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1 w“ "METHOD AND APPARATUS FOR TESTI NG COWPOSI TE TYPE MAGNETI C HEAD
FI ELD OF THE | NVENTI ON The present invention thdd sand .
apparatus for testing a conposite type magnetic hea%mgﬁomjlsaagn?eag‘ai
head portion with-a, magnetoresistive effect (MR) elenment for repr odungﬂg
data froma magnetic nmedium such as a magpetic disk, and a wite head " ¢up
portion with an inductive elenment for recording data into the nmagnetic f‘ﬁf
medi um DESCRI PTI ON OF THE RELATED ART The conposite type
magnetic heads desqudtpeg AkVEEMUKEUS eRn TREEAM YoubbSTTE YRR thin-film

magneti c heads for reading data fromand/or witing data into the magnetic
medi um such %Gl*fl:ﬂ? nEgiget i ¢ disk. Recently, a nmagnetic head with a giant
magnet oresi stive e Fect (GWR) el enent such as a spin-valve MR el enent or
with a tunnel magnetoresistive effect (TMR) el enent has been devel oped to
I ncrease magnetic recording density, instead of a usual nagnetic head with
an ani sotr opi agne | St effect (AMR) el enent. At each test
af ter manuf aclic{ﬁqrﬁnggstﬁ]m¥§% head, it is necessary to confirmthat
the finished magnetic head with a M elenent is a good. artjicle and may not

produce any i nher ent’® REPSENL Jayentien melates oG BEThod, Ande 8pPay

Unexam ned

for testing a composite type magnetic head which has a read
head portion with a magnetoresistive effect (MR) element for
reproducing data from a magnetic medium such as a magnetic
disk, and a write head portion with an inductive element for

recording data into the magnetic medium.

DESCRIPTION OF THE RELATED ART

The composite type magnetic heads described above have

_ been broadly utilized as thin—fihn magnetic heads for reading

data from and/or writing data into the magnetic medlum such as
the magnetic disk. Recently, a magnetic head with a giant
magnetoresistive effect {GMR) element such as a spin-valve MR
element or with a tunnel magnetoresistive effect (TMR) element
has been developed to increase magnetic recording density,
instead of a usual magnetic head with an anisotropic
magnetoresistive effect {AMR) element.

At each test after manufacturing such magnetic head, it
is necéssary to confirm that the finished magnetic head with a
MR element is a good articie and may not produce any inherent

noise such as Barkhausen noise. Japanese Patent Unexamined



2 ¥ pEbfication No.6 (1994) - 150264 of the sane assignee as that of the
present application discloses a MR head testing nmethod. 1In this testing
nmet hod, an external alternating magnetic field is applied, in a direction
perpendicular to an Air Bearing Surface (ABS), to a plurality of MR heads
which are aligned on a head block and arg not yet individually separated,
and electromagnetic transfer characteristics of each of the MR heads
under the varying external nagnetic field is neasured. By neans of this

conventional pgpliditigat Rede (MveihersoRA bRatee LRl agsi%‘nelér aguesge @ not
can be easily checked. U S. patent No.5, 721, 488 t he sane assi gnee

as that  of g ikashl applicaibanaticidsases 180 HeBR' QA RuBERSH. L est i ng

nmethod. In this testing nethod, alternatl ng I'eakage magnetic field with a
S Srens “TL°REAR A SSelof et B SABE H L MetpelPL
magnetic fiel ppl j.ed the MR a.directi

per pendi cul ar%&?‘ﬁg@&g %fé)tdf?é‘-eﬁgg%n HRFER™ 8‘%’;\ c?‘l?(ﬁﬁ: %e%F:gn%onversi on
characteristi f the heads under the V. i ng ex and

| eakage matgne%’ﬂ‘itQ ?ggs StHE® Pﬁ?llitB’y °%E%St‘??fdst Hﬁ£ H‘ﬁ;

di sclosed in the . atent possi bl e Bar khausen noi se can be_det ect ed
with a high prifah qlpf’ﬁ and are neheyet dpghwidualdy,geparatsds 88@ng t he

el ectromagnetic
electromagnetic transfer characteristics of each of the MR

heads under the varying external magnetic field is measured.
By means of this conventional testing method, whether
Barkhausen noise is produced or not can be easily checked.

U.S. patent No.5,721,488 of the same assignee as that
of the present application discloses an improved MR head
testing method. In this testing method, alternating leakage
magnetic field with a high frequency excited by a write
current flowing through an inductive element is applied to the
MR element in addition to external alternating magnetic field
which is applied to the MR element in a direction
perpendicular to the ABS of the head block, and
electromagnetic conversion characteristics of each of the MR
heads under the varying external and leakage magnetic fields
is measured. By means of this testing method disclosed in the
U.S. patent, possible Barkhausen noise can be detected with a
high probability.

These known testing methods using the electromagnetic

conversion characteristics measuring device can be used for



conver Sion characteristics neasuring device can be used for

3 det ecti ng whet her Barkhausen noi se is produced or not but cannot be
applied for detecting instability of output of the MR elenent, which is
different from abnormal output of the MR elenent due to Barkhausen noi se.
In fact, when outputs of the MR elenentzof the conposite type nagnetic
head are repeatedly neasured nmany tines by neans of the el ectromagnetic
conversion characteristics neasuring device, the output wave shapes of

the MR el enegbts@timP WMbotiBs Barkhaflsén ifoi88NEs MHRABed 6L dSbut he sane
out put | evel cannot be al ways obtained, resulting poor reproducibility.

out put ! ( _ . ! produci i
erefore i ﬁgtﬁigt’gﬁ b raBFiflléd %Pg}g%%ﬁ%ﬂﬁRﬁﬁiféﬁﬁi@ 88 butpul b tHFpossible

to detect ity Of output _ enent “except "that extrenely
rany 1S Ofg! DR, Ghon GPOUEREL, 0GR THEUP, ALARALLE bl ot (10
il Lnvite SRONACIAE 19 ELbR IR e Pl SaRe! Bl LRIELYS JONEL
mmanet | ¢ healR KRR, ot bie [ damPREY LS IrmeopRRACL Bo0d 147 FPBSATRIhor of or e
IS susceptible to its environnent. In order to solve the
above- ment i ofie@SWreshMERY H{eF by means of the electromagnetic conversion
characteristics measuring device, the output wave shapes of
the MR element may sometimes vary due to some reason and thus
the same output level cannot be always obtained, resulting
poor reproducibility.
Therefore, according to the conventicnal testing method,
it is impossible to detect instability of output of the MR
element except that extremely many times of the test are
repeated to increase the probability of the detection.
However, the great number of the repetitioﬁ times of the test
will invite manufacturing efficiency of the head to extremely
lower.
Particularly, the composite type magnetic head with the
GIR element or the TMR element may very easily trigger the
output instability because such magnetic head has high
sensitivity and complicated structure and therefore is
susceptible to its environment.
In order to solve the above-mentioned problems with

respect to instability of the MR output, the inventors of this

application have already proposed a method for testing a



respect to instability of the MR output, the inventors of this application
have al ready proposed a nethod for testing a

4 conposite type magnetic head having a MR el enment and an inductive

el ement, by applying a first current with one polarity to the inductive

el ement, by neasuring output characterigtics of the MR el enent, by
applying a second current with the other polarity to the inductive

el enent, and by neasuring output characteristics of the MR elenent (U. S

Serial No. 0§ 1442 typ@ iaAiadi Btead having!d MReUbfertc anat &l that it is
very inportant for a nagnetic head with a MR el enent to neasure

instability f %%F%%%ﬁ@,erﬁﬁé%@g a2 PR dulrSeRt A tAOLRE OrF a poi nt

at which nagne nt magneti c conversion characteristics

is zero, whigh,instabil]j vl\%gl | el er of the MR
el enent . Thig°+%r%§cgﬁstﬁ¥h% Ig%%p%%ﬁﬁb(% é&seggiﬁ eoglgktagr of the

out put signal_fromthe e and thus Jt is.i ssi bl 0 obtain a
correct -out pﬁ’f‘ar%‘%%ﬁgﬁtgg%rﬂgt %gg%eefr}ﬁﬂ? ’iffyt?é’lgﬁg ap&%ﬁ?m%is of f set .
The conventional testing method with applicatio f xternal alternating
magnetic fi eFEEEeRt WatRRXRS SRPRT BAIAT a§8r9‘eaq&§{7’f’5f‘feoﬁlgf“e§ t as
point. However, in order to neasure the bi az@goi nt_devi ation according to

t he convent i bYigreasurdngnoutmit, haragtenystics «of e WRigdegeRt (¥ it of zero

magnetic field by using a nmagnetic filed generation device.
Serial No. 09/196,442, now pending).

It should be noted that it is very important for a
magnetic head with a MR element to measure instability of
output of the MR element around its bias point or a point at
which magnetic filed in the electromagnetic conversion
characteristics is zero, which instability would be caused by
the shield layer of the MR element. This is because the bilas
point locates at the center of the output signal from the MR
element and thus it is impossible to obtain a correct output
signal from the MR element if the bias point is offset.

The conventional testing method with application_ of
external alternating magnetic field to the MR element can
measure a deviation of such bias point. However, in order to
measure the bilas point deviation according to the conventional
testing method, it is necessary to find a point of zero
magnetic field by using a magnetic filed generation device.
This causes a complicated structure of the testing apparatus

and requires extremely long time for measurement.



This causes a conplicated structure of ‘the testlng apparatus and requires
extrenely long tine for neasurenent.. .

5 SUMVARY OF THE | NVENTI ON It is therefore an object of the
present invention to provide a nethod and apparatus for testing a
conposite type magnetic head, whereby essy and reliable test wth respect
to instability of output of a MR elenent around its bias point can be

at t ai ned. Accordi ng t0-the present inventios, a nethod for testing

a conposi te &R BROMEE MEefri@yi Ng a MR el enent and an inductive

el ement includes a current application step of applying a current to the

i nductive el ement dI‘éMitsh +ABPAYARI aH%b wa{hgmghﬁ fdeind1ba tde

magnet i ¢ head, a nmeasurenent ste measuring output characteristics
of the MR ele f u p Q tQ:ulmf:

Qut put char a%'f'oe r%tlgc‘i'g%tf&f%nal\)%i atﬁg JL'Jl)fé;aérléo &ﬁérél ﬁégsum@but S
nmeasured under a on_ whe e|n OSSIb|e I| put of
the MR el eneMRo%t g ‘#s Whereoy pasy apd, ye %ieaq tgﬁ%tr Bjr%fll %eélﬂ %é
forcefully applyin the inductive el ement a cur ich wl change
o initial  TRRPARIIALE: of CHBEE Of o M, PLRE pEPIng ke, BRR: R

According to the present invention, particularly, since the output voltage
char act eri st¢am hef afhaingd.c| ement is neasured after the current is applied

to the inductive element with
According to the present invention, a method for

testing a composite type magnetic head having a MR element and
an inductive element includes a current application step of
applying a current to the inductive element, with appiying no
external magnetic field to the magnetic head, and a
measurement step of measuring output characteristics of the MR
element after the current application step is finished.

Output characteristics of the MR element is not merely
measured but is measured under a condition wherein pessible
instability of the output of the MR element around its bias
point will be intentionally induced by forcefully applying to
the inductive element a current which will change an initial
magnetization state of a shield layer for the MR element.
According to the present invention, particularly, since the
output voltage characteristics of the MR element is measured
after the current is applied to the inductive element with
applying no external magnetic field, the wave shape of the
output voltage from the MR element directly indicates wave

shape around the bias point of the MR element. Thus,



appl yi m\g no external magnetic fleld the wave shape of the output voltage
fromthe MR el enent directly |nd|caﬁe§‘mawe shape around the bias point of
the MR el enent. Thus, 6

per f or mance evaluatlon of the magnetic head over its actual operation
region can be executed very easily. Furthernore, since any influence due
to the applied external magnetic field such as tenporal suppression of
occurred output instability ..due to the applied external magnetic field is

t ted, | uat f the_h tsel f er f d ot | d

ot oxer L0 DML Rl e S L SR ia0 RE, %ra'eiigﬁ adopte
t t _ t d t t f d t hat

The ourront HFSRARAPR G can he GABLULSR FEM Eatil PUFBERGED! §ing o

rectangul ar wave shape current_with a predeterm ned polarity such as
positive or S8§% ADE Pilaency @ trethp ARRLige extamet magnetic. field g so
preferred that the current application step includes an application step
of applying #uchcasnieMROTalagePPTESSIONn cOF raseurRed Putipudl deserhlildgypol arity

to the inductive elenent. It is also preferred that the current
appl i cati on - stuep toi thé Laprdiad epErinedt hametticpfréidps pohgexedtiedh frequency
rect angul ar wave shape current to the inductive el enent. Accordlng

to the preserdvalaaehon a5 thksheaditaphfiredn de performed correctly and.-
certainly.

It is preferred that the application step and the
measurement step are repeated at least twice.

It is preferred that the current application step
includes an application step of applying a rectangular wave
shape current with a predetermined polarity such as positive
or negative polarity to the inductive element.

It is also preferred that the current application step
includes an application step of appiying a rectangular wave
shape current with an alternating polarity to the inductive
element.

It is also preferred that the current application step
includes an application step of applying a high frequency
rectangular wave shape current to the inductive element.

According to the present invention, also, an apparatus
for testing a composite type magnetic head having a MR element
and an inductive element, includes a first current application
unit for applying a current to the inductive element, with

applying no external magnetic field to the magnetic head, a



for testing a conposite type nmagnetic head having a MR elenment and an

i nductive elenent, includes a first-ctrrent application wunit for applying
a current to the inductive el ement, With applying no external magnetic
field to the magnetic head, a 7
second current application unit for applyi ng a sense current to the MR

el enrent, and a neasurenent unit for neasuring output characteristics of
the MR el ement by rece|V|ng out put voltage fromthe NR elenent after the

application &wf::c #F&? ng | ﬁiﬁmﬁ current
application %fr?l th IS ﬁggli ch ﬂgfg-efr%es‘ t from t he secgnd

current appliCati o Widel?, A e ?sqmthw@.'%’o@%xga?ype%{x@g}l{0 the

present- i nventi on,” an —apparatus” for 'Ng a CONpPosi I'c head
having a MR elenment with te nals a i nductive ele

term nal s, r?g’PﬁBEg ’éi %n%lfe ?%r 2 r% iP¥FePIY gﬂﬁ’ae{;gmbt VpéltPﬁ%
termnal s of the MR elenent and to the terminals of the |nduct|ve el enent
a first curr &FOmabhe i Myetonenh atyeg th%p?ﬂ%iﬁﬁt%f"blﬂfr the ferraRd tRducti ve
el ement through the probe wunit, with applying no external magnetic field
to the magnettg'é ih@é!éﬁl"& sdemert Erometie aﬁﬁ\%ﬁtcmtuﬁl’?ﬁ‘éﬂt%w ihg a
sense current to the MR el enent through the probe unit, and a neasurenent
uni t for neadsr Ehgishad whideathe tseniset Cuxrapt fhom tie eﬁeﬂ%mc@yfenﬁcei vi ng

output voltage fromthe MR el ement through the probe unit after the
applicati on epplheation emtitt bs £lowing.

Furthermore, according to the present invention, an
apparatus for testing a composite type magnetic head having a
MR element with terminals and an inductive element with
terminals, includes a probe unit for electrically contacting
to the terminals of the MR element and to the terminals of the
inductive element, a first current application unit for
applying a current to the inductive element through the probe
unit, with applying no external magnetic field to the magnetic
head, a second current application unit for applying a sense
current to the MR element through the probe unit, and a
measurement unit for measuring output characteristics of the
MR element by receiving output voltage from the MR element
through the probe unit after the application of the current to
the inductive element from the first current application unit
is finished while the sense current from the second current
application unit is flowing.

The output characteristics of the MR element is

measured after the application of the current to the inductive



the inductive elenment fromthe first current application unit is finished
whil e the sense current fromthe second current application unit is

fl ow ng. The out put characteristics of the MR elenent is nmneasured
after the application of the current to the inductive

8 element fromthe first current appligation unit with applying no
external magnetic field is finished. Thus, the wave shape of the output
vol tage fromthe MR elenent directly indicates wave shape around the bias

poi nt of t heeldmeplte FBsth - tHAS farst Sitrent PEHHPLICERAEE BMA With Mpplfyibge

magnetic head over Its actual operation region can be executed very

easily. Furgd al %ﬂ&x%ti&yfiéh.d YSNELn fitfdl, O TS, 20 Iwefret¥

magnetic fie d suc as tenporal suppression of occurred out put |nstab|I|ty

due to the I d SEE!F \/ tion of
the head its ﬁhgﬁﬁ E% qg?‘?ﬁe coﬁ%%gﬁgy an Fg i?éiég I'tion,
since it is not ecessa a xte trc fr a paratus
configurati offffe & ‘?’f%ﬂdeghepgws poH‘E % &%g@reéﬁ“?ﬂ egappl i cation
unit and the asur nt unit re eat. t he 35ghrcatron he current to

i nductive el t. HTANCE < BY °Bf°‘6 pagRetic, pead; QY6 dtSt the MR

el enrent after the application of the current is frnrshed at |l east tw ce.
It is preferddmalngperaion region Gamnbe pxequted very fepily.

Furthermore, since any influence due to the applied external
magnetic field such as temporal suppression of occurred output
instability due to the applied external magnetic field is not
exerted, evaluation of the head itself can be performed
correctly and certainly. In addition, since it is not
necessary to apply external magnetic field, apparatus
configuration becomes simpler.

It is preferred that the application unit and the
measurement unit repeat the application of the current to
inductive element and the measurement of output
characteristics of the MR element after the application of the
current is finished, at least twice.

It is preferred that the first current application unit
includes an application unit for applying a rectangular wave
shape current with a predetermined polarity such as positive
or negative polarity to the inductive element.

It is also preferred that the first current application
unit includes an application unit for applying a rectangular

wave shape current with an alternating polarity to the



i ncl udes an application unit for applying a rectangul ar wave shape current
wth a predeterm ned polarity such as positive or negative polarity to the
i nductive el enent. It is also preferred that the first current
application wunit includes an application unit for applying a rectangul ar
wave shape current with an alternating golarity to the

9 I nducti ve el enent. It is also preferred that the first current
application wunit includes an application unit for applying a high
frequency r egidguegtivarelaentshape current to the inductive elenent.

Further objects and advantages of the present invention wll be apparent

from the fol I ow ngyiescaisd igiReabrid ndt Ehe" EGeRRAMP U Rat By |

i nvention as illustrated |n acconpanyl ng draw ngs

THE PREFERREL sEVBEDY MENT ap%J[.icA:tJi%n dnid df%rbnégmrﬂa scherrat ically

showing a circuit structure a preferre apparatus for

| vent von; - Eheduehfy MRS RIS oy Rhend SRRl ey ?v@@éf?ﬂfv%?f ng a part

of control pro ra of a conputer shown in Fig. 1; Fig. 3is a view
iIIustratin fodes of the tested

Further objects and advantages of the present invention
will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the

accompanying drawings.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a block diagram schematically showing a
circuit structure of a preferred embodiment of an apparatus
for testing a composite type magnetic head, according to the
present invention;

Fig. 2 is a flow chart schematically illustrating a
part of control program of a computer shown in Fig. 1;

Fig. 3 is a view illustrating electrodes of the tested
magnetic head on a head block and probe pins of the test
apparatus;

Figs. 4a to 4d are views illustrating various ways for
applying current to an inductive element head and various ways
for measuring output characteristics of a MR element;

Figs. 5a to 5d are views illustrating wave shapes of

output voltages from a MR element of a defective magnetic head



magnetic head on a head bl ock and probe pins of the test apparatus;

Figs. 4a to 4d are views illustrating various ways for applying current to
an inductive el enent head and vari ous ways for measuring out put
characteristics of a MR el enent; Figs. 5a to 5d are views

Il lustrating wave shapes of output voltgges froma MR elenent of a
defective magnetic head 10 havi ng

output instability around its bias point when various currents are applied

through the RGN igutpaedinstabilitf &%unfit® BiGs2pBiNt Sien! YarEddsAl i Ng
wave shapes of output voltages froma MR elenment of a good nmagnetic head

havi ng no Ou%@%?ﬁgi éfii’iﬁ %H'Eglé%? scg%ijﬂégmi@t E%g@'n various currents

are applied ghetic 7 is a flow chart

schematical ly iIIu§%§§gi gggpgﬁg%%ggﬁgﬁgqhhﬁ%tgéeggg%hgg_ pyEer of

anot her enbodi ment a t/esting a conposite-type magnetic
head, accordi to the present ipyention DESCRI PTI o T PREFERRED
ENBODI MENTS OUtBit Ve Ej?ggssﬁ??éhét%aﬁ%“eflﬁ o€ 3 goed T oB?‘Fr‘%nt of the
apparatus for testing a conposite tgge magneti c head includin awite

head porti onRaYing MR OPERE tinFLabi roHRd Jlts ddas Rty §Pelon with the

MR el enent. In the figure, reference nuneral 10 denotes a head
various currents are applied through the magnetic head; and

Fig. 7 is a flow chart schematically illustrating a
part of control program of a computer of another embodiment of
an apparatus for testing a composite type magnetic head,

according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 schematically illustrates the embodiment of the
apparatus for testing a composite type magnetic head including
a write head portion with the inductive element and a read
head portion with the MR element.

In the figure, reference numeral 10 denotes a head
block (bar) with a plurality of aligned composite type
magnetic heads that are not individually separated yet. This
head block 10 is provided by forming a large number of
composite type magnetic heads arranged in matrix on a wafer
according to thin-film technology, by cutting the wafer into
bar shaped blocks so that each block has the aligned magnetic
heads, and by grinding an Air Bearing Surface (ABS) 10a (Fig.

3) of the head block 10 so as to adjust gap-depth (MR height)



bl ock (‘bar) with a plurality of aligned conposite type nagnetic heads that

are not individually separated yet. This head block 10 is provided by
formng a | arge nunber of conposite type magnetic heads arranged in matrix
on a wafer according to thin-filmtechnology, by cutting the wafer into
bar shaped bl ocks so that each bl ock hasiihe aligned nagnetic heads, and
by grinding an Air Bearing Surface (ABS) 10a (Fig. 3) of the head block 10
so as to adjust gap-depth (MR height)

11  of the hga¢fe neags. The head block 10 is tenporally fixed on a

platforml1lla of a X-Y-Z-[err] table 11. First probe pins 12a are
fixed at a standsti Lt nggl | i,t.h the
first probe pins 12“3 I%T)%? ﬂl%ﬁ(gg&mgin% ngxsn per lyr %ei% %q}x{ %eﬁlﬁllé% § | \eafrlr%j tabl e
11 driven by [ er 13 so that the first probe pins 12a can
el ectricalIyoésaf’}t>3§\<fZ?M"{e ab *termnals 30a of the MR elenent of the

magneti c head to be, tested forrre on the_he bl ock 10 i1 tratedln
Fig. 3. The alignn%f'rFsﬁfp]fcfP@ PiRE ptae eLPnf aag% %ﬁ"ﬂ‘?#é@%&? sitdope
first probe pins 12a can be nonitored by neans of a CCD canmera 15 which

pi cks up i m@ge bReifad Bloghnkhdspatignsd WishaHhe fireh PIoRe 8iP84l%hd by

means of a TV nonitor 16. Second probe pins 12b are also fixed at a
standstil| [Fbdptablonment: e pexforneddiy the X-Bt3dhd@blet k1 tdrdveachyd

a X-Y-Z-6 driver 13 so that the first probe pins 12a can
electrically contact with output terminals 30a of the MR
element of the magnetic head to be tested, formed on the head
block 10, as illustrated in Fig. 3. The alignment of the
output terminals 30a with respect to the first probe pins 1l2a
can be monitored by means of a CCD camera 15 which picks up
image of this alignment portion via an optical system 14 and
by means of a TV monitor 16.

Second probe pins 12b are also fixed at a standstill
position and the head block 10 is aligned with the second
probe pins 12b. This alignment is also performed by the X-¥Y-
Z- 0 table 11 driven by the X-Y-Z-0 driver 13 so that the
second probe pins 12b can electrically contact with input
terminals 30b of the inductive element of the magnetic head to
be tested, formed on the head block 10, as illustrated in Fig.
3. The aligmzeht of the input terminals 30b with respect to
the second probe pins 12b also can be monitored by means of
the CCD camera 15 and the TV monitor 16. In practice. the

first and second probe pins 12a and 12b are integral with each



probe pins 12b. This alignnment is also perforned by the X-Y- Z-0 table 11
driven by the X-Y-Z-[err] driver 13 so that the second probe pins 12b can
el ectrically contact with input termnals 30b of the inductive el enent of
the magnetic head to be tested, formed on the head bl ock 10, as
illustrated in Fig. 3. The alignment ofsthe input termnals 30b with
respect to the second probe pins 12b al so can be nonitored by neans of

the CCD canera 15 and the TV nonitor 16. In practice, the first and second

probe pins ﬁ?ﬁ%&zﬁé@é Q;ﬂe”ﬁ%?ﬂéefn‘ﬁ be €8¢ brobe pins 12a and 12b

12 ot her us t al 1 gnme t he probe pins 12a and 12b wth

respect tot LV, r.m ggmﬁ{éﬁ | | ously
per f or med. vp&ﬂ %ﬁg&geﬁoﬁeﬁgﬁ&&ﬁ&g ? ares\éng%:térilﬁchF%%ﬁ%ct ed to
a current supply.circuif 17 ich.can control polarity and |evel of
provi di ng cu$ pan?ﬂﬂgl,[yfq,e CER?S: current supply circuit 17, one of

various kinds of current with positive _and/or_negati polarities is
provided to the in ﬁe?Bnde?’%‘ﬁ’@nP i {%aﬁﬁgﬂ%?(i’%%ﬁgﬁy\ﬁ%n?ﬁ%e et®nd
probe pins 12b. The first {)r obe pins 12a are electrically connected

to a const aRtCURFENENPURRAK CATeuit o7 whieh cany consEpk PUAFLERIETD the MR

el ement. The first probe pins 12a are also connected to an oscilloscope 19

for di spl ayi leyelaef preypkdislo surpent. VBrusgdremoihks cuprert EWPRLYand to t he

control conmputer 20 which receives and anal yzes this output voltage.
circuit 17, one of various kinds of current with positive

and/or negative polarities is provided to the inductive
element of the magnetic head via the second probe pins 12b.

The first probe pins 12a are electrically connected to
a constant current source 18 for supplying a sense current to
the MR element. The first probe pins 12a are also connected
to an oscilloscope 19 fpr displaying wave shape of output
voltage from the MR element and to the control computer 20
which receives and analyzes this output voltage.

The X-Y-Z-0 driver 13, the constant current source 18
and the current supply circuit 17 are connected to the
computer 20 and perform predetermined processes in response to
commands from the computer 20.

Referring to Fig. 2 which is a flow chart schematically
illustrating a part of control program of the computer 20, the
method of testing the composite type magnetic head will be
described in detail.

First, at step S1, alignment of the output terminals of

the MR element and the input terminals of the inductive



The X-Y-Z-[err] driver 13, the constant current source 18 and the current
supply circuit 17 are connected to the conputer 20 and perform
predet erm ned processes in response to conmands fromthe conputer 20.

Referring to Fig. 2 which is a flow chart schematically illustrating a
part of control program of the conputer3130, the nethod of testing the
conposite type magnetic head will be described in detail. First, at

step S1, alignnent of the output terminals of the MR elenent and the input

term nal s ofeldinitn8¥Cthe/ Snagnetic head to be tested on the head block 18
el ement of the magnetic head to be tested on the head block 10 which is

fixed on thespidat HQr Bild@ o thge%%%%'g?m\[/ {é]oft 2hb e ]le-e""‘t}:ﬂ;hérﬁ first and

second probe pins 12a and 12b IS execut ed dl i gnnent

will be perf y ers nmeans

X-Y-Z-[err] %ﬂgx;g:rhg EP& %g,gégg ancé}'élb%e 4? b?g W%#Zwoﬁ?ﬁ%’tggﬁ%ﬁter 20
usi ng an wel 0 pent. .t echnj . | ication of
t he sense cuiﬁ e%gc\fll\geﬁ ﬂ@@ﬁ?k%ﬁtlhgenwe h d“qa'nge&?%sted i's
started by row %o nsfruyction to the constant current source 18 from

t he conput er g?il%rwalbynﬁﬁﬁ%? A fthel % Y2-dpPriver 3 dRe head bl ock
10. : As |I ustrated in Fig. 3, the first probe pins 12a electrically
contacts wi t3qordapge jeikth é-PﬁFﬁ‘éﬂ"’siOgoﬁr@f‘ e cppputer 20 using an well

known alignment technique.

At step S2, application of the sense current to the MR
element of the magnetic head to be tested is started by
providing instruction to the constant current source 18 from
the computer 20. No external magnetic field is applied to the
head block 10.

As illustrated in Fig. 3, the first probe pins 12a
electrically contacts with the output terminals 30a of the MR
element of the magnetic head to be tested and the second probe
pins 12b electrically contacts with the input terminals 30b of
the inductive element of the magnetic head to be tested.

Then, at step S3, current is applied to the inductive
element of the magnetic head to be tested by providing
instruction to the current supply circuit 17 from the computer
20. In this embodiment, the current is a single rectangular
wave shape current with one polarity such as positive polarity
and with a pulse width of 5 1 seconds for example. The
amplitude or level of the current is selected to the maximum

permissible current level for the inductive element or less.



el ement of the magnetic head to be tested and the second probe pins 12b
electrically contacts with the input termnals 30b of the inductive

el enent of the magnetic head to be tested. Then, at step S3, current
is applied to the inductive elenent of the magnetic head to be tested by
providing instruction to the current saggply circuit 17 fromthe conputer
20. In this enbodinent, the current is a single rectangular wave shape
current with one polarity such as positive polarity and with a pulse w dth

of 5 [err] secondsafr exan@pE1icton P fHel 88c 'rdcRubhuPir [IErEHEr €Nt S

selected to the maxi mum perm ssible current [evel for the inductive

el ement or |@$he inductive element is finish t 1 After
t he application of the such rectangul ar cur‘?dé'ntél Fiéelf hse4'i ﬁ&ﬁ%‘ﬁ ve el enent

is finished, e I [Q h ut,put termnals of the
v@it Qc% S C\‘.‘l‘{eog{lt © tte%g&ng.fst etk\/ﬁ%g? @?}&H‘Fn{:

MR el ement, corresponding to resistance o I's detected
under a condjt.] where the _sensge current are applied to the MR elenent.
The det ect edé%#%gpn T a%oex]egiﬁfwedgg %Bet}ﬁ%e %Bﬁ‘b’irt & éﬁt%ﬁ’l"&% D
converted into digital _jnput data. At the next step S5, it is judged
whet her the u’?‘ﬁee%%‘r Eﬂ’é#t%"oé"gg‘é%st% SepEp CUTTeRk ary appdied pkattde by a
predeterm ned nunber of tinmes, for exanple 100 tines, or not. |If not, the

program wi | |MB @&lement o Thepdegected outputhaipltage siseprepidehdo fpat data is

anal yzed. Nanely, the conputer 20 calculates, fromthe input data, the
st andar d computer 20 and A/D converted into digital input data.

At the next step S5, it is judged whether the
measurement processes at steps S3 and S4 are repeated by a
predetermined number of times, for example 100 times, or not.
If not, the program will return to step S3.

Then, at step S6, the input data is analyzed. Namely,
the computer 20 calculates, from the input data, the standard
deviation 0 of the output voltage, the maximum value and the
minimum value of the output voltage.

After these calculation is executed, whether output
instability around the bias point of this magnetic head exists
or not is judged depending upon the calculated standard
deviation 0, maximum value and minimum value so as to know
whether the tested magnetic head is a good article or not at
step S7. The increased number of executed measurement will
result the improved probability of detection of the o;ztput
instability.

Fig. 4a illustrates the way for applying current to the

inductive element head and the way for measuring output



deviation [err] of the output voltage, the maxi numval ue and the m ninmum
val ue of the output voltage. After these calculation is executed,
whet her output instability around the bias point of this magnetic head
exists or not is judged dependi ng upon the cal cul ated standard deviation
[err], maxi mum val ue and m ni num val ue sx5 as to know whether the tested
magnetic head is a good article or not at step S7. The increased nunber of
execut ed nmeasurenent will result the inproved probability of detection of

the output = oRetitidriktics of theFM efdhet! HSLARIIRS LA hobHL- aPP! Vi NG

current to the inductive elenent head and th e may or neasurlng out put

15  charact geheidred Q&bﬁ&&héﬂﬁ a ntioned
enbodi ment. Nanely, in this e o |nen?. g%p |ca 5%5;%5? Pr wave
shape curren tlve p ity to the inductive
el enent and % ﬁ férzr:etfggéh tc}gu'% W# g?‘ﬁ% %’f ZEhR | ement
after a pre ned of ti | apsed fronleach application of
the current ggéef{r{eupe 51:{/%%3: ﬁpgdfe@‘%é gf and B i nst abi | | ty of
t he out put of the NR ége %{ound its blas p0|nt i s occurred or not.

In stead of tputt GhaERGLeTdsiLes by Ehe IRy sdepaRtE edftterpol ari ty

al ternated rectan Iar wave shape current can be used as shown in Fig. 4b.
Nanel v, app|§dggqé%$ermined period of time has lapsed from each

application of the current are repeatedly executed so as to
judge whether instability of the output of the MR element
around its bias point is occurred or not.

In stead of the positive polarity rectangular wave
shape current, polarity alternated rectangular wave shape
current can be used as shown in Fig. 4b. Namely, application
of a rectangular wave shape current which falls to zero from
one polarity to the inductive element, measurement of output
characteristics of the MR element after a predetermined period
of time has lapsed from the application of this one polarity
current, application of a rectangular wave shape current which
falls to zero from the other polarity to the inductive element,
and measurement of output characteristics of the MR element
after a predetermined period of time has lapsed from the
application of this the other polarity current may be
repeatedly executed so as to judge whether instability of the
output of the MR element around its bias point is occurred or
not.

According to the present invention, output



of a rectangul ar wave shape current which falls to zero from one polarity
to the inductive elenent, neasurenent of output characteristics of the MR
el enent after a predeterm ned period of tine has |apsed fromthe
application of this one polarity current, application of a rectangul ar
wave shape current which falls to zeroiggromthe other polarity to the

I nductive elenment, and neasurenent of output characteristics of the MR

el enent after a predeterm ned period of tine has | apsed fromthe

application ghatdtteriBeies sy ubel BRiddenent’ €6 imdBYre® uldepeat edl y execut ed
so as to judge whether instability of the output of the MR el enent around

Its bias poi BbndfridnCHhefeiPpos8Pble instabifEGP'dH £l tcﬂ:t%gi% BE MR

i nvention, out put

h teristj t | dis§. [
poss: bl o 1 nsPLpnt RS STk, bOLTERIYEbe StEhCRondl LhBRd Y LT,
i1l be intenti 1y ind d f | L | yi to the inducti
ol ement & cuPPERCCGHYCREPHTTH Bha8 et Hiomiphce | Smersh B4R of .
hield | the MR . Ho it 1S i W] [ I
now that 1 BLLHA0R £ HEHLAL FRGI HGREIPR P GEer Be S ARLeA8 LXRR ent i |
change the initial nagnetization state of the shield |layer. Thus, in this

nodi fi cat i onfOF hehMRpalemear Hewaviesi &t oks dERASHAPIE ERePFeViOUSdYsur ed

each time a current with different polarity is applied to the inductive
know that, for each MR element, which polarity of the applied

current will change the initial magnetization state of the
shield layer. Thus, in this modification, the output
characteristic of each MR element is measured each time a
current with different polarity is applied to the inductive
element. As a result, possible output instability of the MR
element around its bias point can be certainly detected.

The wave shape and also the level of the current
applied to the inductive element may be different between the
positive and negative polarities. In other words, any current
with a sufficient level and a sufficient duration which cause
the shield layer of the MR element to saturate and to change
its initial magnetization state can be used as the current
applied to the inductive element.

In another modification, as shown in Fig.4c,
application of a rectangular wave shape current which falls to
zero from negative polarity to the inductive element and
measurement of output characteristics of the MR element after

a predetermined period of time has lapsed from each



el énment. As a result, possible output instability of the MR elenent around
Its bias point can be certainly detected. The wave shape and al so
the level of the current applied to the inductive elenent nmay be different
between the positive and negative polarities. In other words, any current
with a sufficient level and a sufficientjyguration which cause the shield

| ayer of the MR elenent to saturate and to change its initial

magneti zation state can be used as the current applied to the inductive

el ement . ii'ba%@.@hh@f tHRAChEF&ElY ARy Be Sdpusitelily ibchtea SPRI4 8L ON

of a rectangular wave shape current which tall’s to zero fromnegative

polarity to t S o)

characteri sti i‘%%%]%rthﬁﬁ errentii%ﬁbéfr [Eﬁé &5 éfrﬁ%%ghgerr of time has
| apsed frome 17 application of
the current néEBQ§9 PESe%%%§|%?18xe%in qu§56%s°?(?°1 udge whether instability
of the output of t MR el e nd_ i bi,as. point is occurred or not.
Al ternately, instedd-EOaLg 351 r'kﬂ % gc?fa §in %ﬂﬁ%'él%ﬂagﬁt a hi gh
frequency rectangular wave shape current wth a R@gdeternrned f requency
such as 5 MiZSHRRP FETESRY, 8 D190 ERRAUYERCE FeCtARIUlRE AvEeERaPS fCWFeRtt
characteristics of the MR elenent is executed when a predeterm ned period
of tinme has Vs &dpaedetermyaedpbreqiensygaugh asuSniljz et Regused. adurrent

finally falls to zero so as to judge whet her
shown in Fig. 44d. Measurement of output characteristics of

the MR element is executed when a predetermined period of time
has lapsed after the applied high freguency rectangular
current finally falls to zero so as to judge whether
instability of the output of the MR element around its bias
point is occurred or not.

Figs. 5a to 54 and Figs. 6a to 64 illustrate wave
shapes of output voltages from MR elements of actual magnetic
heads when these heads are tested using the currents shown in
Figs. 4a to 44, respectively. Namely, Figs. 5a and 6a show
wave shapes of output voltages from the MR elements when the
positive polarity rectangular shape current is applied to the
inductive element, Figs. 5b and 6b output voltage wave shapes
when the polarity alternated rectangular shape current is
applied, Figs. 5c and 6c output voltage wave shapes when the
negative polarity rectangular shape current is applied, and
Figs. 54 and 64 output voltage wave shapes when the high
frequency rectangular shape current is applied, respectively.

Where Figs 5a to 5d are in the case a defective magnetic head



instability of the output of the MR elenent around its bias point is
occurred or not. Figs. ba to 5d and Figs. 6a to 6d illustrate wave
shapes of output voltages from MR el enents of actual magnetic heads when
these heads are tested using the currents shown in Figs. 4a to 4d,
respectively. Nanely, Figs. 5a and 6a shqg wave shapes of output voltages
fromthe MR el enents when the positive polarity rectangul ar shape current
is applied to the inductive elenment, Figs. 5b and 6b output voltage wave

shapes when %11&. wtghktvy?ﬁéba&aegg&s@at 2RI B ggﬁsl@ 1SLEER! dga applied,

Figs. 5c and bc outplt voltage wa apes when t negative polarity

rectangul ar shane cURLeRh dik IPLAE hadtd oBloTnaic ATl QLR V0! age

wave shapes equency rectangul ar “shape "current 1s applied,

respecti Vely. oo $nbbdBe Pty Srdthd st Bubleitfesd GeleCidy SaTiopel i ¢
around its bias point is used, and Figs 6a_to 6d are in the case a_ good
magneti ¢ headﬁﬁﬁéhﬁﬂﬁtfrBMt?ﬂﬁsq RLUERS . the Aefntive magnetigohegd Withsed. As
wll be apparent fromthese figures, the defective magnetic_head with

out put i nst abPPtRYE dpstaeility praundcits: PEaS RAIMELBRSY confused @ in its
out put voltages. Thus, this testing method will provide very easy

det ecti on of shapescdni ¥bs rad@ut voltagess J@uis.i Bats itesgipgimethedcwillng to

the present invention, output characteristics of the MR elenment is not
provide very easy detection of a defective head.

As described ;n detail, according to the present
invention, output characteristics of the MR element is not
merely measured, but 1s measured under a condition wherein
possible instability of the output of the MR element around
its bias point will be intentionally induced by forcefully
applying to the inductive element a rectangular wave shape
current which will change an initial magnetization state of a
shield layer for the MR element. It is important, according
to the invention, that since the output voltage
characteristics of the MR element is measured after
rectangular wave shape current is applied to the inductive
element with applying no external magnetic field, the wave
shape of the output voltage from the MR element directly
indicétes wave shape around the bias point of the MR element.
Thus, performance evaluation of the magnetic head over its
actual operation region can be executed very easily.
Furthermore, since any influence due to the applied extermal

magnetic field such as temporal suppression of occurred output



merely neasured, but is neasured under a condition wherein possible
instability of the output of the MR elenent around its bias point will be
intentionally induced by forcefully applying to the inductive el enent a
rectangul ar wave shape current which will change an initial magnetization
state of a shield layer for the MR elemgmt. It is inportant, according to
the invention, that since the output voltage characteristics of the MR

el enent is nmeasured after rectangular wave shape current is applied to the

el ement ism after re urr e

hape of the ST Y, 8881 el Bftied BRedpil hiriort P eleth 1 MR
h dth ' jnt, of t MR. el t .. IN f

vl uat | on of S g RERLE 0B, HIS 188 KE0SG B P ReOF I on can be

executed very easily. Fuyrther e, since any influence due to the applied
ext er nal nagﬁRRFQFﬁ&VeFﬁgs?ﬁﬁ*aggi¥enporaI suppr essi on of occurred out put

19 instability due to the applied_external magnetic field is not
exerted, eval uationfH- th&chesticaddys itstrates g dartqdof @Al y and
certainly. Fig. 7 schematically illustrates a part of contro

program of a ReRgFRaePfon gomputer efuiather: ewiodimenp i AndPPRMRtUSsting a

conposite type magneti c head, according to the present invention.

I n the af or enfon itesg&dngnd cetimposi te fype pagheticophesdnsaccording to the
present invention.

In the aforementioned embodiment, application of sense
current to the MR element is started before measurement of
output characteristics and maintained during the measurement.
Whereas, in this embodiment, the sense current is turned on
and off at each measurement. That is, in this embodiment, the
sense current to the MR element of the magnetic head to be
tested is applied only when the measurement is executed by
providing instruction to the constant current source 18 from
the computer 20, as shown at step S2' in Fig. 7. In other
words, the application of the sense current is started at the
step S2' and finished at step S4' through step S3'. Since the
sense current is thus turned on and off at each measurement,
possible output instability of the MR element around its bias
point may be induced in response to the turning on and off of
the sense current.

The operations at other steps in the flow chart of Fig.
7 are the same as these of the flow chart of Fig. 2.

The output characteristics of the MR element may be



current to the MR elenent is started before nmeasurenent of out put
characteristics and nmaintained during the neasurenent. \Wereas, in this
enbodi nent, the sense current is turned on and off at each neasurenent.
That is, in this enbodinment, the sense current to the MR el enent of the
magnetic head to be tested is applied gyy when the neasurenent is
executed by providing instruction to the constant current source 18 from
the conputer 20, as shown at step S2' in Fig. 7. In other words, the

application padihea SROE Ca iy’ %%I ngggnt%}t%&r kg n@lﬂeﬁe étﬂmi%%%g%gl ni shed

at step S4' through step S3' e current urned on

and off at eggh rgg@g; H 0 out put instability of the MR el enent

around its bras ‘{%gﬁﬁt eilgnfué:e %ln response to the turning on and off

of the sense curr Theoert |osat O”‘]LE? $ s iLn . the flow
HE e

chart of Fig. 7 aaer:Tng g%wtgémfh aduad; festes,
Th t put ch f the MR el nt
20e Olrjreggurceﬁajfﬁtcar “S'F"Fr I iﬁ' Ilfjﬁcs’élqcﬂf‘?%rﬁhafpe? gbn%’?led%mi?%ﬁ)shéaeqqﬁ}m during

the current i s fl ow ng Various conditions in the above-nentioned
actual testsand WE@F%&I} pefilad, ofadimesafipehe |cupEent appliedd ther equency
and application period of tinme of the current applied to the inductive
el ement s ar elnfckiyg elamentsTATe drenee exanples o sBharefone ertlico presenbe
actually enbodied without being limted to

invention can be actually embodied without being limited to

these specific examples.

In the aforementioned embodiments, since the testing
procedure is executed during head block stage before each of
the magnetic heads is individually separated from the head
block, a period of time for manufacturing a magnetic head with
its testing process can be extremely shortened and furthermore
the evaluation and selection time can be also extremely
reduced.

The similar testing procedure can be executed during
wafer stage before making the head block if it is done after
the read head portion with the MR element and its shield layer
and the write head portion with the inductive element.

The testing procedure may be done after each of the
magnetic heads is individually separated from the head block,
after the magnetic head is assembled with a suspension or
after the head and suspension assembly is attached in a
magnetic disk drive device.

Many widely different embodiments of the present



t hese specific exanples. In the af orenmenti oned enbodi nents, since
the testing procedure is executed during head bl ock stage before each of
the magnetic heads is individually separated fromthe head block, a period
of time for manufacturing a magnetic head with its testing process can be
extrenely shortened and furthernore thgievaluation and selection tinme can
be al so extrenely reduced. The simlar testing procedure can be
executed during wafer stage before naking the head block if it is done

The wri o hoanoueeeh Ay i afistuinid MIshoRt Wikefbind ol iif, ™

d f f i ¢ _heads i di vi |1
ool ¢ T ScBRcoR nfehinguMARLASRITGL SRR L
i f h d i nbly i hed
SuSprS!on, a8’ ghbfalt Whenlu AT SRR L BB 31 e

pr esent 21 i nvention may be

const ruct ed SRHTENtR fdes9ihed i thee seprificatian. sxssetors t¢RfyiﬁP€sent
invention. It should be_understood that the present invention is not
limted to tHe scgPPeRded M8d%ent s described in the specification, except
as defined in the appended clains.



22 WHAT IS CLAIMED |IS: 1. A nmethod for testing a conposite type
magneti ¢ head having a nagnetoresistive effect elenent and an inductive
el enent, said nethod conprising: a current application step of
applying a current to said inductive elenent, with applying no external
magnetic field to said nmagnetic head; apd a nmeasurenment step of
measuri ng out put characteristics of said nagnetoresistive effect el enent
after said current application step is finished. 2. The net hod as
clainmed in Eﬁ&wﬁﬁ gsai d current application step includes an
application step of applylng 'a rectangular wave shape current with a

predetermn pol 0 | ctive eI JThe_net hod as
claimed in ?Fj'ai m ?[ "%&‘Pze‘. %&geﬁ%awg%p?l (?5'?98 t%é’geamegljﬁ Rgagurerrent
step are re eated at__least t The, net s clainmed in claim
3, wherein gg‘} Y%b%oﬁs%év%ﬁgﬁﬁchﬁ th%‘é‘{] P AR arity.

5. The nethod as clained in claim3, wherein said rectangular wave

shape curr e 18150ty c831d Hether Somprising:

a current application step of applying a current to
said inductive element, with applying no external magnetic
field to said magnetic head; and

a measurement step of measuring output characteristics
of said magnetoresistive effect element after said current

application step is finished.

2, The method as claimed in claim 1, wherein said current
application step includes an application step of applying a
rectangular wave shape current with a predetermined polarity

to said inductive element.

3. The method as claimed in claim 2, wherein said
application step and said measurement step are repeated at

least twice.

4. The method as claimed in claim 3, wherein said

rectangular wave shape current has positive polarity.

5. The method as claimed in claim 3, wherein said

rectangular wave shape current has negative polarity.

KA A6 T




23 6. The nethod as clainmed in claim1, wherein said current
application step includes an application step of applying a rectangular
wave shape current with an alternating polarity to said inductive el enent.
7. The nethod as clainmed in claim®6, wherein said application step and
sai d neasurenent step are repeated at bgast tw ce. 8. The net hod as
claimed in claiml, wherein said current application step includes an
application step of applying a high frequency rectangul ar wave shape
current to said inductive el enent. 9. The nethod as clainmed in claim
8, wherein said application step and said neasurenent step are repeated at

| east tw ce. 1 88" tLNng Si t netic
head havi ng6 a rragrrlljet or esi stel?gv?léﬁ'?éect el%g 1 aﬁ'gleg% (?(égt %@Eren%?enent ,
conpri si ng: first t. 4 p|IC s f ing a
current to §§¥81Fﬁag8 eﬁ@ﬁ%ﬂ Eéﬁﬁ%ﬁlﬂﬁ %Bﬂkfg Héi§££g 3
rectangular wave shape current with an alternating polarity to

said inductive element.

7. The method as claimed in claim 6, wherein said
application step and said measurement step are repeated at

least twice.

8. The method as claimed in claim 1, wherein said current
application step includes an application step of applying a
high frequency rectangular wave shape current to said

inductive element.

9. The method as claimed in claim 8, wherein said
application step and said measurement step are repeated at

least twice;

10. An apparatus for testing a composite type magnetic head
having a magnetoresistive effect element and an inductive
element, comprising:

a first current application means for applying a
current to said inductive element, with applying no external

magnetic field to said magnetic head;

N O 0T




magnetic field to said magnetic head,

24 a second current application neans for applying a sense

current to said nmagnetoresistive effect el enent; and a measur ement
means for measuring output characteristics of said magnetoresistive effect
el ement by receiving output voltage fre@ said magnetoresistive effect

el enrent after the application of said current to said inductive el enent
fromsaid first current application nmeans is finished while said sense

current fromsaid tion a 11

The apparatus as ci a| rre |n ci Al me gﬂ% 8 'Heg‘iﬁ OT ??%Jtylé'ﬁ?r 3eﬁ nse
application cIud an _applicati.on ng pl yi.ng a rectangul ar
wave shape c{’ﬁ&[eé t &Ptﬂa]a £$ FSSrdye p%j %’q%t R rg'g GK finduct i ve

el ement . The aﬁgaratus as clainmed in cla|n111 wherein said

appl i cation rreans 3, PasSHrement, MSADReFOT WeASUTIRG OWEPBRe  appl i cati on of
said current to inductive elenent and the neasurenent of output

char act eri st PRarastesistiomoferaid sagneferesistive effteninelament he

application of said current is finished, at |east tw ce. 13. The
appar at us asregediviiBg outmiityveltage Virone 5ald lagnetoresistive effect

element after the application of said current to said
inductive element from said first current application means is
finished while said sense current from said second current

application means is flowing.

11. The apparatus as claimed in claim 10, wherein said
first current application means includes an application means
for applying a rectangular wave shape current with a

predetermined polarity to said inductive element.

12. The apparatus as claimed in claim 11, wherein said
application means and said measurement means repeat the
application of said current to inductive element and the
measurement of output characteristics of said magnetoresistive
effect element after the application of said current is

finished, at least twice.

13. The apparatus as claimed in claim 11, wherein said

rectangular wave shape current has positive polarity.

-
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rectangul ar wave shape current has positive polarity.

25 14. The apparatus as clainmed in claim1ll, wherein said rectangular
wave shape current has negative polarity. 15. The apparatus as clai ned
in claim210, wherein said first current application neans includes an
application nmeans for applying a rectapgul ar wave shape current with an
alternating polarity to said inductive el enent. 16. The apparatus as
claimed in claim115, wherein said application neans and sai d neasurenent

means repeatlcﬁ_he 'ﬁ{éma'?ﬁélré Qfg %iéﬂn&#'rirne al® lilndHﬁéée:a’jg} i%i?ggent and the

measur enent out put aracteristics of "Sard nmagnét ore ef fect

el enent aft ication of said current | finish at | east tw ce.
17.  The ag%eaét%%ggg% Vs ﬁgap?nmﬁ%f‘%] ﬁﬁs W?’E'Y"ﬁ %%aﬁ(ig?r rst current
application nmeans includes an application nmeans for applying a high
frequency rectangul ar wave shape current to said inductive el enent. 18.
The apparatus_as clainmed in claim 17, wherein said application means and
sai d neasur ehent nE¥h&PPEERENS @seclapmd dat Pb%i"bflosawgem éaidt o i nductive

el enent and the
first current application means includes an application means

for applying a rectangular wave shape current with an

alternating polarity to said inductive element.

16. The apparatus as claimed in claim 15, wherein said
application means and said measurement means repeat the
application of said current to inductive element and the
measurement of output characteristics of said magnetoresistive
effect element after the application of said current is

finished, at least twice.

17. The apparatus as claimed in claim 10, wherein said
first current application means includes an application means
for applying a high frequency rectangular wave shape current

to said inductive element.

18, The apparatus as claimed in claim 17, wherein said
application means and said measurement means repeat the
application of said current to inductive element and the
measurement of output characteristics of said magnetoresistive

effect element after the application of said current is

R



measur enent of output characteristics of said nmagnetoresistive effect

el emrent after the application of said current is

26 finished, at |east tw ce. 19. An apparatus for testing a
conposite type magnetic head having a magnetoresistive effect element with
termnals and an inductive elenent withetermnals, conprising:

probe neans for electrically contacting to said termnals of said

magnet oresi stive effect elenent and to said termnals of said inductive

el ement ; finisheld, ' 8t faHdierlyidepl i cation neans for applying a current
to said inductive elenent through said probe neans, wth applying no
external magnetic field to said nmagnetic head,; a second current

application neans for applying a sense current to said magnetoresistive

effect el ene t hr [ pLob ns;. and . a_neasur. enment ans
for measuri nign'lé out p‘%tj %%g%%?gﬁ efrolrs ?F%Ef'&ﬁ S SPBPWJXP%S‘RQ’PGE%Q?%{T

el enment by ecei ving output yoltage fromsaid nagpetoresistive effect

el enent thr o{i%wnsgapd %‘b‘g’rﬁgiﬁﬁ‘é‘?qte@nf%ﬁ eSLamemt ot thy hegminalgy and,Apent to
sai d inductiye_elenment_fromsaid first current application neans is

fini shed whi 1RAuckiyesehement, with: termynals i Gpmpgdsivdcur rent appl i cation

nmeans is flow ng.
probe means for electrically contacting to said

terminals of said magnetoresistive effect element and to said
teminals of said inductive element;

a first current application means for applying a
current to said inductive element through said probe means,
with applying no external magnetic field to said magnetic
head; |

a second current application means for applying a sense
current to said magnetoresistive effect element through said
probe means; and

a measurement means for measuring output'
characteristics of said magnetoresistive effect element by
receiving output voltage from said magnetoresistive effect
element through said probe means after the application of said
current to said inductive element from said first current
application means is finished while said sense current from

said second current application means is flowing.

20. The apparatus as claimed in claim 19, wherein said

first current application means includes an application means

-

L



20. The apparatus as clainmed in claim19, wherein said first current
application neans includes an application neans

27 for applying a rectangul ar wave shape current with a predeterm ned
polarity to said inductive el enent. 21. The apparatus as clained in
claim 20, wherein said application nearsy and sai d nmeasurenent neans repeat
the application of said current to inductive elenent and the neasurenent
of output characteristics of said nagnetoresistive effect eIenent after

the applical£6n Hip15ahg &Urdctan §arfv&d?)'esgﬁggx ge- The

apparatus as cl ainme claim?2 mhereln sa rectangu ar wave shape

current has r as claimed in claim
20, wherein gal (ftt' \rfg%{i g‘ﬁ‘fﬁ“’“ WV e Sh aélgelgﬁr %25;\%" gat ive polarity.

24. The apparatus as clained in claim19, mhereln said first current
application nmeans includes an application nmeans for applying a rectangul ar

wave shape cgirent wWth an alternating_polarity to said inductive el enent.
. The apparatus as claiméd in claim 20, wherein said

application means and said measurement means repeat the
application of said current to inductive element and the
measurement of output characteristics of said magnetoresistive
effect element after the application of saild current is

finished, at least twice.

22. The apparatus as claimed in claim 20, wherein said

rectangular wave shape current has positive polarity.

23. The apparatus as claimed in claim 20, wherein said

rectangular wave shape current has negative polarity.

24, The apparatus as claimed in claim 19, wherein said
first current application means includes an application means
for applying a rectangular wave shape current with an

alternating polarity to said inductive element.

25, The apparatus as claimed in claim 24, wherein said
application means and said measurement means repeat the
application of said current to inductive element and the

measurement of output characteristics of said magnetoresistive

I —————

NN R



25. The apparatus as clainmed in claim24, wherein said application neans
and sai d neasurenent neans repeat the application of said current to

i nductive elenment and the neasurenent of output characteristics of said
magnet or esi sti ve 28 ef fect el enent
after the application of said current igg finished, at |east tw ce. 26.
The apparatus as clainmed in claim19, wherein said first current
application neans includes an application nmeans for applying a high

frequency reggmhgu ém&gﬁ/%ﬁlg?p id.i enent . 27.
The apparatﬁ%éas CF%IHE inc a?%§%%#EQ%SF%?%§229%?&g%%%?§§tﬁ%n means and

sai d neasure ang,r t application of said current to inductive
el enent and ﬁg&mggas%FéﬁgﬁﬁzS%Qgﬁtput characteristics of said
magnet oresi stive effect elenment after the application of said current is

finished, at |east tw ce.
26. The apparatus as claimed in claim 19, wherein said

first current application means includes an application means
for applying a high frequency rectangular wave shape current

to said inductive element.

27. The appafatus as claimed in claim 26, wherein said
application means and sald measurement means repeat the
application of said current to inductive element and the
measurement of output characteristics of said magnetoresistive
effect element after the application of said current is

finished, at least twice.

AN



