METHOD *AND APPARATUS FOR TESTI NG MAGNETI C HEAD W TH MAGNETORESI &P G

“TRANSDUCER ELENMENT FI ELD OF THE | NVENTI ON The preSent invention
relates to a nethod and apparatus for testing a magnetic head provided
with at | east one nmagnetoresistive (MR ftransducer el enent. DESCRI PTI ON
OF THE RELATED ART Recently, a magnetic head provided with a MR

transducer el Woﬂ‘%ﬂ)eﬁ‘bﬂ%ﬁ@% agpgriNg Mdmfh@smm Gr@ad used
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for readi ng ou ormati on froma nagnetic nedium such as a magnetic
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operates to I'ts 1 nner resistance variations due to the nagnetic
filed variation applied thereto fromthe external magnetic nmedium it is
i mportant to test reproducibility of the inner resistance of the MR

transduce@rﬁqagqy Hig SNVERRFREMRCt Ur i ng. | ~As the MR transducer el enent

utilizes the ffect _
The present invention relates to a method and apparatus

for testing a magnetic head provided with at least one

magnetoresistive (MR) transducer element.

DESCRIPTION.OF THE RELATED ART

Recently, a magnetic head provided with a MR transducer
element has been developed as a thiﬁ film magnetic head used
for reading out 1nformat16n from a magnetic medium such as a
magnetic disk.

Since the magnetic head With the MR transdﬁcer.élement'
operates to detect its inner resistance variationé'due to the
magnetic filed variation apﬁlied thereto from the external
magnetic medium, it is important to test reproducibilify of the
inner reéistance of the MR transducer element after
manufacturing. - '

As the MR transducer element utilizes the MR effect
occurring in a thin film layer méde of ferromagnetié material

. such as permalloy, a high reading output can be prévide
irrespective of relative speed between the head and the
magnetic medium. However, by using the fefromagnetic material,

there is a possibility_that a defective MR transducer element




_occurri‘ng in a thin filmlayer nade of ferronmagnetic naterial such as
"pernal | oy, a high readi ng output can:be:provide: irrespective of relative
speed between the head and the nagnetic nedium However, by using the
ferromagnetic material, there is a possiility that a defective MR
transducer el enment acconpanyi ng w th Bar khausen noi se may be

manuf act ugggom'pany,m%s ;Ji%lkmha%%féiﬁﬁ%% \%&ys%é hath PR e (O

structure efect "in the magnetic mate ereby 1ts magnetic wall is
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head wi th such ective MR el enent to perform norm reproduction

operati ongayglti ih dhe ARYIRILING MaGYrARY, wHaHedyOli%s hfggn%ﬁl%c%w%& Y4 o

confirmat each test after manufacturing that a finis magneti ¢ head
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i nherent nol se su ar khausen i se. conventi onal met hod
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consists of a process of attaching the fin
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Therefore, it is necesséry to confirm at each test after
manufacturing that a finished magnetic head with a MR
transducer element is a good article and will not-produce any
inherent noise such as Barkhausen noise.

The conventional method for testing whether Barkhausen
noise is produced or not from a MR head consiéts of a procesé
of attaching the finished MR head assembly to’a suspension, a
process éf practically operating the MR head above the rotating
magnetic disk with flowing a constant sense current, a process
of measuring output voltage'wave shape from the MR head, and a
process of judging from the measured wave shape whether
Barkhausen noise is produced or not. _ |

Japanese Patent Uﬁexamined_Publicgtion No.6(1994)-150264
possessed by the same assignee of the present invention
discloses an improved MR head testing method. 1In this testing

| method, an external alternating magnetic field is applied,.in a
direction perpendicylar to an Alr Bearing Surfacé (ABS), to a
plurality of MR heads which are aligned on a head block and are

not yet individually separated, and electromagnetic transfer



nagnetrc disk with flow ng a constant sense current, a process-. of

" measuring output voltage wave shape fromthe MR head and a. process of
judging fromthe nmeasured wave shape whet her Bar khausen noi se is pr oduced
or not. Japanese Pat ent Unexani ned8Publication No.6(1994)-150264
possessed by the same assignee of the present invention discloses an

inproved MRab@adderdsities &2t Rae¢h oF ithieS MREheadd wikthhedsparte )ttt
alternating nagnetic field is applied, in a direction perpendicular to an

At Beari ggroyhbackterBal magnatiR! yi@llia ¥ sOmelBuReads’ which are aligned on
a head bl ock and are not yet individually separated, and el ectromagnetic

transfer Howev%?ar%%E%&H&hﬁ?%oth%a%BoQ%-h@ﬁtWBn@ﬁaQSnth&1%%%HeCt to
the varying external magnetic I's neasured However, according
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field is externally applie to the MRelenent, it is difficult to clearly
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shape is caused stability or reproducibility o magneti c

field eXtﬁBQthXeaaRQE%gtﬁan he VReelealked oi¥pl? $81tage wave shape
is caused by lack of stability or reproducibility of the
magnetic field externélly appllied to the MR element or by noise.
or distortion produced from fhe MR element itself. Thus.
correct evaluation and test for the reproducibility of the MR

transducer element cannot be expected.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a mefhod and apparatus for testing a magnetic head
prbvided with at least one MR transducer, whereby a correct
reproducibility evaluation of the MR transducer element can be
attained by suppressing, as much as possiblé, external
influence applied to tﬁe MR transducer element.

The present invention relates to é method and apparatus
for testing a magnetic head provided with at least one MR

' transducer element. According to the present invention,

particularly, the method includes a step of applying a sense
current varying withlrespect to time to the MR transducer

element via input/output terminals of the MR transducer



or distortion produced fromthe MR elenent itself. Thus, correct

‘eval uation and test for the reproducibility of the MR transducer el enent
cannot be expected. SUMVARY OF THE- | NVENTI ON It is therefore an
obj ect of the present invention to provide a nmethod and apparatus for
testing a magnetic head provided with at |east one MR transducer, whereby

a correct elepénd|cahdl at ytepabgameasupinghe Werintnatdvedtagkeaendbssaghbe
attai ned by suppressing, as nmuch as possible, external influence applied

to the MR {hpntfoGeput! @BBRlinals of tHe MREEPRhsAN¥ER! bPEmERLALESChBCR
met hod and apparatus for testing a magnetic head provided with at | east

one MR trﬁ@ﬁﬂ e’ re5e88RhceACRAFELDEr1 81188 8FCERBIMRNYLRALAGcer element
particularly, the nethod includes a step of applying a sense current

varying wiy{en es@gséctordi 8Ret Qak D8t bt 6?”%H€C%p12e&”§8hs¥| éutpeHt/ out put
termnals of the MR transducer el ement,” and a step of neasuring a
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el ement to check .
the MR transducer element has been kept constant. However,
according to the present invention, varying sense current is
applied to the MR trahsducer element. Namely, the magnetic
field apblied to the MR transducer element is varied by
continuously varying the sense current flowing th:ough the MR
transducer element, and then the varying voltage across the
terminals of the MR transducer element based upon the
resistance changes due to the applied varying sense current is
detected whether a noise component is iﬂvolved in the'detecfed
terminal voltage. Since the resistance variation
characteristics of the MR transducer element is tested under
the magnetic field produced by the varying sense current
flowing through the MR transducer itself, any influence
externally applied thereto can be almost eliminated resulting
that reproducibility of the MR transducer element can be
correctly evaluated. | |

According to the present invention, also, a method

includes a step of applying a sense current varying with
respect to time to the.MR transducer element via input/output

' terminals of the MR transducer element. This MR transducer



varying resistance characteristics of the MR transducer element wth
‘respect to the variation of the applied sense current. In the
conventional nethods, the sense current applied to the MR transducer

el enent has been kept constant. However, Saccording to the present

I nvention, varying sense current is applied to the MR transducer el enent.
Nanely, thelemgnetis ohéebfl MRpptrensdacéneceMenén s sofiaesigeeeienheadsvari ed
by continuously varying the sense current flow ng through the MR

transducerwiei éhiredite &Dilgh&Noh e Ne4di PUork! 4RFEaPer NSt FEE. 1heiviaaaslpf
the MR transducer el enent based upon the resistance changes due to the

appl i ed vasgpaasedstromrtiketheésd bedekt edThbehétliod abssecinolpdesns ssep -
involved in the detected termnal voltage. Since the resistance variation

charact erigt ifsairing ARéFrRIBalCes1 CALEEAErbSs t €186 ethpielesutplie magnetic
field produced by the varying sense current flow ng through the. VR
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elimnated resulting that reproducibility of the MR transducer el enent can

be corregidgivaléat aracter ISENESi G tie IMR EF SSSdicéNVENdmOit Wi 6N, a
met had includes a step of applying a sense current varying with respect

to tinme tgddiedR td Wuf@fiﬁﬁm%fvtﬁelmﬁiéwtﬂﬁset&iﬁms of the MR
transducer element. This M transducer _

It is preferred that the sense current applying step
includes a step of applying a continuously varying sense
currént to the MR transducer element via the 1npuf/output
terminals, and that the measuring step includes a step of
extracting a high frequency component of the measured_terminal
voltage.

It is also preferred that the sense current applying step
includes a step of applying a continuously vaf&ing sense
current to the MR transducer element, andlthat the measuring
step includes a step of extracting only a component of the
measured terminal voltage by means of a bridge circuit, the
component correspondiné to the varying resistance of the MR
transducer element due to the apblied varying sense current.

Preferably, the sense current applying step 1nc;udes a

' step of applying a continuqusly and periodically varying sense
current to the MR transducer element via the input/output
terminals. |

Furthermore, according to the present invention, an



.5 elenent is one of MR transducer elenents of magnetic heads which are
“aligned on a head bl ock and are not yet individually separated fromthe
head bl ock. The nmethod also includes a step of neasuring a term nal
vol tage across the input/output term na®s of the MR transducer elenent to
check varying resistance characteristics of the MR transducer element with
respect tappheavasi &broteaftinige aappignedigeheadcproeided with bkt dleast
preferred that the sense current applying step includes a step of -applying
a conti nuonel MRvargnsguserselementeahdt dnphe/bRtpbusnsdumdénagsen®ntthe MRt he
I nput/output termnals, and that the measuring step includes a step of
extracti ngranbdgbetr ejemeay dsnpeoetdedl. t Thiseappaedtusr dnsahdegoht age.
It is also preferred that the sense current applying step includes a step
of applyi pgobecanitngouskle¢iriicaglyeasatactingntot echeheénpReyvamnpdcer
el ement, and that the neasuring step includes a step of extracting only a
conponent tefmihelsnefsthedMRetranaiueert agembytyeansudtentbpedgeatioauit,
the conponent corresponding to the varying resistance of the MR
t ransduceiin £t epent pAo¢iongha seakecduyaelitngasgNig RUEheRkspect to
time, a unit for applying the provided varying sense current to
the MR transducer element via the probe unit, and a unit for
measuring a terminal voltage across the input/output terminals
of the MR transducer element via the probe unit to check
varying resistance characteristics of the MR transducer element
with respect to the variatien of the applied sense current.

Also, according to the present invention,_the apparatus
includes a probe unit for electrically contacting to the
input/output terminals of'the MR transducer element of each of
magnetic heads which are aligned on a head block and are not
yet individually separated from the head block, a current
generation unit for providing a sense current varying'with
respect to time, a unit for applying the provided varying sense
current to the MR transducer element via the probe unit, and a
unit for measuring a terminal voltage across the input/output

' terminals of the MR transducer element via the probe unit to
check varying resistance characteristics of the MR transducer

element with respect to the variation of the applied sense

current.



Preferably, the sense current applying step includes a step of applying a
‘continuously and periodically varying sense current to the MR transducer
el enent via the input/output termnals. Furthernore, according to
the present invention, an apparatus for testing a magnetic head
provi ded with at Ieast one MR transducer el enent and input/out put

termnals of thet M¥ prensebeéar tRAeMehé torPénYi gefleradids @PPEr fhéBudes
includes a probe unit for electrically contacting to the input/output

termnal s @fi ¢ heoMPpisaIafhEes EbRTEMIouSLE WALP ngCs6nSé | Ofrramt twieh
providing a sense current varying with respect to time, a unit for

appl yi ng tiespeeyi €edt e i £19d SERNSE €hé eeastPing hen MR 1rienedess eiin £t epBAt
via the probe unit, and a unit for measuring a term nal voltage across the
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check varying resistance characteristics of the MR transducer el enent

wi th respaadltgpd ecr@ss athOnimbut Seutyppt | BerHBNSEs CUITIRtextractidgSenit
according to the present invention, the apparatus includes a probe unit
for el ect meBalde d?QDig?Etlbé@stf)récﬁlQency filter.

It is also preferred that the currént generation unit
includes unit for providing a continuously varying sense
current with respect to time, and that the measuring unit
includes unit for extracting only a component of the measured
terminal voltage. The component corresponds to the varying
resistance of the MR transducer element due to the applied
varying sense current. The extracting unit may include a
bridge circuit with four arms. The input/output terminals of
the MR transducer element are connected to the bridge circuit
as one of the arms via the probe unit so that only a component
corresponding to the varying resistance of the MR transducer
element due to the.applied varying sense current is extracted.

Preferably, the cﬁrrent generation unit includes unit for
providing a continuously and periodicaily varying sense
current.

Further objects anﬂ advantages of the present in;ention
will be aﬁparent from the following description of the

preferred embodiments of the invention as illustrated in the

accompanying drawings.



input/output termnals of the MR transducer el enment of each of nagnetic
"heads which are aligned on a head bl ock and are not yet individually
separated fromthe head block, a current generation unit for providing a
sense current varying with respect to t®8me, a unit for applying the

provi ded varying sense current to the MR transducer el enent via the probe
unit, and a wunit for neasuring a term nal voltage across ‘the input/output
termnals of the MR transducer elenent via the probe unit to check varying

resi st anc BRIER DRSORIHTION WF tTHE NFRAWENGSIucer elenment with respect to
the variation of the applied sense current. It is preferred

t'hat the curremigeneris iDrblodk diwdreiesschsmdtfcdllyr SHowitge & circuit
continuously varying sense current with respect to tine, and that the

nmeasur i ng gythicturd Wit Wirdfdred eubcdindt dMigh dppiustiny tonPeseiin@f
the neasured termnal voltage across the input/output termnals. The

extracting uigne tIRY Head Wi tHh PasteddtePIRNMR firdiyducer eldernts, al so
preferred that the current generation unit includes unit for providing a
cont i nuousiceor@ivighE el present invention;

Fig. 2 1s a view 1llustrating electrodeé of the tested
magnetic head on a head block and probe pins of the test
apparatus in the embodiment of Fig. 1;

Fig. 3 is a flow chart schematically illustrating a part
of control program of a computer shown in Fig. 1;

Figs. 4a to 4c are graphs illustrating output voltage wave
shape with respect to time of an arbitrary wave shape generator
and head output voltage wave shape with respect to time the MR
element;

Fig. 5 1s a block diagram schematically shoﬁing a circuit
structure 6f an another.embodiment of an apparatus for testing
a magnetic head with at least one MR transducer e;emeht,
according to the preseﬁt invention; and

Fig. 6 is a flow chart schematically'illustrating a part

of control program of a computer shown in Fig. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In Fig. 1 which schematically shows a circuit structure of

a preferred embodiment of an apparatus for testing a magnetic



current with respect to tine, and that the neasuring unit includes unit

‘for extracting only a conponent of the neasured term nal voltage. The
conponent corresponds to the varying resistance of the MR transducer

el enent .due to the applied varying sen§t current. The extracting unit nmay
include a bridge circuit with four arnms. The input/output termnals of

t he MR tr hesduodrthelatheigast comortteiot ot Iino Mha dard dgiemEnttuintef ererore  of

~the arnms via the probe unit so that only a conponent corresponding to the
varyi ng r eumeralcd OfddrvetddR 4 rheemti davck etictterd pluerdld tyhenaeyd 6 e herrdss ng

sense current is extracted. Preferably, the current generation unit

I ncl udes whiitchf dvaveprraspk aigive MRt ramsdice rarel quesr tditwalley testedg aahse

current. Furt her objects and advantages of the present invention

w || be appademotesom tpiatforwVeiG dBSGEppi crabdfe tiie, e drgeall block

enbodi nents of the invention as illustrated in the acconpanying draw ngs.

BRI EF DES@BIEEI@NmﬂBfEﬂijiﬁﬂﬂaiiﬁn the platform 11. The X-Y-Z- 6 table
12 for moving the platform 11 is eleétrically connected via a
X-Y-Z- 6 controller 13 to a control computer 14.

The head block 10.1s an article in the manufacturing
process of the magnétic heads. This head block 10 is
manufactured by forming a large number of 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) of the head bloék 10 so as to adjust
gap-depth of the heads. By this adjustment of the gap-depth,
each of the heads will provide final output characteristics.

In Fig. 2 which illustrates an example‘of the head block
10, reference numeral 101 deﬁptes the magnetic head, 102
denotes input/output términals of a MR.transducer element in
the tested magnetic head 101, and 103 denotes the ABS. The
head block 10 has a plurality of aligned magnetic heads 101

" which are not individually -separated yet. Each of the magnetic
heads 101 has the MR transducer element(s).

Probe pins 15 are fixed at a standstill position:and the

head block 10 is alighed with the probe pins 15. This



Fig. 1+is a block diagramschematically showng a circuit structure of a
‘preferred enbodi ment of an apparatus for testing a nmagnetic head with at
| east one MR transducer elenent, according to the present invention;

Fig. 2 is aviewillustrating el ectrodesoof the tested magnetic head on a
head bl ock and probe pins of the test apparatus in the enbodiment of Fig.
1 Rl Gt grimdrpt 21 4 '%Mé%%ﬁeﬁﬁé Lead Ly bl | BT @ AURLA thy Ofhe
control program of a conputer own In Fig 1, Figs. 4a to 4c are

graphs il lsgral bng. ot Ro 1 4P 1 898 VENSe ER@RS-Md HIESPAStcd® time of an

arbitrary wave shape generator and head output voltage wave shape with

respect tqﬁltéé‘@rfé'@li\@ cHAEAROwith the Hibuf/diftpu®! Sk IAL08 202 of the
schematically showing a circuit structure of an another enbodi nent of an
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el enment, according to the present invention; Fig. 61s a flow

chart schegmt I I n Gty gorogra r
cher' soheElereiaed S AL6 g PpiapBleaontl Spron il s comue!
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of an apparatus for testing a magnetic _
pins 15 can be monitored by means of a CCD camera 17 which

picks up image of thié alignment pbrtion via an optical systeml,
16 such as an objective ien; and by means of a TV monitor 18.
The X-Y-Z-8 controller 13 is controlled by the control
computer 14. |
The probe pins 15 contacted to the input/output terminﬁls

102 of the MR transducer element are electrically connected to
a current source 19. This current sourée 19 provides a varying
sense current with a wave shape corresponding to a voltage
wave, such as a sine wave, which is supplied from an arbitrary
wave shape generator 20 and is continuously and periodically
varied with the lapse of time. The continuously and
periodically varying sénse current 1s provided to the MR
transducer element via the probe pins 15. The probe pins 15
are also connected to an oscilloscope 22 and to the control

‘ combuter 14 via a frequency filter (high pass frequency filter)
21. The frequency filter 21 passes only a relatively high
frequency component (component with a frequency higher ﬁhan its

cut-off frequency) in the output voltage from the MR transducer



9 headwth at |east one thin filmM read el ement, reference nuneral 10
denotes a head block with a plurality-nmagnetic heads which have respective
MR transducer elenments to be tested, and 11 denotes a platformof a
X-Y-Z-[err] table 12. The head bl ock 1@4is tenporally fixed on the
platform1l. The X-Y-Z-[err] table 12 for noving the platform1l is

el ectri Ca'éYerﬁé’HB“Wﬂu& aaago§sYb¥e[ﬁéike%&h{)&héﬁ{: Jlﬁ%&ﬁ #1EPHhAPE the

comput er ) head block 10 is an article in the manufacturing

process Ofréﬂ?tm thfgﬁeegaquzhw praghb! 8akpdP v81tABREUiaCciHpRE ?Mto

formng a |l arge nunber of magnetic heads arranged in matrix on a wafer

according ¢ t@éé‘ii16&0580520?89)’&Eiﬂ&&'lﬁtnﬁhé hpave' §hap8t 8r bﬁﬁe Shapsé

bIocks so that each bl ock has the aligned nmagnetic heads, and by grinding
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gap depth of e

he heads. By this adjustnent of the gap-depth each of

heads wi | 1opreyé dgoftags BPB9Y&e8h§féﬁt€ﬁé55f§§trary wav® Ehﬁpez ¥hbEBtor
|IIustrates an exanpl e of the head block 10, reference nuneral 101 denotes

the magnetye, Nepdh o £8%e QGPPE&ﬁehEPUBfOHﬁQUéuI-Féﬂ’cgﬁfévi’&eé PFoh' gpgducer

element in the tested magnefic head 101, and 103 dénotes the ABS. The
current source 19 should be determined to a value lower than
the cut-off frequency'ef the frequency filter 21.

The X-Y-Z- 6 controller 13 and the current source 19 are
connected to the computer 14 and perfofm predetermined
processes in response to commands from the computer 14.

Referring to Fig. 3 which is a flow chart schematically
illustrating a part of contrel program of the computer 14, the
method of testing the magnetic head with the MR element will be
described in detail.

First, et a step S1, alignment of the input/output
terminals 102 of the MR transducer element of the magnetic head
to -be tested on the head block 10 which is fixed on the
platform 11 of the X—Y;Z-é table 12, with the probe pins 15,
respectively. is executed. Fig. 2 1llustrates a state wherein
the probe pins 15 are contactiﬁg to the respective 1ﬂput/output

'terminals.102 by this alignment. This alignment will be
performed by moving the X-Y-Z-6 table 12 in accordanee with
instruction to_the X-Y-Z-8 controller 13 from the cdﬁputer 14,

using an well known alignment technique.



head bl ock 10 has a plurality of aligned magnetic heads 101 which are not
“individually separated yet. Each of the magnetic. heads 101 has the MR
transducer el enment(s). .Probe pins 15 are fixed at a standstil
position and the head block 10 is aligaed with the probe pins 15. This
10 alignnent is perfornmed by the X-Y-Z-[err] table 12 driven by the

X-Y-Z-[err] cophigl! gk $3s%QFt§§t EB% Rbf %t@?n§4lﬁe§§9na%E§CErT?% h&ncy

contact with the Input/outpuf termnals 1 he MR"transduc enent

of the deghped WB@@Ebha%Eea? AO$OBQ&Hﬁ@usQREEHﬁ Qﬁ@gtﬁh9cga}91nﬁssense2

Illustrated in Fig he al i gnnment I nput /out put termnals 10

with respggirbftt B8 BéogﬁnePh%§d15tBthQeaFB@bngﬁdwEVe”§ﬁﬂ§e0§eﬂegngr
canmera 17 which picks up inage of this al i gnnent portion via an optical

system 18gsuchnegs, aQtOQJQQEbVQS|GH?PQEQanoHEB?StHE éoEViHHBhEQ& $§d The

X-Y-Z-[err] controller 13 is contro by the control. conputer
The probegpbagniy GQP&ﬁﬁFegethtEﬁrk@ﬁ%t@QBhpUhet8ﬁ9¥8ﬂ£5soﬁ98e0&9tE% MR

transducer element are electrically connected to a current source 19. This

current SoUifged? p@ﬂggge%ha ¥8h¥iAloustySGaryiheNbebbNclrPBYE #I2BE the
corresponding to a voltage
designated frequency and wave shape such as a sine wave for
example 1is applied to the MR transducer element in the magnetic
head to be tested.

Due to the applied continuously varying sense current
flowing through the MR transducer element, a continuously
varying magnetic field is broduced and applied to the MR
transducer element itself causing its inner resistance to vary
depending upon the variation of the magnetic field. As the
voltage across the input/output terminals of the MR'élement is
applied to the frequency filter 21, a low frequency'component
of the varying terminal voltage which is the prodﬁét.of the
varying resistance of the MR element due to the applied varying
sense current multipli;d by fhis sénse current is eliminated,
and thus only a noise component, if occurred, with a relatively
high frequency sﬁch'as the Barkhausen noise will be applied to

- and displayed on thé oscilloscope 22.

Fig. 4a shows a wave spape of the output voltage from the

arblitrary wave shaﬁe generator 20, namely, of the output

current from the current source 19. Since such the



wave, such as a sine wave, which is supplied froman arbitrary wave shape
"generator 20 and is continuously and periodically varied wth the |apse of
time. The continuously and periodically varying sense current is provided
to the MR transducer elenent via the pygbe pins 15. The probe pins 15 are
al so connected to an oscilloscope 22 and to the control conputer 14 via a

frequency dddtBiudkd Ty HRGSsh6SEMEPCYarylh€rdendd cuCerit efwiefowéd | ter 21
passes only a relatively high frequency conponent (conponent with a

frequency fHhegh t1 MR Strénéd@éér f s PEAGRNEY) 1 £ NERO MP U Pathery®! 1 208 o660
t he MR transducer el ement. Thus, a possible noise conponent which

wi Il have dd¢icrelwitiyery prOdudt Psn e YBarkiA\Bsén!tnvitse/ Ol €10devod Bra g ut
into the oscilloscope 22 for displaying the wave shape of the noise

conponent gd¥bddtthd NEnPEPo €sud dtetiindl$ SR SEhe MK IErBIRSY ( Sdrhiteal
voltage provided fromthe arbitrary wave shape generator 20, therefore a

frequency w1 6dpe X WIENthdFOVa desht 1B ULEy £l ko GOy G rkPi b G vk be

determned to a value |lower than the cut-off frequency of the frequency
filter 2l.shape as/f$hown-#i[Ef¢] LONt rdw&Ferl3 fﬁdtﬁ@emﬁutfz‘aﬁ{ﬁd&%&‘ ce 19

e element is producing Barkhausen noise, the voltage across the
input/output terminals-of the MR.element (terminal voltage)
will have a discontinuously varying wave shape with pfotruded
noise components as shown in Fig. 4c. In this embodiment, only

. these protruded noise components are extracted by the frequency
filter 21.

At a steﬁ S4, the filtered output voltage is input into
the computer 14 and then A/D converted into digital input data.
Then, at a step S5, the input data is analyzed. Namely, the
computer 14 calculates, from the input data, continuity'and
inclination of wave shapes of the MR loop, and thus provides
degree and magnitude of possible Barkhausen noise from this MR
transducer elemeﬁt. . |

Thereafter, the input of the filtered voltage (step S4)
and analysis (sfep S5) are necessarily fepeated by n-times (n

' is an integer greater than 0) as indicated by a step S8.
Furthermore, the application of'thé sense current (step S3),
the input of the filtered voltage (step S4) and analysis (step

85) are necessarily repeated by m-times (m is an integer



connected to the conputer 14 and perform predeterm ned processes in
“response to commands fromthe conputer 14. Referring to Fig. 3 which
is a flow chart schematically illustrating a part of control program of
the conputer 14, the nethod of testinggthe magnetic head with the MR
element will be described in detail. First, at a step S1, alignnent
of the ingréavetrpthant @) tapaindifateld bpeaMBtepasFducer el enent of the
magneti c head to be tested on the head bl ock 10 which is fixed on the
platform 11 of Thér, Xa¥-&- feep] S8abie 18, judgbdt WRephebethensedbed

respectively, is executed. Fig. 2 illustrates a state wherein the probe
pins 15 anggruetiechead i ahgoodsaccicye oppndbtodépehdihgraponl whédGReby
this alignnent. This alignnment will be performed by noving the X-Y-Z-[err]

table 12 parRREQEEANASI¥LT s pREBGLERI 8R hOtihe X-Y-Z-[err] controller 13
fromthe computer 14, wusing an well known alignnent technique.

12 Then, A@éoRd $hEPtS2theéhgbE6PEPHERE 1 dAcdEEMBOAI FEnH, f tREUBAEHt2Bd A

wave shape of a continuously and snoothly varying sense current to be

generatQdﬁiépdtﬂﬁpﬁi@&tt@rﬁhéﬂMR 8PaReddese’ di&hent is varied by
continuously varying the sense current flowing through the MR
transducer element, and then the varying voltage across the
terminals of the MR transducer element based upon.the
resistance changes due to the applied varying sense current is
detected whether a noise component is involved in the detected
terminal voltage. Since the-électromagnetic conversion
characteristics of the MR transducer element is tested under
the magnetic field produced by the sense current flowing |
through’' the MR transducer itself, any influence externally
applied thereto can be almost eliminated resulting that
reproducibility of the MR transducer element cah be correctly
evaluated. In addition, this test can be easily executed by
applying a continuousl& varying sense current to a MR
transducer element to be tested and by connecting the frequency
filter with the input/output terminal of the MR transducer

' element. |
Furthermore, according to this embodiment, the MR loop

characteristics can be measured from magnetic heads aligned on

and not yet 1nd1vidua11y separated from the head block 10



20. Then, at a step S3, application of the continuously and snoothly
“varying sense current fromthe current source 19 is started. Thus, the
continuously varying sense current with the designated frequency and wave
shape such as a sine wave for exanpleiss applied to the MR transducer
elenment in the magnetic head to be tested. Due to the applied
cont i nuoufloymegy \linn@ dars shape.entThud ,odithd s wnmegesslaryViRat ipanacdhically
el enent, a continuously varying magnetic field is produced and applied to
the MR t oRes@teeithel dimvishaddidad assemplyt on riher rogeitdnandd ska vary
dependi ng upon the variation of the magnetic field. As the voltage across
t he i nput ceusjng thentesting pricceadure dioeextiremedpypished tien .t hd lfsosqfavomny
filter 21, a low frequency conponent of the varying term nal voltage which
i s the pr ¢tiec MRoflobipe chaaacitey irsddicst,arthe eomplatevR1d| eamnieadid yt @bitadn
applied varying sense current multiplied by this sense current is
el i m nat ethe madntiftuseowify thenoutputommdneadiso ichnoqadckdy, quiahitify
relatively high frequency such as the Barkhausen noise will be applied to
and di spl Baethensehenodsiel whichphaz?2been difFigultatehbes qaanaidisidape 1of
the output voltage fromthe arbitrary wave shape generator 20, nanely, of
t he out puadddétipant atcomdihg dor tris smboddméft, Stheeevathatihen and
selection of the magnetic head can be completéd within a very
short period of time.

Of course, 1t is possible to test the individually
separated magnétic head in a similar manner. The sense current
applied to the MR transducer element is not limited to a sine
wave current, but any wave shape current as far as continuously
varies. Also, it is not necessary to vary periodically.

Fig. 5 schematically shows a circuit structure of an
another embodiment of an apparatus for testing a magnetic head
with at least one thin film MR read element.

In the figure, reference numeral 50 denotes a head block"
with a plurality magnetic heads which have respective MR
transducer elements to be tested, and 51 denotes a'plétform of
a X-Y-Z-6 table 52. The head block 50 which is similar one as

" the head block 10 shown in Fig. 1, is temporally fixed on the
platform 51. The X-Y-Z-6 table 52 for moving the platform 51
is electrically connected via a X-Y-Z-6 controller 53 to-a

control computer 54.



continuously and snmoothly varying sense current is flowed through the MR
‘transducer element, if the MR elenent is a good article with no production
of Bar khausen noi se, the voltage across the input/output termnals of the
MR el ement (terminal voltage) will havega continuously and snoothly
varyi ng wave shape as shown in Fig. 4b. However, if the MR transducer

el ement is prodpgbhe ?ah%h%@saﬂenehggd afte aV @lthdd8 t2310pS s RS onl BRM! /Bt PUt
termnals of the MR elenment (termnal voltage) wll have a discontinuously

varying wapgadhgiechi 50 R0bNYgada RAthe the"peasat pi1as $BOWITHAGF g. 4c. In
this enbodinment, only these protruded noi se conponents are extracted by

Fhe_frequ?ﬂiignﬁbhEe&s2%erformedAByatﬁBeR-§4Z-QhetﬁbhE?SQddQEVBﬂtb&pkh%ge
is input into the conputer 14 and then A/D converted into digital input

data. Theg,yag-3 Sk8AtPe11kkesB3NRYl tHakathe BPabkZpdnsNEBBLYn the
conputer 14 calculates, fromthe input data, continuity and inclination of

Wﬁve Shapeé1@Et¥h€aMBy!Q@ﬁta@%dw&hﬁstﬁéolhﬁﬂ%/od%ﬁﬁ%etéBﬁiﬁamaib@th%fMR
possi bl e Bar khausen noise fromthis MR transducer el enent.

Thereaf t eryrfA8ahBRY! e2bmeh® bifl ktRECHe¥PrbaIRaghbeR cShbadareraBal ¥ai Thest ep
S5) are necessarily repeated by n-tines (n _

head block 50. The alignment qf the input/output terminals
with respect to the pfobe pins 55 can be moniFored by means of
a CCD camera 57 which picks up image of this alignment portion
via an optical system 56 such as an objective lens and by means
of a TV monitor 58. The X-Y-Z-6 controller 53 is controlled
by the control computer 54.

The probe pins 55 contacted to the input/output terminals
sf the MR transducer element are electrically connected to a
current source 59. This current source 59 provides a varying
sense current with a wave shape corréspbnding to a voltage
wave, such as a sine wave, which is supplied from an arbitrary
wave shape generator 60 and is continuously and periodically
varied with the lapse sf time. The continuously and
periodically varying sense current is provided to the MR
transducer element_via the probe pins 55.. The probe pins 55.

" are also connected_to én.oscilloscope 62 and to the control

computer 54 via a bridge circuit 81.

The bridge circuit 61 has four arms constituted by two

fixed resistors 610 and 811; one variable resistor 812 and the



IS an integer greater t han 0) as indicated by a step S6. Furthernore, the
‘application of the sense current (step S3), the input of the filtered
voltage (step S4) and analysis (step Sb) are necessarily repeated by

mtimes (mis an integer (r 4 ' 14 greater
than 0) as indicated by a step S7.. Then, at a step S8, it is judged
whet her t hMRt d3tags durtegmetliemenstad input deeomminalisclconmected dopdbd rmyruEnt
whet her Bar khausen noi se i s produced or not. According to the

above- nment isomed ecrffadiamehtoutipht egmdinal s faceindcdjey ited the oiseiVRoscope
transducer elenent is varied by conti-nuously varying the sense current
fl owi ng t hsQuand e MRe tcompadhexrer54l enent, and then the varying voltage
across the termnals of the MR transducer el enent based upon the

resi stance chandmsjuenly tvarydmy ived taey icomposient correspons i nge ttec ttdk
whet her a noi se conponent is involved in the detected termnal voltage.
Si nce t he saryingmagsdistancenodt dihen MR ledremeindr idsitel ¢® dhet lappVR eldr armggiosy
elenent is tested under the magnetic field produced by the sense current
flow ng tlsensghcureehR sarxtrawtdd Faidn they varylingnveleager azidoss the
input/output terminals of the MR element, and is input'intO'the
oscilloscope 62 for displaying the wave shape of the noise
component and into the computer 54.
The X-Y-Z- 60 controller 53 and the current source 59 are
connected to the computer 54 and perform predetermined
processes in response to commands from the computer 54.
Referring to Fig. 6 which is a flow chart schematically
illustrating a part of control program of the computer 54, the

method of testing the magnetic head With the MR elemenf will be
described in detail.

First, at a step S11, alignment of the input/output
terminals of the MR transducer element of the magnetic head to
be tested on the head 5lock 50 which is fixed on the platform
51 of the X-Y-Z-6 table 52, with the probe pins 55,
respectively, 1s executed. This.alignment will be performed by

" moving the X-Y-Z-8 table 52 in accordance with instruction to
the X-Y-Z- & controller 53 from the computer 54, usiné an well
B3

known alignment technique.

Then, at a step S12, the computer 54 designates a



applied thereto can be alnost elimnated resulting that reproducibility of
the MR transducer elenent can be correctly evaluated. In addition, this
test can be easily executed by applying a continuously varying sense
current to a MR transducer elenent to f@ tested and by connecting the
frequency filter with the input/output term nal of the MR transducer

el ement. frequéhéyhanhdoaewageCshdp8gofoat BbatefifhodsIPnandt BRodRhLYOP
characteristics can be neasured from magneti c heads aligned on and not yet

i ndi vi dual yyrgehgr skAdefl capvrefie¢ Beabebfefikrabed, to thefafﬁﬁdraﬁﬂawbﬁé
shape. Thus, it I's unnecessary to practically operate the finished head

assenbl y oahabe gehatrhBerdedk, TheHSi A8 hhetkpsEing RpPIEdHtEohOoEXthene! y
shorten. Also, from the MR |oop characteristics, the conputer 14 can

easi |y obtgbmtihheusegnahddemebthg eulprhgasensbseusprBn@UeskinytAgantify
Bar khausen noi se which has been difficult to be quantified. In addition,

accordi ng ¢@r¥é&ht gaﬁ@denset1stbea@tahuatTnﬁsandhesebﬁcinﬁaugiytbarymﬁgetIC

head can be conpleted within a very short period of tine. O course,

it is possibhgetOutpehtt Wethndhei désibkiated frequency and wave shape such
as a sine wave for example is applied to the MR transducer
element in the magnetic head to be testgd.

bue to the applied continuously varying sense current
flowing through the MR transducer element, a continuously
varying magnetic field is produced and applied to the MR
transducer element itself causing its inner resistance to vary
depending upon the variation of the magnétic field. As the MR
transducer element constitutes one arm of the bridge circuit
61, a possible noise component voltagg'can be extracted from
the output terminal of the bridge cirduit 81 when this bridge
1s balanced. This noise component voltage is applied to and
displayed on the oscilldscope 62. It is necessary however to
initialize the bridge dircuit 61 into a balanced state by
adjusting the varlable resistor 612 under the appiication of a
constant sense current to the MR transducer element so that the
‘ output voltage of the-bridge 61 1s_set to zero .
As a result, a wave shape with noise components, if

occurred, such as the Barkhausen noise will be displayed on the

oscilloscope 62 as shown in Fig. 4c. It is possiblé to display



separat’ed magnetic head in a simlar manner. The sense current appfied to
the MR transducer elenent is not limted to a sine wave current, but any
wave shape current as far as continuously varies. Also, it is not
necessary to vary periodically. fgg. 5 schematically shows a circuit
structure of an another embodi ment of an apparatus for testing a magnetic
head Wit lomly | ®aseisanccomponént nhywrsimatitaneopsty aprlying the eugpve,
reference numeral 50 denotes a head block wth a plurality magnetic heads
whi ch havevokspeet fvem Mhe t aphbtinaey waveeeshape cgererator B0 vl Bhedenot es
a platformof a X-Y-Z-[err] table 52. The head bl ock 50 which is simlar
one as thesdichlodtopé 62 shoas to camcel bothttheoirnesessary WaVe he
platform51. The X-Y-Z-[err] table 52 for noving the platform51 is
el ectri calshhapemsinected via a X-Y-Z-[err] controller 53 to a control
conmput er 54. - , 16 Probe pins 55 are
fixed at. a stantistal $teps$i4onthedouteut heolitageckr@n the dridee oireuite
probe pins 55. This alignment is perforned by the X-Y-Z-[err] table 52
driven by @heis Xinput[inté theatcahpetes354candathemeAD obenypéntedsinto
digital input data. Then, at a step S15, the input data is
analyzed. As for the.input data for analyzing, data
corresponding to the bridge output voltage when at least one
period of the varying sense current is applied to the MR
transducer element should be prepared. - The computer”54'
calculates, from these input data, continuity and inclination
of wave shapes of the MR loop, and thus provides degree and
magnitude of possible Barkhausen noise from this MR transducer
element.
Thereafter, the input of the bridge output voltage (step
S14) and analysis (step S15) are necessarily repeated by n-
times (n is an integer greater than 0) as indicated by a step
S16. Furthermore, the-application of the sense current (step
S13), the input of the bridge output voltage (step S14) and
analysis (step S15) are neceééarily repeated by m-times (m 1s
" an integer greater than 0) as indicated by a step S517.
Then, at a step S18, it is judged whether the tested

magnetic head is a good article or not depending upon whether

Barkhausen noise is produced or not.



el ectrically contact with the input/output termnals of the MR transducer
el enment of the desired magnetic head forned on the head block 50.. The

al i gnnent of the input/output termnals wth respect to the probe pins 55
can be nmonitored by neans of a CCD c ra 57 which picks up inmage of this
alignment portion via an optical system 56 such as an objective | ens and

by means of a bV Jpqide %é%héf %%Y:n?a{g&lemﬁﬂdaﬂfénéﬁ 1 O%Ht%:{eé?&i@d

;
by the control computer 54. e probe pins b5 contacted t

nput ] out ile B Gy @ (HE MR LEANANGS SIGIGIY A G Red pal |y

connected to Thi's current source 59 provides a

varying fRSAruddaY vl ds VaYE SdE GFFasd andivithg Glr ot adfe mmve,
such as a sine wave, which is supplied froman arbitrary wave shape

gener at or (§Q anf dey- fél"é:ﬁ USdyd %Ipfﬁﬂm}aﬁalmg YAtk ddbddadapse of

time. The continuously an peritodically varying sense current is provided

to the MR | eTS T pins 55 are
SRR e AR Rl bl sibed 1 M

al so connected to an osc _ and t conputer 54 via a
? \r/vl)dgfe [ igg‘%;gétsslt%t or's cg)fdl gEr% %&élfj&gn@e{/?rqﬁa]bj%d resi;sitqt)gr %L%&a;%ﬁﬁ\éeﬁ@tﬁd >
detected whether a noise component is involved in the detected
terminal voltage. Siﬁce-the electromagnetic conversion
'characteristics of the MR transducer element }s tested under
the magnetic field produced by the sense current flowing
through the MR transducer itself, any influence externally
applied thereto can'be almost eliminated resulting that
reproducibility of the MR transducer element can be correctly
evaluated. -In addition, this test can be gasily executed by
applying a continuously varying sense current to a MR
transducer element to be tested and by connecting the bridge
circuit with the input/output terminal of the MR transducer
element. |
Furthermore, acco;ding to this embodiment, the MR loop

characteristics can be measured from magnetic heads alighed on
and not yet individually separated from the head block 50

. formed in a bar shape. Thus, it is unnecessary to practically
operate the finished head assembly on the rotating disk,
caus;ng the testing procedure to extremely shorten. Also. from

F

the MR loop characteristics, the computer 54 can easily obtain



17 MR transducer elenent, input termnals connected to the current source
‘59, and output termnals connected to the oscilloscope 62 and to the
conmput er 54. Thus, only varying vol tage conponent corresponding to
the varying resistance of the MR el engpif due to the applied varying sense
current is extracted fromthe varying voltage across the input/output
termnal s ahet haghfR trid®T thtndbutputnpnd iallsd idah queGKlyospepe i§% f or

di spl ayi ng the wave shape of the noise conponent and into the conputer 54.
The X-Y-Z- Barkhat@en eldige Wil Haie been Qiif fIewlae to0 ba quahd@ifaddd tm
the conputer 54 and perform predeterm ned processés in response to
commands f addittiencompicarding to thisRembodimgnty Ehe evaluatiions and | ow

chart schematically illustrating a part of control program of the conputer
54, the neehedtibn oFt ithe wWagnEagrehicad @2t el lkompd e dewdtiiin W Mer3e
described in detail. First, at a step S11, alignnent of the

i nput / out pghoritep@riald off tile.VR transducer el enent of the magnetic head
to be tested on the head bl ock 50 which is fixed on the platform 51 of

the X-Y-Z-[err] ofakloars?, vit s pospidhie pontdst thecdp@dviivelally s
executed. This alignment will be perfornmed by _
separated magnetic head in a similar manner. The sense current
applied to the MR traﬁsducer element is not limited to a sine
wave current, but any wave éﬁape current és far as dontinuously
varies. Also, it is not necessary to vary periodically.

Many widely different embodiments of the present invention
may be constructed without departing from the spirit and scope
of the present invention. It should be understood that the
present invention is not limited to the specific embodiments

described in the specification, exéept as defined in the

appended claims.



novi ng the X-Y-Z-[err] table 52 in accordance with instruction to the
X-Y-Z-[err] controller 53 fromthe conmputer 54, usihg—an—well _known

al i gnnent techni que. Then, at a step S12, the co uter 54 designates
a frequency and a wave shapegf a conti nuo EIH m
varying sense current to be generated, to the arbitr ""

generator @@aTTRSN crAIMEDtI: S13, application of the contlndbu§ly and
snoot hly varying sense current fromthe .current source 59 is started.

Thus, the qonti UaSIHbd AOH Nk s GEIE & Mgt cMiidad e alasighatissh fatequency
and wave shape such as a sine wave for exanple is applied to the MR

transducer j c@lstTRie inhdntorgiiRit vdeathisivrer edlentbnt and impmt/outpmt
applied continuously varying sense current flow ng through the MR -

transducer (@r-aTeRlls dFYUd Uil tored I8 iy eragigidduderel el énferpty oduciadl and
applied to the MR transducer elenent itself causing its inner resistance

to vary deRemdd@ompil diltfy iid ateps @ft he nmagnetic field. As the MR
transducer el enment constitutes one armof the bridge circuit 61, a
possi bl e noi se GYMGGY & YdrifE vt dift VdriyaGigewiftioMespect to time to.
sald magnetoresistive transducer element via said input/output
.terminals; and

measuring a terminal voltage across said input/output
terminals of said magnetoresistive transducer element to check
varying resistance characteristics of said magnetoresistive

transducer element with respect to the variation of said

applied sense current.

2. The method as claiméd in claim 1, wherein said sense
current applying step includes a step of applying a
continuously varying éense current to sald magnetoresistive
tfansducer element via sald input/output terminals, and wherein
said measuring step 1nnludes a step of extracting a high

frequency component of the measured terminal voltage..

3. The method as claimed in claim 1, wherein said sense
current applying step includes a step of applying a
continuously varying sense current to said magnetoresistive

transducer element, and wherein said measuring step includes a

.



the output termnal of the bridge circuit 61 whenthis bridge 15 bal anced.

-Thi s noi se conponent voltage is applied to and di )
oscilloscope 62. It is necessary however to init '@W@i’ﬂﬂlﬂﬂﬂmm' circuit
61 into a bal anced state by adjustingzéhe vari abl' & suhder the
application of a constant sense currenf to the MR transducer el enent so

that the nggréﬁvgkkﬁggtghgtBﬁl?rhdﬁgmﬁénkﬁtSST theZfibAsured tAfmankgsul t,

a wave shape noi se conponents, if occurred, such as the Barkhausen

noi se w || di.spl.ay e kL0 2 h [ ikg. 4c. It
possi bl e t%8§F§E§a§9 fidafi8 B?oﬁlg§ghggigggggﬁgéngﬁgabsngggfﬁg%eousIy >

applyi ng t he, QULBKh g14@) LBIENE! 9y BAEAFBLIBERHcUAYE Shage generator 60 to

the oscilloscop as to cance ot h the unnecessary wave shapes.

Al a step é%égﬁ£§§88?%ggbgy%Eﬁﬁgﬁugﬁgnbigﬁeﬁ%iHQE %Friﬂhtapgiiba APy night O

t?e cgggut L converted into digital input data. Then, at a
step , Lthe in ais analyzed. As for the input data for anal yzing,
dat a corrﬁgggﬁdgﬁgrggkfhe bri dge out put vol tage -when at | east one period

of the varying sense current is applied to the MR

4. The method as claimed in claim 1, wherein said sense
current applying step-includes a step of applying a
continuously and periodicaily varying sense current to said
magnetoresistive transducer element via said input/output

terminals.

5. A method for testing a magnetic head provided With at
least one maghetoresistive transducer element and inpﬁt/output
terminals of said magnetoresistive transducer element, said
method comprising the steps of:

applying a sense current varying with feépect to'time to
said magnetoresistive transducer element via said input/output
terminals, said magnetsresi$tive transducer elemént being one
of magnetoresistive transducer elements of magnetic heads which
are aligned on a head block and are not yet individually

. separated from the head block; and .

measuring a terminal voltage across said input/output

terminals of said magnetoresistife transducer element to check

varying resistance characteristics of said magnetoresistive



transducer el ement should be prepared. The conputer 54 cal cul ates, from

T oop, and thus provides degtee and  magni tude of patUN INANMBIHL oi <

fromthis MR transducer el enent. 4Thereafter, the irpuf' of the bridge
out put voltage (step $S14) and analysis (step S15) are necessarily repeated
by n- tinmepafsdusenneilemener witharespebant6) the vadiatliern by saddep S16.
Furthernore, the application of the sense current (step S13), the input of
the bridgeapplped sehtageutseap.S14) and analysis (step S15) are
necessarily repeated by mtinmes (mis an integer greater than 0) as

I ndi cated by a step S17. "Then, at a step S18, it is judged whet her
the tested mnmagnetic head is a good article or not dependi ng upon whet her
Bar khausens noi sthé smpthddcad elafimed in claim 5, wherein said sense 20

According to the above-nenti oned enbodi nent, the magnetic field applied to

the MR trogseitiert &bplphhgi steprindlidescanstapoos! gppdyyhgoat he sense

current flowi ng through the MR transducer elenent, and then the varying

vol t age ac¢ontitlléusly varying sense current to said magnetoresistive
transducer element via said input/output terminals, ahd wherein
said measuring step includes a step of extracting a high

frequency component of the measured terminal voltage.

7. - The method as claimed in claim 5, wherein said sense
current applying steﬁ includes a step of applying a
continuously varying sense ;urrent to said magnetoresistive
transducer element, and wherein said measurihg step includes a
step of extracting ohly a component of the-measured terminal
voltage by means ofla bridge circuit, said component
corresponding to the varying resistance of said
magnetoresistive transducer elemént dué.to the applied varying

sense current.

8. The method as claimed in claim 5, wherein said sense

" current applying step includes a step of applying a |
continuously and periodically varying sense current to said
magnetoresistive trans&ucer element via said input/output

terminals.



termnals of the MR transducer el ement based upon-the _resistance changes
‘due to the applied varying sense current is detected whether a noise

conponent is involved in the detected term nal volmumummnﬁ t”

el ectromagnetic conversion characteriggi cs of the IN " ﬂl ment is
tested under the magnetic field produced by the sense curr efit fl owm ng

t hrough the MR transducer itself, any influence externally applied thereto
can be alnost elimnated resulting that reproducibility of the MR
transducerg gl ensnt apparheusofoecteytingabhumbhgdetio hdddt ppoyvitibdswi ¢kt atan
be easily executed by applying a continuously varying sense current to a
MR transduesst ebreenaghotbeesdstideantdahgduocaneelemgnthanlir idgat/outpuitt
with the input/output termnal of the MR transducer el enent.

Furt her noreermiga1 sli 6 saithmagrebodeststiveherbfisinopr ehamanter satidcs can

be nmeasured from magnetic heads aligned on and not yet individually
separ at ed 4pparates headpbliotkgb0 forned in a bar shape. Thus, it is
unnecessary to practically operate the finished head assenbly on the
rotating di sk, acptisbeégmeanst €ést-i aleptpiedlle toneattenel yosbattden. Al so,
from the MR |oop characteristics, the conputer 54 can easily obtain
input/output terminals of said magnetoresistive transducer
element;
a current generation means for providing a sense current
varying with respect to time;

.means for applying the provided varying sense current to
said magnetoresistive transducer element via said probe means;
and

means for measuring a terminal voltage across said
input/output terminals of said magnetoresistive transducer
element via said probe means to check varying resistance

characteristics of said magnetoresistive transducer element

with respect to the variation of said applied sense current.

10. The apparatus as claimed in claim 9, wherein said-éurrent
generation means 1nc1udés means for providing a continuously.

. varying sense current with respect to time, and wherein said
measuring means includes means for extracting a high frequency
componént of the measured terminal voltage across said

input/output terminals.



t he magni tude of the output and al so can quickly quantify Barkhausen noi se
whi ch has been difficult to be quantified. In addition, according to-this
enbodi ment, the evaluation and selecti-on of the nag

conmpleted within a very short period 9f tine. m‘IIH ”ﬂ@ u‘ﬁ
possible to test the individually separated nmagneti cs L Nna ar
manner. The sense current applied to the MR transducer elenent is not
limted to a sine wave current, but any wave shape current as far as

conti nuousiiyn, vaheappirstud tas ScTeimd® Chs Sellain A v, amhaasimndLrd | y.

-Many widely different enbodi nents of the present invention may be

const r uct e@xwiridvin gl eperrs nigs fa M ghepags rfteqrehacAia terd. t he present

i nvention. It should be understood that the present invention is not
limted to the specific enbodiments described in the specification, except
as defined in the appended clains. 22
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generation means includes means for providing a continuously
varying sense current with respect to fime, and wherein said
measuring means includes'means for extracting only a component
of the measured terminal voltage, said component corresponding
to the varying resistance of said maénetoresistive transducer

element due to the applied varying sense current.

13. The apparatus as.claimed in claim 12,.wherein said
extracting means includes a bridge circuit With four arms, said
input/output terminals of 'said magnetoresistive transducer
element being connected to said bridge circuit as oné of said.
arms via said probe means so that only a component
corresponding fo the varying resistance of said
magnetoresistive trans&ucer element due to the applied varying

sense current is extracted.

' 14. The apparatus as claimed in claim 9, wherein said current
generation means includes means for providing a continuously

and periodically Varying sense current.



| east one magnetoresistive transducer el ement and iﬁﬁUTTGETﬁUT—'FEFﬁinaIs
-of said nagnetoresistive transducer elenent, said ne it Bl he
steps of: applying a sense current varying wt h1ﬂnmmmum‘rm“lt 0.
sai d magnetoresistive transducer elengmt via said input/ oatptt "t &rni*nal s;
and measuring a termnal voltage across said input/output termnals

of said neghiet KesagpareLusapsducest ehenenmagnethecheadapyonpdedswithnat
characteristics of said magnetoresistive transducer elenent with respect

to the varj@id@romd makfetopebistisenspansduest . elem@nt dhé fmphodoasput
claimed in clarm1, wherein said sense current applying step includes a

step of appdphiaPs &PNEATEOMELNHeYOF¥EDEtECOSEransdesért olement, sald.
magnet oresi stive transducer elenment via said input/output termnals, and

wherein  sgigh ‘'PasslréoEpsi§Pnghcl udes a step of extracting a high
frequency conponent of the neasured term nal voltage.. 3. The nethod as

claimed in claigndponbenshisSabf &886€ricalIgntonpPatying sbepaidcl udes a
step of applying a -continuously varying sense current to said

Im;g lnﬁ;[jgg e?rﬁﬁyﬁufﬁﬁﬂsgé%inﬁi@”gf‘t sa PAImiERE EbRe5 8501 W8asHANBAUEEED
element of each of magnetic heads which are aligned on a head
block and are not yet individually separated from the head
block; | |

a current generafion means for providing a_sense'current
varying with respect to time;

means for applying the provided varying sense current to
said magnetoresistive transduéer element.via said probe means;
~and

means for measuring -a terminal voltage across said
input/output terminéls of said magnetoresistive transducer
element via said pfobe means to check varying resistance
characteristics of said magnetoresistive transducer element

with respect to the variation of said applied sense current.

16. The apparatus as claimed in claim 15, wherein said current
' generation means includes means for providing a continuously

varying sense current with respect to time, and wherein said

measuring means includes means for extracting a high ffequency

component of the measured términal'voltage across said



23 step of extracting only a conponent of the neasured terminal voltage
‘by neans of a bridge circuit, said conponent correspenrdirg-toe-the—varying

resi stance of said nagnetoresistive transducer ele 0 the a plled
varying sense current. 4. The neg@pd as clained im "HFW" ein
said sense current applying step includes a step of

cont i nuousf wp@tfoREph €dtEpmiHayYal yi Ng sense current to sald
magnet oresi stive transducer elenent via said input/output termnals. 5.

A nmethod for testing a nmagnetic head provided with at |east one
magnet oresi stive transducer elenent and input/output termnals of said

magnet oresj-pli Vphér apparstlisch8NBNAImEd n BEANRCAIEONPRESENE sAedst eps of:
applying a sense current varying with respect totine to said

nmagnet or esd gt ¥Etih@NRELRSET 18! 8"BDEhVhasSabfeqOnéy OPi Pér . termnal's, said
magnet oresi stive transducer el enent being one of nmagnetoresistive

transducer el enents of nagnetic heads which

18. The apparatus as claimed in claim 15, wherein said current
generation means inéludes means for providiné a continuously
varying sense-current.with respect to time, and wherein said
'measuring means includes means for extracting only a cdmponent
of the measured terminal voltage, said component corresponding
to the varying resistance of said magnetoresiétive transducer

element due to the applied varying sense current.

19. The apparatus as élaimed in claim 18, wherein said
extracting means includes a bridge circuit with four arms, said
1nput/outpat terminals of said magnetoresistive transducer
element being connected to said bridge circuit as one of said
arms via said probe means so that only a component
corresponding to the varying resistance of said
magnetoresistive transducer element due td the applied varying

sense current is extracted.

20. The apparatus as claimed 1n claim 15, wherein said current
generation means 1ncludes means for providing a continuously

and periodically varying sense current.



are aligned on a head block and are not yet individually separated from

t he head bl ock; and nmeasuring a termnal voltage across said

i nput/output termnals of said magnetoresistive transducer elenent to
check varying resistance characteristicgef said magnetoresistive

2+ transducer element wth respect to the variation of said applied sense
current. 6. The nethod as clainmed in claimb5, wherein said sense
current applying step includes a step of applying a continuously varying
sense current to said magnetoresistive transducer elenent via said

i nput/output termnals, and wherein said nmeasuring step includes a step of

extracting a high frequency conponent asured terninal voltage.
7. The nmethod as clainmed in claimb5, Qﬁ%?Ml d sense current applying

step includes a of a i n contlnuousl varying sense current to
sai d magnet or esMﬁTI‘EQ l\ﬁs&?ﬁgm& ﬁﬁ gg‘l@ HBADUWIAH st ep
i ncludes a MAGNETOSRESISTIVE TRANSDUCER ELEMENT

A method and apparatus for testing a magnetic head provided with at least one MR
transducer. The method includes a step of applying a sense current varying with
respect to time to the MR transducer element via input/output terminals of the MR
transducer element, and a step of measuring a terminal voltage across the
input/output terminals of the MR transducer element to check varying resistance
characteristics of the MR transducer element with respect to the variation of the
applied sense current.

(Figure 1)



step of extracting only a conponent of the neasured term nal voltage by
.nmeans of a bridge circuit, said conponent corresponding to the varying
resi stance of said nagnetoresistive transducer el enent due to the applied
varying sense current. 8. The nethod as claimed in claimb5, wherein
said sense current applying step includ%%,a step of applying a
continuously and periodically varying sense current to said
magnet or esi stive transducer elenment via said input/output termnals.

9. An apparatus for testing a nagnetic head provided with at |east one

magnet or esi stive tpamsiducer el gaenf and i nput/output terminals of said
magnet oresi stive tyagasducer el ¢m At US cqQnprisi ng: a
probe nmeans for elpdtrlically ceni i nput®out p term nal s of
sai d magnet or esi st W@ t ransducer
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/
—a current generation neans for providing a sense current varying with

* respect to tine; means for applying the provided varying sense
current to said magnetoresistive transducer el ement via said probe neans;
and means for measuring a termnal voltage across said i nput/output

termnal s of said magnetoresistive tiﬁasducer el ement via said probe neans
to check varying resistance characteristics of said nmagnetoresistive
transducer element wth respect to the variation of said applied sense
current. 10. The apparatus as.clainmed in claim9, wherein said current
generation nmeans includes neans for providing a continuously varying sense
current with respect to tinme, and wherein said neasuring neans includes
means for extracting a high frequency conmponent of the nmeasured term nal
vol tage across said input/output termnals.

26 11. The apparatus as clained in claim110, wherein said

Fig. 2

10

:i'\l\\.

102 o



extracting nmeans is a high pass frequency filter. 12. . The apparatus as
.claimed irn claim9, wherein said current generation nmeans includes neans
for providing a continuously varying sense current with respect to tineg,
and wherein said neasuring nmeans includes neans for extracting only a
conponent of the neasured term nal vol P{ge, said.conponent correspondi ng
to the varying resistance of said magnetoresistive transducer elenent due
to the applied varying sense current. 13. The apparatus as clainmed in
claim12, wherein said extracting neans includes a bridge circuit with
four arnms, said input/output termnals of said magnetoresistive transducer
el ement being connected to said bridg%ngfuiesas one of said arnms via
sai d probe nmeans so that only a conpohe ecOW espondi ng to the varying
resi stance of said nagnetoresistive transducer el enent due to the applied
varying sense current is extracted. 14. The apparatus as clainmed in

claim9, wherein said current gene f \ncl udes neans for
provi ding a continuously and peri <‘di_ce$'|['AR/'E\ryi 99 sense current.
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15. An apparatus for testing a nmagnetic head provided wth at |east one
-magnet oresi stive transducer elenent and input/output termnals of said
magnet or esi stive transducer el enent, said apparatus conprising: a
probe neans for electrically contacting to said input/output termnals of
sai d magnet oresi stive transducer eleneﬂvepf each of magnetic heads which
are aligned on a head - block and are not yet individually separated from

t he head bl ock; a current generation neans for providing a sense
current varying with respect to tine; means for applying the

provi ded varying sense current to sai'd nagnetoresistive transducer el enent
via said probe neans; and nmeans. gor ring a termnal voltage

across said i nputh&th 4@ nal s"—gf ai oresi stive transducer

el enent via said pro feafs™ o chetdd viryfng resixstance characteristics
of said magnetoresistive transducer g2l efe i espect to the variation
of said applied sense current. 189 Thelapparatug as clainmed in claiml5,
wherein said current ©
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generation nmeans includes neans for providing a continuously varying sense
‘current with respect to tine, and wherein said neasuring neans includes
means for extracting a high frequency conponent of the nmeasured term nal

vol t age across said 28 i nput/ out put
term nal s. 17. The apparatus as claiﬁw@i n claim16, wherein said
extracting neans is a high pass frequency filter. - 18. The apparatus as

claimed in claim15, wherein said current generation neans includes neans
for providing a continuously varying sense current with respect to tine,
and wherein said neasuring nmeans includes neans for extracting only a
conponent of the neasured term nal voltage, said conponent correspondi ng
to the varying resistance of said nmagnetgyesistive transducer elenment due
.to the applied varying sense current. 9. The gQpparatustas clainmed in
claim 18, wherein said extracting neansSincIude&oa bridgﬂzcircuit wth

four arnms, said S
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Tnput/output termnals of said nagnetoresistive transducer el enent being
connected to said bridge circuit as one of said arns via said probe neans
so that only a conponent corresponding to the varying.resistance of said
magnet oresi stive transducer elenent due to the applied varying sense
current is extracted. 20. The appanﬂﬁﬁgas clainmed in claim15, wherein
said current generation neans includes neans for providing a continuously
and periodically varying sense current.

- Fig. 6
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