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MAGNETI C SENSOR AND PRODUCTI ON METHOD THEREOF BACKGROUND OF THE | NVENTI ON
1. FIELD OF THE |s invention relates generally to a nagnetic
sensor, and nor “N“nmmmwm“” y to a nagngtlc head and a 5 nagnetic nenory
used for conput rs and 1nformtion proceéssing units. 2. DESCRI PTI ON OF THE

RELATED ART Nhgnetﬁ@o ecordlng nmedi a have been predom nantly nagnetic
di sks and magnetic tapes They are manufactured 10 by formng a thin

magnetic filmon an 5 'Q c head utilizing
an el ectromagnetl %ﬁ%& %ﬁgﬁ&& m ite and read
magneti c |nfornaF‘ I gnetic head

conprises a wite portlon for witing 15 the nagnetic information to the
recordi ng ngxlkt kERGOED 20F e@gE PO VERBIONr readi ng out the magnetic
information fromthe recording nmedium A so-called "induction type head",
whi ch conpri seBIRLDOOF @RH WRYRRTIONpOl es that wap the coil from above and
bel ow and are electrically connected to the coil, 20 is generally used for
the wite portion. Maghésoineensianceekitest géheyahipdso havieadretipr oposed
recently for the read portion so as to cope with the nmagnetic information
havi ng a h|@ﬂnﬁecerdndgmGEﬁsPﬁytlﬁuﬁhlehbohﬁaMangtlﬁhbGthénﬂsamhlch
utilize the gigantic magneto 08J UL 2003 - resi stance effect (GWR)
are wel | 3 kriBABNAbIEIRGBOr ReBERE| FOT ACARBREETE §Eﬁsb¥f9§mﬁbl%ﬁferronagnet|c
tunnel magneto-resi stance effect (spin tunnel magnetoresistance effect:
TMR) has beRBROGEBPLBEdUPSFSa magnetic 5 menory as described

JP-A-10-4227. Thi's TR can obtain a y IR

2. DESCRIPTION OF THE RELATED ART *166166*

Magnetic recording media have been predominantly

magnetic disks and magnetic tapes. They are manufactured

10 by forming a thin magnetic film on an Al substrate or a
resin tape. A magnetic head utilizing an electromagnetic
conversion operation is used in order to write and read
magnetic information to and from these magnetic media.
This magnetic head comprises a write portion for writing

15 the magnetic information to the recording medium and a read
portion for reading out the magnetic information from the
recording medium. A so-called "induction type head", which
comprises a coil and magnetic poles that wrap the coil from
above and below and are electrically connected to the coil,

20 1is generally used for the write portion. Magneto-
resistance effect (MR) heads have been proposed recently
for the read portion so as to cope with the magnetic
information having a high recording density. Among the MR

heads, those heads which utilize the gigantic magneto-



greater resistance change ratio by causing a current to flowin a H%RRRQUB”

of filmthickness of the nagnetoresistance effect filmthan the

conventi onal magnet oresi stance effect devices such as the GVRs whi ch cause

a 10 current to flowin a direction of the main plane of the

magnet o-resi stance effect film AccordinQ To the construction described in

JP- A10- 4227, r ctrode k 30 conprising at |least a

free ferronargér.lge)}t%aeéa caﬁlg‘?fggganﬁﬁ?)pr%f%c‘fﬁlgﬁf%%r} rlcg'P Yfirst be formed

i nside a contact hole 5“§5Fi i td ver: 40, T .

production is diffi culéj?é%n [ [hmq% ﬁ%@aén%éﬁarﬁﬂ kane%grgc;“%e@c%tllcayer

i nside the e dd f esl vel . 20
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using a spin tunnel nmagneto-resistance effect” (TMR) which construction can

be manuf &t wembrpras deansited thantle- i art Ged R axh Gt y

keep filmaquality and thickness at a desired |level, and a nethod of

produci ng t hremgneties femote chandge Jdtdo AP ausingl@a annamt o t he

object, a spin tunnel magnetoresistance effect nagnetic sensor according to

t he present flowenin an diomgrtises of fiill ihitkressangff ithe wagrtetadd ows a

current to tunnel and flow therethrough, a first nmagnetic 5 | ayer forned on

a first surfrRsElsgffangdr ¢fifeqt (fiskn athany the mamerdoimna Inimagretfeer r omagnet i ¢

substance, a second nmagnetic |layer formed on a second surface of the first

i nsul ati ng feMAsiRPcMREIeTthFAeV Iees duhas thai3Rmodhich GHYSE Magnetic

| ayer f%&ped on the second nagnetjc | ayer 10 and contai ni ng an

ant i - f errongghetatt b e d 4356 Tg gt iamom Flantk deddif

magneti c Iaﬁ?r E%_Hsecond insul at | fgbr formed on at | east one of the

first and t ??P %ﬁﬁﬁﬁ%?qﬁﬂﬁﬁsf el an opening in a predeterm ned

region, a first electr rd c o] of .t iyst and
RAAL B S Ay SANSHEA &P NG el L

third magnetic layers only 1n e openi ng € second 1 nsulating

film and a jgpeon el f f t.4 east
one of the fli rst and rgg{:%n 'maég%etilk i ar%le%grgcﬁ{h@éta%% s:{d)\e%cgﬁ rogglfﬁreough
the first insddsd idgeddd MeréonthdiRdtiRd 10fyd¥ UG £ pritediinnell Jrgnet o

resi stance effect type magnetic sensor having a first magnetic |ayer

cont ai nilyy B4 erusamagn efio Mneslhivisinde,a aafetd Hegneldfideay em eant ai ning a
ferromagneti c substance and a third magnetic |ayer containing an

anti - f er r oneigrsatliat i3ty shedytmnoe. f Ahdredane npgreetd ctaitaronsofd itfifel cedagnd
magnetic | ayer according to the present invention conprises the steps of
(a) form ng anse fidin dvedgitat iand aidgim dhdicknesshsifr aachhyl aymn tissintg  (b)
formng the second magnetic 0 8 JUL 7003 - 4 layer on the third magnetic
| ayer by splﬁqeeﬁ%a%’c)h%%@e%%ilﬂd‘%lty It skl ugta st dFemrid 4e6 iedragnet i c
| ayers into.a first pattern, (d) formng a first insulating film which
allows an el&4%ic current to tunnel and flow there 5 t hrough, on at | east
the first pattern, by sputtering, (e)

20 SUMMARY OF THE INVENTION
In view of the problems described above, the
present invention aims at providing a construction of a
magnetic sensor using a spin tunnel magneto-resistance
effect (TMR) which construction can be manufactured more
25 easily than the prior art devices and can stably keep film
quality and thickness at a desired level, and a method of

producing the magnetic sensor.



formng a first magnetic layer on the first insulating film by sputt&BUH§2W3
(f) processing at least the first nmagnetic |layer and the first insulating
filminto a second pattern, (g) formng a second insulating filmin at

| east a 10 predeterm ned region of the second pattern, (h) formng an
opening in a predetermined region of the second insulating filmand (i)

formng a first el ectrgde i ch. | ctrically, connected t e first
magnetic | ayer only i n']g?doaecwepﬁjp‘é’eliiﬁgeeoébi%%& ’se%o?cw)%“? ntslmré?fr{é;g]qrf%ﬁ" and
15 form ng e e | : netic
Fayer. BRI EF BEGRRINT O (R i Bl Rt o erefting Ao SRe DR Y
showi ng a MegREACIdPAtLRsCaldl N +ord: [1Asl1 o0bogll P PlidiaPigpeny 20
invention; Fig. 2 1s a sectional view showmng a part of the rmagnetic head
according t deerdd 1ed Eund NBtd £fod hendrSSRudY et  ORst Fhglgnde i @
sectional view showing a part of a 25 magnetic head according t0 a second
enbodi nerg  afaydie fE@rion NV efirON, st facd ¢ 6 BhSeEiFHNal nd B SKWYW ng a
part of a pgJ UL 2003 - 5 nagnetic head according to a thir

enbodi nent aofilnneampd esEntaimventa oferfompgret sc aswWestamrs) &issesidw ng a
part of a magnetic head according to a fourth enbodi nent of the 5 present
i nvention; Magneétic hapectiormed Wweva shevemd) supbace of f atlmaghirstt head
according to a fifth enbodi ment of the present invention, Fig. 7 is a
sectional vidWskwitg BHlilarandfcentainirmel i teneempgrebidi FPIvARCSi xa h
enbodi ment of the present invention, Fig. 8 is a sectional view show ng a
part of a nelghid A3EREEE AYRNgieEned SR it TRRRRA MRgANeti¢ hkayer

10 and containing an anti-ferromagnetic substance for fixing

magnetization of the second magnetic layer, a second
insulating film formed on at least one of the first and
third magnetic layers and having an opening in a predeter-
mined region, a first electrode electrically connected to

15 one of the first and third magnetic layers only inside the
opening of the second insulating film, and a second
electrode for causing a current to flow between at least
one of the first and second magnetic layer and the first
electrode through the first insulating film.

20 A method of producing a spin tunnel magneto-
resistance effect type magnetic sensor having a first
magnetic layer containing a ferromagnetic substance, a
second magnetic layer containing a ferromagnetic substance
and a third magnetic layer containing an anti-ferromagnetic

25 substance for fixing magnetization of the second magnetic
layer according to the present invention comprises the
steps of (a) forming the third magnetic layer over a

substrate by sputtering, (b) forming the second magnetic



present invention; 15 Fig. 9 is a sectional view showng a part of a 8 JUL 2003
magneti ¢ head according to an ei ghth enbodi nent of the present invenpidw;
Fig. 10 is a perspective view showi ng a magnetic recordi ng/reproduci ng
apparatus using the magnetic head 20 according to the enbodi nents of the
present invention; Figs. 11Ato 11G are sectional views each show ng a

duct i f jc h Sh in Fig. 4; Figs. 12A 12G
Cecti onal vAAUEe S8 o b TR A ro Yo BHHE SRigi i@ head shown
in Fig. 8 25 Fig..l3 i ti | vi howi ti.
Ia(r:]colrgi ng tc53§c())r?leegﬂ’«§r‘?‘%1 :aﬁrreﬁtesa%fct It %aﬁre\élsogﬁ sﬁﬁmé:ﬁﬂir@,%a%%%g. a%%ri s a plan
i how i J 2 - i .
Ui o ShoW N e SN b T 20 ST AGAIANG ¢190
EMBODI MENTS 3661 &l 19RROAHTRNA 145 d Ry ViRl Wiyl Ahg ﬁflgﬁfgﬂae’}e@-

magnetic sensor according to the present invention i s applie

reproducisng RN ,C diead 1Mddt R Rl g e ?'rygy-spﬂ’@cler&ng, (e)

recordi ng/ reproduci ng head used in the first enbodi mént “i ncl udes 'a
reproduci ng foYRiRAG WiiddtZ intyrtiMR 155 xS pin tihén Falr s gRh-ata5igs trange
effect) and an induction type recording thin filmmgnetic head. The

r epr oduci ng byMs pugack i gy Ut e pravties sa et Nalaet ane tfiestearrghiatdct hi n
filmmagnetic head is mounted onto the TMR head. This enbodi ment enpl oys

t he construdt@iyer fagyd theprfavmstt iimgwl aduimaerftilin dwitreg at lsemggid pattern,
magnet o-resi stance effect filmof the reproducing TMR head fromleaking to
a magnetic d@niferddng @ segpnd inseliatimey gl lfetigetatod edfsti & ency of a
resi stance change ratio of the magnetoresistance effect film A so, this
embodi et P& ndes) EGOR G (e Safadd Pattsiinoh (the farmidet asf t he
magnet o resistance effect fi|mflows, by reducing. the width of el ectrodes

which are iﬁﬂﬁﬁﬁﬂﬂleMﬁIPqﬁﬂ?QﬁﬂﬂﬁQQQ 1 0de .é@FQMqlﬁnﬁﬂ%@tE@Guces a
head capabl £107 28 din g TR AP & VRRESR g ROk havi ng & hi gher
recording d%ﬂgdﬁkically connected to the first magnetic layer only
inside the opening of the second insulating film, and
15 forming a second electrode electrically connected to the

second magnetic layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing a magnetic

head according to a first embodiment of the present
20 invention;

Fig. 2 is a sectional view showing a part of the
magnetic head according to the first embodiment of the
present invention;

Fig. 3 is a sectional view showing a part of a

25 magnetic head according to a second embodiment of the
present invention;

Fig. 4 is a sectional view showing a part of a



The construction of the reproduci ng TMR head ppJ UL 2003 accogghmmzmg
the first enbodinent will be explained nore concretely with referen to
Figs. 1 and 2. The recording thin filmmagnetic head is disposed in
superposition with the reproduci ng TVR head. The expl anation of the
construc 5 tion of this thin fiIn1nagﬁePi6 head will be omtted hereby
because it is well kgomg in ths,art. A | ower shi el ,filnlég is formed on a
cerani ¢ subBRPAEEIS1NgISAGGRTAANE §° 3. tALTE| ERPPE4BERE| AfgtRStterned into
a desired shape is disposed on the lower 10 shield film10. A
nagneto-resPEgﬁﬁeg éPYEB 1PP¥m 20 having a four-layered structure is

i me 7 are arranged bRObobhiti HoSoar \PRATrkdRB: BrPHSNE: AnbatErPECE (11 m 20

and an insu L pgs ki ' [ ed o L Q- [es] st e effect
film20 andh?hgegﬁénég%g ééﬁé?ﬁgggn?Po? ?Pﬁﬁ%ﬁ7g?%8§3@ﬁﬁg ?gsﬁﬁgn as to
bury them esBAWN hPeftYond Which is a sectional view taken along a line
A - A of Fig. 1, a through-hole (opening) 21 is bored in the insulating
film6 at a position whgchei $sSht HakedonRn120ibhesABENALOar okt gnce ef f ect
film20. An electrode film5 is arranged on the insulating film6 and keeps
cont act WJthaﬁhetmagﬁéhd-ée&biﬂiﬁgetefBeﬁifth|émBBtheﬁﬁ|Mfthﬁethroughh0|e
portion 21. Therefore, when a current is caused to flow fromthe el ectrode
filmb5 to tpeeskntt indentibm8, 25 this current flows fromthe portion, at
which the electrode film5 is in contact wwth the nagneto-resistance effect
film20, to the magneFogredi ssanceeetfiepalf vliigw26hpwingeadpastt pbnaof film
t hi ckness. Consequently, the w dth of p.8 JUL 2003 _8_the region of the
magnet olPesmagaRtéCeheadt aFFPKA2D9 £A dhFéNthhembadiwgpts pdwsheis |inited
substantially to the width of the through-hole 21 and this wdth
practicaIIyP§8F98§ 48VEDRELGBLK width. Incidentally, an upper shield 5 film9

(not shown in Fig. 1)_is disposed on the electrode fi.lm5. Th s?ield films
5 'and 10 are di sposed® - oPdeF PoSREGHERRLAFIGWSARENING FeBREREOFI Bx from

t he recordi I LoRrove, spatial resolutiqn th r oduci ng
head. 10 Th@gﬁggg%?gbgggié?gﬁg§l§9f5§tgfF?ﬁ??gﬁh§§£9ﬁémgéﬁr9?a§§$ed
structure cpggggﬁkngngeggﬁggnagnetic free layer 3, an electrical insulating
| ayer 1, a terromagnetic fIrxing |layer 2 and an anti-ferromagnetic |ayer 4
that areslam nated '”FQ?geb_@%”ﬁdseEQ@oBEQevhé%eEhéwﬁﬁg hhpaktXxbRgald | ayer
2 are formed in such a fashion that their axes of easy nagnhetization are
paral l el . Maggaetiat headohctbedfinyg 8g hayeligBthsembsaimbataolpr eHet er m ned
direction due to its magnetic exchange/coup?ing with the anti-ferronmagnetic
film4. Weprebentepnodnting;TVR head opposes the magnetic 20 recordi ng
medi um magneti zation of the free layer 3 rotates in accordance with the
direction of magnetizBigenléf ishe payspertivef viewt sbawisgoadwdgoatihe
magnetic recordi ng nedium Therefore, the direction of magnetization of the
free layer BeFSTPARG/FepProguCARgi 2pRRERLEF, uBanghihesmagpetiroheat
nagnetisation of .the fixing | ayer. 2. When the current is caused to f
t hr ough?Phe@REGRELBIr EQi SPENEBPRALBEN | Phy 5BS RTERENGI ABYEPEAOBF fi
t hi ckness t hrough theFeIectﬁggg finE 5_and 8, .the,current flgms whi.
1gs. to

| ow
| m
are sectional views eac show1£8
a production step of the magnetic head shown in Fig. 4;
Figs. 12A to 12G are sectional views each showing
a production step of the magnetic head shown in Fig. 8;
25 Fig. 13 is a sectional view showing a magnetic
memory according to one embodiment of the present

invention; and

Fig. 14 is a plan view showing the magnetic



p BJUL 2003 _ g _ tunneling through the insulating film 1. Theuélggt%m¥
resi stance of the nagneto-resistance effect film 20 changes dependi ng on
whet her the directions of nagnetization of the free layer 3 and the fixing
| ayer 2 are parallel or anti 5 parallelsto each other, due to the spin
tunnel magneto resistance effect (TMR). “In other words, the tunnel current
changes depending on thg.relgtive di rect.i.on $f %hg spin of pmagnetization in
the free | aJEMOEYAGCPRALRE £PxPRE F&@BFlﬂ?n h8%r &B6r BE858Pgnal can be

r epr oduced ﬁé dg%ect 10 ing this change. The nagnetic domain control film?7
is aferro ﬁﬁ F&%ri I mfor applying a bias magnetic field to the free

| ayer 3 in order to restrict the occurrence of the nagnetic domain of the
free layer 3. This enbodi ment 15 enpl oys the positional relationship such

t hat the upgg?éaggéaggse%I%%ggygggngpbfﬁggggnggqgtroI film7 is always

posi ti oned e upper sur e tnsulating layer 1 (on the side

of the substrate 31'sigysin EnoathedPd baLnENELELHRO houRE 3rand each

magneti ¢ donmai n control are out of mut contact. Becalise the

magnet i csdogBiRegANhr fRhghktic’ sRagso? hewok@shyt k¥ the prRa8ehtof the current
flowwing fromthe electrode filmb5 to the electrode film8 wll |eak from

the fixing hayentZohoikhappheetr edeaf rkfrdaubriagghaghetiagnehtds @omai n
control film?7 without 25 tunneling through the insulating film11 if the
magneti ¢ dobei expdatineld finlimidlRgeps contact with the fixing [ayer 2. The
construction shown in Fig. 2 can prevent the |leak of the current because
the fixing |ayer 2 an@heheesagddnigd rep@o8udiogl he@d3usetoindbhei Airsnt r ol
films 7 are out of mutual contact. Next, the material of each part will be
expl ai ned. $REoPdMERtsAnelydes| m repreduadadoil’MBo hepgde uiddighodsaalMBys
such as_CoNbZr, N Fe alloys, FeAl Si .alloys 5 or CoN Fe allogys. The film
t hi ckned® i §SPABn-¥npglsmagpeto-resistance effect) and an induction
type recording thin film magnetic head. The reproducing
TMR head is mounted onto a substrate, and the recording
thin film magnetic head is mounted onto the TMR head.
This embodiment employs the construction for
15 preventing a current flowing through a magneto-resistance
effect film of the reproducing TMR head from leaking to a
magnetic domain control layer, and improves detection
efficiency of a resistance change ratio of the magneto-
resistance effect film. Also, this embodiment reduces the
20 width of the region, in which the current of the magneto-
resistance effect film flows, by reducing the width of
electrodes which are in contact with the magneto-resistance
effect film, and reduces a track width, too. In this way,
this embodiment provides a reproducing TMR head capable of
25 coping with a magnetic recording medium having a higher

recording density.

The construction of the reproducing TMR head



The upper shield film9 is nmade of N Fe alloys or CoNi Fe all oys aQan‘JlglIﬂe(m
absolute value of its nmagneto-restriction constant is not greater than 5 X
10-6. The upper shield film9 can be used also as the | ower core of the
recording 10 thin filmnmagnetic head andlin this case, the upper shield
film9 may be a nulti-layered filmconprising a ferromagnetic |ayer and an

oxide, or a_ferr neti | 1 filmthat caontains,a netall.oi d such as H or
P. In addi tfagg:?rt%hqgl%ugcﬁe%h%hi%yrgtfi °8’a1r5‘Ie i bﬁa?"z&’&lﬁilé‘ﬁ%r BTG i vity
(at 15 | eas o TS YA 1O, .qve hi f rLequ .
characteriskpégrggegﬁe%ngg%éﬁﬁb %ﬁ%1qéqﬁﬁﬁﬁgﬁegﬁg %éad&%éyﬁégofﬁ&ng

el ectrode fi 8 v t:he Aol | f . -resi n ffect
Fiim 20, 1t Tt SathRagiasies RA e dedode i PaEEtERE b i fcs
of 20 the et Qs h 1S3 f f fil i~ j &si.stfance
change armtrjr%?@ I\/I:(I%P:ar%?clI)JE:E:Jqu‘@tCgllvfi-[/k h?%tg'sur:[?}aecz:%%l%ﬁ%gqgne?ffr% g fg"itblnr%%%lu?s
preferably fliah % thligarnamnd F4NEN m et < WaRNtridandiel Yomlit tiedK @ riehiO
consideration, the electrode film8 i's preferably made of a nmaterial having
a 25 hi gh mpleicamgepditntis Weanefkeyomn time tleccirtQde film 8 is forned by
sputtering or vacuum deposition of those elenents, as lowresistivity

mat eri al s, which havera llowgdr shlitelidg fidimntl (blits ebolrmieidt olnow exeatalndiony, such
as Ta, Nb, oa~a~2003- 11 Ru, M, Pt, Ir, etc, alloys containing

t hese el enesubstaadie 3d Bs ahooys inTdWaal |loys Anoelacitaypsieoff iWm Gu, Al, and
so forth. The thickness of the electrode film8 is from3 to 30 nmand is
changed i n Re¢deFacse 1ntch a kesdpad FhaRre Vige 8 5 poseds 9ine [tdef iYower0 and t he
shield film9. The smaller the thickness of the electrode film38, the

smal | er ecEMe€liohd idfadifng BeMASEFHOTE efHisdiadias I6hies tadd 1t & Os el i | m

9, and the higher hecones resol ution .of [#._he r epr oduci ng MR heaq:. Eﬂ S

el ectrode fil hOS YT\ YSEeg é&qﬁéﬁuéféﬁgd LSRRSES C8 agd & B2 ayer ed

t t I I IoTa | Ta. | | ./ I . Th

ol cotrodo 11 SRS GG iAA T B R e e S e § e 23S ode

L om 8. The deuafdet o Dot 1Rk GHHARS Biiehcl? diddRc20 My
ere e of a

have a single Ia structure nma rromagnetic material such as a

Ni Fe alloy, 5160 28l o5 FeER1alti®y &iigd @NFaiadodeq on anall ti-layered
structure containing a ferromagneti ¢ | ayer for preventing diffusion on the

interfaq® Omalgdeito-Glesi tamiceOladfiiick diSperd ehd 2heDragpets cofddmdn
multi-layered structure include a structure of Co |ayer/ N Fe |ayer/ Co | ayer
and a nul ti clomgefodd fiflmsctiurier efuch Go flamhaironNidse tal bayy ayen'.CoBs | ayer.
VWhich material is used for the free layer 3 and whether the free |ayer 3
uses the si sglown dyefFist.r ctivichoris lze sadttiionzd viyper adksir @dtande aar e
determ ned also by the conmbination with the electrode film8 as the base.
The fixing Rdye B cai € Fde dfr @ thronghrhalieoyopening) Bd ddddged he
sanme material or mgy have the sane structure, as that, of the, 8 JUL 2003
"2 Tree Pay&hes IR Ao N & 2 aPos o omicde & mitates) fed

may compDl S MAUNE R ErUT SR S ot Algndl € Sk fomaghet | ¢ 5
layer/Co | aner a%c'{%qlg%sd %?1 lt%eri/n@'{llla%yi?{g/ %lln?yGera'nqu(%eps contact with

the magneto-resistance effect film 20 at only the through-

hole portion 21. Therefore, when a current is caused to

flow from the electrode film 5 to the electrode film 8,

25 this current flows from the portion, at which the electrode
film 5 is in contact with the magneto-resistance effect
film 20, to the magneto-resistance effect film 20 in the

direction of film thickness. Consequently, the width of



anti-ferromagnetic |ayer 4 may be nade of IrMh, C M type aIonsdi/@%RlW
CrMhPt, G MRu and CrMRh), MRh alloys, MPt alloys, MPtPd all ; i2
al l oys, N MhPd alloys, MiRhRu allays, NNO CoO alloys, Fe203 and Fe304
alloys and a 10 CrAl alloy. Alternatively, the anti-ferromagnetic film4
may conprise a nulti-layered fil mmade of The conbination of these

mat eri al s. '{Iefilmthicg; ssis 3.to 10.nr¥rfort free la 3,,.1to 10
nmfor the fi%8 AF9:Rer° ﬁ}ﬁj MAGREeLA- DR ¥ NG SheCh ethi’t film 4.
These filnms _15 gan.be formed hy sputtering...The insyl.ati.ng | ayer of the
magnet o- r esiwi}lfﬁ‘cerh}ﬁ fceLg:[rv?frﬁ r#]ﬁpsi 's Jr‘ﬁad]eﬂlb]ftea(ﬁflgﬁst{-fﬂ‘%ﬁ%d@' w0 rﬁ]hteri de, a
fluoride and, .g,,hor] or er.i al nt.aj ni,ng. .any. Qf. th For. .exanpl e,
it is made g%l ﬁﬁ&g%%f%‘,ﬂ%%?ﬁora% ‘{a}ﬁlsgi?llég”hﬁﬁearrlggtlacoﬁ}eﬁovski te
structure, N '@datp%ec fi of these o , | | { enis
partly adde%_,re ane? anitri e:]p%lgd{ﬁnsulfatl ng rfggylglﬁﬁ'l &Wgﬁi@e&; éryu e{l??l ayered
film The tHiakness it tdhouSiH alidg 1 pved didposed IdRine ¥Bddtrddd
exanple, 0.2 to 3 nm 25 On the other hand, the insulating film6 is made
of A1203 or f316@.5.An THs Wiatd It Filne MRvAMD 120 M disgiadd i i Wridest ad

vol tage can be obtained by enploying a nmulti-layered structure of a

non- nagnet i enagiediddl Iy akiskeld & 1Beakdgd FOH8 frokd tifd Irgdmrimgnetic
metal filmor a ferromagnetic nmetal filnfoxide filnfferronmagnetic netal
film For exsdilwm drte tosinmtove fpdtniadll nessdiaveion maf tthd ayeprediutimget ur e
of an Al film A1z03 film Al filmand a nulti-layered structure of 5 a N
filmMNO filhgad. filmor a Co filmCoO filmCo film The insulating film®6
can be made of an oxide containing at |east one of Ti, Sr and Ba. Anobng
them tH& film contai Ry Magnedogre:s et feqt [falwRGinhdhee

perovskite structure and can inprove the djelectric wthstand voltage. 10
The magnet i WY rOHEYq Y e?%%b‘ﬁ%‘éégaﬁé?lf%‘@%@?eﬁ%ecﬁmgnetic

fil A fil f Croy N T : ' I di d h

base of t he TGHer] o b 9F BT b TS S 1 WAL 6 e
h h- hol & .21 [ | at i f i ' I

tpoggiugl e gec;efalu%gslenoc-{ tl]ag"e%%?n‘:ér}z&sj a}ari]; rla_i:i&vﬁdrﬁsn%lg g%pu%tf}nﬁp}?écrfg: for

t hi s purpos ; . , exapl r £l idaps10 and
t he magnet o%@%‘s%n%éi%fedgpfﬁ%%b are ?foﬁ%;gl%ﬁysst:% ?g{fh%ésu_l?tlr]r%e 31.
After the 20 of rrestir e fhRal 4 1 #4812 d sciffchate iy d4ed idyg met hod,
the magnetic domain control filnms 7 are then fornmed. The magnetic domain

control fil reas edgmmet 0/t it g4 B B antegedtf iecdt fdr e 2CGcey e renoved
by lift-off. "The insulating filmé6 is forned. It is fornmed by sputter25

ing or CVD. MNexing tldyer nsulsatfinged itond prsedsttododined R iBErddRebmt idue I1ton
Etching) and the through-hole 21 is formed. The etching condition at this
time is of ipomagnatifanrthange QRSP kng Wikl ndgyaant s fisepmagnedichi ng
so that 0 8 JUL 7003 - 14 the wdth of the through-hole 21 becones,

smal | . Aft erfilie 4 edtheniche |58 QG R FeRR thrad MRRRARHOIRE MAINERE] | ed

with this electrode filmb5. The surface of the electrode filmb is

processéd | AEAHGInE ReF¥Ute BRI HELR TvEbe (GRS ey evet ieahakss
Pol i shi dth hield film9 is,f d b tteri | at i
on thi's Tl at b AR (e e e o8 e R R T HTh 31 | Himgnet c
head is f t he, ield fi : ionwill b
g?\?enl in ?Lreﬂ%l O%Eelp$glﬁ%a%i§err?a%%dné%%§t%e na%nrﬁe%ﬁéael% y%éa(%llo%]]h f thg
recor di ng Mgl 44y Dy Lﬁ&é&gef&ee,rm&f L TR heagh it Ngh £ 16n copstdict i on

shown in Figs. 1 and 2. First, t oatup surface 32 of the _
magnet o- r esistaCa iy eFti d1gathrd Bl SRUSEH dpeiloptaBhove ddeciecordi ng
medi um so that the 15 fl oat-up surface 32 and the recordi ng nmedi um oppose
each 25 direction of magnetization of the fixing layer 2. When the
current is caused to flow through the magneto-resistance

effect film 20 in the direction of film thickness through

the electrode films 5 and 8, the current flows while



other with a small spacing between them The direction of nmagneti zat( ®dUlo2003
the fixing |ayer 2 does not change because it is fixed by magnetic

exchange/ coupling with the antiferronmagnetic film4. On the other hand,
magneti zation of 20 the free layer 3 rotates with the direction of

magnetiza tion of the magnetic i nf or mat ifom of t he recording medium In

consequence

i oot on oF "RASAAPE: SAFBNSBr tPRe IAPA AFaper T3 & -ei LREr HAFRFIE o
Fecor di ng mESFURLoNen O2n & S PPERE TS 88 488aNEE PRenChetidin Lne eR8ss ode
tunnel i ng. t APBGOA P Ho OBl S hg Mo STt 1018587 Paonerfar LiShy SE g ' ©
Tagnet o- 1 oo S eneeYerr SoPTP Fhe2d i nenieTere o5t B BTIEIaPEs Bt ianet her
t he dire@tiQﬁrﬁﬁﬂ@gﬁﬂgthééh!Q%h%E,tB%efkéiQﬂe'%ﬁ%h %uﬁaeltﬂspn@EoLhe free 5

| ayer 3 are parall or anti-parallel, due to the spin tunne

nagnet0-res&&b@etanebf@@Eec{hgﬁmmgansIhh@thb&ewaaa@etE%eimh@h@ation of the
recordi ng nmedi um can be reproduced by detecting the current between the

el ectrode fichrgentantiaBgasddepetidiagt ond thle reg¢sitivendd rebanogn bt ithe 10

I ncidentally, when the magnetic information is recorded to the recording
medi um t he spihoofamagnetdzacdiondad hhet freecdayerng taidn ihi kinenddménigc
head mounted onto the reproducing TVMR head by floating the float-up surface
32 over thelegesr di.ngThediresprded signhelr epnodiecireproNRCcledadyofeteettir st
enbodi nent described above, the width of the electrode film5, whichis in
cont act 1 t Angh&hdggRBABILesi st ance effect film 20, is decreased by the
insulating filmé6 and ghe track width i,s set to.a width smaller than that

of the magneto 20 resFafafagnEriscAomaim SOPT¥Rdr EidMe,’ e & FETEOW dth can
be narrowed_easi | mﬁtgou reduci.ng the w.dth_of the net.o-resistance

of foct 111 nognSact i PelSFarke aend: By Birc; RETASSRG Re SaR Cof "Ehe
magneti ¢ r eGardi AALESPROJYCg IPRAT AL GAR Re el BELEINEG, 2R Sihge the
magneti ¢ domain CoO troP |In19ean§ t%e %leng ﬁayer § %éve t hé positional

refati onshi pagel sthabnbliey o3 epau.gl TULUal JONLAGL chibosqiies possible

to prevent thé current from ing fromthe fixing layer 2 to p8JUL

2003 - 16 tehplelecthedgokiitioBalinireyah ibhehTpIBALHC thAfRitheC Appee! film 7.
Since the current flow ng through the magnetoresi stance effect film20 in

the directi enrdhcki bih ehchknagnetde demaiqr eanedoln flilims 7wdy, alkayguantity
of the 5 current that contributes to the detection of the resistance change
rati o of theosagrenedr beilswante ebbect shiriflanc20 ofuéhieo insalspiimgt dayelr
magnet o-resi stance effect increases, and detection efficiency of the

resi stance édhdngethet sddeanfbshenmsubesadate 3As stevor ilbed ighove, ande fir st
enbodi ment can provide a reproduci ng TVR head which can cope with a high
recor di ng déhaitt Fhend ixdngovayernads apdygeaght 8Ost 161 HoladAc FOst rede

resistagﬁg ch ng% rati o. Next, a rgproducing TMR head according.to the 15
second oéﬂﬁ@nt /el OE StpMutHad GPDkacdrer BFCRAVUEE ﬁ%&.m§gq €ig. 3,
like refereg%%aq%n%%%k%oir%iﬂﬁeq %%s a low resistivity, a part of the
current flowing from the electrode film 5 to the electrode
film 8 will leak from the fixing layer 2 to the electrode
film 8 through the magnetic domain control film 7 without
25 tunneling through the insulating film 1 if the magnetic
domain control film 7 keeps contact with the fixing layer

2. The construction shown in Fig. 2 can prevent the leak

of the current because the fixing layer 2 and the magnetic



identify like layers and like filns having the same functions as i M 8§ 2083
A large difference of the 20 reproducing TMR head shown in Fig. 3 fromthe
reproduci ng head of Fig. 2 resides in that both end portions of the
magnet o-resi stance effect film20 are so arranged as to hang on the
magneti c domain control filnms 7. Accordilﬂg"to this construction, the
i nsul ati ng er, 1 alvvalyoae i.sts 25 between the free |ayer 2 and the

i

| .a
magneti ¢ dof&rE 1o FORs Mg T Eheh AUt 19 MHREde SATHASH: fromthe free
| ayer 2 to the magneti omai.n contraol_ fil 7..can he prevented nore
effectively. Thereforg%xﬁﬁe rﬂﬁ'%?%ﬁ%nﬂﬁ?%ﬁﬁﬁrﬁﬂg% Q;ﬂg 2003 - 17
films 7 can ed of fil Vi | o esistivit al | oy
film. In tﬁ%%clo%%rsﬁgraact illg]ﬁe ?ﬁédm%ﬂ%aiﬁld@ fgi,ln% ed ulpspé“raés/ i&e/q g(%‘oicélryr%eQ is used
al so as the lectyr fJ . t r .C
sinplified g s %}.l%sﬁeré‘{cﬁnesﬁsn?&%agt%g% | m%él@%agg&?%lsi%gzﬁg’ﬁd the
t hr ough- kol j I R i3 to ' he
constructi o%rgﬁ:gmlﬁﬁeﬁ agfig’}% tIElleéJv%\)ll %h%%e@:%%ﬁq%sﬁ)ﬁtypp?hﬁﬁr gﬁ%\ﬁ- hol e
21 that canthe fuppErd shs 1Pl & 4 d Mmdlied o UMiFENIa dAC o McdiNI Fean
achieve a high recording density of 20 Gb/in2 or nore. xt, a reproducing
TMR head aceadidiyizg and tthee tabscd wedilmntoilds bty el Rireed niidtionef er ence
to Fig. 4. 15 1n Fig. 4, like reference nunerals are used to identify like
| ayers and Iciols tainte shanitngiidat exarhdrurict X 009~ hs  titee happssrs sanikliche fil s
shown in Fig. 2. As shown in Fig. 4, the magneto-resistance effect film 20
is tapered &ilmhé@ siage baunfsack adis asapdre diggleg cfors) afp 3 2@Ecagiiags.
This taper is generated by the incidence conditions of the ions for mlling
t he magrét othddy ftidicmagmeatdic aad 2md Tife Yhdiercasid eltd & YpRerD sihdied dco
type anorphqus alloy filmor a FeAlSi alloy film The electrode film8 is
made of a TéljF“I (?y“%/aé( 'Pzﬁ/\/aaln}"&ﬁl‘a]iqycﬁfse%fgm COMA-S WRY &y E&FFOAL, or
al | oys of precious netals su%ﬂ]as Ru,d Pt, etc._  The el ectr.ode fiIngBl
conpri ses a™ I aydEF ANtk %8s Qayfe I ARG RS (BSY dtity
| ayer/Cu | ayer./Ta, | . The.fr | ay IS l3i-1 r dlm 8
JCL 2003 - i){-'gjatl %051?' g‘rn?st § E{rseé:vaelﬁteoldffs’f%cshlzgﬁ ()Eralotr%ept'i ntlgg%élﬁde%‘%ront’o th%
restrict ani WG di MSl QN. I Ayt -sl.ayer.
Ceruct ure of PR Co Tasar Rrd hFa e el et Refecs of
the repnedugied@ 5 4vead (sheun igd RO toft Wddoe 1 @f&ﬁ;éﬂéﬁﬂ reference to
Figs. 11A to 11G To begin with, the lower shield film3210 is fornmed on a
substrat e (sheaidaaterd sttiess WFs tihas & etb raiawn tHLFif 1nl mdyhesiiid thesadng or
plating, and then the electrode film®8 10 is fornmed by vacuum deposition.
After the surface of tShescel edte ededtdaded fiidns hjseotves tas itdre dasani ng, the
free layer 3, the insulating layer 1, the fixing layer 2 and the
anti - f err ondgaat iof ftihlemmagsfe e asdigridine e efifsicandel 1af 2800t ifti ImasX0 by e
formed in order. These four layers of the 15 magneto-resistance effect film
20 are procéds&dapfrose fHilm wich isdrahidd zessitde iqhakacteraatigs: I’ shape
shown iE Fig.l 1A is fornmed on the nagneto-resistance effect. fil m 20 which
s 50 prdcebed MAGRERFRE T Asifn it K LT (A0ni A FEONGERE (B 118)

he resi fil 2 i i | v
the resist reslstance %ﬂ%%%e‘g%ount. More concretely, the surface of

the electrode film 8 is preferably flat and clean and when
a high current density is taken into consideration, the
electrode film 8 is preferably made of a material having a
25 high melting point. Therefore, the electrode film 8 is
formed by sputtering or vacuum deposition of those
elements, as low resistivity materials, which have a high

melting point but exhibit low exothermy, such as Ta, Nb,



20 and the magnetic domain control filns 7 on the nmagneto resistance ggﬂmqqm3
film20 are lifted off (Fig. 11C). The insulating film®6 is then forned,

and then the resist film13 is forned on this insulating film®6 and is
patterned (Fig. 11D). Next, the insulating film®6 is processed by 25 IRE
using the resist film13 as a nask. Tﬁi%lpTocess step forns the

t hrough-hole 21 (Fig. 11E). Incidentally, a stqpper filmumay be forned in
advance bet #Ben hegﬁntFF&rF&ﬁagﬁgapgsfFPHFﬁlQﬁggtﬁ@eﬁﬁsﬁﬂg%ﬁﬁﬁsﬁiFHF@ in

der to ~d,~wd ... .. 19 i - f tic film4 frombeing d d
by prevent BReTA PAPYE MM $310YSrchB, B LoKEGO%1 i) Cnaking SRAESS Th el

(LM 5 LRERA Ogh e AT G T AT Bttt B 3ot B
neLdental Yop! 05, 4ERG o Bhslily 4B AAROMSCLR BitioShonealinghetlen |

and fl at gt higaC it S [Be]r ig e henin
conparessshFEngngﬂglgaﬁgglphégghggg %Eggﬁgrgﬁgﬁeg'théhgogﬁgggskfﬁpﬁl6 and

the magnet oth§skpeaBCceo rekhecklkichodesylia B ehe sfRINel evdhes 2he
likely to be defined on 20. Theref hield film9 in the Proximty of the

t hrought he gppeling bet&e@nt thiee shaerat ifanmofl ot Aadmegeekhd ewdl Ifs1maohol e 21
TPtic filmmy be formed in the proximty of the 15 non-magne a 21 as a
mul ti -1 ayer addsthel thighlem Becbinesagesblattgbnhelf ahet kepirodmetingnTOR t he
magnetic walls can be been found th formng, for exanple, a shield f elm?9
havi ng a pr beedted Thysr ed esttrodieufde lmoBpmayi bg a MuleildpgerAi?£31m
multi-laye er and the shield film9 contributes to the 20 |layer/Ni Fe lay ,
fl uct uatlon (6f gt-h@ Bulpit-layeried sépnedusiengfpfevanyiesdPsf 1FYRrMEad and t he

occurrence of the noise.
layer or Ta layer/Cu layer/Ta layer).

The electrode film 5 may be made of the same
material as that of the electrode film 8.
The free layer 3 of the magneto-resistance effect

15 film 20 may have a single layered structure made of a
ferromagnetic material such as a NiFe alloy, a Co alloy, a
FeCo alloy or a CoNiFe alloy, or a multi-layered structure
containing a ferromagnetic layer for preventing diffusion
on the interface or restricting anisotropic dispersion.

20 Examples of the multi-layered structure include a structure
of Co layer/NiFe layer/Co layer and a multi-layered struc-
ture of a Co layer/NiFe alloy layer/CoFe layer. Which
material is used for the free layer 3 and whether the free
layer 3 uses the single layer structure or the multi-

25 layered structure are determined also by the combination
with the electrode film 8 as the base. The fixing layer 2
can be made of Co or a Co alloy, or may be made of the same

material or may have the same structure, as that of the



ext, a reproducing TMR head according to the N odinment will be exfifadletil
with reference to Fig' fourth enb 25 5. In Fig. 5, |ike reference nunerals
are used to 'ke la ers and filns having the sanme functions as identify [i Y
ninFig. 2. In the reproducing TWR heag shown those show 0 8 JUL 7~~~ -
20 in Fig. 5 the magneto-resistance e feCt film20is tapered, the free

| ayer 3 inside tgg n%g%eto&resﬁ§tance effect, film20 has a greater width
than the ot A&FS afdFE £ 2 T X100 LYET s Miay iHES i9MBF 358 & arranged
as to be 5 | nt | t ds .of e upper ;surface of the free |ayer
3. In corrpalrmll?ls}gﬁl')L le'n%tg’tr(\eﬁt@rﬁitegcg%%é{{ru% ?)g(r)\ ashr%ﬁ({lq[{ﬁq:ilga_ye ) Ste)hél st ruction of
Fig. 5 conpl |y i.sal at mag i i i 7 and the
fixing | ayern %g‘ﬁ‘t?énﬁs%"?%%ﬁﬁe;‘ﬂ%r?g flr%‘lnb% &ﬁ%%?%aﬁ%gﬁ@yeéoaﬁrﬁﬁ%%gh 10
reliabilityqtRe ;.93 fag i Iqﬁﬁg t netic
domai n control #i|$§é?é§ﬁﬁ§1t'éﬁgiﬁgégﬁ%?§§aﬁd§q¥§u} hé%%%ﬁ%ﬁéﬁ%t i's
produced;s onlay,ebyed Me& dratior & c@q_%p-r | St ectpfd Im20 is
first fornmed aé’nd tk?en 2 1 ngcr?s ef fect onlcag'%g(s) asqt%ﬁr]; océrglsé only the
free |ayer Jntihglesdionmigndtie UHRE l2YRRS B ddife i3S Wit Ne iy @ypd the
fixing layer 2 and the anti-ferromagneti¢ film4 are fornmed and mIling is
carri ed out adlogsagaiuch @sproyesss ,t lMesmruherl lcayeirh ) AMRNallilneglsy, the
four layers of the nagneto 20 resistance effect film20 are forned all at
once, the t Mn@& ladyoys oMnt®d rdulogtsi,ndliMay exl 1Dy st,hél iMnBidhg lllayer, 2 and
the anti-ferromagnetic film4 are then etched by miling and etching is

st opped on MAEhRue@llgys, 31i0,n Coid lkdloysse Fe,fe ahdpeeghoadlogsFagd 8 can
be acconplished. Qther 25 production steps and the materials may be the
sane as 1Oho§&Rdf ali@Yenbdditipama tdiy@dy i b @nt4.- fesuomagingsice ftidm dshow

the fifth to ei%hth enbodi ments wherein a high resistivity film1ll is
may comprise a multi~layered film made of the combination

of these materials. The film thickness is 3 to 10 nm for
the free layer 3, 1 to 10 nm for the fixing layer 2 and 2
to 25 nm for the anti-ferromagnetic film 4. These films

15 can be formed by sputtering.

The insulating layer 1 of the magneto-resistance

effect film 20 is made of any of an oxide, a nitride, a
fluoride and a boride, or a material containing any of
them. For example, it is made of Al,0,, SiO,, Ta,0;, TiO, or

20 an oxide having a perovskite structure, or a mixed phase of
any of these oxides, to which nitrogen is partly added, and
a nitride. The insulating layer 1 may be a multi-layered
film. The thickness of the insulating layer 1 is extremely
small, for example, 0.2 to 3 nm.

25 On the other hand, the insulating film 6 is made
of Al,0; or SiO,. An insulating film having a high
dielectric withstand voltage can be obtained by employing a

multi-layered structure of a non-magnetic metal film/oxide



0 8 JUL 7~~~ - 21 interposed between the magnetic domain control fi I{Jrgs\ju‘:j_ 2003
and the magneto-resistance effect film This high resistivity filmllis to
prevent the current flow ng through the nagneto-resistance effect film 20
in the direction of filmb5 thickness frogmleaking to the magnetic domain
control films 7, and is made of an insultat ing material or a sem conductor.

The construct.i.on, of the reproducing TNR shown in Fig. 6 seens anal ogous to
the constr ugfijilg}(r%%\m?q% 'Cg.mef',aqid"’ﬁ 9% § $FS¥d° &d A% t he

i | ati fd.l IS j d instead wi,th t hi gh istivity fil

11 The. i grf s 1 PRI R0 e 2 PR RRTRIS { FNSover

th id f ; : - j ffect fil Q dth ti

donai ncont r o T R Rl B AN HH e R B P | m

11. The th : ig b j hj Left vy i i

way asei n { %gg (r%gg{/g’?llzt@ ﬁe%ﬁ@ﬁ%‘&?%’“f??@n %elgﬁg%y}%yﬁ%é n%léérl\%l{l‘t"fa%e?/\nfgtnﬁ

of this B uglt: Il Aplceraminea! o W dih Plcd 15181 RGT EdQnfiddned 1eer vi ng
e

al so as the upper 20 shield film9) which is in contact wt

anti f err omagmet iimsfilaBihg tidm i6S cadhod made Widlh oMMAPRIRAUTE fPlat
produci ng the reproduci ng TMR head shown in Fig. 6 will be expl ai ned
briefly. Firlsastt lomd @ferrishisd airfd |1Ba.10 Anidiey elhesd,r ate fHillm &otd itbhe
magnet o 25 resistance effect film20 are formed serially on the substrate
31 and t hen iige T¥agiat @1 & dHeneresefaf ddtlnf idomt2d niisgpridee gpeabvisk itid i ng.
The high resistivity film1l is formed on the nagneto-resistance effect
filmz20 by StFugtyng pmghgan ipproyetther diglSictx ier witrhe3and acflitiage.

thi ckness of 5 to 10 nm The adhering condition of the filmis adjusted by
changi néot he sputteri AgecRGNEtds dofadine gomtirpl fidmdi7s conps iseswaefot he

substrate and th tar etI) and the high resis 5 tivity film 11 having the
t hi ckness sHERT PRE '3e & M IGHEd . t, & Kdla@ifeCifc &On@Tn T8oREr &

fil [ f th [ [ | fil i
5 1020 pm “TRSTRIBSLCE TS REYont SLGHAEAR. o0 nEREgH 6 Fesi St ance |

effect fil MAQnaks WA ff. in the same way as in Figs. 11B
and 11C. The gﬁrough %g%g%i?% gfﬁ%d%g% gé high resistivity film211l by the

sane means as the OneI%f&&%nit%lﬁkgsth%l%lighl%ﬁ- t-ﬁQert?xg-foﬁa‘grﬁxr?gm ﬁeligﬁeo'%)ft he

shield film9 (serving also as t el ectrode filmb)

ot her hasd, taachnefulhe ngoRSLmUQLI GRS ﬁi"é‘!‘é&aib'ly':iags smA1l0a8 bdsadwirped
with both the insulating film6 and the high resistivity film11l. The film
thi ckness obethaski gh desieshiviesy thiel mrhtki widghge ahet beodpeerioportion of
the side surfaces of the magneto-resistance 20 effect film20 but is

uni form at preeess| dorpohtiisopsrpbse mpyebesasf £odlofvseacbrmegaebile .donai n
control filmis_ flat and is in_conformty wth the upper surface of the
nmagnet or esi SPEndevert ediefld Fidm 1Phansf she, megaetasyestistgntel mtdenss a
uniforn1thi§k3es§. Furtger, the .order of each 25 | ayer of the
magnet o- r estetBnéd BfFelPTPEAMLAESTEs OBxABE FubsiEatee 3do t REt6EdEN O the
construabions sh%mn i r .\Wor ant.i.-f.erromagneti c

n.FiLgs. 2 tq 6. |n_ot ds, t.h
film 4, “the™PIRF S'Fgﬁéftgchhgf&ﬁgﬁlgﬂ#ﬂggﬁaﬁérefcgﬁg gﬁemﬂﬂéénﬂayer 3 0
8J UL 200%eth8§, the magnetic domain control films 7 are then

formed. The magnetic domain control films 7 formed on the
magneto-resistance effect film 20 are removed by lift-off.
'The insulating film 6 is formed. It is formed by sputter-
25 1ing or CVD. Next, this insulating film 6 is etched by RIE
(Reactive Ion Etching) and the through-hole 21 is formed.
The etching condition at this time is of importance.

Namely, a CHF; or chlorine gas is used for etching so that



are disposed in order naned fromthe electrode film(8) side. The 0rBadiL 7003
width is determ ned by the spacing of the through-hole of the insulating
film6 in entirely the same way as in the constructions shown in Figs. 2 to
5. 5 1n the construction shown in Fig. 8 the lower electrode film3$8
(serving also as the base film of the‘ﬁﬁbneto-resistance effect film 20),
too, is processed by mlling and the high resistivity film1ll is fornmed on
the side sutRaceidoR 1Bt thecwghcheblelliPacemes odmalh. t nafger the
construction shown_in he high resistivity filmJ1ll extends up to

both end pottFoOHEOs ?E@gﬁ%g%§t§%FW% e bRethBreyeR-haler2s. 19ne1pt8duct i on
W11 b 15 WP oEY GLETCFRTErbnEE To FTGS. SSshATS QBCEPPAPLPAFF9ot ne
(i ar tobbhh SubgcpieeSatie SYro TR EFGt "SyPhade the "SreRibacet PR 5 (s
o o earnbd Lo HLEEP HMooh i ofL 51 1R LMY ES Phe' dFper EhERLECERL ST s

2, the insulatidemed . f & ge 3 of ot os "ot ance
effect film20 are sgg?a%?igg%%%e%.6§h%£g¥?%%roﬁa§%?§ g?g?h%986€§b§é

nmagnet o-r esf 51mnge effhecéaftéR) 26handetbed ehgcthiofer 2bmf mhghSt aeenthgn
processed by ion mlling. Aresist film42 having the shape of two stages
as shown inisiforied o8 theneppen sheebagnelm-gesi stance effect film 20 so
processed. The high resistivity film1l is formed on this 08J UL 2003
- 24 resist film42 ¥éxy, U8)exghenatsostwill nbd2giveni ssothed and t he
high resistivity film11l on the magneto-resi stance effect film1ll is lifted
of f. ThEO nareeréduciongi ppevation 61| hbe7magret beninformatigheofippee surface
of the magnetic 5 domain control filnms 7 is polished to a flat surface by
CMVP (Chem cE@CMEdhRgi Bediwp| hehnagna (Fhe. repopdugheg B¥R| headghavinge and
the resist film43 are serially formed . on this control film7 and_the
resist filnt28 FRRHEFECEHRRY ??%@9 W i95hel | 341 4t i nhiFFFm BhesIHPRERsSEd

o o AT B TR o B o
SToved, (e, 08T cSLELA LS, D Fhcaritgs glasZabhen) othgoce 111

5) is forme he”insu _ _ S a resu
rEprOdUP$ngfq%é}ﬂgggs§99¥@e'@ZF 8 %§ﬁ8r8@8r§§n aREd £ €ppbBet B5ch

4 6
r epr oduci ng avi ng each of the constru%tlons Shoth T h Figs. 6 to

9, the highotgsrshivhty Ehd 1dpsOYRESHELRBA thEmSI den8UATAEEL RNt HE
magnet or esi st ance eff ect f|In12% and el ectrically isolates the 20 nmagnetic

domai n contri@nétisdt Yohr oM the PRYIRGO01AaPETr S adces ehdecEhbhye BBcause
Therefore, the | eakage current flowng fromthe fixing layer 2 to the

el ectrode fitni8 fihxedgbythagnayibetexchangencoepling witm Thdoasthet occur,
and the current flow ng through the nagneto-resistance effect film25 20 in
the directibprepmagnatria Ekhest. capnbehenetbasebandn Bagsegizatéondefecti on
efficiency of the resistance change ratio of the nagneto-resistance effect
film202Queth® £Reeshrvier uhnePtabghevothether dnEeckirRcPLcBAIBBELART OVed.

0 8 JUL Z003,- 25_ The constructions shown in_Figs. 6 to.9 redu
tion of the magnetyc informat!@n of tge recordgng meggum.

In consequence, the direction of magnetization of the
fixing layer 2 and the direction of magnetization of the
free layer 2 are either parallel or anti-parallel to each
25 other depending on the magnetic information of the record-
ing medium. When the current is caused to flow between the
electrode films 5 and 8, the current flows in the direction

of film thickness while tunneling through the insulating



the wwdth of the electrode film5, which is in contact with the JUL 2003
magnet o-resi stance effect film20, to a smaller wdth than the mﬁdtr|Q# p%e '
insulating film6 and the high 5 resistivity film11l so that the track

wi dt h becomes snaller than the w dth of ghe magnet o-resi stance effect film
20, in the sane way as the const ruct i on5>shown in Figs. 2 to 4. Therefore,

the t k width i| d . it I t i dt h of
(1 rack MOUBCANche SRR AR MO TSR g 00 of
tic di f L ti i ng/ duci t .
Ot gtk 0" ROREL Gl SN YLSRAIEIS ARER RN DR
surlace of bhe RN ¢ U G LRI of, IBebhll MO 1

The oot rogECalni SRR 9 tiieh THIRG 1308 3 hlMcRALSEY KRG Frae oo

the electro I"m 5) can keep a uniformt Kness the "éxception

the portsoniabetN beoyghaded 21 Aneli-phraidli’ canen col RicMRgHG!IC vall

does not easily develop™in the upper shi I'm 9 and perfornance of the

upper shi el duhinkh fagaRtbe rediieupte MPtectt.NeTAYEr dlbhnsoRBhtUGHEON and
operation of a magnetic recording/reproduci ng apparatus using the 25

r epr oduci ngmafReltdad infoemah iombedi mhrt retordéngr aedium Bwanbeon descri bed
above will be explained with reference to Fig. 10. A recordi ng/reproducing
head 210 i ncepdesiuciked bypdgtédiidgO3he 2@rreepr betweeg ThR kededtirndany of
the constructions shown in Fi%;. 2 to 9 and a recording thin filmnagnetic
head nount e§idmso 5t Radr 8peadudyngereRtiagd thehgesdstancegchrageodatiing head
210 is supported at the distal end of a 5 spring 211 with its float-up
sur f ace lfacTRG 1d6Rralie when the magnetic information is recorded to
the recording medium, the information is recorded by the
recording thin film magnetic head mounted onto the
reproducing TMR head by floating the float-up surface 32
over the recording medium.
15 In the reproducing TMR head of the first embodi-
ment described above, the width of the electrode film 5,
which is in contact with the magneto-resistance effect film
20, is decreased by the insulating film 6 and the track
width is set to a width smaller than that of the magneto-
20 resistance effect film 20. Therefore, the track width can
be narrowed easily without reducing the width of the
magneto-resistance effect film 20 and the recording density
of the magnetic disk of the magnetic recording/reproducing
apparatus can be increased.
25 Since the magnetic domain control film 7 and the
fixing layer 2 have the positional relationship such that

they are out of mutual contact, it becomes possible to

prevent the current from leaking from the fixing layer 2 to



spring is fitted to a head positioning nmechani sm 320. The head posiﬂ]%dwh§m3
mechani sm 320 positions the recording/ reproducing head 210 onto a
recordi ng medi um (hard disk) 110. The recordi ng nedium 110 is driven for
rotation by a 10 spindle notor 310. V%e? recording is made, the inputted
recording data is encoded by an encodéer 835 and a recording current is
supplied by recording anpl.ifier 336 to .the recording thi,n fil mmgnetic
head. Wen Fgﬁr 83&8 rore S8, t@r‘?“t“ﬁi’ mermaﬂé‘r‘?a:,lct %é’“@l}tnr ERPHICwi ng
between the_15 electrode filns 5 and .8 qf t.he reproducing TVMR head is
processed b§limsil79nals""r5ﬁc(?c§§§ r?é‘%fé‘tterﬁi:%”d'ngn&%rrﬁélgﬁ’a&ﬁ%t im(iaginr?f%é)r'rrati on of
the recordi I 1 i S..Ireproduced. re concretely..t cuyrr.ent

f1 owi ng bet \%%gﬁggﬁéwa é%tfre%&e%gilﬁ‘né%ngn% idglr%r?ﬁl‘lo B i %Pe‘-cé‘r?m i fier
20 331 and thesdakba be G ; .da eRh i .Gl i 32 and is
decoded by a ggco%er §é§5 52%%%%%J%%F%E%o&%%§4gg%%gﬁ%ﬁgn%#ggﬁzEﬁéhf t he

recor di ng/ r epr9@uE RHaRC 2t 1A HIX 45 itRd tihize Ml ot YR i stance

pre-anplifier 331. A controller 340 controls the signal processing 25
operations das@gebedtab0owe the mMReRRI-¢ ds8E&HahcR0/d faic@d YGi1R0 2dP RVt US
shown in Fig. 10 is equipped withthe TVMR head having any of the
constructions ahet 5@ iankatinE N gefetihedprietetice & fectUindd@Asesz~ and

i nvention shown in Figs. 2 to 9 as the reproduci ng head of the recording

r epr oduci ngdepeetacns efSiicdency ©fTVReheas icdmnoes wirengehe atdak cafn ee
current to the magnetic domain control film?7, the signal processing system
330 can det aBprev@dt.h hi gh efficiency the resistance change ratio due to
the spin tunnel magneto-resistance effect, and a magnetic

recor di A§/ r epr oduci ngA&ppEsgridada@bdyea ihgh Tdasdc Empeddaent: @ty at t he
time of reproducgtion can be ohtained. Since the width of the el ectrode film

5 which i s PRO¥IALa FERTRIOUS e THEy Meas. Ml £3dk COPEe MLty embigh s
duced in this_TMVR head, .the track wdth i R t he . i,
|t or mat | on EBFOFRARS0RNAIRY AU JMCERY TEec QR0 1o ASHERE Y00 BLching

density Ca”cQ%nE pkgd%%%greEQQUQd%e an erggggginents of the present 15
i nvention can provide the construction of’ the recording/ reproduci ng head

using the spin tunnel M@&qetao%e?g%ﬂ% qfﬂReqltea\egiaﬁg%mdcac% Rpgvent the

| eakage current and noreover track w I"gh practicality,
and t he 18agB@tbad eaPodiif@nteMiadUEd@xPARIMEL Vi TefdiRn to Fig.
recordi ng/ reproduci ng head. Next, an enbodi nent wherein the nagneti ¢ sensor
according tg.the present invention is applied to a nagnetic nenory will be
explained. Fig. 13 is a sectional view showi ng a nagnetic 25 nenory
according to this enbad memt. and Gk rEfedrenzepnumetadw shevused e
magneti c nenory according to this enbodinment. A first base |ayer 42, a
second baseidgpé&ify3like dewiersemanshddiket ifd Imgy davinaide sfame ng | ayer 45
are 08 J UL 2003 2s forned by sputterin or the like, on a
substrate 4funthdods| Aferddl &g etiched iirden Hifiarenaa &fh & ending in a
first direction. Next, an _insulatin IJ%XFr_46,§1gree I%yer 47 and a third

base | ayér EgpipguF&Pﬁé&WE&}ET%ﬁﬁ%VR’ Fig. rom the reproducing

head of Fig. 2 resides in that both end portions of the
magneto-resistance effect film 20 are so arranged as to
hang on the magnetic domain control films 7. According to
this construction, the insulating layer 1 always exists

25 Dbetween the free layer 2 and the magnetic domain control
films 7, so that the leakage current from the free layer 2
to the magnetic domain control films 7 can be prevented

more effectively. Therefore, the magnetic domain control



_ _ _ 0¥JUL2M3
5ing, or the |like. These layers are etched into a second pattern. The
anti-ferromagnetic |ayer 44, the fixing |ayer 45, the insulating film 46
and the free layer 47 together constitute a magneto-resi stance effect film
60 in a region where the first pattern g?d the second pattern cross each 10
other. Next, an insulating film 49 is'f ned and patterned around the

t.h i rst d d 61
Formed ot albaBSt dntrll BeeREBPOGES: 8 Pnadtih PAYLPE i 46% ARdBperity”
el ectrode 5 In149 inc u5|ve of..t he |nS|de of

the i n
15 t he open?ﬁﬁég giiﬁg gﬁﬁgr el Ethge %@Sd Chd&Pa SORWAY 1Paf E8r n3ext endi ng
in a second r n r t;hQgonal |y _t f|r d
eIectrlcaII§ﬂ%o§§§e? &7t t%a?th#reg ﬂ%yggeg7a}%§ou h%kﬁehbﬁgﬁd%gggggPayer 48
only inside peni isnsu (I a first
| ower eIectf% g gi gn égﬁé on %%gﬁ%® g g%%gdg g;%%regggﬁq&égand patterned
on a pregetgbghmgglq?glon of the fixing |layer 45. When a current is caused
to fl ow between the rst and second | ower electrodes in the construction

25 descri bed above, tenUrhRNtinshQWE ingr E4dkh &t ilseasdet b biig Nngndayge 45,
and the direction of magnetization of the free |layer 47 is det ér mi ned by

the fl ow ngttiroegh-tolef 2thdsc fiormed, byo RIfatusting ¢aFy &s sheretchihe
magneti c p p JUL 2003 - 29 characteristics of the anti-ferromagnetic
| ayer 44 fogaki dinngheageetsitzatctdenofshowa finxifig .l dyethéSwidehd¢trded so
that the direction of nmagnetization of the free layer 47 is parallel or
anti - paral | ¥RAtd)t R diheeshironabi-hedgndtli fawitorad dfe tfogmeidxilsg firager 45.
When the current is caused to flowin the direction of filmthickness of
t he magRét ofedi $Pafcs e¥mectThiﬁnﬁBQbeWaﬁbhyFﬁg achéevage bégheen the
upper el ectrode 5Q an he first .elbectrode 51 or between the upper

el ectrode 56%5R& ﬁdyléﬁb901§ éP@ttPBd@ogﬁ the current flows while
Eﬁgn%ﬂgtéhigg?gtéﬂgsfe sc?"e%i'n rff#'él&l&ﬁ’ar’@@g E*‘Sie%.e%ﬁéﬁ’ g, B he
directions thqgg @Foﬁﬁ&f Qﬁgﬁ Sé% Q%%ﬁ wl %nQeE@ it g %gﬁer 45

are parallel -para he spin nel
magnet o- reshetance effect (TMR). The data t hat |s stored can be read out by
detecting this change. Though this enbodi mrent uses a RAM (Random Access

Memory) jgonstruction agpahile of wilkd R@fldiendal unerROY GReadseal xovenory)

construction can be 20 enployed too, by omtting the second | ower
el ectrode 52deWhaFyt ha KROVag@iist amet ldike ¥ iamel auedngt Rt edamenay be stored

i n advance by applying the magnetic field fromoutside. Next, the material
of each par tffunicltliolns as the layers and the films shown in Fig. 2. As
shown in Fig. 4, the magneto-resistance effect film 20 is
tapered on the side surface at a taper angle of 50 to 80
20 degrees. This taper is generated by the incidence
conditions of the ions for milling the magneto-resistance
effect film 20. The lower shield film 10 is a Co type
amorphous alloy film or a FeAlSi alloy film. The electrode
film 8 is made of a Ta alloy, a TaW alloy, alloys of Nb,
25 Mo, W, Cu and Al, or alloys of precious metals such as Ru,
Pt, etc. The electrode film 8 comprises a multi-layered

film (e.g. Ta layer/Pt layer/Ta layer or Ta layer/Cu

layer/Ta layer). The free layer 2 is a multi-layered film



25 expl ained. Silicon or ceranics, for exanple, can be used for thegg JUL 2003

substrate 41. Tantalum (Ta), for exanple, can be used for the first base

| ayer 42 and the third base |ayer 48. A N Fe alloy, for exanple, can be

used for the second 0 8 JUL 2003 - 30, _base layer 43. A Fewvn alloy or a

Wnir alloy, for exanple, can be used Tot8the anti-ferromagnetic |ayer 44. A
can be u%ggltor the fixi.n %yer 45, A1203, for

CoFe all oy, .for xan@Ie, %

exanpl e, caﬁnb8r§§éd PoPTENEN T St dsAG Ty Pt s 15 Tex g6 X ESFe al | oy or
N F |1 for | be, . d f. t he f | 47. ld (A

Copper (G FeRARASrU ATETRF TORIEh EHPPATEROR, odt. TRGy BPEnGHEMBLEs Bo ubed

f th I, 50, .t first. | | ect 1 th d

over ol ot PRAE 13 sbBEBA R r bR e B, DR IBVBRAMISE 1oy E)codabBEhed as
bl et o Ny . at €l A ©

erbodi ment s of "t he bRty o noxsRuetl o BEbRE0 O bElE R YRR | e

above, 1Bl sheRROLHBRAL 1Bf Pigdes 191MBANehS JTRHER Wl Coredanhe Rpoduced

nore easily than the 15 conventional processes and which can keep stably

and satisfa@ggElelkikgqu@Lity and filmthickness of each |ayer. 08JU
AMS: 1

L 2003 - 31 1. A spin tunnel magneto-resistance effect type
magneti c sensor conprirgl Begin Wikl hheulaiierd shiileMyc#rakl @ o0fisalflbemeng a

current to flow while tunnéling therethrough; a first magnetic |ayer forned
on a first phaaesabssaiadef i(Edmilasultat thg Sub#trateé GankhomnN@naFig.
ferromagneti c substance; a second nagnetic |ayer forned on a second pl ane
of said firgdt) bysspatiteging or @idtdmgtaiamidnghanf aheo edeghieode $iilst 8nce; a
third n?%neagcfgi%gg E@rggguﬂﬁ %@ﬁ%sﬁ%&%ﬂﬂ After the surface of the
electrode film 8 is subjected to ion cleaning, the free
layer 3, the insulating layer 1, the fixing layer 2 and the
anti-ferromagnetic film 4 of the magneto-resistance effect
film 20 are formed in order. These four layers of the

15 magneto-resistance effect film 20 are processed by ion
milling. After the resist film 12 having the shape shown
in Fig.11A is formed on the magneto-resistance effect film
20 which is so processed, the magnetic domain control films
7 are formed (Fig. 11B), the resist film 12 is dissolved,

20 and the magnetic domain control films 7 on the magneto-
resistance effect film 20 are lifted off (Fig. 11C). The
insulating film 6 is then formed, and then the resist film
13 is formed on this insulating film 6 and is patterned
(Fig. 11D). Next, the insulating film 6 is processed by

25 1IRE using the resist film 13 as a mask. This process step
forms the through-hole 21 (Fig. 11E). Incidentally, a

stopper film may be formed in advance between the anti-

ferromagnetic film 4 and the insulating film 6 in order to
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magnetic | ayer, and containing an anti-ferromagnetic substance for fixing
magneti zation of said second magnetic |layer; a second insulating film
formed on at |east one of said first and third nagnetic |ayers, and having
an opening in a predetermned region; a first electrode electrically
connected to one of said first and &8 rd magnetic layers only inside said
openi ng of said second insulating film gpd 2 fgﬁngegm@odamﬁﬂﬁ¢(ﬁw'causing
a current to fIom&be%ﬂ@gnféﬁkdmégnstl%lEE Pote and itself t hrough at | east
sai d firpredfBtsERond magnetic |ayers and §akgiBLr§uanaudathﬁg film
Werei n; said &brs&egqg@eEﬁleaﬁeﬁsféﬁﬂﬁae n‘a™” ppJ UL _2003 - 32
pr edet er FLRed Sion of said second eIectQ%geaﬂquaaimaiﬁléﬂ ﬁagnetic
domai n contral fiﬂ%fa ﬁﬂymn&jﬂawﬂﬁﬁﬂ?QﬁOEES of said first ma neticihayer to
be out ofMBRRS&Tt &t from said second tg\a%r}eééfod@/ﬁ{g MR "R Fivy "a “magnet i ¢
bias to sgjd firfg)Jﬂaqnetﬁmi$er¥rt ontrol the magnetic domain of said
first mag a9 ¢ %ayer. 2. Ahnagaetic sensor according to claim1l, wherein:
said first. pagpetig bayprodwc8d®d-di sposed as to hang over sajd pgyr of
nagnet?c %bﬁgiﬁ %ontrol filns; anghgahg ggrshiéméu%é@Wné ?ﬁ#ﬁ? g%id second
magnetic | ayer and sabdd?ﬁﬁﬁélﬂag etic Payer are Ianinﬁteg &gt5§hd first
magnetic |ayer. 3. A nagnetic s%% o%sangr@ﬂegtm@déléi ; erein: said
second i ng Ig%t.i g afnid rh iseAViFFe S igh resistivity fil m %O\é%lai FJ a%l de
surfaces of said first magnetic \,Lfé/ﬁ,fﬂad@ fig 0% A9t ng film said
second maglgld cdsyert A RREY Third magnetic | ayer. apnd,sadJbegailre of
magneti c domai n cont ré)rl1 ‘Eil{kgrstﬁéecéﬂéﬂﬁdcm&ﬁ% }Fﬁ’%h resistivity film

in compari® e shape that profiles the
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4. A magnetic recording/reproduci ng apparatus conprising: nediumdriU!BrrB-”-?mK
means for driving a magnetic recordi ng nedium a head assenbly including an
el ectromagnetic induction type nmagnetic head as a recording head for
recording signals to said magnetic recordjng nmedi um and sai d magnetic

sensor according to claim1 as a reproddci ng head for reproducing the

' ! . ' | UL 2 -, 33, di di
ﬁ'egﬁaljfiC?ESf’ﬁZﬂln@‘f%?'%??W%ﬁﬁéé?arﬁseiﬁg%%%nﬁflﬁfcgn Uil SBrocessing

' ' ' . . to sald, recordin ea
and T epr oducton ST onaTe LT putarh 608 FRR it Racfle e GRS 1

_ S n
neulating 11 corbh o AT o e G rEath ST eI fefhl
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insulating film and containing a ferromagneti c substance;”a secon

nmagneti c 4 ayil oMtk Gfith SSONdedANGr Of hSahshds rSlrfase! & gk fEfda and
containing a ferro magnetic substance; a third nagnetic |ayer forned on

sai d second Imagmetic |Byerompanti somtwd th Ngh@Nc el £ rd ©F 1 BRI Ci 8 ance
for fixing magneti zation of said second nmagnetic |ayer; a second insulating

filmformed 4on the |earsttonet idn saf Figr S8 complételly nbgiedtes |ayers, and
having an opening in a predeterm ned region; a first electrode electrically
connect ed t ghagnetic domain control films 7 and the fixing layer 2 by

the insulating film 6, and can prevent with high

10 reliability the leak of the current from the fixing layer 2
to the magnetic domain control films 7.

When the reproducing TMR head shown in Fig. 5 is
produced, only the free layer 3 of the magneto-resistance
effect film 20 is first formed and then milling is effected

15 once so as to process only the free layer 3. Thereafter,
the three layers of the insulating layer 3, the fixing
layer 2 and the anti-ferromagnetic film 4 are formed and
milling is carried out once again to process these three
layers. Alternatively, the four layers of the magneto-

20 resistance effect film 20 are formed all at once, the three
layers of the insulating layer 3, the fixing layer 2 and
the anti-ferromagnetic film 4 are then etched by milling
and etching is stopped on the free layer 3. 1In either
case, the shape shown in Fig. 5 can be accomplished. Other

25 production steps and the materials may be the same as those
of the embodiment shown in Fig. 4.

Next, Figs. 6 to 9 show the fifth to eighth

embodiments wherein a high resistivity film 11 is



of said first and third nmagnetic |layers only inside said opening ofngdph7m}
second insulating film and a second el ectrode for causing a current to

fl ow between said first electrode and itself through at |east said first
and second magnetic | ayers and said fir?E]insulating filmwherein: 0 8
J~~ 2003 - 34 said first insulating Ti is forned on at least a first

Second r oqGRIEPEER GeCHEH sy MAGE t y Gom A GGG ¢ aasdy and
di t | ai i .at | t . d tic . .and id

hi T mgnette PRRRRtebRaR et FEtHe SRl Sl sty °°

third mnetTe MEYErConsy _ Féndi]’ ii7oa st

Fi | m const i CTGe 3 d3zcna TpaNEan T eagRt, SRR Enncitln (R 20110

consti t ut es g ghnfaitiod HealilsRiah X & IHARY £ LGN HE 'EHIRT S X5 if1dm

substan tially orthogonally said first direction; and said second pattern
is formed i Ryli@knesiseFrom WK tpitd frineS maRfbtlil IdbmRaint YRt rd 10 18@Ch

ot her. A magnetic sensor according to claim’, further conprising: athird
el ectrode fagr,nagdorisanade &f edi dhsA] atding X ABGIeE &endIn-
ductor.

The construction of the reproducing TMR shown in
Fig. 6 seems analogous to the construction shown in Fig. 4,

10 but it is not equipped with the insulating film 6 but is
equipped instead with the high resistivity film 11. The
high resistivity film 11 is disposed in such a fashion as
to cover the side surface of the magneto-resistance effect
film 20 and the magnetic domain control layers 7 are

15 disposed outside the high resistivity film 11. The
through-hole is bored in the high resistivity film 11 in
the same way as in the case of the insulating film 6 shown
in Fig. 4 and the width of this through-hole determines the
width of the electrode film 5 (serving also as the upper

20 shield film 9) which is in contact with the anti-
ferromagnetic film 4, that is, the track width.

The procedure for producing the reproducing TMR
head shown in Fig. 6 will be explained briefly. First, the
lower shield film 10, the electrode film 8 and the magneto-

25 resistance effect film 20 are formed serially on the
substrate 31 and then the magneto-resistance effect film 20
is processed by miling. The high resistivity film 11 is

formed on the magneto-resistance effect film 20 by



wherein the direction of magnetization of said first magnetic IayerUiBsJUL2003
determ ned by causing a current to flow between said second and third

el ectrodes through at |east said second magnetic | ayer. 0 a ~u~ 2003 - 35
8 . A nethod of producing a spin tunnel _nmagneto-resistance effect type
magnetic sensor between a first el ect Todé and a second el ectrode

conprisin forntn the f|r t el ectro
naglr::et o-rgsi '%E&eer clt 2f PEnf y Ue’iﬂ)s‘? tfﬁtj“ ?%%?Itfesrs gc%:ttafsr & 1 dMon the

first electr n |nsulat| | aye free I fIXI Iayer on
the insul at i"ﬁ‘ge | 1hg Fondiion & %tﬁtltnb 3§ 149 ‘%r}tgﬁ{bg

(c) proceSS| t f | et t-an e effect f th respect
to the per p \Mtq:‘%l% ct%;%(?ﬁtéi o %glal(g) (fetp(?z"l]t%%’ ¢ ay %S logt-‘p‘."rec eterm ne

val ue by renpuing LR iRl SR P Uy tsdhe HES g Salrgf‘mgnet 1P L sdance

ef f ect f|In1 ( formng a resist on top © esi stance

ef fect figd my ity AFiMinDQ 12 HERARR] Ith AR dkie¥Y 'sHoud | 1R wdﬂ 5 & g hi ckness
| ess than the hei"ght of the bott'om surface of said fixing filmwth respect

to said firslorelern! r qd&t O heinthdriditsiic )l it tb 1o s redrd . (]
lifting off the magnetic domain control filmformed above the

magnet o- r esifkirateek. efftecttHiidkndys reehmtegnadieties idima i(rg )c Ird6 INCE idlins
insulation filmon the top of magneto-resistance effect filmfrom which the
magneti ¢ domaiirs Gortta A0 fnnl.m Vitse Imagrest iaf fdon(@in proocterssli gl lanst B aargh- hol e
to the anti-ferromagnetic filmin the insulation film (i) formng the
second el ectilmi@magmnetive-riessigitanay) €fiffeat £ilm 20 are removed by lift-

10 off in the same way as in Figs. 11B and 11C. The through-
hole is formed in the high resistivity film 11 by the same
means as the one shown in Figs. 11D to 11F. Thereafter the
upper shield film 9 (serving also as the electrode film 5)
is formed.

15 On the other hand, each of the constructions
shown in Figs. 7 to 9 is equipped with both the insulating
film 6 and the high resistivity film 11. The film thick-
ness of the high resistivity film 11 is large at the upper
portion of the side surfaces of the magneto-resistance

20 effect film 20 but is uniform at other flat portions. The
upper surface of each magnetic domain control film is flat
and is in conformity with the upper surface of the magneto-
resistance effect film 20. Therefore, the insulating film
6 has a uniform thickness. Further, the order of each

25 1layer of the magneto-resistance effect film 20 is exactly
opposite to the order of the constructions shown in Figs. 2

to 6. In other words, the anti-ferromagnetic film 4, the

fixing layer 2, the insulating layer 1 and the free layer 3



08J UL 2003 - 36 9. A nethpd of producing a spin tunnel 08 JUL 2003
magnet or esi stance effect type nagnetic sensor having a first magnetic |ayer
containing a ferromagnetic substance, a second nagnetic |ayer containing a
ferromagneti c substance and a third magnetic | ayer containing an
anti-ferromagnetic substance for fixingz§agnetization of said second

Tmgnet| ¢ | af GHEPOSRS: by (G IR ) scdny T (@oond
a least saldGcond gttt o Y or s iF e 1Y i dac iy BE e o
pat ter h by SRR, i s it lene e S an s an
e o S I R RIS e

said firgt magnetic |ayerpan q%ftqiufaﬁi%n ifgr@wnatﬂnn%{d.“&i%% ggqg%ond

pattern; (g) forming a second insulating filmon at T#®ast’ a pre erm ned

region of salécieewrd Makl @ NisMidPATS0 AN VNG I} 15 Redsieer M ned
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extends up to both end portions of the upper surface of the
free layer 3.

The production process of the reproducing TMR

head having the construction shown in Fig. 8 will be
15 explained with reference to Figs. 12A to 12G.

Initially, the lower shield film 10 is formed by
sputtering or plating on the substrate (similar to the
substrate 31 shown in Fig. 1) and the electrode film 8 is
formed by vacuum deposition. After the surface of the

20 electrode film 8 is cleaned by ion cleaning, the anti-
ferromagnetic film 4, the fixing layer 2, the insulating
layer 1 and the free layer 3 of the magneto-resistance
effect film 20 are serially formed. These four layers of
the magneto-resistance effect film 20 and the electrode

25 film 8 are then processed by ion milling. A resist film 42
having the shape of two stages as shown in Fig. 12A is

formed on the magneto-resistance effect film 20 so

processed. The high resistivity film 11 is formed on this
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!10%77&'()-ﬁium 11 covers the entire side surface of the magneto-
resistance effect film 20 and electrically isolates the
20 magnetic domain control films 7 from the magneto-resistance
effect film 20. Therefore, the leakage current flowing
from the fixing layer 2 to the electrode film 8 through the
magnetic domain control film 7 does not occur, and the
current flowing through the magneto-resistance effect film
25 20 in the direction of film thickness can be increased. 1In
consequence, detection efficiency of the resistance change

ratio of the magneto-resistance effect film 20 due to the

spin tunnel magneto-resistance effect can be improved.
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than the width of the insulating film 6 and the high
5 resistivity film 11 so that the track width becomes smaller
than the width of the magneto-resistance effect film 20, in
the same way as the constructions shown in Figs. 2 to 4.
Therefore, the track width can be easily made narrower
without reducing the width of the magneto-resistance effect
10 film 20 and the recording density of the magnetic disk of
the magnetic recording/reproducing apparatus can be
increased.
Further, in the constructions shown in Figs. 7 to
9, the upper surface of the magnetic domain control films 7
15 1is brought into conformity with the upper surface of the
magneto-resistance effect film 20 and is rendered flat.
Therefore, the upper shield film 9 (serving also as the
electrode film 5) can keep a uniform thickness with the
exception of the portion of the through-hole 21. For this
20 reason, the magnetic wall does not easily develop in the
upper shield film 9 and performance of the upper shield
film 9 can be improved.
Next, the overall construction and operation of a
magnetic recording/reproducing apparatus using the
25 reproducing TMR head of each embodiment of the present
invention described above will be explained with reference
to Fig. 10.

A recording/reproducing head 210 includes the
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mounted onto the reproduc1ng TMR head. The recording/
reproducing head 210 is supported at the distal end of a
5 spring 211 with its float-up surface facing down. The
spring is fitted to a head positioning mechanism 320. The
head positioning mechanism 320 positions the recording/
reproducing head 210 onto a recording medium (hard disk)
110. The recording medium 110 is driven for rotation by a
10 spindle motor 310. When recording is made, the inputted
recording data is encoded by an encoder 335 and a recording
current is supplied by a recording amplifier 336 to the
recording thin film magnetic head. When reproduction is
made, on the other hand, the current flowing between the
15 electrode films 5 and 8 of the reproducing TMR head is
processed by a signal processing system 330 and the
magnetic information of the recording medium 110 is
reproduced. More concretely, the current flowing between
the electrode films 5 and 8 is amplified by a pre-amplifier
20 331 and the data is reproduced by a data reproducing
circuit 332 and is decoded by a decoder 333. A servo
detector 334 controls tracking of the recording/reproducing
head 210 by using the output signal of the pre-amplifier
331. A controller 340 controls the signal processing
25 operations described above.
The magnetic recording/reproducing apparatus
shown in Fig. 10 is equipped with the TMR head having any

of the constructions of the embodiments of the present
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sensitivity at the time of reproduction can be obtained.
Since the width of the electrode film 5 which is in contact

10 with the magneto-resistance effect film 20 is reduced in

this TMR head, the track width is small and the magnetic
information of the recording medium 110 recorded in a high
recording density can be reproduced.

In this way, the embodiments of the present

15 invention can provide the construction of the recording/
reproducing head using the spin tunnel magneto-resistance
effect which head can prevent the leakage current and
moreover has a small track width and high practicality, and
the magnetic recording/reproducing apparatus using the

20 recording/reproducing head.

Next, an embodiment wherein the magnetic sensor
according to the present invention is applied to a magnetic
memory will be explained.

Fig. 13 is a sectional view showing a magnetic

25 memory according to this embodiment and Fig. 14 is a plan
view showing the magnetic memory according to this embodi-
ment. A first base layer 42, a second base layer 43, an

anti-ferromagnetic layer 44 and a fixing layer 45 are
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45, the insulating film 46 and the free layer 47 together
constitute a magneto-resistance effect film 60 in a region
where the first pattern and the second pattern cross each
10 other. Next, an insulating film 49 is formed and patterned
around the crossing region of the first and second
patterns, and an opening 61 is formed at a substantial
center of the insulating film 49. An upper electrode 50 is
formed on the insulating film 49 inclusive of the inside of
15 the opening 61. The upper electrode 50 defines a third
pattern extending in a second direction crossing
orthogonally the first direction and is electrically
connected to the free layer 47 through the third base layer
48 only inside the opening 61 of the insulating film 49.
20 Further, a first lower electrode 51 and a second lower
electrode 52 are formed and patterned on a predetermined
region of the fixing layer 45.
When a current is caused to flow between the
first and second lower electrodes in the construction
25 described above, the current flows through at least the
fixing layer 45, and the direction of magnetization of the

free layer 47 is determined by the flowing direction of the

current, so that the data is stored. The magnetic
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5 of the fixing layer 45. When the current is caused to flow
in the direction of film thickness of the magneto-
resistance effect film 60 by applying a voltage between the
upper electrode 50 and the first lower electrode 51 or
between the upper electrode 50 and the second lower
10 electrode 52, the current flows while tunneling through the
insulating film 46, and the electric resistance of the
magneto-resistance effect film 60 changes depending on
whether the directions of magnetization of the free layer
47 and the fixing layer 45 are parallel or anti-parallel to
15 each other, due to the spin tunnel magneto-resistance
effect (TMR). The data that is stored can be read out by
detecting this change. Though this embodiment uses a RAM
(Random Access Memory) construction capable of writing the
data, a ROM (Read-Only Memory) construction can be
20 employed, too, by omitting the second lower electrode 52.
When the ROM construction is employed, the data may be
stored in advance by applying the magnetic field from
outside.
Next, the material of each part will be
25 explained. Silicon or ceramics, for example, can be used
for the substrate 41. Tantalum (Ta), for example, can be

used for the first base layer 42 and the third base layer

48. A NiFe alloy, for example, can be used for the second
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5 and 49. A CoFe alloy or a NiFe alloy, for example, can be
used for the free layer 47. Gold (Au), copper (Cu),
tantalum (Ta), ruthenium (Ru), etc, for example, can be
used for the upper electrode 50, the first lower electrode
51 and the second lower electrode 52. In addition, those
10 materials which are described as usable for respective
portions in the description of the foregoing embodiments of
the magnetic heads may be employed, as well.
As described above, this embodiment provides the
magnetic memory which can be produced more easily than the
15 conventional processes and which can keep stably and
satisfactorily film gquality and film thickness of each

layer.
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a second magnetic layer formed on a second plane
of said first insulating film, and containing a ferro-
magnetic substance;

a third magnetic layer formed on said second
magnetic layer, and containing an anti-ferromagnetic
substance for fixing magnetization of said second magnetic
layer;

a second insulating film formed on at least one
of said first and third magnetic layers, and having an
opening in a predetermined region;

a first electrode electrically connected to one
of said first and third magnetic layers only inside said
opening of said second insulating film; and

a second electrode for causing a current to flow
between said first electrode and itself through at least
said first and second magnetic layers and said first

insulating film, wherein;

said first magnetic layer formed on a
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2 A magnetic sensor according to claim 1, wherein:
said first magnetic layer is so disposed as to
hang over said pair of magnetic domain control films; and
said first insulating film, said second magnetic
layer and said third magnetic layer are laminated on said
first magnetic layer.
3. A magnetic sensor according to claim 1, wherein:
said second insulating film includes a high
resistivity film covering side surfaces of said first
magnetic layer, said first insulating film, said second
magnetic layer and said third magnetic layer; and

said pair of magnetic domain control films are
formed on said high resistivity film.

4. A magnetic recording/reproducing apparatus
comprising:

medium driving means for driving a magnetic
recording medium;

a head assembly including an electromagnetic
induction type magnetic head as a recording head for
recording signals to said magnetic recording medium and
said magnetic sensor according to claim 1 as a reproducing

head for reproducing the signals recorded on said magnetic
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signal processing means for processing recording
signals to be applied to said recording head and
reproduction signals output from said reproducing head.

5. A spin tunnel magneto-resistance effect type
magnetic sensor comprising:

a first insulating film capable of allowing a
current to flow while tunneling therethrough;

a first magnetic layer formed on a first plane of
said first insulating film, and containing a ferromagnetic
substance;

a second magnetic layer formed on a second plane
of said first insulating film, and containing a ferro-
magnetic substance;

a third magnetic layer formed on said second
magnetic layer, and containing an anti-ferromagnetic
substance for fixing magnetization of said second magnetic
layer;

a second insulating film formed on at least one
of said first and third magnetic layers, and having an
opening in a predetermined region;

a first electrode electrically connected to one
of said first and third magnetic layers only inside said
opening of said second insulating film; and

a second electrode for causing a current to flow
between said first electrode and itself through at least
said first and second magnetic layers and said first

insulating film,wherein:



S109B&' ()- 109B& ()-L109B& ()-8l 8gdENDCO. .! 10: (@0%& () - 0 8 JUL 2003
&109B& ()-!109B& ()- F109B& ()-g 109B& ()-g 109B& ()-2&uj _@..! 10' nl0%
h& ()-1 10B 10B 10B3 109B& () -
11098& ()-!.1098BB& () - (@O0YB&' () - & ?hvidE _@..! 10f10% h& ()- 10% h& () -
Z10% h& ()- 110% h& () - th%)h&f() MtOSAh&' ()-\%adE] _@..! 10 10%
h& ()-f10% h& ()-z 10@6h&f() 10%_ h& () - 1096h&f&% 10%
h& ()-al PAE] _@. . ! feﬂg‘lé%fﬁ& (lylscllfmﬁ&'f(l)lm&@fo H”&'e(i) DHWG%IH&SF)- @ 10%
h& ()-"! M0% h&'(% I 105 0@6h&' i - 2f10%
h& ()- 901804 HESE) ?919610 FTE'Sé)ld ?eéi’@]% H‘&‘J(‘)‘—‘ 'C( A d 1 109'° 10% u& ()-
10 h 10 h 10 hi= said second electrode is formed on a second
region of said second magnetic layer.
6. A magnetic sensor according to claim 5, wherein:
at least said second magnetic layer and said
third magnetic layer constitute a first pattern extending
in a first direction;
at least said first magnetic layer and said first
insulating film constitutes a second pattern;
at least said first electrode constitutes a third
pattern extending in a second direction crossing substan-
tially orthogonally said first direction; and
said second pattern is formed inside a region
where said first and third patterns cross each other.
7. A magnetic sensor according to claim 5, further
comprising:
a third electrode formed on a third region of
said second magnetic layer;

wherein the direction of magnetization of said

first magnetic layer is determined by causing a current to

flow between said second and third electrodes through at

least said second magnetic layer.
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magnetic sensor between a first electrode and a second electrode comprising:
(a) forming the first electrode,
(b) forming a magneto-resistance effect film by depositing, in order,
a free layer on the first electrode, an insulating layer on the free layer, a fixing layer
on the insulating layer, and a anti-ferromagnetic film on said fixing layer,
(c) processing a width of said magneto-resistance effect film with
respect to the perpendicular direction of said deposited layers to predetermine
value by removing material from both sides of said magneto-resistance effect film,
(d) forming a resist on the top of said magneto-resistance effect film,
(e) forming a magnetic domain control film within a thickness less
than the height of the bottom surface of said fixing film with respect to said first
electrode, on said first electrode and on the resist,
(f) lifting off the magnetic domain control film formed above the
magneto-resistance effect film by removing the resist,
(g) forming an insulation film on the top of magneto-resistance effect
film from which the magnetic domain control film was lifted off,
(h) processing a through-hole to the anti-ferromagnetic film in the
insulation film,

(i) forming the second electrode on the insulating film.
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substance for fixing magnetization of said second magnetic
layer, said method comprising the steps of:

(a) forming said third magnetic layer over a
substrate by sputtering;

(b) forming said second magnetic layer on said
third magnetic layer by sputtering;

(c) processing at least said second magnetic
layer and said third magnetic layer into a first pattern;

(d) forming a first insulating film on at least
said first pattern by sputtering, said first insulating
film capable of allowing an electric current to tunnel
therethrough;

(e) forming said first magnetic layer on said
first insulating film by sputtering;

(f) processing at least said first magnetic layer
and said first insulating film into a second pattern;

(g) forming a second insulating film on at least
a predetermined region of said second pattern;

(h) forming an opening in a predetermined region
of said second insulating film; and

(1) forming a first electrode, which is
electrically connected to said first magnetic layer only

inside said opening of said second insulating film, and
forming a second electrode which is electrically connected

to said second magnetic layer, wherein step (i)
includes forming a third electrode which is electrically

connected to said second magnetic layer.



