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| NVENTI ON Thi s invention relates to a CPP (Current

Per pendi cul ar-to-the-Pl ane) magnetoresi stance_effect 10 elene mmﬁ'@ﬂﬂmmm%

causes sensing current to flow perpendicularly to the directi
plurality of conductive |layers are stacked, a CPP nagnetore5|

ffect el t facturi d h th *G00002*
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including hard gijskpy8ibg. 83suB 2 ﬁQGQE%Eb”§E§§%bb%ENEaWP ﬁ%ﬁ?ﬁé

therefore the recording density een getting highér rem I'y.” This

trend is eXpectﬂﬂGNQTQRES§STANc§tEPFQ@@ EﬂEMhﬁTthMU%AC@% %@ﬁ@ﬁﬂi“g
density has been getting higher, highly-sensitive sensors ave een

required.5 To neEeb BAGNPRORESUSTEANEA! BSFFRCCUELENENT MANUFACTURING
Per pendi cul ar-to-t he-Pl ane gi ant nagnet oresi stance (CPP-GVR) el enent has

been devel oped.APRARATESt ype of elenment, unlike in an - 2 - existing CP
(Current In Plane)-GWR el ement where sensing current flows in the film
surface, sensing current fl owWAGKGROUND eRF | DHE pEXPENTION] ar to the
direction in which a plurality of dielectric filns 5 are stacked (e. g.,
refer to Jpn. Pat. ABPLA. lKEKAFlQO B55az2efr sbepefP® I uanent S. Pat. No.
5,668,688 (reference 2)) nprove the recording density, it is necessary
to narrow t he g%%%p%%ﬁl?V%%Rst°TBhﬁﬁRé§n?hemgaﬁ§t9@eﬁa§¢QW@ﬁ B fgel yi ng a
CPP- GV\R gl enent o a netic head, the current-carrying el ectrode

and the Tagnetit %%?%fdw%éQQng uﬁﬁssﬁﬁPEangRgPéFgﬁEet? &R@"r ef erence 2 have

shown an exanpl 5. e 3] 091 8: [PILS" LR SHL 8L L 8n2kLoWNS BASLE, GULHETY to

of conductive layers are stacked, a CPP magnetoresis-
tance effect element manufacturing method, a magnetic
head having the magnetoresistance effect element,

15 a head suspension assembly, a magnetic reproducing
apparatus, and a magnetoresistance effect element
manufacturing apparatus.

In recent years, the size of magnetic recording
apparatuses, including hard disk units, has been

20 getting smaller rapidly and therefore the recording
density has been getting higher remarkably. This
trend is expected to get still stronger in the future.
As the recording density has been getting higher,
highly-sensitive sensors have been required. . To meet

25 the requirements, a Current Perpendicular~to-the-Plane
giant magnetoresistance (CPP-GMR) element has been

deVeloped. In this type of element, unlike in an



15 a-magneti c head enabl es a recording signal to be reproduced, even if the
recording bit size gets snmaller. However, it is known that the | ower

‘resi stance across the filmthickness of the CPP-GWR el enent makes the
absol ute value of the variation of 20 the resistance smaller and therefore
makes it difficult to obtain a high output. To overcone this problem a
CPP- GW\R el ement which has both a suitable sesistance value and a high

resi stance change rate has been contrived using 25 a current confining
effect (e. g., refer to Jpn. Pat. Appln. KOKAI 9-172212 (reference 3) and
US Pat. No. 6 f ) r_rent finin - 3 -
effect is the e??ggFQ%% éggs?%ggggpﬁeﬁp }g%P%gWFﬁ%heg%ggﬁgine rhewanner,
through conduct Lugspag! sudisht PybGd LA RukateeC HeldatComanadOf
insulating material, thereby increasing the resistance change rate. 5

Hereinafter, theylaygr whbgh PROJUEES eLRE oeUSHeneaRiiIRING £ftiect s
referred to as the current control layer. Ina rmagnetic head, it is

i mportant to coperétthoBaikhauseR AObIréaused JFy dike «ftfred ¥ iafmgragnetic
10 domains. In the existing techniques, the noise is renoved by externally

appl yi ng & bi asapageettckelli ¢kdg. Howefer, twhapnt.h@attr.adppiindt IKAKARITade
narrower to increase the recording density, the region sensitive to an
external magnetil6-6b&ld (tkierescealiagnet iUc SL5 Feitel diopr dduisd 498 a
recording nmedium is influenced by the bias magnetic field, which leads to
t he di sadvant agérefekeneei Ag)the reproduction sensitivity. Mreover, in the
exi sting magnetoresistance effect element, its physical wdth is reflected
directly in 20 the t FRcRMRILQVR. thisi Mof Fetiass StSithe 1ithiks grecessary ‘

phot ol i t hogr aphi c technology, it is ettin% difficult to ke a
magnet or esi st ant8 BRFEEY & @nﬂﬁ?snépgoﬁgﬁp Prie rEIRATh O 193 rack width

[ hi the limt, 25 d [ - 1h ' tr. ff

bet aeen aonar T oRkBr TPIAEKEN AR At oa hi e Per UGS cip Sordl 11 U1 t y.
Coupled with th |t - - | it ic .t ity
ge?fiﬁg ﬁgrder ﬁgghgkécghgagfaé&ew?%%%%o%{§%%£¥¥ﬂéi?#ﬁggﬁ%%$¥%ﬁzﬁjk§ t he
exi sting techni guese BRI 5Ri SYMVARY Ok oTiHe ISNYENH ON 2 AGCHIA ng 404 an

aspect of the preSent invention, there is provide a CPP (Current

Per pendi cul ar - t gettBeenBkanehaagRebMHe Sins leakep 18 fattu Slmrentmadiiedi €auses
sensing current to flow perpendicularly to the stacked faces of a plurality
of conductive | ayersd tbheaCPBwlGemagdmet aiasdesitance fAfdwect enehtswampri ses
a conposite layer in which a plurality of regions differing fromone

anot her &be foraedagne&icoiman leaydrlesn aa necced imanreirgreaid whitedh i ncl udes a
current control region which is forned narrower than the stacked area of
the 15 conposit EePapercadd eFetyr difs thise MW digte it tHes &R hg current,
and an insulating. material region which cuts off the flow of the sensing
current. BRI EF BE8ERPPTI ORCEEVTHE SEVERAKNAEWS TG THES BRMANG

resistance across the film thickness of the CPP-GMR
element makes the absolute value of the variation of

20 the resistance smaller and therefore makes it
difficult to obtain a high output.

To overcome this problem, a CPP-GMR element
which has both a suitable resistance value and a high
resistance change rate has been contrived using

25 a current confining effect (e.g., refer to Jpn. Pat.
Appln. KOKAI 9-172212 (reference 3) and U.S. Pat.

No. 6,560,077 (reference 4)). The current confining



The acconpanyi ng drawi ngs, which are incorporated 20
part of the specification, illustrate enbodi nents of t
together with the general description given above and
description of the enmbodi nents given bel ow, serve to e

n and constitute a

he i nvention, and

t he detail ed

xplain the principles

of the invention. 25 FIG 1 is a sectional view schematically show ng a

first enbodi nent of a nagnetoresistance_eﬁgeql el enent
present invention. - 5- FIG 2 is a sectional view
the configuration of the main part of a magnetic head

according to the
conceptual | y show ng
i ncl udi ng the
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udi ng t he

magnet or ési st ankerefrfetice/ effentlDfeFlwhidn Fté&dudes Stiae gfapheshowi ng t he
result of measuring the effective track width in the magnetic head of 20

FIG 6. FIG 8 dmmfangrraphe Sfwwt nigs thef ¢ esedit tof a srealsar
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magnet or esi stance effect element of FIG 5. FIG 11 is a sectional viewto
hel p explain a third step in the nethod of manufacturing the 5
magnet or esi stance effect element of FIG 5. FIG 12 is a graph show ng the
result of exam ning the relationship between the ion beamirradiation tine
and the area resistance of the denatured region 6a in the step of FIG 10.
10 FIG 13 is a sectional viewto help expjain a fourth step in the nethod
of manufacturing the nmagnetoresi stance effect elenent of FIG 5. FIG 14 is
a sectional viewto help explain a fifth step in the method of

manuf actur i ng tgﬁoﬁélgﬁ‘ﬁ%%g{aﬁ%ské%ﬁ fg ct ;¢! ‘?L'ée’{!;tet%f tnﬁ' (?ar?i Flg 15 1s

a. sectional pTexpl aln "sf ep

Tanuf act uring a,gpgnenic beag 6L HdLRO he, m&%t% 53 3008l st

el enent of FIG 5. 2 I's a sectonal View to hel p explain-a second

step in the nmethgd o%igrny agggﬁhgqugsrragnetl ¢ head including the
magnet or esi stance effect elenent of FIG 5. FIG 17 is a sectional viewto

hel p explain 25 a third steprirgrt kgMmRRyod rofrmnufaniurgng a magneti ¢ head
i ncludi ng the magnet oresi stance effect element of FIG 5. -7- FIG 18 is

a sectional view to hekpréxpbaitp anf asplelrtstosp the tdreswtthdhwdntion,
manuf acturing a magnetic head including the nmagnetoresi stance effect
el ement of FI G there is provide a CPP (Current Perpendicular-to-the-
Plane) magnetoresistance effect element which causes
sensing current to flow perpendicularly to the stacked
faces of a plurality of conductive layers, the CPP
10 magnetoresistance effect element comprises a composite
layer in which a plurality of regions differing from
one another are formed in a common layer in a mixed
manner and which includes a current control region
which is formed narrower than the stacked area of the
15 composite layer and controls the flow rate of the
sensing current, and an insulating material region
which cuﬁs off the flow of fhe sensing cufrent.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
20 in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.
25 FIG. 1 is a sectional view schematically showing

a first embodiment of a magnetoresistance effect

element according to the present invention.



5 FIG 19 is a perspective view of a hard disk unit in which the
magnet or esi stance effect el enent according to the present invention can be
installed. FIG 20 is an enlarged perspective view of the tip part
extending fromthe actuator arm 155 of 10 a magnetic head assenbly 160 in
the hard disk unit of FIG 19, when | ooked at fromthe nedi um side.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [First Enmbodinent] FIG 1 is a
sectional view schematically 15 show ng aE%irst enbodi ment of a
magnet or esi stance effect elenment according to the present invention. In
FIG 1, an air beari surface_(A .facing.a disk i n shown) is
shown. In FIG 1, onﬁgGSU ) %a e> %%%Ogﬁgmn}%wacéggggggégngghfﬁlgﬁ
antiferromagnety, | ayef; a@i&h“&"f“graéaz}{Sin?’FaEE b?tSrH‘SQhéﬁ 'QXSB 6, a
free layer 5, a conposit ayer 8, and a cap tayer 10 are stacked one on
top of another jp-thafnQrdes . ndbhRe668ds!t aYshc2 aREERPhaYER10smRY be
conposed chiefly of a conductive film such 25 as Ta. The antiferromagnetic
| ayer 12 may bert@nppsed chiefly of a nmetal magnetic material nainly nade
of Pt M. The pinning |layer 3 may be conposed chiefly -8- of a stacked
magnetic Film such BsGCofel RUACgEeph TBRovIhEr AREI akgullayer GeBBYirbeg
conposed chiefly of a conductive film such as Cu, Au, Ag, Pt, Pd, Ir, or
OCs. The free | aymes &f eyt bee conpokedidhhebfytbé hagneetal heagnetfi c materi al
mai nly made of CoFe/ N Fe. The conposite |layer 8 includes a current control
region 8a and al&nsal ating material region 8b which differ in
conductivity. The current control region 8a is formed locally in a film
chiefly conposed of Fhe-16 ifsal atRRE ABPEANEl thegirerudh. obr BrasaFiyg t he
current control region 8a is, forned in the central part of the insulating
material regi on“8b. TaPEPIRCt IPReCRBPRENE L EBNEr B SKelPEh UBaPENYSENSdl at i ng

material, yegion_8b are formed in a_c pgon,, conpo ite layer 8 in 15 a m xed
manner . H%egcur?%ﬁtm%%%??b? ?%@goﬂfS Fs ?Orﬁgaigocgén o"fAaffe a smaller
area than the stackegdrarea of Lhg EQ”BREHt%i%%y%EhﬁmaIﬁ%aﬁﬂrr Aoy G T Ol
region 8a, which is nadé mainly OF, for exanple,” "a uninun1o¥i§e andgCu,

inits the flowrale,oh SRUSHIERD GHT Leflonbhetely PLaducLaga cur T ent

confining effect. The I ating material region cuts o the fl ow of

sensing currentes@ndMatatbsr§ensi P €HEr gREsBERY fhownkAba . the current
control region 8a. The current control region 8a may be nade mainly 25 of

an oxide, nitride, oriexysiiki desettabnheast eanechypptrahlalyerdrivise) ect ed
fromB, Si, G, Ta, W Nb, Al, Mo, P, V, As, Sb, Zr, Ti, Zn, Pb, Th, Be,
Cd, Sc, 15 the configuration of the main part of a magnetic head
including the magnetoresistance-effect,element of
FIG. 5. |
FIG. 7 is a graph showing the result of measuring
the effective track width in the magnetic head of
20 FIG. 6.
FIG. 8 is a graph showing the result of measuring
the reproduction output from a disk medium by use of
the magnetic head of FIG. 6, while changing X.
FIG. 9 is a sectional view to help explain
25 a first step in the method of manufacturing the

magnetoresistance effect element of FIG. 5.

FIG. 10 is a sectional view to help explain



-~ 9+-% C, Sn, Ga, In, Rh, Pd, My, Li, Ba, Ca, Sr, M1, Fe, Co, N, Rb,
and rare-earth netals. In addition, the current control region 8a is
allowed to contain at |east one type of nmetal selected fromCu, Au, Ag, Pt
5 Pd, Ir, and Gs in the range of 1% or nore to 500 or |ess. The
magnet or esi stance effect element of FIG 1, which is of the current

per pendi cul ar-to-the-pl ane (CPP) type, cayses_ sensing current to pass
perpendicu 10 larly to the stacked face of each layer. In addition, the

el enent has a so-called spin valve structure where the resistance changes

It of f | 5 ch
" Tesponse Lo an SIS el Sghelne TTEAC 55 SrebScrifEngtironal viw
conceptual Iy Sb%ﬂ&éf@sf%ﬁ&é”% &8 %1&1’&18{19‘3{;@':?%&? gf a magnetic head

i ncludi ng the nmagnet oresi stance e enen In FIG 2, bias

films 35 are forned prgboih §édgssgétigﬁaﬁfagﬁléko'&‘éshé& nEgp etfgct el enent
so as to 20 sandw ch the nagnetoresi stance effect ele etmeen them

Above and bel ow tthﬁif@ssxiépnmnw@erﬁet@@duaﬁ%ah@ﬁgc%ér@ﬂ gpkover lead are
formed respectively. That is, the upper lead 11 is stacked on the cap | ayer
10. The I|Sower In&aﬂqe]toﬁeémmﬁb@%ﬁféi@ttéfleﬁ@ﬂd 386 Fagers2. The bias film
35, which is a ferromagnetic material filmmade of, for exanple, CoPt,

appl i es - 10 - a PES. nhgynesie §grapd showhagfrhe kageltSoft her eby

suppr essi ng Bar khausen noi se. The bias filnms 35 are insulated fromthe
magnet or esi st arfg@mEiifiard Eremptatiorshppebeteadniiheandnl been | ead 1 by an
insulating 5 film34 made of, for exanple al um num oxi de. The upper l|lead 11
and | ower Iead%FrQGﬂ%ﬂiQﬂe$¥ﬁﬁkﬁ%@Jﬁ@? dfeaf peséshapre, ofi Fee serve al so
as magneti c shi ds and el ectrodes for supplying senS|nchurrent In FIG

2, sensing cur s TR gt 1y ﬁ@etﬁF%EgﬂftﬁE cutPent control region
8a in tq% conp05|te }ﬁger % That is seng curre t conve es in the
central part of the hugnet rﬁilﬁtiﬁﬁgl%?? Veﬁ@n LPhPEPhERBS it

possi bl e to nary ugrfné}g%tjﬁvf?l%?rec?%g{ﬁ §ODET Iy Hu%n L:%%%fﬁgnge in the

resi stance value i'On-OF magneti za ®free | ayer 5

changes T T eSROS i 810« FBGPS %&ﬂéaggﬁemot@er words, it is

possi ble to narrow the reproduce tr magneti ¢ head

effectively. FIG 3 @mca o4 aph shewkpgohhe esyl Eooﬁeﬂ‘%ﬁéﬂﬁﬂ.ggnzo_the _
effective track wwdth of the magnetic head of FIG e absci ssa axis,

the width of the fifgnetsyasiiot atee méfeed 6F enBRt otk Grglths plotted.
Paranmeter X represents the width of the insulating material region 8b

(shown 13 FI G mMAgr@teidadiert micke af £&5t tdeememt esf EDBtrol region 8a. |f
the width of the
FIG..15 is_a sectional view to help explain .
a first step in a method of manufacturing a magnetic
head including the magnetoresistance effect element of
FIG. 5.

20 FIG. 16 is a sectional view to help explain a
second step in the method of manufacturing a magnetic
head including the magnetoresistance effect element of
FIG. 5.

FIG. 17 is a sectional view to help explain

25 a third step in the method of manufacturing a magnetic

head including the magnetoresistance effect element of

FIG. 5.



‘current control region 8a is 100 nanoneters, the wdth of the
magnet or esi stance effect elenent is expressed - 11 - as [100 + 2 X]
(nanoneters). As shown in FIG 3, even if the physical width of the
magnet or esi stance effect el enent changes from 100 to 200 and to 300
nanoneters, the effective track 5 wdth stays in the range from 100 to 150
nanometers. That is, an effective track width narrower than the wdth of

t he magnetoresi stance effect el enent can be obtained. In addition, it is
seen that, even if the width of the nagnetoresistance effect el enment 10

[ , the eff ' k width _d t ch h. FIG 4
g aph show ng the Tebir( oF FEaSur PR PHEY SRFBIEL PBIFoGUBIETY m & di sk
di b ti d 2 iLe. i X 15.ln FI G
A i ok moai W A TECE. 4800 Cem Aot £ E"8RI RERTFCHB RAUHBEhiEna t ne
reproduction oulgud ffOMalng EEReAISAL EERLOLUTRABY S 1AS HRATHE Cd cwi t h
snown 1 n , T

the amount of |ift = 5 nanoneters. € resu has shown
that the outputrigcreased as X 20 becane |onger. The result is closely
related not only to the increased output due to the current confining

effect atsthe currenficondacisng pakbpéthatvel §ieln@rCHr haRY @QRLr 0l region
8a) but also to the decrease in the bias magnetic field applied to the

current 25 conducit ngn paniclastiae resghétoteshetbneeceaseetn themdhst ance

bet ween the current conducting part and the bias film35 (that is, X gets
| ar ger) . - 12ccod e ch ¢ belte apoeeent ninhentiost cenbbdi testalibe.
conposite layer 8 where the current control region 8a is formed locally in
the insulating materfHf-rédi &% 8b £Blpreefdedrspeché veEPPimmgnét or esi st ance
effect 5 elenent. This enables the current control region 8a to produce a
current confinimf eFFRR2LE ¥ By hesi EvPRgtAehrgRuRERFoAE®t LBA Oft put

| evel . Ln, additiaqn, the, distance between e bias films 35 can be kept as
in the ég}stinﬁiﬁh %ﬁﬁ%s@%?%ﬁ%%s%T¥€¥tlég el ehBRt haffi EhShr BRéhRt 85t he

reproduction s jtivdty om deteriorating., Furthernore, ,since the width
of the current%gg%d&%ﬁr%ﬁ%ﬁu OPETD é %5?&03£?,m3ﬁ15?f§&?Fvely nar r ower

track wi dth can be ObtabEW%fygﬁtqﬁﬁggﬁ?f%dﬁubﬁeﬁﬁ%ﬁ%ﬁ%ww%ﬁﬁty can be

i nproved. 15 [ Second Enbodi nent ] I's a secC I'ew schematical ly
showi ng a second enbpeh r@entEMbodihBgAet or esi stance effect el ement according
to the present invention. In FIG 5, the sane parts as those in FIG 1 are

FIG. 1 is a sectional view schematically
15 showing a first embodiment of a magnetoresistance
effect glement.according to the present invention.
In FIG. 1, an air bearing-surface (ABS) facing a
disk medium (not shown) is shown. In FIG. 1, on
a substrate (not shown), a seed layer 2,
20 an antiferromagnetic layer 12, a pinning layer 3,
an intermediate layer 6, a free layer 5, a composite
layer 8, and a cap layer 10 are stacked one on top of
another in that order. The seed layer 2 and cap layer
10 may be composed chiefly of a conductive film, such
25 as Ta. The antiferromagnetic layer 12 may be composed
chiefly of a metal magnetic material mainly made of

PtMn. The pinning layer 3 may be composed chiefly



20 indicated by the sane reference nunerals. Only what is different from
the latter will be explained. In FIG 5, the internediate |ayer 6, which is
formed between the pinning layer 3 and the free layer 5, includes the
current control region 8a and the 25 insulating material region 8b. That

is, in the second enbodi ment, the current control region 8a and the
insulating material region 8b are forned ig the - 13 - internediate | ayer
6 of FIG 1, thereby causing the internediate |layer 6 to also function as
the conposite layer 8. FIG 6 is a sectional view conceptually showing 5

th fi ti f i . of tic_head_i ncl udi th
mgnet o ea st ands o1 F 5ot <Brengatobt orf Gt SR Aorer 3R/ oRe 6, bi as
films 35 are forped; pp-bRER;stde a9grt@emg?gggtQF§EF§%gn%ﬁi§%§§g%felenent.

Sensing current flows convergently in the 10 cen part 0

magnet or esi st angecghiiget i oberent, ELGh Zsi 8,2 ahépﬁgﬁh@g‘ ”gdt hzrr egyl t of
measuring the effective track wdth in the magnetic head of FIG '6. The
measuring condidsonsTheefkbe sageras mAyFbe c3mpGaBBathser 1y bl FIG 3 has
shown that the 15 effective track width shown in FIG 7 is nharrower than
that of G 3.aThatalsmaghetscsmenerhal hhentyaskdw dithceaa /heraade
narrower effectively. FIG 8 is a graph showing the result of neasuring the
reproduction out put Thencamgoskteedayerby useloHe20 at harregretoathead of
FIG 6, while changing X. The measuring conditions are the same as those of
FIG 4. Conpari%®#iontfharFael gnhagsshawanghaetenéalevebioh Bbewhéphoduction
output is greatgr than that in FIG 4. This is because the formation of the
conposite | ayer925t¢h tReCPREBFREHIAYe | AP6r CBrERNthEosBEAlyakvéost 8eked
structure enhangces_t he guireni confinigg effect in the current control

a

region 8a. As dedctPHBaabBeell¥i tRh @ fiim chig€lycesmaosrBoainthe, the
resista cha e.obtaiped.fromthe current canfining effect can be
o urcnaredia i 89 fateial crrghinetBoai RentorEPLEN

i ncreased further. ere 8n|§hﬁroduces t he

£ f the f '  achi o h
effect of the firsieenbodippot ?e?%énaggolgf?égégﬁsgpggﬁﬁ ﬁ%ﬂ?%élthe track

reproduction out put and I nproves recor

width still na&hﬁ%@fof[Jhéfﬂngﬂ?Qgiﬂ§”ﬁLté?§éi §e§§gnoﬁb9f gﬁg%fggturing a

nmagnet oresi s- 10 tance effect elenent according t thrrd odimént of
the present invensi®nrweht @6n@¥@iak8§ﬂonABEagﬂﬁ'i59ﬁ§§E§Banﬁ§tS%§§§t
el enment related to the present invention can be manufacturéd wth an
appar at us whi chrégi@n ctirba nat formedl &nvacuummyaPesndepeskt hapeunit 1for 15
formng a netal filmand an ion irradiation unit for irradiating an ion
beam ontld a netalm¥i¢enmatee vapofheacunnedeposhtiroh vagtohsspr o¥i ded with
the function of processing a specinmen in an atnosphere of oxygen. That is,
a filmforning iMiRted ssems wavhagethesm@liancerea bhaoxtbezEhgchedpeci men
with a suitable o&ygen partial pressure arid a suitable exposure tine
ared of the composite layer 8. The current control
region 8a, which is made mainly of, for example,
aluminum oxide and Cu, limits the flow rate of sensing
20 current, thereby producing a current confining effect.
The insulating material region 8b cuts off the flow of
sensing current so that the sensing current may flow
into the current control region 8a.
The current control region 8a may be made mainly
25 of an oxide, nitride, or oxynitride of at least 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,



‘under suitable tenperature control, and a beamirradiation unit can be
conbined to realize a nagnetoresi stance effect el enent manufacturing 25
apparatus of the invention. FIG 9 is a sectional viewto help explain a
first step in the nmethod of manufacturing the - 15 - magnet oresi st ance
effect elenent of FIG 5. In FIG 9, a filmof NiFe is forned on an Al-Ti-C
substrate (not shown) serving as a |lower lgad/lower shield 1 (FIG 6).

Then, after the lower lead/lower 5 shield 1 is patterned by
photolithography and dry etching, a seed [ayer 2 made of Ta, an

f | d d f
Sore) ol Oor arEr ey ous] 68 TAT B, Pl vANYLl PEAN By BEVLIR,TRES Dl
| oner part of the %ﬁaﬁﬁet%a%ggang r%f %E ﬁg' m%n% %aﬁﬁkﬁgaﬁét chext, a

filmof Cu and a filnm of Al are orne ower “part order,

thereby producifgradnt ntshpedi at-g !L@Meéafilng@lo%Qd' $oachRELiANal view to
hel p explain 15 a second step in ?he nmet h manuf acturing the

magnet or esi st anceaof f 66¢ €y pEERE ﬁétE!LGseﬁecEelﬂ ewbhRgclihenst ahg,0btFI G 9,
inthe step of FIG 10, an ion beam whose wi dth corresponds to the track
width is3rradiedediin and asoundthbBererger af par brofotBe +30 508t er-nedi at e

| ayer 6. For exanple, an Ar ion beam may be used as the ion beam As a
result of the ibmsbeamirradiation, energy is injected fromthe beaminto
the irradiated region, thereby formng a denatured region 6a as shown in
FIG 11. 25 FIG 11 Theamsgperonabisitenceoelidepterpleaienta ofhifIi¢.stlep in the
nmet hod of nanufacturlng t he magnetoresi stance effect elenent of FIG 5. In
this - 16 - stRpchthe ofil EheagerrentnPrrrendistars-sp-Ehe-pienes

subj ected to an ﬁgldlZln process by, for exanple, the IAO (lon Assisted
oxi dati on) met hoeE Tt neYRpy 6§Pﬁ?§|ﬁ§n§ﬁ@glﬁPéFﬁﬁHl5?epﬁﬁ§ePeGPeA§l§uresult

the electyic 5 es st.ance characteri tlc of. the natured_re |on 6a can be
nmade dlf(Lrent 7% t%%lg%? ?ﬁ F ﬁFﬂgoﬁeSFSH E?H&F i s Int R EAREi ati on

t f th k
cggfrglledeshﬁtég ﬁﬁ O%é eélgg g%ggg Ss VE0535P§%P%3 HEﬁéFured
region 6a as trEhé“%ééﬁ%téﬁ%@r@%aﬁggéogsagdréﬁﬁl%egﬁ'@h@gdagg oﬁsp%he

insulating material region Is a grap ow ng theresu

exam ni ng the m%gﬁéﬁHEﬁﬁib@eéﬂeﬁﬁetPﬁeéoﬂa96§”515hbﬁ§§ggaﬁh0@egggﬁs%nd the
area resistance of the denatured region 6a in the step of FIG 10. The

ordi nate axis reprasentisethel anggneeststagte. As shown in FIG 12, it is
seen that the area resistance decreases rapidly according to the ion beam
20 irradisation tinme.FRer 2xaspkesewhéontheviewadoatiepnubilly ishowiok
exanpl e, 100 seconds or |onger, the area resistance is 1 S2un2 or |ess and
therefore the déﬁhv%@%ﬁﬂqwg$bh06aoﬁetbﬁemaahnpsrtaoéoadmagoet1ebheedsely

when the ion beamjrradiation time is O,
including the magnetores1stance effect element of

FIG. 1. 1In FIG. 2, bias films 35 are formed on both

sides of the magnetoresistance effect element so as to
20 sandwich the magnetoresistance effect element between

them. Above and below the resulting member, an upper

lead 11 and a lower lead are formed respectively.

That is, the upper lead 11 is stacked on the cap

layer 10. The lower lead 1 is formed outside the seed
25 layer 2.

The bias film 35, which is a ferromagnetic

material film made of, for example, CoPt, applies



25 that is, when only the oxidizing process is carried out without ion beam
irradiation, an area resistance of about 1 kS2un? is obtained, with the
result that the - 17 - denatured regi on 6a beconmes an insulating

material. When the oxidizing process is not carried out, that is, when the
intermedi ate layer 6 is made of netal, it has an area resistance of about
0.05to 0.1 S2pnk. 5 If the irradiation tjme is set to about 120 to 150
seconds, then an area resistance of 0.5 um2 will be obtained. FIG 13 is
a sectional viewto help explain a fourth step in the nethod of

manuf acturi ng the .1Q nagnet.aresi.stance effect el enent FI.G 5. Fromthe
graph of FIG %Zt%li]ats imé%sngécnlct haltelzicﬂqion'?@rei”reféieaet B ’esti}%ﬁ%%%% i's
obt ai ned by irradiatl i Qr . aboyt 0. t o-.150 onds and

t hen carrying gu?pgtr?s%%ng%nzﬁrgﬂh%ﬁlo%ggrsag%eér e%ee,]l%b%/st lilgmsprs%%easrs% it is

15 possibl e to suseithedianahunion 1o0hen SAAS LR LWL AN cOMbigl. r egion 8a

and the remaining region as the in ating material region G 14 is a

sectional viewthe hejoerexRlaa nia fdrdd NP 1idnd he tﬁ?@.rpgul%q{@m uring
(0]

the 20 magnet oresi stance effect elenent of FIG 5. After a film Cuis
formed i B8 the stawe 3af rlde olf3, o id¥Bngf1LCoRaNirfign Whigdh, Wi Il nake a free
layer 5, is forned. Then, a filmof Ta is forned as a cap |ayer 10, which
conpl etes the Opeenuppart lefad e 2hdEgneioriesidtignoa eff ecte elatent. FI G
15 is a sectional viewto help explain a first step in a nethod of

manuf act uri ng aafmagietdfc for kkamfhead Niftd ,udienyd hel smgretma@sitstance
effect element of FIG 5. A resist 100 whose wdth is greater than the
width of the c§Piérfscemd Glladgicsiesddns Funmiadineh adres stackedcdnt m of the
cap layer 10 in the state of 5 FIG 14 in such a manner that the current
control region 8a off™ &G nt%er R TANY | FTETH | SLOWT LYW FRRELY n t he
central part of ,the % h of the resist 100. FIG 16 js a sectional viewto

hel p explain a "I S8 0rd s CHF 151 Y HP HiHod S Farif adt triihF ABR]GHeR i ¢
head i ncl udi ng %@%rrr%gne&q{aetsi.stargcee Seffect element of FIG 5. Il.n the state
of FIG 15 w thYFhe resict 100 ‘as LSk S Haditit wHas Stihdd e f f ect

filmis etched | L nge t he. e esi st 5 effect
el enent is shasgﬁltagas?av% P% Eﬁ% %69%5 qrc%stl}c %ch\%;séﬁee&neec%ggeg}@' m ni num
size for a mgnetisCnbead. il Goskive & Selh Al IR NPl mexplaln a
third step in the nmethod of manufacturing a magnetic 20 head 1 ncluding the
magnet or esi st apoatefibeetingl emert BarkleGird tHd Gedifdfhde SeChidn@Meyi ew to
hel p explain a fourth step in the nmethod of nmanufacturing a magnetic head
i ncl udi kg t he thgnetireesiisrande reffreati zltdrento fofcHd Grde 12byd 3 he state
of FIG 16, with the resist 100 remaining as it is, a filmof alumnum
oxi de is fornmeghangeseby mestherissy tan amstatrineg fdgnddic fielld. - On the
insulating film34, afilmof C is fornmed to provide a foundation for a
bias film 35. &R PRESCr WPiNAH, & idsmpstssddpte it frovmmy ttheraieptdruds as
film35. Final I?#g&i fi.lmof alum numoxide is forned to 5 make an

a

insulating fil Nd9he Rt $he magmedic hepg ddetigmly t he magneti ¢

head of the inventi %d s farned.

J 1s a graph showing the result of measuring
20 the effective track width of the magnetic head of
FIG. 2. On the abscissa axis, the width of the
magnetoresistance effect element of FIG. 1 is plotted.
Parameter X represents the width of the insulating
material region 8b (shown in FIG. 2) on either side of
25 the current control region 8a. If the width of the
current control region 8a is 100 nanometers, the width

of the magnetoresistance effect element is expressed



‘As descri bed above, in the third enbodinent, it is possible to obtain a
magnetic head with a narrower 10 track w dth capabl e of producing a high
reproduction output as in the second enbodinent. That is, it is possible to
provi de not only a reproduce head with an effective track w dth narrower
than the physical wdth of the nmagnetoresistance effect elenent but also a
15 magnet or esi st ance effect head capable qﬁ suppressing a drop in the
output even if reducing the track width. I'm addition, with the third

enbodi ment, the denatured region 6a is formed by irradiating an i on beam

onto the inter [ | aysr f the spin valve 20 film The denatured
region 6a is tﬂ%% z%gPe%tgdxﬁoqgﬁn8yﬁggfﬁﬁg process, thereby formng the

conposite layer 8. Wth cent am,i rradi at.ion.,unit, a spot .dj ameter
ranging from5 to 13%%aﬁgﬁ%§e§§ ﬁgg'bgéneggﬁiéég&belP%Wﬁécﬁﬁiw&&gﬁbégfnent,

the width of thendSmayhbentecethfber 8gi-aR:82 16000 hadueed darahigut S to

10 nanoneters. That 15, t rack can be decreased”to the order of
the diameter oftan2ponaheadb 300 ABnomehiceh enall esrihe jkacerding density
to be made higher remarkably. In recent photolithographic technology, it is
known thai a tracdtmi dthysfiabedt 8ange $RoRanQEELEr  5i0S nhRemet@rs., 1N
contrast, according to the third enbodinent, it is possible to obtain an

ef fective trackTmadt hspueh sdfeewkret haackheiphys nealrowedt Rhah @&he
magnet or esi stance effect elenment determned by the limts of

phot ol i t hogr aphvedtechfii ghesmaFhatorssistacecactfifack wildtlenas caar r ow as
about one half to one nineteenth the existing track width can be achieved,
the contributi oReopPthéned; r dlanbeditéan t 6tailsi ghen tdedrdengndédsity in
di sk nmediunms is_greaf. [Forth Enmbodinent] = FIG 19 is a perspective view
of a hard di sk tRftWHAtMNPERTRReMAERREPEPELESEARECE SELREE CdPBRBAt accor di ng
to the H&?sent I hvention cgg be_instal |l ed. A naggeb?resistance ef f ect

el ement Tel at ed"¥o" tRESBr e5BAt SEAGERLVEn tEaA ko d 1R SOeSd Pl &hRRGRet i ¢

r epr oduci ng apggﬁgﬁus whi ch reads digital data magnetically recorded on a
magnetic recordi ng imedium A typical nmagnetic recording nmediumis a platter
built in a hard disk ive. ;Ln_additi.o .nag oresis- t ffect

el enent related to tﬁgébrgsé%taiﬁggh?iEﬁogéﬁ%bg%%ngggwﬁédCﬁﬂ%%anﬁﬁﬁe c
recordi ng and reps ogdustHguaPPaLabysouki | soq4h f.unet of writing
digital data onto aﬁﬁ%gnetic ?gcgngﬁg §28?u§1d1§% %%%}Eﬁnﬁg %%Fd di sk uni t
150 -of FIG 19,08 tipéanygaetuat BealiSodsedct 02noy@iacegaayiaghgad. In FIG
19, a recording disk medium 200 is installed on a spindle™152. The disk
medi um 200 i s rbtafEE. i 4, t AeddskentdonomSwshawicby aB00W0A Bydameet er ( not
shown) which responds to a_control signal froma driving unit control
section (not showh)memnvbfent hgasoneedi skdneleumepd0dmay ibe puapiudedroFhi s
type of apparatus is known as the nulti-platter type. 10 A head slider 153,
which is provi ddd brdependeptorenrefifesi WAVSUYBENEIRESULE, Withr &5
information onto the digk n§diun1200 or reproduces the information recorded
on the di sk med 200 Thit hedad shrBerer53SnasAeheéRUgnen Elfead of FIG 2

or 6 provided near its }5 tip. The rghatio of the di,sk nmedi um 200 causes
the air bearing 3urfaté %A@@§ 8FCFRe éﬁthFiBEpr§31P6rFPS§F &Sspecific

di stance above ihe sur{acs.of Uhecd gk, geci um.200 , The present inveniion is

applicable 20 to a so-calf con runni ng uni .
contact with the,dijgk negium2000,Tha:SHsReR dzkpntonpagued o one

- i 1
end of an acpuator_arn1155 aﬁlch |n§ﬁUQes a %oggﬁngsectlon not ~sh
hol ds a drivingeoidt (20t 8BOMNY reAtVOLAGUED16E baT®t Qi nl264 2 Lype of

linear notor, is provided to the other end of the actuator arm 155. The
voi ce coil notafudbént Sceotpesedegion db)vbig 60kb BOLheheWdrease
in the bias magnetic field applied to the current
25 conducting part as a result of the increase in the

distance between the current conducting part and the

bias film 35 (that is, X gets larger).



- 22 - wound around the bobbin section of the actuator arm 155 and a
magnetic circuit including a permanent nagnet and a facing yoke which are
provided in such a manner that the magnet and yoke face each other with 5
the coil sandw ched between them The actuator arm 155 is held by bal

beari ngs (not shown) provided in the upper and |ower parts of the spindle
|57 in such a manner that the arm 155 canBe rotated freely by the voice
coil notor 156. 10 [Fifth Enbodinent] FIG 20 is an enl arged perspective
view of the tip part extending fromthe actuator arm 155 of a magnetic head

assenbly 160 in the r I i f FIG \ en,l ooked .at fromthe
nediun1gide. 15 I'n F?%igig?§gﬁgan%8§g Vclﬁeigea?géﬁﬁ|?mE€%1H§§twh& ct uat or
arm 155. A sus L OQ: 45441 oRN o] of._the actuator arm 155.
PRI s e 1 G e A T

i ncl udi ng the ned 4 e I ¢ rs : Rensko >4 _has | eads
164 for writi ng?gnd ?Ig%%i ﬁg‘:ﬁié?g% Eh%éﬁfggagl%gﬁg?g‘fgégngggl%n

el ectrically toswhesipdbvideal igl eatrodesmafntheraBggethechaadehyi It in the
head slider 153. The | eads 164 are al so connected to el ectrode pads 165. 25

As shown §n Fl GSlerdénand PRisaenagbeti cheeearding aBHti6Rr @dB¢bAY appar at us
whi ch has a narrower track width than that of an existing hard disk unit
and - 23 - pririutesprodiigher cepredtuctbofiinuhputffban,thatrebythe latter
can be realized by inplenenting a hard disk unit using the

magnet or esi st arRAN ¥V ey 2| kheht repreicctionr otant Lheelmgnehi ¢ head of
FIG 2 or 6. 5 This configuration contributes to a nuch higher recording
density. This i3&hiionr i Shaotisraneedbebwens hbeveieabsdimenBs. cRor
exanmple, this invention may be applied to 10 a so-called dual spin valve
nagnetoresista&%%ﬁgﬂ?%c?se¥%nﬁﬁ? gﬁ?%ElPﬂcmﬁE€§tPﬁBSBﬁFﬁ§C@aéﬁf§§ﬁposed of

a free layer, internedi ate | ayer,. . and a pinni | ayer, with the free

| ayer sﬁgged bégkﬂég?%b %hﬁ i PIRVERES E%Ee?98ﬁ8ggFt%%8 PRBSTht&r-h¥di at e

| ayers may 15 rdeds osi r 8. O .cour bot.h, of _the
in¥ernedigte |g§§%§ nmay %%P?%gﬁe 'as%gﬁgg%g??gela?é?ge8E39%WFggpn°Fhe third

embodi nent | an dfe | QR hedm dasabeemd L0l abelofoc f gL bhe cugent control

region 20 8a, an electron beamnmay b rradrate orm thé current

control region dafedti vty thORrowe Aot Rodl of i k5 adh At hagohadi gL Lays can be
consi der ed. - 24 - WHAT IS CLAIMED IS: 1. A CPP (Current

Per pendi cul ar - tirdthef Pt e e NBgOEE O €§1 3¢ BHCEy eb4LChe €l BPBBY i Ch causes
sensing current to flow perpendicularly to the stacked faces 5 of a

plural ity of conductiSecémyebshodivee PP nagnet or esi stance effect el enent
conpri si ng:
FIG. 5 is a sectional view schematically
showing a second embodiment of a magnetéresistance
effect element according to the present invention.
In FIG. 5, the same parts as those in FIG. 1 are
20 indicated by the same reference numerals. Only what
is different from the latter will be explained.
In FIG. 5, the intermediate layer 6, which is
formed between the pinning layer 3 and the free layer
5, includes the current control region 8a and the
25 insulating material region 8b. That is, in the second

embodiment, the current control region 8a and the

insulating material region 8b are formed in the



‘a conposite layer in which a plurality of regions differing from one
another are fornmed in a common |ayer in a m xed manner and whi ch incl udes
10 a current control region which is formed narrower than the stacked area
of the conposite layer and controls the flow rate of the sensing current,
and an insulating material region which cuts off the flow of the sensing
current. 15 2. The CPP nagnet oresi stance fect elenment according to claim
1, wherein the nmagnetoresi stance effect eleénment is used in such a nmanner
that it is positioned so as to face the recording side of a magnetic

recordi ng nedi u i h that. the curr O control region s formed so as
to have a mﬁdt#ﬂéﬁghéékﬁEﬁr&f¥%ft§é°f?%%%’mfﬂtmp% eb Y e~ AhHhRY i B¢ ecor di ng
medi um at the si § 4 net.i r di ium, 3. The CPP

magnet or esi st a?llcr{ei?eeﬁecltn&e% 2%9%?192@ %Cgc%f%?ng&?%tc giarlﬁgfh%\h%?rg?%s%%%

current controlj gl on includes an insulating material which electrically
i nsul ates | ayers "adj ol ning the conposite - 25 - layer from each other,

and conductive nmatergats ghighs asecf psAEd we&h@oheélykaswg gﬁe&;{hg' in a
di stributed manner and el ectrically connect the adjoining Tayers t0o each

ot her toScause tHe SRS LLHSENBE tend I h Nodra €onf i Reghdvieiead. The
CPP magnet oresi stance effect elenent according to claim1, wherein the

magnet or esi st ancelefdieny telemudné tsore $Pétharved ver fagnes dershstance ef f ect
el ement including a nmagnetization free layer 10 and a nagneti zation fixing
| ayer and in tHaiGt He compadsi tBIGay2r is FIC ne@, asian fihiresnkdliate | ayer
bet ween the magneti zation free |l ayer and the magnetization fixing |ayer. 5.
The CPP nagnet dradiast e L@ extdes eperithe magnetoresistance effect

element. Sensing current flows convergently in the
10 central part of the magnetoresistance effect element.
FIG. 7 is a graph'showing the result of measuring
the effective track width in the magnetic head of
FIG. 6. The measuring conditions are the same as in
FIG. 3. Comparison with FIG. 3 has shown that the
15 effective track width shown in FIG. 7 is narrower than
that of FIG. 3. That is, it is seen that the track
width can be made narrower effectively.
FIG. 8 is a graph showing the result of measuring
the réproduction output from a disk medium by use of
20 the magnetic head of FIG. 6, while changing X. The
measuring conditions are the same as those of FIG. 4.
Comparison with FIG. 4 has shown that the level of the
reproduction output is greater than that in FIG. 4.
This is because the formation of the composite layer
25 in the intermediate layer 6 of the spin valve stacked
structure enhances the current confining effect in the

current control region 8a. As described above, with



15 according to claim4, further conprising an antiferromagnetic |ayer
which fixes the direction of magnetization of the magnetization fixing

| ayer. 6. A magnetic head conprising: a magnetoresistance effect el enent
according to 20 claim1; an el ectrode section which supplies the sensing
current to the magnetoresistance effect elenent; and a bias magnetic field
appl yi ng section which applies a bias nagqﬁtlc field to the
magnet or esi stance 25 effect elenent. 7. A'magnetic head conprising: a
magnet or esi stance effect el ement according to - 26 - claim2; an

| ectrod t ' th [ tt
mgnet or osi ot anca® erPeatdcraReRtrelfa” 5hB) A8sTRGRBER: SPrBa ARy ng
t whi ch 5 LG fi t t
o1 oct el mont OB A RaghEU e hOadCeRaFi ENG: A Hngheeor o6rct Rhce of f cct

el erent accor di ngcte.6bal M 3ind0) anggbectbode pact LANAMAl Chesuppligs the

sensing current to the nmagnetoresistance e éct el erment

magnetic fiel d appl yhing pe@au@aswehehe@@ehteéfatHlaa%l%gn%Fnb%dfltn%h@ to the
magnet or esi stance effect elenent. 15 9. "A nagnetic head conprising: a

nmagnet or €si st ancet edfectaehesest acmoeHi hggherckaprbdicanosl eakpade section
whi ch supplies the sensing current to the nagnetoresi stance effect el enent;
and 20 a bi as naghethnprévesdthppkgtogdsagt denswhbychyappkies ahbla&a&&gnetlc
field to the nmagnetoresistance effect elenent. 10. A nagnetic head

conpri sing: a rebdehoseslstanceoeefect el ement according to 25 claim5;

[Third Embodiment]
Next, a method of manufacturing a magnetoresis-
10 tance effect element according to a third embodiment
of the present invention will be explained. A magne-
toresistance effect element related to the present
invention can be manufactured with an apparatus which
is a combination of a vacuum vapor deposition unit for
15 forming a metal film and an ion irradiation unit for
irradiating an ion beam onto a metal film. The vapor
vacuum deposition unit is provided with the function
of processing a specimen in an atmosphere of oxygen.
That is, a film forming unit, a unit having the
20 function of oxidizing a specimen with a suitable
oxygen partial pressure and a suitable exposure time
under suitable temperature control, and a beam
irradiation unit can be combined to realize a
magnetoresistance effect element manufacturing
25 apparatus of the invention.
FIG. 9 is a sectional view to help explain

a first step in the method of manufacturing the



‘an el ectrode section which supplies the sensing current to the
magnet or esi stance effect el enent; and - 27 - a bias magnetic field
appl yi ng section which applies a bias nagnetic field to the
magnet or esi stance effect elenent. 11. A head suspension assenbly
conprising: 5 a magnetic head according to claim6 and a support nechani sm
whi ch supports the magnetic head in such manner that the magnetic head
faces the recording side of a nagnetic recording medium 12. A nagnetic
reproduci ng apparatus conprising 10 a magnetic head according to claim®6

d read d ' di di um b
ioe of the monbt s e FeRet TEh G R ERer e B R g Gpparat us conpriSing 4
head suspensionrasgeqbl y agcprging-tg; glal m 34, QQ %ﬁ Lgadh g, gnetic

i nformation recorded on a nagnetic recording ne fum by use o e magneti c

head. 14. A nEtQQQSQfa@@nvﬁéﬁtQﬁb@H SQEEEﬁéggge U1 owe lead/mﬁygﬁ causes

Per pendi cul ar -t o-t he- Pl ane) nagnetore3|stan ect el enent

sensi ng CurrentsEQeI&OM/Zﬁl@erQﬁnd'@Héﬁr|Xf%QrtB§e$iéﬁ5§d%éée??09éra
plurality of conductive layers, the net hod conprising: a ormng step

of fornirg a heémieidlD]1§nﬁaﬁt6§ﬂéﬁubyPgh§t6D1@$o?§Q§hyrhHQ amz meal | ayer
into a conposite |layer where an insulating material 25 region ich cuts
off the flow ofetdleis@nsa ngeedr tapér ahdmadeusf end, cant antirfegiromaghi ch
limts the flowrate of the sensing current are mxed in a comon
netic layer 12 made of PtMn, and a pinning layer 3
made of CoFe/Ru/CoFe are formed in that order. 1In the
steps up to this point, the lower part of the
10 magnetoresistance effect film is completed. Next, a
film of Cu and a film of Al are formed on the lower
part in that order, thereby producing an intermediate
layer 6.
FIG. 10 is a sectional view to help explain
15 a second step in the method of manufacturing the
magnetoresistance effect element of FIG. 5. Following
the state of FIG. 9, in the step of FIG. 10, an ion
beam whose width corresponds to the track width is
irradiated in and around the central part of the
20 intermediate layer 6. For example, an Ar ion beam may
be used as the ion beam. As a result of the ion beam
irradiation, energy is injected from the beam into the
irradiated region, thereby forming a denatured region
6a as shown in FIG. 11.
25 FIG. 11 is a sectional view to help explain

a third step in the method of manufacturing the

magnetoresistance effect element of FIG. 5. In this



- 28 - layer, of supplying energy locally to the netal film and of
oxidizing the netal filmafter the energy supplying step is conpleted. 15.
The net hod of manufacturing a CPP nmagnetore- 5 sistance effect el enent
according to claim 14, wherein the energy supplying step is a step of
irradiating a charged particle beamlocally to the netal film thereby
supplying energy to the netal film 16. Tg% met hod of manufacturing a CPP
magnet ore- 10 sistance effect el enent according to claim 14, wherein the
charged particle beamis an ion beam 17. The nethod of manufacturing a CPP

tore- sist f ect t di lai m 15, wherein th
Charged parti ol SLBBant e BREEELRPFonTbom 1150 9g St At Apper Bibs A0y 15
facturi & t dicular-to-the:Pl i st
o foct. ol emant® Rt 2h ooy E8s2 BB E RS T BRboRb T Pw pBFpBRAENRar LSt o L he

stacked faces ofng phusahilysplacORUUGLiuR) | AEES. DR 20RBT BLYS, o

conprising: 20 a fi orm ng section s a4 nmeta

denat uring sectins i ehngenatyr esytheeahal aygLalato ancompasiie | ayer
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10 only the denatured region 6a as the current control
region and the remaining region as the insulating
material region.
FIG. 12 is a graph showing the result of
examining the relationship between the ion beam
15 irradiatipn time and the area resistance of the
denatured region 6a in the step of FIG. 10. The
ordinate axis represents the area resistance.
As shown in FIG. 12, it is seen that the area
resistance decreases rapidly according to the ion beam
20 irradiation time. For example, when the irradiation
time is, for example, 100 seconds or longer, the
area resistance is 1 Qum2 or less and therefore the
denatured region 6a becomes almost a conductor.
Conversely, when the ion beam irradiation time is 0,
25 that is, when only the oxidizing process is carried

out without ion beam irradiation, an area resistance

of about 1 kam2 is obtained, with the result that the
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‘control region 8a and the remaining region as the
insulating material region 8b.
FIG. 14 is a sectional view to help explain
a fifth step in the method of manufacturing the
20 magnetoresistance effect element of FIG. 5. After a
film of Cu is formed in the state of FIG. 13, a film
of CoFe/NiFe, which will make a free layer 5, is
formed. Then, a film of Ta is formed as a cap
layer 10, which completes the upper part of the
25 magnetoresistance effect element.

FIG. 15 is a sectional view to help explain

a first step in a method of manufacturing a magnetic
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FIG. 5. A resist 100 whose width is greater than the
width of the current control region 8a is formed on
the stacked film of the cap layer 10 in the state of

5 FIG. 14 in such a manner that the current control
region 8a of the intermediate layer 6 is located
almost in the central part of the width of the
resist 100.

FIG. 16 is a sectional view to help explain a

10 second step in the method of manufacturing a magnetic
head including the magnetoresistance effect eleﬁent of
FIG. 5. In the state of FIG. 15, with the resist 100
as a mask, the magnetoresistance effect film is etched
by ion milling. As a result, the magnetoresistance

15 effect element is shaped as shown in FIG. 16, which
achieves the necessary minimum size for a magnetic
head.

FIG. 17 is a sectional view to help explain a

third step in the method of manufacturing a magnetic

20 head including the magnetoresistance effect element of
FIG. 5. FIG. 18 is a sectional view to help explain
a fourth step in the method of manufacturing a
magnetic head including the magnetoresistance effect
element of FIG. 5.

25 In the state of FIG. 16, with the resist 100
remaining as it is, a film of aluminum oxide is

formed, thereby producing an insulating film 34.
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provide a foundation for a bias film 35. On the Cr
film, a film of CoPt is formed to make the bias film
35. Finally, a film of aluminum oxide is formed to

5 make an insulating film 34 and then is lifted off.
By these steps, the magnetic head of the invention is
formed.
As described above, in the third embodiment, it
is possible to obtain a magnetic head with a narrower
10 track width capable of producing a high reproduction
output as in the second embodiment. That is, it is
possible to provide not only a reproduce head with an
effective track width narrower than the physical width
of the magnetoresistance effect element but also a
15 magnetoresistance effect head capable of suppressing
a drop in the output even if reducing the track width.
In addition, with the third embodiment, the
denétured region 6a is formed by irradiating an ion
beam onto the intermediate layer 8 of the spin valve
20 film. The denatured region 6a is then subjected to
an oxidizing process, thereby forming the composite
layer 8. With a recent beam irradiation unit, a spot
diameter ranging from 5 to 10 nanometers has been
achieved. In the third embodiment, the width of the
25 current control region 8a can be reduced to about 5
to 10 nanometers. That is, the track width can be

decreased to the order of the diameter of an ion beam,
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known that a track width of about 80 to 90 nanometers
5 is the limit. 1In contrast, according to the third
embodiment, it is possible to obtain an effective
track width much narrower than the physical width of
a magnetoresistance effect element determined by the
limits of photolithographic technigques. That is,

10 since a track width as narrow as about one half to one
nineteenth the existing track width can be achieved,
the contribution of the third embodiment to a higher
recording density in disk mediums is great.

[Forth Embodiment]

15 FIG. 19 is a perspective view of a hard disk
unit in which the magnetoresistance effect element
according to the present invention can be installed.
A magnetoresistance effect element related to the
present invention can be installed in a magnetic

20 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. In addition, a magnetoresis-
tance effect element related to the present invention

25 can be installed in a magnetic recording and
reproducing apparatus which also has the function of

writing digital data onto a magnetic recording medium.
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a recording disk medium 200 is installed on a spindle
152. The disk medium 200 is rotated in the direction

5 shown by arrow A by a motor (not shown) which responds
to a control signal from a driving unit control
section (not shown). More than one disk medium 200
may be provided. This type of apparatus is known as
the multi-platter type.

10 A head slider 153, which is provided at the tip
of a thin-film suspension 154, stores information onto
the disk medium 200 or reproduces the information
recorded on the disk medium 200. The head slider 153
has the magnetic head of FIG. 2 or 6 pfovided near its

15 tip.

The rotation of the disk medium 200 causes the
air bearing surface (ABS) of the head slider 153 to
float a specific distance above the surface of the
disk medium 200. The present invention is applicable

20 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 (not
shown) that holds a driving coil (not shown). A voice

25 coil motor 156, a type of linear motor, is provided to
the other end of the actuator arm 155. The voice coil

motor 156 is composed of a driving coil (not shown)
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magnet and a facing yoke which are provided in such
a manner that the magnet and yoke face each other with
5 the coil sandwiched between them.
The actuator arm 155 is held by ball bearings
(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.
10 [Fifth Embodiment]
FIG. 20 is an enlarged perspective view of
the tip part extending from the actuator arm 155 of
a magnetic head assembly 160 in the hard disk unit
of FIG. 19, when looked at from the medium side.

15 In FIG. 20, the magnetic head assembly 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 provided a head slider 153
including the magnetic head of FIG. 5 or 6. The

20 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 electrode pads 165.

25 As shown in FIGS. 19 and 20, a magnetic recording
and reproducing apparatus which has a narrower track

width than that of an existing hard disk unit and
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5 This configuration contributes to a much higher

fecording density.
This invention is not limited to the above
embodiments.
For example, this invention may be applied to
10 a so-called dual spin valve magnetoresistance effect
element which includes two units each composed of
a free layer, an intermediate layer, and a pinning
layer, with the free layer shared by the two units.
In this case, one of the two intermediate layers may
15 be formed as a composite layer 8. Of course, Both of
the intermediate layers may be formed as composite
layers 8.
While in the third embodiment, an Ar ion beam
has been irradiated to form the current control region
20 8a, an electron beam may be irradiated to form the
current control region 8a. In addition, a method of

irradiating radiant rays can be considered.
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current to flow perpendicularly to the stacked faces
5 of a plurality of conductive layers, the CPP
‘magnetoresistance effect element comprising:

a composite layer in which a plurality of regions
differing from one another are formed in a common
layer in a mixed manner and which includes

10 a current control region which is formed narrower
than the stacked area of the composite layer and
controls the flow rate of the sensing current, and

an insulating material region which cuts off the
flow of the sensing current.

15 2. The. CPP magnetoresistance effect element
according to claim 1, wherein the magnetoresisﬁancé
effect element is used in such a manner that it is
positioned so as to face the recording side of
a magnetic recording medium and in that the current

20 control region is formed so as to have a width
corresponding to the track width of the magnetic
recording medium at the side facing the magnetic
recording medium.

3. The CPP magnetoresistance effect element

25 according to claim 1, wherein the current control
region includes an insulating material which

electrically insulates layers adjoining the composite
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layer from each other, and conductive materials which

are formed in the insulating material in a distributed

manner and electrically connect the adjoining layers

to each other to cause the sensing current to flow iﬁ
5 a confined manner.

4, The CPP magnetoresistance effect element
according to claim 1, wherein the magnetoresistance
effect element is a spin valve magnetoresistance
effect element including a magnetization free layer

10 and a magnetization fixing layer and in that the
composite layer is formed as an intermediate layer
between the magnetization free layer and the
magnetization fixing layer.

5. The CPP magnetoresistance effect element

15 according to claim 4, further comprising an
antiferromagnetic layer which fixes the direction
of magnetization of the magnetization fixing layer.

6. A magnetic head comprising:

a magnetoresistance effect element according to

20 claim 1

an electrode section which supplies the sensing
current to the magnetoresistance effect element; and

a bias magnetic field applying section which
applies a bias magnetic field to the magnetoresistance

25 effect element.

7. A magnetic head comprising:

a magnetoresistance effect element according to
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claim 2;
an electrode section which supplies the sensing
current to the magnetoresistance effect element; and
a bias magnetic field applying section which
5 applies a bias magnetic field to.the magnetoresistance
effect element.
8. A magnetic head comprising:
a magnetoresistance effect element according to
claim 3;
10 an electrode section which supplies the sensing
current to the magnetoresistance effect element; and
a bias magnetic field applying section which
applies a bias magnetic field to the magnetoresistance
effect element.
15 9. A magnetic head comprising:
a magnetoresistance effect element according to
claim 4;
an electrode section which supplies the sensing
current to the magnetoresistance effect element; and
20 a bias magnetic field applying section which
applies a bias magnetic field to the magnetoresistance
effect element.
10. A magnetic head comprising:
a magnetoresistance effect element according to
25 claim 5;
an electrode section which supplies the sensing

current to the magnetoresistance effect element; and
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a bias magnetic field applying section which
applies a bias magnetic field to the magnetoresistance
effect element.

11. A head suspension assembly comprising:

5 a magnetic head according to claim 6 and a
support mechanism which supports the magnetic head in
such a manner that the magnetic head faces the
recording side of a magnetic recording medium.

12. A magnetic reproducing apparatus comprising

10 a magnetic head according to claim 6 and reading
magnetic information recorded on a magnetic recording
medium by use of the magnetic head.

13. A magnetic reproducing apparatus comprising
a head suspension assembly according to claim 11 and

15 reading magnetic information recorded on a magnetic
recording medium by use of the magnetic head.

14. A method of manufacturing a CPP (Current
Perpendicular-to-the~-Plane) magnetoresistance effect
element which causes sensing current to flow

20 perpendicularly to the stacked faces of a plurality of
conductive layers, the method comprising:

a film forming step of forming a metal film; and

a denaturing step of denaturing the meal layer
into a composite layer where an insulating material

25 region which cuts off the flow of the sensing current
and a current control region which limits the flow

rate of the sensing current are mixed in a common
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layer, of supplying energy locally to the metal film,
and of oxidizing the metal film after the energy
supplying step is completed.

15. The method of manufacturing a CPP magnetore-

5 sistance effect element according to claim 14, wherein
the energy supplying step is a step of irradiating
a charged particle beam locally to the metal film,
thereby supplying energy to the metal film.

16. The method of manufacturing a CPP magnetore-

10 sistance effect element according to claim 14, wherein
the charged particle beam is an ion beam.

17. The method of manufacturing a CPP magnetore-
sistance effect element according to claim 15, wherein
the charged particle beam is an electron beam.

15 18. A apparatus for manufacturing a CPP
(Current Perpendicular-to-the-Plane) magnetoresistance
effect element which causes sensing current to flow
perpendicularly to the stacked faces of a plurality of
conductive layers, the apparatus comprising:

20 a film forming section which forms a metal film;
and

a denaturing section which denatures the meal
layer into a composite layer where an insulating
material region which cuts off the flow of the sensing

25 current and a current control region which limits the
flow rate of the sensing current are mixed in a common

layer and which includes an irradiating section which
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metal film and an oxidizing section which oxidizes the
metal film to which the charged particle beam has been

irradiated.



