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;e3eb. ./ T121565T5z - 1 TITLE OF THE | NVENTION  MAGNETORESI STANCE EFFECT
ELEMENT, MAGNETI C HEAD, HEAD SUSPENSI ON ASSEMBLY, AND MAGNE |NG
APPARATUS 5 BACKGROUND OF THE | NVENTI ON Thi s invention relammﬂ"mmmmmmmm‘
magnet or esi stance effect el ement using a current perpendicul ar-t.oskhepl ane
(CPP) system a nagnetic head including the magnetoresistance effect

el enment, a head suspension 10 assenbly, -and a-magnetic reprod

apparatus. In the CPP system a sensing current flows perpend mwnﬁmmlwnm’M
direction in which a plurality of conductive |ayers are stacked recent
years, the size of magnetic recording ¢ @mpanairgesoN | ncl udi ng har%? I sk
units, has been rapidly getting smaller and so the recording density has
been getting hi YRSNETORES IiSITANCE & FORUAC tEFEMENTHe MNGNESE IO HEND,i N t he
future. To achieve high recording density, it is necessary not only to 20

i ncrease the reddAd §§SEPEASK Cfe ASISEYBINY , N ANTOWMAFNRTIE RERRANUTING acks but
al so to increase the recoiling density (or line recording density) in which
recording i s doA®PARETUSpr oduce the signal recorded on a nedium 25 an

i nducti on_head has been used in the existing techniques. As the recording
density géts higher, the recoBB?K@RPWHEkOﬁH%ﬁE BEYBNESONar r ower .

Consequent |y, f the recordin b|t size gets smaller, with the
result that a sufflmﬁgﬁsrﬁﬂﬂ%ﬂﬁﬁﬂﬁjFﬂ (ﬁR[ﬁﬂm%ﬁﬂﬁﬁﬁrﬁﬁﬂﬁﬁﬁ%ﬁ%ed Wi th

t he induction hez% ﬁ% erc%ne t.hi s drawback, head using an ani sotropic
nmagnet or esi st an€é "5 <A CEIPAR) S Beed TR A5G i AVR head

has been provid d of A I t|on hea Recently

by maki ng use oﬁq %% 3&5%} reS|ng%%gl{%§ﬁ¥Pe%¥ %de§ |%1valve GWR
head with much highek §%@§|%|%p%y%?¥% %ﬁgﬁg

r eproducti on headg%engbles aarebro uccge5|gn dutpufééﬁ i'clent | evel
to be obtained, s@¥RMHWREN e of @EYNING Ridp AR iiny fﬁpﬂdrat epel oprent
of a magnetic head using a tunnel "'nagnetor ési stance ( effect elenent or

a CPP-GWR 15 el emeniCPPS siyiz tRiQJdae$Eniithdt ke h toff I Ip&ﬁé}ﬁif@gmtl c
head into practical use is under investigation. In the existing

current-in-pl aneogithet diagretionhedins tiiet ECIREWR)L 8} enferdondu&ens ng
current flows in the surface of the conductive film 20 In contrast, in a
TMR el ement or aagPRsGeReelsgmerted.a sensing current flows in a direction
per pendi cular to the surface of the conductive film A CPP-GWR el enment has
been di sclosed in, fad® é)@&r@mte Yemﬁ Fdte sAfs e Kegrie i 555ar@bng
(reference 1} and U.S. Pat. ) 668, 688 (reference 2). As disclosed in
these r e%gr enceSPPREGHESES hé@&é%%nﬁ Ryl iedprdde ndrasergan vi ty

rapidly getting smaller and so the recording density
has been getting higher. This trend is expected to
become stronger in the future.. To achieve high
recording density, it is necessary not only to

20 increase the recording track density by narrowing the
recording tracks but also to increase the recoding
density (or line recording density) in which recording
is done.

To reproduce the signal recorded on a medium,

25 an induction head has been used in the existing

techniques. As the recording density gets higher, the

recording track width becomes narrower. Consequently,



t- 3 s have been devel oped. Use of them enables the recorded signal to be
repr oduced, even when the recording bit size becones smaller. It is known
that, in the CPP-GWR el enent, since 5 the resistance of the CPP-GVR filmis
small in the direction of the filmthickness, the absolute value of the
amount of resistance change is small and therefore a high output is
difficult to obtain. In this connection; a2CPP-GWR el enent which uses a
current 10 confining effect to realize a suitable resistance and a high
rate of resistance change has been disclosed (e. g., refer to Jpn. Pat.

Appl n. KOKAI 20QR=208¢44dGhef 8Henee z3) geit sUshalRalr, Ma-+1b.3R0 QL4011+t
(reference 4)). The current confining effect is to 15 cause current to fl ow
in the conducti ngapant suscattiened riepraduayer sAemRAS et tiRithldanelb tame
insulating material in such a manner that the current narrows, thereby
i ncrease the rabétefinedsiwitantbechangert ider dicraf.t eTo @vieayementindls pr oduces
a current 20 confining effect is referred to as a current control |ayer.

Ref erence 3 hasddipgbRekedhgadagsengr esi endisod rebilec maginermome sisitendeas a
plurality of current control layers in a single unit conposed of a

pl ural it y>of coﬁ&ﬁ@ﬂi@éfﬁéﬁeﬂ§M£25hﬁﬁeﬁeﬁnp@@WEprﬁdof Swchemn &R r ol

| ayers are used, the positions of the conductive parts of the individual

current control PPafePgsapgeepyovided ugidgs fiheamemeas fnd tshéelich [0078] in
reference 3, when the positions of the conductive parts (pinholes) of a
plurality of ch?QﬁPgBSEFPBI%FégersRGFﬁpg yfr%ﬁﬁ BothRsr Oft A& esi st ance
value itself can, 5_increased.. However ce resear ch ,has _sho hat
the current con %ﬁgﬁgmgﬁchPrﬁé&ﬁéﬁchhéﬁgﬁre@&%SF%VnEré&ﬁﬁu¥%¥%§$ﬁﬁ% of
resistance change, Sh@%ﬁ 5hchshqi%%&Cgkhsh%i%HE%nh @ehggﬁggjég of,the
conductive parts of a plurality 8f Scurrent control ayers by the 1

exi stingipechni glfe_%h_e%@n@e?‘fioﬁi@l%!t%oﬁe%%‘érd%s celd e Apkeddy addition,
since there is alimt to the thickness of the current control |ayers, the

application of giyahlagetbugher bhamrifhieikheakdewn 1% Wl tage ited,he
insulating material causes dielectric breakdown, or breakdown. This neans
that there is aelvien whea aheemsicogddungr ®itt tsHate dan saelappl i ed and
therefore the output of the elenment reaches the highest Iimt. Since the
breakdown is one factlive 2i@wstliopmenduses adetagyriedriat ileradvudimgey tiunnel
decreases the long-termreliability of the nagnetoresistance effect

el ement. BRI EF BEVNARYreEiTEENCRVENVRONeffect element or a CPP-GMR

15 element is in progress and the way of putting the
magnetic head into practical use is under
investigation. 1In the existing current-in-plane
giant magnetoresistance (CIP-GMR) element, a sensing
current flows in the surface of the conductive film.

20 In contrast, in a TMR element or a CPP-GMR element,
a sensing current flows in a direction perpendicular
to the surface of the conductive film.

A CPP-GMR element has been disclosed in,
for example, Jpn. Pat. Appln. KOKAI 10-55512

25 (reference 1) and U.S. Pat. No. 5,668,688

(reference 2). As disclosed in these references,

magnetic heads with a high reproducing sensitivity



+According to an aspect of the present invention, 25 there is provided a
magnet or esi stance effect el enent of the dual spin valve type using a
current perpendicul ar-to-the-plane (CPP) system where - 5 a sensing
current flows perpendicular to the stacked faces of a plurality of
conductive layers, the nmagnetoresistance effect elenment conprises a first
unit which includes a free layer and a £irgt pinning 5 layer; a second unit
whi ch includes the free | ayer shared with the first unit and a second
pinning layer; a first current control |ayer which is provided in the first

unit and |imtshuhe beew gearilichef the sensine EHaRls @3rd 2 e
current control layer which is 10 provided in the second unit and limts

the flow quanti kygaklt he ®ensiengoewdeent ovBR EhdpESCR RECQY @ gl e tSEVERAL
VI EWs OF THE DRAW NG The acconpanyi ng draw ngs, which are incorporated in
and constitute aipar becbmelse sspddiefri.cation, 15 illustrate enbodi nents of
the invention, and together with the general description given above and
the detail ed descri pthtorisofkndwen dirisddi renttheyiGRAT B ol ersmrtve tinnaxpl ai n
the principles of the invention. FIG 1 is a sectional view schematically
showi ng 20 a fithe &fsdditadse 6f dheaghdr&Esifdtlands eifeddt 181 dbent

according to the present inventiaon;, FIG 2 is a sectional view

schemati cal |y sAdwERGORe Ot MGt Frid Moft A& EHs et &c GRSPIueayidrlaieg 0 of
FIG 1; 25 FIG g is as ctional.vieM/sc?&paticallxﬁg@grﬁn secand

embodi ment of t & nEGREDSr 8di LGS 2 Fe 9N %nerit &Fﬁb GHE 55 esent
i nventi on; - _6,.FLG i sectiqnal, . vi,ew schenatically .showing a third
enbodi nment of tﬁehﬁgéhgyéPgéigﬁaé&?é%%%b Rﬁ(gg;ﬁ“hccggﬁﬁﬁfﬁo t he present

| nventi on; Fl G Brbhs A 8861 ORI ViAW STHRIRL L AAICY SNaWNG. B3 fIRgnet | ¢

head formed using the nmagnetoresi stance ement shown in each o

FIGS. 119 4 Fbenflnlifig? eFeedtond rdHW 2Chemmliicaily 2o g, anot her

exanpl e of the magnetic "head forned using the magnet oresi stance effect
el ement shown i angaehhaighl@aftlGaf ¥ dsd AarfdeGehhrde dfenshactive view of a

hard di sk unit in which the magnetoresi stance effect el enment shown in

disclosed (e.g., refer to Jpn. Pat. Appln. KOKAI
2002-208744 (reference 3) or U.S. Pat. No. 6,560,077
(reference 4)). The current confining effect is to

15 cause current to flow in the conducting parts
scattered in a layer composed mainly of an insulating
material in such a manner that the current narrows,
thereby increase the rate of resistance change.
Hereinafter, a layer which produces a current

20 confining effect is referred to as a current control
layer. Reference 3 has disclosed a magnetdresistance
effect element which has a plurality of current
control layers in a single unit composed of a
plurality of conductive layers.

25 When a plurality of current control layers are
used, the positions of the conductive parts of the

individual current control layers are very



+eachrof FIGS. 1 to 6 can be installed; FIG 8 is an enl arged perspective
view of the tip 15 part extending fromthe actuator arm 155 of a nmagnetic
head assenbly 160 in the hard disk unit of FIG 7, when |ooked at fromthe
mediumside; FIG 9 is a sectional view schematically show ng ninth

enbodi mrent of the magnetoresi stance effect 20 elenment related to the
present invention; and FIG 10 is a sectional -view show ng the structure of
the current control layers 8, 9 of FIG 9. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ First Enbodinment] 25 FIG 1 is a sectional view schematically
showi ng a first segbadiicamt .of A3 mRAReler a9 Stoavey aff ecrslamants,accordi ng
to the present invention. In , _ ~FIG 1, on a substrate (not shown),
the foll owi ng awaest atketoene ionst oF afhecanorhRictiive sy tor deyint lauyer

el ectrode |, a seed layer 2, a lower pinning layer 3, a first current
control |ayer 8pfaal pderaddryagietdus rentntocemniechlatle jeayerd 4 fear firmen | ayer
5, an upper nonmagnetic internedi ate | ayer 6A, a second current control

| ayer 9, an uppéhendnedduedti ¢hientresmsdisace valare 6B.sedif usperbgi nni ng | ayer
7, a cap lLayer 10, and an upper electrode 11. 10 The first current control
| ayer 8 i 8 forma@CELasRE i n JEE hERESRT RS 9agwlY hasmiheyn &t 3 and
the | ower nonmagnetic internediate |ayer 4. The upper nonnmagnetic '
intermedi ate |a gle EATEER tuSoE T LRdRvaGridacd inaedaTesdithe 9 t 68 are

originally 15 forned as th% sane fil g%g;_u er nonmagnetic_ internedi ate
t

layer 6) in such"& RARAEY (R B Secdr TeMtTol 1Hye 9SS
sandw ched bet “%?'}fﬁtéglmt ‘Et&e JTagne %%Ie}lﬁzstiq( nce SeIOf e'fhegldleqr{}e%{&%tgfveﬂ G 1lis

of the current-pérpéndicular-to-the-

t i st f.f egt th,. ' IS tq, f
o o] SEEISEL S LR 3 SRRl e b

between the | ower electro ( e upper _
netal magpetic eRiekiialy Waese itRied,CaRd B 1 dddsuf ANghiP y@y be

used mainly for 25 the free |ayer 5. A hard magnetic film such as Copt,
may be used mai takehqr the pinning layers 3, 7. A conductive film such as
a Cu, Au, Ag, Pt, Pd, Ir, i
In addition, since there is a limit to the
thickness of the current control layers, the
application of a voltage higher than the breakdown
15 voltage to the insulating material causes dielectric
breakdown, or breakdown. This means that there is
a limit to a sensing cﬁrrent that can be applied and
therefore the output of the element reaches the
highest limit. Since the breakdown is one factor
20 which causes deterioration with age, it decreases the
long-term reliability of the magnetoresistance effect
element.
BRIEF SUMMARY OF THE INVENTION
According to an aspect of the present invention,
25 there is provided a magnetoresistance effect element

of the dual spin valve type using a current-

perpendicular-to-the-plane (CPP) system where



- 8 'or G film may be used mainly for the nonmagnetic internedi ate | ayers
4, 6. In FIG 1, the direction in which the free layer 5 is magnetized
varies in response to external 5 magnetic field. Therefore, the resistance
value of the free layer 5 varies in response to the external nagnetic
field. Such a structure is known as a spin valve structure. In FIG 1,
there are provided two units Ul, U2 each o6 which is conposed of a free 10
| ayer, a nonmagnetic internediate |layer, and a pinning |ayer. The units U1,
U2 share the free layer 5. Such a structure is known as a so-call ed dual
spin valve typea kRnkliGg kuride tstileeisuie riperifdirdinerr ekanaet efdazadd n t hat
a current control layer is 15 provided for each of the units Ul, U2. FIG 2
is a sectional Yieewssolferntilealaly tshovi rgridue tstweuQtayied sof thee current
control layers 8 9 of FIG 1. The current control |ayer 21 nay be nade

mai nly of an oxidgnerficteisdes,tagceofficiati de epfendt dosgsti 23 enef itngie of

el enent selected fromB, Si, G, Ta, VJ, Nb, Al, Mo, P, V, As, Sb, Zr, Ti,
Zn, Pb, Th, Be, ucdt sdich igcluges @a free lRyerr@ndvy fAirstBair@endsr, M,
Fe, Co, N, Rb, _.and rare-earth netals. The current control layer 21 is

al l oned t 08 cont aP¥e&t Pe&SCO8Re e & yihd &F Imstlaidese|té@ dF 9 dAYAE Au, Ag,
Pt, Pd, Ir, and i n the range af Jez;/oor, nmore. to 50% or |ess. The current
control |ayer 289 th'Z:(]P fye flrstgundf @nd Gy Semand didging laver;
oxynitriding an_ald.oy ., of the aforenentianed el enents. The oxjdjzin
nitriding, and GxyAitri GG SRt ST Toc Ihide Ta wﬁ’dﬁfﬂ' ais é%ﬁod’i]i#er#g TetHod, an
i on assi st oxi digzi ni_tri di, tho ion mirradiation
oxi di zi ng net hog ) r%%egl(r%’gt ura(t;rl)ld g)%‘lﬂg’l)tzs‘lrrﬁ%l en%:tlﬁqumgan%qr%i k?og;eco © jsuesrfSJ‘ng

[ ntroduct ng OXYgeR e ;! ke Lhe Lhapbeh,aldeddd o ig Ul den The | on

assi st oxidizing (oxynitr ng) nethod 1s a netho iating ions,

such as aogon 18 rof ikied Qg€ tnhMIdR N tURdUGEHRY 1MGeN 3as 41 the chanber
of the filmformng unit. The ion beamirradiating nethod is a nethod of

irradiati ng oxygeantdnty @f nihd et imnsutenti.ne surface of a speci nen.
The current control layer 21 is conposed mainly 15 of an insulating
mat eri al 23 whi cBRIREUDBEEERIPTIONVEOF| FHRQSEHY.ARLAKNAEWSS OBNAHEl YRAY INGy er
electrically fromeach other. In the insulating material 23, conductive
materi al s 24 whi ch cdhreacdampawamy idmpwindunderich myrd ayersrmdectedcal |y
to one another are 20 provided in such a manner that they lie scattered.
Wth this confi g ahidosonstirirudier el ovis ey pasdiidulcatianthe film
surface, the current is confined to the conductive materials 24. This
phenonendr pr oddded s réder smeodsarantisng fefifec tinventien c @ik ito THte i ng
effect increases .gﬁe rate of raﬁsiﬂstanc_e change caused bg/ fluctuations in
3 v

the external mag) &S gegen SEC2 P Hothagietd any thgit er nedi at e
|ayer 22 Ts proddqd o deiR MRS WY A5k YT LY SN S o Aver 21
serve to explain the principles of the invention.
FIG. 1 is a sectional view schematically showing
20 a first embodiment of a magnetoresistance effect
element according to the present invention;
FIG. 2 is a sectional view schematically showing
the structure of the current control layers 8, 9 of
FIG. 1;
25 FIG. 3 is a sectional view schematically showing

a second embodiment of the magnetoresistance effect

element according to the present invention;



ra nonmagnetic internediate |ayer 22B is provided on the top surface of the
current control layer 21. In 5 addition to this, even if any |layer is

adj acent to the current control |ayer 21, the current confining effect can
be obtained. In the nagnetoresi stance effect elenments in the first

enbodi nent and subsequent enbodi nents, current 10 basically flows in the
conductive parts, the nmagnetoresistanne-effect el enents have ohm c
characteristics. Therefore, for exanple, the dependence of resistance on
the tenperature differs, which makes it possible to distinguish the 15
magnet or esi st ance ef fradd. el anent ddcamats 1eleiEnts drdadid asel WisHdig dginnel
effect. When the thickness of the current control layer 21 is reduced to
about the radius tahian atmbodies tsodt &hsher@midte reegrdtdame arkddider | yi ng
| ayers of 20 the current control |ayer 21 are separated by the insulating
mat eri al 23 canrdemeetpraeducddngTher eher @redemt nswteattiing property of the
part to control current deteriorates, which inpairs the current confining
effect. To avoid thi $IGt 3 ssdesiseailiondiatvitdrve Rhan ttkrelslsy ofhaviengont r ol
current |ayer 21 should be 0.4 nanoneters or nore. Conversely, when the
current control 2 B9&neLi chdeafedordect Nisding ithe faginfetiangsistence - 11
connect the overl in% and under|ying layers (the nonmagnetic internedi ate
| ayers 22A, 22BSitRSEFGelefent sheveurliefeComtr di1GSaydr t1 4/0 each ot her

with the conductive terial, 24. Therefore, it is desirable 5 that. the
t hi ckness of the cur ﬁie c6grhsr631 SO SHEN f P efrfblief eFROWNY esss,

preferably 2 nma rs _Qr s. An,the current .caontrol_ | ayer .21 sensi ng
current basi cal E?flgﬁ%ﬁs e%ﬁmk:ﬁ% (%c‘n ll?((:et %@g%lﬁ‘atheerai alf(s%rﬂﬁ Hie b1 & ege to
cause the sensi Rg GWihgRL ; l-aw i S | i.ed.t o t insyl atd ng

materi al 23. V\hengt he vofstltgggfngxcgéf?g tth%l%g%ﬂcd%v\%&\%l %ag(%%ﬂ 30[416

i nsul ati pg mat efirak .23, +3 kr,eakdown will take place, resulting in the
destruction of the 15 elenent. As descri bed above, since it is difficult to

increase the filmthirgkness i¢f & e aydantvContdplot ayelard . didkidnit
difficult to raise the breakdown voltage by the thickness of the current

control layer 2in 20ikh tthe maosk temeedistmice teF fandr edrendrii sHywbliem the
breakdown voltage is raised by providing a plurality of current control

| ayers 21. I n Feéchloff dilGExaniplte, 6 eant he bmededdwi;vol t age of the current
control layer 8 be Vbl and the breakdown vol tage of 25 the current control

| ayer 9 be Vb2. Sincélthe Scuisr @m eadmuasid Ipprame @1 dtleevc onfethedtim
series electrically, the voltage to cause a sensing - 12 current to flow
i s distriButed Pér¥h§XEGPﬁéﬁ9 %é”ﬁﬁ“r éhe ardiater arm {1 35heo hree flebvit Vol t age

of the entire npgngtores 80398 oe e the® b 'k i ¢ & p1. 7,
| when looked at from the medium side;
FIG. 9 is a sectional view schematically showing
ninth embodiment of the magnetoresistance effect
20 element related to the present invention; and
FIG. 10 is a sectional view showing the structure
of the current control layers 8, 9 of FIG. 9.
DETAILED DESCRIPTION OF THE INVENTION
(First Embodiment]
25 FIG. 1 is a sectional view schematically showing
a first embodiment of a magnetoresistance effect

element according to the present invention. In



'Vb ='Vbl + Vb2. Therefore, with the first enbodinment, 5 the breakdown

vol tage Vb of the magnetoresistance effect el enent can be increased and
therefore the long-termreliability can be inproved. In addition, a high
out put can be obtained by increasing the sensing current. 10 In the spin
val ve magnetoresi stance effect elenent, a free layer, a nonmagnetic
internediate | ayer, and a pinning |layer-forma set. This set acts as a
unit. In a case where two current control |ayers are provided in a unit,
the current confining effect 15 acts maximally in a state where the
positions of theIcandycbinve mRbetiralte 24af shawngyr e antdialng ayer s
coincide with the direction in which the filmis forned. However, it is
difficult to realtbr&ethionesbat &olpy otfhenextihstri g ttédhnicques.: lah Isar cases,
20 the positions of the conductive materials of the individual current
control |ayers ghecitrodgullar @ preededtiveg the agrieatesstpicurimentl agenf ini ng
effect. In the first enbodinent, to overcone this problem a plurality of
units are provi @editstpeovirgatosoatyiodr dlaiviey & @urkcer commeagindtdyer s,
instead of limting the nunber of current control |ayers in each unit to
one. Wth>this ¢BRPTIHEAAEIEEN Lageen 4irf at heee laypr Sosian aWwPest the
conductive materials of the . current control |ayers do not coincide with one
anot her, the cuPPEW?gESﬁFFnFﬁéegﬁﬁgéﬁt@a&aﬁ@rpFQVeﬁté§QQWQNQHﬁqﬁ?q npai r ed.

Therefore, a higg ratg gé resistance change 5 can he secured i ch enabl es

a high-level ou BETP ygthVng&.uppeFé AERSSEC LA e iGdish val ve
structure |tselﬁﬁ§%gd%%§sa . %Qgﬁgh%%gkﬁpggﬁg&,7Th%r%%_rﬁﬁakﬂel ove

configuration co nes Wt I~ s pi ve st'ructure proddce a mnuch

hi gher 10 outpugndTgnSHgng,eh@C%Q§dEiqqp enbodi ment, there are provided
two units each of which is conposed of a free |layer, a nonmagnetic

internmediate layer, am@d & ipistidig dedtelcorft AP MBaNetPresi sanee &f f ect
el enent is 15 formed using a dual spin valve structure where the two units

share a single theeihayerfacA terverh ¢ort Nelwdraydhnihgrnevided fa1q each of
the units, thereby raising the breakdown voltage of the magnetoresistance
effect el ement whehdowernpanmaggettie duwtreenteddenfd diayger2@ ef fléet .upper
Consequently, not only can a high output be obtained, but the reliability
can al so be i ncreazednefSecdndcEmeddiarrentlja yielrG62A3 aingl aipgpeat | onal  vi ew
schematically showi ng a second enbodi nent of the nagnetoresistance effect
25 el enent accof@8PRgIPELtike iptesardiaheedtiver. 6Bn apleGor3,gitned lsame parts as

those in FIG 1 are ,
1 formed as the same film (an upper nonmagnetic

intermediate layer 6) in such a manner that the second
current control layer 9 ié sandwiched between themn.
The magnetoresistance effect element of FIG. 1 is of
the current—perpendicular—to;the—plane (CPP) type.
20 In the magnetoresistance effect element, a sensing
current is caused to flow between the lower electrode
1 and the upper electrode 11.
In FIG. 1, a metal magnetic material whose main
constituents are Ni, Fe, and Co may be used mainly for
25 the free layer 5. .A hard magnetic film, such as CoPt,
may be used mainly for the pinning layers 3, 7.

A conductive film, such as a Cu, Au, Ag, Pt, Pd, Ir,



rindi cated by the same reference nunerals. Only the - 14 parts differing
fromFIG 1 will be explained. In FIG 3, on a substrate (not shown), the
foll owi ng are stacked one on top of another in this order: a | ower

el ectrode 1, a seed layer 2, a lower antiferromagnetic 5 layer 12, a | ower
pinning layer 3, a |ower nonmagnetic internediate |layer 4A, a first current
control layer 8, a |lower nonmagnetic intergediate |ayer 4B, a free |ayer 5,
an upper nonnagnetic internediate |ayer 6, an upper pinning |ayer 7, a
second current 10 , control layer 9, an upper antiferromagnetic |ayer 13, a

cap layer 10, an¢ a8 4pnel, @l=8CtI0aRHl makhe 86CANd el R ifcol layer 9
is formed at the interface between the upper pinning |ayer and t he upper
antiferromagnet iatkayedibkle 1 yEre f4,r s, current control layer 8 is forned
at the interface between the | ower nonmagnetic internediate | ayer 4A and
the | ower nonmagneti dn ril&r.medi dttee |diysrciRn Thatwhisch titee firesdt lcayarent
control layer 8 is fornmed in such a manner that it is 20 inserted in the

| ower nonmagnet B¢ lisntregmediizes [Vaydress in weRp@ns®, ttcheextegmetlor esi st ance
effect element is characterized by including the |ower antiferronmagnetic

| ayer 12 and upPérn&stict drirdfagn tfieéezf@rl&aygﬂleweawqam@ daslale et al
magneti c naterig%@ inly made of Ni, Fe, or Co (that is, of the sane

conmposi tion as FEE TAYET B) YRy S5e s d® TRANAS) to -thes eXt§rnale pi nni ng
ynt het 16 ot rUCTBPESNIGT & SEimo BT & SJarie AT et 4% S AN ched
12 St abi 11 ves (HEHEr S5LLaN SO maghol Sat ilon I Rne ToMG B Rg'd ayer 3
o Tagnet i Yat1 R "o Na upBer Fena e e SR S T o oo

confi gurabi on naty R Y -Prefees dthe: Si |t heydd sty sgpqe ment
but al so stabili zgg t he rnat e ??1 reg:i s'?{%crg[{eiﬁa%rltgég.sld'ﬁ{lba% ?asI{,d tiéjlﬁﬁice}pdof
resi stance changeysensi trheehynift@ lvaw ne ahangad retdhe @xiar mal magnetic

field can be obtained stably, regardless of 15 a |l ong el apse of tine.
Consequently, it istrpessided s known as a so-called dual spin valve
type. In FIG. 1, the structure is further
characterized in that a current control layer is
15 provided for each of the units Ul, U2.
FIG. 2 is a sectional view schematically showing
the structure of the current control layers 8, 9 of
FIG. 1. The current control layer 21 may be made
mainly of an oxide, nitride, or oxynitride of at least
20 one type of element selected from B, Si, Ge, Ta, W,
Nb, Al, Mo, P, V, As, Sb, Zr, Ti, Zn, Pb, Th, Be, Cd,
Sc, ¥, Cr, Sn, Ga, In, Rh, Pd, Mg, Li, Ba, Ca, Sr, Mn,
Fe, Co, Ni, Rb, and rare-earth metals. The current
control layer 21 is allowed to contain at least one
25 type of metal selected from Cu, Au, Ag, Pt, Pd, Ir,
and Os in the range of 1% or more to 50% or less.

The current control layer 21 is formed by



'to obtain a high-level output stably. [Third Enbodinent] FIG 4 is a
sectional view schematically showing a third enbodi nent of the
magnet or esi stance effect 20 el enent according to the present invention. In
FIG 4, the sane parts as those in FIGS. 1 and 3 are indicated by the sane
reference nunerals. Only the parts differing fromFIGS. 1 and 3 will be
explained. In FIG 4, on a substrate (net 8Shown), the followi ng 25 are
stacked one on top of another in this order: a |ower electrode 1, a seed

| ayer 2, a |ower antiferronmagnetic |ayer 12, a |lower pinning |ayer 3, -
16 a | ower nonomgretiieg, nartrediiatie loay erx At didestarc Wirent contiol

| ayer 8, a | ower nonmagnetic internediate |ayer 4B, a free layer 5, an
upper nonmagnet i€ cirgrenvidingice dlayentéA, dhseconidicinrgntnid wiahitrrgnl | ayer
9, an upper nonmagnetic internediate |ayer 6B, an upper. pinning |ayer 7,
an upper antifeghrémegnatite Iddyer medhoglscdmdlayder al Matarmk lamuiphieringt ect r ode
11. The second current control layer 9 is provided so as to be sandw ched
bet ween the 10 TFFECImoRRagREt i8¢ Siimtte @i iaiaq ayreryreA msti ndie meggerd,
nonmagnet Lc i nternedi ate | ayer 6B. The upper pinning layer 7 is stacked
next to tHe upp@FPdadti f&ry %ﬁé’ﬁ‘nétrir@qlﬁtépnl@ﬁlﬂ%é%ﬁqw-i o FIG 4

produces the sane 15 effects as in the first and second enbodi nents. In the
state where then(?ﬁlutr@ﬁft O&‘&rqtsltz&lngl Bed9ds fish Se o&it%ﬁéﬁlscthe nonmagnet i c

internediate |la rrent confjni ffect present he hi.ghest rate
of resistance c%gﬁggéwﬁa%uiogg&ieﬁl gl‘sslt &tn%%v\%élree The noof?lr%behe%i]%“_

| nter nedi at e | aygliage ushacked Al g 0 ROLIOf; dhe dALRITAGRS, §f the
current control layer,” the rate of resistance change Is realized nos _
efficiently by wBenedrient &R Y ahfieeliatdd T aGked, Sid uptyde of
FIG 4 realizes this, achieving a higher rate of” resistance change than in

the firstoand seeond tewbee, Mehtis.c %&mmtdg,o gas liftd hedPresent
invention is enbodied, the configuration of FIG is the nost favorable

and produces t hehhinpleesb fouhputt.i l-dertingrheditentihsé HiGbdan s a
sectional view schematically showi ng a magnetic head formed using the
magnet or esi st anéereffiattingl ewEhodshiova e tdéach off IMrGEH i &l dtray bxyaerl G 5,
an NiFe layer is forned to a thickness of about 1 mcroneter on an Al-Ti-C
substrate (not >ODShewNltTRgenajensseonies the sumditsre afect ramesiamh shi el d
| ayer 32. In the fourth enbodi nent, after the | ower electrode and shield

|l ayer 32 is patterned ¥y PHEEHE rsdhyt arE &Y et TP sehand Bl vwi ng
filnms arg forrredfi nthis r%er to form a_s[ magnet oresi stance 15 effect film
31: a setd | ayePT235f “i*éug@ AAFoREErS P RS 3 ¥ &forrdt B dtess dtoer pi nning

| ayer 3 of Copt (10.nanometers), first _current cantrol |ayer 8 obtained
by oxi di zi ng a &Sf&?lggggkegyfei I %n%l &0 SRESEAY 19 | Tt r?olr%'atg‘?feq?]clﬁf ayer. 4
of 20 Cu (1 nanengi.er a_f | ayer of. Fe .(; er) /N Fe (4
nanonet ers)/ CoFe (1 r?)grclgné)tt@r%)%,' a?li%ur%éar lﬁlgglr%gdgtglléﬁq%{% n elrarr%aél\ga(te | ayer 6A

of Cu (0.5 nanopBhEhSkiva §&ERY QU PaNt G rﬂndééf@ri@ta}m&]igﬁc

oxidi zing a CuAl stacked film25 (1 nanoneter), an upper nonma
internediate | ages 6Bdef 164 n0.1% vRARORBIR )i c AN HRRE o MY d¥hd AYeFe 7 Of

Copt (10 nanoneters), and a cap | ayer
20 provided in such a manner that they lie scattered.
With this configuration, when current flows
perpendicular to the film surface, the current is
confined to the conductive materials 24. This
phenomenon produces a current confining effect.
25 The current confining effect increases the rate of

resistance change caused by fluctuations in the

external magnetic field. 1In FIG. 2, a nonmagnetic



- 18" of Cu (1 nanoneter)/Ta (5 nanoneters). The magnetoresi stance effect
film31 forned in the process has the sane configuration as in FIG 1.

Then, after the magnetoresi stance effect film31 5 is annealed in a
magnetic field at 270C for 10 hours, the annealed filmis patterned by

phot ol i t hography and dry etching. Wth the resist used in pattering left,
an insulating |ayer 34 made of A1203, & nagnetd c | ayer 36 nmade of N Fe, and
an antiferronmagnetic |ayer 37 10 made of Irivh are fornmed. Then, after an
insulating layer 34 is further fornmed, the elenent is lifted off. Then,

whil e a magneti dnftieet@dis theilrg appldred s BraWideecidroreerperdi cul ar to the
direction of the magnetic field in the preceding heat treatnent, the 15

el ement is anneahedaice tife thggretrirenfd elothtato 12Q@@efror 1orgichour. Final ly, an
Ni Fe filmis formed to a thickness of about 1 microneter. The NiFe filmis
patterned by phet olbnmaggesdploy larie rdrediettechilryert REBeky pradiiciety can upper
el ectrode and shield layer 33. 20 The magnetic head forned by the above
processes is usé@easor samflaceoioft Fdef currendmsoditmendt 1aAemagiet i drhead
formed by_simlar processes using a nmagnetoresistance effect film obtained
by elininating BRELLIPE toulthdsy coety dIf Iadyerl ageand st Rel 128 e divd ther r ent
control layer 9 fromthe configuration of FIG 1 is used as conparative
sanple 1. 1n ad§PfF6AL £OR&GRSt e Yedad 1 orthed By reivh Ican fgrdess sdfect 19
usi ng a magnet oresi st an effect filmobtained by elimnating only the
second current COft ?’SI O‘Fgﬁépe&’fromthe configuration of FIG 1 is used as

conparative sanple 2. 5.l | e,..the de dence of the resistance
val ue on an external Irrrlaécrrl%t ?(gacc{}}eg.fo eV\Slg'sStr?enacseure Sand q%heén%qSe Bt Wi st ance
change was det erRi-Red e MaLERLE: afk %h%@%q%’%tpgﬁﬁggfﬁéfﬁé(:current

t) the breakd was nea

(current-vol tage characteristic), own voltage nmeasured. 10

The resulds arephisstadiiyn rialise ih thablenlRati®&Ohbarts, the
resi st anceBr eakdownchangevol t ageSanpl e of the fourth7950

nyenbodi ment Conpagatitve esarplae cb2 ¥HFe JtY Cemmeaiat he&eSdyHHie 23. 5%3800 ny In
the sanple of the fourth enbodi nent, both of 15 the rate of resistance

change and t he bheakdbtemivalitage gherkifgher, tfan ebdaasad,n tgenparati ve
sanple 1 and conparative sanple 2. In the sanple of the fourth enbodi nent,
t he breakdown vdkrapdehas afgoedivdlanee as Hihgh taspRG ti cord iffreass,| n
conparative exanple 2, the 20 rate of resistance change is higher than in
conpar ati ve exahpiehimakgs iits piosedlodewtovlitsagadud showdre. From t hese

things, it has been proved that a high rate of resistance change can be
made Conbgtib|emagnetor651stance effect element from an element

making use of the tunnel effect.
When the thickness of the current control layer

21 is reduced to about the radius of an atom, the
state where the overlying and underlying layers of

20 the current control layer 21 are separated by the
insulating material 23 cannot be produced. Therefore,
the insulating property of the part to control current
detericorates, which impairs the current confining
effect. To avoid this, it is desirable that the

25 thickness of the control current layer 21 should be
0.4 nanometers or more. Conversely, when the current

control layer 21 becomes too thick, it is difficult to



'- 20" with a high breakdown voltage by form ng a nagnetic head using a
magnet oresi stance effect elenment with the stacked structure of the first
enbodiment. [Fifth Enbodinent] 5 FIG 6 is a sectional view schematically
showi ng anot her exanpl e of the magnetic head forned using the
magnet or esi stance effect elenent shown in each of FIGS. 1 to 4. In FIG 6,
an Ni Fe layer is forned to a thickness -of labout 1 mcronmeter on an Al -Ti-C
10 substrate (not shown). The | ayer serves as a |ower electrode and shield
| ayer 32. In the fifth enbodi ment, after the | ower el ectrode and shield
| ayer 32 is paticenhned thy-hphovelrltyiegr aphy wrie dryi ) A yiss t fiend ol | owi ng
films are formed in this order to form 15 a nagnetoresi stance effect film
31: a seed | ayeno2mefgnEd iS5 imdrometdtrat)e R et sn@BNEtEBs)in #10ower) of
antiferromagnetic layer 12 of PtWh (12 nanoneters), a |ower pinning |ayer 3
of CoFe (4 nanofeecsi/rRe t( tomdnorietlen)erCeRe to4 awantorstters)witéh [thwer
nonmagnetic 20 | ayer 4A of Cu (0.5 nanoneters), a first current contro
| ayer 8 obt ai ne@obyuekiidiez Mg ex i@lC2 dst advatr d e, (10 A snadwonistadrls), a
| ower nongagnetigélayer 4B of Cu (0.5 nanoneters), a free layer 5 of CoFe
(1 nanomefer)/ NtB& Y Ahgakbrst@rs)s cdrehel cvarrerdt eiontoml dmyvgiperl
nonmagnetic internediate lLayer 6 of Cu (1 _nanoneter), an upper pinning
| ayer 7 of CoFes%Euﬂgn%ﬁePe Pﬁ&%ffsn oﬁéF@%)ﬂﬂ%ﬁ%”Fﬁ”ﬁénoneters), - 21
a second curren tral. | ayer obt ai ned by oxidizing a CuCr stacked | ayer
(0.7 nanoneters ,%gﬁo@%ﬁgg%aﬁfi3§FFdnagnetic | ayer 13 of PtMh (12

nanoneters), and a cgp | eggcﬁeﬁ%%&&aqg&%)ﬁrﬂ Taa SSénS nanoneters).

The magnet or esi st ance ef or med e pr otesses has the sane

confi gurati on asu#efkCoa3: H19Y, LAY jine RSl RIS ance effect film
i i i Cfor 1

31 is annealed in a magnetic fiéld at 27 ours, 10 the anneal ed

filmis patternedtbyiphet ol t hagreaphy taRd Hy gheh nghe Wy the resist used
in pattering left, an insulating |ayer 34 nade of A1203 and a bias |ayer 35

made of Copt areufreenedtolTifenw aft an san adppauleat ittg dray em R 415 dgir t her
formed, the elenent is lifted off. 15 Finally, an NNFe filmis fornmed to a
t hi ckness of abwatetimilcPdnet @henThéeNivied thideme:x-guald et dbiBakdown

phot ol i t hography and dry etching, thereby produci ng an upper el ectrode and
shiel d | ayer 33VoThegmaghetthe hestlbdimed Mayfartialalldse prosedsksi?0 i s used
as a sanple of the fifth enbodi ment. A nmagnetic head formed by simlar
processes usi ngWalha§a&eoPddicer anesuditiaat 1N Itheomstesitrartthyoreldfirithet i ng t he
first cuirtéent control layer 8 and the second current control layer 9 from

the configurati BheBEPsF FIG d8SCE106dd apVeomparis & sefnptief Bicylt to
o 101 8 TROUELLE ISR LONTE LWL Y JUBSER AN S o e
Comparative SamsPech 2 Sgci SsaateC e ependend o IR st ance 5
val ue on an ext gpnahqaagRethe theldwas measywed At control
layer 21.
20 In the first embodiment, to overcome this
problem, the breakdown voltage is raised by providing
a plurality of current control layers 21. In FIG. 1,
for example, let the breakdown voltage of the current
control layer 8 be Vbl and the breakdown voltage of
25 the current control layer 9 be Vb2. Since the current

control layers 8, 9 are connected in series

electrically, the voltage to cause a sensing



'the rate of resistance change was determ ned. 10 Moreover, fromthe |-V
characteristic (current-voltage characteristic), the breakdown voltage was
measured. The results are listed in Table 2. Table 2 Rate of
resi st anceBr eakdownchangevol t ageSanpl e of the fifth7.50570
nyenbodi ment Conpar ati ve sanpl e 31. 80450 nyConparative sanple 43.2%320 ny In
the sanple of the fifth enbodi ment, bot-h af2 the rate of resistance change
and the breakdown 15 voltage are higher than those in conparative sanple 3
and conparative sanple 4. In the sanple of the fifth enbodi nent, the
breakdown vol t agerfasta t@odd owalide dias Micit s t20G VY Qi 18t .cdrtrol
conparative exanple 4, the rate of resistance change is higher than in 20
conparati ve exafplyer3, 8hul.it g fhiteak dawa kdohWwnage lithdeowst .tHe om t hese
things, it has been proved that a high rate of resistance change can be
made conpati bl e ewttll ea mhaiggle tioresk ddam oo latfdge thye fenremitng sa iggrgtdrc head
usi ng a magnetoresi stance effect elenment with - 23 the stacked structure
of the second eNbodi NMBAt + Flt-hefinere Lore, has thedealfsio pr e diemn tt,he
magnet or esi stance effect element with the stacked structure of the second
enbodi nenf has &hBebreaksiopsr veliragce Vichad tthe maginettorss isttanse ef f ect
element with the stacked structure_of the first enmbodinment. [Sixth
Enbodi nent] A sPFCRENBoGMEENt C6F DRe Ipgsased mnéhtihey efigierdid rom t he
fifth enbodi ment in the stacked.1Q structure .of the gnhet or esi st ance
effect film 3l .&Pﬁgﬁ&érms,reérr’ra%léétlyaféfl i%f PR &% a Iﬁhiacqé]ﬁé?émdf about
1 mcroneter on_.an.Al- Ti.- u rate t. S ... The | ayer .serves as a
| ower electrodeaaﬁéééhEgF u?a?%% %f.O%%%ﬁﬁgggﬁptH9§ﬁ§§|ﬁn§n§h%ﬂter the 15
| over el ectrodesgndigh %luqueglxer 32 is patterned by photolithography and

[

dry etching, the following filns are forned in this order to forma

magnet or ggi stance ef frect: Hd 19913l vaA weefhdrafQr & 1ft ahaed % fanoet ers)/ Ru (2
nanoneters), a |lower antiferromagnetic |ayer 12 of 20 IrMh (5 nanoneters),

a | ower pinningellayent3 of reeke 1@$e&an@mto%§ang1@ti(cl iRgRomRigrdLoFe (4

nanoneters), a |ower nonmagnetic |ayer 4A of (0.3 nanoneters), a first
current control lkgyge;, 8ndbtaipnediby oxivadirzifagra saCydlt .St acked deayercdD. 9
nanoneters), a |ower 25 nonmagnetic |ayer 4B of Cu (0.3 nanoneters), a free
| ayer 5 of CoFeaglanahditet ed)y Ni Eesed whamenewwer SUrCere (Contardmetardrs an
upper nonmagnetic internedi ate | ayer - 24 6A of Cu (0.3 nanoneters), a
'second current @86t PEPVEEREr 10 gbtailfted thy ewirdiesithgoan Muainastedfcientt | ayer
(0.9 nan ters), ~an upper nonnagnetic internediate |layer 6B of Cu (0.3

nanomet et s), anéﬁﬁﬁeﬂaﬁilﬁlﬁilﬁé 51 gy St aE ofvhedee the paforfdadrss )9 RERel

nanomet er)/ CoFe (4 nanoneters), .an upper antiferromagnetic | ayer 13 of
) cgnductgve ma%%rlaqs B% of two curren controf/layers

coincide with the direction in which the film is
formed. However, it is difficult to realize this
state by the existing techniques. 1In many cases,

20 the pbsitions of the conductive materials of the
individual current control layers are irregular,
preventing the greétest current confining effect.

In the first embodiment, to overcome this
problem, a plurality of units are provided to provide

25 a plurality of current control layers, instead of
limiting the number of current control layers in each

unit to one. With this configuration, even if the



"IrMh (5 nanoneters), and a cap layer 10 of Cu (1 nanoneter)/Ta (5
nanoneters). The magnetoresi stance effect film31 fornmed by the 10
processes has the sane configuration as in FIG 4. The magnetic head forned
by the above processes is used as a sanple of the sixth enbodi nent. A
magneti c head formed by sim |l ar processes using a nmagnetoresistance effect
filmobtained by 15 elimnating the first jcurrent control |ayer 8 and the
second current control layer 9 fromthe configuration of FIG 4 is used as
conparative sanple 5. In addition, a magnetic head forned by simlar

processes Usi ngpasTRARRIOIES itsanemh RidtaGle fidin.obhal ned die 2Q,,81ddH nating
only the second current control layer 9 fromthe configuration of FIG 4 is

used as conpar atdiove redmllagchns Idv ernh amliele therdependencaof, the

resi stance val ue on an external magnetic field was neasured and 25 the rate
of resistance clargentasoddtierimoed fedir emreme fommdrtted - aharaieieri sti c
(current-voltage characteristic), the breakdown voltage was neasured. -
25 The resul t s ifpeiriest-ed Theredisine,3.2 Telhe R tRataf ofesistance change

resi st anceBr eakdownchangevol t ageSanpl e of the sixth9%00

nyenbodi nent Conmsafabiev Sesafside 3U1i30M 2R ahiGsmparteitdhrd asealpl @188179%800 ny | n
the sanple of the sixth enbodinent, both of 5 the rate of resistance change
and the breakdoR? P& EdGEar e I giferknavin tids&hien Bpairdtt we lstgmpl e 5 and

conparative sanple 6. In the | e of the sixth enbodinent, the breakdown
vol tage has a g&&dWHITE %%?éﬂ%;%%ﬁ9QQﬁf v oI el eviet BrRittat i ve exanpl e
6, the 10 rate resi st an change is hi.gher .than in,conparat.ive exanple
5 but its brea% gv%%l\?glet’aézl% 3 OV\e/erc.onE”l TAfesd t%“i?g?,répﬁ " e)Ems\een

proved that a gl e 06, e Shanee shange can, he, AR GOyl @ i th a

f
hi gh breakdown vol tage by faorm ng a magnetic ead using a
magnet or i st ang@tgfifrect el ement with the stacked structure of the third
enbodi ment. Furthernore, it has been al so proved that the nagnetoresistance

effect el ement with tie simaked st rad W o ddisod hiditk enbodidrent. has a

better 20 performance than the nagnetoresi stance effect element with the

stacked struct upeoefidelie tsec and tesrkedihme®t .wHiseyen edupuiident Ja Miee 7 is
a perspective view of a hard di sk - 26 unit in which the

magnet or esi st andeveff,eet nenemgmte tsihovim terneatila tof Ry, hrid H wamibey
installed. A magnetoresistance effect elenment related to the present

i nvention can beaiyest-al Ae§ FFn & gredieatesc S8 arepsr cdUtiaty elpgreaTdt uiss whi ch
reads di (I:|i tal data .

5 formed using a dual spin valve structure where the two
units share a single free layer. A current control
layer is provided for each of the units, thereby
raising the breakdown voltage of the magnetoresistance
effect element without impairing the current confining

20 effect. Consequently, not only can a high output be
obtained, but the reliability can also be increased.
[Second Embodiment)
FIG. 3 is a sectional view schematically showing
a second embodiment of the magnetoresistance effect
25 element according to the present invention. In

FIG. 3, the same parts as those in FIG. 1 are

indicated by the same reference numerals. Only the



'magnetically recorded on a magnetic recording nedium A typical magnetic
recording nmediumis a platter built in a hard disk drive. In addition, a
magnet or esi stance effect elenment related to the 10 present invention can be
installed in a magnetic recording and reproduci ng apparatus which al so has
the function of witing digital data onto a nmagnetic recording nedium In a
hard disk unit 150 of FIG 7, a rotary -5 Jactuator is used to noue a
magnetic head. In FIG 7, a recording disk medium?200 is installed on a
spindl e 152. The disk medium 200 is rotated in the direction shown by arrow

A by a notor (netrsRowi)f fehiiehy rfesROrds .t @ aiQantdelesgiignaled romm driving
unit 20 control section (not shown). Mre than one di sk nmedium 200 nay be
provi ded. This #yge &f appar alibs tira tdenowd tasHdwen )ufttie Matlieridy pee A head
slider 153, which is provided at the tip of a thin-film suspension 154,

st ores i nf or mat is¢acéeido 02% e taips ko frediaiine200 rort friepraodieces & Heower

i nformation recorded on the di sk nedium 200. The head slider 153 has the
magnetic head oflRICErosieord 6 pr@eiddddyiedar?, & lzwen tanttifer rim@grsttatd on of
t he di sk nedi um_ 200 causes the air bearing surface (ABS) of the head slider
153 to fldat a SPE¥ELfild didstlomes é’dé\ﬁelrt%gaédﬂrf abe oflawar SAQTRd Um
200. The present |nvent|on | yppllcable t.o a so-called contact running
unit in which t AETEFFEELaLE | nt¥det oT Hinst Gy hdk GRIGAR 200, The

suspensi on 154 |s connecte 0 _one _end of .an .act uat o rm.155
i ncl udes a bobbi'R y?ébtloﬁ'%@“fﬁbﬁo ﬁﬁﬁn 4%ﬂ i%{k %Xf%x%q (not

shown). A Voi ce cqi,l 6, t%ﬁ é P oVvi ded to the
other end of thée agte&ato ar}% | §gl ervélloéle m)tortel G{latceorrposed of

a dri ving coil gagie:shows, Wt riountd %gpbfnas%aoofmogugfmfs

actuator arm 155 and a magnetic CIrCUIt I nc ng a permanent magnet and a
facing yoke whi ¢hnar@1pnevicded,i nsSugha r@meﬂ'ertﬂlﬁﬁaérh@cf@gﬂﬁ}eﬁn@,VOKG

face each other with the coil sandwi ched between them
a cap layer 10, and an upper electrode 11.

The second current control layer 9 is formed at
the interface between the upper pinning layer 7 and
the upper antiferromagnetic layer 13.

15 The first current control layer 8 is formed at
the interface between the lower nonmagnetic
intermediate layer 4A and the lower nonmagnetic
intermediate layer 4B. That is, the first current
control layer 8 is formed in such a manner that it is

20 inserted in the lower nonmagnetic intermediate
layer 4.

In FIG. 3, the magnetoresistance effect element
is characterized by including the lower
antiferromagnetic layer 12 and upper antiferromagnetic

25 layer 13. 1In this case, metal magnetic material

mainly made of Ni, Fe, or Co (that is, of the same

composition as the free layer 5) may be used mainly



‘The actuator arm 155 is held by ball bearings 20 (not shown) provided in
the upper and | ower parts of the spindle 157 in such a manner that the arm
155 can be rotated freely by the voice coil notor |56. [Ei ghth Enbodi nent]
FIG 8 is an enlarged perspective view of the tip 25 part extending from
the actuator arm |55 of a magnetic head assenbly 160 in the hard disk unit
of FIG 7, when | ooked at fromthe nediumkide: In FIG 8§, - 28 the
magneti ¢ head assenbly 160 has the actuator arm 155. A suspension 154 is
connected to one end of the actuator arm 155. At the tip of the suspension
154, there is priod dewt dikeadhslliderns153 incl udingitdie iy negretd 3 head of
FIG 5 or 6. The suspension 154 has |eads 164 for witing and readi ng a
signal. The | eadsyl®t dcemeahnecired lsctadldald ysyra-tHdtel ¢ ndi michiade

el ectrodes of the magnetic head built in the head slider 153. The | eads 164
are al so connec g eo N et triot el gyeedss | 6B1chAs s ifown dre R aE8iwichad 8,

i mpl enenting the hard di sk by use of the magnetoresistance effect el enent
of any one of FReEWeern @ &ladltiHe mfgieadrneethicad adfer ™G 5 of 6 nmakes it
possible to realize a _higher 15 breakdown voltage and a hi gher reproduced
output than those in THe WY iy hep i dak et ¢ . L avlor i ngfgbitheesmgnetic
recordi ng density can be further inproved and therefore the recording
capacity can be 1:Blf‘r‘?crcngseéjd:lrﬁf’r é’.fré‘tf" Wqﬁ%%dﬁéﬁﬁﬁ avEr Pi%ect i onal
vi ew schemat i cal,l howi_ng nint h .enbodi.nent of the ,magnetor esi st ance effect
el enent rel at ed ]T%'etsrhceé ;:I)nrogrseen LiMent ?lghe. HHP énetgl?g Fadibsttate (not
shown), the foll,qw - ngﬁg ; n. . Of j I der: a
| ower el ectrode l%\,yéa}gslg}reﬁ%}ylzlrl ) gcrf%&fel%p%tﬁ%nngofg@éeﬁéﬁii;at%?é@tgfcurrent
control layer 8.t figfed 38Mmihg 1ayeé?® 7 more firmly. This

10 configuration not only produces the same effect as in
the first embodiment but also stabilizes the rate of
resistance change. That is, the rate of resistance
change sensitively following a change in the external
magnetic field can be obtained stably, regardless of

15 a long elapse of time. Consequently, it is possible
to obtain a high-level output stably. -

[Third Embodiment]
FIG. 4 is a sectional view schematically showing
a third embodiment of the magnetoresistance effect

20 element according to the present invention. In
FIG. 4, the same parts as those in FIGS. 1 and 3 are
indicated by the same reference numeréls. Only the
parts differing from FIGS. 1 and 3 will be explained.
In FIG. 4, on a substrate (not shown), the following

25 are stacked one on top of another in this order:

a lower electrode 1, a seed layer 2, a lower

antiferromagnetic layer 12, a lower pinning layer 3,



'a second current control layer 9, an upper pinning |layer 7, a cap |ayer 10,
and an upper electrode 11. The first current control layer 8 is forned
between the lower pinning layer 3 and the free 5 | ayer 5. The second
current control layer 9 is forned between the free layer 5 and the upper

pi nning |layer 7. The magnetoresistance effect-element of FIG 9 is of the
current-perpendi cul ar-to-the-plane (CPP type.-In the magnet oresi stance
effect elenent, 10 a sensing current is caused to fl ow between the | ower

el ectrode 1 and the upper electrode 11. In FIG 9, a netal magnetic

materi al whose mmilRwedNsonind@Res idf & Mernkeii Ad 16y dvmysDe sed-dminly for
the free layer 5. A hard magnetic film such as Copt, 15 may be used mainly
for the pinningcuayent 3ontrolhd ayrgnet,oresicicaneprefdgait ol enent
configured as descri bed above has a spin valve structure. In FIG 9, there
are provided twingeirnedéadte dlaywehi dB,i 2 domeosed/eof B fareeigmyrer, a
nonmagnetic i nternmediate 20 |ayer, and a pinning |ayer. The units share the
free layer 5. THoIMagRetdC doveirgadditaten layesaldfed a echrad spirental ve
type. The_configuration is further characterized in that a current control

| ayer is provi dé@nfdPled@yest Ih&rumpRer nenmagned1q e bernagiatit contro

| ayers act al so as nonmagnetic internediate | ayers for the correspondi ng
units. FIG 10 F&€YETs&ri GRal PRcdwrifdWiy e St hudur®PeL 30 of the
current control FIG 10,. a current control |ayer

| 8. 9 of .FI 9. |
41 has the sanea@%ﬁ%%?FPP@ﬁn%§15h§F¥§F'§E% éhﬁ?%%le%ﬁﬁr%ﬂ'l r 21 of FIG
Formed on the t a0 SRESEn dar B s 3. . I B forth o e 41 O

formed on the top surftaces ‘of the current

these |ayers, theg %;i@_”ﬂéi @lev%%rd (PR | %e%aqﬁivﬁég[ﬁ Aeaéf»féoerf‘“&é he

overlying | ayer (42 is used as a pinning layer. In a ion hi's] even

i f any 1ol ayer uppeddinae@Bignie® itthe Wil LNtIBled aerafH, £ 116Gk ¥ ent
confining effect can be obtained. Wen the thickness of the current control

layer 41 is redueetagneabieutinthenreatiate afaywtr adpm e WHdesiGordd ni ng
effect is inpaired. Therefore, it 15 is desirable that the thickness of the
current control lagger 741 ssBdulckeoe kA nanaie efthad AN ief e KomveF 15t Vo When
the current control |ayer 41 becones too thick, it is difficult to connect
the overlying layer 13.
The configuration of FIG. 4 produces the same
15 effects as in the first and second embodiments.
In the state where the current control layer is
inserted between the nonmagnetic intermediate layers,
the current confining effect presents the highest rate
of resistance change. That is, in a state where
20 the nonmagnetic intermediate layers are stacked
adjoining to both of the interfaces of the current
control layer, the rate of resistance change is
realized most efficiently by the current confining
effect.
25 The stacked structure of FIG. 4 realizes this,

achieving a higher rate of resistance change than in

the first and second embodiments. Consequently, when



rand underlying layers (the magnetic layers 42A, 42B in 20 FIG 10) of the
current control layer 41 to each other with the conductive material 24.
Therefore, it is desirable that the thickness of the current control |ayer
41 shoul d be 3 nanoneters or less, preferably 2 nanoneters or less. 25 Wth
the configuration of FIG 10, too, a high output can be obtained as in the
first enbodinent. In FIG 9, the voltage tlZ cause a sensing current to -
31 flowis divided by the current control |layers 8, 9. Therefore, with the
ni nt h enbodi nent, too, the breakdown voltage Vb of the nagnetoresistance
effect el enent taep beecisearedsednandnt Her ehdoelitthe |terRIdoerMdmdaliabi ity
can be inproved. Mreover, a high output can be obtained by increasing the
sensi ng current ofl AI&ddidt iien thenmblee fiaviohr aérieo dinde pirodueeaciheve a much

hi gher breakdown voltage, a plurality of current control |ayers nay be
provided in eachighest ©@tputsumup, in the ninth enbodinent, there are
provided two units each of which is conposed of a free |ayer, a current
control |ayer also adttiong tds Egbsstimegridti c i nternediate | ayer, and a

pi nni ng Igyer A CPP magnet oresi stance effect elenent is formed using 15 a
dual spin°val ve strultifre Her & SHE TR Ani s ieheme gl fshvinger . A

current control OV|d3d for. each. of the units, thereby raising

t he breakdown VSIPéSEeSFCt &20n §RETE e S5 N & eFP@@F@QQ%ﬁ%ﬁ fi%hout
th f 20 ef.fect t| t |
i h out put be. S5¢afed BRtt REOVET b ACTY Cdan iieo loéd rer easad. - The
t t t t ,
Phe order 1 whith The Conduclins LAYSEs 2 € Aiatkas Wfagttﬁlo Aot et 1o 25
FIGS. 1 to 4, FhEou?: 12RdcFbetrll- oﬁp%ﬁ'hrﬁﬁl4b SRS 1 HYRCL G, ﬁg the present

invention are achieved by formng at | east one current contro | ayer ir~

each  -182 unkholAgl.udirRg aalkee skayrls aRd a3 1RWAH R dAWad urddhe CPP
dual spin valve magnetoresistance effect element. In addition, a

nonnagneti c i nt ehtreddatiaykeayer .i s IOt heedessah leynHoerimet,n £ WHd . 5
Furthernore, the magnetoresistance effect filmof any one of FIGS. 3, 9,
and 9 may be appbived tdetheondegaetiosesiedttanieyeef f3ecti of idantdrmfd HYG 5.
Mor eover, the nagnetore3|stance effect filmof any one of FIGS. 1 and 9 may
be applied to tReohadghshepsebbvanod UF vefftedti nfi, | rehdl fofl IWdng.f iAddi t i onal
advant ages and nodifications wl|
are formed in this order to form a magnetoresistance
15 effect film 31: a seed layer 2 of Ta (5 nanometers)/Ru
(2 nanometers), a lower pinning layer 3 of CoPt
(10 nanometers), a first current control layer 8
obtained by oxidizing a CuAl stacked film
(1 nanometer), a lower nonmagnetic layer 4 of
20 Cu (1 nanometer), a free layer 5 of CoFe
(1 nanometer)/NiFe (4 nanometers)/CoFe (1 nanometer),
an upper nonmagnetic intermediate layer 6A of Cu
(0.5 nanometers), a second current control layer
obtained by oxidizing a CuAl stacked film
25 (1 nanometer), an upper nonmagnetic intermediate

layer 6B of Cu (0.5 nanometers), an upper pinning

layer 7 of CoPt (10 nanometers), and a cap layer 10



'‘readirly occur to those skilled in the art. Therefore, the invention in its
broader aspects is not limted to the specific details and representative
enbodi mrents 15 shown and descri bed herein. Accordingly, various
nodi fications may be nmade wi thout departing fromthe spirit or scope of the
general inventive concept as defined by the appended clainms and their
equi val ent s. - 33 WHAT IS CLAIMED |'S& 1.8 A4ragnet or esi st ance ef f ect
el enent of the dual spin valve type using a current-perpendicular-to
t he-pl ane (CPP) system where a sensing current flows 5 perpendicular to the
stacked faces obfacpl urahiahymeft econduct (sve driyeiterd)he magnet or esi st ance
effect elenment conprising: a first unit which includes a free |ayer and a
first pinning | apenetb@esiscameet wiifteothifdln Bdl tdesidche if e lpayeiesshar ed
with the first unit and a second pinning layer; a first current control
| ayer which i s peévitded sanet lgenffiligstr ajriion arsd in MG tlhe flow quantity of
the sensing current; and 15 a second current control |ayer which is
provided in the secorddelni @i&ed Ithe tmaansd fresi dieame tof fofctt hel lsensl ng
current. g. The,na%netoresistance effect el ement according to claiml,

| east So

wherein a BhGf 1efle 120 3f MAgneAid deand anid’® CnéPudés hours,

i ng | ayer | SUCTRBRRGRGL ord SeaRee SFEG byl SROE CHORNARN: 18l ai m
ant T er rormagnet T2 &76FARrch BERs o HALred: KO or EATIRA OF G the
Claim |, wher oi A7ad T 4EEE e 16T RE 3 AZdhia « SR o 0

: g);g; : is provi dedmatiet Be hAERrf agg Ret %%Qf%qu%n@glﬁreaé:ﬂé )ia(gferCQﬂdUCti ve 5

10 made of IrMn are formed. Then, after an insulating
layer 34 is further formed, the element is lifted off.
Then, while a magnetic field is being applied in a
direction perpendicular to the direction of the
magnetic field in the preceding heat treatment, the

15 element is annealed in the magnetic field at 200°C for
one hour. Finally, an NiFe film is formed to a
thickness of about 1 micrometer. The NiFe film is
patterned by photolithography and dry etching, thereby
producing an upper electrode and shield layer 33.

20 The magnetic head formed by the above processes
is used as a sample of the fourth embodiment.
A magnetic head formed by similar processes using
a magnetoresistance effect film obtained by
eliminating the first current control layer 8 and the

25 second current control layer 9 from the configuration

of FIG. 1 is used as comparative sample 1. In

addition, a magnetic head formed by similar processes



»5. The magnet oresi stance effect el ement according to claim?2, wherein at

| east one of the first and second current control |ayers is provided at the
interface between said plurality of conductive 10 | ayers. 6. The
magnet or esi stance effect element according to claim3, wherein at |east one
of the first and second current control layers is provided at the interface
between said plurality of conductive 15 | ayers. 7. The nagnetoresi stance
effect elenent according to claiml, wherein at |east one of the first and
second current control layers is formed in the filnms of said plurality of
conductive | ayensingd0a8mafhe treRee RS earee teffiaet Jtenenrid ageording to
claim2, wherein at |east one of the first and second current control

| ayers is fornedlinihheihigl oBlgf thal & cplowdaldunyr eoft ecomtuetli Ve jayers. 9.
The magnet oresi stance effect el enent 25 according to claim 3, wherein at

| east one of thérbr sheandnsegoame tdwrr erft Fdant rlolid ayseyds ass formed in the
films of said plurality of conductive | ayers. - 35 10. The

magnet or esi st ancemppfratt vel sgpmtleaccording to claim 2, wherein the first
current control layer is provided at the interface between the nonmagnetic
internedi dte | ayer add €Y mé@nlgyerths dgrandancy iaktthmiteshcianes the
nonmagnetic internediate |layer. 11. The magnet oresjstance effect el enent
according to cl ZPm8, fh&Feick LEREF F‘?tg”&’fg'rcerﬁlestdnt"‘iatﬂ MeARTSS 3bvi ded
at the interfacg bet%&%n %he 10 nonmagnetic interqf iate | ayer and the
first pinning | ayer F Akfef it A& SHSERiTEANS (s 19RET netic

internediate |la . w T magnet ar esi st ance ef.fect el enment .according to
claim 2, mherei%%%ﬁg%szs?%gﬁr%gﬁiquﬁé%hIﬁgﬁqaié;lq55%%53%&f7%§2?%9$iInl
of the ”Of‘”agnekh%rg_%tt%rrq%@'i%t)e, 'tgééefpre"ﬁiﬁbvﬁrﬁ%fl'traﬁe %é@ ol _the
nonmagneti c internediate layer. 13. The nmagnet oresistance etffect el enent
accordi ngot o cl ahm kesieeisnat) jl8asf nerf1d he 20 first and second
current control layers includes an insulating material which insul ates
adjoining | ayers fromone another electrically, and a conductive nmateri al
which is forned in the insulating materipgl,jknia distributed manner and

whi ch 25 connect s the—adjormngtayersTto each—other—etectpricatty—s9 as to
permt the sensing current to pass throbghei afaresascanag |Bashikeewn
change voltage
Sample of the fourth
) 7% 550 mv
embodiment
Comparative sample 1 2% 450 mv
Comparative sample 2 3.5% 300 mv

In the sample of the fourth embodiment, both of
15 the rate of resistance change and the breakdown
voltage are higher than those in comparative sample 1
and comparative sample 2. In the sample of the fourth
embodiment, the breakdown voltage has a good value, as
high as 500 mV or more. In comparative example 2, the
20 rate of resistance change is higher than in
comparative example 1, but its breakdown voltage is
lower. From these things, it has been proved that a

high rate of resistance change can be made compatible



- 36 14. The magnetoresi stance effect elenent according to claim 13,
wherein the filmthickness of the insulating material is 0.4 nanoneters or
nore and 3 nanoneters or less. 5 15. A magnetic head conprising the

magnet or esi stance effect elenent witten in claim1. 16. A head suspension
assenbly conprising: the nmagnetic head witten in claim15; and a support
mechani sm whi ch supports the magnetic X0 lmad with respect to the recording
side of a nmagnetic recording nmedium 17. A nagnetic reproduci ng apparatus
whi ch reads magnetic information recorded on a magnetic recordi ng nedi um by
use of a magnet iwd thead Hirel BdidakawED vHIgRRIONAs | firadicsy ef eadned efrent of
the dual spin valve type using a current-perpendi cul ar-to-the-plane (CPP)
system where a $ersi ngiowy raemta gledws geargiendiec W ffe dto dllemesttackierh ftaoes of
a plurality of conductive |layers, the nmagnetoresistance effect 20 el enent
conprising: a fiststched tstwhicdiurencdfudds & ifrrsde drdyetimemdt.a first pinning

| ayer; a second unit which includes the free |ayer shared with the first
unit and a second pi Nl &rdrodix®ert irst current control |ayer which is
provided in the first unit and limts the flow quantity of the sensing
current; &nd - 37 EGecdni curdGRiunt roteV ay@enmt k4t kY pleR td i n

t he second unit and limts the flomlﬁgantlty of the sensing current. 18. A

magnet i c reprod@&we&pﬁaﬁaﬁ n@cﬂﬁﬁﬁ%‘e qatk G d)sifé?’%lg?le
on & magnet | ¢« BB ARy UL o SENeCT e (FRTAIT5d i the.
hi%?ss/‘i§$GREI ORSTRS et Ay, AR EAE B 3 ViER J45es LJQS AYIY W AL AL
L. A L. AL&_ A99. 3._@1 %Qg.]égl{ dAﬁL{aSqd%qi{ %W#%lﬁ% e}_ .ﬁAlQ . AL9. AL9. A9. A&*
*+QKLt (#R- } xsni ZJ]ca ca ca ca]c cal ca] ca] calca ca ca] ca] caj] ca] ca
] ca] ca] cajca] calsealsxalaa cala<alifialcal calea 204 Veerve MBS
} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] cal ca] ca] ca] ca] ca] ca] cal ca]
ca] ca] ca] ca] ca] calexAlrelcalrB]draleld layer 32. In the fifth
embodiment, after the lower electrode and shield layer
32 1s patterned by photolithography and dry etching,
the following films are formed in this order to form
15 a magnetoresistance effect film 31: a seed layer 2 of
Ta {5 nanometers)/Ru (2 nanometers), a lower
antiferromagnetic layer 12 of PtMn (12 nanometers),
a lower pinning layer 3 of CoFe (4 nanometers)/Ru
(1 nanometer)/CoFe (4 nanometers), a lower nonmagnetic
20 layer 4A of Cu (0.5 nanometers), a first current
control layer 8 obtained by oxidizing a CuCr stacked
layer (0.7 nanometers), a lower nonmagnetic layer 4B
of Cu (0.5 nanometers), a free layer 5 of CoFe
(1 nanometer)/NiFe (4 nanometers)/CoFe (1 nanometer),
25 an upper nonmagnetic intermediate layer 6 of Cu

(1 nanometer), an upper pinning layer 7 of CoFe

(4 nanometers)/Ru (1 nanometer)/CoFe (4 nanometers),
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using a magnetoresistance effect film obtained by
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eliminating only the second current control layer 9

from the configuration of FIG. 3 is used as

comparative sample 4.

In each sample, the dependence of the resistance

5 value on an external magnetic field was measured and

the rate of resistance change was determined.

Moreover, from the I-V characteristic (current-voltage

characteristic), the breakdown voltage was measured.

The results are listed in Table 2.
10

Table 2

Rate of resistance |Breakdown

change voltage

Sample of the fifth
embodiment

~J
o
o

570 mv

oL

450 mv
320 mv

Comparative sample 3

w |+
[N 2 Nool
o

Comparative sample 4

In the sample of the fifth embodiment, both of

the rate of resistance change and the breakdown

15 voltage are higher than those in comparative sample 3
and comparative sample 4. In the sample of the fifth
embodiment, the breakdown voltage has a good value, as
high as 500 mV or more. In comparative example 4,
the rate of resistance change is higher than in

20 comparative example 3, but its breakdown voltage is
lower. From these things, it has been proved that a
high rate of resistance change can be made compatible
with a high breakdown voltage by forming a magnetic

head using a magnetoresistance effect element with
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"109%& ()-F 109%&' ()-3
: Furthermore, it has been also proved that the
magnetoresistance effect element with the stacked
structure of the second embodiment has a better
5 performance than the magnetoresistance effect element
with the stacked structure of the first embodiment.
[Sixth Embodiment]
A sixth embodiment of the present invention
differs from the fifth embodiment in the stacked
10 structure of the magnetoresistance effect film 31.
In FIG. 6, an NiFe layer is formed to a thickness of
about 1 micrometer on an Al-Ti-C substrate (not
shown). The layer serves as a lower electrode and
shield layer 32. In the sixth embodiment, after the
15 lower electrode and shield layer 32 is patterned by
photolithography and dry etching, the following films
are formed in this order to form a magnetoresistance
effect film 31: a seed layer 2 of Ta (5 nanometers)/Ru
(2 nanometers), a lower antiferromagnetic layer 12 of
20 IrMn (5 nanometers), a lower pinning layer 3 of CoFe
(4 nanometers)/Ru (1 nanometer)/CoFe (4 nanometers),
a lower nonmagnetic layer 4A of Cu (0.3 nanometers),
a first current control layer 8 obtained by oxidizing
a CuAl stacked layer (0.9 nanometers), a lower
25 nonmaghetic layer 4B of Cu (0.3 nanometers), a free
layer 5 of CoFe (1 nanometer)/NiFe (4 nanometers)/CoFe

(1 nanometer), an upper nhonmagnetic intermediate layer
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(0.9 nanometers), an upper nonmagnetic intermediate
layer 6B of Cu (0.3 nanometers), an upper pinning
5 layer 7 of CoFe (4 nanometers)/Ru (1 nanometer)/CoFe
(4 nanometers), an upper antiferromagnetic layer 13 of
IrMn (5 nanometers), and a cap layer 10 of Cu
(1 nanometer)/Ta (5 nanometers). The
magnetoresistance effect film 31 formed by the
10 processes has the same configuration as in FIG. 4.
The magnetic head formed by the above processes
is used as a sample of the sixth embodiment.
A magnetic head formed by similar processes using
a magnetoresistance effect film obtained by
15 eliminating the first current control layer 8 and the
second current control layer 9 from the configuration
of FIG. 4 is used as comparative sample 5. 1In
addition, a magnetic head formed by similar processes
using a magnetoresistance effect film obtained by
20 © eliminating only the second current control layer 9
from the configuration of FIG. 4 is used as
comparative sample 6.
In each sample, the dependence of the resistance
value on an external magnetic field was measured and
25 the rate of resistance change was determined.

Moreover, from the I-V characteristic (current-voltage

characteristic), the breakdown voltage was measured.
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Table 3

Rate of resistance |Breakdown

change voltage
Sample of the sixth

9% 600 mv

embodiment
Comparative sample 5 2.3% 420 mv
Comparative sample 6 3.7% 300 mv

In the sample of the sixth embodiment, both of
5 the rate of resistance change and the breakdown
voltage are higher than those in comparative sample 5
and comparative sample 6. In the sample of the sixth
embodiment, the breakdown voltage has a good value, as
high as 500 mV or more. 1In comparative example 6, the
10 rate of resistance change is higher than in
comparative example 5, but its breakdown wvoltage is
lower. From these things, it has been proved that a
high rate of resistance change can be made compatible
with a high breakdown voltage by forming a magnetic
15 head using a magnetoresistance effect element with
the stacked structure of the third embodiment.
Furthermore, it has been also proved that the
magnetoresistance effect element with the stacked
structure of the third embodiment has a better
20 prerformance than the magnetoresistance effect element
with the stacked structure of the second embodiment.
[Seventh Embodiment]

FIG. 7 is a perspective view of a hard disk
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unit in which the magnetoresistance effect element
shown in each of FIGS. 1 to 6 can be installed.
A magnetoresistance effect element related to the
present invention can be installed in a magnetic
5 reproducing apparatus which reads digital data
magnetically recorded on a magnetic recording medium.
A typical magnetic recording medium is a platter
built in a hard disk drive. 1In addition, a
magnetoresistance effect element related to the
10 present invention can be installed in a magnetic
recording and reproducing apparatus which also has the
fﬁnction of writing digital data onto a magnetic
recording medium.
In a hard disk unit 150 of FIG. 7, a rotary
15 actuator is used to move a magnetic head. In FIG. 7,
a recording disk medium 200 is installed on
a spindle 152. The disk medium 200 is rotated in the
direction shown by arrow A by a motor (not shown)
which responds to a control signal from a driving unit
20 control section (not shown). More than one disk
medium 200 may be provided. This type of apparatus is
known as the multi-platter type.
A head slider 153, which is provided at the tip
of a thin-film suspension 154, stores information onto
25 the disk medium 200 or reproduces the.information

recorded on the disk medium 200. The head slider 153

has the magnetic head of FIG. 5 or 6 provided near
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its tip.

The rotation of the disk medium 200 causes the
ailr bearing surface (ABS) of the head slider 153 to
float a specific distance above the surface of the

5 disk medium 200. The present invention is applicable
to a so-called contact running unit in which the
slider is in contact with the disk medium 200.

The suspension 154 is connected to one end of

an actuator arm 155 which includes a bobbin section

10 (not shown) that holds a driving coil (not shown).
A voice coil motor 156, a type of linear motor, is
provided to the other end of the actuator arﬁ 155,
The voice coil motor 156 is composed of a driving coil
(not shown) wound around the bobbin section of the

15 actuator arm 155 and a magnetic circuit including
a permanent magnet and a facing yoke which are
provided in such a manﬁer that the magnet and yoke
face each other with the coil sandwiched between them.

The actuator arm 155 is held by ball bearings

20 (not shown) provided in the upper and lower parts of
the spindle 157 in such a manner that the arm 155 can
be rotated freely by the voice coil motor 156.
[Eighth Embodiment]
FIG. 8 is an enlarged perspective view of the tip
25 part extending from the actuator arm 155 of a magnetic

head assembly 160 in the hard disk unit of FIG. 7,

when lcoked at from the medium side. In FIG. 8,



'9109&' ()-y9Z10% ()- 10EE 10EE 10EE! L2" 10%EE& () - gLLMLMWEN} A<uS1
1°1109%& ()-Y 109%& ()-! 9!10%& ()-! 9! 10%& ()-1 Y10%& ()-|

y10%& ()-=Nt NNNOCOxQaBuS1 !!l .g10% ()-', 10%& ()-1 *GlO%& ()-Y

) 109& ()-!+Y YO409%& ()- ! 109K& () - xOPJPPPPPPzQ- = 111x9@

109%7& () - gf OnLO%& ()- 10Y 10Y 10V

8T10%Y& ()- 0! 10%&' ()-! 0! 10%&' () - zQWRUSSBSTH [<~ = ! 9y#" 10% () -G

1 9y#" 109&' ()-G 3 ! mlO%& ()-!L"10%& ()-!L"10%b& ()-9@
109%&' () - gT$SUUUUUU@/r P= ! 9y#" 10% &&" 109" &' () - 1S&MLO0% & ()- 10 10
10! 9. 3"10%&' () - the. Bata%R'ic) he@ITHEMAKXYWABR=has the actuator
1 &&"10%& ()-1&&"10% & ()-1!&&"10%&' () - 1! &&"10%"&' () - 1! &&"109%&' () - 1! 3&&" 10
%S S& ()-1YuYYZZAZZZWM.[ M suspension 154 is connected to one end of
the actuator arm 155. At the tip of the suspension
154, there is provided a head slider 153 including the
5 magnetic head of FIG. 5 or 6. The suspension 154 has
leads 164 for writing and reading a signal. The leads
164 are connected electrically to the individual
electrodes of the magnetic head built in the head
slider 153. The leads 164 are also connected to
10 electrode pads 165.

As shown in FIGS. 7 and 8, implementing the hard
disk by use of the magnetoresistance effect element of
any one of FIGS. 1 to 4 and the magnetic head of
FIG. 5 of 6 makes it possible to realize a higher

15 breakdown voltage and a higher reproduced output than
those in the existing hard disk unit. Accordingly,
the magnetic recording density can be further improved
and therefore the recording capacity can be increased
more.

20 [Ninth Embodiment]

FIG. 9 is a sectional view schematically showing
ninth embodiment of the magnetoresistance effect
element related to the present invention. In FIG. 9,
on a substrate (not shown), the following are

25 stacked one on top of another in this order: a lower
electrode 1, a seed layer 2, a lower pinning layer 3,

a first current control layer 8, a free layer 5,
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layer 7, a cap layer 10, and an upper electrode 11.

The first current control layer 8 is formed

between the lower pinning layer 3 and the free

5 layer 5. The second current control layer 9 is
formed between the free layer 5 and the upper pinning
layer 7. The magnetoresistance effect element of
FIG. 9 is of the current-perpendicular-to-the-plane
(CPP) type. In the magnetoresistance effect element,

10 a sensing current is caused to flow between the lower
electrode 1 and the upper electrode 11.

In FIG. 9, a metal magnetic material whose main
constituents are Ni, Fe, and Co may be used mainly for
the free layer 5. A hard magnetic film, such as CoPt,

15 may be used mainly for the pinning layers 3, 7.

The magnetoresistance effect element configured
as described above has a spin valve structure. 1In
FIG. 9, there are provided two units each of which is
composed of a free layer, a nonmagnetic intermediate

20 layer, and a pinning layer. The units share the free
layer 5. This type of configuration is called the
dual spin valve type. The configuration is further
characterized in that a current control layer is
provided for each of the units. In FIG. 9, the

25 current control layers act also as nonmagnetic

intermediate layers for the corresponding units.

FIG. 10 is a sectional view showing the structure
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9@@]10@@"&} )- 19 ye%Oak%Q£he overlying layer (42B) is used as
a pinning layer. In addition to this, even if any
10 layer is adjacent to the current control layer 41, the
current confining effect can be obtained.
When the thickness of the current control layer
41 is reduced to about the radius of an atom, the
current confining éffect is impaired. Therefore, it
15 is desirable that the thickness of the current
control layer 41 should be 0.4 nanometers or more.
Conversely, when the current control layer 41 becomes
too thick, it is difficult to connect the overlying
and underlying layers {(the magnetic layers 42A, 42B in
20 FIG. 10) of the current control layer 41 to each other
with the conductive material 24. Therefore, it is
desirable that the thickness of the current control
layer 41 should be 3 nanometers or less, preferably 2
nanometers or less.
25 With the configuration of FIG. 10, too, a high
output can be obtained as in the first embodiment.

In FIG. 9, the voltage to cause a sensing current to
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can be obtained by increasing the sensing current.

In addition, in the ninth embodiment, to achieve a

much higher breakdown voltage, a plurality of current

control layers may be provided in each unit.

10 To sum up, in the ninth embodiment, there are
provided two units each of which is composed of a free
layer, a current control layer also acting as
a nonmagnetic intermediate layer, and a pinning layer.

A CPP magnetoresistance effect element is formed using

15 a dual spin valve structure where the two units share
a single free layer. A current control layer is
provided for each of the units, thereby raising the
breakdown voltage of the magnetoresistance effect
element without impairing the current confining_

20 effect. Consequently, not only can a high output be
obtained, but the reliability can also be increased.

The present invention i1s not limited to the above
embodiments. For instance, the order in which the
conductive layers are stacked is not limited to

25 FIGS. 1 to 4, FIG. 9, and FIG. 10. Specifically, the

objects of the present invention are achieved by

forming at least one current control layer in each
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In addition, a nonmagnetic intermediate layer is not
necessarily formed in each unit.

Furthermére, the magnetoresistance effect film of
any one of FIGS. 3, 4, and 9 may be applied to the
magnetoresistance effect film 31 of FIG. 5. Moreover,
the magnetoresistance effect film of any one of
FIGS. 1 and 9 may be applied to the magnetoresistance
effect film 31 of FIG. 6.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
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

defined by the appended claims and their equivalents.
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dual spin valve type using a current-perpendicular-to-
the¥plane (CPP) system where a sensing current flows
5 perpendicular to the stacked faces of a plurality of
conductive layers, the magnetoresistance effect
element comprising:
a first unit which includes a free layer and a
first pinning layer;
10 a second unit which includes the free layer
shared with the first unit and a second pinning layer;
a first current control layer which is provided
in the first unit and limits the flow quantity of the
sensing current; and
15 a second current control layer which is provided
in the second unit and limits the flow quantity of the
sensing current.
2. The magnetoresistance effect element
according to claim 1, wherein at least one of the
20 first and second units includes a nonmagnetic
intermediate layer provided between the free layer and
the pinning layer.
3. The magnetoresistance effect element
according to claim 1, wherein at least one of the
25 first and second units includes an antiferrcmagnetic

layer which pins the direction of magnetization of the

pinning layer.



‘9% "109%90!)& ()-S L9* "10% & () - SLMNU#YDA410K'G G LY 1098"& ()- L@
1098" & ()- LF s1098" & ()- LF 91098" & ()- LSOnl0%8" & ()-10K"10K""N| [: A410K" G
LL!' " 11098" & ()- LY 108" & ()- 7 L"10%!& ()- X L"1098"& ()- LY y@ow!& ()-
LY y@0%" & ()-N\|[: M410K'G LI y21098" & ()- LY 01098"& ()- X L*"10% () -
LL*"1098" & ()- LY 9'1098"& ()- LY Y% 1098" & ()-}vU4l0 L3 1098" & ()- LF
1098" & ()- LSnMLO9B" & ()-108"108"108" g 19&34098" & ()- LY Y4
108" & ()-}}|[:vW410 L L3 1098" & ()-sL L3 1098"& ()-sL LLT 1098" & ()- L3
310%8" & ()- '10% & ()- '10%98"|& ()-P|[:vU4l0 L LL6 "1098" & ()-L LY
341098" & ()-L LY " 01@9%8" &He) ma¥n3 9B fir(Je 2 ffod3W UM ()-3 LLSH
"1098" & ()- 'vU4l0 L3 1098"& ()- LY @0¥B"& ()- L3 &LOMB"& () -
LS&MLOYB" &' () - 1ektortdngl Yo7 tOMWi&l (1),- whddeivlJ&RD lleds® one of the
first and second current control layers is provided at
the interface between said plurality of conductive
5 layers.
5. The magnetoresistance effect element
according to claim 2, wherein at least one of the
first and second current control layers is provided at
the interface between said plurality of conductive
10 layers.
6. The magnetoresistance effect element
according to claim 3, wherein at least one of the
first and second current control layers is provided at
the interface between said plurality of conductive
15 layers.
7. The magnetoresistance effect element
according to claim 1, wherein at least one of the
first and second current control layers is formed in
the films of said plurality of conductive layers.
20 8. The magnetoresistance effect element
according to claim 2, wherein at least one of the
first and second current control layers is formed in
the films of said plurality of conductive layers.
9. The magnetoresistance effect element
25 according to claim 3, wherein at least one of the

first and second current contreol layers is formed in

the films of said plurality of conductive layers.
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control layer is provided at the interface between the
nonmagnetic intermediate layer and the free layer,
when the first unit includes the nonmagnetic
intermediate layer.

11. The magnetoresistance effect element
according to claim 2, wherein the first current
control layer is provided at the interface between the
nonmagnetic intermediate layer and the first pinning
layer, when the first unit includes the nonmagnetic
intermediate layer.

12. The magnetoresistance effect element
according to claim 2, wherein the first current
control layer is formed in the film of the nonmagnetic
intermediate layer, when the first unit includes the
nonmagnetic intermediate layer.

13. The magnetoresistance effect element
according to claim 1, wherein at least one of the

first and second current control layers includes

an insulating material which insulates adjoining

layers from one another electrically, and

a conductive material which is formed in the
insulating material in a distributed manner and which
connects the adjoining layers to each other
electrically so as to permit the sensing current to

rass through in a confining fashion.
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Of 10%K" & ()-L gaccording to claim 13, wherein the film thickness of
the insulating material is 0.4 nanometers or more and
3 nanometers or less.
5 15. A magnetic head comprising the
magnetoresistance effect element written in claim 1.
16. A head suspension assembly comprising:
the magnetic head written in claim 15; and
a support mechanism which supports the magnetic
10 head with respect to the recording side of a magnetic
recording medium.
17. A magnetic reproducing apparatus which
reads magnetic information recorded on a magnetic
recording medium by use of a magnetic head including a
15 magnetoresistance effect element of the dual spin
valve type using a current-perpendicular-to-the-plane
(CPP) system where a sensing current flows
perpendicular to the stacked faces of a plurality of
conductive layers, the magnetoresistance effect
20 element comprising:
a first unit which includes a free layer and
a first pinning layer;
a second unit which includes the free layer
shared with the first unit and a second pinning layer;
25 a first current control layer which is provided

in the first unit and limits the flow quantity of the

sensing current; and
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sensing current.
18. A magnetic reproducing apparatus which
5 comprises the head suspension assembly written in
claim 16 and which reads magnetic information recorded
on a magnetic recording medium by use of a magnetic

head installed in the head suspension assembly.



