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of the Invention %Q Q)l;@lgerrltcgdl a%n'fi or relates to a tung?,-,’ unction sensor
in a tunnel junction head, and nore particularly, to biagjn St he
orientation of the magnpt MA t inthe free layer in the tunnel junction
head using a current field generated by_.a tunnel current 2. Description
of the Related Art A read head enployindg a read sensor nmay be conbined with
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disk drive, an air bearing surf ' e_canhi [c head is
supported adj acent a rotating @W%ﬁ&q&? Bl L.WQW ead
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changes proportionally to the magnitudes of the nmagnetic fields framthe
rotating disk. When a current is conducted through the read sensor,
resi stance Cfange?‘x’eifﬂf&e- I&mdnal changes that are detected and processed
as playback Signal's’in processing circuitry.

The present invention relates to a tunnel junction sensor in a tunnel junction

head, and more particularly, to biasing the orientation of the magnetic moment in the
free layer in the tunnel junction head using a current field generated by a tunnel

current.

2. Description of the Related Art

A read head employing a read sensor may be combined with an inductive write
head to ..form a combined magnetic head. In a magnetic disk drive, an air béaring
surface (ABS) of the combined magnetic head is supported adjacent a rotating disk to
write information on or read information from the disk. Information is written to the
rotaﬁng disk by magnetic fields which fringe across a gap between the first and second
pole pieces of the write head. In a read mode, the resistance of the read sensor changes
proportionally to the magnitudes of the magnetic fields from the rotating disk. When a
current is conducted through the read sensor, resistance changes cause potential
changes :chat are detected and processed as playback signals in processing circuitry.

One type of read sensor is a tunnel junction sensor. The details of tunnel
junction have been described in a commonly assigned U.S. Patent 5,650,958 to
Gallagher et al., which is incorporated by reference herein. The tunnel junction sensor
is a device comprised of two ferromagnetic layers (i.e., the pinned and free layers)
separated by a thin barrier layer and is based on the phenomenon of spin-polarized
electron tunneling. The typical tunnel junction sensor uses free and pinned layers,
such as NiFe or CoFe, with a non-magnetic barrier layer therebetween that is thin
enough to permit quantum mechanical sense current tunneling to occur through the

barrier layer between the free and pinned layers. The pinned layer has a maghetic
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moment of the free layer being _freé to respond to external magnetic fields such as fields
from a rotating magnetic disk. In the absence of any external fields actiné on the free
layer, the magnetic moment of the free layer is parallel to the direction of the pinned
layer, due to a ferromagnetic coupling therebetween. :

From the above it becomes apparent that what is needed is a way of biasing the
magnetic moment of the free layer such that it is normal to the magnetic moment
orientation of the pinned layer in a tunnel junction head in the absence of the external

field.

SUMMARY OF THE INVENTION

The present invention is directed to a tunnel junction sensor that employs the
field generated from a tunneling sense current through one of the layers to
counterbalance a ferromagnetic coupling field exerted on the free lajer by the pinned
layer. The ferromagnetic coupiing field is parallel to the direction of the magnetic
moment of a pinned layer. Absent any external forces, the orientation of the magnetic
moment of the free layer is unfortunately parallel to the orientation of the magnetic
moment of the pinned layer due to their close proximity. For the tunnel junction sensor
to work efficiently, the orientation of the magnetic moment of the free layer should be
perpendicular to the orientation of the magnetic moment of the pinned layer. To permit
a desired orientation of the magnetic moment of the free layer, a tunneling sense
current is provided that flows parallel to the ABS in the plane of a conductive layer so
as to create a cumrent field antiparallel to the ferromagnetic coﬁpling field. By

balancing these two opposed fields, the magnetic moment orientation of the free layer
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parallel to the ABS so as to create the desired current field. The tunnel junction sensor

includes a first shield layer, a non-conductive antiferromagnetic pinning layer with
magnetic spins aligned in a predetermined direction, a pinned layer made of
conductive ferromagnetic material whose magnetic moment orientation s pinned by
exchange coupling with the magnetic spins of the non-conductive antiferromagnetic
pinning layer. This magnetization also generates a ferromagnetic coupling field in the
predetermined direction. The pinned layer and the first shield are electrically
connected in a location remote from the track width area. A non-magnetic barrier layer
is positioned between the pinned layer and a free layer. The free layer is made of a_
ferromagnetic material with a magnetic moment orientation initially parallel to the
pihned layer due to the ferromagnetic coupling field. The desired orientation of the
free layer is perpendicular to that of the pinned layer magnetic moment orientation (i.e.,
parallel to the ABS).

In another embodiment, similar to the one described above, a non-conductive
insulation layer is placed between the first .shield layer and a conductive
antiferromagnetic (AFM) pinning layer (which is used in place of the non-conductive
pinning layer of the previous embodiment) with magnetic spins aligned in the
predetermined direction. The pinning layer and the first shield are electrically
connected remote from the track width area. The pinned layer is made of conductive
ferromagnetic material whose magnetic moment orientation is pinned by exchange
coupling with the conductive antiferromagnetic pinning layer. This magnetization
causes the pmned layer to exert a ferromagnetic coupling field on the free layer that is

directed pexf)endicular to the ABS. A non-magnetic barrier layer is positioned between
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! ayer. The first and second shield layers may be used as electrodes for the tunnel
junction sensor. A tunneling seﬁse current Iy flows through the tunnel junction sensor
from the second shield toward the first shield in the track width area, perpendicular to
the plane of ihe films or layers, except the non-conductive layer. As the tunnel current
reaches the non-conductive lé.yer, the current turns and flows in the plane of the
adjacent conductive layer and parallel to the ABS (either the pinning or pinned layer)
and finally to the first shield which is connected to the conductive layer outside of the
track width area. As the current flows in the plane of the conductive layer, a tunneling
sensor current field is generated antiparallel to the ferromagnetic coupling field. Both
of these fields influence the orientation of the magnetic moment of the free layer. By
balancing these two fields, the drientaﬁon of the magnetic moment of the free layer can
be directed perpendicular to the magnetic orientation of the pinned layer. As the tunnel
jﬁnctioﬁ sensor is positioned over a rotating magnetic disk, external magnetic fields
sensed from the rotating disk moves the orientation of the magnetic moment of the
free layer up or down, changing the resistance through the tunnel junction sensor. As-
the direction of the magnetic moment of the free layer rotates up from the ABS (i.e.,
going toward the oppésite direction of an exemplary downwardly directed magnetic
moment of the pinned layer), the amount of electron tunneling decreases (i.e., the
resistance increases). As the direction of the magnetic moment of the free layer rotates
down toward the ABS (i.e., going toward the same direction as the magnetic moment
of the pinned layer) the amount of electron tunneling increases (i.e., the resistance
decreéses). As the tunneling sense current Iy is conducted through the sensor, the
increase and decrease of electron tunneling (i.e., increase and decrease in resistance)
are manifested as potential changes. These potential changes are then processed as

readback signals by the processing circuitry of the disk drive.
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Fig. 1 s a plan view of an exemplary magnetic disk drive;

Fig. 2 is an end view of a slider with a magnetic head as seen in plane 2-2 of
Fig. 1;

| Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks

and magnetic heads are employed,

Fig. 4 is an isometric illustration of an exemplary suspensiony system for
supporting the slider and magnetic head, |

Fig. 5 is an ABS view of the slider taken along in plane 5-5 of Fig. 2;

Fig. 6 is a partial view of the slider and a piggyback magnetic head as seen in
plane 6-6 of Fig. 2;

Fig. 7 is a partial view of the slider and a merged magnetic head as seen in
plane 7-7 of Flg 2;
| Fig. 8 is a partial ABS view of the slider taken along plane 8-8 of Fig. 6 to
show the read and write elements of the piggyback magnetic head;

Fig. 9 is a partial ABS view of the slider taken along plane 9-9 of Fig. 7 to
show the read and write elements of the merged magnetib head,

Fig. 10 is a view taken along plane 10-10 of Figs. 6 or 7 with all material
above the coil layer and leads removed,;

Fig. 11 is a partial air bearing surface (ABS) illustration of one embodiment of
the sensor of the present invention;

Fig. 12'is an exploded view of Fig. 11;

Fig. 13 is a partial ABS illustration of another embodiment of the sensor of the
present invention; and

Fig. 14 is an exploded view of Fig. 13.
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' The spindle 32 is rotated by a motor 36 that is controlled by a motor controller 38. A

combined read and write maghetic head 40 is mounted on a slider 42 that is supported
by a suspension 44 and actuatbr'ann 46. A plurality of disks, sliders and suspensions
may be employed in a large capacity direct access storage device (DASD) as shown in
Fig. 3. The suspension 44 and actuator arm 46 position the slider 42 so that the
magnetic head 40 is in a transducing relationship with a surface of the n:iagnetic disk
34. When the disk 34 is rotated by the motor 36 the slider is supported on a thin
(typically, .05 pm) cushion of air (air bearing) between the surface of the disk 34 and
the air bearing surface (ABS) 48. The magnetic head 40 may then be employed for
writing information to multiple circular tracks on the surface of the disk 34, as well as
for reading information therefrom. Processing circuitry 50 exchanges signals,
representing such information, with the head 40, provides motor drive signals for
* rotating the magnetic disk 34, and provides control signals for moving the slider to
various circular tracks on the disk. Fig. 4 shows the mounting of the slider 42 to the
suspension 44, which will be described hereinafter. The components described

hereinabove may be mounted on a frame 54 of a housing 55, as shown in Fig,. 3.

Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The slider
has a center rail 56 that supports the magnetic head 40, and side rails 58 and 60. The
rails 56, 58 and 60 extend from a cross rail 62. With respect to rotation of the
magnetic disk 34, the cross rail 62 is at a leading edge 64 of the slider and the
magnetic head 40 is at a trailing edge 66 of the slider.

Fig. 6 is a side cross-sectional elevation view of a piggyback magnetic head 40,

which includes a write head portion 70 and a read head portion 72, the read head



‘the ABS and connected at a back gap that is recessed rearwardly. in the
wite head fromthe ABS;, an insulation stack having at |least first and
second insulation |ayers; at |east one coil l|ayer enbedded in the .

i nsul ation stack; and the insulation stack and the at |east one coil |ayer
bei ng | ocated between the first and second pol e piece |layers. According to
a.third aspect of the invention there {s provided a magnetic disk drive
that i ncl udepsriden ¢naploying an pinngd spincvaliesenses 44 pbibg prosgat 1n¥ention. Kig 8deani ng

surface (AB t leSi dEi v riLsing. F . ' :
Cunnol j unotABs B el VI R il donsly T8 BRHIAHAR ab iyt 78 ar8
magnet i ¢ fi cdaddwichedibétiveat fimbandsecombishi¢ld dayeisB) dnd 820 rikkheansulatingegag layeyer s
connected t he nnel |ungtion sens f or, conquct i a_tunnel current
Chrough: t he T alateh e bR R, ol el R b St Rt S .

\J

f er romagnet i gustfed nitga oy sARBAYAiddd. T i Sésponsé Beeaatalshiagheticl Belds Sthea
ferromagnetic electrically conductive free [ayer; a, non; maglnetl o
el ectrical | yresig@neaof dae spin; valve |sgpeor ;74 changes. To. determine the resistance, a

tunneling sense current Iy is used. The first and second shield layers 80 and 82 are

employed as leads. As the magnetic moment of the free layer rotates in response to the
magnetic field from the disk, the resistance of the tunnel junction structure changes,
altering the current thrdugh the structure. These resistance changes to be manifested
as potential changes. These potential changes are then processed as readback signals
by the processing ciréuitry 50 shown in Fig. 3. 5.

The write head portion 70 of the magnetic head 40 includes a coil layer 84
sandwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second
_insulatioﬁ layer caused by the coil layer 84. The first, second and third insulation
layers are referred to in the art as an "insulation stack”. The coil layer 84 and the first,
second and third insulation layers 86, 88 and 90 are sandwiched between first and
second pole piece layers 92 and 94. The first and second pole piece layers 92 and 94
are magnetiéally coupled at a back gap 96 and have first and second pole tips 98 and
100 which are separated by a write gap layer 102 at the ABS. An insulation layer 103
is located between the second shield layer 82 and the first pole piece layer 92. Since
the second shield layer 82 and the first pole piece layer 92 are separate layers this head
is known as a piggyback head. As shown in Figs. 2 and 4, first and second solder
connections 104 and 106 connect leads from the spin valve sensor 74 to leads 112 and
114 on the suspension 44, and third and fourth solder connections 116 and 118
connect leads 120 and 122 from the coil 84 (see Fig. 10) to leads 124 and 126 on the
suspension.

Figs. 7 and 9 are the same as Figs. 6 and 8 except the second shield layer 82
and the first pole piece layer 92 are a common layer. This type of head is known as the

merged magnetic head. The insulation layer 103 of the piggyback head in Figs. 6 and
8 is omitted.
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moment of a pinned layer. Absent any external forces, the orientation of the magnetic
moment of the free layer is parallel to the orientation of “the magnetic moment of the
-pinned layer due to a ferromagnetic coupling field due to the close proximity of the
pinned and free layers. To bias the orientation of the magnetic moment of the free
layer in the desired direction, a tunneling sense current is provided that flows parallel
to the ABS, in the plane of a conducti‘./e layer, so as to create a current field antiparallel
to the ferromagnetic coupling. field. By balancing these two opposed fields, the
magnetic moment orientéition of the free layer can be perpendicular to the magnetic
moment orientation of the pinned layer. To get the tunneling sense current to flow
parallel to the ABS in the plane of the conductive layer, as opposed to through the
layer, a non-conductixig layer is inserted into the structure. This non-conducting layer
makes the current flow in the plane of the desired layer parallel to the ABS so as to
generate the current field of suﬁﬁciént magnitude to counter balance the ferromagnetic

coupling field on the free layer.

Fig. 11 shows one embodiment of the tunnel junction sensor 200 of the present
invention which includes a first shield 80, a non-conductive pinning layer 205, a
pinned layer 210, a barrier layer 215, a free layer 220, an isolation layer 225 and a
second shield layer 82. Also shown are hard bias layers 221. The hard bias layers are
used for free layer stabilization. Fig. 12 is an exploded view of Fig. 11 showing the
layers and exemplary desired orientations of the magnetic moment (Mp) 250 of the
pinned layer 210 and the magnetic moment (Mg) 255 of the free layer 220 in the
absence of an external field. In this case, the magnetic moment (Mp) 250 of the pinned
lajrer 210 1s downward (+y direction), perpendicular to the ABS, the orientation of the
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free layer 220 is parallel to the magnetic moment (M) 250, as shown at 260, due to a

ferromagnetic coupling field (Hrc) 251 in the +y direction. To permit the magnetic
moment (M) 255 to assume the preferred direction (i.e., perpendicular to the magpetic
moment (M) 250), a magnetic field in the -y direction must be generated to counteract
the ferromagnetic coupling field (Hrc) 251. ' A

A tunneling seﬁse current Ir, using spin dependent electron funrieling, flows
through the tunnel junction sensor 200, parallel to the ABS, with the first and second
shield layers 80 and 82 used as leads. In the present invention, the tunnel current Ir
does not flow in the AFM pinning layer 210 because the pinning layer 205 is non-
conductive. The tunnel current I is diverted 256, in the -z direction in the pinned layer
210, to the location where the pinned layer 210 and the first shield 80 are connected at
201 by the shunt 226 (i.e., away from the track width area 202). While the current 256 .
is flowing in the plane of the pinned layer 210 in the -z direction, a tunneling sense
current field (Hy) 257 is generated antiparallel to the ferromagnetic coupling field
‘(Hre) 251. By balancing the tunneling sense current field (H;) 257 and the
ferromagnetic coupling field (Hyc) 251, the magnetic moment (Mr) 255 of the free
layer 220 is located parallel to the ABS, as shown by the solid arrow. The electrical
connection 201 between the pinned layer 210 and the first shield 80 is in an area
outside the track width area 202 so that the current Iy is conducted in the pinned layer
210 parallel to the ABS and parallel to the track width.

The amount of current I that flows through the sensor is dependent on the
relative magnetic directions (Mp) 250 and (M) 255 of the pinned layer and the free
layer. As the tunnel junction sensor 200 is positioned over the magnetic disk 34, the

external magnetic fields sensed from the rotating disk 34 moves the direction of
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magnetic moment (M) 255 rotates down toward the ABS (i.e., going toward the same

direction as the magnetic moment (Mp) 250), the amount of electron tunneling
increases (i.e., the resistance decreases). As the tunnel current Ir is conducted through
the sensor 200, the increase and decrease of electron tunneling (i.e., increase and
decrease in resistance) are manifested as potential changes. These potential changes
are then processed as readback signals by the processing circuitry shown in Fig, 3.

The first and second shields 80 and 82 are made from a conductive material,
such as Permalloy which is NisFey. The pinning layer 205 is made of no;i-conductive
material. such as nickel oxide (NiO), having a thickness range of 50-150A, preferably
100A. The non-conductive pinning layer 205 has its rﬁagnetic spins oriented in a
preferred direction. The pinned layer 210 is made from a ferromagnetic material such
as NigFee/Co or NiFe/CoxFezn/Co with a thickness of 20-60A, preferably 40A. The
pinned layer 210 is exchhnge coupled to the pinning layer 205 such that the orientation
of the magnetic moment of the pinned layer is in the same direction as the magpetic
spins of the pinning layer.

The pinned layer 210 is in electrical contact with the first shield 80 by a
conductive shunt 226 that is located outside the track width area 202 at a location 201.
The track width area 202 is defined by the width of the ferromagnetic free layer 220.
The barrier layer 215 may be made of aluminum oxide, with a thickness of 10-30A,
preferably 20A. The free layer 220 is made from ferromagnetic material such as
Co/NiFe or Co/NigFei/NigFes with a thickness of 20-60A, preferably 40A. An
isolation layer 225, made of Tantalum (Ta) and having a thickness of 30-100A,
preferably SOA, is placed between the free layer 220 and the second shield layer 82 for
the purpose of preventing a magnetic coupling therebetween. The first and second
shields 80 and 82 are used as leads for the tunnel junction sensor 200. The inductive

write head 70 is then formed on the tunnel junction read sensor 200 (or read head 72,
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‘forming a ferrommgnetic electrically conductive free layer on the barrier
| ayer; the pinning |ayer being exchange coupled to the pinned | ayer--so as
to pi.n the pinned | ayer magneti c nonent of the pinned layer in a first
direction which, in turn, exerts a ferromagnetic coupling field on the free
| ayer in a first direction; the first shield |ayer having an extended
portion that extends beyond said track Width of the sensor: and

el ectrical | ysegoRiget bm%.onwmé thé) @bBVe destripayre desdribed @hed icoritigtidra B fonk O
sai d extended portion aof the first shield layer for enabling a tunneling
sense currenem fhtheapresant tinvention, Abere; #re ather leyras dhatt may beraddad tayer

or the pinning |layer for,causing a neling sense current field to be
exerted by sﬁ\%fog% e&f’“‘?“é’“%f%fgﬁsqrgy@r or the pinning layer on the free
llayer in a secondrdigitpichteqhe tuaRél jintctidn2002¢ha firftishiefd 8@ istkirst depositiidl QQdston to
counter bal ance the fterromagneti ¢ coupling field on the free’l ayer.

Accor di ng t oisathe AFMepiningplayer 205 déposited, emithe first ishiekd.i dA piaoor slaut 22665 hod
of making a nmggnetj.c head.that has.an air bearin urface. (ABS) canpri sing:
form ng a tuPFHESOIRCEY BHIES ﬁr%%a&hﬁﬁgmﬁg?"ryﬁ{:gl@n‘sd ‘TP°§‘§“S‘#A?J‘T &rm ng

a ferr onaonelg Rsewith! tiebinkied RYELIY ehk bltadWiRl thelsBXRT 80 kPHENIOA)

antiferromagngtic pinning layer~on the tirst shield layer; formng a

f erromagnet i The hemek junetidnybardedlager 215 isidepesitet apethe pinned dayer 210.ndJsing a
lifi-off technique, the free layer 220 is deposited on the barrier layer 215. The hard
bias layer 221 and isolation layer 225 are then deposited. The second shield 82 is
deposited on the isolation layer 225. Electrical current flows from the second shield 82
to the free layer 220 and then the current tunnels to the pinned layer 210 across the
barrier 215. Current then flows parallel to the ABS in the pinned layer 210 to the via

226 and finally reaches the first shield 80 at 201.

Figure 13 shows another embodiment of the tunnel junction sensor 230. This
sensor 230 is similar to the sensor 200 described above but instead of the
non-conductive antiferromagnetic pinning layer 205, a non-conductive insulation layer
235 is positioned between the first shield 80 and a conductive antiferromagnetic
pinning layer 240. Fig. 14 is an exploded view of tunnel junction sensor 230 in Fig,. 13
showing the layers and orientations of the magnetic moment (Mz) 250 of the pinned
layer 210 and the magnetic moment (M) 255 of the free layer 220. The orientation of
the magnetic moment (Mp) 250 of the pinned layer 210 is in a downward (+y
direction) perpendicular to the ABS, the direction of the magnetic moment (Mp) 250
being pinned by interfacial exchange coﬁpling with the adjacent pinning layer 240. In
the preferred embodiment, the orientation of the magnetic moment (Mg) 255 of the free
layer 220 is perpendicular to the orientation of the magnetic moment (My) 250 of the
pinned layer 210 (i.e., the moment direction is parallel to the ABS). But, in the



‘l ayer; formng a non-magnetic electrically insulating barrier |ayer on the
pi nned | ayer; formng a ferromagnetic electrically conductive free | ayer on
the barrier layer; formng an isolation |ayer on the free layer; formng a
ferromagnetic electrically conductive second shield | ayer on the isolation
| ayer; the pinning |ayer being exchange coupled to the pinned |ayer so as
to pin the pinned | ayer magnetic nomed# of the pinned layer in a first
direction whitgbace &@yreﬁten&xmdgae&c fields, aha oriititibpnaf did magndticahement MMy f r ee
layer in a first direction; 2e - the first shield | ayer having an

ext ended por230f thedreedryas 329 15@9@\%1 tq e pagartiomament (Mephedls 85 $8PWn 4

Sai d ext ondeRhanE o apsacls uplil AR A3 e JRuRbARL " bR

sense currengahfetic! Mment (Mz) 255 to assume the preferred direction (perpendicular to the
magnetic moment (Mp) 250), a field in the -y direction must be generated to counteract
the ferromagnetié coupling field (Hgc) 251.

A tunneling sense current Ir, using spin dependent electron tunneling, flows
through the tunnel junction sensor 230 in the -x direction, parallel to the ABS, with the
first and second shield layers 80 and 82 used as leads. In the present invention, the
tunnel current Ir does not flow directly through the tunnel junction 230. Since the
insulation layer 235 is non-conductive, the tunnel current Ir is diverted.258, by the
conductive shunt 226 in the -z direction along the track width in the plane of the
pinning layer 240. While the current 258 is flowing in the pinning layer 240 in the -z
direction, a tunneling sense current field (Hy) 259 is generated antiparallel to the
ferromagnetic coupling field (Hrc) 251. The electrical connection between the pinning
layer 240 and the first shield 80 is provided at a location 201 remote from the track
width area 202 so that the current Iy flows parallel to the ABS and parallel to the track

- width in the pinning layer 240. By balancing the tunneling sense current field (H)
259 and the ferromagnetic coupling field (Hrc) 251, the orientation of the magnetic
moment (Mg) 255 of the free layer 220 is located parallel to the ABS as shown by the
solid arrow. The amount of current Ir that flows through the sensor is dependent on
the relative magnetic directions (Mp) 250 and (Mr) 255 of the pinned layer 210 and the
free layer 220. As the tunnel junction sensor 230 is positioned over the magnetic disk
34, the external magnetic fields sensed from the rotating disk 34 moves the direction of
magnetic moment (Mg) 255 of the free layer 220 up or down, changing the resistance
through the tunnel junction sensor 230. As the magnetic moment (M) 255 rotates up
from the ABS (i.e., going toward the opposite direction of the magnetic moment (Mp)
250), the amount of electron tunneling decreases (i.e., the resistance increases). As the
magnetic moment (M) 255 rotates down toward the ABS (i.e., going toward the same

direction as the magnetic moment (Mp) 250), the amount of electron tunneling



‘parallel to the.ABS in said one of the pinned | ayer or the pinning |ayer
for causing a tunneling sense current field to be exerted by said one of
the pinned layer or the pinning |ayer on the free layer in a second
direction that is antiparallel to said first direction to counter bal ance
the ferromagnetic coupling field on the free layer; and formng a wite
head as follows: formng a wite -gap 'yer and an insulation stack with a
coi | layer eiitreassdid.ae edsistaite docremes)p Ak thainaind] sugent Iisis cofuhuctet] kroaglc ond
shield | ayer also functions as a first pole:piece for the wite head;  and

formng a scberienges|230pithe incresse and deprease pfs eleatron, naehing (frgineraseaid ¢ gap
and connected at a.back, gan to the. first _pal.e.pi ' tion
i s directed $E"45¢ %Wéﬁsvﬁ%ﬁ%&rﬁa gﬁngfg.ﬁgcg?.s Pﬁtg?tmé r‘r’ph%%;g ;liﬂlgsefof)@%gﬁ%g%&e}l:% ed
from a tunnejdp Agngro68sed s reidbadk dignld byPthe pRicedsitgy diryitfysshoamd@ By, 81 bal ance
a ferromagnetic coupling field exerted on the free |ayer by the pinned

| ayer. The ferr onBgiasiletiorolaperi23§ ndychedmade of atuhina (ALD:)thawing; a-thickness obf t he
ti f i nned | ayer. Ab t | th
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parallel to é&hﬁu@tﬂe?ﬂﬁtﬁfeﬂr&lﬁaé{eﬁ& NRateR&N§ichCad TR Wnafidankhe (EHME}‘?Ewbﬁ‘zéeé due

to their close proximty. Fof the tunnel junction sensor to wor
ef ficiently, thidknesy fange af i50n1 SOR, tprefershiyn #4004  rdtien torsfuctivee aftiferrorhagnetic

materials (AFM) such as nickel manganese (NiMn), platinum manganese (PtMn),

iridium manganese (IrMn), chromium aluminum manganese (CrAlMn) or palladium
manganese (PdMn) may be used for the pinning layer 240. The inductive write head
70 is then formed on the tunnel junction read sensor 230 (or read head 72, see Fig. 6 or
7.

To fabricate the tunnel junction 230, the first shield 80 is first deposited. An
insulation layer 235 is deposited over the first shield 80. A via or shunt 226 is
patterned in the insulation layer 235. Next is the pining layer 240 deposited on the
insulation layer 235 with the pinning layer 240 making contact with the shield 80 in
the via 226. The pinned layer 210 is deposited on the pinning layer 240. The tunnel
junction barrier layer 215 is deposited on the pinned layer 210. Using a lift-off
technique, the free layer 220 is deposited on the barrier layer 215. A hard bias layer
221 and an isolation layer 225 are then deposited. The second shield 82 is deposited
on the isolation layer 225. Electrical current flows from the second shield 82 to the
free layer 220 and then the current tunnels to the pinned layer 210 across the barrier
215. Current then flows parallel to the ABS in the pinning layer 240 and the pinned
layer 210 to the via 226 and finally reaches the first shield 80 at 201.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings.” While the

description of the tunnel junction sensor is described in relation to a magnetic disk



~shoul'd be perpendicular to the orientation of the magnetic nonent of the
pinned | ayer. To permt a desired orientation of the nmagnetic nonent of the
free layer, a tunneling sense current is provided that flows parallel to
the ABS in the plane of a conductive layer so as to create a current field.
antiparallel to the ferromagnetic coupling field. By bal ancing these two
opposed fields, the magnetic nmoment orf%ntation of the free |ayer 3 can
be per pendi CHil rdalnkiite SERANS ifoultp WRrstBbd Wt} BhePaphli@tibhINRE thiedr- To
get the tunneling sense current to flowin the plane ol the conductive

| ayer, as opjunstich sensdrimayighused elohayein, combimtion evith otherdgvicesy dthereforether t ed
into the struycture., This non- conducting |l ayer makes the current flowin

the plane of displesedcnventignisipde copsidered segely dlustratiyeanddimitedhin scpps enlyps

suf ficient rrggni de, to cou .hal ance the ferromagnetic coupling field on
the free |lay r.lqteﬁugﬁ'gagﬁ%bdé{l% , the current flows in the plane of a
conductive pinned |ayer parallel to the ABS so as to create the desired
current field. The tunnel junction sensor



‘includes a first shield |ayer, a non-conductive antiferromagnetic pinning

| ayer with nmagnetic.spins .aligned in a predeterm ned direction, a pinned

| ayer made of conductive ferromagnetic material whose nagnet i c nonent ———
orientation is pinned by exchange coupling with the nmagnetlhs Sheai ms pod; gt t]gc__d
non- conducti ve antiferromagnetic pi nni1F)g | ayer. This magne‘}_f%i o Replaced |
generates a ferromagnetic coupling fielfd in the predeterm ka "I :
The pinned | ayer and the first shi.el d(ﬁfﬂl\ﬁgec" rically conne '
| ocation remote fromthe track wi dth area. non-nmagnetic barrier layer is
posi ti oned b#haeircliibfeddsined | ayer and a free layer. The free layer is
made of a ferromagnetic material with a nagnetic nmonent orjentation
initially parallel to Afengsl jumetion sepeoer thatdas a traple widthabam gis bearingowafacé ng
field. The ' rientation of the free layer is perpendicular to that
of the pi nng@%%?n%%%l etic nonent orientation (i.e., parallel to the
ABS). | n another @fm@ﬂiamc,d@&mau}aeoﬂdgcﬁ‘}ﬁ&wyeﬁescri bed above, a

non- conductive insulation |ayer js placed between the first shield |ayer
and a conducti ve ani-megnetiedpsnating bapienjayet;nni ng | ayer (which is used in

pl ace of the non- ' i3l . Of. revi ous-enbodi nent) with
magneti c spins alé:%ﬁggﬁkiﬁéfﬁﬁg %&éﬁ%‘@f%ﬁa@ﬁ?@n. The pinning | ayer
and the first shithbYamieplagbraing loedt¢d/batwasietht G€e lagemind the piinédRydrs ack wi dth

area. The pinned |layer is made of conductive
an antiferromagnetic pinning layer;

a ferromagnetic electrically conductive first shield layer;

the pinning layer being located between the first shield layer and the pinned
layer and exchange coupled to the pinned layer so as to pin the pinned layer magnetic
moment of the pinned layer in a first direction, which, in turn, exerts a ferromagnetic
coupling field on the free layer in a first direction ;

the first shield layer having an extended portion that extends beyond said track
width of the sensor; and '

one of the pinned layer or the pinning layer being electrically connected to said
extended portion of the first shield layer for -enaBling a tunneling sense current to flow
parallel to the ABS in said one of the pinned layer or the pinning layer for causing a
tunneling sense current field to be exerted by said one of the pinned layer or the
pinning layer on the free layer in a second direction that is antiparallel to said first

direction to counter balance the ferromagnetic coupling field on the free layer.

2. The tunnel junction sensor as claimed in claim 1 further comprising:

a non-conductive insulation layer being located between the antiferromagﬁetic
pinning layer and the first shield layer in the track width: and

the antiferromagnetic pinning layer is electrically conductive and connects to

said extended portion of the first shield layer.

S
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_ _ e
‘ferromagnetic material whose magnetic nmonent orientation i$ pinned b Replaced
exchange coupling with the conductive antiferromagnetic pinni Tigs $has SEe i@
magneti zati on causes the pinned | ayer to exert .a ferromagnetic ‘\“\ ‘Y\“\
field on the free layer that is directed perpendicular to the 4 ' ' :
non- magneti c barrier layer is positioned between 4 the pinned | ayer and

a free layer. The free layer is made ot6 a ferromagnetic materi.al with a

magnetic moment ofi entphd Qindel| #ma&dny sBfor| 42l cldifed N epi Gvﬁlgfegt?%ét on
of the pinned |layer due to the Terromagnetic coupling field. The desired
magnet i ¢ noneedricallyecnductive artifernemdgnetic | pnmeng i lsyeqpeis preledtedufram the groap of

t he magneti orJi.entati o he ,pj.nned | ayer (i.e., parallel to the
ABS). The fﬁ@?ﬁ%&@@ﬁﬁﬁ&&@%ﬁ#? be used as el ectrodes for the
tunnel junction sensor. A tunneling sense current IT flows through the

tunnel junction sensor fromthe second shield toward the first shield in
the track wi dth af.ea, ey poneljunckion s¢ensot dseclgimedan claim Bevlerdimthearont ayer s,

except the non-.caonductive layer. he iunnel rrent reaches the
non- conduct i SPRIPCHNE DS a}tr@né?}?éfb‘ﬁpf‘%ﬁ aﬁ‘l‘&l“ﬂ‘%ﬁgﬂi n the plane of the

5. The tunnel junction sensor as claimed in claim 1 wherein the pinned
layer is connected to said extended portion of the first shield beyond the track width

and the antiferromagnetic pinning layer is non-conductive.
6. The tunnel junction sensor as claimed in claim 5 wherein the non-

conductive antiferromagnetic pinning layer made from nickel oxide NiO).

7. The tunnel junction sensor as claimed in claim 1 further comprising:

a second shield layer;

an isolation layer, the isolation layer being located between the second shield

layer and the free layer; and

a tunneling sense current source for applying said tunneling sense current.

8. The tunnel junction sensor as claimed in claim 7 wherein the first and

second shields are used as electrical leads.

9. The tunnel junction sensor as claimed in claim 1 wherein the barrier
layer has a thickness from 10A to 30A.

10.  The tunnel junction sensor as claimed in claim 9 wherein the barrier

layer is made from aluminum oxide.

I
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"adj acent conductive {ayer and parallel to the ABS (either the pinning or d
pi nned | ayer) and finally to the first shield which is 'connec:lﬁgsﬂeaﬁhmeﬂkepl"“‘.

conductive |layer outside of the track width area. As the curre : \\“\
the plane of the conductive |ayer, a tunneling sensor current ;\l‘m\ .
generated antiparallel to the ferromaﬂzet ic coupling field. Bot ese
fields influence the orientation of t magneti c nonent of the free | ayer.

By bal ancing thesgjtworhé @hiid] jureBoR sk 3k i Mimel ih iR D ReHeréin TR Of
the free layer can be directed perpendicular to the nagnetic orientation of
t he pi nned | direationAsndrinel tathedBS. uncti on sensor is positioned over a
rotating magnetic disk, external magnetit fields sensed fromthe rotating
di sk noves the orientation of the nagnetic nonent of the free |ayer up or

down, changing th | AL ARG i sftfde ising> "
il AL i

(i.e., going towaageddtradfhadiichidesti recti on of an exenpl ary downwardly
directed magnetic nonent of the pinned | ayer), the anmount of electron
tunnel i ng decreases (i a2dunnel jenction jsensondhatihas ractiacks widtingesphusivi toeapplisd of

t he magnetic nonent of.tt?z free layer rotates down toward the ABS (i.e.,
going toward the %e% e%s(‘i on as thé magnetic nonent of the pinned | ayer)

the amount of el ectronfisnial de6hd BRESRABS cohduBtive 138 hfith ThAMR to fhe
decreases). As the tunneling sense current IT is conducted through the

sensor, the incretwaechjunction sensoe fof cohdiwtingra tunmek kimment (thragh thactueaasie and

decrease in resistance .. . .
. T June or} sensor; the tunnel junction sensor including:

ferromagnetic electrically conductive first and second shield
layers; |

an isolation layer;.

a ferromagnetic electrically conductive free layer;

the isolation layer being located between the second shield layer
and the free layer; | _

a non-magnetic electrically insulating barrier layer,

a ferromagnetic éleéuically conductive pinned layer;

the barrier layer being located between the free layer and the
pinned layer;,

an antiferromagnetic pinning layer;

the pinning layer being located between the first shield layer
and the pinned layer and exchange coupled to the pinned layer so as to
pin the pinned layer magnetic moment of the pinned layer in a first
direction which, in turn, exerts a ferromagnetic coupling field on the

free layer in a first direction;

the first shield layer having an extended portion that extends
beyond said track width of the sensor; and

R



‘are fani fested as potential changes. These potential changes are then
processed as readback .signals by the processing circuitry of |t IEhis@h&kHas Been Replace
drive. O her objects and advant ages of the present inventL
apparent upon reading the foll ow ng description taken together

R
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. 1““! '

vi ew of an exenplary magnetic diskdri v Fi g.- 2 is an end view of a slider

with a-magnetic head as seep.. 3 = forRhE nidind | Beil - ation
view of the magnetic disk dér;illelvger%gr EIeﬁ lﬁﬁ‘f}tﬁrﬁg péﬁﬁg%{uﬁﬁﬁ rrltiall r?g[altr?a_’ﬁzads
are enpl oyed; Fig.. 4-icnaectedtonsnid extended pottront ofcthe l_iistalnekkhyglfmlfzgnablmg_
suspensi on system for suppatting the slider and net i ead, . Fi g. s an
ABS view of the-sli derﬁp‘g’gﬁﬁf‘%‘f '?WWB#%ﬁ%wﬁ’ﬁ@llg?%ﬁ?lﬁw mpgaad O ?%88
partial view of the sljdasd pYd ¢t tht BEMBRC Ky Ghistg ' Afhn8ng>&Be biftrent

field to be exerted by said one of the pinned layer or the pinning layer

on the free layer in a second direction that is antiparallel to said first
* direction to counter balance the ferromagnetic coupling field on the free
layer;
a write head including:
first and second pole piece layers and a write gap layer; _
the first and second pole piece layers being separated by the write gap
layer at the ABS and connected at a back gap that is recessed rearwardly in the
head from the ABS,
an insulation stack having at least first and second insulation layers;
at least one coil layer embedded in the insulation stack; and _
the insulation stack and the at least one coil layer being located between

the first and second pole piece layers.

13.  The magnetic head as claimed in claim 12 wherein the first and second
electrically conductive lead layers are the electrically conductive first and second shield

layers.

14.  The magnetic head as claimed in claim 12 further comprising;
a non-conductive insulation layer being located between the antiferromagnetic
pinning layer and the first shield layer in the track width; and

the antiferromagnetic pinning layer is electrically conductive and connects to
said extended portion of the first shield layer.

15.  The magnetic head as claimed in claim 14 wherein the electrically
conductive antiferromagnetic pinning layer is selected from the group MnFe, NiMn,
IrMn, PtMn, CrAlMn and PdMn. |

|I!ﬂllclfllillljllljlllllslJII!IIf



‘plané 6-6 of Fig. 2;.Fig. 7 is a parti al view of the slider_and ?Kgxsged_————
magnetic head as seen in plane 7-7 of Fig. 2; Fig. 8is a partial S Vi ew
of the slider taken along plane 8-8 of Fig. 6 to show the re&tlisShedt Hos Beea Replaced

el enents of the piggyback magnetic head; Fig. 9 is a partial_ / |\m1 MI IH“‘
the slider taken along plane 9-9 of Fig. 7 to. show the read an | :
gnp

el ements of the nmerged nmagnetic head; 1¥ig. 10 is a vi ew taken_a on ane
10-10 of Figs. 6 or. 7-with all material above the coil layer—and |eads
removed; Fig. 11 is a partial air bearing surface (ABS) illustration of one

enbodi ment of t he 16ensThe afaghbtic headwerilaimey e tiain ;14 Rilibreid 2hd Sorddbndigivaded
view of Fig.. 11 Fig. 13 is a partial ABS illustration of another
embodi ment  ofskigtion ayewis madefrom glumieséAliGmrent i on: and Fig. 14 is an
expl oded view of Fig. 13. , .
17.  The magnetic head as claimed in claim 12 wherein the pinned layer is
connected to said extended portion of the first shield beyond the track width and the

antiferromagnetic pinning layer is non-conductive.

18.  The magnetic head as claimed in claim 17 wherein the non-conductive
antiferromagnetic pinning layer made from nickel oxide (NiO).

]

19.  The magnetic head as claimed in claim 12 wherein the barrier layer has
a thickness from 10A to 30A.

20.  The magnetic head as claimed in claim 19 wherein the barrier layer is

made from aluminum oxide.

21.  The magnetic head as claimed in claim 12 wherein the first direction is
normal to the ABS.

22, A magnetic disk drive that includes at least one magnetic head that has
an air bearing surface (ABS), the disk drive comprising;:
a read head that includes:

a tunnel junction sensor that has a track width responsive to applied
magnetic fields; and

—_—
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Magneti c Di sk Drive Referring now
to the drawi ngs wherein |like reference nunerals designate Lj r.si,m L ar
parts throughout the several views, Figs. 1-3 illustrate a%gheg_HaShe laced
“drive 30. The drive 30 includes a spindle 32 that supports-m. m I II
magnetic disk 34. The spindle 32 is rg&ated by a notor 36 tha& N
controlled by a notor controller 38. conbi ned read and wite magnetic -
head 40 i s nounted on | . d bseaed ap tBd and
actuator arm46. A pl uﬁgfiabges(r)e‘f‘o |é1E§%w%$'i ?idehrag&yﬁgﬂg%g%%ﬁ:i ons may be

enpl oyed in a | arganéajuaciisny setisoefor aanisstng motuagd cwynt dhropglsithe dynnehown
in Fig. 3. The suspension-44_and agctuator arm.4 osition the slider 42 so
that the nagnetid‘ﬁé%‘%”%@ﬁ“%‘efwggmmw ‘Iug%'onshi pwith a surface
of the magnetic disk 34. Whenhhenéic klestically cotdticaek fystt el seond sheld he
slider is supported on a thin (t?gi cally, .05 [err]m cushion of air (air
beari ng) "between the slaytmge of the disk 34 and the air bearing surface
(ABS) 48. The magnetic head 40 nm 3 L.ting information
to nultiple circular tracks? W%@%ﬁ?@g%ﬁ@%ﬁ%‘ﬁgﬁﬁé%‘ﬁwés well as for
readi ng i nformation therefr @ion-niignetseedttcallyrinsulating afieedayegnges si gnal s,
representing such information, with the head, 40, ,pr.ovi des tor drive
signals for rotating the nagrfereraagnetielgoricallyropd "’88’%‘“8%{%)’?% signals for

moving the slider to the free layer being located between the second shield and the
barrier layer and barrier layer being located between the free layer and

e |

the pinned layer; :
an antiferromagnetic pinniﬁg layer; .
the pinning layer being located between the first shield layer
and the pinned layer and exchange coupled to the pinned layer so as to
pin the pinned layer magpetic moment of the pinned layer in a first
direction which, in turn, exerts a ferromagnetic coupling field on the
free layer in a first direction, _
the first shield layer having an extended portion that extends
beyond said track width of the sensor; and . |
one of the pinned layer or the pinning layer being electrically
connected to said extended poftion of the first shield layer for enabling
a tunneling sense current to flow parallel to the ABS in said one of the
pinned layer or the pinning layer for causing a tunneling sense current
field to be exerted by said one of the pinned layer or the pinning layer
on the free layer in a second direction that is antiparallel to said first
direction to counter balance the ferromagnetic coupling field on the free
layer;
a write head including;

first and second pole piece layers and a write gap layer;.

e
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‘various circular tracks on the disk. Fig. 4 shows the mounting of the
slider 42 to the suspension 44, which will be described hergisRfdet 5 Beeh®eplaced

conponents descri bed herei nabove may be nounted on a frane 5 , _

55, as shown in Fig. 3. Fig. 5 is an ABS view of the slider } ' :

magneti c head 40; The slider has a cenbgr rail 56 that suppo arIeal

magnetic head 40, and side rails 58 and 60. The rails 56, 58 and 60 extend

froma cross rail 62. ‘ﬂiéﬂrsfW@é&n&%okﬁii&ie'l%@ﬁeiﬁ@@emﬁj&ewcgiﬁ’ t he
0

cross rail 62 is at a | eading edge 6 t.he "slider’and the ‘magneti ead
40 is at a traili Ayeeaifhe 883%Ind eeaneqtodiatra bark gap that is recessedarermendly sethei onal
el evati on vi ew of hgatpﬁ%gsf%agﬁsnngnet i ¢ head 40, which includes a wite head
portion 70 and a read head Pportion 72, the read head 7 portion enploying
an pinned spin val ve seandnsulafibnafack havipg asleast ficstuad sdcond insulgtioBlayérsan ABS

[ f Fig. 6. The spin valve sepnsor 74 and. insulati.ng gap payer 75 are
\sliaﬁ\évvmpcheljgbet vveenefi Péfleaﬁ&nsse@%aerﬁw@daefwgﬁ msylatiggiacky andhe  nsul at i ng
gap layer 75 insul at es gidiRshtid dackldnBThERIEsPEELiRRr BEifig RoaldB Wetwded ™

al um num oxi de,

the first and second pole piece layers;

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head with its
ABS facing the magpetic disk so that the magnetic head is in a_transducing
relationship with the magnetic disk; | .

means for rotating the magnetic disk;

positioning means connected to the support for moving the magnetic head to
multiple positions with respect to said magnetic disk; and

processing means connected to the magnetic head, to the means for rotatiﬁg the
magnetic disk and to the positioning means for exchanging signals with the merged
magnetic head, for controlling movement of the magnetic disk and for controlling the

position of the magnetic head.

23.  The magnetic disk drive as claimed in claim 22 wherein the processing

means is connected to the first and second leads for applying the tunneling sense

current to the sensor.

24.  The magnetic disk drive as claimed in claim 23 wherein the processing

means applies said tunneling sense current.

25.  The magnetic disk drive as claimed in claim 22 wherein the first and
second electrically conductive lead layers are the electrically conductive first and

second shield layers.
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: aluminumnitride or.silicone dioxide. In response to external- magnetie—
fields, the resistance of the spin valve sensor 74 changes. To. determ ne

the resistance, a tunneling sense current I[err] is used. Th Replmd
second shield layers 80 and 82 are enployed as | eads. As the lI I“Ill
nmonment of the free layer rotates in rgﬁponse to the magnetic f

di sk, the resistance of the tunnel ion structure changes, alteri ng the
current-through the structure. These resi stance changes to be manifested as
potential -changes. These potential changes are then processed as readback
signals by the prZﬁ:essTh’gnagneﬁuﬂiskyiﬁB@asﬂamediinclﬁhgﬂffmﬂiéheompﬁsmghead
portion 70 of the c .head 40.includes, a coil |la andw ched

bet ween first anda %g?‘f‘ﬁ qcﬂgw%qlaéwnrﬁwrlg ]8’8’“5%&’6 A%E‘F geqowatﬁ on

| ayer 90 ma I%P %Fpthg%t &iﬂ‘&e%&{i%&-éﬁ elimnate ripples in

t he second yp tlon aye caus y the coil layer 84. The first, second
and third i nsul atﬂlerantlfmemgmt& pisdieg dayer ioeleetricdlly contluctivesamd "donsedtsatd on

stack". The co 84 and the , second and third insulation |ayers
86, 88 and %“g%e@éﬁ S’Seé}%&? aY%’t and second pol e piece |ayers 92
and 94. The first and second pole piece layers 92 and 94 are magnetically

coupl ed at a back gap 96 and have first and second pole tips 98 and 100
whi ch are separatZd by'I'hemgneeicgliqkdriwas clefifedhin dl4ini 2B&8herdin the elebtaicalin

e oo “espdtgig amiondmagnes pinsing layes & Sclected Kom e gabup Mbffe, Nika, P°' ©

IrMn, PtMn, CrAiMn and PdMn.

28.  The magnetic disk drive as claimed in claim 26 wherein the non-

conductive insulation layer is made from alumina (Al,O;).

29.  The magnetic disk drive as claimed in claim 22 wherein the pinned
layer connects to said extended portion of the first shield and the antiferromagnetic
pinning layer is non-conductive.

30.  The magnetic disk drive as claimed in claim 29 wherein the non-

conductive antiferromagnetic pinning layer made from nickel oxide (NiO).

31.  The magnetic disk drive as claimed in claim 22 wherein the barrier
layer has a thickness from 10A to 30A.

32.  The magnetic disk drive as claimed in claim 31 wherein the barrier

layer is made from aluminum oxide.

33.  The magnetic disk drive as claimed in claim 22 wherein the first

L
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- the-second shield layer 82 and the first pole piece |ayer 92~afe-separate

| ayers this head i s known as a pi ggyback head. As shown in F| . 2 and 4, T
first and second sol der connections 104 and 106 connect Iead @mHahBeeﬁﬁg&aced
val ve sensor 74 to |l eads 112 and- 114 on the suspension 44,. an

fourth sol der connections 116 and 118 gennect | eads 120 and 1 l
coil 84 (see Fig. 10) to leads 124 an8°126 on the suspensi on. Flgs

are the sane as Figs. 6 and 8 except the second shield | ayer 82 and the

first pole piece |ayer 92 are a conmon |layer. This t%Ee of head is known as
the nmerged nmagnetiéc” heathethindefi meking aitawnel jupstion giseff thatrhas s Eapliywidih ead i n

Figs. 6 and 8 | mtteg‘a&F § Present I nvention The present invention is
directed to 232 ’é’i‘gf‘ﬁ (&R %mfs‘qghat enpl oys the field generated from

a tunneling sens m{n? k@y HiGidggyept er bal ance a
ferromagnetic coﬁp %Q?é exert on-t h&ﬁ} rlee a§/er éyét he pi nned
forming an antiferromagnetic pinning layer on the first shield layer;
forming a ferromagnetic electrically conductive pinned layer on the pinning
layer;

forming a non-magnetié electrically insulating barrier layer on the pinned layer;,

forming a ferromagnetic electrically conductive free layer on the barrier;

the pinning layer being exchange coupled to the pinned layer so 35 to pin the
pinned layer magnetic moment of the pinned layer in a first direction which, in tumn,
exerts a ferromagnetic coupling field on the free layer in a first direction;

the first shield layer having an extended portion that extends beyond said track
width of the sensor; and

electrically connecting one of the pinned layer or the pinning layer to said
extended portion of the first shield layer for enabling a tunneling sense current to flow’
parallel to the ABS in said one of the pinned layer or the pinning layer for causing a
tunneling sense current field to be exerted by said one of the pinned layer or the
pinning layer on the free layer in a second direction that is antiparallel to said first

direction to counter balance the ferromagnetic coupling field on the free layer.

35.  The method as claimed in claim 34 further comprising:

forming a non-conductive insulation layer on the first shield layer between the
first shield layer and the antiferromagnetic pinning layer in the track width; and

connecting the antiferromagnetic pinning layer to said extended portion of the

first shield layer wherein the antiferromagnetic pinning layer is electrically conductive.
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1 ay‘er‘. The ferramagnetic coupling field is parallel to the direction of the
magneti c nonent of a pinned | ayer. Absent any external forces,Tg;
orientation of the magnetic nmonent of the free layer is paralle} et eBeenRepjaced
orientation of the magnetic nonent of the pinned | ayer due to a/ﬂm i
ferromagnetic coupling field due to thg,close proximty of the ) I//II/
free layers. To bias the orientation of the magnetic nonent of the free

| ayer in the desiréd diTheahtthod asclbinsdeni nsE Ghereis the Blectrizally StideEve hat
flows parallel .fo the ABS, in the plane of a conductive |ayer, so as to '

create a cur ABRIeIomagaetic pinRiag Javerls selscied dromp the grewmiinFe, Nibdnl Mg, PiMhg. By
bal anci ng t he§a iM% d fields, the magnetic nonent orientation of the
free |l ayer can be perpendicul ar to the nmagnetic nonent orientation of the
pinned |layer. To get the tunneling sense current to flow parallel to the
ABS in the plane of the conductive |ayer, as opposed to through the | ayer,
a non-conducting 13dyer The methedt & claimed tine claim u3$ uwleereiththe nencanddciie Ng.

| ayer nmakes t urrent.flowin the.plane of the desired | ayer parallel to
the ABS so as‘tkt%g)a%é’gr@'re&fsén?#ed’%Pﬂgﬁlga 8&%@’8 of sufficient nagnitude to
counter bal ance the ferromagnetic coupling field on the free layer. Fig. .11
shows one enbodi nent of the tunnel junction sensor 200 of the present

i nvention which i 38 uddheamethed as chilmed iiBolaim Hoinchulimgcdrineeting theipigndday er

205, [ 210 g 15, f. | a) 220, .an,
i sol a? i 8%”?23@{8?55 %aléﬁﬁfeag ;?or onof th .6srt sI%eFd wl?erm;letl?e ana%lyfeenr'omagnetlc(':jl Smning

layer is non-conductive.

39. The method as _claimed in claim 38 wherein the non-conductive

antiferromagnetic pinning layer made from nickel oxide (NiO).

40.  The method as claimed in claim 34 further comprising:
forming an isolation layer on the free layer:
forming a second shield layer on the isolation layer; and )

- providing a tunneling sense current source for aﬁplying a tunneling sense

current.

41. The method as claimed in claim 40 wherein the first and second shields

are used as electrical leads.

42.  The method -as claimed in claim 34 wherein the barrier layer has a
thickness from 10A to 30A.

43.  The method as claimed in claim 42 wherein the barrier layer is made

from aluminum oxide.
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“second shield layer 82. Also shown are hard bias layers 221. The hard bias

| ayers are used for free layer stabilization. Fig. 12 is ammemhtaﬂeﬂeenmced
of Fig. 11 showing the layers and exenplary desired orient at

magneti c nonent (Merr]) 250 of the pinned |layer 210 and th Jm

nmonment (Merr]) 255 of the free layer 220 in the absence of

field. In this case, the magnetic none2g (Merr]) 250 of ‘the pi nﬁed-+-a'y'e1'—'
210 is downward (4ay diTIRGhéESA as ASTRATHcRith 34 Wikeréil the St dikdtfoR Is Rl | On
of the magneti c nonent (Merr]) 250 being pinned by interfacial exchange
coupl i ng wi tth thedB8dj acent pinning |layer 205. It is generally desirable for
opti mum performance that the orientation of the magnetic nonent (Merr])
255 of the free | ayer 220 be perpendicular to the magnetic nonment (M) 250
of the pinned | ayg 21Q\ fretdd, of ks aRRtgnelid Reddi that BdsSan sir Padritlg! tirfat® t he
ABS). But, it _is apparent, as shown in Figure 12, in the. absence of any
external ma COPPEFIPS. the orientation of the magnetic nmonment (Merr])
255 of the free | ayer

] {;ﬁFm tr].) 250,
as shown at 260, due t%agmgerro&dr?g%lo%&ggup mg%%‘é%ﬂ%&rﬁ}l 51 in the
+y direction. To permit thdomgg&mmmmeleéﬂwdlyrqopdmﬁmtahswhydrhe

preferred direction (i. ﬂﬁﬁﬁ%nﬂ gﬁgtg;or}lggnegg pﬁ%%geiay& on the first shield

- layer;

forming a ferromagnetic electrically conductive pinned layer on
the pinning layer; .

forming a non-magnetic electrically insulating barrier layer on
the pinned layer;
- forming a ferromagnetic electrically conductive free layer on the
barrier layer;

forming an isolation layer on the free layer;

forming ferromagnetic electrically conductive second shield
layer on the isolation layer;

the pinning layer being exchange coupled to the pinned layer so
as to pin the pinned layer magnetic moment of the pinned layer in a first
direction which, in turn, exerts a ferromagnetic coupling field on the
free layer in a first direction,

the first shield layer having an extended portion that extends
beyond said track width of the sensor; and

electrically connecting one of the pinned layer or the pinning
layer to said extended portion of the first shield layer for enabling a
tunneling sense current to flow parallel to the ABS in said one of the
pinned layer or the pinning layer for causing a tunneling sense current
field to be exerted by said one of the pinned layer or the pinning layer

on the free layer in a second direction that is antiparallel to said first
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p\aced )

nmoirent (M err]);250), a magnetic field in the - d|rect|on etmsBee“Y\
generated -to counteract the ferromagnetic coupl | ng fiel

tunnel ing sense current I[err], using spin dependent elgxtro

fl.ows through the tunnel junction sensor 200, parallel tq th W|th the

first and second shield |ayers 80 and f used as leads. In the present

i nvention, the tunnel current |T does not flowin the AFM pinning | ayer 210
because t he pi nning | a;lrreotii&ﬁ&o teuntarbalancethe derrorpagnétie couphing fiekl o thaffree T i s
diverted 256, in the - dlre(ﬁtlon in the pinned |layer 210, to the |ocation
where the pinned Iayer hd the first shield 80 are connected at 201 by

t he shunt 226 (| Writdlié&dh@ﬁ)llomf?k w dt h. area 202) Wil e the current
256 is flowing in the Iane .of . the pinned layer 210 .in the -z direction, a
tunnel i ng sense currenforryng 8 yWifeegap| Jayesend @g@ﬂ%ﬁ%ﬂeﬂa%w%%épﬂéﬂyqo t he

f:ﬁ”gﬁg?ﬁa: g ?ﬂtjgﬂﬁ i § ggl‘;érgngﬁ'[tﬁéé er%roné%%fl c coupling éesﬁlFlgqﬁskggosense
251, the magneti cﬁnntrmstas(al\ﬂi}tﬂﬁépméebh&eﬁmﬁehkaﬂ;andﬂo is located parallel

to the ABS, as shown by the solid, ar he el ectrlc connectjon 201
bet ween the pinned | ay sergnd pe efﬂ“?“?t ayer, on the “Ig on ?faaha‘éi@ﬁ YgUesi de

the track width aF SParddonBSetéd @la BakR g fdtﬁ@ﬁrét?o!e%n&y@nduc'[ ed in the pinned
-l ayer 210 parallel to the ABS and par IeI to the'track wi dth. The anount

of current "IT that flows through the sensor is dependent on the
46.  The method as claimed in claim 45 further comptising:
forming a non-conductive insulation layer on the first shield layer between the
first shield layet- and the antifexromagﬁetic pinning layer in the track VVidfh; and
connecting the antiferromagnetic pinning layer to said extended portion of the

first shield layer wherein the antiferromagnetic pinning layer is electrically conductive.
47.  The method as claimed in claim 46 wherein the electrically conductive
antiferromagnetic pinning layer is selected from the group MnFe, NiMn, IrfMn, PtMn,

CrAlMn and PdMn,

48, The method as claimed in claim 46 wherein the non-conductive

insulation layer is made from alumina (AL;Os).
49.  The method as claimed in claim 45 including connecting the pinned
layer to said extended portion of the first shield wherein the antiferromagnetic pinning

layer is non-conductive.

50. The method as claimed in claim 49 wherein the non-conductive

antiferromagnetic pinning layer made from nickel oxide NiO).

51. The method as claimed in claint 45 further comprising:
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‘retative magnetic directions (Merr]) 250 and (Merr]) ZSM

| ayer and.the free layer. As the tunnel junction sensor 200 @smamwe@n laced
over the magnetic disk 34, the external magnetic fijelds sens \
rotating disk 34 noves the directioon of . 10 magnetic rmmsnmm “ '
of the free |ayer. 220 up or down, chang:,ng the resistance thr

tunnel junction sensor 200. As the magneti c moment (Merr]) 255 rotates up .

fromthe ABS (i.e.proddingon tunneling sénse cupesti sourai foe @applymgothe( thanalingresnse
nonent (I\/[er:ﬁl:‘%r 250), the anmpount -of electron tunnel.ing decreases (i.e., the
resi stance i es). As the magnetic nonent (Merr]) 255 rotates down
toward the ABS (i.e., going toward the sane direction as the magnetic
nonent (Merr]) 250), the anmobunt of electron tunneling increases (i.e., the

resistance decreasys). T théthod ayélsimedun cRith 51 [vdliekdin iife farstahidosieoshd: shieddgh
the sensor 200, the increase and decrease of electron tunneling (i.e.,

i ncrease andiﬂ@@*@asékpﬁmﬁbbﬂktance) are mani fested as potential changes.
These potential changes are then processed as readback signals by the
processing circuitry shown in Fig. 3. The first and second shields 80 and

82 are made from as3condpigd inégolBdseélhited in claim 45 wherein the barrier layer has a
thickness from 10A to 30A.

54.  The method as claimed in claim 53 wherein the barier layer is made

from aluminum oxide. : ' *

55. The method as claimed in claim 45 wherein the first direction is normal
to the ABS. '

/
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~guctH as Permall gy which is Ni[err]Fe[err]. The pinning |ayer_205 i s.mr}-ade of
non-conductive material such as nickel oxide (NNO, having a hmil@lﬁeﬂhphced.

range of 50-150A, preferably 100A. The non-conductive pinning 1 F (.
its magnetic spins oriented in a preferred direction. The pin .
is made froma ferromagnetic materi al sggh as Ni[err]Fe[err]/Co or

Ni Fe/ Co[err]Fe[err]/Co wth a thickness<8f 20-60A, preferably 40A. The

pi nned | ayer 210 is exchange coupled to the pinning |ayer 205 such that the
orientation of the nagnetic nonent of the pinned |layer is in the sane

direction as the magneti BIASING HOR{IRANNERAUNSC TIPEHEAEhe pi nned | ayer 210

isin electrical contact with the first shield 80 by a conductive shunt 226
that is |ocated outside the track wi ABBTRACHA 202 at a | ocation 201. The
track wdth area 202 is defined by the wdth of the ferromagnetic free

| ayer 220.5 Tﬁlﬁlebgrrrckieﬁ skidoe (200) Swily Bk ideh afeadkhigh Hdln6es! & €errdthigdhetic
t hi ckness of 10-30A, preferably 20A. The free layer 220 is nade from

1o PR O YR ol Fanem ol Lered ot gl 1,
T 2 um el BRSSP OB 3% g o R
Shi o1 ds- B0°¥ER (21D B adumes nshon Dk s CRBAER SR opHARLFIgASRE GPTHES The
' nductive in the same direction as the magnetic moment (250) of the i)inned layer (210) which is in

close proximinity to the free layer (220). To bias the magnetic moment (255) of the free

layer (220) in the desired direction, the tunneling sense current (I;) is directed in the plane

of the conductive layer in such a direction parallel to the ABS to create a tunneling sense

éurrent field ant'_iparallel to the ferromagnetic coupling field (251). By balancing these two

opposed fields, the orientation of the magnetic moment (255) of the free layer (220) may

be oriented perpendicular to the orientation of the magnetic moment (250) of the pinned

layer (210).

FIG 12



write head 70 is then fornmed on the tunnel junction read sensor 200 (or
read head 72, - see Fig. 6 or 7). Wiile the above description describes
the construction of one enbodi nent of the present invention, there are
other layers that may be added to i nprove the tunnel junction sensor 200.
To fabricate the tunnel junction 200, the first shield 80 is first :
deposited. Next is the AFM pining Iayer«;pS deposited on the first shield."
A.via or shunt 226 is patterned in the. pining | ayer 205. The  pinned | ayer
210 is deposited on the pinni-ng layer 205, with the pinned |

210'§ﬁ¥ing
cantact with the shijeld 80 in the via 226. junction bargfe )
| ayer 215 is depositled on the pinned | ayer 210. Using a~i ft-off} technique,
the free |l ayer 220 i|s deposited on thes/bagefer | ayer 215. \{he hard bias
| ayer 221 and isol at}jion [ ayer 225 arg tbén depositgg. The s shield 82
I s deposited on the . ‘Electrica [ fromthe
second shield 82 to s to the
pi nned | ayer 210 acr | lel to the
ABS in the pinned |3 he first
shield 80 at 201.
FIG. 1
6/7
g5 FIG. 2
6/7
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Fi gure 13 shows;anot.her enbodi nent of the tunnel junction sensor 230. This
sensor 230 is simlar to the sensor 200 descri bed above but instead of the-
non- conductive antiferronmagnetic pinning | ayer 205, a non-conductive

insul ation |layer 235 is positioned between the first shield 80 and a :
conductive antiferromagnetic pinning |ayer 240. Fig. 14 is an expl oded view
of tunnel junction sensor 230 in Fig. 13/Zhow ng the | ayers and

orientations of the magnetic nonment (Merr]) 250 of the pinned | ayer 210

and the magnetic nmonent (Merr]) the free layer 220. The orientation.
of the magnetic nmonent (M Qned | ayer 210 is in a downward

(+y direction) perpendi NS n of the nmagnetic

nonent (Merr]) 2504 ' e coupling with the
adj acent pi nning .| af , the orientation of

t he magnetic nonen 2204 s perpendicular to
the orientation g the pinned | ayer 210
(i.e., the nomes , in the 12
absence of any e
nmonent (Merr])

116
118
104 116
5(2 64
([ 1
42—




255 of the free_ layer 220 is parallel to the magnetic nonent (Merr]) 250,
as shown at 260, due to a ferromagnetic coupling field (Hefrr]) 251 in the
+y direction. To permt the magnetic nonent (Merr]) 255 to assune .the
preferred direction (perpendicular to the nagnetic nonent (Merr]) 250), a
field in the -y direction nust be generated to counteract the ferronmagnetic
coupling field (Herr]) 251. A tunneliﬂy7sense current IT, using spin
dependent el ectron tunneling, flows through the tunnel junction sensor 230
in the -x direction, parallel to the ABS, with the first and second shield-
|.ayers 80 and 82 used as |eads. "I n_the present ingéntion, the tunnel,
current I T doesqiot flow directly Through the tunnel junction 230. $ince
the insulation Ipyer 235 is non-cofpductive, the thnel current IT i; ;
diverted 258, by duct nt 2282in the i esti-oh
track wdth in the plane of the pinning |ayer 240. Wiile the current 258 is
flowing in the pi rmi ng | a g'240mi,n¢t he - directioR, a tungegiugg‘,sensg
current fielkd (H efr]) 2595 gegermated & tidﬁ&alleﬁ'to t hef :I;yagne i C

e

coupling fi (H ¢rr]) 25). TheZbyéctTic | ¢ ctijon betwgde pi nhi ng
| ayer 240 and tfh ' et BOirs ded at | Ifremté T rom
the track width {area 202 $olft hh e gurrent IT flows paralfl g the ABS .
and parallel tq Yhe trac dt hlim |t h¢ pinning | pXer 240. By ibal §nc] ng the
tunnel i ng sensq ¢gurrent fi €l 11 289 and th Lgrro g qiit coppling
field (Herr]) 2683 -entpyi ¢r] ol the nmagne}{cw
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monment (Merr]) 255 of the free layer 220 is |ocated parallel to the ABS as
- shawn by the solid arrow. The anount of current I[err] that flows through

t he sensor is dependent on the relative magnetic directions (Merr]) 250
and (Merr]) 255 of the pinned layer 210 and the free | ayer 220. As the
tunnel junction sensor 230 is positioned over the magnetic disk 34, the
external nmagnetic fields sensed fromt#Hé rotating di sk 34 noves the :
direction of magnetic nonent (Merr]) 255 of the free |ayer 220 up or down,
changi ng the resistance through the tunnel junction sensor 230, As the
magneti'c moment (Merr]) 255 rotates up fromthe ABS (ile., going toward
the opposite direction of the nmpgaetic mpoent (Merr 50), the anount of
el ectron tunneling decreases (i} e.q eg'em stgnce I ncreases). As the
magnetic noment (Merr]) 255 rgtat®s do towand the ABS (i.e., going
toward the sanme direction as the =gnet¥@\nn \\-(N[err ) 250), the anount
of electron tunneling 13 i ndreasqg 2
the tunnet current IT is condu W WA=
decrease of el ectron tunneling) (i 4giﬁ?!%g;é?§§§§§¥§ -aseiésresistance)

3 Ty ;§$m l.nges,k._.

P-+aSi st pfnce decréases). As
EE‘T BO, the.increase and
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are then processed as readback signals by the processing circuitry shown in
Firg. 3. The insulation |ayer 235 nmay be nmade of alumna (Al[err](err])
havi ng a thickness of 20-60A, with a preferred thickness of 40A. The
pi nning | ayer 240 may be nade of a conductive antiferromagnetic materi al
such as iron manganese (FeM), having a thickness range of 50-150A,
preferably 100A. O her conductive antif gronagnetic materials (AFM such as
ni ckel manganese (N M1), platinum manganese (PtMi), iridi um manganese
(LrM1), chrom um al um num manganese (Cr Al'Mh) or pal | adi um-nanganese (PdMh)
may be used for the pinning |ayer 240. The inductive wite head 70 is then
fornmed on the tunnel junction read-‘sensor 230 (or read head 72, see Fig. 6
ok 7). To fabricate the tunnel junction 230, the first shield 80 is first
deposited. An insulation |ayer 235 is deposited over the first shield 80. A
-via or shunt 226 is patterned in the insulation [ayer 235. Next is_the
pining | ayer 240 deposited on the insulation layer 235 with %Eggprﬁﬂchg
| ayer 240 maki ng % act wtleathe shiel d: 8&" t B3Svi a 296. €. i nned
| ayer 210 is deposited on the [pinning | ayer~¢482 EQQOLIneI junction
barrier |aye s~d&post i | ayef 210. i -

ift:off
t echni que, ﬂﬂr4++*s*L*$QU229—' - } of—ttretbar+1]
N . . cndd;

| 5. - A hard
bi as | ayer

—Tid_sesend
shield 82 i et L =y
, _ i T =215
. 210

L - ' \ ' 255 S 4—go
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201 205 © 2550 202 )
| FIG. 11
(ABS VIEW)

e

b 230
226 27 225 g5

\ ‘ - 259 82
1 . .\ 7 O i
| — N ‘\ )
_"_\ . ﬁ\ . ~——

| 255 - \31 i_'r.-\ao

P
[ R

— \O 250 - 7
201 235 | 202 240
FIG. 13

(ABS VIEW)



on the isolation |layer 225. Electrical current flows fromthe second shield
82 to the free layer 220 and then the current tunnels to the pinned l|-ayer
210 across the barrier 215. Current then flows parallel to the ABS in the
pi nning |layer 240 and the pinned | ayer 210 to the via 226 and finally
reaches the first shield 80 at 201. Cearly, other enbodi nents and

nodi fications of this invention will occur readily to those of ordinary
skill in the art in view of these teachﬁﬁbs. Wil e the description of the
tunnel junction sensor is described in relation to a magnetic disk 14

drive read/wite head, it should understood that in other applications, the
tunnel junction sensor may be used alone or in conmbination with other

devi ces. Therefore, the disclosed invention is to be considered nerely
illustrative and limted in scope only as specifng_Lp t he appended cl ai ns.

- < /.
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-15 - What is clainmed is: 1. A tunnel junction sensor that "has a track
width at an air bearing surface (ABS) conprising: a ferromagnetic
electrically conductive free |ayer; a non-magnetic insulating barrier
| ayer; a ferromagnetic electrically conductive pinned |ayer; the barrier
| ayer being |ocated between the free |ayer and the pinned | ayer; an
antiferromagnetic pinning layer; a ferromagnetic electrically conductive
first shield layer; the pinning |ayer bei®d | ocated between the first
shield |ayer and the pinned [ayer and exchange coupled to .the pinned layer
so as to pin the pinned |ayer magnetic nonent of Rpe pi nned | ayer-in a
first direction, whtch, in turn, exerts a ferronagmetit coupling field on-
the free layer in a first direction; the figst shi®l ¢’l ayer b
"extended portion that extends beyond saidtNack mﬁdyﬁ of th
_one of the pinned | ayer or the pi&ing | ayer \pei ng £l ectri gh
.to said extended portion of the fE¥st shiely
sense current to flow : '\\

255(M7)



parallel to the ABS in said one of the pinned | ayer or the AL ALY ) .
for causing a tunneling sense current field to be exerted b LAEEMENE?SHEET

#1% pi nned | ayer or the pinning |layer on.the free layer in §econd
direction that is antiparallel to said first direction to cou tqrobmjg

the ferromagnetic coupling field on the v ee | ayer. 2. The|t unnel Q_W’
junction sensor as clained in claiml further conprising: ajn

i nsul ati on lotgetationepinged bicexchangssoupling wiﬂeaaimirfgdayenhwd@r@n t jmingng | ayer
and the firgt shield | in the track w.dth: and the .antiterromagnetic
o1 i g | ay ver § misde gt AR o thabrii ot VR PagsRfi pind SrERE At o e ndec
portion of pheferiiled diteciod. IThYE @innefing phendfi@nénBREdctrbH BihidePerflRAGOr as
clainmed in claim2 wherein the electrically conductive antiferronmagnetic

pi nni ng | ayataking the magnetis response ofdhetusnel jmetion segspha funciipn ofthemelatiye :\/h ang'
Pdivh. RE -éﬁg}@yg!; " , ' ' r..as claine
i'n claim?2 \%}er elrnt gl‘;ﬁé}? 1%1% llj(f:htcl’fvﬂée ?%?H%%%“@%%&gn rragig&farngm al um na

(Al [err] ( pinnkd layers. Ideally, the magnetic moment orientation of the pinned layer should be

pinned 90° to the magnetic moment orientation of the free layer, with the magnetic
moment of the free layer being free to respond to external magnetic fields such as
fields from a rotating magnetic disk. In the absence of any external fields acting on
the free layer, the magnetic moment of the dree layer is parallel to the direction of the
pinned layer, due to a ferromagnetic coupling therebetween.

From the above it becomes- appérentﬁthat what is needed is a way of biasing
the magnetic moment of the free layer such that it is normal to the magnetic moment

orientation of the pinned layer in a tunnel junction head in the absence of the external
field.

SUMMARY OF THE INVENTION

According to a first éspect of the invention there is provided a tunnel junction
sensor that has a track width at an air bearing surface (ABS) comprising:

a ferromagnetic electrically éonductive free layer;

a non-magnetic insulating barrier layer; -

a ferromagnetic eiectrically conductive pinned layer;

the barrier layer being located between the free layer and thé pinned layer;

an antiferromagnetic pinning layer;

a ferromagnetic electrically conductive first shield layer;

the pinning layer being located between the first shield layer and the pinned
layer and exchange coupled to the pinned layer so as to pin the pinned layer magnetic
moment of the pinned layer in a first direction, which, in turn, exerts a ferromagnetic
coupling field on the free layer in a first direction; '

the first shield layer having an extended portion that extends beyond said track
width of the sensor; and |




5. The tunnel junction sensor as clained in claim1 wher
| ayer is connected to said extended portion of the ferromag
celectrically conductive first shield | ayer beyond the track
antiferromagnetic pinning layer is non-conductive. 6. Thelt un
junction sensor as claimed in claim5 wherein the non-conducfi {e.
antiferromagnetic pinning |layer is made from ni ckel oxide (N
t unnel j uncoihoef the psmed teyerdrahepitning layeabeing efectrically connegted &

f ti t hiel d..| aye an i.sol.ation
| syer Tone! beidedHridiose BOT SIS e SRating e onting Sish 48 rt3s BOMeyor
and the freﬁaﬂaﬁ&l%the%ds%§M8ﬂdﬂﬁe§ﬁﬁ&?la9éﬁdr%p1ﬁﬁﬁg¢@efRfrc&@éi’ﬁg’hng sai d
tunnel|ng sense current. 8. The tunnel junction sensor as claimed in

claim?7 mheh@nﬁlmmns@mmh@démbe exerted by gaifl lope oﬁthdwmeddﬁycr estheand second

Sensor ag. cPRpede) s S8 R b & oo B Bion tat it Ay Be B seld Bk ness 1 om
10 A to 30 directidn to coilitertbaluned thblfétfdmagﬂeﬁ@&ﬁtplmglﬁel@'oﬂmﬁeé hyet.ai m 9
wherein the barrier | ayer is made from al um num oxi de. The tunnel

junction sensor Ascqringiea seqend pspet of thymvention;theres P@Yldéd rag@egnsici s nor nal
to the ABS. pead assembly that has an air bearing surface (ABS) comprising:

a fead head that includes: :
a tunnel junction sensor that has a track width responsive to applied magnetic

A

.‘

fields;
first and second electrically conductive lead layers connected to the tunnel
junction sensor for conducting a tunnel current through the tunnel junction sensor; the
tunnel junction sensor including:
ferromagnetic electrically conductive first and second shield layers;
an isolation layer;
a ferromagnetic electrically conductive free layer;
the isolation layer being located between the second shield layer and the free
layer; ' |
a non-magnetic electrically insulating barrier layer;
a ferromagnetic electrically conductive pinned layer; -
the barrier layer being located between the free layer and the pinned layer;
an antiferromagnetic pinning layer;
the pinning layer being located between the first shield layer and the pinned
layer and exchange coupled to the pinned layer so as to pin the pinned layer magnetic
moment-of the pinned layer in a first .direction which, in turn, exerts a ferromagnetic -
coupling field on the free layer in a first direction;
the first shield layer having an extended portion that extends beyond said track
width of the sensor; and .
one of the pinned layer or the pinning layer being electrically connected to
said extended portion of the first shield layer for enabling a tunneling sense current to
flow parallel to the ABS in said one of the pinned layer or the pinning layer for

causing a tunneling sense current field to be exerted by said one of the pinned layer or



12. A magnetic head assenbly that has an air bearing surface
conprising: a read head that includes: a tunnel junction sensorf tmM :

strack width responsive to applied nmagnetic fields; -17- firgt fand second
electrically conductive |lead |layers connected to the sensor fo
a tunnel current through the tunnel juﬁ%%Ton sensor; the tunne
sensor including: ferromagnetic electrically conductive first fan
shi el d | ayethe piming kyéraon the fiealayer ina seeondaliteghien that isjaatiparaliel to

free layer; ,the isolation ]ayer heing |ocated.betywae d shield
| ayer and tﬁ?é“%‘f’@io ?"a";}‘é?r;baiﬁnﬁ\‘/fiot#?? 8“%?%‘811% §§ﬁ|°31 t}l%?ﬁ?%&?ﬂg barri er
llayer; a ferromagpefd geadlif@hdihgal | y conductive pinned layer; the barrier

| ayer being |ocated between the free |ayer and the pinned |ayer; an
anti f er r omagnet i firspamchsecond poje piece layers and a write gap layer;

the first and second pole piece layers being separated by the write gap layer at

the ABS and connected at a back gap that is recessed rearwardly in the write-head
from the ABS;

an insulation stack having at leasf first and second insulation layers;

at least one coil layer embedded in the insulation stack; and
the insulation stack and the at least one coil layer being located between the-first and
secdnd pole piece layers.

According to a third aspect of the invention there is provided a magnetic disk
drive that includes at least one magnetic head assembly that has an air bearing surface
(ABS), the disk drive comprising:

aread head that includes:

a tunnel junction sensor that has a track width responsive to applied magnetic
fields; and

first and second electrically conductive lead layers connected to the tunnel
junction sensor for conducting a tunnel current through the tunnel junction sensor; the
tunnel junction sensor including: I

ferromagnetic electrically conductive first and second shield layers; -

a ferromagnetic electrically conductive free layer;

a non-magnetic electrically insulating barrier layer;

a ferromagnetic electrically conductive pinned layer;

the free layer being located between the second shield and the barrier layer
and the barrier layer being located between the free layer and the pinned layer; -

an antiferromagnetic pinning layer;

the pinning layer being located between the first shield layer and the pinned
layer and exchange coupled to the pinned layer so as to pin the pinned layer magnetic
moment of the pinned layer in a first direction which, in turn, exerts a ferromagnetic

coupling field on the free layer in a first direction;



the pinning | ayer being | ocated between the first shield | ayec_and the

pinned | ayer and exchange coupled to the pinned | ayer so as '
:pi nned | ayer nmagnetic nonent of the pinned layer in a first BE?EBGE&ENT SHEET

which, in turn, exerts a ferromagnetic coupling field on the|ffee |layer in
a first direction; the first shield Iay%‘f'havi ng an ext ended p)rgiﬂ) Ut 2001
ext ends beyond said track width of the sensor; and one of th inned | ayer
or the pinning | thedfirstsbield layertuvingeal dxjendedhpertior that extsrdsbeyopdsatdtiagkor T 1 on

i .shield | f bl i. t i ng.
par al el 1 o"idHl SR SRMELAn 956 BT ¥ R e e B EIE R o S Wy or
for causi ngcendebtdd 2 s4d etBAded portionSoTithd fildt hidl@ 18R forhiihgMuimdliigone of
the pinned layer or the pinning |ayer on the free layer in a second

di rection t kense currenttté Pawalatallel todhes AB§ in szid onelpf e pinmed dayer outhe @inning. ance

the ferroma ' lin | el # X gy I ncl udi ng:
first and sgaglgﬁg’?ﬁ%l?sirpgp? 1@@3@]*:%;%}%%3%@& aﬂe\}\(/r? Fotﬂeea%(%eq %{/éﬁrﬂi Bﬁehgﬁﬁlgr st and
second pol epjmned tayedrathe piningJayee pa KRt fesk 1byertil @ ssvohd dirgétjonlthyrds at the ABS
and connected, at a_back E%E that is recessed rearwardly in the w.ite head

from t he ABeptingrelicht sait firshdisection i eapniey balangedhe ferromagnetigepupling fgld -
Insul ation LAWR Bee layer;

a write head including:

e first and second pole piece layers and a write gap layer; T

the first and second pole piece layers being separated by the write gap layer at .
the ABS and connected at a back gap that is recessed rearwardly in the write head
from the ABS;

an insulation stack having at least first and second insulation layers;

at least one coil layer embedded in the insulation stack; and

the insulation stack and the at least one coil layer being located between the
first and second pole piece layers;

a housing; .

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head with its
ABS facing the magnetic disk so that the magnetic head is in a transducing
relationship with the magnetic disk;

means for rotating the magnetic disk;

positioning means connected to the support for moving the magnetic head to
multiple positions with respect to said magnetic disk; and
processing means connected to the rﬁagnetic head, to the means for rotating the - -
magnetic disk and to the positioning means for exchanging signals with said at least
one magnetic head assembly for controlling movement of the magnetic disk and for
controlling the position of said at least one magnetic head assembly. .

According to a féurth aspect of the invention there is provided a method of
rﬁaking a tunnel junction sensor that has a track width at an air bearing surfage (ABS)
comprising:

forming a ferromagnetic electrically conductive first shield layer;



at | east one coil layer enbedded in the insulation stack; and the-
I nsul ation stack and the at |east one coil |ayer being |ocat ] L '
.first and second pol e piece | ayers. -18 - 13. The magnet]i HEET
assenbly as clainmed in claim12 wherein the first and second 4l ectrically
conductive lead layers are the electricadty conductive first {afd S0cA 92001
shield [ ayers. 14. The magneti c head assenbly as clainmed if (jl aim 1[2]

f lﬁrt her -fcormr i Si Migrmifig AW Antiferiehisgrietie pinning layer on theofpmst sield dayel;ocat eo—betweer—
the antiferromagnetic pinning | ayer anq the first.shield |a |.n the track
wi dth; and the afeT¥iag a&FERASNEC ﬂpﬁﬂvaﬂlyqoaéfww@"@%iﬂtylﬂr 8’%\*\%}’ uctive ==
and connect ?#ef‘ sai d extended portion of the first shield |layer. 15. The
magneti ¢ head dssenbly as clainmed in claim 14 wherein the electrically
conducti ve anti f domtinggmnen-magpétioelemri¢adlydnsulating damier dayef ew thetthenegr oup” MhFe,

Ni Mh, IrMh, PtM1, CrAl VMh and Pdih.
layer; :

forming a ferromagnetic electrically conductive free layer on the barrier layer;

the pinning layer being exchange coupled to the pinned layer so as to pin the
pinned layer magnetic moment of the pinned layer in a first direction which, in turn,
exerts a ferromagnetic coupling field on the free layer in a first direction,;

the first shield layer having an extended portion that extends beyond said-track
width of the sensor; and '
electrically connecting one of the pinned layer or the pinning layer to said extended
portion of the first shield layer for enabling a tunneling sense current to flow parallel
to the ABS in said one of the pinned layer or the pinning layer for causing a tunneling
sense current field to be exerted by said one of the pinned layer or the pinning layer
on the free layer in a second direction that is antiparallel to said first direction to
counter balance the ferromagnetic coupling field on the free layer.

According to a further aspect of the invention there is provided a method of
making a magnetic head that has an air bearing surface (ABS) comprising:

forming a tunnel j\ihction sensor that has a track width as follows:

forming a ferromagnetic electrically conductive first shield layer;

forming an antiferromagnetic pinning layer on the first shield layer;

forming a ferromagnetic electrically conductive pinned layer on the pinning
layer;

forming a non-magnetic electrically insulating barrier layer on the pinned
layer; - | : : -

forming a ferromagnetic electrically conductive free layer on the barrier layer;

forming an isolation layer on the free layer;

forming a ferromagnetic electrically conductive second shield layer on the
isolation layer;

the pinning layer being exchange coupled to the pinned layer so as :fo pin the
pinned layer magnetic moment of the pinned layer in a first direction which, in turn,

exerts a ferromagnetic coupling field on the free layer in a first direction;



16. The magnetic head assembly as clained in claim14 wherein the
non- conductive insulation layer is made fromalumna (Al [err] H’EAQEMENT SHEET

iThe magnetic head assenbly as clained in claim212 wherein the aie

is connected to said extended portion of the ferromagnetic eleftfi caI I&/
conductive first shield | ayer beyond thZet+rack wi dth and the UG 2001
antiferromagnetic pinning |layer is non-conductive. 18. The g et ic head
assenbly as cl ai thedirstshivldiayerhavingenekeni&Epdition thaneieids beyond daid track
antiferromagn pi nning layer is made from nickel oxide (N| +he —
magneti c heg’b‘féggﬁtﬂe?m&sa“él aimed in claim12 wherein the barrier I ayer has

' ol i m 19 wher SenTey qoilecing e of EpRBHR bORBRAASERT R Xt® 3% T
The magnet i extemded ptosﬁmniﬂtlye first shield bayer fon endbdinga tannsting eémse chderit ite ﬂbw
RRCAHRE T DN SRS X AT S
tunneling sense current field to be exerted by said one of the pinned layer or the
pinning layer on the free layer in a second direction that is antiparallel to said first
direction to counter balance the ferromagnetic coupling field on the free layer; and
forming a write head as follows:
forming a write gap layer and an insulation stack with a coil layer embedded
therein on the second shield layer so that the second shield layer also functions as a
first pole piece for the write head; and
forming a second pole piece layer on the insulation stack and the write gap and
connected at a back gap to the first pole piece.
The present invention is directed to a tunnel junction sensor that employs the
field generated from a tunneling sense current through one of the layers to
counterbalance a ferromagnetic coupling field exerted on the free layer by the pinned
layer. The ferromagnetib coupling field is parallel to the direction of the magnetic
moment of a pinned layer. Absent any external forces, the orientation of the magnetic
moment of the free layer is unfortunately parallel to the orientation of the magnetlc .
moment of the pinned layer due to their close proximity. For the tunnel junction
sensor to work efficiently, the orientation of the magnetic moment of the free layer
should be perpendicular to the orientation of the magnetic moment of the pinned
layer. To permit a desired orientation of the magnetic moment of the free layer, a
tunneling sense current is provided that flows parallel to the ABS in the plane of a
conductive layer so as to create a current field antiparallel to the ferromagnetic .
coupling field. By balancing these two opposed fields, the magnetic moment

orientation of the free layer



air bearing surface (ABS), the disk drive conprising: a read he
inclydes: a tunnel junction sensor that has a track width regg
-appl i ed magnetic fields; and first and second electrically cdng
| ayers connected to the tunnel junction sensor for conductinf
current through the tunnel junction sensok5- the tunnel junct
I ncl udi ng: ferromagnetic electrically conductive first and ~eoond shlel
| ayers; a fWhatdselgiméed is: el ectrically conductive free layer; [a
electrically insulating barrier |ayer; a ferromagnetic el ec :
conductive pinned layer; the free | ayer being | ocated between the second
Shiefd and e DRGer jubfkRseAldd tial BasdckRiali i Sh ol Céa&ﬁ{csgABg ween
the free layer and th pi nned | ayer; an antifterronmagne p1 nni

t he pi nni ngompyisingbei ng | ocat ed bet ween the first shleld | ayer and the

I nned | ayer and excha he nned |ayer so as to pin the
BI nned | a%er nmadr&yPRe ﬁ%ﬁﬁﬁfwﬁpaﬂ% rﬁu tr%ep ;\%‘?r inafirst direction
which, in turn, agedlhsgrtit HsuiRREbAteFlagaypl ing:field on the free layer in

a first direction;
a ferromagnetlc electrically conductive pinned layer;

g,nm

the barrier layer being located between the free layer and the pinned layer;

an antiferromagnetic pinning layer;

a ferromagnetic electrically conductive first shield layer; - .

the pinning layer being located between the first shield layer and the pinned layer and
exchange coupled to the pinned layer so as to pin the pinned layer magnetic moment of the
pinned layer in a first direction, which, in turn, exerts a ferromagnetic coupling field on the
free layer in a first direction;

the first shield layer having an extended portion that extends beyond said track width
of the sensor; and |

one of the pinned layer or the pinning layer being electrically connected to said
extended portion of the first shield layer for enabling a tunneling sense current to flow
parallel to the ABS in said one of the pinned layer or the pinning layer for causing a
.tunheling sense current field to be exerted by said one of the pinned layer or the pinning
layer on the free layer in a second direction that is antiparallel to said first direétion to i

counter balance the ferromagnetic coupling field on the free layer.

2. The tunnel junction sensor as claimed in claim 1 further comprising;
a non-conductive insulation layer being located between the antiferromagnetic

pinning layer and the first shield layer in the track width: and the antiferromagnetic pinning =

layer is electrically conductive and connects to said extended portion of the first shield layer.

3. | The tunnel junction sensor as claimed ih claim 2 wherein the electrically conductive
antiferromagnetic pinning layer is selected from the group MnFe, NiMn, IrMn, PtMn,
CrAlMn and PdMn.

AR



the first shield | ayer having an extended portion that exteW'
track wdth of the sensor; and one of the pinned |[ayer or thetp I'a E

‘being electrically connected to said extended portion of th irst shiel d
layer for enabling a tunneling sense current to flow parall¢l jt@ ghgu?qgm n
said one of the pinned |layer or the pinnileg | ayer for causifgla tunneling

sense current field to be exerted by said one of the pinned}l ayer—orttre
pi nni ng | agler oheitvnnkel mactiansensdras elameadbinalaiinr2eewhdrein théyadn-§endadtivepar al | el

to said first ir?ction t ounlter. b Iaﬁce the ferromagnetic coupling field
on the freénﬁ“k\?i&ﬂay&rm‘l“géﬂﬁﬁuf‘“@ 28 first and second pol e piece _
| ayers and a wite gap layer; the first and second pol e piece | ayers being

separated by the wite gap layer at the ABS and connected at a back gap
that is re@essedhe&mnahjunétion sensones elined ineladimflrwhereinghe'pinedalayemisul at i on

stack havi @&u%%teld%ggatid ];J'(treﬁéed%)%gtiosneo ed fe&r%?n%!ﬁét{coe ecltr?c}/a?lrysci)nductﬁg %}st shield

layer beyond the track width and the antiferromagnetic pinning layer is non-conductive.

6. The tunnel junction sensor as claimed in claim 5 wherein the non-conductive

antiferromagnetic pinning layer is made from nickel oxide (NiO).

7. The tunnel junction sensor as claimed in claim 1 further comprising:

a ferromagnetic electrically conductive second shield layer;

an isolation layer, the isolation layer being located between the second shield layer
and the free layer; and

a tunneling sense current source for applying said tunneling sense current.

8. The tunnel junction sensor as claimed in claim 7 wherein the ferromagnetic

electrically conductive first and second shield layers are used as electrical leads.

9. The tunnel junction sensor as claimed in claim 1 wherein the barrier layer has a
thickness from 10 A to 30 A. -

10.  The tunnel junction sensor as claimed in claim 9 wherein the barrier layer is made

from aluminum oxide.

11.  The tunnel junction sensor as élairned in claim 1 wherein the first direction is normal - .
to the ABS.

12. A magnetic head assembly that has an air bearing surface (ABS) comprising:
aread head that includes:
a tunnel junction sensor that has a track width responsive to applie&"r.r'lagnetic fields;

AN



=

at | east one coil layer enbedded in the insulation stack; and - ————
i nsyl ation stack and the at |east one coil |ayer being |ocateg Q fMENIeSHEET
. first and second pole piece |layers; a housing; a nagnetic disK dotatably

qg

supported in the housing; a support mounted in the housing foy .umobrAugqgm
the magnetic head with its ABS facing tht7 magnetic disk so thtt t he

magnetic head is in a transducing relationship with the magnetic di sK;
nmeans for rot at fifg alidsecombeledtiicallyi DK dudnios ldad Gayengeommested wahe idnhe
support for noving the magnetic head to nultiple positions with respect to —
sai d nmagnetensordpr gondagting# wand surrgnt fuongh @’Gr“‘l‘g’@f chiop ’Eel‘i‘§°rrrﬁﬂ'§ﬁ'é‘ﬂrf Jyneliegn ¢ o

t he nmeans . i ng the magnetic disk and to the positioning neans for
exchangi nggégl%%ﬁl]g{’_@&f\ﬂgth said at | east one magnetic head assenbly for

control li ng novfmonagnétic dlectrieadiyeonductive kirshantl sesond shelddayersag t he position

of said at |east pne magnetic head assenbly. 23. The magnetic disk drive

as clained in cPrhISHBON @€ ein t he processing means is connected to the

first and secongférﬁﬁ,gaén@ty@élgctﬁ@‘ﬂly%ghly&wgﬁregqadytehlnnel i ng sense current, to
t he sensor.

the isolation layer being located between the second shield layer and the free layer;

a non-magnetic electrically insulating barrier layer;

a ferromagnetic electrically conductive pinned layer;

the barrier layer being located between the free layer and the pinned layer;

an antiferromagnetic pinning layer;

the pinning layer being located between the first shield layer and the pinned layer and
exchange coupled to the pinned layer so as to pin the pinned layer magnetic moment of the
pinned layer in a first direction which, in turn, exerts a ferromagnetic coupling field on the
free layer in a first direction;

the first shield layer having an extended portion that extends beyond said track width
of the sensor; and

one of the pinned layer or the pinning layer being electrically connected to said
extended portion of the first shield layer for enabling a tunneling sense current to flow
parallel to the ABS in said one of the pinned layer or the pinning layer for causing a
tunneling sense current field to be exerted by said one of the pinned layer or the pinning -
layer on the free layer in a second direction that is antiparallel to said first direction to
counter balance the ferromagnet_ic coupling field on the free layer;

a write head including:

first and second pole piece layers and a write gap layer;

the first and second pole piecé layers being separated by the write gap layer at the A
ABS and connected at a back gap that is recessed rearwardly in the write head from the
ABS;

an insulation stack having at least first and second insulation layers;

at least one coil layer embedded in the insulation stack; and

the insulation stack and the at least one coil layer being located between the firstand - - . R

second pole piece layers.

- * C L M S *



24. The magnetic disk drive as clained in claim23 wherein tf r ' —
means applies said tunneling sense current. 25. The magnet i E@Amlf%ﬁ’fﬂ

.as clained in claim22 wherein the first and second el ectricaljl y} conducti ve
lead | ayers are the electrically conductive first and second dghilel2i0l AY6r 2003
26. The magnetic disk drive as clainmedi8r claim?22 further donprising: a

non- conductive insulation |layer is |ocated between the antiferjronagnerrc

pinning |ay@ anthelrifmklié Abadusicpitily hdlginddin tiadn 112 adhiereth teHfirs
anti ferrorra@gqn;et_l ¢ pinning | ager is electrically conductive and connects to
sai d ext enciietinicatly icondustive lead iayerstare the elegtrically ponducti vefispand\gerandsiigid - 01
27. The Qtic disk drive as clainmed in claim 26 wherein the

el ectrical Iri&%cdnduct ive antiferromagnetic pinning |layer is selected from
the group MnFe, N M1, IrMh, Ptih, CrAl M and PdWh.

14. - The magnetic head assembly as claimed in claim 12 further comprising;

—

- a non-conductive insulation layer being located between the antiferromagnetic
pinning layer and the first shield layer in the track width; and
the antiferromagnetic pinning layer is electrically conductive and connects to said

extended portion of the first shield layer.

-

15. - The magnetic head assembly as claimed in claim 14 wherein the electrically
conductive antiferromagnetic pinning layer is selected from the group MnFe, NiMn, IrMn,
PtMn, CrAlMn and PdMn.

16.  The magnetic head assembly as claimed in claim 14 wherein the non-conductive

insulation layer is made from alumina (Al O3).

17. The magnetic he_éd assembly as claimed in claim 12 wherein the pinned layer is
connected to said extended portion of the ferromagnetic electrically conductive first shield

layer beyond the track width and the antiferromagnetic pinning layer is non-conductive.

18.  The magnetic head assembly as claimed in claim 17 wherein the non-conductive

antiferromagnetic pinning layer is made from nickel oxide (NiO).

19.  The magnetic head assembly as claimed in claim 12 wherein the barrier layer hasa
thickness from 10 A to 30 A.

20.  The magnetic head assembly as claimed in claim 19 wherein the barrier layer is made

from aluminum oxide.

21.  The magnetic head assembly as claimed in claim 12 wherein the first direction is
normal to the ABS.

* c L | - &



28. The magnetic disk drive as clainmed in claim 26 V\/nerei"ﬁEtw -
@EMENT SHEET

non- conductive insulation |ayer is made from al um na (Al[er

.The magnetic disk drive as claimed in claim22 wherein the]piinned layer—}
connects to said extended portion of the ferromagnetic ele triQa?Ilug |
conductive first shield |ayer and the antl%-erromagnetic pi finfng [ayer %g
non- conducti ve. 30. The magnetic disk drive as clained i rarmr2e
wher ei n t heonon-£ epgheid disk @bid therindodegaeleast one nagnetid liepd mgsembimpthat asem
ni ckel oxide (NiO. 31. The magnetic disk . drive as clainmed in clarm
wher ei n t hetithgering punfapg §ABRh dhedisk diygeuprsingm 10 A to 30 A 32.  The
magnetic di sk drj I: Jh claim31 wherein the barrier layer is
made from al um ndurég%%éagghﬁé@agdé%he magnetic disk drive as clainmed in claim
22 wherein the fdtusiel iriction semsor thatrhas atack width eesp@®Bivesto. applicd megnetig fislds;
maki ng a tunnel junction sensor that has a track width at an air bearing
surface (AI?!J)i conprising: formng a ferromagnetic electrically conductive
first shield | aygt; aiQeoindQlficANy chRiucQUSREE laysrsRbfidcha tb Fetinne] jitiohi 1 st
shield layer; formng a ferromagnetic electrically conductive pinned | ayer
on the pi nrsenspr faryenducting a tunnel current through the tunnel junction sensor; the tunnel junction

sensor including:

ferromagnetic electrically conductive first and second shield layers;

a ferromagnetic electrically conductiv_e free layer; R

a non-magnetic electrically insulating barrier layer,

a ferromagnetic electrically conductive pinned layer;

the free layer being located between the second shield and the barrier layer and the
barrier layer being located between the free layer and the pinned layer;

an antiferromagnetic pinning layer;

the pinning layer being located between the first shield layer and the pinned layer and
exchange coupled to the pinned layer so as to pin the pinned layer magnetic moment of the
pinned layer in a first direction which, in turn, exerts a ferromagnetic coupling field on the
free layer in a first direction;
the first shield layer having an extended portion that extends beyond said track width of the
sensor; and

one of the pinned layer or the pinning layer being electrically connected to said
extended portion of the first shield layer for enabling a tunneling sense current to flow
parallel to the ABS in said one of the pinned layer or the pinning layer for causing a
tunneling sense current field to be exerted by said one of the pinned layer or the pinning
layer on the free layer in a second direction that is antiparallel to said first direction to
counter balance the ferromagnetic coupling field on the free layer;

a write head including:

first and second pole piece layers and a write gap layer; _

_ - the first and second pole piece layers being separated by the write gap layer at the
ABS and connected at a back gap that is recessed rearwardly in the write head from the
ABS;

an insulation stack having at least first and second insulation M
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form ng a non-magnetic electrically insulating barrier | ayerlioﬂ ~tRe.pinned
llayer; formng a ferromagnetic electrically conductive free lla
‘barrier layer; the pinning |ayer being exchange coupled to tHe [pt m»,ewaT

so as to pin the pinned | ayer magnetic nonent of the pinned lfaye
first direction which, in turn, exerts a 4%rronmagnetic couplin g@lﬁaﬁrﬂ]ﬂ'
the free | ayer |naf|rst dlrectlon -22- the first shield hawnq
an ext ended port@tdwstmcoéﬂ@mdmbmmtm“@lamoasmwwﬂh of fhe sensor;

electrically co nned | a t ni.n

sai d extended pgtrﬂgl onﬁgPR?%%l?ﬁ(#tggaﬂﬁ?%%e 4 gyer }nggﬂgtﬁﬁhrgw e“t% ﬁ‘é‘f‘ aﬁﬂj
sense curr esetoridpdlé pisceRyas] el to the ABS in said one of the pinned |ayer
or the pinning layer for causing a tunneling sense current field to be

exerted by said SBE; t he pinned | ayer or the p| nni ng Ia%/er ondt he free
| ayer in a seco ﬁﬂ%i I fo said first direction to
count er bal ance@ﬁg@ éﬁ?&i&%ﬁﬁ% %ycéuég |lﬁg{ 31{0 ®on the free | ayer. 35.

The nmet hod as clasuppokt imouated llmtlx’&410ﬁsing fbirsuppummg thie Afignetic head with its ABS
facing the magnetic disk so that the magnetic head is in a transducing relationship with the
magnetic disk;

means for rotating the magnetic disk;

positioning means connected to the support for moving the magnetic-head-to multiple
positions with respect to said mé.gnetic disk; and

processing means connected to the magnetic head, to the means for rotating the
magnetic disk and to the positioning means for exchanging signals with said at least one
magnetic head assembly for controlling movement of the magnetic disk and for controlling

the position of said at least one magnetic head assembly.

23.  The magnetic disk drive as claimed in claim 22 wherein the processing means is
connected to the first and second lead layers for applying the tunneling sense current to the

sensor.

24.  The magnetic disk drive as claimed in claim 23 wherein the processing means applies -

said tunneling sense current.

25.  The magnetic disk drive as claimed in claim 22 wherein the first and second

electrically conductive lead layers are the electrically conductive first and second shield
layers. - . : =

26.  The magnetic disk drive as claimed in claim 22 further comprising:

a non-conductive insulation layer is located between the antiferromagnetic pinning
layer and the first shield layer in the track width; and

the antiferromagnetic pinning layer is glgcqically conductive and connects to said

extended portion of the first shield layer.
—’_‘f’/
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form ng a non-conductive insulation layer on the first shiel d|REPEA Hﬁ EET

the first shield | ayer and the antiferromagnetic pinning |aye
W dth; and connecting the antiferromagnetic pinning |ayer to $ald_.extended
portion of the first shield |ayer whereip the antiferromagnet{c p?rﬁiiwﬁ 2001
| ayer is electrically conductive. 36. ~“9he nethod as clained]if_¢laim35

wherein the electrically conductive antiferromagnetic pi nni.qr:ﬁ | ayer is
sel ected 2%m tHee magnetic Kiskelrivaiasplainiadyn clafm 98 wherein the elerir lyreoductive The

met hod as glained in.claim er e - [ ' ' | ayer
is made frBINAITRISRENT Y inlgﬁ?yea g Féfg}’dt@§1 &%Wﬁoﬁﬁg{é%ﬁaﬁ rrﬂ\%)g‘D inclaim
34 i ncl udi geaAdENERICRdNEE. t he pinned | ayer to said extended portion of the
ferromagnetic electrically conductive first shield | ayer wherein the
antiferromagnetic pinning |layer is non- conductive. 39. The met hod as
clainmed i | ai ' 5 ; i RN i nni ng

| ayer is %gc:]e fﬂ%ﬁ%ﬁélﬁis&ﬁl gag%al(]i ggﬁm@rﬂﬁnﬁlﬁ% as cl g&l:tﬁveeg in claim
34 f urt herinswatiorn lyerds nmfade fiomplaminagAlddi)on | ayer on the free | ayer: ‘
form ng a second shield |layer on the isolation |ayer; and

29.  The magnetic disk drive as claimed in claim 22 wherein the pinned layer connects to
said extended portion of the ferromagnetic electrically conductive first shield layer and the

antiferromagnetic pinning layer is non-conductive. S .

30.  The magnetic disk drive as claimed in claim 29 wherein the non-conductive

antiferromagnetic pinning layer is made from nickel oxide (NiO).

31.  The magnetic disk drive as claimed in claim 22 wherein the barrier layer has a
thickness from 10 A to 30 A.

32.  The magnetic disk drive as claimed in claim 31 wherein the barrier layer is made

from aluminum oxide.

" 33.  The magnetic disk drive as claimed in claim 22 wherein the first direction is normal -
to the ABS.

34. A method of making a tunnel junction sensor that has a track width at an air bearing
surface (ABS) comprising:
forming a ferromagnetic electﬁcally conductive first shield layer; : -
forming an antiferromagnetic pinning layer on the first shield layer;
forming a ferromagnetic electrically conductive pinned layer on the pinning layer;
forming a non-magnetic electrically insulating barrier layer on the pinned layer;
forming a ferromagnetic electrically conductive free layer on the barrier layer;'
the pinning layer being exchange coupled to the pinned layer so as to pin the pinned. . ...

layer magnetic moment of the pinned layer in a first direction which, in turn, exerts a

ferromagnetic coupling field on the free layer in a first direction;
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-23 - providing a tunneling sense current source for applyin
41. The nmethod as clainmed in claim40 wherein the ferromag eRERLA

GEMENT SHEET

.electrically conductive first and second shield |layers are u
el ectrical |eads. 42. The met hod as clainmed in cIa|m34whr ?QR
barrier |ayer has a thickness from10 A-24-30 A. 43.  The ngt fjof &8s UG 2001
claimed in claim42 wherein the barrier layer is nade from afums .
44, The met hothedersicdhixldviagten havinganrexSadedportiom thahexténdsdieyond said rack wsith

normal to t?‘i‘SABS 45, A met hod of making a nmagnetic head that ras—ef—ait_|

bearing suf EPBRBE onprising: forming a tunnel junction sensor that has
a track width aElef:t?i'cﬁW‘&mnE&fn@o% of tHePiMRTARE bt the Pirfifing Ia ?@ﬂ tb ¥aid QREEAAE] Ve
first shield |layer; formng an antiferromagrietic pinning layer on the first
shi el d | aypertion of the first shiel layer for enabling a tunneling sense current to ﬂow parallel to the

ABS in said one of the pinned layer or the pinning layer for causing a tunneling sense

current field to be exerted by said one of the pinned layer or the pinning layer on the free

layer in a second direction that is antiparallel to said first direction to counter balance the

ferromagnetic coupling field on the free layer.

35.  The method as claimed in claim 34 further comprising: A
forming a non-conductive insulaﬁon layer on the first shield layer between the first
shield layer aﬂd the antiferromagnetic pinning layer in the track width; and
connecting the antiferromagnetic i)inning layer to said extended portion of the first

shield layer wherein the antiferromagnetic pinning layer is electrically conductive.

36.  The method as claimed in claim 35 wherein the electrically conductive
antiferromagnetic pinning layer is selected from the group MnFe, NiMn, IrMn, PtMn,
CrAlMr and PdMn.

37.  The method as claimed in claim 35 wherein the non-conductive insulation layer is
made from alumina (Al; O;).

38.  The method as claimed in claim 34 including connecting the pinned layer to said
extended portion of the ferromagnetic
electrically conductive first shield layer wherein the antiferromagnetic pinning layer is non- )

conductive.

39.  The method as claimed in claim 38 wherein the non-conductive antiferromagnetic

pinning layer is made from nickel oxide (NiO).

40.  The method as claimed in claim 34 further comprising:

forming an isolation layer on the free layer: W‘\\\\\\\“\\\\\

forming a second shield layer on the isolation layer; and
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formng a ferronagnetic electrically conductive pinned | ayer HEPB@C&MB@E%EET

| ayer; form ng a non-magnetic electrically insulating barrier

—

-pinned layer; fornming a ferromagnetic electrically conductive reff | ayer on
the barrier layer; formng an isolation |Layer on the free | aye AUSy2001
ferromagnetic electrically conductive seédnd shiel d | ayer on ft .sol ation

—_

| ayer; the pinning | ayer being exchange coupled to the pinnedq | ayer so as
to pin the pinnerbvidiyga tunaglieg seosewunent saufcet forapplyingd tiznelng i

direction which, in turn, exerts a ferromagnetic coupling field on the free
layer in a first direction; the first shield |ayer having an extended

portion thay extgadmiyg '&Flmﬁéd th d14iB140 Whetei tRé ferfvenapaatiddlectdbdlly conductive

electrlcally connecting one of the pinned |ayer or the pinning layer to
sai d ext endiesd apd;semn«hslueldtlmrsarcyse£a$| eld layer for enabling a tunneling
sense curre t toflow parallel to the ABS in said one of the pinned |ayer
or the pi nfi (f’)]alﬁ *for causing a tunneling sense - 24-

42.  The method as claimed in claim 34 wherein the barrier layer has a thickness from 10

Ato30A.

43.  The method as claimed in claim 42 wherein the barrier layer is made from aluminum

oxide.
44, The method as claimed in claim 34 wherein the first direction is normal to the ABS.

45. A method of making a magnetic head that has an air bearing surface (ABS)
comprising:

forming a tunnel junction sensor that has a track width as follows:

forming a ferromagnetic electricaliy conductive first shield layer;

forming an antiferromagnetic pinning layer on the first shield layer;

forming a ferrorhagnetic electrically conductive pinned layer on the pinning layer;

forming a non-magnetic electrically insulating barrier layer on the pinned layer;

forming a ferromagnetic electrically conductive free layer on the barrier layer;

forming an isolation layer on the free layer;

forming a ferromagnetic electrically conductive second shield layer on the isolation
layer; )

the pinning layer being exchaﬁge coupled to the pinned layer so as to pin the pinned
layer magnetic moment of the pinned layer in a first direction which, in turn, exerts a
ferromagnetic coupling field on the free layer in a first direction;

the first shield layer having an extended portion that extends beyond said track width
of the sensor; and

electrically connecting one of the pinned layer or the pinning layer to said extended
portion of the first shield layer for enabling a tunneling sense current to flow parallel to the

ABS in said one of the pinned layer or the pinning layer for causing a tunneling sense
—_— T
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current field to be exerted by said one of the pinned layer o

|l ayer on the free layer in a second direction that is antipar

«first direction to counter bal ance the ferromagnetic couplin

and formng a wite head as follows: formng a MWIthé?ap | ayer
]

BeAUG D

sla first poe

free | ayer; _
and an insulation stack with a coil |aye24enbedded therein o
shield layer so that the second shield | ayer al so functions
pi ece for tcherenrfididtdtanekertedibly Said Omdkﬁfdthe pmﬁwmygtﬂrehd)plgﬁm )|
i nsul ation _stack and the wite gap and_connected at a bac

pol e- pi ece 12¥e51n a sepud digeahign thig iansiparatielitp saig £rffhdrrsctfqy1rt9ﬁevnt@rdmhncg.t 2k

he plnnlng

(g}

$HEET

formng a W&%rﬁ%ﬁ\@ﬂ%éﬁb‘ﬁn lﬁgﬁj&tﬂlg@rg Lo the first shield layer bet ween

the first shiel

ayer

ant i er rhagnetlc pi nning layer in the track

wi dt h; and conné’mtmngatvhﬁehcmila&é‘mlimgnetlc pi nning |l ayer to said extended
portion of the first shi

| ayer

wherein t h%n%@febéﬁ@ﬁhél& l@@ﬁéﬂlﬁ&t‘ t}i@se%ﬂﬁd §lﬁélEl
selected fromthe group MiFe, Ni Mh

met hod as &rdhewaite kead) aidm 46 wher ei n the non- conductive insul ation |ayer

S

forming a second pole piece layer on the insulation stack and the write gap and

connected at a back gap to the first pole piece.

46.  The method as claimed in claim 45 further comprising;

forming a non-conductive insulation layer on the first shield layer between the first
shield layer and the antiferromagnetic pinning layer in the track width; and

connecting the antiferromagnetic pinning layer to said extended portion of the first

shield layer wherein the antiferromagnetic pinning layer is electrically conductive.

47.  The method as claimed in claim 46 wherein the electrically conductive
antiferromagnetic pinnin;; layer is selected from the group MnFe, NiMn, IrtMn, PtMn,
CrAIMn and PdMn.

48.  The method as claimed in claim 46 wherein the non-conductive insulation layer is
made from alumina (Al, O;).

49.  The method as claimed in claim 45 including connecting the pinned layer to said
extended portion of the ferromagnetic electrically conductive first shield layer wherein the

antiferromagnetic pinning layer is non-conductive.

50.  The method as claimed in claim 49 wherein the non-conductive anti ferromagnetic

pinning layer is made from nickel oxide (NiO).

51.  The method as claimed in claim 45 further comprising:

providing a tunneling sense current source for applying the tunneling sense current.

S
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made fromalumna (A f[err] (err]). 49. The nethod as cl ai med in_cl ai m45
i ncludi ng connecting the pinned | ayer to said extended portion f’qq p
ferromagnetic electrically conductive first shield | ayer wherei n-,E(—l:
antiferromagnetic pinning |layer is non-conductive. 50. The _
piZnBi AUG 2091
din claim

clainmed in claim49 wherein the non-condudlive antiferromagnetifc

| ayer is nade from ni ckel oxide (NiO. 51. The net hod as cl aij

45 further ¥onprThe methogaoelaitiedgn alaim 5 evliersin senferomugrctioteleetritailg conductive
applying t unnel i S e current. -25- 52, The met hod ined
inclaim 52&#1 ﬁﬁO@%@q?‘gﬁymwﬁesslﬁ@efﬁil 81y conductive first and
second shield |layers are used as electrical |eads. 53. The net hod as
claimed in claima45 wherein the barrier |ayer has a thickness from1l0 Ato

30 A 54. 53The Theitheitiodias Jaiieddnl claim 46 avherdin thetbarnisrlayeh badathickmesd fagrrr 0i s
made from aA%’@(pgr.n oxi de.

54.  The method as claimed in claim 53 wherein the barrier layer is made from aluminum

oxide.

55.  The method as claimed in claim 45 wherein the first direction is normal to the ABS.

|
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55. The nmethod as clainmed in claim45 wherein the first di
normal to the ABS.
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BIASING FOR TUNNEL JUNCTION HEAD
ABSTRACT

A tunnel junction sensor (200) with a track width area which balances a ferromagnetic
coupling field (251) with an opposed tunneling sense current field (257) generated by a
tunneling sense curent(l) to achieve biasing of the magnetic moment (255) of the free
layer (220) in a tunnel junction head. The ferromagnetic coupling field (251)-is generated
in the same direction as the magnetic. moment (250) of the pinned layer (210) Wwhich is in
close proximinity to the free layer (220). To bias the magnetic moment (255) of the free
layer (220) in the desired direction, the tunneling sense current (I,) is directed in the plane
of the conductive layer in such a direction parallel to the ABS to create a tunneling sense
current ﬁeld antiparallel to the ferromagnetic coupling field (251). By balancing these two
opposed fields, the orientation of the magnetic moment (255) of the free laver (220) mav
be oriented pefpendic;llé; to the orientation of the magnetic moment (250) of the pinned

layer (210).

FIG 12




