1 PROCESS FOR PRODUCI NG HARD DI SK DEVI CE, PROCESS FORADJUSTI NG FLYI NG

HEI GHT OF MAGNETI C HEAD, AND HARD DI SK DEVI CE 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to a process for
producing a hard disk device, a process for adjusting the flying height of
a magnetic head, and a hard disk device, in particular, to a process for
produci ng a hard di sk device which is capable of producing a 10 hard di sk
devi ce having excell ent el ectromagnetic conversion characteristics at a high

yield, and gﬁdﬁ?ﬁ@fgﬁl g%p?ﬁggﬁ\iv%l g ‘?)Igidlbgglé'ﬁ,i ﬁi@cﬁﬁsﬁ?dﬁ‘msfrn%ad

havi ng exc en I's capabl e of i nproving electronmagnetic
conversi on char | Sid | evi i damage of a
magneti ¢ head o@r&%%@iﬂﬁbﬁ@ﬂé@ﬁﬁ@ﬁ a%k&%%@@ggwg]gnedi um and
a magnetic head. 15 Priority is clained on Japanese Patent Application No.
2006- 321595, filed Novenber 29, 2006, the content of which is incorporated

herein by reference. Description of Related Art At present, the recording
densityg of a hard di sk devBa&CKGROUNDF THEMB)VENEION reached 150 G
bits/square inch, and it is said that increasing recording density at 30%
per year I‘%l#i'of%‘l‘niv%?oﬁ urther fromnow on. For this reason, technol ogical
devel opnent for increasing recording density of a hard disk device has
proceeded. |In general

N h dj sk devi ce, ig h i d
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rotated at a hi ?h speed to 2 allow the magnetic head to run _at a high speed
above a sureeestiasfadiusting thedflying eightifiamagnetic head, and a hard disk device, in

particular, to a process for producing a hard disk device which is capable of producing a
10  hard disk device having excellent electromagnetic conversion characteristics at a high
yield, and a process for adjusting the flying height of a magnetic head having excellent
reliability which is capable of improving electromagnetic conversion characteristics of a
hard disk device and preventing damage of a magnetic head derived from contact
between a magnetic recording medium and a magnetic head.
15 Priority is claimed on Japanese Patent Application No. 2006-321595, filed

November 29, 2006, the content of which is incorporated herein by reference.

Description of Related Art
At present, the recording density of a hard disk device (hard disk drive) has
20  reached 150 G bits/square inch, and it is said that increasing recording density at 30% per
year will continue further from now on.
For this reason, technological development for increasing recording density of a
hard disk device has proceeded.
In general, in a hard disk device, a magnetic head is opposed to a magnetic

25  recording medium, and the magnetic recording medium is rotated at a high speed to



t hereby floating the magnetic head utilizing air flow which is generated
between the nagnetic head and the magnetic recordi ng nmedium A nagnetic
recordi ng medi um wusually has a disk shape, and the nunber of revolutions at
this tinme is equal to 15,000 5 rpm In addition, a nmagnetic head is
installed to a head slider so as to be floated fromthe surface of the
magnetic recording nmediumat the tine of recording or reproducing i.n the
hard di sk ¥y the magnetip dgad to|rppata high speed abave & surfaredf thegrecordiggpedivnon arm
of a head ginbal assenbly. 10 As for the head gi nbal assenbly, air flow
gener at ed thprhy floating thg mignetia heast utdizingeainfleivrwhicleisiggneatedbstwesddhe t he
magneti c head to bend a suspension arm thereby floating the magnetic head

W t h respeghgieticthesd amd tietrapnetic facoidigg mediutin (A aiaghetRifeterdingaddiinh Docunent
1(Japanese Unexam ned Patent Application, First Publication No. 4-366408)).

15 1n a hagdaf il &'&i‘ék%ﬁ?#eégéd(ﬁd“ﬁhe%ﬁ&%e@oﬂ}%é&luﬂ!)ﬁglﬁkhiéﬁﬁﬁqpka(ual tdes,boo/i ng

hei ght of the " nagnetic to the magnetic recording nediumtends to
decrease as_the density of a hard disk device increases, and at present,
the 1yl ng'™¥% ght has reached 10 run or less, which is an ultinate val ue.
El ectromagneti ¢ conversion characteristics such as, the SN ratio of a
magnetic 20 relbadditien, dgnagnsiie headys installed £ a ey slidersrasig berloatadyframy theei ght
of the magnetic head to the magnetic recording medium As a nethod for
reduci ng t heface of thg thagnghit regordingrangdiem at thetiohe of reverding onfepradupingiimthean
electrical voltage to a piezoelectric elenent which is installed to a

magnetic heddigkideticeeadhgheibdlidesizenhtiedito aflehd bM bildpesiaPanDsf 4 ad
pi ezoel ectric el enent, thereby 25 reducing the di stance between the magnetic

head and tgﬂw%g&")& recordi ng medi um has 3

10 As for the head gimbal assembly, air flow generated upon rotating the magnetic
recording medium flows under the magnetic head to bend a suspension arm, thereby
floating the magnetic head with respect to the magnetic recording medium (for example,
Patent Document 1(Japanese Unexamined Patent Application, First Publication No.
4-366408)).

15 In a hard disk device having such a head gimbal assembly, the flying height of the
magnetic head to the magnetic recording medium tends to decrease as the density of a
hard disk device increases, and at present, the flying height has reached 10 nm or less,
which is an ultimate value.

Electromagnetic conversion characteristics such as the SN ratio of a magnetic

20  recording medium can be increased by reducing the flying height of the magnetic head to
the magnetic recording medium.

As a method for reducing the flying height of a magnetic head, a method of
applying an electrical voltage to a piezoelectric element which is installed to a magnetic
head of a head gimbal assembly to deform the shape of the piezoelectric element, thereby

25  reducing the distance between the magnetic head and the magnetic recording medium has



-been proposed (for exanple, Patent Docunent 2(Japanese Unexam ned Patent
Application, First Publication No. 2005-078754)). In addition, a nethod

whi ch includes thermally expanding a nagnetic head by heating the magnetic
head to push the magnetic head out in the direction of a floating 5 face,
t hereby reducing the flying height between the magnetic head and the
magneti c riseapdopgedefdt exangplé \Pagdnt Dveurherre? (RipageserUdekagined Pateheadi ng
operation has been proposed (for exanple, Patent Docunent 3 (Japanese

Unexarmi nedaRali&fibn ARk PEBIda80n No. D605-0RB4Ncat i on No. 2003- 168274)). _
However, the conventional technology is not capable of sufficiently reducing

the 10 flying [Wel f i ?ﬁﬂ ficle nhe i ng
damage of the %@g%%@‘%ncg%%g&&d gﬁ%ﬂ? %élgc})e%t ac qggte agie“rclﬁl}cgnae&%%%eﬁlgth%&%cor di ng
medi um and t he ghetic. head, an as a resulf, a progduct.ion ocess which
s capabl chesfing iR Megnetis &eﬁcﬂ@ msg thegmaghelh Reag ot ﬁ%ﬂ@ﬂl&n AER BotIEe
accurately and inproving the yield further is demanded. For exanple, in the
case i® whiact, théreby tedueing itled Gying beight brdweest the ningactti¢ keaddipd sheemagneticusi ng a
head gi nbal assenbly disclosed in Patent Docunent 2, it is necessary to

detect t hecomifghedasioliet thegineldfa withiith ean®ading bperation B besh plofobal
magnetic recording nediumin order to reduce the flying height as nmuch as

possible. &g &aﬁﬁﬂé}qqtembogﬁﬁa%sg@%ﬁégeummﬁm ﬁ’\aﬁgﬁAgﬁlicﬁti&Etﬂiﬁg whi ch

i ncl udes detecting the so IS generated magneti ¢ head cones
into contagt,.w t.h i 0 recordi ng nedi um outside the hard di sk
device. Ho ‘?)5’?%‘0?@0%%@%6 It is difficult to install a nmechanismfor
detecting sound to the hard disk clg\\é' ce, and as a r es&;l t, .this nethod has
been applied olloweyer thecopysmioprlteghnplagy is nof capehle phsnitigiently rrdiping theor
detecting the nonent when a magnetic head cones into contact with a magnetic
recor dithg flgidgieight bfthe magnetierhtad add whifictently tpeaventing damagerf tikomagnptial s
output fromthe nagneti c head when the magnetic head comes into contact with

head due to contact between the magnetic recording medium and the magnetic head, and

as a result, a production process which is capable of controlling the flying height of a

magnetic head more accurately and improving the yield further is demanded.

For example, in the case in which the flying height of a magnetic head is adjusted
15  using a head gimbal assembly disclosed in Patent Document 2, it is necessary to detect

the moment when the magnetic head comes into contact with the magnetic recording

medium in order to reduce the flying height as much as possible.

As a method for detecting the moment, there is a method which includes detecting the

sound which is generated when a magnetic head comes into contact with a magnetic

20  recording medium outside the hard disk device.
However, in this method, it is difficult to install a mechanism for detecting sound to the
hard disk device, and as a result, this method has been applied only at a laboratory level.
In addition, as a method for detecting the moment when a magnetic head comes

into contact with a magnetic recording medium, there is a method which detects electric

25  signals output from the magnetic head when the magnetic head comes into contact with



4 the magnetic recording nedium However, electrical signals output from
the magnetic head in this nethod are those obtained by cal culation
depending on the Wallace formula that there is no change in the distance of
t he magnetic head due to the contact betgmeen the magnetic head and the 5
magneti c recording nmediumor by an air bearing vibration of the nagnetic
head, and th¢ hegeeticsrecordinghedivmn t hat the sensitivity of the signal is |ow
and the dispersion due to the magnetic head is large. For this reason,

there were mamyowaedSelédtrivdlisighalshitpiadivet ihe nipactidRéadda ey atéthddhré fRsPr ocess
of adjusting the distance between the nmagnetic head and the nmagnetic 10

[ ﬁgo ;Tgig Rg tc{ﬁ@ﬁhﬁﬂ%@@ﬂ%ﬁﬁ%@%ﬂdﬁ ol WEMAlIRG t‘éhﬁxﬁé et Alerd k%ﬁ@g&e%ﬁgé from

ent nvention was nade In view o apove

probl ens, dit is an object, of the present invention t Lovigde a process
for pr oduc‘ﬁ%ﬁ“cﬁ qéﬁ%mﬂg% icﬁ?@ﬁl due Wn‘?‘ﬁﬁ&?tga%g Bi e’&fig‘b‘?%gl?gflﬁ’é& ®hard di sk
device at a high yield, because it is possible to control 15 the flying

hei ght Sof magnglpercording medime oF By an gir bearinggibratiomef theynagpetie hesk ant ~ t he
magneti c head sufficiently, and it is possible to prevent the danage of the
magnet i ¢ hhead is alpmblan dothiatthe sbeditiwignoft the sigag ielovcariiethd dispersidnadueagthet i c
recording medium sufficiently. In addition, it is another object of the

present il’}ﬁgg}fe'ﬁ@ﬂeé@isﬂ)h%g_i de a process for 20 adjusting the flying height
of a magnetic head which is capable of controlling the flying height of a

regnet | ¢ et GRS b D SSUETRR L KR A Tyl
magnet i c Nead and ameanet ¢ vecording, redium and, e harg disk device. 25
10  recording medium in the method of detecting electrical signals output from the magnetic
head.
The present invention was made in view of the above problems, and it is an object
of the present invention to provide a process for producing a hard disk device which is
capable of producing a hard disk device at a high yield, because it is possible to control
15  the flying height of a magnetic head accurately to reduce the flying height of the
magnetic head sufficiently, and it is possible to prevent the damage of the magnetic head
due to contact between the magnetic head and the magnetic recording medium,
sufficiently.
In addition, it is another object of the present invention to provide a process for
20  adjusting the flying height of a magnetic head which is capable of controlling the flying
height of a magnetic head accurately, thereby reducing the flying height of a magnetic

head and preventing damage of a magnetic head due to contact between a magnetic head

and a magnetic recording medium, and a hard disk device.

25 SUMMARY OF THE INVENTION



‘5 The inventors of the present invention have thoroughly researched in
order to solve the above problens, and as a result, they have found that the
above problens can be solved by installing a sensor for detecting contact
bet ween the magnetic recording nediumahd the nagnetic head to a head

gi nbal assenbly having a nagnetic head and 5 adjusting the flying height

whi | e det ect i ndhe inveptons efcthe prasentanventien haypthorayghkygesediohgd imerdetim satvg t he
magneti ¢ head by the sensor, thereby conpleting the present invention. That
i's, the prteabbvé problehispand & asilqthavimve ffhindAharthe alss/efppsblpmedaicberg a hard
di sk device having a magnetic recording nediumand a head gi nbal assenbly

havi ng a nagR&t l%f\fingﬁﬁﬁgvﬂeﬁgbriﬁr &1L ARG InQAPPRYREN tﬂx@n{a%étﬂeregﬁa ic

recording mediumto record and reproduce infornation, i ch conprises an

adj usting st of Lusti the. flying .hei ght usj an adj ust. chani sm
ot oh ag; feattsnaftie s AR R 6 e Rf el Rsp B ey i SRR AL
recordi ng medium while detecting contact between the nagnetic recording
medi umandadngingghn Bying hetght whale %@teatm%@ﬁ%ma%heé\ﬁeqnéh? Fagnsticagcardinghe head
gi mhbal assenbly. 15 [2] The process for producing a hard di sk device as set
forth in [fdediumamndthe maghetic baid bytthespnsom therabyl cotpdetmgshepresént imteatiomg t he
magnetic recording nmediumto float the magnetic head, a step of reducing
the flyingThatiigRhe p&geﬁg inveatiadljsustfoll@vdrechani sm whil e detecting the contact
bet ween the magnetic recordi ng nedium and the magnetic head by the sensor,

2 5tep of PHLPUL W igeds 45t B4 4N ShaA e dvicaadBRSGha RO lBIREY 1 1O L e

contact 20" betwee et1c tecording nedium he nagne head, and

t f i t ied el i.cal | t to t.he.adjust hani
Gsi ng. t e HeAts fth BagnBRoRCheSnS rhbR e LR B PR €
recordi ng head fromthe nmagnetic record%&g@nediun1through t he adj usting

mechanl&m tathe mpetmee%qdir?ggnﬁﬁmtp yeG5d produce nformatign; which se@puissue.

an adjusting step of adjusting the flying height using an adjusting mechanism which

adjusts the flying height of the magnetic head to the magnetic recording medium while
detecting contact between the magnetic recording medium and the magnetic head using a
sensor which is installed to the head gimbal assembly.

15 2] The process for producing a hard disk device as set forth in [1], in which the
adjusting step includes a step of rotating the magnetic recording medium to float the
magnetic head, a step of reducing the flying height using the adjusting mechanism while
detecting the contact between the magnetic recording medium and the magnetic head by
the sensor, a step of outputting a detecting signal to the sensor when detecting the contact

20  between the magnetic recording medium and the magnetic head, and a step of varying
the applied electrical voltage to the adjusting mechanism using the detecting signal
output from the sensor to remove the magnetic recording head from the magnetic
recording medium through the adjusting mechanism, thereby adjusting the flying height
to a predetermined value.

25 3] The process for producing a hard disk device as set forth in [1] or {2], in which



25 [3] The process for producing a hard disk device as set forth in [1] or

[2], in which 6 the sensor is installed to a head slider or a suspension
arm of the head ginbal assenbly. [4] The process for producing a hard disk
device as set forth in any one of [1] tog[3], in which the adjusting

mechanismis a piezoelectric elenent and/or a heater which expands or

shri nks t héhelsensbrdd indtatletbyo hhedd didenolj amsspansmnfdry ofghdke¢aggimbal ds&dmblihe
process for producing a hard disk device as set forth in any one of [1] to
[4], in wpch t e forpréducaiyl 4Rir@ diskttieoite ia§ sétToitRln 86 &R 18] REBY

gi nbal assenbly for  noving the nagnetic head to the magnetic recording

medium [6 j i : I j - head to a
magneti c éne@(})dr% (Ej‘ﬁfrilégaé(ﬁ%%ﬁ{%ﬁ gdpﬂgﬁﬁg?ﬁﬁ%gk@g\%&géﬁgeﬁ %SP%Hgnaggﬁ‘;é%‘?% recordi ng
medium a head, 10 gi | assenbl avj ng .a t.ic, head which is arranged
opposed toeﬁW@dﬁﬁbﬂgFﬂg%Wéﬁﬁﬁ&Hﬁﬂ%ﬁgﬁ?tﬁﬁpﬁmggggﬁﬂn%hﬂg epr oduce
information, a sensor which is installed to the head ginbal assenbly to
detect ZonfZct beihgaspceshorpaedusinga h@édrs&id@glmisﬁrfpagm ameonengfdhbto [].head,
and an adjusting nmechani smwhich adjusts the flying height of the nagnetic
sensor to tuhehivhghetdnsor B@aaradinawr nehikh ininsedlied o thedead gimisal assdjribdyt fong st ep of
15 adjusting the flying height using the adjusting nechani smwhile detecting

the cont a%ovbﬁgﬁﬁe%gh@@cH@ﬁﬂ@&ﬁ&nggxﬁﬂ&%dwdiﬁgﬁieumﬁnd the magnetic head
using the sensor. [7] A hard disk device including a magnetic recording

medi um a d gi I [: j ich is .arranged
opposed {olthe neohRess BEETRghe A BENAARAhA e Rt Bl Rl
information, a,.sensqr which is..installed. to the head 2 i mhal assenbly to
ot ect conforiBETRALI D MGl Sy e dE5ins A A EE B HORBe AHAN R agieti ¢ head,
an adj usting nmechani smwhi ch adjusts the flying height of the magnetic
sensor 190 wgabalasseatbly havag e anaggetielgad whielnis asrangerbepposedio theimagnstieg t he
flying height using the adjusting nmechanismwhile detecting the contact

bet ween t heecwbdjing triedium to record and reproduce information, a sensor which is installed to the

head gimbal assembly to detect contact between the magnetic recording medium and the
magnetic head, and an adjusting mechanism which adjusts the flying height of the
magnetic sensor to the magnetic recording medium, which includes an adjusting step of

15  adjusting the flying height using the adjusting mechanism while detecting the contact
between the magnetic recording medium and the magnetic head using the sensor.
[7] A hard disk device including a magnetic recording medium, a head gimbal
assembly having a magnetic head which is arranged opposed to the magnetic recording
medium to record and reproduce information, a sensor which is installed to the head

20 gimbal assembly to detect contact between the magnetic recording medium and the
magnetic head, an adjusting mechanism which adjusts the flying height of the magnetic
sensor to the magnetic recording medium, and a function of adjusting the flying height
using the adjusting mechanism while detecting the contact between the magnetic
recording medium and the magnetic head using the sensor.

25  [8] The hard disk device as set forth in [7], in which the sensor is installed to the



recordi ng medi um and the magnetic head using the sensor. 25 [8] The hard

di sk device as set forth in [7], in which the sensor is installed to the 7
head slider or the suspension arm of the head ginbal assenbly. [9] The hard
di sk device as set forth in [7] or [8], yn which the adjusting nmechanism is
a piezoelectric elenent and/or a heater which expands or shrinks the head
slider by hbskdlidepomitie sa¢pehsion bimy ofithethead)gimbab agsétplyThe hard di sk devi ce as
set forth in any one of [7] to [9], in which the sensor i an actuator

S
which is ingtall eghetiard figk Gedee &4 80 drttEin g iR whidhh B ddjubendmedahisen head
to the maggtic recordi ng nmedium BRI EF %E]ST&CIZJI-JE?K TI ON OF THE’ DR&?\?NGS 10 FIG |

to the c di i X THE DRAWNGS 10
or eqont | muaHR ATt EHEN Y Ok AT SR Gp i Rt the REK ARy 1o ce

of the present i.nventi.on. FLG 2 is an enl arged diagonal view which shows a
partially Bﬁ"}té‘?ﬁg’ Stp}g?fliy&gllﬂ he hard disk device shown in FIG 1 and a
schematic view of the head gi nbal assenbly 15 which is seen fromthe

magnet i & r éE8r di ndhadbarddisks dendce a5 set Brihsnany ene ef [jd o [ oasvhiel thesargor is ew of
the hard di sk device shown in FIG1 showing a partially enlarged portion of

t he hard diaskcttietor odichAk thstalled ta tigrtepd gihieaMassgmbiy fou tmotiegibe ndgnetic lgsad| s
froma piezoelectric elenent. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON An

expl anat i oj, Welhadd@ti@ta¢eriiNg hiedfugspect to an enbodi ment of a process for
produci ng a hard di sk device of the present invention, a hard di sk devi ce,

and a process for adjusting the flying height of a magnetic head of the
present invention, referring to the drawi ngs appropriately, bel ow

BRIEF DESCRIPTION OF THE DRAWINGS
10 FIG. 1 is a diagonal view for explaining an example of hard disk device of the
present invention produced by the process for producing a hard disk device of the present
invention.
FIG. 2 is an enlarged diagonal view which shows a partially enlarged portion of the
hard disk device shown in FIG. 1 and a schematic view of the head gimbal assembly
15  which is seen from the magnetic recording medium side.
FIG. 3 is an enlarged cross-sectional view of the hard disk device shown in FIG. 1
showing a partially enlarged portion of the hard disk device.

FIG. 4 is a graph showing output changes in signals from a piezoelectric element.

20 DETAILED DESCRIPTION OF THE INVENTION
An explanation will be given with respect to an embodiment of a process for
producing a hard disk device of the present invention, a hard disk device, and a process
for adjusting the flying height of a magnetic head of the present invention, referring to
the drawings appropriately, below.

25 FIG. 1 is a diagonal view for explaining an example of a hard disk device of the



25 FIG 1 is a diagonal view for explaining an exanple of a hard di sk device
of the 8 present invention produced by the process for producing a hard

di sk device of the present invention. FIG 2 is an enlarged di agonal view
whi ch shows a partially enlarged portiong of the hard di sk device shown in
FIG 1 and a schematic view of the head ginbal assenbly which is seen from

t he magnet presend davedtion procucedbysthd prodessFos praslugimg 3 hard disk device ofsthe peasentonal
view of the hard di sk device shown in FIG 1 showing a partially enlarged
portion of inveetidar ¢1Gi 3 ks dhesnlgiged diagoruhridwdwhich deow e partioly enlarge Porions

equi pped with a magnetic recording nediumb5, a head ginbal assenbly 20

having a et digedeviod\Hiowh ih FI6AEhuflt SchelfBAE ol BERLA gapiPdi Um 5 t 0

record and reproduce Information, a mediumdriving 10 part 1 ch drives
and rotates_the magnetic recording nediumb5. a head Vi tt 11 which
noves t he ﬁséﬁwayl ‘gﬂlﬁgésdseﬁn%é)%&ﬁe\flgaﬁ%g? F\egoﬁd&%@f"iﬁgmrsg%m gﬁ(ﬁ‘g? e um 5, and a
recordi ng and reproduci ng signal_ processing system_  The recordi ng and

r epr oduti ngnlasegA srosprsestional vigw of thehard disk dewiss shpyymmin Fyu i showing apagiallyt si de
to send recorded signals to the head 3, and processes reproduced signals
from 15 tbawargedpettion dfdbeh®ddskslentedat a out si de. The head gi nbal assenbly
20 is, as shown in FIG 2, equipped with a suspension arm 21 which is nade
of a metal thi ThehatddisiedbeadshowndarI@2] whiqaipped withstmddnetlc teorlihg P end

side of the suspension arm 21, a nmagnetic head 3 which is installed onto the
head slide : | t t : etic
recordi ng ﬁnggﬁ%nmsgag%gﬁgézaggn@%lxgtg ihggﬁggjﬂaggn@? Réehglt%\?ﬁ%}ltlgﬁagﬁg%gont rolling
means which is tconneﬁt ed tcﬁ b(r}?tth t he s((insor 2 aﬁgd th heat gr 4.through a

si gnal | i nBagngtigEcaimgmedium o fpenid AL JePradyice figimatiop. HReduE dUvige s hosed
to a portion close to . the magnetic recording nmedium5 in a trading side

whi ch 1& oppoddavhich drives and rejatss the mpaneic zecordingmetdium$ ahead moving part

11 which moves the magnetic head 3 relative to the magnetic recording medium 5, and a

recording and reproducing signal processing system.

The recording and reproducing signal processing system processes data input from

the outside to send recorded signals to the head 3, and processes reproduced signals from
15  the magnetic head 3 to send data outside.

The head gimbal assembly 20 is, as shown in FIG. 2, equipped with a suspension
arm 21 which is made of a metal thin plate, a head slider 22 which is installed to a tip end
side of the suspension arm 21, a magnetic head 3 which is installed onto the head slider
22, a sensor 2 which detects contact between the magnetic recording medium 5 and the

20  magnetic head 3, a heater 4, and a controlling means which is connected to both the
sensor 2 and the heater 4 through a signal line 6 (not shown in the drawings).

The magnetic head 3 is disposed to a portion close to the magnetic recording
medium 5 in a trading side which is opposed to a reading side where a slope of the head
slider 22 is formed. As the magnetic head 3, a head which is suitable for high recording

25  density, having a TMR element which utilizes TMR, i.e. Tunnel-type Magneto Resistive,



'slider 22 is formed. As the magnetic head 3, a head which is suitable for

hi gh recording 25 density, having a TMR el enent which utilizes TMR, i.e.
Tunnel -type Magneto Resistive, 9 as a reproducing elenent, in addition to a
MR (magneto resistance) elenment which wilizes GVWR, i.e. G ant Mgneto

Resi stive, can be used. In addition, it becones possible to performfurther
hi gh- densi 232 repusiudingglamentsinaddition toraRIR (magneto refistanhe)atlement whichdi sposed to
a portion on the side apart fromthe magnetic recording 5 medium5

(opposi t e satilikes GMRhice. 'GignaVagneieResistjve] cantbeaused.adinnglditiche itdlecéhes head
slider 22. The heater 4 expands the head slider 22 by heat and shrinks the

head sl i de%osg%l@% ﬂ%hﬁfﬁhﬁl& lﬁélﬁdéﬂﬂ?ké@oﬁﬂn%ﬂ?ﬁﬁh @i TR elnert OPPI Ng the
supply of heat to change the Shape of the head SFI der 22, thereby

j ecti th tig.head 3 ' t h ' d f.th
maghet i ¢ head: TC AR fis ilhed Bp eeiftitbR einl o ERRERHC behapd
ic head, 3 h [ di di 5. b ' h lied
el Gct 1 bl TEG RPPOTHESIAbIA MARBHICIERA Hbihe teHinecs Pihe BrTPCa:

voltage to the heater 4, corresponding to detected signals output fromthe
sensor 2. As t fbebeaterbexpapdnthe hehdslader A2 by hgateandisbrihks/tha deadyimlen?Uby whi ch
di spl ays change in output of signals fromthe sensor 15 2 by inputing

si gnal s ouliguiéasfngahie SipplFagamourt dfheatiratdppinpuble sipity 8f Beddto thange the can be
used. Specifically, a spectrum analyzer is preferably used. As the sensor 2,

an actuat OE}ha‘fY@ lofthe'ead Elg%%l%?@gfe?%?rﬁ%gﬁlg%éhﬁ ticﬁ%aji A o‘i’gé’cﬁfci ¢ NOVE

m nutely the magnetic tic récording nediumb5 can be used.

As nmentioned.above, in i s _enboadi , head. dri vi n apt. 1 i ch.noves
the 30 naoRois b maardof Hepffent he s ndoHaRret b atibfh BE Mg hsiihh Sfiue
di sposed to the hard _disk device shogwn in FIG 1. In additjon, in this
enbodi Hent magretichead 4 4o the magneig serording medimm by varying theapphedelectieal ni nut el y
noved to thel magneti c recording medium5 by an

voltage.

The control means controls the applied electrical voltage to the heater 4,
corresponding to detected signals output from the sensor 2.  As the control means, those
having a displaying apparatus which displays change in output of signals from the sensor

15 2 by imputing signals output from the sensor 2 thereto through the signal line 6, can be
used. Specifically, a spectrum analyzer is preferably used.

As the sensor 2, an actuator which is installed to the head slider 22 in order to
move minutely the magnetic head 3 to the magnetic recording medium 5 can be used.

As mentioned above, in this embodiment, a head driving part 11 which moves the

20  magnetic head 3 relative to the magnetic recording medium 5 is disposed to the hard disk
device shown in FIG. 1. In addition, in this embodiment, it is constituted such that the
magnetic head 3 can be minutely moved to the magnetic recording medium 5 by an
actuator which doubles as the sensor 2 being disposed to the head slider 22 of the head
gimbal assembly 20, together with the head driving'part 11 shown in FIG. 1.

25  As the actuator used here, those which can move the magnetic head 3 accurately can be



‘actuator which doubles as the sensor 2 being disposed to the head slider 22
of the head ginbal assenbly 20, together with the head driving part 11
shown in FIG 1. 25 As the actuator used here, those which can nove the
magneti c head 3 accurately can be 10 wuged, in addition, in the case in
which it is used as a sensor, a piezoelectric elenment which can accurately
det ect t heusedninceclitivet wethe chdednvdgceleit icused asla 3ersog atpiezoskegmietel@ment evhichdi ng
medium5 is preferably used. That is, an actuator which doubles as the

sensor 2 i gan@tratdly GE(Ef the ComfBtdetwienIheMEBRiticheh®3dnd thenaigresitng the hard
di sk device, whereas the actuator is used in order to detect the contact

between th Hﬁ%ﬁ‘ I.G: magneti c recording medium5 upon both
produci ng fqﬁe aflék&u?ﬁ?%g@ﬁ%@&é%ﬁ&éldj usting the flying height of the

magnetic head. 3., .Specifically, usi t he hard disk device n
electrical si g@i“t ’issanaap?&‘q%érdwpt{'tﬁh gﬁ‘%}i asatggﬁeoﬂsgr?mse IFdET todnave "ﬁﬁe sensor
2 so as_to serve as an actuator to nove mnutely the magnetic head 3

rel ativ® t Bagntichegd Stupensingrtbe hayd gist devics, whergas the Actsefonispised incorder tohe
hard di sk device and adjusting the flying height of the nmagnetic head 3, an
act uat or wHetedt thocdrtas batwdehehsmagmatichead 3 aaeé thei magiede tecoading medimweS t he
magnetic head 3, but to detect the contact between the magnetic recording
medi um 5 aggod bisth PRERIHgthd RarldeRsk devde dnd AdRBASEThe 31yig REOFht T adddic
changing state in signals output as a result of  inputing signals output
fromthe agf or into the control nmeans. Thus, it beconmes unnecessary to
di spose a sensor to the head gi nbal assenbly for detecting the contact

bet ween t he magnet.i.c .recordin ium.5 gnd the neti.c head 3, . thereby
onabling o har SparEiallegperusas B herCiisk Svies. a5 ofeSiahsbnal ¥ Spald tdtbe vi < n
the 20 present invention. In order to produce the hard di sk device shown in
FI G 110 at a¢tpater whichideyhles ag thegggnsor 2 so as to serve as an actuator to move minutely the

magnetic head 3 relative to the magnetic recording medium 5. And upon both
producing the hard disk device and adjusting the flying height of the magnetic head 3, an
actuator which doubles as the sensor 2 is used in order not to move the magnetic head 3,
but to detect the contact between the magnetic recording medium 5 and the magnetic
15  head 3 as the sensor 2 by monitoring the changing state in signals output as a result of
imputing signals output from the actuator into the control means.
Thus, it becomes unnecessary to dispose a sensor to the head gimbal assembly for
detecting the contact between the magnetic recording medium 5 and the magnetic head 3,
thereby enabling a hard disk device to be produced at a low cost in accordance with the
20  present invention.
In order to produce the hard disk device shown in FIG. 1, at first, a magnetic layer
is formed onto a non-magnetic substrate to produce a magnetic recording medium 5.
Next, the flying height of the magnetic head 3 to the magnetic recording medium 5
is adjusted (adjusting step).

25 In this embodiment, at first, the magnetic recording medium 5 is rotated to float the



is formed onto a non-magnetic substrate to produce a nagnetic recording
medium 5. Next, the flying height of the nmagnetic head 3 to the magnetic
recording medium5 is adjusted (adjusting step). 25 In this enbodi nent, at
first, the magnetic recording nediumb5 ijg rotated to float the 11 nagnetic
head 3. The rotation rate of the magnetic recording nedium5 may range from
5,000 to 2maftficrhend 3f oMThe xatatibreratSoithe enagnétiorecdridmganediants inay vange t he
magneti c recording medium5 and the nagnetic head 3 is detected by the

sensor 2 t goml 3,000 {08, GNP, fr dx@nfplé.put signals, and 5 then the signals
are input to a control neans through a signal line 6. And, while allow ng a

di spl ayi ng app e I I s hange in
out put of st nar ey, ot bétyeE ATt AL Bl el IBES AR TTOD Lt
fromthe heater 4 .al.l ow the nmagnetic head to project, thereb educi ng
the 1 yi ngMRengiieadd SHtiaHed BY plecsegsoriio Ao e pensBl ke tbHtERaGnan o
recording nmedium5 and the 10 magnetic head 3 begins at the highest portion
of unevennthes thevigrals arg inpid te acpaicel ragans Huoughysignaldine de oAdidatyhitedi um 5
(mark 37 in FIG 3). Therefore, the contact surface between the nagnetic

recordi ng atbelvingasdisplalihg eppargusdf the kemeblIneann tdodisplayua atageyof chamgiihi vel y
detecting the contact between the nagnetic recording nedium5 and the

nmagnet i c h@@t‘ﬂu@of inQf‘a'lseﬂ?é{mrﬂlé‘EéHséﬂ 7% Heh& sHarBa8s &Ipahb@d WRERSdt fFor@Rd 3
acconpanyi ng 15 the contact between the magnetic recording nmedium5 and the

rodiam 5 agenu A e mApBlihsR LRHReL, BRI PR ARAHE fg o, "
A WL NS T N
input to the control neans, then the detective signal is displayed on 20 the
di spl ald ngmagpeticchead 3dfeginsat therhighsist pestion ofiweevenress ppiried ¥ndhesirface af theol t age
to the magnetic recording medium 5 (mark 37 in FIG. 3). Therefore, the contact surface
between the magnetic recording medium 5 and the magnetic head 3 can be reduced by
sensitively detecting the contact between the magnetic recording medium 5 and the
magnetic head 3, thereby minimizing the damage of the magnetic head 3 accompanying
15 the contact between the magnetic recording medium 5 and the magnetic head 3.
And, if a minute contact between the magnetic recording medium 5 and the
magnetic head 3 is detected by the sensor 2, then a detective signal is output from the
sensor 2 and input to the control means through the signal line 6. In this embodiment, if
a detective signal is input to the control means, then the detective signal is displayed on
20  the displaying apparatus of the control means and the applied electrical voltage to the
heater 4 is controlled by the control means. Specifically, the applied electrical voltage
to the heater 4 is varied by the control means to reduce or stop the supplied amount of
heat from the heater 4, thereby reducing the projected amount of the magnetic head 3

which has been projected.

25 Thus, the magnetic head 3 is removed from the magnetic recording medium 5,



‘heater 4 is controlled by the control neans. Specifically, the applied
electrical voltage to the heater 4 is varied by the control neans to reduce
or stop the supplied anount of heat fromthe heater 4, thereby reducing the
proj ected anmount of the magnetic head 31pwhich has been projected. 25 Thus,
the magnetic head 3 is renoved fromthe magnetic recording nmediumb5, 12

t her eby adihefeblyadjustigg tHe)flying hedplghd atpeedetapmabdtvatuel ndtlthiawag.thd prodbctionnay ,
the production of a hard disk device is conpleted to obtain the hard disk

devi ce of ¥ Rdrdldik delitei@comisle@hto bBtadthe BARMHikOdeXideISTIHiEH tHe'TRAny al Ue,

shown in FIG 1. The process for producing a hard disk device of this

enbodi nent I.pGl- ] 1 kystd ng the flying height by

t he heaterhééi,gﬁ\ﬁﬁgl?ﬁﬁﬁgs%gfoegﬁaeggtg&%%g%X%lglg.’(%thg&ggxgaek%nl't he magnetic recording
medium 5 and t magnet i ¢ head 3 ysi t he .sensor 2 ich.ig installed to
The head gf mball s UEAR i pododns afferbast dSi&s SBhiemmetin spdidf e 11 ying
hei ght accurately and prevent sufficiently the dane&g of the magnetic head 3
due td t hadjugingsiep tfediusting thedlyingheightdyrthe beatenty whalgidgtactng the contackagnet i ¢
head 3, 10 thereby reducing the damage of the nagnetic head 3 due to the
contact bebsteesn tHeanagnego edcoflingemeditinng andthe iiagnetidhedd Beusim@thetsessohgad 3.
Therefore, it is possible to produce a hard disk device at a high yield,

It
having a | gﬁcfh' 1Y iREh10E e HRAd LiAbalREBEbIY20, BR@Herde iffis isbgé?bﬁe kIEStRERR! LY,

and an exc ent el ectromagnetic conversi'on characteristic, 1n accordance

wi th the product.i rocess kn this odj t, 15 1 hi odi t, the
sensor 2 i yﬁ%g}eﬁ%l?%%ufega?ﬁgd {aeté’(ﬁnts u?tgcg?rgléfg@ QS?\IB% Yenc émaﬁn%tgégl})e%g?e ‘%Sssi bl e
to detect sensitively the ment when the netic head 3 cones.into
contact wi {hthe fentReldisbrsen thepgrrAtigesriding m furg pnddhemagaghicriead fie. above
effect can be obtained by the contact between the magnetic recordi ng nmedi um
5 and the thergbetredudingithie dambgs efithe blagnetis head datuede g anintagt betweenythai gh
sensitivity. In addition, the flying height is

magnetic recording medium 5 and the magnetic head 3. Therefore, it is possible to

produce a hard disk device at a high yield, having a low flying height of the magnetic
head 3, a high truck density, and an excellent electromagnetic conversion characteristic,
in accordance with the production process in this embodiment.

15 In this embodiment, the sensor 2 is installed to the head slider 22, and hence it
becomes possible to detect sensitively the moment when the magnetic head 3 comes into
contact with the magnetic recording medium 5, and as a result, the above effect can be
obtained by the contact between the magnetic recording medium 5 and the magnetic head
3 being able to be detected with a very high sensitivity. In addition, the flying height is

20  adjusted using the heater 4 in the process for producing a hard disk device of this
embodiment, and hence the flying height can be minutely adjusted with a high accuracy.

It should be noted that, in the above embodiment, an explanation is given referring
to the case in which, as the adjusting mechanism, the heater 4 is used to adjust the flying
height by expanding and shrinking the head slider 22 with heat, however, the present

25 invention is not limited to the above embodiment, any adjusting mechanism which is



+20 adjusted using the heater 4 in the process for producing a hard disk
device of this enbodinent, and hence the flying height can be mnutely
adjusted with a high accuracy. It should be noted that, in the above

enbodi nent, an explanation is given refgrring to the case in which, as the
adj usting nechanism the heater 4 is used to adjust the flying height by
expandi ng edpdbklufiadjustigg thedlyiegheight afehe DMagmdticthehdatto tHeanspretic rdcbrligg esent

25 invention is not limted to the above enbodi nent, any adjusting nechani sm

whi ch is 1zedf@Pahl R Rbdadissddapld, B tHel adiudbing fic@hinisth, 4 Piezdehadaa! dismhgad 3
to the magnetic recording mediumcan be used. For exanple, as the adjusting

mechani sm | | . . . | i dj ust
the t1yi o ReRisBRe BERRUSE OO sl OB ARy R RE B MR STE LT
by varying the applied elegtrical vo]tage nay. be used for 5 or to her with
Che heat or MEENCHEdERQrdinggneipgry Swaive U Pl flseticpl velfags Fiay beeEb ik el v i n
the case in which a piezoelectric elenent is used as the adjusting
mechani $m ot togethicli Witgﬂ}e heaterde dlbo¥kyingrltsighit vambe alaﬂnénwleh/r@lnllsmd is given
referring to the case in which an actuator which is disposed to the head
slider 22 hevurdtelyiimehetdage itoghiehiagpidddeleettid cknicant iswedagtrtadpustiagor di ng nmedi um
5 is used as the sensor 2, however, the present inventionis not limted to
the above gbpgiiggnt, that is, any sensor which can be installed to the
head gi nbal assenbly 20 to detect the contact between the magnetic

ecoring. redl iR b O SROREHEHPRAT A DS SR et
O SRR e B o R
sensitively the contact between the magnetic recording nedium5 and the
magnet 1@ hgeml Bto thtreraghgtic rdendingmedivmdaisaged afthe smorrgdmdvcr, Headesgoe t o
t he contact between the magnetic recording nedium5 and the
invention is not limited to the above embodiment, that is, any sensor which can be
installed to the head gimbal assembly 20 to detect the contact between the magnetic
recording medium 5 and the magnetic head 3 may be used. For example, the sensor
may be an actuator which can move the magnetic head 3, which is installed to the
15  suspension arm 21, to the magnetic recording medium 5. Even in the case in which
such a sensor 2 is used, it is possible to detect sensitively the contact between the
magnetic recording medium 5 and the magnetic head 3, thereby reducing the damage of
the magnetic head due to the contact between the magnetic recording medium 5 and the
magnetic head 3.
20 In addition, in the above embodiment, the adjusting step is performed only once at
the end of the production of a hard disk device, however, the adjusting step may be
performed one or more times either during the production of the hard disk device or at
the end of the production.

In addition, the adjusting step in the hard disk device of the present invention can

25  bealso used as a process for adjusting the flying height of the magnetic head of the



magnetic head 3. 20 In addition, in the above enbodi nent, the adjusting step
is performed only once at the end of the production of a hard di sk device,
however, the adjusting step may be perforned one or nore tinmes either
during the production of the hard disk dgvice or at the end of the
production. In addition, the adjusting step in the hard di sk device of the
present i nprRéntdivention, Bopdrformlimgit aftedheprauptieicefthe had disk destidenglItt he flyi ng
hei ght of the magnetic head of the 14 present invention, by performng it

after the pRQAWeE hord tat Ttﬂk]ffllnrb_@ésg f6H adlfuseBy it}&et}]yihg heighiQt!tde &%g'%é%e%a& bat the

process for adjusting the yi ng height of the nagnetic hea t he present
i nvention I t r I: h d disk
device, for &a%ﬁgf@?gﬁgﬁnlg??%%sgéef?%erqﬁaéglt‘%ﬁﬁlre eagtg Qllrg %lgn ecpgﬁ;lf)g{hg;h?@ra@%e
production of, the 5 hard . di sk, device, or during th sage of .the hard disk
devi ce. wbﬂ%%??r PREPG LY hapgﬁqud@tfwiaﬁﬁewaﬁ efithgireedusfion § ther esent
invention may be used in order to suppress the damage of the nmagnetic head
due to % heheswldisicdeviest oduringthemgagstaf thedhasd diskdleviee. nagneti c head by, for
exanple, retracting the magnetic head when the nagnetic head cones into

contact with tMomBgietheadjistikg stéhin the ird disk dévicd dfahd Presantidehtibemagen t he
magneti ¢ di sk and the magnetic head upon using the hard disk device. In

addi ti on, ib% ubct IRQTErRb SuprRe SRS Hehﬁérﬁeeqffi‘hé‘ﬁﬁgné#c%a@ 8Yd f0RhOborthd bERRERN!

i nvention romthe sensor 2 which 1s instalTed to the head gl nbal assenbly

and Che acputenie Ak Al ATt E B RERPIR, R, B BRI bspnc ™

magneti c head 3 to the magnetic recording.nmediumb5,, which. is capabl e of

per f or i ng “hee thefpaghetis e e infosenntagt Withihs agactic iy ?”héfﬁlnioﬁ’&o’i%ﬁleusage.

I n accordance with the hard disk device of the present invention, the flying
10  contact between the magnetic disk and the magnetic head upon using the hard disk

device.

In addition, it is possible to constitute a hard disk device of the present invention
from the sensor 2 which is installed to the head gimbal assembly 20 for detecting the
magnetic recording medium 5 and the magnetic head 3, and the adjusting mechanism for

15  adjusting the flying height of the magnetic head 3 to the magnetic recording medium 5,
which is capable of performing the adjusting step at regular intervals and/or during the
usage. In accordance with the hard disk device of the present invention, the flying
height of the magnetic head can be sufficiently reduced, and the damage of the magnetic
head due to the contact between the magnetic recording medium and the magnetic head

20  can be sufficiently prevented.

EXAMPLES
Next, an explanation in more detail will be given about the present invention,
referring to experimental examples.

25 [Example 1]



hei ght of the magnetic head can be sufficiently reduced, and the danage of
the magnetic head due to the contact between the nmagnetic recordi ng nedi um
and the magnetic head 20 can be sufficiently prevented. EXAMPLES Next, an
explanation in nore detail will be givemqbout the present invention,
referring to experinmental exanples. 25 [Exanple 1] 15 A hard disk device
havi ng a nmagnetA Bardelisk divivg HaRiHigWnadiRuo révdkding nedihng stheadbgowbald slsaanbl y
shown in FIG 1 having a nagnetic head shown bel ow was produced, and the

fol |l ow ng j [ o Ui ' : t REWHBSRR | S
per f or med ggi?fg%ﬁak%ﬁ%%‘ﬁ%ﬁ ligg Enl‘h wfllﬁg aﬁgégg@%? g%(addég\sli ce. Qg&{(”ﬁw%gﬁ’gtq iCég’ahead) A

GWR head nade..b s Electric Co d, u . etibc recordi

rect iy A RS ofo Rt fsp g thegliae ARnt AT fe meeh g St SO uce o
magnetic 10 recordj ng msgi um An anor.phous gl ass substrate nmade by Hoya
Co., Ltd. wHerthepgoduction pbthgbarddigkdsvice- substrate. The size of the substrate
was 65 mmin outer dianeter, 25 mmin inner dianeter, and 1.270 mmin

t hi ckne%s. (Magnetiahead) substrate was sufficiently washed and dried, and
thereafter the resultant substrate was set in a chanber of a DC nagnetron
sput t eri ng AAGNER BkabmaddBEAlpsEIecthc MBE.t@YwANEEYA Co., Ltd. (Japan)). 15
And, until the degree of vacuumin the chanber becane 2x 10-7 Torr (2.7X
10-5 Pa), the chanber was evacuated, and a non-nagnetic groundi ng | ayer was
|am nated 6 run in thickness onto the substrate using a target consisting

of a Cr-M loy. (Cr: .70 at¥% 30 at% . Subsequently, a magnetic |ayer
(RlegRsiicsShepeny Bty

17 run in B al l oy | ayer

A magnetic layer was formed on a non-magnetic substrate to produce a magnetic

10  recording medium. An amorphous glass substrate made by Hoya Co., Ltd. was used as
the non-magnetic substrate. The size of the substrate was 65 mm in outer diameter, 25
mm in inner diameter, and 1.270 mm in thickness. A textured substrate was sufficiently
washed and dried, and thereafter the resultant substrate was set in a chamber of a DC
magnetron sputtering apparatus (Model: C3010 made by ANELVA Co., Ltd. (Japan)).

15  And, until the degree of vacuum in the chamber became 2x107 Torr (2.7x10° Pa), the
chamber was evacuated, and a non-magnetic grounding layer was laminated 6 nm in
thickness onto the substrate using a target consisting of a Cr-Mn alloy (Cr: 70 at%, Mn:
30 at%). Subsequently, a magnetic layer 17 nm in thickness of a Co-Cr-Pt-B alloy layer
was formed onto the non-magnetic grounding layer using a target consisting of a

20  Co-Cr-Pt-B alloy (Co: 60 at%, Cr: 20 at%, Pt: 13 at%, B: 7 at%), and a protective film 3
nm in thickness consisting of carbon was formed onto the magnetic layer. It should be
noted that the pressure of Ar at the time of film forming was 3 mTorr (0.4 Pa).
Thereafter, a lubricant 2 nm in thickness consisting of perfluoropolyether was applied
onto the protective film by a dipping method to form a liquid lubricant layer to obtain a

25  magnetic recording medium.



was fornmed onto the non-nmagnetic grounding |ayer using a target consisting
of a 20 Co-Cr-Pt-B alloy (Co: 60 at% Cr: 20 at% Pt: 13 at% B: 7 at%, and
a protective film3 rimin thickness consisting of carbon was formed onto
the magnetic layer. It should be notedjghat the pressure of Ar at the tine
of filmformng was 3 niforr (0.4 Pa). Thereafter, a lubricant 2 urn in

t hi ckness consi sting of perfluoropol yether was applied onto the protective
filmby a dipping nethod to forma liquid |ubricant |ayer to obtain a 25
magneti c r@ggﬁgi dlun1 16 (Adjusting step) At first the magnetic
recordi ng nmedi um5 mas rotated at 7,200 rpmto float the nmagnetic head 3.

Subsequent |y, e, GO A IR LSRR NS ARABhORESOATH 1D MR B ne® 2N e

magneti c head sensor condi'st

pi ezoel ectric el emen h was | stall e head sllder 22 of, the head
gi nbal ass@ﬁ%‘i“‘?lcg@ad éoﬁgpﬁﬁﬂ“‘?ﬁ lyg CBP‘GC&FFW € BneRs TeRerdingamedigiet i ¢

head 3 to the magnetic recording nediumb5, to allow the sensor 2 to output
si gnal 5 aanf thaemagsstid headt3 was;dfaecsed/\mr@tghﬁh@sensoﬂ eonsppéing ofi mpiazatlpctoc
(Model : 4396B nade by Hew ett-Packard Co., Ltd.) as a control 10 neans

t hrough t helemiegit™hich iwae ifistalRsddo igsheab Glideri22 JFHiG Kead whnbsl adbeapblagong t he
change in output of signals fromthe piezoelectric elenent on the

di Spl ayi NI4GUIRLA Y nibfo ddiGatorRE FHE BORaYARC hehltS 1) BRAmS de‘ﬁ@rrec%ﬁd

expanded by ing 1t using ater 4 om1the na net| 3to

proj ect, thereb d the f n el nal own in
B Cais ofepum iraibhate ierd ¥ Aipdsaidls of ﬁ‘f"ﬂﬁé’w RIS R e
i ncreased, thereby confi rm the tou down_be gnetl C recordl ng
medi um 5 af apetcr%r@nmjﬁv &%96%@&%& ﬁewlettrﬁ?\éﬁa@&fq okitd SR acopireh)
voltage to the heater 4 mas slightly decreased to adjust the distance
bet weel) t hmenmsgthrauigh thesignaliling 6me dindrasshema in iidGi gyhalei dispiasang the(changeng
hei ght) to be 5 m.
in output of signals from the piezoelectric element on the displaying apparatus of the
spectrum analyzer, the head slider 22 was expanded by heating it using the heater 4 to
allow the magnetic head 3 to project, thereby reducing the flying height.
And, until the signal shown in FIG. 4 is output from the sensor 2, the applied
15  electrical voltage was increased, thereby confirming the touch-down between the
magnetic recording medium 5 and the magnetic head 3. Thereafter, the applied
electrical voltage to the heater 4 was slightly decreased to adjust the distance between the
magnetic recording medium 5 and the magnetic head 3 (flying height) to be 5 nm.
Here, FIG. 4 is a graph showing output signals from the piezoelectric element, in
20  which the horizontal axis shows frequency, and the vertical axis shows signal intensity
(an arbitrary value). As shown by mark “A” in FIG. 4, a signal of 250 kHz showing the

contact between the magnetic head and the magnetic recording medium was output from

the piezoelectric element installed to the head slider 22.

25  (Comparative Example 1)



Here, FIG 4 is a graph showi ng output signals fromthe piezoelectric
elenment, in 20 which the horizontal axis shows frequency, and the vertical
axis shows signal intensity (an arbitrary value). As shown by mark "A" in
FIG 4, a signal of 250 kHz show ng the jgontact between the nmagnetic head
and the magnetic recordi ng nmediumwas output from the piezoelectric el enent
install ed to tRAchahbdidk devidehavidg theSameangphetd recerdingumpdiamlss ih Exafpleal,d di sk
devi ce having the same nagnetic recording nmediumas in Exanple 1, and a head

gi mbal  assgi] Nead pdWBalialsdmhy shoh GIFIGE 186HEIPRRGuidpEY withGhs S ki c

head as in Exanple 1 was produced, and an adjusting step of the fTying

hei ght of i . . oducti on.
5*(Ad; ust | I ep EESRERbIE, 1R broliReD, St TR Slob R HRAhe RlehP B 21 S
simlar to Exanple to float the netic head . 3,. and the head slider 22
was expand’é’&glﬂf'spcthfei@‘1 ﬁ?&‘b‘i’elﬂwé’i’%ﬂeﬁﬁff}a@é 19d4Ctiod- 41 | ow t he magnetic
head 3 project, thereby reducing the flying height. And 10 the electric

si gnal i ch was output when the nmagnetic head cane into contact with the
magneti c recordi ng nedi um was detected, using the Wallace fornula. And,

after the adjustitig shep)ween the magnetic recording nmedium5 and the nagnetic
head 3 was detected, the flying height was adjusted to be 5 nm by renovi ng

the magnetic  hefgkt3ht hphbtieredBANG heditRCP et Rfatt® Skt & ERAriplb 3ot O
Example 1. 15 (Conparative Exanple 2) A hard di sk device having the sane

rRonet "SRRG PR 3SR 3R eabertl, BTl SERAIDLY PO
Example 1 to allow the magnetic head 3 project, thereby reducing the flying height. And
10 the electric signal which was output when the magnetic head came into contact with the
magnetic recording medium was detected, using the Wallace formula.
And, after the contact between the magnetic recording medium 5 and the magnetic
head 3 was detected, the flying height was adjusted to be 5 nm by removing the magnetic
head 3 from the magnetic recording medium 5, similar to Example 1.
15
(Comparative Example 2)
Ahard disk device having the same magnetic recording medium as in Example 1,
and a head gimbal assembly shown in FIG. 1 which is equipped with the same magnetic

head as in Example 1 was produced, and an adjusting step of the flying height of the

20  magnetic head shown below was performed after the production.

(Adjusting step)
At first, the magnetic recording medium 5 was rotated similar to Example 1 to
float the magnetic head 3, and the head slider 22 was expanded by the heater 4 similar to

25  Example 1 to allow the magnetic head 3 to project, thereby reducing the flying height.



head as in Exanple 1 was produced, and an adjusting step of the flying

hei ght of the 20 magnetic head shown bel ow was perforned after the
production. (Adjusting step) At first, the nagnetic recording medium5 was
rotated simlar to Exanple 1 to float tige magnetic head 3, and the head
slider 22 was expanded by the heater 4 simlar to 25 Exanple 1 to allow the
magnet i ¢ haad the ¢lectpic jignat whichevasloytpue dihen thy rhapmefit heatycansd igitt contt withd t he
el ectric signal which was output when the magnetic head cane into contact

W th the fRAAsetic r@OedidE HﬁdﬂiﬁﬂW@H&@@te&lQﬁx@ﬁ%ﬁﬂle difbearial vitiatidi of thear i ng
vibration of the magnetic head. And, after the contact between the magnetic

recordi ng ] nd the magnetic 5 head 3 was detected, the flying
hei ght vvasﬁgag}l‘%{{sqlggato be 5 nm by renoving the magnetic head 3 fromthe

magneti c recordjng dium5 imlar, to EX |l e 1. These adj i ng st.eps of
Bl e 1. Compitbefigabesatsbeled e Sagiell trsding RFaimg Ao fasmagnctic
respectively, and as a result, the adjusting of the flying height of the
magnet i &  headd was deteetsd.che dyingdeighd was adineted tabe %mb»eremvmtgﬁglagn@ws of
Exanpl e 1, Conparative Exanples 1 and 2 were performed, respectively, each

of the heatlsadhiromn thasnagnetic wasrdirgnhedient Syisinhlar toExampleel. and t hen t he
adj usting steps were perforned simlar to the above. Thereafter, each of

the magnetic heagse sgedingateps 9P ERaBHlY, Conparifive TREMPIdsA dMAP0were Fedeafedt 0 t he
above, and the adjusting step was perforned using 10 nagnetic heads in

the above. 0 arEarEdect Il dides aBRRC IR B e EY MR AR ich AP thepdtellt OF, 00
head in Ex%ggiv%?%cm% d nparative Exanples 1 and 2 in the above was

exam ned. g%8e in the recordi ng and the reproducing signals of

t he ma?net ic head before and after the adjusting )
0 And further, after the adjusting steps of Example 1, Comparative Examples 1 and 2

were performed, respectively, each of the heads which was used was replaced with a new
one, and then the adjusting steps were performed similar to the above. Thereafter, each
of the magnetic heads used was replaced with a new magnetic head similar to the above,
and the adjusting step was performed using 10 magnetic heads in total for each of

15 Example 1, and Comparative Examples 1 and 2, similar to the above.

Thereafter, the influence of the adjusting steps to the magnetic head in Example 1
and Comparative Examples 1 and 2 in the above was examined. That is, change in the
recording and the reproducing signals of the magnetic head before and after the adjusting
step in the above was examined, and if there was not at least 10% change in the recording

20  and there producing signals before and after the adjusting step was performed it is judged
that the magnetic head was damaged.

And as a result, when the flying height of the magnetic head was adjusted by the
adjusting step of Example 1, all 10 piece magnetic heads used had not been damaged.

In addition, in the adjusting step of Example 1, it was possible to detect the contact with

25  respect to all 10 magnetic heads.



‘step in the above was exam ned, and if there was not at |east 10% change in
the recording 20 and there producing signals before and after the adjusting
step was perfornmed it is judged that the magnetic head was danmaged. And as
a result, when the flying height of thejgagnetic head was adjusted by the
adjusting step of Exanple 1, all 10 piece magnetic heads used had not been
damaged. | n adfidcénteast, whenttheflgiep hsightof the epgaétidheadiwas adjusietd byetke possi bl e
to detect the contact with 25 respect to all 10 magnetic heads. 19 1In

contrast, H\djﬁﬂidgfk@egodﬂ@&ﬁ A8l etx Miplé 15 FRGRAVIkadheAhoaS ussl Mt Rdnby the
adj usting step of rrparaglve Exanple 1, 5 of the 10 magneti c heads used had

been dama [N ht1-00, fly) i I d was
adi ust ed bohpasd o B ldligh it Vg ot (8 nfithefl ndd) IRy iR

possi ble to,.detect the contact with 5 respect to 3. of the 10 nmagnetjc heads.
Mor eover, PHUHRS SiRH QﬁQ?rﬁaar%‘t‘@pﬁm’éﬂmR%ﬁp‘é &PW@POS@%L%&M@@E dl‘f’r‘?@“é&h‘gﬁﬂii vity
in detecting the contact was |ow, and the magnetic heads were excessively

i n contact reapedyta hef thegh{ompgnetie boadsi ndloreeneanin thaaljusting stepadiGomparativeo
magneti ¢ heads were broken. The process for producing a hard di sk device of
t he presenExamnpkrd, tersehsichity asddidiging 1k @litaes as b vs tagd tief maghjetis heady wdie
flying height using the adjusting nmechanism while detecting the contact

bet ween t ey ZRGRAY irf c5REQ Wt @e FRGhEHE RBSdIHRmER RS hdFasER It Ui 109t he
sensor which Is installed to the head gi nbal” assembly, and hence it is

possible to t.r he f1ying height accurately and sufficiently prevent
t he damageEn&gﬁ‘?c}'[}ehe(‘%lrirssé’gvre1getllgr((:)K l6ad due to the contact between the magneti c

recordi ng medi and the 15 netii c, head. Therefore, it is poessible to
produce a har dLig‘]FQR“&éi/ °6é’r°o£‘% grﬁ*&ﬁd&sgaawce Hé&‘FrP@eSSntllBW‘F‘Ioi)ilﬁ*Fé“q?f‘éit%t of
the magnetic head, a high truck density, and an excellent electronmagnetic
conver 80 onadjhstimgotten ofsadjesting theallyiog bieigbusing the edmsprgagchansm, pyhilsess  of

detecting the contact between the magnetic recording medium and the magnetic head
using the sensor which is installed to the head gimbal assembly, and hence it is possible
to control the flying height accurately and sufficiently prevent the damage of the
magnetic head due to the contact between the magnetic recording medium and the

15 magnetic head. Therefore, it is possible to produce a hard disk device at a high yield,
having a low flying height of the magnetic head, a high truck density, and an excellent
electromagnetic conversion characteristic, in accordance with the production process of
the present invention.

In addition, the process for adjusting the flying height of a magnetic head of the

20 present invention includes the adjusting step of adjusting the flying height using the
adjusting mechanism, while detecting the contact between the magnetic recording
medium and the magnetic head using the sensor, and hence it is possible to control the
flying height accurately and sufficiently prevent the damage of the magnetic head due to
the contact between the magnetic recording medium and the magnetic head. Therefore,

25  itserves as a process for adjusting a magnetic head which is capable of improving the



the present invention. In addition, the process for adjusting the flying
hei ght of a nagnetic head of the 20 present invention includes the
adjusting step of adjusting the flying height using the adjusting
mechani sm while detecting the contact ween the magnetic recording
medi um and the magneti c head using the seénsor, and hence it is possible to

control thelec&&ﬁg@ﬂ:ﬁb%bﬂ\?&s@ﬁehﬁrﬁéteﬂiéﬁcadﬂmﬂHisﬁh@ﬂké,mapfng\éﬁaéuehhe damage of
the magnetic head due to the contact between the nagnetiC recordi ng nmedi um

and the nagggkh%yhead. Therefore, 25 it serves as a process for adjusting a
magneti c hea Which is capable of inproving the 20 el ectronmagnetic

conversi on character.i stjc, of hard disk device, havin xcel | ent.
reliability. |An& PP%’H? hﬁfﬂé‘?%‘a‘fedlﬁi@IE%%‘GF%“HFW%‘“BP@E%%F fangfioRef on
includes the function of adjusting the flying height using the adjusting
nmechani sm adjsting e flaing height hsingdhe adjusting mechaniem, while delgefeng e eertaetdi ng
medi um and the nagnetic head using the sensor, and hence, it is possible to

cont r ol 5t héetwegh g hagglit redordihg nisdiine thd theanapnatic healtaing thadensstybhd ci ent | y
prevent the damage of the magnetic head due to the contact between the

magneti ¢ hgggkeafds #&g@ibm%h{r&;l he TRl Kkg%}ﬁ%@' tHéhagrleli BeddocRfagdeaRd f OF

produci ng a hard di sk device, the hard sk device, and the 10 process for

20195011, B Rl OF SRR o R SRRl "

between the magnetic head and the %netic recordi ng nmedi um accurately, it
i s possi bl &385¢% &Q@mwmir%@ gfm hard di sk device, provide a
product having high reliability, and hence the industrial utility value
t hereof is hi gtincegheniacessfpeprodneing emartidisle device the haed diskelavicerandabe been
described and illustrated above, it should be understood that these are
exenpl a0y @todebefor adjastingothe Alythgeietginof tHeanihetic head of the present invention

cause little damage to the magnetic head, and can adjust the distance between the

magnetic head and the magnetic recording medium accurately, it is possible to increase

productivity of the hard disk device, provide a product having high reliability, and hence

the industrial utility value thereof is high.

15 While preferred embodiments of the invention have been described and illustrated
above, it should be understood that these are exemplary of the invention and are not to be
considered as limiting. Additions, omissions, substitutions, and other modifications can
be made without departing from the spirit or scope of the present invention.

Accordingly, the invention is not to be considered as being limited by the foregoing

20  description, and is only limited by the scope of the appended claims.



considered as |imting. Additions, om ssions, substitutions, and other

nodi fi cati ons can be made wi thout departing fromthe spirit or scope of the
present invention. Accordingly, the invention is not to be considered as
being limted by the foregoing 20 descrjjption, and is only limted by the
scope of the appended clainms. 21 What is clainmed is: 1. A process for
produci ng swHaaistislhzl iglevi ce having a magnetic recording medium and a head
gi nbal assenbly having a nagnetic head which is arranged opposed to the
magneti c recordi Jeedi : f oo A t in‘é’% 3

conpri ses g’n 5 a‘dUdFr usti r%pgltogg&gggggf(ﬁ&sl% ?\‘nguq‘tE he [gyzli ﬁggﬁéﬁgﬂﬁg}gm ngcrdfl'gt'urlln

adj usting nechanismwhi ch adj ysts the fl.ying, height of the ma tih,c head to
e magnet P T BRRGETNG! fadeimobtdes Masty bR VESH fberPingb RBRR bt agner i o
recordi ng nmedi um and the nagnetic head using a sensor which is . installed to
the head gmggpgticeerdingymedipmzo regeed Hdyeproduesinformation; wWhich cAmPHSSiaBK devi ce
as set forth in claiml, wherein the adjusting step conprises a step of
rotatiny thdjustigetdp of adfusting ithegflyieg height wsidd avadjudting mevhasisinowhielnadjusts st ep

of reducing the flying height using the adjusting nmechanismwhile detecting

t he cont acthefBliNERSIght YT theERABhdt HeE &F thie MhoBid todbRINtE hB&uPERES d&tedingd by
the sensor, a step of outputting a detecting signal to the sensor when

detecting gg& et i i Hfdj{] 4 e
magneti c hga ?&gﬁ ahéli}%%ﬁg‘?%@grg@‘#ﬁg’g t he aﬁ%??%gﬂée@gggp Ica Hx%?%&%‘é%#to t he
adj usting chanismusing the.detectin ignal output fromthe sensor to
renove thegvﬁ’ﬁc&déquéaltéaé%ﬂlﬁl}?ﬁdﬁ%‘&aﬁ]a?sgﬁ\b?%e magnetic recordi ng nedi um

t hrough the adjusting nmechani sm thereby adjusting the flying height to a
predet erm ned val ue. 20 3. The process for producing a hard di sk device as

set forth in claim1 or 2, wherein
10 2. The process for producing a hard disk device as set forth in claim 1, wherein the

adjusting step comprises a step of rotating the magnetic recording medium to float the
magnetic head, a step of reducing the flying height using the adjusting mechanism while
detecting the contact between the magnetic recording medium and the magnetic head by
the sensor, a step of outputting a detecting signal to the sensor when detecting the contact
15  between the magnetic recording medium and the magnetic head, and a step of varying
the applied electrical voltage to the adjusting mechanism using the detecting signal
output from the sensor to remove the magnetic recording head from the magnetic
recording medium through the adjusting mechanism, thereby adjusting the flying height
to a predetermined value.
20
3. The process for producing a hard disk device as set forth in claim 1 or 2, wherein

the sensor is installed to a head slider or a suspension arm of the head gimbal assembly.

4. The process for producing a hard disk device as set forth in claim 1 or 2, wherein

25  the adjusting mechanism is a piezoelectric element and/or a heater which expands or



the sensor is installed to a head slider or a suspension armof the head
gi nbal assenbly. 4. The process for producing a hard di sk device as set
forth in claiml or 2, wherein 25 the adjusting nechanismis a piezoelectric
el ement and/or a heater which expands or,22 shrinks the head slider by heat
to adjust the flying height. 5. The procéss for producing a hard di sk device

as set for il tBOHefANEidef brhei i Qe Fvin¥REicRi. N the sensor is an actuator
which is instlal | ed %o t he h}gad giarlrd}bgsl aessyélﬁ%?ygﬁor 5 noving the magnetic

head to the magnetic recording medium 6. A process for adjusting a flying
hei ght of a magnetic head to a magnetic recording nediumof a hard disk
devi ce having a pagnetic recording i a. head i fbal assenbly having a
magnetic héad mmmgesaf?mael&I%ﬁggfgﬁ{Podqvwg aﬁﬁatrfgft @W?%?%%’lﬁaainedi um
to record and reproduce information, a sensor which is installed to the
head gi mbalor 3swherbinythe senser isan acthustor avhichcis installeddo thetheadgimbaljagsembdy fati ng
medi um and the magnetic head, and an adjusting nechani sm whi ch adjusts the
flying hei gidviy the htagnsR@heid to tikemagietic eedodingagdiini.c recor di ng medi um

whi ch conprises an adjusting step of adjusting the flying height using the
adj usting nechani smwhile detecting the contact 15 between the magnetic

recordi ng nmedium and the magnetic head using the sensor. 7. A hard disk
device conprising. a netd ¢c..recardi ng. medi u a_head. gi mbal assenbly

havi ng a mignet i d PROS thransiing 4 fins beightata thatent Hpd R ARSI ! ccor di ng
mediumto record and, reproduce informtion, a sensor which is installed to

t he head zeefgwr%&rnege%%P@W%@%{%Wamwm@ﬁg mediietd Readecor di ng
medi um and the magnetic head, an adjusting nechani sm which adjusts the

f1yi ng hei gimbalfassemblyrhgving aenagoeticheadiwhiclhis amegged opposetortie npgnesti um  and
a function of adjusting the flying height using the adjusting nechanism

whi | e det egédonding hedmn t@fdcoRiedndaeprotiie infgmation; a s Mdhidlgis iRwalledtartd t he

magneti ¢ head using the sensor.
head gimbal assembly to detect the contact between the magnetic recording medium and
the magnetic head, and an adjusting mechanism which adjusts the flying height of the
magnetic sensor to the magnetic recording medium, which comprises an adjusting step of

adjusting the flying height using the adjusting mechanism while detecting the contact

15 between the magnetic recording medium and the magnetic head using the sensor.

7. A hard disk device comprising: a magnetic recording medium, a head gimbal
assembly having a magnetic head which is arranged opposed to the magnetic recording
medium to record and reproduce information, a sensor which is installed to the head

20 gimbal assembly to detect contact between the magnetic recording medium and the
magnetic head, an adjusting mechanism which adjusts the flying height of the magnetic
sensor to the magnetic recording medium, and a function of adjusting the flying height
using the adjusting mechanism while detecting the contact between the magnetic
recording medium and the magnetic head using the sensor.

25



25 23 8. The hard disk device as set forth in claim7, wherein the sensor
isinstalled to the head slider or the suspension arm of the head gi nbal
assenbly. 9. The hard di sk device as set forth in claim7 or 8, wherein the
adjusting 5 nechanismis a piezoel ectriggel ement and/ or a heater which
expands or shrinks the head slider by heat to adjust the flying height. 10.

The hard dgsk demeqfirdigisk@evicOhd set FaHIPMYCIARET, Gihepia thB senSdr iSinstiled &) thet he
sensor is an actuator which is installed to the head gi nbal assenbly for

moving t hep JRARAL! & thd QudpeRford Sl BEHEIRGALEinfoal £58KEING Medi um

9. The hard disk device as set forth in claim 7 or 8, wherein the adjusting
5  mechanism is a piezoelectric element and/or a heater which expands or shrinks the head

slider by heat to adjust the flying height.

10. The hard disk device as set forth in any one of claim 7 or 8, wherein the sensor
is an actuator which is installed to the head gimbal assembly for moving the magnetic

10 head to the magnetic recording medium.



