogsther disko 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 surfaced‘edistiinPamadedRysitartapract sindfosdre dupseetingith Hskightsgpartitn. The

sepgration can be achieved with « rﬁévyjté’lgg%n%ﬂnig”%é"aeniﬁ%ﬁ%ﬁ‘% ainEPe
e oub

e suhstrat disk pair prpgresses
through each process step in muc sameé way as one e-sided éisft(rf(imovﬁl?t Slgﬁli)/ the.

outwardly facing®usfaeg:pf®ach gdiskrimnethendapobeifngisubijectrdio dbe fuNippecessbd hubicthal by
outwardly facing surface of each
utilizing existing double-sided disk processing equipment, with limited modification, to
process pairs of single-sided disks. A still further benefit is a substantial increase in
production (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.



pair becomes the active or functional surface and the inwardly facing surface of each pair remain
inactive or non-functional. 5 17 OCTOBER 2006 For convenience and understanding, the following
terms will have the definitions set forth: a) "R-side" and "L-side" refer to the active side and inactive
side of a disk, respectively. R-side is the side that does or will have active recording 5 materials and
memory capability. The R-side may also be referred to as the active or functional side@CTh8HR-2ide is
the side that has little or no active recording materials or memory capabilities; it is non-functional or
inactive from a data $grag,SiaRt P uRl-MEHIS IMBRTSITORHP AR HiskR.CIOSR! degRthsistieform
a pair of disks, a 10 disk pair or a substrate pair. c) "'Demerge," conversely, means that a merged pair
of disks is sepdrated from each other. d) "Disk" means a finished memory disk and all predecessor
configurations during the manufacturing process starting with a substrate disk and 15 progressing to

a finished memory dik, dep@%‘d_?ﬂﬁ”u _ _fhé“é]ﬁﬁté%f%f‘i’h@es%‘ﬁl%?\éél%Wﬂi@i’?fﬂ%@u%‘g&(éf)a[ﬁ‘i’ﬁk’pair"
or “substrate pair" means two.gdisks psitigngddn; CQRIACIJNGIAR aSRP JPELEE RERPIERT MR QR ding
orientation. f) "Double-sided disk" means a single disk which has been subjected to double- 20 sided
processing, whether or not botiesidesmaf thendisk dwpubiligssétddsting araypalyoonestdadias passed

testing. g) "Gap merge" means a pair of disks that have been merged, but a space is maintained
between the two merged disk&'OmE Siiieakpiderd hsal sidmiyMsotite Habaab HikimairCtAeyap or

space. Gap merge includes Hoff} fRNGENIIE RERNF AR CONERHHEMATACH LSRR RS UpdRiied

that there is no precise
from a data storage stand point.

b) “Merge” means to bring two disks closer together to form a pair of disks, a
10 disk pair or a substrate pair.
c) “Demerge,” conversely, means that a merged pair of disks is separated from
each other.
d) “Disk” means a finished memory disk and all predecessor configurations

during the manufacturing process starting with a substrate disk and
15 progressing to a finished memory disk, depending upon the context of the
sentence in which it is used.

e) “Disk pair” or “substrate pair’” means two disks positioned in contact merge,
gap merge or spacer merge orientation.

f) “Double-sided disk” means a single disk which has been subjected to double-

20 sided processing, whether or not both sides of the disk have passed testing or
only one side has passed testing.

g) “Gap merge” means a pair of disks that have been merged, but a space is
maintained between the two merged disks. One or more spacers may or may
not be used to maintain the gap or space. Gap merge includes both concentric

25 and non-concentric merge. It should be understood that there is no precise
dimension or limit to the space between the disks that causes them to be gap
merged. Gap merge also includes the situation where the gap between the

disks gradually decreases from one perimeter edge to the opposite perimeter

6



dimension or limit to the space between the disks that causes them to be gap merged. Gap merge
also includes the situation where the gap between the disks gradually decreases from one perimeter
edge to the opposite perimeter 6 17 OCTOBER 2006 edge of the disks when the two disks are
angled toward each other. An example is when the bottom perimeter edges of the disks are spaced
apart and the upper perimeter edges are in contact. h) "Single-sided disks" means a&imgkERdOGvhich
has been subjected to single- 5 side processing, where only one surface of the disk is fully processed.

1) "Spacer merge” means a SQaceSoRdYIRIUSRAIR HEARSRAKINALEMEED MVArdaRResaRe digks. )

"Contact merge" means a merged pair of disks where the inside surface of each disk is in contact with
the inside surface of the othekadigke Gombactthbdntemgeinchetes dgrodriricdaskd mervsondepticamérge.
k) "Concentric merge" means that two mer%ed disks have the same axis and, assuming the two disks

have the same outside diam'@Fe?l%_H‘?H RRSIYE ‘Eﬁﬁﬂgéfearre(g_écéféfﬁ?éd by the center aperture), their outer
and inner perimeter eglges arg; AIgARAL il GRRERNIRSONIRCWRRIPRaBEANS B RAK Ll ks dhat

are oriented in both a contact merge and a concentric merge. m) "Non-concentric merge" or
"off-eentered merge" meanssilie ivvocssargedhdiskm]arenasticactcenticdioleadhlbtipescossbir perimeter
edges are not aligned. n) "Non-concentric contact merge" means the two contact merged disks are not

20 concentric to each'bther oPRAGTF PTifete ¥ty SRS AighBt IR eIy tef ey Geyeen two
cross-section.of a pair of ga;%a?_g{hg%gdjﬁh%i.s shown: The R- side (a_ctive. or functional s.ide) IS .the .
outwardly facing surface R of each disk within the pair. The L-side (inactive or nonfunctional side) is
the inwardly facing sujface L“‘Obsachméske witlimihe paipeth eomgadiskin waarogs: daciiensaffacpaif of
concentric contact merged disks
each disk is in contact with the inside surface of the other disk. Contact
10 merge includes concentric and non-concentric merge.
k) “Concentric merge” means that two merged disks have the same axis and,
assuming the two disks have the same outside diameter and inside diameter
(as defined by the center aperture), their outer and inner perimeter edges are
aligned.
15 1) “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.



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. 7 17 OCTOBER 2006 A
conventional double-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 ard 500&BER 1006
processing, including the addition of active or magnetic materials. In contrast, with reference to Figs. 8

and 9, the R-side of egchgighinauPais e GIRKS dxRrisnigdhaniiheiguiside phihg paifand issubiected
to processing in the same fashion as the A and B sides of a double-sided disk. Conversely, the L-side
of each disk in @fpairdio disks i$Adriedtenhd ththegsidis ofitfreqaircdaaded tootsshbjéBteddo fBibth the
processing in the same fashion as the A and B sides of a double-sided disk. 10 SUMMARY OF THE
INVENTION THe<EG R tissriavahiaged Mreuuaratgednsiy tiesy MotliBiAb siffihs ghgragnetic

configurations gf {a& RresatJMYERUQRL R 3INGIESIHEd §URBLAEIRKS R/S SURMHERR N Dbair of

processed using equipment designed and built for processing conventional double-sided disks one at
a timde. Substraleliske@etqbsitidreas isi deadfstie rpharailing strajesgpdrteapmadtSspro ce gsingmEHeskidostrate
disks are positioned in close proximity with one surface of one substrate disk abutting or slightly

spaced from orfé G§rfaeBbP etk dopRlFatdidiskrnionixisshodifoh sihalitas s ierrits of
simultaneous P&%ﬁ‘ﬁ?i&@elﬁédaoﬁ%%'EnaﬁLVotP%é’?E?%‘?a%d?‘éfﬁ%?%ﬁb}&?eﬁ't%i‘i‘ﬁ%ﬁ?éé&%ih‘gqndi ks apg fully

subjected to each and every process. Because the inside surfaces are not fully processed, they are
inactive in the savisentheyhare indapaidts of 2 stisingdardaskin 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

an%ransported in gap merge orientati g,@qiu}b§%dréqr:cﬂ@9%% | CS:Igntact merge orientation. For
an

sputtering, the 25 disk pairs are handled, transporte processed In a gap merge orientation. For
lubrication, 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
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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 17 OCTOBER 2006
repositioned into pairs having a concentric contact merge orientation. In post-lubrication processes of
tape burnishing, testing and servo-track writing, the disks are handled, transported zpdnoRIgedsed in
concentric contact merge orientation. Following testing and removal of any failing disks, the disks are

demerged or segyateddatncApsalies e dhe anindividial disks arsepsiigned{Withthels astive and
inactive surfaces oriented in the same direction). The disks are subsequently assembled into disk
drives or similapreqesipmentt. (e binglehgigededisigprode ssing-witkevpriesgntthevehtion offehsghedt
flexibility. It will be appreciated that simultaneous single-sided disk processing techniques do not need

to be utilized il &XEAEShRINRIGE BTl I8 B e AN MTAC R 0tessO B BRAfMBRE #1490
other embodimgnis, e SLbStEAIR diskg M RIS ed Add dleaned pAe SHRSEalS ARk e e,

with both surfaces of each disk textured and cleaned. Sputtering, lubrication, burnishing and testing
can atilize simutdivehusd disiglessiged thakdofotbsbirig dedhniguies.adithil euttisseslovisnthe thnbaghpat of
the overall manufacturin%&rocess, substantial cost savin%s are still achieved by commencing

simultaneous tHEBISIOingle it d S rBtssnsy s iRt S puRehhg!r S5t ReMRY 3htIURRge surface
of each disk saves 5'%@%25%8%%&%&”&]%‘ pHOESAERM B IACS M RRHUISGHIN %@g%u%%x%?(ﬁég'zllﬁsk

drive. Flexibility is enhanc ecause the presentinvention utilizes conventiona le-s
processing equigmentppraiimetianaoishyl maousatiigie-sihglelsidpa cisiiadwaelatigutime Singéedided
sputtering techniques, including how the disks are handled and when 20 changes in disk orientation

are made, can Risbiliasy WiteRcRIBpRIENZRIgCos L5 RArRysaH dnarmtieERS PRSE BxarAp X ifhBlfe In
diment, lubyicati ith the disks i ientation rather th d
emppdimen ‘lfg%&ae}%‘eqﬁ‘g%?&FH{e%ﬂsEﬁee clﬁ]s & g‘?s%goaepte%‘?ﬁ f ah e(c;fe%r{%d‘ fﬁ% Sibshal: ECE,

equally apart. owing lubrication, but w e s are still located at the lubrication station, the
disks may be repasitionedbinto saueRBEaChfmatge Asientatiordraaft egagimefr @Haipatigsonagial

spacing orientation.
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
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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 17 OCTOBER 2006 merged into
concentric contact merge orientation at the burnishing station. A further variation i$7to¢naBHRIzNG gap
merge orientation of the disk pairs following sputtering, but to widen the size of the gap. This slight

demerging facili{atesiluhtictialefiolowingc dUREGR B HogiBRSiaRinG ah g sk ARIES is£avaHed
into a concentric contact merge 5 orientation. Yet another variation involves placing the disks in a
spacer merge orsataion tthreughout fag actige processonf ahdehst, paith fdbinstanpesctings, preferably
call for a concentric contact merge orientatign. An.intervening spacer will permit the disks to undergo

contact proces&Hl§ st 4% n&%xtutHy, Bististimgame S eles M usAisihg oMy ithout
suffering advergg elfeels A JiSKRRNING OF Wa BRRS A AR& &LRAMGR 6 JislS A8 RUGRLesk O

burnishing and testing processes. Burnishing is intended to eliminate adverse asperities on the active
surface of the diskstatiprassist 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 sm‘éﬁtmggeWiYﬁrré%%dpw&h%@%ﬁ%ﬁ&iéﬁ%&% ndedetPSFtHEHERAERaEIon

assembly. Ceryficatia N9, ARIOPRdSaGang WRIE teStR QR heshiack A adiRs: Lnbrp
instances, it is prefeérar%fg?&at tﬁe pr ces§ngris accom’ptf%hed Wit'{h %Ee d?sléss%nﬁg concZntr}c cont%ct
merge orientatiasmcéfeiketone domprerposesafaificiantiritis tesitableiol positiahetisidisk paiesgn
concentric contact merge orientation following lubrication and to 20 leave the disk pairs in concentric

contact merge SRTERGREITEATHGgRBR BUFRISHTABCaSd HaBEN B OBHBE I parfldP SICE Siiipnétdesting,
seryé)-track Wri'qu MAY, eeHr fgig\ge\/}/siggftfgggn&. dl%f;r’%g{)tvell@gegy% g,ripé%lg-sided disk processing techniques
may also be used for servo-trac
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.
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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 17 OCTOBER 2006
BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a front elevation of a double-sided processed
disk. Fig. 2 is a cross-section taken along line 2-2 of Fig. 1. Fig. 3 is a partial cross-5eCiliORERRe
along line 3-3 of Fig. 2. 5 Fig. 4 is a front elevation view of a single-sided processed disk. Fig.5is a

cross-section taken along line 5-5 of kg EEisrfRa bR iessieastingdaken along line 6-6 of Fig.
5. Fig. 7 is a schematic of a process for manufacturing double-sided disks, on the left, and a

schematic of a procedsgdor marufaictiavagsingle ssideld-siddd pordbredidisk. 10 Fig. 8 is a cross-section
of a pair of disks in concentric contact mer%e. Fig. 9 is a cross-section of a pair of single-sided disks in

a gap merge orientatibh- F1§2 £ 3 EHRS R RIANSs i air & dikkglE-sided disks in a spacer merge
orientation. Fig. 11 is&sghgm&%migy&gfsgcqgggQgg&ggfbgléqmeeﬁgqgip%‘az_single disk. Fig. 12 is a

schematic view of a second embodiment of the disk handling tool of Fig. 15 it. Fig. 13 is a schematic
views of a disk handlinBiodlipagithaniieyatioair eidigkssingegaedpesges @deatitition. Fig. 14 is a
schematic view of a second embodiment of the disk handling tool of Fig. 13. 20 Fig. 15 is a schematic
view of a disk handlinfifodIipasitRsaiyiLpaNket alers firechndddtige tontact merge orientation. Fig. 16

Is a schematic view ofgn @jteinatiy epRodimsht alihaslishiRapdipeiRelsof
Fig. 7 is a schematic of a process for manufacturing double-sided disks, on the left,
and a schematic of a process for manufacturing single-sided disks, on the right.
10 Fig. 8 is a cross-section of a pair of disks in concentric contact merge.
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.
Fig. 12 is a schematic view of a second embodiment of the disk handling tool of Fig.
15 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.
13.
20 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.
Fig. 17A is a schematic view of a disk handling tool merging a pair of disks.
25 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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Fig. 15. Fig. 17A is a schematic view of a disk handling tool merging a pair of disks. 25 Fig. 17B is a
schematic view of the disk handling tool of Fig. 17A, following merging of the disks. Fig. 18Ais a
schematic view of a disk handling tool merging a pair of disks. 11 17 OCTOBER 2006 Fig. 18B is a
schematic view of the disk handling tool of Fig. 18A, following merging of the disks. Fig. 19A is a
schematic view of a disk handling tool demerging a pair of disks. Fig. 19B is a schematitorer206¢he
disk handling tool of Fig. 19A, following 5 demerging of the disks. Fig. 20A is a schematic view of a

second gmbpdiment @fég digts h@_nﬂ'é@ﬁelﬁﬁ’ﬂié?(xiéi»@rB?@f@Ql_f‘s‘lP%%ﬂfli‘ﬁ%r_'f@&lt Biergs aighs. 1%'190\3& _iS a
schematic view of the disk handling tool of Fig. 19A, following demerging of the disks. 10 Fig. 21is a
schematic top wevgiogafthadickstation illustrating one embodiment of a merging/demerging station.

Fig. 22 is a schematic_end view of one embagdiment of the merging/demerging station, showing a

cassette containing 25 Balr¥ b o P Y& R Hiskdvndhnein gy eRg 3898 gidifsmatic end
view of the embOdimqﬂ%pfﬁﬁJ-i?%%ﬂmgig@cjrﬁﬂhé%ﬁﬁkﬁaﬁ&ﬂﬁgiﬂ%lacﬁeﬁ? 9 J00k, friging Is @

schematic front view of the embodiment shown in Fig. 23. Fig. 25 is a partial front elevation of the lift
saddle of the edebedgingntfshodiskin 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. Fiﬁ, 28 is a partial

end elevation view of e defhétde bIetEIY 27 IEig. SeRIAERIGREY Homtlitévh demieffe tool
of Fig. 27, priord%?n@%ﬁ%@%‘zﬂr%f contact merge disks.

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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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. 12 17 OCTOBER 2006 Fig. 32 is
a schematic end view of the embodiment shown in Fig. 22, showing 25 pairs of disks positioned in a
transfer cassette. Fig. 33 is a schematic end view of the embodiment of Fig. 22, showiagoBERry0other
disk removed from the transfer cassette by a transfer lifter. 5 Fig. 34 is a partial end elevation of Fig.

33, showing the diskspigmayed from:Hhgiransiae ASSe MmO Mo e ARG IR FE D B8 @i Rariial

front view of Fig. 34, showing one disk removed from the transfer cassette by the transfer lifter. Fig.
36 is a cross-seeationitdidn phemigribe ihnet@6s86 ofskége33. 10 Fig. 37 is a schematic end view of the
embodiment of Fig. 32, showing one-half of the disks beir&ggplaced in a_cassette. Fig. 38 is a

schematic end view of e’ ifbSTRREMST #1052 SRR FPaGamde! ditgatandhEme BRIy tisks in
the transfer Ca?ﬁﬁ&%nﬁ]@e@’%ﬁﬁ}éqj?miEa‘?&ﬁ!té/iﬁ)y"a‘?ifa%?e?m&dimem 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 FagigBédsira graetidirentiaievagonast &lite, Zhd bk thalidjsledrimitve dpfposithe
direction in a second cassette. it also illustrates the first stage of a second embodiment of the
merging/deme AR St a5 BSety iieiiargifyidisks or substrate disks. 20 Fig. 41 is a schematic end

view of the embOdimqfiv\Efr.oﬁf 19 a‘b?}ngi%%ﬂﬂ%@@ gists .@49&%&%585@&39%%&?&’ RoMARAtEndRY- 42

is a schematic end view of the e iment of Fig. 40, showing all of the
cassette by the transfer lifter.

Fig. 36 is a cross-section taken along the line 36-36 of Fig. 33.
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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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. 13 17 OCTOBER 2006 Fig. 45 is a schematic end view of the
embodiment of Fig. 40, showing all of the disks from the first and second cassette$7pusit8RRAUM a
transfer cassette. Fig. 46 is a schematic end view of the embodiment of Fig. 40, showing all of the

pairs of disks from the:{ransfes casaeHaRNOAVSERYR MaRArslamfld- &7r% asehamatic andoyiaw of

the embodiment of Fig. 40, showing all of the disks from the first and second cassettes merged as
disk or substratbspsii®in thesinglerchsseitid .cdsigitd8pssaisitd elevatioeviesefia second embodiment of
a demerge tool. Fig. 49 is a side elevation view of a pair of demerged disks or substrate disks engaged

by a mandrel. 10 Fig. 58-18% ¥ énteato s ieviest e nasniinropFigea80rgosing gl ol Srecive
view of an em%mﬁiﬁfﬁﬁltﬁ%ﬁ%@@}%sg% gﬁggggmvmglgrplair 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-sectign tbkenatohenling sdbdiol Fif) tiEBenttigdinteis af Eigd 4lasheemgohthef the
embodiment of Fig. 53. Fig. 56 is a cross-section taken along line 56-56 of Fig. 53. Fig. 57 is an
enlarged partia@%%§§9§é&?oﬁﬁr8fa£%ém9& EAMHAIHESE 2 GOk s REHAIMEAESIC Bareel 265161188 is a

front plan view of a thi—f g@@g%im%%‘&fa%quiéw Mg&g&jﬁ%gﬁ{éqegf@a%ﬁe grg%g)tlglevation ofa

blade element. Fig. 60 is an enlarged partial perspective of the embodiment of FIg.

Fig. 49 is a side elevation view of a pair of demerged disks or substrate disks engaged
by a mandrel.
10 Fig. 50 is a front elevation view of the embodiment of Fig. 49.
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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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. 14 17 OCTOBER 20061 H)gTOBHE8 2006
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 merge disks.akCRMUeFRPSEUISH ﬁigenﬁidﬁgqigg@ggtj)\fq:g%eg@ of the embodiments of Figs.
61 and 66 working in 5 combination as a disk transfer system. Fig. 68 is a front plan view of a fifth

embodiment of a tool fag. fendlingpaliskl pains.vieig. 6% isnanttortqpigaeiview phia diskapngagiagliskade. Fig.
70 is a front plan view of a second embodiment of a disk engaging blade of the present invention. 10
Fig. 71 is a croSSMEEARGHYfew taken along line 71-71 of Fig. 68. Fig. 72 is a cross-section view taken

along line 72-72 of Fig; 58 f19. f IR ADRVSPEEHVEMEY ShaNRERHAROY! F‘%E? ghadiskhandlngand

transport apparatus. Fig. 74 is a top plan view of the embodiment of Fig. 73. 15 Fig. 75 is a side
elevation view ofifteénaritnadiméink afakier &3stdrig. 76 is an end view of the embodiment of Fig. 73. Fig.
77 is an end view of the cig osite end of the embodiment of Fig. 73. Fig. 78 is a cross-section taken

along line 78-78 of Fig1& ?gifg% frgnspiagryisw A srbedmay mé trelierdrpliingAisbdsry. 8o is a

cross-section taken aﬁgg&q@ 80-80 Iglfagi,gezjoflgigisileﬁ%gg&%rg?ajdgoss-section taken along line 81-81
of Fig. 79.

Fig. 70 is a front plan view of a second embodiment of a disk engaging blade of the
present invention.
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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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. 15 17 OCTOBER 2006 Fig.
87 is a partial enlarged view of the embodiment of Fig. 85. Fig. 88 is a cross-sectiolT takepBakmgdine
88-88 of Fig. 85. Fig. 89 is an enlarged detail of the cross-section of a side wall of the embodiment

shown in Fig. 85. 5 Fig; 9973 anaRe\ plamvenaling diskhsndlingend@rsport apparatus shown in

Fig. 98. Fig. 91 is a side plan view of the embodiment of Fig. 90. Fig. 92'1s a top plan view of a side
wall member of the eigodthientshoweriviigk@Baldrig ligs §8-88 ehbigldn.view of the embodiment
shown in Fig. 92. 10 Fig. 94 is an enlarged detail of the portion of the embodiment shown in Fig. 92.
Fig. 95 is a front plan Vew df e BAE $hd hpial of the SMbotriant drd WAl °58he ePegicE top
plan view of the;prahedigentsof 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 fop plan view of tliégepthedimadtprdige 9 df Big.didkhis dliorpssdseatipnrtaipparatanghting HOB:d.00 of
Fig. 99. Fig. IOIA is a front elevation view of an apparatus for handling disk pairs removing a pair of
disks from a ca&Sette. 20 Fig. 101E is a cross-sectional view taken along the line 101E-101B of Fig.

101A. Fig. 91 is a side plan view of the embodiment of Fig. 90.

Fig. 92 is a top plan view of a side wall member of the embodiment shown in Fig. 98.
Fig. 93 is an end plan view of the embodiment shown in Fig. 92.
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 1is an enlarged view of the upper portion of the disk handling apparatus of
Fig. 104.
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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. IOIA
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. 16 17 OCTOBER 2006 Fig. 105B is an enlarged view of the upper portion of ErOaltOBTRRW6
embodiment of the disk handling apparatus of Fig. 105A. Fig. 106A is a front elevation view of another
embodiment of an appgsajysiors hRedlingRAiSPbAisks:DE SokARRoSA SideBlevalinmyiew:pf dre
disk handling apparatus shown in Fig. 106A. Fig. 107 is an enlarged view of a portion of the disk
handling apparditudishbewndlingd-agpaif68oHiie. 108 4s a plan view of a contact roller for engaging pairs of
disks. Fig. 109 is a top_elevation view of the disk handling apparatus shown in Fig. 106A, 10 further
showing a disk carryingicas¥étdat d R ¥prienater é’ﬁ%g‘?ﬁgﬁlﬁ‘%@?ﬁﬁ?ﬁbmﬁﬁg AR BHERIRSFion
view of a pair %ﬂ&ﬁﬁ%gﬁ%ﬁghe” central aperture by a spindle. Fig. 110E 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 dig 1068 jsdutideekxtencdedde petimitiskdagdinenppdthtas phivof oisks. FIgA111E
is a front elevation view of the spindle of Fig. 111A. Fig. 112A is a front elevation view of a pair of
texturing rollers positibted 48 textuidlatRedsXiFad PATHRKOFRE dbBaRTH RdRRIEVAISPVRKR &1 & pair

of texturing rollggs positioned to texture

Fig. 108 is a plan view of a contact roller for engaging pairs of disks.
Fig. 109 is a top elevation view of the disk handling apparatus shown in Fig. 106A,
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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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. 114Ais 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. 115is
a front elevation view of the demerge saddle shown in Fig. 113A. Fig. 116 is a toplélevatdrrR/Aeq6 of
the demerge saddle shown in Fig. 115. 17 17 OCTOBER 2006 Fig. 117 is a cross-section view taken

along line 117-117 of fig. 1436 Figodd &18i8rREESPRREHENIENM AL thE damerggstogleshown in Fig. 115.

Fig. 119A is a front elevation view of a disk handling apparatus positioned to Tower a pair of disks from
a demerge tool to a cisseitld. i5 Figrsptod isvicsicd ledetiorzvien showe apparatlis. of Fig. 119A. Fig.
120 is an enlarged portion of the disk handling apparatus and demerge tool shown in Fig. 119B. Fig.

121 is a front elevatioh'¥ie 6F it ARG BMBEHiMhT sk dgiins gRRgaIUsisitnRy tHe tarieige

rol!ers engagirll_gaﬁ Bf‘-ﬁiﬁis%fﬁ'a]tférﬁgggé'%.%li%aa%igs%e?ﬂgvat?on view of a demerge rollgr 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 lagég.zo9d textuiieg: kppavatuiswHif tik2dpmatironf Eigvhativh 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 tHé-dbifery8dEvivEd o1t ity O 58¢ 3@3 Ponqung Bpparatiatiil i sethieo!
demerge tool sfown in Eig 1@ further showing a retracted spindle. Fig. 128 is a front elevation view
of a demerge roller.

Fig. 121 is a front elevation view of an alternative embodiment of a demerge tool,

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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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 132-1320¢TGigR280a 25
Fig. 133 is a perspective view of a pair of gap merge single-sided disks engaged by an upper

demerge saddle of th@@9&%@9@5@9&%@1@@@5&%&&9&@-sﬂr%ih‘i%%rk&{lgb?@rb&%ﬁ’i&ﬁhe

embodiment shown in Fig. 133, further showing a fluid delivery path and water nozzle. 18 17
OCTOBER 2006 FigFig5l #asehaemlatigedidesievatioml/ ieemsdwipgadcecudingiopenstiomeéige 136
is an enlarged cross-sectional view of a pair of concentric contact merge disks just prior to demerging

by the lower Iif@%ﬂ‘dé_\’é.t pﬁg{r.igéqgg%}ggs@éﬂ}ﬁ)gg?rolﬁ% @Hfﬂ%dim_ent of a mandrel for handling and 5
transporting disks. F'qﬁi%s%sl gSidegleyatinn vigwhe!l i ssaRediMeP Ot s folUHRRTRANINg

a portion of the mandrel. Fig. 139 is a front elevation view of the embodiment of Fig. 137. Fig. 140 is a
perspective viemandpongngriibkdiment of the mandrel of the present 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 sidd iely o 1R @mPstHht 6 heambadimenbrh ise (242 f4ubenmeggifying but
showing a diffefent cassgite & diment 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 e_IevatioH@gie\wdﬁ arfeermehoedinenial afmerdibboinibet pfagegnt 3thvention, returning a
plurality of lubricated %gkslétl% ?scao r;)tf?rg;[)gg{/%evggvs S()efttgﬁe embodiment of the mandrel of the present
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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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 diskoFigBEBQ(86a
side elevation view of a plurality of evenly spaced disks seated on the mandrel of Fig. 148. Fig. 151A

is a partial perspectivgi\éiel\/glcg the Qﬁﬁhgg%@f(;pglm&hg&@ lﬂié.Sl 518 17 OCTOBER 2006 Fig.

151B is a top plan view of the embodiment of Fig. 151A. Fig. 152 is a perspective of one embodiment
of a disk handling and tganEpbrits appenspitesi configunedefobedincantit eoditdctharetge: onrehtatiopat disk
pairs. Fig. 153 is an end view of the embodiment of Fig. 152. 5 Fig. 154 is a top view of the

embodiment offPRFT B g eEss fé’%%?&%‘é%%&ﬂ%‘i%&’é%ﬁl%@“ﬁ? 1 8544eP8K g, 154. Fig. 156 is a

top elevation view of %1@@%?3\’1’@5&@&%%%%@ %5§8HEGHI 591929 Fig. 157 is an end elevation view

of the base wall member shown in Fig. 156. Fig. 158 is a front elevation view of the embodiment
shown in Fig. 156. 10Hg.135% is @poficelefahioanvbedimtat side gvaiZnember 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 &Mbbafiieht s isTHRkerzdorgdner Al B ghliE ité a sequence of partial top

elevation views Showiig g paj( 9&@%@%&%@&@%@%%@1’%sqséibo% ﬂ{etggs&'!ﬁ@ Yallgnespber of the

cassette of Fig. 152. Figs. 163A, B'and C are a sequence of partial front elevation views
corresponding Fig. 157 is an end elevation view of the base wall member shown 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 1s 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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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 i3 adperspreiive
view of a disk cassette configured to position disks in a gap merge orientation. Fig. 170 is a

perspective view of a Ferge; statigp C?fagpgip&em%i%%gggﬂemgﬁwﬁqpﬁg fAerge cassette loaded
with disks mounted thereon. 20 17 OCTOBER 2006 Fig. 171 is a top plan view of the embodiment

shown in Fig. 170. Fidiig. 70 kiasidie elevatiionwienodh dickiskapain srgagingagneege nest. Fig. 173 is a
side elevation view of a pair of concentric contact merge disks fully engaged by the merge nest. 5 Fig.
174 is a perspective Vistv bf bt eifffodinialebiipy Mlefgeied: ePrBieSaREshuargsitsniilired to
facilitate. concg&{g’&ggg%?ﬁ{% Hg_g@‘ntatior!..Fig. 175isa pgrspective view of a merge station of the
present inventionin an elevated or fixed position where the disks are not fully engaged by the
cassette. Fig. 176 is &Fgcherhatia picepetevatiorvofod pair cofilchdka engdghrgnan gl tesstadivenelfresent
embodiment of the merge nest. Fig. 177 is a schematic side elevation view of a pair of gap merge

disks fully engdB¥Ee ISy RRRHEIGE ReSCi iy AFENIEIG CAPBIS B SpERHYEView of a lift saddle
removing a pair of gaEig?ef% Sk JInAE %‘aﬁ‘éf%%é%haﬁ‘?ai%lﬁ”&ﬁ*?Hégpl%éeﬁigin%&%itﬁlai%fﬁ'a'

perspective of the disk pair of Fig. 178 engaged by merge rollers.
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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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 diskCgomErRe@ortion
of the embodiment of 25 Fig. 182. Fig. 187 is a perspective view of one embodiment of a contact or

merge roller. Fig. 1,8%@.61é@{gt@A@H&H%&EU@@&W&%%@J&QE&Q%&&&%' o %I ASRBEI MG ViIew
of a double-sided disk undergoing laser zone texturing. 21 17 OCTOBER 2006 Fig. 190 is a

schematic viewofdwa tsimgde-sided disks undergoing simultaneous laser zone texturing. Fig. 191 is a
schematic view of a double-sided disk undergoing testing. Fig. 192 is a schematic view of a pair of

concentric contact mere MRS WRsHUiIng S4aSatlp Rlg S48 flisk Bpdeteaingisiiea pair of disk with
a liquid layer applied {§ Jhegnsides SHiaeR Qf&ach Jist: Bi%ohddntsid REISPELKYS: YR Al HiG At

handling apparatus engaging a pair of disks in a cassette. 10 Fig. 195 is a perspective view of the disk
handling apparattisgepositioning 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_ sE)indIe assembl%/. Fig. 197 is
a perspective view of e diSkihandiy sSppieRatlia Batinsk aidk pdiftid layer applied to the inside

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.
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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-writinty &oparir2used
with a single, double-sided disk. Fig. 205 is an elevational view of the apparatus illustrated in Fig. 204.

25 Fig. 206 is an exampleof %%&&g@%tﬁmﬁ&%&&mﬁ@%ﬁf&m%ﬁﬁ&&@h%ti%ﬁ%éﬁtus
i

illustrated in Figs. 204 and 205. Fig. 207 is an example of a servo-pattern written on the lower surface
of a disk by thewapparatus iegtedtddkin Figs. 204 and 205. 22 17 OCTOBER 2006 Fig. 208 is a top
plan view of a servo-writing apparatus of the present invention used with a pair of merged disks. Fig.

209 is an elevational Vign/0P di@mpisardarehiet alddsanayavydlipgasdand tn Bmple of a
servo-pattern written @1, the Qe sk @Ef@s%!%%ﬁe%%vﬁﬁ&ﬁﬁlrtﬂé dSKs Qe PR AT

illustrated in Figs. 208 and 209. Fig. 211 is an example of a servo-pattern written on the outer surface
of the lower digkbbag@iraff disks ty tteenpypanatiitubiustrie digs F208.:208@d 209. Fig. 212 is a
perspective view of an embodiment of a disk handling and transport apparatus of the present

invention. 10 Fig. 213fi€a%bh 913k GTAWRIE thledetfbOdmikHR Sritigh 2potheiguist Audags &k isdader
perspective vieyy pf the %W(?Pﬁiﬁﬂ?@&?ﬂﬂg ahfus ﬁiﬂst%ﬂé ‘ﬁlaf‘}tg‘é?(%%da%% 8¢l view of the embodiment
i g side onvi \R/ oailmen

of Fig. 214. Fig. 216 is eleva of the em of Fig. 212.
Fig. 212 is a perspective view of an embodiment of a disk handling and transport

apparatus of the present invention.
10 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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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 mé&htlsgioRHR 2006
configured in a gap merge orientation. 25 Fig. 223 is a plan view of a disk. Fig. 224 is a

cross-sectional view gigng shsk cepiel ingised-aed Aei0aika3-thidiideeciid RIRSSr SHRRALYIGV

taken along the disk center line of a plated disk according to an embodiment of the present invention.
23 17 OCTOBBRQDO6Heiglag2bdiskaot ligs 2ctional view taken along the disk center line of a
sputtered disk based gn the plated disk of Fii?% 225. Fig. 227 is a flow chart of a substrate process

according to an embddifnent df the Predrrt VB CBYRY e URshisuhsmRscime Hrotdhe
invention. 5 Fi%r@?e%fﬁ&%?ﬁﬁf&ﬁﬁiw yiew takenalosnga B?é"s%%rt line. gt &,disk polishing assembly.

Fig. 228Bis a cross-sectional view taken along a center line of a disk polishing assembly. Fig. 229 is a
cross-sectional view tRiger? 28angsaacemntarskngonhh disk pddeshiigngd @ assembhe biga 2Bk ipaiflomechart
of a media process according to an embodiment of the present invention.
assembly.
Fig. 228Bis a cross-sectional view taken along a center line of a disk polishing
assembly.
Fig. 229 is a cross-sectional view taken along a center line of a disk polishing
10 assembly.
Fig. 230 is a flow chart of a media process according to an embodiment of the present
invention.
Fig. 231 is a cross-sectional view taken along the disk center line of a plated disk
according to an embodiment 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 233B 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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Fig. 231 is a cross-sectional view taken along the disk center line of a plated disk according to an
embodiment 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
233B depict a plated and polished disk manufactured by a first 20 experimental proc@SsOBiF20834A
and 234B depict a plated and polished disk manufactured by the first experimental process. Figs.

235A and 235B depickg plated ang pakighaddisk mandfagtipet dxdngdirsh.S¥peimant3! preesss- 25
Figs. 236A and 236B depict a plated and polished disk manufactured by the first experimental

process. Figs. 2gptiimantdIr&ekepict a plated and polished disk manufactured by the first
experimental process, 24 17 OCTOBER 2006 Figs. 238A and.238B depict ar:glated and polished disk

manufactured by a seC8id>SDénthéit PratedsPieigd 284 PrIshadh 4 BapdcpEaY Lsdwonthed

disk manufact%ggeg%%gaiﬁ%ggg_ experimental process. 5 Figs. 240A and 240B depict a plated and
polished disk manufactured by the second experimental process. Figs. 241A and 241B depict a plated
and polished disk mafifactdtad doyl i Bedepict £xpecinadtabpsbed sisk-igaZddArahtly2d2Baepict a
plated and polished disk manufactured by the second 10 experimental process. Figs. 243A and 243B
depict a sputteFSBUEIEYPLPPSESXperimental Type B

Figs. 241A and 241B depict a plated and polished disk manufactured by the second
experimental process.
Figs. 242A and 242B depict a plated and polished disk manufactured by the second
10 experimental process.
Figs. 243A and 243B depict a sputtered disk of a first experimental Type B
configuration.
Figs. 244A and 244B depict a sputtered disk of the first experimental Type B
configuration.
15 Figs. 245A and 245B depict a sputtered disk of the first experimental Type B
configuration.
Figs. 246A and 246B depict a sputtered disk of the first experimental Type B
configuration.
Figs. 247A and 247B depict a sputtered disk of the first experimental Type B
20 configuration.
Figs. 248A and 248B depict a sputtered disk of the first experimental Type B
configuration.
Figs. 249A and 249B depict a sputtered disk of a second experimental Type B
configuration.
25 Figs. 250A and 250B depict a sputtered disk of the second experimental Type B
configuration.
Figs. 251A and 251B depict a sputtered disk of the second experimental Type B

configuration.
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configuration. Figs. 244A and 244B depict a sputtered disk of the first experimental Type B
configuration. 15 Figs. 245A and 245B depict a sputtered disk of the first experimental Type B
configuration. Figs. 246A and 246B depict a sputtered disk of the first experimental Type B
configuration. Figs. 247A and 247B depict a sputtered disk of the first experimental Type B 20
configuration. Figs. 248A and 248B depict a sputtered disk of the first experimental TQQEOBER 2006
configuration. Figs. 249A and 249B depict a sputtered disk of a second experimental Type B

conf@gurat@on. 25 FigsFi%?Q@S@!&da%ﬁoﬁéﬁFﬂ%ﬁtsQ%Bﬁ{t%ﬁa&’i%ﬁ%féf&h%éeé&ﬂgdeéﬂ%?mﬁﬁiﬂ ﬂ’g@ B
configuration. Figs. 251A and 251B depict a sputtered disk of the second experimental Type
configuration. 281Mfie@@GIP@BER 2006 Figs. 252A and 252B depict a sputtered disk of the second

experimental Type B configuration. Figs. 253A and 253B depict a sputtered disk of the second
experimental Type B %Sﬁfig%ﬁétiﬁﬁq 3+ Gsdomiginaospyseas dkief nepthterdacarRiegial b $
experimental Typ&sB,,gapfguration. Fig. 255 is a cross-section view of a prior art magnetic disk. Fig.
256 is a plan view of a magnetic disk according to an embodiment of the present invention. 10 Fig.
257A\ is a cross-sectidtiggiedbarongdindab dppt af fpigtébé.disk of the second experimental 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 disk according to an embodiment of the present
invention.
10 Fig. 257A is a cross-section view along line 257-257 of Fig. 256.
Fig. 257B is a cross-section view along line 257-257 of Fig. 256.
Fig. 257C is a cross-section view along line 257-257 of Fig. 256.
Fig. 257D is a cross-section view along line 257-257 of Fig. 256.
Fig. 257E is a cross-section view along line 257-257 of Fig. 256.
15 Fig. 257F is a cross-section view along line 257257 of Fig. 256.
Fig. 257G is a cross-section view along line 257-257 of Fig. 256.
Fig. 258 shows two merged disks according to an embodiment of the present
invention.
Fig. 259 shows the line of travel of a diamond tool bit to form dissimilar chamfers
20 according to an embodiment of the present invention.
Fig. 260 is a flow chart of one embodiment of a simultaneous single-sided disk
manufacturing process.
Fig. 261 is a flow chart of a second embodiment of a simultaneous single-sided disk
manufacturing process.
25 Fig. 262 is a flow chart of a third embodiment of a simultaneous single-sided disk
manufacturing process.
Fig. 263 is a flow chart of a fourth embodiment of a simultaneous single-sided disk

manufacturing process.
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Fig. 257B is a cross-section view along line 257-257 of Fig. 256. Fig. 257C is a cross-section view
along line 257-257 of Fig. 256. Fig. 257D is a cross-section view along line 257-257 of Fig. 256. Fig.
257E is a cross-section view along line 257-257 of Fig. 256. 15 Fig. 257F is a cross-section view along
line 257257 of Fig. 256. Fig. 257G is a cross-section view along line 257-257 of Fig. 256. Fig. 258
shows two merged disks according to an embodiment of the present invention. Fig7 269Gk ihe
line of travel of a diamond tool bit to form dissimilar chamfers 20 according to an embodiment of the

present invention. Figr604dg flowshak.of ong amPerimanhaiasimulianaqus.soalersdad disk

manufacturing process. Fig. 261 is a flow chart of a second embodiment of a simultaneous
single-sided diskarm&wufacturiogepsocess. 25 Fig. 262 is a flow chart of a third embodiment of a
simultaneous single-sided disk manufacturing process. Fig. 263 is a flow chart of a fourth embodiment
of a simultaneous sin§i8:stdad koM &RBTaefHiNG BrembediDent PISCHHBER IOR S 98% 45K flow
chart of a fifth eheeinmg q;rgcggp_ultaneous single-sided disk manufacturing process. Fig. 265 is a
flow chart of a sixth embodiment of a simultaneous single-sided disk manufacturing process. 5 Fig.
2661s a flow chart of Rigevemik @ fhibodine nif of e siniukarbedisesingle- sichadt aisku sarldadiadnidgsk
process. It should be understood that the drawings are not necessarily to scale. In certain instances,
details which aFRPRBPAREIRERISFEST an understanding of the invention or which render other details

difficult to perceive m?tyslﬂgMﬁ:l q)%eﬂn(agﬂyttc?o% ]thpﬁllél%g%f@gearl%t%%g’n%Eessarily to scale. In certain

instances, details which are not necessary for an understanding of the invention or which
render other details difficult to perceive may have been omitted. It should be understood, of
10 course, that the invention is not necessarily limited to the particular embodiments illustrated

herein.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
For illustrative purposes, the embodiments and examples described herein are in the
15 context of disks having a 95-millimeter diameter, a 25-millimeter center aperture and a 0.050
inch thickness. The present invention should not be construed as limited to the particular
sized disk. It should be appreciated that the present invention can be used with disks of
different sizes. For example, the diameter of the disks may be smaller or larger, and the
thickness may vary as well. It should also be appreciated that the present invention can be

20 used with a varying number of pairs of disks, from one pair to a plurality of pairs.
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10 course, that the invention is not necessarily limited to the particular embodiments illustrated herein.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT For illustrative purposes, the
embodiments and examples described herein are in the 15 context of disks having a 95-millimeter
diameter, a 25-millimeter center aperture and a 0.050 inch thickness. The present invention should
not be construed as limited to the particular sized disk. It should be appreciated that dog@BseERENO
invention can be used with disks of different sizes. For example, the diameter of the disks may be
smaller or larger, and the thigk Mavvay-agsikklt should also be appreciated that the present
invention can be 20 used with a varying number of pairs of disks, from one pair to a plurality of pairs.
27 17 OCTOBER 2006ekrderghec: aamed Denmerging Disks Gemerdidyothenspoe fvaalwasgsonyvwiiskh to
handle or transport hard memory disks. These are by engaging the outside perimeter edge of the disk

or by engaging R &E peErsHeRs digusrtNeParuRSINTEa D) ke cURke PLRE R SR KENAY e
engaged at thejy. 5 AUIEr DREVLIRE SFHASHIRA BEYHRIERRSTIRORIN GIRREURS WeCatiRS Of WhRD
they are removed from cassettes for processing, such as by a lift tool or similar mechanism which
engages the ouarpeeiimster edge ofthe thisk dhrgughiamedpeniagdndhehaitamsofon edssettey aard
vertically lifts the disk to a position above the cassette. Disks positioned in a cassette also may be
engaged at the'BPETb IR sariTidte Yoo 15y griptih g hidcAdHisWATCHE%A BedswdstRe disks
through the opep.top ofia gaRsSiieRisks e fndegrd sk iR HiamelRr Byamangdrelonaimilar
mechanism. TWOgI slstrations o?d?lsréghan gO mechanisms are shl%%v%ﬂ}gqélgs. 11tand 12. AsS srtmwn, a
disk handling me¢hanicml§Qiftwhetlkdekitba psiside avallcofha cassetie 3 dapoiielomydaitith taskéypically
comprises a groove or channel 12 formed between raised ribs or teeth 14. The channel walls may be
rounded as 15 dpOVIFINUEIGNEAZET Half® & RRFAIGHICAPSHBIRAS S 96 . b2 | THIfRE Eagdaigmhitkich
perifeter edge ot inside Perimelerdosiaf hecisk st vibinde pranngantisdesisies Muae
movement by the wa Is of the Surrour ing ribs or teeth

diameter by a mandrel or similar mechanism. Two illustrations of disk handling

mechanisms are shown in Figs. 11 and 12. As shown, a disk handling mechanism 10,
whether it be the side wall of a cassette, a mandrel, or a lift tool typically comprises a groove
or channel 12 formed 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 perimeter
edge or inside perimeter edge of the disk sits within the channel and is restricted in
movement by the walls of the surrounding ribs or teeth.
Modification to disk handling mechanisms is needed in order to handle and/or
transport pairs of disks for simultaneous processing. Figs. 13 and 14 illustrate two
20 mechanical ways in which to handle or transport a pair of disks in a gap merge orientation.
These embodiments include a smaller rib or tooth 16 positioned between larger ribs or teeth
14. The smaller profile rib maintains desired spacing between the two disks. The larger
teeth, positioned outside each pair of disks, maintain desired spacing between adjacent pairs
of disks of each pair. The ribs also define grooves or channels 12 for engaging either the
25 outside perimeter edge of the disk or the inside perimeter edge of the disk. The grooves may
be rounded as shown in Fig. 13, or they may be V-shaped (or W-shaped) as shown in Fig.
14.
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Modification to disk handling mechanisms is needed in order to handle and/or transport pairs of disks
for simultaneous processing. Figs. 13 and 14 illustrate two 20 mechanical ways in which to handle or
transport a pair of disks in a gap merge orientation. These embodiments include a smaller rib or tooth
16 positioned between larger ribs or teeth 14. The smaller profile rib maintains desired spacing
between the two disks. The larger teeth, positioned outside each pair of disks, maintaiiTdesireo
spacing between adjacent pairs of disks of each pair. The ribs also define grooves or channels 12 for

engaging either the 23 guisidR RSMEIEHER A6 Elisk At ther insile PeiiRetsr e pfithe fisk The
grooves may be rounded as shown in Fig. 13, or they may be V-shaped (or W-shaped) as shown in
Fig. 14. 28 17 @€IOBER 20060 wppatdss fForandnidling aratrangpdrtisidepairsafscantac dmlerge: on
concentric contact merge disks are shown in Figs. 15 and 16. Because the L-side surfaces of the disks

are in contact,’QUAFGIE ERSImErBINGHEEREPI S folti SEMSERA RS ThIgSG B R o esth 14 HIQNEVER, the
channel width ig, dippgRSIPNGAP SUBRUESYR:AIESs g’{ﬁgﬁr HENARINIedisti e QIBRPESIVE The

channels maybe U-shaped or rounded as shown in Fig. 15, or V-shaped as shown In Fig. 16. For
simultaneouslyrpypressi ehawel diskstat -timpedt os @sndoé aeshamntin iégabite to \Chamgel tikeshown
orientation of disks. In general terms, one method of merging a pair of disks is shown in Figs. 17A,
17B, 18A and 1BBISFitfs. 17A and 17B show two disks being brought 10 closer together to form a disk

pairin gap merge Ofi%fl}?éiﬁﬁhﬁ”ﬂ@oﬁgge plabgill K?fo%ifhfsratl‘g t%'é?'iﬁ?'(fs Pﬁ? IMGISL GA06, At Elé”&ld,e
perimeter edge, engages the sfanted Surfaces 18 of the arge ribs and slide to the position shown in
Fig. 17B. This ciarge pooesadacnagsdiskheispacing hetweendwedisks T iroagssreanibesused to
create a gap merge orientation or to_reduce the space between disks already in a gap merge

orientation. Sinfhar, Bstodirin MBFigs eph 18k 1885 4 phirsk SPACEAMISKS drknheraelmHaha
cofe me e SR L e Rl g e ciape o

completely outside perimeter edge or the inside perimeter edge, engages the slanted surfaces 18 of the

large ribs and slide to the position shown in Fig. 17B. This merge process decreases the

spacing between two disks. This process can be used to create a gap merge orientation or to

reduce the space between disks already in a gap merge orientation. Similarly, as shown in

15 Figs. 18A and 18B, a pair of spaced disks are merged into a contact merge orientation by

interaction between the outside perimeter edge or inside edge of the disk and the side walls

18 of the ribs forming the groove 12. The space between the two disks is completely

eliminated and the pair of disks are in a contact merge orientation.

In the simultaneous processing of two single-sided disks, there are times when the

20 disk pairs must also be demerged. Examples of two mechanisms for demerging pairs of

disks are shown in Figs. 19A and 19B, and 20A and 20B. With reference to Figs. 19A, 19B,

a gap merge pair of disks is demerged utilizing a tool having a smaller raised tooth or rib 16

which interacts with the existing gap between the disks to create a larger space or gap

between the disks. As the L-side surfaces of the disks engage the intervening rib or tooth 16,

25 the disks slide along the outside face 20 of the rib until they are positioned fully within the

channel or groove with a larger space between them. The shape of the ribs or teeth dictate

how far apart the disks can be spaced. Demerging a pair of contact merge disks is slightly

different because the L-side surfaces of the disks are in contact. With reference to Figs. 20A
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eliminated and the pair of disks are in a contact merge orientation. In the simultaneous processing of
two single-sided disks, there are times when the 20 disk pairs must also be demerged. Examples of
two mechanisms for demerging pairs of disks are shown in Figs. 19A and 19B, and 20A and 20B.
With reference to Figs. 19A, 19B, a gap merge pair of disks is demerged utilizing a tool having a
smaller raised tooth or rib 16 which interacts with the existing gap between the disksdcTcrggre@darger
space or gap between the disks. As the L-side surfaces of the disks engage the intervening rib or

tooth 16, 25 the diskpshite AA e AUSIHRiiReS 29«&1%@94@ britbithey, 3 & pestioaethiviy. Wil the
e

channel or groove with a larger space between them. The shape of the ribs or teeth dictate how far
apart the diskslear becbpadededentredgipgranpair efigortact mreage diskidésXlightlyhdifflererdcbeeduse
the L-side surfaces of the disks are in contact. With reference to Figs. 20A 29 17 OCTOBER 2006
and 20B, the dERTEe RSP TREIPE S NGERGRS P4 AU GFeatas PraPe PO h & it ndYE a

chamferred outgige, DEHMEIRI.FIG8C JQATEAIE ADUILE 78 IBMiEdRaIgadR! plcttngh Nk ARmerge

tool between the pair of disks creates a gap between the disk pair. The gap permits other tools, such
as asmandrel, tontionnplete thevdembeghspsoddssdinkd forymabdheniforstega thetweaset tthedisksed e

disks may also be transferred to a cassette configured to position the disks in the desired orientation.
One example diavteretkikiseitihg detiftiqtisatalietutilized is the beginning of the single-sided disk
manufacturing process, TyRiGalli. 8 HSERIQRSSS Sdexturing:, AR oRe axiHIng hrains
with conventional, highR/ p(%l(llﬁﬂeg, two-g? ed su str a{%aé(?gég@lg T%Le gelrezc%?on the su strat%%s%s face
is irrelevant; batihglideidaf s suhsifateidigkmoediie Sapmallfloveves: foodmnididgipuopesesuting:.
relative orientation of the substrate disks is important. Preferably, the substrate disks are arranged in

a cassette in pAlis? ifPAGHH HiE S cBHENtAtbAOTYBHTERe, It a8 Inard Aty Y eoifing b Eotional
casgettes of S“@%‘ér%%cﬂ'&ﬁﬂé‘ts%%%%%%sﬁ%sﬁagte‘%sofééf@é&ﬁ%t%&}?‘éiﬁés'r%f Yﬂéhsh%%t%?é@s% %?i‘ﬁg’ﬂgeefge

orientation. 15 Using conventiona -sided processing cassettes, the substrate swi

spaced 0.25 ingh®s apartewth b sukdirate dipksel) measheiie. Hraacombingd iubssinglaicassette,

noap important. Preferably, the substrate disks are arranged in a cassette in pairs, in a gap merge
orientation. Therefore, it is necessary to combine two conventional cassettes of substrate
disks into a single cassette of substrate disk pairs, with the pairs in gap merge orientation.

15 Using conventional double-sided processing cassettes, the substrate disks will be spaced 0.25
inches apart, with 25 substrate disks in a cassette. Once combined in a single cassette, in gap
merge orientation, the 50 substrate disks will be arranged in 25 pairs, in gap merge
orientation with approximately 0.025 to 0.035 inches between the disks of each pair and one
pair every 0.25 inches along the length of the cassette.

20 The below described apparatus may also be used to merge substrate disks or disks at
other times in the manufacturing process. For example, the substrate disks may be
individually subjected to conventional, double-sided texturing and washing and then merged
into pairs in a gap merge orientation prior to undergoing sputtering.

An apparatus or workstation for simultaneously combining or separating disks is

25 illustrated in Fig. 21. The apparatus consists of a three-axis robot 30 with a vertical arm 32
with a disk carrying mandrel 34. In one embodiment, the mandrel is configured to

accommodate 25 pairs of disks (50 total). However, it should be appreciated that the number

of disks can vary from one pair to as many pairs as are contained in a cassette or disk
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merge orientation, the 50 substrate disks will be arranged in 25 pairs, in gap merge orientation with
approximately 0.025 to 0.035 inches between the disks of each pair and one pair every 0.25 inches
along the length of the cassette. 20 The below described apparatus may also be used to merge
substrate disks or disks at other times in the manufacturing process. For example, the substrate disks
may be individually subjected to conventional, double-sided texturing and washing andnbBERP@Qged
into pairs in a gap merge orientation prior to undergoing sputtering. An apparatus or workstation for

simultaneously cAMAKINGRL SeRAFRHRG fiskSiRuir IUSHAEL G ths2ho e ARRAFUS HOMISHOf 2

three-axis robot 30 with a vertical arm 32 with a disk carrying mandrel 34. In one embodiment, the
mandrel is configigied ttheaccodmiodayealX pairsrof-diskdafSh total)-seivwe\ershivshouldle apprediated
that the number of disks can vary from one pair to as many pairs as are contained in a cassette or

disk 30 17 OCTOBERAUEPEBIHINL R RiahdPersag se Lk dh LIou &b digh, b stolitfin
many of the fignigs hetRin-THISPARIEL AN ASRLS REMALFUIALIRGIGSF1Re5tRN Fashown L Fio.

50, or it may be a two-pfonged V-shape or a three-pronged shape as shown in Figs. 137 or 148,
respectively. THO, appdoatulisilhenidichgdesianodel, Hiter @end4Barfiteiolifter 84, faxcd merder toaliéin40, and
four disk handling stations 42, 44, 46 and 48. Station 44 is a fixed transfer station. The merge process
begins by placing two C5sSEHEEPH BT HOMYER B BEBEH &1 GHISO DT YRIA BRIt ¥RYBs UEand

48 as shown i”o’ﬂ%satogﬁgrt%lﬁ CARRNES A ¢ LAMAI y]{%ii@. 25.%#@&‘3’5%5&{:&@3)?%% Q&ME&)?/‘U{% fow

they are positione s 46 and 48. However, If the cassettes contain partially or fully processed
single-sided diskbstwiediskiqrit dbthedihcasseidestldy 92 isositiveall o sucbha ansed ¢ds3edtesve) And
92 are loaded such that the orientation of the R-side of the disks in each cassette face oppositely of
the disks in thetRthetsseHesetf et r RkHANYI OtHE badueaessesretodasifed diakthednriatof oththe

R-S'SJFS (the active side fg-?e.disk in,cassette 90 at station 46 face t d the front in Fig, 40,.and
tho e side (e SCOLE ey T ont T ol S TR A i A A IR Mg o5
This orientationithegivhast 8@ RakwhgnHeoMRNEkeACAsdisk Pae Wbhaee, theihdiBides the other

cassette. For example, the cassettes are loaded so that the orientation of the R-side (the
active side) of the disks in cassette 90 at station 46 face toward the front in Fig. 40, and the
R-side (the active side) for disks in cassette 92 at station 48 face toward the rear in Fig. 40.
15 This orientation is required so that when combined, each disk pair will have their R-sides
(the active surfaces) facing outward and the L-side (the inactive or nonfunctional side) facing
inwardly of the pair.
With reference to Fig. 41, the robot 30 proceeds to station 48, inserts the mandrel 34
into the center aperture of the disks or substrate disks, engages all disks in the cassette 92 and
20 removes them from the cassette. The robot 30 then loads these disks into the transfer
cassette 82 at station 44 (Fig. 42). Next, the robot 30 will similarly engage the disks and the
cassette 90 at station 46 (Fig. 43) and transport them to a position above the transfer station
44 (Fig. 44). A transfer lifter 84 is positioned beneath the transfer cassette 82 at station 44.
A transfer lifter 84 includes a plurality of lift rods 86 with individual disk saddles 88
25 disposed at the top of each lift rod 86. The number of lift rods and load lifters is equal to
one-half the number of disks in the cassette. More specifically, the individual lift rods 86
and load lifters 88 are positioned beneath every other disk in the transfer cassette 82. The

load lifters extend to a position above the previously loaded disks at station 44 and engage
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(the active surfaces) facing outward and the L-side (the inactive or nonfunctional side) facing inwardly
of the pair. With reference to Fig. 41, the robot 30 proceeds to station 48, inserts the mandrel 34 into
the center aperture of the disks or substrate disks, engages all disks in the cassette 92 and 20
removes them from the cassette. The robot 30 then loads these disks into the transfer cassette 82 at
station 44 (Fig. 42). Next, the robot 30 will similarly engage the disks and the cassetteCI0RtRsIe0ON 46
(Fig. 43) and transport them to a position above the transfer station 44 (Fig. 44). A transfer lifter 84 is

positioned bengathiihe YRpSIALE2RIRUR SR AlstAEANAds AlrapsTerliftal8¢ includas.aaluralitgs lift
rods 86 with individual disk saddles 88 25 disposed at the top of each lift rod 86. The number of lift

rods and load lifterdrid eghalltad drfehalhthe mib dreofrdiskssiththeardssette. Moo shkttific abythtime
individual lift rods 86 and |oad lifters 88 are positioned beneath every other disk in the transfer

cassette 82. THEVRSalMirtrS AN A1 FHBLHiors60e e the hridfistsivIdhle d*disks "% Ratsh ®4dnd
engage 31 17 QCEQRER 2006 dhp disksrisRRNGGH SRMINE Mandielisd(Fids «3dr30)o J AR lisks

are transferred from the mandrel to the load lifter. The robot 30 then retracts the mandrel 34. Thé load
lifters 88 then tbwernthédisksdrito ihstivmasfep cdiskette S8zbatrstatiiskd4yEig.1%). Gcmpardchiafar
conventional cassette 90, 92 where the substrate disks are positioned one every 0.25 inches, 5 the

transfer cassetf@PBtiSAsND CRSKERY StilsStdfe HERCBWEOIBHcHES Prafishesr POALRAE 82 Aow
contains twice U@J&Hmﬁ[ géﬂ@%@ﬁ;ﬂﬁ@& disks positioned in a conventional double-sided disk
0

cassette. The robot 30 moves to the center of the transfer cassette 82. The mandrel 34 is inserted
through the aperture dhallrdisks3and®@rgagatanchtamaves athelitdscd{$sigted62) Titke Iaralbeat 30 inmoves
all of the disks to station 42, and lowers the disks into a cassette 50. (Fig. 47.) The configuration of the

merge cassettdSOrEA e snervatioh It thitriksneassseda B0 ralpbe dddgete)mbiFbe
coed 1 PR DS S MR LR PR T
47.)

The configuration of the merge cassette 50 will influence orientation of the disks in
cassette 50. The merge cassette may be configured to position the substrate disks or disks in
equal spacing, or in pairs having a gap merge orientation or a contact merge orientation. If

15 equal spacing is desired, the merge cassette 50 is configured identical to the transfer cassette
82 and the mandrel 34 makes a simple transfer from the transfer cassette to the merge
cassette. If gap merge orientation is desired, a cassette having side wall ribs such as is
shown in Figs. 17A, 17B is needed. As the disks are lowered into the cassette, Fig. 17A, the
side walls of the ribs force the disks into gap merge orientation, Fig. 17B. Similarly, if

20 contact 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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15 equal spacing is desired, the merge cassette 50 is configured identical to the transfer cassette 82
and the mandrel 34 makes a simple transfer from the transfer cassette to the merge cassette. If gap
merge orientation is desired, a cassette having side wall ribs such as is shown in Figs. 17A, 17B is
needed. As the disks are lowered into the cassette, Fig. 17A, the side walls of the ribs force the disks
into gap merge orientation, Fig. 17B. Similarly, if 20 contact merge orientation is degifed OBErRCASSette
will have side walls configured as shown in Figs. 18A, 18B. The same apparatus and process can be

used for demergingpiis Ahsnaler fidrfndisien hOsRA AL e HARUBRIUINYLIRCERSIGRE RXAMPle

of when separation of disk pairs is needed. Fully processed disks arrive at the demerge work station
in cassettes 50inTéisk2Brdisks Bt heartandedsimpanis giethdedassattenvithaltieaRdsice afepaxtiodibk
facing outwardly of the pair (see Figs. 8, 94. Thus, the position of each disk is reversed compared to
the disk next t§10%he ]c%]‘éﬂﬁv% Wrdcstfefaitthersidk fane dhd sliskediesmiRLAdEatb I dchPat
their orientation; jp.g86h gassette is the same. Repositioning the disks will facilitate 32 17 OCTOBER
2006 subsequent automated handling, such as removing the disks from a cassette and placing them
in disk drives. Becauda the cisksdare sintjtecsided; ififiraritichbitnge thdadatieestatib aribe e Knowtesihacing
a single-sided disk upside down in a disk drive would result in a non- functional drive. 5 In one
embodiment, tHd BaSSariddOfinlishe dsihea el R ERSKY iAfRE ve Ao &g FiRithine FaidBifisks

: Jr—— R Ei 22, > "
In a contact merge OHERIANPN,AS TR !g gﬂds S $HoanRRLE zﬁQggu‘Pn g‘:ﬂkgg s af ANtARLMRI9e

disks is positioned at the load station 40. A er 36 Is locate the cassette. The load
lifter 36 is configutechtelengdgeacand taccarynedatdrd obiteliiairsisl contacti pnerded diskadn tirl
cassette 50. 10 With reference to Figs. 24-26, the load lifter 36 includes a main body portion 52 with a
disk contacting?eeraEdue Thefdikrabittataorjastmseecs Ak inBe a diseSpond with the radius of

the disks. The disk cogtaeting surfagerd f %fé"?]f E'HAGS;RSSHES QLAOYERPho) TGS 38 fatmed
by wedges or ribs 58. As the disks resident in the cassetie 50 are in a 7P
a disk contacting surface 54. The disk contacting surface 54 is curved to correspond with the
radius of the disks. The disk contacting surface 54 further includes a series of grooves or
channels 56 formed by wedges or ribs 58. As the disks resident in the cassette 50 are in a
contact merge orientation, the width of each groove 56 corresponds to approximately the
15 thickness of two disks. Each groove 56 is formed between the sloped sidewalls 60 of
adjacent wedges 58. The sidewalls 60 join at a top ridge 62. The distance between adjacent
ridges 62 is 0.25 inches.
As illustrated in Figs. 24, 27 and 28, a demerge tool is positioned above the load
station 42. The demerge tool has a main body 66 with a disk contacting surface 68 curved to
20 correspond with the radius of the disks. The disk contacting surface 68 also includes a series
of grooves or channels 70 formed by a series of triangular ribs or wedges 72. These wedges
72 are spaced in a predetermined manner to align with the interface 64 between the L-side
surfaces of each pair of contact merged disks and the space 74 between each pair of disks.
As can be appreciated, there are twice as many ribs 72 as ribs 58 because the demerge tool
25 40 places a rib 72 between every disk and the load lifter 36 places a rib 58 between pairs of
disks.
In operation, and as shown in Figs. 23-30, a lift rod 76 lifts the main body portion 52

while the demerge tool 40 remains stationary. As the contact merged disks are brought into
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contact merge orientation, the width of each groove 56 corresponds to approximately the 15 thickness
of two disks. Each groove 56 is formed between the sloped sidewalls 60 of adjacent wedges 58. The
sidewalls 60 join at a top ridge 62. The distance between adjacent ridges 62 is 0.25 inches. As
illustrated in Figs. 24, 27 and 28, a demerge tool is positioned above the load station 42. The
demerge tool has a main body 66 with a disk contacting surface 68 curved to 20 corESpHHR @itk the
radius of the disks. The disk contacting surface 68 also includes a series of grooves or channels 70

formed by a sefiggRf WAV RS ONWPHIER AR JBSEAVEAIGH R 278 RRACAR R Pedgigumined

manner to align with the interface 64 between the L-side surfaces of each pair of contact merged
disks and the space th4 hetvweeadeddehRaidofadisks disk carhbeagpprécieted) shedty afetheizaradenany
ribs 72 as ribs 58 because the demerge tool 25 40 places a rib 72 between every disk and the load

lifter 36 places 'S HH8eB¥IGSe8h HAMREHE ik BEFAENO L a8 ShoWih Big<o$r86 HTtTod 76

lifts the main beqy, hRAON &?tﬁﬁ@}l%ﬁﬁ?eé?’@@é&eJP%é‘QiE%Q‘PJ&%ﬁE@t@?EQgﬁ&H‘§ei§9&ft§’<§i¥ gefed
disks are brought into 33 17 OCTOBER 2006 contact with the wedges 72 of the demerge tool 40, the

wedges 72 forgisttye disks to separate. Since the active side (the R-side) of each disk within a pair
faces outwardly of the pair, there is little chance of damaging the active surface of the disk during the

demerge process. CR¥ettetiOtisitid iserthehsrehgedbrstiokserifa i ik iRy ge fration
of the 5 disks. Ngx{, ?@g@%"‘ﬂﬁ I Fig24ving ﬁ%[%(i)éreg > AV RLP '@&%&ﬁhﬁéﬁ@&%@é %éomﬁ'*éiﬂ?og? ifrer

center aperture on al s while they are main etween the demerge tool 40 and t
36. Due to the Be@diaitioncbdbueanttieasehsksicraaieday tthaldkmnargedan) 42, dgafzenow e8jsigap
between every disk. The mandrel 34 is then raised slightlgéto contact the upper 10 internal edge of the

aperture of eaclBisRIsthRehwsRare esy iy bereiretndredradmibencaizsd iePiuslacenbisidha WeRRE at
'tf]fgé _‘:)r;gnrgév dqilg%‘?maa?\/gg%ﬁﬁ%ﬁ%r\lﬁ%% rﬁagf_a%%{rr]‘cg&’.e YRS ERTRIIn Y LYQLIOWS SL P maY be
in cross-section and have at least one row of ribs 78. The mandrel may alternatively be V-
shaped, have two rows of ribs or may be three-pronged and have three rows of ribs. In one
embodiment, 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 disk 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 leaves the disks suspended from the mandrel. The robot
30 then moves all disk pairs to a 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 from the center aperture of the
20 disks, 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 lift rods raise the load lifters and thereby remove all of the disks in the transfer
cassette having the same orientation, i.e. every other disk. Thus, all of the disks that are
oriented with their R-side facing in the same direction are elevated above the cassette,

25 leaving behind all of the disks with their R-side facing in the opposite direction. (See Fig.
36.)

The robot 30 positions the mandrel 34 in the center aperture of the elevated disks to

engage these disks with the mandrel 34. (See Figs. 33, 36.) Once the disks are loaded on the
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embodiment, 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 disk 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 leaves the disks suspended from the mandrel. The robot 30 then moves all disk pairs
to a position above the transfer station 44 where it lowers the disks into a transfer Ta3SetBEB2(Pég.
32). The transfer cassette is configured to support the disks in an evenly spaced distribution. The

robot 30 retracts ffars the eNMRMIRETWE 8f ik 20 disksJRRYMHORIIRE S SHAPCHRLIR tRe trapster

cassette 82 as seen in Fig. 32. As previously described, a transfer lifter 84 is positioned beneath the
transfer cassettiol R fifo ved B retse thidl eddiftedss kivdsteaecty irgmotierald ofltnediisk suppbrectt ansfer
cassette having the same grientation, i.e. every other disk. Thus, all of the disks that are oriented with

their R-side facitfy HBHEkarhargiteuishiar s Sosieiir alloUdghe PastBaobel ihsg EEHRY 91 BF the
disks with their, B:3ide faging4n 10§ apnosite,d IS {3565 &ifel Porkd il &?&Qt(ﬁ%.p%%i.ti%% BBot

mandrel 34 in the center aperture of the elevated disks to” engage these disks with the mandrel 34.

(See Figs. 33, 36.movwsetlihe disks aratloacetd amdhea@®HidsOGIKO BERC2O06e Wapdsal @k dthettransfer
lifter 84 lowers to a position beneath the transfer cassette 82. The robot 30 moves to station 46 where
a disk cassette! 9EOPAEIOARY. THeRIRKAUSURIHOE § BHAThE T g JcAeosaat i deadkdte 90

(Fig. 37). The r{%b[%%ﬁT 'E‘gr;c’a%’éh%é%ﬂﬁ OGS riﬁt%t,j: %és%e%%ﬁ&ﬂ@@%éﬂlé(fsé{ i ﬁi&i&%ﬁ?pposm'y

oriented disks (Fig. 3 obot 5 30 moves these disks to station 48 an these disks in a
cassette 92 positionedlat tbabalcaiid pl{Eeehed® b e preidedidipairgah contaetininge disksdaire: now
separated and loaded in two separate cassettes, with the disks in each cassette oriented in the same

direction. The rémRNardHd bk dnils stutpEcsited MidkdrUiarclassettd iMfodshisia dbr/sasette

simpified i the,lsks, e, cASSENS, 3e SIS .2l Ihe SiStRI G Gassolie AQ fave

. vE INCIr g g?l’rlgs
their R-side facmg the same direction. Such Is not the orientation when a cassette arrives at the

demerge statiofrgantaining @aiis &f nishedosinglersipge diskmitheweirgledlded disks. However, at
the end of the demerge or separation operation, the disks have been placed in two cassettes
90, 92 with the R-side of every disk in the same cassette facing the same direction. These
disks can more easily be loaded in disk drives without misorienting the disk in the drive.
15 As a further embodiment, the mandrel 100, load lifter 102 and demerge tool 104 may
be configured to manipulate fewer than all the disks in a cassette. As illustrated in Figs. 48-
50, one embodiment of the alternative design is configured to handle one pair of disks at a
time, rather than an entire cassette. With reference to Fig. 48 and with respect to demerging,
the load lifter 102 lifts a pair of contact merge disks from a cassette until the upper perimeter
20 edge of the disks engage the demerge tool. The load lifter has a single channel or groove
106 to hold the disk pair in a contact merge orientation. The demerge tool has two channels
or grooves 108, separated by a wedge 110. The wedge will create an initial separation of the
disks as the load lifter 102 raises the disk pair into contact with the demerge tool. Once a
separation has occurred between the disks, a mandrel 100 will engage the disks at the center
25 aperture 112. The mandrel has two grooves 114 separated by a wedge 116. The wedge will
fit between the separated disks, as shown in Fig. 49, to support the disk pair and allow the

load lifter to return to its position beneath the cassette. The physical spacing created between
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the end of the demerge or separation operation, the disks have been placed in two cassettes 90, 92
with the R-side of every disk in the same cassette facing the same direction. These disks can more
easily be loaded in disk drives without misorienting the disk in the drive. 15 As a further embodiment,
the mandrel 100, load lifter 102 and demerge tool 104 may be configured to manipulate fewer than all
the disks in a cassette. As illustrated in Figs. 48- 50, one embodiment of the altern&tioe dEdigR186
configured to handle one pair of disks at a time, rather than an entire cassette. With reference to Fig.
48 and with respe e i d8MRr Wagee thesl Qag iftet W2ulifts & Raii! soMackmegs ciskmirama gagsette
until the upper perimeter 20 edge of the disks engage the demerge tool. The load lifter has a single
channel or grobealcp06ttd hdle: thendisk [l lalcontastertterdslopientationcd e gersete tool has two
channels or grooves 108, separated by a wedge 110. The wedge will create an injtial separation of

the disks as the load TiffePEERIREBHE itk Patdfitto! L0 Rt Rt 8 ABrGR! oSk SO daepame
separation has gechred\ beivarneifiskeuR RNl angaga ihe.disks ahihe GREIAR,
aperture 112. The mandrel has two grooves 114 separated by a wedge 116. The wedge will fit
betwseen the segatateddidikis an shownrdrélig. B, toasdppartithetdikk paircagid @tov tneg Haagd lifter to
return to its position beneath the cassette. The physical spacing created between 35 17 OCTOBER

2006 the disk<IHYFHHENEIGEPED i’ eiciatHiny $HR BIEIRANSABHHe dAssspicihshetkbrsds Wil be
deposited. The mandre} A0 WILIISRMEVS, G IS BRI A §RESIVIBAARSIAHS B MEIAING. h
purposes, the r??a]i‘nggerl 100 \}v%ilfgengage fwo a jgcent (ﬁfsl:ﬁ%qllr’] et;ﬁ1e same ﬁcf':ag:ssettg Again, the S|to§aceing of
the two groovebezitthicgniethwenge fatiutielie prios dhie sjjadindeshraf thedwomtishs o thdsrardigksThe
mandrel can act like a merging tool and bring two disks closer together, such as into a gap merge
orientation. Thid'sh&eméersutiishEéAthel K5eldnsy Brtrepdigbidtssstge. thcohwefibeditteAtZihen
wofling with Subsiate AN NG ARG BN MANAEIYING PIRERSSLINREACHIGHID,
position the two substrate disks In a gap merge orientation. Therefore, the mandrel vl merge the two
disks into a gam } v orRngewitiefiatinrkandihiar depest thereine wrssetishavingehe same gap merge
orientation. By working with two disks at a time, there is no need to use a transfer cassette.

B. Simultaneous Handling and Transfer Tools for Two Single-Sided Hard Disks

Another aspect of simultaneous disk processing is handling disks in individual pairs
15 or in multiple pairs. A variety of tools for accomplishing this are described herein. In one
embodiment, a transfer tool or lift saddle 120 is provided for transferring a pair of disks in a
gap merge orientation either from or to a cassette or container 122. As shown in Fig. 51, the
lift saddle moves vertically through the bottom and top openings of the cassette between a
first position beneath the cassette to a second position generally at or near the top of the
20 cassette. In its movement between lower to upper positions, the lift saddle engages and lifts
two disks from a cassette and transfers them to a position where the pair of disks are engaged
by other automated processing equipment. The other processing equipment may include a
second transfer tool which moves the pair of disks to another location for processing.
Alternatively, the disks may be processed on the lift saddle at its upper position. The lift

25 saddle is also used to return the pairs of disks to a cassette following processing.
With reference to Figs. 52-56, the lift saddle comprises a main body 124 with a
curved or arcuate disk engaging portion 126. The radius of the curved or arcuate shape is

intended to approximate the radius of the disks. However, if the lift saddle will be used in
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B. Simultaneous Handling and Transfer Tools for Two Single-Sided Hard Disks Another aspect of
simultaneous disk processing is handling disks in individual pairs 15 or in multiple pairs. A variety of
tools for accomplishing this are described herein. In one embodiment, a transfer tool or lift saddle 120
is provided for transferring a pair of disks in a gap merge orientation either from or to a cassette or
container 122. As shown in Fig. 51, the lift saddle moves vertically through the bottorCandERp006
openings of the cassette between a first position beneath the cassette to a second position generally

at or near the tgfbé’&%'%@ A3GASRANE 1R (L RONGREIHREWYGEN JNes I HRBEE PIRLLIONS R Ml $Rddle

engages and lifts two disks from a cassette and transfers them to a position where the pair of disks
are engaged hnfightler agtonmatedipradessintedulpmentomhedilethprnoabsspagseguibtheriskayAnclude
a second transfer tool which maves the pair of disks to another location for processing. Alternatively,

the disks may BErisE8sEed’Sn e 1he SHFHIENSH RS HEI PoditibR. SHETHY 25 Shapfd isTaiss18ed to
return the pair_%%gl%ﬁﬁg%@&ﬁ%&ﬁ? 691'5%@%908(%9%%[”%M@%é@fﬁéﬁﬁﬁa@eﬁ&sﬁég%@'rﬁg‘?iiftis

saddle comprises a main body 124 with a curved or arcuate disk engagding portion 126. The radius of
the surved or apondtednapeistaintérdpdsoiapd xpairmatddiveccadiuspaiitioé didiss. Howewes, dhdheelift
saddle will be used in 36 17 OCTOBER 2006 processes that increase the temperature of the disks,

such as sputteAffPINEddnradrdsignsd ShgRoRy iyemgisintanrhlplding ore didkabtatraihddar:
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W-shaped cross-section comprising two adjacent para es 128. More specifically, a center
ridge or rib 13Gsigebwanb\ Rie deianimaistaimthepraseihe dhspacin e weesn theheain gt disksdhugietwo
channels are provided, each designed for separately engaging and holding one disk of the pair in a
gap merge oriéMigodTAEHettorAlbf ehsrcbheliner! férrAengnydre duesidside w&ﬁll@ztaﬁdtgaﬁ@@ side

wall 134, termin at.an apex 134, as,shown in Figs..52. 54, The,.angle formed by the inside.and
o wale oy a0 A8 R AL AN Rctes O URRREIE QERSE (halier P i ah
accommodate the paiticeabihickness oltbepdiskstasiel astte geRerakydraéch2anif ahaanes iesmed

in the outer perimeter edges of the disks. (See Fig. 52.) If the disks are
chamferred, the angle of the side walls and chamfer preferably match, providing additional
stability in holding the disk during transport operations. In a second embodiment of the lift
saddle, shown in cross-section in Fig. 57, the channels 128 may be formed with a flat bottom
15 surface 138. The width W3 of the flat portion preferably matches the thickness of the disk,
minus the chamferred portions of the disk perimeter edge, if any.

A cutout or hollow portion 140 is provided in one side of the main body 124 of the
lift saddle to accommodate the distal end of a lift rod 142. The lift rod moves the saddle
vertically between its lower and upper positions. A pair of apertures 142 are provided in the

20 main body of the lift saddle to accommodate locking screws or other securement devices to
secure the lift saddle to the lift rod. As best illustrated in Fig. 54, the cutout portion 140
allows the lift rod to fit flush within the main body portion to minimize the width of the lift
saddle. This permits the lift saddle to be utilized with conventional double-sided disk
processing equipment and to move a pair of single-sided disks within spaces originally

25 designed and built to accommodate a single double-sided disk. For example, the width W,
of the saddle illustrated in Fig. 54 is 0.250 inches. The center-to-center distance of the two

channels W, is 0.085 inches and the angle formed between the side walls 132 and 134 is

approximately 30 degrees (Fig. 54). This geometry will accommodate two disks with a
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chamferred, the angle of the side walls and chamfer preferably match, providing additional stability in
holding the disk during transport operations. In a second embodiment of the lift saddle, shown in
cross-section in Fig. 57, the channels 128 may be formed with a flat bottom 15 surface 138. The width
W3 of the flat portion preferably matches the thickness of the disk, minus the chamferred portions of
the disk perimeter edge, if any. A cutout or hollow portion 140 is provided in one sitieGsfiOBEMINCbody
124 of the lift saddle to accommodate the distal end of a lift rod 142. The lift rod moves the saddle

vertically betwegyliIQWen238 HRINEE PRSIBNS: fi RAY 8hapeiiiRsyLACFtIRIQVIdaH.IR G =P main

body of the lift saddle to accommodate locking screws or other securement devices to secure the lift
saddle to the libaoasAshzesl skustrapediimd-igp. BhttiestcOtouh pertiperdid®) allowrs thediftiod toffittush
within the main body portion to minimize the width of the lift saddle. This permits the lift saddle to be

utilized with cofRIEHHBIaPGSEIEKIdBY FRR BrICELS gl ihRiht AWt Rt eHaR BPshidlettided
disks within spages QUAINAIY, Fo deFIOMRI RO PHIE I3 AGComMpdate R ﬁiﬂgﬂeaggy@éﬁﬁé&j@&@i%@f

example, the width Wi of the saddle illustrated in Fig. 54'is 0.250 inches. The center-to-center
distance of the ttwonghaupaessorkhisid. 685ckemesidnd the angle formed between the side walls 132
and 134 is approximately 30 degrees (Fig. 54). This geometry will accommodate two disks with a 37
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sputtering process and may 0 degrees Celsius during the sputtering process. At this
elevated tempeanatute, thechiiskdwitbexpaditlglpeshiapsdaiyhash manghe asusevesisparceiatedifliso Snthesngl
expansion should be accounted for. It should be appreciated that the dimensions of the disk engaging
portions of the AP V4GS e RIREINE ABPITEIACY I8N tHei8iz dh6f dhek FRERIAGONELTH heRiifibNhe lift

saddle may be machingd [ram.a sI0GiR DIgSK of Righ-fempgratyre resiRiant Materal to natonly;
provide greater precision anﬂ accuracy in ?ormlng }tgﬁe glsfeﬁgagln% portions 126 of tﬁe 10 sgaééha but
to allow the lift paddicit@. oparaig probighiie Bpenatuienanyimkendsidusiag dislected to temperatures
that can reach 350 degrees Celsius. One example of a high temperature environment is the
sputtering process where pairs of disks will be removed from a cassette, subjected to
numerous sputtering steps and ultimately returned to a cassette. Machining of the disk
15 contact surfaces, such as inside and outside walls 132, 134 of the two channels 128, allows
the lift saddle to handle both hot or cold disks. Acceptable metals that can withstand these
extreme temperature changes include 304 and 316 stainless steel (full hard). Alternatively,
depending upon the application environment, the disk saddle may be made from plastic. In
high temperature environments, such as up to 350 degrees Celsius, the lift saddle may be
20 made from polyesteresterketone (PEEK). An example of this is sold under the trade names
Ultem or Vespel. For low temperature environments, such as below 40 degrees Celsius, the
lift saddle may still be molded from PEEK. PEEK provides good rigidity and is not
abrasive. However, PEEK is a relatively expensive, high performance plastic. Other
acceptable high performance plastics for low temperature environments include polybutylene
25 terephthalate (PBT) or polyethylene terephthalate (PET). PET offers the best injection
molding characteristics and is the least costly of these three plastics. PET also has the least

favorable abrasion characteristics. Abrasion is an important factor in manufacturing disks.
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processing. During processing of hard memory disks, the disks are subjected to temperatures that
can reach 350 degrees Celsius. One example of a high temperature environment is the sputtering
process where pairs of disks will be removed from a cassette, subjected to numerous sputtering steps
and ultimately returned to a cassette. Machining of the disk 15 contact surfaces, such as inside and
outside walls 132, 134 of the two channels 128, allows the lift saddle to handle bothi G6TOBERMMISKS.
Acceptable metals that can withstand these extreme temperature changes include 304 and 316

stainless steel (full hapd).AltRreaiRi-HEFENHNALPRILIE ARRIEAIRP BVICQNRER Ntk dIS) Saddle

may be made from plastic. In high temperature environments, such as up to 350 degrees Celsius, the
lift saddle may Uelix® thadedisten tpolyeSterdste rketonkniPiE 5K, 14N rexaibrgplehofthibers soldagtdercthe
trade names Ultem or Vespel. For low temperature environments, such as below 40 degrees Celsius,

the lift saddle Mgy BilBeeniBieEs I SrASRE RUME Hh BRHAE GEBIRGRET TS HISE: araivehe
However, PEEKIS & (€I tHElYi X PERsAE v REHY MANGR RIS U P hEr AR Nighantal

performance plastics for low temperature environments include polybutylene 25 terephthalate (PéT) or
polygethylene terejphtidalatepRrid ). tREMTOfdBeth2thest injegtionherdidimgnbealattérisiics amndbt the least
costly of these three plastics. PET also has the least favorable abrasion characteristics. Abrasion is
an important fattBiFAHE AR HAETRIAT thieky e FOERIBER DO oA S8ESH ehibodithB R eesses

transfer tool or | g&%ﬁ?&‘i&??&% SHANBL ﬁg@#ﬁ?&h%’%iﬁ%tﬁ%ﬁ@%ﬂ%tcﬁ Of the first embodiment,

the lift member s ere contacts each ree discrete locations rather than over an

extended perimeter edge.s&tuis tife nasmbentaf phegsicabaprtdtanetiieensihel fpiavendidr &G0 &Eng the
disks is substantiallg 5 reduced compared to the lift saddle 120. As a result, the lift member 150 is

more suitable fBICT8pEterifiagrbiRdr pib s BEdaist bRl stridictdlgde stigaREBICAEN &iskd Such

propsses canprogredin aless phsiugied Manerreiaive 10 iheR-side.of e disks, The gegond lif
member includes a O(IR/ 5 and three single-piece dis endaglng members or blades 154. In the

preferred embegimehindhe tlabraarapadpansithdided © the lifenifhiparsbeeletand s6oneher

capable of adjustment. However, in one alternative
means to allow positioned adjustment of the blade relative to the body. The blade may

include three apertures 158, 160, 162 for this purpose. The center aperture 160 may be
enlarged to permit fine adjustment of the blade’s position. This also permits the three blades

15 to be properly aligned relative to each other to optimally secure the disks. The outer
apertures 158, 162 may be secured to any of a series of securement holes in the lift body (not
shown), whose relative positions are predetermined to accommodate disks of different
diameters. The removeability permits replacement of the blades due to wear or for other
reasons.

20 As shown in Fig. 59, the blades 154 have a disk engaging edge 164 that is generally
W-shaped for engaging, holding and maintaining the desired gap merge orientation of the
pair of disks. As shown in Fig. 60, the edge of the blade is designed with teeth 166, 168, 170
to permit cradling of each disk along the perimeter or outer edge of the disk. As should be
appreciated, the profile of the blade can vary for different purposes, such as maintaining

25 different spacing between the disks or accommodating different thickness of disks. Also, the
profile of the blade edge may be designed to match or maintain spacing imparted to disk
pairs by other equipment. For example, in the sputtering process, pairs of disks may be

transferred from a cassette to a lift member 150 to other processing or transfer equipment
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embodiment, the blades are adjustably attached to the lift member by set screws 156 or other means
to allow positioned adjustment of the blade relative to the body. The blade may include three
apertures 158, 160, 162 for this purpose. The center aperture 160 may be enlarged to permit fine
adjustment of the blade's position. This also permits the three blades 15 to be properly aligned relative
to each other to optimally secure the disks. The outer apertures 158, 162 may be $eOGIEBER a0y of a
series of securement holes in the lift body (not shown), whose relative positions are predetermined to

accommodate Qigks R diffelRAt iaeHaiarss Eﬁﬁdﬁﬁ% t ahilitycRermis reRiacementaf thedirdesdue

to wear or for other reasons. 20 As shown in Fig. 59, the blades 154 have a disk engaging edge 164
that is generallyonldshrapettfobletigragirgphaolaing tredliviaibtadoind the desSicddagapamdegenavientiation of
the pair of disks. As shown in Fig. 60, the edge of the blade is designed with teeth 166, 168, 170 to
permit cradling ‘884 RIETER Y SR PHE Perim st Bl olitss BHyPoIHE A UMb b Ypprstisted,
the profile of thg, blade.caR ¥pfqldifferent purposes, such as maintaining 25 different spacing
between the disks or accommodating different thickness of disks. Also, the profile of the blade edge
maysbe designed to niatcieemibaditaint gpacandyimnparded for disktqpaigs thy etlkr Agshpmeint. Frgr 59,
example, in the sguttering process, pairs of disks may be transferred from a cassette to a lift member

150 to other pric8ELisEorRPANSIBR RN 394 degrearo Bl R S8 58 S dUsE s tHHS UGk BHin@H¥in of
handling equipment Q. the Gagsgiten! U coieX st Waulh-bg.pefsralle Eﬁé‘t&ﬂﬁss%“ilitﬂ% %%‘She

disks be consistent to facilitate transfer among the various pieces of equipment. As a resu
may be transfespadaniitb@irbehiangacnfisipadedgrotheriersiation aikcthéi diskeith i forta@nabdeinTS)the
primarily intended for sputtering, the angle A, shown in Fig. 59, is between approximately 100 and 110

degrees. A wideUiididerch/dsakiditReisdoratfy 2astids et pdhfeEHifN aee birgef182 disk the
‘rj;te?gr?g‘: t‘(’)f It:?\%liié‘lklsﬁscf% hak heagéoé‘%‘i%“&a%’e".‘f%?s i% B0k iénn%%%fe%éﬁ'ﬂ %@l%gﬁi%esgf&a%@egisi‘hé’v ith
g. 58, the outer blades are disposed at an angle B relative to the veftical center line
of the disk, lift member and blades may be made from high temperature resistant material, such as 304 or
316 stainless steel (full hard), in order that it may withstand high temperature environments.
When working with disks having a thickness of about 0.050 inches, the blade is preferably
0.250 inches wide and 0.015 inches thick.

15 A third embodiment of a lift saddle is shown in Figs. 63-66. The gap is not uniform
between the disks D, as is the case with the first and second embodiments. Rather, the
spacing gradually decreases from the one perimeter edge of the opposite perimeter edge
when the two disks D are at an angle relative to each other because the upper perimeter
edges of the disks are in contact and the bottom perimeter edges are spaced apart. An

20 example of this orientation is illustrated in Fig. 62. While it should be appreciated that this
third embodiment may be used with disks of other sizes, shapes, diameter and/or thickness,
for illustrative purposes, the present description addresses disks or substrate disks of one
size, namely, 95-millimeter diameter disks having a 25 millimeter diameter center aperture
10 and a thickness of 0.05 inches. A gap merge pair of disks of this size which are parallel

25 (Fig. 61) will preferably have a spacing or gap W, of approximately 0.025 inches. If the pair
of disks are angled relative to each other, such as when the top edge of the disks are in
contact (Fig. 62), the preferred spacing or gap Y3 at the bottom outside perimeter is

approximately 0.075 inches and the spacing Y at the upper edge of the central aperture 180
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10 which is defined by the center blade 174. In this embodiment, angle B is 55 degrees. The lift
member and blades may be made from high temperature resistant material, such as 304 or 316
stainless steel (full hard), in order that it may withstand high temperature environments. When working
with disks having a thickness of about 0.050 inches, the blade is preferably 0.250 inches wide and
0.015 inches thick. 15 A third embodiment of a lift saddle is shown in Figs. 63-66. TheQBRR1006
uniform between the disks D, as is the case with the first and second embodiments. Rather, the

spacing gradugipileaigasesii a6 oLdimater adas: ofdhe Q%%@e%@ﬁ@fﬁﬁ@ﬁ%gﬁ@ﬁ%&he

two disks D are at an angle relative to each other because the upper perimeter edges of the disks are

in contact and thet ketiontigeridted atgesaagiespaderpparmiiel 20 .6xdepples of ttis griemtatign 20

illustrated in Fig. 62. While it should be appreciated that this third embodiment may be used with disks
A

of other sizes, BAYFEL, Fth skt oKLY tdr 1105855 0e pitEe 8RN &pFES et LR htiSn
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millimeter diameter center aperture 10 and a thickness of 0.05 inches. A gap merge pair of disks of

this size which @ papatiet 3bHeig d6k} wHiopreferatbly fraveagpadinguosgaiivhotappsidéndgelyi0.025
inches. If the pair of disks are angled relative to each other, such as when the top edge of the disks

are in contact PE5Y. 68, itheopratefa Spasiny droasiivenl HabHiuATratisid@pdiisetaradditional
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OCTOBER 2006 oft Isks is approximately 0.025 inches. In this latter gap merge orientation, it is
preferred that eaahfdiskis diljedsat a@m@ariglend afi&pproxiputeiye.rolagickmdireatingcamanglet 20
between both disks of approximately 1.2 degrees. Either gap mergke orientation is sufficientli/i stable to

allow the disk PARSHEbEH Y Kn@ithnspbriad AFRIETRe Sintor BB BlsiHyIBERS BISBOIHMidks.
i honal st B e A e I ot for each dise Moroover, one.
theory of simultaneous single-sided disk manufacture suggests that, if one disk of a pair falls from a
handling mechanism, it is
With reference to Figs. 63-66, a disk handling or transport device maintains disk
pairs in a gap merge orientation where the disks are angled slightly toward each other,
allowing the upper inside edge of the disks to contact. The lift body 182 contacts the outside
15 lower perimeter edges of the disks in three locations. Three disk blades 184, 186 and 188 are
connected to the lift body and engage the perimeter edges of each disk. In this embodiment,
the outer two disk blades 184, 188, shown in Fig. 64, have a different shape than the central
disk blade 186, shown in Fig. 65. These blades are designed to maintain the orientation and
spacing shown in Fig. 62. Thus, as can be appreciated, the shape of the disk contacting edge
20 must be different for the outer blades 184, 188 than the central blade 186 because the disks
are spaced differently at those two locations. It should also be appreciated that the center
blade 186 can have a W-shaped disk contacting edge, like shown in Fig. 64, for the outer
blades 184 and 188.
With reference to Fig. 64, the outer blades 184, 188 have a W-shaped disk contacting
25 edge. They are preferably positioned at 55 degrees from the vertical centerline of the disk (a
in Fig. 63). Three teeth 190, 192, 194 form two adjacent slots 196, 198 in which the outer

perimeter edges of the two disks rest. The distance GCC, represents the distance between

the centerline of the two disks (the gap center-to-center distance: GCC). It is also a measure
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preferred that both disks of the pair fall. Orienting the disks at an angle induces instability in 10 a
second disk should the first disk dislodge and fall. With reference to Figs. 63-66, a disk handling or
transport device maintains disk pairs in a gap merge orientation where the disks are angled slightly
toward each other, allowing the upper inside edge of the disks to contact. The lift body 182 contacts
the outside 15 lower perimeter edges of the disks in three locations. Three disk blade3CI88ER860and
188 are connected to the lift body and engage the perimeter edges of each disk. In this embodiment,

the outer two digkihlaged@4nd@ReRNaWRdnEih S iy e AlfiRiedehRRe dhafthe iGentigt adiok

blade 186, shown in Fig. 65. These blades are designed to maintain the orientation and spacing
shown in Fig. 6Rillimas;raBanagichdiakphetiated Ve ishiapie dithye digkitedtadlinglegiges 20anlighine
different for the outer blades 184, 188 than _the central blade 186 because the disks_are spaced

differently at thG&SanBiib etiBrd OriRessid Ak Helapssraaerdniemd-ciftele datde 186 s #Ebe a

W-shaped disk copfaetipg iﬁciéi%: 5NN 060! %hids fordbQiprien PIRARS 18 AAHiBE NI the
reference to Fig. 64, the outer blades 184, 188 have a W-shaped disk contacting 25 edge. They are

preferably positienddlat ®b ttegiekadsonvflaaditioal centerline of the disk (a in Fig. 63). Three teeth
190, 192, 194 form two adjacent slots 196, 198 in which the outer perimeter edies of the two disks

rest. The distance GCOFBIépffdeRindaHdgiStarne BERIER MO RIS Biaffe Hifbigighkathe kp
center-to-centey; 'Séé‘ﬁ't‘&‘é‘fi]%% e Mﬁd”désoaasligggé‘%%?er‘%%ﬁ é@&Tﬁ%’%&ﬁ%ﬁv&fﬁi‘%&E&%ﬁ% Retween

the centerline of the two slots 196, 198 at this point. With 95 millimeter diameter aving a 0.05
inch thickness andstiliegaati xGidegrads: thetdisiaheme GTeZwiltboH 102inah@s.olike bisianserve
measured from L-side to L-side at this same position, Y2 in Fig. 62, will be 0.060 inches. The

difference is orfBeHAMEHRTRRRNELES OPtrtesiBIGUiSRE PBIIRROYHERIESE tesirae sk voRA PEREFBhCe
to ':1%9- 65, O”Gt%renﬁﬁg"?@m Rlihe Sshiarhiade 480 isf%‘&"%ﬂldTehse%&i?E(ﬁoﬂts%C“%9139969 Deliaes a
single center tooth 6 FII?S tooth serves to separate the two disks, impartin trhe angulilzlir tHPPO each

one. The centefolodthdiZ omibe@ittevnlasesssiMened at the bottom perimeter edge of the two disks

where the separation is the largest. As shown in Fig. 62, the distance Y3 between the L-sides

of the two disks at this point is 0.75 inches. In comparison, the distance GCCs between

centerlines of the two disks, given their 0.05 inch thickness, is 0.125 inches. As shown in

15 Fig. 66, a mandrel can also be used to engage the disk pair. The mandrel 206, sometimes

also referred to as a transfer arm button, serves the purpose of transporting a disk from a first

location to a second location, explained in more detail below. The mandrel comprises an

arm 208 with two grooves 210, 212 at the distal end for engaging the upper inside diameter

edges of the disks formed by the aperture 180 at the center of the disks. A center tooth 214

20 maintains separation of the disks and an outer tooth 216 prevents the outer disk from

dislodging from the arm 208. The orientation of these grooves are similarly designed to

maintain the gap orientation shown in Fig. 62 while permitting engagement of the tilted

disks. As previously noted in connection with Fig. 62, the distance Y; between the L-sides

of each disk at this point is 0.025 inches. The distance GCC;, measured between the

25 centerlines of the disks or between the apexes of the two grooves, is 0.075 inches.
Fig. 67 depicts a transfer system in which a moveable transport arm 218 with a

mandrel or transfer arm button 206 is disposed at its distal end. The transfer system typically

performs at least two tasks. In one scenario, it removes a pair of disks from a cassette at a

42



the same purpose. The outer teeth 190, 194 on the outer blades restrain the disks and prevent 10 the
disks from tilting more than intended. The shoulders 202, 204 also provide some support for the disks.
The center blade is positioned at the bottom perimeter edge of the two disks where the separation is
the largest. As shown in Fig. 62, the distance Y3 between the L-sides of the two disks at this point is
0.75 inches. In comparison, the distance GCC3 between centerlines of the two disSk)¢ivaaRr26i60.05
inch thickness, is 0.125 inches. As shown in 15 Fig. 66, a mandrel can also be used to engage the
disk pair. The maARGsEl AR RPMAUPLRSHAISRN IR iBd (R @h@IBANRIE WP RWttoRk SSIVRS IR BHEA0Se
of transporting a disk from a first location to a second location, explained in more detail below. The
mandrel comprisedifrbatynl 8D 8shdthntinopgaotves 240, Ridndtstiraatistal @rsdlférmeegheingntbecs pper
inside diameter_edges of the disks formed by the aperture 180 at the center of the disks. A center

tooth 214 20 &S SBPaPAHOTFLF Y HERE ENETH VeMOKth D16 BreR RIS HE SRS
dislodging fromfie Qi AR vb¢ ArEAN LGSR ORYES Al S FHEARSaner o AiaR e
gap orientation shown in Fig. 62" while permitting engagement of the tilted disks. As previously noted
in connection vitio BigasR, teaeddistain deeilY ichetwieqritinec] ssities shbeadin Higk et tHisepaintfis Oy02m
inches. The distance GCC1, measured between the 25 centerlines of the disks or between the

apexes of the BTGP RAG7Y ekl RigeenUdpieton trarsidhsgitbintin ittt dabie
transport arm 218 \ith a, MANdrel. QL AEANSIRE AT BHHR0. giéek?o%ﬁ&?%eﬂl %%%u?‘éﬁﬁggfl RedNGHEANSTer
system typically performs at least two tasks. In one scenario, it removes a pair of disks from a
cassette at a 4xily DAiFKIBkt 20060 ficstdocatian Andlitansfersciieitiskprinido Bosesanglaohtan
where the disk pair is transferred to a lift body 182 (shown in phanto% a second scenario, a first

lift member renttd8§4éAHNBK Fatherdie e A8 BEHEARdSE FarIsteMsy S aBvels Ak sdiskg5ReV sdm

the fd'rst lift bod¥ to a & ond li bodé{ {;\t a ecocp(f'l Ioclatttiq)n S n iH.apantom \ llI11 each sclt)aqariol,l the
mahdrel 5 206 é%léla%esﬁt%%agﬁg S at their central 3paerlture(,)s\ﬁch as shovx?reﬂ%efﬁlba. gG‘%ﬁG%S transfer

system then mavestheepsh ofdisks tacsatetdasstipnndeipithe disksiaroftansfaregaio it
member. An example where a transfer of these types occurs is in a sputtering process where
from the lift body back to a cassette.
The gap merge orientation shown in Fig. 62, with a portion of the top perimeter edge
of each disk in contact, is accomplished by the aid of a tilted mounting mechanism, whether
15 it be the mandrel which engages the disks of the center aperture or the blades of the lift
member which engages the disks at three points along the lower perimeter edge of the disks.

The groove or channel designs are such that, when picking up disks, they create a tilt from

vertical at an angle 0:

G/2
where 0 =sin?(~ 1 ),
20 where G is the gap distance measured between the L-side of each disk in a

gap merge pair (and is selected by the disk manufacturer to meet manufacturing
needs, such as machine tolerances) (G is W; in Fig. 5 and Y in Fig. 6),

where X is the distance from the outside edge to the inside edge of the disk,
and

25 where a tilt angle between the two disks in the pair would be 26.
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pairs of disks must be moved among a plurality of processing stations. For example, there are 184
stations in the Intevac NDP 250B sputter system. Each pair of disks is removed 10 from a disk
cassette and transferred to a lift body 182 which sequentially moves between each of the 184
stations. When the processing is complete, the pairs of disks are transferred from the lift body back to
a cassette. The gap merge orientation shown in Fig. 62, with a portion of the top perio&teBERIgenscof
each disk in contact, is accomplished by the aid of a tilted mounting mechanism, whether 15 it be the

mandrel which engagegdhe flisksOhtha Centemaneriyte &1 dae hipdrsaldhsg b5 mamhaevdicherer

engages the disks at three points along the lower perimeter edge of the disks. The groove or channel
designs are sudislthat]thvheaspickimgselpatisksiptlleyaoredteod @I fomches rmichh ali dntlzinkpess:06(030here
0 =sin -1 X1 20 where G is the gap distance measured between the L-side of each disk in a gap

merge pair (and'FeSeR GBI Leerattand 18 e imael iy $R&8ds, such as machine
tolerances) (G is Wi iIfigy, piandpi ehigs &) Whess ShisiaAisiagee i thpouiside rigg.tothe

inside edge of the disk, and 25 where a tilt angle between the two disks in the pair would be 20. 43
17 GCTOBER 2006taphededhtervaiatiskareeshawfeiredigso 62 Gaetrbthdccase bft3bemibimdzr diemeter
disks with a desired or selected gap distance G of 0.025 inches and a disk thickness of 0.050 inches,

0 is approximat®lged Fpapaebodinentaciliafsselenrmalof g dire s orheronyed dapidhshbdack
bottom Pe“meﬁ%@é&&&%P&Q‘&ﬁi‘&%ﬁ?ﬁﬁ‘ﬁ%‘f&ﬁ‘é}, 85}0%%31@@9%151%1%'&&‘%)}‘@.’?% disks g tiansiered

onto the three blades of a liit member 182. The wider gap at the bottom facilitates placement of one
disk in one groaNewlQbmiritie filadeycindrplaeaentahtiie Gthetedibkringthendthergioos A®3. The
wider spread orientation technique allows a margin for error in transfers between the lift member 182
and the mandrel 206. When two disks are placed on the three blades of the lift member 182 by the mandrel
10 206, the center or lower level blade 186, disposed along the vertical centerline of the disks,
should have a wider gap center-to-center distance than the outer blades 184, 188. The best
positioning stability is achieved by adopting blade designs with gap center-to-center
distances that are proportionate to the vertical distances from the top perimeter edge of the
disks to the location of the blade in question. The following formula applies:
15 X1: X2: X3=Y1:Y2: Y3
where X1 is the distance from the disk outside diameter (OD) to inside
diameter (ID)
X2 is the distance from the disk top edge to the outside blade 184 or 186 disk
contacting points
20 X3 is the disk outside diameter
Y1 is the predetermined gap between the two disks
Y2 is the disk gap at the outside blade 184, 188 disk contacting points
Y3 is the disk gap at the center blade 186 disk contacting points
and then
25 GCC (gap center-to-center) distance = Y+t, where t is the disk thickness.

A wider gap center-to-center design for the center blade 186 facilitates keeping the

two disks in contact at the top. A four-point contact (Fig. 62) is more stable during transport
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When two disks are placed on the three blades of the lift member 182 by the mandrel 10 206, the
center or lower level blade 186, disposed along the vertical centerline of the disks, should have a
wider gap center-to-center distance than the outer blades 184, 188. The best positioning stability is
achieved by adopting blade designs with gap center-to-center distances that are proportionate to the
vertical distances from the top perimeter edge of the disks to the location of the bladedmapiRstion. The
following formula applies: 15 XI: X2: X3 = YI: Y2: Y3 where Xl is the distance from the disk outside
diameter (OD) m ' ' ( %( ' istanc he i tsl de
184 or 186 diskégconta%tifr?galsp’)ﬂoteia %él 2% égiesl%tﬁgﬁa%k%gtggigg?gm%%%f%ig%rﬁ%é?gﬁngﬁgpé
between the twidisks 2 dsskiveudiskagllpdat the outside blade 184, 188 disk contacting points Y3 is

the disk gap at the center blade 186 disk contacting points and then 25 GCC (gap .center-to-center)

distance = Y-+, where't's BATERL FkkrIHLSIH Wtk Yo RASHitR 5. (BhtRu8BIBRH B tHe Witer 1ade
186 facilitates ‘ﬁ?&f@f&%ﬁ%a“%ﬂ%&@%@&@&%%&ﬁ%&?é%s@ forropsiiaentagt i 42) Bamstable
during transport 44 17 OCTOBER 2006 compared {o parallel gap merge (Fig. 61) transport where

there are only thiele bontacts éfweaor the diskd anetdhedidadesd. aTtferedimgtes itk ilistkatiod® given

herein are for one embodiment where the predetermined space between the gap merge disks is 0.025
inches, the disRI'GRONES0 HcROY 2 Qe 308 thiIfRtERBNST e HiRrHRG AW polisfaipehsn at

millimeter insid&l&'k%@?tﬁegx@&aiﬁ@e[&%g@fot g@mﬂg&mm& %ﬁéﬁ?‘%ﬂé@&?@#% with.the

two disks touching at the top Is exten er gap merge transport involving wider or narrower
gaps (e.g. .0100t® .40, inchelsysanddodhe disk form faatars. Farexapplaisusingdhensame sizesdisks, the

tilt angle 0 for the case of a predetermining gap merge space Y of .050 inches will change to
10 approximately 1 degree and the upper or outer blades 184, 188 will have gap center-to-center
distances GCC, of approximately .170 inches and a lower or center blade 186 gap center-to-
center distance GCC3 of approximately .20 inches.
An alternative of this third embodiment is shown in Figs. 68-72. The lift member
comprises a main body 222 with three disk engaging blades 224, 226, 228. The outer blades
15 224, 228 , shown in Fig. 69, contact the outer perimeter edge of the disk pair at an angle of
55 degrees from the vertical center line of the disks. The center tooth 230 primarily serves to
force the two disks apart. Outer teeth 232, 234 restrain the disk from falling off the blade.
The outer blades 224, 228 are identical to the outer blades 184 and 188 shown in Figs. 63
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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tilt angle O for the case of a predetermining gap merge space Yi of .050 inches will change to 10
approximately 1 degree and the upper or outer blades 184, 188 will have gap center-to-center
distances GCC2 of approximately .170 inches and a lower or center blade 186 gap center-to- center
distance GCC3 of approximately .20 inches. An alternative of this third embodiment is shown in Figs.
68-72. The lift member comprises a main body 222 with three disk engaging blades QRUORRE2R28.
The outer blades 15 224, 228 , shown in Fig. 69, contact the outer perimeter edge of the disk pair at
an angle of 55 degiges ftpriihe M@%%@Hfg&@ﬁ&%ﬁ‘{%ﬁ%ﬂ e %%%r&pa;gp%ﬁg) Rhmaubrsgrves
to force the two disks apart. Outer teeth 232, 234 restrain the disk from falling oft the blade. The outer
blades 224, 22Boddethdetitkal tdt thetberterlolaslesplB84raed D88lsmapem ihl&dgs.o8 3oamebibdn Thekeenter

blade 226 is different from center blade 186 in the first embodiment, 20 The disk engaging edge

provides two gfBHvEL0REIS 38 AMHSRNPHIIY R it L e 8G0 248 RIS disiniSitsTBiE Witkd Bathe
determined Soagiig, QUi &Aa°SI8h 6 A AhTRITKAIBIL JIRKTHLINI D AKRY e 15 L
bottom portion 246, 248 of each groove or channel is dimensioned to allow engagemént with the outer
edge of the diskhaytle fhenafocetiy dtechadne ths it bhghth? vide mthanpitddbioknegs.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 as3i8¢ iR4RgriiRY HEHRROWiHhRY GaeRERDBnEIAt e BadirdtP it YIPARIIACThree
apertures 250, . Vi t . [ . it adjusting of
the position of elaagcir légéczgr%e g{?\%&%%%ﬁg%ﬁ%%@r e%%%é?%ﬁﬁ%ﬁ@%?%f%?&@%&%%@& lf:)%g}lrmits
each blade to ke pnppeny peditiondd ¢k lativectatiihe athiessienropehyhanshaedupefhepalantive disés. It
further allows replacement of damaged blades or to position disks at different angles. Although not

shown in Figs. 63068 B BaaecasdraBe Mtes Wlurritas ssirlifdnidmidhe s \Ecanshiy Bpldedtidht and

adjustable positioning. Alternatively, t lades,. 5 m permanently attached to the lift body 222
and hot capablh ot B et R O A R b mace from
appropriate materials to be utilized in any process within the overall disk manufacturing processes.

For C. Handling, Transporting and Merging Disks in Gap Merge Orientation Using
Cassettes
15 At various points in the manufacturing process it will be desirable to place pairs of

disks in a gap merge orientation. For example, as previously explained in connection with

merging two cassettes of substrate disks into one cassette of pairs of disks in a gap merge

orientation. Also, in connection with the texturing and washing processes, pairs of disks are

stored and transported in gap merge orientation. In each of these scenarios a cassette can

20 facilitate merging disk pairs into a gap merge orientation, maintaining the desired gap merge
orientation and transporting a plurality of disk pairs in gap merge orientation.

One embodiment of a gap merge cassette 300 is illustrated in Fig. 73. The cassette

has an open top 302 and open bottom 304. The cassette has two end walls 306 with a U-

shaped opening 308 extending from the top edge 310 of the end wall toward the bottom edge

25 312. The side walls 314 comprise an upper portion 316, a lower portion 318 and a base

portion 320. The upper portion 316 is substantially vertical, and the lower portion 318

angles inwardly from the upper side wall portion to the base portion 320. The lower 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 disks (not shown).
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example, if used in a high temperature environment, such as sputtering, they can be made with an
etching process from 304 or 316 stainless steel (full hard). Alternatively, the blades 10 may be
permanently attached to the lift body 182 and not capable of change. C. Handling, Transporting and
Merging Disks in Gap Merge Orientation Using Cassettes 15 At various points in the manufacturing
process it will be desirable to place pairs of disks in a gap merge orientation. For eXaapleBER2006
previously explained in connection with merging two cassettes of substrate disks into one cassette of

pairs of disks in a gapAMerRe PVERIBHORIAER: MHECANGEIRRWERARG texiling QGﬁ'gWﬁéB];%Er side

processes, pairs of disks are stored and transported in gap merge orientation. In each of these
scenarios a cassgttpaanm20 lfadilitaliewnerdirnggliskdpainy éntena gahenesspetorieritatiortontizntaimng the
desired gap merge orientation and transporting a plurality of disk pairs in gap merge orientation. One

embodiment ofP50G5}5 MAarGE easLRhE B iEHI RGPS eSS ette®hds%in Opdit 88502
and open bottop 304 Hie Gasselic 'Pﬁéy%@ﬁ}fii%%ﬁsa{”g@afgm@ HaRheheAREEPRY RORSENRINY

from the top edge 310 of the end wall towar bottom edge 25 312. The side walls 314 comprise an
upper portion 3i6cadadvendgpation 31BnendAa Bage aportiomn320thEhassppe mpertioncdGtissidbstanatially
vertical, and the lower portion 318 angles inwardly from the upper side wall portion to the base portion
320. The lowerPorfigf*agestfidy ba'sifaightResi8 B’Wiﬁgir'?ll@i§§a*?5b§n'66%,t%rai]tlgﬂaﬂ?‘{‘oé%ﬁﬁ?%d“fkﬁl

generally matc(?rﬁl%sd?ﬁrgf%%‘i;%%?g‘gﬁghdk‘%%ﬁ?ﬁ&%?‘Péﬁ‘@ngh%ii‘rg ﬁ?«%%@o'%tio qg@ir%e%‘féiea%%gﬁ{l%éﬂca'

indexing slots or opening sposed along the upper side wa 316 to allow indexing
and movementopfdihercageette mglaiiveio thedvariousgerdeessienachinerytbaadisampiises the fdiséd
manufacturing process. (See Figs. 75, 79, 80.) For example, a cassette may be positioned at a

specific station@RPiRRPalfsieHidved s BTt ssetloreissirkang fiadPRY dokoa ikl the
casgette may he pogiiened usinga e dengialots: STia. teiexingialots oan be ysedto
align the cassette with processing equipment, such as a mandrel for engaging the (flsksga%r%é their
center aperturegcomplished with mechanical or optical feedback.

In addition, rows of slots 324 are disposed along the side walls at the junction of the
upper side wall and lower side wall. These slots allow liquids used in the various processes
to drain and escape from the cassette. For example, in some processes, such as data zone

15 texturing, the entire cassette is submerged under water. The slots 324 allow the water to
enter and escape from the cassette before the cassette is moved to the next work station.

Turning to Figs. 74, 78, 79, 82 and 83, the inside surface 326 of the upper and lower
portions 316, 318 of the side walls 314 comprise at least one row of grooves 328 for
positioning disks in pairs and in gap merge orientation. The grooves may be formed by

20 recessing channels in the side walls or by extending ribs 330 from the side walls, or perhaps
by both. In the first embodiment, designed for pairs of gap merge disks, the ribs 330
alternate between large and small raised ribs 332, 334, respectively. The larger ribs 332 are
disposed between and separate disk pairs. The larger ribs 332 have side walls 336 formed by
two surfaces 338 and 340 joined at an obtuse angle, as best seen in Fig. 83. The side walls

25 336 merge to form a ridge 342. A single small rib 334 is disposed between consecutive large
ribs 332. Like the large ribs, the small ribs also have side walls 344 formed by two surfaces

346, 348 joined at an obtuse angle. Surfaces 346 merge to form a raised ridge 350. The

small ribs maintain the separation between the two disks comprising a disk pair. The
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or other types of equipment used to engage the outer edge of the disks. In the preferred embodiment,
there are 25 indexing slots evenly spaced along the upper portion of each side 10 wall which
correspond to the location of 25 pairs of disks. The indexing may be accomplished with mechanical or
optical feedback. In addition, rows of slots 324 are disposed along the side walls at the junction of the
upper side wall and lower side wall. These slots allow liquids used in the various pr@cEsEeRERG@rAIN
and escape from the cassette. For example, in some processes, such as data zone 15 texturing, the

entire cassette ds,sHmergechUnpiar b hBg Sk SathlavydiRWealaroe 7SRl 4od irars fiqm the

cassette before the cassette is moved to the next work sfation. Turning to Figs. 74, 78, 79, 82 and 83,

the inside surfavesB2&:Erahly uppéBandclmaelpodians3i6sBidnahthes site tvallsr 34 dleoiprisecad least

one row of grooves 328 for positioning disks in pairs and in ggp mer,ge orientation. The grooves may
e

be formed by SEHECESERGRAIARS LI ISt RARRESHR xteridinly S 83 HoRs o W& WA, or
perhaps by botfy, g, fitRke/spofimantrdfrigned i RakRPhAPATRSIdigksiothg PSRl Aligrnate

between large and small raised ribs 332, 334, respectively. The larger ribs 332 are disposed between
and separate disi phirshdhelargertrb¥ 382pbdveisidenwgits 386hto tvechbyattwo duarfac@at338fased 340
joined at an obtuse angle, as best seen in Fig. 83. The side walls 25 336 merge to form a ridge 342. A

single small ribP3Rviqetinyddd BEthre¥rriansdadianve! isryuiifisatdg sceorumpdiia e viskhpler shiski ribs
also have side walls 344 formed by f]ég?aﬁfﬁfﬁ%‘éea? s%l%%tﬁﬁ?ah%?a?doﬁtﬁﬂgo S GRS AU RRE SO

merge to form a raisec} ridge 350. The small ribs maintain the separation between the two disks

comprising a disk@aplishhgodifohih OGd QBER 2080 spagingibatesn @mawHf ardoekdsiditksimay
range between 0.075 and 0.025 inches, and_most preferably is 0.035 inches. In addition, as shown in

Fig. 79, the larde 1958 3a208xiaRersdbdisr wnifa shien fiphsodmyalud! thendrifsiidbyibilsnd 384 As
illustrated in Figs. 82 and 83, the- bt face 352 of each.channel is substantially:flat, Althqugh, it
Hlusgrated in '%%us§ra§@1ﬂqaltg[ﬁ7 4R ﬁ%ler%@%vs noslc?ej‘jsfu SOS3NE P Re 81 é‘%ﬁsyszﬁ ﬁﬁéuzﬁ%‘f :

should be appreciate e channel may be aped, with an apex at the bottom rather than a

flat surface, preydadwheiwidibnotibepéshapestichanpahisvifictaatiieacuampodaie teivwaddnef a
disk.

disks to be partially lowered into the cassette prior to any interaction between the disks and

the ribs 332, 334.
Next, as the disks are lowered further into the cassette, two different tapers formed in
15 the ribs 332, 334 will also facilitate a smooth transition into a gap merge orientation. The
first taper is best illustrated in Fig. 80, where the upper or leading edge of each rib 332 and
334 is tapered to a point at 354 and 356, respectively. Thus, the leading edge 354 of the
large ribs will initially segregate the disks into pairs by positioning two disks between
adjacent large ribs before the disks interact with the small ribs 334. At the same time, the
20 gap between each pair of disks will have narrowed. The narrowing of the gap between the
disks will be further facilitated by the taper formed by the upper side wall surfaces 338 and
lower side wall surfaces 340 of the large ribs 332, best seen in Figs. 81 and 82. In one
embodiment, shown in Fig. 83, the upper side wall surfaces form an angle A; of
approximately 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 A, of approximately 20 degrees
which also facilitates receiving the disks but also assists in limiting disk movement. In the
same embodiment, the gap or distance between two disks of the same pair X, or the width of

a small rib 334, is 0.035 inches. The distance between the R-side of two adjacent disks of
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It is desirable to facilitate a smooth transfer of disks into the cassette 300 and accomplish positioning
the disks in a gap merge orientation. One way to accomplish this is to form various tapers in the
configuration of the side wall 314 and the ribs 332 and 334. As 10 illustrated in Figs. 77 and 78, the
opposed inside surface 326 of the side walls 314 gradually taper inwardly from the open top until the
point where the large ribs 332 start. This allows disks to be partially lowered into the @aB3BER200Or t0
any interaction between the disks and the ribs 332, 334. Next, as the disks are lowered further into the

cassette, two diffgsant BRI SAORetkity LEthe &ibs ﬁ%% Aol pleprfipriliaiea smoe tansitian into
a gap merge orientation. The first taper is best illustrated in Fig. 80, where the upper or leading edge
of each rib 332candr IBAasctapered theadisimicatiBHéecandiBS 6 dgespk ctiveiyjachuos sthilledding 6dge 354
of the large ribs will injtially segregate the disks into pairs %ﬂ{positioning two disks between adjacent

large ribs befor@thesd %I@Q‘?Hl@%&%ﬁ?ﬂﬁ@%ﬁﬁlp g 3an HerHucknrse il dikobghetsaeach
pair of disks will iave nariwed. J RERRRION Mg LhiRe AP AEVRAR . Fijks wilhe Bathatiacitiated

by the taper formed by the upper side wall surfaces 338"and “lower side wall surfaces 340 of the large
ribs 832, best sé6&h indhigs. 8lhandtBR. disloneaerhbodinméininsthomoathBigind3, thre eavgetesiti) wall
surfaces form an angle Ai of approximately 52 degrees which provides a wide opening to facilitate
disk transition. R&BBIRELRNTS E455 48 AhRAIBWE LaRIP &M S 18D form an angle A2 of approximately 20

degrees which also fagilit cejvi [ u IStS Ha dimiti | o) t. e
same embodiment, thé}(;ﬁgé a%ﬁ%%%%ls%%@eg‘gg'ﬁ/vl%@ﬁv%o%%i&%rﬁfﬁy s%%’gﬂégg%fgogetﬁ?ﬁﬁa %ll?tg%small
rib 334, is 0.03tainehes Thoedisiance datudkentberisideal tua atijatenicaick deh i alibiORFOBER
2006 different pairs X2, or the thickness of a large rib 332, is 0.115 inches. The gap center-to- center
distance X3, or'tBevhishuiablse tieets ik fag diofanisiaifadsniraghed Mbdu trnmies aiirasnit Shbitd be

appeciated th%?%ﬁ?dﬁ‘a{@ﬁ'ikﬁibﬁ RICKNGSS ARk R S RI98 10 8498, 38Ra, 'ere‘rﬁgf% m
separation) distance ' may vary etween approximately .(512'81|ﬁc?1es to% %]? inches. 'flf]us, the disks
can be transitionedEsnoQibtiato thethasseih@es0@ aacth of disks can be tracked through the entire
manufacturing process, and even on to the customer. The RFID tag could further include a
read/write memory that would allow it to store confirmation of the completion of each
process step which could be written to the chip by a transmitter associated with each process
15 station. If defects were later discovered, it would also permit tracking down the location of
other batches processed at the same time.

The cassette may be injection molded of suitable plastic, selected based upon the
particular use of the cassette in the overall manufacturing process. One appropriate
technique would be injection molding. High performance plastics, such as polybutylene

20 terephthalate (PBT) could be used as it has acceptable strength and durability characteristics.
Polyethylene terephthalate (PET) has good injection molding techniques, but does not have
as good abrasion characteristics. Alternatively, polyesteresterketone (PEEK) may be used if
the cassette will be used in a high temperature environment, such as sputtering where
temperatures can reach 350 degrees Celsius. Examples of PEEK are sold under the trade

25 names Ultem and Vespel.

A second embodiment of a gap merge cassette, shown in Figs. 85-89, is designed for

use in the sputtering process. It is shorter in height than the embodiment shown in Figs. 73-

84, and is preferably made from metal to accommodate the elevated disk temperatures
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maintained by the cassette as pairs of gap merge disks. The cassette may also include a tubular cavity
358, positioned at one end of the cassette. The cavity is designed to securably receive a radio
frequency identification (RFID) tag which enables the cassette and its contents to be tracked by
automated equipment. (Figs. 10 77, 84) Each RFID tag would contain its own unique identification
number, different from all other cassettes. In this manner, a batch of disks can be traekeoBirough the
entire manufacturing process, and even on to the customer. The RFID tag could further include a

read/write memody;iiativavid AR L0 SR SUHIHDGHAR R G KQNPIEHER AL &RCAPIRCERS SIEP

which could be written to the chip by a transmitter associated with each process 15 station. If defects
were later disceterpel] ionnaddiatshb fpermit tnadkibipdowh tiealo c&tiontofctothdrrdateesgrqoessed at
the same time. The cassette may be injection malded of suitable plastic, selected based upon the

particular use JPEHE BXRESHASERE BT hRRRIEHSARE ProteRis RS e seiio sheid deftitige Would
be injection mo&gmlﬁlgj‘d}%&%ﬁ%ﬂ&&oﬁ'%ﬂ?{éﬁ&HG@u@édpﬁ%btﬂé’ lengi y%eifrBE@Eka erd BilgRuld be

used as it has acceptable strength and durability characteristics. Polyethylene terephthalate (PET)
has good injectiomtnaidifigttedhnigaesrdsutrd ses cetdavatasgoed dhnasiomanaraateristicsatch of
Alternatively, polyesteresterketone (PEEK) may be used if the cassette will be used in a high

temperature erfifSnmERR, SHSFHESRBUABANS VIR 1R HPRINE R BIPRr &S50 deYeRRIeRIE S,
Examples of PEE!&@%&QH’&P@%%QQ‘? E&%?e?si&(fiE.Qmﬁgepéb%%ea&f’c}{ﬁ%&%aﬁo%?Cﬂpo%ggg'a%d%@fﬁ'ﬂggra

gap merge cassette, shown in Figs. 85-89, Is designed for use in the sputtering p
in height than theledebodimantstoswiirniedsigseel 3or84luaiidus preferabdymmada fipminegiadyton high
accommodate the elevated disk temperatures 49 17 OCTOBER 2006 resulggcg(from the hi

temperatures oFIRRCEHite fAY VURES. TH cdidetholiay Hu e terperataen sitior m%léhwégﬂhﬁb?n a
ST ok o R GRESYCHT YA ises o Dol e et menpuige
the sputtering peagrssilydhetbassaiites do not typically exceed 270 degrees Celsius.

The cassette 370 has two side walls 372, two end walls 374, an open top 376 and an
open bottom 378. The end walls have a U-shaped or semi-circular opening 380 to permit
access to the center aperture of the disks. The side walls are curved at 382 to correspond to

15 the curvature of the disks and the inside surface 384 of the side walls are configured with an
alternating pattern of large ribs 386 and small ribs 388. The ribs define a pair of side-by-side
channels 390. As best seen in Fig. 19, the small ribs 388 separate pairs of disks and the large
ribs 386 maintain the gap between the two disks of each pair. The size of the ribs and
dimensions of the gaps can change depending upon the size of the disks and the desired

20 spacing. With disks having a thickness of 0.05 inches, the gap between disks of the same
pair can range between 0.025 inches and 0.07 inches. Preferably, the gap is approximately
0.035 inches. The gap spacing between adjacent pairs may also range between 0.085 and
0.130 inches. The preferred spacing is 0.115 inches. Ideally, each disk pair will occupy a
space no greater than 0.25 inches with a distance of 0.135 inches measured from R-side to R-

25 side for a gap merge pair of disks.

Referring to Figs. 85 and 87, a series of marks or holes 394, precisely aligned, are

machined along the top edge 396 of the side walls 372 of the illustrated cassette to allow

positive positioning of the cassette relative to the processing machinery. Ideally, one
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5 Joints and fastening apertures are sources of contaminants. Contaminants can ruin a batch of disks.
The cassette may also be plated to improve abrasion resistance. An appropriate plating material is
nickel. Abrasion is another source of contamination. Appropriate metals include 304 or 316 stainless
steel or aluminum, which can maintain integrity in high temperature environments and when holding
high temperature disks. Although the 10 temperatures in the sputtering chambers mayCiezRiR 360
degrees Celsius, the disk temperatures in the cassettes do not typically exceed 270 degrees Celsius.

The cassette 3Zl‘§’ﬁﬂﬁr§ﬁ‘("91§fiﬂ%§ﬁal§ fidWa eaf RIS R Apan &F’?Jb R QARG af, eRErRhOHRM
0

378. The end walls have a U-shaped or semi-circular opening 380 to permit access to the center
aperture of theisks .afchposidenadlgjacent uhverhab882¢o durtespdinkistoobpthengLaaditypearafitisldisks
and the inside surface 384 of the side walls are configured with an alternating pattern of large ribs 386

and small ribs S8 PnePHEY dafBcs IR o SIEmY BlePCHAThERS BIYU AN Kbt EuiH g o0 the
small ribs 388 geRaraie Al AhAISkeROGNEIENS (RS RERDANEI MR IFPREMIGERNGINR fSks

of each pair. The size of the ribs and dimensions of the gaps can change depending upon the size of
the disks and thie gesiradi2f) apapment\Wthudieksi iaphicg afhickeess ofifodbdincldestthedambétiveen

disks of the same_pair can ranﬁé between 0.025 inches and 0.07 inches. Preferably, thee%ia}g is
approximately V&SsPHERL. dHe §ap LAy Beteeh Kaibcampaie!maAramatRgt Betlteibb.oss

and 0.130 inchigg, fhe, prefefied SoBrina . 0.445 MehRse I9salh. sachcint paitillageypy 3 space

no greater than 0.25 inches a distance of 0.135 inches measured from to R- 25 side for a
gap merge paimeifctlisks;. Referring to Figs. 85 and 87, a series of marks or holes 394, precisely
aligned, are machined along the top edge 396 of the side walls 372 of the illustrated cassette to allow

positive positioning oftHBIEhSasREeratilR holfiahrdtasdingahaekirdristadalgromer gptipntation
OCTOSER 200 ST 1 SHPEISIE core ghBoRSiAn REEe f
Known optical anel mechanigal sysiemslonayrbethseshiarcpasitioningring rassetistbaretkerbility of
differently configured pieces. Thus, as will be apparent to one skilled in the art, the cassette
can be reconfigured to position disks in different orientations, such as gap merge or other
configuration needed during disk processing. In addition, the length of the cassette can be
15 changed to carry different numbers of disk pairs. In a preferred embodiment, this cassette
would be made from plastic and, therefore, have its use limited by the characteristics of the
plastic employed to make the cassette.
The end walls 402 are generally U-shaped to allow access to the disks and include six
apertures 404 for attachment of the other component pieces. The U-shaped opening 406
20 provides access to the disks. A pair of base wall members 408, shown in Figs. 95, 96, are
attached to the end walls through securement holes 410 in the base wall members and in the
end walls. Screws or other fasteners are used to attach the base wall to the end walls. In
addition, four side wall members 412 are attached between each end wall to provide disk
support surfaces. All four side wall members shown in Figs. 98-100 are identical to each
25 other. A single side wall member is shown in Figs. 92, 93.
The inside surface 414 of the side walls, shown in Figs. 92 and 98-100, include a row

of teeth, alternating between a large size 416 and a smaller size 418. In the preferred

embodiment, and as shown in Fig. 93, each side wall is octagonal in cross-section.
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these alignment marks. They may also be used to index the position of the cassette relative to 5 the
processing equipment as successive pairs of disks are removed and returned, until the entire batch of
disks has been processed. The alignment holes are machined to allow bi- directional alignment of the
cassette relative to the processing equipment and other machinery. A third cassette 400 for holding a
plurality of pairs of disks in gap merge orientation 10 is shown in Figs. 90-100. Theé7cassenErigsosade
from three modular pieces, eight pieces in total. Its modular nature allows for the replacement of worn
pieces or interchangeqhility 9 diffeisnth, confighradapigaes-Thys rs pifiRe Arpareap thage gkilled in
the art, the cassette can be reconfigured to position disks in different orientations, such as gap merge
or other configunation greeded Huinghdisk. prdcessing ldrgadelitiod 2thertesgtivatdheycassettesparrde 15
changed to carry different numbers of disk pairs. In a preferred embodiment, this cassette would be

made from plastRALFHFOMB etore! atide el ihaatep el yar teearsics o f e e RN b ed to
make the C&SS%H%%;EQP g&gﬂ&{a%s@?rﬂéeaﬂgﬁef&'}xeu-598[89%55&"Bwtﬁﬁf?%ﬁﬁg Bgdiskis afdaciude

six apertures 404 for at ment of the othér componerit pieces. The U-shaped opening 406 20
provides accessljoctine tigkstedtipasr @ dageavallTheserpod8nshbwr isideigeal B5{6, argladtached to
the end walls through securement holes 410 in the base wall members and in the end walls. Screws

or other fastenéP&larels st apfatlis thesh a0stinaito aiierit \RaArSommedaitighami site Hraputer
members 412 V}%‘%ﬁ%?e‘%@%%%e&‘ﬁ’%?@& dyalhtq.Rravide ik tﬁ%?&&{&éé&aﬁi?&vﬁ%lﬁwaﬁ{ﬁ.o wall

members shown in Figs. 100 are identical to each 25 other. A single Side wall member is s nin
Figs. 92, 93. Thensisicie audfaceudid af gheaidefvhdslisbowihiith Figse@2sanof@8HOPrdtistunigmaliiaw of
teeth, alternating between a large size 416 and a smaller size 418. In the preferred embodiment, and

as shown in Fige®BIeden drdesarfisoptagioriaein lErbeslddaispprsaiad drrbperimyogiayph the
refggence to .F'gﬁ?ﬁ‘ b?@i%@'&ﬂ%% ViYL %E%ﬁ'r%x%?a'lee &"%férr%ﬁrgﬁg%'r%‘é&}‘8885\%&‘%{819‘6‘? GeRil%e

shown. A pair of large teeth are separated by an interspace
among the disks. Thus, side walls 412 having disk support surfaces that accommodate other

disk orientations may also be utilized.

Merging of disks may be further facilitated by use of a merge nest. A merge nest
works in association with a disk cassette and assists in merging pairs of disks into a desired
15 orientation, such as gap merge orientation. Merge nests are discussed in greater detail

below.

D. Simultaneous Texturing of Two Single-Sided Hard Disks

Turning to Figs. 101A, 101B, a cassette 450 is shown holding multiple pairs of gap

merge disks D. A gap merge orientation is preferred for the disks at the beginning of the

20 texturing process. One embodiment of a lift saddle 452 is utilized to remove and return pairs
of disks from and to the cassette. The lift saddle 452 has an arcuate shaped disk engaging

portion 454 comprising two channels or grooves 456 separated by a raised center ridge or rib

458 (Figs. 102-105). The outer walls 460 of the disk engaging portion 454 support the

outside edge of the disks. The saddle 452 includes two recesses or bores 462 positioned

25 central to its body for receiving and securing push rods 464. The push rods 464 move the lift
saddle 452 between a first position beneath the cassette 450 and a second position extended

through and above the cassette, as seen in Figs. 101A, 101B. As a result, the lift saddle 452

can remove and return pairs of disks from and to the same or a different cassette.
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smaller tooth 424. The side wall of the large teeth have two surfaces, a base portion 426 and an
upper portion 428. The angle formed by the upper portion of the side walls of the 5 adjacent large
teeth is 60 degrees. The base portions of the side walls form a 90 degree angle. The angle of the
base portion is designed to accommodate chamfers in the outer perimeter edges of the disks.
Precision manufacture of these grooves allows maintaining consistent and accuraté @lifjarrR700é the
disks, which is necessary for the precise handling required for single surface processing. It should be

appreciated that the cppligltRYeRAdh& H0HRERL RS SaNLSMRANISA RAGFAIMP AT Hlsent

alignment, orientation or spacing among the disks. Thus, side walls 412 having disk support surfaces
that accommodate ptiverfdisk oreegtadicks mayatsoy behatiizedo Mepgingofaisks tmaydsecfertiéps.
facilitated by use of a merge nest. A merge nest works in association with a disk cassette and assists

in merging pairs’0f WitkEHhto!A HELiHEAT PSRRI Shdhead Ydh Mo R Gichistisn! Mefgetssdts

are discussed iR greaiRide 'cggiﬁgve&?%%}u!taﬁsé?géd@iwn%%MB@&E%%%%W%%&%S
Turning to Figs.101A, 101B, a cassette 450 is shown holding multiple pairs of gap merge disks D. A

gap ferge orientationcimpeefen edttod thezdisks at thneg kedim g reictie R0Hexatnmidipreee ssmine
embodiment of a lift saddle 452 is utilized to remove and return pairs of disks from and to the cassette.

The lift saddle 4555887418 drdbistetapled UiokiBrisagitg o raoHias 4% oA Rerehahhstdh
grooves 456 sepahpted by @{&}?%chﬂt?{%r ‘%@?)3&%1);%?%&4&%{%% 6%%61%%%5?@91“3&“9&\%?'[% 460 9f the
Side e the disks.

disk engaging portion 454 support the ou geo The saddle 452 includes two
recesses or botksA462 positoned 2Zhaecitral (0TS hatySoweteRiing 65)d Ibewiog pishwiddsctGhe The
push rods 464 move the lift saddle 452 between a first position beneath the cassette 450 and a

second positioS&GERdEs [thidvUgR At votthvabisthsaradi danss iperagsn ti i sids1®. cachlidsult,
et e A TR A OB 3 PO
engage a and the angle formed by the walls of the center ridge or rib 458 is approximately 40 degrees.
If the disks include a chamferred outer perimeter edge that matches or closely matches the
angle of the rib and outer walls, the flat portion 466 will have a width less than the thickness
of the disk. The dimensions of the disk engaging portion of the lift saddle can be altered to
15 accommodate disks of different size, diameter and thickness.

In order to process two R-sides (active sides) simultaneously, the non-functional or
non-active sides (L-sides) of the disk pair are merged. For texturing, the disk pair is
preferably positioned in a concentric contact merge orientation. It is preferable when
texturing two disks simultaneously that there be no relative movement or slippage between

20 the two contact merge disks. To enhance the ability of two disks to move in unison, i.e. not
to slip relative to each other, a fluid layer is uniformly deposited between the inactive side
(L-side) of each disk. The fluid layer acts as a binding agent to keep the disks together. This
may be accomplished by submerging the disks in a pool of deionized water. When the lift
saddle removes two disks from the cassette, the water will drain away, leaving the desired
25 water or film layer on the surface of the disks. The layer is preferably between 0.1 and 10
microns thick. Because the disks are polished substrate disks at this point in the
manufacturing process, the relative flatness of the surface will increase stiction between the

two disks.
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first pair of gap merge disks and remove the pair to a position above the cassette (Figs. 101A, 101B).
In the raised position, shown in Fig. 101B, the pair of disks will be engaged by additional processing
equipment, discussed below. In the embodiment shown, primarily 5 used in connection with data zone
texturing, and in connection with a 95 millimeter diameter disks having a thickness of 0.050 inches,
the flat portion 466 of each channel of the lift saddle has a width (Wi in Fig. 105) of 7approRitRately
0.046 inches. The center to center distance between the channels is 0.075 inches (W2 in Fig. 105).

Therefore, the width %ﬂ?réf@féﬁﬁferigqffglﬁl%ol@&%mlﬁaﬁhéﬁ %‘%ﬁﬁ@&?ﬁdﬁ%@ sisnaRetEeR the
(0]

L-side of each disk 10 in a pair. The angle of the side walls 460 for each channel 456 is approximately
40 degrees, aikthes stigld Jorpyetidliftheddddis B, the gantey eidgeat bip 21 bRirslap pioriteately d6p
degrees. If the disks include a chamferred outer perimeter edge that matches or closely matches the

angle of the rib™ 1§88tk wihe s Hat oo RO liMeanied MdiTiesatmart tle (hRaALE 8FRse
disk. The dimeggipns Rf- & iRl GREQUR TR LG T SPARIR.6R WREAEI9Y 1Oy L AGERRMpdate

disks of different size, diameter and thickness. In order to process two R-sides (active sides)
simultaneouslyFigre Hohaiuhtbinat oollnciettivestiged (bsicesy didkepdiskweair dredinksged.ckaoarte
texturing, the disk pair is_preferably positioned in a concentric contact merge orientation. It is
preferable wheh Y ERFG (ABBTSKESHAUIMSHRYy Hiat thaRST8e M rdiskive MoVerRehttippae

between 20 the fwe, GOMAGHLIEII% Aol 2ERANGE DS RNIMET M8 RISKR1Q MAYUE W, LSRR (o8- not
to slip relative to each other, a quiéI] Iayerofls usr?}?‘igrmly élep%s%eléygetween tkbnginactive si egﬁl-g 8) of
each disk. Thetuidbfayerfactsoason Bivw vTglageninieckesp chehdisikssaigitiher2 Tdpiroxiayatay double
accomplished %submeﬂi‘ging the disks in a gool of deionized water. When the lift saddle removes two

disks from the EHskatte dhd selerdivi) driins Bevaleddaifliginits ddSinse 2B=tiadert SramRicTERfensiethk
surface of the disks. The laveyis, preferably between 0.1, and 10 microns thick, ﬁ’eca se the disks are

approximate A 1ccsS CCOINIT) Iree amicer. 1 € oulc CIL111)
polished substrate disks atthis point in the manuPacturlng process, the relative flatness dt the surface

will increase stigienobpeiwaakdhad tiadiskso 28 ghsQhelfABR ZOBGlong their outer perimeter while

the disks are simultaneously supported by the lift saddle 452 in a gap merge orientation. It

should be appreciated that the angle of the rollers can change to complement the angle of the

chamfer in the disk perimeter. As the merge arms 470 move laterally inwardly, the lift

15 saddle 452 retracts. This lateral inward movement of the merge arms 470 moves the rollers

468 laterally inwardly and into engagement with the disks. As a result, the space between

the pair of disks is removed. A flexible or plastic cup 480 is mounted on the housing 472

and applies an outward force F, seen in Fig. 106B, which also facilitates removal of the gap

between the disks and assists in squeezing some of the deionized water out from between the

20 disks. The force applied by the cup is typically no more than ten pounds and further

increases the stiction between the disks. The plastic cup may be used in either data zone

texturing or laser zone texturing. The disks are also drawn together or merged by the

capillary action created as the deionized water drains out from between the disk pair as the

lift saddle 452 removes the disk pair from their submerged position in the cassette 450.

25 Although four rollers are shown, three rollers are sufficient to securely hold and merge the
pair of disks and allow the lift saddle to retract.

Once the rollers 468 have securely grasped the disk pair and the saddle 452 has

retracted, the housing rotates 90 degrees. (Clockwise in Fig. 109.) The disks are now
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With reference to Figs. 106-109, once a pair of gap merge disks are positioned above the cassette 450
by the lift saddle 452, the pair is engaged by a plurality of rollers or grip fingers 418. The rollers 418
are rotatably mounted on merge arms 470. The merge arms 470, in turn, are mounted for lateral
movement on a rotatable housing 472. As illustrated in 5 Figs. 107 and 108, the rollers 468 are shaped
to remove the gap between the disks and create a concentric contact merge orientalisiTOBER 00merge
the disks. More specifically, the channel 474 formed in the rollers has a flat base portion 476 having a

width W3 similay,ig; hat &f HaeHatarion 466 @t the ShagnalA5eil hiaditt saddisidagAapRipxinptely

double thickness of a single disk). The beveled inside walls 478 are oriented at a preferred angle of
10 approximatety9gsdefiaes tdBadddmniddiBid tRA 45ddeipBeichamietyruthe ioutermpetionetath dage of
the disks and function to engage the pair of disks along their outer perimeter while the disks are

simultaneously?SUpp5HeEHy (RLhareLdae sushics PiinetsEBRen a8l ¥ ekodRfbdispprE Led
that the angle %E%ﬁ%%&ﬁ%&%ﬂg@d%?qm%mn%%a%g'%@ Jgﬁd@%@ﬁﬂp 18 flisk.pgripeter.

As the merge arms 470 move laterally inwardly, the lift 15 saddle 452 retracts. This lateral inward
movement of thepaetgdcarohs 483 movastiieat ole ks d4da Igierditysinivaitily dhed intzettfagehdstavith
the disks. As a result, the space between the pair of disks is removed. A flexible or plastic cup 480 is
mounted on théRSENhEAR 2T ankd 4 5plis8 S B Hirek! e cagrsr i Fig TR S damitl) AR dditates

removal of the gap hetwesn e dgks, A0 ASHSES IPRAUSEZIDERMEShIRE ASIRNEEdRIG PYldrom
between the 20 gisckss%egforce appligdr%))(/: the1 cUp?s ty’picaghlg no moreéhang?e%n pounéls an(ﬁifurther
increases the stigiianibetwedn dheagiskise Tdieeplditic cUmenayimieuaediibithis? datatzonacteddsring or
laser zone texturing. The disks are also drawn together or merged by the czigllary action created as

the deionized WRREHHPAIHE S TP Isetie ehthd thsk! hetr A8 A 2l YBRRIE U vRAfs e thie st pair
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sufficient to secu and merge the pair of san e lift saddle to retract. Once the

rollers 468 havehseruiri¢gsaspeddhe: disk paieanddhersadidiadddZonage (etnaatetheingdaasiog tietates

90 degrees. (Clockwise in Fig. 109.) The disks are now 54
disks. When the cam shaft 494 is retracted, the cam member 496 interacts with inside of the

collet 484 to expand the collet 484, causing the teeth 488 to engage the internal edge 490 of
the central aperture 492 of both disks. Alternatively, as shown in Figs. 110A, 110B and
15 111A, some of the teeth 448 may extend through the central aperture 492 of both disks and
engage the outer surface 498 of the outer disk to further facilitate securement of the disk pair
and prevent disk to disk slippage. Once the spindle shaft 486 is secured to the disks, the grip
fingers or rollers 468 release and the disk pair is fully supported by the spindle shaft 486 in
concentric contact merge orientation. In the preferred embodiment, a flexible cup 480 is also
20 utilized as a counterbalance to the spindle assembly 482. The cup 480 is positioned on the
housing 472 opposite the spindle assembly 482. The cup 480 is hollow to allow the spindle
assembly 482 to expand through the central aperture 492 of the disks. The cup 480 provides
a surface which pushes against the disks to counterbalance engagement of the disks by the
spindle. The cooperation of all elements creates a concentric contact merge pair of disks
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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17 OCTOBER 2006 positioned to be engaged by a spindle assembly 482. The spindle assembly 482,
illustrated in Figs. 110A, 110B, 111A, 111B, 112A and 112B, is primarily used in connection with data
zone texturing, although any suitable spindle assembly would work, and this spindle assembly could
also be used for laser zone texturing. The spindle assembly 482 includes an 5 expandable collet 488
positioned at the end of a spindle shaft 486. The collet 484 includes a series of teethooTajar26e¢ 438
alternately offset to engage the internal edge 490 formed by the central aperture 492 of each disk.

Thus, every othgh QI GNIA9EEROSHHak-and [0S iFEpARN B FogRIathg AhE MRk (khgipindle

assembly 482 further includes a longitudinally extendable cam shaft 494 with a camming member 496
disposed on thes disteded0aanabofsime sipafod Sabrio, mpehtiom, Witk tigpodnrahefttiddodxteridod dde
shown in Fig. I | IA, . the diameter of the collet 484 is less than the diameter of the central aperture 492

of the disks. WIRER i B SHAR 4G 8 Hetr Stitaerth B HEnIH LA 8B T ARXS WitR kit St the
collet 484 to e’%ﬁgg s GoltehA84 GAMI0g 5?&1}%%%%%11&%%9?1&2 %tﬁggﬂkﬁqg‘?h‘égﬁb‘?fc e

central aperture 492 of both disks. Alternatively, as shown in Figs. 110A, 110E and 15 111A, some of
the teeth 448 maytegetickthroughitheheatitial dpertilrerd @2rofibo it disks! padiehgege thetotitertserface
498 of the outer disk to further facilitate securement of the disk pair and prevent disk to disk slippage.

Once the spindkSSEH%8% XEQEMBINRIISRSTIHEGRT Ry S of FBIRKSAeBHEBe APt disk
pair s fully Supﬁoéﬂ?gfﬁ’k’emﬁrﬁ% ’,]gf!befés@aféaéﬁﬁoﬁy%o{bﬁfe%@oﬁ%t Pésgéﬁrg%ﬁ{é?ﬁ%%%ll”o‘ihg pigferred
flexible 80is a mbl

embodiment, a flexible cup 4 so 20 utilized as a counterbalance to the spindle assembly 482.
The cup 480 isspefaitionat apptbeinhnelsiad 8 paundposiferthevifiindie posdnilye4dly Jhiasatp gi30us
hollow to allow the spindle assembly 482 to expand through the central aperture 492 of the disks. The

cup 480 provideisks A APRERSRHIDP USRI BGAHEN R H Bk cdhifterbiamfeeEryHgetn8BEtRE

disks by the spindle, .The cooperationof .all elements creates a concentric contact merge pair of disks
o5 B corely affiad o5 e b A s B ER FSLas AR e B IG PR
assembly 482, ihedqllotbe4 68T isangap prasdmonalanaykinnm readigksy Tedppusiogiéich tbethe

rotates back to its original position. Four texturing rollers 500 are then positioned as shown in Figs.
112A and 112gexturing rollers further increases stiction between the disks.
A demerge tool 502 is used to unload the pair of textured disks from the spindle
assembly 482. The demerge tool 502 is illustrated in Figs. 109 and 113-118. The demerge
15 tool includes a pair of demerge saddles 504 that are mounted on the housing 472 such that
they can move laterally relative to the housing to engage opposite outer perimeter edges of
the disks. As best seen in Figs. 115 and 118, the demerge saddles 504 include a curved
portion 506. The curved portion 506 includes a pair of parallel channels or grooves 508 with
a ridge or wedge 510 separating the two channels. Similar to the lift saddle 462, the
20 channels 508 are curved to follow the radius of the disk pair. The channels 508 may have a
V-shape in cross-section, or, as shown in Fig. 118, the demerge saddle channels 508 may
have a flat bottom portion. The walls 512 of the channels 508 are angled to match the angle
of the chamfer of the outer perimeter edge of the disks. Thus, if the disks have a 45-degree
chamfer, the side walls 512 will be formed at about 90 degrees.
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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5517 OCTOBER 2006 two on each side of the spindle and two in contact with each disk. If fixed
abrasive texturing is utilized, an abrasive tape or fabric, not shown, is wrapped around the rollers 500.
The abrasive tape contains fine grit or diamond particulate. If free abrasive texturing is utilized, a
rough woven fabric is wrapped around each roller and a slurry is applied to the fabric and 5 rotating
disks to texture the disks. The slurry contains diamond particulates to texturize the 1 TERIOBHERCE,
coolant to maintain lower temperatures and a deionized water base solution. In either texturing

process, each gf e JollgrsaP0ig;ReSHEhAaanst R PAEoR.Sf &vaisknRUHECE NS RRRERKIMaIEh 2. 75

pounds of force while the spindle assembly spins the pair of disks at approximately 1,000 revolutions
per minute. Thisfdction textisesthmdatacz Grees 0 tidh th enkrsisial diie acthdigicsQptinppire desdainsighs
achieved if the two disks do not slip relative to each other. The inward pressure on the disk pair

created by the SSpoSBiESicHGr teP YRy roiss ratthagmrie fediskibidhcoiien e dmis. A

demerge tool 502.i3 4sek tQ;uklogh taGPRIr AE teHIed AiRkSIroim dhe SRindle; ASSEIPRIX 488, e
demerge tool 502 is illustrated in Figs. 109 and 113-118. The demerge 15 tool includes a pair of

demerge saddlestsMnihat dre daokniedaddlthe busingdgiéuchipiat ipey gaproxovadhtdfapypunalative
to the housing to engage opposite outer perimeter edges of the disks. As best seen in Figs. 115 and

118, the demerJele4dateIsmaratcilia et EdTdh B8 Priertsh/ed o iEsh K665 i I TURIEZ Hair of
llel ch ithy: & rid ing.t imilar t
e e sace S5 HLSERETE MUy SR ARAOS A SoRei IO i MRS SRR

the lift saddle 462, the 20 channels 508 are curved to fo
508 may have deneshap®linginss-seatien perimashalyn ot fig. didl, thEhdemarge: saddgoehannals 508
may have a flat bottom portion. The walls 512 of the channels 508 are angled to match the angle of

the chamfer of SRt hErRARterEdE ot ttie IS Thad o tHie dRiRGIRAE BRI d84vedicrrsneer, the
S'df]owa”s 512 %Pogﬁéloé?er%e?%gg&% 39 Qeﬁgeeg‘?sq%% ﬁ%v@%d'}h%'aE e%?h?gfg‘@gfo i§%§ R3Y. & fungtion

of the demerge sa emerge isk pair and’reposition air from a concentric
contact merge defiRiiatinddr 3@ppupiRge wEeniRtinm: Atsoringlihdleavesidey 2 ahutgitbesgreave

514
(Fig. 114A).
With the disk pair securely engaged by the demerge tool 502, the housing 472 rotates
to position the demerge tool 502 above the cassette as shown in Figs. 119A and 119B. The
15 lift saddle 452 raises and engages the lower perimeter edge of the disk pair. The gap merge
spacing of the channels 456 of the lift saddle 452 correspond to the gap merge spacing of the
channels 508 of the demerge saddles 504 as shown in Fig. 118. When the disk pair is re-
engaged by the lift saddle 452 (Figs. 119A, 119B, 120), the demerge saddles 508 disengage.
The lift saddle 452 lowers the disk pair and seats them in the cassette 450. The cassette 450
20 then indexes to a new position and the lift saddle 452 engages and removes a new pair of
disks from the cassette 450. The preferred sequence has one pair of disks engaged on the
spindle assembly 482 and being textured while a second pair that has just completed
texturing is returned to the cassette and a new, untextured pair is loaded between the rollers
488.
25 As previously stated, the present invention can also be utilized for laser zone

texturing the R-side surfaces of the disks. With laser zone texturing, the disk surfaces are not

mechanically contacted. As a result, there is even less stiction between the disks. Therefore,
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formed by the chamfers of the abutting L-side disk surfaces (Fig. 114B). To successfully 56 17
OCTOBER 2006 demerge the pair of disks, the demerge tool 502 must overcome the stiction
between the pair of disks. In this circumstance, the stiction is increased due to the pressure applied
against the disk surfaces, such as by the tape rollers 500 against the disks, due to the water layer
between the disks and due to the relative flatness of the L-side disk surfaces. In thig b@&@rberlirpEnt,
the demerge saddles 504 are designed to apply up to approximately 10 pounds of force to demerge

the disk pair, alioggheliols IR AP MSEIRSSIRLCE: FRTIAVNEE: PRENIALIBMAI I Le HigkR) The

amount of force needed can be reduced by applying the demerge tool against a larger perimeter edge
of the disks. Theddermengectoute5iRdssalso designed to support the disk pair in order to allow the

spindle assembly 482 to disengage 10 before the demerge force is applied. The lower, inwardly .
extending portion 516 R A B IBREEARIE B0 EpTEHEHAb IR S RS HE TS astBinbly

482 has disengggeq, (migoIL&Mb N E@“p‘l@ﬁlﬂﬁi{% &%i%ﬁ@&%?%ﬁ‘%%@{mﬁ'ﬂg YNGR t%éi% ihe

housing 472 rotates to position thé demerge fool 502 above the cassette as shown in Figs. A and
119B. The 15 liftddditle B5@sediseshandlmpghsjesatheHeweripe imgte madgaobtig giskesair IT haagap
merge spacing of the channels 456 of the lift saddle 452 correspond to the gap merge spacing of the
channels 508 e tEHiBIY e SAHAE SHBORASSHITA FIgRLLe: .mﬁéh%laiéj%%ﬂfﬂ?wéﬁ EY8d by

the It saddle 452,(Figs: 149/ 11984201 UIP SO 95 FRYEIeS, 08 gisengace , Tedifisaiines?

lowers the disk pair and seats them in the cassette 450. The cassette 450 20 then In s to a new
position and theilik sagdimdTdergadss anohperadvesthentil paddief itisks o nnte casseneaddOisThe
preferred sequence has one pair of disks engaged on the spindle assembly 482 and being textured
while a secondpﬁlaﬂafﬂéiﬂﬂ@g%étfebméﬁe@tﬁemﬁﬁ@xg%ﬂjﬂﬁ%@%éeﬁhelewﬁéaana%ehéw}ls 460

unigytured pair s oaded st e el 188, 20 A% ey LRIl e AlsseRtpveptioncan
also be utilized for laser zohe texturing t e'ig-& e surfaces o#%he ?IS S. WtﬁuﬁZer zone teQPurlng, the
disk surfaces agrlé@talls form a 40-degree angle, the lower surfaces of 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. The
25 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

58



mechanically contacted. As a result, there is even less stiction between the disks. Therefore, 57 17
OCTOBER 2006 the demerge tool 502 may be configured differently for a laser zone texture process
than for a data zone texture process. Figs. 121-128 illustrate a second embodiment of a disk handling
assembly 518. This disk handling assembly is primarily designed for laser zone texturing operations,
although it 5 could also be used for handling disks at other points in the manufacturiog WeERS804N
laser zone texturing, a pair of gap merge disks are engaged by a lift saddle 452 and removed from a

cassette. The Ifft, 5add!¢S PRVE I E19 WHRBHR s SRt difeiaapre-WithESRRCs 0 g disk.angaging

portion 454 compared to the lift saddle illustrated in Fig. 105A and is primarily intended for use in data
zone texturing provebdes. handérticulechauter walle60 piorrshedelmksuppbe Surfauesdiobavdiad: ahower
surface 460b. The upper surfaces of the opposed_side walls form a 40-degree angle, the lower

surfaces of the BPPBYEY MRSt cerfrandisgienere hiasale Beubed YR ittrace

460a and loweRuHace 460D AGEW ﬁq@ﬁ%&%@sﬁ%‘&%&@?@ﬁ% Qe iRt pATHGR AEGwhich prms the base

of the channels 456 (H1 in Fig. 105B). The width of each channel WI is 0.046 inches for disks having

a thickness of 15 0.05lhinchkebanibhie heigldtdHDwf ghe cdhierildgetda8lis Adakihchesms R &viblipsof the

center ridge W3 is 0.045 inches. The disk handling apIoaratus 518 of Figs. 121-128 can be used to
engage and rerirdve Zdisk$¥rb-& iHSaa1® 25 "ichasaHy M if FigladsBldan be aleting digage

and remove digks frama Jift5addi6, 43 Q ARMDGizks 10 AN FRIGIE40,308 1R RIMBY A
intended 20 for usee Ei(r??gser z%%% textur?%g. e&c%si h%éﬁing z%ée%%ﬂ/ 518 inc?l%les twgnsep'ara%e but
identical disk hstalingteachansishal@ pasitionashatio@ositpandd ofyaarotatedleplateB522. Ehbius,
the disk handling assembly 518 can simultaneously handle two different pairs of disks. The rotatable

plate 522 has & 'HU8¢IpkAt5Ha RIEOBEARSH IR afihry ghecprirchantid o wHralighbs Yathuesgrde
relgr oS g S e eI
be engaged byimfirsidliskanasgdtingdMeehanisps$3Pthe wedge 552 correspond to the angles of the outer
perimeter edge chamfer of the disks. As shown in Fig. 122, the rollers 546 are designed to
maintain gap merge orientation of the disks.
Figs. 121 and 123 show a disk handling mechanism 520 engaging a pair of disks,
15 such as following disengagement of the pair by a lift saddle 452. In this context, the plate
522 will rotate the disk handling mechanism to the second or processing location for
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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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 58 17
OCTOBER 2006 position for processing. When the processing is completed, the plate 522 rotates
and the second disk handling mechanism returns the processed disks to the first position where the
disk pair is loaded on the lift saddle 452 and returned to a cassette and the first disk lbanoEg 2006
mechanism 450 moves the unprocessed disks to the second position for processing. 5 The
mechanism includesiguiIam Jolielsp28 rotataily MAHNSHan apR RS EEFout Sloukds: 2Rste )
The arms 528 move laterally on a rotatable plate 512, allowing the rollers 526 to engage and
disengage the digkighly Ahgaproibers 26 lisdshwnge ihd-ihsks2 8inA®nshsivhe theeolersbiitondsavpair of
channels 550 separated by a control wedge 552. Each channel has a flat bottomfﬁortion 554,

although each Barfst Ldlifdesb 8 B RHERapEa'Hh To'es Sl soaidf etBagoNeEith e s 1alldrs
described herely (b AnoigdoRed by eulnErcside iR EPR AN IRmAIRoERH bR eS0T 52
correspond to the anglés of the outer perimeter edge chamfer of the disks. As'shown in Fig. 122, the
rolless 546 are degigpedda araiptaindgagmaergmarieniatldavofafetdiskse Fegdil § dparatk 1R3 showta
disk handling mechanism 520 engaging a pair of disks, 15 such as following disengagement of the
pair by a lift salRfie?4B3n this context, the plate 522 will rotate the disk handling mechanism to the
second or processinggocatiap o, Rreserialian of 1 dalypal JeR,Pigle assemiliBR s shown in
Fig. 127, the disk assembly will engage the pair and position the disk pair for engagement by a
spindle assembly 48Afopsubsequentanrddassingl ZPhesisknitaditiog: e daniparH201aiilkcliseigage
20 the disk pair, as shown in Figs. 125, 126. As shown in Fig. 124, such processing may include laser
zone texturing PREFDAHERSDraViG? 8?‘15%&“88&1@1]505%?’1@64ééérétﬁ@‘?féli‘rﬁafi&@éﬁsz%ﬁe%ﬁﬁh‘ﬂﬁé ®n the

R-side surface gf each disk.,Fallowing processing,. the disk ling mechanism 520 will re-engage
tho Hiok par (R o 55 R BIRTESS e SRS S S S HSSRIEZ

127, the grip rolless pasvafl Abkp asibioretheves ehvas adthawenia P aieeissel rpair 1of cendach20

merged disks. The arms 528
is positioned below each cassette and is affixed to a lifter rod 622. Each shaft 622 moves the

lift saddle 620 vertically between a lower position, beneath the cassettes, and an upper
position, above the cassettes and within a scrubbing zone where the disk pairs are subjected
15 to scrubbing and washing. The individual shafts 622 may be interconnected, such as by plate
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

60



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 59 17 OCTOBER 2006 assembly
to fully disengage. In this embodiment, approximately four pounds of force applied by the gap rollers
will demerge the disks. In contrast, because the stiction between the contact mergeddigkBpairigs
greater in the data zone texturing context, the demerge tools 502 engage the disks over a much

greater perimetge IGAGIRNAD 6 g IRMEPIEE RAS 630 &R IR ERRIAR! o B REAVIISH GGy

mechanical leverage to more readily separate the contact merge pair. E. Simultaneous Scrubbing and
Washing of TwoeSinigtedSidedutbbd Diska Ay pastiallpilklsiratelstinrt-ig. 129, one embodiment of the
apparatus for scrubbing and washiné;grovides four stations 610, 612, 614, 616 at which cassettes

618 containing a 10 pitFaRs Yrdekd B 4 dodiiBRdit W&lﬁggge‘ff@épéif?ﬁd@élﬁrﬁ’?ﬂi'eﬁof&‘ﬁ%ﬁ%‘lopen
bottom to allow,palfs p{Hlisks Fo8 reMAVEHHARANHRIBRC 1Q 408 RS RUIGERI AT b5 A dle; 620

is positioned below each cassette and is affixed to a lifter rod 622. Edch shaft 622 moves the lift
saddle 620 vertitaly hi¢tvsediicaddes pesiiian abdnéad22he Tasddttasddndoan uppemqiodition didiove
the cassettes and within a scrubbing zone where the disk pairs are subjected 15 to scrubbing and

washing. The iRBFRAAIATENBALIED O fay Bishnterasindbte oL REIB Hlatdee 2, t99atifikste dhform
o : o : . : : . g
movement o e%%%%g@ﬁ&lgﬁ%%s ﬂ?cﬁ‘aﬂg’g?o%w&Fgﬁoo%%ﬁlé%béﬂgnﬁgﬂ%%(?%’é‘p*a?a&%%g(' ?Eglr?eran

uniform efficient t achieved. A complementary set of demerge saddles 626, affixe

demerge shaftsddaBoarecdiertdallylaligiaatbwitheaoshposiithed aboye Ahe fifigrisaddiesudspestgh
illustrated in Fig. 130. 20 The demerge saddles 626 and demerge shafts 628 move vertically between
a first position &FfIHSIEbABCRBIGEIORh NTHACH Mitbrdd S iRifPETBIN &7 SR erdcrhiara sriBtaklbobyldiplate

or pyacket 630g; faclitale ufpryMAvVRMEnL: £ sl ateb A e e Tl AT S A
Interconnector p?ate g3 IS attached to a servo actuator gg whnic moP/gs he gemerge sadndﬁe 856
and demerge shwfts A3&hetogaes the: firgvand secand pasitienduid thowegh Rt ehR0V4BIN Alternative
fluids include air or nitrogen.
The grooves or channels 640 in the disk engagement portion 638 of the lift saddle
620 are designed to maintain a pair of disks in gap merge orientation. Each channel 640 is
15 formed by the inside surface 648 of the saddle 620 side wall and by the side wall 650 of the
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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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 60 17 OCTOBER 2006
the lifter saddle 620 and demerge saddle 626, such as pneumatic or hydraulic systems, may be
utilized as would be known by persons of skill in the art. Turning to Figs. 131 and 132)GeHiRsaetdle
620 comprises a main body portion 634 attached to a shaft 622. In the preferred embodiment, a cavity

636 is formed ighe,bedy HatiiP 8 HaglHt-Sadle BSONE-IRRAINESR ShRRLE oAl it SRdAIGSedhalso

includes a disk engagement portion 638 which engages the bottom perimeter edge of two disks. The
engagement pdittiorn&38dn 6llitles tlxo posuechetonvesaies ennetd BdOs epasatehby b denteretooth or
wedge 642. In addition, the center tooth or wedge 642 may include multiple high pressure

jet
openings or no?1@8EA A THSSROPSHMGE Al ByrnBedit (84 InanTtaIirbR miRieterd aien) @é‘feﬁw 646
which delivers geiopizad WAl @UORN FRRTARIAIE Auidsr e n0RE IR S A dipidowge (not

shown) is attached to the fluid delivery system 646. Alternative fluids include air or nitrogen. The
groaves or channels &4 ienthedilisin eofdgeta@ntgeoriihiic® 33 @fsthestifiesadal [Bigs23aranddSigndithdo
maintain a pair of disks in gap merge orientation. Each channel 640 is 15 formed by the inside surface
648 of the saddie"ssersklT AP QA g ha B8 Doy e8E 6P b caria divk dBe2erhRBarHAB Sitfalls are

formed at an aggle I gm;*e t8§8”88n?}5l?4§ of i EHABIRT $22 A IPBRMSRIN NGRS GHgE LT 2
disk. The flat base pO%%@f?% 4 of?he channe 6840 appro ?(g?ateg theﬁv{\?lldl:h of then%isklg,%ess t%egl
chamfer portioride wakk enthadimentnihea ftliskswoay faetn GElMEter derdiags eieldanadl & Qbludehas
thick, with a 45-degree chamfer. It 20 should be appreciated that the present invention can be

configured to WOHkANIhCA DigheRyouEfidRISiobBOFOtT e aktnesBa ocater shshoHaURL WSy R &atibhe
gions S1o e e Beme  e Re,
preferably 668.
In unison, the servo actuators 632 move the demerge saddle 626 and lift saddle 620
into a position of engagement with a pair of disks in each cassette 610. The lift saddle 620
and demerge saddle 626 then move vertically upwardly, in unison, to remove the pair of

15 disks from the cassette and move the pair to a disk scrubbing zone 670. 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
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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 61 17 OCTOBER 2006 designed and built
to handle a single double-sided disk, without significant modifications. The cassettdO6TORER 2iZ0
positioned in an indexing mechanism, not shown, which moves or advances the cassette

incrementally qyefithg it saddle G2Q RGN R RIAERISRE-RAURIHIEES 1 IEUMEIQIPpS GavsesiamyCch

that the next pair of disks can be removed and processed. 5 One embodiment of the demerge saddles
626 is best seath sks Fogstht83 apdif 84 sdrhiebide imerdessatfdiecGRBiinolades eanhainlbotyhpalitbpHs6
and a disk engagin%#é)rtion 658. The disk enga;(ing portion 658 comprises a single groove or channel

660 formed by Ao RHAINGSRAER RIS PRt L 6B 4R s s Mo RS s RoYHRAL Hetedidie

also includes Qpigq{gyig{ﬂg@apressure jets or nozzles 666 along the center of the flat portion 664.
The 10 nozzles 666 receive deionized water or other suitable liquid through a fluid delivery system
66851n unison, the seAmnactdatarect 3Ximolklihemernargd haddie 626céindflifh sacddim620 cinionais
position of engagement with a pair of disks in each cassette 610. The lift saddle 620 and demerge

saddle 626 theA HBVBSEHONMYA AW AGNIRS QhRES IS FetHisdelie patiZRe sIBRER RS RReE48¢ette
and move the %%‘i‘itt?oé}l%ﬁh?es&{é*%' Zs?@@dgﬁ&. /’iﬁeﬁ{}?“&éﬁl}éx{hfcRI?\i%é’ﬁoq{%s”ﬁ?ﬁMe%?%BQfé?d to

the scrubbing zone 670 solely by the lift saddle 620. The demerge saddle 626 may remain positioned
above the scrubldipdzane:65tAl Bncheagkigentse odigkppaiifatiawngsecidbbing fole pLiipaies dfdstialiilizing
and demerging the disks prior to the lift saddle returning the pair to the cassette. 20 A fine mist may
be applied throRighsdtpredemntisgnestly ibnd fdi dnforATanefoRinalrdY BRRdnchsiiond d AdRchrsk
pri%to changir%gﬁ.tge %gir?ntaﬂ%rgeofdthe disk P%ier into.a Qntact merge, t%rientatio[h The miségbrpea

pp €

be
continuously applied or ntermlttenthr/]r1 g%%ﬂgd ascoé?sekrp?aﬁ%nm&// > from the caSsette 1o the scru 6?ng

zone. The liquiddayemhassisimifleadh@riagks in a gap merge orientation. For example, two single-sided

disks must travel vertically from the cassette 610 to the scrubbing zone 670 and between the

scrubbing brushes 678. To avoid significant modifications to existing double-sided disk

manufacturing equipment, the pair of disks must travel in a space created for a single double-

15 sided disk. Therefore, the gap or space between the two single-sided disks must not be so

large as to create an interference between the disks and the lift saddle on one hand, and the

existing equipment on the other hand. An acceptable sized gap may 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 approximately 0.135 inches, which permits

20 existing processing equipment to be used. It should be appreciated that the spacing between
the disks may vary depending upon the thickness of the disks.

The pair of rotating brushes 678 are brought in contact with the outward facing
surfaces (R-side) of each disk in each pair of disks. This opposed and inward movement of
the brushes 678 fully removes the spacing between the disks, as the lift saddle 620 and

25 demerge tool 626 simultaneously disengage the pair of disks. In 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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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 17 OCTOBER 2006 of the disk pair into a condéniitaniraeto
merge orientation by forcing the top portion of the disks together. A pair of scrubbing brushes 678 are
positioned on egghsideotibediskpaibubuikinifalby srasediawavfam sherdisk RaikimRedgshat the
upward movement of the disk pair is not impeded. 5 As noted above, it should be appreciated that
one benefit of thevprdsedit ¢nieantioreisigactsietia R sedebbirfgcand eledniigk of ivorsingibsideehdishs
utilizing equipment designed and_built to handle one double-sided disk. In this context, a conventional

95 millimeter dBUEHE" BIGEY iSRS HES S HHiCRAEEER b PBLintaRAY G OBY iFfEHES Wehia"y!
single-sided disk.@f4hr S3PElRTEIAARRSIRYY haR _4BICKIRSS GHARRIRXINAIS Vb AP0JARAS 0"
0.10 inches 10 for a pair). These dimensions become relevant when determining the permissible gap
betwseen two sithgldisided disksgncanbhingndrgencientiatiodgdroil exaiipletdwolsipglieesidatls diskdenust
travel vertically from the cassette 610 to the scrubbint%lzone 670 and between the scrubbing brushes

678. To avoid St tiBfcisAL S eXRHBE ) ETe-Siqer isiol HaR BN th 'R (RgHIEA T tRe
pair of disks myst fravel .3 &Pa ?&’gf%ﬂfiiﬁ%é ANote AoMbIe R SRS LRIEK pHGIE 8% Jgsr%@&gf
space between the two single-sided disks must not be so large as to create an interference between
the disks and tdalitsaiddlimothenenbamelc aodtboenexisting:equipngnhodithe thiesthandd furollers
acceptable sized gap may range between 0.025 inches and 0.035 inches for disks having a thickness

of 0.050 inche$ "PheFfofdgtHelirie @il Hickmauyan the disk Jair iCORECgraa B iER AT Ok
0.135 inches, which permits.20 existi recessipg.eaquipment to he used. |t should appreciated
thatine spacmi LA BETE R RGeS RS et SAOHIC PR SRRISRAG
rotating brushes Gi8 elignk@UEPY 6T chdtagkwithethe fotiwaigk{agiaothe width of the flat portion 676

corresponds to the thickness of the disk pair, less the chamfer portion 654. The flat bottom
portion 676 also prevents lateral motion of one disk relative to the other.
Relative movement or slippage between the disks during cleaning and scrubbing can
15 result in non-uniform and unacceptable cleaning, requiring the disks to be recleaned or
scrapped. Therefore, a certain amount of stiction between the disks is desired to prevent
such relative movement or slippage. Submerging the disk cassette in deionized water or
another appropriate liquid creates a liquid film between the concentric contact merge disk
pair which acts as an adhesive to hold the disks together without relative motion or slippage.
20 The relative flatness of the unprocessed L-side surface of the disk, or substrate disk, also
enhances stiction, as does the inwardly and opposed forces applied against the disks by the
scrubbing brushes.
When scrubbing is complete, the servo actuators 632 move the lift saddle 620 and
demerge saddle 626 into close proximity with the disks. Fig. 135 shows the lift saddle 620
25 and demerge saddle 626 removed from the scrubbing zone, such as during cleaning and
scrubbing. Fig. 136 shows the lift saddle 620 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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surfaces (R-side) of each disk in each pair of disks. This opposed and inward movement of the
brushes 678 fully removes the spacing between the disks, as the lift saddle 620 and 25 demerge tool
626 simultaneously disengage the pair of disks. In 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, &#6EIE¥BRR2MELY.
135, which forces the disks against the edge rollers 672 63 17 OCTOBER 2006 and secures the

disks without the.sypRect of et i8R thelha RIRSAlPeRAMIRR #wasdh direciat (sse

against the R-side surface of each disk. In one embodiment, the inward pressure applied by the

brushes is betweénl@deagd Sdderdsipehsgbeareuiacpeantiprefetabldids poundgipeedsgutne itheh.

The edge rollers 672 are driven to impart rotation to 5 the disk pair during scrubbing. In unison, the
iR 678

edge rollers 672795 198 ARk QY uRlikbL il tAddis frdh denpergc ord e sUShrii e By
Cleaning solutign s pPYEd JR e HSKSIO @nMRPRELEHWN .thasenelflgl Indhe Rted RE HRVEE

rotation of the brushes 678 against the disks maintains the concentric contact merge orientation of the
disks against thhadgl 6dllensd 682. The edge rollers 672 also maintain the disks in a concentric merge
orientation due to 10 the profile of the walls 674 and base 676. More precisely, the angled walls 674

correspond to the chahfdis 88 bikAd ISkt Ge Y Pade URKP AREF R OTRIHIBR tHENFiES P6FESIB 78
corresponds to fhe tﬁl&!;{h%ﬁﬁpiat&lﬁedé%e Iroless.the 5%@?&&9 lon-8ad 1 AathoRm RN

676 also prevents lateral motion of one disk relative to the other. Relative movement or slippage
between the disksdiuisrgrtigaridganckserddtipgisain alfapesighemndrnttidiorhaad ynaceentablidt
cleaning, requiring the disks to be recleaned or scrapped. Therefore, a certain amount of stiction

between the diskedis §éQirad tspresentddiichAIRAMNVE MBYEMEAtHPIRPRYEASSINSHREIGHY HHeOBsK

cassette in deiopized.water nother. appropriate liguid creates.aliquid film bet th centric
o merae D B e e e N BB o
slippage. 20 Theuelativeitattesadf themnprasesseddo-sidevetifase aftbe Wiskrar subglikie gisk, also

enhances stiction, as does the inwardly and opposed forces applied against the disks by the

Facilitated by the groove 682 created by the inside chamfer on the perimeter edge of the
disks, the jets will create approximately a 0.005 inch gap between the disks. Using this
nozzle, a water pressure of 60 pounds per square inch is adequate to overcome stiction and

15 separate the disk pair. The center wedge 642 of the lift saddle 620 will then mechanically
increase the separation as the lift saddle and demerge saddle move toward each other and
physically engage the disk pair. The beveled or angled sides of the wedge will force the
disks into the two channels 640 of the lift saddle and the disks will be demerged. In a second
embodiment, the demerge saddle 626 may include a wedge to assist in mechanical separation

20 of the disk pair. In tandem, the servo actuators 632 move the lift saddle 620 and demerge
saddle 626, together with gap merge disks, back to the cassette 618. Each cassette is then
indexed to a new position to allow the process to be repeated with a new set of disk pairs.
Alternatively, the demerge saddle 626 may remain in place, or withdraw slightly, while the
lift saddle 620 returns the disks to the cassette 618.

25 The dual servo actuator systems 632 are programmable, accurate and offer
simultaneous handling of disk pairs throughout the process.

The scrubbing process is only a part of the overall cleaning of the disks or substrate

disks. Also, cleaning may occur at one or more times during the overall manufacturing
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scrubbing brushes. When scrubbing is complete, the servo actuators 632 move the lift saddle 620 and
demerge saddle 626 into close proximity with the disks. Fig. 135 shows the lift saddle 620 25 and
demerge saddle 626 removed from the scrubbing zone, such as during cleaning and scrubbing. Fig.
136 shows the lift saddle 620 positioned proximate the disk pair just before the scrubbing brushes 678
release the disks and move away. The demerge saddle 626 is similarly positioned praxioRiie b
upper perimeter edge of the disks. An important aspect of 64 17 OCTOBER 2006 the transfer of disk
support from the brushep 578 andiedaeaxal rﬁl@?%&ﬁ&@edﬁ%%@&aﬁir%”grdﬁ%?rﬂﬁlé@@ﬂl@fiﬁ 6is
that the outer perimeter of the disks be positioned within the channels 640 and 660 of the lift saddle
and demerge siyleiydbethet swheébithe teidhés GE8ndiskngelgecthd wiskpretheallisks cgynottbeto
dropped. Rather, the disks are captured within the 5 channels 640 and 660. At this point, the disk pair
is returned to al YA MBAIEBAEHPARYHS TIHCT N SRALUBF) PAT TR THIE iR D5dtife82b i 'S8tlre

the pair of diskgapg;FIinENEMAQNG GARSRIGEBdRWIHENIGSPINIUEHIO [RGEIE K RAYMIBR 9ap

merge orientation. Initially, before the lift saddle 620 and demerge saddle 626 move towards each
othet the last inctemeéntal dhropirakekl shawduinedighlBGhtodidkysically engeags.anitsedurdithe digk pair,
water jets 644 and 666 are activated and directed at the interface 680 between the disks to force the

disks apart. Fatiltdteerpiidigrotte e Redbyand sapevaramisr divine pefrneibriabrVss the
disks, the jets Vésil%i‘ékiﬁ t?oﬁgwsoﬁ{%{ﬁlmas& Oa%@(ﬁ'ﬂsg?‘pﬁ%%’&ﬁﬁg EQ&S@%@; éﬂéi@%ﬁ*éi?es%tﬁsgﬁe

water pressure of 60 pounds per square inch Is adequate to overcome stiction and 15 separate
disk pair. The gentecdvedgeb42sofithefiidhdsiel 2B aitkfhemmaehaaically cinetaase dhengepaation
as the lift saddle and demerge saddle move toward each other and physically engage the disk pair.

The beveled orldsgledgde PustermdWwagemaddrce th di¥ks witd the fidcenaideidesossttire it
saddle and the disk Wil a%%r%%ﬁlgag - JRa §8°a%ﬂ9e§%r%$9ﬁrhﬁ“g‘? 'ﬁr ti%%, %@8{%‘% %ﬁ%ﬂ'& Ra5HISY 4
include awedge to assist mechanical separation of the dis %a . In tandem, the servo actuators
632 move the lfosacidiee620onrdtesnerg@er, at a minimum they should be in a gap merge orientation.
Moreover, placing the disk pairs in a gap merge orientation may be efficient for processing
purposes because the next process may preferably utilize disks in a gap merge orientation.
Accordingly, placing the disks in a gap merge orientation following cleaning may not require

15 reorienting the disks for the next process.

F. Simultaneous Lubrication of Single-Sided Hard Disks

At some point during the manufacture of hard memory disks, the disks are subjected
to a lubrication. Fig. 137 shows a single row of disks D axially aligned in a cassette 710 or
other suitable container. Although the disks are illustrated in a gap merge orientation, they

20 could be equally spaced within the container or in some other orientation. As the lubrication
process typically follows sputtering, the disks would likely exit the sputtering process in
either a gap merge orientation or in an orientation with some space between the disks. This
is because the sputtering process subjects the disks to significantly elevated temperatures
which could cause the disks to physically weld themselves together if they were in contact.

25 The gap spacing may vary depending upon the thickness and size of disks as would be
appreciated by a person of skill in the art. In the context of 95-millimeter diameter disks
having a 0.050 inch thickness, the gap between a pair of disks in gap merge orientation is

preferably between 0.025 inches to 0.035 inches, although this dimension may vary from this
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saddle 626, together with gap merge disks, back to the cassette 618. Each cassette is then indexed to
a new position to allow the process to be repeated with a new set of disk pairs. Alternatively, the
demerge saddle 626 may remain in place, or withdraw slightly, while the lift saddle 620 returns the
disks to the cassette 618. 25 The dual servo actuator systems 632 are programmable, accurate and
offer simultaneous handling of disk pairs throughout the process. The scrubbing ptocegORERRN@ part
of the overall cleaning of the disks or substrate disks. Also, cleaning may occur at one or more times

during the Overﬁ%é’@@'\ﬁfﬁ?ﬁfﬂ&%tﬁﬁiﬂi%?{%ﬁ EREORGHR PEERSaITRl EXARRIEdRIeay g mavigllow

data zone texturing or laser zone texturing. Typically, before scrubbing, the disks are initially
subjected to a prershakiimgaapypwate rdtoidoosendacuh fiemmedd @rhanit np ateridisiblecidthiedipadichlates.
While in the pre-soak, the liquid is subjected to ultrasound which turbulates the liquid and assists in
removing unwatti§% Bt MadiistieBiocess is conducted while the disks are in cassettes. Next the

disks, still within the cagselies, 16 SHRIGELaH 1BrafNRIQ! BIGAT WalRKSFIHRRIN AR HESCIBR .

above, typically follows the initial soak and rinse. Following scrubbing, the cassettes and disks
proceed throughl 4 sasissoefrandiiignaBiins® stapsmahadareihentsebjecded 7d 2 diyiiseyabeclohheterying
is preferably performed in a spin dryer, with the disks still in the cassettes. It 10 should be appreciated,

in order to achi@¢&BEtiM G HYMRE IHIMSREPBRBUAEShAT be ThaCBSREMARINSE bRttt i, at a
minimum they $5gulghbe N 2 SRETRER JJ SRR, ﬂéﬁ%%ﬁg R13sNe ISk RAE 182 RdbE

orientation may be efficient for processing purposes e next process may preferably Gtilize
disks in a gap mMet@e vEehikiioMheAceosidinglyllpatngdive tlisksdre b gapemeigbeo pentalianrictianling
cleaning may not require 15 reorienting the disks for the next process. F. Simultaneous Lubrication of

Single-Sided HA# skaRraghie pomtrim it mah RS JhR&IaNsRmBAMERKS! QHBYiSRSVare
e o MIMEon g, S0 A SIS Al SRS g syl 20
remain. The elongate member 716 is preferably disposed at an upwardly inclined angle from
the main support post. The preferred angle of incline is approximately two degrees above
horizontal. The inclined angle helps reduce lubrication ripples on the surfaces of the disks
which can occur during draining of the lubricant from the tank or removal of the disks
15 following lubrication.

As seen in Figs. 137 and 138, a row of teeth 730 are disposed on the upper two edges
of the mandrel with each row comprising a small tooth 732 disposed between a pair of larger
teeth 734. This arrangement of teeth maintains a gap merge 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 between the disks. More specifically, there is a larger space between
pairs of disks than between the two disks of each pair. The small teeth are aligned with the
gap formed between the disks comprising each pair and the large 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 formed between the successive teeth 730. As shown in Fig. 140, further
lifting raises the disks from the cassette 710. The pairs of disks shown in Figs. 137, 138, 140

and 142 are in a gap merge orientation (see Fig. 9.)
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20 could be equally spaced within the container or in some other orientation. As the lubrication
process typically follows sputtering, the disks would likely exit the sputtering process in either a gap
merge orientation or in an orientation with some space between the disks. This is because the
sputtering process subjects the disks to significantly elevated temperatures which could cause the
disks to physically weld themselves together if they were in contact. 25 The gap Spachg@BaR vecy
depending upon the thickness and size of disks as would be appreciated by a person of skill in the art.

In the context of 95-miiljmglerdiamerendisks BN R Q0B hickRest e AaRIBeMERRapair of

disks in gap merge orientation is preferably between 0.025 inches to 0.035 inches, although this
dimension mayjityelfyafrd thetldisk 6 6107t CIhE BERh2 oG creadganitimdisk ibfithis §izksrafglplspack in
this range allows pairs of disks to utilize disk manufacturin% equsigment designed and configured for

handling one dBRbIAR&ALEHAR GAIAPIRRe S bmeRe IS daton < R h i ARRIOPTSIE AT 8l iPthe
disks D in a Ca%ﬁ?s%?, 0 YiB PG FENRLARREUR Y dtA S FHEWRIN IR A el 392 QIR gmbgdiment

of the mandrel 712 comprises an elongate member 716 extending from a support post 718. The
elongate memberich6dstivisnout bighe GaR.ahdthd priteivbdhraeditodnrotlidenmdrebtitachpoictso’20
and 722 with the interior edge 724 of the disks. The two side walls 726 and 728 of the elongate.
member providtSIRIRAFHICRGIRS. AREs AR &g LRBRRGACEIES. B8 Aiskt'e 86 4H1E1EI 8h gat® Mr8mber

716 may be V 30, shaped. by gliminatingithe twe side Wallsi I SENRHEASE RSO SONIREL RRINES /20
a0 il

and 722 remaln.gThe elongate member 716 Is preferably disposed at an upwardly inclined angle from
the main suppaecpoest ilchripteferded kuglEaf splinenisedfigcaxinaielyitko segieds ahavierdadrizantal.
The inclined angle helps reduce lubrication ripples on the surfaces of the disks which can occur during

draining of the faBYEANETPEIRVRE (QnROSIH aflisktni® disoriestrbimswisgshfRiatieh DAY JBEFFH: Figs.
Sttt R MR e R L R
maintains a gapomesgeliepaliaonofhiddidiskin Asontact merge orientation, gap merge orientation or
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. However, 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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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 between the disks. More specifically, there is a larger space between pairs of disks than
between the two disks of each pair. The small teeth are aligned with the gap formed between the
disks comprising each pair and the large teeth are aligned with the space between EaChROBERGTo
disks. Once fully and accurately positioned inside the apertures 25 of the disks, the mandrel 712 raises

until the interior edge £24,Qfgachdiskds gﬁé@f&'ﬁ&@ iGN ANREHESRiRINES BRIWSAD ffowing

successive teeth 730. As shown in Fig. 140, further lifting raises the disks from the cassette 710. The
pairs of disks splavemignidjshel 8izkd BBthté 4@nlarod thd 2ubreantangg peneegen tbigdntatibn diske dFeguddgds7 17
OCTOBER 2006 The mandrel 712 then moves to a position above a lubrication tank 740 and lowers

itself and the diSKBIMB K e Hretdhet B, Rsoitah YhBATIg e dairenditithe
disks are complgiely, SHRMEIAH (GldrttdiHEL AR AR Hf&HH%PGIﬁ”&%&HfgiSHS PATRIE HHhFcant

is removed from the tank 740 and the mandrel 712 lifts the now 5 lubricated disks out of the tank. In
the preferred ethbadindesitptfeomanirehtihenlyoves iogg ssoahd g sitiorn ab bivelulsigatwienaikstation
and returns the disks to a cassette as shown in Figs. 144 and 145. As addressed below, a variety of

different cassele’ RBURT BistsWertd Orde vl e RIBALASASI SRS RGP BeILF EXieRarey e ks
should be transferied o3, £aRsaHE &%g:ikg%c%ﬂttﬁlgﬁééﬂ%rm& ﬂ%ﬁﬁ%ﬂiﬁeéhﬁlo&eghfﬁ?@ﬂﬂﬁ%QSQJ&E he

next process. 10 Depending upon the ntation desired for subsequent processing, the cassettes
could be configurfadetoopasititskthe disks in a contact merge orientation, gap merge orientation or
some other orientation. Of course, the disks may also be returned to the cassette in which they
arrived. As should als®béizgystetiabeye niigtiptes sHadaFelec RIS G oo perasadtiRk hn Ry Y-

lubipation tanks,caf s Smploked pmMIaNeOuSivIpIGISASE VOUADAY oL 11e. 13 SKSIEM.A typica

lubricant is per u%ropo ethers fP%%?g) ithh this uﬁ%lcant, andswnhg@g1 nﬁﬁlmeter diameter ohs S

having a 0.050ppahibitdniess dikle fisksipmaidadheiludcasifigired for concentric contact merge
orientation of the disks because the next process would typically be tape burnishing, which is
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 previously

25 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 orientation. Therefore,
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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. However, it can also advantageousYEtOBER06
adhesive on the L-side of disk pairs to maintain a contact merge orientation between pairs of disks

during subsequgnL PASEERIMEbricAd ARG QUNRISHI08 e RS AP FRAME S PEARIRP IR SUPSERVRNT

processing which could require contact merge orientation where the adhesive characteristics of the
lubricant may heefdwdntegeogmiynesedofnlifi@C TOBHR QU0Sn A shioutd aldodé dopravifiaed
lubricant may be added to the tank following placement of the disks in the tank, or the lubricant may be

present before ek SRS RAL o g druhs ftheankitier e hacienhiskybay g (R at
which the disks,dgsgend, Lo (be Jigud Soulf dercaniralledhinprayent thsdiauig fromfisladgipgsone

or more disks from 5 the mandrel or from unintentionally merging pairs of disks into a contact merge
orientation. If anpohésof disks were to shift into a contact merge orientation upon entry into the lubricant,
the contact orientation may prevent lubricant from contacting all or part of the contacting surfaces of

the disks. As discussétf BOVE, th&Eigaskttiel for HBediVRsoPIBSSPRIBkiehiel Biskbusfagrvary! eth
depending uponsthe, subsgqueqt RE@&G§§'§1%£°&£Q%@§§$SVJ&£ @dpﬁ‘éﬁ?ﬁ@@&wb@ﬁfgﬂ%ﬁnéﬁﬁ% disks

post-lubrication disk receiving cassette will be configured for concentric contact merge orientation of
the disks becahgeitlean®sbprackstivkorid, typiciiyhe tahobwaishingapekiol igljaptimatiyh pegaoned
on concentric contact merged disks. Although the concentric contact merge orientation may be

accomplished REthesaie BoFNishibreeatiBAARE A ¥R S Ibreatitr SEbbn Vil 7 Msheseflicient
R etives LT R T N T
Therefore, the pasinlulyicaliaffeesfiviiiékness disks. The notches are formed on each of three rows 752,
754, 756 of the mandrel 750 to match the inner diameter radius 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 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 0, 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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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.
148-15 1. 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 QISKSER gep
merge orientation, or any other desired orientation. As previously 25 mentioned, when disks are
closely spaced on a mgngltel, 8- 6aplla AGHAR Ok Witkinekeane 9R6H RRMWEANJisksw RAsHSUAMM the
disks are in closely spaced pairs in a gap merge orientation. This phenomenon is based upon how
closely adjacentdidkd dile podiporad dby dadbdgthe mmiofallingth8hthaldiskghadeoincargaproverggcethequal
spacing orientation, Therefore, 69 17 OCTOBER 2006 for at least the lubrication process, it is

believed that al orihtasidhr et BERSIfPapdet d Mol disk sadng,ard rgaperidhye bherdbioiskie
embodiment INuSHaE G e G tooRAOHRE alREHALSRANNG RRANGRRMSER I EARR OB
millimeter diameter disks having a 0.050 inch thickness, the space between each disk as shown in
Fig.450 is apptximaiéhyl0.0Me minehagidAdeshmwgeimieigs. af48rdedfhithecthmaet prisngebiviandiskl 750
has three rows of teeth 752, 754, 756. The teeth 758 are created by V-shaped notches 760. When
handling disks HERAAG 08 DSORTCHRHIARNASEOME WisthAT e ubEsHBEAT RS APaX Sioaufraietedth 758
(or between thg apex of adjacent notches), as shown in Fig. 151A, is preferably 0.125 inches. It 10
should be appreciated that the notches 760 or teeth 758 may be cut in different sizes to accommodate
different thickness diskslldwig notdhestaie fbiemecvin kaek afdhdessames réhidnedSd, 15aGiaktle mandrel
750 to match the inner diameter radius of the disk as shown in Fig. 149. This creates three contact
points, 762, 76BIeXiRYtBESH tARCHiSRE rBEREFPIET IR CtntdetoibG crragardiin ol shaliskaped
mangdrel. In one embodiment, the outer rows, of teeth 15 752 756 are formed at g forty-fiv gree
gl reative e o o G RIS st IR I IRSE S e

151A, preferabhnapgraximaiadych 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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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 tilv &gieBaRth@o
mandrel, in order to maintain vertical orientation of the disks on the mandrel, the center row of teeth

754 must be 5'@?6[)’%@%{1}[% QL thenRUHEr JQWSHEL N ks (aRiohiS i SERIB A Fith LakEolh gddition,

for optimum 25 stability, the notches on all three rows of teeth should be rotated forward, relative to
the mandrel, byt gamehanglecad thaltl? &hgid. thaemiltbanglecoareise’ B e eler@isabntihlOpaegiees
above horizontal. 70 17 OCTOBER 2006 In the two-blade configuration, the disks are more

susceptible to SMAYHT oA HrARRREAPIINN G FGTe R GistBadMEr g sathiliy TH NS oL #isk or
center row of tegthy, dod, 10 REKRGER AN TPABKY &l 4RO kit diskosying BedifreHaas NG BkiRf the

disks coming into contact with each other during processing by more rigidly securing the disks on 5
the mandrel. Tidenmgee vigicbdesignigeameatry Bhdhmedubaing ebotactidtsedlihibitdidiskd adtiadtialiskiue to
the capillary action created as the lubricant drains away from between the disks. Following lubrication,
the newly lubri¢atSHaIERS AiEnatintetP 8% LhRsERt e & preRiotSy mBHtoriBth& BBetitBRcHon

cassette may he capfigiiedo Al e AiRkh it My desiied arienialon AR NG NS RIOGESR.

following lubrication is typically tape burnishing, in whic Isk pairs are preferably In concentric
contact merge arieodation, ditesipostallbniagtienscasaattd fouekerably odnfiduhe dikkpositicnp thergisk
pairs in a concentric contact merge orientation. 15 G. Handling, Transporting and Merging
Single-Sided HAENHYRE: Into Concentric Contact Merge Orientation Using Cassettes During the

mamﬁacture of singleﬁlig ggspe?t%d%%gr}{sdég%&gﬁ@ Ip eecgseasrierapl%le?etr%bly made of plastic by injection
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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reposition pairs of disks into concentric contact merge orientation. For example, following lubrication,
in which the disks are spaced apatrt, 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 Fig)IBBAK1)06Ne
embodiment of a post-lubrication disk receiving 25 cassette 780 is shown. The disk cassette 780

comprises eightipieees, JRBREIDEHMAE; RRNCh RIS 7 Sh ML S RREJMISHE §4 R IRCHYIBYSEEUTNG

elements 786, two base members 788 which interconnect the two end walls 782 and are secured to
the end walls thiegues. apbetiteseeewihida atigneditty sbeurppaentdepertiliye¥)U84dnidhe dmohaldilsc782,
and four side walls 792 which also interconnect the end walls 782 and are secured to the end walls

782 71 17 OCTRSBEER BR0EtHIYGYAShstiar Yot i RIntEp RIS & 7% [ tRNTVERiBh BRIt
embodiment, the.fouUlSidRa Al THAR AR BliEn B 2 AN NGB DARFORUDEISIES affe

identical. This provides modularity and interchangeability. For example, the interchangeability allows
the disk manuiggterreidtownidird@inapaitivehttng dkthesideswallsrigA2 doideplhce $0diviblichlforde walls 5
damaged or worn out during use. The modularity allows side walls configured to hold disks in different

orientations to BESHSHP foF MALH RIS Mihis el omiiintant thace 498ettthmaydiy of the

configured to h | ac iantati in a4 r Iy [ may
be substiuted for S P e e R i A e
component piedes| exernyterably Tagdentglasdcoyiinjk chio thichatdingl praceiskes Thiffeeach piastits,
having different characteristics, can be selected depending upon the environment in which the
cassette will bertiseentyigih/géhotdmaick Dafasticensrd Hirefdsfasl. In typical environments such as

textyring, cleaning, lubgicating, seryo, Wiitingy iesting and general hane(ing Oéé?isé‘l?s%r ynd De i
manufacturing facilities, the p astic 1 may be polfét ylene terep thalate (B Y polyguty ene
terephthalate (RBdtQ€d 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 1s 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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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 Fig7 DETOBHR Sithe
walls 792 may have an octagonal cross-sectional shape. A row of ribs 796 is disposed along one side

of the side wallfapENARAING #3kS 188 ISV RigRentaZentsAwdy PoAREdHP 1l8 tRizRMAGgIeNt,

the ribs 796 have two side surfaces 798, 800 which form channels or grooves 802 for receiving the
disks. The grodies 2bt802arke desighelithqydsitibmttenpais giodididkin Tomoedtme tontactvaefde
orientation. The two surfaces 798, 800 are formed at different angles. As shown in Fig. 160, the lower

side walls 798 SHHIACHIBO PG 0P o0y DG e fie B Rprb 8l 65 IR WEF SRS RO 758"
complement thg, chiamieired PufefAges Rl kS AMMEL.aL 47 dGaEeeRhc I REFRIANURR BidYpatt ok’

OCTOBER 2006 change to accommodate differént chamfers. The upper Side wall 800 forms an angle
of 66 degrees didhe 6@ adgremasigi@2formed by the upper side walls 800 creates a funnel-like opening
that facilitates merging of a pair of gap merge disks to a pair that is in a contact _merge orientation.
These angles may al JBASURT S BiaRE Eiffd i BTk disks STrsubpser itk AR08 of

each rib 796 alsn,aNUEGS IR SR 41950 EAA WG AR, e ARSY gf G6h s Fash o

has an angled front and rear surface 806. The width of the flat base portion 808, Together wit
incremental adebtigna! nid 9 panpded biothratanglkedefofhielcavestside nalSiZa8iClutespentisie match
the thickness of two disks. Thus, each pair of adjacent ribs 792 hold a disk Eair in concentric merge.

10 The merging 6PPaHSHT BfsREBiAtiE cdmkgiRatidtcoraiesiadewalls P4 whideamdyaliyiderstetisn
Figﬁ) 162 and 1fl§s?r<sl¥or S(;in}‘lPAE:(EitX/}iﬁ‘ H'&‘SSI tip&,egﬂl% ?]ildg W Ign%f é%g ribs 796 are depicted as only
ace %8 L f L@ér n. Fi

having one sur ower surface iS not shéwn. Fig. 162 is a top view, looking down from
the top of a cassette atiheResimeten aggetef aspaimof gigks Bhantigcahamiprootihe diskeipaasignated

C in the figures. Fig. 163 is a front view showing the

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

74



15 disks moving vertically downwardly into a cassette with ribs 796 positioned behind the disks. The
distance W2, 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 W2 should be 0.135 inches or wider. 20 In operation,
the inwardly angled surfaces 800 facilitate movement of the disks toward each otherCas tieERIiEks are
lowered into the cassette and contact the surfaces 800. Thus, as the mandrel 712 or 750 lowers the
lubricated disksptgythesaspatted8uthamsiterialls 804 archmidaathfPrast tofprae thegisks
together. The disks will slowly move into a concentric contact merge orientation, shown in Figs. 162C
and 1631C, asftioey are8isbwenatidhtodHevoasbettein®ribe thesdiskeriibeomediglynsgatietin tneer
cassette, the mandrel can be withdrawn from the center apertures of the disks. In an alternative

embodiment, sHEWS Bighs 63855ty YaUome sty #5sih 5994180 be angled at their leading edges to
create a widened entiy way 0,006 RIGSLI N INEMERHT: OCHRBER. 2005, gBRRGIment of Figs. 162
and 163. The widened entry way formed by the beveled surfaces 812, 814 of each rib 796, further
facilitates merging of Msksinghif dvsite med) drtfymiay 8tditaciitatesandvemergeaidwo diskerirta@ach
channel 802 to ensure that disks spaced apart on the mandrel 712 or 750 properly realign into pairs of
contact merge HidKS, Wi oriatoairdi 8 diskSHsescAThARIE BoPCTRIRSRAHY Shireiiiay ¢ABGAirs of
gap merge dis in.Ei - itioned intg a concentric contact merge
orientation as ﬁ?\gﬁ\%]g%%gﬂgfféél%#ﬁﬁ%a%ﬁ% %%%?k% %%%%al?ég'sed along the inside of the cassette
710 are sized to forceThaidisks . accomadctanesgaseeniativorn loe fibs:haveaang 8dGideials 800
which gradually force the 10 disks into contact, which is illustrated in I;iigs. 146 and 147. The cassette

780 may be uséfGnPlEINS haiMBEHRthdpreee¥se’ Wikra 96t of didis SPEREnToVed framiclirs

casgette one p%é)rﬁ%t A et %tﬁrﬁ%%’?n%sr' N9,200 BBADPS IR 10 GRSRIG.TRIRINNY £7 RS SRIThe,gach
pair 1s returned, t engSItIOn of the cassSette relative
disk cassettes typically have an open top 854 and open bottom 856, two side walls 858 with

grooves or channels 860 for holding a plurality of disks in a parallel axial alignment and in
concentric contact merge orientation, a pair of end walls 862 with U-shaped openings 864
for accessing the disks. The platform 850 has a generally rectangular channel 866 into which

15 the bottom portions 868 of the cassette side walls 858 and end walls 862 are seated. The
outer end walls 870 and side walls 872 of the platform support the cassette. In addition, the
platform side walls may include elevated portions 874 configured, for example, with a
beveled or sloped portion 876, to match the configuration of the exterior side walls 858 of
the cassette and to provide added stability during processing operations.

20 The present invention also utilizes a nest or multi-disk merge saddle 880 having an
arcuate shaped upper surface 882 to assist in merging the pairs of disks and in seating the
disks in a cassette. The nest is shown in Figs. 166, 167, 174 and 175. The shape of the
curved upper surface preferably matches the radius of curvature of the disks. The nest 880 is
positioned in the center area of the platform 850 and, in one embodiment, below the open

25 bottom of a cassette seated on the platform. In this same embodiment, the nest 880 is
connected to an actuator 884 which moves the nest vertically, through the bottom opening of
the cassette, between a first retracted position (Fig. 170) and a second extended position (Fig.

175). Grooves 886 are formed on the upper surface 882 of the nest are dimensioned to
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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 mak@VRRR Yassette
body or, with available optical 20 systems, an existing feature of the cassette, such as a corner of the

end wall or other odge, MAVEEIIE Asdhe @@J@ﬁquaféﬁ W epich algo Beddadistenddial e e

present invention will also work with one disk pair at a time. There is no reason, other than for greater
throughput, thaforeguitesaan e ofitectbattehie loadngl diskdebeaheige d Bimaltded oids ywallh 8 Ehgsette
design would remain 25 unchanged. Instead of using a mandrel as shown in Figs. 137 or 148, a

mechanism for? ARG TBRSHER dakghivseps irhagy phds it dhs oenatilie patfotecHaffom
may include a fwasdikmandrel design andie MRclisk eI 0% ?ﬁ%'%ﬂ%&??}tlﬂ@%&ﬁ'}ﬁﬂﬁ% the

open bottom of the cassette and moves vertically throughthe cassette to a position above 74 17
OCTFOBER 2006ttthe ofperliopaivih8itassettpotnlitsordisehigositsont, the ditisadbllepaayiceceivenchpair
of disks from a two-disk mandrel and lower them into the cassette, or the mandrel may simply lower

the disks into tREIEQEsBRE hithbtiuarahania o $8oMBrEdeets FUlistsMerdity drvill
Single-Sided Hard DiskgR, Mf @iﬁﬁo"ﬁ&%ﬁ Hiay, a‘l‘éfm%@&‘m&%é’}{&?’?ﬁgé M8rae fiest, Annerge

nest works in association with a disk cassette and assists in merging pairs of disks into a contact
merge, gap mepgdepredosinbodiiaetontaetamgegmitentatiomhpuiting talEigalll d@ndllahiehcassette
platform or merging station 850 is shown. The platform is configured to receive a disk cassette or disk

carrier 852. CaSégtthsVidsthingbech T ddrtadibfeoutfd metivater gk Pl dre $hbtwn in Figs. 167
and 168. These disk ciasoseetrt%soéy %iﬁ%l' Ry amgRen %%Bfr?é ANd ARTIRAIG BRI B Slck WS
858 with grooves or ¢ ahnels 860 for o?dlng ap uraﬁty of disks In‘a paralftva axial alignment and in
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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concentric contact merge orientation, a pair of end walls 862 with U-shaped openings 864 for
accessing the disks. The platform 850 has a generally rectangular channel 866 into which 15 the
bottom portions 868 of the cassette side walls 858 and end walls 862 are seated. The outer end walls
870 and side walls 872 of the platform support the cassette. In addition, the platform side walls may
include elevated portions 874 configured, for example, with a beveled or sloped port{@rT8BER tyimatch
the configuration of the exterior side walls 858 of the cassette and to provide added stability during

processing opgiRtioNs.« The REESENLIANGRIAMN 2SR HilZ8SARNESt M MUIH-gisk fnarae saddie 880

having an arcuate shaped upper surface 882 to assist in merging the pairs of disks and in seating the
disks in a cassette. bElremestastishioved in Figdel66] p6s1i1dT4 lartid ¢&neTthe dhvliparofmbtcutynattdpper
surface preferably matches the radius of curvature of the disks. The nest 880 is positioned in the

center area of il BI aHA, IHCERY L MBERIREA DBRSR tHEBPER 25 Bo RS a dhas ke
seated on the pladormy IRABISFAME SRRAAMG U IHRER 8RR CANGSIEH R, A RHFRL&RHwhich

moves the nest vertically, through the bottom opening of the cassette, between a first retracted
position (Fig. 1ki¢hamd thsdodndexiandeldypeaitio wiHig. the/&ss@raobesi8Ro are fdrnedtdacihieaapper
surface 882 of the nest are dimensioned to 75 17 OCTOBER 2006 support a pair of disks in each

groove (Figs. 166 Srriradyousniayion duamoliomeigrasiéanie ofdhndisyes Hmmndistitodss drsin
angled side WZ{J&&?%J A E{al%%ge ide wals %3ﬂ%ﬁfeei.sﬁi}?e‘&%}%@l&&&&@ﬁ%@%%fé"68@059@%&1%9“

channel is wider at the top t ottom. If the objective Is to create a concentric contact merge
between pairs efakigks, trecugidiie 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 THsrcRr e twid GiaiQNnir ¥ oRltsctbss HHEYCEr d0RRSIEN0 Hiethd M EsERi B CHEP2,

173), In the preferred embaodiment, the angle formed by each pair of side walls.890-will match or be
Siohty witer tons H e B SR R S M S TR &
mandrel or similaf deanspantidevica toesshendgidRlivargp pheradityrdihdisks thaltassedtazseiseated

on platform 850. Initially, the nest will rise through the open
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
15 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
20 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 burnishing typically follows lubrication. Burnishing is preferably
performed on pairs of disks positioned in a concentric contact merge orientation. This is due
25 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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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 theqredsFrRA006
embodiment, the disks will contact the platform first. In either case, the grooves in the nest either

initiate the desk&@ﬂo@@w%%i@@&Eg%msﬁmgsmimﬁwgﬁvﬁ{ep@i@ipgaﬁgtnﬁ_p%ﬁégtﬂ@&ﬁtﬁem@&e
desired orientation or continue the merge process 20 initiated by the similarly configured grooves 860
on the side walisiaitttecasositen(dgobalieskdisis areduthcemgeggeaibytitiomestsitheycsHyuldche in
independently supported in a vertical orientation, allowing the mandrel to disengage. Disks in a

contact merge BYRHERASAUQRLhanENR i BigLbreptipnyspren A et 3Bah e RO Heli Shod thBhdrel
are lowered relaflye tq, e HAfRNANY, AR FaSeRIG HMSUEHDEAR G Sisksa1939R (e greayss 860

on the side walls of the cassette. When the disks are sufficiently stabilized, the mandrel may be
removed. Alternadivelyysitiae dhatdisksare:stfticienthe stabiigze drinntiagéane at bhie ratrfushigeatedon the
cassette, such as shown in Fig. 175, the nest may lower without the mandrel until the disks are fully

seated in 76 1710 OBERI006S tREterEh it ihsy SHeo MBSl APt HELEHD YHAIF rétndin in
an elevated pogjfion, of. %%Yapteﬁsfgaaﬂ%g%{ﬂ?ﬁ?‘?ﬂ@ sac%ppge %\fatrl%diRQé-ﬁ-ﬁ%ﬂ'tﬁbmija%g%?l?nigﬂﬁlgrie are

I
not fully seated In the cassette, butare adequately supported to permit removal of the man hen
the cassette isolited oiff diteplatfernxidas,exarhple, tpdranspaddheroartettento dinkihercprdegssicly 5
location, the disks become fully seated within the cassette. In either case, the nest facilitates the

desired orientati§iPefieth gBf o tHE SubHING drasessisk S aiiome ikt rongdstratiyedprdisdpbssithsning

in ttﬂ& cassette. IY\r/legen (;[pgoﬁ?ﬁls&tst?ni% lc\?é?d g)ff the platform, the disk become fully seated in the

cassette. The present invention may also Be utilized to position disks in a gap merge 10 orientation or
to alter the size of theyaip, sidcieas] RypoepiRskD BingdiheitisksfsaenoadiistugidiRed 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
15 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
20 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
25 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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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 15 define the grooves 860.
Thus, the nest 40 will have a pattern of complementary alternating large and small testhcB8 209d 900,
respectively. The configuration creates two grooves 902, 904 between adjacent large teeth and on

opposite sides Qfijhe SDAYESIREATSRANR i8S b8 of Chal ¥ H8KR-AIERATTONER IR ANUS iR the

nest such that the large teeth will initially separate disks into pairs as the disks are lowered onto the
nest. The side W#lls Bik6 dfettidt 20ddigeteethlavilanertat thestdisksomiton J&ils ven dhirzagga thmenge
orientation (Fig. 177). The small teeth 900 will maintain desired separation. 1. Simultaneous Tape

Burnishing of TREH8THgIESTef 1 §19iskeThe Brotuesdr igtmadiingtsicainy oS rnsriRatRn.
Burnishing is prafaraphs Resarmed Ry uRRIR QG ASKSROSHON6HL & EPRCGILHE fRtact merge

orientation. This is due 25 to the fact that opposed rollers with roughened tape are brought to bear
agathst the outwardly GacintpecRisideyisisréagesed o ehtvioudisicsga ihie diskplaft saddic€i 2odbangistedhe
surfaces. With reference to Figs. 178-181, the general sequence of disk handling and transport is

shown for the b BEHNIMY provasd ih b A BodiHEnt A4 BsssstrdpsasPaiskee kg 180,
OCTOBER 2006, 9%9%#&?&95% %Mﬁfé{@i9&%&3&@%@%&@@9a&%ﬁ%@%&%ﬁ&@%Bqﬁaféct

merge orientation. Positioning ISk palrs in contact merge on most logically occurs in
post-lubrication$santlingtitbly lelrigationesiation)desditbrdiaboige bROVEVEKk deahaulpeb@re. The
appreciated that the disks may arrive at the burnishing station positioned in other orientations 5 and

repositioned inf@aderielftiencaniadpitge Biiitatentt tekputridiargestane P usipiRg pronsie it is
prefprred that the ok as Hode1g fape BSOS e spncantig contact merge, it s within
the scope of the inventfon that tape urnlssr?lng may occur itother orienta |d%1's, such as spacer merge,
provided the disks arezagig@uaiglydisidppertgdsuchuiiating bolleislIng preaeiss isppainemivyands a
consistently applied to the
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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10 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 15 walls
920. (Figs. 184-186.) The groove is dimensioned to hold a pair of single-sided hard 7 @enBERAIXKS in
concentric contact merge orientation. The body of the lift saddle is provided with internal cavities 922
to engage the distal edig,Qfifift tasisHRol WM B IhirossyMauEihe iftsaddisibelwesn Adist
position beneath the cassette and an upper position, shown in Fig. 178, in which the disk pair are
accessible by ctinbareanailingland tansporil20 maghaoiem2bhaghariheboregmovectt 8dmms af flbt

bottom portion 924 (Fig. 183) which er;&ages and Slé:%ports the outer perimeter edge of the two disks.

The angle of thi e W& i prate iy brisitab by CotidsPiaretith the cRsiteP e thieert the
perimeter edgeg of fhe. jsiks dddimaiptain nevartioal llgamental the diskeair Withdrferghge to
Figs. 178 and 179, tollowing removal of a disk pair from the 25 cassette, the disk pair is engaged by a
plurality of conoeietrigtionnifidicniékyeaiolterd Do e dine gribdghienéitg ti@ndiletsemoveekadhiglbyf thevardly
and outwardly to engage and disen a‘gfgee the outer perimeter edges of the two disks at four uniformly

e

spaced locatioféKdiExaiprey go BEAPAPCEE SHBDIRN SIS & PrrgerGMBFIBIERSNAMT Figs.
187 and 188. The, 78, LT QGTQARER 2008, follers, a1 £nfioed 0.irmb & sinele ALoRve ahshanpe!
928 between two r§n@1e§ él%de rv%aﬁ]?s‘ﬁ%%. Lﬂze %eﬁeﬁﬁt ssa((l%e, the roller has al%?at bottom portion 932
which engagesnthe putessperimaterebigemahthaiatdiskenddierchannal fornedbyihdside walls 930
and bottom portion 932 maintains the disk pair in a concentric contact merge orientation. 5 Once the
disk pair is engaged Hy the fouRUHaRgRUsolieNEn gl ke iR P19l EBHEBIES and the disk pair is
moyed to a second logation. At.the second location, shown.in Fig. 180, .the pair of disks are engaged
ot it center apertura ol 4 S M B R e e
along the insidgigidge 33§ bt thsiegnad ppadtihaedtig on the disks to ensure the manufacturing process

A (2 X CHCR

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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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 DGrSkIAGRIEs
double-sided disk to 15 burnish two single-sided disks simultaneously. A tape or rough woven fabric is
positioned aroynd the solieks anhPIAUIIRS the REREISARKIIBROBNERS IRhyKish sbe RyrfRcea@lthe
disks for purposes of removing asperities and excess lubrication. The rollers apply a force of up to
four pounds agaipstithieRedide sgnfgee. ofItherdisiopaidimem Oppoesteidirgoppns if-opnntifotaditiromthe
results of the tape burnishing process, it is preferred that there 20 be no relative movement between

the two disks oP PSRRI HRMSHE T burIS R UBREIAE, RHAS R I EpRTiad S R HiaPlrPhces,
acts as an adhggive feswaanitha dr-Hg6eef JRECONMAChESHIRIAITKSs HBAWRROUR b GRIRSRY the

lubricant fluid L positioned between the L-side surfaces of the disks prior to repositioning the disks in a
contact merge poesntation. 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. OtheHIGBAEAME SERER" S 2oMS| B ZistriSp vttt Al wittb s RAthEs? Ky yI8R

similar F’OSi“"eJS&M'}E-é%é%%%@ﬁg&%g @ioﬁOAPW@QiéﬁP@@&i{é’%ﬁ%@‘Qﬁ‘ég?%%J%ﬁ’% H{ERaIn in

a concentric contact m are returned to a cassette. The merge rollers 926 engage the outer
perimeter edgedisif phi tdisksavhiclhallawsithdepindldasIomblytIB4 decdiselngagen, Thedinkrgerrallers
transport the disk pair to the lift saddle 912 where the lift saddle places the disks in a cassette. The 5

orientation of tif8 ek Riricing's1ass sRtIN G, (i SARIFTRRPEH S Re r YR B U G SrBE RS pair.

Ho(?éever, if thettpextigﬁ?é:gsssseﬁleoquwt s the dlsks:f)) beén a concentric Cgrrxllto%%td @gﬁg%tétrfgr%gge&l Ble not

to demerge the disk pair but, instéad, {0 transfer the disk pair to the next processing station while
maintaining theliceneenpicceantact merge orientation.

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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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 necessary7toGgrHgRAeO6ISks
are made 15 correctly. Testing typically includes a glide test which determines the presence of any

asperities whichgouldaduersely sieei0s b giplithehsrdRlidesiasse mbly. SLRRING RISy REIHAES

certification testing which performed read and write operations on the disk to determine if there are
defects which wonlttipee clwde seperagtthetdistr Ehemdohanil protddB8tepsyipictdstingnarecsingwm in
Figs. 194-198. It is preferable 20 that the disks arrive at the testing station in a concentric contact

merge orientatdCHRRE IS IPRAHEd Y RS 5B ASHIAGT thara RNt RERG 1 hepBLiaes the
disk pairs; the dligg.Rals WILRERASHIONEY IR CRACKHE FANAGH RIS AHRIRUCH ASr PR &, F1gS-

194 and 195, a vacuum gripper 950 is used to engage the upper outer perimeter edge of a disk pair.
Onesembodimentreddhverivaclenmngyippt? iosiowed by kigsatd0or203 0Fheovascngha ZSqmoperocahabrises

a main body 952 with an arcuate shaped disk engaging portion 954. The arcuate disk engaging

portion is forme@1yy V&R e g¥Ee RSEiRSHe POBECEL g UYRRCTo HiBIacS Hart offisikieiPHishcRFftic
contact merge. EE&%&%%G#@&? &E‘i 8‘3&&%@&??&Waﬁg%ﬁit@%‘ﬂeﬂl@ﬂté}otﬁfé%{lhﬁé’éﬁi?ﬁg%%iésoa"

of bores or cavﬁles 962 in the main body communicate 80 17 OCTOBER 2006 with the bottom of the
channel and foseivamaukifol 02 vaddmisy steper Al flomitresuefadesmof aapalislitiesdobdtie wrifaper.ake one
embodiment the vacuum gripper is constructed from polyesteresterketone (PEEK). The vacuum

pressure applie§ticerighysanaldappermepaitbtegiskae NS Hillitkaes didRetaHarkr COBArEHRES in
thickness is bejyeen, 3 Afd 20NCNES Bl ARLESSH'S: LREYGHHI AIRRET LAMOYES, (e g‘g@ from a
cassette 966 one pair at a time. ﬁe vacuum gripper pivots the orientation of t?’]e ISKS egrees
(Fig. 51) and transpans $tgle 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

15 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.

20 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

25 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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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 equippagoBHRIng used
with a pair of concentric contact merge disks. Fig. 198 also shows the same test 15 equipment 972

positioned for SRKItAREOURIY BSHNY LHRLPNIEPLIE CRANAcLMEFISHISKS: aFhe Mi5kS afqitotaigs by the

spindle assembly and the equipment conducts glide tests and certification tests. At the conclusion of
the testing openadiom¢he festiapp aratubicety adid2ardative diski skasuisaeergdget dngd the2eacliing, ghipper.
The spindle assembly disengages and the vacuum gripper returns the pair of disks to the cassette

and engages tNEHexP PO AEREiFeotthee PRYtrs N SR AHrdestagrdinns b rdsads i acdisk
pairs within thetﬁ@ﬁ?ﬁtﬁ%tﬁﬁ?ortggstﬁﬂbllyi§5§8tQﬁ[ﬂ@%ﬁﬁf?&éﬂ&fﬁg&r&%&fﬁ gesaened-K-Jinulgpeous

Servo-Writing of Two Single-Sided Hard Disks Unlike the previous process steps addressed herein,
simultaneous srscavvniiing asscoyiiignH)2J meagertyo-incitidg mayideecpdrfoomecdcbonia sindgietdiskaatiectime,
such as after 25 assembly in a disk drive using self-servo-writing techniques. However, simultaneous
servo writing of W8 &SN PTARKL R tA& SREF¥IRA output provided by the present invention. A

servo-writer apparat“%i‘c%?sfé%fvé‘-i?}m'%ﬂf?ﬂ%&&ﬁéh@%ﬁ@@hV}{GPM&%?%@:?@&'t&%k%ﬂﬁ%‘dﬁ%g%ﬁr
shown in Figs. 204 and 205, simultaneously writes servo-tracks 1022 on 81 17 OCTOBER 2006 both
surfaces 1024 ahsidd)26ioédhiskingle dotibleeosicedtidisk Bs phe sy wide! Rigpalatusncaovpsises two

separate actuator assemblies 1028 and 1030. Typically, one actuator assembly is used to control and

position the ottféF BB oTCRER AP PelativBerdRRE stifatvesciofHa sk ORfore S g&eficditharidngist
thﬁqi‘ég; Zf:qimf%@%%i{‘% SRRAN t@?i %%ﬁrgg%.orA%ac%"‘g“%e%(}%’H%”f)%&e‘% z%gags%gqh%y
gle pivot point or shaft , with one head positioned adjacent the upper
surface 1024 afgktiRel otreirb@pgosite 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 specifically, 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 1066,
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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 10 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 i¢ritidRR pacthe
two transducers 1030 share a common pivot point and move along a common arc of motion. This is

because, Onceiﬂl‘ﬁlﬁlzgli%iﬂﬁfiwlﬁd the diakdiventheinrags tbat Wilkpegrsed iad aRpl Bl aRdyyite to

the surfaces 1024 an 26 of the disk D 15 will also share a common pivot point and will move in
unison just likeitlvbuderaaorhtR AR ritet a pedeesome pnetHO8 (b Eeevoitracioevgiting imdehibs distagdine
head\actuator assembly of the disk drive to write the servo-tracks after assembligI of the disk drive.

This technique 3 kAORHAG!'S5 BRIFREKIDL WRONGICPHRSRLATATEETH VEdES WiddiB ldRtHE o surfaces
1024 and 1026 of thergouplessided @iﬁﬁdg §€%§§ﬁld£‘ 1950680 2L JESREGHYG Y el V634,

embodiment, the second actuator assembly 0 includes an encoder 1040 to position thé

transducers 10BBiokthenfirsi ativatarnasse asobymbO2 8(elativéutiz ¢ha surtacesaoin thesdiskidihgieosoder
1040 includes a single shatft or pivot point 1042 for a pair of actuator arms 1044. A push pin 1046 is

disposed at the'bidtzt Eidt dPiite Acttrdoramstemenioy dives dusarheR6rs posittensd e eadiof
element 1048 gnd permang W@@ﬂ?’;}rﬁ%ﬁé%&%&ﬁ%%@ the 8{?98-%}5%1%”B’ﬁ%}"[ﬁeag&ﬂﬁ}ﬁﬁfms-

A scale or gauge 1052 may also be i as part of the voice coil motor. In this master/slave
arrangement, theidaice eihcrastoddondhatseaarehbistuats. aBsamily chodd:cattsesihesasibigtodErm
1044 and push pin 1046 to rotate about pivot point 1042. In turn, this causes actuator arm 1034 to

pivot about 82T IBERPYE SAAfClgsa aLE RV The VSt BFPLISH HisLOAE GG EHIE B Mrm
1034. This relat] . itions 1032 relative tq disk surf 024 and .
3g- This relafiye, F&ng’p‘é%l 1§§‘t 208 IH0NR HANAUCE R 408 (égi%é\rltglr%a%% l[%%é“ke-%&e %ﬂdisrl'(s gté’z’lsg -

Thus, the voice coil motor e second actuator assem ndirectly positions the hea
of the first actuator @ssemHelyrd3dBoatthogerapes iheatsiretoseraaieatie slegisatlsseimdati@cks. The 5 first

actuator assembly 1028 may also include a voice coil motor, but it would be inactive
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
15 smoother and introduce less vibration into the actuator arms 1072 and 1082 than would ball
bearings. As shown in Fig. 2009, 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
20 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
25 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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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 apparatiisaaBHERSEdGOr
writing servo-tracks on the active surfaces (R-side) of a pair of merged disks, the lower disk would not

be functional iryg GROVRRYRNE ISk ATNG ARSI INEBEIA PAHBIASIWPWHNNAL BRACSHANSE ﬁem@aner

that could be read and understood by a conventionally 15 mounted head disk assembly. The
foregoing problemsnarenmnealpmbusy theepappanatitithandnyibibws KIsown drefighe 208reteeR@0trddierein,
two servo-track writers 1058 and 1060 are utilized, with one being positioned for writing on the outer

surface (the R-BHEIof hE TP AL SIY 57 e sEcHIREE PWRENG IR thesbiter'SthrilicE tR Sidd} of
the lower disk 1064 /AS FAARGFER oM G AN S AHBRADSTSOf 16 SRIY QHRRIOWIING ARRAENHH 138

and 1060 are identical to those used for conventional servo-track writing on a single double sided disk
except, each setaihdeovos drackcwriterapisabhtdiffE@nt |deations, sathiiciban mobornoorvdbeatiook.
More specifically, as illustrated in Figs. 208 and 209, each servo-track writing apparatus 1058 and

1060 includes &{8<tarEciatbrabd8iuie1068 6 esheriRy 4 ClvensEsspeastor s TtbRI 1668
which PerfOfm%ﬁ@%%‘r%ﬁh%ﬁé%%a%ﬂn&&%@s@?ﬁaﬁég %%%8{3:@%%%%%950&?0@5@9 (R Q%i%i%i

g
encoder 1070 having a single actuator arm 1072 with a push pin 1074 disposed at the distal end of
the actuator aror 30i2. athewoppesitebeias afithieaiiaton at inclkiiesra Voseerehili vaciothwhickidirectly
positions the actuator assembly 1066, 83 17 OCTOBER 2006 including pin 1074. The actuator arms

pivot about a sHEReer78l Finksvdlee tell HbfomtiHginadieaPediiotoa aiidra paeritekt i HEti1080.
;Z%g‘fj‘i'f!seeé‘ft%% ?‘i, @gdﬁ%hrrrga'}é‘?é | 512%%%5’0% v%%ﬁ?r?c_ NURIISE NGt SO, é‘f’ RQRIoN G LRI felglive
: - g apparatus further includes a second actuator
assembly 1084previously 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 strength of
20 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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5 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 10 1074 to positioptheBtfRnsetucers
1086 at desired locations relative to the R-side of disks 1026 and 1068. The transducers 1086 write
the desired serypstacks.aBnhendisk stitfacesadhe slaymaciuatopasarmblies AO0smaYalrminglude
voice coil motors, but they would be inactive during the servo-track writing procedure. In addition, it is
preferred that thek shdttscl@idGranch 4084seseairbaddnds waltiver thghn tbalbimearihgsliskisbéarngehare 15
smoother and introduce less vibratjon into the actuator arms 1072 and 1082 than would ball bearings.

As shown in FiB2408, TE3% i 6Teed HAE RN HE Y ISHBEHC AUhARTIIERe Brndischnetiem
although  congefic. AP MG 9E L EINSETICIPRORIIRIIR AriSRtan Wobld |lap B SyeGRpBLI. An

example of the servo-track pattern 1090 created by servo-track writing apparatus 20 1058 and an
example of servpptiatkfpatiéeieiiGeRvereatdevbie skt vontpackweitinthapogratd arck060 iseshickvnNexEig.
208. A full set of servo-track patterns 1090 and 1092 are shown in Figs. 210 and 211, respectively. As
can be seen in'Rigdish 1 FOLIEAE RISt 10BYE 206 AndT 738 et oyl AeaeR s is1090

and 1092 are sig?gstﬁyeolg@g},%g @%@@gg%’gﬁgg ﬁ&é@&l&?&é&m ABeaPBANY %g%gzﬁﬂlg % H@E%%tern <

interchangeabl e same single-side rive for recording because the servo- rarc
1090 and 1092 axe censistertisimthedoedets atlee teonpeimento theckneoders TV inghiclecadRb®e a
positioning device, not shown. The laser positioning device establishes a known initial position, such

as defining a MeEPRBESH ForelReiQcipdRstartly o7l of hersragpitfolicHuaiierd & hotbrensy 17
OCLOBER 2000, [pf {¢, ¢H 64!, %&H?ﬁ%&%@%‘i@?')ﬁ&% 1s'1€‘aff‘%<%b'%%‘¥h%%r‘é%ﬁ¥‘e,t %t'arse%ﬁé?gﬁé%c{ﬂ'eng
device, can incrementa Yy adeSt the position of the transaucers 1 to create the desired servo-track
pattern. Laser pesitionlevibesiskeh s éhaseaterkpawarto thaskephaidkinbbR@itbbam 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
15 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
20 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
25 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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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 10840CiiligiRptae
previously written servo-tracks, and fill in or 10 create the remaining needed servo-tracks or can be

used as a test gfdpuRiecNREANITNR RIQV RS IER SRTY P2l aKS REIPTR eRewingdhs disksfrom

the apparatus. In addition to the methods and apparatus discussed above, at least two alternative
methods and apparatushexisd fenltyetimg sbyrvo fnackShanctheRbsiddd BT expaid béaisks.tha ewvdikstd
alternative embodiment, a template with a preformed magnetic pattern corresponding to 15 the desired

servo-track pattéhis {op8stho el e BE SASLiadd b rRSEHSRYRSsAIMY RiRK AR SN KBt the
magnetic pattegn s e, 3§ ack PG BN pdriani2RARNh &L e TR PRI r_ﬁéli'?.mﬁ*ﬂg e

permanent magnets. The magnetic pattern influences the magnetic layer on the e of each disk
1062 and 1064nterbe:magtyetizaddpritie tesicddwdattbmenkchealisagnetiy patfermahnsbepartiabiocaan be
a complete set of servo-track data. The strength of 20 the field produced by permanent magnets
comprising the SaHEr S HisUFAkYEES HERYRh CBBIERFIRIORSEAEEY differently, should be sufficient to

saturate the media at-fpe dgsitegh A0S 'Oﬂﬁ-@ﬁ’f’ii&%@geﬁ@}ﬁlf‘ytﬁm&mﬁ 9 .%92',5514’," Hh Bkl ggﬂess

than five seconds. To the extent thatt e template only creates a partial servo-track pattern, t
remainder of the gaitemieansbadiliedin hyctbabiaddnipitshaadaicthevdiskpoltiva pepibLmning sebnservo
track 25 writing. A second alternative embodiment for creating servo-track patterns utilizes a laser

projection techMigfi8OTHMi5! dfiserrert aheRTHase iy disBu¥edicrheabnipline Wedrepidreranlly be
gy o S AR BRI e e o B T
surface and trapspaxeabaeclisins] s lchatlovinl#sey, Rgbtaoicantadt theodisk SUSfACEs, Wiich 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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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 5 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 woubdTp8are2tie
desired servo-track pattern. The magnet could be a permanent or electro-magnet. The strength of the

magnetic field proguead By Hasmade! d9wvandinged {8126 JessHhialk e, (OGEGI R Ql it fiskeal room

temperature, but greater than the coercivity of the disk at the elevated temperature. In other words,
the laser beam Myl theeedrtoastquaia dshedtesrsperatunchiod . s2ldcb poctionsadiithe tigle suafactertigh.
enough above room temperature that a sufficient differential in coercivity will occur. on the disk surface

to allow a maghefig MAEHTSaRYr #5628 rddatbr FRguBSE CodreiviYS BeR o ithe heMRidthd Hread Solfce 15
the disk surfacg cfs,fom Wﬁi%?rﬁf Qﬁﬁi@%ﬁﬂ%ﬂéﬁﬂﬁl&“%Bﬁg%@dﬂ"&ﬁéﬂt%eﬁﬁtl 135 Wibithe dirgt

alternative embodiment, the pattern may be complete or partial. If a partial pattern is created, the
remainder of theos@edrackhpattarnanhe diled aminydak-semedraoklieriting. t€chniduesisketdariable
Form Factor Cassette 20 An embodiment of multi-form factor cassette 1110 is shown in Figs. 212-220.

The cassette dOHSHASSCARSHTIBERUr 4 sohidOiskir rvismiapibtBrea dihEenie kims GaRFSens
1114 and 11164hg ¢ S@s’st%ll}]ﬁﬁl@t@ OCB%%%PS}@ oa%ﬂ%'? &%‘iﬁ?ﬂbé«%ﬁﬁ@&%&'ﬁﬁ%@ﬁ&&ﬂ%?i{EQéellzz
0 e central aperture of IS

in the end walls 1124. The U-shaped opening allows access to t the s. The
open top and oggivhotienmaisovidevide access to the disks. A disk 25 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 8F IOt8lKIPhdtRY ar1 sbicapalisime AU e e cterenievalls Daviag1 08 HAHYN the
o ST T SR A A,
end walls 1124githevmaydeaapdmtepisassdsesuredi fferent 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
15 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
20 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

25 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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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 Fig$7 2C20BHR @15 and
221. In general terms, the inserts preferably comprise a vertical wall portion 1134 and a second wall

portion 1136 formiRg@noRRR 2pRiswitihie wertcatwalhReitpnandanaleddayauisdd award the

open inside of the cassette. The inside surfaces of both the vertical and second wall portions 1134,
1136, shown inligsgt2>2al4nantjuciel umas of tiosdlI38Reihich gefifea 283miof Ak recetiengded
grooves or channels 1140. The relative size and spacing of the ribs is  determined based upon the

form factor of tHE#ISK 18 iz &t EbiidHuLfateh 1 36 kaldgGotidden éhiiiy e ditls | afhg
both the verticgl g, ROFYRR A4 ARA AR Wt R AT, thper IAANANEPIREESR IS 1 Saier

into and escape from the cassétte. As best shown in Figs. 212 and 214, horizontal support members
1142, 1144 extend 1 208noMiieh engttypt dachiriet phddpheuppant metaters groMdevhichciutgpiiglthity to
the inserts 1114, 1116 to prevent bending, warpage or breakage. The support members may be
hollow, may be“SBHAIBR rRky? cOMEIH A #EAYthantAiERSH mader of ThtarBIBtHixpistitatfe 20 Phaterial

for the e”"""”ﬁlﬁﬁhu&ﬂ-ﬂ?@&io a?é}ﬁﬁ{f?r“%%%%%\ﬁ}fg%@ REMBETEPPRAYIded, WHD. 3 RGAHENIENE area

1146 which correspond to similar securement areas 1148, 1150 and 1152 formed in the end walls of

the cassette. WhenxalignedcapRropridte fasteaesstdlibd davh@npasitiened tbroughmseatitemeanjareas
1148, 1150 or 1152 and into securement area 1146 to secure the inserts 1114, 1116 to the end walls
at various positléA8. 95 sise YR RIYS. 21Dk 92iHe Indehtic by BB s dddrbd Hhighrisu MY

relgtjve to the end wall g}yE & predetermined pattern, of the, secyrement areas 1148, 1150, 11‘%‘2 to
- : \Y
acoimmodato PGS o RNt draater TALS: Tveriory loaos nd Bontis Lies afe Yeckiced by

allowing a singtgittiversal gasagiterttbe whilizadswhiab 13, reconfigurablebyreppsitianing Wiidis
OCTOBER 2006

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 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 5 positioned as shown in Fig. 219
to accommodate an even smaller disk. Thus, the cassette as illustrated can be recaofigueieRizobrold
disks having at least three different diameters, perhaps 95, 84 and 65 millimeter diameters, although it

should be apprrrs&iatqqsthﬁé mW&tt%ﬂntQﬁ?ﬁﬁﬁK}tMEl% SamEe PraYidRt. Bbﬁﬁ"iit@ﬂl@ﬁ%@sﬁ masvely,
e allow

substituting different inserts having differently 10 configured or sized ribs 1138 will the cassette

to accommodatbediffpeedisthsokines3@3%f disks or to accommodate pairs of disks in different

orientations. For example, if the cassette is to be used durir%g processing of single-sided disks, the
to

ribs 1138 could be coRfifiTRe L ihavns ey S Potligiens oli sk arnrduadodBRRIEs REIYE IR pairs
or gap merge digk BaiidscFRRACCANEN: N Rlfineda PR AiSBiblelRe9QaMeR TAR ier arigntingdigks in

a contact 15 merge orientation. In Fig. 222, the disks are positioned in a gap merge orientation
between largercibadiid 2aidisisald riesuhiiddtdeor tnasthprpodesiilky apphicaticsest ansassetienrapde from
polybutylene terephthalate (PBT) plastic will be satisfactory. However, PBT plastic will not withstand
the high temp&rafiifes A3<ieritEcr W eh B SHatERTY ProltcssRierefERTIBIAITE A MM tERANSSD 20

degrees CelSiuépt&@a’ﬂ@@oﬁ%mg%g&{,eaﬁﬁe&? @‘é%&@hsfo?‘%i@?}vz(ffg%g‘ig@&e (PEEK) will provide

acceptable results, as will an“entirely metal cassette. It m esirable to utilize an abrasion
resistive plastic due tFifie2eonsipictsmoparaénrtiaf diskaténtocaiateqdishl thencassetB®0Sueina piastic is
PEEK. Alternatively, an abrasion resistive glastic, such as teflon, may be added as an outer Iager over

a core materialPRUCAVES dRAFRTRGS \speet JPAIMAUMOSSTaNRRAIVEHoviing thBsHAFadiggds bt-e
e, SO R T I AR
typically 88  AIMg), 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.
15 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
20 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
25 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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17 OCTOBER 2006 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 chroh@GmFOBER 2006
chromium alloy), a magnetic layer 1216 (which typically is a cobalt- platinum-based quaternary alloy

having the formula CofXo, Q& Y B RIGMRNMAIRK BeRRESY £e WHEHSHBRRA Z can be tantalum,

chromium, nickel or boron), an overcoat layer 1220 (which is typically carbon), and a lubricant layer
1224 (which is typicalltha digepetfinorcpbistethkyargadatcpoiymeb), Trainigkelpblysisphprustayers have
the same thicknesses, "t"" (upper layer thickness) and "tL (lower layer thickness), (each of which is

typically from dﬁ‘ﬂﬁf@ltﬁnﬂﬁ%fefgmﬁﬁﬁf]e%?g}t% akdpiEias deposited by electroless plating
techniques. The undefigy&rMAdNEICAVE! ANFh@YETPALRYRI DAY E iRy eilk NCkRRSSES (el total

thickness is typically from about 20 to about 100 nm) and are 15 deposited by sputtering techiniques.
Altheugh nickefqhosphemstayers can be deposited in either compression or tension, they are
typically deposited in comprgssion and the sputtered layers are also typically deposited in
compression. As can BedeeAfrdiiimig X294, the compressive forces in the lower nickel phosphorus

layer 1208 are har hythe ¢ ve.f inthe upper pic 0 204
and the sputtergg%ﬁgy[esurbsni%q%?%%xl%&%fggg[?é?al?é%g%é@g |§Wil%6ﬂéohgg%%€1%g@e{@n t ée(zsesugrs}per

side 1228 of theetiskaid ggryaxdv e insighicideydi2330T hedisSkgamdayitytionstisdiiamiatiothe
storing side of the disk can cause problems. Disk concavity can cause problems in read/write
operations, sudAYa& due to head tracking errors and undesired contact of the head with the disk

surfgce. Because of t%ﬁe'?ﬁg?éaﬁéé%ﬁigfﬁ?s'éek 2 t?gl(%gv%oﬁes)'/ resq%t‘e'ﬁer%ﬁ"'i‘;ﬁ“?ﬁs %%tég_l‘gude of the
mformatlon-contalnlng or active surface of the disk of no more than out 7 to abou microns. As

will be appreciagshnaflatigssssiefetteto iheadisiancaheineamihekighest avdiloweshpadia Diarsdisk
surface. With reference to Fig. 224, the flatness is the difference in the elevations of points 1 and 2,
where 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
15 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
20 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
25 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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89 17 OCTOBER 2006 point 1 is the lowest point on upper disk surface 1228 while point 2 is the
highest point on 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 5 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 recordimgaedREReavd6
magneto- optical recording media, and can be used for floppy or hard disks. Fig. 225 depicts a plated

disk (or interm?@iﬁiﬁla(gﬁ%lﬁ)c%HMEHHI‘?MQ%@BQ&HQRE&H@BQS&W&&a{'{éﬁﬂgﬁﬁﬁﬁgﬁﬁ%ﬁg%%ﬂ&ﬁw1

respectively, on a substrate disk 1312. The 10 substrate disk can be any suitable substrate disk, such
as aluminum, dlisiXYnoafbeyEviectzmalivig)oglasBiXC¥ramiccmarte éls) ditaniameatitelpdumeaitoysrarnd
graphite. The interface layers can be any suitable material for achieving acce&table magnetic

recording prop &L tHETOVEH)iRy IR gHetcia) RS Frorsa LIt SaaRSHidREPHRELHHE (RS ekel
molybdenum ghaspRBIYS: @HRCKE HANIRR Y/ PROSPAE!S 4B Fel AP L ihipR DRI S RRIAG,

preferred. 15 The interface layers 1304 and 1308 are typically the same themical composition and
have different edn pasitiohsifrgprdfersdistdatie: diskioeprovide dayemgpenlintemngdssfressatshistribution
across the disk cross-section. As can be seen from Fig. 225, the thicknesses of the upper and lower
interface Iayersabfgbﬁ HHd 1308, which are tu and tL, respectively, are different. When the interface

layers are 20 deposit(l.sq %Stgrg%&%m I?Qﬁeéﬁ{%ﬂe‘gﬁi@ Y IICINAlSAMRERSHIVE T RRRL0E thigkness

to of the upper interface layer 1304 Is to become the surface for sputtering of the underlayer,
magnetic layersaed oveichadayeiinibgeafaray lessdtitandiadbickbess tTof thendbuves intefaceclayer
1308. This causes the disk 1300 to be curved (e.g., have a spherical curvature) in cross-section or
have a bowl-sHpBenifinpigsebiscaliesad bR 8y 1360aes iRt tHB%uRacedeivrscH 408, the

?‘dqi@o”a' layers re.fo be %pi’ﬁtf‘i,egnér s 15,3008GaYSe I COMPISEPine RiianRI; e hicker (awer
interface layer 1468 excedds the compressive stress in the thinner upper interface layer fig)(ﬂ thereby
causing the diskot@bmivanpedai@vasis thecause 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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thinner interface layer. 90 17 OCTOBER 2006 The governing equations for this behavior are set forth
below. The stress a 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 5 following equation. R = tub2/(6 x Atlayer X ) where tsub is the thickness of
the substrate disk 1312, Atlayer is the difference in thicknesses between the upper7andrigrEgr2006
interface layers 1304 and 1308, and a is the stress in each of the layers. 10 While the relative

thicknesses of the twerfy&SsHgREAS A tRE MAPMUMHAE LT RGRIEFIAL CNRRIESEV ArpbRgH N eaCh

layer and the compressive stresses in the sputtered layers, the thickness of the upper interface layer
1304 is typicallymip imorerthentaabiuttb® &%, tmoompipicalypmomeabbundS. 3necHbalib8O I8 nisodaeven
more typically from about 97.7 to about 98.3% of the thickness of the lower interface layer 1308. In

absolute terms e N cicARsEagire Shrluass RS cad/ mils epsatiasgdeerigndishdaeia etk 14.5
microns and thag of the Ipy¥eeinterace.layrr 4308 Jom, Rl BdARROUS FATRIGFUIFVER QHRERREdS,

the difference in thickness between the upper and lower interface layers is typically at least about
0.076 micronsandgararedyphcaly vdnigesdiigneabeuit®:R tof abdulakemicronsthehedl dtnasst{@rsfirst
flatness) of the disk 1300 is relatively high and the flatness 20 distribution, 30, is relatively low. The
flatness of eacht (& gHaHhd olved SiARCe 138 Uil 1331, RRISeCOVST), 8F thishfisioRIBENS

typically is at Iq@sﬁa%gaqgrtseg zﬂﬂ?ﬁ?&l@ mggﬁlmi[cg#é(rgaﬂggﬁ{{gﬁ%mﬁgg‘ut 2 to about 10 microns. Fig.

226 depicts the k 1400 after deposition of the ove ayers. Specifically, the upper surface
1404 of the disk 1400Aws:¢harRidedagefol 4Q8milie, thaghetite R ofajie upgd2inasithtbegvendodtdayer
1416 deposited, preferably by sputtering. The underlayer 1408 can be any material capable of
providing the dé%i?é’cf‘éfﬁﬂs%alI%@Fhiﬁﬁ?fiﬁgﬂ{bthﬁé@ﬁéhé ower 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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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 91 17 OCTOBER 2006
ferromagnetic material, with the cobalt-platinum-based quaternary alloy having the formula CoPtXY or
the five element alloy CoPtXYZ, wherein XY and Z can each be one or more of tantalum, chromium,
boron, or nickel The thickness of the magnetic layer typically ranges from about 7 10 @IRRERR%. The
overcoat layer 1416 can be any suitable overcoat material, 5 with carbon being preferred, and the

thickness of the layer iypicallydiaRAES M TREHARAW b 1oraROUIHR DItk SheiRYesS aff BRICAIY #w be

compression or have internal compressive stresses. The stress in each layer can be calculated using
the equation ahlseesSederathnefiativesrmalggity ofdR@%ompressive stresses in the upper interface
layer 1304, the underlayer 1408, the 10 magnetic layer 1412, and the overcoat layer 1416 counteract

the compressive stressci T 18k ttérfBES1RYEHE S6% Ry ussse thdiaiskediscts i ode sieBdlihe
more planar. Faf.a;;0vaRdHERess 18R IQuEdaGIage. [ayek d80B«he replignpdiuR &f igupture

of the disk is inversely proportional to the cumulative thicknesses of the layers 1304, 1408, 1412, and
1416. Typicallyl 3b¢ flapnessiobtipeodigk 14001 ptapecopddiiatnédsyvis nobmoite thskn sibfanesl 7 Id Step
microns and more typically is no more than about 12 microns. The relative magnitudes of the

cumulative compf8sditfe difeds hikee idettayers! dothamiss e Soraeg LM BIS/SHRRS st 19 wse
lower ‘”teffaceJﬁ‘éf&%ﬁé&?ﬁéﬂﬁ%&%s‘?‘)ﬁt@%ﬁ5%,%"!&8& éi%‘%geﬂﬁ%?ﬁc%ﬁﬁgé?& ‘f&ﬁ'}‘?ef'&%kaiSk-

For example, when the cumulative compressive stress in the upper layers exceeds that in the lower
interface layer, phespippes, 20cJorface didé o poe ahis kowitk ebsaniedi skithrifaees pgrirgtafitheplating
bowl-shape facing downward. When the cumulative compressive stress in the upper layers is less

than that in théRWER e fatds|aler, se igpir sarphdbemparomth O Bidk NATBES CarRAECith sae
opgging  of the Doy Q&Pa‘ﬁfa&ié‘%a%‘i’é’."aﬁd- When the @‘i‘éﬁﬁ'e%‘éi‘é? QMPIESSiy eﬁﬁ%%s 3 ILHe HRSL
layers is approximately equgl to that i thélowet interface ayer, the uBBer surface 1404 of 25 the disk
will be substantiedlyt @5 gosieiehiditatar fanaroasshovwmis kigsr2a@. Beethase. 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,
15 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.
20 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
25 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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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. 92 17 OCTOBER 2006 The control of
the radius of curvature or flatness of the disk can be important. Not only is it important for the disk to
comply with pertinent flatness specifications but also as the disk temperature fluctuates during
read/write operations due to disk rotation the disk curvature changes. For example7 theTOiBkR2e0p
become more concave or convex depending 5 on the rate of change of the compressive stress of each

layer due to thejpak HHCHAIANTG RpONeHANEaLFRIQR: |t IS HEBERGI Ioh Uk disk 10 RereKke Gomyex at

higher operating temperatures and more concave at lower operating temperatures. As seen in Fig.
230, for examptectiskhickriess pdlike ngpeshionerfade $B24BL F:4ecang belselst@M, tapber tiniddemtiran
that of the lower interface layer 1808 to provide a convex 10 upper disk surface 1800. This surface will

become even MBS HPALWREA 899 JABR Fayase HaYHBAGIUSI thentPBte AldaRIESe Fidrs 4&BbEREd on
the upper disk sugtacg- Lo Ang;skOMisH ratan. theUPderay i BBAOEHE Iaxes and.yetroaidavanare

deposited so as to have a net internal tensile stress. This can be effected by selecting suitable
materials for eaplardayer amd/drikly appingch,suablerdepisitibiekechniiffieoitebdtvares tuttepirg . dindthat
15 configuration, the use of an upper interface layer having a greater thickness than that of the lower

interface layer Y5 0@ GE@Ectd¥BUNte it 15E dansidh stfells Pprbvitld diededidingsrse dndiak
surface ﬂamesﬁgfﬁé&%&l%‘?ks%%ﬂj&%% 15,0, IS AR 1By, .r%s%%%%gﬁ %Eéﬂeogiﬁ}% BigsRaRSiple

to deposit the la esired degree of internal compressive or tensile stress by 20 varying the
composition of depsclebicalesspiatinghaiipniiban tost kayeigsartaiivtensile ahapposgbtcachenpressive
stress, the use of an upper interface layer 1904 that is thinner than the lower interface layer 1908 will,
as shown in Fig. 231, 18a986 fiecGppesrdigrratiptdder Sigknesbaicbsviper guskiatehigerfaes, gsrs

e e A SRR
lower interface layeugR@8liJHiederpilEs24, 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.

95



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. 93 17 OCTOBER 2006 An embodiment of the process to produce the disk of Figs.
225 and 226 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 diski18T20sERMGed
out of a sheet of material. The stamped disk in step 5 1504 is ground to provide flat or planar upper

and lower substrate digkeriacss |8 siaeriky08: 108, dislyds ok e, AN ien drdk thamianware

formed on the upper and lower substrate disk surfaces. In step 1520, the upper and Iower interface
layers, which asputiicled| optoasp hippes, divie farfarecprkithe u ppbniamnds| owsodulssthatdidislostigiaegsnby
electroless plating _techniques. In this step, the thicknesses of the up?er and lower interface layers are

the same 10 oP5db%tantiallP RS EIRE Y HYpIta, Tl ERAMEES St Dp PEKIEHALE 9yl dt kast
about 95% of thglickngsgRE tbﬁl"B\Q’%‘é&ﬁt‘?éfﬁgﬁo@b/ﬁ{e@@cfa‘é@% VRSP SIS RS R iatel L orfh are

performed using techniques known to those of skill in the art. In steps 1524 and 1528, the interface
layess are rougbeéstepchbizd}apthfing siepqidd2 8)giishied to provide the plated disk configuration of
Fig. 225. As shown in Fig. 228A, 15 in each of steps 1524 and 1528 a disk holder 1600 contains
compartments (or hol@8 {4t disThe RIRGArsIs BRmBRAFEIISY {rifiral I 'AXoiigch2s Ahseaisk

polishing™). Uppgy, and lowey polishindBads, 2604 g 1698 polishhing.autwaidly facingsyriages 1612
and 1616 of thBe ggjﬁac’eriigétac%(eﬁ é&is%)s %Zéﬁb. Thg conta(%ng%isk surfaclzeg’;j 16245;%?1'628 §rse not
polished. The paihed SudfeaaspktibZnasich} 6ddhitp¢h&nappetodisk stskaltéenkBd arin Fig. 225. 20 In this
manner, two adjacent or stacked disks are polished simultaneously to provide a significant cost

savings relative to the &8 0 proditscaditsans sl diskscmFated By cther gedietiIA Vi thibkiBughet the
T ey e S O O S P S R O
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 (AIMg) disks. The NiP layers on both sides of the disks were
equal and about 500u. 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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25 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 94 17 OCTOBER 2006 one of
the polishing steps, which can be costly. The polishing in this step is performed usifTgoCTOBER 2006
one-disk-at-a-time polishing as shown in Fig 228B. Referring to Fig. 228B, upper and lower polishing
pads 1604 and 1608 i I ] and: : isk
1700. The carrier 171%%%2&?5?&%’%%%%%8&%%?0%% % g%ﬁ?ﬁ%ﬂ“%“ﬁ?f fgﬁ%@ﬁ a
portion of the thickinegs diffépeR28 hetNleecatherul§Porianidsigweé tintecfavmdalyiershs éffdoted ivf dach of
the rough and fine polishing steps. In this _approach, the disks remain in the carrier 1600 (Fig. 228A)

through each oftR p8lishinly EBB¥aWHidRSCRISHE pRalert 4 ¥ Rshrebs C8atMsgE teigtiacth ik
other two appraaeiesnin AF WRRRSS SeRTey AR IS UNGHRE Rl the RRIRRCM NS BRRGe
layers 10 1304 and 1308 is the same after sfep 1520 and range from about 8 to about 15 microns. In
the sough polistiiagsiep dbl2idaftorn abouinDibe abaitiBbdegmédhd desipedlthitkine sshediction darthe
upper interface layer 1304 is realized. The remaining desired thickness reduction in the upper
interface layer ?@%@%C@é‘iﬁgﬁin the fine polishing step 1528. After the fine polishing step 1528, the
plated disk is sent o ife. AR praeaS: ihItNGJMEAIA RIRGETRMHL RE flsgussad i reference to
Fig. 229. In step 1700, the plated disks are merged for processing. "Merging" refers to placing the
disks back-to-back suphdhiatthecppsedigkGafiitas1316 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 lowBFegtgkesifAcex?9920Vf each disk 20 1300 physically contact one another
or gap merged in which C&S%Z[)I‘tle[il(g)ﬁ/_\/?£~ %kr srylrfaces 1320 of each disk 1300 are separated by a gap.
In step 1704, the upper disk surfaces 13 Bre data zone textured by known techniques.

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 20", 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 500n. 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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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. 95 17 OCTOBER
2006 In step 1720, the underlayer 1408, magnetic layer 1412, and overcoat layer 1416 are sputtered
onto the upper disk surface by known techniques to produce the disk configurationl T0dEIGBERB00%S
noted previously, the sputtered layers cause the disk curvature to flatten out. Other techniques can be
used to deposit,theselR\ehsaUEh BRISVAROLIONICSRRIGHES difih > REABLIFCBIAUES: RIBINIThe
techniques, and the like. The disk is then subjected to the application of a lubrication layer (such as an
organic polymersbigg apénfuprbguolyeshe) westép 37124 antidappduaighingad wed dikR8. Steps
1724 and 1728 are performed by technigues known to one of skill in the art. In step 1732, the adjacent
disks are separated of HerREIgSt B RIBIRIENHE fifsHale18%iiRsE7 RO h R er 'S 1020 of e disk
s the inactive’s ¢-ngnsipiaUmATAN sipriag e, witlie Peeslied 40 dbae diskis Wisvache: or
information storing side. EXPERIMENTAL A number of experiments were pérformed to illustrate the
prinsiples of thinpeagentidewvefitibn. divles fiist séesaoi@xpecinentsn vawiows ghapoleticgdiskspveEhmade
using both 15 one-at-a-time and two-at-a-time disk polishing to evaluate the varying degrees of
flatness of the HiSkacahaltHE Ga&ieF SUAPHoRSHiP %%&%Wfﬁﬁ%’éﬂ@%%ﬁg?ﬁ%l@fﬂﬁ@%t%s.
Type 1 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
500. The concavity ofTthe idiskgadas B pipicdxiesatifye enfibefdiskdhickne ssh avaseadioes SOthvildwith a 95
mm outer diameter (OD) and 25mm inner diameter (ID). The Type 1 disks were rough-polished using
one-at-a-time PBHSARNYL(AS SHRRRtIRORIg YatBBY MHBiktEsHRRy B Asl Yo HE Arbrekiverhihterthe SHBoth
sides. The roqul- roIi i&gadir_f,éjcl?lsvterasggedisks were then washed thoroughly and ensured to be virtually
free of particulaté/s. ashing ’

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 | 5.167n 404" 415" -11p"
substrate 2 | concave | 4.773n 368" 375p" ST
substrate 3 | concave | 2.673n 423" 432" Ou”
substrate 4 | concave | 4.417u 402" 416p" -14p"
substrate 5 | concave | 5.381p 400" 429" -29u"
Type 2 | substrate 1 | concave | 35.69u 388" 476" -88u"
substrate 2 | concave | 30.31p 410" 485" =750
substrate 3 | concave | 38.72n 388" 480" -92p"
substrate 4 | concave | 36.18u 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 Sp concavity, with simultaneous
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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. 96 17 OCTOBER 2006 The final polishing step is
performed by loading 2-disks at a time in the carrier hole, as shown in Fig. 228A. TeOCAMBERO00O is
designed to accommodate the thickness of the two disks. The removal of the nickel material takes
place only on ojgsifg-ofieaahdiskidurpedhis mtaie%éiﬁ@mglﬁ R B Fslllistineunalishing timg. the
NiP thickness delta between 5 the active and inactive sides and the resulting degree of concavity of
the substrate dikkksamhthotid bd@onibollechcihigyproce ssvdriables invthé sioughaamnddipelisblighbegsgteps
are as follows: . Machine/Process Set-up Conditions: Pressure: 180 - 220 dAN 10 Rotation: 14-20 rpm
Slurry for the RERABIhinA0h B e ehandsing Pelishgsieeinal Polish: Colloidal silica (35 - 100 nm

size) Machine type uspd; el Wpllehs Ay 1AM AIsk Rolklipg Maghiae Tag niepded tigkngss

differential in the NiP layers on the active and inactive sides 15 was about 10 to about 20", with the
active side havirgwiintictivee sNeR Igyenard he derreopbadbsit cartier R dagackhacoesmnididatngaa
single disk, in the rough polishin ste% and six holes, each accommodating two disks, in the fine

polishing step. THEckifeSLoT e AU UBBHEAY TS HEYBOYH BONSHIAB St sy Abut 90
mil for the fine &%'t'ﬁ@d@%%‘?@ el ﬁaﬁ%f%ﬁsﬁgn&ﬁgﬂ FIWEIE YRRELLQINPE £ WRIR Yeresimad by
electroless plating of nicke pphosphoro s (NIP) on both sides of aluminum magnesium (AlMg) disks.
The NiP layerstbe fiatieSiclebedi ghottisks uelre 5egual aingd fihneds&0Beihpeconsavityl ahthNiftiskgewere
approximately 35. The disk thickness was about 50 mil with a 95 mm outer diameter (OD‘) and 25mm
inner diameter thickness differential being less than about 3u". Strictly speaking, the thickness ditferential

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: ~415n"
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: ~435u"
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 5.645u
30 disk 2 (Figs. 244A-B) R-convex 2.870u
disk 3 (Figs. 245A-B) R-convex 4.808u
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(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 technigues were employed. The removal of the nickel 97 17 OCTOBER 2006 material
occurred on only one side of each disk during the rough polishing step. The washingoanoBiERe2006
polishing steps were the same as the steps used for the Type 1 disks. The process variables were the
same as those shown above for Typg 14 digk, Jahicatgn except for the thickpess differentigl hetween
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 thelishrfieitigs.BEhAHR rough and fife-@olishing steps wasitfig same at
about 90 mil. The intended NiP thickness differential for the active and inactive sides of the disks was
about 70 to about 801", with the NiP'T& el B§13eibe side being i@y #an the NiP & &Ver 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 imsportant to note thayph@ Type 2 disk flatness plots appear to be truncated in some areas because
the measurement tool limits were Ig exceeded. &As 1 Nip Measured Measured Shape Flatness

thickness on Nip Nip thickness A Alghdk (higknés& bR A-B) B-side LtisttdiehaPeoncavd S 1By 404p"
415p" -11 substrate 2 concave 4. 7&%}2’36}6 ilgs?’Zs':_i)"A g)l substrate ﬁ(&gﬂg@/e 2.6731 43%4ﬂ321
161

-91" substrate 4 concave 4.4171 402" 4 -14"
disk 3 (Figs. 251A-B) R-concave 0.982u
disk 4 (Figs. 252A-B) R-convex 1.358u
10 disk 5 (Figs. 253A-B) R-concave 2.926p
disk 6 (Figs. 254A-B) R-concave 2.234pu

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
15 disks because Type-B disks had a NiP layer thickness differential of around ~20p" 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
20 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
25 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.
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substrate 5 concave 5.381 400" 4291" -291" Type 2 substrate 1 concave 35.691 3881" 4761" -881"
substrate 2 concave 30.31 410p" 485p" -75p" substrate 3 concave 38.721 3881" 480" -921" substrate
4 concave 36.18 nda nda nda substrate 5 concave 36.381 nda nda nda 15 (nda: no data available)
The average NiP thickness differential for Type 1 disk samples is about 141" while that for Type 2 disk
samples about 851". Each value corresponds to the amount of NiP 20 material renfoyetO@Eiackoo
removal) during final polishing (Type 1 disks) and during rough and final polishing (Type 2 disks). Type
1 disks exhibited about jl,eaRcavit: MihsSIMHIRRRYSIAS HIRGRORRER 2008 hurrdigksoaipsime
polishing being implemented only in the final polishing step. Type 2 disks exhibited about 35R
concavity, withsimihtanepus itlwdeadisks<afeatingseo p dlishingn engithowlenoertied mhbeoth the rough and
fine polishing steps. The degree of concavity induced as a result of uneven material removal on the 5

active/inactive sides dpP5eRB!HdhANSoHISHALIY tHRRABTEAEr PicRIFSSY ditEuitaPRRNES d8nthe two
sides. Typical GgHRIRIRBFHUDSHRIRLISKHROUSNGH, Walizinagamyentissah, Heiledsdmderaiadyn Fio.

228B) exhibited average flatness values of about 2 (-50% of the flatnesses being concave and -50%
of the flatnessesihdingdoBvSxnanak renNIRnldyieknthickness differential being less than about 3".
Strictly speaking, the thickness differential 10 is the avera%e of the absolute values of NiP layer

thickness differentials'BrifSHECHE GAIHYS HHERSIPERhEICRIANRIEH AT BRFfOtPIE Y dEr TR the
degree to which, sputiered, thin HJgng ‘égﬂécft'é’éitﬁﬂrﬂ{ i%ﬁ‘g@é%?eésH‘éﬁo@ﬁiﬁﬁ‘}i}{é’@tﬁaﬁ%‘? ﬁl%'%!ﬁ%li( Ove.
Two different types of magnetic recording disks were fabricated. The two different types of disks had
the 15 following steeifieesd during rough and/or fine polishing. In other words, differing thicknesses of
interface layers are applied to the different sides of the disk.
10 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

plated disk to deform plastically), thermal techniques, and combinations thereof.

101



Type A NiP layer thickness on right side: -415" disks NiP layer thickness on left side: -415" (control)
Sputtered thin films with total thickness of -300A 20 NiP layer thickness differential between the right
and left sides: O" Type B NiP layer thickness on right (active)-side: -415" disks NiP layer thickness on
left (inactive)-side: -435" Sputtered thin films with total thickness of -300A NiP layer thickness
differential between right and left sides: -20R" 25 The shapes and flatnesses of resufrigpdigk2oase
shown in Figs. 243A and 248B (Type A disks) and Figs. 249A through 254B (Type B disks). The

flatnesses of the disksyare set, fpiith B@@gy_fswpgiﬁggi_sﬁ&g(ﬂﬂgﬁi P43A-B) R-convex 5.645 30 disk 2
(Figs. 244A-B) R-convex 2.870 disk 3 (Figs. 245A-B) R-convex 4.808 99 17 OCTOBER 2006 disk 4
(Figs. 246A-B) R-convex4u8228sediskib fiag8524wAi8) R-aonvex E@ibn disknbdiRigspa48wsBlof a

R-convex 4.192 5 Type B disk 1 (Figs. 249A-B) Irregular shape 0.617 disk 2 (Figs. 250A-B) R-convex
2.2548 disk 3 (N8N Bl lisheBeoBacieR YA Bopdln RUSBARIS P Bsbe K Erigs.

R P S b e g KA
disks exhibitedsbenevicdsehdnapasfantasaheesame angle 0;, 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 0 are identical while the chamfer length Cy; and chamfer surface length 1,
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"bowl" shapes but with reduced flatness values. Type-B disks were flatter than Type-A 15 disks
because Type-B disks had a NiP layer thickness differential of around -20R" whereas Type-A disks
had a NiP layer thickness differential of around O". 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 20 the magnetic medialihd0s0%ErR160H
one-side sputtering causes disks to bend and form a convex shape due to compressive stress

imbalance withig, the. Vap U aYSr SAtmsBYifeaasiing shuteisidIpsane, he.gidaclibesHastrate

disk which is already bent to form a concave shape ("bowl'-shape, looking to the side in question), the
two bending tehugticiestin ippoesiteddiigstitms2Fi@m the ¢hicker S8R lager big.oRE/ didé of thaneligkyand
the thinner NiP 25 layer and sputtered films on the other side of the disk) are cancelled. The

cancellation (oP 844Nz ArHSNorehEc AR ardd Restringat s Bbhodites bt e i diy e Al srpatlest
resulting disks (aftar SREIEN SRS IRNEE 200 GREGIGRRR 20004 NRbEEoLMANAtIoNS R o

modifications of the invention can be used. It would be possible to provide for some features of the
inveftion withostbpr@vidfngratiers. Hare dkanyblerifeo v gliespathley emizosifrentatthet grégénbinvemtion
applies to any form-factor disk, whether 95mm, 84mm, 65mm, 48mm, or 25mm in diameter and 60

mil, 50 5 mil, 409%, 18ahesiihils 98 AAAGIHRKRESSIeRethbiRish D& A& & emBbein@ 303 Hea about
thicknesses in %HFﬁlﬁ‘éﬁe_%.”dé%%%%é”%ﬁéf%%?cﬁ'é‘éf%[8e1§9.€’h@rhqsiz39§e§5 gifecied (ﬂ%'{ﬂ%{&‘ﬁr cR layer

deposition rather than or in addition to that effected during rough and?or fine polishing. In other words,
differing thicknessegibintéetakenay etk aieapplitthdosibeatiffesartsidetiod ibedisthatfén yet another
alternative embodiment, pre-bending ogﬁfre-shaping of the substrate disk and interface layers can be

accomplished using nRSERERIB AP R esinbt déslvasiiictsin theistate dRiiskad e s pragt cmpfer
theEB” al teChmqgr?gS[hg%dL %gﬁn Bin?glrot%% ir%{%?lfi g‘e%]Ond chamfers 2316 and 2320 are identical while the

first and second chamfer angles 0; and 0, 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 1 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 Cy; 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 R; and R; of the first and second chamfer surfaces 2338 and 2340, respectively, are
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17 OCTOBER 2006 N. Chamfer Designs for Single-Sided Hard Disks As can be seen in Fig. 255,
which is a cross-section of an outer periphery of a conventional magnetic disk, the inactive side 1980
is indistinguishable from the active side 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 01, the same chamfer
length li, and the same length li of the chamfer surface 1996. As will be appreciateld, GhEaHTERA66 is
used for a variety of reasons, including controlling the chipping and distortion of the disk and also

minimizing casggiigmaletah weapaed aiagiomAvHRgHaadhing anhRMIRMeRLA0d 1 fehiliataiead 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) sidéxaimaldisiadoderphing tbiannédxdmplatyiesiapdiment oftthe peesetiteifisntiod sddtvadisk
2200 comprises an outer diameter Rqg and an_ inner diameter Ri. The inner diameter or periphery is
defined by a hdiRe8¥eIBeeCenang Grrals YNASR: or other rotational mechanism. The outer diameter

or outer periphery a”ﬂe%?rﬂﬂ?% pa?%ﬁﬁ%ﬁﬁé’biﬁ%&i&%&&‘tﬁ{ %Fog:. InBeE ChapisrRAd08 ANt v e 15

respectively. The chamfer extends radially around the diameter of the outer and inner peripheries.
Thesame featudestidieblodatich deathe ievbesirsidedddthe diskc stk tb €acdlfare cite d] diieisk(tia
other configurations, may include only the outer chamfer or the inner chamfer, depending on the

application. As¥AN DB HIGLIISS Tt g 57 ceah & ottsiec Harttfeledi thandcrsandrdrastier
inactive sides qt{e diek (Br0RS ShamiLR AR astiee BRA0actye sidenof 1ha disitharen iasimilar

or differently shaped. The differing shapes permit one to identify or distinguish, typically visually and
mechanically, the:hstiveranitinagtiveosit esofiem dia@iatier.ofdivodigh frdgs:.c2ai8Ahthotughs2badds
illustrate a variety of differing shapes for the chamfers, it is to be understood that the figures are not

intended to be BX#EUS RN 2 RFORYRSUPREE 25 S baRICEREpEs Mty HE RhiPRsH &l idBntPeYe

o e e e A TSN I A T g

and second chamieccrdagiasnirareidentioal wiilelibechppateratengiheGro@ndcoirnier iatraaepieagth li
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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102 17 OCTOBER 2006 for the first chamfer 2304 are different from the chamfer length CL2 and
chamfer surface length 12 for the second chamfer 2312. As can be seen from Fig. 257A, it is
generally preferred, though not required, that 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 0.008dmORER While the
second chamfer length typically ranges from about 0.003 to about 0.300 inches. Because the inactive
side of the disklQgginet storegRfonmatiop, etk is 2aapsidarabie fregdomiRRaiectng the.dimgrgional
parameters of the second chamfer. Referring to a second disk configuration in Fig. 257B, the first and
second chamfenetginghigthsr Ghganoly@Lnferging first andtsecging chdrmfdrg 98116 cntd 2320 armdddatical
while the first and second chamfer angles 01 and 02 and chamfer surface lengths 11 and 12 are
different. The fRERAHHEY angle typically ranges from about 25 to about 50 while the second

chamfer angle typically jangesdipm ABAUL 240:BRUL 0 RelencIRG Bl sk caliaelianinerio
257C, the surface lengths 1 of the first 15 and second chamfers 2324 and 2328 are identical while the
first and seconduttiagrsterpi@ngthsl, Clutland GLAiamdittetdiost bind s€oonuehasdfeNamngiesl0 CamdoD?2
and chamfer surface lengths 11 and 12 are different. In the depicted configuration, the second
chamfer lengthF8FRHENAALRTERIE D ST B IR sk Teashaims: RlrPiFe(MCBHAMREM-ghsiRiGe side

2308 of the disf,, RETRIING,IP; A QUK SONGUERNAR MK GnRRAR dik IR PASHIPIGAP BAYG:R oald
nonplanar (or r%)r}]%ét 1surfacelz for a chamfesr. The (@p&té% chamfer surfac)g 2330 fgty tﬁ% fﬁ%t gcﬁlamfer
2332 is arcuatedry el fateikel haiagdB4ifar the seocaddichafafer 233 ustpl@dasyirFighape. thhesadius
R of the first chamfer surface 2330 is shown. As will be appreciated, the first chamfer surface 2330

can be non-cirdet. Exdnsnes MeIRgs phaaBoIcaEhatdifftical, inmeNepEnEsl¥aie heiskeR, tHBONESt and
second chamfelr len th§ Cu ehnd CII_Z are dif{fegent. 25 R .f%rr'ngan a fi@‘) h di%k qgnfi ur%\pohm,in F\iﬁg.
257L. itis posSIBIE (3 Fava 5 nCHEIAar (or norfisg Srace Rr CARH of tie Mt And SRbon Shamfers.
The depicted chasfBr serfagep 1@ pdthans' 2adR donithadiysitand secnsd ehlanafels 2343ianth234dare
each arcuate in shape.
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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The radii R1 and R2 of the first and second chamfer surfaces 2338 and 2340, respectively, are 103 17
OCTOBER 2006 shown. As will be appreciated, the first and/or second chamfer surfaces can be
non-circular. Examples include parabolic and elliptical in shape. As can be seen, the first and second
chamfer lengths CLi and CL2 are different. Referring to a sixth disk configuration in Fig. 257F, it is
possible to have an 5 identifiable design feature in the first and/or second chamfen i@facHiERe006
identification of the active and inactive disk sides. As can be seen from Fig. 257F, the first and second

chamfer |en9ﬂi'ﬁ1§§ﬁg.ﬂ@B@Bﬁl&e%nﬁeﬁhé‘ﬁﬂ;%é&*&@@fsé?@gﬁésté‘méﬁggtﬁﬁfﬂﬁﬁ.aﬂgg%‘:ﬁ{éddm@%f@r

angles 0 are identical to one another. Identification of one disk side versus the other is made possible
by a groove 23¢6porthidyfirstrgbdumfera2850cis wvilbiteca ppneciatédhtthergfoote 18 aouldealtsrnatyely
or additionally (a differently shaped or positioned groove{j be located on_the second chamfer 2354. As

will also be apptresited SHA YOS ESIRE e sl P Bl a Readisky BicoirBeme AR g Sitface
indentations, depending An.the ApRk é‘tiﬂﬂmﬁﬁtﬁ{””ﬂé%ﬁsﬁ?‘é‘?@%éﬁ%ﬁf%@f&lu{@%o&&rﬁ%%%Yrg' itis

possible to have a raised design feature on the first and/or second chamfer to facilitate identification of

the active and pkbaesactiz® thsklbidéskAmaophee rmbbedfrorrbig. (kb G, thees firgt machseeopot cloashfer
lengths CL, first and second chamfer surface lengths 1, and the first and second chamfer angles 0 are

identical to onel&iatPRet. 1M IREAYIIN: oY ol BidhesiEkvaPays BB rhe (havigtise ais e #) BELtep
2358 on the firgf chamigr ﬁéﬁﬁg@%‘é’@kﬁﬁ;ﬁﬂ r&&ff&?%oﬁ%? aﬁ%ﬁgo&?h% AllgrRAtvely.of QIH‘{R(%‘QHM (@
e ill also be

differently shaped or positio tep) be located on the second chamfer 2366. 20 As w

appreciated, themsiap. 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 SPHREtAH IV aHBER IRt dbeafiars MadyeProruliatitanedgdng the
proi:Qessing. The aé%tiv sides 23 utward while the inactiv%si a h other.

mctve 25 SRR I B oS e S M SRR, e S

(contact mergeehevdnayohe ceparatest hyaigsnioapipergesy. Jhanreeessing afdheasiiyecsidas
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.

15 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.

20 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

25 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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includes polishing, sputtering, data zone texturing, layer zone texturing, tubing, tape burnishing,
testing, and washing. The second chamfers 2412, being differently shaped or 104 17 OCTOBER
2006 dissimilar to the first chamfers 2408, permit ready identification (and disk merging/demerging),
by a merging tool or demerging tool or by sight, of the active and the inactive sides. Fig. 259 depicts a
cross-section of a stamped disk 2500 prior to shaping by a suitable 5 cutting/shapif@€doiperehoas a
diamond tool bit. Computerized Numerical Control machining programs that determine how machining

tool bits (which is norpajy ?eéﬁﬂ%'ﬁfo%@é@tatoﬁ@@@% IHSRILIR R ASERIMARELC isk gubsie glisks)

travel may be configured to yield differently shaped first and second chamfers. As illustrated by Fig.
259, the path 2904 afsthedieciskin(biot shewrhstants atgeineid thmese spimestly tppmat "Billovoues 10
linearly at a right angle to point "3", moves linearly at an obtuse angle to _point "4" moves linearly

vertically to poifit“88: ARG SN RuEH I 8 GRRhiRS FRIFT S gRRitES IO b8 (gL HEIRTARR s [HSarly

at an acute angigilo RRIbe HosiichEERICHR PRIBREAMIR hNELP oPARERILI% GHAHE VO -AISIBHar or
differently shaped chamfers on the active and inactive sSides 2300 and 2308 of the disk. 15 0.

Single-Sided Pdopessing giddiskePairs phedoreggingFuldressiéstgomhppneiitsohain overalbsoegleesided
disk manufacturin% process in which disks are simultaneously processed in pairs such that only one
surface of eacfPBISK Q¥R PIRIAYSRd. In a first embodiment, illustrated in Fig. 260, the process 3000

comprises each of QAN AR STRCASATIBANSALAIACESHS. Fliel 3002 SipTae AR sypate

are merged into pairs positi a gap merge orientation within a cassette o carrier. Next, at
3004 the disks qdeds dbjecictocaviatia g onepeaxtatingprheessvo-wihitly thergap aneoged ihaidi bk disks are
temporarily positioned in a concentric contact merge orientation for the texturing process, demerged

at 3006, and reftiREakdrarp 88 eies P itonEafthEges TRERE BRenthfichsisalis FRer #epGSithsiHing in
a gap merge origntation, (e AISks ARRURIGKTKY RN AR NG AN AEANINGORSIRIQEAL2008 4 part
of the washing and schu Ing
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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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 105 17 OCTOBER
2006 rinsing. The disks are next subjected to laser zone texturing at 3012. Again the disks are
temporarily merged into a concentric contact merge orientation for the laser zone t&xQE B HRAEBSS.
Following laser zone texturing at 3014, the disks are demerged and repositioned in a cassette in a

gap merge oriepiation 4 erdiak s edhsnisHRieated IP ASBRON G WMATHINA R REAGRER AloBARE-dlh&

disks may be scrubbed a second time in the same manner as previously described. Alternatively, at
3018, the disksonayeeméin sartieel tegsaitascaviagagieergi¥)Sdrientation, skipping the scrubbing step of
3016, and be subjected to ultrasonic ¢cleaning and rinsing. Following washing a second time, the disks

are ready for sputterir_ﬁAg.Sffﬁﬂﬂﬁlfﬁ@’a%esb‘iﬁﬁﬁﬁé Howada 5&%6”?8_; t tHi%l@c}‘é%fai'i]ﬁrfﬁaslﬁ_aﬁ%B?ge_
orientation. Pairgof Aigks, AL fEMBONROHABL FRSSRUAR PLLATHRIS I8 AR MEIAR QUR IO SRE disk

pairs proceed through the various steps of the sputtering process and maintain in gap merge
orientation. Foltohingeonipletiohohilalprobe positienpdiits 0f gisksracerentaned 4o 2066 riBicgasdétte in
gap merge orientation. 15 Cassettes of sputtered disks are next taken to a lubrication process at 3022.

The lubricatioPproteedsd BeriiTEaoH & SHBeERK N AR it Sm B he 1tvbiasist &y not
conducted on Raiss Qf;disks mwim"%ﬂﬁe&ggM&&?ﬁkﬁmr %{ﬁngﬂm ggs%%ﬁ%%% dijQne

embodiment, it Is preferable to reposit Isks with equal spacing a e disks to
facilitate lubricanilasdegsingdvatifisuifaceribfieach disks 20 Ndisrerails bptieprsidmayaitabledacact
repositioning the disks following lubrication. For_efficiency purposes, if the next process is tape

burnishing, thef§&& AiHERSALI MR (SPace O IEBREENRIE TOhERE ItieRsEsE METed A skschadish
O, A g L AR R e 1O e s
where 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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25 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. 106 17 OCTOBER 2006 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 tE50EPPBERIAD6
applied. Following testing, the disk pairs are returned to a cassette. Disks that fail testing are

scrapped. The disks MayPeARSIHANGHIBING cASSRICIS AN MYMIRIR! ARy BIBELQ disks.

orientations, 5 depending upon the next process step. For simplicity, they will remain in a concentric
contact merge ShedtskiowilSewerobe stipigated yonlektrioeticond idtet wm the sk surih desbSimddthdisbus
single- sided disk servo-writing is optignal. In the servo-writing process at 3030, the disks are

removed from tHEMRHEESFOG P RACESta SO TRV driiiation. e d et Redirpatiansd 49594 ePBEISter
aperture by a spindle assembly ahichfolaes K68l WHla SVorRRPRAIRIe SEN BT AGWIIRER write

servo-track data to the surfaces on the disks. Following the last processing step, once the substrate
disks have beelddimechihtdidinpaiech shrglpisidiedshantinemoiiedisks; diskdigks wiludjetied g lnpe
demerge process at 3032. In the demerge process, the pairs of concentric contact merge disks will

initially be 15 sBRRshERERY H Ho R GAd MARER SrigaR formddbeitke arltieepibk subRaER P besting
positioned in {@Pﬁ%é GABREILE nfel @‘oﬁ%l{ ﬁeﬁ,f%&?oﬁﬁ%ﬁ%ngfg%%%‘ﬁﬁi‘%%ﬁ&?%ﬁ%a&?&érﬁ&

cassettes with the R-side surface of each disk in the cassette ng in the same direction. Wit grtlhe
disk pairs so segasaiedistiegcaidiessiake reslthwiopeshipped skt bliskedityge dnanubciuing dacility
where the finished disks may be assembled into hard disk drives. 20 A first alternative embodiment of
the process is SABRHF IR 1R -sida i Taes B sachdishigid it s E 3t ine i AbRISWES HEGCERRe at a time,

M SR i R e B T e WY
disks will then bgeieiiigEgedhe 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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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 107 17 OCTOBER 2006 will be
demerged and repositioned in two cassettes with the R-side surface of the disks origii@dBERRe0same
direction in each cassette at 3054. A second alternative process is shown in Fig. 262. In this process,
the disks will be subjggleddr exiuring Ao RIRY; ARG itk Ala titPe PaidehAauile-sideddiskr
processing 5 techniques. The disks will then be positioned in a gap merge orientation at 3060. They
will be subjectetustrsputteridgléscagam nég & ogentationa@tiB062cd el ithe isubjeote th tthelditamication
at 3064 in a gap merge qrientation or with e%ual spacing between the disks. Following removal from

the lubrication fAnk¥the BISRECHiMBE PepdRitiBh A Y 5 BRI niiE I Eh i oR 4 Bl56 6 Bt

positioned in paics,LCONIACHERGS PHRNIAMAT BRIk BRITRIL BB RIS pose

burnishing at 3068 and testing at 3070. Following testing, the disks will be demerged at 3 into

cassettes with tesResidénsugfalbe dfselshreiskThia mededtteffatitalpinithéssameaditectianrpietbirchs

alternative embodiment is shown in Fig. 263. In this process, the disks will be textured and scrubbed
in any manner FESTERS RidRIRIHah At RefImGHIIDY HiRkIsHEECS B caltiprRid g8 8ifehtBifoNY The

disks wil then 6@ {RIPHOR, (e FRHITCROMBY OREHR I A.SARIURIGR IRNIANRDA AOGR Lo iso 0o

through the lubrication process in a gap merge orientation at 3084. Following lubrication, the s will
proceed to tapehbhriigbingcAbthesitapefbregisty n StadidrensticiD@enth & ldiskeovib heviepegitian et into

a contact merge orientation when loaded onto the spindle or collet at the tape burnishing station. The

disks 20 will behstbpeétearReTgipe iBinhidhiAgfaHes LneeRion cuibartahelyje stniagan A8 30882 They

Wllll%emaln ina g(B)gr% niric ec%rr)%r#act m rrgeen%ﬂﬁtg}h%%n 1rg)(;l‘be subjected to testing at 3090. Following

testing, they will & erge aetnéboo 2'into two casseties such that all of the disks in each cassette
will have the R-side smtaeevtaciRguightiie SiRROEIIBCHIOMe 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.
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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 108 17 OCTOBER 2006 not be indixkrpaiB 2bu will
be in cassettes designed to handle double-sided process disks. The disks will then be subjected to
lubrication at 344, Ugipgcauivgntional double-sided disk 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 testihd® &P 26rimanudrieiiadiyd Srrepentichsibinadt ChinBgaha first
orientation of the, fisks REWERBndARRHRL NShiIng-ABA HE SN0 oUW RGiIRSHPInihS dishsiUlkAGre
demerged at 3122 into two cassettes with the R-side surface of each disk in a cassette facing in the
same directionddnffifih miterpative:em dedimdnidisshmisimgchematically in Fig. 265. In this
embodiment, the disk are textured, scrubbed and washed usin% any desired processing technique.

Then, the disks will be positibned iRf528&8 AdigeidtigratdhtBitdheorsFrrrtieks! srehideh &sidted to
sputtering at 3132 while maintaining, the, gABmerge GHENFCMCRUGNING SRUEING, RS fe
repositioned at 3184 from a first gap merge orientation to 15 a second gap merge orientation. In
essence, the gap between the disksésoppdeineditectfagitifate keboidtionmackhs disksharalikienhieibrieated
in a second gap merge orientation at 3136. Following lubrication, the disks undergo a repositioning
from gap merge to contact merge BE31381YPh %ﬁtﬁ&%?g@%ﬂéﬁf&%rﬁltﬁéf@@k% ArePathEEY to
tap; burnishing at 3140 followed %ﬁg%%‘ﬁ‘%‘td%‘s‘z- The disks are then demerged into two cassettes
at 24 cassetteﬁﬁa’ving the R-side surface facing in the same direction.

4 20 with all of the disks in eac

A sixth alternative process i showadsehemagaallyal&iga26tl Heredhe diskssaractexitredhsaisobed
and washed using any desired processing technique. Then, the disks are

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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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, bura{StiBgroI0®sting.
109 17 OCTOBER 2006 The foregoing discussion of the invention has been presented for purposes
of illustration and dessription,Ehe, faiegaipcisinot intendes) teelimitithe dpveption tedhe.form affarms
disclosed herein. In the foregoing Detailed Description for example, various features of the invention
are grouped togetiersits emgagmgidrecentbogieniertisfeatheliskinpose Spofderesmiibing 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 aspegts lie 4 lessofban aligaturerfha 209l igreaeind Aisclosad smBRMDeNe

Thus, the following claims are hereby incorporated into this Detailed Description, with each claim
stantling on itstawmishéng. 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 he sl andfipavledag pihone I Re dil AleruCErFIRRAING fbe Piesen
disclosure. It is intended to 15 obtain rights Wilch’incﬁuée alternative em oagiments to the extent
permitted, inclydiag taliapatesditerabangaable 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
pat?d‘l table subject m%tt er. 1%0mle7t}%g-gpgslr%u t%rqgo%sly 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;

e. 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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What is claimed is: 1. A method for manufacturing hard memory disks, each disk having a first 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 diskiarsobsrarriially
aligned and a space exists 10 between the disks; b. adding magnetizable material to the second
surface of each disk gimultangomsiyog JHOHGAINGPAL Mﬁﬁﬁ%ﬁxﬁ?&ﬂiﬁ%&é@@%ﬁ@%@f@h%e
removing the space between the disks such that the first surface of 15 each disk is in substantial
contact with thdifikstpsimfacéubfithergtiter ddisk; 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 thediskspcomprizes plagingh 2 afiRA-Af RRRIMAICHRAGS PTG AIRHS i A
merge nest. 25 4. The method of claim 1, wherein removing the space between the disks comprises
placing the disksiintatdisk @aptises pdidldn@ECHOBER 2006isb cdinemmethod of claim 1, wherein
removing the space between the disks comprises engaging the center aperture of each disk with a
spindle assembly. 6. The method of claim 1, further comprising testing the disks following tape

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;
e. 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

areas.
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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; 156G 10BFHRati¢TY
both disks; d. aligning the disks in a contact merge orientation; e. burnishing the surface of each disk

that faces outwardly ofghe paffe f,dgRliNgrtoRidisks; 9 RERELAMIMARRIHEAIRKS1pRP T 'eﬁg%g%tmd

of claim 8, wherein testing the disks comprises performing one or both of glide testing and read/write
testing. 10. Themetieod pbuiaim &, thidiskin 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.
112 17 OCTOBER 2006 11. The method of claim 8, further comprising increasing the spacing

between the disks prigy to I4gficating s Upl 17 ThGMeRodBhelR %@as%?@%%ﬁg@di%iﬁﬁimﬁiﬁism

in a contact merge 5 orientation comprises positioning the disks in a disk carrier. 13. The method of
clairm 8, whereseligiongothieditiés.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.

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.

10 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.

22. The method of claim 15, wherein processing the pair of disks further

15 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
comprises burnishing one surface on each disk simultaneously.
25
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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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; e. 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 claioC 168 MRExsIn
placing the pair of disks in a back to back orientation comprises placing the disks in a gap merge
orientation. 25 17. The;metheglof,clainy 16 whereinsplagingisaiskslisksdn agapamesgesorientation
comprises engaging the disks with a tool having at least two separate disk contact areas. 113 17
OCTOBER 20@6ni8isthesmeghod afrblaimr@ovidelermadchaephrate area is adapted to engage
chamfered portions of the disks. 19. The method of claim 17, wherein the separate areas are shaped
to maintain 5 separation of the disks. 20. The method of claim 15, wherein placing the pair of disks in
a back-to-back orientagion cQm(iRRS PIAGING NG AN ARARGIMALS JIRNRtMARAL: 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 wpishtiishagapieadritityposdisks tmepdisk ssvnhcemtaphi2h a4 pegpmetizod of
claim 15, wherein processing the pair of disks further 15 comprises sputtering material onto one side
of each disk simultaneously. 23. THEIFREWIY of claim 15, wherein processing the pair of disks further

b. transferring a pair of gap merge oriented disks to a processing station;
C. simultaneously processing one surface of both disks of the disk pair.
10 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.

30. The method of claim 28, wherein said simultaneously processing both disks
15 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,
comprising:
25 a. combining individual disks into pairs of disks;
b. simultaneously processing the outwardly facing surface of each disk

of the pairs of disks.

115



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 comprises burnishing one surface on each
disk simultaneously. 25 26. The method of claim 15, wherein processing the pair of disks further
comprises scrubbing one surface on each disk simultaneously. 114 17 OCTOBER 12088 OBERPhes
method of claim 15, wherein processing the pair of disks further comprises testing one surface on
each disk simultaneoygly. 2&;A meHiadPbmaMTasHANg. singlRiIERs AP eIRR A RISk &MRlising:
5 a. positioning a plurality of disks in pairs, with each pair in a gap merge orientation; b. transferring a
pair of gap mefgelctiebhtell disksatea pridvcessing statimn; the. diskulieneousiyyrocessipgpaoneisgirface of
both disks of the disk pair. 10 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 %@‘?”ta‘ﬁfé-ﬁghwSﬂﬁlﬁ%ﬁﬂﬁ@c%%ﬁﬁ%@%ﬁﬁ&ﬁwéﬁ ALK GRESINg

both disks 15 of the disk pair comprises sputtering. 31. The method of claim 28, wherein said
simultaneouslygapocessingiathi chigksoobtkiendlslogais pormaprises 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, comprising: 25 a. combining

individual disks into pgg_s of ﬂ?ekﬁethod of claim 34, further comprising 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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b. simultaneously processing the outwardly facing surface of each disk of the pairs of disks. 115 17
OCTOBER 2006 34. The method of claim 33, further comprising positioning each pair of disks in a
back-to-back orientation with a space between the disks prior to simultaneous processing. 35. The
method of claim 34, further comprising positioning each pair of disks in a 5 gap merge orientation prior
to simultaneous processing. 36. The method of claim 34, further comprising positioning &zaiR pads of
disks in a space merge orientation prior to simultaneous processing. 10 37. The method of claim 33,

further comprising positioning eacibggi@;(g{i%s[lﬁg m@alﬁ%mgggﬁgpﬁiﬁq;@y%gwgprgggr%q@% of one
IS .

disk contacting one surface of the second k prior to simultaneous processing. 38. The method of
claim 37, further comprising positioningtemeh 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 e%V&H@}WBYﬂi%I@ pHa6! ?HE%@%H&B?&P&‘&?H’F%_& wherein
simultaneously processing thie pairg Qf,disksy HSESiPNS N MR OLIEMUANGWasRINgG, SAHTErng,

burnishing and testing. 41. The method of claim 33, wherein separating each pair of processed disks
comprises demisisng the pairs of disks. 25 42. The method of manufacturing single-sided hard
memory disks, comprising: a. providing a plurality of disks; 116 17 OCTOBER 2006 b. positioning the

plurality of disks in pairs in &€gap mEHYSBESATAIRSH A UESheteP-Nfidividually removing the pairs of
disks from the container;

43. The method of claim 42, wherein simultaneous processing each pair of disks
comprises one or more of texturing, scrubbing, sputtering, burnishing and testing.
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.

15 45. The method of claim 44, further comprising demerging each pair of disks

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

25 contact merge orientation for processing.

49. The method of claim 48, further comprising demerging each pair of disks

following texturing and/or scrubbing.

117



d. simultaneously processing one surface of each disk of each pair of 5 disks; e. returning each pair of
disks to a container. 43. The method of claim 42, wherein simultaneous processing each pair of disks
comprises one or more of texturing, scrubbing, sputtering, burnishing and testing. 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 textamgOoBESRIB0F he
method of claim 44, further comprising demerging each pair of disks following texturing. 46. The

method of claim 45, wiiereimgemerging sachpainof Wﬁ&%ﬁomﬁﬂﬁg&&ﬁﬁitiBFHE&stﬁ%% paid gap

merge orientation. 20 47. The method of claim 45, further comprising subjecting each disk pair to
additional simuftakeocusprocessirdiig enirigrdemangimisidg pedsieamethedlopelaivh A fumthepntact
comprising positioning each disk pair in a 25 contact merge orientation for processing. 49. The
method of claifP¥EC R B SHPH8/erging each pair of disks following texturing and/or
scrubbing. 117 17 OCTOBER 2006 50. The method of claim 42, wherein simultaneously processing
each pair of disks comprises scrubbing and further comprising positioning each pair of disks in a
contact merge orientafion forlecrudahingob AainT B, nfietthed afrotaising0dduktien e @avbrisang afedivrging
each pair of disks following scrubbing. 52. The method of claim 42, wherein simultaneously
processing eadit T SA¥REIB8mprises sputtering.

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 lubrication.

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 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 lubrication. 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 comprigex-separating all
of the disks by substantially the same amount. 57. The method of claim 53, further comprising
positioning each pair g6 diskgj & &RRIAGE BISEAesBrIgNAtPRIRINNIAG IHRFCARRR- 2R1P&:iskhgarpethod
of claim 57, wherein simultaneously processing each pair of disks further comprises simultaneously
burnishing eachodiskt padrfo kbowetgihrbdioatiohubi®ibg. OCTOBER 2006 59. The method of claim 58,
further comprising maintaining each disk pair in contact merge orientation during burnishing. 60. The
method of claim 58, wherein simultaneously processing each pair of 5 disks further comprises
simultaneously testinggach-pair gt iskSfolRuing Luitshindsifhadhe, MEad tglaim 8, fusther
comprising maintaining each disk pair in contact merge orientation during testing. 10 62. A'-method of
manufacturing éiakd fuehrory diskshaving asingle taciieeaidepain of @itk siddpeomgpnsingiiag.providing a
plurality of disks; b. changing the orientation of the disks; c. processing the disks two at a time, in a
substantially back-to-back 15 orientation such that only one surface of each disk is subjected to full
processing. 61. The method of claim 60, further comprising maintaining each disk pair in

contact merge orientation during testing.

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, in a substantially back-to-back
15 orientation such that only one surface of each 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

20 servo-track writing.

64. The method of claim 63, further comprising changing the orientation of the

disks following one or more of the processes.

25 65. The method of claim 63, wherein changing the orientation of the disks occurs

prior to one or more of the processes.
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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 20 servo-track writing.
64. The method of claim 63, further comprising changing the orientation of the disks following one or
more of the processes. 25 65. The method of claim 63, wherein changing the orientation of the disks
occurs prior to one or more of the processes. 119 17 OCTOBER 2006 66. The métlisd oBekadni62,
wherein changing the orientation of the disks occurs prior to processing. 67. The method of claim 62,
wherein changing theqgfientaiirpiibe slisks aeeursnorialioning R ecessitdafsh 6 method ocurs
manufacturing single-sided hard memory disks having an outer perimeter edge and a center aperture
defining an insieleopéripnetessedge comprising: a. providing a plurality of disks; 10 b. placing the
plurality of disks in a container, in pairs, with the disks in a contact merge orientation; c. removing the
pairs of disks from the container one at a time; d. simultaneously burnishing the outwardly facing
surface of each disk ig7a paifyd ;EnBAYHONIAY dBe RIS AN R FEMRIRE RS A Wieihos &t dalmn 68,
wherein removing the pairs of disks from the container one at a time comprises engaging the disk
pairs at their lofepeiigppermater edge. 20 70. The method of claim 69, further comprising engaging
each pair of disks at their inside perimeter edge prior to burnishing. 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 prio(ggt.o zé\brﬂgmﬁﬁiggmanufacturing single-sided hard memory disks having an outer

perimeter edge and a center aperture defining an inside perimeter edge comprising:
a. providing a plurality of disks;
10 b. placing the plurality of disks in a container, in pairs, with the disks in

a contact merge orientation;

C. removing the pairs of disks from the container one at a time;
d. simultaneously burnishing the outwardly facing surface of each disk in
a pair;
15 e. positioning the pairs in a container.
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.

20 70. The method of claim 69, further comprising engaging each pair of disks at

their inside perimeter edge prior to burnishing.

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

25 burnishing.

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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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. 120 17 OCTOBER 2006 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. 5 75. The
method of claim 74, wherein the testing occurs following positioning the disk pairs ihQCTORERNE- 76.
The method of claim 75, wherein positioning the disk pairs in a container 10 following burnishing
comprises positioningzthe digh Paifsiidd 6P UAGHTEI I HEPRYRR:ilihe T BRmMEIRRAQ) i d Snfurther
comprising positioning disk pairs in a container following testing. 15 78. The method of claim 75,
further comprisingsedlartiting diskscbasedchplosk resphis.of testing. 79. The method of claim 77, further
comprising demerging the disk pairs following testing. 20 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 eachdisk g FORIRNPLRAANNY, NRSAMHOUSRIRLQL I RH SAMNG i o,
5
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
10 following burnishing comprises positioning the disk pairs in a contact merge orientation.
7. The method of claim 75, further comprising positioning disk pairs in a

container following testing.

15 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.
20
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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