5 JULY 2006 -1 TRACK M S- REG STRATI ON MEASUREMENT FOR A DI SC DRI VE Field
of the Invention This invention relates generally to the field of magnetic
data storage devices, and nore particularly, but not by way &JULNr0D&tI ON,
to measuring track ms-registration for a disc drive. 5 Background Disc
drives are used for data storage in noderhel ectronic products ranging from
digital caneras to conputer systens and networks. A typical disc drive

i ncl udes a head-di sc aFFACKYMISIRE GESTIRATJOMNMMERSUREMENTOrti on of the
drive, 10 and a printed circuit POR d BPEECDRIVE PCBA), attached to the
head- di sc assenbly. The printed circuit board assenbly controls operations
of the head-disc assenbly and provides a communi cation Tink between the
head- di sc assenbly and a host dewj he disc drive. Typically,
t he head-di sc assenbly has a discykffﬁpg&?ggggﬁyﬁg surface 15 rotated at a
const ant speed by Ehispiveulien rebitsrgeasmbpid thediet afmagietiatdata asragarbl y
positionably controlled by a cl qs d | oop servg system The actuator
assenbly supisoFes 2ad F‘E’éﬁ%ﬁlﬂllér ﬁg&an%@fww P? Hantatien, te Mreasngdsagk dat a
fromthe recendirf@straiidhlBLLdisPligfe dri ves using magneto resistive read/wite
heads typically use an inductive elenent, or witer, to wite data to
informati®n tracks of the recording 20 surface and a magneto resistive

el enent, or reader, to read data frogﬂhe iﬁlformation tracks during drive
operations. One type of data recordeB2t¥8™8HAdr ead from the i nformation
tracks is servo HiAdriveea¥OuAlS: ddtdebiagdE ROmBdBRYEH Edhictgra&lcts ranging
identification portion (also referred to as a servo track nunber or

physi cal t r adlermhdigiielropmergsite cempuisT sysecmseawinetwerks.usf apisabdisedfiyme each

speci fic phy I f n hysical tracks witten,on.the
recor di ng suﬁ%@g ;‘R@%iéflf\%g a%F ra{lg) E‘p@}hi)gilr“g‘f%n% t?’ﬁ&‘?ﬁcﬁ%rﬂﬁélpfnb%%ﬂpﬁgwq’ti ng a
predet er nd nedndal phigted efrecsiebyard hiRetkdy (RCBAY Atti@ra k6l tHhead!diRGEsably.Ng t he

manuf act uri ng prqocess, The servo tracks are used by the closed | oop servo
system for d&BaPHABiefcHEuUit heard gssembincarrolseperatioas Wi thedhepdaliscrasseattilye to t he

recording s uﬁﬁcﬁﬁr%vidgg 2 UMb G ASE 1k b¥6 2R BleAtda8isc assembly and a host

device served by the disc drive.

Typically, the head-disc assembly has a disc with a recording surface
15  rotated at a constant speed by a spindle motor assembly and an actuator assembly
positionably controlled by a closed loop servo system. The actuator assembly
supports a read/write head that writes data to and reads data from the recording
surface. Disc drives using magneto resistive read/write heads typically use an
inductive element, or writer, to write data to information tracks of the recording
20  surface and a magneto resistive element, or reader, to read data from the
information tracks during drive operations.

One type of data recorded to and read from the information tracks is servo
data. Servo data, including a physical track identification portion (also referred to
as a servo track number or physical track number), written to the recording surface

25  define each specific physical track of a number of physical tracks written on the
recording surface. A servo track writer is traditionally used in writing a
predetermined number of servo tracks to each recording surface during the
manufacturing process. The servo tracks are used by the closed loop servo system
for controlling the position of the read/write head relative to the recording surface

30  during disc drive operations.



5 JULY 2006 -2 High performance disc drives achieve areal bit densities in
the range of several gigabits per square centineter (Ghits/cnR2 ). Hi gher
recordi ng densities can be achieved by increasing the nunberSs HULKI2086 per
centineter stored along each information track, and/or by increasing the
number of tracks per centineter witten-3-across each recording surface.
Capacity increases gained through increasing the bits per centineter
stored on each tr #ijh gefiensinty dise dtiveseachivye aveahiin tiensitrestih éhe nergaidfnr i t e

channel electronics to enable data to witien.to and subsequent|y read
from the recoPEFHGEIHF BESUHEr L RUPFIES g@ﬁ%ﬂ@&%ﬁgﬁﬁ%@@&d@ﬁ%@@ ‘é‘paci ty
I ncreases gay,pethibyed BIGHER84AY tHeMRinfHeF BEbitOperlce Rt SePRbred@rgaatier on each
10 recording surface dgenerally require inprovenents in servo control

systens, whi oiformestmnl teackhandrady/ ingrcesingibgdantber pEtrasks pepeeatimetar yWIEES t i oned
relative o the informat.ion tracks. ncentri.c f V4O Ltfen across
the recordi n@crgﬁﬁ?aﬁgée%’fé‘flﬁéurg‘f’c& agaci yhlémieﬁ?%ﬁalzlgd\r(hég%#}ﬁ%g%agamggevo wite
process. EacRii@fedd2ftifeRs sitdd ¢h &eh wack gatdaly rbquishionprdviirerms el theed circle
with its center coincident with the axis of rotation of the spindle notor.

The concent r readéaite channet Risctsoried t@ cagbleidhta te basvricarie apd sebsequently zead

spaci ng rel at.ive,to each ot her r . f LS However, in
practi ce, a%rﬁH’n’t}}&recé’f lfl%é‘tlrgarcg ag:ﬁg?ﬁ%@%?ﬁg@%ﬂﬂ%e?If%ﬁu%ﬁk?cghé#lst ent
track-t o- t r agler&R@CdMgEddy inbRasis@ thequinibae ks traltkisipegcdniencsaronceavh i t € process.

The resulting inconsistent track-to 20 track spacing is referred tq as
"writtenl@n tecardingsuréss @enerylly raduie iAPIOV GRRNIE i 3EYE Cotol systems, gthich o ysed
by a relative shift | it t WEEN, Wddtrelaheag @pd  the
recordi ng su??%bééeihgﬁéwl‘ggf ﬁeeaggtro\tjoge W {bergég%é%ggsg{lat e{ tai me in the process
that the semformgalon ttaskbeing witten to the recording surface. Witten-in
track squeeze is an inportant factor contributing.to t%ack .

M s-registration. CPBCOMEC sarpRI HRcksAvien aoass he ieeoiginestrighect ha disciss a
direct bearipg bt i L@ ritdsrob &9 FaLISBRME cbicdnBROseddf @ackkor ed on
an adj acent p’%alg{%.na%}frets\agb%;é- rg& s@roati on of t_hecfi rst track encroaches
on the atf acsijuld baakldegd airdefiithdiseenter epmcident veitlathgrasissff retatien pft&9i ousl y

witten to the adjacent_track can occur when . witi.ng data t i rst
track. An enSPBACHRRIAE THf PREENPF éW%E@F%f ‘{iﬁo}ﬂ[dte hlbtlto éls’é%n{ %rgcé(kt}ag(r:%ﬂﬁr ring
during a wifg cg%elreﬁﬁiivé’ fb LRhIMARALREEMe shiFfacdofithe At eHo@@vérPimgTacticepck

encr o

squeeze." Th achnment typically takes the formof a partial overwite
of the dat aapnebeoeffaytors distuphthe domntasion 0§ epnsistent track-to-track spacing of the

servo tracks during the servo write process. The resulting inconsistent track-to-

20  track spacing is referred to as “written-in track squeeze”. Written-in track squeeze
is an effect caused by a relative shift in position between the read/write head and
the recording surface during the servo write process at a time in the process that the
servo data is being written to the recording surface. Written-in track squeeze is an
important factor contributing to track mis-registration.

25 The amount of mis-registration of one track has a direct bearing on the
ability of the read element to read data stored on an adjacent track. If the mis-
registration of the first track encroaches on the adjacent track by a sufficient
amount, erasure of data previously written to the adjacent track can occur when
writing data to the first track. An encroachment on data previously written to a

30  track occurring during a write operation to an adjacent track is referred to as “track
squeeze.” The encroachment typically takes the form of a partial overwrite of the

data previously written to the track.



5 JULY 2006 -3 Ordinarily, disc drives are designed to withstand a given

| evel of track squeeze. Disc drives that encounter track squeeze beyond
design limts cease to operate properly. In establishing a t?3adkY280eeze
standard for the disc drive an additiongl margin of safety is added to the
| evel of track squeeze the disc drive 15”5 designed to withstand. The | evel
of track squeeze represented by the inclusion of the additiaonal margin of
safety is establi €hdiganly, thse drivescde detigreddo spthstand egiyarerdof tiegle di sc
drive. During the nuf.act ugin racess., di RV i et the
track squeez gqlgﬁﬁé% inﬁisff g‘f’ivg#i’ﬁﬁ' %‘cg‘ﬁ Pk qﬁ %ezg 58 Yﬁﬁlj &reg%rl{gﬁ%gp%gﬁg% {IEg ns.

Since an anoyptraRiprbpBK I8 @uabEshinl £ERIK sqaeéoaemdad foc thetdiderddlesan10
substantially represents the collective effect of a nunber ofdgactors,
during the peditipealmargingfsrisbes gddedtn thaleyelofiteack yaiccas ﬁs? dieEedd agai nst
an enpirigal l,y. determ I L r i toff actors
causing t acﬁé%%ﬁzéggﬂhgﬁgﬂugégL?ﬁgpﬁﬁ%?ﬁhggk%h%%ﬁf§%§gﬁt??ﬁ%hgﬁ?ﬁg

repeat abl e r uqidditnes@sigin of dafiey headhbligheticasabs gadk sque¢dessped ficativarfor  of
non-repeat abl e runout during a wite operation;, .and, t he mmit%gﬂéin track

1 ,
'%gth%ﬁ*awfae@rlpg PERSCSS Gishaidvesdhal rail i pee

squeeze. |n &wrdisa drive; dyrt Phed’
acceptabi lit Yra&?%w%%g%ﬁﬁ?ﬁfon ffe E\?&J’@Jted){ RN FdwRitk oPEratiénd r ack squeeze

general ly cause actor Is resooved. Based on the contribution
general | y caused Byceaaamouactforackaqudezepreserd betwden adimcentgiachs | y

est abl i shed for each factor. Eac threshold is ordinarily.comjined with an
appropri 8 e FeRsENtaly FRREGTERS (e ‘IOE]FFﬁ“é? e%??cf 86‘%1’“’8 er 2%06 SHi h‘13’or each
factor. As e III%FI foRECERE BRI i§ Yypisl§ S8R k¥instam agsiapiipnce | evel
di sc drives ?ﬁg%&a?al g?’oo neet the aclcle/yglan%e. | evel %or any of thg{n factors
are failed adetermided tpvet efasoekatohior dthicpnedonHoerifegtorsiseesing ragk wareze

ms-registration is a .res of. a compl ex canpi i .

af orenent i on& ydgc fhsgdt olijdé? W&ttg%grﬁé@ﬁﬁ%wgeﬁg@g gu%{c’élgﬁregéem%&gohﬁ%%nsat ed by
an inproved HRPUSEABSS 1S o RMlfefle dTRIOA-rEpeatdbee Ainbar dirigtowste dperatioaxanpl e, a
disc drive may exhibit a track width greater than the accfept ance | evel

wi dth, whi | eamd thetverittearin tracknsqumeus.nkp asiablipking the amripcally detepinedyigédse, a
smal | anount _of repeatabl e ,runout a : | 0.
non- r epeat anga‘i"ﬁW&E“tﬁ?y ﬁ’éﬁ?‘?}bﬁfﬁﬁalggéeir??{a ﬂ@‘ﬁ‘éﬁﬁ% e tg% I g‘%‘?\?ge@ﬁ‘r?lg&t of the

factors may pgasul by lkefchefablonikesIval) URREE of drdidniributiohgenérsliycausedby he di sc
drive track squeeze specification, disc drives rgq’ci‘afj I edeﬁng subjected to
costly re- wortchfeetan aehisakoldimihis tynieall estrblishadAor 63ck 1a¢igk 7R one, fails

to meet its Ihnrgs'h\éicp fg%lrdih%@lcoﬁfbir?eﬁ%% ﬁ%ﬂﬂr&ﬁﬁate level of margin to form a

20  level of acceptability for each factor. As each level of acceptability is essentially
an acceptance level, disc drives that fail to meet the acceptance level for any of the
factors are failed and undergo re-work operations.

However, because track mis-registration is a result of a complex

combination of the aforementioned factors, a deficiency in one factor can be

25  compensated by an improved robustness of one or more of the other factors. For
example, a disc drive may exhibit a track width greater than the acceptance level
width, while at the same time having minimal written-in track squeeze, a small
amount of repeatable runout and an acceptable margin for non-repeatable runout.
Currently, even though the collective effect of the factors may result in a track

30 squeeze condition that is within the disc drive track squeeze specification, disc
drives are failed and subjected to costly re-work because one of the individual

factors, taken alone, fails to meet its individual level of acceptability.



5 JULY 2006 -4 Therefore, challenges remain and needs persist for neans of
nmeasuring the <collective result of the conbination of factors contributing
to track ms-registration for use in determining disc drivesSAHkY 0@
sufficient |evel of track squeeze margin, for proper functionality, even

t hough one or nore of the contributing f4ctors fall 5 outside an
empirically determ ned | evel of acceptability. [t is to this and ot her
features and advaftharpferesatallerges ferhainand needstpeesish o means of sreasmgdhesent
invention are. di.rected. .sunnar f t I i . L by
preferred enﬁ%?crt?ﬁﬁf?yﬂtolgg‘epcro&%’ﬁa?mﬁ?\? ganctt‘?r\éﬁg%r g\g?ﬁ%ﬁ?ﬁ%ﬁ%g@ %t'galqﬂ)a track
M s-regi st ratghqQRe @P8EBIhiAMgRRIS BIVERREEngh saffitadn lsebofrgrkdquéeze mangihh a
plurality of information tracks for use in predicting proper. operation of
the data st drayepatdunctionality agvenihangheye o mare Bhthe SOREREURSECINS &k f or mi ng
DC erasurgs on.ihree adjace I_af ar [ sqlect he

pl urali tygof oPﬁ}éSral%eﬁpéﬁéa?@ ({éreé{(l:i&{sefa I@to ,?Q%&Bf}g g¥'e§ﬁ1§%(at§gba§l? %E)Hzft} ternis
witten on afainded end ddvaktapés sehorihireesn tled jembedimdnts afithmpiesent imaoksn whi ch
is read to provide a first signal to a variable gain anplifier to generate
a first val uareghirected. vari abl e gain anplifier. Then, DC erasures are again
performed on the information tracks adjacent the mddle track, and the
predeterm ned bit pattern is reread fromthe mddle track to provide a 20
second signal to the variabl e gsamnarplofthenveotigenerate a second val ue of

th i abl i lifier, The first and d val f the. yari abl
gai n Al i or e SSSRBHRGUDY BBt Gt AP E T errar PRYIAI et or
use with a p?&?ﬁéea%gxg}'{%&%k hireshekshyGleiftidepHRHARRTT aldae dtorags ened

capability o storage device. These and various other features and
advant ages, whihciplofaditsact iefirmetiomtracksgonusssa predi¢iipgmrorss op@iatien pethgppar ent

froma readi of the, follow detailed .de IDi . v f the
associ at ed dagt\?v/is}?dgg.e st ?nggrpf'ﬁ?gll%ﬁ%(?fl Bl W%g%rr%fv& ﬁ%esm “(lal?g ?@iésr%‘grétgop pl an
view of a di gg ggel ¥Ga¥int themnATRURCkOéel@YAI fréabltee pledity 30infemgiion det er m ned
in accordance wth a nmethod of the present invention to oper%ﬁg t he disc
drive. FIS Batls. Néxtrcprednieimingdeik paficag saiiden ewafHeflediaple gt P fise ¢ he
disc drive O]:ldjlglce%t in%om?ati%%@ém%s%%ich is read to provide a first signal to a variable

gain amplifier to generate a first value of the variable gain amplifier. Then, DC

erasures are again performed on the information tracks adjacent the middle track,
and the predetermined bit pattern is reread from the middle track to provide a

20  second signal to the variable gain amplifier to generate a second value of the
variable gain amplifier. The first and second values of the variable gain amplifier
are compared to provide a track mis-registration value for use with a predetermined
threshold value to determine the functional capability of the data storage device.

These and various other features and advantages, which characterize the
25  present invention, will be apparent from a reading of the following detailed

description and a review of the associated drawings.

Brief Description of the Drawings
FIG. 1 is a top plan view of a disc drive with an amount of available read
30  margin determined in accordance with a method of the present invention to operate

the disc drive.

FIG. 2 is a functional block diagram of control circuitry of the disc drive of

FIG. 1.



-5 FIG 3 is a diagrammatic illustration of a nethod of determ ning an
anmopunt of available read margin for an information track of the disc drive
of FIG 1. FIG 4 is a graphical representation of a track mi 8JVE¥i2806¢ at i on
to track squeeze conversion curve for tge disc drive of FIG 1. 5 FIG 5
is a flowchart of a nethod used in neaSuring a track ms- registration
operating performance for use in predicting a functional ability of the

di sc drive of FI GFI&. 3 Bet diegrathnméisdHpgitation of @ nrélfask ofj dstprmgning an amawitngs in
general , and re rticularly to. 0 ereln, i t;op view of a
di sc drive lﬁg?"aé]agg rF%f’élﬂ%%}‘qrc? nﬁréttogln ﬁ&%r}str%&ao\g?%é &g{ g}rlgeggisls Siitce,

constructed in ac@GAARCEeMblibBallrbsrefineaRAtoflanteek miighegidtkaion datrackdet ai | s of
and variations for the construction of the disc drive 100 are not included
in the fol | owil¥Rszeleestversian @Hvakor dicdisadave] flGcdown to those skilled in the

art, and ;15 beligygds ﬁ@ﬁq‘ggﬁﬂ Xf%%t%ﬁqﬁgﬂfﬁfgg@%égﬁﬁ lhi-ng the present

i nvention. The disc drive I nc S a base supporting various
dat a st or age regigmitiog operringpateamanne fardisan prediptinglh dunctivnsl adgeabthy 104

t hat supports one or npre axially aligned rotatable discs 106 formng a

di sc stack 108cdsyeRf§iGcl-106 having at |east one, and usually two,
recordi ng surfaces 109. 20 Adjacent the disc stack 108 is a head stack
assenbly 110 (also referred to as an actuator assenbly) which pivots about
a bearing assenbly 112 in a rot ar Detailad Mescripfite head stack assenbly 110

i ncludes_an actuator. arm 114 that supports a. load arm 11 ichin
tunsuppot?s at a Refamng 1o e dergngs g 8??2?&8%%8@8“#}1@% F!)t?'a].t’apl e
recordi ng sugf acemkAdn isTJ_"l%prv?é\@Bﬁ?hi%c (a1 00, RoTefchag € A8in & adlavd ded 25
into concentric information tracks 120 (only one depicted) over which the

read/ write heathgbivics, posintdtahiabicyoridarcetveith thetpsesent iy eritiono ANUMERS 120

support hea sition control i,nformati.on itt.en
sectors (not ge@ﬁbﬁ#%ﬁde‘fva &b ti?f gﬁ)c.ongglfcmgR%}ﬁeélgcn%{e‘%d@@%ggﬁ@gnggg%gr s are
data sectors;jf ﬂfetfou&@iagrdg&&ifﬁoﬂ apkidhedd weBaGotvarto Stiose skigledirt thpattt @rchs or

data. The read/wite head 118 30 includes a_reader elenent (not separately

shown) ol § sebeliaud anhgceasary foatled pUrpgserafdascriving the presertdmETiOPnot separatel y
Cracks 120 dur i ng W08 Byer ey FERuSh Yt @ell oo GRBGAME ROl TRHE" er
el ement cont geVise tdi8pdiRatst inonidig Dépitdie niceacisvanmble 10¢ st 3 ofts Dok ¥r 2006
more axially aligned rotatable discs 106 forming a disc stack 108, each disc 106
having at least one, and usually two, recording surfaces 109.
20 Adjacent the disc stack 108 is a head stack assembly 110 (also referred to
as an actuator assembly) which pivots about a bearing assembly 112 in a rotary
fashion. The head stack assembly 110 includes an actuator arm 114 that supports a
load arm 116, which in turn_supports at a read/write head 118 corresponding to the
rotatable recording surface 109. The rotatable recording surface 109 is divided
25  into concentric information tracks 120 (only one depicted) over which the
read/write head 118 is positionably located. The information tracks 120 support
head position control information written to embedded servo sectors (not
separately depicted). Between the embedded servo sectors are data sectors (not
separately depicted) used for storing bit patterns or data. The read/write head 118
30  includes a reader element (not separately shown) offset radially and laterally from
a writer element (not separately shown). The writer element writes data to the
concentric information tracks 120 during write operations of the disc drive 100,

while the reader element controls the positioning of the read/write head 118



-6 relative to the concentric information tracks 120 during operations of
the disc drives 100. The terns "servoi ng" and "position-controlling," as
used herein, nmean nmmintaining control of the read/wite heads IUBY280@t i ve
to the rotating recording 5 surfaces 109 during operation of the disc
drive 100. Servoing to or on the infor metion track 120, the head stack
assenbly 110 is controllably positioned by a voice coil notor assenbly 122
(al so ref errethtive ta therdomesnyri@otforatation tatiy )20 during opeiatiencef the discor assenbl y
122 incl udes _an ﬁ@buat or coil 124 imersed in a nagnetic field generated
by a nmagnet drves y 126. A pair of steel plates 128 10 (pol e pieces)

nmount ed above andrheloms ey UaHdOpoSifioh-cdBdollhOY iadl@SedeherdROnEI cal | y
perneabl e flux path for a magnetic circuit of the voice coil notor 122.

Duri ng oper amiimtrinihg chetreliof thediepd/writ@leadcliSrelatve wsthe sotatiitdigeerdiige act uat or

coil 124 form el ectr omagneti.¢g fi.el d. InCR_l.Nt C i th the

magnet i ¢ “ci r%ﬁ?es‘a@ A(%g\%)le%a O%S#ﬁ‘er#ﬁﬁcoérjﬂvf\g@!a ngt\&ﬁ,? t%tqtﬁzm\gfé% uator coi l

124 to nove medridative trhék 11 tHPhdaagnek assadipl 10 b26ntréditablnpositidngdbgra coi |

124 noves, the head stack assen‘olél 110 pivots about the bearing assenbly
58

112, causi ngvai¢recaibmaionrssembhebi? refsITeRY & PHYBFY %"r‘i‘éat?rdf‘_attoé)ol ®r ecor di ng
surface 109, L0SLSPYoRl kRS, IDRERA W ddibarol B0 b ifhpldrsdathar act with the

i nfor mati on YF&CKS recording surfaces 1 0 provide the

requi site el @ggdetic deldgondtindd BN paghs abeimidpn26.hA pagadisteel pletes 208 head 118
and data storage device read/wite cjrcuitry (not, i?{fv\g) read/ wite head
wires (né swelerbiesss) mawnted abovmrand belousthe pe@ator coil 424 RrYI4eEs 25 read/ writ e
flex circuit [ f b Gl & i the | oad
arns 116 al Orgg&féﬁgal%rﬁ%?@é?@?kgﬁhﬁgégg&gﬁ i&lﬁut %r%%%fg?(e ‘i@%ﬁ?lt&g%m ai nnent
channel 132 ©@2d Degadrdtonaf thd dzc dovenE) ourrdn gyssegthroughehé heskatobnnect or

body 134 supports the flex circuit 25 0 durin ass t hrough.th
basedeck 10ZCHn#4 tlﬁfnamg@g@{qcfrgg\ag%%%ﬂ_ﬁﬁ@gtﬂb}ptgﬁﬁf W“ﬁqﬁ? fnﬁg’éeggccllrtp &li t
boar d assemblgf,{ PEBANoif AdtoraNOVHLsHE WY Reudier doel 24up gesveirlatind totthe basedeck

102. The flex circuit containment channel 132 also supports read/wite
si gnal disr cunagnet asseinbtli 1. prethnpttupioe edidii 24 movep thedippyl stegle assguibly t o

condition regd/wite signals passed,be en the,re .t itry and
the 30 read/ |H“é°tﬁélé‘?ilt%i%bea‘i*ﬁ§ af)srﬁfnr}?i)yetiwglc?%sﬁx? thﬁé%%ﬁ%%s@%%?){ﬁ%r ovi des t he
dat a st or aggyoeleyes ehed rOBUABIE tcBrdend Gukifake Y09, RBéreballdvahg ticheadpeitat i on of
the read/wite head 118, as well as other interface and control circuitry

for the di scheadilVe toimierad with the agfiggnation tracks 120 of the recording surfaces 109.
To provide the requisite electrical conduction paths between the read/write

20  head 118 and data storage device read/write circuitry (not shown), read/write head
wires (not shown) of the read/write head 118 are affixed to a read/write flex circuit
130. The read/write flex circuit 130 is routed from the load arms 116 along the
actuator arms 114 and into a flex circuit containment channel 132 and secured to a
flex connector body 134. The flex connector body 134 supports the flex circuit

25 130 during passage through the basedeck 102 and into electrical communication
with a printed circuit board assembly (PCBA) (not shown) mounted to the
underside of the basedeck 102. The flex circuit containment channel 132 also
supports read/write signal circuitry including preamplifier/driver (preamp) 136
used to condition read/write signals passed between the read/write circuitry and the

30 read/write head 118. The printed circuit board assembly provides the data storage
device read/write circuitry that controls the operation of the read/write head 118, as

well as other interface and control circuitry for the disc drive 100.



-7 Turning to FIG 2, position-controlling of the read/wite head 118 is
provi ded by the positioning nechani sm (not separately shown) operating
under the control of a servo control circuit 142 progranmred MWURYS60060
control code, which fornms the servo control |oop. The servo control
circuit 142 includes a control 5 processor 144, a denodul ator (denied) 146,
an application specific integrated circuit (ASI C) hardwar e-based servo
control | er ("servdugngg teFIG. 1243951taordp<gmoélung ofi theedadpyrrse bsabb 1§(1DSP) 150, a

ot or ari ver Peltth b e gosiBatthE e BT Aer ESRESk ondrittigy Gl

148, the di gichtolDfdRBIVORLACESHRGIt 13D propdarhited WathaehlogofBoDsode WORicA0 may
all be contained within the control processor 144. The conponents of the

control circéiormsihesevecentidl loapd The spreicontral @rcuit 4% incdndes gicastrall gori t hns
for the hegad _stack | ly f
cont ol 111g. PRECGEI 122 Aoty (behof 46, Ml BesBERIbLARY Y O

read/ wite heﬁtdml(.lﬁsloshaﬂdmee basell bervs ebmtedlid ("servb@ngimet)od 8t 4 d(gktaIlZO ( of
FIG 1). 15 The denodul ator 146 conditions head position cont{
i nformation Sgpalpsecssed (PPBMOne volahlsmemewd VLRI 2 5i816t toranalagot at abl e

recordi ng Sutlakel A9EP1sPLRM ABIRARVE GRuISE! BRlibAL gpthettﬂﬁctfo%gg/fvw 'te

head 118 rel ative ormation track rvo engli ne 148
generat es setheGepongile llmmewagluésgnmmodmysdrhéo ancbﬂtermllatmmcm@aotsmM in

generating command signal § sych as see nal s .u oi coil notor
122 in ek@cum%@ lé’ééﬁg@éﬂiﬁﬁ’ﬂ n the£opirg prpg Bor\}a%uzl‘geﬁf) p‘&‘il tLCfE%d to
mei ntain a pp&dgf e flipesh Q’Q%’tﬂlk&ﬂo%cﬂlﬁ?e t?&:%cfoﬁ&\aﬁlﬁ BSOS Yor HOnghudr i ng

data transfer operations. The command signal s ?ener ated by the control
processor 1dtéclaassemb}yvlel|0t(eﬁFll§Sz 19 land dhiogg specificel Iaﬁalcogtr@lbngl drerwicel®d

anal og control signals. 0g,cont.rol. d e nDtor
driver ci rch{Ot%é%Q II},PB%E?Q F%‘ﬁ @IE'S gg@ﬁf‘?@(‘f'?ﬁg’ ?@Z fléei%ﬂv\f/roﬁx Yecgﬂlw
relative to {{pemsRio8GiaeR 120{stFIBt LN track 120, during track follow ng,
and relative to the recording surface 109 during seek  functions. The read

element b the redlif demeduliienttalamditions baakpasities onpat PEMAtRi tten to the
servo sector rﬁ}é?Ecele%o a%hebfnrfoer%PEE Erga( Y\fd &ttﬁg rét?taﬁl@?e%?&lﬁ ﬁ’r%c%rl%9% the 30

i nformation generatrng a erred to as a read

signal . The ﬁivﬁi’é%iositﬁm@@f@&ﬁﬁhdrﬁbﬂth@rdﬁd@s&rwheéd EI8 rkBfiye vmtaeenﬁ)hnatmml i tude
of the si gnaF i ncreased and then passed to thcg read/write channel 158.
Wthin the réa@?m tkhe sepgrfngine 88 &eﬂ%ra%eﬁ EFTHP CPRITQ) Jonnayalpsariehdy ther i ni t e

i mpul se res PRfo1 H(JC%?S HR geqlgrgttmg command signals such as seek signals used by

20  voice coil motor 122 in executing seek commands. Control loop values are also
used to maintain a predetermined position of the head stack assembly 110 during
data transfer operations. The command signals generated by the control processor
144 are converted by the digital to analog converter 154 to analog control signals.
The analog control signals are used by the motor driver circuit 156 in position-

25  controlling the read/write head 118 relative to the selected information track 120,
during track following, and relative to the recording surface 109 during seek
functions.

The read element of the read/write head 118 responds to bit patterns written
to the servo sectors as well as bit patterns written to the data sectors of the

30 information track 120 by generating a signal, also referred to as a read signal. The
signal is passed to the preamplifier 136, where the amplitude of the signal is
increased and then passed to the read/write channel 158. Within the read/write

channel 158 the signal is operated on by a finite impulse response filter (FIR) 160



5 JULY 2006 -8 and a continuous tine filter (CTF) 162 prior to being
processed by a vari able gain anplifier (VGA) 164. Filters are, in

general , devices that exhibit a frequency-selective behavior. 5 JELY (2806
operate on the signal by changing or supgressing anplitudes of frequency 5
conponents of the signal. For the contintidus tine filter 162, the spectrum
of an output signal is that of an input signal nultiplied by the frequency
response of whéa ceytgtens timedilfer (CTR) 16Fquiosdo beisp presessed by arvangple gadduces an

out put signal that | wei ghted sum of the current and past input
si gnal s rece??@ggﬁrr@‘{\ﬂgmpr eanplifier 136. 10 The variable gain anplifier

164 is an inver selfytdp¢ aROmtdeasal, delioesthatdkadhiiea freadne y-espaidbehavibhe
anplitude of the signal processed by the finite .inpulse response filter
160 and the EBiFES oREBYS o thesignal by changng qraippressing pRPHRdeS JUENQF 164

operates by {GbaAskIbmOYeRuPFEARLEL AR LEXShertiBs, AUl IAcOh the

si gnal . he “anbunt I nc se applie based on the anplitude of the
si gnal recei vepubyigdd i thet ofaniiapitaignal mubipplked by ¢re ftéghendymespdrise ofithel i t ude
of the signal is at_ or, above a predegfrniﬁ:bed lLevel , the vari aﬁal e gain
anpl i fi er 16aystant hbe SpEnuPPUserRAnsh §ligfal 49 Produfss an ouPyhtisHA {18 43 HE (ot
depi ct ed Sepg[eg@%dvs)mﬁ%mb Buftert 36 $h&infuREGhald §&eRled idn theriaRIFIGaI N

anplifier re ts a zero count. zero count means that the signal needed
no addi ti onall3@ai n and none had been applied. However, when an eight-bit 20
value within the rrggl st A 166 reg ec]t% a _count gf 255 it feans t hat the

hi ghest Hain the ' ParPabYesYariPanpi I8 A0 IBPTSeY IGRSio8? fneﬁr.p‘ﬂ)fivﬂl‘ieng to the
si gnal has bﬁﬁﬂreép&ldswtheta@n;gﬁ@de%fgﬂ@éi A pkeRbdadyahe aRiteHAndigTENt Of the

present invention is a nethod for performng track m s-registration

screeni ng of respensdifdter 460 sl theQortimiongtimediles | GhnThavarigbiagpippropbier. The

hod i ght - bi I f ' 66, of;. 1 apl [
I i1 o 16K APRaR) BRI v BrABerEReg)hL i i DELE AR £, O

performed onTge g@b&atFdndrast applaeks bael ohehasapkiufe depiclghd) reasived basi s
for the screen. The nethod i nherently measures a conbj ned effect of

di st ur bahtesthegariahle gaingannlifiey d64.00/ hign dhearpplitbde ekthe signalds at ¥abgve ge 100
t hat cause tra ni - i i on. i E ] 4 i QR ot k
e PSR DERNERD SOLTER Tl DARABL Bl ok

120 on the rB¢ sSur utes I nc W of the
written testaddacdigislt vdige (oaldepiyted bepabaelyy eatline icgister {REG 1164 68theThe

di st urbances i ncl ude non-repeﬁt abl e runout (NRRO .
ects a zero count. A zero count means that the signal

variable gain amplifier re
needed no additional gain and none had been applied. However, when an eight-bit

20  value within the register 166 reflects a count of 255 it means that the highest gain
the variable gain amplifier 164 is capable of applying to the signal has been applied
to the signal.

A feature of an embodiment of the present invention is a method for

performing track mis-registration screening of the disc drive 100 during the

25  manufacturing process. The method uses the eight-bit value of the register 166 of
the variable gain amplifier 164 in conjunction with a series of read and erase
operations performed on a selected test track (not separately depicted) as a basis
for the screen. The method inherently measures a combined effect of disturbances
on the disc drive 100 and attributes of the disc drive 100 that cause track mis-

30  registration between adjacent information tracks 120 on the recording surface 109.
The attributes include a width of the written test track and the quality of the

read/write channel 158. The disturbances include non-repeatable runout (NRRO)

occurring during a write operation, written-in repeatable runout (RRO), and



occurring during a wite operation, witten-in repeatable runout (RRO, and
5 JULY 2006 -9 witten-in track squeeze. The conbi nations of these

di sturbances and attributes of the disc drive 100 represent %HeLNa086
portion of track m s-registration, which is also referred to herein as
track squeeze, experienced by the disc dtive 100. FIG 3 depicts a top view
of the disc 106 providing the recording surface 5 109 with a pair of
erratic and mrstteoﬂllérdCl(:WUG@ﬂearTl‘@Wap@dla@enSi/@f thcmstuxbmce(s@eéraﬁm@ctesgfs dashed

lines) of a plu servo. hracks 1 de b

region 172 wﬂ?dé Ci‘ﬂe‘%pal rre%rFseélé&‘eénatj?%%(k Ori? trac e fshre létratlo%f gégh& oxi m ty

to each ot hgko eeiséd @ hef¥in ks aakk @qe@%zexpena:h@a blyeﬁ@mts@dntz@l@)s witten-in

track squeeze. AC_track squeeze Ié)fff ¥ product of the servo wite process.
1

It results as a cBH&chdmidea Iap vew sond Qoarpyidingthe ercordies swriace el ement
of the r eﬁad/ Y\ﬁﬁ% I’vﬁh g‘?ﬁﬂ oftBalié Lx?& Jh Brtbd %gﬂ aﬁé?ir er&ﬂ%ﬁ%\lﬁ #&e

ni sal i gnnent e ‘recordi ng sur ace Ve to e el enent of
the read/ w i iedd3kadlidebBoflaipiuradity bfseser tsm:kwrliw € Afyoaiepicsed B5eEIG. 3rif ar mat i on
track 120 of a plurality of information tracks 120 is associated with a
specific seri8idfy B2evherd thsroayas SHVArArks |/ 0re &e¥Sry ClasaprxImiyo gacl 15

recordi ng sughace i %“‘f«l@&mfs%h& %S r@fe%&”ﬁ@ﬁé th%-l@@i&%ﬁﬁéezer ag¢ ally

extending position 1 Aformatio 174, al so known as servo sectors 174.
Each servo wsakisgueczéds a b;zpmdlmt of tmskmodmmﬁelpmacas i ImneSblt$ &s dJd@sequens@r vo
position bits.1 icte ck| ntification bits
%6 der b « e b liputt py e w6t ierrodo bl 8 ettt § on
track 120. T rddoffikig betekitod %%h%gmnrmst o fRe Aol ABHES S6Frdiiva tsel ect ed
read/wite head 118 when the disc drive 100 executes a seek request. The

servo posititha write sleaizgt @ﬁﬂ;e r@éﬁvratndie%ﬂslahﬁ dmrméheﬁqﬁ/@é’rﬁmerowsécat | on of the

I d d/ h
Sector 174 of t neoaharrmaenr Okte Ml AT GERRE e 120 Thosi ¢ on

of the readiswsdidted Redd shidfiaweryo fraclen 7o 6Pt%l3EIurﬁlEt?Q)Ksérthma(sClG’Dsleﬁr ed a
position error. 25 The regions of servo tracks 170 that do not

subst antlisal | ipcesdinglsyrfage H% fugtherjaeivdes a plusthiapel shaqepk radlby FRNdBIE tr ack
120, when ngeaﬁvasgﬂni%%na 16 A L @ma@ﬁ%s 1480 4LibAY 74! Bl {pld oW ng

generate re l'e " runo ons o servo tracks 170 that do
not subst antdeafok Y74 tivhldgs wadkhidemefi @eonbits HJ6 shbgeevoofositiom biisif78 (nett i On track

ot ocess and SEERIY 4PiEE0n 1 (RebRTLDFAIR S TS deres Ge STE b 8s of the
witten in rgpeatablgin4podic RlbhRiod k150 UTRARE&Sidentification bits 176

20  are accessed by a selected read/write head 118 when the disc drive 100 executes a
seek request. The servo position bits 178 are read and used to determine the
location of the selected read/write head 118 relative to a track center of the servo
sector 174 of the selected servo track 170. Any variation in the position of the
read/write head 118 away from circular track 120 is considered a position error.

25 The regions of servo tracks 170 that do not substantially comply with the
geometric shape of the information track 120, when followed by the read/write
head 118 during track following generate repeatable runout errors. The regions of
servo tracks 170 that do not substantially comply with the geometric shape of the
information track 120 were written into the servo tracks 170, during the servo write

30  process and become written in repeatable runout errors.

The sources of the written in repeatable runout errors are disturbances
occurring during the servo write process. Servo write process disturbances can

shift the read/write head 118 away from a desired position relative to the disc



occurring during the servo wite process. Servo wite process disturbances
can shift the read/wite head 118 away froma desired position relative to
the disc 5 JULY 2006 -10 surface 109 or they can cause a shiffJVRY{2886 dj sc
surface 109 away fromthe desired position relative to the read/wite head
118. A nunber of the repeatable runout "errors witten into a particul ar

servo track 170 maé have been caused bg a non-repeat abl e di sturbance,
whi ch occur r eeffacg 18Ber gy cpe cause @shifk inthe dise swdace 1083wy gt B dgsired

di stur bancesgﬁ&ﬁ%reﬂﬁ%?@ﬁ%%ﬁ/&/ﬁ%e%il?ﬁ’. that differs fromservo track 170

to servo tra across the disc surface 109 as depicted in FIG 3. The
di ff erences i n shapambiet eftHeatpdayabletuneetrerroadjvaittemints e paviculaasdso 170

results in a msmtch jn geonetri ¢ shape bet n,. adj acent .servo tracks
170. The ni shatch/d Iﬁabg%‘??g%eﬂ&a‘ésﬁéb@ a@@?ﬂé@?@% %‘été‘ﬂ{ani‘?) “Q%?S‘V%C“PFSka 170
| cads 10 @ T Gl hOlervB vAREFRcBR! WedilrebbiatiE ARKuSAREEERsO ihd digpe ad] acent

servo tracks tion in space between the track centers of the

adj acent tr airkgulb7ify that diffeey frad sevodmck 1 A¢ fo aueeadk Hifdicross theplist ed at  si gn
nunber 172. 1f th eonetric e of sel ected servo track 170 is

fol | owed durfHf Calg%g%lg‘ipécw f”t@l&gger@leidg%?m%ftsén%ﬁpff%?\g‘{l%%?'ﬁgwﬁ?a track
120 associ at gfjadinf fri 82881901 ERIts HEL MBsthdt@e tn éez)ﬁudfﬂ?d/shaﬁ@bﬂ%en di srupt or
even overwitée data witten on a data track adjacent the data track 120.

The resul t oédjesent semep tacka 170. {The mismaich frggomepiic shapg bpigigengdigp@tgeonet ri ¢

shape of sel ecte 0 a J N gy ble w dth
of the inor?ﬁEch %ﬁ&?ﬁzgﬁeaggﬁoa%léerﬁltut?%r{el%cfg?gfs%lr&ggﬁ tjﬂgbra 8%:1?%1“1%2? gﬁtl%%g the 20
ability of thfacdi ageniradksadB. Thisstdictiorat spacébswaen thesedck abntarsidfttkn- i n
repeatabl e runout errors present in the servo track 170 results from
"operating oadjasenttizckndde igiesartadria ae Back squgercand ipfepigpd Aty s mber

synchr onous 'zst ur bances include disc slip, variation of spindle inbalance
or disc flutter. Witten in synchronous repeatable runout errors result 25
f rom di st ur bancesifthageonssttic shape oy ncélecnd zavo oackd Thisttbidowet dtringra of t he

di k 108 whil iti th t 74 duri . it
D ocene by odnnBe grertissy SianyBge daR etk eaty B ith M ieleht 2t + on
with the rot ?etré/d)f??&f]]ﬁor}ﬁw gliélﬁﬁ%é?ﬁ%ﬁﬂtgg Y A RGwliRelSEWMRe\bh b BataltRAGRSS

results in irregularly sha ervo  tracks 170 that have a substantially
similar geormijadent thhdpe tfacki28eTho rasnbok wiiTing 30tatto theedajdtrackatdd, 170 acr oss

the disc Surtto?lgsvinlgot e gégmes:tlrji%rghapsey or}%hsre%rc}toegsse{v% %%ﬂng %a "squeezing" of the
usable width of the information track adjacent the data track 120, diminishing the
20  ability of the adjacent track to store data.

A second set of written-in repeatable runout errors present in the servo
track 170 results from "operating or synchronous disturbances." Sources of
operating or synchronous disturbgnces include disc slip, variation of spindle
imbalance or disc flutter. Written in synchronous repeatable runout errors result

25  from disturbances that occur in synchronization with the rotation of the disc pack
108 while writing the servo sectors 174 during the servo write process. Presence
of operating repeatable runout errors in synchronization with the rotation of the
disc pack 108 during the servo write process results in irregularly shaped servo
tracks 170 that have a substantially similar geometric shape from servo track 170

30  to servo track 170 across the disc surface 109. As such, synchronous repeatable
runout errors tend not to contribute to written-in track squeeze 172, but do

contribute to track mis-registration.



runout errors tend not to contribute to witten-in track squeeze 172, but
do contribute to track ms-registration. 5 JULY 2006 -11 Returning to FIG
2, the eight-bit value read fromthe register 166 of the var?dBl&2§8¢n
anplifier 164 of the read/wite channel 158 reflects the anmobunt of gain
applied to the signal. The eight-bit value represents the nunber of counts,
or increnments of gain, applied by the variable gain anplifier 164 to the
signal . The 5 tot Hetammgio F§6. Jahneighabit xplne readdiam the gaisichbpeoighe n
anplifier 164 i.s ,divid i I QG e e f ' 1.0 Jencrement
i s designat ed a’é{gblg Eg8uh phf%?gﬁl éﬁéﬁ? 5%%/ va%hgnr%éérggg@ﬁtc ﬁﬁg@%ﬂ%ﬁ OI(gount
means the anaid apptic®to thoeigahlg e el ghtSitf Valld repitekents e maneasitoants, or
application of additiognal gai.n by the variable ngfl n gn?I i.fier %6 to boost
the signal i dngigmenisqliBHBAPPACHRY therriablssRInAmBIEpr 166 [ tig stemat pEher o

maxi num agou j j i | 4 RAss aNalddaRioe for
applicati gﬁ ?é)taﬁ]%&gfltgrflg{lﬁ aﬁé&bg@%ﬁrﬁ?ﬁéo?argaggnéaé%g@Péget I(;Sqas sli gnal gepends
on the strengsh imfrehéres oSgamadach Fhie ineerkent it Hesigiagmlads,a dohst. gkreeight-bit he
amount of gain applied by the variabl ai mpl.ifier 164 .the signal.
The greater tVHlé‘eei?ﬂ?Eﬁ‘FP“Bgag | FPURERIGRRP tgﬁlg’?@ﬂfﬁ@ nglﬁﬁﬁqa}lsﬁg}%ﬂeéﬁkyer t he
number of | ,nQ{rgﬁeﬁdsaxpe{ppﬂ%ﬂbnt(ﬁ%déﬁ?i'bhﬁtéaﬁl SRR vaARbIE ighi@lampliiter 164 to Use to
boost the signal” The greater the number of” gain increnments used by the
vari abl e gai hoastphd figmal isi@x® requived hidghexintunecowt af 25STiepraserhthe t he count,

the higher the.eight-Dbi . f 1 i St The. th
P L S it o e g PR YR TR0 "
and hence thgphiQubn tdeRigabt - 20 bit value of the register 166. The

read/ wite head 118 obtains a maxi rum anplitude signal when the wite
wi dth of the infofiraeinount ofgein appbied & asighalglependsontthasirangth ofdhel wi dt h of

t he | nf or mat Onl }&%ﬁgeagtéxgtae gv\\hhgg{ﬁh%%?gr%érttﬁe X\% 1511110?1: aﬁm}?gh%@? tion track

120 narrows S¥¥8fo 0 e read/wit he maxi num

anpl i tude si gRadblé gaid gieaterio tRasighal 0 Tht Recasrtinimaint oF gaialneetzgrigdat i on,
the variable gain anplifier 164 applies a gain to the signal to hoost the
anpl i t udés of therségnsal, dhaBreaist e nymbgepBinficHats of\gan the Nariahle sungMplilisl ye of
the register - ry gg g J 4 I G LERASESemBnd@kdie I N
proportion t(%&?%éﬁgsﬁ%%ﬁ)t&égtfthgg%ﬁala%ﬁiglé%'f%;h{ Ih‘gﬁbé\fg')(r{?lgabI eééllé‘i IPlt\éa%rpl ifier
164 to the sbgniad varidbleatairoahplificarf] 68 be Wightetheicduft. dfhethingheBthei oofiot; theet | on

t k 120 is_typical [
rac 'S hi Fe)rI t(l:lg elg%t-%itrvg ulélotf t}%fregg{e?(igat Tﬁé gt(r:olglg%{ R lelrg%af:&%cszgsge y

the variable gain amplifier 164, the lower the count, and hence the lower the eight-
20  Dbit value of the register 166.

The read/write head 118 obtains a maximum amplitude signal when the
write width of the information track 120 is much greater than the read width of the
information track 120. When the write width of the information track 120 narrows
below the read width of the read/write head 118, the maximum amplitude signal is

25  degraded. Based on the amount of signal degradation, the variable gain amplifier
164 applies a gain to the signal to boost the amplitude of the signal to a
predetermined level. The eight-bit value of the register 166 of the variable gain
amplifier increases in value in proportion to the amount of gain applied by the
variable gain amplifier 164 to the signal. A narrowing of the write width of the

30  information track 120 is typically a result of adjacent track erasure caused by
factors such as non-repeatable runout, written-in repeatable runout, written-in track
squeeze, or external vibration experienced by the disc drive 100 while executing a

data read operation.



factors such as non-repeatable runout, witten-in repeatabl e runout,
witten-in track squeeze, or external vibration experienced b¥ the disc
drive 100 while executing a data read operation. 5 JULY 20065 JYRYR0BGsi c
requi renent for the disc drive 100 is tgzwrite data to and read from the
recording surface 109 despite a presence“of track squeeze, provided the
anount of track squeeze present is within a predeterm ned |evel of
acceptabi | ity. The\ bastergavicernénider thedisr dﬁf’etlﬁ?(gt!;léow%éifé to @Rt E8d fE0% an

accept abl e upper 1inmt t : LV RodsPeabahl e
runout, wri t@gﬁfﬁf?{d}%ﬁé‘é ?fb@ drseﬁ lgét]?{,naets%/\r}rclgto? Eerfﬁa‘l‘c"Lﬁcﬁltefr%aeg squeeze, narrow
wite wdth grirgs &ubéde prédeneilivathin & bredbermilet éotel vaccemshility. dFhet he above

factors produces a track squeeze condition within t{}ﬁ di sc 'dq%ﬁe 100,
greater thanpradetesprsples! ef GrkafuesZaTerreeniseRAec e URPET Ut 188 g j ve

100 willsha | | fb&MHon ' Girfttenlif rifRBraBRMAN, Of a disc
drive 100? aé&f@ﬂggg?fg%{t%gbﬁnﬁogﬁﬁﬁia?nm%gmt {’)uéﬁtenolf raﬂs% z;l smal | anmount of

reserved capagitiey-ih racldi@rezed narvew haite vidtt @akxiaittah vibatiogi Afjthe spléativens

encountered by the disc drive 100 over he operat . |ife of the .disc
drive 100. A&sH|toé _ﬂ%s:saivav%l&a%? P&O??B?Q?é‘rtfaéfﬁlsﬂ‘“&%? ﬁ°‘hdd€‘%? P Gegisr 8eSh

I nversely pﬁ@@%‘i’%&lt%ﬁﬁn Ihk REGDL LRV ISR iRl o fitRSR8REE2E,Ahd Hiec afiyd 16ude of the
si gnal processe y 15 the finite inpulse response filter 160 and the

conti nuous t ik hévd areinsuf§zientioperating margihe Iofthe ¢antext ghadisgdrse AP@dby t he

read/ wri head 118 readi ng bit t t.erns tor i - j track
120 is rL@uc@Herﬁﬂﬁ%mf‘%n W’]g?eet&’\ﬂf&%ﬁtf%aﬁgaﬁgglgﬁgt %estéfgfegr& %%%h%aﬁc

avai | abi I'i ty jale RRGH AehNGi B BisheQondifiendléfoutictedeoyliflo disa diioe aD0 byack

m s-regi stration neasurenent is taken on each disc drive 100 during the 20

manuf act ur i nthepperaiag lifgpethe discldrived00-egi strati on neasurenent utilizes a
conpari son of readi ngs,of .the ej - I - r.egi 166 of the
n%si sclgsed %ﬁove,rﬁlgman%&% ’ngﬁ Ao1Her 15814 a‘?ﬁh%r%%%

variable gain a € readr Aigs o e register reflect an

amount of gapporRidhi Bkak 8evicd Barrespadidato theavipdiesicnf thdegna acioassed éyhead
118 under two conditions. Under the first condition, r{ihe @ée&ﬁt erm ned bit
pattern i% f thedirmitegmpals aesearse:filigs €69 an thecoplinuqys digie # 124 dR8 conditi on,

the predeter %Bﬁﬁlggifo?ﬂf%as‘i%ngg ?x{%ga?ew&[eg&ﬂﬁwri?e Iﬁ‘ﬂﬁtlrlglréa?ﬂlé wvglitepds adj acent

track erasure. i rst ng o e register 166 reflects an anount of
gai n appl i edsfogedeon the Gnfaimateadrack 420 & sdhedtveltbntthe write widkh v refugede
predeterm ned bit _pattern iptact second readin

reflects an ampunflosietegains e pyaikhi i?gogo%elraﬁglmargm 09n8tist H8vE 68,5t er 166

total track mis-registration measurement is taken on each disc drive 100 during the

20  manufacturing process. The track mis-registration measurement utilizes a
comparison of readings of the eight-bit value of the register 166 of the variable
gain amplifier 164. The readings of the register 166 reflect an amount of gain
applied to a read signal provided by the read/write head 118 under two conditions.
Under the first condition, the predetermined bit pattern is free from adjacent track

25  erasure. Under the second condition, the predetermined bit pattern has undergone
a controlled level of adjacent track erasure.

The first reading of the register 166 reflects an amount of gain applied to a
signal read from a selected test track with the predetermined bit pattern intact. The
second reading of the register 166 reflects an amount of gain applied to a signal

30 read from the selected test track following a controlled erasure of the test track. A
change in value between the first and second reading provides the basis for
determining an amount of operational margin available for the disc drive 100 to

operate in light of the cumulative effects from non-repeatable runout, written-in



30 read fromthe selected test track followng a controlled erasure of the
test track. A change in value between the first and second readi ng

provi des the basis for determ ning an anount of operational AdVEY 2006
avai lable for the disc drive 100 to operate in light of the cunulative
effects from non-repeatabl e runout, writfen-in 5 JULY 2006 - 13 repeat abl e
runout, witten-in track squeeze, narrow wite w dth or external

vi bration. ThHepeptgblegupeiyWiitery i ek SAHECZENATEPSY RIS/ Widleor demiglen t he

sel ected test, LEack absent erasure and the selected test track exposed to
erasure, is referred to as 5 a track nms-registration value, it is also
referred to as a déktvaludGesultingafingh alid cigngdim tahas ketwesn hegekttedttéson val ue
into an anount of track squee nds(f%rsr{)ari ng t anount %Ié track squeeze

e hat
to a predet eﬁrﬁflﬁéllfepte?féqur%?ndaééég?%f tlr%&];‘l@xgai?gé? grasyieolsirgiseed thassi s f or

determ ni a9 LhGf Hﬁ&?écgﬁ%'tioﬁ ?81%?,3& IstatsoHereRg t&'hf&d&lf& VGAtmﬂanéﬂt%% tﬁe depi cts

a typical conversion el r use in translating between rack
m s-regi st r atradnnvategesrabon vaue orto es ponhtd thacksqueszp@melzompiriag khasqueeze i s

expressed as a percentage of reduction.in th i dt h t he sel ected test
Crck. The  pReBE i iGeR Sucree b poie A RLERS AtariePb Stk sBResE ed 1 ot
track is dir?Rﬁh%s@%@ﬂ@&@ﬂd&%ﬂnhﬁﬁgﬁm&ﬁﬂﬂ%&hpﬂmbﬁh%ﬂﬂhh&HQ@dﬁ@eﬁ@@ si gnal .
It is noted that the conversion curve 179 is not necessarily common

bet ween di f f er ent FiGpedepnts aitypical eanversioeeuryod79 fiaweiniranstaiog peiweany
R L L R e ey YR

factor is the haxi e vari abl'e‘garncanp

capabl e of pegtededes a phreeigg0stdedidtibalin ihe vidhTARE sd@edtkstithekWThée Wi dth
of the information track 120 to the read width of the read el ement of the
20 read/ wri t Berperdegelofgedurien i Hagk Widgh of the sclggted test trackdedestlyson to the

read width, Pxito ﬁr_doﬁ?@o%ﬁé oh O QmB{i‘t‘rﬁgEC: Ef%@?g&ahf?ﬁt Esrrﬁ)%ﬁ thapkS Lo track

m s-registra epircts a m's-Tegi stration screening process
180 for mneasconvegioncurvalld Winst fieegssatilyadononowpawvatn diffepat typesafidiec of a di sc
drive (such as 100@ for use in predicting the functional capability of the
dat a st01r5aged‘a\éﬁ§i1(9 *beginning at start 25 process step 182. The track

ms registration SRS AG MIRGTR A ARALMBURSIGvatoH BPER RoRl R84 Wher ©
a DC erase is perforned on ‘three adjacent information tracks (such as 120)

sel ect ed fr omrvh&7Pl Tineafiist factwi is the araxahumrgatr the egriale gan poglider @ (of
embodi ment, lgldjg) ?src%%gblla %f S%o%?cﬂ}xgq dT}?é/ seg:gg(f”l Eilcgorr] % & cgn%ga{r}son of the write
width of the information track 120 to the read width of the read element of the
20  read/write head 118. The wider the write width, in comparison to the read width,
the less susceptible the information track 120 is to track mis-registration.
FIG. 5 depicts a track mis-registration screening process 180 for measuring
a track mis-registration operating performance of a disc drive (such as 100) for use
in predicting the functional capability of the data storage device beginning at start
25  process step 182. The track mis-registration screening process 180 continues at
process step 184 where a DC erase is performed on three adjacent information
tracks (such as 120) selected from the plurality of information tracks.
In a preferred embodiment, a DC erase is executed by disabling a fault
report function of a preamplifier (such as 136) to overcome fault logic of the disc
30  drive, and by performing a wedge-to-wedge write over each of the three selected
tracks. The term wedge-to wedge write means performing a constant data write
operation between adjacent servo sectors (such as 170) using data bits of one type,

either all “1’s” or all “0’s”; or, in other words, applying a constant current to the



report function of a preanplifier (such as 136) to overcone fault | ogic of
the disc 30 drive, and by perform ng a wedge-to-wedge wite over each of
the three selected tracks. The term wedge-to wedge wite meandJBEN{28P%ing a
constant data wite operation between 61(1! acent servo sectors (such as 170)
using data bits of one type, either all"™1's" or all "Os"; or, in other
words, applying a constant current to the 5 JULY 2006 -14 wite el enent of
a read/ wit e widadlemsncef arsad/vaite bead (serhiasd 18hdynng the gadrervirdgedeavedgpit e
operation. F%Atg%%gd&pe erasure of the three tracks, the process continues
at process step Wwth a witing of a predetermined bit pattern on a

m ddl e track of t Felibwingehe Eramdf a€ drtthicatracksatliegnodasachginudha ppoedet er m ned

bit pattern is read. in prqocess st 188 to. provide a first signal to a
variabl e gai AP wﬁhearwzlga%ﬂfs agredBaymngg Bit peté?mgmaén@gﬁf%%m?it § thyee
determ nes a I t ' : | j

5 Q&ﬁﬁ@egl?h%fﬁgnﬁapg{sey@ T@p@%adlﬁ%%ggp%;éﬁﬁs BhdfAroclgsef on

signal strengt si gnal e nu counts of gain applied
to the first 188 gnabvids atfhret ssgmalitet a wdriable gaimapplibet (fechtdsd 6#).r Elie si gnal . The
vari abl e gain 162) anplifi d(?term' nes .an 1ei ht - bi t vg%aue ar?] Z. fi rstlval ue,
whi ch repres¥&t _let & 2REnoEY eéffm%‘ﬁ_r‘?flg BPH Gt FOEYBE PR & PRSI si gnal .
The first vabpgdion sighhf dtRhbth dFehdfirst ﬂgﬁalf qhi $ihfbel %ﬂn@%f%@ﬁ)ap?ﬁed he

vari able gain anplifier, and then read fromthe register and stored for
future use. totha fipstefgakiethecarhauit oEgain applecdge dlarefiest signald The vapahile grin
witten the test, 15.track.i 21 pattern (10101010 en ), where T
is the bﬁ‘| c%’?lpﬁﬁ%rrflﬁfwng}esgns?f%%gﬁ valyeiay A 1y Vé‘?}uceogi ng ‘& rgseﬁlgsdtgl% i nver se
nunber of t hguflBéradficaiuits off BAin hegliedno figy firef $ifhd1g Th ifiest paR@ed RittllyarIdi t
pattern is identified as being between a palr of servo sectors (such as
174), and t hin 3 xgist (Pehae dpokHfdhgrariabls gain pppli Bere prgt dep seagffam 816 with t he
predet er m ne [ R a super-sector to the identified region,
or 20 operat%ﬁ%kﬁrﬁggg@g%]fgrﬁtﬁee‘fggode are techni ques that may be used.

Ei ther techni queld 4 pleferiddentbodirhah) the gaddateahimed i papacevtitdne@ethe adf acent
servo sectors. |In process step 190, a wite elenent of .a read/wite head
(such asl5118§faqk$‘58f21[‘3r§@fte‘51 QP bk 19@&?915@8)’&1?{% é%thFrbbtrﬁeLl length R 2 88RYr of a
first of theudsih cRlodidd i i¥h id/ard:/ARlERr FIhEARMATalh THEESioh FGkitine
of fset, of the white elenent away 25 fromthe track center of the Tirst of
the pair of iefpordetrinaredtbitgektsin is sdemtitied anbanglbetwetn apair ofveardo sdveorsi ddl e

track. Wth the wj | t.offset toward the middle. track,. d DC
er ase pr ocedibe: Fl b PR REEOR RS CRIRY BAPhirY sy g vie R

predetermined bit pattern. Writing a super-sector to the identified region, or

20  operating in a wedge write mode are techniques that may be used. Either
technique fills the available data storage space between adjacent servo sectors.

In process step 190, a write element of a read/write head (such as 118) is
offset a predetermined distance from a track center of a first of the pair of
information tracks adjacent the test track. The offset, of the write element away

25  from the track center of the first of the pair of information tracks, is made in a
direction toward the middle track. With the write element offset toward the middle
track, a second DC erase procedure is performed. Then the read/write head is re-
aligned a predetermined distance from a track center of a second of the pair of
information tracks adjacent the middle track. The direction of the offset of the

30  write element from the track center of the second of the pair of information tracks
is made in a direction toward the middle track. With the write element offset from
the track center of the second of the pair of information tracks, and in the direction

of the middle track, a third DC erase procedure is performed.



aligned a predeterm ned distance froma track center of a second of the
pair of information tracks adjacent the mddle track. The direction of the
offset of the 30 wite elenent fromthe track center of the sedBhY 2896t he
pair of information tracks is nmade in direction toward the m ddl e track.
Wth the wite element offset from the track center of the second of the
pair of information tracks, and in the direction of the m.ddle track, a

third DC erase prigdigingthesesmdrase thigd D&’ egpseyths pogletermanedit pagigimg t he
second and t@ﬁ{&@%@f@@g%ckiggrc}%g%épEf Q?Qré%tat gf%fcefsrs&g 1%585)%%&@ the

test track in process re- rea proc rovide a
second si gnad second $ignat as thablagialgfaigainammplifier. eThe Tdreablagdimbinglified n arrpl ifier

determ nes and appli eg an anmount of gain t t he eco q@é?ﬁnal a}sed on
signal 5 st rdsHgIIIEs d ARPLiSS A8 AFIORRfgaIn tPht e?ﬁfﬁﬁ P188¢ 5511 gai n

applied %0 tsj?r%n ﬁ%?ﬂ&i: seSori@, alsm@ﬁmﬂﬁawco&{ts gRdIna edqg tﬁ@set:&ﬁa second

signal. The var abl e gain fier determ nes anh ei bit value as a
second val uesignahische arapmreﬁlgam alpphed touthd sacond slgndntﬁle(ybngde galappl ied to the
second si gnal rocess ste 94, operating,on the .first an d,.second

val ves of t ey BREN S LSRRI s SEObr YT dErich [SPirgRs 1

M s-regi strafunfer ¥AEdifits oF RARCHPALY 8186 sedon@ sighack m s-regi stration val ue
is used with an enpirically ;)redeterm ned threshold value to determ ne the

functi onal CapabIIhIPK(BFCSJ?fStme %apqa@mg)mg@ faretvind secondevaliiep pEtheryeaablget ween

h d | I I I th k
m<- 1 ogst i SR b eprortde R b o T Al SIS e R e

M s-regi str ahisQeiSEdtRDANVaRE 1iﬁsddrvﬁﬁ€éi§erﬂx§i910§?’Ipﬂeﬂ&eﬁnméd ehekhpIdoeadissStost ep
196. Accordi ngly, the present invention is rected to _a nethod for

measuring a deterapie the Snetenal carabiliy obperdata seyapediteraicaliderencedi sc drive
(such as 10Q).far, tﬁé&coﬁﬁvﬁﬂgﬁcﬁ% '?igst%fu‘é'?& Bﬁftkd f&g&@ d'e'tl’xé’trQJk rh%g di sc

drive. In accor%anc ormng a erase

on three adjreglﬂftitxothanerY%HOertgr;ﬁGd@Ss 26p 394, ald eabldmmmghmqndnﬂtedenm of
information tracks (such as st gs)e}ﬁ V\hél ng a predetermned bit pattern
on a ni ddl epf‘?cé&l%)fcopﬁ’é‘ F%?té’é‘ Fﬁcﬁ P ormation tracks (such as step

186), reading the A%o?@ﬁ%fgr fHe ?&eﬁ’t‘ 1hvé?ﬁ‘fo§1% &récﬁ%tanﬁet'ﬂb&l@ur%éa%ﬁ’&lfgio
provide a first signa arla e gain anplifier to generate a first

val ue of t herackams-sdgistratian npcaaquig ;barﬁxrm@scwodf aatisc1@8e, (spdr 4sdi0f) fug uBC er ases
on each information 25 trac %baf:ent mddl trac such as step 190),

readi ng t he“bP’Eed'ﬁgf’gé‘ 1nGtogH @R %O(f(ﬁ]il 15¢ diYE- 118 A5r Y IeE @ ond si gnal
to the vari aRjbed@adn stpRlol ber@mlifg 8 OTeé@écorPthree adjacent information tracks

20  selected from the plurality of information tracks (such as step 184), writing a
predetermined bit pattern on a middle track of the three adjacent information tracks
(such as step 186), reading the predetermined bit pattern from the middle track to
provide a first signal to a variable gain amplifier to generate a first value of the
variable gain amplifier (such as 188), performing DC erases on each information

25  track adjacent the middle track (such as step 190), reading the bit pattern from the
middle track to provide a second signal to the variable gain amplifier to generate a
second value of the variable gain amplifier (such as step 192), and operating on the
first and second values of the variable gain amplifier to provide a track mis-
registration value for use with a predetermined threshold value to determine the

30 functional capability of the data storage device (such as step 194) are accomplished
to determine a functional capability of the disc drive to assure an amount of
available read margin for the information track is present to support operations of

the data storage device.



second val ue of the variable gain anplifier (such as step 192), and
operating on the first and second values of the variable gain anplifier to
provide a track ms- registration value for use with a predetéﬂﬁ£§é806
threshol d value to determ ne the 30 fungkional capability of the data
storage device (such as step 194) are acconplished to determne a

functi onal capabilitg of the disc drive to.assurﬁ n a uqt.of ayai |l abl e
f aRleh [t d

read margin for tHe; rhesaa thab hehresert nYeHioRR e & PIHBEERYS ons of
the data SFOWﬁ\Qﬁ%g&%eéiow&‘ﬁs #21Gs b8 IdheMint theRén CWARI prdihtlf he present
invention is well adapted to attain the ends and advantages nmentioned as
wel | as t hosprefertedremtiodithertshave bakn Hescpbed fom phgposer afithis desglosmisodi ment s have

b d i bed f f this.discl : h b
made whi ch whmepEs BBy Be et B UGS el BB LR RS 1 art

and whi chs ar giRaERANRAES 8ad Whidhe Siiohipassell it R spiitefticnvéitivaldasaded and as
defined in the appended clains. 5 JULY 2006 -17 What is clained is: 1. A
met hod for n@u§wﬂﬁﬁg&éﬂﬂhaékpﬁﬁ@d?@gﬁ%tration operating performance of a
data storage device with a plurality of information tracks for use in
predicting a 5 functional capability of the data storage device conprising
steps of: (a) performng a DC erase on three adjacent information tracks
selected from the plurality of information tracks; (b) witing a
predeterm ned bit pattern on a mddle track of the three adjacent
information tracks; 10 (c) reading the predeterm ned bit pattern fromthe
mddle track to provide a first signal to a variable gain anplifier to
generate a first value of the variable gain anplifier; (d) perform ng DC
erases on each information track adjacent the mddle track; (e) re-reading
the bit pattern fromthe mddle track to provide a second signal 15 to the
variable gain anplifier to generate a second val ue of the variable gain
anplifier; and (f) operating on the first and second val ues of the variable
gain anplifier to provide a track ms-registration value for use with a

pr edet er m ned



threshold value to determ ne the functional capability of the data storage
20 device. 2. The nmethod of claiml1l, in which the data storage device
includes a read/wite channel, and in which the functional capEbVNI2006 of
the data storage device is determ ned by an anmount of remaining read
margin of the mddle track foll ow ng 25"t he DC erase of perform ng step
(d), Wner&)'n .thia.r%?d margin of the mddle track is an anount of signal
anpl i t udeVABHS & UMEE 1% num anount of signal anplitude used by the
read/wite channel to correctly interpret the predeterm ned bit pattern
read fromthe mddle track. 30 3. The nmethod of claim1, in which the
witing skep (d)matherfdrgessainps tatk niibrdgistdeant iobyratige perf@@iamte of atdag

m ddl e track bgtwee?i a gai r.of Ii:?rlvo e.ctfors of the mddle track; and (b2)
witing the prodd&ferfyifed i @ pRrRILY ot wiermation dracks ifet Use dn oredistimeay 2006

- 18 5 4. The furétvad @batiligi i datalsmgehc%b@céﬂgﬁ@iﬁ% Ltglsis dfegi on of writing
step (b2) includes substantially the entire mddle Track between the pair
of servo sectdps. erfprpinget REErade @i tiren Bljadent infiorofativh erabks sefatddefromof

witing step (b2) i . tern. .6.. The nmethod of claim1, in which the
readi ng step (c) Cé%ﬁ)&gﬁa&f@@gﬁogngggn% >10 (c2) (c3) 15(c4) maintaining a

set of adapti ) panaithiges fredéteAniGOMbitPaAetd dni Middé taek Of 1R thiee ael{ Wit €
channel fixed while reading the predeterm ned bit pattern and passing the

first signal throudMorRdiogrcksiuous time filter to the variable gain

anpl iypi er; bypassi i J J . filter af the read/wite
channl i th (Fe it B nEgch et AFyE BIREH SFom s ot g6 Bvid e

vari abl e gai n anpl ffirstesignal po av vatiable gainaamplifietdte @hetdee af fiifss valsk Wrahe Of t he
bit pattern read fromthe mddle track to the variable gain anplifier; and
the first signal ofH4ple gip apR{ifisin the first eight-bit val ue determining

an (d) performing DC erases on each information track adjacent the middle track;
(e) re-reading the bit pattern from the middle track to provide a second signal
15 to the variable gain amplifier to generate a second value of the variable gain
amplifier; and
® operating on the first and second values of the variable gain amplifier to
provide a track mis-registration value for use with a predetermined
threshold value to determine the functional capability of the data storage

20 device.

2. The method of claim 1, in which the data storage device includes a read/write
channel, and in which the functional capability of the data storage device is
determined by an amount of remaining read margin of the middle track following

25 the DC erase of performing step (d), wherein the read margin of the middle track is
an amount of signal amplitude above a minimum amount of signal amplitude used
by the read/write channel to correctly interpret the predetermined bit pattern read

from the middle track.

30 3. The method of claim 1, in which the writing step (b) comprises steps of:
(b1)  identifying a region of the middle track between a pair of servo sectors of
the middle track; and

(b2)  writing the predetermined bit pattern to the identified region.



anount of gain applied to the anplitude of the first signal. generating the
first value as a first eight-bit val ue based on the anplitude of 7.The

met hod of claim®6, in which the first eight-bit val ue of geney WL¥G064 ep
(c4) is 20inversely proportional to the anplitude of the bit pattern. 8. The
met hod of claim6, in which the operatitig step (f) conprises steps of. 25
30 (fl) determ,ning a difference between the second value of the variable
gai n anmpld-fi er 'igracthad of ¢laign 3yig whicl thetiHentifigdiregipe of wiriting stepl(b2) iecludes
provide the tr L3 ol y! ol f r | ating the track

m s-regi strat i%ﬁ&(a/lglla?}g t?%érgitrr\é gﬁrr%‘gﬁ%rggiB%?‘?Vea%:q(t%éHéléggger%e%ﬁgol‘r?'enced by the

m ddl e track; and (f3) conparing the anmount of track squeeze experienced by
the mddle tragk to redeterm ned | evel of acceptable track squeeze. 9.
The nethod of edP"r-FP%‘? O’%O‘Ha‘ ¢ taﬁgﬁﬁ?ﬁtt%? of Waiting sisnd_Pds aRTtnalierst at i ng
step 5(f2) is expressed as a percent loss in the anplitude of the bit
pattern read fromthe 5 JULY 2006 -19 mddle track of providing step (c3)
resul ti nd-f r orkhetieetind efrchaim bfin pbidhdherieadingtstep (c) ampribds stdpseofmet hod of

| ai 1, i igh th f i d L L. f (dl
Cereating o {REE! il Todk SRy¢ PhatRIB I Seontntos iy Heaf ag a
wite el ement of areRaHiNdHafndga@dWhile fealimdcke %%He?éimﬂfedtﬁlﬁﬁii&érﬁgmi

m e

information track; (d3) offsetting the wite element toward the

track by a predet ePAtsHidthedfirst siged thraygh tthe centinpkus imeefilterf tot the viriatsle

i nforgation track; . performng a DC erase on the first information
track; (d5) re-ali %i?lnagﬁ%%lgngite el ement of a read/wite head with a track

center of a $&d)ondypastiap adinienmpuRe kespoiseTBRE of ihe reddiR dhamedt withdfd
offsetting the wite el enent toward the m ddle track by a predeterm ned
di stance from the tiFi&ignglanhilepassing e fystcignal fothe varabildgain papkifierand 15 (d7)

acconpl i shi ng(@) DCpRiviteify 9 ahfpfinRBWIMHe rid Q{mat Bpﬁletﬁiﬁﬁéﬁterg%a%ﬁfrom the
middle track to the variable gain amplifier; and

15 (c4)  generating the first value as a first eight-bit value based on the amplitude of

the first signal of the bit pattern, the first eight-bit value determining an

amount of gain applied to the amplitude of the first signal.

7. The method of claim 6, in which the first eight-bit value of generating step (c4) is
20 inversely proportional to the amplitude of the bit pattern.
8. The method of claim 6, in which the operating step (f) comprises steps of:

(f1)  determining a difference between the second value of the
variable gain amplifier and the first value of the variable gain
25 amplifier to provide the track mis-registration value;
(f2)  translating the track mis-registration value to an amount of track squeeze
experienced by the middle track; and
(f3)  comparing the amount of track squeeze experienced by the middle track to
a predetermined level of acceptable track squeeze.
30
9. The method of claim 8, in which the amount of track squeeze of translating step

(f2) is expressed as a percent loss in the amplitude of the bit pattern read from the



30 11. The method of claim1, in which the re-reading step (e) conprises
steps of: (el) maintaining a set of adaptive paraneters in a continuous
time filter of a read/wite channel fixed while re-reading tHh&ULY 2006
predeterm ned bit pattern and passing{}he second signal through the
continuous tine filter to the variable “gain anplifier; (e2) bypassing a
finite inpul se r onse filter of the read/ wite channel with the second
si gnal while ﬁagdgfeﬁ‘@“?‘wé PEQYAGAE SEP dmali resdtinghBomdhe Bl @rasseefipesfopning;seap;

(e3) providinggan anplitude of the second signal of the bit pattern re-read
from the mddle track to the variable gain anplifier; and (e4) generating
the second val ue as a second eight-bit val ue based on the anplitude of the

second signhal Qf i attern,re-read fromthe mddle track, the second
ei ght - bi tﬁ)\'r:a! u@‘%‘f‘%ﬁ?‘?ﬁ’ff%@%ﬁ “é%‘tfﬁ‘tth%i’eré%ﬁ?ﬁ“%ﬁﬁﬁ’ K@&Omnﬁﬁéﬁepéﬁfﬂ i tude of
the second siqap) Qtlettnfy diifst MAériBiBn adidcen! B ARIGRAHR! claim 11, in which

the second ei giht -bit value of generating step (e4) is inversely
proportional &2k halignipgiatwrite efsmenhef preadpuitedead wih aUtavk 2006r of2Be Birt3. The

met hod of claim1l, ;i i e operating step (f) conprises steps of. (f
1) determning a diléfgredrﬁ\%lnoglgr%gt ween the second generated val ue and the

first generat(@d) vaffsatihg tpr ovitdeleint tovagh the Smddgitsbk dy é)ipfbdﬁféhﬁﬁfed(f 2)
transl ating the tr%ck m s-regi stration value to an amounf of track squeeze

experienced by t he 9iadP 8oy He Rackerptqriof thedifspiafarmgtionsackiount  of track
squeqge experl(@)cegeggnﬁiggi?@%la% (’tir{t?l‘é![ﬁr&?nfo Rgdelgrmned level of

accept abl e track squeeze. ata s orageﬁaeV|ce conprising: 10 a
basedeck supp®)i nge-aligmig theevnitetebemans ©F ahkeyd/waite keadrwhting tedk fcaser wf 4 h an
i nformation track atta&h dto. thealgg'_ndl e notor assenbly, the information

track being for dat&©8¢gHggRatioqra ageof theduiddlsittackyppor t ed by t he
basedeck and fayi nfo&tﬁlﬁﬂ{ev%fifeeelellﬂgﬂdtow&rtﬂegﬂﬁddlé/ 08 bgiaoﬁx%ﬁétgnﬁ kgcent

the recording surface, e read/wite head 15 conprising a read el enent
for reading data fdisineniomnihoirasktdenter of thekeeomd isfornatian tedckpamt for writing

dat a 10t he i Mﬁr ngécb&%ligﬁigg ié DA Qrglseag]n t%rer[s)gcr(])trld%];forarr\{a?ti()lnatpalcﬁ. read

11. The method of claim 1, in which the re-reading step (e) comprises steps of:
(el) maintaining a set of adaptive parameters in a continuous time filter of a
read/write channel fixed while re-reading the predetermined bit pattern and
20 passing the second signal through the continuous time filter to the variable
gain amplifier;
(e2) bypassing a finite impulse response filter of the read/write channel with the
second signal while passing the second signal to the variable gain amplifier;
(e3)  providing an amplitude of the second signal of the bit pattern re-read from
25 the middle track to the variable gain amplifier; and
(e4)  generating the second value as a second eight-bit value based on the
amplitude of the second signal of the bit pattern re-read from the middle
track, the second eight-bit value signifying an amount of gain applied to the
amplitude of the second signal of the bit pattern.
30
12. The method of claim 11, in which the second eight-bit value of generating step (e4)

is inversely proportional to the amplitude of the bit pattern.



margin for the information track to support operation of the data storage
device determ ned by steps for neasuring a track m s-registration
operating performance of the data storage device. 20 15. TheS #8b¥ 2806r age
device of claim14, in which the steps for nmeasuring a track ms-

regi stration operating performance of “the data stor age devi ce conpri ses

steps of: 25 b) 3 (d) mddle track; performng a DC erase on three
adj gcent ]l%f g%mé‘hogégﬁé&@‘ le‘P iehthe operating, gep (T camprises steps af or mat | OE
tracks; writi a eedsh ' ' ] L t hree
adj acent inf g? 1r;at !Qg:n trrgg%?ﬁggggéien%@%%%{ glre %gce(?lgp%]ﬁqg%gf:db‘l@fég%ﬁ télr%nr}ﬁ?t_r om
the middle track tepereteddelus to pravide the gackd misoregistratidiabvhimegai n anplifier to

generate a fir val u f the ari able gain lifier; performng a second
DC erase on ea@? i ﬂfa(‘}?lﬂﬁ?g Eﬂ? W%c‘ﬁ“sérﬁﬁléggfﬁ" Y?ﬂggé‘) Jupposnog rack squegze
re-reading the bit eRpériedced BY thetr@iddicack Candr OVi de a second signal to the
variable gain anplifier to generate a second val ue of the variable gain

anplifier; andff) copererg Hy ampunhel fraoksqueerd espertnded by thesmaddid trackviar i ﬁbl e
gain anplifier to ' rack mios-redistration value for use with a
predetermned thr éljﬁg(fegéﬂ\}la etﬁlee‘%%%g%%c@tﬁ?lﬁggfﬁéqlfeﬁﬁect| onal capability of

the data storage device. 16. The data storage device of claim15, in which

the data storage device includes a 10 read/wite channel, and in which the
functi ondf* car%g?ti’th’yagﬁide’t’lﬁ‘éc%ra?%s%gior age device is deternined by an anmpunt

of regaining read Wa@d@cl?éu#&ntgﬁin@a ggﬁlé:‘h@ﬁ% assf]pgmtlb éWi ng the DC erase of

performng step (d), wherel ere margin o m ddle track is an
amount of signal ampedardidg seifaeevich an informmtiamotaok andchsd gnle spmaR mblede used
by the Teadi e A hhork2t P e for it Rlosagel NPT edet er mi ned
an actuator assembly supported by the basedeck and having a read/write
head rotationally positionable adjacent the recording surface, the read/write head
15 comprising a read element for reading data from the information track and a write
element for writing data to the information track; and an amount of available read
margin for the information track to support operation of the data storage device
determined by steps for measuring a track mis-registration operating performance

of the data storage device.

20
15.  The data storage device of claim 14, in which the steps for measuring a track mis-
registration operating performance of the data storage device comprises steps of:

(a) performing a DC erase on three adjacent information tracks selected from
the plurality of information tracks;

25 (b) writing a predetermined bit pattern on a middle track of the three adjacent
information tracks;

(c) reading the predetermined bit pattern from the middle track to provide a
first signal to a variable gain amplifier to generate a first value of the
variable gain amplifier;

30 (d) performing a second DC erase on each information track adjacent the

middle track;



15 bit pattern read fromthe mddle track. 17. The data storage device of
claim15, in which the witing step (b) conprises steps of:
(bl)identifying a region of the mddle track between a pair ofJEbV 2006
sectors of 20the mddle track; and (b2)witing the predeterm ned bit
pattern to the identified regi on. 18. "The data storage device of claim 15,
in which the readlng step(t conprises ste of: 25 (cl) maintaining a
set of adapti V&) parBreiding thé by paysm afisiep Dr’f@ mrpyidera edecond sigrabitavthet e

channel fixed whileg, t t e Lien ssing the
first signal thr ough tﬁ]g %hg‘?\ta?@hgﬁgq? %‘Enaépf"B ?(g?éottng & PhH aﬁﬁ%&qﬁ

anplifier; (c2) bypasdifieg andfinite i npul se response filter of the
read/ wite channel with the 30f|rst SI%]_\V{'I whi | e passing the first signal
to the variabl® gaiPeEpeion e lirgtand ¥ilHgs efnthsysiiablggaim pmplifier for st

signals of the bit e er t ain
arrgl i f5| er; and 5 J%ilikt\)/‘hg%(r)% ﬁgg ﬁ%@@ggﬁ%?ﬂ;\%%e t(%{r %Fé(r\glft?h vzgﬁ)lﬂéé&gésr% grle? ;

ei ght-bit val ue badkushnid tvaluedapletermde the fundtiendli captbidityy nfitheodats k@rdwiet
pattern, the fi rstfde %ht bit value determ ning an anount of gain applied
to the anplitude o Ve first signal. 5 19. The data storage device of
claim15, in which the performng step (d) conprises steps of. (dl)

sel ecti nq a fi rst information track adjacent the mddle track; (d2)

al i gni ng 18 wr ihe datacsterege gevise ob aimrlist in Wb the dhtasstomae dedentretudes at he

firsty infor r 1 t|n toward the
mi ddl'e t rackrrg%/ dgvo%ltreegﬁ%g g?lmgﬂéﬂg)‘ﬁ@i zsi[ﬁ%:e “?’8%‘ ﬁ%’ab‘ﬁi\él?f tgﬁta{gfa ¥PraEhe
first informatdedne iy dadrmifeithy pe iUt sfremalding fead enaPint b¥ethé infkiddle track

i nformation tr@ﬁ{ édSQ re-aligning the wite elenent of a read/wite head
with a track cXMvEpe dhe DC ewse Rl PEReBRIRESIEEN(D.r whrreldihsepd manginmfdbie e

track; 15 (d6)nigitsatit isnzgl sy Wrofggnﬁl filae eﬁ)\ﬁ?éq rﬁﬂﬁnﬂﬂu%ﬁ'lo%n# &asﬁg al?y a
predet ermined distance fromthe track center of the secon
track; and (d#nphtdomséd bithegread/B@ite clxsmebio ddmect e draegbrét nh@pfméueﬁmnédi ack.

15 bit pattern read from the middle track.

17. The data storage device of claim 15, in which the writing step (b) comprises steps
of:
(bl) identifying a region of the middle track between a pair of servo sectors of
20 the middle track; and

(b2)  writing the predetermined bit pattern to the identified region.

18.  The data storage device of claim 15, in which the reading step (c) comprises steps
of:

25 (cl) maintaining a set of adaptive parameters in a continuous time filter of a
read/write channel fixed while reading the predetermined bit pattern and
passing the first signal through the continuous time filter to the variable
gain amplifier;

(c2)  bypassing a finite impulse response filter of the read/write channel with the

30 first signal while passing the first signal to the variable gain amplifier;

(c3) providing an amplitude of the first signal of the bit pattern read from the

middle track to the variable gain amplifier; and



20. The data storage device of claim15, in which the re-reading step (e)
conprises 20 steps of: (el) maintaining a set of adaptive paraneters in a
continuous tine filter of a read/wite channel fixed while r&JVBA®00g t he
predeterm ned bit pattern and passing the second signal through the
continuous tine filter to the variabl 622 gain anplifier; 25 (e2) bypassing a
finite i npul se response filter of the read/wite channel with the second
signal while p&&Li ngFnerng thedirgt aluman a figst eight- Qdér’@la%b@seg@nrihemppluthdeof

(e3) providing an I fet e attern re-read
from the mddle t?tgglfh%tgsq ?"32 O\ié‘?‘fegﬁe@dﬂg& ?iﬁegﬂ?* ?éhttbf} figti’?n et at i ng
t he second val ue asamounéobgain eppjied-tbite ana}jlmedehﬁsﬁﬂﬁﬁns@hﬁ 30 arrpl i tude of
the second signal of the bit pattern re-read fromthe mddle track, the
second eight-bit value signifying an anount of gain applied to the

anpl i tsudetof tTie gs Hoches i @RE di’fclafiﬂelﬁ'lﬁ whadH ﬁxﬁgwg{flﬁgﬂg# t%)o co%%p The

data storage device of claim15, in which the re ep ( rlses
steps 5 10 of :steps @) mai ntaining a set of adaptive parameters in a

continuo t I ead/ writ cha nel fixe whl readi ng the
pr edlet grlr?ne:jrrg ! Sgﬁt"?%aﬁrs mo a§’:°ﬂ agl & Jf“fernéfhle)é(’i“aﬂlﬁlt}aP 1 ough t%e

continuous ti r(éZ)fl Iangﬁmg@ wiie e‘i@xﬁdn@bf & readAlrite HER bvftheartracf((‘cgn)htepbfﬁﬁé?f{ﬁg a
finite inpulse response filter of the read/wite channel I'rst

si gnal while passi ARformRdioni tragk; si gnal to the variable gain anplifier; (c3)
provigding an "(‘39' | P& %g}é"%ﬁé E%neﬁ} ﬂ‘?v@ard %e 8(%1%2%%8 tgz}e rg?qd%%%%wg ]9 Im ; ts? €

mddl e track to the vari | er;

value as a first eldgtmlcbfmm/mbuaclbeaﬁio@metﬂnetmfdﬂﬂahuﬂﬁa@d‘ the first
signal of the %{t %attern hcﬁ first eight-bit val ue det er mi ni ng an anount
of gain appli&fto Pﬁﬁ%‘m&ﬁ%? gassoen 'tllﬁé‘f$tl9f§ﬂn§ti<§1r¥é4°k and in which the

operat i ng St Rl ) SOMBIASES WHERTerRbm oS bl RLE IR N8cR SLE o ence
between the second generated val ue an the Tirst generate arug’ ?
provi de the track sdcond adommationitaok adjhcemt the middle track;
15 (d6)  offsetting the write element toward the middle track by a predetermined
distance from the track center of the second information track; and

(d7)  accomplishing a DC erase on the second information track.

20. The data storage device of claim 15, in which the re-reading step (e) comprises
20 steps of:

(¢e1) maintaining a set of adaptive parameters in a continuous time filter of a
read/write channel fixed while re-reading the predetermined bit pattern and
passing the second signal through the continuous time filter to the variable
gain amplifier;

25 (e2)  bypassing a finite impulse response filter of the read/write channel with the
second signal while passing the second signal to the variable gain amplifier;

(e3)  providing an amplitude of the second signal of the bit pattern re-read from
the middle track to the variable gain amplifier; and

(e4)  generating the second value as a second eight-bit value based on the

30 amplitude of the second signal of the bit pattern re-read from the middle
track, the second eight-bit value signifying an amount of gain applied to the

amplitude of the second signal of the bit pattern.



(f2) translating the track ms-registration value to an anmount of track
squeeze experienced by the mddle track; and (f3) conparing the anmount of
track squeeze experienced by the nmddle track to 20 a predet2JulKadod evel
of acceptable track squeeze, and further in which the anmount of track
squeeze of translating step (f2) is é%%Tessed as a percent loss in the
anplitude of the bit pattern read fromthe mddle track of providing step
(c3) resutti nglle Git3 stREEpdewea gbclgmm dar movhirh ghesteading atep (O5copmprisgs stepshod
for measuring & data track ms-registration operating performance of the
data storage device by steps conprising: reading a first value froma

vari abl e gai n (ahpl ithaietainied heet off edaftivarpaammisers in of ca@inGoBPRInE &ttt @f &
signal read froma sel,ected test_track with an intact predeterm ned bit
pattern witten therF‘fé‘{éW?t% arngédﬁ"f‘l“éia EEQ%EWH‘&/QF%C‘?%‘W?%W&W@EIféldgai n

ampl i fsi er refl ecti vRs@he 82 fiRMSLWAL BF | fhe 3BRMA L fif [e? read
fromthe sel ected ;/%_st %raplé f%lﬂl ow %l%%a cont r‘o'ﬁ’ﬂ%é eralsgfgﬁg\‘es\%%ggﬂe
sel ected test trackginaanplielULY 2006 - 24 conparing a change in val ue

between the first and second .readi to determ.ne an anpunt of avail able
oper at i onal né?z@}i n.%yg?.smﬁa E\e lﬁpblrsgdﬁsl’aﬁfi tilger @Sﬂﬁrﬁeg‘yﬁ’&.‘e ‘E‘L‘aﬁn?lc}i"&l w8l e
recording surface MirktighabRhREPRGIng @A fifst AEKal 56 HelvaAHaBle gBMORGHRER ned Dbi t
pattern accessed by a head, wherein the head provides a first signal upon

accessi ng sai d°di t Dpidiag an ampliudeadsi Ge dirbtosignap(of theebit ppiemimad frogatha t 0
the fiihrst signal prqy . i oportion to an anplitude of the
Si gnal:O whi | e report@ﬁ%lggﬁp?%st@’ggaaﬁl%zggﬂhigﬁn%:jlglgﬁ’Frtl/ée of the applied gain; and

a control proceysoenamaythadird valutias 8 tfirstak ghe-bito/aieSRcaNsh thalauplitadigat i ve
of a second gain pl.ied to a second signal provided by the head reading
said bit pattern ¥ Hist signaleplothedhit patqmy thgdiest eighighif yalug dstsamining e

erasu rREI\/ET\IT the sel ggloBft ofle@laphli@fto thd amplidlBAA M iPs RER S TRATI ON

and in which the operating step (f) comprises steps of:
15 (f1)  determining a difference between the second generated value and the first
generated value to provide the track mis-registration value;
(f2)  translating the track mis-registration value to an amount of track squeeze
experienced by the middle track; and
(f3)  comparing the amount of track squeeze experienced by the middle track to
20 a predetermined level of acceptable track squeeze,
and further in which the amount of track squeeze of translating step (f2) is
expressed as a percent loss in the amplitude of the bit pattern read from the middle

track of providing step (c3) resulting from the DC erase of performing step (d).

25 22. A method for measuring a data track mis-registration operating performance of the
data storage device by steps comprising:
reading a first value from a variable gain amplifier reflective of an amount
of gain applied to a signal read from a selected test track with an intact
predetermined bit pattern written thereon;
30 reading a second value from the variable gain amplifier reflective of an
amount of gain applied to a second signal read from the selected test track

following a controlled erasure of the selected test track; and



FOR A DI SC DRI VE Abstract of the D sclosure An apparatus and nethod of
predi cting functional capability of a data storage device having a
plurality of information tracks, conprising performng a DC 2JHE¥2006t hree
adj acent information tracks, witing aszredeterrri ned bit pattern on a

m ddl e track of the three adjacent information tracks, providing a first
signal fromthe bit pattern to a variable gain anplifier to generate a
first value of the CORMFABRENYECAN yplye beiween thedisiomdisagpndGeathinses on t he

information traeks:adiace i . reading the bit pattern from
the mddl e track té&gdr ovi etgggagé!)%lg%b?ra{ﬁé&q&ar%lﬁe vari able gain anplifier
to generate a second value of the variable gain anplifier, and operating
on the fijst aga?secon%ﬁéal ues of the variable gain anplifier to provide a

track m s=r egi‘s CrASIOBHEEAENISE CPBPTISIBE with a predetermined threshol d val ue

to detsermne the fuelhMilecsRRRALMLY WRE asBRcHAtR: S fhAevice. FIG 5

predetermined bit pattern accessed by a head, wherein the head provides a first
signal upon accessing said bit pattern;

a variable gain amplifier applying a gain to the first signal provided by the
head in proportion to an amplitude of the signal while reporting a first value

10 indicative of the applied gain; and

a control processor comparing the first value to a second value indicative of
a second gain applied to a second signal provided by the head reading said bit
pattern form the selected test track following a controlled erasure of the selected
test track.

15





