SPI'N VALVE NMAGNET dw TH SEL MTNM& —AMENATED-EAYER—
AND MAGNETI C RECORD Ul TNES BHEESENSOBEEN ||

' _Fi'el at ed -Application pplicati on is related to gopendi®ig sTED
application Serial No. 08/ 139 477, filed Cct ober 15 1993:

Techni cal Field i nvention rel ates a net oresi stive ( MR)

LAMINATED LAYER AND MAGNETIC RECORDING SYSTEM
USING THE SENSOR

Related Application
5 This application is related to copending application Serial

No. 08/139,477, filed October 15, 1993.

Technical Field
This invention relates to a magnetoresistive (MR) sensor based on: the
spin valve effect for sensing magnetic fields, and to magnetic recording

10 systems which incorporate such sensors.

Background of the Invention
An MR sensor detects magnetic field signals through the resistance

| changes of a read element, fabricated of a magnetic material, as a function of
the stfength and direction of magnetic flux being sensed by the rgad element.
15 The conventional MR sensor, .such. as that used in the IBM "Corsair” disk
drive, operates on the basis of the aﬁisotropic magnetoresistive (AMR) effect
-in which a component of the read element resistance varies as the square of
the cosine of the angle betweén the még'neﬁzaﬁon in the read element and the
direction of sense current flow th;ough the read element. Recorded data can

20 be read from a inagnet_ic medium because the external magnetic field from the
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spi i val ve effect for sensing magnet Ths Beer Roplacad rragilfmatf-j;gope.ﬁer_._k :
systems whi ch incorporate such sensor ?.;;;p}ﬂq%ar&EN ,
Bfackgrou_nd of the Invention - An cts nirgrete—fel ? '
signal s through the resistance changes of a read elenent, fabricated of a

magnetic material,_as a.function t he.str h_an Lrect. of: etic
15 being thedid pifefted BaR fon st iR foled's b bthe i BN | C
that used in the I'BM"Corsair" dis drive, .operates on the hasis of the
ani sot r opi coﬁrwazeslpgt%@e(méém% whigh 3 tEED £2U808% 8 FANESI N he 1 ead
el ement resistance varies as the square of - :
resistance in the read element and a corresponding change in the sensed

current or voltage.
5 A différent and more prondﬁncéd magnetoresisj;ance, called giant
- magnetoresistance (GMR) or spin .Valvg'magnetores_istance (SVMR), has been
: olbserved in a variety of magnetic multilayered structures, the essen_tiél
feature being at least two ferromagn_etic'metal layers separated b& a
nonferromagnetic méta_l layer. This GMR eﬁ'ect has been found in a variety of
10 systems, such as Fe/Cr or Co/Cu multilz—iyers exhibiting strong
antiferromagnetic cbupling of the ferroinagﬁetic layers, as well as in
essentially uncoupled layered structures in which the magnetization
orientation in one -of t_hé two ferrqmagnetic layers is. fixed or pinned. The -
physical origin is the same in all types of structures: the application of an
15 external magneﬁé field causes a variation in the relative orientation of the |
‘magnetizations of neighboring ferromagnetic layers. This in turn causeé a
change in the spin-dependeht scaftering of conductioh electrons and.thus the
electrical resistance of the structure. The resistance of the structure thus
‘changes as the relative alignment of the .magnetizations of the ferromagnetic
20 layers changes. | h
| A.particularly useful _gppl__i;a!;__ion Qf GMR is a séndwich structure
cor_nprisingr two ééséntially ﬁncoﬁi)léd fefrbmagnetic layers .separ.ated by a
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change in resistance in the read el enent and _a correspopdin nge .in the
sensed .cur fememagnebicil gggrs is "pinned”. The pinning may e%cpﬁj ed b %egosmng

onto the ferromagnetlc _leyer to be pinned an antiferromagnetic
iron-manganeee. ( Fe-Mn) layer so that these two adjacent layers are exchange

5 coupled The unpinned or free ferromagnetlc layer has the magnet1zat1on of
1ts extensmns (those portions of the free layer on either 51de of the central
sensing regmn) also ﬁxed but in a d1rect10n perpendicular to the
magnetlzatlon of the pinned layer so that only the magneinzatmn of the free
layer central regmn is free to rotate in the presence of an external field.

10 Typically, the magnemzatlon in the free layer extensmns 1S also fixed by
exchange coupling to an antiferromagnetic layer. However, the
antiferromagnetic material used fer this'r'nust be different from the Fe-Mn
antiferromagnetic material used to pin the pinned layer. The resulting |
structure is a spin valve magnetoresiStiﬁe (SVMR) sensor in which only the

15 free ferromagnetic layer is free'to retate in the presence of an external
magnetic field. U.S. Patent 5,206,590; assigned to IBM, discloses é basic
SVMR sensor. U.S. Patent 5,159,513, also assigned to IBM, discloses a SVMR' |
sensor in which at least one of the ferromagnetic layers is of cobalt or a cobalt
alloy, and in which the magnetizations of the two ferroinagnetic layers are

20 maintained substentially perpehdicular to each other at zero externally
applied magnetic field by exchange eougling of the pinned ferromaghetic layer
to an antiferrorhagnetig layer. 3 |
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feature being at ‘| east two ferrorragnetlc rret al layers separated by a
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-~ antiferromagnetic coupling of the ferromagnetic_|ayers, as wel] as in -
essentj al | ﬂmmrpr%gq yenein shigh the anagnetization b thepinaed fexrogagnetic
orientation in one of the two ferromagnetic |layers is fixed or pinned. The
physi cal orlayenis parddelstonthe sigahl fieldenddahesmagoetizationtdfeharfpee cat i on of
an external magnetic field causes a variation in the relative orientation
of the ferromagnetic layer is perpendmular to the signal field. In the case where the

5 SVMR sensor is to be used in a honzontal magnetlc recordmg dlSk drive, this
means that the plane_of the sensor is perpendicular to the disk surface with
the magnetizetion of the pinned layer orientedlperpendicular to, and the
magnetization of the free layer oriented parallel to, the disk surface. Qne

| difficulty in adiieving this magnetization orientati.on is cause'd.by the dipole
10 field generated by the pinned layer. The pinned layer _has a.net megnetic
moment and thus essentially acts as a macres_copic dipole magnet whose field
acts on the free layer. In SVMR sensors where the height of the read element
is relatlvely small, the result of th1s magnetostatic coupling is that the
magnetlzatlon dlrectlon in the free Iayer is not uniform. This causes portnons |
15 of the sensor to saturate prematurely in the presence of the signal field, which
limits the sensor's dynamic range and thus the recording density and overall
performance of the.magnetic recording system.
| The related copending '477 application relates to a SVMR sensor that
addresses this problem by the use'of ‘a multiple film, laminated, pinned |
20 ferromagnetic layer in place of the conventional single-layer pinned layer.
The lamine.ted pinned leyer has at least two ferromagnetic films

antiferromagnetically coupléd to one ariother across a thin
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magneti zati ons of nei ghboring ferronagh® e'-' gds i n turn
change in the spin-dependent scattering el ect riéns. -and: J
the electrical resistance of the struct tance of the TR ]

structure thus changes as the relative ali gnrrent of t he rragnetlzatlons of
rticularly useful application

AR T T U AN
' l gl ' orragnet Iﬁ(l:mlsal'llaevrestl'lse?l') ?n:é'rleta(lxcbll/lo?nents ahg‘ned antlparallel w1th one another, the
two moments can be made to essentially cancel one another. As a result,
there is essentially no dipole field to adversely affect the free ferromagnetic
5 layer. |
- In SVMR sens_ors. that us.e' either the single-layer pinned layer or the
laminated pinned layer descﬁbed'in the copending application, the preferred
method of pinning the layer 18 by exchange coupling withl an Fe-Mn
antiferromagnetic layer. The use of Fe-Mn as the 'exchange coupling layer
10 presents several problems. The exchange field strength generated by the
Fe-Mn is highly sensitive to temperature As the temperature increases, the
Fe-Mn "softens” and 1ts ability to fix the magnetlzatlon of the pinned
- ferromagnetic layer decreases. Thus, SVMR sensors can be damaged by
| electr,olstatic.: discharge (ESD) current and the resu.‘ltant heating of the Fe-Mn. |
15 Fe-Mn is also much more susceptible_to corrosion than the other materials
used in the SVMR sensor. This fact requiree_careful eontrol‘ of the fabrication
process steps and the use of protective materials for the SVMR. The use of
Fe-Mn also requires that the antiferromagnetie material used to exchange
bias the extensions of the free ferromagnetic layer be made of a tlifferent '
20 material preferably Ni-Mn. To provide suiﬁcient-exchange coupling field

strength, the Ni-Mn must be annealed at approximately 240°C. At this

temperature, 1nterd1£fus1on of the other matenals mto the free ferromagnetm
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nonmagnetic metallic spacer | ayer in v'ﬁl?
ferromagnetic layers is "pinned". The p achi e\Le by ¢
onto the ferromagnetic |ayer-to be pi nn omagnetlc o

| ron- manganese (Fe IVh) Iayer so that these two adjacent Iayers are exchange'm"'
coupled Th u re y | g '
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_central sensi.n reglo also flxe but a direction per endl ar, to
the magnet asqty ﬁem] strengHbARdpdarss cleage wﬂ}agm@ﬁ%%& ﬁuil% Aresy
the free |ayer central region is free to rotate in the presence of an
ext er nal flébmhnnégqﬁunﬂawyr the magnetization in the free |ayer extensions
is also fixed by
. : What is needed is a SVMR sensor that has none of the dxsadvantages
5 associated with an Fe-Mn exchange coupling layer, and has a pinned

ferromagnetic layer that causes minimal magnetostatic coupling with the free

ferromagnetic layer.

Summary of the invention

The invention is an improved SVMR sensor and magnetic recording

10 system incorborati__ng thé eensor. The SVMR sensor uees a self-pinned'
laminated layer as the f)inned ferromagnetic layer in place of the conventional
single-layer pinned layer. Because this laminated layer is "self-pinned”, a
hard bias or exchange bias layer is not needed. The self-pinned laminated
layer has at least two ferromagnetic films antiferromagneti_cally coupled to

15. ~ one another across a thin antiferroma_g'netically (AF) coupling film. | Since the
two ferromagnetic films in this laminated layer have their magnetic moments
aligned antiparallél, their two magnetic moments can be made to eseentially
cancel by appropriate choice of thieknesses. The magnetic field energy

| geherated by the 'si'gnal ﬁ.eld acting on this laminated layer will be
20 sigﬁiﬁcantly less _than the effective anisotropy energy of the laminated layer.

This is bé_zcause the former is proportional to the difference in thicknesses of
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exchange coupling to an antiferromagnetfighe BeenReplaced 't THiS S .
‘antiferromagnetic material used for this rent fjf omthe FeiNB BEE
antiferromagnetic material used to pin t i r. Theé=mesulid ng- ¥

ey

fst ructure is a spin-valve nmagnetoresistive (SVYMR) sensor in which onl y ‘t‘h;é"-‘-"‘?‘-'-m‘:fzi
ree ferro netic layer is free to rotate in the presenc f . an .external
magnetic fi %dtwﬁ?growcélﬁf%%‘? %‘?é?@fr?éldlaﬁp’l @E}fele@glabééﬁa basi ¢
SVMR sensor. U.S. Patent 5,159,513, also assignhed to |BM discloses a SVMR
sensor in vproperdenaktosthe)pemosf thecthiicknesaegnels 8 negylls she damingieddayenr  a
cobalt alloy, and in which the nagnetizations of the two ferromagnetic
l'ayers are wilhinot @otitd sigificantlyainl thepprezende ofithe signaldfidldpbhewilitbeer o
external |y applied magnetic field by exchange coupling of the pinned
ferromagnetisgd G¥eled”. The elimination of the exchange bias layer previously required -
5 for pinning also eliminates the need for Ni-Mn and its associated
high-temperature process, since other antiferromagnets such as Fe-Mn-Cr or
NiO can substitute for it.
For a fuller understanding of the nature and advantages of the present

invention, reference should be made to the following detailed description

10 taken together with the accombanying figures.

Brief Description of the Drawing
Fig.lis a sir_npl_iﬁe_d block diagram of a magnetic recording disk drive
for use with.the SVMR sensor according to the present'inx}ention.
Fig. 2 is a top view of the disk drive of Fig. .1 with the cover removed.
15-' Fig. 3 is an exploded persﬁectiv_e view of a prior art SVMR sensor
showing the pinned ferromagnetic layer and its associated exchange bias
layer. |
| Fig. 4 is a view of the pribr art SVMR sensor of F1g 3 as seen from the
disk and also showing the capping layer and eléctrical leads.
20' Fig. 5 1s a view of the SVMR sengor acéording to the present invention
as seen .from'the disk. |
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Although the SVMR sensor of the present invention will be descnbed as
embodied in a magnetic disk storage system, as shown in Fig. 1, the invention

is also applicable to other magnetic recording sj?stems, such as a magnetic

" tape recording system, and to magnetic random access memory systems

Wherein a magnetoresistitre element sertres as a bit cell.

Referring to Fig. 1, there is illustrated in sectional view a'schenratic of |
a prior art disk drive of the type using an MR sensor. The disk drive
comprises a base 10 to which are secured a disk drive motor 12 and an
actuator 14, and a cover 11. ’l‘he hase 10 and cover 11 provide a substantially
sealed housing for the disk drive. Typically, there is a gasket 13 located |

between base 10 and cover 1.1 and a small breather port (not shown) for

equalizing pressure between the mtenor of the disk drive and the outside

environment. A magnetic recording disk 16 is connected to dnve motor 12 by
means of hub 18 to which it is attached for rotation by the drive motor 12. A
thin lubricant film 50 is maintained on the surface of disk 16. A read/write
head or transducer 25 is formed on the trailing end of a carrier, such as an
air-bearing slider 20. Transdut:e_r 25 may be en_ inductive read and write
transducer or an inductive write transducer with a SVMR read transducer of

the type to! be descnbed The shder 20 is: connected to the actuator 14 by

means of a ng1d arm 22 and a suspensmn 24. The suspension 24 provides a

AMS-94-012 | -8-



the magnet i zation of the pinned |ayer B# dcul a an:fc. @n Sy -
magneti zation of the free |ayer ori ente t he djfsk su I”érce“ Dq'elm _
difficulty in achieving this rragnetlzat is c :byie )

di pole field generated by the pinned Iayer The pi nned Iayer has a net
magneti c rmrrent and thus essential lf' acts. as a_.macraqgscopi ¢ di pol e magnet
whose fi el d biaging fonce wich sagenihs slider 20vmtsdhesiurtagecolcthencecnedipgt of

the read elenent is relatively small, the result of this nmagnetostatic

coupl i ng i s disktl6. hBuringgopérativni ﬁfnthéi diskt dxive) the drivemetdral®rotatesitite
uniform This causes portions of the sensor to saturate prematurely in the .

peserce o 48 8 A0aohbldoplicbog 6 dobi SRV SRRy RS
rotary voice coil motor (VCM), moves the slider 20 generally zjadlally across
5 | _ the surface of the disk 16 éo t_hét the. tead/write head may access differeﬁt:
data tracks on disk 16. |
Fig. 2 is a top view of the interior of the disk drive with the cover 11
removed, and illusfrates in better detaﬂ the suspension 24 which proyidgs a
fozfce' to the slider 20 1_;6 urge it toward f,he disk 16. The suspension may'be a
1d convéntional_ type of suspensidn, sﬁch as the well-known Watrous suspension,
as described in IBM's U.S. Patent 4,167,765. This type of suspension also
provides a. gimbaled attachment Qf the slider which allows the slider to pitch
and roll as it rides on the air bearing. The data_d‘etected from disk 16 by the
transducer 25 is proces'sed ifxto a data -rea.dback signal by signal amplification
15 and pfocessihg circuitry in the integrated circuit chip 15 located on arm 22.
| The signals from transduéer 25 travel via flex cable 17 to chip 15, which sefxds
its output signais via cable 19. B
The above description of a typical magnetic disk storage system, and
the accémpanying Figs. 1 and .2, are for representation purposes only.. It
20 should be apparent that disk. storége systefns may contain a large number of |
disks and actuators, and each. actuator may support a number of sliders. In

addition, instead of an air-bearing slider, the head carrier may be one which

AM9-94-012 . ' 9.
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performance of the magnetic recording By as Been ReplacBtie 1 =ed—copendi ng

"477 application relates to a SVMR sens sses it hiis probl em Yy —

the use of a nmultiple film |amnated, gnetfli c | ayer, i.n pFacy
AL LGN SO il

of. the conventional single-layer pinned |ayer. am nated prnned- layer -
has at | east, (90..heth OTRUNL GorlthhiBr o8l oS RU Thb SRLLYs FaHEL 3 iulne
- 5 - antiferromagnetically (AF) coupling film Since the pinned '
fer,ronagne_tb%amﬂgl thieE conkagt Iﬁﬁ@ﬁﬁ’éﬂgéﬂ%bm- aligned antiparallel wth
one anot her, the - _ : ' '

A prior art SVMR sensor 30 is shown in Fig. 3. The films forming the

completed sensor are supported on a suitable su_bstfate 31. The SVMR
5 sensor 30 may form part of transducer 25 in the disk drive system of
Figs. 1 and 2, and th_é substrate 31 may be the trailing end of the head carrier
or slider 20.
A buffer layer 33 is deposited on substrate 31, followed by a first thin
layer 35 of soft ferromagnetic material. A thin nonferrorixagnetic metallic
10 spacer layer 37, a second thin léyer 39 of ferromagnetic materiél, and a thin
layer 41 of an exchange biasing material having relatively high electrical
resistance and being in direct contéct with the ferromagnetic layer 39 are
‘deposited over la'yer; 35. Layers 37, 39, 41 are then etched away to have a |
-predetermined width geheraliy corresponding to the width of the data track
15 on the magnetic medium; such as disk 16. Antifen_'omagnetic layefs 42, 43
| are formed directly on the extensions on {?he sides of central sensing region 36
of ferromagnetic layer 35. Not shown in Fig. 3 are the capping layer for
corrosiqn protection and the electrical leadé that.are patterned on
layers 42, 43. |
20 - In the absence of an- externaily applied magnetic ﬁeld from the recorded
magnetic disk 16, _.the Iqqgngﬁz_éﬁons of the two layers 35, 39 .of fenomégnetic
. material are o.rié_hteg_i af; -r;_m angle, p’referabl‘jr ;t;)'f about 901 degrees, with respect
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two nonents can be nade to essent i alfhigS lgebt her . a T esHt=———— .
there is essentially no dipole field ffect t e”‘f” ':é”_ i '“.C‘ REEN
“ferromagnetic |ayer. In SVMR se ‘ei t h L1 he i -

singl e-1ayer pinned | ayer or the |am nated p| nned | ayer descrl bed i the

copendi ng application, referred nni n er is b
exchange cog‘gle? ofher aérlnﬁgc%g bgr&vpgﬁr%gﬁéﬁf)geﬁg@cg}vell e of Fg Mh
as the exchange coupling layer presents several problens. The exchange
field strenfetropagmeticddyery 35 lie called vhe/’ §re|¢| éﬁmmuq lager dnithabdhat ur e.
As the tenperature increases, the Fe-M "softens" and its ability to fix .

the magnet i agdgratizftionhinh fsrsendral region 36 is free to rotate its direction in response
. to an exter‘nally applied magnetic field (such as mag‘ne_tic field h as shown in
5 Fig. 3), as shown by the dashed arrows on layer 35. The ferromagnetic
layer 39 is called the ’ plnned ferromagnetlc layer because its magnet1zat1on
~ direction is fixed or pinned in a preferred onentatlon, as shown by the
arrow 38. Layer 41 prov1des a b1as1ng field by exchange couphng and thus
: p1ns the magnetlzatmn of the ferromagnet1c layer 39 in a preferred direction
10 | (arrow 38) so tl:lat it_ cannot rotate its dlrection significantly in the presence of
an .applied ext__,emal magnetic field having a strength in the range of the signall
field from disk .16_'_ Similarly, the layers 42, 43 provide longitudinal biasing by
exchange coupling to the extensions of t_he central region 36 of free
ferromagnetic layer 35. Thie assures that the magnetization of the central
15 sensing region 36 ol’ the free ferromagnetic layer 35 is maintained generally
| | perpendicular-to- l_;he magnetization of pinned ferromagnetic layer 39 in the
absence of an externally applied mag'netic field.
.Fig. 4 is a view of the structure of Fig. 3 as it l;vould appear lcoklng up
from the surface of disk 16. Fig. 4 also shows the capping layer 44 and
20 patlemed electrical leads 45, 46 for making electrical connection to the
senscr 30. The pinned ferromagnetic la_yer 39 has a net macroscopic magnetic

rnoment, represented by arrow 38 into the paper. The magnetic field

AM9-94-012 41



ferromagnetic | ayer decreases. Thus, THYARtIRHBRH ReftRby D€ dgnmaged: by

el ectrostatic discharge (ESD) current ant he&tipg. 'h’ o
Fe-M. Fe-M is also nuch nore susce ﬁH"E Mm on than the GtHer .
rrﬁte][l gl s wused in the SVMR sensor. Thi's es careful control of

t he ari_cation ro s, steps _and. the use o UVvé, ¥

SR The -uﬁ%s O5jated AR s TG nstpdtirn it aBi it o tegtf%‘%l&n%%?etw
used to exchange b| as the ext ensi ons of the ee ferroma tlc |

made of a dlavesrdin iismtenitral sensing segipnySey T Eoﬁ m#snﬁ%%l gé af e
exchange coupling field strength, the N'-M nust be anneal ed at

appr oxi mat elaye?AH i forMedAat ahi mgle@m’mﬂpaonmateimﬂﬂrd:agrms tothat of the ot her
materials into the free ferromagnetic

pinned layer 39. The ﬁeld from the pinned layer 39 causes the magnetization _

e — H \
gml g =

5 in the free layer 35 to be nonuniform. The nonuniformity of the
magnetization causes porinons of the sensor 30 to saturate prematurely in the
presence of an extemally apphed signal field from the magnetic med.wm

 The use of antlferromagnetlc exchange couphng layers 41 and 42, 43 is

.the prefefred method of pinning the magnetizations— of the ferromagnetic

10 : layef 39 aﬁd the extensions of ._free lé.yer 35, respectively.: However, the
second fefromagneti_c layer 39 and the extensions of free layer 35 can have
their magnetizations pinhed bj alternative methods, such as the use of a hard
bias layer (not shown) as is known in the art. The exchange bias layers 41
and 42, 43 are typically madé of a suitable antiferromagnetic material, such

15 - as 1ron—manganese (Fe-Mn) or mckel-manganese (Ni-Mn). However, the

layer 41 must be made of a different ant1ferromagnet1c matenal than that
used for the layers 42, 43. ThlS is because the magnetlzatmn of layer 41 must
be made pe'rper;dicular to the magnetizations of layers 42, 43. Dunng
pfocessing, the antife;rbmagnetié material is subjected to an la.ppl'ied_ magnetic

20 .ﬁeld' while h.eated to a specific critical.temperature to orient its magnetization.
Different materials must be selected so _g_hat when one material is raised to its

critical temperature to orient its magnetization, this temperature will be

AM9-94-012 -12-
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I ncreased anisotropy field strength, a nge in
magnetostriction of the free ferronagn
ges

a SVMR sensor that has none of the disa associ ated - wi th an Fé-Wh-

nedded i s

EEEAIR N AR TR WL R N
- be unaffected. Thus, typicallj layer 41 is made of Fe-Mn, which has a critical
temperature of about 160°C, and the layers 42, 43 are méde of Ni-Mn, which
o | has a critical temperatﬁfe of about. 240°C. | |
5 The above-described embodimen_t is for a SVMR senébr used in a’
magnetic recording disk drive. However, the SVMR ele:ﬁent of the present :
invention is also applicable for use in magnetic random access memory
systems. In such an embbdixﬁ_ehﬁ, the SVMR elemént serves as a bit cell and

the xhagnetizaﬁons of the free and pinned layers would be oriented parallel or

' 10 antiparallel, rather than perpendicular.

. ﬁreferred Embodiments
In the present invention, the singlé-layer piﬁned ferromagr_letic _Iayer 1n

the SVMR sensor is i'éplaced by a self-pinnéd laminated structure comprising
at least two ferromagnetic films separated by a thin antiferrdmagnetic

15._ coupling film. The antiferromagnetic layer for pinning the pinned layer is
eliminated. The two ferromagnetic films makiﬂg up the laminated pinned
layer are antifefromagnetically coupled to one' another by means of the
appiopriate type and .thickness of the antiferrorhagnetic coupling film éo that
theif magnetizations are oriented antiparallel to dne anotherl

20. The'*.:f)referféd_ é;xlbodirﬁént of the SVMR sensar according to the present

| invention is show;i st:hematicaliy in Fig. 5 which, like Fig. 4, is a view of the

AM9-94-012 .. -13-
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Sunmmary of the Invention  The i n\F@ roved.,SVIVR 591::;11 i}
and magnetic recording systemi ncorpora The;: SVVR oAt gre 7
uses a self-pinned I|amnated |ayer as t magne'h €-:layer- _'_‘_

"pl ace of . the conventional- single-Ilayer pi nned Iayer Because this

| am nated layer, is "self ned' hard b r S
not needed. S%Hﬁt‘gélqs H‘I ‘Hﬂ'gidp?ﬁﬂ‘?arfa)t%thg HP @‘ 'I%}'é} g?{%ﬁa roﬁ‘l”agnet ic
films antiferromagnetically coupled to__one anot her across a t

anti f er r onagrediumal Howessy, itoBig.isthe SVAMRienser 6Qds shawn as rfagﬁgﬁm with

films in this lam nated | ayer have their magnetic nonents aligned
anti paral | ethe phmerd and fﬁ@glue_x;ers invertad Sromartheeprimdert SVMBaensar bf Fig. 4.

The SVMR sensor 60 as s_ho_wn in Fig. 5 is fabricated by DC magnetron
5 sputter deposition iﬁ the. presencé of an applied magnetic field. First, a
'50-16011 film of tantalum (Ta) is deposited- as a buffer layer 62 onto a
substrate 61, Whiéh ih this embodiment was glass. However, the substrate
Could also be of other materials, such as a semiconductor material or a
ceramic matenal such as used for conventlonal sliders. The pinned
10 - ferromagnetic layer 70, Wthh replaces the single-layer pmned layer 39 in the
prior art structure of Fig. 3, is a self-pinned laminated structure. It compnses
a first t:obalt (Co) film 72 having a thickness in the range of 20-50A formed
directly on the Ta buﬁ'eflayer 62, a 3-_10A ruthenium (Ru) ﬁlm 73 déposited
onto the first Co film 72, and a second Co film 74 of 10-40A thickness formed
15 on the 'R'u film 73.. The easy axés of magnetizations of films 72, 74 are.
onented perpendicular to the plane of the figure (into the paper) due to the
applied field. The d1rect10ns of magnetization of the two films 72, 74 will be
set later after all the films in the SVMR sensor 60 have been deposited. |
'These mag_netizatioﬁ directions are as iﬁdicated, 1.e., towérd the medium for
20 film 72 as shown By -arrdw 76 and away from the medium for film 74 as

shown by arfbw 78, _although the reverse would also work.
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generated by the signal field acting on I ayq/T T*\Me “l e . ‘T“""
significantly less than the effective a of it he lam. nated
layer. This is because the former is proportlonal to t he deference |n _
t hi cknesses of

two ferromagnet i A coppgr (Gu) layer S3iisdhen depasited gntodhersecprdi e ﬁll@ 74 tO a
proportional to the sumof the thickpesses. As a result, the | am nated

| ayer wil| thitkmessanchei ramigeiof 2k ~-4§Aito delree msdﬁmmmfefrdrhegne@maiet&llﬁd d,
but will be

spacer. While Cu was used as the spacer layer in this embodiment, other

cancel by appropriate choice of thi ckn&s%&etHIhBee
y

n'onferror'nagnetic_'metallic materials with high electrical conductivity, such as
5 sil_vez* (Ag), gdld (Au_); and théir alloys, can be used.
Next, the .free‘ferromé'gnetic': layer 64 is fdrmed over spacer layer 63. It
comprises a Co film 65 of 3-12A thickneés déposited, on the Cu spacer layer 63
and é Ni-Fe film 66 of 15-60A thickness deposited over the Co ﬁlm 65. Both
of the films 65, 66 making up the free ferro_magheti-c layer 64 are deposited in
10~ the presence f)_f the same applied ﬁagnetic field used during the deposition of
the pinned films 72, 74 so that this field alsp defines the easy axis of |
magnetization of the free layer 64. Altematively, the applied field could be
rotated 90 degrees fr_bm i.ts previ'ous' direction. The maghetiza_tion direction of
the free ferromagnetic layer 64 will .be-'set later é&er all of the films in the
15 SVMR sensor 60 have been deposited and patterned. This magnetization
direction will be as indicated by érrow 6‘7, i.e., generally parallel to the
medium and perpendicular to the magnetization directions 76, 78 of the'.
pinned films 72, 74, respecti_vely. While in the preferred embodiment the free
ferromagnetic layer 64 includes a thin Cé film 65 adjacent to the Cu spacer
20 layer 63, the film 65 t:anlals-o-'be a Co alloy. It is also possible to form the free
ferromagnetlc layer 64 of a smgle ferromagnetic material. The Co or Co alloy

film 65 1ncreases the magnetoresmtance of the sensor but is ma1nta1ned

AM9-94-012 a " -15-



"sel f-pinned”. The elimnation of tITelsSheeﬁaa ern xed ay er viously
required for pinning also elimnates Ni - (c U 2.8 Q_,(;I ated —
hi gh-t enperature process, since other ets suc asé I\/ﬁ Q%F
Ni O can substitute for it. For a un erstandl h-e--_-_..nature _

ol | owi ng. ddemttel ABEFy ﬁﬂ%&%%%é@ﬁ%ﬁﬁ%@%«r‘? e e R SRRl

~figures. Br.i ef Descript.ion of the Drawi ng.

Fig. 1is a baxrﬁ;mag@@tlm%emnea@ﬂmﬁte perraeafality of £he sanser-di sk drive

for use with the SVMR sensor ‘according to the present invention.
Following the deposition of the free ferromagnetic layer 64, a first Ta

layer 69 is formed'_over the free ferromagnetic layer 64. Next, the Ta layer 69
5 ~  on top of the central region 80 of the free ferromagnetic layer 64 is: masked.
| ‘The structure is then fettirnéd to the .s',put.ter deposition chamber with the
| ‘applied field .orien.ted perpendictﬂar to its original direct;ion. The Ta layer 69
is theit etched down to expose the latér_al extensiohs 81, 82 of _the free
ferromagneti_e iatyer 64. The ete}ting of the Ta defines edges 90, 91 of the
10 'central sensing region 80 of the free ferromag"netic layer 64. The width of the
region 80 between edges 90, 91 is selected to gerierally match 'the vndth of the.
data track on the magnetic medium. Since this width is in the micron
(10, OOOA) range, the drawmg of F1g 51is not made to scale so that the sensor
ﬁlms can be shown.
15 ' _Ant1ferromagnetic exchange biasing layers 83, 84 are then deposited
directly on the lateral extensions 81, 82 of the free ferromagnetic film 66.
This causes the directiort of magﬁetizations of the extensions 81, 82 to be set
- perpendicular to their original easy axes. Although not shown irt Fig. 5, it
may be desirable to first deposit additional Ni-Fe onto the later_al
20 extensions 81, 82 because during the previous etching step some of the Ni-Fe
may have been removed from ﬁlm 66. In the preferred embodlment the -

material used for the layers. 83 84 is Fe-Mn Cr. The Fe-Mn-Cr is then
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Fig. 2 is atop view of the disk drive ofl‘hFS aS elE"cove,r rem) VAT —
Fig. 3 is an expl oded perspective view of i MR Seﬁsor shgw h 5 BEF

ge bi ds=—= ay_er. D

i e

the pinned ferromagnetic | ayer ‘and its ass
gl gk 4 |ds ? Vi e\r/]v of the prior art SVMR sensor of Flg 3 as seen fromthe
I sk and al so, s t he.ca r | ect.ri,cal Fig. 5.
:cs a vLewdofS‘;lE’Jﬁ@ %E‘Mﬁéﬁgg’a‘% ﬁtegé]f"ﬁgﬁ ed 1o ]rﬁggt“f}t}ﬁh 8s seeg
romthe disk. '
considerably less than the 240°C temperature required for Ni-Mn. The

Fe-Mn-Cr layers 83, 84 provide longitudinal biasing of the free layer
* ' extensions 81 82 to fix their magnetlzatmns 1n the dJrectlon of arrow 67.
5 Thls additional step of heating and cooling in the ﬁeld ensures that the
des1red magnet1zat1on orientations of the extensions 81, 82 are mamtamed
A cappmg layer 85 of 40-60A of Ta is then deposﬂ:ed over the Fe—Mn—Cr
antiferromagnetic ex.change bias layers 83, 84 to prov1de corrosion resistance h
for the sensor 60. Other suitable capping materials are high__'resistivity
10 materials, such as _rutheniuin (Ru), zirconium (Zr), or alloys of Cu and
gold (Au). | |
- Fig. 5 also illnstx_'ates schematically the means for connecting the SVMR
sensor 60 to sensing circuitry in the magnetic recording system. Electrical |
leads 86, 87, preferably formed of Au or Au covered with Ta, are deposited on
15 the capping layer 85 outside the's_ensing region 80 to form a circuit path |
between the SVMR seneor 60 and a current source 88 and a sensing
means 89. |
After the sensor geometry is completed, the difections of the
magnetizations of layers 72,. 74 are set by applying a sufficiently largle
20 magnetic field (~10 Kee) | The direction of the magnetization of layer 66 is
self-setting due to its shape amsotropy and the effect of the plnned

extensmns 81 82.
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- 8- Det ai | ed DescHh hmﬁascﬁeelt latadvent i on
Prior Art Al t hough the SVMR sen ent I NV B i

described as enbodied in a nmagnetic d tem as ffsh wht- rn.‘nggB
1, the invention .is al so applicable to ot er magnetlc recor 'ng,system;t :

such as a nagneti rec r din stem and eti om agcess
nMenory systems \%ﬂeqfl %‘?%Eileé’ctr 9e‘n3g8ﬁéﬁ15133%;]\}83t m(.; '1“?1 Bel | .
Referring to Fig therels illustrated in sectional view a schematic of.

a prior art sangfrd bmtbé SSNSINEMEARS &%dﬁgecmgmh%@imge inrpesigiancegdelsaR, of
the SVMR 60 as the magnetlzatlon of the central region 80 of the free

N ferromagnetic layer 64 rotates in response to the applied meg‘netic signall from
5 the recorded medium-. | | | | |
The two Co films 72, 74 in thé laminated ﬁinned layer 70 have
magnetization directidhs indicated by arrows 76, 78, respéctively. The
antiparallel a'lignmenﬁ of the magnetizatibns of the two Co ﬁlme 72, 74 is due
te an ahtiferromagnetic exchange coupling through fhe Ru antiferroh;agnétic |
10 coupling film 73. Because of this antiférfomagnetic coﬁpling, and because the
two Co films 72, 74 can have substantiallj the same thickness, the magnetic
moments of each of the films can essent:ally cancel each other. The net
magnetm moment of - the laminated layer 70 is thus substantlally smaller than
the sum of the magnetic moments of the two 1nd1v1.dual films 72, 74.
15 _ While in the embodiment shown in Fig. 5 the self-pinned leminated
fex_'romagnetic layer 70 cemprises two antiferromagnetically coupled
films 72, 74 separated by a single antiferromagnetic eoupling film 73, the
| layer 70 can comprise a multiple number .of ferromagnetic films separated by
antiferromagnetic coupiing _ﬁhris. _
2 . Depending upon the mateﬁals selected for the ferro.magnetic.
films 72, 74 and antiferromagnetic coupling film 73 in the laminated pinned ~
layer 7 0.,__ there- is a preferred an‘tiferroreagnetic coupling film thickness at

AMS-94-012 . | -18-



ety TR e |

conprises a base 10 to which are secur cliis@hat
actuator 14, and a cover 11. The base 10 ‘ Iprov €. 3 pEp; cor j
, - S

substantially sealed housing for the d| cal |
gasket 13 |l ocated between base 10 and cover 11 and a smal | breather por

(not shown) I ve
and t he outsi 6 tgn\?%]rrg@ %ﬁ%@%ﬁé@oﬁﬁé%‘?& &ﬁ?%l s conéé’i‘Pé%f
drive notor nmeans of hub 8t is attached f tatlon by
the drive ﬁ#&@l&feﬂﬁ BRgreriq SromLing Rl Hielensse SoHek HOGPRSD oy REWEHTh acs
of disk 16. A read/wite head or transducer 25 is formed on the trailing

end of a cathates signifipantsnumbesiof pia dolesyoeturdar throfilm; which seuld nffeey itse

an i nductive read and wite transducer or an inductive wite transducer
with-a SVI\/th’_a'ﬁei-rbma_gadticebupﬁng strength. The strength of the antiferromagnetic

5  coupling ﬁeld exhibits an oscillatory behavior as a function of increasing |
lantiferromagnetic film tlﬁcknees. This oscillatory coupling- relationship for
selected material combinaﬁorls is. described by Parkin et al. in Phys. Rev.
Lett., Vol. 64, p. 2304 (1990). | |

Wh11e the laminated pmned layer in the SVMR sensor 60 has been
_ 10 shown with the preferred materials of Co and Ru as the ferromagnetlc and
antlferromagnetm coupling - ﬁlm respectively, other matenal combinations are
possible, such as 1ron/chrom1um (Fe/Cr), and other ferromagnetlc matenals
" (such as Fe, Ni, Co or'alloys of Fe, Ni, or Co) with other antiferromagnetic
corlpling films (such as Cr, rhodium (Rh), iridium (Ir), and their a]lo’ys). |
15 Hovrever, for each such material eombination, the oscillatory exchange
| coupling relationship would have to be detemlined, if 'not already known, so
that the thickness of the antiferromagnetic coupling film can be. selected fo
assure antiferromagnetic coupling between the r.wo ferromagnetic films.
If the "live" thicknesses ef the two ferromagnetic films 72, 74 forming
20 the laminated pinned layer 70 are identical, then in theery the net m_o'ment of
the pinned layer 70 vrould be zero because each of the magnetic moments

wou’ld precisely cancel. (By "li've". thickness is meant the actual thickness of
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the type to be described. The slider 2(This$h edt he act uat or 14 by
means of - a rigid arm 22 and a suspensi on B li nsion 24 provgdgs @ﬁ“t”'_‘-‘
-9- biasing force which urges the slider urface e

recording disk 16. During operation of the disk drive, the drive notor 12 )

oty e A2 R 8L ARE R AALIE. 00 M el
e o1 Lo Abesuriacentihe fhiltns atiigs may have become muxed with adjacent lms or
oxidized. Thus, the live thickness of each of the films 72, 74 is less t_han its
total thickness.) Becau_ée it is not i)ossible to .preciéely form each of the films
5 to the exact same thickness, the net moment of thé pinned layer 70 will likely
.be a 'sﬁﬂl but nonzero value as a natural result of the normai deposition
process. However, it is desirable _to deliberately deposit one of the pinned
ferromagnetic ﬁhﬁs to a thickness slightly greater than that of the other film, ,
as descrfbed with respect to Fig._' 5, so that there is a small nonzero net
10 magnetic moment iﬁ the pinned layer. This assures that the magnetization of
the pinned layer 70 is stable in the presence of small magnetlc fields so that
the d1rect10n of its magnetlzatlon is predlctable
The key aspect of the SVMR 60 of the presént invention is the absence
of either a hard bias layer or an.antifezl'romagnetic layer adjacent to the
15 pinned ferromagnetic layer 70 for pinning the magnetization of the pinned |
ferromagnetic layer 70. The lack of this layer eliminates additional processing
lsteps and permits Fe-Mn (or Fe-Mn-Cr in the preferred embodiment)_to be
used as the antiferromagnetic layéxj for longitudinally biasing the
extensions 81, 82 of the freg ferrémagneﬁc layei' 63. Thus, the problems
20 associated with- the use of Ni-Mn can be eliminated.
' In contrast to the prior art use of : single-layé'r pinnéd layers with
| associatéd hard or g:_;change bias l;éyé;s;'a_zhard Bias layer or an exchange bias

' AM9-94-012 o a0-
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data tracks on disk 16. Fi g. 2 s Shett®las BdeeReplitedt he | 1 Qr__of
di-sk drive with the cover 11 renoved, inb r detal '
suspensi on 24 which provides a force tamuuﬁnﬁmmﬁgto urige-.it. toward-
the di sk 16. The suspension nay be a conventional type of suspension, such-
as the well-known WAfrous suspensd ~as describhed in IBMs U.S.  Patent: :
2167 765, 1ArE et Breded o bar Y MR estoar 60 CdrepriRBRRRTERACth PRASHE of
the slider which allows the slider to pitch and roll as it rides on the

ai r beari ng.thtHaminateditayert Hlisf Tselfrpinped’.c Because the twosférmgnagsetic
processed into .a data readback signal by signal anplification and :
processi ng diligdi72) y4iin thedamihetdlaedr G0 axd tlosditp the saasatlsidknsssy but22.

The signals fromtransducer 25 travel via flex cable 17 to chip 15, which

sends their magnetizations are in opposite directions, the net magnetic moment of

5 layer 70 is smali. An externally applied field will generate a magnetostatic
enefgy that is related to the product of this smsll net moment times the
applied field strength. This applied field energy will not cause the larhinated
lajrer 70 to rotste because this energy will be less than the effective anisotropy
ﬁeld energy of the lsminated layer 70. The reason the appliéd' ﬁeld energy is

10 less than the effective anisotropy field energy is that it is proportional to the
difference of the live thigknesses of the two ferfomagnetic films 72, 74, while
the effective anisotropy field energy is proportional to the sum of the live
thicknesses of these two films. Also, for the laminated layer 70 to be
self-pinned, the intrinsic anisotropy field of .each- of the films 72, 74 must be |

15 several times larger than the coupling field from the free layer 64. This is
accorhplished by the choice of materials for the laminated pinned layer 70 for
a given spacer layer/free layer combination. For exémple, m the embodiment
descfibed and shswn in Fig. 5, the intrin.sic anisotropy field of each Co
.ﬁlm. 72, 74 is approximately 60 Oe, whereas the coupling field from the free |
20 layer 64 is below 20 Oe; The laminated layer 7Q will thus not rotate in the

presence of an applied signal field and is thus self-pinned.
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its output signals via cable 19. ThlSSh ld:edscrl pti.on; -of a"t-iypl caf
magnetic di sk storage system and | t Fi gs. 1] and &,ﬂg';gﬂe f)o'riu\: ..
represent ati on purposes only. It Sh t t hat FSk=sterage ~ .

systens may contain a |l arge nunber’ of disks and act uators and each o

actuator may supp@rt nmber of sli.der In addit.ion, tead of_.an
ai r-bearing slid §M&&SE%PF‘F°§F11% bae Bﬁ%S%mlleﬁentmn%as significantly
- 10 - maintains the head in contact or near contact with the disk, such

as in li qur:glproved performance over the prior art. Compared to SVMR sensors that
are subjected to the 240°C processing step -required when Ni-Mn is used, the
magnetoresistance (_deltaR/R) is 'i_rlcreased approximately 20-30% andlthe
5 anisotropy field of the free ferromagnetic layer is reduced approximately. 70%.
Also, the change in magnetostnctlon due to the high temperature processmg
step is reduced by a factor of 10. "As a result, the signal response has been
calculated _to be 5 millivolts/micron, which is approximately a 300% '
improuement over the prior art SVMR sensor.
10 While the preseut invention has Been particularly shown and described
| '_ with reference' to the preferred embodiments, it w111 be understood by those
| skilled.i.n the art that various changes in form and detail may be made
y’vithout departing.ﬁ'om the spirit and scope of the invention_. Accordingly, the
.disclosed invention 'is to be considered merely as illustrative and limited in

15 scope only as specified in the appended claims.
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beari ng and ot her contact recordi ng A‘ | Hi®BraEt JSMI\@L

sensor 30 is shown in Fig. 3. The f fos s let ed ,:ggn;%rnbarg
supported on a suitable substrate 31 sor 3 ..u, for-m-patd
transducer 25 in the disk drive syst and 2;

31 may -be t trailin nd of the head carrler or slider

buffer | ayeWVhat iSClaimegiI8ay on substrate 31, foll owed by @ﬂu‘ , } m,“w
layer 35 of soft ferromagnetic material. A thin nonferro

spacer layer 37, a second thin layer 39 of ferronmagnetic material, and
thin layer 41 of an exchange biasing material having relatively hlgh

el ectri cal 1. Aspinvalve magnetoresistive element comprising:
2 first aﬁd sécond layers of ferromagnetic material seﬁarated by a épacer

3 - layerof nonmagnetic material, the magnetization difection of said first layer
4 of ferromagnetic material being oﬁented at an angle. relative to the
5 " magnetization directior_l of said second layer of ferromagnetic material at zero
6 ‘applied magnetié .-ﬁéld,_.the second lajref of ferrorﬁagnetic material comprising
7 first and second ferromagnetic ﬁims antiferrdmagneticaﬂy coupled to one
8 another aﬁd an antiferromagnetically coupling film separating the two
9 fénorﬁagnetic films, _w_herein thé element includes no hard bias layer or

10 exchange bias layer for pinning the. magnetization of the secor_ld ferromagnetic

11 layer. | |
1 | 2. - A spin valve magnetoresisﬁve element as in claim 1 wherein the
2' antiferr;)magnetiéally coupling film in the second ferromagnetic layer consists
3 essentially of Ru. |
1 3. A spin valve magne£oresistive element as in claim. 1 wherein the
2 o first and second ferromaghetic films in the second ferromagnetic layer consist

'3 essentially of Co. .
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\\ -
‘resi stance and. h!ﬂislsgeetlﬂhs(ﬁbé’n 1adad>nt act. et é’HlSa&eEl:Bﬁﬁarﬂe,,
deposi ted over I 37, 39 !mrﬂllﬁ d awa E*E;«h,aae;)a '
pr edet er mi ned wi d orrespon *ng ct oLt he
" on the magnetic di sk 16. Antlferrorragnetlc Iayers 42, 43
are formed dlregly theetensmn on.the sides of central
regi oh 36 of f SRR yajvg magastongsistiiey %ﬁ“ﬁ?tﬁsgm aé?’el er@é‘gﬁ‘ﬁg

layer for corrosion protection and the electrical |eads that are patterned
on |ayers fust angl second ferramagretit Simsdndthessecond derramaenghit ﬂ’é@rr?d‘gnet iC
field fromthe recorded magnetic disk 16, the magnetizations of the two

| ayers 35 ,mafef o siateriaseletted frofrethekbreue consistingdfalo,aie aNgI and alloys
preferably of about 90 degrees wi.th respect

"4 of Co, Fe, or Ni, and wherein the anhferromagnehcally couphng film in the
5 second ferromagnetic layer is made of a material selected from the group
6  consisting of Ru, Cr, Rh, Ir, and their alloys.
1 - 5. A spin valve magnetore51st1ve element as in claim 1 wherein the
2  second ferromagnetlc layer has a net magnetlc moment substantially less than
3 the sum of the magnetic moments of the first and second films in the second
4 ferromagnetic layer.
1 6. A spin valve magnetoresistive element as in claim 1 wherein the
2 first and second films in the second ferromegnetic layer have substantially the
3 same magnetic moment.
1 7. A spin valve magnetoresistive element as in claim 1 wherein the
2 nonmagnetic spacer layer coxripri_ées a material selected from the group
3 | consisting of Ag, Au, Cu, and alloys of Ag, Au, and Cu.
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ragnetization i regl on 36* sc¢free toSrottate i L.r_ee Otk N
resp(r)]nse ‘to an ext)ernally appl i ed- magnetlc field (such as magnetic Fieke:h.-
as shown in Fig. 3 as sho t he, dashed arrows on |a 35. The
ferroagnetic |&er F9Spl1¥ Vlee‘ﬁagﬂﬁtorﬁ’f"ﬁﬁga Sef‘@??ﬁ?fﬁgﬁ'@#% | ayer because

its magnetization . direction is flxed or pinned in a preferred orientation,
as shawn by the asubstrate and

3 . alayered structure fomed on the lsu-bstrate'? the layered structure

4 comprisihg:

5 a free ferromagnetic layer hav'ing.a given orientation of

6 | magneti-zati'op in the absenlce. of an épplied magnetic field;

7 a nonmagnetic spacer layer adjacent to the free ferroma_gnetic

8 -layer; |
9 _ .a first pinned ferromé.gnetic film édjacent to the spaéer Iayer and |
10 having a 'magnetization. oriented at a;_n angle to the magneti_zation of the
11 . free ferromagnetic layer; .
12 _ | ‘an é.nﬁfenomagneﬁcally coupling film adjacent to the first
13 | pinned ferromagnetic film; ..
14 | - a second pi_rined ferroinagnetic film adjacent to the
15 : antiferromagnetically coupling film and ahtiferromagnetically coupled
16-. to the first pinned ferromagnetic film so as to have a direction of
17 magnetization generally antiparallel to the magnetization of the first
18 pinned ferromagnetic film; and '
19 wherein the sensor has no hard bias layer or exchange bias layer for pinning
20 the magnetization of the piﬁned ferromagnéti-c' films. |

- AM9-94-012 25



i he the négﬁiinm Wmm FQ??BﬂggﬁHﬂlﬂllﬁﬂmnﬂﬂmﬂl 2 p) LPQ?@?--* f;w-
0 nt-t .

irection (arr t cannot rotate I#s directi oqir::stgm‘_f‘_
in the presence an applied external magnetic field having a strengt‘h
in the range of the signal fjeld fromdisk 16. Si mlarlyf the | ayers 42,
43 proli de | ongi tdidi nak SBIm¥AkE Mpgnelarrsisty e SSRSPT A 1nFlaip SeWII’@ﬁ%%ﬂbe of
the central region 36 of free ferromagnetic |ayer 35. This assures that.
the megjnet i zattiferrophagieticadhyt caiplirgefibmrigetwegnothe3Brsifaridsedaneepinned
ferromagnetic | ayer 35 is maintained generally perpendicular to the

nmagnetg zat | C!En%ina(ijﬁ,;ﬂélﬁﬂﬁfrﬁé rc@ﬂ@i@t@éséénkﬁﬂ%"oﬁﬂul n the "absence of an
external ly applied magnetic fleld . o

1 . 10. A sp_ih valve magnetoresistive sensor as in claim 8 wherein the

2 first and second pinned fefromagnetic films are made of a materi_al seiected

3 ~ from thé group consisting of Co, Fé, Ni and alloys of Co, Fe, or Ni, ar_1d

4 | wherein the antiferrbmagnét_ically coupling film is made of a ma_t.eriall selected
'5. from the group cdnsisting of Ru, Cr, Rh, Ir, and their élloys.

1 . 11. Aspin imive magnetoresistive sensor as in. claim 8 wherein the
2 first and second pinned ferromagnetic films héve substantiaily the same

3 magnetic moment. |

1 12. A spin valve magnetoresistive sénsor-as in claim 8 wheréin the

2. nonmagnetic spacer layer between the free ferromagnetic.layer and the first

3 pinned ferromagnetic film comprises a material selected from the group

4 consisting of Ag, Au, Cu, and alloys of Ag, Au, and Cu. |

1 ' 13. A spin valve magf;etpresistive Sensor as 1n claim 8 wherein the
2 free ferromégnetic layer inciudes ..a thin film of Co or. Co alloy adjacent to the
3 | spacer layer. | |
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F|g 4 is a viewof The structure of Fig. 3 as it vvoulda ppeyy

fromthe surfaceqq M@@n bigted 4. al rﬂﬂl ng | JH’Sl&—'arnd,_, . ‘
'patterned el ectrl c 6 for mllmmlﬁlmﬂm conn tlonﬁ‘ﬂ? ,thgo BEEN ‘
~sensor 30. The pi n t|c | ayér 89 has'" a *nef’ Macr 0SCopi ¢ bGe
nonent , represente into the paper. The magnetic field -

-12 - associated vmth thIS rragnetic nonent has an effect on the free
ferromagnetic layer 35 in its central sensing region 36. The nagneti zation
(arrow 32) of frdd. |adyspim3talve hagnebresistive Feyser cdmapisingi mat el y 90
degrees to that of the '

2 _ ~ a substrate;
"3 . a léminated self-pinned layer fOrmed over ihe substrate and comﬁﬁsing
4 first and second ferromagnetic films and an énti_fenfomagnetically coupling
5 | ﬁlm betweé_n the first and second ferromégnetic films for aligning the
6 | directions of magnetizations of the first and second ferromagnetic films to be
7 geﬁerally. antiparallel; | |
s a no_nmagnetic Spacer layef formed adjacent to the second ferromagnetic
9 | film of the self—pinned laminated layer;
10 . a free ferromagnetic Iayer formed adjacent to the spacer layer and
17 having its magnetization oﬁented generally perpendicular to the
12 magnetizations -of the first and second ferromagnetic ﬁims of fhe self-pinned
13 laminated layer ih the absence. of an applied magnetic ﬁeld; and
14 wherein the seﬁsor has no hard bias layer or exchange Bias layer for
15 pinning the magnetizations .of the first and second ferromagnetic ﬁlms in the
16 - self-pinned laminated layer.
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p| nned Iayer 39. ThieS adBéenRe‘ﬂab&ue pi n t he

magneti zation int 35 to u il f'j nonunlformty of -
t-he magneti zation s of t at urfg j ' : 1
. I ;

in the presence of an ext er nal ly applied signal f|eI d from 2\ ﬁ'et W}g BEEN- :
medi um The use of, antiferrormagneti ¢ exchange couyplinp LATESNd

42, 43 is the pldf er ActPineralye MRCRetoResIStY @ SCREINAECOFENE HSES
ferronagnetlc layer 39 and the extensions of free |ayer 35, respectively.
Howevear, thehereirntie freerformynagnetid lnyer 186 acdntiad sensimgsraghen endf r ee

- layer 35 can have their magneti zati ons pinned by alternative nethods, such

as theg use Qﬁtei‘lsﬂﬁ{sdon Qhé%:de?%f tHe"@ntsAOYsNsiAg region) and ﬂiﬂ'théIGcc&npnsiEige
exchange bias | ayers 4

4 . layers of an_-alloy comprising Fe and _Mn formed adjacent to the free
5 ferromagnetic layer extensi'ons for Io_ngitudinally biasing the magnetizations of
6 the free layer extensions.l | |
1 ' 16.“ A spin valve magﬁetoresietive sensor as in claim 14 wherein the
2 antiferromagnetically coupling ﬁlm between the first and seeon& ﬁlfns in the
3 self-pinne_d leminated layer consists essentially of Ru. |
1 ' 17. A spin valve magnetoresistive sensor as in claim 14 wherein the
2  first and second ﬁlms in the self-pinned ferromagnetlc layer are made of a
3 material selected from the group consisting of Co, Fe, Ni and alloys of Co, Fe,
4 or Ni, and wherein the antiferromagnet;ieally coupling film is made of a
5 material selected from the group consisting of Ru, Cr, Rh, .Ir, and their alleys.
1 18. A spin valve magnetoresistive sensor as in claim 14 whefeie the
2 ﬁrsﬁ and second.ﬁlms in the self-pinned ferromagnetic layer have |
3 substant_ially the saxﬁe magnetic moment.
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“and 42, 43 are HhRlaced o suj | f rrorragne?l.."i;,r-.;\-k., '
such as iron-na m ) or ni H!ﬁ @ﬁmm “!uh “wny . Eovslier
| ayer 41 nust be f erent | materi-al THER

must be made perpendi gul ar tg t he magnetj zati ons of I.'ay«ir-s ?112 3. Dur,i ng
proces§ing, the ahtif &t SBIRIAEE RagRetresistive senspEasdd flaig %w&%r@a’ the
‘magnetic field while heated to a specific critical tenperature to orient

its me@ynet i zmmimagnetd; spacarrtayenbetwedrs the fteepfersarnagnetic dayernamd when one

material is raised to its critical tenperature to orient its

magnet3 zat i aself-pinred: Ripieatéd 18yeM domprises a material selected from the group

4 consisting of Ag, Au, Cu, and alloys of Ag, Au, and Cu.
1 20. A spin valve magnétoresisti_ve sensor as in claim 14 wherein the
2 free ferromagnetic layer includes a thin film of Co or Co alloy adjacent to the
3 spacer layer.
1 ' 21. A spin valve magnétofesiétive sensor as in claim 14 wherein the
2 self-pinned laminated layer is located between the substrate and the free
3 ferromagnetic layer.
1 22.° A spin valve magnetoresistive sensor as in claim 21 further
2 comprising a buffer layer between the substrate and the self-pinned laminated
3 layer.
1 23. A spin valve magnetoresistive sensor as_in claim 21 further
2 comprising a capping layer formed over the free ferromagnetic layer.

AM9-94-012 _ ' -29-
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- used for the layers 42, 43. This is because the magnetization of Tayerdd-..



- 13 - bel ow t h&hi $hettiHeaBeem I ob sy —
nmagneti zation w | ed Thu l!lﬂil mgﬂ! 41, ITgnngQAZ{ of;:;m‘tN ,i
Fe- Mh, which has rrperatur r] Ch—and-thalavers _ -
42, 43 are made of |- has a crltlcal tenperature of about

- 240[err] C. The above- descrl bed enbodi ment, is for a SVYMR sensor used
in a *mgnetic r%rdlﬁgxwlwmv%ge FEETLFOMPRSIRENR el ement of t he
present invention is also applicable for use in nmagnetic random access
menory2 systens. d mapuebicastorageamiediurn, hatieg/pRuslldyefttracks/fs the a bit
cell and the magnetizations of the free and pi nned | ayers woul d be :
~ori ent;;ad Parrgtddingof data;

4 a magnetic transducer maintained close to the magnetic storage

5  medium during relative mo_tiqn between the magnetlc transducer and the
6 magnetic storage medium, the magnetic transducer including a spin valve
7 magnetoresistive sensor comprising:

8 first and second layers of ferromag'netic material separated by a
9 spacer layer of nonmagnetic material, .the magnetization direction of
10 said first layer of ferromagnetic material being at an angle relative to

11 . the magnetization direction of said second layer of ferromagnetic
12 material at zero applied magnetic ﬁeld, the second layer of

13 | ferromagnetic matenal 'comprising_ first and second ferromagnetic films
14 antiferromagnetically coupled to one another and an
.15_ : '. antiferromagnetically coupling film separating the two ferro_magnetic
16.‘ films, Wherein the sensor includes no hard bias layer or exchange bias
7 layer for pinning the magnetization of the second ferromagnetic layer;
18 and
19 means coupled to the magnetoresistive sensor for detecting resistance
20 changes in the"magnetore'sistive' sensor responsive to magnetic fields
21 representative of data bits re.corde.d in the magnetic storage medium
22 inter.cepted by the magnetoresistive sensor.
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ant| par al | eI r at er nlape%r pendi c

e S T e

| 'am nat ed st |ng at | east two ferronmagneti _
coupling film The antiferromagnetic Iayer for

Preferred

by a thin antlferromagnetlc

sie%%fr ted

ﬁ.-,

pinning the pinned layer is elimnated. The two ferromagnetic films making '
up the |lam nated pinned |ayer are antiferromagnetically coupled to one -
anot har by means 25f t e systppr epin alaim Pdewhexkinthelantiferodmapnetically
antiferromagnetic coupling filmso that

2

coupling film in the second ferromagnetic layer consists essentially of Ru.

26. A system a.s in claim 24 wherein the first and second

ferromagnetic films in the second ferromagnetic layer consist essentially of Co.

27. A system as in claim 24 wherein the first and second
ferrofnagn'etic films in the second ferromagﬁeﬁc layer are made of a material -
selected from the group consisﬁng of Co, Fe, Ni and alloys of Co, Fe, or Ni,

and wherein the antiferromagnetically coupling film in the second

férromagnetic layer is made of a material selected from the group consistihg_ of

Ru, Cr, Rh, Ir, and their alloys.

28. A system as in .claim 24 wherein the second ferromagnetic layer
has a net magnetic moment substantially less than the sum of the magnetic
moments of the first and second films in the second ferromagnetic layer.

29. A system as in claim 24 wherein the first and second films in the

second fé“fromagﬂetic laYer"hé.\(é _substéhtially the same magnetic moment.
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thelr mag netTmsasm@Hs s BeeeRlab@nt ed ant i al | el t anot figr —Re—=:
preferred enb SVMR sen u jﬁTt he pﬂese?‘rt - hASBESN
i's shown sche g. 5 Whl i i s a lhew 5}- EHECED K
-1

4- structure as mu appear Iookr n u fromthe surface of the
magnetic medi um However in F| g. .5 the SVNR sensor 60 is-shown as :

fabridated with 30he g Ayetermas inchaim agcvbereindhecronmagnetie sparer layer
SVMR sensor of Fig. 4. The SVMR sensor 60 as shown in Fig. 5is
fabri cat ed kymiprisesgnedatenial selected from the group consisting of Ag, Au, Cu, and

‘E‘:_.

3 alloys of Ag, Au, and Cu.

1T 31. A magnetic'_recofdjng disk drive.comprising:.'

2 a magnetic recording disk; |

3 | a motor connected to the disk for rotating the .disk;

4 | a spin valve magnetoresistive seneer for sensing magnetically recorded
5 data on tﬁe disk, the sensor compﬁsing;

6 | a laminated self-pinned layer comprising first and second

7 ferromagnetic films and an 'ahtiferromagneﬁcally coupling film between

-8 the first and second ferromagnetic films for aligning the directions of

9 . magnetizations. of the first end second ferromagnetic films to be
10 generally antiparallel;
11 - a nonmagnetlc spacer layer formed adJacent to the second
12‘ _ -ferromagnetic film of the self-pinned laminated layer;

AM9-94-012 ' _ -32-



sputter deposition in the presence of d ma et|c JrebdeRerst——a-.
- 50-100 [err] filmof tantalum (Ta) i ﬁa! mtl uffé]r THgYRr62+onBara
substrate 61, which in this enbodi ne ver, l t he Btifsstave

could al so be of other materials, such as a sem conduct or rrat eIt ar- or—a——=
ceram c material such as used for conventional sliders. The pinne
ferrdfmgnetic |ayer 78, %f%ﬁomégna%%ax«efm adjagenf t‘bthﬁéHaFe&' €89 in
the prior art structure of Fig. 3, is a self-pinned |am nated structure. |
It co#prises a fnddhaviopaitst magoptikation d2idvded rgpnerally pempesdicnlahte thenge

of 20-50A formed directly on the Ta buffer layer 62, a 3-10[err] ruthenium

(Ru) 75i | m 73 depgsighetizati6he of iRe ’ﬁr&ﬁhn@cseﬁbhmféﬁ'on@é@éh@ﬁhﬁs(bf@hefl Im 74
of 10-40A thickness forned on the Ru film73. The easy axes of

magnggi zati ons ofg)fintABed ?am?rfﬁt@ﬂqayer in the absence of an apphed magnetic field,

17 wherem the sensor has no hard bias layer or exchange bias layer _for

18 pinning the magnetizations of the first and second.ferromagnetic films
19 in the self-pinned laminated layer,;

20 é carrier supporting the spin_ valve magnetoresistive sensor and having
21 - a substrate 6nto which the sensor is attaéhed; |

22 an actuator for moving the carrier ge_nerally.radial_ly across the disk so
23 the sensor may acéess differenf regions of magnetically recofded data on the
24 disk; | |

25 means connecting the 'cérriér to the actuator for maintaining @e carrier
26 near the disk;

27 means electrically coupled to thé sensor for detecting changes in

28- | resistance of the sensor in response to magnétic fields sensed by the sensor
29 from the magneticaﬂy recorded disk; and

30 | means for supporting the motor and actuator.

This Sheet Has Been Replaced

| II||I| i | I
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ori ented perpendicular to the pl anﬂmmﬂ ﬂ nto
the. applied field. The directions E u,lmmm"r of t
will be set later after all the fil'ms®in‘tht SVMR sensolf 60 have Dae
deposi t ed. These rragnetlzatlon directions are as indi cated==r=g—r-

t he medi um f or hown by rrow r di um for |
film74 as sho a‘f ldba‘ aglveaﬁ% g8 1o aFB\r}g]r &ﬁf%sm g‘ea? quagne ¢

- 15 - A copper (Cu) layer 63 is then deposi ted onto the second Co
film 72 to dayer has a central sensmg region and extensions on the 31des of the central

eme&;,f,+ By ol 8

3 sensing region, and further eompnsmg layers of an alloy comprising Fe and

"4 Mn .fo_rn"led adjacent'to the free ferromagnetic layer extensions for
5 longitudinally biasing the magnetizations of the free layer extensions.

1 .' 33. A disk drive as in claim 31 Wherein.the antiferromagnetically
2_ ' coupling film between the first and second films in the self-pinned laminated
3 leyer consists essentially of Ru.

1 . '84. A disk drive as in claim 31 wherein .the ﬁrsﬁ and second films in
2 the self-pinned fenomagneﬁc layer are made of a material selected from the
3 - group consisting of Co, Fe, Ni and alloys of Co, Fe, or Ni, and wherein the
4 antiferromagnetically coupling film is made of a material selected from the
5 greup consisting of Ru, Cr, Rh, Ir, and their alloys. |
1 - 35, A disk drive as in claim 31 wherein the laminated self-pinned
2 layer has a net magnetic moment substaritially l_ess fhan th_e sum of the
3 magnetic moments of the first and second films in twed '

4 layer. | . | B Has Been Re 1aced

- \\Il\l\\\|||\\\\\l\|\\
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t hi ckness in the range of 20-40A to ser ferro b G
spacer. Wile Cu was used as the spac 1“?“9@1] LIEMHﬂEnbO ITFRE BHEST BR6 BEEN
nonferromagnetic netallic naterials w 0 Lal cipnductRasigynepsuch

as silver (Ag), gold (Au), and their alloys, can be used. ———Next=——the
free ferromagnetigc. layer 64 is forped over_ spacer layer 63. It conprises a
Co filmes of 3- 18 -errs disk defvesas Hmeplgam 24 vhenelr tha ngnipagnetic spacer layey

a Ni-Fe film®66 of 15-60A thickness deposited over the Co film65. Both of
the fi2ms 6Fetswendheniyee ferrnmagneticlayemandibei self-pirsredslamimatdddaget ed i n
the presence of the sane applied magnetic field used during the deposition.
of the pinnetpritesa tdaterfalselddied fidmh théigtbdpalopeisiiid oA gl AR, @S Yardki S

of
" 4 - alloys of Ag, Au, and Cu.

1 37. Adisk drive as in claim 31 wherein the free ferromagnetic layer
2 includes a thin film of Co or Co alloy adjacent to the spacer layer_. |
1 | 38. A disk drive as in claim 31 wherein the self-pinned laminated
2 layer is located between the substrate and the free ferromagnetic layer.
1 39. A disk drive as in claim 38 further comprising a buffer layer
2 between the substrate and the self-pinned laminated layer.
1 40. A disk drive as in claim 38 further comprising a capping layer
2 formed over ﬁhe free ferromagnetic layer.
This Sheet Has Been

LI
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magnheti zation of the free |ayer 64. Aternatively, the
be rotated 90 degrees fromits previous direction. The
‘direction of the free ferromagnetic layer 64 will be s
of the films in the SVMR sensor 60 have been dep03| t ed Land-—p:
nmagneti zation direction will be : ow 67, i.e., generarFy
parallel to the nedium and per pertre . feti zation directions
76, 78 of the pinned films 72, 74, respectlvely V\hl(ge in the preferred
enbodi nent t he fr!bénam%wgﬁ@mgcsxs&%uw apdmpra¥ed spH) kab¥g fi | m 65

adj acent to the Cu spacer layer 63, ‘the film®65 can also be a Co alloy. It
i s al so possnbgnetovesistive {S¥MR ksendoer rDinea GVEVResdrmpe hagda sélfpinned| e '

" ferromagnetic material. The Co or Co alloy film®65 increases the

magnet or esi Jhafinated 1dyee &eCieOpinRied fesrdthhghétie syer in place of the conventional

ied field could

HELE RS BEEN i
g;;igilit-i%a Thi s

5 single;layer pinned layqr. Because this laminated layer is "self-pinned”, a |
| “hard bias or e-xchange. bias layei' is not needed. The éelf—pinned laminated
.layer has at least fwo ferromagnetic films antiferromagnetically coupied to
one another across a thin antiferrdmagnetically (AF) coupling film. Since the
two ferromégnetic films in this laminated layér have their magnetic moments
10 aligned éhtiparallel, their two magnetic moments can be made to essentially
éaﬁ_cel_b& making the. two férrdmagnetic films of substantially the same .
thickness. The magnetic field energfy geherated by the signal field acting on
this laminated layer w111 be signiﬁcantly léss than the effective anisotropy
' energy of the .laminate.d layer. ThlS is because the former is proportional to
15 | the difference in thicknesses of the two ferromagnétic films in the laminated. ,
layer, while the latter is propprtional to the sum of the .thicknesses. As a
result, the laminated layer will hot rotate in th_e presence 6f the signal field, _
but will be "self-pinned”. The '_elimination of the exchange bias layer

previously required for pinning also eliminates the need for Ni-Mn and its

20 associated high-temperature process. ,
' o T This Sheet Has Been Reﬂlaced

AMS-94-012 | =36




-16- relatively thin, in the range of 2-20A, to ninimze.the effect of the
relatively "hard" nagnetic Co material on the permeablll'ty,,_pf g '_*seﬂ?'sm:_7
Fol | owi ng the deposition of the free ferromagnetic |ayer ’64_, a'z'.f st ABBEEN i
~layer 69 is formed over the free ferromagnetic |ayer 64, é’f:& ayer!
69 on top of the central region 80 of the free ferromagnetic Iayer“GT"S“
masked. The structure is then returned to the sputter deposition chanber
with the applied field orlent ed perpendicular to its ori (hid8heethids 86dniRSp

The Ta | ayer 69 ,",l" "I "I Il lll,

o

13
10

~16

+~10
. 18
"?f 16

A
%
/
%
A

AN

24 25 20
Ay
‘\\\1\\\\!\\/L\l\\\\\\\
VAW WA A A S YA STAVA SV ASSTayl

50

\
12
50
)

7 (PRIOR ART)

\
25

FIG 2 (PRIOR 4RT)

32 20
24

r/G.

(

-

|
34

22

‘14

.
“
/1
v
1
v
1
A




|s, then etched down to expose thé lateral extensions 81, free

ferromagnetic |ayer 64. The etching of the Ta defines edggsTi9@ srék:v0iad gg,:N ”
central sensing region 80 of the free ferronagnetic |ayer|[64. Thex vwglya of il
the region 80 between edges 90, 91 is selected to gener al i
width of the data track on the magnetic medium Since thiswidth+s—inmthe — -

mcron (10,000[err]) range, the drawing of Fig. 5 is not made to sc Ie Deed
that the sensor filns can be shown. Anti f err omagnet

bi asing |layers 83, 84 are then deposited directly on the Iammﬁm\lﬂm
extensions 81, 82 of the free ferromagnetic filme66. This c

direction of nagnetizations of the extensions 81, 82 to be set

{ 7 N -
N_— L
S N~
[ N I ~N
| L <~ 139
|
| N —143
\ I\ \\ .
N =),
| 42 TN ~41
/ = -”Hllu
J0 . ; o ““"Illm..
' MAGNETIC
MEDIUM
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perpendlcular to their original easy axes. Although not s in Fig. 5. it
may be desirable to first deposit additional Ni-Fe onto t Fh Lk
ext ensions 81, 82 because during the previous etching ste § F S BEEN

‘Ni -Fe nmay have been renoved fromfilm66. In the preferried whn.:”“”t' the
material used for the layers 83, 84.is Fe-M-Cr. The Fe= —
17 subjected to an external magnetic field and heat ed aﬁ mhlfh
S con5|derably | ess than the 240[err]C tenperature re

- The

(T

N

PRIOR ART
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FérNh-Cr Iayers OVId ngltudlnal bi asi ng of the fri QTM?¥PEETHA BEEN
extensions 81, w gnetlzatlons in the directi Hepp! C
Thi s additional s and cooling in the field ens 2 |

desired nagnetlza ons of the extensions 81, 82 are nalntalned
A capping | ayer 85 of 40 60A of Ta is then deposited over the Fe-MWh-Cr
antiferromagneti c exchange bias [ ayer € 84— TUlR-0§9de corrosion :
resistance for the seasar. 60 Qther wSENSkaan ' : are high

‘resistivity materials, such as ruthe1|UMEyﬂu3, |rcon|un1(Zf) qr all oys
of Cu and gold (Au). - Fig.. 5 akse— st+at es schematicallly the
means for connecting tjhe SVMR sensor 60 to senS|ng circuitry injthe
magnetic recording system Electrica

| CURRENT |-~
SOURCE
| | | 60
L~ 90 _ i~ : ,/,

\ A 82
q \]
SN\ WANNNN % 64
6514 - -
67 63
78—
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| Gads 86 87, preferabl y formed of Au or Au covered wit %'“‘é?é’?&épiomﬂ;d

on the capping |ayer 85 outside the sensing region 80t forgbi’éﬁ rlﬁ
path between the SVMR sensor 60 and a current source 8 S 1 gb
means 89. After the sensor gegldekry is conpleted, the *drrercﬁ?msr of

T e gﬁmﬁmgggﬁ%ﬁggﬁ T
tl e e

~layer 66 is self bﬁpp and t of the
- pinned extensions 81, 82

Related Application

This application is related to copending application Serial

No. 08/139,477, filed October 15, 1993.

Technical _Fiel

This invention relates to a magnetoresistive (MR) sensor based on: the
spin valve effect for sensing magnetic fields, and to magnetic recording

systems which incorporate such sensors.

i Background of the Invention
An MR sensor detects magnetic field signals through the resistance

changes of a read element, fabricated of a magnetic material, as a function of
the strength and direction of magnetic flux being sensed by the read element.
The conventional MR sensor, such as that used in the IBM "Corsair” disk
drive, operates on the basis of the anisotropic magnetoresistive (AMR) effect
in which a component of the read element resistance varies as the square of

' the cosine of the angle between the magnetization in the read element and the
direction of sense current flow through the read element. Recorded data can

be read from a magnetic medium because the external magnetic field from the



<

18 - In the preferred embodi nent, a magnetic signal qththr\e‘ir agpa;\ ,5

sensed by the sensing neans 89 det ectl ng the change in reS|s’ tapice g “IJ '.
of the SVMR 60 as the magnetization of the central regi b 80, g% Ng '
ferromagnetic |ayer 64 rotates in resporseZim the ‘appl i eid- h’a‘ghét"i"é“'si """"""

from ther i . The.t 72, 74|n.t ated
pi nned | ayﬁswvﬁ%ﬁg‘?ﬁé‘?ﬁ%ﬁﬁ %‘Ple gt tﬁﬂi %gt Qb‘ttél fﬁ
respectively. The _antiparallel ali gnmant of the magneti zati gns of the tvvo
Co films 72f magnetizatdonip the tead elementayhich in d1urn sayses @ehange imr ough
the Ru antiferromagnetic -

resistance in the read element and a corresponding change in the sensed

current or voltage.

A different and more pronounced magnetoresistance, called giant
magnetoresistance (GMR) or spin valve magnetoresistance (SVMR), has been
observed in a variety of magnetic multilayered structures, the essential
feature being at least two ferromagnetic metal layers separated by a
nonferromagnetic metal layer. This GMR effect has been found in a variety ot‘
systems, such as Fe/Cr or Co/Cu multilayers exhibiting strong ’
‘antiferromagnetic coupling of the ferromagnetic layers, as well as in
essentially uncoupled layered structures in which the magnetization
orientation in one of the two ferroxﬁagnetic layers is fixed or pinned. The
physical origin is the same in all types of structures: the application of an
external magnetic field causes a variation in the relative orientation of the
magnetizations of neighbering ferremagnetic layers. This in turn causes a
change in the spin-dependént scattering of conduction electrons and thus the
electrical resistance of the structure. The resistance of the structure thus
changes as the relative alignment of the magnetizations of the ferromagnetic
layers changes. |

A particularly useful application of GMR is a sandwich structure

comprising two essentially uncoupled ferromagnetic layers separated by a



_ L)
coupling film 73. Because of this antiferronmagnetic coggﬂ‘ﬁpﬁd’ﬁ?ﬁtg %ﬂé E]é 1
the tw Co filnms 72, 74 can have substantially the sa t hi ck g i

i

magnetic rmonments of each of the films can essentially \C%‘Héei edch nf hpr
The net nmagnetic nonent of the |am natedg layer 70 is Thus substantial ly

smal l er thap I.C | .ms
7o vq " Roniiiendti® BedIlE SRR Ak %’””%Wr She iEendrd i b gﬁgrﬁ’{e

| ani nat ed. %erromagnetlc | ayer, 70 conprises two antiferr Qdeg

coupl ed fifersomagneticdapersisc pinged - sThQIRmMg%?Y@#e@%é pi0ﬁg:mg| m
73, the layer 70 can conprise a nultiple nunber of ferromagnetic filns
separ at ed bgnteathie ferromagnetitilayeotpbe pinhed an antiferromagnetic

iron-manganese (Fe-Mn) layer so that these two adjacent layers are exchange
coupled. The unpinned or "free” ferromagnetic layer has the magnetization of
its extensions (those portions of the free layer on either side of the céntral
sensing region) also fixed, but in a direction perpendicular to the
magnetization of the pinned layer so that only the magnetization of the free
layer central region is free to rotate in the presence of an external field.
Typically, the magnetization in the free layer extensions is also fixed by ‘ ~
exchange coupling to an antiferromagnetic layer. However, the |
antiferromagnetic material used for this must be different from the Fe-Mn
antiferromaénetic material used to pin the pinned layer. The resulting
structure is a spin valve magnetoresistive (SVMR) sensor in 'which only the
free ferromagnetic layer is free to rotate in the presence of an external
maghetic field. U.S. Patent 5,206,590, assigned to IBM, discloses a basic
SVMR.sensor_. U.S. Patent 5,159,513, also assigned to IBM, discloses a SVMR
sensor in which at least one of the ferromagnetic layers is of cobalt or a cobalt
alloy, and in which the magnetizations of the two ferromagnetic layers are

| .maintained substantially perpendicular to each other at zero externally
applied magnetic field by exchahge cougliﬂg of the pinned ferromagnetic layer

to an antiferromagnetic layer.



Dependi ng upon the naterials selected for the ferromagn
and antiferromagnetic coupling film73 in the | am nated
there is a preferred antiferronmagnetic coupling filmthi
- 19 - which the ferromagnetic filns bedome strongly

anti f erromagnet iqggé %%%ﬁr thlbﬁaeghbfrtﬁhémﬁe&?fré dGhéiwidest

thi ckness nust n owever, at a significant nunber of pin
hol es occur, in the fidm whigch | d, af fect |

ST ongt b ATBSRICARGS 15roNE HIBER Sh CHAGRRRFRLION G6ShF RIRPFAI SIS an

oscillatory behavior as a function of increasing
layer is parallel to the signal field and the magnetization of the free :
ferromagnetic layer is perpendicular to the signal field. In the case where the
SVMR sensor is to be used in a horizontal magnetic recording disk drive, this
means that the plane of the sensor is perpendicular'to the disk surface with
the magnetization of the pinned layer oriented perpendicular to, and the
magnetization of the free layer oriented i:arallel to, the disk surface. One
difficulty in achieving this magnetization orientation is caused by the dipole
field generated by the pinned layer. The pinned layer has a net magnetic ~
moment and thus essentially acts as a macroscopic dipole magnet whose field
acts on the free layer. In SVMR sensors whgre the height of the read element
is relativély small, the result of this magnetostatic coupling is that the
magnetization direction in the free layer is not uniform. This causeé portions
of the sensor to saturate prematurely in the presence of the signal field, which
limits the sensor's dynamic range and thus the recording density and overall
performance of the magnetic re(;ording system.

The related <-:opending '477 application relates to a SVMR sensor that

addresses this problem by the use of a multiple film, laminated, pinned
ferromagnetic layer in place of the conventional single-layer pinned layer.

The laminated pinned layer has at least two ferromagnetic films

antiferromagnetically coupled to one another across a thin



antiferromagnetic filmthickness. This oscillatory couplifp

for select

Rev. Lett.,
layer in the SVMR sensor 60 has been shownwith the pref

espoct i vel PoReRaARRFRRAY REionafiRe ey TR hepihd

i ron/ chrom
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i nat ed pi nned
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ed material conbinations is described by ParKki
Vol . 64, p. 2304 (1990). VWhile the | ap

e égagnét c

um (Fe/ Cr)-, .and other ferromagnetic materials such as Fe, N,

Co or al | oyBlms have their magneticmomentsalignad aatipgralekbwith ore @mother, fthens

(such as Cr,

rhodlum(Rh) iridium(Ilr), and their alloys). However, for

each such mhwemhoientsrban el madettbeessenﬁhllytmmehﬂnh angther. As a result,

there is essentially no dipole field to adversely affect the free ferromagnetic
layer.

.In SVMR sensors that use either the single-layer pinnéd layer or the
laminated pinned layer deséribed in the copending application, the preferred
method of pinning the layer is by exchange coupling with an Fe-Mn
antiferromagnetic layer. The use of Fe-Mn as the exchange coupling layer
presents several problems. The exchange field strength generated by the
Fe-Mn is highly sensitive to temperature. As the temperature increases, the
Fe-Mn "softens” and its ability to fix the magnetization of the pinned
fenomagneﬁc layer decreases. Thus, SVMR sensors can be damaged by
electrostatic discharge (ESD) current and the resultant heating of the Fe-Mn.
Fe-Mn is also much more susceptible to corrosion than the other materials
used in the SVMR sensor. This fact requires careful control of the fabrication
process steps and the use of protective materials for the SVMR. The use of
Fe-Mn also requires that the antiferromagnetic material used to exchange
bias the extensions of the free ferromagnetic layer be made of a different
material, preferably Ni-Mn. To provide suﬂicié.nt. exc_hange coupling field
strength, the Ni-Mn mﬁst be annealed at approximately 240°C. At this

temperature, interdiffusion of the other materials into the free ferromagnetic
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possesses a% magneti c . npnent, and thus excl udes
erromagnetic layer.

What is needed is a SVMR sensor that has none of the disadvantages
associated with an Fe-Mn exchange coupling layer, and has a pinned
ferromégnetic layer that causes minimal magnetostatic coupling with the free

ferromagnetic layer.

Summary of the invention

Thg invention is an improved SVMR sensor and magneﬁc recording ' ~
system incorporating the sensor. The SVMR sénsor uses a self-pinned
laminated layer as £he pinned ferromagnetic layér in place of the conventional
single-layer pinned layer. Because this laminated layer is "self-pinned”, a
hard biés or exchange bias layer is not needed. The self-pinned laminated
layer has at least two ferromagnétic films antiferromagnetically coupled to
one another across a thin antiferrémagnetically (AF') coupling film. Since the
two ferromagnetic films in this laminated layer have their magnetic moments
aligned antiparallel, their two magnetic moments can be made to essentially
cancel by appropriate choice of thicknesses. The magnetic field energy
generated by_ the signal field acting on this laminated layer will be
significantly less than the .eﬂ'_ective anisotropy energy of the laminated layer.

This is because the former is proportional to the difference in thicknesses of
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the surfaces of the films which may have become m xed wi th &ad;? égﬁ’f&?'l,\%‘g "
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or oxidized. Thus, the live thickness of each of the fi I!?na: : 7
than its total thickness.) Because it is not possible talkprecigely form:-
each of the filnms to the exact sane thiekdless, the net noment of the
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result of the nornma sition proce wevers, i ira t
del i berately depasit,pneg of the,.pi hned, ferro netic.filns to a thickness
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Fig. 5, so that there is a:small nonzero net nmagnetic nonent in the pinned
| ayer. Thi swild st sotatesignificamtlyninn thepresense ofithe signakbfieldbut will be
stable in the presence of snmall magnetic fields so that
"self-pinned”. The elimination of the exchange bias layer previously required
- for pinning also eliminates the need for Ni-Mn and its associated
high-temperature process, since other antiferromaghets such as Fe-Mn-Cr or
- NiO can substitute for it.
For a fuller understanding of the nature and advantages of the present

invention, reference should be made to the following detailed description

taken together with the accompanying figures. ~

Briet Description of the Drawing

Fig. 1 isa simplified block diagram of a magnetic recording disk drive
for use with the SVMR sensor according to the present invention.

Fig. 2is a top view of the disk drive of Fig. 1 with the cover removed.

Fig. 3 is an exploded perspective view of a prior art SVMR sensor
showing the pinned ferromagnetic layer and its associated exchange bias
layer.

Fig. 4 is a view of the prior art SVMR sensor of Fig. 3 as seen from the
disk and also showing the capping layer and electrical leads.

Fig. 5 is a view of the SVMR sensor accoﬁing to the present invention

as seen from the disk.



the direction of its magnetization is predictable.
the SVMR 60 of the present invention is the absence
| ayer or an antiferromagnetic |ayer adjacent to the pi
| ayer 70 for pinning the magnetlzatlon of g he pl nned
70. The lack of this |layer ghidije c Y 0 eps and
permts Fe-M (or Fe-M-Cr TTT T P ed enbce i 0 be wused as the
antiferromagnetic |ayer for |ongitudi ng! IZ Bi!asi ng the extensions 81, 82
of the free ferromagnetic |ayer 63. Th probl ens associated with the
use of Ni-M can be eljmnm nated. In contrast to the prior art use of
si ngl e-1 ayer pi lshoughdhe SYMR semsarcofothedpresent anvenion widl be destribed as a
hard bias |ayer or an exchange bi as

embodied in a magnetic disk storage system, as shown in Fig. 1, the invention
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is also applicable to other magnetic recording systems, such as a magnetic
tape recording system, and to magnetic random access memory systems
wherein a magnetoresiétive element serves. as a bit cell.

Referring to Fig. 1, there is illustrated in sectional view a schematic of
a prior art disk drive of the type using an MR sensor. The disk drive
comprises a base 10 to which are secured a disk drive motor 12 and an ~
actuator 14, and a cover 11. The base 10 and cover 11 provide a Substantially.
sealed housing for the disk drive. Typically, there is a gasket 13 located
between base 10 and cover 11 and a small breather port (not shown) fér
equalizing pressure between the interior of the disk driire and the outside
enviromﬁent. A magnetic recording disk 16 is connected to drive motor 12 by
means of hub 18 to which it is attached for rotation by the drive motor 12. A
thin lubricant film 50 is maintained on the surface of disk 16. A read/write
head or transducer 25 is formed on the trailing end of a carrier, such as an
air-bearing slider 20. Transducer 25 may be an inductive read and write
transdﬁcer or an inductive write transducer with a SVMR read transducer of
the type to be described. The slider 20 is connected to the actuator 14 by

means of a rigid arm 22 and a suspension 24. The suspension 24 provides a
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t hi ckness, but their magnetizations are ignopposite directions, the net

magneti c 1.7 [ | df|e wil |
ooyt o o pERing force Hiflch %é%ﬁ?%a{dﬁrmq K8 shYRE"s B fecStfingl | ¢

h lied field th, Thi lied field
2;’3 Ljyns\: | F&%@n}.@; s@é@%pg&%ﬁ{o dh elde1$k dﬁ\[ee,nge dnJe Infotggpml fotatésethe

disk 16 at a constant speed, and the actuator 14, which is typically a linear or
rotary voice coil motor (VCM), moves thg slider 20 generally radially across
the surface of the disk 16 so that the read/write head may access different
data tracks on disk 16.

Fig. 2 is a top view of the interior of the disk drive with the cover 11
removed, and illustrates in better detail the suspension 24 which provides a
force to the slider 20 to urge it towé.rd the disk 16. The suspension may be a
conventional type of suspension, such as the well-known Watrous sﬁspensioﬁ,
as described in IBM's U.S. Patent 4,167,765. This type of suspension also
provides a gimbaled attachment of the slider which allows the slider to pitch
and roll as it rides on the air bearing. The data detected from disk 16 by the
transducer 25 is processed into a data feadback signal By signal amplification
and processing circuitry in the integrated circuit chip 15 located on arm 22.
The signals from transducer 25 travel via flex cable 17 to chip 15, which sends
its output signals via cable 19.

. The above description of a typical magnetic disk storage system, and
the accompanying Figs. 1 and 2, are for representation purposes only. It
should be apparent that disk storage systems may contain a large number of
disks and actuators, and each actuatof may support a number of sliders. In

addition, instead of an air-bearing slider, the head carrier may be one which
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sensor 30 may form part of transducer 25 in the disk drive system of
Figs. 1.and 2, and the substrate 31 may be the trailing end of‘ the head carrier
or slider 20.

A buffer layer 33 is deposited on substrate 31, followed by a first thin
layer 35 of soft ferromagnetic material. A thin nonferromagnetic metallic
spacer layer 37, a second thin layer 39 of ferromagnetic material, and a thir_x‘
layer 41 of an exchange biasing material having relativély high electrical
resistance and being in direct contact with the ferromagnetic layer 39 are
deposited ove} layer 35. Layers 37, 39, 41 are then etched away to have a
predetermined width generally corresponding to the width of the data track
on the magnetic medium, such as disk 16. Antiferfomagnetic layers 42, 43
are formed directly on the extensions on the sides of central sensing region 36
of ferromagnetic layer 35. Not shown in Fig. 3 are the capping layer for
corrosion protection and the electrical leads that are patterned on
layers 42, 43.

In the absence of an éxtemally applied m#gnetip field from the recorded
magnetic disk 16, the magnetizations of the two layers 35, 39 of ferromagnetic

material are oriented at an angle, preferably of about 90 degrees, with respect



film72, 74 is approximtely 60 Ce, whereas the couplin
free layer. 64 is below 20 Ce. The |lam nated | ayer 70 wj
in the presence of an applied signal field and is thus|
22 : The SVMR sensor according to the hlesent invent
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step required when

magnetization in its central region 36 is free to rotate its direction in response

to an externally applied magnetic field (such as magnetic field h as shown in

Fig. 3), as shown by the dashed arrows on layer 35. The ferromagnetic

layer 39 is called the "pinned” ferromagnetic layer because its magnetization

direction is fixed or pinned in a preferred orientation, as

shown by the

arrow 38. Layer 41 provides a biasing field by exchange coupling and thus

pins the magnetization of the ferromagnetic layer 39 in a preferred direction

(arrow 38) so that it cannot rotate its direction significantly in the presence of

an applied external magnetic field having a strength in the range of the signal

field from disk 16. Similarly, the layers 42, 43 ﬁrovide longitudinal biasing by

exchange coupling to the extensions of the central region 36 of free

ferromagnetic layer 35. This assures that the magnetization of the central

sensing region 36 of the free ferromagnetic layer 35 is maintained génerally

perpendicular to the magnetization of pinned ferromagnetic layer 39 in the

absence of an externally applied magnetic field.

Fig. 4 is a view of the structure of Fig. 3 as it would appear looking up

from the surface of disk 16. Fig. 4 also shows the capping layer 44 and

patterned electrical leads 45, 46 for making electrical connection to the

sensor 30. The pinned ferromagnetic layer 39 has a net

macroscopic magnetic

moment, répresented by arrow 38 into the paper. The magnetic field

N _'

~
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limted in scope only as specified in the appended cl ai ns.

pinned layer 39. The fi¢eld from the pinned layer 39 causes the magnetization

in the free layer 35 to be nonuniform. The nonuniformity of the
magnetizatioh causes portions of the sensor 30 to saturate prematurely in the
| presence of an externally applied signal field from the magnetic medium.

The use of antiferromagnetic exchange coupling layers 41 and 42, 43 is
the preferred method of pinning the magnetizations of the ferromagnetic
layer 39 and- the extensions of free layer 35, respectively. However, the
second ferromagnetic layer 39 and the extensions of free layer 35 can have
their magnetizations pinned by alternative methods, such as the use of a hard
bias layer (nc;t shown) as is known in the art. The exchange bias layers 41
and 42, 43 are typically made of a suitable antiferromagnetic material, such
as iron-manganese (Fe-Mn) or nickel-manganese (Ni-Mn). 'However, the
layer 41 must be made of a different antiferromagnetic material than that
used for the layers 42, _43. This is because the magnetization of layex_' 41 must
be madelperpendicular to the magnetizations of layers 42, 43. During
processing, the antiferromagnetic material is subjected to an applied magnetic
field while heated to a speciﬁc critical temperature to orient its magnetization.
Different materials must be selected so that when one material is raised to its

critical temperature to orient its magnetization, this temperature will be
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temperature of about 160°C, and the layers 42, 43 are made of Ni-Mn, which
has a critical temperature of about 240°C. |

The above-described embodiment is for a SVMR sensor used in a
:ﬁagnetic recordihg disk drive. However, the SVMR element of the present
invention is also applicable for use in magnetic random access memory
systems. In such an embodiment, the SVMR element serves as a bit cell and
the magnetizations of the free and pinned layers would be oriented parallel or

L}

antiparallél, rather than perpendicular. ~

Preferred Embodiments

In the present invention, the single-layer pinned ferromagnetic layer in
the SVMR sensor is replaced by a self-pinned laminated stnicture comprising
at least two ferromagnetic films separated by a thin antiferroinagnetic
coupling film. The antiferromagnetic layer for pinning the pinned layer is
eliminated. The two ferromagnetic films making up the laminated pinned
layer are antiferromagnetically coupled to one another by means of the
appropriéte type and thickness of thé antiferromagnetic coupling film so that
their magnetizations are oriented antiparalle_l to one another.

The preferred embodiment of the SVMR sensor according to the present

invention is shown schematically in Fig. 5 which, like Fig. 4, is a view of the
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50-100A film of tantalum (Ta) is deposited as a buffer layer 62 ontoa

substrate 61, which in this embodiment was glass. However, the substrate
could also be of other'materials, such as a semiconductor material or a
cefamic material such as used for conventional sliders. The pinned
ferromagnetic layer 70, which replaces fhe' single-layer pinned layer 39 in the
prior art structure of Fig. 3, is a self-pinned laminated structure. It comprises
a first cobalt (Co) ﬁlm 72 having a thickness in the range of 20-50A formed
directly on the Ta buffer layer 62, a 3-IOA ruthenium (Ru) film 73 deposited
onto the first Co film 72, and a second Co film 74 of 10-40A thickness formed
on the Ru film 73. The éasy axes of magnetizations of films 72, 74 are
oriented perpendicular to the plane of the figure (into the paper) due to the

- applied field. The directions of magnetization of the two films 72, 74 will be
set later after all the films in the SVMR sensor 60 have been deposited.
These magnetization directions ai-e as indi_cated, i.e., toward the medium for
film 72 as shown by arrow 76 and away from the medium for film 74 as

shown by arrow 78, although the reverse would also work.
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in the second ferromagnetic |ayer have substantially the same magnetic

morent . nonferromagnetic metallic materials with high electrical conductivity, such as
silver (Ag), gold (Au), and t;heir alloys, can be used.

-Next, the free ferromagnetic layer 64 is formed over si:)acer layer 63. It
comprises a Co film 65 of 3-12A thickness deposited on the Cu spacer layer 63
and a Ni-Fe film 66 of 15-60A thickness deposited over the Co film 65. Both
of the films 65, 66 making up the free ferromagnetic layer 64 are deposited in
the presence of the same applied magnetic field used during the deposition (;f
the pinned films 72, 74 so that this field also defines the easy axis of
magnetization of the free layer 64. Alternatively, the applied field could be
rotated 90 d;agrees from its previous direction. The magnetization direction of
the free ferromagnetic layer 64 will be-seﬁ later after all of the films in the
SVMR sensor 60 have been deposited and patterned. This magnetization
~ direction will be as indicated by arrow 67, i.e., generally parallel to the

medium and perpendicular ﬁo the magnetization directions 76, 78 of the
pinned films 72, 74, respectively. While in the preferred embodiment the free
ferromagnetic layer 64 includes a thin Co film 65 adjacent to the Cu spacer
ldayer 63, the film 65 can also be a Co alloy. It-is also possible to form the free
ferromagnetic layer 64 of a single ferroxpagnetic material. The Co or Co alloy

film 65 increases the magnetoresistance of the sensor but is maintained
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layer 69 is formed over the free ferromagnetic layer 64. Next, the Ta layer 69

on top of the central region 80 of the free ferromagnetic layer 64 is masked.
The structure is then returned to the sputter deposition chamber with the
applied field oriented perpendicular to its original direction. The Ta layer 69
is then etched down to expose the lateral extensions 81, 82 of the free
ferromagnetic layer 64. The etching of the Ta defines edges 90, 91 of the
central sensing region 80 of the free ferromagnetic layer 64. The width of the -~
region 80 between edges 90, 91 is selected to generally match the width of the
data track on the ﬁagneﬁc medium. Since this Width is in the micron
(10,000A) range, the drawing of Fig. 5 is not made to scale so that the sensor
films can be shown. |

Ax_ltiferromagnetic exchange biasing layers 83, 84 are then deposited
directly on the lateral extensions 81, 82 of the free ferromagnetic film 66.
This causes the direction of magnetizé.tions of the extensions 81, 82 to be set
perpendicular to their original easy axes. Although not shown in Fig. 5, it
may be desirable to first deposit additional Ni-Fe onto the lateral
extensions 81, 82 because during the previous etching step some of the Ni-Fe
may have been removed from film 66. In the preferred embodiment, the

material used for the layers 83, 84 is Fe-Mn-Cr. The Fe-Mn-Cr is then
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A capping layer 85 of 40-60A of Ta is then deposited over the Fe-Mn-Cr
antiferromagnetic exchange bias layers 83, 84 to provide corrosion resistance
for the sensor 60. Other suitable capping materials are high resistivity
materials, such as ruthenium (Ru), zirconium (Zr), or alloys of Cu and ~
gold (Au).

Fig. 5 also illustrates schematically the means for connecting the SVMR
sensor 60 to sensmg clrcmtry in the magnetic recordmg system. Electrical
leads 86, 87, preferably formed of Au or Au covered w1th Ta, are deposited on
the capping layer 85 outside the sensing region 80 to form a circuit path
between the SVMR sensor 60 and a current source 88 and a sensing
means 89.

Aﬁer the sensor geometry is completed, the directions of the
magnetizations of layers 72, 74 are set by applying a sufficiently large

_magnetic field (~10 Koe). The direction of the magnetization of layer 66 is
self-setting due to its shape anisotropy and the effect of the pinned

‘extensions 81, 82.
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25 10. sensedrby she sensung-mennsi8h detectingsihe change in gesistance, deltaR, of
" the SVMR 60 as the magﬁetization of the central region 80 of the free

ferromagnetic layer 64 rotates in response to the applied magnetic signal from
the recorded medium. .

The two Co films 72, 74 in the laminated pinned layer 70 have
magnetization directions indicated by arrows 76, 78, respectively. The
antiparallel alignment of the magnetizations of the two Co ﬁlmg 72, 74 is due
to an antiferromagnetic exchange coupling through the Ru antiferromagnetic
coupling film 73. Because of this antiferromagnetic coupling, and because the ~
two Co films 72, 74 can have substantially the same thickness, the magnetic
moments of each of the films can essentially cancel each other. The net
magnetic moment of the laminated layer 70 is thus substantially smaller than
the sum of the magneiic moments of the two individual ﬁlm.s 72, 74.

While in the embodiment shown in Fig. 5 the self-pinnéd laminated
ferromagnetic layer 70 comprises two antiferromagnetically coupled
films 72, 74 separated by a single antiferromagnetic coupling film 73, the
layer 70 can coﬁlpﬁse a multiple number of ferromagnetic films separated by
antiferromagnetic coupling ﬁlfns.

Depending upon the materials selected for the ferromagnetic
films 72, 74 and antiferromagnetic coupling film 73 in the laminated pinned

layer 70, there is a preferred antiferromagnetic coupling film thickness at -



wherein the first and second filnms in the self-pinned f
are nmade of a material selected fromthe group consisti
alloy, Fe alloy, and Ni alloy, and wherein the antiferro
coupling filmis made of a material sel eCtd¥ Trom the griodpiconsi-sting of
Ru, Cr, Rhwhich the fertomaghéti@filay betbma! $t¥ngBnantifertbind¢meticallylcbupléd.
spin val ve magnetoresi stive sensor as in claim7 wherein the first and
second fil ' . It R .err, ' - ANy | t he
same magnerin® Anfirdagnbif }6tpk L AT HEkicss MG AR Be AMA hbReLr, 1°
claim7 wheyein the nonmagneii c spacer, | ayer hetweep the free ferr netic
| ayer and t§é‘@ﬁ°ﬁﬁﬁd’ g‘?’nﬁfg’d" ﬁﬂlférg/ i nihich éﬁo"iélatﬁg&ts
fromthe group consisting of Ag, Au, Cu, Ag alloy, Au alloy, and Cu alloy. .
13. A spi namﬁen'omagmtin emiplinig/strengiior The strength of thevastiferronagriatie
ferromagnetic layer includes a thin filmof Co or Co alloy adjacent to the
spacer | ay@pupling field exhibits an oscillatory behavior as a function of increasing

antiferromagnetic film thickness. This oscillatory coupling relationship for
selected material combinations is described by Parkin et al. in Phys. Rev.
Lett., Vol. 64, p. 2304 (1990). |
While the laminated pinned layer in the SVMR sensor 60 has been
shown with the preferred materials of Co and Ru as the ferromagnetic and ;
antiferromagnetic coupling film, respectively, other material combinations are
possible, such as iron/chromium (Fe/Cr), and other ferromagnetic materials
(such as Fe, Ni, Co or alloys of Fe, Ni, or Co) with other antiferromagnetic
coupling films (such as Cr, rhodium (Rh), iridium (Ir), and their alloys).
However, for each such material combination, the oscillatory exchange
coupling relationship would have to be determined, if not already known, so
that the thickness of the antiferromagnetic coupling film can be selected to
assure antiferromagnetic éoupling between the two ferromagnetic films.
If the "live" thicknesses of the two ferromagnetic films 72, 74 forming
the laminated pinned layer 70 are identical, then in theory the net moment of |
the pinned layer 70 would be zero because each of the magnetic moments

would precisely cancel. (By "live” thickness is meant the actual thickness of
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14. A spin valve nmagnetoresistive sensor as in claim?7 whegein the -
sel f-pinned | am nated | ayer is |ocated between the substraterand th8 NBXeIQQS-

ferromagnetic layer. ~  15. A spin valve nagnetoresisti VETSBASOr. astitAmnzmms
claim14 further conprising a buffer Iay'erZQ)eTween the substrate and the

AT e 4o
maanet | ¢ ot Shegariases ohtheilins WONR AT haveibetPRARIe] YiHs Adseah Slgns fr
dat a; a magnetic transducer naintained close to the magnetic storage
medi um dur i ogidieédit Rimsythe divebiktioknesst ofceanhyofthe filmarkdideis lass thea i
magnetic storage nedium the magnetic transducer including a spin valve
nmagnet or esi ghial Shidels.)CBEBAhSd {tdis not possible to precisely form each of the films
to the exact same thickness, the net moment of the pinned layer 70 will likely
be a sﬁdl but nonzero value as a natural result of the normal deposition
process. However, it is desirable to deliberateiy' deposit one of the pinned
ferromagnetic films to a thickness slightly greater than that of the otf.her film,
as described with respect to Fig. 5, so _that there is a small nonzero net |
y magnetic moment in the pinned layer. This assures that the magnetizaﬁoxf of ~
the pinned layer 70 is stable in the presence of small magnetic fields so that
the direction of its magnetization is predictable.

The k-ey aspect of the SVMR 60 of the present invention is the absence
of either a hard bias layer or an antiferromagnetic layer adjacent to the
pinned ferfomagnefic layer 70 for pinning the magnetization of the pinned
ferromagnetic layer 70. 'fhe lack of this layer eliminates additional processing
steps and permits Fe-Mn (or Fe-Mn-Cr_in the preferred embodiment) to be
used as the mﬁfmoﬁagneﬁc layer for longitudinally biasing the
extensions 81, 82 of the free ferrdmagnetic layer 63. Thus, the problems
.associated with the use of Ni-Mn can be elimiﬁated. _

In contrast to the prior art use of single-layer pinned layers with

associated hard or exbhange bias layers, a hard bias layer or an exchange hias



first and second |ayers of ferronagnetic materi al separ aeed: by & sraazEET‘
| ayer of nonnagnetic nmaterial, the magneti zation diregtion of1

first layer of ferrorragnet ic material _being at an anglv-e el atJ ve Q‘\( ]g%
magnet i zation direction of said second _of L

fer "1&?&9&9 101 ng@&rfeg ietf‘khf‘SW\qRoséi‘ﬁB} igtfof Bt prédenit! 1ﬁ|vdntlbhebecau§6 cond

:‘Z?/(ra(r)nggnf ercofl |.ms o | fer on COWPE:;IS: ;g § Ezib e r., and an

?Rtel ferr om&éﬁém&{a ayeg(j&pﬁ %Sﬁtf innedo. Ret gttgég t}}f g%%%%hg Sct with
films 72, 74 in the laminated layer 70 are close to the same thickness, but
their magnetizations are in opposite directions, the net magnetic moment of
layer 70 is small. An externally'applied'ﬁeld will generate a magnetostatic
energy that is related to the product of this small net moment times the
applied field strength. This applied field energy will not cause the laminated
layer 70 to rotate because this energy will be less than the effective anisotropy
field energy of the laminated layer 70. The reason the applied field energy is
| less than the effective anisotropy field energy is that it is proportional to the
difference of the live thicknesses of the two ferromagnetic films 72, 74, while
the effective anisotropy field energy is proporﬁoﬁal to the sum of the live
thicknesses of these two films. ‘Also, for the laminated layer 70 to be
self-pinned, the intrinsic anisotropy field of each of the films 72, 74 must be
several times larger than the coupling field from the free layer 64. This is
accomplished by the.choice of materials for the laminated pinned layer 70 for
‘a given spacer layer/free layer combination. For example, in the embodiment
described and shown in Fig. 5, the intrinsic anisotropy field of eabh Co
film 72, 74 is approximately 60 Oe, whereas the coupling field from the free

layer 64 is below 20 Oe. The laminated layer 70 will thus not rotate in the

presence of an applied signal field and is thus self-pinned.



= et

first and second ferromagnetic filns for coupling the fir R&rﬁé’“é’é’émﬁ‘d SHEET
ferromagnetic filns together antiferronmagnetically so thatjf hei 18 NOV 1995
magneti zations are al i gned anti par %lé’lt el with one anot her emaln. T
antiparallel in the presence of a magfetic field fromthe magneti c
storage nedi um r [ Y, | to: '
nmonent substanti aﬁlf?%gg%r{]sgg a@%@x@ﬁé st§n%hgfﬁeﬁ%n%n%éé{l&&r}%%ﬁ%ﬁ%}#@s
first and second f-erromagnetic.filns, wheregin the se i ncl udes no
hard  bi APAmRyed ves the PEQEATt.o CompARedgta RYMR $880ks Fhak i on
of the second ferromagnetic |ayer; and means coupled to the

magnet or esiageisubjessed do ther2405Ccpracegsing sitep anquiredamhen NiaMmis used, the
magnet oresi stive sensor responsive to magnetic fields representative of
data bits rRaghétededibtdrite (deARVRY isimiregsed Bppronimttel;E 20130% and tife
magnet oresi stive sensor; whereby in the presence of a magnetic field from

(e eanet ;546650 R 4l Khe, FRR0E AL 8yl 4 N SIpl RRIBERA0%H 0%
B O e S0, RS LR Sl TeancL 2ty ons

first and
step is reduced by a factor of 10. As a result, the signal response has been

calculated to be 5 millivolts/micron, which is approximately a 300%
impro§ement over the prior art SVMR sensor.

While the present invention has been particularly shown and described ~ -
with reference to the preferred embodiments, it will be understood by those
skilled in the art that various changes in form and detail may be made
without depérting from the spirit and scope of the invention. Accordingly, the
discloséd invention is to be considered merely as illustrative and l'imited. in

scope only as specified in the appended claims.



second ferromagnetic filns thus rer‘rﬂ ﬂf‘ elf P nhg é‘y(}d angw e
anot her. 18. A systemas in cl 17Fyx_h 85&3 The ant f F‘?ig’@gnet,rga ¥
coupling filmin the second ferroma | l%ssentl f .
19. A systemas in claim17 wherein t first and second S ND@BQ

films int gnetic | ayer consist e—sm
A system azwlh}(iqgal mn?é&vxﬁgrel n the first an etic films in
the second ferromagnetic | ayer are nmade of a ﬂnﬁ Il @%H@F fromthe
group consisting of Co, Fe, Ni, Co alloy, , oy, and
wherein the antiferromagnetically coupling f| Imin the second ferromagnetic
| ayer is made ofla neAecspinlvale¢ evagrbtoresistive elpment camprigingy of Ru, Cr,
Rh, Ir, Rualloy, C alloy, Rh alloy, and Ir alloy. 21. A systemas in
claim 17 wher ei ngidieardd sedorfl'Thyers 8P ferromagnetic material separated by a spacer
layer of nonmagnetic material, the magnetization direction of said first layer
of ferromagnetic material being oriented at an angle relative to the
magnetization direction of said second layer of ferroxhagnétic material at zero
applied magnetic field, the second layer of ferromagnetic material comprising
first and second ferromagnetic films antiferromagnetically coupled to one
another and an antiferromagnetically coupling film separating the two
ferromagnetic films, wherein the element includes no hard bias layer or
exchange bias layer for pinning the magnetization of the second ferromagnetic

layer.

2. . A spin valve magnetoresistive element as in claim 1 wherein the
antiferromagnetically coupling film in the second ferromagnetic layer consists

essentially of Ru.

3. A spin valve magnetoresistive element as in claim 1 wherein the

first and second ferromagnetic films in the second ferromagnetic layer consist

essentially of Co.

ect Has Been Re laced




films in the s i c | ajjeTHiliawE: Suﬂﬁaﬂmau ly fhé&™ L AGEHENT SHEET ||
27 - sane rragneﬂm mmnmz A gyst eniiBBLATER| ai m;17 ?I n tl—%}mv 19.95
Poyisioss ;

‘honmagnetic spater¢| ayem conprises a —SeFected-fro
consisting of Ag, Au, Cu, Ag aI I oy, “Ad4all oy, and Cu all oy.

TRgne € 1 ecor 89, O Righiodied SRR el BATES 8 re"‘”ﬁ“@%rd] ¥ ihe

magnet or esi stive sensor_ for sen5| ng magnetically
ﬁrst and second ferromagnetic films in the second ferromagnetic layer are

made of a material selected from the group consisting of Co, Fe, Ni, and alloys
of Co, Fe, or Ni, and wherein the antiferromagnetically coupling film in the
second ferromagnetic layer is made of a material selected from the group

consisting of Ru, Cf, Rh, Ir, and their alloys.

5. A spin valve magnetoresistive element as in claim 1 wherein the
second ferfomagnetic layer has a net magnétic moment substantially less than
the sum of the magnetic moments of the first and second films in the seconé

ferromagnetic layer.

6. -A spin valve magnetoresistive element as in claim 1 wherein the
first and second films in the second ferromagnetic layer have substantially the

same magnetic moment.

7. A spin valve magnetoresistive element as in claim 1 wherein the
nonmagnetic spacer layer comprises a material selected from the group

consisting of Ag, Au, Cu, and alloys of Ag, Au, and Cu.

Sheet Has Been Re[ilaced
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re‘cord'ed dat a sensor co
sel f-pinned | MHHWIHBHHSJMI rst and r#) A0l T BT SRy t| c filns ahd’:‘“T )
an antiferromaghetical 1y ° ‘couplinrg s |$‘H=b&f:3ﬂ§ e i risff-“and i%m 1995
ferromagnetic films for aligning—the~directi ons_ oT"Tragﬁetl zati

t he first ang secq

antiparallel, t hg | am ”%1%3&%8 nneld.é%léaﬁg?ts gg&ng&gﬁﬁéhg magneti c
monent subst ant i al t" s th n the sum of the magneti ¢ nonents of the
first and secondafsé‘?f’ls ﬁiﬁ filnms; a. nonnmagneti c spacer

| ayer fornmed on and in contact with the second ferromagnetic.filmof the
sel f - pi nned | adayereddstrugture formed on the substrate,dinediagered stpsturer ned
on and in contact with the spacer layer and having its nagnetization
oriented gefmﬁphlsmg)er pendi cul ar to the rragnetlzatlons of the first and
second ferronagnetic films of the self-pinned |lam nated | ayer in the
absence of an applied RGP QR ﬁ ] yer
havi ng a central sgnfg? ng rg%llhgﬁghs e%teiﬁgilcﬂo%g éloﬁé he si ienlgﬁo(#fat he
“central

sensing f ea%netxzat.mn in the absence of an applied magnetic ﬁeld

a nonmagnetic spacer layer adjacent to the free ferromagnetic
layer;

a first pinned ferromagnetic film adjacent to the spacer layer and
having a magnetization oriented at an angle to the magnetization of the ~
free ferromagnet.ic layer; |

an antiferromagnetically coupling film adjacent to the first
pinnéd férromagnetic film;

a second pinned ferromagnetic film adjacent to the -
antiferromagnetically coupling film and antifex;romagnetically coupled
to the first pinned ferromagnetic filnt so as to have a direction of
magngtization generaliy antiparallel to the magnetizatioh of the first
pinned f'erromagnetic film; and

wherein the sensor has no hard bias layer or exchange bias layer for pinning

the magnetization of the pinned ferromagnetic films.
S—
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ai I ayar of an Fe a Lor et REPIIAGEIW’E‘a‘ESHﬁET |
each of the frm“m ‘IEI“E““‘ ‘“'I aye T xtens‘ FHREENO) Il ongi tuﬁ% twy

bi asing the magretezati ons s "‘“[ efPext enbillopss an ‘
wherein the sensor has no har d b| as-l ager or exchange™ L=biras=t-ayer~tor

pinning the magngt| Z%&' vé H‘Fﬁgfrimnve semcusdiﬁ el ATBGFRErdin fthems
in the self-pinned Iam ate whereby in the presence of

an applied etic fi fr,om cal | di sk
the | mmgheteraT aRn Srcathe covaltng BTFLRabreed the B8 H4Rd 4Rhajihea © £C
magnetic field energy generat ed in the | am nat ed | ayer I's insufficient
to cause rdemtamagnstic Abmswgnaists essantiallyr of Ru.the first or second
ferro_rragnetl c films in the | am nated | ayer and the magneti zations of
the -first and second ferromagnetic filns remain self-pinned and.
antiparallel to one anot her; '

10. A spin valve magnetoresistive sensor as in claim 8 wherein the

first and second pinned ferromagnetic films are made of a material selected
from the group consisting of Co, Fe, Ni and alloys of Co, Fe, or Ni, and
wherein the antiferromagnetically coupling film is made of a material selected

from the group consisting of Ru, Cr, Rh, Ir, and their alloys.

11. A spin valve magnetoresistive sensor as in claim 8 wherein the
first and second pinned ferromagnetic films have substantially the same

magnetic moment.

12. A spin valve magnetoresistive sensor as in claim 8 wherein the
nonmagnetic spacer layer between the free ferromagnetic layer and the first
pinned ferromagnetic film comprises a material selected from the group

_consisting of Ag, Au, Cu, and alloys of Ag, Au, and Cu.

13. A spin valve magnetoresistive sensor as in claim 8 wherein the

free ferromagnetic layer includes a thin film of Co or Co alloy adjacent to the

spacer layer.
' is Sheet Has Been Replaced

||II|Il| M




28 a carri er the spl n vTachver magn ' tw:em&éh%ﬁr h‘d:‘T
having a substra Hi,mm ﬂ” et b
noving the carrie aII

, c tﬁﬂbfor

ks um&§J§g~
access different regions of nagnetlcally recorded data Sk
means connecting the carrier to the_a tuat or for the maintaining carrier
near the disk; nmeans eIectricaLLg_QQupled to the sensor for detecting
changes in resistance of  the sensor in response to magnetic fields sensed
by the sensor fAdm t H: SEiyNalvecmagpetaresistise Sensok CORIISING: neans for
supporting the notor and actuator. 24. A disk drive as in claim 23
wherein the anta $éubstoategnetically coupling filmbetween the first and

il
oy ol

a laminated 'self-pinned layer formed over the substrate and comprising
ﬁrét and second ferromagnetic films and an antiferromagnetically coupling
film between the first and secoﬂd ferromagnetic films for aligning the
directions of magnetizations of the first and second ferromagnetic films to be
generally antiparallel;

a nonmagnetic spacer layef formed adjacent to the second ferromagnetic
film of the self-pinned laminated layer; ‘

a free ferromagnetic layer formed adjacent to the spacer layer and
having its magnetization oriented generally berpendicular to the
magnetizati(;ns of the first and second ferromagnetic films of the self-pinned
laminated layer in the absence of an applied magnetic field; and

wherein the sensor has no hard bias layer or exchange bias layer for

pinning the magnetizations of the first and second ferromagnetic films in the

self-pinned laminated layer. I —

—————
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second filnms in m nat ed Ihyerg;géa_ﬁ% e556r
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films in the sef*plrune erromagneti c | ayer=are-—nate—ei
sel ected fromthe group consisting ot ¥, -Fe, Ni, Co all oyr_r:e alloy; _a_ncl ----- B
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and the self-pinned |aninated | ayer conprises a material selected from
the group cemtensionsjonfthagsides of Cﬁe cégtral [sensing regionyand further comprising
27. A disk drive as in claim?23 wherein the free ferronmagnetic |ayer.

includes a ldyersidfian allofPeoftiprifing! F&¥indoMirafitttied Adjdtens Rathe fréwer .

ferromagnetic layer extensions for longitudinally biasing the magnetizations of

the free layer extensions.

16. A spin valve magnetoresistive sensor as in claim 14 wherein the
antiferromagnetically coupling film between the first and second films in the

self-pinned laminated layer consists essentially of Ru.

17. A spin valve magnetoresistive sensor as in claim 14 wherein the
first and second films in the self-pinned ferromagnetic layer are made of a
material selected from the group consisting of Co, Fe, Ni an& alloys of Co, Fe,
or Ni, and wherein the antiferromagnetically coupling film is'made of a

material selected from the group consisting of Ru, Cr, Rh, Ir, and their alloys.

18. A spin valve magnetoresistive sensor as in cléix_n 14 wherein the

first and second films in the self-pinned ferromagnetic layer have
[ —
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substantially the same magnetic moment.
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28. A disk dnj “ m‘ml 23 whgreia tHe Sers-nr T,j'ed. I hat ed | ayer i
| ocated bet H “ H and §he ' Trge. fery et J_h_@ye‘r NO 19929.
A disk drive as antcl 8i nf28*furthe rLsiiga _buff el C?faex. el veen-:

V.
substrate and the self-pinned |am nated lhgyer. 30. A disk drive as

in claim28 further cqnpr.si | ng=t7 . . .
0 claim 28 furt ber CQmBL S| e JnS SRR AETE seh3oi"S S iR Ahirh s WiGein the
19. A spin valve nmagnetoresistive sensor as in claim14 wherein the
nonmagnet i cnepmagnetispacer dapambeteeery the freefereamagnetic dgxer and thge

self-pinned laminated layer comprises a material selected from the group

consisting of Ag, Au,_ Cu, and alloys of Ag, Au, and Cu.

20. A spin valve magnetoresistive sensor as in claim 14 wherein the
free ferromagnetic layer includes a thin film of Co or Co alloy adjacent to the

spacer layer.

21. A spin valve magnetoresistive sensor as in claim 14 wherein t};e
self-pinned laminated layer is located between the substrate and the free

ferromagnetic layer.

22. A spin valve magnetoresistive sensor as in claim 21 further
comprising a buffer layer between the substrate and the self-pinned laminated

layer.

23. A spin valve magnetoresistive sensor as in claim 21 further

comprising a capping layer formed over the free ferromagnetic layer.

. This Sheet Has Been Reﬁ ac
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eIf p| nned I a r| se : & Etest ed fir thé“ W .
consi sting of m m | | oys of Ag, EL [ QP?-’ R SAMFE' :
Sl S vvherél n the,, '

spin val ve mag M Ve sensor V ]99
ferromagnetic layer includes a thin film 30 eo or‘(ﬁo‘aﬂ“l wa‘%ﬁ%q

spacer |ayer. \ spi n val vé magnet or esi stive sensor as in '"”'*”
cl ai m 14 wher ei n2¢he As‘@lagnﬁPﬁﬁgﬂrag&rﬁﬁﬁ? QrapesIEs | ocat ed between the
substrate and the free ferromagnetic |ayer.

a magnetic storage medium having a plurahty of tracks for the

‘

_ recordmg of data;

a magnetic transducer maintained close to the magnetic storage
mediqm during relative motion between the magnetic transducer and the
magnetic storage medium, the magnetic transducer includiné a spin valve
magnetoresistive sensor comprisix_lg:

first and second layers of ferromagnetic material separated by a
spacer layer of nonmagnetic material, the magnetization direction of
said first layer of ferromaghetic material being at an angle relative to,
the magnetization direction of said secohd layer of ferromagnetic
material at zero applied magnetic field, the second layer of
ferrox;lagnetic material comprising first and second ferromagnetic films
antiferromagnetically coupled to one another apd an
antiferromagnetically coupling film separating the two ferromagnetic
films, wherein the sensor includes no hard bias layer or exchange bias
layer for pinning the magnetization of the second ferromagnetic layer,
and

means coupled to the magnetoresistive sensor for detecting resistance
changes in the magnetoresistivé seﬂsor responsive to magnetic ﬁglds

representative of data bits recorded in the magnetic storage medium

———————

intercepted by the magnetoresistive sensor.
heet Has Been Re laced
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claim?21 further conprising a capp| ng | ayer fornmed over the fr&@

ferromagnetic | ayer.

- 37730

25. A system as in claim 24 wherein the antiferromagnetically

coupling film in the second ferromagnetic layer consists essentially of Ru.

26. A system as in claim 24 wherein the first and second

ferromagnetic films in the second ferromagnetic layer consist essentially of Co.

27. A system as in claim 24 .wherein the first and second
ferromagnetic films in the second ferromagnetic layer are made of a material
selected from the group consisting of Co, Fe, Ni and alloys of Co, Fe, or Ni, ’
and wherein the antiferromagnetically coupling film in the second

ferromagnetic layer is made of a material selected from the group consisting of

Ru, Cf, Rh, ir, and their alloys.

28. A system as in claim 24 wherein the second ferromaghetic layer
has a net magnetic moment substantially less than the sum of the magnetic

moments of the first and second films in the second ferromagnetic layer.

29. A system as in claim 24 wherein the first and second films in the

second ferromagnetic layer have substantially thé same magnetic moment.
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separated by a - space Iayer é}) nonmagnetic nmaterial, the
magneti zat | SYMBFISEE & wHterial selectedsfpm the grovp gensistingot dgadieGw and
material being at an angle relative to t he magneti zation direction

of sai d secalldys of Ag, &u,fand Quagneti c

31. A magnetic recording disk drive comprising:
a magnetic recording disk;
a motor connected to the disk for rotating the disk;
a spin valve mégnetoresistive sensor for sensing magnetically recorded
data on the disk, the sensor comprising: |

a laminated self-pinned layer comprising first and second
ferromagnetic films and an antiferromaénétically coupling film between
the first and second ferromagnetic films for aligning the directions of
magm:)tizations of the first and second férromagnetic films to be
generally antiparallel;

a nonmagnetic spacer layer formed adjacent to the second

ferromagnetic film of the self-pinned laminated layer;

This Sheet Has Been Re; ﬂ
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ferromagnetic MB I@HHE{' ing firsy and ts.eicomfi’f erro |
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antiferromagnetically coupling film&e ‘ratlng the two fej

films, wherein the sep ncl ud d "to : ey E 23
Iaéer for pinning the ﬁ%gxy %ﬁﬁagilg %rf eco %aﬁe‘d;er gmagnetlc eaye ;
an means coupd ed to the magnet oresi stive sen or for det ctl n

resi stance changed hm&eﬁmm@ze@pgtqw@merﬁ e\Pg %&FI c

fields representative of data bits recorded in the magnet I c st orage medi um
' magnetizations of the first and second ferromagnetic films of the

self-pinned laminated layer in the absence of an applied magnetic field,
wherein the sensor has no hard bias layer or exchange bias layer for
pinning the magnétizations of the first and second ferromagnetic films
in the self-pinned laminated layer;

a carrier supporting the spin valve magnetoresistive sensor and having

a substrate onto which the sensor is attached;

¢

an actuator for moving the carrier generally radially across the disk S0
the sensor may'éccess different regions of magnetically recorded data on the
disk;

means connecting the carrier to the actuator for maintaining the carrier
near the aisk; ‘

means electrically coﬁpled tq the sensor for detecting cﬁanges in
reéistance of the seﬁébr in response to magnetic fields sensed by the sensor
from the magnefically recorded disk; and

means for supporting the motor and actuator.

[
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|ntercept ed by tive se s]gf_[
-31- Mimr‘ﬁ a F claim hEF erﬁ quﬁGBEﬁN ilIf T T oTTRgrretTTaky—-
coupling fi Imm ceLseeon rrorra neflic | dVEr-AGERi stsle S%ﬂ“ﬁedngﬂf ‘Ragt

f26I A systemas in claim24 wherein ghe-first and second fferro
ilms in the secondferr etIC|§YET—CnIS n
sci:nﬁn'r\]re accordin claim 251 wsﬁe(?regr'x %hey&ee ferromagretic.

layer has a central sensing region and extensions on the sides of the central

sensing region, and further comprising layers of an alloy comprising Fe and
Mn formed adjacent to the free ferromagnetic layer extensions for

longitudinally biasing the magnetizations of the free layer extensions.

33. A disk drive as in claim 31 wherein the antiferromagnetically
coupling film between the first and second films in the self-pinhed laminated

layer consists essentially of Ru.

34. A disk drive as in claim 31 wherein the first and second films in
the self-pinned ferromagnetic layer are made of a material selected from the
group consis;;ing of Co, Fe, Ni and alloys of Co, Fe, or Ni, and wherein the
antiferromagnetically coupling film is made of a material selected from the

group consisting of Ru, Cr, Rh, Ir, and their alloys.

35. A disk drive as in claim 31 wherein the laminated self-pinned
layer has a net magnetic moment substantially less than the sum of the

rhagnetic moments of the first and second films in the laminated self-pinned

_'______’_/_—_
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27. A system er ei n |t fgfd ISt ;
films in the sﬁmm“ﬂlen"mlﬂa El c layer arg.hm NPEQN atlleP g{"&g@g? g%‘é‘g;g
fromthe group €onsistimg eof i ays , ,orlBi

wherein the antlferrorragnetlcally covp'l-r-rf'g filmin the S cgtﬁ """""""""""""""

ferromagnetic | %gr [ A %ﬂ gﬁgg cﬁéﬁﬁ‘b S?hggéﬁdtﬂé B%H%{Htﬂ:‘@pacer la er

consi sting of elir a ste
in claim?24 wherein Lhe second ferromagneti .has etic
monent subshetiweem the &essfemmamcs{g‘ﬁ ndi&h qipped aﬁ Hﬁée‘g?]alﬁre
first -and second filns in the second ferronagnetic |ayer.

comprises a material selected from the group consisting of Ag, Au, Cu, and

alloys of Ag, Au, and Cu.

37. A disk drive as in claim 31 wherein the free fefromagnetic layer

includes a thin film of Co or Co alloy adjacent to the spacer layer.

38. A disk drive as in claim 31 wherein the self-pinned laminated

layer is located between the substrate and the free ferromagnetic layer.

39. A disk drive as in claim 38 further comprising a buffer layer

between the substrate and the self-pinned laminated layer.

40. A disk drive as in claim 38 further comprising a c_apping layer

formed over the free ferromagnetic layer.

ThlS Sheet Has Been Reﬁ
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20. A systemas in claim?24 wherein the first and second filnms in the

second ferromagnetic |ayer have substantially the sane nmagn nani*:::===:
- 32 - 30. A systemas in claim?24 wherein the nonma nBET¢- SpgSﬁT&H T
| ayer conprises a material selected fromthe group consi st u

Cu, and alloys of Ag, Au, and Cu. 1/4
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31. ‘A magneti c recording disk drive conpri sing: a magnetic

recording disk; a notor connected to the disk for rotating.the dlsk
a spin valve magnetoresistive sensor fbr sensing nagnetlcally:recorded B
data on the disk, the sensor conprising: a | am nat ed i
sel f - pi nned Iayer conprising first and second ferronagnEB|NUV|m and
an antiferromagnetically coupling film between the first and sé
ferromagnetic films tor aligning thesgirections of nagnetlzatlons_of.
the first and second ferronagnet|c~+++ﬁs to be general ly :

antiparallel;
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a -nonnmagneti c spacer |ayer formed adjacent to the second
ferromagnetic filmof the self-pinned | am nated | ayer; e
a free ferromagneti-c | ayer fornmed adjacent to the spacer

magneti zations of the first and second ferromagnetic fil
self-pinned | am nated | ayer in the ence of an applied ma =
wherein the sensor has no hard bias er or exchange bias |ayer for
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p| nni. ng the magnetizations of the first and second ferromagnetic f| I ms.

in the self-pinned | am nated | ayer; a carrier su
val ve nagnetoresistive sensor and having a substrate o t BER & HE SHERT
is attached; an actuator for noving the carrier @eneral I]yg rNGV 4835
across the disk so the sensor may gggess different regi oPRle tof- rragnettcall
recorded data on the disk; ngers—eonnechi Dggighe carri er- to the=
actuator for maintaining the carrier rSENSING disk: nean
electrically coupled to the sensor fdgr ggﬂqsi ng changes in resfstance of
t he sensor in responsg to magnetic fi by the sensor '
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fromthe magnetically recorded disk; and means for sup p&kﬁg“ Re ==
not or and actuator. = T SHEET

A di sk-drive according to claim31 wherein the free ferromagn gamléygrﬁaﬁsEB5

a central sensing reg S ﬁ des. of 1 he cdlmpag iR

sensing region, and ' n = ising Fe and

Wh forned adjacent to ! s for

| ongi tudinal 'y biasing the magneti oS ’ free | ayer extensions.
ABSTRACT '

A magnetic reéording system uses an improved spin valve
magnetoresistive (SVMR) sensor. The SVMR sensor has a self-pinned
laminated layer as the pinned ferromagnetic layer in place of the
conventional single-layer pinned layer. Because this laminated
layer is "self-pinned", a hard bias or exchange bias layer is not
needed. The self-pinned laminated layer has at least two
ferromagnetic films antiferromagnetically (AF) coupled to one
another across a thin AF coupling film. Since the two ferromagnetic
films in the laminated layer havé their magnetic moments aligned
antiparallel, their two magnetic moments cé.n be made to essentially -
cancel by making the two ferromagnetic _films of substantially the
same thickness. Thus, the magnetic field energy generated by the
signal field acting on this laminated layer will be significantly

less than the effective anisotropy energy of the laminated layer.



33 A disk drive as in claim31 wherein the antlferronagnetlcallv _
coupling filmbetween the first and second filns i '“
| am nated |ayer consists essentially of Ru. rﬁ Hﬁb$ﬂﬂiéw as
in claim31 wherein the first and second filns in J he se?fgph BBS T
ferromagnetic | ayer are made of a material selecte Ao hYa

consi sting al | oys of , Fe, or and wherein the

antiferromMﬁEan fII|mI y he of ?I material selected fromthe
roup consisting o , Ir, and their alloys.

aroup ‘ rams | R O

1. A spin valve magnetoresistive element comprising:

first and second layers of ferromagnetic material separated
by a spacer layer of nonmaghetic material, the magnetization
direction of said first layer of ferromagnetic material being
oriented at an angle relative to the magnetization direction
of saild second layer of ferromagnetic material at zero applied
magnetic field, the second layer of ferromagnetic material
being a laminated layer comprising first and second
ferromagnetic films antiferromagnetically coupled to one
another and an antiferromagnetically coupling film located
between and in contact with the first and second ferromagnetic
films for coupling the first and second ferromagnetic films
together antiferromagnetically so that their magnetizations
are aligned antiparallel with one another and remain
antiparallel in the presence of an applied magnetic field,
-the laminated layer having a net magnetic moment substantially
less than the sum of the magnetic moments of its first and
second ferromagnetic films, whereby the magnetic field energy
generated in the laminated layer by the applied magnetic field
is insufficient to cause rotation of the magnetizations of the
ferromagnetic f£ilms; wherein the element includes no hard bias
layer or exchange bilas layer for pinning the magnetization of
the second ferromagnetic layer.

2. A spin valve magnetoresistive elemént as in claim 1
whereln the antiferromagnetically coupling £ilm in the second
ferromagnetic layer consists essentially of Ru.

3. A spin valve magnetoresistive element as in claim 1
wherein the first and second ferromagnetic films in the second
ferromagnetic layer consist essentially of Co.

4, A spin valve magnetoresistive element as in claim 1
wherein the first and second ferromagnetic films in the second
ferromagnetic layer are made of a material selected from the
group conslsting of Co, Fe, Ni, Co alloy, Fe alloy, and Ni
alloy, and wherein the antiferromagnetically coupling film in
the second ferromagnetic layer 1s made of a material selected
from the group consisting of Ru, Cr, Rh, Ir, Ru alloy, Cr
alloy, Rh alloy, and Ir alloy. ’

5. A spin valve magnetoresistive element as in claim 1
wherein the first and second films in the second ferromagnetic
layer have substantial;y the same magnetic moment.



35. A disk drive as in clalnl311Mﬁﬂ1ﬂ‘“TTﬁTT§ﬁTﬁa—éd P
has a net magnetic nonment substan EE“ t he d mu@LACEM
moments of the first and second fl‘!m‘m““mmm at ed $ )

- 35- 36. A disk drive as i ai m31Mwheréin the hehlie--
| ayer between the free ferromagnetic |ayer and the sel

| ayer conprises a material selected fromthe group conS|st|ng of Ag, Au,
Cu, and 24

6. A spin valve magnetoresistive element as in claim 1
wherein the nonmagnetic spacer layer comprises a material
selected from the group consisting of Ag, Au, Cu, Ag alloy, Au
alloy, and Cu alloy.

7. A spin valve magnetoresistive sensor comprising:

a substrate;

a2 laminated self-pinned layer formed over’ the substrate
and comprising first and second ferromagnetic films and an
antiferromagnetically coupling f£ilm between the first and
second ferromagnetic films for aligning the directions of
magnetizations of the first and second ferromagnetic films to
be generally antiparallel, the laminated layer having a net
magnetic moment substantially less than the sum of the
magnetic moments of the first and second ferromagnetic f£ilms;

a nonmagnetic spacer layer formed on and in contact with
the second ferromagnetic f£ilm of the self-pinned laminated
layer; '

a free ferromagnetic laver formed on and in contact with
the spacer layer and having its magnetization orilented
generally perpendicular to the magnetizations of the first and
second ferromagnetic films of the self-pinned laminated layer
in the absence of an applied magnetic field; and

wherein the sensor has no hard blas layer or exchange bilas
layer for pinning the magnetizations of the first or second
ferromagnetic films in the self-pinned laminated layer;

whereby 1n the presence of an applied magnetic field the
magnetization of the free ferromagnetic layer .rotates but the
magnetic fleld energy generated in the laminated layer 1is
insufficient to cause rotation of the magnetizations of the
first or second ferromagnetic films and the magnetizations of
the first and second ferromagnetic films remain self-pinned
and antiparallel to one another.

8. A spin valve magnetoresistive sensor as in claim 7
wherein the free ferromagnetic layer has a central sensing
region and extensions on the sides of the central sensing
region, and further comprising layers of an alloy comprising
Fe and Mn formed adjacent to the free ferromagnetic layer
extensions for longitudinally blasing the magnetizations of
the free layer extensions.

8. A spin valve magnetoresistive sensor as in claim 7
wherein the antiferromagnetically coupling f£ilm between the
first and second films in the self-pinned laminated layer -
consists essentially of Ru.
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al l oys of Ag, Au, and Cu. e as
the free ferromagnetic | ayer i “(ﬂgﬂlﬂﬂmg m of
adj acent to the spacer 1| ayer.

wherein the self-pinned Ianinated | ayer is |ocated be

and the free ferromagnetic | ayer. 39. A disk drlve as in claim38

further conprising a buffer |ayer bekégen the substrate and the

sel f-pi nned | ®0n naAespinyeslve magnetdPesidtdiveksensve as in ellaim 38

further ogheFésnNEhé £8PHtNEnd¥EEond films in the self-pinned
ferromagnetic layer are made of a material selected from the
group conslsting of Co, Fe, Ni, Co alloy, Fe alloy, and Ni
alloy, and wherein the antiferromagnetically coupling film is
made of a material selected from the group consisting of Ru,
Cr, Rh, Ir, Ru alloy, Cr alloy, Rh alloy, and Ir alloy.

11. A spin valve magnetoresistive sensor as in claim 7
wherein the first and second films in the self-pilnned
ferromagnetic layer have substantially the same magnetic
moment.

12. A spin valve magnetoresistive sensor as in claim 7
wherein the nonmagnetic spacer layer between the free
ferromagnetic layer and the self-pinned laminated layer
comprises a material selected from the group consisting of Ag,
Au, Cu, Ag alloy, Au alloy, and Cu alloy.

13. A spin valve magnetoresistive sensor as in claim 7
wherein the free ferromagnetic layer includes a thin film of
Co or Co alloy adjacent to the spacer layer.

14, A spin valve magnetoresistive sensor as in claim 7
wherein the self-pinned laminated layer 1s located between the
substrate and the free ferromagnetic layer.

_ 15, A spin valve magnetoresistive sensor as in claim 14
further comprising a buffer layer between the substrate and
the self-pinned laminated layer. -

16. A spln valve magnetoresistive sensor as in claim 14
further comprising a capping laver formed over the free-
ferromagnetic layer.

17. A magnetic storage system comprising:

a magnetic storage medium having a plurality of tracks for
the recording of data;

a magnetic transducer maintained close to the magnetic
storage medium during relative motion between the magnetic
transducer and the magnetic storage medium, the magnetic
transducer including a spin valve magnetoresistive sensor
comprising:

first and second lavers of ferromagnetic material
separated by a spacer layer of nonmagnetic material, the
magnetization direction of said first layer of
ferromagnetic material being at an angle relative to the
magnetization direction of said second layer of
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ferromagnetic material at zero applied magnetic field, the
second layer of ferromagnetic material comprising first
and second ferromagnetic films antiferromagnetically
coupled to one another and an antiliferromagnetically
coupling £ilm located between and in contact with the
first and second ferromagnetic films for coupling the
first and second ferromagnetic films together
antiferromagnetically so that their magnetizations are
aligned antiparallel with one another and remain
antiparallel in the presence of a magnetic field from the
magnetic storage medium, the second ferromagnetic layer
having a net magnetic moment substantially less than the
sum of the magnetic moments of its first and second
ferromagnetic films, wherein the sensor includes no hard
blas layer or exchange blas layer for pinning the
magnetization of the second ferromagnetic layer; and
means coupled to the magnetoresistive sensor for detecting
resistance changes in the magnetoresistive sensor responsive
to magnetic flelds representative of data bits recorded in the
magnetic storage medium intercepted by the magnetoresistive
sensor; whereby in the presence of a magnetic field from the
magnetic storage medium the magnetization of the first
ferromagnetic layer rotates but the magnetic field energy
generated in the second ferromagnetic layer 1s insufficient to
cause rotation of the magnetizations of its first or second
ferromagnetic f£ilms, and the magnetizations of the first and
- second ferromagnetic films thus remain self-pinned and
antiparallel to one another.

18. A system as in clalm 17 wherein the
antiferromagnetically coupling £ilm in the second
ferromagnetic layer consists essentlally of Ru.

19. A system as in claim 17 wherein the first and second
ferromagnetic films in the second ferromagnetic layer consist
essentially of Co. ‘

20. A system as in claim 17 wherein the first and second
ferromagnetic films in the second ferromagnetic layer are made
of a material selected from the group consisting of Co, Fe,
Ni, Co alloy, Fe alloy, and Ni alloy, and whereln the
antiferromagnetically coupling f£ilm in the second
ferromagnetic layer is made of a material selected from the
group consisting of Ru, Cr, Rh, Ir, Ru alloy, Cr alloy, Rh
alloy, and Ir alloy.

21. A system as in claim 17 wherein the first and second
films in the second ferromagnetic layer have substantially the
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same magnetic moment.

22. A system as in claim 17 wherein the nonmagnetic spacer
layer comprises a material selected from the group consisting
of Ag, Au, Cu, Ag alloy, Au alloy, and Cu alloy.

23. A magnetic recording disk drive comprising:

a magnetic recording disk;

a motor connected to the disk for rotating the disk;

a spin valve magnetoresistive sensor for sensing magnetically
recorded data on the disk, the sensor comprising:

a laminated self-pinned layer comprising first and
second ferromagnetic films and an antiferromagnetically
coupling film between the first and second ferromagnetic
films for aligning the directions of magnetizations of the
first and second ferromagnetic films to be generally
antiparallel, the laminated self-pinned layer having a net
magnetic moment substantially less than the sum of the
magnetic moments of the first and second ferromagnetic
films;

a nonmagnetic spacer layver formed on and in contact
with the second ferromagnetic film of the self-pinned
laminated layer; '

a free ferromagnetic laver formed on and in contact
with the spacer layer and having 1ts magnetization
oriented generally perpendicular to the magnetizations of
the first and second ferromagnetlc f£ilms of the
self-pinned laminated layer in the absence of an applied
magnetic fleld, the free ferromagnetic layer having a
central sensing region and extensions on the sides of the
central sensing region; :

a layer of an alloy comprising Fe and Mn formed on and
in contact with each of the free ferromagnetic layer
extensions for longitudinally blasing the magnetizations
of the free layer extenslons; and :

whereln the sensor has no hard blas 1ayer or exchange
bias layer for pinning the magnetizations of the first or
second ferromagnetic films in the self-pinned laminated
layer;

whereby in the presence of an applied magnetic field
from magnetically recorded data on the disk the

- magnetization of the free ferromagnetic layer rotates but
the magnetic field energy generated in the laminated layer
1s insufficient to cause rotation of the magnetizations of
the first or second ferromagnetic films in the laminated
layer and the magnetizations 6f the first and second
ferromagnetic films remain self-pinned and antiparallel to
one another;
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a carrier supporting the spin valve magnetoresistive sensor
and having a substrate onto which the sensor is attached;

an actuator for moving the carrier generally radially
the across disk so the sensor may access different regions of
magnetically recorded data on the disk;

means connecting the carrler to the actuator for
the maintaining carrier near the disk;

means electrically coupled to the sensor for detecting
changes in resistance of the sensor in response to magnetic
fields sensed by the sensor from the magnetically recorded
disk; and
| ‘means for supporting the motor and actuator.

24, A disk drive as in claim 23 wherein the
antiferromagnetically coupling film between the first and
second films in the self-pinned laminated layer consists
essentially of Ru.

25. A disk drive as in claim 23 wherein the first and
second films in the self-pinned ferromagnetic layer are made
of a material selected from the group consisting of Co, Fe,
Ni, Co alloy, Fe alloy, and Ni alloy, and wherein the
antiferromagnetically coupling £ilm is made of a material
.selected from the group consisting of Ru, Cr, Rh, Ir, Ru
alloy, Cr alloy, Rh alloy, and Ir alloy.

26, A disk drive as in claim 23 wherein the nonmagnetic
spacer layer between the free ferromagnetic layer and the
self-pinned laminated layer comprises a material selected from
the group consisting of Ag, Au, Cu, Ag alloy, Au alloy, and Cu
alloy.

27. A disk drive as in claim 23 wherein the free
ferromagnetic layer includes a thin film of Co or Co alloy
adjacent to the spacer layer.

28. A disk drive as in claim 23 wherein the self-pinned
laminated layer is 1ocated between the substrate and the free
ferromagnetic layer.

29. A disk drive as in claim 28 further comprising a
buffer layer between the substrate and the self-pinned
laminated layer.

30. A disk drive as in claim 28 further comprising a
‘capping layer formed over .the free ferromagnetic layer.



