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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

Rt Ft°head conprises a wite



di sk. The magnetic head perforns a read/ wite operation 2 while flying over
the magnetic disk. A technology for generally inproving the reliability of
the magnetic disk drive by exercising flying height managenent is disclosed
by Nonpatent Document 1. The SMART (Self Mnitoring Analysis and Reporting
Technol ogy) function described in hbnpa&ent Docunment 1 includes a flying
hei ght managenent function that nmeasures“the output resolution. This
function can be exercised to determne stationary flying height changes
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tenperature. In reality, "the wite head structure, slider flying surface

shape, and  suspensi op ans-sesignad sethali 1he, SAtipnaRYoddyi adqhekght is
within a certain specification.” Meanwhile, the nagnetic head needs to have
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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]



[ Problens to be Solved by the Invention] 3 In the magnetic disk drive, to
control the flying height of the nmagnetic head as neasured froma nediumis
extrenely inportant fromthe viewpoint of assuring adequate read/wite
performance and avoiding data | oss due to magnetic head-to-nedi a contact
and other problens. Recently, it is obs?rved that the wite head's materi al
havi ng a great thermal expansion coefficirent expands due to Joul e heat
resulting froma wite current and a tenperature rise dependent on
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protrude toward the magnetic disk. This phenonenon is called TP her mal
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Probl ens] To sol ve the ove pro nagne Ic disk drive actual use
or a nagnetﬁgvgﬁékadéfggtt@ﬁérﬁ§l'stan51on 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



testing process but simlar to the one for actual use is wused to neasure
changes resulting froma wite 4 operation, store the resulting
nmeasured data in the nmenory or on the magnetic di sk, and exercise flying
hei ght managenment with the stored neasured data. Further, flying height
is exercised as needed in conjunction wth the SMART function.
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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. 1In 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

y neasured.
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[First Enbodinent] Fig. 1 is a flowhart that illustrates a series of
operations perforned by a magnetic disk drive according to 5 the present

i nvention. The magnetic disk drive has a TPR anount neasurenent function
and neasures the TPR anmount w th specific timng. The TPR anpunt
measurenent function first checks whether the conditions for TPR anopunt
measurenment start are net (step S101). TRe neasurenent starts upon magnetic
di sk drive turn-on, upon nagnetic head | oading over a magnetic di sk, or at
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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). 1If, 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



t he magnetic disk can issue an alarmto the user directly or via a host
(step S105). Since the TPR anobunt is proportional to the wite current, the
wite current can be adjusted to decrease the TPR anmount. Further, the TPR
6 anount increases with an increase in the amount of wite current
overshoot. Therefore, the anobunt of overshoot can be adjusted so as to
decrease the TPR amount. Furthernore, the head can be unloaded in order to
avoid a failure or data |oss, which may result from

nmagnet i c- heagsdmr MBgnedd fos disth cant acdreddie aetind ffodhe JPR/AMRAINt
neasurenent function wll now be described. The TPR anmount can be neasured
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(first wite operation). For asurenment accuracy enhancenent,
preferred t t uency fl of the wite current be high. I—|owever, if
t he frequen%;algl s&t?nga(ceﬂl gh, the output is likely be affected by noise. In

the present’ enbodifpnt, @ &4 agk 2Ofrdde, MRgnethéa diskndni Stunction

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 f1, is
first prepared circumferentially at a radial position of a
certain area on a magnetic disk 1 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. 1In 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



witten into wwth the frequency fl set to 400 MHz. Wen the wite current
havi ng a single frequency of fl flows to a wite head in this manner, a
single pattern signal (a signal in a state where magnets havi ng
substantially the sane |lengths would be aligned) is recorded in the
reference 7 track 2 on the magnetic disk 1. To invoke TPR on the flying
surface side of a magnetic head (not shown), a wite operation (second
wite operation) is perforned by an excitation signal having a specific
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the TPR amytiit i%s ‘appt SRR el Aot gjSr tormed ously 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 f1 output measurement points (the
points are spaced at 20 usec 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 f1 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



In the equilibrium the fl output is approximtely -38 dBm The frequency
f2 should be, for instance, the nmaxi mum frequency (HF) that is handl ed by
the magnetic disk drive. In the present enbodinment, the f2 signal is
overwitten in the reference track 2 with the frequency f2 set to 500 MHz
(shaded area 4). The excitation signal f2 may begin at an 8 arbitrary
position within a track instead of an index signal position 3. If the
read/ wite offset amount is small, the wite operation for the excitation
signal f2 aesdsrhoybpopecionnrdthnhyaf eraakspastéha s€char iagekor a
specific period of tine so as not to erase the entire fl signal within the
track. WensifradbpyeioeasusenentstheercABdRritt genseal bmotiakesssever al
hundred m croseconds for a varying flying height, which corresponds to TPR

arising outsmeilp whet@roper apee@AtibA @bki YBeabxBOUALEBAHI UAYnkl i _
therefore necessary to adjust the f2 wite time or sector so that the tine

requi red fonethe Beaget pefB¥embHOBh1POSbEI ANsPHet@fPOSEELOBrBoks falr keast
| ong than several hundred m croseconds. In the present enbodinment, the tine

interval be&?@@ﬂf@@SbEEQB§ brapdmB k& §8t nb@ aBPEe¥sEBERLYendifBeG1
(approxi mately 210 neasurenent points). However, the tine required for

arriving atsegehhi RitHImvaheesrabRl WRShaRge. aPblB hBes6eBERESLLI gReOf a
magneti ¢ head shield |ayer and magnetic pole. Therefore, an appropriate
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invoking TPR, that is, the tine required for
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



witing the excitation signal f2 in a track area 4 from position Bto
position A, may be rendered equal to the tine required for the fl output
variation arising out of TPRto arrive at equilibrium because the head
device material time constant for cooling is substantially equal to that
for heating. In the present enbodinent,9the heating period (B- >A) for
invoking TPR differs in length fromthe cooling 9 period (A->B) for
arriving at equilibrium However, the present invention can be applied to a

case wher e gdig odhe@l-i¥g) pesi oo aind el ¢ neypEridh @i e hadde eepial ti® or
| onger than the required length of tinme. The reference track 2 may be either
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which the fl signal is to be witten nay al so be provided on both the

inside and l’fé‘gtsiirﬂgeéﬁritchﬁ dref e UCE ¢ NPki G Idre WBEGD deaf 2 sigpal is to be
witten (corresponding to the track in the shaded area 4). Wen the
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on adj acent tracks while the signal 1s being read. Therefore, the noise
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anount neasurenent accuracy. Further, since the use of the above
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enhanced. \Mﬁ’bﬁ Ned ef £rENGe 1 tacks 3od Sy avdfieth § of Dotde sprdfcgsq of the

magnetic dis

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,



1 or for a plurality of magnetic disks 1, the reference track 2 is provided
for the sanme cylinders. The use of this configuration nmakes it possible to
simul taneously neasure 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 oyfput is great at position A, which
is imediately after the end of a wite oOperation, 10 because the flying
hei ght is decreased by TPR Therefore, the wite head tenperature |owers

with tine, deeheasivhe the i miditgf Neat WtdUsign. 76, a Tastltore,
equilibriumis reached. The anmount of change in the flying height can be

cal cul at ed threomrtihe didderengs Retuween dhe It @ Ueidfreddiend espd ti ng
fl signal output and the output prevailing in equilibrium Wen 1the maxi mum

out put val ygduntVor tHied Rivahettof ] Yimg heigniid s é%uiltirlﬁri% pig and
flying height in equilibriumare V and d, respectively, and the wavel ength

of a si gnalyWdiden amhd hghase d dhaddie id AHOW NG RAURL A1 | St ned:
TPR amount = (d - d') = -X/2nIn(V/V') --- (Equation 1) In the present
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cal culate the TPR anount for each magnetic predetermned timng

T by SRR, SUSHAON S (ALl i O TG g 2
descri bed %Q&Mﬂiﬂ?f&ﬂ.(ﬁWhen 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 A, the
following equation is obtained:
TPR amount = (d - d') = -A/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). TIf 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



all, the TPR is neasured (step 5401) to conpare the output in equilibrium
agai nst the value prevalent in the initial state (which is prevalent at the
time of shipnent). If any change (baseline shift X shown in Fig. 3, which
i's described later) is encountered (step 5402), the MR resistance

moni toring function, which is a part of {fhe 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 11
becone damagetmelhmefgrd, the SMARE f uwted iSMARTS Sliesctaion al ssued sérep S406)
and the host perforns error handling (step S407). If no resistance change

occurs, thelfdnr ngtdreipiie)change teaHsgdr 0L SsSri¢r aardInuays! y
performed (steps S404 and S405). Head flying height changes will now be

descri bed wsthep efrmnce 10 fd esd sthide® congigterddhddie tihafigesngv th tinme.
The horizontal axis of a graph shown in Fig. 3 represents the tinme interval

bet ween pogidiiits dhatyk nduidieedOgud@ss Wereas thiewer igal f ewhesd
indicates the output of the reference track 2, in which a recording is

made W th fistele swjaemdisars) T2 wenote gy M Jim crdiqel wial Uesow
preval ent at the tinme of shipnent and at the time of neasurenent,

respectivelpe g MadiesyiBin ande Bendendd eritde Puipile epBHd 14 UG valdlies

prevalent at the time of shipment and at the tinme of neasurenent,
respectiveldhanddy ayiBASURNENITHY QE8SS, GRGAN H-Ngs 1o @)E‘gﬂ%fp%seéﬁown in

enbodi nent, a baseline shift amobunt X (change with tine
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 f£1. The values Tl and T2 denote the maximum
output values prevalent at the time of shipment and at the
time of measurement, respectively. The wvalues Bl 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,



arises unlike at the tine of product shipnent. A denotes an output change
that is dependent on TPR prevalent at the tinme of shipnment. A2 denotes an
out put change that is dependent on TPR prevalent at the tinme of
measurenment. A3 (=A2+ baseline shift anobunt X)denotes an output change that
corresponds to the maxi num fly change oq?urring when TPR is taken into
account. The A3 value is used (Equation I) to calculate the TPR anount
(Ahg). Checkout is then conducted to determ ne whether the m ninum flying
hei ght (hg its Aliddhin WHe htHdksiso tdevammintar@fe a(svdg es4gulucedr RR i nto
account, 12 is within the threshold value range (step S405). If a

threshol d vl mssHsl Exegrded.s adkddedda Signalldsn i Sispedl {Steps §4P6) . Wien

t he neasured/ cal cul ated TPR anmount (Ahg) is wused in conjunction with a
flying hei gidtdpeasau@nent provided by the SMART function, flying height
managenent can be exercised with increased reliability. The obtained TPR

anount i s recorded yHed hendTBREY S d Qb T e SBanetpe afhh ke apghdiseds f or
flying hei ght managenent. The TPR anmobunt varies with the nmagneti c head. The

TPR amount yald es, fa&gquwiwmﬂ G heag 49 rahfierme MU £t € 1 ncor por at ed
within the magnetic disk drive. Wen, for 1nstance, a magnetic head having

a great TPR anpy i1, s@le tuef ind fdy, ﬁgﬁﬂﬁfrhéﬁﬁ& tnh‘e?naiﬁré}héwin
perm ssible flying height of a magnetic head having a small TPR anount, the
possi bi Ity pdmagnetd Gsdieadip-1RINetd &K disk HONACG) . Cafhdeseduced to
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,



provide increased reliability. Wien the TPR anounts appropriate for

i ndi vidual magnetic heads are used as described above to exercise fly
managenent 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 tq»nagnetic head-t o- magneti c di sk
contact. Fig. 8 is a block diagramthat griefly illustrates the
functionality of a nmagnetic disk drive. The magnetic disk dive conprises a

head di sk asseHd MdHRA)IRL (L 2 2 £1 d St d cRORIb 22he TRy DA 2Ih&paprises a
magnetic head 23, 13 a read/wite IC (RWC) 24 connected to the magnetic

head, a magneidicdigisid,1,2 SpgidEldo2® § ofoF Gt d #ithd hene Magneti ¢
di sk, and a voice coil notor (VCM 25 for positioning the magnetic head.

The spi ndl engpfed’i 2@ s, O rOISkdYcd MR FRT dandhf predriver 28. The
voice coil notor is also controlled by the predriver 28 in a simlar

manner . Neanid ©on 1e RN Gigh ehanges. datipe Vit fha e HEACI WS § & ghannel 27,
A magnetic disk drive control™ programor a control programfor the SMART

function orcofthern ddingf ipnbs sipred Ar&haaf%i@%{kﬁg\é 335 01 A the; cgragnetic

disk 1. A programthat needs to be run at a speed 1s tenporarily

stored in & SRAMA% 0N & M4 9 taln S onad W%@é%ﬁ?eéw«gr%aﬁgsé{’sed upon

startup. The nagnetic disk drive exchanges user data wth a conput er

36 via a S(?:llmil%qp‘lmarﬁ?é%. OrMé)g(rnﬂ{ii.é],t EEH@CE%UIC 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

SRS e e S



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/ wite system and interface system The TPR anpbunt measurenent program
having the TPR anmpount neasurenment function according to the present

i nvention, the output change Al encountqred at the time of shipnent, the
TPR amount, and other information can be stored in the flash ROM 33 or on
the magnetic disk 1. Further, the TPR anount data such as A2, A3, and X,

which are (meaguicecth W Rdhgde diand sicdedriinv &shaaRkAMS TR atpunisd4  (Ahg)
can be tenporarily stored in the SRAM 32 on the DSP 31 and used. [ Second
Enbodi nent B1Aamket k@ d.or neasuring the TPR anount during a testing process
for a magnetic disk drive according to the present invention and a nethod
for manuf aqtseidon@ tHi®odm@at])i ¢ di sk drive having a process for neasuring
the TPR anmobunt will now be described with reference to a flowhart in Fig.

5. I'n a magnetic dipskediHoe RS MRFTS THE andtRt Sddiyf Jreasured
within a magnetic disk, which is placed in a state for actual” use (step

S501) . In thist i inHhrdiedss 1y TPRARINT: BasUIERAY Jdnsld Gy Y df

provided for either the magnetic disk drive or the inspection device for
use in a fRELUNIMG A RGLSHhd Hene tHR aBMa BB SMENY dienction can be

i npl enented by 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 S501). 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



sane functionality as described in conjunction with the first enbodi nent.
The TPR anpunt data obtained by the TPR anount neasurenent function is
stored in the nenory or on the magnetic disk and used for flying height
management. Further, a wite current and the overshoot anpunt for the

wite current can be set in accordance th the obtained TPR anmount (step
S502). The nethod for neasuring the TPR nnunt within the nmagnetic disk can
al so be inplenented by the same TPR anount neasurenent function as

descri bed ik £ONdNLLA DRI LD L0 éwlsgdemoaamaéﬁtm%ﬁ)%r dhe TPR
anount data about an outgoing nmagnetic disk drive can

measur ed/ calyul gk @nd gfored in the flash ROM 33 or on the magneti c di sk
1. When the TPR anpunt determ ned prior to nagnetlc dISk drive shipnent is

used in conjunctiongyid htﬁ@erﬁﬁyéﬂ&un@ea%&@ tﬁ@dtﬁ'a Net e SMART
function, flying helight nmanagenent can exerC| inc eased
rellamllty elﬁ%ﬁ%ﬂ c; di r i's
recor ded |ﬁj?%%h%§ﬁ%$y or- on %hegﬁgéﬁgsz JHy@é§%§%2%P€€ $ elght
managenent ., t d. ans that the
TPR anDunt va .eéﬁ%égﬁﬁgﬁﬁpﬁgéﬂg§.%9h@ﬁ% 0 angﬁa gtf@ﬁ Ei% H&

| noar por at af I L e mangLie dlekodriveien. ! aweﬁe&& . a magnetic

head havi ng a anount i s Se 0 perm y greater than the
nlnlnunlperpgf égqfﬁély%f@hln 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.



hei ght of a magnetic head having a small TPR anount, the possibility of
magneti ¢ head-to-magnetic di sk contact can be reduced to provide increased
reliability. Wien the TPR anounts appropriate for individual nagnetic heads
are used as described above to exercise fly nmanagenent while exercising
the SMART function as needed, it is possible to provide a high-reliability
magnetic disk drive in which the |oss of data and crash are not likely to
occur due to nmgnetic head-to-magnetic disk contact. [Third Enbodi nent]

Fig. 6 is a schemata onlmaramdidpst rad i AdsBdhed Nspestiomaeyi ce agcgrding
to the present invention. 16 A magnetic disk 1 is fastened to a spindle 14

on a stage skhdd 1P1AS eroth tBINE i fadieaeh ¢ ShaRynt O edd end affeRqgs! i der
11, which is nobunted on a suspension, and |oaded over the nagnetic disk 1.

The output of 2 Jepdbihepd, @HEK Sid RPEELEYNBRANR| ¥Z&Feddidha Anfead/ wite
anal yzer 15, which conprises an anplifier and various circuits. A spectrum

anal yzer boaighe Mb &k fUCthONSLNe AR BS (hge é@@§&fu@fa£ai¥§@rhe§§y be
used alternatively. In addition, positional information enters the spectrum

anal yzer 1%dderd he $54@: FRANSLa B LESET i Ped abpyey /Jher Jeassi $aept | et hod
wi |l be described |ater. The spectrum analyzer is zero/span set so as to

filter out oM oh thSnbF SRIENGY Hhppi rif SARACEaLIACK 2i1b@Ics vKitten on the
magnetic disk 1. Further, the trigger signal needs to be adjusted so that

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.



the output of the reference track 2 can be read i Mmediately after the end
position A of a track that is witten by an excitation signal. Wen setup
is conpleted as described above, changes in the output of the reference
track 2 can be captured with the spectrum analyzer i mediately after a
wite-induced TPR is invoked by the excitation signal. The nethod for
nmeasuring the TPR anpbunt can be inplene& ed by the sane function as the TPR
anount neasurenent function, which is described in conjunction with the

first enmbodiment, aRd & NRASULRIERNM MY idiRMdDate W ¢ he dascyibed with
reference to Fig. 7. 'A control PC 18 has a TPR anount measurenent function

program aceedifagitq s R« eHor IIBVRIMHPE nehd ::cjxﬂer AHS rfhJIRASW enent

flowmchart. First of all, the radial position for |oading a head over the
magnetic gk, e nQidld iy SHRed s e MORRILC disk b, fff&d{lf‘é}w fl,
frequency fﬁ} wite curreﬁi w, sense current Isf'wwf%e curren ové%shoot

(0S), overshoot i i ; o 3hest a red 59 uti on ndwi dt h
(RVB), and%\}i'defor%q%%f(ﬁmpdﬁtzhﬁ?q\}(Bl\%% are setg l(trsg'epg%srgsﬁ)éd Af t eﬂrJ J!csg'rrp"fnlzltn%”n of

setup, the JIEaeieRly HRf | oPUbl&rded dft o Llasl & idStaps 5702 and

S704) to conpletely erase the signal from the magnetic disk. 1T the

magnet [ o heal s AsRdrlyS: Al el SN diBck MOTHIG] s measured

to determne the offset anobunt (step S magneti c I's noved to

a speci fied, t{ank e(f\/eisrvﬁncaeré ragk gs)te(pStseﬂ)l) . 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 f1 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 plﬁrality of measurements may be
taken (step S714). 1If, for instance, this function is used

for magnetic head selection purposes, it is possible to



S705) to wite an fl signal in the entire track (step S706). After an
adjustnent is nade to position the read head just above the fl signal
(on-track state) while considering the offset amount (step S707), an f2
signal is witten over a specific length (step S708). The spectrum anal yzer
or the filter function of the spectrunH%nalyzer is used inmmedi ately after
the f2 signal wite to capture fl signal”™ changes with tinme (step S709). The
TPR anmount is then calculated using the difference between the obtained

out put MRy Hues Andh RSWBRERIAC Valdle dStap 344 Al dhie aRouat i on

menti oned above (step S711).” For neasurenent accuracy enhancenent, a

plurality ofstmaAsiene s Myt he ﬂ@&ghecicg?ﬁ@rpc Fddit 1o 4 Adidgsd@nce, this

function is used for magnetic head s i on purposes, it Is possible to 18

meke a pass{faidn jddaent; af terecaddating the TPR anount  (step S712) and
out put the judgnent result to a display screen or a file (step S713). As

descri bed above, the; amuntiafa Wid s | nducedh JRR San, Do acousateh yr prasur ed

with an inspection device having a TPR anmpunt neasurenment function

accordingIg%ng%rgg%ﬁ%ﬁteéyﬂﬁégég¥gd il fYlUsE rd rﬁéﬁ%ﬁéﬁ*ﬁ%%&é%%?J@fnJPR

anount measurenment function o present I nvention provi yl ng” hei ght

About 1 ndi Vi il Raret e WAt Tl IR (b W R LR

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]



magnetic disk drive, a nethod for manufacturing a magnetic disk drive, and
an i nspection device for use in magnetic disk drive manufacture. [Brief

Description of the Drawings] [Fig. 1] Fig. 1 is a flowhart illustrating a
series of processing steps that are perforned by a first enbodi nent of the
present invention. [Fig. 2] Fig. 2 illustrates an exanple of a nmethod for

neasuring the anount of write-induced t hEY mal protrusion (TPR) in the
first, second, and third enbodi ments of the present invention. [Fig. 3] 19

Fig. 3 i||UStrateS ?Egiﬁ??%?fugErgtggf LERGH ?}%n%%’ é%%£]QEQ9%§H¥%aP time

i mredi ately after an ion s w

flovchart 1)) ushr aechedsfL ipneaesRLYg skeps L 5 L3t £.pgcfor med when

a TPR neasurenentéﬁ%ﬂﬁe? on'1I's provi rMryve-in

accor dance Qltg %EE% gnbodlnent of the present |nvent|on [Fig. 5]
Fig. 5 shoms ustratlng processing steps that are perforned
when a nagnetL dIS% drive for actual use is inspected with a TPR

measur enent f ncglon in

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



accordance with the second enbodi nent of the present invention. [Fig. 6]

Fig. 6 is a schematic diagramthat illustrates an inspection device in
accordance with the third enbodi nent of the present invention. [Fig. 7]
Fig. 7 is a flowhart illustrating TPR measurenent processing steps that

are perfornmed in accordance with the third enbodi nent of the present
invention. [Fig. 8 Fig. 8 is a block diQé)gramthat briefly illustrates the
functionality of a nmagnetic disk drive. [Description of the Symbols] 1:

Magneti c disk .. Ref.erence track 3: Index signal position 4: Track
witten by 2:in Rge%c%%éaq%%onte%?%%al 11: Slider 12: Suspension 13: Stage 14:

Spindle 15:, Read{wite | yzer. . 16: Spin stand controller 17: Spectrum
anal yzer 18" elcgﬁ{e\rl%sww &S tion

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



A: Excitation signal wite end position B: Excitation signal wite start
position or output equilibriumposition A: Anount of output change at the
time of shipnment A2: Anount of output change at the tinme of neasurenent AS:
Amount of out put change corresponding to the anmount of maxi mum flying

hei ght change X: Baseline shift anount 21: HDA (head di sk assenbly) 22: PCB
(circuit board) nounted portion 23: thﬂetic head 24: Read/wite IC 25:
Voice coil nmotor 26: Spindle notor 27: Read/wite channel 28: Voice coi

not or and j nd}, &« p ri 1 , T (fleld-effect transistor) 30:
SCSI, FCAL?R%Tiﬁi%rﬁ%fhé¥f%%§e?¥§%%t2%% go ?é%kFSI: Di gital signal processor

(DSP) 32 SRAM 33:. Fl gy RO 34, DBAML 351 1 £L¥58aL esslllater 361 Host
conputer 227" CL

31: Digital signal processor {(DSP)

32: SRAM

33: Flash ROM

34: DRAM

35: Crystal oscillator

36: Host computer



1. A magnetic disk drive, conprising: a nenory or magnetic disk that stores
thermal protrusion (TPR) anount infornmation about each nagnetic head used
within said magnetic disk drive, the TPR anount information including

i nformation of an anmount of protrusion of a flying surface of the magnetic
head protruding toward the magnetic disk _as a result of thermal expansion
of the magnetic head; and a nanagenent nodal e configured to perform nmagnetic
head flyi ng hei ght managenent to nanage a flying height of each magnetic
head with respect to the magnetic disk in actual use based on the stored
TPR amount information; wherein the TPR anount information stored in said
menory or fEPMS ¢ disk is previously measured during a test process for
actual use for said magnetic disk drive, wherein the previously neasured
TPR amount information is obtained by capturing replay output changes of a
first single fregupagiesi @nalswisedi 0 Wombeigifghngl e pattern signal on a
specific track or cylinder on the magnetic disk, and a second single
frequency signal , awhBe@epryt her Jeagnatifor edadekcytBagnasteresy ithesmadn a

portion of th speci f | rack aor cylinder witten hy the first si.ngle
frequency §F§h§ﬁ?1§p'Aé?%ﬁgﬁ@PPgtdfsf%f%ﬁ%ogcé%fjRhge?Shdqﬁqﬁéﬁlcfurther

conpri si ng @ JBNAGRIMRMN HTRdes TR0 HRyrdtat adjsustayiviehe tiel tiore Wit i n

accordance with the TPR anbunt or adjusts the wite current overshoot

anmount . information including information of an amount of
protrusion of a flying surface of the magnetic head
protruding toward the magnetic disk as a result of thermal
expansion of the magnetic head; and

a management module configured to perform magnetic
head flying height management to manage a flying height of
each magnetic head with respect to the magnetic disk in
actual use based on the stored TPR amount information;
wherein the TPR amount information stored in said

memory or magnetic disk is previously measured during a
test process for actual use for said magnetic disk drive,
wherein the previously measured TPR amount information is
obtained by capturing replay output changes of a first
single frequency signal used to write a single pattern
signal on a specific track or cylinder on the magnetic
disk, and a second single frequency signal, wherein the
second frequency signal 1is written on a portion of the
specific track or cylinder written by the first single

frequency signal.

2. The magnetic disk drive according to claim 1,
further comprising a management mode module that adjusts
the write current in accordance with the TPR amount or

adjusts the write current overshoot amount.



23 3. The magnetic disk drive according to claim1, wherein the nmanagenent
nodul e conprises: a first flying hei ght managenent nodul e which uses said
TPR amount information; and a second flying hei ght managenment nodul e, which
provi des stationary flying hei ght managenent; wherein said first flying

hei ght managenent nodul e and said second flying hei ght managenent nodul e
are used to exercise magnetic head flyind3hei ght nanagenent. 4. The
magneti c di sk drive according to claim1, further conprising a nanagenent
node nodul e that issues an alarmto a host conputer or user, adjusts the
wite current, adjusts the wite current overshoot anmount, or unloads the
head i f the . specThtedmadyenic hedigit Mnive TRRcondbuat "texcekwign al,

predet er m ned thre% ol d_val ue. g. 1g&agnetic.dislg drive, conprising: a
t hermal pr $itOn “CTPRIEADUNRT - MBS Ure SR 1#6dul e configured to neasure

magnetic head flykng iheight viehangagneausetddoneiPRnMdNEN WBaicH mreretic di sk
drive, the TPR anount information including information of an anount of
protrusi on s3fida TPRy ppgustr faferndt bormagmet i ¢ head protruding toward a

magnetic disk as a result _ of_therma| .expansion of the etic head; and a
rragagerrent nodul eacoﬁ??%%‘?edﬂtyom@erLS?%ﬁﬁad‘??éﬁgc?meﬁ adm”agﬂﬁg HE

managenent wd\A delke sTRRi 8ARKPT £1 ) THP BN riaBakmeach magnetic head to
manage a flying
wherein said first flying height management module
and said second flying height management module are used

to exercise magnetic head flying height management.

4. The magnetic disk drive according to claim 1,
further comprising a management mode module 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.

5. A magnetic disk drive, comprising:

a thermal protrusion (TPR) amount measurement
module configured to measure magnetic head flying height
changes caused by TPR within said magnetic disk drive, the
TPR amount information including information of an amount
of protrusion of a flying surface of a magnetic head
protruding toward a magnetic disk as a result of thermal
expansion of the magnetic head; and

a management module configured to perform magnetic
head flying height management with the TPR amount
information about each magnetic head to manage a flying
height of each magnetic head with respect to the magnetic
disk in actual use, which is previously measured by the

TPR amount measurement module;



hei ght of each magnetic head with respect to the magnetic disk in actual
use, which is previously neasured by the TPR anount neasurenent nodul e; 24
wherein the TPR anount information is stored in a nenory or magnetic disk as
previously measured during a test process for actual use for said magnetic
di sk drive, wherein the previously neasured TPR amount information is
obt ai ned by capturing replay out put chang@@ of a first single frequency
signal used to wite a single pattern signal on a specific track or
cylinder on the magnetic disk, and a second single frequency signal,

wherein the second frequency signal is witten on a portion of the
specific track or We§FEHde G (TR AR el B Mg & FFREEene) &ignal . 6.

The magneti i i dizng;t | ajm i nt nodul e
e A A L A R T st
amount i nf arasat ippwicearsd fars ecand 1f ludendg dreisgiitd neeeagenentd imdd e vewhi ch
provi des stationary flying height nmanagenent; wherein said first flying

hei ght mandBSREAT MOGUIRFSVARHSLY| PessishRd PR ARSI H ERETaGeMEnt Smodul e

are us?d et '%Eﬁiﬁﬁy”%ggfhkgn e%@gﬁ%¥iqgl EQhEhHHQQSGQﬁﬂta %1 Hhe
magneti c di sk drive daccording to claim5, erein sard TPR anount
nmeasur enentsimodel ef meqasires stchaagesised tthe Wirycrg heisghtylapqatmegmeti ¢ di sk
drive

signal on a specific track or cylinder on the magnetic

disk, and a second single frequency signal, wherein the

second frequency signal is written on a portion of the

specific track or cylinder written by the first single

frequency signal.

6. The magnetic disk drive according to claim 5,
wherein the management module comprises:

a first flying height management module which uses
said TPR amount information; and

a second flying height management module, which
provides stationary flying height management;

wherein said first flying height management module
and said second flying height management module are used

to exercise magnetic head flying height management.

7. The magnetic disk drive according to claim 5,
wherein said TPR amount measurement module measures
changes in the flying height upon magnetic disk drive

turn-on, upon head loading, or at specific time intervals.

8. The magnetic disk drive according to claim 5,
further comprising a management mode module that issues an
alarm to a host computer or wuser, adjusts the write

current, adjusts the write current overshoot amount, or



turn-on, upon head | oading, or at specific tinme intervals. 8. The nmagnetic
di sk drive according to claim5, further conprising a nanagenent node
nodul e that issues an alarmto a host computer or user, adjusts the wite
current, adjusts the wite current overshoot anount, or 25 unloads the head
if the "specified flying height mnus TPR _anount" exceeds a predeterm ned
threshol d value. 9. A magnetic disk drive2Sconprising: at |east one magnetic
di sk on which a recording is mde with a first single frequency signal in a
specific track or cylinder on the magnetic disk; and a thermal protrusion
(TPR) amount nmeasurenment nodul e configured to neasure the anount of TPR
about eachundggdet teehegadbyfr EpeayfFRecthieed i Flting i gt ayjueiscf PRsi gnal

i mredi at el [, i i te .with i hgl e frequency signa
in a part é?%%%g sggé%€§%1??%%id%%eéﬁﬁﬁﬁdh5§Fg§ﬁ8?§evﬁ%%%étic disk so as to
continuously capture replay output changes of the first single frequency
signal, the TPR amount information including information of an anount of
protrusion%f a fPRyPagneLtF a&esk ciriife WRERELEENGead protruding toward the

megnetic disk as.g iesult gL thstuRl expapsian.ghchne magn tditiﬁxghﬁ%g’neti c

wherein the TPR anount i nformati I'S’stored 1'n"a” nenory o%
di sk as prenddeusitnreasydriedtdwinm@e af teRffenpiyocesmdlor ipealf (pgddigiragnetic

head flying height nanagenent to manage a flying height of the nagnetic
di sk track or cylinder on the magnetic disk; and
a thermal protrusion (TPR) amount measurement
module configured to measure the amount of TPR about each
magnetic head 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 so as to continuously
capture replay output changes of the first single
frequency signal, the TPR amount information including
information of an amount of protrusion of a flying surface
of the magnetic head protruding toward the magnetic disk
as a result of thermal expansion of the magnetic head,
wherein the TPR amount information is stored in a
memory or the magnetic disk as previously measured during
a test process for performing magnetic head flying height
management to manage a flying height of the magnetic disk

in actual use for said magnetic disk drive.

10. The magnetic disk drive according to claim 9,
wherein the first single frequency signal is used to make

a recording in a plurality of specific tracks or cylinders.

11. The magnetic disk drive according to claim 9,
wherein the 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



in actual use for said magnetic disk drive. 10. The magnetic disk drive
according to claim9, wherein the first single frequency signal is used to
make a recording in a plurality of specific tracks or cylinders. 11. The
magneti c disk drive according to claim9, wherein the specific track or
cylinder in which a recording is nade with the first single frequency
signal exists inside or outside a track éb cylinder having an 26 area in
which a recording is made with the second single frequency signal. 12. The
magnetic di sk drive according to claim9, wherein a tinme selected for
replaying the first single frequency signal is |onger than a tine required
for the r&HS8y ButPAch o? bEeFﬂg‘éh‘Eﬁl ?“Br?‘ﬁﬂ? i’SFhTﬁg‘erre‘r:g?r?&ridc WK &dri ve
accordi ng t@Q.chaihsighherein a tine selected for a wite with the second
single frequency sSignal is equal to or longer than a time required for the
replay output of the first single frequency signal to be in equilibrium
14. The na%petic dksk drive according to claim9, wherein said TPR anount

nmeasur enent 4rodul é2fealaPRstich idr1'Fe PFGPRGLIARI gh? updhi™aghetic di sk

drive turfaQiheiwpon head | oadingg Okoat SRAGLALG tide iAtetvalis,giel5. The
magnetic disk drive according to claim9, “furthér conprising a managenent
rm;le nodul & tehpatenicys ueigreal B$ al mmyer a thest acomjowt erequiuvsér foadjthst s t he
wite replay output to be in equilibrium.

13. The magnetic disk drive according to claim 9,
wherein a time selected for a write with the second single
frequency signal 1is equal to or longer than a time
required for the replay output of the first single

frequency signal to be in equilibrium.

14. The magnetic disk drive according to claim 9,
wherein said TPR amount measurement module measures
changes in the flying height wupon magnetic disk drive

turn-on, upon head loading, or at specific time intervals.

15. The magnetic disk drive according to claim 9,
further comprising a management mode module that issues an
alarm to a host computer or wuser, 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.

l6. An inspection device, comprising:
a first write module configured to write a first
single frequency signal in a specific area on a magnetic

disk;



current, adjusts the wite current overshoot anmount, or unloads the head if
the "specified flying height mnus TPR anobunt" exceeds a predeterm ned
threshol d value. 16. An inspection device, conprising: a first wite nodule
configured to wite a first single frequency signal in a specific area on a
magnetic disk; 27 a second wite nodule configured to wite a second
single frequency signal in a part of a sp@Zific area where the first single
frequency signal is witten; a read nodule configured to read the previously
witten first single frequency signal imediately after a wite operation
is perfornmed by the second wite function to determ ne output changes; and
a cal cul ati on nodél £e€6Rfi JFiéq MedsdrcGratadureghiRg@riifet fe F9GANg hei ght

of a magnetj. a i e to the net i i sk, whi j her mal
protrusion é(fﬂg%)% gnrngﬁtgm?r %gﬁi%le grﬁt%u?ggﬁa(%eag, %éé;lefdlvg(;nﬂ]eé&l 3?%"1& ence
bet ween a rax mimstakliagdé fheqhiénst sigiglle isf wequeany signal read by the

read nodule and a value_of the first single frequenc¥ signal prevailing in
equi libriumin whRchfede TPRUARDUFRDTOWHHF okPatedtdy BP0, PTRHEOUFPR anpunt

110U, O 0 SR i ST Sl LR e 11179
result of hefeRlpe@epdrsi 4 Perdftam@IMet ithdheadbond write function
to determine output changes; and
a calculation module configured to calculate a
change in the flying height of a magnetic head with
respect to the magnetic disk, which 1s a thermal
protrusion (TPR) amount, from the output changes, based on
a difference between a maximum value of the first single
frequency signal read by the read module and a value of
the first single frequency signal prevailing in
equilibrium in which the TPR amount is approximately zero,
the TPR amount information including information of an
amount of protrusion of the flying surface of the magnetic

head protruding toward the magnetic disk as a result of

thermal expansion of the magnetic head.

17. The inspection device according to <claim 16,
further comprising a built-in spectrum analyzer board for
measuring flying height changes or a module configured to
measure an output by filtering out a specific freguency

component with a spectrum analyzer.

18. A magnetic disk drive having at least one magnetic
head, comprising:

a storage unit for storing thermal protrusion (TPR)
information about the at least one magnetic head used
within said magnetic disk drive, the TPR amount

information including information of an amount of



17. The inspection device according to claim 16, further conprising a
built-in spectrum anal yzer board for neasuring flying height changes or a
nodul e configured to neasure an output by filtering out a specific
frequency conponent with a spectrum anal yzer. 18. A magnetic disk drive
having at | east one magnetic head, conprising: a storage unit for storing
thermal protrusion (TPR) information abod® the at |east one magneti ¢ head
used wthin said nagnetic disk drive, the TPR anmount information including
information of an anmount of 28 protrusion of a flying surface of the

magneti c head protruding toward a magnetic disk as a result, of thernal
expansi on AFAFESAEEnePfc ReallYHMl £WrdRSGenBht FB8UI BRIRYNFS gdiedd t o

per for m nmagneti ¢ shead tg;'w%}regé%%e}}egthit@oflfﬂ%{;# w thobhe roral TER

information to manage l'yi ng magneti c head mnfhakespect to
t he magnetaxpagisibni rofacthal mageetwherhsad,t hend PR atmuriementormmatulen st or ed
in said nenory or magnetic disk is previously neasured during a _test
process forcoé’cf%/l@éllreése For BsFoRBgn&FIIRCisk 332, IWHeRre| ngfleh"@kﬁ'r evi ously

measur ed T%&%@%ﬁ%ti nfarraghan 4is, optabped By, 4aptuhi NG, VSQLQ% oyt put
changes of a tirst single frequency signal ised to wite a oingle pattern
signal on &ispiewrj fheidHtacks oeaetl i etaR tHadragied | eesgésk, tand» second

singl e frequency signal, wherein the

magnetic disk in actual use;

wherein the TPR amount information stored in said
memory or magnetic disk 1is previously measured during a
test process for actual use for said magnetic disk drive,
wherein the previously measured TPR amount information is
obtained by capturing replay output changes of a first
single frequency signal used to write a single pattern
signal on a specific track or cylinder on the magnetic
disk, and a second single frequency signal, wherein the
second frequency signal 1is written on a portion of the

specific track or cylinder written by the first single

frequency signal.

19. A method of using thermal protrusion (TPR)
information of magnetic heads in a magnetic disk drive,
comprising:

storing thermal protrusion (TPR) information about
the at 1least one magnetic head to be used within said
magnetic disk drive, the TPR amount information including
information of an amount of protrusion of a flying surface
of the magnetic head protruding toward a magnetic disk as
a result of thermal expansion of the magnetic head, and
managing a flying height of said magnetic heads using said
stored TPR information to manage a flying height of each
magnetic head with respect to the magnetic disk in actual

use;



second frequency signal is witten on a portion of the specific track or
cylinder witten by the first single frequency signal. 19. A nethod of
using thermal protrusion (TPR) information of nmagnetic heads in a magnetic
di sk drive, conprising: storing thermal protrusion (TPR) information about
the at | east one magnetic head to be used wthin said magnetic disk drive,
the TPR anmount information including inf #mation of an anount of protrusion
of a flying surface of the magnetic head protruding toward a nagnetic di sk
as a result of thermal expansion of the nmagnetic head, and nanaging a
flying height of said magnetic heads using said stored TPR infornmption to
manage a flying hé&f'GHtc1of %KchTP%GWQPPE BEATRRERCT e S5OLES: 01t Wl Hfhgnet i ¢
di sk in actyahorySer Agnwhereidt dihe; JPR apunt1 | nfeLEBLEAN &LAMed 4n said
menory or magnet’ic diskTis previously asured during a test process for
actual use fest seracemgngdr cadiskl duseefor whei@i magiet o ediskisyivweasur ed
TPR anpunt information is obtained by capturing replay output changes of a
first si ng‘f’léelfﬁ”éhutékl‘&ypg?bh%‘fls%e‘EIeEl‘%lW‘ft%P% AYgtle PAEPEPFH I gl on a

specific traGk, ed:'yi)%nqcea[p i E_F F%gi‘%i Butghék’chad@l & sggond sipgl e

frequency signal, whefein“the seco requency signal is witten on a

portion of #heglespéeefuentyacddigmalcyhsedletowvriten by diheylfd rsatsengl e
signal on a specific track or cylinder on the magnetic
disk, and a second single frequency signal, wherein the
second frequency signal is written on a portion of the

specific track or cylinder written by the first single

frequency signal.



frequency signal. 30 Fig. 1 S101: Are the TPR anpbunt neasurenent start
conditions nmet? S102: Measure the TPR anount 5103: |Is the threshold val ue
exceeded by the specified flying height m nus TPR anount? S104: |ssue an
al arm S105: Performerror handling Figgy2 Wole track fl output (dBm
TPR-i nduced out put change Erased due to an overwite with f2 signal Fig. 3
Measured data fl output Data prevalent at the tine of shipnent Fig. 4
S401: Measure the TPR anobunt S402: Baseline shift X encountered? S403: Read
resi stance change encountered? S404: Cal cul ate the flying hei ght change Ahg
fromA3 (=A2 + X) S405: Are the requirenents for [hg + Ahg] net? 31 S406:

| ssue an alﬂén 1

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
f1 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 +

S405: Are the requirements for [hg + Ahg] met?



S407: Performerror handling Fig. 5 Testing process S501: Measure the TPR
anount S502: Set the wite current and overshoot in accordance wth the TPR
anount Wthin the magnetic disk drive S503: Set the m ni mum perm ssible
flying height in accordance with the TRR anount Fig. 6 S701: - Set the
radial position r and rotating speed - "Set the skew angle - Set frequencies
fl and f2 - Set Iwand Is - Set the anplifier OS and DS - Set the spectrum
anal yzer RBWand VBW S702: Conduct DC erasure S703: - Measure the ful

track profikgges ggggglgheaﬁ??mread/mmite of fset value S704: Conduct DC
erasure S705: Move to the "offset = -offset” position 5706: Wite an fl

frequency sEg@qL ggﬁggngQEEBQ Bﬁﬂﬁﬁiﬁ% 3707: Move to the "offset = 0"

position (the rea then cones to"a |location just above the fl signal
that was witten in the previous step) 3708: Wite an f2 frequency signal
bet ween the i ndex and

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 fl1 and f2

- Set Iw and Is

- Set the amplifier OS and DS

- Set the spectrum analyzer RBW and VBW

S702: Conduct DC erasure

S703: - Measure the full track profile

- Calculate the read/write offset value

S704: Conduct DC erasure

S705: Move to the "offset = -offset" position

S706: Write an f1 frequency signal in the entire track



sector A 3714: Take a plurality of neasurenents 3709: Determ ne fl signal
changes that began imediately after a wite and continued along the entire
track 3710: Calculate the difference A between the signal's naxi num val ue
and asynptotic value 3711: Calcul ate thgaflying hei ght change anount from
the flying height |oss equation 3712: ke a pass/fail judgnent about an
i nspected head 3713: Qutput the judgnent result to a display screen or a
file

S707: Move to the "offset = 0" position (the read head then

comes to a location just above the fl signal that was

written in the previous step)

S708: Write an f2 frequency signal between the index and

sector A

S714: Take a plurality of measurements

S709: Determine fl signal changes that began immediately

after a write and continued along the entire track

S710: Calculate the difference A between the signal's

maximum value and asymptotic wvalue

S711: Calculate the flying height change amount from the

flying height loss equation

S712: Make a pass/fail judgment about an inspected head

S713: Output the judgment result to a display screen or a

file





