MAGNETIC DISK CENTERING SYSTEM AND METHOD FIELD OF THE 'MENTION [0001]The
present disclosure relates to magnetic recording, particularly to disk drives, magnetic head testers, and
magnetic disk testers. REFERENCE TO RELATED APPLICATION 100021This application claims
priority to USVRravisiorsalApplication Serial No. 60/201,940, filed DecembeairTAjs2088istaescontents of
which are incorporated by reference in their entirety. BACKGROUND OF THE INVENTION 100031A
spinstand is a device for testM&ﬁ%iPW@%ﬁgrg %ﬁ%@%&@ﬁ%ﬁﬁﬁ? disks for disk drives.
A disk drive is a device having one or more magnetic medium-bearing disks installed on a spindle for
rotation, and one SEEASIOFEGRENG BBAESMying over the surface of the disks reading data from and
writing data onto those disks. [0004]FIG. 1 shows a top plan view and a side view, partially cutaway,
respectively, of a prgaujart spingtasnsttei) khesspinsiand, 10Q4aelvdemabaseipipie &08sa spindle
assembly 104 inclyding a rot 5%@%Qt%§grada{ted f&r‘rgtg%ional motion about a spin axis 122, The
spinstand further includes s rotary encoder %%gl%lyl%oﬁ%?éﬁd to the rotor 110, stationary encoder
reader 103, a chuck 112 supporting a disk 118, a precision head positioning mechanism 108 with
attached X and Y REAREEEH0RERESde %ﬁ%ﬁw@ﬂmr absolute positioning of the head 116 over

i SiohbheE
the disk, and a controller 105 for coordinating and controlling the functional operation of the device.
[00051The spindldtégdembly 10Msiaghlicesaciator ibivith B iradsosihtgghiNaimn Stei! hiot shown)

mounted on the baselalg, #A3IANARIThe SRRORET M0 sisiebh SRHRles o, e diskthrgugh rotor 110,

and rotates about the spin axis of the spindle. The encoder 140 provides signals representative of the
absolute angular &?giﬁ‘BW%‘f‘the rotor 110 (and thus disk 118) at any given moment, during spinning of
the disk or when the disk is stopped. [00071The precision head positioning mechanism 108 selectively
positions a magndtittHeGRAHBD VeI HRE MAFHEHEMedium-bearing disk 118 supported by the chuck
112 of spindle assembly 104,

[0003] A spinstand is a device for testing magnetic heads and magnetic medium-

bearing disks for disk drives. A disk drive is a device having one or more magnetic mediom-
bearing disks instalied on a spindie for rotation, and one or move magnetic heads flying over

the surface of the disks reading data from and writing data onto those disks.

{0004} FIG. I shows a top plan view and 2 side view, partially cutaway,
respectively, of a prior art spinstand 100, The spinstand 100 incluécs a bage piate 102, a
spindle assembly 104 including a rotor 110 and adapied for rotational motion about a spin
axis 122, The spinstand further includes a rotary encoder 140 rigidly coupled to the rotor
110, stationary encoder reader 103, a chuck 112 supporting & disk 118, & precision head
positioning mechanism 108 with attached X and Y linear position encoders 145 and 146 for

absolute positioning of the head 116 over the disk, and & controller 1G5 for coordinating and

confrolling the functional operation of the device,

{6005% The spindie assembly 104 inchudes & rotor 110 {with an asscciated drive

motor, not shown) mounted on the base plate 102,

{0:806] The encoder 140 is rigidly coupled to the disk through rotor 110, and rotates
about the spin axis of the spindle. The encoder 140 provides signals representative of the
absolute angular position of the rolor 110 (and thus disk 118) at any given moment, during °

‘ spinning of the disk or when the disk is stopped.

[6G07T] The precision head positioning mechanism 108 selectively positions a
magnetic head 116, over the magnetic medinm-bearing disk 118 supported by the chuck 112
of spindle assembly 104,



WO 2010/075073PCT/US2009/068029 [0008]The precision head positioning mechanism 108 provides
the absolute position of the head 116 in XY system of coordinates. The position of the spin axis 122 is
also known in the same XY system of coordinates. The angular position of the disk 118 is determined
by the rotary encedenistsand therefore the location of any point on the disk-3A% sande,expressed in
polar system of coordinates having the center of coordinate system at the spin axis 122. The location
of that point of the disk 118 can also be converted to the XY system of coordinates, such that the
position of the bead in respect to that point on the disk can be determined at any given time.
[0009]Disk 118 is ¥8PHorted in r8HsHIRI AR AR ResBUNS ro¥idaise ssefipindle 104 by
chuck 112. Disk LiBiisclitipéetd! spincle’ 1B4farr exariple byheaeiditon oladnrping (i e manner
shown in US Patemi;1295,002) Lhe srindiet0dds.driven toyofate he disk L8 ahgufspin axis 122
extending perpengi(gelgxleitlg:1 ég thil%lrape of th dﬁlé 1168th10910%1T(?enre,are everal applications when a
magnetic medium-bearng disk has presiwritten oF preprrted Hata T thaSePABpiEatohEthe disk 118
includes a plurality?BPEifeRrEF CofdeRfriv s trackirarstaghetrniredicnsrbessingtsurface,
exemplified by traok $242AVheh diskowitiopse sivritian of (peetipirinie d.date iscplased-amte spindle, the
axis of concentricity, of, the.diHartiacksAata axinlad @iz ALihe sRindle (SRInaXIS142)in general do

not coincide due to r%e%htanical o%erances. This creates a problem to follow the tracks. In such cases,
particularly in disk§With ¢ 8%%’?3‘3 pﬁaaé}é/og}&%%l??%cks, the magnetic head positioning assembly of the

spinstand might not be able to accommodate such offsets and perfoun the required testing functions

with sufficient acdiPAeY. Followis o trasRePrief fradisricertt Bliargearee riciyrrares e difficult and
in some cases impossile 196 darbechf Uih Bagrdbied oaduor thepseilvd By $te mangécitoyposition head 116

over the disk 118¢inipakes accrEalR-MRASUFEMENiSIMPosSlle inyvarious @ppligations +40Q111An

example of such an leléi(ltgggn @s testing, the qjs s where servo information..i -pringted using
discrete track recored%lg DTRﬁeS 1?1%110%35 100121t %ﬁgrlgf)y?ﬁigc{}atﬁ%mlg? %8?&%@% S la@r'e used for data

recovery and failléﬁgﬁﬂalysis, f% examg)le a disk grrg apre-written information FLS removed from a

, when.
failed disk drive. For such an applica ?oﬁ?’epr%éf’r%cﬁﬂroe%gved JRRSH A SPIRSEARER e Broviding

minimal data tracKetEBist it st rdspEcitohase splivdivrs s dsimporantas wsstease of testing
Discrete Track Regording: (i34} disksacRada e anyesycandilalu analysis-ae-ppssikiaywith higher

degree of integrity if eceentiicity:is tedused. 001 31Reducing aceantricity Js.psnglicial forthe disk
drives as well. thn DTR.medf vgl%!%é);ﬁe/- rlgéed servo infarmation are assembled in a disk drive, it is
is

, d
important to moufit tAE GIEK'GhA ( % TR AP AT SRS (RPECEE A Track following
is possible with geeatet deaeiracyiiie ceertrse)aysddeleretces 01 firiteh e nufitdal tofpddtidke eccentricity
by aligning the data:laxis ofch eisds WHkicularly in disks with closely placed data tracks, the magnetic head

positioning assembly of the spinstand might not be able to accommodate such offsets and
perform the required testing functions with sufficient acouracy. Following of tracks in a
presence of a large eccentricity makes it difficult and in some cases impossible because of
unbearable load on the servo system nsed to position head 116 over the disk 118. It makes

accurate measurements impossible in various applications.

{0011} An example of such an application is testing the disks where servo

information is pre-prinied using discrete track recording (DTR) technology,

16612} In other applications, spinstands are used for data recovery and failure
anatysis, for example, when a disk with pre-written information is removed from a failed
disk drive. For such an application, placing a removed disk on a spinstand, while providing
minimal data frack eccentricity with respect o the spin axis, is as important as in the case of
testing Discrete Track Recording (IDTR) disks. Data recovery and failure analysis are

possible with higher degree of integrity if eccentricity is reduced.



the spin axis of a spinstand or a drive. [00151Various devices are available in the prior art which
purport to center a disk using the inner diameter or outer diameter of the disk, e.g. as shown in US
Patent No. 6,421,199. The method of that patent assumes that data tracks are essentially concentric
to the outer edge of the disk, which is generally not true. This method provides accuracy couple of
orders of magnitude lower than required. 100161 The present invention provides a centering method
and system for alignment of a data axis with a spin axis based on the information written on the disk,
achieving a higidepree of aceiuagy@8nthe e et:aifsayeraargstoms aSWUN MARYIOR THE
INVENTION [Og,%zlgm'grveg} iom: Bé%%%%rﬁﬁ}é%@@ a@&%ms&mégg @419@%%%@%3 of one or

more circular data-bearing tracks on an annular surface region of a ma etlc media-bearing disk, with
a spin axis of 2¥PHATE &F %%%VSF%D&EW&H%HWE?% TR e XS id BE 8}11‘3féifﬁar to the
surface region ofithetdiskigndetive dataaradksargiconcantrieaith respect to a data ax;e
10017alAccording to a first aspect, there is provided a method for aligning a data axis of one or more
circular data-hge#iag tracks dnsanmafindlas sufacesegionyofairagseticdriedias beadisgvdisk, with a spin
axis of a spindlglggp@lqiggﬁg;@p%mgm,(ﬂs{b@rein said data axis is perpendicular to said surface region
of said disk and said tracks are concentric with respect to said data axis, wherein said disk has a

circumferential gdag (CE), cmplising, e SUcCessive SIeRsiof.A- SUBPAHING: sRiddisk ama
disk-support surface of said spindle, B. spinning sajd da%? support surfac%gf said Qfglndle together with

said supported Higk %BB@F%%%%O&%&I@}&& ecti SR TS Ahd iR response to detected
data identifying$.42 lal ﬁﬁ’aﬁhmm@ate?ﬂm@m@@t&ﬁ@m? ﬁﬁ@%@%ﬂ%l@ﬁt@ﬁﬁﬁ@ﬁ%ﬁi@l@ &drresponding
to a farthest poipt {fR) LB-Saidansulansurbeadagionofsathdiskiepreseriativesnithe relative
position of a portlon of argéargaopr%gk WQ!&M%@}'{BQ‘?%JL%H” said spin axis compared to all other portions
of said data trac?< and b. a distance a between said spin axis and said data axis at said angle a, D.
rotating said sp an aI ment osition Wher sald 0|nt FP i a translation axis
extending perp %é%ular to ahd |%terseu{‘|fﬁnu\?vrllt T%gl(fx s%?ﬁna{fgg zrannP %%v&gsgr?t%%\l%wspln axis and a first
portion of said @mﬁ@ﬁatﬁéﬁﬁé‘ﬁdﬁ%ﬁ’é@%ﬁﬁ*"é’aﬁdﬁi&%Pﬁﬁﬁ?éﬁ‘frb‘fﬁ%ﬁfh"”afﬁﬁ@}Fﬁg a translation
force along saiddsanslat an:pxisandtowandsaicispiniaxis s¢teesaighfirstiportion of said CE, whereby
said disk is translated along said translation axis to reduce offset of said data axis with respect to said
spin axis. 1001761Accord|ng to a second aspect, there is provided a system for aligning a data axis of
two or more circaiamdatyoearrgtEackErNTi @GN annular surface region of a magnetic media-bearing
disk, with a spin axis of a spindle of a disk spin assembly, wherein said data axis is perpendicular to
said surface regimnf said diskeamnetsaid trackssareycencentriciwitiioredigetiste dtiddath@is,

comprising: A. 8 disk SpIn, ASEMB e hAings D3 Rase sﬁﬂ)a@e%gﬂﬂl%@dﬁmﬁaﬁ%ﬁr@aatlonal motion
with respect to said base about ?%%Jm axjs, an% ha¥|n a disk- %Q%résurfa e fortﬁggﬁgrtlng a

magnetic medidBEARAG TR Safd“diata axis ms%arna 8116 sald spin %%n and whereby said
tracks of a suppoteddiskdreiatattis esbmursamiospin %%@Gﬁy%dﬁ‘ﬁaﬁ?fg ERERFENF ¥8ociated head
loading assembly;adajptedata selectively position said head over said tracks of a supported magnetic
media-bearing disk, and iv) a spindle controller for selectively rotating said spindle about said spin
axis, B. a data track centering assembly including a first actuator having a contact element and
adopted for selectively translation said contact element through at least a portion of said disk locus
region in a first direction along a transition axis, said translation axis intersecting with and being
perpendicular to said spin axis, C. a system controller operative to successively: (i) rotate said spindle
about said spin axis, (ii) with said magnetic head, detect data on said tracks of said disk on said disk
support surface and identify (a) a rotational angle a of orientation of said disk when said head overlies
a portion of a data track which is farthest from said spin axis compared to all other portions of said
data track, and (b) a distance e between said spin axis and said data axis at said angle a, (iii) rotate
said spindle until said farthest portion of said track is aligned with said translation axis, and (iv) activate
said first actuator to engage said contact element with said disk, whereby said disk is translated along
said translation axis to reduce offset of said data axis with respect to said spin axis. 100181To perform
the data axis alignment function, a data track centering




assembly is included in a spinstand. An exemplary spinstand 100A is shown in FIG. 2a preferred form,
the data track centering assembly includes two actuators 400 and 410 disposed from the opposite
sides of a disk. The disk is mounted on the support surface of spindle of the spinstand. Each actuator
has a contact element 404 and 414 respectively, and is adapted for selectively translating the contact
element through at least a portion of a disk locus region, where disk locus region is defined as a
spatial regidA%Xgnding fhonvitieglisksSupponcuriaes i phichial diskds placed Raspingtand, or
located in tsk gi t emenis are aligned and move along the same translation axis
460, Wher:%%E t(r)g_néé%ti%% %Q?g m%%@gﬁ:tgl\%i anc ist%ggﬁe%i%ﬁlgp%? .ef% i aiieio» doithat the
contact eleigaR &h BAgAJEWits thsldiskibdyepapplysorte tepthéldisk edie; api thanstale the disk.
Each actuatgrs ), JnGHons with. r tlo disk 11 ing ifs contact element -
disk edge detecﬁignl?ﬁdqgk%d%ge%p%fé%g? ﬁgggﬁgnﬁ%ér&ﬁgﬁg %%&Eﬁ%ﬁgggﬁéﬁrﬁf %O%%i&ilrg é@(ﬁ%f’dance with
the inventiofi® & YIRS With' prestirieen dritomiation e isuniddiahdalampedrtéetheiapintdle 104. The
precision headpesitipping.machapismilo8maves the 18 Quer the disk 118 éltbs% he?_td reads
information written on tgle disk and determines eccentricity of the data tracks 315 felatve 1o the spin
axis 122. THE élﬁgéé’ﬁ?ﬁ‘?é Jindien Ba Soraunsassb ik i pRinbEee B heKs erosledogating witle revolution,

track pitch, antsheangltisipasiion:af thepriRt coraspanding:tedhemaxinumoyitwards gccentricity,
that is, the {gry%s%é)dog)% (F(I%) 91@ the disk representative o_fD the relative position of a portion of the data
track, which'is farthest from the sPit xi& CoMPAR FE6°airGtheFpeisiebital daed areratipre angular
position a isfdetdrmied bysspiniiie eneddenwithoiespeet in a.anagnparevalsionndex signal
generated RQy.the BL@%{%%@CO ler Jfgf%ﬁ\l?refgqr%bl%/, e pre-written data includes embedded servo data.
100201Then, the disk is stopped and preférably tockad i 58sRich Wiketatha bia sxigrt&eligned with

the translatitshrasaslanihfacies theptrad skatii paeciuataioThe peidt &R is-eligasd withdhetranslation axis

460 and is hetwegn.the spin.axis and,a,first portion of the circumferential edge of the disk along the
translation axis. 10021ls?rﬂhe iIIustrat%?g (%h%’fstﬁte %%VQ‘F}Q%%,%&@%&%P&%@%%@WH%% Hdisk

translation A EEHIROH LD pbsimsadiskudge poslirdetettionasiagdhexéspegtiviengontact
elements 40yandiédd: Ihe-posian.alibe santadt elsment 404 s Aetermined by 2 fneay position
e

sensor comprised of a linear £osition encoder 480 attached to the contact e et 20448 a linear
position entEUeIVeRAeP 468 ESuplars BatansbpioThexositidntof thexdntagtslementidibd, is

determinedyiyadinearAdsitian pensaLEeRRIsad S lingar BR?{HQ&-@%%%%&?{%A' Attached TO the
contact element 414 an? the linear position encoder reader 494 coupled to base 82.0[58 21The

contact elemant ATEbPIE G StbetifiFrabtiatdr Ut s Fevietbnand tidedeslotidiskts 8at a
relatively lowlspeefisto ofisiimizadmyactivhes thecaniash glament engages with the disk edge, such
that the co@gﬁﬁement does, not cause a shift infgosition_of the disk during edge position

i

measurement. The advanceniant of the SBRTaaPs niBHEAE AR YesishR w8 it aFeménate the contact
with the diskiedyés Thedisk edge positiondis rdinated-acksroemouasdwharribe readingrof linear

position regder 494 stops ghanging. 100231 Then, the cantact element 404 of the "translating” actuator
400 starts moEvi%gcalong the trﬁ%s a%%nwaé(l%sa4é%u%o%ésr ﬁ% %8@%}‘%8 1Sk, SRR 247PR@ ontroller 105

moves the“itelsldingdeeritdet e menttolusingithefesitieni feedhack diomhothithe dingar position

encoder 48Q attarhedito the, "frapslating. goniact element 404 and the linear position encoder 484
attached to the "detecting” con_ta?:t element 414 T%e béﬁf%’ﬁ?ﬁ%bé‘s rﬁo‘\'/llsr?g ?ﬁ@'"ﬁ%ﬁ’ﬁ&%ﬁhg" contact

element 4RENAGS iCde8riTindd thaindée wlersedifor teriaunblertientdidrispaavedsky therequired
distance egptaltta tpenmRASWHRORCARNIYesupport surface for supporting & magnetic media-
bearing disk, whereby said data axis is parallel to said spin axis, and whereby said tracks
of a supported disk are rotatable about said spin axis, (iii) a magnetic head and associated
head loading assembly adapted to selectively position said head over said tracks of a
supported magnetic media-bearing disk, and iv) a spindle controller for selectively
rotating said spindle about said spin axis, B. a data track centering assembly including a

first actuator having a contact element and adopted for selectively translation said contact

3a



100251The linear position encoder attached to the "detecting" contact element 414 reflects the disk
position more accurately compared to the linear position encoder attached to the "translating" contact
element 404, because the disk may be compressed by the "translating" contact element from the
"translating" actuator side. The disk from the "detecting” actuator side is not compressed. (0026]in a
preferred form, the optional disk clamp assembly selectively clamps a magnetic media-bearing disk to
the disk-sugporesurfececivith leaeleqtatilencldnudoice: Theclagipfaice irsclacieniramorse value
FC1 for disk.gdge.detsction function and force value FC2 for disk translation function, wherein FC2 is
different from FC1 (typically FC2'is sma%(er'}tiglﬁs %‘T}’ $067 AR RESSRRY Hetda AR Rpply force
in two mod@s1s:if-te st saRir aitmistatng wctoatorappiiesyfoicedathesatigaiaf thendigksmainly to
overcome fision Retween e diskand he:glameing meshaniam selected fo dsk camp free FC2: n

the second mode, the translating actuator moves in the step movement o appﬁy %‘F]férce, such
that each ptiSEFafErers RiMbiRcehb Gy ot iepptanidememiorthsdisk taithdise thieediskid

100281 heshe-dstsalipgfasteaipuindicates iieh erdiakis Hanslaled By I feduired distance. the
actuator conﬁagéglements 404 and 414 are both moved away from the % eéges. 615%(‘],&5 a final

step, the dié TOUHMSS Sath thE MEREI T foreameibariven wdpintednominglirotational
speed, the hieaddid Giisdpadrdean diskdde anddhesualiniobeentaring I;L%&%f%ﬂ%%tt}/aéﬁﬁgmg Servo
e

information. In th ca&)cr-:-] th servz information indicates that the residual eccentricity exceeds the
t

prescribed BRSOl & ST ICEESAL T p et ftePX vty v 150304 | i vArs s emiso dirsesrtssaivhen two or

more actuatorseareiused; sotheadtuatorsharebgedicaied: to the diskedag.pasition,detegtion: function

and the othgr agtuators are.dedicated to the disk translation function. 100311In various embodiments,
when two or more acttjaetoorsSg}% %as%éf‘go\?ﬁgé}‘cﬁpae%r?éﬁh pétfofii*both disk edge position detection

function and the disk translation function. 100321In an alternative form of the invention, the track
centering assembly includes a single actuator, which alternates its function between disk edge position

measuremetif tihction antf RIS 4B o ALEYReD! function, a data rack centering

assembly is included in a spinstand. An sxemplary spinstand 100A is shown in FIG. 2. Ina
preferred form, the data track centering assembly includes two actuators 400 and 410
disposed from the opposite sides of a disk. The disk is mounted on the support surface of
spindle of the spinstand. Each actuator has a contact element 404 and 414 respectively, and
is adapted for selectively translating the contact element through at least a portion of a disk
locus region, where disk locus region is defined as a spatial region extending from the disk-
support surface i which a disk is placed in a spinstand, or located in a disk drive. Both
‘coniact elements are aligned and move along the same translation axis 460, where the
translation axis intersects with and is perpendicular to the spin axis 122, so that the contact

element can engage with the disk edge, apply force to the disk edge, and translate the disk.

3b



BRIEF DESCRIPTION OF THE DRAWINGS [00331Various embodiments of the invention are
disclosed in the folio detailed description and the accompanying drawings. 100341FIG. 1 is a top plan
view and a side plan view, partially cutaway, schematic representation of a prior art magnetic head

and disk testergwitta/ezseagnetic medium-bearing disk mounted on a spindig;03edklfa: ¢ Is a top
plan view schematic representation of a magnetic head and disk test system with two actuators in
accordance with the invention. 100361FIG. 3 is a schematic representation of the head trajectory over
the eccentric tracks and the track numbers decoded by a servo decoder. 100371FIG. 4 is a schematic

drawing of an enfiFGHRHEHPOFAhESTERBYRIGT Vitetivecaett 2tk scoroods fiid Bupdng KeFariddtic drawing of
an embodiment cidhenactirkteidetsdt bOOBOIIHS porisoa diagrameshewlngithe:pbsition of the contact
element of the "detecting" actuator as a function of time throughout the alignment process.
100401FIG.? is g@mehepmatic represeaiaiiomofthesysiamaafifil G 3 2-with-adislsprarioipent.

100411FIG. 8 Is g SehemalicieRrese Hatamal e SySIRmfFGa ot e Sk ism 108
moves the head 116 over the disk 118; the head reads information writien on the disk and
determines eccentricity of the data tracks 315 relative to the spin axis 122, The eccentricity €
is measured based on the number of tracks crossed during one revolution, track pitch, and
the angular position of the point corresponding to the maximum outwards eccentricity, that
is, the farthest point (FP) on the disk representative of the relative position of a portion of
the data track, which is farthest from the spin axis compared to all other points of the data
track. The angular position « 15 determined by spindle encoder with respect t0 a once-per-
revolution index signal penerated by the spindle encoder 140. Preferably, the pre-wriiten

data includes embedded servo data.

[6920] Then, the disk is stopped and preferably locked in position where the data
axis is aligned with the translation axis and faces the translating actuator. The point FF is
aligned with the translation axis 460 and is between the spin axis and a first portion of the

circumferential edge of the disk along the translation axis.

16021] In the illusirated form of the invention, the actuator 400 performs a disk
translation and actuator 410 performs a disk edge position detection using the respective
contact elements 404 and 414. The position of the contact element 404 is determined by a
linear position sensor comprised of a linear position encoder 480 attached to the contact
element 404 and a linear position encoder reader 490 coupled to base 102, The position of
the contact element 414 is determined by a linear position sensor comprised of a linear
position encoder 484 attached to the contact element 414 and the linear position encoder

reader 494 coupled to base 102.

[6022] The contact element 414 of the “detecting” actuator 410 is moved toward
the edge of disk 118 at a relatively low speed to minimize impact when the contact element
engages with the disk edge, such that the contact element does not cause a shift in position
of the disk during edge position measurement. The advancement of the contact element 414
is stopped when it comes into the contact with the disk edge. The disk edge position is

indicated and memorized when the reading of linear position reader 494 stops changing.

[0023] Then, the contact element 404 of the “translating” actuator 400 starts

mmoving along the translation axis 460 toward the edge of the disk.



rotated such that maximum outwards eccentricity is aligned with the translation axis of the disk
alignment mechanism. 100421FIG. 9 is a schematic representation of the system of FIG. 2 with the
disk after aiiaiiment. WO 2010/075073PCT/US2009/068029 [0043]FM. 10 is a block diagram of the
disk centeringyalgauivyfor the system with two actuators. [0044]FIG. 11 is@rtoenlanasigw schematic
representation of a magnetic head and disk test system with a single actuator in accordance with the
invention. [0045]FIG. 12 is a block diagram of the disk centering algorithm for the system with a single
actuator. 100461FIG. 13 is a schematic drawing of the alternative embodiment of the actuator with a

voice-coil based ¢8fling mechiispieHe ebaimoaete vorealabitismtthecsosticfordiskedge
detection [0047fHl&sitib4 issbsahemaitgidianing: obtheadterdative; embadiment ‘ofthawmetuator with a

voice-coil based eoupling MECARNIFM;IO 19@5?%&%&1%&8&&&%99thl_§ci{é£*%§tl%0'6%{éo%9§ﬂk%ﬂt£9{ disk

translation. 10048]FIG. 15 is a schematic drawing of the alternative embodiment of the actuator with a

spring coupling i ﬁ?&hﬁ%ﬁ‘l %ed%%tfﬁller stops moving the “fransiating” contact element 404 when i
determines that the “detecting” contact element 414 is moved by the required distance equal

to the measured eccentricity.

[0025] The linear position encoder attached to the “detecting” contact element 414
reflects the disk position more accurately compared to the linear position encoder attached
to the “transiating” contact element 404, because the disk may be compressed by the
“translating” contact element from the “wranslating” actuator side. The disk from the

“detecting” actuator side is not compressed.

[0¢26] In a preferred form, the optional disk clamp assembly selectively clamps a
magnetic media-bearing disk to the disk-support surface with a selectable clamp force. The
clamp force is selected from force value FCI for disk edge detection function and foree
vahze BC2 for disk transiation function, wherein FC2 is different from FCI1 (typically FC2 is
smaller than FC1},

f0027) The transiating actuator can apply force in two modes — in the first mode,
iransiating actuator applies force to the edge of the disk mainly (o overcome friction
between the disk and the clamping mechanism selected to disk clamyp force FC2; in the
second mode, the translating actuator moves in the step movement to apply pulses of force,

such that each pulse transfers kinetic energy of the contact element to the disk to move the

disk.

[0028] When the “detecting” actuator indicates that the disk is translated by the
required distance, the actuator contact elements 404 and 414 are both moved away from the
disk edges.

fo0z% As a finai step, the disk 118 is claraped with the nominal clamp force FC1,

driven to spin to a nominal rotational speed, the head 116 is loaded on disk 118, and the
guality of centering is confirmed by reading servo information. In the case the servo
information indicates that the residual eccentricity exceeds the prescribed threshold, the

process is repeated iteratively.

[0030] in varicus embodiments, when two or more actustors are used, some
actuators are dedicated to the digk edge position detection function and the other actuators

are dedicated to the disk transiation function.



[0049]FIG. 16 is a schematic drawing of an exemplary coupling mechanism using a pneumatic
actuator with variable pressure level. 100501FIG. 17 is a schematic drawing of an exemplary actuator
with two linear position encoders. [0051]FIG. 18 is a schematic drawing of a disk alignment
mechanism fovaliskeentesing in a disk drive. DETAILED DESCRIPTION 19052kIhe /iayention
provides a method and system for aligning a data axis of one or more circular data-bearing tracks on
an annular surface region of a magnetic media-bearing disk, with a spin axis of a spindle of a disk spin
assembly (for example, of a spinstand or a disk drive), wherein the data axis is perpendicular to the
surface region of & Hisk and tAEPIRKE S SRt G Wit respR et s S HER S8 Breferably, the data
includes servo datetzitra preferfed forindthedgratentionclicemaldiskespindalssésibhyndatdata track
centering assembly,camd a system controller. WO 2010/075073PCT/1JS2009/068029 100531The
invention can be implemented in numerous ways, including as a process or method, an apparatus, a
system, a compuigFgadable medivm,sxeh asA SomeLelsadable starage mediym or a computer
network wherein program insErucyﬁops are e?it over Q gical or electroni_ckcommuni_catlon links, to effect
the method of the TAVGRtOA-T1Y THie SpetHeatah HTe L8 TR pIehRSRTATOHE: 6185RY6R%Y form that the
invention may takesaRiEs/Ise: feretiradne ds teattidtiedniiggeneral, the order of the steps of disclosed
processes may be altered within the scope of the invention. [0054]A detailed description of one or
more embodiments of the invention is provided below along with accompanying figures that illustrate
the principles of B FTHtoFd SRt bH ISR Y& in connection with such embodiments, but
the invention is not limited to any embodiment. The scope of the invention is limited only by the claims
and the invention@Rébmpasseariormerdysiaerritivesvabdificatoalysd dndbpividents. Numerous
specific details aresptdaddipihesfollovisgdpscrntianymerder to provide a thorough understanding of
the invention. These details are provided for the purpose of example and the invention may be
practiced according:q the claimg withautsame et akof threse.spesifis.deiis.kesnthenpurpose of
clarity. technical malerial atjs. knava. e feshnisal slds elaled Lo e Jnvenlion has ot been
described in detaif%ot at the |n\fention IS not unnecessarily obscured. 16055 1AN exempia%y magnetic
head and disk te&{s5yatEried 68A s cordance with

18035] FIG. 2 is a top plan view schematic representation of a magnetic head and

disk test system with two actuators in accordance with the invention.

10036] FIG. 3 is a schematic representaiion of the head trajectory over the eccentric

tracks and the track numbers decoded by a servo decoder.

[0037] FIG. 4 is a schematic drawing of an embodiment of the invention with two
actuators,

[0038] FIG. 5 is a schematic drawing of an embodiment of the actuator in detail.
[6039] FIG. 6 is a diagram showing the position of the contact element of the

“detecting” actuator as a function of time throughout the alignment process.

{00640] FI1G. 7 is a schematic representation of the system of FIG. 2 with a disk

prior to alignment,

f30411 FiG. § is a schematic representation of the system of FIG. 2 with the disk
rotated such that maximum outwards eccentricity is aligned with the translation axis of the

disk alignment mechanism.

[6042] FiG. © is a schematic representation of the system of FIG. 2 with the disk

after alignment.



the invention is shown in FIG. 2. In FIG. 2, elements which correspond to elements in the prior art
system of FIG. | are identified with the same reference numerals [00561The spinstand of system 100A
includes a disk spin assembly including a base plate 102, a spindle assembly 104 mounted on the
base plate 102paqrecision head positioning assembly 108, and a controllei-k055assaerdinating and
controlling the functional operation of the system 100A. [00571The precision head positioning
assembly 108 is adapted for selectively positioning a magnetic head 116, over a magnetic
medium-bearing disk 118 supported by the spindle 104. [0058]As shown in FIG. 1, disk 118 is
supported in a hofi2&tkal plane'Gath pethierh dappetishiice ssutstispitldeihodofshestaimple by
vacuum clampingw(it tive sianner shown in US Patent 7,295,002). In use, the spindle 104 is driven to
rotate the disk 118 about a spin axis 122 extending perpendicular to the plane of the disk 118. WO

2010/075073PCTg82009/068029110050} The outerdinmetesafthe chick senteringhyshing Il is
smaller than the iﬁk@%@'ﬂ'@%\@l{%wﬁQﬂﬁngié‘éc%}a%ﬁ}ﬂ%&m%@%ﬂ%ﬁeﬁﬂf%e franslated in respect to the

bushing 111. The difference between two diameters shown as a gap 0’must be greater than the
ekbetween e s%inn axi§ and the data axis).

maximum amount.gf ccentriciﬁdi.g th ximum distan )
100601When dis&ll% with pre-wfittélrsl %?%%eke% %ﬁﬁg %é;liracg ST RFIE E)Iié ﬁlséféteealon the
spindle, data axis*386 SRESHHAGS 122 do not coincide due to mechanical tolerances, i.e. tracks 315

are located eccentrically with respect to the spin axis 122. [0061]Because the tracks are located
eccentrically, the R84 trajectol 337 isshishnmmi: Sotiiting 8y Hicnalyerodseénenioifes tracks of the
disk. The track nambersvignbeicecdted-ancuthiedrajeeinky caade: prasentackinopelat geordinates as
shown on FIG. 3.,100624PKipgng.reyalution, the head 116 reads information from multiple tracks
written on the dis?{ and sends the signal to the data decoder 330. The data decoder calculates the

number of tracksgrassed and apgular an;gon_ofddi ¢ tany lven moment. as shown by curve 340,
where FP represénts he point of maximum %ﬁ%aﬁﬁﬁa%%entr%:%&ﬂ? Dé iIfllﬁetlz-l%ﬁpgl}éshows the target
Tax

track number aftéFBECERTICRy FETEmvsH tupirsasrisdntig ABEEBH iF4EK number, N
represent the miliniadpdetectéd drdckendsriber, and P is a track pitch. Then eccentricity ¢ is calculated

as
[0048] FiG. 15 is a schematic drawing of the alternative embodiment of the

actuator with a spring coupling mechanism in detail.

100497 T1G. 16 1s a schematic drawing of an exemplary coupling mechanism using

a pneurpatic actuator with variable pressure level,

10050] FI(G. 17 is a schematic drawing of an exemplary actuator with two linear

position encoders.

[0051] FIG. 18 is a schematic drawing of a disk alignment mechanism for disk

centering 1n a disk drive.
DETAILED DESCRIPTION

[0052] The invention provides a method and system for aligning a daia axis of one
or more circular data-bearing tracks on an annular surface region of a magnetic media-
bearing disk, with a spin axis of a spindle of a disk spin assembly (for example, of 2
spinstand or a disk drive), wherein the data axis is perpendicular to the surface region of the
disk and ihe iracks are concentric with respect to a data axis, Preferably, the data includes
servo data. In a preferred form, the system includes a disk spin assembly, a data track

centering assembly, and a system controler.



E = (M-N)4P/2. 100631In presence of servo information, radial position can be easily determined with
resolution of a fraction of track pitch. In practice, the displacement c is measured with accuracy of
about 1% of track pitch. 100641The angular position a is detelmined by a spindle encoder 140 shown
in FIG. 2. Th&eneodersigigidly coupled to the rotor of spindle assembly L0/ Temepisgie encoder 140
produces two signals: an index signal, which is one pulse per revolution, an encoder signal,
which determines the precise angular position of the disk in respect to the index, [00651Line 355 is a
reference for the lar positign measurements. It corresponds to the position of the disk at the
moment when thE @gjfﬂme proé%’gérév &t éﬁj} f’)b{fl éffmwtf) éﬁfﬂ‘d?tﬁ’?%‘iﬁgw’rp }@§§6E)©/068029
100661A preferrétdosbodiiiart: 6F aPEFStaTWithtive WEtIErsF& SR 6w detansn FIG s The
system 100A includes:a datetrackcentariogmsserbytcwhichiseomprisedabactuater 408 and

actuator 410, posifioned: QR ARRRSILE SRS AASHOROLRY, disk. L8« 3nd & crntqller, 195 to control the

functionality of the data track centering assembly. In various embodiments, that controller may be part
of, and integral Witk H KB ST B THE SHHELha SF LYSIERT TOOROP IEPRAD B SPibdeRettin a
controller distinctrfferedtieasnsristanes congrotieh, 100671 Tk ashsator #bgdmicarisam?4E0 are
generally similar singeoppasitely sagng tActivaiars.400 and 410 include a respective one of contact
elements 404 and 414. Each contact element translates along a translation axis 460 through at least a

portion of disk logyssaggion. The dianslafianiaxis i3 arrallabio sdplana.iitiie diskdddand intersects
oon i 12, Eoh ot T ROSS e e 0 A il 10 o e
translation functiéiﬁf%{ﬁ’i'ffn- The invention is described in connection with such embodiments, but the

invention is not limited to any embodiment. The scope of the invention is Hmited only by

the claims and the invention encompasses numerous alternatives, modifications and

equivalents. Numerous specific details are set forth in the following description in order to

provide a thorough understanding of the invention. These details are provided for the

purpose of example and the invention may be practiced according to the claims without

some or all of these specific details. For the purpose of clarity, technical material that is

known in the technical fields related to the invention has not been described in detail so that

the invention is not unnecessarily obscured.

10655] An exemplary magnetic head and disk test system 100A in accordance with
the invention is shown in FIG. 2. In FIG. 2, elements which correspond to elements in the

prior art system of FIG. 1 are identified with the same reference numerals.

{8056} The spinstand of system 100A includes a disk spin assembly including a
base plate 102, a spindle assembly 104 mounted on the base plate 102, a precision head
positioning assembly 108, and a controller 105 for coordinating and controlling the

functional operation of the system 100A.

{6057] The precision head positioning assembly 108 is adapted for selectively
positioning a magnetic head 116, over a magnetic medium-bearing disk 118 supported by
the spindie 104.

[0058] As shown in FIG. 1, disk 118 is supported in a horizontal plane, clamped to
a support surface S of spindle 104, for example by vacuum clamping (in the manner shown
in US Patent 7,295,002). In use, the spindle 104 is driven to rotate the disk 118 about a spin
axis 122 extending perpendicular to the plane of the disk 118.



actuator 410 is selected to perform a disk edge position detection and measurement function.
100691The preferred embodiment of the actuators 400 and 410 is shown in more detail in FIG. 5. An
actuator consists of a contact element 602 mounted on a carriage 604, a coil 606 of the linear motor
rigidly attachedtevthewertact element 602, a linear motor body 608 attachadrioghessiationary bracket
610 mounted on a plate 612 attached to the base 102, a linear position encoder 614 attached to the
contact element 602, and a linear position encoder reader 616 attached to the stationary base 102.
The carriage 604 moves on a rail 618 in the direction along the translation axis, as indicated by the

dashed arrow 626°%FAE rail 6185 HtigichiEmrty dstgharipiag einaidlmendarabagde 102,
100701The positioncofithestonfdet dkerhshtwitkhaegpetitc:the stakibrany basedbissmeagured by a

linear position enq;pp.l%5&@@@-5&%@mﬂa@lli%%ﬁ&@%%&@ﬁ&%%%ﬁ%@%ﬁ%@%@&ﬁ%%i”dicaﬁve of
the position of the contact elelrl?&nft to the st:%tlem controller. The sggtem controller moves the contact

Sher USing the e Al B oaifisH SR e dsr R S PALEREE $80711The

elementin a servrga&%z%%%ﬁrggp manner usi
basic operation o@ﬁ‘ﬁé”ﬁ%tem 100A is described below in conjunction with FIGs 6-9. 10072)FIG. 6

shows the position of contact element 414 of the "detecting” actuator 410 as a function of time
throughout the all§#fiflent proc@&enstaling attpointsotr WO:2010107507ERIGBAI S200R/DE8029

[0073]A disk withpitata ifeatpnaieunted antkalampeddothespindiacibe.magnetishsad is loaded
onto the disk. 10Qf41As shown.in K&, £ fhe.pand of d Wﬁﬁ%&% 3R t%é‘%ﬁ‘r?gx!%”fﬁ). on the disk 118

are concentric about a data axis 310. The data axis Is offset by € from the 'spin axis 122.
[6061] Because the tracks are located eccentrically, the head trajectory 337 (shown
by solid line on FIG. 2) crosses multiple tracks of the disk. The track numbers can be

decoded and the trajectory can be presented in polar coordinates as shown on FIG, 3.

[0062] During ore revolution, the head 116 reads information from multiple tracks
written on the disk and sends the signal to the data decoder 330. The data decoder
calculates the number of tracks crossed and angular position of disk at any given moment, as
shown by curve 340, where FP represents the point of maximum outwards eccentricity (FP).
The line 345 shows the target track number after eccentricity is removed. Let M represent
the maximum detected track number, N represent the minimum detected track number, and
P is a track pitch. Then eccentricity € is calculated as

& = (M-N)*P/2.

H063] In presence of serve information, radial position can be easily determined
with resolution of a fraction of track pitch. In practice, the displacement ¢ is measured with

accuracy of about 1% of track pitch.

{@064] ‘The angular position o is determined by a spindle encoder 140 shown in
FIG. 2. The encoder is rigidly coupled to the rotor of spindle assembly 104. The spindle

encoder 140 produces two signals:
v an index signal, which is one pulse per revolution,

v an encoder signal, which determines the precise angular position of

the disk in respect to the index,

[6065] Line 355 is a reference for the angular pesition measurements. It
corresponds to the position of the disk at the snoment when the spindle produces the index

pulse.



100751The controller reads information from the data tracks pre-written on the disk 118. The
information is read along the trajectory 337 (solid line) concentric around the spin axis 122. Based on
the information from the data tracks 315, the controller calculates the offset a of the data axis 310 in
respect to thevgpmnExist122. [00761The purpose of the method and systeRCefitbdnvesition is to align
the data axis 310 with the spin axis 122, such that the data tracks are concentric around the spin axis.
[0077]The offset between the data axis 310 and the spin axis 122 is expressed in a polar system of
coordinates, which has the center at the s in amsg{ osition, and 00 angular refgrence ine 355

designated by spifidia index. THEPESHSH (Tdfﬁlgn(& & BRI T YRR B r AN SR8 S R

system Is a vector 420
characterized byitefigt-af bnel sem @ (0078T@Aee akarstans sserebly.arb duicthaeds tbaled on the

information read dftpaicthecisk ki&:dhe headdsisblassedsitbeicanirobesstopsiand Ipcks the spindle at

the angular positign fiantyaton, RosiRm, %Ry E 15, S.suahibatie.daia axis.Atfmoves (o a
location on the translation axis 460 between the Spin a%is 122 and the trans %tln ]z%ctuator 400. The

disk 118 remaln§%ﬁﬁﬁ§ﬂ%&%é“§ﬁﬂ%ﬂ@%ﬁﬁ%’?ﬁ§fﬁﬁ piesrEe L 11658 own on FIG. 8, the
contact element fusigftlésidetediify tatmatdr 4nbddivhave corowrtdiFisdde dhoiskedas at a
relatively low speggdgeninimize impact when the contact element engages with the disk edge, such
that the contact element does not cause a shift in position of the disk during edge position

measurement. TM@?V&ncemﬁ{&ta@&% soniachelamentdld isstappadishen ﬂp@@ﬁi@§ into the contact
with the disk edge, \When, Stopp Oz?@?&&gfé’ﬁ'gﬁﬁ of the disk edge iz deteiniined %V 4 lipgar position

encoder at a pom% gﬁo shown ere the linear pOSItIOI’] encoder rea

stops changing and
indicates the poﬁﬂ@hcs%cb?}ﬁﬁ@algknélﬁ@é53‘96%)861"15?‘?@%ﬁ@%fé%?&ﬁé@@ﬁ‘fhép@%%ﬂ‘gj {¥changed to
a smaller disk clasap fefee BG2ir3:00834 Then theltdntsict glement4@4kof thedranstatingractuator 400 is

moved along the fransiatiop axis 460 Joward theedaepfthridiskas shewp by armew 44@:en FIG. 9.
WO 2010/078073PCT/1S2009/068029

¢ translation axis, as controlled by the controller.
[0¢68] The actuator 400 is selected to perform a disk translation function and

actuator 410 is selected to perforin 2 disk edge position detection and measurement function.

10069] The preferred embodiment of the actuators 400 and 410 is shown in more
detail in FIG. 5. An actuator consists of a contact element 602 mounted on a carriage 604, a
coil 606 of the linear motor rigidly attached to the contact element 602, a linear motor body
608 attached to the stationary bracket 610 mounted on a plate 612 attached to the base 102,
a linear position encoder 614 attached to the conlact element 602, and a linear position
encoder reader 616 attached to the stationary base 102. The carriage 604 moves on a rail
618 in the direction along the transiation axis, as indicated by the dashed arrow 620. The rail

618 is attached to the stationary plate 612 mounted on a base 102,

10076] The position of the contact element with respect to the stationary base 102
is measured by a linear position encoder reader 616. The linear position encoder reader
transmits signals indicative of the pesition of the contact element to the system controlier.
The system controller moves the contact element in a servo closed loop manner using the

linear position encoder as a feedback.

0671} The basic operation of the system 1004 is described below in conjunction

with FIGs 6-9,

16072) FI1G. 6 shows the position of contact element 414 of the “detecting” actuator
410 as a function of time throughout the aligniment process, starting at point S01.
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100821The controller moves the "translating” contact element 404 using the position feedback from
both the linear position encoder attached to the "translating” contact element 404 and the linear
position encoder attached to the "detecting" contact element 414. The closed loop parameters are
selected sucHthatig/igdasirable to move the contact element without overBhisa1sZixeccsrtroller stops
moving the "translating” contact element 404 when it determines that the "detecting" contact element
414 is moved by the required distance e to the position 414A as shown on FIG, 6 and FIG. 9
100831The linear. &0 ition enc%déar att,%gged,to the "detecting" contact element 414 reflects the disk
position more acdiiratély comparad s thé B B oharEsHer A A8Hed fo'theritfindiating” contact
element 404, becaigEthesdisk wrpdmedbagigssed by the "translating” contact element from the
"translating” actuator side. The disk from the "detecting” actuator side is not compressed. 100841The
translating actuat$ééin apply feyekoimtind ot és: bindhedirstmbde] thé:dransiating sietdator applies

force to the edge akthe diskmainlsio.Quereama dristion between e diskand,the glamping

mechanism selected to disk clamp force FO2. In the second mode the translating actuator moves in

the step movemeghigapply kinglc,nciayin (9rm.gl 4 predsterminedmpulse [0 move the disk; the
contact element comes to contact wit t}we disk for a relative y short period. By applying short impulses

to the disk edge & detudtsr BOERGMES 118 Laesdn Frittinmait FiEricormeidrrmdiro translate
said disk, but doesimeticabdetieflbction ofthenspirfdie fotorihedpihdiairoton gy defleatdue to limited

stiffness of the spindigmetarhearing); 1008541 ban.the glamp.forse on the disk 118 is changed back
to the original disk clamp force FC1. 100861Thus, following the translation of the disk by E, the data

axis 310 and spi is 122 coingide as shewn on FIG. 9: the data tracks.315 are then substantially
concentric in resggac)i othes i&rlmgéﬁ?g fi%o%\%%?égﬁ iéénn téﬁ%q %I%t%tﬁloermcvgﬁ act e Geér?%{l nfge 4 and 414 are
both moved away*ffoth tHEiLk BEGES [G8sB ALY fir dratBpchEieRerE ERvErH Bpiitorainominal
rotational speed, the head is loaded on the disk, and the quality of disk centering is confirmed by
reading data infolffiafion from e efisk: teiteenchasdathastaitl infd Hitanbreiiiéate swiatstddreccentricity
exceeds the preseribegsthrasholddihe-protessds hepeated: iterativielys pdiDon, and 0° angular

2010/075073PCTHS2Q09/068029: 100891 T he: algoritbmdeserined aonve islllvstated,Qn FIG 0

coordinate system is a vector 420 characterized by length € and angle .

[60781 Once parameters ¢ and « are calculated based on the information read from
the disk 118, the head is unloaded, the controller stops and iocks the spindle at the angular
position (translation position) as shown in FIG. 8, such that the data axis 310 movesto a
location on the translation axis 460 between the spin axis [22 and the translating actuator

400. The disk 118 remeains clamped to the spindle with a first clamp force FC1.

[6879] As shown on FIG. 8, the contact element 414 of the “detecting” actuator
410 is moved toward the edge of disk 118 at a relatively low speed to minimize impact
when the contact element engages with the disk edge, such that the contact element does not
cause a shift in posttior of the disk during edge position measurement. The advancement of
the contact element 414 is stopped when it comes into the contact with the disk edge. When
stopped, the position of the disk edge is determined by the linear position encoder at a point
500 shown on FIG. 6, where the linear position encoder reading stops changing and

indicates the position 505 of the disk edge.

[0086] Then the clamp force on the disk 118 is changed to a smaller disk clamp
force FC2,
j0081} Then the contact element 404 of the ranslating actuator 400 is moved along

the translation axis 460 toward the edge of the disk as shown by arrow 470 on FIG. 9.

1t



[0090]In an alternative form of invention, the data track centering assembly is principally comprised of
a single actuator 400 disposed from one side of the disk as shown on FIG. 11. The actuator alternates
its function between "translating” and "detecting" steps as described below. [0091]The disk is mounted
on the spindie@nd @ceerdricity is measured the same way as described abova:stie/spirrdle is stopped
and locked in the translation position. 100921Initially, the actuator performs the disk edge position
detection, using the linear position encoder attached to the contact element 404. 100931Then the
clamp force on the disk 118 is reduced to a smaller disk clamp force FC2. 100941Then the actuator

performs translatBif8f the diskByP A EREIRYS tea BRI Mo SERIITFF AT BB Phe same linear
position encoderratiichéddothé oot tlelEnventodiiie closdd idep phiralircterssatestletet such that it

is desirable to moye thercontaatalamentwithesiavershaat 1 00%addhen tha.slammdanca on the disk

118 is increasedﬁac to tpe nominatl disk clfflmg force FCf’L. Ja009giﬁhen th%agtuatgr r%peats the disk
) 79) Are ] that3f isdesiy tact el )
edge detection steﬁ %%)gnsﬂor%%ﬁgmcﬁg ’is transiated | y a f)r}“egsg%aede é?si?gﬁ%e,elnowg cea%ee]tjﬁe disk edge

position measuret By tREEBRhctE1EREN A SERA BRI S fh AP drek o5t aRREret by HFRe value less
than a (i.e. "underpusheds), Haeicadsiading siepais sepeatet: intbhe:casehthe (istd @dgadaasiion

measured by theﬂ%clggsaﬂtl% 400,indicates thatthe diskwas translated by the value more than e (i.e.

"overpushed"), the controller rotates the spindle by 180 degrees, locks it in that position, and the

process is repea % 0097]T n}he contact element 40ﬁli moved awa Jfrom tpeI disk_ggge.
006310 & el B, the sk TBS Ao LA 0 e B 16 5

loaded on disk 1E8eah e e Beity b aIERCERIEH TR Ceir et By Restn T eRge ATBrATAtion from the
disk. In the case th#edatainforgmatior-inticatesthatthee the disk may be compressed by the

“translating” contact element from the “transiating” actuator side. The disk from the

“detecting” actuator side is not compressed.

[0084] The translating actuator can apply force in two modes — in the first mode,
the translating actuator applies force to the edge of the disk mainly to overcome friction
between the disk and the clamping mechanism selected to disk clamp force FC2. In the
second mode the translating actuator moves in the step movement to apply kinetic energy in
a form of a predetermined impulse to move the disk; the contact element comes to contact
with the disk for a relatively short period. By applying short impulises to the disk edge the
actuator overcomes the stiction fiiction and the inertia of the disk itself to translate said disgk,
but does not cause deflection of the spindle rotor (the spindie rotor may deflect due to

limited stiffness of the spindle motor bearing).

[B485] Then the clamp force on the disk 118 is changed back to the original disk
clamp force FCL.

10086] Thus, following the transiation of the disk by &, the dasa axis 310 and spin
axis 122 coincide as shown on FIG. 9; the data tracks 315 are then substantially concentric

in respect to the spin axis 122.

{0087] Then the actuator contact elements 404 and 414 are both moved away from
the disk edges.
[0088] As a final step, the disk is driven to spin fo a nominal rotational speed, the

head is loaded on the disk, and the quality of disk centering is confirmed by reading data
imformation from the disk. In the case the data information indicates that the eccentricity

exceeds the prescribed threshold, the process is repeated iteratively.
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eccentricity exceeds the prescribed threshold, the whole process is repeated iteratively. [00991The
algorithm described above is illustrated on FIG. 12. WO 2010/075073PCDUS2009/068029
1001001An alternative embodiment of the actuators 400B and 410B is shown in FIG. 13. An actuator
consists of awpremisiansiead-screw actuator sub-assembly 702, voice coil sebrassesobgddd6, and a
contact element sub-assembly 708. 1001011The contact element sub-assembly 708 consists of the
contact element 730 mounted on a carriage 732, a linear position encoder 736 attached to the contact

element, a linear ition encader eao% 738 attached to.the station se 102, and a voice coill
JBRglion encader reader 138 atiached lo y b

. algn escribed anove.is ilustrated on " . .
740. The carriag moves on a4 ral fln & direction a ong the translation axis, as indicated by

the dashed arrow 754. The rail 734 is attached to the st,ationagg plate 712 mounted on_a base 102.

1001021 The void&’E8ll sub-asBeih By 788 tERISLBFHE N Sl & koot BOgy 792 Mtiched to the
bracket 724 mouriteciot ecorriagieo? 26 ngndshotidcisseredi7a2attadheldhodhedrickat 724. The

carriage 726 movesan araikd LSdnthr-disectiemalong the dcanslatinnaXis.asidndicatagkpy the dashed
arrow 752. The rggldzsslc%'se ttﬂqg@ed to the stationary plate 712 mounted on a base 102. 1001031The

precision lead-screw actuator sub-assembly 702 consists of a precision lead-screw actuator 710 rigidly
mounted on a stig%}gry plategh]é%igﬁtached to, the base 102 (gnd atbr cket 714 m%r%g?nqe on a carriage

. d .
716. The carriag moves on a rail 718 1h the direction a or?&c% e %}gﬁgfg%fiosﬁreams, as indicated by

the dashed arroW75® dFiai préesion Teatrsdielt seitomtordispkes Behmipmrbioasesittiudes the force
limiting spring 720, which applies the expansion force to the head of a shoulder screw 742, such that
the head of said 8§ rests aljéindt.braekee?a: 1001 04 IRk pmtbrtaticpioselgeeedeto perform
one of two functighsr gliskedge-pasitiondetectomanctdisktransiation. [001051To select the disk
edge position detection function, the controller provides a command to the precision lead-screw

actuator 710 to mguejall threeganiages. 1626, @nds732 awayiamdthe.disk edgexihen the
controller appliesftltg:e £a mand to the voice coil to move contact element 730 by a relatively short

distance in the diréction towards the disk edge, such that the voice coil surface 760 disengages from

the hard stop 762. The linear prosition encoder 738 is used as a feedback for the cail.
15694] hen the actuator performs translation of the disk by a distance £ a servo

closed loop manner using the same linear position encoder attached to the contact element.
The closed loop parameters are selected such that it is desirable to move the contact element

without overshoot.

{80951 Then the clamp force on the disk 118 is increased back to the nominal disk
clamp force FCI.

[0096] Then the actuator repeais the disk edge detection step to ensure the disk is
iranslated by a prescribed distance. In the case the disk edge position measured by the
cantact element 404 indicates that the disk was translated by the value less than € (Le.
“underpushed”), the translation step is repeated. In the case the disk edge position measured
by the actuator 400 indicates that the disk was translated by the value more than & (i.e.
“gverpushed”), the controller rotates the spindle by 180 degrees, locks it in that position,

and the process is repeated.
[0097] Then the contact element 404 is moved away from the disk edge.

{6098} As a final step, the disk 118 is driven to spin to a nominal rotational speed,
the head 116 is loaded on disk 118, and the quality of disk centering is confirmed by reading
data information from the disk. Tn the case the data information indicates that the

eccentricity exceeds the prescribed threshold, the whole process is repeated iteratively.

(0699} The algorithm deseribed above is illustrated on FIG. 12.
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[001061Then the controller sends the command to the precision lead-screw actuator 710 to move the
carriage 716 towards the disk edge until the contact element 730 engages with the disk edge and the
position read by the linear position encoder reader 738 stops changing. WO
2010/075073PCTHyH2809/068029 1001071To select the disk translation fenctismdiiesenatroller
provides the reverse current to the voice coil 740, such that the voice coil stop surface 760 comes into
contact with a hard stop 762, which brings the voice coil sub-assembly to a rigidly "locked" state as

shown in FIG. 14 0%98@081Th%t e controll%r §,ends the command to the precision lead-screw
actuator 710 to move fhe carriage I8 toWAPASHRE AR EAGE NI B HOBSRIEM 230 translates

owar
the disk edge by tHE distaHcergaipipredutairarketntinngoasserhblyrindiudesbiljiBneactuator 400B
displaced from oneikidieaitheldisl, the distarcesismeasureddpy e linear position encoder reader

738 relative to the disk edge position measured by the same reader at the edge detection step. If the

data track centeringiassembly inelkides: Ma.eaiuaiassdisplaned fram the.oppesite sides;ef the disk, the
detecting actuator 4108 engages the contact element 730 with the disk edge, and then the distance ¢
is measured by th_eO linear positiongilﬁ%é%ﬁgggé@%%nfﬁg%gﬁé% %r%c%gt etgéggf?ﬁtﬁcégtﬁ% O 4108 while
the translating actistorA008 tarfsiHBesne Her oot ARtisrarnzatsd Bnibddinsisacet tH8. actuator
400 is shown in FIG .48kt Hatfigerenactiidtdt 400Cisshowinnnibietalsinclu diing -a wontact element

sub-assembly 803; @ aupignsuh-assembly 804 and-a-RreQisianIad Serew 2GR Sy-assembly

802. 1001101Th%acon ct element sub-assembly 803 includes a contact element 804, a shoulder

10z, . .o .
screw 805 attached to the contact element, a linear position encoder 810, and a carriage 815. The
e stationary plate 812 mounted on the base 102.

carriage 815 is ﬂ%@ d on a rail 820 atL?cléed tot 5 .

The contact element stib-assembiy SSIEaHUER TIRAET CONTT Bt Contrser MoIRe dRihdrail 820
towards the disk #ehBatkhadirdridbdanpytne destratker G\ 8161 §804dH ThiewptSitoacbidive contact
element 804 withitespeki to thestatianary2base 02 isrmeasiwes byadineaspasitiensensor including

a Inear posiion encaerlf:and -siaienaniinearnesiion ensadaicader a8, moppled on the base

102. [00112]The precision Jead-Screw actuator 860 is mounted on the stationary bas 162 and moves
the coupler sub-as&&BIFE61 180ardé the disk 118 and back as indicated by the dashed arrow 851.

The precision lead-screw actuator 860 is connected to the controller.
i00103] The precision lead-screw actuator sub-assembly 702 consists of a precision

lead-screw actuator 710 rigidly mounted on a stationary plate 712 attached to the base 102,
and a bracket 714 mounted on a carriage 716, The carriage 716 moves on a rail 718 in the
direction along the translation axis, as indicated by the dashed arrow 750, The precision
lead-screw actuator sub-assembly 702 also includes the force limiting spring 720, which
applies the expansion force to the head of a shoulder screw 742, such that the head of said

screw rests against brackei 714,

100164] The actuator can be selected to perform one of two functions - disk edge

position detection and disk translation.

[661685] To select the disk edge position detection function, the controller provides a
command to the precision lead-screw actuator 710 to move all three carriages 716, 726, and
732 away from the disk edge, then the controller applies the command to the voice coil to
move contact element 730 by a relatively short distance in the direction towards the disk
edge, such that the voice coil surface 760 disengages from the hard stop 762. The linear

position encoder 738 is used as a feedback for the coil.

{00106] Then the controlier sends the command o the precision lead-screw actuator
710 to move the carriage 716 towards the disk edge until the contact element 730 engages
with the disk edge and the position read by the linear position encoder reader 738 stops

changing.
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1001131The coupler sub-assembly 801 includes a pneumatic actuator 835 mounted on an
intermediate plate 840, a bracket 845, a carriage 850, and a compression spring 865. The
intermediate plate 840 located on the carriage 850 moves on the rail 855, mounted on the stationary
base 102. 108% Hifive®spsing 865 applies a light expansion force betweenrtervsrtacisetement 804
and the bracket 845 mounted on the actuator intermediate plate 840, such that the shoulder screw
head 805 rests against the bracket 845. The spring expansion force is greater than friction in the rail

carriage 815. [00 %?MI}Ihe pne%jggig: ﬁ-ﬁé%?s or shaft 870 is retracted in the dis gg(é%g_ detection mode.

The stiffness of the spring 865 i3 SUHCISHETor Tha pra IS Te 25 SEEWRRIGA 85&&mbly 802 to

move the contact@lEiéhtieiBisssemblysBaaiswErgs thedisknsitieat 68 napresisingaiecspring 865.
Once the contactéliemient 864 Taomesciionnethasicaltontastiwiththe.eggeyofdhiedisie 18, the spring
865 starts comprgssing, sieh that it lets the contact element sub-assembly 803 stop while the actuator
860 keeps moving the actuator subassembly 802. The disk edge is detected when the position

reported by the eggoger readef, 830 stops ﬁharg:gjrpgh The con rtollgr sends tlfe g_ommand to the actuator
860 to stop. 100?3161 0 switch to the diskOtrfiarr?slatSiné: %%,nt e pﬁ Umatic actuator s tg?to 70 is

extended (showr By HE Y LA TIARS 87 BN IS Lk P isredng A eraifasrsCIe itARYaier against the
bracket 845. Thelaidisiety87btant 830 ar& usetlitortoy glaithe prewmptickoteadoly shaft between the
extended positiog 410808 g LelAiEd poSIon A9, The.alfsupplypressue sHppligd o the
pneumatic actuator Is su ficient for the contact element 804 to Iranslate?he IS ,%ut small enough to
prevent disk danP4§EToB A FRREEME EFRBUTIABR LS dEtenSIPO e Bt BctaEforidsh be used
instead of a pneumiatiedgetisttoics 35p. J0OE 181 Imesbrestembedimente izprecsioadimear actuator 860

can be a piezoelgGHit-MHQL BSISRREE MRIQK R IRGAMNQLALHS AN RINgHINQIN,LJ081191In some
embodiments, the coupling between the contact element sub- assegrrélsbéige and actuator sub-assembly

can be done soléfPBY HERRY St dihdie BieiRTati ST Ae F 16tG B OR EIG%” The shatft
1005 of the pneurnaticnactodtordsitigitiyretiipiet WitkdheivpnthetwiéiiiBntbsubhassetbhz 404, The air
pressure is supphgg:thrapghtheietskQlk. The air supply system switches between two levels of
pressure - low pressure level of approximately 10 PSI for the disk edge detection step, and the high

pressure level Of{WXimateMrﬁﬁwgﬁl%ﬁiQ% Hanslatiamsies s shown in FIG. 15. In that
figure, actuator 400C is shown in detail, including a contact element sub-assembly 803, a

coupler sub-assembly 801, and a precision lead-screw actuator sub-assembly 802.

j00110] The contact element sub-assembly 803 includes a contact element 804, a
shoulder screw 805 attached to the contact element, a linear position encoder 810, and a
carriage 815. The carriage 815 is mounted on a rail 820 attached to the stationary plate 812
mousnted on the base 102. The contact element sub-assembiy selectively (under coniro! of
somtroller) moves on the rail 820 towards the disk and back, as indicated by the dashed

arrow 816.

fOC113] The position of the contact element 804 with respect to the stationary base
102 is measured by a linear position sensor including a linear position encoder 810 and a

stationary linear position encoder reader 83¢ mounted on the base 102.

{06112 The precision lead-screw actuator 860 is mounted on the stationary base
102 and moves the coupler sub-assembly 801 towards the disk 118 and back as indicated by

the dashed arrow 851, The precision lead-screw actuator 860 is connected to the controller.

[DG113] The coupler sub-assembiy 801 includes a pneumatic actuator 835 mounted

on an intermediate plate 840, a bracket 845, a carriage 850, and a compression spring 865.



WO 2010/075073PCT/US2009/068029 100120]in some embodiments, a second linear position
encoder 1200 can be attached to the actuator sub-assembly 1205 as shown on FIG. 17, such that the
moment of time to when the contact element 1210 comes into contact with the disk edge is determined
when the deltachatweesttavo linear position encoders starts changing (the @ettashetmergistbe contact
element sub-assembly position encoder 1220 and the actuator sub-assembly position encoder 1200).
Position of the disk edge is the reading Po of the linear position encoder reading 1220 captured at the
moment of time t@ 1({01%%21%@&%0@ 33 p&géga%gtg,cdisk ce%georin as discussed above may be
performed in a disk drive having a disk Spin assembly 1515, a8 SRowh 1R PG 18 P8FERample, disk
spin assembly intiti#84°996458% ¥50, a disk-support surface (not shown), a spindle 1312, a magnetic
head assembly 1320, and a spindle controller (not shown). In this example, actuators 1305 and 1310
center the disk inf&siféct to th&bspitiasds vithiesplidieadrdayittrire detiskdhivecbadyeE8E5. In some

embodiments, digkidrivehb@ey:idd 15 anahaciuvators.d:305r and-d3dif dnay-ka@ffixechip mounting plate.
In some embodiments. AciLuators; %é@%&@%&ﬁ&%}@%f?& affixgd. %%r?é?é%g?‘iseﬁ?ﬁg% 1315, In some
a dis

embodiments, a rotary encoder may be employed in conjunction wi rive, %’Qﬁfﬁ%ﬁés of such a
rotary encoder intidE A FetatiaBle BHMSIEr attached to a disk clamping plate or hub, and marks
etched or painted onto a disk clamping plate or hub. In some embodiments, a rotary encoder may
operate in the saffid anner a5"a88eHIY it raSdBiltdrareioadke Hiskorse &avisaiments,
rotational positiomaerayl bestdétested iopticallysddisextniple by thnglying &digitakimageshowing a disk

clamping plate oghuhranshdetesmining.a.pesiionhased-0n.a feaie,sUehAsRISEIEW,: hole or mark.

[001221In some embodiments, more than, twe actuators distrifyted along the, circumferential edge of
the disk can be USed. For example: in the case of three Actuators The actuatore A fSe4fed at positions

with angular incréffieht #2270 B giee's:Sirt e eoo F fotir QBRIstors thelabri dtlsis thesdoesited at
positions with angettaninctentenbaf @0 degreds @tcachOfl 31 Attheughithehforegaingw®mbodiments

have been describedhin, semegleiril fapLuReses ohaaribyofinderstanding..the Javenfip is not limited

to the details proyjded. There are many alternative ways of implementing the invention. The disclosed
embodiments aréBfﬁﬁté)ﬁ%%}\l/%n%iﬁ%I f{?é%fﬁE ﬁv%?%ﬁ&#@%‘ﬁ&l%@ﬁ“f@.gﬁ?ﬁé?ﬁgﬁ for aligning a data

axis of one or moreular data—nearing tracks on an annular surface region of a magnetic media-bearing
disk, with a spin 8% 8 a spindfe B ddReith WesirisPifdPairreuy aguiasebharBéndicular to
said surface regiviruiasdiddiskbane daibktrhivksi@é oohiSenfricrwithnespetttisaideddterdxis, wherein
said disk has a cigeiigrantialedge () HURBISHE Hie sUceesaiveslens PlohmalPROERY said disk
on a disk-support siface of said spindie, i, FRHBNA. AL Aisks RRRN SR o sgiggpindle together
with, said supported disk about said spin axis, . ,

pressure supplied to the pneumatic actuator is sufficient for the contact element 304 to

translate the disk, but small enough to prevent disk damage.

(60117} In some embodiments, a solenoid or any other actuator can be used instead

of a pneumatic actuator 8§35,

[80318] In some embodiments, the precision linear actuator 860 can be a

piezoelectric mofor, a stepper motor, a linear motor, or any other motor.

{60119} In some embodiments, the coupling between the contact element sub-
assembly and actuator sub-assembly can be done solely by means of a single pneumatic
actuator 1000 as shown on FIG. 16. The shaft 1005 of the pneumatic actuator is rigidly
coupled with the contact element sub-assembly 404. The air pressure is supplied through the
inlet 1015, The air supply system switches between two levels of pressure — low pressure
level of approximately 10 PSI for the disk edge detection step, and the high pressure level of
approximately 100 PSI for the disk transiation step.
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C. detecting data on said tracks and in response to detected data identifying: a. a maximum
eccentricity rotational angle a of orientation of said disk corresponding to a farthest point (FP) on said
annular surface region of said disk representative of the relative position of a portion of a data track
which is farthvestAram7sadel spin axis compared to all other portions of said elatarraekasndsb. a distance
E between said spin axis and said data axis at said angle a, D. rotating said spindle to an alignment
position whereby said point FP is aligned with a translation axis extending perpendicular to and

intersecting wnhggg pin aX|§ and betgvgen said Seplrrlllfl)dS and a flgsto%c#tlon %f saé;l CE along a

. . ear positl
translation axis at sal |gnmenf)posat1|0n applymng rans orce alon Sald translation

axis and toward %Té*iﬁhéf) A @%%C“Eé‘@a%bfﬁ%ﬁﬁblﬁlb??%%@m@ WReldbyrdaitetiskmsmemsiated along
said translation axis tpwegube @ifset ofsaidldataaxis with sespectiehsadidksidn axisierulhe method

according to clalm&g{m@g@@a&@&w&h@egs%@a J@A&@@waﬁ@&a igrkingsaid.spladig.at said
alignment posmon and followm stesgnl,fSi unlockln 3{3(@ %aﬁ“ue me hod a Iiordlng to claim 1,
prlo

tact clement sgps tep's Cﬁ‘ﬁt%fts‘s‘lal?fsa% SRt Bbsition,

comprising the fart%er step St FoIE owmg
detecting the positiéAHf @%é’@ﬁéoﬁdﬁ%ﬁ%@%ﬁ @@%Té?ﬁjﬂgaﬁdolfr&ﬁémﬁéﬁfﬁ% &0 gtddherein said
applying step E effesis ancapplicatiemefsaidiranstatign force to said first portion of said CE pursuant
to a determination of the position of said first portion based on said detected position of said second

portion of said Css#: 1] he methqe-acaarding-tosClascomplisiighacsiepsf-Jallowing step g,
in a disk drive having a disk spin assembly 1315, as shown in FIG. 18, For example, digk
spin assembly includes a base 1300, a disk-support surface (pot shown), a spindle 1312, a
magnetic head assembly 1320, and a spindle controller {not shown}. In this example,
actuators 1305 and 1310 center the disk in respect to the spin axis of the spindle 1312 within
a disk drive body 1315. In some embodiments, disk dnve body 1315 and actuators 1305
and 1310 may be affixed 1o a mounting plate, In some embodiments, actuators 1305 and
1310 may be affixed to disk drive body 1315. In some embodiments, a rotary encoder may
be emploved in conjunction with a disk drive. Examples of such a rotary encoder include a
detachable encoder attached to a disk clamping plate or hub, and marks etched or painted
onto a disk clamping plate or hub. In some embodiments, a rofary encoder may operate in
the same manner as described above for a spindle encoder. In some embodiments,
rotational position may be detected optically, for examplie by analyzing a digital image
showing a disk clamping plate or hub and determining a position based on a feature such as

a screw, hole or mark.

{00122] In some embodiments, more than two actuators distributed along the
circumferential edge of the disk can be used. For example, in the case of three actuators the
actuators are located at positions with angular increment of 120 degrees; in the case of four

actuators the actnators are located at positions with angular increment of 90 degrees; ete.

00123} Although the foregoing embodiments have been described in some detail
for purposes of clarity of understanding, the invention is not limited to the details provided.
There are many allernative ways of implementing the invention. The disclosed

embodiments are illustrative and not resirictive,
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F. repeating step DI, and a. in the event the detected position of CE indicates that the disk translation
of step E is substantially equal to E, determining that translation is complete, and b. in the event the
detected position of CE indicates that the disk displacement is not substantially equal to E, repeating

steps Land,f g, magthod according to claim 3, wherein: a during step Rlapplyipg.a.slamping force
EC | to clamp said disk to said disk support surface, and b during step E, applying a clamping force

FC2 to clamp said disk to said disk.. support surface, wherein FC2 is different front FCI. 6. The method
according to claim 3, wherein said first portion of said CE is disposed along said translation axis on a
first side of saiddiskT dhdsaidEdedhd portion of said CE is disposed along said translation axis on a
second side of said disk, said second side being opposite said first side. 7. The method according to
claim 3, wherein said first portion of said CE is the same as the second portion of said CE. 8,The
method according to didirffeivieterisaditstportion of sald OFincdds plogalitfotareas along Inc
circumference of the disk.iaF hermethodaccondingdphrality-of areas along &Hin axisaid second portion of
said CE includes ference of the disk,,i} Q.The:methad agcording fo;claim. 1 semprising the further

steps of: following steP E, ) L ‘ o g
surface region of said disk and said tracks are concentric with respect to said data

axis, wherein said disk has a circomferential edge (CE), comprising the sucegssive

steps of:

A, supporting said disk on a disk-support surface of saud spindle,

B. spinning said disk-support surface of said spindie together with said supportad
disk about said spin axis,

C. detecting data on said tracks and in response 1o detected data 1dentifying:

a. & maximum ecceniricity rotational angle o of orientation of said disk
corresponding to a farthest point (FP) on said annular surface region of
said disk repregentative of the relative position of a portion of a data
track which is farthest from said spin axis compared to all other
portions of said data track, and

b. a distance € between said spin axis and said data axis at said angle a,

D. rotating said spindle to an alignment position whereby said point FP is aligned
with a translation axis extending perpendicular 1o and mntersecung with said spin
axis, and between said spin ax1s and a first portion of said CE along a
transiation axis, and

E. at said alignment position, applying a translation force along said fransiation
axis and toward said spin axis, to said first portion of said CE, whereby said
disk is transiated along said translation axis to reduce offset of said data axis

with respect to sald spin axis.

2. The method according io claim 1 comprising the further steps of!
foliowing step DD,

locking said spindle at said alignment position, and
following siep E,

unlocking said spindle,
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F. rotating said spindle, and during said rotation,eat.and a. in the event E is below a predetermined
threshold, determining that alignment of said data axis and said spin axis is complete, and b. in the
event c is above said predetermined threshold, repeating steps D - E. The method according to claim |
wherein tramsiationofsnee is applied as a succession of pulses. 1 2.The m@thigibzes®dirng to claim 1
wherein said data servo data. A system for aligning a data axis of two or more circular data-bearing
tracks on an annular surface region of a magnetic media-bearing disk, with a spin axis of a spindle of a
disk spin assembly, wherein said data axis is perpendicular to said surface region of said disk and said
tracks are copcentric with respect to said data axis, comprising: A. a disk spin assembly eluding: (i) a
base, (i) a spindfé ZAAPTEA-FOF PSSO mtRToHHith he P8t f6°8410 base about a spin axis, and
having a disk-support surface for supporting a magnetic media-bearing disk, whereby said data axis is

parallel to said spin axig;.and-wherehby:said.ttagks ©f a supported disk are rotatable about said spin
axis, (iii) a magnetic head and associated head loading assembly adapted to selectively position said

head over said tracks of a supported magnetic media-bearing disk, and (iv) a spindle controller for
selectively rotating saifel spifftifer dBUTs B SPindakisi nBha PataCR &ER Eertémng arssetmblyincludi a first
actuator having a contasi-elementiang agdepted for selectively translating said contact element through
at least a portion of said disk locus region in a first direction along: a translation axis, said translation

axis intersecting with and being perigerlditculgr éP stgid %)i{] ag,ds, C% a dS_ystelm_ Ccol trol!errogerative to
successively: CO rotate Saiti &pindle SOt Said Spin ek, <o of said fransiation foree to sa:

first portion of saxd CE pursuant 1o a determination of the position of said first

portion based on sand detecied position of said second portion of said CE.

4. The method according to claim 3, comprising the further steps of!

following step E,
F. repeating step D1, and
a. inthe event the detecied position of CE indicates that the disk
translation of step E is substantiaily equal fo ¢, determining that
translation 1s complete, and
b. inthe event the detected position of CE indicares that the disk

displacement is not substantially equal to €, repeating steps E and D1
5, The method according to claim 3, wherein:

a. during step D1, applving a clampmg force FCI to clamp said disk te said disk-
support surface, and
b. during step F, applying a clamping force FC2 to ciamp said disk to said disk-

support surface,
wherein FCZ is different from FC1.

6. The method according to claim 3, wherein said first portion of said CE 1s disposed
along said franslation axis on a first side of said disk, and said second portion of
said CE is disposed along said translation axis on a second side of said disk, said

second side being opposite said first side.

7. The method according to claim 3, wherein said first portion of said CE is the same

as the second portion of said CE.
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(if) with said magnetic head, detect data on said tracks of said disk on said disk-support surface and
identify (a) a rotational angle a of orientation of said disk when said head overlies a portion of a data
track which is farthest from said spin axis compared to all other portions of said data track, and (b) a

distance E betweemnsaidspin axis and said data axis at said angle a, (iii) %g @g&{&(&lj@ (ugqti% said farthest
portion of said track is aligned with said translation axis, and (iv) activate said firs SCtGEY o engage
said contact element with said disk, whereby said disk is translated along said translation axis to
reduce offset of said data axis with respect to said spin axis. 14.The system of claim 13 wherein said
system controller is opéiativetiorrepedinstepdag(i)-Gliviterativelydntidistancerc; hetweaen said spin
axis and said data axispmhelow predetermineddhreshold ,p,[hg system of claim 13 wherein said
controller is operative pursuant step C( v) to activate said first actuator to apply a succession of force

pulses, wherein each polsg;tiansers.kinetic.energy, of contact element to said disk, whereby said disk

. 581 cond portion of Sard o

is translated along said }ra%lpg}%ga ‘c%)%s to i[gQUce offset of §6}i56d ond porion afs respegi%ﬁgéi d spin axis.
16.The system of claim 13 wheré modes K St §etiwtsr & Saéitively operative in two A. a disk edge

position detegtion mod hproviding force Fl insufficient to overcome friction between a disk and said
disk-support surface, B. & GeRHARSEIN hiGa8 Witherprovidin iéree B2 shifficient to overcome

friction between a disk and said disk-support surface. WO 2010/075073PCT/US2009/0680251
following step E,

F. rotating said spindie, and during said rotation, repeating step C, and

a.  in the eveni ¢ is below a predetermined threshold, determining that
alignment of said data axis and said spin axis is complete, and

b. inthe event ¢ is above said predetermined threshold, repeating steps D -
E.

TL The method according to claim | wherein translation force is apphed as a

succession of pulses.

12, The method according to claim | wherein said data is servo data,
13 A system for alipning a data axis oft ] ] ]
5Y BMng & 0atd ax1s o1 two or more circular data-bearing tracks on an

annular surface region of a magnetic media-bearing disk, with a spin axis of a
spindle of a disk spin assembly, wherein said data axis is perpendicular to said
surface region of said disk and said tracks are concensric with respect to said data

axis, comprising:

A, a disk spin assembly including:

(1) a base,

{ii) a spindie adapted for rotational motion with respect 1o said base about 2
spin axis, and having a disk-support surface for SUpporting a magneiic
media-bearing disk, whereby said data axis is paralle! to said Spin axis,
and whereby said tracks of a supported disk are rotatable ahout said
spin axis,

(ii1) a magnetic bead and associated head loading assembly adapted o
selectively position said head over said tracks of a supported magnetic
media-bearing disk, and

(v} aspindle controlier for seiectively rotating said spimdie abowut said spin
axis,
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| 7.The system of claim 16 wherein said disk spin assembly further includes a clamp assembly for
selectively clamping a magnetic media-bearing disk to said disk-support surface with a clamp force,
said clamp force being elected from force value FC | and force value wherein said system controller is
farther opeF&ivE Ptit¥lGant to step 16(A) to control said clamp a.ssembly k& BlEFapFS&G Sk to said.
surface with said first force value FCI, and wherein said system controller is further operative pursuant
to step 16(8) to control said clamp assembly to clamp said disk to said surface with said second force
value FC2.18. The SX%%%%%@!%Q%%@%S{Q %-%}Jhsquifferent from FC2. 19. The system of claim 17
wherein FC2 is equal to 20} Tﬂe“systen?o?c aim 13 wherein said data track centering assembly

includes: . said first actyafor. and..il, 8 ROYIIoN.SENSAL 1oL detecting the posifion of said disk along
said translation axis, whefein,said systemceMaller s operallve oHrsyant to,siep. C{iv) 10, activate said
first actuator at least parfially in response, ta,a,detected position of said disk along;sajd translation axis

as determined by said pegifion.seRsQr: I iessysigm,Qfclaim 20 wherein said disk edge sensor is
disposed adjacent to said first side of said disk locus region. 22.The system of claim 20 wherein said

disk edge sensor is dispased-adiagenhio.asecond side of said disk locus region, said second side
being opposite said first side, The system of claim 13 wherein said data track centering assembly

includes a second actuator havingia gentactelesmentand adapted for selectively translating said
contact element of said second astuaierdo engagedithihe,edge-ofisaid:disk:ang, ta:translate said disk
in a second direction along said, translatior-axis.ssaigtranslation.axis intersectindwith-and being
perpendicular to said spin axis, wherein said:fir st actuatesand said second,actuaton are disposed on
opposite sides of said disk locug#egiors-apdsaid first dikgetionand saidsecand disection are
oppositely directed. 24.The systes eficlaim 23mhereimeaitksysiam.eanioler issapsiative prior to
activating said first actuator purggasicte step C(iv) for positioning said contact element of said second
actuator to engage with the edge of said disk, wherein said contact element of said second actuator

measures the position of$aid:8d@84 spindic until said farthest portion of said track is aligned with
said transliation axis, and

(iv) activate said first actuator to engage said consact element with said disk,
whereby said disk is translated along said translation axis 10 reduce
offset of said data axis with respect to said spin axis,

14. The system of claim 13 wherein said system controller 1s operative to repeat steps
CaD-C(iv) iteratively unti! distance ¢ between said spin axis and said data axis is
below predetermined threshoid.

i5. The system of claim 13 wherein said controller is operative pursuant step C(iv) ic
activate said first actuator to apply 2 succession of force pulses, wherein each pulse
transfers kinefic energy of contact element to said disk, whereby said disk is
translated along said translation axis to reduce offset of said data axis with respect
to said spin axis.

16, The svstem of claim 13 wherein said first actuator is selectively operative in two

modes;

A. a disk edge position detection mode providing foree F1 imsufficient to overcome

friction between a disk and said disk-supporl surface,

B. a disk translation mode with a providing force F2 sufficient to overcome

friction between & disk and said disk-support surface.

Z3



25.The system of claim 23 wherein said first actuator is selectively operative to detect an edge of said
disk in on said disk-support. surface, and said second actuator is selectively operative to apply a force
to an edge of said disk. The system of claim 23 wherein said fast actuator and said second actuator
are alternativelyopperative to detect an edge of said disk on said disk-suppe#t,susfass.and to apply a
force to an edge of said disk. The system of claim 13 wherein a data track centering assembly
includes a single actuator assembly, wherein said actuator is alternatively operative to detect an edge
of said disk on said disk-support surface, and to apply a force to an edge of said disk. 2S,The system
according ta tlaim 13, Whrasr g ittt Ak B &gl sem by midiubiese iRldtity of actuator
assemblies distributed along the: cirsurmferenicgofskidi diskclatys regionma Hhelisyisiemof claim 16
wherein said actuator includes amsintermetiate:pouplerfasseniblyleaupling, saidacipatoravith said
contact element, wherein said coupleriassembly‘vas selectable.¢ouptingforse;, and said system
controller is operative to select coupling force Fl during step 16(A) and coupling force F2 during step
16(B), wherein force Fl is'differertidroniciorcatPRe30. e systenyof otaimt 18swhéféin said spindle
controller includes operatiebgbe ot tstkifgshid s piadie s ddpkdscrilfed &g ular position. 31. The
system of claim 13 furthef°fielidifg el lotking assembly for locking said spindle in a prescribed angular
position. The system of claim 13 wherein said data is servo data. The system of claim 13 wherein said
disk spin assembly is a cBRTPGHERE OFFHisk AV, THERYStefrbfcIEAE 3 e BER disk spin

assembly is a componenf?ffnﬁ}s iR staipg assembly to clamp said disk to said surface with said second
force value FCZ

18, The system of claim 17 wherein FC1 is different from FCI.
19, The system of claim 17 wherein FC2 is equal 10 FCL
20. The system of claim 13 wherein said data track ceniering assembly includes;

i. said first actuator, and

ii. a position sensor for detecting the position of said disk along said translation
axis,

wheretn said system controller is operative pursuant o step C(iv) to activate said
first actuator at least partially in response (0 a detecied position of said disk along
said translation axis as determined by said position sensor.

.2

The sysiem of claim 20 wherein said disk edge sensor is disposed adjacent to said

first side of said disk locus region,

I~
(o]

The system of claim 20 wherein said disk edge sensor is disposed adjacent to a

second side of said disk locus region, said second side being opposite said first side,

|
o

The system of claim 13 wherem said data track centering assembly includes a
second actuator having a contact element and adapted for selectively translating said
contact element of said second actuator to engage with the edge of szid disk and to
transiate said disk in a second direction aleng said translation axis, said transiation
axis Intersecting with and being perpendicular to said spin axis, wherein said first
actuator and said second actuator are disposed on opposite sides of said disk locus

region, and said first direction and said second divection are oppositely directed.

24, The system of claim 23 whereln said system contreller is operative orior to
activating said first actuator pursuant to step C(iv) for positioning said contact
element of saxd second actuator to engage with the edge of said disk, wherein said

contact element of said second actuaior measures the position of said edge.
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The system of claim 23 wherein said first actuator is selectively operative to detect
an edge of said disk in on said disk-support surface, and said second actuator is

selectively operailve to apply a force 1o an edge of said disk

The system of claim 23 wherein said first actuator and said second acmator are
alternatively operative to detect an edge of said disk on said disk-support surface,

and to apply a foree to an edge of said disk.

The system of claim 13 wherein & data frack centering assembly includes a single
actuator assembly, wherein said actuator is alternatively operative to detect an edge
of said disk on said disk-support surface, and 1o apply 2 foree to an edgs of said
disk.

The system according to claim 13, wherein a data track centering assembly mchudes

a plurality of actuator agsemblies distributed along the circumference of sald disk

iocus region.

The system of claim 16 wherein said actuator meludes an mtermediate coupler
assernbly coupling said actuator with said contact element, wherein said coupler
assembly has selectable coupling foree; and said system controller is operative to
select coupling force Fl during step 16(A) and coupling force F2 during step 16(B),

wherein force F1 is different from force F2.

The system of claim 13 wheren said spimdie controller mcludes operation mode for

iocking said spindle in 2 prescribed angular position.

The system of claim 13 further including a locking assembly for locking said

spindle m a prescribed angular position.
The svstem of claim 13 wherein said data is servo data.

The system of claim 13 wherein saud disk spin assembly is a component of a disk

drive.
The system of claim 13 wherein said disk spin assembly iz 2 component of a
gpinstand.



