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IIH IIM11010II~II~ *cnnnm*  -1 METHOD AND SYSTEM FOR IMPLEMENTING IN SITU
LOW FLYHEIGHT  WARNING  Field of the Invention The present invention
relates generally to the data processing field,  and more particularly,
relates to a method and apparatus for implementing in  situ low flyheight
warning in a direct access storage device. Description of the Related Art
Computers often include auxiliary memory storage units having media  on
which data can be written and from which data can be read for later use.
Disk drive units incorporating stacked, commonly rotated rigid magnetic
disks are used for storage of data in magnetic form on the disk surfaces,
Data is recorded in concentric, radially spaced data information tracks
arrayed on the surfaces of the disks. Transducer heads mounted on air
bearing sliders, are driven in a path toward and away from the drive axis,
write data to the disks and read data from the disks. In disk drives or
direct access storage devices (DASDs), the  continuing. increases in data
storing capacities are accomplished by  increasing linear recording
densities and track densities. To provide an  adequate signal-to-noise
ratio (SNR) of the readback signal, the nominal  head to disk spacing Is
reduced. This decreased head to disk spacing can  significantly increase
the occurrences of head to disk interactions and the  



probability of a terminal head crash. 7 AUG 2006  -2 Currently various me '
thods and arrangements are used to measure  head flyheight Including
harmonic ratio flyheight (HRF), a clearance change  detector (CCD), and
generalized error measurement (GEM). Some of the  disadvantages of the
conventional methods Include the sensitivity to track  misregistration
(TMR) and that dedicated pre-written test tracks are required.  Current
methods that use dedicated test tracks cannot measure sliding  contact
correctly because of TMR. Also current methods, such as GEM FH,  require
significant processing of data obtained from pre-wrItten test tracks, A
need exists for a method and apparatus for in situ detection of low
flyheight and for implementing in situ low flyheight warning, Summary of
the Invention Embodiments of the present invention provide a method and
apparatus for implementing in situ low flyheight warning. Other important
objects of the present invention Eire to provide such method and apparatus
or implementing in situ low flyheight warning substantially without
negative  effect and that overcome many of the disadvantages of prior art
arrangements.,  In an embodiment of the invention, a method and apparatus
are  provided for implementing in situ low flyheight warning in a direct
access  storage device (DASD). For each head in the DASD, a readback
amplitude  ratio is identified from two different disk radii. The initial
ratio value is stored  for each head in the DASD. During operation of the
DASD, readback  amplitude is monitored and an opening readback amplitude
ratio is  identified from two different disk radii. A change from the
initial ratio value  



and the operating readback ratio is calculated and compared with a
threshold value to identify a low-flying slider. A warning i's generated
responsive to the change value being greater than the threshold value.
Brief Description of the Drawings The present invention together with the
above and other objects and  advantages may best be understood from the
following detailed description  of the preferred embodiments of the
Invention Illustrated In the drawings, 7 AUG 2006  -3 wherein:  FIG. 1 A is
a block diagram representation illustrating a direct access  ..storage
device (DASD) for implementing in situ low flyheight warning in  accordance
with the preferred embodiment; FIG. I B is a diagram Illustrating two
slider positions at an inner  diameter (ID) and an outer diameter (OD) of a
disk of the DASD of FIG. 1 for  monitoring a digital amplifier control
(DAC) signal for Implementing In situ low  flyheight warning in accordance
wit h the preferred embodiment; FIG. 2 is a flow chart Illustrating
exemplary sequential operations for  implementing in situ low flyheight
warning in the DASD of FIG. 1 in  accordance with the preferred embodiment;
FIGS. 3A and 3B are diagrams respectively illustrating a spacing  between
the read and write heads on a slider and a disk surface In a -direct
access storage device (DASD) during normal flying and when in sliding
contact for implementing in situ low flyheidht warning in accordance with
the  preferred embodiment; FIG. 4 is a chart histogram showing the ID/013
difference in head  flying height When a slider is contacting the disk at
either the ID or OD; 



FIG. 5 Is a chart illustrating ambient pressure in the vacuum chamber
required to have sliding contact for multiple head numbers in a DASD of
FIG.  FIG. 6 is a block diagram illustrating a computer program product in
accordance with the preferred embodiment. Detailed Description of the
Preferred Embodiments' Having reference now to the draWings, in FIG. 1,
there is shown a  direct access storage device (DASD) or disk drive system
for implementing  methods for in situ detection of low-flying sliders of
the preferred  embodiment generally designated by the reference character
100. As 7 AUG 2006  shown in FIG. 1, DASD 100 includes a recorded disk I 10
that is spun at constant speed  and that is magnetically coasted on both
surfaces. Reference character 112 generally  designates an assembly of a
read/write head and an airbearing slider where the airbearing  slider
carries the read/write head. Read/write head of the slider/head assembly
112 is  positioned over the top surface of the spinning disk 110 on a given
track for reading data  stored on that track and for writing data onto the
spinning disk surface. DASD 100 includes an arm electronic (AE) module 114
that serves two functions, a read  function and a write function. In the
read function, AE module 114 amplifies and  provides high-pass filtering
for a continuous readback signal from the read/write head of  the
slider/head assembly 112. The output of the AE module 114 is applied to a
variable  gain amplifier (VGA) 116 in a read channel 118. Read channel 118
includes a digital gain  loop 120 providing a digital amplifier control
(DAQ signal to the VGA 116. In read  channel 118, the readback is decoded
and converted into a binary data stream used by  host system under the
handshaking control of a disk drive controller 122. In the write function,
AE module 114 provides a binary current modulated signal to a thin  film
write head element of read/write head 112 for writing data onto the
spinning disk  I 10. Under the control of the disk drive controller 122, a
write channel 124 encodes and  



frequency modulates the customer data. The customer data to be stored on
the spinning  disk I 10 is received from the host system. In accordance
with features of the preferred embodiment, DASD 100 includes a low
flyheight detection system 126. The DAC signal is applied to and monitored
by the low  flyheight detection system 126. The low flyheight detection
system 126 provides an in  situ warning signal of low flyheight applied to
the disk drive controller 122. Operation of  the detection system 126 is
illustrated and described in the process flow diagram of FIG.  2. The low
flyheight detection system 126 includes a memory 128 for storing an initial
readback amplitude ratio from two different disk radii for each head in the
DASD, a ratio  generator 130 monitoring the read channel, a comparator 132
comparing a change value  between the operating readback amplitude ratio
and the stored initial readback amplitude,  and a warning generator 134
generating a low flyheight warning responsive to the  compared change value
being greater than a threshold value. R:\L1BEj04440.doc:ed g -4a - - 7 AUG
2006  Referring now to FIG. 113, two positions of the slider/head assembly
112 at an inner  diameter (ID)and an outa diameter (OD) of a disk 110 of
the DASD 100 for monitoring  the digital amplifier control (DAC) signal for
R:\LIB E] 04440. d oc: ed g 7 AUG 2006  -5 implementing in situ low
flyheight warning in accordance with the preferred  embodiment. Respective
digital amplifier control (DAC) signals are indicated  as DAC(ID, t) and
DAC(OD, t) for the illustrated slider/head assembly 112 at  an inner
diameter (ID) and an outer diameter (OD) of a disk 110. In accordance with
features of the embodiment, low flying are  detected by any sliding
characteristics for at least two different disk radii,  



typically the largest and smallest disk radii. The embodiments solves the
problem of detecting and warning for low-flying heads that are contacting
the  disk surface. While most disk drive makers employ heads that retain an
air  cushion between the sliders and disk surfaces, the day is quickly
approaching  when the cushion can not be guaranteed. In order to avoid
excessive slider  and disk wear, which can result in a head crash and loss
of data, an in situ  warning of low flyheight is provided. In accordance
with features of the embodiment, dedicated test sectors  or tracks on the
disk 110 are not required. This makes the invention easy to  implement
across various disk drive products. A second important advantage  of the
embodiment is that slider-disk contact can be detected independent of
track misregistration (TMR). This is important as any slider-disk contact
invariably creates TIVIR which causes an error in flyheight measurements
when using current conventional methods, such as, GEM, CCD and HRF  The
reason for the error in conventional methods is that TIVIR reduces the
signal amplitude for the test sectors. The reduced amplitude is falsely
interpreted as a flying height change that is uncalibrated, that is the
Wallace  spacing loss relationship which provides a calibrated flyheight
change based  on readback signal amplitude cannot be relied upon. In
accordance with features of the embodiment, low flyheight is detected
based upon the amplitude of the readback signal measured in the servo
fields around a disk track. Since the servo information is radially
continuous,  unlike the data sectors, the amplitude of the readback signal
stays constant  when a read head is off-track. This is intentional. The
position of a head  relative to the track centerline on a disk is derived
from servo burst  information which in turn taken from the amplitude of.
previously written servo information. By having radially seamless servo
information, the head 



7 AUG 2006  -6 position can be easily determined. If the servo. information
was not radially  continuous, for example, if the servo Information was
written at the same  track pitch as data sectors, there would be a large
dead-band between  tracks. In these regions, no servo Information would be
available and  following atrack during. reading and writing would be
Impossible. Refening. now to FIG. 2, exemplary sequential operations for In
situ  detecbon of low flyheight in accordance with the preferred embodiment
are  shown. In situ detection of low-flying sliders starts with
the.operation of the  invention begins. by measuring the readback signal
voltage amplitude for  each head In a disk ddVe at some time, for example,
at the time of drive  manufacture. The amplitude Is measured at two
different disk radii and the  ratio results, such as an Initial natural
logarithm of the ratio (LVR) for . each  head are stored as indicated In a
block 202, During operation of the DASD  100, the amplitude of the readback
signal, such as the DAC signal Is  monitored and a LVR value of the natural
logarithm of the ratio at two disl~.  radii Is calculated as Indicated in a
block 204. Any change In the  sequentially calculated LVR and the initial
LVIR for each head Is compared  with a threshold value as Indicated in a
decision block 206. When the  change for any head Is greater than the
threshold valye, then a low flyhelght  warning signal Is generated as
Indicatea In a block 208. Since head amplitude Is proportional to the
exponential of head  spacing, that Is the Wallace spacing loss
relationship,. head spacing is,  proportional to the natural logarithm of
the reAdback voltage. This fact it  used to convert head amplitude change
into head flying height change.  Note that absolute head flying height
cannot be measured based on  



readback amplitude. In this regard, flying height measurement is analogous
to altitude measurement in an aircraft using barometric pressure. It is not
possible to know the aircraft's absolute altitude based on the barometric
pressure measured at the aircraft. One must know the barometric pressure
at the ground in order to get absolute altitude above the ground. In a
similar  way, readback amplitude must be measured when a head is contacting
a  disk in order to get an absolute head flying height. For the embodiment
to  operate, it is not necessary to know the absolute head flying height
and so  all measurements are made at normal disk speed and local ambient
pressure. 7 AUG 2006  -7 The reason that the embodiment uses more than one
disk radii for the  measurement may be understood as follows, A problem
with using  readback amplitude for head flying height change measurements
is that the  readback amplitude is temperature dependent. A significant
cause is the  gain sensitivity to temperature for the arm electronics (AE)
114. As AE  temperature increases, its gain decreases which causes a
reduction in the  amplitude of the readback signal. Therefore, any increase
in AE  temperature will suggest that a head is flying higher from the lower
readback  amplitude. In reality, higher temperatures reduce the head flying
height or  the head-disk spacing due to protrusion of the read element.
Testing has  been performed with a disk drive with 12 heads placed on a
temperature  controlled plate. Both the conventional generalized error
measurement  (GEM) flyheight (FH) and readback amplitude were measured as
the  temperature of the drive was monitored. It is clear that using the
readback  signal to measure flying height change will not work in the real
world where  



drive temperature might fluctuate more than 30 degrees C over its life, for
example, from 250C to 550C. A 250C increase in temperature would appear  to
result in about a 13 nm FH increase if based on readback amplitude when  in
fact the head FH actually decreased by about 3 nm. However, using  multiple
track radii amplitude representative signals in accordance with the
embodiment eliminates this large temperature sensitivity. The readback
amplitude in the servo filed, for example, the servo  automatic gain
control (AGC) filed, despite its extreme temperature  sensitivity is used
in accordance with the embodiment, because the servo  readback amplitude is
insensitive to TMR. Furthermore, the temperature  sensitivity is eliminated
when using the embodiment, resulting in a robust  method for detecting head
FH change in situ and may be further understood  as follows. The readback
voltage obtained.from a read head can be expressed  as:. V(,%,
HEAD,DISK,AE,R,T) = AE(T)*HEAD*DISK(R)*exp(-2nd1X) (1)  where AE is the
gain of the AE 114 whIch Is temperature (T), dependent,  HEAD and DISK are
the head and disk parameters which contNbute to the 7 AUG 2006  -8 readback
amplitude, d is the head-disk spacing and 2, is the wavelength of  the
recorded pattern being read. HEAD parameters include such things as  the
width and the amount of bias current in the magnetoresistive (MR) read
element. DISK parameters include the thickness and remanance of the
magnetic coating. The properties of a disk are not uniform across its
surface  hence DISK is radius (R), dependent. To a small extent, both HEAD
and  DISK are also temperature dependent, but this is not important for the



embodiment. tqow consider a given head and disk at two different radii, Ri
and R2.  Assuming the usual case where the servo frequencies are constant,
the  wavelengths corresponding to R, and R2 will be %I and (R2/R1)X1
respectively. Letting V, and V2 represent the readback voltage at R1 and R2
respectively for a head with parameters: HEAD and at temperature T we  can
wTite the ratio of V1 over V2 as: VjN2 = JDISK(Ri)/DISK(R2)) * exp((2n/X1)
*.(d2R,/R2 - di)) (2)  The weighted difference between flying heights d,
and d2 can be found by  taking the natural logarithm of equation 2
resulting In: (RI/R2)d2 - d, = (11 n(VIN2) - I n(DISK(RjYDISK(R2)J (2,n/Xi)
(3)  Since Ri and R2 are known, [3] gives the difference In head flying
height for  a head at radii Ri and R2 subject to the unknown ratio: DISK
(Rlydisk (RO. What is known about DISK(Ri/DISKK(R2), however, is that this
ratio  should not change. over time. So'for all Intents and purposes
DISK(R1)/DISK(R2) is a constant. If we define (RI/R2)d2)- d, as Ad,
In(DISK(R1YDISK(R2))as a constant D, and in (ViN2)as LVIR then equation  3
can be written as a change inAd at two different times, ti and t2 as:
Ad(t=ti) - 4d(t=t2) = (XI/2n) (LVR(t=ti) - LVk(t=t2)) (4) We now have
equation 4 that gives the difference in the flying height  of a head at two
different radii at two different times solely as a. function of  ILVR, the
natural logarithm of the ratio of readback voltages from the two 7 AUG 2006
-9 radii. In accordance with features of the embodiment, low flyheight is
detected  based upon storing LVR for a given head and comparing it over
time as a  means to determine when a slider flying height difference
between two disk  



radii has changed significantly. The DAC signal can be represented by:  DAC
= 255 - (20*log(Vin/30)) A change in flyheight and the DAC signal Gan be
represented by:  AFH = (Xj/2n)(In(Vin(t)) - ln(Vin(to))) ADAC(R) = Constant
(FH(R, t) - FH(R, to)) The ratio of DAC signal at the ID and OD is
propofflonal to a ratio of change  in the FH and can be represented, for
example, by: ADAC(ID~ / ADAC(OID) = AlDFH / AODFH Having reference to FIGS.
3A and 313, causes for a significant  difference in flying-height may be
further understood. The Interaction  between a slider and disk during
sliding contact is complex. There Is,  however, a phenomenon that occurs
with all sliders that'makes the Invention' workable. It -is easily under
stood by examining FIG. 313 which shows a slider  in contact with
a.spinnlng disk and the accompanying pitch moment that  results from the
friction force at the slider-disk interface. The pitch moment  or torque
rotates the slider such that the read element has Increased  separation d
from the disk 110. The Increased separation results irt a  decrease In.the
readback voltage. The amount of slider rotation and hence  the amount of
spacing Increase will depend on the amount of positive crown  or the convex
shape of the sliders surface facing the disk 110, -the fdcflon  force which
In turn Is a function of the amount of disk lubrication, disk  roughness,
and disk velocity and finally the sliders skew or angle of the
longitudinal axis of a slider with respect to the tangent line at a given
disk  radius, The latter factors, the disk velocity and skew, typically
have the  greatest influence since the disk roughness and lubrication Is
fairly uniform 7 AUG 2000  



-10 and the crown is well controlled, As a result, there are significant
differences  in the sliding contact between say the inner and outer disk
tracks. This has  been verified experimentally. As illustrated in FIGS. 3A
and 313, a spacing d exists between the  read head on a slider and the disk
surface. The spacing d during normal  flying is shown in FIG. 3A and when
in sliding contact In FIG. 313. In the  sliding contact case of FIG. 313,
the friction force due to contact at the slider- disk Interface produces a
moment that rotates the slider In a manner that  Increases the spacing d
generally between the disk and the read and write  heads. In order to prove
that the embodiment works, disk drives with special low- flying heads have
been tested in a vacuum chamber. The vacuum chamber  was used to slowly
reduce the head flying heights while the head amplitudes  were measured at
both the inner and outer disk diameters (ID and OD). This was done to
simulate a gradual reduction in flying height over time in a  customer
application. In order to simplify the data collectiorr, the servo VGA  gain
measurement was made using the read channel at all 124 sector  locations
around a track. The individual sector measurements were then  averaged in
order to produce a track average VGA gain value. The average  VGA gain was
then converted to raw head amplitude. Flying height  differences were then
calculated using the above equation 4. FIG~ 4 provides a histogram of
experimental results showing the  ID/OD difference In head flying height
when a silider Is contacting the disk at.  either the ID or 01). Due to
differences in the slider skew and disk speed at  the ID and OD, there will
always be differences In the ID and OD sliding  contact dynamics which will
cause an Inflated difference -in head flying height  



at the two radii. When a head is flying correctly, the ID/OD flying height
difference is very small (usually less than a nanometer (nm)). In contrast,
FIG~ 4 shows very large flying height dIfferences during contact. The
x-axis  In FIG. 4 corresponds to approximate nan6meters of FH difference.
FIG. 4  also shows that the range for flying height difference is quite
large, for  example, between 4 and 24. This should be compared, however, to
an  expected difference of less then 1 when a slider Is flying correctly.
The data  In FIG. 4 was taken from multiple disk drives that were built
with sliders 7 AUG 2006  which fly nominally about 10 nm. The vacuum level
required for slider contact was between 0.6 and 0.3 Atmospheres. FIG. 5
Illustrates the ambient pressure in the vacuum chambe r  required to have
sliding contact based on the abovedescdbed calculations.  The vacuum level
required for sliding depends on the slider. This permits a  ranking of
slider-disk clearances since the reduced pressure, that is vacuum  level
required to cause sliding at either ID or OD, or both depends on the
flying height of a slider at normal conditions. The pressure resulting In
sliding contact at either the OD or ID or both is shown for one of the
tested  disk drives in FIG. 5. From FIG. 5, heads 4, 5 and 6 have the
highest  nominal flying height since they require the lowest pressure in
order to  achieve sliding contact at OD or ID. Heads 2 and 3 are nominally
lower  flying heads. Referring now to FIG. 6, an article of manufacture or
a computer  program product 600 of an embodiment of the invention as
illustrated. The  computer program product 600 includes a recording
medium"602, such as,  a floppy disk, a high capacity read only memory in
the form of an optically  read compact disk or CD-ROM, a tape, a
transmission type media such as a  



digital or analog communications link, or a similar computer program
product.  Recording medium 602 stores program means 604, 606, 608, 610 on
the  medium 602 for carrying out the in situ low flyheight warning methods
of the  preferred embodiment in the DASD 100 of FIG. 1A. A sequence of
program Instructions or a logical -assembly of one or  more interrelated
modules defined by the recorded program means 604,  606, 608, 610, direct
the DASD 100 for in situ implementing low flyheight  warning of the
preferred embodiment. While the present invention has been described with
reference to the  details of the embodiments of the Invention shown in the
draWng, these  Malls are not Intended to limit the scope of the invenfion
as claimed In the  appended claims. - 7 AUG 2006  -12 1 A method for
implementing in situ low flyheight warning in a direct access storage
device (DASD) comprising the steps of: for each head in the DASD,
identifying and storing an initial readback amplitude ratio  from two
different disk radii including for each head in the DASID, identifying a
ratio of a  digital amplifier control (DAQ signal applied to a variable
gain amplifier (VGA) coupled  to a read head from two different disk radii;
during operation of the DASD, monitoring readback amplitude and
sequentially  identifying an operating readback amplitude ratio from two
different disk radii;  sequentially calculating a change value between said
initial ratio value and said operating readback ratio; sequentially
comparing said change value with a threshold value to identify a low-flying
slider; and generating a low flyheight warning responsive to the compared
change value being  



greater than the threshold value. 2. A method for implementing in situ low
flyheight warning as recited in claim I  wherein the steps during operation
of the DASD, of monitoring readback amplitude and  sequeiitially
identifying an operating readback amplitude ratio from two different disk
radii includes the steps of monitoring readback amplitude and sequentially
identifying an  operating readback amplitude ratio from an inner disk track
and an outer disk track. R LI Li K .3.8 7 d., 7 AUG 2006  -13 3. A method
for implementing in situ low flyheight warning as recited in claim I
wherein the steps during operation of the DASD, of monitoring readback
amplitude and  sequentially identifying an operating readback amplitude
ratio from two different disk  radii includes the steps of identifying a
ratio of a natural logarithm of a readback voltage  obtained from a read
head from two different disk radii. 4. A method for implementing in situ
low flyheight warning in a direct access storage  device (DASD) comprising
the steps of, for each head in the DASD, identifying and storing an initial
readback amplitude ratio  from two different disk radii; during operation
of the DASD, monitoring readback amplitude and sequentially  identifying an
operating readback amplitude ratio from two different disk radii including
identifying a ratio of a digital amplifier control (DAQ signal applied to a
variable gain  amplifier (VGA) coupled to a read head from two different
disk radii; sequentially calculating a change value between said initial
ratio value and said operating  readback ratio; sequentially comparing said
change value with a threshold value to identify a low-flying  slider; and
generating a low flyheight warning responsive to the compared change value
being  



R \LIBK\03b87 dm 7 AUG 200  -14 greater than the threshold value. 5. A
method for implementing in situ low flyheight warning as recited in claim 4
wherein the steps for each head in the DASD, of identifying and stoning an
initial  readback amplitude ratio from two different disk radii includes
the steps for each head in  the DASD, of identifying a ratio of a natural
logarithm of a readback vol.tage obtained  from a read head from two
different disk radii. 6. A method for implementing in situ low flyheight
warning as recited in claim 4  wherein the steps for each head in the DASD,
of identifying and storing an initial  readback amplitude ratio from two
different disk radii includes the steps for each head in  the DASD, of
identifying and storing an initial readback amplitude ratio from an inner
disk track and an outer disk track. 7. Apparatus for implementing in situ
low flyheight warning in a direct access storage  device (DASD) comprising:
a memory storing an initial readback amplitude ratio from two different
disk radii for  each head in the DASD; said initial readback amplitude
ratio including an initial ratio of a  digital amplifier control (DAQ
signal applied to a variable gain amplifier (VGA) coupled  to a read head
from said two different disk radii a ratio generator monitoring a read
channel for processing readback amplitude data and  generating an operating
readback amplitude ratio from two different disk radii; R %LJBK~03687 doc 7
AUG 200  -15 a comparator comparing a change value between said operating
readback amplitude ratio  and said stored initial readback amplitude ratio
for each head in the DASD with a  



predefined threshold value to identify a low-flying slider; and a warning
generator generating a low flyheight warning responsive to the compared
change value being greater than the threshold value. 8. Apparatus for
implementing in situ low flyheight warning in a direct access storage
device as recited in claim 7 wherein said operating readback amplitude
ratio includes an  operating ratio of a natural logarithm of a readback
voltage obtained from a read head  from said two different disk radii. 9.
Apparatus for implementing in situ low flyheight warning in a direct access
storage  device (DASD) comprising: a memory storing an initial readback
amplitude ratio from two different disk radii for  each head in the DASD; a
ratio generator monitoring a read channel for processing readback amplitude
data and  generating an operating readback amplitude ratio from two
different disk radii; said  operating readback amplitude ratio including an
operating ratio of a digital amplifier  control (DAQ signal applied to a
variable gain amplifier (VGA) coupled to a read head  from said two
different disk radii; a comparator comparing a change value between said
operating readback amplitude ratio  R It IBKDI(~~7 7 AUG 2006  -16 and said
stored initial readback amplitude ratio for each head in the DASD with a
predefined threshold value to identify a low-flying slider; and a warning
generator generating a low flyheight warning responsive to the compared
change value being greater than the threshold value. 10. Apparatus for
implementing in situ low flyheight warning in a direct access storage
device as recited in claim 9 wherein said initial readback amplitude ratio
from two  different disk radii for each head in the DASD includes an
initial ratio of a natural  



logarithm of a readback voltage obtained from a read head from said two
different disk  radii. 11. A computer program product for implementing in
situ low flyhe'ight warning in a  direct access storage device (DASD)
including a low flyheight detection system, said- computer program product
including a plurality of computer executable instructions  stored on a
computer readable medium, wherein said instructions, when executed by said
low flyheight detection system, cause the low flyheight detection system to
perform the  steps of for each head in the DASD, identifying and storing an
initial readback amplitude ratio  from two different disk radii including
for each head in the DASD, identifying a ratio of a  digital amplifier
control (DAQ signal applied to a variable gain amplifier (VGA) coupled  to
a read head from two different disk radii; during operation of the DASD,
monitoring readback amplitude and sequentially  R %LIBK%03687 doc 7 AUG
2006  -17 identifying an operating readback amplitude ratio from two
different disk radii;  sequentially calculating a change value between said
initial ratio value and said operating  read back ratio; sequentially
comparing said change value with a threshold value to identify a low-flying
slider; and generating a low flyheight warning responsive to the compared
change value being  greater than the threshold value. R UBK\03697 doc 


