. s WKe3eM[ | 6: T=@ METHOD AND APPARATUS FOR ENHANCED TI M NG LOOP FOR A PRM.
DATA CHANNEL Field of the Invention The present invention relates generally
to the data processing field, and nore particularly) relates to a nethod

and apparatus for enhanced timng |oop for a parti alg;.fr

maxi mum | i kel i hood (PRM _) data channel in a direct mwmm@m%ﬂmmage devi ce
(DASD). Description of the Rel ated Aft Disk drive u ncor por ati ng
st acked, conmmonly rotated rigid magnetic disks are used''#&f* storage of data
in magnetic formon the disk surfaces. Data is recorded in concentric,

radi ally spaced data information tracks arrayed on the surfaces of the

di sks. Transducer heads driven in a path toward an he drive
axis wite data to the disks and read data fromthgmmmmmmmlm

partial -response maxi mum|i kel i hood (PRM.) data detect Lon ¢ el

advant ageously is used to achieve high data density in ¥ing and reading
digital data on the disks. PRWML data channels in DASD units are synchronous
data detecti on channel s where synchronous refers to the frequency and phase
| ocki ng of the channel to the readback signal in order to detect the data
properly. Known data channel s incorporate sophisticated timng |oop
algorithns to performclock recovery during acquisition at the begi nning of
a read operati on,MERHODLANBAPPARAJ| EORrENUACéMTMNQ)hOQHFﬁ&AraCKi ng
for the remainder of the read opePRMLODATRI OBMARNEILW th both the acquisition
and 4 -2tracking timng |loop algorithnms have resulted as data channel
detector inprovenents have allowed for |ower operational signal to noise
rati os (SNRs). Field abthedoyention overents in the noi se robustness arena have
not kept pace) causing performance problens at | ow SNR due to the timng

| . A d i sts.f - Am | f
Lpariial response. mlie Mot ERIAR feiARRAE R AT | Ohe HARE BORE-ShTRBG D00 ) &'
to provi de suchantemeripartindady selatasue af ethed lfad apaatatys teg enbapcedor a

parti al - r esponsgmiigibsp!for ai geelidihegdnsEMdximeiatineHoaa PRMI) datPEuHrde

i nproved performan i n f SNR and that are effective)
efficient and s'Pr?pﬁ?'geﬁt8°¢%§|53‘5{§§$38§ﬁ%ﬁ%)#§% the I nvention A principal

obj ect of the present invention is to provide inproved nethods and
apparatus for epbséwstion bfitHeoRélIad Agr a partial -response

maxi mum | i kel i hood (PRML) data channel. Qher inportant objects of the
present invention are to provide such nmethods and apparatus for enhanced
timng loop for a pddiskdrive Brifsorites ineorpaiating sleckeh somniermnotatgdirigic hannel
substantial |y wnhfAetic disePare\Redfdrastéragadf inatin MaRhefdRrimswthefdidkhe

di sadvantages of prior _art.arrangenents. J.n brief —net s .and ar at us
for enhancaa. 1 Thriseo bRt s3ehaRds TEtneant s, Bulafy splRd iR (O AR

maxi mum | i kel i hisaeks(arrRyEY ondhe sureaesaf thendigksi Treosduget beadssdiivenga adevi ce
(DASD). An acqupsgthltbWardidrt 4\gayCirdra Whd dif aXiEWateddtath tie AsiGldrid dek@n tim ng

si gnal includes | i t.y, Of cti Jecejyl d
conparing conseg%Pﬁ{?g‘g ﬁ?p(il%(ks$|%ﬁ§'{ﬁg?§§8%"g% fhhﬁﬁﬁﬂf-ﬁ{egﬁﬁ%il%'@ﬁ} ﬁﬁa

t hreshol d val uedetepdéoraehnnngl advantageasly iscisegdup achigee bighslada dapsityiiny rul e
voting functi Onwﬁ%@b&ﬂjrédél_iﬁd@?iﬂlué@ or} theQiskesO AR dhtaHainfBR ih PASTe! ecti ng
atimng interl eaf/?e. Trag'l,&({l n | m gj%tchrcu try, for %eneratl ntcr] aftl rp ng
error signal dul'Hf'§ B 083%%%?? §CHEn ﬁ%‘%’gie}f WhelF P NCIQPAUYRIISHRr - The
channel data dethedtenueneyend pbast logking ghthle chapne! ta thepleadbaskdsignad irudes a
mul tiple-state JESR jng timng circuit includes a | ow

| at ency det ect o?'%%g(t:el Vi %téthg;ﬁgga F'Ssribgﬁjawl' i nput sanples. A selector function
is coupled to an out put of the -3low |l atency detector and is coupled to
the nul tipl e-state pétdwmedatarchahoels icogmirategophisticated timing leep algodthnfsunct i on
utilizes the lo C QL ] I . f the path
menory. The sel gﬁﬁ&@ﬁ%‘?‘ﬁ%ﬁ%ﬁ&%@%%@"ﬁﬁt‘@%@é '%ﬁﬁ 8§?g§§?€espondi ng
to the sel ect edoperatien. angddokeap the @oe/insybguenizationstingdrackivaderatheng t he
timng error sigydingetdfiige readeddratipll #rbisiems RithajotieRCadgpisiton &Hd t he
Drawi ngs The present invention together with the above and ot her objects
and advant ages may best be understood fromthe follow ng detail ed
description of the preferred enbodi nents of the invention illustrated in
the drawi ngs, wherein: FIG 1 is a block diagramrepresentation
illustrating a PRML data channel for inplenmenting nethods for enhanced
timng loop in accordance with the preferred enbodi nent; FIGS. 2A and 2B
are diagrans illustrating acquisition and tracking portions of a readback
signal in the PRVML data channel in accordance with the preferred

enbodi nent ;



. FI'G 3 is adiagramillustrating an exenplary readback sync field signal

. used for inplenenting nethods for enhanced tining |oop in accordance with
the preferred enbodinent; FIG 4 is a block diagramillustrating a portion
of a known acquisition timng circuit; FIG 5 is a block diagram
illustrating an acquisition timng circuit in accordance with the preferred
enbodi nent; FIGS. 6 and 7 are block diagrams illustrating a tracking timng

circuit in accqgrdance,. w th . rr i i scription
of the Pref errgﬁa fﬂgotﬂp' R?%p g'ggﬂtﬁi&&r}?gg@%@g@g&i&%ﬁ%ﬁlHg%&@w ngs, in
FIG 1) there iimpsonennerds PR atwed fohloweslopeationalsignat ta neige matidsods f or
enhanced tinm ngghted). imRgIEHRISEvaMhéls iMMeiopfeiobasinesd afinaridvegRer al |y
designated by the reference ch?_fracter 108. As .sho FkGQ‘ 2} .n the PRML
dat & channel - 10P! RaFEfUSIg RETONBage B iscat Iow SNFL Bhe e g i 1 r
(V&) 102 and tlhepsanplified read signal is applied to an anal og-to-digital
converter (ADC) 104 that provides, for exanple, such as 64 possible 6-bit

sanpl ed val ues. The sanples of the ADC 104 are.applied to an .equalizer 106,
Such as & 10 tap {1 PGS REldel PELISTH RS cePRR B paFendReEnd i B ¢ or e
si gnal from t hea gagiat-edspbhse maxitdgnilikelinood 4SBMLYdptarchaahet dtisatesizalflPR4)
signal. The PR4to§ir9\.ﬂéé sLigh etdstdiaparangtdr thnBdddisimihBgody fok 8r ed PR4

si gnal fromthe%ﬁglltal filter. 106.@ a%ﬂﬁ@\q t%\)a ERI\/L etectqr 108, such
as illustrated deseenssdaaximum-ikelineed (RRME) data gharigl thabfirowde ect or 108
provi des a det eiotpeovathperfasmapae in thherésdnce oé bWSHRsArginthbt dnecaffecties, di gi t al
filter 106 and ﬁ@@g&gtt- I 104 are applied to a gain and timng
control 110 of %fﬂgepre errgd gr{@g imartlt. Gain and timng control 110 of the
preferred enbodi nent provides a timng control signal to a voltage

control | ed osci$umnuary(of®} Invehtionupl ed to the ADC 104. Gain and tim ng
control 110 provides a gain control signal to the VGA 102. Gain and tim ng
control 110 of the preferred, enbodiment includes an acquisition fimng
Corcurt as i Ll ustr avkBEHOR GOEE PHL A SaR FWERETY ot PRIVES GIREAMEd 1 ack: ng
timng circuitriyetmodsldndsippatatas fnenbizseditinadg WdopHfor 8 pprial-rdspoRtdS. 6 and
7. FICS. 27 andn3knh HRAiBLE SPRMLBSBAHANARS e AMpBAN! Bbikdie PRE- dat a

channel 100 inclu an _acqui si portion o a tracking
portion or nodePreean quf}ﬁ'oa%&%ﬁod%m&' e@pprhn}qqéo%rqg\deqqp@@tg fneRted when
t he data channetimihgQOodyefpr apaatialeesponpe nebdroum-likelistodt(REMIYalatetharinetk or

.VCO 112 nust be, N t e by i i . in FIG 2B,
the acquisiti ons','?%' e %8%w|ﬁﬁ§‘tur%g%%$l rs%n&g’h@é@@?%@@e%@ gg‘g@?ol | owed by a
frequency and pPaddva S PEOLAD aTERYRIPERtRy also to FIG 3, there is shown
an exenpl ary readback sync field signal generally designated by the

ref erence character b i I r ced timng
nﬁ%@.eﬂmhm][aﬁmd&ﬁ@g é&%dﬁ%h@éﬁjﬁmf .|o§@a§1 o 500" s

| oop in accordance wth the preferre I rent . c Tl

used for perforHﬁoﬁfﬁie@lf%‘kp?@gEVéPWﬁIP?H@%@F&QE%ﬁS@hM hg?ﬁ&@agw.'“Sync
field signal 308directacsessestarage device (BASD) qderecguisiioaltinting tircuitofbr t he cl ock
rate. At the st : = B S &L aR i I . i be sanpling
the sync field @é%eﬁg{ln%%%ggqiﬂgﬁaﬁa@hﬁprsgdé?gﬁgﬂg%%%@m% ,kj?gégmpa}ned at the end
of acqui siti on, fupRECREHRRFRSEIVINSERNERPIIRATINGIRONSEGHSVE INPUt BgnalsampleePl si gnal
300t on pte_atks 302n mnéﬂe?a‘i‘/_émﬁthi’é)ﬁwesiﬁ)tlcﬁ\MM The Btdaisifon t'ﬁ’ﬂng@rchitﬁ'ﬁ:mﬂeefa 304
contain timng ; ; u changes
contat 1m0 RIS g Wil AEnBRb Wl SR paPET RN 07

i nformation, si#RIECHNGA HRINGIIPGHBAE: t hese sanpl es changes rapidly with any
gain error. Thus, the acquisition algorithmuses two interl eaves of

s e one 1 RS i e
interleave is clagsapenativddngudes achne! daldpletecinr. The clvopeldata datagtorof t he

i nput sanpl e i srdcalves didk sighatiipat sdrplealarg ifdlvesiomuliBRistiteqitin conpar ed
with a threshold val ue whet her the

.5 by a.conpare function < to identif
sample yk is cl B@g}ory.nge 88%”%6@'”&“&“5g}cﬁ“dgﬁi‘%‘fvf'at?ﬂ%y Sgtﬁﬁﬁogr%ﬂ?“’l”lﬂ cl oser
to bei ng a peakdidR2aignahiepuidaenplesavA stlector hatctisaispdoiples tdeamnmdpatiod tigai n
interl eave and the other interleave becones the timng interleave. If the
sanple yk is closer to being a zero 304, then the interleave for that
sanple is deened the timng interleave and the other interleave becones the
gain interleave. In an ideal situation, the timng algorithmwould only
have to shift the phase of the clock 112 cycle due to this choice. A
significant problemin the current disk drive environnent where the input
signal is often noisy is the chance that the opposite timng interleave is
selected. That is the single sanple is deenmed the timng interleave due to
the noisy input signal when it is in fact the gain interleave. This
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toa mpjority rule voting function 514, such as two out of three voting

« function as shown, selecting atimng interleave. The output of majority
rule voting function 514 is applied to an input of a nultiplexer 520 having
its output coupled to a latch 522. Atimng interleave output of the |atch
is connected to a second input of the multiplexer 520. Acquisition timng
circuit 500 significantly inproves robust#Rss of the acquisition timng
algorithmin th i i [FIPSTN | i engt h of
acqui sition forﬁ}'@égeﬁl\?p%ﬁetcﬁcrer ""m'??%ﬁ“%%éﬁ“%ﬁ?‘%‘%‘%%&ﬁ#ﬁ%h%mﬁfd.rnt erl eave
yk, yk_2) and yseleding-paiater The sriestatfuastienuliigagthe lew lateqay detect for the
acqui si tion tinbimgutand sélbctb@e sateotthe@at MefRnTUTHe ssiedtol fictign f or a ful

cycl e phase cor i [ re conv i | <L 1 pd ng

o gor it Fi aepregds B% Rey BubPiespoh g e NGRS R The B
desi gnat ed by t latencyspidrutiis/ esedioe peneratinh thediniag €rre0eigaalduwrng & readccor dance
with the preferggstagsmodi ment. Tracking timng circuitry 600 and 700 is
shown in sinplified formsufficient for an understandi ng of the invention.
Wil e the data channel 100 is performng a read operation, the channel

cl ock nmust be sBriehPesrtiption of theeDrawigsr ead signal . To acconplish this,
timng error information shown as Terrk in FIG 7 nust be generated based

Cracking ¢ ming oI gof’s RSPBPATlIR BEEBE PLEPR aRbE Gl G dBedSatd ooy
the clock in syadvanteagesanayhestihe ynglerstaet frag the foltoming detalletidesasiptierne r ead

operation. In aéﬁ%ﬁﬁéféﬂeuﬁembofdﬁﬁéhiﬁ%ﬂrféfig{/é]ﬂioﬁﬁlﬁfsﬁéfe%fh@rﬁ’@@ﬁﬂvd”ﬁ?g’!st1 the

enhanced tracking timng circuitry 600 and 700 mnim zes the |atency in
generating the Y ﬁ'i% error signal Terrk for optimumtimng | oop

performance. In conventional arrangenents, the timng error is determ ned
using the output of gl 1d3baIskk BEdram reprddatdiBViiLdRhfh A PRMI datan recent
data channels, the d an.delt ectﬁr ?ﬂafi b(%ffome hextrgmal.ﬁ/ E?OBhI sti cat ed with
capability of aﬁ%ﬂ?’ﬁ FIMPIEMIENAG MO ol EPRANSED MMUieyIogP 1 BCHRIFNFE: 4t i os.
One of the probwihiheprefersascembegimest.i cati on of the data detector is an
extrenely long | atency, or delay fromsanples in to detected data out. This
| ong | at ency nakes t ventional tracking . ti.nng arrangenents that use
he outpat of the. det PGS AtrbB AT Mkl el RS 8T A ERbng ¢ 1 mi ng
circuitry 600 apertipo9ofalreastbacksignpliolthe PRMindriacbannel axkecagdanaei with
circuitry 600 ifielprdRsredanitdfimedet ector 108, such as a 16-state detector
including a matched filter 602, an add conpare select 604 and a

mul tiple-state path nenory 606. ~ Data detector 108 receives an input yk
fromthe FIR filter Al®b 3dad dizgraindiussteating anexemalanNresdbablesyna figid of path

memory 606. A | g¢gRal hstlSBEYhpIhai mEA8ds ftEAndscetPiAing 163NV t er bi

detector receives tae m@%r‘\ék a{ld Brovt;j?%les 8. | ow | atenCy output ak L. The

output ak L of B8F%deRse WHBNCPBIFHEN SHRANTReRYy generate timing error

because the PR4 detector's error rate is extrenely poor at current high

user bit densities. fige 404 aibckediadraft iGQFAREApdrith bfSa RBWA BEisitiéh 16- way

sel ector 610. The. 16-.vva¥. sel ector 610 is coupled to the path nenory 606 of
h

the data detect B 08 Yhe 16-way sel ector 610 utilizes the output ak L of
detector 608 to selects which state in the path nenory 606 to choose.

Thel6-way sel ector 6@ ts RUWIbcK difgrdAH iflustttiting AABCAUisRBRIVNiAG ch@)Y ihat ency
state in the path m)r%/ ﬁqo of }ﬂhe detector 108 applies a sinplified best
metric selecti oﬁc%ﬂrpé%'ﬂ‘? W t?'%? rediehodmenti6- way sel ector 610
significantly reduces the latency without a severe error rate penalty. The
l6way sel ector 610 u t 2 A ni L to
select the | ow | at enE:R;QSs'té;léfajned ggrét ﬁéagg%éﬂ%n%{?%}%@g a]fjt gér&ﬁg&{/’?@wﬁg%{% out put
ak_M where L <inaceordanpgavitbithe prefatedembodisrants or generating a timng
error in accordance with the preferred enbodinent. Referring to FIG 7) the

by applyi g nePeplRd GREHARA B Mool F R Coor 7027 The.

out put ak-M of the 16-way selector 610 is applied to a
convert-to-estimated-sanple function 704 for generating an estimted sanple
out put yk. Convert-to-estimted-sanple function 704 g applies the
estimated sanple output yk to the adder 702 where the estinated sanple
output yk is subtracted fromthe input yk by adder 702 to generate the
timng error Terrk. Wile the present invention has been described with
reference to the details of the enbodinents of the invention shown in the
drawi ng, these details are not intended to limt the scope of the invention
as claimed in the appended cl ai ns. -9 Cains Wat is clained is:
Apparatus for enhanced timng |oop for a partial -response

T T T T . T e I D



3. Apparatus for enhanced timng |loop for a partial -response

«maxi mum | i kel i hood (PRM.) data channel as recited in claim?2 wherein said
majority rule voting function includes a two of three voting function
coupled to said plurality of conmpare functions for selecting said timng
interleave. 4. Apparatus for enhanced timng |loop for a partial -response
maxi mum | i kel i hood (PRML) data channel asg4recited in claim1 further
includes tracking timng circuitry for generating:d&ti m ng. error signal

during a read oper athayng teferapem Pay @ tepdragigsnto i iR SO R a

za\rlvai al -r esppgmmﬂm%md@mmp@n{dﬁﬁh@heﬂma foheminmIcedSimiag{doeSgit gcflo?i m
erein sai - :

sai d channel da%%%@é@%Ih”I"E%é%ffﬁgbﬁ%ﬁ'ﬁ%ﬁgﬁéﬁ% SpagRaca R e |

i ncl udi ng a mulrefgserceseharacighd BO.nBrsPgwn in Elfpd. inApp BRMLGRIR sPaaH A Ced

timng It ggpi 1;] oza? @_a@mgmahs} am@anise mﬁxgmgaid amﬁInﬂan?Aq Wmcdm ? c?annel

as reci . : -

i ncludes a | ow q@'ﬁ%@ﬁ%@&@b?b"?%p’g%%ﬂr@. Aﬁgé}%léé{ms-?' %ﬁlcroﬁgépr{tﬁr ('SQ‘EJE%I@E. 7.

Appar at us for dhatpresdesifor axamelgpsybrasebpapssitie ﬁrté'ﬁwﬂﬁd@d values. The

maxi mum | i kel i hepsbié£BMnk AREC 308 296 BBDlicdistoradCadualizdrn 06| &idh 45 ahengy n sai d

tracking timng.circuitry th j . a I r.funetjon c ed to
an out pgt of sg’I"(I“J‘I"ES\R/‘_‘ISStIS%‘{PSSZF @?@'&gﬁ@ercgﬁglﬁgg}e&)&éﬁl ﬁ‘BIII}ﬂF i_(ﬁé@kstate
path menory f orfiltee8€is aglagsdY aadiahraspranse (FRAN§ignal. dTheRRASIGNSE is idedtect or
out put to sel egh tdoSardiRl phthSaTHe Fitble d R EignalTebns Bleldigedl eie0104 ignct i on

i di I I Lput ndi ng.,t i ate. 8.
Appar at us f or °é“an@%§2@%IFI*IIIﬁg’efeﬁcﬁ%@f%ﬁb%%I'I%@??I%I%ﬁé%%% wih
maxi mum | i kel i HespegtPRAG. dat he DRMndetegtor 108 pravitlesd detactad Halthevtpih sai d
tow | atency outd fitsred PRY dighal BRRLMBLIGIEI Sitdrd) 06idNdtBe eamPlesdfIm@ADdUr i ng a

read operation. ar. s_f |

partial -r esponsbog%@%fﬂgﬁ ﬁﬁglﬁho%wﬁ/%&hgﬁg%cé{gﬁén)g{eq%{ggdr ecited in claim
7 wherein said ¢mbodimeshcGainansiiiming capiiol €@ of hepeireas embedieent mat ed

sanpl e functi onpioQides @NRRiAE icBAr@Sidhal Ry SthgeaithtrelinskciRitet (980)Mmbed
timng error si AR FRADC B4 BBt RS contdh B et REE T or ennanced
timng | oop forcentighsighal tortee W&ifs E03ralaimand tinkeg chnioal 1(1PRINtNe preferrashannel

in a direct accappodihiintBrRIudeyiapechnenbh tieMIPEircitd illderatddessy of © receiving
W th a Ehreshol sPuPed wiEEEGH 1o Bia 2 (AR GT BTy B el
selecting a ti rﬁmﬂgdesqribed@ﬁther%nﬁctmfiﬁﬁllﬁanow.on timng signal: during a
read operation, applying disk signal input sanples to a channel data

ol uding & mult pl & GACh 4 M@ﬁtﬁ%?%&%Iqa%?hée%a‘%ﬁéﬁzbeﬁ%%%@ 31 ow
| at ency det ect odath@hagaelcdliingjuding aatagquisition portion or mode 202 and a
tracking portion or mode 204 of in accordance with the preferred
embodiment. When the data channel 100 begins a read operation, first the
channel clock or VCO 112 must be synchronized to the input disk signal. As
shown in FIG. 2B, the acquisition mode 202 includes a first phase lock mode
210 followed by a frequency and phase lock mode 212.

Referring also to FIG. 3, there is shown an exemplary readback sync
field signal generally designated by the reference character 300 used for
implementing methods for enhanced timing loop in accordance with the
preferred embodiment. Sync field signal 300 is used for performing clock
recovery during the acquisition mode 202. Sync field signal 300 is a sine
wave with a frequency equal to 1/4 of the clock rate. At the start of



said multiple-state path menory and providing a | ow | at ency out put

s corresponding to said selected state; and utilizing said | ow | at ency out put
for generating said timng error signal during said read operation. 11. A
met hod for enhanced timng |loop for a partial -response nmaxi nrum|i kel i hood
(PRML) data channel as recited in claim10 wherein the step of receiving
and conparing multiple consecutive input g gnal sanples on an interleave
with a threshold val ue includes the step of receiving and conparing three
consecuti ve i npRRAusIpMtheehannetABRF o4 Willibersamring dhepyne figld gigpahol d

val ue. 1|2_- kAI _rrﬁétfudmaﬂbﬂfa ahanareowh phf@,laﬁdlat frererai ¢farct1l1'_3itiohem_[eonsed )
maxi mum | i kel i hqgo : : udes the
step of identif ng%r%@mg%g%mgpﬁe %@r%iegqj(sljbﬁ%@e@'%ﬁoé%aek&rﬁqzve i nput
si gnal sanpl es.andzers@@thazishewn efignSed heizeThgamplep 304 cogtain timing

parti al - r espons@drmstioh Bihde @kl draitudbiVhe sedsdnipled avdifesaapidfonitieshy n clai m
10 wherein the step of aq.g\l yi ng a nﬁéo%d ¥ rttfle .vot{ n’ﬁ {iunctlor{ an
selecting a ti "H@giq{fcgrl S\PEA SAMRIF S &L-ogﬁpgﬁlntlpﬁ{ a %'?'&HEIE P?‘lcl udes the
step of applyi ngmalitude obthesefsanplesechapoes ipridiywith @y gaih eedre ckhusgtheai d
timng interl eaygisifiorsalgrithéAudes tvioOfteHEaNRDhf ShfPRs, one fokdikdtng Andeichod for
enhanced tim ng %OO{.) for "a partial -response nmaxi mum|i kel i hood (PRWM.) data
channel as reci ?88" [% %™ m 10 wherein the step of utilizing an out put of
said low | atency detector for selecting a state of said nultiple-state path

mermory and provi di ngrje 14qNudtRteNS Yo tidh R h prieF é&%@&lﬂﬁiié\gtiﬁrﬂ\fgsékﬁitWe%?t ed
state includes the, ste of” sai

p ,of selecting a lqw | atency state
Uit bl o-state BRATRATIRIEREAS GotRrans0 on 4 hele sPalin g O0EBEOYes. A
net hod for enhavaleel of thei ingutl saoyplé srtakerpby ai absoletep@hscfumatiomABs! ) &ed i hood
Sai d 1 ow | at encqipea WiFEa WEatidl Bk O bl MeBmBars ANBIdT IR Rkny ¢ Rg' sai d
read operation %Heﬁ 8@? ?aﬁ%p'gtybEsg’B?ergBWiarqg'%gﬁ?“P 3&/41 yﬁ@‘ﬁéﬁmB tput to
an estimated saypisecloser pubeiaga paaktJQR thengtedaae festharaepylesiadeemedut put
during sai d ey o e SHIRNE B o e M g sy 9
partial -r esponsﬂ‘e ﬁﬁﬁﬁﬂis{' ‘FJB??”H@@E"@W? 3§ﬁt§96ﬂ?ﬁ1wgqr}qaﬁeggr&}‘?%ct access
storage devi ce $@ARE)is deemedshagmingriatekea andihegtiodnicterieaye besonganer at i ng
a timng error g irfleflddie. n BRASLPBRIADN e thidalobAfkl REulidp1g i rcult
i ncl udi ng a chapnel . dat a. detector, sall ﬂaannel dat g det ect or receiving
di sk signal i anf‘Ves '@@%SP&!F%FH@‘ rﬁXFlFidb'Péggﬂ'%P O&t h merory; said
tracking timng circuit including a low | atency detector receiving disk
si gnal input sanpl esa sgaiifkahl GokleRdintth8ch9et didiirivel dMilrbitinBAt BhaieliREt OF
function coupl ed tg an lQu'hgut of sall dé}‘ow lﬁ\t ?E_'cy det.?chlg‘r and cou% ed to
sai d mul tipl e- siRHESIERRIHS REGRHPYISY & thehangs gt thegpposite, irming nterisay&ist or
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maxi mum | i kel i hood (PRML) data channel as recited in claim 16 includes a
convert-to-estimated sanpl e fur&g‘hi on receiving. said | ow | atency output and
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during a read opepmd Iglnvides significantly improved robustness over the prior art
arrangements, such as shown in FIG. 4. The enhanced acquisition timing
algorithm of the preferred embodiment uses multiple consecutive samples
on an interleave, such as three consecutive samples on an interleave,
determining whether each sample is closer to a peak 302 or a zero 304,
Then majority rule voting, such as a two out of three voting scheme, is used
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maxi mum | i kel i hood (PRM.) data channel as recited in claim16 wherein said
| ow | atency detector includes a 4-state Viterbi detector. 19. Apparatus for
enhanced timng | oop for a partial-response maxi num|ikelihood (PRW.) data
channel as recited in claim16 wherein said | ow |atency output is | ess than
a |l atency of an output of said channel daka detector. 20. Apparatus for
enhanced timng |loop for a partial-response maxi num|ikelihood (PRW.) data
channel as reciteggterming ierimipg intenea¥sés an acquisition tinmng circuit for
generating an acquisition timng signal; said acquisition timng circuit
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zero'304. The outputs of the compare functions 508, 510, 512 are applied

to a majority rule voting function 514, such as two out of three voting function

as shown, selecting a timing interleave. The output of majority rule voting

function 514 is applied to an input of a multiplexer 520 having its output

coupled to a latch 522. A timing interleave output of the latch is connected

to a second input of the multiplexer 520. Acquisition timing circuit 500

significantly improves robustness of the acquisition timing algorithm in the

presences of noise with a small increase in the length of acquisition for

receiving the multiple consecutive samples on an interleave y, yk-2, and yk.

4. However, the increased length of acquisition for the acquisition timing

circuit 500 is not nearly as much as allowing for a full cycle phase correction

as may be required for the conventional timing algorithm.

FIGS. 6 and 7 illustrate tracking timing circuitry generally designated
by the respective reference characters 600 and 700 in accordance with the
preferred embodiment. Tracking timing circuitry 600 and 700 is shown in
simplified form sufficient for an understanding of the invention. While the
data channel 100 is performing a read operation, the channel clock must be
synchronized to the input read signal. To accomplish this, timing error
information shown as Terrg in FIG. 7 must be generated based on the data
being read. This timing error signal Terry is applied by the tracking timing
algorithm for applying corrections to the VCO 112 to keep the clock in
synchronization during tracking for the remainder of the read operation.

In accordance with features of the preferred embodiment, the
enhanced tracking timing circuitry 600 and 700 minimizes the latency in
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generating the timing error signal Terry for optimum timing loop
performance. In conventional arrangements, the timing error is determined
using the output of the data detector in the PRML data channel. In recent
data channels, the data detector has become extremely sophisticated with
capability of accurately reading data at very poor signal to noise ratios. One
of the problems with such sophistication of the data detector is an extremely
long latency, or delay from samples in to detected data out. This long
latency makes the conventional tracking timing arrangements that use the
output of the data detector unacceptably poor. Enhanced tracking timing
circuitry 600 and 700 solves this problem.

Enhanced tracking timing circuitry 600 includes the data detector 108,
such as a 16-state detector inciuding a matched filter 602, an add compare
select 604 and a multiple-state path memory 606.- Data detector 108
receives an input yi from the FIR filter 106 and provides an output ax.N at
the output of path memory 606. A lower latency detector 608, such as 4-
state PR4 Viterbi detector receives the input yik and provides a low latency
output ak.| . The output ak.) of detector 608 is unacceptable to generate
timing error because the PR4 detector's error rate is extremely poor at
current high user bit densities. The output ay.| of detector 608 is applied to
a 16-way selector 610. The 16-way selector 610 is coupled to the path
memory 606 of the data detector 108. The 16-way selector 610 utilizes the
output ak_| of detector 608 to selects which state in the path memory 606 to
choose. The16-way selector 610 to pull the data out from an early or low
latency state in the path memory 606 of the detector 108 applies a simplified
best metric selection algorithm. Operation of the 16-way selector 610
significantly reduces the latency without a severe error rate penalty. The 16-
way selector 610 uses the low latency PR4 Viterbi detector output to select
the low latency state of the path memory 606 for providing an output aj._p,
where L < M < N. The output ak-M is used for generating a timing error in
accordance with the preferred embodiment.

Referring to FIG. 7, the timing error Terry in accordance with the
preferred embodiment is generated by applying the input yj from the FIR
filter 106 to an adder 702. The output ay.p of the 16-way selector 610 is
applied to a convert-to-estimated-sample function 704 for generating an
estimated sample output y. Convert-to-estimated-sample function 704
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applies the estimated sample output Y to the adder 702 where the
estimated sample output § is subtracted from the input yi by adder 702 to
generate the timing error Terrg.

While the present invention has been described with reference to the
details of the embodiments of the invention shown in the drawing, these
details are not intended to limit the scope of the invention as claimed in the
appended claims.



10(('F.010% (& ()-"** ***3*-pPousS4!0 3 L10%& ()-s! 3 L10%<& ()-s

:10%<& ()-L 10%<& ()- 10 10 10!'l .109% ()- PO/ 333333ub<rSl1l! 3:10%<& ()-
10%& ()- L10%& ()-T 10 10 10! F &610%& ()-S!'3 "' 10%<& () -
<====5>"?2#?7$?%0aSE 3: 10%

Claims
What is claimed is:

1. Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel in a direct access storage device
(DASD) comprising:

an acquisition timing circuit for generating an acquisition timing signal;

said acquisition timing circuit including a plurality of compare functions
for receiving and comparing consecutive input signal samples on an
interleave with a threshold value;

said acquisition timing circuit including a majority rule voting function
coupled to said plurality of compare functions for selecting a timing
interleave.

2. Apparatus for enhanced timing loop for a partial-response
maximume-likelihood (PRML) data channel as recited in claim 1 wherein said
acquisition timing circuit includes three compare functions for receiving and
comparing three consecutive input signal samples on said interleave with
said threshold value.

3. Apparatus for enhanced timing loop for a partial-response
maximume-likelihood (PRML) data channel as recited in claim 2 wherein said
majority rule voting function includes a two of three voting function coupled
to said plurality of compare functions for selecting said timing interleave.

4. Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 1 further
includes tracking timing circuitry for generating a timing error signal during a
read operation.

5. Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 4 wherein said
tracking timing circuitry includes a channel data detector, said channel data
detector receiving disk signal input samples and including a multiple-state
path memory.
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6. Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 5 wherein said
tracking timing circuitry further includes a low latency detector receiving disk
signal input samples.

7. Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel! as recited in claim 6 wherein said
tracking timing circuitry further includes a selector function coupled to an
output of said low latency detector and coupled to said multiple-state path
memory for selecting a state and utilizing said low latency detector output to
select a state of said path memory and said selector function providing a low
latency output corresponding to said selected state.

8. Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 7 wherein said
fow latency output is used for generating said timing error signal during a
read operation.

9. Apparatus for enhanced timing loop for a partial-response
maximume-likelihood (PRML) data channel as recited in claim 7 wherein said
low latency output is applied to a convert-to-estimated sample function for
generating an estimated sample and said estimated sample subtracted from
said disk signal input samples for generating said timing error signal during a
read operation.
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10. A method for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel in a direct access storage device
(DASD) comprising the steps of:
receiving and comparing multiple consecutive input signal samples on
an interleave with a threshold value;
applying a majority rule voting function and selecting a timing
interleave for an acquisition timing signal,
during a read operation, applying disk signal input samples to a
channel data detector and to a low latency data detector; said channel data
detector including a multiple-state path memory;
utilizing an output of said low latency detector for selecting a state of
said multiple-state path memory and providing a low latency output
corresponding to said selected state; and
utilizing said low latency output for generating said timing error signal
during said read operation.

11. A method for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 10 wherein the
step of receiving and comparing multiple consecutive input signal samples
on an interleave with a threshold value includes the step of receiving and
comparing three consecutive input signal samples on said interleave with
said threshold value.

12. A method for enhanced timing loop for a partial-response
maximume-likelihood (PRML) data channel as recited in claim 11 includes the
step of identifying a zero or a one value for said three consecutive input
signal samples.

13. A method for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 10 wherein the
step of applying a majority rule voting function and selecting a timing
interleave for an acquisition timing signal includes the step of applying a two
out of three voting function and selecting said timing interleave for said
acquisition timing signal.
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14. A method for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 10 wherein the
step of utilizing an output of said low latency detector for selecting a state of
said multiple-state path memory and providing a low latency output
corresponding to said selected state includes the step of selecting a low
latency state of said multiple-state path memory and providing said low
latency output.

15. A method for enhanced timing loop for a partial-response
maximum-likelihood (FRML) data channel as recited in claim 10 wherein the
step of utilizing said low latency output for generating said timing error signal
during said read operation includes the steps of converting said low latency
output to an estimated sample output and subtracting said estimated sample
output from said disk signal input samples for generating said timing error
signal during said read operation.

16.  Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel in a direct access storage device
(DASD) comprising:

tracking timing circuitry for generating a timing error signal during a
read operation; said tracking timing circuit including a channel data detector,
said channel data detector receiving disk signal input samples and including
a multiple-state path memory;

said tracking timing circuit including a low latency detector receiving
disk signal input samples;

said tracking timing circuit including a selector function coupled to an
output of said low latency detector and coupled to said multiple-state path
memory for selecting a state and said selector function utilizing said low -
latency detector output for selecting said state of said path memory and for
providing a low latency output corresponding to said selected state; and

said low latency output being used for generating said timing error
signal during a read operation.
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convert-to-estimated sample function receiving said low latency output and
generating an estimated sample and said estimated sample subtracted from
said disk signal input samples for generating said timing error signal during a
read operation.

18.  Apparatus for enhanced timing loop for a partial-response
maximume-likelihood (PRML) data channel as recited in claim 16 wherein
said low latency detector includes a 4-state Viterbi detector.

19.  Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 16 wherein
said low latency output is less than a latency of an output of said channel
data detector.

20.  Apparatus for enhanced timing loop for a partial-response
maximum-likelihood (PRML) data channel as recited in claim 16 includes an
acquisition timing circuit for generating an acquisition timing signal; said
acquisition timing circuit including a plurality of compare functions for
receiving and comparing consecutive input sighal samples on an interleave
with a threshold value, and a majority rule voting function coupled to said
plurality of compare functions for selecting a timing interleave.



