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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.



BACKGROUND OF THE INVENTION

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

devices for storing computer software and data continues to

increase. Electronic databases and computer applications

such as multimedia applications require large amounts of

disk storage space. An axiom in the computer industry is

that there is no such thing as enough memory and disk
storage space.

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.

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 circuitry to



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, write channel, servo controller,

and a memory may all be implemented as one integrated

circuit that is referred to as a data channel. The control

circuitry often includes a microprocessor for executing

control programs or instructions during the operation of
the hard disk drive.

A hard disk drive (HDD) performs write and read

operations when storing and retrieving data. A typical HDD

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 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



appropriate 1level using automatic gain control (AGC)
techniques. The read channel then filters the signal, to
eliminate unwanted high frequency noise, equalizes the
channel, detects “zeros” and “ones" from the signal, and
formats the binary data for the control circuitry. The
binary or digital data is then transferred from the read
channel to the control circuitry and is stored in the DRAM
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
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 severél types of synchronously sampled data

(SSD) channels. Partial response, maximum 1likelihood



(PRML) ; extended PRML (EPRML); enhanced,
(EEPRML); fixed delay tree search (FDTS);
feedback equalization (DFE) are several

extended PRML
and decision

examples of
different types of SSD channels using DTSP techniques. The

maximum likelihood detection performed in many 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

(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. When different data patterns are
written to the disk, the defective location may cause
actual HDD data errors. 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.

errors,



Quality control problems in disk media also go

undetected when magnetic defects in the disk are present at
the time of manufacture but are not detected because the

SSD channel detector masks any 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.



SUMMARY OF THE INVENTION
From the foregoing it may be appreciated that a need
has arisen for a detector and method for detecting defects

in the magnetic media of a mass storage system.

In
accordance with the present invention,

a detector and
method is provided that allows for a transition signal to
be provided from a synchronously sampled data channel
before sequence detection techniques are used to mask any

data errors that may be caused by defects in the magnetic

storage medium. A known data signal 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.



The 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.



BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and the advantages thereof, reference is now made

to the following brief description, taken in connection

with the accompanying drawings and detailed description,
wherein like reference numerals represent like parts, in
which:

FIGURE 1 is a block diagram illustrating a disk drive
mass storage system;

FIGURE 2 is a block diagram illustrating 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.
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DETAILED DESCRIPTION OF THE INVENTION

FIGURE. 1 is a block diagram of a disk drive mass
storage system 30 used for retrieving data during read
operations and for storing data during write operations.
Disk drive mass storage system 30 interfaces and exchanges
data with a host 32 during read and 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.
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. '

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/parametér path 13. SSD'channel 10 includes a write
channel 16, a read channel 18,
parameter memory 22.

a servo control 20, and a

SSD channel 10 may be implemented as
a single integrated circuit.
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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 or coded for storage and provided to disk/head

assembly 12. Write channel 16 may include a register, a

scrambler, a phase locked loop, an éncoder, a serializer,

and a write precompensation circuit. The operation and

timing of write channel 16 is controlled by a write clock
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
a maximum 1likelihood, partial

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

impulse respbnse filter,

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 variéus-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 operational parameters are provided to 88D
channel 10 from coﬂtrol circuitry 11 through data/parameter

path 13. Parameter memory 22 stores the operational
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parameters. The various circuit modules of read channel 18
may then access the operational parameters from parameter
memory 22 during read operations.

Servo control 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.

Contrél 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 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.
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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

operational parameters,
previously stored in ROM 29, to parameter memory 22 of SSD

channel 10 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. 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
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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 feady to be transferred. Host 32 may be a system
bus such as the system bus of a personal computer. '
During a write operation, a digital data signal is
received from host 32 and ultimately stored on disk/head

assembly 12. Digital data is initially provided from host

32 to control'circuitry 11. Control 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. RAM 26 first'brovides 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'éo. 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.
modules of read channel 18

The circuit
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
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circuit modules are used during a read operation to perform
various functions to condition the analog read signal so
that a corresponding digital data signal is provided at
data/parameter path 13. The digital data is then supplied
to control circuitry 11 and ultimately to a host system.
During a read operation, read channel 18 may be
operated in one of two modes of operation, normal wode or
defect scan mode. As discussed 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
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AGC 44, work together to provide an appropriate
amplification to the analog data signal as needed by read
channel 18. AGC 44 receives feedback information from
error circuit 50 so that appropriate adjustments can be
made in the amplification or gain provided to the analog
data signal by VGA 40. Error circuit 50 provides an analog
error signal to AGC 44 during sampled or discrete time
signal processing. This analog error signal serves as an
input to AGC 44 to assist with establishing the gain of 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.
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FIR 48 receives the discrete, analog signal £from

sampler 46 and provides a discrete, equalized signal that
is equalized to the target function of viterbi detector S4.
" FIR 48 may employ a plurality of filter coefficients or
taps to filter the signal. FIR 48 includes a plurality of
multipliers that each receive one of the filter

coefficients and a consecutive one of the discrete values

provided from the discrete, analog signal of 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
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the discrete, equalized signal differ from an ideal target

value. Error circuit 50 includes comparators or equivalent
circuitry to compare the discrete values of the discrete,

equalized signal to various ideal target values
threshold values.

and

VFO 52 receives the error signal from error circuit 50
during a read operation and provides a clock signal to
sampler 46 and metric circuit 53 of viterbi detector 54.
VFO 52 also receives a reference clock signal,
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.

such as a

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
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the digital data output signal of viterbi detector 54 in
response. The digital data output signal is then provided
to multiplexer 68. When read channel 18 operates in normal
mode, trellis circuit 55 provides the digital .data output
signal to multiplexer 68 and ultimately to control
circuitry 11 through data/parameter path 13.

Viterbi detector 54 may include more than one metric
and trellis circuit, such as an even and odd interleave
circuit. Depending on the partial :
characteristic desired in synchronously sampled read
channel 18, the aiscrete, equalized signal may be

deinterleaved and analyzed by viterbi detector 54 as an odd
and an even interleave signal.

response or

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
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analyzing a number of consecutive samples, the most likely
sequence can be chosen.

Metrié circuit 53 receives the discrete, equalized
signal from FIR 48, the clock signal from VFO 52, and
threshold values and generates transition signal 56 in
response. Metric circuit 53 includes add, compare, select,
and store circuitry (ACSS) used to process the discrete
values of the discrete, equalized signal and the threshold
values and is illustrated more fully in FIGURE 3. The
threshold value or values may be programmable wvalues that
can be provided at a variety of wvalues. These threshold
values may be stored 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 compared, using comparators, to a
previously stored metric wvalue.
performed at the same time.

Both comparisons are
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 wvalue. Similarly,
transition

second sum

the negative
is equal to “one” when the comparison of the

to the metric value indicates that the second
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sum is less than the metric wvalue, and the negative
transition is equal to “zero” when the comparison indicates
that the second sum is greater than the metric value.
Whenever either the positive transition or the negative
transition is equal to zero, the metric value is reset, for
the next comparisons, to a value correspondlng to the first
sum if the positive transition was equal to zero or to the
second sum if the negative transition was equal to zero.
This reset metric wvalue is stored in the sample/hold
circuit. The positive transition 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 54. 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
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then to deserializer 60 and ultimately to control circuitry
11 through data/parameter path 13.

Sync detect 62 receives the digital data output signal

from viterbi 54 and provides a synchronization detect

signal 70. Sync detect 62 searches for the presence of a

synchronization field or synchronization byte in the
digital data output signal and enables synchronization
detect signal 70 when a synchronization 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.

Deserializer 60 receives the digital data output
signal and prbvides 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

indicéting 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
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circuit 50 so that abpropriate adjustments can be made in
the amplification or gain provided to the analog data
signal by VGA 40.

Sampler 46, under the control of VFO 52, receives the
output signal provided by LPF 42 and samples the signal.
Sampler 46 provides a discrete, analog signal to FIR 48.
FIR 48 further conditions and equalizes the signal and
provides a discrete, 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
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

is

signals 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 generally 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
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by any number of reasons and generally indicate that a
particular area or sector of the disk is not capable of
providing a mwagnetic field of  sufficient strength to
indicate the presence of a magnetic transition representing
the data that is stored on the disk. .

The process for detecting a defect involves first
writing known data to the magnetic disks of disk/head
assembly 12. This wmay be acéomplished using 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.



25

FIGURE 3 is a block diagram of metric circuit 53 used

in viterbi detector 54. Metric circuit 53 receives the

discrete, equalized signal from FIR 48, the clock signal
from VFO 52, and a threshold value 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 discrete, equalized
signal and the threshold value. First adder circuit 100
subtracts the threshold wvalue 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 wvalue has been previously stored in a

sample/hold circuit 120.
compares

Each of these comparators
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" wvalue 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.
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Whenever either the positive transition signal or the

negative transition signal is equal to one, the metric

value stored in sample/hold circuit 120 is changed to a new
value. When the positive transition signal equals one, the
metric value is changed to the first sum. When the
negative transition signal is equal to one,

value is reset to the second sum.

the wetric
The new metric value is
provided through multiplexer 116. If both the positive
transition signal and the negative transition signal are
equal to zero, the value of the 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
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.

sum,

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
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described with respect to specific circuitry, any of a

variety of circuitry may be used to perform the functions

of metric circuit S3. For example, the inputs to metric

circuit 53 may be digital signals which would then require
the use of digital circuitry in wetric circuit 53.

Thus, it is apparent that there has been provided, in
accordance with the present invention, a detector and
method for detecting defects in the magnetic media of a
mass storage system that satisfies the advantages set forth
above. Although the preferred embodiment has been
described in detail, it should be understood that various
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.
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1. A detector for providing a transition signal
comprising: ' '

WHAT IS CLAIMED IS:

a metric circuit operable to receive a discrete,
equalized signal and to generate a transition signal in
response, the metric circuit operable to provide the
transition signal as an output of the detector; and

a trellis circuit operable to receive the transition
signal and to perform sequence decoding, the trellis

circuit operable to provide a digital data output signal in
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 wviterbi

detector is a detector performing maximum likelihood
detection on a class IV-data signal.
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6. The detector of Claim 1 wherein the metric circuit
comprises:

a first adder circuit operable to add a positive
threshold value to the discrete,

equalized signal and to
generate a first sum in response;

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

a first comparator operable to compare the first sum
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 value 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.
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9. A synchronously sampled data channel comprising:

a write channel operable to receive and process a
digital data signal during a write operation and to
generate a write signal 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

through 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 likelihood
decoding.
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13. The data channel of Claim 10 wherein the metric
circuit comprises: '

a first adder circuit operable to add a positive

threshold value to the discrete, equalized signal and to

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.
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A method for detecting a defect in a magnetic
the mass storage system having a read channel, a
write channel, a storage medium, and a control circuitry,
the method comprising the steps of:

providing a known digital data signal to the write
channel;

14.
medium,

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 storage medium is different from
the known digital data written to the storage medium.
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18. The method of Claim 14 wherein the providing a
known digital data signal step includes providing a known

digital data signal in which all of the bits of the known
digital data signal are the same.

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.



