;& () e3eJKDDEt H'\j HVJ6JTJKc SYSTEMS, APPARATUS, AND METHODS TO DETERM NE
THERVAL DECAY CHARACTERI ZATI ON FROM AN EQUALI ZED S| GNAL- TO-NO SE RAJI O OF A
MAGNETI C DI SC DRI VE DEVICE Field of the | nvenﬂmmmmmwwenti on rethtes
generally to magnetic disc drive performance icularly to
determ ning the time-domain equalized signal-tqnoks#se ati o of a magnetic
di sc drive device. 1o Background of the Invention Recording capacity of
magnet i ¢ h&@YSTEMS, APRARATUS ANDMETHODS TOJDEFERMINEAKERMADr der to
achi eve satisfactory recording s]\éstem Eerfor mance, high linear and track

densities are reddECAN CHABALFEREZATIOMNFROM ANEQUARK ED ack densiti es,

especially hi | N AV i I i ited onto
a surface o%%%ﬁﬁ'ﬁ@s@m@% meyﬁcﬁﬁb@tmﬁf actured
inincreasingly smaller dianeters. Very small particles of magnetic

mat eri al can beconme magnetically unstable in the presence of thernal

agi tati én. The mi ni num si ze of Helvbofntde Inveatiphcl e is linmted by the effect
of thernmal ener .surrounding the particle. The effect 20 of the thernmal
energy reduces, Sg}"lel‘?‘lﬂﬁﬁltrggl,teﬁg@e& LY £Q (nagnegc F?ﬁ%r%ﬂ‘fecp‘?fg%m%m@ to hold a

charge. Thi f ' . t . [- nety ¢ _efifect. The
i ¢ or AnapREy pet bl EId ShsRuMRelAE HENEIoREH) BRAIEH Sefat
super - par aREREEHS ofl AnbendtledsE BV vadmanetic effect is detrinental to
the reliability of a 25 hagnetic hard disc drive, and the integrity of the

data stored on the magnetic hard disc drive. Magnetic material affected by
t he superparamagnetic effect, becones unstable and | ooses its magnetic
state. Bn unstabl e and/ or IBa‘fkﬂ*ﬂéﬁdqurfheflmfﬂmﬂ@nundesi rabl e because

o on 1 R RNE el R e B Tt e
The super- ﬂﬁngﬁﬁﬁﬁﬁﬁltlia@e.efrf Sicler t§ aEBVESARITALBEY %Béow‘i?lgr t@nQf degradation
of signal anplitude. C_)ne ra:t'e of degrad?jtl on fol | ows I nusoi d a.nal og
signal, suglerfientanceisighriinea? dngatdckrdensitissrnst arquized. plat drelen to attainnel |
known to those skilled in the art. The rate of degradation is also called 5
t her mal dedugh hingavandrbrack densitiepaspatialy bigh Hpeandensityt maignetignet i ¢ di sc
drive devices is. tested durjng design. prototypi to termine the quality
and) oriSr elTaST R} Htor CeRes S 2 Sharace et 2ati ot fsciugalBeaur i ng &
oan oatiea afled SROBRL, fbbGrdbye o fprmieig) BRbuceHiLlden, Aud5o) o[
drive devi egnalbpaktichs sfenagietianhidrial adn Becdhe M ticsllguastabidin thee design

certification firmware includes a nunber of certitying tests. During the
desi gn cer tpreserueiod thenma egitatiphe Thegnigimeen sizeiof athagnetéspartigtesisexecut ed
on a magnetjc. disc driye device in a predeterm ned sequence.of the tests
ot 1t he . diited BEehe e et dhrmalhner By S oBaIS fhe TAbEIor e Sethal ¢ o
The seqgyen A AT : e he tests in the
sequencc:bg f;bl?ltfsg t%%é]_idclf XF%’ %?ﬁ??’%ﬁgnpgéﬁeém gr&gﬁ? &sqqgo?géﬂéemgit error rate
(BER) of theyrieensthold dichargd. i Tis AUHGE refERRIBERsitRe @n?é, hfagtdgaerief the
quality and/ or reliability of the device during certifyihg a design for
accept ance affect. alhallimibforraneghetompartick BHRIds dlasge isseferied td astheg a read

channel of the magnetic disc drive device. However, BER determnation is a
sl ow pr oceS¥PEHRATINRERMCMMite cost of certifying a design and tuning a

magneti c di sc drjve i.C i.sqit. difficult t rrelate the

anpl i tude degr ac;tal%ei Sélﬂ?%¥g{aga@%{1§tgy§f{f%cﬁé.‘?d%%lrgé)%ﬁa! Foeb}eorteﬂéﬁg PEER) . The BER
IS an iBPOhaghetfIRA I diS@HHOB, AR IR inf@SNOI0f thellam dbte®sn tifdre conventi onal
nmet hod of determ ning the BER when certd f ing a design of a magnetic disc
drive devi anagmetiaidesl died driveniMagrdtie rhateridbatieated hyrahe saegdersi gnal - t 0- noi se
ratio (ESNR). The tinme-domain ESNR of a magnetic disc drive device is

cl osel y corfapmegaetis effeqtheqmpesgimstaile ﬁﬁéﬁ@@ﬁ»e@ ignagaetigitptee Advi ce. The

time- domai nunEs%hﬁe 'aﬁd?%% Fc{s;nn{]aeg%egx sga?gPsu&r?éesgrable because information is

stored in magnetic hard disc drives in the form of magnetic states. Loosing

30 these magnetic states is equivalent to loosing data.
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~readable logic that is inplenented outside of the magnetic disc drive
device. The tine-donmain ESNR test logic is not stored on, or downl oaded to
menory of the magnetic disc drive device. In one exanple, the logic is

i npl enented in software on a host conputer that is operably coupled to the
5 magnetic disc drive device through a communication channel or link. The
logic is executed after retrieving the respective data fromthe nagnetic
di sc drive devi (Iéhesld?éﬂ\[;ﬁfamhgﬁew@éfmﬂﬂﬁm{dr@&eﬁhédlb§|th@fatbidﬁk bet ween the
device that inplenments the tinme-domain ESNR | ogi ¢ and the nagnetic disc
drive devi degradaticnef sigmalsinoplituidek Orassratéiof degraciatioh fdbdayiasindsoadisf er of
lo magnetic djsc drive data that is jinput to the tinme-domain ESNR ] ogic.
Fur t her nor @nalog signalesits censtaninR ] pritgrngaConstant &4 pattesnsarwellc di sc
drive devi i i ffi L. QT sthuct, or. repair,.when errors, are
introduced(ii%g“?rhgeiottﬁ‘é)g%ﬁélglteg.ml\tgégﬂdg{haerlae ié?&éﬂ?&lo?bsﬁla%f)%le[ uct because
user daka Qﬁmpdgcgy%gsgpé}gghy\,ith no regul ar pattern, and is reflected as
a 1 s random anal og signal. In contrast to a constant sinusoid anal og

signal that charlhetthermekde¢day Seqeemremantofupaghetic distebrive devicewient i onal
met hod of performng tinme-domai n equalized signalto-noise ratjo éiESNR)

cal cul at i ortested dygng ¢rsign RERIOFYRIRS 47 dateamine thexgwrlity andyeareliatilityanal og

d- back si.gpal, i. i ved f ic disc 2 i ve .devi i th
hi gh speed O TEN HATICE: B At AROHI BE SRS Re (1SS 2 TREROUIIASE QA ed di gi tal -
data is re?ﬁ%%rféiic%s@dﬁ%ﬂf{ﬁﬁﬁa?af@ﬁgt%‘ﬂﬁ la: d ek Eoéé\»ﬁfoﬁdﬁgqg achannel is a

si gnal processing program I's external to tthe nmagnetic disc drive

devi ce.10 Theegdbhlypierh &8 RIDIN) o€ thé pritbrye raegnéthedide dgivdidevecephhd the DSO
for measurenent of the tine-domain ESNR™ The software 25 read channel

si nul at es tthe designaettificaiondfinpnyeieislexeeutddc Aherdssigneartificatiormge of i nput
to a Viterhj Detectoy,, which js i mari.ly equalization.. The equalized
STonal i o diERpEShaides autuinher Sgstibind 56 PEnsithadesor | o

statisti cal S| efrer m £ Le- ' I—%y\g ne

si mul ation Cgﬂﬁﬂ%l%g}egrog?lgb{nﬁo 5 eé%ﬁ;flltg%lﬂ(g(gﬁ‘ ?érgg%a cejt%_gnné:'fi y %(Iﬁatr,gngé twar e
read 30 chafigedirivé deeRe ifaPredéierhiadd stgfudate BPRIALSS M thdientieysi cal read
channel . 3 In addition, preparation for measuring the anplitude

degr adasi oseqa¢receaf cartifygmgpetdsts idicompletederilalteds Theweljaescnef i n
conventional systens. This conventional nethod is tedious and requires

ext ensi ve ERtEying testirwithhalt prhsoeanyi ore ahthedests in diseasgnrpfalst, such as
the DSO. Furtherqpre; the 5 rea hannel, of ., conventiona S t or age

devi ces. i nol ude R a! s erdy iR bR Age: o tyf SR RS TR dheor 20°
non-retur ”'rhé’gﬂé%fc%ii;&“ﬁ@z_e RIS iceA THEBERI§s drbirldi@ioH &Sthd li!t}ﬂaﬂa ght al binary
form whereby each positively or negatively charged data bit Is separated
fromits preldahsitissof therdbviccdaersgettifyirignedesighdor advaptamcaeutfaibdrechar ge. 1o

Sanpl e signals froma read head of the mass storage nedium are converted

f r om ar?dl ogeiestien g ha BERis alsosmeddgr teniags tead channelrefdhe ppagrieticr) g 10
illustrates,.a ¢caonventi onal anal i,ghal .of .read data from Ss storage
medi um  HoVBRRSIVE (VISP ISREVET SR R TTURR SN BiRaslovir e Bak, i n some 15
exanpl es, 3RRQXisTRE @byt & @Ptfyin BRI tubl of read
data can be oSt pt?trmto th&ef N%ﬁzygtérg?gé%gvag{rymell ?"gf%‘zeéghg?@?gz data. FIG
11 i1l ust r alesscec AVivestivieigfit disfiqult trocortelareethefanepittueleghid4tiasese of an
anal og signal of read data. In FIG 11, one out of every eight phases is
sanpl ed, i ditbesignabip a his ezvordetes(BER)nd helERisdroignpodant spesiisptiong one out

of every eight phases, does not allow a conprehensive analysis of the
behavi c% offg’fﬁ@gi?ﬁggaﬁcdﬁéﬁ’é' device. What is needed is a system nethod

and/ or appar at U} 0aj @n@%&xﬁf&e@g&&éﬁ agée‘f’mtiﬁ%% b B%I@%%%ﬁ’&egifgh% ype of a
magnetic disc drive device. In addrtion, a®system mnetho n or

appar at us tdetgrPofy hidesetia dcidigveddevité ithad@sddbrmpafg shatigles from a mass
storage nedium of a nmass storage device is needed. The present invention
provi des a dsshainegualized hignakternoiseanatip (BENR)s Tha tigne-tiberain HSINR ofialvant ages
over the prior art,, 3Q 4 Sunmmar f the Inventjo bove- nent i oned
ahor t con hgBaBRESAIaHF A A6V IRTaS plosRy el B4 auih &8s BAR s theenameticn:

| nvent ign, Wl ¢y ¥idelicReTHO AR89 iPESNRAY e e by bRgutele fol 1 owi ng

speci fi'cation.
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~The'present invention provides systens, apparatus and nmethods in which the
thermal decay of data recorded on a magnetic mass storage nedi um of a nass
storage device is characterized. |In one enbodi nent of the present
invention, a method to characterize thernal decay of data recorded on a
magneti c mass storage nedium of a mass storage device to includes witing
reference data to a reference track and an adjacent track, on the nmagnetic
nmass st or ageadwtlé lopiothdtheimpkeditod agesidevf fe maphétindist elgtvedidvicd. 0 a test
track on the magnetic mass storage nmedi um of the nmass storage device and
det er ni ni nd’hg timewlogdeaini BSNR dedt il ogid isngratpradoon, siraladisloeded dm rati o ( ESTDR)
and an equal i zed sjgnal -to-noise rat :ﬁ’(é)*N(‘grSrER) from 1‘:‘1 the test data and
fromthe r &rePEREe! thergagaefic disc dryemevicnipanssremplesthe lpgiedent

i nvention, . t. i S i [.S6 rably
coupl ed to' ééﬁrrglg%gtlli‘%oh SA({ g%glna %g%egglﬁédtgﬁfeijfag %%}Zelgngfﬁoéfpgé%%g&eor to
wite test gheticlidc 8866 detRekhRugHE cSinBtutibsordtharite] 8r Bakf aheance of
the neans, to wite test data a plurality of tinmes to a 20 reference track
on the di sdogiaislexevutashafitererettievingitbe despettivESaia faomh theen&gidbk difc t he t est
track and the reference track, and to characterize the thermal decay of the
di sc from WhEedemcediamieveshe sommpwaicagmprhannel or linkrasswiesm e of t he

present inventi a net ho 0o characteri er.mal cay of dat.a recorded
on a magnef ec\,”cfrgglét @t‘glr%gbeé&?r&lﬁ tém‘!e' orgawali@\lggogxtc _ged%%%%lﬁ & udes
readi ng t egfiiadévitd RIS THIRGNGY Ik RS The bAeAAST dBA NP 1Pinstdiomss storage
devi ce, reading reference data fromthe nagnetic nass Storage nedi um of the
nMass stior agraglesticatisc dride datethat iv ingusto HETiReadsnhiteESISRRogicom t he read

test data and fromthe read reference data. In sonme enbodi ments, the
readi ng steps fdurthermogelingensentivonalgystests, prerdatasiorel ani aymagnetic gnal s of

f dat a, i. | ural il h ,_yieldi I lit f
G ortal sanpreabive AP it ey Pte RaPsSRurt aighaidvben sfoBaits ed 1 hr ough a
non-r et ur ”iﬁﬁbgﬁé&i efds%{fh%a\ﬁﬂl r%at?%t@?%cﬁ{lg fH rolE et e fy di um

and arrangi ng e plurality of reference sanples i n chronol ogi cal
order. In smea E@B@&émdéﬂﬁ@vﬁﬁmﬂe%ﬁldrﬁaa&@?@%rﬁﬂﬂs&feﬁe&@dfa@bm?d in a
plurality of performances during a predeterm ned tine period, including a
del ay df arpnéddetaabogsignal. nip dostrestio @ectstarit divesqid wnaldg signdl that
performances. In another, enbodi nent of the present invention, an apparatus
i ncl udes acgﬁ%@r&é’ﬁé ¢ sHPet-Batnagnetis effeske of data to be read from
magneti c disk t . - - 0 . . enhodi nent
of the present %I\Q/en ﬁh&ggﬁ{eg%%&arg %E’grsfafrhgrfiﬂé? '(g&?'rg%c%lﬁhs%g%%@hg a
plurality Qé—ﬁo@é&rﬁﬁ@f’(ESNmr@:&l&ﬁatiﬁ]ﬁr@lud@_%&ﬁze@-@ﬁﬁ@i_ﬁ% rpénaiég(i’@dcﬁ-_t ed test
and reference portions on’'the magnetic disc, wherein the track Ii st

i ncl udes atbatlkaignabnEhe epalegenadibiack sighahisrreteived dmr nankgmaetit dist east one
representatjon of a test track, and a track sel ector operably coupled to
the ~ 30t r 88kve destice withia bkgéﬂr%@edrdégttalééqzragegsgllpécqnﬁ&?SO)- e over-

tati t t K.li to t 1t t d d
ol er ence. dapied el Wi eiecerpd by luetaraBd St IreP Pefur cs as
] q i b $ . . . _
\ggpar 2?\t au\|§on r eadi ng ngglgfﬁﬁgf)f ol ?’%&g%&é%’gﬂt@?ﬁgggggﬁiﬁgﬂ%ﬁ%& dleFlg\e/i ew of

t he associ alisoddvedevige. The sBftivaire BesbchiguinebsymdhrohizebtleandisgslriveG 1 is a
bl ock diagramthat provides a system/|evel overview of the operation of
embodi ment $vigh thmES&f@gmawmI@ﬁm Qfrthertinge-dpmain ESNRwEha sefterare net hod of

characterizin he thernpl decay 25.of data recorded,on magnetj c mass
ot or agd redriR et b et FaRpeidin of  BBYHER rg CHOBREI FOREEES! e
present inyenti } Mo 1T . racterizing the
t her mal de\céggi/&tl%é 5a{g§?re%gjr % O%n a ﬁ%hrelﬁagﬂxgggggg%é%ef%di um of a 30
mass st or aggudB¥édsignbl is then resampled at the input to the viterbi detector for

statistical analysis to determine the time-domain ESNR. However, the

simulation of the operation of the physical read channel by the software read

30 channel is less accurate than actual operation of the physical read channel.



" FIG 4is
reading fr
i nventi on.
t hrough a
i nventi on.

and/ or reading froma reference track,

a flowhart of a nethod for reading froma test track and/

or

om a reference track, according to enbodi nents of the present
FIG 5is a flowhart of a nethod for obtaining data in phase
non-return-to-zero bus, according to enbodi ments of the present
FIG 6 is a flowhart of a nethod for reading froma test track

present i nyeaddidion, prépdrhon for ﬁleﬁsﬂhlﬁ)gl thadaraglisnd oflegradatiparateust at o

characterize the thernmal

according to enbodi nents of the

decay of data recorded on a magnetic disc of a

mass st or ageghetic dasc émmrscalﬂgcmmbersbum mweotlonhlesypt%e@ nthisnvent i on.

FI G 8|sanexplo of
i nvent i on. C9B&VERtEN % i tedigusian

E&?&ggﬂé ?&'aaa{dcﬁ 18Hal|

paths in a
il lustrate

medi um £l Grdall ¢Hdnie! bﬁécﬁﬁvéh@l@‘z‘lﬁmﬂa%\ék'or

mdh? Csugﬁ tﬁ&}tﬂéﬁnofe fietO

one erg:)odl ment of a disc I ve of the present

FIHEIES G EGS A "s’ﬁ%W §°tWé8%mai n data

a con ona anaﬁ@{ﬁ# rfal reaQ%gja froma frass stor age

Vi6&h mtclum@ thé aBlRY Yo ei ght

phases 20 of an anal og signal of read data. FIG 12 illustrates an exanpl e

of a graphredireat eligita satrgilesto ohonwesundnerrs (NRZE) busstA DIRZ busisand a
E)rortlon FIG 13 .illustrates an exanp of a ra hi cal
ﬁcnqsrtb eln e nagafé\reéyence

ref erence
representa
portlon
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rather than a neutral charge.

Sample signals from a read head of the mass storage medium are
converted from analog to digital by an analog to digital converter (ADC).
FIG. 10 illustrates a conventional analog signal of read data from a mass
storage medium.

However, the ADC operates much faster than the NRZ bus, in some
examples, approximately eight times faster. Thus, only one phase of read
data can be output to the NRZ bus for every eight phases of read data. FIG.
11 illustrates conventional sampling of one of every eight phases of an
analog signal of read data.

In FIG. 11, one out of every eight phases is sampled, indicated by the
dots along the analog signal. Sampling one out of every eight phases does
not allow a comprehensive analysis of the behavior of the mass storage
device.

What is needed is a system, method and/or apparatus that provides a
reliable test of a design prototype of a magnetic disc drive device. In
addition, a system, method and/or apparatus that provides sampling of all
phases of read signals from a mass storage medium of a mass storage device
is needed.

The present invention provides a solution to this and other problem:s,

and offers other advantages over the prior art.
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FIG 1 is a block diagramthat provides a systemlevel overview 100 of 30
"the operation of enbodinments of the present invention. Sone enbodi nents 7
of the invention operate in a processor or mcrocontroller of a magnetic
disc drive, such as disc controller 914 in FIG 9. System 100 includes a
t hermal decay characterization neans 110 operative on a processor 120 to
wite test data 130 to a test track 140 on a 5 magnetic disc 150 once
during a performance of the GagRmaktOf thBent&itiom! decay characterization
means 110 is also operative to wite test data 160 a plurality of tines to
a reference tradhekbdvermemdomabsteirtcondings, diSadvdntagéseambpeobletns arder nal
decay characterization neans 110 is operative to gather the time-domain

equal i zed- gdgnessed byrthe present inyqriomRry higp wal detusilerstgodibysreading n ESNR
data 180 of thg éest tbr ?cli 140 and.thﬁ reference track 170. Moreover, the
thermal de@RY ERAYRGHE IOUQWEIE FREGHLATP8- | s operative to gather the

equal i zed si gnal 5 |: Gl ] i t4 ted by the
EATOR data 190 a1 coRe Ny Bar AR PO A ed Rl B 20V o
char act er i z¢hitheh¢ tesrnell ddesyayt détatrbeondedroat a magingtic hvdds sborbgem t he

time-donmai n ESNR data 180 and/ or the ESTDR data 190. The thermal decay
char act er i 2aedigm abamass storage deuice iechaactetized r dalonesambpdimeniofng a

per formance, of the neans, 110. e.test track 140 is initialjzed fromtest
it o 130 = the pegsent S enaiat ¢ method ¢S Ehatekeiizs therm@diayif g8 per o rmnce
of the nea Cals, i .ermne the

t her mal deggg/dlrﬁg(riila%g a %&E Q?ﬁ/%ﬁ%t({réggh’beﬁ?%{d& o#ﬁﬁgsrr%t%(r)%gepgﬁlg% mance of the
means 130. iMIGdey iritingréf&Rho@ HateoayrefdRABE trabk HhaAntadjfdedx &lacRowi thin a
magnetic transition causes the signal of the witten test data 130 to
weaken, andh¢ megnehie massstatageimmediGhiRohhasnassretotagefdevine, writingtest est dat a

130 weakens, Wien contrary to the teachings of the present 25 invention,
the test td@&a(tqwﬁtgraﬁggmthmamw rpassrstepge mnedium pf thefmagsich wri ti ng

woul d reset t . i,gnal ; rpnger. state us

b event | ng “I0PEE REFRERSR Gerfiyfa ' ARG R b fA&FS et nty
relatively di%&i&?fdtﬁfig}grﬂm%d é\‘i@@ﬁﬂl‘ii&j §i§n&l%-ﬁ&§éi’éti‘tg(£SNR} fi8nPr esent
invention, the reference track 170 i's regularly rewitten with test data
160, 3aswhithéteseslatesand veak drenkfaeatedata 330e nedrevthacembodkendt/dr the a
stronger state, 8 providing a reference of conparison to the test track
140. Thus, RTBEEN§iREIHION, anaPPasHus iRdrdes @ masneHs ditad Preeesser of t her nal

decay of ti ne%]%gnai n Ea\{;t?%ta 18 .g:Fd/or ESTDR data 190 on,the test track
140 tesul t SPSTRRY SAHP SRREREGITAPE APAAETDRPSREVE A Ry o her
ef fect, SU‘H}o@e%sPﬁgg‘ggﬁgf%@a_ta{aOH&a fUPLAMR JAPhPORNIHERS dubfhglvant age of

nmeasuri ng therma ay of tinme-donain ESNR data 180 on tfre test track 140

that is sulysirforiiedick vf sthe eRahs, tofwritgest datatarplasality @f tineb ot any ot her
effect, such as head degradation. Time-domain ESNR is closely correlated to
bi t - er r28r - refeseq®ERIck gn thewdisg, andiermeasuzsitie fesdemasn EShEhame theer f or med

h fast R . T d of t test i || -suited f
thermai - oSy} LIRSERaanEadand e relirsaft Basbund B SATRIASEE qul ckly
after (he WEshaaihe o thOBLLOR the HnCABRSTRONIRA fhe BYPDRMII00 Uses an

ESTDR measur enent, at advant ageous provi total sign Istortion,

| ihnear . 5 embedimditdf the ptadeht Riventohpa alethbe te tinattefzasherfalunder
t her m

decay of data recorded on a magnetic mass storage medium of a mass

25  storage device includes reading test data from the magnetic mass storage
medium of the mass storage device, reading reference data from the
magnetic mass storage medium of the mass storage device, and determining
an ESTDR and the ESNR from the read test data and from the read reference
data. In some embodiments, the reading steps further include sampling a

30  plurality of digital signals of reference data in a plurality of phases, yielding



~influence. System 100 al so provides the advantage of not requiring an
external measurenent instrunent attached to the disc drive. Because the
processor includes the thernal decay characterization nmeans 110, the disc
drive is 20 capable of extracting and cal culating tinme-domain ESNR and
ESTDR t hrough firmvare. This not only saves cost, it also allows certifying
a design of drives without requiring costly external neasurenent

i nstrument a sluedlitgsofligitall sadhples, ahe pturasiey bf apsRPsighBEDeing BarmPlar] _
enbodi nents, the only external apparatus required in the present invention
i s a tenperthtangh 2Bontratrertorzere huadeomaeVitgrbi Bletador ofn presy sWeagher nal
isolation to the systens 100. One advantage of the present invention is
that the edﬂ%ﬂsliui%tq gapgipgshe ﬁ%ﬁ%?ﬁ%@%&lwﬂaﬁm?m ead channel,
preferably I I Cif.Ccui rat . SOf t d channel
to simulaté %fé&égﬂ; gérng%é‘r eIan(Laééﬁae é‘h%%l{erﬁ&g%’ Ehr?@%glrﬁlerﬁolisgﬁgéae[gé tens. The
har dvar ¢ rqﬁ@fo‘%med?iweﬁiraﬁgf& oﬁ&?dfh?érﬁbé’ dﬁ?itn%r d%fé%&térﬂﬁn@&rtﬁﬂé mance of the
channel | C.~ Another advantage of the present invention is that a signal is
re- sanpl ed peyiddyéndladihgea delagad agired etelrméndad tiatet bethlegn each bathed o an onboar d
ADC. The resarrp_lig by the hardware read channel is nore accurate than the
5 convent i diHralitgohperiormanees. dammothey ambodingd|of fhe presepsmVEREOBendi ng
the data to_a softwar.e read channel, to bhe re-sanpl ed in in sigulating
the ADC of AERAGHR Reludes pdtRar Selester, 5 selecEd Phigieatilftade 8 Badhod 200 of
charact er i 24418 rhigndtRetiBRhlieia AbnehanltBRES BHlsOh Andlh@Ret [ C masS

st orage nedi um ofgrzli masls 1o oar ag% devince, acco?dln}]g to enbodi nents of

t he preasentembodinridnf tiopresenbeenton sarohppaiahedinéRidsaciraddeligdef | ni ng,
receiving and/or obtaining a plurality of representations of one or nore
addr esses dfavirg aplatadidy oéseprasentatidry eone pomoreaddrasseshef asagriateidc nass

storage nedium Jjn_block 205. I n sone enbodinents where th gnetic nass
~5 storage tﬁ%t(ﬁr\giﬁqf%regcq.rggﬁg}r}s(prm dNAGRENG léﬁ:'éﬁéerﬁé‘ﬂﬂtﬁﬁra@ Sthorti ons

i ncl ude dat; r . i nclud e positions
and track plgcsllhtd? %ggleggtd?r%éﬁgg?%r&r%ﬁé& Féégéeg‘r%ré?%ﬁlﬁ%%fi%e%? %,%e plurality
of represe fl‘b?iés@ﬁfhtioﬁcdfl&j@& hcld, Qadta RAE SQRIEH 6?éﬁbl}ﬂébtq§1eé t6 gher ence
track and a least one representation of 20 a test track. In sone

enbodi nent drack listf terteancarse thectkadialéstato clutdirethe repedsentatioms ftaséhehysi cal
proximty close to a test track tqo ensyr e, t hat cihe reference track and the
test track tmfieh%a and 0 trapginidestdada ppd referense data s theqmagnetic disq:

frequency). In i t lural ity of.r ese i ons includes
alist 25 or tab e.e?ﬁgﬁ%ﬁ@géﬁ%ﬁ%ﬂﬁsgagwc?@fsﬁé’%%ﬁ@%%n%@etti ng a

r epr esent aldhaRa@ériANtH P ¥erRinPOM IS vill BebpPaddriip R retaaﬁ'lq%i‘%'lr@' ity of
representations of one or nore addresses of "associated test and reference
portions (rfollostnogwiptailled dasorptobaddneniesy of thel aaséci2fed, drakdngs.t he plural ity
of representations is a list, a pointer to individual representations in
the 1i<20 is nodified, updated, 30 or set to indicate or point, to the first

representation in the |ist Bri]éQDescription of the Drawings

FIG. 1 is a block diagram that provides a system level overview of the
operation of embodiments of the present invention.

FIG. 2 is a flowchart of a method of characterizing the thermal decay

25 of data recorded on a magnetic mass storage medium of a

mass storage device, according to embodiments of the present
invention.

FIG. 3 is a flowchart of a method for characterizing the thermal decay
of data recorded on a magnetic mass storage medium of a

30 mass storage device.



. Some enbodi nents of nethod 200 al so i nclude defining, receiving and/ or
obtaining a stop tine, in block 210. In sone enbodi nents, the stop tine
defines or identifies either total tinme for performance of characterizing
the thermal decay of data recorded on a nmagnetic nmass storage nediumof a 5
mass storage device, such as "24" hours. In sone enbodi nents, the stop tine
defines or identifies or a tine with respect to the local tinme, such as "2
PM " Some enbodipigni $s #flowhhfcth208etHR®Dfor Reddigg felsrhiaebOtradlesed vorg and/
or obtaining delay tinme for test intervals, in block 215. In some 1 o
embodi ments, test intreadiagSramaviefierence iraek iaccending toemiedayentstafeen
iterations or perfornances of ,a test. The delay is inplenmented because a

st eady stream of tesggépgﬁﬁﬁfnﬁ@9€§§ary because the delay is predeternined

to provide stat irgti | 0L rekl i G st dat a.
Thereafter, net r%% gg’{)‘é ?;‘ih)g}lcggfetsdf;éa}%gg&gfforéggﬂgiﬁg&gg{?ﬂaggfﬁfoggﬁ S
pertinent to the reli;ad-tdturholzbR B@é%céd@ﬁ%ﬁb E@voafnerdf3®f tROP neasures
ti me-domai n equal i zed-signal -to-noise-ratio (ESNR) data and equali zed

si gnal -t o-total - di st gresemt imeergm.ati o (ESTDR) data that characterize the

thermal decay of data recorded in the test and reference portions on the
magneti c mass stdrafds atgnshasofiaaethadkiorreadigs foapiactest fracksand/ o

enbodi ments, between the tine del th | ural i f representations of
Che test and ref or endeugRrane marente fafhpcCoidife o srBBaRRERIsH 1
initialized according} iERLs of the portions are taken, and stored
for | ater analysis. goﬁgréé%ngggf ments of nethod 200 al so include selecting
one of phe 25 plRIGaYiid ¥ blckrdipgese of ahiapgamﬁs enehaactepize thel ticeares of
associ ated test and reference portions, block 220. In sonme enbodi ments, the
next sequential inst alecay ohdateeregprgdest on ¢ magnesicaliseof, a mashstazagehe fir st

i nstance. Sone enbodijrents of t hod 200.al so i pgl ude det.erm ni ng whet her
or not the selected ﬁl‘@sé?ﬁoéaf%t‘%% %qsﬁr%‘?&%op PWFQ%IPEP%{%%% porti on,

in 30 bl ock 225. ] J: U i d icnaj; t he
selected 11 rgg&régggsn%ggfgﬁhggglgg%t@gg%%gﬁggtggialtc ,ﬁ?r%bﬁg{c? 200 al so
includes initializi ngprbg@ltﬁﬁ{x@{tme track, in block 230. In some

enbodi ments of the initializing the reference track, the initializing

i ncl udes di r ect FGr: Pasa highclevel bkwkealiagrannshatairgg the mhin dathgadihcin a r ack and
at | east one other track that is s_adj acen(ir,to the reference track. In some
enbodi nents of the i wonvaniiongldighevel gisc@ivearchierture. witten with test

data, such as a .o random bi t rn. ;Ihe. I it pattern is
al so known as a%@%ﬁ@%%ﬁgﬁgrﬁ c@“ﬁ’&ﬁ@%@cﬁ%@ %gglﬁgégéﬂgeta d%%gé)ﬂoﬁ\%one

enbodi nent , pseudo-rqagggrgtgpatg@%é@u@,ﬁe apparently random but in 1 o fact
are pre-determned or determnistic, such as through the generation of
random nunber s dlGe dhilbwmdtradestorommpionel sy pliegef dne whevdrytdightsplmses equence
of random nunbers are generated each ti a random numnber generator is

i nitialdzed and used.of@HANARE %ﬁ]%reﬁggiaﬁ%mdom nunber generator is

Wil 1 ther ear ter Tohdt TastHES & rettobl A Bt S Be) T e Somer
part i cular Key S USGfleadieNBHM Oith RIPRSHITBINA o bierdRBgidHigh. the DI

pattern is 31 or 127 bits. In sone diments, when the determning in

bl ock 225 i ndi caIes 18 lilddistidtes arkrarnpte ofepgraphita represertationeESTOR est
track, nethod 200 al so 20 includes determning in block 235 if the test
track i s being testedngagurements ofs test pertign and 8 sefgeenePaskienof the test or

| ndi catds {hat OHo-t8dfieHalekPResHar Agta SutPlE FRRAHENEE the firat time
after selecting ﬁ@gagfillﬁg}ﬁatgﬁgﬁ ap‘raﬁ‘ggﬁ‘%@?ﬁﬁggﬂéé‘jeﬂr@atw tializing the test

track, in sonme enbodinments the net I nc 5 1nitralizing the test
track in block 240. In some enbodinments, the initializing in block 240 is

substantially simlar to the initializing described above in conjunction
with block 230. After the teWMi on is processed
accordingly in S 2 235, and, 240, net hod 200 .i ngl udes, readi t he
fest data and' HICad Is ARG BRHAN AN, Y WBte HAYETE lETeL R P A Lo

tinme-d i i i O = i YNNG} t and an
cqual | 70 ST o o RlralR: of e PhRba e b Bl bR ot dat a

and fromthe read reference data, in block 245.
7



~I'n sonme enbodi nents, using a pseudo random bi nary sequence 5 (PRBS or PRS)
that contains Mrepeating cycles of a bit pattern having N bits, the

foll owi ng cal cul ati ons are performed: Assum ng where 10 15 20 z_ z z ~MBE -
Noise + ~NGD 1 N1 M1 M2 Wth QNoise 2 - N~ M~ ~m Z M~ ~m n=1 nrl
ml1222~ND-~~M~~m~~ M~ ~m n=1 nrl n=1 n¥1 The time-donmain
equal i zed signal-to-noise ratio (ESNR) is then calculated 25 as: M N am

nFl n=1 Enmbaf themviehtiog oplekate in @,processébbr fadHocen@ullpndf a Alagnatio discl deal
Target Sanple arid ~,nn = am - am ~ 2 Then ~M5E Z M\ ~ ~ ~tm z MN ~ ~ Em
mel n=1 meldrive] sugheasedise contrellen 914 inyldGe90f the PRS; and N = the n-th bit

SRLER SR RS N M T

operative on a processor 120 to write test data 130 to a test track 140 on a

5 magnetic disc 150 once during a performance of the means 110. The thermal
decay characterization means 110 is also operative to write test data 160 a
plurality of times to a reference track 170 on the magnetic disc 150.
Furthermore, the thermal decay characterization means 110 is operative to
gather the time-domain equalized-signal-to-noise ratio (ESNR) represented

10 time-domain ESNR data 180 of the test track 140 and the reference track 170.
Moreover, the thermal decay characterization means 110 is operative to
gather the equalized signal-to-total-distortion noise ratio (ESTDR)
represented by the ESTDR data 190 of the test track 140 and the reference
track 170, and to characterize the thermal decay of the magnetic disc 150

15 from the time-domain ESNR data 180 and/or the ESTDR data 190.

The thermal decay characterization means 110 initializes a test track

140 once during a performance of the means 110. The test track 140 is
initialized from test data 130 a first time that the test track 140 is used during
a performance of the means 110 because the test track 140 is used to

20  determine the thermal decay during a relatively long period of time of
performance of the means 110. Moreover, in thermal decay, magnetic dipole
relaxation within a magnetic transition causes the signal of the written test
data 130 to weaken, and thus the time-domain ESNR measurement of the
written test data 130 weakens. When contrary to the teachings of the present

25  invention, the test track 140 is regularly and/or frequently written, each
writing would reset a weakened state of a signal to a stronger state, thus
preventing determination of thermal decay of the test data during a
relatively long period of time. According to the teachings of the present
invention, the reference track 170 is regularly rewritten with test data 160,

30  which resets a weakened state in the reference track 170 to a stronger state,



" ~SR4snnple N+ 1 ' where N = PRS Length PRSrns SPRSrns - Signal EPR4A ESNR =
20 * log Signal EPR42 rnse ~MSE ESNR na,se = 20 * | og Signal EPR 42 2 ~ Noi se
| 0 ESTDR = 20 * |l og Signal EPR4A2 ~ NG where ESTDR i s equalized

signal -to-total -distortion ratio. The exact formnulas used to calculate the
ti me-domai n ESNR and ESTDR are not critical to the present invention; in
sonme ot her enbodi nents, other formulas 15 that are well-known to those of

ordi nary slrbidify b hefedéricearf @ottfRAisba t6ahe tdsetrack N20.t Thas, dbapreseRBNR and
ESTDR. I n sone enbodi ments, nethod 200 al so includes storing the tine

domai n ESNiwRitioneensures thah theagearurgment of theyinead klepsy of filme-damain s st or ed
in any one n di -know t o those skil.l the,art, such as 20
rando?/n accgggﬁ%ggﬁy (W&%&i Egljﬂoﬁ Eﬁg"’sl @Fg"éfeteaiét\??@%f‘fh esdlfe embodi ment s,
the data i { e I r 200

I ncl udes dé?éértrgnﬁﬁ?%g% eﬁﬁa gi? %\aori[@ ﬂfc%eér}cggrgg%%ggﬁr%?fe% S%d?gésﬁg%%

ref erenge g@g{fddhmotnhat was selected in block 225, is 14 the |ast
representation in the plurality of representations, in block 255. \Wen the
determini ng i n Bystekn 2Ebprovidesthesadvaatagehe mepnrientherinahdecaynoft t he | ast
of the plurality of resent ations, nmethod 200 continues at bl ock 220.

Vhen t ho démlr-ﬁpm%%% el Hiegeoiaresk {bat meubeiwealy Bl Ts (e
| f th J \ tati , t 200 i det I Ni
whet her or OhgtrRgc iR ROT AL h o5 ich B2 Redd ARBSBHER Cop 11 e,
in block 2%e%ﬁ&irﬂ?ﬁﬂﬁi@ﬁlo%&lﬁco@?é‘lét@@% ibit-r8fkaté j(QERE AQt@b- perfornmance

time, the current tine is the total elapsed tine since the tinmer was

startedoi ndbntaih/BSNR 2idasulinest danebespartorred neehi fasdr tllarbBERK 210 is the
local time, the current time is the local_ time obtained froma clock.

measurement. The speed of the test is well-suited for thermal decay

measurement as it is advantageous to obtain data quickly after the first write

is performed. In some embodiments, system 100 uses an ESTDR

measurement, that advantageously provides total signal distortion, linear

15 and non-linear distortion, data of the signal measured under thermal

influence.

System 100 also provides the advantage of not requiring an external
measurement instrument attached to the disc drive. Because the processor
includes the thermal decay characterization means 110, the disc drive is

20 capable of extracting and calculating time-domain ESNR and ESTDR
through firmware. This not only saves cost, it also allows certifying a design
of drives without requiring costly external measurement instrument, such as
a digital storage oscilloscope (DSO). In some embodiments, the only
external apparatus required in the present invention is a temperature

25  chamber to encase the system 100 to provide thermal isolation to the systems
100.

One advantage of the present invention is that the equalization
process is performed using a hardware read channel, preferably an
integrated circuit (IC) rather than a software read channel to simulate the

30 hardware read channel as in conventional systems. The hardware read



When the current tine is no equal to or greater than the stop tine, the
" met hod continues by pausing in the anount of delay tine that is defined in
bl ock 215. In sone enbodi nents, a second tinmer is initialized and started
15 (not shown). Thereafter, the second tinmer is polled until the second
time equals or exceeds the delay tinme, in block 265. Subsequently, nethod
200 includes setting a representation of an index or pointer to the start
of the pl ucRAhmhel rﬁ&reraﬁﬁﬁ&?c@l@td’é‘céﬁﬁﬁe@ﬁch@gérf@fmﬂﬁé@oia@ér&_ﬁﬁﬁél I¢f, associated
test and reference portions, in block 270. In sonme enbodi nents of bl ock
270, wher e Mwthéreadtantage ofythefpresenténeerntadn Brthat & signhl stre-sangpledbgr to
i ndi vi dual resentations in the list _is npdified to indicate or point to

the first F}gﬁ@é’éﬁér&tﬁeé@ channel subptantially similatoan pebeard ARG sThareaqual to

t th t { t,l i | k 260, | i ts, t hod 200
onas. T staneds: feRrBEe RS et SakRRte RN thES "anat 21 gt he
ti me- dogai %E@é}lﬁicﬁﬁq’h&ho&%,f@%efiéézﬁ&yhgtﬁ%@/g%nar Migch DSAPhRE Eex%ﬁﬂgel n net hod

200, in which the characteri zation ermal decay of data Fecorded on
a magnet i c thadatastber afevarediesdchannkdtte beiroadmded aghinpiorsimatatirsg thei ti al | zed
only once. The test portion is initialized, the first tinme, 30 that the
portion i sARe®f aplastual xaax] channglse the test portion is used to 15

seterm ne the | bgerple SRESLANIG dutel g el L ong pertog el e
transition d%%ﬁ@?déﬁ%@éﬁ@ﬁ' orP4 gf(%%gﬂ@\&/@as% %td(iﬁgé %diﬁﬂgolfé'ﬂfagg he

ti me-domain neasur enment we en conPrary to t achi ngs of the
presentos kswtaEé Uevice!dteofdinf toehibddlimenity 6f theigrb&mtifivausny iteration in
the nethod, each re-witing would reset a weakened state of a signal to a
stronger st at e, Spmeserpbedienents of duthodi20@ indudetefining, heneidhgaadaprduri ng a
relatively | ong. periﬁ’({j‘_ ﬁf time. According to the teachings ?f t he present

i nvent i on, CPHINIERPRHRELY T IePssentatians\glione sy oS afitessswti teration in

t he net hod k [.n.th ef.erence portion to a
tronger  sPatRatg e g elcte RN S e Kad ek ot S fEBEE S Ppor ¢ ron.

Thus, the PR&RFBAL ih BURRII08N [8RSHRMbOHHMANE WRAS HEMBhe A nidigr mal decay
of time-donain ESNR and/ or ESTDR on the test portion in block 245 results

subst ans i aktorage omdiegnista magnetitsdise amsastbrage naxliunt, bier peftiest , such as
head degradation. 15 In sone enbodi nents, the analyzjng includes generating
a gr aphi caingede datnfracksanchtheione oramngre agdigsses; lﬁégﬂi?rmaﬁ ESifeRid/ or

ESTDR in cq rison to ti F 2 illustrates an exanple of a graphi cal
repr esent aﬁﬂgﬁr R%é%?ﬁse?r}eﬁh‘?gag?éé*sest portion and a reference portion
over a 100, 000 $geond dnibsdititintd 3RO %aliylgpréiﬂé’gél)catiér@ inclfleb b 12,

i ndi vidual tinme-domain ESNR neasurefents ‘of a'reference track are shown by
squar e- shapedt pnée pépresditatippef alrefeeericetrackenticba feasegne sepreserthtidbh ef
reference track neasurenents, The upper regression line of reference track
neasur @enedestdradkalasome erabodiments, & mfegnge rack hapageddress that 341 where Y

t h i NE- i.n.ESNR t.,of th f t k d X
Fepr esent s T RPTYRRR PRGN T Re h R feengart g Ra e TIFe. dormi n
ESNR measuf SRR BNA M 18t BRk HARSmAE PRI BHcA e 10APAUNAG) R A | Ower

line represents a regression o
frequency).

In some embodiments, the plurality of representations includes a list
25 or table. In some embodiments, block 205 includes setting a representation
of an index or pointer to the start of the plurality of representations of one or
more addresses of associated test and reference portions (not shown). In
some embodiments of block 205, where the plurality of representations is a
list, a pointer to individual representations in the list is modified, updated,

30  or set to indicate or point, to the first representation in the list.
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~track neasurenents. The |ower regression line of test track neasurenents is
1 o characterized by the formula Y = -0.1369X + 13.921 where Y represents
the tinme domain ESNR neasurenent of the test track and X represents tine
measured in seconds. FIG 13 illustrates an exanple of a graphical
representation of ESTDR neasurenents of a test portion and a reference
portion over a 100,000 second 15 interval (approx. 27.8 hours). In FIG 13,

I ndi vi dual ESTDBoffRagtibediendrits of niethéd 200 hBeknéude sledinind efdivitrgs haped
points. An upper line represents a regression of the test track 2o

measur emenasd/Thebiappiag a stgp ¢isaé,on blodka21df Inseomet emabadimeerdsrthasiep i s
characterized hQy.the faornyla Y = 0.0705X + 15. 731 where Y represents the
ESTDR reas @m@ﬁ@n%ﬁorﬂ%snklégﬁ eithercet ﬁanyfqre}aﬁrggréﬁlﬁrgeﬂ? FRATACIRIIZIRG | n
seconds. | I Lndivi I .ence frack are
2s shown bgh é@%ﬁﬁ‘ég ﬁg%gé?’%%ﬁ%{e %cgﬁgg:%&r%% | EQF%%Pgéogggés%ﬁlgfg}‘r%sasi on of

the ref gr enesist@ake URARYS AIFAH:S 24T HOuk QB s ITREERBVUMAChisN Eheddtopef er ence
track neasurenents is characterized by the formula Y = 0. 2737X *15. 205

where Y 17 time defiwesont islehtifie&STORmeEwsih regpedt tothé loeal Bfney sudead T22ck and X
represents tine measured in seconds. FIG 3 is a flowhart of a method 300
for charact®My zi ng the thermal decay of data recorded on a magnetic mass
storage nedi um @f a nmass,stor.age deyi t ho 00, i.ncl udes .writing
reference data 38%? %“9’8?1% S%Hﬁ?ﬁ%‘ﬁgoggﬁgdpgg fdef LG TSV IGe magnet i
mass st or ageqnBHbBRiRhgldiayRiR O URUtEHE GR bIOK P50qk 3hE  Method 300

al so includes  witing est data to a test track on the nagnetic nass

st or ageo nedimbodimenks tevh fistepials posvidewitae intervdl of kleBdObetiveerar yi ng
enbodi ments, reading the reference data in block 301 i's perforned | o
during af t éterations/orcpesfaratances pba diéstg Thaeelaysis ingplementedl bachu$2®. |1 n sone

enbodi ments, the refergnce .data and the test data include a pseudo random
127-bi 1 palear stisapyebissinip pot neeseary rsansrciealelay Batergerayaedive dat a
fromthe provide statistically significant and reliable quantities of test data.
Thereafter, method 200 includes a loop of gathering data that is
15 pertinent to the reliability of the mass storage device. The loop measures
time-domain equalized-signal-to-noise-ratio (ESNR) data and equalized
signal-to-total-distortion noise ratio (ESTDR) data that characterize the
thermal decay of data recorded in the test and reference portions on the
magnetic mass storage medium of the mass storage device. In some
20 embodiments, between the time delay, the plurality of representations of the
test and reference portions are iterated, each representation is initialized
accordingly, measurements of the portions are taken, and stored for later
analysis.
Some embodiments of method 200 also include selecting one of the
25 plurality of representations of one or more addresses of associated test and
reference portions, block 220. In some embodiments, the next sequential
instance in the plurality is selected, such as the first instance.
Some embodiments of method 200 also include determining whether

or not the selected representation indicates a test or a reference portion, in

30 block 225. When the determining in block 225 indicates that the selected

11



~reference track and an adj acent track, on the magnetic mass storage nmedi um
of ~ 5 the nass storage device, in block 330. Method 300 al so includes
reading test data fromthe test track on the magnetic mass storage nedi um
of the mass storage device, in block 340. Subsequently, nethod 300 includes
determ ning an equalized-signal-to total-distortion ratio (ESTDR) and a

ti me-domai n equal i zed signal-to-noise ratio 20 (ESNR) fromthe test data

and from t hepfeabratioaaefdsents drdiérefike a6k, thBthHRIMEO0IROHiI®MdsS, bl ock 350
i ncl udes neasuring the ESTDR and neasuring the tine-domain ESNR fromthe

test data anitializing theerefertrretradk, dabinckR23G. 14 someembodinhants obfthea net hod
400 for readjng froma geest tracgk gnd/,qr .reading fraoama reference track,
accor di ng tBitiahgmng there rsncec%cclw Q BHtiabgingdnepdes directcurgert (BPodi nent s,
met hod 400 j i f i f i Lock 340 in
F G 3 ana/o iR EIROAMEN i rel GO ol OB Be B8 ol Btk bR G 927 | 5

Met hod 400 e{dng‘deﬂgﬁ,stmrgﬁ& ga@d urality of digital signals of data in a
plurality of "phases, in block 410. The sanpling yields a plurality of data

digital sanpl es.Inlsonseermbedimetitsofitiss initializihg ) theireferedcededck idivgrittah si gnal s
are sanpled through a non-return-to-zero (NRZ) bus froma Viterbi Detector
of a 5 masidhdéesdglatansuriuas aipseudasarderodihpattern. tThe preugloinaptonekitt est

dat d i |l ock 340 in FIG 3. nmbodi ts, data_ incl ud
Fof o ence GRHEFTR AR5 RMBFILAS B8P0 rom BT SERReaUB BRI ot hod
400, Sampl iyl b irBlc oY 0t BaMEERsS obE 8 Mk B, 1RELECE OF

i ncludes redirecting the gital signars rea ata on a red annel

fromthe Vifherdre preideedraminedl ot detdrivéinisis ssuchisabieovlt thegdreratien BRZ bus, in
order to capture the disc drive data buffer for processing. FIG 14

i 11 ustrat evapdegesumberiaoracenvgitional compaterisyatems innwhiab the samesi nusoi dal
wave having an a itude of 8 along the Y aélac is sanp| ed in eight phases

nplitu .
over a ti moCABENGPIIRBAGM RRMPErsare gengraty Hma ararslomAumbe sanpl ed by

phase 0 are ' d [ nd-ss i Nt Jhe points that are
sanpl ed by %e%ggéécgfi%alp g}la&%&gcat%% e;(/i' ? (glﬁ%gglepgﬂg’p%ﬁ rsgla%ﬁ% R‘-}ﬂ‘é’ ega_t a points
that are Sag'&’lle%jcopié ipheifed ViR ad%gch%%l%f, Fiflf WARM @eShARSF-POI nt. The
data points that are sanpled by phase 3 are depicted by a X-shaped point.
The datia paiurhbert grateratoe veilithesftey gphasee thessaenaegjueheeobyumbdenibl e X 20
shaped point. The data points that are sanpled hy phase 5 are depicted by a
shaded ci r @V&TY {ie Y RAEIGWbATISY isiisedala varipg smbndiments the lengthyebi ct ed by
a plus-shaped,point. The, da ints that are sanpled by phase 7 are

depi cted bﬁﬁgbﬁtom%ﬁfp&? s%Pét@%g‘?E%d point. Each phase sanples a portion of
the signal . All 1pigie HABSAINEAsAVUER IRE BeldiRhidS iRMIBI 205 Bliddis entire
signal. Table 5 of 25 the present invention illuStrates that substantially
nore data ithapticseleted representitien cepresoits anedt teck) methad 20kblse 2. I n some

enbodi nents, the sanpling in block 410 is perfornmed nore than once. In sone
f ur t her20entipeliudendeterariningimblpely23hif he test tragk imbeingdested for the first

time after selecting one of the test or reference portions in block 220. When
the determining in block 235 indicates that the test track is being used or
tested for the first time after selecting one of the test or reference portions
initializing the test track, in some embodiments the method includes

25  initializing the test track in block 240. In some embodiments, the initializing
in block 240 is substantially similar to the initializing described above in
conjunction with block 230.

After the test or reference selection is processed accordingly in blocks

230, 235, and 240, method 200 includes reading the test data and the

30 reference data and determining or measuring a time-domain equalized-
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~delaying or pausing for a predeterm ned anmount of tinme between each

i nstance of performance. Simlarly, in sonme enbodi nents, the sanpling in

bl ock 410 is repeatedly perfornmed in a plurality of performances during a
predeterm ned tine period, including a delay of a predeterm ned tine

bet ween each of the 5 plurality of the performnces. Method 400 al so

i ncludes arranging the plurality of digital sanples in chronol ogi cal order,
in bl ock 42fmnalfoSorEdtBAHHRIMSESNTG Ad anedidliddcdighldstoltatar | eavi ng and/
or organi zing. As an exanple, the data is sanpled thrice in eight (0-7)
phases i n hlistokticdi Apist ratio gESTIDRYfroal reaetesndsta ahddaom the re®d |0
17,2, 10, 18, 3,11, 19, 4,12, 20,5, 13, 21, 6, 14, 22, 7, 15, 23, 8, 16, 24}. Three sanpl es
are obt ai nagterencealatp, Ibel?%Q‘bﬁ-ght phases by the NRZ bus. The sanpling is
performed in the_order of the phases, which is not..n the orjginal sequence
Phat the data wal Sgaeripediifer3niiy apleddo pindBihpifyylBafends, "1y 15715
16,17,18,1 ; i i DN xS S anpl ed data
set 15 roiplégghorgﬁasggl?ata%gw%lﬁgl\g irélrigiﬁtig%r?%eggﬁ %rk% ﬁfﬂérl eav‘gggé\gta set is
depi ct ed i bits) fhelfollowing télchationbars petfbatdegghase data at the top of the
table is interleaved into the original chronol ogical order at the bottom of

the table. 20 FIG 5 is a flowhart of a nethod 500 for obtaining data in
phase through a non-retupn;to-zero bus, according to enbodinents of the

present iny i I n, s odi nent s, hod 500 is additio to met hod
400 in FI G&%phﬂ/gghog/Sm =1J6T1t'3udes setti %tdt he quanbt”i”ty (g'f” sa?f%:’i ng phases
of the NRZ bus, in block }5"10. Preferably, the phase is selected froma

regi ster wiwlhere the 25 hardware read channel. This register is basically a
counter register that counts the nunber of clock cycles after the detection
of a sylichr&pizaamphingegtkoef ore initiating the phase data transfer. The
Synchroni zation Mark is a special pattern enbedded into the disk drive
signal to imj,t 4D staepletawdpet,@ndbet ween 20  the read channel and
controller. By increnenting the counter register value one LSB at a tine,

di fferent phgseided] Thaget Ssanplee accessed. There are various nanes for the
counter register: Phase Counter, Phase Register, Latch Counter, etc. s In
sonme enbodi ments, nmethod 500 al so includes reading the data through the NRZ
bus, for each of the sanpling phases, for as many instances as the quantity

of sanpli n&hphases, in block 5204 FI G 1s | owghart of a nethod 600 for
reading froMe test t¥aek= Ze”a,din p‘gg %.ef erence track, according
to enbodi nents of the pres T & nven =t s enbodi nents, net hod

600 i s one enbodi nent of reading the data through the NRZ bus, in block 520
in FI G155, WRei§od 600 includes sett] ng a sanple phase to an initial sanple
phase, in %@51 6&&}13 les&rlﬁeqjﬁgogh nts, the setting in block 610 incl udes
setting the samﬁ ing phase 10 out put one sanple for each ei ght sanpl es of
read data. N5 fhehsaope ot ke PRSt hod 600 incl udes reading the read data of
the sanpl e phase as many tines as the sanpling, in block 620. Thereafter,
met hod 600 Breekimgedowintimomoiseigndddiller or not the sanple phase is a | ast
sanpl e phase, in block 630. Method 600 al so i ncludes setting the sanple
phase to a next sanple phase, if the determining in block 630 indicates
that the sanple phase is not §{he 20,| ast sanpl e phase, in block 640. Mt hod
600 al S8 i ncl udes conti nui %gset T et Adtvat’ t he setting in block 610 if the
determ ning in block 630 indicates that the sanpl e phasg.is not the |ast
sanpl e phase. In spne enbodi ngnt 4 metthod 20G-6 t hg |met hods are
perfornmed on a ﬁ?’ﬁﬁotype of vae TBJE LS| OF agefdeVi|Gg F’rmnﬁja desi gn stage of
t he devel opnent 25 of the mass S?EFé e d8vice. Yn 'Bther” enbodi nents, the
nmet hods are perforned on a production unit of2 a nmass storage_ gevice
produced during a production stageX fltie Ss (st gé Yevi ge, wherein the
production unit is a sanpl @~of %pﬂw lﬁfr:jrrﬁ s;v‘ﬁirﬁ lﬂeaﬁces produced

during a production stage. In stilT

The time-domain equalized signal-to-noise ratio (ESNR) is then calculated

25 as:
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~ ot her enbodi nent, met hods 200-600 are inplenmented as a conputer-accessible
medi um havi ng executabl e instructions capable of directing a central
processing unit, such as processor 120 in FIG 1, processor 720 in FIG 7,
and/ or disc controller 914 in FIG 9, to performthe respective nethod. In
varying 5 enbodi nents, the nediumis a magnetic nedium an electronic

medi um or an optical nmedium FIG 7 is a block diagramof an apparatus 700
to characterize the thergmgl decay of data recorded on a magnetic disc of a
mass stor adﬁl\ﬂ%v#@é,"‘hmr&ardﬁ%to enbodi nents of the present invention.
System 700 incl udes a tHéFfmi~decay 1 o characterizer 710 operative on a
processor 720 to wite test data 730 to a test track 740 on a magnetic disc
750 once during a performance of the nmeans 710. Sone enbodi nents of the
invention operate in a pr@cessor or mchocontroller of a magnetic disc
drive, such as di0*dentrdt¥er 910*ioyp 9. The thermal decay
characterizer 710 is al d¢s§perati ve toMarite test data 15 760 a plurality
of times to a reference track 770 on the magnetic disc 750. Furthernore,
the thermal decay characterizer 710 is operative to gather the tinme-domain
equal i zed-sggnal -t 0- pel ratio (ESNR) represented by the tinedomai n ESNR
data 78Q of#rhvemtleest t]?/aclgvg@g}@gqal@geﬁ erence track 770. Moreover, the
thermal decay,ghara tRrilZer e710 is operative to gather the 20 equalized
signal-to-total-distortion noise ratio (ESTDR) represented by the ESTDR
data 790 of the test track 740 and the reference track 770, and to
characterize the thermal decay of the magnetic disc 750 fromthe

ti me- dormai nS &SNR Sgv@EPF3 and/ or the ESTDR data 790. In some enbodi nments,
the thermal decay characterizer 710 is operably 25 coupled to the magnetic
di sc 750 thro}ggh a no*n-resigﬁdyEPﬁﬁ ro (NRZ) bus 715. A read channel (not
shown), suc me Sotl) ‘JRgMet—9%2—) FIG 9, is set or configured to out put
sanpl ed data from an anatogfeEdi gital (ADC) data to the NRZ bus 715. The
ti me-domain ESNR data 780 and the ESTDR data 790 is 22 sanpl ed in phases
t hrough the NRZ bus 715. A hS%:ezcﬂEmﬂ)r 725 that is operably coupled to
the NRZ busESMR, seFed0d lagyaseof gata [to be read fromthe NRZ bus 715.
Sel ecting the phase is advant age@uwssebecause the NRZ bus 715 receives data

t hrough an anal og-to-digital converter (ADC) (not shown) fromb5 the

magneti c disc 750. The @%n;,mm'al]ly sends data to the NRZ bus 715 at rates

ei ght tiomesESHRR er2Q*Has| tTreNRZbus 715 accepts data. The ratio of rate
differentials between the AD@and/the NRZ bus is one basis for the nunber
of phases to be read fromthe NRZ bus. For exanple, when the ADC has a rate
eight tinmes faster than the NRZ bus 715, the nunber phases that are sanpled

5 CTInt. b 8l AIDRadR AL APl P BRI b 1 ough the NRZ

bus 715. Therefore, seleeting es I n sequerice, allows all
data from tliempiXs d<ede carRiteeHe HHQUEMalMBSNRZakYESTDR adethotone _
enbodi nents, apparatus 700 al so includes a track list 735. The track |i st
735 i ncl udesitaptathel preyerdfiny epias énsamemtbernémbndimentspothea flamaglses of ~ 5
associ ated test and_reference tracks_on the_nmagnetic disc, 750. The

repr esekit atl'i"éh%reo‘f"e]é'rlfélown% se @hPrdinayy g‘fﬂl glb‘”cii’étaéﬁ uged to algulats er ence

tracks in the track |i. I known as track representations. A
track sel ect Srtlg%gomaéétgﬁggaﬁﬁ?%k list 735. As each track
representation i @piabmsedihents! RRHNIRH) élbé‘inclﬁ&ésist@ﬁhg thé@inddld reference
data 760 is transmtted to the magnetic 2o disc 750 to be witten. The
traversal alomhim ESNRIddta ahd/8bthesESTIDRrdats,dd bbyck 2. tTleecdatads stored 745 in
reference to the delay time 755 and the stop time 765. |In one enbodi nent,
the track salasytene thegnpaymedinms welbkgounto thpseskiled 4he artasuchsss bet ween
each trgversal, of the track Ité\tmg%. I n a%ot her ; enbodi nent the track

sel ect 0 7487A9M &°FEF PEPIIN(EAMLPT S MEFEATAEGHE LT N L M begi nni ng t he
25 perf or MahfBodimdille, thedaka BEAGRUUy 4 BaBEL pldhaBlr ADBRHCT Lhan the stop
time 765. System 700 ‘provides the a(?’vant age of nedsuring’thermal decay of
ti medomai n ESNR Hugte&ftdDimathod 208 thadndéhdeteaninihg achketRdOot haf thies
substantially a result of magnetic transition and not any other effect,
such as hea@ptesgntadian ofra tesBor referenceppridn Hed avasselacted by blpek 223,05
initializes a test track 740 once during a perfornmance of the neans 710.
The test track 740 is initialized fromtest data 730 a first tine that the
test track 740 is used during a perforpmance of the neans 710 because the
test track 740 is used to determne the thernmal decay during a s relatively
| ong period of time of performance of the neans 710. Mreover, in thermnal
decay, magnetic dipole relaxation within a nagnetic transition causes the
signal of the witten test data 730 to weaken, and thus the time-donmain

N T s e Y M - ., . —~~ “Alz



_time-domain ESNR data 180 on the test track 140 that is substantially a
result of magnetic transition and not any other effect, such as head
degradation. Timedomain ESNR is closely correlated to bit-error-rate (BER).
An ESNR neasurenent can be perfornmed nuch faster than BER nmeasurenent. The
2s speed of the test is well-suited for thermal decay neasurenent as it is
advant ageous to obtain data quickly after the first wite is perfornmed. In
sone enbodilehksreprpiatation i e plaeditgof Eegidkemmdsts dibidck 235t 24

advant ageously provides total signal distortion, |linear and non-|inear

di st ort i onWhen theodetetraining i bl rndicatesdhat therrentesentatiperis @ot Appar at us
700 al so provjdes. the advantage of not, requiri n external nmeasurenent

i nstrument the {aéE%é‘etR;uﬁ\iHY(H?%P‘E?P?W@?IOB%&BE@QG%@ ongpwss gt blocknc| udes t he
t her mal deg characterization nmeans 110, the disc drive is capable of
extracting and cal cul ating time-domain ESNR and ESTDR t hrough firnmare.
This nog only SaVRén BSdetetrhirihg@n BldRIS5GRA a4 that hedRpt&RnRHtioNisVeS

Wi thout requiring costly external measurenent instrument, such as a digital
st or age osthé lassobihe {lBEDIty of mesresentatibos)imethios], 200Hacloxdley deterarinalg
apparatus 1 o required_in the present invention is a tenperature chanber to
encase t he Whishen@rRotthe cuprept smeds eqyal inor greafesthem thestopdimednens 100.

Conponent s, of arat us {00, can be,enbodi S uter hardware circuitry
or as a cor'?&fg‘ -ré&hﬁ‘iﬂ eﬁF%Bg}ﬁd‘gW%{d@gﬂB&ﬁaﬁ?%ﬂoﬁ pﬁBﬁoﬁmaln_ﬁeparti cul ar,
the track %ﬁé@%@&u&%ﬁt ARt it e %Ma@@ﬁ&%rsiﬂc%ﬁhﬁ HndEwasBategdnas 15
conputer hardware circuitry or as a conputer-readabl'e program or a

conbi nabi obladk 10t Whdk thespes tifriecdéfined inrblbtie 20yttt éscal eidaglthe program

enbodi nent, the prograns can be structured in an object-orientation using
an obj ect - entignt Hmd isthelarel tmgrobsinpdfsomsnepfk.al k or C++, and the

prograns can be ructured in.a procedural -orientation.using a prpcedural
anguage such adveendidiiedie s o fgHace o e o iAnE LORgoMBrPe
conmuni cat e i . Qf: - . 10se
skilled i n?rt‘%og%f‘ag“dgiggg’gg%p ilggﬁgg@&é{ﬁgt&f g%@%%ﬁﬁ%@%ﬁkﬁﬁ?q@r

I Nt er pr oce$okOMBU Th 6ahiednbdinérity @Ssctbfl tRfier BIRtRIReQGAWAER | (RPO),
comon obj ect request broker architecture (CORBA), Conmponent Object Model
(COVM) , 1D st{notrhosdr)2 Thevegfteretite sebprd timdrde pollDAOMLI] the seconduimd Syst em
Obj ect Model (DSOV) anﬂ Renpt e Met hod Invacation (RM),. FI 8 is an

expl oded viCWASOISIES i tige, i fogk 265, Sebssuen Yphe 20Chvent i on,

t hi s enbodi i . Of t i L Me 0 having a
ot ary act diBes HhER sBPGsk YRt ot FENREk Srolie it MRt BhG oo ar e
devices, syhratity 6P FRAGlerdh§ond SLIHIMr Ve 888resb @Y £8bdihtedABstAG CES,
digital versatile disc (DVD) or digital video disc (DVD) devices. O her
enbodi nent sefeneraegmrivhsrinddodk 20 dnisonse embodahents f bltatkrityOawderer readi ng
s technol ogies,; The disc drive 800 includes a housing or base 812, and a
cover £24. thpluality ehrepsesentatians ig adist gy peiatafitedndivadedlur e. Rot at abl y

attached tqg the base 812..on.an actuat shaft 818 is .an,actuator assenbly
820. The adtliroh-RousbHy tdes Miesifiedlo hdicate Srel P BF i th I'oad beams
or |oad sprrjelgig?ge&%ﬁonliﬁqgeﬁgarrs or load springs are also referred to as
suspensions.” Attached at the end of each |oad spring 824 is a slider, which
carries a magnetWhen thensduert tidels nb eqaain® ardredierthdrsthd stapsihest 850

i ncl udes an el ectromagnetic coil wite head and a magnet o-resistive read

head. The $locke?60nin spmpembadimentsemethod 2680 endpaln sameembiodimentsd t he

head. | houl d t ed. t hat i d h t 850 and t hat
P ot S kG B B el S SR BOSRUGLEEC ord e
invention igTestahlthaPNdsSehted ih®1&iK Sy S having nore than one transducer,

such as what is re# erred to as an or magneto resistive head in which one
transducer 850 ila ngethed@0DyinusAithithe chafdtdiizativt cfrtht Hesrma c&eﬂ%bﬂ ly used
for witing. On the end of the actuator assenbly 820 opposite the | oad
springs 824latmreconded phagnsgBets massstorigsamedium gpdetepmined, adiestd wi t hi n t he
base 812 is a .first @ net(ﬁﬁBO and ﬁ second  magnet, .Ei31. he first and
second nmaghertionipinigaized.oplyauge, fhe dest portian ’Ql‘téafzﬁél'&éeyf”'c%ﬁ‘ﬁ‘b‘hents of a

voi ce il Lch . 1 r . ly 820 to
orate o ARRE RGN O Blod 2 Bl WP R A WA Y 612 (s a
spindle notor. The spindle notor includes a rotating portion called a
spindle 2s hub.In FIG 8, a nunber of 1&g scs 834 (one or nore) are attached

to the spindle hub to formdisc assenbly. In other disc drives, a single
disc or a different nunmber of discs nay be attached to the hub.



26 FIG 9 is a high-level block diagramshowing the main data paths in a
conventional high-level disc drive architecture 900 for a typical disc
drive system 800. Only the nain data paths between the host interface 921
and the disc nedia 834 are shown, and only the systemls nain conponents
relevant to 5 the invention are depicted. One disc 834 is shown, having
transducer (read/ wite head) 850 transferring data between the disc
surface 85QefihiRé eh@fAdiival BecdyPd@aRRh r3klivelyf Idng satc 8i8mes transferred
fromcircuit 912 to preanp 910°for wite operations, based on wite NRZ
(non-r et ur Moreozer, i thizneal 9ikbapndagiticdipole klax@tion withirog mapadtidata i s
transferred frompreanp 910 to the recovery circuits of read channel 912,
whi ch pr ovtesitigrausesithestignal of the datate weslsere ppdithos the imeodempired t he

"byte cl ock o disc control.ler . Data is, transferred and from main
put o morbep bR ke Tihen Bty onbR P Pe Bsete  cad
channel s ci iieiiroh, et B¥HIPis 2 RYifeh P EYerSiferhoh i ti feefiSy cABRT O | er
914, matching the disc data rate both during‘read and wite events and
during i dl eeperting svoridreset adatakenedizeato @f arstmedl eo astrongenstate, ohug he nedi a.

Disc controller 914 is the heart of the disc drive froma data transfer
nmanagenent ppevensing determimationofdhs theraaal slecay dusingrptaativelydorg r ol s r ead
channel 912 to |lqcate the ropr,d at e physi cal position of the data on the
modi a 20 aRETiOY Gt HRGr Arconty i i teagings of fspresentapvention e ough dat a
pi pel i nes . L NL Q.. Al f . | |1 er 914
al so typi cgﬁéf/%cﬁﬁj ﬁgggq? %é;%ltg%{ @?Qﬁé{ﬁ gérﬁéﬁf g){l gﬁ?p%%e;%?éﬁgh er nmenory
916, thpougbsetah wvdakphed BR%e ANtheltefeebncepdk Al tOSSstRAfteristiter f ace 921. The
subsystemwi thin disc controller 914 that is responsible for controlling

t he data t padviding atrefeaertemftconfpazisonepd thé teést porimemoTlug 1Be pseseat erred to
as the buffer controller. Also, disc controller 914 ty?i_cal l.Ly includes ECC

eﬂcog_er anéF“_é?éEEH‘eﬁmsluS%‘-l that Gheplirﬁlf‘@é"lemql% of thergraldecay Ot H@‘ed‘é?g‘aér! 0 \rMe1d (ﬁn
Fosult 1 r ot B AbESPERCG ieed potsion ifHck 205 Hiieh Pl hanne)

912. This ?fdrﬁ!’rné?gi{e”ti%cﬁ'dlﬁ'i‘ticfﬂ'ﬂﬁ& in%f‘aﬁjf bbthd} difeet duek a§ ABAA BlebRidaPibh.
typically requires functional support” and bandwi dth fromthe buffer

controliber to adnesmerambodinidngs, theamalyz&ibincludesgenkretigna gsyshieats,
apparatus, and nethods are disclosed through_5 which the thermal decay of
dat a recor depresentatinn@f dhe relatier of tineademat FoMRoAndy areExIBRdnage device is

h terized. Method, 300 incl Pti f d f
rack and SRORAEOBAD e FICoH Te Rl P AP aNBhed, um of the.
mass stor aggpﬁgéfﬁt%ﬁoﬁgoq m&MshikdAonis®ith &t r}i%n%g%é%eﬁ%fe?\% g%?ti&ﬁ‘e magnetic

mass storage nedium of the nass storage device determning a

ti me- domai verad00,000 sedogidaintdroal @pprexli2Ft®lidueh rati o and an equal i zed
signal-to-noise ratio fromthe test data and fromthe reference data 350.
An information handling systemis also disclosed that includes a base 812,
a magnetic disc 834 rotatably attached to the base 812, an actuator
assenbly 1 s 820 novably attached to the base 812, the actuator assenbly
820 further conprising a voice coil 828 attached to the actuator assenbly
820, a processor 100 operably coupled to the actuator 828, and a neans 110
operative on the processor 100 to wite test data 130 to a test track 140
on the disc 834 once during a perfornmance of the neans 110, to wite test
data 170 a plurality of 20 times to a reference track 170 on the disc 834,
and to nmeasure the tinme-donmain ESNR 180 and the ESTDR 190 of the test track
140 and the reference track 170, and to characterize the thermal decay of
the disc fromthe tinme-domain ESNR 180 and the ESTDR 190. A met hod of
characterizing the thernmal decay of data recorded on a 2s nmagnetic nass
storage nedi um of a mass storage device is disclosed, the nethod including
readi ng 340 test data 130 fromthe magnetic mass storage nedi um 150 of the
mass storage device, reading 330 reference data 170 fromthe nmagnetic nass
storage nedi um 150 of the mass storage device, and 28 determ ni ng 350 an
equal i zed-signal -to-total-distortion ratio and the equalized

signal -to-noise ratio fromthe read test data 340 and fromthe read
reference data 170. The reading 340 further includes sanpling 410 a
plurality of digital signals of test data in a plurality of phases,
yielding a plurality of test data 5 digital sanples, the plurality of test
data digital signals being sanpled through a non-return-to-zero bus 715
froma Viterbi Detector of a mass storage nmedium and arrangi ng 420 the
plurality of test digital sanples in chronol ogical order. The reading step
330 further includes sanpling 410 a plurality of digital signals of

Y . o B Y



A met hod of characterizing the thermal decay of data recorded on a nmagnetic
" mass storage nedium of a nmass storage device is disclosed, including 15
sanpling 410 a plurality of digital signals of read data in a plurality of
phases, yielding a plurality of sanples, the plurality of digital signals
sanpled froma Viterbi Detector of the mass storage nedi umthrough a
non-return-to-zero bus 715, and arranging 420 the plurality of digital
sanpl es in chronol ogi cal order. The sanpling step 410 is repeatedly
performed in a plurality of performances 20 during a predeterm ned tine
period 765, including a delay of a predeterm ned tine 755 between each of
the plurality of Ipdﬂ?bﬂ?nindb/s'duaﬁrténﬂ'dpm EndNRnreaswementiofsu@feraacequant i ty
of sanpling phases, ;and readin 20 the read data f.or each of the sanpling
Phases’ as neRgok fmsbORS: b SatashrRy! Brnkaioh HRGeE G P TR ? eadi ng
i ncl udes set}] Ot T r eadi ng
620 the rcad LS ur O he SaraoE HAEE pidAsBeah e, Phe SRR RRRRERR s
det erm ni ng feBérentetriek measureinenkcis shafacterizbd g ths farmhalaty sa0p8s8X phase, and
setting 640 the sanple phase to a next sanple phase, if the determ ning 630
i ndi cat es’ t hi-044nwhereny reprgsrade thedimgdomain ESNR meapyremsens o6 themefergaenod i s

29 per forned . on pr.ot ot . of a mass.stora devi ce during a design
st age of tthEQ%%T§§ﬁ§B¥$S¥@§ﬁ%FﬂE?%“??&?ga%”§§Vice, or on a production
unit of a mass stR@BER ¥ adieRIUA AHHCESME ESNRInPIsQdMAERRE atederaek t he

mass storage device, wherein the production unit is a sanple of plurality
of mass st or agshdewn Igeplus-shapad pethtsiuAiloyealipe oepresdrds a segrgssiolofitest dri ve

device is disclosed that ing@gqgs a base_81§, a.disc §§4 rotatably attached
to the base 83ckmegsweglepts ohe Igutes regrgssien Bpe pEtestigack measureMeRtis
assenbl y 1 63 % OCHEH&QJ‘iXedE‘%f ﬁ?@ﬁgﬁu@%g he-O%%@X &gj'lzst . %ﬂﬁﬁﬂ%b@} re?e‘?ﬁseﬁ?%lr%f\g-z 0

further conprising a vol ce co 8 attache e actuator asse y 820,
a non- r et ur ndbPraZtFSNRUficablibemepesfahb Yest eapk afd DOrephidsefltstem8 adoasartd ia di sc
drive controller 920, comunicatively coupled to the actuator 820 and to

t he nonretursecondgero bus 715, which further includes: a phase sel ector

725, to select a .0f data to be read fromthe non-return-to-zero bus
715. The disc 834&@3?6‘3‘%@' egfnexagaple g?ﬁ%ﬁﬁ“@%i’a"éﬁ’é{?&’Bo?ﬁg%Pi%e 812,
to store pse 5 = Dy it . i Ve
device inclu egsgéﬂn%gﬁlﬂe%{isacgegg gé(;:}ln?rn P%Ig %%égerzige ?ﬁx&g}ﬁc&q%ﬁ%ﬂ%ﬁ%&%ﬁsyst em

i s di scl osedirtératal (approd@3.8chdaase 812, a magnetic disc 834 rotatably
attached to the base 812, an actuator assenbly 820 novably attached to the
base 812 the actuator assenbly 820 further conprising 20 a voice coil 828
attached to the actuator assenbly 820, and a processor 720 operably coupl ed
to the actuator, the processor 720 includes a disc thermal decay
characterizer 710n FitE 18) i8divideAIESTDR aftaseRMias 6f 4 ERE traddafeHOMR] by
conprises a track list 735, having a plurality of representations of” one or
mor e addr essphiseshaped poirds.e 4ntupgier dind reprieserdn e eeguessipo of thatestimadkagnet i ¢

di sc 834, 25 wherein the_track list 735.jincludes | east one |

r epr esentht | BisagHrements cfhetaperragiession ling of fest rack measuremyiitint ati on of a
test track 7dradflséy by MkiGHIAE Y 0.6APOPI5 B! WifeouR!rePrdstnislific [ rack |1t
735, to traverse the track list 735, to obtain the repreSentations fromthe
track |ist 7BSIDRndedsmrémentsofithe test tradkbad /G paesdnBtime nedasusmtia dat a 760
to the magnetic disc 834. The disc thernmal decay characterizer 710 further
conpri ses a ¥¥pPPRE%entation of a time delay 755, and the track sel ector 745

furiher compri SesyAablaE kAol Re! BTPAOnORSIARNORUPlATEAQ 4h8 dpack 11!

734, and to the represen ion o ravelse the track 5
list 73595t osibRbY sgb@retmp@a%hﬁs.l ANBwWek Kt rBSrebérds W rbgibsidRof tiend to
transmt test data 730 and reference data 760 to the magnhetic disc 834 in
ref er ence t ordférencerads mehsiieorents. Ehet lomeer degraysidn ine Sheefdiesce tlack mal decay
characterizer 710 includes a representation of a s; ti 65, a t he
track sel ect BICaFHETIRLS I§& af?&%%egj’é' éi‘etf?ré’ﬁﬂlas%l:@c‘%gxm : e"?’g‘fﬂeyj coupl ed
to the track list 735, and to the 1 o representation of a stop tinme 765, to
traverse the track list 735, to obtain the representations fromthe track
list 735, and to transmt test data 730 and reference data 760 to the
magnetic disc 834 in reference to t he representation of a stop tine 765. It
is to be understood that even though nunerous characteristics and 15

advant ages of various enbodi ments of the present invention have been set
forth in the foregoing description, together with details of the structure
and function of various enbodi ments of the invention, this disclosure is
illustrative only, and changes nay be nade in detail, especially in matters
of structure and arrangenent of parts within the principles of the present

M T I 1 . a o,




31 We claim 1. A nethod of characterizing the thermal decay of data
recorded on a magnetic storage nedium the nmethod conprising the steps of:
s (a) witing reference data to a reference track and an adjacent track, on
the magnetic storage nedium (b) witing test data to a test track on the
magneti c storage nmedium and (c) determning a tinme-domain

equal i zed-signal -to-total-distortion 1 o ratio and an equali zed
signal-to-noise ratio fromthe test data and fromthe reference data. 2.
The nethod of claim1, wherein the witing step (a) further conprises:
(a)(i) witing a pseudo random 127-bit pattern to a reference track and 1 s
an adj acent ¥epesentpihe i Dipgmrasueman of heyefeyeneigadnangd Xurapraserts st or age

device. 3. The nethod %@f cIaiH11, wherein the witing step (b) further

conprises: ( f‘ﬁrfle?/\?rulr rllngseacoﬂs%udo random 127-bit pattern to a test track

and an 2o adj acenfid.ras k. flowtHaRCo MBI 0TESS cldraF ReieiryRtie YR dlalt he nass
storage device. 4. The nethod of claim1, wherein the witing step (b) is

perforned af decaytdfelaim recondedsorp nfagnetizsndss storagairedimmiafa mhassditéragesyst em
ot bat or  SosaRbEs Msvt PCredsairitng femabedehdoqoelurer e o8
uriher SOMEABLN B0 Rneld SRR IR R ESILY %
processor t odewicé bnbhsdk 38t déthod 30@alsotihdledWriting test data to a test track
on the magnetic mass storage medium of the mass storage device, in block 320.
In varying embodiments, reading the reference data in block 301 is performed
10 during after, and/ore before reading the test data in block 320. In some
embodiments, the reference data and the test data include a pseudo random
127-bit pattern.
Subsequently, method 300 includes reading reference data from the
reference track and an adjacent track, on the magnetic mass storage medium of
15 the mass storage device, in block 330. Method 300 also includes reading test
data from the test track on the magnetic mass storage medium of the mass
storage device, in block 340.
Subsequently, method 300 includes determining an equalized-signal-to-
total-distortion ratio (ESTDR) and a time-domain equalized signal-to-noise ratio
20  (ESNR) from the test data and from the reference data, in block 350. In some
embodiments, block 350 includes measuring the ESTDR and measuring the
time-domain ESNR from the test data and from the reference data.
FIG. 4 is a flowchart of a method 400 for reading from a test track and/or
reading from a reference track, according to embodiments of the present
25  invention. In some embodiments, method 400 is an embodiment of reading
from a test track in block 340 in FIG. 3 and/ or reading from a reference track in

block 330 in FIG. 3.
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t he di sc once during a performance of the neans, to wite test data a
"plurality of tinmes to a reference track on the disc, and to neasure the

ti me-dormain ESNR and the ESTDR of the test track and the reference track,
and to characterize the thermal decay of the disc fromthe tine-domain ESNR
and the ESTDR 6. A nmethod of characterizing the thermal decay of data
recorded on a magneti c nmass storage nedi um of a nass storage device, the
met hod conprising the steps of: (a) reading test data fromthe magnetic
mass storage nediumof the ~ 5 nmass storage device; (b) reading reference

data fromthe magnetic nmass storage nedium of the mass storage device; and
(c) deternining avetwpdd0dodudessahpling agplatality of digitabsignalsiod datadintehe

lized si | -t 0-.noi tio f th d tg d d f 2 h
e i 5%, b S A i s A TR S
further conpg] s. frfddnhd Je&%@ﬁirﬂ&té‘,ctaé ‘i)‘ﬁﬁ%lihﬁl?fj&’é’c‘ahg i:c:ﬁ'ﬁ}ﬁﬂ‘?st dern froma

reference track and an adjacent tra on the nmagnet s storage nedi um

of 25 the negsnpledrh@mighevhseretirn-fheerBINREL) Wfs fedmi aVierbMiRtestor dfhe
readi ng step (b) further conprises: 33 _ (b)(i) reading a pseudo random
127-bit pat t @ess stprageanedivm. t Inssomneprbadinertadhadata inglades test Hatariggdet i ¢

t . nedi f t . devi cg. 9. Th hod | ai m 6,
wherei n_the WTPTHECdC ) B Bt Brar el B timg oo sres 9. 10
The nmethod oOfeagliftiBcdk 33018 FRG M. G onRAEthBEd M &fts bemetttSd LR, s&APRhf S€s t he
step of: 10 (a) (i) sanpling a plurality of digital signals of "test data in

a plurality digitahsigpals thiozighi alyRZ Ipisfrania Viterbi Desdctatainaludieg réditectiagpl es,
the plurality of test data di %I tal signals, bei n?rosanpl ed through a
|

nonr et ur n- t otheeligita) pignalyed readidags on ameadehagnebfrom Hiec\iterby Pepstoredi um  and

15 A [ h . | i t. digit.al I ' .
chr onbl o £afteafiRebe St foihd K2 biiSin Sh8le B o BB bl daive, o1 e
(b) further @mlﬂfﬁﬁ%ﬁlﬁ@c@sﬁ%_of: 20 (b) (i) sanpling a plurality of

a

digital signals of reference data in a plurality of phases, yielding a
plurality of reference HlGgilddllustzates pbasesioé dptasampley frsin asignabnee di git al

si gnal s bei ng sanpl hr ough a . non-retur.n-to-zero hus ér m a . Vig er.bi
Petector of 4 mael Bl dgestHusRwathoans o CErg I uAF SR WE brtral ity
of referencejsGhiiH irS@BRE fRadel over a time period along the X axis. The data points

15 that are sampled by phase 0 are depicted by a diamond-shaped point. The

data points that are sampled by phase 1 are depicted by a square-shaped point.
The data points that are sampled by phase 2 are depicted by a triangle-shaped
point. The data points that are sampled by phase 3 are depicted by a X-shaped
point. The data points that are sampled by phase 4 are depicted by a double X-
20 shaped point. The data points that are sampled by phase 5 are depicted by a
shaded circle. The data points that are sampled by phase 6 are depicted by a
plus-shaped point. The data points that are sampled by phase 7 are depicted
by a hollow circle-shaped point. Each phase samples a portion of the signal.
All eight phases in aggregate provide sampling of the entire signal. Table 5 of
25  the present invention illustrates that substantially more data is gathered than in
the conventional systems of Table 2.
In some embodiments, the sampling in block 410 is performed more than

once. In some further embodiments, the sampling in block 410 includes

19



chronol ogi cal order. 34 12. The method of claim®6, wherein the

determ ning step (c) further conprises the step of: (c)(i) arranging the
sanpl es in chronol ogi cal order. 13. A nmethod of characterizing the thernal
decay of data recorded on a magneti c nmass storage nedi um of a nass storage
device, the nethod conprising the steps of: (a) sanpling a plurality of
digital signals of read data in a plurality of phases, yielding a plurality
of sanples, the plurality of digital 1 o signals sanpled froma Viterbi

Det ector of the mass storage nediumthrough a non-return-to-zero bus; and
(b) arrangi (r;g the plurality of digital sanples in chronol ogical order. 14.
The nethod ofielayingmrpausingdoe ppredriewninsiampuitas timg betwvesaeneh instange1 s
plurality of jnstances, d4.nc i ng a del of edet er.m ned, t i bet ween
Bach | nst ance! BHERASE iftist, BPahE S bhets NE SFRPITE g Hol e
sanpling step Q@edl}ﬁ E80aRLEH ¥ pRELT c‘?f?&rfd?rrﬁm@ééﬂ&’ﬁih%ﬁ ;ﬁ‘éde&@fﬁﬂ{eﬂance?
during a predeterm ngd tinme perPod, o including a delay of a predeterm ned
ti me betweentimeqleriod, inctudihg maldlayofd preeictarmimedt time Hedwedh eactedfibd of claim

13, wherein the sanpling step (a) further conprises the step of: 25 (a)(1)
sanpl i ng & pPlwralitytaf te perfgrmamcesi gnal s of read data in ei ght phases, the

e o il 850 B R SRR, U Bl 2o

chronological order, in block 420. In some embodiments, the arranging
includes interleaving and/or organizing. As an example, the data is sampled
thrice in eight (0-7) phases in block 410, from an original sequence of data {1, 9,

10 17,2,10,18,3,11,19, 4,12, 20,5, 13, 21, 6, 14, 22, 7, 15, 23, 8, 16, 24}. Three
samples are obtained for each of the eight phases by the NRZ bus. The
sampling is performed in the order of the phases, which is not in the original
sequence that the data was generated {1, 2,3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16,17,18,19, 20, 21, 22, 23, 24}. The relationship between the sampled data set

15 from each phase, and the final arranged or interleaved data set is depicted in

FIG. 15.

In FIG. 15, the sampled phase data at the top of the table is interleaved
into the original chronological order at the bottom of the table.
20 FIG. 5 is a flowchart of a method 500 for obtaining data in phase through
a non-return-to-zero bus, according to embodiments of the present invention.
In some embodiments, method 500 is additional to method 400 in FIG. 4.
Method 500 includes setting the quantity of sampling phases of the NRZ
bus, in block 510. Preferably, the phase is selected from a register within the
25 hardware read channel. This register is basically a counter register that counts
the number of clock cycles after the detection of a synchronization mark before
initiating the phase data transfer. The Synchronization Mark is a special

pattern embedded into the disk drive signal to initiate data transfer between
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- 17." The nethod of claim 13, wherein the sanpling step (a) further conprises
the step of: (a)(1l) redirecting digital signals of read data on a read
channel froma 5 Viterbi Detector of the mass storage nediumto a
non-return-to zero bus. 18. The nethod of claim 13, wherein the nethod
further conprises the steps of: 10 (c) setting the quantity of sanpling
phases; and (d) reading the read data for each of the sanpling phases as
many tines as the quantity of sanpling phases. 19. The nethod of claim 18,
wherein the setting step (c) further conprises ~ s the steps of: (c¢)(1)
setting the sanplln phase to output one sanple for each eight sanples of
read data. 2therpadc @ndfcoptrailas. 1By, ingrementing the qouatirnggistesyalug)orfeur t her

campl e phaseL B dl § HYS rBtfarehg phkes K dridichrib S fePareel dhE e At us nany
times as thensaEpkdife c&ﬁix)it@% i‘%%lstgﬁtﬂ%% @bﬂﬂte%eﬂ@'iﬁ gfstﬁota@cﬂﬁoﬁm e phase

Is a last sanple 25 phase; | v) setting the sanp ase to a next

sanpl e phaseetci f the determ ning step (d)(iii ) i ndi cates that the sanple
phase is not the Iast sa phase; and 36 (d). (v) continuing the nethod
at the selting stBps P 1meqtﬁén§@l°ér59pr@ﬂﬁﬁ>gln§lt“é‘1§s ‘md(l ﬂ)e d#fdi cat es t hat
the sarrpl € p%ﬁﬁgh%Q%ZQOflrﬂ? acﬁ%%es m&pﬁ ses flar as matné/ lnqgngFlg\aﬁlsglel?’

wherein the 'S péer on a mMasSs™s

during a desﬂ@lr&ir&ﬂ?o@fsarh Bn hggégplﬁsd]bcpg‘,za he mass storage device. 22.
The met hod of aim13 V\hgl’e?g the method is performed on a 1 o production

unit of a nmass stBi&@esdélﬂMapmfchmeﬂ\mﬁﬁGOrfgreea@mgifmtnmtesﬁttagleamﬁ/mme
mass storage deyice, wherein the production un

p is a s le of plurality
of mass st or EHERETOEER r¢fPrsAGE BacknAcrorging B}%be@wmgpgt?é present

10 invention. In some embodiments, method 600 is one embodiment of reading

the data through the NRZ bus, in block 520 in FIG. 5.

Method 600 includes setting a sample phase to an initial sample phase, in
block 610. In some embodiments, the setting in block 610 includes setting the
sampling phase to output one sample for each eight samples of read data.

15 Subsequently, method 600 includes reading the read data of the sample
phase as many times as the sampling, in block 620. Thereafter, method 600
includes determining whether or not the sample phase is a last sample phase, in
block 630. Method 600 also includes setting the sample phase to a next sample
phase, if the determining in block 630 indicates that the sample phase is not the

20 last sample phase, in block 640. Method 600 also includes continuing the
method at the setting in block 610 if the determining in block 630 indicates that
the sample phase is not the last sample phase.

In some embodiments of method 200-600, the methods are performed on
a prototype of a mass storage device during a design stage of the development

25  of the mass storage device. In other embodiments, the methods are performed
on a production unit of a mass storage device produced during a production
stage of the mass storage device, wherein the production unit is a sample of

plurality of mass storage devices produced during a production stage. In still
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~23." A disc drive device conprising: ~ 5 a base; a disc rotatably attached
to the base, to store test data and reference data; an actuator assenbly
novably attached to the base the actuator assenbly further conprising a
voice coil attached to the actuator assenbly; a non-return-to-zero bus,
operably coupled to the disc; and 20 a disc drive controller,

comuni catively coupled to the actuator and to the non-return-to-zero bus,
whi ch further includes: a phase selector, to select a phase of data to be
read fromthe non return-to-zero bus. 2s 24. The disc drive device of claim

23, wherein the phase selector further conprises: a phase selector
sel ect a phaethepembpgimenshmethasts 209:690ge Bapleaented ang t:qa.@puter-acces&ble

non-return-to-zero,bus sc_drive m 23, wherein
The drsc furtrais baiFieSerobln®hoitmiaPobin dRka%ed efef 0o, o st ore
pseudo-rand ojcgs?sﬂgﬁnﬂastlfcﬁrag pi8deBsor2@0 i PG H, $rollsb N7 BEUIFEE. Pfarkel/8k M 23,
wher ei n the I SC ve device further conprises a magnetic disc drive. 27.
An i nf or mat i disc barttedlier@14 yis FEE & dorperfeimghe tespectiveamethoal. tagnaeying di sc
rotatably attached to the base; an actuator sserrbl novably attached to
the base % heerab@@lﬂwsra@% Byshiyiyis atwne@smﬁgnh@na% erdiondc BsHiums tAthed t o
t he act uatorﬁ and ~ s a processor operably coupled to the

act uat or, rocessor “further conprising a disc thermal decay

characterizer. 28IGIgs h bicrkriagam bparthppgratisstoeto ehatlcfirive e thigiati n t he
di sc thermal decay characterizer further conprises:
decay of data recorded on a magnetic disc of a mass storage device, according
to embodiments of the present invention. System 700 includes a thermal decay
10 characterizer 710 operative on a processor 720 to write test data 730 to a test
track 740 on a magnetic disc 750 once during a performance of the means 710.
Some embodiments of the invention operate in a processor or microcontroller of
a magnetic disc drive, such as disc controller 914 in FIG. 9.
The thermal decay characterizer 710 is also operative to write test data
15 760 a plurality of times to a reference track 770 on the magnetic disc 750.
Furthermore, the thermal decay characterizer 710 is operative to gather the
time-domain equalized-signal-to-noise ratio (ESNR) represented by the time-
domain ESNR data 780 of the test track 740 and the reference track 770.
Moreover, the thermal decay characterizer 710 is operative to gather the
20  equalized signal-to-total-distortion noise ratio (ESTDR) represented by the
ESTDR data 790 of the test track 740 and the reference track 770, and to
characterize the thermal decay of the magnetic disc 750 from the time-domain
ESNR data 780 and/ or the ESTDR data 790.
In some embodiments, the thermal decay characterizer 710 is operably
25  coupled to the magnetic disc 750 through a non-return-to-zero (NRZ) bus 715.
A read channel (not shown), such as read channel 912 in FIG. 9, is set or
configured to output sampled data from an analog-to-digital (ADC) data to the
NRZ bus 715. The time-domain ESNR data 780 and the ESTDR data 790 is
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~20a track list, having a plurality of representations of one or nore
addresses of associated test and reference portions on the nmagnetic disc,
wherein the track list includes at | east one representation of a reference
track and a | east one representation of a test track; and 2s a track

sel ector operably coupled to the track list, to traverse the track list, to
obtain the representations fromthe track list, and to transmt test data
and reference data to the magnetic disc. 38 29. The information handling
system of claim27, wherein the disc thermal decay characterizer further
conprises a representation of a time delay, and the track sel ector further

conpri ses a smpledselpé@mrmmfameWE&bMS&St6phﬁée1selacﬂ@rf72%ﬂlatamd to the
Fapr csent at | SREAPPGRURIE! {FREIRE Bk TR Gefbin g Ehrshiet oA B eseRd e
reference da g H%C]P g%@ of a
ti me del ay. %}%Nggeﬁlﬁnﬁgr ﬁgl]elug?‘g* dﬁ#ﬁé@éﬁaﬁgﬁe&h Q(PE g%n%gl;é etrjggl Z}Iyt]he

di sc t her mal reteivay datwathacugh az enalbgsohligitaleopretes(ADCemot skowa) from of a
stop time, and the track selector_further conprises a track sel ector

oper abl y %ouﬁleéﬂagléﬁtt%% 724 kThe APC typirally S@Wés defprta s NRZ bas G5 at st op

t t t k th ta f th
track |1t S sighf Rk BiferthEb e REZNG Morelfelf Bl s B rhlignet 1 <

di sc in ref engRfentidls bORYdcARREPANE ahaqeﬁe SR Z2b 84 RRorle BEBis fdPthehurfbén/dp A3Y. Ay
| AF |.A3Y. A3l A3l Ay3Y. Ay . Af FY. A

| . Al FY. AFY. AﬁEdiseAyCBbe PecMvEroin the NRZ AmsAF(ér exmnple, Wherthe\ADC has a fatds. As. As.
As. As. As. A .

#t$% ' ( $*) * ?lﬁb& Hmfﬁ%]%ﬁla? NR% bye 2% theaywhrerhases fhatpeasamgpled)is a] cal ¢

7 00111265 5583900 ] of P AT SELRACATIC B Whhted through the NRZ bus

757| 7| wr rmc] Xiﬂ:ani‘éi‘éﬂo@@,]s@ﬁ]:ﬁﬁ @adlﬂ@ﬂtha];ﬁabésah@adl@aic@aduza&@all dafacred@al ca] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] ca] chal | 777: f =>\WA& @A\ABgBBB
DSD* DDD4 Ex EF G DCHaNRRREK) (bal]iga? ca] ca] ca] ca] ca] ca] ca] ca] ca]

canaabaanaabaanaaiDS Ca%w@#@&m%?%yek@ﬁ%ﬁz%ﬁée&%ﬁhmlﬁa@ Bfcav ca

W] caV] ca WigaMlisdragYhQadbs 8 plurality of representations of one or more addresses of
15 associated test and reference tracks on the magnetic disc 750. The
representations of one or more addresses of associated test and reference tracks
in the track list 735 are also known as track representations. A track selector 745
traverses the track list 735. As each track representation is obtained from the
track list, test data 730 and reference data 760 is transmitted to the magnetic
20 disc 750 to be written. The traversal of the track list 735 is controlled by the
track selector 745 in reference to the delay time 755 and the stop time 765. In
one embodiment, the track selector 745 pauses for the quantity of delay time
755 between each traversal of the track list 735. In another embodiment the
track selector 745 halts performance when a lapsed time since the beginning the
25  performance of the track selector is equal to or greater than the stop time 765.
System 700 provides the advantage of measuring thermal decay of time-
domain ESNR and ESTDR data 780 on the test track 740 that is substantially a

result of magnetic transition and not any other effect, such as head degradation.
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UV]caV] ca
" W] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cabb) b/ b4b6b: b<bFbHbNb” bbbbbbbbbbbb
cc%, clc3c:clwlf_ YR b\WQ U UV]caV]ca
UV] cal] caV] ca] ca] caV] ca] caV] ca] caV] caV]ca] ca UV] caV]ca] ca] calU ca UV] caV]ca
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G U WV caV]caV]caV]caV] ca WV] ca] caV] calVv]c”aV]caV]ca V]c”a]ca V]cna]caV]ca
W] ca V] chal ca] ca] ca] ca] ca] cal] ca] ca
WV] ca] cal] cayddddddddddddddddd’ ei eef ) fi f f f <gygghh=i !l {\é@' gb] XS} U
U] ca] ca] ca] c‘éyte;a]em]abdq:@a] ahatacigrizer 740 initielidasapstdr once during a

a g’\g]l Iczq\o/] gsllt"ifg U\{‘I{m‘%\ﬁ‘ag Mh%@f%%ﬁ\é %a(]é%ﬁdafr%efﬁtc%ﬁt%a] ca] ca]
g:} g:} g:} g:} éﬁ)llalclﬁil‘sg@%}é@dh%hfeﬁle&a&&%]7&@1&61&9«11&@1@@1;@50‘%%&@4 6fdneahé&aiscal cal
&Dc) / } xsni d_Ziddiecaadecthl test terkck T i useflda]detdrothe djecthecmhtddaag|cdairgad ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca]ca!jpcBv' 29} xsni d Zc ] ca] ca] ca] ca] ca

] ca] ca] cal calekatjvely Loaijfefat}reap Hfrefaqreal}@aeféh? awjaea Ty Mereasetdca] ca] ca

|
b cal el cal aPRinEdfel] htphiaCbol PRI ERPE TR AR, S BB A Do Ons
b} xsni d_Zca] frea) gl %hcea‘kﬁ@deﬁ%&@h@i%qa&ﬁ@hcal&al@&hé%h@@héﬁﬂaﬁa] ca] ca] ca
] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca! EXAC6v~hr Ya@vS}xsnl d_Zca]]ca] ca]ca]ca
] ca] ca] ca] ca]]E&NRm]d:&Tﬁl]imaﬂaeaiamqrdapf:ﬂ']eaa}ldam¢%]tda}a:%ﬂOaa§3aiehsa}’V:Iﬁma] caj ca

|
I'ca] ca] cal Caco%\/t\éa} hS to the tegcﬁmgs of the present invention, the test track 740 is regularly

10 and/or frequently written, each writing would reset a weakened state of a
signal to a stronger state, thus preventing determination of thermal decay of the
test data during a relatively long period of time. According to the teachings of
the present invention, the reference track 770 is regularly rewritten with test
data 760, which resets a weakened state in the reference track 770 to a stronger

15 state, providing a reference of comparison to the test track 740. Thus, the
present invention ensures that the measurement of thermal decay of time-
domain ESNR data 780 and/or ESTDR data 790 on the test track 740 results
substantially from magnetic transition and not any other effect, such as head
degradation.

20 Apparatus 700 provides the advantage of measuring thermal decay of
time-domain ESNR data 180 on the test track 140 that is substantially a result of
magnetic transition and not any other effect, such as head degradation. Time-
domain ESNR is closely correlated to bit-error-rate (BER). An ESNR
measurement can be performed much faster than BER measurement. The

25  speed of the test is well-suited for thermal decay measurement as it is
advantageous to obtain data quickly after the first write is performed. In some

embodiments, apparatus 700 uses an ESTDR measurement, that
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Apparatus 700 also provides the advantage of not requiring an external

measurement instrument attached to the disc drive. Because the processor

5 includes the thermal decay characterization means 110, the disc drive is capable
of extracting and calculating time-domain ESNR and ESTDR through firmware.
This not only saves cost, it also allows certifying a design of drives without
requiring costly external measurement instrument, such as a digital storage
oscilloscope (DSO). In some embodiments, the only external apparatus

10  required in the present invention is a temperature chamber to encase the

apparatus 700 to provide thermal isolation to the systems 100.

Components of apparatus 700 can be embodied as computer hardware
circuitry or as a computer-readable program, or a combination of both. In
particular, the track selector 745 and the phase selector 725 can be embodied as

15 computer hardware circuitry or as a computer-readable program, or a
combination of both. More specifically, in the computer-readable program
embodiment, the programs can be structured in an object-orientation using an
object-oriented language such as Java, Smalltalk or C++, and the programs can
be structured in a procedural-orientation using a procedural language such as C

20  or assembly language. The software components communicate in any of a
number of means that are well-known to those skilled in the art, such as
application program interfaces (API.) or interprocess communication
techniques such as remote procedure call (RPC), common object request broker
architecture (CORBA), Component Object Model (COM), Distributed

25  Component Object Model (DCOM), Distributed System Object Model (DSOM)
and Remote Method Invocation (RMI).

FIG. 8 is an exploded view of one embodiment of a disc drive of the

present invention, this embodiment showing one type of magnetic disc drive
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800 having a rotary actuator. The disc drive 800 is one example of magnetic
disc drive devices, such as compact disc (CDROM) devices, tape cartridge
devices, digital versatile disc (DVD) or digital video disc (DVD) devices. Other
embodiments include other configurations and data recording and/or reading
5 technologies. The disc drive 800 includes a housing or base 812, and a cover
814. The base 812 and cover 814 form a disc enclosure. Rotatably attached to
the base 812 on an actuator shaft 818 is an actuator assembly 820. The actuator
assembly 820 includes a plurality of arms with load beams or load springs 824.
Load beams or load springs are also referred to as suspensions. Attached at the
10  end of each load spring 824 is a slider, which carries a magnetic transducer 850.
In some embodiments, transducer 850 includes an electromagnetic coil write
head and a magneto-resistive read head. The slider with the transducer 850
form what is often called the head. It should be noted that many sliders have
one transducer 850 and that is what is shown in the figures. It should also be
15 noted that this invention is equally applicable to sliders having more than one
transducer, such as what is referred to as an MR or magneto resistive head in
which one transducer 850 is generally used for reading and another is generally
used for writing. On the end of the actuator assembly 820 opposite the load
springs 824 and the sliders 826 is a voice coil 828.
20 Attached within the base 812 is a first magnet 830 and a second magnet
831. The first and second magnets 830, 831, and the voice coil 828 are the key
components of a voice coil motor which applies a force to the actuator assembly
820 to rotate it about the actuator shaft 818. Also mounted to the base 812 is a
spindle motor. The spindle motor includes a rotating portion called a spindle
25 hub.In FIG. 8, a number of discs 834 (one or more) are attached to the spindle

hub to form disc assembly. In other disc drives, a single disc or a different

number of discs may be attached to the hub.
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FIG. 9 is a high-level block diagram showing the main data paths in a
conventional high-level disc drive architecture 900 for a typical disc drive
system 800. Only the main data paths between the host interface 921 and the
disc media 834 are shown, and only the system’s main components relevant to

5 the invention are depicted.

One disc 834 is shown, having transducer (read/write head) 850
transferring data between the disc surface 850 and pre-amplifier (preamp) 910.
Write data 913 is transferred from circuit 912 to preamp 910 for write
operations, based on write NRZ (non-return-to-zero) data 915 and NRZ clock

10 917. Analog read data is transferred from preamp 910 to the recovery circuits of
read channel 912, which provides NRZ read data 918 and NRZ read clock 919
(also called the “byte clock”) to disc controller 914. Data is transferred to and
from main buffer memory 916 of the disc drive across buffer interface 920.

The read channel circuitry 912 provides a byte clock 919 to the disc

15 controller 914, matching the disc data rate both during read and write events
and during idle periods when no data is being transferred to or from the media.

Disc controller 914 is the heart of the disc drive from a data transfer
management perspective. During disc reads, for example, it controls read
channel 912 to locate the appropriate physical position of the data on the media

20  and to transfer the data into disc controller 914, through data pipelines and
FIFOs, and into main buffer memory 916. Disc controller 914 also typically
includes logic to transfer the data from main buffer memory 916, through data
pipelines and FIFOs, and across host interface 921. The subsystem within disc
controller 914 that is responsible for controlling the data traffic into and out of

25  main buffer memory 916 is referred to as the buffer controller.

Also, disc controller 914 typically includes ECC encoder and decoder

logic to protect the integrity of the data stored on the disc media and to correct

relatively small errors in the data which result from imperfect disc media and
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from an imperfect read channel 912. This error correction function within the
disc controller 914 typically requires functional support and bandwidth from
the buffer controller to access main buffer memory 916.
In conclusion, systems, apparatus, and methods are disclosed through
5  which the thermal decay of data recorded on a magnetic mass storage medium
of a mass storage device is characterized. Method 300 includes writing
reference data to a reference track and an adjacent track, on the magnetic mass
storage medium of the mass storage device 310, writing test data to a test track
on the magnetic mass storage medium of the mass storage device 320 and
10 determining a time-domain equalized-signal-to-total-distortion ratio and an
equalized signal-to-noise ratio from the test data and from the reference data
350.
An information handling system is also disclosed that includes a base
812, a magnetic disc 834 rotatably attached to the base 812, an actuator assembly
15 820 movably attached to the base 812, the actuator assembly 820 further
comprising a voice coil 828 attached to the actuator assembly 820, a processor
100 operably coupled to the actuator 828, and a means 110 operative on the
processor 100 to write test data 130 to a test track 140 on the disc 834 once
during a performance of the means 110, to write test data 170 a plurality of
20  times to a reference track 170 on the disc 834, and to measure the time-domain
ESNR 180 and the ESTDR 190 of the test track 140 and the reference track 170,
and to characterize the thermal decay of the disc from the time-domain ESNR
180 and the ESTDR 190.
A method of characterizing the thermal decay of data recorded on a
25 magnetic mass storage medium of a mass storage device is disclosed, the
method including reading 340 test data 130 from the magnetic mass storage
medium 150 of the mass storage device, reading 330 reference data 170 from the

magnetic mass storage medium 150 of the mass storage device, and
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data 170. The reading 340 further includes sampling 410 a plurality of digital
signals of test data in a plurality of phases, yielding a plurality of test data

5 digital samples, the plurality of test data digital signals being sampled through
a non-return-to-zero bus 715 from a Viterbi Detector of a mass storage medium,
and arranging 420 the plurality of test digital samples in chronological order.
The reading step 330 further includes sampling 410 a plurality of digital signals
of reference data in a plurality of phases, yielding a plurality of reference digital

10 samples, the plurality of reference digital signals being sampled through a non-
return-to-zero bus 715 from a Viterbi Detector of a mass storage medium, and
arranging 420 the plurality of reference digital samples in chronological order.

A method of characterizing the thermal decay of data recorded on a
magnetic mass storage medium of a mass storage device is disclosed, including

15 sampling 410 a plurality of digital signals of read data in a plurality of phases,
yielding a plurality of samples, the plurality of digital signals sampled from a
Viterbi Detector of the mass storage medium through a non-return-to-zero bus
715, and arranging 420 the plurality of digital samples in chronological order.
The sampling step 410 is repeatedly performed in a plurality of performances

20  during a predetermined time period 765, including a delay of a predetermined
time 755 between each of the plurality of performances. The method includes
setting 510 the quantity of sampling phases, and reading 520 the read data for
each of the sampling phases as many times as the quantity of sampling phases.
The reading includes setting 610 a sample phase to an initial sample phase,

25 reading 620 the read data of the sample phase as many times as the sampling,
determining 630 whether or not the sample phase is a last sample phase, and
setting 640 the sample phase to a next sample phase, if the determining 630
indicates that the sample phase is not the last sample phase. The method is
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storage device produced during a production stage of the mass storage device,
wherein the production unit is a sample of plurality of mass storage devices

5 produced during a production stage.

A disc drive device is disclosed that includes a base 812, a disc 834
rotatably attached to the base 812, to store test data and reference data, an
actuator assembly 820 movably attached to the base 812 the actuator assembly
820 further comprising a voice coil 828 attached to the actuator assembly 820, a

10 non-return-to-zero bus 715, operably coupled to the disc 834, and a disc drive
controller 920, communicatively coupled to the actuator 820 and to the non-
return-to-zero bus 715, which further includes: a phase selector 725, to select a
phase of data to be read from the non-return-to-zero bus 715. The disc 834
includes a disc 834 rotatably attached to the base 812, to store pseudo-random

15 127-bit pattern 730 and 760. The disc drive device includes a magnetic disc
drive 800.

An information handling system is disclosed that includes a base 812, a
magnetic disc 834 rotatably attached to the base 812, an actuator assembly 820
movably attached to the base 812 the actuator assembly 820 further comprising

20  avoice coil 828 attached to the actuator assembly 820, and a processor 720
operably coupled to the actuator, the processor 720 includes a disc thermal
decay characterizer 710. The disc thermal decay characterizer 710 further
comprises a track list 735, having a plurality of representations of one or more
addresses of associated test and reference portions on the magnetic disc 834,

25  wherein the track list 735 includes at least one representation of a reference
track 770 and a least one representation of a test track 740, and a track selector
745 operably coupled to the track list 735, to traverse the track list 735, to obtain
the representations from the track list 735, and to transmit test data 730 and
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track selector 745 further comprises a track selector 745 operably coupled to the
track list 734, and to the representation of a time delay 755, to traverse the track
5  list 735, to obtain the representations from the track list 735, and to transmit test
data 730 and reference data 760 to the magnetic disc 834 in reference to the
representation of a time delay 755. The disc thermal decay characterizer 710
includes a representation of a stop time 765, and the track selector 745 further
comprises a track selector 745 operably coupled to the track list 735, and to the
10  representation of a stop time 765, to traverse the track list 735, to obtain the
representations from the track list 735, and to transmit test data 730 and
reference data 760 to the magnetic disc 834 in reference to the representation of
a stop time 765.
It is to be understood that even though numerous characteristics and
15 advantages of various embodiments of the present invention have been set
forth in the foregoing description, together with details of the structure and
function of various embodiments of the invention, this disclosure is illustrative
only, and changes may be made in detail, especially in matters of structure and
arrangement of parts within the principles of the present invention to the full
20  extent indicated by the broad general meaning of the terms in which the
appended claims are expressed. For example, the particular elements may vary
depending on the particular application for the widget while maintaining
substantially the same functionality without departing from the scope and
spirit of the present invention. In addition, although the preferred embodiment
25  described herein is directed to a widget for a widget system, it will be
appreciated by those skilled in the art that the teachings of the present
invention can be applied to other systems, like gadget or thingamajig systems,

without departing from the scope and spirit of the present invention.
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We claim:

1. A method of characterizing the thermal decay of data recorded on a

magnetic storage medium, the method comprising the steps of:
5 (@)  writing reference data to a reference track and an adjacent track,
on the magnetic storage medium;
(b)  writing test data to a test track on the magnetic storage medium;
and
(c)  determining a time-domain equalized-signal-to-total-distortion
10 ratio and an equalized signal-to-noise ratio from the test data and

from the reference data.

2. The method of claim 1, wherein the writing step (a) further comprises:
(a)(i) writing a pseudo random 127-bit pattern to a reference track and
15 an adjacent track, on the magnetic mass storage medium of the

mass storage device.

3. The method of claim 1, wherein the writing step (b) further comprises:
(b)(i) writing a pseudo random 127-bit pattern to a test track and an
20 adjacent track, on the magnetic mass storage medium of the mass

storage device.

4. The method of claim 1, wherein the writing step (b) is performed after

the writing step (a).
25
5. An information handling system comprising:
a base;

a magnetic disc rotatably attached to the base;
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a processor operably coupled to the actuator; and
a means operative on the processor to write test data to a test track on
5 the disc once during a performance of the means, to write test
data a plurality of times to a reference track on the disc, and to
measure the time-domain ESNR and the ESTDR of the test track
and the reference track, and to characterize the thermal decay of

the disc from the time-domain ESNR and the ESTDR.

10
6. A method of characterizing the thermal decay of data recorded on a
magnetic mass storage medium of a mass storage device, the method
comprising the steps of:
(@) reading test data from the magnetic mass storage medium of the
15 mass storage device;
(b) reading reference data from the magnetic mass storage medium of
the mass storage device; and
(c)  determining an equalized-signal-to-total-distortion ratio and the
equalized signal-to-noise ratio from the read test data and from
20 the read reference data.
7. The method of claim 6, wherein the reading step (a) further comprises:
(@)(i) reading a pseudo random 127-bit pattern from a reference track
and an adjacent track, on the magnetic mass storage medium of
25 the mass storage device.

8. The method of claim 6, wherein the reading step (b) further comprises:
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5 0. The method of claim 6, wherein the writing step (b) is performed after

the writing step (a).

10.  The method of claim 6, wherein the reading step (a) further comprises
the step of:

10 (a)(Q) sampling a plurality of digital signals of test data in a plurality of
phases, yielding a plurality of test data digital samples, the
plurality of test data digital signals being sampled through a non-
return-to-zero bus from a Viterbi Detector of a mass storage
medium; and

15 (a)(ii) arranging the plurality of test digital samples in chronological

order.

11.  The method of claim 6, wherein the reading step (b) further comprises

the step of:

20 (b)(i) sampling a plurality of digital signals of reference data in a
plurality of phases, yielding a plurality of reference digital
samples, the plurality of reference digital signals being sampled
through a non-return-to-zero bus from a Viterbi Detector of a
mass storage medium; and

25 (b)(ii) arranging the plurality of reference digital samples in

chronological order.
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5 13. A method of characterizing the thermal decay of data recorded on a
magnetic mass storage medium of a mass storage device, the method
comprising the steps of:
(a) sampling a plurality of digital signals of read data in a plurality of
phases, yielding a plurality of samples, the plurality of digital
10 signals sampled from a Viterbi Detector of the mass storage
medium through a non-return-to-zero bus; and

(b)  arranging the plurality of digital samples in chronological order.

14.  The method of claim 13, wherein the sampling step (a) is performed a
15 plurality of instances, including a delay of a predetermined time between each

instance of performance.

15.  The method of claim 13, wherein the sampling step (a) is repeatedly
performed in a plurality of performances during a predetermined time period,
20 including a delay of a predetermined time between each of the plurality of

performances.

16.  The method of claim 13, wherein the sampling step (a) further comprises
the step of:
25 (a)(1) sampling a plurality of digital signals of read data in eight phases,
the plurality of digital signals being sampled through a non-
return-to-zero bus, from a Viterbi Detector of the mass storage

medium.
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the step of:
(@)(1) redirecting digital signals of read data on a read channel from a
5 Viterbi Detector of the mass storage medium to a non-return-to-

zero bus.

18.  The method of claim 13, wherein the method further comprises the steps
of:
10 (c)  setting the quantity of sampling phases; and
(d)  reading the read data for each of the sampling phases as many

times as the quantity of sampling phases.

19.  The method of claim 18, wherein the setting step (c) further comprises
15 the steps of:
(c)(1) setting the sampling phase to output one sample for each eight

samples of read data.

20.  The method of claim 18, wherein the reading step (d) further comprises
20  the steps of:
(d)(i) setting a sample phase to an initial sample phase;
(d)(ii) reading the read data of the sample phase as many times as the
sampling;
(d)(iii) determining whether or not the sample phase is a last sample
25 phase;
(d)(iv) setting the sample phase to a next sample phase, if the
determining step (d)(iii) indicates that the sample phase is not the

last sample phase; and
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step (d)(iii) indicates that the sample phase is not the last sample

phase.

5 21. The method of claim 13, wherein the method is performed on a
prototype of a mass storage device during a design stage of the development of

the mass storage device.

22. The method of claim 13, wherein the method is performed on a
10 production unit of a mass storage device produced during a production stage of
the mass storage device, wherein the production unit is a sample of plurality of

mass storage devices produced during a production stage.

23. A disc drive device comprising:
15 a base;
a disc rotatably attached to the base, to store test data and reference data;
an actuator assembly movably attached to the base the actuator assembly
further comprising a voice coil attached to the actuator assembly;
a non-return-to-zero bus, operably coupled to the disc; and
20 a disc drive controller, communicatively coupled to the actuator and to
the non-return-to-zero bus, which further includes:
a phase selector, to select a phase of data to be read from the non-

return-to-zero bus.

25 24,  The disc drive device of claim 23, wherein the phase selector further
comprises:
a phase selector, to select a phase of eight phase of data to be read

from the non-return-to-zero bus.
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25.  The disc drive device of claim 23, wherein the disc further comprises: a
disc rotatably attached to the base, to store pseudo-random 127-bit pattern
data.

26. The disc drive device of claim 23, wherein the disc drive device further

comprises a magnetic disc drive.

27.  Aninformation handling system comprising;:
a base;
a magnetic disc rotatably attached to the base;
an actuator assembly movably attached to the base the actuator assembly
further comprising a voice coil attached to the actuator assembly;
and
a processor operably coupled to the actuator, the processor further

comprising a disc thermal decay characterizer.

28.  The information handling system of claim 27, wherein the disc thermal
decay characterizer further comprises:

a track list, having a plurality of representations of one or more
addresses of associated test and reference portions on the
magnetic disc, wherein the track list includes at least one
representation of a reference track and a least one representation
of a test track; and

a track selector operably coupled to the track list, to traverse the track
list, to obtain the representations from the track list, and to

transmit test data and reference data to the magnetic disc.
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track selector further comprises a track selector operably coupled to the track
list, and to the representation of a time delay, to traverse the track list, to obtain
5  therepresentations from the track list, and to transmit test data and reference

data to the magnetic disc in reference to the representation of a time delay.

30. The information handling system of claim 27, wherein the disc thermal
decay characterizer further comprises a representation of a stop time, and the
10  track selector further comprises a track selector operably coupled to the track
list, and to the representation of a stop time, to traverse the track list, to obtain
the representations from the track list, and to transmit test data and reference

data to the magnetic disc in reference to the representation of a stop time.
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