LA E
Yo

erE 800
1 GNETI C HEAD W TH SPI N VALVE EFFECT MAGNETORESI STl VE ELEMENT ﬁ\ID %2
MANUFACTURI NG METHOD FI ELD OF THE | NVENTI ON The present invention r etk

2-9
75

to a magretic head with a magnetoresistive (MR) elenent utilizing thetgpﬂh
val ve, effect and to a nethod of manufacturing the nagnetic head. '

DES

| PTI ON OF THE RELATED ART Due to thk recent demand for hi gher density

in a Hard D sk BWegNE®ICHBEAD WITHaSPONeWALVBUEFRHCTOMAGNETORESIBTINVE
sensitive and hi gh power output nmagnetic head. To serve the requirenents,
magnet i ¢ hEBEMBNThARDSPTS MANVEBAeTURENGEMETHOD which is one of el enments
providing the giant MR effect is provided (US. Patent Nos. 5,206,590 and
5,422,571). This spin valve effect elenent has a sandw ched structure with
two ferromagnetic material thin-filmlayers separated by a non-nagnetic

metal li ¢ nrieL.babrt PHR- INVRANTTagRr . An antiferromagnetic material thin-film

| ayer

I s deposited on and in contact with one of the two uncoupl ed

ferromagnetic naherpabsbhtnihvbAthonere160e8Stb0aPnagHeeianhesahanen a
bi asi ng magneti.c field at their boundary and to apply the biasing nmagnetic

field to tﬁa§néeéf@§§gﬂfeéc(mn?eélahehhiﬁtihkalhgyehe dpenetanee klirgcene

ferromagnetic material thin-fi

m | ayer (pinned |ayer) receives the biasing

magneti ¢ figddgoVhenedholiN8rOhARGTfactdring the magnetic head.

DESCRIPTION OF THE RELATED AkT

Due tb the recent demand for higher density in a Hard Disk
Device (HDD), it has been required to develop a high sensitive
and high power output magnetic head. To serve the

requirements, a magnetic head with a spin valve effect element

“ which is one of elements providing the giant MR effect is

provided (US. Patent Nos. 5,206,590 and 5,422,571).

| This_spin valve effect element has a sandwiched structure
with two ferromagnetic material thin-film la&ers separated by a
non-magnetic metallic material.thin—film layer. An
antiferromagnetic material thin-film layer is deposited on and
in contact with one of the two uncoupled ferromagnetic material
thin-film layers so as to produce an exchange biasing magnetic
field at their boundary and to apply the biasing magnetic.field
to this ferromagnetic material thin-film layer. Therefore,
this one ferromagnetic material thin-film layer (pinned layer)

receives the biasing magnetic field, whereas the other

a
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ferromagnetic material thin-filmlayer (free layer) receives no biasing
magnetic field so that magnetization switching (inversion) is introduced by
di fferente magnetic field between the two ferromagnetic material thin-film
Iayens. The magneti zation directions of the two ferromagnetic nmateri al
thin-filmlayers (pinned and free Iayers% t heref ore change between in

paral |l el apd rirdmalgniclalcAatle raidin t2aeh fatlien sy@rt Natrdehd apteadt Mexmives no
resistivity of this spin valve effect element greatly varies to obtain the

large MR ebfigeling Raepidt icharRalE dos il afagnvts 22 fo awie et MR
el ement are determ ned dependi ng upon an angl e between magneti zati on

di rections (ijpviehe oM iy 'eMAURIdEd Bt i flle it wldgnv iy arie APivwekand
free layers). The magnetization direction in the free layer is easily

changed i n ¢§,@SRARS P rQ- dulkirrfl 1126 e rQfa IMRANG-I£01 i &laydriso arrgagnet i ¢
record nmedi um whereas the nmagnetization direction in the pinned |ayer is

fixed to ogg Mt R Rt LG We BivoTERE difa drlist /X alpges goupl i ng

with the antiterromagnetic material thin-filmlayer. However, when sone

el ectric changesanf BRRIAELA Jihddif did Fred S d¥ferdle tYR & RN lchbifed O

certain reason during rmanufacturing processes such as the wafer process of

the magnet &)%t%%% 1%%&&31%2&{& CiHl M 191 MO RfiSsh Wadh!Id ik RSSE R4 ]
processes of the conplete eads to the HDD, the pinned direction of the

spin ValVet%%f%%éd%%fﬂéﬂnygsfgﬁﬁ4¥%y of this spin valve effect element

greatly varies to obtain the large MR effects.
| Output characteristics of this spin valve effect MR

element aré determihed depending upon an angle between
‘magnetization directions in the two ferromagnetic material
thin-film layers (pinned and free layers). The magnetization
direction in the free layer is easily changed in response to
the direction of magnetic field from a magnetic record medium, -
whereas the magnetization direction in the pinned layer 1is
fixed to one direction (pinned direction) by means of the
exchange éoupling with the antiferromagnetic material thin-film
layer.

However, when some electric charges are applied to the
terminals of the MR element due to certain reason during
manufacturing processes such as the wafer process of the
magnetic heads and the mechanical working process, oOr during
assembling processes of the completed heads to the HDD, the

pinned direction of the spin valve effect MR element may be



3 changed or inverted and thus various characteristic¢cs of the head may vary
causing incorrect reproduction of the nagnetically recorded signal. The
change or«inversion of the pinned direction may be caused by heat generated
by the applied electric charges and magnetic field generated by the sense
currént. As aforenentioned, if the pi nnéd direction changes, the angle

bet ween th@haﬁgaatbza&near@eaeghuomhpbnyhheonsn&ﬁdr&@@e&ﬁ%@ib@y@$st@bso
changes causi ng the output characteristics to vary. Thus, it is very

| mpor t ant héahhﬂaﬁagaﬁb|@ah@iﬂgmhhho&Q@c%pk@pY@hﬁ@tQBﬁeé? Reel ement to
correctly maintain (fix) the pinned direction. Although various nethods for

preventi ngmaghBthead iy recardedakifniaiot r ¥heC cBngdMEl 2heeRRloh o the
El ectro- Statlc Di scharge (ESD) destruction have been provided according to

the convenpipnal eeBRLIBE: mbyehe eau&ba B9 h@ﬁ% gendphited b rtH%eﬁﬁghh%ﬁ
the pinned direction inversion in the spin valve effect MR el enent

OF THE | NVERNEEENi Lt charklsr Gh@r ﬁaﬁﬁe@ﬁbe‘?tie@ﬁ keAcPateaNby RHRNLkARE! O
provide a magnetic head with a spin valve effect MR elenent and a nethod of

manuf act ur p3grbhe  head, whereby inversion of the pinned direction in the
spin valve effect MR el enent can be effectively prevented. According to the

present inventigy, a2otBhBA¢i8hed, if the pinned direction changes, the
| angle between the mégnetization directions in the pinned and

free layers also changes causing the output characteristics to
vary. Thus, it is very important in the magnetic head with the
spin valve effect MR element to correctly maintain {(fix) the
pinned direction. Although various methods for preventing a MR
head with a usual Anisotropic MR (AMR) eiement from the
Electro-Static Discharge (ESD) destruction have been provided
according to the conventional technique, there exists no idea
or method for preventing the pinned direction inversion in the

spin valve effect MR element.

SUMMARY OF THE INVENTION

It is thefefore an object of the present invention to
provide a magnetic head with a spin valve effect MR element and
a method of manufacturing the head, whereby inversion of the
pinned direction in the spin valve effect MR element can be
effectively prevented.

According to the present invention, a method of



4.manufacturing a magnetic head with a spin valve effect MR el enent

I ncluding a step of formng a plurality of spin valve effect MR el enents on
a substrate, a step of- formng a plurality of pairs of |ead conductors
connected with the respective spin valve effect MR el ements on the
substrate, and a step of formng a plunﬁ ity of protection circuits of
magnet i zat heAufAa¢eutiog aomagheedcbhkawdewithe ar eppacvaleepaififectt MRead
conductors on the substrate, each of the protection circuits being

constitutedlefeds fOcludingnavserp bfr €oemiag anpadneadyty of splievelalate
whi ch the pinned direction inversion in each of the spin valve effect MR
el enents ogggest MReaeciehitedonf ansubiaciate,ng atepgodt fordag Wi th a spin
val ve effect MR elenent including a step of formng a plurality of spin

val ve ef f egiuMR1eksnent pagisaofulshidaiconductoers eonheictiedywd thl whal ity of
pairs of |ead conductors connected with the respective spin valve effect MR

el ements opekpecylet bplin, vaNded eFirer toMRC @learhitsy on flher ibist raftedi saiet e
protection circuits of magnetization inversion between the respective pairs

of |ead cogdyekpr &r0Rolrd ngulas p1aira1 123C b fopridte cliiser eliecuiaiseaifi on
circuits being constituted so as to turn on when it receives an energy with

a level atpybhel %32 10NN N9 eHsiRm! iconnedtRias betwekneatie afesipe taven padinee
effect MR el enents occurs are provided. Since the protection circuit of

gﬁ%ﬂﬁéi zat N1 eRUC CHNAUCHHIES oA tiReBubRAFatd|d ek IERAT G @Fdtiddtdom the
circuits being constituted so as to turn on when it receives an
energy with a level at which the pinned direction inversion in
each of the spin valve effect MR elements occurs, and a method
of manufacturing a magnetic head with a spin valve effect MR
element including a step of forming a plurality of spin valve
effect MR elements on a substrate, a step of forming a
plurality of pairs of lead conductors connected with the
respective spin val#e effect MR'elements on the substrate, and
a step of connécting a plurality of discrete protection
circuits of magnetization inversion between the respective
pairs of lead conductors on the substrate, each of the discrete
protection circuits being constituted so as to turn on when it
receives an energy with a level at which the_pinned direction
inversion in each of the spin valve effect MR elements occurs
are provided. |

Since the:- protection circuit of magnetization inversion

turns on when receiving an energy resulting in the pinned
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5 direction inversion in each of the spin valve effect MR-elenments and i s
connect ed between each of the pairs of |ead conductors, the MR el enent
itself can be prevented fromintroduction of electric charges which may
cause the magnetization inversion. Therefore, inversion of the pinned
direction caused by heat generated by the applied electric charges and

magnetic faeldcgeBar ahodrlBohnensenss eur taet span ba19ebf e¢rievel Mrdepressed.
- Also, according to the present invention, a magnetic head with a spin val ve

effect MR éiéﬂﬁﬂEs'Qﬁhuﬁb”@oﬁnéEthVBb%Qe@Bf@ﬁEhNBfetﬁﬁeﬂhiré p&i neal | ead
conductors connected with the spin valve effect MR el enent, and a

prOteCt'Oncéh&ﬁEtBrgf Qnﬂk'éibhgﬁt'E%@bi%oGaﬁoﬁeeﬁkédeh%bwe@ﬂohhe pair of
| ead conductors, the protection circuit being constituted so as to turn on

when it re§ﬁt¥ﬁ&u@@i$ﬂeb yeW@%%raclensk & whieh hBg BhOgedthkr ection

inversion in the spin va ve effect MR e nent occurs is provided. It is

preferred haghee@zaeesﬁt&ﬂgeﬂgaah f ornkpreRbRd, OEnQErEESnprt%ﬁE'9EnﬁbBCU't

is defined at a energy |evel substantially the same or |ess than 3

mor e pfefe&@Péxtﬁsg pgdseh Bycheh Kg%ﬁ%?ht%ﬁbﬁ @hbahbxlegaablbet%iéS nJ

I n nodi fication I's prefefre an operating pornt for turning on of

the Proteckhofggh! §ﬂhtmhgna%aggrgggh gofidehgrq yekhaueéhgatbﬁk&énkh%aﬁane

or less than pre I ne energy | evel
substantlabgyeﬁgggkibgly depressed.

Also, according to the present invention, a magnetic head
with a spin valve effect MR element including a spin valve
effect MR element, a pair of lead conductors connected with the
spin valve éffect MR element, and a protection circuit of
magnetization inversion connected between the pailr of lead
conductors, the protection circuit being constituted so as to
turn on when it receives an energy with a level at which the
pinned direction inversion in the spin valve effect MR element
occurs 1is provided.

It is preferred that an operating point for turning on of
the protection circuit is defined at a energy level
substantially the same or less than 3.0 nJ, more preferably
defined at a energy level substantiaily equal to 2.55 nJ.

In modification, it is preferred that an operating point
for turning on of the protection circuit is defined at a energy
level substantially the same or less than 1.0 nJ, more

preferably defined at a energy level substantially equallto



‘6 0.68 nJ. It is also preferred that the protection circuif is constituted
by a plurality of Schottky diodes. Furthernore, according to the present

i nvention, a nethod of manufacturing a magnetic head with a spin val ve
effect MR el ement including a step of forming a plurality of spin valve
effect MR el ements on a substrate, a st@p of formng a plurality of pairs
of lead congigetyy s connected with the respective spin valve effect MR

el enents on the substrate, a step of formng a plurality of short-circuit

means for shortry Gid Giidd WrdferFESPERAE VEnd A FSt&dtigac Drdetpss on the
substrate, and a step of cutting the substrate to separate the spin valve

ef fect MR & REhsrdd sy | L0 Mh B tpNer achd OLiby efoddectri cal connections

of the short-circuit neans wth the respective pairs of |ead conductors.

Since the shortgmpififdidor@aNscdSr&aft 16 QRONPRE4ENt Utivént {6n £ thdthed ep
I n the manufacturing processes of the magnetic head is executed, the MR

el ement it 'darﬁ?fh@ﬁxﬂr?é’e@%&'gﬁémiméé&w?ﬁﬂ%'anelmwféCeﬁf@éﬁmR\Ahich

may cause the magnetl zation inversion. Therefore, inversion of the pinned

di rection &We%%J%%rﬁw & $oFnfRe! 4 ShtLLLEy Cof e G Svalve

magnetic field g t he sense curr can be effectively depressed

unt il the Giidd g Ofsacnt S 6 e oAU OraPe AT SEVENATESTRInE @ Present

i nvention e apparent fromthe ow ng description of the
plurality of pairs of lead conductors connected with the

respective spin valve effect MR elements on the substrate, a
step of forming a plurality of short-circuit means for short-
circuiting the respective pairs of lead conductors on the
substrate, and a step of cutting the substrate to separate the
spin valve effect MR elements into individual one and to break
electrical connections of the short-circuit means with the
respective pairs of lead conductors.

Since the short-circﬁit méans is kept in connection until
the cutting step in the manufacturing processes of the magnetic
head is executed, the MR element itself can be prevented from
introduction of electric charges which may cause the

_magnetization inversion. Therefore, inversion of the pinned
direction caused by heat generated by the applied electric
charges and magnetic field generated by the sense current can
be effectively depressed until the cutting process.

Further objects and advantages of the present invention

will be apparent from the following description of the



7 preferred enbodi nents of the invention as illustrated in the acconpanying
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a sectional view
il lustrating a fundanental structure of a spin valve nmulti-I|ayered
structure; Figs. 2a and 2b illustrate rel ati onshi ps between the pinned
direction and reproduced wave shapes of The spin valve nulti-|ayered

structure; priefer? e Qih ol ISRHHLO W tHL WS G |1 1ddtiSived 1170 the
preferred enbodi nent of a conplex magnetic head with a spin valve effect MR

readi ng el guRBnpARY iy d1datigse Witing el enent according to the present
invention; Fig. 4 tllustrates ESD destruction voltages and pinned direction

I nversi on vol tages obtai ned by experinment with respect to sanples of the
spin valve effect MR reading elenent; Fig. 5 illustrates an ESD destruction

ener gy | evgkged pseiRi®ad ol Sﬁctﬂw DRAYENGsON energy level with respect to
one spin valve effect MRreading elenent; Fig. 6 illustrates an exanple of

concrete char aCF&H.'Stli GhoWs 2 ldA10NAdE 1TGsthat Sy Faisadad

energy level resulting in the pinned direction inversion with respect to

anot e spig ryakyEeeties! i aivid U Rlaydih skridduttid;at es appli ed

energy level resulting in

Figs. 2a and 2b illustrate relationships between the
pinned direction and reproduced wave shapes of the spin valve
multi-layered structure;

Fig. 3 shows a sectional view schematically illustrating a
preferred embodiment of a compléx magnetic head with a spin
valve effect MR reading element and an inductive writing
element according to the preseht invenfion;

Fig. 4 illﬁstrates ESD destruction voltages and pinned
direction inversion voltages obtained by experiment with
respect to samples of the spin valve effect MR reading element;

Fig. 5 illustrates an ESD destruction energy level and a
pinned direction inversion energy level with respect to one
spin valve effect MR reading element;

Fig. 6 illustrates an example of concrete characteristics
of a Schottky diode;

Fig. 7 illustrates applied energy level resuiting in the
pinned direction inversion with respect to another spin.valve
effect MR reading element;

Fig. 8 illustrates applied energy level resulting in the



8 pinned direction inversion with respect to spin valve effect MR reading
elements with different initial MR resistances; Fig. 9 shows a flow chart
schematically illustrating a part of manufacturing processes of the
magnetic head of the enbodi nent shown in Fig. 3, particularly a part

I ncluding a process for formng a protec?ion circuit of magnetization

i nversi on; piingied @ Sfevsich B diasd wiotleBddad t Yed |dpisd rad1ve @ pact Mk

manuf act uri ng processes of the nagnetic head of a nodification of the

enbodi ment yfadiiny Sendtd Gei &1 | g1 Pe it | el s D MR FEPLLSdnde; formng a
protection circuit of magnetization inversion; Fig. 11 shows a secti onal

view schemati calgig i Id usidwd | 10F oW idiRir o EsKb Nt cOf 132 oM e tRgRed | C
head with a spin valve effect MR el enment and an inductive el ement according

to the pregRiitc idy el Whdiir I | friodBE RGN B AFESECYiedd bf lghshovns

a flow chart schematically illustrating a part of manufacturing processes

of the nmagrgivod fiaft Pndwif ek Me!l sdowedTafig a ParPadd fud fid Ya a

part including a process for- formng a short-circuit neans and cutting the

el ement; angdJddks fid ftd}'n;-ﬁﬁg %%ﬁé&wzﬁ@ﬂédf@taﬁt.ﬁ%@.@nﬁ@&{

manuf acturing processes of the nmagnetic head of the enbo shown in
Fig. 11, pamieddiddy a part including a process for

Fig. 10 shows a flow chart schematically illustrating a
part of manufacturing processes of the magnetic head of a
modification of the embodiment of Eig. 3, particulafly a part
including a process for forming a protection circuit of
magnetization inversion;

Fig. 11 shows a sectionél view schematically illustrating
another embodiment of a complex magnetic head with a spin valve
effect MR element and an inductive element according to the
present invention during its manufacturing processes;

Fig. 12 shows a flow chart schematically illustrating a
part of manufacturing processes of the magnetic head of the
embodiment shown in Fig. 11, particularly a part including a
process for forming a short-circuit means and cutting the
element; and

Figs. 13a to 13c show side views illustrating a part of
manufacturing processes of the magnetic head of the embodiment
shown in Fig. 11, particularly a part including a process for

formihg the short-circuit means and cutting the element.



formng the short-circuit neans and cutting the el enent. "9 DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Before illustrating the present invention
based upon preferred enbodi nents, a fundanmental structure and operations of
the spin valve effect MR elenent related to the present invention will be
described. Fig. 1 illustrates the fundanBntal structure of a spin val ve

mul ti-layered structure. In the figure, reference nunerals 10 and 12 denote
two ferromagnetic material thin-filmlayers magnetically separated by a

non- magnet g Eﬁ&@'r;[bﬁ BBt $iiea PREFERRED EMBRYEMENTSt 0 form a sandwi ched

structure. n antiferromagnetic material thin-filmlayer 13 is deposited on
and in contact welBrkNq11GEERMRARE! theMraikil. livankibl baven tdoso as Lo

produce an exchange biasing magnetic field at their boundary and to apply

it for p'”ﬁ%@@e%@bﬁ babbRTREAE 'CanﬁhﬁhhﬁbnkﬁhnS&kh@%h%%ehnﬁpbP@Qﬁﬂﬁ@ﬁﬁ)

12. The fefromagnetic nmaterial thin-filmlayer 10 is the free [ayer which

recei ves ngfe{ﬁggggl asg,gwgge %%t MR hehdnt Teld®ea ith Fhasprégeatd 2b,

the free | ayer in the direction shown by an arrow A is magnetized

in the upM@thﬁ@gﬁgp“Hﬂﬁyg Jigegelipegy . of | eakage field generated in
e

accordance w e récorded pattern on the magnetic record nedlun1and t hus

readi ng oper ati g S 10499yedL, HRe eV AN R i D0RS sHith

per pendi cul ar t magn
valve multi-layered structure. In the figure, reference

numerals 10 and 12 denote two ferromagnetic matefial thin-film
layers maghetically separated by a non-magnetic metallic
material thin-film layer 11 to form a sandwiched structure. An
antiferromagnetic material thin-film layer 13 is deposited on
and in contact with the ferromagnetic material thin-film layer
12 so as to produce an exchange biasing magnetic'fiéld at their
boundary and to apply'it for pinning this ferromagnetic.
material thin-film layer (pinned layer) 12. The ferfomagnetic
material thin-film layer 10 is the free layer which receives no
exchange biasing magnetic field.

As shown.in Figs. 2a and 2b, the free layer 10 biased in
the direction shown by an arrow A is magnetized in the upward
and downward directions of leakage field generated in
accordance With the recorded pattern on the magnetic record
medium and thus reading operation is executed. The upward and
downward directions are perpendicular to the magnetic medium

and shown by arrows B. When the pinned direction of the pinned



and shown by arrows B. \Wen the pinned direction of the pinned 10 | ayer
12 is the direction of the arrow C as.shown in Fig. 2a, the polarity of the
reproduced wave shape will be alternated as positive, negative, positive
and negative dependi ng upon the recorded pattern shown in this figure if
the sense current has positive polarlty Contrary to this, when the pinned

direction Pﬁyéﬁelﬂ'ﬂﬁeghéadﬁfeé@ibﬁ bFVﬁhEeQrQBW'CVSEtQHo%ﬁ iherdil eghi,on
of the arrow C. as shown in Fig. 2b, the polarity of the reproduced wave

shape will¢he ﬁ&i&fﬂ%&egfa§h8egébf&&uc883w5b¥eshﬂﬁga%iii 8BdaRe8khat8d as

dependlng upon the sane recorded pattern. Thus, in the latter case, correct
eproduct i 9hs £t H@ﬁsﬁ@eete osftﬂve3ahh'ﬁé&5€§€§ NP?EE&QhEeﬁpSHb%ﬂb”E”t
of a conplex nagnetic head with a spin valve effect readi ng el ement and

an i nduct | ¥gey¥athPaghep %héﬁﬁoiﬂ'ﬂﬂléofiEﬁrer 2Bhe! BURBE! Bilrrbilc! Hes

figure, erence nunera denotes a magnetic enot es an
Air B ft 0 d h
cffect R T2oHl et p SEEnt 95" GEnEraEy ¢ ?032?3mgﬁg%?ﬁhéh.ﬁéﬁﬁbﬁaéz‘?‘?&i%he
VR readi ngo £l 6EM 1 dfeq 3fadepoifos18 Thbskebll 8:' 1hTbIRIACELCLRR A1kBYRIAAT
the inductive witing e and an upper nagne |eI | ayer or t

I t 3 ar th
Cnducti ve o ereb erEE & CRECRok, ?%MHLHP%SE%%F 8%?#?%8‘% hebnt, 37

denotes a R@bfc@&ced wave shape will be alternated as negative, positive,
negative and positive depending upon the same recorded pattern.
Thus, in the latter case, correct repfoduction cannot be
expected.

Fig. 3 illustrates a preferred embodiment of a complex
magnetig head with a spin valve effect MR reading element and
an inductive writing element according to the present
invention. 1In the figure, reference numeral 30 denotes a
magnetic head slider, 31 denotes an Air Bearing Surface (ABS)
of the slider 30, 32 denotes the spin valve effect MR reading
element, 33 denotes a lower magnetic shield layer for the MR
reading element 32, 34 denotes a first thin-film magnetic core
layer of the inductive writing element and an upper magnetic
shield layer for the MR element 32, 35 denotes a second thin-
film magnetic core layer of the inductive element, 36 denotes a
coil of the inductive writing element, 37 denotes a pair of
terminal electrodes for the inductive writing element, 38

denotes a pair of terminal electrodes for the MR reading



termnal electrodes for the inductive witing elenent, 38 denotes a pair of
termnal electrodes for the MR readi ng 11 elenent 32, and 39 denotes a
pai r of |ead conductors connected across the MR reading el enent 32 and al so
with the pair of the term nal electrodes 38, respectively. In addition,
according to this enbodi nent, a protectﬂbn circuit of magnetization

i nversi on é4Qemenst 32yt ashdb)sol \denSHfee! ek padiro@des 140d @06 4t odise Gonined e
connected in bidirectional between the pair of conductive | eads 39 for the

MR readi ngaelregeNith32 MRS rita@iin@e ¢ 1eheatPBY @eld @Nse Wath the @RIt idrutgd by
t he Schottky di odes 40a and 40b turns on when an energy |evel applied

thereto begeFRInaquall ce®roed038,! hapadtavellywhi i Wdldi taamse alced riined
direction of the spin valve MR reading elenment 32 to invert. In this

enbodi ment oaghgBeedbodd meit)t af Proteichiide @1 richa tPo? aklgnet iFatant 40 is
defined to an energy |level equal to or less than about 1.0 nJ, preferably

to a level iakeeBaBh Q068onétithe ddnbenitwos sehothky Anpdieaauioan anavaobound
by experinent the relationship between the energy |level applied to the spin

~valve effeghebtBrecamapt cantdecitedriinned ddireRliodall BEweled thEh9aQ¥Pee Ment
is as follows. (A) Initial state of each sanple of the spin valve effect MR

el ement i scBRAGEESYePY cBRR! BoNFoPXtRNMR FehAing! NenTRENS §sf P 1Wedh a
constant anplitude and a sense current
The protection circuit 40 constituted by the Schottky
diodes 40a and 40b turns on whén an energy level applied
thereto becomes equal to or more than a level which will cause
the pinned direction of the spin valve MR reading element 32 to
invert. 1In this embodiment, an operating point for turning on
the protection circuit 40 is defined to an energy level equal
to or less than about 1.0 nJ, preferably to a level of about
0.68 nJ. |
The inventors of this application have found by experiment
the relationship between the energy level applied to the spin
valve effect MR element and its pinned direction inversion.
The experiment is as follows.
(A) Initial state of each sample of the spin valve effect
MR element is measured by applying external alternating
magnetic filed with a constant amplitude and a sense current
with a constant value by means of a p -H tester. (B) Then, the
sample is attached to an ESD simulator after taking off it from

the p -H tester, and a voltage of the against direction is



with a constant value by- neans of a [err] -Htester. (B) Then, the sanple
Is attached to an ESD sinulator after taking off it fromthe [err] -H
tester, &nd a voltage of the against direction is 12 applied fromthe
ESD simul ator to the sanple. (C) Thereafter, the sanple is taken off from
the ESD sinmulator and attached to the pnakitester agai n. Then,

char act er isgiplde ®ffiidie SeTHSD af innl &gt ViogtHdesampieage (G) Mieste it oy,
applying external alternating magnetic filed with a constant anplitude and
a sense cuwheerdampld s colcdmrd f # af wism byhereESTS ofmilwetgr -dhd est©ichdd)to
Thereafter, the above-nentioned processes of (B) and (C) are repeated by
gradual | y thecr pasi nged ter aggdired VEHdmgecsar &t d ol sietectoBintlogp pdamsll &0l t age
| evel at which the pinned direction of the MR elenent is inverted for each

- sanpl e. Reffveancppyiigg tHd (A tagd 13 resddnred mserapmIyindaxtdrndi 9. 4
represents the detected points at which the pinned directions of the

respect i valdannaasi gy mdgheet 1 deiled twi th fd grores tdihe amp Bl taideabad ssas
indicates the initial value of the MR resistance RVR [[err]] of each

sanpl e, ankrdee Arrerd with natesnd tulic atemud ey apne b adiagg Merr] [V]

at which inversion of the pinned direction or ESD destruction will occur.

In the expyysvEnt, (D Tdridmiern) ttHdattoie Rgiteioned ik oidds £0NS) ant
anplitude and the sense current of +4 mA in the against direction of the

spin val vesf @)t d¥R aleBtedvsye @Rithiady romidsthg Hiesdpsriddie vol tage

Vlerr] in the against
voltage so as to detect an applied voltage level at which the
pinned direction of the MR element is inverted fof each saﬁple.
Reference symbol PDI (Pinned Direction Inversion) shown in Fig.
4 represents the detected points at which the pinned directions
of the respective samples are inverted. In this figure, the
axis of abscissas indicates the initial value of the MR
resistance Ryp [Q] of each sample, and the axis éf ordinates
indicates the applied voltage Vpppy [V] at which inversion of
the pinned direction or ESD destruction will occur.

| In the experiment, the external alternating magnetic filed

with a constant amplitude and the sense current of +4 mA in the
against direction of the spin valve effect MR element were
applied from the p -H tester. The voltage Vpppy in the against
direction of the spin valve effect MR element was applied from
the ESD simulator which is a pseudo Human Body Model (Rgyyy=0.5
kQ, C=100 pF). First, the voltage VaAPPY of 10 V was applied.

Then, whether the pinned direction inversion occurs or not was



direction of the spin valve effect MR el enent was applied fromthe ESD -
sinmul ator which is a pseudo Human Body Model (R err]=0.5 k[err] , C=100
pF). First, the voltage V[err] of 10 V was applied. Then, whether the

pi nned direction inversion occurs or not_was 13 detected by the p -H
testér. If no inversion occurs, the vol #8ge V[err] was increased by 2 V and

then whet hgetbBgeRl BRedn rSCH @R sitRYEr SITEN neC AnvereionObcvagsdetpet ed . -
again by the p - Htester. By repeating these manner, the voltage |evel at

whi ch the pphgagedivt gg, | QR sOfinkchasiidn byalv & @hlie¢heMRwhlet M the ipIv@ided
was obtained. In thé ecification, an assist direction represents a

direction ghgbcRliBhl AAvEPEA0A VeRuTer LIChot WaRd ddite@tleldoR gal na®se tdleat pd
by the nagnetic field generated by a current fiow ng through the spin valve

effect MR gl gEBREer.N BY FePca®3hig0Rnead Mah®edgaivhe! viiiaglk ARvieAPagsents
~the opposite direction that the correct pinned direction is inverted by the

magneti ¢ fighdnoener 34ad ey a3 redtiont ol eMeN Sl FudRel Re reRith Mrdlete mintect
MR elenment In this direction. During the above-nentioned experinment, ESD

destructi opgsvehbagesaVivhs LetRSGeql.0 the sanples of the spin valve effect
MR el erent and the usual AVMR el enent are detected by increasing the

voltages appliegy! $nknepecidTRation] an a8distOlirict 1060 HepFelonts BhOUN

y ESDin Fig. 4. th respect to a typical spin valve effect element with
direction that pinning toward the correct pinned direction is
accelerated by the magnetic field generated by a current
flowing throughithe spin valve effect MR element in this
direction, and the against direction represents the Oppdsite
direction that the correct pinned direction is inverted by the
magnetic field generated by a current flowing through the spin.
valve effect MR element in this direction.

During the above-mentioned experiment, ESD destruction
voltages with respect to the samples of the spin valve effeét
MR element and the usual AMR element are detected by increasing
the voltages applied to these éamples. The result of this
experiment is shown by ESD in Fig. 4.

With respect to a typical spin valve effect element with
an initial Ryp of 51.9 Q, an applied energy level at which its
pinned direction is inverted is measured by experiment as
follows.

(a) Initial state of this spin valve effect MR element is

measured by applying external alternating magnetic filed with a



an initial Rerr] of 51.9 [err] , an applied energy level at which its
pinned direction is inverted is measured by experinment as follows. (a)
Initial state of this spin valve effect MR el enent is neasured by applying'
external alternating magnetic filed with a 14 constant anplitude and a
sensé current with a constant .value by Means of a p -H tester. (b) Then,

the spin VébMEFEBEeﬁhthﬁh%nﬁﬁH bS s@hkackasreatamiEBDascoukabat ablee by
t aki ng of f romthe p -H tester, and a voltage of the against direction

is appli edméaﬁgﬂ BQE?E%D & MUkker. t QphNenbR, ekarEBpin( Oh1TReeETECRT MRt he MR
el enment is taken off fromthe ESD sinulator and attached to the [err] -H

tester agabﬂemlﬁ%néscﬁ%%h%a' tol a8 ebpt hemiRatbenart e2f takiagplyitng tt he
voltage is neasured by applying external alternating nmagnetic filed with a

constant appli,t v dya+sefes ,Cdnbeat volithgd ©2nEhanhgsdnge @y rieeaisnof
the p -H tester ?d?pTHefgafter t he above- ﬁgntloned ngeegse?iof (b?nggg

(c) are feR§§ EBm%ﬁ@uery s'iﬂlﬁrlﬁ%%'rn&ot heeaPRl ieadmepitt.aggcyerr] and
W th nmeasur e out put voltage V[err] fromthe MR elenent. Fig. 5 shows

the result ﬁBrEQ%%e?XP%hb”ﬁﬁt l%ﬁe hi § of itQie® oifite oS thle FSPCisITRA ator

I ndi cat es F € applired energy cal cul ated by converting fromthe

appli ed Vohixﬁgg&\ébﬁpeh t%”% nee @ﬁ %e%ftle ‘!ﬂg‘&%hes TR@NG Akt rlaltd equilstiles

vol t age of ment err| and the MR resi stance Rl err]
[lerrl]. of the MR element after applying the voltage is measured by

applying external alternating magnetic filed with a constant
amplitude and a sense current with a constant value by means of
the p -H tester. (d) Thereafter, the above-mentioned processes
of (b) and (c) are repeated with gradually increasing the
.applied voltage Vpppy and with measuring the output voltage
Voyr from the MR element. Fig. 5 shows the result of this
experiment. In this figure, the axis of abscissas indicates
the applied energy E [nJ] calculated by converting from the
applied voltage VAPfY' and the axis of ordinates indicates the
output voltage of the MR element Voyr [« V] and the MR
resistance Ryp [ Q]. |

In the experiment, the external alternating magnetic filed
with a constant amplitude and the sense current of +4 mA in the
against direction of the spin valve effect MR element were
applied from the p -H tester. The voltage Vpppy in the against
direction of the spin valve effect MR element was applied from

the ESD simulator which is a pseudo Human Body Model (RSIMU=°'5



tn the experinent, the external alternating magnetic filed with a constant
anplitude and the sense current of +4 mA in the against direction of the
spin val ve effect MR el enent were applied fromthe p -H tester. The voltage
Vlerr] in the against direction of the spin valve effect MR el enent was
appli'ed fromthe ESD sinulator which is pseudo Human Body Model -

(Rlerr]=0.pg | é5lbgewﬁb.’ Pne08uRblit To8 tagkry Hé0b¥agﬁeVMRrbheﬂ%n%hWaMR
re il b

el enent was neasu e step by step increas t he applied voltage

Vlerr] by eXéggpg[gg??%&%tsﬁebgys%ebCﬂhc@@?gﬁﬁ C%h@tgggﬁg%g‘533t5%5|0“‘ng

equation (1); ere | SPEAK=V| err] err]=

R=R[err]+F$g§§%-béslwwt' ggeaasﬁﬁaah Bh@%@%i@-[ﬁaltgsgjgéq%?ha%eaff&aﬁ

pi nned dire nis start when the energy of abou I's applied to

the spin Vﬁh¥EES§HSGEBQR§ﬁh$%§Bh1(i@d finished when the applied energy
nJ.

I ncreased to about 1. hus, as’aforementioned, the operating point for
turning on the grekecti @ngpcircluifh 40 iscggfined to' an energy |evel equal to
or | ess than about EEGKnJ,MBre érably.té g | evel of about 0.68 nJ. As a

l't, wh b ecti =ak | t t I nal f the MR
Cl omont QUEREBC P PRAR Y SREH 0uri . SeAnrab SPANY SMBCossce of the

e a1 BELEAAT OB, S Rend FEBE' 3055 thbs ot prasagt) o

of the pinned direction is started when the energy of about 0.68 nJ is
applied to the spin valve effect MR element, and finished when
the applied energy increased to about 1.0 nJ. Thus, as
aforementioned, the operating point'for turning on the
brotection'circuit 40 is defined to an energy level equal to or
less than about 1.0 nJ, preferably to a level of about 0.68 nJ.
As a result, when some electric charges are applied to the
terminals of the MR element due to certain reason during
manufacturing processes of the magnetic heads after forming the
protection circuits 40, during assembling processes of the
completed heads to the HDD or during practical operation of the
HDD with the heads, the pinned direction inversion in the spin
valve effect MR element can be surely prevented from occurring.
Because the protection circuit 40 never respond to an energy
1evel'which will be applied thereto during usual use of the
spin valve effect MR element, it results no problem to always
connect this protection circuit 40 between the lead conductors

of the MR element.



HDD wi th the heads, the pinned direction inversion in the spin valve effect
MR el ement can be surely prevented from.occurring. Because the protection
circuit 40 never respond to an energy level which will be applied thereto
during-usual use of the spin valve effect MR element, it results no problem
to al ways connect this protection circul® 40 between the | ead conductors of

the MR el enent. pig 18 EhGus@riatledscoaces teorbiaghe tehdsadicsr oft ithe of the
Schottky di ode 40a or 40b. Suppose that the spin valve effect MR el ement

used has agkha¢skyi dliBael 4baSokeuob .M ugpaskRtharkoaheheipghi vellve % fifeiot]
m and therefore its MR resistance RVR is about 14 [err] . The sense

current dUMR”GlBﬁBﬁ't ARREahiagh al $rakkUiwidtiAoEnd .Bhus mt e dappMRedhraldtage
of the MR elenent is about 60 nV. Wen a current equal to or nore than

about 11 mhef LRWS oehn0Bah, Whi andPitheralnee eefifteC MRVRegligallice Ryjhd sagdiowt
direction, its pinned direction will be inverted. Thus, it is required to

prevent the4Cyyr entrn@didahnsle0 clir rEdite dultamgdheiall bpShaltirger st kbbualia e |
the applied voltage will be about 150 nV) from flow ng through the MR

el ement. Ea\fﬂlgi ghu%hﬁpég ?&Méddm%%g@%fa%ém Raemehar 3¢ Yoyt GO Fown

in Fig. 6. atisty the above-nentioned requirenent. Wth respect

to anot her yhypi ﬁak:ugﬂ'ieﬁtv‘i"-ﬂq‘ﬁ‘ileftfoe@r o thatd Whowt 1N waalr1dwWe hrdtgh

[err] , as for a nodification of the aforenentioned enbodi nent, an applied

ener gy lev%higtsWHBPQQﬂﬁé effect MR element in the against direction, its
pinned direction will be inverted. Thus, it is required to
prevent the current equal to or more than about 11 mA (under
this current, the applied voltage will be about 150 mV) from
flowing through the MR element. Each of the Schottky diodes
40a and 40b has characteristicé shown in Fig. 6. which will
satisfy the above-mentioned requirement.

With respect to another typical spin valve effect element
with an initial Ryp of 28.7 Q, as for a modification of the
aforementioned embodiment, an applied energy level at which its
pinned directioﬁ is inverted is measured by experiment as
follows.

(1) Initial state of this spin valve effect MR element is
measured by applying external alternating magnetic filed with a
constant amplitude and a sense current with a constant value by
means of a p -H tester. (I ) Then, the spin valve effect MR
element is attached to an ESD simulator after taking off it

from the p -H tester, and a voltage of the against direction 1s



pinned direction is inverted is neasured by experinent as follows. (I )
Initial state of this spin valve effect MR el enent is neasured by applying
external «alternating nagnetic filed with a constant anplitude and a sense
current with a constant value by neans of a [err] -Htester. (Il) Then,
the spin valve effect MR elenent is attathed to an ESD sinulator after

- taking offabblaéamftr% [caler EspHsligsligfordRd &neOMRAGS efienithe ggfi)nst
“direction is 7 applied fromthe ESD sinulator to the MR elenent (rer)

ThereafterTnbﬁeaW%e%Ie%ﬁ@tmmseh@ﬁ%atoﬁg &@%@hta%fE$Qoa'%ubah@b %&%uggk%&hed
to the p -Htester again. Then, characteristics of the MR el enent ter

- applying thgqvakkagseds teEaner e&' -y t3RRleY Bgahl.Cr ARlond! Tcﬁ%@'@c't'é&i@%ﬁ'&%t i c
~filed with a constant anplitude and a sense current with a constant val ue

by means. bt BiePimt el &R akggk_5?9&935g6%Pytb%l%ag%eigeahag%%%ap% esses

of (Il ) an [11) are repeate gr adual I ncreasing the appl

- vol tage V| ﬁbbhﬁﬂgo\é’x%@rﬁﬁis 'é&‘t%&n?a'%&n%“h@%he‘é‘i'ct '%Q‘?Le\d[ %1'th & eBnk?anR

el enent. FI g t he resul hi's experiment. In this figure, the

axis Of  2bsgpitaabndnaabeschie apeR §A%hOL EohBthrtavathd §9 Beans of

converting omt e appl red voltage V| and the axis o nat es

ndi cates the QLRULeKelbage (G )t HheMBaheiEntpY Shbkelhithotlea I N the

experiment, the external alternating magneti'c
processes of (I ) and (Il ) are repeated with gradually

increasing the applied voltage Vpppy and with measuring the
output voltage Vgyr from the MR element. Fig. 7 shows the
result of this experiment. In this figure, the axis of
abscissas indicates the applied energy E [nJ] calculated by
convertiné from the applied voltage Vpppy, and the axis of
ordinates indicates the output voltage of the MR element VouT
[uvl.

In the experiment, the external alternating magneticlfiled
with a constant amplitude and the sense current of +4 mA in the
against direction of the spin valve effect MR element were
applied from the p -H tester. The voltage VAPPY in the against
diréction of the spin valve effect MR element was applied from
the ESD simulator which is a pseudo Human Body Model (Rgyyy=0-.5
kQ, C=100 pF). The output Voltage-VOUT of ﬁhe MR element was
measured while step by step increasing the applied voltage
Vappy bY 1 V. The applied energy E [nJ] was calculated from

the aforementioned equation (1).



with a constant anplitude and the sense current of +4 mA in the against
direction of the spin valve effect MR el enent were applied fromthe p -H
tester. ~The voltage V[err] in the against direction of the spin valve
effect MR elenent was applied fromthe ESD sinulator which is a pseudo
Human Body Model (R[err]=0.5 k[err], C=380 pF). The output voltage Verr]

of the MR el em?g& W&ilﬁﬁésabﬁgr\éf%l ¢roncRiRY 9% eRneNdheasinant be apel i ed
voltage V[err] by 1 V. The applied energy E [nJ] was calculated fromthe

af or ement i ?ﬁﬂﬁﬁqﬁﬂkbgg 35)13 st t88 Whkh Rfc2RRRTEH ofr amblitd2. 65 Whie is

I nver si on e pinne Irection is started when the energy of about’ 2.55

nJ is appl hﬁglagdt ke $RENspd %aq%e%tff%temmabmeﬁ%d faindl $hed sHaan whize,

applied enefgy Increased to about 3.0 nJ, correctly 2.98 nJ. Thus, in this

modi i cati gfje hﬁgﬁ@ﬁf @h’e?’%gpg.g{&trefag%dt #oNiaBGuRN 31 0€ B, 0tcRiire@R 151 2C\yist i S

defined to an e | eve to or less than about 3.0 nJ, preferably

to a level ,9f a 24395 a3 fiesy |1 @ h s are
applied to ?he ?gpﬁlng sto# %5 el e%gﬁtWGE% ?%@?g?ta?;bpgggoﬁbgﬁrlng

TANUT act ur |40, RACESS B %rtol‘?:%cﬁgﬂetc'i 3305 5218 bR TGt B oyt Qe

circuits, during-asse g processes of the conpleted heads to the HDD or

during pr aghhﬁﬁe 8pgrra &g%\%e%fg‘f#‘ %PH:@E W fph hhept}%%%abtllg,e ol BNaGydyr et i on

i nversion | spin _ elenent can be surely prevented from
OCCUFFIng.aggﬁ%U§§5%h%JQro %C%!%%s%h%Quhhe%?%%he electric charges are

applied to the terminals of the MR element due to certain
reason during manufacturing processes of the magnetic heads
after forming the protection circuits, during assembling
processes of the completed heads to the HDD or during practical
operation of the HDD with the heads, the pinned direction
inversion in the spin valve effect MR element can be surely
prevented from occurfing. Because the protection circuit never
respond to an energy level which will be épplied thereto during
usual use of the spin valve effect MR element, it results no
problem to always connect this protection circuit between -the
lead conductors of the MR element.

Fig. 8 shows experiment result of the applied energy level
incurring the pinned direction inversion with respect to
various spin valve effect MR elements with different initial MR
resistances. In the figure, A, B and C denote sample groups of
the spin valve effect MR element, which groups have different

structures and shapes with each other. As will be understood



respond to an energy level which will be applied thereto during usual use
of the spin valve effect MR elenent, it results no problemto al ways
connect this protection circuit between the |ead conductors of the M
elemgnf. Fig. 8 shows experiment result of the applied energy Ievel

i ncurring the pinned direction inversiofwith respect to various spin valve

effect MR Ff&ﬂﬁﬁﬁ§SW@&ngbff%henaﬁbm&baabn@?g&esh@taaa@snglmhbhﬁihnaure A,
B and C denote sanpl e groups of e spin valve effect MR el enent, which

gr oups hav&i?é%&f?ﬁ”&n@&fgﬁ Hra§f§eﬂssBageﬁdthhuﬁaﬁhtﬁbh@&ouﬁg wiel kknle

under st ood romthis figure, the applied energy introducing the

pi nned d'f§§ih09aF9¥eé§reethﬁf6&émeﬁeeaﬁunap590@hbﬁe 4h9¥R810MRt he spin
val ve effec enment and upon their initial MR resistances in each

group. Fb“?&&istaﬂsgemgﬁeéaéhfg?bhan Ohoaa»eenetﬁa ﬁﬁnéﬁ'ﬂi¥éb%&oﬁfBQCt MR
el enents is Inverte en the energy of about 3.0 nJ is applied thereto. It

shoul d be Eﬁ&eénéhé% the eP@ﬁeqaiveee%raetlnmeeaeaanta tae 1aReRtedl Waen
effect MR el'enent occurs at the applied energy |evel |ower than the applied

ener gy levﬁﬁe'Qéé?ggcb@gaBBEtEﬁDodﬁﬁtﬁﬁchbﬁﬂigﬁ thersgpt MR elenent. Table

1 shows for rea nparison the applied energy resulting in the ESD

destruction and %hghgﬁghlgg ﬁB%EPyxb%%uEhbngihﬁeghﬂiﬁbﬁ%qgndHhQQYbQQH ﬁ%

i nversion with res ect to a usSua el enent and a spin val ve effect

el ement . th‘ﬁeaBBkhegaﬁ%r diegacE MRIbi13mBntabelu?kedt the applied energy

. level lower than the applied energy level introducing the ESD
destruction of the same MR element. Table 1 shows for ready
comparison the applied energy resulting in the ESD destruction
and the applied energy resulting in the pinned direction
inversion with respect to a usual AMR element and a spin valve
effect MR element. The applied energies E [nJ] are calculated
from the equation (1) by usihg practically measured peak
current value Ispgag of the spin valve effect MR element and
its half-value width r . In the Table 1, the values inside the
parentheses are calculated values using ISPEAK=VAPPY/R4 t =R°C
and R=Rgimy*RMmRr: and are relatively close to the measured
values, respectively. As will be understood from Table 1, the

" energy level resulting in the pinned direction inversion in the
spin valve effect MR element is extremely lower (substantially
1/4 or less) than the energy level introducing the ESD
destruction in the same MR element. Thus, it is impossible to

prevent the pinned direction inversion in the spin valve effect



fromthe equation (1) by using practically measured peak current val ue
Is[err] of the spin valve effect MR elenent and its half-value width [err].
In the Table 1, the values inside the parentheses are cal cul.ated val ues
using Is[err]=V[err]/R, [err] =R C and R=R[err]+Rerr], and are relatively
close to the measured val ues, respective®. As will be understood from
Table 1, the energy level resulting in the pinned direction I nversion in
the spin valve effect ER el ement is extrenely . lo rp$ nti%LI 1/ 4 or
ess) than MRoedRBRBY PB BRSPS PEuTbengoRTE Bo ST SRS same MR
el ement. Thus, it is i 0E5|ble to prevent the plnned dlrectlon I nver si on
in the splan8F9€téPPegEc NifReel ement by neans of the conventional ESD

destruction protection techni que. TabIeTl EEE DESTRUCTI ON Pl NNED
DI RECTI ON | NVERS| ON USUAL AMR  SPI N VAISRIEFRECT SPIN VALVE EFFECT ELEMENT
MR ELEMENT MR ELEMENT MR RESI STANCE R[err] ([err]) 45 45
44 APPLI ED VQ_TAGE \/r er I’] (\/\ 40 EAK—CHRRENF
Is[err] (mA)| 85.5(73.4)  70. D(60. B DATRREAR. 1) APPL ERVEMERGIOE | (nJ)
7.1(6.6) 4.7(4.5) 1.12(1.31) It is desired that the Qﬁ@& fpt i on cifcuit
40, nanely the Schottky di odes 4Pa and 40b is manufacturg uring the mwafer
process for formng a | arge nunbgr—of—mwagngti c heads on
USUAL AMR SPIN VALVE EFFECT SPIN VALVE EFFECT
ELEMENT MR ELEMENT MR ELEMENT
MR RESISTANCE Ruz (Q) 15 45 44
APPLIED VOLTAGE Vaeex (V) 40 ' 33 ' 18
PEAK CURRENT Ispeax (mA) 85.5(73.4) 70.0(60.6) 37.0(33.1)
APPLIED ENERGY E (nd) 7.1(6.6) 4.7(4.9) 1.12(1.31)

It is.desired that the protection circuit 40, namely the
Schottky diodes 40a and 40b is manufactured during the wafer
process for forming a large number of magnetic heads on a
substrate by using integration technique. Fig. 9 schematically
illustrates a part of manufacturing processes of the magnetic
head of the embodiment, particularly a part including a process
for fogming the protection circuit 40. In the wafer process,
after a plurality of spih valve effect MR reading elements and
inductive writing elements are fabricated, lead conductors and
terminal electrédes (bumps) connected to each of the spin valve
effect MR elements and the inductive elements are formed at

step S91. Then, in the wafer process, a semiconductor film



substrate by using integration technique. Fig. 9 schematically illustrates
a part of manufacturing processes of the nmagnetic head of the enbodi nent,
particularly a part including a process for formng the protection circuit
40. In the wafer process, after a plurality of spin valve effect MR reading
el ements and inductive witing el enents &e fabricated, |ead conductors and

term nal elgGtH aflaso Y PRINCOIBECISE BOoLPR¢ o PINI B S Lt &R ¥E ShéRCis VR

el enents and the 1 nductive elenents are forned at step S91. Then, in the

waf er process, e SHRAOWWCEDS, TddMRected Mbtwesit OISLYr | 3PCEAOMed P-TyPE
or N-type material such as Si, Ge, GaAs or InP, connected between a.pair of

the lead coifiidSrPfofacde B iy Nyt d Lfdc el elgnt S1d Of FBRedYby

executing a sem conductor fabrication process at step S92. Then, after not

shown processesf Qg Cé“%}én?ﬂcéﬂk?uc‘!@éx“f&ﬁ‘i?c@@i&l %%ﬁh@%%gs%ads are

aligned, for grinding the bars to adjust the throat ads,

for deposit'ﬁ&,agﬂ]e %éi&%&@rm%ct@%géu%ﬁé%ﬁérﬁaf dih05 bars

formng rails on ars are execut ed, Is cut 1nto slider pieces

S0 as to objigh {dif .Eé‘él?é@ifﬁbé@cgﬁe%zh& ed! FOLRrfId frhaé;‘%géeéég%' on

of the enbodi nent shown i n e protection circult or med

D noonror» R LS EEL SIS WY OB, By ealhe, b Bpddeylgeth piamone

Fig. 10 schepml iGaldon | {DLE} MAlFer Dok dhe BalrBNUAE #64 "o A AEESPER1E on
the bars are executed, each bar is cut into slider pieces so as
to obtain the separated magnetic heads at step S93.

In a modification of the embodiment shown in Fig. 3, the

protection circuit 40 may be formed by connecting discrete.
Schottky diodes between a pair of the lead conductors of each
spin valve effect MR element after the wafer process. Fig. 10
schematically illustrates a part of manufacturing processes of
the magnetic head of this modification, particularly a part
including a process for forming the protection circuit 40. In
the wafer process, after a plurality of spin valve effect MR
reading elements and inductive writing elements are fabricated,
lead conductors and terminal electrodes (bumps) connected to
each of the spin valve effect MR elements and the inductive
elements are formed. at step S101. Then, after completion of
the wafer process, discrete Schottky diodes are in

bidirectional connected between a pair of the lead conductors

for the spin valve effect MR element of each the magnetic heads



the magnetic head of this nodification, particularly a part including a
process for formng the protection circuit 40. In the wafer process, after
a pluralisty of spin valve effect' MR readi ng el enents.and i.nductive witing
el enents are fabricated, |ead conductors and term nal el ectrodes (bunps)
connected to each of the spin valve eff &t MR el enents and the inductive

el enents ap@ kRRE rdlr SIAP cakhl ofTheR mifhRit iIOMYRls @) ighdd @naf &ar

process, discrete Schottky diodes are in bidirectional connected between a

pair of t h%b't%%e@%@u%&rﬁrﬂ‘gﬁrtﬁ&wmm oralofe t9ld @p VA tlE MiEnefiCatdhd
t he magneti c heads 22 on the wafer, of each of the magnetic heads

al i gned onga3 fé%refot@,tlaizned 1Y 3 hiaphdtie W 1% Afrddty RictitrRd Rynaid C
head at step S102. If the nagnetic head is al ready connected .to the HDD by

| ead |inesgppheydiieadetia maehottitey disedes eVgddndit ks mded waativean the | ead

lines at any position fromthe nmagnetic head to the HDD. Preferably the
form ng or caRRRIIODAiwddie tlePlIRGd Ay @ lanys ‘PRSI Mo theear | i est

time in the manufacturing process - or .in the assenbling process of the

magnet i ¢ hgadneq 1@ Hed PR/ it ADPNIBrdfdFatass 1k fArmin & idhidion

pi nned direction inversion. In the aforenmentioned enbodi nent and its

T o S B, Sopdani, Wadditgh o8, QU A

megnet i zat i@ RANFEHANGRE B JITEGOU P Bhe Udsdhit g i YFitess of the
magnetic head so as to provide a longer time period for
protecting the pinned direction inversion.

In the aforementioned embodiment and its modifications,
the Schottky diodes are utilized as for the protection circuit
of magnetization inversion. Howevef, the protection circuit of
magnetization inversion can be formed by any switching element
other than the Schottky diode so long as its turning on energy
level is equal to or lower than about 3.0 nJ, preferably equal
to about 0.68 nJ or about 2.55 nJ.

Fig. 11 illustrates another embodiment of a complex
magnetic head with a spin valve effect MR reading element and
an inductive writing element according to the present invention
during its manufacturing processes. In the figure, reference
numeral 110 denotes a'magnetic head slider, 111 denotes an ABS
of the slider 110, 112 denotes the spin valve effect MR reading
element, 113 denotes a lower magnetic shield layer for the MR

reading element 112, 114 denotes a first thin-film magnetic



other than the Schottky diode so long as its turning on energy |level is
equal to or lower than about 3.0 nJ, preferably equal to about 0.68 nJ or
about 2.55 nJ. Fig. 11 illustrates another enbodi nent of a conpl ex nagnetic
head wtth a spin valve effect MR reading el ement and an inductive witing
el ement according to the present |nvent%§n during its manufacturing

processes. chiet B8 ybirdre thet fiRlaReea vieU eviali nkl @ 1daeeite and Mg Igiper head
slider, 111 denotes an ABS of the slider 110, 112 denotes the spin valve

ef fect MR paadiehd cels®i@ila 15h42 rdenet §hea MROWIenER@Nali2; Shiselaérctesy o or
the MR reading element 112, 114 denotes a first thin-film magnetic 23

core |ayer g@kohlae th’i‘i‘lu-q’till\iﬁ mifgnldti@ o niaydid oIN thiPamdRYIsld G Idialt]
| ayer for the MR elenent 112, 115 denotes a second thin-filmmagnetic core

|ayer of thegi RECHeYe aClc@TaNbr khe dMANcIve il iofy iRmdidictive witing
el ement, 117 denotes a pair of term nal electrodes fdr the i nducti ve

writing el gERBtesl b8 paGoEs tRriAinal0fe e tAdMs FAC thedanduit ivie wh ting

readi ng el enent 112, "and 119 denotes a pair of |ead conductors connected

acr 0ss_t he gyl gacl riase'dgrgaﬁeslg N A6 Hidihadihe R ded Hor e nat

electrodes respect i In addition, according to this enbodi nent, an

el ement ( cogpg tu%h'gv%ﬂénfé@t 11%% § G SN deiicdd i peilte ditesd CRTTtdMe

| eads 119 so at the MR el'enent 112 is short-circuited is provided during

a part of LR MRIURGMHI HLWMEIRRding element 112 and also with the
| pair of the terminal electrodes 118, respectively. In
addition, according to this embodiment, an element (conductive
line) 120 for short-circuiting the pair of conductive leads 119
so that the MR element 112 is short-circuited is provided
during a part of the manufacturing processes.

Fig. 12 shows a flow chart and Figs; 13a to 13c show side
vieﬁs of the magnetic heads, for illustrating a part of
manufacturing processes of the magnetic head..particularly a
part including a process for forming a short-circuit means and
cutting the element. In the wafer process, after a plurality
of spin valve effect MR reading elements and inductive writing
elements are fabricated, lead conductors and terminal
electrodes (bumps) connected to each of the spin valve effect
MR elements and the inductive elements are formed, and in
addition, the short-circuit means (conductive line) 120 for
short-circuiting the lead conductors for the spiﬂ valve effect

MR element 112 is simultaneously formed at step S121.



Fig. 12 shows a flow chart and Figs. 13a to 13c show side views of the
magneti c heads, for illustrating a part of manufacturing processes of the
magneti c+head, particularly a part including a process for formng a
shortgsgircuit nmeans and cutting the element. In the wafer process, after a
pIurallty of spi-n valve effect MR readi®§ el ements and inductive witing

el enents are fabpi gaped) sheagdepanduetonsmandltl 8801 Gahotkacithed@areunps)
connected to each of the spin valve effect MR el enents and the inductive

el ement s agguﬁekgaée)anisand@ﬂ@mbgomhetBglahehuvel@@wbbtnnanélém@hiughuve
line) 120 for short-circuiting the | ead conductors for the spin valve

effect MR §h&ﬁee&vé1albﬁeﬁmnghk%nqu$lneh@maadtﬁb geeRifdilelectzbdes ot
13a, reference nuneral 130 denotes the wafer (substrate), 132 denotes the

spin val verghf @ly %heaﬁaheﬁ%d hBgUgkenYe el RN eRRihall3] cdeRoes troe
term nal el ectrode or the inductive el ement, 138 denotes 'the term nal

el ectrodesg ers PEE %auaevakfﬁc%fMRCbleeﬁ&enaaa 1€9ddé§8t@§th%31bEﬂ | ead
conductors e spin valve effect MR el enent, respectively.

short - C'fcebggﬁge8§slégr'%hkoggaﬁ 92192 EQf%EQrMRCb&@mbhtth@eegb@tqkél
conduct ors or the MR el enent or the terminal eiectrodes 138 for t MR

el ement.. @ﬁg SHBE%LCEEEEE%S%%aB%r1@@tﬁbn90EB%dW§Behs'%bos%%&% ~E4kcnvai ch

magneti c heads are aligned, for grinding the bars 141 to adjust the throat

height of {hg BRadsorl dbadCRRlLCRErd P2dM2Re khkeMR element or the
terminal electrodes 138 for the MR element. Then, after
processes for cutting the wafer into bars 141 on which magnetic
heads are aligned, for grinding the bars 141 to adjust the
throat height of the heads, for depositing a Diamond Like
Carbon (DLC) layer on the bars 141, and for forming rails on

_ the bars 141 are executed, each bar 141 is cut into slider

pieces so as to obtain the separated magnetic heads at step
S122. At this cutting process, the short-circuit means 140 are
also cut and opened as shown in Fig. 13b.' Fig. 13c represents
the separated magnetic head after cutting.

As is described, in this embodiment, the short-circuit
means 120 (140) is connected across the spin valve effect MR
element. Thus, when some electric charges are applied to the
terminals of the MR element due to certain reason during
manufacturing processes of the magnetic heads until the short-
circuit means is opened by cutting, the pinned direction

1nversion in the spin valve effect MR element can be surely



.Carbon (DLC) layer on the bars 141, and for forming rails on the bars 141
are executed, each bar 141 is cut into slider pieces so as to obtain the
separated nmagnetic heads at step S122. At this cutting process, the
short-circuit neans 140 are al so cut and_opened as shown in Fig. 13b. Fig.
13c represents the separated nmagnetic hédd after cutting. As is described,
in this eqhodidpida #F6n SH&Ehreihiglit nmeans 120 (140) i.s connected across
the spin valve effect MR el enent. Thus, when sone electric charges are
applied to the {efds nahst Phet Hige MheFer@Ntcdie heane t &t nis edsoirddrtog
manuf acturi ng processes of the nmagnetic heads until the short- circuit
means is uHieck ®Yak Wit denal hehdr tredrsiieche s i dyecsibedi int hapapese
val ve effect MR el enent can be .surely 25 prevented fromoccurring. After

cutting thg Shofin&d rSaténfepRs11titisn deei997) L 228904eCtoPPeSPbRANAE to
short-circuirt means described in Japanese unexam ned patent publication

9(1997) - 233304 4 oK £ CRPINLEAB1ER $5r 1 KBRS 08PPHT 826 ORoBEpeRling)
No. 08/ 797, 626 now pendi ng) provi ded by the same applicant as this

appl i cati %&#ﬁémf@g SENEUEHPI scRhtt B8 ERLS NpbYecatiest wibhetreent.

Many wi dely di odi ments of the present invention may be

construct efLIéM tﬁm? éﬁaﬁétbﬁgtﬁéogbmev&méi &£ PEEL SMRPE18khehBe Present

invention. Tt shou % be understoo that the present invention is not

limted to the gpecif}ge PPORFFFERESt embodiments of the present invention
may be constructed without departing from the spirit and scope
of the present invention. It should be understood that the
present invention is not limited to the specific embodiments

described in the specification, except as defined in the

appended claims.



described in £ ion, except as defined in the appended .cl ai ns.
WHAT IS CLAI Wﬁﬂmmuuﬁ&wt hod of manufacturing a magnetic head with a
spin valve ef% : stive elenment, said nmethod conprising the
stepg,.of: formng a plurality of spin vg{ve ef fect magnetoresistive

el ements on a substrate; formng a plur@lity of pairs of |ead conductors
connect ed wHAT B CLAEMEBCISYe spin valve effect nagnetoresistive el enents
on said substrate; and formng a plurality of protection circuits of

magneti zati on inversion connected between said respective pairs of |ead
conductors on said substrate, each of said protection circuits being

constituter. so ASméthddr&f Ofanlitdc thr 1 BECh VREZAETL EHCHENd Wy bhaa | sgfh at
whi ch the pinned direction inversion in each of said spin valve effect

magnet or esySlve e Bf SEENLEEREEUF 6512t ive TEReiBh DO0s@d Chét HEE &é8mbl 8k Ths
wherein said protection circuits formng step includes a step of formng a

plurality tHe psdstoPn circuits of magnetization:tinversion, each of said
protection circuits having an operating point for turning on, defined at a

energy |evel SL*&%ﬁHﬁéaé|ﬂl@ﬁ&ﬁitiQoPrsﬁPﬂﬁﬁaiﬁé”e?f@cﬁJmagnetoresistive

elements on a substrate;

forming a plurality of pairs of lead conductors connected
with said respective spin valve effect magnetoresistive |
elements on said substrate; and

forming a plurality of protection circuits of
magnetization inversion connected between said respective pairs
of lead conductors on said substrate, each of said protection
circuits being constituted so as to turn on when it receives an
energy with a level at which the pinned direction inversion in
each of said spin valve effect magnetoresistive elements

occurs.

2. The method as claimed in claim 1, wherein said protection
circuits forming step includes a step of forming a plurality of
protection circuits of magnetization inversion, each of said
protection circuits having an operating point for turning on,
defined at a energy level substantially equal to or lower than

3.0 nJ.



3. The net claim2, wherein said protection circuits
formng ste mﬂlﬂm !ﬂgﬂgm of formng a plurality of protection circuits
of. netlz \* ach of said protection circuits having an
oper ti ng point for turni ng on, deflneda@t a energy |evel substantially

equal to 2.55 nJ. 4. The nethod as cldimed in claim1;, wherein said

protectiod.cir qQuiet mefttnrom G Y1elnaic|iules sl nst2p whie fedmisigd & pdyed i fon Of
protection circuits of magnetization inversion, each of said protection

circuits kavicndtan fonaialy B¢ apoiitcuded W RHitd OF el Atp1aneN&tyy of
level substantially equal to or [ower than 1.0 nJ. 5. The net hod as

cl ai med i profteicvién \Wigiceiit ss ¥l mAgdictdidation retidrS ffod ,Madt S tap ddud udes
a step of formng a plurality of protection circuits of nagnetization

i nver si onpregel tabns ¥i¢ cridise tavaheC iaht Wrlet dtAvigh H oA tOFRI Attt 13 ¥n f Or
turning on, defined at a energy |evel substantially equal to 0.68 nJ. 6.

The net hodefinedaiated iehedgdi Mekie IM3RIDS tAntAiad 187 @RIl Td @ .15®uids, form ng
step includes a step of formng a plurality of Schottky diodes. 7. A

met hod of manufacturing a nmagnetic head with a spin valve effect

magnet oresi stive el enent, said nethod conprising 28 the steps of:

4. The method as claimed in claim i, wherein said protection
éircuits forming step includes a step of forming a plurality of
protection circuits of magnetization inversion, each of said
protection circuits having an operating point for turning on,
defined at a energy level substantially equal to or lower than

1.0 nJ.

5. The method as claimed in claim 4, wherein said protection
circuits forming step includes a step of forming a plurality of
protection circuits of magnetization inversion, each of said
protection circuits having an operating point for turning on,

defined at a energy level substantially equal to 0.68 nJ.

6. The method as claimed in claim 1, wherein said protection
circuits forming step includes a step of forming a plurality of

Schottky diodes.

7. A method of manufacturing a magnetic head with a spin

valve effect magnetoresistive element, said method comprising



forn1ng a pIurallt e effect magnetoresistive elements on a .
substrat e; “Illul E ﬂi&ﬂ!‘;y of pairs of |ead conductors- connected with
sai d respec fect magnetoresistive elenents on said
subst4it e; and connectlng a plurality of _gliscrete protection circuits of
magneti zation inversion between said respective pairs of |ead conductors on
sai d subst thtestepehodf; said discrete protection circuits being constituted
so as to turn on when it receives an energy with a | evel at which the

pi nned directiofiormifgSaoplutadacl of spidh yalRevalrrecel haghetoresistive
magnet oresi stive el enents occurs. 8. The nethod as clainmed in claim?7,

wher ei n saellemenvecbnng subptirateydes a step of connecting a plurality of
di screte protection circuits of nagnetization inversion between said

respective pairgoehihgad poutdsieysofepairef ovaidad eonahietbiat @ehndeted
circuits having an operating point for turning on, defined at a energy

I evel subswephi shlig e@upbcth@rstnevaubaneSf@chma&netoIaeiﬁeﬁb@d as
claimed in claim8, wherein said connecting step includes a step of

connect i ngefelbuta! bhysafiddsabser-atBrobagt i on circuits of nagnetization

i nversion between said 29 respective pairs of |ead conductors, each of

sai d discrete peghfieet@fgChl pUurallgy B¢ ansepetat ppretBeitibnl @4 rewitisngLon,
magnetization inversion between said respective pairs of lead
conductors on said substrate, each of said discrete protection
circuits being constituted so as to turn on when it receives an
energy with a level at which the pinned direction inversion in

each of said spin valve effect magnetoresistive elements

occurs.

8. The method as claimed in claim 7, wherein said connecting
step includes a step of connecting a plurality of discrete
protection circuits of magnetization inversion between said
respective pairs of lead conductors, each of said discrete
protecfion circuits having an operating point for turning on,
defined at a energy level substantially eqﬁal to or lower than

3.0 nJ.

9. The method as claimed in claim 8, wherein said connecting
step includes a step of connecting a plurality of discrete

protection circuits of magnetization inversion between said



defined at r | evel substantially equal to 2.55 nJ. 10. The nethod
as cl ai ned iﬂmﬂ ﬂﬂ | ﬂ Ln sai d connecting step includes a step of
connectiLrg a'y crete protection circuits of magnetization

i nver&i'on between said respective pairs of |ead conductors, each of said
di screte protection circuits having an oﬁ%rating poi nt for turning on,

defined at reswesrtgived euelrsub®tledd atdnydestets | ceadh |ofvesatidatidePepd. 11.
The nethod as clainmed in claim 10, wherein said connecting step includes a

step of compredidaigion mirality dviig cdetep ey ol Bod ipuikt el tsuling on,
magneti zati on inversion between said respective pairs of |ead conductors,
each of saidefdinsxt ette grexieacds Areve Y GlibsSt 41004 4101 R re QREr &id N9, 9igg . f or
turning on, defined at a energy |evel substantially equal to 0.68 nJ. 12.
The nethod as clainmed in claim?7, wherein said connecting step includes a
step of connecting a plurality of discrete Schottky di odes between said

respectivelpai r Thef metdmbd axdudiainted 1h AdmEi od vife v faid!lddhéet ing
magneti c head with a spin 30 valve effect nmagnetoresistive el enent, said

net hod conprtiep nmcllEest epstfp JfOrdBHIE G g !y ik 01 5PIdE il & &id ect

magnet oresi stive elenents on a substrate; formng a plurality of pairs of

| ead conduptotectdorceiiaduits of magnetization inversion between said
respective pairs of lead conductors, each of said discrete

protection circuits having an operating point for turning on,

defined at a energy level substantially equal to or lower than

1.0 nJ.

11. The method as claimed in claim 10, wherein said connecting
step includes a step of connecting a plurality of discrete
protection circuits of magnetization inversion between said
réspective pairs of lead conductors, éach of said discrete
protection circuits having an operating point for turning on,

defined at a energy level substantially equal to 0.68 nJ.

12. The method as claimed in claim 7, wherein said connecting
step includes a step of connecting a plurality of discrete
Schottky diodes between said respective pairs of lead

conductors.

13. A method of manufacturing a magnetic head with a spin



mnth said resp ef fect magnetoresistive el enents on said
substrat e; forﬂi Mﬂ] Hﬂ@ of short-circuit neans for short- circuiting
sai d reg ﬁECtlv *conductors on said substrate; and cutting

- said4§u strate to separate said spin val ef fect magnetoresistive el enents
into individual one and to break el ectriTal connections of said

short - ci r cueflveealff ewitt magaied oresjedtivee elamentqf sladad medhedc ttomp.r iB4AngA
magneti c head with a spin valve effect nagnetoresistive el enent,
conpri si ngtha spiepsvalfve ef fect magnetoresistive elenent; a pair of |ead
conductors connected with said spin valve effect nagnetoresistive el enent;
and a protectioffoeming o epfluraddi¢ty oft ispin vedve effectnaagnd theewdetisa d
pair of |lead conductors, said protection circuit being constituted so as to
turn on whehementscenvas sabstrartgy With a | evel at which the pinned
direction inversion in said spin valve effect nmagnetoresistive el enment
occurs. 15. Tbhemiegdaaplarality of pladrs b£, leadr eondaaitdrgr conticicaed
circuit includes a protection circuit of magnetization inversion having an
operating wotht shdd trespecyive, spdh vadve! ef ferer grgheteresdilsstizeti al |y

equal to or lower than 3.0 nJ. 16. The head as clained in claim15, wherein
sai d prot eellemsntisr oni saiidclsudetrater;ot ection circuit of magnetization
forming a plurality of short-circuit means for short-
circuiting said respective pairs of lead conductors on said
substrate; and
cutting said substrate to separaté said spin vaive effect
magnetoresistive elements into individual one and to break

electrical connections of said short-circuit means with said

respective pairs of lead conductors.

14. - A magnetic head with a spin valve effect magnetoresistive
element, comprising:

a spin valve effect.magnetoresistive element;

a pair of lead conductofs connected with said spin valve’
effect magnetoresistive element; and

a protection circuit of magnetization iﬁversion connected
between said pair of lead conductors, said protection circuit
being constituted so as to turn on when it receives an energy
with a level at which the pinned direction inversion in said

spin valve effect magnetoresistive element occurs.



“inversion having an operating point for turning on, defined at a energy
| evel substa 2.55 nJ. 17. The head as clained in claim 14,
vvherel n sai d "llmm“mmml ml includes a protection circuit of

magnet i'zati on* nversi on Favirng an opera%ing poi nt for turning on, defined
at a energy |evel substantially equal td or Iower than 1.0 nJ. 18. The head
as clainmed in claim17, wherein said protection circuit includes a
protection circuit of magnetization inversion having an operating point for
turni ng orl5 defTheechead aaenelyimé¢dvin clbbn alti avhgretmasaid Prégeation?.
The head as clainmed in claim 14, wherein said protection circuit includes a
plurality afrcSciotinglufiesies. protection circuit of magnetization

inversion having an operating point for turning on, defined at

a energy level substantially equal to or lower than 3.0 nJ.

16. The head as claimed in claim 15, wherein said protection
circuit includes a protection circuit of magnetization
inversion having an operating point for turning on, defined at

a energy level substantially equal to 2.55 nJ.

17. The head as claimed in claim 14, wherein said protection
circuit includes a protection circuit of magnetization
inversion having an operating point for turning on, defined at

a energy level substantially equal to or lower than 1.0 nJ.

18. The head as claimed in claim 17, wherein said protection
circuit includes a protection circuit of magnetization
inversion having an operating point for turning on, defined at

a energy level substantially equal to 0.68 nJ.

19. The head as claimed in claim 14, wherein said protection

circuit includes a plurality of Schottky diodes.



