" X166166* - 1 E | NVENTI ON METHOD AND APPARATUS FOR TESTI NG
MAGNETI C HEA[FM\MNMW“‘W-\‘ELENEW BACKGROUND OF THE | NVENTI ON 5 The present
-invention rel S'To.a magnetic head testing apparatus for testing

general |y a nagnlft¢ head using a tunneling nagnetoresistive effect
element. In particular, it relates to a technique for non destructive.

i nspection of a tunnel 10 barrier |ayer off the elenent. In general, a
magneti ¢ head conprising separately a reading head and a witing head,
nounted on the same slider is used in a disk drive. The reading head is a
head dedi cated for readi ng a ddtEHI'SE gbBl THECDNAENT IGN magneti cal |y on a di sk
medi um Recently, a GVR (giant magnetoresistive effect) elenent (referred
al so as a GVR $EASBID AR AP ARRTUS IR VIBRYT BNGIiMAGNREDE HERD deI®ity of a
di sk medium is used for the reading head. However, as recent 20 magnetic
heads and the |T™& BBy a probl em of sensitivity deterioration of the
GWR el enent has grown in inmportance. As a counterneasure for the problem

use of a novel tunneling nagReEGREOSNG OFe THEF SAVENENRN el enment 25

n he r ing h
(ref erre% to also aSTl?e Tpl\é%sseentsolrrZVSStior? re-efgteg toeaacli magnetic

head testing apparatus for testing generally a

magnetic head using a tunneling magnetoresistive

effect element. In particular, it relates to a

technique for non destructive inspection of a tunnel
10 barrier layer of the element.

In general, a magnetic head comprising separately
a reading head and a writing head, mounted on the same
slider is used in a disk drive. The reading head is a
head dedicated for reading a data signal recorded

15 magnetically on a disk medium.

Recently, a GMR (giant magnetoresistive effect)
element (referred also as a GMR sensor) suited for
achieving a high recording density of a disk medium
is used for the reading head. However, as recent

20 magnetic heads and the like are very a problem of
sensitivity deterioration of the GMR element has grown
in importance.

As a countermeasure for the problem, use of a
novel tunneling magnetoresistive effect (TMR) element

25 (referred to also as a TMR sensor) as the reading head
has been proposed.

Unlike the GMR element, in a TMR element, the
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" has been proposed. Unlike the GWR elenent, in a TMR el ement, the 11111111 |
1 1111131 1 1 | 1111111311320 0 L 0 0 1 1 I *@00O002* - 2 conducting

-direction of the sense electric current is in the vertical direction with
respect to the film surface, such that the tunneling electric current
flows in the tunnel barrier |ayer (for exanple, see 5 U S. Patent No.
5,729,410 and the U. S. Patent No. 5, “898, 547) . The characteristics of
the TMR el ement depend largely on the quality of the tunnel barrier |ayer
of the extrenely thin film Particularly in the case a 10 pin hole is
present in the SORWAL B Glgreqtdpar of Héle desiSane Isfcitie sraaiadwn vol t age

is observed (far .exanple, see Journal of Applied Physics, Vol. 91, No. 7,
2002; P. 4348- 48531 T NEHTIR hrBHefIen 1 tadiRtiect dithdihg JdrHdim ons

having an ultrathin barrier” 15 Bryan Oiver, Qng He, K Xuefei Tang, and J.

NowarE (Seagatsé“'%c,cﬁnolsélﬁ IPLJf‘ét) )%eTﬁém“c?ﬁﬁ%c?&r?thcagcémrreéﬁer sfto t he

critical wvolt f .causin I nt. destructi at the time o

appl yi ng the e?ﬁg‘;%t“%‘l é%c&%ree%tu%&eﬁeg)g%roletrhéaffjl\?li 2661% ST tepiiiSse. _

Moreover s the i i Nel&ordielhfy s 4,928 MY il LA free |ayer,and a pinned
he bot

| ayer present on t si des 'of t'he tunnel barTieér” I'ayer, contacted
No. 5,898,547).

The characteristics of the TMR element depend
largely on the quality of the tunnel barrier layer of
the extremely thin film. Particularly in the case a

10 pin hole is present in the tunnel barrier layer, the
decline of the breakdown voltage is observed (for
example, see Journal of Applied Physics( Vol. 91,

No. 7, 2002; P. 4348-4352, “Dielectric breakdown in
magnetic tunnel junctions having an ultrathin barrier”

15 Bryan Oliver, Qing He, Xuefei Tang, and J. Nowark
(Seagate Technology LLC.)).

The “breakdown voltage” refers to the critical
voltage of causing an element destruction at the time
of applying the electric current stress to the TMR

20 element stepwise. Moreover, the “pin hole” refers to
a part with a free layer and a pinned layer present on
the both sides of the tunnel barrier layer, contacted
locally with a metal due to the interface disturbance
by the film formation irreqularity of the tunnel

25 barrier layer, the stress in the process and the like.

In the case a pin hole is present in the tunnel

barrier layer, since the pin hole part has a2 low



“locally with a metal due to the interface disturbance by the film
formation irregularity of the tunnel 25 barrier layer, the stress in the
.process and the like. 1In the case a pin hole is present in the tunnel
barrier layer, since the pin hole part has a low - 3 resistance, the
electric current flowing in the tunnel barrler | ayer is concentrated. It
is confirned that the destructive dangge3to~the tunnel barrier layer is
accelerated by the |l ocal heat generating effect 5 resulting fromthe

el ectric current concentration. Therefore, for an inprovenment of the
reliability offeshébed@adi ndredd apsitig (Ve TRV e leveiintg it tite waweitioal to
test for the presence of pin holes in the tunnel barrier layer. 10 In
general , the pF@§éﬁ@é &@%ﬂﬁt%ﬁﬂQ%?Q%ﬂ¥4ﬁ¥e%onﬂﬁtM§jquﬁ%ﬁm%#éé%ﬁbmm test.

Fbmever, si nce .the S a destructive test it cannot be used for the
screening test g’ﬂ%ﬁﬂtﬁb‘#ﬁ%ﬁ??lﬁé@ﬁﬁt CHRRD . aﬁﬁ%ﬁEFISOWNRRY OF THE
| NVENTI ON 15 In accor %pc %% n Eﬁb nt of the resen i nvention,
there is prOV|ded S [ﬁﬂ atus’ ¥ or's %%ﬂhble of

testing 30N de%r %‘L'ﬁ%\{% ¥Erotnhech%l % t%:lsé act nnta cJEounncneeI bagl%l er layer of
| n

e
a TMR elenent. par at us conprlses feasuring uni't measur es

the res'Stancefﬁ@f@%éﬁe;tﬁ%-ngg(yﬂﬁ?gveméht of the reliability

of the reading head using the TMR element, it is
essential to test for the presence of pin holes in
the tunnel barrier layer.

10 In general, the presence of pin holes can be
confirmed by the breakdown test. However, since the
test is a destructive test, it cannot be used for the
screening test for the reading head (magnetic head).

BRIEF SUMMARY OF THE INVENTION

15 In accordance with one embodiment of the present
invention, there is provided an apparatus for testing
a magnetic head, capable of testing non destructively
the pin hole state in a tunnel barrier layer of a TMR
element.

20 The apparatus comprises a measuring unit which
measures the resistance value of the TMR element, a
calculating unit which calculates the temperature
coefficient with respect to the resistance value of
the TMR element based on a relationship between the

25 resistance value and a circumferential temperature
of the TMR element, and a determining unit which

determines a pin hole state in a tunnel barrier layer



“calculating unit which calculates the tenperature coefficient with respect
to the resistance value of the TMR el enent based on a relationshi p between
.the 25 resistance value and a circunferential tenperature of the TMR
el ement, and a determning unit which determnes a pin hole state in a
tunnel barrier layer 4 included in the TVR el enent based on the
tenperature coefficient. BRIEF DESCRI PTI &N OF THE SEVERAL VI EWs OF THE
DRAW NG The acconpanyi ng drawi ngs, which are incorporated 5 in and
constitute a part of the specification, illus trate enbodi nents of the
i nvention, andfégderdret i thhe (R gerfstadit desead pii diegitesp v aand t he
detailed description of the enbodi nents given below, serve to explain the
princi pl es of f?ﬁ?ﬁﬁﬁﬂ%ﬁqun. 10 FIG 1 is a block diagram show ng a

figuration [ d test.in ra of an_enbodi nent  of
fﬁg L?gsen{ invgﬁggggﬁggﬁékgggﬁg 8%d&§§r%ﬁ?%%%Le&gﬁﬂﬁnPﬁgTEEsPB&@FHFe of
the TWMR el t of the e i . 15 FIG_3 is_.a diagramfor_explaining a
quglity et:g??ngonefﬂga 6%%¥%§1 eﬁ%ﬁ%ﬁﬁg%ﬁ Y%%gé éﬁﬁﬁﬁﬁ%PO%ﬁ%f£4 is a
di f explainj j i . t.he . TNR el e _of the
erbod ment: G B i S L S R O 26 ey of &
resistance val ygafe @R @l&MNoOfthe invention, and together with

the general description given above and the detailed
description of the embodiments given below, serve to
explain the principles of the invention.

10 FIG. 1 is a block diagram showing a configuration
of a magnetic head testing apparatus of an embodiment
of the present invention;

FIG. 2 is a diagram for explaining a structure of
the TMR element of the embodiment;

15 FIG. 3 is a diagram for explaining a quality
testing method for the TMR element of the embodiment;

FIG. 4 1s a diagram for explaining a quality
testing method for the TMR element of the embodiment;
FIG. 5 is a graph showing a temperature

20 dependency of a resistance value of a GMR element of
the embodiment;

FIG. 6 is a graph showing an example of a
result of measuring the resistance value change with
respect to the temperature of the TMR element of the

25 embodiment;

FIG. 7 is a graph showing an example of a

calculation result of a temperature coefficient TC



“the enbodinent; FIG 6 is a graph showing an exanple of a result of
nmeasuring the resistance val ue change with respect to the tenperature of
the TMR el enment of the 25 enbodinent; FIG 7 is a graph showi ng an exanpl e
of a calculation result of a tenperature coefficient TC- 5 wth respect
to an initial resistance value of the enbodinent; FIG 8 is a graph

showi ng an exanple of a result of a breakdown test of the TMR el ement of
the 5 enbodinent; FIG 9 is a graph showi ng an exanple of a breakdown
voltage with respect to the initial resistance value of the TMR el enent of
t he enbodi nent WiIHINGreEpeacs & qredphirsifold Ingr etshies ragicat ivorishe po £ 1ithdet ween t he
tenperature coefficient TC and the breakdown voltage BDV of the

enbodi ment; FI GMPPEI™Erd/f| ow chart for explaining a procedure of a test
process of the TWMR element of the enbodinent; and 15 FIG 12 is a bl ock

di agr am showi ng an s<entd ats HHTeRt A TRI BT VXYL 10 B o Fieht .

DETAI LED DESCRI PTI ON OF .THE | NVENTI Hereji nafter, with reference to the
drawi ngs, an é)rﬁ)c?dihf@ﬁk%%wnt & S &rﬁhq W eht§ GHeR T 19T pl ai ned.

5 embodiment;

FIG. 9 is a graph showing an example of a
breakdown voltage with respect to the initial
resistance value of the TMR element of the embodiment;

FIG. 10 is a graph showing the relationship

10 between the temperature coefficient TC and the
breakdown voltage BDV of the embodiment;

FIG. 11 is a flow chart for explaining a
procedure of a test process of the TMR element of
the embodiment; and

15 FIG. 12 is a block diagram showing an essential
part of a disk drive of the embodiment.
DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, with reference to the drawings, an
embodiment of the present invention will be explained.

20 FIG. 1 is a block diagram showing the configu-
ration of a magnetic head testing apparatus of this
empbodiment. FIG. 2 is a diagram for explaining the
structure of the TMR element (TMR sensor) of this
empbodiment.

25 (Structure of the TMR element)

This embodiment relates to a magnetic head

testing apparatus to be used for a magnetic head



20 FIG 1 is a block diagramshow ng the configu- ration of a magnetic head
testing apparatus of this enbodiment. FIG 2 is a diagramfor explaining
_the structure of the TMR el ement (TMR sensor) of this embodinent. 25
(Structure of the TMR el enment) This enbodinent relates to a magnetic head
testing apparatus to be used for a magnetic head - 6 (nunmeral 2 in FIG 1)
conprising separately a reading head and®% wri ting head using a TMR
el enent, nmounted on the sane slider as the testing subject. The testing
apparatus has the function of determining 5 (evaluating) the pin hole state
(specifically, thaenalid iof THe. prlesenuger ihien@o$gpanatdby tanneddhagri er
| ayer of the TMR elenent. As shown in FIG 2, the TMR el ement which is the
testing subj ecthefd t#id enbodi nhthead aisersor MR cohprésti ngnastéd basi c
structure a tunnel _nulti layer filmhaving a first ferromagnetic |ayer 16
and a second ¥t rioifagifts S 1eRT a% Than Fatethai srdieeunnelbe barrier |ayer
15 provided as the internediate layer. FIG 2 shows the surface facing the
surface of a di'§i ety r@ﬁ%ﬁﬁt%@%ﬂihﬁ et ther af rielkerserd | ayer 11,
a first electrode |ayer 12, .a pinned Jayer 13, a pinped _|ayer 14 as the
second ferromag ee\ﬁlcu%/talylgj), 4§ Lﬁﬁﬂalehc’le state’ (specitically, the
ratio of the presence thereof) in the tunnel barrier
layer of the TMR element.
As shown in FIG. 2, the TMR element which is
the testing subject of this embodiment is a sensor
10 comprising as the basic structure a tunnel multi layer
film having a first ferromagnetic layer 16 and a
second ferromagnetic layer 14 laminated with a tunnel
barrier layer 15 provided as the intermediate layer.
FIG. 2 shows the surface facing the surface of a disk
15 medium.
The TMR element has a first shield layer 11, a
first electrode layer 12, a pinned layer 13, a pinned
layer 14 as the second ferromagnetic layer, a tunnel
barrier layer 15, a free layer 16 as the first
20 ferromagnetic layer, a second electrode layer 17 and
a second shield layer 18 laminated in this order.
In the case bias electric current is supplied
to the second electrode layer 17, so-called tunnel
electric current 19 flows from the free layer 16 as
25 the first ferromagnetic layer to the pinned layer 14

as the second ferromagnetic layer. The TMR element is

advantageous in that the sensitivity is not dependent



“barrier layer 15, a free layer 16 as the first 20 ferromagnetic |ayer, a
second el ectrode |layer 17 and a second shield layer 18 lamnated in this
.order. In the case bias electric current is supplied to the second
el ectrode layer 17, so-called tunnel electric current 19 flows fromthe
free layer 16 as 25 the first ferromagnetic layer to the pinned |ayer 14
as the second ferromagnetic layer. The"TMR efement is advantageous in that
the sensitivity is not dependent 7 on the elenent size. Myreover, owing to
the presence of the extremely thin tunnel barrier |ayer 15 between the
pinned | ayer 12Paffict kdemeaé isayer 1¥orgdviegh MRinchdrgéheatireseacehe
obtained. 5 As to the operation principle of the TMR element, in the case
the bias el ect Pitc t&6r P& eRe Lyr Ghildedvuingelt harrdry dalyedi rlée biedasnt h

respect to the _film, surface, t magneti zati on orientation_ of the free
Iaygr 16 is ch&%&e&linﬁletdh aryielrmqguéfl%cé%ﬁccf&% AGYeS 16t e hésgthe MFal

magneti c fieldc%g t@a&a%he cond%%t%£3e.of the tunnel electric current 19
a

i s changed, depengﬁng on °t K&"r &l @%ﬁ%ﬂ%athh respect to the nagneti -

zation ogientation gfs the ien%%%aﬁ%rn #Ar# giiprhceirpmjieetlhgef neeilta?téIilo of the
: or-a )

magneti c resistance effect reover, ‘change

ratio can be cahcuhat edsthepretical by J£5omd he . Rolarizahiljity of each
ferromagnetic | ayer of the
the vertical direction with respect to the film
surface, the magnetization orientation of the free
layer 16 is changed in the film surface according to

10 the external magnetic field so that the conductance of
the tunnel electric current 19 is changed, depending
on the relative angle with respect to the magneti-
zation orientation of the pinned layer 14 (principle
of. generation of the magnetic resistance effect).

15 Moreover, for a TMR element, the MR change
ratio can be calculated theoretically from the
polarizability of each ferromagnetic layer of the
free layer i6 and the pinned layer 14.

(Configuration of the testing apparatus)

20 As shown in FIG. 1, the magnetic head testing
apparatus of this embodiment comprises a mechanism for
setting a head assembly 1 including a slider (magnetic
head) 2 with a TMR element test subject as a reading
head at the testing position. Here, the test subject

25 1s not limited to the slider 2, it may be provided for
example in a wafer state during the production process

of the TMR element. The head assembly 1 comprises



“free layer 16 and the pinned layer 14. (Configuration of the testing
apparatus) 20 As shown in FIG 1, the magnetic head testing apparatus of
.this enbodi nent conprises a nmechanismfor setting a head assenbly 1
including a slider (magnetic head) 2 with a TMR el ement test subject as a
reading head at the testing position. Here, the test subject 25 is not
limted to the slider 2, it may be providéd for exanple in a wafer state
during the production process of the TMR el enent. The head assenbly 1
conprises 8 the slider 2 nounted on a suspension 3 and a flexible printed
circuit board EBPCpladesnrerpsatgict Bt lje SPHFRENSILOmeRt ankuet Hdraxdibde t he
testing apparatus has a bias 5 electric current control unit 5, an el enent
resistance meRSAACRE GATEUSE Ropafpdidiré connesitaghinith the fory 8, a
m cro processor gCPU) 9, and a main control unit (hereinafter it is
referred to asa=™Edftrol ler) 10. 10 The bias el ectric current control unit

Sis acircuit for Qn! %@Igrng t.he su Jy of the hias electric current
(electric current 15CUI5I é 5OTEsr Hhe %M ear?éarﬁra\%l{% hraeﬁs[fecqlatsb the TMR
o ement e LMBGERCLA, e hernk s atance RSB SRS
the FPC 4. Speﬁéﬁéﬁ%ﬂd@1unit 6, a temperature control unit 7, a
memory 8, a micro processor (CPU) 9, and a main
control unit (hereinafter it is referred to as a
controller) 10,
10 The bias electric current control unit 5 is
a circuit for controlling the supply of the bias
electric current (electric current 19 FIG. 2) for
the measurement with respect to the TMR element via
the FPC 4. The element resistance measuring unit 6
15 is a circuit for measuring the resistance of the TMR
element being supplied via the FPC 4. Specifically,
the element resistance measuring unit 6 measures
the resistance value of the TMR element (i.e., the
resistance value of the tunnel barrier layer 15) based
20 on the bias electric current value applied to the TMR
element and the potential difference between the first
electrode layer 12 and the second electrode layer 17.
The temperature control unit 7 is a device for
controlling the circumferential temperature of the
25 head assembly 1 including the TMR element as the test
subject. Specifically, the temperature control unit 7

comprises specifically heating devices and controlling



the el enment resistance neasuring unit 6 nmeasures the resistance val ue of
the TMR elenent (i.e., the resistance value of the tunnel barrier |ayer
.15) based 20 on the bias electric current value applied to the TMR el enent
and the potential difference between the first electrode layer 12 and the
second el ectrode layer 17. The tenperature control unit 7 is a device for
controlling the circunferential tenperatuPe of the 25 head assenbly 1
including the TMR el enent as the test subject. Specifically, the
tenperature control unit 7 conprises specifically heating devices and
controlling 9 dg&}CEEssS8GEhaas aahiwededr, aa llkgser aand aa coowsipart
tenperature vessel. The CPU 9 executes the testing process of the TM
el ement (such &8™PREAEHFEUNEEISEH -process of the 5 tenperature coefficient
TC to be described | te%#p_The menopry stores the electric current val ue of
r

the bias electric ¢ Ot FF % HEBi'dY A™&qa9% ledent control
i , th i I by .th . t Si stance measuri ng
init 6, and t ha R0t B at GPe Ty BFud 6 G IArdON BrETEe CelBer at ur h
lled b t . Ql it 7 the. lik ccording to the
control By the CHBSTEEE KoRAFIMER", 0 LorR-nsar Re RS dF texecut i ng. ¢ he
control of theT%@th%ﬁo&?sEkgge%pﬁ%%a%q%ttWQEcQur%%n&r%%ﬂ%%so%h%hklnal

eval uation of the TMR efenen
bias electric current obtained from the bias electric

current control unit 5, the resistance value measured
by the element resistance measuring unit 6, and the
10 temperature value of the circumferential temperature
controlled by the temperature control unit 7, or the
like according to the control by the CPU 9.
The controller 10 is an apparatus for executing
the control of the entire testing apparatus, which
15 provides the final evaluation of the TMR element
based on the testing result outputted from the CPU 9.
Moreover, the controller 10 executes the testing
processes automatically according to a predetermined
sequence, utilizing a p-H tester, a spin stand, or the
20 like, used as the existing magnetic sensor testing
apparatus. Furthermore, the contrcocller 10 stores in
the internal memory the evaluation conditions of the
temperature coefficient TC such as the bias electric
current value and the setting temperature inputted by
25 an operator before a test.
(Procedure of the testing process)

Hereinafter, the procedure of the testing



" based on the testing result outputted fromthe CPU 9. Mreover, the
controller 10 executes the testing processes automatically according to a
. predeterm ned sequence, utilizing a p-H tester, a spin stand, or the 20
| i ke, used as the existing magnetic sensor testing apparatus. Furthernore,
the controller 10 stores in the internal nenory the evaluation conditions
of the tenperature coefficient TC such asOthe bias electric current val ue
and the setting tenperature inputted by 25 an operator before a test.
(Procedure of the testing process) Hereinafter, the procedure of the
testing 10 progesesy athdaEVRMA enemterdf dhhith ienbadiareimenti Wi e be
explained with reference to the flow chart of FIG 11. First, the
controller 10 seirdadmachiviitdl ndfeqtanias tourttentf vt wghat: wit FiGspect to
the bias electric 5 current control unit 5 (step S1). It is preferable for
the initial electridcifrenthsfEa0ter bl 300t man oknd ezl rkedtvict he
voltage (VO = 10 x RO far avoiding destruction of the TMR el enent (for
exanpl e, 1 mAGH IHE g G WBIG FAfRRAChEm T iiamh & eF R ue) .

Mor eover,. the contraoller 10 sets .andnjtial _tenperature value TOto the
t enper at Ur e corﬁurro]:lent}:nicton]tfo( t atszg)esﬁ?é’ def)i ni t'toﬁ%fpﬁeﬁg&"taé?ﬂp%r ature

here is a ten%rratﬂﬂee i"%ﬁpéiiaeld eflreoc,mrtihce c%uftrseine x;a &eheIO to be 300 mVv
or less based on the voltage (VO = I0 x RO) for
avoiding destruction of the TMR element (for example,
1 mA in the case of a 300 ohm element resistance

10 value) .

Moreover, the controller 10 sets an initial

temperature value TO to the temperature control unit
7 (step S2). The definition of the temperature here
is a temperature applied from the outside to the

15 TMR element (circumferential temperature), using a
heater, a laser, a constant temperature vessel, or the
like. Since the initial temperature value TO is the
reference temperature, it is preferable to be set up
near room temperature (for example, 30°C) in order

20 to restrain the load on the TMR element to a minimum
level without an error with respect to the setting
temperature. It is maintained until the difference of
the setting temperature and the actual temperature is
stabilized within the range of “x1°C”.

25 After the stabilization of the circumferential
temperature with respect to the TMR element, the

controller 10 measures the initial resistance value



15 TMR el enent (circunferential tenperature), using a heater, a laser, a
constant tenperature vessel, or the |ike. Since the initial tenperature
.value TOis the reference tenperature, it is preferable to be set up near
roomtenperature (for exanple, 30C) in order 20 to restrain the |oad on the
TMR el enment to a mninmum |evel without an error with respect to the
setting tenperature. It is maintaineduntd| the difference of the setting
tenperature and the actual tenperature is stabilized within the range of
"1C'. 25 After the stabilization of the circunferential tenperature with
respect to theRPVRYelcemantol ltilngy tdhentalaineart 10 sieasures mdwesuming al
resistance value - 11 RO by controlling the el enent resistance neasuring
unit 6 (step SIN1tTHe (EIO SStlor eSeh&€Hhid isioreseditst aimciet el ue RO in the
menory 8. The elenment resistance nmeasuring unit 6 neasures the initial 5
resi stance val d€SROTGRIHTEIMR AlerghttRcdtimg & o T elemenld el ectric
current value 10 applied b the bias electric current control_ unit S

Here, the neasw® e 1519 tHE T 5t S e tatAly 19 or
Lo, 10t L saniol e dacels ad s Al dndn e Y
unit 7 (step S%%e igy%f§¥téfg%gf¥gng¥fgﬁ%\@%fﬁ%-qo'g%@fﬁéémgybe hi gher
the bias electric current control unit 5. Here, the
measurement accuracy of the resistance is preferably
% or less.
10 Next, the controller 10 sets a temperature value
Tn (n = 1) different from the initial temperature
value TO in the temperature control unit 7 (step S5).
The setting temperature value Tl may either be higher
or lower than the initial temperature wvalue TO.
15 However, since the higher temperature side involves
the risk of the element deterioration, it is
preferable to be 200°C or less.
After the stabilization of the temperature by
the temperature control unit 7, the element resistance
20 measuring unit 6 measures the resistance value Rl of
the TMR element according to the initial electric
current value I0 applied by the bias electric current
control unit 5 (step S$6).
Hereafter, by repeating the processes of the
25 steps S5 to S8, the controller 10 finally executes the
temperature setting of the nth time and the measuring

of the resistance value Rn (YES of step S8). The



or lower than the initial tenperature value TO 15 However, since the

hi gher tenperature side involves the risk of the elenent deterioration, it
is preferable to be 200C or |ess. After the stabilization of the
tenperature by the tenperature control unit 7, the elenent resistance 20
measuring unit 6 measures the resistance value RL of the TMR el enent
according to the initial electric curfrent2vatue 10 applied by the bias

el ectric current control unit 5 (step S6). Hereafter, by repeating the
processes of the 25 steps S5 to S8, the controller 10 finally executes the
t enperat ure setdPinP ofaldel atds time wantod her neasesd fgic DEnt hecrgsist ance
value Rn (YES of step S8). The 12 CPU 9 calcul ates the tenperature
coefficient TC wgspect espetie tied het aesé so Anclee ofMR hel Sivih €) ed®ntg usi ng

t he neasurenent values (RO to Rn) and the tenperature values (TOto Tn)
stored in the riEgmriessbyendet 5vakastr (kg pr dues sesd (SheptSperature
(Tenperature coefficient TC) Specifically, the CPU 9 cal cul ates the
tenpera- ture coef4sci efl TOT s sigrxe@ bel ove meendoned $orwueéa (1). The
bel ow-nmentioned fornmula (1) is a fornmula for 10 calculating the gradi ent
of the regressiBPTINEY PIPCEHTFRY ISEHP SUTI - T) (R - B / RO(Ti - T)2
. (D

(Temperature coefficient TC)
Specifically, the CPU 9 calculates the tempera-

ture coefficient TCn using the below-mentioned formula

(1). The below-mentioned formula (1) is a formula for
10 calculating the gradient of the regression line.
n _ _ n _
TCn(8/C) = 3 (14 = T) Ri - R)/Rg . (T4 - T)2 - (1)

Here, T and R each represent the average value of
the setting temperature and the average value of the
15 resistance.

The number of times n of the temperature setting
and the resistance measurement is preferably large,
since this improves the reliability of the measurement
data. The setting range of the temperatures TO to Tn

20 is preferably wide, and within a range that does not
cause deterioration of the TMR element.

As shown in FIG. 2, the CPU 9 determines the
quality of the tunnel barrier layer 15 of the TMR
element (pin hole state) (step S10). The specific

25 determining criteria and the principle of the quality
determination (evaluation) method for the tunnel

barrier layer 15 will be explained with reference



i=i i=1 Here, T and R each represent the average value of the setting
tenperature and the average value of the 15 resistance. The nunber of
times n of the tenperature setting and the resistance neasurenent is
preferably large, since this inproves the reliability of the neasurenent
data. The setting range of the tenperatures TOto Tn 20 is preferably w de,
and within a range that does not cause deterioration of the TMVR el enent.
As shown in FIG 2, the CPU 9 determnes the quality of the tunnel barrier
| ayer 15 of the TMR elenent (pin hole state) (step S10). The specific 25
det er mi ni ng critPefi&Sand tRelfrinciple of the quality determi nation

(eval uation) nethod faor the tunnel barrier layer 15 will be explained with

reference 13 - to FFESS-33t #4702 BFESCORCERd Wil a%identi®dl di agrams for
explaining the state of the quality ch e of .t.he MR el ement. 5 As shown
in FIG 3, the®f aéPéHﬁnF%ﬁaﬁgﬁﬁeaO%nEEgiﬁP@nggéF GcFE?& onpri si ng
the free |ayer M§2élthe Eunnel barrier layer 33 and the pinned |ayer 34

has the resistance valué R reduced according to the circunferenti al

tenperatyre rise. The reference (b0 numeral, 3pdenahes,d hesupe el ectric

current.
multiple layer structure comprising the free layer

32, the tunnel barrier layer 33 and the pinned layer
34 has the resistance value R reduced according to
the circumferential temperature rise. The reference
10 numeral 31 denotes the tunnel electric current.
According to the reduction of the resistance
value R, the temperature coefficient TC becomes “TC <
0”. In this state, as shown in FIG. 4, the interface
of the tunnel barrier layer 33 is disturbed so as to
15 cause the metal contact of the free layer 32 and the
pinned layer 34 provided above and below. The local
metal contact part is referred to as the pin hole.
In the case such a pin hole is formed in the
tunnel barrier layer 33, since a parallel circuit
20 of the tunnel electric current 31 and the pin hole
electric current 41 is formed, the resistance wvalue
tends to be lower as a whole. Moreover, since
the pin hole part is a metal, the resistance value
is increased according to the temperature rise.
25 Therefore, the temperature coefficient TC beccmes
“TC > 07,

FIG. 5 is a characteristic figure showing the



" According to the reduction of the resistance value R the tenperature
coefficient TC becones "TC < O0". In this state, as showm in FIG 4, the

_interface of the tunnel barrier layer 33 is disturbed so as to 15 cause
the netal contact of the free |ayer 32 and the pinned |ayer 34 provided
above and below. The local netal contact part is referred to as the pin
hole. In the case such a pin hole is for im the tunnel barrier |ayer
33, since a parallel circuit 20 of the tunnel electric current 31 and the
pin hole electric current 41 is fornmed, the resistance value tends to be
| ower as a wholtempkyed¢over depiencentlye ofi riholegiattarice aaietealof ttie
resi stance value is increased according to the tenperature rise. 25
Theref ore, theM&nperietite NedeMf dihentsaTe Medoesharpcterdstifi@s 5 is a
characteristic figure showng the 14 tenperature dependency of the
resi st ance vaIGéagfOﬁhéheGHRneméﬁﬁnPaH§Viné“%rﬁ?%ﬁﬂn%anQQ- ¢harldct eri stic

as that of the,pin _hole part.. As shown in FIG 4, in the case the pin
hol es are i ncr3§§e&aisﬁ the FiindClsSHahS R RARTRAn the faanglve

erer oL e CORELTLE oIS, SSLEL NG Al SRR SRS AL, the
coefficient TCrghihts Jrm;a Negatd \f%ev%i"he i & pDac}Sést |45 vl g, Therefore,
negative TC characteristic of the tunnel barrier
layer 33. The temperature coefficient TC shifts
from a negative value to a positive value. Therefore,
10 the presence ratio of the pin holes generated in
the tunnel barrier layer 33 can be presumed from the
tendency of the temperature coefficient TC.
FIG. 6 shows an example of the result of measure-
ment of the resistance value change with respect to
15 the TMR element temperature (temperature dependency
of the resistance) in the testing method of this
embodiment. In FIG. 6, the abscissa axis represents
the temperature T, and the ordinate axis represents
the resistance value standardized with respect to the
20 initial resistance value RO at 30°C.
In FIG. 6, each of the temperature dependency
characteristics of a sample 60 in the case of a
345 ohm initial resistance value RO, a sample 61 in
the case of a 251 ohm initial resistance value RO,
25 and a sample 62 in the case of a 123 ohm initial
resistance value RO are specific examples. The

measurement conditions here are a 0.2 mA initial



" 10 the presence ratio of the pin holes generated in the tunnel barrier

| ayer 33 can be presuned fromthe tendency of the tenperature coefficient
TC. FIG 6 shows an exanple of the result of neasure- nent of the

resi stance val ue change with respect to 15 the TMR el enent tenperature
(tenperature dependency of the resistance) in the testing nmethod of this
enbodinment. In FIG 6, the abscissa axis Fepresents the tenperature T, and
the ordinate axis represents the resistance val ue standardi zed with
respect to the 20 initial resistance value RO at 30C. In FIG 6, each of

t he tenper at ur € lé¢gpaideney regitaddct er i’ CcénoftialsanapberéOuire fhe case of a
345 ohminitial resistance value RO, a sanple 61 in the case of a 251 ohm
initial resistafte SpdItd@IROEMPES asng s Sdmfile €0/ A 2dhaershsddBE-a 123 ohm
initial resistance value RO are specific exanples. The neasurenent
conditions here are s 031"23"?% %rhlEf Gl o5 the ebtadiendir rehtthio, sErsiolm g niti al
tenperature TOl .and s%tl ng eratures of 60, 90, 120 and 150C. As shown
in FIG 6, the gr&di & sth(?f grrﬁ‘é) EPAESRPONG NS t§F Hife TGRS 8ot %espondi ng

to the t rrperaturegg"i cQ f| nt. TC b ecome ste r wi th.a srraller initial
r esi stange val ue et%he Tg:lr %éarcoo eeé)aeﬁplw ¢ 5282 THErefore, the

sampl ¢ 60 is cle8 diadde AW U ix! YHIPlo R 1Y S L A Shaup 1

62. Therefore, the sample 60 is close to the complete
tunnel barrier layer 33 as shown in FIG. 3. 1In
contrast, in the case of the samples 61, 62, the pin
10 hole ratio in the tunnel barrier layer is increased
relatively so as to be close to the state as shown
in FIG. 4.
FIG. 7 shows an example of the result of the
temperature coefficient TC calculated by the above-
15 mentioned formula (1) with respect to the initial
resistance value RO. As shown in FIG. 7, with a
smaller initial resistance value, the temperature
coefficient becomes closer from the negative value
to the positive value. From this result, it is
20 confirmed that the temperature coefficient TC is an
indicator accurately representing the pin hole ratio
in the tunnel barrier layer.
(Breakdown voltage BDV)
Next, a method of testing the durability of
25 the TMR element non destructively according to the
breakdown voltage BDV will be explained.

The CPU 9 calculates (presumes) the breakdown



contrast, in the case of the sanples 61, 62, the pin 10 hole ratio in the
tunnel barrier layer is increased relatively so as to be close to the
_state as shown in FIG 4. FIG 7 shows an exanple of the result of the
tenperature coefficient TC cal cul ated by the above- 15 nentioned formula
(1) with respect to the initial resistance value RO As shown in FIG 7,
with a smaller initial resistance value,l&he tenperature coefficient
beconmes cl oser fromthe negative value to the positive value. Fromthis
result, it is 20 confirmed that the tenperature coefficient TCis an

i ndi cat or accurvgtlélager dyoas e g ltdvd adiad Kol arattiure igpaffe dileantel barrier

| ayer. (Breakdown voltage BDV) Next, a nmethod of testin

25 the TMVR el efént Aéngastirged @@onfeacééﬁlh@at}@qw v

the durability of
texd@own vol t age

BDV wi Il be explained. The CPU 9 cal cul ates (presunes) the breakdown - 16
vol t age fromtﬁ@n@éleéult&ee&rtlwlatvt&)rl@a&?efof Gartindr¢heae iamfiitoned

above, the bre own valta es t criti.cal e of causing the
el enent destr rlilceiftlolnh%%t trd?é‘5 %T %l%@%wgstt&?ssﬁ%eeﬁsect ric current
b to the TV ee'lee%%@:tlcstc%evlwe%ec' Y 'tto e A TRl g eakdonn

vol tage BDV becomes 1Tower in the case

t he tunnel

It is confirmed that the breakdown voltage BDV becomes

lower in the case a pin hole is present in the tunnel

barrier layer.

FIG. 8 shows an example of the testing result of

10 the breakdown test of the TMR element. In FIG. 8, the

abscissa axis represents the stress electric current

Ib, and the ordinate axis represents the resistance

value standardized with respect to the initial resis-

tance value. The resistance value shown here is a

15 value measured after the application of the stress

electric current Ib with the measurement conditions

of a 30°C setting temperature and a 0.2 mA initial

electric current IO0.

As shown in FIG. 8, as to a sample 80,

the

20 resistance value R is reduced moderately according

to the increase of the stress electric current Ib and

it is reduced drastically in the vicinity of the

3.3 mA stress electric current Ib. As to a sample 81,

the resistance value starts to be reduced from the

25 1.3 mA stress electric current Ib and it is reduced

stepwisely according to the increase of the stress

electric current Ib.



barrier layer. FIG 8 shows an exanple of the testing result of 10 the
breakdown test of the TMR elenent. In FIG 8, the abscissa axis represents
.the stress electric current |Ib, and the ordinate axis represents the

resi stance value standardized with respect to the initial resis- tance

val ue. The resistance val ue shown here is a 15 val ue neasured after the
application of the stress electric currernt |b with the neasurenent
conditions of a 30C setting tenperature and a 0.2 mAinitial electric
current 10. As shown in FIG 8, as to a sanple 80, the 20 resistance val ue
R is reduced noder atlel ylatcdr ditige tahdte iacreases of £ titee sddamsise€l ectric
current Ib and it is reduced drastically in the vicinity of the 3.3 mA
stress el ectri &0uBlentre vletAymiged danplre §lin hdie mesistrance atalale starts
to be reduced fromthe 25 1.3 mA stress electric current Ib and it is
reduced st epwildelfpeadeordilndars itdte liawareasEoft tim st ddee adssctric
current Ib. - 17 In FIG 8, the characteristics of the sanples 80, 81 are
det ermi ned by PHE Fod ol Hrvde e st @ ithe M ead dedrid &S | ayer .

That is, 5in the case. pin holes are not present or the presence ratiois 5
smal | in>the tlf‘ﬁ‘r'?gl gar e QEI”:N@ %aﬁe“t%r ridfe Tty gdhe REtifdt itoPehavi or
deteriorates d%%ggfﬁ%gfééxﬁgﬂg%ior deteriorates drastically beyond

a certain critical voltage (the vicinity of 3.3 mA

stress electric current Ib), as in the case of the

sample 80.

10 In contrast, in the case the pin hole ratio in
the tunnel barrier layer is large, since the electric
current is concentrated in the pin hole parts, the
electric current density is increased so as to cause
the destruction by Joule heat. Moreover, as the

15 deterioration behavior, the pin holes are enlarged
and propagated successively according to the increase
of the stress electric current so as to show the
tendency of the stepwise TMR element deterioration
(resistance reduction) as in the case of the sample

20 8l. Therefore, it is confirmed that the voltage
resistance of the tunnel barrier layer (BDV) becomes
extremely low in the case the pin hole ratio is large
in the tunnel barrier layer.

FIG. 9 shows an example of the breakdown voltage

25 (BDV) with respect to the initial resistance value
of the TMR element. In FIG. 9, the abscissa axis

represents the initial resistance value, and the



a certain critical

voltage (the vicinity of 3.3 mA stress electric current

Ib), as in the case of the sanple 80. 10 In contrast, in the case the pin

.hole ratio in

the tunnel barrier layer is large, since the electric

current is concentrated in the pin hole parts, the electric current
density is increased so as to cause the destruction by Joul e heat.

Moreover, as the 15 deterioration behavi or8
propagat ed successively according to the increase

current so as to show the tendency of the stepw se TMR el enent
deterioration offdegicgteance sr edpateisemt sas Hen Hree keasen ofo lttheyess argdve .20 81.
Therefore, it is confirmed that the voltage resistance of the tunnel
barrier |ayer (IBDVS pecdeasblextthertelthd dwdakddwn camsleadee (HDV)hdlse ratio
is large in the tunnel barrier layer. FIG 9 shows an exanple of the

br eakdown vol t

the TMR elenent. In FIG 9, the abscissa axis represents the initial

resi stance val U&1%ndStre 198 2 taSdiatle A% 5 d8idht £ 99Re B ek davin

vol tage BDV).
defined fo be

pref.erabl e that the breakdown voltage (BDV) is

by 15%or nmore with P[se%Pe%Cttiotnoe& tLeoovSe ,i nllg ipailn I’heosliesst aaanee nvoatI ue.

10

15

20

25

present in the tunnel barrier layer or the presence
ratio is small, the barrier type destruction behavior
deteriorates drastically beyond a certain critical
voltage, as in the case of the sample 80 of FIG. 8
(reference numeral 91). The barrier type destruction
91 denotes the behavior with 50% or more of the
maximum deterioration ratio of the resistance value
per 0.1 mA at the time of the breakdown. In contrast,
since the destruction derived from the pin holes
(reference numeral 90) is promoted with a smaller
initial resistance, the BDV becomes lower. Here, the
sample showing the barrier type destruction indicates
a 500 mV or more BDV and a high voltage resistance,
thus is excellent in terms of reliability.

FIG. 10 is a characteristic graph showing
the relationship between the temperature coeffi-
cient TC and the breakdown voltage BDV (barrier
type characteristic 100 and pin hole type
characteristic 101).

As shown in FIG. 10, the TC and the BDV have

an extremely good correlation. Therefore, merely

the pin holes are enl arged
of the stress electric

and

Sgdinesl (tBDPE Wi (R lves pdcttheo ttime iwhien dlhe exissitstreseseval ue of

Lt g h
én&gﬁﬁé éﬁsﬁﬁﬁj¥¥ﬁ%‘ﬁﬂéﬁhthe resi stance value deteriorates



As nentioned above, if pin holes are not present in the tunnel barrier

| ayer or the presence ratiois small, the barrier type destruction

. behavior deteriorates drastically beyond a certain critical 10 voltage, as
in the case of the sanple 80 of FIG 8 (reference nuneral 91). The barrier
type destruction 91 denotes the behavior with 50% or nore of the maxinmum
deterioration ratio of the resistance valu2 —per 0.1 mA at the tine of the
breakdown. In contrast, 15 since the destruction derived fromthe pin hol es
(reference nunmeral 90) is pronoted with a smaller initial resistance, the
BDV becones | oveyr .medene;irtdhe hes argupe: ishowt engod s shairgrierrd ypeotdest ruct i on
indicates a 500 nV or nore BDV and a high voltage resistance, 20 thus is
excel l ent in temy dfhea gredsrde yof RIGhdles scan dardetemisied graph
showing the relationship between the tenperature coeffi- cient TC and the
br eakdown vol t & BOBY Bdve iBV aypeoaharetieredt javalotktzaw) pin hol e type
25 characteristic 101). As showmmn in FIG 10, the TC and the BDV have an

extremel y good "edridttatiton. r iteraf dreea kel §hel M e haseaiur i ng t he
tenperatyre coefficient TC, not only the presence of pin holes can be
determi ned but!Thlsb-% & $SDV tgh% B TR RF (WA UBEDI e hout the risk

of breaking th%ﬂﬂ$f§€§€ggggfol “pass” level for the tunnel barrier
layer is “TC > -0.03%/°C”. Moreover, in the case
of “TC > -0.03%/°C”, the tunnel barrier layer can
have the durability of “BDV > 500 mV”.
10 (Configuration of the disk drive)

FIG. 12 is a block diagram showing the essential
part of the magnetic head 2 with the TMR element of
this embodiment mounted as the reading head 20RA, and
the disk drive storing the micro processor (CPU) 127

15 having the TMR element testing function.

The disk drive of this embodiment comprises a
disk 120 fixed to a spindle motor (SPM) 121, to be
rotated at a high speed, and an actuator 122 with the
head 2 mounted. The head 2 has the reading head 20A

20 and the writing head 20B mounted.

The actuator 122 is driven rotatably by the
driving force of a voice coil motor (VCM) 123 so as
to move the head 2 in the disk 120 radium direction.
The driving electric current for VCM 123 is supplied

25 from a VCM driver 129A included in a motor driver IC
129. The motor driver 129 including a SPM driver 129B

together with the VCM driver 129A is controlled by the



"5 1nthis case, the criterion for determining the quality control "pass"

| evel for the tunnel barrier layer is "TC > -0.030/C'. Mrreover, in the
.case of "TC > -0.03% C', the tunnel barrier layer can have the durability
of "BDV > 500 nv*. 10 (Configuration of the disk drive) FIG 12 is a bl ock
di agram show ng the essential part of the nmagnetic head 2 with the TMR

el ement of this enbodi nent nounted as-theoreadi ng head 20A, and the disk
drive storing the mcro processor (CPU) 127 15 having the TMR el enent
testing function. The disk drive of this enbodi nent conprises a disk 120
fixed to a spirchwe 1otor (SPM 121, to be rotated at a high speed, and an
actuator 122 with the head 2 nounted. The head 2 has the readi ng head 20A
20 and the writing head2OBuomentgde dhek adt irad ororid2?21 $ss di | yesai-ot at abl y
by the driving force of a voice coil notor (VCM 123 so as to nove the
head 2 in the diskfi20 qiadiwin dizectd RV.W dimnrdri Vidlg ed etiskc current for
VCM 123 is supplied 25 froma VCM driver 129A included in a notor driver IC
129. The notor @Rtverl 2o (G udidey 2 SPW drd Vesnd 20Breneget hdd- with the
VCM driver 129A is controlled by the - 20 - CPU 127. Furthernore, the disk
drive comprises a prE¥nPPrd®ReFled¥ chitcudly, 122 RFPRRARRR @ 1951 LENGi sk

amplifier 124A for supplying the recording electric

current to be provided to a coil of the writing

head 20B in addition to the reading amplifier for

amplifying a reading signal outputted from the reading
10 head 20A.

The R/W channel 125 is a signal processing IC
for processing a reading/writing data signal. The HDC
9 has an interface function for a drive and a host
system 140 (such as a personal computer or a digital

15 device) .

The CPU 127 as the main control device for the
drive has the testing function of the TMR element
(reading head 20A) of this embodiment. The memory 128
includes a RAM, a ROM, and the like in addition to a

20 flash memory (EEPROM) 110 as a nonvolatile memory for
storing the program and data necessary for the control
and the testing process of the CPU 127. Furthermore,
the drive has a temperature sensor 130 for sensing the
temperature in the drive. The CPU 127 monitors the

25 circumferential temperature of the head 2 according
to the temperature detection from the temperature

sensor 130.



“controller (HDC) 126, a CPU 127 and a nenory 128. 5 The preanplifier
circuit 124 conprises a witing anplifier 124A for supplying the recording

.electric current to be provided to a coil of the witing head 20B in
addition to the reading anplifier for anplifying a reading signal
outputted fromthe reading 10 head 20A. The R/ Wchannel 125 is a signal
processing IC for processing a reading/wlting data signal. The HDC 9 has
an interface function for a drive and a host system 140 (such as a
personal conputer or a digital 15 device). The CPU 127 as the main control
device for the drivihehd®U he2t astdimp fluncttamiods t tiee TOR etetent i of r eadi ng
head 20A) of this enmbodinent. The menmory 128 includes a RAM a ROM and
the like in addieviedmatd ca)2@F |tAsh teemmne (UERPROM) £ Ail0 ast fhavol atil e
menory for storing the program and data necessary for the control and the
testing processhsr Hnge npltage Féthole, the HBMRire hamdrds of ttdmperat ure
sensor 130 for sensing the tenperature in the drive. The CPU 127 nonitors
the 25 circunf &EHRE Nathe®t R B iKe Tedd® Hmlohti MECIest he

tenperatuyre detection fromthe temerature sensor 130. 21 The CPU 127
basi cal |§ execﬁtré’s?efﬂﬁef ed@?é)ﬂﬁ nat ior - (@val gt | OFERITE et dF %

coefficient Tcﬁgg%uring unit 6, the CPU 127 utilizes a reading
signal outputted from a reading amplifier included
in the preamplifiér circuit 124.
Moreover, as the bias electric current control

10 unit 5, the CPU 127 utilizes a bias electric current
control circuit included in the preamplifier 124.
That is, according to the control by the CPU 127, the
preamplifier 124 supplies a bias electric current for
the measurement (electric current 19 in FIG. 2) to the

15 TMR element. The CPU 127 measures the resistance
value of the TMR element (in the narrower meaning,
the resistance value of the tunnel barrier layer 15)
utilizing the reading signal outputted from the
reading amplifier.

20 Moreover, as the temperature control unit 7, the
CPU 127 controls the circumferential temperature of
the reading head 20A (TMR element) by providing the
recording electric current to the coil of the writing
head 20B by controlling the writing amplifier 124A.

25 The disk drive need not store all the configu-
rations for realizing the testing function, and the

CPU may execute only the testing process. 1In this



t he breakdown

according to the testing process 5 procedure showmn in FIG 11. As the

.el ement resist

vol tage BDV of the TMR el enment of the reading head 20A

ance neasuring unit 6, the CPU 127 utilizes a reading

signal outputted froma reading anplifier included in the preanplifier
circuit 124. Moreover, as the bias electric current control 10 unit
es a bias electric current 22ontrol circuit included in the

CPU 127 utiliz
preanplifier 1
preanplifier 1

t he resistance

24. That is, according to the control by the CPU 127,

5, the

t he

24 supplies a bias electric current for the measurenent
(electric curremmsel9 tihe A fiYurad itdre Adr TR el dmentthelhbe @Rt 127 neasur es

val ue of the TMR elenent (in the narrower neaning, t

he

resi stance val @ wfestmdifthdlo Bary isskenayerrds)standd indamgt frey neaki ng

si gnal outputt
tenperature co
t enper at ure of
recordi ng el ec
controll%ng th
all the config
may execute on
for providing

10

15

20

25

ed fromthe reading anplifier. 20 Moreover, as the
it A1 (rite tRMRGE tUEmy ATt cohtinl s T Mt druntler ebtslal
the rea iqg head 20A (TMR el enent) by providing the
(Y FIER¥IGEANY diT OIS HHARFS tTGRP UIRSRE RoBi Byt he
fi.er 124 25 The di sk drive need not st

&¥$§$%%§$%AV&ﬂqﬁ%gﬁ%é%%ﬁ%?&?%ﬁ&qﬁﬂeﬁ%?ﬂm

ore
CPU

! lg]p%]'_tlevset in{yy %eocaeasosp'telg. t hfl’?e devfc?iesedortrheesggr%ir%ﬂ ation

the device
to the temperature control unit 7 refers to a heater,

a laser, a constant temperature vessel, or the like.
In the case of a testing method by such a disk drive,
the special testing device as shown in FIG. 1 may be
omitted.

As heretofore mentioned, according to the head
testing method of this embodiment, presence of pin
holes (defect part) in the tunnel barrier layer can be
tested by a non destructive inspection by calculating
or measuring the temperature coefficient TC and the
breakdown voltage BDV of the TMR element comprising
the reading head.

In other words, the state of the pin holes (pin
hole ratio, or the like) generated in the tunnel
barrier layer included in the TMR element can be
tested by a non destructive test method.

Therefore, the quality of the TMR element
can be tested efficiently and accurately so that a
TMR element with a quality defect can be screened
preliminarily. Furthermore, the testing method of

this embodiment can be introduced to a shipping



“corresponding to the el ement resistance neasuring unit 6 and the
tenperature control unit 7 outside the disk drive and executing the
.resistance neasurenent and the 5 tenperature setting of the TMR el enent
outside the disk drive may be adopted. The device corresponding to the
tenperature control unit 7 refers to a heater, a |aser, a constant
tenperature vessel, or the like. 1In the Zase-of a testing nethod by such a
di sk drive, 10 the special testing device as shown in FIG 1 may be
omtted. As heretofore nmentioned, according to the head testing nmethod of
t hi s enbodi menttegrissenoeafs piar hatMss deiact fpard Jpidddde dunnel barrier
| ayer can be 15 tested by a non destructive inspection by calculating or
measuri ng the tdmjerdatioree widef flilod MR Tl eameh it heourbreebkdown vol t age BDV of
the TMR el enent conprising the reading head. In other words, the state of
the pin holes (pin Z¥holenghtidvantaghe dnkeajodieherateons nwihe tunnel
barrier layer included in the TMR el enent can be tested by a non
destructive testeafbthodcCierts diose hekighlgd tin dfhe her TVR Blersefnre.can be
tested efficiently and accurately sqo that a 25 TMR elenent._ with a quality
def ect can be sCteedbEHrIEaN nitharis Pr RAThATRIES the 2@kt Hyl trd hod of

this embodi nenttoCatr}lebespienéirfoidcuctfedc;iolsa a?rpé prpe;pnrgesze:gntative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

10 defined by the appended claims and their equivalents.



“testing process of a TMR elenent as a product or a disk drive with the TWMR
el ement nounted. Additional advantages and nodifications will readily

_occur to those skilled in the art. Therefore, 5 the invention inits
broader aspects is not limted to the specific details and representative
enbodi mrents shown and descri bed herein. Accordingly, various
nodi fi cati ons may be nade w thout departing fromthe spirit or scope of
the general inventive concept as 10 defined’ by the appended clains and
their equivalents. - 24 - WHAT IS CLAIMED I S: 1. An apparatus for testing a
magneti c head that includes a tunnelin n resistive effect elenent
(TMR el enent), conprising: 5 a neggéFiﬂg Eﬁggﬁﬁﬁﬁg ‘measures the resistance

value of the TMR elenent; a cal cul ating unit which calcul at.es.the tenpera-
h %esr% ai§éﬁ¥%

ture coefficient with redpBct B HHES é5iistaide Valfug' el enent

Cireurt or ont al CEMpOr B LTS o1 L TR Gl rEa - ar £ Ghieh 3l cul at es
coof 1 cont s and T8 g el BT ng Gt WhIeh det &1 o nes & pin hol o state
in atunng barrier laygs,snelvgdednin tRecIMrasures the resistance

value of the TMR element;

a calculating unit which calculates the tempera-
ture coefficient with respect to the resistance value
of the TMR element based on a relationship between the

10 resistance value and a circumferential temperature of
the TMR element;

a unit which calculates the breakdown voltage of
the TMR element according to the temperature
coefficient; and

15 a determining unit which determines a pin hole
state in a tunnel barrier layer included in the TMR
element based on the temperature coefficient and
evaluates the characteristics of the tunnel barrier
based on the breakdown voltage.

20 2. The apparatus according to claim 1, further
comprising:

a temperature control unit which controls the
circumferential temperature of the TMR element.

3. The apparatus according to claim 1, further

25 comprising:

an electric current control unit to provide a

bias electric current to the tunnel barrier layer by



el ement based on the tenperature coefficient and evaluates the
characteristics of the tunnel barrier based on the breakdown vol tage. 20
2. The apparatus according to claim1l, further conprising: a tenperature
control unit which controls the circunferential tenperature of the TWMR

el ement. 3. The apparatus according to claim1l, further 25 conprising: an
electric current control unit to provide bias electric current to the
tunnel barrier layer by 25 using an eIéc??%de_layer i ncluded in the TMR
el enent, wherein the nmeasuring unit neasures the resistance value of the
tunnel barrier |ayer based on the bias el ectri 5.curregh#§rovided by the

el ectric current g rgt fAfittrope ‘Igf?eyearpp]a{"rcd]t'iée%cjcrbrtd?% Y,

wherein the TNR}$Ienent has a tunnel multi layer filmwth a structure
havi ng the tunnél™®artter |ayer provided between a first ferromagnetic

|ayer and a second 10, {erpomagnel c,| Ayeroas,1he (Nl eropdialeLayelne 5. A

di sk drive conprising: a nmagnetic” head as a reading head using a

tunnel i ng magnet or esisti v &f fiect r &l emenfe { TR e &l Srentd ,p adl & ¢t tiog
head for generating a 15 recording nagnetic field according to a recording
5 current provided by the electric current control unit.
4. The apparatus according to claim 1, wherein
the TMR element has a tunnel multi layer film with
a structure having the tunnel barrier layer provided
between a first ferromagnetic layer and a second
10 ferromagnetic layer as the intermediate layer.
5. A disk drive comprising:
a magnetic head which has a reading head using
a tunneling magnetoresistive effect element (TMR
element), and a writing head for generating a
15 recording magnetic field according to a recording
electric current provided in a coil, and which
executes a data reading operation or writing operation
to a disc medium; and
a controller to control a circumferential
20 temperature of the TMR element by controlling the
electric current to be supplied to the coil of the
writing head at the time of a testing process for
calculating a temperature coefficient with respect
to a resistance value of the TMR element;
25 a measuring unit which measures the resistance
value of the TMR element by providing an electric

current to the TMR element;



electric current provided in a coil, and which executes a data reading
operation or witing operation to a disc nedium and a controller to
control a circunferential 20 tenperature of the TMR el enment by controlling
the electric current to be supplied to the coil of the witing head at
the tine of a testing process for calculating a tenperature coefficient
wWith respect to a resistance value of the g“ﬁgelenent; 25 a measuring unit
whi ch measures the resistance value of tHe TVR el ement by providing an
electric current to the TMR elenent; 26 a unit which cal culates the
tenperature coef- ficient, wt t he resi stance value of the TM

h, 1
el enent based on a rél alirijot_rwvfﬁjp&gzcg‘%gce%a?ﬁﬁees trkéesits‘?%ec%éti}éﬁ%gc%? The
CIrcunferentlaléf%ﬂﬂgﬁgRHjﬁhé%ﬁﬁﬁé?gﬁg%ﬁéﬂf%gatfan éu%%%g%ué¥1§hlculates

r
t he breakdown v age  of according to enperature

coefficient; an%Mﬁ(gyéyéﬂﬂﬂﬂgkéwgﬁigpi é%ﬁéﬂiﬂiﬁﬁﬁﬁiﬁéﬂggﬁhg 10 state

of a tunnel barrier layer inclu e TMR nt | on the
tenperature coeffdi@ant,and ;Bialdates e Ghera RSt iGSy i r4he-d unnel

barrier |ayer based on the breakdown voltage. 6. A nethod of testing a
magnetic lead that the TMR element;
a unit which calculates the breakdown voltage
of the TMR element according to the temperature
coefficient; and
a determining unit which determines a pin hole
10 state of a tunnel barrier layer included in the TMR
element based on the temperature coefficient and
evaluates the characteristics of the tunnel barrier
layer based on the breakdown voltage.
6. A method of testing a magnetic head that
15 includes a tunneling magnetoresistive effect element
(TMR element), the method comprising:
setting a circumferential temperature of the TMR
element;
measuring a resistance value of the TMR element
20 by providing an electric current to the TMR element;
calculating a temperature coefficient with
respect to the resistance value of the TMR element
based on a relationship between the resistance value
and the circumferential temperature of the TMR
25 element;
determining a pin hole state of a tunnel barrier

layer included in the TMR element based on the



" 15 includes a tunneling magnetoresistive effect element (TMR elenent), the
nmet hod conprising: setting a circunferential tenperature of the TMR

el enent; measuring a resistance value of the TMR el enent 20 by providing
an electric current to the TMR elenent; calculating a tenperature
coefficient with respect to the resistance value of the TMR el enent based
on a relationship between the resistance value and the circunferential
tenperature of the TMR 25 el enent; determhing a pin hole state of a tunnel
barrier layer included in the TMR el enent based on the - 27 - tenperature
coefficient; calculating the breakdown voltage of the TMR el enent

accordi ng to theéFEHPE AU & Coef i Sent for  eval uating the
characteristics of, the .tunn b i er se r
unnel e%{éoa%qom%%olt 2 Yhd %r{)ceﬁfé;@% e

vol tage. 7. Theqﬁﬁlﬁdﬂéc rding clarm6, rein e ca

tenperature coefficient calculat mlﬁél%fﬁﬂ@%c?éfjﬂ’i%icé}%f' ient using a
alue a

setting val ue an a neas renent \' .ter execut!ng eac or a 10
plurality of tinks the Sefting afsthe i rouderential ol amensd s & of the

TMR el ement and the neasurenent of the resistance val ue.
5 layer based on the breakdown voltage.
7. The method according to claim 6, wherein
the calculating the temperature coefficient calculates
the temperature coefficient using a setting value
and a measurement value after executing each for a
10 plurality of times the setting of the circumferential

temperature of the TMR element and the measurement of

the resistance value.



