;e3e8a8\\]< @ _ $a6zZaTa”h F- 1 TITLE OF THE | NVENTI ON MAGNETI C DI SK

APPARATUS BACKGROUND OF THE I NVENTION  The present invention relates to a
magneti c disk 5 apparatus. Cenerally, a magnetic di sk apparatus conprises a
magneti c di sk housed in a case, a spindle notor for supporting and rotating

t he magnetic disk, a magnetic head for reading/witing infor i to
the 10 magnetic di sk, and a carriage-asgenbly for supportindmmmmmmHWNENMk
head to be novable with respect to the nmagnetic disk. The carriage assenbly
includes a rotatably supported arm and a suspensi on extending fr M°the arm

The magnetic head is support efreng ady Ibaexhepaesr@pd of this mmmﬂ@mgmmmmw

The magnetic head has a slider attached to the suspension, an

portion di spageshmons ¢ her sk i geparAigs head portion includes a repraq &é;pg

el ement for reading and a recording el ement for witing. 20 During A
operation of the magnetic GASKGRIUANDAOES THENENVENGEION s supported by the
suspension in a contact with or a slightly floating over a nagnetic
recordi ng | ayer of Thhepresatnt ninwaghitn crelskes The z esaguienpc amisk
reproduci ng el enments of the 25 nagnetic head are held keeping a desired
space, ?.e., apppettesspaci ng between the el ements and the magnetic
recordi ng | ayer. 111 - 2 In the magnetic disk apparatus conprising such
a floating type orGanesalirt actegdehyctgpeksipperatefeceBrBE¢HE el emrent
of the magnetic head generates heat when it records _signal on_the magnetic
di sk. 5 AccorBRelyicpaisk ROUERR 1 cR nFiSeofd t FRlREEdrHP FRE afF r epr oduci ng

el ements of the magnetic head are, thermally expanded toward the side of the
nmagneti c disk?u??ogﬂén%nﬁﬁﬁtr%¥aYh?§ ?%%r%%?n bandt B i3 1279t S esi st ance

of the 1 opr OUELIare| oUElk (1 0 PhETERL) Ehenies:bypeatggnr at o when
TROTeLLS S bAUEsICaELRl B0aoD ebpeLIE, sioob ! MerTRlogsperis)) Wen,
15 probl em sughe 23a4REYER WBAR ©6 LEEnsREPELi GibRafe8b86t to the
magnetic disk. The carriage assembly includes a
rotatably supported arm and a suspen§ion extending
from the arm. The magnetic head is supported on an
15 extended end of this suspension. The magnetic head
has a slider attached to the suspension, and a head
portion disposed on the slider. The head portion
includes a reproducing element for reading and a
recording element for writing.
20 During an operation of the magnetic disk
apparatus, the slider is supported by the suspension
in a contact with or a slightly floating over a
magnetic recording layer of the rotating magnetic
disk. The recording and reproducing elements of the
25 magnetic head are held keeping a desired space, 1.e.,

magnetic spacing between the elements and the magnetic

recording layer.



occurs: In recent years, in accordance with higher density of nagnetic

di sks, the floating anount of the nmagnetic head has becone smaller to
easily generate thermal asperity. 20 Therefore, sonme neasures have
conventionally been taken to prevent the generation of such therma
asperity. For exanple, the magnetic head is arranged further apart than the
projection anmount of the thermally expapded magnetic head fromthe surface
of 25 the magnetic disk, or the floating height of the slider is set |arge
to prevent the parts in the vicinity of the recording and reproducing
elements - 3 frombeing Moughty it O EMAGEs Widdp tine reprdiage of the

magneti c di sk even when the magnetic head projects. 'However, in all of the

above- descri bed fEastefpe SMNERINAIE e R-difief MjpeeXdianziron tofe t he
magneti ¢ head, the space between the recording and reproducing el enents and

the recordi ngrd@yedirgf dlendragnet ithadinflgriet dlAanged Gurseguend lheatd t is
difficult to highly accurately reproduce recorded information. 10 BRI EF
SUVWWARY COF ThithdriNVENTH & Al eqtlhipdiIment tofe thyrrteiserdidknventi on may provi de
a magnetic di sk apparatus capable of perform ng highly accurate recording
and regdr oductAaromhinel wupeessiing tgeneriatiindrt yofo ff HBrenedecaspemig y. 15 A
magneti ¢ di sk apparatus according to an aspect of the present invention
conpri ses a reyherdrr@iekingve ryen tmgrfettitee meacrati ity Hederarea magneti c
head i ncluding a slider having a di sk opposing surface opposite to a
surface of tHe erihetY cerradeqnvrttbddier k6t tQorthe rasedioh the slider,

the head portion havipg .a di sk opposing surface positioned nore apart from
t he surface cf#l? e nﬁgn)%t?? caIEf?‘é’ktthérFr}iglf% NSRRI QH flate of the

sl i der, recorgi n(g and re roduciqrjng | enent s%dalt | east. part.i a{ljg% exposing to
25 the di sk oppoing STHT e A ot i gRHEI S 12 cor A roduce

25 the d . T duce
and 5 Ther mal C-ERERE T CRANG AN UL "CERLEL b e, Ale sl £ S
recor di Ng_andh 4 £pr9854 0 ek TEINS AN GANLOYLth Lehe thEHEd o expand the

di sk opposing surface 1n a direction of approaching the surface of the

magnetic 5 disie ﬁacﬁt@@&i@%?&_l@[m&ﬁus}’\*&&%m&gtm dved e 1 exdkpdi ng
menber; a space detecting unit configured to detect.a space between the
di sk opposi ng(sheface afpéhetypgnaihen heed maghé hiec Sswddcends tire magneti c
di sk; and a space control unit which adjusts an anmount 10 of heat generated
fromthe heattomtatemehthi thacswr thae eo Wi the tihegsplte distlectaed by the space
15 problem such as uneven wear of the magnetic head also
occurs. In recent years, in accordance with higher
density of magnetic disks, the floating amount of the
magnetic head has become smaller to easily generate
thermal asperity.
20 Therefore, some measures have conventionally been
taken to prevent the generation of such thermal
asperity. For example, the magnetic head is arranged
further apart than the projection amount of the
thermaiiy expanded magnetic head from the surface of
25 the magnetic disk, or the floating height of the

slider is set large to prevent the parts in the

vicinity of the recording and reproducing elements



detecting unit to control the space between the di sk opposing surface of
the magnetic head and the surface of the nagnetic disk to a desired val ue.
15 A magnetic di sk apparatus according to another aspect of the present

i nvention conprises a magnetic disk having a magnetic.recording |ayer; a
magneti c head including a slider having a di sk opposi ng surface opposite to
a surface of the magnetic disk, and a hsad-20 portion arranged on the
slider, the head portion having a di sk opposi ng surface positioned nore
apart fromthe surface of the magnetic disk than the di sk opposing surface

of the sliders, GG HNBHRALHERNRI GG LI RERES tale seashcpabti al |y
exposing to 25 the di sk opposing surface and configured to record and

reproduce i nfrofdvaid pieton: anics i rarsr hegmanes inagreddrdinegdl ayer of the
magneti c di sk, and a thernal - 5 expanding nenber arranged in the
vicinity of tdwyeeas ding and reproducing el ements and configured to
thermal |y expand the di sk opposing surface in a direction of approaching
the surface of thedomgnetj ci’ alskof a e atbhane el egmmitb aghinsis sietss t he
thermal expandi ng menber; and a space control unit which adjusts an anount
of heat5 genendted fheame the heathegnal erand ipmcdoriden@@dniethCa t enperature
inthe vicinity of the magnetic head to control the space 10 between the

di sk opposi ndieadf agee ofPate belgrran chreat et itk EEEE OGRS nagnet i ¢

disk to a desired value. According to the magnefi ¢ di sk apparaj.u
constituted aleearks b@@ﬁaﬁ%@ée@W%%rWe%xﬁfanﬁT%&a@eﬁgﬁbﬁlﬁk expanded
in accordance, wifh the space between th@ di s iﬁPPO qux§%ﬁ2§ﬁ§,of t he head
portion and th® s¥F¥ace of tRE“TRA it dt 3K and the Tecording and

reproduci ng el enen an_proj t e Ace; Hf the magnetic disk to
control the S%%%%régegy A %%%ﬁg ?CP%%%%?%2.16$§%e adj usting the magnetic

spacing, it is possible tgpsupPEAGNARENSFatheNIQyEAPROL MRl signal s or
uneven wear caused by contact- between the nagnetic head and the surface of

the magnetic disk. n25-RBREEmPEECREPTAON LEsdHE SEYERALoYIHIRAE OF THE DRAW NG
The acconpanyi ng draw ngs, which are incorporated in and constitute a part
of the specifheati@8, a magnetic disk apparatus capable of
performing highly aécurate recording and reproduction
while suppressing generation of thermal asperity.
15 A magnetic disk apparatus according to an aspect
of the preéeht invention comprisés a‘magnetic disk
having a magnétic recording layer; a magnetic head
including a slider havihg a disk opposing surface
opposite to a surface of the magnetic disk, and a head
20 portion arranged on the slider, the head portion
having a disk opposing surface positioned more apart
from the surface of the magnetic disk than the disk
opposing surface of the slider, recording and
reproducing elements at least partially exposing to
25 the disk opposing surface and configured to record and

reproduce information on and from the magnetic

recording layer of the magnetic disk, and a thermal



- % illustrate enbodi nents of the invention, and together with the general
description given above and the detail ed description of the enbodi nents

gi ven bel ow, serve to explain the principles of the invention. 5 FIG 1 is
a plan view of a hard disk drive (hereinafter, referred as an HDD)
accbrding to an enbodi nrent of the present invention. FIG 2 is an expanded
side view showi ng a magnetic head portiopn -of the HDD. 10 FIG 3 is an
expanded sectional view showing the nagnetic head. FIG 4 is a schenmatic
sectional view showing a state where a head portion of the magnetic head is

expanded by aghient hepReratuLe andeheal, geaeratediby L% ankecording
element. FIGS. "5A to"5C are schemafic sectional views respectively show ng

a state “her%eEb&aﬁn%n@n%ﬁ%%?@oﬁb@&ﬁ%'e@éﬁ@ﬂ@%n@n@E&BﬁﬁigQEeUthWBgnetiC
head are expanded, and a state where only one of the thermal 20 expandi ng

nenbers is expaméedlyFle@pabd sha pliak vopwsihewisng fameHDR according to
anot her enbodi nent of the present invention. FIG 7 is a plan view show ng
an HDD accor diirgcttaost idfl appatheh iegbdtienent: fefcet o phessmigniedvient i on. 25

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Det ai | ed description will be nmade of
an enbédi nendiwber @ hemdgmet ied etieskt appabatgstef the thermal

expanding member; a space detecting unit configured to

detect a space between the disk opposing surface of

the magnetic head and the surface of the magnetic

disk; and a space control unit which adjusts an amount'

10 of heat generated from the heating element in
accordance Qith the space detected by the space
detecting unit to control the space between the disk
opposing surface of the magnetic head and thé surface
of the magnetic disk to a desired value.

15 A magnetic disk apparatus according to another
aspeét of the present invention comprises a magnetic
disk having a magnetic recording layer; a magnetic
head including a slider having a disk opposing surface
opposite to a surfacé of the magnetic disk, and a head

20 portion arranged on the slider, the head portion
having a disk opposing surface posifioned more apart
from the surface of the magnetic disk than the disk
opposing surface of the slider, recording and
reproducing elements at least partially exposing to

25 the disk opposing surface and configured to record and

reproduce information on and from the magnetic

recording layer of the magnetic disk, and a thermal



the present invention is applied to an HDD. As shown in FIG 1, an HDD has
a rectangul ar box-shaped case 12 whose upper surface is opened, and a
not - shown top cover fixed to the case by a plurality 5 of screws to close

t he upper end opening of the case. The case 12 houses two magnetic di sks 16
as magnetic recording media (only one is shown), a spindle notor 18 as
driving neans for supporting and rotatipg t+he nagnetic disk, a plurality of
magneti c 10 heads for witing and reading information to/fromthe nagnetic
. disk, a carriage assenbly 22 supporting each of the nagnetic heads to be

movabl e rel atdye 10 fheArEetHd s Mg 16 theveiieansell ofotae (referred to
as a VCM hereinafter)” 24 for rotating and positioning the 15 carriage

assenbly, a rampadilRAdND MR EN2 % llalenitel dindg cohe igageet ite heads in a
retreating position away fromthe magnetic di sks when the nmagnetic heads

nove to the ciH&mEISty Reidateraheofdieac hpmrgreld cudifeke dnsabstrate unit 21
having a head 1C or the like, and 20 the like. On the outer surface of a
bottom wal | afiddweticase fl 3 pmrqadhiitred tha cuirtfaoeand (Chet mslymeat)id s fixed by
screws to control operations of the spindle notor 18, the VCM 24 and the
magnet it headsi 4iw augteathien @ lanestt athel amihteas, thachhexgwdti ¢ di sk 16 has
a diameter of 65 mm (2.5 inches), and has magnetic recording |ayers on _
-8- _ the uppstramdiiovesmizenf aged g Haras .Cmﬁqmﬂlﬁag’@éﬂ%b di sks 16 are
fitted to an outer periphery of a hub (not shown) of the spindl e notor 18,
and hel d by 2a&iwmps <Pt idPat ok dvial rAREr ated i Tmddifetic@ B 1 sks 16 are
stacked coaxially to each other with g predeterm.ned spacing. By driving
the spindl e nptYrenB 10 RECE %&%%‘_cﬁ SEPREF A § ﬁﬁbg‘%ﬁ ly rotated at a

det i ned d. Th [ nbly .22 ' ' 10 it
I i S e L R e T O
t f ' |t - (4 I 4 lel t

The. surl aces B-THE netmett o RS IR "Bl ST et "R ng

bet ween each ot hegy e andy £xL £ | thd hea $Rd; I i 6d iomddionad he bearing
unit 26. The carriage assenbly 22 is also provided with a | ong and narrow

pl ate-11i ke sugpensi on 38, which can be elastically
According to the magnetic disk apparatus
constituted as describéd above, the thermal expanding
15 member is expanded in accordance with the space
between the disk opposing surface of the~ﬁéad pbrtion
and the surface of the magnetic disk, and the
recording and reproducing elements can project toward
the surface of the magnetic disk to control the space
20 or a magnetic spacing. While adjusting the magnetic
spacing, it is possible to suppress generation of
abnormal signals or uneven wear caused by contact
between the magnetic head and the surface of the
magnetic disk.
25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated

in and constitute a part of the specification,



defornmed. The suspension 38 is forned of a |leaf spring, its proximal end is
fixed to the extended end 20 of the arm 32 by spot wel di ng or adhesive
joining, and the suspension 38 extends fromthe arm Each suspensi on 38 nmay
be integrally formed with a corresponding arm 32. As shown in FIG 2, each
maghetic head 40 has 25 a substantially rectangular slider 42, and a
magneto resistive (MR) head portion 44 agrranged in the slider to perform
recording and reproduction, and it is fixed _ -9- _to a ginbal spring 41
provi ded at the distal end of the suspension 38. In addition, a load is
applied to Each ymgnatd Grigad i s APRIHLA nMdrt id 1, 0athd ARyt Heie magnetic
disk fromthe suspension 38 through 5 a dinple 43 forned in the suspension
38. As shown yitiFli@e lyerddid caldd agotassenflver?2bne amuppeyt frame 45
extending fromthe bearing unit 26 in a direction opposite to the arm 32.
The support fdere AR siear st it @ € et loni dnbbA ieensts taitvarg ke lpar,t 10 of the
VCM 24. The support frane 45 is nade of a synthetic resin, and integrally
formed on t hesattert@enigiteity tdie thelinmiglecaf the ifwentdiaoe coil 47 is
positioned between a pair of yokes 49 fixed to the case 12, and constitutes
the VCM 24 in asso€lGtibnid5awidnthiese ybkeshardl &isaghetved not shown)
fixed to one of the yokes. By supplying power to the voice coil 47, the
carri age asseftinseRmiter oter iR zedAR athdiPvaraqrpuhing 28 and the
magnetic head 40 is npved to and positioned above a desired track of the
magneti c 20 dBskengpdiment gpethe dek IR hebhei SRS conprises a ranp 51
arranged on the bottom wa of the cagg 12 and, outsi de, the magnetic di sk

t

|
16, and a tab 53 ekt@ndf ng>f FBnPYRR St aFdentioY ¥ACH!RUspension 38. Wen
the 25 carrl%ggmgsggggéy?%%dgéa%gigﬁqgftﬁrébﬁéﬁreat|ng position outside the

magneti c di sk engage a ranp surface fornmed in the

ranp and - 10.-then;pulle [ Fpatd png of ,t spyLface to
unloagﬂ%he nagnetigIﬁéag.lﬁbéé,gé%?%?%%dggégc€§p%ionévﬁFﬁoﬁgﬂgiven of a
constitution ﬁg%ﬁg@igaggggjc head 40. As. shown in 5 FIGS. -2 and 3, the
magneti c head 40 i1 ncludes the slider 42 made of a m xture of alum na and

titani um FIG. 4 is a schematic sectional view showing
a state where a head portion of the magnetic head is
expanded by ambient temperature and heat generated by
15 a recording element.

FIGS. 5A to 5C are schematic'sectional views
respectively showing a state where first and second
thermal expanding members of the magnetic head are
expanded, and a state where only one of the thermal

20 expanding members is expanded.

FIG. 6 is a plan view showing an HDD according to
another embodiment of the present invention.

FIG. 7 is a plan view showing an HDD according to
still another embodiment of the present invention.

25 DETAILED DESCRIPTION OF THE INVENTION

Detailed description will be made of an

embodiment where a magnetic disk apparatus of



carbide, and the head portion 44 nmade of alumna. In the head portion 44,
recordi ng and reproducing el enents 46 and 48 nade of titanium iron,
alumnumor 10 the like are formed by a sem conductor technol ogy. The
slider 42 is fornmed in the shape of a substantially square colum, and has
a néarly flat di sk opposing surface 50 opposite to the surface of the
magnetic disk 16. Simlarly, the head pprt+on 44 15 has a nearly flat disk
opposi ng surface 52 opposite to the surface of the nmagnetic disk 16. The

di sk opposing surface 52 is positioned nore apart fromthe surface of the
magnetic di skpkhapekhatdiskcapposi ig sppiiace B8 ah tihe.slider 42, and
formed keeping up 20 a level difference R The |level difference Ris set

to, for exanple ahQuishpwimin writche 1heas poODt he’ 44redtenw@qardi ng and
reproduci ng el enments 46 and 48 are di sposed to be adjacent to each other
and in a condbiki-ehapeahcaset hat whideier uppde anefexposedopentde dhsk opposi ng
surface 52. The recording and reproduci ng el enents 46 and 48 are connected
to a head | CabBoardhawnombpolcover Fixednitb 6Ret hesegbyvassedbirpl22y A
control unit 62 elenment 46, and 5 elenent 48 is s unit 62. wrings disposed
in theScarri ade swriews $iogralosies thentuppieroggh thendnd e theéagaF€-60 to t he
recording a read output fromthe reproducing ent through the head IC to the
control In the heddhepsrasieon 4houpasefysr aae td&t ddtsdis 86 ia$ di sposed in
‘the vicinity of the recording el enent 46. The tenperature detector 68
detects the TGIEHIE FeGos ding Feddisci Py 6Pe € S89"8duci ng and recor di ng

el ements 48 and 46, _and inputs the detected tenperature to.the control unit
62. In the héadGHiomosRr A% &3 éjr?&véé@oﬁﬁaﬂ?e&rﬁsﬁ SRR diRg ers 54a,

54b, and first .and _second_heat .15 neratin Qi.l.s.. 56 f.Qr
respect i vel y F9&at WY t efW%Wﬁﬁjiéggf diﬁbF%%%%%f§“%f§?3§§§§§g§. The first

Gouns i bam Si a0 Tha TS TnG. avd o adac Ae ol B 48 AP 6w th

downstream sides o o) el enents 46 and 48 with

respect to 2Q,Rdatiat ignad, d restdionyC Lfsdnia yraonehighdlitskhgl@acthe first

and second thermal expandi ng nmenbers 54a, 54b are disposed slightly away
fromthe di sk oppasingrediacedad wNbd aowb i ddietnrid ytexpand in th

direction of approaching the surface of the magnhetic _ :

nagnetic disk 16, a voice coil motor (referred to as
a VCM hereinafter) 24 for rotating and positioning the

15 carriage assembly, a ramped loading mechanism 25 for
holding the mégnetic heads in a rétreatiﬂg position
away from the magnetic disks when the magnetic heads
move to the outermost periphery of each magnetic disk,
a substrate unit 21 having a head IC or the like, and

20 the like.

On the outer surface of a bottom wall of the case

12, a printed circuit board (not shown) is fixed by
screws to control coperations of the spindle motor 18,
the VCM 24 and the magnetic heads through the

25 substrate unit 21.

Each magnetic disk 16 has a diameter of 65 mm

(2.5 inches), and has magnetic recording layers on



25 disk 16. The first and second thermal expandi ng nenbers 54a, 54b are
formed of, for exanple resist |layers used to formthe head portion 44. -
12 The first and second heat generating coils 56a, 56b that function as
heati ng el enents are di sposed to be respectively adjacent to the first and
secbnd thermal expandi ng menbers 54a, 54b on the side 5 opposite to the

di sk opposing surface 52. The first andgseeond heat generating coils 56a,
56b are electrically connected through the wirings disposed in the carriage
assenbly 22 to a power source 64 and the control unit 62. Current is

supplied fromphepuerspt) 13 B4 AR st RBchieb$t. antieseqend heat
generdting coils a, 56b under control by the control unit 62. As

described | atgygndthe GRHNP!1 dinide G2 tAREStct Whedua eSPBee ifdkest blg unit, a
space control unit, a power supplying control unit, and a converting 15
unit. A magnetimy egitdigigpvhayert Gheangiadirorediarvea 8f,i lamd agén BY are

| am nated on the surface of the magnetic disk 16. In the floating type
magneti ¢ heady dihensldpdemdt2 Al wayss fddiated yhy the ritwel maggedispace S 20

bet ween the surface of the rotating nagnetic disk 16 and the di sk opposing
surfaceé 50. Idigke ldorracts ttaqpeedregpestiad hedd, adrdh spdee Fikdt ween t he
slider 42 and the surface of the magnetic di sk becones Zero. A space

bet ween t he reepresiiatagnisietheiRadgrand 25 dH ivgytdtd SHi@@dedi ng | ayer 66

becones magneti c spacigglwt. In the HDD constructed in the faqregoing
manner, - TPtAhe beddHoHT dir e ofC the Sfadietd e edE U6 le¥pands by an

i ncrease in anbient tenperature, or, heat gengrated fromthe recording
el enent 46 dFFYRFSE rdcd? cﬁ?@é%?e?%]tx? ,sg%c?dgr oj ect the di sk opposing

surface 52 5 towargd the rmagnetic_disk,16,., Fl 4, magneti c head 40
when maxi mum proj ettf oR”betefs GATE %%e%%t?on%‘gp%%%%?r\?o%%e%fww HDD.

proj ectd on '%ﬁf?rféef‘f & by, Fme'ﬁ‘?%@&nmacﬂlméﬁ ﬂ?{e thesd ecor dideg 10 a
speci fied upper” tenperature ?!p I n e vicinity of the recording follow ng
a tenperatur e i OCELaser | 6501 SHRY. 33elereddids MBd iR S WB Of i Y Qirgiat.i on A

el enment .part at" nit, and projection B elenent part during signal If the

- maxi mum pr oj ethd ool DMWY Bod LIDEREd e parallel to the surfaces

' of the magnetic disks 16, and at a predetermined
spacing'between each other, and extend in the same

15 direction from the bearing unit 26. The carriage
assembly 22 is also provided with a long and narrow
plate-like suspension 38, which can be elastically
deformed. The suspension 38 is formed of a leaf
spring, its proximal end is fixed to the extended end

20 of the arm 32 by spot welding or adhesive joining, and
the suspension 38 extends from the arm. Each
suspension 38 may be integrally formed with a
corresponding arm 32.

As shown in FIG. 2, each magnetic head 40 has

25 a substantially rectangular slider 42, and a magneto-

resistive (MR) head portion 44 arranged in the slider

to perform recording and reproduction, and it is fixed



15 increase is H in the contact type magnetic head, by setting the |evel
difference R between the slider 42 and the head portion 44 to R>H, the head
portion 44 is always prevented from bei ng brought into contact with the
surface of the magnetic disk 16 in its projected 20 state. In the floating
type magnetic head, by space detection as described later, it is only
necessary to set the level difference Roequal to or | ower than the space
bet ween the reproducing el enent 48 and the magnetic recording | ayer 66. 25
If the level difference Ris set as described above, projection of the head
portion 44 beconpsiaay RERiiesd ian gysvaicent: tenperiatiale eddr ioFg - 14
information reading, i.e., information. reproduction. Consequently,

magneti c spacing Msokesames Ixcess wldl Hiange aanddde s eyprpddiecd g out put
fromthe reproducing el enent 48 reduces. Also during signal recording, 5
dependi ng on Hauh eenrdidtiansedd rerdrdiapg lded evitttared lardy émtwarehper at ur e,
there is roomfor a further reduction of nagnetic spacing Ms. Thus,

accor di ng t o the rergredi inenti slatf tdre tthensusfoestsaran nif i Himsuedt i on
reproduci ng and recordi ng 10 operations in the magnetic disk 16, power is
suppl i éd to tehelifiplst dhd oaerhdithddte gar@snsing ctiis 56a, 56b disposed in
the head portion 44 to selectively expand the first and second thernal
expandi ng menber s BAashoprp, 1g nekebyl adiitHg 13 RoFERtBreamimt of the

15 di sk opposing surface 52 of the head portion. the, result, the

magneti ¢ spact nﬁlﬂ%o%tanfrf?é“%d‘}%sﬁ’étberi%naﬁ %;ﬂni* %I“"‘Aa%?%%l,n%.‘ﬁ%l,ﬁ fzg]t o 15 nm
FI G 5A shows, a state where power,.is sinyltaneo y lied tqQ the first
and second hedt azdﬁg%ﬁ'égacﬁl? n%’l%%ﬂ%e 5%%§§%u%paﬁ@9$h%uggg% and second
t hermal expangdin qﬁgb rs. 54 : } S [ f 52 of the
head portion ﬂrfr?es pr o?e%pcqoeﬁes T‘%Ze@%lr%]g% {%nﬁoféﬁrﬁgggﬂgﬂé%;% 1 ng surface

52 i's gui val gt g0 $he SHM Of, Or 948585 ONs LIn251 8 hes dhsle ppOSi g sur face
52 obtal ned by supplying power only to the first heat generating coil 56a

shown in Fi GaS%n@MtPcE Ot&§1hPNawd 1iree gt £X1 PPPOBhaEg on-tHS owtif ace 52
obt ai ned by supplying power only to the second heat generating coil 56b

shown in Fl Gp&&iphhelyiss fretihe oot be ¢oD] e€Ti onTlaerount cefcohe 401 sks opposi ng
surface 52, i.e., adjustnment of the nagnetic 5 spacing Ms, is carried, out
by the foll owansgioperead i loatwsef oz epaiaref ngokes ot Iraf i vedreeotld ng or
reproduction with respect to the magnetic disk 16, a tenperature in the
vicinity of toeseep?odandngonntitetesding BFendht En485apalableR det ect ed by
the tenperature detector 68, 10 and the detection result is input to the
controlSunit €PthTHeesenyebesuane 82magheks (ROt eFAPYBh bi¥GReh©t fRe

proj ection amounf_ of .the di sk opposing_surface gz %gllomin exp nsi on of
the first and®°5etBhRdY? %Fnalnggﬁﬂa#ﬁgnﬁeﬂ%%?g da; §4K°ﬁ§§sﬁ?eg bef or ehand
during 15 infQrmation_rept Ci agpunt. s | | to the
first and secnt hoat CHeRLRGE: Re“SarTY ZBa 550 =5ad arPaNG FER between the
amount s of pOpﬁéﬁH%hh?é 5@, tDRqf 'tﬁé?m_ﬁ@ﬁe%%?ﬂ@aﬁe@b gengpablingocoi | s

56a, 56b and e tenperature in the vicinity of the
and positioned above a desired track of the magnetic
20 disk 16.
The ramped loading mechanism 25 comprises a ramp
51 arranged on the bottom wall of the case 12 and
outside the magnetic disk 16, and a tab 53 extending
from the distal end of each suspension 38. When the
25 carriage assembly 22 is rotated to a retreating

position outside the magnetic disks 16, each tab 53 is

engaged with a ramp surface formed in the ramp 51, and



20 tenperature detector 68. Based on these relations, the control unit 62
converts the input tenperature into a projection anount of the disk
opposi ng surface 52 follow ng the expansion of the first and second thermal
expandi ng nenbers 54a, 54b, i.e., nmagnetic 25 spacing Ms, and conpares it
with a preset reference |level. Then, if the nmagnetic spacing Ms obtained by
t he - 16 conversion of the tenperaturee i-nformation is larger than the
reference level, the control unit 62 supplies power fromthe power source
64 to the first and second heat generating coils 56a, 56b to generate heat,

5 thereby expangi Rg iR Wy Yy ank15e6eNdrt ke FRle exRaNdRg pRTRer s S4a,
54b. Accordingly, "the di sk opposing surface 52 of the head portion 44

proj ects towardfq tdhe mReRitic diedd .surface to reduce the magnetic spacing
Ms. 10 Conversely, if the nmagnetic spacing obtained by the conversion of

the tenperature i nfextatdetnisedmdd@rigtian tha Ir efergnes legvel , the
control unit 62 reduces the amounts of power supplied fromthe power source
64 to the firstcaryt isecant hefattigenergtatig Heaepidos 56a, shomt dnl ower the
anount of generated heat, thereby reducing the anmount of expansion of the
first and sedOifif t Heraral Joxpdrdinegpneriversasid0 B4l vliecortdiengl y, the
projection anmount of the di sk opposing surface 52 of the head portion 44 is

reduced 20 t@liifaedse natte mifgrietiicBsciafy aNgnine gask tildediabove, the

control unit 62 adjusts the amounts of power surgol ied to the first and

second heat d&iatistsm@ndithe serd 58 Here it mside 9 exdpdididon df the first
and second thermal expandi hg 25 nenbers, 54a, 54b, thereby nmaking the
magneti c spa(r:‘? %%lﬁ%&@“ t‘ﬁ%’ CERAREITSh 0 R0 ure information

coincide with the rtefezf(jence I eIEi i n £ 17 . other_ words, setting the
magnet i ¢ spac‘?.]rf’d“ﬁ% to anarb%t% Yl l&fi%uq’hérr?ﬁ’gneatﬁi%“%i g Ms of
the mygnetic head A0, 'asréadféjrszﬁeecg %ré .*Eeeéﬁ%r{@ct%ﬁj Lteechq}eo%{or@e\f.hrecord' ng

and réproduci hg” opéerations are ried out W respec e magnetic

disk 16. During thendnioraetion {ecasahdy apeniad iMhpd heerecording el enent
46 generates heat to increase the projection amount of the di sk opposing

surface 52. Thene@otant iyl Usisghdie deladd onhiethseen then 0, prigjtect i on
anount of the di sk opposing surface 52 follow ng the expansion of the first
and second t hitrstal omxgpsaindy ngum®adoer S0 Shepo Sidie neasireedsrefaareehahd during
the information recording and the anmounts of power supplied to the first
and second hete gengnettingdilsk cbb | s Sw, LB6ly, drite thead edattiiom bt ween t he
amount s of power supplied to the first and second heat generating coils
'56a, 56b and hd® 2 anpRFhY ukkat disle eRRITINY Birfane tThpwrasirke de ect or

68, the anpunts of power supplied to the heat Penerati ng coils 56a, :
the surface of tThe magnetic disk I6. The disk

opposing surface 52 1is positioned more apart from the
surface of the magnetic disk than the disk opposing
surface 50 of the slider 42, and formed keeping'up

20 a level difference R. 'The level difference R is set
to, for example about 5 nm.

In the head portion 44, the recording and
reproducing elements 46 and 48 are disposed to be
adjacent to each other and in a condition such

25 that their ends are exposed to the disk opposing
surface 52. The recording and reproducing elements 46

and 48 are connected to a head IC 60 and a control



20 56b-are controlled to maintain the nmagnetic spacing Ms at the opti nal

val ue. According to the enbodi nent, the tenperature detector 68 is arranged
in the vicinity of the reproducing and recording elenents 48 and 46 to
detect 25 the tenperature. However, if the relation between the tenperature
det'ected by the tenperature detector and stored in the control unit 62 and
t he magneti c spaci ng - 18 M of thelmagnretic head 40 can be nutual ly
changed, the tenperature detector 68 can be arranged at the positions other
than the vicinity of the reproducing and recording el enents 48 and 46. 5
The adj ust neniief ehe hpbighC i@ na’bdnitspelksedhendicsk eppesiake surface 52,
i.e., the adjustnent of the nagnetic spacing Ms, nay be carried out in the
fol | ow ng mamprermbRef @re stamtriing isifgpratatisor ehec ahadionghorheepr oduct i on,
the control unit 62 10 supplies power of a given value to the first and
second heat gemdratli mg idoid2s ahda th®6bheathdl, 60héocaher akcomiding?2 detects
whet her reproducing signals read by the reproduci ng el enent 48 incl udes or
not any abnordwinesitgd®l, s aficher meldaspépiuti dspmdidet orepapdactiny bet ween t he
magneti ¢ head 40 and the magnetic disk 16. Here, if an abnormal signal is
det ect &d, thelemweirtol48urdist s@Rtdé&haomiaed hiehdeagntlgcttobébhwesonitiie lmagneti ¢
head 40 and the magnetic disk 16 and reduces the power of given. val ue
supplied to ﬁﬁ@i¥ﬁ%%t and 20 second heat generating coils 56a, 56b.

Accordi ngly, the ex siqn of the first and second .t hernnl expandi ng
menbers 54a, 54b inggﬁﬂ o dse Fh&%ﬂﬁ%ﬁ?qﬁﬁqéaéFﬁqﬁgr Gnet i ¢
head 40 and Lhecpa netkf.di 16.. Con erseflyc,h if ng%pnornal signals are 25

det ect ed, t hé “cSntFol®ghitt” S nereased the poe d'in\gen val ue supplied

to the first heat ' i o hgly, th
expangi on ST A, e AR AR Al Soa e et & saa,

54b ang i ncr 1 RAUGE tihe \IRAGR hetyeen d heJraneling head 40 and the

magneti c di sk 16. Thus, based on the contact detecCtion infoormation 5

obtai ned by delestding themresenee 0fd ay)oraml impRtedutin@ledaanals, in
order to set the magnetic spacing Ms to an optinmal value, the control unit

62 adj usts themanathsroftpader comipldledidtia tdpe first and second heat
generating coils 56a, 56b to control the 10 expansion of the first and
second t hermal expandilng marbare t54ey HUb. fiAfsteranches amagretiitempdci ng Ms of
the magnetic head 40 is adjusted to the optimal value as described above,
desi red recoralERNHAY MEFFHCi G opdkat ianss fHirs tcand egaud dreathe
magneti c disk 16. 15 , Further, the adjustnent of the projection anount of
the ditSk opp@ESNRFEUMAGEIBE 0%, > thef SRSl il vt A atddifettibé spaci ng
Ms, can be carried out in he-follomﬁn%%nan er. TQPI i@ﬁf before starting
i nformation r W%ge’iﬁar} DRI i:h Tedpa&dt o e S i ¢ disk
16, 'nfornﬂi'§£&dﬁﬁréﬁ%&ﬂgfngﬁﬂgﬁding members 54a, 54b are disposed
on upstream and downstream sides of the recording and
reproducing elements 46 and 48 with respect to
20 a rotational direction C of the magnetic disk 16.
The first and second thermal expanding members 54a,
54b are disposed slightly away from the disk opposing
surface 52, and formed to thermally expand in the
direction of approaching the surface of the magnetic
25 disk 16. The first and second thermal expanding

members 54a, 54b are formed of, for example resist

layers used to form the head portion 44.



recording |layer 66 of the magnetic disk 16 by the reproduci ng el enent 48,
and its reproducing signal is input to the control unit 62. Then, the
control unit 62 conpares an output |evel of the input 25 reproducing signal
with a preset reference level. Here, the output |evel of the reproducing
sighal has a correlation with the magnetic spacing Ms. - 20 The out put

| evel is |arge when the nagnetic spacing Ms-is snmall. Conversely, the
output level is small when the magnetic spacing Ms is |large. Accordingly,
the control unit 62 can detect the magnetic spacing Ms 5 based on the

output |evel of thg,d epraducing i aal - henerddit ont Q)i unide 62 conpar es

the output |evel of the reproducing signal wth the reference level. |If the

out put level dap ltowed firtitdie dehry=A1GR; l8elentishe reoMils@lo d8d ttH2
supplies power fromthe power 10 source 64 to the first and second heat
generating caid sr&fimactibie o gERRIaite heathe thielsebyrexpadineg the first and
second t hernmal expandi ng nenbers 54a, 54b. Accordingly, the disk opposing
surface 52 oftlidmmdieakgrordinn wehbary cotes tolard tihee surdeace of the
magneti c 15 disk to reduce the nagnetic spacing Ms. Conversely, if the
out put 9 evel adpadicea dpy dthecidiig ksiogmmad s lirsy wtfercet 15@n t e efierssnce | evel
the control unit 62 reduces the anmounts of power supplied fromthe power
source 64 to atme Feqaend gk REwiGid e a0 igen &yt i Mpedites 56a, 56b to
| ower the amounts of generated heat, thereby reducing the expansion of the
first and secOWRFEHeFHEY SPHRATRT fenre 8he Y5409 BriR Y, 1 he
projection ampunt of the disk posi surface 52 is reduced to.increase 25
gy i e £

t he magnetic cFHgE WEIE THURE © t3 RAIEF SR % the
reproduci ng signal coincide wth the reference | eve - 21 in other
words, in or %‘?%oge\%mt%e gné;%ﬁrceré%alcsi nsguﬁélteoé/a%r{loétbtg%lp%wa Ue, the
control,unit i U mgﬁgt ; Royer #ﬂgji L and second
heat Sleon_eratiér%u%(décjljlizE g%% bﬁtlggtco_ntro es. e a%u%%é%%%ﬂgé erat ed heat
of the first and second dwat,.generaling £aby sciand-ddie-Exnanst ogp of the

first and second thernmal expanding nenbers.” After the nmagnetic spacing

As described later, the control unit 62
constitutes a space detecting unit, a space control
unit, a power supplying control unit, and a converting

15 unit.

A magnetic recording layer 66 and a protective
film layer 67 are laminated on the surface of the
magnetic disk 16. 1In the floating type magnetic head,
the slider 42 always floats by maintaining a space S

20 between the surface of the rotating magnetic disk 16
and the disk opposing surface 50. In the contact.type
magnetic head, the space S between the slider 42 and
the surface of the magnetic disk becomes Zero.

A space between the reproducing element 48 and

25 | the magnetic recording layer 66 becomes magnetic

spacing Ms.

In the HDD constructed in the foregoing manner,



Ms. of the magnetic head 40 is adjusted to the optimal value as descri bed
above, desired recording and 10 reproduci ng operations are carried out on
the magnetic disk 16. During the information recordi ng operation, the
recording el ement 48 generates heat to increase the projection anmount of

t he di sk opposing surface 52. Therefore, the control unit 62 controls the
anounts of 15 power supplied to the-Sfingt and second heat generating coils
56a, 56b in accordance with the output |evel of the reproducing el enent 48
to maintain the magnetic spacing Ms at the optimal value. As described
above, accor diyeg Hed d ke rrReRetdc 20 theadaghetthe henagaiongxgandsi buti on and
the HDD provided with the sanme, by supplying power to the first and second

heat generatifig iGRIdeafban oy idirgpaseseon tilie, ovtl dkaandeneiratedi des of
the recording, reproducing elenents 46 and 48 to generate 25 heat, thereby
thermal | y expandd rdhd heddrdsiinard eseadnd 6 bierimlg ex pardindd ngenber s 54a,

54b, the magnetic spacing Ms can be controlled to the optimal val ue. - 22
Thus, whil e adjarsttiinm,t e magnetdtc SpEacisg Mppos iagrisyinfizoendZhi n a range
of the level difference R between the di sk opposing surface 50 of the
slider %42 andavwerditdle opmsitig slirfkade .52 FG -t He shead fdveti on 5 44,
generation of abnormal signals or uneven wear caused by contact between the
nmagnet i ¢ headiagite tife head A& vafen masiagie H15C IdcEk ofa P B tsuppessed.

T e el Ll g ASEURALELY fscord,and L sprgvee

ot catfons i1l cRad Ly oscur L dhose S 4ad n dg arisTeretore,
and,repr esent ot e, PROULIEN e Shpun g dosor g fersin, ecordinaly.
scope £ the gusceal i aysition comepl.as, Salinedhy e aopended ol aim

constitution {§ @adopyedi ey eot hend i ¥sdoadichecnnedrd0 gdwet mal  expandi ng

menbers are both thermal |y ‘expanded sinmultaneously to adjust the magnetic
spaci ng. Hower&llowieg 0 téepéhetund Ex@esws englueirrersigreeyl be sel ectively
expanded to adjust the nmagnetic spacing. Al so, the adjustnent of the
magneti ¢ spacragon@inde 25 carried out only during information
reproduction. Mreover, the nunbers of the thermal expanding nenbers and
t he heat generatin§fcthesmaxémpot PrpitebdoRofehbowing -ao2BempeEdedts vel y.
The nunbers nmay be one or three in accordance with the structure of the
head pbPtion dacremset ypeHof IRhERARFORkPERSEOAC BRIRPRIFi RRAATHRY heat i ng

elements are not limted to the heat 5 generatjng cojils, and elgectric heat
converting eIEﬁEE%Egth?hieV?kedé ﬁeﬁﬁngge%.b w%ﬁ% ?ﬁe?fhgﬁﬁ,ggccording
~to the enbOdigEQtthe head portion 44 to R>H, the head portion 44 is
always prevented from being brought into contact with
the surface of the magnetic'disk 16 in its projected
20 state. In the floating type magnetic head, by space
detection as described later, it is only necessary to
set the level difference R equal to or lower than the
space between the reproducing element 48 and the
magnetic recording layer 66,
25 If the level difference R is set as described
above, projection of the head portion 44 becomes

only projection by ambient temperature during



the constitution is adopted where the heating elenment is incorporated in
the head portion. However, the 10 heating el enment 56 nay be di sposed on the
suspension 38 as shown in FIG 6, or on the arm32 as showmn in FIG 7.
Further, the heating el ement 56 may be disposed in another part on the
carriage assenbly 22. Furthernore, the enbodi nent has been described by 15
way of each of the constitutions Were the projection anmount of the head
portion is adjusted based on the tenperature in the vicinity of the
reproduci ng and recordi ng el enents of the magnetic head, based on the

presence of abnoi it I &PHAUEINg, si anal sin RGhased @pudde aut put | evel
of the reproducing signal. However, a constitution may be adopted where the
proj ection amndedferitte, heathmorid apdsiagjMistiadtde anhiad igrdyp or all
of the above-described constitutions. - 24 WHAT ISCLAIMED IS 1. A
magnet i ¢ di skl apparaidistioonpspsodige ey magnmii of s ki Heavid epgr eduaigret i ¢
recording 5 | ayer; a nagnetic head including a slider having a disk
-0pposi ng sur fealbemappost teeducas suribhoe dfrine swgrel itechskingnd a head
portion arranged on the slider, the head portion having a di sk opposing
sur f aces posi tdepeattilly nor etlapacend i ohonheo S wdered big ther reRhett€ di sk t han
t he di sk opposing surface of the slider, recording and reproducing el enents

at | east partdmbisntexprapenptere hetlgsk oppohgt@urd aber 8K configured to
record and reproduce information on and fromthe magnetic 15 recording
layer of the FHeGHeEIRD dp SKIAGRHYTHCt Fe? Freltd dkpandi ng menber arranged in the
‘Lo mLY o the reReLElng.andt e odue a0, oL sUEILR: and ool olEdebo
the surface Oétépgigggf§£é§mation reproducing and recording
10 operations in the magnetic disk 16, power'is supplied
to the first and second heat generating coils 56a, 56b
disposed in the head poftion 44 to selectively expand
the first and second thermal expanding members 54a,
54b, thereby adjusting fhe projection amount of the
15 | disk opposing surface 52 of the head portion. As the
result, the magnetic spacing Ms can be adjusted to an
optimal value, e.g., 12 to 15 nm.
FIG. 5A shows a state where power is
simultanéously supplied to the first and second heat
20 generating coils 56a, 56b to expand the first and
second thermal expanding membefs 54a, 54b, and the
disk opposing surface 52 of the head portion 44 is
projected. The prdjection of the disk opposiﬁg
surface 52 is equivalent to the sum of projection of
25 the disk opposing surface 52 obtained by supplying
power only to thé first heat generating coil 56a shown

in FIG. 5B, and projection of the disk opposing



20 di sk; a heating el enment which heats the thermal expandi ng nenber; and a
space control unit which adjusts an anount of heat generated fromthe
heati ng el enent in accordance 25 with contact detection information
concerni ng cont act - 25 between the magnetic head and the nmagnetic disk
to control a space between the disk opposing surface of the magnetic head
and the surface of the magnetic disk-tam desired value. 5 2. The magnetic
di sk apparatus according to claim1l, wherein the heating elenent is
arranged in the head portion at a position adjacent to the therm

expanding mendigirad TNGEBANELA ol SIOARPH AN AC NG B 49,10 cl aim 2,

wherein the heating el enent has a "heat "génerating coil, and the space
control unit doedn@asest r SO E e anfs quirewro isupply. gagrent to the
heat generating coil, and a power supplying control unit which adjusts an

amount of power sup@iusthénttde i hewd ) getnesmtdmarcoidf the ieskragneti c
di sk apparatus according to claim1, further conprising a carriage assenbly

supporti ng t heppegied | sutlack t2 bel novabddy we trtertespfedthe omadretdicsk, and
wherein the carriage assenbly

5 spacing Ms, is carried out by the following operation.
Before starting information recording or reproduction
with respect to the magnetic disk 16, a temperature in
the vicinity of the reproducing and recording elements
48 and 46 is detected by the temperature detector 68,

10 and the detection result is input to the control unit
62. The control unif 62 stores a relation between the
projection amount of the disk opposing surface 52
following expansion of the first and second thermal
expanding members 54a, 54b measured beforehand during

15 information reproducing and amounts of power supplied
to the first and second heat generating coils 56a,
56b, and a relation between the amounts of power
supplied to the first and second heat generating coils
56a, 56b and the temperature in the vicinity of the

20 temperature detector 68. Based on these relations,
the control unit 62 converts the input temperature
into a projection amount of the disk opposing surface
52 following the expansion of the first and second
thermal expanding members 54a, 54b, i.e., magnetic

25 spacing Ms, and compares it with a preset reference

level.

Then, if the magnetic spacing Ms obtained by the



20 includes an arm and a suspension extending fromthe arm the magnetic
head i s supported on an extendi ng end of the suspension, and the heating
el enent is provided on the carriage assenbly. 5. The magnetic di sk
apparatus according to 25 claim4, wherein the heating el enent has a heat
- 26 generating coil, and the space control unit includes a power source
configured to supply current to the-heats generating coil, and a power
supplying control unit which adjusts an anount of power supplied to the 5
heat generating coil. 6. The magnetic di sk apparatus according to claimb5,

wherein the $RAGRGARL f Whid teRPUdend GoAahtdeheski naryait configured
to determ ne an abnormal signal caused by contact between the 10 nmagnetic

head and the trgnetic ek aPNd RN, 0due RGrYirenaksitead Bypbhees
reproduci ng el ement, and a power supplying control unit configured to

adj ust an amptite roff Haewehes wepldred dur deh e theat thendriatsitngneloisle cond
accordance with the determnation result of the 15 contact detecting unit.
A Y. A A9, AL e Al . AIncAR AR GAICAHS. Al6aASD.6Ah Alo ArineAatAs hAat,As. AL. A . AL Af S.
Afy . Afy5QS, ], ! &

5 thereby expanding the first and second thermal
expanding members 54a, 54b. Accordingly, the disk
opposing surface 52 of the head portion 44 projects
toward of the magnetic disk surface to reduce the
magnetic spacing Ms.

10 Conversely, if the magnetic spacing obtained by
the conversion of the temperature information is
smaller than the reference level, the control unit 62
reduces the amounts of power supplied from the power
source 64 to the first and second heat generating

15 colls 56a, 56b to lower the amount of generated heat,
thereby reducing the amount of expansion of the first
and second thermal expanding members 54a, 54b.
Accordingly, the projection amount of the disk
opposing surface 52 of the head portion 44 is reduced

20 to increase the magnetic spacing Ms.

As described above, the control unit 62 adjusts
the amounts of power supplied to the first and second
heat generating coils 56a, 56b to control the
expansion of the first and second thermal expanding

25 members 54a, 54b, thereby making the magnetic spacing

obtained by the conversion of the temperature

information coincide with the reference level, in
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a& ()-x!110%pBNEY - xBPRAD%d to the first and second heat generating
15 | coils 5€a, 56b, and the relation between the amounts
of power supplied to the first and second heat
generating coils 56a, 56b and the temperature in the
vicinity of the temperature detector 68, the amounts
of poWer supplied to the heat generating coils 56a,
20 56b are controlled to maintain the magnetic spacing Ms
at the optimal value.

According to the embodiment, the temperature
detector 68 is arranged in the vicinity of the
reproducing and recording elements 48 and 46 to detect

25 " the temperature. However, if the relation between the

temperature detected by the temperature detector and

stored in the control unit 62 and the magnetic spacing
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5 The adjustment of the projection amount of the
disk opposing surface 52, i.e., the adjustment of the
magnetic spacing Ms, may be carried out in the
following manner. Before starting information
recording or reproduction, the control unit 62

10 supplies power of a given value to the first and
secénd heat generating coils 56a, 56b. Then, the
control unit 62 detects whether reproducing signals
read by the reproducing element 48 includes or not any
abnormal signals (thermal asperities) due to contact

15 between the magnetic head 40 and the magnetic disk 16.

Here, if an abnormal signal is detected, the
control unit 62 detgrmines the contact between the
magnetic head 40 and the magnetic disk 16 and reduces
the power of given value supplied to the first and

20 second heat generating coils 56a, 56b. Accordingly,
the expansion of the first and second thermal
expanding members 54a, 54b are reduced to increase the
space between the magnetic head 40 and the magnetic
disk 16. Conversely, if no abnormal signals are

25 detected, the control unit 62 increases the power of

given value supplied to the first and second heat

generating coils 56a, 56b. Accordingly, the expansion
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. 54b are increased to reduce the space between the
magnetic head 40 and the magnetic disk 16.
Thus, based on the contact detection information
5 lobtained by detecting the presence of abnormal
reproducing signals, in order to set the magnetic
spacing Ms to an optimal wvalue, the control unit 62
adjusts the amounts of power supplied to the first and
second heat generating coils 56a, 56b to control the
10 . expansion of the first and second thermal expanding
members 54a, 54b. After the magnetic spacing Ms of
the magnetic head 40 is adjusted to the optimal value
as described above, desired recording and reproducing
operations are carried out on the magnetic disk 16.
15 ~ Further, the adjustment of the projection amount
of the disk opposing surface 52, i.e., the adjustment
of the magnetic spacing Ms, can be carried out in the
following manner. That is, before starting
information recording or reproduction with respect to
20 the magnetic disk 16, information is read from the
recording layer 66 of the magnetic disk 16 by the
reproducing element 48, and its reproducing signal is
input to the control unit 62. Then, the control
unit 62 compares an output leﬁel of the input
25 reproducing signal with a preset reference level.

Here, the output level of the reproducing signal

has a correlation with the magnetic spacing Ms.
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The output level is large when the magnetic spacing Ms
is small. Conversely, the output level is small when
the magnetic spacing Ms is large. Accordingly, the
control unit 62 can detect the magnetic spacing Ms

5 based on the output level of the reproducing signal.
Then, the control unit 62 compares the output level of
‘the reproducing signal with the reference level. If
the output level is lower than the reference level,
the control unit 62 supplies power from the power

10 source 64 to the firsﬁ and second heat generating
colls 56a, 56b to ggnerate heat, thereby expanding the
first and second thermal expanding members 54a, 54b.
Accordingly, the disk opposing surface 52 of the head
portion 44 projects toward the surface of the magnetic

15 disk to reduce the'mégnetic spacing Ms.

Conversely, if the output level of the
reproducing signal is higher than the reference level,
the control unit 62 reduces the amounts of power
supplied from the power source 64 to the first and

20 second heat generating coils 56a, 56b to lower the
amounts of generated heat, thereby reducing the
expansion of the first and second thermal expanding
members 54a, 54b. Accordingly, the projection amount
of the disk opposing surface 52 is reduced to increase

25 the magnetic spacing Ms.

Thus, in order to make the output level of the

reproducing signal coincide with the reference level,
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amounts of power supplied to the first and second heat
generating coils 56a, 56b to control the amounts of
5 generated heat of the first and second heat generating
colils and the expansion of the first and second
thermal expanding members. Aftér the magnetic spacing
Ms of the magnetic head 40 is adjusted to the optimal
value as described above, desired recording and
10 reproducing operations are carried out on the magnetic
disk 16. During the information recording operation,
the recording element 48 generates heat to increase
the projection amount of the disk opposing surface 52.
Therefore, the control unit 62 controls the amounts of
15 power supplied to the first and second heat genefafiné
coils 56a, 56b in accordance with the output level of
the reproducing element 48 to maintain the magnetic
spacing Ms at the optimal value.
As described above, according to the magnetic
20 head of the foregoing constitution and the HDD
provided with the same, by supplying power to the
first and second heat generating coils 56a, 56b
disposed on the outlet and inlet sides of the
recording, reproducing elements 46 and 48 to generate
25 heat, thereby thermally expanding the first and second
thermal expanding members 54a, 54b, the magnetic

spacing Ms can be controlled to the optimal value.
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and the disk opposing surface 52 of the head portion

5 44, generation of abnormal signals or uneven wear
caused by contact between the magnetic head and the
surface of the magnetic disk can be suppressed.
Therefore, it is possible to highly accurately record

- and reproduce information to/from the magnetic disk.

10 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

15 modifications may be made without departing from the
spirit or scope of the general invention concept as
defined by the appended claims and their equivalents.

For example,.according to the embodiment, the

constitution is adopted where the first and second

20 thermal expanding members are both thermally expanded
simultaneously to adjust the magnetic spacing.
However, one of the thermal expanding members may be
selectively expanded to adjust the magnetic spacing.
Also, the adjustment of the magnetic spacing may be

25 carried out only during information reproduction.

Moreover, the numbers of the thermal expanding members

and the heat generating coils are not limited to two
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respectively. The numbers may be one or three in
accordance with the structure of the head portion 44,
the type of thermal expansion, or the like. The
heating elements are not limited to the heat

5 generating coils, and electric heat converting
elements or the like can be used.

On the other hand, according to the embodiment,
the constitution is adoptéd where the heating element
is incorporated in the head portion. However, the

10 heating element 56 may be disposed on the suspension
38 aslshown in FIG. 6, or on the arm 32 as shown in
FIG. 7. Further, the heating element 56 may be
disposed in another part on the carriage assembly 22.

Furthermore, the embodiment has been described by

15 way of each of the constitutions where the projection
amount of the head portion is adjusted based on the
temperature in the vicinity of the reproducing and
recording elements of the magnetic head, based on the
presence of abnormal reproducing signals, and based on

20 the output level of the repfoducing signal. However,
a constitution may be adopted where the projection
amount of the head portion is adjusted by combining

two or all of the above-described constitutions.
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a magnetic disk having a magnetic recording
5 layer;

a magnetic head including a slider having a disk
opposing surface opposite to a surface of the magnetic
disk, and a head portion arranged on the slider, the
head portion having a disk opposing surface positioned

10 more apart from the surface of the magnetic disk than
the disk opposing surface of the slider, recording and
reproducing elements at least partially exposing to
the disk opposing surface and configured to record and
reproduce information on and from the magnetic

156 recording layer of the magnetic disk, and a thermal
expanding member arranged in the vicinity of the
recording and reproducing elements and configured to
thermally expand the disk opposing surface in
a direction of approaching the surface of the magnetic

20 disk;

a heating element which heats the thermal
expanding member; and

a space control unit which adjusts an amount of
heat generated from the heating element in accordance

25 with contact detection information concerning contact
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control a space between the disk opposing surface of
the magnetic head and the surface of the magnetic disk
to a desired value.

5 2. The magnetic disk apparatus according to
claim 1, wherein the heating element is arranged in
the head portion at a position adjacent to the thermal
expanding member.

3. The magnetic disk apparatus according to

10 claim 2, wherein the heating element has a heat
generating coil, and the space control unit includes
a power source configured to supply current to the
heat generating coil, and a power supplying control
unit which adjusts an amount of power supplied to the

15 heat generating coil.

4, The magnetic disk apparatus according to
claim 1, further comprising a carriage assembly
supporting the magnetic head to be movably with
respect to the disk, and wherein the carriage assembly

20 includes an arm, and a suspension extending from the
arm, the magnetic head is supported on an extending
end of the suspension, and the heating element is
provided on the carriage assembly.

5. The magnetic disk apparatus according to

25 claim 4, wherein the heating element has a heat
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6. The magnetic disk apparatus according to
claim 5, wherein the space control unit includes
a contact detecting unit configured to determine
an abnormal signal caused by contact between the
10 magnetic head and the magnetic disk among reproducing
signals read by the reproducing element, and a power
supplying control unit configured to adjust an amount
of power supplied to the heat generating coil in

accordance with the determination result of the

15 contact detecting unit.



