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DETECTOR AND METHOD FOR DETECTING DEFECTS IN THE
MAGNETIC MEDIA OF A MASS STORAGE SYSTEM

TECHNICAL FIELD OF THE INVENTION
This invention relates generally to the field of
information storage and more particularly to a detector and

method for detecting defects in the magnetic media of a
mass storage system.



As conputer hardware and software technol ogy continues to progress, the
"need for larger and faster nmss storage devices for storing conputer
software and data continues to increase. Electronic databases and conputer
applications such as nultinedia applications require |arge anmounts of disk
storage space. An axiomin the conmputer industry is that there is no such

t hi ng as enough nenory and di sk storage space. To neet these ever

i ncreasi ng denmands, hard disk drives gontinue to evolve and advance. Sone
of the early disk drives had a maxi num st orage capacity of five nmegabytes
and used fourteen inch platters, whereas today's hard disk drives are
-commonly over one gigabyte and use 3.5 inch platters. Correspondi ngly,
advances iM@g@Wer unit of area, or areal density,
have dr amat anple, in the 1980's, areal density
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servo cont rgl ll%res ac%%tclcglut.er Otl.o Cé\rrocfxlrérzna 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.

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 actuator, a pre-amplifier, a read channel, a
write channel, a servo controller, and control circuitr_y- to



3 control the operation of the hard disk drive and to properly interface
‘the hard disk drive to a host or system bus. The read channel, wite
channel, servo controller, and a nenory nmay all be inplenmented 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) perfornms wite and read qgerations 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 (DRAN} A contro
circuitry processor schedules a series of events &g %é Ihe |n rmation
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the si gnal Wmf%wt@m@m@mon (b}arr.ransferrlng data from a host
interface to its control circuitry. The cont:rol c:.rcu:.try
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 sector genérally 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. The read/write head senses the changes in
the magnetic flux of the disk platter and generates a
corresponding analog read signal. The read channel
receives the analog read signal, conditions the signal, and
detects “zeros” and “ones” from the signal. The read channel
conditions the signal by amplifying the signal to an



4 approprlate | evel 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 communicates 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 1is acconplished by reading information fromthe

di sk caIIed [ medg ner al cIor has_a correspongi servo
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el ectronics to I nprove area ensi I'n se
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
80 the servo controller can continue to properly position
the heads on the track.

Traditional HDD data or read channels used a technique
known as peak detection for extracting or detecting digital
information from the analog information stored on the
magnetic media. In this technique, the waveform is level
detected and if the waveform level is above a threshold
during a sampling window, the data is considered a "one."
More recently, advanced techniques utilizing discrete time
signal processing (DTSP) to reconstruct the original data
written to the disk are being used in read channel
electronics to improve areal density. 1In 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 data
(SSD) channels. Partial response, maximum 1likelihood



the data is synchronously sanpled using a data recovery clock. The sanple
is then processed through a series of nathematical manipul ations using

si gnal processing theory. There are several types of synchronously
sanpl ed data (SSD) channels. Partial response, naxinmumlikelihood

5 (PRML); extended PRM. (EPRML); enhanced, extended PRML (EEPRW.);
fixed delay tree search (FDTS); and decision feedback equalization (DFE)
are several exanples of different tygfs of SSD channel s using DTSP

techni ques. The maxi mum |ikelihood detection perforned in many of these
systens is usually perforned by a Viterbi decoder inplenenting the Viterb

al gorithm named after Andrew Viterbi who developed it in 1967. fThe
SSD channel ead channel, g i res mxed:node circujtr or
per forning ‘& é‘lﬁ & %m {Wtjj hanged m axhendaett | as
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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
(BER) in the highest noise environment. The data channel
circuitry, including both a read channel and a write
channel, may be implemented on a single integrated circuit
package that contains various input ‘and output (I/0) pins.

The detectors used in SSD channels receive a read

signal and detect “zeros" and *ones"” from the signal.
performing this detection,

In
a detector analyzes the read
signal and may appear to correct data error conditions
- caused by defects or problems in the disk or magnetic
medium. Because the detector masks some of these data

the severity and exact location of the defects
cannot be determined.

written to the disk,
actual HDD data errors.

errors,

When different data patterns are
the defective location may cause
If these defective locations were
known, certain disk sectors or areas may be mapped out or

corrected to reduce the possibility of data errors, thus
increasing overall HDD performance.



performng this detection, a detector analyzes the read signal and may
appear to correct data error conditions caused by defects or problens in
the di sk or magnetic nedium Because the detector masks sone of these data
errors, the severity and exact |ocation of the defects cannot be

determ ned. - When different data patterns are witten to the disk, the
defective location may cause actual HDD data errors. If these defective

| ocations were known, certain disk secfors or areas may be napped out or
corrected to reduce the possibility of data errors, thus increasing overal

HDD per f or mance. 6 Quality
control problens in qéfk nmedi a al.so go, yndet egt ed when nagnetic_defects in
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the di sk nedi a ages.
such def ect s SRR ghavael; dgtectora magke oanyo/data errors that may be

caused by such defects. These magnetic defects may worsen
and present problems as the disk media ages. The ability
to determine the location and severity of such defects
would assist with quality control.



7 SUMVARY OF THE | NVENTI ON Fromthe foregoing it may be appreciated
- that a need has arisen for a detector and nmethod for detecting defects in
the magnetic nedia of a mass storage system In accordance with the
present invention, a detector and nethod is provided that allows for a
transition signal to be provided froma synchronously sanpl ed data channel
bef ore sequence detection techniques are used to nask any data errors that
may be caused by defects in the magnetic storage nmedium A known data
signal is first witten to a sector7or |ocation on the nagnetic nedia. This
known data is later read fromthe nmagnetic nmedia and processed in a read
channel . During the read operation, a netric circuit of a detector provides
the transition signal to control circuitry. The transition signal nmay be
provi ded SUMMARY : tough the same data path that is used to
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The trellis circult_recelves kﬁg ransition _sign a% and perfor sequence
decodi ng FPrIFORABLUM i A tlnownt aﬁasismal is first written to a

sector or location on the magnetic media. This known data
is later read from the magnetic media and processed in a
read channel. During the read operation, a metric circuit
of a detector provides the transition signal to . control
circuitry. The transition signal wmay be provided to
control circuitry through the same data path that is used
to provide data to the control circuitry during a normal
. read operation. The transition signal reveals the
existence and location of any defects in the magnetic media
of the mass storage system.

According to the present invention, a detector for use
in a synchronously sampled data channel of a mass storage
system is provided for detecting data during read
operations. The mass storage system includes a storage
medium, a data channel, and a control circuitry for
controlling the operation of the mass storage system. The

- detector includes a metric circuit and a trellis circuit.
The metric circuit receives a discrete, equalized signal
and calculates a transition signal that may be provided
external to the detector so that the existence and location
of defects may be determined. The trellis circuit receives

the transition signal and performs sequence decoding to
provide a digital output signal.



8 The present invention provides various technical advantages. A
techni cal advantage of the present invention includes the ability to detect
the location and severity of defects or flaws in the magnetic storage
medi um Anot her technical advantage of the present invention involves the
use of existing circuitry, in conjunction with additional circuitry, to
provide a transition signal to control circuitry wusing mnimal
additional «circuitry:. The m nimzation of additional circuitry
reduces fabrication costs and reduc& overall power consunpti on.
O her technical advantages are readily apparent to one skilled in the art
fromthe followng figures, description, and clai ns.
9 BRI EF DESCRI PTI ON OF THE DRAW NGS

he present invention provides various technical

advantages. A technical advantage of the present invention
includes the ability to detect the location and severity of
defects or flaws in the magnetic storage medium. Another
technical advantage of the present invention involves the
use of existing circuitry, in conjunction with additional
circuitry, to provide a transition. signal to control
circuitry using ' winimal additional circuitry. The
minimization of additional circuitry reduces fabrication
costs and reduces overall power consumption. Other
technical advantages are readily apparent to one skilled in

the art from the following figures, description,

and
claims.



For a nore conpl ete understandi ng of the present invention and the

"advant ages thereof, reference is now nade to the follow ng bri ef
description, .taken in connection with the acconpanyi ng draw ngs and

detail ed description, wherein |ike reference nunerals represent like parts,
i n which: FIGURE 1 is a block diagramillustrating a disk drive nass

st orage system FIGURE 2 is a block diagramillustrating the read
channel of the disk drive nass storage system and FIGURE 3 is a bl ock
di agram of the netric circuit of the“read channel.

10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON FIGURE 1 is a bl ock diagram
of a disk drive mass storage system 30 used for retrieving data during read
operati ons%&hﬁ& ¢ t [ ' operations. Disk drive nass
storage sy m ey ata wi'th a host 32 during read
and write operaFioansa Eitekedrcmuplmss simdecEt ayding) A | thleudpreaent

di sk/ head 1 a e nc d a
(55D) changarehpisn, dna”tBeraiPahtadle; thefodt [TEEPREUALL 1TROR PR
preanplifi & 1zher £aldewing nayghef @msqrmm@ndaﬂ:akessme hsnn@r-cmoahd

contr ol ci AWy r&’héla%'b% tﬁ% P Pawtng Qata%& r@étéfl@&' %shﬁ@tﬁbﬂn and
wrlttento |sk/hea sse andtoc ntr ol e varj pus operations of
di sk drive% otike & r‘ﬁné’ﬁ’— BRerass efmmtdliﬁ‘lf%lp XLg width

control ci mhﬂdu-y 11
FIGURE 1 is a block diagram illustrating a disk drive
mass storage system;
FIGURE 2 is a block diagram illustrating the read
channel of the disk drive mass storage system; and
FIGURE 3 is a block diagram of the metric circuit of
the read channel.



D sk/ head assenbly 12 includes a nunber of rotating magnetic di sks or
platters used to store data that is represented as magnetic transitions on
the magnetic platters. The read/wite heads of disk/head assenbly 12 are
used to store and retrieve data fromeach side of the magnetic platters.
The read/wite heads may be any nunber of avail able read/wite heads such
as magneto-resistive heads. Preanplifier 14 interfaces between the

read/ wite heads of disk/head assenblygl2 and SSD channel 10 and provi des
anplification to the waveform data signals as needed. SSD channel 10
I's used during read and wite operations to exchange anal og data signals
wi t h di sk/ head assenbly 12 through preanpllfler 14 and to exchange digital
dat a si gnal gpbatrh =60 Rt gydat a/ paraneter path 13.
SSD channel read channel 18, a servo
control 20, and EI%EIerl%ﬁbrtgl% QSBgé‘ﬁahrFéf- qulh?kbeimmﬂ emdased as

a single insedralgd syEeent .30 used for retr:.ev@ﬁd Nga¥h t(ﬁtﬁﬂ'i? al-bgRs.
wite channel 16 recelves d| ital data fromcaqntrol  circuitr
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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.
8SD channel 10 and control circuitry 11 are used to process
data that is being read from and written to disk/head
éssembly 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 wagnetic 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.

SS8D 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/parametér 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.



signal .
signals fr

During read operations, read channel 18 receives anal og data

om di sk/ head assenbly 12 through preanplifier 14. Read channel
condi ti ons,

decodes, and formats the anal og data signal and provides a

digital data signal in parallel format to control circuitry 11 through
dat a/ paraneter path 13. Read channel 18 includes any of a variety of
circuit nodul es such as an automatic gain control circuit, a | ow pass
filter, a variable frequency oscillajer, a sanpler, an equalizer, such as a
finite inpul se response filter, a maxinumlikelihood, partial response

detector, a deserializer, and a synchronization field detection circuit.

The operation of read channel 18 is described nore fully belowin the
description of I

channel 18
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signal.

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 modules such as an automatic gain

control circuit, a low pass filter, a variable frequency

oscillator, a sampler, an equalizer, such as a finite
impulse response filter, a maximum likelihood, partial
response detector, a deserializer,

and a synchronization
field detection circuit.

The operation of read channel 18
is described more fully below in the description of FIGURE
2,

Some of the various circuit modules of read channel 18
may receive operational parameters for enhanced or optimal
performance. The operational parameters are generally
calculated during burn-in but may be calculated at other
times. The operational parameters are designed to account
for the various physical and magnetic characteristics of
disk drive mass storage syétem'30 that vary from system to
system and influence operational performance. During
start-up, the ope;ational parameters are provided to SSD
channel 10 from control circuitry 11 through data/parameter

path 13. Parameter memory 22 stores the operational



may then access the operational parameters from paraneter nmenory 22 during
read operations. Servo control 20 provides position error signals
(PES) to control circuitry 11 during read and wite operations. The PES
relate to the position of the heads of disk/head assenbly 12 so that the
heads can be properly positioned during both read and wite operations.
Control circuitry 11 is used to control the various operations of disk
drive mass storage system 30 and to hange digital data with SSD channe
10 and host 32. Control circuitry 11 T’hcludes a m croprocessor 28, a disk
control 24, a random access nenory (RAM 26, and a read only nenory (ROM
29. M croprocessor 28, disk control 24, RAM 26, and ROM 29 together provide
control and ' unctigns to disk drive mass, storage system 30 so that
data may bep%g%é%@%ﬁsf r oﬁ‘%o‘éﬁnﬁ',‘s SHBYC qulﬁseﬁ &%‘i\i@&?% pt&vi ded
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st orage sys?g{rir‘]eggs§%ﬁ%§§hﬁa%§d§éﬁ%}§%&$he operational paraneters,
di scussed above, SER¥P §P§t§9¥p29eﬁmﬁiwmuimwnkmal@ §PBSI - up.
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control 24. 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 includes preloaded

microprocessor instructions for use by microprocessor 28 in

operating and controlling disk drive mass storage system
30. ROM 29 may also include the operational parameters,

discussed above, that are supplied to parameter memory 22

during start-up. RAM 26 is used for storing digital data

received from host 32 before being supplied to SSD channel

10 and received from SSD channel 10 before being supplied
to host 32. RAM 26 may also provide data to microprocessor
28 and store data or results calculated by microprocessor
28. Disk control 24 includes various logic and bus

arbitration circuitry used in properly interfacing disk
drive mass storage system 30 to host 32 and for internally -
intgrfacing control circuitry 11 to SSD channel 10.

Depending on the circuit implementation, any of a variety
of circuitry may be used in disk control 24.



13 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 mcroprocessor 28 to supply operational
paranmeters, previously stored in ROM 29, to paranmeter nenory 22 of SSD
channel 10 through data/paraneter path 13. The operational paraneters are
then stored in nenory 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 fromot3witten to disk/head assenbly 12.
Servo control 20 provides location information so that the read/wite heads
may be properly positioned on the disks to read and wite data. 1In

general, the operation of disk _drive nass storage system 30 maé be divi ded
into read oper atifor@Pergbionendigkqdgp¥esMasies sto gypeFari dRs IRRol ve
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sanpled in the C qgg! : v'gﬁi! kO dat a
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provi des vapeotreadi finam ovgwriktenr o 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. 1In 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 operations include write
operations, servo operations, and times when the system is
idle. Clock signals 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
data signal. This involves using various circuitry modules
and techniques for synchronously sampling the analog data
signal and detecting a digital signal. A read clock signal
ensures that the data signal is synchronously sampled in
the correct manner. Read channel 18 provides the digital
data signal to disk control 24 through data/parameter path
13. Disk control 24 provides various digital logic control



14 and arbitration circuitry 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 be transferred. 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 di sk/head asse % 12. Digital data is initially

provi ded fromhost 32 to control circtuftry 11. Control circuitry 11 stores
the digital data in RAM 26. M croprocessor 28 schedules a series of events
so that the data may then be transferred from RAM 26 to di sk/ head assenbly
12, through_wgit ngel 16, Thi,s data exchan e occurs throu

dat a/ par amefBF ﬂglP heaction\FIgcPifry begwesss ¢ nneh 1 tqéo%‘ha%%el 16.
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a sanpler 482 adiB8bhrol 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
l16. This data exchange occurs through data/parameter path
13. RAM 26 first provides the data to write channel. 16.
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. The

operation and timing of write channel 16 is controlled by
a write clock signal.

FIGURE 2 is a block diagram of read channel 18 of disk
drive mass storage system 30. Read channel 18 includes a
variety of circuit modules used to process and condition an
analog read signal received from a preamplifier 14 and a
disk/head assembly 12 during a read operation. The circuit
modules of read channel 18 include a variable gain
amplifier (VGA) 40, an automatic gain control circuit (AGC)
44, a low pass filter (LPF) 42, a sampler 46, a finite
impulse response filter (FIR) 48, a viterbi detector 54, a
synchronization detect circuit (sync detect) 62, a
deserializer 60, an error circuit 50, a variable frequency
oscillator (VFO) 52, and a multiplexer 68. All of these



| mpul se response filter (FIR) 48, a viterbi detector 54, a synchronization
‘detect circuit (sync detect) 62, a deserializer 60, an error circuit 50, a
vari abl e frequency oscillator (VFO 52, and a nmultiplexer 68. Al of these
15 circuit nodul es are used during a read operation to performvarious
functions to condition the anal og read signal so that a correspondi ng
digital data signal is provided at data/paraneter path 13. The digital data
is then supplied to control circuitr¥511 and ultimtely to a host system
During a read operation, read channel’"18 nmay be operated in one of two

nodes of operation, normal node or defect scan node. As discussed nore

fully bel ow, defect scan node involves providing a transition signal 56
fromviterhi _detecto
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may be accexsexhtedt bhn oaei ofs two modesoofil eperbtiea] ndraalemdde asx
needed. A rcfé”fiegeers@:%ho'?nciée.peragr &qgcj\&sed more fully below, defect
scan mode involves providing a transition signal 56 from
viterbi detector 54 such that multiplexer 68 provides
transition signal 56 to deserializer 60 which then provides
transition signal 56 to data/parameter path 13. Transition
signal 56 may then be analyzed by processing circuitry,
such as microprocessor 28 of FIGURE 1, to determine if

defects may be present in the magnetic storage medium of
disk/head assembly 12.

The combination or subcombination of all of the
circuit modules of read channel 18 may be referred to as a

‘read channel processing circuit. The signals RDGATE,

WRGATE, and WEDGE of FIGURE 2, 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. A read operation is performed in

read channel 18 when the RDGATE signal is enabled. The
WRGATE is enabled when a write operation is to be performed
in the mass storage system, and the WEDGE signal is enabled
when a servo wedge operation is to be performed. The
various control signals control such things as whether read
channel 18 is operating in the normal read mode or in the
defect scan mode during a read operation.

During a read operation, while read channel 18 is in
either normal mode or defect scan mode, VGA 40 receives an
analog data signal or read signal from preamplifier 14 that
originates from disk/head assembly 12. VGA 40, along with



read channel 18 when the RDGATE si.gnal is enabled. The WRGATE is enabl ed
when a wite operation is to be performed in the nmass storage system and
t he WEDGE signal is enabled when a servo wedge operation is to be

per f or med. The various control signals control such things as whether
read channel 18 is operating in the normal read node or in the defect
scan node during a read operation. During a read operation, while

read channel 18 is in either normal jppde or .defect scan node, VGA 40
receives an analog data signal or read signal frompreanplifier 14 that
originates from di sk/ head assenbly 12. VGA 40, along with

16 AGC 44, work together to provide an appropriate anplification
to the anal at S|g S dc GC. 44 receives
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input to AGC 44 to assist with establishing the gain of VvGaA
40.

VGA 40 provides an amplified analog data signal to LPF
42 for further processing in read channel 18. LPF 42
receives the amplified analog data signal and filters the
signal to remove unwanted high frequency noise. 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 6perated in a data mode and a
servo mode. The cutoff frequency and boost of LPF 42 may

. be programmable. The filtered output signal of LPF 42 is
provided to sampler 46.

Sampler 46 receives the filtered output signal and
synchronously samples the continuous time signal at
discrete times and holds or provides the sampled value
until the next sample time. VFO $2 controls sampler 46 by
providing a clock signal indicating when sampler 46 should
sample and hold the signal. The output of sampler 46 is a
discrete, analog signal having discrete values. Each
discrete value 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 FIR 48 so that the correct time
sequenced value is presented to FIR 48.



GM C conponents that may be operated in a data node and a servo node. The
. cutoff frequency and boost of LPF 42 nay be programmable. The filtered

out put signal of LPF 42 is provided to sanpler 46. Sanpl er 46 receives
the filtered output signal and synchronously sanples the continuous tine
signal at discrete tines and holds or provides the sanpled value until the
next sanple tinme. VFO 52 controls sanpler 46 by providing a clock signal
i ndi cati ng when sanpler 46 should qnple and hold the signal. The out put of
sanpler 46 is a discrete, anal og signal having discrete val ues. Each .
di screte val ue corresponds to the value or anplitude of the filtered out put
signal at the tine the signal was sanpled by sanpler 46. Sanpler 46 may be

a sanple and d rcuit such rcuI n | d.Circuit that
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adder, syfhoefadd ERBROLHIAS{sEEEH! ! aniicy S1Ral NEEC sampler 46.
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, analog input signal 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 loses 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-
analog converter. Each coefficient is then provided to a
gseparate multiplier. The coefficients may be stored in
parameter memory 22 as shown in FIGURE 1. The outputs of
all five of the mnltipliérs are provided to an analog adder

circuit which provides the discrete, equalized signal as

the output of FIR 48. The number of coefficients or taps

and corresponding multipliers may vary. FIR 48 provides
the discrete, equalized signal to viterbi detector 5S4 and
exror circuit S0.
| Error circuit 50 receives the discrete, egualized
signal provided by FIR 48 and provides an error signal.
The error signal serves as an input to VFO S$2 and AGC 44.
The error signal indicates how far the discrete values of



val ues and serves as the output of FIR 48. As the discrete, anal og input
‘si gnal changes, the consecutive one of the discrete values are shifted from
one nultiplier to the next nultiplier so that the first multiplier receives
the | atest discrete value and the last nultiplier |oses the ol dest discrete
val ue and receives the next ol dest discrete val ue. FIR 48 may be a
five tap filter wwth coefficients set by progranmable digital circuitry.

For exanple, FIR 48 nmay receive five digital coefficients or filter tap

wei ghts that are converted to an analog val ue through a digital-to- anal og
converter. Each coefficient is then provided to a separate nmultiplier. The
coefficients may be stored in paraneter nennry 22 as shown in FIGURE 1. The

out put s of | five of the nultipliers a previ d to _an a adder
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the d'scrEt%€ﬁ§f§§ E% &Hﬁ %E%yﬁg(iircuit 53 of viterbi detector 54.
VFO 52 also receives a reference clock signal, such as a
crystal signal, not shown in FIGURE 2. The clock signal
controls the sample time or sample intervals of sampler 46
and serves as a timing signal to wetric circuit 53. During
a read operation, VFO 52 receives the error signal and
adjusts the frequency of its output clock signal an amount
corresponding to the error signal. VFO 52, sampler 46, FIR
48, and error circuit S0 together provide a sampled time
phase locked loop function to read channel 18. The clock
signal provided by VFO $2 may be accessed by the various
circuitry throughout read channel 18 as needed.

Viterbi detector 54 receives the discrete, equalized
signal from FIR 48 and analyzes the signal to produce a
digital data output signal corresponding to the data stored
on disk/head assembly 12. Viterbi detector 54 includes a
metric circuit 53 and a trellis circuit 55. When read
channel 18 is operating in the defect scan mode, a
transition signal 56, supplied by metric circuit 83, is
combined into one signal using a selection circuitry 69 and
then provided to a multiplexer 68 and ultimately to control
circuitry 11 through data/parameter path 13. Selection
circuitry 69 may be an AND gate, an OR gate, a multiplexer,
or any needed digital circuitry. Transition signal 56 may
then be'analyzed to determine if defects are present in the
magnetic storage medium of disk/head assembly 12. Trellis
circuit 55 also receives transition signal 56 and provides



equal i zed signal to various ideal target values and threshold val ues.

VFO 52 receives the error signal fromerror circuit 50 during a read
operation and provides a clock signal to sanpler 46 and netric circuit 53
of viterbi detector 54. VFO 52 al so receives a reference clock signal, such
as a crystal signal, not shown in FIGURE 2. The clock signal controls the
sanple tine or sanple intervals of sanpler 46 and serves as a timng signal
to metric circuit 53. During a readij@peration, VFO 52 receives the error
signal and adjusts the frequency of its output clock signal an anount
corresponding to the error signal. VFO 52, sanpler 46, FIR 48, and error
circuit 50 together provide a sanpled tine phase | ocked |oop function to
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channel 18, the discrete, equalized signal may Dbe
deinterleaved and analyzed by viterbi detector 54 as an odd

and an even interleave signal. For example, if read

channel 18 is implemented as a partial response, class IV
(PR4) or duobinary, dicode read channel, viterbi detector
54 must analyze an odd and an even interleave signal of the
discrete, equalized signal provided by FIR 48. When more
than one metric circuit and trellis circuit are needed, the
discrete, equalized signal from FIR 48 is sampled at
alternating intervals to provide an odd and even discrete,
equalized signal that is analyzed by the odd metric and
trellis circuits and the even metric and trellis circuits.
In this case, the signals must be properly interleaved so
that the digital data output signal can be provided.
Viterbi detector S4 is a maximum likelihood detector
or Viterbi decoder implementing the Viterbi algorithm for
analyzing the partial response signal provided by the

discrete, equalized signal of FIR 48 and to provide the
digital data as an output signal.

In performing maximum
likelihood detection;

the viterbi algorithm provides an
iterative method for determining the best .path along
branches of a trellis diagram. The maximum likelihood
detection involves analyzing a number of consecutive data
samples to determine the most likely path. Thus, by



19 the digital data output signal of viterbi detector 54 in response.
"The digital data output signal is then provided to nultiplexer 68. Wen
read channel 18 operates in nornmal node, trellis circuit 55 provides the
digital data output signal to nmultiplexer 68 and ultimately to control

circuitry 11 through data/paraneter path 13. Viterbi detector 54 may
I ncl ude nore than one netric and trellis circuit, such as an even and odd
interleave circuit. Depending on,qthe partial response or

characteristic desired in synchronously sanpled read channel 18, the

di screte, equalized signal may be deinterl eaved and anal yzed by viterb
detector 54 as an odd and an even interleave signal. For exanpl e,
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nost Ilkelyammds maﬁhbe stiored in parameter memory 22 as shown in

FIGURE 1. The threshold values are provided at a positive
and a negative value and each are added to the discrete
values provided by the discrete, equalized signal resulting
in an first sum and a second sum. The first sum and the
second sum are then compafed, using comparators, to a
previously stored metric wvalue. Both comparisons are
performed at the same time. The timing of the comparisons
are controlled by the clock signal provided by VFO $52. The
metric value may be stored and provided by a sample/hold
circuit. The results of these two comparisons are a
positive transition and a negative transition.

The positive transition and the negative transition
are digital signals that serve as transition signal 56 and
are provided to trellis circuit 55 and multiplexer 68
through selection circuitry 69. The positive transition is
equal to “one” when the comparison of the first sum to the
metric value indicates that the first sum is greater than
the metric value, and the positive transition is equal to
“zero” when the comparison indicates that the first sum is
less than the metric value. Similarly, the negative
transition is equal to “one” when the comparison of the
second sum to the metric value indicates that the second



20 anal yzi ng a nunber of consecutive sanples, the nost |ikely sequence
‘can be chosen. Metric circuit 53 receives the discrete, equalized :
signal fromFIR 48, the clock signal from VFO 52, and threshold val ues and
generates transition signal 56 in response. Metric circuit 53 includes add,
conpare, select, and store circuitry (ACSS) used to process the discrete
val ues of the discrete, equalized signal and the threshold values and is
illustrated nore fully in FI GURE 3. he threshol d val ue or val ues may be
programmuabl e val ues that can be provided at a variety of val ues. These

t hreshol d val ues may be stored in paraneter nenory 22 as shown in FI GURE 1.
The threshol d values are provided at a positive and a negative val ue and

each are added to t{le di s ete val ues I‘.OVI deqS t he ﬁrete gualei zed
signal resB"M ngSin*8R%t it su‘m%nd“ea Setond FIPEAYSt he

second sumczaesihbéoncispequdl 6o figerotmhen drlse cmaap:.eonomndy.csitased
netric val h g&qé t S Y- timng
of the co ltl'glr |tso§§Ear£egcon ro ediéy ﬁé&%igggh@fu € eprowfe(ge O 52.
The netri c Whanayvemyebtherorthe aaeslétevledetérwhts@ﬂpp@ hehel 6?9@1%3{"3 The

results of ttﬂ&%‘s@.ttl‘& G@"eeialoRd 2efo? BRSI h\éﬁ?lbrﬁaiubl Qe Q%@e% et i ve
transition ositlve-transitiog and the ne t.|ve transition are
digital si d:ﬂ'tﬂ & 48008, 40 By Vi B'Sr"éal gﬁgireggo &ngaitg %rh&/ éo‘éfftt
trellis cireum uﬂSEttmi:omilui\pé euunSBt':ibhrwagheqah&ctnolzemdm tboy 3% The
PO i BSR4 UL hgalie el ormay | Saat' clndag st s
netric val hisndeset pagtrie ~edws t ien storgdal ino th%erﬁtﬁmﬁ/ilkﬂafh
conpari son éNekgE &S t hahe! h@pdditsiveUnttansition and the negative
transition should not both be equal to zero at the same
time.  Whenever both the positive transition and the
negative transition are equal to one, the metric value
remains the same for the next comparisons. |

Trellis circuit 55 receives transition signal 56 and
provides a digital data output signal. Trellis circuit 55
acts as a logic tree or decision tree for sequence decoding
of transition signal 56. Trellis circuit 55 provides a
digital data output which serves as the digital data output
signal of viterbi detector S54. Trellis circuit 55 may be
implemented in circuity using- a variety of circuitry such
as a series of flip-flops for storing a series of the
values provided by transition signal Sé6.

Multiplexer 68 receives the digital data output signal
and transition signal 56 from viterbi detector 54 and
provides one of these signals to deserializer 60 depending
on whether read channel 18 is in normal mode or defect scan
mode. The defect scan control signal at multiplexer 68
determines the mode. During normal mode, multiplexer 68
provides the digital data output signal to deserializer 60.
During defect scan mode, the positive transition and the
negative transition of transition signal 56 are combined by
selection circuitry 69 and provided to multiplexer 68 and



less than the nmetric val ue. Simlarly, the negative transition is equal
to "one" when the conparison of the second sumto the netric value
i ndi cates that the second 21 sumis

| ess than the netric value, and the negative transition is equal to "zero"
when the conparison indicates that the second sumis greater than the
nmetric val ue. Whenever either the positive transition or the negative
transition is equal to zero, the nmetric value is reset, for the next
conparisons, to a value correspondingg4o the first sumif the positive
transition was equal to zero or to the second sumif the negative
transition was equal to zero. This reset netric value is stored in the
sanpl e/ hold circuit. The positive transition and the negative

transition sheu donabsépidl PrePBRladd AR itate1lNeoS 2BRLELTE i PRGARYSS both
t he p05|t|v§_téﬁﬁ§lt|0259n t he negative transition are equal to one, the
metric val uél SiEOREH REIAREYET. BAbh Ydonpari sons. Trellis
circuit 55 recei Gync detscti 62 secebvesthmdiyindldeata dugiput! sdainalout put
signal . Trelddash ChiclbiSSsacC S .G tLee | sj.on: tree for
sequence decodi ng of tﬁ’én?f?i tgﬁﬂgi %g:vqggg 'Efr e?ﬁ%ﬁ%%lc%l 1%% ;;%rec'):\ﬁcd:es a
di gi tal dat EXERPUt7Ihi cBYRerdekeat fResgrychgs dorathet pressingealofvfa
viterbi det esymehdehniFateidn ﬁid’lﬁdrli tob5 mtmﬂ#mf&ﬁmﬂtqswél Cid CUHe/
using a vari : Ci it ch as a seri 0] ip-flo or, storing a
series of thdeai %?%Jés. d{#%wé%ﬁs‘gg/ 591 igﬁ‘%:iﬁﬁﬁ?i%% sy&ﬁ‘“?&ﬁ’f"r"d%er 68
recei ves t hedekest figmala 7Gumben & gyaichronization field is detected.

Sync detect 62 may search for the synchronization field

over a predefined period or “window” of time that the

synchronization field should be present. Sync detect 62

may include a register for storing a predefined
synchronization field and digital 1logic = circuitry to
compare the digital data output to the

predefined
synchronization field.

Deserializ_er 60 receives the digital data output
signal and provides the digital data output signal in
parallel format once sync detect 62 enables synchronization
detect signal 70. Deserializer 60 places the digital data
in an appropriate parallel format such as an eight or nine-
bit _format_ and provides the data to data/parameter path 13.

In operation, read channel 18 receives an analog data

signal from disk/head assembly 12 through preamplifier 14

when the RDGATE signal is enabled. The enabling of the

RDGATE signal indicates that a read operation is to be

performed in read channel 18. Read channel 18 also

receives a defect scan control signal at multiplexer 68
indicating whether read channel 18 will operate in normal

mode or defect scan mode. VGA 40 receives the analog data

signal and provides appropriate gain or boost to the analog
data signal which is then filtered by LPF 42. AGC 44

provides a gain signal to VGA 40 to establish the

appropriate amplification or gain needed by read channel

18. AGC 44 receives feedback information from error



and transition signal 56 fromviterbi detector 54 and provides one of
"these signals to deserializer 60 depending on whether read channel 18 is
in normal node or defect scan node. The defect scan control signal at
mul ti pl exer 68 determ nes the node. During norrmal node, nultiplexer 68

provi des the digital data output signal to deserializer 60. During defect
scan node, the positive transition and the negative transition of

transition signal 56 are conbined bysgasel ection circuitry 69 and provided
to multiplexer 68 and 22 then to

deserializer 60 and ultimately to control circuitry 11 through
dat a/ paranmeter path 13. Sync detect 62 receives the digital data output

signal fromuideibis 4sanéhaeoxs -.me ﬁﬁﬁsdﬁhﬁcbesh&@ 14D

Sync detect 62 searches for resence of ronlzatlon freld or

synchr onj z&th%naﬁﬁléﬁ‘ﬁ:%‘ﬁé“&il @Tt agaiBt eP’FﬁY’p@‘F sﬂ'cﬁlafc PRRipgedata
synchroni zagigallapgcycai goal 70 when a synchronl zation field | s det ect ed.

Sync detect 62 arc for he s nchro ati el d over fined
pgl‘l od or "w nd(W Ti e’fh‘é yﬁeﬁ 8%'“8,%10{ %'d %W eehe
present. &mwpUEtedgnalrpgov;deduhy L@Frmglanérsampdeaﬁthergpgnal
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Deseri al i zeF IR0 4% Envshernconditiongaand  egualiizesal thad siedaldcandhe
digital datpreviges @ WPdcitéte, equalized signal having the desired

channel response for viterbi detector 54. Viterbi
detector 54 receives the discrete, equalized signal and
analyzes the signal and provides a digital data output
signal corresponding to the stored data to multiplexer 68.
Viterbi detector 54 also provides an intermediate digital
signal, transition signal 56, to multiplexer 68.
Multiplexer 68 then provides one of these signals to
deserializer 60, depending on whether read channel 18 is
operating in normal mbde or in defect scan mode as
determined by the defect scan control signal provided at
multiplexer 68. Transition signal 56 is provided through
selection circuitry 69 during defect scan mode and the
digital data output signal is provided during normal mode.
Deserializer 60 receives one of these s8ignals from
multiplexer 68 in response to sync detect 62 detecting a
synchronization field or byte in the digital data output
signal. Sync detect 62 enables synchronization detect
'signal 70 which is ©provided to deserializer 60.
Deserializer 60 then provides the digital signal received
from multiplexer 68 to data/parameter path 13.

Read channel 18 is operated in defect scan mode to
detect any defects or problems in the magnetic storage
medium. Defect scan mode is Qenerally performed during
manufacture or during the "burn-in" phase so that disk
areas with serious defects can be identified and mapped out
as available disk storage area. The defects can be caused



paral l el format once sync detect 62 enabl es synchroni zation detect signal
70. Deserializer 60 places the digital data in an appropriate parall el
format such as an eight or nine- bit format and provides the data to

dat a/ paraneter path 13. In operation, read channel 18 receives an

anal og data signal from di sk/head assenbly 12 through preanplifier 14
when t he RDGATE signal is enabled. The enabling of the RDGATE signal
indicates that a read operation is to be perforned in read channel 18.
Read channel 18 also receives a deéd%ect scan control signal at nultiplexer
68 indicating whether read channel 18 will operate in normal node or
defect scan node. VGA 40 receives the anal og data signal and provides
appropriate gain or boost to the analog data signal which is then filtered
by LPF 42.by A{ﬂS'Mumbenviaﬁesreasgaisn arsd ggehertdlyV@ndi€ate othast abl i sh
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di screte, emmb:lad sl%:mal &Thiis way be accomplished us:l.ng write
channel 16, shown in FIGURE 1. The known data to the disks
without first encoding the data. The known data may
include digital bits all having the same value such as all
digital *"ones" so that magnetic transitions should be
present on the magnetic disks to represent each digital
bit. Once the known data is written, a read operation is
performed in read channel 18 to read the known data to
determine if the magnetic transitions have been properly
detected. If a magnetic transition cannot be detected,
this signifies the presence of disk defects.

When read channel 18 is operated in defect scan mode,
transition signal S6, as provided through selection
circuitry 69, serves as the output of read channel 18. The
presence of a defect is based on the known data signal or
pattern previously written to the disk and its relationship
with the magnetic transitions on the disk as indicated by
transition signal 56. Transition signal 56 indicates the
presence of a transition by providing either the positive
transition or the negative transition at a digital "“one*
value. The threshold values provided to metric circuit 53
may be adjusted to change the point at which a transition
is detected which also provides information as to the
quality of any defects. The control circuitry may receive
transition signal S6 through data/parameter path 13 and

process the signal to determine when and where magnetic
transitions were detected.



anal yzes the signal and provides a digital data output signal correspondi ng
‘to the stored data to nultiplexer 68. Viterbi detector 54 also provides an
intermediate digital signal, transition signal 56, to nultiplexer 68.
Mul ti pl exer 68 then provides one of these signals to deserializer 60,
dependi ng on whet her read channel 18 is operating in normal node or in
defect scan node as determ ned by the defect scan control signal provided

at nultiplexer 68. Transition signal 286 is provided through sel ection
circuitry 69 during defect scan node and the digital data output signal is
provi ded during normal node. Deserializer 60 receives one of these signals

frommltiplexer 68 in response to sync detect 62 detecting a
synchroni zati ongh

I ' I
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strength tOubt:ra.ct:s the threshold value from the value of the
discrete, equalized signal to generate a first sum. Second
adder circuit 110 adds the value of the discrete, equalized
signal to the threshold value to generate a second sum.

The first sum is provided as an input to a first
comparator 112 and the second sum is provided as an input
to a second comparator 114. First comparator 112 and
second comparator 114 also receive a metric value as an
input. The metric value has been previouély stored in a
sample/hold circuit 120. Each of these comparators
compares its two input values and provides a signal
indicating which signal is larger. First comparator 112
generates a negative transition signal as a result of this
comparison. The negative transition signal is equal to a
digital "one" value when the first sum is greater than the
metric value and a digital "“zero" value when it is not.
Second comparator 114 generates a positive transition
signal as a result of its comparison. The positive
transition signal is equal to a digital "one" value when
the metric wvalue is greater than the second sum and a
digital *"zero" value when it is not. The timing of each of
these comparisons are controlled by the clock signal
provided by VFO 52. The combination of the positive

transition signal and the negative transition signal serves
as transition signal 56.



i ndicate the presence of a magnetic transition representing the data that
is stored on the disk. . The process for detecting a defect involves
first witing known data to the nagnetic di sks of disk/head assenbly 12.
This may be acconplished using wite channel 16, shown in FIGURE 1. The
known data to the disks without first encoding the data. The known dat a
may include digital bits all having the sane val ue such as all digital
"ones" so that magnetic transitions shguld be present on the magnetic disks
to represent each digital bit. Once the known data is witten, a read
operation is perfornmed in read channel 18 to read the known data to
determne if- the magnetic transitions have been properly detected. If a
magnetic transiti t t S e di sk
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and where nagquailc td rzmsofithe waleedeifoctloel. metric value remains the
same. The positive transition signal and the negative
transition signal should never both be equal to one at the
same time.

Multiplexer 116 receives the first sum, the second
sum, and the previous metric value as input signals.
Multiplexer 116 receives the positive transition signal and
the negative transition signal as control signals.
Whenever the negative transition signal is equal to one,
multiplexer 116 provides the first sum to sample/hold
circuit 120. Whenever the positive transition signal is
equal to one, multiplexer 116 provides the second sum to
sample/hold ecircuit 120. Otherwise, multiplexer 116
provides the previous metric wvalue back to sample/hold
circuit 120.

In operation, the circuitry and operation of metric
circuit S$3 are controlled by the read clock signal provided
by VFO 52. The circuit operations described above are
performed each time a discrete value is provided to metric
circuit 53 by the discrete, equalized signal of FIR 48.
Transition signal 56 is generated as a result of these
operations. As discussed previously, transition signal 56
is provided to trellis circuit 56 and to multiplexer 68
through selection circuitry 69 during defect scan mode.
Although metric circuit 53 has been illustrated and



- 25 FIGURE 3 is a block diagramof netric circuit 53 used in viterb
-detector 54. Metric circuit 53 receives the discrete, equalized signal from
FIR 48, the clock signal fromVFO 52, and a threshold val ue and generates a
transition signal 56 in response. Metric circuit 53 includes a first

adder circuit 100 and a second adder circuit 110 that each receive the

di screte, equalized signal and the threshold value. First adder circuit 100
subtracts the threshold value fromtheg value of the discrete, equalized
signal to generate a first sum Second adder circuit 110 adds the val ue of
the discrete, equalized signal to the threshold value to generate a second

sum The first sum I's provided as an input to a first corrparator 112
and the SeQﬁ[Eg: Vi a n S r ofl
First conparato seggg é%rrp%adr a?ggc}% %al ggﬂr!g%gl a t?I%C%VEH ue
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112 gener at®reH imAY Pe 119 tal sPign ]tﬂ then ¢ son.
The negatlthéraeelbfodlgmgaalc&&c&mwﬁytuhimehmﬁéaéifOﬂEt galue when the
first sumis gr t han, e | | ug_when
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signal Servﬁés%ifﬂéﬁ“%t'éékéiﬂn it should be understood that wvarious
changes, substitutions, and alterations can be made herein.
For exaﬁple, a variety of different circuitry could be used
in the metric circuit and trellis circuit of the detector
to perform their specified functions. Also, the direct
connections illustrated herein could be altered by one
skilled in the art such that two devices are merely coupled
to one another through an intermediate device or devices
without being directly connected while still achieving the
desired results demonstrated by the present invention.
Other examples of changes, substitutions, and alterations
are readily ascertainable by one skilled in the art and
could be made without departing from the spirit and scope
of the present invention. While the invention has been
particularly shown and described by the foregoing detailed
description, it will be understood by those 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.



26 Whenever either the positive transition signal or the negative
transition signal is equal to one, the nmetric value stored in sanple/hold
circuit 120 is changed to a new value. Wien the positive transition signal
equal s one, the netric value is changed to the first sum When t he
negative transition signal is equal to one, the netric value is reset to
the second sum The new netric value is provided through multiplexer 116.
| f both the positive transition signak8and t he negati ve-transtt+on-signal

are equal to zero, the value of the netric value reni
positive transition signal and the negative tran5| ti onrnm;“ﬁulmmmm-"@
both be equal to one at the sane tine. | tiplexer 116 recerves t

first sum Wthe previ ous rretrlc val ue as input signals.

Mul tipl exer 116 recelv ositiyve tranS|t|on si gnal i he negative
transition signal*as ¢ ‘*%I ft}.;’ﬁalfg VRERYFEA0E, 2 n}d‘?{nﬁ/ﬂ:]ﬁ n&i

signal is eq:tmlpmosmga., rrul ti pI exer 116 provides the first sumto
sanpl e/ hold circyt mg% \{,g_r tggeggﬂ ;el Vel rpggéi*,gn aS| gll%lcxjeq,_ equal
11 row e &

to one, nulti pI exer es cond sumto sanpl e/ hol ircul‘t
120. Ot he&Ghalel ﬁﬂtspﬁéxérnd 1&9 FORSTRES t Re tmaéxﬂndznsorneswaa&mm

back to sam@éﬂs&hﬁepl rehet Weddric citdupeer éﬁébléhq:&l b ide atthe

operation of metch CIrCUIt 3_are_controlle the read clock signal
provi ded by SFRsition figRal as aBp8P%’ﬂ qsd ‘ffeth chRNe 3R perfor med
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response.

2. The detector of Claim 1 wherein the transition
signal is provided to the control circuitry through a

data/parameter path cbupling the data channel and the
control circuitry.

3. The detector of Claim 2 wherein the control
circuitry includes a memory and a processing circuitry, the
memory and processing circuitry operable to process the

transition signal and to determine the location of defects
in the storage medium.

4. The detector of Claim 1 wherein the detector is a
viterbi detector performing maximum likelihood decoding.

5. The detector of Claim 4 wherein the viterbi
detector is a detector performing maximum likelihood
detection on a class IV-data signal.



t hrough selection circuitry 69 during defect scan node. Although netric
circuit 53 has been illustrated and 27

described with respect to specific circuitry, any of a variety of circuitry.
may be used to performthe functions of netric circuit 53. For exanple, the
inputs to netric circuit 53 may be digital signals which would then require
the use of digital circuitry in netric circuit 53. O Thus, Tt is————

apparent that there has been provi dedgein accordance w ”m"mnﬁmm
invention, a detector and method for detecting defects | &""
nmedi a of a mass storage systemthat satisfies the advant ages set " ot h*
above. Al though the preferred enbodinent has been described in

detail, i houlgl, b ' i ut i . and
etail, 1t shoule. bernd ded sl (d10lc in OL WHSRPL e WAl {d!1d DA 1 €1

alterations can be made herein. For exanple, a variety
circuitry cOUMRFHR®8®S8ed in the metric circuit and trellis circuit of the

detector to perfarriitet r sl f cddcuinct bpagableA 66, ﬁmitive
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and a current metric value and to generate a positive
transition signal in response;

a second comparator operable to compare the second sum
and the current metric value and to generate a negative
transition signal in response; and

a sample/hold circuit operable to receive the positive
transition signal and the negative transition signal and to
provide the current metric value, the sample/hold circuit
operable to update the current metric value with the first
sum if the positive transition signal indicates that the
first sum is less than the current metric wvalue and to
update the current metric value with the second sum if the

negative transition signal indicates that the second sum is
greater than the current metric wvalue.

7. The detector of Claim 6 wherein the transition
signal includes the positive transition signal and the
negative transition signal.

8. The detector of Claim 6 wherein the positive
threshold value and the negative threshold value are

programmabie values that can be provided over a range of
values.



. description, it wll be understood by those skilled in the art that various
ot her changes in formand detail may be nade w thout departing fromthe:

spirit and scope of the invention as defined by the follow ng cl ai ns.

28 VWHAT IS CLAI MED | S: 1. A detector for providing a transition

. signal conprising: a netric circuit operable to reecetrve—a di-screte,

equal i zed signal and to generate a transition signal i
metric circuit operable to provide thggtransition mgn%l[!ﬁglﬂﬂmaw ﬂwf
t he detector; and atrellis circuit operable to r sansl tion

signal and to perform sequence decoding, the trellis circuit operable to
provide a digital data output signal in response. The detector

2.
of Caim1 whereig thg t Pb o) hagP gy h ﬁﬁgt )
circuitry through a data’ par a%%?gfigatgﬁhgg%g] :&r%\gea?%e#%g}éal g%a e#g%%%'the
control circuitry? write ghannejc opexable &P (refeivewssrki prenessor rol
circuitry ingigieala ARER’ Vs Bpta P RAIWEDSS| N0 GiFitk t Iopeddei §8 MHNg 2N
processing circui t§¥ operagl e E_o ByO§ESS the transition signal and to
det ermi ne t &5t arFoRt BF1HEr 8tPQal in response;
a read channel operable to receive and process a read
signal during a read operation and to generate a digital
data output signal in response, the read channel including

a detector operable to generate a transition signal as an
output.

10. The data channel of Claim 9 wherein the detector
comprises:

a metric circuit operable to receive a discrete,
equalizgd signal from the read channel and to generate a
transition signal, the metric circuit operable to provide
the transition signal as an output; and

a trellis circuit operable to receive the transition
signal and to perform -sequence .decoding, the trellis
circuit operable to provide the digital data output signal.

11. The data channel of Claim 10 wherein the
transition signal is. provided to a control circuitry

throqgh a data/parameter path coupling the read channel and
the control circuitry.

12. The data channel of Claim 10 wherein the detector

is a viterbi detector performing maximum 1likelihood
decoding.



In the storage medi um 4. The detector of Claim1l wherein the
detector is a viterbi detector perform ng maxi mumli kel i hood decodi ng.
5. The detector of Claim4 wherein the viterbi detector is a detector
perform ng maxi mum | i kel i hood detection on a class |V data signal.

6. The detector of Claim1l wherein the nmetric circuit conpriSes: a
first adder circuit operable to add a positive thr;esml

di screte, equalized signal and to gersxate a first's 'mmﬂmmmnm a
second adder circuit operable to add a negative threshold val we tso ¥he

di screte, equalized signal and to generate a second sumin response; a
first conparator operable to conpare the first sumand a current netric

val uedand to genmnatemﬁmﬁiﬁai \&aﬂmiﬁfocrl&iie\gqlo iwhéxeésmd h“@l@é metrid
second conmpak operabl.e to conpare the second sumand the current netric
val ue and tglgéﬁgFaE§m8

rﬁ?&?ﬁive transition signal in response; and a
sanpl e/ hol d circai tfbpetakddden cdeeuid t bpemradilie veot raddi ta oposiyhse and

the negativepleahphd YhRidngd 2hd B Ee LhiGaTYRed s {fiid] CaNd! ¥§ the
sanpl e/ hold circult

generate a first sum signal in response;

a second adder circuit operable to add a negative
threshold value to the discrete, equalized signal and to
generate a second sum signal in response; .

a first comparator operable to coﬁpare the first sum
signal and a current metric value and to generate a
positive transition signal in response;

a second comparator operable to compare the second sum
signal and the current metric value and to generate a
negative transition signal in response; and

a storage circuit operable to receive the positive

transition signal and the negative transition signal and to

provide the current metric value, the storage circuit

operable to update the current metric value with the first
sum signal if the positive transition signal indicates that
the first sum signal is less than the current metric value,
the storage circuit operable to update the current metric
value with the second sum signal if the negative transition

signal indicates that the second sum signal is greater than
the current metric value.



operable to update the current nmetric value with the first sumif the
positive transition signal indicates that the first sumis |less than the
current netric value and to update the current netric value with the second
sumif the negative transition signal indicates that the second sumis
~greater than the current netric val ue. 7. The detector of daimb6
wherein the transition signal includes the positive tr T Hana! d
the negative transition signal. 32 8. The detect mml mua“ﬂﬂﬂ " |m
wherein the positive threshold value and the negative +hreeshold val ue
are programuabl e val ues that can be provided over a range of val ues.

30 9. A synchronously sanpl ed data channel conpri sing: awite
"channel operabl e 14a r eAemethodl Poocdeteatding tal ddfieetsiignad wagnegis
wite operat] d g r.at | t | ag L3 ,.[e 3 ea
channel ope%%%ﬂ%ﬁﬁb é@%eﬁ%gsaéiik%%%§§yéﬁgga agﬁaﬁéﬁpgﬂgﬁ%gcga?ggé' Q
oper ati on amrite channek, aadsgoraged mediompand| gnepntrolesposud tryhe
read channelejdGletfid® comiSt£5iRG CREr 8bkpst efdenerate a transition signa

as an out put.
P providing a known digital data signal to the write
channel;

performing a write operation in the mass storage
system to store the known digital data signal - to the
storage medium; '

initiating a read operation in ‘the mass storage
system;

retrieving the known data signal previously stored on
the storage medium in the read channel;

processing the known data signal in the read channel;

and
generating a transition signal as an output signal.
15. The method of Claim 14 further comprising the
step of:

providing the transition signal to the control

circuitry through a data path coupling the read channel and
the control circuitry.

16. The method of Claim 15 wherein the control
circuitry includes a memory and a processing circuitry, the
memory and processing circuitry operable to process the

transition signal and to determine the location of defects
in the storage medium.

17. The method of Claim 14 further comprising the
step of: |

processing the transition signal to determine if any
of the data read from the stbrage medium is different from
the known digital data written to the storage medium.



10. The data channel of Claim9 wherein the detector conprises: a
nmetric circuit operable to receive a discrete, equalized signal fromthe
read channel and to generate a transition signal, the metric circuit
operable to provide the transition signal as an output; and atrellis
circuit operable to receive the transition signal and to performseguence
decoding, the trellis circuit operable to provide the diﬂital dat a out put

si gnal . 11.  The data channeljzof Caim 10 i/[llll ﬂugmmlﬂm“' on
* N

signal is provided to a control circuitry through a d
coupling the read channel and the control circuitry. 2. The data
channel of Caim 10 wherein the detector is a viterbi detector performng

maxi mum | i kel i hoqg dec.?%'. : . .
13. The data channel o Or'lgletfhhgs \?ﬁer%%anmtl h%4rrg Fic rtgltﬁ tp%%‘rrrigp‘rill% s?

a first addkpowny diigitederdata signad stepsiinclades eyevidiagus koowne
discrete, egyglitzad ddeasignslt In0GRSCH 1A df LheUies 98! thE kaswanse:

a second adder .circujit operable to add a negative threshold value to the
di screte, eé&glﬁ%?&dl&ﬁtﬁnﬁlm e Ce "aind’ |

19. The method of Claim 14 wherein the processing the
known data signal in the read channel step includes
amplifying, filtering, equalizing, and detecting the known
data signal.

20. The method of Claim 14 wherein the read channel
is a partial response, maximum likelihood channel.



generate a second sumsignal in response; a first conparator -operable
to conpare the first sumsignal and a current netric value and to generate

a positive transition signal in response; a second conpar at or operabl e
to conpare the second sumsignal and the current nmetric value and to
generate a negative transition signal in response; and a storage

circuit operable to receive the positive transition signal and the negative
transition signal and to provide the A#&rent netric value, the storage
circuit operable to update the current netric value with the first sum
signal if the positive transition signal indicates that the first sum
signal is less than the current netric value, the storage circuit operable
to update the curPEDECTGRrANDVMETHOD FOR! DETEOQTING DEFECTS aiN i THE he

negative transition si S U | |s gr eat er
t han the current rretrlh%&\;/ﬁaif ui(;tgI '&%ﬁ 61?62& l‘tﬂ.@s §E~8ﬁﬂg§; gﬁ&‘%ﬁa

14. A nethod for detecting a defect in a Eaggeﬁigcﬂg‘ E} t he nass st or age
system having a read channel , it edtye=nedi um and a
control C|rCU|try e nmethod ¢ npr i t he steps of providing a

known digital dat# eg‘?Fa‘Ft‘?% 2R mqslpfghgﬁﬁeldeted:w f SpRPRESa ik | Ehe
operation i nmagnethesmediba agf &ydiskndivé aiistss herdraye shystém! (3of aagbgna

Lo ihe storaggolided! thl' ¢ §6£08c8," *2da9Per ShhUak" 18° "Pofeshe’ 29°

detector (54), having a metric circuit (53) and a trellis
circuit (55), for use in a read channel (18) during read
operations. Known data is originally written to a sector
of the magnetic media of a disk/head assembly (12). The
known data includes all binary "ones."* The sector of known
data is later read during a read operation. During this
read operation, the read channel (18) receives an analog
signal corresponding to the sector of known data. The
metric circuit (53) receives a discrete, equalized signal
from a finite impulse response filter (48) and provides a
transition signal (S6). The transition signal (56) is
provided to a «control circuitry (i1) 'through a
data/parameter path (13) after being placed in parallel
format by a deserializer (60). A microprocessor (28) of
the control circuitry (11) may process the transition
signal (56) and determine which of the bits of the
transition signal (56) are different from the original
known data. Discrepancies indicate the existence and
location of a defect in the magnetic media.

Figure 2



retrieving the known dat a signal previously stored on the storage nmediumin

t he read channel ;
channel ; and

processi ng the known data signal
generating a transition signal

15. The nmethod of Claim 14 further conprising the step of:

the transition signa
and the control
circuitry indl /dé& a nmenory and a processing

menory and processing circuitry operable to process the
and to determne the | ocation of defects
The nmethod of Claim 14 further conprising the
to determne if any
e kifown digital

t he read channel

15 wherein the control

circuitry, the
transition signal
medi um

storage nedi um

17.
processing the transition signal
the storage nmediumis different froﬂ?[{ﬁ

to the contro

circuitry.

in the read
as an output signal.

provi di ng

circuitry through a data path coupling

The nethod of Cdaim

I n the storage

step of:

of the data read from

data witten to the

18, The nethod of Caiml1l4 wherein the

providing a known digital datp signal step includes providing a *nomn
digital data signal in which plf 19f the bits o tfglﬁnomm'
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digital data signal are the sane. 19. The nmethod of C aim 14 wherein
the processing the known data signal in the read channel step incl udes
anplifying, filtering, equalizing, and detecting the known data signal.

20. The nethod of Claim 14 wherein the read channel is a partial response,
maxi mum | i kel i hood channel .
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