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DATA SYNCHRONIZATION METHOD AND
CIRCUIT USING A TIMEOUT COUNTER

TIECHNICAL FIELD OF THE INVENTION

This invention relates generally to the £field of
information storage and more particularly to a data
synchronization method and circuit using a timeout counter.



2 BACKGROUND OF THE | NVENTI ON As conmput er hardware and
sof tware technol ogy continues to progress, the need for |arger and
faster mass storage devices for storing conputer software and data
continues to 5 i ncrease. Electronic databases and conputer applications
such as nultinmedia applications require | arge anounts of di sk storage
space. An axiomin the conputer industry is that there is no such

t hi ng as enough nmenory and di sk storage space. 10 .To neet

t hese ever increasing demands, hard disk drives continue to evol ve
and advance. Sone of the early . dislk drives had a maxi mum st or age
capacity of five nmegabytes and used fourteen inch platters, whereas

t oday' s hard di sk drives are commonly over one gi gabyte and use 3.5
15 inch platters. Correspondi ngl ‘advances in the anount of dat a
stored per unit LoD BE B NGEREINY,  have dramatical ly

accel er at ed. For exanpbmputeér Hardwh280and softwarar eathmbigyyt yonbineased

bout thirt i i '
Gonsi ty | ney enedS Lrtes il ndea or 1drddlt st kabedd ilas 5EBEage

X _ o aroun 5
megabyte of a ha§§Y%ﬁ€§kf°r storiflg FempYteR A er and i drka contdnyegako
density. s increddtss Vixaagendevidatabasdbashdr esmpwiar \eppld cacadnse

hi gh speed hard Q& géi%SEtyééé}JEﬁéﬁﬁf&ﬂéﬁéﬁyx¥a&di§§ agrge amouheﬁeafand

| ower costs. A high speed har I sk I've 1S one ) ,
disk storage space. An axiom in the computer industry is
that there. is no such thing as enough memory and disk
storage space.

10 To meet these ever increasing demands, hard disk.
drives continue to evolve and advance. Some of the early
disk drives had a maximum storage capacity of five

- megabytes and used fourteen inch platters, whereas today's
hard disk drives are commonly over one gigabyte and use 3.5

15 inch platters. Correspondingly, advances in the amount of
data stored per unit of area, or areal density, have -
dramatically accelerated. For example, in the 1980's,
areal density increased about thirty percent per year while
in the 1990's annual areal density increases have been

20 around sixty percent. The cost per megabyte of a hard disk
drive is inversely related to its areal density.

Mass storage device manufacturers strive to produce
high speed hard disk drives with large data capacities at
lower and lower costs. A high speed hard disk drive is one

25 that can store and retrieve data at a fast rate. One

' aspect of increasing disk drive speed and capacity is to
improve or increase the areal density. Areal density may
be increased by improving the method of storing and
retrieving data.

30 In general, mass storage devices, such as hard disk

' drives, include a magnetic storage media, such as rotating
disks or platters, a spindle motor, read/write heads, an
actuator, a pre-amplifier, a read channel, a write channel, '

.a servo controller, and contr01 circui;ry to goq;:ol-;he



25‘_ that can store and retrieve data at a fast rate. One

_ aspect
~of increasing disk drive speed and capacity is to | nprove or

i ncrease the areal density. Areal density may be increased by

i nproving the nethod of storing and retrieving data. 30 In

general , mass storage devices, such as hard disk
magnetic storage nedia, such as rotating

spindle notor, read/ wite heads, an
read channel, a wite channel,
circuitry to control the

operation of the hard disk drive and to properly I nterface
disk drive to a host or systembus. The read channel, write channel,

servo controller, and nmenory may all be inplemented as one integrated
circuit that isoperatiehasf athe haxs didhkt drivienamd . to hopeolyr dhterfacetry

of ten o nC't‘l&‘ée%f:d“&{é}Pr&ffééoéonr 3&’:‘ "st&%’ﬁ s Pr OPh&MEell
|nstructions durhn Rea hndts Eheservo Sntoller’ and memory may

all be implemented as one integrated circuit that is
5 referred to as a data channel. The control circuitry often
includes a microprocessor for executing control programs or
instructions during the operation of the hard disk drive.

A hard disk drive (HDD) performs write and read
operations when storing and retrieving data. A typical HDD
performs a write operation by transferring data from a host
interface to its control circuitry.

drives, include a
di sks or platters, a
actuator, a pre-anplifier, a
a servo controller, and contro
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t he hard

10

The control circuitry
then stores the data in a local dynamic random access

memory (DRAM). A control circuitry processor schedules a
series of events to allow the information to be transferred
15 to the disk platters through a write channel. The control
circuitry moves the read/write heads to the appropriate
track and locates the appropriate sector of the track.
Finally, the HDD control circuitry transfers the data from
the DRAM to the located sector of the disk platter through
20 the write channel. The write channel may encode the data
so that the data can be more reliably retrieved later. A
sector generally has a fixed data storage capacity, such as

512 bytes of user data per sector.
In a read operation, the appropriate sector to be read
25 is located and data that has been previously written to the
disk is read. The read/write head senses the changes in
the magnetic flux of the disk platter and génerates a
corresponding analog read signal. The read channel
receives the analog read signal, conditions the signal, and
30 detects “zeros” and “ones” from the signal. The read channel
conditions the signal by amplifying the signal to an
appropriate level using automatic gain control (AGC)
techniques. The read channel then filters the signal, to
eliminate unwanted high frequency noise, egqualizes the
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A hard disk drive (HDD) perfornms wite and read oper ati ons when
storing and retrieving data. A typical HDD 10 perfornms a wite operation
by transferring data froma host interface to its control circuitry.
The control circuitry then stores the data in a |ocal dynam c random
access menory (DRAM. A control circuitry processor schedules a
series of events to allow the information to be transferred 15 to the
disk platters through a wite channel. The control circuitry noves
the read/wite heads to the appropriate : track and | ocates the
appropriate sector of the track. H nally, the HDD control circuitry
transfers the data from the DRAMto the | ocated sector of the disk
platter through 20 the wite channel. The wite channel may encode the
dat a so that the data can be nore reliably retrieved later. A :
sector general | ychamnel { | detlects a"zrxasigandajavesy, fxomhthe signal,5and
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10 servo wedge. Generally, each sector has a corresponding

servo wedge. The servo wedge indicates the position of the
heads. The data channel receives this position information
so the servo controller can continue to properly position
the heads on the track. _

15 Traditional HDD read channels used a technique known
as peak detection for extracting or detecting digital
information from the analog information stored on the
magnetic media. In this technique, the waveform is level
detected and if the waveform level is above a threshold

20 during a sampling window, the data is considered a "one."
More recently, advanced techniques utilizing discrete time
signal processing (DTSP) to reconstruct the original data
written to the disk are being used in read channel
electronics to improve areal density. In these techniques,

25 the data is synchronously sampled using a data recovery
clock. The sample is then pfocegsed through a series of
mathematical manipulations using signal processing theory.

There are several types of synchronously sampled data
(SSD) channels. Partial response, maximum likelihood

30 (PRML); extended PRML (EPRML); enhanced, extended PRML
(EEPRML); fixed delay tree search (FDTS); and decision
feedback equalization (DFE) are several examples of
different types of SSD channels using DTSP techniques. The
maximum likelihood detection performed in several of these



4 channel , detects "zeros" and "ones" fromthe signal, and

-formats the binary data for the control circuitry. The bi nary or
digital data is then transferred fromthe read channel to the control
circuitry and is stored in the DRAM 5 of the control circuitry. The
processor then comuni cates to the host that data is ready to be
transferred. As the disk platters are noving, the read/wite
heads must align or stay on a particul ar track. This is
acconpl i shed by reading information fromthe disk called a 10 servo
wedge. Generally, each sector has a co&éesponding servo wedge. The
servo wedge indicates the position of t heads. The data channe

receives this position information so the servo controller can
continue to properly position t he heads on the track. 15
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density. In thegpple€hBa€i®is, automatic gain control (AGC), continuous
time filtering, signal sampling, DTSP manipulation, timing
recovery, signal detection, and formatting. In all SsSD

10 channels, the major goal during a read operation is to
accurately retrieve the data with the lowest bit error rate
(BER) in the highest noise environment. The data channel
circuitry, including both a read channel and a write
channel, may be implemented on a single integrated circuit

i5 package that contains various input and output (I/O) pins.

When a read operation occurs in the read channel of an
SSD channel and user data is to be read from a sector, the
read channel must be initialized in preparation for
receiving user data from the sector. The read channel is

20 initialized by reading initialization information that is
provided before the user data for each sector. This
initialization information may be referred to as header
information. The header information may provide a gain and

_ timing recovery signal used by the read channel.

25 After the read channel is initialized, a
synchronization byte or synchronization field detection
circuitry of the read channel searches for a
synchronization field or known reference value indicating
that sector data will follow. Due to detection errors or

30 timing errors, the actual synchronization field may go
undetected. If the synchronization field goes undetected,
the search for the synchronization field continues over the
entire sector where user data is stored. This futile
synchronization field search may continue over an entire



25 the data .is synchronously sanpled using a data recovery cl ock.
The sanple is then processed through a series of mat hemat i cal
mani pul ati ons using signal processing theory. There are several
types of synchronously sanpl ed data (SSD) channel s. Partia
response, maxinmumlikelihood 30 (PRML); extended PRML (EPRWM);
enhanced, extended PRM (EEPRM.); fixed delay tree search (FDTS);
and deci si on f eedback equalization (DFE) are several exanples of
different types of SSD channel s using DTSP techni ques. The maxi num

| i kel i hood detection perfornmed in several_of these

5 systens is usually perforned 5§ a Viterbi decoder

i npl enenting the Viterbi algorithm naned after Andrew Viterbi who
devel oped it in 1967. The SSD channel or read channel generally

requires 5 M X pels roPEL Chécthrt I yedulic iRy fiM Nteduded e Geformafce Be
circuitry may pe{ﬁ@fé&a&%&“pﬁ:&@&éé?&é &?ezqﬂa%l&).g ithﬁL.r problem resulting
from the non-detection of the synchronization field is the
possibility that a false synchronization field detection
S will occur. This may result in data errors that cannot be
corrected. However, the error correction circuitry may -
attempt to correct these errors resulting in increased
processing overhead which further deteriorates HDD
performance. Thus, HDD speed and performance suffers when
10 data synchronization methods and circuits used to search
for a synchronization field fail to detect a
synchronization field yet continue searching for a
synchronization field over an entire sector.



anplification, automatic gain control (AGC), continuous tinme

filtering, signal sanpling, DTSP manipul ation, timng recovery,

signal detection, and formatting. |In all SSD 10 channel s, the nmjor

goal during a read operation is to accurately retrieve the data with
the lowest bit error rate (BER) in the highest noise environnent. The
dat a channel ' circuitry, including both a read channel and a wite
channel, may be inplenented on a single integrated circuit 15  package
that contains various input and output (1/0O pins. When a read
operation occurs in the read channel of .an SSD channel and user data
Is to be read froma sector, the read channel nust be initialized in
preparation for ~receiving user data fromthe sector. The read
channel is 20 initialized by reading initialization information that is

provi ded before ON sector. This initialization
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conti nue nwver ameaidhes for the presence of a synchronization field over
a predefined period of time which prevents wasted
synchronization field searches over an entire sector and
reduces the possibilities of data errors caused by the
false detection of synchronization fields.

15 . According to the present invention, a data
synchronization circuit is provided. The data
synchronization circuit includes a synchronization timeout
counter and a compare circuit. The synchronization timeout
counter provides a synchronization timeout counter signal

20 in an enabled state for a predefined synchronization
period. The compare circuit compares a digital read signal
to a known reference, such as a synchronization field or
byte, during the predefined synchronization period when the
synchronization timeout counter signal is enabled. The

25 compare circuit enables a synchronization detect signal if
the digital read signal is equivalent to the known
reference.

The present invention provides various technical
“advantages over previously developed data synchronization

30 methods and circuits used in the read channel of a mass
storage system. For example, a technical advantage of the
present invention includes the ability to prevent the
futile search for a synchronization field  or
synchronization signal over an entire sector. Whenever the



6 4,096 bit sector resulting in reduced HDD performnce by

;I ncreasi ng processing overhead. Another problemresulting fromthe
non- det ecti on of the synchronization field is the possibility that a
fal se synchroni zation field detection 5 will occur. This may result in
data errors that cannot be - corrected. However, the error correction
circuitry may attenpt to correct these errors resulting in increased
processing overhead which further deteriorates HDD per f or mance.
Thus, HDD speed and performance suffers when 10 data synchroni zati on
met hods and circuits used to search for a synchronization field
fail to detect a synchroni zation field yet continue searchlng
for a synchroni zation field over an entire sector.

search does not result in the detection of the
synchronization field after a predefined "window" or period

of time, the search ends. This improves overall HDD
performance by reducing processing overhead. Another
5 technical advantage includes the reduction of false

synchronization field detections that may “occur when an

entire sector is searched. This also reduces processing

overhead. Other technical advantages are readily apparent

to one skilled in the art from the following £figures,
10 description, and claims.



7 SUMVARY OF THE | NVENTI ON Fromthe foregoing it may be
.appreci ated that a. need has arisen for an inproved data
synchroni zati on net hod and circuit. In accordance with the present
invention, a data 5 synchroni zation nmethod and circuit for synchroni zing
dat a in a read channel of a mass storage systemis provided

whi ch substantially el i m nates and reduces t he

di sadvant ages and probl ens of previously devel oped net hods and
circuits for synchronizing data. The present invention 10 searches for
t he presence of a synchronization field gover a predefined period of
ti me which prevents wasted synchrohi zation field searches over an
entire sector and reduces the possibilities of data errors caused by
t he fal se detectlon of synchronlzatlon fields. 15 Accor di ng
to the presenggr g synchroni zation circuit

Is  provided. | d%&re som 1§¥QCHI:£HH&%n‘&'1n§! rGll Eh%”%ﬂé’seéma
ou I rcu

synchronlzatlon tIﬁE a conpare
synchr oni zat i onifpyeRign and the c%ﬁ}fﬂreuagﬁsowee%o §ﬁf@ﬁ?6ﬁ?zhﬁ%¢i’t‘i‘%ﬁ§)ut
counter signal B8 thd NEGILcwiaky &ﬁmt@esdﬁpﬁq@r,edﬁfﬁeiedusyecﬂm@ﬁjzc&ti on

period. The conpaig 'hrCléctcoﬁtﬁgﬂ? Qh9h§§' ﬁﬁaﬁeéhﬂﬂé‘é 8e?cr1%t£:90

known reférence, such Fron I ng the
pr edef i ned syncWPGﬁPi&tﬂéhepeﬁﬁeﬁeﬂﬁ%nnPH%rals reP%?ﬁﬁ#ﬁc#ﬂE&ﬂF%ﬁF%ndﬁ%ut
counter signal whiehabl ed. The 25 conpare circuit enables a

synchroni zati on det eghghgnal IIL ofdy b blockhedﬂ&fml 15&@%‘;,?5

equi val ent to the known res |n3%nt|on
provi des var|0u§hF§§ﬁﬁ|€§la mass S%Rﬁﬁ@ﬁt§y€§38ver preV|oust developed dat a
synchronizmti on FIGURE 2 is a block diagram illustrating a data

synchronization circuit and deserializer of the read

channel; and :
FIGURE 3 is a data synchronization timing diagram of
the data synchronization circuit and deserializer.



30 ' net hods and circuits used in the read channel of a mass

st orage system For exanple, a technical advantage of the pr esent

i nvention includes the ability to prevent the futile search for
a synchronization field or synchroni zati on signal over an
entire sector. \Wenever the 8
search does not result in the detection of the

synchroni zation field after a predefined "w ndow' or period of tine,
t he search ends. Thi s inproves overal | HDD performance by reducing
processi ng over head. Anot her techgéc advantage includes the
reduction of false synchronlzatl field detections that may occur
when an entire sector is searched. This al so reduces processing

over head. O her technlcal advantages are readlly appar ent to one

skilled in the
cl ai nms.

description, and

FIGURE 1 is a block diagram of a read channel 10 of a

hard disk drive (HDD). -Read channel 10 includes a variety

of circuit modules used to process and condition an analog

5 read signal received from a preamplifier 8 and a disk/head
assembly 6 during a read operation. The circuit modules of

read channel 10 include a variable gain amplifier (VGA) 12,

an automatic gain control circuit (AGC) 14, a low pass
filter (LPF) 16, a sampler 18, a finite impulse response

10 filter (FIR) 20, an error circuit 50, a detector 24, a data
synchronization circuit 28, a deserializer 26, and a
variable frequericy oscillator (VFO) 22. The combination or
subcombination of all of these circuit modules may be
referred to as a read channel processing circuit.

15 ' These circuit modules of read channel 10 are used
during a read operation to perform various functions to
condition the analog read data signal received at VGA 12 to
produce a corresponding digital read signal that is
provided at a parallel data path 32. The digital data is

20 then supplied to control circuitry of the hard disk drive
and ultimately to a host system. The control circuitry and
host system arxre not shown in FIGURE 1. Data
synchronization c¢ircuit 28 provides a synchronization
detect signal 110 through a synchronization detect path 34

25 when a synchronization field is detected indicating that
user data will be provided next during the read operation.

VGA 12 receives the analog read signal from disk/head
assembly 6 through preamplifier 8. VGA 12 amplifies the
analog read signal and provides an amplified analog signal

30 at its output. VGA 12 and AGC 14 work together to provide
the amplified analog signal. The amount of amplification
or gain provided by VGA 12 is controlled by AGC 14. AGC 14
.receives a feedback signal or error signal from error
circuit 50 that is used to determine a gain signal that is



9 BRI EF DESCRI PTI ON OF THE DRAW NGS

For a nore conpl ete
.under st andi ng of the present

I nvention and the advant ages t hereof,
reference i s now nade to the following brief description, taken in

connection 5 wi th the acconpanying draw ngs and detail ed description,
wherein |i ke reference nunerals represent |ike parts, in whi ch:

FIGURE 1 is a block diagramillustrating a read channel of a nass

storage system -10 FIGURE 2 is a block diagramillustrating a data
synchroni zation circuit and deserializer of the read channel ; and

FIGURE 3 is a data synchronization timng di agram of t he data
synchroni zation circuit and deserializetl

provided to VGA 12. The gain signal establishes the
appropriate gain supplied by VGA 12 to the analog read

signal. VGA 12 may be a differential analog amplifier with
variable gain.

5 LPF 16 receives the amplified analog signal from VGA
12 and removes unwanted high frequency noise. LPF 16
provides wave form shaping and additional amplitude boost
to the amplified analog signal and provides a filtered
output signal. LPF 16 may be a continuous time 7th order

10

filter designed using Gm/C components that may be operated
in a data mode or a servo mode. The cutoff frequency and
boost of LPF 16 may be programmable.

Sampler 18 samples the filtered output signal from LPF
16 and provides a discrete analog output signal having
15 discrete values. Sampler 18 converts the filtered output
signal from continuous time to discrete time. The filtered
output signal is sampled synchronously at times that

correspond to the various magnetic transitions stored on
disk/head assembly 6. These magnetic transitions
20 correspond to the data stored on disk/head assembly 6.
Sampler 18 samples the signal and holds the value until the
next sample occurs. VFO 22 controls when the samples occur
in sampler 18 by providing a sample clock signal to sampler
18 indicating when sampler 18 should sample and hold the
25 filtered output signal. Each discrete value of the
discrete analog output signal corresponds to the value or
amplitude of the filtered output signal at the time the
signal was sampled by sampler 18. Sampler 18 may be a
sample and hold circuit such as a circular sample and hold
circuit that is time sequence multiplexed to FIR 20 so that
the correct time sequenced value is presented to FIR 20.

30

FIR 20 receives the discrete analog output signal from
sampler 18 and provides an output signal. FIR 20 equalizes
the discrete analog output signal and provides an equalized



10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON FIGURE 1 is a
.bl ock diagramof a read channel 10 of a hard di sk drive (HDD). Read
channel 10 includes a variety of circuit nodul es used to process and
condition an anal og 5 read signal received froma preanplifier 8 and a
di sk/ head assenbly 6 during a read operation. The circuit nodul es of
read channel 10 include a variable gain anmplifier (VGA) 12, an
automatic gain control circuit (AGC) 14, a | ow pass filter (LPF) 16,
a sanpler 18, a finite inpul se response 10 filter (FIR) 20, an error
circuit 50, a detector 24, a data nchroni zation circuit 28, a
deserializer 26, and a vari abl e frequency oscillator (VFO 22. The
conbi nati on or subconbi nati on of all of these circuit nodul es nay be
referred to as a read channel processing circuit. 15 These circuit

nodul es of read weahségnaD 36 chatsiary discreteéullengla cewarkspmdingorot the
perform various ewscrtaasmans 6RNEhL ! ﬁfslrthfeﬁfais%aﬁ:?&dsdat #1Ri g2l

received at VGA 1 uce correspon i'tal ead

signal that |sequallze3pr% o%’cﬁ%ﬁ ablﬁanF?éYl%t% Bg’t*ﬁaégtl’ ?ﬁef&llﬁﬁfal
data is 20 t hese ffqxuierats t orconaps| and cuidesy ahetmheimarfi ltiexidngy | oe

and ultimagely Qg \Piing %P1 ghl] .COPheOki EbEEUS LiNa B output signal
is equalized to the target function of detector 24.

FIR 20 includes a plurality of multipliers. Each
multiplier receives one of the plurality of filter
coefficients and a consecutive discrete value of the

10 discrete analog output signal provided by sampler 18. The
outputs of each of the multipliers are then provided as
inputs to an adder, such as an analog summer, which sums
the inputs and provides equalized read signal 36. As the
discrete analog output signal changes, the consecutive

15 discrete values of the discrete analog output signal that
are provided to each multiplier are shifted to the next
multiplier such that a hew discrete value is now provided
to the first multiplier and the oldest discrete value is
dropped from the last multiplier.

20 FIR 20 may be an analog finite response filter having
five .tap filter with coefficients set by programmable
digital circuitry. FIR 20 may receive five digital
coefficients or filter tap weights that are converted to an
analog value through a digital-to-analog converter. Each

25 coefficient is then provided to a separate multiplier. The
outputs of all five of the multipliers are provided to an
analog summer to provide equalized read signal 36.
Although five coefficients or taps are described, the
number of coefficients or taps and the corresponding number

30 of multipliers may vary.

Detector 24 receives equalized read signal 36 from FIR
20. Detector 24 analyzes the signal to produce a digital
read signal 38 corresponding to the data stored on
disk/head assembly 6. In one embodiment, detector 24 may



host system are not shown in FIGJRE 1. Dat a
.synchroni zation circuit 28 provides a synchronization det ect signa
110 through a synchroni zation detect path 34 25 when a synchroni zati on
field is detected indicating that user data will be provided next
during the read operation. VGA 12 receives the anal og read
signal from di sk/ head assenbly 6 through preanplifier 8. VGA 12
anplifies the anal og read signal and provides an anplified anal og
signal 30 at its output. VGA 12 and AGC 14 work together to provide
the anplified anal og signal. The anDunt:Qf anplification

or gain
provided by VGA 12 is controlled by AGd'14 ACGC 14 recei ves a
f eedback signal or error signal fromerror circuit 50 that is used
to determine a gain signal that is provi ded to VGA
12.

The gai nbei gaal megimhhi shideellilwod deteppoppront a7igerbisufptoder by
VGA 12 to the

litior it hiﬂlﬁhggexji@ﬂ%as:]he viBbAR a1 gbeieha. THadifnihd! chal" 8BEEBLORNA! O
24 1is 1mp1emented as a Viterbi decoder, detector 24
includes a metric, and a trellis for analyzing the signal.
The metric receives equalized read signal 36 from FIR 20
and performs an add, compare, and select function to
determine the distance between magnetic transitions on the
disk. The output of the metric is provided to the trellis
which acts as a decision tree for sequence decoding. The
10 trellis provides digital read signal 38 which serves as the
output of detector 24.
"Brror circuit 50 provides an error signal based upon
receiving equalized read signal 36 from FIR 20. The error
signal serves as an input to VFO 22 and AGC 14. The error

15 signal indicates how far the discrete values of equalized
read signal 36 differ from an ideal tarxrget value. Error
circuit 50 includes comparators or equivalent circuitry to
compare the discrete values of equalized read slgnal 36 to
various ideal target values.

20

VFO 22 receives the error signal from error circuit 50
and a reference clock signal and provides a clock signal to
control the sample time of sampler 18. During a read
operation, VFO 22 receives the error signal and adjusts the
frequency of its output clock .signal an amount
2s corresponding to the error signal. VFO 22, sampler 18, FIR

20, and error circuit 50 together provide a sampled time

phase locked loop function to read channel 10.
Deserializer 26 receives digital read signal 38 in
serial format from detector 24 and a synchronization detect
30 signal 110 from data synchronization circuit 28. Digital
read signal 38 is also provided to data synchroniéation
circuit 28. Deserializer 26 places digital read signal 38
in parallel format and provides the signal to external
control circuitry through - parallel data path 32 when



5 LPF 16 receives the anplified anal og signal from VGA 12 and
.renmoves unwant ed hi gh frequency noi se. LPF 16 provi des wave form
shapi ng and additional anplitude boost to the anplified anal og signal
and provides a filtered out put signal. LPF 16 may be a conti nuous
time 7th order 10 filter designed using G C conponents that nmay be

oper at ed In a data node or a servo node. The cutoff frequency and
boost of LPF 16 nay be progranmable. - Sanpl er 18 sanpl es the
filtered output signal from LPF 16 and provides a discrete anal og
out put signal having 15 discrete valugg. Sanpler 18 converts the
filtered out put signal fromcontinuous tine to discrete tinme. The
filtered output signal is sanpled synchronously at tines that
correspond to the various magnetic transitions stored on di sk/ head
assenbly 6. syfivdgeoniragion idetectanignaloid02@s enasbledspdiht parahdelat a

stored on disk/ hﬁ’ﬂnﬁswlﬁé Qny para11§ﬁn?$ﬁﬂaéssm§5ar§ @.‘Lgﬁ'tgﬁil{: and

hol ds t he val ue untll hei'; next sanple occurs. VFO 22 controls when
t he sanpl es occu? bit é'rrrpl er 18 by providing a sanple clock signal
to sanpler 18 Datd synchyomirat isyngiiscui8 2Roufidscniiptd moxe olkdyt he

25  filtered oyﬁpUhGﬁRﬂnaé rec%a%sdl aeggeslvakasdofsié‘x?al 38 from
di screte anal og %Itg 3'8 FGCOV Ond é,nc%rongpb%dﬁa%c%éﬁ%%&

ude
of the filtered

sanpl er 18. Sakil er Sthyonézution detm’rpﬁegm b0 disi enabledutf as a

IEII rRC;i)ar s?rr]m{ e Qﬁﬂcﬁ%ﬁkf&lon Cifelld lid t'!iiﬂ_tt:éc‘i:éfd ry_q., S&f&i@i&e Fadl 's@. lggxgd to
so tha

20. 2R 20bPEERRoR A on EFErE BRAPEY dipulfsPEREISRIoRe

sanpl er 18%nd phegsedialigen R EnditgaxteEnRl2gopguali zescuitry tttmgh
di screte anal og guiphéhrdniRatisAdadtiedt PaEhaty SqURlrisgda read operation,
data synchronization circuit 28 searches for the presence

of a synchronization field within digital read signal 38.

The synchronization field indicates that user data for the

15 sector will be provided next. The search continues for a

predefined period of time. Data synchronization circuit 28 =

uses timers and compare circuits to determine if the

synchronization field is present in digital read signal 38.

In operation, read channel 10 receives an analog read

20 signal from disk/head assembly 6 through preamplifier 8

when the RDGATE signal is enabled. The enabling of the
RDGATE signal indicates that a read operation is to be -

performed in read channel 10. The gain and timing recovery

of read channel 10 must first be initialized in preparation

25 for receiving user data from a sector of a disk of
disk/head assembly 6. A header is initially provided by

the analog read signall that contains a gain and timing

recovery signal. VGA 12 receives the analog read signal

and providés the signal throughout read channel 10 to

30 establish the gain and timing recovery. After the header

has been provided and the gain and timing recovery

established, a synchronization field is provided by the

analog read signal that indicates that user data will be

received next. Data synchronization circuit 28 searches



12’ read signal 36 having discrete |evels corresponding to the
.magnetic transitions on the disk/head assenbly 6. FIR 20 equal i zes

the signal by receiving a plurality of filter coefficients or taps

and uses themin filtering or 5 equalizing the signal. The discrete
anal og out put signal I's equalized to the target function of detector
24.

FIR 20 includes a plurality of nmultipliers. Each
mul tiplier receives one of the plurality of filter coefficients and a
consecutive discrete value of the 10 di screte anal og out put signal

provi ded by sanpler 18. The outpg&g of each of the nmultipliers are
then provi ded as I nputs to an adder, such as an anal og sumrer, which
sums the inputs and provides equalized read signal 36. As the

di screte anal og out put signal changes, the consecutive 15 di screte

val ues of the dfser etite apied@neet pof Stlghalsyndhronizatiane firedd d€drt aa each
multiplier are t t WPl t hat e

di screte val ue ?gkﬁ%&gn%gv ggrfg& or Y#?aédrsfﬁauﬁgﬁgller °ﬁagtm%at?dest
di screte val ue #¥nc r°m€?"'effb‘éd qlrré’h‘\lf:hez‘l" asetaatsi pﬂ‘%r sypghronizatienpR 2

may be an anal ogikld tahd esppahrionlizacibaviEigld is prbwidefigpubért @atai th
CoeffiCieq;S‘segmgybgrﬁggéggg@@ %y read channel 10. The read operation is
described in more detail in the following paragraphs.

VGA 12 receives the analog read signal, containing
user data, and provides appropriate gain or boost to the
analog data signal which is then filtered by LPF 16. AGC
14 provides a gain signal to VGA 12 to establish the
appropriate amplification or gain needed by read channel
10. AGC 14 receives an error signal from error circuit S0
that is used to generate the gain signal provided to VGA
12. LPF 16 removes undesired high frequency noise and

18 provides additional amplitude boost to the .amplified analog
signal.

10

Sampler 18, under the control of VFO 22, receives the
filtered output signal from LPF 16 and samples the signgl,
Sampler 18 provides a discrete énalog output signal having

20 discrete values. FIR 20 equalizes the discrete analog
output signal and provides equalized read signal 36 having
discrete levels. Error circuit S50 receives equalized read
signal 36 and provides an error signal to VFO 22 so that
VFO 22 can provide an appropriate clock signal to sampler

25 18. Detector 24 also receives equalized read signal 36
from FIR 20 and analyzes the signal to provide digital read
signal 38. Digital read signal 38 is provided to
deserializer 26 which places digital read signal 38 into
parallel format and provides the signal to parallel data

path 32 after receiving synchronization detect signal 110
from data synchronization circuit 28.

30

FIGURE 2 is a block diagram of data synchronization
circuit/deserializer 30 of read channel 10. Data
synchronization circuit/deserializer 30 includes



digital circuitry. FIR 20 may receive five digita

coefficients or filter tap weights that are converted to an anal og
val ue through a digital-to-anal og converter. Each 25 coefficient is then
provided to a separate multiplier. The outputs of all five of the
multipliers are provided to an anal og summer to provide equalized
read signal 36. Al t hough five coefficients or taps are descri bed,

t he nunber of coefficients or taps and the correspondi ng nunber 30
of multipliers may vary. Det ector 24 receives equalized read
signal 36 fromFIR 20. Detector 24.analyzes the signal to produce a
digital read signal 38 corresponding to the data stored on

di sk/ head assenbly 6. In one enbodi nent, detector 24 may

13 be a maxi mum i kel i hood detector or Viterbi decoder
I mpl enent i ng t hedéddrialiizakgR6 i aiddn datss wynehrbhizattoeotiorcuit 28.24Dbata

i npl emented as %?ﬂéﬂéﬂiﬂm 001 AR EC R i%t1udes a' MehHESSt3mdBLAHC, aaNd
atrellis for and) yzing the S|gn§1. .
timeout counter 44, a compare enable circuit 42, a compare
circuit 46, and a synchfonization field register 48. Data
5 synchronization circuit/deserializer 30 receives digital
read signal 38 and read gate signal 102 indicating that a
read operation is to be performed. Deserializer 26
receives digital read signal 38 and provides the signal to
data synchronization circuit 28. Data synchronization
10 circuit 28 analyzes digital read signal 38 for a predefined
' period or ‘"window" of time to determine if a
synchronization field is present.
Header timer 40 receives read gate signal 102 and
provides a header timer signal 104. When read gate signal
15 102 is enabled indicating that a read operation is to take
place, header timer 40 enables header timer signal 104 for
a predefined period of time. The predefined period of time
that header timer 40 enables header timer 'signal 104
corresponds to the estimated time that it takes digital
20 read signal 38 to provide header information at the
beginning of a read operation. Header timer 40 may be any
of a variety of timers such as a programmable timer.
Timeout counter 44 receives header timer signal 104
and provides timeout c¢ounter signal 106. Timeout counter
25 44 enables timeout counter signal 106 for a predefined
period of time in response to receiving header timer signal
104. The predefined period of time that timecut counter 44
enables timeout counter signal 106 corresponds to the
estimated period or "window" of time that digital read
30 signal 38 will supply a synchronization field during a read
operation. Timeout counter 44 may be any of a variety of
programmable timers.
Compare enable circuit 42 receives read gate signal
102, timeout counter signal 106, and an inverted header



-

5  The netric receives equalized read signal 36 fromFIR 20 and
.perfornms an add, conpare, and select function to determ ne the

di stance between magnetic transitions on the di sk. The out put of the
metric is provided to the trellis whi ch acts as a decision tree for
sequence decodi ng. The 10 trellis provides digital read signal 38 which
serves as the out put of detector 24. Error circuit 50
provi des an error signal based upon recei ving equalized read signal
36 fromFIR 20. The error signal serves as an input to VFO 22 and AGC
14. The error 15 si gnal indicates hopbfar t he di screte val ues of

equal i zed read signal 36 differ froman ideal target value. Error
circuit 50 includes conparators or equivalent circuitry to conpar e
the discrete values of equalized read signal 36 to various idea
target val ues. @imer signalVF0022 r cCmpsa= témalkle ocizcygitl 42r emablesr a

circuit 50 com el 1S %-&1‘ Qﬁl&éiaﬁmo@n&é)rﬂi&f@ Lt Jnal
to control the $€% le ti f

me o sanﬁger 18. . Durlgg a.read
operation, VFO #%¢r&B@ -t hECBPRER ERERLE SAGCULFudesTpKebe any of a
frequency of vardetywfpdigitdbdegisi giatuits swiowst a25hree cimpuwts Ad¥DIi ng

to the ergor sigggs. VFO 22, sanpler 18, FIR 20, and error circuit
50 together provide a sanpled tine hase .| ocked | oop fupction to
‘ead channel 10.  Compare Sisguif 4§ zecelen &he ReEPaTS: FRRDIS Sl

38 in seandl tunwdﬂeérpmwdsheop@zaﬁ&oanddgtsynphmdgmaatianaknwmt 30
signal 110 frOWHQQEEiﬁiﬂﬁéfonbéat@wa<”ﬂdﬂ“éx£§&naf]gbiféui;ry tﬁfﬁﬁbh

Deqori al i zer 26 HPRBEERUERHIch AShEeh gRArBssst. O COWPARR oFTEFULE 8 and
provi des the si grabares aligitadl read signadnBBol provixded iromhdesghiphizet el
data path 32 wheg, to the contents of synchronization field register 48
when the compare enable signal provided from compare enable
circuit 42 is enabled: Synchronization field register 48
has been preloaded with a synchronization filed or byte
15 value. Synchronization field register 48 may be any of a
‘variety of memory storage registers such as a programmable
or fixed wmemory register. If the comparison of digital
read signal 38 and the contents of synchronization field
register 48 results in a match, synchronization detect
20 signal 110 is enabled indicating that the synchronization
- field has been located and that digital read signal 38 will
now provide user data. Compare circuit 46 may include any
of a variety of circuits, such as a series of AND gates
used for comparing the individual bits of the

25 synchronization field value stored in synchronization field
register 48 with the bits provided by digital read signal
38.

Deserializer 26 receives digital read signal 38 and

provides digital read signal 38 to compare circuit 46.

30 Deserializer 26 also receives synchronization detect signal
110 from compare circuit 46. Deserializer 26 places
digital read signal 38 in parallel format and provides
digital read signal 38 to parallel data path 32 with proper



14 synchroni zati on detect signal 110 is enabled. The parall el

.format may be any parallel format such as an eight-bit or ni ne- bi t
format . Dat a synchroni zation circuit 28, described nore fully 5
in FIGURE 2, receives digital read signal 38 from
deserializer 26 and provi des synchronization detect signal 110.
Synchroni zati on detect signal 110 is enabled if a synchroni zati on
field is detected in digital read signal 38. Synchroni zati on det ect
signal 110 is provided to 10 deserializer 26 and to external control

“circuitry through a synchroni zati opgsdetect path 34. During a read
oper ati on, data synchroni zation circuit 28 searches, for the presence
of a synchronization field within digital read signal 38. The

Dat a synchroni zasigmalill®uwhi2B is prowiddex] thyrerampare cémpuit €6rcuits to
determine if the I SYNChEYU Zakii¥hfiel d e Rresendyhp bl Ghi2lad £86
si gnal 38. \ .. l.n operation,_ read channel 10 recejves, an anal o
read 20 si gnafiFFHH/ &e§ﬁ£§ ¥ SAnBPSe e SRGh IpFBaRt¥Ra S 0% 10 ad
when t he RBGATE enajnbédi stanebkbdt Tndiemtbbi mg wdad heperation RDGATE begnal
indicates that apdPESh-RREr at bAPal Syh8hPénization circuit/deserializer 30
also receives digital read signal 38 from detector 24 as
shown in FIGURE 1. In response to receiving read gate
signal 102 in an enabled state, header timer 40 enables
10 header timer signal 104 for a period of time. During this
period of time, digital read signal 38 provides signals
‘corresponding to sector header information that are used to
initialize read channel 10. After the period of time,
header timer 40 transitions header timer signal 104 from an
1s enabled state to an unenabled state. .
Timeout counter 44 receives header timer signal 104 -
and enables timeout counter signal 106 for a period or
*window" of time in response to header timer signal 104
transitioning from an enabled state to an unenabled state.
20 During this period of time, digital read signal 38 should
provide the synchronization field for the sector of
disk/head assembly 6 that is being read.
Compare enable circuit 42 enables compare circuit 46
during this window of time when read gate signal 102 is
25 enabled, header timer signal 104 is not enabled, and
timeout counter signal 106 is enabled. Compare circuit 46
receives the serial digital data stream of digital read
signal 38 from deserializer 26 and compares the value
stored in synchronization field register 48 to digital read
30 signal 38. The value stored in synchronization field
register 48 is the synchronization field. Once the
synchronization field is found within digital read signal
38, compare circuit 46 enables synchronization detect
signal 110 to indicate that the 5ynchr6nization field has

synchroni zation field indicates that, yser datg for the 15, sect qr mﬁfl be
oLovi ded next . SMPHESIZALIoR:  mednddraged by * svpgbrpRieatien odebECEi o



performed in read channel 10. The gain and timing recovery
channel 10 nust first be initialized in preparation 25 for receiving
user data froma sector of a disk of di sk/ head assenbly 6. A header
is initially provided by the anal og read signal that contains a gain
and timng recovery si'gnal. VGA 12 receives the anal og read signal
and provides the signal throughout read channel 10 to 30 establish the
gain and timng recovery. After the header has been provi ded and
the gain and tim ng recovery established, a synchronization field is
provi ded by the anal og read signgd that indicates that user data

w il be received next. Data synchronization circuit 28 searches
for the presence of the synchronization field for a pr edef i ned

period or "w ndow' of tine. Once data synchroni zation circuit
28 detects thebepncheoatedii gif the synchranimationfiekdnis; motoAorated s
provi ded, user widid The @BHAREiGROCaSSied ead chRanetiddt oFhethead
operation is paragraph are true, synchronization detect signal 110 is

not enabled. Deserializer 26 places digital read signal 38

in parallel format and provides user data to external
circuitry.through parallel data path 32 synchronized in

response to receiving synchronization detect signal 110 in
the enabled state.

of read

FIGURE 3 is a data synchronization timing diagram 100

10 illustrating the timing of data synchronization
circuit/deserializer 30. Data synchronization timing
diagram 100 includes read gate signal 102,
signal 104, timeout counter signal 106,

header timer

synchronization
search signal 108, and synchronization detect signal 110.

During a read operation, read gate signal 102

transitions from a low or non-enabled state to a high or
enabled state,

15

indicating that a read operation will be
performed. Header timer signal 104 transitions to an
enabled state for a period of time in response to read gate
signal 102 traﬂsitioning from a low to a high state. The
period of time that header timer signal 104 is enabled
corresponds to the length of time in which header
information will be supplied to read channel 10.

Timeout counter signal 106 transitions to an enabled
state for a period of time when header timer signal 104
transitions from a high state to a low state. The period
of time that timeout counter signal 106 is enabled
corresponds to the estimated period or window of time, in

which a synchronization field should be provided by digital
30 read signal 38.

20

25

Synchronization search signal 108 is enabled when read
gate signal 102 is enabled, header timer signal 104 is not
enabled, and timeout counter signal 106 is enabled. During
this condition, a search for the synchronization field may



described in nore detail in the follow ng paragraphs. VGA 12
_receives the anal og read signal, containing user data, and provides
~appropriate gain or boost to the - anal og data signal which is then
filtered by LPF 16. AGC 10 14 provides a gain signal to VGA 12 to
establish the appropriate anplification or gain needed by read
channel 10. ACC 14 receives an error signal fromerror circuit 50
that is used to generate the gain signal provided to VGA 12. LPF 16
removes -undesi red hi gh frequency noi se and 15 provi des additi onal
anplitude boost to the anplified analog 54 si gnal . Sampl er
18, under the control of VFO 22, receives the filtered output signal
from LPF 16 and sanpl es the S|gnal. Sanpl er 18 provides a discrete
anal og out put signal having 20 di screte val ues. FIR 20 equal i zes the
di screte anal og proceed ouSynthsindzat ian dsqauwh dégnaluil8 may beaprovided 36

havi ng RInPakEVehab1 & di¥orfiit! @9 hsOBnhbRR el SSrdinla.zedsr eRd
signal 36 and prOV| S an error 0_22 can

2
provi de an appr dpft QQQﬁ285R°§|§ﬁsggtbss§ﬁﬁF8Fe%S syn%hf°“ﬁﬁ?§é€?oﬁeﬂﬁcglso
recei ves equal i zeibnadado8i gnahsBPsions fronf moimighRsgatanth andloyw @tatkeas

signal to QrOV'dflfﬁéﬁféﬂed‘ﬁyjloeA 1¢l gRal syR8hronit4t i fﬂé&@ﬂlsshaﬁa|
38 is provided eserializer 26 Mhh Q $Iaces é% ital S|gnal
38 into p% ‘é?‘l*e‘fdfor 108hd [S’?‘SVI d8Y3L4EOLE gnaf i “gar &5 eI & a 30
path 32 after resgchronisatdionoseazchosignatclo8i yragsitiions from far bdghat a
Synchroni zat| on gisgaido Flow state, as £ RBxdkds by Roggk diagramof data

synchroni zati on ci.rcui,t/ de lize E ? n
Tt synchr on SaiGERRLaEEoR el aianar, dro 180enab S hen, the
10 synchronization field is detected while synchronization
search signal 108 is enabled. For example, when the

synchronization field is located, synchronization detect
signal 110 transitions from a low state to a high state as
indicated by 110A. If a synchronization field is not
15 detected while synchronization search signal 108 is
enabled, synchronization detect signal 110 remains non-
enabled or in a low state, as illustrated by 110B.
Thus, it is apparent that there has been provided,_in

accordance with the present invention, a data
20 synchronization method and circuit using a timeout counter
that satisfies the advantages set forth above. For

example, an unnecessary search for a synchronization field
over an entire sector of user data is eliminated. This
also prevents the possibility of an erroneous
25 synchronization field detection during this unnecessary
search. Overall HDD performance'is improved by eliminating
unnecessary searches for a synchronization field. Although
the preferred embodiment has been described in detail, it
should be understocd that various changes, substitutions,
30 and alterations can be made herein. For example, a variety
of circuit techniques could be used to condition an analog
read signal and to provide a digital read signal. Also,
the direct connections illustrated herein could be altered
by one skilled in the art such that two devices are merely



16 deserializer 26 and data synchronization circuit 28. Data
.synchroni zation circuit 28 includes a header tinmer 40, a t i meout
counter 44, a conpare enable circuit 42, a conpare circuit 46, and a
synchroni zation field register 48. Data 5 synchroni zati on
circuit/deserializer 30 receives digital read signal 38 and read gate
signal 102 indicating that a read operation is to be perforned.
Deserializer 26 receives digital read signal 38 and provides the
signal to data synchroni zation circuit 28. Dat a synchroni zation 10
circuit 28 analyzes digital read signal 588 for a predefined peri od
or "w ndow' of tine to determne if a synchroni zation field
is present. Header tiner 40 receives read gate signal 102 and
provi des a header tinmer signal 104. When read gate signal 15 102 is
enabl ed i ndi cat¢onpleditta oredangiher i through ;an aketermediatieadevikeadar

tinmer 40 enabl egedeadier WiltiRutSi BBohg 10difd¥tly conneRtedefl ¥Rerk PHiqd Of

(L e PredelLndoer O dedils omachNAbniSALRA Y O TS
takes digital 20nvention ther exagples pfochangeseadubstivdtuions.i @nd at

the 5 begi Qﬂé&&fon% hfa drEnat ia@ﬂert&ﬁ%lé ibyebné0sRBY1&€ B )he

of a variety of LinBrs 498 B8 hd¥ W RIIRPES 4Ry from the spirit and

' scope of the present invention. While the invention has

been particularly shown and described by the foregoing

detailed description,' it will be wunderstood by those

10 skilled in the art that various other changes in form and

detail may be made without departing from the spirit and

scope of the invention as defined by the following claims.




Ti meout counter 44 receives header timer signal 104 and provi des

‘tinmeout counter signal 106. Tinmeout counter 25 44 enabl es tineout
counter signal 106 for a predefined period of time in response to
recei ving header tiner signal 104. The predefined period of tine
that tineout counter 44 enabl es tinmeout counter signal 106
corresponds to the estimated period or "w ndow' of tine that digital
read 30 signal 38 will supply a synchronization field during a read
operation. Tinmeout counter 44 may be any of a variety of

programuabl e timers. : Conpar e2znabl e circuit 42 receives read
gat e signal 102, tinmeout counter signal 106, and an inverted header
17 timer signal 104. Conpare enable circuit 42 enables a

conpare enable signal_ _when_all of its inputs are true or are enabl ed.
Conpar e enabl e éﬁ&gh#FL£§aﬁH§nbgshny of a variety of digital |ogic
circuits such as a three i nput AND
1. A data synchronization circuit comprising:
a synchronization timeout counter operable to provide
5 a synchronization timeout counter signal, the
synchronization timeout counter signal operable to provide
the synchronization timeout counter signal in an enabled
state during a predefined synchronization period; and
a compare circuit operable to receive a digital read
10 signal and to compare the digital read signal to a known
reference during the predefined synchronization period, the
compare circuit operable to generate a synchronization
detect signal in an enabled state if the digital read
signal is found to be equivaleht to the known reference
15 during the predefined synchronization period.

2. The data synchronization circuit of Claim 1
further comprising:
a header timer circuit operable to generate a header
20 timer signal in an enabled state during a predefined header
pericd in response to receiving a read enable signal, the
synchi‘onization timeout counter operable to receive the
header timer signal and to provide the synchronization
timeout counter signal in an enabled state after the
25 expiration of the predefined header period.
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5 gat e. Conpare circuit 46 receives the conpare enabl e signa
.and provides synchronization detect signal 110 to deseri ali zer
26 and to external circuitry through synchroni zati on detect
path 34. Conmpare circuit 46 10 conpares digital read signal 38,
provi ded from deserializer 26, to the contents of synchronization
field register 48 when the conpare enabl e signal provided from
conpare enabl e circuit 42 is enabled. Synchronization field register
48 has been preloaded with a synchronization fi'led or byte 15

val ue. Synchronization field register 28 may be any of a variety of
menory storage registers such as a programabl e or fixed nenory

regi ster. I f the conparison of digital read signal 38 and the

contents of synchronizatign field reqi ster 48 results in nat cl,
synchroni zati on deté&ct 20°€ g ﬁalsmﬁﬁg‘ﬁé’tgf’gd P | ﬁ& t ettt hg
synchroni zat i orfurther cpmpirdshng: been | ocated and that digital read signal

38 will NOW Ry O¥bfSatéCenddlia. IPMABLE £br CHhhbHngBYhbNd rany
of a variety of _circuit

F‘ such as a g%il es, of .AND gat f\ used ., for
conparing  t heS Ty FRS FOmRfYSs enagie Cixpnissop r§§ & WY DTS5 V6h el d
val ue stoBed i nheadeshrbiment $igndl el the synchremjzatdon g igadutt rounter

provi ded by di gkighal £adn8i ¥h@l read endle signal, theDRifipadel Z3Hardl
receives digital,read s ital read signal 38

_ e |8n@£ 38 and . . to.PL oviges gi git al _
to conpare circOtTCURt SBECRepe SREFAPLS(C2c RRRES r E0| \REPRT e HT i on
detect signal after yhe® predefimesdaheadercperiod, dupingrthe|predefhinddaces

digital read sigpadhidhizBtRahapbBiod PrdMd wHih RHaVrdas8 enable SigndRlig ead
si gnal 3§0to paégéﬂﬁl__\ddata path 32 wth proper

4. The data synchronization circuit of Claim 3
wherein the compare enable circuit is an AND gate.

15 5. The data synchronization circuit of Claim 2
wherein the predefined header period corresponds to an
estimated time needed to receive header information from
the digital read signal during a read operation.

20 6. The data synchronization circuit of Claim 2
wherein the predefined header period and the predefined
synchronization period are programmable. '

7. The data synchronization circuit of Claim 1

25 wherein the predefined synchronization period corresponds

to a period of time in which a synchronization field should

be provided to the compare circuit by the digital read
signal.
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18 synchroni zation as indicated by synchroni zati on detect

signal 110 which is provided by conpare circuit 46. I n

operati on, dat a synchroni zati on . circuit/deserializer 30
receives read gate signal 102 in an 5 enabl ed state that indicates a
read operation is to be performed. Data synchronization
circuit/deserializer 30 al so receives digital read signal 38 from
detector 24 as -shown in FIGURE 1. 1|In response to receiving read gate
signal 102 in an enabl ed state, header tiner 40 enables 10 header tinmer
signal 104 for a period of tinme. During2&his period of time, digital
read signal 38 provides signals correspondi ng to sector header
information that are used to initialize read channel 10. After the

period of tine, gheadepet igmr, 44 aii&\f&‘ox{‘eé%&uié My Sd:ﬂé'ﬂﬁ 304
froman 15 Ebled state to

counter 44 receiV §rﬁéﬁd§Pet?%BFQEPQH%?tE@% tlme°“§ﬂﬁP¥ﬂﬁ%ﬂe£¥Qﬁ1ﬁ§8the
counter signal 18gnthronigatimd dimeout céunndmmklghallma|a1mdm¢nn&ﬂeﬁo
header timer si ggékté%en the E%ﬁ;géié 'cfi'}'gﬂg%: %Pé%ﬂ?eé\e%@ F%éﬁﬁ&xﬂéa&

unenabl ed state 20 Durin erl 1gltal“rea

shoul d pr G6FEELt Bd9Rp cHPorﬁnza?‘P%??'q’q TR r NG gy PRRde fhed™”

di sk/ head assenblsynGhtrbaizatsidreipericdad. Conpare enable circuit
42 enabl es conpare circuit 46 '

-

9. The data. synchronization circuit of 'Claim 1
“further cdmprising:

10 a deserializer operable to receive the synchronization
detect signal from the compare circuit and the digital read
signal, the deserializer operable to provide the digital
read signal in parallel format when the synchronization
detect signal is enabled.

————
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during this w ndow of time when read gate signal 102 is 25 enabl ed,

‘header tinmer signal 104 is not enabled, and ti meout counter signal
106 is enabl ed. Conpare circuit 46 - receives the serial digital data
streamof digital read signal 38 fromdeserializer 26 and conpares

t he val ue stored in synchronization field register 48 to digital
read 30 si gnal 38. The value stored in synchronization field

register 48 is the synchronization field. Once the

synchr.oni zation field is found within digital read signal 38,
conpare circuit 46 enabl es synchroni zat ggn det ect signal 110 to

I ndi cate that the synchronization field has

19 been located. If the synchronization field is not |ocated

when the conditions descrjibed at the first of this raph are

true, synchronizati ot det®c¥eaq fannedo ingluding Ho?‘aEﬁaﬁgﬁ ghrenization zer
26 pl aces digi teirewhd conpaElsidg:5 in parallel format and provides user

?ﬁta to external a r&Ad Cidnelt MR sRAEaL: Bhule! RaPBhE 82 RYFPIY QNI zed
of circuit modules, the plurality of circuit modules
5 operable to receive and process an analog read signal, the
plurality of circuit modules operable to generate a digital

read signal in response; and

a data synchronization circuit operable to generate a
header timer signal in an enabled state during a first
10 predefined period and to generate a synchronization timeout
counter signal in an enabled state during a second
predefined period, the second predefined period occurring
after the expiration of the first predefined period, the
data synchronization circuit operable to compare the
is digital read signal to a known reference during the second
predefined period and to enable a synchronization detect

signal if the digital read signal is equivalent to the
known reference.

R O A
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response to receiving synchronization detect signal 110 in t he

enabl ed state. FIGURE 3 is a data synchronization tim ng di agram
100 10 illustrating the . timng of data synchronization
circuit/deserializer 30. Data synchronization timng di agram 100
I ncl udes read gate signal 102, header tiner signal 104, tinmeout
counter signal- 106, synchronization search signal 108, and
synchroni zati on detect signal 110. 15 During a read operation
read gate signal 102 transitions froma | ow or non-enabled state
to a high or enabl ed state, indiggting that a read operation will be
per f ormed. Header tiner signal 104 transitions to an enabl ed state
for a period of tinme in response to read gate 20 signal 102
transitioning froma lowto a high state. The period of tinme that

header tinmer signal b4 is Theabread channelor pfspehaimt 30 heheredRrh@e tine
i n whi ch header plurality RfociRtin idulebeos Upd ixshd ehaffidl Chrsredsitly

Ti meout counter _gi ﬁnﬁitions to an enabl ed 25 state for a
period of tine ﬁ%ggﬂﬂéaééﬁb #ner'signal 104 transitions froma high

state to a | ow st at eanTtqEAtigdgain congrol jgirquidt opexable Teemt¥® i gnal
106 is enapl ed analog £&Hd eSRMACS aha hheceffdi rBidithinethed aQtomatie®waniin

0y g D Y S B SR e

read signa Sy [ Searc
enabl ed when re&® generatgaae iefpsdata shgnppbdin HeeRRANASner si gnal
104 is not  enablfd texn cirdEHEAW lopendllR 0 JhéteidS the camplifiied
buring 220808041 Fbor? HRPBGRORAE 14 NGa By HAU? V1001 £ £hd LY
10 filter and equalize the amplified data signal to provide a

filtered/equalized data signal;
an error circuit operable to receive the

filtered/equalized data signal and to generate and provide

the error signal to the automatic gain control circuit; and
15 a detector operable to receive and decode the

filtered/equalized data signal and to provide a digital -~

read signal to the data synchronization circuit in

response.

20 12. The read channel of Claim 10 wherein the data
synchronization circuit generates the header timer signal
in the enabled state in response to receiving a read enable

signal that indicates a read operation is to take place in
the read channel.

25
13. The read channel of Claim 10 wherein the data
synchronization circuit provides the synchronization
timeout counter signal in a non-enabled state when the
synchronization detect signal is in an enabled state during
30 the second predefined period.

—————
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20 proceed. Synchroni zation search signal 108 may be provi ded
by conpare enable circuit 42 as shown in FIGURE 2. |If the

synchroni zation field is detected, synchronization search signal 108
transitions froma high state to a |low state as 5 il lustrated by 108A.

| f the synchronization field is not det ect ed during the

avai l abl e w ndow  of time, synchroni zati on search signal 108
transitions froma high state to a low state, as illustrated by 108B.
Synchroni zation detect signal 110 is enabl ed when the 10 synchroni zati on
field is detected while synchroni zation27 search signal 108 is enabl ed.
For exanple, when the synchroni zation field is | ocated,
synchroni zati on det ect signal 110 transitions froma |low state to a

hi gh state as indicated b 10A. |f a.synchronjzation field is not
15 detected whiI¥&- sﬁn‘&ﬁ&lﬁ#zé’tti ancgﬁ%ﬂ’c’f‘?"ygsﬁﬂﬁﬁl in 1%)8’:331‘;5 channel
enabl ed, synchrehizatdisn sehrege sygtam, 1tber sathod comprising thensitlepd or

inalowstate,o@s illustrated by 110B. Thus, it is apparent
that there has been provided, in ccordance wth t he pr esent
invention, a dat Qﬁ}V1ngé?nEﬁ?Gn?&%?f%ﬂF*ﬂﬂ fd and circuit using a

ti meout cbunter staxthiag satimér edn trieepondeatbageseiviéng et lreadove.

For exanphgh1 angiympacessary search for a synchronizationfield
over an entire sector_of user daga is eLimnated., TMfs .
stopping the timer after a period of time;

starting a timeout counter in response to stopping the
timer; and

10 searching for a synchronization field in response to
starting the timeout counter.

15. The method of Claim 14 further comprising the
steps of:

15 stopping the timeout counter after a period of time;
and

stopping the search for a synchronization field after
the stopping the timeout counter step.

20 : 16. The method of Claim 15 wherein the stopping the
timeout counter step includes stopping the timeout counter
after a programmable period of time.

17. The wmethod of Claim 14 further comprising the
25 steps of: .
detecting the synchronization field; and

enabling a synchronization detect signal that is
provided to a deserializer.

30 18. The meﬁhod of Claim 17 further comprising the

step of stopping th® search for a synchronization field
after the detecting a synchronization f£ield step.

A
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al so prevents t he possibility of an erroneous 25

synchroni zation field detection during this unnecessary sear ch.
Overall HDD performance is inproved by elimnating unnecessary
searches for a synchronization field. Al though the preferred

enbodi nent has been described in detail, it shoul d be under st ood

t hat various changes, substitutions, 30 and alterations can be made
herein. For exanple, a variety of circuit techniques could be used
to condition an anal og read signal and to provide a digital read
signal . Al so, the direct connectiZ®ns illustrated herein could be
altered by one skilled in the art such that two devices are nerely
21 coupl ed to one another through an intermediate device or
devices wi thout beinggdirggll %e%%%ﬁe%tfe%l‘ﬁtl'd el4st¢ﬂérem t:heac% the
desired results denDnstrate xanples
of changes, sub&iPedt FERR, 1%&&PQFS uﬁ&PﬁéPaPPBﬁgraF%m?%adlIy ascertalnable
by one skilled in the art and could be nade w thout departing from

the spirit and 20. The method of Claim 14 wherein the

5 synchronization field is a synchronization byte.
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scope of -the present invention. Wile the invention has been

particul arly shown and descri bed by the foregoing detail ed
‘description, it will be understood by those 10 skilled in the art that
vari ous other changes in form and detail may be made w t hout

departing fromthe spirit and scope of the invention as defined by
the follow ng clains. 22 WHAT | S

CLAI MED | S: 1. The data synchronization circuit conprising: a
synchroni zation timeout counter operable to provide a synchronization
ti meout counter si gnal , t he sync*géwnzaiion ti meout counter signa
operable to provide the synchroni zati on T1 meout counter signal in an
enabl ed state during a predefined synchroni zati on peri od;
circuit operable to receive a digital read signal and to conpare the
digital read signal to a knopRTX cSYNCHRONIZATION METHODcANDI ned
synchroni zati on period, the ' i @fﬁﬁ@@* erate a
synchroni zati on det ect signaﬁﬁﬁﬁﬁgg gﬁéﬁ#eistate | QF%e I gital read signa
is found to be equivalent to theyddugy B 1d Lhe predefined

synchroni zati on period; and -

a conpare

‘A data synchronization method and circuit

are
provided. A data synchronization circuit (28) includes a
5 header timer (40), a timeout counter (44), a compare

circuit (46), and a synchronization field register (48) for
use in a read channel (10).

During a read operation in the
read channel (10),

the data synchronization circuit (28)
searches for the presence of a synchronization field in a

read signal indicating that user data will be provided
next. The search occurs over a predefined period of time.
The header timer (40) enables a header timer signal for a
first predefined period of time. The timeout counter (44)
receives the header timer signal and enables a timeout
counter signal for a second predefined period of time after
the first predefined period of time expires. The compare
circuit (46) compares the read signal to the known value or

synchronization field stored in the synchronization field
register (48).

10

15

This comparison occurs during the second
predefined period of time, the time in which the timeout
counter signal is enabled to determine if a synchronization
field is present in the read signal. Finally, the compare
circuit (46) provides a synchronization detect signal that

indicates whether a synchronization field was found during
25 the second period of time.

20

Figure 2



a header tiner circuit operable to generate a header tiner signal in an
enabl e state during a predefined header period in response to receiving a
read enabl e signal, the synchronization tineout counter operable to receive
the header tinmer signal and to provide the synchronization tineout counter
signal in an enable state after the expiration of the predefined header

peri od. 2. The data synchronization tifciit of Aaim1 further

conpri si ng: a conpare enable circuit for enabling the conpare circuit,
the conpare enable circuit Operable to receive the header time signal, the
synchroni zation timeout counter signal, and the read enable signal, the

conpare enable circuit further operable to eggble t e conpare circuit after
the predefined header period, during the pré

f i nedo§yachroni zation period,
and when the read enabbe si ghal.is—cnabled R L ala

=) synchroni zati on
circuit of Caim2 wheTeMa tlhe_conpare enable kircuilt is arf AND gate.
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4. “The data synchronization
header period corresponds to
information fromthe digital
data synchroni zation circuit

period and the predefined synchronization period are programuabl e.
data synchronization circuit conprising: / 2
counter operable to provide a

si gnal ,

circuit of Caim1l1 wherein the predefined
an estimated ti ne needed to recei ve header

read signa

during a read

operati on. 5.

of Caim1l wherein the predefined header

synchroni zati on
t he synchroni zation tineout counter signal
t he synchroni zati on tineout counter signal

6.

a synchroni zation tineout
ti meout

count er

operabl e to provide
in an enabled state during a

predefined synchroni zation period:; a conpare circuit nngabLﬁ to
receive a digital read @g=gRak-ane +6~coRpase-t-Ffe~trg--at-—r-eacqi gnhl to a
known reference during khe predefined synchroni zati on peri od qhe >orggar e
circuit operable to genetQZ e i 4 zation detect signalzﬂn anfenabl e
state if the dh ' ﬁl e ound be equ to tthe known
reference duri @hﬁ e d zait*siléi d'|E lmhfrein
t he predefi ned syrjcpr oni od corre:Eﬁ§%§F%J a peyiod of time
in which a synchronizgtlon el-d—shoeul-d—pe provi déd el conplarefcircuit
by the digital read sijghal. 7. A dat yq@hroniLai}uu-x r cui
conpri si ng: a sy roni gation tineodt cepunter opeyablett® proyi 3¢ a
synchroni zati on ti nedut counter i t he ﬁ%p;hjqnfzatign_
ti meout counter signal éper COMP v >
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t he 'synchroni zation timeout counter in an enabled s
synchroni zati on peri od, REPL A
a conpare circuit operable to receive

24

conpare the digital read signal to a known refegﬁcggn@grlngmyﬁ
synchroni zation period, the conpare circuit odefpPrfvin sgepageaite. to paged
synchroni zation detect signal in an enabl ed stlaif sbterddhe dipagadal. . toe paiged ...

signal is found to be equivalent to the §aomQhFe erence during tggh
P%
t

predefi ned synchroni zation period; and

ti meout coOurdHAT pISVCUAEMEDeISynchroni zation

a[ﬂneuh@homeadﬁé %ﬂpﬁﬁgagd

"Sate'Of @&aﬂﬁo ........... (9

-----

f= ) gllal

non-enabl ed state when the conpare circuit provides the synchronization
detect signal in an enabled state during the predefined, synchronization

peri od.

8.1. A dEhe dakenpyRrbrenbrakior Firewkpreempgising: 3

synchroni zation tj nB?ﬂ&hQQHﬂIzQE 1@ﬁetaaéeuto chuyede operahieC M PRk

t i meout

%ﬁﬁﬂﬁﬁ?ﬂnzai ouFoBBERTer FHIPRFLin arf

enabl ed staIgymbﬁrﬂmlaapiedetnmeduﬁyuohnharzaugnalpepemdble to provide

the synchronization timeout counter signal in an enabled
state during'a predefined synchronization period;

a compare circuit operable to receive a digital read
signal and to compare the digital read signal to a known
reference during the predefined synchronization period,'the
compare circuit operable to generate a synchronization
detect signal in an enable state if the digital read-siéﬁal
is found to be equivalent to the known reference during the
predefined synchronization period; and

a header timer circuit operable to generate a header
timer signal in an enable state during a predefined header
period in response to receiving a read enable signal, the
synchronization timeout counter operable to receive the
header timer signal and to provide the synchronization
timeout counter signal in an enable state after the
expiration of the predefined header period.

2. The data synchronization circuit of Claim 1 further
comprising: _

a compare enable circuit for enabling the compare
circuit, the compare enable circuit operable to receive the
header time signal, the synchronization timeout counter
signal, and the read enable signal, the compare enable
circuit further operable to enable the compare circuit after
the predefined header period, during the predefined
synchronization period, and when the read enable signal is
enabled.

3. The data synchronization circuit of Claim 2 wherein the

compare enable circuit is an AND gate.

R R R

count er nchr i zati on_timeout, coupter signal
operable to ?)row%‘cfskﬁg’ uf }9



a conpare circuit operable to receive a digital read signal and to conpare

the digital read signal to a known reference during the predefined
synchroni zation period, the conpare circuit operable to generate a
synchroni zati on detect signal in an enabkﬁd state if the digital read
signal is found to be equivalent to the own reference during the
predefined synchronization period; and a deserialier operable to
receive the sync g@wgﬁﬁ%“- ' hg eC

di gi tal read Si 2@? c%ﬂ% serlam#f%%ggggraggghk BECEIRENCY i

signal in pdke Qﬁldenh?adﬁﬁnPﬁﬁéogyMQﬁ%ﬁﬁBﬂﬁq%wF@e@%c?s§ﬁgﬁéﬁ ime

enabl ed. needed to recelve header information frém the digital redd
read channel |nclud|n a data synchroni zation circuit conprising:

a read chamﬁ&g?ﬁ%d@%§+ﬂ% i FRYFtOPRRA TP plural ity of circuit

nodul es, the plurality of circuit nmodules 5 operable to receive and

(F;:)g(r:gzisea'?o .glng?](:é eaaga %nal rtor}%.zatlon %lllf‘rc%llltt Xfo(f:’lgﬂlc wheredJl.Jrll Fhe
predefined header period and the predefined synchronization

period are programmable.

6. A data synchronization circuit comprising:

a synchronization timeout counter operable to provide
a synchronization timeout counter signal, the
synchronization timeout counter signal operable to provide
the synchronization timeout counter signal in an enabled
state during a predefined synchronization period;

a compare circuit operable to receive a digital read
signal and to compare the digital read signal to a known
reference during the predefined synchronization period, the
compare circuit operable to generate a synchronization
detect signal in an enable state if the digital read signal
is found to be equivalent to the known reference during the
predefined synchronization period; and

wherein the predefined synchronization period
corresponds to a period of time in which a synchronization
field should be provided to the compare circuit by the
digital read signal.

7. A data synchronization circuit comprising:

a synchronization timeout counter operable to provide
a synchronization timeout counter signal, the
synchronization timeout counter signal operable to provide
the synchronization timeout counter in an enabled state

during a predefined synchronization period;
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read signal in response; and a data synchronization circuit

operable to generate a header tinmer signal in an enabled state during
a first 10 predefined period and to generate a synchronization timeout
counter signal in an enabled state during4a second predefi ned peri od,

t he second predefined period occurring after the expiration of the

first preﬂefi ned apgébﬁﬁaf‘éheié:cuit da@fe&l aSD)ZJ&CchDr&'é’@éfi\ﬁél &l agg&taopeo;]eaai eto
conpare the 15 i gi.t read sign tq.a.known referenc uring,the
second Sﬁﬂ%&%f?ﬁgd%ﬁbﬁQRPﬁﬁé}%kﬁeﬁégFEa FEREN IR i BR BerB
signal if thefimpict deahsitmlpredefirad|smchronilrmtion pekriod) the

r ef er ence. . . 2 : . 10.
The read charnel - of _é’léﬁ%fg“ \?ﬁgrrglb%et hgo ger}ef)?%?alﬁt%y&Ch(ﬁorrlélﬁ?’ttlr%ldul es
of the read dgtanie|signdeddl g enablegd; peare Ebnphe (igital read sigpal

automatic gaid £AMd Yo Be @t PRIt L iRtOWH referetit’] @hrieaf r3iegnal
and an error signal, the automafic gain . control circuit operable to
amplify the R PSR nization period; an

wherein the synchronization timeout counter provides
the synchronization timeout counter signal in a non-enabled
state when the compare circuit provides the synchronization
detect signal in an enabled state during the predefined
synchronization period.

8. A data synchronization circuit comprising:

a synchronization timeout counter operable to provide
a synchronization timeout counter signal, the
synchronization timeout counter signal operable to provide
the synchronization timeout counter signal in an enabled
state during a predefined synchronization period;

a compare circuit operable to receive a digital read
signal and to compare the digital read signal to a known
reference during the predefined synchronization period, the
compare c¢ircuit operable to generate a synchronization
detect signal in an enabled state if the digital read signal
is found to be equivaient to the known reference during the
predefined synchronization period; and

a deserialier operable to receive the synchronization
detect signal from the compare circuit and the digital read
signal, the deserializer operable to provide the digital
read signal in parallel format when the synchronization
detect signal is enabled.
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to generate an anplified data signal in response; a filter

circuit operable to receive the anplified data signal fromthe
automatic gain control circuit and to 10 filter and equalize the
anplified data signal to provide a filtered/ equalized data signal;
an error circuit oper abl e to receive t he

filtered/ equalized data signal and to generate and provide the error
signal to the automatic gain control circuit; and 15 a detector
operable to receive and decode the filtered/equalized data
signal and to provide a digital r &2d signal to the data

synchroni zation circuit in response. 20 11. The read
channel of claim9 wherein the data synchroni zation circuit

generates the header tb”EfAStgaé|channe1 il x%ﬁ%bH@Qaﬁ%@h@hkﬂniﬁﬁ@ﬂ&&e
to receiving a read gb signal that indicates a read operation is
to take place in elrcl Fﬂ‘gp’F]esa’d‘%hannel 25 12. The read

channel of d aim 9 wharzeadt phagreh processmmwizamﬁngi acpilurptidvydes
the synchroni zat ig#n circuit! infBRillesGOUPRE! FlhRAlityN B£NWL LAY efo8hdes

B0 02 Second SHPERBRF IS stk R SR BLodaks’ ' Mhlod UL LsShts BHLI 1O
plurality of circuit modules operable to generate a digital
read signal in response; and

a data synchronization circuit operable to generate a
header timer signal in an enabled state during a first
10 predefined period and to generate a synchronization timeout
counter signal in an enabled state during a second
predefined period, the second predefined period occurring
after the expiration of the first predefined period, the
data synchronization circuit operable to compare the
15 digital read signal to a known reference during the second
predefined period and to enable a synchronization detect
signal if the digital read signal is equivalent to the

known reference.
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27 ° 13. A method for synchronizing data in a.read channe

of a mass storage system the nethod conprising the steps of :

receiving a read enable signal; 5 starting a timer in response to

receiving the read enabl e signal ; stopping the tinmer after

a period of tine; starting a tinmeout counter in response to

st oppi ng the timer; and 10 searching for a synchronization

field in response to starting the tineout counter. 14.

The met hod of O aim 13 further conprisin% t he steps of: 15

stoppi ng the timeout counter after a peri“®d of tine; and

stoppi ng the search for a synchronization field after t he stopping

the tineout counter step. 20 15. . The nethod of claim14 wherein

Egenfte?ppl ng the 0. t'rf%ét COHA! CenkRR | BE! USESid! GPPI RietBent |EROUL
u

b] { 16. ., The
met hod of Cla|n1ﬁg ??ﬁ% r%ﬂg@#%§3ﬁ§dﬁ%§82§% tﬁéﬁ%ﬁi?-&Pannel processing

circuit comprises-

an automatic gain control circuit operable receive an
S analog read signal and an error signal, the automatic gain
control circuit operable to amplify the analog read signal
to generate an amplified data signal in response;
a filter circuit operable to receive the amplified
data signal from the automatic gain control circuit and to
10 filter and equalize the amplified data signal to provide a
filtered/equalized data signal;
an error circuit operable to receive the
filtered/equalized data signal and to generate and provide
the error signal to the automatic gain control circuit; and
1s a detector operable to receive and decode the
filtered/equalized data signal and to provide a digital

read signal to the data synchronization circuit in
response.

20 11. The read channel of claim 9 wherein the data
synchronization circuit generates the header timer signal
in the enabled state in response to receiving a read enable

signal that indicates a read operation is to take place in -
the read channel. '

25

12 . The read channel of Claim 9 wherein the data
synchronization circuit provides the synchronization
timeout counter signal in a non-enabled state when the
synchronization detect signal is in an enabled state during

30 the second predefined period.
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detecting the synchronization field; and enabling a
synchroni zation detect signal that is _ provided to a deserializer.
30 17. The nethod of Caim16 further conprising the

step
of stopping the search for a synchronization field after the
detecting a synchronization field step. o
28 18. The nmethod of Claim 13 wherein the starting a timer
step includes using a header tiner. . 19. The method of
Caim 13 wherein the 5 synchroniza%ion field is a synchronization
byt e. 7 '

13. A method for synchronizing data in a read channel
of a mass storage system, the method comprising the steps
of:

receiving a read enable signal;

5 starting a timer in response to receiving the read
enable signal; :
stopping the timer after a period of time;
starting a timeout counter in response to stopping the
timer; and

10 searching for a synchronization field in response to
starting the timeout counter.

14. The method of Claim 13 further comprising the
steps of: _ .

15 stopping the timeout counter after a period of time;

and
stopping the search for a synchronization field after
the stopping the timeout counter step.

20 15. The method of claim-14 wherein the stopping the
timeout counter step includes stopping the timeout counter
after a programmable period of time.

16 . The method of Claim 13 further comprising the

25 steps of: '

detecting the synchronization field; and
_ enabling a synchronization detect signal that is
provided to a deserializer.

30 17.

The method of Claim 16 further comprising the
step of stopping the search for a synchronization field
after the detecting a synchronization field step.
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28

18. The method of Claim 13 wherein the starting a
timer step includes using a header timer.

19. The wmethod of Claim 13 wherein the
synchronization field is a synchronization byte.

LT



