. : e3eTkTf fgLi Fi Lk6kTk_jI TITLE OF THE | NVENTI ON METHOD AND APPARATUS FOR
TESTI NG MAGNETI C HEAD W TH TMR ELEMENT BACKGROUND OF THE | NVENTI ON 5 The

present invention relates to a nagnetic head testing apparaﬂ”ﬁ”%@w i ng
generally a nmagnetic head using a tunneling magnetoresistiv Wﬂmmﬁm '
element. In particular, it relates to a technique for non destrugfjve

i nspection of a tunnel 10 barrier |layer of 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 reading a dat dI§Lgn8F TEEoIYFENTRIONRgnetically on a disk
medi um Recently, a GhF%égiant magnet oresi stive effect) elenent (referred
al so as a GVR s&AEHRD sBVP eNPPBRATER| EOQRNESTANGhMAGKNBT OC ngEARNEITY of a

di sk mediumis used for the readi ng head. However, as recent 20 magnetic
heads and the Ii?%RaF%EM%Ny a problemof sensitivity deterioration of the
GWR el enent has grown in inportance. As a counterneasure for the problem
use of a novel tunneling mgn%%ﬁ%@%f?%ﬂ%l@f enment 25 (referred
to also asga TMR sensQf §e%Q§ reading.head Eaﬁ beﬁn groposedn Unli ke the
G\R el ement, in a TVR &TefbAt SifhaVention rehatesi hg 8i RegRPBACOf t he

sense electric ngégnﬁeé§%%8t%€§%¥$fﬁgc?$rd£égg%%$p%%%é??%§§pect to the

filmsurface, such that t ng el eéctric n the tunne
barrier layer (fiqexe®lLeadelsnd aStuk {32. 410, 8nd the U 'S
Pat ent No. 5, 898,g547) . The c%ar%g?er?s?%ggﬁg?m?%ge %%%%gﬁ? depend

largely on the cuetédy ofetdier tunnglpbpelielakbayee obiihgexbremely thin
film Particularly in the case a 10 pin hole is present In e tunnel

barrier |ayer, tteciiechicerof tide bssekdownvyolhagsctsoRbser yed £fof
exanpl e, see Journal of Applied Physics, Vol. 91, No. 7, 2002; P.

4348- 43520 " Di elltrier brapkdonh the napaeséne. t unnel junctions having an
ultrathin barrier”

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

T
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+ 15 Bryan Aiver, Qng He, Xuefei Tang, and J. Nowark (Seagate Technol ogy
LLC.)). The "breakdown voltage" refers to the critical voltage of causing
an el enment destruction at the tine of applying the electric current stress
to the TVMR 20 el enent stepwi se. Moreover, the "pin hole" refers to a part
with a free layer and a pinned | ayer present on the both sides of the
tunnel barrier layer, contacted locally wth a netal due to the interface
di sturbance by the filmformation irregularity of the tunnel 25 barrier

| ayer, the stress in the process and the like. In the case a pin hole is
present in the teoR@UChbirg|@ir¢ayben efnteet henpeneheterpar tuhasna low -
3 resistance, the electric current flowing in the tunnel barrier |ayer is
concentrated. |tiFsiRobfrfrveBtieal dhecdeseruditberdanage to the fianel
barrier layer is_ac elerateq%b the | ocal heat generating effect 5

resul ting from tH& €Fett rfiec ug?%ﬁttE%nE%%F?é%P%n?l?ﬁEFéFoFEFrﬁBF an

i nprovenent of t reliabjlity of e readi ng head uysing the TMR el enent,
it is essential ?gov%s%nf%?et%%n%?tggﬁﬁﬁl%¥ #¥eholl EQT | AXeMBLEunABE barri er

| ayer. 10 4 n gengralk, enc pi n.hol es, can be_copfirned by the

br eakdown t est . a%Veégggﬁégiothe’?%%th?% 3n§egﬁ?ugti§e P@t?ggit cannot be
used for the scrﬁ@nkﬁggégsg4§pr the readi ng head (magnetic head). BRI EF
SUMMARY OF THE I'NVENTION 15 1 h” accordance with one enbodi ment of the

present invention, therg &ﬁapaeyégﬁgt§esaBEaEBEU§M§05}Eﬁéhknaegegagnetic
head, capable of testing non destructively the pin hole state in a tunnel

barrier layer oflﬁrgéfyeé@nﬁmé-qﬁﬁlﬂh$ 8PPahat HSnkOIMPHhLBLS2 TRISUI LRY uNi t
whi ch neasures the resistance value of the TMR el enent, a calculating unit

whi ch cal cul at estiidieetenges by utleicoef fci eparvithlaespech tRet BEskesi stance
val ue of the TMR el enent based on a relationship between the 25 resistance
val ue andl@ cir quif ereht i b¢ preepenatimetbé thendMoareient Jagad, athe
determ ning unit which determnes a pin hole state in a tunnel barrier
layer - 4 incieckine rf hehaNrretkdews vasedgenishebsenpedat Goe
coefficient. BRIEF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The
acconpanyi ng dr H¥MHPRLE TR eriat®porppbied Phyahdscovielitfle a part of
t he specificatiqy illu é ate egggdinents of . the invention, and together
with the general™des Ti%@ h Qi vEREEpdYel ancPi phe @kt 4F | REeakdeynpinon of

th mbodi t ' bel tO. lain, th inci pl f th
vent i on. 10 FIRGIR 15 at BIREk A S0 SHOW HBS a* ot F GGF AP ORBF 18X

PG 2 1o h di agr T o oot SRy s RReteT et e St e Gok ReRRRE of the
enbodi nent; 15 FldaaGats Re bR SR fOrcexplaining a quality
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 irregularity 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 a low



. testing method for the TMR el ement of the embodinment; FIG 4 is a diagram
for explaining a quality testing nethod for the TMR el enent of the
enbodiment; FIG 5 is a graph showi ng a tenperature 20 dependency of a
resi stance value of a GWR el enent of the enbodinment; FIG 6 is a graph
showi ng an exanple of a result of neasuring the resistance val ue change
with respect to the tenperature of the TWR ®l enent of the 25 enbodi nent;
FIG 7 is a graph showi ng an exanple of a calculation result of a
tenperature coefficient TC - 5 wth respect to an initial resistance
val ue of the enbb@fhehencel Ghe eieatpiaphushentnglawiegaipl ehef tannesul t
of a breakdown test of the TMR el enent of the 5 enbodinment FIG 9 is a
graph showi ng anP@ka#prelayen bfeardeantvatedge Wit hsreepéitrmed thetiniti al
resi stance value_of the TMR el ement of the enbodinment; FIG 10 is a graph
showi ng the reIan%ngﬁFErE@tb@?m@%ﬁagﬁet@eﬁb@réﬂﬁﬁ@lcbérii@reh@Y¢C and the
br eakdown vol tage BDV o g t he nbod%ge i #G. 11 is a flow chart for

expl aining a proﬁ%dﬁ?ge prate s?yp BesSCd FﬁétTﬂFP%Féﬁéﬁg 8ffefrk

nbodi tg d h t t of
S d?sLngplveagf %% ﬁ%o%ine%?.tﬁﬁ ﬁﬁ%kf g%%?ﬁo gﬁgqﬁir@ Iﬂﬁlgﬁr °
Herei nafter, mﬁt@hégg?g?%ggfégogﬁ Eﬁﬁg&@gﬂgn apee gg|agraﬁ?gﬁi Ehe pr esent

invention will be exp Is a Ioc Hg t he

configuration ofop ARENELAE: RGAMeLESLLGoAPRAY HiktSe OpLhLS fEfb?g' ment. FIG

2 is a diagramfor explaining the struct re of t enent ~( TMR sensor)
of this enmbodi neatserbidBttyctuse brt hBe TVR-6LEAENL EthhSEQthHE”t

relates to a nagnetic head testing apparatus to be used a magnetic head
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



- 6 (numeral 2 in FIG 1) conprising separately a reading head and a
writing head using a TMR el enent, nounted on the sane slider as the testing
subj ect. The testing apparatus has the function of determining 5
(evaluating) the pin hole state (specifically, the ratio of the presence
thereof) in the tunnel barrier layer of the TMR elenent. As shown in FIG

2, the TMR elenent which is the testing subject of this enbodinent is a
sensor 10 conprising as the basic structure a tunnel mufti layer film
having a first ferromagnetic |ayer 16 and a second ferromagnetic |ayer 14

| ami nated with alhehaeedbinrtee TMBeeléBeptobaded as the tamperediate

|l ayer. FIG 2 shows the surface facing the surface of a disk 15 nmedium The
TMR el ement has @C¢FfiEi8RFel d I ayer 11, a first electrode layer 12, a

pi nned | ayer 13, inned | ayer_ 14 as the second ferromagnetic |ayer, a
tunnel barrier | Q%IEEE‘lgD,ESaCI* R MGy HE SEVERAE | VERWD OF T RRAEING

| ayer, a second elect&gde Ia¥er 17,and a second shield |ayer 18 | am nated
inthis order. In the GGsB°GPUR2BYARE PE2HGPPENt WPdCBUBBRI éBCPSPPREteECcond

el ectrode 4 ayer 17, -called tunnel _electrigc current 19 flows fromthe

free Iayer316 as%%Saﬁﬁec 77 ft¥§?r%nﬁﬁﬁgt?£ EaﬁerFSIFhEaEFﬁﬂedlﬂéyéf 14 as
the second ferroppgnet i he:T e 1S advantageopus_in.that the
sensitivity is not d%p%ﬁ%éﬁ%ﬁént%ngfhgﬁgl%ﬁggﬁEéégé.aﬂ%régggggeﬁmrﬁ IP‘to t he

presence of the exéreambyat hidsty %%Qmibsﬁ LBYEL &ﬁdbﬁk&eaet%??eai nned

| ayer 14 and the free | ayer 16, a change ratio can be obtairned. 5
As to the operatdescpipcop! &f ofhé hemIHR RERFBNGiviR bBeoGasgelhe bihas
electric current is provided in the vertical difection wth respect to the
filmsurface, thexpbghettlzatpomeotipeasadtophef ihbhentieg.l ayer 16 is changed
inthe filmsurface according to 10 the external magnetic field so that the
conduct arlc® of the tuRRél &l kstaibloukrankgtami shehanged, cdapendiragion t he
relative angle with respect to the nagnetization orientation of the pinned
| ayer 14 (principf ed dhagrertathend ofeshengngpparatuesost ancembbleneht 15
Moreover, for a TMR el enent, the MR change ratio can be cal cul ated
theoretical ly frdmEhe Dersentabrveryieon’ each ferromagnetic |ayer of the
free layer 16 and the P%nnéd,la er,14. (Caonfiguration of the testing
apparat us) 20 As showhifn £1E &, HASrABgheri exRéadniegt pngtapparaeus fof

this enbodi nent comyi.ses. a mechapismfor setting a head assenbly 1
including a sli erén()fn%%neeﬁ%elh%a%? ?M?IFP%SW& enent test subject as a

di d at the t i it th t.subject 25 i t
| Tmited to the sl fder 5o 17 boyebaBeneRutart SFPLRhARE Prohaddryr otate
during the productd om Prcessy ofod Ned Mine! eMenly . The bEadoassembly. 1
g 2 and-a“tTekrpl e

conpri ses the slider nounted on a sSuUsSpénsi on

printed circuit boardr{EPQl 4 conaesyeghcbh Lhg: IWR: gLereRL a1 EULLher mor e,

the testing apparatus has a bias 5 electric current control” unit~5, an

el enent resi st anoestnasuétigodinfdr 6th@ TERPELahehe 6ONERO! cHPb&ifend; MTENDIY
8, a mcro processor (CPU) 9, and a main control unit (hereinafter it is

referred to as a contFbkl ep)id0a ¢dBagheshbasnel ecteipeedtnest control unit
5is acircuit for controlling the supply of the bias electric current

(el ectri @%urrerfermndengy O£ forrehis taacerenbne oftd EWRpetéméentt be TMR
el ement via the FPC 4. The el enent resistance neasuring unit 6 15 is a
circuit for meadits RPPRIBINYE 5t ance of the TMR

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



+ el ement being supplied via the FPC 4. Specifically, the elenent resistance
measuring unit 6 nmeasures the resistance value of the TMR elenent (i.e.,
the resi stance value of the tunnel barrier |ayer 15) based 20 on the bias
el ectric current value applied to the TMR el enent and the potenti al
difference between the first electrode |layer 12 and the second el ectrode

| ayer 17. The tenperature control unit #issa-device for controlling the
circunferential tenperature of the 25 head assenbly 1 including the TWR

el enent as the test subject. Specifically, the tenperature control unit 7
conprises speci fwtth| yebpattngo deni test aall co8isohhtdgvaluedorderMices such
as a heater, a laser and a constant tenperature vessel. The CPU 9 executes
the testing proceBBodimene; TMR el enent (such as the cal cul ati on process of
the 5 tenperature coefficient TC to be described |ater). The nmenory stores
the electric current VaFue8oistaedbpral shevwinrbcabuekemplebodi redebnam t he
bias electric current. control unit 5, the resistance val ue neasured by the
el enent resistaﬁ%@ PR kAR Nt @S, o hinkhe hBMR 0e i empet ae fir theal ue of the
circunferqgtial é@§¥ rature controlled by the tenperature control unit 7,
or the |like accor ﬁlT%P he control by the CPU 9. The controller 10 is an
apparatus for executinGths control _of the entire testing apparatus, which

15 provides the final eval Uatfofh BF2PheSHRIRIBFeABNEXBUELE BA Bhe testing
oot out put (e idrashe SV e it ppietr e Lol 1S, erecutes Che

testing processes automatica accor ding

utilizing a p-Htesief i t r e i ke, ~u exjsting
magneti c sensor testi n%mg%;‘g%%%s@gw?h@?@m?%%%%é %fonﬁﬁglglg?éqgmg?{éfes in
the internal menory thecevabupsi&ngepli §h6HsSHGT tﬁQeréﬁngéﬁ}%Hﬁg
coefficient TC such as the bias electric current value and the setting

t enper at Ure i npltdtadedry 25 aremperstore bedof i @i dest Te (Rh@cerare of the
testing process) Hereinafter, the procedure of the testing - 10 process
of the TMR el endrteadfdavn svaeltmgh BIN o | thdecmxphhaee; Wi th reference to
the flow chart of FIG 11. First, the controller 10 sets an initial
electric current val UBTGO W ths respkew ¢lathefbrasxelething & current
control unit 5 (step S1). It is preferable for the initial electric current
value 10 to be TRAYE |25 Hesdld RiPaeRs vof thie TN eldér@xt ROF for
avoi di ng destruction gf ghe TMR el enment (for exanple, 1 mA in the case of a
300 ohm el enent i %&FM&?H%). Moreover, the controller 10 sets an
initial temperature v e IO to the tenperature control unit 7 (step S2).
The defi%ﬁ%ion of théﬁhghﬁgigﬁin%e ek il agFFRpehAring appereentiam t he

out side Lo the 15 IM3 element, (sispunierant il Lonperature) . using a

heater, a |aser, a constant tenperature ves *like. Since the

initial tenperature vaIugEfQItht@nggﬁgﬁ%@ﬁed%quﬁggﬁyﬁﬁT%éﬂiS preferable

to be set up near roomtenperature (for exanple, n-or 20 to

restrain the | oad on Héwe M ©dLMaM L1 %@?%@é&ﬂ@é’%&eﬂﬁé #é\pﬂfés?ﬂaﬁr ror
i e

Wth respect to the setting tenperature. I's mal ntal ned unt

di fference of thelsetimerg: tehmaiatgrasand thieemet sal wienmss %%Paiﬁe%.
stabilized wthin the range of "1C'. 25 After the stabilization of the

circunfeléntial tenpeFEGurke i th blaspecdid@rames R 04 eoRat cohheggont rol | er
10 nmeasures the initial resistance value - 11
ration of a magnetic head testing apparatus of this
embodiment. FIG. 2 is a diagram for explaining the
structure of the TMR element (TMR sensor) of this
embodiment.

25 (Structure of the TMR element)

This embodiment relates to a magnetic head

testing apparatus to be used for a magnetic head



+ RO by controlling the el ement resistance neasuring unit 6 (step S3). The
CPU 9 stores the initial resistance value ROin the nenory 8. The el enent
resi stance neasuring unit 6 measures the initial 5 resistance val ue RO of
the TMR el enment according to the initial electric current value 10 applied
by the bias electric current control unit 5. Here, the measurenent accuracy
of the resistance is preferably la or |ess.610-Next, the controller 10 sets
a tenperature value Tn (n = 1) different fromthe initial tenperature val ue
TOin the tenperature control unit 7 (step S5). The setting tenperature

val ue T1 may eit heungeahi ghén BEGL ohkr cohpnithegi aephaktbepper aéugenyal ue
TO. 15 However, since the higher tenperature side involves the risk of the
el enent deteri orReddnandtajwrprengrhphd veihe 200MRoelbmsst, Ahtentéele
stabilization of the tenperature by the tenperature control unit 7, the

el ement resi stand® 2B°ndaBer fhydeki setheatesesnghaubaerst anteeval ue Rl of
the TMR el ement according to the initial electric current value IO applied

by the bias el ect?? c RerFRARTRONErBFS Uk BupSEépRSBf. dpEpERIRERY by

repeating 4 he pr of the 25 steps. S5 o, S8, the controller 10 finally

executes the ten§%§§f€$%1% ttf%% Bt %lﬁtﬁ£?Fﬁe(ﬁﬁﬂc%ﬁécﬁ%é¥uth@ of the

resi stance valu . (Y] S he =, 12 U9 calcul ates the

t enper at ur e coe??%%%%n§%ﬁggaﬁéﬁg?ég%%cgh?ge?ﬁé %%sfgéaﬁﬁﬂnﬁfu?ﬂﬁr?ﬁﬁ

el enent, using ti@yé@a@yr@q@nmggé%&ﬁeéao to Rn) and the tenperature val ues
y I

(TOto Tn) stored in the nenory e 5 nmeasuring processes (step S9).

(Tenperature coefficigsatsd&mSpecittcabl yenthenRPLL Q 83%0 s;Lhe tenpera
ture coefficient TCnh using the bel ow nentioned fornu?a 1?h§§ﬁelg
ng tbssgradi ent of
R

bel ow- ment i oned fflos N gt {dy éebpedOroBl enforedBogahentat i

the regressionline. n _ _n _TCn( ~/ ~C _ ~(Ti - T) ( R RO ~
(Ti - T20.. (lompdisizigHes ethd loasi®R sechctepeeseptinhbe RYef Ageayalue of
the setting tenperature and the average val ue of the 15 resistance. The
nunber of tines Filol haelnenpef brst efsetonagnanict heyeesi 6t angea neasur enent
is preferably large, since this inproves the reliability of the measurenent
data. The setti mfFIMPyefViremronehperryeesl40animated withraf euabey w de,
and within a range that does not cause deterioration of the TMR el enent. As

shown in FIG 273 LUV efetlr MR 9@ ynathe yintermediatmelaversi er
:jayer 15 of the%’% eﬁaﬁsg%?%e(f%'n{'l?' %g%a%%e%@gstéﬁ Slg).g@The spepifislcz 25
etermining crit a f Jualhf t SLBER e P had i 9h
(eval uati;gn) ne%ﬂ&&&&y t he tunnel
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 will, be explained with reference - 13 to FIGS. 3 to
10. FIGS. 3 and 4 are conceptual diagrans for explaining the state of the
quality change of the TMR elenent. 5 As shown in FIG 3, the TMR el enent
having a nultiple layer structure conprising the free layer 32, the tunnel
barrier layer 33 and the pinned | ayer 34 has the resistance val ue R reduced
according to the circunferential tenperaturé rise. The reference 10 nunera
31 denotes the tunnel electric current. According to the reduction of the
resi stance value R, the tenperature coefficient TC becones "TC < 0". In
this state, as showhhéneke@en4, sthe.i nMertaverof owliegt tbnehebateksenckayer
33 is disturbed so as to 15 cause the netal contact of the free |ayer 32
and the pinned | @feEh84epEsongeyd sbovetundebebswrithe lhyeal 1hebaktweent act
part is referred to as the Ein hole. In the case such a pin hole is forned
in the tunnel baFPfePiPB§Erlagersifcand phrafrer épveui £ 620aohigheMRunnel
electric current gl and th pin hole electric current 41 is forned, the
resi stance val ue“tahdE F3the FafePeasPhawhBle. Moreover, since the pin hole

part is a getal, t he esistgﬂce valug.is increasgd according to_the
tenperaturd rise. 25 TheF8f 6P, OPREAEERBePALRFEPLSe i EPENIMRCEBERSRES " TC

reendony o Snib REREE BbeolLguepeabon N e,y 5 L8 Lemer et

dependency of the résrstance val e of

characteristic a§héh@érEicébedPEQcPQEﬁeQ§£B'ré@gggem@oi@hglgal%’ in the

case the pin holes are increased Int tunne arrrer Tayér 33, the

positive tenperasureacpf £hei RAGNIE: shat 8t 8Lk ahtar9hnt Be Eh? koLe parts

of fset the negative TC characteristic of the tunnel barrier layer 33. The

tenperature coeflfageent6TCssBhahgelir oM ahBegatinveuyahde Lecarh9syt ikye
val ue. Therefore, 10 the presence ratio of the pin holes generatéd in the

tunnel bak®ier |dyere8Bernalbragnesiioediétansbhentendracyoafiubhnce of
tenperature coefficient TC. FIG 6 shows an exanple of the result of
measure nent of the tesnsiaatecvaioecehaage WPt hsrebpaged) odébehHengMR

el enent tenperature (tenperature dependency of the resistance) in the
testing nethod oPnt®he eebabivenangle With Besphetabsctbsamaghstiepresents

the tenperature T, and the ordinate axis represents the resistance val ue
st andar di zed wi tF2rEpeetienteheopocf nfepaPinesfisianes Y4l BrROCAP1LOC. | n

FIG 6, each of the tenperature_dependency, characteristics _of a sanple 60
in the case of a 4%6%%ﬁ?€h??i%F Fggi@?%ﬂ%@lQaFﬁélﬁﬁ?nﬁesﬁﬁﬁﬁétél inthe

case of 2323 onminivoBroVEEr SFARCE VARG RRaFe EBecPR ERBRARpi es. The
T o OB 8 s Pa A oy b gL PR o6 150
and 150C. polarizability of each ferromagnetic layer of the

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 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 is 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



-+ As shown in FIG 6, the gradients of the straight |ines of the graph
corresponding to the tenperature 5 coefficient TC becone steeper with a
smaller initial resistance value ROin the order of the sanples 60 to 62.
Therefore, the sanple 60 is close to the conplete tunnel barrier |ayer 33
as shown in FIG 3. In contrast, in the case of the sanples 61, 62, the pin
10 hole ratio in the tunnel barrier |ayer i% imncreased relatively so as to
be close to the state as showmn in FIG 4. FIG 7 shows an exanple of the
result of the tenperature coefficient TC cal cul ated by the above 15

menti oned fornul gh¢ 131iMleh 2espentetioohhe subbeAkioRSBSEAACE YabHeprRY. As
showmn in FIG 7, with a smaller initial resistance value, the tenperature
coef ficient becdmﬁhnb$@s@¥r¢u©h1bherdegEPCVe4vabueetbedhelpbstheVEMHalue
Fromthis result,_ it is 20 confirnmed that the tenperature coefficient TCis
an i ndi cat or acc%%%@%?? representing the pin hole ratio in the tunnel
barrier layer. (Break omn vol tage BDV) Next, a nethod of testing the
durability of 25 the RR EFEW@EF'nBHedE§FF&€9|@EP?réééérHﬁﬁgatblﬁﬁe

br eakdown yol t age 1 V will be explainped, The CPU 9 cal cul ates (presunes)
the breakdown <-9% rb%l?léﬁ]ée#(oﬁ??ﬂﬁov]:a’il]&hﬁ:a?edalfleﬁ’b%ﬁ“%’{lﬁr@eébéFﬂ‘-@?ent

TC. As nentione _ eakdo vol t age denot he ¢ |caI vol t age
of causing the g?%%%% i%%hg t?bn at “TRE" ¢ rne® ?°%§5?§|H61 rstress 5

el ectric currenty, he, conflrrred t hat the
br eakdown vol tageérED%)Qbéecorrem%\eé@géegﬁ él%g B naﬂ;a;l 2 T8*Present in
the tunnel barriggntayer,: anpl sting result of
10 the breakdown tes?aofu?gt N%fi?gﬁgﬁ?P fﬁ C?eg%r%%e S%%S%a axi s
represents the sésesSsorl€@eiric. current Ib, and the ordinate axis represents
the resi stance val ue standardi zed with respect to the initial resistance
val ue. THE resi st anceThal btashelwmcheie t8raenb ¥ahteoneasuced agter the
application of the stress electric current Ib with the nmeasurenent
conditions of a 80Gsetit nfor eopetad Ll Engntha SuPphP dhi thal behectric
current 10. As shown in FIG 8, as to a sanple 80, the 20 resistance val ue
R is reduced m@%@@&c a@,@m@mt\g(ebea;hmc ncueaset oI 3t REGst 2 psSorl ectric
current Ib and |t |s reduced drastically in the vicinity of the 3.3 mA
stress el ectric 'R refasypeneRt twikh seeppecBitot tlee r B¥R sebemenvaria starts
to be reduced fr ;’*E% 2451 1. 3 MA stress electric current |b and it is
reduced stepmns #%ﬁ QOri ngt?® theehereasksbanehdneasesing| eeiki € current

| b. I n FIG. 8 t he. characteristics of the s es 80, 81 are
det er ni ned5 by t e gt roHOT & pr e fRers it g | the h’ée?hﬁgg‘ilc%a?ﬁ%@elw]%r That

i's, in the case pid, 85 AL & %gé Presemn o&é%&rgsen e ra%hw%fy? smal |

in the tunnel barrier Tayer, BarFT er ype racti

deteriorates drastd C@léﬂe@@y%%é}ﬁéé %é‘a %aﬁni’f %arggaéﬁpé’ev' cinity of

3.3 MA stress electric current as |nt he sa 80. 10 In

contrast, in thecasedherpde PABuL aLF OLhd hﬁ‘}@ éP&H@Atb@Irée RYEr 1s
| arge, since the electric current is concentrated in the pin hole parts,

the electric curresntsitenss tyalse i IEr €86 eCuse BShd Br CAHSEay e Osptpastion by
Joul e heat. Moreover, as the
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



+ 15 deterioration behavior, the pin holes are enlarged and propagated
successively according to the increase of the stress electric current so as
to show t he tendency of the stepwi se TMR el enment deterioration (resistance
reduction) as in the case of the sanple 20 81. Therefore, it is confirmed
that the voltage resistance of the tunnel barrier layer (BDV) becones
extrenely low in the case the pin hole rati% is large in the tunnel barrier
| ayer. FIG 9 shows an exanple of the breakdown voltage 25 (BDV) with
respect to the initial resistance value of the TMR elenent. In FIG 9, the
absci ssa axis reppebensssi@e 2fiaiheatesi stahesevabng, aandnshent _ 18 5
ordinate axis represents the breakdown voltage (BDV). It is preferable that
t he br eakdown vo?%@@@?f@ﬁi@ Yes#etined to be a value at the time when the
resi stance val ue dete orates by 150 or npre with respect to the initial
resi st ance value fit rbHed ﬁﬁéggteﬁftBPntﬁéFé§gaP§°ﬁ6§519f15h20 present
in the tunnel resence_ratio. is small, the barrier

r_the
type destructlon h%k? % THe %??%r%geghﬁrgé%?E ?F&oﬁeQBﬁBeQSCQFtEFﬁ
t | | t 80,0f FI
nuerar of) | Therpiietarife COSEL R ANE RETR Rl ot eRcEhEe R ehab e wi th 500
or nore of the nﬁ%‘é'Hﬁt'éﬂugx?ﬁt/eétgfé‘é'E’l‘i‘eréiégtfictQSrESE?JHS%%gg?rV?' pgoper 0.1

mA at the tine of the breakdown. | n contras since Gct roR derived

fromthe pin holisadrefesepce th&'PPéﬁ‘c %&aiﬁe@rﬁﬁaheéhw E*]ﬂ H@LLEE

initial resistance, the BDV becones |ower. Here e sa omnng Fhe
barrier type destutednoncomeisatesia 5001y Qésmfgngpvvémgeamghgﬁré‘&l tage
resi stance, thus is excellent in ternms of reliability. FIG 10 is a
characteristic drapthshelemen?5rédestehot i naskupibet ween theahgnpreature
coefficient TC and the breakdown vol tage BDV (barrier type characteristic
100 and pith hol eteyperazharactalistot 18d)ciAsushonant haFl GempBratiiee TC and
t he BDV have an extrenely good correlation. Therefore, nerely - 1f by
measuring the tcMpeiERbkred doef fhei eempactuoe @@mVrQheupléséncerothpln

hol es can be determ ned but al so the BDV can be predicted (eval uated)

wi t hout the r|sklhﬁetﬁ@&ﬂﬁ@&PqrﬁPTm#@e¢@%§ﬁ@l By | ghe hfBUcAse, the criterion
for deternlnlng t he I|t con%L ass | evel for the tunnel barrier

|l ayer is "TC > -0. 030 FED %ﬁeaﬁa§8p6¥at¢€ §°r0668¢@éﬂngthe
tunnel barrier vet durablll > 500 mv"

(Confi guration o@yefehecrg&s‘?( I})‘ L= o)) F% té”b‘?o?:ﬁ%"?ﬁ%@?ﬁm @hbﬂqng t he
essenti aly gart [ d e eI nt.of t
enbodlne&fpnnun3%d§ gﬂﬁiégI%gﬁﬁgidﬂ%%g<&gﬁﬁgt f@g G Fuen torlng t he

m cro processor k(a@é& &27&;1@ hawi Ny tPésJi\ﬁcgi %E?&efibﬂgtﬂgr‘&%bg?é The

di sk drive of this enbodi nent conprises Ixed to a sprn not or

(SPM 121, to begmicites athd &boh-SPEed, 1@“&@&@&& ughord2giwyth the head
2 mounted. The head 2 has the readi ng head 20A 20 and the witing head 20B

mounted. The actpadasdeX? dstahiavbfal Dy ddeddydbygthe grpréagtéencgeal a
voi ce coil notor (VCM 123 so as to nove the head 2 in the disk 120 radi um
direction. The drequenrel ectilizing rem-H cred@t 128 spisuppined or the
20 like, used as the existing magnetic sensor testing
apparatus. Furthermore, the controller 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



25 froma VCM driver 129A included in a notor driver IC 129. The notor
driver 129 including a SPM driver 129B together with the VCM driver 129A is
controlled by the - 20 CPU 127. Furthernore, the disk drive conprises a
preanplifier circuit 124, a RI'Wchannel 125, a disk controller (HDC) 126, a
CPU 127 and a nenory 128. 5 The preanplifier circuit 124 conprises a
witing anplifier 124A for supplying the ré&6ording 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 WWehasmedf 1BBei MR sigmaht psdcesssngmbEdinenpr 9Cesshag a
reading/witing data signal. The HDC 9 has an interface function for a
drive and a hosteXphkzbned49itkurefasencpetsonbt tboputkardrod BHIQLtal.15
device). The CPU 127 as the mamin control device for the drive has the
testing function of therFhkR EheneabtredddrngOheats2en) iofitihilseérbbdiment .
The menory 128 includes a RAM _a ROM and the like in addition to a 20
flash menory (EEPROV™Y116244€al Aotivbh ateFReFRbe ytherbsasr ehgcthécpr ogr am
and data necessar ;ortthe control, ang i}he testing E)rog:ess of the CPU 127.
Furt hermore, the” 8t na@ P &npet Gt ur &SS@RsoE) 1301 F ot SseRefRGabhe
tenperature in t i ve, The 127 monitors the 25 circunferenti al
temperature of t %rﬂ%ﬂééé jznlag%:%rggé#w CtHE he E erper SR 418 Hét’éﬁt]i)%nmpo’m’t he
tenperature sen cadl T basi cal ex tes the

B 1els basedlon @l?e@éﬁ{%%?eﬁ?b f J‘réél En?S&FCgQEd t he

determ nation (evaluation) of the tenpeéera coeffi

br eakdown vol tag@v&ia/i@% ddec MR £eNBAT £0F Epe éﬁ;ﬂéﬁg ?ﬁgﬁeggﬁgﬁ%}g?r di ng

~to the testing process procedure shown in FIG

resi stance neasurin®g imithé,cide &P 1270 Ubhhi 2BSnént eadi pgr shgoal
outputted froma reading anplifier included in the preanplifier circuit

124. Moreldver, asalibe) bias electric current control 10 unit 5, the CPU 127
utilizes a bias electric current control circuit included in the
preanplifier 124. Thaforgovacrgcothe ngohbroheecoh0r obtByahhenCPUa127, the
preanplifier 124 supplies a bias electric current for the neasurenent

(el ectric currenier@yiatyes v@)ue ol heo 1Ehd MR mbenett re Then ORbI 1271 treasur es
the resistance value of the TMR elenent (in the narrower neaning, the

resi stance val ue/ ofSE8R $Zhnel ThardeBinitier af)the i tempeyatheerkadeng

si gnal out putted fro% he readi ng anil),lifi er. 20 Moreover, as the
tenmperature contrdl® UrfiftPeLatye GRPL4eA HiRm of ke t et side ube ekt i al

t enper at yree of t r i head 20 TVR elenent) b roviding the

recor di n(t:ji‘r)gl ect rﬁ@R ceﬁl?esgéér}?ct - The! A%‘%Wewrﬁfl?ﬁetw ‘?]F%E‘?%%bd YHEIGya
controlling the j{dd.ng ifier. 1 25 The disk drive need not store
all the confi gur%gte%%énf;' f%pipalréeéa W A nczgo et TR UNLL T oheSanty t e may

execute onl'y the f1es! i Nl REOUESS- 1At £ StenpeRZuf@SHa1 4ber§ONLi gygation

for providing the device
reference temperature, it is preferable to be set up

‘near room temperature (for example, 30°C) in order

20 to restrain the locad 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 “t1°cC”.

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

- controller 10 measures the initial resistance value



. corresponding to the el enent resistance neasuring unit 6 and the
tenperature control unit 7 outside the disk drive and executing the

resi stance nmeasurenent and the 5 tenperature setting of the TMR el enent
outside the disk drive nay be adopted. The to the tenperature control unit
a laser, a constant tenperature In the case of a testing nethod 10 the
special testing device as s omtted. devicélcorresponding 7 refers to a
heater, vessel, or the like. by such a disk drive, town in FIG 1 nay be As
heret of ore nmenti oned, according to the head testing nethod of this

enbodi ment, preskhdey ofopimohbieg thefetémpattyesbsthrce unagsubangi er | ayer
can be 15 tested by a non destructive inspection by cal culating or
measuri ng the teupel ab ufetewe?d] ci ehlte TCPENY $herbs ebkdownivbhl age BDV of
the TMR el enment conprising the reading head. In other words, the state of
the pin holes (pi¢SPo-#efe Yatwo, RoripheheiRefoyendr at Bdei alehentunne
barrier layer included in the TMR el enent can be tested by a non

destructive test® PRATRPCTHRFRFGF 0 { el full PegSeres hehqvReEdaknt can be
defect cart be SCroRnOtPRTel 1A HarR ot Fare nEfor oS ehE FESeT htethod of
& TR ol erent - as e GrHuET orrSChr SR GrTORE TRLen el GureRf Eriny ounted.
M the art. Thorarore A TRE L e nEbentl ¢ o EEOE i P8 N b8 R =

limted to the %m%gdgémég%eg&éhfgg&r§§r gnf@§i¥€aﬁ3@09§g§9éfe§gg and

descri bed herein. Accordingly, various nodifications nay nade Wt hout
departing fromtle &pirédsor scope of the general inventive concept as 10
defined by the appended clains and their equival ents. - 24 VWHAT IS
CLAIMED 11& 1. A n appextf ushéotohesbibgralongeesi & beagethatirbnghudes a
tunnel i ng nagnetoresi stive effect elenent (TMR el enent), conprising: 5 a
measuring unit Vi cth rreakbluradst féeentesfsomnciee vahieial tdaepdMerenent a
calculating unit which calculates the tenpera ture coefficient with respect
to the resistancE@ig U0 ofn tHee Thipe earnre beeridroh wnitl at i soshi H5bet ween
the 10 resistance value and a circunferential tenperature of the TMR

el enent; and a det®rif g dreiPsks tireletalwe nes By ¢lblee be higher

or lower than the initial temperature value 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 éontrol 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 IO applied by the bias electric current
control unit 5 (step S6).

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 S$8). The



- state in a tunnel barrier layer included in the TMR el enent based on the
tenperature coefficient. 15 2. The apparatus according to claim1, further
conprising: a unit which cal cul ates the breakdown voltage of the TMR

el ement according to the tenperature coefficient, wherein 20 the
determning unit evaluates the charac teristics of the tunnel barrier |ayer
based on the breakdown voltage. 3. The appakatus according to claim1,
further conprising: 25 a tenperature control unit which controls the
circunferential tenperature of the TMR elenment. 4. The apparatus according
to claimi1, furt®y 9 cabsulzomprikengemperatecercoetfitctantcdat wothunit to
provide a bias electric current to the tunnel barrier layer by using an

el ectrode | ayer F¢Rerfedt? nthqerasfseirpent Bheh®BMRi alehentreassingg unit
measures the resjstance value of the tunnel barrier |ayer based on the bias
el ectric current™ FRFBE Bt hevaleesr (ROcte rRnt eodt Ebe Lempersturae
appar at us accordi€f%to gt$in1l wherein 10 the TMR el enent has a tunnel
multi |ayer fil {3 i%e a5t riRtTRe PERFSY iRethanmerobyr iy thAger provi ded

between a first fe netic layer and a second ferromagnetic |ayer as the
internedié{e Iaj%ﬁ%éé?lgbcﬁgﬁp%ﬁ'%% §%B%Pi§§hg: 15 a magnetic head which
has a reading he@ﬂﬂHééfgkﬁ%éu @g%%fgi nﬁipresistive effect elenment (TMR

g

elenment), and a witin ead for generating a recording magnetic field
according to a recor dpgeekeehriy, clhtebyPso¥Lded; Lied ERL ¢oARd, Ul Ch 20
executes a data reading operation or witing operatron to a dist iedium
and a control | ertime ceWf Ol cPelt MeEiT @5 84 | Bhe below-mentioned formula

(1). The below-mentioned formula (1) is a formula for
10 calculating the gradient of the regression line.
n _ _ n _
TCn(%/C) = X (T4 - T) Ry - R)/Rg ., (T4 — T)2 e (1)
i=1 i=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



- tenperature of the TMR el enent by controlling the electric current to be
supplied to the coil of the 25 witing head at the tine of a testing
process for calculating a tenperature coefficient with respect to a

resi stance val ue of the TMR el enent. - 26 7. The disk drive according to
claim®6, further conprising: a neasuring unit which neasures the resistance
val ue of the TMR el enent by providing anm elléctric 5 current to the TMR

el enent; a unit which calculates the tenperature coefficient with respect
to the resistance value of the TMR el enent based on a relationship between
the resistance vBRPUEIGS .t Retei t8unferential tenperature 10 of the TMR

el enment; and a determining unit which determnes a pin hole state of a
tunnel barrier |ayer FAEFudédand #hergVRoskcepsielbddedrenst fert enper at ure
coefficient. 8 The disk drive according to claim?7, further 15 conprising:
a unit which cal 88PhteRiRHetBregkabfnofokhagauat itHeclrrael efiefibeaccor di ng
to the tenperatuigRCo fficient, wherein the determning unit eval uates the
20 characteristics of EHe™tunnel barrier |ayer based on the breakdown

voltage. 9: A nmethod Qf testing a. netic. he that includes a tunnelin
nagne?ores?stive effegf 858W8n?n(F@§9esen%HF)3gﬁh§ FEER dgégﬁﬁﬁiéing: 25g
Fesi st ance val ue ot CERLETRRI S crerHCeutt bR S B E R R TaR e e B F T

current to the TAMR e ; I : | r r oetficle i.th
respect to the r2€2stgﬁggﬁeg%gegg¥§%hgg+ﬁﬁggrgge%babgggdggﬁhgar2%5 ionship

bet ween the resistange vaéueeéigﬁgnkéevshﬁEUﬁf9588&%&'aEQHESEﬁ.“ES of the

TMR el enment; and determining a pin hole state of a tunnel barrier |ayer

included in the IMR el ecentebasedadntbhpetemnecattise. coghbi ebeBtend@ 10.
The met hod according to claim9, wherein the determ ning cal cul ates the
br eakdownl ¥ol t ageunéré&he3TMRerbeasnthactondehgellocthéct eapeeatur e
coefficient for evaluating the characteristics of the tunnel barrier |ayer
based on the breakdowAcgsrddhgage. 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 value
tends to be leer 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 becomes

“IC > 0”7.

FIG. 5 is a characteristic figure showing the



. 11. The method according to claim9, wherein the calculating the

tenperature coefficient calculates the tenperature coefficient using a

setting value and a neasurenent value after executing each for a 20
plurality of tinmes the setting of the circunferential tenperature of the

TMR el ement and the neasurenent of the resistance val ue.

. AsH. AU2. Ah. AsA2. As{ & AsU. AA. AU&. As{. AA&. Ah4 AU-A. AhE. AA2. AhY. A. As. AU. AAY. As

{.AU. Ah& A{2. AA2. A. AhLXt f &zBrsw [ nu} xsni d_Z] ca] ca] c: a] ca] ca] ca] ca] ca] ca] ca
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n u z) temperature dependency of the resistance value of the

vO 0J| } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] (@R o kenpenl ckd chp¢aflea! 94T {metal characteristic as

GyDl } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca]e Q) gEaimt.  As shown in FIG. 4, in

I HADSRY &&&' (* +++f -/ OHOQOV1/ 2+3 xsnid_Z]ca]ca]ca]ca]ca}ca]ca]calca]ca]ca]

ca] ca] ca] ca] ca] cAITaF2T cHE A Al Red 8% T8s cHICEG22FCal RatRa] EpRal +3b364556
789:::; . o C
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aJcalcalcalcalc ; ] ] al calcal >>?2Wp????20@\q

A%vD%DELEElUJLTi%if%ﬁégééﬂéﬁgéﬁ%§2%?3%§§]%g%g@%%%]%%%g%]%g%%%fch%a]ca]ca]c
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cal cal cal ca) cal calgal oad o2l nal cedadcal oAl cabesf celcat cat cabeatcal cal cal cal

c&dXddeeeeelf =f | f Bghhhj M kml mmnopMy} qr ss<sesss} xsni cal cal] ca] ca] ca] ca]

ca] ca] ca] ca] ca] celqm|Laleqpd el arsnisat sad oad st Cad cad cabcal srésatsakbcal cal

caj ca! ss5t UU&UUUAVYVVVV WOWWNX

XNXSxxx x>0y byi y ushyy zzdesamce 744 tihd caf cape aptr] kel €8] gaheaptadicahcal cal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca! zl zzzz{Q{{{{|]||}9}k
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calcalca]calcalcaljcaLxtffH Lf10%& ()-YY10%& %) - 59109 1(:) - N109% () -
109&' ()- 109%& ()- &LO%ES()ofBDOYVK-RD ofambke (Pr, Froogespltiofongapgpre-

100 (). 0% (0o, 0% 0):. 006 (1B IC Y, 210% (), 90109 ()
Y. 1098 ()- vy, 109815 -OF «Yfegregistangeg %\%@e ge respect
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 wvalue 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 wvalue 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



- &310%&f()-'[n| UKY , 210%&' ()- 101010#<10%& ()-F 910%& () -
109 () - sS"lO%&f() 3I 4109%&' ()- uR}[<_UKY .
,210,110% & ()-!,!110%x& ()-!'VF 1'109v\V&' ()-G nF 110%& ()-G nF '109& ()-G
10@&&f()-Y BZNE[Q_UKY , 21>0"10% V} V& () - _
Y.10%& ()-& 10%& ()-!& 10%s& ()-!8"10% ()-4 '"10% vjv& ()-4 N uV4l xF
F109&' ()-x HI0%& ()-10%& ()- 10zz 10zz 102z!-710%z& ()->0"10%& ()-
vt}[<uV4!xS#|10%&&'() Y 'S#!lO%&'()-Y .
Giooa 0 AN L o 1 B T ) e i e O
S109&' () - ectric curren a emperatu
and setting temperatures of 60, 90, 120 and 150°C.
As shown in FIG. 6, the gradients of the straight
lines of the graph corresponding to the temperature
5 coefficient TC become steeper with a smaller initial
resistance value RO in the order of the samples 60 to
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
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voltage from the calculated temperature coefficient
TC. As mentioned above, the breakdown voltage
denotes the critical voltage of causing the element
destruction at the time of applying the stress
5 electric current Ib to the TMR element stepwisely.
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 IO.
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.
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In FIG. 8, the characteristics of the samples
80, 81 are determined by the pin hole presence ratio
in the tunnel barrier layer. That is, in the case
pin holes are not present or the presence ratio is
5 small in the tunnel barrier layer, the barrier type
destruction behavior 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 8l1. 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 wvalue

of the TMR element. 1In FIG. 9, the abscissa axis

represents the initial resistance value, and the
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present in the tunnel barrier layer or the presence
ratio is small, the barrier type destruction behavior
deteriorates drastically beyond a certain critical

10 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,
15 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,
20 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
25 characteristic 101).
As shown in FIG. 10, the TC and the BDV have

an extremely good correlation. Therefore, merely
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only the presence of pin holes can be determined

but also the BDV can be predicted (evaluated)

without the risk of breaking the TMR element.

5 In this case, the criterion for determining the
quality control “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 20a, 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
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allv V¥ plifier circuit 124, a R/W channel 125, a disk
controller (HDC) 126, a CPU 127 and a memory 128.

5 The preamplifier circuit 124 comprises a writing
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,
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(evaluation) of the temperature coefficient TC and
the breakdown voltage BDV of the TMR element of the
reading head 20A according to the testing process
5 procedure shown in FIG. 11. As the element resistance

measuring unit 6, the CPU 127 utilizes a reading
signal outputted from a reading amplifier included
in the preamplifier 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. In this
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case, the configuration for providing the device
corresponding to the element resistance measuring unit
6 and the temperature control unit 7 outside the disk
drive and executing the resistance measurement and the
5 temperature setting of the TMR element outside the
disk drive may be adopted. The device corresponding
to the temperature control unit 7 refers to a heater,
a laser, a constant teﬁperature vessel, or the like.
In the case of a testing method by such a disk drive,
10 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

15 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

20 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

25 TMR element with a quality defect can be screened

preliminarily. Furthermore, the testing method of

this embodiment can be introduced to a shipping
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testing process of a TMR element as a product or a
disk drive with the TMR element mounted.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
5 the invention in its broader aspects is not limited
to the specific details and representative 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.
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WHAT IS CLAIMED IS:

1. An apparatus for testing a magnetic head
that includes a tunneling magnetoresistive effect
element (TMR element), comprising:

5 a measuring unit which measures 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; and

a determining unit which determines a pin hole
state in a tunnel barrier layer included in the TMR
element based on the temperature coefficient.

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

a unit which calculates the breakdown voltage
of the TMR element according to the temperature
coefficient, wherein

20 the determining unit evaluates the charac-
teristics of the tunnel barrier layer based on the
breakdown voltage.

3. The apparatﬁs according to claim 1, further
comprising:

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

4. The apparatus according to claim 1, further
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comprising:
an electric current control unit to provide a
bias electric current to the tunnel barrier layer by
using an electrode layer included in the TMR element,
5 wherein
the measuring unit measures the resistance value
of the tunnel barrier layer based on the bias electric
current provided by the electric current control unit.
5. The apparatus according to claim 1, wherein
10 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
ferromagnetic layer as the intermediate layer.
6. A disk drive comprising:
15 a magnetic head which has a reading head using
a tunneling magnetoresistive effect element (TMR
element), and a writing head for generating a
recording magnetic field according to a recording
electric current provided in a coil, and which
20 executes a data reading operation or writing operation
to a disc medium; and
a controller to control a circumferential
temperature of the TMR element by controlling the
electric current to be supplied to the coil of the
25 writing head at the time of a testing process for
calculating a temperature coefficient with respect

to a resistance value of the TMR element.
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7. The disk drive according to claim 6, further
comprising:
a measuring unit which measures the resistance
value of the TMR element by providing an electric
5 current to the TMR element;
a unit which calculates the temperature coef-
ficient with respect to the resistance value of the
TMR element based on a relationship between the
resistance value of the circumferential temperature
10 of the TMR element; and
a determining unit which determines a pin hole
state of a tunnel barrier layer included in the TMR
element based on the temperature coefficient.
8. The disk drive according to claim 7, further
15 comprising:
a unit which calculates the breakdown voltage
of the TMR element according to the temperature
coefficient,
wherein the determining unit evaluates the
20 characteristics of the tunnel barrier layer based
on the breakdown voltage.
9. A method of testing a magnetic head that
includes a tunneling magnetoresistive effect element
(TMR element), the method comprising:
25 setting a circumferential temperature of the TMR

element;

measuring a resistance value of the TMR element
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respect to the resistance value of the TMR element
based on a relationship between the resistance value

5 and the circumferential temperature of the TMR
element; and

determining a pin hole state of a tunnel barrier
layer included in the TMR element based on the
temperature coefficient.

10 10. The method according to claim 9, wherein
the determining calculates the breakdown voltage
of the TMR element according to the temperature
coefficient for evaluating the characteristics of
the tunnel barrier layer based on the breakdown

15 voltage.

11. The method according to claim 9, wherein
the calculating the temperature coefficient calculates
the temperature coefficient using a setting value
and a measurement value after executing each.for a

20 plurality of times the setting of the circumferential
temperature of the TMR element and the measurement of

the resistance wvalue.



