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MAGNETI ZATI ONS OF PI NNED AND FREE LAYERS OF Fezupi N
\/ALVE SENSOR SET BY SENSE CURRENT FI ELDS - _ BA ND
OF THE | NVENTI ON 1. Field of the Invention The present
i nvention relates to a sel f-biasing nmagngt or esi stive spin valve sensor that
does not require an antiferromagnetic |layer for pinning the magnetization
of a pinned layer, but, in contrast, enploys fields fromthe sense current

to pin the fmagneti zation of the nned | a and unb| as the magnet i zation
of the free I ayer. MAGNETIZAEIONS OF BINNED ANRERERLAYERS ' A'cpin
val ve sensor i SOR A SRINoY AkGh SEN MET&YI\‘]EN%E@%RWT Elgld?fpl oyed by
a read head for sensing magnetic fields on a noving magneti c medi um such
as a magnetic disk or a magnetic tape. A spin valve sensor includes a

non- magneti c conductive | BACKGROEUNIRUETHRINVENTIONas a spacer |ayer,
that is sandw ched between first and second ferromagnetic |ayers. The first
ferromagnetic | alser iEield ob theInwentignt 0 as a "pinned | ayer" and the second
ferromagnetic I lso calle

bre connect ed t ofiharSeR el a6 (5feik BiShe; mRyldbe Rl SR Vs

sensor that does not require an antiferromagnetic layer for pinning the magnetization
of a pinned layer, but, in contrast, employs fields from the sense current to pin the
magnetization of the pinned layer and unbias the magnetizatibn of the free layer.

2. Deséription of the Related Art

A spin valve sensor is a type of magnetoresistive (MR) sensor that is employed
by a read head for sensing magnetic fields on a moving magnetic medium, such as a ah
magnetic disk or a magnetic tape. A spin valve sensor includes a nbn—magnetic
‘conductive layer, hereinafter referred to as a spacer layer, that is sandwiched between
first and second ferromagnetic layers. The first ferromagnetic layer is also re_ferred
to as a "pinned layer" and the secon‘d ferromagnetic layer is also called a "free layer".
First and second leads are connected to the spin valve sensor for conducting a sense
current therethrough. The magnetization of the first ferromagnetic layer is pinned 90°
to the magnetization of the second ferromagnetic layer, and the magnetization of the
second ferromagnetic layer is free to respond to external magnetic fields. 'fhe,
thickness of the spacer layer is chosen to be less than the mean free path of
conduction of electrons through the sensor. With this arrangement, soﬁe of the
conduction electrons are scattered by the interfaces that the spacer layer shares with
the pinned and free layers. When the magnetizations of the pinned and free layers are
parallel with respect to one another, scattering is minimal. Scattering is highest when
the magnetizations of the pinned and free layers are antiparallel. The amount of
scattering changes the resistance of the spin valve sensor proportional to cos 6, where
0 is the angle between the magnetizations of the pinned and free layers. A spin valve

sensor has a significantly higher magnetoresistive (MR) coefficient than an anisotropic
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read head is typically conbined with an inductiv&ewr i.te head to

separate layer which serves as the first pole piece for the write head. In a magnetic
disk drive an air bearing surface (ABS) of the combined head is supported adjacent
a rotating disk to write information on or reéd information from the disk. Information
is written to the rotating 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 spin valve sensor changes proportionally to the magnitudes of the magnetic fields

- . from the rotating disk. When the sense current is conducted through the spin valve -

sensor the resistance changes cause botential changes that are detected and processed
as playback signals. s ' i

The magnetization of the first ferromagnetic layer is typically pinned by
exchange coupling with an antiferromagnetic layer. The antiferromagnetic layer may
be constructed from a group of materials which include FeMn, NiMn and NiO. The
blocking temperatures of these materials falls in a range from 160° to 200°. Blocking
temperature is the temperature at which the magnetic spins within a material lose their
orientation. When the blocking temperature of the antiferromagnetic materiél is
exceeded the spins of the antiferromagnetic layer lose their orientation causing the first

ferromagnetic layer to no longer be pinned. Unfortunately, the aforementioned

-blocking temperatures can be easily exceeded by electrostatic discharge (ESD) or

electrostatic overstress (EOS) during fabrication, testing or operation in a disk drive.
ESD can ruin the spin valve sensor, while EOS can reduce its efficiency. Another
problem with the prior art antiferromagnetic layer is that it shunts a portion of the

sense current thereby reducing the efficiency of the sensor.
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forma conbi ned head. The conbi ned head may have the structure of either a
mer ged head, or a piggyback head. In a nerged head the second shield serves
as a shield for the read head and as a first pole piece for the wite head.
A piggyback head has a separate layer which serves as the first pole piece
-for the wite head. In a magnetic disk drive an air bearing surface (ABS)
of the conbined head is supported adjacent a rotating disk to wite
information on or read information fromthe disk. Information is witten to
the rotating di sk by magnet SEMMARY QR HREINVENTION,ss a gap bet ween the
first and second l: ks t ' : cbm
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exceeded by, gl&et L\Qﬁlﬁ(ﬁft e CUaREHIALIE o E%ng rdgﬂ%?éiﬁ%ﬁaﬁtﬁie k&d b ¥fie ( ECS)

during fabricatid esting or ~operation i rrve. can rurn the
spi n val ve fenkger, byt ginhédSlayeann Theldefiagretization field onythe Areetliysr fromithem
with the prior art antiferronagnetic layer is that it shunts a portiop of
the sense cRipped layemisamthe crdercoingl Ogevianthe isensoy in centered betyeesn first an

second shield layers. A typical sense current for a spin valve sensor is 6 mA which

can produce a sense current field of 10-12 Oe. Accordingly, the sense current field
is not strong enough to balance the demagnetization field induced on the free layer.
The present invention employs first and second flux guides adjacent first and
second edges of the spin valve layers, these edges being parallel to the ABS.
Accordingly, the first flux guide will form a portion of the ABS, the spin valve sensor
is on top of the first flux guide and the second flux guide is on top of the spin valve
sensor. The flux guides reduce the magnetic pole strength at the bottom (ABS) and
top edges of the pinned layer, thereby reducing the demagnetizing field produced by
it to near zero. The only other fields that have to be dealt with are ferromagnetic
coupling fields between the pinned and free layers. This field is on the order of 10-12
Oe which is conveniently comparable to the field from the sense current.
Accordingly, by selectihg the direction of the sense current, the sense current field
from the free layer will add to the ferromagnetic coupling field of the pinned layer
to pin the pinned layer; and the sense current field from the pinned layer will

counterbalance the ferromagnetic field on the free layer so that it is free to rotate
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SUWARY OF THE | NVENTI ON Accordi ng to one aspect of the present
finvention there is prOV|ded a self- b|a5|ng magnet oresi stive (MR) spin
val ve sensor for use in a nmagnetic head having an air bearing surface
(ABS), conprising: first and second feripmagnetic |ayers and a non-
magneti c conductive spacer |ayer, each of the first and second
ferromagnetic Iayers and t he spacer Iayer havi ng first and second edges

it o 2 GBEAR A Bhlchela 7 3 ABRIALAN The SR bR,
sandwi chedehploye eméﬁsescheméé fansbtafp e idesiteRee  sueh lad Warying fthe ick-
nesses of the pinned, spacer and free layers and selecting the amount of sense current.

An object of the present invention is to provide a self-biasing spin valve sensor
which obviates the need for an antiferromagnetic layer for pinning the magnetic
moment of the pinned layer

Another object is to provide a self-biasing spin valve sensor which employs
the fields from the sense current to establish the orientation of the magnetizations of
the pinned layer and the free layer.

A further object is to provide a self-biasing spin valve sensor which has
increased sensitivity because of minimal shunting of the sense current.

Other objects and attendant advantages of the present invention will become
apparent upon reading the following description taken together with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a planar illustration of a magnetic disk drive;

Fig. 2 is a view taken along plane II-II of Fig. 1;

Fig. 3 is an elevation view of the magnetic disk drive of Fig. 1;

Fig. 4 is a view taken along plane IV-IV of Fig. 2;

Fig. 5 is an isometric illustration of a priot art spin valve sensor;

Fig. 6 is a view taken along plane VI-VI of Fig. 5;

Fig. 7 is an isometric illustration of one embodiment of the present spin valve
sensor;

Fig. 8 is a view taken along plane VIII-VIII of Fig. 7;

Fig. 9 is an exploded isometric illustration of the pinned layer, free layer and
spacer layer of the spin valve sensor shown in Fig. 8 without the leads and flux
guides;

Fig. 10 is an isometric illustration of another embodiment of the present spin

valve sensor;
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and second | eads electrically connected to.the third and fourth edges
respectively of the first and second ferromagnetic [ayers and the spacer
| ayer for conducting a sense current- therethrough; the first and second
ferromagnetic | ayers being nagnetically $oupled so that a ferromagnetic
coupling field (Herr]) is produced in each of the first and second
ferromagnetic | ayers; the second ferronmagnetic |ayer having a stray
dermagneti zation _field HDEMAG . which is in ddpto.the first ferromagnetic
| ayer; first anoPl§e§i)h§jafqu.YY<%<§ﬁia§°é’§; aﬁﬂ%ﬁ%@ ?ﬁfﬁ t IP’I ux gui de being
magnetical |y coupbed ti9 ahNSorhéttic lexpliied iRfisttation| cfythe Jayerdf the spiacwilvk f | ux
gui de being nmagnetically coupled to the second edges of the layers for
reduci ng t resnsorghowd i tRigyl ldwithguicthe deads gnd dlux) gnideseVAG in the first

ferromagnetic l@ayer,to su n, ext e . |
conducted a sen ég-cﬁﬁ Fefit eﬁﬁg?ﬁi ISPF‘CG?%E? g@?%&%?ﬁb@r%&ﬁ%ﬁ%%g eféévlfll
suppl ement 4 &in valve Q8R@? ShbwingOdifdctibals farathél eady axfee; second ferromagnetic
| ayer to pinits_magnetization and a sense current field fromthe second

ferromagnetic | 2Bigr Ivis an epploded isometriq Hinsuatinn oi-thecninned and free lavers okt

the spin valve sensor showing directions for the easy axes;
Fig. 15 is a lateral cross-section through the MR sensor of Figs. 10 and 11
Jooking toward the ABS with a different arrangement for the connection of the leads;
Fig. 16 is a schematic top view of either embodiment of the present invention;
Fig. 17 is a view taken along plane XVII-XVII of Fig. 16;
Fig. 18 is a view taken along either plane XVIII-XVIII of Fig. 16; and
Fig. 19 is a view taken along plane XIX-XIX of Fig. 16.

S

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views there is illustrated in Figs. 1,2 and 3 a
magnetic disk drive 30. The drive 30 includes a spindle 32 which supports and rotates
a magnetic disk 34. The spindle 32 is rotated by a motor 36 which in turn is
controlled by motor controller 38. A magnetic head 40, which may be a merged MR
head for recording and reading, is mounted on a slider 42 which, in turn, is supported
by a suspension 43 and actuator arm 44. 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 43 and actuator arm 44 position the slider 42 to place the
magnetic head 40 in a transducing relationship with a surface of the magnetic disk 34.
When the disk 34 is rotated by the motor 36 the slider is supported on a thin
(typically, .075 um) cushion of air (air bearing) by the air bearing surface (ABS) 46.
The magnetic head 40 is then employed for writing information to multiple circular

tracks on the surface of the disk as well as for reading information therefrom.



~ferromagnetic layer to permit a magnetization of thé first ferronagnetic
| ayer to be free to rotate under the influence of an applied field.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a planar illustration of
a magnetic disk drive; Fig. 2 is agview taken along plane Il-I1 of
Fig. 1, Fig. 3 is an elevation view of the magnetic disk drive of
Fig 1; Fig. 4 is a viewtaken along plane IV-1V of Fig. 2;

FlgP. 5is apn isonetric illustratien of a r|o art, strh%alve
sen sor: rocessing circuitry 48 exchanges signals representing said information ¢ head

40, providing motor drive signals, and providing control signals for moving the slider
to various tracks. |

Fig. 4 is a side cross-sectional elevation view of a merged MR head 50 which
has a write head portion and a read head portion, the read head portion employing a
spin valve MR sensor 52 of the present invention. The MR sensor 52 is sandwiched
between the first and second gap layers 54 and 56, the first and second gap layers, in
turn, being sandwiched between first and second shield layers 58 and 60. In response
to external magnetic fields, the resistance of the MR sensor 52 changes. A sensé
current conducted through the sensor causes these changes to be manifested as
potential changes. These potential changes are processed by the processing circuitry
48 shown in Fig. 3.

The write head portion of the head includes a coil layer 64 which is
sandwiched between first and second insulation layers 66 and 68. A third insulation
layer 70 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 64. The coil layer 64, and the first, second
and third insulation layers 66, 68 and 70 are sandwiched between first and second pole
piece layers 72 and 74. The first and second pole piece layers 72 and 74 are
separated by a write gap layer 76 at the ABS and are magnetically coupled at a back
gap (not shown) which is spaced from the ABS. As shown in Fig. 2 first and second
solder connections 80 and 82 connect leads (not shown) from the MR.Sensor 52 to
leads (not shown) on the suspension 43 and third and fourth solder connections 84 and
86 connect leads (not shown) from the coil 64 to leads (not shown) on the suspension.

Fig. 5 is a prior art embodiment 100 of a magnetoresistive (MR) spin valve
sensor which has first and second ferromagnetic léyers which are a free layer 102 and
a pinned layer 104. A non-magnetic electrically-conducting spacer layer 106 is
sandwiched between the free layer 102 and the pinned layer 104. An anti-
ferromagnetic (AFM) layer 108 has a film surface which interfaces a film surface of

the pinned layer 104 so that the magnetization 110 of the pinned layer 104 is pinned
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Fig. 6is a viewtaken along plane VI-VI of Fig. 5 . Fig. 7 is an
isometric illustration of one embodi ment of the present spin valve sensor;
Fig. 8 is a viewtaken along plane VI1I-VIIl of Fig. 7; Fig. 9 is an
expl oded isonetric illustration of the pgnned |ayer, free | ayer and spacer
| ayer of the spin valve sensor shown in Fig. 8 without the | eads and fl ux
gui des; Fig. 10 is an isonetric illustration of another enbodinent of

the pres enty, %@r@de\{ea}ln\{ged cﬁ?&%&rﬁ such as perpendicular to the ABS, by exchange coupling
' with the antiferromagnetic layer 108. The free layer 102 has a magnetization 111

which is free to rotate under the influence of field signals from the rotating disk. The
free and pinned layers 102 and 104 are typically made of Permalloy (NiFe) and the
spacer layer 106 is typically made of copper. The anti-ferromagnetic layer 108 may
be made of a material selected from the group of NiMn and FeMn. First and second
leads 112 and 114 are electrically connected to the sensor 100 with a space 116
therebetween which defines the active region of the MR sensor as well as the track
width of the read head employing the spin valve sensor. A sense current source 118
is electrically connected to the first and second leads 112 and 114 for providing a
sense current (I,) which is conducted through tﬁe spin valve sensor. In parallel with ‘
the sense current source 118 is a sensing circuit 120 for sensing potential changes o
across the spin valve sensor 100 when field signals are induced into the spin valve
sensor by the rotating disk 34 shown in. Fig. 1. The'sense current source 118 and the
sensing circuit 120 are part of the processing circujtry 48 in Fig. 3.

Each of the layers 102, 104, 106 and 108 conduct a portion of the sense
current between the first and second leads 112 and 114. A key parameter in the
operation of a spin valve sensor is thaf the spacer layer 106 have a thickness which
is less than the mean free path of conduction electrons flowing between the first and
second leads 112 and 114. The degree of electron scattering, which depends upon the
relative angle between the magnetization 111 of the free layer 102 and the
magnetization 110 of the pinned layer 104, determines the resistance of the MR sensor
to the sense current I,. The greatest scattering and the corresponding greatest increase
in resistance occurs when the magnetizations 110 and 111 are antiparallel and the least
scattering and the corresponding least resistance change occux;s when the
magnetizations 110 and 111 are parallel with respect to one another. The
magnetization 111 of the free layer.102 is typically oriented parallel to the ABS so
that upon receiving positive and negative field signals from a rotating disk the

magnetization 111 rotates upwardly or downwardly to decrease or increase the
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resistance of the sensor. This would be an opposite situation if the magnetization 110
of the pinned layer 104 was oriented downwardly instead of upwardly.

Because of the thinness of the spacer layer 106 and roughness at the interfaces,
there is a ferromagnetic coupling Hyc which is induced on the free layer 102 by the
pinned layer 104 as shown at 124 in Fig. 6. Another field acting on the free layer

102 is a demagnetization field from the pinned layer 104 which causes an induced

demagnetization field Hppy, g, Shown at 126, on the free layer. This is typically on
the order of 51 Oe when the spin valve sensor is centered between the first and second
shield layers 58 and 60 as shown in Fig. 4. By appropriately controlling the
thicknesses of the layers 102, 104 and 106 and the amount of sense current I, the
fields 124 and 126 can be made to substantially counterbalance one another so that
the magneﬁc moment 111 of the free layer can be parallel to the ABS as shown in
Fig. S. _

One of the problems with the prior art spin valve sensor 100 shown in Figs;
5 and 6 is that the antiferromagnetjc layer 108 has a blocking temperature between
160°C to 200°C. During fabrication, testing and operation of the spin valve sensor
in a magnetic disk drive, thé blocking temperature of the antiferromagnetic layer 108
can be exceeded causing total destruction of the spin valve sensor by electrostatié
discharge (ESD) or reduced efficiency by electrostatic overstress (EOS). Another
problem with the antiferromagnetic layer 108 is that it shunts a portion of the sense
current I, which reduces the efﬁcieﬁcy of the spin valve sensor.

A first embodiment of the present spin valve sensor 140 is shown in Fig. 7.
This spin valve sensor, which is self biasing, does not employ an antiferromagnetic
layer 108, as shown in Fig. 5. As will be explained more fully hereinafter, the
magnetizations of the free and pinned layers are established by sensé current fields
from these layers due to the sense current I,. The sensor 140 includes first and second
ferromagnetic layers which are a free layer 142 and a pinned layer 144 respectively.
A non-magnetic electrically-conducting spacer layer 146 is sandwiched between the

free and pinned layers 142 and 144. The pinned layer 144 has a magnetization 147

aw
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Fig. 11 is a_view taken along_plane XI-XI of Fig. 10;

i:ig. 12 is an isometric exploded illustration of the |ayers of the spin

val ve sensor shown in Fig. 11 without the | eads and fl ux guides;

Fig. 13 is an exploded isonetric illustrgtion of the pinned and free | ayers
of a spin valve sensor show ng directions for the easy axes; Fig. 14
I's an expl oded isonetric illustration of the pinned and free | ayers of the
spin valve . ] " ' afﬁ)g ; | : is a
| ateral cr o‘??? gggcgllﬁg%%?g%ﬁﬁ%%&%% sen%ﬁ;}] ﬁng |1823.% el%& %ar%(f' T?Lglr%o ﬁ‘%‘g
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| eads; ig. 16 1S chenmptic top,view of either enbodi nent of the
present in\FE?FFFrBW: Jrge le’ad(’iSFf]g?. and; 1il4 aée\?ieéanQKéi‘?n&?‘E?Fg%l SCIROT 11 &K | of
Fig. 16; ' ' bioWidedth s LARE a&tid te of
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the sensor and the track width of the read head employing the sensor.
As shown in Fig. 8 there are ferromagnetic coupling fields H 148 and 150
induced upon the free and pinned layers 142 and 144 by a mutual ferromagnetic

- coupling because of the thinness of the spacer layer 146 and roughnesses at the

interfaces of the layers. The ferromagnetic coupling fields Hy. are shown in an
upward direction for each of the free and pinned layers 142 and 144.- It should be
understood that these ferromagnetic coupling fields would be in an opposite direction

if the magnetic moment 147 of the pinned layer is in an opposite direction. The sense

~current I, can nbw be conducted in a selected direction through the sensor 140 which

is shown into the paper by the back end of an arrow 152. A portion of the sense
current is conducted into the paper through the pinned layer 144 which causes a sense '
current field 154 on the free layer 142 and a portion of the sense current is conducted
into the paper through the free layer 142 which causes a sense current field 156 to be
induced into the pinned layer 144. It should be noted that the sense current fields 154
and 156 are directed in opposite directions. The sense current field 156 will add to
the ferromagnetic coupling field 150 so as to pin the magnetization 147 of the pinned
layer 144 in an upwardly direction perpendicular to the ABS. The sense current 154
induced into the free layer 142 is opposite to the ferromagnetic coupling field 148.

The amount of sense current employed may substantially counterbalance the

. ferromagnetic coupling field 148 so that the magnetization 149 of the free layer is free

to rotate upwardly and downwardly, as shown in Fig. 9, as influenced b'y field signals
from the rotating disk.

The ferromagnetic coupling fields 148 and 150 are small fields on the order
of 10 to 12 Oe. Likewise, the sense current fields 154 and 156 from the free and

pinned layers 142 and 144 are small fields on. the order of 10 to 12 Oe. It would be -
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now to the

drawi ngs wherein like reference nunerals designate |like or simlar parts

t hroughout the several views there is illustrated in Figs. 1, 2 and 3 a
magnetic disk drive 30. The drive 30 inghudes a spindle 32 which supports
and rotates a magnetic disk 34. The spindle 32 is rotated by a notor 36
which in turnis controlled by notor controller 38. A nmagnetic head 40,
which may be a nmerged MR head for recording and reading, is nounted on a
slider 42 Wnpreptical ffo tingraasej the sapysoeureant Hy a suffigientrmemt 48 praducgce $88Sr arm

44. A pluralj |.S . S ) S} may ko a
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magneti c head 40 in a transducing relationship with a surface of_ the

magnet i ¢ dfisld Brevas\warihe freedayar 142 from the pinngd dgyer H44 bt provising fisstandder i s

oy The. ot r ool ik keldesfl 8 nlneo fitniad bodtle @ Rllof el top (RRks 860! 09) |
for witintayenfiap)ead amd 144 Blohp iphines Whichidra patalleCtosthe ABSIETHE flud Gridds t he

disk as well as_for reading information therefrom .
-6- extinguish magnetic poles at the lower (ABS) and upper edges, thereby practically

eliminating the pinned film demagnetizing field. Without the flux guides 158 and

160, the pinned layer 144 induces a demagnetization field Hpgysg on the order of 51
Oe in the free layer 142 in the same manner as shown in Fig. 6. The present
invention will not 6pérate without the flux guides 158 and 160 since a sense current o
field cannot be generated in'a spin valve sensor of sufficient amount to overcome the
demagnetization field Hppy,g. In order to prevent shunting of the sense current, first
and second insulatio;l iayers 162 and 164 are sandwiched between the flux guide 158
and the bottom edges of the layers -and between the flux guide 164 and the top edges
of the layers, as shown in Fig. 9. If the flux guides are constructed of a very high
resistivity material, such as cobalt based materials, the insulation layers 162 and 164
can be omitted.

Fig. 10 shows another embodiment of the present spin valve sensor 170. The
spin valve sensor 170 differs from the spin valve sensor 140 shown in Fig. 7, in that
the spin valve sensor 170 has first and second cobalt layers 172 and 174. The cobalt
layer 172 is sandwiched between the free layer 142 and the spacer layer 146, and the
cobalt layer 174 is sandwiched between the pinned layer 144 and the spacer layer 146.
The cobalt layers 172 and 174 are 5 A to 10 A thick and result in as much as a 50%
increase in the MR coefficient of the spin valve sensor. In the same manner as the
Fig. 8 embodiment, the sense current field 154 from the pinned layer 144 counter-
balances the ferromagnetic coupling field 148 so that the magnetization 149 of the free
layer is free to rotate upwardly and downwardly, as shown in Fig. 12, as influenced

field signals from a rotating disk. Also, the sense current field 156 induced into the



Processing circuitry 48 exchanges signals representing said informtion
with the head 40, providing notor drive signals, and providing control
signals for noving the slider to various tracks. Fig. 4 is a side
cross-sectional elevation view of a nerggd MR head 50 which has a wite
head portion and a read head portion, the read head portion enploying a
spin valve MR sensor 52 of the present invention The MR sensor 52 is

dwi ched b t t and d 54 and 5 first and
Second. gap REAEYer 149 4yt sl iyt ddadaedbee Bl Frdetoripisit bl Gl "
shield | ayersp sa&sdd Nglrp@le dﬁgdéﬁﬁd%%sﬁﬁ&tﬁé bimBaNay R eh Belfpvidr ldfiectid 8

resi stance of the sensor’ 52 changes. A sense current conducted through
t he sensor Shawaes Rigekl: dhshogdd be mnde'stmdlthztsthedhl&stlmpé thei miagudtivatiens

These potent chan oces roc n cuitry 48 shown
TR g s Wl revad iy A B RSt ot e 6 GO o (hE Serse Egiknt oo
64 whi ch i g5 paveebelic el ﬁe&mrbﬂcbﬁ@sséaﬂaéﬁﬁw&maﬁ%ﬁ@ &ndheein effiernd
68. A third insulation layer. 70 be enpl oyed for planprizing the head to

elimnate rdupplmsthrmglhﬂlesspunmive msnsloat ion |l ayer caused by the coil |ayer
64. The coil yer 64 nd, t e fir econ d |nsul | a

66, 68 and 70 aé%ﬁfﬁ%@& Eﬁoﬁt%fmﬁwﬁn@et% shewe ‘B g% 15 ?éfs 72
and 74. Thegf iy SlatedbrofCseton HrEugh ﬁﬁ%pin’woésemmamlgé Wﬁxdsﬁpﬁfoklrfgd by a
wite gap layer 76 at the ABS and are nagnetically coupl ed at a back gap

(not shownyowisdshe ABS; pEheembodiment $80\BS. ﬁmtsamtmmmd teads {82 and 184 whmhd

Sensor 52 (1 PURRER 1D Ve RAGALY, PHopPLIGR e O s Tk T4 n e TR

sol der conn@gt1i7ansrHi¢ ty3ROEBHNREAWRS éaﬁ@&ig c(-,ﬂ@éuoﬁg(jw;&mﬁr omthe coil 64 to

| eads (not shown) on t'he suspensi on. s a prior art a'tm
enbodi ment 100 of a magnetoresistive Exﬂ)plel n vaI ve sensor V\/m ch has first

and second ferr oRgnethe o et VIS St 14b, shéin hf¥8s. 735 8 ictudes the
" thickness of the free layer 142 being twice as thick as the thickness of the pinned

+ layer 144. The free layer 142 may, be 100 A thick, the pinned layer 146 may be 50

A thick and the spacer layer 146 may be 25 A thick. The sense current I, conducted

through the spin valve sensor 140 may be 6 mA. The height of the layers 142, 144

and 146 between the insulation layers 162 and 164 may be 1 um. With this arrange-

ment, the ferromagnetic coupling fields 148 and 150 may each be on the order of 12
Oe. The sense current fields 154 and 156 will be on the order of 10 to 12 Oe.
Accordingly, the ferromagnetic coupling field 150 and the sense current field 156 will
be additive to orient the magnetization 147 in the pinned layer 144 with a strength of
approximately 24 Oe. Since the ferromagnetic coupling field 148 and the sense
. current field 154 are substantially equal, they will counterbalance one another so that
the magnetization 149 of the free layer is free to rotate upwardly or downwardly, as
shown in Fig. 7. The sense current field H; induced into a layer is according to the
formula H; = 2 = I, + height, where I, is the portion of the sense current conducted
through the inducing layer in milliamps and the height of the inducing layer is in

microns. This formula assumes that the spin valve sensor is centered between the first



a pinned | ayer 104. A non-magnetic electrically-conducting spacer |ayer 106
is sandwi ched between the free |ayer 102 and the pinned | ayer 104. An
anti- ferromagnetic (AFM layer 108 has a fil msurface which interfaces a
filmsurface of the pinned |ayer 104 so_jhat the nmagnetization 110 of the
pi nned | ayer 104 is pinned

-7- in a predeterm ned direction, such as perpendicular to the ABS, by

exchange coup] i n i t.h t ant | ferromagpet+c Jayer 108. The free |ayer 102
has a rragne?‘f)dlz%?f: whshigigs 38 &0 60, Shova ot Bk b bt GmaGRAEHER, Be E0EAEL LK
field sign \ [ f [ nd
104 are Cypfaar] §haGEe RS hA ishbet JERihe LEepRIcR JFTES fi & il rld

typi cal | y nsigealofromothp eotatifig diskdbinot decayrtadinefirst ahdiyenond Slficldalpytrs befde of a
material selected fromthe 0 of , Ni and FeMWh. First and second | eads
112 and 114“"5}’&_"%?%@15’??36"5? Ilgﬁ’cﬁ‘%n%‘ﬁ E)&{\‘/ltqo_the sensor 100 with a space 116
therebet veen whi ghsped érﬁﬁ&difn'%ﬁtsgﬁgh%lﬁe HEtaBL t8forleREtHRaSERRR of BOHEH the 8S

the track width of the read hea oyi ng the spin valve sensor. A sense
current soufreeadd pinned dayears 142 aindyl 4doimne directiarowhivh isi pasalledtd the ABSI akeads

T AL N R TN N D T

easy axes of the free and pinned layers 142 and 144 in a direction which is

perpendicular to the ABS as shown in'Fig. 14. In both of the embodiments in Figs.
13 and 14 the fabrication process would be simpler since the easy axes of both layers
can be established simultaneously. The material for the free and pinned layers 142 o
and 144 is Permalloy based and the material for the spacer layer 146 may be copper.

Figs. 16-19 show various views fdr explaining the steps in the manufacture of
either embodiment of the present invention. The first step is to depo;it spin valve
material 190 in sheet form on a wafer (not shown) wherein the sheet material may
comprise Ta/NiFe/Co/Cuw/Co/NiFe/Ta. With a photographic lift-off process (not
shown) the areas where the leads 192 and 194 are to be deposited may be ion milled
away so that lead niaterial can be deposited therein. This forms a contiguous junction
with the spin valve 190 as shown in Fig. 17. Again with a photographic lift-off
process the areas where the flux guides 196 and 198 are to be deposited are milled
away, and an insulation layer 200 and the flux guides 196 and 198 are then deposited.
In the area where the leads 192 and 194 are located the insulation layer 200 insulates
the leads 192 and 194 from the flux guide 196.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



-

the sense current source 118 is a sensing circuit 120 for sensit '
changes across the spin val ve sensor 100 when field signals iﬂgiﬂﬂﬂﬁhﬁg""i“""
into the spin valve sensor by the rotating disk 34 shown in el s x
sense current source 118 and the sensingisircuit 120 are part of the
processing circuitry 48 in Fig. 3. Each of the layers 102, 104, 106
and 108 conduct a portion of the sense current between the first and second

| eads 112 and 114. A key paraneter in the-operation of a spin valve sensor

is that the spacer |ayer 106 have a thickness which is | ess than the nean
free path of conduction electrons fl ogfagMset ween the first and second

| eads 112 and 114. The degree of electron scattering, which depends upon

the relative angl e between the magnetization 111 of the free | ayer 102 and

t he nagnetgﬁeii 110 of the pinned | ayer 104, determ nes the resistance of
the MR senso he sense current I[err]. The greatest scattering and the
correspondi ng greatest increase in resistance occurs when the

magneti zations 110 and 111 are antiparallel and the |east scattering and

the correspondi ng | eadtselfebinsing magnetonesissive dMR)s spih eralvehsengery fast Wseainl dns

111 of t o PRESHF 358} hiviad et 4 FRREE Be7 LAPEN Yoliising to the. ABS so ¢ hat
upon recei ving Pyt hhd Second feRGmbbNAId laftd ant GhAdEniagheiccindudtivégpatesk t he
magnetization 111 rotates upwardly or downwardly to decrease or incyrease
t he layer, each of the first and second antiferromagnetic layers and the spacer layer having
first and second edges which are substantially perpendicular to said ABS;
the spacer layer being sandwiched between the first and second ferromagnetic |
layers; o®
first and second leads electrically connected to the first and second edges
respectively of the first and second ferromagnetic layeré and the spacer layer for
conducting a .sense current therethrpugh;
the first and second ferromagnetic layers being magnetically coupled so that
a ferromagnetic coupling field (Hyc) is produced in each of the first and second
ferromagnetic layers; .
the second ferromagnetic layer having a stray demagnetization field Hppyag
which is induced into the first ferromagnetic layer;
first and second flux guides; and
the first flux guide being magnetically coupled to the first edges of the layers
and the second flux guide being magnetically coupled to the second edges of the
.layers for reducing the induced stray demagnetization field Hpgyug in the first
ferromagnetic layer to such an extent that when the sense current is conﬂucted a sense |
current field from the ﬁfst ferromagnetic layer will supplement the ferromagnetic

coupling field in the second ferromagnetic layer to pin its magnetization and a sense

current field from the second ferromagnetic layer will oppose the ferromagnetic

This Sheet Has Been Reilaced




- 8- resi stance of the sensor. This would be an opposite sit i i

magneti zation 110 of the pinned | ayer 104 was orientéed domwaﬂaluzﬂngmmm”m

of upwardly. Because of the thinness of the spacer |ay L s e

roughness at the interfaces, there is a_fserromagnetic coupling Herr] which

is induced on the free layer 102 by the pinned | ayer 104 as shown at 124 in

Fig. 6. Another field acting on the free layer 102 is a demagneti zati on

field fromthe_pinned | ayer 104 which causes an, i nduced denagnetj zation

field H er cPuplitgowh the firsts ferspmagnetie rlager) to permit 4 angsleftl%m&apg ;}L% I6h e

- order of 5 t [ I [ first and

second shi é'?xg@rrxa e?hs: 1@5&:3@3@6%&8{%@?%2%38«'&% tlﬁ—? gﬁmfﬁéﬁgfggtﬁpggﬁ gltg g'y

controlling the thicknesses of the layers 102, 104 and 106 and the anount

of sense current |, the fields 124 and 126 can be made.tq substantial]y

count er bal ance @ne arfom Ik repd head inclyding, the MR sensos of glainm 1 1wherein thereads

| ayer can @?l?llﬁbhgéS'to the ABS as shown in Fig. 5. One of the

probl ens w % e'prior art spin valve sensor 100 shown in Figs. 5 and 6 is

that the antif erfirsna@gnstcond pay tiyeds08 has a bl ocki ng tenperature between

160[err]C to 200[err]C. During fabrication, testing and operation of the

spi n val ve sensdéleMllaerrﬁaghsmgéam‘wh PWCCQHE§¥%@R$ﬁ3cqﬂérﬁ?@'1&V§ﬁsé of the

antiferromagneti : ded causing total destruct.ion of

t he spin val ve sﬁe\rﬁtls%%ae eﬁ%%@?@&?ﬁ%’lc di scharge (ESD) or reduced

efficiency by elthefirstahdsecond gep ddyersbeid-sdniwiched theaween the fiest andtsbedrte

antiferrom n({'c | ayer 108 is that it shunts a portion of the sense

current I[éﬁlef P®h reduces the efficiency of the spin valve sensor.

A first enbodi ment of the present spin valve sensor 140 is shown in Fig. 7.

+®

3. A combined MR read head and inductive write head including the MR ‘

read head of claim 2, the combined head comprising:
~ an inductive coil embedded in an ‘insulation stack;
the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and |
- the first and second pole pieces being spaced by a third gap layer at an air

bearing surface.

| This Sheet Has Been Replaced

L
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This spin valve sensor, which is self biasing, does not enploy
antiferromagnetic |ayer 108, as shown in Fig. 5. As will be exawﬂimmtlﬂl"”“l
fully hereinafter, the magnetizations of the free and pinned | Moos %
establ i shed by sense current fields fromshese |ayers due to the sense
current I[err]. The sensor 140 includes first and second ferromagnetic

| ayers which are a free |ayer 142 and a pinned | ayer 144 respectively. A

non-TRGnet € )G CAL L SATGE OBy AR o B SRSl v
magnet i zat i39gheldrive comprisin -9-

whi ch is pinned perpendi cu%‘ar to the ABS and the free layer 142 has a
magneti zati on 14cframech is directed parallel to the ABS and is free to

rotate in either, di £ r and 114 are
electrically cor?nrgéérgegltct(ga? t%&é@&sogb?%&f#éﬂ%g%%éézrel ationship so as to

provi de the spaeesdpportMrictintededn the frdine ot sisporigg alle ebmbiredshembin and t he
track width of the read head enploying the sensor. As shown in Fig.
8 there ar drangfuchigarstationship Jwith pguatigdis er r] 148 and 150 i nduced upon

the free and pi \ . 14 .a nutual ferromagnetic coupling
g5 e et

because of the thinnéss r layér 146 and roughnesses at the
positioning means connected to the support for moving the head to multiple

positions with respect to said magnetic disk; and

means connected to the head, to the means for rotating the magnetic disk and
to the positioning means for exchanging signals with the combined head, for )
confrolling movement of the magnetic disk and for controlling the position of the ¥

combined head.

5. A sensor as claimed.in claim 1 including:

sense current means connected to the first and second leads for conducting a
sense current ﬂ1rough the first and second ferromagnetic layers and the spacer layer
in a selected direction; and

said selected direction causing the sense current to induce a sense current field
H; that subtracts from the ferromagnetic coupling field Hec in the first ferromagnetic
layer and to induce a sense current field H; that adds to the ferromagnetic coupling

field Hgc in the second ferromagnetic layer.

6. A sensor as claimed in claim 1 including:

the magnetic coupling of the first and second flux guides to the first and
second edges of the first and second ferromagnetic layers reducing the field induced
into the first ferromagnetic layer from the stray demagnetization field Hpgy, of the

second ferromagnetic layer substantially to zero.



_interfaces of the layers. The ferromagnetic coupling fields H
*shown in an upward direction for each of the free and pi nnedi-“m““ Iﬂﬂ“”" IIII
144. |t should be understood that these ferromagnetic coupli ng~

be in an opposite direction if the magatd-i c nonment 147 of the pinned | ayer

is in an opposite direction. The sense current I[err] can now be conducted
in a selected direction through the sensor 140 which is shown into the

paper by the bagk eng sensqé}%sacrlﬁxﬁx\é{fijlrrlzclalf%_f)g){cltlﬁ&?ﬁf’ .of the sense current is

conducted into the per-throu nne ayer 144 which causes a sense
current field lﬁ&tﬁﬁuhé’lﬁnﬂrcgbalk@ayefs 142 and a portion of the sense current

is conducted into the paper through the free |ayer é_ }gn ich caus a sense
current field 1the first gnb td%&?‘@&ﬁ?@%@eﬂlhﬁ‘ﬁﬁq% prsty; Eon}qgngf% ygr be

noted that_t ithe QRBRgI te
di rections. dt}ﬁﬁéag?\lglgg%{f[rnrﬁg% E ?goﬁéa%}cﬁ ﬁ%&'ﬂa c{ﬂh&B err Ic%matgneti o

coupl i ng ffeglogha gﬁ&lcsrayasaﬂd)ﬂﬁlspaééﬂdaymgnetl zation 147 of the pinned | ayer
144 in an upwardly direction perpendicular to the ABS. The sense current

154 induced into the free layer 142 is opposite to the ferromagnetic

coupling field %he thﬁ Qé}oéé”c%laﬂedsiﬁ’lﬁﬁmci’?ﬁ&%n%”p' oyed may substantially

count er bal ance erronmagnet i ¢ coupling ‘48 so that the

magnet i zati on 14Rh@ff thé firdtrand seeotry feroniapaetid layersthavinguptiricliess between
downwardly, as shown in Fig. 9, as influenced by field signals fromthe
rotating oitsfrst and secondfélm syrfasesAnd: i ¢ coupling fields 148 and 150 are

fslnz: ljsf |1§I4d2n3n gﬁ'ﬂom % f%? #igsettignégw%ﬁl Héﬁyerﬁg tﬁé}eaﬁﬁﬂ 4 a&réﬁés}’%al I

fields on phtheGeelsid fefrokfagheticlyée. |t -woul d be .
&9
9. A sensor as claimed in claim 8 including:
the thickness of the first ferromagnetic layer being substantlally twice the

thickness of the second ferromagnetic layer.

10. A sensor as claimed in claim 1 including: _

each of the first and second ferromagnetic layers having an easy axis; and

the easy axis of the first ferromagnetic layer being directed substantially
' parallel to the ABS and the easy axis of the second ferromagnetic_: layer being directed

substantially perpendicular to the ABS.

11. A sensor as claimed in claim 1 including:

first and second insulation layers;

the first insulation layer being sandwiched between the first flux .guide and the
first edge of the first ferromagnetic layer and the second insulation layer being
sandwiched between the second flux guide and the second edge of the first

ferromagnetic layer.



- 10- I npractical to increase the sense current I[err] a sufficjent

to produce a sense current field for overcom ng the demagnetizj&“ﬂi‘uw‘mm“"l“]
Herr] 126 as shown in Fig. 6. The present invention substanti dl L s
out the influence of the demagnetizationjfield Herr] on the free |ayer 142
fromthe pinned | ayer 144 by providing first and second flux guides 158 and

160 which are connected to bottomand top edges of the layers 142, 146 and

144 al ong pl anes _which are paral.lel .to,the ABS. ..The flux gui des extinguish
magnetic pol es at%t he/ISE0R%F a(sﬁ%éﬁnegﬁﬂ clgimel MHYBUE: ¢ hereby practical |y

elimnating the gihaefsdcohdcobdpyets; zi ng field. Wthout the flux guides
158 and 160, the pinned | ayer 1447induces a demagneti zation field Herr] on

the order of 51 tie first cobeltflayer beingesandwiched behweendthe firstismomagnetivlayer n

Fig. 6. The present i.nventi,on wl | .ngt t ] I i 158 .
and 160 o1 1758 G SRheUR A Hoopd CbatIBr T gtiehiithed Bivicet eMLORE
sensor of sfdfrbimaifitic 1ayaind the spyRk ¢k, t he demagnetization field Herr].

In order to prevent shunting of the sense current, first and second

insul ation |layers 162 and 164 are sandw ched between the flux gui de 158 and

t he bottom edges,.of the |ayers,and.hetwee he, fl.ux guide 164 and the top
Seus s Sinen gf Ui} Enlai

edges of the layers, ‘as’ . qix gui des are constructed
of a very high r@githickidss \of"Hé dirsteferronmipheti® 162 Veingd SitRthntially 106As thé he
i nsul ation | aigrs 162 and 164 can be onmitted. . Fi 8 10 shows anot her
enbodi nent thickn¢ss of thessepondsfermomagnetic layersbeing substaptially S0A and the thickness
of the spacer layer being substantially 254; and :
the sense current being substantially 6mA. N
. . o'
14. A sensor as claimed in claim 13 including: :
the first flux guide having a height between the ABS and the first edge of the

first ferromagnetic layer of substantially 0.5 um.

15. A sensor as claimed in claim 1 including:

sense current means connected to the first and second leads for conducting a
sense current through the first and second ferromagnetic layers and the spacer layer,
the sense current through the first ferromagnetic layer inducing a sense current field
H; on the second ferromagnetic layer in said first direction so that the ferromagnetic
coupling field Hi. and the sense current field H; in the second ferromagnetic layer are
additive and the sense current through the second ferromagnetic layer inducing a sense
current field H, on the first ferromagnetic layer opposite and antiparallel to said first
direction so that the ferromagnetic coupling field Hy. and the sense cﬁrrent field H,

in the first ferromagnetic layer are subtractive.



spin val ve sensor 170 differs fromthe spin valve sensor 140 shown in Fi

7, in that the spin valve sensor 170 has first and second CObHMIWﬂ!HUEg HIII
and 174. The cobalt layer 172 is sandw ched between the free

t he spacer |ayer 146, and the cobalt Iaﬁl r 174 i s sandw ched between t he

pi nned | ayer 144 and the spacer |ayer The cobalt layers 172 and 174
are 5 Ato 10 Athick and result in as much as a 50% i ncrease in the MR
coefficient of the spin valve sensor. In t+he sane manner as the Fig. 8
enbodi ment, t he l8enseh senseens Cl‘aiféﬁilflshlmrlér#ﬂ‘ﬁlﬁémﬁrnned | ayer 144 counter -
bal ances the fer f n 149
of the free layéﬂé@%ﬂ?@%%p@ﬁﬂ% bfgleug% %\%H%ﬂ {ganggg-g g}\i/\dndoi n
Fig. 12, asedontledgerefithei fikstartl oohd férmmgeﬁolaybrmddctmg theAﬁem intheedsense
current field 156 induced into the

-11-  pi niRig thefisst qqqmagnqtlﬁéawéeom yestraysdemagnetization, field Hlneine, of the
ferronagnetsé&n cf*%hx‘nﬂ%xéti aggglrjélg ttog 6” the magneti zatii on 147 of the

pi nned | ayer 1n rect |on own in Fig. 12. It should be
understood that the direction of the magnetizations will be reversed in al
of these enbodi nents when the direction of the sense current is reversed.

The inventi on eddonpds sensor pe claimedincelaina 16 ipdpdiggeonduct ed i n eit her
first and second cobalt layers;

the first cobalt layer being sandwiched between the first ferromagnetic layer

and the spacer layer and the second cobalt layer being sandwiched between the second
ferromagnetic layer and the spacer layer. RN
18. A sensor as claimed in claim 17 including:
each of the first and second ferromagneﬁc- layers having a thickness; and
the thickness of the first ferromagnetic layer being thicker than the thickness -

of the second ferromagnetic layer.

19. A sensor as claimed in claim 18 including:

each of the first and second ferromagnetic layers having an easy axis; and

the easy axis of the first ferromagnetic layer being directed substantially
paraliel to the ABS and the easy axis of the second ferromagnetic layer being directed
substantially perpendicular to the ABS.



direction through the spin val ve sensor. A nodified e '
“of the enbodi ment 170, shown in Figs. 15 and 16, is a later 'Fﬂmmmﬂﬁﬁu‘l”“l
t hrough the spin valve sensor in Figs. 10 and 11 | ooking tojlar e ABY. s »
The enbodi nent 180 has first and second;bjeads 182 and 184 which are

connected to two vertically oriented siée edges of the |ayers 142, 144,

146, 172 and 174. This type of connection is called a contiguous junction.
Exanpl e An exanpl e of the spin v_al-‘ﬁ:.s ngor' 140, shown in Figs. 7
and 8, includes20he #hsemereassclaimad i ¢laigy é‘}f‘g\‘ 1882 being twice as thick as
t he thickness o [ .The free layer 142 mayfbe 100 A

thi ck, the pi nnf(glr :}gggk%ﬁgnﬁ%ﬁ%ne%grsp\ thick and the spacer |ayer 146 may
be 25 A thick. THefisemnsaaton layat bifg sandwichedbetveetnt the fingHluxrgnidpand thel ve
sensor 140 may be 6 mA. The_ height of the |layers 142 .144 .and, 146 ween
the i nsul afifgredesyefr the st fagompaneiis, layer f‘“?éﬁ?]sﬁf"w fmsuation ?rah’glg‘- ment ,
the ferro - 116 1C I i b hgheOF&r Of
12 Ce. Thg%%&gurg%@n?ﬁgwgl géggﬁgiﬂg’ﬁlgﬁﬁ%%%&mdr@ébgéﬁﬁdt E%éa;r‘{jfer of 10 to
12 Ce. Accfertbmagngtic ldyer.f erromagnetic coupling field 150 and the sense
current field 156 will be additive to orient the magnetization 147 in the
pi nned | ayer 144 with a strength of approxinmately 24 Ce. Since the
ferromagnetic caypli i E’lﬂﬁm rent fi-eld 154 are
substantial ly egg'al , I)?ﬁéedfs%mgs[ coﬁed]ngleﬁt’lggﬁlgggagg%@énot her so that the
magnet i zati on 14 efickdess bf dke fasteferiomagnetic layer bemigesuhsteatially twice the -
downwardly, as show in Fig, 7. The_,sense current field Herr] induced into
a layer is thickusssiphthe: sscombloreomagnsticla¥er-] = 2 [err] I[err] [err] height,
where I[err] is the portion of the sense current conducted through the
inducing layer in mllianps and the height of the inducing layer is in #%
m crons. This f@2mul A aasores claimed ihelaspi2d includingsensor is centered

betueen the i r Ségtch of the first and second ferromagnetic layers including NiFe and the spacer

(1]

layer including copper;

the thickness of the first ferromagnetic layer being substantially 1004, the
thickness of the second ferromagnetic layer being substantially 50A and the thickness
of the spacer layer being substantially 254; and

the sense current being substantially 6mA.

23.  An MR read head including the MR sensor of claim 22 wherein the
read head comprises: ' '

first and second gap layers:

the MR sensor being sandwiched between the first and second gap layers;

first and second shield layers; and _

the first and second gap layers being sandwiched between the first and second

shield layers.



-12- and second shields 58 and 60 shown in Fig. 4. It is i

“the bottom flux guides 158 at the ABS have a short height, i mﬂmm“lmwm"“" :
0.5 [err]m so that field signals fromthe rotating disk do net decay mos =
the first and second shield | ayers befang-they get to the layers 142, 146

and 144. In sonme enbodi nents it may be desirable to orient the easy
axes of both-of the free and pinned |layers 142 and 144 in a direction which

my b deai rabl o Asrampres ke sl indays whit B EIR AENE [

142 and 14¢eaiithead $F Bt 29) thdc6Mbined RRADEAHDAsthgr to the ABS as shown in
Fig. 14. In both of the enbodinents in Figs. 13 and 14 the fabrication

process woul d ben sndustive coil eobedded bmery inskletionstaglst h | ayers can be
establ i shed sinyl t.aneously. .The t.erial f . . ' rs 142
ond 140" i's. por it ByAR dack A 8 el 5 pDE sthRECAAE bARNE Brs BT 1S

copper. second poftSpieddd; a8d Show various views for explaining the steps in
the manufacture of either enbodi ment of the present invention. The fjrst
step is to deposlet fisspiand \setand pole qi¢css beidg spaceshbwa thisdrgapnlages gl &t ajrnot
shown) V\,he{)ei n the.sheet material may conprise Ta/ N Fe/ Co/ Cu/ Co/ Ni Fe/ Ta.

Wth a phoPEPBECE- tt_of f process (not

25. A magnetic disk drive including the combined head as claimed in claim
24, the drive comprising:

a frame; -

a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the combined head ina
transducing relationship with the magnetic disk; '

means for rotating the magnetic disk;

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

means connected to the head, to the means for rotating the magnetic disk and
to the positioning means for exchanging signals with the combined head, for

controlling movement of the magnetic disk and for controlling the position of the
combined head.



shown) the areas where the | eads 192 and 194 are to be deposited nmay be ion
mlled away so that | ead material can be deposited therein. This fornms a
contiguous junction with the spin valve 190 as shown in Fig. 17. Again with
a photographic lift-off process. the areagiwhere the flux guides 196 and 198
are to be deposited are mlled away, and an insulation |layer 200 and the
flux guides 196 and 198 are then deposited. In the area where the | eads 192
and 194 are |ocated M&GNEUIZATIONS OPINNED AND EREE LAYERS\ds 192 and

194 fromthe flux qguide 196. d earl ot her enbodi nents and
1odi 11 cations of QRASPEY SALYE SENSOBSITE BY-SENSE CURRENE BIELIS nar y

skill in the art in view of these teachings. Therefore, this invention is
to be limted only by the follow ng clains, which include all such

enbodi nents and nodificati OW@W%&E&W” with the above

specification and acconpanyi _
13 CLAI M5 1. A sel f-bi asi ng
magnet oresi stive (MR) spin valve sensor for use in a magnetic head

A self-biasing magnetoresistive (MR) spin valve sensor (140) is provided which
does not require an antiferromagnetic layer for orienting magnetizations. A non-
magnetic electrically-conducting spacer layer (146) is sandwiched between ferromagnetic
free (142) and pinned (144) layers. A first flux guide is magnetically coupled to first
edges of the layers at the ABS and a second flux guide is magnetically coupled to second
edges of the free layer recessed from the ABS so that the effect of the demagnetization
field HDEMAG on the free layer is at least minimized and preferably zero. A sense
current (154) is directed through the spin valve sensor (140) so that the sense current :
field (154) from the pinned layer bal_ances the ferromagnetic coupling (150) on the free i
layer and the sense current field (156) from the free layer adds to the ferromagnetic

coupling (150) on the pinned layer (144).

FIG. 7



hayi ng an air bearing surface (ABS), conprising: ‘first and second
f.erromagnetic |l ayers and a non-nmagneti c conductive spacer |ayer, each of
#the first and second ferromagnetic |ayers and the spacer |ayer having first
and second edges which are substantially parallel to said ABS and third
and fourth.edges which are substanti al (ferpendicular to the ABS;

t he spacer | ayer belng sandw ched betwe he first and second 30
ferromagnetic | ayers: ++st—and—seecond IUQUb“ETELLrILery/EgnneCted
to the third and fourth edges respectlvel C ) i rst and second
ferromagnetic |ayprs and the spacer ng a sefse current
t her et hr ough; 3 pei ng
magnetically coupled so that a ing fie\d (Herr]) is
produced in each pf the first and/se . QIS
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t he' second ferromagnetic |layer having a stray demagnetization field Herr]
which is induced into the first ferromagnetic ]ayer; first and second
fl ux guides; and the first flux guide being magnetically coupled to
the first edges of the layers and the second flux gui de being magnetically
coupled to the second edges of the layers for reducing the induced stray
demagneti zation field HDEMAG in the firggld erromagnetic |ayer to such an
extent that when the sense current is conducted a sense current field from
the first ferromagnetic layer will supplenent the ferromagnetic coupling
field in the second ferrbdagnetic _|ayer t@ pin i nagnetizatioﬁiand a
sense current field fromthe second ferrdiragneti ¢ layer will opfose the
ferromagnetic coupling in the first ferrofmagneti Idﬁer to pernmjt a
magneti zation of the firstgferromagnetic | ayer to Pe /ree to rotyat e under

t he influence o apptTed—fretd— | 7
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14 " 2. An MR read head including the MR sensor of claim 1 wherein the

read head conprises: first and second gap | ayers; the MR
Sensor bei ng sandwi ched between the first and second gap | ayers;
first and second shield | ayers; and the first and second gap | ayers

bei ng sandw ched between the first and second shield layers. 3.
combi ned MR read head and inductive wi3/ohead including the MR read head
of claim2, the conbined head conpri sing:
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an inductive coil enbedded in an insulation stack; t he insul ation
stack and the inductive coil being sandwi ched between first and second
pol e pieces; and the first and second pol e pi eces being spaced by a
third gap layer at an air bearing surface.
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REPLACEMENT SHEET - 4. A magnetic di sk drive I ncl udi ng
the conbined head as clained in claim3, the drive conprising: a

a magnetic disk rotatably supported on the frane; a

frane;
support nounted on the frame for supporting the conbined head in a
5/10
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transducing rel ationship with the magnetic disk; means for rotating
t he magneti c di sk;- positioning nmeans connected to the support for
noving the head to multiple positions with respect to said nmagnetic disk;
and means connected to the head, to the neans for rotating the
magnetic disk and to the positioning neans for exchanging signals with the
conbi ned head, for controlling novenent ef1g he nmagnetic di sk and for

controlling the position of the conbined head. 5. A sensor as
claimed in claim1 including: sense current means connected to the
first and second | eads for conducting a sense rent through the first and
second ferromagnetic |l ayers and the spac ay in a selected diggction;

and sai d sel ected direction he sense current to ik ce a
sense current field Herr] | ormrthefilerromagneti ¢ ¢goupling
field Herr] in the first flerromagnetic layer and tq i nduce a sense current
field Herr] that adds to tjhe ferrona i c couplindg field Herr] in the
second ferronagnetic | ayer.— . is as clained i!n claim1

i ncl udi'ng: t he magndtic couplil the firs p acond flux gui des
to the first and second eddes of the fifst &€& secg gmagnetic | ayers
reducing the field induced}into the fhﬁﬁt frr te f¥m t he
stray demagneti zation field Herr] of e {gcou; gtic | ayer

substantially to z@iiz
~
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144
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- 16- 7. A sensor as clainmed in claim1 including: first
and second cobalt |ayers; the first cobalt | ayer being sandw ched
sbetween the first ferronagnetic |ayer and the spacer |ayer and the second
cobalt | ayer being sandw ched between the second ferromagnetic | ayer and

t he spacer |ayer. 8. A sensor as claimed in claim1:including:
each of the first and second ferromagnetic |ayers having a thickness
between its first and second fil m surfadé¥® and t he thickness of the
first ferromagnetic |ayer being thicker than the thickness of the second
ferromagnetic | ayer. 9. _ A sensor as clainmed in claim$8
I ncl udi ng: 187———ﬂ8
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the” t hi ckness of the first ferromagnetic |ayer being substantially tw ce

the thickness of the second ferronmagnetic |ayer. 10. A sensor as
tlaimed in claim1 including: each of the first and second
ferromagnetic | ayers having an easy axis; and the easy axis of the

first ferromagnetic |ayer being directed substantially parallel to the ABS
and the easy axis of the Sﬁﬁfnd_ferronagnﬁjic | ayer being directed
substantial ly perpendi crar*to the ABS. 11. A sensor as clained
in claimlg R first and second insulation | ayers;

the first gngurati g sandw ched between the first flux guide
and the figst] edge of th f erpotilgnetic | ayer and the second

i nsul ati on{P3yerf bein etween the second flux guide and the
second edgé q [ erromagneti c |l ayer.
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12. A sensor as clainmed in claim1 including: first and second cobalt
l.ayers; the first cobalt |ayer being sandw ched between the first
ferromagnetic | ayer and the spacer |ayer and the second cobalt | ayer being
~sandwi ched between the second ferronmagnetic |ayer and the spacer | ayer.

13. A sensor as clainmed in claim 12 including: t he thickness of
the first ferromagnetic |ayer being subsvangially 100A, the thickness of
the second ferromagnetic | ayer being substantially 50A and the thickness of
t he spacer |ayer being substantially 25A; and t he sense current
bei ng substantially 6mA 14. A sensor as clainmed in claim13

i ncl udi ng: the fi i av a rgfit bet ween the ABS and
the first edge of the ffirst ferromagnetic |ayer of sybstantially 0.5 um
15. A sensor as claifed in claim1 including: sense current neans
connected to the fiwst Jand second | eads for conducting a sense current
through the first and $econd ferro netic layers andq the spacer |ayer, the
sense current throu fhe first ferramagnetic |ayer ijnducing a sense
current field -
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H[e?r] on'the second ferromagrietic layer in said first dirrection so that
the ferromagnetic coupling field Herr] and the sense current field Herr]
in the second ferromagnetic |layer are additive and the sense current

t hrough t he second

ferromagnetic | ayer inducing a sense current field

Herr] on the first ferromagnetic | ayer opposite and antiparallel to said

first direction so
sense current fiel
subtractive.

I ncl udi-ng:

to the first and s
reducing the field
stray demagneti zat
substantially to z
I ncl udi ng:

that the ferronagne%&ﬁgcoupling field Herr] and the
Herr] in the firs rromagnetic | ayer are
16. A sensor as clainmed in clai

he magpetic coupling of the first and se X gui des

P es of the first and second ferr, | ayers
to the first ferromagnetic t he

on field H\err] of ‘the second ferro r

17. A sensor as cl
nd cobalt |ayers;.
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t R Tirst cobalt layer being sandwi ched between thé fj. EFLACHMENIQHERTS  SG

| ayer -and t he space?/ | ayer and the second cobalt Iag%r%ﬁ’_éﬁiwfémﬂchdd paged 4..

bet ween the second ferromagnetic |ayer and the spa¢é (Eé?%(ﬁ) 5I?aged.ia. th8paged .i%.

A sensor as clained in claim17 including; aa@ﬁji‘@fl‘“ﬁgﬁ@ fpaged ..and paged .....

second ferromagnetic |ayers having a thickness; anfl [I Abstractt he paledknes pagéd .....

the first ferromagnetic layer being thicker than the thickness of the

second ferromagnetic |ayer. SUNMARYJGFTHE\W@&TE' OFRACEIPE!

i ncl udi ng: : each of the first and second ferro )

an easy axis; #ecdording to ohd\@spes yf abe Pregénttifiventioh Sherb ik (PRHRASER| SIFLRYSA
‘being directed substantially parallel to the ABS and the easy axis of the

second fer magngforesistive MR) Ispinngalué rsendoe dfos wise tian |mégn¢ﬁ@;lrga®rhilvﬁ1gl an 4ip

t he ABS. -19-

bearing surface (ABS), comprising: first and second ferromagnetic layers and a non-
magneﬁc conductive spacer layer, each of the first and second ferromagnetic layers and
the spacer layer having first and second edges which are substantially- parallel to said
ABS and third and fourth edges which are substantially perpendicular to the ABS; the
spacer layer being sandwiched betvs}een the first and second ferromagnetic layers; first
and second leads electrically connected to the third and fourth edges respectively of the
~ first and second ferromagnetic layers and the spacef layer for conducting a sense current
therethrough; the first and second feﬁomagmﬁc layers being magnetically coupled so
that a ferromagnetic coupling field (Hgc) is produced in each of the first and second
ferrorhagnetic layers; the second ferromagnetib layer having a stray demag-netization.
field Hpgpmag which is induced into the first ferromagnetic layer; first and second flux
guides; and the ﬁrst flux guide being magnetically coupled to the first edges of the layers
and the second ﬂﬁx guide being magnetically coupled to the second edgés of the layers
for reducing the induced stray demagnetization field Hpemag in the first ferromagnetic
- layer to such:an extent that when the sense cﬁrrént-is ‘¢onducted a sense current field
from the first ferromagnetic layer will supplemenf the ferromagnetic coupling field in the
second ferromagnetic layer to pin its magnetization and a sense current field from the
second ferromagnetic layer will oppose the ferromagnetic coupiing in the first
ferromagnetic layer to permit a magnetization of the first ferromagnetic’ layer to be free
to rotate under the influence of an applied field.
" BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a planar illustratibn of a magnetic disk drive;
Fig. 2 is a view taken along plane II-1I of Fig. 1;
‘Fig. 3 is an elevation view of the magnetic disl; drive of Fig. 1;

Fig. 4 is a view taken along plane IV-IV of Fig. 2;
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20. A sensor as clainmed in claim19 including: first and second
i nsul ation | ayers; ~ the first insulation | ayer being sandw ched
between the first flux guide and the first edge of the first ferronagnetic
| ayer and the second insulation |ayer bejng sandw ched between the second
flux guide and the second edge of the first ferromagnetic |ayer.
21. A sensor as clainmed in claim20 including: - the thickness of
the first fer Figepiean ﬁorh@&‘ﬁﬁllbﬁtdﬂﬁn%ﬂﬁ%ﬁﬁﬁtahéﬂpiﬁ’vﬂw Séséhe thickness of
the second ferromagnetic | ayer. . A sensor as claimed in claim
21 i ncl udi ng: Fig. 6 is a eiawitakdn 4long ﬁ]ansmaﬁcbfﬂﬁg.oﬁzd ferromagnetic | ayers
i ncluding Ni Fe and the spacer |ayer including copper; t he thickness
of the first fHig.rdriagmeisometricy dlustrationy of we tembodumeny ofOtbe, presest shinc kalves of
t he second ferromagnetic |ayer being substantially 50A and the thickness of
t he spacef®lS®ier bei ng substantially 25A; and t he sense current.

sensor of cf Al ismBeR ke dore nioh YT Vb gk Fgeg e e
Fig. 9 is an exploded isometric illustration of the pinned layer, free layer and
Spacer layer of the spin valve sensor shown in Fig. 8 without the leads and flux guides;
Fig. 10 is an isometric illustration of another embodiment of the present spin valve '

Sensor;
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f‘:iFst- and second gap Iayérs:- | the IVR sensor being sa
the first and second gap | ayers; ... first and second s m ﬂ Emﬁl“l
the first and second gap | ayers being sandwi ched between the Tkrs

second shield | ayers. 13 -20-
24. . A conbined MR read head and inductive wite head I ncl udi ng the MR
read head of claim 23, the conbined head conpri sing: an i nductive

coil enbedded in an insulation stack;CLAIMS the insulation stack and the
i nductive coil being sandw ched between first and second pol e pieces; and.
the first land &e@&h@smlmagnemwstb@u (MR)sypére valve yensor fonr useda magrmtlcaheadn
air bearing surface, A magnetic disk drive including the
conbi ned HEWAEAR aly bgaring SPFfa?,q M)’ comprising:

first and second ferromagnetic layers and a non-magnetic conductive spacer layer,

each of the first and second ferromagnetic layers and the spacer layer having first and
second edges which are substantially parallel to said ABS and third and fourth edges
which are substantially perpendicular to the ABS; .

the spacer layer being sandwiched between the first and secénd ferromagnetic

layers; |

first and second leads electrically connected to the third and fourth edges
respectively of the first and second fgrromagnetic layers and the spacer layer for
conducting a sense éunent therethrough; | |

the first and second :ferrqmagnétic layers being magnetically coupled so' that a -
ferromagnetic coupling field (Hgc) is produced in each of the first and second
ferromagnetic layers;

the second ferromagnetic layer having a .stray demagnetization field Hppmag
which is induced into the .first ferromagnetic layer; |

U . & first and second flux guides; and - Ty e

the first flux guidé being magnetically coupled to the first édges of _the layers and
the second ﬂﬁx guide being magnetically coupled' to the second edges of the léyers for
reducing the induced stray demagnetization field Hpgpmag in the first ferromagnetic
layer to such an extent that when the sense current is conducted a sense current field
from the first ferromagnetié layer will supplement the ferromagnetic coupling field in.the
second ferromagnetic layer to pin its magnetization and a sense current field from the
second ferromagnetic layér will oppose the ferromagnetic coupling in the first
fefromagnetic layer to permit a magnetization of the first ferromagnetic layer to bé free

to rotate under the influence of an applied field.
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24, the drive conprising: a frane; a magneti ] '
supported on the frane; a support nounted on the f_rg ’m Ilnnlmm ”“I
supporting the conbined head in a transducing relationship witlh the® s =

magneti c di sk; means for rotating the magnetic di sk;
posi tioning nmeans connected to the support for noving the head to nultiple
positions with respect to said magnetic disk; and . means connected to

t he head,2:t o ARMEezend head insluding,ther MR seisar faf claims 1 wherein the,gead head
posi tioni ng nmeans for exchanging signals with the conmbi ned head, for
control | i 9 ent of the magnetic disk and for controlling the position

of the combi ngd, NERtcond gap layers;

the MR sensor béing sandwiched between the first and second gap layers;

first and second Shield layers; and

the first and second gap layers being sandwiéhed between- the first and second
shield layers. ' | | '
3. A combined MR read head and inductive write head including the MR read head of

N claim 2, the combined head comprising: | |
| an inductive coil émbedd.ed in an insulation stack; _

the insulation stack and the inductive lcoil being sandwiched between first and
second pole pieces; and ' , |

the first and second pole pieces being spaced by a third gap layer: at an air bearing

surface. , ' i
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