18 COctober 2003 ACCUMULATI NG READ CHANNEL PERFORMANCE DATA CROSS- REFERENCE
TO RELATED APPLI CATIONS This application clainms priority fromU.S.

Provi si onal Application No. 60/130,162, filed April 20, 1999. TECHN CAL
FIELD This invention relates to systens and net hods for HOcwbéa2003g dat a
relating to the performance of one or nore conponents of a read channel.
BACKGROUND In a magnetic di sk storage system a read channel extracts

i nformat i on AGCEUMULATING READICHANNELRERFORMANGCEIMTA i on to a
host system (e.g., a conputer). The magnetic disk is formatted with a
plurality of concentric data tracks, each of which is <configured to store a
fixed quantity of GRAGSSREFRRENCE IO REINEED APPLIGATIONSs on the di sk

surface. A spi-ﬁ_gé @yg%%htc[]agl&%#@%iﬁgmr@gr@%&g&gﬁ%ﬁp@p&g?%wgd %ot ransducer

positioned adjac enses the ons Oh the disk
surface afhbddpwolie@,699an i nput read signal corresponding to the recorded
data. The read channel includes a plurality of conponents for
reconstructing the recorded data fromthe i nput read signal received from
the transducer. Sanpled anplit Jde&CHNHIALFIER®I s i ncl ude conponents (e.g., a

digital wave W aTe ey | I | r AWA t he i nput
read signal in?gégllvag? géﬂ?ﬁ%%ﬁ%ﬁ%ﬂ%ﬁt@éﬁ &Hrs g‘gsrp?(%%\lg%‘ﬁ?%gg? ﬁq%%idgé? PR4) t hat
enabl es t pesfosetsgtof ghe erieore gerapongpta ghetead ehapeelappr oxi mated as a |i near

conbi nati on of tinme del ayed pul ses nodul ated by a binary sequence. The
operation of a sanpled anplitude read channel may be optim zed by adjusting
one or nore of the read channel Béﬁ%%ﬁm hat equalize the input read

signal .  Programmhdneticdis dtethed Sa€mCHARN Shmn8RakASs ihRFA G B8 &Pa PT Ogr am
read channel _caonponents to inprove the data detection capability of the
channel s BAgnetis dish enddleliverspiat iframationioahossystem (8124 ¢ orapHteni The dri ve

systens. fnag:iiie@fsk iOfofRitel AR aHIBRY of BHRARYe ddid'Backh,RaEbGI1AEh FUSt _noni tor
t he performance of the channel undef prescribed test conditions. For

exanpl e, fefigared ipstonsiafived grantiictfdhigie the Jonefprenetiny trapsitioes o the digk i tten to a
sector of sstg%ﬁ&:ﬂ REhEE nbtctHo@ied tHe MRALR NI K Unk B RSN Bl Golidaddy the read

channel .
adjacent to the disk senses the magnetic transitions on the disk surface and produces an

input read signal corresponding to the recorded data. The read channel includes a plurality
of components for reconstructing the recorded data from the input read signal received
from the transducer. Sampled amplitude read channels include components (e.g., a digital
wave shaping circuit and a digital filter) for equalizing the input read signal into a
predetermined partial response (e.g., PR4 or EPR4) that enables the output of the read
channel to be approximated as a linear combination of time delayed pulses modulated by a
binary sequence.

The operation of a sampled amplitude read channel may be optimized by adjusting
one or more of the read channel components that equalize the input read signal.
Programmable digital read channels enable technicians to program read channel
components to improve the data detection capability of the channels and to optimize the
read channels for different disk drive systems. In order to optimize a read channel, the
technician must monitor the performance of the channel under prescribed test conditions.
For example, in one optimization technique, a known test pattern is written to a sector of a
magnetic disk and compared to the pattern detected by the read channel. Sucha
comparison may be used to compute one or more statistical performance measures (e.g.,

mean of squared sample errors) characteristic of the current read channel configuration. In
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conpari son may be used to conpute one or nore statistical performance
nmeasures (e.g., nean of squared sanple errors) characteristic of the
current read channel configuration. In | 18 COctober 2003 order to performa
meani ngful statistical analysis, however, a sufficient gquROtiobr 2d03dat a

must be col |l ected. Various techniques (e.g., introducing noise into the read
channel) have been proposed to reduce the ambunt of data needed to perform

stati sti CaldePtiopeoRSa tRatingul stARGCaL RaMyit| hawkvey b sufﬁ&eﬁdﬂhﬁﬂtpﬂfddﬁd ogr anmabl e
channel quality ponitaqrs have been devel oped to hel urrula&e test data

for cal i baisgotlenteds &Y aiRdhigehmiquente- gev%%'ﬁ?ﬂ“é‘“gﬁ"’ée tnt ?é"ﬁ chggrelshays7 634

descri beshanGRedal toGetiks thé afloh W Hath Aeclled BV SARticAl 48 Sye af theC hannel .
The channel quality circuit generates a test data pattern that is witten to

a sector T3t chanpgldwnutoln addivRanregrapmably shagneliqualiy mogitors bete B8R tern i s read

fromthe aé\@[@g@tﬂieﬁkaccﬁﬁﬁ%&est B8 for RARRIngGUBdd dndnifel, T Ikt lekardgle, B at es
performance data fromthe read channel conponents. Gating logic is

pr ogr anmeHaier Nee 8 9811634 éeséﬂlP%ﬁ archenngkquelity Arswit ey popled amel l'i’a‘ﬁ? ¥3a9f interest.
SUMVARY Ofpyahk, :ryyr mance ARG o c{r&i{%&%s B%@f M LHehShR BwRfd GRLAeMS for

accumrul ati ng pe froma read channel configured to extract
data synbef @fommdanmgmmregm@@h u%ﬁthamttern ipread Bpmihe teragegtiskat t ed dat a

sectors. Loy aCROLLANGEG Wg{yralr&ma%cﬁzﬂm ﬁ%&gq&mﬁ%mzﬁé%aamale channel

quality nonitor Is ope e to accumu rmance data corresponding to
a recor dedommnuaﬁhh@basntyowmd mgaqcmubte anbt the prrtienlaygerformanes t he
magneti c H%% Eppbodi ments may include one or nore of the follow ng
features. e C anne gquality nonitor preferably is progranmable to del ay
the accunul ation of performance data during a delay period corresponding to

a programed nunber of dat QUWMQFfMManecei ved trigger signal.
The channel quality npnitor may be g'gramrabl e to begin the delay period

after a sync naRkingengien|feqtyey Fé’é‘éﬁ% odgfprgecymulating PeEfarernss daia) s
received. ghhe, &Q@&%helquﬁﬁg@a tH'_Qﬁ‘ﬂratcPHatPEﬁﬁB%[sa@rH a magﬁeﬁ@ %?edﬁnfiﬁivﬂ% a count er
configured to provide an end-of-delay signal after the programed del ay
peri od habraitypf fegmatted data sectors. In accordance with this inventive scheme, a

programmable channel quality monitor is operable to accumulate performance data

corresponding to a recorded test data sequence spanning two or more data sectors of the

magnetic medium.

Embodiments may include one or more of the following features.

The channel quality monitor preferably is programmable to delay the accumulation
of performance data during a delay period corresponding to a programmed number of data
symbols following a received trigger signal. The channel quality monitor may be
programmable to begin the delay period after a sync mark signal is received, or after a
read gate signal is received. The channel quality monitor preferably includes a delay
counter configured to provide an end-of-delay signal after the programmed delay period
has expired.

The channel quality monitor preferably is programmable to accumulate a
programmed quantity of performance data. The channel quality monitor may be
programmable to accumulate performance data corresponding to data symbols from
multiple data sectors of the magnetic medium. The channel quality monitor preferably
includes a measurement counter configured to provide an end-of-measurement signal after
the programmed quantity of performance data has been accumulated. The channel quality

monitor may be programmable to accumulate performance data corresponding selected
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The channel quality nonitor preferably is programmable to accunul ate a
programmed quantity of performance data. The channel quality nonitor may be
programuabl e to accunul ate perfornmance data corresponding to data synbol s
from nultiple data sectors of the magnetic nmedium The th@otobkr 2008 ity
nonitor preferably includes a neasurenent counter configured to provide an
end- of - neasurenent signal after the programmed quantity of performance data
has been alarusymbalt eficacH hagndtia mrediungseator frgm wideh date is aecpmntatqar deamrabl e to

accunul ate performnce.data correspondin el ected .2 18 Cctober 2003 data
aynbol's: o R o R B o A SR SR A £ i Ao SRR o The
accunul at itea pograuenidbdys mmthee o Hiditasyiaby!shhe the bsgirmioe of i saewr &rothekldgh peri od
correspond] ogrammabl e nunber of data synbols at the begi nning of

d ng to gzr
each sect SPAAF 3HRHREA data i s accunul ated. In one aspect, the invention
features a di skn clie agpecs Yisd iavantidh Eeadiystardiak diivk yebessn. alhe dy@i@mtinaiaies a|gnet i C

storage di.sk having a plurality of formatt dat g sectors. . The system also
hel udes. At e R B Re Ry ShrB e S, THTER dat a

si g]pal frg’l‘@otiﬁlﬂudem%t b tgetngmaacd odfigiled t-BleQtr?XSﬁ entolidisdatn %ggﬂﬁsﬂmmel |
configured to extract engQded data s ols frgmthe encode ta signal.
The syst erfegnels %ﬁ%fgg%fil% g@ﬁﬂam%@s ¥ elawi&@twmma%ﬁﬂm eto
accunul at %yﬂ%[&ﬁfoﬁﬁﬁ@&cddédada@ﬁiﬁlﬁﬁm&cﬁﬁrﬁ&nfaﬁoiﬁa{@ﬁ@gl@ﬁﬂlabﬁ%hamﬂﬁt a sequence
spanning two_or npre data sectors of the magnetic nmedium In gd}gt her aspect,

t he i nvent9uakfymesitor ersrableig ey e%@ﬁﬁﬁﬂ“ﬁ%ﬁ“ﬁ&%ﬂ@%&ﬂéé‘*m &troma

read channgls se@idhtOiphfing Qvofotinicé Hatdl SdchorS VO mBgcfiOMediuvmagnet i ¢ medi um
having a plurality of formatted data sectors. In accordance with this

i nventi ve net héwanaher ageptgthy invention feptures a pisthod phageumplating Resforpanes| ¢ pl e dat a

Sect ors of gatYor B oaf channEFdhH fired fofx et dSka BRhbAIERm R dgREtt h&dikgad from the
mul tiple data sectors of the fagnetic nmediumto _Tgroduce a readback test
M)

pattern. Ihavingeplmglithefiforpatictsipiaptiersdln accordange Wil this inyetiiepeatiodor of the
B BB LA ta i el AU AU, 8 L1
det er m nedvriginabestipattern isnead from the mulkipleisiptasedters pfithe magnadic mediunhtoer ror, or i f
more than ﬁ?@tﬁlcp Xg'é‘adbz.lcﬁ téspgatéﬁf.: R 'Ehﬁ ﬁleﬁlgd,%reffghance data relating to a comparison
of the original test pattern and the readback test pattern is accumulated.
A total number of sectors in error preferably is determined. A sector may be
determined to be in error if a single byte in the sector is in error, or if more than one byte
in the sector is in error.
Advantages of the invention include that a disk drive technician may readily
collect a large quantity of performance data, because the test data patterns written to the
magnetic medium may span multiple data sectors. In addition, the disk drive technician
may perform a wide variety of different performance tests with a test data pattern stored in
one or more sectors of the magnetic medium {e.g., a sector error test that spans a plurality
of sectors).

Other features and advantages of the invention will become apparent from the

following description, including the drawings and the claims.

DESCRIPTION OF DRAWINGS



Advant ages of the invention include that a disk drive technician may readily
collect a large quantity of perfornmance data, because the test data patterns
witten to the magnetic nmedium may span multiple data sectors. In addition,
the disk drive technician nay performa w de variety of18iDétbberctio3
performance tests with a test data pattern stored in one or nore sectors of
the magnetic nmedium (e.g., a sector error test that spans a plurality of
sectors). O heFIG.dat isrageaninag siletvieges achagnbtic disk/geragemystein| including e

apparent fr t.he fql.l ow,ng. rption, i udi t he, dr-awi ngs and t he

cl ai ns. Dﬁ%%?}lgﬁ W@yﬂﬂﬂg}ﬁ%‘?%ﬂ%@hb@? 1635%?1 %g%d]%?lgaﬁ}yo Fasdn'a di agrammati c
si de vi ewsoposts sayo€hichds sdupkt or agsepestied ead/writectanstiungs. an act uat or
assenbly, a pl l.ity of magnetic stor di sks, and | urality of head
supports each gié‘v% % ﬁ%f@dgfﬁap CeW 15" Sﬁggoé"ﬁ‘@lietlai%nq %%%5%". ‘{‘% transducer.

FIG | B is a BlGJdChsa@idgtaningicwicswofafdat symbobboind offmggeeiriofthst or age di sk.
FIG | Cis a diagra ti i of a data synbol format of a sector of the
magneti c SAAEPEHEST ?@@%Oféﬂélﬂ/g_ FIG 2 is a block diagramof a read
channel of thefrra@ieh biockidtilrasi sNaagR dhysicbof thd magriefic diblstofdgéSsystni 6f a bl ock
di agr am of an EPRML read/wite channel, including a data detector and a
channel qlféﬁ'i y nmonitor, according to a specific enbodi nent of the

i nvention. Fl GFI@ 3§ adldek Qiblerat GFh BPRML tca@weiRoohagilel, Ghtdhdifig/a dani tor of FIG
3, according to peci fiEﬁS' enbodi ment of the i,?veﬁ%iﬁn. FI 5 is a block
di agr am ofdeEciebid-aothpaRel auality menitarAcrrfing (3 fRegifirsmpedmegiol fleg. 4,

accordi ng ifenfiorspeci fi ¢ enbodi nent of the invention. FIG 6 is a state
diagramof a finite state machine fqor the controller. of FIG 5, according
to a specific EHBASEAbck dragtameotths diapncd Auality menitoy af BIS- 4y gecordingig adi agr ans

cor r espondpfskid Snkbdith&it 8fihe Rivestlighrmabl e nodes of operation for the channel
quality nonitor of FIG 4, according to specific enbodi nents
FIG. 5 is a block diagram of a controller for the channel quality monitor of FIG. 4,

according to a specific embodiment of the invention.

FIG. 6 is a state diagram of a finite state machine for the controller of FIG. 5,
according to a specific embodiment of the invention.

FIGs. 7A-7C are timing diagrams corresponding to different programmable modes
of operation for the channel quality monitor of FIG. 4, according to specific embodiments
of the invention.

FIG. 8 is a flow diagram of a method of accumulating read channel performance
data over multiple data sectors of a magnetic storage medium, according to a specific

embodiment of the invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring to FIGs. 1A-1C, a magnetic disk storage system 10 includes a head stack
assembly 11 and a plurality of magnetic storage disks 12, 14 and 16, each of which is
configured to rotate about an axis 18. Head stack assembly 11 includes a plurality of head
supports 22, 24, 26, 28, 30 and 32, each of which is coupled by a gimbal mechanism to a
respective slider 34, 36, 38, 40, 42 and 44. Each slider 34-44 supports one or more
magnetic read/write transducers (e.g., magnetoresistive heads) that are operable to write
data to and read data from magnetic storage disks 12-16. Slider movement is controlled
by an actuator assembly 46 that controls the positions of head supports 22-32. Head
supports 22-32 are configured to bias sliders 34-44 against the surfaces of disks 12-16.
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of the invention. FIG 8 is a flow diagram of a nethod of accunul ating read
channel performance data over nultiple data sectors of a nagnetic storage
medi um according to a specific enbodi ment of the invention. DETAI LED
DESCRI PTI ON OF SPECI FI C EMBODI MENTS Referring to FIGs. | Gctebezomggnetic

di sk storage system 10 includes a head stack assenbly 11 and a plurality of
magneti c storage disks 12, 14 and 16, each of which is configured to rotate
about an ajhemtax&ndﬂd&dssza@ oamaﬂalbyarﬂagtbemedmd&ﬁsmMmmleﬁmfmés head

supports 2 0 ch ou by a gi nbal
mechani sm° ? gis g s 1% i‘gﬁﬁéﬁyf ?)éexf%gg‘éra%@’ %“,'Pag%s\,mﬁﬁ?s Lé 6;%‘?%? LEach slider
34- 44 suppobstatigifeconstaniiganceagnet i ¢ read/ wite transducers (e.g.
magnet or esi stive heads)_{.h are o able towite ta to and read data
from magnetic 868 %“Bbmcﬂé%g%l? %5: g@LP&P&P"%@é@Em*‘k lgaléémr?sol led by an
actuat or asfeRAdNoY itRaildat reeorlingth&did HPpHasi ol \Eslohurfies d TR PRIafior? 2- 32.
Head supports 22-32 are conflgured to bias sliders 34-44 against_the

surfaces O&YPicRlypsstarpd ygan apnular pattermnd concspie dpfa tracks 48, agsheprn @i 1B 2. 16

produces Fbydikeny. IE&QMQ@&Wﬁkdﬁ@ﬁe%ilﬁt@aﬂﬁiu@womemgws@ﬁﬁ&edm} di sks 12-16
that lift sliders 34-44 above the surfaces of disks 12-16 by a smal |,

subst ant i &F1v9 figldn§2.ans 2 disk fotpten datastossdandifierentsegtors of thedisk &Y beach nmagneti ¢

storage d 'aﬁ&sébabi%o%ﬁ dex‘ B ft@a’ﬁ?&:bﬁﬁb I dEatitid Bﬁftﬂe%dk%ﬁﬁ’ﬁdé' 'SgrvH%ild@ supported
on the disk surfaces he informati o pically is stored in an annul ar

pattern oﬁZ@we%tqv%lfsd@FHa@&ﬁféwsctwawsragn%qfém eerri4si4 ag toplign di sk 12. Each
data trackmpdfbds ﬁ@ ﬁmﬁm%(ﬁehfyd(?raék@é Ulrnaal fidedl bRk %%ﬁ&e@{u?e EbnBRAFRK /8 PY

servo fields 52. tes, data stored in different sectors of the
di sk may b%dwwle%é%%arewenmmdngm@emfed@l sizgd pestornffh rigph date eesctasS8t i ons on the

di sk surf age.,n3ehyYeh ésbtf‘cllzgéi id 1ﬁ@5t n%g%é@ﬂﬁ%in{aﬁlshragtatséﬁ&lﬁd geseCt O

positions of tfansducers - I gn  transducers 34 wth a
desired tread Rthm&nfquma@nf(ﬁgedlam tbetkdqmé)hdqf@@mS@tor@aﬁwleﬁbfad&ta EeorA8 i s

di vi ded i oI WG bR gﬁ;% ach data
sect or SO%%I%fica cg%ﬁggaérg%gg@som al%eng‘lr? t |p§ge F%ﬁg% %)%f?o%mlag t hat

cont ai ns éolqd:&mambasltcohe wdmmmrfmadrandantiskﬂrhiemomnmbrmwmnhe(bggal biédkags t hat

i dentify qﬁm%gxt 15%%11%@0 thtE)Sz})ne, Tylpnd%r?klee}ﬁ sec or vaﬁlgeso rﬁle servo system locates
the desired zone, cylinder and head, and the disk drive begins reading the sector ID fields

-

until a match is found. After the appropriate sector ID field has been read, the disk drive
reads data from (or writes data to) a user data block in the sector corresponding to the
matched sector ID field. As shown in FIG. 1C, each sector 50 is formatted into a data
sequence that includes a training preamble 54, a sync mark 56, and a user data block 58.
Training preamble 54 is used to set the sampling frequency and phase of the read channel,
and sync mark 56 is used to identify the beginning of user data block 58.-

Referring to Fig. 2, in one embodiment, a transducer 34 generates an encoded data
signat 60 from localized magnetic fields stored on magnetic storage disk 12. Transducer
34 transmits encoded data signal 60 to a read channel 62, which extracts encoded data
symbols from encoded data signal 60 by sampling encoded data signal 60. The extracted
data symbols, along with other information, are transmitted to a decoder 64, which
generates decoded data symbols 66 from the information received from read channel 62,

As explained in detail below, read channel 62 includes a channel quality monitor
that accumulates performance data from read channel 62 and computes statistical
performance measures that may be used to improve the operation of read channel 62. The
channel quality monitor enables disk drive technicians to readily collect a quantity of data
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50 are identified by a |ogical block nunber. The host conputer sends a |ist
of logical block nunbers to be witten or read, and a di sk drive controller
converts the |ogical block nunber information into zone, cylinder, head and
sector values. The servo system|ocates the desired zonms Osiwbérzi®ms and
head, and the disk drive begins reading the sector ID fields wuntil a match
Is found. After the appropriate sector ID field has been read, the disk
drive r eals isdafficidnt mnobin ralinble aslicltiom dof odad @harmel peefaimanbt meder adudl he sect or
correspondi ng.to t ched sector ID.field. shown.in EIG. 1 C each
Coct or 20 cpEins spont e ReRa Bt S soafis £ ABK Breoltdian i ng
preanbl e Zdry autsywide naridty Sfdiffaratt parforsiihcdiita with datk soted in dhedrtherg preanbl e 54
is used to_set %he san Iieagw{requency and phase of the read channel, and
sync mar k *56°7 & §EEETG ™ ‘ify the beginning of user data bl ock 58.

geferri ng tlo Fm]fenﬁlgt't)ﬂ@lnﬁixemcuihd 'bafeinient?fthfgmadmﬁ,eahdmm@ﬂameian encoded
ata signal, 60, from|ocalized magnet.i i.el ds stor on tic storage
sk 15 OB inRleiss B ORBAE ARG S A R Tl BG4 B8 channel
62, whi ch vexbsifisied byRGOEBK 0ROl aSMatbOdperatin g WitiGQdRdd Bap sersd Gagl 60 by
sanpl i ng encﬁr‘g%ed d‘i:\ta s}i{ignal 0. Thf[% extracted ,da}a synpol s, along with

ot her i nf dPsiedes aalides carrying Yeplf fopregdigg informatign fropy{pnd Writingher at es decoded
dat a synbah@Brftiohi@Bedrii diski 22 1A kB nioRE 8F MRehtioh AMAMERT NG PdhSBbndRe AS

expl ained in detail below, read channel 62 includes a channel quality

nmoni tor  tidcedina e dleraent gEiransdyesh ¢btogpaeduce aneRcpded datafigialethatd® and conput es

stati sti Cabpliddah bR PRSI SRATHSAAD. ANriddfe HECMISC: RGRY S t he operati on

of read channel 62. "The channel quality nmonitor enables disk drive
t echni ci arfentrlablymplifies e eacodedidatasignal topreduce 4 gainmongalized dBepiemd03 that is

suffi ci entygl QrORYRIRtr] BlobBBd gnd heh@ﬁfiér%%yﬂheﬁ&@ﬁatﬁ Biapaek, ARlhaksRNCE under

actual operating conditions. T annel "quality nonitor also enables a

di sk dri veiredthhiditsgihe HC offserof dgwasignali8d nequplizey 8fe.gdicontément tiper f or mance
tests wit t: Eiﬁ&%["% ' ! o) y Yol
Ref erring hf%lfcé)fj}rﬁ1 ; , ?F\d grggﬂg ﬁ%g%@m@tﬁgﬁ%%lz?{rﬂ@ﬁt o) %% gﬁ“@S%@,ﬁaead
channel  3Enat8. Wdeaalogrtotdigitahgh/Bhepmaeritar 84 sampleethel epialized datacsignal Téaisducer
74. Trans ! |10 VOj C I r
oper at | ng e Tle B prOfaP Skt QR SatcRof Bt Bl g8 fiftee AREMALT
t r ansducerimpdis¢ mspansafilRpfikterB6 revatveomdifndimr equadizesrthd santples to a

predetermined spectrum (e.g., PR4, EPR4, or EEPR4). The equalized spectrum is then

applied to an input of an interpolated timing recovery (ITR) filter 88 that is configured to
produce synchronous samples by digital interpolation of the asynchronous sample stream
received from FIR filter 86. The equalized spectrum also is applied to an input of an
automatic gain controller (AGC) 90, which adjusts VGA 80 to normalize the gain of data
signal 78. The equalized spectrum is analyzed by a sequence detector 92 that is
configured to produce detected data symbols 94 representing a maximum likelihood
sequence estimate of read channel 70. Detected data symbols 94 are supplied to the input
of an error correction code (ECC) decoder 96 for decoding into decoded data symbols 98.
Read channel 70 further includes, a channel quality monitor 100 that collects data
samples from read channel 70 and computes one or more statistical measures indicative of
the performance of read channel 70. A disk drive technician may program channel guality
monitor 100 to collect information corresponding to particular test data patterns stored on
magnetic medium 72. The test data patterns may span multiple data sectors of magnetic
medium 72, enabling the disk drive technician to readily collect a large quantity of



information to) storage disk 72. In a read node of operation, magnetic flux
transitions are induced in a read elenent of transducer 74 to produce an
encoded data signal that is applied to an input of a read preanplifier 76.
A variable gain anplifier (V&) 77 controllably anplifi#sOtiobec2@3ded dat a
signal to produce a gain-normalized data signal 78. An asymetry bl ock 79
and a nultiplier 80 symmetrize data signal 78, and an offset circuit 81

adj ust s t herfanpangerdataandfto prafoams widevargy ofalifferep) aetiforman@esteleg.. 2 cont i nuous
time fil I i i one (or all) of the equalization to
t he gai n-%%&arrrg |§%§q%2l§t1§ g?%ugaéﬁ§%§feg§ﬁ§'anal og-to-digital (AID) converter 84
sanpl es the eqBefeiringdo HKT. &, adcgriitig t¢ 8 specific dmpbodimentef the mvention, ghaunel de

di screte-tj t i i -1 i-ni t.e inmpul se
response. PRy BiraPo fohldafiopcRodirg 1) corfigled & Shifule il ”, P

pr edet er mswaasticgipedbrmanct megsures PR3] froBRRAyrality oEfeReyd pefloem@wgeditezed spect rum
is then l,Led .t gw.an i-nput of interpol ared fimng.recovery (ITR) filter
85 that i SRERRTTod T8 PeidtRibesteadles A SR oS habecth Bl SRS

i nt er pol atiinercwhulsthel Gsoplledis oricueinsiapd amptes Gam anrcatpat ViddffregisterFIOR fi | t er

86. The equalized ectr 0_|.s lied tq an_i t_ of an. automatic gain
controt| o RaermsBR Gl 2 el ORRUE S PR S PR FARF Gt

si gnal 78.108hecoagolavhictepkrfopaaice mnmasise Hifak yupptiedty tiee iapwé acamitect or 92 t hat
is confi ed to oduce detected. data. s ols 94 representing a maxi mum
Tkl + hood b < i sELSRER, HEbRgHiRil HoRnin iR SoleukfBPRRS 4 oy mbol o o4
are suppl ifetbwting stitistical peiformahceaneagtreqr correcti on code (ECC) decoder 96 for
decodi ng i nto decoded data synbols 98. Read channel 70 further includes, a
channel quality nonTESF 100 that collects d2EENIE&MI| es fromread channel 70
and conputes one or nore statistical nmeasures indicative of the performance
of read channel 70.pMvREdiSkréickd® s@aixad Ci arg? BBy [RCQEF am channel quality

moni tor 100 to col | gelpid viiemati on corresponding to particular test data
patterns stored on nagneticC nedium 72. The test data patterns nmay span

mul tiple data secto [ dium 72_ blipag the disk drive
technician to readiﬁﬁ%ﬁfﬁﬁgwﬁoﬁ quanté?t yf% @“]?8 Cct ober 2003

per formance data an P orma wi de variety of different performance

0 per
tests (e.g., a sector _error test that spans, aplurality of sectors).
Referring to FIG 41,"[%53&?5?%5}%31?)0 a specifi% @‘i&ﬁi ment of the invention,

channel
Surface Analysis N(TL, Ty) =X, I (TL < ¥a < Tw)
Histogram 1 (referenced to N(e?) = 2 1{lyva— .)* > T &%
gstimate)
Histogram 2 (referenced to NE) =31 {[yn—0a]*>T &%}
known sample)
Histogram 3 N =21 {[yal > T &}
Error Rate NE) =D 1(z,>0)
DiBit Extraction DY) =2, (n * @n) + (¥n * a0~ 1))

TABLE ]

In Table 1, y(n) is the selected performance data sample 104; {i, is the estimated noise-free

sample value; Qi is the known noise free sample; a, is the known data; 1(x) is an index

function, which has a value of 1 if x is true, and has a value of 0 if x is false; T, are




quality nmonitor 100 includes logic circuitry 102 configured to conpute a
plurality of statistical performance neasures 103 froma plurality of

recei ved perfornmance data sanples 104. The perfornmance neasures are
supplied to a function select register 106. An accunul at8o®ctdbé& 20083l ect s and
accunul ates sanples froman output 110 of register 106. A programrabl e
controller 112 applies a function select signal 114 to an input of register
106 to comqgcﬂrmn#ﬁl@thrqghwlﬂanlmaae@d meabifoutpiOftd siremplotddent94 ig int ¢1e0ti nput  of
accunul at gﬁ}w%QB (tt,‘u one enbodi nent, channel quality nonitor 100 is
configured to cor?’pu e the followng statistical performance neasures:
TESTDEFI NI TI ONAMSE! méy el alatathe deal measiquana eeor laaiit&d{n’gmhemml]l@dmm e val ue)

Si gnal ) o612 (i, NG NS 8y oyt el RO adk G BB3, 0 000 o

1 (ref er encaxhulaedNhaeipsure@ént lcofrtstri24. Bor|tBe MSEl&’e}st éﬁammtse:)alcﬂa'eﬂ@gﬁmm 2

{[ yn] 25TeBITETPEPEpSTERe 5-=Lrod St S e AT RSaied PO %)

(Yn x an saxﬂxbl): vAlABLIn the MSEDadst ehek,rrdy (isﬁhlclu&teﬂhte ﬂ&eixmmm;d bameémhﬁanc e data

sanpl e 104 the e se- I.s the known

ol e 1 edtceiy el uipu o P, B e el zpmpE it ek S et on, whi oh

has a val ugefffeclibadk skift 2gistet! L.FSRN A 16 aPheMSB B Wt Mihy Be uded Xo meashitlthe, Tn are
standard deviation of loop error signals.

The surface analysis test (SAT) may be used to scan the magnetic medium for
defects. For example, a ¥ period constant pattern may be recorded over the area of the
magnetic medium to be tested, in which case the readback pattern would be a sine wave
with a repeating =2 pattern. The SAT function counts the number of sarriple OCCUITENCES
outside of this pattern.

Bit error rates may be computed for various components of the read channel. For
example, the output of a slicer circuit may be compared to known data generated by LESR
116 to determine bit error rates for the slicer circuit. A similar test also may be performed
for a Viterbi detector.

The di-bit extraction test deconvolves a pseudo-random binary readback sequence
that previously has been written to a sector as data. The di-bit extraction test may be used
to evaluate one sector to determine one value of the di-bit function. Subse¢quent values are
obtained by shifting the phase of the pseudo-random binary sequence that is used to
generate known data in the deconvolution equation. Data should be written using the
known-data Write mode. In this mode of operation, when a normal write cycle is
executed, the device output is a repeating pseudo-binary sequence data pattern that takes
the place of normal encoded write data. On readback, the 127 bit pseudo-random binary
sequence is derived from LFSR 116, which performs the polynomial recursion Xz = (Xa+7
+ Xp+3 + Dmoaz. In this extraction algorithm, the phase of the pseudo-random binary
sequence determines the time variables of the extracted di-bit function. In order to obtain
all 127 values of the extracted di-bit, the phase of the pseudo-random binary sequence is
incremented by changing the starting value.

The performance measures defined in Table 1 may be applied to a number of

different performance data samples 104. Table 2 identifies (with an “X") the different



7 18 Cctober 2003 programmabl e t hreshol d val ues;
from decoder

real nmean

MBE3) by the number of neasurenents nade;
measur ement counter

and z"
96 is in error, otherwise z. = 0. A user
square error by dividing the neasured square

=1 if output byte n
may cal cul ate the
error (MSEl, MSE2,

thi s nunber isqgaeeuerb@ixrd in
124. For the MSEl test, the error is calculated as the

di fference between the received sanple output fromI TR 88 and the estinmated

noi sel ess dasesupipies\ad that mhybd ienitdtiParkialsd statistieal perfarmance nodabured thitagayas t he
di fference _betyween the. received sa output fromI|TR 88 and a cal cul at ed
sanpl e derel?ev‘ga‘y\%rcg‘ﬁ‘iaﬁtﬁn%entﬁ?fﬁP&gorfnlaﬂ‘é%g‘*ﬂ%fSég'é?%ﬁtk shift register (LFSR) 116.
The MSE 3 @i S =G e S el kS S R af—1=e9Q D eI I Or
si gnal s. Ith 8 1dl S t| $OAT)HIFHY| HETUYeHISTD | SRAOR HP-BFAdnet i C
medi um f OFFRBERRCES [P T [E X g PR puS o Stantpat tenm ey jbe
recorded PYENERRBRAT §a Of T Mg REQMETT Y TTEGT OMT t 0 [DE X EYted, —Tfm W gh case
t he readbl%nrmgmm Wouljd beg axsijne wgve W1 n aregeati ng . ¥. 2 pajtern.
The SAT fcREsTOREOURtS tlhe nunberl of danpl el occurfrencey outgide off this
pattern. BERRORrror rdtes lnpy he canputed forl vari qus conponentls of tlhe read
channel . [P4R ASEManpl ¢, tHe ouft put |of a|slicel cirduit mdy be donpardd to
known dat jgE tat-edby—HkSR | 1164t.0--ddt erm-pe-bit-error rateg for-Hhe
slicer cilgdy R?T'A simlar|l test 3l sio may be perfornmedX fdr a Vit er bi

det ect or . [JERFGRT - DTt [EXtT[@Ct T t st UgCONvVO[ VES pPSEUQo- T angonrorTjar y
readback Setiomsae that fdrevilusly has |been jwitten to g4 séctdr as data The
di -bit exjseapDroOn tedt ngy bel use to {eval upt e one sectlor .t o |deterrfi ne one
val ue of §ERRARS2hit flunctii on.! Subslequent val bes_arle obtlaj ned lby shiffting -
t he phasel 4 BIHERRORa \d0- rland hinary dequenbe that is ilsed td generfate
known dat%ﬁgﬁﬁ%@ dedqonvdl utipn equatidn. Daja shqul d bd wsi ttlen usifng the
known- dat T éR*" Frogd—H i s—Ho of—epetrart+or—hen Arora—wtte cycl e
is execu e({: ]%[ﬁe device foutput jsl g rdpeatinga pseaudo-bilnary _geguende data
pattern that takes the place of nor ggcoded wite data. On readback, the

127 bit pseudo-random bi nary

sequence rs“derived fromLFSR 116, which

performs the p%éf&%% ?A FIcS g,ucroﬁirglﬂ:r)i 12 ﬁ%luﬁcs(gﬁrﬁzc state machine 120, a delay

counter 122 and a measurement counter 124. As explained in detail below, controller 112
choreographs the collection of performance data corresponding to pre-recorded test data
stored in one or more data sectors of a formatted magnetic storage medium. In practice, a
disk drive technician writes a known test pattern to a magnetic disk and programs
controller 112 to accumulate a specified quantity (# measurements signal 125) of
performance data corresponding to the test data sequence written to the magnetic disk.
The recorded test data sequence may span muitiple data sectors of the magnetic disk,
enabling the technician to readily collect sufficient data samples to obtain meaningful
statistical performance measures for the read channel. The technician may enable
multiple-sector measurement collection by activating a sector_span signal 1l26. The
technician may program controller 112 to operate in an asynchronous mode in which data
is accumulated upon receipt of an active read_gate signal 128, or in a synchronous mode
in which data is accumulated upon receipt of an active sync_mark detected signal 130.
The technician also may program controller 112 to suspend the accumulation of
performance data for an initial delay period 131 corresponding to a specified number of
data symbols to be processed by the channel before performance data is collected. Delay

counter 122 stores the programmed delay count 131, and measurement counter 124 stores



+ x"+3 + 1)nod2 In this extraction algorithm the phase of the pseudo-random
bi nary sequence determnes the tine variables of the extracted di-bit
function. In order to obtain all 127 values of the extracted di-bit, the
phase of the pseudo-random bi nary sequence is increnmentglobybeizo0di Nng t he
starting value. The performance neasures defined in Table 1 may be applied
to a nunber of different performance data sanples 104. Table 2 identifies

(with an &amﬁrbﬁeﬁlcﬁﬁrﬁrlgmo&sg&dagtak}ﬁrs A ey §P}59Pffoﬁﬁanl:96at'élf@t may be

nonitored and the statistical per1ornance nmeasures that may be used to
char act er ibg écctuné%féeqo erftes animid delay aerindhes expired, delay counter 122 transmits an

PERF@WNQE&@E%%GE%T% 8 /i Sthee'thachite RV, afr th ity BR_DATAXXXXXX
GAI N ERRORXX TI M NG ERRORXX DC RESTOREXX ERROR MR ASYM XX ERROR FI R ADPT. XX

ERROR SECTPEnERFEMA hasbeararpympmrdrsmsyamet ToEmmARK trepsisre gpd=ofsRRORX. ECC
BERX TABL Epéasurement signal 146 to finite state machine 120.

Referring to FIGs. 5 and 6, in operation, controller 112 may choreograph the
collection of performance data as follows. Initially, controller 112 is in an IDLE state 130.
Upon activation of a trigger & reset signal 132, state indicators of finite state machine
120, delay counter 122 and measurement counter 124 are reset and finite state machine
120 enters a WAIT state 134 (step 133). Finite state machine 120 exits WAIT state 134
after receipt of an active read_gate signal 128 or after receipt of an active sync_mark
signal 130, depending upon the value of a start_on_sync signal 136 (step 135). Finite state
machine 120 then enters a PAUSE state 138 in which finite state machine 120 activiates a
delay enable signal 139 that triggers delay counter 122 to count though the specified delay
period. Upon receipt of a delay_done signal 140 from delay counter 122, finite state
machine 120 advances to a MEASUREMENT state 142 in which finite state machine 120
enables accumulator 108 to accumulate specified performance data (step 141). Finite state
machine 120 also activates a measurement enable (m_enable) signal 144 that triggers
measurement counter 124 to count through the specified number of performance data
samples. If finite state machine 120 is in PAUSE state 138 when read_gate signal 128 is
de-asserted, an error flag is set to 1 and finite state machine 120 returns to IDLE state 130
(step 145). While in MEASURE state 142, performance data samples 103 are
accumulated in accumulator 108. Upon receipt of an end-of-measurement signal 146,
finite state machine 120 disables accumulator 108 and returns to IDLE state 130 (step
147). The measurement value contained in accumulator 108 and the number of
measurements counted in measurement counter 124 may be accessed by a disk drive
technician through a serial interface and may be used to compute one or more statistical
measures indicative of the performance of the read channel (see, e.g., the performance
measures defined in Table 1).

As shown in FIGs. 7A, 7B and 7C, if sector_span signal 126 is de-activated, data
accumulates until end-of-measurement signal 146 is activated (FIGs, 7A and 7B), or until
the end of the magnetic medium sector being read, as signaled by the de-activation of
read_gate signal 128. If sector_span signal 126 is activated, performance data is

accumulated until the specified quantity (Q1 + Q2) of performance data samples have
10



Referring to FIG 5, controller 112 includes a finite state nmachine 120, a
delay counter 122 and a neasurenent counter 124. As explained in detail

bel ow, controller 112 choreographs the collection of perfornmance data
corresponding to pre-recorded test data stored in one org8 OeHBerdi0d sectors
of a formatted magnetic storage nedium In practice, a disk drive
technician wites a known test pattern to a nagnetic di sk and prograns

cont r ol | ebechk@cunulated (FIGI #)e [Bemipdfondaswdmentaighalt 6 (shomeaivatedémbent s si gnal

125) of r.f or mangc ta_correspond to.the test da eguence witten to
t he mgne?‘%&i—%ﬁwﬁsm? e® r%%‘g%?'aeed;ﬁfl‘éesﬁ;té}gﬁagm %&?&ﬁ%@sﬁ%ﬁgéﬁ‘% %ti pl e data
sect or s ofstphetSmga etepscl 39+ 19K are repratediung! thé epetifiet guantigrofperforaadid datcol | ect
suffici en?1 ata Slfm%l es to obtain meaningful statistical performance
measures P8O FRENESE channel . The technician may enable multiple-sector

measur ement cofThedtilitgno &ylleaaiatasainpleg c@reap@iding t6 pmltipld gapmkticldediuhhe

techni ci an na roqr ontroller 112 to operate in an asynchrongous node in
whi ch dat A0S BT ARG torBeieian SO RFFIT G Vageps o SRR RIEEIFRS. Y pal 128,
or in a sygahiyleniiEchmge miyperdts A seadraeriod 18106 Valatd @ peRRmaiR@FiHet of an
active sync rk det ectﬁ_d sj gnal 1%(62. The {echpician alsp may program

cont r ol | ef<® fhanng! evsrmuliiple; 4ok sgetersof thernagnensmedim  Bythastatistigalt a for an
initial dek@ymagsd Rfctibad d&olibeasP Tasle NOhé Medufpral hilgendtaimeiable (whidat a
synbols tQ be processed by the channel before perforpance data is collected.
Del ay codffferenisspeasugmert coppiershdyrosrempandstor the munehen ot detmsamples (BHSARur erent

counter 124 nehk @l If cdrftrall to? R 8EctatRB3r AsIBASHERER the HRAMRhdee Darfudld i€ Spondi ng
to the specified quantity of performance data to ,  be.accunul ated, After an

initial daERRTREF ploactAmdo Bxissted @nd theidgpendent yardableris thempmben pisectors in

end- of - delegyr. signal 140 to finite state machine 120 and, after the specified
quantity of performance data has been accunul ated, measurenent counter 124
transmts an eR&fang ol S mraserrdancg wagh ong sectas efrpiipstanglf0ebyippafiere 120.

Ref er ri ng id @rduis, doddd afh w}iﬁenqg?étgiﬁélg\%scto?éﬁﬁa{rﬂé | ¢ hdRurl e F1HR5.€00r aph the

col l ection_of performanée data as . lally, controller 112 is in
an | DLE stlUpoa rerdback, thp precess is iearied o seonstrugtithe (M tegt natteratforsdagingector 32, st at e

i ndi cat or g4 1 g2 Mfrrs ShetoR MBS ScorAice SloA0OSOHAL §p 168, ANdogpasur ement

counter 1 S‘Z‘r"a{’;ll’ el)resefg aeﬁ% ]P{éﬁl Pe_ stcgt_e Fr%gﬁone h%%t(en e%@' a .V\%J T state 134

(st ep 133)maybegpemicdsasdtsectapioleireina@rietyiof srayW(sEp 46Git &n ag4mbodiment :
(test 1), a sector is counted as a sector in error if it has one or more bytes in error. In

another embodiment (test 2), a sector is counted as a sector in error if it has five or more
bytes in error. Statistically, for channel error rates of less than 10 errors/bit, most sectors
in error will contain only a single error event; however, a single error may corrupt several
bytes. When a single error event causes mis-synchronization, hundreds of bytes in error
may be generated. Test 1 would count either outcome as one error, whereas test 2 would
count as errors only sectors with long bursts of errors. If a sector is determined to be in
error (step 166), the error count is incremented (step 168) and the test pattern is read back
from the next sector (step 162); otherwise, the next sector simply is readback without
incrementing the error count. The process (steps 162-168) is repeated for each sector to be
tested.

When a selected error test is performed, finite state machine 120 is set to span
multiple sectors and measurement counter 124 is incremented upon de-assertion of
read_gate signal 128. After the specified number of sectors has been tested, finite state
machine 120 returns to IDLE state 130.

11




after receipt of an active read gate signal 128 or after receipt of an
active sync-mark signal 130, depending upon the value of a start_on_sync
signal 136 (step 135). Finite state machine 120 then enters a PAUSE state
138 in which finite state machine 120 activiates a del ays earbkezdxnal 139
that triggers delay counter 122 to count though the specified delay period.
Upon recei pt of a delay done signal 140 from delay counter 122, finite state
machi ne 120 adhithough theoabavesprsifREMENIMShia e udetDioidasonibe e ifventiom itss at e

hi fied f
Gata (st ot g TR aRE B ALAL sk el PR BLRRRRCT oo 2 roacur ement

enable (rn_enable) signal 144 that triggers neasurenent counter 124 to
count through the specified nunber of performance data sanples. If finite
state machine 120 is in PAUSE state 138 when read_gate signal 128 is
de-asserted, an error flag is set to 1 and finite state nmachine 120 returns
to I DLE state 130 (step 145). Wihile in MEASURE state 142, perfornmance data
sanpl es 103 are accunulated in accunul ator 108. Upon recei pt of an

end- of - measur enment signal 146, finite state machine 120 di sabl es

accunul ator 108 and returns to |IDLE state 130 (step 147). The neasurenent
val ue contained in accunul ator 108 and the nunber of neasurenents counted

i n nmeasurenment counter 124 nay be accessed by a disk drive technician
through a serial interface and may be used to conpute one or nore
statistical neasures indicative of the performance of the read channel

(see, e.qg., the performance neasures defined in Table 1). As shown in FIGs.
7A, 7B and 7C, if sector span signal 126 is de-activated, data accunul ates
until end-of-nmeasurenent signal 146 is activated (FIGs. 7A and 7B), or until
the end of the magnetic nedi um sector being read, as signaled by the
dc-activation of read-gate signal 128. If sector-span signal 126 is
activated, performance data is accunulated until the specified quantity (Q
1 + @) of performance data sanpl es have 10 78 COctober 2C03 been accumnul at ed
(FIG 70C. If end-of-neasurenent signal 146 is not activated when read gate
signal 128 is de-asserted, finite state nachine 120 returns to WAIT state
134 (step 149), and steps 135-147 are repeated until the specified quantity
of performance data has been coll ected.

12




The ability to collect data sanples corresponding to nultiple magnetic
medi um sectors allows a disk drive technician to performa w de variety of
performance tests. For exanple, the technician may performa sector error
test to evaluate the performance 9§ the read channel ovpgo%bg,l%ﬂo% dat a
sectors of the magnetic nmedium In the statistical performance functions
described in Table 1, the neasurenent independent variable (which

i ncrenents nmeasurenent counter 124) corresponds to the nunber of data
sanples (bits) to be nmeasured. In contrast, for a sector error test
measur enent .t he i ndependent variable is the nunber of sectors to be

t est ed, and%ﬁ’_dependent vari able is the nunber of sectors in .error.
Referring to FIG, 8, in agcordance with one sector_error test, an all 0O0h

byte pattern is s@r%ﬁﬁlﬂé T a&%%@éﬁngﬁ%ﬁo%‘ﬁﬂflﬁé#atfwmﬁlf@ﬁﬁf@nsdct ors of a

magneti c medj gﬂﬂf"‘f g rte
reconstruct th &L tgé?g%%att% rn lg%gg%ﬁﬁ?é&mm@&?ﬁ ﬁ‘%"}l%if&rgwoo s are
det ect ed byfdrhat‘ce:rtdatarsemtoa ocﬁmmsm@@brégﬁmab&i&ﬂuﬂﬁ%hﬁ:ﬁ@ﬁi&&r opefidle be
counted as a sect Ok)‘ rror a variety of ways (step 166). In one

enbodi ment  '(RESPURYS PEIYEIET Hi‘% CEB'E?HOEQI%SIO&T%% %ﬁ‘feﬁfrﬂﬁé% pegluenée it has one
or nore bytgshih Sk ERb EHE@% cto count ed
as a sector'gpi%n eFrorcHrfméI?dﬁ&%HB\;Heo or i mg&e@%ﬁ%%?e}ngtp ergtnﬂefllqg?% “Cal | Y,

for channelmemtcmrecmatseﬁe%eoiforkpea&gt\#iafw eb@bl&ae!mamnmnhﬂitt,onIﬁmsimslﬁﬁle@éc&orsI nerror
wi |l contai i [ vent in or may corrupt

sever al z?nderHeWr?’thg cngmel &%111% mon or s, gcr»] gure daI‘WI‘Z ‘2’@ rfgaﬁ b at | on,

hundr eds ofpeb@arm:mce memxmﬁ-c:m naﬁ:rhnen@eiaarfamed leaketSio dhtawedibd 1w%to€kﬁaher

out cone as S uld count as errors only sectors

wi th | ong bgé‘}’?l Hé“?pr(\,grgéﬁ%[ of °§ésc°m|s determned to be in error (step

166), the error count is incremented (step 168) and the test pattern is read

back fromthe sector (step, 162);, otherwi se, the next sector sinply is
r eadback V\nthoutzexIILQ? i hevkareigithe ghampel W%E’@é’é@@s(steps 162 168)

pertomed. ¥ %F‘?‘S’%ﬂe e crfRnts 3 SRR Bt ana

measur enentcouespundmg]mé prsgnammmmbd aflor Wertebshillbixng Ofeceivedtrigat e
signal 128. E',A?]éfer t he specified nunber of sectors has been tested, Tinite
state macl{t&¥@-120 returns to I DLE state 130. 11

3. The system of claim 2, wherein the channel quality monitor is

programmable to begin the delay period after a sync mark signal is

received.

4. The system of claim 2, wherein the channel quality monitor is

programmable to begin the delay period after a read gate signal is received.

5. The system of claim 2, further comprising a delay counter configured to

provide an end-of-delay signal after the programumed delay period has expired.

6. The system of claim 1, wherein the channel quality monitor is

programruable to accumulate a programmed quantity of performance data:

7. The system of claim 6, wherein the channel quality monitor is



1 8 Cctober 2003 Although the above specific enbodinents are used to
describe the invention, it is recognized that other enbodinents are within
the scope of the clains. 12 13 18 COctober 2003 Clains 1. A systemfor
accunul ati ng performance data fropya read channel confi@edbbrast ract
data synbols froma magnetic medium having a plurality of formatted data
sectors, conprising a progranmabl e channel quality nonitor operable to
accurrul ate performance data corresponding to a recorded test data seguence
spanning two or nore data sectors of the magnetic nmedium wherein the
channel quality nonitor receives a sector span signal for enabling data
accunmul ation fromnultiple sectors, and wherein the channel quality nonitor
is configured to c%%%flate a re a fi,rst er f qr manc from

per f or manc& dEETFT oa?ccf"g‘é@at cfs’ : OTRESS é%t8f8pgsﬁqna%°§g@tn§%%g’é§ﬁ°msi gnal

of the Char}ﬂﬂkjpmté bttd BF B mhgheBE edAm 2. The systemof claim 1, wherein
the channel quality nonitor is progranmable to delay the accunul ati on of

performance data during a delay period corresponding to a programed nunber
of data synbols | owi a. LeceLv trigger. signal. 3. The systemof claim
2, wherein the c%gh:’r?eslys%%éﬁ %’?%W“%B?f "iog%rb"t’%? : F’%‘EF‘()C%@If}/n the del ay
period af t epnBgeid o PRVEdSAORA-o L BeadisRdnt 8matafict e £he ﬁérﬁ@n 2,
wherein the channel quality nonitor is progéglarmabl e ?ﬁgg{tr)egl n&g e dc |ay
period af t &f parferseancedet has baen agcymudtsed.ved. 5. The system of claim 2,

further conprising a delay counter configured to provide an end-of-del ay
signal after the programed del ay period has expired. 6. The systemof claim

1, wherein the chatalys@Hbdf dan® Wheéinithe cRi@e] QUIRPHRRiter CCUNUl ate a
programed quantity of performance data; 7.. The systemof claim®6, wherein

t he channePrag@g@nmayletedcewnulate peafongams datreeorrspanding to selected data
symbols of each magnetic medium sector from which data is accumulated.

10. The system of claim 9, wherein the accumulation of perfoﬁnan‘cé datais
suspended during a delay period corresponding to a programmable number of data

symbols at the beginning of each sector from which data is accumulated.

11. A system, comprising:
at least one magnetic storage disié having a plurality of formatted data sectors;

at least one transducer configured to extract an encoded data signal from the
magnetic storage disk;

a read channel configured to extract encoded data symbols from the encoded
data signal; and

a programmable channel quality monitor operable to accuruulate performance
data corresponding to a recorded test data sequence spanning two or more data
scctors of the magnetic medium, wherein the channel quality monitor receives a
sector span signal for enabling data accurnulation from multiple sectors, and wherein
the channel quality monitor is configured to calculate and store a first performance
measure from performance data from at least two data sectors if the sector span

signal of the channel gualitv monitor is active.



programmabl e to accunul ate performance data corresponding to data synbol s
from nultiple data sectors of the nmagnetic nedium S. The system of claim
6, further- conprising a nmeasurenent counter configured to provide an

end- of - measurenent signal after thgs programmed quantity 18bctppéd WogaNce dat a
has been accunul ated. 9. The system of claim6, wherein the channel quality
nmonitor is progranmable to accunul ate perfornance data corresponding to

sel ected data synbols of each magnetic nmedi um sector fromwhich data is
accunul ated. 10. The system of claim9, wherein the accunul ati on of
performance data is suspended during a delay period corresponding to a
programmabl e nunber of data synbols at the begi nning of each sector from
whi ch data is accunmul ated. 11. A system conprising: at |east one magnetic
storage disk having a plurality of fornatted data sectors; at |east one
transducer confi gurgehdiBodst dcathuRfing RedRfhmali@taSh b HidEnaEBpnet i c
storage disk; a read channel configured to extract encoded data synbols from
t he encodedqualiay smositgnfbm aredd shannsheenfipivtbtoohxamoedatasiahbdly froena t or
operabl e to_accumul at.e_performance. data correspondi ng,to a, recorded test
dat a sequen@@g%ﬁg’ﬁﬁﬂ?cﬁﬁmt% anﬁﬂfag“ﬁ 8? ’gf’métgﬁ‘i gi‘tg sgrershiheraghed i ¢ nedi um
wherei n theg - quality nonitor receives a sector span signal for
enabl i ng data ‘accunul ation fromnultiple sectors, and wherein the channel
qual ity, nonitorreceivingd sagtarsan 8ienall(E2f dbeeratiing detasacauhitativn fimt or rance

measure fromperforpmance.data from,at | east .t data sectors if the sector
span si gnal™8 pi%sgcgﬁaﬁhrgﬁ %%H\eg E‘g}a‘fﬁsm%"g‘f’f‘ﬁ‘s"\@m e. 15 18 Qctober 2003 12,
A nethod of accuitheadhm! RENitORHBRE B 008 becuduIaing Perforaiabl 8aghannel  quality
nmonitor froma read channel conflcgﬂured to extract data synmbols froma

magnet i ¢ meEITEIRORAIASIY 2aeqsTdechicnt datysequendrpraring dva os srtrodsty sedtersradt hod
O o thd BEElet: Medhuh Hbin WA AR Blrelchale dulcofBARS LDlliotna

storing a first performance measurs from performance data from at least two data sectors if

the sector span signat of the channel aquality monitor is active.

13. The method of claim 12, further comprising the step of delaying the
accumulation of performance data during delay period corresponding to a
programmed number of data symbols following a received trigger signal.

14. The method of claim 13, wherein the trigger signal is a sync mark sipnal.

15. The method of claim 13, wherein the rigger signal is a read gate signal.

16. The method of claim 13, further comprising the step of providing an end-
of-delay signal after the programmed delay period has expired.

17. The method of claim 12, further comprising the step of accumulating a

programimed quantity of performance data.

18. The method of claim 17, further comprising accurnulating performance




mul tiple sectors in the channel quality nonitor (100), and in the channel
quality nonitor (100), accunul ating performance data corresponding to a
recorded test data sequence spanning two or nore data sectors of the
magnetic medi um wherein accunmul ajg ng performance data cQetobes2003! cul ating
and storing a first performance neasure from performance data from at | east
two data sectors if the sector span signal of the channel quality nonitor
is active 13. The nethod of claim 12, further conprising the step of

del aying the accumul ation of perfornmance data during delay period
corresponding to a programed nunber of data synbols followi ng a received
trigger signal. 14. The nethod of claim 13, wherein the trigger signal is a
sync nmark sdgaabmespbhdinghe dawtsyodobsf frarh amutiiple, dawhssceirm of the thadgngger signal is
a read gate signal. 16. The method of claim 13, further conprising the step
of providi nﬁ‘e‘é nd- of-delay signal after the programmed del ay period has
expired. 17. The nethod of claim 12, further conprising the step of

accurrul ating a programmed quantity of perfornmance data. 18. The net hod of
claim 17, furthei9cDwpmegiodgfakomrd] Atriheycpepfisingtinceed 6f fir8vidingieend2003
data correspondi ng to data synbols fromjyulti,ple,data sectors, of the

nmagneti c 15q.§|u9er_r@§ntf@ AP eF 2R @??&%Rmﬁf&%m&bq&ﬁe step of
provi di ng ap.gRdmif - measurenent signal after a programed quantity of
per f or mance gata has been accunul ated. 20. The nethod of claim 17, further
conprising the step of accunul ating perfornmance data corresponding to

sel ected data sy, s of, each .ma tic, medium ,sector fromwhich data is
Socumul at ed. <2120 THE R SRRE] GifHDE COREISiNG BE AL L AAHERR of
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programmabl'e nunber of data synbol's at the bBegi nning o sector from
whi ch dat a sedorfzerwiiial data ig 2ccumulatedhod of accumul ating performance data
froma read channel : :

21. The method of claim 20, wherein the accumulation of pérfonn’ance‘ datais
suspended during a delay period corresponding to a programmable rumber of data

symbols at the beginning of each sector from which data is accumulated.

22. A method of accumulating performance data from a read channel
configured to extract data symbols from‘a magnetic medium having a plurality of -
formatted data sectors, comprising o |

writing an original test data pattern to rmultiple data sectors of the magnetic
medium;

reading the original test pattern from the multiple data sectors of the magnetic
medium to produce a readback test pattern;

receiving a sector span signal for enabling data accumulation from multiple
sectors in the channel quality monitor; and

in a programmable channel quality Imonitor, accumnulating performance data
relating to a comparison of the original test pattern and the readback test pattern,

wherein accumulating performance data comprises calculating and storing a first

performance measure from performance data from at least two data sectors if the




configured to extract data synbols froma magnetic nmedium having a plurality
of formatted data sectors, conprising witing an original test data pattern
to nultiple data sectors of the nagnetic nedium reading the original test
pattern fromthe nultiple data segtors of the magnetic {gQciabet 2og2r oduce a
readback test pattern; receiving a sector span signal for enabling data
accunmul ation fromnultiple sectors in the channel quality nonitors and in a
progranr nabl e channel quality nonitor, accunul ating perfornmance data
relating to a conparison of the original test pattern and the readback test
pattern,, wherein accunul ating perfornmance data conprises cal cul ating and
storing a first performance neasure from performance data fromat | east two
. dat a sect ogestor kpdrhigdal of heQHanhd quaBR3nsdairds aapen signal of the channel
quality nonitor is active. 23. The method of claim 27, further conprising
determning a total nunmber of sectors in error. 24. The nmethod of claim 23,

wherein a sect or 4 Iy N 9lae¥"!{11_ Lngl e byte in th
sector is in errﬁé‘.sn%%%ﬁgeﬁgtahﬁa“b C g'{':({%?é%%lﬂo %ﬁ@%‘%%@?&?n}% rof
det er m ned gectobeiniefrogr ror if nore than one byte in the sector is in error.

26. The systemof -claim 1, wherein the channel quality nonitor receives
agate sib al for indicating end of a sector. 27. The system of claim 26}

wherein, the chagnol highil e 0Nk 03" whk AR #URSANBEEHANA AL 0L i G- aopymul at e

per f ormance data” Sanpl'es and a neasurene coun er of

sanpl es accsingledldnithe tdveords fnwrdrat or . 28. The system of . cl ai m 27, wherein
the channel quality nonitor is configured to calculate the first
performance neasure in the accunul ator from perfornance data from at |east

{wo data sect of SyilOHinb@ 8L bind 93! BEHRAPUE AT b iOU & LI L TP Sate

signal indicates an e one of the at least two data sectors |
sect or spanmsreghat ond bythdn tHeaeotet isgnaliory nonitor is active.

26. - ’ ’i'he system of claim 1,"whc_rein the channel quality monitor

receives a gate signal for indicating end of a sector.

27. ~ The system of claim 26, wherein the channel quality monitor
includes an accumulator to accumulate performance data samples and a measurement

counter to count the number of samples accumulated in the accumulator.

28, The system of claim 27, wherein the channel quality monitor is
configured to calculate the first performance measure in the accumunlator from
performance data from at least two data sectors without resetting the measurement
counter when the gate signal indicates an end of one of the at least two data sectors if

the sector span signal of the channel quality monitor is active.

29. The system of claim 11, wherein the channe! quality monitor
receives a gate signal for indicating end of a sector and includes an accumulator to

accurnulate performance data samples and a measurement counter to count the

number of samples accumulated in the accumulator, and wherein the channel quality




29. The systemof claim1l. | }. wherein the channel quality nonitor

receives a gate signal for indicaten,g end of a sector and includes an
accurmul ator to accumul ate performance data sanpl es and a neasurenent
counter to count the nunber of S%Tpl es accunul ated i n t{eoaesyrdcg or, and
wherein the channel quality 18 18 Cctober 2003 nonitor is configured to
calculate the first performance neasure in the accunul ator from performnce
data fromat |east two data sectors without resetting the nmeasurenent
counter when the gate signal indicates an end of one of the at |east two
data sectors if the sector span signal is active. 30. The nethod.of claim12
wherein the channel quality nonitor includes an accunul ator to accumnul ate
per f or mance nelHiRr $A0ERKREANE calcIRASHE FHEHer fof@ bideahedsAriaURs addignymtpber of
sanpl es accunul ated in-the accunul ator] the nmethod further conprising:

recei vi ng afupat perfireake fige frome piclaait hyo datasedtont withewoewttingthd wher ei n
accumul atin erformance, dat,a incl ydes accymul atin rforpance at a
Sanples i 1 EHESHECER AT B S ERT Samh PG irach e BE Breohe RElsestiBer i ng
the neasur grRRECIERUD IR se¥BEBpdiNenddiLactivenal indicates an end of one. of
the at least two data sectors if the sector span signal is active.

30 The method of clajm 12, wherein the channel guality monitor
includes an accumulator to acenmulate verformance data sampies and a measurement
counter to count the number of samples accumulated in the accurmnulator, the method
further comprising: . |

receiving a gate signal for indicating an end of a sector; and wherein

accumulating performance data includes accurnulating performance
data samples in the accumulator from at Ie,asf two data sectors without re's;erting the
measurement counter when the gate signal iﬁdicati:s an end of one of the at least two

data sectors if the sector span signal is active.



