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 b¥ t he cl osed | oop servo
system he printed circuit board assembly controls operations of the head-disc assembly

and provides a communication link between the head-disc 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.



for controlling the position of the read/wite head relative to the
recordi ng surface 30 during disc drive operations. 5 JULY 2006 -2 Hi gh
performance disc drives achieve areal bit densities in the rahgELE2006
several gigabits per square centineter (Goits/cnR ). Hi gher recording
densities can be achieved by increasing2the nunber of bits per centineter
stored along each information track, and/or by increasing the nunber of
tracks per centi méfigh pefornianoe Sisadrivssachmeh areatbit demsitissun theorengeCalpaci ty

i ncreases gai ned through increasing the. bits . centineter, stored on each
track gener aPPXFIH&EA thpFrniﬂPWecﬁﬁ%‘?‘gtef EGI?’EFécer)gig‘ IPeor Wgﬁlﬁré?lgeeﬁ %t roni cs
to enabl e dapa,tflehs ih&ﬂelsﬁn%&eﬁﬁ%b%yBﬁ@i@ﬁéﬁckﬂthﬁ@t@fﬂstoxfemmﬁgiwcm ecor di ng

surface at a corresporidi ngly higher frequency. Capacity increases gained
by i ncreasi ninfoheativmrtteaek, ofd/arryokereprng hemumbst ef tragks pateeniioeles ¥aitalng

surface generally require inpr.ovenents,i.n servo atr Ql s ich
enabl e thd r844F ﬁcﬁge(}%‘ﬁag g;?rcgacﬁe %?%typlpg%aﬁsseé |g§}ﬁ‘§%t§|“§ P%I?]%lg}egg}i%%%e to the
i nformation plagkSoenERREE HoFddCorSRILN @ratk eresally lebieflingrooaserithin thecor di ng
surface of the disc is the intended result of a servo wite process. Each

of the concemadivritsshamnel elgetkenicsite capblgidatage bg vaitisade agd pubisgqurnily reads

center coinci.dent with.the is.of Iy o . Wolal . Th
concentric sgf’%ﬁlﬂ%{’&?‘gng ﬁ%rg%(cg aég( ?1[6?5&)%%%1%{%@{1%}%??{6?12%&% ggé]graggrk spgci ng
relative to aRedused HLleddss RERading tRtubare odfradisperatimetiowavach in

practice, a nunber of factors disrupt the fornati on of ionsi st ent.

t r ack- t 0l@ r atdeoxiag surface Rensrally Kanife INPRVREERS iR $5V9 AL SYCH Which ocess.
The resul ting_i,ncensi r?S: - : L g hstitefansed to as
"witten-in ??%oé?(%g%%fé\ggfe_ﬁ |Ft%%y%%é§§§{yégﬁgezer is} an effect caused
by a rel ati vehfshhdtionitrack9si ti on between the read/wite head and the

recording surface during the servo wite process at a t'%me g@ tdhe .$rocess
that the servo dSOBCGENGHESTHRIRKSIYRE BT AhG eErMERyTets PLIOE “SWT tten-i n

track squeezg | iﬁteﬁg%d EF%PBF 2y d @?ittﬁsro%%? HaBWbT e cbRcentrtCdervo tracks

m s-regi stration. anount o s-registration of one track has a
di rect bemri sigouddibé helosabiirdle yithfitstdenter ecidcidemsrmeith the axisefdotghemokther ed on

on ¢ he-ad) ac BIESIHRIRr b LRI FaRe PRbronRele SRS SR RO LTy
witten to t %cﬂ@ REEHL 1d ERBIIERACRSEHE sWTEE of the disc. However, in practice,

a number of factors disrupt the formation of consistent 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.



witing data to the first track. An encroachment on data previously witten
to a 30 track occurring during a wite operation to an adjacent track is
referred to as "track squeeze." The encroachnent typically t&REEYi2886 f orm

of a partial overwite of the data previously witten to the track. 5 JULY
2006 -3 Odinarily, disc drives are desiémed to withstand a given | evel of
track squeeze. Disc drives that encounter track squeeze beyond design
limts cease to &pdinatily, pisogaresare desigraddp|witisiang agivendexel 9ftreez e st andar d

for the disc drive an_ .additional r.gi f i : I | of
track squeez&497e™ dl? g dgy Fsvt_%‘aﬁ ?cgurgarsl?%c%g gu?%%\f/bﬁgﬁnsdt %ﬁ%ﬁqﬁﬂﬁ %@ %/%ﬁ) ofe Vte r ag k
squeeze repr gsgltegiopdtlyt N8 cbiablighsdOnuadk squbezeatidhidofontherdiscgiriveah safety is
established as the track squeeze specification for the dis¢ drive. During
t he manuf act edditignal mepsginsfgplsty g pfdasstothalevelafitrack sqyssge gﬁéhsct‘{fﬁ’élés squeeze

speci ficalion, ar eeéistﬁ ?Ji@g{agg. ©Re %ngéfﬁa{c?:ﬁg{é{eszg gegﬁ'gstﬁﬁfgﬂ%x R HeRisfR gmount  of

track squeez esﬁgré e ween adj acen stantially represents
the col | ecti we ®iftRehl @hrgtn ofuiey ixdstablishedrss, theltrackngyuedre speaficitmatior i ng

process each factor is typically npasured against an enpiricall
det er i ned | &\Pedls“{ﬁrggeé%ﬁt%m papufagiyEing PEFGHS ‘iifé%?“‘feéég%rfr%’ll anr&g%/tﬁbet rack
squeeze inc|ydes i i ; t abl e runout
present in jtheaﬁseqé% dg}ﬂ'g%hg%t%n%?%ﬁﬁ‘%dﬁ%&%Ebght:lfgé&oerkg?elﬁgﬁ@?e eat abl e runout
during a wite opSimtianamolhht afitthcklsguatze ptesentibetweenckljasenidesess | n

t abli shi th iricall ' il
Factor, 01 ogvorabbrpreostb P o et U aumbgatararsy Sriia e by *ach
factor is reﬁ&hﬁ%ﬁﬁmﬁgﬁ%e%‘e&ﬂ%&&% E}p@é&lliy%ﬁﬁ&araghihyt &agmgaflcdlly each

factor, a thres 0 Is typically established tor each factor. Each
t hr eshol d i sdeedhinad ldvyl efarbépialii (Thepnedoppnapfaciers cresieg tragk sEERficn t o

forma 20 leyel of acceptabjlity for each factar. I I

accept abi | i tylcﬁ‘glee%éﬂgﬁ’a%ﬁbe ng{te%grégbt ‘?1%86%%@8{?&3‘? g%(g%}tiu\?ieh% }}eagt fail to

neet the accﬁﬁkﬁ&%ﬁlb%‘fﬁé odctfreAd®ofQonirbgeatdc tumnbat durigfaawtiecbpardionnder go

re-work operations. wever, because track m s-registration is result of
ol

a conpl ek5 cembiheatrittan-ipfrack equdeas-elneastabbpitiag thecqngpigcally detgryn *n one
the ot her f adl BREbaPRE g eatp s T SPESTEERARMPIAER e OB © O
greater thancifigd 8¢ esiH ABGEis reyted. Based on the contribution generally caused by
each factor, a threshold limit is typically established for each factor. Each
threshold is ordinarily combined with an appropriate 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.



width, while at the sane tinme having mnimal witten-in track squeeze, a
smal | anount of repeatable runout and an acceptable margin for
non-repeatabl e runout. Currently, even though the collectiveddVEEA0&f the
factors may result in a track 30 squeeze condition that is within the disc
drive track squeeze specification, di sc™*drives are failed and subjected to
costly re-work because one of the individual factors, taken alone, fails
to nmeet its indivilhewmforeshallenges seneipeadneedsypersst fo nreas ob measurgthe or e,

hal | in_and ist f . i ng. the. . ti
oaul 0 of tnEOTSHE Attt et rubdion of e o by TRER ek i GaieE ok G,

for use in de@aEiniatemsihie did dtBes Ravingg saffioidt laiebof trdoksqliceat ntargiok
squeeze margin for proper functionality, even though one or nore of the
cont ri but i ng feragerardunciionality oenesithrughpnsepmare af 1hg caBYBRHNS BGaTR of
acceptability. It is .t his . r anf : adviant et forth
herein that éH‘ngSia%r’épgn%aflfyt%g&%ﬁ%tggﬁd ioﬁ\glgéﬁp {a§ﬁ1tﬁa§é§‘ it?iegca?gg.%hegummry of
t he I nventi ofeat@efandeadeapiapés sedfdmh Hereh ehiat echbedinoutitsefiths presénd ipreatiemt
invention provides for measuring track m s-registration operating

per formance afe diregteda storage device wth a plurality of information
tracks for use in predicting proper operation of the data storage device.
Track m s-registration is neasured by perform ng DC erasures on three

adj acent information tracks sel$umethriofthd hveptiomal ity of information 15

tracks. Next, a predeterm.n bi ttern.is wjtten on a mddle.track of

the thre&0 adjacent qxﬁ%ﬂh%ﬁfgbﬁre%?rg%@n?b%‘ﬁ’ﬁws’it € PEsy t‘%veBE]BI\l/grc?S”&szfi r st

signal to a ¥&%@$L§ng€g§ég}ﬁ&m§%{éwn bperaiedcdotmandei Jfstdavaditagolicite
Ifier. en

vari abl e gai n anp . erasures are _again performed on the
i nf or mati on withckslumtinacinfortiatiomirdesdor usgdR predigithetmaers casration af thed bi t

pattern is reread fromthe mddl.e track to Droyi I | to
the vari abl eﬁﬁtéiswr%%ﬁf{g"fqeermf’g n@%’ﬁ%ﬂ%a&mg 155@8%%8%&?%%%5@ %f%ggé e?/‘lilelsr%lg%bl e
gai n anpl i fi gp thrEb8djhédn® infonshtHAGRIORSs MdiaBireh théipluvdity abinforgmiionanpl i fi er
are conpared to provide a track m s-registration value for ug \é\guth a

pr edet er bf netracksh Nl redeipmanedbig pettarhinwuriiteon aruddls ek e fg‘ﬁ Pty of

whi chchar acPaRres hgnaiss (reednic RyER RIRbNEE il sasR oAl aRe Joee
readi ng of t Bginfahdim fg@REA b Eiest 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.



description and a review of the associated draw ngs. Brief Description of
the Drawings FIG 1 is a top plan view of a disc drive with an anount of
available read 30 margin deternined in accordance with a nethdtL¥R00he
present invention to operate the disc drive. FIG 2 is a functional block
di agram of control circuitry of the di st drive of FIG 1. 5 JULY 2006 -5
FIG 3 is a diagrammatic illustration of a method of determ ning an amunt
of avail abl e read Fir yise diegrammatisfibnsiration of & meshodg! deframinisg agjpmgntof F| G

rack . squeesL BOnDEreRbRat £ SPaptorRBig] ol JEgaly SEEAOE L0 18 1

fllow chart of a nggodlisusgdphibalreRssintadndttack nift-segistegion to ablon
operating performance for use in predicting a functional ability of the

di sc drive ofqwaees canverampsuredifmacdippei ofidORdf erring to the drawings in
general , gnd mor € phard ﬁscauh%g}{%%%]ﬂng’tho&useé at%shﬂgggitﬁcfc sid top view of a

disc drive 100, alfso teferre erein as a orage devi ce,

construct ed irégigteation dpaatngperforntracofessain pradieting o funchonalabilgy ofiteai | s of
and variations for the construction of the disc drive 100 are not included
in the fol | oissgride9EFIGtl-on as such are well-known to those skilled in the
art, and 15 believed unnecessary for the purpose of describing the present
i nvention. The disc drive 100 includes a basedeck 102 supporting various
data storage device conponents, DatlilediDeygcEipign ndl e not or assenbly 104

that supports one_or .nore axially align t at abl e di i

i'sc ot a0k 108, cAeRENEt togrorak igraraasrisheroaha kR o, o
recording Su@l?cﬂfx?ﬁle;&x? is 3198%\@8?9&55 RAvEL 66 afoaeterrt@% hérein S@adhtst ack
assenbly 110 (also referred to as an actuator assenbly) which pivots about

a bFar i ng assendgeydetit?, donstauatest mragcordandsi with thepsessaiiavaitwak NEREARY y 110
msuppor (o Ftede pEa RRTe BB Rgr PR RGN Tobae ndttatlard
recording suff aegolRPing B&ripbababld dreseldindgnsvticae ekilledir thedity artied
15  believed unnecessary for the purpose of describing the present invention.
The disc drive 100 includes a basedeck 102 supporting various data storage
device components, including a spindle motor assembly 104 that supports one or
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



25 into concentric information tracks 120 (only one depicted) over which
the read/wite head 118 is positionably | ocated. The information tracks
120 support head position control information witten to enb@2dUby 2666 vo
sectors (not separately depicted). Between the enbedded servo sectors are
data sectors (not separately depicted) Qsed for stori ng bit patterns or
data. The read/wite head 118 30 includes a reader elenent (not separately
shown) of f setelataditatieycoacshttiatrdormatipn tracks 120 duringeperttioneaf theé dst separat el y
shown). The witer elenment wites data to the concentric information
tracks 120 d@t‘?Y‘?ﬁdO\%i te operations of the disc drive 100, while the reader
el enent control s {hethasiderffihgY%arl “pbiifioh B € ab sl hetdinmddd Y 2006 -6
relative to the concentric information tracks 120 during_ operations of the
di sc dri vesma@@ininpeonterirof thesispd/viriggheagnld 8 rpletive foohe EQAIRDICEPIHEE as used

her ei n, an intai ning caontrol .of the read/wdfte. elative to
the rotati ngsqrgg%s‘r t‘fdn‘ﬁm“% 0?8?31&18885%(5‘580 urf\feﬁlglobgg%\%f%tﬁdoé% ?1?1%% di sc drive
100. Ser voi ngfdrthafibn @ack NEO, ity pdati@tack AsdeimdEK 1 PQ contielldbbapbsiticaet bgasenbl y
110 is controllably positi Onedlfi%(ta?ﬁp voi ce coil motor assenbly 122 (al so

referred to ¥igs¢arbmgtos@ssgatbby yefemmed to § grip@rEestpatargpgioasdenbl y 122

i ncl udes an act uat. I izna i 5@&- t5AC .generated by a
magnet assen%q"ile &%%0%96ge#%§15 leéﬁﬁgﬁ %{P%czuaf 8 ?812(4 ggllfnlé&%)eﬂelggs) nount ed
above and behewictibdieRT fantaded 60d maddet apsembilgle26.aA pargristeetplhiey 19&r meabl e
flux path for a magnetic circuit Qf the voice coi 122. During

] tor,
oper ati df of (Pplecplercemaynted abqyg, and heloghthe gguas C?lllnlggﬁ?o?r"iq? 3actuator coil

124 forming i It Nghiltid At Witdcdingomgnet i
circuit of %&bgﬁyfﬁgw%ﬁétpa%gfacaggla}lg t he act uatlorc éoi I0 124 to nove
rel ative to 122 Miringaapeetticasd ¢érddiyc didé. 108s curhent pessesithoougbdhe adt@atonpves, t he

head stack assenbl 110 pivots about e .bearing ass ly 11 causi ng the
read/ write H‘é’é]dlzflgmi”ﬁga _tr89‘€gn¥’r‘feﬁ‘ﬁa‘gt‘%1}flgtb}néergcé§S?tg‘ﬂﬁ%%fg?ef%%ccérc& 9,
thereby all 0<¥Y'tﬂﬁvéibéc&?ﬁaﬁé{d@n@?cauEﬁ%g%elak%a&& doit 12486 mowe trélatiitol tAE or mat i on
tracks 120 of the recording surfaces 109. To provide the requisite

el ectri ddl comghetaisembhalt2fs Aethaeetnatoheoit é2dmaves, ehe lxad Kegkasse®bbhd dat a
storage devigce read/wite circuitr n shown re it Wi res
(not shown) Uﬁﬁlﬁ%ts F‘lé%}%l?etaélnﬁéf‘f&%ﬂ%?gr 2art @gcﬁea@%é\{erhgg%? \;\lef1 ?’t e flex

circuit move over the rotatable recording surface 109, thereby allowing the read/write

head 118 to interact with the information 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.



130. The read/wite flex circuit 130 is routed fromthe |oad arns 116 al ong
the actuator arnms 114 and into a flex circuit contai nnent channel 132 and
secured to a flex connector body 134. The flex connector bodyJUBX 260¢ports
the flex circuit 25 130 during passage through the basedeck 102 and into

el ectrical communication wth a print ed/circuit board assenbl y (PCBA) (not
shown) nounted to the wunderside of the basedeck 102. The flex circuit

cont ai nment channdlurii8g teaFko 2, pospipar-centrodlany efrthe ecadivgrahead Fdust ry

i ncluding preanplifier/dri.ver. re 3 us to condition readjwite
si gnal s passQﬁorlﬁ‘iet%%yethePﬂﬁtl?rgﬁém%}@n&%’?C’gﬁ?qqéggﬁgo‘f’ﬁgof%anrn&{ﬁﬁﬁfréhF e head
118. The pri Rb@tblGhGkivb BRGSICLIRES aD bYogRirdMid asthtdesoddhtosdode aghichdevi ce
read/wite circuitry that controls the operation of the read/ wite head

118, as wel [forazs the brsvo penteal feppe Thedervarroptpl cicuit J#2 inclydss awchatreli sc dri ve
100. 5 JULY 2006 -7 rnjn I Sitlon- t Aol 1 he
read/ wite h85Y eisfélﬁusj adﬁpg)\(}lhfc)féog (%m%@eﬂ%bés% %p%@lﬁ?tg% s%%lﬁg%g% %egot
separat el y sbpwil) (AS1€) abidngraibgbed sérhe costesliet Olsend eagimet)Ma8cadigital circuit
142 programmed with servo contr ol i ornms the servp control

code, which_ f
| oop. The sefiggalgspgessir (PSPE0: 2 Yalptleqpemered VML bt A O1818! X Be08sor 144, a
denodul at or I I ! . i<kl @)k j it
(ASI Q) har k) DEEEDACELS SMARRLIE Ak B BRASE, Do Al St ot
si gnal pr ocesggeeroROB)NESAR, the diditat sigpalpeonessor (1 ¥0/pnd 812, votatidk getnaty ¥ anal og

converter (DAC) 154 and.a  notor driver circuit 15 tionall t he
functi on&0 (()f ma%’ rd begppigingd gyiun MS‘,OnVﬂ]epra??ff“i’ralldsﬁ@ﬁﬁ mBP‘Eﬁf’éssgfc}Pe 150 and

the vol atil e gRmtiediPral e WYz do ME1IGRERKTBHoWnk i gbrikiRs £ Wad

processor 144. The conponents of the control circuit 142 are utilized to
facilitate tstadkassenblvil@dofFi§orl) endrmotospecifisalie ot coptrelbirg Hhwsemis apil110 ( of

FIG 1 d ifi.cally for traolli. t ' iy 122 i
pos 1 on- contiPutH 2Ad pritoep e BRek B heed 218 BARs Phe Rl ca "
information {ireGkatibdratRi26-(dEFI1&) 1).15 The denpdul ator 146 conditions head

position control information transduced fromthe information track 120 of
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track 120. The servo engine 148 generates servo control loop values used by the
control processor 144 in generating 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



20 voice coil notor 122 in executing seek conmands. Control |oop values are
also wused to maintain a predeterm ned position of the head stack assenbly
110 during data transfer operations. The conmand signal s genéﬂHPX@oﬁ@ t he
control processor 144 are converted by the digital to anal og converter 154
to analog control signals. The analog control signals are used by the
nmotor driver circuit 156 in position 25 controlling the read/wite head 118
relative to whéasentavions timeffdierttTHnl G2rpitk ta being pesessed by pa@kablgigadni ng,
and relative to e ng surface 109 during seek functions. The read
el enent of tﬁ@‘ E d?&ﬁg?&%%ead 118 responds to bit patterns witten to the

servo sectors as Wildrs &%, i denpal ldevioss thit éxhedit 4 fredulracdatiactbediehidonf the 30
information track 120 by eneratln% a.signal, also referred to as a read
signal . The Fétegmner@@ Opé&f's%anatléw @%%%S&me%tlg 1B litugaepfrRaNENShpl i t ude

of the si 9 na %ﬁonén&é&ﬁ@%ﬁgnﬁn%Eg@%%oﬁﬁﬁﬁfﬁg 1 Fl‘fél ﬁlt& 1r6§atﬂé éCErﬁBlC(n%l?lnel 158.

Wthin the reés afinel the signa S operate afinite
i npul se r espompet dighdl éy thaidffan idma sﬁgrﬂumﬂtm%by&eafmhtmnc;ompmouﬁthei nme

filter (CTF) 162 prjor, to being processed by a. vari able gai anplifier
(VGA) 164. Fpysten-sThy Enit Hn@éwgonsagﬁtrc@mﬂ%twmPbtptlt§ el Bl
frequency- Setv%n%ttetﬁs §§ O}ﬁb gﬁmm%htigsst%nﬁ@%rgﬂt@ r@Rivelgroph BR3redMyp1ahangi ng or

suppressing a requenc conponents of the signal. For the
continuous tid@ filter 162, the spectrum of an out put signal is that of an

i nput si rrult l'i ed t.he f res t he t

:‘i glut e : ﬁcgul se re Bﬁhgréab?‘%/g?‘%meéggrpf@d%égém%ﬁ i’(}?’ﬁﬁ?mﬂl@lr}}ﬁé%t (ﬁeé’tlc s t he
wei ght ed sunmugf re%ﬂ@nd% W6 FRHEmpe s the $iBRA rédesdRalty theaRity Rebdléom t he
preanplifier 136. 10 The variable gain ar}pl ifier 164 is an inversely

proporti onal rdspcmsarﬁltde%(l:eld thhgontiraiopohnis ft @rtlﬁ% Bhpyartahtpegait ampbfigi gnal

db f fi 160
i e 7 vter” 1operig: bR nohy # SERERTFins) 1B i SRRk Lo g

by a predet erpi Aunt®fehcredsd @p}ﬁfﬁd'l!s bakda oafthd ﬁtﬁpﬁﬂugél af the siphel eoEued bpf
increase applied is based on the anplitude of the signal received by 15 the

vari abl el yai thezaphble igam apgiifiepheh nahgamplitade of the gignal ig aber 3bevas” or
above a pr eglede SL el lévgl\/%e’ vaS'llagleVg%H ?r%t?ﬁé?%& SR s'téﬂa?ﬁpplt@é‘n& %altnhe si gnal

applies no
and an eight-bit value (not depicted separately) within a register (REG) 166 of the

variable gain amplifier reflects a zero count. A zero count means that the signal
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



and an eight-bit value (not depicted separately) within a register (REQ
166 of the variable gain anplifier reflects a zero count. A zero count
means that the signal needed no additional gain and none had® $EEX 280 i ed.
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track 120 ofseatopll T &lciudgs ofick idbotificatibobits t 28 ks] sk pasition bits 178 (not

separately depicted). The track identification bits 176 define the servo track 170

associated with a specific information track 120. The track identification 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



associated with a specific servo track 170 of the plurality of servo tracks
170. The 15 recording surface 109 further includes a plurality of

adj acent, radially extending position information fields 174,5iV§¥2QW5wn as
servo sectors 174. Each servo sector 13? i ncludes track identification
bits 176 and servo position bits 178 (not  separately depicted). The track
identification bits 176 define the servo track 170 associated with a
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froma desired position relative to
the disc 5 JhdjacedPQBvo HEcksUu7dATRIsOuction il gyace berwean st teack fekfitbrsiof thdie di sc
surface 109 away fromthe desired position relative to the read/wite head
118. A numbeadjadent tizcks d 58 i igfareedrto g rackesqueszs apiis demictedaloian MRS cul ar
servo track,. 70 may have been caused by a non-repeatabl e di sturbance,
whi ch occurr% " 5 during the servo wite process. Non-repeatabl e
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to servo track 170 across the disc surface 109 as depicted. jn Fl 3. The
di ff er endes ¢4t ¥RsHRPSIRGWy ditaitiFnget tr?a%‘j &r,geaﬁfocéﬁ?‘ﬁgltg thecse ec%flo
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| eads to a rafjarehi tha data tegskd 80 bFhowssnit ohwriting clatade thedata vack Wb,
following the geometric shape of a selected servo track 170 is 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 disturbances include disc slip, variation of spindle
imbalance or disc flutter. Writteﬁ 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.



adj acent servo tracks 170. This reduction in space between the track
centers of the adjacent tracks 170 is referred to as track squeeze and is
depicted at sign number 172. If the geometric shape of a sel gépbﬁ@@?vo
track 170 is followed during a 15 data V\ft'lite operation, data witten to the
data track 120 associated with the selected servo track 170 may i npi nge,
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by the variable gain amplifier 164, the higher the count. The higher the count, the
higher the eight-bit value of the register 166. The stronger the signal processed by
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.



boost the signal is not required. A maxinmum count of 255 represents the 10
maxi mum anount of gain the variable gain anplifier 164 has avail able for
application to the signal. The anount of gain applied to a si§AHLYREPends
on the strength of the signal. The vvealﬁ r the signal, the greater the
anount of gain applied by the variable gal n anplifier 164 to the signal.
The greater the anpbunt of gain needed by 15 the signal, the greater the
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stored on the mformatlon track 120 is reduced when the write width is reduced.

To determine the availability of operating margin of the disc drive 100, a
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



witten-in track squeeze, narrow wite wdth or external vibration. If the
collective result of the above factors produces a track squeeze condition
within the disc drive 100, greater than the acceptabl e upperSVVUkYt208¢
track squeeze, the disc drive 100 w |l have an insufficient operating
margin. In the context of a disc drive 100, an 10 operating margin can be
t hought of as a snall anpbunt of reserved capacity the disc drive has to
deal with chaenfategledenentt VoHeN-EhEekiduees BTovheTieR Widthyes ¢derpalo over the
operating Iifﬁmgém}he di sc drive 100. As disclosed above, the variable gain
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runout, witten-in track squeez narrow Wi or externa
vi bration. curve 179. The first factor is the maximum gain the variable gain amplifier 164 (of

FIG. 2) is capable of providing. The second factor is a comparison 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



The value resulting fromthe change in val ue, between the selected test
track absent erasure and the selected test track exposed to erasure, is
referred to as 5 a track mis-registration value, it is also PéVEN/2886t0 as
a delta VGA. Translating the track rris-rﬁgi stration value into an anmount of
track squeeze and conparing that anount' "of track squeeze to a

predeterm ned | evel of acceptable track squeeze, provi des a basis for

det er i ni ng tEe tlgment ofraicad e headi (judrastldd) durang the eplarepovigetp-edge depi ct s
a typical cog‘yrﬁg%é}ﬁd&yrve 179 for use in translating between 10 track

m s-regi stration values and a correspondi ng track squeeze. Track squeeze is
expressed as a pelFoHowagaehoérasiedof theahrek ratise thel pbdesotortimmesatipeadessl t est
track. The percentage of red cti8n in track wwdth of the s Iefxcte t est
track is dir&€PIl§oBidsoviilingal 2 pig sieriagR it gaten o3 fgnidd el i egnal .
It is noted i L Bh; I n
bet ween i £ Sar LyomE Ao Bl a T R hnd Bl Pl B RSB oSO R
factors infl uha prgvidaa fustrsigmat toonvafabtengic ampkfisri(ewch asuibdp T, The fir st

factor is the nmaxi mum gaj.n t ariabl.e gain anplifigr .164 f Fl 2) i
capabl eI gf p?’%}g"l%)&(ﬁl o a%ﬁhagre%g?{\é“‘?é&c?f’glap&éés&n I H’E%Pﬁngcfth%ﬁié“\ﬁﬁnﬁ \)M :jts h
of the inforgaklien sﬁ%ﬁéﬁ_ﬁ%@@ 3rand het &igadl. Whdbhim®dbr $h@uhBad gaineppntd of the

20 read/wite head T The wider the wite width, in co%}iarlson to the
read width, tothe firgsignslis degpamaenng of pain iappleadriathofirst siged. The vagatle gainack

ms-registration. F 5 depic track ms-reqgistration screening process
180 for ﬁiasﬁw’ﬁga d:;?%r?jé‘beﬁ aﬁieég-ﬁlf'ggivg[ufﬁﬁiaglﬁﬁov fFat h‘% 5er ?%lgsnégce of a disc
drive (such asmB880F cb@its USgain applitidadited figsiphe. Tuo Eirdteark icapaiylielyy of the
data storage device beginning at start 25 process step 182. The track

i s-regi st r atn oIListar é%whﬁglé‘%dlfé%%vmlw pRpkBeraand Bepserddram d 184 where
a DC erase is f dj acent information tracks (such as 120)
sel ected frome Sﬁé%ﬁ%?i?f@{/hg{ll%ﬁlﬁ?orn&ti on tracks. In a preferred

embodi nent, a DC Brapefiredextodirecht e gicdlafetringd ditfpattbmn writeqoort the et i on of
a preanplifier (such as 136) . to overcone fault | ogic¢c of the djsc O drive,
and by p’esrfoﬁ‘%ﬁkdéagTvRé‘éF@’é‘-(tlélq\l@daéf‘me@e W&Té%lg‘% b_&)tfceLH@‘gtﬂhP L5188t ect ed
tracks. The Ledil WRcfEsE iR vk RiniBRAOPHL BLOLL NheBe g B AHrirA 2
wite operation betweeh adjacent servo sectors (such as 170) using data
bits of one thypesdetermiredbitglattetnlis sdentifiedihd beifg bétween a pam obsdree seatords,

applying a C@‘G?ﬁ %nf74§,ugnla%ﬂé re%?ontbré?wgeth é‘ ga@g? gervo sectors is written with the

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.



-14 wite elenent of a read/wite head (such as 118) during the entire
wedge-to-wedge wite operation. Follow ng the erasure of the three tracks,
the process continues at process step 186 with a witing of aJULY 2006
predeterm ned bit pattern on a mddle t; ck of the three 5 adjacent
information tracks. The predeterm ned bit pattern is read in process step
188 to provide a first signal to a variable gain anplifier (such as 164).

The variabl e gaikelieing thcsecandiaad ik Cetescaps PredsiamingdduRatisi gain to
the first si \glq&én toqgé Fégte tﬁd’&k‘cih %Ftﬁ,%ssssltt«%pgf%t@ r@i&?ah@?plfo'cés%tst 'I@QQL Prom(?e number

of counts of gain ap to't he a
applied to tat'usbcbmdsgnzﬂltcgﬂﬁlvarﬂlbie gumrainqﬂifgr gﬁhmvdz{hbwgmnﬁmphﬁdet ermnes an

eight-bit value as a fi rst val ue, ch represen nber Qf counts of
gai n appl i edlet@mings apd agpl 1e§|a§ﬁ§1°un‘ﬁ’1flegafrﬁo e Yerh S‘lggaelﬁ‘ﬁ‘fqu?ﬂ $§2%eld in a

register s(Sugf, o%@@seeén&ﬁgna\rairh@mrﬁb%f@o@ﬁpbf%al%p plddado e csgpd from

t he reglster a stored for"tuture use. In a preferred enbodi nent, the

pr edet er m nesigrai ts thasmeunt cxl\'ngamtapphclhtotthesdcesdl 81gn25 tTmaoflanabie gainT patter n
(10101010 enc%g%d%a where T i.s thF q it cell al prior to
bncodi ng. and i EhRATEREsa BTt pos teipnf Pbe HsiErPEaPR fDr wi ¢4 ng
the predet erjun{iReobédunhadft _ﬁ%hﬂaﬁpﬁedlﬂﬁﬂﬁte'sédoﬂds abei ng between a pair of
servo sectors (such as 174 and the regi on between the pair of servo

sectors is writtdnpwcess stml% ppetetieg o ﬁ@cﬁrbﬁ andsegandrvaluep\of therygriable

super-segt or tot entif in wite

node ar 28t et ﬂﬁ%??ﬁ%?m%é? agtéacgg]éla ré%?t{iﬁl S Fue l%%‘fc(ﬁ)gﬂé) llfS hﬁ%l qﬁ%kavai | abl e
dat a st or agenisRagsrdtihWaRri i dicacit arﬁﬁﬁgﬂcél@}ﬁpﬁﬂ&ermlhéd mreboRisvatieete 190, a
wite elenent of a read/wite head (such as 118) is offset _a predeterm ned

di st ance fr ¢sieaminedbk funshieral cerabity pf the dgta SttcnégepféﬁerceofTheu differienest i on tracks
B et abelfih dd 88kng Dfe Ald B8 irst Sl RE LA B SIVEIE AV R (7O L1
rack center h

arr ornmatl on tracks, made in a

direction t@e@;tehtiohe/ameddbﬂomr@qkocew step 194 the irdck Iﬁisata‘gﬁtrat(ﬂrfssedenmgwar d the
m ddl e _track, a second DC erase oceduie is performed. Then the
read/ wrilfe REESS %80r%°n°1é‘FiF%Jﬁé’& RrOSEsSRtRet 98 ned di stance froma track center

of a second of thg ] d ¥ t rack.
The direction of t% ?%@etheg?&?ﬁrem{é%ﬂ\%ll%%??%%n@ﬁ??gm?ﬁ%%@iacent er

of the secommdcloig- rglqmatmn operamﬁgjpmnametcrfaaks: drie (secheasi IWOxfatiusect i on
toward the rl?l gr%ldfacu%g a nctlonal capzﬁnht\gllr olfttl(lae 1sC (rlne ]%fa;ccsx?r%ial];ce with one
embodiment, steps of performing a DC erase on three 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.



the track center of the second of the pair of information tracks, and in
the direction of the mddle track, a third DC erase procedure is
performed. 5 JULY 2006 - 15 Following the second and third DEVHEX806 t he
predeterm ned bit pattern witten to the test track in process step 186 is
re-read at process step 192 to prOV|de a second signal to the variable

gain anplifier. The bl e IJfler det nes. a pI| s an
amount of gain tolt t"ﬁ‘é% 8132(’16 ‘a%ﬁlttﬂ’i‘%“’ﬁﬁé‘ga ei{orag ﬁ‘e(‘}f’ the
second si gnaLmd% gal gg%émmne&qy%ﬁ aQEhOQ@meéapmeﬁe%twmlle%réseﬁtgnd si gnal

is the anmount o appli1ed to the second signal. The variabl'e gain
anmplifier deptenfmerdmtmdlmerghhamueelwdt'ssrebahfcmps&m@mf\lbﬂﬁ@eﬁclm&ch represents
the nunber of counts of gain a d,to.the econd n rocess step
194, oper at i RYERYE flangps EEB‘P E g’fﬁﬁ‘ Y rﬁ%‘g YoHEBT éﬁV%Fseiélﬁf Lonth%e gain

anpl i fi erst ogigNQVindRe art bh@GhidH dbe ERGhipabRH D he\spIri®f kife inc&nIdRldistheed t he
track ms-registration value is used with an enpirically predeterm ned

t hr eshol d vaknfeastdsfingdinethpipppendpéclpiiict i onal capability of the data storage
device. The difference between the second value and the first value is
calculated to provide the track ms- registration value. Follow ng process
step 194, the track ms-registration screening 15 process 180 concl udes at
end process step 196. Accordingly, the present invention is directed to a
met hod for neasuring a track ms-registration operating performance of a
disc drive (such as 100) for use in predicting a functional capability of
the disc drive. In accordance with one .enbodinment, steps of performng a
DC erase on three adjacent information tracks 20 selected fromthe
plurality of information tracks (such as step 184), witing a

predeterm ned bit pattern on a mddle track of the three adjacent
information tracks (such as step 186), 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 (such
as 188), performng DC erases on each information 25 track adjacent the

m ddl e track (such as step 190), reading the bit pattern fromthe mddle
track to provide a second signal to the variable gain anplifier to generate
a second value 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 m s-



registration value for use with a predeterm ned threshold value to

determ ne the 30 functional capability of the data storage device (such as
step 194) are acconplished to determne a functional capabil$dYL¥200he
disc drive to assure an anount of available read margin for the
information track is present to suppor't”'operati ons of the data storage
devi ce. SWLUL'Y 006, -16 It wll be clear that the present invention is well
adapt ed t 0 "4t 513MEh’ ends and advantages nentioned as wel | as those

i nherent therein. Wile presently preferred enbodi nents have been
described for purposes of this disclosure, nunerous changes may be nade
whi ch wi 1. r eatlimathaslifpy entastrivegrs efavle snis-cegiduasion Dpedsiihg performanbe ofth tdand
whi ch are encortw(passgld in t.g]e SBi ri.t of. the invention disclosed and as
defined in the " Aptedqess VLl fs Plugalljy) of aligy tgReks fpg use dpnadicdng 2. A

met hod for neaandtionsl AphbiREKofThS ddt§ Hosdob AL1EH ARG G & formance of a
data storage device vmpth ?blurality&tgf inlfo(r:na?riﬁonétfg%sg(g'rs for use in

predicting a ® furetiponial aclpatsadei anythede adieedainforstabivageckiesd@edcomr i Si ng
steps of: (a) perf ] . rase o hree adj acent information tracks
BTHERy S afoRfof Rgke

selected from thep on tracks; (b) witing a

predeternmi ned (bj t paiting fipedetdrniinedbi paft@dkon0d nfidte tASIE6T B A8 AHiacent
information tracks; 10 (c) reading the predetermined bit pattern %romthe

mddl e track to prdMPEBAtPN tFgckst signal to a variable gain anplifier to

genergte a first v t | . I lifier, (d erformng DC
er aselg on eacf@i nf g%alﬁgltg?%lﬁ é}g%é%ﬂglléﬁ%g%gﬁg é‘%rﬁet?onq?&féﬁ gn?c}lg(gg%;k Q‘( OV Peadi ng
the bit pattern frdimsttdignahitoci eadiabdelgaincamplifivrde geneeeondrisi ¢alak oflfet 0 t he

vari able gain anplifier ta enﬁr.at_e a second val ue of the variable gain
anplifier; and (f)" %89 AGTBHIERe first and second val ues of the variable

g ?Ie ge?glralml 1;] iegr(d)t O pBYEHiREDT &S ton héh infHRlOA LA adfReHEnt RliddE Gt 2
(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.



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 capabYi20e6/ of
the data storage device is determ ned by an amount of remaining read
margin of the mddle track foll ow ng 28 the DC erase of performng step
(d), V\/ner4ein the read margin of the mddle track is an amount of signal
anpl i t ude*abovEemethad A paumB vt Wiieh Hegrentifigdpesion ab woisied Stgbl))(!i’ff)hecl:?es

read/ wite ch ' ; [N it pattern
read fromt h2Slﬁrﬂng%l%ltI}aglytq ?ga%ﬁﬁé g%d‘%mr%@eﬁr%? %ngtﬁe @%ngéle?\r'ﬁ e,C?(?r% whi ch the
witing step (b) conprises steps of: (bl) iden]'Eifyihng fad(rjfagi ?n OL thed (b2)
m ddl e track t wee i.r of servo sectors o the m e track; an
witing the p?@‘&é’f‘%ﬂ?ﬁ? ﬁ‘g a‘mf’lwﬁ%‘rthegﬁpﬁ%%ﬂi%l&ﬁﬁmgi%a (b2gr 8RT mitgmLY 2006
- 18 5 4. The nethod of claim3, in which the identified region of witing
step (b2) includes substantially the entire mddle track between the pair
of servo Ssect dhg. mashodrpfeclaipy hdel whichshareadidg step (V\hiouthprstsastb;bstofpat ;[Mefr n hof )
witing ste ) is.a 21 pattern. 6. The method of claim1, in which the

r eadi ng steg %(21)2) ccr)grfaﬁrr?tfilgér%gpgtsgp%pﬁqa:pt’(%i’f”afﬁ%e(r%?) 3(COBYNYAS duje PR PRRNI ng a
set of adaptive pamediblgteschiafingd fo@atWRUOHadin e fprddefimBfedabit pSadh Whirt
channel fixed while reading the predeternmned bit pattern and passing the
first signal throudBssii®ethedisl sigealshiqugh the p@r@rnfuplas time ?mh tabthe v;/gablgt

anpl i,fi er; bypassi g haif.e i npul se response filter of the read/wite
cgnnlgl vm'thy!tohe r{‘}?lrngatn{ﬂsl]?lgg'lr;iaI while passing the first signal to the

vari abl e gai n(e)pl bfpasing affinireiintipnige as3pensp!filter 6ethefreddMerifel dhsifined vgfhahe Of t he
bit pattern read fromth

first signgl 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
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



m ddle track to the variable gain anplifier; and the first signal of the
bit pattern, the first eight-bit value determ ning an anount of gain
applied to the anplitude of the first signal. generating the $J¥VBY 2004 ue as
a first eight-bit value based on the anplitude of 7. The method of claim 6,
in which the first eight-bit value of generating step (c4) is 20inversely
proportional to.the anplitude of the bit pattern, 8.The nethod of claim®,
in which the dB%é’rdEﬁ‘if?‘fgp ‘%“tpé%“%lf’& seBipY)irendting kpm the DOeasoof(perfprmmgetap ni ng
a difference hgj.ween the second value of the variable gain anplifier and
the first value of the variable gain anplifier to provide the track

m s-registration value; (f2) translating the track m s-registration val ue

to an a t t sgueeze . e rienced by the mddle track; and (f3)
conpar i ggllb?heofe{]ﬁnrlﬁj%ﬁ&%?w?lgbﬁ lgavﬁlgcizt € B ‘Bﬂ‘é&&tsﬂ@glfomesqﬁwwﬂt rack to a
pr edetser m ned (HBV elsclettimCa Rt MBbenatioA aljaSEH @RZRiddR: rabRe et hod of claim 8,

in which the anpunt of track squeeze of translating step (f2) is expressed
as a percent |@%s jaligring agvnifeclameat of a read/wite hoad wehn trashderfitenof thadir§ JULY

2006 -19 mddle tr nﬁ%tioqfltﬁa\él(di ng step (c3) resulting fromthe DC erase of
performng step (d). . e hethod of claim1, in which the performng

step (d) conprddes offsetfisg ofie whitd dleinese tdedrd MG Mifldle Ifack BRideRAnARAH acent
the mddle track; (d2) aligni ng awite elerent of a read/wite head with a
track center of th&isfdneefrom the Fackaeaniss of thecliest infrematien traeks i ng the write

el emgpt t owar @Id4_:)hepggfg;%g%%wgmg%@_grf?%q‘%igwjltg@ﬁfacgi stance fromthe track

center of the first inforfation tra ormng a DC erase on the
first infornma(don re-aligning ts)write-eddmamiofig rehdwritd headeh@ianiacRicemer 688/ Wite
head with a track centgr of a second infqrmation track adjacent the mddle

track; (d6) offset P¥RGd {HEmMatop &ragk adyacsnt § glettiskini ddl e track by a

predet erm ned(d6) offsetting the write element toward the middle track by a predetermined
distance from the track center of the second information track; and

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

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.



di stance fromthe track center of the second information track; and 15 (d7)
acconplishing a DC erase on the second information track. 20 25 30 11. The
met hod of claim1, in which the re-reading step (e) conprisess $Uep200f :
(el) maintaining a set of adaptive pargpeters in a continuous tine filter
of a read/wite channel fixed while re-reading the predeterm ned bit
pattern aﬁd Ssi ntg éh second si_%gal t hrough the continuous time filter
to the variabl € Ja'f SﬁﬂF"i"‘f'e‘P;W'“(‘ RPEauRg sgp &) FomprEesisigpaiPEe response
filter of the @Ead/d@iérﬁﬁ]iﬁgarﬂ?ﬁémmet&t&l% the RO SndN@ld Qé\ﬁ'ﬁé SRR the
second signal to the variable gain anplifier; (e provi ding an arrpfltude
of the second si gnaenehtedhelusito ppaideghatrack mesadgfstratioin tvhlaeyyi ddl e track to

the variabl e i\n lifier; an e4) generating the second value as a
second ei ght - 8(?%) va%@laﬁré%glf %?f?(t ‘%bs")eélﬁg?tf‘%"u?ﬂ@“‘gfo i @modRiopfgtragkysaseezst ¢ he
bit pattern re-readxpédncédby tHedfiligle thacRCnd t he second ei ght-bit val ue

signifying an anount of gain applied to the anplitude of the second signal
of the bit patdBrn.comparingthepmauntoblrack supeze expemenskd bj thehmidslicomdk to

ei ght-bit val ue of I e4 i S ipnversely proportional to the
anpl i tude of the biag’%;;%hq’é’r"%’.%lg‘;eﬁ%fér“ﬁ%%%‘ei’é‘ﬁig%q‘fﬁ?e'The met hod of claim 1,
in which the operating step (f) conprises steps of. (f 1) determning a

di fference between the second generated value and the first generated

val ue t o [fr ovitiigate plerage SeXiceFANpPEYNSt rati oi n val ue; (f2) translating the
trackom s-registratipggq a% LR maﬁe% r .squeeze experienced by
the mddl e track; and (¥3 H@grrpgl%irlnsg the gfr%r)tfr)a%steﬂ% ‘track squeeze
experienced by t heameabidieg sudade with aminforedeion trick atdadhed e thefspmaiepbrb! e
track squeeze. 14. A data storage devic onprising: 10 a basedeck
supporting a &yERRNe trdp g%ﬁmlﬁgemg for data Storage;

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;



a recording surface with an information track attached to the spindl e notor
assenbly, the information track being for data storage; an actuator
assenbly supported by the basedeck and having a read/wite h23ULY 2006
rotational ly positionable adjacent the recording surface, the read/wite
head 15 conprising a read el enent f or 2keadi ng data fromthe information
track and a wjte element for witing data to the information track; and an
anount of avai abl gerigating g Bitrpatisin phastepnibd taerrpyide tar sesknd signab pothe

operation of the data . 6t.0 A 1 y. Ste for suring a
track mis-registr ata\lta?)lrallﬁltgp a?gtl leISg(r?? (#ﬁ%ﬁ%g gg%n?h‘éﬁ%ﬁat%g the 6’?‘%’ ¢ &Vl ce.
20 15. The dat a st cmagdiedeanidce of claim 14, in which the steps for

neasuring a track ms- reqgistration operatin erformance of the data
g gg)[n 6} é(% (; gp

storage devi ce conPPEEBEelE TPt ansiseggnq Kylugoplciheyiahtedaine amplibier, to
perforsming a DC era56viad 4 Niee A AERTN IERISORs! MK, SLESLET L om
the plurality of information tracks; witing a predeterm ne It pattern on
a mddle track of tthigshdld eeluadp atetamninei the dnmmionaincapabiikys pf theadtita gtokdye
predeterm ned bit patiern fromthe mddle track to provide a first signal
to a variable gain g?lrlﬁf"ifier to generate a first value of the variable
gain anplifier; performng a second DC erase on each information track

adj acent the 5 JULY 2006 _21_ (e) re-reading the bit pattern of step (b) to
provi de d6secdhg detagsarage deyige of ¢haim sl én which thendhiafstenage dejemirchides a

Firstiand secqrg Ve i ndh hnERbt fufonfiFomebl BE B B SPmecs

track m s-regidsticais dnerviihedeby o an®antbft ldmaindse Sl @hareMesF the middle track
following 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

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



threshold value to determ ne the functional 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 fubhdUL¥r2806
capability of the data storage device is deternmi ned by an amount of

remai ni ng read margi nof the mddl e track followi ng the DC erase of

erformng ste wherein the read margin of the mddle track is an
gm)unt of gsi gn‘gf‘)( an$NETAIAg thedfdrsevalugas Hisheighiobinvalee basedwalthe amplitudeide used

by the read/wite I r redetermned 15 bit
p)altt tern read from ?ﬁgq?nad%%%l?? a{{]:f%ll%a.t tleﬁ]h%éoh % egsékgrb g ‘Zaq%eeget%mw’gcﬁnal m
15, in which the wamqumgo‘égze'pappd)edaonmdmsummﬁe first mgﬁaﬂl)l dentifying a
region of the mddle track between a pair of servo sectors of 20the niddle
track; and (b2)witing the predeterm ned bit pattern to the identified

regi on. 1B, Thﬁed@ét@stﬁidgéf&elcg%‘f'c@ﬁmoﬁ Gh HHRhl the eﬂo}q‘ﬁfng e%ph@ig cgﬁlﬁhne% step

(c) conprises steps 25 (cl) maintaining a set o anet er s
in a conti nuowéewpﬁe fllter of a read/vvrlte channel flxed vvhlle r eadi ng

the predetermnp the first signal through the
cont!onuous ti f| I @ﬁgfﬁ %I?nag fac‘@%ﬁﬁceahﬁ'ﬁf?lfiéfe 'ga€€2) bypassi ng a
finite inpul sedzpes mﬁgﬁlﬁgfal\hﬁtel’eldhﬁenﬁ bEa r@aniieihesd GRaANElck\Wehdr f)lhl?nc ﬁ?‘& first
signal while passing the first signal to the variable gain anplifier; (c3)

provi di ng an anpl i fRf@EN#onitrasks j r st SI gnal of the bit patzgggn read from the
GenerSti ng. nP)  SNAERENE AR MAR! IOURA o iiodle IR 15, bdeieparmed
anpl i tude of the ﬂnsxmeﬁngmémaéktdmermfthenmsttmfdhnahmuawst ei ght-bit

val ue det erm ni an . anoun f gain applied to the arrplltude of the first
signal. 5 19. ?q‘ﬁ Bﬁ‘#%%?i%fgerawrt@eémtenfamtw track; whi ch t he perform ng

step (d) Cor’rplzd%es re- §ﬁ£§?§g fe- whfdl eriél @8 bl BBAntd hsd Wik 3 PRE Qe LASK
adj acent the mddl e track
second mformatmn track adjacent 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.



(d2) aligning a wite elenent of a read/wite head with a track center of
the first information track; 10 (d3) offsetting the wite elenent toward
the middle track by a predeterm ned distance fromthe track T&UL¥R200f the
first information track; (d4) performng a DC erase on the first
information track; (d5) re-aligning th& wite elenent of a read/wite head
with a track center of a second information track adjacent the mddle
track; 15 de) Tl e sieragy deviee if Flaum dpeivenitich Swareading stepri(@iommrisac ey a
predet erm ned di stance fromthe track center of the second information
track; and (d7) acconplishing a DC erase on the second information track.
20. The data dtbr ageaidmiricge ackt of adaptild, paramatérs dh af dehtinGouseatle TPtestofR (€)

ises 20 steps of,: .(el i ntaj ni a set of adaptive paraneters in a
Cont i nuous {1 me. e W8§e %ﬂanggaﬂ’f‘%r Phile E‘F?éiﬁweihefﬁr%%e%mde&t@aﬂ@aoﬁmdg t he
predetser i ned bit Rakifg Meafil s@ﬂfﬁlsih'i‘&lgthhﬁﬁc%ﬁﬁlﬂpﬁuf:tglﬁ@i’igépgogg)%%aﬁﬂﬁe

continuous time filter to the variable gain a . ypassi ng a
finite inpul se resgansamplifierer of the read/wite channel with the second

signal while Si the secopnd signal to the var,i abl ain anplifier;

(e3) providi ng n ;B%B?%S{nt%aaeg%% Wé‘gsgéﬁﬁ?ﬁﬂées{hg‘ﬁéﬁ? _ﬂl?_fref“ﬁ@’%ﬁ‘? %}‘aﬁg&"@lﬂh“’i"e-read
from the mddle tfaakidnal Whie y@l’singt@l!l@fiﬁﬂéignélW{Hefv'aﬁﬁble%Qﬂa ifiegf€nerating

t he second val ue as a second el ght-bit val ue based on the 30 anplitude of

the second si ¢l @rovidiag nrampiiede of the-firstadigrial ofthehbit patdethaead frankthet he

ight-bit . Lagni f.yi . t,.0f gain applied to the
Zf}ﬁf’.“ t‘éj uglegof tlhe XZ‘E‘%@?@?‘SE"L&‘%ggn?ﬂﬁ%gﬁﬂdﬂ‘sgﬁ%?ﬁé 5 JULY 2006 -23 21. The

data storage del)i cgendratiigahetiis vaius aphifiest e dhe-biteatliet@s&t @Pthe GinpHamef s es
steps 5 10 of: (C|1% intaining a set of adaptive paraneters in a
continuous tinme fil eeHrasbislg&alr %fag‘FvﬁlF Paltshatha dIrst gightgbitvivplue deteaminieg eme

predeterm ned bit RaLLAIF g@iiipplied to the amplitude of the first signal,
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



passing the first signal through the continuous tinme filter to the variable
gain anplifier; (c2) bypassing a finite inpulse response filter of the
read/ wite channel with the first signal while passing the f$JELY200mal to
the variable gain anplifier; (c3) providing an anplitude of the first

signal of the bit pattern read fromth& mddl e track to the variable gain
anplifier; and (c4) generating the first value as a first eight-bit val ue
based on the anpl i tqPHRPAINE achengeiin yalug beiveen die fitbieandisecqualtreating tot he fir st

ei ght-bit val : i Ny : i plied to the anplitude of
the first si gﬁ%lt%grgerﬁﬁnh |t(g:ﬂa‘{aagag% ?%I‘?%‘g"s&{@g' (f) conprises steps of.
15 (f 1) determning a difference between the second generated val ue and

the first,, gengrated value to praovide the track m s-registration val ue;
(f2) trarfst at iR HCKICRHCCMPEYNE  rati on val ue to an ampunt of track
squeeze experi encedoRyatid\ecHidtd & i | the anmount of
track squeeze experi gnc%d b§ tﬂ%l mr%%?\gh?ﬁg'g%c%%?&&g%gp%?ﬁe eterm ned | evel
of accept abl e predetsrminpddemiteanatcéssed byea head, whierin thedeahpronideot firstack
squeeze of trasnslaﬁti n steiFgl (sféé)l S expressed as a percent loss in the
anpl i tude of tHE ?Ron%‘ﬁf‘?sé RSPERY ey the middie track of providing step
(c3) resulting fromvaligblDGamlAgsifRf afiftyihea BatOoShE st Q%nal%f’o@gedba‘ thod
for measuring a data track ms-registratron operating perfornmance of the
dat a storage &83d @roportor sancanyitids ofghe sigaaliwlyleaepartisg a fiadt welubr om a

vari ghl e gain; i fi refl. i.ve qQf an amobunt of gain applied to a

Si gngllB read f#%gééfvégféh&agéh‘f%g‘% ¥ P8ck with an intact predeterm ned bit

pattern witten tharcennl pabees@adbmPartngSthe Gind VARE 46 a k&Y WARe Yitlié AL Bf 9ai n
anplifier reflective of an amount of gain applied to a second signal read

fromthe sel e@SERPrEEain appledkio F sseonslidigrpl Rravé 1 the beaghraading:said bithe
sel ected test phkag Iforg?t'gg sle w—%slﬁ%& ﬁ%&v@gm%ﬁir%&rgﬁ@gﬁ 3 rs]tflgcgl €

between the first an econd reading t term ne an anount O ilable
oper ati onal ntesgirack. 23. A data storage device conpri sing:

15



5 a rotatable recording surface with a selected test track storing a
predeterm ned bit pattern accessed by a head, wherein the head provides a
first signal upon accessing said bit pattern; a variable gai ﬁJﬁWIZOW er
applying a gain to the first signal prg\éisqled by the head in proportion to
an anplitude of the signal while reporting a first value 10 indicative of
the applied gain; and a caontrol processor _co ing. the first value to a
second val ue i ndi cat i VERACKM H‘HSEWI@:&@ﬁS Mnd si gnal

provi ded by the head readi ng sai FORA DESE Eormthe selected test track
following a controlled erasure of the selected test track. 15 TRACK

M S- REG STRATI ON MEASUREMENT F A DI | VE Abstract of the Disclosure
obtrast of thecPisstes

An apparatus and net hod of pre %6 l'ecapabi lity of a data

storage device having a plurality of information tracks, conprising

performng a DC %%??a@ﬁlstahﬂ SR tRA Foeetictin} MAERIna PELphbidGKSE a dMth t 1 Ng A
predeterm ned bit pattern on a mddle track of the three adjacent

i nformati on storgkdevipe baning aglugality p§ inferimptioh tacksrcomprising ppeeneingat o a
vari abl e gai |ifier tqg.generate a first value of .the . variable gain
Al i 1ior, pOCrors ghtse AdiEdn STy ricky TG PieraeiuingE oA o

i ddl e tracken haaddiBeatief thkthB@hdjgent fnfermdiide thitkldpeovidiagk firq sinayi de a
second signal to the variable gain anplifier to generate a second val ue of

the vari Hbl efrgaithe biappltsrniter varshde spe pawplifigr iorgeneraterd fisst valneios®eond val ues
For use w t noarsfaih BRBhAG, Pl B A5ef o SR rb AR V7 12
capabi | ity ofhetnfiddidatadk stating theditpatiern fréth @he middle track to provide a second
signal 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
15  amplifier to provide a track mis-registration value for use with a predetermined

threshold value to determine the functional capability of the data storage device.

FIG. 5





