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the direction of
The present invention relates to sensors which can be used in a disk

drive for magnetic read back and a manufacturing method therecf.

Description of the Background Art

Magnetlc Eensors in many applications are required to have very high
sensitivity. One major example is the use of magnetic read back sensors
in disk drives. Aas the density of recorded information increases with
each succeeding product the requlred sensitivity of the sensor must also
increase. Two classes of sensors having very high sensitivity are the
magnetic tunnel junction sensor (MTJ) and the charge
perpendicular-to-plane sensor (cpp) . These sensors both depend on
utilizing spin dependent electron movement through a thin nonmagnetic
separation layer. On one side of the separation layer is a ferromagnetic
layex, called the pinned layer, in which the direction of magnetlzatlon is
fixed. On the other side of the separation layer is a ferromagnetic
layer, called the free layexr, in which the direction of the magnetization
is free to respond to an applied field. 1In a disk drive the applied field
is from a previously written transition on a disk. 1In other applications
the applied field could come from the position of an external magnet or

from the change in location of the sensor relative to a field.

In disk drive applications, it is desirable to achleve maximum
sensitivity and linearity. To achieve maximum linearity it is desirable
for the magnetization in the free layer in the absence of an external
field be substantially parallel with the direction of the recorded track.
It 1s alsgo degirable for the magnetization of the pinned layer to be
perpendicular to the magnetization of the free layer in the absence of an
applied fleld. Accordlngly it is desired that the magnetization in the
pinned layer be substantially perpendicular to the direction of the

recorded track.

Another requirement for the free layer is that there be lengitudinal
magnetic bias stabilization. Imposing a preferred magnetization direction
in the free layer along the axis of the free layer parallel to the
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fixéd. On the other side of the layer, called -the free layer, inis f ree
to respond to an applied depend on nonmagnetic a ferromagnetic -5 %EPZUUS
ec

magnet i zat, ' eparation layer is a ferromagnetic which the dir I on
of the rrag}rée)ﬁ/(ygﬁ%on field. In a disk drive the applied fi &d/GBRI201M a

previously witten transition on a disk.21n other applications the applied
field could come fromthe position of an external nmagnet or from¢the
change in location of the sensor relative to a field. In disk drive
applications, jt is ,desirable to achieve maxi num sensitivity and
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Barkr“yJS%QcﬁEHggecoupling strength. The sensor is then cooled in the presence of
the field. The applied field will orient the pinned layer in the proper
direction and as the AFM cools below the blocking temperature, exchange
coupling will maintain the orientation of the magnetization in the pinned
layexr. For the pinned layer this is the pinning process. This process is
alseo called setting the AFM,

A known method for longitudinal biasing of the free layer is to-
provide two hard magnets, one on each side of a portion of the free layer.
This is referred to as hard biasing. It is generally desirable to
electrically insulate the hard bias material from the layers comprising
the active sensor. During the manufacture of the gensor, the direction of
the magnetization in the hard magnet must be set by placing the sensors in
a large magnetic field causing permanent alignment of the direction of
magnetization. The requirement of insulating the hard bias magnetes is a
detractor for this approach.

A preferred method of providing longitudinal bias for the frée layer
is to use another AFM layer and rgly on exchange coupling. The principle
difficulty with this approach is that the direction of magnetization in
the free layer must be substantially Perpendicular to the direction of
magnetization in the pinned layer. Thus the steps of heating and
subsequent cooling in a field would be appropriate for one of the AFM
layers, but not the other. It is known to use two different AFM materials
which have two distinctly different blocking temperatures. Thé AFM layer
with the highest blocking temperature is set first. Then the field angle
is rotated 50° and the second AFM layer is set at a lower temperature.
There is generally one optimum AFM material which would serve for both  the
pinned layer and longitudinal stabilization of the free layer. However
because of the requirement to have AFM materials with different blocking
temperatures, the optimum choice of AFM materials has been compromised.



A comon nethod of providing for the pinning of the pinned layer is to
place a layer of antiferromagnetic material (AFM adjacent to thej Bgﬂﬂﬂp
.layer. At sonme point in the manufacture of the head, the structure Ts
heat ed above the bl ocking tenperature of the AFM and the device is placed
in an external magnetic field which is perpendicular to the eventual
direction of the recorded track. The bl ocking tenperature of an AFM
material is the tenperature above which the nmaterial no |onger has any
exchange coupling strength. The sensor is then cooled in the presence of
the field. The applied field wll orient the pinned |ayer in the proper
direction and as the AFM cool s bel ow t he Dbl ocki ng tenperature, exchange
coupling will maintain the orientation of the magnetization in the pinned
| ayer. For the pinned |ayer this is tST@VMARIYNg process. This process is
al so called setting the AFM A known net hod for | ongitudi nal biasing of the
free layer is to provide two hard nagnets, one on each side of a portion
of the free layer. This is referred to as hard biasing. It is generally
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direction; heating the sensor above the blocking temperature of both said first and second

antiferromagnetic layers; and cooling the sensor below the blocking temperature of both the first and

second antiferromagnetic layers in the presence of said external magnetic field.



pi nned | ayer and | ongitudinal stabilization of the free |ayer. Fbmeysr
because of the requirenment to have AFM materials with different bl oc i$@p2005
.tenperatures, the optinmm choice of AFM materials has been conprom sed. - 5
SEP 2005 SUMVARY According to an aspect of the present invention, there is
provided a nethod of sinultaneously initializing a first and second
antiferromagnetic layer in a magnetic sensor, the sensor including an AP
pi nned substructure having a first ferronmagnetic |ayer with the first
antiferromagnetic | ayer exchange coupled to said first ferromagnetic |ayer,
t he sensor also including the second antiferromagnetic |ayer supporting
magnetic bias stabilization of a free layer, conprising: placing the
sensor in an external magnetic field; adjusting the nagnitude of said
magnetic field to an optimumvalue to cause the magnetization of said first
ferromagnetic layer in said AP pinned substructure to be substantially

per pendi cul ar tAxcbiitngetd edididr BN e Fir@lesl iFLARAT itBRe i@ﬁ%&&i@&i hRefER S
above the bl ocking tenperature of both said first and seco
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presence ; i e ic field. 5 SEP 2005 4 Accordin o, anot her
aspect oflﬁ%lhczép@ee?e%ltt &?%%/rén | g%?c falx%rr %xcggngﬁpogw@lggq% ar@’flﬁ?fg'iqyﬁr #nd taSczond
sinultan%%Q&%§ ini%ia{izin a fhrst gad second antiferromagnetic layer in a
magnet i ¢ SENSOMARKTEn @Y n EFGaesd gourket (19t 2 Jremasmetinrddyiset sad Iferyernagigin dange d
coupled to a pinned | ayer and the second antiferromagnetic |ayer exchanged
coupl ed tCMRIFIBE APEEATERt 4 AR pemned suhsiuqtee sepRogiieg magesiy dlas stabiijzetisi ofja fee
portion of an AP pinned substructure supporting magnetic bias stabilization
of a fr eéayer,gygr,p,rm@g:rqupqng the sensprain ian gxteinel magrstie field; abjusting ehe alagrivgleess eid
field; adjusting the magnitude of said external magnetic field to an

opt i mum \eaferrel nagoetissfeeld treamaginemni ralvé roaode thandghaizawempghald Rrrbmygietic l4yer
said antiparallel pinned substructure to be substantially perpendicular to
t he ext ernahidragpatild pidree|sdbsiuc@ed oot subsatialig ﬂe&%n&i@ﬂlﬁpﬁo #ROMEerhd1Gnagnetic
bl ocking tenperature of both said first and secon antiferromagnetic
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first and second antiferromagnetic layers in the presence of said external
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is provided a nethod of simultaneously initializin I'rs
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pi nned substructure having a erromagnett c “the first
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simultaneously initializing a first and second antiferromagnetic layer in a magnetic sensor, the
sensor including an AP pinned substructure having a first ferromagnetic layer with the first
antiferromagnetic layer exchange coupled to said first ferromagnetic layer, the sensor also including
the second antiferromagnetic layer supporting magnetic bias stabilization of a free layer,
comprising: placing the sensor in an external magnetic field; adjusting the magnitude of said

magnetic field to approximately 2200 Oe; heating the sensor above the blocking temperature of both

said first and second antiferromagnetic layers; and cooling the sensor below the blocking




the second antiferromagnetic |ayer supporting magnetic bias stabilization
of a free layer, conprising: placing the sensor in an external nagnetSER 2005
.field; adjusting the magnitude of said magnetic field to approximately
2200 Ce; heating the sensor above the bl ocking tenperature of both said
first and second antiferromagnetic |ayers; and cooling the sensor below the
bl ocking - 5 SEP 2005 5 tenperature of both the first and second
antiferromagnetic layers in the presence of said external magnetic field.
5 SEP 2005 6 According to another aspect of the present invention, there is
provi ded a nmethod of simultaneously initializing a first and second
antiferromagnetic layer in a magnetic sefsor which has the first
antiferromagnetic | ayer exchanged coupled to a pinned | ayer and the second

ant i f er rienpgaris 6f betiahe G1sE AANIEDnE AHfeREmbShelic flﬁrehoiﬁaﬂe?%ssnéeaa&%id Sbitlal
a P pi nned substructure

ferromagnetic layer conprising a portion o n
Supporthﬁa¥QBQQQMjC bi as stabilization of a free |I|ayer, conprising:

pl aci ng the sensor in an external magnetic field; adjusting the nagnitude
of said external magnetic field to approxi mately 2200 Ce; heating the
sensor above the blocking tenperature of both said first and second
antiferromagnetic |layers; and cooling the sensor below the bl ocking
tenperature of both the first and second antiferronagnetic |ayers in the
presence of said external nagnetic field. 5 SEP 2005 7 BRI EF DESCRI PTI ON
OF THE DRAW NGS Enbodi nents of the present invention will now be descri bed,
by way of exanple only, and with reference to the follow ng draw ngs: Fig.
1 shows a general view of MIJ and CPP sensors in accordance wth an

enbodi ment of the present invention. Fig. 2 shows a view of a sensor as
constructed on a slider in accordance with an enbodi nent of the present
invention. Fig. 3a shows in accordance with an enbodi nent of the present
invention a view of the layers in a sensor which has a pinned | ayer
conprising an antiparallel pinned substructure and a trackw dth defi ned by
form ng a nonmagnetic |ayer over a portion of the free |ayer.



Fig. 3b shows in accordance with an enbodi nent of the present invention a
view of the layers in a sensor which has bias tabs conprising an -5 SEP 2005
.antiparallel pinned substructure and a trackw dth defined by formng a ‘
nonmagneti c | ayer over a portion of the free layer. Fig. 4a shows in
accordance wth an enbodi nent of the present invention a view of the

| ayers in a sensor which has a pinned |ayer conprising an antiparallel

pi nned substructure and a magnetic trackw dth approxi nately equal to the

wi dth of the barrier layer. Fig. 4b shows - in accordance with an

enbodi mrent of the. Present invention a view of the layers in a sensor

whi ch has bias tabs conprising an antipagrallel pinned substructure and a
magnetic trackwidth approximately equal to the width of the barrier |ayer,
- 5 SEP 2005 WD .02/073226 PCT/ GB02/01130 8 Fig. 5 shows in accordance with
an enbodi mrent of the present invention a view of the layers in a sensor

whi ch has a pi : I LS n | J el .pinpned substructure
and a bias stéggﬁﬂg% %gﬁ“%ﬁﬂfﬁﬁ§§rggﬁétH@aﬁgﬁﬂ&gpég %getﬁep¥wlggfh9§ﬁmg§ﬁ
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| ayer conprising..an antiparallel pinned suhstructure and wherein the
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enbodi nent, of the present invention a view of the layers in a sensor which
has bi asesifermmagneiiq dyer |exshapgedc eprplads tong. ferromagnigtiar layérelsaigi ferrothagnetic layer
substructure and wherein the layers all have conparable wdths. Fig. 7a
shows i nccmmusimganpetion bhHhamAPgibedisnesttuciofe tupponing seighetid bivesthbibatidn \bif @Vreaf
the layers in a sensor which has a pinned |layer conprising an antiparallel
pi nned slapst congdrising; platiag teyetsdr Mok eom afaghdte ﬁ&idﬁabﬁlstiragnmetxlﬂ@%&@ua@ of said
stabilization is provided by separating an AFM | ayer fromthe tree | ayer
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temperature of both said first and second antiferromagnetic layers; and cooling the sensor below the

blocking temperature of both the first and second antiferromagnetic layers in the presence of said

external magnetic field.



invention a view of the layers in a sensor in which the free layer is an

AP pinned substructure. Fig. Ba shows in accordance with an embodi medt$Fefs
.the present invention the direction of nagnetization in the |ayers of the
sensor in the presence of a high nmagnetic field. Fig. 8b shows in
accordance with an enbodi nent of the presert invention the direction of
magneti zation in the |ayers of the sensor in the presence of a nedium
magnetic field. Fig. 8c shows in accordance with an enbodi ment of the
present. invention the direction of nmagnetization in the |ayers of the
sensor in the presence of the optimum magnetic field. Fig. 8d shows in
accordance with an enbodi nent of the present 1invention the angle of the
direction of magnetization in the ferromagnetic |ayer adjacent to the AFM
| ayer for one specific antiparallel pinned substructure. W 02/073226 9 -
5 SEP 2005 PCT/ GB02/01130 Fig. 9a shows a cross sectional view of an '
exenpl ary disk drive using the sensor of one enbodi nent of the present
invention. Fig. 9b show a top down view of an exenplary disk drive using
the sensor of one enbodi ment of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Fi g. 1-shows a di agram of sonme of the features
of all of the sensor structures described herein. In Fig. 1 there is a gap
107 between two netallic layers 101 and 102. Conmonly the netallic |ayers
101 and 102 are the electrical leads to the sensor. It is also possible in
some enbodinents for the layers 101,102 to al so serve as magnetic shields
for the sensor. The sensor BRUMPDESBIPEIqN DRA®=! BMREnak03, a nonmagnetic
separation |layer 104, and a free layer 105. The pinned |layer and the free

| ayer preferabl yghaye netic stabilization |ayers which are not shown in
Fig. 1. Theofw'egtﬁ 108"‘%?% ﬁ%tgeeﬁ%??nts BETT QY 198 bec Bpreriped t ibonwaf

ample only, and with reference to the following drawings:

Fig. 1 shows a general view of MTJ and CPP sensors in accordance
with an embodiment of the present invention.

Fig. 2 shows a view of a sensor as constructed on a slider in
accordance with an embodiment of the present invention.

Fig. 3a shows in accordance with an embodiment of the presenﬁ
inven?ion a view of the layers in a sensor which has a pinned layer
comprising an antiparallel pinned substructure and a trackwidth defined by
forming a nonmagnetic layer over a po;tion of the free layer. '

Fig. 3b shows in accordance with an embodiment of the pregent
.invention & view of the layers in a sensor which has blas tabs comprising
an antiparallel pinned substructure and a trackwidth defined by forming a

-nonmagnetic layer over a portion of the free layer.

Flg. 4a shows in accordance with an embodiment of the present
invention a view of the layers in a sensor which has a pinned layer
comprising an antiparallel Pinned sgubstructure and a magnetic trackwidth

' approximately equal to the width of the barrier layer.

Fig. 4b shows in accordance with an embodiment of the present
invention a view of the layers in a sensor which has bias.tabs comprising
an antiparallel pimned substructure and a magnetic trackwidth
approximately equal to the width of the barrier layer,



the free layer, approximately defines the magnetic trackwidth in an
application such as a disk drive. Qutside of the sensor |ocation the'i ég%ZUOS
Jis fill ed%to?/ @r} nsuI ating material 106. Preferably in all cases the -

di rection RB2%%nse current 107 is perpendicul ar to the RGE/GB®/MG110 he
sensor. In a typical node of operation sgnse current 107 is passed through
the sensor and the change in voltage resulting in a change in sensor
resistance is nonitored. The principle difference between MIJ and

. CPP. .sensox0 is that the nonmagnetic separation'layer 104 in a MIJ sensor
is a thin insuFd o5 abays AnaadcPPdansesoithi gn anbbdimendnoliicher prefire:
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‘For disk drive applications the view of the sensor in Fig. 1is of the
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WO 02/ 073226rPEILLGROR @dd3(-able Sensly.s are read-only el ements. There is a
wite head al so placed on the slider for recording information to the

di sk. Sever al c f sensor s WI II now be _di scussed, All of
these sensors %\e/ebgses\%grggairpag&n att Wlohut BeTPRPRAC SN RERSPBAL i s

per pendi cTVEPEIE BHE'SY Ghebsr L3HREs| iy 8r 2ensrr td chobats ar PHAGA 13888 from one
| ead acr FSFPTHENgapr tahikbrrpaliele pdanshpubsarribiure, the layers bave comparable
widths, and the bias stabilization is provided by separating an AFM layer

from the free layer by a nonmagnetic layer.

Fig. 7b shows in accordance with an embodiment of the present
invention a view of the layers in a sensor in which the free layer is an
AP pinned substructure.

Fig. Ba shows in accordance with an embodiment of the present
invention the direction of magnetization in the layers of the sensor in
the presence of a high magnetic field.

Fig. 8b shows in accordance with an embodiment of the présent
invention the direction of magnetization in the layers of the sensor in
the presence of a medium magnetic field,

Fig. 8c shows in accordance with an embodiment of the present
invention the direction of magnetization in the layers of the sensor in
the presence of the optimum magnetic field.

Fig. 8d shows in accordance with an embodiment of the present
invention the angle of the direction of magnetization in the ferromagnetic
layer adjacent to the AFM layer for one specific antiparallel pinned
substructure.



ot her | ead. 2) The nonmagnetic separation |ayer between the pinned |ayer
and the free layer is either a thin insulator layer such as al um na-ErBElpryg%
_case of t e 02dhBresensor or a thin nmetal |ayer such as Cu j PP :f/ ¢ASE of

the CPP sensor. 3) Al the sensors have at |east one anti para el prnned
(AP pinned) substructure. The AP pinnec substructure can serve as the
pinned layer of the sensor or as a portion of the bias tabs for the free

| ayer. In one enbodinent the AP pinned substructure conprises the free
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sensi ti viseParagdop offyPd| 1% | 3a%k ar frecelaymot ¢festharpinmdds dape pnesent fred WO
02/ 073228 a¥dr preiSRP1P T wGhAGRO 2Li120afiioh STayAEM wrayer ax30dot SheRPQsi t ed
on a |l ea¢ig02. Tvge LedtPIBINAL LEe | ANLLS specifically the active portion of
the free layer, approximately defines the magnetic trackwidth in an
application such as a disk drive. Outside of the sensor location the gap
ig filled with an insulating material 106. Preferably in all cases the
direction of the sense current 107 ie rerpendicular to the layers in the
sensor. In a typical mode of operation semse current 107 is passed
through the sensor and the change in voltage resulting in a change in
sensor resistance is monitored. The principle difference between MTJ and
.CPP..sensors is that the nonmagnetic separatioh layer 104 in a MTJ sensor
is a thin insulator and in a CPP sensor is a thin conductor. The
nonmagnetic separation layer in a MTJ sensor is sometimes called a barrier
layer. MIJ sensors tend to be hiéher impedance devices compared to CPP
sensors. Both sensors depend on modulating the spin-dependent movement of
electrons across the nonmagnetic separation layer by changing the
direction of the magnetization in the free layer in responge to an
external applied magnetic field. It is immaterial whether the current
direction 107 is from bottom to top as shown in Fig. 1 or from top to
bottom. It is also immaterial whether the pinned layer 103 is on the
bottom of the gap as shown in Fig. 1 or on the top of the gap. For
clarity all the structures are drawn with the pinned layer on the bottom,

For disgk drive applicatione the view of the sensor in Fig. 1 is of
the sensor as presented to the disk. The sensor is ordinarily constructed
on a slider as illustrated in Fig. 2. In Fig. 2 the sensor 202 is
constructed on the trailing surface 204 of a slider 201. Metallic pads
203 are provided to make electrtcal connections with the sensor. These



303, 304 are deposited on the first AFM | ayer 301. The two ferromagngtl c
l.ayers 303, 304 are separated by a nonmagnetic |ayer 305. The two SEP 2005
\ferronagneﬁjocola} SLS 303 and 304 together with the nonmagnetic |ayer 305
conprise the iie) %% Rned substructure 340. This AP pi nned subBEFGBOUPKIIBA0
serves as the pinned layer for this sensgr. In the absence of an external
field the direction of nagnetization 316 in the first ferronmagnetic | ayer
303 is approximately opposite to the direction of magnetization 317 of the
second ferromagnetic |ayer 304. The next |ayer is the nonmagnetic
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separ at i o#l idayesoB@ecolding i rabsance ©f a8 @xkernal nmagnetic field the
direction of magnetization 318 in the free |layer 307 is substantially
paral lel to the recordi ng_nedi um and perpendicular to the nagnetizations
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| ayer 307these eensoredthve(s=vexsl tosompoEtioitmtene portion 309 conprises an
nonmagnetic nmetal. This portion 309 could also be an insulator. This
nonmagnet4,c t 3 i h ive partion of the free |ayer 307
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free layer 307 in direct contact with the AFM | ayer 310 is substantially
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with an insulating material 311. The structure shown in Fig. 3b is simlar

to that ishl usty &h@dséq@orfihgve 32 1&adchate taﬂ@iﬂ&m(ﬂegai:vﬁ.%qfeht *?%\Pf ;Lhe, pi nned

and free .. than.the nagnetic trac FAPETVARM | ayer
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| ayer 307. The active region of the free layer is defined by covering a
portion af e (heSehdusl nidd B8 oNIPIRINELICIRL] Sol0sul ating |ayer

315. The [._porti of _th
agéigzrrgmagneggc (AFM)(iayers. One is used to stabilize the pinned layexr

and the other is used to assist in the longitudinal stabilization of the
free layer. In accordance with the preferred embodiment, the two AFM
layers can be constructed of substantially the same material.

5) In all cases the two AFM layers can be set during the same

initialization procedure in accordance with the preferred embodiment of
the present invention.

Certain of the layers common to the embodiments discussed below have
gimilar compositions. The ferromagnetic free layér and the ferromagnetic
portion of the pinned layers are usually made of éiloys of NiFe, CoFe, or
CoNiFe. The nonmagnetic layer between the two ferromagnetic layers in an
AP pimned configuration is commonly Ru but can also be ﬁqde from other
materials such as Ta. Copper is also used as a nonmagnetic conductor,

The AFM materials can be made from materials containing Mn such as PtMn,
NiMn, FeMn and IrMn. The AFM material can also be made from materials
which do not contain Mn such as combinations of NiO or CoNioO.

Fig. 3a shows one preferred embodiment of a sensor in more detail.
Additional layers to promote adhesion, control film growth, enhance
sensitivity, or control film surface smoothness may also be present., A



Iayer is covered with a AP pi nned substructure 350 conprising a thin
nonmagnetic |ayer 313, a ferromagnetic |layer 314, and a portion of -©h§EP 2005

free | ayerw8@Z073286 t hi s configuration the direction of mag 320
in the ferromagnetic |ayer 314 is controlled with a second@%ﬁﬂé@i}%lo

The magnetization 321 in the portion of 16he free |layer 307 adjacent to the
ferromagnetic | ayer 314 and the nonnagnetic |ayer 313 is pinned opposite

to the magnetization 320 in the ferromagnetic layer 314 thus .providing -5
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drlve The other portion is a second AFM layer 310. This layer provides
magnetic bias stabilization for the free layer 307. The portion of the
free layer 307 in direct contact with the AFM layer 310 is substantially
inactive for sensing an external field. Except for the second AFM layer
310 and the nonmagnetic layer 309, the widths of the layers are typically
wider than the magnetic track (determined by the active portion of the
free layer).. The gap beyond the location of the sensor Jlayers is filled .
with an insulating material 311.

The structure shown in Fig. 3b is similar to that illustrated in
Fig. 3a in that the physical width of the pinned and free layers are wider
than the magnetic track width., A first AFM layer 301 is deposited on the
bottom lead 302. A single ferromagnetic pinned layer 312 is deposited on
the first AFM layer 301. The nonmagnetic separation layer 306 is forxrmed
between the pinned layer 312 and the free layer 307. The active region of
the free layer is defined by covering a portion of the free layer with a
nonmagnetic metal or insulating layer 315. The other portion of the free
layer is covered with a AP pinned substructure 350 comprising a thin
nonmagnetic layer 313, a ferromagnetic layer 314, and a portion of the
free layer 307. In this configuration the direction of magnetizationm 320
in the ferromagnetic layer 314 is controlled with a second AFM layer 310.
The magnetization 321 in the portion of the free layer 307 adjacent to the
ferromagnetic layer 314 and the nonmagnetic layer 313 is pinned opposgite
to the magnetization 320 in the ferromagnetic layer 314 thus providing



is greatly reduced conpared to the sensors illustrated in Fig. 3a,b. An
alternative enbodinent is shown in Fig. 4b. In this case the pinned BERX05
.411 is "a single layer. The free |ayer 407 is separated from the pinned

| ayer 411 WP &/W3Rfagnetic separation |ayer 406. The AP pi nREF/HIH81BCt ur e
450 conprises a portion of the free |ayer,407, a nonmagnetic [|ayer 412,
and a ferromagnetic |ayer 413. The bias tabs 460 conprise a nonmagnetic

| ayer 412, a ferromagnetic |ayer 413 and the AFM | ayer 414. The AFM | ayer
414 controls the direction of nagnetization in the ferronmagnetic |ayer 413.
A | ead 4lbegsetlasid enaliilla zsetmndn Al dayiee potktdon Hiethd dirhe Ahythe phaned

layer 411 ypSer 3BRE 0sMh &l1%c8GUR thd skbsha dERigd-mAgneti ¢ trackwi dth. As
was the case for the structure showmn in Fig. 4a, the shunting current is

m nimzed. One of the disadvantages of the sensor structure shown in Figs.
4a,b is that tIheFigd.dBh tife PRePiFord iyhsucthREe Rrlecly gypErTiced cnetindpinped
nonmagnet ilgysmet akn 489 .1 S phef & abhiyed guisdt rotirdee 350 dishchifpri bl BANFRYELsd C -
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stabilization for the free layer 508 is on the sane side of the free |ayer
as the nonmagneht Cenbepdhaditl 9RckndYR7i30601a hhs 5 Eedstc asntihgeal 10gNaRIYsited

requi 1 emenls, 33580J A ehhibh, LG SRR LLLS Rt el ls 08, 42D I Fig.
5it is desi rab?e to i nsu at® fhe secon(ftA ‘ILRJ/I‘}Ia er 857] J,fnromthe rest of
the sensof SS{HWERPCHT $3YE 881, 0N VIERFERIERYPH AN BOBPRIRSTIfy LR¥E 2PhsEl ati ng
mat eri al ceratyucredwbntley fofst REMgRYe514P2i- n THeefyécilaveyy 4812ls separated

from the pinned layer by the nonmagnetic separation layer 406. A portion

of the free layer is covered by a nonmmagnetic metal or insulating layer

409. Another portion of the free layer is covered by a second AFM layer

408. The second AFM layer 408 is adjacent to a lead 415. BAs was the case

in Figs. 3a,b the remaining portion of the gap is filled with an

insulating material 410. In this embodiment the magnetic trackwidth is

approximately defiped by the width of the pinned layer comprising in this

case-the layers in the AP pinned substructure 440. The shunting.current

is greatly reduced compared to the sensors illustrated in Fig. 3a,b.

An alternative embodiment is shown in Fig. 4b. In this case the
pinned layer 411 is 'a single layer. The free layer 407 is separated from
the pinned layer 411 by a nonmagnetic separation layer 406. The AP pimned

substructure 450 comprises a portion 6f the free layer 407, a nonmagnetic
'layer 412, and a ferromagnetic layer 413. The bias tabs 460 comprise a
nonmagnetic layer 412, a ferromagnetic layer 413 and the AFM layer 414.
The AFM layer 414 controls the direction of magnetization in the
ferromagnetic layer 413. A lead 415 is placed on the second AFM layer
414. The width of the pinned layer 411 is approximately equal to the
desired magnetic trackwidth. As was the case for the structure shown in

Fig. 4a, the gshunting current is minimized,

One of the disadvantages of the sensor structure shown in Figs. 4a,b
is that the width of the portion of the free layer covered by the
nonmagnetic metal 409 is preferably equal to the width of the nonmagnetic



neér‘ the barrier layer. it is also desirable for the lead material 513
which i s adjacent to the free | ayer 508 to be nonmagnetic. A var i 2% i5R 280

.this enbodvorens7sbss to use a single ferromagnetic layer for pph
pi nned | ayer and bi as exchange tabs conprising an AP pi nnedbs&@?)raﬁlggure

for free layer bias stabilization wherenm the bias tabs are on the sane
side of the free layer as the barrier layer. Significant processing
sinplicity is achieved when all of the layers conprising the sensor stack
are the sane_ wi,dth, Alignnment requirenments are greatly reduced when all
the | ayerss?P%\?%laBpjr%’)?an‘BGe|a{/‘dem?aPi%dt Hyerqderliovethe neenasmatis sepayatism, b
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the vacuum Fér Binvéntieodarst SEMsayer Rt infplabed sans deanoinid bme
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vacuum sysiEiim abhi Calyk O il tiallzation one of the AFM
| ayers, tfggen t eé:%%ﬁggge{fogl% %tghr% E?{]téag &%3 tg %uﬂema\?g?:%llfmgaslglesrt ?ﬁ"f orne
conpl et i GAS° TREZE 1°R- 7 SSPRETIGATEI™ EPHPLIRRY 2aYT0RY atieonranageetdenyl et e
sensor t GePEFetaeR ilexeeFo4nd Thremetdnd Afthleyex SpAronidingacomepld shesd with a
si ngl e proasdhretidmi go:i: &laesﬂfnw 18ydd 664 1AFM ltRY edanO HAEPH Sink €6aM & d ead
601. The asS@RSAEnRIABEL 58 Is Lnn re .30 conpri sing
t wo fer% %gggﬁ%lcgﬁa%%s e(%a?lg%aﬁggggggfe _ §%§%%%%scn%§%eatlllgn TWer 604. A
- 5 SEP 8 WO 02075236 Cﬁ‘f%ag’flﬁ 29 i uﬁ%’rﬁ?&&n@( Fi9%efarkat i & | ayer
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spi n-val V& DehaidarsotrsP tif $r7ede¥sF £ahtt ffnonmagnetic. A variation on

this embodiment is to use a single ferromagnetic layer for the sensor

pinned layer and biae exchange tabs comprising an AP pinned substructure

for free layer bias stabilization wherein the bias tabs are on the same

side of the free layer as the barrier layer.

Significant processing simplicity is achieved when all of the layers
comprising the sensor stack are the game width. Alignment requirements .
are greatly reduced when all the layers are approximately equal to the
desired trackwidth. Figs. 6a,b and Figs. 7a,b show embodiments of sensors
where all the layers in the sensor stack are of substantially the same
width. These configurations are sometimes called in-stack biasing
schemes. One feature which the in-stack biasing schemes have in common is
that using embodiments of -the invention disclosed wherein the entire
sensor can be constructed without breaking the vacuum. For conventional
sensore part of the sensor would be constructed, then the partly completed -
sensor would be removed from the vacuum systems used for fabrication for
initialization of one of the AFM layers, then the sensor would be returned
to the vacuum system for completion. The spin-flop method of
initialization allows the complete sensor to be fabricated and then the
initialization is accomplished with a single procedure.

Fig. 6a shows a first AFM layer 602 deposited on a lead 601. The
sensor pinned layer is an AP pinned substructure 630 comprising two
ferromagnetic layers 603, 605 separated by a nonmagnetic layer 604. 3



or rutheniumis convenient to use for the nonmagnetic {ayer 608. The
direction of magnetization 618 in the ferromagnetic [ayer 609 is SER.)
.controll ed a second AFM | ayer 610. The direction of nagnetizati 8n %1&05

I S subst anf’vao/l‘? #érpendi cul ar to the direction of nagneti zRCT/GBO2/603) 622
in the AP pi nned substructure 630. The sgcond AFM | ayer 610 is adjacent to
a lead 617. The area 611 in the gap outside the sensor is filled with an
insulating material. Fig. 6b illustrates an alternative enbodinment. in Fig.
6b a first AFMI|ayer 602 is deposited on a | ead 601. A single
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nonmagnet F2 % SREAEESr 7"6‘8 ?rfat Ath igeps Pf%d’uﬁﬁlc’tehéh? rséés?lay‘@rfﬁ-d‘?d wWid a
second AFMIﬂalfelatmg nagepiziced on the |ayer 708. To conplete the sensor, a
lead 710 is placed on the second AFM Il ayer 709. The other space in the gap

is filled withgan Isasm@mr 6l Lo THE Sl Bhe SCORGK: . ey LDEL AFM

mat eri al Aﬁﬂqengg%o g only SU ace exchan e COU ng. As
such it is unéxpect edlst 3?‘931??8 SECBNtFAAFM Y- ayR sinede |f§rr‘é‘falgé6‘f’1‘3\/éalfﬁl¥
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t he physigfmeal Bdyed ¢ Lhk Snhhehaw 9£y&3-90';).e found. i rlab‘er %13 is a
nonmagnetic conductor which separates the biasing layers 640 from the free
layer 607. The biasing layers 640 can be. considered as a single biasing
tab. Two ferromagnetic layers 614, 616 separated by a nonmagmetic layer
615 comprise the AP pinned substructure 650 of the bias tab 640. The
second AFM layer 610 1s located between the AP pinned substructure 650 and
a lead 617.

Another embodiment is shown in Fig. 7a. A first AFM layer 701 is
deposited on a lead 702. The sensor piﬁned layer is an AP pinned
substructure 720 comprising two ferromagnetic layers 703, 705 separated by
a neonmagnetic layer 704. The AP pinned gubstructure 720 ig placed on the
first AFM layer 701. A nonmagnetic separation layer 706 separates the
free layer 707 from the AP pinned substructure 720. A layer of copper or
other nonmagnetic conductor 708 is then deposited on the free layer 707
and a second AFM layer 709 is placed on the layer 708. To complete the
sensox, & lead 710 is placed on the second AFM layer 709. The other space
in the gap is filled with an insulator 711. This is an unusual sensor in
that AFM material is generally thought to offer only surface exchange
coupling. As such it is unexpected that the second AFM layer 709 is
effective in stabilizing the free layer 707 through the Cu layer 708, A
thickness of copper which is effective is roughly from 1 to 2 nm. More
information on the physics related to this behavior can be found in N. J.
Gokenmeijer, et al, Phys. Rev. Lett. 79, 4270 (1997).



Gokenneijer, et al, Phys. Rev. liett. 79, 4270 (1997). - 5 SEP 20% m
02/ 073226 PCT/ GB02/ 01130 15 Fig. 7b shows an' al ternative enbodi mert SER f3
Fig. 7b tWe ®i073x26 AFM | ayer 701 is formed on a first | eadCio@Bo2Adi1siongl e
ferromagnetic layer 715 serves as the nsor pinned |ayer. A nonnagnetic
separation |layer 706 separates the pinned |ayer 715 fromthe free | ayer.
In Fig. 7b the free layer is conprised of an AP pinned substructure. This
AP pinned substructure is conprised of a ferromagnetic |ayer 716 adjacent
to the nonmagnetic separation |ayer 706, a nonmagnetic |ayer 717, and
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material to be used for setting both the pinned layer and the bias
stabilization of the free layer. Thus the material may be chosen for
optimal magnetic performance. The use of the same AFM material makes it
possible to initialize the layers given the same blocking temperature.
The initialization process makes use of magnetic behavior generally
referred to as a spin flop effect.

The use of the spin-flop effect to initlalize a sensor is
illustrated in Fig. 8a-d. The sensor shown in exploded form in Fig. Ba-c
is the same sensor illustrated in Fig. 6a. Although the specific example
discussed in Fige. 8a,b,c,d is shown in detail for the sensor in Fig. 6a.,
the use of the spin-flop effect can be uged on any of the sensors
described above. 1In Fig. 8a the magnetic layers in the sensor important
to embodiments of the present invention are shown including the first AFM
exchange layer 806 adjacent to a first ferromagnetic layer 805, a second
ferromagnetic layer 804, the free layer 803, a third ferromagnetic layer
802, and the AFM layer 801 adjacent to the third ferromagnetic layer 802,
Also, the magnetization directions 807, 808, 809, 810 are shown. For
clarity, the additional nonmagnetic layers are not shown. Fig. 8a shows
the directions of magnetization 807, 808, 809, 810 when the structure has
been placed in an external high magnetic field. The direction of the
field is indicated 812. The bias stabilization laver 802 and the free
layer 803 are weakly coupled for this particular sensor configquration.
When the temperature of the AFM exceeds the blocking temperature, the
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Fig. 8c shows that at some optimum value of the applied field 812
the magnetization of the first ferromagnetic layer 805 will be
perpendicular to the applied external field 812 and perpendicular to the
magnetization 807 of the bias stabilization layer 802 which is still
aligned with the applied field 812. This is the value of the applied
field which is used when cooling both AFM layers 806, 80l below the
blocking temperature to achieve initialization. At the optimum external
field value the direction of the magnetization 809 in the second
ferromagnetic layer 804 need not be opposite from the magnetization 810 of
the first ferromagnetic layer B05. However when the external field is
removed, the magnetization 809 of the second ferromagnetic layer 804 will
be substantially opposite from the magnetization 810 of the first
ferromagnetic layer 805. Without using the spin-flop effect to induce the
appropriate rotation of magnetization in an AP plnned substructure it is
not practical to use the optimal choice of the same material for the two
AFM layers because of the difficulty with initialization.

The same spin-flop effect can be utilized in initializing all of the
sensors discussed above. The common feature is that there is at least one
AP pinned substructure in each of the sensors. The only differences is in
what direction to apply the external magnetic field and what magnitude of
the external field to use. The direction of the external field used for
initialization depends on where the AP pinned substructure is located in
the sensor. 1In Fig. 3a the direction of the applied field 330 ig
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to the AFM layer 701. In Fig. 7b the direction of the applied field 733

is perpendicular to the desired direction of the magnetization 731 in the

ferromagnetic layer 718. As a general rule the direction of the

initialization field is perpendicular to the direction of the

magnetization of the ferromagnetic portion of the APP substructure which

1s exchange coupled to an AFM layer.

After the direction of the extermal magnetic field has been
determined the magnitude is preferably chosen. Fig. 8d shows an example
of the angle of the magnetization 810 in the first ferromagnetic laver 805
in the pinned layer 811 as a function of field magnitude. In Fig. 8d the
anglé is measured from the desired direction of the final angle, The
targeted angle is 90° with respect to the field direction. Therefore the
desired angle as shown in Fig. 84 is 0°. For this specific case, the
coupling strength across the nonmagnetic layer is 0.5 erg/cm?, and the
moments/area of the first and second ferromagnetic layers are 0.2 and 0.4
memu/cm?, respectively. The optimum field strength to achieve the
spin-flop effect ig approximately 2200 Oe for this specific example,
Other structures with different materials, thicknesses, and moments would
have a different optimal external field strength. Therefore the value of
the optimal external field strength is somewhat different for each
particular sensor. The optimal value of external field magnitude is also
influenced to a small extent by process variations in the film layer
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variati O@ﬁels%xlfggeé Iof th ay?lder and the disk are designed to have very low
roughness. This is advantageous for designs requiring frequent or
continuous contact between the slider and the disk during normal
operation.
A recording head assembly 908 is formed on the trailing surface of a
slider 3910. The slider has .a trailing vertical. surface 909. The .
recording head assembly usually comprises a separate write element along
with the read sensor. The slider 910 is connecﬁed to the actuator 912 by
means of a rigid arm 914 and a suspension 916. The suspension 916

provides a force which pushes the slider toward the surface of the
recording disk 902.

An important use of these sensors is in disk drives. Ancther
applications of these sensors cdan be the use in static memory storage
devices and other devices requiring very high sensitivity,
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reduci ng the nmagnitude until the optinumvalue is applied. However it is
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value or to raise the field froman initial value of zero. Figs. 9a and 9b
show a preferred enbodi rent of the present invention as used in an

exenpl ary magnetic recording disk drive. The magnetic recording disk 902
is rotated by drive notor 904 with hub 396, which is attached to the drive
motor. The di sk conprises a substrate, a nagnetic |ayer, an optional

over coatci gmwes: such as carbon, and typically a |lubricant |ayer such as a
perfl uoropol yether. The substrate is typically either alum num glass, or
pl astic. Sonme disk drives are designed such that the slider 910 cones to
rest on the disk when the disk drive is stopped. in other disk drives, the
slider i,s lifteed off of .the disk .surface en the disk drive is turned
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adjusting the magnitude of said magnetic field to an optimum value to cause the
magnetization of said first ferromagnetic layer in said AP pinned substructure to be substantially
perpendicular to the external magnetic field direction;

heating the sensor above the blocking temperature of both said first and second
antiferromagnetic layers; and

cooling the sensor below the blocking temperature of both the first and second

antiferromagnetic layers in the presence of said external magnetic field.

2. A method of simultaneously initializing a first and second antiferromagnetic layer in a
magnetic sensor which includes the first antiferromagnetic layer exchanged coupled to a pinned
layer and the second antiferromagnetic layer exchanged coupled to a ferromagnetic layer, said
ferromagnetic layer comprising a portion of an AP pinned substructure supporting magnetic bias

stabilization of a free layer, comprising:



- 5 SEP 2005 19 CLAIMs: 1. A nethod of sinultaneously initializing a first
and. second antiferromagnetic layer in a nagnetic sensor, the sensor

. including an AP pinned substructure having a first ferronmagnetic |1=aySEP 2005
with the first antiferronmagnetic | ayer exchange coupled to said first
ferromagnetic |ayer, the sensor also including the second
antiferromagnetic | ayer supporting magnetic bias stabilization of a free

| ayer, conprising: placing the sensor in an external nagnetic field;

adj usting the nagnitude of said magnetic field to an opti num value to cause
the magnetization of said first ferromagnetic layer in said AP pinned
substructure to be substantially perpendicular to the external nagnetic
field direction; heating the sensor above the bl ocking tenperature of both

said first angbgﬁggnqwngﬂqﬁ&p&&gﬁaggﬁﬁgghgg ers; and cooling the sensor

bel ow t he bl ocking tenperature irst and second
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antiferromagnpetic |ayer exchan%ed coupled to a ferromagnetic |ayer, said
ferrom@ﬁ@??‘gcqlweﬁh%waﬁ%gelffw direeHoBf an AP pi nned substructure
supporting nmagnetic bias stabilization of a free layer, conprising: - 5
SEP 2005 20 wag néct pruseyepbwie the Alockingetempleraturgnef iboth iseidd firs dinds tseqogd
the magni tude of said external magnetic field to an opti num val ue to cause
t he nagnéfkirombgretic tdyesaardl f er r omagnetic layer in said antiparallel pinned
substructure to be substantially perpendicular to the external magnetic
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said first and second antiferromagnetic |ayers; and cooling the sensor
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antiferromagnetic layers in the presence of said external nagnetic field.
3. A nethod of sinultaneously initializing a first and second
antiferromagnetic layer in a magnetic sensor, the sensor including an AP

pi nned §.Ub5t rHCﬁl%gd %?\élﬁﬂtaﬁegdsfysltnit]:a%rzirn(g)rtaa ps(t:‘\tah sla(?c}(lﬁrantiferromagnetic layer in a

magnetic sensor, the sensor including an AP pinned substructure having a first ferromagnetic layer
with the first antiferromagnetic layer exchange coupled to said first ferromagnetic layer, the sensor
also including the second antiferromagnetic layer supporting magnetic bias stabilization of a free
layer, comprising;:

placing the sensor in an external magnetic field;

adjusting the magnitude of said magnetic field to approximately 2200 Oe;

heating the sensor above the blocking temperature of both said first and second
antiferromagnetic layers; and

cooling the sensor below the blocking temperature of both the first and second

antiferromagnetic layers in the presence of said external magnetic field.



with the first antiferronmagnetic | ayer exchange coupled to said first
fercromagnetic | ayer, the sensor also including the second
antiferromagnetic |ayer supporting nmagnetic bias stabilization of a f$§&gmﬁ
| ayer, conprising: placing the sensor in an external nagnetic field;

adj usting the magnitude of said nmagnetic field to approximtely 2200 Oe;
heating the sensor above the bl ocking tenperature of both said first and
second antiferromagnetic |layers; and cooling the sensor bel ow the bl ocki ng
tenperature of both the first and second antiferromagnetic |layers in the
presence of said external magnetic field. - 5 SEP 2005 21 4. A nethod of
sinmultaneously initializing a first and 8econd antiferronmagnetic |ayer in a
magneti ¢ sensor which has the first antiferromagnetic |ayer exchanged
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placing the sensor in an external magnetic field;
adjusting the magnitude of said external magnetic field to approximately 2200 Qe;

heating the sensor above the blocking temperature of both said first and second

antiferromagnetic layers; and

cooling the sensor below the blocking temperature of both the first and second

antiferromagnetic layers in the presence of said external magnetic field.



