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(7) ABSTRACT

A method and apparatus for characterizing a magnetic disk
(40) of the type that contains data to be read by a magneto-
resistive type head (18) in proximity thereto is disclosed.
The method includes writing a continuous signal onto the
disk, and reading back the signal written onto the disk (40)
using the magneto-resistive type head (18). The read back
signal is compared to a threshold value (58), and areas of
said disk at which energy contained in said read back signal
occurs above said threshold value (54) are mapped. The
energy content is measured by accumulating oversampled
signal values from the read back signal during a time at
which said read back signal exceeds the threshold value
(58).

25 Claims, 3 Drawing Sheets
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APPARATUS FOR MEASURING AND
CHARACTERIZING THERMAL ASPERITIES
IN A MASS DATA STORAGE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to improvements in manufacturing
and operating techniques for mass data storage devices, and
the like, and more particularly to improvements in methods
and apparatuses for reducing the effects of thermal asperities
of an MR read head, or the like, in a signal read back from
a rotating magnetic disk of a mass data storage device, or the
like.

2. Relevant Background

Mass data storage devices include tape drives, as well as
hard disk drives that have one or more spinning magnetic
platters or disks onto which data is recorded for storage and
subsequent retrieval. Hard disk drives may be used in many
applications, including personal computers, set top boxes,
audio, video, or television applications, or some mix thereof.
Many applications are still being developed. Applications
for hard disk drives are increasing in number, and are
expected to further increase in the future.

One class of mass data storage devices to which the
present invention has particular applicability is hard disk
drive systems. A hard disk drive system typically includes a
rotating magnetic disk on which information is recorded. A
read transducer is movably supported adjacent the magnetic
disk for reading the prerecorded information from the disk.
The read transducer typically flies above the surface of the
disk, being supported by an “air bearing” that is created by
the spinning disk, so that the transducer does not touch the
surface of the disk in normal operation.

Recently, magnetoresistive (MR) heads have been gaining
wide popularity for use as the read transducer. The term
“magnetoresistance” refers to the change in resistivity of the
materials of the head in the presence of the magnetic field
induced in the head by the magnetic domains recorded on
the disk. The introduction of MR heads into disk drives has
significantly increased the a real density. However, accom-
panying the MR head is the problem of thermal asperity
disturbances, which can cause unrecoverable errors.

A thermal asperity disturbance results when a metal
particle, disk defect, or the like nearly or actually collides
with the MR head, momentarily raising the temperature of
the sensor. The heat conducted into the MR sensor subse-
quently diffuses slowly. This rapid rise in temperature
changes the MR resistance and results in a voltage transient.
When superimposed on the normal read back signal, the
resultant shape shows a rapid rise in voltage followed by an
exponential-like decay.

Similarly, if a dip in the disk exists that has the effect of
increasing the air-bearing gap between the MR head and
disk surface, a decrease in the cooling effect may occur in
the MR head. The resulting change in resistance of the MR
head material is the same as that produced by the head
heating effects described above.

If the disk surface or an asperity momentarily comes
closer to the MR read element without touching it an
increase in the cooling effect may occur in the MR head. The
resulting change in resistance of the MR head material is the
same as that produced by the head heating effects described
above, but in the opposite direction.

Heating and cooling effects due to the texture of the
medium surface are a class of thermal asperity, sometimes
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known as a “baseline wander” type of event. Herein both
heating and cooling type events are referred to as “thermal
asperities”.

Many efforts have been directed to reducing the effects of
thermal asperities. Physically, efforts have been made to
reduce the flash temperature that results from a collision
between the head and the disk or a defect thereon. The flash
temperature can be reduced by reducing the dynamic
friction, the slider dimensions, and the interaction height.
The latter requires smoother disks, fewer “glide escapes”,
lower particle count and less contamination and debris. The
industry trends of lowering the flying heights and increasing
the slider-disk velocities however more than offset any
improvements that can be expected from these countermea-
sures.

Other physical measures have been taken, as well, includ-
ing designing the heads to have a high magnetic sensitivity,
a low effective temperature coefficient, and a wide track
width. Some proposals even include using a second, dummy
sensor away from the air-bearing surface of the main sensor
to provide a reference against which the output of the main
sensor can be compared. Differentially sensed dual stripe
heads were also used to partially cancel the thermal asperity
effects. Other physical measures have been taken, as well.

In addition to the physical measures, electronic compen-
sation measures in the read channel of the device have also
been taken. Both “on-the-fly” and “re-try” types of counter
measures have been advanced to lessen the impact of the
thermal asperity effects. The on-the-fly methods in include
“cloaking” methods in which the analog channel front-end
processes the thermal asperity events such that they become
invisible to the rest of the channel. The re-try methods
include recovery steps that are implemented at the system
level as part of a data recovery procedure.

In any event, the detection that a thermal asperity event
has occurred is of importance. Many techniques for such
detection have been advanced. In one technique, a flag is
generated that signals that a thermal asperity event is occur-
ring. In another technique, onset/magnitude detectors are
used, sometimes in combination with a circuit or signal
processor that subtracts predetermined electronically gener-
ated thermal asperity waveforms from the data signal.

One type of detector that has been used is a window
detector, which detects the onset of a thermal asperity event
as indicated by a rising edge in the output at the moment at
which the input signal rises above or falls below a certain
threshold. Another type detector is the envelope zero-
crossing detector, which compares the positive signal
envelope, the baseline, and the negative envelope. Envelope
detectors rapidly follow a fast rising signal, but discharge
slowly when following a falling signal.

To recover from the occurrence of a thermal asperity
event, waveform-recovering detectors have been used in
direct electronic restoration schemes that subtract the recov-
ered event from the incoming data signal. Such event
detectors must be fast and accurate.

Regardless of the manner by which the thermal asperity
event is detected, however, the information that is obtained
by previous techniques has been used to map the disk of the
drive, and more particularly, to map areas of the drive that
are affected by the thermal asperities thereon.

However, such information has been generally insufficient
to map the drive in relation to the severity of the thermal
asperity effects produced in the system. Such detailed map,
according to the present invention, can be used, for example,
to characterize the drive to particularly identify unusable
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areas thereof, and can, more particularly, be used to char-
acterize the individual thermal asperities that occur during
use of the disk so that regions of the disk can be evaluated
depending upon the nature of the thermal asperities that
occur within various regions of the disk.

What is needed, therefore, is a method for testing and
mapping a disk drive surface for the existence of thermal
asperity incident creating structures, imperfections, debris,
or the like, to thereby enable thermal asperity abatement
settings to be selectively tailored or adjusted to individualize
the compensation needed for each particular identified ther-
mal asperity causing structures, imperfections, debris, or the
like. Furthermore, this characterization information can be
fed back into the disk manufacturing and handling processes
to help fine-tune, refine, improve, and control these pro-
cesses.

SUMMARY OF THE INVENTION

In light of the above, therefore, it is an object of the
invention to provide a method for testing and mapping a disk
drive surface for the existence of thermal asperity incident
creating structures, imperfections, debris, or the like.

It is another object of the invention to provide a method
of the type described that enables thermal asperity abate-
ment settings to be selectively tailored or adjusted to indi-
vidualize the compensation needed for each particular iden-
tified thermal asperity causing structure, imperfection,
debris, or the like.

It is yet another object of the invention to provide a
method of the type described that enables a greater surface
area of the disk of a disk drive to be used through the
identification and mapping of areas of the disk that produce
thermal asperity effects in an MR head that are within the
capabilities of the detector of the drive to correct.

One of the advantages realized by the invention is the
ability to characterize the thermal asperity causing structures
enables the development of information that can be fed back
into the disk manufacturing and handling processes to help
fine-tune, refine, improve, and control these processes.

These and other objects, features and advantages of the
invention will be apparent to those skilled in the art from the
following detailed description of the invention, when read in
conjunction with the accompanying drawings and appended
claims.

According to a broad aspect of the invention, a method is
presented for operating a drive of a hard disk drive, or the
like, of the type that uses a head that flies over a surface of
arotating magnetic disk to at least read information recorded
on the disk. The head is of the type that is affected by thermal
asperity effects, such as a magneto-resistive (MR) head, or
the like. The method includes determining an energy level in
a prerecorded constant signal that is produced on readback
that exists above a predetermined threshold produced by the
head in reading an area of the disk that causes a thermal
asperity incident in the head. (A continuous signal means a
single frequency pattern or sequence written to the disk.)
Based on the energy level determined, an unusable area of
the disk may be determined.

According to another broad aspect of the invention, a
method is presented for characterizing a magnetic disk to be
read by a magneto-resistive type head in proximity thereto.
The method includes writing a continuous signal onto the
disk, and subsequently reading back the signal written onto
the disk using the magneto-resistive type head, or the like.
The read back signal is compared to a threshold value, and
areas of the disk at which energy contained in the read back
signal occurs above the threshold value are mapped.
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According to still another broad aspect of the invention,
apparatus for characterizing a disk of a mass data storage
device, or the like, is presented. The apparatus is of the type
that has a head that flies over a surface of a rotating magnetic
disk, or the like, to at least read information, which has been
recorded on the disk. The head is of the type that is affected
by thermal asperity effects, such as an MR head, or the like.
Acthreshold detector is connected to receive a signal from the
head to determine when the signal from the head exceeds a
predetermined threshold. An energy detector determines an
energy level in the signal during a time when the signal
exceeds the threshold due to the thermal asperity incident in
the head.

According to yet another broad aspect of the invention, an
apparatus for characterizing a magnetic disk of the type that
contains data to be read by a magneto-resistive type head in
proximity thereto is presented. The apparatus has a writer for
writing a continuous signal onto the disk and a comparator
for comparing a signal read back from the disk using the
magneto-resistive type head with a threshold value. An
energy determining circuit determines an energy level con-
tained in the read back signal during a time that the read back
signal exceeds the threshold value and for mapping areas of
the disk at which the energy level contained in the read back
signal exceeds the threshold value. A register contains the
mapped areas of the disk.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated in the accompanying
drawings, in which:

FIG. 1 is a block diagram of a generic disk drive system,
illustrating one general environment in which the invention
may be practiced.

FIG. 2 is a typical voltage vs. time waveform for a read
back signal at the output of the preamplifier and which is
experiencing a positive TA incident, together with a cross
sectional view of a portion of a disk with a TA producing
defect thereon in positional relationship to the read back
signal waveform.

FIG. 3 is a block diagram of a circuit for determining the
energy contained in a read back signal during the time the
read back signal is above a predetermined threshold value,
in accordance with a preferred embodiment of the invention.

FIG. 4 is a graph of amplitude vs. time to show the output
of the ADC of the read channel, shown as a pure sinusoidal
waveform.

FIG. 5 is a graph of the signal of FIG. 4 after the negative
samples from the ADC have been converted to positive
samples.

And FIG. 6 is a flow chart showing a characterizing
process for use in a manufacturing process for making disks
for use in mass data storage devices, in accordance with a
preferred embodiment of the invention.

In the various figures of the drawing, like reference
numerals are used to denote like or similar parts.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a block diagram of a generic disk drive system
10, which represents one general environment in which the
invention may be practiced. The circuit 10 represents the
method and apparatus for practicing the invention in which
thermal asperities (TAs) may be detected during the disk
manufacturing characterization process of a mass data stor-
age device.
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The system 10 includes a magnetic media disk stack 12
that is rotated by a spindle motor 14 and spindle driver
circuit 16. A data transducer or head 18 is locatable along
selectable radial tracks (not shown) of the disk stack 12 by
a voice coil motor 20. The radial tracks may contain
magnetic states that contain information about the tracks,
such as track identification data, location information, syn-
chronization data, as well as user data, and so forth. The
head 18, which may be a magneto-resistive (MR) head, is
used to both record user data to and read user data back from
the disk. The head 18 may also be used to detect signals that
identify the tracks and sectors at which data is written, to
detect servo bursts that enable the head to be properly
laterally aligned with the tracks of the disk, and so on.

Analog electrical signals that are generated by the head 18
in response to the magnetic signals recorded on the disk are
preamplified by a preamplifier 22 for delivery to read
channel circuitry 24 and to a thermal asperity (TA) and
asymmetry processing circuit 26. Servo signals are detected
and demodulated by one or more servo demodulator circuits
28 and processed by a digital signal processor (DSP) 30 to
control the position of the head 18 via a positioning driver
circuit 32.

A microcontroller 34 may be provided to control the DSP
30, as well as an interface controller 36 to enable data to be
passed to and from a host interface (not shown) in known
manner. A data memory 38 may be provided, if desired, to
buffer data being written to and read from the disk.

As known, each disk of the disk stack 12 may include
particles or defects, which temporarily or permanently pro-
duce TA incidents. For example, the top disk 40 may have
a number of imperfections 42, indicated by an “X”, which
may be randomly located on the surface of the disk 40 over
which the head 18 travels. The defects 42 may be protruding
bumps or may be dips in the surface, which respectively may
collide with or approach the head 18 as it travels thereover,
or may increase the air bearing distance between the surface
of the disk and the head. The bumps increase the temperature
of the head 18, and therefore increase its electrical resis-
tance.

As disks are characterized for TAs, certain energy char-
acteristics may be found to distinguish TAs that move or
grow, such as those due to corrosion, from those that do not
move or grow. (Typically, it is desirable to map out more of
the disk around TAs that are due to corrosion, since they
have a tendency to grow.) However, without
characterization, every TA may be assumed to be one that
will grow. On the other hand, with characterization, less disk
surface must needlessly be mapped out. Thus, it can be seen
that it would be useful to be able to characterize the TA
incidents that such permanent TA incident producing defects
produce.

The disk 40 may also carry particles 44, indicated by a
“-”  which only temporarily produce a TA incident. The
particles 44 may be, for example, dust, manufacturing
debris, or other particles that are not permanently included
in the surface of the disk 40. It is widely believed that
particles 44 tend to migrate over time toward the outer edge
of the disk 40, and that as a result, more particles tend to
exist at the outward portions of the disk 40 than in the
interior portions. Often, the particles are entirely spun off the
disk 40. With this type of TA incident producing particles, it
can be seen that the location of each particle, and even the
existence of any particular particle on the disk, cannot be
relied upon from one time to the next. Nevertheless, it may
be useful to be able to map the particles, and additionally, to
characterize the TA incident that each particle may precipi-
tate.
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According to a preferred embodiment of the invention, a
constant frequency signal is recorded throughout all of the
tracks of the disk 40. The signal may be, for example, a
continuous EPR4 signal representing a non-overlapping sine
wave. More particularly, herein a “continuous signal” is
used to indicate a single frequency pattern or sequence to be
written to the disk.

Subsequently, the recorded signal is read back, and the TA
incidents that are produced by each defect, particle, or other
TA precipitating structure are identified when the read back
signal exceeds a predetermined signal threshold.
Additionally, the TA precipitating structures may be char-
acterized by the amount of signal energy that is produced
during the time that the read back signal exceeds the
predetermined signal threshold.

A typical waveform showing voltage vs. time for a read
back signal 50 at the output of the preamplifier 22 in a
system which is experiencing a positive TA incident is
shown in FIG. 2, to which reference is now additionally
made. As can be seen, the leftmost portion 52 of the signal
50 is of relatively constant amplitude. When the MR head
18, for example, strikes one of the TA producing defects 42
(or 44) on the surface of the disk 40, the resistance of the
head 18 increases, resulting in a jump in the corresponding
voltage from the preamplifier there across, as shown by the
signal portion 54. After the defect has passed, and as the
head cools, the resistance begins to normalize, resulting in
the slow decay of voltage back to normal. Thereafter, the
voltage 56 remains at its normal, original voltage level. It
should be noted that the same analysis can be made for a
thermal asperity of the type in which cooling of the MR head
occurs. In such analysis, the jump in signal would be
negative, rather than positive, as shown.

According to the invention, the energy contained in the
read back signal portion 54 during the time the read back
signal is above a predetermined threshold value VTH 58 is
determined. This determination may be made, for example,
by the integrating circuit 26 of FIG. 3, to which reference is
now additionally made. The integrating circuit 26 includes
an absolute value circuit 62, which has an input coupled to
the output of the ADC (not shown) of the read channel 24.
The absolute value circuit 62 determines and outputs the
absolute value of each digital sample generated by the ADC.
If the digital samples are represented by signed binary
numbers, this may involve simply removing the sign bit. The
absolute value circuit 62 thus operates somewhat like a
full-wave rectifier circuit. The effectiveness and accuracy of
this method is negatively affected when the input signal is so
large that the ADC saturates.

The operation of the absolute value circuit 62 is illustrated
in FIGS. 4 and 5, to which reference is now additionally
made. FIG. 4 is a graph representing the output of the ADC
of the read channel, where the broken line 71 represents the
envelope of a burst-signal, and the solid lines 72 represent
the positive and negative samples taken by the ADC. For
convenience, the burst signal shown in FIG. 4 has an
envelope 71 that is a pure sinusoid, although the envelope
may in reality have the shape of a Lorentzian signal, or the
like.

FIG. § shows the output of the absolute value circuit 62,
after the negative samples from the ADC have each been
converted to a positive sample, in order to effectively
achieve full-wave rectification. As evident from FIGS. 4 and
5, the disclosed embodiment preferably utilizes sampling at
or above the Nyquist rate, which means taking samples at a
rate equal to or greater than twice the highest frequency
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contained in the signal. The sampling in the disclosed
embodiment involves about twelve samples per full cycle of
the burst signal, or in other words about six samples per
half-cycle. Thus, the disclosed embodiment uses about
twelve samples per full cycle, although it will be recognized
that the specific sampling rate can be varied within the scope
of the invention.

With reference again to FIG. 3, the output from the
absolute value circuit 62 is supplied to an accumulator 74,
which adds up successive digital values supplied to it by the
absolute value circuit 67. More specifically, the accumulator
74 sums the sample values supplied to it during the time
interval during which the read back signal exceeds the
threshold voltage 58, determined by a threshold detector 76.
Thus, the accumulator 74 essentially integrates the digital
voltage values from the ADC of the read channel 24,
producing a value that represents the energy contained in the
read back signal during the time that the read back signal
exceeds the predetermined threshold value 58. A method and
circuit for such accumulation between zero crossings is
shown in U.S. Pat. No. 6,163,419, issued Dec. 10, 2000,
entitted METHOD AND APPARATUS FOR DEMODU-
LATING A SERVO BURST SIGNAL IN A HARD DISK
DRIVE, assigned to the assignee hereof, and incorporated
herein by reference.

Atthe end of a time interval during which the accumulator
74 has been adding up sample values, the accumulated value
or sum is transferred to a register array 78. Then, the
accumulator 74 is cleared to be ready to add up samples for
another time interval, in a similar fashion to that above
described. As the accumulator 74 acquires each accumulated
value, it is inserted into an unused register of the register
array 78.

Additionally, the circuit 26 includes an address detector
80, which is triggered by an output of the threshold detector
76 to latch start and stop addresses between which the read
back signal exceeds the predetermined threshold value 58.
The start and stop addresses are stored in the register array
78 together with the integrated energy value computed in the
accumulator 74.

Thus, once all of the thermal asperity inciting events have
been traversed, not only is there a record of the locations of
the events, but a record of the signal energy that accompa-
nies each event, once the events have been initiated. This is
useful information, for example, in determining the severity
of the events. For instance, if a defect in the disk surface
does not actually collide with the MR head, the energy that
would result in the read back signal above the threshold
would likely be significantly less than that produced by a
defect that actually collides with the head. In addition, the
pattern of defects and severity thereof may be meaningful in
the design and operation of the drive on which the disk is
used.

It is known that the decay portion of a TA has a generally
low frequency spectral content. As a result, the waveform of
the detected signal has a spike 53 at the outset followed by
aslow decaying signal 55, as described above with reference
to FIG. 2, to which reference is again made. Depending on
the severity and longevity of the TA incident, the robust
Viterbi detectors that are in wide use today may be able to
detect the data, in spite of the TA incident, except, perhaps,
for the initial spiked portion of the read back data.

Thus, for example, as shown in FIG. 2, the energy
contained in the signal portion 54 that is above the threshold
voltage 58 can be analyzed to first locate the start location
43 of the TA incident on the disk 40. In addition, the fall of
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the increased signal portion 54 to below the threshold 58 can
locate the end 45 of the TA incident. The portion 47 of the
disk 40 may then be logged as being unusable.

However, because the characteristics of the pattern writ-
ten to the disk are known, and because the energy contained
in the TA event above the threshold is known, it may be
possible to characterize the TA incident that is caused by the
defect 42 into severity classifications, such as “major”,
“average”, “minor”, and so on. Those classifications that are,
for example, “minor” may be further analyzed to determine
when the signal is within the processing capabilities of the
Viterbi. Thus, for instance, the length of the formerly
unusable portion 47 of the disk 40 for a “minor” TA
producing defect may be reduced so that only a reduced
portion 47' of the disk 40 can be logged as unusable. This,
of course, would have the effect of increasing the usable
capacity of the disk 40.

The TA identification, mapping, and characterizing
process, according to one aspect of the invention is prefer-
ably used during the disk drive manufacturing processes.
Thus, for example, during the manufacturing process for
making the disks for use in mass data storage devices, the
characterization process can be performed over the entire
disk surface. One way for performing this process is illus-
trated in FIG. 6, to which reference is now additionally
made.

As shown in FIG. 6, a continuous signal may be written
90 entirely over the disk. As mentioned, a continuous signal
is used to mean a single frequency pattern or sequence
written to the disk. Thereafter, the signal is read back 92. As
the signal is read back, whenever the read back signal
crosses a predetermined threshold 94, which may be due, for
instance, to a TA producing defect on the disk, at least the
starting location is logged 96, and the energy contained in
the signal is measured and logged 98. The energy contained
may be measured, for example, by oversampling the read
back signal and accumulating the oversampled values using,
for instance, an apparatus as described with reference to
FIG. 3 above, or the like. If either the signal does not exceed
the predetermined threshold or after a TA producing defect
has been logged, the process is continued, as shown.

Although the invention has been described and illustrated
with a certain degree of particularity, it is understood that the
present disclosure has been made only by way of example,
and that numerous changes in the combination and arrange-
ment of parts can be resorted to by those skilled in the art
without departing from the spirit and scope of the invention,
as hereinafter claimed.

What is claimed is:

1. A method for operating a drive of the type that uses a
head that flies over a surface of a rotating disk to at least read
information recorded on the disk, said head being of the type
that is affected by thermal asperity effects, comprising:

recording a continuous signal onto the disk;

reading back said continuous signal from said disk to

produce a read back signal;

determining an energy content in said read back signal

which exceeds a predetermined threshold produced by
said head in reading an area of said disk that causes a
thermal asperity incident in said head,;

based on said energy level, determining at least one

characteristic of said disk.

2. The method of claim 1 wherein said recording a
continuous signal comprises recording a single frequency
pattern to the disk.

3. The method of claim 1 wherein said at least one
characteristic of said disk is an unusable area of said disk.
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4. The method of claim 1 wherein said determining an
energy content comprises accumulating sampled signal val-
ues from said read back signal during a time at which said
read back signal exceeds said predetermined threshold.

5. The method of claim 4 wherein said accumulating
sampled signal values comprises accumulating sampled
signal values at a rate at least as great as the Nyquist rate.

6. The method of claim 1 wherein said disk is a magnetic
disk.

7. The method of claim 6 wherein said head is a magneto-
resistive type head.

8. The method of claim 1 further comprising reading data
from said disk except from said area of said disk that is
determined to be unusable.

9. Amethod for characterizing a magnetic disk of the type
that contains data to be read by a magneto-resistive type
head in proximity thereto, comprising:

writing a continuous signal onto said disk;

using said magneto-resistive type head, reading back the
signal written onto said disk;

comparing the read back signal to a threshold value;

and mapping areas of said disk at which energy contained
in said read back signal occurs above said threshold
value.

10. The method of claim 9 wherein said writing said
continuous signal comprises writing a single frequency
pattern to said disk.

11. The method of claim 9 wherein said comparing
comprises comparing the read back signal to a voltage
amplitude threshold.

12. The method of claim 9 wherein said mapping com-
prises mapping areas of said disk for nonuse in dependence
upon said energy contained in said read back signal that
occurs above said threshold value.

13. The method of claim 9 further comprising:

determining an energy level of said read back signal while
said read back signal occurs above said threshold value
by:
during said reading back, sampling the read back
signal, to produce a plurality of sample signals;
and during said comparing, summing said plurality of
sample signals.

14. The method of claim 9 wherein said determining an
energy content comprises accumulating sampled signal val-
ues from said read back signal during a time at which said
read back signal exceeds said predetermined threshold.

15. The method of claim 14 wherein said accumulating
sampled signal values comprises accumulating sampled
signal values at a rate at least as great as the Nyquist rate.

16. Apparatus for characterizing a disk of a mass data
storage device of the type having a head that flies over a
surface of a rotating disk to at least read information
recorded on the disk, said head being of the type that is
affected by thermal asperity effects, comprising:

10

15

20

25

30

35

40

45

50

10

a continuous signal generator for generating a continuous
signal to be written onto said disk;

a threshold detector connected to receive a signal read
back by said head from said disk to determine when
said signal from said head exceeds a predetermined
threshold;

an energy detector for determining an energy level in said
signal during a time when said signal exceeds said
threshold due to a thermal asperity incident in said
head.

17. The apparatus of claim 16 wherein said continuous
signal is a single frequency pattern written to the disk.

18. The apparatus of claim 16 wherein said disk is a
magnetic disk.

19. The apparatus of claim 18 wherein said head is a
magneto-resistive type head.

20. The apparatus of claim 16 further comprising a circuit
for excluding areas of said data from use in dependence
upon said energy level determined by said energy detector.

21. Apparatus for characterizing a magnetic disk of the
type that contains data to be read by a magneto-resistive type
head in proximity thereto, comprising:

a writer for writing a continuous signal onto said disk;

a comparator for comparing a signal read back from said
disk using said magneto-resistive type head with a
threshold value;

an energy determining circuit for determining an energy
level contained in said read back signal during a time
that said read back signal exceeds said threshold value
and for mapping areas of said disk at which said energy
level contained in said read back signal exceeds said
threshold value;

and a register for containing said mapped areas of said

disk.

22. The apparatus of claim 21 wherein said energy deter-
mining circuit comprises a circuit for accumulating sampled
signal values from said read back signal during a time at
which said read back signal exceeds said predetermined
threshold.

23. The apparatus of claim 22 wherein said energy deter-
mining circuit further comprises a circuit for accumulating
sampled signal values at a rate at least as great as the Nyquist
rate.

24. The apparatus of claim 21 further comprising:

a signal sampling circuit to sample said reading back to

produce a plurality of sample signals;

and a summer to sum said plurality of sample signals.

25. The apparatus of claim 24 wherein said signal sam-
pling circuit accumulates sampled signal values at a rate at
least as great as the Nyquist rate.
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