; e3e9v 9s\8V6T $ APPARATUS AND METHOD TO READ | NFORVATI ON FROM AN

| NFORMATI ON STORAGE MEDI UM Field O The I nvention Applic e f on
relates to an apparatus and nmethod to read information fﬁ‘mmmmmwmmm tion
storage nedium Applicants' invention further relates to a rrgggtpsggi to adj ust
inreal tinme the operation of one or nore conponents in a data Tead
channel . Background O The Invention Automated nedia storage |ibraries are
known for provi APPARAGIIS ANDMETHOI:TOREAD INFOQRMAEION FRGMoANSt or ed

medi a. Generally, nedia storage libraries include a | arge nunber of storage

slots on which are stored INFORMATIONISTORAGIEMEDIUM The typical portable
data storage media is a tape cartridge, an optical cartridge, a disk

cartridge, electronic storage j Jdke. By "electronic storage
medi a,” Applicants nmean a devi ggﬁggicgﬁg‘gey&%& EPROM EEPROM Fl ash PROM
conmpactfl ash, smartnedja, and the |jke. One (or nore) accessors typically
accesses the dat P%HCBP‘aSngV?fEJ&FléQ?%mWP%E@ éﬁ%mﬂhﬁléo%?ﬁgl %‘FW\?@KS t he

- accessed nedia to a data storage_device for reading and/or witing data on
t he accessefiomaginforngionsiarageanediym o Apphicapise inyertionHarther selatedpiojamethod
operate the data storage devices) to provide information to, and/or to
recei ve i nf toradpist inmed tiom thawpeattionelfi ede ammbicrvemiposdntsinaplatacreadsehahussin
Renoveabl e nedi a, whether nagnetic, optical, or electronic, are subject to

variability. Such variabilityBagksredasd Off The B¥edE, | nconsi stenci es
bet ween manufacturers of that nedia. In addition certain magnetic / optical

media compri se. enGRatkd Ak WHATHAG I RO3IAR, BRILELYEN | O her

magnetic / optica , ri'se enco I nfor I'on using pulse width

nodul ati on. ia . c ri i nf ornat i encoded usi.ng.bat ul se
posi tion not E?Sargﬁ? ga'r%\g%% “S‘EF%%*S%‘K?’&? %t %‘[efam’.’ me laég‘af‘ﬁ 61?{?“%%8 ude
variability arises from noderpization of the nedia. In order tgQ mnimze
the del eter? ninpher pEstgrage slots erewhichasg stansd portgble datastaragefaediadThe an
apparatus arid nethod to read information froman information storage

nmedi um whelyBicglpartaplstdatadistespae medial i ¢ tangjcarridge, e opfieal sattridgepadisket er s of
one or nore conponents of the read channel in real tine, i.e. as the nedium
i s being readtridgSeirehexirgniofstirage hmadie dndahe like. By “electronic storage media,”

Applicants mean a device such as a PROM, EPROM, EEPROM, Flash PROM,
compactflash, smartmedia, and the like.

One (or more) accessors typically accesses the data storage media from the
storage slots and delivers the accessed media to a data storage device for reading
and/or writing data on the accessed media. Suitable electronics operate the
accessor(s) and operate the data storage device(s) to provide information to, and/or to
receive information from, an attached on-line host computer system.

Removeable media, whether magnetic, optical, or electronic, are subject to
variability. Such variability includes, for example, inconsistencies between
manufacturers of that media. In addition certain magnetic / optiéal media comprise
encoded information using pulse position modulation. Other magnetic / optical media,

comprise encoded information using pulse width modulation. Some media comprise
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Applicants' invention conprises a nethod and apparatus to read information
froman informati on storage nedi umusing a read channel, where that read
channel includes a data cache. Applicants' nethod reads an information
storage nediumover a tine interval and generates over that time interval
an anal og waveform conprising the information encoded in the storage
medi um and, I t t i | _that anal waveformto
hopl 1 cant o mratEEEndode PUARE b pifecpelRoh Mo R bR B W h e
controller congrisi e. or re first operating parapeters.for the read
channel . DuPPfiyation: in[%§8g‘f98flt Jush varabiliy arisgelromaodeanizatiggafithemedie. et hod
generates a digital signal fromthe anal og waveform usi ng those one or nore
first operating Inarderdo srinimiap tileidelotarivus affedts df sichsnedin wariability,ovhiatés i on
rate threshold. Wile formng the digital signal using the first one or

nore oper at hdededRadRPhBatIs afd Rlekidtd SeadriblofBati® froi adahfotmbtor fiadageli gi t al
signal at an actual error correction rate, and during that first portion of

the tine i sval i i i r i reater
Nhediva, wieleShaih&Rod & ar egﬁ%}a‘é@slts?&% ﬁgerﬁt‘?ﬁ%g‘ﬁﬁm&@rs dHofelos 9!

than the error correction rate ¥‘$‘I act error correction

rate i s not e [ n e rrection r threshold. the

Appl i cant s’ mgnlét%%n%og«%ﬂ?P%@ggee}d(;éhgé%eg:fré{egfﬁm,?ﬁee. %g\ef%?d?%rpé%%mg lr'1‘:’|a§'ughout
the tine interval using the one or nore Li ist gperating paraneters.
Alternatively, if the actual nuityemaryef the Ingention g eater than the error
correction threshold, then Applicants' nethod, during the first portion of
the time intervahPRlipgntgr byentian elinggirisas a gicthed|and gpparatys thegad infprmatiod data in
the data cache, reads that data fromthe cache, using that captured data
gener at es difeman informatimesnrdgomedani wingaradehams], wieey/ihderead bipmaclone or
nore second operating paraneters to the read channel. Thereafter,

Appl i cant s’ ingRi&CAdALBRha! Applibshtd ingth@ readIahfdrimaidbd Etsra%g%eaanﬂvav&f orm
using the one or nore second operating paraneters. Brief scription of the

Dr awi ngs Tgagttilig?‘lﬁg%v. Cdhd"Behbral§ J@@l{(ﬁlﬂﬂﬂi@ﬂﬁé@ﬁﬂﬂd&ngﬁﬁ%a?ﬁf%?ﬁlgéog'gjéﬁn t he

foll ow ng escription taken 1 n conjunction~w r%gsin

whi ch |ike f designatars . are used to desigpate |i.ke el enents, and
' whi ch: RGeS e iR, Sl B ES ekttt e R cant s
data storage and retrieval system FLG 2 is di agram of the track | ayout
of a tape H@%‘faﬁi Haganalog g"a&ef)éFBé‘kABP]é‘ij’lnéf'nf%ﬂchPWﬁt Fle read shanestis s one
enbodi ment of Applicants' data storage and retrieval system FIG 4 is a

bl ock di agreMBHEGton Witea eentprdler eemupriding\pis orgaeredirstroparitiop panaglicteassenbl y;
FIG 5 is a block diagram showi ng the comrunication links interconnecting a
plurality dbrtheacahddbannd! During adfirsdairdorcafthe tindel ifderval,i Appdichhto’chettlodgr am
showi ng the nultiplexer / demultiplexer circuits and

generates a digital signal from the analog waveform using those one or more first

operating parameters.

Applicants’ method sets an error correction rate threshold. While forming the
digital signal using the first one or more operating parameters, Applicants’ method
error corrects that digital signal at an actual error correction rate, and during that first
portion of the time interval determines if the actual error correction rate is greater than
the error correction rate threshold. If the actual error correction rate is not greater

than the error correction rate threshold, then Applicants’ method continues to generate



comuni cation |inks used to capture information from8 different testports;
FIG 7 is a block diagram show ng the nmultiplexer / denultiplexer circuits
and comruni cation links used to capture information from4 different
testports; FIG 8 is a block diagram showi ng the nultipl exer /

demul ti pl exer circuits and conmmuni cation |inks used to capture information

from2 different, festpaorts; Fl 9 is a hlock diagram show ng the

nul ti pl exertﬁ?(a@é 1gR I%B'Q\éghoélﬂ (s IntEryRl US| %‘%?rdﬂoqeif}f?ﬁts"%l‘??é@gto
capture information from1l testport; FIG 10 is a flowhart summarizing the
steps of AJEYAESs' nethod to read information froman informati on storage
medium and FIG 11 is a flowhart summarizing the steps of Applicants’

met hod to capt ur&ltetastively, dfth¢ Mtublantogberd of erfoes B gredderRsicthepidoon O The
Preferred Enbodi nents Referring to the illustrations, |ike nunerals
correspond doprebdidiPthRRhdRI, BRRIAPpALaritd hdifod, iddHRE e SCpdrYEDE hefiml | | be

descri bed as enbodied in a read channel assenbly disposed in a tape drive
unit. The f, i cri:pti f i cant, ar and .met hod i s not
moant,  howe s FAERE GBSk s ORR i ARbrufooRt OBt pech Biorlisn!
information froma magnetjic tape, or to data processing applications, as
the inventi®B# q%éaré‘?rﬂ tg"a?f‘c %‘%ﬁﬂﬁltb@(fat"é‘“ide‘;& eratesAnS! IDyHe $6ORAan
information storage mediumin general. FIG 3 illustrates the hardware and
sof t war e erRperabiigPAtameterftiirevides hpseronecdr ase 8¢a9nd opergting parapetssetatthe
invention are inplenented. Host conputer 390 includes, anong ot her
prograns, acad draagd. Mbesgfer Applicowys’ amtBddgeneratesehe digitalesiped ifroenths, host
conput er 390 conprises a single conputer. In alternative enbodi nents, host

conmput er 3%hakRiaiviefoRfh BN AE oRPHEMBRY SRESRIGhEATR PabdnSotergne Or nore wor k
stations, one or nore personal computers, conbinations thereof, and the

like. 4 Information is traﬁﬁgﬁgéﬁﬁp%'ﬁ%%ﬁ&%g%ﬁ conputer 390 and
ed by a

secondary storage devi ces nmanag ata storage and retrieval system
such as data st

age and r ieval system 320, via C [,cation Links 350,
352, and 356, CollmnTSaer S be Rtlr wlePSallron s togihe TR G Sineowupd 3
i nterconnection,, such as an RS 232 cabl e or an RS-422 cabl e, an ethernet
i nt er connedtSFYIPIioR takewin qonjuaciienhith theshawingringyhicidika ifarenca designsitiect i on,
an ESCON interconnection, a FICON interconnection, a Local Area Network
(LAN), a prare/bsed toglesignated ke emgniskandianghichs publ i ¢ wi de area net work,
Storage Area Network (SAN), Transm ssion Contr ol
FIG. 1 is a perspective view of a one embodiment of Applicant’s data storage
and retrieval system,
FIG. 2 is a diagram of the track layout of a tape head,
FIG. 3 is a block diagram showing the components of one embodiment of
ApplicantS’ data storage and retrieval system;
FIG. 4 is a block diagram showing the components of Applicants’ read channel
assembly;
FIG. 5 is a block diagram showing the communication links interconnecting a
plurality of read channels and an data cache;

FIG. 6 is a block diagram showing the multiplexer / demultiplexer circuits and

communication links used to capture information from 8 different testports;



Protocol /Internet Protocol (TCP/I1P), the Internet, and conbi nations
thereof. In the enbodi nent shown in FIG 3, data storage and retrieval
system 320 i ncludes data storage devices 130 and 140. In alternative
enbodi ments, Applicants' data storage and retrieval system 320 includes
nore than two data storage devices. A plurality of portable data storage

nmedi a 360 are nuopeabliya Blosle@Re@Amdhbtvink e RIultfAexer/ déddlldplste? cREGts ARG
retrieval system In certain enbodinents, the plurality of data storage

medi a 360 J b | L1y [ e e cartridges
370. Each g@%‘&@ﬁ ploIrl ?lgﬁa%s%g({ gapg{r%}ng%rg&glgé ?Jra %nd‘b%?efreg;?/{egé énoveabl y

di sposed in an ropriate data storage device. a staqrage, and retrieval
system 320 furtﬁ*ﬁ&' gﬁsc‘f ﬁﬂ%g‘ﬁg@@’r FWEW@‘%&Q‘%@?@C’?EGF%@ aaevi ces
130 and 140, and plurality of portable data storage cartridges 370. In

al t er nat i vecoampuGatieniisks eigd & eapbiregdoraration &om %mgﬁeregytsstewsazo and host
conputer 390 nmay be collocated on a single apparatus. In this case, host
conmput er 390 mayFIge9 doableck ddgiam showipahe hmitiplexempdanauitiplexer tizcuigxadpl e,
transl ate one set of |ibrary commands or protocols to another set of

corrmanpls / _déhﬁx_hﬁﬁ&'ti%n liflks wsed to ﬂﬂ@ﬁﬁoﬂﬂaﬂbﬁﬁﬁnﬁws from one
communi cation interface to another, or for security, or for other reasons.

Host comput er  39§CofRrd @Wch%%ﬂﬂ%%lg z%qssftﬁil@r?é %?ﬁﬁca"ﬁ&’ ol F2HE:

personal conputer, workstation, e operating system such as
W ndows, ALLX. Unix, MVS .LINUX etc. (Wndows is a registered trademark of
M crosof t C%ﬁOBB?té%fBW‘ aN‘I}-EOT“%at’QnIS@&gEE“%‘?dE‘Hnﬁ“gdenark and WS is a tradenark
of 1 BM Corporation; and UNIX is a regjstered trademark in the United States
and ot her count rilBs1] isadflayechag semmariziag yhe s4ens of Aprkicantsy msthod duigappurghe
storage managenent program 310 in the host conputer 390 may include the

f unct i onal idata fodm Nptestpertsranagenent type prograns known in the art that
manage the transfer of data to a data storage and retrieval system such as
t he |1 BM DFSMS i npl ene Degdlell DesexéptidMOM he PRefenriet Bmbotiineits The data storage
and retrieval system 320 conprises a conputer system and nmanages, for -

exanpl e, a pluradft¥in@fio HRRAuAFYES 1ARGubRPEs &?Hésﬁd:)ﬂgﬁslikellﬁrt% ctb@pp drive
embodi nents, tape drives 130 and 140 nmay be any suitable tape drives known

0 e e P PR AL GRSt age i Nead Jabgl AN o ¢
S RSl SRR e U Sy P S A

Referring nowto FIG 1, autonated data storage and retrieval system 100 is
shown havi rfgethod isygf mgant, heweverdp digait Applicany’s nvgatontosithenteadiigl of st or age
slots 104.

information from a magnetic tape, or to data processing applications, as the invention

herein can be applied to reading information from an information storage medium in
general.

FIG. 3 illustrates the hardware and software environment in which preferred
embodiments of the present invention are implemented. Host computer 390 includes,
among other programs, a storage management program 310. In certain embodiments,
host computer 390 comprises a single computer. In alternative embodiments, host
computer 390 comprises one or more mainframe computers, one or more work

stations, one or more personal computers, combinations thereof, and the like.



Portabl e data storage nedia are individually stored in these storage slots.
In certain enbodi nents, such data storage nedia are individually housed in
portable container, i.e. a cartridge. Exanples of such data storage nedi a

i ncl ude magnetic tapes, magneti c di sks of various types, optical disks of
various types, electronic storage nedia, and the like. Applicant's

automat ed data giforragtfonal ranbiréEYealvesy Gtttk ddalpute 390 Bfd Sdcof@irg accessors,
such as accessors 110 and 120. As shown in FIG 1, accessors 110 and 120

travel bi-di .0 r 8l [ -l i first
wal | of st gﬂro g etdse?fgtgg sﬁlﬁ%eg% as%it:%sr%é%g%h% ge?& lﬁag%)gaeg&’épgf%%gﬁ&@g@accessor
is a robotic,device whic ccesses portabl tor media fromfirst
st or age mﬁ?dlfgréevélfS}?mH ’s}’f%?%'@“aﬁf“ﬂo q@ﬁfsd‘gb;@pﬁ?‘fgﬁ'hat accessed medi a
to data storage devjices 130/140 for reading and/or witing data thereon,
and r et ur n§opmaunieation links 350,358 4nds356x eRyapritect serighinterepnaectipn, shehiag an 130

i ncl udes data storage device controller 134. Data storage device 140

i ncl udes d&iSa23 abbge alRS-622 cabi¢,ranlefternet 4dtercBandcton, ISCSIaneréomasction] | br ary
controller. In certain enbodinents, library controller 160 is integral with

a conput er 4 FikeChftiel intbiébnsdcBbh,on HSEORaAREdofindttidhiSd FlcponMuni cate with
Applicant's automated data storage and retrieval system 100. Power

t |
conponen ﬁﬁ&\%ﬁé}%ﬁﬂgﬁ%%@&m%%waﬂﬁ%%qﬁ fl@ﬁ%'ﬁﬁe%@a ere%vg&g ii Wls p%omsjézi

supply units power to t I'nd | 'conponen

wi thin Applicant' s, autonmate ta stor andretrieval . sys

I rrport/expglpﬁeléci \g{qeoaﬁealr%wpﬁ(cS%&e @83%$W§3%F®4TW§}B{S%P§%QWEChed to
the side of system 100. Portable data storage cartridges can be placed in
the syst enfraspcolinterngt Brotoeoh ghGR/EP), thedpigrnst.fand spmmatigns thegeoli a st ati on
172/ access door 174. In the enbodi nents wherein data storage drive 130
and/ or 140 conphi thesmbodpent dhowmeinuiliG. 3, ddtastotage@ndrétiievalnystern 320 udes,
inter alia, a tape head. Referring nowto FIG 2, multi-elenment tape head
200 i ncl udarhaieptata alordge delicee 8l sd 149. dhalemiatvd embelimests aapblicams’
information onto and froma nmagnetic tape. In certain enbodi nents,

magnetic t apg skeakd a40QeEieva rs'?ﬁsﬁ R0 Hdds thdTe HRBN o lAlakd J&idesansducer .
In an illustrative enbodi ment, tape head 200 may be constructed as shown in

FIG 2. The | engtlﬁux%iit p(gf'po%ﬁgfé J&tﬁdgsﬁ%lag%g%gg%@%é %lobyabﬁgfggﬁc%gg Wi‘&mf o the

wi dth of a magnetic t n cert Iments tape i ncl udes

thirty-two,read/ wsite el enent ir | abel.ed "RD' and. "WR"), and fhree sets
of servo réga 1% ngslrnélﬁttass,?orﬁgf %Eldéﬁ le@égrft(??l' &5%‘?%?’@8&%‘%&0%@&# t he
three servo_areas witten to the magnetic tape. In _the illustrated

enbodi nent Of {3t steree mediadpl ag pyied i a pluakiyof pastable data stpragesantidgnso

370. Each of such portable data storage cartridges may be removeably disposed in an

appropriate data storage device.

Data storage and retrieval system 320 further includes program logic to
manage data storage devices 130 and 140, and plurality of portable data storage
cartridges 370. In alternative embodiments, data storage and retrieval system 320 and
host computer 390 may be collocated on.a single apparatus. In this case, host
computer 390 may be connected to another host computer to, for example, translate

one set of library commands or protocols to another set of commands / protocols, or to



groups of eight, i.e. groups 201, 221, 241, and 261. Tape head 200 further
includes a plurality of servo sensors to detect servo signals conprising
prerecorded |inear servo edges on the nagnetic tape. In the enbodi nent of
FIG 2, adjacent groups of 8 read/wite pairs are separated by two tracks
occupied by a group of four servo sensors. Each group of four servo sensors

may be ref . N r " . , VO group
231, and sepuiit iR eyl Rl of) Pomminau iRt ot o TG 500
includes left and ri hh nodul es separately fabricated, then bonded

t oget her . WW?FQ%éHJbgg'ﬁ”@?%W%ﬂts alternate transversely down the | ength of
each nodule (i.e,, across the width of the tape), beginning with a wite

el enent in posi tHashcomptee390eamprisgs k sompetensyseay setheafehmaingramiee
correspondi ng position on the right nodule. Thus, each wite elenment in the
| eft nodul eeissngaiompaten; workstatiemdte) inomdingian dphmting systapendh asgWpmleivs] on on
the right nodul e and each read elenent in the left nodule is paired with a
wite el emX, Uhit, MVSOLINSROBE! (Windoeh id DrgRberéd@adentiik ofMEbeosUCh t hat
wite/read elenent pairs alternate transversely with read/wite el ement

irs. Fl [ f [ ts'
Beynehr onose PEATAE RS AR CRTBRARAIEndh, MUTRIC AR otV Lo of i
, | i ' h . d ch | enply i d '
"t or Face Aoipoaanh pd RS isa R eaTAth ahe oSS AU OISRt | g

m croprocessor interface 401 and cache 403. In certain enbodi nents, data
cache 403 EOWRFiesHeenserbexslusivel wthopyah HhePpansGroup.) cEia deragemonwEement s, dat a
cache 403 conprises about 4 kil obytes of storage. In certain enbodi nents,
dat a cache preggam@iprin dwshasbeampiten3ooay in¢lude Hefpheionalitysiforagge.
Applicants' read channel further includes analog to digital converter 405,
equal i zer 4ddmagermentityypeprofiahiseknodadn tisadipihat miiape pigd @am3fer43 data@ah da@ont r ol
nodul e 445, phase error generator 455, PLL circuit 465, phase interpolator

475, path [RirkdeCdTRRRVA s$8E6m, aRd a@%ﬁﬂﬁﬁﬁ%é%ﬂpaﬁﬁh&dqﬁw&ﬁﬂ gl e 486

in conbination wth path ienory 489 conprises what Is sonetines referred to
as a maxi L i d detector 485. In certain enbodi nents, Applicants'
r ead chan%ﬁbx{a{ﬁgggﬁgegﬁan PR4 maxi mum | i kel i hood detector. In certain

enbodi ments, Applicants' read channel includes an EPR4 maxi num | i kel i hood
detector. In cert&i‘ARyaes ﬁ‘ﬁinrleg}evﬂg‘wsfegh COmpLISE} A PRI Fas a8{‘?si ngl e

read channel. In certain enbodi ments, Applicants' apparatus includes a
plurality &anagessiarszamelesa plusaliyof tapg deineorndiaps ertndges. i laaneksapappar at us
i ncludes 8 read channels. In certain enbodinents, Applicants' apparatus

i ncl udes 8 drizedmbhdimestss tapn deived] Hhandok#Ouhashbe2any suitable tape drives known in

the art, e.g., the TotalStorage™ 3590 tape drives (TotalStorage is a trademark of IBM
Corporation). Similarly, tape cartridges 370 may be any suitable tape cartridge device
known in the art, such as ECCST, Magstar, TotalStorage™ 3420, 3480, 3490E, 3580,
3590 tape cartridges, etc.

Referring now to FIG. 1, automated data storage and retrieval system 100 is
shown having a first wall of storage slots 102 and a second wall of storage slots 104.
Portable data storage media are individually stored in théée storage slots. In certain
embodiments, such data storage media are individually housed in portable container,

i.e. a cartridge. Examples of such data storage media include magnetic tapes,



servo channel s. Wen reading information froma magnetic tape using a read
head, such as read/wite head 200, an anal og waveform conpri sing that
information is first formed. An analog to digital converter, such as ADC
405 converts the anal og waveformto a first digital signal. That first
digital signal is provided to equalizer 415 using comruni cation |ink 409.
Communi cation |i.nk 409, incl udes testﬁ%@% 4%0..In certqin epbodi nent s,

equal i zer A1REUR{ISKSAUVAZons BiPEE OPHEH AKs PEXHAMS LYROs rlpetioniq §tp1age sych a
FIRfilter shapes the first digital signal to produce a second digital

si gnal . Cormastid, @ad therlikei nk 411 interconnects testport 410 and data cache
403. In certain enbodi nents, comrunication link 411 includes one or nore
communi cati on | iApgdicanttserueanated data gtoragt andrrétridid) sastemancudys o be nidaé a
ports, one or nore comrunication |inks interconnecting the one or nore data

ports W th ;0RR:8%, siBk 8 fB¢kisoR EPORINA 120N AshoWRIEFRP MARdesdrd P10 Add®)
i nterconnecting the one or nore nmultiplexers with onée or nore

dermul tiple Y-Te r re. I i i i nt j t he one
or mor e dengi e bRt eBaR P Ot L SO R ARl ML GREORTBFLbARe
formed in equalizer., 415 is provided to md~jnear filter,K 425 using.

communi cat SO 107 sreond Salabieies sty (M AmSTrwer iddobeadsiimehish

M d~inear filter 425 determ nes the value of the equalized signal at the

m ddl e of tapeessesportabledlata stoyrge-madiarfran firss stonges wlbHPcarseeondtstoragadi gi t al
signal which includes the equalized signal and the value of the equalized
si gnal at tvwedl IG4ddhmspofts tHaeacasqet] enatiéd fo. daCostorape dexticesrl 30/14R fdi2rtading

i nterconnects testport 420 and data cache 403. In certain enbodi nents,

comuni cat ia@#/ok iviiting datal thcre it @5 d @ABrMRthdMeia 60 APEIPeE bia@B siok."Bata
i nterconnecting testport 420 and one or nore data ports, one or nore

conmuni cat isﬁgiéei d¥Ree 13D GAGRINIRGL éﬂ&a%@@e\/?&ecoﬂfro B498 2, ROLLS a¥d;tH one or

nore nul tiplexers, one or nore conmuni cation [inks interconnécting the one
or nore nulthplexers With one or no d |tipl exers, and one or nore
comuni cat iltgg%cﬁlﬁ eg%ﬁ%tséqra%en‘ﬁeé’&e’lcr?ﬁ r?“%relgﬁe or nore denultiplexers with
data cache 403. 10, The third djgital signal formed in md~inear filter
425 is provi ded Hyicea80comprises Hdbrarosonireber, i1g cegameAbedimasts, HPRKY 429,
Communi cation |ink 429 includes testport 430. Sanple interpolator 435

recei ves t isentreliard6@isgintegral svihracompuien. iPperataemput staticsy 15038 rmiigla usdrng t he
output of PLL circuit 465 estimates the equalized signal at the synchronous
sanpl e ti nmgo cBymayivaterwitto AppScank eutonmed dapgpdtomge hisd regdeval fystem b@0.when t he
bit cell clock arrives. PLL circuit 465 provides this tine. Sanple

i nt er pol at PowdsBorRpenentlES0 @nd PWdr RofmyBadht 990 Bschdogipridk ofid GMMbre power

Commruni cation link 431 interconnects testport 430 and data cache 403. In
certain e ' @HH&' ' b Bk [ -

comuni caﬂg gﬁﬂl i ﬁ;gwlhfr?? er cokﬁggvlte?{nbgth% Ee}glégﬁl ngl Hgﬁl?ﬁls %ﬁlgosgdrj “}rr@?g dat a
ports, one . i I i L: I ect | 2 0 re data
Port s wi  n “RUERlS RIEHE) 6 e A TkPLT' (R0R° ThplBckily Ror 72
i nterconnecting the one ar, nore | tiplexers wth one ar re

orm ¢ 1 pl otistddts aicpsS g7 et ey alreed At 1t e R mA0PC BAHERE £Hg ¢ he one
or nore denultiplexers with data cache 403. The fourth digital signal
forned by StoREccartidasssandeplacgdin the systemi erda thoalipapativeoismosed Feathe 445
via conmuni cation link 439. Conmunication link 439 includes testport 440.
Gai n cont r eysterngvih statidh 122 pcressdadrd 7dnpl i t ude of the fourth signal to form
a fifth digital signal having an anplitude set to preset |levels required by

the maxi num | i keh iHeamsbdgdehentt MhertBbdatd b@rdgefdrive dBQhhdbr S400EbRhprisss provi ded
to maxi mum | i kel i hood detector 485 via comuni cation |ink 44§)

Comuni cat i 1 i HH@? : : ; 1 Cat i J
i ntercon neggﬁg dtdgg tﬁ Bﬁ?@aﬁt@%& an ngfglkglggiﬁ é’ﬁ?l'g%h a_q%h ouet%g'u F chl)e{x] 1%41%0\@()%' mum
'S | gﬁgi hgﬁd ggﬁ%fﬁl@gﬁlez%g %ﬁfﬂ?%%ég 200 35 b Qfhrhiied or 230G cnfiflRoval 1 d

record and read information onto and from a magnetic tape. In certain embodiments,



n Communi cation |link 481 interconnects testport 480 and data cache 403.
In certain enbodi nents, communication |ink 481 includes one or nore

comuni cation |inks interconnecting testport 480 and one or nore data
ports, one or nore comrunication |inks interconnecting the one or nore data
ports with one or nore nmultiplexers, one or nore conmunication |inks

i nterconnecting the one or nore multiplexers with one or nore

denul ti pl exBpgnetigtapedigad 4P0 porpRrises ﬁﬁ’i!iﬁr Ha Magnete-rasistive transdyediedd g t he one
or nore denultiplexers with data cache 403. The fifth digital signal forned
by gai n contilostkative dulbeditdnt, tapelhend 200 aaydedonstryzialas shownin FEReY. dfter 455
via comruni cation |ink 449. Comruni cation |link 449 includes testport 450.

Phase errorleg@Ref a{eqapéﬁéd%olsmaﬁﬁlansa@oﬂé@éﬁd% thé\@Qidth bt H nfbigBéteapsi gnal
and generates an error signal. Comunication |link 451 interconnects

t est t 4 t I Kk

42? ngludgg(%ﬂ%ng?hﬁgﬁgégghﬁgﬁf%% (ﬁﬁEhﬁé s |ﬁ$a4connec HEFQ%%%OL?n456n
d i SR t t

fhe one or (FEAIRE iR 'ft“ﬁ”gfﬁsg%fg Sm‘””émres%bf%ﬁaieﬁs%eltéi‘amB@sﬁ‘frrﬁﬁPQ“ "

comuni cation |inks interconnecting the one or nore nultiplexers with one
or more dergfRfipl, exEesponding toHie thiee gerve areaninitien 40 thenagnatietapat Br dennect i ng
the one or nore denultiplexers with data cache 403. Phase error generator
455 provi dedlustradthesb@timent, gieghiaty-thwo Pad/weite dement4@frs areadicidadrimo cat i on | i nk
459. Communi cation |ink 459 includes testport 460. Communication |ink 461

i nterconnecgrauﬁisaﬁtepgmtl e4§£b pdotana zached 460B. | n certain enbodi nents,
conmuni cation 1ink 461 |ncludes one or nore conmuni cation |inks

i nterconnecti ng T434RR bod AffttRP thefiidss QElu'i’Q{& of!&ro BN é&% to B8ECteryiPr €

comuni cation |inks interconnecting the one’ or nDre ata ports with one or

nore multip efeltgiVls| cati nnecting the
one or - mor S SomERelbsreeards By SIS OF el oy Bhe o mor e
comuni cati o Ilnks |ni§ fonnectlngﬁ;he one, or, nor.e demul t i pl exers with
data cache ae kIS o2 cdjagent grenns o § e/ WH@FS@I%@FWPQ@FF@F%WO 455. is
processed by PLL circuit 465 which filters that phase error and determ nes
t he | ocat i dreskepcaupieddyrcenonp ofifoupserve s¢nsorso diadagrasp of Tous sevyosensmns of t he
synchronous bit cell boundaries are provided to phase interpolator 475 and
sanpl e i nt engobeatederredi3b aviadsavogroupt,at g. cervbigng 2109 sama gron 231 eaylect i vel y.
Commruni cation link 469 includes testport 470. Communi cation link 478

i ncl udes t estyogrbuptZ9L. Communi cation |ink 471 interconnects testport 470
and data cache 403. In certain enbodi nents, comunication |ink 471 includes

one or nore conMyRhCafus@ted bﬂBédxhﬁh@'iéiﬁﬁfé@&%@&chﬁé& E‘Ptratnd‘}Fg(ﬁt afodurepe or
nore data ports, one or nore communi’cat i on Iinks I nterconnecting the one or

mor e dat a AR érﬁte faBn&{iﬁd Qﬁen@gn%em Tefh@’ e%ff‘lrt?s ancf)ll%g(\d Qe {rhrcl.g{s altg&gpum cation

i nks |ntercénne ne or one or nDre

denultlple and .one or e.c ion |links interconnecting the one
mor e eI dPEn e lenefh ok % gl @F@SS@ fsofe ﬁ% pe)

|nterconnect|ons bet ween 8 read channels, i.e. channels O, 3, 4, 5,

6, and 7, ANENAHEVERAREitaglsmenhingositionenghbisd meditle andsmvﬂ&&me@énsgo

conprises data cache 403. Each of channels 0, 1, 2, 3, 4, 5, 6, and 7,

i ncl udes artheeeradspordingipsition e thelrightmodaiel Thys, b, writestomping il e defpol at or

435, a gain control nodul e 445, a phase error generator 455, a PLL circuit

465, a phasfodulé Brpaakdinath £réhd el@ﬂﬁnﬁnﬁﬁe(tdﬂbﬁ’ﬁdmdi@é povixish slethegight 485. Each
of channels 0, I, 2, 3, 4, 5, 6, and 7, furt i ncl udes conmmuni cati on
links 407, f@Qfhle Md?eacﬂ l'c.gad éf@rﬁent‘}xﬁ the 161 Enodﬁfegis pﬁﬁlgd Wﬂﬁgwrﬂé%ken‘éﬁg ing tﬂég 467,
469, 477, 487, 492, and 493 annel 4.5, 6, and
7, further ncl udes tes , 460 470, 479 480,
and 490. Eacﬁgg?oql RETE lon(ﬁ?nsﬂie r@“ (Rlle gﬂt‘fﬁ H{le,a% eﬂ‘ﬂ??ﬁ@? ¥ ncl udes
connunlcatl?n i nks 411, 42% 1, 451, 461, 471, 481, and 491. In the
i | | ustrat e di tglfpg@dfarpémrsely with rea wnte € ement palrs



of FIG 5, commnication |links 411, 421, 431, 441, 451, 461, 471, 481, and
491, disposed in channel O interconnect with data ports 502 and 504.
Simlarly, comunication |inks 411, 421, 431, 441, 451, 461, 471, 48|, and
491, disposed in channels 1, 2, 3, 4, 5 6, and 7, interconnect with data
ports 512/5| 4, 522/524, 532/534, 542/544, 552/554, 562/564, and 572/ 574,

respectively. Del@. pahéws BR20RPOnEATOLGCRitOIIhEM oflpbiigdnexes nodul e 580
vi a conmuni cation |inks 506/508, respectively. Data ports 512/514

communi cat %Syﬁaggotdsuk }éaglcﬁ@} gggm@. ﬁﬁfehevﬁﬁs&ag@grﬂﬁ .:ﬂgqbﬂﬁxaka 516/ 518,

respectively: a ports muni cate w exes nbdul e 580

via communi cation Jinksg 526/ 528, .respectiyvely. ta.ports 532/ 534
communi cat dHERT AP raRRs HARER S gty KR Moo RE 8% 538,
respectiveué. Data(ﬁprts 542/ 544 conmmunj cate with nultipl exes nodul e 580
via comuni®at dasncachsRE3 spsmugcationd Bk AG2\ReIConmReting HHeORIOSESOE 54
comuni cate with nultipl exes nodul e 580 via comuni cation |inks 556/558,
respect i velipterfie 40 lpodtclixt4) B da cevamenibodingentd, tiata wadhei 408 exeprivecderdee 580
vi a conmuni cation |inks 566/568, respectively. Data ports 572/574

communi cat er\wdrl SR idel ¥ SInrteflsin @ nibddinvénts, ARATEHEHCA3I Ofhpriseksboat $/ 578,
respectively. Miltiplexes nodul e 580 conmuni cates over oné or nore

conmuni cat i i i i 6o %§§?H%r' dul e 581
provi des da{ét?l gb%pé%%ﬁagg'oﬂﬁ%ayo%mm cgﬁ?’gdr%kﬂe?agﬁgsu 82, gégph@gﬁ{hagES 586,
587, 588, a d‘ggé_tyg%cq j nt erconnect SRAM 590 with SRAM bl ocks 591, 592,
593, 594, g gfy Pl SREC1a 598, respectively. The design of

mul ti pl exes nodul e 580 and_denul ti pl exer nodul e 581, and the nunber of
communi cati on | i‘NKEICARIE dhead phanaeh ﬁf&h?ﬁ}n?lpgfrse%z@gogr%&mﬂél ey eReH A0,
denmul ti pl exer nodule 581, is a function of the nunber of testports used to
capt ure dategualizer 4 b amigHmeas filtxgi@d; saanple intespplatoadds gain eontrdl modelagthy e dat a
inreal tinme from8 channels then the enbodi nent of FIG 6 is used wherein
mul ti pl exephasedirtor gbfdratoonps,i Fdscinulitt465] phase nt&POlatos 405, @lADmetrd®, 640, 650,
660, and 670. In this 8 channel data capture enbodi nent, no denulti pl exer

is used. |fmdnil 4857 0hE patARRARGAYUS9! PathsBEritOmEaRNE UBE ifledAbihitide@h t i me from
4 channel s then the enbodinent "of FIG 7 is used wherein nultiplexes nodul e

So0TE 8B B A PO R g 1
Mul ti 700, .41 720 . 730 i de, i 705,
1 e 8030, 00 SRR RPN PRSI Bl 702,
o T SERSSBrehl BBl SR SnBRRARI NhokEnE SR ol

mul ti pl exes nmodul e 580 conprises nultiplexers 800 and 810, and wherein
denul ti pl exeqludps anEPRegmaxinumy bkelihgeddetestor-exer s 805 and 815. Ml ti pl exers
800 and 810 provide data to denmultiplexers 805 and 815, respectively, using
comuni cat i on | ilnkertd) émbndin&h#, AppHmts’ iappdrytus irfcludieph smaletread elpypaclat us i s
used to capture data in real tine from1l channel then the enbodi nent of

FIG 9 is ugeéetathembbdiniBatst ARbBSs’ Apputhias RRMCO FPIUrARS ofdatlicRAfesss 900 and
wherein demul ti pl exer nodul e 581 conprises demul tiplexer 905. Miltipl exes

900 provi dgg cdafiR emBodiaBAlst h@gﬁé‘a‘?ﬁs’ APparkl HERIBYEHICALAR. | ]!rnryért%gz 15

In certain enbodi nents, the vices, testports, conmunication |lin and

1 ke SRRSO WhefT shpun oo S S AR

testports, co nic?tion links, and the like, described in FIGs. 4, 5, 6,
7, 8, and §°TVEEHABE'S npl emented in special purpose processors. In certain
enbodi ments, sonme or all of the devices, testports, conmunication |inks,
and the |ike, dé¥kenisadinginfprnmsionsroms a ngagngtic @pe usidg 9 readdieadhesurhrps enent ed
in high speed general purpose programred processors. In certain

enbodi ment scadgwriee head 200, anfanhlog wiwefctmconipesingahitSnfotpaionis ¢iadtifermdd. nks,
~and the like, described in FIG. 4, 5 6, 7, 8 and 9 may conprise one or

nore appl i oafdnalesBAtdifal Sodvatel kadtest ADCUNSBnvérisGhe afdRdRaveffRPld £ant s’
invention includes a nmethod to read information using Applicants'




read channel froman information storage nedium Referring nowto FIG 10,
in step 1005 Applicants' nethod provides an information storage nedi um
havi ng i nformati on encoded thereon. In certain enbodi nents, such an

i nformation storage nedi um conprises a nmagnetic storage nedium an opti cal
storage nedium an el ectronic storage nedium and/or conbinations thereof.

storage e troni c dium - and/ o ._
magnet o pr ey B ARSI CHAR s B SRR PR A B B B PO vt om
or mor 6 optSUSRUBFaR KR, drorpmitiensal Bbk S& sty Gben et M |

information therein. By "electronic storage nedia," Applicants nean a

devi ce suchemBodmPRENJUERRDLS EEmPigs aHinkteH mprRBresponssa € FIR " fitter. s$moht medi a,
and the like. In step 1010, Applicants' method selects one or nore initial
oper ati ng paFHfltershapés. the fitdt diditabgighatio pdnee asebed digithDdigile or nore
conponents conprising 16 Applicants' read channel. By "read channel ,"

Applicants nmean thRnfRvda66s 1iHR 841 iffertSidebR\&tpIH PITRIG R {AREUED I
i nformation storage nedium adjust/anplify/errorcorrect that information,

and communi y r I . r ti uters. In
certain enb(gegtfaﬁleén s,dlﬁ&gfﬁ% %@gﬂcé@ﬁ C @%dg@ﬁ?eﬁcq%ggggnotr %gorﬁlg\'}nﬁlggté(’%nd
conmuni catilo l.inks recited on ﬁr?ee% 4, 5 6, .7, 8 and 9. In certain
enbodi ment sISHBETCPERFUNG SR digpe o1 L1t dfa PAHYIBE OEBIG ol | er, such as
device controller, 134 (FIGs. 1, 3, 4) or device controller 144 (FIGs. 1, 3,
4) . |n cer t&mmBRsYHINNEKS dnterpapectiog the enems niase detd posts svithawe ocompeit er, such
as host conputer 390 (FIGs. 1, 3). In certain enbodinents, step 1010 is

per f ormed byubiptexess, stoomgerearothmaticdtondinks iséresnneoting e loge or floed as
controller 160 (FIG 1). In certain enbodi nents, step 1010 is perforned by

a user usi NGuRipleXRRIWitlpbnd BidHbredeatultilexess)@hd dfic i MbledmiRthitdtio® linky - | N
certain enbodi nents, the initial operating paraneters of step 1010 conprise

those oper ahidrRakHERhEbite 65hBR d 18ker} Wtnldaf¥Eealhd AR Cchannel devi ce

was manufactured. In certaln enbodi ne the initial opérating paraneters
of step 1010 co i operating.paranetersestabljshed.at. the tine

t he read channelnﬂm‘%asze%?r%&]n%%g%lt& nézg?or déréFqua? %e dﬁPWg}deg,to Pﬂ‘zﬁlinﬁ'?rti al
operating paraneters of step 1010 conprise those operating paraneters
establis heoﬁlétetr @%QSW@“@H@IWIOHS‘PE 4E§-a§08’rﬁ‘&ﬁ‘tﬁ‘i-ﬁ‘°ﬂi‘\‘}k d42 inghydes fastertact ur ed
in conbination with one or nore operating parameters determ ned when the
read channet20waMiddinerntilter4d. detarmines thd yalemelohe aeualiged sipral ghtheaniddisr e
initial operating paraneters are stored in a data storage device

cont rol | er ,ofshe$angde celht Modligear ¥Bter 473 @Sdudss a3hird diffital sigdal wWHitiGaicludles 3) . | n
step 1020, Applicants' nethod sets an error correction threshold. As

descri bed ahevgualidepbigasining the ek iAo B@lalizOCtipala St G nAiddRATIRCantple NOAUIl €
495. The 17 error correction threshold of step 1020 conprises the nmaxi num
acceptable @qror rate, i.e. the maxi num acceptable rate at which one or
nore corrections are nade to the digital signal provided to the error

correct i on modul @l f8l ik SPRMTRALSs dsBrCIo iRl GERL 5, r eshol d

is determ ned by e user. I'n ceértain e S, € error correction
threshold is_set in firmvare di sposed. i .data storage device controller.
In certain CHBGAharaents conupyny au(?BS’rnkcqlz?é’?'F?‘f%F 8% 81 g‘ofescoé’é‘f‘“Plﬁatfan niar e
di sposed in a data storage and retrieval systemcontroller. In certain
embodi ment Jinks rteigppeactiag festrort 429 anHoag kpgre data perthPne AEMOYSt em user. | n
certain enbodi nents, the error correction threshold is determ ned by a host
conput er. Asnttmoseat®hilinke ihtencotreeting thewink lor appe éath pors withfone oo i s read
froman information storage nediumover a period of tine. As described

above, AppliheléiplesersGiie it brie lcdinfudidiBioR TinRd Mk EoneMalgah8bh®BPMbRI Ng t he
information encoded in the information storage nedium That anal og waveform

is conti nu%ﬁki}‘leﬁc% Wath &Sr théie dEfnﬁﬁ% N o?e%%oétégm%mcf%igg?irnﬁél , 4

digital signal 1s forned fromthat anal og wavetorm In step

Applicants’, thod,. r afirst portion of t ti i pt.erval , reads

i nfor mati on™ tg%gﬁﬁ%%l@gi\{ﬁ? o/Rcc i et dgpwﬁtggg(eﬁse\mtﬂﬁ?ta§?ﬁ5 ‘{bhe first operating
paraneters of step 1010. In step 1030, Applicants' nethod error corrects
the digital signal formed using the first operating paraneters. Step 1030
further includes determ ning an actual ror correction rate. In certain
enbodi nents, step 1030 is perforned by a storage device controller, such as
device controller 134 (FIGS. 1, 3, 4) or device controller 144 (FIGs. 1, 3,
4). In certain enbodi nents, step 1030 is performed by a host conputer, such
as host conputer 390 (FIGs: 1, 3). In certain enbodi nents, step 1030 is
perfornmed by a data storage and retrieval systemcontroller, such as

P e . . A . o N N T



error correction rate. More specifically, if Applicants' method determ nes
in step 1040 that the actual error correction rate is greater than the
error correction threshold, then Applicants' nethod transitions from step
1040 to step 1050 wherein Applicants' nethod selects one or nore read
channel devices to optimze. In certain enbodi nents, those one or nore read

channel devices I ! . [ Si4lng. Of . alizer 415,
md inear fi1teriGoRS EALES B AG S ERRL s DpR BT 202 1o
phase error.ggﬁﬁrat§é§455, PLL,chcTit 4§5 phase Lnterﬁolator 475, and
maxi mum | i KEFTPRIYAT &t wiecommimication gk A2 Foswpwdrarieniiak 429 acludsso i s
performed by a storage device controller, such as device controller 134
(FIGS. 1, 3estpyrt 430.d8smple interpotason 435 receivasrhahird digigy] signal from awiddimiear
~enbodi nents, step 1050 is perfornmed by a host conputer, such as host

conput er 3%ilt¢rAR2EAnd dising the duipetef PRI TR AE5 BRiithaes Gik@Qual2e@ sighalng ffcor med
by a data storage and retrieval systemcontroller, such as controller 160

(FIG 1). | hél i I S e QF: usi ng an
per at o i e or oy aRROEERYS yn i Salol ke WppiCRs taf 3
Applicants' t . I aptromt ne o re te orts selected in
step 1050. Wﬁ§E@§ g?%hgﬁ%% |%%%tgiiéngﬁ%SgB&WH%?ﬁggﬁngtﬁ%SEé?ng t hose one
or nore testports, Egggjas one or, nore of testports 410, 420, 430, 440,

450, 460, 47PN 4ipaprovidasa dgth gyRchrepeus digklsiBarent s, step 1060

i ncl udes communi cating data fromthese one or nore testports to a data
cache, such as daemmeaicadombick 43 hingaseqmaieets éastnodt 430rand datataaphe 480 Inncl udes
collecting information froma single testport disposed in a single read
channel . | reetteintembodamnixsli cornimicasioapink @80 inchedes das oL mloteecimm@nicatioar mat i on
froma plurality of testports disposed in a single read channel. In certain

enbodi ment Hinks ieprcdRftihf edstibes430QInt ¥RE b fhotd A4 P&‘tsi,%ﬁe br ke plurality of
testports disposed in a plurality of read channels. In certain enbodi nents,

step 1060 i : - Ry i Vi ce
controller C?gﬁlﬁ%ﬁl%gé@ qﬁ&!@enﬁ%ﬂ%@ﬂ%@?‘?g&?g%@% %Lebgﬁaﬂﬁ?‘ép&?"%e 3, 4. In
certain enmbodi.npnts, step 1060 is per.for.ned. a _host conputer, such as
host conputrgl?ﬂnggéer(s s ‘&?feﬁ?‘.““r%?c Lpp jﬂqﬁs @%%%nﬁgmgstﬁe gﬁ%ﬁf 860 i s

per f or med q% a data storage and retrj?val system control |l er, such as
controller ‘éﬁp%ﬁ?r@-lw‘ﬂ) onexy morp depitiplexstag andapns) graBefe comppimcgoniskes t he
information collected in step 1060 in a data cache, such as data cache 403.
I n step 1080terqopaeqting dharend yrmeresemyltiplexereyith doe cacherdd3dd by a control | er.
In certain enbodi nents, step 1080 is perforned by a storage device

control | er, suchhedoumrtl digitatxigial éored by34mplel i@erpdlatoB4334s ppsvided/ogain
controller 144 (FIGs. 1, 3, 4). In certain enbodinents, step 1080 is

perforned kyneolhasdule aaPviatommuifithtiag 1HRSIBI C OFRIMITicatRE 1{nk1436 included) - | N
certain enbodi nents, step 1080 is perfornmed by a data storage and retrieval

Syst em contig@bdre440. StAR c%ﬁtr&lgg%c[% 425 adiBlls flelafipiitude-of vl mrmgg]’h%ﬂ mation

read in step 1080, in step 1 plicants’ net gener ates ust ed

operating ra.taor.th Vi ces | ect in ep,.1050. ln certain
enbodi ment ;&8{ @@gﬁ‘l‘ﬁg qisgnﬁlgl?afq'gnr%%laa%@ﬁgg%%eggoa 88631?7gg£5ere%‘8fﬁdrbé'ltﬁ8r, such as
device control.ler 134 (F .1, 3, evice controller 144 (FIGs. 1, 3,
4). In cer t“éffxrﬂmg??bléﬁ’lhhé?f{ g‘?ste%?re‘t?%ldlg% tffrg‘ ‘gglrt?léf?r?é isproydethiomaximyit er, such
as host conputer 390 iFIGS._I, 3). In certain enbodi nents, step 1090 is

per formed Bikelhopd: detactos 48§ vimepmmppicptiandinks4As: ramewhricationdink 448ch as
controller 160 (FIG 1). In step 1095, the adjusted operating paraneters of
step 1090 anadugesdesipirtdd®h Cormmdeichtieslised&cinedcdnnects eatpbB54R0 and dagr t ai n
enbodi ments, step 1095 is perforned by a storage device controller, such as

devi ce contchéHel483. 13 cubpuBf the makimfhn 1eliHEYd dRet&Ts U loflcomfifudibiicn. 1. 3,

4). In certain enbodi nents, step 1095 is performed by a host conputer, such
as Nost compkUgh 4399 dhlE VG stamarn cdtinGifEAGU Y ARACI ent s, step 1095 s
performed by a data storage g Tefrieva sys%en1contro||er, such as
controller 160 (FIG 1). In certain enbodi mnents, step 1095 incl udes

communi cating the adjusted operating paraneters using one or nore of

communi cation |inks 407, 417, 427, 437, 21 447, 457, 467, 477, and 487.
Applicants' nethod transitions fromstep 1095 to step 1040 and conti nues.
FIG 11 sumarizes the steps of Applicagts’ nethod to capture data from one
or nore read channels using one or nore testports. Applicants' nethod
transitions fromstep 1050 (FIG 10), wherein one or nbore testports are
selected, to step 1110 wherein Applicants' nethod sets the output of those
one or nore selected testports as the signal source. In certain

enbodi nents, step 1110-is perforned by a storage device controller, such as

— o~ o o o 1 N~ a




In step 1125, Applicants' nethod selects the trigger. By "trigger,"
Applicants nean the signal which initiates data capture. In certain
enbodi ments, the trigger conprises a signal fromerror correction nodul e
495 that the actual error correction rate is greater than the threshol d
error correction rate. In certain enbodi nents, the trigger conprises a

signal from erro correc 495 that the ead js, Qv
calibration fi eI Hﬁmfcﬁ Begﬁgfﬁgﬂﬁ%‘meﬁts tystport 0@%&%%5‘96& eﬂ“n certain
enbodi ments, the trigger conprises a signal froma data storage device
controll er, ceg@ghelagocgmﬁmp(gqngpumgano(nphn@g8l1nclgdes4))xe of mogeeqminAnieatiydi nment s,
the trigger conprises a signal froma data storage and retrieval system
cont rol | er, lissdhteeconneaming adskprt 4880andrdnGor inore ditn poss,toak br ebodi nent s, t he
trigger conprises a signal froma host conputer, such as host 390 (FIGs. 1,

3). In Cert@in&nﬁiﬁbﬂﬂ‘inﬁﬁﬁfsSmteicbﬁnécflhgﬂﬁrorfé%ﬂ[déﬁﬁa?oﬁk oidlonk bPHoRE oper at or
|nput station, such as operator input station 150 1). In step 1130,

Appl i cant s mgﬁfﬁem%qrsss&sortrﬁﬁr %@Mﬁﬂca@@?ﬁﬂ&?gﬁ%&&n@ﬁg@&%¥>n§ bk Mk clock. In

certain enbo nts, ste age device

controller as VI ce contr 134 / I n certain . enbodi nents
ctep 1135 1 EOERERO bl o Rl minirs aud g %rsmﬂ@scpn%weﬁt@pq@ge
certain enmbodi nents, step 1135 is_ performed bK a data storage and retrl eval
syst em cont iEreeanectingthe gae eomereslemultiplexers with datasacheatd3. Appl i cant s’ net hod
selects a MUX / DEMJX nodul e for data capture. For exanple, if data is
captured from 8 Tt fiith digital @gnab dorred tyhgain Amplol madule'446%¢ fledpseidedts t he
MUX nodul e shown in FIG 6. If data is captured from4 different testports,

t hen Appl i cplabserromichemtd @lss aiscdnauiithfidn 1DRMAY, ydsthenishtomlinkyepl G 23
7. If data is captured from2 different testports, then Applicants' method

selects th QthJ red froml

testport, t(:ai ﬁgﬂ#&ﬁi{ptg |ca§t5gmﬁhn%§ ﬁgrapgéglekedg?@s?eﬁma{eg } %‘%Lﬁ(éf tﬁéﬁ?tg shown in

FIG 8. In Ml%i FW%@E%% eﬁtofﬁnjf 35 is perforned by a storage device
ce conPr orf & i

controller, uch 34 or device controller 144. In

certain enbodl ments, ste 5 erforrred by ost, conputer, such as
host conputer 39 OmFWn’(,Cé&frh\lﬁk é%‘ﬁ TERIREE!S testhop @S@dldétaﬁéf;h%‘f%&nby a data

storage and retrieval systemcontroller, such as controller 160. In step
1140, Appl | CHAeMbAdimeHSs COTUBINEAtOR dink 45 & inchidesRAgPIVIOT ceconmEnRieasion| n
certain enbodi nents, step 1140 is perfornmed by a storage device controller,
such as deJinke iniommmdctieg tekBoriot5S0chmdione oc owte ddth ports] 4de ot momer t ai n

enbodi ments, step 1140 is perforned by a host conputer, such as host

conput er 3%@mrhimiciondinks aiveohiERiHS theSinePr MbAdddts ppad wih sae obinore dat a
storage and retrieval systemcontroller, such as controller 160. In step

1145, Appl ifafipkxeRESNR0st 8&E TomtfinRZ0bh llﬂksefnté‘&ﬁmﬁ&lrfgttﬁé Bné@tn?ﬂl)f'eng when t he
selected trigger is detected. In certain enbodinents, step 1 145 is

per f or med | 34 or
devi ce con?}f{ olﬁpgk%ﬁﬂl%ﬁ}dgg& rgtaﬁﬁlg%heg{ers ﬁw&le Ig&%fﬁ@“ﬁ‘gu%ég#c}%rsed by a
host corrputetr such. a host conmp ﬁ% H? cert ai @odl ments, step 1145
i s perfor rréﬂecﬁ?nﬁecd‘é‘g hes o5 QfJRorg Sy ‘?’@\rﬁa‘f’“%g%tf‘é‘fﬁ? SBrol ler, such as
controller 160. In step 1150, Ellcants met hod enabl es the sel ect ed
trigger. In cer tEhose erpiosneiein 4355 pravides pathaseserpassignahtodPldy ciscuit 465ade devi ce
controller, such as device controller 134 or device controller 144. In
certai n enisodimunicationdink$59.1 Sonmingupeationdimid 58 yndudes sestmotdhilk er, such as
host conputer 390. In certain enbodi nents, 24 step 1 150 is performed by

a data st orGagemandatict lidked6ll infySinasets aafpostl4601and dutaltadtie 403N1H ebdfn 160. In
step 1155, Applicants' nethod waits until the selected trigger is detected

I n cert aigmRARAcH iR Btuntdatibn LihR 5f6!l %oﬂﬁfeg BhECmBY% C%nﬁﬁﬁ’ﬂlﬁiﬁnqﬁlﬂ ce

controller, such as device controll or deV|ce contro 144. In

certain e i S erfor uter,. such as
host conp[rtq @tgfcggﬁécﬁinﬁ%sgp{tl nr?boé‘ ‘gsggtpéﬁs ff%gr FQI%EWIBPWS%"%\/ a data
st orage an et ri eval stem control |l er, such as controller 160. In step
1160, Appl . mlgercmeﬁeﬁg thet0me 97 mose fi3ta pads with @ae 8HMOFS BYLIPIGREES, pREST
detected. In certain enbodi nents, step 1160 is perforned by a storage
device controller, such as device control ler 134 or device control | er 144.

I n rtain
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enbodi nents, step 1160 is perforned by a host conputer, such as host
conputer 390. In certain enbodinents, step 1160 is perforned by a data
storage and retrieval systemcontroller, such as controller 160. If
Applicants' nmethod determnes in step 1160 that the selected trigger has
not been detected, then Applicants' nethod transitions fromstep 1160 to

step 1 |55. métetcdiriiminivadion link$ irdpbirfeatiiSthe BRE BPehoROMBIHIPIAXSS Wwith i 1160
that the selected trigger is detected, then Applicants" nethod transitions

fromstep 3 I ' e T | ta on

t he test poaji11 gﬁs&gﬁjﬁ@%#sﬁ a@?813@%@8&(%&@%@0%%@%@%?%%8%@?r(r)ggt s, step
1165 is perfornmed by,a stora devi ge ntroller, such as device controller
| 34 or devi(E,Ién?:r(?glf?%}t}pé?xe‘i%ﬁﬂﬁFiﬁta%&{ea‘ﬁ% enbodi ments, step 1165 is
performed by a host conputer, such as host conputer 390. In certain

enbodi ment's, st epheiptese eorqspyidedrbyiphase grrangenesaton 4idds aragessed by BLdl system
controller, such as controller 160. 25 In step 1170, Applicants' mnethod
det er m nes difcuitH4é5 ckdtich filaark éhat phdsk letretland detaatihaithe bomishsngfites, step 1170
is perforned by a storage device controller, such as device controller 134

or device c¥nthrohdBbitldfl bouRd4Rs! Thd 1RGO JTRRY SincBlofBustbif &1l SouRasid«gr med by
a host conputer, such as host conputer 390. In certain enbodinents, step 1

| 70 is perf . I i ntroller, such as
control Iper élPéG . Ilc%ﬁ,&gsﬁ?stgg%ttégﬂ met h@gﬂgég?%ﬂ%q}r{l{eé O?Qrg&ts ep&i%l?o that the data

cache is filled, .then LLcant s, nethod fransitions.fro ep 1170 to step
1080 (FIG TB}‘H“’NE%Q@MQ‘[’QF\‘}@%‘}& ‘??8’5&?8?‘3’88 ¢ LG, S Baues ep
1170 that the data cache is not filled, then Applicants' nethod transitions
from step 145/eet 867G epmppgicatiprligk f7SnsludeniesportdgPhod continues to col | ect
data on the selected channel. The enbodi nents of Applicants' nethod recited
in FIGs. 10 and Qammmygichi@on kimk €hieintescbnaeqiateatpeltyt70Mbd dataeache 403cdnt ai n
enbodi ments, individual steps recited in FIGS. 10 and/or 11 nay be

conbi ned, eeitainremitediments, comnilai@tion ExRAP] ésludenbae b mafeopimeaativd t o
further illustrate to persons skilled in the art how to make and use the

invention apksifelcH@itctihy tkfoktal70 18a8AE bIRBESIANSERObne dNgsR exanpl es are
not intended as limtations, however, upon the scope of the invention,

which is d Pﬂﬁﬂ] | : ' . e |l the
first digi ?fg Si é%o?{ lw%?ﬁ%ﬁwﬁgﬁ{ﬂfghgguaohe} ﬁ‘b}tﬂéggapﬁ}?}& from
testport 4 isposed on eight different. read channel s using a DSS trigger.
Tabl e | regzhlg lflglgl%ggts’i (gﬁsor[né(a?g?@pg{nlc'aga@ E‘Plésrmgeé%qnf’ﬁ g e NGIIPPENt i ons of
steps used to capture the first digital signal for later analysis. In
certain enﬁB‘&Pﬁ@R@fé withpne s gnare demultipkayars; androgsge nporg camgiusjsgtian links a

m croprocessor interface 401. If in this exanple, 26 the data cache
conpri ses api§tponasgiing thenenerymore emubiipbaxersf witlhdatg cadhgd@B. sources i s

al | ocated about 500 B of that nenory. In certain enbodinents, the registers
shown i n TABLE IFIGa ehaivsthesstdrconnextidad betwear figpad @hshneBst i.¢.channefsyGtlem
controller. In certain enbodinents, the registers shown in TABLE | are

di sposed i 2, 3, 4356, 4RINDAhe data CAGHR0B. REGRRIEERBIdhNHAESRRIVP 4 a60T PSELO
MX' 00" Set the output of testportO to equalizer input XR RAMCTL1 MX' 20' Enabl e

the SRAM cQb¥RsEAMEIL2NMH AB520 chafiRl 4Na1al $, & Qhd Ntk urSFAND Sabl e

the mcroprocessor tri ggerEnaE trigdefOisable’the triggér on byte

conpar eHol i rface in reset nodeDi sab M any ext er nal

ni cr opr oc egggér:fé\% H%E%@%Wgr %%il\{z?oa %aénlgﬁ pgeragiagorgﬁgeﬂl%ql cgl?tﬁoikXR_RAM\/UXl
MX' 00" Sel ect -g@as t he SRAM sourceSel ect test ort 0 as the MUIX-B in

ut XR_RAMAD@PM a phasgireor gareraor $35, 31PLeroisauii46p ca phase interpolator 475,

feat ureXR RAMIRI GX_MX 00' Set the SRAM interface to start sanpling when

DSSi s det e@nddxRxamotikelivodadot@tenn8s. Sreivbf channels 0, 1,2, 3,4, 5, 6, and 7,

i nterfaceXR_RAMSTAT _M f =X 80' Then the SRAM has been filledlf=X 00" Then the
SRAM has ndtrthue énclides lcosmuifdBibiclinks 47, 409, 417, 419, 427, 429, 437, 439, 447,

448, 449, 457, 459, 467, 469, 477, 487, 492, and 493. Each of channels 0, 1, 2, 3, 4, 5,
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In Exanmple 1l the first digital signal, i.e. the input to equalizer 415, is
captured fromtestport 410 on read channel 5.using a storage device

m croprocessor trigger. Table Il recites various registers, register
settings, and descriptions of steps used to capture the first digital
signal for later analysis. In certain enbodinments, the registers shown in
TABLE |1 arg di sed in 1 cropr SSAr A nterface In this exanple,
all the ne rayd?gg“éﬁ‘ief f"t"iPadS&P{%Ragf@ @Qc‘i‘fgj’]ﬁg&a@oéégéao’t@gdﬁé@aE‘ipt ured
fromthe single signal source. In certain enbodi nents, the registers shown
in TABLE II‘@}-e di sposed in a data storage and retrieval systemcontroller.
In certain enbodi nents, the registers shown in TABLE Il are disposed in a
host conput er. TEBbofIchaiEed GUERSE BT S NGRESCRiPheOMRJIEPSIHFhAuARARG Set t he
out put of testportO to equalizer inputXR RAMCTLI MX 20' Enabl e t he SRAM

cor eXR_RAMITAIR 4K, 41, 981 entl, 45, a6¢NEMNES § ah@H9 1 NRithe ifusPRAYERABURdRE
m croprocessor triggerDi sable the DSS triggerD sable the trigger on byte

conpareHoIdﬁﬁ@Vbjiggrﬁé' Ay A M8 E .S aky € a al
m cropr ocessor Wites E@E%hdgﬁg%&ﬁﬁbhgg@?ﬁ?gﬁHﬁlﬁgﬁ'ﬁ%é@’%?ﬁ& B,

cl ockXR_RA| 1 'AA Select MJX-C a he S sourceSel ect test ort O as
the MUX-B i%f& 596%)_( |0Hff\‘758°6‘6"“tc‘j‘%‘§‘o‘ﬁaéa P%R%&%ﬁéi’ﬁ %ﬁﬂﬁi’%i te

feat ureXR_RAMIRI GX_MX' 00" Set the SRAM interface to start sanpling when

DSSi s det ectmycationina it 421p 43144 b)) A6 5l 484 and 42 XRPPSRIMRI GX_ VX'
80' Start data collection on channel 5XR RAMSTAT M f=X 80" If=X 00" Then the

SRAM has beghannéls | & 3THeh 6, hed BRAfrdease otithodetmpdris 51245 14pH22/520t S
invention includes an article of manufacture conprising a conputer useable

medi um havi 589/534542/644,r562588) 362p56a0 apdS DB, désppabety. t herein to read data
froman information storage nedi um using Applicants' read channel assenbly.

Applicants' invephtapBrt 903/564 coMmbHRES VAt ANRIIGer ﬂ{oagremgfgagduct usabl e

wi th a progranmabl e conputer processor having conputer rea | e program

O uroor Gy REERIGN 1T 306908, L ERA AR 2DhLHRR Y oB LRk ARAR PG O

medi um usin Ircants’ fead channe e e pre
enbodi ments_of. t he prese i nvention have, be llustrated in detail, it
shoul d be a’BBlé’lpLelszr ’F‘ﬂglf 6%9 MR @m‘b‘?'}%atﬁ’ﬂgmgﬁgg?)éll#’dﬁg’ef%veghoﬁétaé’ﬁﬂédi ment s
may occur t ne skilled in the art wthout departing fromthe scoPe of the
present i nvHIGrFoRuNcate Frthinglyplexer medyle RRe yiacqommmenicatpn linkp 526/3281 1. A
read channel, conprising: an analog to digital converter; an equalizer; a
first commmspeativadn Priakportst5séR58A semimunirateawith egutiplexes mahute $80ivda anal og to
digital converter, wherein said first comunication |link conprises a first
testport; eaotahanicamindinks 536/538, respectively. Data ports 542/544 communicate with

multiplexer module 580 via communication links 546/548, respectively. Data ports

552/554 communicate with multiplexer module 580 via communication links 556/558,

respectively. Data ports 562/564 communicate with multiplexer module 580 via

communication links 566/568, respectively. Data ports 572/574 communicate with

multiplexer module 580 via communication links 576/578, respectively.

Multiplexer module 580 communicates over one or more communication links
with demultiplexer module 581. Demultiplexer module 581 provides data to SRAM
590 via communication links 582, 583, 584, 585, 586, 587, 588, and 589, which

interconnect SRAM 590 with SRAM blocks 591, 592, 593, 594, 595, 596, 587, and
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a second conmuni cation link interconnecting said first testport and said
data cache; a mcroprocessor interface; a third conmunication |ink

i nterconnecting said data cache and said m croprocessor interface; a fourth
comuni cation |ink interconnecting said mcroprocessor interface and said
equal i zer. 2. The read channel of claim1, further conprising: a m d~inear

filter; a fidgt &W\}v n:,i i i ! td i . G- i filter
and said eqSUJagf fézsgr 'eflglrer?% Es}ﬁ%l gf]ﬁupﬂ%%g%ﬁ%cggp %8?1%&%@@%%& :%?{e'lse a
second testpart; si xth comuni catjon, Link interconnecting said njd-Iinear
filter and i’ﬁﬁch'gf’é‘“ Eh ;COQI@W%PHQB’E?WWFE%‘WW muftiple §}°@B’rﬁ’$@gti ng
said mcroprocessor interface and said md-linear filter. 3. The read
channel of andgiepultiplexer mpsiulectftpisiasiungfionsofsherpuraberof ¢astnsirtaused to3@pturaan

ei ghth communi cation link interconnecting said md~inear filter and said
sanpl e i ntaedapwl at or, wherein said ei ghth communication link conprises a
third testport; a ninth conmunication |ink interconnecting said sanple

i nterpol ator andrdgakempR! & AphB&its AppRaAt i€ XVIUS baRire Pt ihPal time from
i nterconnecting said mcroprocessor Interface and said sanple interpol ator.

4. The reads %ﬁﬂ&?iheﬁfth&&%({;ﬂgﬁfemf HEFFKI&% iCNER, éh%}é?xgglugtg?@)ie? n%t(?iﬁl%rQO modul e;

an el eventh conmuni cati on I nt'erconnect ng sali n con nodul e and

sai d sanpl e_interpol at or, rej id elev h co jcation_|ink
conpri ses acofrl?ﬁlrs?ﬁgm{"@@?%F%%agi%ﬁgtéocém%&@ gﬁ}l ﬁ%ﬁnitb&s §r‘é‘6‘i‘ﬂi’écti ng
said gain control nodule and said data cache;, a thirteenth comunication
li nk i nt er CB@PiUre gmbadiment nosismulitniessr is usedr Harpligarts sapiparagsiin ugasnt r ol
nodul e. 5. The read channel of claim4, further conprising: a phase error
gener at or ; ta capturetdagminireadimaifromat ¢hanndls theniting embadimentt of FIGs Aiicusgdi n
control nodul e and sai d phase error generator, wherein said fourteenth
communi cat ivalfer¢in MuldpleRéri medul@s§0 édnfiprises iatiiglexeds 700, 7620, SAMTBO)asAL i ON

link interconnecting said phase error generator and said data cache; 31
wherein demultiplexer module 581 includes demultiplexers 705, 715, 725, and 735.
Multiplexers 700, 710, 720, and 730, provide data to demultiplexers 705, 715, 725,
and 735, respectively, using communication links 707, 717, 727, and 737,
respectively.

If Applicants’ apparatus is used to capture data in real time from 2 channels
then the embodiment of FIG. 8 is used wherein multiplexer module 580 comprises
multiplexers 800 and 810, and wherein demultiplexer module 581 includes
demultiplexers 805 and 815. Multiplexers 800 and 810 provide data to
demultiplexers 805 and 815, respectively, using communication links 807 and 817,
respectively. If Applicants’ apparatus is used to capture data in real time from 1
channel then the embodiment of FIG. 9 is used wherein multiplexer module 580
comprises multiplexer 900 and wherein demultiplexer module 581 comprises

demultiplexer 905. Multiplexer 900 provides data to demultiplexer 905 using

communication link 907,
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a sixteenth conmuni cation link interconnecting said m croprocessor
interface and said phase error generator. 6. The read channel of claimb5,
further conprising: PLL circuit; a seventeenth comunication |ink
i nt erconnecting said phase error generator and PLL circuit, wherein said
seventeenth communication |link conprises a sixth testport; an eighteenth

communi cation |i I ‘flf%fi’i I J: oL P Lrcuit and.saj.d data.cache; a
ni net eent h comm%i%gg?ilt" geFl I ﬁ&%t%i? ger @%}ﬁ%éttk%tﬂéﬂtssg?la\n}%ngagg? BB % 81 thient erface
and said P ,rcujt,. 7. _Th ad channel of claim@6, further conprising: a
phase i nt elr-lbiﬂ’ Q?%F‘be%mtﬂgﬁtﬁeiﬁ’ 2&1@%?@5? ipplemented inhard WrRdedicnify- sai d PLL
circuit and said phase interpolator, wherein said twentieth comrunication

| i nk conpr i Besrtaingamhedithents someor all of thealeviges, itesgports penmminigaticorinkis n k

i nterconnecting said seventh testport and said data cache; a twenty-second
conmuni cat i znd the lke, idesczibed MBIGY, 195, %6217 08, A 9ecdnBedhipidndméd @ngesal d sanpl e
interpolator, wherein said twenty-Second comunication |ink conprises an
eighth testampise podted vinidaliifl HBAHALACSHAR of hTkr IRIRIREIRRHAY sl d

ei ghth testport and said data cache; a twenty-ftour ni ctation

link interc eCt.] [ 1,G{. ORf OCESSOr .| f ace .and, sai hase
i nt er pol at oér?’?rﬂlgﬁll‘lﬂgmﬁgfgg’ acrpﬁgfr;ﬁg%e@ Sccllggﬁi fﬂn‘%@f ?rriﬁe?’dSCSH%gi %nﬁ) :a maxi num
| i kel i hood .detector:, a.twenty-fifth comrunication |ink interconnecting said
gain contr df“pﬁﬁﬁ‘“(ﬂt%d lgﬁug%%aeax SEBGTPhRYROSK BTqEsYBMed Bracetsers: Tvseann sai d
twenty fifth communication |ink conprises a ninth testport; a twenty~ixth
communi cat i rbadimgats,someds sl of therflgvicgs.destpartshcammupisationalinkssaidthd fike, cache;
a twenty-seventh comruni cation link interconnecting said mcroprocessor
described in FIGs. 4, 5, 6, 7, 8, and 9 may comprise one or more application specific

integrated circuits, i.e. “ASICs.”

Applicants’ invention includes a method to read information using Applicants’
read channel from an information storage medium. Referring now to FIG. 10, in step
1005 Applicants’ method provides an information storage medium having
information encoded thereon. In certain embodiments, such an information storage
medium comprises a magnetic storage medium, an optical storage medium, an
electronic storage medium, and/or combinations thereof. By “magnetic storage
medium,” Applicants mean a medium wherein one or more magnetic properties can
be differentially adjusted to encode information therein. By “optical storage
medium,” Applicants mean a medium wherein one or more optical properties can be
differentially adjusted to encode information therein. By “electronic storage media,”
Applicants mean a device such as a PROM, EPROM, EEPROM, Flash PROM,
compactflash, smartmedia, and the like.

In step 1010, Applicants’ method selects one or more initial operating

parameters, i.e. first operating parameters, for one or more components comprising
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interface and said maxi num |ikelihood detector. 9. The read channel of
claim8, further conprising: an error correction nodule; a twenty-eighth
comuni cation |ink interconnecting said error correction nodule and said
maxi mum | i kel i hood detector, wherein said twenty-ei ghth conmuni cation |ink
conprises a tenth testport; a twenty-ninth comrunication |ink
interconnecting said tenth testport and said data cache; a thirtieth
comuni cat i APPLicARR’ fead ehansah By I'iead ekangelyi Applinaptsarenthe devices ased tand sai d
error correction nmodule. 10. An application specific integrated circuit,
conpr i si ng:reffidye infanhatioafrosh sn irfornGHial soeage medlem, adjustalpliéy/erremi d SRAM
menory device is capable of conmunicating with each of said (N) read

channel s; 3BrrectahifiiffoPRAOEE AHO Eornfufich@GRat iMdBR&Midh ©nd o%@ﬁgﬁ&%ﬁ or
interface is capable of reading said SRAM nenory devi ce, and erelh said

m cr opr oce | fage | un| [ M ch of said (N
r ead chann(ﬁ)g{,pul é?glicgﬁ'nﬁ)e?’?bg)ﬁgﬁ éeﬂégéﬁ p{lxﬁ%ﬁ?&?bcg%agﬁatﬁg&&&asﬁﬁe fleevgcsest han or
equal to 8. 11. The.appli.cation ecific Lntegrat circuit of claiml10,
wher ei n (,\Dangigogl_muﬂc_aﬁgﬂbngwﬂt@& gtéssge%ié?c&iaﬁgggr ated circuit of claim
10, wherein each of said (N) read channels conprises: an analog to digital
converter; an edb&pitaiaembadimenss, step Al isperfoomed byik storagerdevice eatttialigr,s ai d
equal i zer and said analog to digital converter, wherein said first

conmmuni cat isoeh s deviceaoptroldérn@44FIGs. 41 3,t49 of dpvdcd controtiec BRIAFIGSMYB) Hat i on
link interconnecting said first testport and said data cache; a third

comuni cat ilnertdifl kmbodigeney) Sep 110 IWissRifrded By & 86d1Rompates 3uch A4 KdsPPr ocessor
interface; a fourth conmmunication link interconnecting said m croprocessor

interface i i ) i.cati iLEicc i nt.ear d
|t e ! ace, afphak dosRut] £90: 1Sk En BRI LOMOREE LGl NI ALES
ggi”gr 'msgsl isﬁoé@redap:d:r{a}glr%{z%{%g&tg%{ c’én&olfle'rf LGS TR bRt 1Y fhrighigonnecting

embodiments, step 1010 is performed by a user using an operator input station, such
as station 150 (FIG. 1).

In certain embodiments, the initial operating parameters of step 1010 comprise
those operating parameters established at the time a read channel device was
manufactured. In certain embodiments, the initial operating parameters of step 1010
comprise those operating parameters established at the time the read channel was
manufactured. In certain embodiments, the initial operating parameters of step 1010
comprise those operating parameters established at the time one or more read channel
devices were manufactured in combination with one or more operating parameters
determined when the read channel was manufactured. In certain embodiments, the
one or more initial operating parameters are stored in a data storage device controller,
such as controller 134 (FIGs. 1, 3) and/or 144 (FIGs. 1, 3).

In step 1020, Applicants’ method sets an error correction threshold. As

described above, Applicants’ read channel includes error correction module 495. The
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equal i zer, wherein said fifth conmunication Iink conprises a second
testport; a sixth conmmunication |ink interconnecting said md-linear filter
and said data cache; 34 a seventh conmuni cation link interconnecting said
m croprocessor interface and said md-linear filter. 14. The application
specific integrated circuit of claim13, wherein each of said (N) read

channel s further c rises:.a.sa i nt er pol.at or;, an ei ghthh comuni cation
link int erce%°ﬁ§8FF‘fig’%s‘hTe$9’r?8f FtFﬂEQEO FAMRILES Higdnadmy téqu RERT 198 at or
wherein said ei ghth comunication link conprises a third testport; a ninth
communi cat i ién theixximyeacsepialle rata gt which oseapmerd enrconsaromadeth thai d dat a
cache; a tenth communication |link interconnecting said mcroprocessor
interface aligitaaignakpropided iontheepot edreectiof modiilee 1A paitdis anbodinspeitki C
integrated circuit of claim 14, wherein each of said (N) read channels

further corgfore6gectRndBiebhdl@ i detdrmiiit yethe 85kre LEVERINeMBSAHRhG e ON | i nk
i nterconnecting said gain control nodul’'e and said sanple interpol ator,

wher ei n saidg.gleNenid tﬂ%%@ hCal lnoﬁ}n{Wz{}lg ggngJ%ﬁgﬁ g%laﬁ syl et(%ivtl gstport; a

twel fth conmuni cati on I nt erconnec sal alrn contr Fodul e and
said data cache; a.thirteenth,conmunpication link .in ew,onne,ct' ng said
ofl i . i

mi cr opr oce<QBFONgr & Feftain smhodigients, the Sop Forrestiop iy eshold et iy i cation

specific integrated circuit of claim15, wherein each of said (N read
channel s f (l$a98%d WGgnts stapge aud retrievshsistena ponsrollge nlarcgrtain; embodisnentsent h
comuni cation |ink interconnecting said gain control nodul e and said phase
error generthe ergr agheectiomthseshdldfio sat tbyele systommeni edertain dmvddimenmgrthses a
fifth testport; a fifteenth conmunication link interconnecting said phase
error generegiopcordédion threshold is determined by a host computer.
As those skilled in the art will appreciate, information is read from an
information storage medium over a period of time. As described above, Applicants’
method first forms an analog waveform comprising the information encoded in the
information storage medium. That analog waveform is continuously formed over the
time interval. Over the time interval, a digital signal is formed from that analog
waveform. In step 1025, Applicants’ method, over a first portion of the time interval,
reads information from the information storage medium using the first operating
parameters of step 1010.
In step 1030, Applicants’ method error corrects the digital signal formed using
the first operating parameters. Step 1030 further includes determining an actual error
correction rate. In certain embodiments, step 1030 is performed by a storage device
controller, such as device controller 134 (FIGs. 1, 3, 4) or device controller 144 (FIGs.
1, 3,4). Incertain embodiments, step 1030 is performed by a host computer, such as

host computer 390 (FIGs. 1, 3). In certain embodiments, step 1030 is performed by a

data storage and retrieval system controller, such as controller 160 (FIG. 1).
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sai d data cache; a sixteenth comuni cation |ink interconnecting said

m croprocessor interface and said phase error generator. 17. The
application specific integrated circuit of claim 16, wherein each of said
(N) read channels further conprises: PLL circuit; a seventeenth

comuni cation |ink interconnecting said phase error generator and PLL
circuit, wherein said seventeenth communi cation link conprises a sixth
testport; an ei gntsEPntOcHpPlifantsamethod dememings & the aetualaripy cemeatiopirateci r cui t
and said data cache; a nineteenth conmunication link interconnecting said
m cr opr ocessfotep 10301 greatenthen siad drdeldorretti@ithteshdld.of $tep 18pQ| Ircitatin speci fic
integrated circuit of claim1l7, wherein each of said (N) read channels

further corgbcgsientd sRPPRAOINHETRBleBLY S sttatd@RAdLIRAERMRKGRIERRe | | NK

i nterconnecting said PLL circuit and Said phase interpolator, wherein said

twentieth CMFU?&%Q (?lr-ﬁg !l g‘tﬁe{)%%éhif Sorftrotigy £44 Ib?.sl; %?%)ts ,;[Iblg:%taiga twenty

first conmunication | i connecirng said sevent nd said
data cache; twenty-sec .CO nigatiqn link interconnecting said phase
i nt er pol at oqmal%ﬂﬁ‘b‘“%‘gg’éteé’aﬁ)g &s ey Qﬂnﬁgl ataﬁw,st GRS Tn SUch; a8 hpteamputes 380 d
comuni cation l'ink conprises an eighth testport;, a twenty-third

communi cat | &HG$.ilnR). i Intcertaiaremhodiments atep 1649 g perfosmed by @ datacsteragaiangiat a
cache; a twenty-fourth conmunication link interconnecting said

m cr opr oc essuievalnysteiaoatralier, swhdis phatsalldar 16@ (Pla. d).0In cet@in chhigodigphts.cat i on
specific integrated circuit of claim 18, wherein each of said (N) read

channel s f UtdpR40GOPRFIrERE by ¥BXATRETAN b@htbPRPHt AMAL bRy asBeakioRNGY-Fifth
comuni cation |ink 1nterconnecting said gain control nodule and said

mexi mum | i kgkdghgod detector, wherein said twenty-fifth comunication Iink
conprises a ninth testport; a twenty-sixth comunication |ink

I nterconnecting i{ %'pgli(r:]a{nrt]st’ r}nc;[tl(meosc} &)e%rhiggsdmss&elpqmo that the actual error correction

rate is not greater than the error correction threshold, then Applicants’ method
transitions from step 1040 to step 1005 and continues reading information from the
information storage medium using the first operating parameters. Alternatively, if
Applicants’ method determines in step 1040 that the actual error correction rate is
greater than the threshold error correction threshold, then Applicants’ method adjusts
the operating parameters of one or more read channel devices to reduce the actual
erTor correction rate.

More specifically, if Applicants’ method determines in step 1040 that the
actual error correction rate is greater than the error correction threshold, then
Applicants’ method transitions from step 1040 to step 1050 wherein Applicants’
method selects one or more read channel devices to optimize. In certain embodiments,
those one or more read channel devices are selected from the group consisting of

equalizer 415, mid-inear filter 425, sample interpolator 435, gain control module 445,
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data cache; a twenty-seventh comuni cation |ink interconnecting said

m croprocessor interface and said maxi mum | ikeli hood detector. 20. The
application specific integrated circuit of claim 19, wherein each of said
(N) read channels further conprises: an error correction nodule; 37 a
twenty-ei ghth communication |ink interconnecting said error correction
nmodul e and said maxi nrum |i kel i hood detector, wherein said twenty-eighth
comuni cat ilglﬁsq GIHK seBatar 482, Bl elrgwit 4695 phase interpolajgs 47y . andmarig@mmuni cat i on
link interconnecting said tenth testport and said data cache; a thirtieth
comuni cat ilikelihpotkdatenter488nnect i ng sai d m croprocessor interface and said
error correction nmodule. 21. A nethod to read information from an

information storlagertandinibodlinéntg sepri0s0 isirafonatd by @ SRFdgeidedick BentsdIRpS of :
generating over a tine interval an anal og waveform conprising said

| nfor mat i onycRAONVDntBIGUBRAKIGS 3l § 4)l0TReiBd Ednfidlles P4 FIAR 109, ypver or m

g yyvel
to said read channel; providing a controdller conprising one or 'nbreé first

operati ng r for said r . channel ;. providin aid one or nore
first opera i°§‘g§%§§“§%%‘i’§s’€%l’s‘§$@“rpeeé r@ﬁ%hﬁ@ﬁ?“@ﬂ’g}’% iSHEN 48 st ¢ al

si gnal throughout first portion of said tine interval from said anal og
wavef or m usP “Eeéﬁgo GlSsot, Hole certain empodimentsniem 10 3his perfermedcin a daja an
error correction rate threshold; error correcting said digital signal
duri ng sai dtdragesandgetrieivalrsystemseinttotlenysuchras epntadlleatl 6& (FIGc fl yaln ertaimr
correction rate; determning if said actual error correction rate is

greater thambedimeny,s@p 1060 iLpdriopimed 8y @ usbBapIndipesfor infiRGtatbhyfichf said
actual error correction rate is not greater than said error correction rate

threshol d, ageftibRUSOEFIP 19enerate said digital signal throughout said tine
interval using said one or nore first operating paraneters;

In step 1060, Applicants’ method collects data from the one or more testports
selected in step 1050. In certain embodiments, step 1060 includes activating those
one or more testports, such as one or more of testports 410, 420, 430, 440, 450, 460,
470, 479, 480, and 490. In certain embodiments, step 1060 includes communicating
data from these one or more testports to a data cache, such as data cache 403.

In certain embodiments, step 1060 includes collecting information from a
single testport disposed in a single read channel. In certain embodiments, step 1060
includes collecting information from a plurality of testports disposed in a single read
channel. In certain embodiments, step 1060 includes collecting information from a
plurality of testports disposed in a plurality of read channels.

In certain embodiments, step 1060 is performed by a storage device controller,
such as device controller 134 (FIGs. 1, 3, 4) or device controller 144 (FIGs. 1, 3, 4).
In certain embodiments, step 1060 is performed by a host computer, such as host
computer 390 (FIGs. 1, 3). In certain embodiments, step 1060 is performed by a data

storage and retrieval system controller, such as controller 160 (FIG. 1).
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operative if said actual error correction rate is greater than said error
correction rate threshold: storing said digital signal in said data cache
during said first portion of said tine interval; reading said digital

signal fromsaid cache by said controller during said first portion of said
time interval; generating by said controller one or nore second operating

paraneters duri ai i [St.porsio f,said ti.ne interyal ., provigding said
one or nore secgﬁatseBp@?Qﬁé‘%lcg%sa%{ﬁgﬁémﬁ)s tg%flﬁor%’&nfﬂﬁ?ﬁ%@ﬁ(ﬂﬁﬂ %Bsai d
first portion of said time interval; generating said digital signal using
sai d one orl ARt caehe sechasalat Gashe H3 alwstesr W8QUNE Mformativagieredin stepn of
said time interval. 22. The nethod of claim 21, wherein said read channel

conpri ses dR7@ipuzhd bpa camolidne Irecartaipedbadiments) dtqr 1080rp perd@medrtsy 20r nor e
first equalizer operating paraneters, further conprising the steps of:

- providing tsrag dbvR@uahirsipdr, frhds aBEcOEontRIer {34 FIGLAY3] 4)781deoRET at i Ng
paraneters; generating said digital signal using said one or nore first

equal i zer QB&hAidrN94 RRIGRTRL £143, ﬁl"?érﬁﬂl éﬁﬁéﬁiﬁll&ﬁétstcﬁﬁfdéoqpp%orﬁ?eidq)tytg me

interval; operative if said’actual error correctl rate’rs greater than
said error correction rate threshol d; g rating. by saj.d controller
one or nor & tecé’g}Pdllteéqsﬂlﬁﬁiaﬁ Q?SQSB@PH{W %%f;)a:&pérrﬁ[}gr &%‘%f‘hﬁ“@ IR +88P portion
of said tine interval; groviding said one or nore second equali zer
operating pap@idreatosmed by aidatasierags snshretrigvalfystem eoniroHer; susbrasicontreliersai d
time interval; generating said digital signal using said one or nore second

equal i zer dperBIG.Ay paraneters during said second portion of said tine
interval. 23. The nethod of claim 21, wherein said read channel conprises a

md linear filtdrsigiewfefRitionseadlinoseep 1080] Y stepO1090i Ssiicons’ @etho@r e fir st
md-linear filter operating paranmeters, further conprising the steps of:

provi di ng ten&atesadiusted bp&ating ﬁﬂrﬁﬁéte&%?th@%rﬁés £EPécFedfih,rs epak zer

operating paraneters; genherating said digital signal using sald one or nore

(L0 kB8 bR A0 BRI EES HHARI bt At S5 T ©

greater t h%gvi%g icgntreorlfeP 534: &rIE}%C f,i3(,)2) or device controller 144 (FIGs. 1, 3,4). In
certain embodiments, step 1090 is performed by a host computer, such as host
computer 390 (FIGs. 1, 3). In certain embodiments, step 1090 is performed by a data
storage and retrieval system controller, such as controller 160 (FIG. 1).

In step 1095, the adjusted operating parameters of step 1090 are provided to

the devices selected in step 1050. In certain embodiments, step 1095 is performed by
a storage device controller, such as device controller 134 (FIGs. 1, 3, 4) or device
controller 144 (FIGs. 1, 3, 4). In certain embodiments, step 1095 is performed by a
host computer, such as host computer 390 (FIGs. 1, 3). In certain embodiments, step
1095 is performed by a data storage and retrieval system controller, such as controller
160 (FIG. 1).

In certain embodiments, step 1095 includes communicating the adjusted

operating parameters using one or more of communication links 407, 417, 427, 437,
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rate threshold: generating by said controller one or nore second md-|inear
filter operating paraneters during said first portion of said tine
interval; providing said one or nore second md-linear filter operating
paranmeters to said md-linear filter during said first portion of said tine
interval; generating said digital signal using said one or nore second
md-linear filter operatin arameters during said second portion of said
time intervits, 4% 4 h‘é”rétligé .of\pplicants) methodtieansitians o stepalDOSHastop!
conprises a sanple interpolator and wherein said controller conprises one
or nore firH40sadpbetinueser pol at or operating paraneters, further conprising
the steps of: 40 providing to said sanple interpolator said one or nore

first sanple intprpqhahfimARes %istsfegs BRABPRLAIS 'meﬂ%lﬂ%%ﬁﬁtﬁﬂa & fofll et al

signal using said one or nore fir sanpl e I nterpol ator  operating

par anet ers i i i . o) f id tine interval . operative if
sai d actual &’gﬁéﬂ%ge%hggé l{‘; (ﬁjgnmg §{l%abri r@o%ﬁgsiﬁ%r?s. t#}ﬁlcgé}lg a‘“%‘%?% Frag%{‘?légct i on
rate threshpl d: ge j y sai.d controller one or nore second sanple

i nterpol at o O‘Bﬁlﬁ%alg)Shgﬂﬁgagﬁé‘(@F@neﬂ? PhEROEStetPeIts de splgsted.dn stp 1daPd tine
interval; providing said one or nore second sanple interpol ator operating
par anet er s Whersiai Appligapts emethod s¢te thetantpud of thege ené o mpresseleptedttéstportsfassai d
time interval; generating said digital signal using said one or nore second
sanpl e i nt ethpeigaslmoumar dnredresis clbodingnsastep $EMDL Petforniddby Dftoge detitsre
interval. 25. The nethod of claim 21, wherein said read channel conprises a

gai n cont r odonfrBHel, Suchnd dMRE RbArdiRk 434 GNGsOL | £ 1) 6PENiESEIHONE: P4 (FRGE i rst

gai n control nmodul e operating paraneters, further conprising the steps of:

providing tps3s @j.dln%{'tﬂince%btordﬂheﬂipq{'ék)ielr%@:gs%egfnglng{i Pg?rh%stféogrﬁ)tuteqagu@h gontrol

nmodul e operating paraneters; genéra st ghal* 'usi'ng said one
or nore first. gain.c r d oper.at i ar anmet er uring said first
portion of ogt %)I?I?urtr%r t@mgﬁ blgoﬁ@rcg{ef?’{}én} dgﬁqnés’é@f’djll &R r’E‘B‘bgééti on
rate is grce)cfter than said error correction rate threshol d: generating by
sai d cont r FARHORER ke retisval svsteameonisallsr, sueh asgrontrpden 0BG abi ng par anet er s

during said first portion of said tinme interval; 41
In step 1115, Applicants’ method enables the SRAM core. In certain

embodiments, step 1115 is performed by a storage device controller, such as device
controller 134 or device controller 144. In certain embodiments, step 1115 is
performed by a host computer, such as host computer 390. In certain embodiments,
step 11135 is performed by a data storage and retrieval system controller, such as
controller 160.

In step 1120, Applicants’ method selects (N) data channels for input to the
SRAM. In certain embodiments, (N) is an integer greater than or equal to 1 and less
than or equal to 8. If data is being captured from a single testport in a single read
channel, then (N) is set to 1. If data is being captured from 8 different read channels,
then (N) is set to 8. In certain embodiments, step 1120 is performed by a storage
device controller, such as device controller 134 or device controller 144. In certain

embodiments, step 1120 is performed by a host computer, such as host computer 390.
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provi ding said one or nore second gain control nodul e operating paraneters
to said gain control nodule during said first portion of said tine
interval; generating said digital signal using said one or nore second gain
control nodul e operating paranmeters during said second portion of said tinme
interval. 26. The nethod of claim 21, wherein said read channel conprises a

First phascrErrap udteibul GhEl RoAGhAREHGD e €l SRR aERaRIR Shiefl e

steps of: provi ﬁi ng to said phase error generator said.one or nore first
phase er r or “YRipden Such rontellergl68ar amet ers; generating said digital signal
using said one or nore first phase error generator operating paraneters
during said firsn e 1125 Appliczatd mdtias setectsrthatriggepeBpt iriggen, T Applicinasct ual
error correction rate is greater than said error correction rate threshol d:
gener ati ng figasthedighahtvhizchligitiaes datacaptoree 16 e6rtdifl eMbaditnedfs! the tAgHRLr at or
operating paraneters during said first portion of said tine interval;

provi di ng S&dipRE a AgnAlfEmSHEP B rRABE S dal U9 SIRR AL Rhal QROF Adrkdion .
paranmeters to said phase error generator during said first portion of said

time intervgl.. [ i jaital signal. using said one o re second
phase err or&geelﬁ%?éal'{?%rqﬁ%n&& ?ﬁfﬁ'&%@?ﬁﬁg@?t&m&mﬁi ﬁﬁcg"&]"@j 62’88%%’“ orFti on of
said tinme interval. 27. The method of claim 21, wherein said read channel
further a PFIBSES SURRTises A Jehpldram srrensurecten modnled98 shas thestead Berd ispveror e
first a PLL circuit operating paraneters, further conprising the steps of:
provi di ng tealiveatigndietds oncthe cesordisgingdieniee. ar DHs driggersin cerfil circuit
operating paraneters; 42 generating said digital signal using said one or
nmore first emBidimentscthe triggee camprigs paignakfremns dtr itoiggs dévded ¢dnsiollpgr t i on of
said time interval; operative if said actual error correction rate is

greater thaguchak dofdlRf 18P(FIER! 1,304}, Al efthinaibRlfnerie MY @ilshAdkotiprizad 4
controller one or nore second a PLL circuit operating paraneters during

sai d first Q?ﬁzﬁiﬁ%l Qﬁaaéio@ageiaﬁar&tﬁwl\ggééérareg%lg&,%cﬁaé go,g%ﬁepisd;glg. second

a PLL circult operating parameters to sal _ “clrcurt during s first
bne. or mor e ediSHENE PROBNePi ML TR sy S sl b e Fgmeliet Setong
portion of assaﬂocsjt §9'0”(9F1&3?t 1?r33/.a1|n' certain embodiments, the trigger comprises a signal from
an operator input station, such as operator input station 150 (FIG. 1).
In step 1130, Applicants’ method sets the SRAM to capture data of every
8/(N)th clock. In certain embodiments, step 1135 is performed by a storage device
controller, such as device controller 134 / 144. In certain embodiments, step 1135 is
performed by a host computer, such as host computer 390. In certain embodiments,
step 1135 is performed by a data storage and retrieval system controller, such as
controller 160.
In step 1135, Applicants’ method selects a MUX / DEMUX module for data
capture. For example, if data is captured from 8 different testports, then Applicants’

method selects the MUX module shown in FIG. 6. If data is éaptured from 4 different

testports, then Applicants’ method selects the MUX / DEMUX module shown in FIG.
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28. The nethod of claim 21, wherein said read channel conprises a phase

i nterpol ator and wherein said controller conprises one or nore first phase
i nterpol ator operating paraneters, further conprising the steps of:
providing to said phase interpolator said one or nore first phase

i nterpol ator operating paraneters; generating said digital signal using

said one or re first phase jnterpol ator operating paraneters during said
first port i7o[ﬂgf‘ta§%1ﬁ?t‘f‘£€1r§°f‘h# g’f&é& teS Oty %APPH%“&’?% mgthqggelests the
correction rate is greater than said error correction rate threshol d:
generating MV&éDEN&éKMQdUH@hOmn HFIGn®r ¥ detadio naptpied Sron i testpoot, dtenr
operating paraneters during said first portion of said tinme interval;

provi di ng sapglicane’ methad kelese eRMMUMABEM UK eidil2dhoivndRSIE! 8 NTh Gepdag et er s
to said phase interpolator during said first portion of said tine interval;

43 gener alpiiyiméd stHpdi1Bglis rfﬂ?ﬁlgd H? aRebra &V%Q:ogfrol@r §uch &S ?Qﬂcep hase

i nterpol ator operating parameters durfng said second portion of said tine

i nterval . e t 0f cl aim erein sai.d read, c el conprises a
st rom 1 ROPAE A o B8 oG B G e P BT B o Cone o
nmore first imum | i kelihood detector operatin araneters, further

conpri si ng H%Eérrg@gbgagps_t COMBYTER; SHEh RHNash PMPpRERY P InickErin kBbedmedntst or sai d
one or nore first maxi numlikelihood detector operating paraneters,

gener at i ng stepi bl 3§iigperformed hya datasiterggs andiretripyabsystenr eorftiollst, swelxasmum

| i kel i hood detector operating paraneters during said first portion of said
tinme interwahtroldgpel6dt i ve if said actual error correction rate is greater
than said error correction rate threshold: generating by said controller

one or nore secqndtepE4OLApplickRs MePEd dRbBIE! e KRSAAISRIMPRAIRTEltES during
said first portion of said time interval; providing said one or nore second

maxi mum | i kgleL ﬁﬂgnﬁsaﬁﬁdélﬁ stgp §.44 ls%riﬂ%?@d;%; %Et,?)lrefr%g dl%gftcg cgl?tfg_:ﬂe? such

i nt erpol at or during sal rrst portion erval; genéerating
said digital si.gnal .usin ai d one o re.second.maxji mum | j kel d

dot ectof - opENPnSoptRish R Ptdey iR engholi RN iY St Brbieniscsies FEAY
interval. 30. An article of manufacture conprising a conputer useable

medi um havi'hBeiEImsdder2 hashepmpuerpsushag st sampyres ﬁg@-eﬁl ¢an@iesbqdimentsd
information froman information storage nediumusing a read channel,

wher ei n saistepakitDds perbiirmed by faalatasteragaiandretrieyahyysieseeontrodensuahl dser and one

or nore first operating paraneters for said read channel, and wherein said
read channebnudigrib8es a data cache, the conputer readable

In step 1145, Applicants’ method sets the SRAM interface to start sampling
when the selected trigger is detected. In certain embodiments, step 1145 is performed
by a storage device controller, such as device controller 134 or device controller 144.
In certain embodiments, step 1145 is performed by a host computer, such as host
computer 390. In certain embodiments, step 1145 is performed by a data storage and
retrieval system controller, such as controller 160.

In step 1150, Applicants’ method enables the selected trigger. In certain
embodiments, step 1150 is performed by a storage device controller, such as device
controller 134 or device controller 144, In certain embodiments, step 1150 is

performed by a host computer, such as host computer 390. In certain embodiments,
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program code conprising a series of conputer readable programsteps to
effect: 44 generating over a tine interval an anal og waveform conpri si ng
said information; providing throughout said tinme interval said anal og
waveformto said read channel; providing said one or nore first operating
parameters to said read channel; generating a digital signal throughout a

first portion ff said_ ti q’ﬁ n rvaI fromsaid anal og wavef orm usi ng said
one or nor 4R H0 13 performend ﬁa‘f%?’é‘lgg ancggagrthv,qbsgppnépqrgqoll@b,spgtbqsl on rate

threshold; error correcting said digital signal during said first portion
of said timoniralend6 at an actual error correction rate; determning if
said actual error correction rate is greater than said error correction

rate threshol d; Iapespaltls§eApplicaaistin@tiodavais uhal the QEleed triipef RtdRtdcednot
greater than said error correction rate threshold, continuing to generate

sai d di gi t gh SsnRmbolirMtH) B 1?95% b&‘B%\éf& L#%ie@ﬁ:e%é‘h@olfé‘i’es ugh nore

first operatl ng paraneters; er at I Sal act error correction rate

is greater correctlo ol d: sa igital
signal in sarbgl)ldg?g&ﬁogfceﬁg% A Cé’ln ?rrﬁm E‘b?? %’?16‘8‘}’0 EﬂeB tftﬁ%ll?#er val ;
readi ng sai.d di_gi nal from said cache by said controller during sai d
first porti®R® rcg‘?“?gltﬁ’% 9$ECOmPEEL, gch ﬁgﬁé‘rc&mﬂﬁ‘&f 05 In ¢ertahebedimentsne or
more second operating paranmeters during said first portion of said tine

i nterval ; #%p 115543y perforged dyd datrestorageranderetriayehsystspeecntiolor, pechaaset ers t o
sai d read channel during said first portion of said time interval;

gener at i ng watrdlletiig0t al signal using said one or nore second operati ng
parameters during a second portion of said tinme interval. 31. The article

of manufacture qh sehpailen3Qp ply&aﬁtrsemeth%aldétehﬁﬁfés FROEL ct &OPRELSES bBdh _
equal i zer and wherein sai d controller conprises one or nore first equalizer

e ol 'S RENALE: 3h BenAR LGRS Lieb SRAPR pErBERA A G8fiGe LRS!

conprising a series conpu rea ogram S ect

controller, such as device controller 134 or device controller 144. In certain
embodiments, step 1160 is performed by a host computer, such as host computer 390.
In certain embodiments, step 1160 is performed by a data storage and retrieval system
controller, such as controller 160. If Applicants’ method determines in step 1160 that
the selected trigger has not been detected, then Applicants’ method transitions from
step 1160 to step 1155.

Alternatively, if Applicants’ method determines in step 1160 that the selected
trigger is detected, then Applicants” method transitions from step 1160 to step 1165
wherein Applicants’ method collects data on the testports selected in step 1050 (FIG.
10). In certain embodiments, step 1165 is performed by a storage device controller,
such as device controller 134 or device controller 144. In certain embodiments, step
1165 is performed by a host computer, such as host computer 390. In certain
embodiments, step 1165 is performed by a data storage and retrieval system controller,

such as controller 160.
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providing to said equalizer said one or nore first equalizer operating
paraneters; generating said digital signal using said one or nore first
equal i zer operating paraneters during said first portion of said tine
interval; operative if said actual error correction rate is greater than
said error correction rate threshold: generating by said controller one or
nore second equal i zer operating paraneters during said first portion of
sai d tinme intervahstepd b0, dppicads’ dnethed detemmines i dwadath eaghaisi filded. dper at i ng
paranmeters to said equalizer during said first portion of said tine

Interval; geaeifbnbodisint, kil A ispedBihed sy @ﬁloﬁ%b@eﬂ@@c&{trdﬂéf Quéiesond
equal i zer operating par ameters duri ng said second portion of said tine

interval . 3aevlg@@0rﬁ’{o‘ilblci &fde P%Fﬁtg&qu49f iftéial &ffbo gﬁt@'srt'%ff‘iﬂ g ead

channel conprises a md I near r, and erel n-sai d cont

corrprlseso re fi md-linear filter o a ar ers, said
conput er ng?{wgg’ry&gqoéh?%% T ﬁ?%rh wﬁa}ﬂ%ﬁfﬁgb &%%‘%ag‘é Igge ‘iﬂgﬁ"rﬂﬁﬁt er

r eadabl e program steps to effect: providing to said md-linear filter
sai d one or SEBA7] iserfoamerhby aéataém@tanﬁgetpwaimtewon@@m@raxchrag sai d
digital signal using said one or nore first md-linear filter operating
par amet er s dentialigr $60. dIf fAppéitanpsmétbod détermzines inistap 170 ¢hat she davpeachtiisve i f
said actual error correction rate is greater than said error correction

rate threshelled, thangpplidan@’ RthoditeinSiabhy @bmetepONg09s stepn6sc aaandoyri d- | i near
filter operating paraneters during said first port| on of said tine

interval; pA‘PﬁéhﬁhS&lﬁ@ﬁ%})ﬁgﬁlrtP fm({m(; eé@rﬁﬁﬂ& 1H15f$ at tﬂel ctaﬁ{ ca%ﬁ fs3ok N9

paramaters to sal urin Sal II’S 1 on O salrd tinme

interval; g n | nal usi re. second

i d- 1 i near ? ﬂ?‘% Zééno%%ﬁﬁ?gtﬁ mggﬁﬁ’?r‘r@{‘%‘ Qs § Qﬁgqgggﬁr@gsp%ﬁeﬂh of said
time interval .. .33. . Th ticle of nufacture of claim 30, wherein said
read channe?‘ pRUcAS @@@&Hﬁ?f@ tPﬁrﬁ?Cﬁé?tét"Brthe sehestehehaangl sai d control I er
conprises one or nore first sanple interpolator operating paraneters, said

conput er readabl Ehpewbedimeatsd Anplicanss’ eshed resitedyind 16y | @andot 1 meyrbat er
readabl e program steps to effect: providing to said sanple interpol ator

sai d one or implemeited s¢pasaely] dMorndver folcattain enbedmidnng inkvidoatsesps recfteder at i ng
said digital signal using said one or nore first sanple interpol ator
in FIGs. 10 and/or 11 may be combined, eliminated, or reordered.
Examples I and II are presented to further illustrate to persons skilled in the art
how to make and use the invention and to identify certain embodiments thereof.
These examples are not intended as limitations, however, upoh the scope of the
invention, which is defined only by the appended claims.
EXAMPLE I
In Example I the first digital signal, i.e. the input to equalizer 415, is captured
~from testport 410 disposed on eight different read channels using a DSS trigger.
Table I recites various registers, register settings, and descriptions of steps used to

capture the first digital signal for later analysis. In certain embodiments, the registers

shown in TABLE I are disposed in a microprocessor interface 401. If in this example,
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operating paraneters during said first portion of said tine interval

operative

correction rate threshol d: generating by said controller one or

if said actual

error correction rate is greater than said error

nore second

sanpl e interpol ator operating paraneters during said first portion of said

time inter
operating
of said ti
nore secon
said tine
said read

val ; 47

me interval;
d

channel

provi di ng said one or

P@E ﬂﬂiﬁ%ﬁél&l cto?ndﬁﬂjeéjab%ﬂWkE d

enerati ng sal

¥Yof

I
TGHED B
aranmeters during said second portion of

PR Fooud 300 B tafim

conprises a gain control

nore second sanpl e interpol ator

EadiWr s %hgl sfoh{fﬁg igPortion
g sal

S|gnal usi one or

manuf acture of claim30, wherein
nodul e, and wherein said

control | er conprinsegaisrembediments the registegashowioint TABLED dte dispssed it a daja
, said conputer readabl e program code further conprising a series
of conput erstoragelahl etripvabyyarnséenallen Iafctrain enfhodimelits) thd regRairdsh@ainn

par anet er s

control no

dul e said one or

nore first gain control

nodul e operating

par anet er s; inQEABLBY bRAi§sed i Dhdseboripstial using said one or nore first

gain contr

ol

nodul e operating paraneters during said first portion of said

time interval; operative if said actqﬁi Eﬁﬁor correction rate is greater
than said error correction rate thres 6? T generating by said controller
one or nore—secont—garn—econt+el—rodul-eoperatirgparareters—duri-ng—sal-d
first portjion ®EGSTERt i ne|i nSETYING pfDESURIBTEANd one or nore second gain
control nodul e operating paraneters to|said gain control nodule during said
first portion of Said time/intervar; generating said digitar signal using
said one of el gal n canP@ol npdefithe opprtef tagpert} rasualizer thput ng
sai d seconf portion of said tine interyal. 35. The article of manufacture
of claim 30, ﬁh@A i ob? ead ? nnel | ¢oNQr i,S hase error generator,
and wher ei n “o&F @% I?a e coﬁg ses aﬁgﬂg?{ %% phase error
gener at or |eperating—paraneters—sald-cpnputer readable program code further
conpri si ng XRBERARK T2 0onput ex’Agadab| selp§tQfitAdRafih@P fortifpRé SRIAM 48
providing to said phase error generatof_said one or nore first phase error
generator loperating parameters: gener af Pigbledheimigrgpriogesses gigger usi ng sai d
one or norie first phase erfor generatof Enable DSS trigger
Disable the trigger on byte compare
Hold SRAM interface in a reset mode
Disable SRAM any external microprocessor writes
Set the SRAM to capture data on every clock
XR_RAMMUXI1_M X000 Select MUX-B as the SRAM source
Select testport 0 as the MUX-B input
XR_RAMADDIH_M X'00° Disable the external SRAM write feature
XR_RAMTRIGX M X00° Set the SRAM interface to start sampling when DSS
is detected
XR_RAMCTL2_M X’AQ° Enable SRAM interface
XR_RAMSTAT_M If=X"80’ Then the SRAM has been filled
If=X"00’ Then the SRAM has not been filled

EXAMPLE I
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operating paraneters during said first portion of said tinme interval
operative if said actual error correction rate is greater than said error
correction rate threshol d: generating by said controller one or nore second
phase error generator operating paraneters during said first portion of
said tinme interval; providing said one or nore second phase error generator

operating para S t I d.phgse error .generator duri.n id first
portion of sai gEI{nfEﬁ@n}pﬁq ﬁ%%ﬁgt 3@#&%&@%%5&%“%& ‘?%Halhégrgﬁgb 15 ¢apiEEds aj d
one or nore second phase error generator operating paraneters during said
second por tir¢m twpogg‘?w a1} sead chanael Ansing @ stordge davice alieropfocassauirigger e of
claim 30, wherein said read channel conprises a PLL circuit, and wherein
sai d cont r dl'dbde Ilaeaites varsusangisters, ragisterfsettisgs, Antl descriptibhs effyespatusebto
paranmeters, said conputer readable programcode further conprising a series

of conput ercapRR¢laR!fRstfi Siedl 3Pnal P FatdrAn&fy5i8CIn cdaftéfbdtambRts Sthb fogistérs L
circuit said one or nore first a PLL cifcuit operating parameters:

generati ng Lo dhqi i I j r irst.,a PLL circuit
opor ati ng-pap i IABLE Ik EB o3P s BB BaPyetREF 401 Finfl kol
operative if said actual .error corfrectjon rate |s greater than said error
correction ﬁ“at?’m%’éx ﬁ%i?aaﬁl%eﬁg&%{arwclaﬁ/ls Pﬁatﬁ‘i)'r?t ‘FaQF“r?fL@OB‘rtﬁ?mre second
a PLL circuit operating paranmeters during said first portion of said tine

i nterval ; 29gle pigpalisaniss sai d one or nore second a PLL circuit operating
paranmeters to said a PLL circuit during said first portion of said tine

i nterval ; gener dnicagaisantodinggnts thesieginters showmgn I BLB Hearedisposed isecond a
PLL circuit operating paraneters during said second portion of said tine

interval . Zata sthag@nid felgeval sysimiéatiiolee Bfcefthial gMbddimME tR RgRedkrsl read
channel conprises a phase interpolator, and wherein said controller

conpri ses C&'B@wﬁrinmrlﬁ,]ifﬁra%digék?s?&iﬂﬁhﬁt%}#gﬁ@f.. operating parameters, said
conput er readabl e program co urther conprising a series of conputer

readabl e program steps to effect: prgv;?gl;ﬁr; to said phase interpolator said
one or nore first phase interpolator é i ng paraneters; generating said

digital signral—dsi-ng—sal-d-pne—or—nprefirst phase-int

paraneterd dur REGISBER first $OIrTING Of DESCRIPTIORNI nterval ; operative if
said actugl error correctipn rate is gfeater than said error correction

rate threghot d:
XR_TPSELO_M X°00° Set the output of testportO to equalizer input
XR_RAMCTL1_M xX20° Enable the SRAM core
XR_RAMCTL2_M X'CB’ Select data channels for input to SRAM

Enable the microprocessor trigger

Disable the DSS trigger

Disable the trigger on byte compare

Hold SRAM interface in a reset mode

Disable SRAM any external microprocessor writes

Set the SRAM to capture data on every 8" clock

XR_RAMMUXI1_M X'4A° Select MUX-C as the SRAM source

Select testport 0 as the MUX-B input
XR_RAMADDIH_M X°00° Disable the external SRAM write feature
XR_RAMTRIGX_M X°00° Set the SRAM interface to start sampling when DSS

is detected
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generating by said controller one or nore second phase interpol ator
operating paraneters during said first portion of said tinme interval;
provi ding said one or nore second phase interpol ator operating paraneters
to said phase interpolator during said first portion of said tine interval
generating sald digital signal using said one or nore second phase

i nt er pol atjor_operati ng pararmeters durimg sai d—second—portion—of——sard—ti+re
interval . SQ(RMWTM:JM of  m¥AGBact ur Enatfle SRAMniGefaceher ei n sai d read
channel conprises a nmaxi num | i kel i hood detector and wherein said

opor ati ng [prahANTRICRAM! compBdl ' 5o CEAlSCRAL SEETe o t her

conpri si ng—a-series of conputer readab e program steps to effect: providing
to said mixinpiRAkistldiagd] detestgs 2l e SR RS bldishydpx mum

| i kel i hood det’ector opérat|ng paranetefs; genera ng sail igital signal
using said one or nore first MK 6@m | | Khdén the SR Addthas hotrbeepdilladi ng
paranmeters during said first portion of said tine interval; operative If
said actual err ckpplivanteCinvertiondheludss apragrdle bf inaifasateoiprdingcor r ection
rate threshol d: generating by said controller one or nore second maxi num

I kel i hood ddgipatd a5caBREmAdilMthal RipdRipate r%ﬁbl@%réﬁhﬂ dolié afsPﬁ%Fit‘iﬁ%%HOf sai d

time interval; providing said one or nmore second naxinum |

detector o [ uring.,said first
portion of Rgg?a %&%ﬁf@@rﬁ%ﬁé@? aﬁoqles?i&é}]ra g? ﬁl%%sk}g}lgdp%‘g‘gﬁl?éal% 5 f‘%?ﬁ Cﬁ“ %‘gﬁl ng said
one or nore_se |keI| ood de ctor erating paraneters during
a second pdtiTy yof"mﬁ?aﬁst ITHENHeR Birihgy L mc es ?B\C%‘BE‘HG’i%rPg%F‘bBYPQH?%S #hitict
usable with ahepr ogrammabl e conput er processor havi ng conputer readabl e

pr ogr am cod¥tedPBosramatie camputenpiogesgor hvineeammterreasikblerprogmor eedei on
storage nedi um using a read channel wherein said read channel conprises a
dat a cache embodisditbdrein: methoptotread deadabl & jpfegration sotgewhddibmaainges sai d
progranmmabl e conmput er processor to generate over a tine interval an anal og
wavef or m cospplicatsigesdielthnhélf semily.on; conputer readabl e program code which
causes sai d programabl e conputer processor to provide throughout said tine

nterval said anghmsped R EnibRdndi At FRORAL inviiRhHale Bhdifarachannel

conprises a data cache;

in detail, it should be apparent that modifications and adaptations to those embodiments

may occur to one skilled in the art without departing from the scope of the present

invention as set forth in the following claims.
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conput er readabl e program code whi ch causes sai d programuabl e conputer
processor to provide one or nore first operating paraneters to said read
channel ; conput er readabl e program code whi ch causes sai d programabl e
conput er processor to generate a digital signal throughout a first portion
of said tine interval fromsaid anal og waveform using said one or nore
first oper &4 ¢lginpar aneters; conputer readabl e program code whi ch causes
sai d programmuabl e conmput er processor to retrieve an error correction rate
t hreshol d; conpuif er rﬁ@éﬁhﬁﬁnﬂﬁq&ﬁﬁgh' e which causes said programrmabl e
conput er processor to error cortect .said digital signal during said first
portion of said tinme,interval at an actual error correction rate; conputer
readabl e progr ardtUROE RIS SORVEECS i d proogr ammmbl e conput er processor to
determne if said actual error correction rate is greater than said error
correction rate ame@8hzgard: conputer readabl e program code which, if said
actual error correction rate is not greater than said error correction rate
t hreshol d, causesfisacemmuopationtl mtaoometting Qideapmtizdr and saidanhalogeo t 0
generate said digital signal throughout said tine interval using said one
or nore firdipitflRBHhMrieR OvikEANRIdSISE confiiMERTon BRI RisEY PHEAMBsEBAE whi ch,
if said actual error correction rate is greater than said error correction
rate threshol d, g@ﬂg@ﬁmgaid programmabl e conputer processor to store said
digital signal in sai ata cache during said first portion of said tine
interval; computer readabl e progr code which capses sai d progranmmabl e
conput er pr ocessorPY F%&H‘“E&P‘a&ﬂﬁ@% F‘gqm(g]nﬁﬁg}g Sla}cgﬁﬁsgwt(?o’ézi‘gﬂ égﬂ @Pﬁang sai d
first portion of said time interval; 52 conput er readabl e program code
whi ch cause@°B%j d programmbl e conputer processor to generate one or nore
second operating paraneters during said first portion of said tine

i nterval ; conputamigreprdedsker ipteofgeaam code whi ch causes sai d progranmmabl e
conput er processor to provide said one or nore second operating paraneters
to said read chanthéd cdthiniigcatiah dinkiifitsicopdcting Bai@lag@achd dnd@aidnt er val ;
conput er readabl e program code whi ch causes sai d programuabl e conputer

processor ticashedeaidt igeidcedi gi tal signal using said one or nore second
operating paraneters during a second portion of said time interval. 40. The

corputer program RLAYYGnRiniékidh The ettty SAk qli&%ﬁ%cgstlgpﬂ?érface and

said equalizer.

2. The read channel of claim 1, further comprising:

a midinear filter;

a fifth communication link interconnecting said mid-linear filter and said
equalizer, wherein said fifth communication link comprises a second testport;

a sixth communication link interconnecting said mid-inear filter and said data
cache;

a seventh communication link interconnecting said microprocessor interface
and said mid-linear filter.

3. The read channel of claim 2, further comprising:

a sample interpolator;
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further conprises an equalizer, further conprising: one or nore first

equal i zer operating paraneters; conputer readable program code which causes
sai d programuabl e conputer processor to provide to said equalizer said one
or nore first equalizer operating paraneters; conputer readable program
code whi ch causes said programmbl e conputer processor to generate said
digital signal ugl i iy flLr dizer i.ng,par,ameters
during said fi rs?rl %g}r@?dg%“@#mcsagﬁoa q‘?’lﬁ(ﬁr%te{fcr?ﬁ é?c@gg ?glgégnlf)lﬁlfngeslr ﬁli%{(fgglsgdpr ogram
code which, if .said actual_ error,cqorrection rate |.s, greater than said error
correction FARRIC fsTRQlAtAr ,h"(,rﬁllﬁ‘ssé‘éles‘@?tgCwm%ilﬁkg@)‘ﬁﬁmeé@tb“@)cessor to
generate one or nore second equalizer operating paraneters during said
first porti@pport; said tinme interval; 53 conput er readabl e program code
whi ch causes sai d progranmabl e conputer processor to provide said one or
nmore second equai hinélr caapmnaicatien [k mreet@mscting said Cngieatdrpelatod und sgd sai d
first portion of said tinme interval; conputer readabl e program code which
causes sai d4d4 egthgmmabl e conputer processor to generate said digital signal
usi ng said one or nore second equalizer operating paranmeters during said

d [ | ' ' I N . d f
caim 36, wher of hiad] i i inernestiE R ol A AR o1

further cor’r})r.ci)si ng:.one or nore first md-linear filter operating

par anet er s; & e miergg@isi e program code whi ch causes said progranmabl e
conput er processor to provide to said md-linear filter one or nore first
m d-1inear filtef opeFarfead chanmghefidzim 3,dbrkriccemprisiagabl e pr ogr am code

whi ch causes sai d progranmabl e conputer processor to generate said digital
si gnal using sai dgagneontrolmaoduld;i rst mid-linear filter operating paraneters
during said first portion of said tine interval; conputer readabl e program

code which, if saiédeanti@dmMuhieaticidlinleiftdr@shnbat Jafd gHifdbfol itbAleSAldd error
correction rate threshold, causes said progranmabl e conputer processor to

generate ongidlaiié fuspeand, Whéleh BeAlieldhli GmARRLAIhAREARRLE S dur i ng

said first porti Ime 1nterval; conputer rea e 'program code
whi ch causel,%ms[gitcgt 0rrt(,)gran’rrabl e conputer processor to provide said one or
more second md Tinear filter operating paraneters to said md-1inear

filter during said first porfign of said ti interval; 5
9 a twel%th com umcat?on ﬁnk fnterconnegt‘lang satl gain control module and

said data cache;

a thirteenth communication link interconnecting said microprocessor interface
and said gain control module.

5. The read channel of claim 4, further comprising:

a phase error generator,

a fourteenth communication link interconnecting said gain control module and
said phase error generator, wherein said fourteenth communication link comprises a
fifth testport;

a fifteenth communication link interconnecting said phase error generator and

said data cache;
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conput er readabl e program code whi ch causes sai d programuabl e conputer
processor to generate said digital signal using said one or nore second
md-linear filter operating parameters during said second portion of said
time interval. 42. The conputer program product of claim 39, wherein said
read channel further conprises a sanple interpolator, further conprising:

one or nore firsj sﬁ%ﬂ%o&xﬂﬁﬂi@ﬁioﬁtlﬂ{k iﬁ@%oﬁhéégl%ﬁggipgﬂgfo [‘(Ec;ess%f’fm&%a%%

readabl e program co causes ‘sai d prog onput’er processor to

provide to sajd. | e interpolator said one or nore first sanple
interpolatowugﬁ%faggﬁﬁnﬁhﬁﬁﬁg?@%s; conput er readabl e program code whi ch
causes sai d programabl e conEuter rocessor to generate said digital signa
usi ng sai d one of- nor &h¢ readchannebpieclpim &rfguhercompsisingat i ng par anet er s
during said first portion of said tine interval; conputer readabl e program
code which, if sBLHcactital error correction rate is greater than said error
correction rate threshold, causes said programuabl e conputer processor to

generate one or FEv@nfeAARSMTAMN Rioh HnRiRSIBHRICHAP 84idbhie ARF g&{%}aﬁ&s during
said first portion of said time interval; conputer readable program code

whi ch causeg, £ d phLAQ %zﬁd SARIE &&?&ﬁﬁ&%nﬁﬁ’xk%&?ﬁ%ﬁ asikth, o€ O
nore second sanple I nterpolator operating paraneters to said’s | e

i nt erpol atotr during said first portion of said tine interval; conputer

r eadabl e prgﬁpgﬁﬁcode whi ch causes sai d progranmabl e conputer processor to
generate said digital signal using said one or nore second sanple

i nt er pol at or opefheiehigenh cammuaicatign link intergprnesdngsaid Bbkcirewit atd saad d t i ne
interval. 43. The conputer program product of claim 39, wherein said read
channel furdadteeachonprises a gain control nodule, further conprising: 55
one or nore first gain control nodul e operating paraneters; conputer
readabl e program sindReithicomnRaieeidn Siak dntBicoficRTHR bi@ niQdptycedsoPr OCESSOr to
provide to said gain control nodule said one or nore first gain control

modul e operatdrfage Pid SIEPEL Sircg®MPUt er readabl e program code which causes
sai d programmuabl e conputer processor to generating said digital signa

using said one of mored ihstgalno AR £l nRYUbGpARREAL I NG par ameter s
during said first portion of sard tine |’nPervaP; PEEMBut er readabl e pr ogram
code which, if said actual, error correction rate is greater than said error
correction rate ?ﬂmﬁgﬂﬁﬁﬁ?hgguses sai d programuabl e conput er

a twentieth communication link interconnecting said PLL circuit and said

phase interpolator, wherein said twentieth communication link comprises a seventh
testport;

a twenty-first communication link interconnecting said seventh testport and
said data cache;

a twenty-second communication link interconnecting said phase interpolator
and said sample interpolator, wherein said twenty-second communication link
comprises an eighth testport;

a twenty-third communication link interconnecting said eighth testport and

said data cache;
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processor to generate one or nore second gain control nodul e operating
paraneters during said first portion of said tinme interval; conputer
readabl e program code whi ch causes sai d programmabl e conputer processor to
provi de said one or nore second gain control nodul e operating paraneters to
said gain control nodule during said first portion of said tinme interval;

conput er readabl If e jch C sal d programmabl e conput er
processor to gen§}§§@93a| 81 'anpgicgg?ng@ﬁﬁﬁeﬁme%@gosggﬁgl%?prﬂ‘bers%Orsecond

gai n control dul e operatin araneters during said second portion of said
time inter v&t‘?q?@?ﬁ.anefﬁég@gﬂ%?dg@gp%‘?‘t%r am product of claim39, wherein said
read channel further conprises a phase error generator, further conprising:
one or nore firsB. phadbe teadshagyehef elain 7 ofpethert domprisanganet ers; conput er
readabl e program code whi ch causes sai d programuabl e conputer processor to
provide to sai d pheaxémenrlikeclibesibdeddotsr; Sai d one or nore first phase error
generator operating paraneters; 56 conput er readabl e program code which

causes said progh AERPARHCIMHEREatRNIERIARF cohRe R §5iAlda B RfbimPhgEt

signal using said one or nore first phase error geénerator operatlng

par aneters [k j b ri of, said tinme | rval ; conputer
readabl e pr g”é@%ﬁ‘é‘%@é‘q’ v{)tﬁ?lti:(gltihol%ﬁ dtgglgg’r’a“él?%gp Sgid tyenty gtﬁtﬁla%qq]@ﬁnﬁcgil?% link
greater than said error correction rate threshold, causes said progranmabl e
conput er pr SUBLSH MR LESHOEE e one or nore second phase error generator
operating paraneters during said first portion of said tine interval,;
conput er readabl @tREYEER eqraRupishion inkintescanaeeting soisk wntiretbdtport ambsaicr
processor to provide said one or nore second phase error generator
operating péatanathey s to said phase error generator during said first
portion of said tine interval; conputer readabl e program code which causes
sai d programuabl @tmmpué»%htrpédhﬁﬁﬁﬁ@étianir&qﬁ@f@hﬁe&ﬁ?Qai@lrﬂi'ciéc?roc%‘s%?a' usi ng
said one or nore second phase error generator operatling paranmeters during

sai d secondinpRfslch QR Hid ik ndh Treliftidd défletorPr OVi ding said one or nore
second phase error generator operating paraneters to said phase error

generator duringgsaid.first portion. af idtinme interval; generating said
di gi tal signal 8931 ng SAF gagﬁgarl&ei ?f;“rl%m‘sg?g’ﬁl&erﬁﬂ%é's’é‘gr or gener at or

operating paraneters durin saiéi second portion of said tine interval. 45.
The conputer pr of{:]’r%ffﬂrﬁpgaffgqn‘af’ WUfiai m 39, wherein said read channel further
conprises a PLL circuit, further conprising: one or nore first PLL circuit
operating paranet &yesty-gighth gospmyrigation) linkjnistoaneatiog saidieimon corentios sai d
pr ogr ammabl e conput er

module and said maximum likelihood detector, wherein said twenty-eighth

communication link comprises a tenth testport;

a twenty-ninth communication link interconnecting said tenth testport and said

data cache;

a thirtieth communication link interconnecting said microprocessor interface
and said error correction module.

10.  An application specific integrated circuit, comprising:

(N) read channels;

an SRAM memory device, wherein said SRAM memory device is capable of

communicating with each of said (N) read channels;
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processor to provide to said PLL circuit said one or nore first PLL circuit
operating paraneters; 57 conput er readabl e program code whi ch causes said
programuabl e conmput er processor to generate said digital signal using said
one or nore first PLL circuit operating paraneters during said first
portion of said tine interval; conputer readable program code which, if
said actual errqr_.correction rate | reater .than said error. correction
rate t hreshol d, *FHGERLEHY I%Frgﬁcrea%ﬁﬁ%fnesaé‘ngcﬁ?%rf’ceﬁFQde@E{B?e ’ts(‘ia@aé’ﬁ"er ate one
or nore second PLL circuit operating parameters during said first portion
of said ti RErsadingseis SRANLmamery devicea pREWheIsHY wifl wisgepTopassar intgtfaessissai d
programmabl e conput er processor to provide said one or nore second PLL
circuit opeapablenef commaurdcating with ehaf Piitl () readichamhelsi whereii (N)fis geetatepor t i on
of said tine interval; conputer readable program code which causes said

pr ogr ammabkieaneeepudl e 1 and Las doih oreq@dnesat e said digital signal using said
one or nore second PLL circuit operating paraneters during said second
portion of saidifi i Mak : . ar. Ct ARt gl aim
59, whor oi n_aai d'7 oal oA on HReinLimeEAT i BF CEATORLRSLEI e £
further conpri si,pg: e or..more fitst. phase,i.nterpol ator operatin
parameters; con‘ég‘t er CI?‘S&B%EE) 4 ow%e&tzcrﬁnge &”ZCW%‘ C@&[Pé‘é‘glos&'gareﬂ’r%ﬂgﬁmbl e
conmput er praqcessor to provide to said phase interpolator said one or nore
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a third communication link interconnecting said data cache and said
microprocessor interface;

a fourth communication link interconnecting said microprocessor interface and
said equalizer.

13. The application specific integrated circuit of claim 12, wherein each of
said (N) read channels further comprises:

a mid-inear filter;

a fifth communication link interconnecting said mid-inear filter and said
equalizer, wherein said fifth communication link comprises a second testport;

a sixth communication link interconnecting said mid-linear filter and said data

cache;
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said (N) read channels further comprises:
a gain control module;
an eleventh communication link interconnecting said gain control module and
said sample interpolator, wherein said eleventh communication link comprises a
fourth testport;
a twelfth communication link interconnecting said gain control module and
said data cache;
a thirteenth communication link interconnecting said microprocessor interface
and said gain control module.

16.  The application specific integrated circuit of claim 15, wherein each of

said (N) read channels further comprises:
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a twenty-fourth communication link interconnecting said microprocessor
interface and said phase interpolator.

19.  The application specific integrated circuit of claim 18, wherein each of
said (N) read channels further comprises:

a maximum likelihood detector;

a twenty-fifth communication link interconnecting said gain control module
and said maximum likelihood detector, wherein said twenty-fifth communicafion link
comprises a ninth testport;

a twenty-sixth communication link interconnecting said ninth testport and said
data cache;

a twenty-seventh communication link interconnecting said microprocessor
interface and said maximum likelihood detector.

20.  The application specific integrated circuit of claim 19, wherein each of
said (N) read channels further comprises:

an error correction module;
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information;

providing throughout said time interval said analog waveform to said read
channel;

providing a controller comprising one or more first operating parameters for
said read channel;

providing said one or more/ﬁrst operating parameters to said read channel;

generating a digital signal throughout a first portion of said time interval from
said analog waveform using said one or more first operating parameters;

setting an error correction rate threshold;

error correcting said digital signal during said first portion of said time interval

at an actual error correction rate;

determining if said actual error correction rate is greater than said error

correction rate threshold;
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rate threshold:

storing said digital signal in said data cache during said first portion of said
time interval;

reading said digital signal from said cache by said controller during said ﬁrst
portion of said time interval;

generating by said controller one or more second operating parameters during
said first portion of said time interval;

providing said one or more second operating parameters to said read channel
during said first portion of said time interval,

generating said digital signal using said one or more second operating
parameters during a second portion of said time interval.

22, The method of claim 21, wherein said read channel comprises an
equalizer and wherein said controller comprises one or more first equalizer operating
parameters, further comprising the steps of"

providing to said equalizer said one or more first equalizer operating
parameters;

generating said digital signal using said one or more first equalizer operating
parameters during said first portion of said time interval,

operative if said actual error correction rate is greater than said error correction

rate threshold;
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generating said digital signal using said one or more second equalizer
operating parameters during said second portion of said time interval.

23.  The method of claim 21, wherein said read channel comprises a mid-
linear filter and wherein said controller comprises one or more first mid-linear filter
operating parameters, further comprising the steps of:

providing to said mid-linear filter said one or more first equalizer operating
parameters;

generating said digital signal using said one or more first midinear filter
operating parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second mid-linear filter operating
parameters during' said first portion of said time interval,

providing said one or more second mid-linear filter operating parameters to
said mid-linear filter during said first portion of said time interval;

generating said digital signal using said one or more second mid-inear filter
operating parameters during said second portion of said time interval.

24.  The method of claim 21, wherein said read channel comprises a sample

interpolator and wherein said controller comprises one or more first sample

interpolator operating parameters, further comprising the steps of:
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generating by said controller one or more second sample interpolator operating
parameters during said first portion of said time interval;

providing said one or more second sample interpolator operating parameters to
said sample interpolator during said first portion of said time interval;

generating said digital signal using said one or more second sample
interpolator parameters during said second portion of said time interval.

25. The method of claim 21, wherein said read channel comprises a gain
control module and wherein said controller comprises one or more first gain control
module operating parameters, further comprising the steps of:

providing to said gain control module said one or more first gain control
module operating parameters;

generating said digital signal using said one or more first gain control module
operating parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second gain control module

operating parameters during said first portion of said time interval,
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generating said digital signal using said one or more second phase error

generator operating parameters during said second portion of said time interval.

27. The method of claim 21, wherein said read channel further a PLL
circuit and wherein said controller comprises one or more first a PLL circuit operating
parameters, further comprising the steps of:

providing to said a PLL circuit said one or more first a PLL circuit operating

parameters,
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rate threshold:

generating by said controller one or more second a PLL circuit operating
parameters during said first portion of said time interval;

providing said one or more second a PLL circuit operating parameters to said
a PLL circuit during said first portion of said time interval;

generating said digital signal using said one or more second a PLL circuit
operating parameters during said second portion of said time interval.

28.  The method of cla_im 21, wherein said read channel comprises a phase
interpolator and wherein said controller comprises one or more first phase interpolator
operating parameters, further comprising the steps of:

providing to said phase interpolator said one or more first phase interpolator
operating parameters;

generating said digital signal using said one or more first phase interpolator
operating parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second phase interpolator operating
parameters during said first portion of said time interval,

providing said one or more second phase interpolator operating parameters to

said phase interpolator during said first portion of said time interval;
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operating parameters during said second portion of said time interval.

29.  The method of claim 21, wherein said read channel comprises a
maximum likelihood detector and wherein said controller comprises one or more first
maximum likelihood detector operéxting parameters, further comprising the steps of:

providing to said maximum likelihood detector said one or more first
maximum likelihood detector operating parameters;

generating said digital signal using said one or more first maximum likelihood
detector operating parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second maximum likelihood
detéctor operating parameters during said first portion of said time interval;

providing said one or more second maximum likelihood detector operating
parameters to said sample interpolator during said first portion of said time interval;

generating said digital signal using said one or more second maximum
likelihood detector operating parameters during a second portion of said time interval.

30.  Anarticle of manufacture comprising a computer useable medium
having computer readable program code disposed therein to read information from an
information storage medium using a read channel, wherein said article of manufacture
further comprises a controller and one or more first operating parameters for said read

channel, and wherein said read channel comprises a data cache, the computer readable

program code comprising a series of computer readable program steps to effect:
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generating over a time interval an analog waveform comprising said
information;

providing throughout said time interval said analog waveform to said read
channel;

providing said one or more first operating parameters to said read channel,

generating a digital signal throughout a first portion of said time interval from
said analog waveform using said one or more first operating parameters;

setting an error correction rate threshold;

error correcting said digital signal during said first portion of said time interval
at an actual érror correction rate;

determining if said actual error correction rate is greater than said error
correction rate threshold,

operative if said actual error correction rate is not greater than said error
correction rate threshold, continuing to generate said digital signal throughout said
time interval using said one or more first operating parameters;

operative if said actual error correction rate is greater than said error correction
rate threshold;

storing said digital signal in said data cache during said first portion of said
time interval,

reading said digital signal from said cache by said controller during said first
portion of said time interval;

generating by said controller one or more second operating parameters during

said first portion of said time interval;
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during said first portion of said time interval,

generating said digital signal using said one or more second operating
parameters during a second portion of said time interval.

31. The article of manufacture of claim 30, wherein said read channel
comprises an equalizer and wherein said controller comprises one or more first
equalizer operating parameters, said computer readable program code further

“comprising a series of computer readable program steps to effect:

providing to said equalizer said one or more first equalizer operating
parameters;

generating said digital signal using said one or more first equalizer operating
parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second equalizer operating
parameters during said first portion of said time interval;

providing said one or more second equalizer operating parameters to said
equalizer during said first portion of said time interval;

generating said digital signal using said one or more second equalizer
operating parameters during said second portion of said time interval.

32. The article of manufacture of claim 30, wherein said read channel
comprises a mid-linear filter, and wherein said controller comprises one or more first
mid-linear filter operating parameters, said computer readable program code further

comprising a series of computer readable program steps to effect:
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operating parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second mid-inear filter operating
parameters during said first portion of said time interval;

providing said one or more second midinear filter operating parameters to
said mid-inear filter during said first portion of said time interval;

generating said digital signal using said one or more second mid-inear filter
operating parameters during said second portion of said time interval.

33. The article of manufacture of claim 30, wherein said read channel
comprises a sample interpolator, and wherein said controller comprises one or more
first sample interpolator operating parameters, said computer readable program code
further comprising a series of computer readable program steps to effect:

providing to said sample interpolator said one or more first sample interpolator
operating parameters;

generating said digital signal using said one or more first sample interpolator
operating parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second sample interpolator operating

parameters during said first portion of said time interval;
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interpolator parameters during said second portion of said time interval.

34, The article of manufacture of claim 30, wherein said read channel
comprises a gain control module, and wherein said controller comprises one or more
first gain control module operating parameters, said computer readable program code
further comprising a series of computer readable program steps to effect:

providing to said gain control module said one or more first gain control
module operating parameters;

generating said digital signal using said one or more first gain control module
operating parameters during said first portion of said time interval,

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second gain control module
operating parameters during said first portion of said time interval,

providing said one or more second gain control module operating parameters
to said gain control module during said first portion of said time interval;

generating said digital signal using said one or more second gain control
module operating parameters during said second portion of said time interval.

35. The article of manufacture of claim 30, wherein said read channel
comprises a phase error generator, and wherein said controller comprisés one or more
first phase error generator operating parameters, said computer readable program code

further comprising a series of computer readable program steps to effect:
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operative if said actual error correction rate is greater than said errér correction
rate threshold:

generating by said controller one or more second phase error generator
operating parameters during said first portion of said time interval,

providing said one or more second phase error generator operating parameters
to said phase error generator during said first portion of said time interval;

generating said digital signal using said one or more second phase error
generator operating parameters during said second portion of said time interval.

36. The article of manufacture of claim 30, wherein said read channel
comprises a PLL circuit, and wherein said controller comprises one or more first PLL
circuit operating parameters, said computer readable program code further comprising
a series of computer readable program steps to effect:

providing to said a PLL circuit said one or more first a PLL circuit operating
parameters;

generating said digital signal using said one or more first a PLL circuit
operating parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second a PLL circuit operating

parameters during said first portion of said time interval;
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generating said digital signal using said one or more second a PLL circuit

operating parameters during said second portion of said time interval.

37. The article of manufacture of claim 30, wherein said read channel
comprises a phase interpolator, and wherein said controller comprises one or more
first phase interpolator operating parameters, said computer readable program code
further comprising a series of computer readable program steps to effect:

providing to said phase interpolator said one or more first phase interpolator
operating parameters;

generating said digital signal using said one or more first phase interpolator
operating parameters during said first portion of said time interval,

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second phase interpolator operating
parameters during said first portion of said time interval;

providing said one or more second phase interpolator operating parameters to
said phase interpolator during said first portion of said time interval,;

generating said digital signal using said one or more second phase interpolator
operating parameters during said second portion of said time interval.

38. The article of manufacture of claim 30, wherein said read channel
éomprises a maximum likelihood detector, and wherein said controller comprises one

or more first maximum likelihood detector operating parameters, said computer
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providing to said maximum likelihood detector said one or more first
maximum likelihood detector operating parameters;

generating said digital signal using said one or more first maximum likelihood
detector operating parameters during said first portion of said time interval;

operative if said actual error correction rate is greater than said error correction
rate threshold:

generating by said controller one or more second maximum likelihood
detector operating parameters during said first portion of said time interval;

providing said one or more second maximum likelihood detector operating
parameters to said sample interpolator during said first portion of said time interval;

generating said digital signal using said one or more second maximum
likelihood detector operating .parameters during a second portion of said time interval.

39. A computer program product usable with a programmable computer
processor having computer readable program code embodied therein to read
information from an information storage medium using a read channel wherein said
read channel comprises a data cache, comprising:

computer readable program code which causes said programmable computer
processor to generate over a time interval an analog waveform comprising said
information;

computer readable program code which causes said programmable computer
processor to provide throughout said time interval said analog waveform to a read

channel, wherein said read channel comprises a data cache;
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computer readable program code which causes said programmable computer

processor to retrieve an error correction rate threshold;

computer readable program code which causes said programmable computer
processor to error correct said digital signal during said first portion of said time
interval at an actual error correction rate;

computer readable program code which causes said programmable computer
processor to determine if said actual error correction rate is greater than said error
correction rate threshold;

computer readable program code which, if said actual error correction rate is
not greater than said error correction rate threshold, causes said programmable
computer processor to continue to generate said digital signal throughout said time
interval using said one or more first operating parameters;

computer readable program code which, if said actual error correction rate is
greater than said error correction rate threshold, causes said programmable computer
processor to store said digital signal in said data cache during said first portion of said
time interval;

computer readable program code which causes said programmable computer
processor to read said digital signal from said cache during said first portion of said

time interval,
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portion of said time interval,;

computer readable program code which causes said programmable computer
processor to provide said one or more second operating parameters to said read
channel during said first portion of said time interval;

computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more second operating
parameters during a second portion of said time interval.

40.  The computer program product of claim 39, wherein said read channel
further comprises an equalizer, further comprising:

one or more first equalizer operating parameters;

computer readable program code which causes said programmable computer
processor té provide to said equalizer said one or more first equalizer operating
parameters;

computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more first equalizer
operating parameters during said first portion of said time interval;
| computer readable program code which, if said actual error correction rate is
greater than said error correction rate threshold, causes said programmable computer
processor to generate one or more second equalizer operating parameters during said

first portion of said time interval,;
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computer readable program code which causes said programmable computer
processor to provide said one or more second equalizer operating parameters to said
equalizer during said first portion of said time interval,

computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more second equalizer
operating parameters during said second portion of said time interval.

41.  The computer program product of claim 39, wherein said read channel
further comprises a mid-linear filter, further comprising:

one or more first mid-inear filter operating parameters;

computer readable program code which causes said programmable computer
processor to provide to said midinear filter one or more first mid-linear filter
operating parameters;

computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more first mid-inear filter
operating parameters during said first portion of said time interval;

computer readable program code which, if said actual error correction rate is
greater than said error correction rate threshold, causes said programmable computer
processor to generate one or more second mid-inear filter operating parameters
during said first portion of said time interval,

computer readable program code which causes said programmable computer
processor to provide said one or more second mid-linear filter operating parameters to

said midinear filter during said first portion of said time interval,
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42.  The computer program product of claim 39, wherein said read channel
further comprises a sample interpolator, further comprising:
one or more first sample interpolator operating parameters;
computer readable program code which causes said programmable computer
processor to provide to said sample interpolator said one or more first sample
interpolator operating parameters;
computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more first sample
interpolator operating parameters during said first portion of said time interval,
computer readable program code which? if said actual error correction rate is
greater than said error correction rate threshold, causes said programmable computer
processor to generate one or more second sample interpolator operating parameters
during said first portion of said time interval;
computer readable program code which causes said programmable computer
processor to provide said one or more second sample interpolator operating
parameters to said sample interpolator during said first portion of said time interval;
computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more second sample
interpolator operating parameters during said second portion of said time interval.

43.  The computer program product of claim 39, wherein said read channel

further comprises a gain control module, further comprising:
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(Brocessor to generating said digital signal using said one or more first gain contro

module operating parameters during said first portion of said time interval;

computer readable program code which, if said actual error correction rate is
greater than said error correction rate threshold, causes said programmable computer
processor to generate one or more second gain control module operating parameters
during said first portion of said time interval;

computer readable program code which causes said programmable computer
processor to provide said one or more second gain control module operating
parameters to said gain control module during said first portion of said time interval;

computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more second gain control
module operating parameters during said second portion of said time interval.

44.  The computer program product of claim 39, wherein said read channel
further comprises a phase error generator, further comprising:

one or more first phase error generator operating parameters;

computer readable program code which causes said programmable computer
processor to provide to said phase error generator said one or more first phase error

generator operating parameters;
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during said first portion of said time interval,

computer readable program code which causes said programmable computer
processor to provide said one or more second phase error generator operating
parameters to said phase error generator during said first portion of said time interval;

computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more second phase error
generator operating parameters during said second portion of said time interval.

providing said one or more second phase error generator operating parameters
to said phase error generator during said first portion of said time interval,;

generating said digital signal using said one or more second phase error
generator operating parameters during said second portion of said time interval.

45.  The computer program product of claim 39, wherein said read channel
further comprises a PLL circuit, further compi‘ising:

one or more first PLL circuit operating parameters;

computer readable program code which causes said programmable computer
processor to provide to said PLL circuit said one or more first PLL circuit operating

parameters,
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said first portion of said time interval;
computer readable program code which causes said programmable computer
processor to provide said one or more second PLL circuit operating parameters to said
PLL circuit during said first portion of said time interval,
computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more second PLL circuit
operating parameters during said second portion of said time interval.
46.  The computer program product of claim 39, wherein said read channel
further comprises a phase interpolator, further comprising:
one or more first phase interpolator operating parameters;
computer readable program code which causes said programmable computer
processor to provide to said phase interpolator said one or more first phase
interpolator operating parameters;
computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more first phase interpolator
operating parameters during said first portion of said time interval,

computer readable program code which, if said actual error correction rate is

greater than said error correction rate threshold, causes said programmable computer
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47.  The computer program product of claim 39, wherein said read channel
further comprises a maximum likelihood detector, further comprising:

one or more first maximum likelihood detector operating parameters;

computer readable program code which causes said programmable computer
processor to provide to said maximum likelihood detector said one or more first
maximum likelihood detector operating parameters;

computer readable program code which causes said programmable computer
processor to generating said digital signal using said one or more first maximum
likelihood detector operating parameters during said first portion of said time interval,

computer readable program code which, if said actual error correction rate is
greater than said error correction rate threshold, causes said programmable computer
processor to generate one or more second maximum likelihood detector operating
parameters during said first portion of said time interval,

computer readable program code which causes said programmable computer

processor to provide said one or more second maximum likelihood detector operating
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parameters to said maximum likelihood detector during said first portion of said time
interval;

computer readable program code which causes said programmable computer
processor to generate said digital signal using said one or more second maximum
likelihood detector operating parameters during said second portion of said time

interval,
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