
1 [Name of Document] Specification  [Title of the Invention] Magnetic Disk
Drive Having a Function for Using a  Thermal Protrusion Amount for Flying
Height Management and  an Inspection Device Having Such a Function
[Technical Field] The present invention relates to a magnetic disk  drive
that is capable of exercising flying height  management in consideration of
a thermal protrusion (head  flying surface protrusion toward a medium)
caused by a  write operation, an inspection device that is capable of
measuring the flying height in consideration of a thermal  protrusion
caused by a write operation, and a method for  measuring a thermal
protrusion caused by a write operation.  [Background Art] The magnetic disk
drive is a device that is capable of  recording a large amount of data and
essential to the  present-day, advanced information society. It is demanded
that the magnetic disk drive be capable of consistently  reading data and
writing data (performing read/write  operations). The magnetic disk drive
comprises a magnetic  recording medium (magnetic disk) on which data is
recorded, a magnetic head for reading/writing recordings, a voice  coil
motor for moving the magnetic head, and other circuits.  The magnetic head
comprises a write head for writing data  and a read head for reading data
recorded on the magnetic  



disk. The magnetic head performs a read/write operation 2 while flying over
the magnetic disk. A technology for  generally improving the reliability of
the magnetic disk  drive by exercising flying height management is
disclosed by Nonpatent Document 1. The SMART (Self Monitoring  Analysis and
Reporting Technology) function described in  Nonpatent Document 1 includes
a flying height management function that measures the output resolution.
This  function can be exercised to determine stationary flying  height
changes arising out of the changes in the atmospheric pressure and ambient
temperature. In reality,  the write head structure, slider flying surface
shape, and  suspension are designed so that the stationary flying height is
within a certain specification.  Meanwhile, the magnetic head needs to have
excellent read/write characteristics in order to provide a
high-performance magnetic disk drive. For magnetic head  evaluation and
selection, an inspection device (read/write  tester and spin stand) having
the same read/write function  as the magnetic disk drive and exhibiting
high positioning  accuracy is used. [Nonpatent Document 1] Hiroshi Okamura,
"Hard disk drive structure and  applications," CQ Publishing Co. Ltd., May
1, 2002, pp.  153-155 [Disclosure of the Invention] 



[Problems to be Solved by the Invention] 3 In the magnetic disk drive, to
control the flying  height of the magnetic head as measured from a medium
is  extremely important from the viewpoint of assuring adequate  read/write
performance and avoiding data loss due to  magnetic head-to-media contact
and other problems.  Recently, it is observed that the write head's
material  having a great thermal expansion coefficient expands due to
Joule heat resulting from a write current and a temperature  rise dependent
on high-frequency core loss, thereby causing  the head's flying surface to
protrude toward the magnetic  disk. This phenomenon is called TPR (thermal
protrusion).  If this phenomenon occurs, a problem arises because the
flying height is temporarily smaller than the design value  during a write
operation only. To increase the recording  density of the magnetic disk
drive, it is necessary to  minimize the flying height of the magnetic head.
It is  therefore essential that the flying height be accurately  determined
and managed in consideration of the influence of  TPR resulting from a
write operation. This write- operation-induced TPR is a phenomenon that
occurs during a  write operation and cannot be controlled by the SMART
function that manages stationary flying height changes.  [Means for Solving
the Problems] To solve the above problems, a magnetic disk drive  for
actual use or a magnetic disk drive that is in a  



testing process but similar to the one for actual use is  used to measure
TPR amount changes resulting from a write 4 operation, store the resulting
measured data in the memory  or on the magnetic disk, and exercise flying
height  management with the stored measured data. Further, flying  height
management is exercised as needed in conjunction  with the SMART function.
When the TPR amount is used for  flying height management, it is possible
to consider a  state where the flying height is smaller than the design
value during a write operation. As a result, highly  reliable, flying
height management can be exercised under  more stringent conditions. In
addition, a read/write  tester that is capable of measuring the TPR amount
described above is also proposed. [Effects of the Invention] When flying
height management is exercised in  consideration of thermal protrusion
(TPR) amount, a high- reliability magnetic disk drive can be provided by
avoiding  magnetic head--to--magnetic disk contact and crash. Further,
when the flying height measurement function disclosed by  the present
invention is exercised with a read/write tester  or inspection device, the
amount of thermal protrusion  arising out of a write operation can be
accurately measured.  [Best Mode for Carrying Out the Invention]
Embodiments of the present invention will now be  described with reference
to the accompanying drawings.  



[First Embodiment] Fig. 1 is a flowchart that illustrates a series of
operations performed by a magnetic disk drive according to the present
invention. The magnetic disk drive has a TPR  amount measurement function
and measures the TPR amount  with specific timing. The TPR amount
measurement function  first checks whether the conditions for TPR amount
measurement start are met (step S101). The measurement  starts upon
magnetic disk drive turn-on, upon magnetic head  loading over a magnetic
disk, or at specific time intervals.  When the conditions are met, the TPR
amount measurement  sequence starts (step S102). The minimum flying height,
which takes into account the amount of TPR arising out of a  write, is
obtained by subtracting the TPR amount (positive  value) acquired by the
TPR amount measurement function from  the flying height setting. A
threshold value is defined and used to check whether it is exceeded by the
minimum  flying height (step S103). If the minimum flying height  (which is
equal to the specified flying height minus the  TPR amount) is smaller than
the threshold value (the answer  to the question is "Yes"), an alarm is
issued because it is  concluded that a danger exists (step S104). If, on
the  other hand, the minimum flying height is greater than the  threshold
value (the answer to the question is "No"), the  TPR amount is measured
again at the next time step. When  the minimum flying height is smaller
than threshold value,  the magnetic disk can issue an alarm to the user
directly  



or via a host (step S105). Since the TPR amount is  proportional to the
write current, the write current can be  adjusted to decrease the TPR
amount. Further, the TPR amount increases with an increase in the amount of
write  current overshoot. Therefore, the amount of overshoot can  be
adjusted so as to decrease the TPR amount. Furthermore,  the head can be
unloaded in order to avoid a failure or  data loss, which may result from
magnetic-head-to-magnetic  disk contact. The action of the TPR amount
measurement function  will now be described. The TPR amount can be measured
within the magnetic disk as described below. Fig. 2 schematically
illustrates the positional  relationship between a magnetic disk and a
recorded track.  A thick curve in Fig. 3 is an example of a measured
output,  which changes with time. As indicated by a portion filled  in
black in Fig. 2, a reference track 2, which is written  with a write
current having a specific frequency of fl, is  first prepared
circumferentially at a radial position of a  certain area on a magnetic
disk I by a write operation (first write operation). For measurement
accuracy  enhancement, it is preferred that the frequency fl of the  write
current be high. However, if the frequency is too  high, the output is
likely be affected by noise. In the  present embodiment, a track 2 of the
magnetic disk 1 is  written into with the frequency fl set to 400 MHz. When
the write current having a single frequency of fl flows to  



a write head in this manner, a single pattern signal (a  signal in a state
where magnets having substantially the  same lengths would be aligned) is
recorded in the reference track 2 on the magnetic disk 1. To invoke TPR on
the  flying surface side of a magnetic head (not shown), a write  operation
(second write operation) is performed by an  excitation signal having a
specific write current frequency  f2 as indicated, for instance, by a
shaded area 4, which is  between position B and position A of an index
signal 3, and  then a read operation is performed to continuously capture
fl signal changes (replay output changes) occurring  immediately after
position A. A graph in the lower part of  Fig. 2 shows fl signal replay
output changes. The X-axis  of this graph indicates fl output measurement
points (the  points are spaced at 20 sec intervals), whereas the Y-axis
indicates the fl signal replay output (dBm). At position A  of the
reference track 2, the flying height is reduced by  TPR so that the fl
output is increased to approximately -33  dBm. When the time elapses with
the magnetic disk 1  rotating, the magnetic head device temperature lowers.
When the magnetic head reaches position B, TPR, which  arises out of
write-current-induced Joule heat and high- frequency core loss, reverts to
the previous state  (equilibrium in which the TPR amount is approximately
zero).  In the equilibrium, the fl output is approximately -38 dBm.  The
frequency f2 should be, for instance, the maximum  frequency (HF) that is
handled by the magnetic disk drive.  



In the present embodiment, the f2 signal is overwritten in  the reference
track 2 with the frequency f2 set to 500 MHz  (shaded area 4). The
excitation signal f2 may begin at an arbitrary position within a track
instead of an index signal position 3. If the read/write offset amount is
small, the write operation for the excitation signal f2  needs to be
performed only for a specific sector or for a  specific period of time so
as not to erase the entire fl  signal within the track. When the above
measurements are  made, it generally takes several hundred microseconds for
a  varying flying height, which corresponds to TPR arising out  of a write
operation, to arrive at equilibrium. It is  therefore necessary to adjust
the f2 write time or sector  so that the time required for the head to move
from  position A to position B is at least long than several  hundred
microseconds. In the present embodiment, the time  interval between
positions A and B is set to approximately  4 msec (approximately 210
measurement points). However,  the time required for arriving at
equilibrium varies, for  instance, with the composition of a magnetic head
shield  layer and magnetic pole. Therefore, an appropriate value  can be
set variously for all magnetic heads. The time  required for invoking TPR,
that is, the time required for  writing the excitation signal f2 in a track
area 4 from  position B to position A, may be rendered equal to the time
required for the fl output variation arising out of TPR to  arrive at
equilibrium because the head device material time  



constant for cooling is substantially equal to that for  heating. In the
present embodiment, the heating period (B- >A) for invoking TPR differs in
length from the cooling 9 period (A->B) for arriving at equilibrium.
However, the  present invention can be applied to a case where the  heating
period and cooling period are both equal to or  longer than the required
length of time. The reference track 2 may be either a single track  or a
set of two or more tracks. A reference track 2 in  which the fl signal is
to be written may also be provided  on both the inside and outside of the
reference track 2 in  which the f2 signal is to be written (corresponding
to the  track in the shaded area 4). When the configuration  described
above is employed, the fl signal can be  positioned on adjacent tracks
while the fl signal is being  read. Therefore, the noise generated from the
adjacent  tracks can be reduced to increase the TPR amount  measurement
accuracy. Further, since the use of the above  configuration also reduces
yaw-angle-dependent changes in  the output of a head slider, the accuracy
of the TPR amount  measurement function can be enhanced. When the reference
track 2 is provided for both surfaces of the magnetic disk  1 or for a
plurality of magnetic disks 1, the reference  track 2 is provided for the
same cylinders. The use of  this configuration makes it possible to
simultaneously  measure the flying height of all magnetic heads.  



Alternatively, the reference track 2 may also be provided  for a plurality
of cylinders. As described above, the output is great at position  A, which
is immediately after the end of a write operation, 10 because the flying
height is decreased by TPR. Therefore,  the write head temperature lowers
with time, decreasing the  amount of head protrusion. As a result,
equilibrium is  reached. The amount of change in the flying height can be
calculated from the difference between the maximum value of  the resulting
fl signal output and the output prevailing in  equilibrium. When the
maximum output value is V', the  prevalent flying height is d', the output
and flying height  in equilibrium are V and d, respectively, and the
wavelength of a signal written on the base is k, the  following equation is
obtained: TPR amount = (d - d') = -k/2nln(V/V') --- (Equation 1)  In the
present embodiment, the TPR amount  measurement function uses Equation 1 to
calculate the TPR  amount for each magnetic head with predetermined timing
and  uses the calculation results for flying height management. Fig. 4 is a
flowchart illustrating the use of the  flying height measurement method
described above. First of  all, the TPR is measured (step S401) to compare
the output  in equilibrium against the value prevalent in the initial
state (which is prevalent at the time of shipment). If any  change
(baseline shift X shown in Fig. 3, which is  



described later) is encountered (step S402), the MR  resistance monitoring
function, which is a part of the  SMART function, is exercised to check for
a change in the  read head's resistance (step S403). If the resistance is
changed, it is conceivable that the read head is about to I I become
damaged. Therefore, the SMART function issues an  alarm (step S406), and
the host performs error handling  (step S407). If no resistance change
occurs, the flying  height change measurement process is continuously
performed  (steps S404 and S405). Head flying height changes will now  be
described with reference to Fig. 3 while considering the  changes with
time. The horizontal axis of a graph shown in  Fig. 3 represents the time
interval between positions A and  B or the location, whereas the vertical
axis indicates the  output of the reference track 2, in which a recording
is  made with fl. The values T1 and T2 denote the maximum  output values
prevalent at the time of shipment and at the  time of measurement,
respectively. The values B1 and B2  denote the output equilibrium values
prevalent at the time  of shipment and at the time of measurement,
respectively.  In a measurement process according to the present
embodiment, a baseline shift amount X (change with time)  arises unlike at
the time of product shipment. Al denotes  an output change that is
dependent on TPR prevalent at the  time of shipment. A2 denotes an output
change that is  dependent on TPR prevalent at the time of measurement. A3  



(=A2+ baseline shift amount X) denotes an output change that  corresponds
to the maximum fly change occurring when TPR is  taken into account. The A3
value is used (Equation 1) to  calculate the TPR amount (Ahg). Checkout is
then conducted  to determine whether the minimum flying height (hg + Ahg),
which takes the amount of a write-induced TPR into account, 12 is within
the threshold value range (step S405). If a  threshold value is exceeded,
an alarm signal is issued  (step 5406). When the measured/calculated TPR
amount (Ahg) is  used in conjunction with a flying height measurement
provided by the SMART function, flying height management  can be exercised
with increased reliability. The obtained  TPR amount is recorded in the
memory or on the magnetic  disk and used for flying height management. The
TPR amount  varies with the magnetic head. The TPR amount varies from  one
magnetic head to another, which are incorporated within  the magnetic disk
drive. When, for instance, a magnetic  head having a great TPR amount is
set to permit a fly  greater than the minimum permissible flying height of
a  magnetic head having a small TPR amount, the possibility of  magnetic
head-to-magnetic disk contact can be reduced to  provide increased
reliability. When the TPR amounts  appropriate for individual magnetic
heads are used as  described above to exercise fly management while
exercising  the SMART function as needed, it is possible to provide a  



high-reliability magnetic disk drive in which the loss of  data and crash
are not likely to occur due to magnetic  head-to-magnetic disk contact.
Fig. 8 is a block diagram that briefly illustrates  the functionality of a
magnetic disk drive. The magnetic  disk dive comprises a head disk assembly
(HDA) 21 and a  circuit board 22. The HDA 21 comprises a magnetic head 23,
13 a read/write IC (RWIC) 24 connected to the magnetic head, a  magnetic
disk 1, a spindle motor 26 for rotating the  magnetic disk, and a voice
coil motor (VCM) 25 for  positioning the magnetic head. The spindle motor
26 is  controlled by a MOS FET 29 and a predriver 28. The voice  coil motor
is also controlled by the predriver 28 in a  similar manner. Meanwhile, the
RWIC 24 exchanges data with  a read/write channel 27. A magnetic disk drive
control  program or a control program for the SMART function or  other
function is stored in a flash ROM 33 or on the  magnetic disk 1. A program
that needs to be run at a high  speed is temporarily stored in a SRAM 32 on
a digital  signal processor (DSP) 31 and used upon startup. The  magnetic
disk drive exchanges user data with a host  computer 36 via a SCSI, FCAL,
ATA, or other interface  controller 30. A DRAM 34 is used as a buffer for
such user  data exchange. The DSP 31 provides integrated control over  a
positioning system, read/write system, and interface  system. 



The TPR amount measurement program having the TPR  amount measurement
function according to the present  invention, the output change Al
encountered at the time of  shipment, the TPR amount, and other information
can be  stored in the flash ROM 33 or on the magnetic disk 1.  Further, the
TPR amount data such as A2, A3, and X, which  are measured within the hard
disk drive, and the TPR amount 14 (Ahg) can be temporarily stored in the
SRAM 32 on the DSP 31 and used.  [Second Embodiment] A method for measuring
the TPR amount during a  testing process for a magnetic disk drive
according to the  present invention and a method for manufacturing the
magnetic disk drive having a process for measuring the TPR  amount will now
be described with reference to a flowchart  in Fig. 5. In a magnetic disk
drive assembly process, the  TPR is first measured within a magnetic disk,
which is  placed in a state for actual use (step 5501). In this  instance,
the TPR amount measurement function may be  provided for either the
magnetic disk drive or the  inspection device for use in a manufacturing
process. The  TPR amount measurement function can be implemented by the
same functionality as described in conjunction with the  first embodiment.
The TPR amount data obtained by the TPR  amount measurement function is
stored in the memory or on  the magnetic disk and used for flying height
management.  



Further, a write current and the overshoot amount for the  write current
can be set in accordance with the obtained  TPR amount (step S502). The
method for measuring the TPR amount within the  magnetic disk can also be
implemented by the same TPR  amount measurement function as described in
conjunction  with the first embodiment (step S503). The TPR amount data
about an outgoing magnetic disk drive can be 15 measured/calculated and
stored in the flash ROM 33 or on  the magnetic disk 1. When the TPR amount
determined prior to magnetic  disk drive shipment is used in conjunction
with the flying  height measurement made by the SMART function, flying
height management can be exercised with increased  reliability within the
magnetic disk drive. The determined  TPR amount is recorded in the memory
or on the magnetic  disk and used for flying height management. The TPR
amount  varies with the magnetic head. It means that the TPR  amount varies
from one magnetic head to another, which are  incorporated in the magnetic
disk drive. When, for  instance, a magnetic head having a great TPR amount
is set  to permit a fly greater than the minimum permissible flying  height
of a magnetic head having a small TPR amount, the  possibility of magnetic
head-to-magnetic disk contact can  be reduced to provide increased
reliability. When the TPR  amounts appropriate for individual magnetic
heads are used  



as described above to exercise fly management while  exercising the SMART
function as needed, it is possible to  provide a high-reliability magnetic
disk drive in which the  loss of data and crash are not likely to occur due
to  magnetic head-to-magnetic disk contact. [Third Embodiment] Fig. 6 is a
schematic diagram illustrating an  inspection device according to the
present invention. 16 A magnetic disk 1 is fastened to a spindle 14 on a
stage 13 to rotate. A magnetic head is mounted on an end  of a slider 11,
which is mounted on a suspension, and loaded over the magnetic disk 1. The
output of a read head  enters a spectrum analyzer 17 via a read/write
analyzer 15,  which comprises an amplifier and various circuits. A spectrum
analyzer board, which functions the same as the  spectrum analyzer, may be
used alternatively. In addition,  positional information enters the
spectrum analyzer 17 in  the same manner as described above. The
measurement method  will be described later. The spectrum analyzer is
zero/span set so as to filter out only the frequency of a  reference track
2 that is written on the magnetic disk 1.  Further, the trigger signal
needs to be adjusted so that  the output of the reference track 2 can be
read immediately  after the end position A of a track that is written by an
excitation signal. When setup is completed as described  above, changes in
the output of the reference track 2 can  



be captured with the spectrum analyzer immediately after a  write-induced
TPR is invoked by the excitation signal. The  method for measuring the TPR
amount can be implemented by  the same function as the TPR amount
measurement function,  which is described in conjunction with the first
embodiment,  and a measurement algorithm that will be described with
reference to Fig. 7. A control PC 18 has a TPR amount  measurement function
program according to the present  invention. 17 Fig. 7 is a measurement
flowchart. First of all,  the radial position for loading a head over the
magnetic  disk, the rotating speed of the magnetic disk 1, frequency  fl,
frequency f2, write current Iw, sense current Is, write  current overshoot
(OS), overshoot duration time (DS),  spectrum analyzer resolution bandwidth
(RVB), and video  bandwidth (VBW) are set (step S701). After completion of
setup, the measurement area is subjected to DC erasure  (steps S702 and
S704) to completely erase the signal from  the magnetic disk. If the
magnetic head's read/write  offset is unknown, the track profile is
measured to  determine the offset amount (step S703). The magnetic head  is
moved to a specified track (reference track 2) (step  S705) to write an fl
signal in the entire track (step S706).  After an adjustment is made to
position the read head just  above the fl signal (on-track state) while
considering the  offset amount (step S707), an f2 signal is written over a



specific length (step S708). The spectrum analyzer or the  filter function
of the spectrum analyzer is used immediately after the f2 signal write to
capture fl signal  changes with time (step S709). The TPR amount is then
calculated using the difference between the obtained output  maximum value
and asymptotic value (step S710) and the  equation mentioned above (step
S711). For measurement  accuracy enhancement, a plurality of measurements
may be  taken (step S714). If, for instance, this function is used  for
magnetic head selection purposes, it is possible to 18 make a pass/fail
judgment after calculating the TPR amount  (step S712) and output the
judgment result to a display  screen or a file (step S713). As described
above, the amount of write-induced TPR  can be accurately measured with an
inspection device having  a TPR amount measurement function according to
the present  embodiment. [Industrial Applicability] The TPR amount
measurement function of the present  invention provides flying height
management and  manufacturing control in accordance with TPR amount data
about individual magnetic heads. It can be applied to a  magnetic disk
drive, a method for manufacturing a magnetic  disk drive, and an inspection
device for use in magnetic  disk drive manufacture. [Brief Description of
the Drawings]  



[Fig. 1] Fig. 1 is a flowchart illustrating a series of  processing steps
that are performed by a first embodiment  of the present invention. [Fig.
2] Fig. 2 illustrates an example of a method for  measuring the amount of
write-induced thermal protrusion  (TPR) in the first, second, and third
embodiments of the  present invention. [Fig. 3] 19 Fig. 3 illustrates an
example of a reference signal,  which changes with time immediately after
an excitation  signal is written. [Fig. 4] Fig. 4 is a flowchart
illustrating a series of  processing steps that are performed when a TPR
measurement  function is provided in a magnetic disk drive in accordance
with the first embodiment of the present invention. [Fig. 5] Fig. 5 shows
flowcharts illustrating processing  steps that are performed when a
magnetic disk drive for  actual use is inspected with a TPR measurement
function in  accordance with the second embodiment of the present
invention. [Fig. 6] Fig. 6 is a schematic diagram that illustrates an  



inspection device in accordance with the third embodiment  of the present
invention. [Fig. 7] Fig. 7 is a flowchart illustrating TPR measurement
processing steps that are performed in accordance with the  third
embodiment of the present invention. [Fig. 8] Fig. 8 is a block diagram
that briefly illustrates  the functionality of a magnetic disk drive.
[Description of the Symbols]  1: Magnetic disk 20 2: Reference track 3:
Index signal position 4: Track written by an excitation signal  11: Slider
12: Suspension  13: Stage 14: Spindle 15: Read/write analyzer  16: Spin
stand controller  17: Spectrum analyzer 18: Control PC A: Excitation signal
write end position B: Excitation signal write start position or output
equilibrium position Al: Amount of output change at the time of shipment  



A2: Amount of output change at the time of measurement A3: Amount of output
change corresponding to the amount of  maximum flying height change X:
Baseline shift amount  21: HDA (head disk assembly) 22: PCB (circuit board)
mounted portion  23: Magnetic head 24: Read/write IC  25: Voice coil motor
26: Spindle motor 27: Read/write channel 28: Voice coil motor and spindle
predriver 21 29: MOS FET (field-effect transistor) 30:SCSI, FCAL, ATA, or
other interface controller 31:Digital signal processor(DSP) 32:SRAM 33:
Flash ROM  34: DRAM 35: Crystal oscillator  36: Host computer 22 [Name of
Document] Claims  [Claim 1] A magnetic disk drive, comprising; a memory or
magnetic disk that stores TPR amount  information about each magnetic head
used within said  



magnetic disk drive; and a function for exercising magnetic head flying
height management with the TPR amount information.  [Claim 21 A magnetic
disk drive, comprising: a TPR amount measurement function for measuring
magnetic head flying height changes caused by TPR within  said magnetic
disk drive; and a function for exercising magnetic head flying  height
management with the TPR amount information about  each magnetic head, which
is measured by the TPR amount  measurement function. [Claim 3] The magnetic
disk drive according to claim 1,  wherein the TPR amount information stored
in said memory or  magnetic disk is measured during a test process for
actual  use for said magnetic disk drive. [Claim 4] A magnetic disk drive,
comprising: at least one magnetic disk on which a recording is  made with a
first single frequency signal in a specific  track or cylinder on the
magnetic disk; and 23 a TPR amount measurement function for measuring the
amount of TPR by replaying the first single frequency  signal immediately
after performing a write with a second  single frequency signal in a part
of the specific track or  



cylinder on the magnetic disk. [Claim 5] The magnetic disk drive according
to claim 4,  wherein the first single frequency signal is used to make a
recording in a plurality of specific tracks or cylinders.  [Claim 6] The
magnetic disk drive according to claim 4,  wherein a specific track or
cylinder in which a recording  is made with the first single frequency
signal exists  inside or outside a track or cylinder having an area in
which a recording is made with the second single frequency  signal. [Claim
7] The magnetic disk drive according to claim 4,  wherein the time selected
for replaying the first single  frequency signal is longer than the time
required for the  replay output to be in equilibrium. [Claim 8] The
magnetic disk drive according to claim 4,  wherein the time selected for a
write with the second  single frequency signal is equal to or longer than
the time  required for the replay output of the first single  frequency
signal to be in equilibrium. 24 [Claim 9] The magnetic disk drive according
to claim 1 or 2,  comprising: 



a first flying height management function which  uses said TPR amount
information; and a second flying height management function, which
provides stationary flying height management; wherein said first flying
height management  function and said second flying height management
function  are used to exercise magnetic head flying height management.
[Claim 10] The magnetic disk drive according to claim 2 or 4,  wherein said
TPR amount measurement function measures  changes in the flying height upon
magnetic disk drive turn- on, upon head loading, or at specific time
intervals.  [Claim 11] The magnetic disk drive according to claim 1, 2, or
4, comprising a management mode that issues an alarm to a  host computer or
user, adjusts the write current, adjusts  the write current overshoot
amount, or unloads the head if  the "specified flying height minus TPR
amount" exceeds a  predetermined threshold value. [Claim 12] The magnetic
disk drive according to claim 3,  comprising a management mode that adjusts
the write current  in accordance with the TPR amount or adjusts the write
current overshoot amount. 25 [Claim 13] An inspection device, comprising: 



a first write function for writing a first single  frequency signal in a
specific area on a magnetic disk; a second write function for writing a
second single  frequency signal in a part of a specific area where the
first single frequency signal is written; a read function for reading the
previously written  first single frequency signal immediately after a write
operation is performed by the second write function; and a function for
calculating a change in the flying  height, that is, the TPR amount, from
resulting output  changes. [Claim 14] The inspection device according to
claim 13,  comprising a built-in spectrum analyzer board for measuring
flying height changes or a function for measuring an output  by filtering
out a specific frequency component with a spectrum analyzer. 26 Fig. I
S101: Are the TPR amount measurement start conditions met?  S102: Measure
the TPR amount S103: Is the threshold value exceeded by the specified
flying height minus TPR amount? S104: Issue an alarm S105: Perform error
handling Fig. 2  Whole track 



fl output (dBm)  TPR-induced output change Erased due to an overwrite with
f2 signal Fig. 3  Measured data  fl output Data prevalent at the time of
shipment Fig. 4 S401: Measure the TPR amount S402: Baseline shift X
encountered? S403: Read resistance change encountered? S404: Calculate the
flying height change Ahg from A3 (=A2 X) S405: Are the requirements for (hg
+ Ahg] met? 27 S406: Issue an alarm S407: Perform error handling Fig. 5
Testing process S501: Measure the TPR amount S502: Set the write current
and overshoot in accordance  with the TPR amount Within the magnetic disk
drive S503: Set the minimum permissible flying height in  accordance with
the TPR amount Fig. 6 S701: - Set the radial position r and rotating speed



- Set the skew angle - Set frequencies f1 and f2  - Set Iw and Is - Set the
amplifier OS and DS - Set the spectrum analyzer RBW and VBW  $702: Conduct
DC erasure S703: - Measure the full track profile  - Calculate the
read/write offset value  S704: Conduct DC erasure 5705: Move to the "offset
= -offset" position S706: Write an fl frequency signal in the entire track
28 5707: Move to the "offset = 0" position (the read head then  comes to a
location just above the f1 signal that was  written in the previous step)
5708: Write an f2 frequency signal between the index and  sector A 5714:
Take a plurality of measurements 5709: Determine fl signal changes that
began immediately  after a write and continued along the entire track 5710:
Calculate the difference A between the signal's  maximum value and
asymptotic value 5711: Calculate the flying height change amount from the
flying height loss equation S712: Make a pass/fail judgment about an
inspected head  5713: Output the judgment result to a display screen or a
file 




