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PHASE LOCKED LOOP SYSTEM AND METHOD
FOR USE IN A DATA CHANNEL

IECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of
information storage and more particularly to a phase locked
loop system and method for use in a data channel for
providing a read clock signal and a write clock signal.



2 BACKGROUND OF THE | NVENTI ON As conputer hardware and software

Zt echnol ogy continues to progress, the need for larger and faster nass
storage devices for storing conputer software and data continues to
i ncrease. El ectronic databases and conputer applications such as nultinedia
applications require | arge amounts of disk storage space. An axiomin the
conputer industry is that there is no such thing as enough nenory and di sk
st orage space. To nmeet these ever increasing denmands, hard disk drives
continue to evolve and advance. Sone of the early disk drives had a maxi mum
storage capacity of five negabytes and used fourteen inch platters, whereas
today's hard disk drives are commonly_over one gi gabyte and use 3.5 inch
pl atters. Cbrrespondingly,.advances'iﬁ t he amount of data stored per unit
of area, or areal density, have dramatically accel erated. For exanpl e,
in the 1980's, areal density increased about thirty percent per year while
I n the 1990' spxm i oF THENSHVYENTION eases have been around sixty

percent . The cost et apdaly g, flvade NGl lrtialll Yealibal By ESRLYLE ated Lo
its areal density. SS storage device Manuf act Urers strive to pr oduce
hi gh speed haf® BFeRressvcsheyirerd fiofe Ianger: apacifesEeramapsWBECRRIR | over

costs. A hi ghdepirst fardstivsingl computer suftvhae aad ddter ecandnuesrteve data
at a fast rat as%f&; N ' dj, .P‘Ft city is
to i nprove orf?ﬁﬁ?%ggb t he é}palbdgagg?igg%weg# €E§S|f§P%§%1 ggFﬁgﬁgased by
i nprovi ng t heSHERNBA BRLELBediR) 3pRLICAYLODG FeRdrs. large apqupfedcPh| | nmass
st or age devi cd$skhnsteysiepaceuchAas axthamdini she deommter imdudery fmgneti c

storage medi achgHCRidve ¥ Ad NEGudhSkaifg RlAldfhih améfmzqﬂlgn?v&%k _
read/ wite heads, an actuator, a pre-anplifier, a read channel, a wit
channel , a sePt8*2SAtFRAY%r, and control circuitry to

To meet these ever increasing demands, hard disk
drives continue to evolve and advance. Some of the early
disk drives had a maximum storage capacity of five
megabytes and used fourteen inch platters, whereas today's
hard disk drives are commonly over one gigabyte and use 3.5
inch platters. Correspondingly, advances in the amount of
data stored per unit of area, or areal density, have
dramatically accelerated. For example, in the 1980's,

- areal density increased about thirty percent per year while
in the 1990's annual areal density increases -have been
around sixty percent. The cost per megabyte of a hard disk
drive is inversely related to its areal density.

Mass storage device manufacturers strive to produce
high speed hard disk drives with large data capacities at
lower and lower costs. A high speed hard disk drive is one
that can store and retrieve data at a fast rate. One
aspect of increasing disk drive speed and capacity is to
improve or increase the areal density. Areal density may

be increased by improving the method of storing and
retrieving data.

e

In general, mass storage devices and systems, such as
hard disk drives, include a magnetic storage media, such as
rotating disks or platters, a spindle motor, read/write
heads, an actuatbr, a pre-amplifier, a read channel, a
write channel, a servo controller, and control circuitry to



3 control the operation of the hard disk drive and to properly interface
Zthe hard disk drive to a host or system bus. The read channel, wite
channel, servo controller, and nmenory nmay all be inplenented as one

integrated circuit that is referred to as a data channel. The control
circuitry often includes a mcroprocessor for executing control prograns or
I nstructions during the operation of the hard disk drive. A hard di sk

drive (HDD) perforns wite and read operations when storing and retrieving
data. A typical HDD perfornms a wite operation by transferring data froma
host interface to its control circuitry. The control circuitry then stores
the data in a | ocal dynam c random access 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 control
circuitry noves the read/wite heads to the appropriate track and | ocates
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operations when storing and retrieving data. A typical HDD
performs a write operation by transferring data from a host
interface to its control circuitry. The control circuitry
then stores the data in a local dynamic random access
memory (DRAM). A control circuitry processor schedules a
series of events to allow the information to be transferred
to the disk platters through a write channel. The control
circuitry moves the read/write heads to the appropriate
track and locates the appropriate sector of the track.
Finally, the HDD control circuitry transfers the data from
the DRAM to the located sector of the disk platter through
the write channel. 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. A sector generally has a fixed data
storage capacity, such as 512 bytes of user data per
sector.

In a read operation, the appropriate sector to be read -
is located and data that has been previously written to the
disk is read. The read/write head senses the changes in
the magnetic flux of the disk platter and generates a
corregponding 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 signal to an



detects "zeros" and "ones" fromthe signal. The read channel conditions

% he signal by anplifying the signal to an

4 appropriate level using automatic gain control (AGC) techniques. The
read channel then filters the signal, to elimnate unwanted hi gh frequency
noi se, equalizes the channel, detects "zeros" and "ones" fromthe signal,
and formats the binary data for the control circuitry. The binary or
digital data is then transferred fromthe read channel to the control
circuitry and is stored in the DRAM of the control circuitry. The processor
then comuni cates to the host that data is ready to be transferred. A read

clock controls the timng of a read operation in the read channel. As
the disk platters are noving, the read/ wite heads nmust align or stay on a
particul ar track. This is acconplished by reading information fromthe

disk called a servo wedge. Generally, each sector has a correspondi ng servo
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binary or digital data is then transferred from the read
channel to the control circuitry and is stored in the DRAM
of the control circuitry. 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.

As the disk platters are moving, the read/write heads
must align or stay on a particular track. This is
accomplished by reading information from the disk called a
servo wedge. Generally, each sector has a corresponding
servo wedge. The servo wedge indicates the position of the
heads. The data channel receives this position information
so the servo controller can continue to properly position
the heads on the track.

Traditional HDD read channels used a technique known
as peak detection for extracting or detecting digital
information from the analog information stored on the
magnetic media. In this technique, the waveform is simply
level detected and if the waveform level is above a
threshold during a sampling window, the data is considered
a "one." More recently, advanced techniques utilizing
discrete time signal pfocessing (DTSP) to reconstruct the

- original data written to the disk are being used in read
channel electronics to improve areal density. In these
techniques, the data is synchronously sambled using a data
recovery clock. The sample is then processed through a

series of mathematical wmanipulations using signal
processing theory.



threshold during a sanpling wi ndow, the data is considered a "one. Mor e
T ecently, advanced techniques utilizing discrete tinme signal processing
(DTSP) to reconstruct the original data witten to the disk are being used
in read channel electronics-to inprove areal density. In these

techni ques, the data is synchronously sanpled using a data recovery cl ock.
The sanple is then processed through a series of mathenatical
mani pul ati ons using signal processing theory.

5 There are several types of synchronously sanpl ed data (SSD)
channel s. Partial response, maxinmumlikelihood (PRW); extended PRWM
(EPRM.) ; enhanced, extended PRML (EEPRM.); fixed delay tree search
(FDTS); and deci sion feedback equalizafion (DFE) are several exanples of
different types of SSD channel s using DTSP techni ques. The maxi mum
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maximum lIikelihood 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.

The SSD channel or read channel generally requires
mixed-mode circuitry for performing a read operation. The
circuitry may perform such functions as analog signal
amplification, automatic gain control (AGC), continuous
time filtering, signal sampling, DTSP manipulation, timing
recovery, signal detection, and formatting. In all SSD
channels, the major goal during a read operation is to
accurately retrieve the data with the lowest bit error rate
(BE) in the highest noise environment. ' The data channel
circuitry, including both a read channel and a write
channel, may be implemented on a single integrated circuit
package that contains various input and output (I/0) pins.

SSD channels use a read clock to control read
operations and a write clock to control write operations
and other non-read operations. During a write operation,
a write clock or write timing signal is provided to the
write channel to synchronize the writing or storing of data
to the disk platters. During a read operation, a read
clock or data recovery clock is provided to the read
channel to synchronize the sampling of data being read from
the disk platters. The read and write clocks may be
provided at different frequencies to account for slight
variations in the speed of the spindle motor.



accurately retrieve the data with the lowest bit error rate (BE) in the

*hi ghest noi se environnment. The data channel circuitry, including both a
read channel and a wite channel, may be inplenented on a single integrated
circuit package that contains various input and output (1/0O pins. SSD
channel s use a read clock to control read operations and a wite clock to
control wite operations and other non-read operations. During a wite
operation, a wite clock or wite timng signal is provided to the wite
channel to synchronize the witing or storing of data to the disk platters.
During a read operation, a read clock or data recovery clock is provided to
the read channel to synchronize the sanpling of data being read fromthe

di sk platters. The read and write cPocks may be provided at different
frequencies to account for slight variations in the speed of the spindle
not or . 6 The presence of

separate read and el b@e&é&é‘é(%fcEéﬁéfﬁé%ﬁﬁaknd'v&@i@éaﬁiégﬁé @f@é\ﬁérs‘)bl ens.
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greater system noise and data errors. Separate read and

write clocks suffer the additional disadvantages of

increased circuitry, increased silicon, increased

fabrication costs, and increased power consumption which is -
especially critical in portable or battery powered

applications such as notebook or laptop computers.



especially critical in portable or battery powered applications such as
not ebook or | aptop conputers. 7

SUMVARY OF THE | NVENTI ON Fromthe foregoing it nay be appreciated that
a need has arisen for a phase | ocked | oop systemand nethod for use in a
data channel of a mass storage system In accordance with the present

I nvention, a phase |ocked | oop systemis provided which substantially

el i m nates and reduces the di sadvantages and probl ens of using separate
phase | ocked | oops, each having its own voltage controlled oscillator, to
provide a read clock and a wite clock. The phase | ocked | oop system
elimnates the problens associated with the presence of two high frequency
signals having simlar frequencies that? may interfere with one another.
Thi s reduces noise and the possihility of data errors. The phase | ocked
loop system also reduces circuitry, fabrication costs, and power
consunpti on. . [ p esent invention, a phase | ocked | oop
systemis provided reused upply a read clock and a write cl ock.
The phase | ocked Io?ﬁ?'%fs‘i%rﬁ@ﬁﬁ%ﬁ%sﬂa Taa P Rppreginted okhatha nesdei ves a
synchronousl y sasipaeikeiat forsigrhasendoekedl llagp egstem! amdl msthdd aoar
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system is provided which substantially eliminates and
reduces the disadvantages and problems of using separate
phase locked loops, each having its own voltage controlled
oscillator, to provide a read clock and a write clock. The
phase locked loop system eliminates the problems associated
with the presence of two high frequency signals having
similar frequencies that may interfere with one another.
This reduces noise and the possibility of data errors. The
phase locked 1loocp system also reduces circuitry,
fabrication costs, and power consumption.

According to the present invention, a phase locked
loop system is provided that is used to supply a read clock
and a write clock. The' phase locked loop system includes
a read phase detector that receives a synchronously sampled
data si_§na1 and a voltage controlled oscillator output:
clock signal and generates a read control voltage in
response. A write phase detector is provided that receives
a reference clock signal and the vwvoltage controlled
oscillator output clock signal and generates a write

" control voltage during a non-read operation. During read
operations, the write phase detector provides the last
write control voltage provided before transitioning from a
non-read operation to a read operation. BAn adder circuit
is provided that receives the read control voltage and the
write control voltage and generates a voltage controlled
oscillator input voltage. Finally, a. voltage controlled

. oscillator is provided that receives the voltage controlled
oscillator input voltage and provides a voltage controlled
oscillator output clock signal. The voltage controlled




control voltage during a non-read operation. During .read operations, the
wite phase detector provides the last wite control voltage provided
before transitioning froma non-read operation to a read operation. An
adder circuit is provided that receives the read control voltage and the
wite control voltage and generates a voltage controlled oscillator input
voltage. Finally, a voltage controlled oscillator is provided that
receives the voltage controlled oscillator input voltage and provides a

vol tage controlled oscillator output clock signal. The vol tage controll ed
8 oscillator output clock signal serves as the read clock during read
operations and as the wite clock during non-read operations. The

present invention provides various te€hnical advantages over previously
devel oped phase | ocked | oops used in a mass storage system For exanple, a
techni cal advantage of the present invention includes the use of a phase

| ocked | 0op Ysdi@MaitBra RdpatClRave! dighall FrRege aenglaatirdda anbdkead
synchronlzatugn J nstead
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: used in a mass storage system., For example, a technical
advantage of the present invention includes the use of a
phase locked loop system in a data channel for time base
generation and read synchronization instead of using
multiple phase locked loops to accomplish the same. The
phase locked 1loop system only requires one voltage
controlled oscillator which results in reduced circuitry,
reduced silicon, reduced fabrication costs, and reduced
power requirements. Another technical advantage of using
a phase locked loop system includes the elimination of a
second high frequency signal source. A second high
frequency signal source potentially introduces noise and .
interference into the circuitry. This is especially
troublesome when two high frequency signal sources are
operating at close to the same frequency, such as the case
of a read and write clock of a data channel. Other
technical advantageé are readily apparent to one skilled in

the art from the following figures, description, and
claims. '



frequency signal source potentially introduces noise and interference into

the circuitry. This 1is especially troubl esone when two hi gh frequency
si'gnal sources are operating at close to the sane frequency, such as the
case of a read and wite clock of a data channel. O her technical

advant ages are readily apparent to one skilled in the art fromthe
followng figures, description, and clains.

9 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete

under standi ng of the present invention and the advantages thereof,
reference is now nmade to the follow ng brief description, taken in
connection with the acconpanyi ng drawi ngs and detail ed description, wherein

| i ke reference nunmeral s represent like’parts, in which: FIGURE 1 is a
bl ock diagramillustrating a disk drive nmass storage system FI GURE 2
is a block dlagran1lllustrat|ng a data channel of the disk drive nass

storage syst ergRI1E! AP : BWIRes bl ock diagramillustrating a
A I o A
dat a channe| . invention and the advantages hereof, reference 1s now made
to the following brief description, taken in connection
with the accompanying drawings and detailed description,
wherein like reference numerals represent like parts, in
which: '
FIGURE 1 is a block diagram illustrating a disk drive
mass storage system;
FIGURE 2 is a block diagram 111ustrat1ng a data
channel of the disk drive mass storage system;
FIGURE 3 is an overview block diagram illustrating a
phase locked loop system used in the data channel; and
FIGURE 4 is an expanded block diagram illustrating the
phase locked loop system of the data channel. -



10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON FIGURE 1 is a bl ock diagram
:0of 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. Disk drive nmass storage system 30 includes a

di sk/ head assenbly 12, a preanplifier 14, a synchronously sanpl ed data
(SSD) channel 10, and a control circuitry 11. Disk/head assenbly 12 and
preanplifier 14 are used to nmagnetically store data. SSD channel 10 and
control circuitry 11 are used to process data that is being read from and
witten to disk/head assenbly 12 and to control the various operations of

di sk drive mass storage system 30. HodP 32 exchanges digital data wth
control circuitry 11. Di sk/ head assenbly 12 includes a nunber of
rotating magnetic disks or platters used to store data that is represented

as magnetic thﬁ%ﬁﬂtﬁmmw-mgﬂmﬁ poaiNTaoN. The read/wite heads of

di sk/ head asse y e_used to, stare .and retrieve data from each side of
the magnetic pl at tgiém?éfhé réad? V\Pi?%k hg‘éagrﬁ’.ﬁyc’ﬁe aan‘g‘% ErVor "aVailabl e
read/write heatorsgeh aystemgrid ousedi or vrentiesingr dawp| finréng 1zead
interfaces bebpreatibrsr 8ad/ vt srbensls @dcdli Gltimpdnatsederatioasd SSD
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exchange anal Ggtaavithiaghmest IR tduxingcrpadpnd write operations. Disk
drive mass storage system 30 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 and written to disk/head
assembly 12 and to control the various operations of disk
drive mass storage system 30. Host 32 exchanges digital
data with control circuitry 11.

Disk/head assembly 12 includes a number of rotating
magnetic disks or platters used to store data that is
represented as magnetic transitions on the magnetic
platters. The read/write heads of disk/head assembly 12
are used to store and retrieve data from each side of the
magnetic platters. 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 of disk/head assembly 12 and SSD channel 10 and

provides amplification to the waveform data signals as
needed.

SSD channel 10 is used during read and write
operations to exchange analog data signals with disk/head
assembly 12 through preamplifier 14 and to exchange digital
data signals with control «circuitry 11 through a
data/parameter path 13. SSD channel 10 includes a write
channel 16, a read channel 18, a servo control 20, and a
parameter memory 22. SSD channel 10 may be implemented as
a single integrated circuit. The phantom box surrounding



assenbly 12 through preanplifier 14 and to exchange digital data signals
with control circuitry 11 through a data/paraneter path 13. SSD channel 10
includes a wite channel 16, a read channel 18, a servo control 20, and a
paranmeter nmenory 22. SSD channel 10 may be inplenmented as a single

I ntegrated circuit. The phant om box surroundi ng r ead
channel 18 and wite channel 16 illustrates data channel 36 which is the
conbi nati on of read channel 18 and wite channel 16. Data channel 36,
illustrated nore fully in FIGURE 2, may be inplenented as a single
integrated circuit. The timng of data channel 36, during both read and
wite operations, is controlled by a phase | ocked | oop system not shown in

FIGURE 1 but described nore fully bel ol During. wite operations, wite
channel 16 receives digital data fromcontrol circuitry 11 in parall el
format through data/paraneter path 13. The digital data is reformatted
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decodes, and fornats, the anal og data S|gna? and provi des a dlgl al data
and write operations, is controlled by a phase locked loop
system not shown in FIGURE 1 but described more fully
below.

During write operations, write channel 16 receives
digital data from control circuitry 11 in parallel format
through data/parameter path 13. The digital data is
reformatted for storage and provided to disk/head assembly
12. Write channel 16 may include a fegister, a scrambler,
an encoder, a serializer, and a write precompensation
circuit. The operation and timing of write channel 16 is
controlled by a phase locked loop system described more
fully below. .

During read operations, read channel 18 receives
analog data signals from .disk/head assembly 12 through
preamplifier 14. 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 wmodules such as an automatic gain
control circuit, a low pass filter, a sampler, an
eqt;alizer, such as a finite impulse response filter, a
maximum likelihood, partial response detector, a
deserializer, and a synchronization field detection
circuit. The timing and operation of read channel 18 is
controlled by the phase locked loop system described more
fully below. Read channel 18 and write channel 16 are
illustrated more fully in FIGURE 2.

The various circuit modules of SSD channel 10 may
receive operational parameters for enhanced or optimal



signal in parallel format to control circuitry 11 through data/ paraneter
path 13. Read channel 18 includes any of a variety of circuit nodul es such
as an automatic gain control circuit, a low pass filter, a sanpler, an
equal i zer, such as a finite inmpul se response filter, a maxi mum Iikelihood,
parti al response detector, . a deserializer, and a synchroni zation field
detection circuit. The timng and operation of read channel 18 is
controlled by the phase | ocked | oop system descri bed nore fully bel ow.

Read channel 18 and wite channel 16 are illustrated nore fully in FI GURE

2. The various circuit nodul es of SSD channel 10 may receive
operational paraneters for enhanced or opti nal

12 performance. The operational parbfreters are general ly cal cul at ed
during burn-in but may be cal cul ated at other tinmes. The operational
paranmeters are used to enhance the operation of SSD channel 10. The
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physi cal and neilc eracterlstrcs f dis gglve mass, st orage system 30
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30 that wvary from system to system and influence
operational performance. During start-up, the operational
parameters are provided to SSD channel 10 from control
circuitry 11 through data/parameter path 13. Parameter
memory 22 stores the operational parameters. The various
circuit modules may then access the operational parameters
from parameter memory 22.
Servo contrxol 20 provides position error signals (PES)
to control circuitry 11 during read and write operations.
The PES relate to the position of the heads of disk/head
assembly 12 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 24, a random access memory (RAM) 26, and a read -
only memory (ROM) 29. Microprocessor 28, disk control 24,
RAM 26, and ROM 29 together provide control and logic
functions to disk drive mass storage system 30 so that data
may be received from host 32, stored, and later retrieved
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 stores the operational parameters that
are supplied to parameter memory 22 during start-up.
RAM 26 is used for storing digital data for write
operations and for storing digital data that has been



to control circuitry 11 during read and wite operations. The PES relate to
t he position of the heads of disk/head assenbly 12 so that the heads can be
properly positioned during both read and wite operations. Contr ol
circuitry 11 is used to control the various operations of disk drive nass
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 24, a
random access nmenory (RAM 26, -and a read only nmenory (ROM 29.

M croprocessor 28, disk control 24, RAM 26, and ROM 29 together provide
control and logic functions to di sk drive mass storage system 30 so that
data may be received from host 32, g_red and later retrieved and provided
back to host 32. ROM 29 stores preI Aded m croprocessor instructions for
use by m croprocessor 28 in operating and controlling disk drive mass
storage system 30. ROM 29 may al so stores the operational paranmeters that
are supplied igenppase®isay aTeeBult B Auread cgedation. RAMK @antrosepsf or
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In operation, disk drive mass storage system 30 goes
through an initialization or start-up routine when power is
initially provided. One such routine instructs
microprocessor 28 to supply the operational parameters,
previously stored in ROM 29, to parameter memory 22 through
data/parameter path 13. The operational parameters are
then stored in memory registers of parameter memory 22 for
use by read channel 18 during a read operation.

After the initialization routine is complete, data may
be read from or written to disk/head assembly 12. Servo
control 20 provides location information so that the
read/write heads may be properly positioned on the disks to
read and write data. In general, the operation of disk
drive mass storage system 30 may be divided into read
operations and non-read operations. Read operations
-involve the reading of data from the disks of disk head
assembly 12 and non-read operétions include write
operations, servo operations, and times when the system is
idle. A clock signal is provided from the phase locked
loop system to control both read operations and non-read
operations.

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



I n disk control 24. In operation, disk drive nmass storage system 30
goes through an initialization or start-up routine when power is initially
provi ded. One such routine instructs mcroprocessor 28 to supply
the operational paraneters, previously stored in ROM 29, to paraneter
menory 22 through data/paraneter path 13. The operational paraneters are
then stored tn nmenory registers of paraneter nenory 22 for use by read
channel 18 during a read operati on. After the initialization routine
is conplete, data may be read fromor witten to disk/head assenbly 12.
Servo control 20 provides |ocation information so that the read/wite

heads may be properly positioned on th disks to read and wite data. In
general, the operation of disk drive mass storage system 30 nmay be divi ded
into read operations and non-read operations. Read operations involve
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14 control 24 through data/parameter path 13. Disk control 24
provides various digital logic control and arbitration
circuitry between SSD channel 10, host 32, RAM 26,
microprocessor 28, and ROM 29 during both read and write
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 perscnal computer.

During a write operation, a digital data signal is
received from host 32 and ultimately stored on disk/head
assembly 12. Digital data is initially provided from host
32 to control circuitry 11. Control 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 assewbly 12 have been properly
positioned to write or store the data at an appropriate
location on the disk. The operation and timing of write
channel 16 is controlled by a write clock signal provided
by the phase locked loop system.

FIGURE 2 is a block diagram of data channel 36. Data
channel 36 includes read channel 18 and write channel 16,
as illustrated in FIGURE 1. Data channel 36 is used for
performing read operations and write operations.



data signal. This involves using various circuitry nmodul es and techni ques
for synchronously sanpling the anal og data signal and detecting a digital
signal. The phase | ocked | oop system provides a read clock signal to ensure
that the data signal is synchronously sanpled in the correct nmanner. Read
channel 18 provides the digital data signal to disk control. 24 through

dat a/ paraneter path 13. Disk control 24 provides various digital |ogic
control and arbitration cireuitry between SSD channel 10, host 32, RAM 26,
m croprocessor 28, and ROM 29 during both read and wite operations. The
digital data is then stored in RAM 26 until m croprocessor 28 conmuni cates
to host 32 that the data is ready to bgytransferred. Host 32 may be a
system bus such as the system bus of a personal conputer. During a
wite operation, a digital data signal is received fromhost 32 and
ultimately stored on disk/head assenbly 12. Digital data is initially
provi ded from host Ting @omepd| cperakiany data chanpel 26 reereives Bnst or es
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that control the timing of read and write operations.

Read channel 18, shown as a block in FIGURE 1,
includes a variety of circuit modules used to synchronously
sample, process, and condition an analog read signal during
a read operation. Read channel 18 includes a VGA 40, an .
automatic gain control circuit (AGC) 44, a low pass filter
(LPF) 42, a PLL 52; a sampler 46, an equalizer 48, an error
circuit 50, a detector 54, a synchronization detection
circuit (sync detect) 62, and a deserializer 60. All of
these circuit modules are used during a read operation to
condition and analyze the analog read signal to.provide a
corresponding digital data signal. The combination or
subcombination of all of these circuit wmodules may be
referred to as a read channel processing circuit. A read
operation is performed when the READ signal is enabled
indicating that a read operation is to be performed.

' VGA 40 receives and amplifies the analog read signal
from disk/head assembly 12 through preamplifier 14.
VGA 40, along with AGC 44, work together to provide an
appropriate amplification to the analog read signal.
AGC 44 receives feedback signals from error circuit 50 so
that appropriate adjustments can be made in the

amplification or gain provxded to the analog read signal by
VGA 40.



15 . During a read operation, data channel 36 receives an anal og read
signal from di sk/ head assenbly 12 at a variable gain anplifier (VGA) 40.
Dat a channel 36 synchronously sanples and processes the read signal and

provi des a corresponding digital data output si gnal from a
deserializer 60. During a wite operation, wite channel 16
receives a digital data signal, processes and codes the signal, and
provi des a data signal to disk/head assenbly 12 for magnetic storage. A
phase | ocked | oop system (PLL) 52 provides a read clock and a wite clock
that control the timng of read and wite operations. Read channel 18,

shown as a block in FIGURE 1, |nclude§ a variety of circuit nodul es used to
synchronously sanpl e, process, and condltlon an anal og read signal during a
read operation. Read channel 18 includes a VGA 40, an automatic gain

control circuit (AGC) 44, a low pass filter (LPF) 42, a PLL 52, a sanpler
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LPF 42 and provides a discrete analog output signal having

discrete values. Samﬁler 46 converts the filtered output

signal from continuous time to discrete time. The filtered

output signal is sampled synchronously at times that
correspond to the various magnetic transitions stored on

disk/head assembly 12. These magnetic transitions

correspond to the data stored on disk/head assembly 12.

Sampler 46 samples the signal and holds the value until the

next sample occurs. PLL 52 controls when the samples occur
in sampler 46 by providing a read clock signal to
sampler 46 indicating.when sampler 46 should sample and
hold the filtered output signal. Each discrete value of
the discrete analog output siénai corresponds to the value
or amplitude of the filtered output signal at. the time the
signal was sampled by sampler 46. Sampler 46 may be a
sample and hold circuit such as a circular sample and hold
circuit that is time sequence multiplexed to equalizer 48
so that the correct time sequenced value is presented to
equalizer 48.

Equalizer 48 reeeives the discrete analocg output
signal from sampler 46 and provides a discrete, equalized
read signal having discrete levels corresponding to the
magnetic transitions on disk/head assembly 12.
Equalizer 48 equalizes the signal by receiving a plurality



16 The anplified analog read signal is provided by VG 40 to LPF 42
for further processing. LPF 42 receives the anplified anal og read signal
and filters the signal to renove unwanted hi gh frequency noise. LPF 42 also
provi des waveform shaping with anplitude boost. LPF 42 may be a continuous
time 7th order filter designed using G C conponents. The cutoff frequency
and boost of LPF 42 may be programmable. The filtered output signal of LPF
42 is provided to sanpler 46. Sanpl er 46 sanples the filtered output
signal from LPF 42 and provides a discrete anal og output signal having

di screte values. Sanpler 46 converts the filtered output signal from
continuous tinme to discrete tine. Thed{%Itered out put signal ‘is sanpled
synchronously at tinmes that correspon o the various nagnetic transitions
stored on disk/head assenbly 12. These nmagnetic transitions

correspond to the data stored on disk/head assenbly 12. Sanpler 46 sanples
t he signal andofidiidserhcoeffimiantis lort kepmeand sesgd ¢heecanseqiilidihg

control s when Lher;33ephiRg S Wighll Sanleqidbre RiMIGY BAtput He10CK
signal to sanpler 46 ..ndicating.when sanpler ,46 shoyl d sa and hol d the
filtered out put® TPz, LR ngc?ﬁ%eﬁlgﬂg)%t&?“t ﬂg ‘g"r%eccf'té’?g 5gnal og out put
si gnal corresponds Baualigeral 48 dnciungeést adepbiraliayf | of emplittptiens si gnal
at the tinme thgashomalcypFisnpladidis SsHD| 8F éRe pharPl iy A5 "By1the a
sanpl e and hold circuit such gs a plrculag.sanp.e ang hold circuit_that is
ti me sequence ﬁﬁ?##b?’e%tcftﬁmgqu%l CPRPEFREiRe (S FRES FFIWMG PFnethe
sequenced val ugiggrgﬁeeggm}.gg putput signal. The outputs of each of the
multipliers are then provided as inputs to an adder, such
as an analog summer, which sums the inputs and provides the
discrete, equalized read signal. As the discrete analog
output signal changes, the consecutive discrete values of
the discrete analog output signal that are provided to each
multiplier are shifted to the next multiplier such that a
new discrete value is now provided to the first miltiplier
and the oldest discrete value is dropped from the last
multiplier.

Equalizer 48 may be a finite impulse response filter
having five tap filter with coefficients set by
programmable digital circuitry. Equalizer 48 would then
receive five digital coefficients or filter tap weights
that are converted to an analog value through a digital-to-
analog converter. Each coefficient is then provided to a
separate multiplier. The outputs of all five of the
multipliers are provided to an analog summer to pi:ovide the
discrete, equalized read signal. Although five
coefficients or taps are described, the number of
coefficients or taps and the corresponding number of
multipliers may vary.

Detector 54 receives the discrete, equalized read
signal from equalizer 48. Detector 54 analyzes the signal
and generates the digital data output signal corresponding
to the data stored on disk/head assembly 12. In one
embodiment, detector 54 may be a maximum likelihood
detector or Viterbi decoder implementing the Viterbi



equal i zer 48. Equal i zer 48 receives the discrete anal og out put
.signal from sanpler 46 and provides a discrete, equalized read signha
havi ng di screte |l evels corresponding to the magnetic transitions on
di sk/ head assenbl y 12. Equalizer 48 equalizes the signal by receiving

a plurality 17 of filter
coefficients or taps and uses themin equalizing or filtering the signal.

The di screte anal og output signal is equalized to the target function of
det ect or 54. Equal i zer 48 includes a plurality of nultipliers. Each

mul tiplier receives one of the plurality of filter coefficients and a
consecutive discrete value of the disggete anal og output signal. The
outputs of each of the nultipliers are then provided as inputs to an adder,
such as an anal og summer, which suns the inputs and provides the discrete,
equal i zed read_signal . As the discrete anal og output signal changes, the
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may not have occurred on the disk. The output of the

metric circuit is provided to the trellis circuit which

acts as a decision tree for sequence decoding. The trellis

circuit generates the digital data output signal which

serves as the output of detector 54. .

Sync detect 62 receives the digital data output signal
and provides a synchronization detect signal. Sync
detect 62 searches for the presence of a synchronization
field or byte in the digital data output signal and enables
the synchronization detect signal when a synchronization
byte is detected. Sync detect 62 may search for the
synchronization byte over a predefined period or “window” of
time that the synchronization byte should be present. Sync
detect 62 may'include a register for storing a predefined
synchronization byte and digital logic circuitry to compare
the digital data output to the predefined synchronization
byte. ‘

Deserializer 60 receives the digital data output
signal and the synchronization detect signal. The digital
data output signal is provided as an output in parallel
format when the synchronization detect signai is enabled by
sync detect 62. Deserializer 60 places the digital data
output signal in an appropriate parallel format such as an
eight or nine-bit format. _ _

Exrror circuit 50 receives the discrete, equalized read
gignal from equalizer 48 and generates an error signal in
response. The error signal serves as an input to PLL 52
and AGC 44. The error signal indicates how far the



anal og converter. Each coefficient is then provided to a separate

mul tiplier. The outputs of all five of the multipliers are provided to an
anal og summer to provide the discrete, equalized read signal

Al 't hough five coefficients or taps are described, the nunber of
coefficients or taps and the correspondi ng nunber of nultipliers may vary.
Detector 54 receives the discrete, equalized read signal from equalizer

48. Detector 54 anal yzes the signal and generates the digital data output

signal corresponding to the data stored on disk/head assenbly 12. I n one
enbodi nent, detector 54 may be a maxi num likeli hood detector or Viterb
decoder inplenenting the Viterbi 1 18

al gorithm Assum ng that detector 54 ig i npl emented as a Viterbi decoder
detector 54 includes a nmetric circuit, and a trellis circuit for analyzing
t he signal. The metric circuit receives the discrete, equalized read
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searches for t% rese of a Foni zarion é e digita
data out put si m@naﬁﬂdeg target value of the band :Ln which the
signal is located. A positive and negative target value
and a positive and negative threshold value may be provided
to error circuit 50 for use in calculating the erxrror
signal. Error circuit 50 may employ any of a variety of
circuitry to provide the error signal. Such circuitry may
include comparators to compare the discrete values of the
discrete, equalized signal to the threshold wvalues. A
sample/hold circuit and an adder circuit may be used to
sample the discrete, equalized signal and to add or
subtract the sampled value to/from the target values.
PLL 52 provides an output clock signal that serves as
a read clock signal during read 'operations and as a write
clock signal dﬁri_,ng non-read . ope:ations. © During read
operations, PLL 52 controls when sampler 46 samples the
filtered output sigr__:él provided by LPF 42. PLL 52 receives .
the error signal, a crystal clock signal (XTAL), a read
enable signal, and the filtered output signal of LPF 42 and
provides a read clock signal throughout read channel 18
during read operations. PLL 52, illustrated in FIGURES 3
and 4, provides a read clock signal during read operations
and provides a write clock signal during write operations.
Write channel 16 includes various circuitry to process
a digital data signal. A write operation is performed in
write channel 16 when the READ signal is not enabled,
indicating that a write or non-read operation is to be
" performed. Just as in a read operation in read channel 18,
the timing of a write operation is controlled by the output



t he synchroni zati on detect signal when a synchronization byte is detected.
Sync detect 62 may search for the synchronization byte over a predefined
period or "wi ndow' of time that the synchronization byte shoul d.be present.
Sync detect 62 may include a register for storing a predefined

synchroni zation byte and digital logic circuitry to conpare the digital
data output to the predefined synchroni zati on byte. Deserializer 60
receives the digital data output signal and the synchronization detect
signal. The digital data output signal is provided as an output in
parallel format when the synchroni zation detect signal is enabled by

detect 62. Deserializer 60 places thegigital data output signal in an
appropriate parallel format such as an eight or nine-bit format.

Error circuit 50 receives the discrete, equalized read signal from
equal i zer 48 and generates an error signal in _response. The error signal
serves as an ¥k igmal providad RGPY 52. THe waiitsr cirghafignadi d&t es how

far the provided as the output of PLL 52 durifhy a wiiiger 6t enorneasl of the
discrete, equgldzed fead signal differ froman ideal target value. The
error signal y be provided as two signals, the first as a |evel or band
si gnal i ndi cati ng WiHiteh dannednd &dims etreludp ATy Rumker _F gibrcyis
| ocated, and hddulecom abemerntis s eprecesgnehe i dilgiedl ndatdesikpidler ence
petween the dssdf WliGoutfyahly Sthdiial o aeegmsggraciﬁamt ebeklfiadhidde band
in which the signal 1s cated. A positive an ggatlve H?rget val ue
thé data, an encoder, a serializZer, an a write
precompensation circuit. For example, write channel 16
normally will include circuitry to encode the digital data
signal. The digital data signal may be encoded using a
run-length limited (RLL) encoder which enforces the (0,4,4)
constraint and converts the digital data signal from eight
bits to nine bits before being stored. A serializer would
then place the parallel data into serial format and provide
the serial data to a write precompensation circuit which
may provide delays to the data. The write precompensation
circuit uses the write clock signal provided by PLL 52 to

timely provide the data to disk/head assembly 12 during a
write operation.

sync

FIGURE 3 is an overview block diagram of PLL 52.
PLL 52 provides a read clock signal to read channel 18
during read operations and a write clock signal to write
channel 16 during non-read operations. PLL 52 includes a
read phase circuitry 110, a write phase circuitry 112, a
zexro phase restart circuit (ZPR) 96, an adder circuit 92,
and a voltage controlled oscillator (VCO) 94. PLL 52
receives a read enable signal, depicted as READ; a
reference clock signal, depicted as XTAL; an error signal
from error circuit 50; and a filtered output signal from
- LPF 42. The output clock signal of PLL 52 is provided
through the output of VCO 94.

Write phase circuitry 112 receives the read enable
signal, the reference clock signal, and the output clock
signal of VCO 94 and generates a write control voltage



and a positive and negative threshold value may be provided to error
circuit 50 for use in calculating the error signal. Error circuit 50 may
enpl oy any of a variety of circuitry to provide the error signal. Such
circuitry may include conparators to conpare the discrete values of the

di screte, equalized signal to the threshold val ues. A sanpl e/ hold circuit
and an adder circuit may be used to sanple the discrete, equalized signa
and to add or subtract the sanpled value to/fromthe target val ues.

PLL 52 provides an output clock signal that serves as a read cl ock signal
during read operations and as a wite clock signal during non-read
operations. During read operations, PL}, 52 controls when sanpler 46 sanples
the filtered output signal provided by LPF 42. PLL 52 receives the error
signal, a crystal clock signal (XTAL), a read enable signal, and the
filtered output signal of LPF 42 and provides a read cl ock signal
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20 provided before the transition from a read operation to a
non-read operation. This value is also provided to adder
circuit 92.

Read phase circuitry 110 receives the read enable
gignal, the error signal, and the output clock signal of
VCO %4 and generates a read control voltage in response.
Read phase circuitry 110 generates the read control voltage
by determining the phase difference between the error

signal and the output clock signal. The read control -
voltage is provided to adder circuit 92. during read
) operations.

ZPR 96. resets the output clock signal when transitions
occur from read operations to non-read operations and from
non-read operations to read operations. ZPR 96 stops and
restarts VCO 94 to minimize the phasé difference between
the output clock signal and another signal. The phase
difference betweén the output clock signal and the filtered
output signal from LPF 42 is minimized when a transition
occurs from a read operation to a non-read operation. The
phase difference between the voltage controlled oscillator
output clock signal and the referénce clock signal is
minimized when a transition occurs from a non-read
operation to a read operation.

In operation, adder circuit 92 receives the read
control voltage and the last write control voltage during
read operations and generates an output <voltage
corresponding to the sum of these two voltages. As
mentioned above, the 1last write control voltage is



cl ock signal provided by PLL 52. A wite clock signal is provided as the
out put of PLL 52 during a wite or non-read operation. Wite channel 16
may include any nunber of circuit nodules or elenents to process the
digital data signal. Such circuity may include a scranbler circuit to
random ze the data, an encoder, a serializer, and a wite preconpensation
circuit. For exanple, wite channel 16 normally will include circuitry to
encode the digital data signal. The digital data signal nay be encoded
using a run-length limted (RLL) encoder which enforces the (0,4, 4)
constraint and converts the digital data signal fromeight bits to nine
bits before being stored. A serializeg,wuld then place the parallel data
into serial format and provide the sertal data to a wite preconpensati on
circuit which nmay provide delays to the data. The wite preconpensation
circuit uses the wite clock signal provided by PLL 52 to tinely provide
the data to dhakntrinedsbenvirite? phasengixowitry d3@r &fiteyr. the 1F4tGURE 3
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signal serves as a wrlte clock s:.gnal during non read

operations.

FIGURE 4 is an expanded block diagram of PLL 52
illustrating one embodiment of the phase locked 1loop
system. PLL 52 provides a read clock signal to read
channel 18 during read operations and a write clock signal
to write channel 16 during non-read operations. The same
write clock signal is provided during other non-read
operations such as servo operations and during idle times.
PLL 52 includes a read phase detecgtdr 80, a read control
voltage circuit 82, a write phase detector 90, a write
control voltage circuit 93, ZPR 96, adder circuit 92, and
VCO 94. A read switch 83, a write.switch 81, a read enable
inverter 84, a divide-by-M circuit 86, a divide-by-N
circuit 88 are also used in PLL 52 to ensure that the
correct voltage is applied to VCO 94 during read and
non-read operations. VCO 94 provides an output clock
signal which serves as the output of PLL 52. The output
clock signal serves as the read clock signal during read
operations and as the write clock signal during non-read
operations.

When PLL 52 trans:Lt:Lons from a read operation to a
non-read operation, the read enable signal transitions from
an enabled state to a non-enabled state. As a result of
_this transition, ZPR 96 stops and restarts VCO 94 such that



21 during non-read operations. Wite phase circuitry 112 generates the .
wite control voltage by determ ning the phase difference between the

ref erence cl ock signal and the output clock signal. The wite control
voltage is provided to adder circuit 92. During read operations, wite
phase circuitry 112 maintains the last wite control voltage provided
before the transition froma read operation to a non-read operation. This
value is also provided to adder circuit 92. Read phase circuitry 110
receives the read enable signal, the error signal, and the output clock
signal of VCO 94 and generates a read control voltage in response. Read
phase circuitry 110 generates the readycontrol voltage by determ ning the
phase difference between the error signal and the output clock signal.
The read control voltage is provided to adder circuit 92 during read

oper ati ons. ZPR 96 resets the output clock signal when transitions
occur from redtheopbpaei errort etnthe riawitepte awridies phade f derraotor 90ads

oper ations t()ﬁfﬁihﬁi@@ratTﬁestrZEEEéKbﬁﬁde% %@Gul@ﬁtﬁﬁtéhéﬂzaéh&nbooﬁ1nl”126
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voltages. tIOI‘le ast wite age 1 s
etector 90 1s provided as an input to wrlte control

voltage circuit 93 due to the closed circuit condition of
write switch 81.

During a write operation, or any other non-read
operation, a reference clock signal is provided to
divide-by-M circuit 86. The output clock signal of VCO 94
is provided to divide-by-N circuit 88. Divide-by-M
circuit 86 and divide-by-N circuit 88 are frequency divider
circuits that receive an 1nput signal at an input frequency
and provide an output 81gnal at an output frequency equal
to some 1ntegra1 submultiple of the input frequency.
Divide-by-M circuit 86 and divide-by-N circuit 88 use a
random sequence generator to determine. the divide amount.
N and M are integer values that may be stored and provided
in programmable memory registers. Write phase detector 90
receives the output signal of divide-by-M circuit 86 and
divide-by-N circuit 88 and compares these two signals to



22 mai ntai ned by wite phase circuitry 112 after the | ast non-read
operation. Adder circuit 92 provides its output to VCO 94 which generates
and adj usts frequency of the output clock signal in response. The out put

cl ock signal serves as a read clock signal during read operations.

During non-read operations, such as a wite operation, adder circuit 92
receives the wite control voltage and provides this voltage to VCO 94

whi ch generates and adjusts the output clock signal in response. This

out put clock signal serves as a wite clock signal during non-read

oper ati ons. FIGURE 4 is an expanded bl ock diagram of PLL 52

I llustrating one enbodi nent of the phgge | ocked | oop system PLL 52

provi des a read clock signal to read channel 18 during read operations and
a wite clock signal to wite channel 16 during non-read operations. The
same wite clock_signal is provided duri n% ot her non-read operations such
as servo operBFPEWSEafl MWLPNG ithomadi ST prerresnoRdeydss the cBlP$hase
detector 80, diffaxkrcenbeowesn!tloape dtwoCdinpuBlsignails i e Theafeedaéwey or 90,
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t he correct vehfladieviide-&ypNi ellrteit/@B,94sddetrgmired yndtheoifoldading

operations. ¥¢G}P4ndQyi des an output clock signal which serves as the
out put of PLL 52. The output clock signal serves as the read clock signal
during read operations and as the wite clock signal during non-read

oper ati ons. When PLL 52 transitigns._ fmg? a read operation to a
non-read operation, the read enabl e sigﬁqa'[ framsitions from

where f,, is the frequency of the output signal of write
phase detector 90; N and M are integer values; and fyq is
the frequency of the reference clock signal.

The output signal of write phase detector 90 is
provided to write control voltage circuit 93 during write
operations, when write switch 81 is closed. Write control
voltage circuit 93 generates or adjusts a w;:rite control
voltage in response and provides this wvoltage to adder
circuit 92. Write control voltage circuit - 93 may be a
second order loop filter capacitor that is used to generate
and accurately maintain the write control voltage.

The write control voltage is provided as an input to
adder circuit 92 during the write operation. Adder circuit
92 provides this voltage as an input to VCO 94. Thus the
input voltage provided to VCO 94 during a write operation
corresponds to the phase difference between the two signals
provided to write phase detector 90. VCO 94 adjusts the
frequency of its output clock signal based on this input
voltage. The output clock signal is provided to write
channel 16 and serves as the write clock signal during
write operations. The signal is also provided as a
feedback signal to divide-by-N circuit 88 so that the phase
difference can be continually generated by write phase



an énabled state to a non-enabled state. As a result of this transition,
ZPR 96 stops and restarts VCO 94 such that

23 t he phase error at the inputs to wite phase detector 90 is mnim zed.
The transition also results in the opening of read swtch 83 and the
closing of wite switch 81 due to an enabling signal being provided at the
out put of read enable inverter 84. As a result, only the output of wite
control voltage circuit 93 is provided as an input to adder circuit 92. The
out put of read control voltage circuit 82 is not provided to adder circuit
92 due to the open circuit condition at read switch 83. The output of
wite phase detector 90 is provided agsan input to wite control voltage
circuit 93 due to the closed circuit condition of wite switch 81.

During a wite operation, or any other non-read operation, a reference

cl ock signal i rqvided to divide-by- CIrCUI 86. The out ut cl.ock signa
of VCO 94 is %"%iﬁotc?é:d 99 09' C4iRFY2Ey - % £ Uy the F Qe PP E’I
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error at the inputs to read phase detector 80 is minimized.
LPF 42 provides a signal to zero phase restart circuit 96
that VCO 94 uses to minimize the phase error at the inputs
of read phase detector 80. This transition also results in
the opening of write switch 81 and the closing of read .
switch 83 so that the output of read contreol voltage
circuit 82 and the output of write control - voltage
circuit 93 are coupled to adder circuit 92.

The opening of write switch 81 uncouples write phase
detector 90 from write control voltage circuit 83.
Although write control voltage circuit 93 is no longer
coupled to write phase detector 90 during a read opera;ion,
write control voitage circuit 93 accurately maintains the
last write control voltage generated before write switch 81
was opened. :

During a read operation, read phase detector 80
receives an error signal provided by error circuit 50 and
the output clock signal of VCO 94. Read phase detector 80
compares these two signals and generates an output signal
corresponding to the phase difference between these two
signals. The error signal includes information relating to
the difference between an actual synchronously sampled data
value and an ideal or target value. Other synchronously
sampled data signals from read channel 18 may be provided
in place of the error signal.

The output signal of read phase detector 80 is
provided to read control voltage circuit 82. Read control



24 produce an output signal that corresponds to the phase difference
bet ween these two input signals. The frequency of the output signal
generated by wite phase detector 90, as a result of receiving inputs from
di vide-by-Mcircuit 86 and divide-by-N circuit 88, is determ ned by the
foll owi ng rel ati onshi p: [err] where f[err] is the frequency of the
out put signal of wite phase detector 90; N and Mare integer values; and
flerr] is the frequency of the reference clock signal. The out put
signal of wite phase detector 90 is provided to wite control voltage
circuit 93 during wite operations, when wite switch 81 is closed. Wite
control voltage circuit 93 generates 2y adjusts a wite control voltage in
response and provides this voltage to adder circuit 92. Wite control

voltage circuit 93 nay be a second order Ioop filter capacitor that is used
to generate an accuratel ntaln the wri Qnt The
wite controlV c’r%"%’rto HedoRETALCT nBEt a'? gﬁe ?ﬁl‘fmﬁﬁuri ng

the wite ope\rqaltqage inidrzesponsei and? ppeviddes thiss vwdltagge tas addemput to
VCO 94. Thus di}iRuit 92. Read control voltage circuit 82 may use a loop

filter, such as an RC circuit, to maintain and provide the
output signal.

During the read operation, the read control voltage is
provided to adder circuit 92 along with the maintained,
last write control wvoltage provided by write control
voltage circuit 93. The last write control voltage remains
constant during read operations. Adder circuit 92
calculates the sum of the two voltages and provides the
resulting output voltage to VCO 94. VCO 94 receives this
output voltage and adjusts the frequency of its output
signal in an amount corresponding to the value of this
output voltage. The output signal of VCO 94 serves as a
read clock signal and is provided to read channel 18. The
read clock signal is provided to read channel 18 to control
the synchrdnous sampling of read signals. The output of
VCO 94 is provided back to read phase detector 80 so that
the phase difference between this signal and the error
signal can be continually calculated to provide adjﬁetments
in the read clock signal throughout the read operation.

Thus, it is apparent that there has been provided, in
accordance with the present invention, a phase locked loop
system and method for use in a data channel of a mass
storage system that satisfies the advantages set forth
above. Although the present invention has been described
in detail, it should be understood that wvarious changes,
substitutions, and alterations can be made herein. For
example, a variety of techniques and circuitry may be used
in a data channel of a mass storage system to process a
data signal during both read and write operations yet the
present invention may be used to provide a read clock
signal and a write clock signal in any such data channels.



i nput voltage provided to VCO 94 during a wite operation corresponds to
the phase difference between the two signals provided to wite phase
detector 90. VCO 94 adjusts the frequency of its output clock signal based
on this input voltage. The output clock signal is provided to wite
channel 16 and serves as the wite clock signal during wite operations.
The signal is also provided as a feedback signal to divide-by-Ncircuit 88
so that the phase difference can be continually generated by wite phase
25 detector 90 to provide adjustnments to the wite clock signal
t hroughout a wite operation. When PLL 52 transitions froma wite
operation to a read operation, the reag enable signal transitions froma
non-enabl ed state to an enabled state. As a result of this transition, ZPR
96 initiates a zero phase restart in VCO 94. ZPR 96 stops and restarts VCO
94 such that the phase error at the inputs to read phase detector 80 is
m ni ni zed. LPAALSO prighe débrerctsiqpmmectdonar dlpnakrated thanein cowld Y6 t hat
?:I/CO 94 usgg t _(I)_améﬁdﬂ B¢ bhe mlaaedem thedtrt NSuditilat eWvo! @&l qinSte -
et ector : a SO [eS ni t witc
and the cl osi ntné%ffi egghé%\ng?c%o%?é% F hé?l%ﬁettg%to g‘%ﬁ oa?)grglfé con r?‘oe
vol t age ci r cui €8 er t Revirfsitdruk: bedngofdirsrtiyl cagrectat whiles are
coupled to addetirlr adhie®ihg the désingknregulds WMeédenstivatel &Y wheoupl es
wite phase de{:/ffl&é’ﬁt 90 ﬂc:{v‘éﬁﬂ%é?e contdtgllervolggg,ﬁ?ﬂg CUE 93.nhlddrpugh
olta i oup] e i ]

wite control e circult i s no, I onger coup)] to wite phase
det ect or 90 dupppﬁféiqqégasOdggh@#&ﬁratlons are readily ascertainable by
one skilled in the art and could be made without departing

from the spirit and scope of the present invention. While
the invention has been particularly shown and described by
the foregoing detailed description, it will be understood
by those skilled in the art that various other changes in
form and detail may be made without departing from the
-spirit and scope of the invention as defined by the
following claims. )



wite control voltage circuit 93 accurately maintains the last wite
control voltage generated before wite switch 81 was opened. During a

read operation, read phase detector 80 receives anWed by
error circuit 50 and the output clock signal of VCO 94. Read

tect or
80 conpares these two signals and generates an out pu“ﬂWM‘ﬁ ndi ng
to the phase difference between these two signals.
includes information relating to the difference betwedn &n actual

synchronously sanpl ed data value and an ideal or target value. O her
synchronously sanpl ed data signals fromread channel 18 nay be provided in

pl ace of the error signal. The gyt put signal of read phase detector
80 is provided to read control voltage circuit 82. Read control

26 voltage circuit 82 generates or adjusts a read control voltage in
response and provides this voltage to adder circuit 92. Read control
vol t age ci rcu&@mpa—lﬁéop filter, such as an RCcircuit, to

mai ntai n and provide thAephagpulockehaloop systeur ifog tﬂmvﬁdadgoaeteiaon t he

read control %%Eﬁget& Sa p&8¥hd%ﬁ§1ﬁe§dc§{d Cérﬁgig e 9213LRNG N t9e
mai ntai ned, |ast wite control tage. provid y Wite: controrv ?tage

circuit 93. Tﬁ@aPﬁglc vﬁ'lﬁ PhaGH 1orcked| 1ofR S¥FRE™HSOFBRLEIRE: during read
operati ons. Addea eendui pphagg cdeﬁ:alcabes bperabbe of toherkweivel t ages and

provides the gunchronously sampled data signal from the read channel and
a voltage controlled oscillator output clock signal, the
read phase detector operable to generate a read control
voltage in response, the read phase detector operable to
provide the read control voltage during a read operation;

a write phase detector operable to receive a reference
clock signal and the voltage controlled oscillator output
clock signal, the write phase detéctor operable to generate
and provide a write control voltage during a non-read
operation, the write phase detector ocperable to maintain
the last write control voltage generated during a non-read
operation and to provide the last write control voltage
during a read operation; .

an adder circuit operable to receive the read control
voltage and the write control voltage and to generate a
‘voltage controlled oscillator input voltage in respons€;
and ' ' _

a voltage controlled oscillator operable to receive
the voltage controlled oscillator input voltage and to
generate a voltage controlled oscillator output clock:
signal in response, the voltage controlled oscillator
output clock signal serves as the read clock during a read

operation and as the write clock during a non-read
operation.

2. The phase locked loop system of Claim 1 wherein

the synchronously sampled data signal is a data error
signal.



resul ting output voltage to VCO 94. VCO 94 receives this output voltage and
adjusts the frequency of its output signal in an anount corresponding to
the val ue of this output voltage. The output signal of VCO 94 serves as a
read clock signal and is provided to read channel 18. The read cl ock signal

is provided to read channel 18 to control the synchLQﬂggg_ggggL%ﬂgrgihéead
signals. The output of VCO 94 is provided back to read phase 0 so
that the phase difference between this signal and thfuﬂum n be
continually calculated to provide adjustnents in the mmmﬁ IH'&

t hroughout the read operation. Thus, it is apparént®tHhat #t here

been provided, in accordance mﬁthtrmapresent i nvention, a phase Iocked

| oop systemand nmethod for use in a data channel of a nass storage system
that satisfies the advantages set forth above. Although the present

I nvention has been described in _detail, it should be understoqd that

vari ous changes, substiRutBhaRe 195ed| LOPRt FYREER oAF EL R HRESIR  For
exanpl e, a vartlet ydath eeconisjigmilaritciudesi valuemcdirespedding o ddlea

channel of a MsprstOidCpSRLetn hO HhPARES feadah At BNaha W Icikdia! N T ead
and wite operat%ons yet the present I'nvention may be used to provide a

read cl ock faf®and a wite clock signal in any such data channel s.
27 Al so, the di rect connections illustrated herein could be altered by

one skilled in the grt fychoid IdukedeMi s9sCeBhE! ¥150MWPL ety tihdine
anot her through_an Jnlerne i ate device or devices without being directly

connect ed whi | §°mPTisd
a read control voltage circuit operable to receive the

read control voltage from the read phase detector and to
provide the read control voltage to the adder circuit
during read operations.

5. The phase locked loop system of Claim 4 wherein
the read control voltage circuit and the adder circuit are
coupled during a read operation and uncoupled during a
non-read operation.

6. The phase locked loop system of Claim 1 further
comprising: '

a write control voltage circuit operable to receive
the write control voltage from the write phase detector and.
to provide the wfite control voltage to the adder circuit
during a non-read operation, the write control voltage
circuit further operable to maintain the last write control
voltage provided by the write phase detector during a
non-read operation and to provide the last write control
voltage to the adder circuit during the read operation.

7. The phase locked loop system of Claim 6 wherein
the write control voltage circuit and the write phase
detector are coupled during a non-read operation and
uncoupled during a read operation.



still achi evi ng the desired results denonstrated by the present
invention. O her exanpl es of changes, substitutions, and
alterations are readily ascertai nable by one skilled in the art and coul d

be made wi thout departing fromthe spirit anth
invention. Wile the invention has been parti y shown and._descri bed
by the foregoing detail ed description, it wll Wm those
skilled in the art that various other changes |§“!\“‘&j m may be
made wi thout departing fromthe spirit and scop ¢the | hvehtion as
defined by the follow ng clains. 28
WHAT IS CLAIMED I S: 1. A phase Iogked | oop systemfor providing a read
clock to a read channel and a wite clock to a wite channel, the phase

| ocked | oop system conpri sing: a read phase detector operable to
receive a synchronousl%/qsarrpl ed data signal fromthe read channel and a

vol tage control | e osctte &sedasedc1oeR SYGREN, of hElabm g7 phuidedhefet ect or
operabl e to gevmprdeimg:r ead control voltage in response, the read phase

detector operable §o frayedepiherr ead- LR T Qge)égbiégetdju&le@gl@er eah
operati on; a wite_phase; detector opera ecei ve a referepnce
cl ock signal ‘é‘ﬁ%e’f?ﬂé’evﬁﬂgﬁ Sl and o ?EPT’?‘ pency| 3ekustefhal , the

wite plase deeéeremce)pﬂrcaikl eignalecrertie m(teppbasdedatwhdze eodt r ol
vol tage during a ngrafaae. Bieﬁaéiﬁﬂué e%bl@ phap&cditles thar vQP@é&Q' eto

mai ntain the | ast Ite con olta ed ng.a non-
oplerat: on and“PBt %%QsFﬁ ?ﬁ%’\t‘/ ?M‘EF?’:“ g"g %gfa"lgép o provide i

frequency adjusted voltage controlled oscillator output
clock signal to the write phase detector.

9. The phase locked loop system of Claim 6 wherein
the write control voltage circuit includes a loop filter
capacitor for storing and maintaining the write control
voltége.

10. The phase locked loop system of Claim 1 further
comprising:

a zero phase restart circuit operable to receive the
reference clock signal and a read enable signal, the zero
phase restart circuit operable to reset the phase of the
voltage controlled oscillator output clock signal to that
of the reference clock signal when a transition occurs from
a read operation to a non-read operation.



during a read operation; an adder circuit operable to receive the read
control voltage and the wite control voltage and to generate a voltage

controlled oscillator input voltage in response; and ———a—veltage._
controlled oscillator operable to receive the voI ol | ed
oscillator input voltage and to generate a vol ta wim weﬂﬂ ﬂ | I at or
out put clock signal in response, the voltage contr« out put
cl ock signal serves as the read clock during a read operatlon and as the

wite clock during a non-read operation. 2. The phase | ocked | oop
systemof Claim1l wherein the synchronously sanpled data signal is a data
error signal. 31 29 3. The phase

| ocked | oop systemof Claim2 wherein the data error signal includes val ues
corresponding to the difference between a sanpled read signal and a target
val ue. 4. The phase | ocked | Qop systemof Claim1l further

conpri si ng: a YeadAcHatd ofh W%&@rc}‘?%uﬁ BHRAESH PEOTBIF RETRAI 1t he
read control voheagasd rarordye syatephhseinptecdara atdragepmedivie, tdml r ead
control vol tagg égnéﬂﬁ Qq_%lﬁﬂcuﬁﬂe data channel comprising: )

a write channel operable to receive and process a
digital data signal provided from the control circuitry
during a non-read operation, the write channel operable to
provide a corresponding write signal to the data storage
medium in response, the write channel controlled by a write
clock signal;

a read channel operable to receive and process a read
signal received from the data storage medium during a read
operation, the read channel operabl’e to provide a
corresponding digital data signal to the control circuitry
in response, the read channel controlled by a read clock
signal; and '

a phase locked loop system having a read phase
detector, a write phase detector, an adder circuit, and a
voltage controlled oscillator, the phase locked loop system
operable to generate the write clock signal and to provide
the write clock signal to the write channel at the output
of the ‘voltage controlled oscillator during a non-read
operation, the phase locked loop system operable to
generate the read clock signal and to provide the read
clock signal to the read channel at the output of the
voltage controlled oscillator during a read operation.



during read operations. 5. The phase | ocked | oop systemof Claim4

wherein the read control

during a read operation and uncoupl ed during a non-

6. The phase

r
: | ocked | oop systemof Claim1 further HBHU[[@ lﬁ” '”!JL
control voltage circuit operable to receive the wi ' "t

the wite phase detector and to provide the wite control voltage to
adder circuit during a non-read operation, the wite control voltage
circuit further operable to maintain the last wite control voltage

provi ded by the wite phase detector during a non-read operation and to

provide the last wite contro

oper ati on.
wite control

vol tage circuit and the adﬂer—er%eu#%—a%e—eeupled

awite
e from
.t he

vol taggzto the adder circuit during the read

7. The phase | ocked | oop systemof Claim®6 wherein the
voltage circuit and the wite phase detector are coupled
during a non-read operation_and uncoupled during a read oper ation.
30 8. The phbde |Bekefptaothannsle MloClainy M?%Fﬁher thenphasge ng:
a divide by Meéetkédilodipesyaltem tompelsdse the

a read phase detector operable to receive a
synchronously sampled data signal from the read channel and
a voltage controlled oscillator output clock signal, the
read phase detector operable to generate a read control
voltage in response, the read phase detector operable to
provide the read control voltage during a read operation;

a write phase detector operable to receive a reference
clock signal and the voltage controlled oscillator output
clock signal, the write phase detector operable to generate
and provide a write control voltage during a non-read
operation, the write phase detector operable to maintain
the last write control voltage generated during a non-read
operation and to provide the last write control wvoltage
during a read operation;

an adder circuit opereble to receive the read control
voltage and the write control voltage and to generate a
voltage controlled oscillator input voltage in response;
and

a voltage controlled oscillator operable to receive
the voltage controlled oscillator input voltage and to
generate a voltage controlled oscillator output clock
SLQnal in response, the voltage controlled oscillator
output clock signal serves as the read clock signal during

a read operation and as the write clock signal during a
non-read operation.

13. The data channel of Claim 12 wherein the read
control voltage circuit and the adder circuit of the phase

locked loop system are coupled during a read operation and
uncoupled during a non-read operation.



ref erence clock signal and to provide a frequency adjusted reference cl ock
signal to the wite phase detector; and a divide by N circuit operable
to receive the voltage controlled oscillator output clock signal and to
provide a frequency adjusted voltage controlled oscilTator—eutput_cl ock

signal to the wite phase detector. 9. The ph | oop system
of Claim6 wherein the wite control voltage circuit (ﬂm&m ”'mmnllter
capacitor for storing and maintaining the wite contr

The phase | ocked | oop systemof Claim 1 further conprising: a Zero
phase restart circuit operable to receive the reference clock signal and a
read enabl e signal, the zero phase resBart circuit operable to reset the
phase of the voltage controlled oscillator output clock signal to that of

the reference clock signal when a transition occurs froma read operation
to a non-read oper§%|on

11
A data channel forlfise TR®a9%ER SRS LL M %@W?&nsfg?aﬁéa§?stem
havi ng a dat a lerkedgpapedyanem admtladesna netite contrey , valtaggararchinnel

conprising: operdbiel td CRasUISle ORIRS abE£rd ocaﬁ@féyevan@hgg 0§f&§ gndi gi tal
data si gnal OV|ded fron1éhe control CIrCUIt‘y uring a non- g
(o] write con rol

oper at i.on, thé”Wl t PRARGNBF TS aprRd: §O P

voltage to the adder circuit during a non-read operation,
the write control voltage circuit further operable to
maintain the last write control voltage provided by the
write phase detector during a non-read operatién and to
provide the last write control voltage to the adder circuit
during a read operation.

15. The data channel of Claim 14 wherein the write
control voltage circuit and the write phase detector are
coupled during a non-read operatlon and uncoupled during a
read operation.

l6. The data channel loop of Claim 15 further
comprising:

a divide by M circuit operable to receive the
reference clock signal and to provide a frequency adjusted
reference clock signal to the write phase detector; and

a divide by N circuit operable to receive the voltage
controlled oscillator output clock signal and to provide a
frequency adjusted voltage controlled oscillator output

3 clock signal to the write phase detector.



provi de a corresponding wite signal to the data storage nmediumin '
response, the wite channel controlled by a wite cl ock signal; a read
channel operable to receive and process a read signal received fromthe
data storage nediumduring a read operation, the read-echannet—operable to

provi de a corresponding digital data signal- to the cont | Itry in
response, the read channel controlled by a readum ml“{liﬂﬂ“g d a
phase | ocked | oop system having a read phase de i ist e=phase
detector, an adder circuit, and a voltage controlled oscillator, the phase
| ocked | oop system operable to generate the wite clock signal and to
provide the wite clock signal to thgawite channel at the output of the
voltage controlled oscillator during a non-read operation, the phase | ocked
| oop system operable to generate the read clock signal and to provide the

read clock signal to the r agachannel at. the output of the voltage
control | ed oscill&for ’t\,ld‘f'qtg’& IpE proytiing &, write clock signal to a

32 12. vititedaebanndianivalingf aChan frddd wipeneitionhanghmsesedd cledkl oop

System CONprisSighial to dal GRAPNGRMMAAL el nPPLT 28hE (RDARBESHLNE Rhe
synchr onousl y §_1 | ed dat a, Si q?r}??lc fromthe read channel’ and a vol tage
controlled od¥ SPTBEL PRI BT IEEEPGNEE: the read phase detector operable

to generate a readecehvirng a aglefgyente qlockoatanal laadr aadyptheanaistlact or
operabl e to pHAP1¢A dBear 8égn&PNtrol vol tage during a read operation;

a wite phase detector ggerable io receive a reference.
: génerating a write control voltage during a non-read

operation, the write control voltage corresponding to the
phase difference between the reference clock signal and the
write clock signal prdvided as an output of a voltage
controlled oscillator during a non-read operation;

providing the write control voltage to a voltage
controlled oscillator during a non-read operation;

generating a write clock signal as the output of the
voltage controlled oscillator during a non-read operation;

transitioning from a non-read operation to a read
operation;

maintaining the last write control wvoltage generated
before transitioning from a non-read operation to a read
operation;

generating a read control voltage during a read
operation, the read control voltage corresponding to the
phase difference between the synchronously sampled data
signal and the read clock signal provided as an output of
the voltage controlled oscillator during a read operation;

providing the maintained last write control wvoltage
and the read control'voltage to the voltage controlled
oscillator} and

generating a read clock signal as the output of the
voltage controlled oscillator during a read operation.



cl ock signal and the voltage controlled oscillator output clock signal, the
‘write phase detector operable to generate and provide a wite control

vol tage during a non-read operation, the wite phase detector operable to
mai ntain the last wite control voltage generated during a non-read
operation and to provide the last wite control—ve+%aQE”dUTTﬁ§—§~FEad

oper ati on; an adder circuit operable to rece “rol
voltage and the wite control voltage and to gene ﬁmg mm ntroll ed
oscillator input voltage in response; and: eLcont rsol I*ed’
oscillator operable to receive the voltage controlled oscillator input

vol tage and to generate a voltage cont3®l | ed oscillator output clock signa
in response, the voltage controlled oscillator output clock signal serves
as the read cl ock signal during a read operation and as the mwite clock
signal during a nony ead [ a Claim12
mhgreln t he ?ead co%tro F?géggc?FcS} 1m 37 %ngtg erc cw QﬁtQﬁua
phase | ocked FSBBSSQ%ten1are coupl ed durlng a read operation and

uncoupl ed durlng a aovidief «perfdfieriénce clock signal by an 1nteger M

33 Lagogdat @&hgﬁﬁ%&@&n 2R3 Wskeh wgaﬁesset ckad |oop

systen1|ncludes a Wi e circult operable to récelrve the
wite control volt ag&v¥digg the W-‘\‘tteec ﬁﬁ%es’tﬁlaécpbfra‘&n’d‘tte@eﬁr HvPﬂEquﬁe

wite control the generating a write control voltage step.

19. The method of Claim 17 further comprising the
step of:

performing a 2zero phase restart on the read clock
signal after the transitioning from a non-read operation to
a read operation step.

20. The method of Claim 17 wherein the transitioning
from a non-read operation to a read operation step includes
performing a zero phase restart on the read clock signal.



vottage to the adder circuit during a non-read operation, the wite control
voltage circuit further operable to maintain the last wite control voltage
"provided by the wite phase detector during a non-read operation and to
provide the last wite control voltage to the adder circuit during a read
oper ati on. 15. The data channel of Caim 14 wherein the wite
control voltage circuit and the wi 3 phase detector are coupled during a
non-read operation and uncoupl ed during a read operation. 16. The
data channel | oop of Caim 15 further conprising: a divide by M
circuit operable . to receive the reference clock signal and to provide a
frequency adj usted refRHASR d.OCKEDK LOOBNSYSTEM tAND METHODphase detector; and

a divide by N circuit operapbr ¢ég A Yarhhenxfkigge control |l ed osci | | ator

out put clock signal and to provide a frequency adj usted voltage controlled
oscillator output clock signR; ]

34 17. A nethod for;brovfolng awite cloc -signal to a wite

channel during aanphas€aatblR 3l sgaée‘a (md acﬂd)qdetaoanzbrt@s@ fgad
channel duri ngsa rher%cxixo% cigratsg‘(‘)‘gl ']-,a °§| {‘,% thsis‘t: s, of :

ive
mass storage system (30) is provided. The phase locked

loop system (52) provides a read clock signal to a read
channel (18) during read operations and a write clock

signal to a write channel (16) during a write or non-read
operation.

The phase locked loop system (52) includes a
read phase detector (80), a write phase detector (90), an
adder circuit {92}, and a

voltage controlled
oscillator (94).

During a non-read operation, the write
phase detector (90) receives a reference clock signal and

the output clock signal of the voltage

controlled
oscillator (%94).

The write phase detector (90) determines
the phase difference of these two signals and provides a
corresponding write control voltage to the adder
circuit (92). Adder ¢ircuit (92) provides this signal to
the voltage controlled oscillator (94) which provides an
output clock signal serving as a write clock signal to the
write channel (16). During a read operation, the write
phase detector (90) maintains the last write control
voltage.provided during a non-read operation and ptavides'

this to the adder circuit (92).

The read phase
detector (80)

receives an error signal from the read
channel (18) and the output clock signal of the voltage

controlled oscillator (94). The read phase detector (80)
determines the phase difference of these two signals and
provides a corresponding read control voltage to the adder
circuit (92). The adder circuit (92) adds these signals
and provides them to the voltage controlled oscillator (94)
to produce the read clock signal for the read channel (18).

Figure 3



receiving a reference clock signal and a synchronously sanpl ed data signal
generating a wite control voltage during a non-read operation, the wite
control voltage corresponding to the phase difference between the reference
clock signal and the wite clock signal provided as an output of a voltage

.controlled oscillator during a non-read operation; providing the wite
-control voltage to a voltage controlled oscillator during a non-read
operati on; generating a wite clpc/k osignal as the output of the

voltage controlled oscillator during a non-read operation;

transitioning froma non-read operation to a read operation;

mai ntaining the last wite control voltage generated before transitioning
froma non-read operation to a read operation; generating a read

control voltage during a read{Operation, the read controt _volthge
correspondi ng to thgy phase di {feygnce betgween |t he gynchronougl y sanpl ed
data signal and the r»gad cl och :lgnaL.ptﬂMAdec as$ "an output df|the voltage
control led oscillator during 4 (ead il iton; provi di t he
mai ntai ned last wite control {vpld M g rea I tage to the-
voltage contrqolled oscillator; |3 deney atli ng RAMT € &) pck signal as
t he out put of jt{ye voltagq4cprt|clleo o] |Iﬂctpr ducring alre opqﬁ@tion.
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-

~st eps of : dividing the reference clock signal by an integer M before

the generating a wite control voltage step; and dividing the wite
clock signal by an integer N before the generating a wite control voltage
st ep. 19. The nethod of Caim217 further conprising the step of:

perform ng a zero phase restart on the read clock signal after the
transitioning froma non-read operation to a read operation step.

20. The nmethod of Claim 17 wherein the transitioning froma non-read
operation to a read operation step includes perform ng a zero phase restart
on the read cl ock signal
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