1 [Nanme of Docunent] Specification [Title of the Invention] Magnetic D sk
Drive Having a Function for Using a Thermal Protrusion Anount for Flying
Hei ght Managenent and an I nspection Device Having Such a Function

[ Technical Field] The present invention relates to a magnetic disk drive
that is capable of exercising flying hei ght nanagenent in consideration of
a thermal protrusion (head flying surface protrusion toward a medi um
caused by a wite operation, an inspection device that is capable of
measuri ng t heVams o Presymnth Teeci tesation of a thermal  protrusion
caused by a wite operation, and a nethod for neasuring a therm

prot rusi on E%Uéb%‘bg Bherineenpeemt i on.  [Background Art] The nagnetic di sk
drive is a device that is capable of recording a |arge anmount of data and
essential to the plagetiddylsladiaicedanioy mtiwrcson efgr Using aemanded
that the magnetic disk drive be capable of consistently reading data and
witing datlReysers oina g siee/Amduret  fperiltyions)He iifet dagregdrcerdi skndiri ve
conprises a nmagnetic recording nedium (magnetic disk) on which data is
recorded, @Mdgifdact ivenddoirce dhadiing Viuah my Fweoridimgs, a voice coil
motor for noving the magnetic head, and other circuits. The magnetic head
conpri ses dT@ghrd apdadifordlwriting data and a read head for reading data

recorded on the magrneti c . .
he 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



RS
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 hei ght managenent is
di scl osed by Nonpatent Docunent 1. The SMART (Self Mnitoring Analysis and
Reporting Technol ogy) function describedyin Nonpatent Docunment 1 includes
a flying hei ght managenent function that neasures the output resol ution.
This function can be exercised to determne stationary flying height
changes ari si wgidet fdfyitige colkangés magnied iat ndsiher iAc tprodslogy yarfd anbi ent
tenperature. In reality, the wite head structure, slider flying surface
shape, and geopenadilon lapeodasiggride seltikat ity stfatthenamynfdtdinglitsad ght is
within a certain specification. Manwhile, the magnetic head needs to have
excel l ent redeiveibe eharatsongsflydng meiger nanprevente s disclosed
hi gh- performance magnetic di sk drive. For nmagnetic head evaluation and
sel ection, an Paspecrasendevocamengad/. w The SMagfer(Sedd $pindtsirdamd) havi ng
the same read/wite function as the magnetic disk drive and exhibiting
hi gh positi oAnAdYysascandcReportisad. TeNbnpdbrgy) Docotreon Heskiribski i®kanur a,
"Hard disk drive structure and applications," CQ Publishing Co. Ltd., My
1, 2002, pp.Nonpatens Pocumkssude iobludes| avényiiog] 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]



[ 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 nedi um
is extrenely inmportant fromthe viewpoint of assuring adequate read/wite
performance and avoiding data | oss due to magnetic head-to-nedi a contact
and ot her problens. Recently, it is obsgrved that the wite head's
material having a great thermal expansion coefficient expands due to

Joul e heat resulting froma wite current and a tenperature rise dependent
on hi gh-frequency cor eleogsgrndisreld daubiing, tthe dweadisl fiha nil sindg ace to
protrude toward the magnetic disk. This phenonenon is called TPR (thernal
prot rusi onheight tdfi $hsheromeriorr doad 535 angersobiesin fardrs es nsstians el ¢ he
flying height is tenporarily smaller than the design value during a wite
oper ati on @xbyremeg Y rdweadetthe rase dridi ngl ewgerigitt o fofa ssher imagretd quatisk
drive, it is necessary to mnimze the flying height of the magnetic head.
It is thesst/eddsemarflonneatca rad |apaigling glattdd ceccuhut éloy  det er mi ned
and managed in consideration of the influence of TPR resulting froma

Wi te oper &&ametiThikeag-itceemasier atdrdedtnducked theR iy o Isiwenonenon t hat
occurs during a wite operation and cannot be controlled by the SMART
function t RecCamddaged tstig iahsmryed yihad Hdigghtr idlsamgesl' s Mfarsidlor Sol vi ng
t he Probl enms] To solve the above problens, a nmagnetic disk drive for
actual usehgwiggmageEad dibsiemgrli wxpeetl ars dagfficient 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 consideraticn of the influence of
TPR resulting from a write operaticn. This write-
operaticon-induced TPR is a phenomencon 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
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testing process but simlar to the one for actual use is wused to neasure
TPR anpbunt 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
managenent is exercised as needed in conjunction wth the SMART functi on.
When the TPR anpbunt is used for flying height nanagenent, it is possible
to consider a state where the flying height is smaller than the design
val ue duri mgpesratriidre opermat ittre rAssul trigspineashighl atelimblies ddnydng

hei ght managenent can be exercised under nore stringent conditions. In
addition, & ead/thd treagriegsiteerditdigt drsl capahlis<off IngasyHaiggHthe TPR anount
descri bed above is al so proposed. [Effects of the Invention] Wen flying
hei ght nanagedgemans exidrcitded storeabnsiadenatd aatef. t Frrrmle r AArkision
(TPR) amount, a high- reliability magnetic disk drive can be provided by
avoi di ng regieditti cnahnearbmetnd- -irmagnestricdl saics ke sc oveteatstd dimd cergismctilort her
when the flying height measurenment function disclosed by the present

i nvention wgtéxdmhe SMRRA tiine triead/ wiihtea ttdst SIPR @mdunspect ivreddeddce, t he
anount of thermal protrusion arising out of a wite operation can be
accur at el y fAwdagr é¢ightBasinadsaerftor iCarisyioeg sl e e laprevitdeon]a

Enbodi ments of the present invention will now be described with reference
to the accevgdsyiwhgrdr dhiends.ying 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 alsoc 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



[First Enbodinent] Fig. 1 is a flowhart that illustrates a series of
operations perforned by a magnetic disk drive according to 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
nmeasurenent start are net (step S101). The neasurenent starts upon
magneti c di sk drive turn-on, upon magnetic head | oading over a nagnetic

di sk, or atthepaoidsentt iirerdamnttiegrnal sSThe Weemedthier ehindd tdminse araes netTPR he TPR
anount measurenment sequence starts (step S102). The m ninmum flying hei ght,
whi ch t akesniowrd aceautentdre amourtticof diPRmrdsineg dute dfPRa amadrite, i S
obt ai ned by subtracting the TPR anmount (positive value) acquired by the
TPR anount wigds wreverfiid urictirgn f rdrm TtHRe dropirmy niesd sghtensett ilctAon
threshold value is defined and used to check whether it is exceeded by the
m ni num fIGlinsg ldiegits (Wieghe3103)e ddndifd anisnifmumTHRy jangpurgi ght (which is
equal to the specified flying height mnus the TPR anount) is snaller than
t he t hr esholed syalarentt kEaartsware med tlsdequestlilon | FheYestdsummegdtarmi s

i ssued because it is concluded that a danger exists (step S104). If, on
the ot her sita¥d,s tupemMim@gnehifd wiimk daiighet tiuwngroeat epdarhanadnies ia hreeshol d
value (the answer to the question is "No"), the TPR anount is neasured
agai n at tRAeasdng tdveE st SRINEtelrT ddmk i gn mtm $pgthii et ghe istemabler
than threshold value, the magnetic disk can issue an alarmto the user
directly When the conditions are met, the TPR amount measurement

sequence starts (step S5102). 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 1is
concluded that a danger exists (step S104). 1If, on the
other hand, the minimum flving height is greater than the
threshold value (the answer to the guestion is "No"), the
TPR amount is measured again at the next time step. When
the minimum flying height is smaller than threshold wvalue,
the magnetic disk can issue an alarm to the user directly
or via a host (step S5105}. Since the TPR amount is
proportional to the write current, the write current can be

adjusted to decrease the TPR amount. Further, the TPR



or via a host (step S105). Since the TPR anmount is proportional to the
wite current, the wite current can be adjusted to decrease the TPR
amount. Further, the TPR anount increases with an increase in the anount of
wite current overshoot. Therefore, the anmpbunt of overshoot can be

adj usted so as to decrease the TPR anoung. Furthernore, the head can be
unl oaded in order to avoid a failure or data |oss, which may result from
magnet i c- head-to-magnetic di sk contact. The action of the TPR anount
measur enentarfaurdt iigreregdds novitheardeseridset: iFhet HEPRmemitto £ adr e measur ed
wi thin the magnetic di sk as described below Fig. 2 schematically

i Il ustrat esutrendosiamriagiot + el Ttd mashiep bdtavesmum tmaghetvaxr sdicske anch a
recorded track. A thick curve in Fig. 3 is an exanple of a neasured

out put, whieclhddhvaigss 34 td8 tiorele A d swditdat dPRoyemeyoor.t | duftiHdmeebrd n
black in Fig. 2, a reference track 2, which is witten with a wite
current havingg heashadErf ihe furdgpestesy iof drder $o fawestd pr dgdrlete or
circunferentially at a radial position of a certain area on a magnetic

di sk | by &ama tlesspermdiiicdn mafi irstsudrti tfe cop evaatniedri)c - heerd 1heasnargeresitc
accuracy enhancenent, it is preferred that the frequency fl of the wite
current beddisghcordwster, if the frequency is too high, the output is
likely be affected by noise. In the present enbodinment, a track 2 of the
magnetic di sk 1 i s Thariactden mtfo bhiet i PRhemonedu eveays Urlereett tfordGG dvHz.  When

the wite current having a single frequency of fl flows to
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
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a wite head in this manner, a single pattern signal (a signal in a state
where magnets having substantially the sane |engths 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 nagnetic head (not shown), a wite operation
(second wite operation) is performed bysan excitation signal having a
specific wite 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, dmkch hHerrra ttendnagpertatd ahisls Jper for niedrdlee CIRR igrucitsd y capture
fl signal changes (replay output changes) occurring inmediately after
posi ti on Aflxigraphifaache ldaverf pamagfet ik diea?] shrows fHowsilghad weiptay
out put changes. The X-axis of this graph indicates fl output nmeasurenent
poi nts (thePeiwititan alse et etk idte 2P esed: fiant)erdalmsy fodmercedsy tdre Y- axi s
indicates the fl signal replay output (dBm. At position A of the

ref erence trddikariaqrhesifdnandidwdinghta ispeadlicediyte TRR o1t Watequsndy
output is increased to approximtely -33 dBm Wen the tine el apses with
t he magnet if@ disskndigadiest,i fPpr tive teagpvot iy Reathadi®dd cedserpendtiate iower s.
When the magnetic head reaches position B, TPR which arises out of

wri t e- cur r ettwerdudss 1Jdwire Bhedatd avd iHiighn A redqueendyndsor esilgpssl, Y.ewerds to
the previous state (equilibriumin which the TPR anount is approximately
zero). |nthiea @quidadbrapngnatiies fils eegfstrries! dupooxitiatelns 138 agBmre The
frequency f2 should be, for instance, the maxi mum frequency (HF) that is
handl ed by fithé igagdetdhandiesk (dreipl@y 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 f1l output measurement points (the
points are spaced at 20 psec 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 fl1 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 ocutput 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
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In the present enbodinent, 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 arbitrary position within a track
instead of an index signal position 3. If the read/wite offset anount is
small, the wite operation for the excitgtion signal f2 needs to be
performed only for a specific sector or for a specific period of tinme so
as not to erase the entire fl signal within the track. Wen the above
measur ementagrbarter a nypde s it qensirtalilny & gkessks evertadachunfdraed imidaoseconds for
a varying flying height, which corresponds to TPR arising out of a wite
oper at i on, Stigralr ipas il i Brfi drhe Ineddy witilter efffisethegessdr yig o adj ust
the f2 wite tine or sector so that the tine required for the head to nove
from posi tsgd 1A tthepodiiticorm@tasd ign |fegstt Heomgdittat isev eviginalhuidr ed

m croseconds. In the present enbodinent, the tinme interval between

posi ti ons ARe&H$ B Pss@enfpramst otilmtley a spesdd {capmabdmatelfor k)

measur enent points). However, the tinme required for arriving at

equi | i bri udPesriifds, regriod ot drice aWi @% tivd donposisty driheoferd imegrfelt i ¢ head
shield layer and rra%n_eti c pole. Therefore, an appropriate value can be
set vari ousiignidr waltthimegiet ite dvdads Whkme themaboveqmiessd fegrentisvgkieng TPR,
that is, the tine required for witing the excitation signal f2 in a track
area 4 frof@dsoesiitt @R nad Jyodiakesn savarayl handasde mdd reqegionds thee ta me
required for the fl output variation arising out of TPRto arrive at

equi | i bri uifepedagsd lyHachded dévi ¢d el eorglespionsls 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. 1In 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 inveoking 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 wvariation 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



constant for cooling is substantially equal to that for heating. In the
present enbodi nent, the heating period (B- >A) for invoking TPR differs in
|l ength fromthe cooling 9 period (A->B) for arriving at equilibrium
However, the present invention can be applied to a case where the heating
peri od and cooling period are both equalgto or |onger than the required
| ength of tinme. The reference track 2 may be either a single track or a
set of two or nore tracks. A reference track 2 in which the fl signal is
to be wittrarivsl @-sdBbeqr avided nomtbaiduitthieiingi.de Hndwut sitdes of t he
reference track 2 in which the f2 signal is to be witten (corresponding
to the tr&dlesentt Hevwindderh aragn b .apifiared He confdspurvetdmn tidescri bed
above is enployed, the fl signal can be positioned on adjacent tracks
whi l e the ftheadiigralparsidskiany quedd.ndTiremeicst erea o thoigsmagersr aired from t he
adj acent tracks can be reduced to increase the TPR amount neasurenent
accuracy. Rendgsar thamddea redsigast ldngtidbove tigenfi guration al so reduces
yaw angl e- dependent changes in the output of a head slider, the accuracy
of the TPR anount Thsadigfamemnce dnstdko? cmy the edidmroced SWinen ¢ Herawf er ence
track 2 is provided for both surfaces of the magnetic disk 1 or for a
plurality 6fF sagedticd diwskrl matife trgfcdrsencé nefaglerze $ naadviddd for t he
same cylinders. The use of this configuration nakes it possible to
si mul t aneoW§ii¢h Flgs drle stitgmafl] yijsn g chéiegmr igit gl ImayagAetd dehdapy ided

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 fl1 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 o¢f 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,



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 imediately after the end of a wite operation, 10 because the flying
hei ght is decreased by TPR Therefore, the wite head tenperature |owers
with tinme, decreasing the anobunt of hegg protrusion. As a result,
equilibriumis reached. The anount of change in the flying height can be
cal culated fromthe difference between the maxi numval ue of the resulting
fl signal &fEWsearida Hd wutgpdteighavaid idapiesseshdiyt iTHE .umThafrest dte
maxi mum out put value is V', the prevalent flying height is d', the output
and flying & giite mesglidampenanune oward K itheddesti viEqreamidia Hee
wavel ength of a signal witten on the base is k, the follow ng equation is
obt ai ned: FPRUWDWHR head prafnusdan 2disn@v/ngsule,  sdqudtiomm)is | n t he
present enbodi nent, the TPR anount neasurenent function uses Equation 1 to
cal cul at e tmg&@chpR - afdentarcam tegdh dhagrast iia Hdwed Miningphedathdr areda i ni ng
and uses the calculation results for flying height nanagement. Fig. 4 is a
fl owchart iclRllgstladgsichd nore tise G figrendd yergdea dhte maasomememluretdiod
descri bed above. First of all, the TPRis neasured (step S401) to conpare
t he out put thien reguilitizg drh sganedt ayieufalans phey sludmuti prsyaiilding &ln
state (which is prevalent at the tinme of shipnment). If any change
(basel i ne S$AVAL IRIINEWN Whem Ghes maghmed jogitput 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/2"81ln(V/V'} -—- (Egquation 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 35401) to compare the ocutput
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 5402), 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 $403). If the resistance is

changed, it is conceivable that the read head is about to




described later) is encountered (step S402), the MR resistance nonitoring
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 | | becone
damaged. Therefore, the SMART function ijgsues an alarm (step S406), and
the host perforns error handling (step $407). If no resistance change
occurs, the flying height change neasurenent process is continuously
performed Hess dagwethd Hop)efdksad FheyisHpRki inctohangesswid lamow  be
described with reference to Fig. 3 while considering the changes with

ti ne. The Rddbntdiem40of, argh dpte dhvoiin der fding < rapriesehtisng he time
interval between positions A and B or the location, whereas the vertical
axi s indi catsden B 070ut pdtf gfo t1es Irsdfasrasn cdhangscloczutisy Wi layrexor di ng
is made with fl. The values T1 and T2 denote the maxi num output val ues
preval ent &RLIE G ot me HHEmerdnd mcadtte 1 g tdinumeslyr ereeriqrmed
respectively. The values Bl and B2 denote the output equilibriumval ues
preval ent dStems 54 26X Hilrent Hesd dtl wine thedwhdf ahedsipsentnt], now
respectively. |In a neasurement process according to the present

enbodi nent Pea de8sa1iings sHithy refsuanoe (tehdiige W thitiemsensddesdndirfitike at
the tine of product shipment. Al denotes an output change that is
dependent GREMERSpMEFA dritheat (The hardeogtadhigprentof A2 ddemdt dicam dut put

change that is _dependent on TPR prevalent at the tine of neasurenent. A3
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 f1. The wvalues Tl and T2 denote the maximum
output values prevalent at the time of shipment and at the
time of measurement, respectively. The values 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,




(=A2+ baseline shift anmobunt X) denotes an out put change that corresponds
to the maxi mum fly change occurring when TPR is taken into account. The A3
value is used (Equation 1) to calculate the TPR anount (Ahg). Checkout is
t hen conducted to determ ne whether the mninumflying height (hg + Ahg),
whi ch takes the ambunt of a wite-inducgqd TPR into account, 12 is within
the threshold value range (step S405). If a threshold value is exceeded,
an alarmsignal is issued (step 5406). Wien the neasured/cal cul ated TPR
anount (Ahd)s ivsithigedhen Wdorgamehd omeid hrandd yigtgemeigit) neastrenent
provi ded by the SMART function, flying height managenent can be exercised
with increddetstallidabidlivey . isThxadrddhedin FRRm@nmunindls irseecicrsdegt i n t he
menory or on the magnetic disk and used for flying hei ght nanagenent. The
TPR amount (af®r &106)t-h the magnetic head. The TPR anount varies from one
magneti c head to another, which are incorporated within the magnetic disk
drive. Wien, for i8teanddie angryesd/calledc tealiTRR amgredt (PPR Janount i s
set to permt a fly greater than the mninum perm ssible flying height of
a magnet i ¢tsieshd th@@mig e tsirpl [WiTtPR aarfduriing thed ghds siesishintemesft nmagneti c
head-to-magnetic di sk contact can be reduced to provide increased
reliabilitPromeied by THR SYBRT ungipospr ifdtvd ngomh e iedity imduslg emegriet | ¢
heads are used as described above to exercise fly managenment while
exer ci si ng CAh®ESIHNRT et ivdrihad nesedsgd inelilsgbgdddivnl e The pridvd ideed

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 wvaries 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,




high-reliability magnetic disk drive in which the | oss of data and crash
are not likely to occur due to nmagnetic head-to-magnetic di sk contact.

Fig. 8 is a block diagramthat briefly illustrates the functionality of a
magneti c di sk drive. The magnetic disk dive conprises a head di sk assenbly
(HDA) 21 and a circuit board 22. The HRA 21 conprises a nagnetic head 23,
13 aread/wite IC (RWNC) 24 connected to the magnetic head, a nagnetic
disk 1, a spindle notor 26 for rotating the nmagnetic disk, and a voice

coi | notor a VG 2& ifter IHoHARIDGINIAYY ddreamgnettic treadnaghhe ispisi &, not or
26 is controlled by a MOS FET 29 and a predriver 28. The voice coil notor
is al so comagsldtad i skhed preedipivietl 28ndtrora 26ifitid arotreminey .tHéeanwhi | e, the
RW C 24 exchanges data with a read/wite channel 27. A magnetic disk drive
control pme@rarhisr i sdontarsl progreaamdorl tve SVARTM)urc® ifar or ot her
function is stored in a flash ROM 33 or on the nmagnetic disk 1. A program
t hat needs PG idd andmaatthe maginetdpedeads t digorsariindl estarted: 26 a sSRAM 32 on
a digital signal processor (DSP) 31 and used upon startup. The magnetic
di sk drive condiraided iver diiSa FMT 2% ahioksta pomdnitver 26 .vi &he SC8Ige FCAL,
ATA, or other interface controller 30. A DRAM 34 is used as a buffer for
such user c@dtlar@tearnge. 2lrre ORIl ndowvddd s pregiited Edntimola over a

positioning system read/wite system and interface system
similar manner. Meanwhile, the RWIC 24 exchanges data with

a read/write channel 27. A magnetic disk drive control
program or a contrel 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 1is 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 cother infeormation 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 amcunt
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The TPR anount neasurenent program having the TPR anount neasurenent
function according to the present invention, the output change Al
encountered at the tine of shipnent, the TPR anount, and other infornmation
can be stored in the flash ROM 33 or on the nmagnetic disk 1. Further, the
TPR anpunt data such as A2, A3, and X, which are neasured within the hard
di sk drive, and the TPR anount 14 (Ahg) can be tenporarily stored in the
SRAM 32 on the DSP 31 and used. [Second Enbodi nent] A method for measuring
t he TPR anmdéig)dwamdren tengsinamg Ipr acessd am aHea@redM G diggk dHd Mesp
according to the present invention and a nmethod for manufacturing the
magnet i ¢ di3dk adrd weseshvi ng a process for measuring the TPR amount will now
be described with reference to a flowhart in Fig. 5. In a magnetic disk
drive asserfieFomdodeddinsmt]ITPR is first neasured within a magnetic disk,
which is placed in a state for actual use (step 5501). In this instance,
the TPR anmpbunt neadumerhod fAgrc tieas urey goehep TR dedunar deirtikey & he
magnetic disk drive or the inspection device for use in a manufacturing
process. ThESTIPR HFOGSES sndasure magneftinc tiiek can viee aicrplreitent ed Bynd he
same functionality as described in conjunction with the first enbodinent.
The TPR anBGfEc#&t angkN&ilLvad apy ehaeThRd dopunmnugastuenent thenction is
stored in the menory or on the magnetic disk and used for flying height
management Magnetic disk drive having a process for measuring the TPR

amount will now be described with reference to a flowchart

in Fig. 5. 1In 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). 1In 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 oversheoot amount for the

write current can be set in accordance with the obtained

TPR amount (step S8502).

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 8503). The TPR amount data

about an outgoing magnetic disk drive can be




Further, a wite current and the overshoot anpbunt for the wite current
can be set in accordance with the obtained TPR anount (step S502). The
met hod for neasuring the TPR amobunt within the nagnetic disk can al so be
i npl enented by the same TPR anount neasurenment function as described in
conjunction wth the first enbodi nent (jgtep S503). The TPR anount data
about an outgoi ng magnetic disk drive can be 15 neasured/ cal cul ated and
stored in the flash ROM 33 or on the magnetic disk 1. Wen the TPR anount
det er m ned sd Vired’ akmeta tted divk slrdned shi prientf IasshusRaM | 33 conjamct i on
with the flying height neasurenent nmade by the SMART function, flying
hei ght manddenstanstni bediesderki sed with increased reliability within the
magnetic disk drive. The determned TPR amount is recorded in the nenory
or on the magnetic Wik d R edndwrt fdsfiagpiredinr imnagemegnetThe TPR
amount varies with the magnetic head. |t neans that the TPR anount varies
from one megriet iH HesadshiPraivt hier ustl cin azanj Unorqroraittdd titre thley imegnet i c
di sk drive. \WWen, for instance, a magnetic head having a great TPR anount
is set tohfdit meFIur et sradadry tie MMM pertiasi il figying  hei ght
of a magnetic head having a snall TPR anount, the possibility of magnetic
head- t o- madifetdht dadle aidetcadarbe mxarsinrsst widlpriovieadartr eased
reliability. Wien the TPR anounts appropriate for individual nagnetic
heads are d€ddability 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.



as descri bed above to exercise fly managenent while exercising the SVMART
function as needed, it is possible to provide a high-reliability nmagnetic
disk drive in which the |oss of data and crash are not |ikely to occur due
to nmagnetic head-to-nmagnetic disk contact. [Third Enbodinent] Fig. 6 is a
schematic diagramillustrating an inspggtion 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 nmounted ot ansuspeinsidigk andid dadedrevertd he smignetd ci4diak &. The
output of a read head enters a spectrum analyzer 17 via a read/wite

anal yzer 1%tagshilch tconprtiases. arh amgridtiier hard Viar inoumtedd ait tssn eadgpect rum
anal yzer board, which functions the sane as the spectrum analyzer, may be
used al t er it iavel yiddm ldddiwttiiony 1isposidritemhlon nf erustdrcon ent exrsl t he
spectrum anal yzer 17 in the same manner as described above. The
measur ementl oagtefopves |Hhehanadpedricheti dkatler . THee sgottr un anategmerhd sl

zero/ span set so as to filter out only the frequency of a reference track
2 that is Wnitersn orrRaws My regtd ly zdirs K 71.viaFur theerd/wiha & rarggerzesi dgrial
needs to be adjusted so that the output of the reference track 2 can be
read i medwitishy coafnrdsasharemipdadiitaomnal ofard ausacki rchetts.s W itten by an
excitation signal. Wen setup is conpleted as descri bed above, changes in
t he out put sefectheunr efferderrcy thaeekd,2 widrieh 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 tce the present

invention.



be captured with the spectrum anal yzer immediately after a wite-induced
TPR i s invoked by the excitation signal. The nethod for neasuring the TPR
anount can be inplenented by the sane function as the TPR anpunt

measur enent function, which is described in conjunction with the first
enbodi rent, and a neasurenent al gorithmythat will be described with
reference to Fig. 7. A control PC 18 has a TPR anount neasurenent function
program according to the present invention. 17 Fig. 7 is a neasurenent
flowchart. First offiddd,7 ishe resbsirpowit iDioWdrattoadifigest hefadhover t he
magnetic disk, the rotating speed of the magnetic disk 1, frequency flI,
frequency fie widdialewasiiil anw, foenswdinra enthdasd aymdnt ehecuragmtiover shoot
(0s), overshoot duration time (DS), spectrum analyzer resolution bandw dth
(RVB), and d4sdeo thsantiafting vweharat ddte (w70 Bis Ml erf mompirety on of
setup, the nmeasurenent area is subjected to DC erasure (steps S702 and
S704) to cdipl tfEPEEs £ hevEitghalugiormh Ivhe Seapretdur gk . 14 wibete
magnetic head's read/ wite offset is unknown, the track profile is

measur ed t &UIFETET AR thretof (8Bt aritfurthqodt e Sto3n time ndfletic head i s
moved to a specified track (reference track 2) t&;tep S705) to wite an fl
signal in theEHRYT englade  tese 1sToen basfdvwddtdn @djRist reret vislemde to
position the read head just above the fl signal (on-track state) while

consi der i N3 1 G SEEWHENRR St e tSF0D)701dn f Afdiggnalonipslagdian &f over a

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 3707}, an f2 signal is written over a
specific length (step 5708). 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 35709). The TPR amount is then
calculated using the difference between the obtained cutput
maximum value and asymptotic value (step 5710) and the
eguation mentioned ahkheove (step S711). For measurement
accuracy enhancement, a plurality of measurements may be
taken (step S5714). If, for instance, this function is used

for magnetic head selection purposes, it is possible to




specific length (step S708). The spectrum anal yzer or the filter function
of the spectrum analyzer is used immediately after the f2 signal wite to
capture fl signal changes with tine (step S709). The TPR anount is then
cal cul ated using the difference between the obtained output maxi num val ue
and asynptotic value (step S710) and thqg equation nmentioned above (step
S711). For neasurenent accuracy enhancenent, a plurality of neasurenents
may be taken (step S714). If, for instance, this function is used for
magnet i ¢ h&@kssel axatd oif gy poskmnent & qosslshd dto s ek BR passidai |
judgment after cal culating the TPR amount (step S712) and out put the
j udgnent rdsiap 12 )disgpl Aptmdr ddre aruderfante Hestuds S713) displdascri bed
above, the anount of write-induced TPR can be accurately neasured with an
i nspect i on S§&ESLe Had fg 1ea (FERFafUM) -neasur enent function according to
the present enbodi ment. [Industrial Applicability] The TPR anmount
measur enent functi éf sfeatidsrcesdatve i mbentamsmngr o\ desl tfeyiindpdes gHRR
managenent and manufacturing control in accordance with TPR anobunt data
about i ndi Vidgdu&le mEghetdte eatpasuned al the aapginsaeatd cn  deatjrmet e wdinsk
drive, a nmethod for manufacturing a nmagnetic disk drive, and an inspection
devi ce for aud€R meadrtead sugiesiendr ihre T acaprelindBriiceftBegyragnriton of
t he Draw ngfnlD
e

odiment.
[Industrial Applicability]

The TPR amount measurement function cof 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]
fFig. 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 o©of write-induced thermal protrusicn
{TPR} in the first, second, and third embodiments of the
present invention.

[Fig. 3]



[Fig. 1] Fig. 1 is a flowhart illustrating a series of processing steps
that are perfornmed by a first enbodi nent of the present invention. [Fig.
2] Fig. 2 illustrates an exanple of a nethod for nmeasuring the anmount of
write-induced thermal protrusion (TPR) in the first, second, and third
enbodi ments of the present invention. [1gig. 3] 19 Fig. 3 illustrates an
exanpl e of a reference signal, which changes with tine imrediately after
an excitation signal is witten. [Fig. 4 Fig. 4 is a flowhart
illustrating a serilbgy.of3 prlocessi s sArepskdn@ale ave perédenedcwhengaalPR
measurenment function is provided in a magnetic disk drive in accordance
with the fiwhstcherbedigesntwidfh ttheneriesetiqtalentdfdrer [dF gexS]tdliigon 5 shows
flowcharts illustrating processing steps that are performed when a
magnet i ¢ disslordrli vies figrittagt.ual use is inspected with a TPR measurenent
function in accordance with the second enbodi nent of the present
invention. [Hifgg-6]4JFig. 6 is a schematic diagramthat illustrates an

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. b5 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 inventien.

[Fig. B8]

Fig. 8 is a block diagram that briefly illustrates

the functiocnality of a magnetic disk drive.

[Description of the Symbols]

1: Magnetic disk



i nspection device in accordance with the third enbodi nent of the present
invention. [Fig. 7] Fig. 7 is a flowhart illustrating TPR neasurenent
processing steps that are performed in accordance with the third
enbodi nent of the present invention. [Fig. 8 Fig. 8 is a block diagram
that briefly illustrates the functionahjpty of a magnetic disk drive.
[ Description of the Synmbols] 1. Magnetic disk 20 2: Reference track 3:
| ndex signal position 4. Track witten by an excitation signal 11: Slider
12: Suspensi:oRefkXer@teageraldk Spindle 15: Read/wite analyzer 16: Spin
stand controller 17: Spectrum anal yzer 18: Control PC A: Excitation signal
wite end posilindsx Bidbedi traddidnicsi gnal wite start position or output
equi libriumposition A : Armount of output change at the tine of shipnment

4: Track written by an excitation signal

11: Slider

12: Suspensiocn

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: Bmount cof output change corresponding to the amount of

maximum flying height change

X: Baseline shift amount

21: HDA (head disk assembly)

22: PCB (circuit beoard} 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



A2: Amount of output change at the tine of neasurenent A3: Anmount of out put
change corresponding to the anount of rmaxi mumflying hei ght change X
Basel ine shift amount 21: HDA (head di sk assenbly) 22: PCB (circuit board)
mounted portion 23: Magnetic head 24: Read/wite IC 25: Voice coil notor
26: Spindle nmotor 27: Read/wite channel,;28: Voice coil nmotor 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:
Fl ash ROM 234: MORAMEIS: ( fGreist-af fesdi |Hmatreri st36:) Host conputer 22 [ Nane of
Docunment] Clainms [Claim1l1] A magnetic disk drive, conprising;, a nenory or
magneti c di3dk t96EI,stisirds PR ,amumtthedmfiorueatfisgre alwoutroddedr nagneti ¢ head
used within said

31: Digital signal processor (DSP)

32: SRAM

33: Flash ROM

34: DRAM

35: Crystal oscillator

36: Hest computer
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magnetic disk drive; and a function for exercising magnetic head flying

hei ght managenent with the TPR anount information. [Claim21 A nagnetic

di sk drive, conprising: a TPR anmount neasurenent function for measuring
magneti c head flying height changes caused by TPR within said nmagnetic

di sk drive; and a function for exercising magnetic head flying height
managenent with the TPR anmount information about each magnetic head, which
is neasured by the TPR anmobunt neasurenent function. [Claim 3] The magnetic
di sk drive [Aeewr dithdaomedrdiImClLaimsher ei n the TPR anount information stored
in said nenory or magnetic disk is neasured during a test process for
actual use fiéflasa d Imagnetic disk drive. [Caim4] A magnetic disk drive,
conprising: at |east one nagnetic disk on which a recording is nade with a
first single frequénmamignal diska dper,f icomprizdkegor cyli nder on the
magnetic disk; and 23 a TPR anount neasurenent function for neasuring the
amount of TPR by reépimeyiany tdre maarstt isi myls& fahequentoyr e ssiTfifalanamedi at el y
after performing a wite with a second single frequency signal in a part
of the spe@pﬁQ;Mﬂﬁyﬂn(ﬂbout 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 2]

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 te 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



cylinder on the magnetic disk.

magneti c di sk drive according to claim4, wherein a specific track or
cylinder in which a recording is nade 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. [Caim

[Claim6] The

[Claim5] The magnetic disk drive according
to claim4, wherein the first single frequency signal is used to nmake a
recording in a plurality of specific tracks or cylinders.

7] The magnetic di gk TR eenamdomdiasy tenegitaifmrds t i anherogi metdwttiinne tget ect ed

for replaying the first single frequency signal is |onger than the tine

requi red f@maud afedlBRy utirplaysnse tihe dquist riinghe [f[Cedunrg]y The

magnetic disk drive according to claim4,
write withsils@adedomedisitegle Fhtequangfosigmal & rddgalwittd or destaget t han
required for the replay output of the first single frequency

the time

wherein the tine selected for

a

signal to BENg seduddusniayms iznglCid m P rthe hddeetsinedifsic driask agcor di ng

toclaiml1 or 2, conprising:

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 cutput of the first single

frequency signal to be in equilibrium.



a first flying height managenment function which uses said TPR anpunt
information; and a second flying hei ght nmanagenent function, which

provi des stationary flying hei ght managenent; wherein said first flying

hei ght managenent function and said second flying hei ght nmanagenent
function are used to exercise magneticoiead flying hei ght nmanagenent.

[ aim10] The nagnetic disk drive according to claim2 or 4, wherein said
TPR anmount neasurenent function neasures changes in the flying height upon
magnet i ¢ di skCdive %lurn- on, upon head | oading, or at specific tine
intervals. [Caim11] The magnetic disk drive according to claiml1, 2, or
4, conprising a naﬁd{femnerﬁjdle diet dsistre el iargnttoo cd aimostt cuormuter or
user, adjusts the wite current, adjusts the wite current overshoot
armunt or apFIFdadsindte head if the "specified flying height minus TPR
amount" exceeds a predeterm ned threshold value. [Caim12] The magnetic
di sk drive accordi g figsd dilwidg hedghvt giang gemeatademeriti arodehitdtat  adj ust s
the wite current in accordance with the TPR anount or adjusts the wite
current oveéEsifodt ghdifit angmitCliaifarg]t iam i mgect i on devi ce, conpri sing:

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.

fClaim 11]

The magnetic disk drive according tc 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 unlcads the head if
the "specified flying height minus TPR amount" exceeds a
predetermined threshold wvalue.

[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.



afirst wite function for witing a first single frequency signal in a
specific area on a magnetic disk; a second wite function for witing a
second single frequency signal in a part of a specific area where the
first single frequency signal is witten; a read function for reading the
previously witten first single frequengy signal imediately after a wite
operation is performed by the second wite function; and a function for
calculating a change in the flying height, that is, the TPR anount, from
resul ting outlfaitHahlges. [C ai m 14] The inspection device according to
claim13, conprising a built-in spectrum analyzer board for neasuring
flyi ng hei ght chandés iGSPeFUfet Ry s msaRndisiggan output by filtering
out a specific frequency conponent with a spectrum analyzer. 26 Fig.

S101: Are the TPR a@ndurits tmédsidree femc tsicar tf coondiittiigns angtir s tSEongdeasur e
the TPR amount S103: |s the threshold value exceeded by the specified
flying hei FeMeRGY FTPR@FoUM 2 SEEL1 figs @& edn ol ar Magres:i cPetifsdrm er r or
handling Fig. 2 Wole track

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 amocunt, 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.
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fl output (dBm TPR-induced output change Erased due to an overwite with
f2 signal Fig. 3 Measured data fl output Data prevalent at the tine of

shi pment Fig. 4 S401: Measure the TPR anmobunt S402: Baseline shift X

encount ered? S403: Read resistance chapge encountered? S404: Calcul ate the
flying height change Ahg from A3 (=A2 X) S405: Are the requirenments for (hg
+ Ahg] net? 27 S406: |Issue an alarm S407: Performerror handling Fig. 5
Testing process S501: Measure the TPR anobunt S502: Set the wite current
and overshoot in accordance w th the TPR anount Wthin the magnetic disk
drive S503: Set the m ninmum perm ssible flying height in accordance with
the TPR andumt- Rig. 6 S701: - Set the radial position r and rotating speed

S101: Are the TPR amount measurement start conditions met?
5102: Measure the TPR amount

5103: Is the threshold value exceeded by the specified
flying height minus TPR amount?

5104: 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

5401: Measure the TPR amcunt

S402: Baseline shift X encountered?

5403: Read resistance change encountered?

S404: Calculate the flying height change Ahg from A3 (=AZ +

S405: Are the requirements for [hg + Ahg] met?
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- Set the skew angle - Set frequencies f1 and f2 - Set Iwand Is - Set the
anplifier OS and DS - Set the spectrum anal yzer RBWand VBW $702: Conduct
DC erasure S703: - Measure the full track profile - Calculate the
read/ wite offset value S704: Conduct 2®PC erasure 5705: Move to the "of fset
= -offset"” position S706: Wite an fl frequency signal in the entire track
28 5707: Move to the "offset = 0" position (the read head then cones to a
| ocation just above the f1 signal that was witten in the previous step)
5708: Wit 4 f Isgumuenaiaimgnal between the index and sector A 5714:
Take a plurality of nmeasurenments 5709: Determne fl signal changes that
began i mediddt’el Perdfiqmt exrngi theralld rgont i nued al ong the entire track 5710:
Cal cul ate the difference A between the signal's naxi num val ue and
asynptotic value 5711: Calculate the flying height change anmount fromthe
flying height |oss equation S712: Make a pass/fail judgnent about an
i nspected Hé&t 5713: Qutput the judgment result to a display screen or a
file

Testing process

5501: Measure the TPR amount

5502: Set the write current and overshoot in accordance

with the TPR amount

Within the magnetic disk drive

5503: Set the minimum permissible flying height in

accordance with the TPR amount

Fig. 6

5701: - Set the radial position r and rotating speed
- Set the skew angle

- Set frequencies f1 and f2

- Set Iw and Is

- Set the amplifier 0S 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

3704: Conduct DC erasure

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

S706: Write an fl frequency signal in the entire track



28

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

5709: Determine fl signal changes that began immediately
after a write and continued along the entire track

S$710: Calculate the difference A between the signal's
maximum value and asymptotic value

S711: Calculate the flying height change amount from the
flying height loss equation

8712: Make a pass/fail judgment about an inspected head
S713: Output the judgment result to a display screen or a

file




