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DATA SYNCHRONIZATION METHOD AND 
CIRCUIT USING A TIMEOUT COUNTER 

TECHN'ICAL 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. 

•. i;.: 
.. : . ~ 
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BACKGRotJND OF THE INVENTION 

As computer hardware and software technology continues 
to progress, the need for larger and faster mass storage 
devices for storing computer software and data continues to 

5 increase. Electronic databases and computer applications 
such as multimedia applications require large amounts of 
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 seorage capacity of five 
megabytes and used fourteen inch platters, whereas today's 
hard disk drives are conunonly over one gigabyte and use 3.5 

15 inch platters. Correspondingly, advances in the amount of 
data stored pe.r unit of area, or areal density, have -
dramatically accelerated. For example, in the 1980' s, 
areal density increas.ed· 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. 

25 

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 
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 control circuit:ry :~o co~t:.rol t.he 



3 

operation of the hard disk drive and to properly interface 
the hard disk drive to a host or system bus. The read 
channel, write channel, servo controller, 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 

10 performs a write operation by transferring data from a host 
interface to its control circuitry. 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 HOD control circuitry transfers the data from 
the DIU\M 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 la~er. A 
sector generally has a fixed da,ta 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 generates a 
corresponding analog read signal. The read channel 
receives the analog read signal, conditions the signal, and 

3 o 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, equalizes the 
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channel, detects •zeros" and "ones" from the signal, and 
formats the binary data for th~ control circuitry. The 
binary or digital data is then transferred· from the read 
channel to the control circuitry and is stored in the DRAM 

5 of the control circuitry. The processor then communicates 
to the host that data is ready to be transferred. 

As the disk platters are moving, the read/write heads 
must align or stay on a particular track. This is 
accomplished by reading information from the disk called a 

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 HOD 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 proce~sed through a series of 
mathematical manipulations using signal processing theory. 

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

30 (PRML); extended PRML (EPRML); enhanced, extended PRML 
(EEPRML) ; fixed delay tree search (POTS) ; 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 
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systems is usually performed by a Viterbi decoder 

impletnenting the Viterbi algorithm, named after Andrew 

Viterbi who developed it in 1967. 

The SSD channel or read channel generally requires 

5 mixed-mode circuitry for performing a read operation. The 

circuitry may perform such functions as analog signal 

amplification, automatic gain control (AGC), continuous 

time filtering, signal sampling, DTSP manipulation, timing 

recovery, signal detection, and formatting. In all SSD 

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 

15 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 dat,a 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 
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4,096 bit sector resulting in reduced HDD performance by 
increasing processing overhead. Another 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. 
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SUMMARY OF THE INYENTION 

From the foregoing it may be appreciated that a need 

has arisen for an improved data synchronization method and 

circuit. In accordance with the present invention, a data 

s synchronization method and circuit for synchronizing data 

in a read channel of a mass storage system is provided 

which substantially eliminates and reduces the 

disadvantages and problems of previously developed methods 

and circuits for synchronizing data. The present invention 

10 searches 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 
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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 

synchroniza~ion field detections that . may occur when an 

entire sector is sea~ched. 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. 
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SRIEF PESCEIPTION OF THE DRAWINGS 

For a more complete understanding of the present 

invention and the advantages thereof, reference is now made 

to the following brief description, taken in connection 

5 with the accompanying drawings and detailed description, 

wherein like reference numerals represent like parts, in 

which: 

FIGURE 1 is a block diagram illustrating a read 

channel of a mass storage system; 

10 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. 
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DETAILED DESCRIPTION OF THE INYENTIQN 

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 B and a disk/head 
assembly 6 during a read operation. The circuit modules of 
read channel 10 include a variable gain ampl~fier (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 SO, a detector 24, a data 
synchronization circuit 28, a deserializer 26, and a 
variable frequency 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 are not shown in FIGURE l. Data 
synchronization circuit 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 so that is used to determine a gain signal that is 
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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 dif.ferential 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 tim~. 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. 

25 

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 sampl~ clock signal to sampler 
18 indicating when sampler 18 should sample and hold the 
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 
30 circuit that is time sequence multiplexed to FIR 20 so that 

the correct time sequenced value is presented to FIR 20. 
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 
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read signal 36 having discrete levels corresponding to the 

magnetic.transitions on the disk/head assembly 6. FIR 20 

equalizes the signal by receiving a plurality of filter 

coefficients or taps and uses them in filtering or 

5 equalizing the signal. The discrete analog 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 new discrete value is now provided 

to the first multiplier and the oldest discrete value is 

d~opped 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 
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be a maximum likelihood detector or Viterbi decoder 

implementing the Viterbi algorithm. Assuming that detector 

24 is implemented as a Viterbi decoder, detector 24 

includes a metric, and a trellis for analyzing the signal. 

5 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. 

Error circuit so provides an error signal based upon 

receiving equalized read signal 36 from ~IR 20. The error 

signal serves as an input to VFO 22 ~nd AGC 14. The error 

15 signal indicates how far the discrete values of equalized 

read signal 36 differ from an ideal target value. Error 

circuit 50 includes comparators or equivalen~ circuitry to 

compare· the discrete values of equalized read signal 36 to 

various ideal target values. 

20 VFO 22 receives the error signal from error circuit SO 

and a reference clock signal and provides a clock signal to 

control the sample time of sampler 18. During a read 

C>peration, VFO 22 receives the error signal and· adjusts the 

frequency of its output clock . signal an amount 

25 correspond~ng to the error signal. VFO 22, sampler 18, FIR 

20, and error circuit SO 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 synchronization 

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 
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synchronization detect signal 110 is enabled. The parallel 
format may be any parallel format such as an eight-bit or 
nine-bit format. 

Data synchronization circuit 28, described more fully 
5 in FIGURE 2, receives digital read signal 38 from 

deserializer 26 and provides synchronization detect signal 
110. Synchronization detect signal 110 is enabled if a 
synchronization field is detected in digital read signal 
38. Synchronization detect signal 110 is provided to 

10 deserializer 26 and to external control circuitry through 
a synchronization detect path 34. During a read operation, 
data synchronization circuit 28 searches, for the presence 
of a synchronization field within digital read signal 38. 
The synchronization field indicat.es that user ~ata 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 lO. The gain and timing recovery 
of read channel 10 must first be initialized in preparation 

25 for receivi~g user data from a sector of a disk of 
disk/head assembly 6. A header is initially provided by 
the analog read signal that contains a gain and timing 
recovery signal. VGA 12 receives the analog read signal 
and provides 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 



for the presence 
predefined period 

15 

of the synchronization 
or "window 11 of time. 

field for a 
Once data 

synchronization circuit 28 detects the synchronization 

field and a synchronization field is provided, user data 

5 may be processed by read channel 10. The read operation is 

described in more detail in the following paragraphs. 

VGA 12 receives the analog read signal, contai~ing 

user data, and provides appropriate gain or boost to the 

analog data signal which is then filtered by LPF 16. AGC 

10 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 so 
that is used to generate the gain signal provided to VGA 

12 . LPF 16 removes undesired ·high frequency noise and 

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

Sampler 18, under the control o·f VFO 22, receives thE:! 

filtered output signal from LPF 16 and samples the signal. 
Sampler 18 provides a discrete analog 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 so receives equalized read 
signal 36 and provides an error signal to VFO 22 so that 
VPO 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 

30 path 32 after receiving synchronization detect signal 110 

from data synchronization circuit 28. 
FIGURE 2 is a block diagram of data synchronization 

circuit/deserializer 30 of read channel 10. Data 
synchronization circuit/deserializer 30 includes 
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deserializer 26 and data synchronization circuit 28. Data 

synchronization circuit 28 includes a header timer 40, a 

timeout counter 44, a compare enable circuit 42, a compare 

circuit 46, and a synchronization 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 tQ 

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 t_o 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 counter 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 timeout 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 
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timer signal 104. Compare enable circuit 42 enables a 

compare enable signal when all of its inputs are true or 

are enabled. Compare enable circuit 42 may be any of a 

variety of digital logic circuits such as a three input AND 

5 gate. 

Compare circuit 46 receives the compare enable signal 

and provides synchronization detect signal 110 to 

deserializer 26 and to external circuitry through 

synchronization detect path 34. Compare circuit 46 

10 compares digital read signal 38, provided from deserializer 

26, 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 memory 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 
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synchronization as indicated by synchronization detect 

signal l.10 which is provided by compare circuit 46. 

In operation, data synchronization 

circuit/deserializer 30 receives read gate signal 102 in an 

5 enabled state that indicates a read operation is to be 

performed. Data synchronization circuit/deserializer 30 

also receives digital read signal 38 from detector 24 as 

shown in FIGURE l. 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 re.ad signal 38 provides signals 

corresponding to sector header information that are used to 

initialize read channel l.O. After the period of time, 

header timer 40 transitions header timer signal 104 from an 

15 enabled state to an unenabled state. 

Timeout counter 44 receives header timer signal l.04 -

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 f ieid 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 l.10 to indicate that the synchronization field has 
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been located. If the synchronization field is not located 

when the conditions described at the first of this 

paragraph are true, synchronization detect signal 110 is 

not enabled. Deserializer 26 places digital read signal 38 

5 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. 

FIGURE 3 is a data synchronization timing diagram 100 

10 illustrating the timing of data synchronization 

circuit/deserializer 30. Data synchronization timing 

diagram 100 include$ read gate signal 102, header timer 

signal 104, timeout counter signal 106, synchronization 

search signal 108, and synchronization detect signal 110. 

15 During a read operation, read gate signal 102 

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

enabled state, it:idicating 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 

20 signal 102 transitioning from a low to a high state. The 

period of time that header timer signal 104 is enabled 

corre·sponds to the length of time in which header 

information will be supplied to read channel 10. 

Timeout counter signal 106 transitions to an enabled 

25 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. 

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 
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proceed. Synchronization search signal 108 may be provided 

by compare enable circuit 42 as shown in FIGURE 2. If the 

synchronization field is detected, synchronization search 

signal 108 transitions from a high state to a low state as 

5 illustrated by lOBA. If the synchronization field is not 

detected during the available window of time, 

synchronization search signal 108 transitions from a high 

state to a low state, as illustrated by 108B. 

Synchronization detect signal 110 is enabled when 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 llOA. If a synchronization f i.eld 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 llOB. 

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 fo~ 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 understood 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 
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coupled to one another through an intermediate device or 
devices without being directly connected while still 
achieving the desired results demonstrated by the present 
invention. Other examples of changes, substitutions, and 

s alterations are readily ascertainable by one skilled in the 
art and could be made without departing 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 understood 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. 
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WRAT IS CLAIMED IS: 

1. A data synchronization circuit comprising: 
a synchronization timeout counter operable to provide 

s a sync~ronization timeout counter signal, the 
synchronization timeout counter signal operable to provide 
the synchronization timeout cou~ter signal in an enabled 
state during a predefined synchronization period1 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 equivalent 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 
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 enabled state after the 

25 expiration of the predefined header period. 

1111111111111111111 11111111111 
* C L M S * 
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3. The dat:a sync~ronization circuit of Claim 2 
further comprising: 

a compare enable circuit for enabling the compare 
circuit, the compare enable circuit operable to receive the 

5 header timer 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 

10 enabled. 

15 

4. The data synchronization circuit of Claim 3 

wherein the compare enable circuit is an AND gate. 

s. 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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a. The data synchronization circuit of Claim 1 

wherein the synchronization timeout counter provides the 

synchronization timeout counter signal in. a non-enabled 

state when the compare circuit provides the synchronization 

5 detect signal in an enabled state during the predefined 

synchronization period. 

9. The data. synchronization circuit of Claim 1 

further comprising: 

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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10. A read channel including a data synchronization· 

circuit comprising: 

a read channel processing circuit having a plurality 

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 

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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11. The read channel of Claim 10 wherein the 
plurality of circuit modules of the read channel 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 

15 a detector operable to receive and decode the 

20 

25 

filtered/equalized data signal and to provide a digital 
read signal to the data synchronization circuit in 

response. 

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. 

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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14. 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. 

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

15 stopping the timeout counter after a period of time; 

20 

25 

and 
stopping the search for a synchronization field after 

the stopping the timeout counter step. 

16. The method of Claim 15 wherein the stopping the 

timeout counter step includes stopping the timeout counter 

after a programmable period of time. 

l. 7 . The method of Claim 14 further · comprising the 
steps of: 

detecting the synchronization field; 
enabling a synchronization detect 

provided to a deserializer. 

and 
signal that is 

30 18. The method of Claim 17 further comprising the 
step of stopping th~ search for a synchronization field 
after the detecting a synchronization field step. 
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19 . The method of Claim 14 wherein the starting a 

timer step includes using a header timer. 

20. The method of Claim 14 wherein the 

5 synchronization field is a synchronization byte. 
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