v -1- METHOD AND APPARATUS FOR TESTI NG | NTEGRATED MAGNETI C HEAD ASSEMBLY ; .-
FI ELD OF THE | NVENTI ON The present invention relates to.a nmetfod and: i
apparatus for testing an integrated magnetic head assenbly including a thin
filminductive wite elenment for recording information into a magnetic
medi um such as a magnetic disk and a tRI+ fil m magnetoresistive

(hereinafter rﬁdﬁﬁ(ﬁﬂ A%p MPpAgerue! i Apd1aing aNGSIGTHD IMHENEREE QREA OM
t he magnetic nmedium DESCRI PTI ON OF THE RELATED ART Recently, an integrated

magneti c hegdmsisenbly provided with both an inductive wite elenment and a
MR read el enent has been devel oped as a thin filmmagnetic head assenbly
for a magnetic nmedium such as a nagnetic disk. Since the MR read el enent
utilizes the MR effect occurring in a thin filmlayer made of ferromagnetic

mat eri al sy powPerER! 1 eyendrdy gh readi ng output can be provide
I rrespective of relative speed between the head assenbly and the magnetic

medi um Howeverpy dyp Hsd &t t 1evdipf I B GItds B & ndthdd i |dpparatus
possibility of a defective MR read el enent acconpanyi ng wi th Barkhausen
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thin film inductive write element for recording information
into a magnetic medium such as.a magnetic disk and a thin film
magnetoresistive (hereinafter referred as MR) read element for

reproducing information from the magnetic medium.

DESCRIPTION OF THE RELATED ART

Recently, an integrated magnetic head assembly provided
-with both an inductive writé element and a MR read element has
been developed as a thin film magnetic head assembly for a
magnetic medium such as a magnetic disk. |

Since the MR read element utilizes the MR effect occurring
in a thin film layer made of ferromagnetic material such as
permalloy, a high reading output can be provide irrespective of
relative speed between the head assembly and the magnetic
medium. However, b& using the ferromagnetic material, there is
a possibility of a defective MR read element accompanying with
Bérkhausen noise ﬁanufacturing.

As is known, Barkhausen noise is prg@uced'due to structure
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~defect in the magnetic material, whereby its magnetic wall is - 2-

di sturbed fromfreely noving. Thus, it cannot be expected for a magnetic
head assenbly with such defective MR el enent to perform nornal reproduction
operation over its all operating regions. Therefore, it is necessary to
confirmat each test after manufacturing.4hat a finished magnetic head
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i nherent noise s as Bar khausen noi se. conventi onal netho
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consists of a process of attaching the finishe ssenbly to its
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assenbly above the rotating magnetic disk, a process of neasuring output
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measured wave shape whet her Barkhausen noi se i1s produced or not. However,
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practically operate the finished MR head assenbly on the rotating disk, the
testihg PrOCARUFEad element is a good article and will not produce any
inherent noise such as Barkhéusen noiée.
The conventional method for testing whether Barkhausen
noise is produced or not from a MR head assembly consists of a
process of attaching the finished MR head assembly to its
supporting suspension, a process of practically operating the
MR head assembly above the rotating magnetic disk, 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.
However, according to this conventional testing method,
since it is necessary to pracfically'operate the finished MR
head assembly on the rotating disk, the testing procedure
cannot be easily executed and furthermore it will take a long
period of time for teéting.
Japanese Patent Unexamined Publication No.6(1994)-150264
filed by the same applicant of the present invention discloses
an improved MR head testing method. 'In this testing method, an

external alternating magnetic field is applied, in a direction

perpendicular to an Air Bearing Surface (ABS), to a plurality



scannot be easily executed and furthernore it will take a |long period of
time for testing. Japanese Patent Unexam ned Publication No.6(1994)-150264
filed by the sane applicant of the present invention discloses an inproved
MR head testing nethod. In this testing nethod, an external alternating
magnetic field is applied, in a directionsperpendicular to an Air Bearing

Surface (ARY Mt héad asfédBYies whictfarldR 419368 D iIRadMi Xdeidrgnd are
aligned on a head bl ock and are not yet individually separated, and
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W th respect to the varying external magnetic field is neasured. However,

even by nmeatfardctdit Sst s 0 SEAHNUE HHRC IMIC fkad) aldinMIaes Wt shect
Publication, it is difficult to check whether Barkhausen noise is produced

or not W thid €héhedity Deg | Oeltdaral s grive iRarkiaes an lasurdd.] be produced
at random SUWMMARY OF THE INVENTION It is therefore an object of the

present inventi owdveF OVé¥en Sy BidHIEs JT HIRA I O mdt¥idd i s¥losed in
i nt egrated nagnetic head assenbly, whereby a higher probability of
the above-mentioned Publication, it is difficult to check
whether Barkhausen noise is produced or not within a short

period because the Barkhausen noise will be produced at random.

SUMMARY OF THE INVENTION

It isltherefore an object of the present invention to
proﬁide a method and apparatus for testing an integrated
magnetic head assembly, whereby a higher probabiliﬁy of
detecting Barkhausen noise produced in the magnetic héad
assembly can be attained.

Another object of the present invention is to provide a
method and apparatus for testing an 1ntegrﬁted magnetic head
assembly, whereby the test can be achieved within a extremely
shorter period of time.

The present invention relates to a method and apparatus.
for testing an integréted magnetic head assembly for normal
operation. The head assembly includes an inductive write
element and a MR read element. Accordiﬁg to the present
invention, particularly, the method includes a‘Step_of applying

an external alternating magnetic field to a plurality of



«det ecti ng Bar khausen noi se produced in the magnetic head assenbly can be
att ai ned.- Anot her object of the present invention is to provide a nethod
and apparatus for testing an integrated nmagneti c head assenbly, whereby the
test can be achieved within a extrenely shorter period of time. The present
invention relates to a nethod and apparatys for testing an integrated

magneti c h%@%ﬁééf@bwaaoas@rwﬂe& i Yte m;é}fea@aﬁ%?rnfaafd IR ey an
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i nductive element and a MR read el enent. ing to the present
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al ternating nmagnetic to a plura -4- magneti c head
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separ at ed In a direction perpendi cular to an ABS of
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wite elenent so that a | eakage magnetic fireld fromthe 1'nductive
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varyi ng resistance aracteristics o
write element is applied to the MR read element, and a step of

measuring varying resistance characteristics of the MR read
element with respect to the variation of the external
alternating magnetic field and to the variation of the
alternating leakage magnetic field.

According to the present 1nventioh, also, the apparatus
includes a probe unit for electrically contacting to input
terminals of the inductive write element and to output
terminals of the MR read element of each of magnetic head
assemblies which are aligned on a head biock and are not yet
individually separated from the head block, an external field
applying unit for applying an external alternating magnetip
field to the magnetic head assemblies aligned on the head
block, in a direction perpendicular to an ABS of the head

.block, a current applying unit for applying high frequency
current to the inductive write element via the probe unit so
that alternating leakage magnetic field from the inductive
write element is applied to thé MR read element, and unit for
measuring varying resistance characteristics of the MR read

element with respect to the variation of the external



el ement with respect to the variation of the external alternating nagnetic
field and to the variation of the alternating | eakage magnetic field.
According to the present invention, also, the apparatus includes a probe
unit for electrically contacting to input termnals of the inductive wite
el ement and to output termnals of the Mg_read el ement of each of nmagnetic

head assenlhjitesndftigly Ma@n@ltignede?d anhesd BheckaaRdtabg Be! tnet
i ndi vidual 'y separated fromthe head bl ock, an external field applying unit

for applyi g taFn@i¥ehaleakale?’ MRAENBE16RGNBLLG byeldcbovilig BREBAL ¢oheage
assenblies aligned on the head block, in a direction perpendicular to an
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current to the inductive wite elenent via the probe unit.so that

al ternati ngrlopek g TR ithel le&k@rﬁh@rrhmerhadwﬁkl Megheicie elierants s
applied to the MR read el ement, and unit for neasuring varying resistance
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external . -5- alternating nagnetic field and to the variation of the
current is applied to the inductive write element.

Since the alternating leakage magnetic field with a high
frequency due to the write current is applied to the MR read
element in addition to the external alternatiﬁg magnetic field
which is applied to the MR read element in a direction
perpendicular to the ABS of the head block, possible Barkhausen
noise can be detected with a higher probability and also this
detection and judgment of whether good article or not can be
extremely quickly completed. Furthermore, since the
alternating leakage flux passes not only the MR read element
but also pole portions of the 1ndu¢t1ve write element, defect
of the magnetic domain structure in the pole portions can be
aléo checked. -

It is p?eferred that a frequency of the high frequency
current applied to the inductive write element is very higher
than a frequency of the external alternating magnetic field;
Thus, Barkhausen noise can be detected with a very high
probability.

It is also preferred that the high frequency current

applied to the inductive write element is a rectangular wave



+al ternating | eakage magnetic field, by receiving output- voltage across the
output termnals of the MR read elenent via the probe unit when the
external alternating magnetic field is applied to the magnetic head
assenblies and the high frequency current is applied to the inductive wite
el ement. Since the alternating | eakage nagnetic field wth a high frequency
due to thegphpka eurirei.is applied to the MR read element in addition to
the external alternating nmagnetic field which is applied to the MR read

element in a di 1gClis0R1RS" peRFeevbar thatt BReABRteEnhlcaleadnhkenk, possible
Bar khausen noi se can be detected with a higher probability and also this
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qui ckly conpleted. Furthernore, since the alternating | eakage fl ux passes
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el ement, defect of the magnetic domain structure in the pole portions can

be al so chggkedbel bpbarenef erbmdthBarodlbwengecasycpiptienhoghtheequency
current applied to the inductive wite elenment is very higher than a

frequency gieraere&tembahiabhesnariaaennﬁaeﬁtgoﬁi3éd111hyeraBaBKMQU%aa
noi se can be detected with a very high probability. It is also preferred

that the hhghohpagyeney deawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a block diagram schematically showing a circuit
structure of a preferred embodiment of an apparatus for testing
an integrated magnetic head assembly, 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 assembly on a head block and probe pins of the
test apparatus and also 111ﬁstrating an external alternating
.magnetic field applied to the head block; and

Figs. 4a and 4b are graphs illustrating head output
voltage (V) characteristics with respect to varied external
magnetic field (H) under the application of alternating leakage

magnetic field from an inductive write element.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



-applied to the inductive wite elenment is a rectangul ar wave shaped

current. "It is also preferred that the external alternating magnetic field
is a sine wave shaped nagnetic field. Further objects and advantages of the
present invention will be apparent fromthe follow ng description of the
preferred enbodi nents of the invention asvi.llustrated in the acconpanying

dr awi ngs.
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schematically showing a circuit structure of a preferred enbodi nent of an
appar at us fmopriefeirreg ambodiagnhat odf ahgaepataltasd fassersitingaanor ding to
the present invention; Fig. 2 is a flow chart schematically illustrating a
part of "Ccodnrtelgrartegr angnle td cc hepdt assehdly incEuding, aFithin3 fiidma vi ew
illustrating el ectrodes of the tested magnetic head assenbly on a head

bl ock and pndoetiivies wafi tichelieaentappdr at thiandidhsMRi rleadt edemegtan

ext er nal

alternating magnetic field applied to the head bl ock; and Figs.

4a

and 4b ar e rgfarience numeratli 19 ﬂeadtestpuﬁelmholtz colil (air-core coil)

for producing an external alternating magnetic field to be
applied to the MR read element. In this embodiment, the
Helmholtz coil 10 is arranged such that its longitudinal axis
is vertically directed (up-down direction in the figure). A
power supply 11 for providing exciting current to the Helmholtz
coil 10 is electrically connected to the Helmholtz coil 10.
This power supply 11 is controlled by a control computer 12.

In the Helmholtz coil 10, a platform 13a of a X-Y-Z-6 table 13
and a head block 14 temporally fixed on the platform 13a are
disposed. The X-Y-Z-6 table 13 is electrically connected via
a X-Y-Z-6 driver 16 to the control computer 12.

The head block 14 is an'article in the manufacturing
process of the magnétic head assemblies and has a plurality of
aligned integrated magnetic head assemblies which are not
indi#idually separated yet. Each of the integrated magnetic
head assemblies has both an inductive write element and a MR
read element. This head block 14 is provided by forming a
large number of integrated magnetic head assemblies 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



-voltage (V) characteristics with respect to varied external magnetic field
(H) under the application of alternating | eakage nmagnetic field from an

i nductive wite el enent. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS -7- In
Fig. 1 which schematically shows a circuit structure of a preferred

enbodi nent of an apparatus for testing a4 ntegrated magnetic head assenbly
i ncl udi ng aliged ikdgnewietheml iddembdl i ntananhya girtiind ifig MoV iread

el enent, reference nuneral 10 denotes a Helnholtz coil (air-core coil) for
produci ng Besxins Sirfdder (KBS Nd 4@ Fdlg.c )i &lfd the heapplliok tiot tdre &R

read element. In this enbodinent, the Helnmholtz coil 10 is arranged such
that its~I cswiddpisial gape dep th et ttihealhen ddiasseimdd. iegn- d@yn thiirse ad jars tmerdte
figure). A power supply 11 for providing exciting current to the Helmoltz
coil 10 is off esti¢ i gsp+demeinnasdcid dfo tihee hidaldagisiembddies HA.11Thproviaer
supply 11 is controlled by a control conputer 12. In the Helmholtz coil 10,
a pl at f or mflilmbfowtplit’-chdraatiettidtiiesl3 and a head bl ock 14 tenporally
fixed on the platform 13a are di sposed. The X-Y-Z-[err] table 13 is
electrically cormiacdecbrore pins 15a are fixed at a standstill position
and the head block 14 is aligned with the first probe pins 15a.
This alignment is performed by the X-Y-Z-8 table 13 driven by
the X-Y-Z- 8 driver 16 so that the first probé pins 15a can
electrically contact with output terminals 3la of the MR read
element of the desired integrated magnetic head assembly formed
on the head block 14, as illustrated in Fig. 3. The alignment
of the output terminals 31a with respect to the first probe
rPins 15a can be monitored by means of a CCD camera 18 which
picks up image of this alignment portion via an optical system
17 such as an objective léné'and by means of a TV monitor 19.
The X-Y-Z-6 driver 16 is qontrolled‘by the control computer
12.

Second probe pins 15b are also fixed at a standstill
position and the head blogk 14 is aligned with the second probe
pins 15b. This alignment is also performed by the X-Y-Z-6
table 13 driven by the X-Y-Z-8 driver 16 so that the second
probe pins 15b can electrically contact with input terminals

31b of the inductive write element of the desired integrated

magnetic head assembly formed on the head block 14, as



;a X-Y-Z-[err] driver 16 to the control conputer 12. The head block 14 is an
article in the manufacturing process of the nmagnetic head assenblies and
has a plurality of aligned integrated magneti c head assenblies which are
not individually separated yet. Each of the integrated nagnetic head
assenblies has both an inductive wite eLeunent and a MR read elenment. This
head bl ock i usstraesd dad Rig .f @.n Mhea dldeamentriodr thie iimipegr aeathitadset i
head assenblies arranged in matrix on a wafer according to thin-film

t echnol ogy,31y veilth irgspdt Waf ehe Rlezopdl piobeed iblsoqlsd 2d sohalanedeh bl ock

has t he -8- aligned magnetic head assenblies, and by grinding an Air
Beari ng Sumfoaticcdrib)byl 4fediis @f TheolCODheamead [I80a@ndl4£heo THS miom idehrudto .
gap-depth of the head assenblies. By this adjustnment of the gap-depth, each
of the headmyaaidtics, WHd fliret dad iselonduipriobec pdhac ilSa anidc 15bFiaret
probe pins 15a are fixed at a standstill position and the head block 14 is
al i gned wi timtidprdl velftipredvh ptherland Thus ahegaldpnmen tpeff dheedheset he
X-Y-Z-[err] table 13 driven by the X-Y-Z-[err] driver 16 so that the first
pr obe pins pobecadins 15a and 15b with respect to the respective terminals
3la and 31b will be simultaneously performed.

The second probe pins 15b are electrically connected to a
write circuit 22, namely a write cﬁrrent source_constituted by
for example a head amplifier used in a disk driver device.

High frequency write current from the write circuit 22 is
provided to thé inductive write element of the magnetic head
via the second probe pins 15b. This write curregt may be
rectangular wave current with a frequency normally used for
writing in the magnetic head (1 to 80 MHz).

The first probe pins 15a are electrically connected to a
constant current source 20 for providing a sense current to the
MR read element. The first'probe pins 15a are also connected
to an oscilloscope 21 for displaying wave shape of output
voltage from the MR read element and to the control computer 12
which receives and analyzes this output voltage.

The power supply 11, the X-Y-Z-6 driver 16, the constant
current sourée 20 and'the write circuit 22 are connected to the

computer 12 and perform predetermined processes in response to

commands from the computer 12.



:el ectrically contact with output termnals 31la of the MR read el enent of
the desired integrated nmagnetic head assenbly fornmed on the head bl ock 14,
as illustrated in Fig. 3. The alignnment of the output termnals 3la with
respect to the first probe pins 15a can be nonitored by nmeans of a CCD
camera 18 which picks up image of this alipgnment portion via an optical

system 17 such ag @ cQRir@ehilvVaebeBs NHtO¥nBRANSmAY BeTHt¥BBhEQr 1A90rThe
X-Y-Z- [err] driver 16 is controlled by the control conputer 12. Second

probe pinsyhakranhedlpiatiioradi1dh 8oshandst hkhtPeRkt heAaaBlokie1headriheck
14 is aligned with the second probe pins 15b. This alignnment is also

per for retd esithiagX Yrkikehehting @113 debues Ble! Bem¥e¥aZuler bf @nevhead
so that the second probe pins 15b can electrically contact with input

termnals Bibchf 14had Fdrelibie Whickr8agke#BNthat hbardetkr A8rmalegr at ed
magneti ¢ head assenpbly forned on the head bl ock 14, as -9- illustrated

in Fig. 3.opeatingiRiipedhtue, B! ekanplaalo03%h, vahll thGBCEhet O the
second probe pins 15b also can be nonitored by neans of the CCD canera 18 .
and the TVpFebiabl1 ity of detecting Barkhausen noise will be much more

' increased. _

Referring to Fig. 2 which is a flow chart schematicaliy
illustrating a part of control program of the computer 12, the
method of testing the integrated magnetic head assembly will be
descfibed in detail.

First, at step S1, alignment of the output terminals of
the MR read element and the input terminals of the inductive
write head of the magnetic head assembly to be tested on the
head block 14 which is fixed on the platform 13a of the X-Y-Z-
6 table 13, with the first and second probe pins 15a and 15b,
respectively, is executed. This alignment will be performed by
moving the X-Y-Z-6 table 13 in accordance with instruction
from the computer 12 using an well known alignment technique.

At step S2, intensity and frequency of the external
alternating magnetic field from the Helmholtz coil ;O'are
detefmined, and then application of the magnetic field to the
head block 14 is started. As is well known, the Helmholtz coil
produces magnetic field with an intensity which is proportional

to the apblied current in a direction along its longitudinal



=I'n bractice, the first and second probe pins 15a and 15b are integral wth
each other and thus the alignnent of the these probe pins 15a and 15b with
respect to the respective termnals 3la and 31b will be sinmultaneously
performed. The second probe pins 15b are electrically connected to a wite
circuit 22, nanely a wite current sourceiconstituted by for exanple a head
anplifier daged.i NnThudi, sSktdesikepr sdevinagnitii@s Ahnegpeegyenecytefcdrieat from
the wite circuit 22 is provided to the inductive wite el enent of the
magneti ¢ headrena hlke sasopdcpedberpinnshéSbomphteérwi2t eocthe eppwenystpply
rectangul ar wave current with a frequency nornmally used for witing in the
magnet i c~haad (Theod8@vbHeurréhe hassanpabberpabsngSwave eshapet suchl &y
connected to a constant current source 20 for providing a sense current to
the MR readinkewant. shhpef andt ipsobeequanciShsase theocommeeclall to an
oscill oscope 21 for displaying wave shape of output voltage fromthe MR
read el enefrequdnty blkemoopet upl toompotrewate fheqheneyeforsersmipheal yzes
this output voltage. The power supply 11, the X-Y-Z-O driver 16, the
constant currenfFigouscalsd ahllusbeavestancexcterhallabternatingtmaghetibe
conputer 12 and perform predeterm ned processes in response to conmands
fromthe céiplticapp2ied to the head block 14. This direction of the
external magnetic field is the same direction as that of
magnetic field applied to the magnetic head assembly .
practically flying above a magnetic medium, namely is a
direction perpendicular to the ABS 14a of the head block 14.
Wave shape of the external magnetic field is, as shown by a
reference numeral 30 in Fig. 3, alternating sine wave.
Intensity of the external magnetic field is preferably an
intensity practically applied to the MR head from a magnetic
medium for example several tens Oe. However, the intensity of
the magnetic field applied to the head block 14 can be
optionally selected within a range of 1 to 500 Oe.

Then, at step 83, application of sense current into the MR
read element in the magnetic head assembly to be tested and
application of rectangular wave shaped write current with a
predetermined frequency and a predetermined amplitude into the
inductive write element in this magnetic head assembly are

started by instructing the constant current source 20 and the

write circuit 22 to do so. Thus, an alternating leakage



:-10- An electrical heater (not shown) nmay be attached in or under the
platform 13a so as to heat the head block 14 during testing. This heating
will result the tenperature of the head block 14 to forcibly increase to
that near its normally operating tenperature, for exanple 100 [err]C , and
thus the probability of detecting Barkhalisen noise will be nuch nore

I ncr eased. maRgfetid nie¢lod Frigkh 2 whighh fire queragpw duteartio sfeemetiitealdurrent
illustrating a part of control program of the conputer 12, the method of
testing t hellintheyranpeldi edigiettihe Md et arlidmenti |in Beldidsion Bed the det ai | .
First, at step S1, alignnent of the output termnals of the MR read el enent
and the Trgtennglhinagne bic tfieliddudiiegendst @thdde &r iftee awyrent dshead
assenbly to be tested on the head bl ock 14 which is fixed on the platform
13a of thevitiviv-a [rormal atdngel dised tfon v iftiinet, diar sxampd.erioli® #@hs 15a
and 15b, respectively, is executed. This alignnment will be perforned by
movi ng t hMBe.Y- 2Yefejabilshl el ifreqamadarnde the wrilfst mwttient fisomearye
conputer 12 using an well known alignnment technique. At step S2, intensity
and frequdrighexf then ebhiat il the external magnetic field applied from

the Helmholtz coil 10. The magnitude of the sense current may
be a predetermined fixed value or a variable value.

At step S4, output voltage across the output terminals of
the MR read element, corregponding to resistance of the MR read
element, is detected under a condition where the external
alternating magnetic field, the high frequency alternating
leakage magnetic filed from the inductive write element and the
sense current are applied to the MR element. This detection
should be carried out for a time equal to or longer than one
period of the ekternal magnetic field. The detected output
voltage is provided to the computer 12 and then A/D converted.
into digital input dafa. .

At the next step SS, the input data is analyzed. Namely,
the computer 12 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
read element. For this purpose, the input data representing
the output voltage variation when the external alternating

magnetic field is applied for one period should be prepared.



-alternating magnetic field fromthe Helnholtz coil 10 are determ ned, and
then apptication of the magnetic field to the head block 14 is started. As
is well known, the Helnholtz coil produces magnetic field with an intensity
which is proportional to the applied current in a direction along its

| ongi t udi nal -11- axis. Thus, at stepi82, nmagnitude and frequency of

drive current aﬁﬁe&@%¥&uQLth%ragmbaeiaanawt%helaukﬁutheom@w@é guiRbY sh).
The drive current has an alternating wave shape such as sine wave shape and

its frequepgy h%aays&@e(%Qgges@uahrérﬁ@@@gger&yWQEEeu@eHOb?1ﬁnemﬁée (n
frequency for exanple. Fig. 3 also illustrates an external alternating

nmagnet i ¢ ~f ij@l dnappltie@dr)Oakhg@nbead tbdosl t4epThbs dFupEhediopt,t BReeXt er nal
magnetic field is the sane direction as that of nagnetic field applied to

the magnetiagp gﬂ&%@t@%&C@?'thep%%ﬁbbcéhEYeBEYHﬂﬂ ghevaracengieteatNeditep
nanmely is a direction perpendicular to the ABS 14a of the head bl ock 14.

Wave shapes@f),t ipeeleteddionnafeithe buebttl $0188g8NPWleBysa)r aha@r aRGtysis

nuneral 30 in Fig. 3, alternating sine wave. Intensity of the externaF

magneti c figltdpl $50r @@’ aklc¥s@Brily repeated by m-times (m is an integer)
as indicatéd by step ST7.

Then, at step S8, it is judged whether the tested magnetic
head assembly is a good article or not depending upon whether
Barkhausen noise ié produced or not.

Figs. 4a and 4b illustrate head output voltage (V)
characteristics with respect to varied external magnetic field
(H) under the application of alternating leakage magnetic field
from the inductive write element. Namely, Figs. 4a and 4b
illustrate MR loop characteristics.

As illustrated in Fig. 4a, in case of a good magnetic head
assembly with no generation of Barkhausen noise, the output
voltage from the MR element'continuously and smoothly varies
depending upon the variation of the applied magnetic field
formed by adding the high frequency recténgular leakage
magnetic flux onto the sine wave external magnetic flux which
slowly changes. However, as shown in Fig. 4b, if Barkhausen
noise is generated, discontinuity will occur. At the step S8,
the computer 12 judges the generation of Barkhausen noise'by

finding such discontinuity in the input data (output voltage



sintensity practically applied to the MR head froma nagnetic nedi um for
exanpl e several tens Ce. However, the intensity of the magnetic field
applied to the head block 14 can be optionally selected within a range of 1
to 500 Ce. Then, at step S3, application of sense current into the MR read
el ement in the magnetic head assenbly tojlhe tested and application of

rect angul arfroay ehehyre@d 1wmelng )current with a predeterm ned frequency and-a
predeterm ned anplitude into the inductive wite elenment in this mgnetic

head assenbly ameciraringd toy thes labdsie-a@nittheonednieant methodnt theuMie 1dadpand
the wite circuit 22 to do so. Thus, an alternating | eakage -12-

magnet i c~f ichlatad tidr ia tiicgh cane e m@asdured & riolke magne¢icuheadt assiembiides
applied to the MRread elenent in addition to the external magnetic field.

Frequency eflitghedvon andlmotntyets iwdiRiidualngr gebairangd gees fthe wead ng,

for exanple 1 to 80 MHz. Preferably, this frequency of the wite current is

very hi gheblidekn 11dhat Thfust,hed texiseunaleckagatlyi tof pehdtapplilgdopepatienehe

Hel mholtz coil 10. The magnitude of the sense current may be a

pr edet er m Pdth ifshesd healdl assemd lyabnalthe voltating disk, causing the
testing procedure to extremely shorten. Furthermore, from the
MR loop characteristics, the computer 12 can easily obtain the
magnitude of the output and also can quickly quantify
Barkhausen noise which has been difficult to be quantified.

Particularly, according to this embodiment, since the
alternating leakage magnetic field with a high frequency due to
the rectangular wave shape write current is applied to the MR
read element in additi&n to the external alternating magnetic
field which is aﬁplied to the MR read element in a direction
perpendicular to the ABS 14a of the head block 14, and
frequency of the write current is very higher than that of the
external alternatihg magnetic field, possible Barkhausen noise
can be detected with a very high probability and also this
detecfion and judgment of whether good article or not can be
extremely qﬁickly coﬁpleted.
This is because Barkhausen noise will be easily produced

due to application of the alternating leakage.flux with a

rectangular wave shape and a high frequency. Since the

frequency of this alternating leakage flux is a practically



At step S4, output voltage across the output termnals of the MR read

el ement, corresponding to resistance of the MR read elenent, is detected
under a condition where the external alternating magnetic field, the high
frequency alternating | eakage nmagnetic filed fromthe inductive wite

el ement and the sense current are applieggito the MR elenment. This detection
shoul d be gaed ¢#equenk®’, @hki Feseqwal 1t BeObakedgsn thanppaetperiodsalget.he
external magnetic field. The detected output voltage is provided to the
conput er 1RugRferhoRe” Pincevehkedl terhatdngi Lahkhppur1dRt pasdbst Retnenlly
step S5, the input data is anal yzed. Nanely, the conmputer 12 cal cul ates,
fromthe~i gpet MBatraadCenemenitt pudndlisoCponat port@bnvaye shapeadattike MR

| oop, and thus provides degree and magnitude of possible Barkhausen noise
fromthis WRiteadlemer®nt abnermhnityPvFPehe, mhBfietipUlofalia sEpuETaARE NE

t he out put voltage variation when the external alternating magnetic¢ field
is appliedthat pogeppbredonbochii be plepachdcked.- 13- Thereafter, the
detection of the output voltage (step S4) and analysis (step S5) are

necessarily repmahgdwidenyt diffefent embodiments of the present invention
may be constructed without departing from the spirit and scope
of the present in#ention. It should be understood that the
present invention is not limited to the specific embodiments'
described in the specification, except as defined in the

appended claims.



.is an I nteger) as indicated by step S6. FurthernDre the application of the
sense current and the wite current (step S3), Emm e out put
voltage (step S4) and analysis (step S5) are nece ﬂ"ﬂﬂﬂpl
mtinmes (mis an integer) as indicated by step S7. *THent at s 8, it is
Judged whet her the tested magnetic head-agsenbly is a good artlcle or not
dependi ng WHAT \Wst0IexIMED KIssusen noi se i s produced or not. Figs. 4a and 4b
illustrate head output voltage (V) characteristics with respect to varied
ext ernal magnet iA detHal (fdr webriddarmppltezataited aigalettdicnhieladg alsaanidey
magnetic field fromthe inductive wite elenent. Nanely, Figs. 4a and 4b
Il lustrate fid? nmamadharmpetstricat, cmidAhddd usiseabdy iincEugingaan indasstiofe a
good nagneti c head assenbly with no generation of Barkhausen noise, the
out put vol wadetd redreménet MR |enmgneatotdsisniviey read edemenlty saridemethod
dependi ng upon the variation of the applied nmagnetic field fornmed by addi ng
t he high f rcemparicingediengtars ledakage magnetic flux onto the sine wave
external magnetic flux which slowy changes. However, as shown in Fig. 4b,
I f Bar khausen nappdyingererettednadi sddernating walghetdeufieAd ttie ast ep S8,
the conputer 12 judges the generation of Barkhausen noise by finding such
di scont i nuiptynral ittlye afhmagmstixc (hmad wsseanhtldigs which are aligned on a
head block and are not yet individually separated from the head
block, in a direction perpendicular to an air bearing surface
of the head block, and also applying high frequency current to
said inductive write element so that alternating leakage
magnetic field from the inductive write element is applied to
said magnetoresistive read element; and
measuring varying resistance characteristics of the
magnetoresistive read element with respect to the variation of
said external alternating magnetic field and to the variation

of said alternating leakage magnetic field.

2. The method as claimed in claim 1, wherein a frequency of
said high frequency current applied to said inductive write
element is very higher than a- frequency of said external

alternating magnetic field.

3. The method as claimed in claim 2, wherein said high

frequency current applied to said inductive write element is a



:-14- fromthe MR elenent). According to the above-nentioned test nethod,
the MR | oop characteristics can be neasured fron1nagne%%@-head_§§§§EEL#§;
aligned on and not yet individually separated fromthe head bl ock 14
it Is unnecessary to practically operate the fini ShethH Hﬂﬂmm he
rotating disk, causing the testing procedare to extre Ir”"
Furthernnregctanguﬂhe MR Vieo sirapledr aatreenst.i cs, the conputer 12 cHn east
obtain the magnitude of the output and al so can quickly quantify Barkhausen
noi se whi ch has been difficult to be quantified. Particularly, according to
this enbodi ment, since the alternating | eakage magnetic field with a high
frequency” due t Thehaethoidangulcdainede ishepeim Bt ewhereiént sasdapplteedalo t he
MR read element in addition to the external alternating nmagnetic field
whi ch i s appltersdattdnghaagRetdzd fdledderdts ansandi wavei shapedpmagnetliar to t he
ABS 14a of the head block 14, and frequency of the wite current is very
hi gher thafiieddt of the external alternating magnetic field, possible
Bar khausen noi se can be detected with a very high probability and also this
5. An apparatus for testing an integrated magnetic head
assembly for normal operation, said head assembly including an
inductive write element provided with input terminals and a
magnetoresistive read element provided with input terminals,
said apparatus comprising:

a probe means for electrically contacting to said input
terminals and to said output terminals of each of magnetic head
assemblies which are aligned on a head block and are not yet
individually separated from the head block;

an external field applying means for applying an external
alternating magnetic field to said magnetic head assemblies
aligned on the head block, in a direction perpendicular to an
air bearing surface of the head block;

a current applying means for applying high frequency
current to said inductive write element via said probe means so
that alternating leakage magnetic field from the inductive
write element is applied to said magnetoresistive read element:

and

means for measuring varying resistance characteristics of



.detection and j udgnment of whether good article o Emn\emel y

qui ckly compl eted. This is because Barkhausen no“‘mmﬂm y produced
due to application of the alternating | eakage flux wth a" eétahgul ar wave
shape and a high frequency. Since the frequency of this alternating | eakage
flux is a practically -15- used freguewcy, the test will be based on the -
practical tBegeaghaetbhesistévesrasé e¢hementewithingspeakate thexvpuissionot
only the MR read el ement but al so pole portions of the inductive wite

el ement, abfiosantli externaheahtigneatingomagmetic utield amdt bat thel e portions
can be al so checked. Many wi dely different enbodi nents of the present

i nventi on vayiaticonefr geiddahiehnatingpheakage fraenetitc spield. ab¥ scope of
the present invention. It should be understood that the present invention
is not |infeedivéngheutputi ¥ottagbodrnessstilesentint termhnatpeetf saddi on,

except as defined in the appended cl ai ns.
magnetoresistive read element via said probe means when said

external alternating magnetic field is applied to said magnetic
head assemblies and the high frequency current is applied to

said inductive write element.

6. The apparatus as claimed in claim 5, wherein said current
applying means consists of means for supplying high frequency
current with a frequency very higher than a frequency of said

external alternating magnetic field.

7. The apparatus as claimed in claim 6, wherein said current
applying means consists of means for supplying high frequency

‘current with a rectangular wave shape.

8. The apparatus as claimed in claim 7, wherein said external
field applying means consists of means for applying an external

alternating magnetic field of a sine wave shape.



.-16- WHAT IS CLAIMED IS: 1. A nethod for testing an integrated nmagnetic
head assenbly for nornal operation, said head assenbly including an

i nductive wite elenment and a magnetoresi stive read el enment, said nmethod
conprising the steps of: applying an external alternating nagnetlc field to
a plurality of magnetic head assenblies which are aligned on a head bl ock
and are not yet individually separated fromthe head block, in a direction
per pendi cular to an air bearing surface”dP"the head bl ock, and al so

appl ying high frequency current to said inductive wite elenment so that

al ternating | eakage ”agnet'cﬁﬁbﬁkﬂc&rBE]&HE P?gefgéﬁﬁEMW|te el enent is
applied to said magnetoresis suring varying

resi stance charact enigidis #Np tmmqf inHdMd ARl W th
respect to the vari aiom of SAMAGRETEE field and to
the variation of said alternating reakage HugnEF1C‘TIe|d 2. The net hod
as clainmed in claiml, wherein a frequency of said high frequency current
appl i ed to sai dAi pgudidvenr ppeagherent ol st 9ek ki gheinthent hefir egaeneycof
said external alternating nmagnetic field.

head assembly lor normal opcecration. The head asscembly includes
an inductive write clement and a MR read clement. The method

includes a step of applylng an exLernaJ-achrnALjng magnetic
field to a pluralilLy of maénetic head assemblies which are
aligned on a hcad block and are not yet individually separated
from the head block, in a direction perpendicular to an ABS of
the head block. and also applyihg high frequency cﬁrran Lo the
inductive writc clement so that alternating leakage magnetic
field from the inductive write element is applied to the MR
read element, and a step of measuring varying rosisLaﬁce
characteristics ol the MR recad element with respeet Lo the
vafiation of tLhe ¢xternal alternating magnetic ficld and Lo the
varjation of the atternating leakdge magnetic licld.

(Fig. 1)



. . i
: 3. The nethod as clainmed in claim?2, wherein said high frequency current
appliéd to said inductive wite elenent is a -17- rectangul ar wave
shaped current. 4. The nethod as clainmed in claim3, wherein said
external alternating magnetic field is a sine wave shaped magnetic field.
5. An apparatus for testing an integrated nagnetic head assenbly for
normal operation, said head assenbly inﬁlgding an i nductive wite el enent
provided with input termnals and a nag &foresistive read el ement provi ded
with input termnals, said apparatus conprising: a probe neans for
electrically. contacting to said input termnals and to said output .
termnals of each of magnetic head assenblies which are aligned on a head
bl ock and are not yet individually separated fromthe head bl ock; an

external field applying means for applyln al alternating magnetic
field to said magpetitthead—assenbtt+es gned n tfhe head bl ock, in a
direction perpendjcular to an air bearresurf, t he head bl ock;
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.a current applying neans for applying high frequency current to said

i nductive wite elenment via said probe neans so that alternating | eakage
magnetic field fromthe inductive wite element is applied to said

magnet or esi stive read el ement; and neans for neasuring varying resistance
characteristics of - 18- the magnet oresi stive read el enment with-respect
to the variation of said external alterd4ing magnetic field and to the
variation of said alternating | eakage magnetic field, by receiving output
vol tage across the output ternminals of said magnetor esi stive read el enent
via said probe means when said external alternating magnetic field is
applied to said F?]Lg.lc ead assepbtres—and\t he hi gh frequency current is"
applied to said wite el ens’ltARW. The apparatus as clained in
claimb5, wherein said current appl s consi sts of neans for '
suppl yi ng hi gh frequency currenf—m

frequency of said external alte naqugNmnq'u q
as claimed in claim®6, wherein ¢ curcont

cy _very higher than a
ld. 7. The appar at us

APPLICATlON OF
MAGNETIC FIELD }~-S2

*.

APPLICATION OF
BOTH SENSE S3
CURRENT AND 7

WRITE CURRENT

ﬂ

DETECTION OF | S4
OUTPUT VOLTAGE

1
lL ANALYSIS |[~S5

n—TIMES
REPETITION

m—TIMES
REPETITION
?

JUDGEMENT [~ S8

END



~apﬁ|y1ng means consi sts of neans for supplying high frequency current mﬁth
a rectangul ar wave shape. 8. The apparatus as clainmed in claim7, wherein
said external field applying nmeans consists of neans for applying an

external alternating magnetic field of a sine wave shape.
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