* SPI N VALVE SENSOR HAVI NG | IVP5C°/6D @% ETWEEN PI NNI NG LAYER AND
"PINNED LAYER STRUCTURE EA OF&THE | ngmqt F| el d of
the Invention The present i Avention Telafes td a read h a

i mproved interface between a pinning lLayer and a pi nned{@er structure of
a spin valv A = d yet™\interl ayer
structure Li%%@) ] lgg Ich reduces its
coercivity E@% [ - SR ) coefficient.
2. Description of the Related Art The heart of a conputer is an assenbly

that is referreBACKGRCGUNRJOETHE MNVENTIEAY ve. .The magnetic di sk drive
I ncl udes aqut;aaioﬂglerm@mbhc di sk, a-slider that has wite and read heads,

a suspensi E}‘Ib FresBnt h@v&nﬁ&ﬁegtésaosh%aétéaqevrl nwta itifalitRav Sk and an
act uat or § 4g t.‘égvraga uﬁé@tt Shif \B0E sl ﬁ&l%&@ aifchlafyheads
bi ases t h§ vl?‘rlaé'g‘r“ﬁeﬁ Xercs ?H@%r‘?ygﬁﬁn e % agﬁ Wﬂ‘? the disk
i s not rofedPPeigisFRETCIp dis anr‘if‘ts?ﬁ Jé%ma%}e;oreqlgwg He@]‘leﬁ e rotating

di sk adj ac%ntDﬁmﬁiqﬂQfé‘mRﬁgte@M ace (ABS) of the slider causing the
slider to Th&jbeadmfarcomprutebmn aseenably thap Istrefdired torasen hagnetit dsksur f ace of t he
rotating diied.Th etib disk|drive inchiddes raatidghBagetic BRRSd s1iet that has wateand r ead
heads ar eagiRh@¥esls! QE i G RIS &ts'tHPﬂﬁi%?h&Rr%tﬁ@roﬁﬂﬂ '@ddidaknegneti c
'tgp;)reggggmm ééxoﬁ %}’[ﬁt’% tshéb%n&ﬁ brs K ¢ aJe e@c‘i‘ d‘@v%l{t:et%)éaﬁ? r@égl{ga%téc?grr:]etc; ed
i npl ement SRR %‘SE%WH"@% e ?rgﬁ)ga éastﬁf‘ élr%é %R es a coil
Iger enbWHBke § iﬁfﬁl‘ﬁo&r‘t ta4ing) o4t vdeny ia IQtRES 3Tt i on
stack), tHewinedbuthesotatingdick pdinergt %mhpmmuﬁ@qM) thetslideragsisgnd pol e
pi ece | aytheslidé tgaideion ahaintedrifigd sleght distancd frorsttheaswifaseofithel rqpating dislece

| ayers byWhenahesigieetides @othe bizbedring thewritd andrest heads anrehgleyedAhS) of the
wWrite heagritihB endp@bic RiReRidns ¥eir redding ARABREL B8k z%tsmanm&ﬁmata rrent
conduct edgep. HEalsh LAHEheddB SHBanEiTt qgfants% c‘a'cql? 59% e pieces
that frin rﬂﬁ R)Sfcc tgfapg ﬁﬁr 15080 ag- t1 The fringe
field wri The v ecileg:& inc udes 2 coil T yer edgD &’ mrfﬂst second CP &u'd a ion

i layers (insulation stack), the insulation stack being sandwiched between first and second
pole piece layers. A gap is formed betwzen the first and second pole piece layers by a
nonmagnetic gap layer at an air bearing surface (ABS) of the write head. The pole piece
layers are connected at a back gap. Current conducted to the coil layer induces a
magnetic field into the pole pieces that fringes across the gap between the pole pieces at
the ABS. The fringe field writes information in tracks on moving media, such as in
circular tracks on a rotating disk.

In recent read heads a spin valve sensor is employed for sensing magnetic fields
from the rotating magnetic disk. The sensor includes a nonmagnetic conductive layer,
hereinafter referred to as a spacer layer, sandwiched between first and second
ferromagnetic layers, hereinafter referred to as a pinned layer, and a free layer. First and
second leads are connected to the spin valve sensor for conducting a sense current
therethrough. The magnetization of the pinned layer is pinned perpendicular to an air
bearing surface (ABS) of the head and the magnetic moment of the free layer is located
parallel to the ABS but free to rotate in response to external magnetic fields. The
magnetization of the pinned layer is typically pinned by exchange coupling with an
antiferromagnetic layer.

The thickness of the spacer layer is chosen so that shunting of the sense current
and a magnetic coupling between the free and pinned layers are minimized. This
thickness is less than the mean free path of conduction electrons through the sensor.
With this arrangement, a portion of the conduction electrons is scattered by the interfaces
of the spacer layer with the pinned and free layers. When the magnehzattons of the
pinned and free layers are parallel with respect to one another, scattering 1s minimal and
when the magnetizations of the pinned and free layers are antiparallel, scattering is
maximized. Changes in scattering alter the resistance of the spin valve sensor in
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ragnet or esfh cture is preferred over the single pinned layer because the
magnetic moments of the first and second pinned layers of the AP pinned structure
subtractively combine to provide a net magnetic moment that is less than the magnetic
moment of the single pinned layer. The direction of the net moment is determined by the
thicker of the first and second pinned layers. A reduced net magnetic moment equates
to a reduced demagnetization (demag) field from the AP pinned structure. Since the
antiferromagnetic exchange coupling is inversely proportional to the net pinning
moment, this increases exchange coupling between the first pinned layer and the pinning
layer. The AP pinned spin valve sensor is described in commonly assigned U.S. Patent
No. 5,465,185 to Heim and Parkin.
The first and second pinned layers of the AP pinned structure are typically made
of cobalt (Co). Unfortunately, cobalt has high coercivity, high magnetostriction and low
resistance. When the first and second pinned lavers of the AP pinned structure are
formed they are sputter deposited in the presence of a magnetic field that is oriented
perpendicular to the ABS. This sets the easy axis (e.a.) of the pinned layers-
perpéendicular to the ABS. During a subsequent making of the magnetic head, the AP
pinned structure is subjected to magnetic fields that are directed parallel to the ABS.
These fields can cause the magnetic moment of the first pinned layer to switch from a
desirable first direction perpendicular to the ABS to an undesirable second direction.
The same occurs to the second pinned layer of the AP pinned structure. If the coercivity
of the first pinned layer of the AP pinned structure is higher than the exchange coupling
between the first pinned layer and the pinning laver the exchange coupling will not return
the magnetic moment of the first pinned laver to its original direction. This ruins the
read head. This problem can occur during operazion of the magnetic head in a disk drive
when a magnetic field stronger than the exchange field of the first pinned layer of the AP
pinned structure is exerted on the read heac.
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I found placmg a er interlayer structure between the pinning layer

and the pinned layer the coercivity (HC) of the pinned layer was significantly reduced
from 500 Oe to 300 Oe and that the exchange coupling field increased to 400 Oe. Since
the coercivity (HC) of 300 Oe of the pinned layer was less than the exchange coupling
field of 400 Oe the pinned layer was returned to its original position by the pinning layer
when the magnetic moment of the pinned layer was switched by a magnetic field to
some other direction. In investigating spin valve sensors with AP pinned layers I found
that the magnetoresistive coefficient (dr/R) was increased when the bilayer interlayer was
employed. This indicated that the exchange coupling field exceeded the coercivity (HC)
of the first AP pinned layer and returned the magnetic moment of the first AP pinned
layer to its original position when subjected to a field 180s to the original direction. I
also found that the bilayer interlayer structure improved the magnetoresistive coefficient
(di/R) of the simple spin valve sensor. Further, when the spin valve sensor was subjected
to an annealing temperature of 230eC for six hours and a resetting of the pinning layer
the magnetoresistive coefficient (dr/R) was greater than a spin valve sensor without the
bilayer interlayer. Accordingly, the thermal stability of the spin valve sensor was
improved by the bilayer interlayer.

An object of the present invention is to reduce the coercivity (HC) of a cobalt iron
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Fig. 4 is an isometric illustration of an exemplary suspension system for
supporting the slider and magnetic head; :

Fig. 5 is an ABS view of the magnetic head taken along 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 shder 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 magnetic 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 an isometric ABS illustration of a read head which employs an AP
pinned spin valve (SV) sensor;

Fig. 12 is an ABS illustration of an exemplary first spin valve sensor investigated
by me;

Fig. 13 is an ABS illustration of an exemplary second spin valve sensor
investigated by me;

Fig. 14 is an ABS illustration of a first embodiment of the present spin valve
Sensor;

Fig. 15 is an ABS illustration of another spin valve sensor investigated by me;

Fig. 16 is an ABS illustration of a second embodiment of the present invention;

Fig. 17 is an antiparalle] (AP) pinned layer structure; and

Fig. 18 is an ABS illustration of a single layer pinned layer structure.
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by the bialtegiBfig é 6 ohiled slidef\n obj ect of the present invention is to reduce
the coercipyg t6yis Glstde @bsse&tn@] dlevati®f view of a piggyback magnetic head 40,
which includes a write head portion 70 and a read head portion 72, the read head portion
employlng a spin valve sensor 74 of the present invention. Fig. 8 is an ABS view of Fig.
6. The spin valve sensor 74 is sandwiched between nonmagnetic electrically insulative
first and second read gap layers 76 and 78, and the read gap layers are sandwiched
between ferromagnetic first and second shield layers 80 and 82. In response to external
magnetic fields, the resistance of the spin valve sensor 74 changes. A sense current IS
conducted through the sensor causes these resistance changes to be manifested as
potential changes. These potential changes are then processed as readback signals by the
processing circuitry 50 shown in Fig, 3.

The write head portion 70 of the magnetic head 40 includes a write 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
insulation 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 magnetically
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 i 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
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pi ggyback edond hard Giad & Iead layers 134 and 136 are located between nonmagnetic

electncally insulative first and second read gap layers 148 and 150. The first and second

read gap layers 148 and 150 are, in turn, located between ferromagnetic first and second

shield layers 152 and 154.

In the following five examples various tests were made wherein five spin valve

sensors with AP pinned layers were evaluated for their magnetoresistive coefficients

(dr/R) and thermal stabilities. The antiferromagnetic layer was nickel oxide (NiO) which

was exchange coupled to the first AP pinned layer. Each of these parameters were tested

after subjecting the spin valve sensor to a field of 9000 Oe oriented zero degrees or

parallel to the easy axis of the magnetic moment of the first AP pinned layer of the AP

pinned layer structure, followed by subjecting the sensor to 9000 Oe 90g to the easy axis

of the magnetic moment of the first AP pinned layer, followed by 9000 Oe 180 to the

easy axis of the magnetic moment of the first AP pinned layer and finally followed by

9000 Oe 270p to the easy axis of the magnetic moment of the first AP pinned layer. At

each of these steps the magnetoresistive coefficient (dr/R) was measured and recorded.

From the recorded magnetoresistive coefficient dr/R the coercivity HC of the pinned layer

can be inferred. The application of the field of 9000 Oe 180g to the early axis is the most

important since it is more severe than the 90s and 270¢ applications. Finally, the thermal

stability of each spin valve sensor was evaluated by measuring the magnetoresistive

coefficient (dr/R) of the spin valve sensor after being annealed at a temperature of 230eC

for six hours followed by resetting the pinning layer at 2206C in the presence of a field

of 10,000 Oe perpendicular to the ABS for 5-10 minutes. Examples three and five are

first and second embodiments of the present im ent1on

Example 1
A first spin valve sensor 200 investigated by me is shown in Fig. 12. This sensor

includes a nonmagnetic electrically conductive spacer layer (S) 202 which is located

between an AP pinned laver structure 204 and a ferromagnetic free layer (F) 206. The

spacer layer 202 was 23 of copper (Cu) and the free layer 206 was 72 of nickel iron
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t hat t he ’m;lgﬁ ﬁp]dcpf R660Q Ogdn a dirggtion 180s to the direction 220 the magnetoresistive
coefficient (dr/R) dropped slightly to 3.86%. This indicates that the coercivity (HC) of
the first AP pinned layer was lower than the exchange coupling field. Finally, when the
spin valve sensor was subjected to the field of 9000 Oe 2702 to the direction 220 the
magnetoresistive coefficient (dr/R) increased to 4.14% which is the same as the-
magnetoresistive coefficient (di/R) in the first step. After the aforementioned annealing
the magnetoresistive coefficient (dr/R) was 3.60%. The results of this testing are shown
in Chart A hereinbelow.

Example IT

The second spin valve sensor tested by me is shown at 300 in Fig. 13. This spin
valve sensor is the same as the spin valve sensor 200 shown in Fig. 12 except the
interlayer 214 was not employed, the first AP pinned layer 210 was 30 of cobalt iron
(CoFe) and the second AP pinned layer 214 was 24 of cobalt iron (CoFe). Cobalt iron
(CoFe) is preferred over cobalt (Co) for the first and second AP pinned layers 210 and
212 of the AP pinned layer structure, since cobalt iron (CoFe) has lower magnetostriction
and higher resistance, as discussed hereinabove.

After subjecting the spin valve sensor 300 to the field of 9000 Oe parallel to the
direction of the magnetic moment 220 in Fig. 13, the magnetoresistive coefficient (dr/R)
was 4.47%. After subjecting the spin valve sensor to the field of 9000 Oe 90g to the
magnetic moment 220 the magnetoresistive coefficient (dr/R) was 4.52%. After
subjecting the spin valve sensor 300 in Fig. 13 to the field of 9000 Oe 1802 to the
magnetic moment 220 in Fig. 13 the magnetoresistive coefficient (dr/R) dropped
considerably to 2.22%. Finally, after subjecting the spin valve sensor 300 to the field
of 9000 Oe in a direction 270¢ to the magnetic moment 220 the magnetoresistive
coefficient (di/R) increased significantly to 4.45%. After the aforementioned annealing
step the magnetoresistive coefficient (di/R) was 4.20%. The results are shown in Chart
A.

The spin valve sensor 300 in Fig. 13 had improved magnetoresistive coefficient
(dr/R) over the spin valve sensor 200 shown in Fig. 12. However, when the spin valve
sensor 300 was subjected to the field of 9000 Oe 180e to the magnetic moment 220 the
magnetoresistive coefficient (dr/R) dropped by 50%. This is because the magnetic
moment of the first AP pinned layer 210 in Fig. 13 had been relocated to another
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coe; 01ent /R) of the spin valve sensor 300 in F1g 13 when subjected to the same
field. Thls is because the bilayer interlayer structure comprising the layers 402 and 404
in Fig. 14 significantly reduced the coercivity (HC) of the first AP pinned layer 210.

Example IV

The spin valve sensor 500 shown in Fig. 15 is the same as the spin valve sensor
400 in Fig. 14 except the cobalt iron (CoFe) layer 402 in Fig. 14 has been omitted and
a GMR enhancement layer 502, which in a preferred embodiment is 10 of cobalt iron
(CoFe), has been added between the spacer layer 202 and the free layer 206. The layer
502 is sometimes referred to as a nanolayer and is employed for increasing the
magnetoresistive coefficient (dr/R) of the spin valve sensor.

The spin valve sensor 500 was subjected to a field of 9000 Oe directed parallel
to the magnetic moment 220 of the first AP pinned layer 210. The magnetoresistive
coefficient (dr/R) was 6.1%. Next the spin valve sensor 500 was subjected to a field of
9000 Oe directed 90 to the magnetw moment 220 and the magnetoresistive coefficient
(dr/R) was 6.0%. Next, the spin valve sensor 500 was subjected to a field of 9000 Oe
directed 180@ to the magnetic moment 220 and the magnetoresistive coefficient (dr/R)
was then 5.7%. Finally, the spin valve sensor 500 was subjected to a field of 9000 Oe
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subjected to the ﬁeld of 9000 Oe duected 270g to the magnetic moment 220 and the
magnetoresistive coefficient (dr/R) was 6.6%. After the aforementioned annealing the
magnetoresistive coefficient (di/R) was 6.50%. The results of this testing are shown in
Chart A hereinbelow.

It can be seen from a comparison of Examples IV and V that the magnetoresistive
coeflicient (dr/R) of the invention in Example V is significantly increased over the
magnetoresistive coefficient (dr/R) of the example 500 in Fig. 15.

nw)
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“read gap | ayers 148 and 150 are, in turn, |ocated between ferromagnetic
first and second shield layers 152 and 154. In the following five exanples
various tests were nade wherein five spin valve sensors with AP pinned
| ayers were evaluated for their magnetoresistive coefficients (dr/R) and
thermal stabjlifies. The antiferromagnet®c |ayer was nickel oxide (N O
whi ch was ex ﬂéﬁ’ge coupled to the first AP pinned | ayer. Each of these
par anmet ers weré”t ested after subj ecting the spin valve sensor to a field of
9000 Ce oriehte® zero degrees or parallel to the easy axis of the magnetic
nonent of th&l¢4 rst AP pinned | ayer of the AP pinned | ayer structure,
foll owed by subjecting the sensor to 9000 Ce 90[err] to the easy axis of
the magneticgpprent of the first AP pinned layer, followed by 9000 Ce
180[err] to the easy axis of the nagnetic nonent of the first AP pinned
| ayer and finally followed by 9000 Oe 270[err] to the easy axis of the
magneti c nonent _of the first AP pinned |ayer. At each of these steps the
magnet or esi s¥Gakeldoef f i ci ent (dr/ R) was neasured and recorded. Fromthe
recorded mag®ddor@e)i stive coefficient dr/R the coercivity HC of the pinned
| ayer can be4.iBerred. The application of the field of 9000 Ce 180[err] to
the early ax4 8244, the nost inportant since it is nore severe than the
90[err] and 2¢94err] applications. Finally, the thermal stability of each
spin valve s SOr was eval uated by neasuring the nmagnetoresistive
coefficient gggz R) of the spin valve sensor after being annealed at a
t enperat ure é‘?,O[err] C for six hours followed by resetting the pinning
| ayer at 220[err]C in the presence of a field of 10,000 Ce perpendicular to
the ABS for 5-10 m nutes. Exanples three and five are first and second
enbodi nent s W0« fiwdd present i nvention. Exanple I A first
spin val ve s@mwOe00 investigated by me is shown in Fig. 12. This sensor
i ncludes a nppgmonetic electrically conductive spacer |ayer (S) 202 which
is |located »en an AP pinned layer structure 204 and a ferromagnetic
free layer ( g 06. The spacer |ayer 202 was 23 of copper (Cu) and the free
| ayer 206 \A/ab?,]% of nickel iron -
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It should be understood that the bilaver interlayer structure comprisiﬁg the first
and second lavers 402 and 404 in Figs. 14 and 16 are essentially part of the first AP
pinning layer 210 since they are exchange coupled thereto as well as being exchange
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Fig. 13, thé&igd gﬁéﬂ@ﬁ&ﬁ lélpstrﬂéw@@éﬂwé? pinped lgyer myructure 204 shown in Figs.
14 and 16. An optional pinned layer structure is a single pinned layer (P) of cobalt iron

(CoFe) shown at 700 in Fig. 18. The single pinned layer 700 may be substituted for the
AP pinned layer structure 204 shown in Figs. 14 and 16 as other embodiments of the
present invention. The bilayer interlayer structure comprising the first and second layers
402 and 404 shown in Figs. 14 and 16 will reduce the coercivity of the pinned layer 700
so that the exchange coupling field between the pinned layer 600 and the pinning layer
216 will return its magnetic moment to its original position when subjected to a field
antiparallel thereto. :

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.
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subj ect ed to‘t%eijrs_éfigerct)% %@5@3@&5 efgr]]dt gsﬁ%ﬁé@#&gnﬁéﬁ?iﬁﬁﬁgﬁ 220 the
magnet or esi st i (fbyeff,i cient (dr/R) dropped by 50% This iis because the
magnet i ¢ nonenthedyilayeranterlayer sipotyse hswg locaird be %Hitthip%ngi@yehad been

rel ocated t o amnd Herpinned layer structure with the first layer interfacing the pinning layer 8
direction and ahétiesebmiddayes mtalfaciig the pindedlatysvaenctutee pi nning | ayer 216 and
the AP pinned kgydhnedliByspatudtate havinglaGhanktid MoRéRl sifhed tylte coer civity (HC)

of the pinned . [ € AP pinned | ayer back to its original
posi tion shownb %21 }Qlﬁgﬁ% oot Exanple |11 (First Enmbodi nent

of the Inventiggrm%'gfnie}l% eeelr?rl‘xerd?nd nt,.of the present.invention is._the spin
val ve sensor 48@OZRgERFIC;S cﬁc@ﬁy qondugtise spagst }?g?f:lf’ﬂ’lagedslé%ﬁn tﬁ“g the same as
the spin val vePEERd lyenenictne opd the freg lpver. 13 except the first AP pi nned

| ayer 210 was 19 of cobalt iron (CoFe) and a bilayer structure conprising .
first and seond neagpeticreddReaain cliiiedvasclanp] opbdidget ween the pi nning | ayer
216 and the firstahd éddofid hddidsaindilead 1QyersidoBnédtddsib firstyead sé&ad@fdeteti?esbi | ayer

i nterlayer ofShe UshWaReWassop, Of cobalt iron (CoFe) and the second layer

ther eof was 1Ronmagnetic electrically insulative first and second read gap layers;

the spin valve sensor and the first and second hard bias and lead layers being
located between the first and second read gap layers;

ferromagnetic first and second shield layers;

the first and second read gap layers being located between the first and second
shield layers.

3. A magnetic read head as claimed in claim 2 wherein the pinned layer
structure includes:

ferromagnetic first and second antiparallel layers of cobalt iron (CoFe); and

a ruthenium (Ru) antiparallel coupling layer located between the first and second
antiparallel layers. :

4. A magnetic read head as claimed in claim 2 wherein the pinned layer
structure includes a single ferromagnetic layer of cobalt iron (CoFe).

5. A magnetic read head as claimed in claim 2 mcluding;
a cobalt iron (CoFe) GMR enhancement layer between the spacer layer and the
free layer.

6. A magnetic read head as claimed in claim 2 wherein the pinning layer is
nickel oxide (NiO)

7. A magnetic read head as claimed in claim 6 wherein the pinned layer
structure includes: ‘

ferromagnetic first and second antiparallel layers of cobalt iron (CoFe), and

a ruthenium (Ru) antiparallel coupling layer located between the first and second



of nickel iron (NiFe). The spin valve sensor 400 in Fig.
subjectéd to the field of 9000 Ce directed parallel tot Qjﬂﬁ?ﬂﬂ!i@j}“ﬂﬂ“
220 of the first AP pinned |ayer 210. The nagnet oresi stiv s %
(dr/R) was 4.6% When the spin valve sensor 400 was subjected to a field of
9000 Ce directed 90[err] to the magnetirs moment 220 the magnetoresistive
coef fi ci enantipdrall®) layers. 4. 62% When the spin val ve sensor 400 was subj ect ed
to a field of 9000 Ce directed 180[err] to the magnetic nmonment 220 the
nmagnet or esi sgi VA re&efetit edaditicad &5 dddnedascl@in®® tchkdimgl | y, when the spin val ve

sensor 400 V‘@%ob%l}'ttlf&f:(ﬁl%@'e § OMHEntahQhntbnPlaySQARRvEeR 1Y §a6drased 4Rd B ] tO the

magneti c '?éeﬁg nmagnet or esi st i ve coeffici ent (dr/'R) was 4.57%
After the a nenti oned annealing the magnetore5| stive coefficient (dr/R)
was 4.40% The results of thi sti Chart A herei nbel ow. |t
can be seen 9haﬁf¥’¥@1€ﬁ‘é§%§th6ﬁ" %§§ 3%3 Y?’é PiReddayet he spin val ve
sensor 400stawctwatslusies a lsimglet fersemagnetie by erad cabaltiren GoFeXd of 9000 Oe was
great er thanl®.heA magneticarekheat iay elanwef ihickimbtinflddih®) of each of the spin
val ve SenSOf&c&Q& ieH(CHPE) G értancelnblagler b3tvdentthespaadreayet 88 thel N

particul arg, &houl d be noted that when the spin valve sensor 400 was

subj ect ed to t%e field of 9000 Ce 180[err] to the magnetic nonment 220 its
magnet or esi st ve, coeffi si gni f.i cant | reater than the
magnet or esi s“véc”@&g?‘chg}e@ﬁf‘ss% ‘ ﬁaéﬂ%eﬁ "Vé g or 300 in Fig. 13
when subj e®¥RPIISRL-t he sane fi el d. Th| s is because the bilayer interlayer
structure cothenirite hgad ineludmger s 402 and 404 in Fig. 14 significantly
reduced the coérstand secofdipdle piect hgersj r st AP pi nned | ayer 210.

Exanpl e 1V Theachifthe/fstehdssetsi@dpolddfleceoyers havirg gyokd poitiont he sane as the
spin valve Senﬁﬁﬁt&d%@@ve:;%?c ti rﬁ‘d&ﬁﬁﬂtaﬁalaﬁ Pétibni ron (CoFe) layer 402

pref ef' ed ento clg a|§3¥.f%d W&Whhﬁé{?@é@%gf%@hcﬁe@ ween

preferred enbo

t
the spacer |ay 55 06. The 02 i s sonetines
referred to as2Bisuiageaiark ﬁl&yqrda,m eﬂ‘h%éﬁ?le -
magnet or esi st i b@“@%ﬂﬁ}’@k@mm?m? olepiges éjé?ﬁ%@ﬂd The spin

val ve sensor SG&EMSarslwb?@dmtbpmedanyr@emmm@m@i@éhﬂzhbasktgep parallel to
the magneti c npomiohs;288 of the first AP pinned |ayer 210. The
nmagnet or esi sifjeteadipalifindiding: (dr/ R was 6.1% Next the spin valve sensor

500 was_subj ect, %ﬁcgk%@algﬁmgﬁﬁge% tcAhﬁg&toﬁ@{s%QI%?'i el the magnetic

nmonment 220 and tsﬁ esi'stive coefficilent s’6.0% Next, the

spin valve se n%.rst an secom:f harﬁ%has S?ead?ayers connecte%fto %16 spin valve

sensor;
the spin valve sensor and the first and second hard bias and lead layers
being located between the first and second read gap layers;
a first shield layer;
the first and second read gap layers being located between the first shield
layer and the first pole piece layer; and
the spin valve sensor including:
an antiferromagnetic pinning layer;
a cobalt iron (CoFe) pinned layer structure;

' a bilayer interlayer having ferromagnetic first and second layers, the first
layer being cobalt iron (CoFe) and the second layer being nickel iron (NiFe);
the bilayer interlayer being located between the pinning layer and the
pinned layer structure with the first layer interfacing the pinning layer and the
second layer interfacing the pinned layer structure;
the pinned layer structure having a magnetic moment pinned by the
pinning layer in a first direction;

a ferromagnetic free layer; and .
a nonmagnetic electrically conductive spacer layer located between the
pinned layer structure and the free layer.




-directed 18Q[err] to the magnetic nonent 220 and the nagnet i1

coefficient (dr/R) was then 5.7% Finally, the spin valve Jﬂlﬂﬂr"ﬂ““ﬂ\lmm“l
subjected to a field of 9000 Ce directed 270[err] td thke haghetic*
nonent 220 and the magnetoresistive coefficient (dr/R) was 6.0% After the
af orenenti oned anneal i ng t he magnet oresi'$tive coeffi cient (dr/R) was 5.60%
The results b tAthngénglbﬁba%@éblsfﬁémimfrﬂ igistaim 1A weareinibrepiongd 1t can be
seen that laper stragnetiocleddssti ve coefficient (dr/R) of the spin valve sensor
500 at each RfrotlAgndiicaRst 20l st@9l afGpatdlleD laderk oEEebalfirdRQQAFEEan@s gr eat er

than the rragglgjt gngn '
sensors 20Q 0] eﬁ

L ShiwV, i £ f ' al ve
W D BRI R T
to the GVR eRhan€ehent: | ayer 502. Exanmpl e V (Second
Enbodi ment of the Invention) The spin valve sensor 600 in Fig. 16 is the
same as the ‘i i magnaticdexdensembly as flammpdyn clgmebdowhpreig thfawecgoz, which is
5 of coballeyérstmctiu@arel)desiassinglp fepsporgheticiexen of ¢ubalt pionfCoke)l ayer 216 and t he
ni ckel iron (Ni Fe) |ayer 404. The spin valve sensor 600 in Fig. 16 was
subj ected to1a fA @hgndtilc h9RDEsERDEIaE SRlBel inRRiAl 116hclu@inghe magnetic nonent
220 of L he 14 slaAfonRCBPetIRY Ehatdthori Myl Berwdt ANAIAES et heyieoct i cf ent

(dr/ R V"asﬁ%’lzz& Next, the spin valve sehsor 600 ubjected to a field
I'Tec

of 9000 Ce ted 90[err] to the magnetic nonment 220 and the
magnet oresi stive coefficient (dr/R) was 6.65% Next, .the spin valve sensor
600 was subj2chderanstiohadassely spdemed miplaise d avheri) BePINiRE t he magnet i c
monent 220layards nickelpxidedNgPRsi stive coefficient (dr/R) was 6.3% Finally,
the spin valve sensor 600 was subjected to the field of 9000 Ce directed
270[err] to id1e Armggaitic hefaRAIbE 20 cRifed MRIFRAITOL eIt piGed 0ef f i ci ent
(dr/'R) vasjafer@¥ucti¥eiBélugdie af orenentioned annealing the

ferromagnetic first and second antiparallel layers of cobalt iron (CoFe); and

a ruthenium (Ru) antiparallel coupling layer located between the first and second

antiparallel layers.

17. A magnetic head assembly as claimed in claim 16 including:
a cobalt iron (CoFe) GMR enhancement layer between the spacer layer and the
free layer. - ' '

18. A magnetic head assembly as claimed in claim 15 wherein the pinned
layer structure includes a single ferromagnetic layer of cobalt iron (CoFe).

19. A magnetic head assembly as claimed in claim 18 including:
a cobalt iron (CoFe) GMR enhancement layer between the spacer layer and the
free layer. '

20. A magnetic disk drive that includes at least one slider that has an air
bearing surface (ABS), the slider supporting at least one magnetic head assembly that
includes a read head and a write head, the disk drive comprising:

the write head including:

~ first and second pole piece layers;
each of the first and second pole piece layers having a yoke portion
located between a pole tip portion and a back gap portion;
a nonmagnetic write gap layer located between the pole tip portions of the
first and second pole piece layers;
an insulation stack with at least one coil layer embedded therein located
between the yoke portions of the first and second pole piece layers; and
the first and second pole piece layers being connected at their back gap
portions; and

the read head including:

nonmagnetic electrically insulative first and second read gap layers;



magnet oresi stive coefficient (dr/R was 6.50% The results ef-this testing
are shown in Chart A hereinbelow It can be seen froma co
Exanples IV and V that the magnetoresistive coefficient ( dﬂm“ﬂﬁmag'ly ” "‘L
invention in Exanple Vis significantly increased over the #a oy X
coefficient (dr /_R? of the exanple 500 indFig. 15. Chart A
Spi n Val ve aspin valyg gegsor; | | dr/R |1 dr/R |V dr/R
Vv dr/ R firstjani spepnd hagyl jagypdelead lavérs eprapegtod BObe epip valve
10 4. 14% sensé7.%
the spin valve sensor and the first and second hard bias and lead layers
being located between the first and second read gap layers;
a furst shield layer; .
the first and second read gap layers being located between the first shield
layer and the first pole piece layer; and
the spin valve sensor including:
an antiferromagnetic pinning layer;
a cobalt 1ron (CoFe) pinned layer structure;
a bilayer interlayer having ferromagnetic first and second layers, the first
layer being cobalt iron (CoFe) and the second layer being nickel iron (NiFe);
the bilayer interlayer being located between the pinning layer and the
pinned layer structure with the first layer interfacing the pinning layer and the-
second layer interfacing the pinned layer structure;
the pinned layer structure having a magnetic moment pinned by the
pinning layer in a first direction;
a ferromagnetic free layer; and
a nonmagnetic electrically conductive spacer layer.located between the
pinned layer structure and the free layer; and
a housing;
a magnetic disk rotatably supported in the housing; '_
a support mounted in the housing for supporting the magnetic head assembly with
said ABS facing the magnetic disk so that the magnetic head assembly 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
assembly to multiple positions with respect to said magnetic disk; and
processing means connected to the magnetic head assembly, to the means for
rotating the magnetic disk and fo the positioning means for exchanging signals with the
magnetic head assembly, for controlling rotation of the magnetic disk and for controlling
the position of the magnetic head assembly.

21. A magnetic disk drive as claimed in claim 20 wherein the pinning layer
is nickel oxide (NiO).

22. A magnetic disk drive as claimed in claim 21 wherein the pinned laver
structure includes:

ferromagnetic first and second antiparallel layers of cobalt iron (CoFe); and

a ruthenium (Ru) antiparallel coupling layer located between the first and second
antiparallel layers. '

23. A magnetic disk drive as claimed in claim 22 including;
a cobalt iron (CoFe) GMR enhancement layer between the spacer layer and the

free layer.

24. A magnetic disk drive as claimed in claim 21 wherein the pinned laver



4.60%
4. 62%
3. 96%
4.57%

6.1%  6.7% 90[err] field (9,000 Ce) g 520
6.0%  6.65% 180[err] field (9,000 Oe) lﬂmgﬁm "lj#i’j@m
5.7%  6.3% 270[err] field (9,000 Oe) b 0 L UL
6. 0% 6. 6% Anneal i ng an1d6

structure includes a single ferromagnetic layer of cobalt iron (CoFe).

"25. A magnetic disk drive as claimed in claim 24 including:
a cobalt iron (CoFe) GMR enhancement layer between the spacer layer and the
free layer.

26. A method of making a magnetic head assembly that includes a read head
and a write head comprising the steps of:

making a spin valve sensor of the read head as follows:
forming an antiferromagnetic pinning layer;
forming a ferromagnetic bilayer interlayer on the pinning layer by
forming a cobalt iron (CoFe) first layer on the pinning layer and forming a nickel
iron (NiFe) second layer on the first layer;
forming a cobalt iron (CoFe) pinned layer structure on the first layer of
the bilayer interlayer;
forming a nonmagnetic electrically conductive spacer layer on the pinned
layer structure; and
forming a ferromagnetic free layer on the spacer layer.

27. A method as claimed in claim 26 including:

forming a ferromagnetic first shield layer,

forming a nonmagnetic electrically insulative first read gap layer on the first
shield layer;

forming the spin valve sensor on the first read gap layer;

connecting first and second hard bias and lead layers to first and second side
edges of the spin valve sensor;

forming a nonmagnetic electrically insulative second read gap layer on the spin
valve sensor and the first and second hard bias and lead layers; and

forming a ferromagnetic second shield layer on the second read gap layer.

28. A method as claimed in claim 27 wherein a making of the write head
includes:

forming a nonmagnetic separation layer on the second shield layer;

forming a ferromagnetic first pole piece layer on the separation layer that has a
yoke region located between a pole tip region and a back gap region;

forming an insulation stack with at least one coil layer embedded therein on the
first pole piece layer in the yoke region; :

forming a nonmagnetic write gap layer on the first pole piece layer in the pole tip
region; and

forming a ferromagnetic second pole piece layer on the write gap layer, the
insulation stack and connected to the first pole piece layer in the back gap region.

29. A method as claimed in claim 28 including:
forming the pinning layer of nickel oxide (NiO). -

30. A method as claimed in claim 29 wherein the forming of the pinned layer
structure includes:
forming a cobalt iron (CoFe) first antiparallel layer on the second layer of the



“resetting after 180[err] field 3.6%  4.2% ‘\ FM
- It should be understood that the bilayer interlayer str Emmﬂ“

the first and second | ayers 402 and 404 in Figs. 14 and are'es entlaIIy
part of the first AP pinning |ayer 210 _since they are exchange coupl ed
thereto as . well as being exchange 7

11 coupl edilaypripisrl fi%ning | a 216. Further, since the first and second

| ayers 402 afﬂldnmgﬁ rgfhenwm@ ay@aralhaﬂ ecrupaye&ayswm%r@@rsé ephperbéelconsi dered a
part of tHeyetjangt AP ’pi nned | ayer 210, the first AP pinned |ayer 210 may

have a redudefininBiacebgls ForTsHr) moﬁdlmg;afmemyerrbnﬁhcgampbéalen@bquﬁngI n
conpari son, .t he tirst AP pinned |ayer 210 of the spin valve sensor 300 in

Fig. 13 was 24 . It should al so be understood that the magnetic nonents of
the first and secon Q2 the bil ayer interlayer structure
will be in Pﬂ gﬁﬂ‘%‘g‘ﬂ‘%?\%g EE °11 pi nned | ayer 210, nanely in

the sanme di rffeErings cabalt Han (rjt ﬁé?ﬁvglﬁeb?eﬁ%m@éﬁyehmew Flsaace&l&yeqt shoul d
be furt hethefterlagerood t hat the second AP pi nned layer 212 in all exanples
does not have its coercivity (HC) altered by the nickel oxide pinning |ayer

216. This i s32bepadaBiod heclsigeansl ciabn RbMWHefkih B Pinndd 2ayesstAtdindiy ect 'y

exchange g t SMHe { nned
| ayer 212 e Mlap%}éégﬁ%qahery%g Egﬁgﬂx%ﬁgﬁgﬁt{%@%ﬁgé 1§ ?cg)}skf?laie‘cpl nngg)al ayer 210

whi ch causés 'I'ts nmagnetic nonent to be antiparallel to the nagnetic nonent
220, as shown at 222. It is the relative direction between the magnetic

monent 222 and the nmagnetic nonent
33. A method as claimed in claim 32 including:

forming a cobalt iron (CoFe) GMR enhancement layer between the spacer layer
the free layer.

34. A method as claimed in claim 27 wherein the making of the write head
includes:

employing the first shield layer as a first pole piece layer w1th a yoke region
located between a pole tip region and a back gap region;

formmg an insulation stack with at least one coil layer embedded therein on the
first pole piece layer in the yoke region;

forming a nonmagnetic write gap layer on the first pole piece layer in the pole tip
region; and

- forming a ferromagnetic second pole piece layer on the write gap layer, the

insulation stack and connected to the first pole piece layer in the back gap region.

35. A method as claimed in claim 34 including:
forming the pinning layer of nickel oxide (NiO).

36. A method as claimed in claim 35 wherein the forming of the pinned layer
structure includes:

forming a cobalt iron (CoFe) first antiparallel layer on the second layer of the
bilayer interlayer;

forming a ruthenium (Ru) antiparallel coupling layer on the first antiparallel
layer; and

forming a cobalt iron (CoFe) second antiparallel layer on the antiparallel coupling
layer.

37. A method as claimed in claim 36 including;
forming a cobalt iron (CoFe) GMR enhancement layer between the spacer layer
the free layer.

38. A method as claimed in claim 35 wherein the pinned layer structure is



of the free layer 200 whi ch deternines the magnetoresista f i

val ve sensor. The magnetic nonent of the free |ayer 200 Iqmﬂilllmmmﬂlmllllll
oriented parallel to the ABS, as shown at 406 in Figs. 14 L0 T *
conposition of all the cobalt iron (CoRg) |ayers in the exanples was
Co90Fel0 exsfied of¥ amlecobalt | ' i ' l'es
were N 82F té@aye}t gqr%l)ul d bgbﬁ ﬁ%%lfez%{ gg{:lﬁlt E{CH'% eg)sﬂgaé %éﬁ%lﬁyggog?%clgfrggg
changed wi t hout” departing fromthe spirit of the invention. Further, the

t hi cknesses qf the | ayers may be different than that shown in Figs. 14 and
16 without deépartPHhddasiRlamed gpslam 3§meling: nventi on. For instance, the
first and seéyming ayebalt ino(Colid) GWR ethandemept lagsreietiasnahd spaeer Isger uct ur e may
be | ess or thgriestlgyert han t hat shown in Figs. 14 and 16. In the preferred
enbodi ment the first layer 402 is 5 thick and the second |layer 404 is 10
thick. Still further, the preferred pinning |layer 216 is nickel oxide
(NiO. However, it should be understood that other antiferromagnetic
materials may be used, such as nickel manganese (N M), plati num manganese
(Pt M) or iridiumnmanganese (Irivn). Fig. 17 is an ABS illustration of
the AP pinned | ayer structure 204 shown in Figs. 14 and 16. An optional

pi nned | ayer structure is a single pinned |ayer (P) of cobalt iron (CoFe)
shown at 700 in Fig. 18. The single pinned |ayer 700 may be substituted for
the AP pinned | ayer structure 204 shown in Figs. 14 and 16 as ot her

enbodi nents of the present invention. The bilayer interlayer structure
conprising the first and second | ayers 402 and 404 shown in Figs.” 14 and 16
will reduce the coercivity of the pinned | ayer 700 so that the exchange
coupling field between the pinned | ayer 600 and the pinning |ayer 216 wll
return its magnetic nonent to its original position when subjected to a
field antiparallel thereto. Clearly, other enbodi nents and nodifications
of this invention will occur readily to those of ordinary skill in the art
in view of these teachings. Therefore, this inventionis to be limted only
by the follow ng clains, which include all such enbodi nents and
nodi fi cati ons when viewed in conjunction with the above specification and
acconpanyi ng draw ngs.



12 1. A.magnetic read head conpri sing: a spin val ve sensor

i ncl udi ng: an antiferromagnetic pinning | ayer; a cobalt iron
(CoFe) pinned | ayer structure; a bilayer interlayer structure having
ferromagnetic first and second | ayers, the first layer being cobalt
iron (CoFe) and the second | ayer being nickel iron (N Fe); t he

bil ayer interlayer structure being | othted between the pinning | ayer

and the pinned |layer structure with the first layer interfacing the pinning
| ayer and the second layer interfacing the pinned |ayer structure;

t he pi nned | ayerSAN VALVESENSOR HAVENGEMRROVIENINPERFaCDY t he

pinning layer_in a fji.r i tion: err i1.C ee layer; and
a nonmagnet i &tféﬁé#éﬁhwm@g&w&ﬁq mgﬁ%g%ﬁ} en the

pi nned | ayer structure and the free |ayer. 2. A magnetic read head as
claimed in claiml including: first and second hard bias and | ead | ayers

connect ed t lJ‘i{st and second side edges of the spin valve sensor;
Abstrac . . : ; )
nonmagnetic el ectrically insulative first and second read gap | ayers;

the spin val.ve senspor and the fir d second hard bias and.lead |ayers
bei ng. | oo BeE g Gy g hish B Lo etla DR E g iRl ok
ferromagnetic first and second shield | ayers; the first and second read
gap | ayer §Coka)mgd niskat ison QF abreppactely iis eatethbrtweebnaickelaxide piayiag s
3. A magnetic read head as clainmed in claim2 wherein the pinned | ayer
st ruct ur e layec(2id¢end a colfadtrirani@ipiie) pionéd laper ssmctuseafGragiraval vopsenadd el | ayer s
of cobalt iron (CoFe); and a ruthenium (Ru) antiparallel coupling |ayer
| ocat ed be¢4083eMht pinkd I8/er stAkhEe aiythe an antiparalle]l (AP) pinned layer structure

(204) or a single pinned layer of cobalt iron (CoFe) (210). The bilayer interlayer

reduces the coercivity of the cobalt iron (CoFe) pinned layer structure so that a

magnetic moment of the pinned layer structure is returned to its original poéition by

exchange coupling with the pinning layer (216) when the magnetic moment is

rotated to some direction other than the pinned direction. The spin valve sensor

(400) manifests an improved magnetoresistive coefficient (dr/R) and thermal

stability,

Fig 14



antiparallel l|ayers. 4. A magnetic read head as clainmed in claim?2
wherein the pinned | ayer-structure includes a single ferromagnetic |ayer of

cobalt iron (CoFe). 5. A nmagnetic read head as clainmed in claim 2

i ncl udi ng: a cobalt iron (CoFe) GWR enhancenent | ayer between the spacer
| ayer and the free | ayer. 6. A magnetic read head as clainmed in claim2
wherein the pinning layer is nickel oxide (N O 7. A magnetic read head

as claimed in claim6 wherein the pinned | ayer structure includes:
ferromagnetic first and second anti pargbl el |layers of cobalt iron (CoFe);

and a ruthenium (Ru) antiparallel coupling |ayer |ocated between the
first and second 13
antiparallel |ayers. 8. A magnetic resz ad_as cl ai ned |i aPm 7

i ncl udi ng: a jcobalt iron (CoFe) QGWR betjween t he spacer
| ayer and the free | ayer. . 9. A as cllaimed in claim
6 wherein the pijnned | ayer struc {errgnmagnetic | ayer

of cobalt iron (|CoFe). 10. A/maghetic read Héad as clximgd in claim?9

i ncl udi ng:
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a ¢obalt iron (CoFe) GWR enhancenent |ayer between the spacer |ayer and the

free layer. 11. A magnetic head assenbly having a read head and a wite
head conpri sing: the wite head including: first and second pol e
pi ece | ayers; each of the first and second pole piece |ayers having a
yoke portion | ocat ed between a pole tip portion and a back gap
portion; a nonmagnetic wite gap |ayer | ocated between the pole tip
portions of the first and secogﬂ pol e piece |ayers; an '
insulation stack with at | east one c iP | ayer enbedded therein |ocated

bet ween the yoke portions of the first and second pole piece |ayers; and
the first and second pole piece |layers being connected at their back gap

portions; and t he read head< udi ng: nonmagnetic electrically
insulative first ang qr ; a spin val ve sensor;
first and second ayers connected to the spin valve
sensor; } and second hard bias and

| ead | ayers
| ayers;
| ayers bei ng

first and second read gap
he fitidt and second read gap
| ayer and the first
_Rel udi ng: an
(CoFe) pinned | ayer
ggnetic first and second

antiferrOna§ﬁ>\ \
structure; a
| ayers, the first

bei ng nickel iron (N Fe);

first layer interfacing the pippng

interfacing the pinned, | ayer structure;
havi ng a nagnetigﬁzhneﬂt pi nned by the

62 64
| |
56
42— I
1 L:




pinning layer in a first direction; a ferromagnetic free |l ayer; and
a nonmagnetic electrically conductive spacer |ayer |ocated between the
pi nned | ayer structure and the free | ayer.

14 12. A magnetic head assenbly as clainmed in claim 11l wherein the

pi nned | ayer structure includes: ferromagnetic first and second
antiparallel layers of cobalt iron (CoFe); and a rut heni um (Ru)
antiparallel coupling |layer |ocated tge yeen the first and second

anti parallel |ayers. 13. A magnetl ¢ head assenbly as clainmed in claim
11 wherein the pinned | ayer structure includes a single ferromagnetic |ayer
of cobalt iron (CoFe). 14. A magnetic head assenbly as clained in claim
11 i ncl udi ng: a cobalt iron (CoFe) GWR enhancenent | ayer between the
spacer |ayer and the free |ayerg 15. A maggpgtic head assenbly as

claimed in claifm 11l wherein the pinning |layer is nickel oxide (NNO.
16. A magnetic{head assenbly as lcl ainmed in claijm15 wherein the pinned
| ayer structuré— : omagrigtic fir : ibarRl el

| ayers of cobalt iron (CbFe); and g,ruthenium (Ru) antiparallel goupling
| ayer |ocated bei,ween t@Sngr st and secgondoanti parallel B@esss Q
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17. A magneti'c head assenbly as clainmed in claim216 including: a cobalt
bet ween the spacer |ayer and the free

iron (CoFe) GWR enhancenent | ayer

| ayer. 18. A magnetic head assenbly as clainmed in claim15 wherein the
pi nned | ayer structure includes a single ferromagnetic |ayer of cobalt iron
( CoFe). 19. A magnetic head assenbly as clainmed in claim18 including:
a cobalt iron (CoFe) GWR enhan nt | 4J& between the spacer |ayer and the
free | ayer. 20. Afnagnetiépﬁggk‘dfﬁge\ihaL—FnQLHgggjat.Ieast one sl ider
that has an air bearing surface E%BS), he slyger supporjti ng at | east one
magneti c head assenbly that ?ﬁcl-oes a Nead hepd and a wite head, the disk
drive conpri sing: the wite head incpﬁd' st and second pole
pi ece | ayers; each of tihe fi NG ece layers having a
yoke portion. | ocat ed ;5”’, nd a back gap
portion; a nonnmagnet i DT ween the pole tip
portions of the first Jard ség%agggr 5 ; an

insulation stack with at |eds
bet ween the yoke portions o

portions; and the read
insulative first and secon
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15, a spin val ve sensor; first and second hard bias and | ead

| ayers connected to the spin.valve sensor: the spin val ve
sensor and the first and second hard bias and | ead | ayers bei ng

| ocat ed between the first and second read gap | ayers; a first shield
| ayer; the first and second sg®@d gap | ayers being | ocated between
the first shield | ayer anﬁ%the first pole piece |ayer; and t he
spin val ve sensor i ncl uding: — an antiferromagnetic pinning |ayer;

a cobalt iron (CoFe) pinned Iayef‘structure; a bilayer interlayer

bil ayer interlayer b
pi nned | ayer structu
and the i second
the pinned | ayer struyct
pinning layer in a f
a nonmagnetic electri
pi nned | ayer structur

havi ng ferromagneti cf\first \and\second | ay&rs, thg first | ayer being
cobalt iron (CoFe) ah ayer being nickel iron (N Fe); t he
Y

ferromaghetic free | ayer; and
asef |ayer | pcated between the
r¥an a housi ng; a magnetic
; a{support nounted in the

ay aspembly with said ABS facing the
mlassenmbly i-s In a transducing

housi ng for supportin
magnetic di sk so that.

relationship with the meahs|for rotating the magnetic
di sk; posi tioning o |t hel slipport for noving The nmagnetic
head assenbly to multip ijt regpéct to $ai d magnetic disk; and
processi ng means connect etli @ head assepbly, to the means for
rotating the nagngyic di pas+t [ omi ng neans for exchangi ng
signals with the gneti | fof ¢onfrolling rotation of the
magneti c di sk and Nor cqg si t{ofn—ofy t h¢ nmagnetic head
assenbl y. ~
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21. A magnetic disk drive as clainmed in claim20 wherein the pinning | ayer
i-s nickel oxide (NNO. . .22. A magnetic disk drive as clainmed in claim?21
wherein the pinned | ayer structure includes: ferromagnetic first and
second antiparallel layers of cobalt iron (CoFe); and a rutheni um (Ru)
antiparallel coupling |layer |ocated between the first and second
antiparallel |ayers. 23. A magnetic disk drive as clainmed in claim22

i ncl udi ng: a cobalt iron (CoFe) &W enhancenent |ayer between the spacer
| ayer and the free | ayer. 24. A magnetic disk drive as clainmed in claim
21 wherein the pinned | ayer

1 6 structure includes a single ferromagnetic |ayer of cobalt
25. A magnetic disk drive as clainmed in claim 24 including: a cobalt
iron (CoFe) GWR enhancenent |ayer between the spacer |ayer and the free

| ayer. 26. A nethod of nmaking a nmagnetic head assenbly tg? Oincludes a

read head and a wite head conprising the steps of: D:gkkﬁ' spin val ve
form ng an an#iferromagnetic

iron (CoFe).

sensor of the read head as foll ows:
pi nni ng | ayer;

formng a ferromagnetic hilayer interlayer on the
pi nni ng | ayer by
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204 ;
| f (AP1) 248 Co  ®—220 210
| (1) 10A Nife 214
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4254 NiO

216
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formng a cobalt iron (CoFe) first layer on the pinning layer and formng a
ni ckel- ’ iron (Nl Fe) second | ayer on the first |ayer; formng a
cobalt iron (CoFe) pinned |layer structure on the first |ayer of t he
bil ayer interlayer; form ng a nonmagnetic electrically conductive
spacer |ayer on the pinned | ayer structure; and formng a
ferromagnetic free | ayer on the spacer L yer. 27. A method as clained
in claim26 including: formng a f el magnetic first shield | ayer;
form ng a nonmagneti’c electrically insulative first read gap | ayer on the
first shield | ayer; form ng the spin valve sensor on the first read gap
| ayer; connecting first and second hard bias and |l ead |layers to first
and second side edges of the spin valve sensor; form ng a nonmagnetic
electrically insulative second read gap | ayer on the spin valve sensor and
the first and second hard bias and | ead | ayers; and formng a
ferromagneti c second shield | ayer on the second read gap qu . 28. A
met hod as clainmed in claim27 wherein a maki ng of tgg/mfrfe ead incl udes:
form ng a nonmagneti c separation |ayer on the second shield |ayer;

formng a ferromagnetic first pole piece |layer on the separation |ayer that
has a yoke region ljocated between a pole tip region and a bagck gap region;
form ng an insul atijon stack with at | east one coil |ayer enb ddegﬁzgerein
on the first pole piece layer in t@gpy Al ¢ ion; form ngla n ghetic.
wite gap |l ayer onfthe first pole piece Tayer in the pole tip region; and
forming a ferromagheti c second pol e piece layer on the wite gap.layer, the
i nsul ati on stack i i n the back
gap region. 29. A nmethod as clained in claim28 including: form ng

t he pinning |ayer {of nickel oxide (N O. 206

(F) 72A Nife

f (s) 234 co i,—zoz

. 212
T L | (AP2) 24R CoFe G222
AP _ 5
PINNED[ 8A Ru + 208
'o 10
i / (AP1) 30A CoFe @220 ‘ 2

425A NiO
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30. A nethod as clainmed in claim?29 wherein the formng of the pinned |ayer

structureincl udes: formng a cobalt iron (CoFe) first antiparall el

| ayer on the second | ayer of the

17 bilayer interlayer; formng a ruthenium (Ru) antiparallel coupling

| ayer on the first antiparallel layer; and formng a cobalt iron (CoFe)
second antiparallel layer on the antiparallel coupling |ayer. 31. A
nmet hod as clainmed in claim 30 including: formng a cobalt iron (CoFe)
GWR enhancenent | ayer between the spacer |ayer the free | ayer. 32. A

nmet hod as claimed in claim29 wherei /4%e pinned | ayer structure is forned
of a single cobalt iron (CoFe) |ayer that interfaces the second | ayer of
the bilayer interlayer. 33. A nethod as clainmed in claim 32 including:
formng a cobalt iron (CoFe) GVR enhancenent |ayer between the spacer |ayer
the free | ayer. 34. A nethod as clained in claim27 wherein the making
of the wite head includes: enploying the first shield la 0@ first

pol e piece layer with a yoke region | ocated between a pole~tip region and a
back gap region;
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formng an insulation stack with at | east one coil |ayer enbedded therein
~on the first pole piece layer in the yoke region; form ng a nonmagnetic
wite gap layer on the first pole piece layer in the pole tip region; and
formng a ferromagneti c second pole piece |layer on the wite gap | ayer, the
i nsul ation stack and connected to the first pole piece layer in the back
gap region. 35. A nethod as clained in claim34 including: form ng
the pinning | ayer of nickel oxide (N O. 36. A nethod as clainmed in
claim 35 wherein the formng of the Einned | ayer structure includes:
formng a cobalt iron (CoFe) first a @Pparallel | ayer on the second | ayer
of the bilayer inteflayer; formng a ruthenium (Ru) antiparall el
coupling layer on the first antiparallel |ayer; and form ng a cobalt
iron (CoFe) second antiparallel layer on the antiparallel couplingdsyer.
37. A nethod as clained in claim36 including: formng a alt iron
(CoFe) GWR enhancenent | ayer between the spacer |ayer the free | ayer.
38. A nethod as clai i i i i structure is
18 formed of a singlfe cobalt iron (CoFe) |ayer that interfag¢es the second

| ayer of the bilaye R
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I nterl ayer. 39. A nethod as clainmed in claim 38 including: formng a
cobalt iron (CoFe) GWR enhancenent | ayer between the spacer |ayer the free
| ayer.
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