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USING THE APPLIED PEAK AREA RATIO TO

DETERMINE SIGNAL PW50 AND HEAD FLY

HEIGHT

FIELD OF THE INVENTION

The present invention relates generally to heads for use in a magnetic
storage disk drive, and more particularly to a method and apparatus for

detecting and controlling head ﬂy.height and signal PWS50.
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BACKGROUND OF THE INVENTION

Conventional magnetic storage devices include a magnetic
transducer, or "head" suspended in close proximity to a recording medium,
for example a magnetic disk having a plurality of concentric tracks. The
transducer is supported by an air bearing slider mounted to a flexible
suspension. The sﬁspension,'in turn, is attached to a positioning actuator.
During normal operation, relative motion is provided between the head and
the recording medium as the actuator dynamically positions the head over
the desired track. The relative movement provides an air flow along the
surface of the slider facing the medium, creating a lifting force. The lifting
force is counter balanced by a pre-determined suspension load so that the
slider is supported on a cushion of air. Air flow enters the "leading end" of
the slider and exits from the "trailing end". The head resides at the trailing |

end which tends to dip closer to the recording surface than the leading end.

As discussed above, the sliders ride on a cushion of air generated by

the rotation of the magnetic disk. The upward force on the slider provided
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by this air cushion is directly proportional to the rotational velocity and as a
consequence varies from the inner disk diameter (ID) to the outer disk
diameter (OD). Since the sliders tend.to be sensitive to changes in the
upward force, the fly height will vary across the disk. Surface defects will
also cause the head to "fly high". This is the most important error

condition.

The recording medium includes information encoded in the form of
magnetic transitions. The information capacity or areal density of the
medium is determined by the transducer's ability to sense and write
distinguishable transitions. An important factor affecting areal density is
the distance between the head and the recording surface referred to as "fly
height". It is desirable to ﬂy the transducer very close to the media to
enhance transition detection without permitting transducer contact with the
medium surface. Some fly height stability is achieved with proper
suspension loading and by shaping the air bearing slider surface (ABS) for

desirable servo dynamic characteristics.



4 |
Another important factor affecting fly height is the slider's resistance

to changing conditions. The air bearing slider is subject to a variety of
changing external conciitions during normal operation. Changing conditions
affecting fly height include for example, change in relative air speed and
direction and variation in temperature. If the transducer fly height does not
stay co.nstant. during changing conditions, the data transfer between the

transducer and the recording medium may be adversely affected.

Fly height is further affected by physical characteristics of the slider
such as the shape of the ABS.l Careful rail shaping, for exémple, will
provide some resistance to changes in air flow. Another physical
characteristic often found in conventional sliders is curvature along the
length of the ABS from leading end to the trailing end. This curvature is
referred to as "crown" and may be either concave or convex with respect to
the ABS. Crown variation is generally one of two types namely, process

variation or temperature variation.
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- However, it has been determined that it may be difficult to anticipate

all of the factors which affect "fly height", and consequently, some
variations in the fly height result randomly. These variations should be
identified when they occur because if the fly height is too large, the result
is that information is not being recorded properly on the media. This |
condition may make it necessary to return the write head to the same

location and rewrite the information.

Fig 1 illustrates a circuit of the prior art. In this circuit, two filters are
connected in parallel. These filters may be a 10 pole band pass filter. The
filter 100 may have a band pass frequency of F while the filter 102 has a
band pass frequency of frequency 3F. The filter 100 filters out everything
but the first harmonic of the input. signal, and the filter 102 filters out
everything but the third harmonic of the input signal. The output of filter
100 is connected to a peak detector circuit .104 to detect the peaks from the
output of the filter 100. Additionally, a peak detector circuit 106 is
connected.to the output of filter 102. The peak detector circuit 106 detects

the peak signél from the filter 102. The output of the peak detector circuit
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104 and the output from the peak detector circuit 106 are connected to a

dividing circuit 108 to divide the outputs from peak detectors 104 and 106.
The problem with this circuit is that it is complex and difficult to

implement. A circuit is required that provides accurate indication of fly

height and is easy to implement.
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SUMMARY OF THE INVENTION

The present invention determines fly height by sensing changes in |
the PW50 of a pulse being output from the head of a disk drive system.
PWSO is essentially an indication of the sharpness of the head output
signal. The present invention senses changes in the degree of sharpness of
this signal as an indication of the height of the head flying over the surface
of the disk drive. The signal sharpness (or PW50) of the signal is
determined from the ratio of the amplitude of the peak signal and the area
under the curve of the signal. This ratio is an indication of ﬂy height. The
present invention eliminates the need to employ band pass filters to filter
the first harmonic and the third harmonic. The present invention
determines the PW50, which is a measure of the pulse width at 50% of the
peak amplitude, from the input signal. The present invention uses a peak
detector in parallel with a full wave rectifier and integration circuit to

determine the ratio which is an indication of the head fly height.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1 illustrates a fly height detection circuit;

Fig 2 illustrates a fly height detection circuit of the present invention;

Fig 3 illustrates a relation between the PW50 with a relatively sharp pulse;
Fig 4 illustrates a relation between the PW50 with a relatively wide pﬁlse;
Fig 5 illustrates a relation between fly height and radial displacement; and

Fig 6 illustrates a system diagram of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

PWS50 is defined as the width of a pulse at a point halfway between
its peak and its base. This point is illustrated in Fig 3 as element 302 for the
pulse A. Typically, the higher the head is flying off the surface of the
mediaina disk drive system, the pulses that are output from the head are‘ '
wider. That is, the signal PW50 is greater. When the head is just
sﬁfﬁciently off the surface to read the disk, a relatively narrow pulse is
~ output from the head as illustrated in Fig 3. Correspondingly, the PW50 is
relatively émall. However, as the flying height of the head from the disk
surface increases, the pulses output from the head become wider such as
illustrated in Fig 4, and the PW50 becomes significantly greater. Thus,

signal PW50 affords a good indication of the actual fly height.

Fig 3 and Fig 4 illustrate two examples of a narrow pulse and a wide
pulse respectively. Depending on the fly height, the relative width would
vary. In theory, there are an infinite number of pulses with widths between

the two illust\rated.
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There are many ways for implementing a circuit to determine fly

height based upon PW50. If H1 represents the amplitude of the pulse in Fig

3 and Al represents the area of the pulse then %‘— represents a measure of
1

the PW50. Likewise with Fig 4, if H2 represents the amplitude of the pulse

and A2 represents the area of the pulse then -g—z- represents a measure of

3
-

the PW50. With the condition,

H\H,
A [ 4

the head is closer to the disk at position 1 than at position 2.

Fig 6 illustrates a system diagram of the present invention. Magnetic
disk 602 is rotated by.spindle motor 618. A head 604 reads and writes data
transitioﬁs and reads servo transitions on the magnetic disk 602. The
transitions are input to a preamplifier 606 which amplifies the signal from
the head 604. The amplified servo transition signal is input to the fly height

detector 200. The output of the fly height detector circuit 200 is input into a

*
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don't write data control circuit 300 which holds off writing data until the
head fly height returns to normal. Then the head 604 may write or rewrite
the data information on a given track. The read channel 608 converts the
analog pulses to digital pulses and obtains timing and position information
from the recorded transitions. This information is transmitted to the
position control system 612, which in turn controls the voice coil motor
616 to move the heads so that the heads are positioned at the desired track.
The read channel 608 is connected to the controller 610 which prepares
information to be placed on the bus as well as to interface with the host
computer. Additionally, the spindle motor control 614 controls the spindle

motor 618 to rotate the disk at a proper speed.

Fig 2 illustrates one circuit to determine fly height. The signal from
the head is input to the peak detector 202 and the full wave rectifier 206.
The peak detector 202 determines the magnitude of the peak of the input
signal and consequently provides the signal for H. Thus, the signal H is
output from peak detector circuit 202 and is input to division circuit 210.

This signal H corresponds to the amplitude of the input signal.

4.
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Additionally, the signal from the head is input to a full wave rectifier
circuit 206. The full wave rectifier 206 rectifies the input signal from the
head. A rectified signal is output from the full wave rectifier 206 and input
to the operational amplifier 208. A capacitor 204 is connected between the
output of the full wave rectifier 206 and the output of the operational
amplifier 208. The area detector circuit 212 outputs a signal A indicating
the area under the curve of the rectified input signal. The output signal,
signal A, from the operational amplifier 208 is input to the division circuit
210. The division circuit 210 divides the height signal H, output from the
peak detector circuit 202, and signal A representing the area and output
from the area detection circuit 212 to output a fly height signal which

indicates the fly height.

Fig 5 illustrates the changing of PW50 from the inside diameter to
the outside diameter. This change in PWS50 is due to many factors;
however, one of these factors is the increased speed of the head, relative to
the media;, at the outer diameter. This increased speed increases the force

which lifts the head over the disk. As illustrated in Fig 6, the output of the
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fly height detection circuit 200 is input to a control circuit 300 which may
be a DSP, to determine if the fly height has exceeded a predetermined level
or threshold depending on the ID to OD position. If this predetermined
level or threshold has been exceeded, there is danger that the information

- has not been or will not be written properly on the disk, and the control
circuit 300 generates the necessary control signals to require this system
_400 to rewrite the same location. During the rewrite, the fly height should
be of the proper height; however, it is again determined and an additional

rewrite can be scheduled if required.
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CLAIMS

1. Acircuit for detecting fly height, comprising:

a circuit for outputting a transition signal read by a head and
recorded on a disk;

a circuit for measuring the fly height of said head from said disk
based on a PW50 signal deteﬁrﬁned from said transition signal;

a circuit to determine if a threshold height has been reached based on

said fly height.

2. A circuit for detecting fly height as in Claim 1, wherein said

PW350 signal corresponds to area of said transition signal.

3. A circuit for detecting fly height' as in Claim 1, wherein said

PW50 signal Corresponds to peak height of said transition signal.

4. - A method for detecting fly height, comprising the steps of:

outputting a transition signal read by a head and recorded on a disk;
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measuring the fly height of said head from said disk based on a

PW50 signal determined from said transition signal;
determining if a threshold height has been reached based on said fly

height.

5. A method for detecting fly height as in Claim 4, wherein said

PW50 signal corresponds to area of said transition signal.

6. A method for detecting fly height as in Claim 4, wherein said

PW350 signal corresponds to peak height of said transition signal.



