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» SERVO DEMODULATI ON TECHNI CAL FI ELD OF THE | NVENTI ON Thi s inyention
rel ates generally to the field of information storage and ﬂ 'ﬁlcularly
to a servo denodul ator and nmethod for synchronous servo de |on
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SERVO DEMODULATOR AND METHOD FOR /
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.



BACKGROUND OF THE | NVENTI ON As computer hardware and software
<technol ogy continues to progress, the need for |arger and faster nass
storage devices for storing conputer software and data continues to

i ncrease. El ectroni c databases and conputer applications such as multinedi a
applications require | arge amounts of di sk storage space. To neet

t hese ever increasing demands, the hard disk drive (HDD) continues to

evol ve and advance. Some of the early disk drives had a maxi num st orage
capacity of five nmegabytes and used fourteen inch platters, whereas today's
HDDs are commonly over one gi gabyte and usg 3.5 inch platters. Advances in
the anobunt of data stored per unit of area, or areal density, have

dramatically accel erated. For exanple, in the 1980's, areal density

i ncreased about thlrty percent per year while in the 1990's annual areal
density increaB® B ) BNT®AN percent. Areal density may be

i ncreased by Increaggngo&méxamra&awlsﬁad@s&m RecBAGISSY auhd BiddLVed.
The cost per negabyte of &SgD I S |nvers | at d to Its areal density.
In general, HEHIEGESde $4%S3% a5t | ShRFage

nmagneti c st or agevireels afors tatlmraagr obmputngr chciﬂcsvame |ahe1t dats, cantsinued &o
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pre- anpllfler a read channe a wit annel
circuitry to cENCholas HlsddesirRrpl igat 1aps a’ﬁﬂﬂ‘{l@epr]@ﬁ’éel VUGS ffe t he
HDD to a host diskystesafesspacdhe read channel, wite channel, servo

circuitry, and nenn&é ﬁ%%takhegg Eggkegggtggﬁg agm%ﬂéggr exh§§ C JH{that'
a ro

is referred to as a channe e con rcairtry often Tncludes a
m cr opr ocessor drdveeXHEM | Agntbnues| tor eyedve emé paveresi ngSemeE ?frdiheon
provi ded duri ngalyhs BAtdrGRved Hd®e dkdximum storage capacity of five

megabytes and used fourteen inch platters, 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 dramétically 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 ircreasing 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. '



3 An HDD perfornms wite, read, and servo operations when storing and
sretrieving data. A typical HDD perforns a wite operation by transferring
data froma host interface to its control circuitry. The contro

circuitry then stores the data in a |ocal dynam c random access nenory
(DRAM. A control circuitry processor schedules a series of events to allow
the information to be transferred to the disk platters through a wite
channel . The read/wite heads are noved to the appropriate track and
sector. Finally, the HDD control circuitry transfers the data fromthe DRAM
to the sector using the wite channel. A sgctor generally has a fixed data
storage capacity, such as 512 bytes of user data per sector. A wite clock

controls the timng of a wite operation in the wite channel. The wite
channel may encode the data so that the data can be nore reliably retrieved
| at er. In a reas HpBrpéi*fnmd heriappr pead atends esslroo bpebet iens \izlsen
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read/ wite heagﬁéensé-nﬂﬁi gﬁ§%§¥+¥ ahganagﬁ%tgxbgfgm 0 :%éﬁﬁ platter
and generates &Td&er @E‘Bﬁ%‘éﬂ% by taranst erré“ddlg sagRq i rom ?h€°SFeAHte€ﬁ%\‘Fﬁlel
receives the ana osatéeaﬂarﬁjx@lal cifOnilt vy pns T}I&e goglgbl adikdlaitast Sthagr os”

and "ones" fronlthe Si na e re e condl S the S|gnal b
anplifying the SROLE m%h % 1na5p§'&§:tai at e 1e8VE ﬂésljilél)g an-attonar| cr%ai n
control circuit(DRMW redd Qﬂm dilmemiftiriyt proceseosi geaeduieseni apniee

unwant ed hi gh fge@ueney 881 SEow R iASrhdeish N Pe tdRneFesred®t8Sthand
"ones" fromthe,si.gha

circuitry. T nB ?tB?rﬁugﬁgngngg ?%Egégﬁg?Pﬁﬁ ?;rﬁggeggg%??ﬁﬁlF%ad

channel to the lpxads olhrei roeved y tandthe sppmgprimatehetDRAkl and sector.
Finally, the HDD control circuitry transfers the data from
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 operation, 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 "zeros" and "ones" from the signal. The read
channel conditions the signal by amplifying'the read signal
to an appropriate level 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



The processor then conmunicates to the host that data is ready to be
«transferred. A read clock controls the timng of a read operation in the
read channel. The goal during - 4
a read operation is to accurately retrieve the data while mnimzing the
bit error date (BER) in the noisiest environnent. Recent |y, advanced
techniques utilizing discrete tine signal processing (DTSP) to reconstruct
and read the original data witten to the disk are being used in read

channel electronics to inprove areal density. In these techni ques, the
data i s synchronously sanpled using a dat% recovery clock. The sanple is
then processed through a series of mathematical mani pul ati ons usi ng
signal processing theory. There are several types of synchronously
sanpl ed read channel s. Partial response, maxi mum |ikelihood (PRW);

extended PRM. 4 BEPEML) operdeiwiedis exd efsiadedifidy (FHthRMye thexefhtdeldy ller ee
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DTSP t echni quesnvinpenmend stum | i kel i hood detection performed in several of

these systems is uspddntiRer hakARBelYtacithi§hbs SELPILInd ' STRIU MG ndhe

Viterbi algorithm paned af t er An?reM/Viterbl 0 developed._ it in 1967
signal processing DTSP) to reconstruct and read the
originél 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) ; extehded 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 several 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 operétion, 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 relative
alignment of the read/write head on a particglar 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
?osition 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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In a servo operation, the servo circuitry generates a track identification
signal and a position error signal (PES). by reading and denodul ating a

servo wedge stored on each sector. The PES indicates the relative
alignnment of the read/wite head on a particular track so that the head may
be properly positioned for both read and- wite operations. The servo

wedge includes track identification information, for generating the track
identification signal, and track m sregistration or position error
information, for generating the PES. The position error information may be
provi ded as servo bursts. The track identification signal and PES are
provided to the control circuitry during read and wite operations so that
a track may be identified by the track identification

5 signal and the read/wite heads nmay be properly aligned on the track
usi ng t he PES.signalTmadi thenatdd/wsite chedd< mdy \od modopdad ypedk gietiechi on

circuitry that,y .1.ng S 0 operation to assist with processing
R T

the servo wedge s . the“track rdéntification signal and PES may be
gener at ed. Probl ensTERAGLEAORALEY u T D EARCHEEEEt 1vmludas peaky deggetion

ultimately resedf#chitrediead joveisdd dRRmARAGdivo Opeeat ibAWVED assist
consunpti on, avrv]J(.jtl'i1 ncpl;:?ggeesdsi}r{gac&ﬂ’eer esaedrsvot h"%}ecfé%r ms%vert%lalt the track
identification signal and PES may be generated. Problems
arise when using peak detection circuitry that ultimately
result in reduced overall HDD capacity, excess power
consumption, and increased track rereads that harm overall
HDD 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 PES.. 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.



HDD .per f or mance. The overall HDD capacity is reduced because the peak
-detection circuitry is relatively slowin processing the servo wedge and
generating the corresponding track identification signal and PES. Because
of this, a larger servo wedge, requiring additional HDD capacity, nust be
provided to the peak detection circuitry. This reduces the overall HDD
capacity available for data/information storage. Power consunption is

i ncreased because of the additional circuitry needed to inplenent the peak
detection circuitry. Power consunption is especially critical in portable
or battery powered applications such as | aptop or notebook conputers. The
addi'tional 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 gdineirwaENTRER INVENTPONPer f or mance.

that a need has ar TS ol° drOTHOEd 'sao B8 r ey saReia gk P0
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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 servo
demodulator is provided for generating a track
identification signai and a position error signal £rom a
servo wedge during a servo operation. The servo
demodulator interfaces with a synchronously sampled read
channel to generate these signals. The servo 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 wuse 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



eli-im nate or reduce the disadvantages and probl ens of previously devel oped
.servo circuitry and nethods using peak detection circuitry. The present

i nvention includes a servo denodul ator, working in conbination with an

exi sting synchronously sanpl ed read channel, that quickly and accurately
generates a track identification signal and a position error signal while
using mnimal circuitry. This elimnates the need for peak detection
circuitry and allows for an increase in overall HDD capacity, |ower power

consunption, and inproved overall HDD perfornmance. According to the
pr esent invention, a servo denodulator, is provided for generating
a track identification signal and a position error signal froma servo
wedge during a servo operation. The servo denodul ator interfaces

with a synchronously sanpled read channel to generate these signals. The
servo denodul ai@ent DEicsieso Sbgval Cinckegponsat ton reicedwiihg & [igyittiadn
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identification <circult enerates a track

so that ovérall 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 technical advantage of the present
invention includes reduced overall power consumption.
Reduced overall power consumption results 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.



7 identification signal in response to receiving a digital servo wedge
«signal fromthe read channel. The present invention provides various
techni cal advantages over using peak detection circuitry to assist with
processi ng the servo wedge. A technical 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
i ncreased. Overall HDD storage capacity is increased by reducing the anount
of storage capacity dedicated to providing the servo wedge. Anot her
technical advantage of the present inyention includes reduced overal
power consunption. Reduced overall power consunption results froma
reduction in overall circuitry because of the elimnation of peak detection
circuitry. Yet anot her technical advantage i ncludes increased

accuracy i N BROEN QIR I ; P .|on signal s and PESs thus
reduci ng track rereads and | rovin veral% % C

t echni cal advant ag °hr & r'g% Ifo g‘gggnt “one™ sii S?e(?%n El{lle"le %%fnrom ,
the foll owi ng ingntdon dedcthetadvantagescithensof, reference is now made

8 to the following brief description, taken in connection

R TNG

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 pbsition error signal circuit of the
servo demodulator;

FIGURE S is a timing diagram 111ustrat1ng 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. '



BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl et e understandi ng of
.the present invention and the advantages thereof, reference is now nmade to

the follow ng brief description, taken in connection with the acconpanying
drawi ngs and detail ed description, wherein |like reference nunerals

represent |like parts, in which: FIGURE 1 is a bl ock diagram
Illustrating a disk drive nmass storage system FIGURE 2 is a bl ock
diagramillustrating a read channel and a servo denodul ator of the disk
drive mass storage system FIGURE 3 is a block diagramillustrating

t he- servo denodul ator in nore detail; FIGURE 4 is a bl ock diagram
Illustrating an address mark circuit of a’position error signal circuit of
t he servo denodul at or; FIGURE 5 is atimng diagramillustrating the

signals of a servo clock generation circuit of the servo denodul ator; and
FIGURE 6 is a HETAI R I nput signals and

|9nt ernal signal s Omeé ! gn 1%r r Orb.sL gﬂaldl%ér%w tof 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
data Qith 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 ethénges digitél 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 signais 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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 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 wite operations. Disk drive mass
storage system 30 interfaces and exchanges data with a host 32 during read
and wite operations and includes a disk/head assenbly 12, a preanplifier
14, a synchronously sanpled data (SSD) channel 10, and a control circuitry
11. Disk/head assenbly 12 and preanplifier 14 are used to magnetically
store data. SSD channel 10 and control circuitry 11 are used to process
data that is being read fromor witten tgqgqdi sk/ head assenbly 12 and to
control the various operations of disk drive nmass storage system 30. Host
32 exchanges digital data with control circuitry 11. Di sk/ head
assenbly 12 includes a nunber of rotating magnetic disks or platters used
to store data. sThrountingr ereadr chhanseinghet iand r aesivd odemoduldeora@et i ¢
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assembly 12. Write channel 16 may include a register, a
scrambler, an encoder, a -serializer, and a write
precompensation circuit. The operation and timing of write
channel 16 is controlled by a phase lbcked 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 parametefs 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



10 surroundi ng read channel 18 and servo denodul ator 20 illustrates the
. conbi nati on of read channel 18 and servo denodul ator 20 and may be referred
to as read channel / servo denodul ator 36. Read channel / servo denodul ator

36, illustrated nore fully in FIGURE 2, nmay al so be inplenented as a single
integrated circuit. Wite channel 16 receives digital data fromcontrol
circuitry 11 in parallel format through data/paraneter path 13 during wite
oper ati ons. The digital data is reformatted for storage and provided to

di sk/ head assenbly 12. Wite channel 16 may include a register, a
scranbler, an encoder, a serializer, ;3nd a wite preconpensation
circuit. The operation and timng of wite channel 16 is controlled by a
phase | ocked | oop. Read channel 18 receives anal og data signals from

di sk/ head assenbly 12 through preanplifier 14 during read operations. Read
channel 18 condystems30 dédatdesmry afwbri ospatemt heo @mysiteg datca Enfjnainand
provt des (2, 3 Obbakallabin Uio a0’ 2\ bRl sh! BRkelOn EONLRE! o rdti ddan 11
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The operati onal pargng%grsdg&gdgfggéglIxo

in conjunction with ;ead
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 wvarious 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 contrcl 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



cal cul ated during burn-in but may be cal culated at other tinmes. The

. operational paraneters are used to enhance the operation of SSD channel 10.
The operational paraneters are al so designed to account for the various
physi cal and magnetic characteristics of disk drive nmass storage

system 30 that vary fromsystemto system and influence operationa
performance. During start-up, the operational paraneters are provided to
SSD channel 10 fromcontrol circuitry 11 through data/paraneter path 13.
Paranet er nmenory 22 stores the operational paraneters. The various circuit
nmodul es of SSD channel 10 may then accessibhe operational paraneters from
paraneter nenory 22. Servo denodul ator 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 witedopgngtrens.anthesdte gperatdongi.nabéskr oonseol ocimclgas 251 or ed

oo S clrEhLeat 538 I bt ek LOBELE SOOI LT
relate to the gosintenfaret diéskcduiviei nesnecaberagei sYFteHUIl &9 2e8E 12 t hat
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Gont r ol CirCUi%%%n%%liioqsegeggnggggrgh E g %@%28%% 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 1routine 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 complete, data may
be read from or written to disk/head assembly 12. Serxvo
demodulator 20 provides the track identification signals
and PES 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



operations of disk drive nmass storage system 30 and to exchange digital
.data with SSD channel 10 and host 32. Control circuitry 11 includes a

m croprocessor 28, a disk control circuit 24, a random access nenory (RAM
26, and a read only nenory (ROM 29. M croprocessor 28, disk control
circuit 24, RAM 26, and ROM 29 together provide control and |ogic functions
to disk drive nass storage system 30 so that data nay be received from host
32, stored on disk/head assenbly 12, and later retrieved from di sk/ head
assenbly 12 and provided back to host 32. ROM 29 stores prel oaded

m croprocessor instructions for use by mlc_{oprocessor 28 in operating and
controlling disk drive nass storage system 30. ROM 29 nmay also store

the operational paraneters that are supplied to paranmeter memory 22 during
start-up. RAM 26 is used to tenporarily store digital data

12 during reach aadgwante OHQIs?lt naps 1nDio'1kreCQIEiix£§ cartous 24rcndtugdes
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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 29 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.

Aot

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 circuitry 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 demodulator 20. 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



Control circuitry 11 processes these signals and ensures that the
.read/ wite heads are properly positioned and aligned on di sk/head assenbly
12 so that data may be correctly read fromand witten to the di sks of

di sk/ head assenbly 14. In operation, disk drive mass storage system 30
goes through an initialization or start-up routine when power is initially
provi ded. One such routine I nstructs m croprocessor 28 to supply

t he operational paraneters, previously stored in ROM 29, to paraneter
menory 22 through data/paraneter path 13. The operational paraneters are
then stored in menmory registers of parametgr menory 22 for use by read
channel 18 during a read operation and other circuit nodul es of SSD channel
10. After the initialization routine is conplete, data may be read
fromor witten to disk/head assenbly 12. Servo denodul ator 20 provides the
track identifi chitonhe gpakepandt&®EGrackt hdént hEicaaiibnr signdibadsndreBEdDe
properly positi n ' t IS angl, wri t
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the anal og data_signal frompreanplifier 14, processes the anal og data

: O\Pe tion, . .
signal, and provides a ¢orresponding digital
13 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 operaition. 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 1locked loop 52, a sample clock
multiplexer 56, and a viterbi detector 54. All of these
circuit modules are used during a reéad 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 100, and
other control signals, not shown in FIGURE 2, are supplied
to read channel 18 and may be accessed by the various
circuit modules of read channel 18 as needed. Read
channel/sexvo 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 ériginates
from a servo wedge stored on disk/head assembly 12, and



data signal. This may involve using various circuitry nodul es and

.techni ques for synchronously sanpling the anal og data signal and detecting
a digital signal as illustrated.in FIGJURE 2 and di scussed nore fully bel ow.
Read channel 18 provides the digital data signal to disk control circuit 24
t hrough data/ paraneter path 13. Disk control circuit 24 provides various
digital logic control and arbitration circuitry between SSD channel 10,
host 32, RAM 26, mi croprocessor 28, and ROM 29 during read, wite, and
servo operations. The digital data is then stored in RAM 26 unti |l

m croprocessor 28 communi cates to host 32 ghat the data is ready to be
transferred. Host 32 may be a systen1bus such as the system bus of a

per sonal conputer. During a wite operation, a digital data signal is
received fromhost 32 and ultimately stored on di sk/ head assenbly 12.
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VGA 40 provides the amplified analog servo wedge
signal to LPF 42 for further proce531ng 1n 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 éervo 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 52 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



14 that the appropriate track identification si gnal s and PES may be

. generated by servo denodul at or 20. Thus, read channel/servo denodul at or
36 nay operate in a read node during a read operation and a servo node
during a servo operation. Read channel 18 is inplenented, in the

enbodi nent shown in FIGURE 2, as a synchronously sanpled read channel and
Is inplenmented as a partial response, class IV (PR4) or duobinary, dicode
read channel. Read channel 18 includes a variety of circuit nodul es used to
process and condition an anal og read signal received fromdi sk/head .
assenbly 12 through preanplifier 14 during a read operation. The circuit
nodul es of read channel 18 include a variable gain anplifier (VGA) 40, an
automatic gain control circuit (AGC) 44, a low pass filter (LPF) 42, a
sanpler 46, a finite inpul se response filter (FIR) 48, an error circuit 50,
a phase | ockedhiroopus2sere sainoke signak 12 ttiglsswgmlest 46amwlien vedegebi
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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 saméled 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 fungtion
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 synphronously 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-



when wedge enabl e signal 100 is enabl ed. During a servo operation, VGA
40 receives an anal og servo wedge signal frompreanplifier 14, that
originates froma servo wedge stored on di sk/ head assenbly 12, and

15 anplifies the signal to generate an anplified anal og servo wedge
signal. VGA 40, along with AGC 44, work together to provide an appropriate
anplification to the anal og servo wedge signal as needed by read channel
18. AGC 44 receives feedback information fromerror circuit 50 so that
appropriate adjustnments can be nmade in the anplification or gain provided
to the anal og servo wedge signal by VGA 4Q7 Error circuit 50 provides an
anal og error signal to AGC 44 during sanpled or discrete tine 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
anpl i fi ed anal 8gadesveonEgyees; gnBachocoPFfioi¢nt isrethenr procedsd Mwp ia
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operated in a rea ervo
provides the discrete, equallzed 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 50.

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 wvalues. The
target values and threshold values, not shown in FIGURE 2,
are provided to error circuit 50.

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 orx
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.



det er ni ned by

t he RDGATE signal and wedge enabl e signal 100. The cutoff

-frequency and boost of LPF 42 may be programmabl e. Filtered servo wedge
signal 112 is provided to sanpler 46 and servo denodul ator 20 as shown nore
fully in FI GURE 3. Sanpl er 46 receives filtered servo wedge signal 112

and synchronously sanples the continuous time signal

hol ds or provi

des the sanpled value until the next sanple time. PLL 52

controls sanpler 46 during a read operation by providing a clock signal
i ndi cati ng when sanpler 46 should sanple and hold the signal. Servo
denodul at or 20, through a synchronous seryg clock signal 102, controls the

sanpling of sanpler 46 while in a servo node.
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cl ock signal 102 to sanpler 46 when wedge enable signal 100 is enabl ed
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during servo mode operatlon. In performing maximum
likelihood detection, the viterbi algorithm provides an
jterative 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, the 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 ducobinary, dicode read channel.
Iin 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 alternétely providing each discrete 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. Each 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



that the correct ti me sequenced value is presented to FIR 48.
. Synchronously sanpl ed servo wedge signal 114 is provided to FIR 48 and
servo denodul at or 20. FIR 48 receives synchronously sanpl ed servo

wedge signa

_ 114 from sanpler 46 and generates a discrete,
that is equalized to the target function of viterb

enploy a plurality of filter coefficients or taps to filter the signal.

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 sanpl ed servo wedge signal 434. The outputs of each of the
multipliers are then provided to an adder,

equal i zed signa
detector 54. FIR 48 may

FI R

such as an anal og adder circuit,

whi ch suns these val ues and serves as the output of FIR 48. As the discrete
val ues of synchronously sanpled servo wedge signal 114 changes, the
consecutive on&naérleevdisigmakeandtnhenamarshhbtedehréntenéeauet$tgm£¢ to
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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 servo 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 wedgé signal and provides
appropriate gain or amplification and prbvides 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 read channel 18. Viterbi
detector 54 receives the dlscrete, equalized signal and
analyzes the signal and gJgenerates ‘digital servo wedge
signal 116 that is provided to servo demodulator 20 during
a servo operation. -
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anal og converter. Each coefficient is then provided to a separate

.multiplier. Each nmultiplier receives a successive one of the discrete

val ues of synchronously sanpled servo wedge signal 114. The outputs

of all five of the nultipliers are provided to an anal og adder circuit

whi ch provides the discrete, equalized signal as the output of FIR 48.

The nunber of coefficients or taps and corresponding nultipliers may

‘vary. FIR 48 provides the discrete, equalized signal to viterbi detector

54 and error circuit 50. Error circuit 50 receives the discrete,

equal i zed signal provided by FIR 48 and geperates an anal og error signal.

The anal og error signal serves as an input to PLL 52 and AGC 44. The anal og

error signal indicates how far the discrete values of the discrete,

equal i zed signal differ froman ideal target value. Error circuit 50 may
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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, S, and 6 further
illustrate the operation of servo demodulator 20.

FIGURE 3 is a block diagram of servo demodulator 2Qf
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 clock
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.



18 Viterbi detector 54 is a maxi num|ikelihood detector or viterb
‘decoder inplenenting the viterbi algorithmfor analyzing the parti al
response signal provided by the discrete, equalized signal from FIR
48. Viterbi detector 54 generates a digital servo wedge signal 116
during servo node operation. In performng maxinmmlikelihood
detection, the viterbi algorithmprovides an iterative nmethod for

determ ning the best path along branches of a trellis diagram The
maxi mum | i kel i hood detection involves anal yzi ng a nunber of consecutive
data sanples to determ ne the nost |ikely,path. By analyzing a nunber of
consecutive sanples, the nost likely sequence can be chosen. Viterb
detector 54 includes a netric circuit and a trellis block containing an
even and odd trellis circuit. As di scussed above, read channel 18 is a
synchronousl y Seipd edlpekd gelneraelohhaiincuiitnpd @ ngenedagesa ardhranous
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includes a negajjNg t{89Shdy We HEMM bt 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 samplexr 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 sexvo
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 130 in response. Zexro 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 sexrvo 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



a positive transition signal. The transition signal alternately
.provides a transition signal for the odd

19 interl eave 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 fromthe netric
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 reconbi ned
to produce one digital data output signal gghich serves as di.gital servo
wedge signal 116 during a servo operation. In operation during a servo
operation, read channel 18 receives an analog servo wedge signal from
di sk/ head assenbly 12 when wedge enabl e signal 100 is enabled. VGA 40
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filters the angkggaie?yg wedge signal and generates filtered servo wedge

signal 112. er 46, under the control of PLL 52, receives
Delay lock loop 62 recelves zero phase restart

signal 130 from zero phase restart circuit 60 along with
sexrvo reference clock signal 110 and generates synchronous
servo clock signal 102 in reéponse. 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



filtered servo wedge signal 112 from LPF 42 and synchronously
.sanples this signal. Sanpler 46 generates synchronously sanpled servo
wedge signal 114 in response. FIR 48 receives synchronously sanpled
servo wedge signal 114 and further conditions and equalizes the signal and
generates a discrete, equalized signal ‘having the desired channel response
of read channel 18. Viterbi detector 54 receives the discrete, equalized

signal and anal yzes the signal and generates digital servo wedge signal 116
that is provided to servo denodul ator 20 during a servo operation

20 Servo denodul ator 20 receives a?§ervo ref erence clock 110, medgé
enabl e signal 100, servo AGC enabl e signal™ 104, a threshold signal, and

various signals fromread channel 18 such as filtered servo wedge signa
112, synchronously sanpled servo wedge signal 114, and digital servo wedge

signal 116 andcysesithese ai gBakent adgepecakeusynghr, orads Heratmlegetl-
signal 102 and_servo denndulato%énnput signal 152 during a servo
oper at i on. SLIVA U AEDr 8%utput  signal 152  provides a
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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 signals 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,



during read and wite operations. Thus, servo denodul ator 20
.uses read channel 18, under the control of synchronous servo cl ock signal
102, to generate filtered servo wedge signal 112, synchronously sanpl ed
servo wedge signal 114, and digital servo wedge signal 116 so that servo
denodul at or out put signal 152 may be generated during a servo operation
FIGURES 3, 4, 5, and 6 further illustrate the operation of servo
denodul at or 20. FIGURE 3 is a bl ock diagram of servo denodul at or 20.
Servo denodul ator 20 is used in conjunction with read channel 18 to
generate servo denodul ator out put signal 2 that includes track

I dentification signal 148 and position error signal 150. Servo denodul at or
20 may be organized into three areas of operation identified as a servo

cl ock generation circuit 90, illustrated with dotted Iines, a position
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such signals are enabled.

Before finishing the 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 114 or filtered
servo wedge signal 112 provides track identification
information as illustrated in FIGURE 5. Track
identification signal 148 serves as servo demodulator
output signal 152 during the time 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 ﬁifst 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



synchronous servo clock signal 102 and filtered servo wedge signal 112 is
.mnimzed. Servo reference clock signal 110 and synchronous servo cl ock
signal 102 generally have a frequency greater than that of filtered servo
wedge signal 112. For exanple, filtered servo wedge signal 112 may be
generated having a frequency of around ten negahertz while servo reference
cl ock 110 and synchronous servo clock signal 102 may be provided at a
frequency of around forty negahertz. Synchronous servo clock signal 102 is
provi ded, as shown in FIGURE 2, to sanple clock multiplexer 56 and then to
sanpler 46 so that filtered servo wedge spgnal 112 may be synchronously
sanpl ed to generate synchronously sanpl ed servo wedge signal 114. Servo
cl ock generation circuit 90 includes zero phase restart circuit 60 and
delay lock |l oop 62. The timng of the various signals of servo clock
generation cireii¢udd. ar eEach usifr atleelse n aBdeYREcbrecuits  Agr orpdeise Whedt art
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130 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 is then provided
to analog-to-digital convertexr 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
jnformation is provided from the sexvo 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



22 I's generated. Zero phase restart signal 130, as shown in FI GURE 5,
.is provided in an enabled state for a period of time corresponding to the
phase difference between servo reference clock signal 110 and filtered
servo wedge signal 112. bel ay | ock | oop 62 receives zero phase restart
signal 130 from zero phase restart circuit 60 along with servo reference

cl ock signal 110 and generates synchronous servo clock signal 102 in
response. Delay |ock |oop 62 adjusts the phase of servo reference cl ock
signal 110 by an amount determ ned by zero phase restart signal 130 so that
synchronous servo clock signal 102 is praﬂ%ded in phase with filtered servo
wedge signal 112 and at a frequency equivalent to that of servo reference
cl ock signal 110. Del ay | ock loop 62 includes a plurality of delay

bl ocks, such as a string of buffers or inverters, that are used to delay
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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 eqable
signal 108 from an enabled state to an unenabled state
indicates that address 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



adder circuit
.23 circuit
converter 80.
signal 102 fr

, a second adder circuit 70, a third adder
72, a fourth adder circuit 74, and an anal og-to- digital

Address mark circuit 64 receives synchronous servo cl ock

om servo clock generation circuit 90, wedge enable signa

100, a threshold signal, and synchronously sanpled servo wedge signal
114 fromread channel 18. Synchronously sanpl ed servo wedge signal 114 has

previ ously been sanpled by sanpler 46 under the control of synchronous

servo cl ock signal 102. Address mark circuit 64 processes synchronously
sanpl ed servo wedge signal 114 and genera-gs address mark enabl e signal
I n an enabled state after synchronously sanpl ed servo wedge signal 114

ess mark information. The details of address mark circuit 64
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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 unenabied state to an enabled state.

Whenever dowrnr 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
address 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



I n which synchronously sanpl ed servo wedge signal 116 provides track
.identification information, as showm in FIGURE 5 and FlI GURE 6. State
machi ne 66 includes various tinmers or counters, such as progranmabl e
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 machi ne 66 uses
synchronous servo clock signal 102 as a clock to operate the various
timers and counters of state nmachine 6628 FIGURE 6, described nore

fully below, 24 Illustrates the
out put signals generated by state nachine 66 and their relative timng.

Al t hough not shown in FIGURE 3, state machine 66 may receive various
progr ammabl e ceempeirasogngRsbafinghedabtedi ndovneCPBiber 3t 15 nEetrltrard the

out put signal sk FaligatTashi deendbcalitc &Pabh ed sardreltRiallyciresegnals aie

enabl ed. Bef or i.ni shing the description of position error signal
circuit 92, tr&&ﬁnﬁggﬁgiFFégFron circuit 76 is described next. Track

i dentification circHIGURB $ebeiweasining ddlagren d lMedggaasiggarhe 18ignaks r ead
channel 18, tragk epablg sigidly 10&erRRddener akgschiack dglenticf i caéios
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signal 148 as_.an _output. The T operatiqon of t
J demodulatog 20. As discgssed above, serrv%C i§:lock 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 "header" 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 we_dge signal. After
AGC enable signal 104 transitions from an enabled state to
an unenabled state, zero phase restart _circuiﬁ 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.



identification circuit 76 is controlled by track enable signal 106 as
.provided by state nmachine 66. Track identification circuit 76 may be

i npl emented as a shift register that receives digital servo wedge signa
116 and provides a corresponding digital signal as track

i dentification signal 148 during the period in which track enabl e signal
106 is provided in an enabled state. The period of tine when track enabl e
signal 106 is provided in an enabl ed state corresponds to the period of
ti me when synchronously sanpl ed servo wedge signal 114 or filtered servo

wedge signal 112 provides track identificakion information as illustrated
in FIGJURE 5. Track identification signal 148 serves as servo
denodul'ator output signal 152 during the time in which track
identification information is provided by the servo wedge. Ret ur ni ng

now to the descri pt FEBUBE posisi en eimimg sdgagrkani ricliust9at iggateamienis ne
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provi ded from &dgress 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 66

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



mark circuit 64 in an enabled state. First adder circuit 68 receives
., first adder circuit enable signal 120 from state machi ne 66 and
synchronously sanpl ed 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

t hrough synchronously sanpl ed servo wedge signal 114. During this period,
first adder circuit 68 generates a first signal 140 by providing
synchronously sanpl ed servo wedge signal 114 to an anal og adder or sunmer
circuit. First signal 140 is then provideddgo analog-to-digital converter
80. Anal og-to-digital converter 80 converts first signal 140 fromthe
anal og domain to the digital domain and provides position error signal 150
whi ch serves as servo denodul ator output signal 152 during this first

peri od. Sexghdeagaenrati¥Qiin A angblediddatecifrgupt periodndf f bime h
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fourth signal Iggrils ngred grovildeddmn e ighadlegh gtatiel iz3@ 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 "C," which designates the period of 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 presént 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



26 error signal information is provided. Second signal 142, third signal
-144, and fourth signal 146 are each provided to anal og-to-digital converter
80 during their respective tine periods. The correspondi ng out put of

anal og-to- digital converter 80 is.position error signal 150 which serves
as servo denodul ator output signal 152 during these tines. 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 diagramillustrating address
mark circuit 64 in nore detail. Addressimark circuit 64 receives
synchronously sanpl ed servo wedge signal 114, the threshold signal
synchronous servo clock signal 102, wedge enabl e signal 100, and generates
address mark enable signal 108 in response. The transition of address mark
enabl e signal FeAPISOMSRRSEARBEAENS 23R4 t 3L LR ANEPRD | AP Reat@dendergias
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for rectifyi ngdégiek sHagifryanprEdbe epyeovivedeiniphade 10 Limstpaddedi ng
the rectified sigpaicasedn | HAdond0 adarparaifcudl. GONPaLaien 82ddleto

receives the threshgl d._signal,.su as a programabl e t hreshal d si nal,, and
conpar es thesecfﬁﬁp*%gﬁ% 3%655Ps?3aﬁ£nﬁb£$u%ﬂe96Ut3%5 %ﬁa¥?§i997i;§i5%}cuit
80 exceeds thecohvestrat B0si ghdko, cthepariaicwit82dgencibed sandh idulymrratieghal

in an enabl ed shatgne THHSFeSed | ldtBda@hedel Nakheqt 5880 di SO ABpRfatkl GURE
5, during the period in which address mark information is prOVqugy t he
threshol d si gnSETSHHF o B PRETEEEpTRTYEF CLEEHEF 6% CPRE RS © lé"ﬁ‘glthe
out put of conpanaboon8? cdrichitr arsispldt finma esemnate e istatie s wvitthout

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

. sexrvo demodulator 20 may be programmable signals.
Furthermore, the direct connections illustrated herein
could be altered by one skilled in the art such that two
devices are merely coupled to one ;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.



une € an be provided in an unenabl ed state

. The output of conparator 82 is provided to a
dovvn BMHWG AND gate 86. Down counter 84 is a counter that
is en nngst € period of time in which wedge enable signal 100 is
provided in an enabled state. Down counter 84 begins counting down froma
programmabl e initial value once the ougput of conparator 82 is provided in
an enabl ed state. Down counter 84 counts down fromthe programmable initial
val ue ea :a nultiple of each clock cycle of synchronous
servo cl ock signal 102. Down counter 84 is reset each tinme the output of
conmparator 82 transitions froman unenabled state to an enabled state.
Whenever down . counter c S t I : i
count er 84 pr du i Aee P RN ok BB ARaH HentiBhiton' durd by olRifon,
During t Rgof siFRal h Yé@b&ﬁe&@%@iﬁoceﬁﬁﬁg of 'zﬂééﬁz&aﬁédgﬂ siggsal bgra')%ylﬁhmbnouklye
out put of comparator 82 is provided in an unenabled state thus allow ng
down coumamplea‘teztdmlnmal,tthésmdemoduiatbreommasum down to zero. At such tine,
down counter 84 i is i ts .output, S|pg %L%Eo ANDt ate 86 in an enago%
state. Down co %rc"é’ FROSTAHOR FIGhit OpFE %&%“eé?grPaFY'P TS RIBP °St at e
for afi )Efgxgg o, th %@ewﬁg@r&é’eﬁcef QVEIE Akl S0 tRSservol RRdSY bighl, e

conpar at o rovi
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
réponse 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 signal is
generated in the read channel by synchronously sampling the servo wedge signal using the
synchronous servo clock signal and performing maximum likelihodd detection on the
synchronously saxhpled 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



e whenever track identification information, as
‘shown |s rovi ded by the servo wedge signal as reflected in
synch ’I!ﬂ Wiﬁﬂiﬁﬂ dge signal 114. At such tinme, the output of
rectl exceed the threshold value which results in
conparator 82 prOV|d|ng an out put signal in an enabled state. At such tine,
the two input signals provided to AND e 86 are in an enabled state and
the output of AND gate 86 is generated 1n an enabl ed state. The output of

AND gat eoﬁ&aﬁl@ Ity @enctateA0aHckSIdenttlidation sipnal il @6Insd @B raRiving thiettrazk &fable
FIGURE 6. As a consequence of the output of

28 coﬁlﬂaﬂamdrth%@gﬁ@lsng’mé@abovm counter 84 is reset and the out put
of down counter 84 is eventually reset to an unenabl ed state. FI GURE 5
is atimng diagramillustrating the signals of servo cl ock generation
circuit =90 60f The SBRUOIGRSRAMDELP Clah 4 AWhelef HitS AP ¥ior SRAMOGIRIACK
generation circuit 90 receives filtered servo wedge signal 112°trom LPF 42
of read divtundeslan hddressunurk olfshit@pedable to rgueive ahdprocess the syndhrorusly

signal 110, and uIt| rratelé generat es ‘'synchronous ser\vo_ cl ock_ si naI 102 in

r esponse SEIVo wedgg le ag; addeess mauk pgabgq-,g%alﬁp@gatwgdhp dgsh| ed
e e o SRS S 7 1T o1

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 we;ige
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 enable in an enabled state after receiving a number of

consecutive comparison signal values indicating that the threshold signal is larger 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.



fi I’thal 112. During this tinme, AGC 44 of read channel
. GURE 2, is used to establish a gain signal that is

provi properly anplifying the anal og servo wedge signal.
Afterjm‘g“q mkm 104 transitions froman enabled state to an
unena tem zero* phase restart circuit 60, using conparator -

circuitry, generates zero phase restart signal 130 by conparing servo

reference clock signal 110 to filtered ¥rvo wedge signal 112. Zero

phase restart [ 0Mht séRd hsdEAeNes Clamtd)avidiéiaahe ipbbitios Re®r BRINME 6ifciier Vo
reference clock signal 110 and filtered servo wedge signal 112." Zero phase

restart sqoglpliseSBO S pI’OVI ded in an enabled state for the perlod of time

in which servo r enc ck signal 110 and.filtered.serv i.gnal
112 are out of2 § ity o sam %rﬂ‘ ﬁ%fg’én}“és?‘é‘?“t‘tsséobﬁﬁqewi% gpﬁ?‘i?@?‘ﬁ%dﬂ%s an

| nput 2&‘1%'11 6;522&!} Xfor ﬁ?xrs& wﬁﬁﬁé%ﬁ{f}uéﬁlﬁfy%ﬁﬁl&i R wed r%{}?#n al 10.

Delay |o ays serv erence ock si'gnal” 110 an a

equi val entogeﬁemwthephsiﬁmematsi?gltal aadgnal 130 to generate synchronous servo
cl ock signal 102 that s in phase with filtered servo wedge si naI 112.

29 FI GURstate jmachine aperapl a.tagqu theu smehraneys wereotlack ﬁma andjdal s

ggfm hﬂlt o ﬁfg {ggméﬁfgﬂgﬁguﬂg%i R toChaBle SAH"GY e’ ittty 3¢ s2hpfifs YRd

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

11. The servo demodulator of Claim 10, wherein each one of the posit-ior_l error
bursts, .provided by the Synéhronously sampled servo wedge sign:al, 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. |



ervo clock signal 10277s provided as one of several inputs to address mark
.circu ted in FIGURE 3. Address mark circuit 64 generates
addresmmﬂ "ﬂﬁ"#tu" msnal 108 in response. Address mark enabl e signal 108
d syrrchronousn serv& cl ock signal 102 are provided as inputs to state
ITB.ChI ne 66. As nentioned above state machine 66 includes various tiner or
counter circuits that may be programredyg hrough external ports. State
machi ne 66 provides various enabling signals to the remaining circuitry of
posi tion errorizsi FhelsewbrdesiddulitoraofiClaim a8, ivtierein tachaéneoof dier gasition/érrero

t hat servo denodul at or out put signal 152 may be generated and ultimtely
provi ded bussts preyided by the Fmopromusix sgmnlnﬁ SEFVOrW ignalginglude a number of er ed

servo wedge si gna s_shown wrPLQV S entifi.cation
ot or mat (GPIEEy AR greial Sach RO of dnd st o6 MpBE ald Biverdi shput

si gnal ed is@ddress mark enabl e si gnal 108 transitions froman enabl ed
state to an unenabl ed state. State nmachine 66 generates and provides track
gnabl e si gnal drﬂﬁlalog-wqdlgndtdoaderwr@paahlean receinesk the cdmnthief iof samples frofroomst | on
i's provided. During the tinmge in which track enabl e signal rovi ded
in an ena® the Positipd errpr Burktsiin din Anaiogadoragin and da cpnvest dwrfé'@gogﬁgﬁ 1% W ervo

wedge si I n shift register, as track identification signal
148 whi cﬁagg}%égd%%@gb%/dg denodul at or out put signal 152 during this tine.

During the ting siuhmihg eficiib opeastily to v&eBe thé guniber 6f sdmples Siphc theanaligitp-
sanpl ed servo wedge signal 114, provides position error signal information,
state nacdigitel @mverienindbe digital demaip|anddo shghthesnunher of samplcs o genaratedhe

“dervo burst ., nal s. vided by the servo wedge signal. For exanple, state
machi ne 6ROSif: 9}8 Mst adder circuit

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 difference 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
header 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.



30 enabl e signal 120 in an enabl ed state‘for a period of tinme 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
addi tional servo burst signals during the tine 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
programuabl e and nmay be vari ed. Additionglly, the period of tine,

indicated by the letter "A" in FIGJURE 6, between when track enabl e signal
106 transitions froman enabled state to an unenabl ed state and when first
adder circuit enable signal 120 is provided in an enabled state is al so
programmabl e. The | etter SBRVO cREMORATQR ANRMEIHS FORe when first

adder circuit enabl e signal d2frHrRONDUGY 8RGOl DERODENADEIGW State. This is
shown in FIGURE 6 to indicate that this period of tine is also

programuabl e. Li kew se, the Ietter "C," whi ch desi gnates the period of tine
bet ween when fABSTRACT SBIRE signal 120 transitions from an

enabl ed state to aAuwlcféiltoﬁuqra%oﬁ'nqZweﬁlssﬁfe{?gdééd%r(\ééﬂé&‘étﬁ{@@ e

signal 122 tran5|t|ons from.an ynenab) ed state go an. enabl eq state, 1s al so

a progr ammabl etpaFKodtdeRil at%“slwasl géhéPAt &PDy2 stpé’F‘étﬁ'ﬁE‘hlerFér% nay
be provided i nsagnehablsn simire of seraopwedyanmsdghalpesucd aé 4 ifEltered
Thus, it is appg Qtwé&tfé égﬁ{r?gdtkﬁa QGGEan%‘é?Qﬁg \:8 éﬁ& f'ééé‘é‘si'ﬂé ot he

pr esent i nvention, tor and e I’OI’]OUS SEervo

denodul ati on t ShguBERVP &ﬁ@9§c§&B§Fél9Ygén€F§FeC§aPF§Ek ?ﬁbntlT??mﬁ?QﬁP
signal and a pasmbdalaebror (gognalindiakdesat issf issridie alvekt agesesatidrort h

above. - At hough L0 cPrebs!  8dp8ERedLIPRL B2 s PGR dgeELhPET(52) doki la -1t

shoul d be undefst6od t hat
track identification circuit (76). The servo clock

generation circuit (90) generates a synchronous servo clock
signal (102) in response to receivihg a servo reference
clock signal (110) and the filtered servo wedge
signal (112). The synchronous servo clock signal (102) is
provided to the read channel (18) for use in processing the
servo wedge signal. The position error signal circuit (92)
generates the position error signal (150) in response to
receiving the synchronous servo clock éignal (102) f£rom the
servo clock generatibn circuit (90) and a synchronously
sampled servo wedge signal (114) from the read
channel (18). The read channel (18) generates the
synchronously sampled servo wedge signal (114) by using the
synchronous servo clock signal (102) to synchronously
sample the servo wedge signal. The track identification
circuit (76) generates the track identification
signal (148) in response to receiving a digital servo wedge
signal (116) from the read channel (18).

FIGURE 3



31 changes, substitutions, and alterations can be nade herein wthout
.departing fromthe scope of the present: i nvention. For exanple, 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 anal og-to-digital converter 80. Also, the
circuits described and illustrated in the preferred enbodi nent as discrete-
or separate circuits, such as address nmark circuit .64, may be conbined into
one circuit or split into separate cirgupts w thout departing fromthe
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

denodul ator 20 may be programrabl e su%g?;s. Furthernore, the direct
connections illustrated herein coul d4 Lteded by one skilled in the art
such that two devices are nerely coupled to one anot her through an

i nternedi ate device or deviges—w thout being directly connected]|while still
achi eving the desided resultfs d@@nnstra*iq by tlhe |ptesent inveption. Q her
exanpl es of changes,xsubsti tjutli ons, andyal teratfi ons are readi
ascertainabl e by one skilled ijn th T d coqld be made wi t hgpyt departing
fron1the spirit and scope of}f tlh QﬁﬁW&L‘ - 126
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‘i nventi on. 32 VWHAT IS
.CLAIMED | S:. 1. A servo denodul ator for generating a track

identification signal and a position error signal in response to the
processi ng of a servo wedge signal by a synchronously sanpl ed read channel,
t he servo denodul at or conpri si ng: 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 chanhé? for processing of the servo wedge
si gnal ; 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 gengration circuit and a synchpghously sanpl ed
servo wedge signal fromthe r@ggd channel; and . a tE8qek
identification circuit operabf&to generate a track ident&fEcation signal

in response to receiving a dP@tal servo wedge signal fromgthe read

channel . 2. The ser®@&denpdul ator of Claim1, wle&bein the
synchronously sanpl ed servdy wedge signal is generated in $he read channel
by synchronously sagpling tTe pervo wedge signal using thg synchronous

-

servo cl ock signal . s—lhe servo denodulator of [T alm 2| wherein
the digital servodddge[Yignal is [§enerared m rhe Tead ¢hanngl Qy
synchr onouslgé&nﬂ,{ng [ e ser@go wedge signal using the gynchr ondus servo
cl ock si gnal &dde perforpting inun1Ffkeffhood—detettfon—of—thﬁ
synchronous! ¥ s&hpl gd sgrjvo &8l silgnal . 4. The¢ sefvjo
denodul at or of C ai@+2- er&8 the } } tudeg lan
address mark it i aBga|tlack ®dentiffication portign, and a podilti op error
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5. The servo denodul ator of Claim4, wherein the position error signal
.circuit is further operable to generate a track enabl e signal indicating
when the track identification portion of the servo wedge signal is being
provi ded, and the track identification circuit is
33 operable to generate a track identification signal in response to
receiving the track enable signal and the digital servo wedge signal.
6. The servo denodul ator of Caim4, wherein the position error signal
circuit includes an address mark circuAS operable to receive and process
t he synchronously sanpl ed servo wedge signal and to enable an address mark
enabl e signal indicating that the address mark portion of the servo wedge
si gnal has been provid %mm 7. The servo denodul ator of Caim6

é}% Bui t

e

wherein the address ma i ¢ r|§ arectifier circuit
operabl e to reckgdwy 104 Wonod’@ﬁg"% rrpl ed sprM@ we@ye signal and to
i npl ed servo medge si gnal ;ﬁpresponse

generate a rectijg ncHr
| ed servo

a conparat or opgNag@d e to‘:onp ™ he rectlfled synchronously S
wedge signal and arthrEsford ;ig.a.

ant—to gerer ate—& cofpar+sSoht gnal I n
response, the conpar]sgu_ngngl jfndijcati ng whether the rectified
synchronously sanpl ¢ , sifjgnal is larger than the threshpld
signal; and ﬂ36p’FahIe o receive the conparison signgl and
to enable anpmﬂﬁ} $ : q signal after receiving the conpar{son
signal in a KRPwAISEs hpdrijod jof tine. 8. The seryo
denodul at or o#2 d ai eln lthhe tynmer is a down counter that g¢nerates
t he address nmark enghl g eh4 | ed] state after receiving a nunbef of
consecutive conpari §arPYsi gnal {@dwjes jndicating that the threshold §igna
is larger thapthe |rleeti+$+edByAdhrohously sanpl ed servo wedge sigﬁal.
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9., The servo denodul ator of C aim2, wherein the servo wedge signal

rncl udes 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 t he synchronously
sanpl ed servo wedge signal provides the position error portion.

34 10. The servo denodul ator of daim9, wherein the position error
signal circuit conprises: a plurality of sanpling and converting
circuits for receiving and processing t?kﬁplurality of position error
bursts provided by the synchronously sanpled servo wedge signal to generate
the position error signal; and a state nmachi ne operable to receive

t he synchronous servo clock signal and|to pmovide a plurality of enabling
signals to enable each of|the plurality of =anpling hnd converting circuits
to process a correspondinﬁ rg8 ity of ppsitiogerror bursts.

11. The servo denodul at or ({m1 eeEn each pne of tDe position
error bursts, provided by nchron Iéganpl ed gervo ge signal,
i ncl ude a nunber of sanpl g¢s, wher'er eac@ one of {the pluality of
sanpling and converting c [ conprfsg: 2= alsumm circuit
operable to sumthe nunbe | es NESE? of the¢ posi n error
bursts and to generate an in responsey_and

anal og-to-digital convertgr opecdble totracei &fthe qutput

circuit and to generate a out pu 'gn@é;ﬁhat serves
error signal in response.
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35 12. The servo denodul ator of C aim 10, wherein each one of the
‘Position error bursts, provided by the synchronously sanpl ed servo wedge
signal, include a nunmber of sanples, and wherein each one of the plurality
- of sanmpling and converting circuits conpri se: an anal og-to-digital
converter operable to receive the nunber of sanples fromone of the
- position error bursts in the anal og domain and to convert the nunber of
sanples to the digital domain; and 5,5 @ sunming circuit operable to
recei ve the nunber of sanples fromthe analog-to- digital converter in the
digital domain and to sumthe nunber of sanples to generate the position
error signal. 3. The servo denndujator f Cla'nll,Jmher in the

servo clock generation circu€i. conprises: a zerp phage resftart
.circuit operable to recefve t reference cldck signal apd thg serjpo wedge
signal and to generate a}zer hase restart gjignal jhaving a dgratio

equi valent to the phaseldif ence between the reflerencg cl oqk sigphal and
t he servo wedge signal; &nd a delay ljock I gop cifcuit foperaple to
receive the reference cl ¢ck nal and the zefo phiase ré¢start] signpl and
to generate the synchrongus sEB§vo clock signal by del ayi hg thgd r&fbrence

an anount equivalent to the gero phase restarg signpl. The
servo denodul ator of Caijm 1,

erein the serjo wedpe si gnalsincl bees a
header portion and the sgrvo ock generationfjcircujt ge er§¥ s the
synchronous servo clock Jsig when the servp wedgg signal vi de$ the
header porti on. 15~The servo denogul at of of aijlm 1, wherein
the track identificationfcirgeit is a shift|regisfer&bperabl to {eceive
the digital servo wedge i gna uring a periofl of t}nme en [ he difgital
servo wedge signal provides ck identificat{on infor ion
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