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1 TH N FI LM DEVI CE PROVI DED W TH NEANS & ﬁqRﬁTg 6 2
BREAKDOWN PREVENT] ON . TECHNI CAL

present invention relates to a thln film device provided with a ns éor
el ectrostatic breakdown preventi Gf. SO Cm}mﬁ%

The current-carrying capacities of vari ous types of thin f| | m el ement s
such as sem conductor integrated circuit elenents and thin fil mnmagnetic
transducers are extreng[HINnRILM ABEYICEcPROVIDEDaWETHcMBANS i ¢ char ge
in the body of a worker handlin athinfilmelenent is applied to the
thin filmelement durFOR BLEGTRGSTATIRG BREAKDGWY BREJASTIOR ess
current will flowinto the thin filmelenent, which nmay readily cause

el ectrostatic breakdown. Furthernore, the various characteristics of the
thin filmelenment nay be altered b%‘ t he excess current or a magnetic
field, heat or the like caused by tHECHNKSALcHIERA: . A specific-.
expl anation is now given by citing a thin film magnetic head errpl oying a
magnet oresi stive fil m The apresedt emmonas‘ebﬁte@xgﬁpl% Bl denice -
|l ayer films constituted by |aninating ma netlc | ayers and non - magnetic
| ayers and = achimwvided wildh alggeans restatics baegledewne prevention.
attracted nmuch attention and have been.put into practical- use inthin film
magneti ¢ heads, as a neans for supporting greater sensitivity and higher

out put of the nmagnetoresistive film The nost prom nent exanpl es anong
such magnetic multi - layer BACKGROUND" ART 2 filns are

spin valve filns that achieve a high degree of reproduct I on sensitivity.
Exanpl es of publ i cati odeofurt@tknEaFTyIRg Canaciies) g oVé‘EiOhlSv"éYE%S of | thin

i ncl ude PHYSI CAL EVI EW B vol
elements such as semiconductor 1ntegrated circuit elements

and thin film I_nagnetlc transducers are extremely small. As a
result, if an electros-tatic charge in the body 6f a worker handling
a thin film element is api;:lied to the thin film element during
a manufacturing or assembly process, excess current will flow
into the thin film element, which may readily cause electrostatic
breakdown. Furthermore, the various characteristics of -the thin
film element may be altered by the excess current or a magnetic
field, heat or the like caused by the excés's current.

A specific explanation is now given by. citing a thin film
magnetic head employing a .magnetoresistiv'e film as a read
element as an example. Magnetic ‘multi — layer lfilms constituted
by laminating magnetic layers and non — magnetic layers and
achieving a high degree of magnetoresistance effect - have

attracted much attention and have been put into practical use
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in thin film magne_tic heads, as a means for supporting greater
sensitivity and higher output of the magnetoresistive film. The

most prominent examples among such magnetic multi — layer



43, page 1297, 1991, Journal of Applied Physics, vol. 69, page 4774, 1991
and Japanese Patent Publication (KOKAI) No. 358310/1992. A spin
valve film normally adopts a film structure constituted of NNFe /Cu /
(NiFe or Co) / FeMn. A spin valve film '%n whi ch, while the magnetization
of the magnetic layer (pinned layer) in Contact with the antiferromagnetic -
| ayer (pin layer) is fixed, the magnetization of the other magnetic film
(free layer) is fihds taver ;ipihe valwel \filnys abhaikt achieversgndtigh ddgried tof
achieve a non - parallel state for the nagnetization, obtains a high
degree of nmagnetmpreduttione sehsitistity. Examplesiovie parblidationsuofethe demownng
capacity of a spin valve filmis extrenely small. As a result, i'f an

el ectrostatic chartgeelated tthespindyabfe filmsr keclule lidHY'SCALVRECIEW Beardl.
assenbly is applied to the magnetic head assenbly during a nanufacturing
or assenbly procédspagen 189¢23199L ufowrnal aifl Applied/ f;hvsicshvoh;ﬁ&l pags 4€74,i | m
whi ch may readily cause el ectrostatic breakdown. In addition, the
magnet or esi st ancEO% fanck Japanese PptentvRublicationm(KOKATD:rNon368310.11892.
rotating angle of ‘the direction of the -magnetization of the free |ayer
relative to the directifonspint valve i film momoallyatddaptst a hiilmi rsteucturger
in contact with the  antiferromagnetic |layer. If an el ectrostatic charge
is introduced teonstitutadvef NiRd fifnari MiBeor £t YudeMa, A ispini valye on
of the fixed magnetization of the pinned |ayer is caused to change _
dependi ng on t hefiliy dex ivohichn whileh thaemagneaization 0k the gyagnetic layer

3 a magnetic field, heat or the like caused by the traveling electric
charge. If the d&‘ lawr)t ie eondset niiite theaantifersomagneticydager | @igr is
altered, the degree of the, nagnetoresistance effect. is also altered_ and
speci fic reprodutdvies ighdied cthe qpagnetimbonLel Hae ethar magnetic pfila

nmeans for prevenk'%ng Iec§rqstati breakdown_in_a , thin film magnetic head,
Japanese Unexani NE8EPEBERY PSbI itgnrotate freely by an external “magnetic -

field to achieve a non — parallel state for the magnetization,
obtains a high degree of magnetoresistanée effect.

However, the current — carrying capacity of a spin valve
film is extremely small. As a result, if an electrostatic charge
in the body of a Workér handling a magnetic_ head assembly is
appliéd to the magnetic he;’ad assémbly during a manufacturing
or assembly proceés, an excess current will flow into the spin
valve film, which may readily cause electrostatic breakdown.

In addition, the magnetoresistance effect of the spin valve
film is determined by the rotating angle of the direction of the
magnetization of the free layer relative to the direction of the
fixed magnetization of .the pinned layer in - contact- Wifh- the
antiferromagnetic layer. If ah electrostatic charge is introduced
to a spin valve film having such a structure, the direction of
the fixed magnetization of the pinned layer is caused to change

depending on the direction in which the charge travels or by



No. 85422/1995 di scl oses a technol ogy whereby an inductive thin film
el-ement "and a magnetoresistive thin filmelenent are shorted by a 10[err]
[err] cmto 10[err] [err] cm substance and at | east one diode is connected
between a pair of termnals that are conngcted to the mnagnetoresistive
film A problemof this prior art technoldgy arises in that, during the
process of manufacturing the magnetic head, a resistive material for
shorting the i ndacnagaetici field, heatebr rhiet likadcausednbyntheo travaling eledtiric
film element nust be provided inside the thin film magnetic head.

In addition, Japelmarge. Bfitthe dixadtiomatofothe Kired )magnetizationcofl 388 pirewdoses
a technol ogy wherein two termnals connected to-the magnetoresistive film
are shorted in alagteruist alterednlieodiegneen of | thel magnetorasistaboareffent is bbsad
conductor for the magnetoresistive filmduring the manufacturing and
assenbly work aalterét fanski Ispecidi¢ nreprashzetion s characteristicsopeannothdve ed
portion prior to the characteristics measurenent. process which follows the
assenbl y ‘wor k. Taehievedacteri stics measurement work is conducted in a
state in which the shorted portion is opened by cutting off the flexible
printed ‘board. . Ashe means cfaroprevientipgi electrastatict heaakdowndiar a o
prevent ' L L . .4
an el ectrost at i ctimafjm unagnetiahend; Japanese Wnexamnines Patent Fublication
measurenment process and an - -~ electrostatic breakdown that may result,
the means for el Do 854231 109% discleses arteghnelogy trkereby an indwedivieehin ost
must be reconstituted for the characteristjcs neasurenment. Since there jis a
ri sk of tilon slegeendopRd A nmagpgtegsistivien thinh filyy gloment axg shorted
product fromthe_ manuf urer to 5 user, duyring the acceptance

i nspecti on condub¥ed d ghfému%r ,lbfgérqfﬂgstlhﬁ%e%ayat niegst nene diode is

magneti ¢ di sk devi.ce gn he i ke, fqr instange, I ch may cause .
el ectrostatic br%@%@gaf?t‘%{een a pwr%@i?ﬂ”ﬁ{ﬂ%l hatagreconpected to the

characteristics, the ans f.or el.ectrostati.c breakdown that has, bgen, | ost
must be reconst i TRAERPHOEPSIH ec%&?‘&cﬁer?@tql@? a _}%r’%‘ﬁ?rv\ﬂ&k terDBPIREY 1 o
?Kl(\)/:EaTIS uo(ilh ari Sléi'ises' inl(%hat, during the process of manufactutr)'ligg' eURrrllzaglze1:1::':_| E

head, a resistive material for shorting the inductive thin film
element and the magnetor'esistive thin film element must be
provided inside the thin film magnetic head.

In addition, Japanese Patent Publication (KOKAI) No.
141636 /1995 discloses a technology wherein two terminals
connected to the magnetoresistive film are shorted in a structure
employing a flexible printed board as a lead conductor for the
magnetoresistive film during the manufacturing and assembly
work and the flexible printed board is cut off to open a shorted
portion prior to the chéracteristics-measurement-- process which
follows the .assembly work. The characteristics measurement work
is conducted in a state in which the shorted portion is opened
by cutting off the flexible printed board.

The problem of this prior art is that in order to prevent



It is an object of the present invention to provide swtched electrostatic

pr-ot ect i orrharshengaBenmtRepleceda t hin fil m device in whi chrgf )
el ectrost at prevention can be ena I-@ﬂé:#wﬁrmgg%\n th
ease. 15 It is a fur%her desirablle of £ ent

I nvention t vi de swtched el ectrostatic protection arrangenent
for a thin filmdevice in which a nmeans for electrostatic br eakdown
prevention can tan eledrostatic shdege twhiohe may rodcurnaffe et charactenistics
Accordingly, the invention provides a swtched el ectrostatic protection 20
arrangenent for measureniéntnprocess andiany elestngstatic nbraakdovemi thathahawti ng
at least two |ead conductors_connecting a thin filmel enent inside
the thin film deesul, thehmeansefon elestraséatic lbreakdown psevention Bhatt bast hin
filmelenment, said switched electrostatic protection arrangenent
conprising a solresa ofloghermyasto bai dreqenstituted el forentheangharastanisticsr
switching directly connected to said at |east tow | ead conductors
wherei n neans f dneasunesteniy Since| thereoisactishk opm chargeebeing: intraguced
supplied fromthe source of energy external to said thin filmelement for

5 .. perforriwgng $het transp tafothe opraduadt framy the omagmifacturer

el ectrostatic breakdown protection_ for said thin filmel enent.

In this thin filla dbei yseneduring dhenaeeertencaningpeckion condustercalorthear ea
5 connected to the thin filmelenent, the_signal outpyt fromthe thin
filmelement or Y6 uging the assemplytinfe theeMmagnetic |disle| dewire and the

I mpl emented throygh {he,l ead conduct ors. . The means
for switching pe‘ﬂlg%rfﬁ én§tﬁrf¥c@hi“$gr@cg‘péﬁl%§( i GHIsea slegtrostatic, bregkdown and

provi ded fromthe outside. .]n of het rds,: the, nmeans for swtching can, be
aused 1o perf orw#SURiE allgrabionin SHAFAVEEIFOSY. Lo nsang Ten clgg oeatice
supply. o bichicdow " tat" hieBaghn ot omush (X HpORStEBTREIEA S t he

| ead conductors gnd event s el ectrostati c pbreakdown.of the thin
i ol omnt t br AIRCHESHG (AP eTRT LTk ThOTAr ot APOIoBue 1o gy
in response to the switching operation perforned by -the nmeans for :
swi t chi ng,

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a thin
film device in which a function of él_ectrostatic' breakdown
-prevention can be enabled or disabled with ease.

Itis a further object of the present invention to provide
a thin film device in which a means for electrostatic breakdown
prevention can be externally added to the thin film' element with
ease.

In order to.achieve the objects described above, the thin
film device according to the. .preéent .invention includes a thin
film element, at least two lead conductors and at least one means
for swifching. The lead conductors are connected to the thin film
element. The means for switching, which is connected to the lead

conductors, performs a switching operation on an energy provided



t he | ead conductors connected to the thin filmelenent are shorted or an.
open state i Shig¥haetEosRpen Replaced for the circuit | oop that 1418 si5teS }H}{?Bk@@
conductors an i [ Izﬁel ement. Thus, even if aB Ellﬁ 0S ag
charge in the er is introduged to the | edd.caont ﬁrlr duri.
a manuf acturi ng or assenbly process, no excess current will flow
into the thin filmelenment. As 20 a result, electrostatic breakdown of
the thin film elfroentthendutdidegto iprevesnt cdlectaostatic thregkdewn of the phin
prevented. The means for supplying energy to the neans for switching my be
ei t her prifimdel¢mantt he thin filmdevice itself or may be provided
separately formthe thin film device. o During the
process of transportinintthe phioddidm devine deseribed ahovee in ovhich the leadsed,
during the acceptance inspection conducted at the user, during the assenbly
into a conductors are connected to the thin film element, the sgignal
magnetic di sk device and the_ like, too, an electric charge _and

el ectrostatic bresimadwiremd the thin filmnglementc oz Abeesignalcinpist tonfthe
result can be prevented. - S VWhen {)rovi ding the thin
filmelenent wtthin sfilmal elgment; ggnoube a isIRjgmentedm throggh ¢ %bet heads i | m
el ement for the characteristics neasurenent work or the |ike, a nornal
signal . teQubatess.on i ne ext endi ng fromthe thin film el enent

toward the output term_nal can be . ..constituted by supplying energy
to the means for switcHilgy means, fer oppitebing Perferygy & ppitghing operation

As expl ai ned above, through an easy operatjon of supplyi ng energy to the

10 neans of swpased Mpan gRergy Frevided drom dhe utside: dreofhes upprys. a
function of electrostatic ) r,eakdomnl?%reven i%n can be enabl.e%})‘r

di sabled with ead¥® W@%JPHDW}“’?‘H%{ f GRR t P faysed to Derippny Aqspatghing
breakdown prevention,can.be added. with ease, by.sinply adding .the neans for
ow Cohi g Lot heORHRRE 1b¥ SOBRIRIOS Rt N oo, e Hipas” 1k Sritcliing” Hom

A desirabl e exanpl e of i&m rre%ns_for SWit hi-ng that constitutes the nmeans
f or el ect 15 (QHtSICe, OF PYG SHOBPIR dRE FRFEEY, $¥RP i st or el ement

havi ng a positive tenpegature coetficient. (hereafter refernred, tq as
PTC t herm stor el enent %herhg}ms ef'fgr g?wfféz Vilgeacogl)snec%e& tot htéleen]&raay

be ™" %ai r oot PHRIStPEn T siePhofS ST hestale, B S e Rt ™

element through its switching operation. In more specific terms,

ic .
g

in response to the.'switch'ing operation. -performed by the meahs
for switching, the lead conductors connected to the thin film
element are shortéd or an open state is achieved for the circuit
loop that includes the lead conductors and the thin film element.
Thus, even if an electrostatic chafge in the body of a worker
is introduced to the lead conductors during a manufacturing or
assembly process, no excess current will flow into the thin film
element. As a result, electrostatic. breakdown. of the thin film
element and change in its characteristics can be prevented. The
means for supplying energy to the means for switching may be
either provided at the thin film device itself or may be provided

separately from the thin film device.



As an alternative, a heating PTC therm stor el enment may provided to

achieve a structurg.i | Gleitigher@l energy is provided pYHIShSHEERHAS .
t herm stor el enentﬁ“sgﬁeemiiﬁilmm[ﬁc t herm stor el enment ponst imheggﬁ?eg
“\‘ | for swltching may include a thermstor

means for swtchi ng.\

7 _

el emrent having a negative tenperature coefficient (hereafter
referred to as an | TV Thaingsthe prbeesntf. transporting the product fronrhhe
means for switching el enment may include a sem conductor switch. In this

5 case, the semanarfdcintrer doi tihle magerhe durinsg i theedicogptande ninspeation
phot otransi stor .and a | i ght emtting elenent (-a photocoupler), or it
may be constiit ut eshdiicted phbtther asey, shmingrthe aksembly into a magnetial disk
switching elenent. Alternatively, a node that includes a nechanical neans

for . swi t clevigemandbetheddpkesdtoo, atD electric charge and Aetemtriostigtico
the present invention, the thin filmelenment may be constituted of a
sem conduct or - i nbeapkaioweh cind whangee i ntharactenisticse tthat shnayi vesult [can e t he
thin filmelenment - is constituted of a magnetoresistive fi'lm the
present inventi oprewented. adopted in a magnetoresi stive filmhaving a
multi-layer filmstructure to achi eve an outstanding advant age. A

typi cal exanpl e of a nd@yhenoprevidingethe | thind&idm redement)| with sy stignal rar
structure is a 15 ~ magnetoresistive filmhaving a spin vale film
structure. Such takingneout e ssignalf ifrom s the thlnerﬁpfmy&kmgtta for the
reproduction elenent is a thin filmmagnetic_head. » .

BRI EF DESCRI PTI Cshayactegistipameasuremept work or the like, avmarmale signal
features and advantages of the present invention are explained in
further detail ikransneissiqae line texdending from gthendhin Himwelpgsenthiomeanst

'FIG 1 is a schenmatic block diagramof_the thin film .
the output terminal can be constituted by supplying energy to

the means for switching or by stopping the energy supply.

. As éxplained above, through an easy operation of
supplying energy .to the means for switching from the outside
or stopping the energy supply, a function of - elecfrostatic
breakdown prevention can be enabled or disabled with ease.
Furthermore, the function of electrostatic breakdown _prevention
can be added with ease by simply adding the means for
switching to the thin fil_m element from the outside.

A desirable example of the means for switching that
constitutes the means for electrostatic breakdown prevention is
a thermistor element having a positive temperature coefficient
(hereafter referred to as - a PTC thermistor element): Thermal
energy is pi'ovided as the energy for controlling the PT_C
thermistor element. The PTC thermistor element may be directly
heated by employing a means for heating.

As an alternative, a heating PTC thermistor element may



devi ce according to the present i nveht I on; FIG gellustrates a..
speci fic enbodi mepfis safet tiiiBebdRapladddl m devi ce according t pTHISSHEEE §IAS BEEN |

i nventi on; i ates anot her -enbodi nment | of tIgEpACApfil M|
devi ce accordi ng t%} | I I£ WM[ nventi on; FI G ¥ttt :
anot her enbodi nment [ | m devi?;e according to the present :

I nventi on; FIG 5 illustrates yet another enbodi nent of the thin
film device acdswy grogided tfee aphtsenta isbmectuironin which thefin@l énergy is

illustrates yet another enbodinent of the thin film device according to
the present invariovided by the heafing7 RTCushemhistoy eelemeritheio eileod@DEnt

of the thin film device according to the present invention; FI G
8 illustrates yetheaniistmr eferhent nemristitutirge the méansnfodeswitehdngordi ng to
the present invention; FIG 9 illustrates yet another enbodi nent of

the thin film device Himordieagst dorheswitehimg mmenincude a thermidter. 10
illustrates yet another enbodiment of the thin filmdevice according to
the present, i nveslement having a Fhégative i témperatuee ygobfficienber(lereafterent -
of the thin filmdevice according to the present invention; FI G-
12 illustrates ymiferned ior asnimdNEG tthermistort lelement)i.| m devi ce according -
to the present invention; FIG 13 illustrates yet another
enbodi nent of the thi nThe i meates/i dor acswitdhing t elemenpr esayt incladei oa
9 FIG 14 is a top view of the magnetic head device according to
the present inveseniigopductor switihg Inishisscase, dhieasepitonducter switoh ahayhe
magnetic head nounting portion of the magnetic head device illustrated in
FIG 14 be constituted by combining a phototransistor and a light

emitting element (a photocoupler), or it may be constituted of

a phototransistor or a three — terminal switching element.

Alternatively, a mode that includes a mechanical means for

: swifching may be adopted.
| According to the present invention, the thin film element

may be constituted of a semiconductor integrated circuit element

or a magnetoresistive film. If the thin film element is constituted

of a magnetoresistive film, the present invention may be adopted

in a magnetoresisti've film bhaving a multi —layer film structure

to achieve an outstanding advantage. A typical example of a

magnetoresistive film adopting a multi — layer film structure is

a magnetoresistive film having a spin valve film structure. Such

a magnetoresistive film is employed as a reproduction element

in a thin film magnetic head. .. ...........

BRIEF DESCRIPTION OF THE DRAWINGS
More specific features and advantages of the present

invention are explained in further detail in reference to the



FIG 16 is an enlarged bottomview of the magnetic head nounting portion

of . the magnetic head device illustrated in FIG 14, FIG 17 is an
enl arged sectional view illustrating the thin filmelenment of the thin

fil mmagnetic head, , FIG 18 is an enlarged sectional view:
illustrating the structure of the MR el efent included in the thin film
magnetic head in further detail; FIG 19 is the electrical
connection di agr aftacHed rawiBgBewlerbiind device illustrated in FIGS. 14 to
18; FIG 20 is a top viewillustrating another enbodi nent of the
magneti ¢ head devi ce acPiGdilndst a sbhemativerblockvdidgiem of the thHEhGTilpd is
an electrical circuit diagramof the magnetic head device illustrated in
FIG 20; deviee 2dccdosding dp thewptédentt iréntionet anot her enbodi ment

of the magnetic head device according to the present invention;

FIG 23 is a top view i FIGser filustyatest aaspetific entbwdlimemt obfthehshimdiloni c
head devi ce according to the present invention; - FIG 24 is an

el ectrical circuidevde@gaewording hio thgnprésenthimdentdonce il lustrated in FIG
23; FIG 25 is a top viewillustrating yet another enbodi ment of
the magnetic head devi cFIGc@ritlustratest anothars embodiveent of, the thin film
10 FIG 26 is an electrical circuit diagramof the nagnetic head
devi ce il | ustr at edbvice Facgording to the pFesent2inventiondp view illustrating
yet anot her enbodi nrent of the magnetic head device according to the o

present invention; FIG. /i @lustgates vet anothen embadiment: ofiithgrddndfilmne
magnetic head device illustrated in FIG 27; . FIG 29 is a top view
il lustrating yet dewicheacenriding ntonttheobresenthdgyentionhead devi ce accordi ng

to the present .|_nvent ! Or%«‘;IG. 5 illustrates yet ant_)ther embodiment of the thin film
device according to the present invention ;

FIG. 6 illustrates yet another embodiment of the thin film
device according to the present invention ;

FIG. 7 illustrates yet another embodiment of the thin film
device according to the present invention ;

FIG. 8 illustrates yet another embodiment of the thin film
device according to the présent invention ;

FIG. 9 illustrates yet another embodiment of the thin film
device according to the present invention ;

FIG. 10 illustrates yet another embodiment of the thin
film device according to | the present invention ;

FIG. 11 illﬁstrates yet another embodiment of the thin
film device according to the present invention ;-

FIG. 12 illustrates yet another embodiment of the thin
film device according to the present invention ;

FIG. 13 illustrates yet another embodiment of the thin

film device according to the present invention ;



FIG 30 is an electrical circuit diagramof the magnetic head device

I ldustrated in FIG 29; FIG 31 is atop viewillustrating yet

anot her enbodi nent of the nagnetic head device according to the present

i nventi on; FIG 32 is an electrical circuit diagramof the nagnetic
head device illustrated in FIG 31, ® FIG 33 is atop view

illustrating yet another enbodi nent of the magnetic head devi ce according
to the present inventi @IG. 14 is aFltop 3fielns @h e cCinpigtbicCiliddd t devigr am

of the magnetic head device illustrated in FIG 33; FIG 35 is an
el ectrical circuadcotdags aro ctﬂleygregmﬁt Ijﬁ{renﬁahqdi nment of the nmagnet I ¢ head
devi ce according to the present invention; - FIG 36 is a top view

of the magnetic head deIGced5vid an Ie&ﬁaﬁg‘bﬁeﬁl‘(ﬁitaﬁ vibwe of tthel hwgﬂeti@%eaa
FIG 35 nmounted on the head support device; and

iIlustrates the negiging patividiofotie manostic ticad depiver ﬂlw:rareaomlmmt o

the present invention. BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON - =~ 14F1G 1 is a schematic structure of the thin filmdevice
according to the present invention. As illustrated in the figure, the thin

fil mdevice accordi ng tRIG.H® fs erernlamgednbotion ndewdef the hlagndtid head
element 1, at least two | ead conductors 21 and 22 and a neans for

swi t chi ng 3. Themoemtimg npbrtionr of2themagietic cheadh devivenilbustedtedatin oREG.end,

to the thin filmelenment 1. The other ends of the 1ead conductors 21 and

22 are led to oulpyt terminals 41 and 42 respectively. In this

enbodi nent, the neans for switching 3 is constituted of a swi tching

el ement 30 connected bdflkel¥ tihear mﬂlarged sectional view illustrating the thin
film element .of the thin film magnetic head ;

FIG. 18 is an enlarged séction_al view illustrating the
structure of the MR element included in the thin film magn'etié
head in further detail ; |

FIG. 19 is the electrical connection diagram of the
fnagnetic head device illustrated in FIGS. 14 to 18;

 FIG. 20 is a top view illustrating another embodiment of
the magnetic head device according to the present invention ;

FIG. 21 is an electrical circuit diagram of the magnetlc
head dev1ce illustrated in FIG. 20 ;
| FIG. 22 is a top view illustrating yei: another embodiment
of the magnetic head device according to the present invention;

FIG. 23 is a top view illustrating yet another embodiment
of the magnetic head device according to the present invention ;

FIG. 24 is an electrical circuit diagram of the magnetic
head device illustrated in FIG. 23 ;

FIG. 25 is a top view illustrating yet another embodiment

of the magnetic head device according to the present invention ;



conductors 21 and 22, and perforns a switching operation on energy S1
pr-ovi ded fromthe outside to constitute a circuit that prevents

el ectrostatic breakdown of the thin filmel enent. . In the thin film
devi ce descri bed above, since the |ead cf nductors 21 and 22 are each
connected to the thin filmelement 1 at one end with their other ends
connected to the output termnals 41 and 42 respectively, the signal

out put fromthe thin fiRIG &6edenan leleotticdle chicyitaldiagpam ©of the mbgneticl m
element 1 can be inplenented through the output termnals 41 and 42 and
the | ead conductheasd 2evine Rhistrated in FHe. 2hist chi ng el enent 30 perforns
the switching operation based upon the energy S1 provided fromthe
outside. In other wor#{G. 2Heisraatep dewsillusthating3yet aniothem ¢mbadimentt or m
a switching operation by supplying the energy S1 to the switching elenent
30 fromthe out s¢ﬁ1|éher1ﬂaglmm§?p§iea8 dewice cagnoydingifol $he present invention ;

12 In the enbodinent, in which the switching elenent 30 1is :
connect ed between the H&d 2origuanoelectricalngizait idiegramd of c thel rmagnstizl
and 22 connected to_the thin filmelenent 1 are shorted by the sw tching
‘el ement 30 when kead sdgvieai Hipdratashin BdGi 27set in a cl osed state by the
energy S1 provided fromthe outside. Thus, even if an electrostatic charge
in the body of a workdfG. 29 is BotoR stewi Hlusizatingpyet mnothem embadiments o
during a manufacturing or assenbly process, it is shorted by the neans
for switching 3 @hdhenmagnetic headsdewicer aerording tondhe npresent inveakiont: 1.
Consequently, electrostatjc_breakdown of the ,thin film element 1 and .
change in its charact efl&i3% igaanpelestrcalcirpuit diagramppf; the: magnesicess

of transporting ihe_ product. fromthe, facturer to the user, during the
accept ance insp ??%nae%ﬁdﬂi?%aéﬁ‘ftlﬁen%ﬂée%% during assenbly into a
magneti c di sk device. the.like, tao, el.ectrical charge that. ma
cause electrostatic b %g"?h@e@hﬁéﬁrﬁ"?nghgeﬁfﬁi’r‘g rqlgg‘i)‘i‘@?’ﬁat

of the magnetic head device according to the present invention ;

FIG. 32 is an electrical circuit dlagram of the magnetic
head device illustrated in FIG. 31; -

FIG. 33 is a top view illustrating yet another embodiment
of the magnetic head device according to the present invention;

" FIG. 34 is an electrical circuit diagram of the maghetic
head device illustrated in FIG. 33 ; |

FIG. 35 is an electrical circuit diagram of yet another
embodiment of the magnetic head device according' to the present
invention ;

FIG. 36 is a top view of the magnetic head device with
its integrated circpit illustrated. in FIG.. 35 mounted on the head
support device; and

FIG. 37 illustrates the magnetic recording / reproduction

apparatus according to the present invention.



may result can be prevented as long as the switching elenent 30 renmains in
a<cl osed state. The energy S1 that sets the switching elenent 30 in
an open state should be supplied when providing the thin film elenent 1
with a signal or when a signal is taken yt fromthe thin filmelenent 1
for the characteristics nmeasurenent work or the like, since this. wll

constitute a normal signal transnmission |ine between the thin film
el ement 1 and the ouBEST tMOBEGFOR LQARRYING t QUAL cDhil AANENTEON
characteristics neasurenent work. As descri bed above, the function

of electrostatic breakdowl s exeschasnatianstyuctuesniafd the thizalfiled déwicegh a
13 sinple operation _of supplying the energy S1 fromthe outside to the
swi t chi ng el eneracceoding tot thei present km@ng;orswppl illustratedhdnnthe figiwe,
function of electrostatic breakdown prevention can be added with ease
simply by ext er ride ghin dilni deyice cacdording itonthe cprasent invientione inoliudesi ng
el ement 30. FIG. 2 illustrates a specific enbodi ment of the thin
film device acovridiingfim tﬂl@lnpnésbnatihaégtﬁm.leﬂd coadactprseZlt andsdde
ref erence nunbers are assigned to conmponents identical to those '
illustrated in- AW a means Kpy swibching 3 Thedeat aondustors2l can@d 22 ares
constituted of a PTC therm stor elenment 31. Thernal ‘energy is provided as
the energy S1 sugisity egnpectede abTane eadaitet the thinfilse elemeng Lh’lqbe other
enbodi ment, the PTC therm stqor elenent 31 is direct]y heated by a npeans
for heating. =~ ends offhgy wog%r?sh.apétg%@rﬁh@dn&wtput'tgmmm 3
wth the PTC theigi Sltgirﬁfl ement .31, is that since the PTC thermstor

el ement 31 oper atks? |sRPeedvelor (at several [err], for instance) at

normal tenperature to set .shorted_ state between the | ead conductgrs 21
and 22, it is not nece Eartj:“?oer%}?ﬁfﬁmerﬁwetgﬁerrﬁﬁa@ ffPBmSc"ﬁé‘ﬂéWt%ige Bor

el ectrostatic brggﬁs%&med of a switching element 30 connected between the lead

conductors 21 and 22, and performs a switching operation on
enefgy S1 provided from the outside to constitute a circuit that
prevents electrostatic breakdown of the thin film element.

In the thin film device. described above, since the lead
conductors 21 and 22 are each connected to the thin film element
1 at one end with their other ends connected to the output
terminals 41 and 42 respectively, fhe signal output from the thin
film element 1 and the signal input to the thin film element 1
can be implemented through the output terminals 41 and 42 and
the lead conductoré 21 and 22.

The switching element 30 performs the switching
operation_ based upon the.energy. S1.provided. from .the outside.
In other words, the means for switching 3 can be made to
perform a switching operation by supplying th_e energy S1 to
the switching elenient 30 from the outside or by stopping the

energy supply.



prevention. This nmeans that in various situations in which an

electrostatic charge may occur such as during the manufacturing and
assenbly processes, during the process of transporting the product from

t he manufacturer to the user, during the ﬁfceptance i nspection conduct ed
at the user and during the assenbly into "“a magnetic di sk device, any

el ectrical charge that may cause electrostatic breakdown and the change in
the characteristics thdn thayembedimentnirbewhich dhieedwitahingt elomemty 80
provi de the ' 14 energy S1 fromthe

out si de. isFiconngcted twtweens thaoldast comdugitormi2lofande22, htle fliehdh
device according to the present invention. In the figure, the sane

r éf er ence nunberconductessiZhand 2% oopmectad todthe i dan fidmt etament 1 are
illustrated in FIGS. 1 and 2. In this enbodi nent, the means for. sw tching
3 is constitut edshwdrted Hewttheyswitchingr eliestent 30 ewben tlgp switthingTelement
therm stor element 31. The heating PTC therm stor elenent 32 provides the
PTC thermistor eB@nisnset3inwat ¢losedrstate bwnethg engrgy hehtproyi firer rthet or
element 32 is driven by an electrical signal Sl provided fromthe outside.
FIG 4 illustrateuatside. Thwshevennithdmesiectypstatic tahiargei im theeiasly of a
according to the present invention. In the figure, the sane reference
nunbers are assi yiosler dscintpoduced vigethe cuitpud terpynals dlsandt 44 deringcs.
1to 3. In this enbodinent, the neans for swtching 3 is constituted of
therni stor el eneAtBagadactvaing pr assembly rogess, 3t is| shered 3oy Rednmans The
NTC therm stor elenents 311 and 312 are respectively connected in series
with the |ead chidsibehing 3;amd shevgfore. dogs Mt nindpothe dhinefilm 311
and 312 are proviided in_ the enbodi the thin filmdevice may he :

provi ded with onelexnent; Heﬁmﬂe’éﬁg]rtﬁmtr‘éﬁtapﬁobma ven \picthe shins fidm

el enent s. When the ans for ,swytchijng 3 is constituted of th NTC
thernistor el enefieent lpands changee ip, ite c*‘ Gtgristics can be “prevented. |

- During the process of transporting thé product from the
manufacturer to the user, during the acceptance inspection
conducted at the user, during assembly into a magnetic disk
device and the. like, too, any electrical charge that may cause
electrostatic breakdown and the change in the characteristics that
may result can be prevented as 1ong as the switching element
30 remains in a closed state. .

The energy S1 that sets the switching element 30 in an
open state should be -supplied when providing the thin film
element 1 with a signal or when a signal is taken out from the
thin film element 1 for the characteristics measurement work or
the like, since this .will .constitute..a normal signal transmission

. line between the thin film element 1 and the output teﬁninals
41 and 42 to accommodate the characteristics measurement work.
As described above, the function -of -electrostatic

breakdown prevention can be enabled or disabled through a



reversed fromthat of the nmeans for switching constituted of a PTC

therm stor elenment. Nanely, the NTC therm stor elenents 311 and 312 have a
hi gh resi stance value and are in an open state at normal tenperature. They
need to be provided with thernal 15
energy to performa cl ose operation. 18 As expl ai ned above, since the
NTC thernistor elenents 311 and 312 have a high resistance value and are

in an open stat éin?élengbl%?étléﬁ”@f”s?\ipﬁl%ng hehéNlnerpe ! rs1s tfpbme BIee Bugsidbl
and 312 shoul d be Kept at normal tenperature when It necessary to

prevent el ectrosiptibe wEiaesionn. elé‘meh@naoaanahtssopﬁ&@t ethes ePleP L Bﬁﬁpl}EVen
If an electrostatic charge in the body of a worker is introduced via the

out put term nal sFd#tlniehcre, dhei fenctioRnof Alédthbfatly breakdbivn m@e@ﬁﬁont he
current limting effect achi eved by the NTC therm stor elenents 311 and

312 having a higih Nssigddedc witle! aasel §uﬂ1ﬁ1@ardy€@xténﬂlﬁwm‘okr|i@i&1g1QheeﬂﬁﬁSS -

current will flowinto the thin filmelenent 1. Consequently,
el ectrostatic brithdelement t hewithi thei kwithéngnéleleantd 3ghange in its
characteristics can be prevented. _ During the process of

transporting the produ®IG, rdrillubtratesnu fspecifie reribodingenis &f, thierthiag fihe
acceptance inspection conducted at the user, during the assenbly into a

magneti c di sk ddsvice. acubriieg [tokthe tpieserﬁﬂmﬁrﬂﬁdsml hnlthehfiggee,t tiad same
cause electrostatic breakdown and the change in the characteristics that
may result can beefprentenmemnbers are askignettoecempypnehtslidebticalifpl tleoket o
the NTC thermistor elenments 311 and 312 when providing the thin film

element 1 with Hhstpated on FHKi hdnoébhisaersibpdameht,othe meedrs dof i switehimge nt
1 for characteristics neasurenent work or the |like, since the thernal
energy will redu8eist henstititedaof & PG ethevmistor sleMenthdil niliermall emenglys
311 and 312 to constitute a normal signal transm ssion |ine between the
thin film el enenis Pprovidedeasuthritenergy Sl supplied to the PTC thermistor
element 31. In this embodiment, the PTC thermistor element 31
is directly heatéd by a means for heating. - _
An advantage of constituting the means for switching 3
with the PTC thermistor element 31 is that since the PTC
thermistor element 31 operates as a low resistor (at several Q,
for instance) at normal temperature to set a shorted state
between the lead conductors 21 and 22, it is not necessary to
supply the energy Sli from the outside for electrostatic breakdown
prevention. This means that in wvarious situations in which an
electrostatic charge may occur such as during the manufacturing
and assembly processes, during the process of transporting the
product from.the manufacturer to the user, during the acceptance
inspection conducted at the user énd during the assembly into
a magnetic disk device, any electrical charge that may cause

electrostatic breakdown and the change in the characteristics that

may result can be prevented without having to provide the



16 termnals 41 and 42 which will, in turn, accomopdate the
characteristics nmeasurenent work. . As expl ai ned above, the function
of the electrostatic breakdown prevention can be enabl ed or disabled
through a sanple operation of supplying fhe thermal energy fromthe
outside to the NTC therm stor elenents 31T and 312 constituting the neans
for swwtching 3 or stopping the thermal energy supply. An advant age
of constituting émergyedis from dhet ohiside3 with the NTC therm stor el ements
311 and 312 is that since the NTIC thernmistor elenents 311 and 312 operate
as high resistors at RiGre3 ilhmteatesuanothert i embodimentir ofnthef Ithiwm nfilmnt o
the thin filmelenment 1 it -is not necessary to supply thermal energy from
t he outside for déwicerastorting Hoethal presqrrte ieventoon. Ihithenfignse,t tta same
various situations in which an electrostatic charge nmay occur such as
during the manuf referencey namiberss and | assigmerk $ve sompamentsy idknticabdesthede
transporting the product from .the manufacturer to the user, during the
accept ance - |nspeﬂ1ustnate:d)rlnuFﬁ@B at ande2u§nrthusdeﬂ1hodlgleﬂtethesmehh$ forto a
magnetic di sk device, any electrical charge that may cause electrostatic -
br eakdown and thsw&ﬂdngg Bnist onstituteck efi at heatingaPTiththeemistor ebemdyet
prevented wi thout having to provide thermal energy from the outside. '
FIG 5 illustrat32 ard akiGdheemistornelement 3heThenheating P Tdethermistor
according to the present invention. In the figure, the same reference
numbers are assi nto 33 cexarides $hedBRC thermistoh element | %t withe thermal Gs,

iTtC"t by 'm”SE or * cPamu.oTBe iheatng BIC thermistor elomint 35 1o driven by an
electrical signal S1 provided from the outside.

FIG. 4 illustrates yet another embodiment of the thin fllm"
device according to the present ‘invention. In the figure, the same
reference nﬁmbers are assigned to components identicél to those
ﬂlustrated in FIGS. 1 to 3. In this embodiment, the means for
switching 3 is constituted of thermistor elements each having
an NTC thermistor element 311 and 312. The NTC thermistor
elements 311 and 312 are respectively connected in series with
the lead éonductors 21 and 22. While two NTC thermistor
elements 311 and 312 are provided in the embodiment, the thin
film device may be provided with one NTC thermistor element
or two or more NTC thermistor elements.

When the means for switching 3 is constituted of the
NTC thermistor. elements 311 and 312, -the - -drive  timing is
reversed from that of the means for switching constituted of a
PTC thermistor element. Namely, the NTC thermistor elements 311
and 312 have a high resistance value and are in an open state

at normal temperature. They need to be provided with thermal



17 312 and a heating PTC therm stor elenent 32 provided to supply thermnal
energy to the NTC therm stor elenents 311 and 312. The heating PTC

therm stor element 32 is driven by an electrical signal provided fromthe
out side through termnals 43 and 44. FIG 6 illustrates yet another
embodi ment of the thin film device accor df ng to the present invention. In
the figure, the sane reference nunbers are assigned to conponents

i dentical to thosmergy to Grfdrmoascldse opesatdobodi nent, the means for
switching 3 is constituted of NTC thermi stor elements 311 and 312 and a
PTC thermistor el enent 8%. eXphlainBd abeve; sinwe ¢henNliG thermistbr Fleéments
respectively connected in series with the | ead -conductors 21 and 22. The
PTC t hermi st or eBdheand3B8l2shawanachigh essistance t ielusuapet arer in rark sopen and
42. In a situation in which it is necessary to prevent g

el ectrostatic br stgowt, nommalTmperatureothe| Ml t thezniiston) edementmd3lhe
PTC thermi stor elenent 31 are kept at normal tenperature. As long as this
state is sustainend e3kh should beeckepbsaht norotdr demperaturepowhens ik is
worker is introduced via the output termnals 41 and 42 during a . ,
manuf act uri ng or negessary) \fopmsevent elgstrostatdat breakdawm. &g dongads dbisl by -
the NTC therm stor elenments 311 and 312 and _the shorting effect achieved
by the PTC ther nistetsr is| sustained, ewenrd @mateleriresiadins chargenin thevkodwit o
the thin filmelenment 1. As a result, any_electrical charge that may cause
el ectrostatic br ®@ka8oWerkes ismdntraduped viatthe awdpuét tenminals 4haand
result can be prevented. ' Furthernore, in the enbodi nent which
adopts a circui t ARG R JRANHEIGLUTINE 9F aXncHIlY REOGeSsERe caurert Nraiting

t herm st or '

. - 18 elenents 3 and: 3
whi ch operate as Stfept pebieved: by they NIC thermistor elements and éfz

having a high resistance value is imparted to ensure that no

excess current will flow into the thin film element 1.
Cohsequently, electrostatic breakdown of the thin film element
1 and change in its characteristics can be prevented.

During the process of transporting the product from the
manufacturer to the user, during the accepfance inspection
conducted at the user, during the assembly into a magnetic disk
device and the like, too, any electrical charge that may cause
electrostatic breakdown and the change in the characteristics that
may result can be prevented.

Thermal energy should be supplied to the NTC thermistor
elements 311 and 312 when providing the thin film element 1
with a signal or taking out a signal from. the. thin. film element
1 for characteristics measurement work or the like, since the
thermal energy will reduce the resistance values of the NTC
thermistor elements 311 and 312 to constitute a normal signal

transmission line between the thin film element 1 and the output



tenperature to the thin filmelenment 1 and connecting this serial «circuit
to the PTC thermstor elenent 31 in parallel, an electrostatic charge
that has been introduced is nade to flow even nore readily to the PTC
therm stor elenent 31 rather than to the serial circuit constituted of the
NTC thermi stor elements 311 and 312 and he thin filmelement 1. Thus,

el ectrostatic breakdown of the thin filmelenment 1 and change in its

characteristics fepmiRaldrsyveanad 4t wiashevweill hiighaurdg¢gaesmmodate the
reliability. - Ther mal energy should be supplied to the NIC

therm stor el ergiiiractdristits Bédsarsnéme Wwdk.t hermi stor el enent 31 when
providing a signal to the thin filmelenment 1 or taking out a signal from

the thin filmelement Ad csxplagiedt abose] Gthe NRagticesf 186 Kelictiditaticke.
The thermal energy will reduce the resistance value of the NTC t herm stor

el ements 311 andbrébkdownd pegvelitionneanade tdmabledi of adisabled uthpbuglie aPTC
thermistor element 31 to achieve an open state so that a normal signal '

transmission i rsarhpler:oaslséﬂattiﬁ'redobesuppmrlge thei nthérinal eeasegy fiomndhiehe
out put term nal.s 41 and 42. FIG 7 illustrates yet another

enbodi ment of t heutishder tbi the NIECi tiserawistorn ichgnéntst Bl pand 312 iconstititing | n
the figure, the sane reference nunbers. are assigned. to. conpohnents

i dentical to- t hidseemedrsufdr stwitthing 3 @. stbpping. thenthdrmale shexrgynsupplyhe

means for switching 3.is constituted of a phototransistor 331 and a |ight

emitting el enent 321. A gdwantagenef srtcmstiiﬁhng thennmanedforbestvwmdmn@\ﬁ
| ead conductors 21 and 22. In the enbodi nent,

19 providi ng anwithedhei NAIC dhgrmiistet ebmdn;tStQHnami Sl23imrbati4singe the
stoppi ng the signal supply, the light emtting element 321 is caused to
emit light or toNiGphemnistargelamentst 13aasd 8h2 opsratetasisight sesistarst o
performa sw tching operation.
at normal temperature to limit the current flowing into the thin
film element 1 it is not necessary to supply thermal energy from
the outside for electrostatic breakdown. pfevention. This means
that in various situations in which an electrostatic charge may
occur such as during the manufacturing and assembly processes,
during the process of transporting the product from the
manufacturer to the user, during the lac'ceptance inspection
conducted at the user and during the assembly into a magnetic
disk device, any electrical charge that may cause electrostatic
breakdown and the change in the cha_rac':teristics that may result
can be prevented without having to provide thermal energy from
the outside.
FIG. 5 illustrates vet -another embodiment -of the- thin film
'device according to the present invention. In the figure, the same
reference numbers are assigned to components identical to those

illustrated in FIGS. 1 to 4. In this embodiment, the means for

switching 3 is constituted of NTC thermistor elements 311 and



When it is necessary to prevent electrostatic.breakdown, the electrical
sikgnal S1 is provided to the termnals 43 and 44 to cause the |ight
emtting elenent 321 to emt light so that the phototransistor 331 is
sustained in an on state. As long as thigs state is sustained, even if an
el ectrostatic charge in the body of a wdfker is introduced via the out put
termnals 41 and 42 during a manufacturing or assenbly process, no excess
current will fI38 antdoatheatitg PTC| theinsistort elemést 82r psovidedaty supply

el ectrostati c breakdown of the thin filmelenment 1 and change in its
characteri sti cs thenma¢ energyntedhe NTC thefhistbr glemenis t31dgande3EhtTRE1 is
caused to stop emtting |ight by stopping the supply of the electrical
signal Sl to theheatimgi RICs theroristors eidmanprd?i it rdrivem by anf idleoteicabent
1 with a signal or taking out a signal fromthe thin filmelement 1 for
charact eri sti cs sigaalirprosndedvdirenorthehoutside. throwgh t tarmimals. 43 and of4.t he
phot otransi stor 331, a.normal signal transmission line is constituted
between the thin film Elembnillusteateést et anopher ethadiment ofl the:dhir filhne
thin filmdevice according to the present invention rmay adopt a structure
provi ded only widdviee gsicordingateitdheopresent invensions dino thefigese, ithet $ame of
light effected by an external |ight source. - FIG 8 illustrates
yet anot her enbdmfmmeonumhersmre fassmnedettbc@oraponeﬂtmgdum@aiet@rtémaat
invention. In the fiqure, the sa 20
ref erence numberi@ .*Frlg;sasls |’CQn§d11tloﬂ§5n9mmﬂﬂmenﬂeth¢ gueans foroswitching 3
illustrated in FIGS. 1 to 7. In_this enbodinment, the neans for switching 3
is constituted of §0¥1ﬁ'¢1§‘étedt é}me{B@ @G%l’-ﬁt% epmests 351 ande3l2rand a
termnal switchin % el ement 51, whi constituyted of a bipolar

transistor, a fiBle Haeramister sl%n%r@foﬁl hehNT(P ithermistor plgmends 3d: amdn

t he | ead conduct s 21 and 2 The enbod ment [llustrated.in FIG, 8, in
which the three fﬂ 4 argi q:pgpect%vely connecte n series with ‘the lead conductors

21 and 22. The PTC thermistor element 31 is connected between
the output terminals 41 and 42

In a situation in which it is necessary to prevent
electrostatic breakdown, the NTC thermistor elements 311 and 312
and the PTC thermistor element 31 are kept at normai
temperature. As long as this state is sustained, even if an
electrostatic chargé in the body of a worker is introduced via |
the output terminals 41 and 42 _during a manufacturing or
assembly process, the current limiting effect achieved by the NTC
thermistor elements 311 and 312 and the shorting effect achieved
by the PTC thermistor element 31 ensure that no excess current
flows. into the thin film element 1. As a result, -any  electrical
charge that may caﬁse electrostatic breakdown and the change
in the characteristics that may result can be prevented.

Furthermore, in the embodiment which adopts a circuit

structure achieved by connecting in series the NTC thermistor



switching elenent 51 is controlled through a nethod identical to the

met hod t hrough which the phototransistor illustrated in FIG 7 is
controll ed, achieves al nost identical advantages to those "achieved by the
enbodinent in FIG 7. FIG 9 ilt%étrates yet anot her enbodi nent of
the thin film device according to the présent invention. In the figure,

the sanme reference nunbers are assigned to conponents identical to those
illustrated i n Fdl&nentst3118.andn 31Bi whiclhooperabe ,ast higherasistoos atswiornizlng 3
is constituted of sem conductor switches 341 and 342. The sem conduct or
swi t ches 341 andtePderatured d¢of thputhimnfdne atément s andutennedting tthis eserial
termnal switching elenent, and are respectively controlled by electrical
signals S1 and Sdreuitvitdedthe o ATe tthemmisfics 4€lement443Lk onneqaavhlled, cant r ol
el ectrodes. When it is necessary to prevent electrostatic
breakdown, t he aledirostatictcharge tthaéshashbeen -inteoducad iswmade ity flow

el ements) 341 and 342 are sustained in an off state. As long as this state
i s sustained, evewern fmare eeadilyotn dhecP¥athermistohelement 31 axather ikbhani s

i ntroduced via the output terminals 41 and 42 during a nanufacturing or
assenbly processto rtheesenigh aixquit reonstitutéd oof thatNgl%ethehl’Iﬁsﬁ)irl elespentsnt

1. As aresult, any electrostatic ' 21

br eakdown of the3lhiandi Bk2ekoderthel thinl fillmnglementt 4. Thvas,aelestiestatic can
be prevented. Continuity is achieved for the sem conductor sw tches
(three-terninal bugaksiown ofertber shhig41fikmd demeny Jr oandi reangee igonitisol
signals S1 and S2 to the control electrodes_of_ the sem conductor sw tches
(three - terni nathasgicteristigs ctathein Preyented, withsanygrenphigheri dggrer afhi.n
filmelement 1 with a signal  or taking out a signal from the thin film
element 1 for crR}taalieyistics neasurenent work or the like, .so that a

normel - signal transm Sg ol Sherey Should 'be Sapplied b0 the NTC' thermistor
clements 311 and 312 and the PTC thermistor element 31 when
providing a signal to the thiﬂ film element 1 or taking out a
signal from the thin film element 1 for characteristics
measurement work or the like. The thermal energy will reduce
the resistance value of the NTC thermistor elements 311 and 312
and rapidly increase the resistance value of the PTC thermistor
element 31 .to achieve an open state so that a normal signal
transmission line is constituted between the thin film element
1 and the output terminals 41 and 42.

FIG. 7 illustrates yet another embodiment of the thin film
device according to the present invention. In the figure, the same
reference numbers. are . assigned . to. components identical to-.those
illustrated in FIGS. 1 to 6. In this embodiment, the meéns for
switching 3 is constituted of a phototransistor 331 and a light
emitting element 321. The phototransistor 331 is connected

between the lead conductors 21 and 22. In the embodiment, by



element 1 and the output termnals 41 and 42. FIG 10 illustrates
yet anot her enbodi ment of the thin filmdevice according to the present
invention. In the figure, the sane reference nunbers are assigned to
conponents identical to those illustrated in FIGS. 1 to 9. In this

embodi ment, the nmeans for switching 3 id9%onstituted of phototransistors
331 and 332 and a light emtting elenent 321. In the enbodinent, the |ight

emtting el errent?l%%di iy Gl eéktiizat dignhl B t67 tisd GRrAithald 48 bnahubuy
electrical signals provided to the termnals 43 and 44 to cause the

phot ot r ansi st or g3 e sienper§ e vd tIEFhh JemoitBigt loent 321 isThe
timng wth which té phototrgr??l stlglrslgl 331 and 332 are %ontrol led is the -

sane as the tinamsedt koMt ipht smteoept @ﬁnﬁt&hﬁchigﬂlﬂ HY &Ruset Ehe1 nal
swi tching el emants) in FIG 9 are controlled, and the enbodi nent achieves

advant ages oﬂdi?é!ﬁm%ﬁér 1331t hQSpeﬂ*aﬂnﬁ\ae%vmchhg Qjﬁ&dtmnt
i'llustrated |n ) FIG

11 illustrates yet anOWﬁéneﬁbwlﬂ&QQsaﬁr tdsepxtdvlent élebtﬁo@mwebma@@lbdmg to
the present invention. In the figure, the same reference nunbers are

assi gned to conpgierléctiritadt signlal t91 - ishppevidedussd r thie dermifdlsS431and 42. In
this enbodinent, the neans for switching -3 is constituted. of

phot ot r ansi st or St&&hmd tBa2light demiftTig t blenmwrstt 321eltenentit lighfThso that
phototransistors 331 and 332 are respectively connected in series with the

| ead conduct ors thl phutofPansistor P38]1 t ise sustined eire nmentors state. cAsnietige s
between the termnals 41 and 42. Although not shown, a light emtting

el ement that drithis stiate [ibotusianresd, eensif3&i dectrasiatics charge dadthe body
When it is necessary to prevent electrostatic breakdown, the
phot ot r ansi st or sof33 wotk&Sdsaindtreduced wia ¢hée eutput detmihals BICand 42
therm stor element 31 is kept at normal tenperature. As long as this state
i s sustained, evéuring @ manufaduring corclassembly process, no excess current -
| will flow into the thin film element 1. As a result, any
electrostatic breakdown of the thin film element 1 and change
in its characteristics can be prevented.

The light enﬁtting element 321 is caused to stop emitting
light by stopping the supply of thé “electrical signal S1 to the
terminals 43 and 44 when providing_ the thin film element 1 with
a signal or taking out a éignal from the thin film element 1
for characteristics measurement work or the like. Since this will

“turn of the phototransistor 331, a normal signal transmission line
is constituted between the thin film element 1 and the output
terminals 41 and 42. The thin film device according to the
present invention may -adopt-a structure -provided only with  a
phototransistoi‘ with the emission and .extinction of light effected
by an external light source. .

FIG. 8 illustrates yet another embodiment of the thin film

device according to the present invention. In the figure, the same



in the body of a worker is introduced via the output termnals 41 and 42
during a manufacturing or assenbly process, no excess current will flow
into the thin filmelenent 1 since the phototransistors 331 and 332 are in
an off state and the PTC thermi stor elenent 31 is in a shorted state.
Thus, any electrostatic breakdown of thé®thin filmelenment 1 and change in
Its characteristics can be prevented. : When providing the thin film
element 1 with gefsrgneé nambepkiarg asdigaedi thaonipementshildatical f d rthose
element 1 for characteristics neasurenment work or the |ike, the

phot ot r ansi st or sllustthted dirB3RIGS.elt tw MEdIwmntlasdettbodinlendn ehgy meansufior i ed
to the PTC thermstor elenent 31, to achieve continuity for the

phot ot r ansi st or swAtdhiagd 3332 canstitigpddbf a bhresas ¢etrhinaleswitchime element

23 value of the PTC therm stor elenment 31 until the PTC therm stor

el ement 31 ent eid.dfhepé¢hred at ternrinalil $witgchimg aclemerst 5,gwdlicht neansnbssi on
line constituted between the thin filmelenent 1 and the output termnals
41 and 42. constitt@ted. dfi 4| bipolaat ¢sansistoanat field effenti tremisisior tdre théi n
fil mdevice according to the present invention. In the figure, the sane
ref erence nunbedikeris ssnngoted thetwespotbet kaddeonduatonso 21t lamsk 22. The
illustrated in FIGS. 1 to 11. This enbodi nent includes asignal processing
circuit 20 whi crenibodiment titlustratefiein FIG.f 8) im whiclenthd .three — terniinal
embodi nent illustrated in FIG 12 is characterized in that the neans for
switching 3 is cauehing glementndh isvicontrolded owmomgiora byetihed t identidal
energy generated when the signal processing circuit 20 operates. In this
enbodi ment, the teethe msthodwihemigly which dbesphotetransister Allustratedi dnor
el ement 31 which_is connected between the term_ nals 41 and 42. When
it is necessary HI6pf dgcgantsolied.raghieves: ahmesk ddontical pdvantagesetaithose

el ement 31 is kept .at . normal tenperature. _
achieved by the embodiment in FIG. 7.

FIG. 9 illustrates yet another embodiment of the thin film
device according to the present invention. In the figure, the same
reference numbers are assigned to components identical to those
illustrated in FIGS. 1 to 8. In this embodiment, the means for
switching 3 is constituted of semiconductor switches 341 and 342.
The semiconductor switches 341 and 342 in the figure are each
constituted of a _three — terminal . switching element, and are
respectively controlled by electrical signals Sl and S2 provided
to the terminals 43 and 44 connected to control electrodes.

When it is neceséary to prevent electrostatic breakdown,
the semiconductor switches (three — terminal switching elements)
341 and 342 are sustained in an off state. As long as this state
is sustained, even if an electrostatic charge in the body of a
worker is introduced via the output terminals 41 and 42 during
a manufacturing or assembly précess, no excess current will flow

into the thin film element 1. As a result, any electrostatic



As long as this state is sustained, even if an electrostatic charge in the
body of a worker is introduced via the output termnals 41 and 42 during a
manuf acturing or assenbly process, no excess current will flowinto the
thin filmelenment 1 since the PTC therm stor elenent 31 is in a shorted
state. Consequently, any electrostatic Fleakdown of the thin film el enent

1 and change 1in its characteristics can be prevented. When
provi di ng t he t Hireakidoswrel efrenhel thihh filrsi gbeahentr 1t admdigchahga Singniak
fromthe thin filmelenment 1 for 24

characteri sti cs chemaotenistics weark beorpreirentdd.ke, the signal processing
circuit 20 operates and generates heat. Through this heat generating
operation, the PTC t heQontimuitgl ésreathigtreds fohethedsemitonductesi switches
val ue of the PTC therm stor elenment 31 increases rapidly until the PTC .
t hermi st or el emefthréd —eterarinal awitckings tel¢ments)s (841 apd 842 byr pedvisiggal
transm ssion |[ine being constituted between the thin filmelement 1 at the
out put term nalthed toatrbl43ignals S1 abdr S8g tanthardontsohgdeatrodés of the
characteristics neasurenent work, the PTC thermi stor elenent 31 is heated
by an external semsiconducter ahwitdhess (fhreeidternsinad rawidcling elernémtsyi §43
processing circuit 20 so that the signal processing circuit 20 can start
oper ation. Then,and t342 twheni previdingcths ithin cfilmuelementstlarwidh at signal
operation and the tenperature of the heat generated rises to the |evel
that is high encomyhtakingiueut t Re sigaal héromstthe thinnmdiblim 3elemenpeldatfori n
the high resistance area, the heat generated by the signal processing
circuit 20 may behanacterdsties ymeasurgment work or threlikgCseohthati @ morsiadnent
31 is provided at, a stage to the rear of the_ signal processing circuit 20.
Consequent [y, i nsignal stzanssaission  lineecds reonstituted, bekweon Shet Hainsi fiim
rocessin :
P d element 1 and the output terminals 41 and 42.

FIG. 10 illustrates yet another embodiment of fhe thin
film dévice according to the present invention. In the figure, the
same reference numbers are assigned to components identical to
thoée illustrated in FIGS. 1 to 9. In this embodiment, the means
for switching 3 is constituted of phototransistors 331 and 332
and a light emitting element 321. In the embodiment, the light
emitting element 321 is caused to emit light or stop emitting
light by electrical signals provided to the terminals 43 and 4
to cause the phototransistor 331 and 332 to perform a switching
operation.

The timing with which the phototransistors 331 and 332
are controlled is the same as the timing with - -which the
semiconductor switches (three — terminal switching elements) in
FIG. 9 are controlled, and the embodiment achieves advantages

almost identical to those achieved by the embodiment illustrated

in FIG. 9.



circuit 20 as well as electrostatic breakdown of the thin film elenent 1
can be prevented. FIG 13 illustrates yet another enbodi nent of the
thin filmdevice according to the present invention. In the figure, the
sane reference nunbers are assigned to cogponents identical to those
illustrated in FIGS. 1 to 12. This enbodifrent, too, includes

25 a signal processing circuit 20. The neans for switching 3, which

i ncl udes the phot ot randil6t otk iltteates3get sanpthier eimpadisentt ofigthe| thiant
321, is provided at a stage to the rear of the signal processing circuit
20. Thus, in thefibmbdevicenaccariding rissthei presentdngentioni Inhtheifigare, the
processing circuit 20 as well as electrostatic breakdown of the thin film
el ement 1 can besampeexaferente numbers Are rassignetos homponents ridanticabrto
switching 3 may be constituted of a nechanical neans for switching 3. The
mechani cal neansthase Hiustratedyis FHyS.bk tohd Ot ymethiavembodiment Haei tadans

contact point that is manually operated or the type having a nechanical
contact point thiar iswitghimet 3 is| comstituted of phototragsistors 33leand J32y,
magnetism heat, light or the like. The latter type includes, for.

i nstance, a rel agnénp| BFCnhghearmistor - elementid3leThe photetransistars Bdlapnd
According to the present invention, the thin filmelement 1 may be '
constituted of a332rAreorrAnecbiveivitasgmectad dnrsaries vathnthe lead £onductors
magnetoresi'stive film Wwen the thin filmelement 1 is constituted of a
magnet or esi st i ve2} iand 3% clle LGt thermistoroglement pdl dgopernpatad between
magnetoresistive-filmhaving a nulti-layer filmstructure to _achieve an
out st andi ng advatiederminals)iddajande dZaphthengh pebnshowasiasdight emitting i ng
a multi - layer fjlm structure is a net oresi stiyve fil nhggv,i ng a .spin

&

valve film strutlement that diivesbhe phatptransistors melaapd Ade dssprovidatye

fiim When it is necessary to prevent electrostatic breakdown,
the phototransistors 331 and 332 are set in an off state and the
PTC thermistor element 31 ié kept at normal temperature. As
long és this state is sustained, even if an electrostatic charge
in the body of a worker is introduced via the output terminals
41 and 42 during a manufacturing or assembly process, no excess
current will flow into the thin film elemént 1 since the
phototransistors 331 and 332 are in an off state and the PTC
thermistor element 31 is in a shorted state. Thus any electrostatic
~ breakdown of the thin film element 1 and change in its
characteristics can be prevented.

When providing the thin film element 1 with a signal
or taking out a signal from.the. thin film element 1 for
characteristics meaéurement work or the like, the phototransistors
331 and 332 are turned on and thermal energy is supplied to
the PTC thermistor element 31, to achieve continuity for the

phototransistors 331 and 332 and rapidly increaSe the resistance



structure is enployed as a reproduction elenent in a thin film magnetic
head. Next, an exanple in which the present invention is adopted in a thin
fil mmagnetic head device is explained.

26 FIG 14 is a top view of the r%gnetic head device according to
the present invention. The magnetic head ‘device according to the present

i nvention includes a thin filmmgnetic head 5 a head support device 6,
two sets of | eadvalmedaf tthesPTC1themmistay elemient? Blamatil2thenRI'G theanwdstoor
switching 3. The <circuit for achieving electrostatic breakdown prevention
which is consti¢lemshto8lt entensaran fapenswitatdi resudtingy insaumoramal signalhe
structures adopted in the enbodinents illustrated in FIGS. 1 to 13.

I n the enbodi nentransinissiont Bueiconstitutad: betweenethes thin filowielerhenty 13and
nount ed on one surface of the head support device 6. The neans for
switching 3 is cthementtputbtermeinals el |and 4Zonductors 21 and 22, of the

| ead conductors (21 and 22) and (71 and 72). The means for sw:tching 3 may

be mounted on the headl6upbbrillusivates yebyaneihey sembodimentbedr therthin

flexible wring board, or it may be directly nmounted. FIG 15 s
an enl arged fronfilmi devise aecondingicta dhrepresend uimviendigsorini she ofigure the
magneti c head device illustrated in FIG 14, and FIG 16 is an- en| arged

bottom vi ew of tsRmAateferencersanbersu ATe rRpsiened de sompaneniynigdenticab 4o
: ﬁ:“ncf m lrJr;tngt Ffl,doé‘i‘gaiﬁhg?qtééb%vﬂ_@@\A}AtSFS.Q__ ﬂ.’t@ﬁﬂﬁgb@gﬁ fiéghiciﬁget he
Spposi t o sur f acceBEAE | PACPHINR SUBBLY 8D Rk Heceomastiod o thay HiBe ici ng
opposite the nmedium Mof the slider 51 may be provided with 1 to 3 rail
portions or it nﬁlyﬁ%ﬁ?&rned as a
' The embodiment illustrated in FIG. 12 is characterized in
that the means for switchihg 3 is caused to perform a switching
operation by the thermal energy generated when the signal
processing circuit 20 operates. In this embodiment, the means for
switching 3 is constituted of a PTC thermistor element 31 which
is connected between the terminals 41 and 42.
When it is nécéssary to prevent elect’rbstatic breakdown,
the PTC thermistoi' element 31 is kept at normal temperature.
-As long as this state is sustained,: even if an electrostatic charge
in the body of a worker is introduced via the output terminals
41 and 42 during a manufacturing or assembly process, no excess '
current will flow into the thin film element 1 since the PTC
thermistor element 31.is.in .a shorted . state. Consequently, any
electrostatic breakdown of the thin film element 1 and change
in its characteristics can be prevented. |

When providing the thin film element 1 with a signal

or taking out a signal from the thin film element 1 for



27 flat surface with no rail portions. In addition, various geonetric
patterns may be added to the surface facing opposite the medium Min order
to achieve an inprovenent in the flying characteristics. The present

i nvention may be adopted with any of thg;ne types of sliders. The portion
of the surface facing opposite the nedi Mt hat projects out the furthest
constitutes an air bearing surface having a high degree of surface

snoot hness. The chiardeteristidsn meastuireorenti swprbviaed thet hlikep theél sigonalions
513 and 514 at the surface facing opposite the nedium M and the surfaces
of the rail portoropessing ecirduitl 20aoperated and gemerades i meats Flimmaeh This
Thin filmelenments 1 and 52 are located at a side surface of the slider 51
(see FIG 17) arwatr gepevatidgd operatipnapthes IBTC 3hermistoraelersest « 8ht is
energe on the outside of the slider 51. The thin filmelenents 1 and 52
are | ocated at theatedit andvthendesistangel valom ohethe PLCi thermistdr elembnt
mediumruns (the direction of air Ol_thIO\lAlé)) i ndi cated by the arrow a. The
thin fil'm el emst éngreases 3apidly mndtil 4be PEC thewnigton ¢ements3kientens to
the process through whi'ch 1 Cs are nmanufact ured. FIG 17 is a
sectional view tarutopen ystatet sesuliing: irera angemeht sigmalt bransmisgiasl dimet s 1
‘and 52 in the thin film pagnetic head 5. O the thin filmelenments 1 and
52, the thin fibeingetenatituted; betweasy tbgutiinofilel elament dnati the eutputa
magnetoresistive filmand_the thin filmelenment 52 is an inductive

recordi ng el enerfermipalsafdeand: ¥2.thin filmelement 1 achi eved by using

the magnetoresistive filmis referred to as, an el enent .
. During an early stage of the characteristics measurement

work, the PTC thermistor element 31 is heated by an external
heaf source which is provided separately from the signal
processing’ circuit 20 so that the signal processing circuit 20 can
start operation. Then, after. t_he signal processing circuit 20 sfarts
its opefatiOn and the temperature of the heat generated rises to
the level that is high enough to cause the PTC thermisfor
element 31 to operate in the high resistance area, the heat
generated by the signal processing circuit 20 may be exclusively
utilized. |

The PTC thermistor element 31 is provided at a stage
to the rear of the signal pi'ocessing circuit 20. ConSequently, in
this embodirﬁent, electrostatic breakdown of the signal processing
circuit 20 as well as electrostatic breakdown of the thin film
element 1 can. be prevented......... . ..

FIG. 13 illustrates yet another embodiment of the thin
film device according to the present invention. In the figure, the
same reference numbers are assigned to components identical to

those illustrated in FIGS. 1 to 12.' This embodiment, too, includes



28 FIG 18 is an enlarged sectional view illustrating the
structure of the MR elenent 1 included in the thin filmnmagnetic head in
further detail. On a base insulating film81 which is lamnated onto a
base body 80 constituting the slider 51, a first magnetic shield film 82,
a first insulating film831, the MR el ef®nt 1, a second i nsul ating film
832 and a second magnetic shield film (first nagnetic filn) 521 are
sequential ly | ag gaired. processing \Birduit £0; €The aheass ifoe swirhidg c®nghidut i ng
the MR elenment 1 may be constituted by using a magnetic ani sotropic
magnet or esi sti vénélhudes the iphototranditor$d3d hadc88@tariditihiel lighttt dmitigei n
valve film The central active -area 11 in the figure i.s constituted of a
spin val ve fil melethefit s821 islprevidéedn athel wstage to ntlgnetdas bif etlte rsigpanse
film(first ferromagnetic filnm 111, a non- nmagnetic a film 112,
magnet i zati on fiprededsihg diedon@0. f Thusyegnethe émbodithentaneleetrostatic.
antiferromagnetic film2114. It goes w thout saying that -another film.
structure nay bédredkdowt of h¢het [signahi proeessingl eirciiit 20t ragt wiedl fas t he
spin valve film - The central active area 11 constituted of the spin
valve filmis febectedstatidiabreakdovemk ofi dhb dhinf dilm neleament 2. Tarerbé m
with | ead conductors 12 provided at the two ends thereof. The |ead
conductors 12 arpresentedirovided with a Co - Pt alloy film 121 and an
el ectrode film122. The Co - Pt alloy film121 is provided to control the
magneti ¢ domai n of theAldynegh mmdti shdwr, ehyeonsearfsi for sktitchiig themapi be
valve film by applying a |longitudinal bias nagnetic field to the spin
valve film ~ constithbed sfecafimethynicahe means v4bre switochingpptd tTHhe
foltowng film 'structure. First, the nmagnetic field response film 111 is
29 constit ut ed mechanikaFemicang foriswitehing nd «miayk hes $hef tyapphexingt al y
0.1 [err] m Under the magnetic field response film 111,

- mechanical contact point that is manually operated or the type

~ having a mechanical contact point that is opened ,/ closed with
a signal such .as electricity, _mégnetism, heat, light or the like.
The latter type includes, for instance, a relay employing a coil,
a lead relay and a thermal relay.
According to the present" invention, the thin film elerhent
. 1 may be constituted of a semiconductor integrated circuit
eiement or a magrietoresistive film. When the thin film element
1 is constituted of a magnetoresistive film, the present invention
may be adopted in a magnetoresistive film having a multi — layer
film structure to achieve an outstanding advantage. A typical
- example of a magnetoresistive film having a multi — layer film
structure is a magnetoresistive film having .a spin - valve. film
structure. Such a magnetoresistive- film adopting a spin valve film
structure is employed as a reproduction element in a thin film
magnetic head. Next, an example in which the present invention

is adopted in a thin film magnetic head device is explained.



a base filmconstituted of a Ta filmhaving a filmthickness of
approximately 0.05 [err] mis fornmed. The non -magnetic film112 is
constituted of a Cu film having a film thickness of approximtely 0.025
[err] m The nmagnetization fixed film 113 is constituted of an N Fe
film having a film thickness of approx%smatel y 0.05 [err] m The
antiferromagnetic film 114 is constituted of an Fevh film having a film
t hi ckness of approxi M€l y14. is[ ar tbpmded i of pthesi oagnetich laegd odeviceve
film constituted of a Ta filmhaving a filmthickness of approximately
0.05 [err] m Hoaepoeding hic thd rpresentt invendioh.t Thenunagnetit heddiedeviek t he
fi. mthi cknesses represent an exanple only, which does not-restrict the
present inventi cacdonrdingy toathe'mtesest énventionoiriotudés lanthin filmrmagmeyicbe
adopt ed i nst ead. As explained earlier, the spin valve film adopting
a mlti -layer hédad 5 id hheatr support devicenbeitwoesatbyof dedd conduetdrs (21
carrying capacity. Because of this, if an electrostatic charge in the body
of a wor ker  handhndg22heandgn€fl amda2)asandbhymeansi dor csiwitelingit3 The
magneti ¢ head assenbly during a manufacturing or assenbly process, an
excess current wircuit! dor achievihg elechrosihtic brealrdewnc prawention which
readily cause electrostatic breakdown. In addition, the

magnet or esi st ancis edhsiituted ofiethepimeand for switohing demeayri assyimiy are of
rotating angle of the direction of the nmagnetization of the magnetic field
response- fi | m (fthe steyeturesr adeptede ino theeemboediments dllusteatedxén FIGS.
magneti zation of the ' 30 nmagneti zation
fixed film (pinnkdt@ dd@r) 113 in contact with the antiferronagnetic |ayer
114. If an electrostatic charge is_ introduced into the spin valve film
adopting such a struct dRethe¢mabgdiment oilustrated in xBHr.mhénthe Zneans T t he

magneti zation fixed film i nned | er) 113 wll be.caused to change, by a
d switching 3 gsp mou'n’ceda ></)n 2)ne surface of the head support evice_y

6. The means for switching 3 is connected between the lead
conductors 21 and 22, of the lead conductors (21 and 22) and
(71 and 72). The means for switching 3 may be mounted on the
head support device 6 by using a circuit board or a flexible
wiring board, or it may be directly mounted.
FIG. 15 is an enlarged front view of the mégnetic héad
" mounting portion of the magnetic head device illustrated in FIG.
14, and FIG. 16 is an enlarged bottom view of thé mégnetic head
mounting portion of the magnetic head device illustrated in FIG.
14.
As shown in FIGS. 15 and 16, the thin film magnetic head
5 is provided with a slider 51. One surface of -the -slider 51
constitutes a surface facing opposite the medium M, with the
opposite surface constituting a supporting surface 512. The
surface facing opposite the medium M of the slider 51 may be

provided with 1 to 3 rail portions or it may be formed as a



magnetic field, heat and the |ike occurring dependi ng upon the direction

I A which the electric charge travels or occurring due to the traveling
charge. If the direction of the fixed nagnetization of the nagnetization
fixed film (pinned | ayer) 113 changes, the magnetoresistance effect wll
change and, as a result, specific reprod'ﬂction characteristics cannot be
achi eved. The thin filmelenent 52 constituting the recording

el enent is proviflad suirféicea Withshoneajb eportidnd. n5 addwionhvations feoatetrios as
the second shield film a second magnetic filmb522, a coil film523, a gap
film524 consti tpatéerns may benaddedt toe the isurfacenfacingl eppositd ithen madium
constituted of an organic resin, a protective film526 and the like, as -
illustrated in AMG in7. ofider ftoonackiede ofnt himprovementynein c thel mfhafngand
the second magnetic film 522 formpole tips. Pl and P2 which face opposite
each other overcharactapstics.nTha4present gitarendion emeyrybenadopted okithsanyand
a wite operation is perforned at the pole tips Pl and P2.- - The
yokes of the fireht thepeettivpesi lofh SHiepsd THee poxtiond ofvetheet surface nfacing are
linked with each other to conplete a magnetic circuit. at the back gap
porti-on whi ch i soppesite dhenmediumo M dhiat epxijdetst outntheefpdhest iconstitutesd
P2. The coil film523 is formed w nding around the |inked portion of the
yokes in a coilawon aine beavimgt iyface ngmmgﬂm thighendeguse tof surfade | m
523 are electrically continuous with the bunps 517 and 518 (see FIGS. 15
and 16). smegthnesse Theaslidep ok indthe &igwenisy prgvided whth itwa ail
direction of the length constituted as_a fixed end _and the other end
constituted as aperidens i3 and pldsat shedsurfape dacing opppsitey the medium
provided with a flexible supparting portion 61 at the free_ end with the
f1exibl e support Mhandrthe susiacas, of ctheyraih poréionso pl 8 ngndupl4care mysesk

the slider 51. The head support device 6 supports the thin fil mmagnetic

head in such a n@hr@if PRAYing surfaces 51'0_' _
' Thin film elements 1 and 52 are located at a side surface

of the slider 51 (see FIG. 17) and are provided with bumps 515,
516, 517 -a.nd 518 that emerge on the outside of the slider 51.
The thin film elements 1 and 52 are located at the outflow end
viewed from the direction in which the medium runs (the
direction of air outflow) indicated by the arrow a. The thin film
elements 1 and 52 are manufactured through a process similar
to the process through which ICs are manufactured. '

FIG. 17 is a sectional view that illustrates in an
enlargement the thin film elements 1 and 52 in the thin film
magnetic head 5. Of the thin film elements 1 and 52, the thin
film . element 1 is a reproduction. element -constituted -of a
mag'netoresistive film and the thin film element 52 is an
inductive recording element. Hereafter, the thin film element 1
achieved by using the magnetoresistive film is referred to as an

MR element.



the thin filmmagnetic head 5 can follow surface fluctuations of the
magnetic di sk (not shown). Various types of head support devices have been
proposed and put into practical use in the prior art to constitute such a
head support device. The flexible supporting portion 61 of the head
support device 6 in the figures constitut®s a ginbal that allows a rolling
notion around a first axis which is assuned in the |engthw se direction
and a pitching notion @GUNIB ajss ePnenktiged Waketiohal evieact BlidteafihgStthaxi s
ort hogonal | y, and the supporting surface 512 of the slider 51 constituting
the thin film megirachrensfidhe MR |diétkedt tlo indladedVvier the uhincilrhymagheties
such as bondi ng. Anmong the | ead conductors (21 and 22) and (71 and
72), the lead coheudtin Suzthandetdilar®n paobase dinsulatihg FRm edle®hichl iand
the | ead conductors 71 and 72 are provided for the thin filmelenent 52
which is to conslantiniated orewoadbage dym8M® considtutdng thndlideor51,2d farst 22
are intertwi ned. Such |ead conductors 21 and 22 are nornally referred to
as tw sted pa|r ma@mleem sHield efahncmdmtm-st Znisabating dSilen e88h, chenddRed-
to the 32 MR elénent 1 at one end. Mire
speci ficall y, 't heletremart dpradsetond 1n%iﬂat1ﬂg22|1nr S32eandcti vetond amagnietid t o
the bunps 515 and 516 (see FIGS. 15 and 16) and are nade to be

el ectrical ly conshieldfiim wi(fihstt meagnetipafikny e52t e $@juemtdallp 2lamhinied VR
element 1 illustrated in FIG 18. The neans for switching 3 which is
nounted at the head. suffhile devcemiréli activenesead ldet canstituting| ¢he MR
conductors 21 and 22 in the niddle area in the direction of the |ength.

I n the enbodi nenelemend [leamiay obeluconstitutedabs N8ing o, magneticoavisatuopit of
twisted pair cables. The |lead conductors 71 and 72 are respectively
connected to thenagmetorssistiviel Blra, dbds nrresdesizabled tocronstitute eincwltho be
connected to the coi|l film 523 of the thin filmelenent 52 constituting
the recording el anspin valwe f-lﬂxg The . central active area 11 in the f1gure is

constituted of a spm valve film. This spin valve film mcludes

a. magnetic field response film (first ferromagnetic film) 111,

ferromagnetic film) 118 and an antiferromagnetic film 114. It
goes without saying that another film structure méy .be adopted .
other than th1s particular film structure for the spin valve film.

The centrai acfive area 11 constituted of the spin valve
fiim is formed to have a track width of, for 'instance, 2.5 4 m,
with lead conductors 12 provided at the two ends thereof. The
lead conductors 12 are each provided with a Co— Pt alloy film
121 and an electrode film 122. The Co — Pt alloy film 121 is
provided to control the magnetic- domain -of the magnetic field -
response film 111 of the spin valve film by applying a
longitudinal bias magnetic field to the spin valve film.

More spe_cifically, the spin valve film adopts the folloWing

film structure. First, the magnetic field response film 111 is

""a Tion — magnetic film 112 a magnetization fixed film (second -~



FIG 19 is an electrical connection diagramof the magnetic head device

| Flustrated in FIGS. 14 to 18. As shown in the figure, the MR elenent 1
constituted of the spin valve film is led to the output termnals 41 and
42 via the |l ead conductors 21 and 22, V\n%h a neans for switching 3
connected between the |ead conductors 271 %and 22. Thus, - even if an

el ectrostatic charge in the body of a worker is |ntroduced via the out put
termnals 41 ancbrtititedngofa emnuNdEeurfibhg dnaviegenhl yfipmoctsickniessi of
shorted by the neans for switching 3 and, consequently, it never flows
into the MR el engpprokiméiely Odsum. Under dhectragsietici field respatmaenfitid 1bhe MR
elenment 1 and change in its characteristics: can be prevented.

During the proceasbade tfilansomstitated hof pr Adufilmf hawvingea film thickness of

33 manufacturer to the user, during the acceptance inspection perforned
at the user, durapgraXimateben®0§ 2 m dist fiermedndiiec nodi skmdgnetie fidmh 1S
like, too, any electrical charge, resulting . electrostatic breakdown and
change i n char aciser constitutedn 6f apr Guenfidoh abaving as film nthickress of
switching 3 sustains a closed state. - Waen providing the MR el enent
1 wi-th a signal sppreximatelRi 8D25 gimnaTheumagnetizatiorvRisednmdéilm 1113r it he
characteristics neasurenment work or the |ike, energy Sl that achieves an .
open state for comstitizted fof am t NiFeg filmhohaving supfilined thickrtess needhs

for switching 3, since this will constitute a normal signal. transm ssion
| i ne between theam@tm@tmﬂ 6% uhm.oufbet anftzafemqmagnmcarfeﬂmz k4 is
accommodat e the characteristics neasurenent work ile, Wnen t he

spin val ve fil m opnstituiedy efheaveFeMn d&ilm ehavingns | fﬂm@hwbms
W1t ow into’ abproximately 0.1 4 m ‘and is provided with a protective %E‘En
constituted of a Ta film having a film thlckness of approximately
0.05 z m. Héwever, this film structure and the numerical values
of the film thicknesses represent an example only, which does
not restrict the present invention ‘in any way whatsoever and
other film structures may ‘be adopted instead.
As explained earlier, the spin valve film adopting a multi-
- lé.yer. thin film structure has an extremely small current
carrying capacity. Because of this, if an electrostatic charge in
the body of a worker handling the magnetic head assembly is
introduced into the magnetic head aséembly during a
manufacturing or assembly process, an excess current will flow
into the spin valve film, which may, in turn, readilﬁr cause
electrostatic breakdown... - -
In addition, the magnetoresistance efféct of the spin valve
film is determined by the rotating angle of the direction of the

magnetization of the magnetic field response film (free layer)

relative to the direction of the fixed magnetization of the



the spin valve filmto readily cause el ectrostatic breakdown if an
electrostatic charge fromthe body of a worker handling the magnetic head
assenbly is applied to the nagnetic head assenbly during a nmanufacturing
or assenbly process, electrostatic breakdown of the spin valve filmcan be
prevented in the enbodi nent adopting thes_present I nvention as the

il lustrations of the enbodi ment denonstrate. I n addition, while,

i f an el ectrost aiiagnebizatien fixedt fibwhuc@dnnedtlayehe $13 rinvebatadti with tthe
direction of the fixed magnetization of the magnetization fixed film

(pi nned | ayer) Il4dtiferromembtic layer 114. If an electrostatic cha#getds
change dependi ng upon the .direction in which the charge travels and by a
magnetic field, hembdoced himtdbi ke wpinr valwe diilbn adoptingt sachl angtmiviunes,
which, in turn, changes the magnetoresistance effect to such a degree that
speci fic reprodths i directianaof ethest fixed c amagnetizatiami ef ethe tinagnptiahtiom
too, is elimnated in the enbodi ment adopting the present invention.

Next, other enbofixkednfimof (pimmedhilayér) mlbBgwélli be hemaisedddoi change by a
explained in reference to FIGS. 20 to 36. FIG 20 is . a top view

i | lustrating anomagnetithdikldeheabfand ethendike ioccurring depending apati ripet o
the present invention and FIG 21 is an electrical circuit diagramof the
magneti c head dedirestion EnGwvhich thenhelestiniidhangei {navels sor occnrringsdugo -
and 21 provides a magnetic_head device which adopts the thin film nmagnetic
devi ce shown inteithe @avelipgaeharee. It thedirection of thajéixed magnesigation
support device 6, with the PTC therm stor elenent 31 copstituting the
means for switchphdhe magnetinatiom dixed dilms{(pimnedslaxsrdodl3 ghanged.ithe and
t he heating PTC therm stor element 32 mpunted on the board 30.. At the,
board 30, the temagngteresistange7eifest wille chasgediamg. ede nnresyt, specificcs,

17 and 21), the termipals 41 and 42 for the MR elenment 1 and the-termninals
43 and 44 reproduction cl_laractenstlcs cannot be achieved.

Thé thin filﬁl element 52 constituting the recording
elemeﬁt is provided with a first magnetic film 521 which also
functions as the second shield film, a second magnetic film 522,
a coil film 523, a gap film 524 constituted of alumina or the
like, an insulating film 525 consti’c_tited of an organic resin, a
protective film 526 and the like, as illustrated in FIG. 17. The
front ends of the firs_t magnetic film 521 and thé second magnetic
film 522 form pole tips P1 and P2 which face opposite each other
over the gap film 524 having an extremely small thickness, and
a write operation is performed at the pole tips P1 and P2.

The yokes of the first magnetic film 521 and the second
magnetic film 522 are linked with each. .other .to. complete a
magnetic circuit at the back gap portion which is located on the

\ opposite side from the pole tips Pl and P2. The coil film 523
is formed winding around the linked portion of the yokes in a

coil on the insulating film 525. The two ends of the coil film



for the heating PTC therm stor elenent 32 are provided. The PTC therm stor
etement 31 is connected to the termnals 41 and 42. The head . support
device 6 may be constituted by using, for instance, a flexible wiring

board constituted of tab tape or the |Iike. A function of
el ectrostatic breakdown prevention and aracteristics change prevention
that is identical to that 35 achieved

in the thin fil nezhe\receletiritilaicodtintidusGwith | theabliif)¥e 171 dnd B18R(see

el ement 1 constituted of a thin filmdevice and the handling for

characteristics pEaS.UISMBRE 16).kK should be the sane as that required for
the thin filmdevice in FIG 3. The board 30 is cut across cutting line X

- X inmmediately beforeNd&, thei Redd | sapp@andeviceh @athatiig Coneé Sek® Uikt qHel Nt 0
a magnetic recording / reproduction apparatus or after It is nounted into

the magnetic recdirgttion/ of dheolmthosondtpiitetiuas 4 dfisadand and¢he Fdiher
therm stor elenents 31 and 32 fromthe circuit constituted of the MR

elenent. erid Gordtitused 40m Frawvend, it iRbstigtedtinaPIGEe14g1Bodhgent
of the magnetic head device according to the present invention. It differs

from the enbodi nBhitis proeided: adth na HiéGble Guppdbreihg iportibat 61 het RhE free
therm stor element 31 constituting the neans for swtching 3 and the

heating PTC t herendt eritle! ¢henfleXibler supportingd portidre Gkathaupiedr tatdehiece
6. The PTC therm stor elenments 31 and 32 can be provided as descri bed

above with ease suppdritingeanfascepdlt ofidhecslider &dndthd biead shpporft devidee

wiring board such as a tab tape. Since all the other aspects of this

enbodi nent are i Gesuppatitst the thie filmt magndticlihead inl Such ratmdnnen tHABS.

20 and 21, apart fromthis difference, their explanation is omtted.

FIG 23 is a topthé ethinl filst rmagngtigeheadobheanefobownsurface fluctuations
of the magnetic disk (not shown). Various types of head ‘support
devices have been proposed and put into practical use in the
prior art to constitute such a head support device. The flexible
supporting portion 61 of the head support device 6 in the figures
constitutes a gimbal that allows a rolling motion around a first
axis. which is assumed in the lengthwise direction -and a pitching '
motion around .a second axis which intersects the first axis
orthogonally, and the supporting surface 512 of the slider 51
constituting the thin film magnetic head 5 is linked to its lower
surface by a means such as bonding.

Among the lead conductors (21 and 22) and (71 and
72), the lead conductors 21 and 22 are provided for the MR
element 1 and the lead conductors--71-and 72 are provided: for
the thin film eleinent 52 which is to constitute a recording
element. The lead conductors 21 and 22 are intertwined. Such lead

conductors 21 and 22 are normally referred to as twisted pair

cables..The lead conductors 21 and 22 are each connected to the



of the magnetic head device according to the present invention and FIG 24
Is an electrical circuit diagramof the magnetic head device in FIG 23.
The enmbodinent illustrated in FIGS. 23 and 24, too, provides a magnetic
head devi ce adopting the thin film 36-
device illustrated in FIG 3. The PTC theP¥istor el ement 31 constituting
the means for switching 3 and the heating PTC therm stor elenent 32 are

mount ed on the hd4R eleppentt ldaviame ehd. Merd Epecificail it tite dbéadesindBictioss
connected to the lead conductors 21 and 22 that, in turn, are connected to

the MR elenent 2] andt22narealrespeetivelly 46onnected to The bempsnsls FAdamps 72
for the recording elenment 52 (see FIG. 24) are each constituted of a
conduct or forned (see ¥IGSarld bodr 16)7 and lawret miadientd bedéleatrdcdily f eontifeod®R
element 1, too, are each constituted of a conductor forned at a hard board
40. These boar dswith athe 4ndrmyassiveitareaseli2hsandnbh22t of thcshMR aleméenterted
into a measuri n%& device (not shown) .for characteristics neasurenment. -
A function of el ddustrated i in bFéak diBwn Theevmeansn fand switchingt € i siiiclh is
change prevention that is identical to that achieved inthe thin film
devi ce il ustrat szbunted gt the headhsepport devidee 6Ms commected! betweent thed -
of athin filmelenent and the handling for characteristics neasurenent .
wor k shoul d be t igad sonductorh2l ranglid%ednf the t idddle mréal in dthe cireoticn G
3. FIG 25 is atop viewillustrating yet another enbodi nent of
the magnetic hea@f d&a dengtlording to the present invention and FIG 26 is
an electrical circuit diagramof the magnetic head device in FIG 25. The
enbodi nent illustrated Erh%hecsmlmhme@t, the lead conducters & lmagpdet72; toead
device adopting the thin film device illustrated in FIG 3. The termnals
71 and 72 for thare constituted of twisted pair cables. The lead conductors 71
and 72 are respectively connected to the bumps 517 and 518 (see
FIGS. 15 and '16) at one end, to be connected to the coil film
523 of the thin film element 52 constituting the recording element

(see FIG. 17).

FIG. 19 is an electrical connection diagram of the
magnetic head device illustrated in FIG"S.l 14 to 18 As shown in
the figure, the MR element 1 constituted of the spin valve film
is led to the output terminals 41 and 42 via the lead conductors
21 and 22, with a means for switching 8 connected between the
lead conductors 21 and 22. Thus, even if an electrostatic charge
in the body of a worker is introduced via the output .terminals
41 and 42 during a manufacturing or assembly process, it is
shorted by the means for switching 3 .and, consequently, it never
flows into the MR element 1. As a result, any electrostatic
breakdown of the MR element 1 and change in its characteristics

can be prevented.

During the process of transporting the product from the



recording el enent 52 (see FIG 26) and the termnals 41 and 42 for the MR
elenent 1 are respectively formed at the hard

37 boards 70 and 40. These boards 70 and 40 nmay be utilized as connectors
that are inserted into a measuring device (not shown) for characteristics
measur enent . The PTC thermi stor ePerment 31 constituting the means
for switching 3 is connected to the termnals 41 and 42 for the MR el enent

1 that are fornegagiufhbfurepard 4the Tﬁgexhea&imﬁf% Pthe tdeeeptaaicer ﬁis%@@ﬂbn32

is thernmally linked with the PTC therm stor enent 31. A function

of electrostati C%&Vf@ﬂiftéﬂ\/\ﬂﬁtptﬁé’eﬁéé@rdtﬁfﬁig ¢her asdeniblst iiggo CHa® ORagnetic
prevention for the MR elenent 1 constituted of a thin filmelenent and the

handling for chaiskctduvieti aadMeERsUliker tooyoary S Blusteiche ¢Hergsd MFesaitinpat
required for the thin filmdevice in FI.G 3. The board 40 is cut across

cutting line X -el¥ctrosesiiat ®rak@bwhe drte changs | in helagradtaristics S caRUMNBeed

into a magnetic recording / reproduction apparatus or after it. is nounted

into the magnetigreweiedi a9 1ong rapthduntans fapnavitthing 3osaspanate doedPTC
therm stor elenent 31 fromthe board 40. FIG 27 is a top view

Il lustrating yetstatef her enbodi-nent -of the magnetic head device accordi ng
to the present invention and FIG 28 is an electrical circuit diagram of -

the magnetic head deviWhenhnpPoviding .théhMR rdlectenrént withuatsighall ornwiHeBS.
27 and 28 provides a nmagnetic head device adopting the thin filmdevice
illustrated i n Fdking aTsignatroutnfiiosn thealkiR Ererhent tlhéor ¢herchargctertistiemnt
52 (see FIG 28)-and the termnals 41 and 42 for the MR elenent 1 are

respectively fornehsarement hwork bomrthe liRepanergsp . SiTHhat dm:hieﬁes T4h sopknd 0

may be utili zed as connectors that
_ state for the means for switching 3 should be supplied to the
means for switching 3, since ‘this will constitute a normal signal
transmission line between the MR elemenf 1 and the output
terminals 41 and 42 to accommodate the characteristics
measurement work.

While, when fhe spin valve film which only achieves an
extremely small current carrjying capaéity .' is employed to
constitute the MR element 1, an éxcess current will flow into
the spin wvalve fihh to readily cause electrostatic breakdown if
an electrostatic charge from the body of a worker handling the
magnetic head assembly is applied to the magnetic head assembly
during a manufacturing or assembly process, electrostatic
breakdown of the spin valve film can be prevented in the
embodiment adopting the present invention-as the illustrations
of the embodiment demonstrate. |

In addition, while, if an electrostatic charge is introduced
into the spin valve film, the direction of the fixed magnetization

of the magnetization fixed film (pinned layer) 113 is caused



38 are inserted into a neasuring device (not shown) for
characteristics nmeasurenent. The nmeans for switching 3 is
constituted of the NTC therm stor elenents 311 and 312. The NTC t herm stor
el ements 311 and 312 are respectively connected in series between the | ead
conductor 21 and the terminal 41 provi ded4on the board 40 and between the
| ead conductor 22 and the term nal 42 provided on- the board 40. While the

enbodi ment i s prigvidigghed tdepending Cupbhethies direttibhl iandvBich thee deage for
switching may be provided with one NTC therm stor or two or nore NTC

therm stors.  travelsTh@d iby rg maghetidi fibld, eeatean stHeo likewotetiitifig3 dus
driven when it is constituted . of the NITC therm stor elenents 311 and 312

and the advantages ahbi eveaivdling hi charigeuct witdchavein altueady dleaigesxplthiened
in reference to FIG 4, and through a sinple operation of supplying

thermal energy tmaghetdfesistahee m effect eltenesueh314 . addgide? fthab t Spedificsi de
or stopping the thermal energy supply, the function of electrostatic

br eakdown pr eventeprodaetioheclemaiet@dsiics dantlotebe achieved, thisproblém, $od,0p
view illustrating yet another enbodi rent of the magnetic head device

accordi ng to thesperdnatediantherembodinhéit afddptingithel peésentainwartion.t
di agram of the magnetic head device in FIG 29. The enbodi nent
illustrated in FIGS. 2WNexty othér pmboditsertsmafinttie ¢hixe afilm exiagmedito hteadg
the thin filmdevice illustrated in FIG 5. The board 30 is nounted at a
side of the headewdeppare ekplained,inameferbpctNTo tFIHSI 20 do @6e FEGt. s2B 1is and
312 and the heating PTC therm stor ‘el enent 32 which constitute .
39 the neans foa topi view niglstratingrantbeér cembbdirhent @f3the Thagnetic head
device . according to the present invention and FIG. 21 is an
eleci:ri'cal circuit diagram of the magnetic head device in FIG. 20.
The embodiment illustrated in FIGS. 20 and 21 provides a
magnetic head device _Which adopts the thin film magnetic device
shown in FIG. 3. A board 30 is mounted at a side of the head
support device 6, with the 'PTC thermistor element 31 constituting
the means for switching 8 for achieving electrostatic breakdown
prevention and the heating PTC thermistor element 32 mounted
on the board 30. At the board 30, the terminals 71 and 72 for
the recording elemenf 52 (see FIGS. 17 and 21), the terminals
41 and 42 for the MR element 1 and the terminals 43 and 44
for the heating PTC thermistor element 32 are provided. The PTC
thermistor element 31 is connected to the terminals 41 and 42.
The head support device 6- may- be -constituted by -using, for
instance, a flexible wiring board constituted of tab tape or the
like.

A function of electrostatic breakdown prevention and

characteristics change prevention that is identical to that



termnals 71 and 72 for the recording elenent 52 (see FIG 30), the
termnals 41 and 42 for the MR element 1 and the termnals 43 and 44 for
the heating PTC therm stor elenent 32 are provided at the board 30.

The neans for switching 3 is constituted of NIC therm stor elenents 311
and 312. The NTC thermistor elenents 3185and 312, which are nounted on the
board 30, are respectively connected in series betmeen the | ead conductor

21 and the ternjdidbvéd iR’ eNé d@4n OfilthN8eviear Hluiltrated BetFEER tigeadisidded

conductor 22 and the term nal 42 provided on the board 30

Furthernore, thenh¢rei RIR Fllenidh@r I ebwstikitedest SB2aHif flhho\dbm ahd RBe
board 30. The heating PTC therm stor elenent 32 is thermally linked with

the NTC therni stiggndliggefios Sdradtherisfiés fivabliferent dweitk EhRWIEabenghBTC
therm stor elenent 32 Is connected to the termnals 43 and 44 provided on

t he board 30. same as hghdt Feqdiredt fohileh thive fibandevide Sni FIG. 81 Thes
driven when it is constituted of NTC therm stor elenents 311 and 312 and

t he advant ages dsddrdv80 By culbi scroks Laittirgs Niee X 2l X eiminellbetal e yuforadtiel n
reference to FIG. 5 and through a sinple operation of supplying thernal
energy to the NTGint fihi sagnaticnhesd dévdicends3hiotinted timoheatmagneic
thermstor elenment 32 or stopping the- thermal energy supply, the function

of el ectrostati crdgoeditgowi yeprodaction apparetusnabl afteor itdis anbetited into
FIG 31 is atop viewillustrating yet another enbodi nent of the nagnetic

head devi ce accoiti ngagmetiderepordingt 1 repradustionn dppatati? tosseparatedei cal
circuit diagramof the nmagnetic head 40

device in FI G 3RTCThkesmisidt nelemerits usl raxidk B2 fréinGthe 3diremit cﬁﬁstptumddes -
a magneti c head device adopting the thin filmdevice illustrated in FIG

6. The ter ni nal soff thenMR2elementie recording elenment 52 (see FIG 32) and
the termnals 41 and 42 for the

FIG. 22 is'a top v1ew 111ustrat1ng yet another embodiment

of the magnetic head device according to the present invention.
It differs from the embodiment illuStrated in FIGS. 20 and 21
in that the PTC thermistor element 31 constituting the means
for switching 3 and the heating PTC thermistor element 32 are
.m"ounted on the head support device 6. The PTC thermistor -
elements 31 and 32 can be provided as described above with ease
if the head éuppoft device is constituted of a flexible wiring
board such as a tab tape. Since all the other aspects of this
embodiment are identical to those of the embodiment illustrated
-in FIGS. 20 and 21, apart from this difference, their explanation
is omitted.

FIG. 23 is a top viéw-illustrati—ng- yet another embodiment
of the magnetic head device according to thé present invention
and FIG. 24 is an electrical circuit diagram of the magnetic head
de.vice in FIG. 23. The embodiment illustrated in FIGS. 23 and

24, too, provides a magnetic head device adopting the thin film



MR el ement 1 are respectively forned at the hard boards 70 and 40. These
boards 70 and 40 may be utilized as connectors that are inserted into a
measuri ng device for characteristics neasurenent. . The neans for
switching 3 includes the NTC therm stor elenments 311 and 312 and the PTC
thermistor element 31. The NTC thermist8f elements 311 and 312 are
respectively connected in series between the |ead conductor 21 and the

termnal 41 prqiwviesd OludthatdPard FIG a3 TheWdEDCt hbetmiastoeorivinent 82

and the termnal 42 provided on the board 40. The PTC therm stor el enent

31 is connected adrshititihg eftiy akand liandwidehiy "8dand the bheatidgt®T(dhe
heating PTC therm stor elenment 32 is thermally linked with the PTC

thermi stor el engffermistor elemenfl'82 tar8l Abutitbd BRI ¢he theadNKaggiet nd&ties

el ements 311 and 312 and the PTC thermistor elenent 31 constituting the

neans for switchndhe PTCIriheemistort ermanit 83 tifatcohfetted tOY Mead
explained earlier in reference to FIG 6, with the neans for switching 3

achi evi ng i dent i gaidwstepdt 2Desnd 022 hilsgt, iwc Huewe darien cohaeetdibdionthe MR
illustrated in FIG 6. The board 40 -is cut across cutting |line X-X

i redi at-el y bef cglemieint dpabetereninadsdiSleandei.s nounted into a magnetic
recording / reproduction apparatus or after it is nounted into a nagnetic

recording / reproduct iThe depminilss 7o andpdi2atfert tiee Plecordintgri elenrent| 88ent
41 31 fromthe board 40. FIG 33 is atop viewillustrating yet

anot her enbodi me(gee BIGt 24) magectach hemstiterted eoficr watidugton fiormedr eteant

invention and FIG 34 is an electrical circuit diagramof the magnetic

head device in k@ &&ardTAO. dleoderminals| 4lisamdit 42 for Eh&EMR32lement 3Y

provi des a magneti c head device adopting the thin filmdevice illustrated

in FIG 12. The Wiogeak eack eomistijuted ofi 8 @hductopuforened at a hard board

- ' 40. These boards 70 and 40 may be utilized as connectors that -

are inserted into a measuring device (not shown) for
characteristics measurement.

A function of electrostatic breakdown prevention and
characteris_ticé change prevention thé.t is identical td that
achieved in the thin film' devicé illustrated in FIG. 3 is achieved
in the MR element 1 cdﬁstituted of a thin film element and the
-handling for charécteristics measurement work should be the
same as that required for the thin film device in FIG. 3.

FIG.' 25 is a top view illustrating yet another embodiment
of the magnetic head device according to the present invention
and FIG. 26 is an electrical circuit diagram of the magneﬁc head
device in FIG. 25. The embodiment  illustrated- in- FIGS. 25 and
26, too, provides a magnefic head device adopting the thin filni
device illustrated in FIG. 3. The terminals 71 and 72 for the
recording element 52 (see FIG. 26) and the terminals 41 and

42 for the MR element 1 are respectively formed at the hard



on the head support device 6. The signal processing circuit 20, which
constitutes a read / wite circuit, is connected to the MR elenent 1 and
the recording elenent 52 (see FIG 34). The neans for switching 3 is
constituted of the PTC therm stor element 31 and is thermally linked with
the signal processing circuit 20 on the fead support device 6. The
signal processing circuit 20 generates heat at a consi-derable tenperature

while it performboarde#0 RIL e THesel 'Boar@3C70Nahd! 200 R} edaerﬁtlﬁz'!ed as
performs a switching operation with the thernmal energy which is generated

when the signal penGestersGhatidrevirise?fedopgicihemeasuring ddbiRebea6E sBB
nmounted at the side.of the head support device 6, and the termnals 71 and
72 for the recor fonghelractstistics? messurentent34), the termnals 41 and 42 for
the MR elenent 1 and the termnals 43 and 44 for the heating PTC

therm stor el enment 32 Ehe PTOvithefmistorheldmeantd 30. coﬂ%@lta ﬁg@rft%nméaﬁfs

element 31 is connected to the termnals 41 and 42 he tim ng

Wi th which the P tswditchingo8 & evtnecl toofksd ltéﬂhilﬁ&st he ARG ff8f the
switching 3 is driven i's the same as that in the enbodi ment expl ai ned
earlier in referMReelement@ that are formed at the board 40. The heating PTC
with the nmeans for switching 3 achieving identical advantages to those
achieved in the thémdistent dlémeatr 82dis n thefimallyr linked witls the i PTEO"
el ectrical circuit- diagramof yet another enbodi nent of the magnetic head
devi ce accordi ngt]nermisdaoprdenmnt Bidyvention. This enbodi ment represents an

exanpl e that is ideal in applications in which the means for switching 3
is constituted by usiny dunctiondwft electrbstatics, bgakduwangirevertionr atrde
like (see FIGS. 7 to 11). The phototransistors 331 an 332 and the

light enitting charanteristicsc ocsanget i prgpventiareafer f otheswiMRhi slprderitor b an
integrated circuit 200 together wth the signal processing circuit :
constltuted of a thin film element and the handhng for
characteristics measurement work should be the same as that
required for the thin film device in FIG. 8. The board 40 is cut
across cutting line X —X imme.diately before the magnetic head
device is mounted into a ~magnetic recording / reproduction
apparatus or after it is mounted into the magnetié recordirig' /
reproduction appafatus, to separate the PTC thermistor eleﬁent
31 from the board 40. |
FIG. 27 is a top view illustrating yet another embodiment
of the magnetic head device according to the present invention
and FIG. 28 is an eléctrical circuit diagraﬂl of the magnetic head
device in FIG. 27. The embodiment illustrated in FIGS. 27 and
28 provides a magnetic head device adopting- the-thin film device
illustrated in FIG. 4. The terminals 71 and 72 for the recording
element 52 (see FIG. 28) and the terminals 41 and 42 for the

MR element 1 are respectively formed at the hard boards 70 and

40. These boards 70 and 40 may be utilized as connectors that



20. FIG 36 is a top view of a magnetic head device achi eved by
nounting the integrated circuit 200 in FIG 35 on the head support device
6. The board 30 is nmounted at a side of the head support device 6, with
the termnals 71 and 72, and 41 to 44 provided at the board 30.

FIG 37 illustrates the magnetic recordim$ / reproduction apparatus
according to the present invention. The magnetic recording / reproduction

appar atus accor difg fifsdriiedpriggenta imeaRiring | deriedes (adtoskhowii Ng figvi ce
10, a magnetic disk 9, a head support device 6 of the known art and the.

thin film magnethgradeeadsticacaeagufement.t he present invention. The
magnetic disk 9 is driven to rotate in the direction indicated by the

arrow a by a rotary drftve meahsniferm dwitchipvd) is domseitaitéd oof nthe A§TICce
10, which adopts the rotary actuator system supports the one end of the

head support devilssnfisbond eleinentsi 311 mrideB12. The NTC thermistor elements
43 direction indicated by the arrow bl or b2 at a specific angle (skew

angl e) on the pl8hk aid 312 arerespectiltelic conneoted] in seériés betweentle lead
magnetic disk 9 and a read fromthe magnetic disk-9 are inplenented at a

specific track. conductorA21 harsd bideen termiral e, prasdided iory the bbardr4d amid
I nvention, the follow ng advantages are achi eved: (a) Athin film
device, a thin fbetwenyrthe tedtt adndeactare 22aaddathageetinal et powided on
reproduction apparatus, with which the function of electrostatic breakdown
preventi on can bthertsdardd 40oWHilsathe cemabodineerste isrprorideddwdth two NT( b)
A thin filmdevice, a thin filmmagnetic head device and a magnetic
recording / reprthemuistorsipfhl atame W12 h thel oneansefémnswitohing may be
el ectrostatic breakdown prevention to be
provided with one NTC thermistor or two or more NTC
thermistors.

The timing with which the means for switching 3 is
driven when it is constituted . of the NTC thermistor elements
311 and 312 and the advantages achieved by this structure have |
already been explained in reference to FIG. 4, and through a
simplé operation of supplying thermal energy to the NTC
thermistor elements 311 and 312 from the outside or stopping
the thermal enefgy supply, the function of -electrostatic
breakdown prevention can be enabled or disabled.

FIG. 29 is a top view illustrating yet another embodiment
of the magnetic head device according to the present invention
and FIG. 30 is an electrical circuit diagram of the magnetic head
device in FIG. 29. The embodiment illustrated in FIGS. 29 -and
30 provides a magnetic head device adopting the thin film device
illustrated in FIG. 5. The board 30 is mounted at a side of the
head support device 6, and the NTC thermistor elements 311 and

312 and the heating PTC thermistor element 32 which constitute



externally prodeed at the thin filmelenent with ease, are provided.

44 What is clained is: 1. A switched electrostatic
protection arrangenent for a thin filmdevice having a si gnal i nput
circuit including at |l east two | ead condugtors connecting a thin film
el-enent 5 inside the thin filmdevice3ith at |east tow terninals
external of the thin filmelenent, said switched el ectrostatic
protecti on arrangheemearsmfor sswitching 3 are mounted Gutlte WdardnS0IVThE
said thin filmelement; and a neans for switching directly connect ed

to said at |east tesminalad7t camtd (T rfer viter eecondiag selbaterswb2c ses FI6. B0
connected to receive energy supplied fromthe source of energy eternal -to

said thin film 1he terhdmals 4ioanded2 dorithe MRvélententgl oped aflieo ferirflinals
sel ectively provide electrostatic breakdown protection for said thin
filmelenent. 43 and. 44 for The dveatingenBMC ofhainistor 1eldmeset nSSabﬂe
means for switching includes.at =~ - thermstor elenment. 15 N
The arrangenent @rovideédnat wher boarda3® means for switching incl udes a
therm stor el ement havi ng a positive tenperature coefficient. 4.
The arrangenment of cl ai The3 mbhanei dosaiswitdibingi s3 ois elconstituted dof ecNTC 20
connected between said at |east two | ead conductors. 5. The
arrangement of clthermistancelementsi 8l1ieand 8b2. Thet NT@gthervhisties elements
therm stor el errent haV| a negative tenperature coefficient. 25 6.
The arrangement. % whisheiane qpuntese omi th@rboalrdn%tan'esrebp&tmei{y
connected in serl es to sai d at |east two |ead conductors.

The arrangenent spnppeied 1innheeries baﬁvm@netlgw leadp | ¢adctom t2He amihrtheof
energy is thermal ener . The arrangenent of claim?7
wherein the souré@“mn%nérlgym@flde@ean dbaebeardg30 and detmesen the lead
9. The arrangenent of claim8 wherein said heat generating el enent

i ncl udes a CRBARCERG 2{16@744@1’& perminale 42eppevistedr onc dbkerf boatdt 30.

10. The arrangement_of .claim 1 wherein said nmeans for swtchin
includes a 5  seni contiyEthsrmaye, dhe heating BHEC thermyiston elempnte %tz a$

claim 10 wherein said, sem conduct or syt cl ydes_a
prov1dede t?l %oard % Si‘lple Bea#mg PTC thermistor element

32 is thermally linked with the NTC thermistor elements 311 and
312 on the board 30. The heating PTC thermistor element 32 is
connected to the terminals 43 and 44 provided on the board 30.
~ The timing with which the means for switching 3 is
di'iven when it is constituted of NTC thermistor elements 311
and 312 and the advantages achieved by this structure ha-ve
already been explained in reference to FIG. 5, and through a
simple operation of supplying thermal eﬁergy to the NTC
thermistor elements 311 and 312 from the heating PTC thermistor
element 32 or stopping the--thermal energy supply, the function
of electrostatic breakdown prevention can be enabled or disabled.
FIG. 31 is a top view illustrating yet another embodiment

of the magnetic head device according to the present invention

and FIG. 32 is an electrical circuit diagram of the magnetic head



phot ot ransi st or. 10 12. The arrangenment of claim 10 wherein said
sem conduct or switch includes a conbi nati on of a phototransistor and a
light emtting el enent. 13. The arrangenment of claim10 wherein
sai d sem conductor switch includes a three-termnal sw tching el enent.
15 14. The arrangenment of cl ai nf% wherein said neans for
swtching include s a mechani cal nmeans for swtching. ‘ 15. - -
The arrangenent dévickaim FIGuBlh&herambddiment ilusirated mpnoFEGESi 83 andcuit
20 connected to said thin filmelenment; wherein said neans for switch is
provide at a stag2 pmovides at agnsdic dleadadevice gadapting cthesthig filie device

16. The arrang‘m ment of claim 15 wherein said source of energy is said
si gnal pr ocBbsstnated o uFIGafid Tiee termoinglsi 21 t and né2 f@nIeﬂgg' ngeordiaged
when the signal processing 25 circuit operates. The

arrangenent of cekement] 52helseenFiai 321 hiamdf ithen teronimals. |451 aambgln?etfon the
transducer nounted in a thin filmdevice formed as a comnbi ned magnetic head |

and slider . 30 MR&lement h’f%‘earmﬁgtawem formedaainthe hard theards oi0 dad

with a head support device that = upports said thin filmnagnetic head.
19. The ar r ad@efRhese opoands 70 andei@r may e ditilized fas wosneetors that

i ncl udes a magnet oresi stive film =

46 20. are THasertedngémtnt af measuning wevisen for d characteristics
magnet oresi stive filmincludes a mul ti-layer filmstructure. 5

21. The arraﬁmﬁﬁﬁ@mﬁmcl aim 20 wherein said magnet oresistive film _
includes a spin valve filmstructure The arrangenent

of claim 17 further prél}h%uéaeapﬁhfq Wt@l@geﬁemcmﬁﬁ@rthes NTC thergisted on

said slider. neti.c. rec ing /repr oductl on appar.at us
conpri sing: elearlﬁrﬁgnéﬂcaaﬂsg?g and the Ing ﬂg‘ armisieEt elemandi dupths ¢

AN sl %‘*‘iﬁig“ﬁgi g‘*wwgpﬁ%ﬁlk
Soer? 50875\ FRoSeE e, o, SRESCE 1S s BB

e e 3 R B e e T B e
- ::mgga![ h: Ep]lcjlt | ﬁ’: gé‘&dt _clEfd?Wé‘aig 0 pT%"a%Qthv%Tl @%ﬁﬂpt‘gﬁg‘a@ﬁngﬁ@ons
Do hi ol o oyt or ceAEERetbl bR 4138 ELARARK §e. the Mrhfladls

prlot ection conprig P& med at the board 40. The heating PTC thermistor element

32 is thermally linked with the PTC thermistor element 31.
The timing with which the NTC thermistor elements 311
and 312 and the PTC thermistor element 31 constituting the
means for switching 3 are driven is the same as that in the
embodiment explained earlier in reference to FIG. 6, with the
means for swi.tching 3 achieving identical advantages to those
achieved in.the embodiment. illustrated in F-IG. 6. The board 40
is cut across cutting line X —X immediately before the magnetic
head device is mounted into a magnetic recording / reproduction
apparatus or after it is mounted into a magnetic recording

reproduction apparatus to separate the PTC thermistor element



~ a source of energy external to said thin filmelenent; and at |east two

| ead conductors, wherein said neans for swtching is also connected
to receive energy supplied 25 fromthe source of energy external to said
thin filmelenment for performng a switching operation to selectively
provi de el ectrostatic breakdown protectidd for said thin film

el enent . 24. A thin filmdevice conprising: 30 two outputs
term nal s; SMWFrbARdheOMdded 040, connected to said two output term nals;

a thin filmelement directly connected to said two |ead conductors; and
at | east one switchi ngREGe®8Nis di t6s thigwCilRiteatifgt pets andthao ehflisliment

conductors, said at |east ~one switching el enent being configured to be
in a closed statgf whennriphietic headudeviced accordin@969 IS pregdrits i8P6ntion
13 March 2001 fromoutside to said at | east one switching

el ement and bei ngnd AP 3BY ¢ dr0 diectirivadrcitfiei. diagrams bétthewheipriticl headr gy
is not supplied fromoutside to said at | east one switching el enent.

25. The t hi ndévice eVFIG. 88. Qe rerdbodinheteiillustiaded! s cFIGS.288 ‘ahdsai d
at last one 5 swi tching el enent provides electrostatic breakdown -
protection for s34 cprobvided al maghetinhead device adopting theethihi fildi devitevi ce
of Claim24 wherein said at | east one sw tching el enent i ncl udes a

control | abl e senilhmtratetioin $IG d2. Thel @ignal7processihige cirficuit 201 iv deotirsiedof
Claim 24 wherein said at | east one switching el enent includes a
thermistor el eneon theilreada soppatrt vdetieep@r Ther signadf brecessing rairesit d20,
energy is t hermal energy. 28. - The thin fil mdevice of

d ai m 27 f urt her whackprdonistifutesh @aread effewaitencirehitis tcohfiectdhttosthp IMBs
said thermal energy to said at | east one switching el enent. 29.
The thin fil m deeleceendf 1 Girxd the4dréanrding elempnt S2ndsee FIG. 34)oThenmnepns
whi ch supplies said energy to said at |east one swtching el ement .
20  30. A t fomswiifchingvBcis congtitutadyof the PEGthermiston element 31
two | ead conductors connected to said two output termnals, _ _ athin
fil.m el enent . di raed|ip themaallgdlinkedawdth \ibel sigmad openesssing cigeyit 20 ongt

| east one switching elepent directly connected to said two | ead conductors
., said at | eastth® heashsupgort hdeyicel Bnent being configured to be in an
open state when energy is supplied . fromouytside to said at | east one
switching el enent and ber¢igsiEal| greeessingpeirguit, €0 ogenerates headt @twifen
said energy i s not S,ng| iied formoutside, to, said at | east one switching

el enment . capsiderableptemppenatyeg | whilst it Peinrms Higdal BEacessipgsdde
state of said at one 30 swi-t.chi.ng el enent prqvides el ectrostatic
br eakdown pr ot ecP hﬁ%&m%ﬁoa eloment Hﬂh gp HIS a gw1tch1ng29perat1qq1,emqh n

L devi oo o O g oLk s ko M w0 MSA BB
circuit 20 operates;
The board 30_is mounted at the side of the heéd support
device 6, and the terminals 71 and 72 for the recording element
52 (see FIG. 34), the terminals 41 and 42 for the MR element
1 and the terminals 43 and 44 for the heating PTC thermistor
element 32 are provided on-the board 30 The PTC thermistor
element 31 is connected to the terminals 41 and 42.
The timing with which the PTC thermistor element 31
constituting the means for switching 3 is driven is the same as

that in the embodiment explained earlier in reference to FIG. 12,



48 33. The thin filmdevice of Caim30 wherein said at | east
one switching el enent includes a therm stor elenent having a positive
tenperature coefficient and said energy is ' t hermal energy. 5 34.
The thin filmdevice of Caim33 further conprising a heat generating

el ement that supplies said thermal 4nergy to said at |east one .
swi tching el ement. 35.  The thin filmdevice of daim30 further
conprising a si gifth RheCRRaNBIfSH ISwitéhing 3 duhieegigeddeatieal tadvdribfages

el enent, wherein said at |east one switching elenment is provided at a 10
stage downstreargoothsse dackignéd RN abesemtbdiidenti illasidated CGauRIE. tig.turn to
said open state by thermal energy that is generated when said signal
processing circuit opeFdGeB5 is an eledfrical cifdgitt Hidgdarh nofleyee eardtherai m
30 further conprising a source of energy which supplies said energy
to said at | easterabedisieéntc bf nthecheigiitic head devicd according tdithe préBesigVvi ce
conpri si ng: two | ead conductors; athinfilmelenment directly
connected 't 0 onen&eativh. SEhid embddiakntonepiisonts an exarhple ehapls  ideal
termnals directly connected to another end of said two | ead conductors so
as to 20 forminwapplieatiohsdh pdiibls thet yweamss ford sisdtchingp8tist esmstitaitedand

said thin film el enent; and a first switching elenent in one of said
two el ectrical pay hssingasainicondtictor switchgs, phototehmrsistorsber ntheckiké i (seeed
to be in a closed state when energy is supplied fromoutside to sai d
first switching BIGSeTttarkl)bei ng configured to be in an open state when
sai d energy is not supplied fromoutside to said first sw tching

el ement. 25 38. The Hiwtotiamsistions @31 @n B33 aaidn the lighte erdttingpen
state of said first switching el ement provides electrostatic

br eakdown pr ot ecelemrentoB23aiconstituting rthel eneans for switcBimg 3 forme ahin
filmdevice of Claim37 wherein said first swtching el enent includes a 30
control | abl e senintegratedoeircuitt 800 together mith the Mignahinroressingedireeitof

Claim 37 wherein said first switching el enent includes a t herm st or
el ement havi ng aZQ\egati ve tenperature coefficient and said energy is
t her mal energy. 41. The thin filmdevice of O aim

40 further conprising ¥lfredd ifcActor ivigwe ok nagnetic head dewigs ashieyedd
thermal energy to said first _sw_tching el emrent 5 42. The thin
filmdevice of CP¥imountingthe integrated ngireuiti 08 iy ke3P nep cihec biead
connected to said thin film e%e nt, whereipn said first svm',éé:hi ng el ement
is provided at aSupport devige G hAe:beard smountedapt # i sqfng"%ih%‘éit

and is caused to turn tq the ¢]Josed stat . by .t her energy, that, is
gener at ed when s%ﬁl@’%‘?tgﬁ]&i‘”‘f?r ?ce‘é’%&hgt&’ﬁ Eﬁﬂpfn"l}ﬁeht @E‘.dm’Jzi@n‘{zfgl. to 44
The - thin fil mdevice of aj,m 37 further conprising a source of energy
whi ch suppPT%‘Qd?Qi glte% 3%939' ?ﬂl d first switching el enent.

FIG. 37 illustrates the magnetic recording / reproduction
apparatus according to the present invention. The magnetic
recording / reproduction apparatus according to the present
invention includes a positioning device 10, a magnetic disk 9, a
head support device 6 of the known art and the thin film
magnetic head 5 according to the present: invention: The magnetic
disk 9 is driven to rotate in the direction indicated by the arrow
a by a rotary drive mechanism (not shown). The positioning
device 10, which adopts the rotary actuator sx-rstem, supports the

one end of the head support device 6 and drives it in the



44. The thin filmdevice of Caim37 further conprising a second

swi tchi ng el enent in another of said two electrical paths, said
second switching el ement being configured to 15 be in a closed state when
energy is supplied fromoutside to said second sw tching el enent and
bei ng configured to be in a open state wf8n said energy is not supplied
fromoutside to t he second swi tching el enent. .45, The

thin filmdevi cediphetihi Mdiéatdd WPt HirbW Ml ort MY GtSW spBEATE HRIIBN!
20 directly connected to said two output termnals, said third sw tching

el ement being  (skewr UHIEH G4 the BRarnd o tHP Maghétie HERMD.CTRUGY al Write
supplied fromoutside to said third switching el enent and being
configured to benth thé!magHefit ERKMIEANTRI] reA@" 6m SthHePimagnetic SHBR! ved
fromoutside to said third swtching el enent. 25  46. Athin frlm
conpri si ng: ard WhpP1eRenteD MC e specific tragkt hin filmelenent directly
connected to one end of said two | ead conductors; .. two. out put

term nals direct|y conngehed bdernegplinod sosrdi ctol e Ipresormonsvitits, SO
as to “formtwo electrical paths between said two output term nals and
said thin film eflgirdoliowdflg ad@dnstagés Hreswuchivvieds: el ement in one of said
two electrical paths, said first swtching el enrent bei ng configured
to be in an open state (ahe ¢hix dilnm sdewipe) ethihr filtnomiagmtiti¢ head devivel d
first swtching el enent and being configured to be in a closed state when
s?i d energy and sa neiaghiepiel recbrding gutreprdedctiosaiappiharatis, swithc wWinigh

el ement . - '

REPLACEMENT SHEHHhe function of electrostatic breakdown prevention can be enabled

50 47. The thin filmdevice of Caim46 wherein said open state.
of said first swor odisabled withekaserepprovitiesl.el ectrostatic breakdown
protection for said thin filmelenent. 48. The thin filmdevice
of O aim46 wherein sai®fiA ghisvfilmhdewicel anthin filnl mizgnetic thead device
control | abl e sem conductor switch. 49, . The thin filmdevice of
Cl ai m 46 wher ei naBdi @ miagoeticwreaording of erenrodugtiond epperatus whighr allewor

el ement having a positive tenperature coefficient and said energy is

t her mal enthe)y fungtion of selectrostatic t thneakdpwind e Brevertion aton 4
further conprising a heart generating elenment . t hat supplies said

t her mal - ener gy t exteanally; regovdded cptnghe| dhimt film elemend; with egse, tamen
filmdevice of Caimig further conprising a source of energy which 15
suppl i es said enBF@Yided- said first swtching el enent. 52. The
thin filmdevice of Claim46 further conprising a second switching el enent
in another of said two electrical paths, said second switch el enent being

configured to be in an open state when energy is supplied from
outside to said second switching el enent 20 and said second swi tching

el ement being configured to be in a closed state when said energy is
not supplied fromoutside to said second swi tching el enent. 53.

The thin filmdevice of daim46 further conprising a third sw tching

el enent directly connected to said two output termnals, said third
switching el enent being 25 configured to be in a closed state when energy
is supplied fromoutside to said third swi tching el enent and bei ng
configured to be in an open state when said energy is not supplied

fromoutside to said third switching el ement.



54. A magnetic head device conprising: 30 a head su-pmgrgHE{gngg BEEN
a magnetic head including a thin filmmagnetic transducerj el enmpLAém

magneti ¢ head bei ng supported by said head supportidevics,
two | ead conductors directly connected to said thin film magneti c
transducer el enent; two output terddinals to which said two Tead——

gindUCt orsa?r Fe%&eﬂﬁgg&:ﬁgm% el ement directly connect Mmmmm"tmmm

‘| ead conductors, said at |east one switching el ement *bei*ng* configured

to be in a cl osed st at 4, vhefhiangigy d@vléblpétbm@ﬁismg fromoutside to said
at | east one switching el enent and being configured to be in an open

state when said energygi ithﬁi)tflﬁﬁpgld;%ﬁrQ]’]) putside to said at |east one
switching elenent. 5 A magnetic head device conpri sing:

a head support device; at 1eastatvr@g@aal 6oh@actors c (2t 92) acbhnacted wbsaidet i
transducer el enent, said nmagnetic head . being supported by said head -

support devi ce; ﬂﬁn il I@@ﬂleﬁ@nc(m)t-oramd:h rectly connected to said thin
fil mmagnetic transducer elenent; two output terminals to which said

two | ead conductors are c@eagst d6r  andtching at(3)eagbnaeetavi tehisaid eleadent
directly connected to said two | ead conductors, said at |east - one

swi t chi ng el ementoribudtors or21g@2d whidke perfermpea swdtchingeopensation ion
supplied from outside to said at |east one switching el ement and being
configured to beenergy c(&]s)edsapnhedlfmmvrtm arbsiflecor pyevmmelecﬁnmﬂaltﬁﬂ
fromoutside to said at | east one switching el enent. _ 56. A
magneti c head cobmalsimg:l of said tleind flappelemendvi {9, a magneti c head
including a thin filmnmagnetic transducer elenment, said magnetic head 20
bei ng supported by sai @. kel devjpgeoof olaim ckwherein tsaid Imseahs dor switchingone
end of said two | ead conductors directly connected to said thin film
magneti c transdmnﬂuéésgrmdﬂw,enmston wlernenput ternminals directly connected
to another end of said two | ead conductors so as to - formtwo _
el ectrical paths betweéh Bae deviee ofitqlaim 2 wiherein saidl means for rswitching
magnetic 25 transducer element; and " a first switching element in one
of said two el ecingludes pat Ahermastors ielementi beving e oasitive temparpgure
configured to be in _a closed state when energy is supplied fromoutside to
said first mfrw% el enent and bei ng configured to be in an open
state when said energy S ppl.ied fromoutside to said fjrst

swi tching el enent. ‘1 Tﬂgﬁevme Qf ﬁlfdﬂb whergip c@%ﬁﬁ?‘?rsie}ﬂjnent

a head support devr ce magneti ¢ hegg i ncI uding a‘'thin filmnmagnetic

transducer el emelit © eﬁt%d?ﬁﬂ"f‘??nh§&éfi lead gendyctorBported by said head
support device; 15. ¢l ai doc
52 two | ead con%ggfﬁ ﬁva?ﬁeogsrrdaml 2 Whenel said queans for sreitghing | y

connected to said n etic, tyansducer ele

Ut but e nal s MIRAES| § thEHEAN SUSTRGE hBAVEM 81 NOBARN G OTRRETAtIT
conductors so as toflf formtwo electrical paths between sai'd two out put
terminals and saf®® rﬁﬁ“*fr | m magnetic 5 transducer el enment; and a

first switching el enent ne of said,t.w Lelectrical .pa i rst
swi tching el ement 6. ’flh Sevice af B4y 5 witerein 5aifl % erfrms%or eflement

is connected in series to said lead conductors.

7. The device of claim 1 wherein said energy supplied
from the outside is thermal energy:. =~~~
| 8. The device of claim 7 further provided with a heat
generating element that supplies said thermal energy to said
means for switching.

9. The device of claim 8 wherein said heat generating

This Sheet Has Been Replaced

A




being configured to be in an open state when energy is sup IT'@I@ $HEEH HAS BEEN |

outside to said first sw t chi el ement and bei ng confi gur @gpLACEE in
a closed state vvhenmu““ “Iﬂ lliﬁmg suppl i ed from lewt-stde—to-said
first switching el errEMe w S - A magnetic recording/reproduction
apparatus conpri sing: a magnetic di*®k that is driven to rotate; -and

a magneti c head devi ce which perforns recording/reproducti on operations-
relative to sai glement melades cadithermistiot priagi @ hpesitileyi teenpargtorei ng:

15 a head support devi ce; a magnetic head including a thin film
magneti ¢ transdgoefficleatent, said nmagnetic head bei ng supported by
sai d head support device, two | ead conductors directly connected to-

said thin filmmagneti t0t rThedudsricel efreclaim 1 whereinutgaid tmeahsalfert o
which said two | ead conductors are connected, and 20 at | east one

swi t chi ng el enreswitichieg lipnchotese at sdmticorsductorwewitedhd conductors, said at
| east one swtching el ement being configured to be in a closed.state
when energy is suppliedl. The device coft clafen t b0 swherein |saidt seméconduatbrng
el ement and being configured to be in a open - state when said energy -
is not supplied swibch ointcliides ta phvtdteandistoat one switching el ement. = 25
59. A magnetic recordi ng/ reproducti on apparatus conpri sing: a
magneti c disk that is dBi e tdeviet eof alaim 10 whereignetaid semdcatwhictor

whi ch performs recording/reproduction operations relative to said

“magnetic di sk, savifichainaudes reawmbinaton ofpai phoefotransiston arddaslighbr t
devi ce, 30 a magnetic head including a thin fil mmagnetic transducer

el ement, said nmegadting redemment.  bei ng supported by said head support

devi ce, two | ead conductors directly connected to said thin film
magneti c transducer el-dderfhe deviceof mlaisnt 10 ewherein saidwsemicenduectoro

| ead conductors are connected, and . 99093015, cl ai ns. doc

53 - at | ed®yiteheinglndes & gthwes e terminadcswitchingeelezpent sai d two

| ead conductors, said at |gast . ope switching _elepent being configured
to an open state when é‘f’feri‘gei @eé’a?ﬁ)l phackimm 10 whergin; gaid omesng dor

| east one switching el ement  and being ,configured to, be in a.closed state
when sai d ener gy*%W chie dnchrdesy & 18 I&R@?ﬂén%n%aﬁoa §W1'F‘§'§§g-one

switching elenment. 5 60., . A petjc,recordi ng/,reproduction
apparatus conprising: 19 The dexice Pér@gsm hh@ﬂ‘%ﬁ%r cﬁ"i"g’éﬂe‘fowﬂg’t & siengly
a magnetic head device which performs, recording/reproductjon operafions
relative to sai PFOCCSSigy ﬁé‘i‘ﬁ“@g(ﬁoﬁ{ec?éf Oﬁ##’vﬁ rﬁgfﬂ BEW%PC o‘ﬂ%ﬂ@?ng,
10 a head support, device .,& jmagnetic head includin thin film
ma_gge}]i cdt randeﬁt,aéa B}eé‘r?gn{f?r ssf}({"ﬁc | gﬁ%rondvéatﬂg at'a bsg'r‘ﬁgd’é%?‘%ﬁr {‘%%F; Rf
sai ead support_.deyjce onductors, one end of sai WO

| ead conductors %ﬂlae)é{qg%ﬁlcgﬁﬂ%%ﬁsgﬁgt%%ﬁﬁd thin filmmagnetic
transducer elenent, 15qat ut puss ferm S dihge n e angt her
end of said two | ead cc%rqduc %r sd)ééécéso?ogﬂlﬁl ?%r Sn’htl%(/\%ﬁlgl %%ﬁl g%‘%aq}fatﬁ%
bet ween sai d two_ Qut; tser ni S i 1D 4 .

transducer el erresn‘?i,&girﬁog iS &L%%h FGZ{EL g?mgifrgh%l rrlggvplef ie‘ E'.l{a)l% Eg'l'olhfei BY g%ﬁrgl?lm

T
ransducer el enefit “and: > a1 #S eréeht _ 0
'n ol osed stat o WERVenar ind UehERiR  SyRET eaid, sjghEl "BrReli] EBGhf °°

swi tching el erren(gpé}%qe@ei ng configured to be in an open state when said

energy i s not _ suppl i ed fromoutside to said first switching el enent.
0L o rmanet ! Crecqudiige IRRAIUA! LRAAADIGAEY BRGVIdEY Mth o slider

magnetic disk that is driven to rotate; and 25 ~a nagnetic head device

Whi ch perforns I {eefsinNSAIERARS Yol AleMBRE 351 #MRakREAE HAnSAUSH Inounted

magnetic disk, said nagnetic head device conprising, a head support

devi ce, on said slider; and

said slider and said thin film element constitute a thin
film maghetic head.

18. The device of claim 17 further provided with a head

A
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_/_‘—_’_—_—‘_'_'_’_—’- 5
a magnetic tead including a thin film magnetic transducer eT*é‘ﬁe?’HEER Ag BEEN :

ragneti c he mgorted by said head support deyice, Rﬁ@‘-
| ead conduct m m m:mm aid two | ead conductors direc connected to
said thin m mAgn&étit transducer el enent, two output termnals

directly connected to another end of sai 48t wo Iead conductors so as to
formtwo el ectrical paths between said two output terminals and said thin

filmmagnetic supgor@ndéiieer tiedte itiportgithaid third FU98Odfagtletioriad. _
54 a first swtching element in one of said two electrical paths, said

first swtching el enenl9, Thebehiry fitmf devied dfockdni narwhessinskaide hign
energy is supplied fromoutside to said first swi tching el emrent and

bei ng confi gurecfﬂtn@ bl@m'entl @ﬁ@l@d@‘saaemdmtemsisﬁverﬁm S not supplied
fromoutside to said first switching elenent. 5
REPLACEMENT SHEET ~ 20. The dev1ce of claim 19 Whereln sa1d magnetoresistive
| | film adopts a multi — layer film structure
_21. The device of clalm 20 wherein' said magnetoresistive
f11m adopts a spin valve f11m structure.
22. The device of cla1m 17 further prov1ded with a erte.
element which is mounted on said slider.
23. A magnetié .recording / reproduction apparatus
comprising' :. | | '
a magnetic disk that is driven to rotate; and
a maghetic head device which performs recording
reproduction operations b‘etween said magnetic head device and

said magnetic disk.
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