TI TLE OF THE | NVENTI ON Met hod for Driving Magnet o- Resi stive El engiatt T
" BACKGROUND OF THE | NVENTION This invention relates to a nethod for driving
a magpet o- resistive el enent configured for supplying the bias current to a
bi as €onductor. Mre particularly, it . relates to a nethod for driving a
magnet o-resi stive effect elenent for é'nagneto- resistive effect magnetic
head havi ng a magneto-resistive effect -head and a bias conductor. Wth the
recent tepdepcyrtomer dsvearsoml | size and a | arge capacity of a hard disc
unit, there is an increasing demand for a small-sized hard disc unit with a
Si ze on Hhehoddévrobritongeagpéeo-ReSistfoe Bibagenwi t h possi bl e
application to a portable conputer typified in particular by a note-book
type per BAGKGROUNPUPEr THRY i RVENEROKmal | - si zed hard disc, since the velocity
of the medium.is retarded dependi ng upon the disc dianeter, the pla¥back
output is |owehéd WYRNAieBnYARLEBRakCi AJTELINEA £PPe dTAYRBEI 8 REEAS Phe

out put of which depends upon the disc velocity, thus frustrating the
attenptsPFﬁIFﬁdVSagsﬁﬁePﬁeCB&SééFF?? for supplying the bias current to

a bias conductor. More particularly, it relates to a method for

driving a magneto-resistive effect element for a magneto-
resistive effect magnetic head having a magneto-resistive effect
head and a bias conductor.

With the recent tendency towards a small size and a large
capacity of a hard disc unit, there is an increasing demand for
a small-sized hard di;; unit with a size on the order of, for
example, 2.5", for usage with possible application to a portable
computer typified in particular by a note—-book type personal
computer.

With such small-sized hard disc, since the velocity of the
medium is retarded depending upon the disc diameter, the playback
output is lowered with a conventional induction type magnetic
head, the output of which depends upon the disc veloqity, thus
frustrating thg_fﬁtempts in increasing the capacity.

Conversely: a magneto-resistive effect magnetic head (MR
head),_ detecting resistance changes in a magnetic layer
exhibiting magneto-resistive effect of being changed in

resistivity by a magnetic field, has a feature that its playback

output is not dependent upon the 'velocity of the recording



Conversely, a magneto-resistive effect magnetic head (MR head), detecting
resi stance changes in a nagnetic |ayer exhibiting nagneto-resistive
effect of being changed in resistivity by a magnetic field, has a
feature that its playback output is not, dependent upon the vel ocity of

t he recording 2 medi um and a hi gh plYayback out put may be achieved for a
| oner velocity of the recording nmedium Thus the MR head is attracting

attenti opeasud NMagaetd & ik@agi1cgpakke Rft pueakhbzi BY achakged’ e66rdi Ngwer
capacity with a small-sized hard disc. The MR head is a playback magnetic
head expleiibicigyt b tSloe roaddreth ngpgredtamr. esiatd wheeMReltéapheneanenantiingwhi ch
the electrical resistance value is changed wth the angl e between the
di recti oatéfentdagmnetdgate omapnepér thead t cansbipore retrablandngher dilregei on
of the current flowing therein. That is, if the stray magnetic flux from
t he magneé®eic® rdd@dr gieRg criddi Withsar épelVedipgdt herdRdesenent, the direction
of magnetization of the M el enent ) o
The MR head is a playback magnetic head exploiting the so-
called magneto—-resistive effect phenomenon in which the
electrical resistance value is changed with the angle between the
direction of magnetization proper to a transition metal and the
direction of the current flowing therein. That is, if the stray
magnetic flux from the magnetic recording medium is received by
the MR element, the direction of magnetization of the MR element
»
is rotated under the effect of the magnetic flux such that the
direction of magnetization of ‘the MR head has an angle
corresponding to the amount of magnetism with respect to the
direction of the current flowing in the MR element. Thus the
electrical resistance of the MR element is changed and a change
in voltage corresponding to the change in the electrical
resistance appears across both electrodes of the MR element
through which flows the electrical current. Consequently, the
magnetic recorqing signal can be read out using this voltage
vy
change as a voltage signal.
The MR head is formed by forming an MR element, an electrode
filmor an insulating layer on a substrate by a thin film forming

technique and etching the film to a pre—-set shape by a

photolithographic technique. A lower magnetic pole and an upper



is rotated under the effect of the magnetic flux such that the direction

of magnetization of the MR head has an angle corresponding to the
anount of magnetismw th respect to the direction of the current flowng in
the MR el enent. Thus the electrical resjstance of the MR el enment is changed
and a change in voltage corresponding to the change in the electrical

resi stance appears across both el ectrodes of the MR el enent through which
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can be read out using this age change as a vol t'age signal . head

is formed RyckQrll NG ANaVRi &l E1BH o 8l Sl 8¢LE0QR dilnleM PLp RIS AL ERP
| ayer on a substrate by a thin filmformng technique and etching the film

to a prepsehishapaghym qahieiol hi Hoegr aphirg ukechrimue) o\ h@Weh tBBONAL | grpOl €
and an upper 3 magnetic pole are provided in order to provide a
shi el di ng ietneuct.ure for delimting a gap size during reproduction for
Specifically, in a so-called vertical MR head in which the
sense current flows in a direction perpendicular to the track
width direction, an insulating layer, a soff magnetic layer
operating as the lower magnetic layer and a second insulating
layer of Al2 or SiO2 are formed in this order on a n?n—magnetic
substrate. On this insulating layer is formed an MR element for
extending in a direction perpendicular to a facing surface with
-
respect to the magnetic recording medium, that is a head surface
on which slides a magnetic recordiﬁg medium, with an eﬂd face of
the MR element being exposed to the head surface on which slides
a magnetic recording medium. On both ends of the MR element are
formed a forward end electrode and a rear end electrode for
supplying the MR element with the sense current. On the MR
device is formed an insulating layer composed of Alﬁ% or Sior
This insulating layer is sandwiched between the forward end
electrode and th rear end electrode. ©On the insulating layer
is formed a bias conductor facing the MR element. On this bias
conductor fs formed a further insulating layer on which a soft
magnetic film operating as the upper magnetic pole is layered to

complete the MR head.

The function of the MR element in the MR head is explained.



prohi biting unneeded nmagnetic flux fromflowing into the MR el enent.
Specifically, in a so-called vertical MR head in which the sense current
flows in a direction perpendicular to the track width direction, an
insulating layer, a soft nagnetic |ayer-operating as the | ower magnetic

| ayer and a second insulating |ayer of Al[err] or SiJerr] are forned in
this order on a non-nagnetic substrate. On this insulating |ayer is forned
an MR elenent for extending in a direction perpendicular to a facing
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Al[err]dJerr] or Sigerr]. This insulating layer 1is sandw ched between
t he forvxwrm@rtde%@cttlrc@d@yaael Mhecueae endwal egtrogdes. On the insulating

| ayer is formed a bias conductor facing the MR elenent. On this bias
conductor is fRomett i ifng tter MRIsdéaidceg thyebian whrebna sef taused to
flow through a bias conductor for previously applying a bias
magnetic field Hb to the MR element up to a point where superior
linear characteristics are displayed with respect to t@e external
magnetic field and the electrical resistance R is changed most
acutely. This point 'is an operating point A. If a signal
magnetic field AHs is applied from the magnetic recording medium,
it is converted into resistance changes ARs. That is, if a pre-—
set current Is is allowed to flow in the MR element, this
resistance change ARs may be taken out as an output voltage AVs
based upon the Ohm’s law. By supplying the sense current Is to
the MR element, the MR element is converted into a sole magnetic
domain, thus suppressing generation of the so—called Barkhausen
jump. _
Since the,&R element of the MR head is sandwiched by the
upper magnetic pole and the lower magnetic pole, the S/N ratio
and the recording density of the playback output may be improved
as compared to the head devoid of the upper and lower magnetic

poles.

The MR head is usﬁally employed as a recording magnetic



magnetic fil moperating as the upper nmagnetic pole is layered to conplete
‘the MR head. The function of the MR element in the MR head is expl ai ned.
4 The electrical resistance of the MR elenent is varied dependi ng upon the
intensity (volunme) of the magnetic flux_entering the MR elenment. That is,
the external magnetic field dependency 3f the el ectrical resistance R of
the MR device is represented as MR characteristics by an MR curve shown in
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t hrough a biads conductor for previously applying a blras magnetic field Ho

to the MR aliemepd Upxifp Be POLAL 1WRGEE i SHPRLbEr thiineari Ghakamieyicstiasd are
di spl ayed with respect to the external magnetic field and the electrical
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A. |If a signal magnetic field AHs is applied fromthe magnetic recording

medi um itedsraiybrdmebdutting dsifstravace oohanges Lpepn] Rs. fTom@ta imagnét i pre-
recording medium. '

Recently, an increasing demand is raised for improving the
recording density for a hard disc. In keeping up therewith, the
tendency is towards reducing the track width and reducing the
length along the easy axis of the MR element, that is the length
pérpendicular to the longitudinal axis of the MR element. In such
case, hysteretic changes tend to be proauced in MR
characteristics of ihe’MR element. That is, if a larger external
magnetic field, such as stray magﬁetic field from the recording
magnetic field, is applied to the MR element, thg MR
characteristic curve undergoes transition, such that an output
of the MR head becomes unstable.

Fig.7 shows changes in & track average amplitude (TAA) on
repeated recording and reproduction with the use of the above—
described compound thin-film magnetic head. The track average
amplitude mean§‘an average output over a turn of a hard disc.

It is seen“from Fig.7 that, if the recording/reproduction
is repeated; the TAA, which is at a lower constant value at the
outset, is discontinuously increased as a certain number of times

of repetition, indicated at tc in Fig.7, is reached, after which

the TAA is again maintained at a slightly increased larger



set current Is is allowed to flowin the MR elenent, this resistance
change ARs may be taken out as an output voltage AVs based upon the Chnis

| aw. By supplying the sense current Is to the MR elenent, the MR elenent is
converted into a sole magnetic domain, thus suppressing generation of the
so-cal | ed Bar khausen junp. Since the MR®%I enent of the MR head is

sandwi ched by the upper magnetic pole and the | ower nagnetic pole, the S/N
rati o an recordi,ng density.of the.playback output be i nmprov as
conpar ed%toﬁ)jgt%ﬁg%heé%ld%\ioi d O?Xfﬁe df}gé?agéa Ig\}\?& nmagneti ¢ pol es” Tﬁg MR
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a conpound thin film magnetic ad unified w or exa e % an |pductive
type thin fil mhyrgnetis feademndly i f CQPAURG relilbB- them iz dmRGNeHECHr head

S used for recording/reproducing information signals on or froma
magnet | Cc head as well as to prevent an output from becoming unstable due
to reduction in width of the MR element. Consequently, an
effective method for possibly overcoming this inconvenience is

being searched.

SUMMARY OF THE INVENTION

It is therefore an object of the .present iqyention to
provide a method for driving a magneto~resistive effect element
capable of significanﬁ}y improving output stability of the MR
element and developing a high output.

According to the present in;ention, there is provided a
method for driving a magneto—resistive effect element in which
a bias magnetic field is applied by a bias conductor fed with a
bias current to a magneto-resistive effect element whose
resistivity is changed with an impressed magnetic field. The
method includes supplying to the bias conductor a pulsed initial
current having a pulse crest value higher than the bias current
value prior to sgpplying said bias current. The pulse crest value
means the maximum value of respective pulses of the initial
pulsed current.

Specifically, the pulse width value of the initial current
is not less than thrice the bias current value and thé pulse

width value is not less than 1 msec. If the pulse crest value



recording nedium Recently, an increasing demand is raised for inproving
the recording density for a hard disc. In keeping up therewith, the
tendency is towards reducing the track wi dth and reducing the | ength al ong
the easy axis of the MR elenent, that is,the | ength perpendicular to the

| ongi tudi nal axis of the MR elenent. In such case, hysteretic changes
t end to be pr oduced in MR characteristics of the MR el enent. That

is, if ajlanger exhLarn: tdg field such as stray netic field from
t he recorélﬁg nagﬁéﬁlcq{ r‘;Ehsc%lprﬁled f 9t he kﬁ?e?enen? k fath
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head becomes unstable. Fig.7 shows changes'in a track average anplitude

(TAA) onMrepeatradteecerdicBgcanfot ept ogpsihoegW th the use of the above-
descri bed conpound thin-filmmagnetic head. The track average anplitude
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that, if the recording/reproduction is repeated, the TAA, which is at a

| oner coMN&t sdemealtuendt at ve agutcoetducite rdissppitiedusishy thacbeaseduaseat

certain nunber of tines of repetition, indicated at tc in Fig.7, is

r eached, xéﬁtqglqMﬁ ch magneto-resistive effect type magnetic head (MR
head). It is preferred with the MR head that the MR element be
connected in series with the bias conductor. Since the sense
current is used simultaneously as the bias current, the initial
current is supplied to the bias conductor (MR element) before
supplying the sense cufrent to the bias conductor.

Meanwhile, the MR element 1 shows hysteretic changes in its

MR characterisiics, as shown in;Fig.S. If, in reproducing
information signals using the MR element 1, a larger external
magnetic field, such as a stray magnetic field from the recording
magnetic head, is impressed on the MR element 1, transition
occurs on the MR characteristic curve from an operating curve,
referred to as a curve S1 in Fig.3, to the opposite operating
curve, referred to herein as a cﬁrve S2 in Fig.3.Since the curve
B is steeper tﬁgn the curve A in the vicinity of the operating
point A the MR element 1 exhibits an operation of higher
sensitivity when operating on the curve B than when operating on
the curve A. Since this change occurs irrevocably, the MR

element 1 exhibits MR characteristics of the curve S2 since the

time when such change has occurred.



the TAA is again nmaintained at a slightly increased |arger 6 const ant
val ue. Thi s I ndi cat es that a change in MR characteristics
conparable to a hysteresis is produced at tc. Thus it is extrenely
difficult to reduce the size of the MR head as well as to prevent an out put
from becom ng unstable due to reduction8 in width of the MR elenent.
Consequently, an effective nethod for possibly overcomng this

i nconveni ence_i s being searched. SUMVARY OF THE INVENTION It is therefore
an obj ect of tﬁ@spré§eﬁPe|ﬁVéﬁFFoh“fBlt%cﬁH%ﬁ?%frﬁﬁtﬂﬁfﬁ%ﬁ”edﬁlﬁPﬁaléed

magnet o- r.esi fect, el enent capabl e of 5| |f|cantl npr.ovi t put
stablllty of N&;e %ﬁ%n{ Hnd . de eFSEPﬁ& 88ni gﬁ %%??ﬁnéhr cordfﬁg ﬁ t he
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If
magneto-resistive e ment 1n as magnetic field 1s applied
by a bi agyeongugtorcfeb W tRs@ continued to be supplied to the bias

conductor 14 since that time, the MR element 1 perpetually

operates with a stabilized output and excellent sensitivity.

BRIEF _DESCRIPTION OF THE DRAWINGS

Fig.1l is a schematic cross—sectional view showing an MR head
according to an embodiment of the present invention:

Fig.2 is a schematic plan view showing an MR element and a
bias conductor making up an MR head shown in Fig.l.

*

Fig.3 is a graph showing the manner of hysteretic changes
in MR characteristics of the MR eiement.

Fig.4 is a curve showing the relation between the normalized
pulse crest value and the ratio of the MR head with the MR
elements being of the initial MR characteristics being 5% or
higher. .

Fig.5 is a curve showing the relation between the pulse
width value and the ratio of the MR head with the MR elements
being in the initial MR characteristics being 5% or higher.

Fig.6 is a curve showing MR characteristics f an MR head.

Fig.7 is a curve showing the relation between TAA and the
number of times of- recording/reproduction on
recording/reproducing a compound thin film magnetic head having

an MR head.



bias current to a magneto-resistive effect elenment whose resistivity
I's changed with an inpressed magnetic field. The nethod includes supplying
to the bias conductor a pulsed initial current having a pul se crest val ue
hi gher than the bias current val ue priO@ to supplying said bias current.
The pul se crest value means the nmaxi num’val ue of respective pul ses of the
initial pulsed current. Specifically, the pulse wdth value of the initial

current LsrR9% ehes EQ§ TEBﬁiBE hg ' 5ents ,@nd the pulse width
val ue is X 7 is less than
thrice the biﬂ%f@??ﬁﬁgt&%adﬁgi&yéJqﬁgggnéﬁeh“ﬁgger@iyg Aﬁ%gé¥%%n%ggq %nnsec,

t here my be occasi ons ereln sta . C aracteri st I CS canpot
producedMrAGealdoRgthe bLREsPRESERLhDYERLY PN thee devi o dav ngthg MR

el ement and a bias conductor supplied with the bias current I1s mainly a

magnet o- r esi sFiige lekheet aypBRrRMagAat b headpr¥Rent embodiment as a so-—
called vertical type magnetic head having an MR element 1
sandwiched between a lower magnetic pole 2 and an upper magnetic
pole 3. The MR element 1 has its difficult axis (longitudinal
direction) extending at right angles to a surface a thereof along
which slides a magnetic recording medium, herein not'shown.

The MR head has its easy axis extending parallel to the
surface a along which i}ides the magnetic recording medium. The
easy axis is the direction along which the magnetic anisotropic
energy becomes locally maximum ;nd spontaneous magnetization
tends to be stabilized,'while the difficult axis is the direction
along which the magnetic -anisotropic energy becomes locally
maximum.

Recently, a demand is raised for further increase in
capacity of a hard .disc device, and attembts have been made in
reducing the track width and raising the recording density of the
magnetic recorﬁgng medium. However, if the track width is
reduced, an output is lowered, whilé coercivity is increased and
the residual magnetic flux density is lowered, thus leading to
déterioration in the S/N ratic. Thus there is proposed a small-
sized MR head having an MR element with a high current density

and a thin film thickness.



head). It is preferred with the MR head that the MR el enent be connected in
series with the bias conductor. Since the sense current is used

simul taneously as the bias current, the initial current is supplied to the
bi as conductor (MR el ement) before supplying the sense current to the bias
conductor. Meanwhile, the MR element 1 shbws hysteretic changes in its MR
characteristics, as shown in Fig.3. If, in reproducing informtion
signals using the MR elenent 1, a |larger external magnetic field, such as a
stray magneti @ hfej ¥Rdhepdne f hehe daortdinig embgdémieo theadan i exdampreesseduon t he
MR el enment 1, transition occurs on the MR characteristic curve from an

oper at | nJ3EHeFdC NEREr PBE BdS &0 1y d@ue tSTmiAatisg. Sltboat%SoGG@silUFéor
operating curve, referred to herein as a curve S2 in Fig.3.Since the curve
B is st&&g&e (4R6f tH LTS R WY ot S v cTRRE yeBt FﬁécéﬁéﬁétPﬁgwbé#nPeA t he
MR el ement i4oi an Qperation of higher sensitivity when operating on
t he curv%xgﬁfhg% wﬁé%sg ufgﬁlﬁg on the curve A Since this change occurs

[ rrevocably, die MR cehagentnd ExU Phs MR ENGE PELPLIAST k6T BladdlR CHiYE S2

since the tinme when such’change has oc urr
Fe, as a shield magnetic film, is formed on a non-magnetic

substrate 11 of, for example, Alf%—TiC. On the surface of this
lower magngtic pole 2 is layered an insulating layer 12 of, for
example, silicon dioxide (SiOz). On the insulating layer 12 is
formed the MR element 1, on which is layered a further insulating
layer 13 of, for examp}e, SiOZ, excepting a forward end portion
1b and a rear end portion la of the MR element 1.

A bias conductor 14 of an-eléctrically conductive material
is electrically connected in series with the rear end la of the
MR element 1 and is partially overlaid on the insulating layer
13. A forward end electrode 16 of an electrically conductive
material is formed in continuation to the forward end portion 1b
of the MR element 1. on its opposite end.

The bias conductor 14 is substantially helical in plan
configuration,s@s shown in Fig.zl That is, the bias conductor
14 has its end 14a electrically connected in series with the rear
end portion la of the-MR element 1, and is bent at a right angle
thrice to form a bias magnetic field impressing portion 14b which
crosses the difficult axis of the MR element 1 on the insﬁlating

layer 13. The bias conductor is further bent once at a right



Thus, if the pulses initial current is positively supplied to the MR .
element 1 prior to supplying the sense current, the MR elenent 1 shifts to
the MR characteristics of the curve S2. If the bias current is continued to
be supplied to the bias conductor 14 since that tinme, the MR elenent 1
perpetually operates with a stabilized ddtput and excellent sensitivity.

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic cross-sectional

vi ew show n%

i nventi orf"

an_MR head according to an enbodi nent of the present
9. 801 SoIMschefENiSE pf @ht &1 ewSSROW hHBaPoVR ienenkdft and id sbi as

conductorO matokiﬂge up. an MR head shown in Fig.1. Fig.3 is a graph show ng the
manner of I?R/sﬁ eretic changes in MR characteristics of the MR elenent. Fig.4

is a curve show ng,d el ation between the nornmlized pulse crest val ue
and the ratio of r\%}he%ﬁ[#egédlw rﬁt Fo. WRPET chent 113 Sot T He loiedh 40 MR

char act erf sdu G BHNS 3% Qo QRST 171,945 S BuEHIYEaShOW Ng; fhe relation
bet ween the pul se

to the bias magnetic field impressing portion 14b for impressing
a bias magnetic field to the MR element 1. At the same time, the
sense current is fed via the rear end portion la to the MR
element 1.

An insulating layer 17 of, for example, SiOz, {s formed on
the bias conductor 14 and the insulating layer 13, and the upper
magnetic pole 3, compEised of a magnetic film of, for example,
Ni~Fe, is formed thereon to complete the MR head.

In the above—-described MR heéh, the MR element 1 is arrayed
so that its longitudinal direction is at right angles to its
surface facing the magnetic recording medium, that is the surface
a along which slides the magnetic recording medium, with an end
face of the MR element 1 being exposed to the surface a along
which slides the magnetic recording medium. The forward end
electrode 16 and the bias electrode 14 are arranged on the
forward end pofgion 1b of the MR element 1 reaching the surface
2 along which slides the magnetic recording medium, and on the
rear end portion la of the MR element 1 spaced a pre—set distance
ffom the forward end portion 1b, respectively, with a region of
the MR element 1 confined between the forward end electro&e 186

and the end 14a of the bias conductor 14 exhibiting the magneto-



w dth value and the ratio of the MR head with the MR el enents being in the
initial MR characteristics being 5% or higher. Fig.6 is a curve show ng MR
characteristics f an MR head. Fig.7 is a curve showing the relation betweeéen
TAA and t he nunber of times of recordi ng/ reproduction on
recor di ng/ reproduci ng a conpound thin fiké nagnetic head having an MR head.
9 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Referring to the

drawi ngs, an_il]ustrative enbodi nent of an MR head of the present invention
will be e5§taine isfifttail. Fig.1 shows an MR head of the present

enbodi nent as so- .called vertical t magnetic. head having an MR

e
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magneti ¢ {RCoRdeNgnBRE! ¥Mn REELBo0RL4E00WMbed MR head, a pulsed initial

current, having a pulse crest value larger in intensity than the
sense current, is supplied to the MR element 1 prior to supplying
the sense current to the MR element. The pulse crest value means

the maximum pulse current intensity of the pulsed initial

current.

-

Specifically, the pulse crest value is preferably not less

than thrice the sense current intensity and the pulse width is
»

preferably not less than 1 ms. If the pulse crest value is less
than thrice the sense current valée or the pulse width value is
less than 1 ms, it becomes occasionally difficult to realize
stable MR characteristics.

Meanwhile, the MR element 1 shows hysteretic changes in its
MR characteristics, as shown in Fig.3. If, in reproducing
information signals using the MR element 1, a larger external
magnetic field, such as a stray magnetic field from the recofding
magnetic head,#%s impressed on the MR element 1, transition on
the MR characteristic curve occurs-from.an operating curve,
referred to as a curve S1 in Fig.3, to the opposite operating
curve, referred to herein as a curve S2 in Fig.3. Since the
curve B is steeper than the curve A in the vicinity of the

operating point A, the MR element 1 exhibits an operation of



.The MR head has its easy axis extending parallel to the surface a al ong

whi ch slides the magnetic recording nedium The easy axis is the direction
al ong whi ch the nmagnetic ani sotropic energy becones |ocally nmaxi mum and
spont aneous nagneti zation tends to be stabilized, while the difficult axis
I's the direction along which the nagneti¥3anisotropic ener gy becones
local Iy maxi mum Recently, a demand is raised for further increase

in capaC|ty of a hard disc device, and attenpts have been nmade in reducing
the tracR ®PECh FF Hal vy rREN é%ﬁi*rrd’i%g‘gde‘h%l ty'eof © Fee ndigngtat when
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there is proposed a snal - sl ze aV|ng an enen
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Thus, if the pulses initial current is positively supplied
to the MR element 1 prior to supplying the sense current, the MR
element 1 shifts to the MR characteristics of the curve §2. 1If
the bias current ic continued to be supplied to the bias
conductor 14 since that time, the MR element 1 perpetually
operates with a stabilized output and excellent sensitivity.

An experimental example is now explained. In this

- .
experiment, plural MR heads were designed as recording magnetic
heads and as compound thin-film mégnetic heads, and the optimum
pulse crest and the pulse width of the initial current supplied
to the MR heads were checked. Specifically, of the 50 MR heads,
the rate of the magnetic heads exhibiting stable outputs on being
supplied with the initial current, that is the magnetic heads for
which the MR characteristics of the MR elements follow the curve
81, was checked. The rate means such a rate which is calculated
by repeating repfrding and reproduction by the compound magnetic
heads 100 times to find values of standard deviations which are
multiplied by three and are then divided by a mean vélue and by
répresenting thg calculated values in percent, with the rate thus

calculated being not less than 5%.

As a first experiment, the relation between the pulse crest



~The MR head of the instant enbodinent is an exanple of such magnetic-head
and has only four termnals, with a bias conductor being used

simul taneously, as a rear end electrode as will be expl ai ned subsequentl|y.
Specifically, the |ower magnetic pole 2 of, for exanple, N - Fe, as a
shield magnetic film is forned on a ﬂdn-nagnetic substrate 11 of, for
exanple, Alferr]Jerr]-TiC. On the surface of this |ower magnetic pole 2
is layered an insulating |ayer 12 of, for exanple, silicon dioxide
(Sigerrjalue of the | ket bel e T o8y dli lided dwmédiet RendR ed eheht VB lusn
which is hgyered a further insulating |ayer 13 of, for exanple SiCéerr],
except i " AEEY RHE S ETESdn Ve Uerd 289 & B8R VEoreit8n" pRethed vR
element 1. A 1éa.lsscogéjuc;or 1§hof an electric%hl coqdqﬁﬁgve nateriau is
el ectrical Iy conhected i h' 3By FBESWPEREFABSPEar N8R 114 o % HE IR &i%éidnt 1
and is nAIflally oaveialdaan bhe asulatingnlayens do. A LOr VA, end ne

el ectrode of  an electrically conductrve material 1s fornmed In

conti nuglig Obhd G d i f My & seneh POrdd ON e Bodk er MR & 1iBMadls Q% 145

opposite end. The bias conductor 14 is substantially helical 1 n plan

confi gur ghé ratds ocxhawme icirbiedsd., whedlealss, itthenbi pe1sONEHEE Orvalue is
thrice the sense current value or higher, the MR characteristics
of approximately 10% of the MR heads are in the state S1.

Thus it is seen that for shifting the MR characteristics of
the MR element 1 from the curve S1 to the curve 82, the pulse
crest value not less tﬁgn thrice the sense current is required.

Next, as a second experiment, the pulse crest value was set
at thrice the sense current value: and the relation between the
pulse width value of the initial current and the above rate was
checked.

It is seen from Fig.5 that, as the pulse width value is
decreased, the above rate was substantially constant up to the
pulse width of approximately 1 ms and that, if the pulse width
value exceeds the above value, the rate is increased abruptly.

Thus it is seen that, for shifting the MR characteristics
of the MR element from the curve S1 to the curve S2, the pulse
width value not less than 1 ms is requiréd.

With the driving method for the ME element according to the
present invention, the MR head can be operated with MR

characteristics with stable output and with highly sensitive MR



14 has its end 14a electrically connected in series with the rear end
portion la of the MR elenent 1, and is bent at a right angle thrice to form
a bias magnetic field inpressing portion 14b which crosses the difficult
axis of the MR elenment 1 on the insulating |ayer 13. The bias conductor is
further bent once at a right angl e tol?orma sense current suppl yi ng
portion 14c on its opposite end. If the sense current of a pre-set
intensity is allowed to flow in the bias conductor 14, it is supplied as a
bi as curtEhattErhe Hims magnetic field i npressing portion 14b for

i npressing a pias magnetic field to the MR elenment 1. At the sane tine, the
sense currentl &5 &@ Peanphedr gt diite poiasor 1@ vestine MR BPerkitited An

i nsul atin er.,17 of, for, ex le, Si2, is formed on the bias conduct or
14 and t%% %ﬁéuf&?ﬁﬁgCF%‘%ﬁ”fﬁfqgﬁﬁF{%elﬁbbéfrﬁﬁbﬁétF@bBSF@EQFSco 9Tsed of

a Wﬁgggtéfarxgm Uhe HHe s@X3MPLGenM sECnal Sod YHTHA L81G00L09 E9MRIELE, the

head but also to any device having an MR element.



In the above-described MR head, the MR elenent 1 is arrayed so that its

| ongp i i bon is at right angles to its surface facing the
magnH"[ﬂ' mﬁ’c"nH"mr ,!gdi um that is the surface a qLong»-wla_ﬁ;g_:h;;g“r%%‘ﬁ% t he
magnet | ¢¢ recomdi Big fedi um with an end face of the W érément 1™ bg
exposed to the surface a along which slilfes the magneti §zrgdéPdi ng_edi um

The forward end el ectrode 16 and the bias el ectrode—t4—are arr anged on the
forward end _partion _1b of the MR elenent 1 reaching the surface a al ong
whi ch sIWW@gpﬁﬁecﬁédﬂépiésﬁecording nmedi um and on the rear end portion |a
of the N@ ele ggt% §p§ced a.gre-set di stance fromthe forward end portion
1b, respectivély: “WPPhI]Tr 851 GAP B 2t PREME XTI t v & difffiafdd eHemReén irhe

forward Qﬂﬂc%lgc%ﬁgqem£ n%qgftQ%eﬁgdd%4a OHi%%Eb&k%ﬁtﬁ%%dggﬁgécégfréﬁg

i a
exhi bi ting the magneto- resistive &Fre&C |
(bias cursiam h bsasuphbiedcf EOMLINL SENSE CLT L €IV e SHARIM NG RNET QR 14C Of
t he bias conductor 14 to
resistivity is changed with an impressed magnetic field, wherein
the improvement comprises:
supplying to said bias conductor a pulsed initial current
having a pulse crest value higher than the bias current value
prior to supplying said bias current.
2. The method as claimed in claim 1 wherein the pulse crest
value of the initial current is not less thén thrice the bias

»

current value and wherein the pulse width value is not less than
1 msec. l

3. The method as claimed in claim 1 wherein the magneto-—-
resistive effect element is employed as a magneto-resistive
effect type magnetic head.

4, The method as claimed in claim 3 wherein the magneto-—

resistive effect element is connected in series with the bias

conductor.

This Sheet Has Been Replaced




‘the MR elenent 1 in the above-described MR head, a pulsed initial current,
havi ng a pul se crest value larger in intensity than the sense current, is
supplied to the MR elenent 1 prior to supplying the sense current to the MR
el enent. The pul se crest val ue nmeans theg maxi num pul se current intensity of
the pulsed initial current. Specifically, the pulse crest value is

pref er abigpd®t FoRS DR d i h ur intensity and the pul se
width is preferably notrﬁleg{écﬁﬁgg %E%é%&'le‘\[y%t ﬁ{é‘%% e crest value is |ess
than thrice the sense current value or the pulse wdth value is less than 1
s, it WEcOE<occasionally difficult to realize stable MR characteristics.
Meanwhi l e, the MR elenent 1 shows hysteretic changes in its M )

char act eri st i‘c@ethed dRgmiiriving ¢ geenetp-resy stdyeodddierd ehedemdt ildn
signal s _ysi the MR elenent 1, a larger external magnetic field, such as a
stray nﬁ’gHé{}?caf A PR L he Fheb? d}%gaﬁﬁéhﬁ?i gyhgag,lalsscf’ﬂﬁf'&ggéd%&ﬂ t he
MR el emgnt, .1, transition aqn.the MR character.istic curve occurs from an

oper at imrglgtchuravtg,l%%efceurrrree c{t(swas&l FeE0VE §fsllr?sc ivge. ::?,Lgftegtt %g%bnﬁﬁlésiwthgse

operati g SWME i TR LR nER NG5 EhNa RS R FYEYEd Sadhe Hl 9 tFe 14, SWAEE LR

the improvement comprises supplying to said bias conductor a

[¢)

pulsed initial current having a pulse crest value higher than the
bias current value prior to supplying said bias current. The MR

head can be operated with MR characteristics with stable output

and with highly sensitive MR characteristics.

»

Figure 1



curve B is steeper than the curve Ain the vicinity of the operating
point A, the MR elenent 1 exhibits an operation of 13 higher sensitivity
when operating on the curve B than when operating on the curve A Since
this change occurs irrevocably, the MR elenent 1 exhibits MR
characteristics of the curve S2 since the time when such change has
occurred. Thus, if the pulses initial tlfrent is positively supplied to the
MR el ement 1 prior to supplying the sense current, the MR elenent 1 shifts
to the MR characteristics of the curve S2. If the bias current ic continued
to be supplied to the bias conductor 14 since that tinme, the MR elenent 1
perpetually operates with a stabilized output and excellent sensitivity. An
experinmental exanple is now explained. In this experinent,

pl ural MR heads were designed as recordi ng magneti ¢ heads and as conpound
thin-filmmagnetic heads, and the opti mum pul se crest and the pul se wdth
of the initial current supplied
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to the MR heads were checked. Specifically, of the 50 MR heads, the rate
of the magnetic heads exhibiting stable outputs on being supplied wth the
initial current, that is the nagnetic heads for which the MR
characteristics of the MR elenents follow the curve S1, was checked. The
rate means such a rate which is cal culated by repeating recordi ng and
reproduction by the conpound nagneticzH@ads 100 tines to find val ues of
standard devi ations which are multiplied by three and are then divided by a
mean val ue and by representing the cal culated values in percent, with the
rate thus cal cul ated being not less than 5% As a first experinent, the
relati on between the pul se crest 14 value of the initial current divided
by the sense current value (nornalized pul se crest value) and the above
rate was checked. It is seen fromthis experinent that, if the pul se crest
value is on the order of 1.1 tines the sense current value, the M
characteristics of not | ess than 80% of the MR heads are in
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the state of the curve S1, whereas, if the pulse crest value is thrice the
sense current value or higher, the MR characteristics of approximately 10%
of the MR heads are in the state S1. Thus it is seen that for shifting the
MR characteristics of the MR elenent 1 fromthe curve S1 to the curve S2,

t he pul se crest value not |less than thrice the sense current is required.
Next, as a second experinent, the pul d%crest value was set at thrice the
sense current value, and the relation between the pulse wi dth value of the
initial current and the above rate was checked. It is seen fromFig.5 that,
as the pulse wdth value is decreased, the above rate was substantially
constant up to the pulse width of approximately 1 ns and that, if the pul se
wi dt h val ue exceeds the above value, the rate is increased abruptly. Thus
it is seen that, for shifting the MR characteristics of the MR el enment from
the curve S1 to the curve S2, the pulse wdth value not less than 1 ns is
required. Wth the driving nethod for the ME el enent according to the

present invention, the M | can be operated with MR characteristics with
stabl e output and with highly |sensitive MR
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15 characteristics. It is to be noted that the present invention is not

limted to the above described nerely illustrative enbodi nents. For
exanpl e, the present invention may be applied not only to the MR head but
al so to any device having an MR el enent. 16 WHAT IS CLAIMED IS: 1. A

met hod for driving a magneto-resistive effect elenent in which a bias
magnetic field is applied by a bias comiktor fed with a bias current to a
magnet o-resi stive effect el enment whose resistivity is changed with an

i npressed magnetic field, wherein the inprovenent conprises: supplying to
said bias conductor a pulsed initial current
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havi ng- a pul se crest val ue higher than the bias current value pr#er«t§~

supplyin?“'ﬂ"ﬂuﬂ' nt; and supplying said bias current to said bias
conduct o Iﬂm”ﬂtﬂ" d as clained in claim1l wherein the pul se crest
val ue of the®inttial Surrent is not |lessl®han thrice the bias current val ue

and wherein the pulse width value is not |ess than 1 nsec. 3. The net hod
as claimed in claim 1 wherein the nagneto- resistive effect elenent is
enpl oyed &4 Ta IfaghdtldEDediSSt i ve ef fect type magnetic head. 4. The met hod

as clainmed in claim3 wherein the na%neto- resi stive eff§ct el?nent S

connect ed i n fePR&doG £ Tt HE 1NilE GofdgeesPresistive effect ‘element in

which a bias magnetic field is applied by a bias conductor fed
with a bias current to a magneto-resistive effect element whose
resistivity is changed with an impressed magnetic field, wherein
the improvement comprises:

supplying to said bias conductor a pulsed initial current
having a pulse crest value higher than the bias current value

prior to supplying said bias current; and

supplying said bias current to said bias conductor.

2. The method as claimed in claim 1 wherein the pulse crest
value of the initial current is not less than thrice the bias
current value and wherein the pulse width value is not less than
1 msec.

3. The method as claimed in claim 1 wherein the magneto-—
resistive effect element is employed as a magneto—-resistive
effect type magnetic head.

4, The method as claimed in claim 3 wherein the magneto-

resistive effect element is connected in series with the bias

conductor.




