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SERVO DEMODULATOR AND METHOD FOR I 
SYNCHRONOUS .. SERVO DEMODULATION 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field of 

information storage and more particularly to a servo 

demodulator and method for synchronous servo demodulation. 



2 

BACKGROUND OF THE INYENTION 

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 

increase. Electronic databases and computer applications 
\ 

such as multimedia applications require large amounts of 

disk storage space. 

To meet these ever increasing demands, the hard disk 

drive (HDD) continues to evolve and advance. Some of the 

early disk drives had a maximum storage capacity of five 

megabytes and used fourteen inch platter~, whereas today's 

HDDs are commonly over one .gigabyte _and use 3 .5 inch 

platters. 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 around sixty percent. Areal 

density may be increased by increasing the rate at which 

data may be stored and retrieved. The cost per megabyte of 

an HDD is inversely related to its areal density. 

In general, mass storage devices and systems, such as 

HDDs, include a ·magnetic storage media, such· as rotating 

disks or platters, a spindle motor, read/write heads, a 

servo actuator, servo circuitry, a pre-amplifier, a read 

channel, a write channel, a memory, and control circuitry 

to control the operation of the HDD and to properly 

interface the HDD to a host or system bus. The read 

channel, write channel, servo circuitry, and memory may all 

be implemented as one integrated circuit that is referred 

to as a data channel. The control circuitry often includes 

a microprocessor for executing control programs and 

processing information provided during the operation of the 

HDD. 
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An HDD performs write, read, and servo operations when 

storing and retrieving data. A typical HDD 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 to the 

disk platters through a write channel. The read/write 

heads are moved to the appropriate track and sector. 

Finally, the HOD control circuitry transfers the data fro.m 

the DRAM to the sector using the write channel. A sector 

generally has a fixed data storage capacity, such as 512 

bytes of user data per sector. A write clock controls the 

timing of a write operation in the write channel. The 

write channel may encode the data so that the data can be 

more reliably retrieved later. 

In a read ~peration, the appropriate sector to be read 

is located and data that has been previously written to the 

disk is read. A 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 

detects 11 zeros 11 and 11 ones 11 from the signal. The read 

channel conditions tbe signal by amplifying the read signal 

to an appropriate l~vel using an automatic gain control 

circuit. The read channel then filters the signal, to 

eliminate unwanted high frequency noise, equalizes the 

channel, detects "zeros" and "ones" from the signal, and 

formats the binary data for the control circuitry. The 

binary or digital data is then transferred from the read 

channel to the control circuitry and is stored in the DRAM. 

The processor then communicates to the host that data is 

ready to be transferred. A read clock controls the timing 

of a read operation in the read channel. The goal during 
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a read operation is to accurately retrieve the data while 

minimizing the bit error date (BER) in the noisiest 

environment. 

Recently, advanced techniques utilizing discrete time 

signal processing (DTSP) to reconstruct and read the 

original data written to the disk are being used in read 

channel electronics to improve areal density. In these 

techniques, the data is synchronously sampled using a data 

recovery clock. The sample is then processed through a 

series of mathematical manipulations using signal 

processing theory.· There are several types of 

synchronously sampled read channels. Partial response, 

maximum likelihood (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 synchronously sampled read channels 

using DTSP techniques. The maximum likelihood detection 

performed in sever~l of these systems is usually performed 

by a Viterbi decoder implementing the Viterbi algorithm, 

named after Andrew Viterbi who developed it in 1967. 

In a servo operation, the servo circuitry generates a 

track identification signal and a position error 

signal (PES) by reading and demodulating a servo wedge 

stored on each sector. The PES indicates the re la ti ve 

alignment of the read/write head on a particular track so 

that the head may be properly positioned for both read and · 

write operations. The servo wedge includes track 

identification information, for generating the track 

identification signal, and track misregistration or 

position error information, for generating the PES. The 

position error information may be provided as servo bursts. 

The track identification signal and PES are provided to the 

control circuitry during read and write operations so that 

a track may be identified by the track identification 
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signal and the read/write heads may be properly aligned on 

the track using the PBS. 

Traditionally, servo circuitry includes peak detection 

circuitry that is used during a servo operation to assist 

with processing the servo wedge so that the track 

identification signal and PES may be generated. Problems 

arise when using peak detection circuitry that ultimately 

result in reduced overall HOD capacity, excess power 

consumption, and increased track rereads ~hat harm overall 

HOD performance. The overall HDD capacity is reduced 

because the peak detection circuitry is relatively slow in 

processing the servo wedge and generating the corresponding 

track identification signal and PBS. Because of this, a 

larger servo wedge, requiring additional HDD capacity, must 

be provided to the peak detection circuitry. This reduces 

the overall HDD capacity available for data/information 

storage. Power consumption is increased because of the 

additional circuitry needed to implement the peak detection 

circuitry. Power consumption is especially critical in 

portable or battery powered applications such as laptop or 

notebook computers. The additional circuitry may also 

increase overall fabrication costs. Peak detection 

circuitry may not be as accurate as desired resulting in 

track identification signal errors. Track identification 

signal errors result in track rereads which harm overall 

HDD performance. 
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SUMMARY OF THE INVENTION 

From the foregoing it may be appreciated that a need 

has arisen for an improved servo circuitry for use during 

servo operations. In accordance with the present 

invention, a servo demodulator and method for synchronous 

servo demodulation are provided which substantially 

eliminate or reduce the disadvantages and problems of 

previously developed servo circuitry and methods using peak 

detection circuitry. The present invention includes a 

servo demodulator, working in combination with an existing 

synchronously sampled read channel, that quickly and 

accurately generates a track identification signal and a 

position error signal while using minimal circuitry. This 

eliminates the need for peak detection circuitry and allows 

for an increase in overall HDD capacity, lower power 

consumption, and improved overall HDD performance. 

According to the present invention, a 

demodulator is provided for generating a 

servo 

track 

identification signal and a position error signal from a 

servo wedge during a servo operation. The servo 

demodulator interfaces with a synchronously sampled read 

channel to generate these signals. The seZ'Vo demodulator 

includes a servo clock generation circuit, a position error 

signal circuit, and a track identification circuit. The 

servo clock generation circuit generates a synchronous 

servo clock signal in response to receiving a reference 

clock signal and the servo wedge signal. The servo clock 

signal is provided to the read channel for use in 

processing the servo wedge signal. The position error 

signal circuit generates a ·position error signal in 

response to receiving the synchronous servo clock signal 

from the servo clock generation circuit and a synchronously 

sampled servo wedge signal from the read channel. Finally, 

the track identification circuit generates a track 



7 

identification signal in response to receiving a digital 

servo wedge signal from the read channel. 

The present invention provides various technical 

advantages over using peak detection circuitry to assist 

with processing the servo wedge. A techn~cal advantage of 

the present invention includes the ability to quickly and 

accurately generate a track identification signal and a PES 

so that overall HDD storage capacity may be increased. 

Overall HDD storage capacity is increased by reducing the 

amount of storage capacity dedicated to providing the servo 

wedge. Another technica~ advantage of the present 

invention includes reduced overall power consumption. 

Reduced overall power consumption res~lts from a reduction 

in overall circuitry because· of the elimination of peak 

detection circuitry. Yet another technical advantage 

includes increased accuracy in generating track 

identification signals and PESs thus reducing track rereads 

and improving overall HDD performance. Other technical 

advantages are readily apparent to one skilled in the art 

from the following figures, description, and claims. 
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BRIEF DESCRIPTION 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 

with the accompanying drawings and detailed description, 

wherein like reference numerals represent like parts, in 

which: 

FIGURE 1 is a block diagram illustrating a disk drive 

mass storage system; 

FIGURE 2 is a block diagram illustrating a read 

channel and a servo demodulator of the disk drive mass 

storage system; 

FIGURE 3 is a block diagram illustrating the servo 

demodulator in more detail; 

FIGURE 4 is a block diagram illustrating an address 

mark circuit of a position error signal circuit of the 

servo demodulator; 

FIGURE 5 is a timing diagram illustrating the signals 

of a servo clock generation circuit of the servo 

demodulator; and 

FIGURE 6 is a timing diagram illustrating various 

input signals and internal signals of position error signal 

circuit. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 is a block diagram of a disk drive mass 

storage system 30 used for retrieving data during read 

operations and for storing data during write operations. 

Disk drive mass storage system 30 interfaces and exchanges 
I 

data with a host 32 during read and write operations and 

includes a disk/head assembly 12, a preamplifier 14, a 

synchronously sampled data (SSD) channel 10, and a control 

circuitry 11. Disk/head assembly 12 and preamplifier 14 

are used to magnetically store data. SSD channel 10 and 

control circuitry 11 are used to process data that is being 

read from or written to disk/head assembly 12 and to 

control the various operations of·· disk drive mass storage 

system 30. Host 32 exchanges digital data with control 

circuitry 11. 

Disk/head assembly 12 includes a number of rotating 

magnetic disks or platters used to store data. The data are 

stored as magnetic transitions on the magnetic platters. 

The read/write heads are used to store and retrieve data 

from each side of the magnetic platters. The data are 

provided in the form of read and write data signals. The 

read/write heads may be any number of available read/write 

heads such as magneto-resistive heads. Preamplifier 14 

interfaces between the read/write heads and SSD channel 10 

and provides amplification to the read and write data 

signals as needed. 

SSD channel 10 is used during read and write 

operations to exchange analog data signals with disk/head 

assembly 12 through preamplifier 14 and to exchange digital 

data signals with control circuitry 11 through a 

data/parameter path 13. SSD channel 10 includes a write 

channel 16, a read channel 18 ,· a servo demodulator 20, and 

a parameter memory 22. SSD channel 10 may be implemented 

as a single integrated circuit. The phantom box 
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surrounding read channel 18 and servo demodulator 20 
illustrates the combination of read channel 18 and servo 
demodulator 20 and may be referred to as read channel / 
servo demodulator 36. Read channel I servo demodulator 36, 
illustrated more fully in FIGURE 2, may also be implemented 
as a single integrated circuit. 

Write channel 16 receives digital data from control 
circuitry 11 in parallel format through data/parameter 
path 13 during write operations. The digital data is 
reformatted for storage and provided to disk/head 
assembly 12. Write channel 16 may include a register, a 
scrambler, an encoder, 
precompensation circuit. 
channel 16 is controlled 

a -serializer, and a write 
The operatio~ and timing of write 
by a phase locked loop. 

Read channel 18 receives analog data signals from 
disk/head assembly 12 through preamplifier 14 during read 
operations. Read channel 18 conditions, decodes, and 
formats the analog data signal and provides a digital data 
signal in parallel format to control circuitry 11 through 
data/parameter path 13. Read channel 18 includes any of a 
variety of circuit modules such as an automatic gain 
control circuit, a low pass filter, a sampler, an 
equalizer, such as a finite impulse response filter, and a 
maximum likelihood, partial response detector, such as a 
Viterbi detector. The timing and operation of read 
channel 18 is controlled by a phase locked loop. 

The various circuit modules of SSD channel 10 may 
receive operational parameters for enhanced or optimal 
performance. The operational parameters are generally 
calculated during burn-in but may be calculated at other 
times. The operational parameters are used to enhance the 
operation of SSD channel 10. The operational parameters 
are also designed to account for the various physical and 
magnetic characteristics of disk drive mass storage 
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system 30 that vary from system to system and influence 

operational performance. During start-up, the operational 

parameters are provided to SSD channel 10 from control 

circuitry 11 through data/parameter path 13. Parameter 

memory 22 stores the operational parameters. The various 

circuit modules of SSD channel 10 may then access the 

operational parameters from parameter memory 22. 

Servo demodulator 20, in conjunction with read 

channel 18, ·generates track identification signals and 

position error signals (PES) and provides these signals to 

control circuitry 11 during read and write operations. 

These signals originate from . servo wedges stored on the 

disks of disk/head assembly 12. The track identification 

signals identify the various tracks on the disks of 

disk/head assembly 12. The PES relate to the position of 

the read/write heads on individual tracks so that the heads 

can be properly positioned during both read and write 

operations. 

Control circuitry 11 is used to control the various 

operations of disk drive mass storage system 30 and to 

exchange digital data with SSD channel 10 and host 32. 

Control circuitry 11 includes a microprocessor 28, a disk 

control circuit 24, a random access memory (RAM) 26, and a 

read only memory (ROM) 29. Microprocessor 28, disk control 

circuit 24, RAM 26, and ROM 29 together provide control and 

logic functions to disk drive mass storage system 30 so 

that data may be received from host 32, stored on disk/head 

assembly 12, and later retrieved from disk/head assembly 12 

and provided back to host 32. ROM 29 stores preloaded 

microprocessor instructions for use by microprocessor 28 in 

operating and controlling disk drive mass storage 

system 30. ROM 29 may also store the operational 

parameters that are supplied to parameter memory 22 during 

start-up. RAM 26 is used to temporarily store digital data 
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during read and write operations. Disk control circuit 24 

includes various logic and bus arbitration circuitry used 

to interface disk drive mass storage system 30 to host 32 

and for internally interfacing control circuitry 11 to SSD 

channel 10. Depending on the circuit implementation, any 

of a variety of circuitry may be used in disk control 

circuit 24. 

Control circuitry 11 is also used to receive the track 

identification signals and PES from servo demodulator 20. 

Control circuitry 11 processes these signals and ensures 

that the read/write heads. are properly positioned and 

aligned on disk/head assembly · 12 so that data may be 

correctly read from and written to the disks of disk/head 

assembly 14. 

In operation, disk drive mass storage system 30 goes 

through an initialization or start-up routine when power is 

initially provided. One such routine instructs 

microprocessor 28 to supply_ the operational parameters, 

previously stored in ROM 29, to parameter memory 22 through 

data/parameter path 13 . The operational parameters are 

then stored in memory registers of parameter memory·22 for 

use by read channel 18 during a read operation and other 

circuit modules of SSD channel 10. 

After the initialization routine is c~mplete, data may 

be read from or written to disk/head assembly 12. Servo 

demodulator 20 provides the track identification signals 

and PBS so that the read/write heads may be properly 

positioned and aligned on the disks to read and write data. 

During a read operation, host 32 initiates a request 

for data. After the read/write heads of disk/head 

assembly 12 are properly positioned, an analog data signal 

is provided to preamplifier 14. Read channel 18 receives 

the analog data signal from preamplifier 14, processes the 

analog data signal, and provides a corresponding digital 
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data signal. This may involve using various circuitry 

modules and techniques for synchronously sampling the 

analog data signal and detecting a digital signal as 

illustrated in FIGURE 2 and discussed more fully below. 

Read channel 18 provides the digital data signal to disk 

control circuit 24 through data/parameter path 13. Disk 

control circuit 24 provides various digital logic control 

and arbitration circuitry between SSD channel 10, host 32, 

RAM 26, microprocessor 28, and ROM ?9 during read, write, 

and servo ·operations. The digital data is then stored in 

RAM 26 until microprocessor 28 communicates to host 32 that 

the data is ready to be transferred. Host 32 may be a 

system bus such as the system bus of a personal computer. 

During a write operation, a digital data signal is 

received from host 32 and ultimately stored on disk/head 

assembly 12. Digital data is initially provided from 

host 32 to control circuitry 11. Control circ~itry 11 

stores the digital data in RAM 26. Microprocessor 28 

schedules a series of events so that the data may then be 

transferred from RAM 26 to disk/head assembly 12 through 

write channel 16. This data exchange occurs through 

data/parameter path 13. ·Write channel 16 encodes the 

digital data and places the data in serial format. Write 

channel 16 then provides the data to disk/head assembly 12 

after the heads of disk/head assembly 12 have been properly 

positioned to write or store the data at an· appropriate 

location on the disk. 

FIGURE 2 is a block diagram of read channel/servo 

demodulator 36 which is a combination of read channel 18 

and servo dernodula tor 2 O • Read channel 18 is used to 

process and condition analog read signals during read 

operations and to process servo wedge signals received 

during servo operations. During a servo operation, servo 

demodulator 20 interfaces closely with read channel 18 so 
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that the appropriate track identification signals and PES 

may be generated by servo demodulator 20. Thus, read 

channel/servo demodulator 36 may operate in a read mode 

during a read operation and a servo mode during a servo 

operation. 

Read channel 18 is implemented, in the embodiment 

shown in FIGURE 2, as a synchronously sampled read channel 

and is implemented as a partial response, class IV (PR4) or 

duobinary, dicode read channel. Read channel 18 includes 

a variety of circuit modules used to process and condition 

an analog read signal.received from disk/head assembly 12 

through preamplifier 14 during a read operation. The 

circuit modules of read channel 18 include a variable gain 

amplifier (VGA} 40, an automatic gain control circuit 

(AGC) 44, a low pass filter (LPF) 42, a sampler 46, a 

finite impulse response filter {FIR) 48, an error 

circuit 50, a phase locked loop 52, a sample clock 

multiplexer 56, and a viterbi detector 54. All of these 

circuit modules are used during a read operation to perform 

various functions to condition the analog read signal so 

that a corresponding and correct digital data signal is 

provided at the output of viterbi detector 54. The digital 

data signal may then be supplied to control circuitry 11, 

as shown in FIGURE 1, and ultimately to a host system. 

The RDGATE signal, a wedge enable signal 1 O O, and 

other control signals, not shown in FIGURE 2, are supplied 

to read channel 18 arid may be accessed by the various 

circuit modules of read channel 18 as needed. Read 

channel/servo demodulator 36 operates in the read mode when 

the RDGATE signal is enabled and operates in the servo mode 

when wedge enable signal 100 is enabled. 

During a servo operation, VGA 40 receives an analog 

servo wedge signal from preamplifier 14, that originates 

from a servo wedge stored on disk/head assembly 12, and 
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amplifies the signal to generate an amplified analog servo 

wedge signal. VGA 40, along with AGC 44, work together to 

provide an appropriate amplification to the analog servo 

wedge signal as needed by read channel 18. AGC 44 receives 

feedback information from error circuit SO so that 

appropriate adjustments can be made in the amplification or 

gain provided to the analog servo wedge signal by VGA 40. 

Error circuit SO provides an analog error signal to AGC 44 

during sampled or discrete time signal processing. This 

analog error signal serves as an input to AGC 44 to assist 

with establishing the gain of VGA 40. 

VGA 40 provides the amplified analog servo wedge 

signal to LPF 42 for further proce~sin~ in read channel 18. 

LPF 42 receives the amplified analog servo wedge signal and 

filters the signal to remove unwanted high frequency noise 

and generates a filtered servo wedge signal 112 during 

servo mode operation. LPF 42 also provides waveform 

shaping and amplitude boost. LPF 42 may be a continuous 

time 7th order filter designed using Gm/C components that 

may be operated in a read mode and a servo mode as . 
determined by the RDGATE signal and wedge enable 

signal 100. The cutoff frequency and boost ·of LPF 42 may 

be programmable. Filtered servo wedge signal 112 is 

provided to sampler 46 and servo demodulator 20 as shown 

more fully in FIGURE 3. 

Sampler 46 receives filtered servo wedge signal 112 

and synchronously 'samples the continuous time signal at 

discrete times and holds or provides the sampled value 

until the next sample time. PLL S2 controls sampler 46 

during a read operation by providing a clock signal 

indicating when sampler 46 should sample and hold the 

signal. Servo demodulator 20, through a synchronous servo 

clock signal 102, controls the sampling of sampler 46 while 

in a servo mode. A sample clock multiplexer 56 provides 



16 

synchronous servo clock signal 102 to sampler 46 when wedge 

enable signal 100 is enabled indicating that a servo 

operation is being performed. During servo operations the 

output of sampler 46 is a synchronously sampled servo wedge 

signal 114. Synchronously sampled servo wedge signal 114 

has discrete values corresponding to the value or amplitude 

of filtered servo wedge signal 112 at the time the servo 

wedge signal 112 was sampled by sampler 46. Sampler 46 may 

be a sample and hold circuit such as a circular sample and 

hold circuit that is time sequence multiplexed to FIR 48 so 

that the correct time sequenced value is presented to 

FIR 48. Synchronously sampled servo wedge signal 114 is 

provided to FIR 48 and servo demodulator 20. 

FIR 48 receives synchronously sampled servo wedge 

signal 114 from sampler 46 and generates a discrete, 

equalized signal that is equalized to the target function 

of viterbi detector 54. FIR 48 may employ a plurality of 

filter coefficients or taps to filter the signal. FIR 48 

includes a plurality of multipliers that each receive one 

of the filter coefficients and a consecutive one of the 

discrete values provided from synchronously sampled servo 

wedge signal 114. The outputs of each of the multipliers 

are then provided to an adder, such as an analog adder 

circuit, which sums these values and serves as the output 

of FIR 48. As the discrete values of synchronously sampled 

servo wedge signal 114 changes, the consecutive one of the 

discrete values are shifted from one multiplier to the next 

multiplier so that the first multiplier receives the latest 

discrete value and the last multiplier drops the oldest 

discrete value and receives the next oldest discrete value. 

FIR 48 may be a five tap filter with coefficients set 

by programmable digital circuitry. For example, FIR 48 may 

receive five digital coefficients or filter tap weights 

that are converted to an analog value through a digital-to-
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analog converter. Each coefficient is then provided to a 

separate multiplier. Each multiplier receives a successive 

one of the discrete values of synchronously sampled servo 

wedge signal 114. The outputs of all five of the 

multipliers are provided to an analog adder circuit which 

provides the discrete, equalized signal as the output of 

FIR 48. The number of coefficients or taps and 

corresponding multipliers may vary. FIR 48 provides the 

discrete, equalized signal to viterbi detector 54 and error 

circuit SO. 

Error circuit 50 receives the discrete, equalized 

signal provided by FIR 48 and generates an analog error 

signal. The analog error signal serves as an input· to 

PLL 52 and AGC 44. The analog error signal indicates how 

far the discrete values of .the discrete, equalized signal 

differ from an ideal target value. Error circuit 50 may 

include comparators and storage registers to compare the 

discrete values of the discrete, equalized signal to 

various ideal target values and threshold values. The 

target values and threshold values, not shown in FIGURE 2, 

are provided to error circuit SO. 

PLL 52 receives the analog error signal from error 

circuit 50 during both read and servo operations and 

generates a clock signal. PLL 52 also receives a reference 

clock signal, not shown in FIGURE 2, to generate the clock 

signal. The clock signal controls the sample time or 

sample intervals of sampler 46 during read operations and 

may serve as a timing signal to various circuitry of read 

channel 18. PLL 52 receives the error signal and adjusts 

the frequency of its output · clock signal an amount 

corresponding to the error signal. Sample clock 

multiplexer 56 receives the clock signal and provides the 

clock signal to sampler 46 during a read operation. 
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Viterbi detector 54 is a maximum likelihood detector 

or viterbi decoder implementing the viterbi algorithm for 

analyzing the partial · response signal provided by the 

discrete, equalized signal from FIR 48. Viterbi 

detector 54 generates a digital servo wedge signal 116 

during servo mode operation. In performing maximum 

likelihood detection, the viterbi algorithm provides an 

iterative method for determining the best path along 

branches of a trellis diagram. The maximum likelihood 

detection involves analyzing a number of consecutive data 

samples to determine the most likely path. By analyzing a 

number of consecutive samples, ~he most likely sequence can 

be chosen. Viterbi detector 54 includes a metric circuit 

and a trellis block containing an even and odd trellis 

circuit. 

As discussed above, read channel 18 is a synchronously 

sampled read channel that is implemented as a partial 

response, class IV (PR4) or duobinary, dicode read channel. 

In a PR4 read channel, the discrete, equalized signal, 

provided by FIR 48, is deinterleaved into an even and an 

odd interleave signal. The even and odd interleave signal 

are generated by alternately providing each dis.crete value 

of the discrete, equalized signal so that the odd 

interleave signal includes every other discrete value and 

the even interleave signal includes the remaining discrete 

values. Bach interleave signal is analyzed separately by 

viterbi detector 54 and then interleaved or recombined into 

one digital data output signal. 

The metric circuit alternately analyzes the even 

interleave signal and the odd interleave signal and 

provides a two-bit transition signal in response. The 

transition signal includes a negative transition signal and 

a positive transition signal. The transition signal 

alternately provides a transition signal for the odd 
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interleave signal and then for the even interleave signal. 

The trellis block includes an even trellis circuit and an 

odd trellis circuit that each receive the corresponding 

transition signal from the metric circuit. The odd and 

even trellis circuits act as logic trees or decision trees 

for sequence decoding of the transition signal. The 

digital output signals of the odd and even trellis circuits 

are interleaved or recombined to produce one digital data 

output signal which serves as digital servo wedge 

signal 116 during a servo operation. 

In operation during a s.ervo operation, read channel 18 

receives an analog servo wedge signal from disk/head 

assembly 12 when wedge enable signal 100 is enabled. 

VGA 40 receives the analog servo wedge signal and provides 

appropriate gain or amplification and provides the signal 

to LPF 42. AGC 44 provides a gain signal to VGA 40 to 

establish the appropriate amplification or gain. AGC 44 

receives feedback information from error circuit 50 so that 

appropriate adjustments can be made in the gain signal 

provided to VGA 40. LPF 42 filters the analog servo wedge 

signal and generates filtered servo wedge signal 112. 

Sampler 46, under the control· of PLL 52 ,. receives 

filtered servo wedge signal 112 from LPF 42 and 

synchronously samples this signal. Sampler 46 generates 

synchronously sampled servo wedge signal 114 in response. 

FIR 48 receives synchronously sampled servo wedge 

signal 114 and further conditions and equalizes the signal 

and generates a discrete, equalized signal having the 

desired channel response of r~ad channel 18. Viterbi 

detector 54 receives the discrete, equalized signal and 

analyzes the signal and generates digital servo wedge 

signal 116 that is provided to servo demodulator 20 during 

a servo operation. 
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Servo demodulator 20 receives a servo reference 

clock 110, wedge enable signal 100, servo AGC enable 

signal 104, a threshold signal, and various signals from 

read channel 18 such as filtered servo wedge signal 112, 

synchronously sampled servo wedge signal 114, and digital 

servo 'wedge signal 116 and uses these signals to generate· 

synchronous servo clock signal 102 and servo demodulator 

output signal 152 during . a servo operation. Servo 

demodulator output signal 152 provides a track 

identification signal 148 during a track identification 

time period and a PES 150 during a PES time period. These 

signals are provided to control circuitry 11 so that the 

read/write heads may be properly positioned and aligned 

during read and write operations. Thus, servo 

demodulator 20 uses read channel 18, under the control of 

synchronous servo clock signal 102, to generate filtered 

servo wedge signal 112, synchronously sampled servo wedge 

signal 114, and digital servo wedge signal 116 so that 

servo demodulator output signal 152 may be generated during 

a servo operation. FIGURES 3, 4, 5, and 6 further 

illustrate the operation of servo demodulator 20. 

FIGURE 3 is a block diagram of servo demodulator 20 ;· 

Servo demodulator 20 is used in conjunction with read 

channel 18 to generate servo demodulator output signal 152 

that includes track identification signal 148 and position 

error signal 150. Servo demodulator 20 may be organized 

into three areas of operation identified as a servo clo9k 

generation circuit 90, illustrated with dotted lines, a 

position error signal circuit 92, also illustrated with 

dotted lines, and a track identification circuit 76. 

Servo clock generation circuit 90 receives filtered 

servo wedge signal 112 from read channel 18, a servo AGC 

enable signal 104, a servo reference clock signal 110, and 

generates synchronous servo clock signal 102 in response. 
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Servo clock generation circuit 90 generates synchronous 

servo clock signal 102 so that the phase difference between 

synchronous servo clock ·signal 102 and filtered servo wedge 

signal 112 is minimized. Servo reference clock signal 110 

and synchronous servo clock signal 102 generally have a 

frequency greater than that of filtered servo wedge 

signal 112. For example, filtered servo wedge signal 112 

may be generated having a frequency of around ten megahertz 

while servo reference clock 110 and synchronous servo clock 

signal 102 may be provided at a frequency of around forty 

megahertz. Synchronous servo clock signal 102 is provided, 

as shown in FIGURE 2, to sample clock multiplexer 56 and 

then to sampler 46 so that filtered servo wedge signal 112 

may be synchronously sampled to generate synchronously 

sampled servo wedge signal 114. Servo clock generation 

circuit 90 includes zero phase restart circuit 60 and delay 

lock loop 62. The timing of the various signals of servo 

clock generation circuit 90 are illustrated in FIGURE 5. 

Zero phase restart circuit 60 receives filtered servo 

wedge signal 112, servo AGC enable signal 104, servo 

reference clock signal 110, and generates zero phase 

restart signal 13 O in response. Zero phase restart 

circuit 60 compares filtered servo wedge signal 112 and 

servo reference clock signal 110, using a comparator, after 

servo AGC enable signal 104 transitions from an enabled 

state to an unenabled state, as illustrated in FIGURE 5. 

Servo AGC enable signal 104 is provided in an enabled state 

during the time in which a servo wedge signal, such as the 

analog servo wedge signal discussed with respect to 

FIGURE 2, provides AGC information to read channel 18 

during a servo operation. After AGC enable signal 104 

transitions from an enabled state to an unenabled state, 

servo reference clock signal 110 and filtered servo wedge 

signal 112 are compared and zero phase restart signal 130 
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is generated. Zero phase restart signal 130, as shown in 

FIGURE 5, is provided in an enabled state for a period of 

time corresponding to the phase difference between servo 

reference clock signal 110 a~d filtered servo wedge 

signal 112. 

Oelay lock loop 62 receives zero phase restart 

signal 130 from zero phase restart circuit 60 along with 

servo reference clock signal 110 and generates synchronous 

servo clock signal 102 in response. Delay lock loop 62 

adjusts the phase of servo reference clock signal 110 by an 

amount determined by zero phase restart signal 130 so that 

synchronous servo clock signal 102 is provided in phase 

with filtered servo wedge signal 112 and at a frequency 

equivalent to that of servo reference clock signal 110. 

Delay lock loop 62 includes a ·plurality of delay 

blocks, such as a string of buffers or inverters, that are 

used to delay the phase of servo reference clock signal 110 

by an amount indicated by zero phase restart signal 130. 

Delay lock loop 62 may be implemented using a string of 

buffers and a multiplexer that is used to receive a signal 

to select the number of buffers needed so that servo 

reference clock signal 110 will be delayed in an amount 

equal to the time in which zero phase restart signal 130 is 

provided in an enabled state. Synchronous servo clock 

signal 102 is provided to address mark circuit 64 of 

position error signal circuit 92 and to sample clock 

multiplexer 56 of read channel 18 as discussed above. 

Position error signal circuit 92 is used to generate 

a track enable signal 106 and a position error signal 150 

in response to receiving synchronously sampled servo wedge 

signal 114 from read channel 18. Position error signal 

circuit 92 includes address mark circuit 64, a state 

machine 66, a first adder circuit 68, such as an analog 

adder circuit, a second adder circuit 70, a third adder 
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circuit 72, a fourth adder circuit 74, and an analog-to­

digital converter 80. 

Address mark circuit 64 receives synchronous servo 

clock signal 102 from servo clock ge~eration circuit 90, 

wedge enable signal 100, a threshold ·signal, and 

synchronously sampled servo wedge signal 114 from read 

channel 18. Synchronously sampled servo wedge signal 114 

has previously been sampled by sampler 46 under the control 

of synchronous servo clock signal 102. Address mark 

circuit 64 processes synchronously sampled servo wedge 

signal 114 and generates address mark enable signal 108 in 

an enabled state after synchronously sampled servo wedge 

signal 114 provides address mark information. The details 

of address mark circuit 64 are shown in FIGURE 4 and 

discussed more fully below. 

Address mark enable signal 108 is provided to state 

machine 66 and the various adder circuits as shown. State 

machine 66 receives synchronous servo clock signal 102 

along with address mark enable signal 108 and generates 

various s·ignals used to enable other circuitry of servo 

demodulator 20. For example, state machine 66 generates 

track enable signal 106 in an enabled state during the time 

in which synchronously sampled servo wedge signal 116 

provides track identification information, as shown in 

FIGURE 5 and FIGURE 6. 

State machine 66 includes various timers or counters, 

such as programmable timers, that are used to generate the 

various output signals including track enable signal 106, 

a first adder circuit enable signal 120, a second adder 

circuit enable signal 122, a third adder circuit enable 

signal 124, and a fourth adder circuit enable signal 126. 

State machine 66 uses synchronous servo clock signal 102 as 

a clock to operate the various timers and counters of state 

machine 66. FIGURE · 6, described more fully below, 



24 

illustrates the output signals generated by state machine 

66 and their relative timing. Although not shown in 

FIGURE 3, state machine ·66 may receive various programmable 

control signals which determine the length of time each of 

the output signals of state machine 66 are enabled and when 

such signals are enabled. 

Before finishing th~ description of position error 

signal circuit 92, track identification circuit 76 is 

described next. Track identification circuit 76 receives 

digital servo wedge signal 116 from read channel 18, track 

enable signal 106, and generates track identification 

signal 148 as an output. The operation of track 

identification circuit 76 is controlled by track enable 

signal 106 as provided by state machine 66. Track 

identification circuit 76 may be implemented as a shift 

register that receives digital servo wedge signal 116 and 

provides a corresponding digital signal as track 

identification signal 148 during the period in which track 

enable signal 106 is provided in an enabled state. The 

period of ·time when track enable signal ·106 is provided in 

an enabled state corresponds to the period of time when 

synchronously sampled servo wedge signal li4 or filtered 

servo wedge signal 112 provides track identification 

information as illustrated in FIGURE 5. Track 

identification 

output signal 

signal 148 serves as 

152 during the time 

servo demodulator 

in which track 

identification information is provided by the servo wedge. 

Returning now to the description of position error 

signal circuit 92, state machine 66 generates first adder 

circuit enable signal 120 during a ~irst period of time in 

which position error signal information is being provided 

by the servo wedge. First adder circuit 68, second adder 

circuit 70, third adder circuit 72, and fourth adder 

circuit 74 are all adder circuits, such as an analog adder 
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circuit. Each of these adder circuits is reset when 

address mark enable signal 108 is provided from address 

mark circuit 64 in an enabled state. 

First adder circuit 68 receives first adder circuit 

enable signal 120 from state machine 66 and synchronously 

sampled servo wedge signal 114. First adder circuit enable 

signal 120 is provided in an enabled state .during a first 

period in which position error signal information is being 

provided by the servo wedge through synchronously sampled 

servo wedge signal 114. During this period, first adder 

circuit 68 generates a first signal 140 by providing 

synchronously sampled servo wedge signal 114 to an analog 

adder or summer circuit. First signal 140 i$ then provided 

to analog-to-digital converter 80. Analog-to-digital 

converter 80 converts first signal 140 from the analog 

domain to the digital domain and provides position error 

signal 150 which serves as servo demodulator output 

signal 152 during this first period. 

Second adder circuit 70, third adder circuit 72, and 

fourth adder circuit 74 operate in the same manner as first 

adder circuit 68 except that their corresponding adder 

circuit enable signals, provided from state machine 66, 

occur at later periods when position error signal 

information is provided from the servo wedge through 

synchronously sampled servo wedge signal 114. The 

operation and timing of these adder circuits is illustrated 

more fully with respect to FIGURES 5 and 6. Second adder 

circuit 70 generates second signal 142 which is converted 

by analog-to-digital converter 80 during a second period in 

which position error signal information is provided. Third 

adder circuit 72 generates third signal 144 during a third 

period in which position error signal information is 

provided, and finally, fourth adder circuit 74 generates 

fourth signal 146 during a fourth period in which position 
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error signal information is provided. Second signal 142, 

third signal 144, and fourth signal 146 are each provided 

to analog-to-digital converter 80 during their respective 

time periods. The corresponding output of analog-to­

digital converter 80. is position error signal 150 which 

serves as servo demodulator output signal 152 during these 

times. The first, second, third, and fourth period in 

which position error signal information is provided may 

correspond to servo burst signals that are provided by the 

servo wedge signal. 

FIGURE 4 is a block diagram illustrating address mark 

circuit 64 in more detail. . Address mark circuit 64 

receives synchronously sampled servo wedge signal 114, the 

threshold signal, synchronous servo clock signal 102, wedge 

enable signal 100, and generates address mark enable signal 

108 in response. The transition of address mark enable 

signal 108 from an enabled state to an unenabled state 

indicates that add~ess mark information has been provided 

by synchronously sampled servo wedge signal 114 and that 

track identification information will be provided next. 

Address mark circuit 64 includes a rectifier circuit 

80 for rectifying synchronously sampled servo wedge signal 

114 and providing the rectified signal as an input to a 

comparator 82. Comparator 82 also receives the threshold 

signal, such as a programmable threshold signal, and 

compares these two input signals. Whenever the output of 

rectifier circuit 80 exceeds the threshold signal, 

comparator 82 generates an output signal in an enabled 

state. Thus, as illustrated in the timing diagrams of 

FIGURE 5, during the period in which address mark 

information is provided, the threshold signal should exceed 

the output of rectifier circuit 80 and the output of 

comparator 82 will transition from an enabled state to an 

unenabled state and will be provided in an unenabled state 
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during this period. The output of comparator 82 is 

provided to a down counter 84 and an AND gate 86. 

Down counter 84 is a counter that is enabled during 

the period of time in which wedge enable signal 100 is 

provided in an enabled state. Down counter 84 begins 

counting down from a programmable initial value once the 

output of comparator 82 is provided in an enabled state. 

Down counter 84 counts. down from the programmable initial 

value each clock cycle or a multiple of each clock cycle of 

synchronous servo clock signal 102. Down counter 84 is 

reset each time the output of comparator 82 transitions 

from an unenabled state to an enabled state. 

Whenever down counter 84 counts from the initial value 

to zero, down counter 84 provides its output signal to AND 

gate 86 in an enabled state. During the time in which 

~ddress mark information is provided, the output of 

comparator 82 is provided in an unenabled state thus 

allowing down counter 84 to count from .the initial value 

down to zero. At such time, down counter 84 provides its 

output signal to AND gate 86 in an enabled state. Down 

counter 84 may maintain its output signal in an enabled 

state for a fixed period of time, such as a few clock 

cycles. The output of comparator 82 is provided to AND 

gate 86 in an enabled state whenever track identification 

information, as shown in FIGURE 5, is provided by the servo 

wedge signal as reflected in synchronously sampled wedge 

signal 114. At such time, the output of rectifier 

circuit 80 will exceed the threshold value which results in 

comparator 82 providing an output signal in an enabled 

state. At such time, the two input signals provided to AND 

gate 86 are in an enabled state and the output of AND 

gate 86 is generated in an enabled state. The output of 

AND gate 86 serves as address mark enable signal 108 as 

illustrated in FIGURE 6. As a consequence of the output of 
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comparator 82 being enabled, down counter 84 is reset and 

the output of down counter 84 is eventually reset to an 

unenabled state. 

FIGURE 5 is a timing diagram illustrating the signals 

of servo clock generation circuit 90 of servo 

demodulator 20. As discussed above, servo clock generation 

circuit 90 receives filtered servo wedge signal 112 from 

LPF 42 of read channel 18, servo AGC enable signal 104, 

servo reference clock signal 110, and ultimately generates 

synchronous servo clock signal 102 in response. 

Servo AGC enable signal 104 is shown provided in an 

enabled state during the time in which 11 header 11 information 

or AGC information is provided by the servo wedge through 

filtered servo wedge signal 112. During this time, AGC 44 

of read channel 18, as shown in FIGURE 2, is used to 

establish a gain signal that is provided to VGA 40 for 

properly amplifying the analog servo wedge s~gnal. After 

AGC enable signal 104 transitions from an enabled state to 

an unenabled state, zero phase restart .circuit 60, using 

comparator circuitry, generates zero phase restart 

signal 130 by comparing servo reference clock signal 110 to 

filtered servo wedge signal 112. Zero ·phase restart 

signal 130 corresponds to the phase difference between 

servo reference clock signal 110 and filtered servo wedge 

signal 112. Zero phase restart signal 130 is provided in 

an enabled state for the period of time in which servo 

reference clock signal 110 and filtered servo wedge 

signal 112 are out of phase. 

Zero phase restart signal 130 is provided as an input 

to delay" lock loop 62 along with servo reference clock 

signal 110. Delay lock loop 62 delays servo reference 

clock signal 110 an amount equivalent to zero phase restart 

signal 130 to generate synchronous servo clock signal 102 

that is in phase with filtered servo wedge signal 112. 
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FIGURE 6 is a timing diagram illustrating various 

input signals and internal signals used in position error 

signal circuit 92 of servo demodulator 20. Synchronous 

servo clock signal 102 is provided as one of several inputs 

to address mark circuit 64, as illustrated in FIGURE 3. 

Address mark circuit 64 generates address mark enable 

signal 108 in response. Address mark enable signal 108 and 

synchronous servo clock signal 102 are provided as inputs 

to state machine 66. As mentioned above, state machine 66 

includes various timer or counter circuits that may be 

programmed through external ports. State machine 6 6 

provides various enabling signals to the remaining 

circuitry of position error signal circuit 92 and track 

identification circuit 76 so that servo demodulator output 

signal 152 may be generated and ultimately provided to 

control circuitry 11 as shown in FIGURES 1 and 2. 

Filtered servo wedge signal 112, as shown in FIGURE 5, 

provides track identification information after address 

mark information has been provided. This is signaled when 

address mark enable signal 108 transitions from an enabled 

state to an unenabled state. State machine 66 generates 

and provides track enable signal 106 in an enabled state 

when track identification information is provided. During 

the time in which track enable signal 106 is provided in an 

enabled state, track identification circuit 76 provides 

digital servo wedge signal 116, using a shift register, as 

track identification signal 148 which serves as servo 

demodulator output signal 152 during this time. 

During the time in which the servo wedge signal, such 

as synchronously sampled servo wedge signal 114, provides 

position error signal information, state machine 66 

provides four enabling signals that correspond to four 

servo burst signals provided by the servo wedge signal. 

For example, state machine 66 provides first adder circuit 
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enable signal 120 in an enabled state for· a period of time 

in which a first servo burst is provided by the servo wedge 

signal. Second adder. circuit enable signal 122, third 

adder circuit enable signal 124, and fourth adder circuit 

enable signal 126 are provided in an enabled state during 

successive periods of time in which the servo wedge signal 

provides additional servo burst signals during the time in 

which position error signal information is being provided. 

The period of time that these adder circuit enable 

signals are provided in an enabled state are programmable 

and may be varied. Additionally, the period of time, 

indicated by the letter "A" in .FIGURE 6, between when track 

enable signal 106 transitions from· an enabled state to an 

unenabled state and when first adder circuit enable 

signal 120 is provided in an enabled state is also 

programmable. The letter "B" represents the period of time 

when first adder circuit enable signal 120 is provided in 

an enabled state. This is shown in FIGURE 6 to indicate 

that this period of time is also programmable. ·Likewise, 

the letter 11 C, 11 which designates the period ot time between 

when first adder circuit enable signal 120 transitions from 

an enabled state to an unenabled state and when second 

adder circuit enable signal 122 transitions from an 

unenabled state to an enabled state, is also a programmable 

period. Any of the signals generated by state machine 66 

may be provided in an enabled state for a programmable 

period of time. 

Thus, it is apparent that there has been provided, in 

accordance with the present invention, a servo demodulator 

and method for synchronous servo demodulation to quickly 

and accurately generate a track identification signal and 

a position error signal that satisfies the advantages set 

forth above. Although the preferred embodiment has been 

described in detail, it should be understood that various 
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changes, substitutions, and alterations can be made herein 

without departing from the scope of the present invention. 

For example, a variety of different circuitry, such as 

digital circuitry, may be provided in place of first adder 

circuit 68, second adder circuit 70, third adder 

circuit 72, fourth adder circuit 74, and analog-to-digital 

converter 80. Also, the circuits described and illustrated 

in the pref erred embodiment as discrete or separate 

circuits, such as address mark circuit 64, may be combined 

into one circuit or split into separate circuits without 

departing from the scope of the present invention. The 

servo wedge may provide information, such as track 

identification information and position error signal 

information, in any order. Many of the signals provided to 

servo demodulator 20 may be programmable signals. 

Furthermore, the direct connection~ illustrated herein 

could be altered by one skilled in the art such that two 

devices are merely coupled to one a_nother 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 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. 



I 111\111 """ 1111\ \ll\l \l 1111 * C L M S * 

32 

WHAT IS CLAIMED IS: 

1. A servo demodulator for generating a track identification sign~l and a position 

error signal in response to the processing of a servo wedge signal by a synchronously 

sampled read channel, the servo demodulator comprising: 

a servo clock generation circuit operable to generate a synchronous servo clock 

signal in response to receiving a reference clock signal and the servo wedge signal, the 

servo clock signal provided to the read channel for processing of the servo wedge signal; 

a position error signal circuit operable to generate a position error signal in response 

to receiving the synchronous servo clock signal of the servo clock generation circuit and a 

synchronously sampled servo wedge signal from the read channel; and 

a track identification circuit operable to generate a track identification signal in 

response to receiving a digital servo wedge signal from the read channel. 

2. The servo demodulator of Claim 1, wherein the synchronously sampled servo 

wedge signal is generated in the read channel by synchronously sampling the servo wedge 

signal using the synchronous servo clock signal. 

3. The servo demodulator of Claim 2, wherein the digital servo wedge si~ is 

generated in the read channel by synchronously sampling the servo wedge signal using the 

synchronous servo clock signal and performing maximum likelihood detection on the 

synchronously sampled servo wedge signal. 

4. The servo demodulator of Claim 2, wherein the servo wedge signal includes an 

address mark portion, a track identification portion, and a position error portion. 

5. The servo demodulator of Claim 4, wherein the position error signal circuit is 

further operable to generate a track enable signal indicating when the track identification 

portion of the servo wedge signal is being provided, and the track identification circuit is 
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operable to generate a track identification signal in response to receiving the track enable 

signal and the digital servo wedge signal. 

6. The servo demodulator of Claim 4, wherein the position error signal circuit 

includes an address mark circuit operable to receive and process the synchronously sampled 

servo wedge signal and to enable an address mark enable signal indicating that.the address 

mark portion of the servo wedge signal has been provided. 

7~ The servo demodulator of Claim 6, wherein the address mark circuit comprises: 

a rectifier circuit operable to rectify the synchronously sampled servo wedge signal 

and to generate a rectified synchronously sampled servo wedge signal in response; 

a comparator operable to compare the rectified synchronously sampled servo wedge 

signal and a threshold signal and to generate a comparison signal in response, the 

comparison signal indicating whether the rectified synchronously ·sampled servo wedge 

signal is larger than the threshold signal; and 

a timer operable to receive the comparison signal and to enable an address mark 

enable signal after receiving the comparison signal in a known state for a period of time. 

8. The servo demodulator of Claim 7, wherein the timer is a down counter;that 

generates the address mark enabl~ in an enabled state after receiVing a number of 

consecutive comparison signal values indicating that the threshold signaj. is l~er than the 

rectified synchronously sampled servo wedge signal. 

9. The servo demodulator of Claim 2, wherein the servo wedge signal includes a 

position error portion and the position error portion includes a plurality of position error 

bursts, and the position error circuit is operable to generate the position error signal when 

the synchronously sampled servo wedge signal provides the position error portion. 



\\11\11\ \\\I\\ Ill\\ \\1\1 \\ \'I\ 
* C L M S 

34 

10. The servo demodulator of Claim 9, wherein the position error signal circuit 

comprises: 

a plurality of sampling and converting circuits for receiving and processing the 

plurality of position error bursts provided by the synchronously sampled servo wedge signal 

to generate the position error signal; and 

a state machine operable to receive the synchronous servo clock signal and to 

provide a plurality of enabling signals to enable each of the plurality of sampling and 

converting circuits to process a corresponding one of the plurality of position error bursts. 

11. The s~rvo demodulator of Claim 10, wherein each one of the position error 
I• • "' 

bursts, provided by the synchronously sampled servo wedge sigrtal, include a number of . . 
samples, and wherein each one of the plurality of sampling and converting circuits 

comprise: 

a summing circuit operable to sum the number of samples from one of the position 

error bursts and to generate an output in response; and 

an analog-to-digital converter operable to receive the output from the summing 

circuit and to generate a digital output signal that serves at the position error signal in 

response. 
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12. The servo demodulator of Claim 10, wherein each one of the position error 

bursts, provided by the synchronously sampled servo wedge signal, include a number of 

samples, and wherein each one of the plurality of sampling and oonverting circuits 

compns~: 

an analog-to-digital converter operable to receive the number of samples from one 

of the position error bursts in the analog domain and to convert the number of samples to 

the digital domain; and 

a summing circuit operable to receive the number of samples from the analog-to­

digital converter in the digital domain and to sum the number of samples to generate the 

position error .signal. 

13. The servo demodulator of Claim 1, wherein the servo clock generation circuit 

comprises: 

a zero phase restart circuit operable to receive the reference clock signal and the 

servo wedge signal and to generate a zero phase restart signal having a duration equivalent 

to the phase ~fference between the reference clock signal and the servo wedge signal; and 

a delay lock loop circuit operable to receive the reference-clock signal and the zero 

phase restart signal and to generate the synchronous servo clock signal by delaying the 

reference an amount equivalent to the zero phase restart signal. 

14. The servo demodulator of Claim 1, wherein the servo wedge signal includes a 

hea4er portion and the servo clock generation circuit generates the synchronous servo clock 

signal when the servo wedge signal provides the header portion. 

15. The servo demodulator of Claim 1, wherein the track identification circuit is a 

shift register operable to receive the digital servo wedge signal during a period of time when 

the digital servo wedge signal provides track identification information. 


