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Field of'the Invention

The present invention relates generally to the data processing field,
and more particularly, relates to a method and apparatus'for enhanced
timing loop for a partial-response maximum-likelihood (PRML) data channel
in a direct access storage device (DASD).

Description of the Related Art

Disk drive units often incorporating stacked, commonly rotated rigid
magnetic disks are used for storage of data in magnetic form on the disk
surfaces. Data is recorded in concentric, radially spaced data information
tracks arrayed on the surfaces of the disks. Transducer heads driven in a
path toward and away from the drive axis write data to the disks and read
data from the disks. A partial-response maximum-likelihood (PRML) data
detection channel advantageously is used to achieve high data density in
writing and reading digital data on the disks. PRML data channels in DASD
units are synchronous data detection channels where synchronous refers to
the frequency and phase locking of the channel to the readback signal in
order to detect the data properly.

Known data channels incorporate sophisticated timing loop algorithms
to perform clock recovery during acquisition at the beginning of a read
operation, and to keep the clock in synchronization during tracking for the
remainder of the read operation. Problems with both the acquiéition and



operation, and to keep the clock in synchronization during tracking for the
rremai nder of the read operation. Problenms with both the acquisitigﬁ ﬂgg g 0
AUG 2005 -2- tracking timng |oop algorithnms have resulted as dat @ 1y
detector inprovenents have allowed for | ower operational signal to noise
ratios (SNRs). Timng |oop inprovenents in the noise robustness arena have
not kept pace, causing performance problers at | ow SNR due to the timng

| oops. A need exi ; . I, 1] | oop for
a partial-r espons}gatcfrlg 3{%' }0!6%59%}%@?%%%{ gg g%%ﬁgﬁﬁg!({et‘?@&gesi rabl e
to provide such rA@PRY§eAtIhausRIlowed dorleverenesatinngl sipralitg noisepaties a
partial ar es p]gmse (SNRsnymnhihgﬁiolpthﬁbv(eRBMls)in @géNﬂoigéwdm@lntefsB%Trerw l]?é/\}e?r?ot

i mproved perfor : e an re effective,

ef ficient and s%ﬁgp%%'}ca@m%ﬁ&@%ﬁ@%@s %‘8“’%&/%%?3?1%? {Wl”ﬂci pal

obj ect of the prded®t invention is to provide inproved nethods and
apparatus for enhanced timng |loop for a partial -response

maxi mum | i kel i hood (PRM.) da h el . Qxther inportant objects of the
present invention ar e%l\%gegred{iﬁ%ﬁ@@%&ﬁowwwaéﬁﬁs g’éﬁ& ap tI“B'rngg?ﬂ’Paf%ed
timng | oop for & paitialirgbpensepoadmumeikelihood| (PRML)datadci{aPREL ) It dadesirabignnel
ZyszI ant | ally w tt@@kﬂvid@ﬁfﬂh'rﬁ@th@ﬁ@ﬁd?ﬁﬁb@?ﬁ@%néh?ﬁ%h&&{‘ﬁm{@%o%’?ortahe t

i sadvant ages of prior_art arrange . i ef, od§ and appar at us
for enhanced ti m'_p%é“ 'é%sp?ogﬁ%maﬁrﬁﬁpn'ﬁg%ﬁ?% ?%'Q&'&fg?'élc- paEgdhRlgprovide
maxi mum | i kel i hod@p(ovRNIpErfdananceatiegpresenceanf tdiw SMNR antthas art effevgee devi ce
(DASD) . An acqui sifidieht ahti®irfiSle @ heplérhedtor generating an acquisition timng
signal includes a plurality of conpare

Summary of the Invention

A principal object of the present invention is to provide improved
methods and apparatus for enhanced timing loop for a pahial-response
maximum-likelihood (PRML) data channel. Other important objects of the
present invention are to provide such methods and apparatus for enhanced
timing loop for a partial-response maximum-likelihood (PRML) data channel
substantially without negative effect and that overcome many of the
disadvantages of prior art arrangements.

In brief, methods and apparatus for enhanced timing loop are
provided for a partial-response maximum-likelihood (PRML) data channel in
a direct access storage device (DASD). An acquisition timing circuit for
generating an acquisition timing signal includes a plurality of compare
functions for receiving and comparing consecutive input signal samples on
an interleave with a threshold value. The acquisition timing circuit includes a
majority rule voting function coupled to the plurality of compare functions for
selecting a timing interleave.

Tracking timing circuitry for generating a timing error signal during a
read operation includes a channel data detector. The channel data detector
receives disk signal input samples and includes a multiple-state path
memory. The tracking timing circuit includes a low latency detector receiving
disk signal input samples. A selector function is coupled to an output of the



functions for receiving and conparing consecutive input signal sanples on
an interleave with a threshold value. The acquisition timng cirgyit
includes a majority rule voting function coupled to the plural if@lwﬁ?ﬂﬂ!i
conpare functions for selecting a timng interleave. Tracking timng
circuitry for generating a timng error signal during a read operation
includes a channel data detector. The chanpgl data detector receives disk

signal input sanples and includes, a multiple-state path nory. The
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sel ected state. 'IE)E) rét%w | atency output is used for generating the timng
error signal duri %a read operation. Brief Description of the Draw ngs
The present invention together with the above and ot her objects and

advant ages may besyiefIBesttijiontsfale Drawiridse fol | owi ng detail ed description

of the preferred enbodinents of the invention illustrated in the draw ngs,
wherein: FIG 1 is a block diagramrepresentation illustrating a PRM. data
channel for inplenmentiThe presemdiyentan teaehacwih therahayelaadpther dathce
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channel in accord :
wherein:

FIG. 1is a block diagram representation illustrating a PRML data
channel for implementing methods for enhanced timing loop in accordance
with the preferred embodiment;

FIGS. 2A and 2B are diagrams illustrating acquisition and tracking
portions of a readback signal in the PRML data channel in accordance with
the preferred embodiment;

FIG. 3 is a diagram illustrating an exemplary readback sync field
signal used for implementing methods for enhanced timing loop in

accordance with the preferred embodiment;

_ FIG. 4 is a block diagram illustrating a portion of a known acquisition
timing circuit;

FIG. 5 is a block diagram illustrating an acquisition timing circuit in
accordance with the preferred embodiment;

FIGS. 6 and 7 are block diagrams illustrating a tracking timing circuit
in accordance with the preferred embodiment.

Detailed Description of the Preferred Embodiments



the preferred enbodinent; FIG 3 is a diagramillustrating an exenplary
readback sync field signal used for inplenmenting nethods for enhapc 8
timng loop in accordance with the preferred enbodinent; FIG 4 ?Q @ BB ck
diagramillustrating a portion of a known acquisition timng circuit; FIG
51is a block diagramillustrating an acquisition timng circuit in
accordance with the preferred enbodi ment; Ijl_ GS. 6 and 7 are bl ock diagrans
illustrating a tracking timng circuit i n accordance with the preferred
enbodi ment. Det ai | ed Iedng refeieone oowih thersraningscd b bdhaene $hawn Auc2005
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provides a det ec?%@%%?rgﬂ%@% .fh%'slfﬁ'g%dl l%l?ggiggalg&{n;ﬁ%lgﬁvﬂtg?ﬁfg digital
filter 106 and t lapplsthtel@BR | detecteqt08, such as illustrated and described with
' respect to FIG. 7. The PRML detector 108 provides a detected data output.
The filtered PR4 signal from the digital filter 106 and the samples of the ADC
104 are applied to a gain and timing control 110 of the preferred
embodiment. Gain and timing control 110 of the preferred embodiment
provides a timing control signal to a voltage controlled oscillator (VCO) 112
coupled to the ADC 104. Gain and timing control 110 provides a gain
control signal to the VGA 102. Gain and timing control 110 of the preferred
embodiment includes an acquisition timing circuit as illustrated and
described with respect to FIG. 5 and tracking timing circuitry as illustrated
and described with respect to FIGS. 6 and 7.

FIGS. 2A and 2B illustrates a readback operation 200 in the PRML
data channel 100 including an acquisition 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



194 are applied to a gain and timng control 110 of the preferred

efbodi ment. Gain and timng control 110 of the preferred enbodi ment
provides a timng control signal to a voltage controlled oscill af 6rAUGVES
112 coupled to the ADC 104. Gain and timng control 110 provides a gain
control signal to the VGA 102. Gain and tinmng control 110 of the preferred
enbodi nent includes an acquisition timng g rcuit as illustrated and

described with respect to FIG 5 and tracking timng ci ' /
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. compared with a threshold value 0.5 by a compare function < to identify
whether the sample y is closer to a peak 302 or a zero 304. If the sample
yk is closer to being a peak 302, the interleave for that sample is deemed
the gain interleave and the other interleave becomes the timing interleave. If
the sample v is closer to being a zero 304, then the interleave for that
sample is deemed the timing interleave and the other interleave becomes
the gain interleave. In an ideal situation, the timing algorithm would only

have to shift the phase of the clock 1/2 cycle due to this choice.

A significant problem in the current disk drive environment where the
input signal is often noisy is the chance that the opposite timing interleave is
selected. That is the single sample is deemed the timing interleave due to
the noisy input signal when it is in fact the gain interleave. This requires the
timing algorithm to shift the phase of the clock a full cycle, which takes
longer than the time allotted so that acquisition fails.

In accordance with features of the preferred embodiment, an
enhanced acquisition timing circuit as illustrated and described with respect
to FIG. 5 provides 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



I nformation, since the anplitude of these sanples changes rapidly with any
timng error. The peak sanples 302 contain gain information, since the
anplitude of these sanples changes rapidly with any gain error. Th@%UG?M?
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the other for gain. FIG 4 illustrates a portion of a prior art
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a single sample yk. An absolute value of the input sanple is taken by an
absol ute val ue ftmdeteoninal® fimingdnteded®ared with a threshold value 0.5 by a
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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 muitiple consecutive samples on an interleave yg, 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 Terry 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



on. an interleave, such as three consecutive sanples on an interl eave,
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an acquisition timng circuit generally designated by the reference
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receives an input yk from the FIR filter 106 and provides an output ak.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 ak.y 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 ak.m.
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 yi 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 yi. Convert-to-estimated-sample function 704



FIGS. 6.and 7 illustrate tracking timng circuitry generally designated by
t'he respective reference characters 600 and 700 in accordance with3p 0 he 2005
preferred enbodi nent. Tracking timng circuitry 600 and 700 i s shown ?1
simplified formsufficient for an understanding of the invention. Wi I e the
data channel 100 is performng a read operation, the channel clock nust be
synchroni zed to the input read signal. To gcconplish this, timng error

i nformati on shown as Terrk ene based.on the data
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sophi sticated w hpperR@addimst y of accurately reading data at very poor
signal to noise ratios. One of the problens wth such sophistication of
the data detector is an extrenely |long latency, or delay fromsanples in
to detected data out. This long |atency nakes the conventional tracking
timng arrangenments that use the output of the data detector unacceptably
poor. Enhanced tracking timng circuitry 600 and 700 solves this problem
Enhanced tracking timng circuitry 600 includes the data detector 108,
such as a 16-state detector including a matched filter 602, an add conpare
select 604 and a nmultiple-state path nenory 606. : Data detector 108




receives an input Yk fromthe FIRfilter 106 and provi des an out put ak-N at
the output of path nenory 606. A |lower |atency detector 608, SUCh-?§Aﬁ
state PR4 Viterbi detector receives the input Yk and provides a | ow | @gWéy
out put ak-L. The output ak-L of detector 608 is unacceptable to generate
timng error because the PR4 detector's error rate is extrenely poor at
current high user bit densities. The output ak-L of detector 608 is applied
to a 16-way selector 610. The 16-way sefector 610 is coupled to the path
nmenory 606 of the data detector 108. The 16-way selector 610 utilizes the
out put aR¥hatéfclyateddtor 608 to sel ects which state in the path nemory 606
to choose. The 16-way selector 610 to pull the data out froman early or
low latency state in the path nenory 606 of the detector 108 applies a
sinplified best netric selection algorithm Operation of the 16-way
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generating a timng error. Hn acco ce with the preferred enbodi nent.
Referring to FIGN#Pe oLty ponygrieh F PRYVERINgAET PR isbmalyjor ampigevalues;
preferred enbodi ment is generated by applying the input YKk fromthe FIR
filter 106 to #hayeonzomng THewpeayplad talsaid AP Cifheretevingysagpleeciwes (®b0sdid
applied to a convert-to-estimted-sanple function 704 for generating an
est i mat edDaampl for gertepating3k.acqidsivien tintine dgidl;mat ed- sanpl e function 704 3 0
AUG 2005 -8- applies the estimted sanple output 9k to the adder 702 where
the estimat edsssaapfuesi@di Miingdirdust HUBEINEGL RGralifyO8T EdiepdrO Bitcri¥ts RY rBdfGhe

702 to generate the timng error Terrk.
and comparing consecutive input signal samples on an interleave with a threshold value; each
said compare function including an absolute value function for taking an absolute value of each
input sample and said compare function for comparing a respective absolute value with said
threshold value;

said acquisition timing circuit including a majority rule voting function coupled to said

plurality of compare functions for selecting a timing interleave for said acquisition timing signal.

2. Apparatus for enhanced timing loop for a partial-response maximum-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 maximum-likelihood

(PRML) data channel as recited in claim 2 wherein said majority rule voting function includes a



Whil e the present invention has been described with reference to the
details of the enbodi nents of the invention shown in the draw ng, these
details are not intended to limt the scope of the invention as clasiﬁﬁ%'?da!i
the appended clainms. 3 O AUG 2005 9 What is clainmed is: 1. Apparatus
enhanced timng |loop for a partial-response maxi num|ikelihood (PRM) data
channel in a direct access storage device (DASD) conprising: an analog to
digital converter (ADC) for converting i nput signal to sanple val ues; an
acquisition timng circuit coupled to said ADC for receiving sanple val ues
from sai @o abthremuoting fugeternr equptesl wnsaidt glirdity iofreomipaienfunsiigmsafor sslattihg said
acquisition timng circuit including a plurality of conpare functions for
recei vi ngmirgndteeleaqear i ng consecutive input signal sanples on an interleave
with a threshold value; each said conpare function including an absol ute
val ue function for taking an absolute val ue of each input sanple and said
conpare function for conparing a respective absolute value with said
threshol d val ug; saig acquisition timng.,circuit including a najorjty rule
voting functi ozﬁ coupl%n&r%%s fz’élef&“anﬁﬁtﬂ‘am%tleﬁpo T 8 DA ECSPOREIP R F“ol:‘ke){‘ho"d
selectin imng interleave for said acquisition timng signal. 2.

Appar at L@ Rigf,) daRarangel psitergted gapclatn Lo fyther iarludess yigpksiag timing circuitry for
maxi mum | i kel i hood (PRM.) data channel as recited in claiml| wherein said
acqui si tgevaratinga igning eced sigiahdinngesreathpp@atiaonpar e functions for receiving
and conparing three consecutive input signal sanples on said interleave
with said threshold value. 3. Apparatus for enhanced timng |oop for a
partial -response maxi mum|i kelihood (PRM.) data channel as recited in

claim2 whereis) sai il by erish&dtBhin SodpHBF b biial-REHUAE S AiR0mAHGRRR 10
(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.

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 laténcy output

corresponding to said selected state.



two of three voting function coupled to said plurality of conpare functions
for selecting said timng interleave. 4. Apparatus for enhqpﬁqﬂsqmging

| oop for a partial-response maxi nrum i keli hood (PRM.) data channel as
recited in claim1 further includes tracking timng circuitry for
generating a timng error signal during a read operation. 5. Apparatus for
enhanced timng | oop for a partial-respgqse maxi mum | i kel i hood (PRM.) data
channel as recited in claim4 wherein sai‘'d tracking timng circuitry
includes a channel data detector, said channel data detector receiving

di sk signal input saftppasaiuafg enhanepditiming lgomariaipartial sespousepastimue bkgliho6d
Apparatus for enhanced timng loop for a partial -response

mexi num (ARL) e dharPRILkcittdtia caharinetiereis ssiddow ealendy duliit 3 Gseatier @inbrasiag d
tracking timng circuitry further includes a |low | atency detector

recei vi ngidliishngérestalgnan@iHngSaeR| Seration. Appar atus for enhanced timng | oop
for a partial-response nmaxi mum|ikelihood (PRWM.) data channel as recited
in claim6 wherein said tracking timng circuitry further includes a

sel ector function coupled to an output of said |ow |l atency detector and

coupl ed to sai mul §i pl e- st at at h.menmqr or selecting a state and
utilizing sai déj'l ow Amgamgys F@E’EB?(P %‘Bt@ﬂ?gﬂ E?f agarteresporiegnaxigimsikeihped h
menory and said sel ector function providing a | ow | atency out put

cor r espof&iMb) dataseiaane edseigeisad iy elpian 73wberainc2d 06w llatengy oAppariaepEicion a
-enhanced timng loop for a partial-response maxi num|ikelihood (PRW.) data
channel @amverdo-eginated chaple fnvder &irngenatatng aw dsatranely samplpUindi @idis@thfied
generating said timng error signal during a read operation. 9. Apparatus

for enhanegde tibtiaed PR RN digk BRLLT Abof SHRARSRT l@ﬁ&ﬂlauﬂg 'ﬁih%&iﬁ%@{i‘mr ()
u ()

data channel as recited in claim7 wherein said |ow | atency out

applied &g CONYSLLid0- esti mat ed sanple function for generating an
esti mat ed 1sr%r%)ll e a%g lserlll d estimated sanple subtracted from said disk

signal input sanples for generating said timng error signal

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 aﬁd 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.



during a read operation. 10. A nmethod for enhanced timng |oop for a

parti.al -response maxi mum|ikelihood (PRWML) data channel in a directd8cklifsis
storage device (DASD) conprising the steps of: receiving and conparing
mul ti pl e consecutive input signal sanples on an interleave wth a

t hreshol d val ue; applying a majority rule voting function and selecting a
timng interleave for an acquisition tijgng signal; during a read
operation, applying disk signal input sarfples to a channel data detector

and to a low | atency data detector; said channel data detector including a
mul tiple-state path nenory; utilizing an output of said | ow | atency
detector for selecting a state of said nultiple-state path nenory and

providing a | oWl at eAopetbod furtenbaced s momgiong fdra watial-regoass exista-Ske@Rdd
utilizing said | ow | atency output for generating said timng error si gnal

during séPRMigathta chamal la@ﬁecn%dQn%n?@@&wﬂe@e&%he%t%?%bqgﬁkﬁglg iy gﬁﬁrm

timng loop for a partlal-response maxi mum | i kel i h

as recit gflitigle ebRdcButh | ‘f"crs‘? %]-ﬁ%lgé 81? o \infeAGRe WL 7 nﬂgﬁ%ﬁfgﬁoqaﬁﬁ[veatgflﬁﬁi@stﬁ6| d

mul tipl e consecutive |np on an
three consecutive input

val ue in of receivin and (oX0) in

si gnal &n%fazzecc?ﬁ?“ glil“e?‘ﬂ?%alnlngjﬁrg gsﬁcutévél 1gp tl‘ﬁl §¥ples Py saidiinterlaaveewitpd
for enhanc CLI g, loop for a partial-response maxi num|ikelihood (PRW)
dat a chaﬁﬂi HLQ l4&d in claim 11 includes the step of identifying a zero
or a one value  for said three consecutive input signal sanmples. 13. A

nmet hod for enhanced timng |oop for a partial -response maxi rum | i kel i hood
(PRML) data channel as recited in claim10 wherein the step of applying a

maj ority rule UbtingA niatingt fop emalnebds@hﬁlgtwdwfoaat;ﬂamamgesbaﬁ@dlé&%ﬁﬁmf fkelBBod
acquisition timng signal includes the step o
(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.

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.



applying a two out of three voting function and sel ecting said tinkﬂg
interleave for said acquisitiontimng signal. 14. A nmethod for e A0E 2005
timng loop for a partial-response maxi num|ikelihood (PRM.) data channel
as recited in claim10 wherein the step of utilizing an output of said | ow
| at ency detector for selecting a state of said nultiple-state path nenory
and providing a |ow |atency out put corrlsponding to said selected state

i ncludes the step of selecting a low latency state of said nultiple-state
pat h nenory ang providing said |ow |l atency output. 3 0 AUG 2005 13 15. A
met hod for  enh&fhced f’xifﬁ?tﬁgd fassphansed impngr fopa forracpasidal gesponsd maxinhinkéikeliimod
(PRML) data channel as recited in claim 10 wherein the step of utilizing
sai d | omRMEndgtashamel as feoitedgimrmaiat 1(ngharaindhe step DY ueZing ssitl Jovallatehtyl AiGput
said read operation includes the steps of converting said |ow |atency

out put  t foraene@stingreiedmsana@ spuhPUEingndidSuRt 6R84IdAdnSRlc B8 Eﬂgﬁzt%ﬁé&n%@ﬂﬁﬁg e

out put from said disk signal input sanples for generating sai Irmng er

si gnal dgy4 i i t r.enhanced tim | qop
or a paris A Rty DARH OPL Siliiled FnnS R hRa shBba R ARE R imeta Syl
access s&ﬂr@gﬁ devi g EDASD? . COFP” ﬁi ng: tracking timng circuitry for
generating’a tim Sr?boc PFStena] YIRH] St T BePEratng paf Jimigs; erros signat Huidng prid
timng circuit including a channel data detector, said channel data
det ect or 3¢ BRIy di sk signal input sanples and including a

mul tiple-state path nmenory; said tracking timng circuit including a | ow

| at ency detector receiving disk signal input sanples; said tracking timng
circuit including a selector function coupled to an output of said |ow

| atency detectif. andAgmughetb: bohamaddtimidgtibsy R)T%tpﬁﬁf‘al-P@sans’EHB{iMu Aikelihood
selecting a state and said selector function utilizing said |ow |atency

det ect or (FRMIDIark Ofarhel #6461 2B SRR ACOe FOALDIAL R IRIOTY and Tor

providing a low | atency output correspo ( _ eeted state; and
Zﬁ'r idnlgozlv lr 2;3 r\?%kﬂl"ét tpr!f{}ngbcei‘}cﬂgr)}] o?dge}cle(:)rati ) Efllrmaéllg %9[‘0? ggglalt cliurpmngga %ardocgpe?elltl%g?l
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.

17. Apparatus for enhanced timing loop for a partial-response maximum-likelihood

(PRML) data channel as recited in claim 16 includes a convert-to-estimated sample function



operation. 17. Apparatus for enhanced timing |oop for a partial - riel ABGE85
maxi mnum | i kel i hood (PRM.) data channel as recited in claim16 includes a
convert-to-estimted sanple function 3 0 AUG 2005 14 receiving said | ow
| at ency out put and generating an estinmated sanple and said estimated sanpl e
subtracted from said di sk signal input sanples for generating said timng
error signal during a read operation. 18. Apparatus for enhanced tim ng
| oop for a partial -response nmaxi mum | i keld hood (PRM.) data channel as
recited in claim16 wherein said | ow | atency detector includes a 4-state
Viterbi WeewHeorld Ipy lamppr oatpusardogenenting eedstimategarhplopnd eaid @stimated sample
partial -response maxi mum|ikelihood (PRM.) data channel as recited in
cl ai m 16subnacied fraaisaid| disk bighairigyutGainplés fbiSgdrefsing ha @mimt ﬁfU‘rYSciigrﬁ! diifing a
out put of said channel data detector. 20. Apparatus for enhanced tim ng
| oop f orread Baérhiieh - response maxi mumli kel i hood (PRM.) data channel as
recited in claim16 includes an acquisition timng circuit for generating
an acquisition timng signal; said acquisition timng circuit including a
plurality of conpare functions for receiving and conparing consecutive
i nput signal s les,on an i.nterleaye wwth a_threshold value, and a
n’B.ijI’i tygr ul e @;Ti ng PRASAPS &K eEEfU‘ﬁF‘%Hmﬂ% legp éprginartialiresponse maxipuine likelihood
functions for selecti nP atimng interleave.

(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 signal 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.



