i, e3e@B6T@} N -. TI TLE OF THE | NVENTI ON MAGNETI C DI SK APPA

BACKGROUND OF THE | NVENTI ON The present invention rel ates toﬂgmmﬁmmﬂwmmn
di sk 5 apparatus. Generally, a magnetic di sk apparatus conpris C
di sk housed in a case, a spindle notor for supporting and rotating'{He
magneti c di sk, a magnetic head for reading/witing information fronmito the
10 magnetic disk, and a carriage assenbly for supporting the mﬂmm’mmummwj
to be novable with respect to the nagnetié‘disk. The carri age
includes a rotatably supported arm and a suspensi on extendi ng frokgebhe arm

The magnetic head is supported on an 15 extended end of this suspension.
The magnetic head has a slider ALTLENCE FHEtﬁEVENEBQNSiOH, and a head

portion dispose ide ad portion includes a reproducing
el ement for rea@ﬁﬁgEiﬁg §E$gcéFﬁgH§Tﬂ§enent for witing.: 20 During an
operation of the magnetic di t I .S, supported by the
suspension in a contact mﬁth%%¥ﬁ§ﬁ§ﬁﬁgﬁﬁﬁi“?ﬁbg#bﬁghg¥§i a magnetic
recording |ayer of ”}ﬁlgr%g%ggg 'g%ﬁ%%Bﬁ%fat!@ﬁt?gg%ggﬁgt%‘d isk

reproducing el enents 0 magne are he keée g a desired
space, i.g., nagﬁﬁgggtﬁggcing between the el enments and the nagnetic
recordi ng | ayer. S - In the magnetic di sk apparatus conprising such a

floating type or a cgaha%mggoadfnagn&w@ 8l sReapphPethgCObHbPDs €4 erent  of
t he magnetic head generates heat whén it records signal on the nagnetic

di sk. 5 Accordipgh¥etparissknhblisedi Chnatya o, thesp £eQ1 dimgtandesepr oduci ng
el emrents of the nmagnetic head are thermally expanded toward the side of the
magneti ¢ di sk. kfipphetanguahdofotht sné heheahagxeahsi dhsks 4 atggnetriesi st ance
of the reproducing elenment (MK 10 el enent) changes by heat generated when

t he magnetic hehdagr 6pectrsaddngdwel thngobn fernak ion t heom (e $ atee of t he
magnetic_di sk, thus generating an abnormal signal (thermal asperity). Wen
the magnéfic he&égéggé§ fdhskontagt awFahriage sas el v feheSRRMEEIRT di sk, a

the magnetic head to be movable with respect to the
magnetic disk. The carriage assembly includes a
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 between the elements and the magnetic

recording layer.



+.,15 probl em such as uneven wear of the magnetic head al so occurs. In recent
years, in accordance with higher density of nagnetic disks, the floating
anount of the nagnetic head has becone snmaller to easily generate thernmal
asperity. 20 Therefore, sone neasures have conventionally been taken to
prevent the generation of such thermal asperity. For exanple, the nmagnetic
head is arranged further apart than the_pr?jeption anmount of the thermally
expanded magnetic head fromthe 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 recordiQ%_and re&%od ci%g el enent s s ' . -.3 fraﬁ1being
brought into contact W (& ARG F&cE16F PREAFAGHE CCMBTLR1BIeRVGAeRA t he
magneti ¢ head prqje%ts. @owever, in a%l gf t he above-descrhbgd measures, 5
when there is né PR&TRE “€RFansi 8nCBPTERE REGREEIEINEEHS PhEShack Bet ween

t he recording and r%gé.%u%Eg%e%kegﬁg%ﬁF?ﬁgggg?%%eﬁg%gian%?éﬁésoﬁeépe

magneti c di sk i §5ar Consedquen i cu y accurately

repr oduce recor ded, §LOLTRLLAR. <10,BR EE SHANARY CE: THE; LNVENTI ON An

enbodi ment of the present ‘invention may provide a nagnetlc'disk appar at us
capabl e of perf%E%b&aiﬂbQ@LYp%%%Br@hethECGEQEQQE?”er%HéOQEEékéﬂn&h"e

suppressing generation of “thermal asperity. 1 magneti ¢ di sk appar at us

according to anaagpeebrobiuthagpeesnBhtsN¥eNtheNmegipEi&eEeadmagaet i ¢ di sk
having a magnetic recording |ayer; a nmagnetic head including a slider

havi ng a di sk oppesimad l15uekpeadedpasiwhedt 6ha stidtace ohethegnagheti c di sk,
and a head 20 portion arranged on the slider, the head portion having a

di sk opposi ng sdik&ce Adsitheoamdundrefaphis fhemmbheespahatenofst he
magneti c di sk than the di sk opposing surface of the slider, recording and
reproduci ng el efergs, ateisdasenger ofakthy expoednging ebempetdi¥K opposing
surface and configured to record and reproduce information on and fromthe
magnet i c 1Pecor den§Meafér CHRRERE RigheatcIanskatafdvhernEhfapagnetic

head projects to come in contact with the surface of
the magnetic disk, thus generating an abnormal signal
(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 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
thermally expanded magnetic head from the surface of

25 the magnetic disk, or phe floating height of the
slider is set large to prevent the parts in the

vicinity of the recording and reproducing elements



“f 1' g _ expanding nenber arranged in the vicinity of the recording and
reproducing el enments and configured to thermally expand the di sk opposi ng
surface in a direction of approaching the surface of the magnetic 5 disk; a
heati ng el enent which heats the thermal expandi ng nmenber; a space detecting
unit configured to detect a space between the di sk opposing surface of the
magneti ¢ head and the surface of the nagne%ic_disk; and a space control
unit which adjusts an anobunt 10 of heat generated fromthe heating el ement
in accordance with the space detected by the space detecting unit to
control the space between %Pe di sk .opposi ng surface of the magnetic head
and the surface ™ R&1RHrEOUENd dkteo candasits ¥d thalthe. sestacamgfietic di sk
appar atus according_to _anather, aspect of the present invention conprises a
magnetic di sk hgx%enﬁ‘aa?nr‘?&glﬁetdil %rgé’SPdl“’h&nl g{;‘&r magngidfeffédhead incl udi ng
a slider having a8%2§§sopposing surface opposite to a surface of the

magneti c di sk, & edd 20 portion arranged on the slider, the head

ti havi di ' f it d . t f th
Surf ace of the mgnatid ek CRar Tne oIk GEpOS A5 SEu PateraPSRRE S der,
recor di ngsand r%ﬂk%d%%b%% glse .”Eﬁeghahe@§@gggﬁbhabkytﬁépHEEH?%#Q 25 the

di sk opposing surface a contfigured to re and reproduc Oormati on on

and fromthe na%@%encth%C@@QE@Qbb@w@@noﬁhghseaaga§hbcaHhSKepﬁgéu@i%aernH'
- 5 expanding nmenber arranged in the vicinity of the recording an

reproduci ng el erRrientid ag@nfthguiedotaihienagblyogxpandnk §edi §kq 0PROSI Ng
surface in a direction of approaching the surface of the magnetic 5 disk; a
heati ng el enent ishilelrgkeat Sohbequketig|, expasddngfieaber toandgrl gpace
control unit which adjusts an amount of heat generated fromthe heating

el enent in accordabcetwiltyh rapredpeearaceridadt hefornehity. of the magnetic
head to control the space 10 between the di sk opposi ng surface of the
magnet i clRead and the surfaE®ISF SHMARYNOF EHE INVEYTAONesired val ue.
According to the magnetic_ di sk apparatus constituted as descri bed above,
the thermal expandi ng15™REFBEENs Odx fRRdRICSRNECABVERAEBNWIENK t he space

bet the disk i f t _the head porti d th f f
Che magnet | . o SECUAR EnBIPBEbLG HySAnaPPaprbANCFAG-BI Brdht  can pr o] ect

mmgnet | ¢ Spaci ng URFT & Soy Gary R EREEREGnaE erepagi Aad PEETRRlRled ¢ 10

magnetic spacin e nmagnetic Spaci ng,

suppr ess gener akhoneobugBRasdRhaSHORBL S 6nUBEVERCIRAL caysed. by contact

bet ween the magnetic head and the surface of the nagnetic 25 BRI EF
DESCRI PTLEN OF THE SEVmRAheYHEVEiGk IHEaPBBMENQ%EB@d@ﬁ@°HBaQMiQQ%QéﬁmﬁngS,
a

whi ch are incorporated in and constitute a part of the specification,

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 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



«- 6" 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)
according to an enbodi nent of the present invention. FIG 2 is an expanded
side view showi ng a magnetic head portion of the HDD. 10 FIG 3 is an
expanded sectional view showing the magnetic head. FIG 4 is a schematic
sectional view showing a state where a head portion of the magnetic head is
expanded by anbi ent tenperature and heat generated by 15 a recording
el ement. FIGS. 5APEHISRJIaREeMBEeKeArEPRIBECENORBRE ViehBLlERSPECERGely showi ng
a state where first and second thermal expandi ng members of the nagnetic
head are expand&§COZAdRE §P§téeﬁﬁegécbﬂgyeéﬁ@eﬁgstﬁ@dtﬁ%FﬁhguﬁﬁdeR%andlng
menbers is expa showi ng _an_HDD accordlng to

anot her enbodi n& gFrEF bHeeﬁpéggan? aéﬁ%e RPCELBI ?uF§a§§p+%n vi ew showi ng
oD 00 ACEord 13, L0 eL | oBnoRiet IR VEDT SRCALDE BECRRRpAmNEDLLon, 2O
an enbodi gent “@?Eﬁ;aanﬁgﬁ%ﬁhﬁ dh 8KeAPPRRRENSHOEts 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 with the space detected by the space
detecting unit to control the space between the disk
opposing surface of the magnetic head and the surface
of the magnetic disk to a desired value.

15 A magnetic disk apparatus according to another
aspect 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 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



!

_ ~'_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 cl ose
t he upper end opening of the case. The case 12 houses two magnetic di sks 16
as magnetic recording nedia (only one is shown), a spindle notor 18 as
driving neans for supporting and rotating #he_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 relative to the magnetic disk 16, .a voice coil notor (referred to
as a VOM her ei n&FP&NI124 F% Fﬁt&??ﬁ&géﬁdlﬁo§gﬁiHﬁFﬁﬁlFHeO§5t &rriage
assenbly, a ran@e% &oldin mechani sm 25 fo& hol iaﬁ t he n%ggetic heads in a
retreating positicon WY FROm ERECRIGREE ELEMERESWABA CRBIXEYR&EE EOheads
nove to the outek [ each,magneti.c disk,. a substrate unit 21
havi ng a head | h%?%%%§9{F%g%%§ngkﬁo%§ﬁé P8E8§18ﬁ PHeT8GEer slrface of a
bottom wal | of 12, i i i ot, shown) is fixed by
screws to controq%gggﬁgpi%Esgng?%%ﬁgggngﬁg %BPg?E%8g?tk%eV%ﬁ?%§£éﬁd t he

magnetic Beads hrqugh h@gta%gse%ﬁegftﬁwﬂ%h ﬁéatEaEHenﬁgQ?ﬁggadi sk 16 has

a dianeter of 65 nm (2.5 inchés), an as magneti c recording yers on
g _ the upper aegphewehgsuehdees khargokpafbhecbwersRoARttCyHisks 16 are
fitted to an outer periphery of a hub (not shown) of the spindle notor 18,
and hel d by a chanpssprengahdunfcedr Heagl yenthetbwor regNEhEChEadisks 16 are
stacked coaxially to each other with a predeterm ned spacing. By driving
t he spindl e not edleh@ntt he twoomdgneti witdhskstéfiparetintepgnathy rotated at a
predeterm ned speed. The carriage assenbly 22 conprises a bearing 10 unit
26 fixed on theVBeinékywalkl the maenehde Readahd eoptuwodl thy spacens 32
extended_ fromthe bearing unit. The arns 32 are positioned in parallel to
the surfafes ofbﬁﬁgeﬁﬁgﬁg?iéléksREpQQ}nanﬁuéfagep@édé@%rM@%@@tS©ah¢m@
bet ween each ot her, _and ex%gnd ig ﬁge sanme 15 direction fromthe bearing
unit 26. The cafPfa§BcaS8BERBF§ 9 © aP_GNBF 6T Atk Wi ? he ad¢dhEednd nar r ow
pl ate-1ike susng§P8n 38, which can be elastically deformed. The suspension
38 is formed of a“I'eaf spring, its proxinmal end is fixed to the extended
end 20 of the arm 32 di [ |, OL N nd the
suspensi on 38 extendég¥$g%?%ﬁ2%grEﬁgEgéHﬁggggeﬁgf%né§%2%%§g%e integrally
formed with a cephespendendadr 8k 32rihsa SO¥Ge | Nk GhrmLACk SRANELE C head
40 has 25 a substantially rectangular slider 42, and a magnetoresistive
(MR) heatl5portimem#drat sasgpandadthe stteesahoe PeffOrens egoded ng and
reproduction, and it is fixed

between the disk opposing surface of the head portion

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,



_ g _to aginbal spring 41 provided at the distal end of the suspension
38. In addition, a load is applied to Each magnetic head 40 is applied with
a load toward the magnetic disk fromthe suspension 38 through 5 a dinple
43 fornmed in the suspension 38. As shown in FIG 1, the carriage assenbly
22 has a support frame 45 extending fromthe bearing unit 26 in a direction
opposite to the arm 32. The support frame 45 supports a voice coil 47
constituting a part 10 of the VCM 24. The @upport frame 45 is made of a
synthetic resin, and integrally formed on the outer periphery of the voice
coil 47. The voice coil 47 is positioned between a Eair of yokes 49 fixed
to the case 12, 1aAdSEE6RSET CBPELIPRBEYCRE 24PN 1R¥EBEL AR 0ANd 5t AP ER B hese
yokes and a magnet (not shown) fixed to _one of the yokes. By supplying
power to the voidd&lc&dPP F#netRé d5FFFARE1Q8sEMBRY 2BOVE ?B?aFaa around the
bearing unit 26,, and.the magnetic head 40 is ed to and positioned above
a desired trackdﬁﬁafﬁggngﬁﬁgFFE 28"df ktgg_eTﬁEM}%ﬁﬁgﬁ ?6&% n%e%%%hanisn125
conprises ara arra . 1.Qr | _of e, 12_and out si de
t he magnetic dr§§§%§,Egn§§§§?gg Eggeggéhgghgg%r8ﬁlF%£ ﬁﬁgggF}é%d of each

suspensi og 38. \Wen the 25 ggrri 98 ,2$S P LY gzgg§draggkegrggga retreating

position outside the magnetic di Sks 16, each tab 53 I's engaged with a ranp

surface formed iRetBenLdRRrYlre@Bered- ad0ant ﬁ@ﬁ)pb.'b&ggdyﬁ?b?{oi nclination of
the ranp surface to unload the magnetic head. Next, detailed description

wi Il be given obnacaBbstimeuti 6f ehet peepBEREL hCchEBEN40. As shown in 5
FIGS. 2 and 3, the magnetic head 40 I ncludes the slider 42 nmade of a

m xture of alum na amdd@.i Ladisuemcekbadeecdasddeheibeadhpeihyon 44 nade of

alumna. In the head portion 44, recording and reproducing el ements 46 and

48 made of titami magnetadr, habdnpoumion ¢0 the HPRe are forned by a

sem condict or techno%%%x.B is an expanded sectional view showing the
magnetic head.

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



"The'slider 42 is fornmed in the shape of a substantially square colum, and
has a nearly flat disk opposing surface 50 opposite to the surface of the
magnetic disk 16. Simlarly, the head portion 44 15 has a nearly flat disk
opposi ng surface 52 opposite to the surface of the magnetic disk 16. The
di sk opposing surface 52 is positioned nore apart fromthe surface of the
magneti c di sk than the di sk opposi ng sqffaye 50 of the slider 42, and
formed keeping up 20 a level difference R " The level difference Ris set
to, for exanple about 5 nmlIn the head portion 44, the recording and
reproduci ng el enents 46 and 48 are di sposed_to be adjacent to each other
and in a conditi-8f PEEREBE LRYENLABHr L8naBPALB8IekPo’RAHPB: t he di sk opposing
surface 52. The recordingpand,re%r%duging elements 46 and 98 are connected
to a head 1C 60 and &ScGhPral 10 FIfr lunff 82Dt RRSuBhIRFFPREEL8F sposed in

the carriage assenbl 22d A mmii sjignal is sent %hrough the control unit
62 and the head®PE& é%aPS t i85Fe grﬁbaaeePgﬂﬁﬁtsﬁﬁ,a%ﬁd ﬁr%%ﬁn%gtpﬁ? from

th di 5 ' h h dlCtoth I it

62 uni T 62 Chr BuGRCnPPis ‘APSGLEh FR1EHe RaFhF agRoRsRbnbl 5L S0 A Wi (o
[ | i t h | [ t t

" ecordi ng el omeRt 36 ana Sr Sa°aut pot "PPaR The. PEBr StcT ho”Of PRI 48 i s

sent through the headel €ak@ theneaBEEOkwbNmbBRePEA4POKLI 9B 44, 2
tenperature detector 68 is disposed in the viCcinity of the recording

el enent 46. ThenmhghpeLat veeodeingt @ed68 dehegtsonéhes 1Onsdwaperature in the
vicinity of the reproducing and recordi ng el enents 48 and 46, and inputs
the detected teapepahdie motbhel8oasr@tiubnhg B@ans Nfdhesheesk POid i 01d 44,
first and second thernmal expandi ng nenbers 54a, 54b, and first and second
heat 15 gener at Fagatdohbstbéanagebtiordiskpest pinetyl hieatongnddreet her mal
expandi ng nenbers are di sposed. The first and second thernmal expandi ng
menber s g@a, 54heafle psposeting apdt Feadiagdiwbowss ke & ABomofthae
recordi ng and reproducing, el enents 46 and 48 with respect to 20 a
rotational dire®RePBRLECOFIEhe AmERETIRIEI BRSABO LT e? f $RRROBHEN & ek3HY

t hermal expandin nbers 54a, 54b.are dj spose lightly, away fromthe disk
opposi ng sErfac895g§eaﬂag?8Fh%dh?%d?h%?ﬁ%?ﬁ?ogékékuﬁéiﬁg%led'?é@F?on of

appr oachi ng t he - he.ma ic 2 i 6, The-.first .and second
tﬁgrnal exgandiﬁégﬁéﬁggr§I§5a?654%ngé£8?o?%g%sﬁ €O¥O$r%£%ﬁﬁﬁéi$%ﬁﬁ%t | ayers

used to formthg Bead,RREIhQPLEA) 24-£d7 rJﬂ@t:{ﬂlé Sin gﬂ%%fgp%?iertbg?gshpeose i to

generating coils 56a, 56b that function as heating e _
be respecsi vel ycadiaggat at9etibey ] i & Stampeld SESLIh ¢ hed ddn xpayyli fg. menber s

54a, 54b on the side

holding the magnetic heads in a retreating 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



"5 opposite to the di sk opposing surface 52. The first and second heat
generating coils 56a, 56b are electrically connected through the wrings

di sposed in the carriage assenbly 22 to a power source 64 and the control
unit 62. Current is supplied fromthe power 10 source 64 to the first and
second heat generating coils 56a, 56b under control by the control unit 62.
As described later, the control unit 62 constitutes a space detecting unit,
a space control wunit, a power supplying control unit, and a converting 15
unit. A magnetic recording |ayer 66 and a protective filmlayer 67 are

| am nated on the surface of the magnetic disk 16. In the floating type
magneti c head, tthe sPPgér aag Arweys SErdacssbhyhruratai nfhg BWSpace S 20

bet ween the surface of the rotatin nagnetic disk 16 and the di sk opposi ng
surface 50. In Pﬁ@n@éﬁpa@ﬂ5¥§pé6n§gﬁe€'Etﬁgaa? fReCYp8EP ST bREGERMC T he

lid 42 dth f h ic_di b :
betwoen the repPollill G081 SHEHE 48 tandc26Pha: FBRLPFo L Pachdi RELhayer 66
becomes magnetic spacing M. | theAHDD ﬁogﬁgruc%ﬁd kn tHe %ogegoing
manner, - 13 %t ReREadPRorEi on ‘44 SFOFRE RRGhetlE hERdTAG 8kFands by an
0T ease W APkt SAPELAl ety an RAak: gERGT BLOdLEROBLADE necer df no
el ement 46 during a récording operation, TOo projec he "drsk opposi ng

surface 52 5 to%@@%eﬁ@%e@ﬁﬁﬂ%ﬁi%ﬁgggﬁglG'B !QEiQiﬁQO%ﬁetgﬁ%gag etic head 40

when maxi mum proj ecti on occurs u perating conditions e HDD. Here

the naxi mum pr op@e¢biron g, s theptasenhadebY ct ReskdM of apEOiRELEPRLL I N the
vicinity of the recording elenent part at 10 a specified upper tenperature

limt and projegbitameB aithat beedietietint yeaf shbedrecordi ng el ement part
following a tenperature increase during signal recording. operating
condi tions of the HDDhdere,rtihgenmsisemmlyr ARecbmpriisesr epbesenhed by the
sum of projection Ain the vicinity of the recording el enent part at
10 unit 26 fixed on the bottom wall of the case 21, and
a plurality of arms 32 gxtended from the bearing unit.
The arms 32 are positioned in 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



+a specified upper tenperature limt and projection Bin the vicinity of
the recording elenent part followng a tenperature increase during signa

I f the maxi mum projection following a tenperature 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 al ways
prevented from being brought into contact with the surface of the nmagnetic
disk 16 in its projected 20 state. In the %Idhting type magnetic head, by
space detection as described later, it is only necessary to set the |evel
difference R equal to or |ower than_the space between the reproducing

el ement 48 and tReandgnbeilcspeébedihgPrayedegeatobhesdipbal esedl @f fference
R is set as described above, projection qf the heaﬂ@gortion 44 becones only

proj ection by akBEeftSPERPEPEt dFe dbRi AEALtioR4 aj hPefmhfi dAP+ERMI Iy, i.e.,

i nf ti duction.  Co ly, ti i

excessi vel y | ar 68CndngHE rBpr6atet Ray BUEPGE Filofh FRe™r EpFOcter o ol ement
48 red . A duri i l di 5.d di th diti f
recor di ng cur r onbCalta aRbEEnt e ErpaPht bFE, SYREFAS 1R S0 PET L fur ther
reducti oncof nagng&bglgpggi@grmgd gﬂ“§hea§8dﬁgﬁggo osghe enbodi nent, at the

time of s?arting rnformation reproducing and recording 10 operations in the

magneti c di sk 16, power . uppl te t fi ; e erating
coils 56a, 55b di spoggds?“%w?hgﬂhe@gg'pgh?gﬁ E%f%%égggl %gﬁ?@gf-g %%(p}g%% t he

first and secongd Ehgpfmh exBaRdiBye RBEREE 8o SARomDhe bBSFERY @ditsiéng the
projection anmount of the 15 di sk opposing surface 52 of the head portion.

As the result, tRheanmdgpretitoapappogide canthe agnusted The aguppdttral val ue,
e.g., 12 to 15 nm FIG 5A shows a state where power is sinultaneously
supplied to theftremet 4&nduppoohd headi28 genkrali ognsbitsthbad,a S6drt o
expand the first and second thermal expandi ng nenbers 54a, 54b, and the

di sk oppd8i ng soffabe B2Mof4t heTheadupbettohramei 45piojvadedot The
projection of the disk opposing surface 52 is_equivalent to the sum of

proj ection of 25 eHBLHPEKCOPPESNNg2BAr 1AERIS2L byt AP HBYA b stpdI SHEFRE power

only to the first heat generating coil 56 own_in FIG 5B, and projection
of the di sk oppBSFAf ery ?% %éﬁrgaégeSQOb tg?nedT%ﬁ EAhpF yF rékwﬁsonly to
t he second heat _generati il 56b shown in Fl G . Adj ust nent of the
proj ection anouft >4 l?ﬁ883F§§WSS§o%iRagéu??a¥%k%§,§§.£%gé§d?%sE nt of the
TAgnellC 5 shackadevhy, | Sndakbhed: utobYADOVER! boVE RO, O0GLALL A, Bof 0T e

starting information rec ing or reproduction wth respect to the nagnetic

disk 16, 18 tenpgrahUtRekB {BRYI 8hAI BYmOGnbhe (hERT OHbGA NOF ARER ES afih Ng
el ements 48 and 46 is detected by the tenperature detector 68, 10 and the

detection resul bfi 8henpbkeb0 th¢ 0PI PinyNpéwdZ. tdhEheONbIGd ¢l 62
stores a relation between the projection amount of the disk opposing
surface 52 foll da®, nghexpansiegeobsthrbliyr22 asdrsetgbad shenmadl tlexpandi ng
menbers 54a, 54b measured beforehand during
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



- 15 information reproduci ng and anounts of power supplied to the first and
second heat generating coils 56a, 56b, and a rel ation between the anpunts
of power supplied to the first and second heat generating coils 56a, 56b
and the tenperature in the vicinity of the 20 tenperature detector 68.
Based on these relations, the control unit 62 converts the input
tenperature into a projection anount of tgg di sk opposi ng surface 52
foll owi ng the expansion of the first and cond t hermal expandi ng nenbers
54a, 54b, i.e., magnetic 25 spacing Ms, and conpares it with a preset
reference level. Then, if the magnetic spacing M obtained by the - 16
conversion of tEBePeRPet8EURR PHfSRFhiTdRIPR PhrERe THEN $Wela®® efence

| evel, the control unit 62 supplies qyer fromthe power source 64 to the
first and second™hea EEﬁeW%?ggblEo?g% 56a, 56b to generate heat, 5 thereby

di the first d d.th I di ng. menp . 54a, 54b.
§§E§Pg: Rf& ty,het e di fﬁgaﬁéﬁégﬁaliaﬁ §§ac§%‘8€?or'eR&lﬂialae%?m%no% proj ects
oward o e magnetic. u educ netjic aci :
EDnversSIy, iff?%goﬁﬁgﬁgéﬁgoépé%?gged@?%?neﬁgb%gf%gygbnﬁ%ﬁ§§§ﬁﬂbpg%hf I
enperatuge in i gn mal{ er 9@@{ efen , e contro
uan 62 r%ducesg?ﬁg'agna%§s§bf£%§ﬁgé sup%??%%gér%§1%ﬁkﬁ%ﬁ%&wt%%urce 64 to

the first and sgepndrheatnggnesating: 1ouroids 20amimdhad® £ 0M8l1 e amunt
of generated heat, thereby reducing the anmount of expansion of the first

and second t her gRlLe¥PRANEhATRENRESS 164ba4 Aeg@s db N Mam e, Prgi ecti on
anount of the disk opposing surface 52 of the head portion 44 is reduced 20

to increase thethagneadcpspacongldb. résotkesesd i ded pdwyedudirey control unit
62 adj usts the anounts of power supplied to the first and second heat
generating coil slefant56Hh6t andohd rohde hef expasian, oframe fiumsitnamdsecond
t hermal expandi ng 25 nenbers 54a, 54b, thereby naki ng the magnetic spacing
obt ai nedl By t hetBenViéksi ahe oformedtleympar ey eondiotpmt iorhoiqgyde with the
reference level, in - 17 other words, setting t he magnetic spacing Ms to
an optimal value. AffBf EhédRugAdt i SpaReAgiMstle $hePeeRhetic head 40 is

adj usted to the optjnmal val desired recordin nd reproduci ng operations
are S carried oft SWPEREPESBLLY FEOERE SRGHERS cARH SRR ISR T THE
information recqrding operation he cordin | ene, 4 nerates heat to
i ncrease the prgfgktg%ﬁggﬁgéngu€¥g?%e£§i%@g%%%%giﬁ% SLﬁféhégéﬁf erefore,

by using the relaLipaghet neeastheid0 psaherlsop, Aol S dirsk, ppPOSi ng

surface 52 foll ow ng e expansion of t first” and second thernal
expandi ngs nenbengs54anefby NBasHr 8dsPeS s SEBINE ShbF Ak 1R dg¥ Y d 1N

recording and the amounts of power supplied to the first and second heat
generati ng 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 elements 46

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



"15 coils 56a, 56b, and the relation between the anpbunts of power supplied
to the first and second heat generating coils 56a, 56b and the tenperature
inthe vicinity of the tenperature detector 68, the anobunts of power
supplied to the heat generating coils 56a, 20 56b are controlled to

mai ntain the nmagnetic spacing Ms at the optimal value. According to the
enbodi nent, the tenperature detector 68 ii arranged in the vicinity of the
reproduci ng and recording el ements 48 and 46 fo detect 25 the t enper at ur e.
However, if the relation between the tenperature detected by the
tenperature detector and stored in the control unit 62 and the nmagnetic
spacing - 18 UREtof4t h8TRHGRetiEIRBEdIAOPRERIDENNER Bty EhGaged, t he

t enper at ure det ector 28 ﬁgn be arranged at _the positions other than the
vicinity of the®85PEddcFAg afidVFeEBr Bl ARaLl dreReBt4BhaREIRGthS The

adj ustnment of the projection_anmount of fhe disk opposing surface 52, i.e.,

t he adj ust nent SPn%ﬁ8lnﬁBﬁgtﬁ gﬁathﬁ ?dnﬁé 6@ E%rFF%dr%%@r¢hn%he
fol | owi ng manner.. rg st ing.Lnfornatipn_recordi ng or reproduction,
the control uni%lggg&g g&bp?ﬁésgpgégr %€§ ugi€5ﬂmvg?%eg?%r?%% 79 st and
second hegt genghrat,bRY @i | ey, .t optrol unit 62 detects
whet her reproducing s?gnalgérgggtbgﬁ?%%ageg?%dﬁg?ﬁgfélé#mﬁﬁezﬁP?FﬁQ des or
not any abnormej{ynsignal.s (thermal asperities) due to contact 15 between the
magneti c head 40 and the magnetic disk 16. Here, if an abnormal signal is

detected, the controlinurht G2adeperfiogsqthescophpet s beluegh: Lhe,fagyetic
head 40 and the magnetic disk 16 and reduces the %om%r of g?ve%ﬁ%alue

supplied to theifi d$spandd20nsekeondi fivel t geser ehé NBe€Odsndba, 56b.

Accordi ngly, the expansion of the first and second thermal™ expandi ng
menbers 54a, 546lamentedficedThe fempeasieutdedsipactobesvebitddies naghetic
head 40 and the magnetic di sk 16. Conversely, if no abnormal signals are 25
detected!Ot he cbftPeratinre &2 therebsesitheohowre wfppdeninglared suppl i ed
to the first and secgnd heat generating coils 56a, 56b. Accordingly, the
expansion - 19°COFAtRe fieRentHid! S iFhdt ¢ heatfl i digy desreadresd 54a,

54b are increasgd to reduce thﬁmgpace bet ween the magnetic head 40 and the

magneti c di sk 16°"HRE3 U basEd tFR UG 4811 Uel%ct i on i nformation 5
obt ai ned by detecting._t p f _abpornal _reproducin ignals, in
order to set the mag%zét ?@es%ggﬁ%gigl?% Qﬁ' ggﬁ?ﬁal a@%liﬁe‘?‘%ﬁeﬂ%ﬂﬁ%l uni t
62 adj usts the QpOiNLSHOf nORYNELs S | i t figrst d._second heat
generating coil sggGa, I%‘gbmt o} cosnt rol’ tf%’lgaiilgfalngsslrtznanﬁl St%cgwsls aecand

second tier mal gxpengt Ney nedshes 556334,315éﬂbfoﬁfﬁé‘épééﬁ\f@%ﬁg{gsagtri?%ggh M of

the magnetic head 40 is adjusted to the optimal "val ue as above,
desired recor di tige emall r et eI e | NS ArH R edrRUts 10 ¢t heq

magneti c di sk 16.

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.



+ 15 Further, the adjustnment of the projection anmount of the di sk opposing
surface 52, i.e., the adjustnent 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 fromthe recording |ayer 66 of the magnetic disk 16 by the reproducing
el ement 48, and its reproducing signal is input to the control unit 62.
Then, the control unit 62 conpares an 6utbg level of the input 25
reproducing signal with a preset reference level. Here, the output |evel of

t he reproducing signal has a correlation with the nagnetic sga0|ng Ms. -
20 The out put IeveITP§ fdr§E RREnSEReNfafRdti 8°8pAR hgINEOtsS |

Co ly, th I | ) th t i
Carge. - Aceor di nGeg. CRRS %ﬁﬁe%ﬁnﬁ%?th%%@ﬁﬁﬁ SLEBERET el G e ittt ng M
5b d th t h th trol

ani't 62 conpar 0%t RESBEEbATeREvRAIRF R hett obFBahtT G %?%é%‘é%?ﬁ the
Control uni ¢ 62 BEEEFEes Haidiny B rEs SUET SBPCoh 'l &6 %“fﬁe' first and
second hegt gengggggegeceb' Ehéfialsgfigpg;sesgﬁg%@fﬁa@sw% heeby sxpandi ng

the first and s t hernal expan 54a t he

di sk opposi ng sa&&ag@céngBeabegéﬁéﬂappﬁ&I@&ﬁé 969 esés dpuard the surface
of the magnetic 15 disk to reduce the nmagnetic spacing Ms. Conversely, if

the output |eveklettthealepr edhetBbesi ghabugs bhgheirihed dhepsederance
| evel, the control unit 62 reduces the anmobunts of power supplied fromthe

power source 64the therfiapst aandm@Dysezond hepdwgenssatcageLoans 86a, 56b
to |l ower the anmounts of generated heat, thereby reducing the expansion of
the first and seoohdodhenihl 62xpafidr ngnheibesspplided Sabom Adlverphwegt y, t he
proj ection anount of the di sk opposing surface 52 is reduced to increase 25
t he magnéfi c spaenngemgs Tﬁu§he|glé$He@n@osﬁﬁk@dt%%a%ug%Q@r¢%M@g of the
reproducing signal coincide with the reference |evel i n_ot her
words, in orderPé §e§6ﬁhe59€gﬂ%@?ﬁ SPRETAY RE the ?P%EE?%ENH%%I@% t he

control unit 62 adju ts anoun omer uppl i o.th rst and second
heat generating coi l ggscgé% 8 ﬁffoFﬁ?hgo ﬁﬁﬁ%tgnbﬁ éégenerated heat

of the first angoﬁgggggtggag gsggéa&é@gcting 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. In 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. 1In 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,



"coil's and the expansion of the first and second thermal expandi ng nmenbers.
After the magnetic spacing Ms of the magnetic head 40 is adjusted to the
opti mal val ue as descri bed above, desired recording and 10 reproducing
operations are carried out on the nmagnetic disk 16. During the information
recordi ng operation, the recording el enent 48 generates heat to increase
the projection amount of the disk oppogingasutface 52. Therefore, the
control unit 62 controls the anounts of 15 power supplied to the first and
second heat generating coils 56a, 56b in accordance with the output |evel

of the reproducing elenent 48 to nmaintajn the magnetic spacing Ms at the
opti mal val ue. E§ed§§épi885té88véﬁ 2&chP8i RGIPBLLARRAGNAD BXPBNRRARY of the
foregoi ng constitution and the H royided with the same, by supplying
power Lo the {1 P8t 180G 2acoNd ABREPenbPBPF RGO s oBoRC 6B RREPESSd on

h I d inl i d f th di . oduci | er 46 and 48
to generate 25 HAE, “Bher by “EHEPnBLE) S BkpaRa N -CHet F FSO anidsecond

t her mal expandi S a t t] i.n n:. be
controlled to t%%egggﬁﬁér 3§I85§§2CF ggengggg,5§B§$§8§d?8gﬁ?§§ ??e magneti c
spaci ng to ainini i thi r.a of t he ve 1 r e R between

t he diskwgpposiﬁghggg?ggg|%%bgf%%ﬁeagsrdgp'42Fgﬁd %hghg?gkgg%posing surface
52 of the head RAYHL®AcOhd4dd Yenehahi ARxOhuRLPeEYBLLSLANGLEULE WHGYEN wear
caused by contact "between the magnetic head and the surface of the nagnetic
di sk can be supppessedngThenafiefiensi bfi 8hpOEBDD! entoehi ght ymagcuiat el y
record and reproduce information to/fromthe magnetic di sk. 10 Additi onal
advant ages and pmdijkictabnons weplkeseatelybgcthe samt bb6sprskétteshim the
art. Therefore, the invention in its broader aspects is not limted to the
speci fic detail d¢nandier ¥pcaseénvavifvehenbedoreghng shemantindadesati bed herein.
Accordingly, various 15 nodifications may be nade w thout departing from
the spirild or seopeestfire &@ﬁéFaFemﬁﬁéﬁ¥Péﬁ comébpt aR4 HEPI eEi®Y B he
appended cl ai ns ,and_ t hei,r equival ents. For exanple, according to the

embodi ment, t helBoh&ei VEFiLoAtYsCddbpeedefREAREhRlETRRE BAHE second 20

t her mal expandiggl nbers ar.e bot h thernall¥ expgnded sinultgneously to

adj ust the magnéPitcCYpREi AgteRBREGEPL SohBCbFat e thil fafi€%pandi ng menber s
may be selectiv%gxogégﬁ?Qed to adjust the magnetic spacing. Also, the

adj ust rent of the magnhetic spacing may be 25 carried out only during

i nformation reproductrirfORy My=a%ek, piBe cBYTBAN 8000 olhfgt HeLBRbe PXPRPEI NY
menbers and the heat generating COIFS are not limted fo two - 23

respectively. Thecheaberssmay ba ene @bntbéeet'yﬁeaﬁ&?ﬁé’ﬁﬂéehé\é&h Bje
structure of the head portion 44, the type of thermal expansion, or the

| i ke. The heati sgtelienenhe aeeedotififertadetR bbewbent the gehedét 4@ coil s,
and el ectric heat converting elenents or the |ike can be used. On the other
hand, accordi ngand the babddpethiont Aé tonBrHi uthenhéad goopt toh wheris t he
heating elenent is incorporated in the head portion, However, the 10

heati ng el enent 23@ayayPEeverspdsEgonnbehBgshspeabl ohnB8 aentdeivith FI G 6,

or on the arm 32.as shgmm in FIG 7. Further, the heating element 56 may be
di sposed in anothér SBAFECEnCEnENEaPRPREEISsSeRbI Y0250 FhF t REPIRFEED t he

enbodlneab has %%%%eqesﬁklggg QXoating 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



- 15 way of each of the constitutions where the projection anount of the head
portion is adjusted based on the tenperature in the vicinity of the
reproduci ng and recordi ng el enents of the nagnetic head, based on the
presence of abnormal reproducing signals, and based on 20 the output |evel
of the reproducing signal. However, a constitution may be adopted where the
projection anount of the head portion is ?gjugted by conbining two or all
of the above-described constitutions. -"24 WHAT ISCLAIMED IS 1. A
magneti ¢ di sk apparatus conprising: a magnetic disk having a magnetic
recording layer; 5 a na%netic Qead includiqﬁ a slijder havi&g}a di sk
opposi ng surf ace6BpBEFLENt 5°39TF T ateCof THECTRYNERR cF PERIUGHPS head

ti th id t he. head ti havi di sk | i
Cr 1 a6 pos (1 onBASREPE"Bpir {RRFBRE | ec ek Tt TP FHE R gHES © WA t han 10

(ne, di ok oppost sy ggerhl, LScskiets (SCaNngyand L Proticlag, ol eronts

at least partia gto ihg surface a con red to

record and reprgggégnknggrgg&hggspn %ggof&@p%éﬁgsggﬁﬁgﬁigﬁégﬁggging | ayer

of the magnetic and a thernal expan in the

vicinity gf thedé?%g&ghﬂgoﬁnghé?EBRQE@%&QSeé?”?@éér@ﬂﬁg¢@@%i&WEQﬁuﬁ0

thermal |y expand I Sk opposing surface In a direction of approaching

the surface of LhgiBsRENEEhEelhElre20tRePEALd NEo&h EFBAL s WhL £Hdieat s the
t hermal expandi ng nenber; a space detecting unit configured to detect a

space between theddtskoapposmagnetifassa®ing hes magneti c head and the
surface of the magnetic disk; 25 and a space control unit which adjusts an
anount of heat gener &hed, f ronptHénbeadi hje eémbediment aceor tlaeceime -0 25
with the space detected by the space detecting unit to control the space
bet ween t he di sktappds@ngniarnateonf reproduginry i endesecandinde surface of
the magnetic disk to a desired value. 5 2. The magnetic di sk apparat us
accordi n§Oto cl aPAFatignerénnthpaerngaethg @1 Treht/ iRCWSF ahyeIBL 43k head
portion at a position gggacent to the thermal expandi ng nenber

. 3._The
magnetic di sk appaFBBustEEEofRfngeteRd0neRhi FRRS WHERRi P HR ?&%ﬂi%ﬁ%
el enrent has a hﬁat gen ratigg cgig and tge E&aqg [o40) érolvu it inckfdes a
power source co fFB red t9 u%p ? gu??%ﬁ% Yo' T he® hed %%hé? i?ﬁf%% |, and
a power supplyipg.ceniLol JHR g@%gh RdiHst s ]Eggy t ey, supplied to
the 15 heat genergtlng_cp?#. 5? e %agne%lce%§% aﬁ%é?%?ﬂ%paccoﬂding_to
claiml, furtheg gompRLsERY §d?§é£lﬁﬂetﬁé$§ Y SHPROLhbG: the ¢rrgnetic
head to be novably with respect to the disk, 20 wherein the carriage
assenbl yi1gncl udgssanopdsing 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 members 54a, 54b, and the
disk opposing surface 52 of the head portion 44 is
projected. The projection of the disk opposing
surface 52 is equivalent to the sum of projection of
25 the disk opposing surface 52 obtained by supplying

power only to the first heat generating coil 56a shown

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



» and a suspension extending fromthe arm the magnetic head is supported on
an extendi ng end of the suspension, and the heating elenment is provided on
the carriage assenbly. 25 5. The magnetic di sk apparatus according to claim
4, wherein the heating el enent has a heat generating coil, and the space
control unit includes - 26 a power source configured to supply current
to the heat generating coil, and a power ggppLying control unit which

adj usts an anount of power supplied to thé~ heat generating coil. 5 6. The
magneti c di sk apparatus according to claim5, wherein the space detection
unit is configured to tgg s%%ce bet ween thﬁ nagnetic heag anpd tge surface
of the magneti c SYFERBaded OB adPEEnG¥hSUPPLYHPEIREYRY SPgHaFe FR&d by the
reproducing elenment, 1 atd t he sgace conh;gl uni t inclugs a gomer
suppl yi ng cont r SESTA%t AfRitc A8 GELE9aCAMdRP 5ROBBueP épl? d to the
heat generating coil 4 ordan ith th ace t t pace
detection unit. 7. Apﬁgéﬁgtﬁgﬁdfgﬁtﬁ%pgfg §§%§8§pF%§¥§§:%%5%§en§§ﬁ§tic di sk
havi ng a nagneti c_r r di lLayer, a;nmagnet e Lncl-udj Lder
having a dr ok oSEBETAL ST Aoetonsbait o o I i E AR "EE EhE mEBLLRE 1 o1
and a head portison anapged an bheishi 98t pihend0rheadwpryt beayhaybng a

di sk opposing surface "positioned nore apart fromthe surface of the
magnetic di sk tBagolrike sdagh iopPasirBgmsuibaceeebrihfggsbirdeeprb868f dbng and
reproducing elenments at |east partially exposing to the di sk opposing
surface and confiigr edspecrtecar dhanfdlaghetepr adekelonf ar fehpepatarantnfrom
the magnetic recording | ayer of the magnetic disk, and a thermal expandi ng
menber arrangedthe vheiwitciyniotfy tbke repr2ducthg eredordcngdand ekemedusi ng
el ements and configured to thermally expand the di sk opposing surface in a
direction of appBoacki 4§ tilse deliecied by the hagperktudpshetschohedli ng

el ement which heats the thermal expandi ng nmenber; and a space control unit
whi ch adit@sts aft@ndtist defteréadrngerstatedst LBREENECHhERE] AEREF@heRRit N
accordance with g tenperature in thg vicinité of thf nagnetic 10 head to
control the spalé -betWEerolfh&odi ¥R15pBEsPhGTESr Pattl B PRePREYRERI ENRead

and the surface of he MRONGLS sk ihe A:dRShp80sYRb Sur ace 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



* 8. The magnetic di sk apparatus according to claim7, wherein the heating
elenment is arranged in 15 the head portion at a position adjacent to the

t hermal expandi ng nmenber. 9. The magnetic di sk apparatus according to claim
8, wherein the heating el enent has a heat generating coil, and the space
control unit includes 20 a power source configured to supply current to the
heat generating coil, and a power supplying control unit which adjusts an
anount of power supplied to the heat géneﬁ ing coil. 10. The magnetic disk
apparatus according to 25 claim7, further conprising a carriage assenbly
supporting the magnetic head to be novably with respect to the disk, - 28
wherei n the car Coagersdsansily thgcremesrafuaemindagmatsospénsiahgext endi ng
fromthe arm the magnetic head is supgorted on an extending end of the
suspensi on, and tHR& A&t £ cErBRENLeVE lpr GhRdEANEROLhEREE cEf r FragRL A88enDbl y.
11. The magnetic di sk ap arﬁ;us according t% clainblo .Wherein the heating
el enent has a h&QWeFed&Cht thG EOFEE SAHTFRe4phRetBnfibFt UARE FREPRCes a
power source configured to.supply.current the 10 heat generating coil,
and a power suppi® %ngeggﬁFFépguﬁ¥ﬁiﬁh$§ﬁ'aé?Bng 5ﬁn858%ﬁt§%?£pomer

suppl i ed o the BegLogeneralingcConl. 125 TuRamRanshhc ek, goparat us

according to claim heé 'spacCe co ani't rnclfudes 15 a

temperature det eekan Anevidad.at aag obsbhe HREBehIfgheadcandaibe carriage

assenbly, a converting unit which converts infornmati on”of a tenperature

detected by the@¥Ren3t U@ rdekeshok i BHA h@BerﬁBEE98n0ﬁ4tB§o$Qé€§ bet ween
t he di sk opposi ng surface of the 20 magnetic head and the surtace of the

magneti c di sk, awtladdpewerheuppbyiefgccantkokudtintecosf rganied tBeadj ust an
anount of power supplied to the heat generating coil in accordance with the
conver si on i nf omaghietric 2pat3ngAMemgneti ¢ di sk apparatus conprising: a
magneti ¢ di sk having a magnetic recordi ng | ayer;
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, 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



- 29 a magnetic head including a slider having a di sk opposing surface
opposite to a surface of the magnetic disk, and a head portion arranged on
the slider, the head portion having a di sk opposing surface positioned 5
nore apart fromthe surface of the magnetic disk than the di sk opposing
surface of the slider, recording and reproduci ng el enents at |east
partially exposing to the disk opposing SEﬁ;age and configured to record
and reproduce information on and fromthe gnetic 10 recording | ayer of
the magnetic disk, and a thermal expanding nenber arranged in the vicinity

of the recording and reproducing,elenents and configured to thermally
expand the di skOspS&sR§Sur F8EELNH BhEi FREREEACOFPAPPROAEHI hY #he surface

of the magnetic 1%,diik; g heatiﬁg elggent whi ch heats,the the nﬁ%e
expand;gg Pfgﬁffﬁeéﬁﬁa?Y§ HSF cO t?ﬁl ﬁl?agﬁ? ﬁcggPﬁgtﬁga%s? ? y ?f Peat
enera i nt in.accor.danc ontact detection
?nfornation conf@PRE éccggﬁgcgggéﬁmégﬁufﬁ@dngﬁngFFcoﬁtﬁ%a n%af%%’nagnetic
disk t trol JAPR di i f ti
o1 o Soncrol g, suage.Bekvacn! el sk supeshan sucLos, of o Tuanet
magnet!c disk appatabis oaeceldhngekfetaty %ﬁeaigja hetfctlespeaging e ement

is arranged in the head portion at position cent to the thermal -

30 expandi ng nmember pylingThecmaarelhetdbsk rapBarahysopesgedbay tRecl ai m
14, wherein the heating el'ement has a heat generating coil, and the space

control unit ingkkddesibgaecpewentsadr geneeategunedtt BoSuppPtyaserteat to the
heat generating coil, and a power supplying control unit which adjusts an

amount of power psupekitédnt ambhethedt thendtaki agposihg d6rfdbe dagneti c di sk
apparatus according to 10 claim 13, further conprising a carriage assenbly
supporting the Magmeffiocehebd teibg hbeabkyawioh betpeer thethe di sk, and
wherein the carriage assenbly includes an arm and a suspension extendi ng
fromthel@rm tkgoraghéoncaperdti efstppofiel eprapiegt #ndfage182end of the

suspensi on, and the heatin% el ement |is .
following the expansion of the first and second

thermal expanding members 54a, 54b measured beforehand
during the information recording and the amounts of
power supplied to the first and second heat generating

15 coils 56a, 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



provi ded on the carriage assenbly. 17. The magnetic di sk apparatus
according to claim 16, wherein the heating el enent has a heat generating
coil, and the space control unit includes 20 a power source configured to
supply current to the heat generating coil, and a power supplying control
unit which adjusts an anmobunt of power supplied to the heat generating coil.
18. The magnetic di sk apparatus according to 25 claim 17, wherein the space
control unit includes a contact detectingl&nit configured to deternine an
abnormal signal caused by contact between the - 31 mgnetic head and the
magneti c di sk anong reproducing signals read by the reproducing el enent,
and a power sup¥byphgtbernmaghetind theanf{Quean bo mdjustlarclangsd, of power
supplied to the heat generating coil in 5 accordance with the determ nation
result of the cbheatemperettraglewmeetor ABP . o@n Amg RNyl at the

r.ALr. A(_. AL(_. A9(_. A&N. ANr. A9; r. AL(r.A9; . Ar.,Ar.Ar.A9;9. A _.A9;

r.AL(_. Aa_. A9(, PagTlpsongrophen fhan pthe sepeheg by (RE the reproducing

ol X cel celsal cal el alcalcatd ol el ol ool ool ol calcal cl calcal el

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
second heat generating colls 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



- <r FIPMRHRs| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca]ca]lca]ca]ca]lca]calcal/01lWww{ Vn 6 X z {
I'E!'}xsnid_Z]]]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c

C+g+,, (,}xsnid_Z]]]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calcal(,),S, ,1------ ...%//000e01r1lyll
[22222‘3‘425|5}5}xsnid_Z]]]ca]ca]ca]carbaﬂé%]éa]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca!} 5666667
7D7STs7777777778%81 8X8{ 88889} ; .

<<=Me~=} xsni d_Z]99 ddlec d)ids]tc apdasespad] caecapdapERpadfed] Baeareapéal cal cal

ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca! ~==: >;
>>>?D?x????@Iﬂiﬁ?@%M%%&A@BGGG@@?@V@PC@G@@F?SﬁPG;ZPFFGaFééréﬁpcéPéa]ca]ca]ca]
!
GO D OVDDODDDABE FELE HREREHG. AFEl RIMVEPPOLLEnBASE hta) ol ol o) o) o c
2] cal Rt STSSTUVI 5y 2| FRE 3 (s G SR T QR PO AT CEREB L2 | ca] b
- ca)Jca]calca]ca
| ca] ca] cafoa] cal A AR Fo BSOS eer JaKa iy S kant d 211 i ca
; ca
| o] a] oal oal caloarEr T A RS T T e o e T o Lt e
ca] ca] ca] ca] ca] eglcaleaMzaleabeaberligahcakaakcakeal eaheabgalpakcabcal cal P (
X-CpL}xsnid_Z]]]ca]calca] ca]ca]ca ca]ca]ca]cafca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] caleglealsc aheahaahtakcalfcpower supplied to the first and
6CcgR5j L} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] cajcealk dlead] geheahtdhgalodi€f HEa, 16%D&tH) cokt DSBS -
10%& () -3MLO%& () - f1l0%b& ()-$10%& ()-310%& ()-[dE* "~ 10%& () 9#S
10%&' () 109s! 10%p@nEio® cf0ibe Eirstl a0dh&efpnd thermal expanding
10%&' () -S10%& ()-*1 @\ N@ 10bb 10bb 10bb! 9Y+! 10%Hb&' () -!9Y+! 109& () -
9Y+! 109%& () - 'W&S( 25-4ar%5f@%§ﬁ(f)tﬁfr?m@ Imeaaetlgo%&cepgsk’lﬁ of
10%e& ()-S!1096§%§)-z! 1109 <T<&4%)1zy10%§§Féa;%%0€%§ g%iimal}Lgfge

10! L/ 1 109& () -: ! Tegpeg 1) hepsy “4Ppdegady
10% ()_Sth!1%%‘%e§%?£%%htg%g%éf&dgéiled Eeco&dingHgnéokgégégﬁcing

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 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 first and second heat generating
coils 56a, 56b to generate heat, thereby expanding the
first and second thermal expanding members S54a, 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, 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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in other words, in order to set the magnetic spacing
Ms to an optimal value, the control unit 62 adjusts
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. After 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 generating
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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between the disk opposing surface 50 of the slider 42
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 adopted where the heating element
is incorporated in the head portion. 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 reproducing 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;

5 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

10 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

15 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;

20 a heating element which heats 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;

25 and

a space control unit which adjusts an amount of

heat generated from the heating element in accordance
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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,

20 wherein the carriage assembly 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.

25 5. The magnetic disk apparatus according to

claim 4, wherein the heating element has a heat

generating coil, and the space control unit includes
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5 6. The magnetic disk apparatus according to
claim 5, wherein the space detection unit is
configured to the space between the magnetic head and
the surface of the magnetic disk based on strength of
reproducing signals read by the reproducing element,

10 and the space control unit includes a power supplying
control unit which adjusts an amount of power supplied
to the heat generating coil in accordance with the
space detected by the space detection unit.

7. A magnhetic disk apparatus comprising:

15 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

20 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

25 reproduce information on and from the magnetic
recording layer of the magnetic disk, and a thermal

expanding member arranged in the vicinity of
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the recording "and reproducing elements and configure
fto thermally expand the disk opposing surface in
a direction of approaching the surface of the magnetic
disk;
5 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 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.

8. The magnetic disk apparatus according to
claim 7, wherein the heating element is arranged in

15 the head portion at a position adjacent to the thermal
expanding member.

9. The magnetic disk apparatus according to
claim 8, wherein the heating element has a heat
generating coil, and the space control unit includes

20 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.

10. The magnetic disk apparatus according to
25 claim 7, further comprising a carriage assembly

supporting the magnetic head to be movably with

respect to the disk,
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and a suspension extendlng from the arm, the magnetic
head is supported on an extending end of the
suspension, and the heating element is provided on the
5 carriadge assembly.

11. The magnetic disk apparatus according to
claim 10, wherein the heating element has a heat
generating coil, and the space control unit includes
a power source configured to supply current to the

10 heat generating coil, and a power supplying control
unit which adjusts an amount of power supplied to the
heat generating coil.

12. The magnetic disk apparatus according to
claim 11, wherein the space control unit includes

15 a temperature detector provided at one of the magnetic
head and the carriage assembly, a converting unit
which converts information of a temperature detected
by the temperature detector into information of the
space between the disk opposing surface of the

20 magnetic head and the surface of the magnetic disk,
and a power supplying control unit configured to
adjust an amount of power supplied to the heat
generating coil in accordance with the conversion
information.

25 13. A magnetic disk apparatus comprising:

a magnetic disk having a magnetic recording

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

14. The magnetic disk apparatus according to
claim 13, wherein the heating element is arranged in

the head portion at a position adjacent to the thermal

@
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15. The magnetic disk apparatus according to
claim 14, wherein the heating element has a heat
generating coil, and the space control unit includes

5 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.

16. The magnetic disk apparatus according to

10 claim 13, further comprising a carriage assembly
supporting the magnetic head to be movably with
respect to the disk, and wherein the carriage assembly
includes an arm, and a suspension extending from the
arm, the magnetic head is supported on an extending

15 end of the suspension, and the heating element is
provided on the carriage assembly.

17. The magnetic disk apparatus according to
claim 16, wherein the heating element has a heat
generating coil, and the space control unit includes

20 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.

18. The magnetic disk apparatus according to

25 claim 17, wherein the space control unit includes
a contact detecting unit configured to determine

an abnormal signal caused by contact between the
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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

5 accordance with the determination result of the

contact detecting unit.



