« . e3e\ Y\ TTUKW vWY6BYTY~gCs TI TLE OF THE | NVENTI ON MAGNETI C DI SK APPARATUS
BACKGROUND OF THE | NVENTI ON The present invention relates to a nagnetic

di sk 5 apparatus. Generally, a magnetic di sk apparatus conprises a nagnetic
di sk housed in a case, a spindle notor for supporting and rotating the
magneti c di sk, a magnetic head for reading/witing informatio e
10 magnetic disk, and a carriage asserdbl yl for supporting the mwmmwmmmmmmud
to be novable with respect to the nmagnetic disk. The carriage assg %y
includes a rotatably supported arm and a suspensi on extending from
The magnetic head is supportedragnianorSText engesrenst of this s i

The magnetic head has a slider attached to the suspension, andmmmﬂﬂmum“mww
portion di sposeAGNETIReDSEKdaPPARAEUBead portion includes a reprodyci ng

el ement for reading and a recording elenent for witing. 20 During an
operation of the magnetic di BXCKERGUND USE THE XNVENTION supported by the
suspension in a contact with or a slightly floating over a nagnetic
recordi ng | ayer of tThe potesentgimygnétion dedkteFheor ecorndhagiandisk
reproducing el enents of the 25 nagnetic head are held keeping a desired
space, i2e., nmagreresUspaci ng between the el enents and the nmagnetic
recordi ng | ayer. - 2 In the magnetic di sk apparatus conprising such a
floating type or a &&Reaet l¥ecdr ety peddrkdepparhéusecorarhgesl @nent of
t he magneti c head neraﬁei heat when it records signal on the nagnetic
disk. 5 Accordpﬁgpg,lﬁa §Xi ROVREAVLR fi £956f £hEPLBESRITAECENECE epr oduci ng

el ements of thée _magnetiic head are therpally expanded,toward the sjide of the
nmagneti c disk.sFPpgﬁ +3ffod 5Pt9ﬁ9§gtEgﬁnéﬁgaggéﬁsgbﬁﬁisal%?%%?t+%sistance

of the reprodugi I nt (MK ,10.el.enent ). changes heat ner at ed when

t he magnetic hég%ngSFg%F§d§SgéH%é%%ch68%86Pag?9H ?%8ng9fg§% of the
magnet i g ndi sk, naratin n.a ] Si h ify). Wen
t he nagggtic hg% H%&%%S%ﬁ%kéoﬁpgcﬁ %??%q?hg ég?%@%é§o?5?ﬁ5u§§§§é%%% di sk, a
15 probl em suchnasmayn@ret weau eb bBengwapeti qikgadealaQcoegutge I n recent
years, in accordance with higher density of magnetic disks, the ?Ioatlng

amount of the magnetiic kgad.haghbeeaneisgal hekehBl9ashkyugesesate thermal
asperity. -

e arm

rotatably supported arm and a suspension 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, i.e.,
magnetic spacing betweeﬁ the elements and the magnetic

recording layer.



20 Therefore, some neasures have conventionally been taken to prevent the
generation of such thermal asperity. For exanple, the magnetic head is
arranged further apart than the projection amount of the thermally expanded
magnetic head fromthe surface of 25 the magnetic disk, or the floating

hei ght of the slider is set large to prevent the parts in the vicinity of
the recordi ng and reproduci ng elenents- 2 - .3 frombeing brought into
contact with the surface of the nmagnetic di sk even when the nagnetic head
projects. However, in all of the above-described neasures, 5 when there is

no thermal expansi omnotnbhRERAREL! 8:58agpph her SRALERDEL WRER Liye, recor di ng

and reproducing elenents and the recording |ayer of the maghetic disk is

| ar ge. Cbnsequgnbhyinbtty§edb£f£0@bﬁt£@thf@@éydﬁﬁﬁuf el ¥1 1 &PF odyce
recorded information. 10 BRI EF SUVWARY OF THE | ON An enbodi nent of

the present inyvesbraingaylphentder atFagheyhet Ot Ske 2P PeL R4 st £apadlte of
perform ng highly accurate recordi ng and reproduction while suppressing
generati on of whenmht asperdtysidhal omgties i saghskiappagiat us according to
an aspect of the present invention conprises a magnetic disk having a
magneti corecordcngriapelty, apamgaeinctheadiciwl udi o ehesl reesrdivg ng a di sk
opposi ng surface opposite to a surface of the nagnetic disk, and a head 20
portion arrangeddornephedstider ¢lehenheadf ponei maghaviagh@adi ke opposi ng
surface positioned nore apart fromthe surface of the magnetic disk than
the di sk opposFhgrsatiscexprndpe spvaed, thecsidengf ablde repyoelucd ng el enent s
at | east partiall exggsing to 25 the di sk opposing surface and configured
to record and fepfoducé FRFoPRBERENCENTARE ErerneheerBan®t?’ ®cordi ng

| f th tic_disk, and a_t | - 4 di mb d
) the vi cimi 199875 nESRaE bR AT RO Bniir oRPRERRR LRS! BAERPRC AN con | gur eq to
th I i i f i di t] f hi

the surtice or ot RRoRLE EaRBB8ThUInEHE| BEFe L0 BatkhBR' LRP RegREPLOT G "

th | dj -  ech it ' det ect

Space betwoon PREdGPERSECcE BRoCEmEPl ARt e R g Rl B bt
surface of therAagRgthetdEbsKis@NAtBuSPEER£2PLAY! aHNbbRYRLED adjtists an

anount _
(thermal asperity). When the magnetic head comes in
contact with the surface of the magnetic diSk, a

15 problem such as uneven wear of the magnetic head also
occurs. In recenﬁ years, in accordance with higher
density of magnetic disks, the floating amount of the
magnetic head has becomé 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



10 of heat generated fromthe heating elenment in accordance with the space
detected by the space detecting unit to control the space between the disk
opposi ng surface of the magnetic head and the surface of the magnetic disk
to a Eesired val ue. 15 A magnetic di sk apparatus according to anot her
aspect of the present invention conprises a nmagnetic di sk having a nagnetic
recording |layer; a magnetic head including a slider having a di sk opposi ng
surface opposite to a surface of the magnetic disk, and a head 20 portion
arranged on the slider, the head portion having a di sk opposing surface
posi tioned nore gpaptifsonrthensuliasesicdde wrgneths giskddhaly the disk

opposi ng surface of the slider, recording and reproducing el enents at | east
partially expogh8dmk@nebithei dk SkvORpAsdMoriserhagee e o i gured to record
and reproduce information on and fromthe magnetic recording |ayer of the
magneti c di sk, papgleatsher nal - 5 expanding nenber arranged in the
vicinity of the recording and reproduci ng el enents and configured to
thermal | y expand t h#odeskroppaseb@ sfir thceabova-deseecibod dasppevachi ng
the surface of the magnetic 5 disk; a heating el ement which heats the

t hermal Bxpandwhgnnthbee; iandoatspacel coxpansioni ¢ fwhhehmaghatstie an anount
of heat generated fromthe heating elenent in accordance wwth a tenperature
in the vicinithesf,t hbenapaeei beheaent theonecordiheg spdcecriodetinegn t he

di sk opposing surface of the magnetic head and the surface of the magnetic
disk to a desi FéangaLEeanAcEBRIFAGOFBL tel AEGRPE cthPr sSRAGPDEF At &5Sk

constituted as, descri bed above, the_ therpal expandi ng 15 pber is expanded
d {
in accordance wot haFA8-sphCBSEEVRBENYt hatdi &k gﬁgbngB nﬁ%%% ¥f the head
portion and the surf Ci of the .magnetic ai Kk ?nd tge recordi ng and
reproduci ng el 8fEHEE Eay §F8F88choﬁﬁFar ﬁ§ LBFPRBR 4P t he nagnetic disk to
controllbhe space 20 or a %&g%%t%%Mﬁﬂgglgg.Tﬁﬂl& Yeii NY the magnetic

spacing, it is possible to sSuppress generation o§ agﬁornal signal s or

uneven wear caused Q%_%ka@g%eg%tW%e@hghgﬁgggg%tHgvgg%qogngayhe surface of
the magnetic disk. 25 BRI EF DESCRI PTI ON THE SEVERAL VI EWS" OF THE DRAW NG

The acconpanyi pgodhiaw ROfmagRitel aiexi BpphPatakegapAbaBdogonstitute a part

of the specification,
: performing highly accurate recording and reproduction

while suppressing generation of thermal asperity.

15 A magnetic disk apparatus according to an aspect
of the preséht invention comprisés a'magnetic disk
having a magnétic recording layer; a magnetic head
including a slider having 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 mégnetic 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



1

“- 6 illustrate enbodinments 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)
accor'ding to an enbodi ment of the present invention. FIG 2 is an expanded
side view show ng a magnetic head portiog ot the HDD. 10 FIG 3 is an
expanded sectional view showing the nagnetic head. FIG 4 is a schenmatic
sectional view show ng a state mhere a head portion of the magnetic head is

expanded by arbjiat AN RAls DANRS afG ity 13 A digeor di ng

el ement. FIGS. 5 are schenatlc sectional views respectively show ng

a state where ﬁécfo%?d 8¢ oneh + NIl g SXRANA Y JRIMLI S 1Qfu e dipgnet i ¢
head are expanded, and a state where onIy one of the thermal 20 expandi ng

nmenbers is expangathl i} GxBand Bndl @ik Wiaymwsdion naaddbRmecording to

anot her enbodi nent of the present invention. FIG 7 is a plan view show ng
an HDD accor didigrd®t 51 | b £ aned hed cleimpdinenduofadde prigsendagnwtant i on. 25

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Det ai | ed description will be nmade of
an enbodi nent diek e @ heginietd ce thsdnappai @i Useafs 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
the ypper end opening of the case. The case 12 houses two magnetic disks 16
as magnetic recording nedia (only one is shown), a spindle notor 18 as
driving neans for supporting and rotatin® the nagnetic disk, a plurality of
magneti c 10 heads for witing and reading information to/fromthe nagnetic
di sk, a carriage assenbly 22 supporting each of the magnetic heads to be

novabl e rel atiygrdaihe mBanet i £reisded bin o wecGoidy Mt aindreferred to
as a VCM hereinafter) 24 for rotating and positioning the 15 carriage

assenbly, a rampeshdegli Ngd neshesdism 2 & nsmdrot i argd tdvenh Megnedd ccdeads in a
retreating position away fromthe magnetic di sks when the nagnetic heads
nove to the outlesrmstlpesxpined ytlod @bch omgneing disfkgca substrate unit 21
having a head 1C or the like, and 20 the like. On the outer surface of a
bottom wal | ofdihecthee dR2,apppriched citewur booe df ndte soymgtic fi xed by
screws to control operations of the spindle notor 18, the VCM 24 and the
magnet i ¢S headsdidkpughhedeing slimenatiehuoh thodls Bdoh Weepredl ¢ di sk 16 has
a diameter of 65 nm (2.5 inches), and has magnetic recording |ayers on _
-8- _ the uppetxpaddlplcrerpef acalRdthefrdfe JPRLEQbD. UEgridtieh di sks 16 are
fitted to an outer Eeriphery of a hub (not shown) of the spindle notor 18,
and hel d by a FaRPLEprRngnAunt RErERhgISReEREed wor PRagHeR i REBLHISKks 16 are

st acked coaxi al to,each other with a predeterm ned spacing. By drivin
the spindle nD?Lgmﬁ%F fﬁea?ﬁﬂrﬁ%@ﬁ%tV%tﬁi%kge%%e5?5u¥%FE@r€??y ?otated gt a

pLedet om ned, Speed eS| A0R, 8RR RLYa En RUREESF SRy AgRLEY, 100

26 fixed on the bo 1 Wa ( € Cca and ur a arns 32
extendegofr0n1gggwggﬁrtﬂg Hgkk'opposing surface of the magnetic head

and the surface of the magnetic disk to a desired
value.
According to the magnetic disk apparatus
constituted as described above, the thermal expanding
15 member 1is expanded in accordance with the space
between the disk opposing surface of the~ﬁéad pbrtion
and the surface of the ﬁagnetic 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 TEE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated

in and constitute a part of the specification,



"The arnms 32 are positioned in parallel to the surfaces of the nmagnetic

di sks 16, and at a predeterm ned spaci ng between each other, and extend in
the sane 15 direction fromthe bearing unit 26. The carriage assenbly 22 is
also\provided with a long and narrow plate-Iike suspension 38, which can be
el astically defornmed. The suspension 38 is fornmed of a leaf spring, its
proximal end is fixed to the extended-end 26 of the arm 32 by spot wel ding
or adhesive joining, and the suspension 38 extends fromthe arm Each
suspension 38 nmay be integrally formed with a correspondi ng arm 32. As
shown in FIG 2;1€36h2fR086LH&1MERESs 40r hase 26nverstusit andd &l ddgdesdangul ar
slider 42, and a nmagneto resistive (MR) head portion 44 arranged in the
slider to perfQLanreger dengrandde epr OCEh o vanthbdve Safd xgee _ -9- _ to
a ginbal spring 41 provided at the distal end of the suspension 38. In
addition, a |oadtaslapptieedriptashofrathet exbdda ks | ¢1iapplbebwy th a | oad
‘toward the magnetic disk fromthe suspension 38 through 5 a dinple 43
formed in the saspensboaxBBaidstshopninoifl& df the tevenfapsnassenbly 22
has a support frame 45 extending fromthe bearing unit 26 in a direction
oppositeSto the arnF32. Théssappéen viaweodsSashppdrdssk dvive coil 47
constituting a Eart.lo of the VCM 24.. The sggport frame 45 is nade of a
synt hetic resi hhespdnphiteyrarpferseaedsonnt HeDbreropinphle?y of the voice
coil 47. The voice coil 47 is positioned between a pair of yokes 49 fixed
to the case 122RaRBPeehBeRtuPEstRRePTERFRE {AVERSHRRation 15 with these
yokes and a magnet (nat shown) fixed to one .of the yokes. By supplying
power to the voice égﬁr 37}Stﬁ8 exrPerdge ﬁ%gsnﬁF§w2§hP¥lP8tated around the

bearing unit '26, _and, the. magnetic.head 40 is. moved to and positioned above
a desired track gFgPﬁElﬁaaﬁggiEoﬁglaPsﬁflgbeTﬂgﬂranped | oadi ng mechani sm 25

conpris a ranp 51arrang o] : he, C a out si de
t he nag%gtic di sk 1g%Gén§ ggtgg %%%ggggﬁdghéﬁ ?gggtﬁgggigﬁgrléﬂdeg? each
suspensi on 38. ;\WAgnrthengaqcarriage assenbly 22 is rotated to a retreating

position outside“the magnetic disks 16, each tab 53 is engaged with a ranp
surface formed in thegrampisla @dthematitOsectional 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 membeis 0of the magnetic head are
expanded, and a state where only one of the thermal

20 expanding members is expanded.

FIG. 6 i1s 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



“then pulled up by inclination of the ranp surface to unload the magnetic
head. Next, detailed description will be given of a constitution of the
magneti c head 40. As shown in 5 FIGS. 2 and 3, the nagnetic head 40
includes the slider 42 nade of a m xture of alum na and titanium carbide,
and the head portion 44 made of alumna. In the head portion 44, recording
and reproducing elenents 46 and 48 nmade gf titanium iron, alumnumor 10
the like are formed by a sem conductor technol ogy. The slider 42 is forned
in the shape of a substantially square colum, and has a nearly flat disk

opposi ng surf agge 50-0pPosi {evd o ihe syrdgeeid tdesmagnetic disk 16.
Simlarly, the head portion 44 15 has a nearly flat disk opposing surface

52 opposite to the syrfnsenofint hegimgpesn cHObSkad 6a Foet &hgkl @PPosi ng
surface 52 is positioned nore apart fromthe surface of the nmagnetic disk

t han the di sk @pposhamgesutd esel d0windsé hepsét delr fize and dpsmed], kaeepi ng up
20 a level difference R The level difference Ris set to, for exanple

about 5 nm | nathethsacwpotdp onoddy fheedetoridhegeasel bvepa golctaigl |t enent s
46 and 48 are di sposed to be adjacent to each other and in a condition such
25 that %heir efidscaeesexposkdseothteuppek opposperyisurdbcehd2xasthe
recordi ng and reproducing elements 46 and 48 are connected to a head |IC 60
and a control - The gppe 62 hhrsaeghtueseapngtRe diskeniPoBsSunit 62

el enent 46, and 5 elenent 48 is s unit 62. _wrings disposed in the carriage
wite signal i82¢RAELEnFRERRIENE BREIE hEOHERIOIT B9 FBOYRE/ recording a read

output fromthe Leprdych 82" ot RLOYENLING NEAY ' Fot OsiPSofPIN Ohna

rotating the magnetic disk, a plurality of magnetic
10 heads for writing and réading information to/from the
magnetic disk, a carriage assembly 22 supporting each
of the magnetic heads to be movable relative to the
magnetic 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 retreatiﬁg 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 operations 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



“In the head portion 44, a tenperature detector 68 is disposed in the
vicinity of the recording elenent 46. The tenperature detector 68 detects
the 10 tenperature in the vicinity of the reproduci ng and recordi ng
el enents 48 and 46, and inputs the detected tenperature to the control unit
62. In the head portion 44, first and second thermal expandi ng nenbers 54a,
54b, and first and second heat 15 generaging coils 56a, 56b for
respectively heating the thermal expandi ng nmenbers are di sposed. The first
and second thermal expandi ng nmenbers 54a, 54b are di sposed on upstream and
downstream si dgg, thpgép dREASHNY ANE SRR QUGIRG €l arntg,#6 and 48 with

0

respect- to 20 ar tional direction C of the nagnetic disk '16. The first

and second t hefpleepanding rendber ssifdad 340 a7 @ udePewad pildrghtley away
fromthe disk opposing surface 52, and fornmed to thermally expand in the

direction of apprgachidiy stwnsurd Basofsgiheilmgraidrc 125 dinsk hk8.d Bye first
and second thermal expandi ng nenbers 54a, 54b are forned of, for exanple
resi st layers aisethi forimd Me7 heaxkbqardimyl ¥j4.the Itwo MagriBE o i rst and
second heat generating coils 56a, 56b that function as heating elenents are
di sposed t 0 bedisspelkd i amt ys tzflemdntodxolaNey fia stac@nd tSecond tthher nal
expandi ng nenbers 54a, 54b on the side 5 opposite to the di sk opposing
surface 52. The piedetearnisetotrhdivsd . gdierdnivigading S6a1d186h are
electrically connected through the wrings, disposed in the carriage
assenbly 22 t onatpowet, sde ceavemagietie Forts ol 6 ANe eedtaltleht is
supplied fromthe power 10 source 64, to the first and second heat
generating coi Fetaked THR unerde bRt 3P]9E control unit 62. As

descri bed | ater, thg control _unit 62 cgns%%tutes a s acq%detecting unit, a
space control unit, 'BpoREF L8EPPFFRGC cont T of AT 1S5S and B¢ &rting 15

unit. gnetjc.regcordj | aye ecti fi | pyer are
Ianinaéggaon t%%lguggaggQ%? ?%e£%§8%§€ﬁ%§d&gEEfﬁf ?ﬁ?t#éé%l%ghi%é?}ype
magneti c head, .t i y§, f LNt ad Di ; S 20
bet ween the suff §%§%¥g?%eé§o$%¥?ngzn%ﬁﬁ%??%ydﬁﬁiﬂlghggﬂgéﬁgé%?gﬁjébposing

surface 50. |nrfbe,epat @@tai*é(pﬁog?gﬂgﬁé& heash r4 hee SPaSeL e baimeaded he
slider 92 and the surface of the magnetic di'sk beconmes Zero. A space

between the reprogyei MPgRLENENRL4Bsand, 25nd het negpeédet s 8eDIgding | ayer 66
becomes magnetic spacing Ms. In the HDD constructed in the foregoing
manner, 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



~- 13 the head portion 44 of the magnetic head 40 expands by an increase in
anbi ent tenperature, or heat generated fromthe recording el enment 46 during
a recording operation, to project the disk opposing surface 52 5 toward the
magnetic disk 16. FIG 4 shows the nagnetic head 40 when maxi num proj ection
occurs under operating conditions of the HDD. projection is represented by
the in the vicinity of the recording 10 g specified upper tenperature |Ii in
the vicinity of the recording following a tenperature increase recording.
Here, the maxi mum sum of projection A elenent part at mt, and projection H
el ement part duyling shomalsdfidde mpddmdy Qeation faldiowmng & _
tenperature 15 increase is H in the contact type nagnetic head, by setting
the level differengesfRbetoeenst herslddgiert b and ithey hepdRartdonds to
R>H, the head portion 44 is always prevented from bei ng brought into
contact with tihe-suiface: of Réed npgnes | Loliisdd 16 41 d U4 gjoselred 20 state.
In the floating type magnetic head, by space detection as described | ater,
it is only necgssatiygrietisetdise femeltith fdermnes R epuadhrnongdr | ower than
t he space between the reproduci ng el enent 48 and the magnetic recording
| ayer 66 25 |14 dimpleved thifed elmwetiR i susmmnsiomdedtri bed above,
projection of the head portion 44 becones only projection by anbi ent
tenperature during As-shdwnj hhoFh@ti bn teadiag; lige. assenipkyredd dras
reproduction. Consequently, magnetic spacing Ms beconmes excessively |arge
and the reproducsweP oLt phame ofiP t pRteRPIRA UMY dekesar yy r@dldbé’sg./ Al so
during signal recording, 5 depending on the conditions of recording current
and anbi ent teh%e@a@h?%?t%%%r%PP%S%%%n¥?o?h%iQEWt?%H rERRICTURRP ST magneti c

acing Ms. Thus, according to the epmbodinent,_at the tinme of startin
CNformation rebtdAtcs ngS WHHOT b of a7 HH°1 0°Ohbr 4T | S § 4 e fry i o sk
16, po is su e e flLrst con e enerati coil s 56a,
56b Si \Q%%sed i%P%%eﬂ‘é%‘g %%Fti%%g4ﬁ€§%02§|€%¥?€eﬁ/ %a&aan%e tchg first and
second 1 her mal . cxpan(Lagc NESBERS 268 1200y LIS CRY-A YS! it LR B O] ecti o

anount of the ?5 opposi ng surface 5270 ead portion. As the

result, the n@?@ﬂ%ﬁe§%a§fngh%v@@@ebéoﬁﬂj yptedrio gnioptegml aplue, e.g.,
|2 to 15 nm G BHA shows a state where power is simultaneously supplied

]E_o t he fijr st ap@ssecenddheatwedngenpanti 0g ¢okés bbarihéd t® Egpand the
rstoan case 12, and constitutes the VCM 24 in association
15 with these yokes and a magnet (not shown) fixed to one
of the deeé. By'supplying power to the voice coil
47, the carriage assembly 22 is rotated around the
bearing unit 26, and the magnetic head 40 is moved to
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



“second thermal expandi ng nenbers 54a, 54b, and the di sk opposing surface 52
of the head portion 44 is projected. The projection of the di sk opposing
surface 52 is equivalent to the sumof projection of 25 the di sk opposi ng
surface 52 obtained by supplying power only to the first heat generating
coil '56a shown in FIG 5B, and projection of the disk opposing - 15
surface 52 obtai ned by supplying power onpy to the second heat generating
coil 56b shown in FIG 5C. Adjustnent of the projection amount of the disk
opposi ng surface 52, i.e., adjustnent of the nmagnetic 5 spacing Ms, is

carried out bycthe foiiowing wpelsti ot Bel ave startdng dnf ofamtion
recordi ng or reproduction wth respect to the magnetic disk 16, a

tenmperature i nufheadi EhOIhyg@étibensgpr oduci ng and recording el ements 48
and 46 is detected by the tenperature detector 68, 10 and the detection
result is input to Nbetgonetelledi deb2rigbeogoniIDIbengivér stores a

rel ati on between the projection anount of the disk opposing surface 52
fol |l owi ng expaastoensofttbeofii 65t thadusecontc t hesdrad 0 expandsngvirender s 54a,
54b neasured beforehand during 15 informati on reproduci ng and anmounts of
power suppliedFIGSthe &ndsB, ahldeseegnet heabegentd atnaudes | sh&6a, 56b, and
a relation between the anounts of power supplied to the first and second
heat generati ngltders486nadsepfandnineurenperatuning endet Vignhimy of the
20 tenperature detector 68. Based on these relations, the control unit 62
converts the ifptiPidenpardt the hagd RopEbpect # onadeeht abpmime. di Bk
opposi ng surface 5% fgllomﬁng t he expansi on of the first and second ther mal
expandi ng menbeh€ B2ad BARtiPhedd s RFRRFIENI52RPaEPRECRBCIBAD conpares it
with a preset reference,level,. , Then, if_the magneti¢c spaci Vs _obt ai ned by
the o P16 CCoRSERERDR P it fRnBaRS: fF e LHFBIRR | bFORe PLFBCRURRAR ( he

referenﬁg Ieve%hgt §kgoggéokgggga gé gugg&iggnﬁgggégfEgg%agoogomer sour ce

64 to the firs nd~sécon generati ng col Zherate heat,
5 thereby expandi ngrihechipst- and;seegngchhen e [ menbers 54a,
54b. Accordingly, the dFsE opposiﬁg sur gce SQEE? %ﬂ%ﬁﬁegg portion 44

projects towargd ghnkhentRaneli sqhsk syIhAse LA4rRENCE LB MpoRestc spaci ng
Ms. 10 Conversely, 'if the magnetic spacing obtained by the' tonversion of

t he tenperatureikkf eppBbing EargaBkl 80 bppbstibe tef enenserkevel oft he
control unit 62 reduces the amobunts of power supplied fromthe power source
64 to the firsthandageebnd Héak géner afimmnfjarly, the head portion 44
15 has a nearly flat disk opposing surface 52 opposite to
the surface of the magnetic disk 16. The disk
opposing surface 52 is 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 eleﬁents 46

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



=15 coils 56a, 56b to |lower the anmount of generated heat, thereby reducing
t he anbunt of expansion of the first and second thermal expandi ng nmenbers
54a, 54b. Accordingly, the projection amount of the di sk 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 anounts of power
supplied to the first and second heat-generating coils 56a, 56b to control
t he expansion of the first and second thermal expanding 25 nenbers 54a,
54b, thereby making the nmagnetic spaci ng obtai ned by the conversion of the
tenperature inhof fBbd Ofh OLMEI WiEr M H dhepsederanaad eulnidde - 17

ot her words, setting the nagnetic spacing Ms to an optinal value. After the
magneti c spaci 8gsdeb 0y the momeits $Heqek P0id ssadd usteshdro e opti mal

val ue, desired recording and reproduci ng operations are carried out ‘with
respect to thecomgneligntit s&2 lond Duté ngedderd d@rimtiran ferdhing
operation, the recording elenent 46 generates heat to increase the

proj ecti on anpehémeftt he, dasé @pposd nguispr f ateob2he hesfahesidy using the
rel ati on between the 10 projection anmount of the di sk opposing surface 52
fol | owi Ny the ekpaestofBofsthentitisrowm Seeombd NEF ned tExeansh g Imenber s
54a, 54b neasured beforehand during the information recording and the
amounts of powBR18upptied to the first and second heat generating 15 coils
56a, 56b, and the relatjon between the anounts of power supplied to the
first and second hedP §BReR8EFNGOEBLIPR 464, 2 Somanke tiee t@apeeERTredin t he

vicinity of the t eratyre detector, 68, th nounts of, power supplied to
t he heat generé?iﬁgEBB?? EBatNooVEEhRAFE RbntreI FREPABI IR ntain t he

ti [ t,Lh tipal | pe. A di nmbodi t, th
onper at uro GebSeteP 6Aors BPFanGuRTRECHE UPErarcy of AREeT epr e ny and

di I 4 ; : , 1f th
(ol a1 oo bt woeh TRact Shpet 3t Ve JerBaioh O The Tomerarnt A cctor and

stored in the eepbrQinynkleReneedss hendBgpLt ikd SPGHFY the dSreMe®f the
magneti c head 40 can be nutually changed, the tenperature detector 68 can

be arranged attéhpepasiuteons théetohhaplteiviernity of the reproduci ng and
recordi ng el enents 48 and 46.
In the head portion 44, first and second thermal
expanding members 54a, 54b, and first and second heat
15 generating coils 56a, 56b for respectively heating the
thermal expanding members are disposed. The first and
second thermal expanding 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.



5 The adjustnment of the projection ambunt of the di sk opposing surface 52,
i.e., the adjustnent of the nagnetic spacing Ms, nay be carried out in the
foll owi ng manner. Before starting information recording or reproduction,

t he gontrol unit 62 10 supplies power of a given value to the first and
second heat generating coils 56a, 56b. Then, the control unit 62 detects
whet her reproducing signals read by t-he reproduci ng el enent 48 incl udes or
not any abnornal signals (thernal asperities) due to contact 15 between the
magneti c head 40 and the magnetic disk 16. Here, if an abnormal signal is
detected, the controheuUnitsbaglet esddM@Shélie o Act i hetMEENs tHe, magnetic
head 40 and the magnetic disk 16 and reduces the power of given val ue
supplied to theehitisst angh@Oiceconthdreai ngesesmdn 1y 00l |6 Hhdsed G6D.
Accordi ngly, the expansion of the first and second thermal expanding
menbers 59a, S5d4d seepéedively tad]acereasto ttiee shiacst baidvesscdie nmagnetic
head 40 and the magnetic disk 16. Conversely, if no abnormal signals are 25
det ected, the thatmal expiandng neerdeses 4z, poleroroftig veideal ue supplied
to the first and second heat generating coils 56a, 56b. Accordingly, the
expansi on - aopositeheofihetdbdid weronny hewnkd cexipand e nehbetr s 54a,
54b are increased to reduce the space between the magnetic head 40 and the
magnetic di sk 3¢ TRERNDpherl FenerrttontaRilect et i P iaHDrmation 5

obtai ned by detectjng t presence of abnormal reproducing, signals, in
order to set tﬁﬁeﬂtﬁgﬁ?rﬁys%%%?%ﬁt Y%F%Hg%pYW?mﬁaﬁ%ﬂQﬁnéﬁ?ﬁ?%ﬁﬁn%ﬁﬂ uni t
62 adjusts the_anounts,.of power srppi%eg to the first and ﬁeco d, .heat
generating coi F'eS58a - 588t 35 LM THI 2 € hE® 19 RIPENsTBHF T ¢ he®#4 r 81 and

he. magnet | ¢ hESICAD | SThE; TRt edc EoLTRG bt P RN bR (e OR RerRe above,
the hgad"a0 . . A deSon T
magnet 1 £ ai ok TA"1B Fur Fher -t Her 56 TRt rento ol Hhe: o G Bet T S0 amount of

the di sk oppostgg1§UsERFesBR, uhdér  céherad] b5t fROt-Oht the FROPets c spaci ng
Ms, can be carried out 1n the following manner. That 1s, before starting

information recordi ng aeseepbeduthten, whb eespesi tRig0she magnetic di sk
16, information is read fromthe recording |ayer 66 of the magnetic disk 16
by the reproducongtetetreat ad8paaaddetsctepyodit Nga ssgnad ¢sntnplt- to the
control unit 62. Then, the control unit 62 conpares an output |evel of the
i nput 25 reprodnéktngaspgralr swphluingesentrelevehte dmded. coevertime out put
| evel of the reproducing signal has a correlation with the magnetic spacing
V3 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 42lalways 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,



"- 20 The output level is |large when the magnetic spacing Ms is small
Conversely, the output level is small when the magnetic spacing Ms is

| arge. Accordingly, the control unit 62 can detect the nagnetic spacing M
5 based on the output |evel of the reproducing signal. Then, the control
unit 62 conpares the output |evel of 'the reproducing signal with the
reference level. If the output level +s 1dwer than the reference |level, the
control unit 62 supplies power fromthe power 10 source 64 to the first and
second heat generating coils 56a, 56b to generate heat, thereby expandi ng

the first and secanshd hes el orexpansi nchdele: 24 de A0 AGGRIHsNBlY, the
di sk opposing surface 52 of the head portion 44 projects toward the surface

of the magneti#n 1hn¢hitsdsd ol edusieriheamgneiticrspas g .gdormedresel vy, if
the output |level of the reproducing signal is higher than the reference

| evel, the confrah the tr&oreihyg esl diwnanbiirdsriofg powercatdiplg ed from t he
power source 64 to the first and 20 second heat generating coils 56a, 56b

to | ower the anpemdatsiai, generat pecthedte diwr elppasiducing fdme: &Ppansi on of
the first and second thermal expandi ng nenbers 59a, 54b. Accordingly, the
proj ecti®dn anotewand the mhgkebhpodi sy bar f &8 52 ishawsluded to i ncrease 25
the magnetic spacing Ms. Thus, in order to nmake the output |evel of the
reproduci ng sigaahetbt nesad 4f twhemanaeinye o] afgion occyrs yngedt her
words, in order to set the magnetic spacing Ms to an optimal val ue, the
control unit 62PeERLARE GPRAhtLCRF pbuere {i dtPE tHee %St ""hd second

heat generatin coil€,56a, 56b to-co trq% tqg anmpunts of 5 generated heat
of the first anHOABCHheP hbdt P GRASFERFTY Rbi Fie afil (He REPESHAP ot t he

first and second éhernal.ex andin nenbersd.Aft t he magnetic spacing Ms
of the magnetitehAd JOCTE: b U6t BAC t boTRES Y RETIUAT Bk Hescr | bed
above, desired,recordbng and,d0 LERpOANCLPY PRRIALI QNS BES) SAL{Ld out on

t he magnetic
in the vicinity of the recording element part

following a temperature increase during signal
recording.
If the maximum projection following a temperature

15 increase is H, in the contact type magnetic head, by
setting the level difference R between the slider 42
Iand the 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. 1In 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 différence R is set as described
.above, projection of the head portion 44 becomes

only projection by ambient temperature during



~disk 16. During the information recording operation, the recording el enment
48 generates heat to increase the projection anmount of the di sk opposing
surface 52. Therefore, the control unit 62 controls the amounts of 15 power
supphied to the first and second heat generating coils 56a, 56b in
accordance wth the output level of the reproducing elenent 48 to nmaintain
the magnetic spacing Ms at the optinmal vl ue. As descri bed above, according
to the magnetic 20 head of the foregoing constitution and the HDD provi ded
with the sane, by supplying power to the first and second heat generating
coil's 56a, 56b;dfspesedoon-ddei oyt | £le BN 8laSiHLS Frddhi digeor di ng,
reproduci ng elenents 46 and 48 to generate 25 heat, théreby thermally
expandi ng the ddrsdqaaieh BEC oyt &1eT @ed p LXRAN U NG JBRIFRY %0485 1%y t he
magnetic spacing Ms can be controlled to the optimal val ue. - 22 Thus,
whil e adj ustinpaitde segneié crepeednei M d1ocputn fidimne thipralvarge of the
| evel difference R between the disk opposing surface 50 of the slider 42
and the di sk oppasémy 48Irfadecd?. of Alde deachparidgral Tekbrdiengrati on of
abnormal signals or uneven wear caused by contact between the nagnetic head
and t he Surf ackepéndimg negneh ¢ ccandkt tams bef suppresised.cutherdf arel it is
possible to highly accurately record and reproduce information to/fromthe
magnet i ¢ di sk.ariol ¢eidi §erpelatigvant biyese argl 1ot fioatd ohsctdidd readily
occur to those skilled in the art, Therefore, the invention in its broader
aspects i s notT$HRFEERM t D tRRIRPEET f FRAGERAINS. and representative

enbodi nents shown and describegaherein. Accordingly, various 15

modi fications may belHAde?@FPROLRIdEPaFRf ngrpP e e <Pt rile dringdpfe of the

general invention conce tfas defined b¥ %he.a pended clajns and their

equi val ents. F%Faﬁﬁﬁﬂ%l n %E%%Eh?%gr?% ? %F%mgdﬁ? ?Oﬁékp%onstitution is
dopt ' | i ng .nenh . bot h

Chermai 10 expathg™ b1 P | Seohel Do Ao st (ot nX Rty LB ¥ fonever.

one of the {hetgatnexpandh ngnIPHEAG A Peyoel SELINE! Jo LXPAIED dg ad ust

the magnetic spacing. Al _ adj ust ment of the nagnetic spacing nmay be
25 carried outdogpysdar ingthaf e gat ont 1 &pr oAUl | o e MI-ROMPIex 13 NUNber s

of the thermal expandi ng nenbers and the heat generating coils are not
limted to twothe first and second thermal expanding members 54a,
54b, thereby adjusting the 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
simultaneously 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 projection 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



- 23 respectively. The nunbers may be one or three in accordance wth the
structure of the head portion 44, the type of thermal expansion, or the

| i ke. The heating elenments are not limted to the heat 5 generating coils,
and el ectric heat converting elenents or the |ike can be used. On the other
hand, according to the enbodi nent, the constitution is adopted where the
heating elenent is incorporated in the head portion. However, the 10
heati ng el enent 56 may be di sposed on the suspension 38 as shown in FIG 6,
or on the arm 32 as shown in FIG 7. Further, the heating el enment 56 nay be

di sposed in angthescpart Optihecgaryi agspBsseed a2 oy thersme e, the
enbodi nent has been described by 15 way d?§each of théE%%nstitutions wher e

t he projectionsasondtheitt henbeatiporéodn $6b adhaiet eth based mm, t he
tenperature in the vicinity of the reproducing and recording el enents of

t he magneti ¢ head, hds$edtmanthefptrsence;oftabnosmmhnt epf otiuei AgsEi gnal s,
and based on 20 the output |evel of the reproducing signal. However, a
constitution nagpbeindoptefaobed?, t hee pr cpétTt s anemnoahttiod mdwndiebs portion
is adjusted by conbining two or all of the above-described constitutions.

- 24 WHAT | S spACMED S i1s panngeedtdet dbgkthappbe hltasinpmwesingon a
magneti c di sk having a nmagnetic recording 5 |layer; a magnetic head

i ncl udi ng a sl PEEPTRavrAGtandi SREePpaEioy SerPaEndpposierreduatserface of

t he magnetic disg and a head Qortion arranged on the slider, the head
portion havi ng"ithi ERSBRRbsFAgtRGrraghe hbsi £+ 8keklf, 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 unit 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 contreol 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



10 nore apart fromthe surface of the magnetic disk than the di sk opposing
surface of the slider, recording and reproducing el enents at | east
partially exposing to the di sk opposing surface and configured to record
and reproduce information on and fromthe magnetic 15 recording |ayer of
the magnetic disk, and a thermal expandi ng nenber arranged in the vicinity
of the recording and reproduci ng el ementks6 and configured to thermally
expand the di sk opposing surface in a direction of approaching the surface
of the magnetic 20 disk; a heating el enment which heats the therm

expandi ng nmenbesnversh dn SPACEh € Yt r Atide WH Jrnadjidet § san -ageunt of heat
generated fromthe heating el enent in accordance 25 with a tenperature in
the vicinity ofhdhetimmgneférence Rivehearhd acaomaloluntiie 62paceidtaseen t he
di sk opposing surface of the magnetic head and the surface of the magnetic
disk to a desipedevafuen the Thevemgmiice db S kt@ppar dtius tacoar digmpridd 5
claim1, wherein the heating elenent is arranged in the head portion at a
position adj aceeattgendweat ey nedlexpatali ngpleihereneatEhdramdgnet i ¢ di sk
apparatus according to claim2, wherein the heating el ement has a heat 10
gener atihg coi thengly t geapdied com riol raihi and egamnsts theyowdr source
configured to suppl%icurrent to the heat generating coil, and a power

suppl yi ng cont PEPARAIRI RERPL BRI Ut s 24P anviFfotingtwer gppslised to the
heat generating coil. 15 4, The et c di sk apparatus according to claim
o U her corPPes Hig aSeaTa T ages b at y ST HTS 1T thie TREIRATS. hoad +o
be novably with respec o the disk rein the carriage assenbly incl udes
an arm 20 andp%wgﬁgp%%s%%% %&?%%Fl%d¥?$%n%%ﬂ 2 ﬁf’fﬁﬁgﬁﬁbﬁivfc head is

supported on aﬂa§§ggggig§agfg q%sthe suspensi on, and the heating elenent is
provi ded on the CTarriage asse y. '

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 coils 56a, 56b to lower the amount of generated heat,
thereby reducing the amount of expansion of the first
and second thermal expanding members 54a, S54b.
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



5. The magnetic di sk apparatus according to 25 claim4, wherein the heating
el emrent has a heat - 26 generating coil, and the space control unit

i ncl udes a power source configured to supply current to the heat generating
coil, and a power supplying control unit which adjusts an anmount of power
supplied to the 5 heat generating coil. 6. The magnetic di sk apparat us
according to claim5, wherein the space icont+ol unit includes a tenperature
detector provided at one of the nagnetic head and the carriage assenbly, a
converting unit 10 which converts information of a tenperature detected by

the tenperat urg {ist QLhQfs | M@ tiRfO R in%g;r@tit&%p%&%% bet weennt he di sk
an

opposi ng surface of the magnetic "head the surface of the magnetic di sk,

and a power Sufliviang ORId .0l Aftidr o inglyrRd 0 sbacadigusts aF ameunt of
power suppliedto the heat generating coil in accordance with the

conver si on i nfgygradti ian. he Al Aa.iASRAw s AR . ANESHANDpA i naAalyaANe  AF. A
. AL. AuL. A9. A& A3a. ANs. As. Ays. Aa . Au. A, . Af S. Affr. ASf)] "
desired recording and reproducing.operations are
5 carried out with respect to the magnetic disk 16.

During the information recording operation, the
recording element 46 generates heat to increase the
projection amount of the disk opposing surface 52.
Therefore, by using the relation between the

10 projection amount of the disk opposing surface 52
following the expansion of the first and second
thermal expanding members 54a, 54b méasured beforehand
during the information recording and the amounts of
power supplied to the first and second heat generating

15 | coils 566, 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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- 110% £6 " 1gé%pi}e§ power of a given value to the first and

second 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 determines 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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Thus, based on the contact detection information
5 obtained by detecting the presence of abnormal

reproducing signals, in order to set the magnetic

spacing Ms to an optimal value, 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 level 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 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
coils 56a, 56b to.generate 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 magnetic spacing Ms.
Conversely, i1f 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
colls 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 generaﬁing
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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& ()-@ffff_gegadsds 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,laccording 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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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 adopted where the heating element
is incorporated in the head portibn. However, the

10 heating element 56 may be disposed on the suspension
38 as'shown 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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WHAT IS CLAIMED IS:

1. A magnetic disk apparatus comprising:

a magnetic disk having a magnetic recording
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
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
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
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

with a temperature in the vicinity of the magnetic

10°
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head to control the space between the disk opposing
surface of the magnetic head and the surface of the
magnetic disk to a desired value.

2. The magnetic disk apparatus according to

5 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
claim 2, wherein the heating element has a heat

10 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
heat generating coil.

15 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,

wherein the carriage assembly includes an arm,

20 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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heat generating coil, and a power supplying control

unit which adjusts an amount of power supplied to the

5 heat generating coil.

6. The magnetic disk apparatus according to

claim 5, wherein the space control unit includes
a temperature detector provided at one of the magnetic
head and the carriage assembly, a converting unit

10 which converts information of a temperature detected
by the temperature detector into information of the
space between the disk opposing surface of the
magnetic head and the surface of the magnetic disk,
and a power supplying control unit configured to

15 adjust an amount of power supplied to the heat
generating coil in accordance with the conversion

information.



